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PREFACE 

The In ternational Symposium on Con t r ol led Atmosphere Storage of 

Grains was he l d at Cas t e l gando l fo, near Rome, Ital y, from 12th to 

15 th r-1ay 19 80 . It was o rgan i zed b y ASSORENI (As s oc iat i on of ENI 

Compan i es f or :3ci entif i c Researc h ) and co - s pon s ored by FAO (Food 

a nd Agr i c u l t ure Organi zat ion of the Un ited Na ti ons ) , ICC ( Inte rna

tional As s ociati on for Cere a l Chemis try) and t h e I ta l ian Ministry 

of Fo r eign Affai r s. Nearly one hundred part iC ipants f rom 26 coun tr ies 

we re pre sent . 

The Sympos i um was characte ri zed , (as Dr . Cal verley put it in 

his final address on behalf of t h e pa rtic ipant s) "by the absenc e 

o f the p rofess ional convent i on at te ndant s a nd, on the c on trary , by 

t h e a ttendanc e of those p eop le who can br ing experienc e and eru 

d i tion t o the di scuss i on of the c ontrol l e d atmosphere s torage 

t echnology". It was t h e fi rs t internat i onal sympo si m e ve r held 

on this partiCltla r s u b j ect a nd the r efore t he who l e bre a dth of the 

field of grain sto r age in cont rol led atmosphere s was i nclude d in 

the si x sessions, f rom natural ly p roduc ed oxygen- poor a mosphe r es 

in underground p i t s to soph is t i cated automatic iner t gas in ustr i al 

storage facilitie s . 

Already du r i ng th is Symposi u m, several par~ i cipant s cal led fo r 

further mee t ings on some of the more prob l em - l oaded aspects of 

mo de r n con t r ol l ed a tmosphere s to r age and disinfestati o n of grains : 

g a s-tight fac iltties , sealing pract i ces , iner t gas production , 

high mo istu r e grai n storage. I do hope that he ASSORENI 'nitiative 

in o rganizing t his meeting wi l l the ~efo re be fol lowed el sewhere in 

the wo r ld to pe rmit a furthe r d i ffusion of this envi r onment-friend l y, 

econom i cal and safe pre servation tec h n i que in modern storage faci 

lities . 

I should like to acknowledge t he important support given to me 

by Prof . E. Ce r nia, Pre s ident o f ASSORENI , and Dr. G. Nencini, 

V' ce - Di ecto r o f the Basic Research Lab0rato rv of ASSORENI , during 
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t he organization of the Sympo si um . 


Thank s are due t o Mr . G . G . o r be t t and Dr. H. R . Shuyler of FAG fo r 


the many s ugge s t ions du ring the pre para tion of the me e ting and to 


Harl a n and Sedley Shuy ler for p r o f - reading of t he Session 7 manu 


scr i p t . 


The Sympos i um wa s made poss i b l e by fin anci ng by ASSGRENI and 

t he I t li an Mi n i stry of Fo reign Affai rs made a grant fo r t he part i 

c ipa t ion of s ome repre s entatives f om Developing Count r ies . 

The con tr i but i on s g i ven to the organi z a tion of the meet i ng and 

the typ i ng of the Proceedings by Mi ss Mari lina Frondaroli, Miss 

Se r ene i la Gambini , Mrs . Mar ia Crazia Nobil i and Miss Emanuela 

So l dati of ASSORENI were invaluable . 

The Proceedings volume follow s the lay - out of the Symposium 

i tse l f and t he 7 chapters c orres . ond to the 6 Sess i on s of original 

papers and the Round Tab le Discussion Se s sion . 

The paper s are reproduced by off - set , direct photographic re 

p roduct i on of t h e manuscript s , a s they were subm i tted by the authors 

f or publ i cat i on . The wrap - up re ports were retyped from the rappor 

t eurs ' manusc r ipts a nd the Round Ta ble Discussion was completely 

t ran scr i bed from a tape rec ord i ng . 

Fi nal l y , I shou l d l Oke to thank my wife and my sons Mi ra, Martin 

and Christian , for thei r understanding during the many months in 

wh i ch they saw so much less of me than usual. 

Rome , july 1980 Jindrich Shejbal 
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Arab ~ublic o f Yemen 

On the farm level, farmers store corn, which is one of the most 

il.lportant cereal crops produced, in pits under ground. Pits 

excavated in the ground for this purpose are locally called 

"madfans". The total c apaci t y of oadfans exi stin'} now in the YAR 

reaches about 200,000 tons. A madfan is dug either in heav y clay 

sailor in rocks. It has a f unnel shape, 4 meters deep and ranging 

between 4 and 8 meters top diameter. The bo ttom is flat, of ~ meter 

diameter. The depth and diameter depend on t he quantity o f gra i n s 

supposed to be kept in the madfan. The inner surface has a ve r y 

gentle s lope to prevent the structure from collapsing. The soil 

must be compact and har d to avoid, as far as possible, the 

infilt r a tion of water. Be f ore the madfans are filled with grains, 

their inner surfaces are l i ned with a thick layer of c drn stalk s 

or any other dry pla~ts or herbs. After fil l i ng to t he top, the 

grains are covered wi th a thick l a yer of dried plants as mentioned 

before and then with a th i ck layer of soil hav i ng a dome s hape. 

Grains are kept in s uch madfa~s relatively safely for as long as 

4 years. When the mad f ans are opened and the grains have to be 

sold, their prices are 10 % lower than the fr e sh crop. The percent 

age in the reduction in p rices corresponds positively with the 

s t orage period in madfa ns. 

The efficiency of madfans as a grain storage method in the YAR 

is correla ted mostly with t he quan ti ty of rainfall in the area. In 

Hodeida, in the South West of t he YAR where the r a infall is at i t s 

lowest level, the loss in stored grains in madfans is ver y l imited, 

c ompared wi t h gr ains sto r e d in madla ns in other governorates 

having high rainfall. High rainfa l l re sult s in ca king , especially 

n e ar the walls, and the level of damage might reach in s ome r a re 

cases a bout 30 %, besides tainting of the grains a nd loss of t heir 

bright colour. In such sev ere cases , the grains a re most probab ly 

unfit for either human o r animal consump tion. Spo iled gra i n s which 

are seemi ng l y good, when c onsumed result i n symptoms of stomac h 

aches and intestinal trou b les. 

On the other hand, whe n t he soil is dry , the g ra i n is dry a nd 

t h e r e is no rainfall, t he mad fans keep grai ns in a ver y goo d 

c ondition for a s long as 10 years. 
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Bas ket of date palm leaves buried under 


ground existing in P. D. Yemen R. 
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The total loss of grains kept in madfa~s is, i n some rare cases, 

considerable, but when t here is no water seepage or infilt ra tion 

and there is no i n fection or infestation at all the l o ss is 

neglig ib l e. This may lead us to st.ate that "mad f ans" as a method of 

s t orage are fit for the purpose and t heir success depe nds on : 

a. 	 the locality where t he madfans are d ug 

b. 	 the type of soil 

c. 	 the period of storage 

d. 	 the moisture of grains should not exceed 1 2% 

e. 	 the walls should be dry; otherwise, bur ning d r y p lants ins i de 

before storing the grains will help in drying up the i nner 

surfaces. 

Th e madfans are use d pe r ma ne n tly f or gra in storage in the ar i d 

zones wi t h very limited protection . Protection i nvolv es g ett ing 

rid of the inner surfac e of t he madfan which may carry variou s 

spores from the old c rop and which may bad l y affect the new c rop . 

This type of storage is conside red airt i gh t s tor age a nd depends 

ma inly on the CO~ build-up to the level which is l ethal to all.. 
organisms. Therefore, i f implemented properly , i nsect i n f es t a·t i on 

does not increase and mould damage cou l d be kep t at its min i mum 

level. 

To avoid spoilage of grains due to soil wa ter infiltrat ion it i s 

suggested that cracks i n the walls s hould be pla s t ered a nd walls 

shou~d be lined with t hic k po l ye t hy lene welded s heets. Thi s 

suggestion as well as o t he r s sho uld be tested on s ome madfan s 

ma i n ly located in the ra i ny r egions . 

It is a l so advisable that storage in mad fans s hou ld be s hor tened 

t o t he least possi b l e number of years . 

On the ot her hand, the f arm e rs ' hou ses gene r a l l y cons i s t of t hree 

f l ats, the baseme nt is used for gra in storage either in s ack s or in 

buld. Mos t of the farmers dig s ome u nd erground p it s of limi t ed 

si ze to store gra i ns for t heir o wn consumpt ion . 
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Underground pits in t he YA~ are in some cases c onica l and very 

limited in size, especially when dug in t he rocks or ins ide houses. 

To overcome the problem of storage in madfans by small producers, 

the use of barrels for grain storage is now be i ng us ed on a l imited 

scale. The number of barrel s used now for thi s pu r pose r eache s 

about 50, 00 0. The barrel h as a 40 gallon capac ity a nd has a s c r ew 

cover. T0 make the se barrels always a va ilable in the market , a 

specia l plant of the barrel industry is to be construc ted. 

Democratic Repub lic of Somalia 

A - Underground Fi t s 

About 50% of the total p roduc tion of g rains in Somalia is k e pt 

on the farm. In the South, mo st of t he quant ity is stored in 

underground pits excavated d irectly in the soil. The size of t he 

pit varies from as low as 5 t on s (mainly pits owned by t he farme rs) 

to 250 tons (pits o,yned by merchants). Due to s horta g e of t hre s hing 

machines, farmers in sor.le cases store t heir own corn on c obs i n 

pits. Storing maize on cobs in underground pit s does no t meet t h e 

requirements of hermetic sto rage due t o the suf f i cien t amoun t of 

air still present and consequent ly insect infestatio n migh t s how 

and build up considerably. 

The shape of the underground pi t s in Soma l i a is variab l e; t hey 

are either rectangular or boat-like, or conical wi t h a small upper 

hole. 

In all cases, before the p its are f i lled, they a re lined care

fully with d~y stalks of cor n or sorghum p l a nts, dry plants or 

seaweeds and then covered I,o,ith the same lining a nd then with a thick 

layer of soi.L. 

Grains are kept in such pi ts for sever al year s , r each i ng in some 

cases 10 years. 

The main problem of pi t storage in Somalia is t he h i gh mois t ure 

content of grains when placed in the p its. In many c a ses a th i ck 

layer of caked grains shows up near t he walls and on the top, a s 

well as taintinq a nd discolouration of ke rne ls. The other dra w
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Funnel-shape Con ical- shape 

Under ground pits existing in A.R.Yemen &Somalia 

Boat I ike shape under g round pi t 

existing in So malia 
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back i s the infiltration of soil wa te r into the p it, espec ia l l y 

after heavy rainfall r e aching the aforeme n t ioned b ad c ond i tions. 

Lining the lnside of the pits with a t hick l ayer of over l app i ng 

polyethylene sheets could be considered a remedy in the case of 

water infiltration , but in g eneral th i s t ype of storage i n Somal i a 

needs a research p rogram based on studying the soi l profil e s i n 

the diffe rent areas and their compatibil i ty with t h is t ype of storage. 

B - Underground Bins 

In Somalia, underground b i n s occur wide ly and these bins are 

owned by the Agricultural Development Corporation (ADC). 

The bins are constructed underground. The dimens i on s and.capacit ies 

are variable and in many cases reach more than a thousand t ons. 

They are rectangular in s ha pe , the heigh t is abou t 5 me ters, 4 of 

which are below ground level. They are built ei the r from conc r e t e 

or local stones, t he roof be i ng of concrete . Each bi n has sev eral 

manho l es at the top and o ne side d oor with stairs going d own for 

unloading. The manhole covers are either c on ical or flat. Whe n 

filli ng, a space of less than one foot is left f ree from grai n s 

over the top surface of the g rains. 

This type of storage cou ld be conside red the bes t exist i ng i n 

Somalia. However, to up-grade this method the fo l lowi ng po int s 

should be applied: 

1. 	 Gr a in s s hould be at a maximum of 12.5% m.e., otherwi se high 

moisture c ontent might resul t in mould ing and de t eriorat ion. 

2. 	 To overco~e the p rob l em of tran s loc a t i o n of moi sture in t he bin 

it is suggesced that each bin be suppl i ed wi th a cer ta in amount 

of slick lime (raw ca l cium oxide) to be pu t in s hallow con

ta iners on the surface of the grain unde r neath every manho le. 

This slick l ime should be repla ced pe r iod ical ly, a s s oon a s it 

change s to the powder form wh i c h indi cates its inab i l ity t o 

reac t with more wat er (ca l cium hydroxid e) . 

3. 	 Re9 airing a nd c l e an ing and dis inf e c ting t he inner s urfaces 

befor e the e ntr y of the new crop. 
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4. 	 Period ical inspection is ve ry essen tial in orde r to refurnigate 


as soon as any n umber o f l i ve ins ect s shows up. 


The Democratic Republic of t he Sudan 

The underground pit s in the Sudan, l ocally c a ll ed "ma tmura" a re 

a traditional storage met hod and are ma inly con cen trated i n Cen tral 

Sudan where local cult ivators depend on t h is me t hod o f storage 

entirely to keep t he ir produce. 

Matmuras belonging to small producers are dug u nder g r ound in 

dry land and vary in size and capacity, very rarely exce ed ing 25 

tons. They are cylindrical in s~ape, having a depth equal t o that 

of the diameter. Be f o re being fil l ed, t he y are plastered on the 

inside surface with c ow d u ng mi x ed wi t h clay and then a fi: e is 

lit inside the pit until t he wal ls become dry. Dura (Sorghum ) is 

kept in such pits very successfully for at lea s t t hree years and 

probably up to ten years. It was also no ted that the suc c ess o f 

matmuras for grain storag e d e pe nd s posit i v e ly on t hei r s i ze s . In 

small matmuras, loss in g e r minat i on of seeds is expected . 

A matmura belong i ng to traders or as a governmental storage is 

large enough to hold up to 7 00 t ons of grains. Places where such 

matmuras are dug have to be c hosen carefully, taking i nto consid

eration that the area mus t be h igh enough and v er y far from wa ter 

infiltration. The s o i l mus t be hea vy clay so as to be c ompac t. 

Such matmuras are dug in a s ha l low fu nn e l shape wi t h a fla t bo ttom, 

boat-like shape or as a t renc h ranging between 50 a nd 150 me ters 

in lengt h , 11 mete rs wide and 2.5 meters deep. Gr a i ns i f kep t d r y 

in t hese ma t muras ( 9% m. c . ) and stored duri ng the dry s e a s on ma y 

last very safely up to 18 mon t hs inspi t e of rainfal l. 

When pits get old, after several yea r s of c on t inuo us us e , the 

in t ernal surfaces be come so hard that they bec ome s us c eptible to 

cracki ng and cons e q uently i nf iltratio n wate r may seep i n a nd severe 

deterioration may occ ur. In such condit i ons, t he l ocali t y o f t he 

pits haS to be chang ed. 

Lo s ses du e to stora g e i n ma t muras do not exc eed 2% wi t h in 18 

month s , and are due to c aking o f t he periphery with i n 3 cm. 
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Shallow funnel-shape 

Shallow-rec tangu lar 

( 50 - f SO ) x 11 x 2. 5 m 

Under ground pits existing in D.R.of Sudan 
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Undergro und stora g e has been used i n Egyp t sinc e a nci e n t d ays 

(3000 - 4000 years ago). At that t ime grai n s were stored u nderground 

in deep ditches, either be tween two layers of straw o r i n bas ke ts 

made of st ems of bamboo (Aru ndo donax) . The si ze of e ac h ditch 

depended on the quanti ty of grains stored, but in g e neral nev er 

exceeded two or thr ee t o ns. 

Nowadays, th is method exists in rainless regions f a r f rom 

infiltration water and regions free fronl termi tes as we ll as in 

the desert areas and in the oases. It is very essential t hat grains, 

before being stored, be dry. Covering wi th s a nd keeps the grains 

in a very good condition a nd free from i nsect i nfestat ion. I n its 

simplest f o rm, the undergrou nd store, in s uch places, i s n~thing 

bu t a deep ditch sufficient to keep a q ua nt ity of gra i n s used f or 

the owners' own consumption. 

South of tte Nile De l t a, in lor_ler Eg y pt, Barheem vi llag e 

(Mounoufia Governorate) is the only vi llage in wh i c h faba beans 

(Vicia fabae) are stored on a co~~ercial basis in und e rgrou nd 

pits. This method of storage started in this v il l age during t he 

First World War in 1919. 

This village has a storag e capacity o f a bo ut 45, 0 0 0 t o n s in 5000 

pits scattered over an area of about 3 0 feddans (a feddan equals 
2420 0 m). 

When first excavated, t he p i t is of about three me ter s bott om 

diame t er a nd t wo meters d e e p wi th a fl a t bo ttom and a n ent r ance 

ho le o f one me ter diameter and two meters deep. I'li t h these 

dimensions, it holds abo u t 6 ton s of beans . After being dug , the 

walls are well pressed a nd smoothed. Before the second and thi rd 

storage seasons, the pit is enlarged year ly and gradua lly unti l 

it reaches i t s f u l l capacity of about 11 tons (3 . 25 m diameter 

and 3 m deep) . 
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1.Under ground ditch 

exist ing in Egypt. 

2.Under ground pit (Matmura) 

existing in Sudan. 

3.Rectangular undeLground 

pit existing in Somalia. 

1 

2 
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3 m 


Pitcher like under ground pit 


ex i sti ng in Egy pt 
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Through the only hole at the top, grain can be either introduced 

or removed. As the pits are filled, the bottom and walls are lined 

wi th faDa bean straw or helba (Trigonella foenun-graecum) s : ca'.·/ 

and final ly cov ered and sealed with mUd. 

Beans are either i nt roduced or removed from the pit by labo urers. 

Because carbon dioxide is produced by the beans a nd thu s accumulates 

in the p it, i t is carefully aerated for safe ty befo re a nyone can 

get in. Safety for labourers to get inside is decected by a candle 

flame. If it continues to burn, ent rance for labourers is allowed 

and safe. 

The perc entage of i nfes t ation in stored bean s never i nc rease s, a nd 

the tes ta remains wh ite i nstead of turning brown as i n the case of 

beans stored in the open air, where they are e xposed tb t he 

different wea the r and light conditions. This method of bean stor a g e 

also r e -ults in bette r cooking ~roperties f or beans . Co nse q uently 

beans stored in such a wa y are sold for prices 25% abov e those of 

beans stored by ot her me ans. 

The storage season starts ea r ly in May, directly a=ter harvest 

of the beans, and might las t for two months to one year, according 

to the Darket demand. Losses under such cond i tions never exceed 

1%, these being due to direct con tact of some beans with the wa l l s. 
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FIELD EXPERIENCE WITH HERr£TIC S'IORAGE OF GRAIN IN EASTEm AFRICA WITH 
EMPHASIS CN STRUCTURES nlTENIED FOR FAM[l\,"'E RESERVES 

Ce Lima, C.P.F. 

National Agricultural Laboratories, 

P.O. Box 14733, 

Nairobi, 

KENYA. 


1. 	 INTIDDOCTICN 

Tropical countries are expanding agricultural product.ioo to rreet the increasing 

food requirerrents of their people. M:>re food is becaning available and requires 

storage for longer periods. With the uncertainties of climate, and the need for 

self-reliance, ccnsideration must be given to storage systems that enable safe 

storage for long periods at lew mst and with mi.nirnun use of pesticides: 

r.a.. ccst storage can be achieved on a large scale with the use of semi-under

ground hemetic structures. Traditirnal underground semi-rerrretic storage pits 

have been in use in Eastern Africa and elsewhere for several centuries. In re

cent years, large he:rrretic structures have been successfully used in Kenya for 

storage of famine reserves. 

2. 	 TRADITICNAL .AND EXPERIM'NI'AL LNCERGIDLND SEMI-HEIM:I'IC S'I'ORAG: PITS IN 
EAS'IEFN AFRICA 

Underground pits have been traditionally used in Ethiq>ia and Sanalia for 

semi-hemetic storage of grain (Gillman and Boxall, 1974). In Ethiopia the pits 

are ~erally ccnical but cylindrical pits are found in the South near the Sara.lia 

border and in Sanalia. The pits hold 5 tames or less 00 average, although larger 

pits of 25-50 tonnes are coostructed by traders. The main crops stored are sor

ghum, millet and maize and in sorre areas of Ethiopia wheat and barley. Occasioo

ally beans are stored for tetpOrary periods during the dry season. 

A limited arrount of experirrental work was done in themid-1950' s en under

ground mncrete pits lined with biturren. These pits of approximately l20 tonnes 

capacity (35 x 18 ft at the top and 10 ft deep) were cxmstructed in Tanzania and 

Malawi (Hall et al. 1956). 

lhderground pit storage is attractive because of the relative ease of <XrI

structien, safety from theft, better thennal insulation, protect.ioo from rodent 

attack, less insect activity and protectioo from insect re-infestation. Disadvan

tages are that pits are difficult to errpty and are subject to rroisture damage if 

there is a rise in the water table. There is often ITDre severe rrould infestation 

of the grain dte to moisture migratioo from the soil 00 the sides and mndensat
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irn rn the top. The grain is not very suitable for seed as the viability is 

reduced. Gilrr.an and Boxall (1974) indicate that traditirnal underground pit 

storage is on the decline in parts of Southern Afri ca because of improverrents 

in the marketing system and change in social habits creating a demand for better 

quali ty grain. 

3. SEMI-tNDERGrotND HEIM.'TIC STORPGE CN A I..AR::E SCAlE 

Sore of tie benefits of traditional underground pits have been w.ade use of 

in planning for l arge scale storage of grain in A....vgentina, Cyprus and Kenya 

(Hyde et al. 1973). Advantage has been taken of roodem rrethods of oonstructian 

and suitable waterproof rrenbranes have been used to prevent ingress of ground 

water. When good quality grain has been put into these structures it has been 

stored without loss of quality for several years and with the minimum of atten

tion. 

4. THE NEED FOR LARGE SCALE HEP.METIC STORAGE IN KENYA 

JI~though Kenya has been largely self-sufficient in producing her staple food 

maize, there have been occasirns when poor rainfall has resulted in near fami.11e 

esrecially in the margi..'1al areas. As a lDng-tenn rerredy it was decided to have 

a large scale rese~ of grain suitably preserved in cpod oonditirn for wir1imum 

reriods of 3 years. 

FollOHing the successful developrent of herrretic bins in Cyprus (Oxley et al. 

1960) similar structures ,·,ere c:cnsidered for Kenya. Constructioo was begun in 

1966 and carpleted in 1967 and 1968 at two sites. 40 Bins were built at Kitale 

(awrox. 250 miles from Nairobi) and 30 Bins at Nakuru (approx. leO miles fran 

Nairobi} giving a total capacity of 100,000 tans of maize. 

5. THE [ESICN h~D CUJSIRCcrICN OF '!HE "CYPruE" BINS 

The resign and oonstructional retails have bee..'1 fully given by Hyde et al. 

(1973). Each bin is a concrete lined oone 20 ft in the ground, covered by a 

ooncrete shell dare 20 ft high. The underground !.Xlne gives rise to a reinforced 

concrete ring beam at ground level (diareter 64 feet) an which the Cbte rests. 

5.1 The underground cane 

The sites at whim be bins are built have a ..Tater table 30 ft belo N' ground 

level giving a 10 ft margin of safety. After excavatirn and formation of me 

oorrect slope, the slope ,,'as blinded wit.~ 3 incl€s of ':Ieak mix <X'ncrete and then 

treated with 4-5 coats of bituninous emulsirn embedded (for bi..'1ding) with a scrim 

of ny lon r:esh or hessian. Care was taken to ensure t.i1at the rrembrane 'lias com

pletely continuous. The xrembrane was then blinded with sand and, when dry, 

http:Gilrr.an
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covered with a half inch coat of carent rrortar. Feinforcing rods \>Jere fitted 

in positic:n, and a 4 inch thick layer of structural concrete was plaCEd in the 

slope of the cone. The ring becrn was then fomed at ground level. 

5 . 2 The dane roof 

The dare is required to sUPfX)rt its own weight and withstand other forCEs 

such as the \>Jeight of cperatives an the surfaCE and internal grain pressures and 

for this reasoo it was neCESSary to fonn a corTU3'ated shell (Fig. 1), the 0011

structioo of which required considerable care and ski ll. A t:.eIlpJrary fomwork 

of 12 a.rd1 ribs was prepared and oovered with a hessian envelope. After an 

initial ~ inch coat of sand/cement rrortar was plaCEd on the hessi an, reinforcing 

rods ....ere plaCEd in the valleys and the crest. Two further ooats of roortar li 

and \ inches thick were then applied. When the 00ne was thoroughly &:y, the 

Fig. 1. View of the "Cyprus" b ins at Kitale . In the foreground, a bin is being 
pressure tested for leaks . 
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bituren rrembrane was applied using at least 4 coats of bituren emulsirn and 

nylcn rresh scrlm or lightweight hessian for binding. The rrembrane was ccntinued 

through the gutters and over the kerb of the ring beam to join with that ptaced 

under the base ccne. '!Wo final reflective coats of white paint were applied. 

Each bin has two man-holes: me at the apex of the <bITe for filling and one 

at ground-level for emptying. Air-tight hatch covers are provided for each man

hole. 

6. CDRRECITCN OF STRUCI'URAL FAULTS AFTER cx:NSTRU'CI'ICN 

6 . 1 The ring beam 

In 1971, awrox:i.rnately 3 years after the bins vJer'e ccnstructed, a small am::lunt 

of damage was oose~d to grain adj acent to the ring beam due to seepag:! of water 

through the external rrerrbrane of the bin and the structural joint at the point 

of ccnnection of the dare to the ring beam. 

Initial repairs crnsisted of renovatirn of the external bit~ous rrerrbrane. 

This later: pr~d ineffective mainly because the mrre pivots about the point 

where it is ccnnected to the ring beam. 'Ihis rrovenent is caused by tre ffiq)an

sim and rontractim of the thin shell due to solar radiatirn. 

lID alternative repair procedure developed in 1973, has since proved effective 

and is still in use m a routine basis. This ccnsists of rerroving the bituren 

rrerrbrane around the gutter: area on the ring beam. The structural joint is then 

located, by chiselling CMay sore of the ccncrete if necesscu:y. 'l'he joint is 

then sealed using a suitable mastic sealant (Ieebdeck mastic). This is Cbne by 

placing the bin under negative pressure (6 in. wg) with a test fan and applying 

the paint over and about 3 inches on either side of the joint. The paint is 

drCMn in until the crack is filled. A secmd roat is given to the joint (under 

negative pressure) and to the whole gutter area. The joint at the kerb of the 

ri.'1g bearn is similarly treated. 'Ire effectiveness of the seal is tested by 

applying f.Ositive pressure (6 in. wg) and leaks detected by splashing water over 

the jOints. lIDy leaks discovered are repaired and a final roat of "'hite PVA 

emulsion is applied to protect the Peebdec:k mastic from solar radiatirn. The 

bins are rolJ.tinely tested for leaks after each enptying (Figure 1) • 

6.2 Hatch covers 

The original steel hatch covers did not provide sufficient insulatim against 

diurnal terrperature variaticns. This resulted in a ronsiderable arrount of a:n

densation on tre underside of the steel cover. In additicn, the rove::- rould not 

be adequately sealed to prevent the entry of a small quantity of air into the 

bin. NeT"" hatch covers manufactured of fibre glass were installed and used with 

a sealant to prov"ide an air-tight seal. The inspecticn cap was made air-tight 

with a rubber qasket. 
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7. CFERATIal" l>ND MNI'IDRING OF GRAIN cnIDITICN 

7. 1 g?eraticn 

Only fresh good quailty grain is acrepted for storage in tie Bins. This 

grain (whim rnay arriv= in bags) is passed through a cleaning and chying plant 

(where dust is :rerrKJVed and grain dried to belON 12.5% lOOisture) before being 

ccnveyed in bulk carriers to the bin site. Before filling, each bin is thor

oughly cleaned and disinfested. 

The binS are rapidly filled ta capacity (within 3 v.eeks) and before sealing, 

tablets releasin~( 30 gm of hydrogen phosphide gas or a strip releasing 17. 7 gm 

didllorvos are plared rn the surfare of the grain at the tcp and side hatrnes. 

This treatment is for the ccntrol of superficial infestation by Sitotroga 

rerealella and Ephestia cautella. 

The bins remain sealed for a period of 6 mooths before the first sarrpUng is 

rune through t.1-e inspecticn cap (diarreter 10 an) • 

7. 2 M:mitoring of grain ccndition 

Earn bin is fitted with thennistors for nonitaring terrperatures and gas ex

traction tubes for recording oxygen lev=ls. These rreasurerrents are taken re

motely using the Telemax and Servcrnax ins t.ru:rents respectively. Grain is also 

sarrpled through the inspecticn cap of the top hatch using a sarpling probe. 

r:etails of mmitoring positicns are shONn in Figure 2. 

o PROBE SAMPLING POINTS 

• GAS SAMPLING TUBES 

• THERMISTORS 

Fig. 2. t-bnitoring positions for grain sarrples teltF€rature and oxygen :evels 
in a "Cyprus" Bin. 
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7.3 T~rature 

The grain terrperature during loading is generall y in the region of 20-2SoC. 

Se'JeIl thennistors are located in each b in along the central axis, one each at 

the follo..,ring depths; 9'9", 12'9", 15'9", 18'9", 21'9", 24 '9",36'9". 

Tenperatures are recorded daily after filling tmtil ~ readings are f airly 
o

constant around 2S e. 'Ih=reafter records are taken at ~ly intervals tml ess 

a sudden change is cbserved. In the e'JeIlt of a terrperature rise to 3Soe or 100e 

above nonnally reoorded valu=s, daily neasurerrents are taken and the bin sanpled 

using a suction probe. 

7.4 ~ 

The oxygen oonrentration is neasured using a Servarex Oxygen Analyser. Gas 

sarrpling hIDes are installed at 6', 12', 20' and 30'. Records are taken as scon 

as the bin is sealed and thereafter at weekly intervals tmtil the oxygen level 

is less than 6% or tmtil a ccnstant valu= is reached. When this "happens f urther 

records are taken at intervals of 4 weeks. 

7.5 Grain Samples 

Grain sarrples are taken by passing a Probe-A-Vac suction sempler throU3h the 

inspecticn cap (dianeter 10 an) of the t~ hatch oover. Sarrpling is rone 

irrrrediately after the bin is filled and subsequ=ntly at 6 mrnth intervals. 

r-bre fre::ru=nt sampling may be done in the ev'ellt of a rapid increase in grain 

tercperature. 

Sarrples of at least 1 kg each are taken from the surface and at 4 ft. inter

vals through the central axis to tre bottan of the bin. Sarrpling depths are 0', 

4', 8', 12', 16', 20', 24', 28' , 32', 36' and 40'. 

Each semple is examined separately. A nercury glass t.henr':::'Teter is used to 

record the tenperature of each sanple as scon as it is raooved from the probe. 

In the laboratory, each sample is weighed and then sieved. 

The thrash passing through the sieve (including insects) i s weighed and 

recorded. The moisture content of the semple is then t aken using a neter 

(Supermatic or Burroughs). '!he insects present in the thrash are identified 

and the nurrber of live and dead individuals reoorded as nUtbers per kg. Earn 

semple is then divided into approx.ir:lately 4 sub-sarrples of 250 gm e ach using a 
a

box divider. One sub-sarrple is incubated at room temperature (awrox. 20-22 C 

at both si tes) for 8 weeks ane. the nU!t'bers of adult insects energing recorded. 

A second sub-sarrple i s e.xarnined for damage. 'fuis is ,:bne i..'1 two operations. 

First , the grains are separated into four classes: broke.'1, holed, till1nelled and 

whole. The ",eight of each class is recorded. The sub-sample is then re-con

stituted and the grains separated onCE again into disCJloured and nonnal and a 

record made of the weight of the Giscoloured fracticn . 
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8. OOSERVATICNS PND re5UL'I'S 

8.1 Ibutine rocnitoring 

Sore cbservaticns from the routine rronitoring of Bin No. 13 in Kitale are 

shown in Figure 3. The results are fairly typical of the bins loaded with gcx:xi 

quality maize using the main ronveyor. Oxygen levels renained between 17.5% 

and 19% over the first 18 I'OCJnths o f storage then drofPed gradually to 5-6% in 

the follONing 18 rncnths before errptying. 

BIN 13 KITALE 

r[ ~

t"t+-r-t-+ I I I I I+~-tt""".,...,----11-1'1-I~I~ 20 

~ ~----------------------------------------

i 15r 

~ 12~ 
~--------------------------------------

M - SitotrOlla cerea/elJa
40 

S - Sitophi/us zeamais 

T- Trlbo/ium castaneum 

• ~ 01 A 0 
Q - AllYl 

~ 20 
'"c 

Mj, tr i,
0 " Feb. Feb. Feb . Feb. 

1973 1974 1975 1976 
MONTHS OF STORAGE 

Fig. 3. Sunrnary of routine rronitoring data for oxygen, tenperature, I'OCJisture 
and insect population levels in grain in Bin 13 at Kitale over 42 m:mths storage. 

Terrperatures varied bebo.een 250 e and xPe over the 3 years. T!1e average grain 

rroisture was belON 12.5% for the entire storage period. PrcDe s anples shcw=d 

that infestations by Sitophilus zeamais, SitotJ:oga cerealella and Tritoliun 

castaneum were kept in check by the rerrretic conditions. The insects are 

mainly in the CEntre where sampling is dcne and so the infestation given as 

nunbers/ kg. is unrepresentative o f tr.e distribution of insect populatioo through 

the grain bulk. HCMever, for mcnitortng purposes, the CEntral ay.is of the bin 

i s an icEal plare to sarrple. 
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8.2 Oxygen 

Since the bins are loaded with grain that c:qres directly fran the faun, there 

is a small aroount of initial infestatirn by insects and fungi. Tffi cleaning and 

drying process causes Sate mortality to the insects: and develcprent of fungi 

and insects is fu.r1:rer reduced by drying the grain to belON' 12.5%. Oxygen le~ls 

therefore remain high for a :fairly long period of ti.rrE and often for more than 

12rronths. When the ccncentratien of oxygen begins to fall, this is associated 

with the increase in fungal gra.vth. Daily fluctuatiens in tenperature cause a 

small amount of a:ndensatirn on the top of the cbr!e. 'nUs moisture drops en the 

top layer of grain and enhances fungal developrrent. Flmgal developrent causes 

discolouraticn of the grain and is reflected as "discoloured" grain in sarrples. 

The association between the decrease in oxygen concentration with increased 

fungal grcMth en the surface layer of grain is sho.vn in Figure 4. 

20~----------------------------~ 

y : 11 .93-0.06x 

...-.. 0 
0 
0 r : 0.46(P<O .001) 

~ 0 

Z 0 

W 0 0 

(!) 


>-10 0 


X 
0 00 00 

°000 0 
0 0 

O ~---2~O---------6~O---------10~O--~ 

% DISCOLOURED (FUNGAL) 

Fig. 4. Pelaticnship between oXjgen concentTatien and fungal grcMth. 

Each p::lint on the graphs represents the relevant observaticns made a1 in

dividual bins at the Kitale site over the 1972-1900 period. 

8.3 Moisture and Microflora 

The increase in the amount of fungus infested grain was directly related to 

the amount of grain moisture (Figure 5). '!he average moisture oontent of the 

tcp 4 feet was above 14% and had fairly high fungal damage. The greatest fungal 

damage was in the top 2 ft. of grain and generally this had to be discarded as 
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Fig. S. Ftmgal gra.vth and grain rroisture at the top and 4 ft bela..!. 

rotten grain. As is ~lained later (Section 9 .2) this represents a very in

significant amotmt of loss. The grain belcw this for another 2-3 ft. often 

required aeration and drying and was generally graCEd as animal feed. The 

average moisture o::ntent of grain in the 4-8 ft. layer was between 12 and 13 

percent and shaved little or no fimgal discnlouratic:n. Grain belcw this level 

was entirely free of fimgal discnlouration except for small crnGtmts at the ring 

beam where cradcs had occurred and saret.irres at the very bottorn (40 ft. deep). 

The main fungi were species of Asp::rgillus, Pencilliun and !hizopus. 

8.4 Temperature 

Average daily tenperatures over the year rarely exoeed 2SoC a t both, the 

Ki tale and Nakuru, bin sites. Ha·rever, there is often a large difference between 

day and night tenperatures. This difference, whim usually exoeeds 100C, is _ 

transferred through the thin shell of th.e dcne. The night terrperatures on the 

inner surface of the bin dcne are generally bela..! the rew point tenperature o f 

the internal atnosphere. ConCEnsation therefore takes place and the resulting 

rroisture drops on t.'rJe surface layer of the grain. 

Average tenperaturesthrough the grain bulk are approximately 2S()C. They 

are usually about 220 C through rrost of the grain bulk and slightly higher l:han 

average in the top 4 feet. 'The CiTIOtmt of dust in the graLI1 has a very signi

ficant effect en tel1peratures. 'The original cx:nveying machinery installed on 
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the site in 1968 and used up to 19 72 was pneumatic in design and caused breakage 

of grain and accumulatirn of dust especially along the central core of the bin. 

'!his resulted in severe heating and grain had to be transferred to other bins 

to arrest the problem (Figure 6.). For exarrple, the grain in Bin 19 was trans

ferred to Bin 35 ,..men terrperatures approached 400 e in the first 8 rronths after 

filling and withil1 6 rronths had reached 4-fe in Bin 35. It was then re-cleaned 

and transferred to Bin 38 where it remained for a further 18 liO'lths without 

severe problems. 

In the seccnd filling of Bin 38 the chain and flight conveying equiprent was 

used and no serious heating prd:Jlems arose. The grain remained in a satisfactory 

crndition for nearly 40 months. 

B'in 8 
50 • 

Bin19 

9 • 

w 

a: 
:;) 1 S T 
r 
« 2 5 
cr: 
w 
~ . 
~ Bin 38 


1ST . PNEUMATIC CONVEYOR 


2ND. CHAIN CONVEYOR 

0 L-0~--------~1~0~--------2~0~--------3~0--------~4~0~ 

MONTHS OF STORAGE 

Fig. 6. Pneumatic conveyor causes grain breakage and heating results from dust 
accumulation. No breakage and heating with chain oonveyor. 

8.5 Insect infestation 

The main insect species i.'1festing the produCE in the bins were Si!;g;>hilus 

zeamais W1Jtsdmlsky), Sitotroga rerealella (Olivier), Ephestia cautella 

(Walker) and Triboliun castaneum (Herbst). Sitophilus and Sitotroga usually 

aCCXJrrPany the grain from the fann. Ephestia and Triboli1r.l are present in oon

ventional stores and mills near the bins and infest the produce wtEn ti1e bins 

are open especially during extended filling operaticns. 

The insect infestatim is often fairly la-I in fresh grain but has the 

potential of building up to alanning levels within 2-3 mcnths if not kept in 

check.. When a bin is filled, a limited. a!f01.IDt of disinfestatim at the top and 

side hatrnes is carried out as explained earlier (Section 7.1). The amJunt of 
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hydrogen-phosphide used (30 grn) is l/300th of what ',<.Duld nonnally be required 

for corrplete disinfestation in a conventional non-renretic store. 

Y : O.0343x + 0.9835 
w 

r: O.27(P<O.05)~ 3·0 ..:E 
« 
o 
..... 
() 

~2'0 
Z 

. .··... . : .. 
·.: .. . . 

40o 10 20 30 
MONTHS OF STORAGE 

Fig. 7. PerCEIltage of insect darr.aged grain in final sanples before errptying 
the bins. 

The hemetic conditions and the lCM grain rroisture kept the damage caused by 

the insects in check. This is illustrated in Figure 7 which is a plot of insect 

damage fOlmd in final sarrpling before errptying each bin. Insect nunbers rarely 

exCEeded lO/Kg along the CEIltral axis, \>mere the probability of finding insects 

is highest, and this was reflected in the very limited arrolmt of insect damage . 

to grain samples collected at intervals almg the CEIltral axis. Insect damage 

represe.'1ted by the percentage of grains sho,y;~g exit holes and internal ttmnel

ling is on average below 3% after 3 years of storage. 

9 • EMPTYING OPEFATICNS JlND IETERMrNATICN OF l.C6SES 

9.1 E?Ptying 

Each bin is non-naily ernptiec after 3 years of continoous storage. Both ( tcp 

and side) hatches are opened and the prcdUCE well ventilated before unloading 

begins. Usually a srr.all quantity of wet and rotten grain is fOlmd below the 

top hatch on the uneerside of the done, and saretirres arolmd the ring bean and 

in the bottan of the bin. This is rerroved separately, weighed and destroyed. 

Darrp and mouldy grain adjaCEIlt to the wet and YOtten maize is also rEmJv'ed 

separately, dried and aerated in the cleaning plant, weighed and stored sepa

rately for inspection and grading by the National Cereals Marketing Board. This 

prodUCE may be sold as lmdergrade stock for animal feed. All the good maize 

e.'1ptied from the bin is weighed and graded. If the maize is passed through the 

cleaner, the weight of the dust cbtained is also recor~. 

http:O.27(P<O.05
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9.2 Detennination of losses 

In the early (1972) filling operations, records of the quanti-::.y of maize 

loaded into individual bins were not maintained. An average capacity was 

deterrainerl for the total number of bins fillerl. This was calculaterl as 15,474 

(90 kg) bags per bin. Since there are variations in individual bin capaCities, 

sane bins registered f E!"Ner than 15, 474 bags on unloading. other bins registererl 

more. Tnis infonnation providerl sane (unforseen) oonfusion in the determination 

of losses. It was therefore deciderl that separate reoords 'MJuld be maintainerl 

of the ,,;eight of grain being loaderl into each bin. 

Losses were therefore detennL,erl on the actual quantities of grain unloaderl. 

The oontents of each bin when unloaderl were separaterl into rotten grain, grain 

for animal feed, dust arrl good grain arrl then weigherl. An analysis of these 

losses for the bins at the Kitale site are sunmarised in Table 1. In all the 

data presenterl in this paper, the results for Bin No. 16 (for the 1972 fi lling 

only) at Kitale are anitted because of an unaccountable discrepancy. The data 

in Table 1 shews the results fran using the 40 bins at Kitale 78 times. The 

average pericd of storage (after sealirg) was 26.5 mont.~s arrl a total quantity 

of 108,777 tonnes of maize (equivalent to 1,208,637 x 90 kg bags) was storerl 

fran January 1972 to i-larch 1980. As a consequence of a current shortage of maize 

all the grain has been ranoverl for consumption. The average pericd of storage 

(over this 9 year pericd) was also shortenerl because security problans at the 

border necessitaterl ranoval of the food reserve to safety in 1976. 

'l'ABLE 1 


Arlalysis of losses at Kitale site (1972-1980) 


Pericd of storage Number Rotten An.irna.l. Gocxl 
(mor..ths after of bins grain feed Dust grain 
sealing) (%) (%) (%) (% ) 

~ 12 16 0.027 0.027 0.015 99.932 
13-24 13 0.154 0.110 0 .107 99. 628 
25-36 28 0 . 224 0.294 0 .204 99. 288 

:> 37 21 0 .280 0. 335 0. 347 99.038 

The loss in weight cbtained as described above is the "gross" value arrl for 

the entire 9 years that the bins have been used the max:imum loss of 2.17% 

oc:currerl in Bin 19 aft:er 42 months of storage (Figure 8). In general, average 

annual weight losses were bel O'N 0 .3%. It should be fOinted Ol:t that these 

weight losses do not imply monetary loss as part of the "losses" i1 elude 
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y= O.0278x-O.1628 

r =O.6959(P<O.001) 
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Fig. 8. I.a3s in weight (gross valLE) after hernetic storag:!. 

'The amount of "dust" in the gross val ue of losses dro~ fran 39% with the 

.0 .0 

artimal feed. 

The losses due to breakage caused by the pneunatic conveyor, classified as . 

"dust", were successfully reduce::l by installation of t.l1e chain and flight con

veyor. 

pneunatic conveyor to barely 5% with the main conveyor (Figure 9). It i.s 

interesting to note that animal feed and rotten grain are approxlinately in the 

1: 1 ratio arrl with the present almost negligible CllrDunt of loss due to dust and 

breakage, true losses mainly due to rotten grain are in the region of 0 .15% 

annually. In contrast armual losses in conventional storage are often in excess 

of 2% by weight despite regular insecticide arrl funigation treatments. 

10. DISCUSSION 

SEmi-underground hennetic storage has considerable potential for future use 

in the tropics especially for the preservation of national famine reserves of 

grain. 'The "Cyprus" bin may not be the most appropriate structure especially 

in countries with a shortage of trained persormel. 
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II DUST .~ ANIMAL FEED []] ROTTEN GRAIN 

PNEUMATIC CONVEYOR CHAIN CONVEYOR 

Fig. 9. Losses resulting from use of pneumatic and chain cnnveyors. 

The experience rerorted here shoos that a fixed rcof for a sEmi-underground 

hermetic structure is rot ideal ard. oonfinns previous e.xperience in Argentina 

(Hyde et al., 1974). It would ~ that tarqJerature variations. in the tropics 

is the most important aspect to be taken into consideration in the design of a 

suitable roof for a sEmi- underground hennetic silo. Presently a new set of hair

line cracks are appearing on the ring becrn lead.i.ng fran the rid;Jes of the dane . 

Although these are satisfactorily repaired following the procedures mentioned 

earlier, they are nevertheless a source of concern and an in::lication that future 

designs. will have to be more carefully evaluated. 

~loisture condensation on the inner surface of a sEmi-underground structure 

is inevitable in the tropics but can De :Deduced to fairly insignificant leve l s . 

The resulting fungal infestation is generally negligible arrl in a properly air

tight structure may be used to advantage in that a more rapid reduction of the 

oxygen concentration is achieved to limit insect developnent. Structural modi

fications to reduce condensation problens in the "Cyprus" bins are not econan

ically justifiable. 

At the national level, planning for the stora<je of fcx:xi grain should take an 

"integrated" awroach (De IJ...-na, 1979). A certain prorortion of the nationa l 

harvest should be reserved for hermetic storage and retained for pericds of 

not less than 12 months and preferably for 36 months. As mentioned earlier, 

minimal use of pesticides is required ir· hermetic storage and with proper 

http:lead.i.ng
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planning, naticnal grain rrarketillg organisations can make satisfactory use of 

modem hemetic storage tedmology. 
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EFFD::T OF AIR'l'IGHT STORAGE ON INSD::T PESTS OF STORED PRODUCTS 

N.J. BURRELL 


1 INTRODUCTION 

Many workers have shown that removal of oxygen by respiration causes insects 

to die in a sealed container (Dendy and Elkington, 1920). Thus over a period of 

14 days at temperatures of 290 to }O°C, Bailey (1955, 1956, 1957, 1965) found a 

concentration ~f · oxygen below about 2%, killed six important species of grain 

infesting beetles. Since, however, the susceptibilities of the various adult 

and immature stages were not equally affected, it seems likely that when a 

mixed population of insects is sealed into an airtight bin, some species will 

be eliminated sooner than others and some might even survive. In practice also 

there is some risk of oxygen diffusing into containers and permitting some 

survival (Oxley and Wickenden, 1963). In any event, low temperatures prolong 

insect life and so delay the process of disinfestation. 

The test described here was set up at short notice, when a farm infestation 

was discovered, to find if butyl-rubber airtight grain storage bins could be 

used in practical farm conditions in the U.K. to destroy an existing infestation 

in grain. 

2 METHODS 

2.1 	 Farm store 

The investigation was carried out between March and July using 40 tonnes of 

heavily 	infested barley of 15.5-16% moisture content from a farm store in which 
o a temperature of 42 C was recorded and in consequence seeds were sprouting on 

the surface in the centre of the bulk and some 0.5 tonnes was visibly mouldy. 

The badly damaged barley was destroyed and the rest was transferred into two 

airtight bins. The five abundant species of insects in the barley bulk were 

Oryzaephilus surinamensis L., Sitophilus granarius L., Cryptolestes ferrugineus 

Steph., Ahasverus advena Waltl. and Typhaea stercorea L. 

2.2 Airtight bins 

The two airtight bins, each consisted of a cylinder of welded-steel mesh and 

a cylindrical lining bag made of black butyl-rubber 0.75 mm thick which could be 

sealed at the top. These were erected in the open about 7 m from the farm store. 

Bin 1 was 4 m in diameter and 2.7 m hi gh; Bin 2, was 3.4 m d· ameter and 3.4 m 
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high. Twenty tonnes of barley, mainly from the heated core in the farm store 

including some of the damp barley from near the surface, ~as placed in Bin 1 

and 20 tonnes from the cooler periphery of the original farm bulk ~ere placed 

in Bin 2. The grain ~as moved by shovel onto a rubber belt elevator into the 

bins. 

The bins had already been used for storage and ~ere slightly damaged and 

dirty. All holes found ~ere patched but 3 ~eeks later ~hen Bin 1 ~as inspected 

at the end of the test, prior to the final sampling, three further slits, 2-4 mm 

long, ~ere found in the top sheet and ~ere repaired after sampling the grain. 

2.3 Temperatures 

Three thermocouples ~ere placed in a vertical ro~ up the centre of the bins 

at distances of 1.0, 1.8 and 2.6 m above floor level and temperatures ~ere 

measured during each ~eekly visit to the farm. 

2.4 Gas sampling 

Two rigid pvc air sampling tubes of 5 mm internal diameter were placed in 

each bin during loading, one at the centre and one in the small air space belo~ 

the top sheet. The inner end of each tube ~as guarded by ~ire mesh to prevent 

blockage and the outer end ~as sealed ~ith rubber tubing closed by a screw clip. 

Air samples were dra~n from the sealed bins, initially at daily intervals and 

later at weekly intervals, by a double-action pump and stored in 30 ml metal 

cylinders at a pressure of 10-20 bars, for later analysis at the laboratory 

using a modified Haldane apparatus. 

2.5 Sampling fo r insects and moistu~e content 

Immediately after loading, before the bins were sealed, barley samples ~ere 

taken f rom selected locat i ons ~ith a 200 g gravi t y-filled sampling spea r . The 

sampling points were spaced vertically at intervals of 0. 3 m below 7 points 

evenly spaced over the upper surface in Bin 1 and below 6 in the narrower Bin 2 

yi e lding 56 samples from Bin I and 63 from Bin 2. Some samples were omitted 

from the sa.mpling pattern ~here there ~as a possibili ty of displaci ng thermo

couples or gas sampling tubes. Eve ry sample was sieved to remove all f ree-living 

stages of insects but because the insects ~ere so numerous, and counting was 

carried out under difficult conditions on the farm premises, only adults ~ere 

counted. At the end of storage, because there ~ere so many insects i nj tislly, 

the number of sampling points in the bulk ~as reduced by increasing the vertical 

spacing to 0.6 m. Ho~ever, inspection of the bins before opening revealed three 

small punctures in Bin 1 so a sample was taken from the surface grain close to 

each puncture and further 14 surface samples ~ere taken from each bin. These 
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samples were sieved to remove free living and dead adults and then all t he 

samples from each depth from Bin 2 were collected together in lots of about 1.2 

kg and kept in a room at 25°C. At intervals of 2-13 days thereafter, the barley 

samples were sieved and adults were removed, recorded and destroyed but all 

other debris sieved off was replaced . 

Bin 1 was opened for insect sampling after 3 weeks and then closed for gas 

sampling for another 5 weeks until the grain in the bin was removed for feeding 

to cattle. ·Bin 2 was kept closed for gas sampling for as long as possible and 

sampled for insects after 15 weeks immediately before the grain was removed for 

cattle food. 

2.6 Removal of oxygen from Bin 2 

Five weeks after sealing, Bin 2 still had an oxygen concentration near 10%. 

Therefore, the bin was opened suffiCiently for 100 kg ' of damp barley at 23% 

moisture content to be added on a polythene sheet and the bin was rapidly resealed. 

3 RESULTS 

3.1 Temperatures 

Immediately after loading, the temperatures in the centre of Bin 1 varied 

from 16.50 to 35°C and those in Bin 2, from 120 to 16°c. The maximum temperature 

recorded in Bin 1 reached 400c during the first day but fell to 35°C during the 

first week and to 23°C after three weeks when the bin was opened and sampled. 

No temperature below 150C was recorded in this bin during these three weeks but 

the minimUM temperature recorded reached 130C by the time emptying was started. 

Grain temperatures in Bin 2 scarcely changed during storage. 

3.2 	 Gas analysis 

The two oxygen concentrations obtained from each bin on each visit never 

di f fe red by ',nore than 1% so the means are presented in Fig. l-

In Bin 1 tne oxygen concentration fell t o 4% 1n 2 days and reached a minimuM 

of 0. 3% after abou t 10 days (Fi g. 1 upper). Aft er 3 weeke, when the bin was 

opened for 6 hours for grain sampling, the oxygen concentration rose to nearl y 

15% but when the bin ~as resealed it began to fall steadi l y though more s l owl y 

than before. Thi s is evidence that the bin still contained respiring organisms, 

p05Bibl~ micro-organisms, in the patches of damp grain t r ansferred f r om around 

the farm hot s pot into the test bins. 

The oxygen level in Bin 2 had fallen only to 10% in about 4.5 weeks and even 

when damp grain was added, it fell only slightly faster but it r eached a 

minimum of 1% after 2 months and remained below 5% until the bin was opened 

after 15 weeks. 
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Fig. 1. 	Diagram showing changes in gas concentration with time and sampling 

occasions in airtight Bin 1 (upper) and Bin 2 (lower). 

3.3 Insect numbers 

Approximately 5000 live adult insec ts were removed from Each bin in the 

ini tial samples indicating a population of about 8 million adul ts per bin. The 

initial numbers for each species were similar in both bins. 

Bin 1 

The initial 56 samples contained a mean of 91 adults per sample (range 

5-392) with all species spread fairly evenly throughout the bin. There were 

only 33 live adults in the final 38 samples and of these 26 were in the 13 
samples from the upper surface, 17 being in the three samples taken close to 

the visible small punctures. This represents a survival of only 0.6%. The 

majority of these survivors were C. ferrugineus, which, unlike the other species 

present, had a high rate of survival near the punctures (Table 1.) 

Bin 2 

The initial 63 samples each contained a mean of 78 live adults (range 16-255) 

again fairly evenly distributed though slightly more abundant in the top half 

of the bin (Table 2 .) The final 51 samples contained a total of 10 live adults 

of which 7 were found in 21 samples from the upper surface although no obvious 
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leaks ....ere found. This represents a survival of only 0.2%. Ho....ever. 13 

S. granarius. five C. ferrugineua and one O. surinamensis emerged from the 

grain samples at 250 C (Table 3) and had survived exposure to concentrations 

of 1-4% oxygen and 15% CO maintained during the last 8 ....eeks of the test.2 
No A. advena or T. stercorea were found alive after airtight storage. 

TABLE 1 

Number of live adult insects from Bin 1 samples 

A. Before airtight storage 

Samples 

Position Number 

Bulk 49 

Top surface 7 

Total 56 

' Insect O.s C.f A.a ~ T.s 
I 

Numbers per sample 

Max 378 83 34 6 6 
Min 11 0 0 0 0 
Mean 70 18 5 1 1 

Max 101 10 2 3 3 
Min 0 0 0 0 0 
Mean 53 3 1 2 1 

Total 3824 902 249 86 57 

B. After airtight storage for 3 weeks 

Bulk. 20 Max 
Min 
Mean 

0 
0 
0 

2 
0 
0.2 

0 
0 
0 

1 
0 
0.1 

0 
0 
0 

Top surface 18 Max 
Min 
Hean 

1 
0 
0.1 

7 
0 
1.2 

0 
0 
0 

1 
0 
0.1 

0 
0 
0 

Total 38 Total 2 27 0 4 0 
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TABLE 2 

Numbers of live adult insects from Bin 2 samples 

A. Before airtight storage 

Samples Insect O.I? C.f A.a S.1l: T.B 

Position Number Numbers per sample 

Bulk 58 Max 232 45 14 4 10 
Min 13 0 0 0 0 
Mean 60 12 2 0.8 1.3 

Top surface 5 Max: 143 18 10 1 3 
Min 30 1 0 0 0 
Mean 71 9 4 0.2 1.4 

Total 63 Total 3876 768 165 45 83 

B. After airtight storage for ~ months 

Bulk 30 Max 
Hin 
Mean 

1 
0 
0.03 

1 
0 
0.1 

0 
0 
0 

0 
0 
0 

0 
0 

-0 

Top surface 21 Max 
Hin 
Mean 

2 
0 
0.14 

3 
0 
0.19 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Total 51 Total 4 6 0 0 0 

TABLE 3 

Breeding out tests at 25°C on bulk samples from Bin 2 

Depth (m) 0 0.6 1.2 1.8 2.4 3·0 

Insect Numbers per sample Total 

O.s 0 0 0 0 0 1 1 
C.f 3 0 0 1 0 1 5 

~ 0 3 8 1 1 0 13 
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4. DISCUSSION 

Although insufficient oxygen leaked into the small airspace at the top of 

Bin 1 to raise the concentration above that in the middle of the bin it was 

enough to permit the survival of a few adult insects for nearly 3 weeks, 

indicating that higher concentrations than those measured existed close to the 

punctures. The mortality of C. ferrugineus adults reached over 97% in the 

bulk but most of the survivors of this species were found in the vicinity of these 

leaks. Only 2 live O. surinamensis and 4 S. granarius were found after storage 

so mortality was almost complete. However there were sufficient survivors, 

particularly of C. ferrugineus to recolonise the bulk if oxygen and temperature 

later became suitable. The Bin 1 test was completed in March, exposing the 

insects around the periphery to low ambient temperatures which may have promoted 

their survival by reducing their activity. 

Because oxygen remained above 5% for 2 months in Bin 2, final sampling was 

delayed till summer and in this bin,only 6 adult C. ferrugineus and 4 adult 

O. surinamensis were found alive in 51 final samples. Despite the higher kill 

of adults in Bin 2, the breeding out tests showed that surviyal of the three 

granivorous species had occurred in the bul~ 

The damp grain at 23% moisture content placed at the top of Bin 2 to absorb 

oxygen and speed disinfestation was estimated to be sufficient to produce an 

anaerobic atmosphere in the bin within a week under the prevailing temperature 

conditions assuming a dry matter loss near 0.01% per day (Burrell, 1974, pp. 

424-7) and assuming that gaseous diffusion was not a limiting factor. Because 

deoxygenation occurred more slOwly than expected, a further test was set up at 

the laboratory in a similar butyl-rubber bin, 3.4 m diameter, holding 10 tonnes 

of uninfested wheat 1.5 m deep at 15.3% moisture content. In this test 60 kg 

of grain wetted to 30% moisture, with an estimated dry matter loss near 0.1% 

per day, was spread in a layer 2.5 cm deep on a plastic sheet covering 35% of 

the upper grain surface and the bin was then sealed. !he atmosphere at the top 

of the bin reached 2% oxygen in less than 2 days but took 8 days to reach the 

Same oxygen concentration at the centre of the bin only 0.75 m below the top. 

CONCLUSIONS 

The procedure of sealing infested grain into an airtight bin to kill the 

insects when their own respiration has removed oxygen from the bin can be 

satisfactory for a heavy infestation in warm grain but is likely to prove 

uneconomic for light infestations or cool grain because of the long storage 

period required. Even when the conditions provide a Bufficiently low concentration 
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of 	oxygen it appears, in practice, that sufficient insects are likely to survive 

to 	provide an inoculum for reinfestation if the grain is removed from the bin. 

The method, therefore, has some limitations and the replacement of oxygen by 

flushing out the air with C02, described in later papers, may prove mere 

satisfactory. However, the use of fungal respiration or fermentation to achieve 

anaerobic conditions shows considerable promise, seems highly cost effective and 

merits further investigation. 
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LOW TE1WERATURES: EFFECTS ON CONTROL OF SITOPHILUS OR YZAE (L.) WITH MOD IFIED 
ATMOSPHERES 

EDWARD JAY* 

INTRODUCTI ON 

A considerable amount of information oas been obtained in recent years 

concerning the effects of modified or controlled atmospheres on stored-pt'oduct 

insects. However, most laboratory studies have been carr ied ou t at temperatures 

ranging from 26° to 33° C. tjailey and Banks (197 il ), in a summary of 10 of the 

more recent laboratory studies, found only one that was conducted at temperatures 

as low as 15.6° C, and this one (Harein and Press, 1968) had to do only with 

adult Tribolium castaneum (Herbs t). Again, when Banks (1978) surT'lllarized 

results of field studies with modified atmos phe res, he noted only one iow 

temperature large-scale field study (B anks et al., 1978) . This was conducted 

at 13.5° C, and 77 to 79% mortality of all life s tages of Sitoph i lu s oryzae 

(L.) was obtained by a 10-day exposure to atmos pheres containing from 47 to 68% 

carbon dioxide (C02) (balance of modified atmosphere was air). 

Earlier Bani<.S and Annis (1977) had suggested I-Ihen a storage fac il ity containing 

grain at 15° C is purged with nitrogen (N 2) for insect control, the exposure 

time must be greater than 24 wk for complete disinfestation, even when the 

oxygen (02) level is held at 0- 1. 21. 

Because of the lack of info rma tio n on the combination of low temperature and 

modified atmospheres, the following study was undertaken. 

i""ETHODS AND ~.AT E R IAL S 

The insects used in this study were immature i. oryzae that are cont i nuous ly 

reared at the Savannah laboratory on 12% m.c. sof red winter wheat at 26. 7° C 

and 60% RH . The cultu res for t he tests vJere estab l is hed by seedi ng 360 9 of 

this wheat with ca. six hundred 1- to 3-wk-old adults for 72 hr . At the end of 

this period, the adu l ts were si eved off leaving imma ture insects 0 to 3 days 

old in the cultures. i. oryzae used in these tests were therefore from ° to 3, 

7 to 10. 14 to 17, 21 to 24, or 28 to 31 days old at the beginni ng of t he 

exposure. l'Iheat containing insec ts of these ages wa s blended together for 

5 min in a ball mill, and 5 g of this blend was placed in a 16 x 14 (to cm) 

*Research entomologist , Stored-Product Insects qesearch and Developmen t Laboratory, 

Science and Education Administration, U.S. Department of Agricultu re , P.O. 

Box 22909, Savannah, Ga., 31403, U.S.A. 




66 

mesh wire screen cage me asuring 6.4 cm hi gh x 1.9 C~ diam. An adequate numbe r 

of cages was filled to provi de a group of three 5-g cages for each exposure 

plus another cage that was used as the control for each group. 

The exposure char,lbers \vere similar to those described by Ha rein and Press 

(1968) and consisted of 2.8-liter glass jars that were pa r tly submerged in 

laboratory baths filled with water. These baths were equi pped wi th refrigeration 

systems so the water temperature could be red ,~ced to levels below the ambi ent 

temperature. Four such baths were used, and they were individuall y set to 

maintain the water temperature at ca. 1.6° , 4.4°, 10 .0° , or 15.0° C. The jars 

were closed with metal screw-top lids fitted with 23- and 2.5-cm lengths of 

0.6-cm o.d. copper tubing; these were used as gas inlet and gas exi t tubes, 

respectively. The li ds we re also fitted with a neoprene stopper so a humidity 

sensor could be inserted. During exposure, the cages were suspended i n the 

exposure chambers from a 5-cm length of steel wire hung from the underside of 

the neoprene stopper. 

The gas mixtures were re leased from the cylinders through two-stage regulato rs 

and flowed throug.h a micrometering valve and flowmeter into gas washing bottles 

that contained a glycerin-water mixture that adjusted t he RH of the gases to 

ca. 56%. The gases then flowed into the exposure chambers. A f low rate of 

200 cc/m i n was used for the first hour to purge the chambers. A rate of 

30 cc/min was used for the balance of the exposure periods. The RH was mo nitored 

\~ith an electric hydrometer (model 15-2001 humidity indicator and narrow range 

humidity sensors, Hygro-dynamics, rnc.), and the temperature was reco rded 
daily)/ 

A Fisher-Hamilton model 29 gas partitioner equipped wi th dual col umn~ was 

used for daily analysis of ternary mix t ures. A Vidar model 6300 di gital 

integrator was used to measure the areas under t he pea ks. A Beckman model E-2 

oxygen analyzer was used for daily analysis of binary mix t ures. 

Insects and grain at four temperatures were exposed to gases fr om cyl inde rs 

containing air, 100% N2, 100% CO 2, or a blend conta ini ng ca. 60% CO2, 9% 02' 

and 31% N ' (Small leaks in the system reduced the actual concentrations ofZ 
100% NZ t o ca. 99% and 100% CO2 to ca. 98%; this was expected ). Exposures were 

for periods of 1, 2, 3, or 4 wk. Controls were held in similar cages in a r oom 

maintained at 26.7°+10C. and 60+5 ~ RH. Four replicates (3 cages per replicate) 

were tested at each of the four temperatures and four expo su re periods for 

normal air and with the CO2 mixture. Three rep l ica tes (3 cages per replicate) 

were tested simi l arly with the ca. 100% CO2 flow and two with the ca. 100% N2 

flo''''. 
At the end of the exposure period, the contents of the cages were placed in 

lZO-ml glass conta i ners with filter paper lids and held at 26.7°C. for 1 wk. 

Emergence counts were made at 1 wk and weekly thereafter for 5 more I'/k. 
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Effectiveness of treatment was detemined by dividing the total !' umber of 

insects that emerged after treatment by the total number that emerged in the 

controls and converting this to percent reduction in emergence (RIE). 

RESULTS AND DISCUSSION 

Samples of atmosphere analyzed for all replicates had t he following percentages 

(.:!:. S.D.) of ca t'bon dioxide, oxygen, and nitrogen: no nnal air - 20.9+0 . 1' , O2, 

balance N2 and rare gases; CO2 mi xture - 60.4.:!:.0.7% CO2, 8.9.:!:.0. 2% 02' and 

30.7.:!:.0.6% N2; 100% CO2 - 97.7.:!:.0. 9% C02~ 0.4.:!:.0 . 2% 02' and 1.9.:!:.0 . 6% N2; and 100% 

N2 - 0.5.:!:.0. l ~ 02 and 99 . 6.:!:.0. 1% N2. The mean (.:!:. S.D.) of the relative humitities 

were: natural air - 55.9.:!:.3. 1%; in CO2 mixture - 56.0.:!:.3, 3%; 100% CO2 - 56.2.:!:.3.2%; 

and in 100% N2 - 55. 3.:!:.2. 8%. (,'lean temperatu r es (.:!:. S.D. 's) in the exposure 

chambers are given in Tables 1 through 4. 

Tables 1 through 4 present results of exposures to the normal air and to 

three modified atmospheres at the four temperatures. At 1.6° C (Table 1) there 

was no emergence of insects exposed to nonnal air or to 98% CO2 after 2 wk of 

exposure. Exposures of thi s length to the CO 2 r.1i xture or to 99% N2 gave a 99:' 

or higher RIE, but increasing the exposure time to 3 or 4 wk did not produce a 

100~ RIE when insects were exposed to the CO2 mixture. Those exposed 4 wk to 

99% N2 had a 100~ RIE. 

At 4.7° C, the only atmospheres producing 100% RIE were: normal air after a 

3-wk exposure and 98% CO2 after a 4-wk exposure (Table 2); however, these two. 

atmospheres gave a 99)~ RIE after an exposure of 2 wk. i. oryzae exposed to the 

CO2 mi xture had RIE of over 99% afte r a 3-wk exposure; those exposed 4 wk to 

99% N2 had a 99. 9% RIE. 
At 10.4° C, the only 100% RIE occurred when insects were exposed to t he CO2 

mixture for 4 '.~k (Table 3). However, the RIE was over 99% Itlhen insects Itlere 

exposed to the CO 2 mixture for 3 wk or 98% CO for 4 wk. l~hen the insects I',ere2 
exposed to air or to 99% N2, mortality gradually inclreased 'tlith increasing 

exposure ti me and reached abou t 98% after 4 wk. 

At 15.7° C, the RIE was 99% after a 2-wk exposu re to t he CO2 mi xture and 

100% after a 3-wk expos ure (Table 4). Insects exposed for 3 or 4 wk to 98% CO 2 
or to 98% N2 for 4 wk had an RIE above 99%. 

Lm'l numbers of insects emerged from the 60% CO2 and 99% N2 atmospheres af t er 

2- or 3-week expo sures at 1.6 0 C. The fact t hat no emergence occurred f rom t he 

samples exposed to only air is assu~ed t o be the result of the cold reducing 

the respiration rate of the insect s to a low level and thus preven t ing Signif icant, 

but not total, venting of the abnormal atmospheres. Thi s ven t ing in response 

to atmospheres high in i~ 2 or in response to a tmospheres hi gh in CO2 but wit h 

some oxygen present prevents compl ete anoxia which has been shown to be one of 

the major caus es of death due to exposure to these at~os phe res. This venting 
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TABLE 
Percent reduction in emergence (% RIE) \·,hen immature ~. oryzae were 

exposed to air or to one of three mo dified abnospheres at 1.6°+0.1° C 

(S.D.) for indicated periods.* 

% RIE after exposure of (wk) 
Atmosphere 

2 3 

Air 98. 7 100.0 liJO.O 100.0 

60% CO 2 95.6 99.4 99.8 99.9 

98% CO 2 99.8 100.0 100.0 100.0 

99% N2 94.5 99.1 99.9 100.0 

TABL E 2 
Percent reduc ti on in emergence (% RIE) when immature ~. oryzae were 

exposed to air or to one of three ~cdified atmospheres at 4.7°+0.2: C 

(S.D.) for indicated periods.* 

% RIE after exposure of (wk) 
Atmosphe("~ 

2 3 4 

Air 93.3 99 .8 100 . 0 100.0 

60% CO2 71. 0 94.6 99.7 99.9 

98% CO2 90.1 99.3 99 .9 100 .0 

99% N2 50.3 91.0 97 .6 99. 9 

*Mean and S.D. fo r adu l t emergence for all controls (26.7° C) were 1 wk 
63.8~15; 2 wk - 89 .6~45 .5; 3 wk - 172. 8~4 1 .5; and I]. 'Il k - 239 .5+35 .9. 
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TABLE 3 

Percent reduction in 

exposed to air or to 

(S.D. 1 for indicated 

emergence (% RIEl when immature ~. oryzae were 

one of three modified at mos pheres at 10 .4°+0 .6° C 

periods.* 

% RIE after ex posur e of (wk) 
Atmosphere 

2 3 4 

Air 89.3 99.4 95. 0 97.9 

60% CO2 72.6 92.4 99.4 100. 0 

98% CO2 76.1 89 .5 95.6 99 . 6 

99% N2 64.3 72. 5 84 .6 98 . 1 

TABLE 4 

Percent 

exposed 

(S.D. ) 

reduction in 

to air or to 

for indi cated 

emergence (% RIE ) when immature ~. oryzae we re 

one of t hree mo dified atmospheres at 15.7°+0. 5° 

periods.* 
C 

Atmosphere 
% RIE after exp osure of 

2 3 

(w k) 

4 

Air 67.1 88.5 89. 3 89.1 

60% CO 2 80.5 99. 0 100 .0 100. 0 

98% CO 2 97.4 97. 2 99.6 99 .9 

99% N2 41. 7 86.0 82 .7 99.7 

*Mean and S. D. for adult emergence fo r al l co nt rol s (26. 7° C) were 1 wk 
63.8~1 5 ; 2 wk - 89 . 6~4 5 .5j 3 wk - 172.8_4 1. 5; and 4 wk - 239 . 5~35. 9 . 
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is associated l'lith spiracular control and body weight loss. The majority of 

the weight loss is assumed to be water, and death is partially caused by 

desiccation in hig h NZ atmospheres (Navarro, 1978). J ay and Cuff (unpublished 

manuscript) confir~ed this relationsh ip in experiments that showed a hig h 

weight loss in larvae, pupae, and adults of 1. castaneurn wh en t hey were exposed 

to a ca. 60% COZ cancentration similar to the one used in these tests . Therefore, 

we assumed that the i. oryzae in the present tests, even in the presence of low 

temperatures, reacted enough to actively engage in the venting or pump i ng of 

their respiratory systems. Their metabol ic rate was thereby increased, and 

their body temperature l'las slightly increased So they vlere actuall y protected 

from the direct effects of the low temperatures, but, the magnitude of this 

acti vity was not enough to induce heavy water losses and desiccation causing 

death. 

Jay and Cuff (unpublished manuscript) also showed that in very high COZ 
concentrations, si mi lar to the 98% CO Z used in these studies, the body l'leight 

of T. castaneum was not reduced as morta l ity increased. Fried ~ an~er and 

Na varro (1979) studied the mode of action of high CO Z concentrations on pupae 

of Ephestia caute ll a ( ·ia1ker). They found that treatments with 99% COZ 
dras t i ca 11 y reduced ATP 1 eve 1 sin these i nsec ts. I n the tes ts reported here, 

98% CO 2 gave 100% RIE after 2, 3, and 4 wk of exposure at 1.6 0 C, but cold 

alone did the same when the insects were exposed to normal air. I therefore 

believe that the insects exposed to 981 CO2 were completely anesthetized, could 

not ra i se the i r body tempera ture by vent i ng, and were therefo re kill ed by a 

combination of low temperature and COZ' 

From a practical standpoi nt then, there is little need to use modi fied 

atmospheres or any other control technic;ues against ~. 2ryzae I"hen grain 

temperatures are below 10.4° C. The cold alone will produce a high mortality, 

almost 98% RIE, after 4 wk. At a temperature of 15.7° C, the mixture with 60% 

CO will give a RIE of 99% in 2 wk and 100% in 3 wk, and an atmosphere cont ainingZ 
98% CO2 will give a RIE of over 99% in 3 wk bu t would be mo re expensive to us e. 

Moreover, at this temperature, cold alone gave an RI E of almost 90% in 2 wk , 

though it did not increase its effectiveness by additional exposures of up to 

4 wk. The data reported he;e compare favorably with those of Ba nks (1978) who 

obtained 77 to 79% mo rtality with a 10-day exposure to 47 and 68% COZ at 

13 .5° C. For example, an exposure to the mix ture contained 60% CO 2 at 10.4° C 

for 1 wk gave 72.6% RIE; a' Z-wk exposure to this concentration and temperature 

gave a 92.4% RIE (Table 3). However, they cannot be compared with the estimat ed 

mortality of Banks and Annis (1977) for an exposure tine of nore than 24 wk at 

15° C for high NZ (low 02) concentrations. Si nce Tab le 4 shows t hat a 4-wk 

exposure at 15.7° C to 99% NZ will give a 99.7% RIE, a 100% RIE would probably 

be obtained by an additional exposure of 1 to 2 wk, not 20 wk. 
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INTEGRATED APPROACH TO THE USE OF CONTROLLED ATMOS PHERES FOR INSECT CONTROL IN 
GRAIN STORAGE* 

NAVARRO, S. ~~d CALDERON, M. 
Division of Stored Products, Agricultural Research Organization, the Volcani 
Center, Bet Dagan, Israel. 

INTRODUCHON 
Significant progress has been made in recent years in using modif i ed 

atmospheric gas concentrations for the control of stored produc t insects (Banks, 

1979; Navarro et ~., 1979; Shejbal, 1979). Contributions on this subject hav e 
shown the feasibi'l ity of using low oxygen concentrations in nitrogen atmospheres, 
high carbon diox ide concentrations or a mixture of these gases as efficient 

non-chemical control methods for the prevention of insect damage (Jay an? 
Pearman, 1973; Shejbal ~~, 1973; Navarro et ~., 1979). However, it should be 

kept in mind that the atmospheric gas composition is only one of the factors 

acting on insects breeding in the grain bulk ecosystem (Banks and Annis, 1977). 

Other environmenta l factors affecting the surviva l of insects found in bulk

stored grain are temperature and rel ative humidity (Navarro, 1978; Storey, 1975). 

Therefore, the efficient use of con tro lli ed atmosphere storage should require the 

careful consideration of data concerning these two factors, which in some cases 

could be modified to increase the efficacy of this control method. 

In this paper the effect of temperature and relative humidity on the 

effectiveness of atmospheric gas mixtures as an i ntegrated approach to the 

control of stored grain pests, is described and discussed. 

INSECTICIDAL EFFECT OF MODIFIED ATMOSPHERES 

The effect of low O2 or high CO2 concentraHons on insect mortal ity was 

demonstrated many years ago (Bailey. 1955; Bailey, 1965). A l imit of abo ut 2% 

02 has been indicated (Banks, 1979) for the mortality of stored product insects 
so far tested. These findings provided the basis of the revived ancient method 

of hermetic storage (Bailey and Banks, 1974). However, the concentrations of 
low O2 or high CO2 needed for the control of different stored product insect species 

* Contribution from the Agricultura l Research Organization, the Volcani Center, 
Bet Dagan, Israel. No. 186-E, 1980 seri es. 
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differ widely (Harein and Press, 1968; r~arzke et ~., 1970). 

Direct comparison of the many results given by. ,numerous researchers in this 

field is difficult, since the insect mortalities obtained in various gas 

compositions at different temperature and humidity l evels are so diverse (Bailey 

and Banks, 1974; Harein and Press, 1968). The effect of modified atmospheres on 

immature stages varies also, and this has been the subject of recent invest i g

ation and current research (Storey, 1977). 

Recently, the synergistic effect of the combination of low 02 and high CO 2 
tensions on Tribolium castaneum adults has been demonstrated (Ca lderon and 

Navarro, 1979). This work opens the possibilities of using relat ively high 02 

concentrations when supplemented by CO2, as a modified atmosphere formula in 

controlling storage insects. Further research along these lines is required. 

ROLE OF TEMPERATURE 

The time required to obtain a certain level of insect mortality exposed to a given 

atmospheric gas composition is dependent on the temperature of the environment. 

In fact, from the physiological aspects at normal atmospheres, development of 

insects can only occur within a fairly narrow range of temperatures. Develop

mental thresholds have been determined for a number of stored product insect s 

at different stages of development (Birch, 1945; Howe, 1960). For example, for 

the egg-to-adult stage of Sitophilus oryzae, the threshold limits for develop

ment are between 150 and 340 C, while for Rhyzopertha dominica these limits are 

between 180 and 40°C (Birch, 1945). Below or above these temperatures, complete 

mortal ity of insects is obtained, as determined by failure to hatch or emerge. 

Within the above mentioned limits, the rate of development is greatly affected 

by temperature (Howe, 1965). 

It is well accepted that the effect of insecticidal treatment (especially 

for insecticides acting through the respiratory system like fumigants) is much 

IOOre pronounced at higher temperatures U1onro, 1969). The effect of modifi ed 

atmospheres seems to be very similarly dependent on the ambient t emperatu re. 

Fig. 1 demonst rates that at given atmospheric gas compositions, the hi gher 

the tempera t ur e - the shorter the exposure time needed to achieve 95%mortality 

of insects (Person and Sorenson, 1970; Storey, 1975 ; Storey, 1977). In an 

atmosphere of <1.0% O and 9-9.5% CO2, R. dominica adults were more tolerant2 
than T. castaneum adults. The decrease in the number of hours requ i red to 

obtain 95%mortality of the tested species, from 150 to 210C, is very 

pronounced. 

This effect is shown to be similar in tendency for the three insect species 

depicted in Fig. 1, which differ in their susceptibility in the given gas 

concentration. In practice, these data should be considered very carefully. It 

is clear that much longer exposures will be needed, at a given gas composition, 
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Fig. 1. Effect of temperature on exposure time required to produce 95% mortality of 
three stored product insects (adults) exposed to two atmospheric gas compositions. 

to obta i n effective control when low temperatures prevail in the gra i r: bulk. 

Furthermore, since differences in temperature exist in the various parts of the 

grain bulk, the lowest temperature recorded should determine th e length of the 

exposure time required for the treatment. In the use of controlled atmosphere 

treatment, the most resistant insect species found in the grain bulk to be treated 

should be considered. 

ROLE OF RELATI VE HUM I DITY 

HlUuidity influences the survival of insects mainly through the effect on their 

water content. Dry conditions appear to be ge nerally unf avourabl e for the reprod

uction of most insects. HO\~ever, most stored product insects can survive at very 

low humidities (HoI-Ie, 1965). The survival of insects under dry conditions depends 

on their' maintaining a balance bet\'leen the los ses and gains of water (Edney, 1967). 
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Therefore, the means of maintaining water withio certain 1imits in stored product 

insects is an imf)ortant aspect of their structure and physiology (Navarro, 1978). 

The role of relative humi dity in producing mortality in insects by de siccation 

alone, when exposed to controlled atmospheres, requires further cl arification. 

The pronounced dependence of low 02 or elevated CO2 tensions on the relative 
humidity of the environment for producing a lethal atrmsphere fOl' several stored 

product insects, has been investigated (Jay et ~., 1971; Navarro, 1978 ; Navarro 

and Calderon, 1974 ) . Figure 2 demonstrates the role of relative humidity on adult 

emergence of Ephestia cautella pupae exposed to two atmospheric compos itions 

(Navarro, 1974a). These data indicate that at 20-24% relative humidi ty , 3 .2% 02 
or 4.3% CO2 in air is needed to achieve complete mortality. However, at the same 
gas compositions but at higher re l ative humid i t ies, E. cautella pupae coul d survive. 

These results, as well as data obtained by other authors (Jay et ~., 1971; Na varro, 

1978), indicate that the controlled atmosphere treatments (ould be mo re effective 

when the moisture content of the treated gra i n is low. 
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Fig. 2. The ef fect of 02 and CO? at di t fer ent relative humid i ti es on adult 
emergence from E. cauteTla pu pa~ at 26 C. 

The moi stu re content of a stored product may vary over a consi derabl e range 
and it is in equi l ibriumwi t h t he relative humidity of t he inte rgranular air 

s pace of the grain bul k ecosystem . Due to the ph enomenon of mo isture mi gra t ion, 
the moisture content of gra in in some parts of the bul k may be considerably 

higher than in other rema in ing parts of the bulk. This al so requires careful 
considerat ion so that extreme concentrati ons of gas should be applied to ach i eve 

effective control of insects found in grain of hi gh mois t ure content. 

PRACTICAL CONCLUSI ONS 
A nUfTloer of field trials have been conducted using diffe ren t atmosphe r ic gas 

cOrlpositions (Banks, 1979). The effectiveness of the experimental tr ials usi ng 
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controlled atmospheres has been high, but complete mortality has not always been · 

obtained (Jay and Pearman, 1973; Navarro ~ ~., 1979; Shejbal et ~., 1973). The 
reasons for the observed incompl ete insect mortality have not been properly 

analyzed. 
In field trials with controlled atmospheres, the approach has been based on 

maintaining the required gas composition within acceptable limits in a reasonably 

gastight silo. Efforts have been made to seal the silos to a degree ~;hich will 

prevent ex~essive use of gas mixtures (Banks and Annis, 1977). However, in practice, 

it is difficult and expensive to render a large structure completely gastight. 

Therefore, there is the possibility that surviv i ng insect populations wi l l aggregate 

around the 1 eaks (Navarro ~t ~., 1979). 
One major problem that may arise from surviving insect populations is the 

development of resistance to modified atmospheres. Although resistant insect species 
have not yet been recorded from fie l d populations, there are data indicating that 

stored grain pests have the genetic potential to develop resi s t ance to CO2 (Bond 
and Buckland, 1979). 

Factors other than gastightness may also contribute to the observed incomplete 
insect control in large-scale modified atmosphere treatment. ProlonGed exposures of 

several weeks are required for obtaining satisfactory results at low temperatures . 
Under certain conditions it seems to be impractica l to mainta in the req uired gas 

concentrations for such long periods of time, especially when the temperature is below 

the lower thresho ld limit for the development of the insect species infesting tbe grain. 

Damp grain pockets in the bu]~ are also the cause of insect survival after 

control lied atmosphere treatment. Drying of the grain bulk for obtaining efficient 

insect control I'lith modified atmospheres is not a practical proposition. Therefore, 
the moisture content of the grain should be seriously considered in determining the 

requ~red gas concentrations and exposure times. 

From the above discussion the following integrated insect control method is 
suggested: Controlled atmosphere treatment should be applied when high temperatures 

preva il in the glra in, fo 11 o'lJed by aera ti on for reduc i ng gra in temperatu re . Th is 

sequence of treatments I"lill provide a reasonable degree of insect control: :-he 

controlled atmosphere .treatment wil l aim at obtaining the maximum possible insect 

mortality, whlle the cooling of the grain bulk (Navarro, 1974b) will contribute 
further protection by reducing the reproductive rate of the possible survivo rs of 
an insect population. 
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SYNERGISTIC EFFECT OF COZ MD Oz MI XTURES ON TWO STORED GRAIN INSECT PESTS* 

CALDERON, M. and NAVARRO, S. 
Division of Stored Products, Agricultural Research Organization, the Vo l cani 
Center, Bet Dagan, Israel. 

ABSTRACT 
Tribol ium castaneum and Rhyzopertha dominica adults and eggs were exposed to 

atmospheres containing 21: -8% 0Z' supplemented with 5%-30% COZ at Z6 0 C and 55% 
r.h. for 24-144 h. Eggs of both species were more susceptible than their adult 

stage to low 02 concentrations ~~ as well as to the 02 and CO2 mi xtures 
tested. R. dominica eggs were more tolerant than T. castaneum eggs to the above 

trea tments . . 
Addition of CO2 to low O2 atmospheres resulted in a synergistic effect on adult 

mortality of both species, while there was only an additive eF ect on the eggs 

exposed to the same treatments. 
These results provide additional information to be considered in the use of 

controlled atmospheres for grain storage. 

INTRODUCTION 
The effect of various combinations of atmospheric gases on stored product 

insects has been investigated extensively by numerous workers and interesting 

results have been recorded (Bailey, 1965; Harein and Press, 1968; Jay and Pearman, 
1971; Navarro and Calderon, 1974). In many of these studies a clear indication 

of the enhancing effect of COZ on insect mortality was found. One of the most 
interesting and surprising findings was by Harein and Press, 1968, who showed that 
for T. castaneulTl and Plodia interpunctella adults, atmospheres containing up to 

15% O2 supplemented with 36% CO2 were lethal after 10 days of exposure. 
In a test of the effectiveness of atmospheric gas mixtures containing up to 

5% O2 and 5-35 ~ COZ' a significant interaction was found between the level s of O2 
and CO2 tested and the exposure period (Calderon and Navarro, 1979). These results 
indicated a clear synergistic effect of the t\'JO gases on the mortality of Tr ibolium 

castaneum adults. 

The following reports an expeiiment to detect this interaction in gas mixtures 

containing up to 8% O2, and to study the" effect of the mixtures on the adults and 
eggs of T. castaneum and R. domi nica. 

* Contribution from the Agricultural Research Orga nization, the Volcani Center, 
Bet Dagan, Israel, No. 195-E, 1980 series. 
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MATERIALS AND METHODS 

Tribolium castaneum was reared on wheat feed mi xed wi th 5% jrewer's yeast (by 

weight), and Rhyzopertha dominica on whole wheat (11% moisture content),in a 

controlled temperature (26 ~ 10 C) and relative humidity (70 + 5%) room. Groups of 

50 adults, 7-10 days old, were collected from cultures and each species was exposed, 

on 3 g of appropriate food, to different atmospheric ga s mi xtures in a chamber of 
100 ml capacity (Navarro and Donahaye, 1972). 

Eggs, 0-24 h old, were collected and confined in indi vidual incubation cel l s 
devised for this purpose (Navarro and Gonen, 1970). Groups of 100 eggs confined in 
these cell s we,re exposed in the same chambers to the same treatment as the adults. 

In each experiment one group of insects was exposed to the given gas mixture 
ofor 24, 48,72,96, 120 and 144 h, . at 26 ~ 1 C and an average r.h. of 55%. Adult 

mortality was determined as follows: after exposure, adults were transferred to 

vials of 100 ml capacity containing 3 g of appropriate food, and kept under controll! 

temperature and r.h. as in the insects' rearing room. Dead and live insects were 

counted 14 days after the end of each treatment. Egg mortality was determined by 

the failure to hatch 14 days after the hatch of the last egg of the same group. 

During the incubation period eggs were kept in the same exposure chambers - at 
normal atmosphere and ambient conditions - as the adults. 

Mortality results were prepared for anlysis by stepwise multiple regression 
analysis (Snedecor and Cochran, 1969). For determination of interaction among the 

variables, a factorial design was adopted using analysis of variance. 

RESULTS AND DISCUSSION 
Effect on adults 

Data on the mortality of the two species exposed to different combinations of 

02 and CO2 are shown in Fig. 1. Results obtained from tests with different 
exposure times were recorded, but for demonstration purposes only the results of 

the 96-h exposure are given. The curves in Fig. 1 show the enhanced toxic ity of 

the gas mixture when CO2 wa s added to the given 02 atmosphere . 

For T. castaneum, exposure to the di fferent 02 concentrations al one, di d not 

result in substantial mortal i ty, except with 2% O2, However, when ~5% CO2 was 
added, the lethal effect of the reduced 07 concentrations was considerably incr

eased. Even at 6% 02' 90% mortality was achieved when 30% CO2 was added. 
Similar results were obta i ned with R. dominica ( Fi g. 1), showing increased 

toxicity of reduced 02 concentrations supplemented by CO2, The combination of the 
two gases seemed to affect R. dominica adults considerabl y more: at 2% 0Z' 100% 

mortality was obtained by adding only lO X CO2 . 
The data obtained for the adult stage of the two species tested ind icate the 

existence of a strong interaction between the effects of the two gases. Th is 

was expressed in increased toxicity of the gas mixtures containing CO2 added to 



0 

81 

>
-+-

........ 

L

a 
E 

T castaneum 

o~ 
~ 

0 

5 10 15 20 25 30 

0/0 CO2 


R. dominica 
100 
 ~x 

x 


80 


~ 40 

a 

o 5 10 20 25 30 

% 

Fig. 1. Mortality of T. castaneum and R. dominicS adults exposed for 96 h to 
different 02 and ~02 mixtures at 57% r.h. and 26 C (02 level,s we.re: 2.:~ -X , 4%
0,6%-6. and 8 ~s- 0.)· 
reduced 02 atmospheres. Analysis of variance performed on the data revealed the 

significant level of this interaction, which explains the synergistic effect of 

the two gases. 
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Fi g. 2. ~lorta1ity of T. cas taneum and dom,i nj ca eggs expo sed for 96 h to diffe r e nt 
O? and C.9.2 mixtures at 57% r .h. and 26 C 02 levels were: 2%-X ,4%-0, 6% __ ? 
and 8%- U- ). 

Effec t on eggs 

Figure 2. shoVis a different pattern of response of t he eggs exposed to the 

tested atmospheric gas combinations.First, there vias a ma rked difference in 

s usceptibility to reduced 02 a tmospheres, compared \'lith t hat of adults . For 
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T. castaneum eggs exposed for 96 h, 100~; mcrtality was recorded at 2% and.AIf: 02 

concentra ti ons wi thout CO 2 . Exposure to 6?; 02 resulted in about 87% egg mortality, 

and even at 8% 02 up to 47% of the exposed eggs failed to hatch. In contrast to 

the effect on adults ( Fi g. 1) 02 concentrations of 4% and higher, no adult mortality 

was obtained. Rhyzopertha dominica eggs (Fig. 2) were less susceptible to the 

above treatments than T. castaneum eggs, but the adul twas _aqa in fo und to be more 

tolerant than the egg. 

These findings appear to be in disagreement with conclulsions reported by Cl ther 

authors (Ali Niazee, 1971; Lindgre n and Vincent, 1970; Storey, 1977), whose res ul t s 

indicate relative tolerance of the egg as compared with the adult and the larva. 

However, those results cannot be compared with ours, since in the other investigations 

eggs were exposed to either very low 02 of 0.1-0.5% (Storey, 1977), or to pure N2, 

CO2 or He atmospheres (Ali Niazee, 1971; Lindgren and Vincent, 1970). Moreover, in 

most cases the above treatments were tested on 3-day-old eggs, while in our study 

the eggs were 0-24 h ol d. We cons i der our findings on the hig h suscepti bility of . 
the egg stage to low 02 atmospheres, interesting and of practical i mportance. More 

work on this subject is in progress. 
Resul ts on the effect on eglgs of CO 2 added to reduced 02 atmospheres shO'.·1 

again a different pattern of response, to that of the adults. The addition of CO2 
to the given 02 atmospheres had little effect on egg mortality. At the 02 concen

trations tested, increasing CO2 concentrations did show an additive effect on egg 

mortality and did not indicate any synergism of these two gases on egg hatch. 

We find it difficult to explain the above difference in response based on the 

physiology of insect eggs versus adults. However, we can speculate that the loss 

of water in adul ts which takes place at atmospheres of higher CO 2 content, does 

not apparently occur at the same rate in the exposed eggs. Unpublished data 

have indicated that E. cautella and .T_, castaneum eggs are significantly less 

affected by low r.h. than are the adults. Further researc~ is needed to elucida te 

this interesting point. 

The findings described herein ~ay have important practical implications in the 

use of control1r::d atmospheres for insect control in stored products. 
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MORTALITY OF VARIOUS STORED PRO DUCT I NSECTS IN LOW OXYGEN ATMO SPHERES PRODUCED BY 
AN EXOTH ERMIC INERT ATMOSPHERE GENERATOR 

CHARLES L. STOREY 

ABSTRACT 

Atmospheres produced by an exothermic inert atmosphere generator and composed of 

less than 1% oxygen, about 9-9 .5% carbon dioxide, and the balance principally nitro

gen were found to be lethal to all stages of both internally and externally 

developing stored grain insects. Ti me periods required for control varied between 

species and between life stages within the same species. Pupae and mature larvae 

of internally developing species were generally the most tolerant stages and 

immature larvae and adults of externally developing species the w~st s~sceptible . 

Eggs of most species were not especially tolerant of exposure to the low oxygen 

atmosphere, but did exhibit a tendency to become increasingly tolerant after the 

first day of development. Tolerance during larval-pupal development of most species 

also increased with each successive period of growth after hatching. Th e ma xi mum 

period of treatment at 27°C required to give control of the most tolerant insect 

species was about 10 days; however, most species were either killed or suffered 

severe physiological damage after 3 to 5 days of exposure. As treatGlent temperature 

decreased the length of exposu re time required to obtain effective control signifi

cantly increased. 

INTRODUCTION 

Insect infestations are one of the principal factors that adverse ly affect the 

quality of stored commodities. The food storage, transportatiJn and processing 

industries, and the consumer suffer large monetary losses from stored product insects 

that cause damage, lower nutrit i ona l, value, and ma i.:e products unfi t for human con

sumption. The presence of insects and the damage they cause also discredits the 

qua 1 i ty of agr i cu lture products in highly com pet i t i ve fore i g n ~arkets. Present 

chemical methods used to contro l insects may leave objectionable res i dues in the 

treated commodity and are generally hazardous to handle and apply; also, some stored 

product insects are developing resistance to chemical treatment . There is therefore 

urgent need for acceptable and effective methods of prevent i ng insect damage and 

contamination of agriculture products that would reduce or el iminate dependence 

on chemical pesticides during storage, handl ing, processing, packag i ng , t ranspor

tation, and retail. 
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The insecticidal activity of modified atmospheres of oxygen, carbon dicxide 

and nitrogen has long been recognized and research programs to develop the use of 

these atmospheres for insect control are i n progress in severa l locations throughout 

the world. 

Four factors are essenti al to the use of modified atmospheres for control of 

insects in stored commodi ties; 1) the atmosphere must be easily obtained in suf

ficient volume to displace existing at lTD sphere in large bulk storage; 2) the 

atmosphere must be 1 ethal: to storage pests within a reasonabl e t ime; 3) the atmos

phere must have no harmful effect on the quality of the treated commodity, and 4) 

the storage structure must have an adequate gas holding capability (Storey 1979) . 

One technique for producing high volumes of an oxygen-deficient at~osphere is 

the ignition of air and a fuel gas in an exothermic inert atmosphere generator. 

Such generators are used for metallurgical and chemical processes that require low 

oxygen environments and also by the food industry to retard metabolism and preserve 

freshness of fruits and vegetables. The feed industry has used. generated atmos

pheres for the preservation of vitamin content, color, \'/eight and palatability of 

alfalfa pellets (Kruger 1960). Composition of the generated atmosphere varies 

with the fuel-to-air ratio and composition of fuel gas burned, but usually consists 

of less than 1% oxygen, 9-9. 5% carbon dio xide, 86-89 '; nitrogen, 1% argon, and 1 .5% 

or less each of hydrogen and carbon monoxide. 

Research was undertaken at the Science and Education Administration-Agricul tural 

Research, U.S.D.A. Grain Marketing Research Laboratory to explore the use of inert 

atmosphere generators in regulating insect populations in stored products. Data 

presented here were obtained from the following references: Storey 1975a, b, c; 

Storey and Soderstrom 1977, Storey 1977, and Storey 1978. 

MATERIALS AND METHODS 

Tests to determine the toxic ity of the generated atmosphere to various life stagE 

of the major insect pests infesting stored Droducts were conducted in a pilot inert 

at~sphere treatment syst em consisting of a laboratory- sca le generator, a series of 

cylindrical metal silos 45 cm in diameter by 4.27 m high, a series of i ncu bators 

modified to permlt treatment of the insects at sellected temperatures, and pneumatic 

grain handling equipment for loading and unloading the silos. Th e sma ll scale 

generator was built by Gas Atmospheres, Inc., Port Washington, Wi sconsin and producE 

about 2.83 m3/hr (100 cu, ft/h) of combustion atmospher e in whi ch the concentrat ion 
r,i) • 1 11 b tof oxygen measured by a Seromex- paramagmetlc oxygen ana yzer was genera y e ween 

0.1 and 0.2 5% and rarely exceeded 0. 5%. 

During operation, natural gas and air are ignited under controlled pressure at a 

ratio of ca. 1 part gas to 10 parts air. Combustion takes place in a water-coole(i ., 

refractory- 1 i ned combu s i on chamb er . The exhau st ga s from the chamber pas ses throu ,~:, 
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a water-cooled plate-coil and into a condensate separator. Water removed from t~e 

gas 1 eaves the separator through a seal 1eg 1 oca ted beneath. the separator (Fi g. 1) . 

, 
To 

Or..n 

, 

• 	 Producr 
Ga, 

To 
I)<'Qon 

Fig. 1. 	 Flow chart of laboratory scale inert atmosphere generator. During operat i on 
natural gas and air are ignited under controlled pressure at a ratio of 
about 1 part gas to 10 parts air. Combustion takes place in a watercool ed 
refractory-lined combustion chamber. The exhaust gas from the chamber 
passes through a water-cooled platecoil and into a condensate separator 

The RH of the inert atwosphere was maintained at 50 ~ 5% by passing the inert atmos

phere through a self-draining manifold immersed in a refrigerated constant tempera

ture wa t er bath to lower the temperature of the inert atmos phere below the dewpoint 

and then reheating the gas to roo~ temperature before release into the si los or 

temperature-regulated incubators. 

Silos used in the testins program were eGuipped with perforated metal tubes about 

2 cm dia placed crosswise through the silos at intervals of 60 em (Fig. 2). 

Threaded fittings on the end of the tubes permitted insertion of screened cages contain

ing test insects and also served as sample points for analysis of the atmosphere 

within the silos. Each silo 'lias loaded with 545 kg of hard winter wh eat with a 

moisture content of about 12%. The inert atmosphere vJas released at the base of the 

silos and passed upward throu gh the grain mass. Air exhausting from the t op of the 

silos was vented to the outside. The rate of f101·J of i nert atmo sphere into each 

silo was 1.5 liter/min. Oxygen levels in the inert a tmosphere were measured 
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Fig. 2. Cages of test i nsects are i nser ted in meta l silos (45 cm in diameter by 
4.27 m high) containing 545 kg of wheat. Genera t ed atmo s phere i s passed 
upwa rd through the si los. 

periodica l ly throughout the testing period. 
Test i nsects were al so exposed to the generated atmos phe re i n 0. 47-l iter j ars 

placed in the i ncubato rs. Each jar wa s equipped wit h a l id fitted with a rub ber 
stopper. Pl astic l i nes i nserted through the stoppers served as inl et and ou t l et 

tubes for the generated atmosphere. The rate of gas flow through the j rs ranged 
from 25 to 50 cc/min . Airfl ow rates were contro l l ed by pu rge meters that adjusted 
and mon i tored the ai r movement throug h each jar. Tes t insect s toget her with a 
suitabl e food supply were pl aced in separat e small screen cag es i n th ja rs or 

direct ly into food med i um held in the j r and exposed t o the atmosphere flowi ng 
through the jar. Tests were conduc ted over a temperature range of 15 t o 32 ~ 2° C 
for exposure periods of 1 to 336 h urs depend ing on t he speci es and sta ge of 

development . Most treatments were repl i cated th ree times . Para l l el co ntrol 

exper iments were co nducted in atmospher :c air fo r each comb inat ion of s pec i es , st ag
of development, exposure time and treatment temoerature. Mortal it ies of some 
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immature stages were based on the relative numb ers of adults emerging from treated 

and untreated samples; other mortality data were based on direct counts of living 
insects from specific numbers of insects exposed to the treatment. 

Times required to kill 95% of the treated insects were estimated by t ra nsforming 

mortality data to probits and calculating the regression of prob i ts on time. Lethal 

times (LT) were then estimated by using the li negr calibration technique described 
by Snedecor and Cochran (1967). 

RESULTS 

The effectiveness of the generated inert atmosphere varied between insect species 

and between the development stages of the same species. A comparison by species and 

stage of the time periods required for 95% (or 100%) mortality when the temperature 
was 27°C and the R.H. was 50 + 5% is shown in Table 1. Pupae and ma ture larvae of 
internally developing species such as the weevils (Sitophilus spp.) and lesser 

TABLE 1 . 

A comparison of time (hours) required for 95 or 100% mortality of various st,},]es of 
insects exposed at 2]DC and 50 + 5;; RH to an atmosphere produced by an exothermic 
atlmsphere generator: Compos itlon , 1.0::; 02 and 9.0-9Si CO?' the ba..lance !Jrincira.lly
N -r 

Insect Eggsll LarvaeY Pupaeli Adults 

Rice weevi1 (Sito hilus oryzae) 70 79-246 107-241 . 48 
Granary weevil Sitophilus granarius) 85 38- 13 7 120-1 48 55 
Lesser grain borer (Rhyzopertha dominica)3/ 72 72-192 144-216 36 
Angoumois grain moth (Sitotroga cerea lel la;~ 
Navel orangeworm (Am elois transitella) 
Confused flour beetle Tribo1ium confusum) 
Red flour beetle (Tribo1;um castaneum) 

48 
8-28 
30-40 
25-40 

72- 120 
13-27 
7-20 
8-23 

120 
35-38 
24-53 
17 -47 

24 
17 
17 
18 

Indianmeal moth (Plodia interpuncte11a)3/ 
Almond moth (Erhestia cautel1a}3/ .-

24 
48 

8 
8 

24 
24 

8 
8 

Cowpea weevi1Ca110sobruchus macu1atus)~ 96 120- 192 192 48 

1/ Range over each day of develo pment. 
2/ Range over each week of devel opment.
1/ Minimu m exposure time for lOOt mortality. 

grain borer (Rhyzopertha dominica (F .) ) were generally the most tolerant stages and 
eady-i-f>5t:tr la1Yae and adults of externaHy d'eveTopfng species such as the fl our 

beetles (Tribo1i um ~.), the Iildi anmeal moth (Plodia interpunctell a (Hubner)), 

and aln~ nd moth (Ephestia cautella (Walker)) were the most susceptible. Eggs , which 

often exhibit a high degree of resistance to chemical fumigat ion , were not 

especially tolerant of the generated atmosphere, but the egg s of some s pecies such 

as the flour beetles tended to become more tolerant aft er the fir st day of develop

ment. For exampl e, l -day-old eggs of I: castaneum (Herbst) requ ired only 25 hours 
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.of exposure ta cause 95% mortal ity, but 4-day-old eggs required nearly 40 hours 

of exposure to achieve the same level of mortality. Age response to the treatment 

among eggs of the navel orangeworm, Amyelois transitella (WaOlker) showed an 

opposite effect with 0 to l-day-old eggs needlng only 8 hours of exposure. 

Tolerance during the larval-pupal period of most species tended to increase I-lith 

each successive period of development after hatching. Amang Sitaphilus spp. the 

periad of greatest talerance appeared to correspond with the cessatian .of feeding 

by the mature larvae and to end midway through the pupal deve lopment period. 

Susceptibility of Trib01ium spp. during the pupa~ period followed a U-shaped course 

that more closely paralleled the oxygen uptake and the productions of carbon dioxide 

common during pupal metabol i sm, that is, there were high uptake-production values 

and increased susceptibility during the early and late pupal periods and low uptake

production values and decreased susceptibility near mid-pupal life. 

Temperature had a pronounced influence on the length of time it took to kil l 

insects exposed to the oxygen deficient generated atmosphere. The time requ i r ed to 

kill 95%of various species of adult stored-product insects was ~educed by about 

90% when the treatment temperature wa s increased from 15° to 32°( (Table 2). Within 

TABLE 2. 

Time (hours) required to obtain 95% mortality of ad ult stored-product insects exposed 
at 4 temperatures to a modified atmosphere produced by an exathermic inert atmosphere 
generator: compasition, 1.0% O2 and 9.0-9.5% (02, the balance principally N2. 

Temperature S. oryzae S. granarius R. dominica T. castaneum O. suri"namens i s 

32°( 
27°( 
2P( 
15°( 

19 
48 

200 
297 

20 
55 

145 
228 

17 
31 
79 

175 

8 
17 
32 
67 

4 
11 
18 
47 

this temperature range the treatment times I-/ere reduced more for Sitophi lus spp. 

as temperature was increased from 21 ta 27°(. Other species respanded 8JSt to an 

increase fram 15 to 21 °C. Treatment times far develo pi ng stages of ~ aryzae (L.) 

ranged from 48 hours for adults to 246 hours for 4th-instar l arvae when th e temoera

ture ~as 27°(, and was 108 hours for lst-instar larvae and 653 hours for l-day

old pupae when the temperature was 21 0 
( (Table 3). 

Although death was the principal criterion used in evaluating the effectiveness 

of the generated atmosphe re , other responses were observed. Insects were immo bilized 

soon (generally in less than 60 seconds) after exposure to the atmo spher e and did 

not become active throughout the period .of exposure. Some i mmo bilized insects 

exposed for subletha l subsequently had only a delay in deve lopment time approxi

mately equal to the period of exposure. Others s imilarly ex pos ed developed partial 

paralysis, particularly in the posterior segments, and appeared incapable of 
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TABLE 3. 

Time required (hours) to obtai n 95% mortal ity of developing stages of rice weevil 
(Sitonhilus oryzae) exposed at two temperatures to a modified atmosphere produced by 
an exothermic, inert atmosphere generator: composition 1.0% Oz and 9.0-9.5% CO?' 
the balance principally NZ' 

Temperature Eggs Larvae Pupae Adu l t 

70 79-Z46 245- 107 48 

16Z 108-56Z 653-537 ZOO 


defecation. Larvae, so stricken, were often observed with dr i ed fecal material 

protruding from the abdomen; none survived to the pupal stage. Some adults emerg"ng 

from exposed pupal stages of the flour beetle, ~ castaneum, and the cowpea weevil, 

(Callosobruchu~ maculatu3 (F .) were less than normal size and had rud i mentary wi ngs ; 

others never developed adult characteristics in the posterior segments~ In additi on, 

sublethal exposures of the adult navel orangeworm reduced the number of progeny 

produced by surviving adults (Table 4): exposures of 1/2 to 3 hours did not kill 

TABLE 4. 

Percent mortality and number of progpny of adult navel orangeworms exposed at 27 + 
1°C to low O2 .atmosphere produced by an exothermic inert atmo sphere generator. 

Exposure % Mo rtalitya in 48 ahours hours Progeny/25 adults 

Control (untreated) o 122 . 0 
1/2 
1 

o 
o 

123.0 
88. 0 

2 o 1.3 
3 o 1. 0 
4 6 1.0 
8 26 0.0 

12 64 0 .0 
24 100 0 .0 

aAvg of 3 replicates. 

any exposed adults, but the number of Znd-generation adult progeny decli ned fro~ 123 

among adults exposed for 1/2 hour to only 1 progeny from adults exposed for 3 hour s . 

Adults surviving 4-hour exposure deposited viable eggs, but the newly hatched l ar vae 

had limited mobility and most di ed during the first week of development. Some egg s 

were deposited by adults surviving 8-hour exposures, but the red coloration ty pi cal 

of developing eggs of the navel orangeworm was not observed and none of the egg s 

hatched. None of the adults surviving 12-hour exposures deposited eggs. 
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CONCLUSIONS 

Four general conclusions can be drawn from results obtained in studies of the 

insecticidal activity of generated low oxygen atmospheres: (1) the atmosphere is 

lethal to all 1ife stages (egg, larva, pupa and adult) of the corrmo n beetles and 

moths that infest stored-products, (2) susceptib ility to the atmosphere varies 

substantially between species and between the various stages of develo JlT1ent within 

each species, (3) effecti veness of the generated atmos phere is primarily a product 

of exposure time and treatment temperature; time periods required for control 

decrease as treatment temnerature increases, and (4) sublethal exposures to the 

generated atmosphere often result in morphological abnormalities and physiological 

damage that disrupts or prevents normal d@velopment. 
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SUSCEPTI BI LITY OF THE LIFE STAGES OF SI TOPHIL U ZEAMAIS AND TROGODERMA 

GR A ARI UM LAR V E TO NI TROGEN ATMOS PHERE I N MINI SILOS 

WI LL IAMS , J .O . , ADESUYI, S .A . and SHEJ BAL , J. 

Nige rian Sto r ed Products Researc h Ins t i tute, P. M.B . 5044, Ibadan, 

Ni g er ia 

n •• Labo ra t or i Ricerche di Base , AS SO RENI , Monterotondo (Rome) , Ital y 

ABSTRAC T 

Th e t r a d itional met ho d of storage and the use of insect~cidal 

protec t ants o n grains in Nigeria h a ve attendant p roblems and r isks b t h 

to t he consume r and o p e r ato r . Silo usage in Ni ger i a was also discou raged 

b ecause of physic I pro b lems of moisture migration and condensat i on 

and consequently s poilage of t h e st o r ed commOdity . The possibl e use of 

ni troge n as i nsec t cont r o l met hod in rnin i silos to r ep lace the trad i 

t ion 1 methods of ins e ct control in s torage was tested . 

Tests were d one 0 d etermine the exposu r e ti me required to kill a l l 

the l i fe stag es o f ma i ze wee v i ls , Si top h i l us z eamais, and the larvae of 

khap ra b e tles TrogodeI'ma g r an a rium. They were carried out in airtight 
3

min i si l os of 0. 65 m capaci ty , in the environment p roduced by maize ot' 

13. 5% mo i sture con tent sto r ed under n ar to pure nitrogen. 

Va r i ous exposure t i mes requi red to k il l developing ma i ze weevils and 

l arvae of khap r a b eetles at 27°C + lDC were observed in the conditions 

r e presentLng rea l i n e r t gas silo storage practices . The eggs and the 

adu l t stages of maize weevi l s were mor ~usceptible to anoxia than the 

la rval and pupal stages . The du r ation of exposure r eq u ired to kill t h e 

eggs , l ar ae , pupae and adults of maize weevi l s were 4 . 0, -.5 , 8 . 0 and 

3.0 ays respectively , while 5.0 days exposure to ni trogen killed all 

the larvae of khapra beetle. 

The number of live insects at the beginning and the end of a ten 

wee ks sto r age trial of maize a 13 . 5% was assessed in minisilos under 
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nit r o g en and cont rols in air. A f ull k i l l o f al l stored p roduct i n s ects 

wa s ac h i eved in ni trogen , while a ve r y hi g h insect infesta t ion pers i s ted 

i n the c on t r o ls . 

I TRODUCT I ON 

Ab out 10 mill i o n tons of Nigerias' maj or stap l e foo d c r op v i z. 

so rghum, mi llet, mai z e and r i ce a r e produced a nnu a l ly ; 1 0 - 25~ of the 

g rai n s are howe ve r los a n n u a l l y t o s t o red product i nsects . 

Var ious methods us ed t o cont r ol i ns ect infestat ion i nc l ude the trad i

t i o nal m t h od s of smOking , use of l oc al p l a n ts , s and and ashes a nd 

cecen t l y mod e r n technology us h e r ed in the u se of chemicals wh ich are 

main ly org an ' c pOisons . Th e us e of c hem i c al p rotect an ts on g r a i ns in 

storage was immed i ately accep ted bec a use t h ey are c heap. effect i ve in 

s mal l qua n t i t i es . p ersi stent and b r'oadly toxi c and req u i re very Ii ttle 

l ab o u r fo r t h e ir e mp l oyment . u n ti l attendant p r ob lems and ri s k s bo t h 

t o t h e co nsumer and o pe r ato r we r e i de n t i f i ed . Some i nsect i c i des l eave 

u ndes i r a b l e taint effect o n seed a nd also d amage the v i ab i l i ty o f the 

s eed s . Cases of i n sects developi ng resistance t o insecti cides a re very 

fr e que n t . Co ns e q uently new p r oducts kee p com i ng into t h e storage 

b u s i ne ss and t hi s r e qui r es more extension t ime t o conv i nce 0 r farmers 

to adopt t h e n ew i n secticide s . To r ep lac e t h e use o f i nsecticides in 

our gra ins th e r efo r e , a c u e was tak en f r o m the cl im o f Assoreni 

( Shejbal , 1978, 19 79) t hat sto ring g r ains i n silo purged wi t h ni trogen 

will e l i m' nate : 

(a) Tox i c i ty of in ecticides to both consume r and operato rs 

( b l nsect resistance developing in r esponse to insecticides 

ecl Problems of insec t reinfestation , since the storage st ructure is 

a i rt i ght . 

A s mall scale trial of c o n tro lled atmosphere sto rage of rna ze in 

minisi 1 0s was jointly c onducted by NSPRI Nigeria and Assoreni of Rome 

to determine t h e effect of Nitrogen on t h e l i fe s tages of maize weevi l s 

and larvae of k h ap r a be et les , in Ni geria. 

A s ummary of t he exposure i me requi r ed to kill adults, pupae , 

larvae and egg ~tages of ric e wee i1 was given to be 2 , 18 . 4, 8 . 9 and 

9 . 3 days respectively (L i ndgren and Vincent , 1977). 
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MATER I LS 

The atmo s p here for testing th e e f fec t of n i troge n on the li fe sLage s 

of ma i ze weevi l and t he larvae of khapra beet l e was p r ovided by 0 .3 

ton nes of l3. 5~ mo i s t ure maize stored i n mi nis ilos of 0 . 5 m
3 

capac ity . 

Two mi n isi l o s we r e use and each con s i sts essen t ial l y of two mai n 

par ts . a long cy l i ndr i ca l b ody cont ains the insect cage i n troduction 

point whi c h is a p erfo r at ed me tal tub e reach i ng 2/3rd of the diame ter 

of the mini s ilo. it is e q uiped with a r apid closing valve . By th i s 

arrangeme nt the c omp o s i t i on an r elat i v e humi di ty o f the atmosphere 

ins i de t h e mi ni si l os and i n the insect c ages was maint a i n ed t h e same . 

The i nse ct cages we r e of c yl indrical s h ape made of p l e xi g las . Th e 

cage was 2 i nc hes l ong and 1 i nc h in diame ter . Both ends of the 

cyli ndr ical cag e we r e c o v e r ed with 60 mesh pe r i nch nylon nets to allow . 
fre e mov e ment of ai r . The l id of t h e cage was e qui ped with a h andle for 

e asy a nd quick i ntroduc t ion and r emova l of th e ins ect cages in t he 

mini si l os . 

The maize weev ils and khapra b eetles u sed were from l a boratory 

c u lt u res r eared on so rghum a nd cowpeas res pect i vely at 26 + 1°C a nd 

70% + 5 % f'.h. 

The eggs , la r v ae and t h e p upae of ma i ze weevils were ob tained by 

expo s ing d isinfes ted sorghum ( sorghum ke rn Is were dee p frozen for 

7 day s b e fo e use) to egg lay ing adult weev i ls for 5 days i n t he 

Nigerian Stored Product s Resea ch Inst i t u te 's earing room. The l ife 

s tages o f the dev e lopi ng maize weevil progeny were est i mated on the 

b as i s of develo pmental activities reported i n ea r li e r papers (Shariff 

and Mi l ls, 1 971 who cor r elated days f rom oviposition with developmen

tal stages by us i ng da i ly radi og raphing of nfested kernels and 

confi rmed the stag es b y meas u e ments of la r ae head capsules . For this 

t es t, th re fo re, ages o f the life stages of maize weevils in sorghum 

kernels were taken as f ol l ows : 7 days afte r start of ovipos i t i on = eggs , 

16 d ays af t r start of OViposi ti o n = larvae . 28 days after start o f 

ov ' pos 'ti o n pupae . 

Th e l a r vae of khapra b eet l e used were from laboratory eu tures . Th e 

adult beet l es we r e r eared on disinfested "Black - eye" beans under 

27°C ~ 1 °C an d 70< + 5% r . h . condit i ons . Forty khapra beetle larvae 
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were selected (active) for thi s test . The l arvae were put on disinf este 

" Blac k- eye " b eans in the s pec i al insect cages that f itt e d the insect 

cage compartment the of the mi n isilos . 

EXPERIMENTAL PROCEDURE 

Fo r ty adu lt ma i ze weevi ls were put into each insect cage c ontaining 

dis i n f ested sorghum and int r oduced into the minisilos . The cages were 

l eft in the mi nisilos for p er "ods ranging from 24 hours to 120 hours . 

The fi r st b a tch i n nitrogen was r e moved after 14 hours, remo a1 were 

made every twenty fo ur hours thereafter and the last batch of the 

insect cages were removed 1 2 0 hours after introduction into the minisi l 

p urged wi th n it rogen . 

One hund e d kernels of sorghum containing different life stages of 

ma i ze weevil were put into each of the insect cages and introduced 

into the minisi10s at different per i ods . Each of t h e ages cont in i ng 

di f f e r ent d es i gna ted life stages of maize weevils were purged with 

n it ogen in t h e min i silos for pe lods varying fro m 24 hours to 240 

hou rs , t he insect cages lere removed every twenty - fou r hours . 

F r ty la r'vae of khapra beetle were used pe r each i nsect cage and 

i ntrod ced for periods varying from 24 to 240 h ou r in minisilo purged 

with ni tI'og e n . 

Paral l el con trol expe riments were cond ucted i n 0 . 14 tonnes of maize 

stored in non - a ir- tight tanks . 

After removal from t he minisilos the cages containing the deSignated 

l ife stages of maize wee i1 were kept in the rearing room alongside 

wi th the " r contro l s to observe progeny emergence . The samples were k ept 

at 27° C and 70% r . h . and examined periodically . Mor ta lity in t he 

immature stages of maize weevil s was based on the relative number of 

adults emerging from treated and I~ntreated samples . The ad~lts of maize 

wee i l an larva of khapra beetles were also stud i ed under the 

b i nocular mi c ro co p e f or a period of time sufficient to confirm the 

ki lling effect o f nitrogen, si nce it is known that mortality may be 

delayed in some fum i gants and some fumigan ts only cause temporary 

paralysi s ( .A.O . , 1969). 
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PRE-P URG I NG AND PO ST - PURGING ASSESSMENT OF INFESTATION 

The numb e r of li ve insects at the beginning and he end of the 10 

we e k sto~age tr i al of maize a t 12. 7% moisture was assessed in mini silos 

un der ni trog en and controls i n air. This was d one by sieving one kilo 

gramme of the s helled maize wi th 10 mesh per i nch sieves . The 1 kg 

samp les we re t ake n at r andom. The s i eved insects we r e each identif ied 

and cou nte d. 

Three h und r ed kerne ls were se l ected r andoml y and incubated at the 

s t art a nd end o f the storage pe riod i n the rea r i ng room of 27°C and 

70% r.h . f or 6 wee ks. Emerged adu l s were sieved periodically from the 

samples a nd t h e number was record ed . Count i ng was te rm inated at 6 weeks 

so as no t to inc l ude the second gene r ati o n of insects . 

RE SU LTS AND DI SCU SSI ON 

Dat a i n Tabl e 1 show a variat ion in t he exposure time required to 

k i ll a l l the live stages of ma i ze weevi l and larvae of khapra b eetles 

in n itroge n. The egg and t h e a dul t stages of ma i ze wee '1 were more 

s uscept ibl e in n it r o ge n atmos ph re t han t he l arval and p u pal stages . All 

the larvae o f kha p ra beetle tested were k~ ll ed after 5 days of exposure 

to n itrogen. Exposi ng the adults of maize weevil and l a r vae of khap r a 

b eet le to n it rogen fo r periods b el ow t ha t req u i r ed to kill them, o n ly 

caused temp o ra ry paralysi s and s ome of the i nsects recovered after t h ey 

were resto r e d to fres h air . Adu l t eme r gence wa e l ayed (compared with 

co n tro l i n a i r) i n sampl es contai ning i mmature stages of maize weevils 

wh en e x posed to ni t rogen for pe r iods below the required time to kill 

them. 

TA BLE 1 
Time in days r e q ui r e d to kil l a l l adu l ts and developing stages of maize 
wee il a nd l arvae of khapra beet es in m' n i s ilos under 99 . 9~ nitrogen. 

Sp e cies Des i gnated Tempe r at u re Exposure Commodity 
stages (OC) ti me (days) 

S i to~h ilus adults 26.5 3. 0 sorghum 

ze ama is eggs 26 . 5 4 . 0 

l a r vae 2 7. 0 7 .5 

pup ae 26 . 0 8. 0 

Trogod erma 
~rana r ium l a r vae 26.5 5 . 0 beans 
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TABLE 2 

Assessment of insect in fe s taLjo n of maize sLore d in mini silos at s t a rt and e nd of a ten wee ks 
p ro ef'>eT'va tion t r ial (1 l<g samp1 es) . 

Numb er of adul ts 
i.m e Gas SLaLion 

(wee k s ) Sitophil u s Cr y p to l estes Ca r p op h il u s Tr ib o lium Lasioderma Total 
eamais s p s p castan e um serricorne 

Top 10 0 5 9 1 25 
0 Nitroge n f'.H ddle 6 0 ' ..; t:. 3 1 F'. 

BoLtom 8 1 6 Fl i:. 29 

Ai r Mean ~ampl e 9 0 8 4 2 26 

'r op 0 0 0 0 0 0 

Ni.trogen Middl e 0 0 0 0 0 0 

BoLL.o m 0 0 0 0 0 0 

Air Mean sFl mol e 30 7 7 2 1 12 1 5 3 6 2 
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In Tab l e 2 , da t a ind i cat e t hat a r ull ki ll or all stored p r oduct 

insec t s was achieved in nitrog en wh ile a ve r y hi gh i nsect i nf estat i on 

pers i sted i n the c ont r o ls . F r om t h e i n it i a l samp les o f the she ll ed maize 

( n ot y et pu r ged with ni trogen , 1 kg - samp les f r o m t he top , midd l e and 

b o t t om o r t h e mi n isi los showed t hat the ma i z e was very heavi l y infested 

by s t ored produc t insects which we r e a l l el im i nated at the end of the 

s to r a ge pe ri od in n i t r ogen . 

Tab le 3 data ind icat e s that 132 ma i ze weevi l adults emerged fr om 

pre-t r eatme nt samp les a nd no emergence at al l f r om sampl es stored in 

nitroge n, af ter i ncubati ng sampl es for s i x week period i n the rear ing 

r oo m, was observed . 

TABL E 3 

Numb e r of adu lt i nsects emerged from i ncubated sampl es of maize stored 
i n ni t r oge n and i n air (200 kernels incubated from each treatment) . 

Treatme n t No . or eme r ged i nsects Inrestat i on level , by 
adult insect counts 

Sampl es of ma ize 
before st o r a ge 
in nitrogen 

132 heavily i nfested 

Sa mpl es of maize 
a f t er storage 
in ni trogen 

o no t infested at a ll 

Quali t y d eterioration in stored maize is k nown to be due, in large 

meas u re , to insect damage . Sto r ing maize in nitrogen , the r efore, has a 

g r eat pote n tial of res i u e free contro l of sto r ed product insects and 

simu l taneo s mai n tenance of q uali ty of sto re maize in airt i ght _~o rage 

rac il it i es . 
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A REVIE\'J OF RECENT STUDIES OF THE EFF ECTS OF CONTROLLED ATMOSPHERES 
ON STORED PRODUCT PES TS 

BAILEY, S.W. and BANKS , H.J. 

CSIRO Divi si on of Entomol ogy, P.O. Box 1700 , Ca nberra Ci ty, A.C.T. , Aus tralia. 

AB STRACT 

Con t rolled atmosphere storage of grai n invo l ves the alte ra t ion of t he 
proport i on of the normal atmosphe r i c ga ses, nitrogen, C02 and oxygen, to give 
an atmosphere in the storage lethal t o stored grain aests. Progress in the 
laboratory study of t he action of controlled at~ospheres on such pests is 
reviewed with particu l ar emahasi s on recent develoDments. Letha l and sublethal 
effects are considered. Subletha l ef fects inc ~ ude delayed or di stu rbed devel op 
ment, other de1eter i ous phenotyp i c effects and beha vi oura 1 phenomena. The 
literature is aoparently conf li cting on the relative susceotibi li ties of va rious 
species . the relative speed of acti on of nitrogen-oxyg en mixtu r es and those 
contain i ng C02 and the temper at ure depe ndence of t he action of a ir-C02 mixtures . 
The effects of contro 11 ed atmos pheres on stored product mi tes and predators are 
reviewed and the oossib l e deve lopment of tolerance to such atmospheres is 
discu ssed . 

INTROOUCTI ON 

Controlled atmosphere storage of cereal gra i ns and grain products is generally 

understood to consist of the ;nedium or long te rm storage of such commodit ies in 

atmospheres consisting only of the major gaseous components of the earth's 

atmosphere: that is storage without the introduc tion of any gases or va pours 

norma ll y considered to be poisons. In a world that is cur rently very consc ious 

of pollution by toxic materials, it is this latter fact that has drawn so mu ch 

attention to the technique. Nev ertheless, in view of the grea t poten tial of 

the method in provid ing long term so l ut ions to s torag e orob lems, the numb er of 

resea rch workers i nvo 1ved is ve ry sma 11. We urgent Iy need more accu ra te i nfor

mation on t Ie biol ogical mode of operati on of contro lled atmosphere sto rage . 

The ai ms of thi s s ecti on of the symposi um are to di scuss our curren t know ledge 

of the bio logica! effects on the ar th ro pod fau na of stor ed grai n and to oo in t 

out where our greatest de~icienc i es in 0 r knowledge occur i n the hODe that 

they wil l receive effec tive stu dy in the near f uture. 

This review is intended to update that of Ba i ley and Banks (1 975 ), which 

dealt largely with the acute mortality response of stored oroduc t insects to 

controlled atmospheres. It aims to pres ent a broader ou tl i ne of the effec ts of 

controlled atmospheres includi ng sublethal effects and refers to the earli er 

literature where necessary to give a complete pi cture. 
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The major gaseous components of the earth's atmosphere are nitrogen, oxygen, 

ar'gon and carbon dioxide. Of these gases argon has been considered to be 

totally inert biologically and, in the context of controlled a tmosphere storage, 

has received no attention fr om researchers. Oxygen and carbon dioxide, the 

obviously biologica l ly act ive components, have received mu ch at tention but, mo re 

recently, attention has been focussed on the interaction of water vapour 

concentration with the other components. Nitrogen, four-fifths of the earth's 

atmosphere, has been largely looked upon, probably correct ly so, as a diluent, 

since its action has been shown to be similar to that of the inert gas, helium 

(Lindgren and Vincent, 1970; Aliniazee, 1972 ). 

LETHAL EFFECTS OF CONTROLLED ATMOSPHERES 


Mixtures of nitrogen and oxygen 


Since the last general review in 1974 (Bailey and Banks, 1975) few invest

igations of the effects of chang ing the proport ions of nitrogen and oxygen on 

mortality have been conducted. Shejbal (1 979) has tabu lated curr~nt knowledge 

on th i s. Such studies Me very relevant to practical use of low oxygen atmos 

pheres, as they he l p define the corrmerc ia l target oxygen level. This is an 

important consideration because, the lower the target level , t he more di ffi cul t 

it is to maintain the specified atmosphere in the face of inev itable leakage . 

It appears that different pest species have different responses to low oxygen 

atmospheres and that the available data on the subject may even be conflicting. 

In the most comprehensive study to date Navarro (1978a) found :he lethal 'response 

of 2-.. oryzae adults was aeoendent largely on exposure time, bei ng almost 

independent of oxygen concentration below 3%, with 1% oxygen atmospheres being 

slightly 'nore rapid in action than 0. 2% or 2% atmospheres. The lethal effect 

on T. castaneum adults or I. cautella pu pae was strongly deoendent on oxygen 

content with more rapid kill occurring with lower oxygen levels (see Fig . 1). 

Person and Sorenson (1973a ,b ) found 0. 5% 02 to be only slightly more effect ive 

than n~ 02 par-ticularly at lower t emperatures against 2... oryzae adL)]it s and 

immatures, but considerably more effect ive a9ainst "flat gra in beetle" adults . 

Careri et a 1. (1972) found no di fference bet'tieen the speed of act i on of techn i cal 

« 0.5% 0"2) or pure nitrogen against I. confusum adults but a sl ightly more 

rapid action of pure nitrogen against 2... granarius adul t s . Shejbal et al. 

(1973) found an i ncrease in s peed of act ion for adults of I· confu sum , 

T. castaneum and 2... grana r ius as the oxygen was progressively reduced from 1% 

to 0.1 %. The apparent difference be twe en the ac t io n on the two Sitophi lus 

species adults is notable and , as Navarro (1978a) concludes, it may be dangerous 

to generalise from one species to another . A possible reas on for wide va ri at ions 

i n the results of different studies may be explained by t he f indi ngs of Shejbal 

et al . (1973) who demonstrated the interesti ng phenome non that the f low rate of 
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Fig. 1. Variation of LT95 on oxygen concentration in an oxygen-nitrogen mixture 
at Z6 0 , 54'; for S. oryzaj adults (---), T. castaneum adults (-) and 
E. cautella pupae (-----. Redrawn from Navarro (1978a). 

gas mixture through the grain has an effect on insect mortality, a faster rate 

enabling insects to survive longer. This result suggests that localised regions 

of still lower oxygen concentration may form at low flow rates resulting in 

increased mortality under such conditions. 

Studies on high C02 atmospheres 

Several studies of the effects of carbon dioxide-air mixtures have been 

carried out recently. Stoyanova and Shikrenov (1976) determined the time 

required for a 50% and 99.9% kill of 4 species at ZOOC and Z80 C using the 

relatively low concentrations of ZO%and 40% COZ in air. The 1Jngest time 

necessary was 19.5 days for 99.9~~ kill of~. granarius at zooe and ZO% COZ

They suggested the lm·/er observed tolerance of S. oryzae than ~. granarius may 

be due to a higher respiratory rate. 

Press and Flaherty (1973) exposed adult moths of E~hestia khueniella, 

E. cautella and Plodia interpunctella to a 96% COZ atmosphere for Z hours per 

day for 6 days. They found a large reduction in oviposition in all 3 soecies 

and observed that egg hatch was entirely eliminated in f. khueniella, was less 

than n normal in f· cautella and was 5'; nonnal in f.. interpunctella. 

Banks and Sharp (1979) reported a trial COZ fumigation of wheat and rye 

using an atmosphere of about 60% CO Z generated from dry ice under pl as t ic 

sheeting at 11 to 130 C. The COZ level was maintained for 22 days. The pest 

infestation was predominantly ~. dominica with smal l numbers of T. castaneum, 
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Cryptolestes ferrugineus, f. cautella and ~. oryzae. Small numbers of 

~. dominica only survived t he treatment, emerging as adults four weeks or more 

after the start of incubation: they were presumably early instar larvae at the 

time of gassing. Cantwel l and Neidhardt (19 78 ) worki ng on the dis infes ta tion 

of hospital food cart s, found that 8 hours exposure to > 35% CO Z at about 3ZoC 

gave complete kill of adu lt 8late11a ~enmanica and prevented hatching from 

oothecae. 

The mortality of stored product pests found in field tr i al s usi ng hi gh CO2 
atmospheres has been sunmarised by Banks (1979). It was noted that wh il e very 

high mortalities were often attained, com pl ete mortality of added test insects 

or natural populations seldom occurred. This was attributed to a failu r e to 

provide sufficient exposure time to COZ' 

There have been a few studies on t he relative t oxic ities of high CO andZ 
low oxygen atmosoheres. Mo re are requ i red to provide full details of their 

relative effects, especially against particular species, and to def ine t he 

speed of action of the two atmospheres. It is we ll known that CO2 act s in the 

presence of oxygen and that mixtures of CO2 and air (e.g. 80% CO2, 4% ° 2, 16% 

NZ) are more speedily lethal to some species (e.g. Sitoph i l us spp. (Lindgren 

and Vincent, 1970)) than pure CO2, However studies on the rela ti ve r ates of 

action of COZ or NZ- rich atmospheres under conditi ons where the oxygen concentrat ion 

is low enough to kill stored product species (> 2% 02) give a compl ex picture. 

Press and Harein (1966) found pure nitrogen to be sli gh tly more effect i ve 

against I. castaneum adults and f. interpunctella larvae tha n pure CO2,' 

Lindgren and Vincent (1970) found no difference between 100% COZ and 100% NZ 
against different developmental, stages of both ~ . oryzae and ~. granarius 

whereas Zakladnoi (19 76 ) showed pure CO Z to be more ra pi dl y tox ic than pure 

nitrogen to the adults of ~. granarius. ~. oryzae, ~. dominica and I. castaneum, 

at all three experimental t empe ratures (ZOO, 25 0 and 35°C) . Verma (1977) and 

Verma and Wahdi (1978) exposed a number of different stored produc t pes t s to 

pure CO and N atmospheres. The ac t ion of the CO2 atmosphe l'e was s i gn i f i cant lyz z 
slower th an the nitrogen one agai nst I . castaneum adults, Q. mercator eggs, 

larvae and pupae and f. cautella eggs and larvae; sig nif icantly faster ag ai ns t 

Q. mercator adults, f. cautella adults ~nd I . granarium larvae and not sig nif icantly 

different for T. castaneum eggs, larvae and pupae, f· cautella pu pae and 

T. qranarium pupae. As may be expected under oxygen l evels t hat are onl y just 

insecticidal in pure nitrogen mixtures, the replacement of nitrogen by COZ 
gives a more toxic mixture, presumably combining t he effect of the low oxyg en 

level with COz's specific toxic effect on the insect. Thus Al i ni azee (197 1) 

obtained complete mo r ta li ty of I. confusum and I. castaneum adults at Z70/38% 

r . h. in les s thar l.5 days with 2% 0z in CO2, but it took 4 days using 2% 0z in 

nitrog en. 
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The possible synergistic effects of CO2 and chemical pesti cides feature in 

two studies. Young and Mcdonald (1 970 ) examined the effect of CO2 anaesthesia 

on the toxicity of malathion to adults of l- castaneum, I. confusum, and 

Lasioderma serricorn.e and to la r vae of Attagenus megatoma. Anaesthes i a for 60 

minutes increased the toxicity of malathion to all four species. Anaesthesia 

for as little as five minutes increased the toxicity to all speci es except 

T. confusum. The study arose from concern over the use of CO2 ana.esthesia 

during the handling of experimen t al insects. Bond and Buckland (1978) tested 

the effect of adding CO2 to a number of fumigants at 00 , 100 and 2SoC using 

adult~. granarius and I. castaneurn and fourth-instar larvae of Tenebrioides 

mauritanicus. The fumigants used were acrylonitrile, methyl bromide, a mixture 

of these two, and phosphine and hydrogen cyanide. Results vari ed ranging from 

a seven-fold incr@ase of the toxicity to I. castaneum of acrylonitr ile in the 

presence of 30% C02 to no increase at all wi th hydrogen cya ni de. The authors 

suggest the use of low concentrations of fumigants in control l ed atmospheres 

employing CO2 as a means of reduci ng the concentrati on of CO2 requ i r ed, or of 

reducing the exposure times. 

Controlled atmospheres based on mixtures of C02 and nitrogen 

Lindgren and Vincent (1970) found no difference in the mortality response of 

S. granarius and ~. oryzae to pure N2• CO 2 or helium. Accordingly, it was 

assumed (e.g. Bai~ey and Banks, 1975) that at low oxygen levels the proportion 

of CO2 and .nitrogen present is uni mportant. Recently this has been shown to be' 

untrue and it is now clear that, at low oxygen levels, the presence of a few 

per cent of CO accelerates the l et hal action of the atmosphere compared with 2 
pure nitrogen-oxygen mixtures. 

Calderon and Navarro (1'979) f ound that at < 5% 02 the mortality of adult 

I. castaneum was dependent on the quantity of CO2 also present . For instance 

a t 2 ~;, oxygen, > 90% morta 1 i ty was a t tai ned wi th 5% CO2 present compa red \o/i th 

about 50% mor tality in the pure nitrogen-oxygen mix ture (300e, 57% r. h.). Fig. 

2 shows the overa l l var i at ion of effec tiveness of given oxygen lev el s with 

different combinations of CO2 and N2 at 30°C. A similar var i ati on was found at 

260 C. Girish (1978) using 1.1 to 1.2% oxygen found the LTSO for I. granar i um 

larvae at 3SoC was 27, 30, 32 and 39 hours for atmo spheres con t ain i ng 15, 11, 6 

and O~ CO respectively (balance ni trogen). 2 
Storey (1975a, 1975b, 1975c, 1977, 1978 ) subjec t ed a number of spec ies of 

stored product pests to a gas mi xtu r e produced by burning natural gas and 

containing about 9% CO2, < 1% 02 and with balance N2 and some ca rbo n mo nox ide 

and other gases. Zal<:ladnoi et al. (1974 ) and Zakladno i (1976) report si mil ar 

ifiork using a burner of"oducing an atmos phet'e contain i ng f rom 0.4 to 2% oxygen 

and up t o 13% C02. It is not possi bl e to compar e the resu lts di rect ly wi th 
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Fig. 2. Variation of LT95 with % CO2 in atmosphere at various' oxygen levels 
(balance nitrogen) at 300 , 57% r.h. for T. castaneum adults. Redrawn from 
Calderon and Navarro (1979). 

those obtained using pure gases because the influence of the minor components, 

carbon monoxide, oxides of nitrogen and other combustion products, is not known 

and the oxygen level was not precis ely regulated . The general trends are 

similar to that found by other workers using low oxygen atmospheres (see Bailey 

and Banks, 1975), with ~. oryzae being the most tolerant species both 'as adult 

and immature forms. ~. oryzae adults gave an LT95 of 12.4 days at 150 C, falling 

to 0.8 days at 32°C (50% r.h.) (Storey, 1975a). It is notable that Zakladnoi 

(1976) found~. granarius to be much more tolerant than ~. oryzae. Moth soecies 

(Storey, 1975b) were re l atively susceptible to the gas mixture with all stages 

of Sitotroga cerealella killed after five days, of f· cautella, after two days 

and of f. interpunctella within one day at 270 C, 50% r.h. Some immatu re 

stages of ~. oryzae were more to 1 eran t than the adults to the gdS mi x t ur e . wi th 

the greatest tolerance being shown by the fourth-instar larvae and puoal s tage. 

The LT95 of prepupae was found to be 27 and 10 days at 21° and 27 0 C (50% r.h.) 

respectively. There was no survival of immature ~. oryzae exposed for 14 days 

in maize, wheat or sorghum at 27°C, 50% r.h. This exoosure oeriod is similar 

to that needed to obtain complete morta lity using 1% Jxygen in nitrogen under 

the same conditions (Banks and Annis, 1977). Thus, although the results of 

Storey and those given above suggest that under commercial conditions there may 

be some advantage in usi ng a proportion of CO2 in low oxygen atmospheres, the 

reduction in exposure time allowable will not be substantial if it is necessary 

to ensure that Si tophi lus spp. are el im inated. 
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Relative susceptibility of various species to controlled atmospheres 

It is important to know what is the most tolerant stored product pest i n a 

given atmosphere in o,rder to be abl e to set the exposure l im i t to control it 

and thus all others too. It is -usua l ly assumed for both high-C02 and low 

oxygen atmospheres that immature stages of ~. oryzae are the mos t tolerant form 

of the most tolerant pest 1ikely to be encountered but that stages of 

S. granarius may al so be as tolerant. However there are no comparative studies 

on immature stages of other species and the ev i dence based on the ad ul t fo rms 

is conflicting. Table 1 summarises the oreler of susceptibility to various 

controlled atmosoheres found by various workers for the main stored grain 

pests. There is general agreement that T. conf usum is similar in susceptibility 

or sl ightly more tolerant than T. castaneum bo th as adults and immature stages 

to all types of controlled atmosphere (Jay and Pearman, 197 1; Storey, 1977; 

Al iniazee, 1971; Jay et al., 1971; Shejbal et al., 1973). Bearing this 

informa t ion in mind, it can be seen from Table 1 that Sitophilus granar ius. is 

consistently rated as a tolerant species, bu t authorities are divided as to the 

degree of susceptibility of ~. oryzae. Whether the apparent inconsistencies 

result from strain differences, difference in technique or a true change in 

relative susceptibility in different gas mixtu res is yet to be dete rmi ned. 

The susceptibility of Trogoderma granarium larvae to pure nitr ogen and CO2 
atmospheres, reported by Verma and Wadhi (1978), is sir.lilar to that of Sitophilus 

larvae (Lindgren and Vincent, 1970; Storey, 1975a). A detail ed comparison 

should be made to determine which is the more tolerant species to various 

modified atmospheres. 

Influence of relative humidity on act ion of controlled a tmospheres 

A component of controlled atmospheres that has been largely neglected so far 

as its biologica ll action is concerned is water vapour. Pearman ann Jay (1970) 

reported a marked increased in the mortal ity of I. castaneum exposed for 46% 

CO2 where t he relative humidity was decreas ed to 33% or lower. Jay . Arbogast 

and Pearman (1971) exposed adult 1. castaneum, I· co nfusum and O. suri name nsi s 

to atmospheres containi ng less than 1% oxygen with the balance as nitrogen at 

relative humidities ranging from 9% to 68%. All three species showed a marked 

increase in mortality as the relative humid ity decreased. Also with essentially 

similar relative humidities used in conjunction with atmospheres contai ning 

about 38% carbon dioxide they showed that the mortality of all three species 

increased with decreasing humi dity . The authors suggested that desiccation at 

low humidities was an essential factor in mortal ity in both instances. 

Zakladnoi (1976) demonstrated a mor e rap id mortal ity at l ow relative humid i ty 

in assessments emp loyi ng "d ry grain, moderate ly dry grain and wet grai nll . 
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Subsequently, Navar ro and Calderon (1973) examined the inter-rel ati onsh i p of 

CO" and relative humidity as it affects pupae of E. cau tella. They confirmed 
L 

the finding of high mo rtali ty at lower relative humidity and fo und tha t for 

this species death appeared to be associated with a crit ical water l oss re present

ing about 30% of weight of the pupae. The higher t he concentrat ion of CO2 and 

the IOvier the humi dity the more oronounced was wa ter loss. In a fu rt he r study 

using pupae of I. cautella, Na varro and Calderon (1974) showed that there was 

1ittle difference in rate of action of CO2 concentrat ion between 21-88% at 

21 and 55% r.h. but a di f ference became apparent at high r.h. (95%) with l ower 

CO~ levels being slower in action. At 21 and 55% r.h. mortal i ty appeared to be 
"

correlated with weight loss and an i nverse relationsh ip between CO concentration
2 

and relativ@ humi dity was found for a given mortality level. At the highest 

relative hum i dity used, 95%, weight los s was sma ll and a direct toxi c ef fec t of 

CO acting as a fumigant appeared to be involved.2 
Navarro (1978a) r epor ted that in the absence of CO2 a relat i?nship existed 

betvleen oxygen tension an Gl relative humidity for a set level of mortali ty . 

With pupae of I. cautella and adults of T. castaneum the higher t he relati ve 

humidity the lower t he oxygen concentration necessary to produce 95%mo r tali ty . 

Action of contr'olled atllOspheres on mites 

There is little published work on the influence of control l ed atmos ph eres on 

stored oroduct mites. Step i en (1979, 1975) i nvest igat i ng the action of 99 . 5% 

CO2 on Tyrophagus putrescentiae Schra nk found the 0- 24 hour ol d eggs to be the 

most tolerant stage of develoPf'lent with complete mor tality attained only after 

six "days (250 C, 85% r.h.) but with other stages con t rolled in less than one 

day. CO~ under high pressure is rapidl y toxic to T. pu trescenti ae (? ad ults 
"

only) (i·litsura et al., 1973) requiri ng 30 minutes ex pos ure at 16 atm pressure 

at 30QC. Nitrogen even at 100 atm was i neffective at 30De even aft er one hour. 

The l ethal effect was dependent on CO 2 pressure and exposure t ime requiring 15, 

30 and 55 minutes exposure at 200 C at 26, 21 and 16 atm res pective ly for 

comp lete mor tality. Hu ghes (1943) found Acarus siro (? adults on ly) wa s killed 

by an exposure of four days at 200 e (hi gh r.h. ) t o either pure N2 or CO2 but 

could survive four days at 0. 4% 02 in N2. These obse rvations suggest that 

control l ed atmos pheres may be potenti al con tro l agents f or stored product 

mi tes, bu t additional da ta , notably on ~. s i ro , is required to conf i rm th i s and 

extend t he range of atmo spheres tested . 
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Action of controlled atmospheres on beneficial insects associated 
with grain storage 

Banks and Sharp (1979) found that significant numbers of the hymenopteran 

parasitoids Anisopteromalus calandrae and Choetospila elegans survived 

conditions (11-130 C, 25-90% CO2 over 22 days) under which a high level o~ 

mortality was attained fot their host, Rhyzopertha dominica. There is a 

possibility that this differential susceptibility could be exploited for 

suppression of ~. domintca under conditions where an incomplete kill was achieved 

in the presence of these parasitoids. A similar situation does not appear 

likely to occur with the predator Xylocoris flavipes under low oxygen atmospheres 

as it is very susceptible: 97% CO2, 1% O2 , 2% N2 at 30 0 C, 60% r.h. gave 

complete mortality of eggs and aduHs, the most tolerant stages, within 24 

hours (Press and Flaherty, 1978). 

Temperature dependence 

There is general agreement in the litera t ur e (see Bailey and Banks, 1975) 

that the action of low oxygen atmospheres is strongly dependent on temperature, 

with action at low temperatures being slow. This generalisation includes those 

low oxygen atmosoheres containing CO2 produced by burning hydrocarbons (Storey 

1975c, 1977). However there is a general lack of information on the temperature 

dependence of high CO2 atmospheres containing substantial quantities of Gxygen 

(e.g. 60% CO in air) and little information on the action of low oxygen at2 
between 20 and 150 C, a range in I'lhich death from cold does not occur, but in 

which low oxygen systems are likely to be very slow acting. Banks and Annis 

(1977) by extrapolating the available data for temperatures at > 200 C, predicted 

that about 15 weeks exposure to 1% O2 in nitrogen at 180 C was required for 

complete mottality of all species and developmental stages of stored product 

ifilsect pests. 

As an extreme case of temperature dependence under oxygen conditions onl y 

just adequate for insect control, the response of mixed cultures of ~. granarius 

containing approximately equal numbers of various developmental ages was stud ied 

(Bailey and Banks, unpublished data) at three temperatures at 1.3% 02 in nitrogen 

under an r.h. not likely to cause additional stress (70%) . The cumulative 

emergence curves fo 'r this experiment are given in Fig. 3 for various periods of 

exposure to the l ow oxygen gas. Control cultures yielded 5000 to 7000 insects 

each be fore the start of emergence of the next generation. Almost complete 

morta l ity (> 99.5:" ) was attained in 2 weeks at 29.40 , in 3 I'leek, at 23.9 0 
, but 

at l8 . 30 C only 78':~ mortality \'las attained after 12 weeks exposure. Numbers 

emerging at various times after various exposures are given in Table 2 ~or the 

latter experiment (see below). 
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Fig. 3. Cumulative total emergence of ?itophilus granarius cultures con t ai ni ng 
approximately equa l numbers of each developmental age expressed as a percentage 
of the average total observed numbers in the control cultu r es. Emerged 
adults removed after each insoection. Cultures continuously exposed to 1. 3% 
02 in nitrogen at 70% r.h. at (a) 18.30 , (b) 23.90 and (c) 29.40C for var ious 
periods and then incubated at the same temperature. 

There are no published studies on t he temperat ure dependence of mo rtal ity to 

atmospheres containing mixtures wi t h 60-90% CO2 i n air . However, Hare i n and 

Press (1968) found l l ttle difference in speed of action of 47-491 CO2 in a ir 

against Tribolium castaneum larvae exposed at 16, 27 or 390 C (6 1-64% r.h .) . 

With adults, exposure at 270 C appeared s l ightly less effective than at the 

other two temperatures. It appears that, in contrast to that of low oxygen 

atmospheres, there may be on 1y a sma 11 temperature dependence of atmospheres 

containing high CO2 with air. With pure gases, Za kl adnoi (1976) demonstrat ed 

little temperature dependence in 100% C02 but a marked t em perature de pendence 

in 100% ni trogen. By contras t, Aliniazee ( 1971) found a substantial pos it ive 

tempera ture effec t j, n t he 1 etha 1 ac t i on of 100% C02 on both T. co nf usum and 

T. castaneum. 



TABLE 1 

Relative susceptibility of common stored product pests (beetl es ) to various controlled atmospheres 
as reported by various authorities . 

Order of Stage Gas Temperature Approximate Reference 
susceptibility Mi xture (oC) r. h. (%) 

S.g. < S.o.Q < T.co. < R.d. adult 100% N2 20,25,35 75 Zakl adnoi, 1976 
T. ca. =- S. o. 	 adult 100% N2 26 54 Navarro, 1978a 
S.o . < S.g. 	 all 100% CO 2 27 65 Lindgren &Vincent, 1970 

stages or N2 
5. g. < S.o. < T. ea. adult 100% CO 2 20 	 ? Busvine, 1942 
S. g . < Lco. < 5 .0 . = R. d. adult 100% CO 2 20,25 ,3 5 75 Zakladnoi, 1976 
L ea. < S.o. adult 1 % OdN2 26 54 Navarro, 1978a 
R.d. = T. ca. 	 adult 2% OdN 2 32 70 Bailey, 1965 
S.g. <: T.eo. = T.ca. adult low oxygen 22 	 70 Shejbal et a1., 1973 
S .0. =- or < s. g. all stages b 27 	 50 Storey, 1975a 
5 .0. < S.g . < R.d. c:: T. ca. adult b 21 ,27,32 50 St orey, 197 5c 
5. 0. < S.g . .::::: R.d. <: T.ea . adult b 15 	 50 Storey, 1975c 
T. ca.< R.d. adult 50% CO 2 / 32 70 Bailey, 1965 

21 % 02/N2 
S. 9. < S.o. adult high CO, 27 65 Lindgren &Vincent, 1970 

COd02 mixtures 
S . g. 	 <: T. co. <: IL d. < s. o. adult 20,40% COd 20,28 ? Stoyanova &Shikrenov, 1976 

air 

a A <8 signifi es species A is les s susceptible than B. 
b low oxygen atmos phere « 1% O2 ) pr oduced by burning natural gas 

S. g . = Sitophilus 91'anaI'ius; S.o. = S. or>yzae; T.ca. = T1'ibol.iwn caatanewn; T.co. = T. con!uBW7I; 
R. d. =Rhyzopertha domini ca . 

..... ..... ..... 
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SUBLETHAL EFFECTS OF CONTROLLED ATMOSPHERES 

Behavioural effects associated with controHed atmospheres 

There have been two reports (Shejbal et a1., 1973; Navarro et al., 1976) of 

stored product Coleoptera, presumably within the grain bulk, congregating 

around leaks in stores under low-oxygen atmospheres. Bailey (unpublished data) 

observed a similar phenomenon in an hermetic storage. The high concentration 

of insects observed suggests that movement had occurred and thus that the 

insects can sense and move up the oxygen concentration gradient towards the 

leak. Navarro (1978b) was unsuccessful in his attemots to demonstrate this 

aggregation under laboratory conditions with various species using gradients of 

either oxygen or carbon dioxide. 

Barrer and Jay (1980) demonstrated that E. cautella females found a source 

of wheat odour more attractive if containing 30t CO than if mixed with pure 2 
air. A source of odour with 60% CO2 was as attractive as pure air while t hat 

from a low oxygen source (1 % O2) was significantly repellant. Oviposi tion 

close to the source was increased in the presence of 30% CO2 re la tive to air . 

Willis and Roth (1954) found 60% C'D2 to be repellant to T. castaneum. 

Aggregation at leaks both from within and outside a storage are rel evant to 

the controlled atmosphere technique as such abilities could al low localised 

survival in a treated grain bulk or infestation of a region around a leak from 

external sources . 

The 'anaesthetic' effect of carbon dioxide or nitrogen on insects is well 

known. For stored product insects, immobilisation in response to low oxygen 

atmospheres is rapid after a brief period of hyperactivity (Aliniazee, 1972; 

Storey, 1975c). At about 40 ;;; CO 2 in air, immobilisation may take some hours 

for some species (Stoyanova and Shikrenov, 1976) but be rapid for others 

(Oosthuizen and Schmidt. 1942 ) 0 Individual~. granarius remain active to 

varying degrees (Bond and Buckland. 1979 }0 The latter effect appears to be 

related to the ability to deve lop to l erance to 42% C020 

Influence of controlled atmospheres on deve lopment 

An important and neglected aspect of the action of both low oxygen and high

CO2 a tmosoheres concerns the i nfluence of these gas mixtu res on devel olXllent 

rate. With both types o ~ atmosphere. a significant retardation of devel opment 

occurs. The effect is more easily observed under s l ower rates of develo pment. 

Table 2 gives the observeod emergence during success ive 2-week periods of 

~. qranarius cultures set up as described above and exposed to 1.3% oxygen in 

nitrogen for various periodso In this case the time at which peak numbers 

emerge increases directly with the peri od of exposure to the l ow oxygen 

atmosphere. The pattern is consistent with the survi val of one devel olXllental 

-
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age group by some form of slowing or suspension of development, thus presumably 

lessening its oxygen consumption and partially avoiding the effects of anoxia. 

The number emerging between 8-10 weeks after Z weeks of exposure to low oxygen 

is significantly higher than expected from the numbers observed emerging each 

fortnight from the controls between 4 and lZ weeks (x = 399, s.d . = 75, n = 8, 

P < 0.01) suggesting that some development occurred into the tolerant stage, 

increasing the total numbers surv i ving for that emergence period. It is clear 

from the declining overall numbers that even the tolerant stage was s iowly 

killed by the low oxygen atmosphere under these conditions. 

Assay date (week. after start) 
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I 212 19 I 0 1 3 , 

0 373 
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I 

0 0 246 134 52 1 4 

0 0 0 6 184 165 15 2 

Tabl e Z. Numbers of adul t~. granarius emerging and removed at fortnightly 
intervals from cultures held at 18.30 C/70% r.h. under 1.3% 0z in nitrogen for 
various periods and subsequently in air under the same conditions. Bold figures 
denote maximum emergence for a given period of exposure to low oxygen condition s . 

A delay in developmental period corresponding to that spent under high-COZ 

(46-53%} was observed by Oosthuizen and Schmidt ( 194Z) for Callosobruchus 

chinensis. Intermittent exposure of Blatella germanica to hi gh COZ levels even 

for only three minutes a week can subs tantial ly slow develo pment (Breoks, 

1957 ) . Unspecified delays in development have been noted for 1. castaneum 

pupae and larvae under pure nitrogen and CO Z (Aliniazee, 1971, 1972) and for 

their eggs in 20% CO2 in air (Al inia zee and Lindgren, 19Z0), for~. granarius 

and oryzae immature stages under pure nitrogen and CO2 (Lindgren and Vincent, 

1970), of 1. granarium larvae under high CO2 and low oxygen gas mixtures (Bailey, 

1965) and 1. castaneum, 1- confusum, ~. oryzae, ~. granarius and f· mac ul atus 

in low oxygen atmospheres from hydrocarbon burning (Storey, 1975a, 1977, 1978). 

Spratt (1979a) found continuous exposure of ~. zeamais to 10% O2, 10% CO Z' 80% 

N2 (300e, 71 % r.h.) resulted in a delay in development of about 11 days compared 

with development in air. The in t rinsic rate of increase, r, fell from 0.3 2 i n 
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air to 0.12 in the gas mixture (Soratt, 1979b) with the fall in ra te caused by a 

combination of delay in develo pment and other factors. The general effect on 

development rate merits further study as it is an important component of the 

effect of controlled atmospheres. Enha nc ement of t he ability to del ay develo pment 

could lead to a form of tole rance to the treatment. If the phenomena is not 

recognised, it may also lead to errors in labora t ory or field assessment 0 

controlled atmosphere applicat ions. 

T~ere have been a number of observations of sublethal effects of contro lled 

atmospheres apparently common to both hi gn CO 2 and low oxygen atmospheres wh ich 

influence the overall fitness of the exposed population and thus reduce the 

rate of increase. These are perturbed metamorphosis (S torey, 1977 , 1978; 

A1iniazee, 1971, 1972; Stepien, 1979), decrease in f ecundity (P ress and Flaherty, 

1973; Spratt, 1979a; Stepi en 1979), decrease in longevity (Spratt, 1979b; 

Stepien,1979) and partial paralysis (Storey, 1975c, 1977) . A general review 

of sub l ethal effects of CO 2 on insects was given by Brooks (1957). 

RESISTANCE OR INCREASED TOLERANCE TO CONTROLLED ATMOSPHERES 

It has been stated (e.g. Shejbal, 1978) that resistance to controlled atmosph

eres, specifically low oxygen systems, is unli kely to develop. It is indeed, 

difficult to envisage any stored product insect pest rapidly becomi ng capable 

of continuing to develop under low oxygen conditions « 0.5% 0Z) as this wou ~ d 

entail a substantial change in its biochemistry of metabolism. However many 

insects possess anerobic me t abol ic pathways (Gilmour, 1965 ) and some are capable 

of continued development under very low oxygen conditions, although none are 

known which will complete its life cycle in such a situation. In practical 

terms, resistance does not entail continued develo pment under a control measure 

but only survival until it no l onger operates. Thus an accentuation of the 

delay in development observed when stored product insects are treated with low 

oxygen atmospheres together with an increased overall tolerance would res ult in 

a form of resistance. There appears no reas on why such a pattern could not be 

selected for and why it could not eventua lly become s ignifi cant in commercia l 

practice, particu l arly when short exposures (e .g. 1 month) are used. 

A similar form of t olerance could arise to high CO 2 atmospheres. Addi t ional y , 

because such atnospheres car. contain sufficient oxygen (> 5%) for develooment 

undet- otherwise normal conditons, a further fonn of resistance anal ogo us to 

that found for fumigants (Champ and Dyte, 1976) car. be e;(;Jected. Bond and 

Buckl and (1979) have demonstrated such a tolerance to COz a tmos pheres in a 

strain of .i, granarius selected in the labora to ry. After four selectio ns with 

75% C02 the LT50 to 75% C02 increased from 1.7 to 4.6 days and f or 7 se lec tions 

wi th 42% C02 the LT50 to 4Z% i ncr eased from 5.1 t o 17.5 days (250 , 100% r.h.). 

A s im ilar l evel of to lerance was also f ou nd at 60% r.h . to 75% COZ . For 
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relativ el y short exposures to nitrogen or CO2, precedent already exists for a 

low level of resistance . Strains of Drosophila melanogaster show a range of 

susceptibility (about 1.5x) to these gases, with increased to lerance associated 

genetically with resistance to desiccation (Matheson and Par sons, 1973, 1975) . 

The possibi l ity of the eventual rise of resistance canno t be taken to 

invalidate the control' led atmosDhere technique but ~ust be borne in mind , as in 

fumigation, so that the technique is not used in s i t uations where it is likely 

to be incompletely effective thus providing a population of insects selected 

f or tolerance to the control measure. An increase in tolerance may eventually 

require longer exposure periods to low oxygen atmospheres to achieve complete 

insect kill and in the case of CO2 where a ' one-shot' system is used, a system 

of maintenance of atmosphere may have to be provided. Bo t h eventual ities will 

increase the overall cost of the technique. 

CONCLUSION 

It is clear from this review that t here are several inconsistencies and gaps 

in our know l edge of the bio logical actions of various controlled atmospheres. 

During the 1970's a large quanti ty of information on the general subject has 

been gathered but only a few genera l isations are apparent: low humidities 

accelerate the action of controlled atmosp'heres; increase in temperature or CO2 
content assists the action of l ow oxygen mixtures and exposures produc i ng 

incomplete mortality cause a number of deleterious effects, incl uding delayed 

development. We stlll require further work on the basic dose-mortality response 

to the various gas mi xtures, with part i cular emphasis on tol,erant devel opmental 

stages and species in order to provide a sound ly based exposure schedule for 

particular conditions and atmospheres. Clarification of the delayed emergence 

phenomenon, the temperature sensitivity of the action of high CO 2 atmospheres 

and the inHuence of gas flow rat e on mortality to l ow oxygen atmospheres is 

important to the practical use of controlled atmospheres. 

It is hoped that this Symposium will provide sa~e of t he answers to these 

questions and give the stimulus necessary to ensure that t hose pr oblems not yet 

elucidated wi ll be given the attenti on they deserve, thus provi ding. a sounder 

basis for the practical ap plication of the important techn ique of control l ed 

atmosphere grain storage . 
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INTRODUCTION 

Work has been underway for more than 25 years on the use of modified atmos

pheres to reduce microbiological spoilage of stored grains. Present techno l ogy 

makes such storage feasible, and worldwide food requirements may make it essential. 

As an overview, this paper will present information first on the basic considera

tions that must be addressed in controlled atmosphere storage . Next, the i nflu 

ence of both intrin s i c and extrinsic factors on the stabil ity of stored gra i n 

and associated microbiological activity wil l be reviewed. Fi nall y, the inter

actions of these fundamental parameters as they relate to controlling undesirable 

microorganisms on grain will be assessed. 

BASIC CONSIDERATIONS 
The rationale for use of commodi ty-modified atmosphere, modified atmosphere 

or controlled atmosphere storage is based on several key considerations. Storage 

capabilities are increased when spoilage is reduced and when safety is ensured 

and changes in the grain are minimal. The undesirable activities of biological 

agents such as insects, mites, rode nts, and birds as well as microorganisms must 

be controlled. Undesirable chemical reactions also must be minimized. Preserva

tion can be further extended through reduced moisture, low temperature, and 

chemical protectants. 

The microbiological advantages of controlled atmosphere storage include the 

inhib it ion of aerobic fungi, elimination of mycotoxin production, conservation 

of des i rable quality factors in t~e grain, and manipulatior of economic advantages 

from extended storage (Christen sen , 1978). 

The microbi ol ogical disa dv antages of controlled atmosphere sto rage include 

elimina t ion of microorgan i sms that comp ete under ae robic condi ti ons, dev e l opment 

of populations of certain aerobic mic roorganisms before the atmosp here is suf

ficiently modi f ied, requireme~ts for expensive gases and complex technical 

facilities and capabilities, and generation of adverse quality f ac to rs (Chri stensen, 

1918.} . 

The followi ng is a list of many of the major considerati ons that influence 

the effectiveness of controlled atmosphere storage: (1) mic robial load, (2 ) type 

of grain, (3) climate of storage fac ility, (4) moisture or dryi ng requi rement, 

(5) potential variation in storage conditi ons, (6) type of co ntrolled atmos phere, 

and (7) technica l capabilities. 

A primary and major considerati on in the appl i cati on of con t ro lled atmosphere 

storage of gra in is the types and numbers of microorganisms t hat pl aya ro l e in 
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determini ng storage stabil i t y of grains. The "storage fungi" include Aspergillus, 

Peni ci l l ium, Absidia, Mucor, Hhizopus , Chaetomium, Scopulariopsis , Paeci lomyce8 , 

Neurospora, Nigrospora, Sporendonema, (Wallemia) (Hyde, 1974; Wallace, 1975; 

Christensen & Meronuck, 1976 ) . The "field fungi" include Alternaria, CladospoPium, 

He Uninthosporium, Fusarium, and numerous other genera. Yeasts that have been 

considered influential under controlled atmosphere conditions include Candida 

and HansenuLa (Hyde, 1974; Wa ll ace 1975; Christensen &Meronu ck, 1976). Bac t eria 

that must be cons i dered in the evalu ation of controlled atmosphere include such 

genera as LactobaciZlus, Clos tPidium and Bacillus. Gener al groups such as the 

coliforms are also freque nt ly evaluated. Furthermore, specific functional groups 

of bacter ja that constitute the thermophiles or the psyc hrotrophs are, in general, 

strategic in their role in high moisture grains (Hobbs &Greene, 1976; Bothas t. 

1974) . 

The pr incipal types of gra i n that must be considered when one evaluates the 

microbiology of controlled atmosphere storage include corn (maize), wheat, rye, 

sorghum, durham, sunflower, rice, ba r l ey, mil let, oats , and soybeans (Hobbs & 
Greene, 1976; Christensen & Kaufmann, 1977; Christensen, 1975). 

The primary physical parameters, both intrinsic and extrinsic factors, 

that influence the microbial activity on grain include the moisture or water 

activity (a ) of the grain, the temperature of storage, the atmosphere surrounding w
the grain during storage, and duration of the storage period. 

WATER ACTIVITY 

Moisture content or equilibrium relative humidity or water activity (a ) have w 
been key parameters that have been used extensively to predict grain storage 

stability irrespective of atmosphere. The role of moisture is related to the 

variations of grains, the l im itations of naturally occurring biological substances, 

the influence of harvesting and early storage, the requirements for viability and 

product performance considerations, the unifo rmity wi thin a given unit of grai n, 

the ef fects of temperature on relat ive humi dity, and the i nd ividual mic rob i al 

responses to vari o~ s water activity levels. 

Christensen and Ka~fmann (1977) have prev ious ly ident if ied key f ungi that are 

found at various relative hum idities and related eq~ilibr i um mo i sture content of 

common grains. Table 1 restates earlier summaries. 
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TABLE 1 

Equilibrium moisture content of common grains at relative humidities of 65-95%+; 
fungi found at each level (Chr i s tensen & Kaufmann, 1977). 

% R.H. Moisture Content FungJ.. 

65-70 12.5 - 13.5 AspepgiZlus haZophilicus 

70-75 14.5 - 15.0 A. pestrictus , A. glaucus , Spopendonema 

75-80 15.0 - 15.5 Above + A. candidus , A. ochraceu8 , A. versicolor 

80-85 18.0 - 18.5 Above + .4 . jlavus , few species of Penicillium 

85-90 19.0 - 20.0 Above + several species of Penicillium 

95-100 22.0 - 24 .0 All advanced decay fu ngi, yeas t s, and bacteria. 

These obs~rvations are direct ly related to t he min imum a that supports growth w 
of these various fungi at optimum growth temperatures from 26°C to JO°C (Table 

2) . 

TABLE 2 

Minimum water activity (a ) for growth at opt imum temperature (Christensen & 
Kaufmann, 1974). w

Aspergil lus haLophilicus 0.68 

A. res trictus 0.70 

Sporendonema (Wallemia) 0.70 

A. glaucus 0.73 

A. candidus , A. ochraceus 0.80 

A. flavu s 0. 85 

PeniciUium (depending on sp.) 0.80 to 0.90 

A recent publicat i on by Northolt (1979) summarized the mi nimum a levels requi red w 
for fungal growth and mycotoxin production on several agricultural prod ucts. In 

some cases, the organism was part of the natura l flora present on the grain. In 

other cases, the organism was present in combination with competitive flora on 

the gra~n, or it was present as a pure culture. The literature reviewed by 

Northolt is summarized in part in the adapted information presented in Table 3. 

The influence of incubation temperature, as well as product and competition from 

other microorganisms, is readily evident. Direct co~parisons are difficult 

because of the variations in the test parameters. Nevertheless, it appears that 

reduced competition results in the ability of the organisms to produce ~ycotoxins 

at lower aw than would otherwise be possible. 
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TABLE 3 


Minimum water activity (a ) for growth and mycotoxin production (Nor tholt, 1979).
w

Produc t Fungus °C Tem~. Growth M,lcotoxin 

Natural Flora 

Barley 

Oats 
Sorghum 

Aspergillus sp . 
Penicillium sp . 
ABpe~illus flavu B 
Aspergillus flavus 

20 
20 
19 
24 

25 
30 

0. 80 
0.87 
0.88 

0.75 
0.8 

0.92 

Competitive Flora 

Barley Penicillium viridicatum 
Aspergil lus flavus 
Aspergi llus flavus 

12 
35 
15 

0 .85 
0 .77 
0 .84 

0. 85 

\·iheat Aspergillus ochraceus 
Aspergillus pa:rasitiou8 
Aspergillus f lavus 

20 
30 
25 

0.75 
0. 70 
0. 85 

0 .80 
0.85 

Pure Culture 

Corn 


Wheat 


Rice 


Penicillium expansum 19 
Aspergillus ochr'aceus 19 
Aspergil l us ochraceus 25 
Penicillium viridicatum 19 

Aspergil.Zu fl·avus 20 

Aspergillus f lavus 30 
Aspergillus ochraceus 25 

0.91 
0.76 
0.88 
0.85 

0.80 

0. 76 
0.86 

Northolt studied the ml nlm~m \~ater activity for groltlth and mycotoxin production 
by A. f lavus , P. expansum., A. oom'aceus , and A. parasiticus . A compari son of 
Northolt's data with tho se found in the literature shows some dramati c di ff erences 
in stated minillluill water act i vities. These dif f erences are summarized i n Tabl e 4 
that was adapted fr om Northolt (1979). 

TABLE 4 


Significant differences be t ween Illi nimum a - Li t erature vs . Northolt (Nort holt , 1 979 ~ 
w 

Product fu ngus 

Corn 	 Aspergillus flavus 

Penicillium expansum 

Aspergillus oohr'aceus 

Aspergillus ochraceus 


Wheat 	 Aspergillus ochr'aceus 
Rice 	 AspergiZlI~s parasiticus 

AspePgillus ~VU8 

Growth 

+0. 07 
-0. 07 
+0. 05 
-0. 08 
-0. 10 

Myco to xi n 

+0 . 09 

-0. 03 
-0. 07 

+ i ndicates literature is hi gher than Nor t holt 
- indicates the reverse 

http:Aspergil.Zu
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TEMPERATURE 

Storage temperature is a well established parameter that influences microbial 

activity as well as other characteristics of grain. The ambient temperature may 

fluctuate with climatic change or it may be partially control led through construc

tion or mechanical devices. ~nder specific conditions it may be controlled very 

precisely for experimental determinations. Reduced temperatures general ly reduce 

chemical reactions, and growth is an example of a response that is slowed by 

reducing temperatures. Although many chemical reactions continue to accelerate 

at elevated temperatures, growth above optimum levels generally is somewhat 

reduced to a maximal level at which growth ceases. Temperature, as an influential 

parameter, is affected by action of various organisms, including microorganisms 

that may be metabolically active in association with the grain; or the temperature 

may be influenced by the climate or by the facility used for sto rage. The 

fluctuation or uniformity of the temperature of storage can dramatically influence 

subsequent response by mi croorganisms or the grain itsel f. 

Christensen & Kaufmann (1974) reported the minimum, optimum. and maxi mum 

temperatures for growth of common storage fungi on grains. Table 5 presents 

a summary of this information. 

TABLE 5 

Minimum, optimum, and maximum temperatures (OC) for growth of common 

storage fungi on grains (Christensen & Kaufmann, 1974). 

Minimum O~timum Maximum 

.4 spel'gi llu8 r es trictu s 5-10 30-35 40-45 

A. g laucus 0- 5 30-35 40-45 

A. candidus 10-15 45-50 50-55 

A. flavus 10-15 40-45 45-50 

PeniciLlium -5- 0 20-25 35-40 

Recently Northolt (1979) summarized findings in the literature for a vari ety 

of agricultural products . His summary of the literature is adapted in Table 6. 

It is readily evident that reduction in temperature alone is insufficient to 

control growth and mycotoxin production by various fungi on grain. 
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TABLE 6 

Minimum temperature (OC) for growth or mycotoxin production 
on grain (Northclt, 1979). 

Product Fungus Growth M~cotoxin 

Barley P. c:ye l.opiwn <1 <1 

Corn P. eyc:l.opiwn 
P. mar f;ensii 
A. oc:Jtr>aeeu8 

<1 
NO 

<l 
1 

10 
Wheat A. oehraaeus 

P. v iPidic:a tum <5 
10 
<5 

Rice A. f Za:vus 
P. eye Zopiwn <1 

11 
<1 

Sorghum P. cycZopiwn <1 <1 

ATMOSPHERE 

The storage parameter primary to our efforts here i s the atmosphere around 

the stored grain. Evaluation of the effects of atmosphere on retard ing deter iora

tion of various food products has been extensive during the last 25 years. The 

atmosphere surrounding products of one type or another can be influenced or 

changed through various means which subsequently lead to t he respective iden(ifying 

titles of controlled atmospheres, modified atmos pheres, and commodity-modified 

atmospheres (Brecht, 1980). In commodity-modified atmosphere, respiration and 

basic metabolism of the components of the system generally reduce available 02 

and increase CO2, In the case of modified atmosphere, CO2, 02 and N2 are introduced 

as an atmosphere over the product at specific concentrations. This is generally 

a singular event of in i t ia l change and shoul'd take into consideration ant i cipated 

product requirements and subsequent commodity-modified changes. Mod i fi ed atmos

phere is not as dynamic as the commodity-modified atmosphere but is of obvious 

greater expense. Controlled atmosphere, in its mo st fund amental definition, is 

t he precise constant mai ntenance of selected gases such as CO2, 02' and N2 at 

specific pressures or under partial vacuum . The contro lled atmosphere system , 

as defined in this fashion, is considerably more expensive than the other al t er

natives and is also techni cally demanding. This precise response to commodity 

activity r esults in a less dynamic system than the others that were described. 

Airtight storage is an ~x cellent example of commod ity-modif ied atmosphere 

storage. It is dynamic and, if functioning as desired, would ideal ly demonstrate 

a reducti,on in 02 to 0.5-1. 0" and if at all possible dO\~n to 0. 2% 02' Simul

taneously, increases in CO~ up to 50% woul d be observed. Airt ig ht storage is a 
"

method where the atmosphet"e is self-deve l oped and dependent upon the ind igeno us 

activity of the organi sms and grain system. Ai r tight storage has ut ilized a 
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variety of containers to accomplish appropriate changes in atmosphere, including

the traditional pit, tank, bin, and silo (Hyde, 1974). 

Atmosphere has a dramatic influence on metabolic activities of fungi. Toxin 

production by Penici Zlium or AspergilZus can be contro l led by elevated CO2 levels. 

Data presented in Table 7 show that penicillic acid production or af l ato xin produc

tion in laboratory media can be intl ibited by specif ic atmospheres contai ning 60 

or 90% CO2. 

TABLE 7 


Atmospheric inhibition of toxin production in laboratory ~edium. 


lpenicillic Acid 2Aflatoxin 
(at 20°C or 40°C) (at 28°C) 

20 10 

60 90 

20 

Lillehoj, Milburn, Ciegler, 1972 

2 Shih &Marth, 1973 

The influence of atmosphere on growth or toxin production on grain is also' 

well documented. Studies on corn or wheat have shown that reduced O2 or increased 

CO 2 levels will result in the inhibi t i on of growth or toxin production at optimum 

or suboptimum growth temperatures. (Table 8.) 

TABLE 8 

Modified atmosphere inhibition of growth or toxin production on grain . 


1Corn 2Corn 3Co r n 4 
\~hec t/0 '" 

0.5 0,3 0.5 20 20 0 - 4.5°2 
CO2 13.5 0.0 13.5 40 60 0 0 

84.8 99.7 84.8 40 20 1O0 - 95.5 N2 

Wilson & Jay, 1975 (2l°C) 

2 Wilson, Huang &Jay, 1975 (27° C) 

3 Lillehoj, Milburn, Ciegler, 1972 (5° & 10 :- C) 

4 Shejbal, 1979 (22 -32° C) 
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INT ERACTI ON 

In most cases the reports in the literature or the specific observations made 

in the field have reported temperature or atmosphere or relative humidity (a ) 
w 

effects on grOlo.Jth or toxin production by fungi on stored grain . Ra r ely has there 

been a concerted effort to eval uate the interactions amongst these various storage 

parameters. Bottomley, Christensen &Geddes (1950) conducted a comp rehensive 

study on corn and, with complete statistical evaluation, determined that: the 

influence of temperature was statistically significant ; the inf luence of atmos

phere was statistically significant; and the influence of hu mi dity was statistically 

highly significant. When they measured the interaction, they observed that the 

interaction of temperatu r e and atmosphere was not statistically significant nor 

was the interaction of temperature and humidity. However, the interaction of 

atmosphere and humidity was statistically highly sign if~ cant. Three-way in t er

actions displayed no stati s t ical significance. 

The influence of the interaction of atmosphere and temperatur~ on the produc tion 

of penicillic acid is readily evident in Fig. 1 which has been adapted from 

Lillehoj, Milburn & Cieg l er (1972). As the amount of CO2 in the atmosphere was 

increased, the production of penicillic acid at temperatures below opti mum was 

reduced or totally inhibited . This figure dramatically demonstrates an atmosphere

temperature interaction. 

Penicillic Acid at Two Weeks 


60 

c: 

8 
~ 

40 

20 

o 

Fig . 1. Influence of temperature and atmosphere on peni cil l ic acid 
production (Lillehoj, Mi lbu r n &Ciegler; 1972). 



129 

Interaction between temperature and a on growth or penicill ic acid production w 
was also evident in data reported by Northolt, Van Egrr.ond, and Paulsch (1979). 

Reduction in a not only eliminated penici11ic acid production at a variety of w 
growth temperatures, but in general influenced growth direc t ly as a dramatic 

interaction (Fig. 2). 

Joumal'!fFood Protection Vo!. 42. ""0.6. Peges 4:'6-484 Vun~ 1979) 

Copyright '9 1979. Inle·national AMOCialion of Mill(. Food. and Environmentsl Sanitar~ns 


fig .4 P.martensii RIV 159 on MES 

rat~ of growth penicillic acid 
mm/day mg 

B 

water activity temperature °C 

B 

4 4 

o I 


o 

Fig . 2. Interaction of influence of water activity and temperature on 
growth and toxin production (Northo1t, Van Egmond, and Pau1sch; 1979). 

The interaction of temperature and atmosphere on spore germ ination by PeniciL

lium martensii , the same organ i sm studied in the penicil1i c ac id pr od uc ti on, also 

has been documented by Lillehoj, Mil burn, and Ciegler (1972). Key data are rep 0 

duced in Fig. 3. These data show that increased levels of CO 2 dramatically 

narrow the range of temperatures at which spore germination was observed and 

reduce the mean percent germination as well. 
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FIG. 2. Mean germination of P. martensii spores 
after 16 hr at 30 C. Gases employed: (a) air; (b) 20% 
CO 2 • 20% O2 • 60% N 2 ; (e) 40% CO 2 • 20% Of, 40% 
N,; (d) 60% CO 2 • 20% O2 • 20% N 2 • 

Fig. 3. Interaction of temperature and atmosp here on spore germination 
(Lillehoj, Milburn, and Ciegler; 1972) . 

It should not, therefore, be unexpected that one could observe under app ro

priate conditions, a three-way interaction among humidity, temperature, and 

atmosphere. Interrelating the data of Northolt et al. (1 979) and Lil lehoj et al. 

(1972) one should be able to speculate that increasing the CO 2 levels associ~ted 

with P. martensii would have an overall interaction and antagonistic effect on 

the amount of growth, most likely narrowing the range of maximum and minimum 

temperatures at which growth would be observed, increa5inq the minimum a at whichw 
growth would occur, and re~ucing the overall amount of growth observed at any 

level of water activity. Using this combination of existing data as a stimul US , 

it seems readily evident that there ~ s a need for op t i mi zation among these three

way interactions between humidity, temperature and atmosphere. 
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From the standpoint of the type of grain,the microbiology associated with that 

grain, the entomology, the energy consumption requirements, the product quality 

and the overall economics of the situation; an optimal interaction or severa l 

interactions could be developed that would lead to a practical, feasible, and 

effective storage procedure. 

As an overview, we have attempted to analyze much of the informat ion t hat has 

been available in the literature and to stimul ate your imagination in projecting 

possible interactions from those data. We look forward to the follovring presen

tations on oxygen deplet"on by Pelhate; on the effects of nitrogen storage by 

Di Maggio; on wet grain storage by Richard-r~olard, Cahaghier, and Pois son; and 

finally, the influence of nitrogen on moist wheat by Seraf ini, Fabbri, Shejbal , 

Fanelli, Di Maggio, and Rambelli which should prove enlightening and contr ibute 

considerably more data to stimulate technological progress. 
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OXYGEN DEPLETION AS A METHOD IN GRAIN STORAGE MICROB IOLOGICAl BASIS 

J. PELHATE 
Labora toi re d I Agrob i 01 oQi e - F acu1te des Sci ences et Techn i ques .29283 BREST Ced. FRANCE 

1. INTRODUCTION 

When compared with the bacteria of the same substrata - and namely grains- the 

fungi are named aerobes.Now this quality has constituted for nearly a century the 

biological basis of controlled atmosphere storage (Blanc, 1938 ; Oxley and Hyde, 

1957 ; Poisson, 1969 ; Hyde, 1962 .. , 1974 ; Masson, 1969). It is true that bac

teria greatly inf11uence microbial series in air-tight silos or depleted in oxygen; 

yet more or less abundant yeasts generally accompany them and, sometimes als o, 

some fi l amentous funqi. Therefore one must consider some fungi as facultative 

aerobes or micro-aerophi1es (Bartnicki-Garcia and Nickerson, 1962, Gunner and 

Alexander, 1964 ; Stotzky and Goos, 1965 ; Trisvyatskii, 1966 ; Tabak and Cook, 

1968a ; Curti s, 1969) ... 

The principle of air-tight sto raqe has a bi o1oqical basis : in an hermetic 

container, the metabolic processes of the very seed and the activity of the asso

ciated microoroanisms reduce oxygen content in the end and accumulate carbon 

dioxide.Progressive1y the result of this is a condition first biostatic then i ~

hibiting which could be lethal for spoilage agents and fungi above all (Milner 

and Geddes, 1945; Peterson et al. 1956) ... It is then to determine the primary 

cause of the 1 imHing action: anoxy or carbon dioxide suoply ? Many authors have 

brought answers with shades of meaning in accordance with the diversity of the 

substrata and their associated flora (Brown, 1922 ; Golding, 1945 ; Geddes and 

al. 1955 ; Peterson and al. 1956 ; Follstad, 1966 ; Tuite and'll. 1967 ; Escou1a 

and Le Bars, 1973; ~1itchell and Mitchell, 1973; Pelhate, 1975, 1976) ... 

The present work sets forth a few complementary aspects of our own investi0~

tions led from the. laboratory test to the farm silo by associating the microorga

nisms behaviour as well as the change of the spontaneously contamined "grain bulk. 

2. ANAE ROBIC GROWTH OF GRAIN FUNGI IN VITRO 

2.1 Material,s and methods 

Some species said to be micro-aerophilic on silages (Pelhate, 1975, 1976, 1977) 

and classified in 3 ecological categories identified on grains (Pe lhate, 1968a, 

1979) have 'been submitted to culture in comparison with more cosmopolitan agents. 

Inoculated Petri dishes with malt agar ~edia are set in an gas-tight container 

at 20 and 32 DC for 10 days. A10XY is carried out in 3 conditions: 
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TABLE 2.1 

Growth rates of grain fungi in controlled atmospheres 


(~o of control in aerobic condition mycelial growth of filamentous species, 

budding cells of yeasts) 

Atmosphere Vacuum C0 2 10% CO 2 100%
Species 

Temperature (DC) 20 32 20 32 20 32 

FiELD FUNGI 
Atte/tl'l.CVU.Q. .te.YlLUM-<ma.(NEES ex FR. )WILT. 
FU!.a.It<'um c.u.tmoltum(\ol. G. SMiTg) SACC. 
F. poa.e. (PECK)WOLL. 
F. ~a.cC~(BUTL.)W.GAMS var.~ubgfuti

o 
o 
€ 

€ 

o 
o 

1,6 
€ 

0 
E 

6,2 
3,6 

0 
1,2 
7,5 
4 ,2 

o 
o 
€ 

€ 

o 
€ 

€ 

€ 
YlaM (WOLL. et REINK.) NiRENB. 

INTERMEDIATE FUNGi 
BYMochfamy~~ n<.ve.a. WESTL. o € 12.5 16,3 7,5 9 ,5 
ctado~poJU.wn c.e.ado~poJr.-i..o-<'dv., (FR.) DE VRiES o o o 0 o 0 
GeotJU..ehum CG.l1didum L tNK o o € 2, 5 € 1,5 
MOM~ c.u.~ pUltpUlteM ~JENT o o € 1,2 € e: 
Muc.O!t chtc-<.YleUo-<.dv., VAN T iEGH . 
f.g~e.O-cyanM SCHIPPER € 6,5 l2,6 8',5 3,3 

M. Ita.cerno.!> M FR. o € 1,3 4, 2 € e: 
Pa.e.cilornyce.6 va.Jt<.o:tU.. BAiNtER o o 2,2 5,3 1,6 4,3 
TJr.-i..c.nodeJtma fz.OYl-Lng« Oud. o o o € o E 
Candida fz.~aei (CAST .) BERKH . 55 40 70 80 25 45 
HaMe.nufa a.rwrnaia (HANSEN) H.and P.SYDOW 95 90 100 120 75 80 

STORAGE FUNG i 
A.~ pe.ltgillU!5 c.andidu6 LINK o o o e: o o 
A. 6LtJtliga.tu..6 FRES. o o o € o € 

Eu/t.ot<.um he.JtbaJUo~ MALL.and cAiN o o o e: o o 
Pe.1!.<-c-<.tt<'WIl cljciap-<.um \·,IE ST . o o a € o o 
P. !tOque. 6oJrX< THOM o o 1, 6 1,5 o e: 
P. ~.to fon<. 6e.~ THOM o o o 0 o o 

-deep vacuum maintained by daily pumping (for a minimal instantaneous pressure 


of 1 rm1 mercury) 


-carbon dioxide content of 10 % (vol.) i n adequate jars ("Gaspak") 


-carbon dioxide content of 100 ~ (vol.) obtained after deep vacuum. 


Anoxy tolerance is tested th r:ou gh the radial growth of filamentous fun:]i or 

the cell count of yeasts (Pelhate, 1978a). 

2.2 Resul ts and discussion 

The results set forth in table 2.1 show the high fun gi inhibition (yeasts 

excepted) by anoxy. Thus some species grow in no test condition; they must be 

considered as obligatory ae robes in comparison with facu1tative anae robic yeasts 

(Tabak and Cooke, 1968a ; Trisvyatskii, 1966). Others poor ly grow in deep va cuum 

(F. Ix;ae. and F. ~acc. ha.Jt<., M. c-<.ltc-<.Yle.U.o-<. deA ) and, sometimes,only at hi gher tem

perature (B. ru.\le.a and M. lUlc.emO.6 M ) ; we consider them as micro-aerophi les 

(Pelhate, 1975, 1978a). 

http:acc.ha.Jt


135 

Besides the carbon dioxide incidence in the anoxic condition brings a preci

sion to this classification of species according to two apparently contradictory 

effects ; carbon dioxide enhances the inhibition at the higher content (F. poa~) 

or it decreases it at the lower one (Fw.,a/L-lUln sPp., G. c.a.nd-l.dum , M. Jta. c. e.mo.o w and 

P. ~oqu~6o~) and sometimes even at the higher rate (8. nivea, M. c~n~i1oi

d~b and P. v~o:tU). These data are in accordance with previous observations 

relative to mycoflora of diverse food-stuffs(Bottomley and al . 1950 ; Burmeister 

and a1. 1966 ; Escoula and Le Bars, 1973 ; Mitchell and Mitche ll, 1973 ; Watt, 

1973 ; Pelhate, 1975, 1976) or to isolated species; R. niv~a (Y ates and al. 

1967), F. MC.c.haM. = F. mon,cV>jolUne. (T uite, 1961), G. c.a.nd-<.dwn (Ape1ba um and 

Barkai-Golan, 1977, Muc.o~ sp. (Tuite and al. 1967), T. lzoningJ.,<.. (Walsh and Ste

wart, 1971) and various species (Golding, 1945 ; Milner and Golding, 1949 ; Dur

bin, 1955 ; Watt, 1973). 

The eventual disparities in esti mating specific tolerances can be exp ' ained by 

inevitable technical imperfections (vacuum degrees, gas purity . .. ) or the inter

play of manifo l d factors such as temperature, nature and weight of the 'substra

tum, complexity of the floristic series and the resulting specific interactions. 

The temperature acts directly on growth but also indirectly by diminishing car

bon dioxide solubility in the substratum and consequently the inhibiting ability 

of the 1atter (Golding, 1945 ; Tuite and al. 1967). 

The interplay of the ecological factors will be talked in the following chap

ter. In sUlTlllation it appears that fungi are more sensitive to oxygen depletion 

than to carbon dioxide excess; and when some species can grow well in anoxy; 

it is admitted that they util i ze the most imperceptible oxygen traces included 

in the substratum (micro-aerophilic species) or that they modify their metabol ism 

(facultative anaerobes those yeasts) through fermentary processes instead of res

piratory ones namely for carbon dioxide (Bartnicki-Garcia and Ni ckerson, 1962 ; 

Parr and Smith, 1970) or nitrogen (Tabak and Cook, 1968b). This adaptation may 

entail original ~orphosis (Bartnicki-Garcia and Nickerson, 1962 ; Iralu, 1971 ; 

Escoula and Le Bars, 1973) or sometimes mutant types (Storck and Morill, 1971 ). 

3. PRESERVAT ION TEST OF WET SOYBEAN IN CONTROLLED ATMOSPHERES 

3.1 ~aterials and methods 

The very wet grains (moisture content of 30.5 %w.w) are distributed in herme

tic flasks : these communicate with a vacuum apparatus and gas containers with 

carbon dioxide or nitroaen). The' atmospheres differ from one another by their 

composition: confined air, partial vacuum, nitrogen, carbon dioxide and mixtures 

of these gases; incubation tempe ratures were S, 20 and 30°C . The behaviour of 

the grain i~as studied in reference to biological parameters: dynamics of the 

flora, viability of seeds, or technical ones : soluble proteins, acid number 

(Theriault, 1978 ; Pelhate and Theriault, 1979) . 
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The present work retains onl'y the first aspect. The microflora spontaneously 

associated to grains is followed in two ways: on one side, germ counts for bac

teria and yeasts superficia l ly grown, on the other, mycelial detection on or in 

kernels for filamentous fungi. In the first case the germs are suspended by si m

ply stearing grains in sterile solution. The second method is justi fied by the 

fact that many species no longer sporulate in controlled atmospheres (B rown, 

1922 ; Bartnicki-Garcia and Nickerson, 1962 ; Burmeister and a1. 1966 ; lralu, 

1971) ; superficial desinfection of grains before their nlating essentiall y 

allows detection of internal flora in comparison with total flora. 

All these methods have been previously desc ri bed (Pelhate, 1968a,1970, 1979). 

3.2 Resu'ts and discussion 

In every test condition growth of bacteria and yeasts is obviously fore-most 

(See Fig.3.1) while the growth of molds in more or less limited (See Fig. 3 .2) 

GERM COUNT/g 

...... BACTERiA10'to :.. 0. ............ SoC ...... ..

-'. ".•...................•..... ..... . :: ...... ... 


106 •• 'XI •••• ·x ••• : '. • •••• '. ~ \ \ , XI • • • 
.......... ::.;:::::.. .... . ..... 20°c 

'X' •••••• 
...... . 

5 
10 

'0... 

' " 
• -'. ll" I" 

···· ·· ....30 DC 

.. ________•__-----l(-----=2~O:~I"" .-:---. 


Fiq. 3.1. Bacter ia and yeas t s dynami cs on soybean stored in air-tight f lasks at 
5, 20 and 30°(. 

in accordance wi t h the observations of chapter 2. At determined temperature, 

selective inhibition is mo r e or less identical in spite of the initial diversified 

test condition (atmosphere composition) ; that can ~e explained by hiah grain 

moisture which triggers off active metabolism of grai n-flora complex so that 

resulting anoxy and carbon dioxide accumulation (See Fi q. 3.3 ) rapidly make eco

logical environment uniform (See Fig. 3.4). 

Hence temperature seems the most prevalent fac t or in dete rmi ni ng of grain 

behaviour and above all of fl ora dynamics. This thermal effect is shown accordi n~ 

to two trends: on one side, increase of all bioloqical processes (along with 
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Fig . 3.2. Selective inhibition and dyna!T1ics of molds of soybean stored in co n
fined a i r at 20°(. 
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Fi g. 3.3. Ca rbon dio xi de produ cti on from soybean stored in parti al vacuum at 20 C. 
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Fig. 3.4. Changes in carbon dioxide content of con fin ed air at 3 tempera t ures. 

respiration of seeds, microorganisms growth) and on the other, determinism of 


floristic dynamics to the benefit of the thermotolerant and competitive species. 


Figure 3.5 evinces this succession controlled by the interolay of various ecolo


gical factors and particularly temperature 


- at 5°C,all processes are slowed down and namely inhibition of strictly aerobes 


such as A. t~nuiA~~a ; limited growth of bacteria and yeasts - the usual charac


teristics - allows the selective growth of Pe.n.i.c.i-tUw. spp . and Mucorales (name


ly M .. IUe.mCLUo) which will coexist . At the end of storage,Mucorales to lerate 


better an excess of carbon dioxide like ~p~~g.~U6 spo. which survive as traces 


without growth. 


at 20°C, the decrease of aerobic species is accelerated; competition bebleen 

3 entities, i.e., in addit ion to bacteria and yeasts, Mp~g'<"Uu.6 spp., Penic..<...t 

l.<..um spp. and Mucorales ends to the benefit of A~ p~.<..tiw) spp. (the most to l e

rant species to carbon dioxide) 

- at 30 "C, the advantage is obviously taken to Aop~6 spp. (among wh ich 

A. lt~peYL6 : ElUl.Ot{.um he~b~o,'t.Wn ) and Mucorales (with M. WUYl.e.Uoidu f. gw e.o 

cyanU6) because of their tolerance respectively to high temoerature and carbon 

dioxide excess. 

We can conclude by refering to the comolexity of microorganism oopul ation 

dynamics and that of determinism of the spoiling of spontaneously po l luted grai ns 

stored in air-tight conditions (Carter and Young, 1945 ;Bottomley and al. 1955 ; 

Tuite and al. 1967 ; Cl arke and Hill, 1971). Yet selective inhibition and resul

tant simplification of microor9anism series in conformity with their differen

tial tolerance to oxygen depletion or carbon dioxide excess suggest a promi s ing 

way of research.Gra i ns al ways reveal from the harvest a noticeable pollution 

http:he~b~o,'t.Wn
http:ElUl.Ot{.um
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caused by various agents classified into distinct ecological types (Pelhate, 1968a, 

1979) which have an adverse effect or none according to storage conditions 

(Pelhate, 1967, 1968b). Now wet grains are particularly susceptible to mic roorqa
nisms and require adequate techniques. 

Thus, in the controlled atmosphere methods some arrangements are required: 

improvement of structures (Mayo and Mc Neal, 1974), decrease of moisture content 

(Hyde, 1962 ... ) and relatively low temperature maintained to limit biological aC

tivities. But in this case, will spontaneous anaerobiosis with its double aspect 

of oxygen depletion and carbon dioxide accumulation remain efficient enough to 

avoid the food-stuff decay ? Reducing initia ll intergranular air and consequently 

oxygen in the si 10 is recommended (G l,ass and al. 1959 ; Tabak and Cooke, 1968b ; 

Shejbal and al. 1973) ; the silage of wet or rehumidified crushed grain,technique 

more accessible to the pratician seems valid, at least in an autoconsumotion sys

tem (Pelhate, 1976, 1978b). 

4. PRACT ICAl METHOD OF WET CRUSHED GRA IN SILAGE 

4.1 Materials and methods 

Two types of grains are suited to the silage method: corn (maize) with always 

a high moisture content at harvest time (u p to 35 %. w.w. and more), wheat too 

wet when harvested for safety condition (content moisture more than 15 .5 %w.w). 

To avoid a complementary drying process it is now suggested to realize si lage of 

grain as fodder but after crushing them and if needs be rehumi difying them. 

4.2 Results and discussion 

4.2.1 Corn 

Silage behaviour is depende nt on the fl oristic succession set forth o~ Fig. 4.1. 

In peripheral parts of the bulk unavoidable air traces allow abundant growth of 

mi xed specied and consequently a quick and advanced deteriorat ion. In the bulk 

itself, it is true, high mo isture entai ls an early invasion of anaerobic bacte~ia 

(lactobacill i) ; this heati ng and acidification stage is followed by that of 

yeasts. Bactet'ia are only i n competition with hygrophil ic and carbon dioxide to

lerant fung1 (A<,PQltgiU u-6 6Uff1,{,9 a;f:.u;, and Muco rales). Sometimes thermotolerant 

MortMc.u<, PU/1.PlL,>te.u<, -is in competition \~ith yeasts after the heating stage. At the 

end of the process, Byc, ,6oc.h.eamY6 nive.a whose performances are remarkable (See 

chapter 2) can be associated to Mucorales; however fact to a weak aeration 

caused by opening the silo, for consumption Pe.~ucALUwn ltoq ue. 6oJt.t-<:., a very common 

species, generally ap.pears and masters the whole flora; T,UcJlO deJtma. spp. and 

Pae.cA.tomyc.v, vaJ!.,zo:tJ..).. less common, rarely appear at the final s taqe. 

4. 2.2 Wheat 

First attempts of wheat silage along the same line were fail ures as FiU. 4.2 
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Fig. 4.1. Diagram of microflora dynamics on wet crushed corn silage (35~ w.w. 
average moisture content). 

reveals. Three staaes can be distinguished in the floristic succession on damp 


grain principally regulated by specific needs of water (Pelhate, 1968c, 1978c) 


and water activity of the substratum (See Fig. 4.3). 


- In the first stage, xerophilic and primary species as A~ p~g~ (= E~o~um) 


gfauQuo group can grow. 


- In the second, according to progressive moisture and temperature gradients, several 


species actively grow and are in competition with yeasts which are limited to 


traces. These may be Af.JpeJtgiUuo w.M-<.c.ofolt or A. c.ancU.duo then Pe.n-<.Wlium 


c.yc.fop-<'um, rarely P. f.Jtofon£ 6~. 

- In the third ,micro-aerophilic and C02 tolerant species can grow as among 
which rarely A. 6wn.i.gatlL6, sometimes B. n-<.vea, typically P. ltoQueno ,~t{ accompa

-
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nied with Mucorales (Mu.c.OIt fU emctUL" M. Jr.a.c.emo,5w" M. c»r.cLn.ell.o-<.dv.,). 

It is therefore important for the two first stages to be avoided! so that yeasts 

and bacteria may develop enough to inhibit spoil er mo lds. To that beneficial 

effect we recommend to rehumidify the grain up to 25 % W.w. at least at the time 

of crushing. It is also advised to store freshly harvested grain devoid of xero

philic storage fungi (Tuite and Christensen, 1957 ; Qasem and Christensen, 1958 ; 

Pelhate, 1968d). Besides it is i~portant to improve air-tightness of structure to 

avoid peripheral decay (Nichols and Leaver, 1966) . 

The dominance of facultative anaerobic yeasts will then ensure a sufficient 

qua 1ity of the food-s tuff meant for 1 i ves tock. It has been estab 1 i shed that wet 

or rehumidified grain along those lines has a better biological value (~ordenti 

and Zaghini, 1977). 

Indeed one must not deny the fact that the'food~turf fresh from the silo had 

little stability (Mayo and Mc Neal, 1974 ; O'leary, 1978) ; but we say again that 

the method is devised on farm scale and in autoconsumption system. 

5. CONCLl:JSION 

In spite of the promising of anaerobiosis principle, practical realizat ions 

remain subject to technical difficulties such as more expensive structures and 

to biological incertainties i.e. pollution hazard, co~plex dynami cs of spoiler 

microflora. 

Yet the method brings actual advantages inherent in changes in biological equi 

librium and metabolic processes; for instance some moulds growin9 i n even par

tial anoxy environment become unable to produce toxins (Mosely and al. 1971 ; Shi h 

and Marth, 1973; Lillehoj and al. 1972; \lJilson and Jay, 1975). Aga ii n air-tight 

storage of wet grain safeguards technological and biological quality without addi

tion of pesticides and avoidsrisks of chemical toxicity. 

Besides, insects often responsible for primary decay are easily eliminated 

(Oxley and Wickenden, 1963); in that line, the air-tight storage is justified 

even fo dry grains. 

Doubtless the method woul d have a greater i~pact if the ai ms are more clea rl y 

defined beforehand namely storage duration, grain utilizat ion. 

Last but no least,strictly economic considerations may determine the choice 

of two alternative methods i.e. complementary drying un or sil aae in the presence 

of damp grain. 

SUMMARY 

The oxygen content of the intergranular spaces i n bulk grai n has a considera
ble effect on the state of the microorganisms si nce the areat majority of t hese 
are aerobes (except yeasts, a few moulds and bacte ri al var ie ti es) . 

First in vi t ro experiment with controlled atmos phet'e, i n sealed containers, 
pointed out that progressive ano xy is most operat ive condition whereas ca rbo n 
dioxide in variolJs contents car reduce or enhance the suppress ive effect of 

http:c�r.cLn.ell.o-<.dv
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oxygen deficiency. 
Second assays were carried out with soybean stored in various controlled at 

mospheres (air-tight condition, partial vacuum or supplied carbon dioxi de ... ) as 
suitable methods for an oxygen-free condition. Specific and selective ac tion of 
these modified atmospheres resulted in oriqinal and restricted series amo n9 the 
spontaneous microflora ; dynamics of these are obviously deoendent on other eco
1oq 1 ca 1 facto rs . 

"According to s uch a complementary pattern, a practical method of grain storage 
is suggested as t he easiest and cheapest on the farm scale: damp corn or reh umi 
dified wheat gra ins are crushed before storing i~to compressed batches. 

Key words : anae/wb'<'o.6 -iA i anoxy ; c.aJtbon dtoud e. j c.ontJtoUed a.tmo,~pheJle,.Q 
g.'Lc.A.n f>toJtage. ~ung'<' ; motdy gJta.<.n ; we,t gJta..i.n, -6 ,toltage.. 
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EFFEC T OF NIT ROGEN STORAG E ON THE FUNGAL CONTAMINATION OF CEREAL GRAINS 
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ABSTRACT 


The myco logical c on tami n a ti on of s oft a nd h a rd wheat , mal t i ng bar'ley , 

rice, ma ize and sunflower' seed s at v a r ious temp e r a t u r e s and moisture 

con te n t s , exp e r i me n tal ly s t ored in ni trogen, wa s s t ud ied . 

Microbiolog i cal anal ys i s showed t hat t h e stored g r a i ns a r e p res erved 

as wel l in anoxia as in a i r at low moi st u re c ontents , not permilt ing 

funga l growth. In nit r oge n t he initial equi li b rium of microo rgan i s ms i s 

maintained mo re sta bl e t han in a erated g r a i n s . 

At mois ture c ontents p e rmit t i ng funga l but n o t y et b acteria l growth , 

the pro l ife r a tion of moul ds in a i r wa s e -t r eme l y h igh and wi t h in 3-4 

weeks fu ngi c ou l d be observed mac r oscop ical ly on t he s eeds. In ni trogen 

the de vel opment of fungi could be i n h i b ited f o r s ev e r a l mont h s , 

dep e nd i ng on t h e i n i tial mi crobiological contaminat i on o f the grains 

and t h e oxygen impu r i t i es of the n itrogen used for th e substitut i o n of 

the i n t e rst i t i al atmos p h e r e . The e f fect of nit r ogen storage was sho wn 

to in fluence b ot h moul d counts a nd the se l ect "on of some genera of f u ngi. 

I NTROD UCTIO 

Fo o d p rese r a t i o n r e search , in particular grain storage , demonstrates 

t hat fu g i are a major cause of s poi l age in stored grai ns . Tha fungi 

r ecently a r e recognized as a cause i n the seeds of : d isco l oration, 

heat i ng , b i ologi cal decay ( a decreasing germination percentage , increase 

of fa tt y ac i ds , alteration of sugars , and diminution i n weight , an 

produ tion of mycotoxins (C hristensen and Lopez 1963 : Ch ri stensen and 

Kaufmann . 196 9 : Ro b e r ts , 1972 ; S" nha an Mui 1973) . 

F r o m the standpoi n t of t h e ir eco logy and he moisture conten t 

r equi r e ments t hese f ungi can be divided in to t w groups : field fungi 

-
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and storage fungi. 

The field fungi invade seeds deve lopi ng on the pl a n ts in the fi eld, 

or a f ter the seeds have matured and plants a r e stil l sta nding o r are 

cut and swathe d. All fi eld fungi require a high mo isture con t e nt in 

orde r to grow, a mo i sture content in e quil ib r ium wi th relat ive humidi 

ti es of 90-100% . 

. The storage fung i compri se severa l spec i es of t h e genus Aspergillus 

and Penicillia, they are the maj o r o n es involve d in the det e r i orati on 

of sto red grains . They ha ve the abili ty to grow i n ma t e r' ials t h e mo is 

ture co n te n ts of which are in e qui librium wi th relati ve humidi ties of 

70-90%. All of t hese fu n g i i nvade the germ or embry o o f th e seeds p I' f e r e nt ic 

ly. 

In seed storage the b asic requi ements and f ac t ors i nf l u encing a l l f u nga 

g r o wt h a re a favoura ble hum idi ty, t emp e a ture, a su i tabl e atmosph e r e, t h e 

l e n g t h of sto rage and t he c ondition of the gra i n , amount of cracked and brokf 

seeds, t h e natu re and di st r i b ut ion o f t h e d e bris, whet h e r the e mbryo s are 

al iv e or dead, the prese nc e , numbers and ac ti v i t i e s o f i nsects and mi tes 

(C hris tens en and Hods o n, 1960; Ch r i stensen, 1964; Ayer s t , 196 9) . 

We have d one intens i ve r e searc h on grain sto r age , espec ial ly under 

several mo i sture contents of see d s an d differen t a tmosp he res ~ In t hi s 

p a per' we report the my cological r esult s of seve ral e xp e r iments on grai 

s tora g e , in air or under n i t rogen . Th e sp ec ies of seeds stud i ed we r e 

s o f t and durum wheat, paddy, ma i ze , malting bar ley an d s unflower seeds 

at var i ous moi stu re co n ten ts . 

M TERI LS AND MET ODS 

Th e pu r p ose of myco log i ca l exam ina ion on the seed is to give enoug 

i nfo r mati o n a b out i den t if i cat i on of co mmon gener of mould s and t he 

number c o u n of th colon i es . Th e f un a me ntal methods f o r t h e myc ol ogi 

c a l an l ysi s o f se ds are : 

1 ) Samples taken by steri lized stee l sampli ng devices . 

2 Ex terna l i nspect i o n of seeds unde r a bi ocular micros cop e . 

3 Total mould coun ts , o b ta i ne d b y pla t ' ng an inoculum from an ext r act 

o f ! o g of g r ai n i n 100 ml physologica l so lu tio n conta ini g n a nti

b Ootie , in order to exc lude bacter i 1 growth . The va lues are reported 
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a s numb er of g e r ms/gramme dry ma tt er (Oi Magg io et al., 1976) . 

4) The i nt ernal funga l f l o r a dete rm i ned by surface d i si nfecti ng 10 g 

al i quots of u nb rok e n kern e ls by NaOe l and s ubsequent asept i cal plating 

of the s eeds: the val ues e x presse d as percent o f the ke rnels from which 

fungi grew . Fo r the two mycolog i cal examinat ion s nu tr i t i ve med ium used : 

Mycological Agar (pH = 7 Di fco) . 

5) Isolati on and mi c ro scopic ident if icat i on of t h e common ge nera of 

mo u l d s a nd o f s ome s p e ci es . 

RESU LTS AND DI SCUSS ION 

I n th i s c ommunica tion we report the mycological resu l ts of se eral 

typ i cal sto r age studies on nitrog n atmosphe r e preservation of grain in 

lab o r at o ry and in pi lo t - scale s to rag e bins at dif f e r en t mo i s tu re 

c onten t s . 

Th e firs t expe r im e n t was on 30 0 kg- ali q uo t s o f 12~ moisture content 

soft wheat , va riety " Co n te Ma r zo tto", p res e rved in si lo s for 4 "'" 5 years 

in air and tec h ni ca l ni trogen «0. 3% oxy gen ) . Du ri ng th is storage the 

fungi progres s i ve ly decreased. These r e sults we re confirmed by o ne year 

preserv a tion p e ri o d s carr i d out wi th soft whea t at 14 .5% and wi th durum 

wheat at 13% moisture con t ents bo th i n laborat o ry s ilos and in 25 0 q - l o Ls 

at a mbi ent temp e rat u r e ( f i g . 1 ). 

Twe nty th ree to ns of mal t i ng ba r l ey, nation a l production, 12% 

moisture conte nt , we re preserved fo r one year in tec h n i ca l nitrogen : 

tota l mau l counts dec r eased a l t hough some stora ge fungi ( Penicillia ) 

a pp eared t owa rd s t he end of h e t rial and internal mou l ds were frequent 

in the kern els even at the start of the exper" ment . 

Ot h e r re s ults on pad dy ma i ze and s~n rlower seeds, at moist~re 

contents up to 14. 5%, confirmed that there is n o di f ference between 

stora g e in ai r o r in ni t r oge n ( Ta b le 1- 2). 

Sto rage prob l ems a re ev i dent at high moistu r e contents, higher than 

1 5%, b ec use at the relative humidi ty in e quili b rium with s ch moisture, 

mou l ding and heati ng or kernels increase . 

At the mois ure , between 15 a nd 18%, the beneficial effect of storage 

i n nitrogen is evident a l so in shQrt periods of time si nce mould attack 

i s t h e ma in cause of fast de te rio r ation . 
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Fig. 1. Evo l ution of t otal mo uld counts in wheat at 14.5 % (0-.) and 

17 % moisture conte nts (6. -.4 ), preserved in air (. -.4) and nitroge n 

(O-A) . 



TABLE 1 

Mo u ld counts , expressed as germs pe r g dry matte r , of low mo i sture gra i ns (1 1%  13%) preserved in ai r 
nd techni cal ni t roge n. 

Storag e pe r iod (weeks) 

Gr ai n Gas 
0 5 1 6 28 4 0 50 

Wh": ~i ; N 
2 

3 
) () 10

2 
10 

2 

Ai t ' 6 .1 <.1 
3 

3 . 10 
3 

3 . 10 

Pad dy N2 
4 

3. 1 0 
;

'C. • 1 ,-: 3 
1 n :3 

2 . 10 

Ai 1-' 2 . 10 
4 

4. 1 0 
3 3 

8.10 
4 

1 0 

N 
2 

3 
4.10 

2 
9 . 1rJ 5.10 

2 
2 .10 

2 
5.1 0 

2 

Air 
3 

4.10 
3 

1 0 ,'" 
2 

1 0 
3 

10 
3 

1 0 

Maize N 
2 

3 
5.10 

2 
9.10 

2 
3.10 

2 
5. 10 

2 
2 . 1 0 

J\lr 
3 

5 .1 0 
3 

1. 1 0 
3 

1. 1 0 2 . 10 
3 3 

1. 10 

I-' 
c.n 
I-' 
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TABLE 2 

Mould coun ts, exp r e ssed as germs per g dry matter , of low mo isture 
co n tent ( 6~ ) sunfl ower seed s stored in a ir and N at 30°C . 

2 

storage period (weeks ) 

o 9 11 17 19 21 3 6 45 

Air 
5

1. 10 
4

7. 10 
4

3. 1 0 
4

2. 1 0 
4

2. 10 
3

3.10 

5
1. 10 

4
8. 10 

4 
2. 10 

4
4. 10 

4
3. 10 

3
2 . 10 

rn te hnical nitrogen , con taining up to 0 . 3% oxyge n, mo Ids develop 

5 owe r t han in a ir but a r e no t i nhibited ( fi g . 1) . Th e -better sto r 

a b i l i y of the g r ains i n t echni c al n i trogen is evid en t es pec ial l y o ver 

long periods of t ime , but af ter the l ag- phas e of fungal deve l opment , 

deter i oration cannot be av o ided at t h ese r e s idual oxygen concentrat i ons . 

In pure nitroge n ( less than 0.0 1% oxygen ) fungal p r oliferation wa s 

f o und to be comp l ete ly inhibi ted and tota l germ count s t ended to 

d i mi n ish in ti me (f ig . 2) , wh ile i nterna l moulds were very scar ce 

( 2-3%) . 

The same esults were o b t a ined for sunflo wer seeds with 9. 5% moisture 

content , and f or maize at l8 . 2~ (Tab l es 3 and 4) . 

TAB LE 3 

Mould counts , exp r essed as germs per g dry matter, of high moisture 
(9 . S~) sunfl ower seeds 5tored in air and N at 25°C .

2 

Storage per ' od (week~) 

0 4 9 13 

5 4 5 5 
i 2 . 1 0 5. 1 0 7 .1 0 5. 10 

5 3 3 3 
N 2 . 10 5.1 4. 10 1.10 

2 
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Fig. 2. Evo l ution of mo u lds i n 18% mo isture c onte nt whe a t, stored in 

ai r ( . ) and pur e n i t r ogen (0) . 
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TABL E 4 

Mould count s , e xpressed as germs p er g dry mat t e r, of high mo isture 
(18.2 1 ) maize st ore d in air and N 

~ 

Sto rage p er i od (wee ks) 

0 4 11 1 8 

2 4 5 5Ai r 4.1 0 1. 10 1.10 8.1 (; 

2 2 3 3
N 4.1 0 1.10 8. 10 1 . 1 0 

2 

Th ese mycologica l result s are i n a cco rdance with t h e loss of 

vi ab i li ty of seeds a nd tech nologic a l q u a li ty, and are st r ictly co rre . 
lated to th e qua l ity of the s eeds at the start of storage. 

As to t he type of moulds p resen t, the s i tuat ion was as f ol l ows : 

fiel d fungi ( suc h as : Cl ados por ium a nd Alt ernar i a) dec r ased dur ing 

sto r age , while storage moul ds (s uc h as : Penicill ium and Aspergi ll us) 

increased in all the batches . In air Asp ergi llus and Penicil lium 

growth is f aste r. 

The r esu l ts of t h e l a b ora ory n d pilot-scal e trials were confirmed 

for wheat and malt i n g barl e y i n two l a rge scal e storage trials : 

500 t- s i 10s for pre servation o f wheat a nd 1500 t f or malting ba r l e y 

st o r a ge . 

In conc lus i on there can b e no do ub t on t he ad an -ages presented by 

t h e sto 'age of g r ai ns in nitroge n espec ially for high mo i sture content . 

It P rm i ts longer storabili ty of gra1ns w - th exc lusion of tempe r ature 

and moi sture increase, exclusion of off -od ours r etar ded l o ss of 

vi a bility and retarded loss of tec hnological and nutritional qual i y. 
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AB STRACT 

The storage f ung i as saye d we re : As pe rgi ll u s f l avu s , -Aspergi l lus 

chevalieri, Penic illium cyclopium, a nd o ne strain of yeas t . The 

strains s!lOwed di ffe r ent growth curves in air. Grow t h ';/as te s ted on 

wheat steri lized by T-rays and i nocul ated by he var iou s str'ains. 

Incubation 't/as carried ou t at 30°C with the c erea l at 18 1 9% 

moisture content, under air a nd ul trapure ni troge n, in order to study 

the possible inhib ito ry eff e ct of nitrogen on myce l ial g ro wt h , pe net ra

tion and aflatcx!n produc~i o n. 

Susceptibi 1 i ty to oxyge n de fici e ncy dec r e ased i n t he o rde r : A. c he

valieri, P.cyclopium, A.flav us, ye a st. The inhib it ing eff e c t of anox ia 

was s tr ic t ly limi ted to t he peri o d of n i t r oge n appl ication. Growth 

curve s of A. flavus on aera ted whe at f o llowi ng the ni t r o g en treatme nt 

were iden t ical to those o bserve d in di rectly i ncubat ed grain . Af l atox 

in produc t i o n 2n n i troge n was inh i bite d i n r espect to t he controls in 

air. 

Fi nally, uns t e ri 1 i zed whea t was moistene d to 19%, i ncubated f i rst 

in air and consecutive ly in nit r ogen. The i nh i b i tory e ff ec t of anoxia 

wa s c o n firme d in t h e ove r al l c ounts of fu nga l ge rms , wh ile i t i nduc ed 

a sel e ct i on of c ertain mould spec i es . 

INTRODUCTION 

The sto r age and the inal erabili ty of foodstuffs , of seeds in 
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p a r ti cu l ar, represent o n e of the g r eate s t probl ems of t he wor l . 

economy and de v el opme n t . The f u ngal mi c r o f lora i s o n e of the mail 

causes of t h e foo d l o sse s on a wo r ld s c a le a s it P r-o duc e s di s co l or 

at :.on of t h e s e e d s, d e cr-e ase of germi nab ili t y , los s of we i ght , fer 

men ta tior. a n d chemic al t ransfo r mat i on wi t h pos s ibly t he p r o duct i o n 0 

myco t o xins. 

·Mo d i fi ed a n d contro l le d a tmo sph ere s r e one o f t h e most p r o mi in 

me t h ods t o p re v e nt and 1 i mi t t h e g r o wt h o f insec ts, f u ng i a n d t h 

produ c t ion of myco t o x i ns in s eeds s t o r ed i n s i l os ( Di ener and Da vis 

1969; Ep s t e in et a l . , 19 70; Jay and Pear man , 197 3 ; Ba i l e y and Ba nk s 

19 74; Wi lson and J a Y, 19 7 5 ) . 

The r-es earc h c a rr ied out on t he poss ibility o f sto r i n g mo i s t ene 

cer-eals ( mo i s t u r e supe r ior- to 14. 5%) in n i tro ge n atmo sphe re g ave goo 

resul t s s h ow i ng a c le a r i nh i b i t i n g or de l a y i ng a ct ion o f n i trogen 0 

the grow t h of f u nga l mi c roflo ra a nd ma int i ning mo r e ov e r a goo 

ge r mi nabi 1 i ty o f t he s e e d s and a low f a t a c i d i t y (She j b al a nd 0 

~vl agg io, 1976; Oi Magg io et a l., 1976; Shejbal, 19 78; Oi Ma ggi o an 

Shejb a l ,1979) . 

Not many e x per- i men t s as r e g a r d s the p r obl ems of s t o r a ge h a v e bee 

c a r ried o u t to c lari fy t he behaviour o f s i n g le f u ng a l spec ies t yp i c a 

o f moist store d s eeds in cond i t ions o f t o t al an oxi a . We st ud i e d th 

behavi o u r of f o u r f ung a l s p ec i es (As p e r gi l l us . flavu s , As p e rg illu 

chevali e ri, Pe n ic ill ium cyclopium and Cand ida k ruse i) p l aced i n fa 

vou r ab le g r owth c o ndi ti ons bot h as regar ds t he seed mOi s t u r e a nd a 

r e g a r d s the t e mperatu r e (32 ° C) a n in cond itions o f t o t a l lack 0 

o xygen . 

We h a ve an a lyz e d whethe r, i n ou r e x pe r i mental condi t ion s , the r e i 

an i nhibi ti ng effect o f ni t r ogen wi t h a p e r cen tage o f o xyge n infe rio 

t o 0. 0 1% on t he growth of t h e a s s ayed funga l sp e c i e s and whether ther 

e xists a d iffe r ence i n t he effic i ency o f the t r eatment on v ar i ou 

st r ains. 

Par t i c u lar att en t ion wa s d i rec ted to A. f l a vus for i t s well know 

p a t h oge nous a c t i on as an af l atoxin p roducer ( He a t h c ote and Hi b b e r t 

19 78) . We h a ve a l so car r i ed o u t experiments conce rn ing the d u ra t i on 0 



159 

the inhibiting effect of n itrogen after t wo di f f e rent pe riods of 

exposure ( 30 acd 60 days) of s ee ds i nfec ted wi th A. flavus and then 

brought bac k to air . At l as t we have ex ami ned the inf l ue nce of 

nitrogen on the growth of A.flavus in co nnec tion with the p roduc ti on 

of &flatoxins. 

MATERIALS . AND ME THODS 

The assaye d strain s we r e : Aspergillus flavus ( ATCC 22548 ) I Aspergil

lus chevalie ri (ATCC 245 46 ) , Penicilli um cyc lop i um ( ATCC 26 162) a nd 

Candida krusei isolated fro m wheat . 

The fi r st 3 strains were ke pt o n Czap ek-agar cu l ture me d i um ( Di f c o ) 

at the tempera~ ure of 25°C a nd Candida krusei on Mal t -agar ( Di fco) a t 

the temperature of 25°C. The soft wheat ( Manitoba variety ) utilized 
90 •

for exper iments was steril ized by expo sure to Co f o r 90 mi n at 6926 
-1

rad min u s i ng a Gammacell 220 ( Atomic Ene r gy Ltd o f Canad a) (Di 

Maggio et al., 1974). Af ter sterili zat i on s eeds were mOistened '.vi th 

sterile distilled water t o a v a lue of 18. 5% mois t ure content measured 

with a the r mobalance ( Buhler) and were i noc ulated wi t h 8 x 10
6 

con idia 
5

of A.flavus, A.c h e val ieri, P.cyc lopium and 10 of C. k r u s e i . 

The seeds were t h e n p l ace d in 250 ml cylindr i ca l g lass jars inside 

which a slow flow of nitrogen (with a perc en tage o f oxyge n i nferior t o 

0. 01% ) fro m t he top to the bo ttom was mai ntained. The gas flowe d from 

a cyli nde r of ni tro gen t h r ough steril iz i ng f 11 t ers, pre ssur e r e gul a 

tors a nd mi crome te r valves c onne cted to f l owme t e r s. The gas flow was 

about 100 ml pe r day . 

In a diffe re n t set of jars, the ni trogen f l ow was replaced with an 

air fl o w. 

The jars were incubate& at 3 2 °C in a t he rmostate d i n ub ator , itse lf 

containin g a nitrogen a t mosphere . 

The detectio n of fungal growth was made by t he il u i t ion plate 

method: lag o f ground seeds (by Stomake r) we r e placed direc t ly i n 100 

ml o f saline s o l u t i on (N aCl 0 . 9%) . The i noculum was made by pl a ting on 

Myco l og i cal agar (D ifco ) . Incubation was carri ed 0 t at 25 °C fo r 5 

days . 

The fungal penetration in t o the seeds was studied by superfic ial 
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sterilization with s od ium hyp och lor it e . Ten grams o f whole gra i n s were 

put in HC IO (C.Erb ~ , ti t . min . o f Cl 8% + 2%) for two minu t es . F ive 

wash i n gs were then carried ou t in s te r ile di s t ill e d wate r. The grai ns 

so trea ted were put on Mycologic al a gar and i ncubate d in a t hermostat 

at 25°C f o r 5 days. 

The sampl es kept in d i f f e r e n t a i r and ni tro gen a t mo sphe r e s were 

analyzed as r egar ds t h e p r o d uc t ion o f a f la t o x ins. The s amples were 

prepared f o r extrac t ion and q uan ti tat ive analys is by High Pe rformance 

Liqu id Chromatography (HPLC ) . 

Each wheat s amp le was h omog e n i zed by us i ng a War ing Bl endor and 

ex trac te d wi t h c h l orofo r m:me t hano l (2 :1 v/v) for 3 hours . The ext r acts 

we re fi lte r ed t h r ou gh phase se parat ive pap e r (Whatman . IPS) a nd concen

tra te d to 1 ml o n a r o tat o r y e v apo rator . 

To pur i fy t he a flatoxi ns fro m the lip ids p re s e nt in the s ample , two 

thin l a y e r chromatog rap hy runs we re ma d e : the f i rs t wi th petr>o l eum 

ether : n-hexane (75: 25 v/ v) and t h e s e cond wi t h n-he xane : e thy l -eth e r : 

ace tic ac id ( 70 :30:1.5 v / v ) ; al l we r e made on laye r s o f Stratocrom 

SIAP, C.E r ba. 

The a f latox i n s d o no t migrate and a r e t hus t otal ly r e c overed Vii th 

out a ny alte r a t ions. They we re conce n t r ated i n a f i x ed vo lume of HP LC 

elutio n sol v e nt , methano l : distill ed wate r ( 50 : 50 v/v) and t h e ana l y 

ses were made acco r d ing to Knutti et al., (1979) . 

RESU~TS 

Funga l grow t h i n ai r . 

Fig.1 shows the growth curves of the 4 fungal strains on wheat in 

air. The ,.srowth wa s t es t ed at 4, 7 , 10, 14 , 18 , 21 and 27 days . As can 

b e no t eci P. c yc lop ium is the strain" tha t grows bes t afte r a ve ry hart 

adaptat ion pe r iod . A. flavu s , A.chevalier ' and C . krus ei fo l ow at de 

creasing g r owth r ates . 

In al l c ases a slight decre ~se o f the number of germs can be note 

b e ween the inoculum and the first control which is explainabl e by the 

n o r mal a 'iaptat ion o f the f u ngus to the environmenta l onditions as 

wel l as by lack of full vi ~bility of t he inoculated c o n i dia. 
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Tab le 1 shows t hat t he data r e lat i v e to t he numbe r of germs are 

c onf i r med by those 0 t he surfac e sterilizat ion by which we have 

d etermi ned the fun g a l pene tration inside the see d s. 

Th e g reater the growth of t he fungus , th e higher t h e p e r centage of 

t he in te r n a lly in fec ted see ds . 

The moisture content did not vary app r e c iably du r ing the expe r i me nt . 

Effect of nitrog en o n fungal growth . 

We studied the poss ib l e i n h i bit ing effec t of ni t r ogen on t he 4 

considered stra i ns as regards fun g 1 growth. 

Fig. 2 shows t h e i nh ibi ting e ffec t of n it rogen on t h e development o f 

the strains after 7,14 and 21 days. Wi th A.fl a vus we c a rr ie out 

controls also at 60 and 70 d ays . 

As can be s een , all t he s tra in s show a consi derabl~ d ec r eas e of the 

number of germs in cond · ti o ns of c omple te anox i a, which is hm.,re ver 

d if f e re n t f or the var ious strai n s . 

P.cyc lopi um and A. c hevalieri are the most s ensi tive st r a i n s to 

anoxic conditi o ns, as they show a t about 21 d a ys an a l mo st to t al 

inhi b itio n. 

I nhib i ti on is lowe r f o r C .kruse i a nd A.f lavus . Actual l y,. a s can be 

seen , C.kruse i is not inh ibi ted unti l the 14th day , while it decre a ses 

significantly between the 21st a n d 27th day . Th is can be e xpla i ned by 

the fac t that it i s poss ib ly mi c roaero phi li c and there fore re sists 

longer to c ondi ti ons of tota l ano xi a . Final ly , though inh ib i t ed , 

A. flavu s main tains qui t e hi gh v i t al i ty up to 2 1 days in ano xia and 

only a f t e r 60 days i ts v i tality ceases almost completely . 

We wan t ed also to obse r ve the e ffec t of ni trogen at diffe rent 

s tag es of the g r o wth c u rve of A. flavus in air . At 4, 7, 10 , 14 , 18 

d a ys we measu r e d the e ffec t of the exposure to nitrogen for 7 and 14 

d a ys. As shown in Fig . 3 , at 4, 7 and 10 days o f growt h (corresponding 

to the adaptat i o n p hase of the f un gus) the . nh1b i ti o n produced by the 

n itrogen atmosphe re appears on ly afte r 14 days and not yet afte r 7 

days e xpo s ure to ni trog~n. 

On the con t r a r y, in the l o g-growth phase (14th and 18th d ys of the 

growth curve) the e ffec t of ni t r oge n ap pears alre dy a f ter 7 days o f 

exposure as the fungus is more sensi t ive to the conditions o f 



TABLE 1 Growth of f our fungal st ra i n s o n s t e r i lized whe a t in a ir . 

Time A. f l av us P . cyc l o p ium A. c h evali e ri C. I<rusei 
(da y s ) germs/g inf ected ge rms/g i nfected ge rms/g i nfecte d germs/g 

see d s ~ s eed s % s ee d~ 'fa 

0 10 x l O 
3 

0 14x lO
3 

0 
2

43xlO 0 40 xl0
3 

4 9 xlO
3 

20 lOxl0
3 

7 30XI0
2 

7 5 
3 

x lO 

7 
3

9 . 5xlO 20 
3

l2 x lO 25 3 5x lO
2 

16 7 
3

xlO 

10 10 .5x I0
3 

30 1 9 x1O
3 

30 4 2xlO
2 

2 0 10 x l O 
3 

14 15 x]O
3 

60 34XI 0
3 

44 5 2x1 0 
2 

34 27 
3

xlO 

18 30 xJO
3 

100 60X10 
3 

88 8 0xlO
2 

7 8 2 6 . 7xl O
3 

2 1 7 0 x 10
3 

100 1 0 2x l0
3 

100 
2

124x l O 1 00 26 . 4x 10 
3 

27 72 
3 

x 10 100 
3 

1] 4x l O 100 
2

240x l0 100 26 
3

xlO 

I-'.,., 
w 
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Fig.2 . Growth curves on wheat of 4 fu ngal st rai n s in air and n itrogen. 
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c omple te anoxia. 

Further, we carr ied out exp e ri ment s t o me asure the dura t ion of the 

inhibiting effect after two differe n t exposure pe riods to ni trogen On 

whe at seeds infected wi th A.flavus , br i nging the samp les back i nto an 

air flow. 

The data in Table 2 show that, when t he f ungus is brought back into 

air ·after a 30-days exposure per iod to ni t r ogen, i ts g r owth appear s to 

be immediate l y st i mul a t ed . After 60 day s i n nit r ogen, the fungus g rows 

more slowly when brough t back into air. On the 7th day t here i s, in 

fact, a further decrease of the numb e r of germs pe r gram, while a n the 

14th day there is a c l e ar inc r ease o f fungal growth. 

5 10 15 20 25 t!daysl 

Fig .4 . Effec t of n it rogen atmo s phe re on non- ste r i li zed wheat seeds 
microf lo ra in t ime . 



TABL E 2 Eff'ect o f two dif feren t e xp os u re times in n itroge n on s u c ce ssi ve growth in ai r of 
A. flav u~ on wheat . 

7 d ays ai r 

ge r ms/g infecte d 
seed s % 

30 days N2 3 

1 8 x 10 70 


g e t'ms / g i nfe c ted 

see d s % 
 1 4 d ays air 


2 

34 x 10 10 
 germs/g infected 


s eed s % 

3


69 x 10 100 


7 day s air 

ge rms /g inf ec t e d 
s eed s % 

60 days N2 60 10 


germs/g i nfecte d 

seeds % 
 14 d ays air 

180 10 
 ge rms/g inf e cted 

se e d s % 


2

1 2 5 x 10 100 
 I-' 

en 
-:j 
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Final ly we carried o ut an e xpe rimen t on non- ste r ilized wheat seeds. 
4

Wheat at 13% moist ure con t e n t, wi t h 13xlO ge r ms/ gram was used . The 


wheat wa s moi s t e n e d to 19% and t he n kep t in air f o r 10 days. Where upon 


i t was placed in a n itro gen fl ow for di f fe r en t pe r iods of t i me ( 7 , 14, 


17 , 23 da y s). The l'esu l ts (Fig. 4 ) s howed that ni t r oge n h s a n inhibi 


t i ng e f f ect on f ungal g r owth. Mo r eove r, a mon g t he fu nga l st r a ins f ound 


in the s e eds, the Pe nicill i a and Aspergilla re su l t t he mos t sens i ti ve 


t o ano x i a wh ile ster il e mycel ia inc r ease i n time . 


Effe c t o f n it r ogen on a fl atoxin produc t i on. 


The de te r mination of aflatox i n s produced by A. f l a vus inoculat e d on 

whe a t seeds shows t hat the s train u sed i n p ur e xper i men tal c o nd it i ons 

p roduces only a fla t oxin B1 and that the to t a l l a c k o f oxyge n i nh ib its 

the product i on o f a f l atoxin . 

Data in Tabl e 3 show that, i n our experimenta l cond i tions, there is 

a direct c onnection be twee n fun ga l g r owth a nd t he p r oduction of 

a f l atox in: in fact t he p r oduct i o n of a f l ato xin 8 increas e s in c onnec 
1 

tion wi t h fungal growth. 

TAB LE 3 Gr ow t h o f A.flavu s in a il' and n itrogen on wheat and p roduction 

of af l atox i n B
1 

Time germs/g aflatox in B ( f- g/kg)
1

( d a y s ) air a i r N2 N2 

0 10 . 5xl0
3 

10 . 5xlO
3 

7 10 xl0
3 

7. 0xlO
3 

8.03 

14 18 
3

xlO 4. 9x10 
3 

80 . 00 

,. ' ) ~ 

_ .l. 71 
3 

x lO 3. 7x 
3

0 118 . 04 tr 

27 72 x l O 
3 

3. 5x10
3 

120 . 00 

:',} 
3

7 2 . 5 x lO 
3

3. 3xlO 1 19.00 
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At the fi r st control (7 days) the n umber of germ s was infer i or to 

those i noculated as a consequenc e of an adaptat i on per i o d of the 

f ungus and the lack of viab ility of some of the inocu l ating con i d i a . 

The i oc u lated conidia did not contain aflatoxins wh i ch e xplains why 

the h i g h number o f germs present at t he beginning of the experiment 

d i d not give rise to af l atoxin . 

A fu r ther confi r mation of the nitrogen inhib i t i ng effect on the 

produc t i on of af l atox i n B1 appears in Fig . 5, in which samples were 

fi rst kept i n i r fo r 1 0 days, with consequent product i on of aflatoxin 

Bl a nd l ater submi t ted to comp l ete anoxia f or 7 , 1 4 and 21 days with 

p r ogressive decrease o f af la tox i n 8 .
1 

Th e r esul ts obtained on the i nh · bi t i. ng effect of n itrogen atmo

sp here on the production of a f latoxins conf i rm those presented by 

othe r r esearchers on wheat seeds a nd peanut s (Wi Ison and Jay, 1975 ; 

Diener and Davi s, 1969) . On t he contrar y i t was reported t hat the 

d ec r ease in r espi ratory activities stimUlates the produc tion of afla

to x i n s ( Sh i h and Marth, 1 9 74) . 

CONCLUSION 

On the basis of the re s ults s hown, we can conclude that the 

cond itions of total ano xi a prove to be an efficient means of l imiting 

the g r owth of the te s "ted fungal species growing in favou r able condi 

tions o f moisture and temperature on stored seeds . This confirms the 

dat a of other researcher about the inhibiting e ffec t of a nitrogen 

atmosphere with low oxy gen content both on the field and storage mi cro 

flora . The i. hibiting effect appears to be eff · cient in a rather short 

sto r age per i od, of about one month, in our experiments. 

Inhibi t i on of a!~latoxin production ':Jas clearly de tee ted and a 

lowe r ing of the level of the aflatoxin fo und in infected wheat seeds 

was obse rved . This can be a very important factor, considering t h e 

high toxicity of these substances produced by A. flavus. 
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their help in setting up t h e gas fl ow l ines and c arryi ng ou t inspec 

timls. 

HE FEREr~C E.:'· 

Bailey, S.V. and Banks , H.J ., 1974 . The use of control led atmosphere 
for the storage of grai n. Proceedi ng of the First I nte rnat i onal 
Working Confe r e nce on Sto r ed-P r oduct En t omology. Savannah, Georg ia, 
pp. 36'2 -3 74. 

Diener , U. L. 2nd Dav is , N.D ., 19 69 . Production of af l atox i n on peanuts 
under co nt rol led env ironme n ts . J. Stored Prod. Re s ., 5: 25 1-258. 

[I i rilaggio, D. and Sh e j ba l, J., 19 79. Ef f et t o d e l la c on s ervazione in 
a zoto sulla f lora f ung i n a di ce r eal i . In 'La dife s a a ntiparass i ta 
ria nelle industri e alime nt ar i e la p r otez ione degli al imenti ". 
At ti de l 2° Simpos i o 1977 , pp 201 - 21 1. 

[Ii Magg io, [I., She jbal , J. and Misi t i - Dore llo, P.,1974. Osse r vaz i oni 
s u l l a s t er i l i zzaz i one d i ce r eali can r aggi . Annali I s tituto Superio 
re Sani ta , 10 : 158 -1 63. . 

Di Magg i o , D., Shej bal , J. and Rambel l i , A., 1976. St udio della 
si s t emat i c a del la f l o r a f ung i na in f rumento a divers a um id i ta 
c onse rvato in atmosfera con t rol lata . Informatore Fi topatol., 1: 
11 -18. 

Epste i n , E ., Steinberg, M.P., Nel s on A.I. and We i, L . S. , 1970. Afl atox 
in produc t ion as affe cted by envi r onmenta l condi tions . J . Food Sc . , 
35: 389 - 391 . 

Heathc o te, J.G. and Hibber t, J. R. , 1978 . Aflatoxins : c hemical and 
bio logical aspect s . Elsev ier, Amsterdam, 212 pp. 

Jay, E.G. and Pearm an , G.C .. 19 73. Carbon dioxide for c ontro l of an 
insect infes tation i n s tored co rn ( maize ) . J. Store d Prod. Res. , 9: 
25- 29 . 

Knutt i , R., Balsiger, C. and Su t te r, K., 1979 . Routine a ppl i cation of 
HP LC fo r quan ti f icat i on of a flato x i ns in whole peanuts kernels . 
Chromatographi a , 12: 349 - 353. 

She j bal . J ' J 1978 . P r eservat i on o f ce r eals grains a nd oi seeds in 
nitrogen . Me d . Fac . Landboww . Ri j ksnusiv . Gent ., 43 : 493 - 504 . 

Shej bal , J . and Di Magg i o, D ' J 1976. Preservation of wheat and barlej 
i n nitrogen. Med . Fac . Landboww . Rijksuniv. Gent ., 41: 595-606 . 

Shih, C . and Marth, E.H. , 1974. Afla oxin format:ion, lipids synthesis 
and glucose me t a bo l i sm by Aspe rgi l l us paras i t icus during incubation 
with and withou t agi tation. BBA , 338 : 286 - 296. 

Wi lson , D. and J ay, E.G. , 1975 . Inf luence o f modified atmosphere 
storage on afl a t ox in productio i n high moisture corn. Appl. Micro 
bioi., 29: 224 - 228. 



173 

WET GRAINS STORAGES UNDER MODIFIED ATMOSPHERES. MICROBIOLOGICAL ASPECTS 

D. RICHARD-MOLARD, B. CAHAGNIER, J. POISSON 

Laboratoire de Biophysique des Aliments . Institut National de la 

Recherche Agronomique. NANTES (France). 

INTRODUCTI ON 

Grain molds have long been considered as strict aerobic microorganisms but 

several microbiologists have recentlY said that under particular conditions fungi 

~ay show some metabolic activities and even mycelial growth in oxygen-free atmos

pheres (GUNNER and ALEXANDER, 1964 ; TABAK and COOKE, 1968 ; BULL and BUSHELL, 

1976) . 

Those recent data could question the feasibility of controlled atmosp~eres 

storages from a microbiological point of view. 

To investigate further what happens with stored grains, experiments have been 

carried on with maize at di fferent moisture content levels, in airtight conditions 

and under nitrogen. 

Under anaerobic conditions, molds that are said to be able to grow or to deve

lop metabolic activities, cannot sporulate (TABAK and COOKE, 1968). So, enumera

tion of conidia by the classical suspension-dilution method cannot be used to 

demonstrate a possible mold activity. This method has nontheless been used as a 

control for anaerobiosis. To some extent, the "Ulster" method U1USKET and ~1ALONE, 

1940) a110ws to account for mycelial growth but is not really quantitative. That 

is why the mycological analysis has been complemented with a gas-chromatograohic 

determination of specific volatile compounds which indicate a f ungal activity and 

besides with the high pressure liquid chromatography analysis of fungal ergosterol 

for mycelial growth examination. 

1. MATERIALS AND ME TH ODS 

1.1 Operating conditions 

High moisture grains harvested at 36 p.lOO moisture content (M.C.), are used 

without treatment. Intermediate ~oisture grains (17 and 23 p.l00 M.C.) are heat

dried grains. 

In airtight storage experiments, grains are placed into one liter glass contai

ners hermetically closed. For experimental storages under nitrogen, anaerobic jars 

are used after modifi cation allowing gas introduction . After filling up with grains, 

air is evacuated and replaced by very hi gh purity nitrogen, three times running 

and introduced endly with a slight over-pressure. 

In each case, anaerobiosis is checked by means of a methylene blue indicator. 

'= 
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1. 2 ~'le thods 

1.2.1 . Enumeration of bacter ' a 

The classi ca l mi cro bi ological methods have been employed for enume ration of 

the following bacteria groups: General mesophilic bacter ia (P.C. A.), Entero

bacter i aceae (V RBG ) , La ctobacilli (Rogosa aga r ), Ana erobes (TGY aga r) and espe

cial ly sporulated Clostri dia. 

1. 2.2. Yeasts and mo l ds 

As previously indicated, the suspension-dilution method has been used, es oe

ciall y for yea s ts counts (CAHAGN ER, 1973). C;; ncerning the Ulste·· method (ma lt 

extract agar) 400 grain s ar e analysed each time, 200 grain s being s uperfic i a ~i y 

di s infected, 200 grains being not. Disinfected grains lead to aberrant results 

:,;"ooabl y d ,.~ 2 to an increa s ing ;JermeabiTity of stored ker r~ el s (?ELHATE a ~( 

THERI.~ t ; L; , 1979). For t (ii s rea son those results are not considered there. 

1.2.3. Collecti on and anal ys is of vol atile orga nic compounds 

The volatiles are desorbed un der vacuum , coll ec ted in a dry-ice cooled t r ap 

and recovered with methyl e~e chloride . The extract is then concentrated by 

solvent evaporation and anal ysed by gas-chromatography, using a glas s cap i l lary 

col umn (50 m length, 0,5 mm i.d.) coated wit h carbowax 20M . Oven t emp era t ur e ;s 

programmed from 70 0 to IS0°C at a rate of 2°C/m in. wi th heli um as carrier-ga s 

(RICHtl.RD- OLA RD et al . , 1976). 

1. 2. 4. Fu ngal ergostercl assay 

Fu ngal ergosterol is extt'a cted \~ith methanol from grounded kernels, sa poni

fied \'Jith KOH, extracted fr'o~ methanol with petroleum ether, our ified and ana

lysed by HPLC usi ng a 5~ -Spherisorb Co l umn (SEI TZ and a1., 1977). 

2 AI RTI GH T ST ORAGES 

2.1. ~; crof l ora evolut ion 

2. 1. 1. Bac teria 

In high-mo i st ure grains (36 p. IOD ~.C.) the evolution of bacter ia l mi croflor a 

is ma i nly characterised by an act ive growth of Lactobacilli (f ig. 1) duri ng the 

first 15 days , at 22°C and 30°C. As a con seque nce, t he pH is decrea sing from 6 

to about 4 in t he same time . Enterobacter iaceae ar e rapi dl y decreas ing and can not 

be detected anymore after Z months . Ana ero bi c bacte r ia , others than Lac tobacil l i, 

do not grow and sporulated Cl os tridia practi ca lly disappear within three months , 

pro babl y because of the low pH va l ue. 

In grains stored at 23 p. lOO M. e., at Z2°C and 30°C, all bac ter ial popul atio ns 

are dec reasi ng sl owly (fi g. 2) an d the pH remai ns cons ta nt. Sarle r esu1ts are 

obs erved at 17 p. lOO moisture content . 
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Lactobacillus 

Yeasts 

Fig . 1 Ai rt i gh t 
and yeasts . 

stored grai ns (36 

90 

p. l00 M. C. , 22° C). 
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Fig . 2 Airthigh t stored gra ins (23 p.I OD M. C., 22°C ) . Evol utio n of bac teria 

and yea sts . 
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2.1.2. Yeasts 

In wet gra ins, yeast coun ts do not change du ri ng abou t 1 month and then are 

significantl y decreasing. At 23 p.lOO M.C., the reparti tion of yeas ts is very 

heterogeneous and results are more dispersed . Neverthe les s the Ulster method 

results show the popu l at io n being increasing very s lowly duri ng all the exper i

ment, but such an increase does no t occur at 17 p. IOO ~ .C. 

2. l. 3. Mo lds 

On grains stored at 36 p.100 M.e. , the i nitial con tam i nat ion is about 2, 5. 104 

germs/g. Two weeks la ter, it becomes impossible to detect molds by dilution 

method. Results obtained by Ul ster method are resumed in ta ble I. 

TABLE I. : Grains airtight stored (36 p. 100 M.C., 22°C). Percentage of co nta 
minated grains. 

FUNG I 

0 

T I M E 

21 

I N 
36 

DAY S 

65 
. 

96 122 

FUSARIUM 38 38 0,5 - - -

EPICOC CUM 10 2 - - - -
MUCORALES 10 17 . 9 - - -
PEN ICILLI UM 20 22 11 - - -

TRICHOD ERMA 3 5 - - - -
YE AS TS 60 72 70 67 63 71 . 

Field speci es like Fusarium sp., Alternaria sp., Epi coccum sp. , are ra pi dl y 

decreasi ng in such condi t ion of humidity and acidity. Fusarium species, wh i ch 

are present on 38 p.lOO of t he grains at the begining disa ppear wi t hin one mon t h. 

The same evolution is observed with storage species (Asperg illus and Peni ci ll ium) 

within two months , the grai ns seem practicall y ster ile . 

The evol ut ion obs erved at 23 p. lOO M.e. is quite different (Ta ble II). 

The percentage of gra ins con taminated by Fusari um sp . remain almost co nsta nt. 

Other species are decreas ing sl owly , except Pen icillia wh ic h seem to be ab le 

to grow ve ry sl igh tly. 

For the grain s stored at 17 p.lOO 1. C. the decreas e of molds po pulation is 

slower but the growing of Penici llia does not occur. No s ignif icati ve di fference 

has been observed betvleen 22°( and 30°C. 
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TABLE I I . Grai ns airtight sto r ed (23 p.l00 M. e. , 22°C) Percentage of conta 
minated grains. 

FUNGI 

0 

T I M E 

7 

I N 

35 

D AY S 

69 96 11 8 

FUSARIW1 I 38 34 36 36 28 25 
EPICOCCUM, I 10 2 - - - -

CLADOSPORIUM 5 - - - - -
MUCORALES 10 13 10 10 7 8 

PEN I CI LLI UM - 9 22 46 25 21 

TRICHODERMA 3 15 6 - 1 -

YEASTS 60 70 73 78 80 78 

2.2. Fungal ergosterol 

Pre li mi nary assays have shown t hat a very go od correla t ion do es ex ist between 

mold growth and ergosterol content of open-s tor ed grains (24 p. l00 M.C.). Ergo

sterol is not detectable in non-mol dy grain s . Resul ts obta i ned with gra i ns stored 

at 36 and 23 p. l OO M. C. show that no fung a l growt h occurs in airti gh t condi t ions 

and conf i rm the res ul ts of myco log ical analysis (f ig . 3 ). It i s in ter es ti ng to 

notice t hat ergosterol determi nat i on does not al l ow to take into account t he 

fungal po pulation decrease, ergos t erol rema i ni ng present on gra i ns wh ile the per

centage of contaminated grains is decr easing. 

ERGOSTERO L 

~ g 9 

CON TR OL ( O PEN STORA GE) 

26 


2 2 

1 8 

1 4 

1 0 

6 

,t"21 %H20 


2 ~====~~==~~======~============~~~~36%H20 

10 30 50 70 90 110 (D AY S) 

Fig. 3 Fungal ergos t e 01 evoluti on in gra ins ai rt ight stored at 21 p. IOO 
and 36 p. IOO moi st ure content . 
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3 

2.3. 	 Volatile or~anic compounds 

Chromatograms shown in the figure 4 are those obt ained with gra in s being 

stored during 17 days at 22°C. 

On wet grains (35 p.lOO M.C.), the metabol!ic activity of yeasts and hetero

fermentative Lactobacilli is clearly shown and active lact i c and alcoholic fer 

mentations occur. Character ist ic compound" like ethanol (peak 1), i so butyl and 

isoamyl alcohol s (peaks 2 and 3) and 3- hydroxy-butanone (peak 4) are produced. 

But in grains at 23 and 17 p.100 M.C., the metabol ic activ i ty r emains unde

tectable and fungal specif ic compounds such as 1-octene-3-ol or 3-octanone 

(R=CHARD-~'10LARD and al., 1976 ; STAWICKI and al., 1973) are ot produced. 

17%H~ 


4 


3 Fi g. 4 Vola tiles pro 

duced in airt ight stored 
36% Hp grains. ~ 

ST ORAGE UN DER NITROGEN 
In t hi s part of the study, experime nt s have been ca rried on at 30°C with 

gra ins at 17 and 21 p. 100 moi stu r e content. 
The resul t s obtained are qui t e similar to t ho se previously described for 

airtight stored gra i n. Therefo re it se em s not neces sary to detail th em. 

Table II r show t he molds evo l tJt ion on gra ins s t ored under pure nitrogen. 
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TABLE III Grain s stored under nitrogen. Percentage of contami nated grai ns 

FUf'iGI 21 p.lOO M. e. 

T I M E (days ) 
0 38 164 0 

1 7 p. 100 M. C . 

T IM E (days) 
38 164 

FUSJlSrUf1 "0lu 60 37 49 57 10 

A. FLAIJUS 78 - - 74 66 27 

A. NIGE R. 10 - - 10 3 1 
PENICILUU~,1 10 0,5 - 5 - -

RHIZOPUS 36 - - 43 18 -

As in airtight stored grain, t he i nitial mycof lora is progress ive ly decrea

sing, the re~re ss ion of diff erent spec i es bei ng more rapid at 23 p. l00 M.C . t han 

at 17 p.lOO, Fusari um spp . appeari ng t he mos resistant to the anaero bi s is. At 

23 p. lOO ~·1.C. a sl ight al cohol ic f ermentation occurs (s hown by gas- chromatogra 
phy) poss ibly due to yeasts ac tiv ity. 

SURV IVAL OF CON IDIA IN AIRTIGHT CO ND ITI ONS 
4.1. Ex perimentals 

The pure cultures of sto rage f ungi used in t his part of the study were iso l a ~ 

ted from ensilated damp grains. In a prelimi na ry s tep, autoclaved maize grains 

30 p.IOO M.C. , are inocul at ed wi t h con idia and incubated 8 days a t 24°C in air. 

The mol dy grains obtained are then di vided in three parts : the fi rst one, used 

as control, is simply stored in ai r ; the second part ;s placed in Gas - Pack an 

aerobic jars and so s tored in strictly anaerobic condi tions . A sma ll nylo n ne t

bag is f il led with t he th ird par t of moldy grain s and susoended in a alass con

t ainer wh ich i s the n comp l etely fi lled with fresh ly ha rvested damp gra i n (30 

p. IOO M. e. ) and hermet ically cl osed in order to obtai n airtight cond i t ions. 

Coni dia germinative ca pac ity is checked fou r month la t er in the following 

manner: the tota l number of con i dia produced On gra ins is determ i ned \'/ith the 

Coul ter counter , wh ile conidia t hat are still able to germinate are numbered on 

malt aga r plates . The germinat ive capacity is expressed as survi ving con idia to 

total conid ia co unt (Cou l te r cou nter) r atio, in oercentage . 

4. 2. Resu lts 

As can be seen on f ig. 5, con idia surv ival is drast ica lly reduced fo r Asper 

9iilus vers i co lor i n anaerob ios i s or air t ight conditi ons . 
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As a general rule, coni dia survival is rather better under str i ct anae rob ios is 
than under airtight atmospheres. The behaviour of A. flavus and P. roqueforti is 

shown on fig. 6 . After four man hs in anaerobi osis, 50 p. 100 of A. flavus con i dia 

are still able to germinate but with P. roqueforti which is considey'ed as micro

aerophi lic , less than 20 p.lCO of produced conidia are still able to gei 'r'1 inate 

after only two mo nths. 

Per cent 


germination 


100 

Pe nicill ium roquefort i 

50 . ' . 

a ~ 
a 3 0 3 , , 

Asper g i llus fumigatus 

... 

0 .4 0 4 , TIM E 
aerobic airtight aerobic airt ight (mon th <;) 

storage storage storage storage 

Fi,) , 7 Germ inati ve capacity of A. f umi gatus and P. roquefor t"i. 

In ah' ti ght co nditi ons (fig. 7), t he decreas e of con idi a survival is greater 

for P. roquefort i and A. fumigatus is shown t o be very affected by the lack of 

oxygen, conidi a des t ruct ion being near ly compl ete wi th in four mon ths . 

CONCLusr ON 
Re su l ts obtai ned in this study show that no fu nga l growth or ac t iv ity can be 

observed i n grain s stored under very low oxygen t ensions. In all exper imented 

conditi ons, fu ng al populat ions are decreasi ng. the regress ion bei ng more rap id 

whe n grai n moisture content is higher . 
Technics of gra ins storage under modi f ied atmo spheres , whi ch are as yet not 

very wi de - spread in France , wil l cer t ainl y undergo an important deve lopment i n 

the com i ng years . 



182 

The rapidly increasing cost of energy leads to consi der i ng other sto r i ng tech

nics than the usual grain dryi ng. The quest ~ on is of particular interest in 

France for maize wh ich is very of t en harvested at very high moisture co nte nt such 

as 30 p. 100 to 40 p.100. or more. Consideri ng t he results obtained in this study , 

it is possible to say that mai ze which is l ar gely used fo r an imal feed ing can be 

sto red unde r nitrogen or more si mp ly in airtight conditions wi t hou t mi crobiolo

gical objections. With high-mois ture grains, such storage techni cs lead to l act ic 

and alcoho l ic fet'mentations \'Ihi ch mOdify ma i nly the organoleptic character i s t i cs 

of t he product, but this seems to be no rea l prob l em for use in ani mal feedi ng. 
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STORABILI TY Of CEREAL GRAI NS AND OIL SEEDS I N NITROGEN. 

SHE J BA L, J., ASSO REN I, Labora tori Ricerche di Ba se , Monte rotondo 

(Roma), Ital y. 

ABS TRACT 

The experime n tal facilities and t he rese re h me tho dology appl ied 

in the studies on grain storabi li t y in nitrog en wi th various residual 

oxygen c 2nce~t~atio~s are described. 

A summary of the resu lt s, s howi ng t hat n itroge n s to rage brfe r s a 

large numb e r of advantages over trad i tional s to rage techniques, are 

presented, and the limiting factors for t he successfu l s t orage of 

different grains in comp l e tely and par t i al ly bio-ine rt atmosphe res, 

especially in rega r d t o moisture con ten t, are d escribed . 

I NTRO DUCTI ON 

The pre se rvation of quali ty du r i ng long- t erm s to rage of grains is 

a severe problem in many parts o f the worl d. High temperature s and 

exc e ssive mois ~ure in t he sto re d products o r h igh humid i ty in the 

storage a mbient permit ~ he prolife ration o f i n sect s and moulds which 

'ause la r ge los ses o f qual itative nut riti onal and sani:ary nature . 

Hermetic storage has been used in many ~ount r ies for a very l ong 

time . I t permits to excl ude exogenous facto rs which cause grain spoi l 

age and the techn ique has bee e xtended even to .large - s_al e storage 

f ae i l i ti es (Hyde et al., 19 73). 

In order to o ve rc o me d i ffic ulti.es l i nked to the slow natural dE

ple tion of o xy gen i n the i nters t itial a tmosphere in gas- tigh t stores 

and to r at ional ize t he techn i que for industr ial s torag e f ac il i ties 

by exc luding excess ive carbon di OXide build up and i nit ial spo i lage 

of h igh mois ture grains by fungi long-te rm e xper ime nt s were carr ie d 

out o n t h e eff e c t s of ni trogen on var i o us s tored commoditie s . 

http:fficulti.es
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I n small storage faci li t i e s and in simulat ion e xpe riment s the ben

eficial effect of n i t r o gen on stored g r a in s wa s s hown ( She jbal, 1978 ) 

and a ni trogen fu mlgat i on and stora g e t e c hn i q ue was dev e loped whic h 

h as b e en succ essfu lly operati ng s ince s eve ral year s in large s cal e 

s t o r age fac i li tie s in I tal y (She jbal, 197 9 a ). 

The a im of t his pa pe r is to s ummarize the r esearch a pproac h, t he 

expe riment al dat a and the main fea tures o f t h e nit roge n sto rag e tech 

nique , ind i cati ng i ts possibi li tie s a nd l i mi ts. 

MATERIALS AND METHOD S 

Labora tory s torage f acili ti es , mi cro- and min i - si lo s, were used 

for sto rab i l ity te s ts of so f t and du r um wheat, bar l e y, maize, r ic e 

paddy, pe as, oi l seeds, nu t s etc . In all expe r ime nt s t he evolution o f 

quality change s t h r oughout t he storage per i o d was studied , si nc e on l y 

in this way i t is po ss i b l e t o es t ab l ish sto r abi 1ity l i mits. Th i s a p

proa c h ne c essit a t es s ampl i n g a t re gu l a r time interva ls wi t hou t dis 

turb i ng e xcessive ly the gas c o mposi t ion in the s ilos . 

The mic r o-si l os (vol ume 12 1 ) (F i g . 1) were s et up in ser ie s i n 

the l abo r atory and the si n g le si l os were un l oaded at g i ven s t orage 

times, in o rde r to al l ow the co mp l e te analysis o f the store d product 

wi tho u t d isturb i n g the mater ial to be stored for l o nge r periods o f 

time . Th i s arrangement pe rm i ts to study e s p ecial l y h i g h mo i s ture 

g rains in whi c h even a shor t change in the in terstitial atmosphe r e 

comp ositi on , due t o samp l i n g , may be de t ri mental . 

Mi ni - si l os were equ i ped with t hree sampl i ng pOints a t different 

heights of the s t o red produc t co l umn nd were installed either in the 

laboratory at a constant tempe r a ture ( f ig . 2) o r under an open shed 

( Fi g . 3) , t hus perm i tting storage e xpe r iments wi t h and without fast 

tempe r a tu re f l uctuations. 

It should be noted that in no case does storage in small containers 

p e r mi t a true simulat i on o f t h e conditions of a l a rge grain bulk , 

si nce heat di s . at i on from the structure does not all ow heating 

phenomena t o occu r . Such phenomena are of particular importance in 

p roducts in which i nsect or mould proliferation is active or oxidation 

of fat in Oil - seeds may take p lac e . Mini - silos placed at outdoor 

- d 



....Fig . l . Gas- tigh t micra- silos (12 1 volume , PVC) in laboratory . In foreg round temperature and 

gas flow monitoring equipment . -:) 
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amb i ent temperature permit a sat "sfactory simu l ation of pheno me na 

occ u rring in the hea -space and upper layers of arge storage fac'li 

ties . 

Thermostated mini-silos (Fig . 2) were used for storabi li ty te ts 

on dry cereal grains, especially in regard to viabi l ity preservation , 

Fig . 2 . Plexiglass and thermostated steel mini-si10s in laborato r y . 
Under the Window the automatlc pressurization equipment . 



l-' 
(XlF1g . 3 . Etern i t mini - silos at external ambient ·t e mperature . Gas - tigh t ness a chieved by epoxy - p a ints. <!l 
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Fo~ labo~atory scale simu lation of conditions persisting i n side 

a huge granular sto~ed product bulk , which are nea~ly adiabat "c , an 

e xperimental appa~atus was designed (fig . 4), which pe rmits to measure 

heat product "on rate of very low In ens ity in the stored product 

(Tranch i na et a1 . J 1980a). Autocatalytic phenomena taking place i n 

oil seeds were measured in this a pparatus. 

Fig . 4 . Adiabatic app ratus for simulation 0 storage conditions inside 
a large grain bulk . 



191 

Laboratory scale storage experiments were repeated at pi l ot scal e 
3i n 27 m -fiber-glass bins (Fig . 5), permitting the assessment of 

quality changes during storage in various controlled atmospheres a l so 

by industrial milling a n d other processing by the food indust ry . 

Scaling up from these bins presents no difficulty . 

Gas flows, monitoring of storage conditions, analyses of the inte r 

stit ' al atmosphere composi i on , as well as biolog i cal, chemical, 

myco l ogical , rheological and nutritional anal yses carried out on all 

tested stored products were described in detail before (Shej bal et 

a l . , 1973 ; Lombardi et al ., 1976; Shejbal , 1976 ; Shejbal, 1979b ). Th e 

principles of nitrogen preservation of grai ns developed in t he experi

mental faci l it i es were applied to large-scale gas-tigh t bi n s for bar 

ley , wheat and sunflower seed storage . 

Whi l e in the experimental bins purging wi t h nitrogen was always 

carried out from the top towards the bottom in orde r to take advan

tage of the gas density differences, in the large-scal e faci l ities 

the initial purge is carried out from the bottom towards the top 

(fig . 6) in order to avoid excessive pressure i n the head-space which 

might be dangerous for t e bin roof. Maintenance of a slight constant 

positive pressure i n the storage facilities ensures the automatic s ub

stitution of gas ( Fig . 7 ) ost by leaks or operation of t h e safety 

valve when high temperatures in the head space gas are reac hed d ue to 

insolation. The over pressure in the bins also counteracts convect i ve 

fluxes an diffusion from outside . 
3

The gas-t i ght bins for malting barley (2200 m each) we r e bui l t 

In galvanized steel (Fig . 6) wh i le the silos for wheat (Fig . 8) and 

sunflower seeds are constituted of a number of medium-sized monoli

thic fiber glass bins . More details on the large scale facilities are 

presented elsewher~ (Tranchin a et al . , 1980b). 

RESULTS AND DISCUSSION 

The overall picture obtained in experimental storage trials wi th 

cereal grains shows that long term preservation in nitrogen is a van

tageous at all temperature and mo i sture can ent levels (up to 30°C 

and 19% respectively) as compared to storage in ar . 
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fig . 5 . Pibe~-glass midi-silos lor control l ed a mosphe~e sto rage trlals 
at pilo scale . 



193 

fig . 5 . Steel barley storage bins (IVa , Tuscania) during initial purge 
with g'seous nitrogen from mobile regasificat i on unit . 
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Fi g . ? Nitrogen dis ribu ion 5 stem for initial purge (from bo om) 
and main enanc of he ine tinters itial atmosphere (from he up) 
of 1 rg -scalp • ~pl 5 orage bins. 



Fig . S . Silo30f Societa Romana di Macinazione , ~ome , for the storage of wheat . The fiber - glass I-' 
(0

bins (600 m each) are equipped for nitrogen fumigation and storage of grain . en 
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At mOi s ture contents up to 14 .5%, t he be t t er stora b ili t y of the 

grains in te chnic al nit r o g e n ( 0 .2-0.5% residual oxyge n ) is evident 

esp e cially ove r long p e r iods o f t i me , sin ce mould a t tack is absent 

also in the oxy g e n rich normal atmosph ere . Gra i n quality, i .e. germ i

nation energy and capac i t y , r h e o l o gical and baki g cha racte rist ics 

as well as the content of nutriti o nal comp one n t s , is ma i nta i ne d 

significant l y lon ger than i n air at all t e mperature s s tud i e s ( 100 to 

30 0 C). Germi nation e nergy i s t he mo st se ns it ive indic a t or o f g rai n 

det e ri o ration ( She jbal a nd Di Ma gg io, 1976). 

In pure nitrogen (re s idual oxygen content l ess t h an 0.01%) all 

characteristics, exce p cereal grain viability , are main tained as 

well as in techn ical ni trogen. However, al s o in th is atmo sphe r e, 

ge r mi na t io n e nergy and c apacity are preserved s ignificantly l onge r 

than in air. 

In Fig. 9 the storage peri ods are sho wn in wh i ch 90% of the i nit ial 

viability of s o ft wh e a t see d s is preserved, as a fune ion of mo i sture 

content and t emperature, i n pure n i tro gen . Suc h a g r aphic repre s ent a 

tion, t ho ugh correct and easy to unde r stand , h as ho wever o n ly a limi

ted value . It may be misleadi n 2 in practice, si nce t h e ini t ia' .quali t y 

and the history of the gra i ns to be preserve d u nde r nitro g en are of 

~ardinal impcrtance for success~ul maintenance of quality in genera l 

and viability i n pa rticular. Products in wh ich deterioration h as 

alre ady started canno t be safe ly stored in anoxia. Thus the da ta i n 

Fig. 9 r efe r to grain whic h, at the start of storage in ni t rogen, had 

a germi nat ion e ne r gy not l owe r than 90% a n d a mou ld c ount not hi gher 
4 .

than 1 0 genns/g, wlth storage f ungi virtuall y abse nt ( l ess t h an C% 

of the t o ta l fungal ' o u n t) . 

It seems mo r e a de quate to indicat e t he li mit i ng f acto rs of gra in 

s to rage in nitro g en atmospheres a n d t h e r o gh l i mits of s t o rabil ity 

of the variou s f eature s (Ta b le 1). 

At mo isture conte n t s b e tween 14 .5 and 19%, t he benefi c ial effe c t 

of s t orage in ni t rogen i s e vident also i n s hor t pe riods o f time, sinc e 

mould a ttack is the main c ause of fast de t eriorat i on in aerated s or-

a ge . 

I n n i roge n c ontai n i ng up to 0.2% o xygen, moulds deve l op s l ower 
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Fig . 9 . S t o r a ge p er i ods in wh ic h v iab il i ty o f s o f t wheat d ec r eas es by 
10% wh e n p r ese rve d in pure nit r o g en . 

t han in a i r , but are not inhibite d . Cere a l gra ins may t h u s be pre 

s e r v ed fo r s i gnif icant l y longer pe r i ods of time than in air , but af t e r 

the ini t i a l l ag - phas e o f f ung a l development, d e t er i o r ation cannot be 

avo i de d a t t he s e re sidual o xy g e n conc entra tions ( Oi Magg i o et a l . , 

1976) . 

In pure n i t r og e n , f unga l 'pro l i fe ration i s compl e te ly inhibited a nd 

total germ coun ts t e nd t o dimini s h i n t ime ( D1 Maggi o 1980) . P ro 

gress i v e dete r i orat ion of the ce real grains, du e t o endo genous en

zyme s, t ake s pl ace in tota l ano xi a at a slow r a te . Thus s afe stora ge 

of cereal grains a t mo i stu re content s , at which , i n Med i terranean 

cl im a t ic condi tions , it i s not poss i ble to ma i ntain grai n f or mo r e 



t-' 
<Jj 

00 

TABLE 1 Efl EJ\L GRAIN PRESERVATI ON IN NI TROGEN ATMOSPII ERE S 

Moi stur' Temp erat u r p Resi dua l o x y gen Technol . & nut r . Ge r mi n a ·t ion Li mit ing 
on (-e nt ("e ) concen t r·a i.i o n qua lity n e r g y factor 

%) ( % ) p r 'es erv ati o n pr'eserv at i o n 
( time) ( tim 

m. e . S 14 . 5 

m. c . S 14. 5 

1 4 . 5 < m. c . S 1 6 

14.5 < fIl . e . S 1 6 

< m. c .< 1 9 

Hi < rn.c . < 1 9 

T :5 30 

T S 30 

T S 2 5 

T S 25 

T < 2 5 

T < 2!'i 

0 < 0 < 0 .5
2 

o = 0 
2 

0 . 2 < 0 < 0 .5 - 2 

0 = 0 
2 

O. :1 < 0 < 0 .2 
2 

0 
2 '" 

0 

yea r s 

y ea r s 

yea r - months 

year- mo n th s 

mo n t h s-wee l<s 

month s 

y e a r s 

y ea r 

mon t h s 

month s 

mont h -week s 

mo n t ll- week s 

ge rmin a b i l i ty 

g e rm inab i lity 

mo u l d g r owt h 

germinabili t y 

mould growt h 

tec h no l ogi cal 
q ua li ty 
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than a few days in t h e pre s enc e o f a ir , c an be carri ed out fo r seve r al 

months, de pe nding on the i n it i al qual ity of t he gra i ns and on the 

actual mo is ture c onten t . The v i a bi l ity o f the g r a i ns dec r eases sig 

nifi c a ntly sl ower i n anox ia than in t he p resenc e o f a ir but canno t 

be arre s t ed ( Qu a g lia et al .. 1977 ). Endogen o us d egradation o f s ac cha

ri des , r e su l ting in a prog ressive i ncrease in r educ i ng sugars and a 

decrease in non-reduc i ng sugars, seems t o be indepen de n t of the com

posi ti o n of t he int e r-s ti t i al atmosp here; it proc e eds s l owe r than !, he 

loss o f vi a bi li ty. The i ncrease of r e d uc i ng sugars pa r al l e l s t he los s 

in t ec h nolog ical qual ity of t h e sto r ed mo i st grai ns (Lombardi et al . , 

19 7 6) . 

The re is an impor t an t exc ep t ion to the behav i our of c erea l grains 

in a noxia (T a ble 1). I n fact, it is not conven i ent t o preserve high 

moisture p addy (m .c. highe r than 16 . 5%) in ano x ic condit i on s f or long 

p e r i ods of t i me , s i nce anae r o bic re sp irat i on takes p l ace , causing the 

de velopmen t of odou rs, wh i ch may make the product unsuitable for h uman 

con sump t i on. 

Oil-seed s torab i li ty is higher in ni t r ogen atmosphe r es t h an i n ai r 

( Tab l e 2) . The quality o f the s e eds a t t h e s t ar t of storage i s o f 

fundamenta l impo r tanc e, espe c i a l l y as fa r as f at ac i d i ty is c onc erned . 

For exa mp l e , sunf lower s e eds wi th f at acidi t y val ues not h i gher than 

2 ( exp r e sse d a s mg KOH r equ i red to nutral i ze I g o f oil) may be pre 

se r ved for l ong pe riods of time als o a t c r i t i ca l mOisture content 

l eve ls but at FAV v a lues o f 3 or more, deter i ora tion of ~he l ip i ds 

canno t be control l ed by anoxia . 

The results Clf t he laboratory and pilot - scale trials have been 

conf irmed f or wheat and malting barley in the Italian large scale 

fac i l it ies (Tranch i na e t al., 1980b) and gene ra l cha r acter i stics of 

the nitrogen storage method of grain have been determined . I n Tab le 

3 the features bo t h of short- term fu migation applications of nitro

gen for insect contro l (see also Banks et al ., 1980) and of long - term 

p r eservat i on are summarized. 

As can be seen, the substitution of the inte r stitial atmosphere 

by i ne r t gas influences positively al l the main exogenous product 

qual i ty deteriorating agents and thus contributes to the stability 
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ABLE 2 OI L SEED PR ESER VAT10N IN NITROG EN ATMO SPHERE S 

MUl st u T' T e mr e r'i l l' Llre Res idua l o xyge n Technol . & nul l' . Ger'minat i o n Limi tirlg 

("u n h~ n ( Or ) cu ncent rat ion qu a l ity e n ergy fa c t or 
.%) ~) prese r v [lt- .i.o r preserv atio n 

( t i mE:: ) ( time 

m. C . < 6 T < 25 0 < 2<,0.5 y ear's yeaps germi nab i l ity°
m. C . 6 T < 25 0 = 0 y ear's yea r g ermi lUb i l ity~ 2 

6 < m. C:. < 8 T < 20 0 . 2 ') ~0. 5 yeCl r year ge r min a bi1i t y S ° 
b < m. c . < 8 T < 2(1 =0 year yea l' gel~minabi1i ty°2 
e < ' m. C" • < ] 0 T < 2 0 0 . 2 < <0. 5 mont h !". mo n t h s mould growt h °2 

< m . c . < 10 T ~ 20 = 0 y ea r mon t h s technolog i ca l°2 qualit y 

http:preserv[lt-.i.or
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of t h e s impli fi e d eco s y s tem i n the conf i ned storage env ironment. 

The main advan t ages and disadvantages of the techn ique are summa

rized in Tab l e 4. They r efer to h i ghly gas -tight sto r age s t r uctures , 

most ly of new construc t i on . It is possible t o use inert gas fo r the 

re duc t i o n of oxygen conte n t s in the interst i tial atmosphere of grain s 

in less ai rt i g h t s t r uctu re s when only d is i n f estation i s requi red . The 

cost of the gas nec e ssary to main tain an atmo s phere l etha l to insects 

will determi ne , a f ter t he initial fast pu rge , ~he economic f easibi li

ty of such an ope r at ion . Bi ological ly non - inert ga ses, such as carb

on dio xi de in va rious mixtures with oxyge n and nitrogen, may be mo re 

dvantageous for sho r t t erm disinfes t at i ons o f l eaky structures. Ac

cording to r esul ts ob t ained in parallel experi ments to t hose men -

t i oned above , car bon dioxi de can howeve r not be r ecommended for l ong 

term p reserva t i on of grains in large b u lks for human consumption , sin

ce it c ause s organol e pt ic c hanges wh i ch may resul t in an unacceptable 

depreCia t ion of t h e s tored p r oduc ts, although they may be of a rever 

si b l e nat u re . Ne gat i ve effects of carbon d i oxi de at h igh conce n trat 

ions ( a bove 60% ) on q uality were observed in al l tested grains within 

weeks or months . Twelve pe r cent mo i sture c onten t wheat from pilot 

scale b ins was f o und to be unacceptab l e at mil l ing after 1 year stor 

a ge in a mi xtu re of c arb on dioxide , ni t r ogen and oxygen (8: 91.5 :0 . 5 

v/v )(She j bal ,1 979a). 

As can be seen i n Tab l e 4, t h e apparent d i sadvantages of the 

nitrogen fum i ga t i on a nd stor ge technique a r e strict l y related to the 

management of r h e s torage facil it ies . The very fact that the struc 

tures have to be gas - tight and filled with inert gas, excludes thei r 

use in t hose places wh e r e ve r y freque n t grain movement is envisaged 

and where I so the slowe r dis inf estation by anox i a, as compa red to 

chem ica l pes t icide s and f umigants , is not acceptable . Where medium 

a nd long - term storage is envisaged , the slightly increased investment 

c o st s of gas -t ight s truc tu r es a re easily outwe ighed by t he advantages 

and sav ings ac hi eved by the technique (Tranchino, 1980) and correc t 

ma nagement and planning can substancially reduce problems related to 

partial un loading of sto r age bins . 
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TABLE 3 FEATURE S OF NIT ROGEN FUMIGATI ON AND STORAGE METHOD o 
~ 

Ch e mical protectants 
- e xc l u ded b o th fo r storage an d s tored product s 

: toxic r es idues e xcluded 

I nsects an d mit e s 
- Perfect penetration of gas th rough commodit y 

Imme di ate inh i bi tion o f b i o l ogi c a l a c t i v i t y 
h ot spot f ormati on a nd mOisture inc r e ase exc luded 


= loss of sto r ed p roduct e xc l uded 

= i nfestation exc lud ed 

Full ki ll o f a l l s t ages of deve l opme n t by 15- 20 d a y s t r eatm e n ts 


Deve l opme n t of reSi stance to l o ng t erm a noxi a e xposure e xc luded 
- Si mpl e and safe f um i gat i on t r eatme n t 

Rodent s a nd bi r ds 
- i nfes t a tio n e xclude d 

: no l oss o f sto r e d product 

Fungi a nd y easts 
- prol iferation sign i f ic antl y retar d e d i n tec hnical n i trogen, inh ibite d in p u re nitrogen 

Storab i lity of grains at c ri tical a nd mediu m mOis t u r e conten t s s ignific a ntly 
e x tended du e to 
exc l USion of temperature a nd mo i s ture increase 
exc lusion of off-odours 
retar ded l oss of viab j l~ty 

retar ded l oss of tec h no l og i ca l a nd nutri t i onal qu a l ity 
- Con tamina tion b y mycotoxins du r in g sto rage exc luded 
- Dryin g ma y be d e l ayed o r avo ide d 

savings on inves tme n t costs 
: savin gs on ope r ating costs 



Oxida tive re act ions 
- s i gn ifican t ly r e du ced 

f ats p r o t e cte d 
we i ght l oss reduced 
secon dary e xp l osi ons and a u to -i gnit ion e xcluded 

Viabili ty o f c aryopses 
Germin a t ive e ne rgy and cap ac i ty mai n t a i ne d s ignifican tly longer t h a n in ai r 
: storag e of s ee ds and ce re al gra i ns f or mal t produc t i o n possi b l e in l arge storage f ac i lities 

- Da maging effec t of hi gh t e mp e ratures re duce d 

Tec hn o l og ical and nutri t ion a l parameters of store d p r oduc ts 
- prese r ve d for l on g p eriod s o f time wi thout need of a ddit ion a l measure s 

pa rti c ul arl y conve n ient for medi um and l o ng t erm s t o rage 
conven i e nt for safe large-sca l e buffe r and s tra t egic stock s 

Ope rating costs 
- Sto r age cost f o r a on e y ea r p r ese rva ti on i s in the orde r of a s ingl e fumi gati on by chemi cal 

p r oduct s o r lowe r 
- Operatin g costs dec r ease with increase o f s t orage fac ili ty capaci t y 

Investme n t cost s 
- not s i g n ificantly inc r eased wh e n gas - t i gh tn e ss foresee n at si l o c onstruc t ion 

l\:) 

o 
Co) 



TABLE 4 Adva n tages (+ ) a nd disadvan t ages (-) of ni t r oge n fum i gation and storag e 

+ 	 use o f ch.emical protectants and a dd itives excluded 

+ 	 primary and second a r y toxi c r esidues e xcl uded 

+ 	 fu ll kill of insects a t a ll stages of their d e v el opme nt ach ieve d 

+ 	 f u n g i con troll ed by pure n it r ogen 

+ 	 quality of grain s prese r ved for l on ge r periods e ve n a bove c ri ti cal moi stur e 

+ 	 secondar y e xpl osions and fire hazards are prevented 

+ 	 operati n g cos ts are reduced or not i ncrease d 

gas - tight storage facilities with slightly increase d i nvestment costs n eeded 

disinfestation operation slower than with toxic c he micals 

partial unloading may increase operat ing c ost s a nd mOisture migratio n 

t'V 
o 
~ 

tec hni que 

con t ents 
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ABSTRACT 

~10dified atmosphere techniques for grain storage have been under study in 
Australia for over 60 years but unti l recently have been widely used only during 
one brief period (1917- 1919). Full scale testing of nitrogen-based atmospheres, 
started in 1972, and has led to development of a process, based on a tanker
de Divered liquid nitrogen, similar to that developed by Snamprogett ~ in Italy. 
Since, under dry Australian conditions, the quality of grains such as wheat is 
maintained adequately in storage, the emphasis in the use of ni trogen-based 
systems has been on insect rather than quality control. r~ore recently the use 
of C02 has been investigated. C02, at present, is the preferred atmosphere for 
insect control as it is easy to apply and, unlike nitrogen atmospheres, does 
not require a continuous input of gas after t he initial purge if the storage is 
well sealed. C02-based atmospheres are now in use i n Australia for insect 
control in stored grain. A s'tJmrnary of the unpublished experimental and commercial 
trials carried out with modified atmospheres in Australi a is given. If insect 
controli only is required, it should only be necessary to maintain the modified 
atmosphere until el' iminatiQn of insects is ach i eved. The sealed fabric of the 
storage should then provide a barrier against reinfestation. This proposition 
is discussed and examples of storage free of insects for more than four months 
after brief modified atmosohere treatment are glven. 

INHODUCT ION 

The technique of modified or controlled atmosphere storage of grain involves 

alteration of the concentrations of the norma 1 atmospheric gases present i'n a 

storage so as to give an artificial atmosphere that is insecticidal and orevents 

mould growth and quality deterioration of the stored product. Two classes of 

externally generated modified atmosphere are available: low oxygen atmospheres, 

(generated by adding nitrogen, or the gas mixture resulting fr om burn ing hydro 

carbons, to the store) or high C02 atmospheres (made by addi ng carbon di oxi de) . 

It should be noted that the technology of use of these atmospheres diffe rs 

substantially from that of modified atmospheres generated by bi ological processes 

within a sealed structure, i.e. hermetic storage. On ly ext ernally generated 

systems are considered in t his pa per. 
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There has been a continui ng interest in various fonns of modified or contro ll ed 

atmosphere storage of grains in Australia over many years: the first recorded 

lar ge scale treatments were carried out in 1917. Although these were successful 

the process was not again used widely until 1979 when two grain storage organis

ations carried out commerc i al treatments with carbon dioxide. This use was 

based on experience gained duri ng the 1970's from various fu11 scale experimental 

treatments with either carbon dioxide or nitrogen as sources of the modified 

atmosphere. This paper sUlMlari ses the details of the unpublished recent coounercial 

and experimental applications of modified atmospheres to large bulks of stored 

grain (> 300 tonnes) in Australia. Evaluation of such treatments is an important 

step in the development of the technique into a routine system. The number of 

sites used in the basic experimental work was limited and application of the 

technique over a significant number of storages may reasonably expected to 

reveal problems not encountered previously. 

The exposures to modified atmospheres currently bel ieved to gi v~ complete 

insect mortality under Austra l ian conditions are given in Table 1 (Banks and 

Annis,1977; Banks, 1979). 

TABLE 1 

Exposure periods proposed for modified atmosphere disinfestation of grain 

«121 moisture content). 

Atmosphere 
source 

Initi a 1 target 
concentration 

Final target 
concentration 

Period of exposure 
wi t hin these 1im; ts 

in storage in storage 

Carbon dioxide 
Nitrogen 

> 
< 

70% CO2 ina i I" 
1% O2 i n N2 

> 
< 

35% COl in air 
1% O2 in N2 

> 
> 

10 days 
6 weeks 

at 200 C 
at 20 0 ca 

a Temperature deDendent. For other temperatures see Banks and Annis (1977). 

The CO dosage regime given in Table 1 is referred to below as the ' t arget'2 
regime and, if further gas is not added after the initial pu rging, implies a 

semi logari thmic gas loss rate of < 6. 9% day-l. 

In Australia, most grains are harvested in a condition regarded as dry by 

world standards. The rece iva l of wheat, the major grain crop, into the central 

bulk handling system is not pennitted if the moisture content is > 12%. Though 

the grain may often be wa nn in storage (> 300 C) the qualities required for 

most of its end uses (e.g. baking, animal feed, noodle-making) are adequately 

retained in air over long per iods of storage in the absence of insect pests. 
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In commercial terms, gem i nation may fall significantly for some commodities, 

notab ly malting barley, but most of the grain produced does not need to be 

viable. Since modified atmosphere storage is generally not required for quality 

control in Australia, i t appears unnecessary to maintain the atmosphere for 

l onger than needed to ensure complete mortal ~ ty of all insect pests in the 

s torage. A perfectly sealed storage should then, in theory, act as an insect

proof enc losure and prevent re-invasion of the stored grain by insects . 

However, the standard of sealing cutTently accepted (Banks and Annis, 1977, 

1980), though high does allow for some imperfections in the enclosure. The 

degree of sealing is assessed by a pressure decay test. This test cannot 

differentiate between residual leakage result i ng from a few large holes in the 

fabric or an equivalent leak resulting from the combined effect of many small 

ones. On a 2000 tonne-capacity storage cell, a typical storage unit in Austra li a, 

the imperfections may amount to about i cm 2 in total. It is thus pos s ible that 

there may be a number of imperfections present of a size through which an 

insect can enter a store. The degree of protection which a store seal~d to the 

r equired standard affords in practice results from a combi nation of a number of 

factors which, because of their random nature, cannot be assessed in the 

laboratory. These factors include the possible presence of a suitable hole 

through which an insect may enter, the presence of invading insects and the 

ability of the insects to locate the hole (see Barrer and Jay, 1980) , Some 

data from commercial practice relevant to the assessment of the protection 

which can be expected is given below. 

USE OF MODIFIED ATMOSPHERE TREATl'-1ENT OF GRAIN IN AUSTRALIA, 1917-1919 

Externally generated atmospheres were used for disinfesting stored bagged 

grain in Australia during the period 1917-1919. This was possibly the first 

extensive use of such a system in the world (Winterbottom, 1922) . Disrupti on of 

world trade by war had led to a substantial holding of grain in bag stacks 

around Australia. About 60,000 t wheat were trea t ed with a low oxygen atmospher e 

generated from burning coke in a modified producer gas generato r . At that t ime, 

carbon dioxide was thought to be the toxic agent to the insects and the generator 

was tuned to give maxi m'um CO2 output, although origina lly designed to produce 

carbon monoxide. Fig. 1 shows the arrangement for treatment of a bag stack. We 

know now (Bailey, 1965) that the lack of oxygen was probab ly t he cause of death, 

although its action would have been assisted by the CO2 present (see Bailey and 

Banks, 1980). After this high~ j successful operation, no further large scale 

use of controlled atmosphere disinfestation has been made for stored grain in 

Australia until the current experimental and commercial appl i cations. 

-
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Fig. 1. A bag stack of wheat enclosed in wooden sheeting treated with bituminous 
materials for modified atmosphere treatment. In Aust ralia during the period 
1917-1919. Note the gas generator to the right of the Qicture (From Winterbottom, 
1922) . 

PI LOT COMMERCIAL USE OF MODI FI ED ATMOSPHERES BASED ON LIQUI D NITROGEN 
In Australia, experimenta l tri a ls under full scale storage conditions us ing 

tanker-delivered liquid ni t rogen as a gas source were begun in 1972. The results 

of these trials, summarised by Bailey and Banks (1975) and Banks (1979), farmed 

the basis for a publication (Banks and Annis, 1977) setting out how nitrogen 

atmospheres might be used comme rci al ly for treatment of bulk stored grain. The 

process is similar to that developed by Snamprogetti (Shejba l . 1979) in Italy. 

Several pilot commercial tri als have been carried out using liquid nitrogen. 

These trials, summarised in Table 2 and 3, were conducted in general according 

to the procedures set out by Ba nks and Annis (1977): minor modi f ications were 

made as required by the equipment availabl e. In two of these trials, the 

addit ional ni t rogen required to maintain tl-Je 10\" oxygen atmospher e after pu r gi ng 

was initia11y added to the storage using a demand system set to keep a small 

positive pressure ( 120 Pal within-the storage. Thi s system was later disca rd ed 

i n favour of a simple continuous gas inout system , (Ban ks and Annis, 1977). The 

latter used less nitrogen t ha n the former system to mai ntain the same oxygen 

1 evel . 

The efficiency of generation of the low oxygen atmosphere, can be assessed by 

comparison against a theoretical gas requirement where the interstitial atmosphere 

in the bulk is displaced by plug flow and the oxygen content in the headspace is 

reduced by a mixing process ('E3' of Banks (1 979)). The eff icienc ies of purging 



TABLE 2. 

Pil ot commercial usage of modified atmospheres generated in stored bulk grain from liquid nitrogen. Details 


of the storage and initial ~ddition of nitrogen. 


Site, bin no. 

Ta ra . 2 

Rennieb , 2 

Tara, 2 

Ta ra, 3 

Macalistair,3 

Toowoomba, 2 

Toowoomba, 3 

Date 

of trial 


1977 

1977 

1978 

1978 

1978 

1980 

1980 

Tonnage 
treated 

and 
commodity 

1870 
wheat 

1890 
wheat 

1880 
wheat 

1870 
wheat 

1650 
wheat 

930 
barley 

930 
bal'l ey 

Filling Purge % O2 at 
ratio rate end of 

(m 3 min- l ) purge 

0.96 

0.97 

0.95 

0.96 

0.8S 

0.99 

0.99 

0.7-0.9 


1.0 


0.8- 1. 5 


0.8-1.5 


1.0 


1.2 


4.8 


2.0 

1.0 

1.5 

2.8 

1.0 

0.4 

0.6 

Purging 
effi c i ency , 
E~ (%) 

72 

55 

65 

61 

55 

65 

79 

Nitrogen usedc 

(m 3 t- l ) 

0.81 

1.11 

0.93 

0. 92 

1.11 

1. 26 

1. 01 

Carried 
out by 

Sta te vJheat Board, 
Queensland 

Grain Elevators 
Board, Victoria 

State Wheat Board, 
Queensland 

State Wheat Board, 
Queensland 

State Wheat Board, 
Queensland 

Barley Marketing 
Board, Queensland 

Barley Marketing 
Board, Queensland 

a 	 Efficiency. E3' as defined in Banks (1979). 
b = 	 A second bin was also treated at this site and gave similar results. 

Gas usage giving the observed headspa ce oxygen levels. These figures are not directly 
comparable with those in Banks and Annis (1977) which are for 1% O2 in the headspace. 

I:\j ..... ..... 

c 



1\:1 
I-' 
1\:1 

TABLE 3. 
Pilot commercial usage of modified atmospheres generated in stored bulk grain from liquid nitrogen. Detail s 
of sealing level of the storage and gas requirement to maintain the low oxygen atmosphere. 

Site, bin no. Date Pressure decay Filling ~~ax imum Observed Predictedd 

of trial test, 1500-750 Pa ratio % O2 maintenance maintenance 
(mins) main ta i ned rate 1 rate 1 

(m 3 day- ) (m 3 day- ) 

Tara, 2 b 1977 102Q 0. 96 1.1 30-35 26 
Ren nie, 2 1977 6.0 0.97 1.8 27 25 
Tara, 2 1978 78Q 0.95 2.0 400 27 
Tara, 3 1978 22 0.96 2.0 400 27 
Macalister, 2 1978 19 0.85 > 2.0 > 36 47 
Toowoomba, 2 1980 7.8 0.99 1.0 17 20 
Toowoomba, 3 1980 7.8 0.99 1.0 17 20 

Q = These values may be too high as they were taken during a period when the heads pace was ga i ning heat. 
b A se~ond bin treated at this site gave similar results. 
c This rate was used when the oxygen level was already> 2.0% in the bin and gave a slow 

reduction in oxygen level. 
d Del' ived from Ban ks and Annis (1977, Table 3) by linear interpolation . 
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in these trials are given in Table 2 and are, in general, s l i ghtly less than 

obtained under experimental conditions (73-92%; Banks, 1979) . It will be noted 

that even in the case where the purging was least efficient (55%, Rennie, 2), 

the saving in gas usage, and thus cost of treatment, to be achieved by raising 

the efficiency to the level found in experimental trials wou l d be small . In 

this example, an improvement in efficiency from 55 to 75% represents a saving of 
3 -1only 0.2 m tonne . The values of expected nitrogen usage for various filling 

ratios given by Banks and Annis (1977) were based on results obtained from 

trials using filling ratios of < 0.92, and in practice, as the observed efficiencies 

given in Table 2 suggest, may be slightly low . After purging, the low oxygen 

atmospheres within the storages were maintained by addition of nitrogen to the 

headspace. The rates of input required are given in Table 3, ~ogether with 

pressure test values on the filled storages. The rates of gas input required 

are consistent with those given in Banks and Annis (1977). 

At present only one series of treatments using liquid nitrogen as an atmosphere 

source is being carried out in Australia. These are still in progress . Shejbal 

(1979) observed that the germination of malting barley could be preserved for a 

longer period under nitrogen than in air storage. The current trial is designed 

to verify this observation under Australian conditions. In general, there is 

little current interest in Australia in use of nitrogen because, under the prevailing 

storage conditions, carbon dioxide-based systems are at present more attractive, 

both practically and economically. 

EXPERIMENTAL AND COHtlERCIAL APPLICATION OF COrBASED MODIFIED ATMOSPHERES 

Experimental treatments using carbon-dioxide based systems 

Banks (1979) provided details of the experimental trials carried out to that 

date by CSIRO with carbon dioxide in various types of bul k grain storage and 

transport vehicles. Wilson et al. (1980) described two pilot cOfllllercial treatments 

in welded steel bins and, in particular, demonstrated the need for gas recircul at ion 

during CO2 use in sealed structures in order to avoid regions of inadequate CO2 
concentration in the upper par ts of the storage. The Barl ey ~1ar ket;ng Board, 

Queensland (unpublished data) treatec 950 tonnes of barley with 80% CO2 using a 

purge rate of about 1 t h- 1 in a sealed metal bin (pressure decay time for 

1500-750 Pa, 16 mins). An initial CO~ level of 79%was achieved with a subsequent 
-1 L

decay rate of 1. 8% day and an overal l gas usage of 1.08 tonnes CO2 per 1000 

tonnes barley. No detrimental eff ect of the CO 2 on the barley was observed. 

While CO2 is no.., being applied cOfllller cially in welded 3tee1 storage bins (see 

below) it is not yet used in other structures in Australia. Until recently, 

the main limitation to the more widespread use has been the lack of methods for 
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sealing other structures to an adequate level. This problem has now been overcome 

(Banks and Annis, 1980). The main constraints will now be financial, as the 

cost of sealing some structures can be high. 

As a demonstration of the feasibility of using CO 2 in a large shed-type 

storage, a type commonly found in many grain handling systems, a 16,400 tonne

capacity shed filled with wheat was treated with this gas, after the store had 

been sealed as described in Banks et a1. (1979). The gas was added through a 

perforated aeration duct which ran longitudinally along the centre of the gra i n 

bulk. After purging, the gas was recirculated to maintain a uniform atmosphere 

within the shed. No further CO2 was added. Table 4 gives the general detail s 

of two treatments in successive storage seasons. 

TABLE 4. 


Details of CO2 treatment of a large, sealed grain shed (Harden, N.S .W.). 


Nominal shed capacity 

Total enclosed volume 

Season 

Load 
Pressure decay test 
(100-50 Pa) 

CO 2 added 
Rate of CO 2 applied 

Maximum average CO 2 
Average CO 2 at 

10 days 
Gas loss rate 
Purging efficiency 

(E )a 
Gas 1addition rate 

16,400 t 

33,100 m 3 

1977-78 

13,606 t wheat 
5 mins 

33 t 
2.4 t CO 2 per 1000 t 

wheat 
59% v/v 
38% v/v 

4.5% day -1 

73% 

0.6 t h- l 

1978-79 

16, 144 t wheat 
5 mins 

32 t 
2.0 t CO 2 per 1000 t 

wheat 
73 %v/v 
43 % v/v 

5.2 % day-l 
92% 

2.8 t h- l 

a 	 Calculated as in Banks (1979), assuming direct displacement of enclosed 
atmosphere by CO2. 

The increased purging efficiency in the second year is largely attributable 

to slight alterations in the design of the ductwork and increased speed of 

purging. In the first season the maximum concentration of CO2 achieved was 

lower than the target values (70%). However, an acceptable decay rate (i.e. < 

6.9% day-1), was attained showing that the shed was adequately sealed. In the 

second season, the target CO2 regime was met. The average CO2 levels in the 

storage over the first 15 days of the trial are shown in Fig. 2. The form of 

this curve is typical of the decay of CO2 concentration which we have observed 

in various trials. There is an i ni tial rapid decay shor tly after purging and 

then a slower phase in wh i ch log [C02] is proportional to time. This semi

logarithmic relationship is used below to estimate the i nit ial (C02 j obtained 

-
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Fig. Z. Decay of average COZ concentration wi th time observed during the 
treatment of a sealed 16,400-tonne capacity shed as Table 4, 1978-79 season. 

but the value calculated is sl ightly less than the true value because of the 

initial deviation from the relationship. 

Commercial treatments with COZ in welded steel bins 

In an adequately sealed storage, i.e. meeting the gastightness specification 

given in Banks and Annis (1977, 1980), it has been shown experimentally (Banks, 

1979; Wilson et al., 1980 and above) that COZ may be applied in a 'one-shot' 

operation. That is, a rapid initial purge is used to give a hig h-COZ atmospher.e 

within the storage. No further gas need be added. The target regime for 

insecticidal action (Table 1) can still be met, as gas loss is sufficiently 

restricted by the sealed enclosure. In contrast, nitrogen-based low oxygen 

atmospheres require addition of further gas to maintain oxygen levels below the 

target concentration during the r equired exposure period. The cost of the 

additional gas and its storage on site is significant in the overall economics 

of the process using nitrogen. The lack of need for such additional gas is the 

main commerciall advantage which COZ has over nitrogen in the modes of use 

currently proposed in Australia. The details of commercial usage of CO Z as a 

'one-shot' system are given b~low. They confirm that the COZ application 

technique dEmonstrated experimentally (Banks, 1979; Wilson et al., 1980) can be 

duplicated in routine practice. 

Two authorities in Australia concerned with bulk grain storage, the State 

Wheat Board, Queensland and the Grain Elevators Board, Victoria, have carried 

out commercial treatments of bulk wheat using COZ' The carbon dioxide was 

supplied to the storage sites as a liquid and applied at the rate of 0.5-Z ~ h- l 

after vaporisation as described by Wilson et al. (1980). In Victor ia, a single 



TABLE 5. 
m3Details of commercial treatment of bulk wheat, stored in sealed 2400 capacity welded steel cells, with CO :! for the 

t-:l1979-80 storage season by State Wheat Board, Queensland. ...... 

Site, bin no. Tonnage Pressure CO 2 used Initial b Decal Efficiency Period of 
cr> 

treated decay test (t per 1000 % CO2 rate of pu rging storage 
Ci. 1500-750 Pa t wheat) (% day- 1 ) (E 1, %)0 after CO 2 

(mins) treatment 
(months) 

Bell, 1 1811 11 1. 04 74 5.1 76 lZe 
Bell, 3 183 1 8 1. 03 77 8.3 78 ll ef 
Brigalow, 3 
Brookstead, 2 

1796 
1809 

10 
20 

1. 06 
1. 10 

75 
75 

4.1 
6.3 

76 
73 

3 
4.5 

Cambooya, 3 1870 24 0.98 79 3.7 80 0.7 
Ma calister, ld 
Macal ister, 2d · 
Ma ca1 ister , 3d 
Macalister, 4d 
Macalister, sa 

1800 
1751 
1831 
1757 
17 97 

12 
19 

7 
10 

1. 04 
1. 17 
1. 07 
1. 16 
1. 16 

66 
70 
78 
82 
74 

3.4 
3.5 
4.5 
3. 7 
2.8 

68 
69 
76 
87 
71 

8f 
7 
5,.
::J 

5 
Meandarra, 1 1644 11 1. 18 84 4.1 94 9 
~'eandarra, Z 1866 8 1. 05 80 3. 4 76 Z 
Meandarra, 3 1861 7 1. 00 62 4. 9 62 9 
Norwin, 1 1861 10 1. 20 87 6. 0 72 1 
Norwin, 2 1874 9 0.96 86 6.9 70 6 
Non~i n, 3 1888 6 0.98 85 7.4 84 2 
Tara, 1 1901 21 0.93 60 1.0 61 6 
U1imaroa, 1 1864 7 1. 08 91 9.6 84 5 
Ulimaroa, Z 1920 5.5 0.98 68 4.5 64 0.7 
Ulimaroa , 3 1842 7 1. 05 67 4.6 66 6 
Ulimaroa , 4 187 4 20 1. 06 85 7.7 79 5 
Warra, 1 1854 17 1. 04 71 3.0 69 1 
Warra, 3 1772 34 1. 08 62 0.5 65 3.5 
Wa rra , 5 1900 0.99 71 5.6 69 4 
Warra , 6 1764 25 1. 10 66 3.1 68 4! 
Warra, 8 1900 24 1. 03 38 - 1. Z 35 5f 
Yandilla, 178 6 9 1. 04 84 6. 1 89 Z 

::;a The bulk density of t he gr ain stored varied wi de ly . All bins were full, f illing r atio > 0. 96. 
b Estima ted from two readings only taken .between 1 and 4 days and 4 and 17 days afte r pu rgi ng . 

Ef f i ciency, El. as defined by Banks (1979 ). 
d Purge gas composition variabl e from 50-100% C0 2 in air. 
e Retreated wi t h C02 after 7 months as a precau tiona ry measure. 

Ins ec ts pres ent on outloading· (see text ).l' 
Sti 11 in sto rage . 9 
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TABLE 6. 

Details of CO 2 usage and tonnage of wheat treated with pure CO 2 (1979) or 85% CO 2 (1980) at two sites 

by Gr ai n Elevators Board, Victoria. 

-----.-------- . 

Site, bin no . Pressure test" Initial b Decal Tonnage Total CO2 CO 2 used 
(date) for 750-375 Pa ~~ CO 2 rate treated used (per 1000 t 

(min) (% day-l) ( t) t whea t) 

1 6 69 4.6 

3 9 89 4.3 

5 6.5 102 6. 7 11 ,800 

Yarrdwongil, 7 13 89 4.7 
(1979) 	 ~ 8 97 5.6 


11 9 85 4. 5 I 19.73 1.04
( 
9 86 

Rennie, ::) 6 75 5.4 7,2007.9 J 
(1979) '1- 4. 5 	 75 5.6 

5 4.5 	 85 6.8 

1 11 	 1 ,750 
3 12 	 53 1.5 1 ,850 
~ 5.5 	 48 0.3 1 ,790 
7 10 65 3. 1 1 ,820 14.7 1. 13 

Yarrawonga, 9 7.5 65 3. 2 2,080 
( 1 980) 11 11 67 3. 4 1 ,870 

-13 5. 0 59 2.7 1 ,840 

1 7.5 	 61 2.6 1.500 }
3 7 62 3.7 1,600 7.5 1.06 

Ren nie, 4 8 64 .3.3 2,000 
( 1980) 5 4.5 56 2.2 Q, OOO 

Q Interpola t ed semi logari t hmically fr om observations of the decay rate between 750 and 250 Pa. 

b Es timated from readings for between 5 and 12 days after purging . ~ 


f-' 
-1 
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shielded inlet in the wall of the bin, as described by Banks and Annis (1977), 

was used. The Queensland bins were already equipped with a perforated distribution 

duct running radially from the floor centre to the bin wa l l and this was used 

for gas introduction. In most cases, pure CO 2 was introduced. Exceptions are 

given below. The atmosphere within the bin was recirculated as described by 

Wilson et al. (1980) after CO2 introduction. 

Tables 5 and 6 give deta i l s of the commercial treatments of bulk wheat with 

COZ carried out for insect cont rol since the beginning of 1979. The State ~~heat 

Board carried out a further 13 treatments, in addition to the Z7 summarised in 

Table 5. The details of these treatments are incomplete, but those available 

are consistent with the data in Table 5. The treatments given in Table 5 used an 

average of 1.06 t COZ per 1000 t grain at an average purging effiency of 74%. 

In most of the treatments detailed in Tables 5 and 6, the target CO regime2 
(Table 1) was exceeded. In a f ew instances the decay rate exceeded 6.9% day-l 

but in these cases, e.g. Ulimaroa, 1 (Table 5), the initial CO 2 level was higher 

than the minimum acceptable (701) and the decay rate was such as siill to l eave 

> 35% CO after 10 days. In some bins an inadequate initial CO 2 level was2 
achieved. On some occasions this could be a result of adding an inadequate 

quantity of COZ' e.g. Meandarra, 3 (Table 5) , but appears, on others, to be 

associated with unusually low loss rates, e.g. Tara, 1 (Table 5). The latter 

effect also is apparent in tne 1980 results shown in Table 6. It should be 

noted that there is a significant correlation (p < 0.01) between calculated 

initial CO level and loss rate, suggesting that the very low and high iniiial2 
CO levels calculated for some trials may not represent the true values achieved 2 
but result from sampling and measurement errors which inevitably occur under the 

practical constraints of normal commercial practice. 

Though the low values for the initi al COZ concentrations given in Table 6 may 

in part be due to inaccuracies in the extrapolation, they may also result from 

the use of 85% CO Z not 100% CO2 as a purge gas in the 1980 treatments. If 

purging is continued, as In these cases, until at leas t 801 CO 2 is issuing from 

the top vent, a considerable quantity of CO2 is lost from the bin, res ul ting in 

a reduced purg ing efficiency and thus lower initial CO 2 levels for an equivalent 

quantity of 100% CO ' Which of these two effects caused the low init ial CO 2Z 
values cc.nnot be distinguished on the basis of the available data for the 

treatments. 
The results given in Tables 5 and 6 show that the targe t reg ime for CO 2 can 

be met under routine commercial conditions in full, welded steel bins using 

about 1.05 tonnes CO2 per 1000 tonnes wheat, meeting the current standard for 

sealing (pressure decay of lS00-750 Pa in > 5 mins in a ful l bin, see Banks and 
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Annis, 1980). Further work appears necessary to assess the advantages and 

disadvantages of purging bins wi t h air-C02 mi xtures (e.g. 85% CO ) rather than2
with pure CO2. 

Application of C02-based mod if ied atmospheres in concrete cells 

Concrete cells are routinely constructed by the State Wheat Board, Queensl and 

to a gastightness standard exceeding that curr ently considered suitable for 

modified atmosphere use (see Banks and Annis, 1980). Five of these ce ll s were 

treated with CO2, in the same man ner as the welded steel bins discussed above. 

After the purge was complete the bins were sealed as usual. A substantial 

negative pressure differential relative to the external atmosphere rapidly 

formed in the bin, which had to be relieved to prevent structural damage to the 

bin. In one case a-1500 Pa differential developed over 25 mins. The process 

continued over several days and is attributed to sorpt i on of CO2 on the concrete, 

i.e. carbonation as discussed by Hamada (1968). The detail s of the treatments 

in concrete cells are summarised in Table 7. It is notable that, despite a high 

level of sealing as assessed by the pressure test and a similar us age of gas and 

efficiency of purging to that obtained in welded steel cells (see Table 5 

and 6), the decay rates are much higher and, indeed, are too hig h to allow the 

target CO2 regime to be met unless additional gas is introduced. 

Concrete grain storage cells are the only common type of large bulk storage 

in Australia that has not been treated successfully with 'one-shot' CO 2 atmos

pheres. The use of CO2 in concrete cells has been disconti nu ed commercially 

until the possible effects of the gas on the structure have been fully assessed. 

It is also necessary to determine if part or all of the sorption process is 

reversible as this will influence the gas usage in cells that have been treated 

with CO2 more than once. 

It is notable that CO2 has been used with some success in the U.S.A. in 

concrete cells on both maize and peanuts (Jay and Pearman, 1973; Jay et al., 

1970). However, furtner CO 2 was required to maintain adequate CO2 levels after 

the ini t ial purge and the rate of addition required was hig h. 

INSE CTICI DAL EFFICACY OF C02 TREATME NTS AND THE DEGREE OF PRO ECT ION 
AFFORDED BY A PARTIALLY SEALED STRUCTURE 

In the mode of use proposed for CO 2 in Australia, the gas is added rapidly to 

the sealed enclosure and held there for a period exceeding 10 days. No further 

gas is added. The laboratory data on the action of air-C02 mixtures is incompl ete 

and limited by its very nature to resul ts from treatment of sma ll numbers of 

insects that must be presumed to be of restricted genetic variability. Though 

laboratory observations in general support the target regime used , it requ ires 
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TABLE 7. 

m3Details of tl'eatment of wheat \.,ith CO 2 stored in 3400 capacity concrete cells by State Wheat Board, 

Queensland, during 1979. 

Site, bin no. Tonnage 
treated 

Pressure 
decay test, 
1500-750 Pa 

(mins) 

CO 2 used 
(t per 1000 

t wheat) 

Initial a 

% CO 2 

Decal' 
rate 

(% day-l) 

Efficienci 
of purging 

(E" %) 

Oakey, 2 
Oakey, 2 
Brookstead, 2 
Millmerran, 2 
i·leandarra, 1 
~~eandarra, 2 

2880 
2880 
2880 
3032 
2787 
2689 

6.5 
6.5 
9 

20 
22 
22 

1. 05 
0.93 
1. 00 
1. 00 
1. 15 
1. 30 

101 
74 
75 
98 
55 

107 

17.3 
10.0 
19.5 
13.1 
8.9 

31.1 

78 
64 
62 
68 
42 
79 

a 	 Estima t es of initial concentrations of CO 2 and the semilogarithmic decay rate made 
from two readings only taken from 1 to 2 days and 3 and 17 days after purging. 

b 	 Effi c iency, E1, as de fi ned in Banks (1979). 
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verification in practice where the numbers and variability of the insects to be 

controlled are much greater and where the insects are free to move in the grain 

bulk. 

Assessment of the effectiveness of CO2 treatment under field conditions is a 

complex problem. In general, adult stored product pest insects are more suscept

ible than most immature stages to air-C02 mixtures. If the latter survive, 

they may escape detection if inspec tion is carried out soon after treatment. 

If adult insects are discovered some time later, it ;s not possible to distinguish 

between a control failure in CO2 use and an infestation derived from insects 

entering the storage after the end of the treatment. The two probl ems, the 

effectiveness of the current target regime and the degree of insect proofing 

afforded by an enclosure sealed to the current standard for use with modified 

atmospheres, must thus considered together. 

In the cases discussed below, the grain trea ted was in a condition (25-300 C, 

10-12% m.c.) favourable for rapid multiplication of Rhyzopertha. dominica.and 

Tribolium castaneum, the preval ent pest species. Thus, if after a period of 

some months subsequent to CO2 treatment insects are still not detectable. It 

is reasonable to assume that the treatment used gave a very high or comp l ete 

kill of insects present. Furthermore, since in an unsealed structure, unprotected 

grain soon becomes infested, absence of infestation after treatment demonstrates 

that the sealed structure gives significant protection against reinfestation. 

The period of storage of the grain in steel bins treated with CO by the2 
State Wheat Board is given in Table 5. The period was determined by operational 

requirements and not by insect infestation. In most cases, the grain was known 

to be infested prior to treatment and was stored for more than 3 months after 

treatment. Except as noted below, no live insects were found when the grain 
l was sampled at a rate of about 0.1 kg t- from t he grain stream on outloading . 

In Victoria, during the 1979 season, with the exceptions given below, no live 

insects were detected on outloading using a similar sampling technique, although 

the grain had been held for 7 months after CO2-treatlT1ent (Table 6) and infestation 

was present before treatment. (Note the gra in tt' ea ted in 1980 as deta i 1 ed in 

Table 6 has not yet been outloaded and no inspections have been carried out). 

These observations shol'J that, in general, the CO2 treatment regime used was 

highly effective and a substantial period of storage (several months) was 

achieved with grain being free of insects at outloading as judged by Austral i an 

commercial standards. Furthermore, reinfestation from external sources was not 

significant. 

-
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Observations of i nsect infestation subsequent to C02 treatment 

Instances of apparent control failures with CO2 must be considered aga inst 

this evidence of successful use. There are 6 cases i nvolving 11 lots of grain, 

summarised bel 0\'1, where infestation has been detected \after CO2 treatment. In 

those cases where the target regime was met, infestation was detected only after' 

some months'of subsequent storage and thus surv ival of the treatment cannot be 

distinguished from reinfestat ion as its source. 

Case 1. Be ll, 3, Macalistair, 1 and Warra, 6. (Ka imkillenbun, 1 (not 
given in Table 5, da t a incomplete) apparently similar). Grain harvested 
at the end of 1978 and treated then with fenitrothion and bioresmethrin 
(12 and 1 ppm respectively). Dosed with C02 as Tabl e 5 one year later. 
Target C02 regime met or almost met (see Table 4). Very few ~. dominica 
detected at outloading when about one-fifth of each bin had been discharged, 
but not before or subsequently, suggesti ng that the infestation was at the 
surface and very local i sed. Source of infestation: not known. The localised 
nature of the infestati on suggests that it came from external sources 
shortly before outloading and was not a survival of treatment. 

Case 2. Harden. 1977-78 storage season. treated as described in Table 4. 
Heavy infestation of T. castaneum arild R. dominica prior to treatment. 
Apparently insect-free (probe sampled)-6 \'/eeks after beginni ng of treatment, 
but R. dominica with some T. castaneum found after ~3 weeks. Suggested source 
infestation: insect survival from treatment which di d not attain the target 
initial CO2 level. 

Case 3. Harden. 1978-79 storage season, treated as described in Table 4. 
No insects found by probe sampling prior to treatment. Apparently adequate CO ? 
regime. Store unsea l ed and small quantities of grai n removed from time to time 
from 2 months after C02 dosing. Localised but rapidly developing irifestation 
of T. castaneum found 6 months after treatment. Very few R. dominica and 
f. ferrugineus also present. Suggested source of infestatlon: insects 
introduced into store on machinery or personnel or insects flying in after 
breaking the seal. A very low level of survival from treatment cannot be 
excluded as source. 

Case 4. Rennie, 3 and 4 in 1978-79 storage season. Treated with C02 
as per Table 6 after 3 months storage. Condensation damage present in bin 3 
prior to treatment. Aft er 7 months from treatment, severe condensation on 
grain surface with many T. castaneum present. Source of infestation: not 
known. Rec i rculation duct may have been blocked resulting in low C02 levels 
in upper part of bin. 

Case 5. Warra, 8. Grain harvested and treated as Case 6. C02 trea~ent 
as Table 5. C02 level apparently lower after 4 days after treatment (41 %) 
than after 10 days (43%) suggesting poor mixing or recircula t ioril. Ma ny 
R. dominica present at outl oading 5 months aEer treatment. Suggested 
source of infestatlon: i nsect survival of treatment because of inadequate 
C02 levels in parts of bin . 
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Case 6. Yarrawonga, 9 and 13. 1978-79 season. 1870 t wheat i n each 
bin treated 2 months after loading with about 1 t C02 per 1000 t wheat. C02 
regime in bin 13 apparently adequate, but in bin 9 inadequate because of 
leakages . Bin 9 retreated 1 month later after sealing leak. as Tab l e 6, 
wi th an adequate CO2 regime. Inspected by turning the grain through the 
elevator and sampling after 10 weeks storage after treatment. No insects 
found. At outloading 7 months after treatment, light crusting present on 
grain surface and a few 1. castaneum found. Suggested source of inf estation: 
insects introduced during inspection or inadequate CO2 levels in upper 
parts of the bin resulting from blocked rec i rculation ducts. 

In view of the uncertainties inherent in this kind of assessment, cases such 

as these cannot be taken as fh'm evidence that the target regime is inadequate, 

but should be considered in the light of further commercia l experience. This 

should give evidence of whether such apparent control failures are to be expected 

or whether they result only from incorrect application of the system. 

CONCLUS ION 

The experimenta l and commercial t rials and treatments reviewed above are part 

of the general development of various modified atmosphere techniques of grain 

storage and disinfestation for Australian conditions. Techniques are now 

available for the modification and treatment of most large types of storage with 

some form of modified atmospheres, although CO2-trea tment of concre t e cell s is 

still not commercially feasi ble and treatment of a large horizontal shed wi th 

nitrogen has not been attempted. In the future, it seems orofitable to research 

on-site generation of various modified atmospheres, glvlng methods of avoi di ng 

the expense of transporting 1iquified gases to the storage site. A further 

assessment is required of the period of storage after an inert gas treatment 

that can be expected before insects reach commercia l ly detectable levels. The 

technique will also present managerial problems that wi ll need to be resolved. 

These include the need for a system of transportation of t he insect ici de-free 

grain from the storage to its destination which does not allow the grain to 

become sensit:y infested en route, aevelopment of suitable remote sampl i ng 

procedu res to detect infestation if it occurs and ma nagement of the modi f i ed 

atmosphere treated stocks to ensure that any infestation is promp tly eradi cated 

before damage results. 

The modified atmosphere systems described above are rlOI'i at a stag e in Austra l ia 

where they car. be regarded as one of the strategies available commercia lly 

against insect infestation. Their use will depend on the economics of the 

systems, which are already compet i tive with current prac tices in many s ituati ons, 

and the req uirement, if it arises, for treatments that do not leave chemi ca l 

residues on the grain. 
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METHO.DS O.F APPLYI G CARBON DIO.X I DE Fo'R INSECT CON TRO.L IN STO.RED GRAIN 

EDWARD JAY* 

INTRO.DUCTIO.N 

Since the publication by Jay (1971) on using carbon dioxide (C02) to control 

stored-grain insects, conslderable i nterest has developed worldwide on the use 

of this technique and on the use of nitrogen (~2) and on combinations of 

atmospheric glases to achieve control. This intel'est has been generated because 

of the increasing worldwide prob lem of insect resistance to conventional 

insecticides and fumigants and also because of the residues associated wi t h the 

use of these materials. Jay and Pearman (1973 ) showed that a 4-day CO 2 
treatmen t of shelled corn having a natural infes tation of stored-grain insects 

gave almost 10.0.% control. Shejbal et al. (1973 ) showed that similar control 

coulid be obtained by using N2, but the ti me needed to obtain control wa s 

10. days. Banks and Annis (1977) conducted tra ils with t 2 in cOfTlllercial, 

upright, welded-steel silos. Lethal atmospheres were attained an d ma intained 

in these silos for periods up to 30. days. 

Both Co. 2 and N2 have merit in a residue-free insect-control program. 

Nitrogen has the advantage of filling 78~ of the interstitial spaces initiall y . . 

However, atmospheric oxygen (0.2) in tnese interstitial spaces must be reduced 

to less than 1% to obtain effec tive insect control, a situation difficult to 

achieve and maintain in storage facilities that are not gastight. Therefore, 

Co.2 is considered by the author to be more efficient than NZ in situations 

where tight sealing is physical ly impossible or where it is not economi cal ly 

feasib~e to seal the storage s tructure to r igi d gastight specifications. A CO2 
concentrati on of about 60% wi ll give over 95~ control of mo st stored-gra in 

insects after a 4-day exposure at tempera tures of 27° C or hi gher (Jay, 1971). 

and the CO2 concentration can fl uc tuate ~1 0% and sti ll prov ide effective 

control. The low-oxygen NZ atmosphere, on the other' hand , must be held for 10. 

or ~ore days at 27° C or above to be efFective against life stages of stored

grain pests. Even so, Shejbal et a1. (1973) reported that con t ro l of 'nsect 

eggs was not obtained in a l a-day ex posure to 0.. 5% O2 and 99 . 5% N2' Unpub li shed 

laboratory studies by the author have shOl'ln that eggs of the red flou r bee t le, 

Tribo1ium castaneum (Herbst), do not hatch in atmosphe res above 20% CO2 'I/hen 

*Research entomol ogist, Stored-Product Ins ects Research and Developme nt Laboratory, 

Science and Education Admi nistrat ion, U. S. Department of Agriculture, P,O. 

Box 2290.9, Savannah, Ga., 31 403, U. S.A. 
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the 02 level is as high as about 19%. Similarly, Ali Ni azee and Lindgren (1970) 

reported that the percentage of eg9 hatch of 1. castaneum and T. confusum 

Jacquelin duVal was inhibited partiall y or complete ly del ayed in CO2 atmos pheres , 

while in similar NZ at~o spheres there was about the same percentage of egg 

hatch as there was in those eg gs exposed to air. The author (unpublished 

laboratory studies) foun d that a concen t ration of about 62% CO2 an d 9t 02 gave 

over 90% control of 0- to 25-hour-old eggs of t he cowpea weev i l, Cal l osobruchus 

maculatus (F.), in 2 days' exposure, while concentrat ions of 99. 7% N2 (bal ance 

O2) took more than 3 days to give the same control. 

In summary, CO2 genera ll y ki l ls insects faster than H2. It cc.n be used in 

s i tuations where leakiness may be a problem, and the concentra t i on of 60% CO2 
can be allowed to fluctuate ! IO% (or more, down to a low of 35%) leadi ng to 

good control. (However, lower overall concentrations wi l l necessitate l onger 

exposure times.) In addition, sorption of CO 2 by grain or oil seeds may make it 

more effective against species w ,~ose i rrma ture stages feed ins ide the kernel. 

On the other hand, CO2 is 1 l/ Z times as heavy as ai r and will s ink from the 

top to the bottom of the treated storage facility unless it is ti gh tly sealed. 

This sinking necess i tates either adding CO 2 into the heads pace period i cal ly or 

recirculating the CO2. (See Jay et al., 1970 , for a descr iption of t his 

method . The method should be modified so that the recirculation fan is pl aced 

outside the storage facility to eliminate expl osion hazard.) 

If the above advantages and di sadvantages of using CO2 have been t aken into 

consideration and there still remains a question of whether to use CO2 or H2, 

then econo~ic factors enter into the decision. The comparative cost of the t wo 

treatments will depend on t he availabi1 i t y of the gases, their unit cost (a 

unit is a ton, pound, cubic foot, cubic me t er, etc.), t he number of uni t s 

required for effective insect control, the amount of grain t o be treated per 

year (as the volume of gas used increases, unit cos t s wi l l be reduced), transporta

tion costs, and rental or purchase costs of va pori zation equipment and s t or age 

containers (if equi pment is purchased, can it be de prec iated annua lly?). 

The above advantages, di sadvantages, and eco nomic cons iderat ion obvi ous ly 

involve a decision-~aking process for which a flow char t is presented in 

Figure 1. 

This paper presents t hree methods of ap ply i ng CO2 to s t ored grai n. The 

infor;;lation presented by Jay (1 971) on sugges t ed condit ions for us i ng CO2 
should be consulted in co njunct ion with t he material presen ted here . If a 

decision is made to use N2 instead, Ba nks and Annis (1 977 ) shou ld be studied. 

However, some techniques described for COZ could be used fo r N2 wi t h s li ght 

modif 'ications. Another me t hod of creating modified at mospheres, t he burning of 

air to reduce its oxygen content, is not consi dered. 
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Gra ins torage to 
be created. I 

Do you have time torusel No 
Use N2--10 or more 

~ days above 27° C? 

Yes 
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No Is structure tight 

enough to use N?-
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Yes 
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No 

Use \~hich treatment 
~ 

N2 
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FIGURE 1. Determining which modified atmosphere to use, CO2 or N2· 
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METHODS OF APPLYING COZ 
Since the pu bl ication by Jay (1971) became available, the author has conducted 

several additional field tests. One of these was described by Jay and Pea rma n 

(1973) and i s sUnTllarized here (method 1) for comparative purposes with other 

application methods. The three methods descr ibed attain and maintain a concen t ra 

tion of about 60% CO2, The tests were conducted in 1,038-rr.3 (36,644-ft3) 

upright concrete si l os measuring Z4.7 m (81 ft), excluding depth of discharge 

chute, by 7.3 m (Z4 ft). The silos each contained about 711 metric tons 

(28,000 bu) of shelled corn (maize) having an 11 % to 16% moisture content. (I n 

SOme tests the corn was moved into a silo as t he CO2 was being applied.) The 

equipment used in all tests for applying the COZ' including suppl y tank, 

vaporizers, and regulators for monitoring and controll ing the concentration 

af ter the desired concentration was reached, was similar to that described by 

Jay and Pearman (1973). Deviations will be descri bE"d in the individual tests. 

Method 1: Purge a ful l silo from the top 

This is essentially the method described by Jay and Peannan (1973) and will 

not be delt with at length. It involves introduction of gaseous CO Z into the 

heads pace above the surface of the grain. The CO Z is forced down into the 

grain by positive pressure on the heads pace of the storage facility. The CO Z 
mixes with and displaces a portion of the existing atmosphere and creates a 

modified atmosphere lethal to any insects present. Its advantages are that i t 

.can be used where no other method is available, it requires only one ap pl icati on 

1ine, labor requirements are mi nimal, and costs may be lower than with the 

other methods. Its disadvantages are that CO Z is lost in mixing and "blowback, " 

purging time is longer than in method 3, and vaporization requirements are 

high. 

Method Z: Lift the atmosphere out 

In this test and in method 3, a set of air-sampling lines was placed into a 

silo through each of the two access openings in the flat top prior to filling. 

These lines differed from t~ose which were probed i~to the corn i n method 1. 

One of t he two openings was about 1.Z m (4 ft) in frOM the wa ll , where the corn 

was discharged into the silo, and the other opening was about 1.Z m (4 ftl from 

the center of the top. Each set of sampling lines was made up of s i x O. 6- cm

i .d. (1/4-inch) polyethy l ene tubes taped together so that six samples could be 

taken at intervals of about 3 or 6 m (10 or ZO ftl below the surface of the 

grain . Metal tips having sli ts to allow air entry were placed on the end of 

each line. The lZ lines were run to an air-sampling valve mounted outside on 

the top of the silo. One line was run from this valve to a gas partitioner in 

a mobile laboratory. This apparatus sampled lZ sites in the silo during each 

test, and it was simil ar t o that used in method 1. 
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Prior to filling this silo, a 0. 6-m-wide (2- ft) T-shaped pipe made of 2.5

cm-i .d. (l-inch) heavy-duty rubber application hose was lowered into the metal 

discharge cone at the bottom of the silo. The pipe had a 2.5-cm (l-inch) 

copper ell on each end. The el ls were turned up towa rd the top of the si lo. 

Fine-mesh screen was soldered over the openings to prevent en try of corn and 

foreign material. The silo was filled, and the depths of the sampling lines in 

the corn nearest the wall vlere dete rm ined to be about 1.2, 4. 3, 7.3, 13.4, 

19.5, and 25.6 m (4, 14, 24, 44, 64, and 84 ft), and near the center, about 

0.6,3.7,6.7,12.8,18.9, and 25.0 m (2,12, 22, 42,62, and 82 ft). The 

difference in depth between the two sets of lines was due to the slope of the 

grain from the discharge area to the opposite wall. The longest side line and 

the center lines were in the cone-shaped discharge chute near the T-shaped 

application pipe. 

Gas flow was started into this silo from a full 8, 940-lb tan k of l i quid CO2, 

using the built-in vaporizer. The access openings in the silo were opened 

after 0. 6 h of application to re li eve pressure. After a l-h ap:Jlication, 100% 

CO2 was found at the lowest (25-m) samp l ing points, while only small amounts 

were found at othe sampling points. After 4 h, the CO2 concentra Lion at about 

19 m in the center site had reached 100%, and in the side sa~ples, from 52% to 

73 i6 . 

Approximately 84 m3 (340 lb) of CO 2 was introduced during the first 4 h of 

application. At this time the f low rate was increased from about 21 m3/ h 

(85 lb/h) to about 46 m 
3
/h (185 lb/h). After 6.75 h, CO 2 concentrations at the

. 

13-m center and side sites were 95% and 20%, respectively. Samples at depths 

of 19 and 25 m still contained 100% CO 2 at this time. After 8.25 h of treatment, 

the CO2 concentration at the 13-m side site was 89%, while samples at 7- and 4

m depths and samples j ust below the surface contained 2% to 4% CO2, After 

11 h, the CO concentration was 95% at the 7-m center site but was only 2% at2 
the side sampling point at this depth. Carbon dioxide used in the first 12 h 

was 454. 4 m3 (1,840 lb). Appl ication was continued at an average rate of 

46.0 m3/h (185 lb/h). After 12 h, the concentration in the 7-m side site h ~d 
risen 	to 73%. 

After 13. 25 h, there was 98% CO ? at the 4-m center site, while the side 
<

sample at the same depth contained 26l CO2, All samples below these depths 

contained from 971 to 100% CO 2, After 14.5 h, the sample at the 0.6-m center 

site had a concentration of 93% CO 2, and the sample at the 1.2-m side si te 

contained 12% CO2, This low concentration was probably caused by a heavy 
3concentration of foreign material in the area. Approximately 592.7 m (2 ,400 1b) 

of CO? had been used at th is time. Flow was terminated, and itis calcu l ated 

that ~ additional hours at 46.0 m3/h (185 lb/h ) would have beer required to 
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penetrate the heavy concentration of foreign materia 1 under the discharge ch ute 

at the side. 

Ten hours after shutdown all samples at and below 13 m had 80% or more CO2, 

while samples above this point contained from a trace to 22%. Thirty-two hours 

after shutdown samples at or bel ow 19 m had 52% to 80% CO2 , and samples above 

this point contained from a trace to 26%. 

This silo was not equipped with an aeration fan, a fan shaft, or any otner 

facility for introducing CO2 directly from the bottom of the silo. In s il os so 

equipped, there would be no need for the hose and the T-shaped pipe used. 

The advantages of this method are low labor requirements, CO 2 costs comparable 

to other app ~ ication techniques, and no loss of CO 2 in mixing and blowback. On 

the other hand, this is the slowest of all the methods tested, and there are 

problems in penetrating areas having a lot of foreign material. Al so, the 

method produces a 100~ CO2 concentration, and concentrations above 60% seem to 

result in reduced insect control. (Apparently, a low oxygen, 02' concentration 

anesthetizes the insects and prevents the venting of CO 2 and water, which is 

believed to be partia l ly responsible for death.) However, this coul d be 

averted by blending air with the CO 2, producing a concentrati6n of about 60% 

CO2 and reducing total CO2 used. Finally, two application lines are required, 

one to purge and one to supplement fallout of the heavier-than-air CO 2 from the 

headspace, and vaporization requirements are high. 

Method 3: App ' y CO2 in the grain stream 

This test was conducted with liquid CO 2 from the same tank previously 

described. The CO 2 emerged from the equipment in a semisolid form called 

"snow" by the CO 2 industry. Ho,./ever, the snow soon subl imated and produced CO2 
gas. A CO "horn" was attached to copper tubing (l.9-cm i .d., or 3/4-inch),2 
which was run from the liquid line on the CO 2 tank to t he top of th i s silo. 

The tubing and horn were thoroughly grounded to prevent any sparks around the 

discha ·rge area. Liquid CO') flew was started into an empty si lo at the outer 

access opening, and in 10 ~in about 49 .4 m3 (200 lb ) had been introduced. Corn 

flow was then started into the silo and continued, wi th two brief inte rrupti ons 

of 3 min ea ch , until the silo was filled with about 711 metric tons (28 ,000 bu) 

of corn in 2.33 h. At this point about 642 m3 (2, 600 lb ) of CO2 had been 

introduced into the silo at a rate of 4. 6 m3/ min (18 .6 lb /min). Carbon dioxide 

application was continued an additional 0 .6 h, except for lO-min interruption. 

At this time an additional 98.8 m3 (400 l b) of CO2 had been applied, and a 

sn:all mound of snow had accumulated direct ly under the horn on the surface of 

the corn. 

During filling, gas samples were taken adjacent to t he acces s doo r where the 

CO blowback from the silo was noticed. Carbon dioxide concentrations were2 
5. 4% to 16. 2%, indicating a large loss of gas from the silo. 

L
I 
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Three and one-half hours after t he start of application (30 min after the 

snow had accumulated on the top of the corn), a complete se r ies of ai r samples 

was taken from this silo. These 12 samples averaged 71 % CO 2 and 6% 02' The 

concentration of CO Z ranged from 82% to 24%, and the O2 concentrat i on ranged 

from Z. l% to 11 .4%. 
Two and one-half hours after the application was stopped, an additional 

86.4 m3 (350 lb) of snow was applied through the top of the silo in ZO min. 

Twenty minutes l ater, the CO 2 average was 60% and the 0z average was 8% in all 

lZ samples. In this series of samples, the l-m side sample contained 37% CO ' Z 
and the 25-m center sample contained 44% CO2; the range of CO2 was 84% to 37%, 

and the 02 range was 4% to 11%. 

To maintain the CO2 concentration , gas was reintroduced 6 h after the 

initial introduction. This was accomplished by running a 1.9-cw-i.d. (3/4

inch) rubber hose from the gasline on the tank into the heads pace of th i s silo. 

Gas flow was controlled by a CO2 analyzer equi pped with relays that controll ec 

a solenoid valve in the app l ication l ine . The controller was calibrate~ to 

maintain 55% to 60% CO 2 in the silo. This equipment is described in more 

detail by Jay and Pearman (1973). 

Sixteen hours later, a complete series of gas samples was taken from the 

silo. ! he COZ concentration ranged from 59% to 52%, and the 02 concentration 

ranged from 8~~ to 10%. The test Vias tenni nated at this point since experience 

has shown that once the desired concentration has been attained, the CO n 

analyzer and associated equipment will maintain the concentration within the 

silo at the concentration lethal to most stot"ed-grain and oilseed insects. 

This method i s fast, and vaporization equipment requirements are low. The 

disadvan tages include danger of explosion caused by improperly I]rounded app li cat ion 

equi pment. a potential need for two applicat~on lines, excessive loss of CO 2 
from blowback, and high labor requirements (constant attention during appl icat ion 

i s req u i re d ) . 

DI SC USSI ON 

The decision on which application technique to use will have to be based on 

several factot" s (Fi g . 2). Table 1 presents a bre2.: :doi'1Jl of the CO Z costs fOt" 

each me t hod. The costs are ba SE d on the quantities of liquid COZ used in each 

test at the most recent prices the author could obtain and do not include the 

expense of renting storage tan ks and vaporization equipment. ).."C the l owest 

quoted price for COz, the costs ranged from $O.0175/bu ($490 for 28,000 bu) for 

method 3. Since each method has its advantages and disadvantages and. in some 

cases, on ly one or two of the t hree methods coul d be us ed, the differe nce in 

cost be tween the t hr ee methods may be cons idered mi ni mal . 

-
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Iss torage fac i 1 i ty 1~_____...!.N~o~__________---, 
f ull ? 

Yes 

Can the grain be 
moved to another 
storage facility? 

No 
I 

Does the storage 
facility have an 
ae r ation shaft or a 
pipe for bottom 
application? 

Yes 

Isal 00% CO 
concentratioh 
usable? 
(See text.) 

f1ethod 2, 
II 1if t. " 

Yes 

Meth od 3 , 
"into stream." 

Yes t
f-----.----

~___~~~No_______~~~Me thod 1,~
"purge." • 

Method 1, 
~_____-,-,N.:::.o_______...._~"pu rge," or 

--"bl end in 60% 
CO (See text).2 

FI GURE 2. Sel~cti ng a me thod for applying CO 2. 
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TABLE 1 
Characteristics of three CO Z appl ica t ion methods [COz applied to 711 met ric tons 

(28,000 bu) of corn]. 

App li cation method 

Characteristic Method 1, Me t hod 2, Me thod 3, 
"purge" "li ft" "into stream" .... 

Time to attain lethal concentration (h) 

Quantity to reach lethal concent ration: 

Cubi c meters11 

Pounds 

Quantity to maintain lethal 

concentration for 96 h 

(including purge time): 

Cubic meters per hour 

Pounds per hour 

Total CO2 to treat: 

Cubic meters 

Pounds 

Cost per bushel ($): 

CO2 at $0.05Z/l~ 
CO Z at $0.078/l~ 
COZ at $0.090/1~ 

Cost per metric ton ($), CO 2 at 

$0.052/1~ 

8 

625 

2,530 

17.8 

72 

2,332 

9, 445 

0.0175 

0.0263 

0.0304 

0 .691 

16.5 

715 


2,900 


Y1 9. 3 

y 78 

2, 568 

10 ,400 

0.0193 

0. 0290 

0. 034 

0.761 

3 

82 7 


3, 350 


.1 9. 3 

78 

2,679 

10,850 

0.0202 

0. 0290, 

0. 0349 

0. 794 

311 	 Ca 1culated from 8.72 ft CO 2 gas produced from 1. l b CO2 liquid at -17. 8° C 

and 305.5 lb/in2 abso l ute. 

Calculated from "into stream" application, me thod 3. Y 
].I U.S . price, 1978, yearly usage of 100-500 tons COZ' 

y U.S. price, 1978, yearly usage of 50-1 00 tons CO 2, 

U.S. price, 1978 , yearly usage of- 0-50 tons COZ' ~ 
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These studies were conducted at only one storage faci l ity, in upright 

concrete silos containing corn. Lit tle effort was made to correct the obviously 

high leakage. Anyone using this informa t ion to conduct further field tests 

shou l d consider all potential leaks. In upright conc ret e silos any cracks in 

walls are potential areas for gas leaks. The largest l osses will occur around 

the discharge spouts at t he bottom of the silos. 

Each facility to be treated with modified atmospheres will have varying 

factors of volume, type and amount of grain, lleak rate, temperature, vaporizaticn 

equipment (if required), and other factors. Therefore, this info rmation s r:ould 

be us ed as a guide and not as a representative indi cator as to how a treatment 

will work in a given s ituat ion. Additional field studies are needed. 
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ADVANCES IN GRAIN STORAGE IN A CO2 ATMOSPHE RE IN JAPAN . 

H. ~1IT SU DA AND A. YAMAMOTO 

INTRODUCTI ON 

The r eduction of post-harvest losses is now a common food strategy througho ut 

the world. A considerable amount of work has been ca r ried out by several groups 

in each country on loss assessment and reduct ion studies. Storage must be one of 

the ~ost importa~t stages for the r ed uction of post-harvest losses. 

In Japan rice is the major staple food grain and one of t he few self-suffi cient 

foods. The storage and distribution system controlled by the go vernment is well 

established for the annual cons umpt ion of rice and post-harvest losses ~re assumed 

to be kept at an acceptable level. Reserves of surp lus rice for food security 

purposes, however, are still hindered by storage pr oblems . The Japanese people 

usually cook polished rice grains in water without addi ng seasoning, so the eating 

quality of the cooked rice directly reflects the properties of the grain. The 

Japanese are very sensitive to the taste of cooked rice, so that even the very 

slight changes in the physical and chemical nature of rice after it has been stored 

for a year are detected anc cause dis like. The loss of qua'ity or acceptability 

in rice during storage is serious because rice is stored in amb i ent temperature 

warehouses where it is hot and humid in summer. In addition to this, the rice has 

been transported and stored non-hermetically in small bags made of j ute or kraft 

paper. The longer the storage period, the greater the quality l os s. Grain storage 

in a CO 2 atmos~here has been adva nc i ng step by step since 1967 in Japan. Few 

scientific studies on controlled atmosphere storage of grains have been reported, 

so advances in grain storage in a CO 2 atmosphere can be summarized i n the res ults 

obtai'ned from th~ experi ments of the author's group . 

GRAIN STORAGE IN A CO 2 AT OSPH ERE 

It is favorable for the safe storage of grain to eli mi nate the oxygen from t he 

structures wh ere grains are stored, in addit ion to control ling the stored temperature 

an d the moisture content of the grains. Al though oxygen conce nt ration in sma ll 

pouches of dr i ed foods can be re duced easily by evacuation or the use of oxygen 

scavenger, it does not seem to be practi cal to apply these tech niq ues to grain 

storage. In the hermetic storage of grains, it is as sumed that the oxygen will be 

exhausted and that CO2 wi l l be produced within a few days due to the resp irat i on 

both of the grains and of contamina t ed organisms . The rate at which the oxygen is 
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exhausted depends mainly on the moisture content of the grain. The higher the 

moisture content of the grain, the higher the rate of exhaustion. During the 

period of oxygen exhaustion, however, chemical changes inevitably take place 

affecting the quality of the grain. Grain storage in an inert gas atmosphere seeks 

to avoid or lower the changes which must be caused by the presence of oxygen. 

Fundamentally, what is involved is the retardat ion or suppression of the respi ration 

of the grain itself, the insects, microorganisms and so on. Normal ly , t he gases 

used for this purpose are either carbon dioxide or nit rogen, both readily available 

corrunercial pr oducts. Results obtained in the contro ll ed atmosphere storage of 

various fruit and in the gas storage of processed foods show some diffe rences with 

regard to these gases. The authors are interested in the following two dist i ncti ve 

features of CO 2 • 

(1) Carbon dioxide is the end product of the aerobic combustion of organ ic 

materia ~ s in living organisms. Thus, the accumulation of CO2 beyond a certain 

critical concentration acts as a signal that can slow down the rate of the reac t ion s 

by which it was formed, a type of control known as "feed-bac K inhib·ition". In fact, 

inhibition of succinate dehydrogenase is well known in connection with the CO 2 

disease of some fruit. This enzyme is one of the members in the tricarboxyl ic acid 

cycle, which takes pl ace- i n the mitochondria and cons i s ts of a cycl e series of 

reactions in respiration. The authors also reported the inhibition of catalase by 

higher partial pressure of CO2 . This enzyme is often noticed as a good index of 

viability of the grain. In addition, it is proved that the act ivity of ribu l ose

1 ,5-diphosphate carboxylase, wh i ch is the key enzyme i n t he Calvin cycle , fs 

controlled by CO 2 and O2 , s imi lar to the manner of hemog l obi n in ani mal blood. 

The reversible nature of the inhibition by CO 2 has been reported i n the study on 

the activity and metabolism of goat sperms stored in physio l og i cal liqu i d un der 

various partial pressuy"es of CO2 . These bi ol ogical results indi cate t he distincti ve 

feature of CO 2 in the metabolism of stored grains . 

(2) Another distinctive fe atu re of the action of CO2 is its s t e ri lisat i on effec t 

on the growt h of fu ng i and ot her mic roorgan isms. Even when the re is a hi gh l evel 

of oxygen remai ning in the ves se l , a hi gher concentrat i on of CO2 (mo re th an 80
90%) effecti vely prevents t he funga l growth, whi le N2 cannot do so . This is a 

favora ble characteristic for the practical use of CO2 in t he pro lo nged sto ra ge of 

grain, because the risk of contamination of oxygen i nto a s to red vessel cannot be 

eliminated. 

RE SUL TS OF SEVERA L EXPE RIME NTS 
1. Fundamental experime nt s on a laboratory scale (Mi tsuda and Yas urna ts u, 1955 , 

Mitsuda et al., 1958, 1969, Mitsuda, 1969a, 1969b ) 

On the bas is of hi nts obta i ned from studi es on the respira t i on of col d-b looded 

ani ma ls in hibe rnatio n , whic h were conducted in the l aborat ory at Kyo to Un i ve rs ity 

-
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around 1952, the authors introduced the hermetic storage of cereal grain in 

naturally cold places. This is based on lowering the respiration in grain by uSing 

both CO 2 and low temperatures, thus retaining the original freshness of the grai n 

even after prolonged storage. The most desirable temperature for maintaining rice 

grain quality is around 130 C. The less the variation in temperature throughout the 

year, the better will quality be retained. Appropriate places satisfying these 

conditions are spaces under the wa t er of lakes, ponds or man-made pools at the 

seacoast of spaces under the ground. Laboratory-scale storage experiments were 

carried out from 1967 to 1969. The results obtained in these experiments are: 

(1) Packaging 	materials for underwater or underground storage of grains must be: 

i) Resistant to structural attack by water, ii) Moistureproof, 

iii) Resistant to physical shock, and iv) Airproof . 

A flexible bag made of plastic laminated films with a biaxi ally-oriented polyamide 

film (nylon type), a polyviny1idene chloride film and a polyethylene film, was 

found to meet all of the above requirements very successfully. 

(2) The moistureproof quality of the bags was confirmed in storage experiments 

which were carried out in water baths, ponds and man-made pools. 

(3) Carbon dioxide was used for grain storage and the ai r proof quality of the 

bags was confirmed. An interesting phenomenon was also found that grain in flexible 

bags containing CO 2 was tightly packed as if packed in vacuo. 

(4) Various factors for l arge-scale storage in water were examined and suitable 

forms of storage unit an d equipment were designed. The annual data of the weather 

conditions in Lake Biwa were col l ected and examined in order t c select a storage 

place in the lake . 

2. iJnderwater and unde r ground, storage experiments (Masuda and Kawai, 1970, 

Mitsuda et al., 1971a, 1971b, 1972, 1973) . 

An experiment in underwater storage of cereal grains was carried out from 1969 

to 1972. Paddy, brown and polished rice were packaged in the plastic bags wi th 

CO 2 and stored for 3 years in t he wate r of Lake Biwa. Wheat , bar ley and soybean s 

were stored in the same way as the rice grains. In parallel with the unde rwater 

storage experiment, the undergrou nd storage of brown rice was al so carried ou t at 

an abandoned mine on Sh ikoku Island. These experi ments were carried out to invest i gate 

the possib i l ity of storing grain on a pract ical -scale in natu ra lly col d pl aces, i .e . 

with a temperature belol'/ 13°C. Re sults obtained are su rrmarized as foll ows : 

(1) The waterproof quality of the lami na ted fi lm in such gra i n storage condit i ons 

proved to be hi ghly satisfactory over a relat ive ly long peri od. 

(2) Underwater storage pro l onged the storage life of the grai ns . The ori gi nal 

freshness of the grain s even after prolonged underwa t er storage cou ld be sh own by 

the fact that conside rably higher biol ogical activi t ies such as germi na tive capacity, 

and catalase and peroxidase act iv ' ties were detected fo r t he grains stored in t he 

0
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water than those kept in atmospheric conditions. In particular the germina ti ve 

capacity of the paddy rice retained its original value even after a storage per iod 

of 3 years. Changes in the contents of vitamin B , reducing sugar , water-sol uble 

nitrogen, and other substances were also found to be l ess for the rice sto red 

underwater. Palatability of the grains stored underwa t er was found to be satisfactory 

by panel tests. The strength of stale- fla vor as dete nni ned by the amount of vol at i le 

carbonyl compounds, rheolo gi cal characteristics as measured by texturow~tric ind ices 

and cooking qualities as revealed on boil i ng, showed that the deterioration proceeded 

at a considerably lower rate for the grains stored in t he water than for those 

stored in atmospheric storage. 

(3) As to the atmosphere within the bags of laminated fi l m, the bag containi ng 

CO 2 gas was found to be more effective t han that containir.g air in pr eventing 

changes in chemical composition, in l oweri ng the diminution of peroxidase act ivity, 

and in retarding the develo pment of stale-flavor. 

(4) A total system on a 10 thousand ~etric ton-scale has been draf t ed fo r under

water storage. The cost for this system amounts to about $34 .00 o( less per ton of 

rice, as calculated by the supporting committee for grain storage research at the 

Research Institute for Production Development in March, 1970 . The committee was 

composed of five companies in Japan; UNITIKA Ltd . , Sumitomo Chemical Co., Sekis ui 

Chemical Co., Ltd., Asahi-Dow Co., Ltd., and Taiyo Kogyo Co., Ltd. The cos t appeared 

fairly low compared with that for temper-ature and humid ity contro ll ed storage systems . 

(5) Various kinds of plastic laminated f ilms were compared with each othe r as 

to their abi l ities to maintair. grain qualities. Experi mental resu lts sugges ted 

that the composition of the lami nated film could be si mp lified in accordance wi th 

the storage conditions. The usefulness of polyv i nyl chloride bottles wa s al so 

tested in underground sto rage. 

3. Transportati on and stor age experi men ts in ambient temper at ures (Mitsuda et 

~974). 

The ri ce sto red l ow-temperature \'Iarehouses (bel m~ ZOoC) or i n coun try el eva t ors 

( l Z-1 30 C) located in granary areas had often suffered sign ificant deterioration 

when polished i n a large-scale cent ral mill and transpor ted from there to urba n 

areas. This kind of troub le was pa r t icularly noticeable in the rainy season or 

summer. The big gest cause of this tro ~b1e was the pac ka ging method. Open packages 

such as straw, jute or kraft paper could not prevent the permeation of vapor an d/or 

gases in the atmosphere. Pol yethylene bags were also unsu itabl e in the same way 

because they contained a few tiny holes to add fl ex ibil ity and prevent slipping 

in loading. Another problem was the stol'age of r i ce in polished f orm . In Japan, 

storage of rice in polished form had bee~ avoided because the r i ce deteriorat ed 

much mo re ra pi dly than brown or paddy rice. Th e recen t devel opme nt of a large- scale 

cent ral polishing sys tem was, however, inc rea s i ng t he necessity to store an d 
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transport rice in polished form and thus causi ng deterioration of the qualities 

of rice as consu~ed. The need for new methods of storing and transportin g the 

polished rice was the major i mpetus for this experimenI. A transpotat ion and s t orage 

experiment of grain packed by the CEM (Carbon dioxide Exchange Method) t echn ique 

vJas carried out from August 1971 to March 1973 in on::er to de velo p a new system 

for t ran spo rtation an d storage of gra ins with the l ea st loss of quality. Two 

variet ies of j aponica rice which had been stored in a low- tempe ra t ure warehouse 

(below 20oC) and in a country elevator (1 2-l3 0 C) ",ere po lished at a large-scale 

central pol i sh ing factory in Iwate Prefecture, one of Japan's granary areas. 

Abo ut one metric ton of polished rice was packed by the CEM and the convention al 

methods using kraft pape r bags and polyethylene bags. The rice was transported 

from Iwate to an urban a ea in a 5 ton container by rai l and the journey t ook 5 

days durin~ August, the hottest month in Japan. The ambient temperature in the 

contai ne r fluctuated bet\'ieen 200 C and 470 C during transpor ation. Biochemi cal and 

palatab il i ty changes were examined in the rice just after arrival at des tina tion 

and after 3 and 8 months storage at a rice deal er ' s. Some of the ri ce was stored 

for another 11 months and then examined again. Sample analysis in cluded: 

moisture content , wa ter-soluble acidity, free fa tty aci d content, rSA value, 

amyl ogra phy , cooking qualities, microbio lo gi cal tests, gas chromatogr aphy of 

volatile carbonyls from coo ked rice, texture evaluati on of cooked rice by using 

a texturome te r, and sensory analysis of cooked rice by 24 panels. 

The results ob ta ined in these anal yses demonstt"ated that rice packed by the CEM 

technique co l d be maintained in better condit i on t ha n that packed by co nventio na l 

me thods, part icularly in terms of the an alyses of \'Jater-sol ub le ac idity, free fatty 

acid conten t, amylography an,j gas chromatography of volatile carbonyls from cooked 

rice. Th e deve lopment of mo uld and insects was perfectl y retarded in the s kin

packages in the CEM method without using fumigation, but this was not possi ble in 

the r i ce stored in conventional bags. 

A new type fully automatic pa ckaging ma chine was con structed by t he Jap an Steel 

-Jorks, Co ., Ltd. \'Jhic h ma de it poss ible to carry out the la rge -scal e packaging and 

t rans po rtat ion test i n Jan uary 1973 needed to obt ain t he bas ic data for the pr act i ca l 

feas ibi l ity of CE~1. Th ese expel'iments vJere pe rfo rmed i n coope at ion wi th agr i cu ltural 

gove rnmen t offices, ag r i cu l tural au xi liary or ga nisat ions and some private companies. 

In t his expe riment, about 3,500 packages of poli shed rice we i ghing 5k g each were 

prepared by us i ng t he packagi ng machine at · i gata Prefec tu re, also one of Japan 's 

granary areas . The pack ages \~ere palletised and tra nsported by tra i n f rom Ni igata 

to Osa~a the second bi ggest ci ty of Japan. Polis hing conditions, the amount of 

CO 2 gas requi red for the process wi th the pa ckaging mach i ne, the t emperatu re chan ges 

of the r i ce, t he correla tion between break age i nci dents and the th i ck ness of bags 

and so on were all obse rved . Opin i ons of retai l ", r ')n the process were al so gathered. 

Ex ami nati on of all the package ~ carried out af ter r.ne i r arrival at Osaka revealed 

= 
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that only two packages were broken and only 1.4% of them had suffered pin-holi ng and 

failed to remain airtight. The data obtained in this experiment together with the 

relatively l ow cost suggested that this technique could be suitable for use on an 

industrial scale . 

4. 	 Development of CEM sk i n-packages in Ja pan (Mitsuda et a1., 1975, Mitsuda, 19 79) . 

After accumu l ating the basic data for the practical feasibi l ity of the CEM 

technique in cooperation with agricultural government off ices, the techni que has 

been adopted by the indus t ry for the presel'vation of polished rice since Ju ly 1973. 

The merits of CEM skin-packa ging are: 

(1) 	 The packages are easy to produce ; 

(2) 	 Permeation of moistu re and gas is almos t completely prevented; 

(3) 	 Deterioration caused by aerobic microorgani sms , insects and oxygen is 


effectively prevented; 


(4) 	 There is no breakage or slipping of bags in l oad ing; 

(5) 	 Pac kages are resha pab l e even afte r sealin g; 

(6) 	 This technique can be widely used in food packaging and safe storage 


because it eli minates the need for chemical food additives. 


The skin-packaging of polished rice has also been accepted by various types of 

consumer. For example, many J apanese who live abroad as well as people engaged n 

deep sea fishing and mounta i n-climbing have reported the successful retentic ~ of 

flavor in rice stored in CEM skin-packages. CEM skin-packages have also made it 

possible to develop a new type of polished rice wh ich retains the germ pcirtion, 

because the rapid deterioration of this type of polished rice is effectively pre vent ed 

by t hi s packaging and storage method. At present, CEM skin-packages are produced 

at mo re than 30 polishing factories in Japan. Fina ncial support for promo t ing t he 

CEM packaging of polished rice is offered by t he National Rice Distribu t i on 

Association to r ice retai l ers under the direction of t he governmen t . 

' 5. 	 The seed s torage experimen t ( its uda e t il L , 1979) . 

A long-te rm storage experi men t was ca rrie d out from 1972 to 1977 with t he 

co.operation of the Chiba-Ken Foundat i on Seed and Stock Farm in order to devel op a 

convenient system for long-term storage in place of the ann ual reproduct ion of 

seed grain. Paddy rice from the harvest of 1971 with mo i s t ure contents of 5.9, 

8.7, 11.3, 14.0 and 16.3% respectively were packed in CEM ski n-packages an d sto red 

at temperatures of 0, 10 , 20, 30 0 C and ambient tempera tures respectively. 

Table 1. shows one of the results obtai ned by ge rmi nation tes ts of the sto rage 

of paddy rice in a CO 2 atmos phere. Significant viabil ity reduction was observed 

in the paddy rice stored with higher moisture con ten t and higher storage tempera 

tures. Compared with the data obtained from non-airtight storage, the ra te of 

viability reduction was found to be 2 to 4 times s10wer in the high mois t ure 
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content of rice packed by CEM technique. Actual ge rm ination ability in the field · 

was proved to agree well with germination capaci ty in Petri di shes in the laboratory. 

In addi t ion to this, growth rate in the field and vari ous characteristics of plant 

and frequency of abnormal growth were also examined on the Farm. Results obta ined 

showed any abnormality in growth of paddy rice stored in a CO2 atmosphere for 5 

years. Peanuts and wheat have also been tested in t he same way . 

TABLE 1. 
Storage periods before the germi na ti on of paddy rice decrease below 90% at vari ous 

moisture contents and te~peratures 

Moisture content Storage t emeerature 


(wet basis) 300C ZOoC 100C OOC af'lbient tem~eraturea } 


16.3 % 1.6 6.9 5. 8 32.6 3.8 months 
14.0 3.1 11. 1 49 .4 >60 6. 1 
11 .3 16.0 52.9 60 >60 37. 6 
8.7 37.8 >60 >60 >60 >60 
5.9 >60 >60 >60 >60 >60 

a) 4.0-34.ZoC. 

6. Experiments on grain storage in a CO 2 atmo sphere in steel cans. 

With the discovery of the use fu lness of CEM skin-packages for safe s torage of 

rice, needs and feasibilities for famine reserves of rice have been one of the· 

serioJs concerns in local governments and governmental offices. The deve l opment 

of storage systems on larger scales of one metric ton or more in steel cans and 

containers has been required, in addi tion to the system usi ng small bags of CEM 

skin-packages . To meet these socia l requirements, a project team was organized 

on May, 1976 for the development of a new system of CO 2 gas storage on l arger scal es 

with the cooperation of the un i ve rsity, companies and corporati ons under the 

leadership of the au thor's group . The Nip pon Steel Co rpora t ion , one of the project 

members and the biggest company in Japan, had been conduc t i ng some basic experi ments 

on grain storage in its Fund amen ta l Research Labora tory since 1971 in order to 

find wider application of the use of steel cans . In this pro j ec t team , the art ific ia l 

gas storage using CO 2 gas had been adopted in a steel can storage system. 

Experimental results obtained for t he CO2 gas storage of grain in steel cans can 

be summa r ized as follows: 

(1) Grain q~ality analysis: Pol ished rice has been packed i n mo re than 40 drum 

cans 200 1 in volume and stored at ambient t emperat ure (be lO\~ 30oC) for 2 years 

in a CO 2 atmosphere. The chemical and sensory evaluation te sts of the s to red grain 

have been carr ied out ma i nly by t he Japan Grai n Ins pection Ass ociation and the 

quality of the stored polished r i ce has proved to be of a sa t i s facto ry l evel for 
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conventional consumers' use. These results using steel cans have confirmed the 
previous data obtained using CEM skin-packages. 

(2) The characteristics of CO 2 gas adsorption by canned grain: The characte

ristics of CO 2 gas adsorption by the canned grain proved to be in satisfactory 

agreement with the results obtained by Warburg' s manometry in our laboratory. 

These results, some of which were shown in Figs. to 3, provided the fundamental 

knowledge for the development of automatic filling equipment and a pressure

controlling ~ethod for storage cans. 
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Fi g. 1. 
A small 

CO 2 adsorpti on rate in 
autoclave 0.8 liter in 

vari ous pressures. 
volume with a pressure gauge was used as a test 

vessel in the experiment at various pressures . The amount of CO 2 gas adsorbed 
by grains was determined by the titrati on me thod and calculated with the amount 
of acid req uired to neutra l ize t he sod ium hydroxide solu t ion in which the desor bed 
CO 2 gas was trapped by the grains in a Nz gas stream. Al though the adsorpti on rate 
did no t increase even at higher CO 2 pressures, the amo unt of CO 2 gas adsorbed by 
grains increased with the increase of CO 2 gas pressure. The amount of CO 2 gas 
adsorbed by grains and CO 2 ga s pressure agree with the sorption isoterm of 
Freundlich as in the case of various partial press ures of CO2 gas dete rmined 
previous ly (Mitsuda et al., 1973b). 

(3) The development of co unter-current type filling equipment: In orde r to ge t 

effective purge of intergranul ar air and maximum adsorpt ion of CO 2 gas, filli ng 

equipment of counter-current type was newly developed in the Nippon Steel Corpo

ration. It has a f i ll ing capacity of l 50-450kg grain per hou r into steel can s . 

Operation of thi s equipmen t was stabl e and smooth for t he produc ti on of grain cans 
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Fig. 2{a). Adsorption equilibri m i n the test vessel and drum can. 
Changes in the amount of CO 2 gas adsorbed by grai ns and changes in the i nnel' 
pressure of the test vessel were determined correspondingl y, Adsorption 
equilibrium was obtained after 7 days, Changes in the inner pressure of the 
drum can also followed the same curve obtained with the test vesse l. 
Initial high-pressl!Jre treatment was carried out by pressing the grain to 10 atm 
with CO 2 gas for several minutes as shown in Fig, 2(b). Changes in t he inner 
pressures followed the same procedure after the inner pressure had been reduced 
to atmospheric pressure. When the rice grain had been pressed to 10 atm and 
reduced to atmospheric pressure, temporary inc rease of inner pressure was 
observed as shown in the above t hree curves, whj l e gradual decrease was observed 
without an initial high-pressure treatment as shown in the lowest curve. This 
behavior may be caused by two opposite factors of increasing and decreasing t he 
pressure. The relationship between equilibrated pressure and the requ i red ti me 
for initial high-pressure treatment was plotted in Fig. 2{c}. This indicates 
that the eq uil ibrated pressure i n t he vessel can be set at pos i t i ve when t he 
high-pressure treatment is carried ou t for more t han 60 mi n. (a s shown in Fig. 2( c)) . 

with an adequate pressure of CO2 ga s . This equ ipment has made it possible even 

at present to start mak i ng l arge -scal e famine r~serves of polished rice in steel 

cans and containers below the one-metric ton unit. 

For the practical applicati on of these systems to the ~rolonged stora ge of r ice 

i n Japan, fur t her studies are also necessary co nce rni ng prolonged experi men t s on 

the str i c t determinat i on of shelf l ife for canned r i ce , se lec t i on of suitable 

varieti es of rice for prol on ged stora ge , and f indi ng the s uitab le conditi ons for 

the storage of rice in brown and paddy forms. 
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Fig. 2(c). The relationshi p between equil ibrated pressure and the required time 
of in it ial high-pressure treatment. 
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Fig. 3. Rate-limiting curves of CO 2 adsorption by grains. 
Equation for the rate-l i miting curves were as follows: 

_ (l_f)l13 8/8 ( reactiG n rate-limiting)S 
3 [l_(l_f)2/3] - 2f 8/8S (diffusion rate-limiting) 

Experimental values were proved to agree well with the theoretical curve for 
diffusion rate-limiting into the granule. 
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CHARACTERISTICS OF CARBON DIOXIDE GAS ADSORPT IO f BY GRAIN AND ITS COMPONE TS. 

A. YAMANOTO AND H. MITSUDA 

I NTRODUC TI ON 

During experiments of gra i n storage in a CO 2 atmosphere, grains i n f lexible 

l aminated plastic film bags origi nally containing CO 2 gas were found to be ti ght ly 

pac ked as if pac~ed in vacuo (Mitsuda et al., 1971) . This led to the dis covery of 

an interesting adsorption phenomenon of CO 2 gas by grains at a low moisture content 

and to the development of a technique for skin-packaging, the Carbon dio xide 

Exchange Method (CEM) (Mitsuda et a1., 1972a). Vadous experiments have been carried 

out to examine the mechanism of this adsorption phenomenon (Mitsuda et al., 1972b, 

1973, 1975, 1977). The purpose of this paper is to summa r ize the experimental 

results on the characteristics of CO ] gas adsorption by grain ~nd its components 

for the practical use of CO 2 gas in a rtif ~ cial controll ed atmosphere storage of 

grains . 

CHARACTERISTICS OF CARBO N DIOXIDE GAS ADSORPTION BY GRAI N 

Equilibrium. Figure 1 shows the time course fot' CO 2 gas adsorption and desorp t i-on 

by grains at 250 C. The velocity of adsorption varies with the species of grain. 

Fifty to sixty percent of the maximum adsorpti on takes place within the first 6 

hours in the case of rice and red beans and in about 4 hours for peanuts seeds . 

The graph also shows that equi l ibrium is ob t ai ned after about 24 hours. Desorp

ti on curves show that the CO2 gas adsorpti on by grains is almost completely reversed 

when the grain is allowed to stand in air. The velocity of de sorpt ion is la rge r 

than that of adsorption. The long time needed to reach adsorpt i on eq ui li brium 

and tne variation of the rate wi t h the spe~ies of grain su gge sted th at diffusi0 1 

of CO gas into the grain kernel is important in this phen ome non.2 

Temperature dependence . The amount of CO 2 gas adsorbed by grains varies dependi ng 

on temperature, increasing at a l ower tempera t ure . The ve loci ty of adsorpt ion is 

not affected as much by temperature . 

~loisture dep~ndence . The ma ximum ads orpti on of CO 2 gas \~as measured at mois ture 

con t ents of rice ranging from Q to 16.3% to investigate t he relati onship between 

t~ e moisture content and the amou nt of CO 2 gas adsorbed by rice grain. The CO2 

gas adsorption was fou nd to de pe nd on the mois t ure content of r ice as shown i n 

Fig. 2. Adsorpt ion in creases almost linear ly in brown ri ce but decreases al most 

li nearly in paddy rice as the mo i s t ure conte t of th e grai ns increases . Hull and 
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Fig. 1 (left). Time course of CO 2 gas adsorp tion and desorption by grai ns (at 25°C) . 
One gram of grains was put i nt o a vessel of a Warbu rg ' s manometer an d was sha ken 
in an atmosphere of CO 2 gas at a constan t t emperature ba t h ad j usted to 25 C. The 
amount of CO 2 gas adsorbed was measured wi t h t he lapse of t ime. To study desorpt i on 
one gram of grai ns was pl aced in an atmosphere of CO 2 gas fo r more th an 48 hrs to 
adsorb the ga s until ful ly sa tura ted . This gra in was tra ns fer red qui ckl y i nto the 
ves se and then shaken in ai r . 

Fig. 2 (ri ght). Rel at ionship be t ween the moi s t ure content an CO 2 gas adsorbed by 
rice gra in. Defatted brown r ice was prepared as fo l lows: Grai ns were dehyd ra t ed 
and defatted by a gradua l et hanol- acet on or ethanol- hexane schedu l e . Samples we re 
th en hea ted at 105 C for 24 hr t o remove the solve nt rema i ned in the kernel . 
Gra i n samples \~ith vari ous mo i s t re cont entswere pre pared by equi l i brat i ng th em 
for 3 to 14 days in des i cca t ors with sa tu rated sal t so l ut i on . The amount of 
CO 2 gas adsorbed by the grains was meas ured in the same way as descr i bed in Fi g. 1. 

defat t ed brown ri ce adsorb remarkable amoun ts of CO 2 gas at t he l ower moisture 

con t ent. The maximum solub il j ty level of CO 2 gas in water contai ned in grains 

cal culated by Bunsen's absorpt ion coefficients, is fnund to be l ower 
than one-ha lf of the amount of CO 2 ga s adso rbed. Thi s suggests tha t t he CO2 gas 

adsorption phenomeno n in grai ns is not merel y caused by dis so l ut i on of gas i nto 

the water. 

.... 
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Kinds of grains. I-lany kinds of cereal grains and pulses showed a si mil ar adsorp ti on 

phenomenon . Table 1 shm'ts the adsorption amount of CO~ gas by each of these grains 

at 200 C for 3 hr. Wheat, corn, peanuts, soybeans, red beans, sesame seeds, and 

their flours show the same adsorption phenomenon as rice, but the ve locity of 

adsorption and the maxi mum amount of CO 2 gas adsorbed vary with t he ki nds of gra ins. 

Peanuts, soybeans, and se same seeds are good adsorbents, and wheat rice and f l ours 

seem to be relatively poor one s . Compared wi th conventional adsorbents, such as 

silica gel and activated cha rcoal , these grains are all poor adsorbe nts. 

Ti-\8L: 1. 

The amount of CO 2 gas adsorbed by var ious grains. 

Kinds of grains AdsorpSion amount Ki nds of grains AdsorPbion amoun t 
at 20 C for 3 hr at 20 C for 3 hr 

Pa ddy r i ce 86 ml/ kg Peanu ts 560 ml/kg 
Brown ri ce 90 Soybean flour 440 
Polished rice 
Rice flour 

70 
60 

Soybe an f lour 
Red be an s 

21 6 
64 

\·Jhea t 75 Coffee beans 12 3 
Wheat f!our 60 Sesa me seeds 230 
Corn 170 Bl ack tea 115 

Grain components. As shown i n Table 2, an inverse relat ionship was obtained between 

fat content of brown ri ce and t he amount of CO 2 gas adsorbed. Carbohydrates such as 

sugars, cellulose and starch in pur i f ied for ms fai l ed to adsorb t he CO2 gas. A clear 

relationship was not observed between the protein con ten t of grai ns and the amoun t 

of CO 2 gas adsorbed, although many kinds of pul ses of high prote in cont ent were 

fo un d to be good adsorbents . 

TABLE 2. 

Relati on sh i p between the fa t content of brown r ice and t he amount of CO2 gas adsorbed . 

Fat CO 2 gas b) 
con tenta) adsorbed 

Raw brown ri ce 
Defatted b)'own rice wi th : Et hanol 

2.67 
2.51 

128 11 1/9 
129 

Ether 2.1 6 185 
Ch Toroform-met hano 1 (2 : 1 ) 1. 35 568 
Ethan61- acetone schedu le 0.20 1758 

a ) De termi ned by Soxh 1et me t hods with ether. 
b) Dete rmi ned by the It/arburg's manome t ry at 25°C. 

All f i gures are shovm on a dry basi s . 
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Porosity. The porosity of the grain kernel was proved to influence the CO 2 gas 

adsorption phenomenon. A high pressure me r cury penetration porosimeter was used 

for the determination of pore-volume and pore-size distribution of rice kernel 
" in the range of 42 - 300 A. A relatively larger size of pores was found in paddy com

pared with those of brown and polished rice. Defatting and/or heat-drying treat

ment to rice kernel, however. produced abundant pores i n their intergranu l ar spaces 
'" of starch. Pore volume between the range of 42 A and 12 ~ in diameter was estimated 

to be 264,134,73.7,31.2 and 21.3 fll/9 (on dry basis) for hull, defatted brown 

rice, paddy, brown and polished rice respectively. 
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Fig. 3. Pore-size distribution of rice qra in. 

TABL:': 3 . 


Comparison of pere-volumes of rice grai n and hul l . 


Hull Paddy Brown Polished 

Total pore vo lume 
0 

(42 A - 12 IJ ) (1J1/g) 264 73.7 31.2 21. 3 

rvli cro-po ~'e vo lume 
0 0 

(42 A - 354 A) (fl l/9) 136 38 .1 15.4 11 .0 

Sorpt i on isote rm. Accor di ng to the class i c sorption i sote rm of Freundl ich, a 


li near relation is obtained when t he logarithms of pressure (P ) and so rpti on 


volume (V) are pl ot t ed. This rela t ion may be written: 


log V = l og k + ~lo g P, where k and ~ are co nstants. 
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Experimental resu l t s obtained with the adsorption of CO2 by brown rice at var ious 

partial pressures of CO 2 were fo un d to agree with the isoterm as shown in Fig. 4. 

An almost linear relation between log V and log P was obtained in the higher par
C02 

tial pressure of the CO 2 (P ) reg ion but not in the lower 'Jne. The constant nC02 
was 	 calculated as about 1.5. 4 

C -	 C ) v oe 3V 
100 	 - C e 

V: 	 volume of CO 2 gas adsorbed by brown rice (ml) 

C : 	ori gi nal CO 2 gas composition (%) o 
C : 	equ il ibrated CO 2 gas composition (S) e 
v: 	 original mixed gas volume (ml) 

log V = log k + ~ log P -1.0 -0 .5 e02 
log Peo 

~ig. 4. Relation between the amount of CO2 gas adsorbed and the pa rtial pressu re 
of CO 2 (at 2~oe). Brown r ice wa s packed in plastic f i l m bags under di fferent 
co~posi t ions of N2 and CO2 gas. Aft er the adsorption equilibri um was obta i ned at 
25 C under atmospheric pressure, the composition of headspace gases was ana l yzed 
by gas chromatography and compared with the orig inal compos ition. The amount of 
CO 2 gas adsorbed by brown rice was calculated using the equa t ion shown in this 
figure. 

Results obtained in these experiments can be sunmarized as foll ows: 

(1) 	 Solubility of CO 2 gas into the moisture and lipi ds of the grain is assumed 

to have a minor effect on the CO 2 adsorp t ion phenomenon. No direct relation

ship is also presented between any special components of gra i n and the amou nt 

of CO 2 gas adsorbed. 

(2) 	 Diffusion of CO~ gas into the grain is important in this phenomenon . This 

adsorp t i on phenomenon is ve t'y s i mil a r to tha t observed in sor pt i on 0 f ga ses 

by chucoa: and silica gel, I-Ihich sorb gases in to t heir many pores. 

THE 	 CO 2 GAS-PROTE IN INTERAC TI ON IN A GAS -SOL ID PHASE. 

In the course of investigatiohs to elucidate the mechani sm invo l ved i n the 

CO 2 gas adsorption phenomenon by grains, various proteins i n solid fo rm were 

found to be capable of acsorbi ng C02 gas. The charac teristics of C02 gas adsorp tion 

by highly pur ified protein has been investigated by ~~arbu rg manometry and t he 

B.E.T. surface area analyzer. 
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Adsor'ption of CO_2 gas by proteins. Carbon di oxide gas was adsorbed by casein at 


more than 500 ~l/g/24h r while ethylene and oxygen were less than 200 and 50 


~1/g/ 24h r respectively. Approximate equilibrium was ob t ained after 24 hours. 


Helium, nitrogen, hydrogen and air were al so examined but none of them was adsorbed 


consi de rably by casein under the same conditions i n the case of CO 2 gas. The amount 


of CO 2 gas adsor'bed by pro tei ns is shown i n Table 4. Var i ous proteins were found 


to adsorb CO2 ga s when they were placed in the hi gh par t ial press ure of the gas 


concerned. Casein, gelatin i~d raw silk were revealed to be the better adsorbents 


as compared with the others. 


TABLE 4. 


Adsorption of CO 2 gas by vari ous protei ns in dried state. 


Proteins 	 CC ~ gas adsorbed 
a \ 

I 

Casein 
Gelatin 
Egg albumin 
G1 utenine 
Hemoglobin 
Ze i n 
Soybean flour 
Whole milk 
Bleached Ch10re11a algae 
Hydrocarbon-asslm~lating yea s t 
G1 uten 
Ri ce bran 
Raw silk 
Fibroin, from si lk 
Chinese white rabbit hair 

662 lll /g 
532 
267 
231 
182 
150 
220 
200 
163 
11 5 
111 
109 
690 
110 
106 

a) 	 Determined by Warburg ma nome t ry at 25 0 C for 24 hr . 
All figures are shown on a wet basis. 

t'1oisture dependence . In Fig . 5, the amou nt of C02. gas adsorbed by case in and gelat in 


are plotted against th eir moisture conten t . The lower the mo istur e is , the grea t e r 


the adsorpti on amount of CO 2 inc reases. 


Temperature dependence. The amou nt of CO2 gas ads orbed by ze in varies de pending 


on tempera t ure, as shown in Fig . 6, i ncreasing at a l owe r temperature. Other 


prot eins also show a s imil ar t endency as shown in Fi g . 7. The t emperature dependence 


of CO 2 adso rption by protein is close to that of physica l adsorpt i on . Al t hou gh 


large amo unts of CO 2 gas we re ads orbed by histamin, tyram ine , L-1ysine and L-argin ine , 


temperatu re depe nden ce of t he adsorp ti on is somel'lhat different from that of pro t e i n, 


such as casein and gelatin . 
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Fig. 5. Effect of moisture content on the amount of CO 2 gas adsorbed by casein 
and ge1atin. Protein samples at various moisture contents were prepar2d by 
equilibrating them for 3 t o 14 day in desiccato ,rs with saturated solutions of 
LiC l , K2 C0 3 , Mg(N0 3 )2 , MaCl and KN0 3 at relative humidities between 11 and 88% . 

Reversibility of CO 2 gas adsorpti on by protein and others. Reversibility of the 

CO 2 gas adsorption by protein, protein hydrolyzates, amines and amino acids was 

examined. More than 90%of CO 2 gas which had been adsorbed by casein and gelatin 

desorbed when they were put in to an atmosphere of low partial pre ssure of CO 2 

but only a few percentage deso rbed in the case of amino acid an d histamine. 

Interaction between CO 2 gas and amines and amino acids seemed to be "chemical 

reaction" or "chemisorption" rather than "physical adsorption". 

Effect of particle size on CO2 adsorption by bacto-peptone an d casein . Bacto

peptone, one of the protein hydrolyzates for a microbial cu lture med i um, showed 

an interesting result on CO 2 adsorption. This was one of the samples whi ch fai rl y 

adsorbed CO 2 gas when they were tested in l arger partic les above 32 mes h. Gas 

adsorption increased more than 20 ti",es when the sample was ground. The l ess the 

peptone partic l e size, the more the amount of CO 2 -gas adsorbed. This res~lt 

suggested that the gas diffusion process in the pa r t icles was the rate-li mit ing 

factor i n CO2 gas adsorption by proteins. This was conf irmed by t he de termi nation 

of ad i ffus ion coeffi cient of CO2 gas in casein part i cl es of th ree differen t si zes. 

By applying the Boyd eq uation, the degree of the adsorption (Vt /V ) was foundeq 
to be in propol"tion to a square root of time in the re gion bel ow one-h alf of 

Vt/V as 3hown in Fig. 9. The diff usi on coeffic ie nt obt ained in these samples eq 
was around IO-9 cm, sec . This value wa s in the proper range of the CO 2 gas di f f usi on 

5coefficient in the soli d , but lowe r in li qu id and in gas (10- - 1 cm2 / sec) . 
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rlg. 6 (left). Effect of temperature on CO 2 gas adsorption by zein. The amount 
of CO 2 gas adsorbed was measured with the lapse of time by the 8.E.T. surface area 
analyzer at one-half of atmospheric pressure. 

Fig. 7 (right). Temperature de pendence of CO2 gas adsorption by casein , ge lat in 
and histamine. The amount of CO2 gas adsorbed was measured in the same way 
described in Fig. 1. 

Adsorption isoterms . Fig. 10 indi ca tes the adsorpti on i soterms for Nz and CO2 

in casein determined by the B. E.T. method. A typical po lymolecule adso rpt i on 

curve (BET type) was obtained with Nz gas adsorption in - 196°C. The carbon dioxi de 

gas adsorption curve, however, showed an adsorption curve of the He nry type i n wh i ch 

the amount of gas adsorbed was in proportion to the press ure . Because the experi 

mental pressure (76 cmHg) at 2SoC is si t uated in the 10l'ler region of t he satura ted 

vapor pressure (4,830 cmHg ) of CO 2 gas, expe rimental results can al so be assumed 

to be in the early part of BET , La ngumuir, Freundl i ch and other ty pes of i soterms . 
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Fig. 10. Adsorption isoterms "Ot' N2 and CO 2 i r casein. The a!fO '.mt of gas ads ~ ,-beG 
',~as measured b'y the B.E.T. surface analyzer in the condition jescribed in this 
figure. 

Particu lar f unct ional groups involved i n CO 2 gas adsor ption by protein. 

In order to identify the functional gro ups whi ch really cont ribute to CO 2 

gas adsorption by protein s , E- amino groups of lysi ne res idues of egg al bumin we re 

chemicall y modified with tfi nit robenzene sulfonic acid to vari ous deg rees. 

Expe rimental res ul t s showe d th at about 60% of the t ot al amo unt of CO 2 gas adsorbed 

by so li d egg albumin diminished by comple t ely mod i ficati on of the E-amino groups 

of lys i ne residues. This di rect l y provides eviden ce t hat t he E-amino group of 

lys ine is ca pabl e of adsorbing t he CO2 gas in protei n in the same manner as in 

free amino acid . As to the rema ining 40% of the to t al amou nt of CO2 gas adsor bed by 

egg al bumi n, the guanidi nium 9rouP of argini ne res idues and a -ami no gro up in pro te i n 

were shown to take par t in it by the following exper iments. Correla t ion coeff i cients 

foun d between the amount of CO 2 and each of the variables, the lys i ne content, 

the arginine co ntent and the t otal of lysine and argi nine contents of prote in 

and its hydro lyzates were 0.76, 0. 54 and 0 .85 respecti ve ly . Chemical mod ifica t i on 

of t he guan idini um gro up s of argi nine resi dues of lys ozyme by 1 ,2 -cycl ohexaned i one 

-
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a I so showed the decrease of the amount of C02 gas adsorbed by lysozyme. The ab il itY 

of CO2 gas adsorption by a-amino group of amino acids and oligopeptides was found 

to be developed by the elongation of the peptide chain of glycine and other amino 

acids, by the removal of the Ct. -carboxyl group of histidine and tyrosine to corres

ponding amines and by the esterification of Ct.-carboxyl group of leucine with 

E.-nitrophenol.'-hese results (!;llearly indicate that C02 bi nd ing sites in protein 

in the gas-solid phase system are £-amino, Ct.-amino and guanidinium groups. Table 5 

gives the amounts of CO 2 gas adsorbed by a series of ol igopepti des and collated 

with the pK va l ue for their Ct.-amino groups reported in the li t erature.a 

TABLE 5. 


Effect of peptide chain length on the C02 gas adsorption by ami no group. 


pKa values COdNH z 
(Ct.- NH z )(£-NH 2 ) (rrmoles /mol e) • 

Gly 9.78 0.024 
Gly-Gly 8.25 O. I II 
Gly-Gly-Gly 8.09 0. 465 
Gly-Gly-Gly-Gly 1. 47 
Polyglycine 7.4 
Lys 9.18 10.79 3.97 
Lys-Gly 4. 49 
Lys-Glu-Ala 6. 50 
y-Glu-Cys-Gly 8.75 1.03 

Differences between the CO 2 gas adsorption by proteins and by amino acids and ami nes . 

The reasons why similar functional groups of proteins and amino acids were able 

to show different reactivity to CO 2 gas, such temperature dependence, mo i s ture 

dependence and reversibility wel'e examined. Differences between the C0 2 gas ads orp

tion by proteins and by amino acids and amines can be best explained wi th the 

following ~wo different interactions between t he ami no group and C02: 

1. 	 Carbamate formation. 

R-NH2 + CO 2 ~ R-NHCOOH 

2 	 Anionic reaction . 

H20 + CO 2 ~ HZC0 3 ~ HC0 3- + H+ <pH 7.0 

OH- + CO 2 ~ HC0 3 	 >pH 7.0 

R-NH/ + HCO l ~ (R- NH/ )(HCO l -) 

The pK values of amino gro ups in protein are lowe r than those in amino acids . In 
a 

the solid state of protei n, therefore, ami no groups must be present in the un protooized 
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form (R-NH 2 ) and form carbamate salts with CO 2 . This interaction is weak and 

reversible as is well known in the interaction of hemoglobin and CO 2 in blood. 

Characteristics of CO2 gas adsorption by protein are ass umed to be caused by the 

carbamate formation. On the oth e r hand , amino groups in free amino acids and ami ne s 

seem to be present in the pro tonized form (R- NH3 +) even in a solid state for the ir 

higher pK va lues. Th is amino group in protonized form may react wi th t he bica r bona te a 
ion which is formed from CO 2 and water via carbonic acid. An experiment on the 

CO 2 gas adsorption by the basic amino acids such as lysine and arginine in dried, 

and moistened form revealed that the amount of CO 2 gas adsorbed by these free 

amino acids increased remarkably with their increased moisture content, \'Ihile an 

inverse re l at ionship was observed in protein as shown in F;g. 5. 

CONCLUSION 

The CO2 gas adsorp ti on phenomenon observed in grai n s t orage in a CO2 atmos phere 

is assumed to be ca used by a mechanism comb ined with a di ffus i on process in the 

grain kernel and a carb ama te forma tion of CO 2 gas with funct ional gro ups of protei n 

which are exposed in the inte rn al surface of the grain ke r ne l . The reversibl e 

intera c ~ion of CO :, gas with functio nal grou ps of protein is assumed to contribu te to 

retaining grain qualities during the storage. 
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ABSTHACT 

Nigeria produces ab o u t 10 milli on t ons o f g ra i n s a nn u al ly wh i ch 

need to be st o red be twe en o n e harvest and the o ther over a period of 

8-10 months . Storag e me t hods range f rom local cribs us ed by the 

peasant to wa r ehouse a n d s i l o s t r uc t ure s u se d by larg e - scale grai n 

storag e establishments s u c h as the Nat ional Grai n s Board and Ag ro

-alli e d i ndustries. In s ect i n f e stat i on is c on t r ol ed o nly by che m c al 

applicat ion. A l ot of prob l e ms a r e enc ou n tered with s il o sto r age 

me t hods and c hemic a l c o n tro l of i nse c ts unde r Nige r i an cond i ti on s . 

Thi s p a per e xami nes the appl icat i o n of a r t if ici al c ont r o l led atmo 

s p he res to grain storage in the tro p i cs agai ns t the backg r ound of 

existi ng s t orage practice s a n d prob l ems in Nigeria. 

A researc h pro j e c t is being c arr i ed ou t in c o l l a bo ra ti on between 

ASS ORENI /SNAMPROGET'I' I and NSPRI , in o r der to i n troduce t he Nit r ogen 

St r age Tec h n i q ue f or Gr ains i nto Nigerian p r a c t i ces. The f irs t two 

o f t he pro ject 's three r esearch phases are describe . 

In p h ase I mai ze was stored f or 10 weeks in mi n i si l os f il l e d with 

nitrogen . The insect infestat i on, fungal de t er i o r ation, seed v iabil i 

ty , c hemica and nutr i tional c hanges in the mai ze were measured dur i ng 
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the experi ment a nd result s showe d t h at the i ner t g as sto rage me t ho d 

ma i nt ained the quality of the maize mu h be tter t h an stora ge in air . 

Ano ther trial sto r i ng c owp e a s, a grain l e gume, in t h e mi n isil o s , i s 

in progres s . 

Pha se II of the pro j ec t , invol ving f o u r pi l o t -sc a l e si l os (3 ton 

-capac ity), fully equiped wi t h auto matic phys i cal measu re me n t de v i c e s 

and f i l led wi th maize, has al so co mm enc ed . Pre l i mi nary results are 

presente d. 

I NTRODUCTION 

Grain forms a s u bstant i a l part of the st ap l e f ood in t he t r o pic s. 

Most trop i cal c oun t r i e s p r oduc e far l ess g r a i n t h an th e y requ ire 

loc al ly a nd t he refore have t o s p e nd their h a rd earned f ?rei gn exch ange 

for importi ng gra i n . Ni geria produc e s abou t 10 mi l lion t ons of g r a i ns 

ann ually ma i n ly g u i n ea c o rn, mi llet , maize and ri c e ; the Maiz e and 

Produce Board in Keny a h a nd l e s ab out 5 mi l li on bag s o f maize a nnual 

l y ; wh i le the Na tional Ag r icu l Lura l Marke ti n g Board in Zambi a hand l es 

about 7 million bags of maize annually. 

The me thods at p r esent u sed in Nigeria f or s torage o f g r ai n s v ary 

ac c ording t o t h e le ve l o f s torage. At t h e v i l l age l e ve l o r the pea a n t 

farm e r's level, a very e ff ec ti v e st r uc ture call e "CRIB" ha been 

develc)pe d . It s e r v e s both as a natural dr ie r a nd a c ontai ner . The next 

l eve l of grain stora g e is the me di um scal e l evel. The conve nt i onal 

wa r ehouse or ' godown' has be e n rec o mmende d f or u s e at t h is level . 

Ware hou ses and sil o s a r e used f o r l a r ge s c al e sto rage . Howe ver s ome 

p r o b lems are being encounte r e d wi th the use of silos and therefore 

ware hou s es a re mo r e f avour ed . 

In a l l t he s e s t r uc tures, e no rmous loss es occur dur i ng s torage . 

F. A . O. e s t i ma t ed an annu a l l o s s of 10% in bo t h f a r m and to r e ( Anon, 

1947) and a l os s a s high as 24 . 7% ha s bee n repo rted by Ade suyi and 

Sh o e ( 19 77) in fa rm l e ve l s t o rage . The maj or c aus e s of gra i n sto r age 

l o sses ha v e been ide n tifie d as insects , mou lds and r odents . Birds can 

be a maj o r fac Lor in some c a s e s. As a re s u lt of the s e l o sse s, i t has 

be en r eali s ed that a ny m j or e f fort to i nc reas e food product i on must 

b e supported by effe c t i ve s to r age fac il ities. In realisation of this 
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fac t , the se v enth s pe c ial session o f the Un ited Nat ions General As

sembly in 1 97 5 passed a reso lu t ion that eve ry eff o rt shou ld be made 

to achieve a 50 p e r c ent r e duc ti on in p o st-har ves t fo od l osse s by the 

year 19 85. This resoluti o n r esu l te d in the Re duct ion of post -ha r vest 

food los ses prog ramme of the F. A.O. in 19 77. 

Chemi cals are at present be i ng use d ex tensive ly to r educe po st-har 

vest grain l o s ses. There are howe ver ma ny pro bl e ms a nd ri s ks as s o c i at 

ed wi th the use of chemicals, bo t h to consumers and operators . These 

are ma i nl y : 

(i) Da nger to sto rage personne l 

( ii) Da nger to c o n sumers 

(i ii) Taint and dama g e to s e e d v iability 

(iv ) Prob l e m of i nsect r e si stanc e t o c hemi c al s i n u s e . 

There fore the n eed f o r a safe r alte rnat ive i s evide n t . 

He r me tic sto r age , in whic h oxygen def i c i ent atmosphers are p r oduced 

by t he aerobic r esp iratory p roc esse s of the g rain , i t s microflora and 

insec ts t o a l e vel th a t inhibits t he f ur the r ex is tenc e or deve lopme n t 

of aerobic org a nisms, h a s long b e en known. Howe ve r, t he r a t e at whi h 

this p roc ess occurs is ve ry crit i cal becaus e t he longer it take s, .the 

more d ama g e is do ne by the organi sms causing de teriorat ion. I n c ases 

of dry grain storage wi t h l ow ins e ct i nfes tation, t he p r oce s s of se lf

s t er ilisat ion i s so sl ow t hat it may no t be p r acticab l e. 

To acce l erate the dep l etion o f oxygen t o a l eve l suitab le for the 

e limination of a ll t he deve lopmenta l stages of storage insec t s, a nd 

supres sion of microorg ani sms , it is conven ien t to introduce an inert 

gas such as nitrogen to replace the oxygen - ri h i nt r st i tial atmo 

s phere in s t o!"age b i n s ( She j bal, 1979) . Successful t rial s in large 

- scale fac i l iti es using nitrogen gas for the commercial s t orage of 

whea t and b a rley fo r shor t and l ong term periods (She j bal, 1978) co n 

f i r me researc h carried out . in I t al y for s eve r a l years in labora t ory 

and p ' lot s cal e si los ( Shejbal , 19 79 ) . It i s known t hat the use o f 

ni t r 0 gen for g r a i n preservation could eliminate s ome of the major 

problems o f g rain storage , if a pp li cabl e in Nigerian c limati c condi 

ti o ns , such as ; 

- Taxi ity of insecticides both to consumers and operato r s. 



262 

- Insect infe station a nd rei n fest a t i on . 


- Insec t resist anc e. 


- Tai n t a nd poor palatabi l ity. 


- Loss of food reserve thr ough me t abo l ic activities of t h e s t o re d 


produ ce. 


Furthermo re it cou l d: 


Increase the p o ss ibility o f sto ring we t grain un t il it can be dri ed . 

- Re tain viability of s t o r e d p roduce f o r a long pe ri od . 

- I mprove the pal a t abi l i ty o f stored p r oduce. 

Use of c o ntro l led atmos ph e re woul d t herefore be o f va lue i n Ni ge r i a 

in co nt ro l o f both insect and moul d growth especially in t he ma i n mai 

ze crop wh ich is harvested during t he rainy s e ason at mO i stu r e c on

tents of 22 -25% ( Adesuyi, 19 68 ) without a ssurance of sunshi ne t o dry 

it. 

A c o llabo r ativ e work be t ween ASSOREN I ( Snamprogett i) and NSPR I was 

the refore ini t iat e d to evaluate this t e c hnique and f o r transferri n g 

the techno l ogy to Ni ger i a. The project i s di v i ded in to th r ee phas es , 

last ing for a to t a l of 30 mo nths. They are as fo llows: 

1st phase: Small-s cale trials utilizing two mini s i lo s , each wi th a 
3 

capaci ty of 0. 6 m . 

2nd phase: Expe r i mental p il o t-sc ale tri a ls uti liz ing fo u r si lo s, each 
3

with a capaci ty of 4 m 

3rd phas e : Large-scal e f ie ld t ria l s util izing two sil os, each wit h 

a c a p a ity o f 40 t o 50 tons. 

Th e fo ll ow i n g is a repo r t on the firs t tr i al i n t h e first phase 

using the minisilos and on preliminary data o f the second phase. 

MATE RIA LS AND METHODS 
3

Two a irt i ght stainles s ste el mini - silo s , useful vo l u me 0. 65 m , 

Si t uated in c o mp lete s ha de at the NSPR I , Ibadan a r e used in t h e trial s 

of pha s e 1°. 

Th e mi n i silos (F Og . 1 ) are equ i pe with 3 sampling paints for gas 

and grain analyses SAl - SA3 a nd S8l - S83 fo r the s ilos A and B r es 

pective l y . Thermi st o r s a r e l oc ate d in t h e ~entral a x is of the grain 

col u mn . Th e s i los are connected with the ni trogen d i stribution system 
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silo s was near ly ze r o . A rapid p rge of the si l os was carried o u t in 

o r de r t o subs t itute the in e rs ti t ial atmosphere with nitrogen, where

upo n a sli gh t c onst ant overpres s ure was main tained during the whole 

storage period. Fo r th i s a pre-set p r es s ure gauge wh i c h automat i cally 

c u t s off the supply o f gas into the s i lo s by a so leno i d swi tch when 

the pre ssure build-up wi hin t he silo att a i ns the set pressure (100 

mm w.g. ), is i ncorpo r ate d ' nt o the gas dist ribution system and l ocated 

on t he i n st r ume nt pa nne l. The i n it i al pur ge with u l trapure n i t r ogen 

was carr ied o u t fo r 14 hour s a t a r a te of 50 l i tre s p er hour wi th in 

one d a y a f ter l oad ing. 

As c on trol s i n a ir , mai z e of t he s ame q u lity was maintained in 

t wo me tal d r ums, CA and CB ( 180 1 volume eac h ) s i t ua ted in prox i mity 

of the mini-silo s. 

The concen trations of carbon diox i de and oxygen wi th in the silos 

were c he c k e d o nc e eve ry wee k , and after every pur ge following intro 

duc t i o n o r r emoval o f t e s t insect cages . Th e t empera ture of stored 

gra i n, pressure within e a ch silo, ambie n t t emperatu re and h umid i t y 

were rec o r ded t h rice da i l y. 

During l o ad ing the mai z was s a mp l e d i n both t he s il os and controls 

f or in s e c t infes t at ion , i nsect d amage , b i oc hem i c al and mic r ob i o l og i ca l 

ana l ysis a nd se nso ry eval ua tion . Sa mp l ings were re peated a t 4 and 10 

weeks and Similar ly analysed . 

Viab i l ity t e sts o f sto red maize we r e car ried out using fif t y seeds 

pe r r e p licate , ge rminate d i n ste r i lized soil in the laborato ry (Fig . 2). 

Fo r trial s in phase 2 o f the coll a borat ive work , four pilot - scale 
3

gastight steel Silos, useful volume 4 m eac h , were built and erected 

in I bada n . The al i gnment o f t he silos i s in a North - South direc tion 

in an un sha ed a rea in order to expose t h e ~ilo s to full and direct 

s unshine . 

As c a n b e seen in Fig . 3 , eac h si lo is protected i n a different way 

aga i n s t so lar ra iati on: one of t he s il os is fu lly insulate d with 5 cm 

r ock - wool a nd galvani zed stee l sheets, a nother is insulated similarly 

only o n the r oof, wh i le t ne th i rd i s not insula ted at all and the las t 

is shaded on t he to p wi th a thatc h made of palm leaves . 

Ea_ h s i l o is equ i pped with 50 thermistors dislocated in such a way 
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that the temperature in the axial and rad ial se nse can be measured 

at the surface of the bins and at various epths in t h e stored product 

mass . Th e temp e r ature readings are recorded a utomatically at preset 

time intervals . 

The nitrogen gas flows , pressure m intenance devices a nd p r essure 

r elief valves are similar to t hose of phase 1, the ove rpressu re mai n

tained in the bins is 50 mm w . g . and gas consumption i s measu red by 

gas meters (F i g . 4). The four bins were l oaded with grad e I yel l o w 

maize, mean moistu r e conte nt 12 .9%. 

Fig . 3. i lot-scale metal storage bins differently protected against 
direct solar radiation Sampling and tempe r ature measurement paints 
are v sible on the 4 m -silos . In t h e foreground, wires cond cting 
to th~ automatic recorder o~ em erature at 50 distinct paints in 
each bin . 
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Fig . 4. Pilo t -scal e metal storage b i n s with automat i c i n terst itial 
nitrogen pressu r e ma~ntenance device . gas meters an d pressu r e releaf 
valves . 

RESU LT S 

Phase 1-. 

Temperature measurements in s il o A gav e an ave rage of 27 . 2°C with 

a range of 26 . 5°C to 27 . SoC ; silo B n average of 26 . 6°C with a range 

of 26 .1 0 27 . 5°C, the ambien relative humidity ranged between 72 . 0 

and BO . 9% with an average of 76 . 3% . The oxygen content of t h e inter

stitIal atmosphere In the silos was maintained at 0 . 05% - 0 . 1% by pu r

ges after grain or Insect samplings . 

The inltia} moisture ~onten of the experimental ma i ze was 12 . 7% . 



268 

The mOis ture conten t level was ma i ntaine d at about 13% in the min isi 

l os but r ose stead i ly to 16.5% in control A and to 17 . 2% in c on tro l 

8 ( s ee tab le 1 ) . 

The r esu l ts of the e ntomo l ogy expe riment s a re p r esented i n another 

paper (Willi ams et al ., 1980) . I t was found that the egg and the adult 

s tages o f Sitophi lu s zeamai s (mai ze weev il ) were more s usceptible to 

n it roge n t h an the l a rval and pupa l stages . The duration of exposu r e 

r e q u ired to kill t he egg , larval , pupal and adu l t stage s of S . zeamai s 

were 4 . 0, 7. 5 , 8. 0 a nd 3.0 day s r e s pect ively whi l e 6. 0 da y s exposure 

...ras required to obt a in a f ull k il l of larvae of Tr~oderma granarium 

( Kh ap ra beetle) . 

Tab l e s 2 and 3 show th a t the init ial damage to t he ma i ze was bet 

ween 1. 8 and 2. 2% and the insec t pest po pulation was fair l y h igh wi th 

S i toph i l us zeama is being t he mo s t p r edominant s pec ie s . However , it can 

be s een from the same t ab l es that after 10 weeks storage in nitrogen, 

the pe rc en t age dama ge remained t he same with a s harp contrast i n the 

cont ro l where t he damage has inc reased by a out 2, 100%; s econd l y, no 

insect pest was fau n even after incubat ion in maize store d i n nit r o 

gen , whereas the p op u lation in the control had increased by 765%. 

Mou l d i ness o f t h e maize a s determ i ned by d i lution plat i ng analysis 

was 9. 9 x 10 5 c olon i e s p e r g r am of mai z e in the in i tial s amp les . 

Whi le th i s amoun t of mouldiness increased substantially to an ave r age 
7

o f 2.5 x 10 i n t h e con trol s , maize stored in nitrogen maintained 

about the same l evel of mouldine s s as t he in i t i al sampl es . At s ome 
4

poin t s , a de c rease to an average of 3 .9 x 10 colonies per g r am was 

obtai ned in one of the silos (table 4). 

The most predominant species were Aspergil l us fl a v sLink ; Fusarium 

mon il i forme Sheld a n d Asperg il lus n iger V. Tieghem . Others of rather 

less importance are Aspergi ll us t amar i i Kita . Paec i lomyces varioti 

Bainicr , Rhizo pus arrhi.z s Frischer and Pen i ci Ilium sp . All these 

moulds are commonl y i s o l ated from grai ns and othe r crops during stora

ge i n Ni ge r ia. Table 5 shows t he ave r age abundance of the different 

mou l d spec ies in the maize s tored in nit r ogen and the controls. 

Re s ults of chem "c a l analys es , viabili t y and sensory evaluations are 

summari z ed in Ta Ie 6 . As c an be seen , proximate parameters remained 

... 
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TAB LE 1 

MOISTURE CONTENT OF MA I ZE STOR ED IN 
I</E EKS. PRE-LOAD I NG MOI STU RE CONTE NT 

NI TRO GEN AND 
WA S 12. 7% . 

I N AIR FOR 4 AND 10 

Sample Percen t mo ' sture content o f ma ize u r ing stol"age 
fo r weeks 

4 10 

SA 1 

:,A 2 

SA 3 

AVER \GE 

SB 1 

SB 2 
:::; p, 3 

CA 
~B 

A"EHAi~L 

12.6 
12.7 
12 .9 
12 .8 

1 3 . 1 

13.0 
1 2.9 
13.00 

15 .0 
15.1 
15.1 

12.7 

12.

12.7 

13.0 

13.1 

13.1 

L6 • 5 

17.2 
16.9 

NOTE 
SA 1 31.10 A Po i n t 1 ( bo t t om) 
SA 2 Silo A Po int 2 ( mi ddle ) 
SA 3 Silo A Point 3 (to p ) 
idem for ilo 8 

CA = Control drum A ( me a n s ample a t 20 em d epth ) 
idem for drum 8. 

TABLE 2 

I NSEC T DAMAGE SSESSMEN T ON 500 GRAIN SAMPLE S FROM MAIZE STORE D I N 
IT HO GEN AND IN AIR. 

T r ea t ment 
0 week 

Da ma ge % 
10 week s 

Mini 
li ni 

Cor.t 

Sil c 
Si l ~ 

o ls 

A 

B 

2 . 2 
1. 8 
1. 8 

2. 0 
1.6 

38 . 0 
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TABLE 3 


INSeC T SPECIES AND POPU LATION INFESTI NG MAIZE STORE D IN NI TROGEN AN D IN AI R. CO UNTS f RO M l KG SAM PLES . 


Ppl~iod Location Sitoph ilus 
eamais 

Cr'yp t 0 1 es t es 

sp . 
Carp ophj lus 

s p . 
T r"i bol i um 
castaneum 

Mo t h Lasiod e rm a 
se r ricorn e 

Tot a l 

wee k Mi ni. 
s ilo 

Top 
Mi dd l e 

tom 

1 0 
6 
8 

0 

0 

1 

5 

3 
6 

9 

6 

8 

2 
0 

0 

1 
3 
6 

27 
18 
2 9 

Co n tro l 9 0 8 4 0 2 23 

1 0 wee i<s Mi ni To p 0 0 0 0 0 0 0 

s i l o Midd l e 0 0 0 0 0 0 0 

Bot tom 0 0 0 0 0 0 0 

Contt~o J. 154 4 1 6 3 8 17 6 
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TAB LE 4 


AVERAGE MOU LD CO UNTS FROM MAIZE STORED IN NI TROGEN AN D I N AIR . 


Sample Average number of mou ld colonies iso la ted pe r gram 
of mai ze after sto r age f or 4 a nd 10 weeks . Th e 
i ni tia l c oun t was 9. 9 xl0 5 . 

4 10 

5A 1 2.8 x 10
5 

5.0 x 10 
4 

SA 2 3. 9 x 10 
5 

SA 3 8. 4 x 
5 

10 2.6 x 10 
4 

AVE RAGE 5. 0 x 
5 

1 0 3 . 9 x 
4 

10 

58 1 2.4 x 
5 

1 0 4. 4 x 
4 

10 

58 2 1. 5 x 10 
5 

58 3 1. 6 x 
5 

10 1. 8 x 
5 

10 
. 

AVERAG E 1. 9 x 105 1. 1 x 10 
5 

CA "i. B x 1 0 
6 

2 .2 x 1 
7 

CB 4 .0 x 10
6 

2 . 8 x 10 
7 

AVE R GE 4. 0 x 1 0 
6 

2 . 5 x 
7 

10 
Note: For s ymbol exp l anation s ee Ta bl e 1. 

cons tant during storage (c rude rote in, oi l ontent , total a s h) , hile 

t otal hexose s ugars , tota l reducing s ugars , f r uctose, g luco s e, sucrose 

and starch c ontent r e mained unal tered in ni trogen but considerable 

c hange s o f t hese c a r bohydrate co mponents we r e observed fo r maize stored 

in the co n tro l d r ums . An increase in the free fatty ac i d content of 

o i l (ve r y high also at start of experiment) as obse rved in all sam 

ples, parti c ularly marked in the ma iz e store d i n air . 

The v i abil i t y tes ts showed a slight loss fo r maize stored in n i t r o

gen Wh i le there was a substantial reduction in the viability of the 

control s . 

There was no adverse effecL on the pa l atability of maize store in 

nitrogen for ten weeks wh i le the control had very poor palatability . 

The s e nso r y evaluat i on wa s carried out on pap (ogi) made f r om th6 flour 

wi th boiling wate r . The corn flour was obtained by steeping whole 

grains in water for 48 hours. Su l phur dio xide ~as added to the water 

to p re vent fermentation . The corn was we t -m~lled and sieved . 
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TA BLl:: S 

AVEHAGE ABUNDAN CE or DIFfER ENT MOULD SPE CIES I N MAI ZE STO RED I N NI TROG EN AND TH E CONTROL 

Samr>l e Sto r age Averag bundance t h e diffe r e n t mould s pec i es give n a s no. of mould col oni es 
T i m p e r gram in maize 
( wee k s) 

A . A. A. F . Pe nici lli um R. 
l av u !:i ni ge tamar i. i monjli fo rme varioti sp ar rhizus 

( in iti a l ) 

0 
5

S .lx IO -:: p 5
2 . 1xlO 

5
3. 3xlO p p p 

SA 

:'iB 

C 

4 

3 . 6x l 0 
5 

6 . 1 x lO
4 

i:! . 2xl O · 

O.4xlO
4 

2 . 6x I 0
4 

J . 5x l O 

P 

1. 7xlO
4 

1. 7x lO
4 

5
O. 9x lO 

4
4. 0x 1O 

1. 8x l O 

p 

p 

5 
1.3x lO 
_ 3 

6 . 0xlO 

p 

p 

p 

4 3 
!:)A 4. 5x l0 P P P p 6. 0x lO 

3 4 
SB 10 10. 7xlO . 4. 9x l 0 1. 9xlO ~ 

r.;(i 4 4 6 3 
2 .6xl0 2. 9x lO 3 . 1xlO 1 . 8xl0 1 .lx lO 3 . 9x l O 1. 3x l O 

- --. 

~ p (p resent) mean s that th e coloni~ s a r e few a nd i rregu lar. 



TAB LE 6 

;HA NG ES I N CHEM ICA L AND OR GANOLEPTI C f EATUR ES OF MAI ZE STORE D IN 
NI TRO GeN AN D I N AI R FOR 10 WE EKS. 

ni t roge n ai r 

c rude pr'ot ei n unch anged 

oi l con t u nc hange d 

as h un c h a nge d 

s ucros u nc han g ed 

g l ucos u nc hanged 

f l'ue t os unchanged 

srapc h unchanged 

fJ~ee fat ty a c ids in c reased 

viabi.li ty s l ightly dec r eased 

pal a t abUi r y no a d ve r se c ha ng 

u n c hanged 

ur, c hanged 

unchan ged 

d ec reased 

in cre as e d 

in c r eas e d 

d ecre a sed 

st rongly increase d 

st rongly decreased 

ve ry poor 

t..:) 
-J 
~ 
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Fig . 5 . Sampling of pilot - scale n1 ragen grain storage bins . 
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Conclusion regarding the first sto rage tri a l in phase 1. 

Nitrogen used as i nert gas f o r storage o f g rai ns has bee n foun d ef

fecti ve in p reservi ng the quality and re d ucing the substant i a l losses 

to whi c h mai ze is p rone unde r the cond i t i ons of the expe r ime n t . 

As a re su l t of t h e enc oura g i ng trend, the min i si los h a v e n ow been 

fil led with c owpe as (V i g na sp .) . Cowpea is a very i mp o r tan t vegeta I e 

protein in Ni ge r ia . It is hi g hly suscept ibl e to inse c t d amag e e spec i al 

ly by Callosobru chu s maculatus wh ich infests it f rom the field befo re 

harves t and c on t inues its des truction in the s t o r e. Two variet i es of 

cowpeas, t he wh i te an d b r own, are be i ng tried . The s et - up i s s imilar 

to the trial d esc ri bed above . 

Phase 2. . 
The a ims o f the first stage of phase 2 o f t he coll a borative r esearch 

be ing two-fo ld: 

a) t o fi n d t he mo st eff ec ti ve me thod o f adap ting me t a s ilos fo r ni t r o

g en sto rag e o f grains to give goo d storag e resul ts in the h umid tro 

p~cs ; 

b) to fin d out the effec ti vene s s of us i ng n it r o gen gas f or con troll i ng 

deteri oration o f stored grains under the diffe r ent treatments to be 

appli ed in a ), 

temperature fluct uati o ns, mo isture mig r a ti on , ni trogen c onsumpt i on and 

chang es in q ual i ty parame ters of t h e stored maize were s t udie d . 

As c a n b e s e en in Fig.6 , d iurn al tempe r ature fl uc tuat i o n s of the 

e xposed metal surfac e s o f t he r oofs of t h e unshaded b ins a r e very 

strong. The large s t t emp e r ature f luctuat ion i n the h eadspace gas is 

obs e r ved in t he unprote cte d b i n, wh il e i n the completely inSU l ate d bin 

and in th a t wi t h a n insu lated roo f, a ce rt a i n a ttenuat i on of the pheno

meno n is ach i eved . The best p ro tec t i o n is however ob t a i ned by simp le 

shading of t he to p o f t h e b i n ( Fig. 7 ) ; bot h t he roof su r face and head 

spac e temperatu r es s how s i gni fic antly lesser and slower f l uctuation s . 

Also the temp erature d iffe r ence betwee n t he meta l and the gas i s smal l 

a t all p eriods of the day . 

By samp l i ng of the mai ze on t he surface and by direct o b se r vation 

it _vas fo un' tha t cond ensation had not o c c ured in any o f the bins du 
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Al l the quali t y par a me t e rs asse ssed in the experime n s of ph~se 1 

are b e i ng foll owe d in thi s pha s e. Res u lts duri ng the f i rst 4 months 

ind i c ate that no c hanges have occurred i n a ny o f the silos , where a 

zero concent ration of oxyg en is mai n tai n ed . 

Conclusions regard i ng t he fir s t s to r a ge trial in p hase 2. 

Sto rag e of dry ma ize in airt igh t me tal b i n s in a n itrogen atmosphe 

re is poss ib le in the hu mid trop i cal climat e . Exogenous a gents, normal 

ly caus ing grain de te ri orat i o n , are supp re ssed by compl e te anoxia. 

This is e a s il y ac h i eved my mai n t ain ing a s l i gh t overp r ess ure i nside 

the storage f ac il i t i e s b y n i trogen . He at product i on in the gra in ma s 

being reduc e d t o a mi nimum, no temperat u re gradien ts buil d up and mo i 

sture mig r a ti on does not oc cur. 

Temp e r a tu re f luc t uati ons in the sto red c ere al gra i n are mini mal and 

whe re gra i n i s in direc t c ontac t wi th t he gas t i ght si lo wall , no con 

de nsation occurs at ambient te mperat ure e xcursi ons t yp ical f o r the 

humid tropiCS. 

La r g e thermal fluctua t i o n in the head space of me tal bins o c cu due 

to effects of direct suns h ine. At l ow mo is t u re conte nt s of the s o red 

produc t in the desc r ibe d experiment ( 13% m. c . maize) t h e rat e of tempe 

rature drop and the mini mal a mbi ent temperature r e ac he d we re f ound t o 

be such that t he dew poin t wa s not reac hed on t he roof of a n u npro tec 

te d me tal bin . Simpl e s hadi ng o f t he r oo f was shown to give better 

pro t ect i on aga inst temp e r at ure fluct uat i ons in the headspac e a nd on 

the me t a l s urface than e l a bo r ate and cos t l y t hermal insul~t ion , thus 

i nd ic a ting tha t higher mo i st ure g r ain may be sto r ed in a ni trogen atmo

sp he r e in t he desc ri b e d climat ic con it i ons, without danger of conden

sa tio n . Exp e rime n ts are be ing unde rtaken t o estab l ish the mo isture c on

te n t l i mits fo~ s afe l ong- t e r m s t o rage of ce r eal grain s i n the humid 

tropi CS . 
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ABSTRACT 

An exper~ment a l app a ratus designed to f ollow a utocatalyt i c phenome

na I-/h ic h caus e p r oduction of eve n very low q uan t i t i es of heat (down to 

appro x 0. 0 7 W) is desc r ibed. Such phenomena may oc c ur i ns i de indus t ri

al g rain or o i l seed s tora ge b i ns, c ausing very damaging hot spots. 

The re s ults ob t ai ned with the descr i bed i nst r umenta ti o n thus pe rm i t 

to p r e d ic t the behav i our of the sto r ed products and t heir storabil i t y 

in various pract i c al s ituat ions. 

The beh avi ou r of s unflowe r seeds at vari ous mo i sture contents 

ini t i al te mp e r atu re s and i nters t i tial gas composition was st udied in 

the ap pa r atus . The existence o f a utocatalytic phenomena was observed . 

They increased in f uncti o n of the level of the initial mOist re 

content of grain , of t h e initial temperature and the o xygen content i n 

the interstit i al atmosphe es. 

E en in nearly complete anoxi a (res idual oxygen ower t han 0 .1% 

vol) heat deve l opment i n the sunflower seed mass was observed . However 

t he i nduct i on time was found to be significantly longer in this 

c ondi tion a s comgared to the corresponding ~ests i n air . 

INT RODUCTION 

The argume n t f aced i n the p resent work is to study and to simulate 

the thermal behaviour o f grains sto r ed in a si l o . 

It i s well k nown that the axial part of a silo the grain is in 
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quasi-adiabatic conditi ons owing to the low t hermal con d uct iv i t y of 

the surrounding grains. The h e at generated by t he grai n , even at very 

low r a te, can inc rease the temperature in a s ens i ble manne r. At this 

increase d te mp e rat ure t he heat ge ne ration r at e inc r eases so that an 

autoc a taly ti c proce ss can b e activated, a ble t o produce hot s pot s n 

the bul k of grain. 

In order to study the c ond i t i ons of h o t s p o t generation, an 

e xperimenta l appa r a tu s has be en designed ab le t o measure h eat p roduc 

tion ra te of v e ry l o w intensi t y . 

The ind u ction t i me a n d t he heat p r oduc t ion of sun f l owe r s e e ds a t 

variou s moist u re c o ntent s , init ial temperatures and i n terst i ti al gas 

comp o s i tions has been meas ured wi th the apparatus . These val ues are 

co mpared to the heat lost by the bulk of the seeds a t steady sta t e : 

only if h eat p r oducti on is e q ual t o h e a t l oss a s te ady s €at e condition 

is p o ssible. On th i s basis a simp le s to r abil i ty c r i terium may be 

con s ide re d to predic t t h e poss i b ili t y of h ot spo t g ene rat i on . 

EXPERH1ENTAL APP ARAT US 

The ex perimental a ppara tus is a mic r os i lo wi th a double PVC wall 

'tIith an air inters p a c e. ( Fig . 1 ) . 

The in t e r nal di ameter is 20 cm, t he hei ght is 50 cm, the capac ity 

is 5 k g o f sunf l owe r s eeds . 

The mic r osil o is i mm~ rsed in a thermostat ic sti r ed water bath 

h av i n g a cont r olled and ho mogeneous temp e r ature : t h e d i fferenc e in 

t emperature a t di ffer e n t pos i t i ons and/o r different t i me is less t han 

O . l oC . 	 The bath has an ex t e r nal 3 cm thick rock ','/00 1 thermal insu 
2

lation and is heated by fou r e l e c tr i cal r ad iators of 85 W and 1).3 m 

of s u rfac e each , An ai r flow i s supp l ied at the bo tto m of the bath 

th rough a p e rfo r ated t ub e in order to i ncrease t he heat e xchange 

be twe e n r adiato r-wate r and wate r - microsilo and to homogenize t he t empe 

rat ure . 

Two tempe r atu re probes ( cal ib rated r e sis tances) are p l a c e d at the 

same he ight on the wa ll of the micros ilo : the f i rst (T ) on the
1 

i n te rnal wall i n contact I"ith the s to r ed p r oduct , the s eco nd (T ) on2 
the exte rnal wall , in con tact with t h e bath . When the inte r nal wall 
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t emperature T 1 is gre a ter t han T 2 ' the tempe ra ture control system 

ac ti ons t he e lec t rical hea ti ng unti l e qualizat ion o f the two temp _ 

rat ure s is re ac hed . 

A th ird t emp erature p r obe is p l ac ed in the cent re of the mi crosilo 

in orde r to meas u re the bu lk tempe r a t ure . 

Three ide n t i cal i nstrumen ts with t he above me ntioned c harac ter is 

t ic s have be en bui l tin o rder to t est at t he same t ime the same 

p r oduc t in different e xper i ment al conditi ons . 

CAL IBRATION OF THE APPARATUS 

The princ ipl e of t he se t up i s to ma in t a i n at every t ime the 

tempera t u re o f the bath a t t he same val ue as the temperature of t he 

s t o r ed p r oduct, in o r der to ach ie ve ad i abat iC cond i t ions . 

To a pp r oach t he s e can i tions we tr ied to min i mize the heat loss by 

the p r oduct COL) a nd the he at gained by t h e produc 

l o st by the product is: 

° = 0( S eT - T )1 1 2 
'"here S is t h e mi cros i lo wall a rea and 0< is the t hermal conductivi ty 

t ro ugh the wall s. We t ri ed to min i mize 0<;. by the two PVC walls wi th 

air i n te rspac e , and to mi n imi ze (T - T ) by the t empe r ature control .
1 2 

Neve rthe l e s s 0( are not equal to ze r o s o that 01 i s 

e qual to t he heat conduc t ed t hrough t he micros ilo walls with a 

t e mpe r ature grad i ent less or e q al to the sensibi li t y of the temper

at ure con t r ol . The se n sib i l it y i s equa l to O. lo C. The value of 01 was 

measured by c alibration tests perfo rmed wi t h elec r ical heating 

sou r ces of known values . 

The heat gained by the produc t is : 

Q = 0( S(T - T )
2 2 1 

During the o pe r a tion of the a ppa r a tu s the thermal control system 

heats the bath un ti l the tempe r ature T2 becomes equal to Tl . But the 

heat i ng of the bath may generate t emperature grad i ent s so that at the 

t i me when heating s tops some parts of the bath may have a temperature 

gre a ter t han = · The water of the s e parts mixes with the bu l k andT2 Tl 
a mean temperatur e T ' + L1 T greater than the productT22 
tempe rature may build up in the bath (ove r shot) • and heat is gainedTl 
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by t h e product . 

The a b ove me nt i oned reduct i on of the the r mal c onduct iv i t y to min i

mize Q1 ' c ontri bu te s to min i mi ze 0 2 t oo . To r e duc e A T t he bath i s 

h omo gen ized by ai r b u bb ling; b e s i de s h e at e xh a n ge i s e nhanced b y the 

large are a of the h e at i n g s u r fac e . In t his wa y we o b t a ined value s o f 

~T smal le r t han O.l °C in t he bat h . 

0 1 a nd 0 2 we r e meas u r e d by cali bra t ion t es t s p er f ormed by ope r a t ing 

t he a pparatus wi t h simula tion o f h e at gene r at i on by a 0. 8 2 ..n electri

cal resis t a nce s u pp l i e d b y d i r e c t c u rren t o f me asure d i nten sity. The 

re si s t a nce was placed in a 5 kg wheat bulk in the mi c r os i l o , hav i n g a 

very l ow mo i s ture c on te nt ( 8%) in o rder to be sure that t he h e a t gene 

rated by t h e p ro d u c t i s zero. 

The prod u c t temp e ra tu r e was meas u r ed as funct ion o f t ime at a 0.03, 

0 .07 a nd 0 . 20 W el e c t r i c al powe r s u pp ly (F i g.2). The te mp e rat ure of 

the p r oduc t ( T3~ T ) i s cons t ant at the lowe s t p owe r supp l i e d (0.03
1 

W), it i s a straight line functi on of the time at the other val u e s o f 

the p ower s uppli ed . Th i s behav i ou r is in agreement with t he hypothes is 

of qu a s i - ad iab at ic c ond i t i ons wit h a c on s t ant powe r s upp l y. The h ea t 

a d sorbe d by t he p r o duc t ,'las ca lculated by me ans of the measured 

temp e ratu r e inc r ease u s i ng a v a l ue of 0.5 Kcal/kgOC a s spec ific heat 

of the grain. The values o f the hea t a b s o r bed by t he gra in are 0 , 0. 04 

and 0.23W, whe n t he values of t h e heat s upp l y a r e r esp ectiv e l y 0.03, 

0. 0 7 and 0.20 VI . 

It ap pe r a s that t he sens ibili ty o f t he therma l con tro l s y s tem is 

about 0 . 03 W. In other wo r d s at a very low heat produc tion r ate the 

system i s not perfec tly adiabatic and l oses about 0.03 W (°
1 

W) , a t h ig va l ues o f heat production rate the tested product ga i s 

f ro m t h e sorrounding abo t 0 .03 W (02 = 0 . 03 ) . 

In conc lus i o n t he ex p e ri menta l a ppar atus appears to be able t o 

s t u d y and t o measure hea t produc tion r ates i n the f iel d of 0 .07 - 0 . 20 

W with a ~ 0 . 03 W er r o r. 

.03 
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EXPE RIMENTAL RE SULTS 

The apparatus was used to study the behavi ou r of t hird grade 

s unf l owe r s e eds . 

The mo is ture conten t o f some l o ts of t he s eeds wa s i nc r eas ed by a 

slow add it ion o f wat e r i n orde r to h a ve three lo ts of produc t s t o be 

tes te d with 8.4, 9.3 and 12 . 6% moi s ture c on tent . The t i me necessary 

for moi s ten ing was ab out 24 hours . 

Two di f f erent prese r va tion sy s tems were tested : 

(1) Contro ll ed atmo s phere ( ACT) : t he intersti ti al atmo sphe r e of 

the s eeds wa s pure n i tro gen ( t he r e s idual o xygen con tent was 0 . 05% 

vo l ) t he mi cros llo wa s purged with UPP nit roge n a nd maintaine d at a 

slight posit ive p r e s sure for the who le test time. 

(2) Confin ed a tmo sp he r e (ACF): the in te r stitial atmosphe re of the 

seeds was ni t r ogen wi th a dec r e a sing oxygen conten t in funct i on o f the 

ti me owing t o the ac t ivi ty of t he see ds contained in the gas tigh t 

microsllo . 

Such beha viour is shown in fig. 3 where the dec r eas i ng oxygen 

content is s h own simult aneo usly with the i n c reas ing tempera t re o 

In f i g . 4 t he r esu lts o f t h e ACF te s ts at 26°C and 21° C ' nitial 

te mp eratu r e are shown: the s e ed tempe r ature vers us t i me sharply inc 

r eases after an induction time t . that increases with decreasin g 
1 

mo is tu r e con tent of t he seed . The t ime t. is approx. a at 12 . 3% 
1 

moi s ture content, approx . 2 days f or 9 . 3% m. c., approx . 5 days for 

8 . 4% 	m.c., at 26°C i n i t ia l temperature. 

At 21 °C a ve r y di f ferent behaviour appears and the seed at 9 . 3% 

m. e . does not she w any inc rease in temperature f o r t he whole test time 

(about 22 da ys). 

In fig. 5 the resul t s of the ACT tests at 26° C ini tial temperature 

are shown : t h e s eed t emperature increases in function of time i n a bo t 

h e s ame 'fl ay as in the ACF t ests, but the indue tion times are muc h 

l onger : t . is gre a t er than the test d u ration (lao days) at 8 . 4% m. e . ; 
1 

i t is approx. 25 day s t 9 . 3% m. c. , and approx . 15 days at 12 . 6% m.c. 

The compari on between AC F a nd ACT the preservatio n techno log i es is 

shown in fig . 6 for sunf l ower seeds 3.3% m.c. 
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DISC US S ION OF THE RE S ULT S 

Th e resu l t s o b tained al l ow to cal c u l ate the heat generat i on rate S 
g 

at 	the te s ted c ondition s . 

In ad iab a t ic condi tions : 

e 	 dT 
( 1 ) 

g P d t 

where S i s measure d as c a ll (h x kg) a nd C is the s peci fic heat of 
g 	 p 

sunfl o we r seeds a ssumed to be equal to 500 c a l /kg °e . 
The temp eratu re T and t he g rad ient dTldt me a sured du ring the 

de s c r ibed t ests ch ange in f u nc ti on of t ime. The grad ien~ val ues may be 

a s sumed t o be func tion of te mperature a l on e, s o tha t S , as funct i on 
g 

of T may be c a lc u l ate. The c alcu l ated value s of S fo r 9.3% m. c . 
g 

sunfl owe r s eed preserved in AC F and AC T are s hown in f i gu re 7. These 

v alues, t o gethe r wi h t h e ind uc t i o n t imes a r e the fu nd a me nta l para 

me ters r eGu ired to pre d i c t sto rab i li ty of a p r o duc t in a g i v en 

co nd iti on. 

An exac t p red ic tion may be po ss ibl e on ly wi t h a detai l e d and 

c omp l icate d mod el . Bu t if we ne ed on ly a r ough sto rab ili ty pred ic t io 

we c an ut i lize a simp le mod el , here de sc ribe d, tha t al lows anyh ow to 

e val u ate t he inf lue nce of t he more important va r iab l es : 

- p oduc t characte r ist ics, s ummarized by the S = f ( T ) function 
g 

- si lo d iamete r (2R) 

- ambient tempe r ature (T )
o 

- preservation technology ( ACF o r ACT). 

The mode l e x amines whe the r t h e system may attain a steady state 

c ond i t i on. I f it is not pO SSi b l e , t he system has t h e trend to generate 

hot spo ts in oposi t e ca~e no he at ing wi ll occur. 

Th e steady stat e condi t i o ns f or a cyl indr i c al homogeneous s ystem 

hav i n g a the r mal conduc t i vi ty K an a hea t gene ra tion r ate S a r e 
g 

rep r esen ted by the f ollowing tern e r at u re di st ri bution (B ird et a1 . 

1 960) : 
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s 
T - T == 

g 
( 2)

o 

where the s u n f l owe r seed the rmal c onduct i v i ty K i s a ssumed to be equ al 

to 1. 44 cal /cm . h .oC, T is t h e tempe rature at a g i ven di stance r f r om 

t he a x is of t h e c y l i nder , T is the exte r nal t emperature cor r espondi ng
o 

to t he cyli nde r radi us R, S 
g 

is t he heat gene ra t ion rate at eac h 

partic u lar t emperatu re T. The maximum temp e rature occurs at t he axis 

of the cyl i nde r ( r = 0 ) : 

2
8 

g
T T + (3)

max o 4 K 

At s t eady state the heat gene rat i on r ate is equal to the heat 

di s s i pati on r a te in every po s i t i o n and every time . So that from 

equation ( 3 ) we can ca l cu late the s te ady state hea t dis si pat ion rate 

(8 = S ) a s fu nc t ion of the max i mum tempe r a t ure T = T
d g max 

4 K (T _ T ) 
2 max 0

R 

I n ot he r words steady s tate condi i ons are possib l e if the heat 

di ssipation rat e , indicated by equat i on (4) , may e qua l ize the heat 

generat i on r at e measured in the pre ent work for sunflowe r seed and 

having the temperature dependence shown in figure 7: 

s f (T ) ( 5 ) g max 

From a graphic point of v i ew steady state is possible if the 

straight line r epresented by equa t i on (4 ) intercepts t he curve repre 

sen t ed by equa tion ( 5) . 

This anal ys is is performed i n figure 7 for 9. 3% m.c . sunflowe r seed 

for the ACF and ACT preservation techno log . e s . The diameter of the 

110 is assumed equal to 1 m; the external sorrounding temperatu r e is 

a ssumed to be eq al to 23 , 25 a nd 27QC for the three conditions 
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ex amined. 

Wh en T i s equa l to 23 °C the st raight l ine ( 4 ) inte r c e pts the ACF 
o 

and AC T c u r ve s ( 5 ) i n t he A and B poi n ts. The s ys t em has the trend to 

a t ta in s t e ady state c ondit ion fo r both the ACF a nd ACT tec hno log i es 

wit h t he max i mum t emperatures e qual to t he coo r d i nate s of t he A and B 

points. 

Whe n T. is e qua l to 25 Q C t h e st r aight l ine (4) i nterc ep ts t he ACT 
o 

c u r ve on l y ( po i nt C) . I t means that in con tro l l e d atmosphe re he 

syste m has the t rend t o a t tai n a s teady state , in confined a t mo sphere 

it h a s no t. 

At l a st when T i s e qua l to 27 ° C i t is impos si b le to e q ualize the 
o 

heat gene r ati on rat e to t he he a t diss ipation rate . 

Th is a nalys is is perfo r med aga i n i n f igure 8 wi tl1 a cons tant 

external so rrounding temperature T 25 °C a nd th ree values of the 
o 

silo di amete r: 0.6, 1 and 2 m. 

The s y stem a ppear s stab l e ( steady s tate possible ) f or both ACF and 

ACT conditions at 0.6 m diameter (point s A ' and 8 ' ); it is stable i n 

ACT condi t i o ns o n l y at 1 m si lo d i a me ter ( point C) ; it is unstable in 

bo th case s when the s i lo d i a mete r i s g r eater t han a bout 2 m. 

The e x tensi on o f this a alys is al lows to determine t he tren of the 

sys t em as f unct ion of the si lo diameter and the ex t ernal surrounding 

t e mperature f or 9. 3% m.c. sunflowe r se e ds ( figure 9) . 

S ilos o f low di ameter all ow to preserve t he product at high 

ex te r na l s ar-round i ng t emp erat ure without any trend to hot s pot f orma

t i o n . I nc re as i ng the s il o d iameter, the max mum s afe sorrounding 

tempe r ature decreases . Furthermore i t appears that the ACT preser 

va t ion tec hnique ex tends the cond it ion s for t h e safe prese rvati on of 

t he produ ct in compa r ison wi th t he ACF preserv tion system . 

The above described model c onsiders onl y the ex is tence of a steady 

sta te , but it does not evaluate the way and the ve l ocity of t he sys tem 

developme nt. Therefo r e a sys tem does no t genera te any hot spot, al 

though i t i s in cond i t i ons of hot spot t r end, if the preservation time 

is le ss than the i nduct i on time . 
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CONCLUSIONS 

The resul ts obtained in the p resent wo rk allow to draw the f0 11o_ 

wi n g conclusions: 

- The above descr ibed app a ratus is s u itab l e to me asu re the fund amental 

pa rameters re q u ired to predict the sto r ab ili ty of a p r oduc t from t he 

point of vi ew of h o t spot generation. 

- The se parameters are: the inducti on t i me t. a nd the heat generat ·on 
1 

rate S . 
g 

- For sunflower s e e ds decreasing value s of t. and increas ing values of 
1 

S were measured with increasing moisture c onte nt a nd tempe r a ture of 
g 

the seeds. Even in n early comple te ano x ia ( res i dual o xyg en content 

about 0. 05%) hea t d eve lopme nt in the sun f l ower seed was observed . 

HOWever the induction ti me was f ound to be s ignificant l y longe r, a nd 

the heat generation ra t e lowe r t h an t he co rrespond ing values i n con

fi ne d atmosphere cond i t i ons. 

A simp l e storabili ty cri ter ion was presented. It conside rs the 

trend o f the system, a na lyz ing the heat generation rate and the heat 

dissipati o n rate as func tion of te mp e rature. Th is cri terion all ows t o 

u nde rstand the ho t s po t f o rmation in large silos and/o r at high 

surround ing temperatures, while in the same c ondit ions hot spots do 

not build up at lower s i l o d iame te rs and/ o r l ower s ur round ing tempera

tu re s. Th is cri teri on must be use d wi th precaut i on becau se of its 

simp l i fying as sumpt i ons; bu t o f course it a ppears more c orrec t than 

the direct ex t ens i on o f r e s ul t s o b t aine d with l abo r atory s il os of ve ry 

1m., di.ame te rs. 
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ring the first 4 months of the nitrogen storage trial ( J anuary to May 

1980) . The moisture content in the upper layer of the bins remaine 

practically unalterated du r ing he storage per'o ( 13 .05 - 13 . 55% ). 

The initial purge of the storage bins by pu r e nit r ogen r educe t h e 

oxygen content in the grain mass to less than 0 . 5% . Due to t he high 

tem erature of the stored maize , the residual oxygen was consume d wlLh

in hours 'by he stored product and a condition of comp l ete a nox i a was 

maintained throughout the storage by an over-pressure of 50 mm w. g . 

ensured by an a u tomatic supp l y of pu re nitrogen fro m t h e top. 

Fig. 7 . Experimental shaded stee l bin at NSPRI , Ibadan . Si mple shading 
of the roof of an airtight metal bin, leaving enough space between 
the thatch o f palm leaves an the top of the storage structure to 
e nsure free air Circu lation, permits safe stor ge of gcain in a 
nirrogen atmosphere . 
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CHANGES IN QUALITY OF WHEAT DURING 18 YEARS STORAGE 

BY S. w. PIXTOf( 

1. INTRODUCTION 

Rapid deterioration in the quality of dry grain is usually caused by insect, 

mite or rodent attack but even in the absence of these pests quality declines 

slowly in storage. This inve8tigation was started in 1957 to examine the changes 

that take place when grain is held in large quantities for a long period in the 

British Isles. It was assumed that grain deliberately kept on a national scale 

for several years would be stored in specially constructed containers ~hat 

could be made airtight or be maintained at a low temperature and that the grain 

would be pest free. In such containers the grain would be protected from insect 

and rodent attack and if initially too dry to be vulnerable to fungi would 

remain so. 

Development of fungi and mites can be minimised by keeping the equilibrium 

relative humidity (e.r.h.) of the grain below 65% but many species of stored 

product insects can do considerable damage to even drier grain. Whilst all 

thrive at 70% e.r.h., many can develop at 40% e.r.h. Control of insects is 

usually achieved by fumigation or with insecticides. Not only are such 

treatments expensive but they may need to be repeated if the grain remains long 

in storage and so give rise to objectionable residues or undesirable chemical 

changes in the grain. Insect development, however, is restricted by low temperature 

and, in well made storage structures, by the depletion of oxygen. Bailey (1955. 

1956, 1957, 1965) showed that certain insects common in storage are killed when 

the oxygen concentration falls bel ow 2% by vol ume and concluded that this 

depletion of oxygen rather than the increase in carbon dioxide was the important 

factor controlling insect popUl a t ions. Spratt (1975), however, demonstrated not 

only that oxygen is used up more quickly when carbon dioxide is present but that 

adults die at higher oxygen concentrations. Thus more effective control can be 

expected when the reduction of o~ygen is acc ompanied by a corresponding increase 

in carbon dioxide. Burges and Burrell (1964) showed that in dry grain at a 

temperature of 5°C those insects and mites that are not killed are inac tive and 

cause no heating. 

Although it is difficult to remove oxygen completely it is commerciall y 

practicable to keep concentration low in carefully built storage struc t~res . 

Also if there is sufficient a dvantage in s toring grain a t l ow tempe r ature 

-
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economical methods for doing this could be developed. Handling charges form an 

expensive fixed charge to which storage for long periods, that requires little, 

therefore adds little. The real cost of long term safety, therefore, is the 

extra cost of cooling or keeping a low oxygen concentration. 

This experiment was set up to investigate the effects of coolness and low 

oxygen concentration, singly and in combination, on the keeping quality of dry 

wheat stored for human food and for seed. The experimental design, the wheat 

characteristics examined, and the results obtained after eighteen years storage 

are described in this paper. 

2. MATERIALS AND HETHOOO 

2.1 Type of wheat used 

Two very different types of wheat were stored, a hard Canadian breadmaking 

wheat No 1 Northern Manitoba, and a soft English wheat, Cappelle, which was 

suitable for the production of biscuit flour. In 1957 when this experiment was 

started these were the types of wheats usually stored in the U.K. The Canadian 

wheat, of the 1956 harvest, had a moisture content of 11.9% on receipt but the 

Cappelle wheat, harvested in 1957, received at approximately 15%, had to be 

dried and was eventually used at 12.6%. Both wheats were thoroughly cleaned 

and aspirated before loading. 

2.2 Storage conditions 

The wheats were stored in four welded steel cylindrical bins approximately 

3 m high and 2 m diameter. These were almost airtight but no attempt was made 

to ensure perfect sealing. Each bin was divided by wood and hardboard into two 

semi-cylindrical chambers each of one tonne capacity. One lot of each of 

Canadian and of English wheat was put separately into each bin (see Fig. 1). 

To prevent the development of moisture gradients a gentle circulation of the 

atmosphere in each bin was provided. 

Two bins were provided with a continuous supply of fresh air pumped through 

at a rate equivalent to one complete change of atmosphere approximately every 

eight days. Before it reached the bins the air was passed through a column of 

dry wheat (initially at 9% moisture content) which was changed periodically. 

This arrangement ensured that the moisture contents of the wheats were not 

much changed and that there was no metabolic loss of oxygen. 

I n the other two bins the. oxygen concentration was reduced to 1%-2% by 

volume by flushing with nitrogen. The oxygen concentration was measured at 

intervals and maintained at the correct level by further flushing as required. 

A slight positive pressure was maintained in the bins to prevent oxygen entering 

the bins from the atmosphere. 

1 
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CANADIAN 

WHEA T 

CAPPELLE 

WHEAT 

,-: 

PERFORATED FLOOR 

r-;l 
THERMAL INSULATION~ 

Fig. 1. Section of a storage bin Fig.2. 	Sampling points within 
each bin 

A cold room maintained continuously at 4.5°C : O.5°C was built to enclose 

two of the bins one v1th low oxygen atmosphere and one with normal oxygen 

atmosphere. The other two bins were exposed to outdoor ambient temperatures, 

but were thoroughly insulated to simulate conditions within large bulks. All 

four bins were under the cover of a Dutch barn walled in on three sides. 

Temperatures in the centre and at the outer edge of esch of the eight vbeat 

bulks, of the cold room and of the ambient air were measured by thermocouples 

connected to a slow chart recorder. Provision was also made in each bin for gas 

exchange and for gas sampling. 

The four storage conditions are summarised 	in Table ~. 
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TABLE 1 

Summary of the storage conditions used 

Oxygen concentration Temperature 

by volu.me of grain 


<::2% 
Atmospheric 

..c:: 2% Ambient 

Atmospheric (Annual cycle 


ZOC _ 200 C) 


2.3 Tests carried out on the wheats 

In order to be able to detect changes, Bome perhaps very small, which might 

take place over a long period it was necessary to characterise the wheats in 

their original condition as closely as possible, and to use for this purpose 

tests which could be precisely repeated from recorded description alone. The 

following determinations were made on each type of wheat initially and at 

intervals of two years. 

Moisture content: oven drying, 113°C. 4 hr. (Oxley et aI, 1960) 


Protein: a) N x 5.7 (Kjeldhal), 13.~ moisture basis 


b) N soluble in K S0 , 13.5% moisture basis

2 4

Fat: a) Total, by acid hydrolysis, % dry weight basis 

b) Free fatty acid, mg KOH/lOOg grain, dry weight basis 

Carbohydrate: a) Non reducing sugars as sucrose, mg/lOg grain dry wieght basis 

b) Reducing sugars as maltose, mg/lOg grain dry weight basis 

Milling: a) Extraction, % total products 

b) Colour grade number 

Dough tests a) Resiliency 

b) Extensibility by extensometer 

c) Water absorption, llKg 

Baking tests: pup loaves with 0, 10, 20, 30 ppm potaSSium bromate added 


Amylograph maximum viscosity 


Titratable acidity of flour, % KH
 2P04 
Vitamin Bl assay 

Viability: a) Germinative energy 

b) Germinative capacity, % 

Microflora: a brief examination for living micro-organisms, as described later. 

2.4 Sampling 

An average sample of each variety of wheat was taken at the start of the 

experiment by bulking 200 g samples from each 50 Kg of wheat as it was loaded 
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into the bins in rotation. Subsequently at 2-yearly intervals 1 Kg samples were 

drawn from each kind of wheat in each bin from nine sampling positions (Fig. 2) 

by using a vacuum spear. The moisture content of each sample was determined 

separately and then all other tests listed were made on the thoroughly mixed 

bulked samples for each wheat from each bin. 

2.5 Microflora 

A large number of small samples of both types of wheat were collected as the 

bins were being filled. These were bulked and divided into 10 g portions which 

were placed in sterile test-tubes. Some of these sub-samples were examined 

immediately for micro-organisms and the rest distributed randomly between the 

four bins where they were pushed into the surface of the wheat and so encountered 

the same environment as the grain bulks. The examination procedure was to 

culture from a number of whole grains fromeach sub-sample and to make dilution 

plate counts of fungi and bacteria. A detailed account of the methods used and 

of the results obtained after 10 yr storage is given by Pixton et al, (1975). 

The main experiment was terminated after 18 years when the bins wer~ required 


for another experiment. 


RESULTS AND DISCUSSION 

3.1 General observations on the wheats 

The wheats were examined for signs of mould and for abnormal smell or taste. 

None was ever detected; the wheats were always bright and free running. 

3.2 Chemical analyses (Fig.3) 

The content of crude protein, initially 12.9% for Canadian and 8.9% for English 

wheat, and of salt-soluble protein, initially 2.4% for Canadian and 1.9% for Englisi 

wheat, remained unchanged under all conditions of storage. Values for total fat, 

initially 2.9% and 2.4% for Canadian and English wheat respectively, increased 

by about 0~5%. This small increase can be attributed to metabolism of 

carbohydrate during the 18 yr storage period. 

Free fatty acid values increased steadily in both types of wheat. The rate of 

increase in the warmer bins was approximately twice that in the cooler bins. 

There was a slight reduction in total sugars after 8 yrs storage, then little 

change of either maltose or sucrose for 8 yrs, then a reduction of both in the 

next 2 yrs especially in the sucrose. Since both types of wheat, in all four bins, 

were similarly affected this must be a genuine effect of ageing. 

The titratable acidity of the individual flours milled from the wheats (not 

given in Fig.3), expressed as per cent KH P0 (Kent-Jones and Amos, 1957) after
2 4 

18 yrs storage ranged from 0.38% to 0.4% for Canadian flour and from 0. 27% to 

0.31% for English flour. A figure of about 0. 40% is "normal " for freshly milled 

flour. At 0.60% and above marked deterioration of the baking quality occurs. 
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Fig. 3 	Results of chemical analyses obtained at 2-yearly intervals up to a 
total storage period of 18 years. 

+ Canadian wheat: 0 English wheat: • result the same for both varieties . 

The vitamin Bl content remained unchanged throughout ranging from 3.6 to 

3.7 pg/g (1.15 - 1.18 i.u./g) for the Canadian wheat and from 3.7 to 4.0 pg/g 

(1.18 - 1.28 i.u./g) for the English wheat. 

3.3 Milling and physical dough tests (Fig.4) 

The wheats were milled on a Buhler mill with constant setting, flour yield 

being calculated as a percentage of total products. This procedure takes into 

account moisture and product loss in milling and enabled a comparison to be 

made of yields and colour numbers at different sampling times. The colour number 

gives an indication of the contamination of the flour by fine bran particles. 

The lower the colour number the whiter the flour and the lower is the ash content. 

A low number would be obtained if the endosperm separated easily from the bran 

during milling which would also lead to a higher yield. Starch cells becoming 

more friable with age would have the same effect. 

Over the total storage period yields varied irregularly with the highest 

yields in the last two years of storage. There was no correlation between flour 

yield and colour number, but it is interesting to note that the lowest numbers 

were obtained in the last four years of storage when the yields were the 

highest. 

Water absorption, which is the amount of water a dough will take and hold 

during fermentation, remained fairly constant, for both types of wheat, 

throughout the total storage period at about 0.55 l/Kg for Canadian wheat and 
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0.46 l/Kg for the English wheat. 
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Fig.4 . 	 Results of flour yield, colour number, physical dough tests, moisture 
content determination and germination tests obtained at 2-yearly 
intervals up to a total storage period of 18 yrs. 
+ Canadian wheat: 0 English wheat; • result the same for both varieties. 

Spring (resiliency), as the name implies, measures the elastic properties of 

the gluten, i.e., its ability to recover after stretching. Extensibility measures 

the capacity of the dough to stretch without breaking. As the storage period 

increased the dough from both the Canadian and English wheats became "shorter" 

in that spring increased and correspondingly extensibility decreased. This is 

a well known ageing phenomenon and was more marked in the wheats stored in the 

warmer conditions especially those in normal air. However in the last two years 

spring showed a tendency to decrease indicating that at the end of the storage 

period the gluten was softening, presumably because of enzymic action. 

The amylograph maximum viscosity (not given in Fig.4) gives a measure of the 

activity of the enzyme amylase in the flour which · is essential to the baking 

process in the production of carbon dioxide in fermentation. The maximum 

viscosity, particularly for the Canadian wheats tended to increase with t ime. 

For both types of wheat the viscosity was higher in the warmer storage conditions. 

This first became apparent after 10 yrs storage, at about the same time that 

a decrease in total sugars occurred. We do not know if the amylase activity 

decreases or if. during storage , the starch becomes less susceptible to 

amylase attack. 
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3.4 Baking tests 

Throughout the storage period the flour milled from the Canadian wheat 

responded to the addition of potassium bromate, the optimum response being 

obtained with a treatment rate of 20 ppm. The "bromate response" is the amount 

of potassium bromate required to obtain optimum improvement in a dough. Generally, 

the higher the response t he s t ronger is the flour. The volume of a loaf made with 

Canadian flour with 20 ppm potassium bromate added was initially 715 cm3 when 

the wheat was first stored. After the wheat had been stored at low temperature 

for 18 yrs the loaf volume was 815 cm3 and if storage was at ambient temperature 

the volume was 760 cm3• Over the last two years of storage there was a decrease 

in loaf volume. This supports the contention made earlier that the gluten was 

softening. English wheat, primarily a biscuit wheat had very little broaate 

response, initially the loaf volume being 575 cm3 rising to 640 cm3 at the end 

of storage. 

In the baking process the quantity of carbon dioxide produced during 

fermentation depends on the level of alpha amylase and damaged starch cells 

present in the flour as well as on the level of reducing sugars. Fungal alpha 

amylase was added to both the Canadian and English wheat flours, at the rate of 

224 ppm, to correct a deficiency of natural amylase which had decreased after 

the first 8 yrs of storage. Good loaves were always obtained from the Canadian 

wheats those stored at low temperature producing marginally the best loaves. 

3.5 Moisture content (Fig. 4) 

The overall mean moisture content of both types of wheat in all four bins 

rose by about 0.5% during the first two years and thereafter remained virtually 

constant over the entire storage period. The difference between the moisture 

content of the two wheats, in the same bin, after several years of storage varied 

from l.t% to 1.3%. This is an expression of the different moisture content/e .r.h. 

relationship of the two wheats. 

Throughout the period of storage the moisture content of both types of wheat 

at low temperature tended to be higher at the top and side than the bottom and 

centre of the bulk. By contrast, in th~ warmer bins the moisture content a t the 

bottom a.nd centre tended to be higher than the side and top and the differences 

were slightly greater. These slight vertical and horizontal gradients were 

probably caused by temperature and consequent vapour pressure gradients that 

accompany seasonal changes of climate. 

3.6 Viability (Fig. 4) 

Under ambient conditions the germinative capacity fell during storage. The 

Canadian wheat began to lose both energy and capacity gradually between 10 and 

12 yrs and more steeply between 14 and 18 yrs when it had declined to 4~ . This 

process started two years earlier in the English wheat which fell to zero 

germination after 18 yrs storage. At low oxygen tension the loss in capacity 
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started a little later, after about 12 yrs storage. It was the more marked in 

the English wheat in which the capacity fell to 19% after 18 yrs compared with 

77% fQ~ the Canadian wheat. 

At low temperature, however, the germinative energy and capacity of the wheats 

were maintained over the entire 18 yrs of storage in the bins. For this reason 

about 50 Kg of the wheats stored at low temperature and normal oxygen tension 

were kept in a closed metal container in a room at 5°C, and now, after 22 yrs, 

the germinative capacity for the Canadian wheat is still 95% and that of the 

English wheat 96%. 
3.7 Hicroflora 

No growth of micro-organisms took place in samples of the wheats stored up 

to 10 yrs in tubes, dryness being the main controlling factor. However, many 

micro-organisms were viable on the wheats at the end of this period. Low oxygen 

tension had little or no effect on the survival of micro-organisms but, with the 

exception of Aspergillus that survived almost as well at ambient temperature as 

at low te~perature, all diminished much more quickly at a.bient temperature. 

This decline in fungal viability paralleled the decline in grain viability which 

was also greater under ambient conditions. If there was a slight increase in 

the moisture content of the wheats, growth of xerophilic fungi such as the 

Aspergillus restrictus and!. glaucus groups, could take place at ambient 

temperature. A greater increase in moisture content would be necessary before 

fungal growth could take place in the low temperature conditions. 

4. CONCLUSIONS 

No change has taken place in the germinative energy or capacity of the wheats 

stored at 5°C for 22 yrs. Both varieties of wheat stored at ambient temperature 

and oxygen tension have little or no viability after 18 yrs storage. Low oxygen 

tension in the ambient temperature conditions appears to have supported viability 

for a longer period, but both wheats showed a reduced energy. 

Free fatty acid values throughout have continued to show an increase. The 

rate of increase, and the final level of free fatty acid of the wheats in the 

warmer bins was about twice that found in the cold bins. In the last two years 

both reducing and non-reducing sugars have decreased again in both types of 

wheat in all bins. 

Whilst water absorption has remained steady, resiliency increased with time 

at the expense of extensibility, ' but, in the last two years of storage 

resiliency of the Canadian doughs decreased indicating that the gluten is softening 

possibly due to enzymic action. This is also reflected by a fall in loaf volume. 

Although moisture changes were unimportant in this experiment with dry grain, 

they could be serious in grain with a higher initial moisture content or where 
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there are violent climatic fluctuations. 

With the exception of Aspergillus vhich survived almost as well at ambient 

temperature as at low temperature ali micro-organisms diminished much more 

quickly at ambient temperature. There vas no development of fungi, dryness being 

the controlling factor. 

Clean dry wheat, providing it is protected from atmospheric moisture, from 

rapid changes of temperature and from insect infestation will still produce 

good loaves after 18 yrs storage in spite of the fact that germinative energy 

and capacity are greatly reduced. It is necessary, hovever, to add alpha 

amylase to the flour in the baking process to compensate for loss of the 

natural enzyme. Low temperature prevents a decline in viability but otherwise 

has only a marginal effect on loaf quality. Low oxygen tension, whilst giving 

some support to viability at ambient temperature, had no effect on loaf 

quality. 
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FUNCTIONAL AND END-USE PROPERTIES OF VARIOUS COMMOD ITI ES STO RED IN A LOW OXYGEN 
ATMOSPHERE 

CHARLES L. STOREY 

ABSTRACT 

Germination, mill ing, and breadmaking characteristics of wheat were unaffected 

by exposure to a generated or combustion atwosphere composed of less than 1% oxyger., 

9.0-9.5% carbon dioxide and the balance principally nitrogen for periods of 1/2 

to 6 months. Similarly, germination, milling and cooking properties of 10n9- and 

medium-grain rice exposed as rough, brown and milled rice were unchanged after 

6-months of treatment. No adverse effect on the quality of malt produced from 

barl ey stored in the atmosphere was observed and no significant reduction vias 

obtained in the germination of the barley. AllOOnds and rais ;ns stored in the lo\'/ 

oxygen atmosphere were equal or superior in flavor, quality, and acceptability to 

samples stored in normal atmospheres for periods as long as one year. 

INTRODUCT ION 

In U.S. agricult.ure, modified atmospheres of various compositions have been 

used to prevent the spoi 1 ag.e of foods and to create storage envi ro nments where 

it is possib l e to maintain the keeping qual ities and growth characteristics of 

several types of fruits, feeds, vegetables and ornamental plants. Examples are 

the controlled atmosphere (CA) storage of apples to retain mar ketable condit ions; 

the storage of animal feeds to ma i ntain vitami n content and palatability; and t he 

"blanketing" of food products such as macaroni, pickles, dried mil k and citrus 

products during processing and transportation. Nitrogen and carbon dioxide are 

listed in the U.S. Federal Register under Title 21 - Food and Drugs as multiple 

purpose foo d substances generally recognized as safe when used under good 

manufacturing practices. The combustion gas produced by eXGthe nn ic inert 

atmosphere generators has also been recognized by the U.S. Federa ' Food and Drug 

Administration as a secondary direct food additive when used to displace 02 in the 

processing, storage or packaging of beverage products and other foods (CRF, Title 

21, Chapter 1, Part 173.350). 

Previous studies with low oxygen atmospheres produced by exothermic inert 

atmosphere generators emphasized their use as a direct residue-free substitute 

for conventional chemical fu mi gation of grain. Equally important is their 

potential use in providing a mo dified storage environment for the contin~ous pro

tection of bulk stored grain and other agricultural products . 



312 

Studies were developed to document the effects of l ong term storage in the. 

generated "combustion" atmosphere on quality of grain, grain produ cts and other 

bulk stored food commodities. Data presented here were obtained from the fol lowing 

sources: Storey et al., 1977; Guadagni et 01., l'978a and 1978b; Storey and B. 

Webb, USDA Regional Rice Qua lity Laboratory, Beauroont, Texas (unpublis hed data; 

and Storey and K. Finney, USDA Gr ain Quality and End-Use Properties Un it, U.S, 

Grain Marketing Research Labcratory (unpubl ished data). 

MATER IAL S AND ;·lETHOD S 

Controlled atmosphere generator 

fI 1aboratm'y sca l e exothermi c modified atmosphere generator- built by Gas 

Atrnospheres, Inc. of Port \~ashin g ton, WI vias used in the tes ts . The generator 

produces 2.83 M3/hr of modified atmosphere composed of less than 1% O2, 9-9. 5% 

CO 2, 86-89% i'l2' 1% Ar , and 1. 5% or 1ess each of H2 and CO. Oxygen 1 evel s in the 

modified atmosphere \~ere measured periodically throughout ea ch test period wit h . 
a paramagnetic oxygen analyzer. Although some minor var i ations occurred du ri ng 

day-to-day operations, the concentrat ions of O2 in the mo dified atmo sphere flo wi ng 

through the various commoditi es \'laS withi n a range of 0.25 - 0. 5%. 

Co~modity treatments 

(Cerea 1 Gra i ns ) 

Hard red winter wheat, two types of rice (long grain-Lejonnet and medium 

grain - Brazos) in the form of rough, brown, and mil led ri ce and two ma l ti ng 

barley cultivars (six-rol-Ied type-Larker and two-rowed ty pe- Kl ages) ""ere sub

divided into lots of 55 kg (wheat), 2,000 9 (rice) and 1,000 g (barley) t hat were 

either placed in plastic containers 28 cm x 28 an x 90 cm (wheat) or 1.9 l iter 

glass jars (rice and barley ) and stored under a flowing (50 to 100 cc/mi n) 

generated atmosphere or in a normal atmosphere. Wheat was trea ted a t a temperature 

of 27 ! 1°C and 50 ! 5% rela t iv e humid ity. Rice and bar ley were treated at 

ternpef'atures of 18 ! 1 or 20.5 2:. 1 and 27 2:. l aC and 50 2:. 5% relative hum idity. 

Trea t me nt peri ods were 1/2, 1, 2, 3, and 6 nu nt hs for wheat and 1, 3, and 6 months 

for ric e and bar l ey. A contro l sample of each commodity was he ld in a sea l ed 

container stor ed at 4°C dur i ng the test period. Sampl es remov ~d from generated 

atrrlOsphere or no rmal air stor age dur ing th e test per iod \~ere held at 4°C unti l 

processed and analyzed . 

(Commercial Mal ts) 

Two commerc ial malts (brewer's and dist i ll er's) were stored i n l ots of 425 9 

in 0. 95 1iter glass jars under generated or normal atmospheres a t 15 ! 5% and 65 ! 
5% relative humidity and 27 2:. l aC. Samples were removed after storage for 3, 6, 

and 12 mo nth s and held with control samples at 4° C until anal yzed. 
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(A lmo nds) 

Nonpareil inshell almonds an d almo nd meats were subdivided in to 2,000 gram 

lots an d! stored in 3.8 and 1.9 liter glass jars under a flo v/i ng (50 cc / min) gener

ated or normal at mo sphere at 50 :!:. 5% re l ative humidity and 18 + 1 an d 27 + 1°C. 

Sample lots were removed after storage for 1, 3, 6, 9, and 12 mo nths. 

Nonpareil inshell al monds were also subdiv ided i nt o 223 kg lots and st or ed in 

metal silos (45 em in di ameter by 4.27 m high ) under flowin g (500 cc/m i n) generated 

atmosphere, flowing normal air, and static air. Samples (33 kg) for quality 

evaluation were drawn ft-om the silos after storage for 1, 3, 6, 9, and 12 mo nths. 

Untreated samples and samples removed from the jars and the silos dut-ing the t es t 

period were held at 4°C until anal yzed for fla vor stability . 

(Rai s ins) 

Field run Tho mpson variety r aisins were subdiv ided into 1362 gram lots and stored 

in 1.9 1 iter glass jars under fl owing (50 ce/mi n) generated or nor ma l atmo sphere and 

sta tic air at 50 ~ 5% rela t iv e humi dity and 18 .5 ~ 1 and 27 .:!:. l "C. Sampl e lots from 

ea ch treatment were remo ved after storage periods of 1, 3, 6, 9, and 12 mo nt hs. 

Untreated raisins and raisins r emoved f rom the j ars during the test period were hel d 

at 4°C until submitted for flavo r sensory evaluat ion. 

Analytical methods 

(Wheat) 

Mi l ling, flour analysis, and breadma king characteristics of the treated wheat 

were determined by the Grain Quali t y and End-Use Properties Unit of the U.S. Gra in 

Marketing Research Laboratory. Ge rmi nation tests were conducted by the Kansas Board 

of Agriculture, State Seed Laboratory _ Ash and protein were determined as described 

by American Association of Cereal Chemists (1962) _ The baki ng procedures of Shogren 

et al (1969) for 10 9 flour samples were used in the breadmaking studies. 

(Rice) 

Tests to mea su re th e effect of storage of t he rice in the genera ted a tmosphere 

were conducted by t he USDA Regio nal Rice Quali ty Laborato ry, Beaumont, Texas . 

Physiocochemica l Propert ies generally recogni zed as tests of cook i ng qual i t y, 

includi ng amylograph peak and setbac k vi scosi ties, alka l i sp reading values, and 

water upt ake values were determined f or each rice sample . Mi l l i ng yields of rough 

and brown rice and germina ti on of roug h rice ',o,ere al so determined. Tests f or 

parboil-canning stabi 1ity were used t o evaluate the su i t abili ty of the t r ea ed rice 

for use in heat processed foods suc h as soup (Webb and Adai r 1970) . 

(Barley and Commercial Malt) 

The barTeys \'Jere malted as described by Dic kson et a1. (1968) and t he malt s 

were analyzed by the USDA Barley and Malt Labo ratory , Madi son, Wi sconsin accord ing 

to the method s of t he American Society of Br ewi ng chemi sts (1958) . 
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(Almonds and Raisins) 

All sensory evaluations of flavor stability of the treated almonds and raisins 

were performed by laboratory personnel of the USDA Western Regional Research Center, 

Berkeley, Cal ifornia. The shelled almonds and raisins were placed in coded paper 

cups and presented to a pane l of j udges for ranking in order of least off-flavor. 

Separate tests were also conducted to determine the relative l ikeabil i ty or 

acceptability of the samples from different treatments (ASTM, 1968) . 

RESULTS 

Cerea 1 Gra i ns 

Storage for 1/2 to six mo nths at temperatures ranging from 18 2:. 1 to 27 2:. 1°C, 

a relative humidity of 50%, and flowing atmospheres containing l ess th~n 1% oxygen 

that were produced by the exothermic inert atRosphere generator had no consistent or 

significant adverse or beneficial effect on the functional and end-use properties of 

dry stored wheat, rice or barley. Presentation of data is therefore simpl ified 

by giving only the results for the longest exposure period (6 months) at the highest 

temperature (27 2:. l OC). 

Germination of each grain stored in the generated atmosphere was cons istent with 

the viability of grains stored in normal air at the same temperature or under cold 

storage (4'C) Table 1). 

TABLE 1. 

Germination of wheat, rice , and badey stored for 6-months at 27 + 1°C and 50 + 5% 
relative humidity in norma l ai r or in atmospheres produced by an exothermic inert 
atmosphere generator (composition <l.O~ 02' and 9.0-9.5% C02.' the balance principa lly 
N2) or at low temperature in normal air. 

Generated Normal Cold Storage 
Commodity atmosphere air ( ~"' C) 

Wheat (HRW)V 90 91 93 
Roug h rice (long gra in) 90 91 92 
Rough rice (medium grain) 92 91 93 

q~
_oJBarley (six-rewed) 96 95 

Barl ey (two-rowed) 98 98 97 

HR1..i = hard red wi nter whea tl! 

Mill ing characteristics, flour analysis and breadma king properties of wheat 

stored in the generated atmosphere were virtually identical to those of wheat stored 

in normal air or cold storage (Table 2). The reduction in loaf volume was somewhat 

less for bread made from wheat held in cold storage tha n from wheat stored in the 

generated atmosphere or normal a ir. 
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TABLE 2. 

Milling characteristics, flour anal ysis, and bread making properties of wheat stored 
for 6 roonths at 27 .:!::. 1°C and 50% rel ative humidity in normal a i r or in atmospheres 
produced by an exothermic in~rt . atmosphere generator (composit i on <1.0% 02 , and 
9.0-9. 5% CO2, the balance prlnclpally N2) or at low temperatures in normal a ir. 

Cold storage Gerltorated Norma l 
Factor (4°C) atmosphere air 

Mill ing ch~racteristi c sl! 
As h (%) 1.66 1 .65 1. 65 
Protein (%) 11 . 3 11 .0 11 .0 
Flour yi el d (%) 74 .8 74.1 73.9 

Chemical analysis of flourl! 
Ash (%) 0. 43 0. 40 0.40 
Protein (%) 2/

Characteristics of brea~ 
10.3 9.9 10.1 

Mixing time1i (min) 
Baking absorp.tion (%) 

3 5/ 8 
65.9 

3 1/2 
67. 5 

3 1/2 
66. 8 

Loaf volume!! 816 805 806 

1/ Chemical data expressed on a 14% moisture basis. 

2/ Crumb grains and crumb colors were satisfactory for all treatme nts. 

3/ Corrected to 12.0% protein.

!! Corrected to 10.0% protein. 


Milling yields, amylographi c viscosity and physiochemical (quality) character

istics of long grain and medium gra i n rice varieties stored as rough rice, brown 

rice and milled ri ce in the low oxygen generated atmosphere were also consistent 

with results obtained from rice stored in norma' air or cold storage. Table 3 

shows data obtained for rice milled after storage for 6 months as rough rice. 
The storage of six-rowed and two-rowed barley under the generated atmosphere 

had no significant effects on the quality of malt produced from the stored 

barleys (Table 4). Some slight improvement in increased di astatic power and 

alpha-amylase occurred in the two-rowed barley stored in air compared to barley 

stored in the genera ted atmosphere, but these cha nges a re not co ns i dey'ed to be of 

practical importance. 

Commercial ma lts 
There were no significant changes in any of the malts stored for thr ee months 

at 15 or 65% ~ .H. nor in malts s tored for 6 or 12 mo nths at 15% re lat ive hum idity. 

Malts stored for 6 and 12 months at 65% relative humidity had increased mo is ture 

content to such an extent that the fina l moisture l evel probab ly had a greater 

effect on malting characteristic s than the compo sition of t he air under wh ich they 

were stored. Significant decreases in extract, wort protein, diasta tic power and 

alpha-amylase and increases i n f ine - coarse gr ind extract and wort co lor occurred 

in each malt stored at hi gh rela tive humidity. Under these condit ions , s to rag e in 
the generated atmosphere did not provide any advantage or di sadv ntage over storage 
under normal air . 

-
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TABLE 3. 

Milling yields, amylographic viscosity, and physicochemical (quality) char acter
istics of long grain (lebonnet ) and medium grain (Brazos) rice varieties stor ed as 
rough rice for 6 months at 27) .:!:. laC and 50:1: R.H. in normal air or in atmosphere 
produced by an exothermic inert atmosphere generator (composition <1.0% 0:,» and 
9.0-9.5t CO 2, the balance principally N2) or at low temperatures in normal air. 

long Grain Rice Hedium Gra in Rice 

Cold Cold 


Storage Gen . Storage Gen. 

Factor (4 0 C) atms. Air (4° C) atms . Air 

Test weight 1 bushel 45.6 45 .4 45.3 46 .2 46.5 46. 4 
Mill ing yield whole kernel % 66.4 65.8 66.2 66 .1 66.3 66.2 
Amy10graphic viscosity 

Peak B.U. 1/ 740 760 785 690 663 670 

After 10 min at 9So C B.U.- 415 465 470 355 345 345 

Breakdown B. U.l! 325 295 315 335 320 325 


Milled rice analysis 
Alkali spread value 2% KOH 4.4 4.3 4 .8 6 .9 6. 8 6.9 
Swelling No. at 77°C 80 79 76 203 190 223 
Swelling No. at 95°C 508 492 478 523 513. 495 
Amylose con tent % 24.9 24 .9 24 .3 18 .3 18 .4 18.6 

Brown rice protein % 7.56 7.57 7.33 8 .11 8.17 7. 89 
Parboil-canning stability 

So 1 ids loss 16. 1 16.2 14.6 26. 1 26.0 25 .9 

Barbender Unitsl' 

TABLE 4. 

Composition and malting characteristics of two malting ba rley varieties stored fo r 
6 months at 27 + laC and 50% re lat ive humidity i~ normal air or in atmos pheres 
produced by an exothermic inert atmosphere generator (composition <1. 0% 0:,:> ' and 
9.0-9.5 '~ CO 2, the balance principally N2) or at low temperatures in normal air . 

Factor 

6-rowed barley 
LAR~,ER 

Cold 
Storage Gen. 

4°C atms. Air 

2-rowed bar ley 
KLAGES 

Cold 
Storage Gen. 

4° C atms. Ai r 

Moisture 
Fine gr ind extract (%) 
Fine coarse graind ext ract 
Wor t colo r (S RM )a 
Mal t -protein (%) 
Wort-protein ( ~ ) 
~Jort/maH protein (%) 
Diastatic power (Ol) 
Alpha-amylase (200 e) 

(%) 

12. 2 
78.1 
1.9 
1. 9 

13. 44 
5.1 9 

39.1 
188 
42. 7 

12.2 
78 .3 
1.7 
1.9 

13. 56 
5. 20 

39.5 
190 
40.9 

11 .9 
78.9 
1.7 
1. 9 

13 .25 
5. 42 

41. 4 
187 
41. 8 

11.9 
80 .4 

1. 7 
1.2 

13.50 
4.87 

37.0 
160 
51. 3 

12.0 11.7 
80 .3 80.7 

2.1 1. 9 
1.2 1. 3 

13 .69 13. 69 
4 .81 4.97 

36.6 38.1 
161 166 

56 .4 58. 7 

aStandard referen ce ~ethod. 

http:9.0-9.5t
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A 1 rnonds 

Sensory comparisons of f lavor changes indicated that storage in the low oxygen 

generated atmosphere caused less off-flavor development that storage in normal 

atmosphere for both nut meats and inshell almonds. Higher storage temperature 

increased off-flavor development in meats stored in normal air, but had no signifi 

cant effect on those stored in the generated atmosphere. 

Raisins 

Raisins .stored under the low oxygen generated atmosphere for up to 1 year were 

equal or superior in flavor quality and acceptability to simi l ar samples stored under 

flowing or static normal air. 
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ABSTRACT 

Soft wheat and maize at var i ous mo istu re con t en t s were s to r ed in 

eX~ 2:"ime ntal and pilot s cal e s ilo s in a ir and tec hnical o r p.ure n i tro 

gen. Samples of cereal grains and wheat fl our we r e chemic al ly ana l yz e d 

throughout the sto rage per i ods fo r the main q u a l i t y pa rame t ers . 

T~e results have shown that prese r v a tion in nitrogen , e s pec iall y a t 

higher moi stu re con tents, has a pro tective effect , p e rmi t t i ng sa t isf ac 

tory storage for l onger pe riods t h an by traditio nal p re servation me t h 

ods. 

INTRODUCTION 

During sto r age , wheat is sub jec t t o changes tha t are not onl y due 

to b iot ic fac t ors, bu t also t o phy sico - c hemical phenome na indipendent 

fro mthe firs t, although o ften r e lated to them. 

Among t he chem ical components o f wheat , t he l i pids are the most sus 

c e p tib l e to alte r at i ons duri ng ma turati on and s t orage of the produc t 

itse lf or of t he fl our (Mac Mu rray and Morri son, 1970) . 

Storage of ce r eals and of thei r derived products i mp l ie s li p i d 

change s due t o ox i d a t i on a nd hyd r o lysis processes (Mo ran et 1 ., 1954) 

r esult i ng i n t he i ncrease of t he ac idity de g ree . Oxida t ion e ffects the 

do ub le bo nds o f t he fa tty acids in t h e l i p id mol ecule ; the unsa turated 

f atty acid content thus determ ines t he sto r age alte r ations reflected 

by the phys i c a l , o rganole ptic and tec hno l ogical haracterisatics of 

c e r eal s and the ir d e rive d p r aduc s. 
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Th e inc i denc e o f t he s e phenomena depends f i rs t of al l on s torage 

cond iti on s a nd par t ic u la r l y o n the moist ure conten t ( Cu c udet et al., 

19 54) a nd tempe r a ture (G l as s et a l., 1959) of stora ge . 

S inc e th i s subj ect has a great impor t ance, we t hought i t nec essar y 

to pay par t i cu l a r a t t ent i o n to the i n vest i gation of the poss i b l e wheat 

l i pid change at d i ffere nt mO i sture content s dur i ng storage in n i trogen 

a tmosphere . 

MATE RIALS AND ME THODS 

Soft whe a t of di f f erent v a r i e t ies and Go l i ath ma ize were tes t ed at 

n a t u r al and ar tifi c ially ra i sed moistu re contents for the i r sto r ability 

in nitrogen v e r sus oxygen contai ning a tmo spheres ( She j bal , 1979) . 

Sampl es of wheat a nd it s f lour , and mai ze , were ana l yzed throughout 

t he s t o r age periods, with pecial regard to : 

1. 	Viability 

1.1 Ge rmi nat i on energy 

1.2 Ge rmin at i on c a pacity 

2. 	 Dete r mination of pro t e i ns 

2.1 Total p r o te i n s 

2. 2 Gluten quan ti ty 

2 . 3 Gl uten quali ty 

3 . 	 Determ i nat ion o f s ugars (acc ord i ng to AAC methods) 

3.1 Re ducing sugars 

3.2 Non r e duc i ng sugars 

4. 	 Lip i d c haracter i zat i o n (according to AACC metho sand Carnovale and 

Quaglia , 1973) 

4.1 IR spectra of acetone extracts 

4.2 Acid i ty index 

4.3 Fatty acid compos i t i on of ether ext rac~ 

4.4 Dete rm i nation of tocophe r ol content . 

RESULTS AND DISCUSSION 

Long- te rm storage of dry soft whea t 

Two samples of s oft wheat , "Conte Marzotto" variety, at an initial 

moisture c ontent o f 10 .5%, were stored in minisilos in a ir and in te ... h 

-
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nical ni trogen for 5 yea r s . Storage temperature wa s l 8 °C in wi nte r and 

32°C in summe r. 

During the sec ond year the wheat mo isture conten t was i ncreas ed t o 

12% , a level clo ser t o that currently p r e sent i n nat i o nal wheat . 

Tab e 1 s how s t ha t g e r mination c apac i ty remai ned high d u ring the 

fir st 3 y e ars in both s ample s ; d u r ing the fo u rth year, a nd particular ly 

i n the last month s o f the experi ment, germi n a t i on capac i t y de c rease d 

signi fi can tly in a ir stored wheat , b ut remaine high i n n i trogen stored 

wh e at. 

Gl u t en quali ty was re duc e d in both wheat stored i n a ir and n i trogen, 

but air storage h a d a greate r adve r se e f fec t. 

These res u l t s s how tha t wh e at s t o r ed in pa rtial absence of oxyge n 

remai ns un a ltered du ring a f a r l onge r period o f time than that r e 

quired in I taly for comme r ci a liza t i on . 

Bec ause o f the e nc o u r ag ing r e sults obtai ne d in min 'si los we cons id

ered it ne c ess ary t o r epea t t he e xperiment under the same condi t ion s 

on pi l o t sca l e. 

Dry soft wheat storage in a pilot scal e p l an t 

Table 2 shows the chemi ca l and bio log i c al da t a of wheat " Con t e Mar

zotto" at a l ow moisture c o n ten t a nd de rived f l our a t trial s tar t and 

after 58 weeks . It s eem s that dur ing the sto r a ge per i od no s ignificant 

change occurre d e ither in the wheat o r it s fl our. Only the aci d i ty 

de g r ee e xp r es s ed by the fatty a c id i nd ex ( FAV) s howed a s li ght in

cre a se. 

Table 3 shows analogous r esults f or flour demonstra t i ng that I . R. 

absorp t i on of - COOH group s has t he same trend as FAV i n the who l e 

wheat. 

These r esu l t s conf irm the poss ibi l i ty of emp l oyi ng such a s orage 

t e c hni q ue f or d ry s o f t wheat . 
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Table 1 - Storage of soft wheat "Conte Marzotto" in air and in nitrogen 

Time (years) 

Parameters 0 3 4 5 
air nitrogen air nitrogen air nitrogen 

Moisture content (%) 10.5 12.2 11.9 12.5 12.J 12.7 12.3 

Germinative capacity (%) 96 93 93 75 87 4 87 

Gluten (% d.m.) 11.3 10.1 10.2 10.1 9.9 9.4 9.3 

Gluten quality excellent good excellent short good short good 
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Table 2 - storage of soft wheat "Conte Marzetto" on pilot scale in 
technical nitrogen for 58 weeks 

Parameters Time "0" 58 weeks 

Moisture content (~) 10.5 10.5 

Total proteins (Nx5.70) (% d.m.) 14.0 13 .4 

Gluten (% d .m.) 10.1 10.1 

Reduc ing sugars 26 38.3 
(mg maltose/l0 g) 

Non reducing sugars 185 215 
(mg sucrose/lOg) 

Ge nninat i ve capacity (%) 99 99 

FAV units 23.0 25.2 

Table 3 - Chemical features of flour obtained by industrial milling' 
of soft wheat "Conte Marzotto" stored in nitrogen for 58 
weeks 

Parameters Time "0" 58 weeks 

Moisture content (%) 13.7 13.9 

Total protei.ns (Nx5.70) (% d.m.) 13.1 13. 1 

Reducing sugars 21 15. 1
(mg maltose/lO g) 

Non reducing sugars 
137 152. 7

(mg sucrose/10 g) 

Gluten (~ d.m.) 10 . 4 10.1 

A (-COOH) U.A. 0. 42 0.48 

http:protei.ns
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In order to e v a luat e t he possib il ity of apply ing n i t rogen atmosphe _ 

r es t o the s orage of wheat with a highe r moist u r e c o n tent, test s were 

c a rr ied out on soft wh e a t with a moi sture c on t ent a bove 14. 5%, a value 

at which serious storage p r obl e ms, even f or sho r t pe r i ods, ari se in 

Italy. 

Soft whe at stora ge a t cri t i c a l mo i s ture c ontent 

So ft ''''heat " Cap p e l l e" var i ety , at 14 . 5% moi s tu re c onten t was stored 

in mi n i-silo s in air and in t e c hnic al nitroge n, wi th 0. 2% of oxygen, 

for 32 weeks . The t empe r ature was 18-20oC duri ng the firs t 20 we eks, 

and at tria l e nd , i n t he summe r, i t re ac hed 26 °C . 

Ge rm i nat i o n capaci t y o f wh e a t s to r ed in air a n d i n nit rogen d i d not 

s how any not i ceab le variat i on du ring the expe ri men t , o~ly a slig h t i n 

crease of t he a id i ty degree, with a FAV enhanc ement c oul b e demon 

s t r a ted ( tab le 4 ). 

Tabl e 4 - to r age of sot- t , h t'!at " Cappe l l e" at c ri l cal mois ture 

con te n t in ai r a nd in tec h nica l n i trogen f or 32 weeks 


Parameters T ime "a " Air Ni t r ogen 

Mo i s t u r e content (~ ) 14 . 5 14. 5 14 . 3 

To c..l r ot ins (Nx5 .7 01 (~ d . m. j 12 .4 1 2 . 0 12.4 

Germi native cap a city (~) 93 _ 1 93 

FAV uni.ts 26 33 32 

Result~ reported in table 5 on chemi a1 parameters i n the fl our ob 

~aine f rom the yheat do not show any significan t difference in gluten 

and surgar between flours obtai ned from the samples stored in air and 

i n nitrogen. 

Fl ou r from air s to r ed wheat s eems to indicate ~hat dur ing storage 

a sl i ght lipo - o xidati ve process has t aken place , whereas no su h pheno 

menon appears to have affected the n i trogen stored whea~ . In fact this 

i s shown by the data reported in table 6 , where ~he increase of the 

a idity degree du ring 32 weeks of storage, as re/ealed by I.R. abso r~ -
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Tab l e 5 - Ch e mi c a l fea t ures of s oft wh a t " Ca pp e l 1 e " f l o u r a t 
cri t ical mo i sture c onten t s tored i n air a nd i n technic al 
n it r og n f or 32 we e ks 

Parame t e rs Air i trogen 

Gluten ( ~ d.m.) 8 .7 B .8 

Glute n q ual i ty v e ry good ve r y g oo d 

Re d uc i ng s ug a r s 
(mg mal tose / LO g) 23 2 7 

No n r e duc i ng s ugars 
(mg suc r ose/ LO g ) 1 6 0 1 7 2 

~ab l e 6 - Fr ee f at t y ac i ds p e r cent compos i t i on of flo~r o b ta i ned 
f r o m wheat a t t h e beg i n ni ng (t i me " O" ) and afte r 8 mo n t h s 
s to r age i n air and in n i trogen 

Analysis Time " 0" 
After 8 months storage 

dry whea dry wheat in 
in ir nitrogen 

Pa l mitic ac id ( 1 6 : 0) 23 . 9 23 . 5 24 . 3 

Stea r i c ac i d (1 8 : 0) 1. 4 tr tr 

Oleic ac i d ( 1 8 : 1) 8 . B 10 . 9 B . 8 

Li nolei c acid ( 18 : 2) 61. 3 52 .1 6 2 .9 

Li n o l enic acid (18 : 3 ) 4 . 5 1 0 . 1 3.7 

Arachidon i c ac i d ( 2 0 : 4 ) t r 3 . 2 0 .3 

R 
unsat ur'ated 
sat u r ated 

3 . 0 3 .~. ~ 3.1 

A ( - eOOH) 11 . A . 0 . 22 0 . 32 0 . 30 
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tion o f - COOH moi e ty, appears t o b e highe r in ai r sto r ed whea t . In th i s 

same wheat, lino lei c ac id decreas es i n air , p r ovi n g t hu s t ha t a n oX i d a 

tive proce s s occurs. Th is does not take p lac e i n the n it ro gen s t o r e d 

wheat, whe r e t he fatty aci d c ompos i t ion remains a l mos t t he s ame as t hat 

of fl our d e ri v e d from wheat mil l e d at the start of the t rial. 

Sof t wheat s to r age at overcriti c al mo i s t ure c onte nt 

S ince soft whe at s torage at o vercrit ical mOi s t u r e con ten t mi ght be 

.) f grea t practic al va l ue, we de ci de d to proceed to 3 te s t seri es wi t h 

artificia l ly mois tened wheat . 

Our expe r iment was car r ie d out on d ifferen t whe a t v a r i eties, i . e . 

Marzotto and Cappe lle a s a n ex ampl e o f I talian a nd Frenc h me d i um f orce 

wheat, a nd Red Spr ing a s an exa mple o f f orc e wheat. Samples we r e moist

ened , by r ep e at ed additions of d i sti lled water and suc cess ive mi xi ng , 

t o a leve l o f 17. 4%. 1 8 . 0% and 17 .5% re sp ec tively . 

Each whe at samp le wa s stored in minisi l os , i n a i r and i n tec hn i ca l 

nitrogen, f o r 32 we eks . 

Germination cap a c ity of moi s tened whe a t d ec r eases more rap i dl y in 

a ir than in n i ~roge n: afte r 1 0 weeks sto rage i n air it re ac hes 55%, and 

7 0% if s t a r e d in n itrogen . At the end of the exper i ment it r eached 0 

level f o r all the s a mp les (t ab le 7). 

Al s o t he fat aci d ity val u e ( FAV ) s h ows a gre a ter i nc r ease whe n wheat 

is stored f o r 1 0 we e k s i n air than in n i tro gen , t his di f f erence is con

fi rmed a t tr i al end ( tabl e 7 ) . 

No change i n prot e i n con t e n t was demo ns t r ated . 

Gluten quan t i t y of flour f rom wheat stored in a i r proved to be le ss 

t han that of the whe at sto red in nitrogen, although bo t h s uffered a 

q ual ity dete ri oration . Reduc i ng s ugars i n c r ease d mo re i n air than in 

nitro gen sto r e d whe a t , wh i l e the non - r educ ing suga r s expe r i ence d a 

r eduction from t h e ir init i al va l ue o f 232, 270, 288 mg s uc r o s e 10 gr 

dry weigh t fo r Cappell e. Ma n i tob a, Mar zotto respect i vel y (table 8) . 



Table 7 - Storage of three varieties soft wheat at over critical humidity in air and in technical 
nitrogen for .32 weeks 

Cappelle Red spring r,1arzot t o 
Parameters Time Time TimeAir Nitrogen Air Nitrogen Air Ni trogen 0 0 0 

Moisture content (%) 17 0 4 18.0 17 .0 18.0 18.0 17 .8 17.5 17.5 17.1 

Total proteins (Nx5070) (% d om.) 1204 12.3 12.0 12.4 12.2 12 • .3 12.0 11. 9 12. 0 

Germinative capacity (%) 94 0 0 88 0 0 88 0 0 

FAV units 30 47 42 37 91 46 32 36 42 

w 
l\:) 
--l 
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Table 8 - Chemical feat ures of flou r f rom three var ieties of soft wheat at over- critical 
moistur o nt en t , sto red i n a ir an d in nit r oge n for 3 2 weeks 

Par'a mete r s Cappell e Red s p r ing Ma r zot t o 

ai r n itroge n air nit roge n ai r n itrogen 

Gl u ten ( % d.m.) 6.7 7.3 10.7 10. 6 6.6 7.1 

Gluten quality sh o r t shori. s h ort short s hort short 

Reduc in g sugar s 
(mg ma l tose / l0 g ) 64 4 8 148 1 48 108 80 

Non r e d ucing s u gars 
( mg 5uc ro~ e/ l0 g ) 123 14 2 92 90 1 5 0 1 88 
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Ta bl e 9 shows t he free fat t y a cid c omposition of t he flour l i p i d i c 

e xtra c t . The unsatu r ated s a t r a ted fatty acid r ati o i ndicate s that this 

inde x d oe s not cha nge wi t h time in the ni troge n sto r ed moist wheat, bu t 

it appe ars to bec ome twic e as h i gh in the air s tored wheat , where hy

drolysi s takes place. 

I.R. anal y s i s of t he ace t o nic e xt ract p r o v ides a further e videnc e 

by s h owing that esp e c ial l y the air s t ored wheat exhi b its an abso r pt i on 

c h ange i n the are a charac t e ri s tic for t h e - OOH mOie ty (ta b le 9) . 

Table 9 - F r ee f a tt y acids percent comp o s i tion of fl ou r obtained 
f rom " Capp e l l e " at o ver crit i ca l humi di ty sto r ed in ai r 
and in tec h nica l ni trogen for 3 2 week s 

Ana l y s is Time "0 " Air Ni troge.n 

Pa lmi tic ac id ( 1 6 : 0 ) 

Stear ic a c i d ( 18 : 0 ) 

Oleic ac id ( 18: 1) 

Li n oleic ac id ( 18 : 2 

Lino l e n ic ac i d ( 18 :3) 

Arac hi d n i c a c i d ( 20;4 ) 
un s a tu r ated 

R 
atu ra ted 

A (-GOO H) (U. A. ) 

23 .9 

1.4 

8 . 8 

6 1. 3 

4.5 

tr 

3.0 

0 . 22 

15.3 

tr 

9. 3 

70. 6 

4.7 

tr 

5.5 

0 .7 1 

26.0 

tr 

10.5 

6 0 .0 

2. 8 

0. 7 

2 . 8 

0 . 36 

to rage 

Maize at 18 - 19% mO i sture content was sto re d i n nitrogen and ai r at 

ex te rnal amb i ent temperatures in mini - s ilos f rom autumn to spring and 

in mi c r os ilos at 21 + 1 °C f a r over 20 weeks . 

As c an be seen in f ig. l at amb i ent external t emperatures , the ab 

s enc e of o xy gen did not pe r mi': any substancial increase in fat aC ' dity, 

ne i t her 1n a pressu r ized silo (P) no r under nitrogen fl ow (F) , due to 

t he virtual absence of moulds. At the same t ime, howeVe r, some car bohy 

drate transforma'ion took place , shown by ~he de rcase in nonreducing 
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Fi g.I. Evoluti on of fat acidity in wet harvested maize stored at 
a mbient t e mperature in n it r o g en fl ow ( F ) and in a p r essuri zed mi n i
-silo (P). 
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Fig .2. Evo l ut ion of r educ i ng and no n reduc ing s uga r c o ntent in wet 
har ve s t e d mai ze s to r ed at a mb i ent tempe r atu r e i n n itrogen fl ow (F) 
a nd in a pres s ur i zed min i-si lo ( P ) . 
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sugars, d ue to the mo isture c o ntent de pendent acti vat ion of the r espec 

tive enzy mes (f i g. 2). 

At a constant temperature o f 21 °C, t he e ff e c t on fat ac idity was 

similar as in the prece d i ng experiment , as fa r as n it r ogen preservat i o n 

was c oncerne d. In pre s s urize d airtight micros i l os i n a ir, a h i gh con

centra t ion of carbon dioxi d e was soon r e ache d, moul ds (excep t Can d ida) 

were largely inhibited and the refore, here too, fat ac idi t y did not 

increase (fig.3 ). 

On t he contrary, in micro silos , in wh i ch s ome air was adde d r egu la r

ly (be cause of a leak of t h e p r essurized silos ), moulds p r oli fe r ated 

freely and fat acidity i ncrease d accord ing ly. 

As can be se en in fig.4, t he e ffe c t o f the various g as c o ndi tions 

on carbohydrates is no t very much pro no unce d, the e nz ymes involved i n 

their transfo rmation not be i ng oxygen dependen t . The decre ase i n redu

cing s ug a rs is due t o the m being c onsumed b y proli ~erat ing moul ds. 

The separat ion o f starch from pro te i n s was not a f fe c t e d by s t orage 

in anaerobic c ondit ions, whi le it was large ly i mp ai r e d in air storage. 

It is, of course, impossib le to maint a in viability for l ong pe r iods 

of time at moisture conte n t s as high as 18-19%. In fact, it decreased 

rapidly already during t h e fi rst four wee ks of s to r age even in nitro

gen, although slower than in air. 

The resul ts shaw that the limi ting fac tor of mo i s t maize p r e serva

tion in c ontrolled atmosphere s is t he presenc e, e ve n of sma l l amounts, 

of oxygen, wh ich permit mould g r owth. 

CONC LUS I ON 

The sto r age e xpe r iments on ma i ze a nd various wheat varie t ie s with 

different moisture conte n t s and f or d iffere nt s t orage per i ods have pro 

ved the advantages o f t echni c al n itrogen , p a rt icul a rl y when mo i sture 

con tent is overc ri t i c al . ~ i t rogen a t mosphere al l o ws prolonged sto r age 

without need of the co mmon d i si n fes ting drugs or o t her p rotect i ve 

treatments. Storag e is however l imi te d in t i me by mou l d p ro li fer a tion, 

the de ve l op me n t rate of which is slowed down, al though not totally 

inh i bi t ed, when o xyge n is pres e nt at 0.2 to 0 . 5% as is the case of 

techn i cal ni trogen. 
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Fi g . 3 . Evo l u t i on of faL acid i t y in wet har ve s t ed ma i z e stored a t 2 1 °C 
in mi c r o -si lo s unde r n itrogen (N ) , c onfi ne d a t mo sph e r e (Ap) a nd with

2 
r e gula r addi ti on s of a i r (A ) . 

Sugars 
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F i g . 4 . Evo lu t i on o f reduc i ng a n d non reduc i ng suga r c o n tent in we t 
harve sted ma i z e sto r ed a t 21°C in mi c r o - si l o s under n i trogen (N )

2 
c onf ined a t mo sphe r e (Ap) a nd wi th regular additions o f a ir (A) . 
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CHANGES IN THE RHEOLOGICAL CHARAC TERISTICS AND BAK ING QUAL I TY OF 

\,/,HEAT AT DI FFERENT MOISTU RE CONTE NTS STORED UNDER NI TROGEN . 

* * ** ** 
LOMBARDI, M. , QUAGLI A, G. , CATANI , P . ,CAVAI OLI , R. a nd 

* CAPRONI, E. 

* Istituto Naziona le de lla Nutrizione , Roma, Italy. 


** ASSORENI, Laborato r i Ricerche di Base, Monteroto nd o (Roma ) I tal y. 


ABSTRAC T 

Soft wheat s t ored a t v arious l e vels of moi sture conten t in experi 

mental and pilot scale silos unde r nitro g en and air was anal ysed as 

to its rheo log i c al and baking properties. 

It could be shown that preservation in par t i al or to t a l a no xia o f 

the grains never induc ed any impairment of t he tech no l og ical qual i ty 

of the flour c b tained either by e xperimen t al or i ndustrial mi ll ing 

and analysed by farinogram. extensog ram, Chopi n alveo g r am and bre ad 

-making tests. At medium a nd high mois ture contents a p r otec tiv e 

effec t:,f the nitrogen atmosphe re was obse r ved . 

Similar data were obtained f o r du r um whe at s t o r ed at pi l ot sca le 

in techn i c al nitrogen. 

I NTRO DUCTION 

Eval uat ion o f t he techno logical qual i ty o f the mate rial to be 

s t o red is essential fo r any inv e s ti gati o n on t he pre s ervat i on of 

cereals in an ine rt atmo sphe re. Our purpo se wa s t o study ~he rheo l og 

ical chara~te r istics o f flo ur o bta ined fro m s o ft whea t s to r ed at di: 

ferent h umi di ty degre e s and of durum wheat s e mo l ina . 

MATERI ALS AND ~lli T HODS 

Soft whe a t of d i fferent var i et i es and durum wheat were tested at 

natural or a r t i fic i a ll y incre as d moisture contents. 
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Paramete rs taken in to account for the rheological study were t h ose 

generally used in compre hensi ve inve s tigations on dought s and thus 

apt to evident iate the dough st ructure: 

Farinogramme ( ICC Standard 115) 

Brabe n de r e xte nsogramme (ICC Standa rd 114) 

Alveogramme ( ICC Standard draft 121) 

Hagberg-Perten method (ICC Standard 107) 

Baking test (Lombardi et al. 1976). 

Each one of these parame ters a llows to evaluate differen t quality 

feat ures of doughs ; we thus judge it necessary to empl oy al l of th m. 

The semo lina analyses '.'ere: moisture c on t en t , pro t e i ns. g l uten, 

fari nogramme. On wheat itself a ge rmi nat ion t est and fu ngus count 

were also carried out. 

Exper i me n t al mi ll ing of wheat samp l e s was c arr i ed ou t wi th a 

SGhler MCK 201 mill, which , in its r educe d diagramme ( 3 b r eakage 

cylinders and 3 re -mi lling cylindres), conforms pe r fectl y to indus 

trial mills. Industrial milling wa s car ried out by the Pietro Ago sti 

nelli Mi ll, Rome. 

RE SU LTS AND DI SCUSSI ON 

Long term storage of dry soft wheat 

Our experiments were carr ie d ou t on wheat, vari e ty "Marzo tto", 

stored in nitrogen,a tmos p he re f o r 5 y e ars at 10 .5% in it ial mOi s ture 

content (increased up to 12% during the secon d ye ar) . 

After 5 years, f l our o f the sample s tored in ni t r ogen was compared 

t o t hat of the same wheat stored under normal ai r venti l ation. 

Comparison of the paramete rs ( table 1) shows tha t : 

t h e deg r ee of s often i ng of bo th samp l es is i de n tical 

ex te ns i graph ic indexes exhibit , on the contrary, an eV ident dif 

ference : incre ased resi s t a nce and decreased e x tensibili ty of dough 

fro m n it rogen atmosphere sto red wheat, whic h gives an R/E ratio of 

pa r t ic u l ar significance (0 . 95) 

alveographic data a l so ind i cate that the ni trogen stored sample 

has a more ma r ked tenacity 

the Hagberg-Perten index gave i dent ical value s f o r both samples . 
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Tabl e 1 - Rheological parameters of soft whea t " C . Ma rzotto" fl our 
store d i n a ir a nd i n nitrogen for 5 years 

Parameters Af t er 5 yea r s sto r a g e 
in a ir in ni t rogen 

F RI NOGRAMME 
Re sis tanc e ( sec ) 
Degree o f s oftening (B . U. ) 

EXTEN SOGR AMM E 
Res i sta n c e (R ) ( e m) 
Ex t e ns i b il ity (E) ( e m) 
R/E 

ALV EOGRAMME 
Stab ility (p) ( mm ) 
Exte n s ib ili ty (L ) ( mm) 

3
Defo r mation work (W) ( erg 10 ) 

HAG BE RG- PER EN INDEX 

5'45" 4 ' 30 " 
'~1 S 9 5 

8. 8 13. 5 
1 8 . ~~ 14.1 

0.4 7 0.9 5 

6:2 .7 109 .5 
9 5 .0 85.0 

', 'l4.4 286=4 

392 39 2 

The baking t e st h a s resul t e d in bread o f normal smell and normal 

colour, almost undi s tingui s hable for bot h s amp l es, t he on ly di ffe ~

enc e be i ng the porosity (t he a lveo li form was more r e gu lar in the 

bre ad o btaine d from the samp le stored in nitr gen) . 

Our r esu lts show tha t ni t r oge n s torage had no negative effect on 

do ugh , but on the contrary improve d i t by i ncreas i ng the R/E ratio. 

Dry soft wheat storage in a pi lot scale p l an t 

Whe at samp l es o f vari ety " Marzotto" , store i n si l o s wl th nitrogen 

at mosphe re fo r 58 week s , were analy s ed . The suf f i c i ent a mount of 

s t ored wheat (22 tons) enable us t o c arry out a n i ndust r ial milling 

and hus t~ c o mpare he ata wi t h t ho se obtaine d by experimental 

mill ing. 

By compar i ng t ime a and time 58 we ks (table 2 ) t he r e sults are: 

no d i ffe renc e in far i nographic i nd exe s 

elast ic i ty i ncrease in the nitrogen stored sampl e with reSistanc e 

dec rease fur ther c onf irmed by a r e duced tenacity according to the 
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Tab le 2 - Rh e o logi cal pa r ameter's o :f f lour obtained by indust r ial 
mil li ng o:f s o:ft wheat "C. Marzotto" s to red in ni trogen 
:for 58 we eks 

Paramete rs Time "0 " After 58 week s 

FARI OGRAMME 
Res i s t ance (s ec ) 6' 15 " 6' 30 " 
Degre e of s ofteni ng (B . U , ) 8 0 80 

EXTENSOG RAMME 
Res i stance ( R) (em) 8 . 5 6.8 
Ex stens i bility (E) ( em ) 14 . 7 1 6 . 4 
R/E 0.5 8 0.41 

AL VEOGR AMME 
S t a bi l i t y ( p) (mm) 9 1.7 68 .5 

Ex t nsibility (L) ( mm ) 
Defo r mat ion wo rk ( w) ( erg 

3
10 ) 

5 5 .0 
1 7 6 .4 

9 5. 0 
H l7 .0 

HAGBE RG- PERT EN I NDEX 3 86 3 54 

Ta b l e 3 - Rh eologi c a l parame t e rs of s oft wheat ' Cappe l le" :f lour 
a t c r itical mo i sture content a t tr i al' s s tart (T ime " 0 " ) and 
af te r 32 week s storage i n ai r and i n techn i c al n i t r ogen 

ti D !!Par ame t ers T ime A:fter 32 wee k s storage 
i n air in ni roge n 

FARINOGRAMME 
R sistance (sec) 3' 00" 2 ' 10" 1' 55" 

Degre of soften ing ( B. U,) 110 11 0 105 

EXTENSOG RAMME 
Res i stanc e (R ) ( e m) 7 .9 5 . 5 6.8 
Extensib i li ty ( E ) ( cm) 1 5 . 6 1 9 . 7 1 7 . 7 

R/E 0.50 0 . 28 0.39 

ALVEOGRAMME 
Stab ility (p) (mm) 38. 6 40. 9 39. 9 

Exte n s ib i l ity ( L) (mm ) 
3 

De fo rmat ion work (w ) ( erg 10 ) 
9 8 .0 

124 . 0 
125 
149 . 3 

88. 0 
11 3.2 

H GBE RG - PERTEN IND EX 2 15 1 74 19 5 
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al veograrrome. 

The ba king t es t shows no notewor thy di f ferences. 

Nitroge n sto r age fo r one years do e s not af f e ct the dough struc t ure 

obtained f r om fl o u r of wheat store d in t h is way. 

Storage o f so f t whe at at cri t ical mo isture cont en t 

This sotudy conce rns a French sof t It,heat "Cap pe l le " var i~ ty , s t ored 

in two di f f eren t silos in a Or and i n tec hni c a l n i trogen at mosphere, 

at critical moi s ture conten ts (i .e . at 14.5%). 

The comparison (tabl e 3) s hows : 

an e ssenti a l uni f orm i ty betwee n the degree o f soften ing 

a highe r R/E ra tio of the sample stored i n nitrogen with respect 

to the o ne sto red i n air, a lthou gh bo th rat ios a r e lower thfln the "0 " 

time level 

r educed al ve ographic e xten s i bi li t y ( L) of the ni t r ogen samp l e , 

whi l e t he st ab il i t y va l ue ( P) is almost const an t . 

Soft wheat storage at overcritical mo is ture content 

In this experimen t the same analyses were r epe a ted on samples qf 

different varieti e s stored und e r the above cond i t i ons ( see "cri t i cal 

moisture content"), their mo istu e c ont en t h avi ng been increased 

artifi c ia l ly t o the leve l of 1 7 .4% to 18 .0%. 

The comparis on (tab le 4) shows : 

the degree of sof te n ing i ndica t e s a better stab il ity of t he sample s 

stored in nitro gen, e xc e pt fo r t h e " Mar zo t t o " var ie ty 

exten s i g raphic data show a gene ral i ncrease o f r esi stance and a 

decrease of ex ten s ibil i ty wi t h storage, wh i ch r esul ts in a higher R/E 

rati o . This tre nd is conf irmed by the a l veograp h ic da t a on tenac ity 

and ex tensibi l i ty. 

An i ncrease of t he deformation work is f u r ther to be pOin ted out 

(thi s phe nomenon be i ng more mark e d i n the samp l es s t ore d in n itrogen 

atmosphere). Obviously it is higher i n hard wheat and resu l ts from 

the h i gher s tabi l ity of doughs ob ta i ned from s t ored wheat fl o ur. 

In s ummary, the test at overc rit i ca l mo i stu r e content revealed 



wTable 4 - Rheological parameters of three varieties soft wheat flours at over critical humidity at 
otrial 's start (time "0") and after 32 weeks storage in air and in technical nitrogen 
~ 

Cappelle Red spring Marzotto 

0 A N 0 A N 0 A N 


FARINOGRAMME 

Resistance (sec) 3'00 l' 10" 1 '45" 5'40" 2' 05" 2' 25" 3' 15" 1 ' 40" 2'00" 

Degre e of so£tening ( B . rr . ) 110 105 75 70 , 40 30 100 60 75 

EXTEN SO GRAMME 

Resistance (R) (cm) 7.9 3.6 10 .3 4.8 15.7 14.6 6.6 10.7 11.7 

Extensibility (E) (cm) 15.6 10.4 14.3 21.4 14.5 13.0 16.3 8.5 9.2 

RlE 0.50 0.35 0.73 0.22 1.08 1.12 0.40 1.26 1.27 

ALVEOGRAMrm 

Stability (p) (mm) 38.6 70.9 56.2 113.6 145.0 130.0 73 .4 110.2 114 .5 

Extensibility (1) ( rnm) 98.0 38.0 74.0 76.0 97.0 87.0 39.0 39. 5 36.0 

Deformation work (W) (erg 103) 124.0 140.0 159.6 311.2 401.8 410.3 142.0 141 .6 171.0 

HAG BERG-PERTEN INDEX 215 229 201 303 406 396 389 401 413 
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that s amples store d in ai r are sub jec t t o i mpo r t a n t n e g a tive changes, 

whila the samp l e s stored i n n itroge n we r e a f f ected i n a l es s er nega

tive way. 

Sto r age o f du r um whe at 

Durum wh e at sto r ag e in n i tro g e n (She jba l, 1976 ) Itl a S al s o tested. 

The trial, carried ou t on a pilot s c ale , conc ern ed I talian wheat of 

undetermine d vari ety , har v e sted in Pug l ia, and a rtificial l y mo i st

ened. 

As c an be see in tab le 5 it r esul ts t h at: 

germinati on c apac i ty is r educed in a ir (a mas sive i nfestation of 

the aerated sample store d took place ) 

chemi cal physica l p a rameters of s emol i na ob tained f r om the samp l es 

store d in air and in nitro g en are c ons tant 

mo u ld c o unt s in all samples d i d not i ncreas e. 

Table 5 - Characteristics of durum wheat and semolina at the beginning 
of the experiment (time "0") and after 24 weeks of storage 
in air and technical nitrogen 

After 24 weeks 
Analysis Time "0" in air in nitrogen 

H
2

O (%) 13.5 13.7 13 .2 

Germinative capacity (%) 93 70 92 

Gluten (% d.m.) 10.3 10.4 10 .4 

Total proteins (% d .m.) (Nx5. 70) 11. 6 11. 4 11. 5 

Degree of softening (B. U.) 70 50 40 

CONCLUS ION 

The total r esul ts o f tha r heological t es t s i ndicate that soft a nd 

du rum wheat storage in a ni trogen atmo sphe r e does not cause any 

adv erse effect on the technolog i c al q uali ty o f the product , so tha~ 

the u s e of nit r ogen can be c ons idered benefic i al espec ially si n c e the 

s amp les store d at high mois ture conten t s are protected by anox ia in 

respect to the contro l s preserved in air. 
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PRESE RVATION OF CHEM ICAL AND ORGANO LEPT IC PARAMETERS IN DIFFERENT 

VARIETIES OF HAZ ELNUTS IN NITROGEN AND I N AIR. 

* ** * ** KEt·IE, T. , VIT ALI , F. , ME SSERLI, M. , NAPPUCCI, R. and 
** SHEJBAL, J. 

* Cho colat Frey AG, Lab o ra tor i um , Buc hs/Aarg a u, Switzer l a nd . 

** Laboratori Ric e rche di Base , ASS ORENI , Monterotondo (Ro ma) , It a l y. 

ABSTRACT 

The p ape r descr ibe s storage expe r iments carr ied ou t wi th thre e 

varieties of s he lled haze l nut s (c v. Ro man, P iedmo ntese and Akc a koc a) . 

The object of the work was the e v aluati on, b ase d o n che mica l and or

ganoleptic analyses, of t he s torab ility i n ni t r oge n as c o mpa r e d wi t h 

traditional me thods. 

Storage was carried out a~ room temperature ( app r ox. 22 °C ) in pure 

nitrogen in micros ilos an~ in an app a ratus s imulating a silo o f t0enty 

meters height. Controls in ai r we re ke pt in bags a t - 20 ° , + 4°, 

+ 35°C and at room temperat u re . Mois ture c o n tent remai ned nearly 

constant in hazelnut s s tored unde r nit r ogen, while it de c r eas e d in 

the control s a mp l es . Lipolyti c activit y was h ighe r in the nut s pre

served in nitro g en b e c a use of the h i ghe r mois t ure c ontent as shown 

by f a t ac id i t y ana lyses . On t he o the r h a nd t h e anoxic e nvironmen t 

s l owe d d Ovln the o x i da t i ve activ i ty and prese r ved bette r o r ganoleptic 

prope r t i es . 

Fat, sugar a n d p ro t e in content s d i d not c hang e during s to r a g e . 

Af ter one year o f storage, haze l nut s p r eserved i n nitrogen r a t ed 

sign ifi cant ly bet ter i n organo lept ic t es ts than those in a i r at r oom 

tempera t ure and sl i gh t l y better or e qua l t o those at l ow temperature. 

Storability i n nitro gen of the t hree cult i vars s t u d i ed decreased 

i n the order : Pi edmontese - Roman - Akcakoca. Hi gh mechanica l pressure 

h a d a n adverse i n fluence on storab il ity. 
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I NTRODUCTI ON 

In the c ourse o f r ecent years s er i ou s d e t e r i o rati ons occurred 

rep eat e dly during t h e sto r age o f haze l n u t s used by c onfec tionar y i n 

dustries. On the bas is o f the result of stora bi lity s tu i es (Radtke 

and He i ss, 1971 ; Ba r the l e t al., 19 74 ; Hado r n et al ., 1977 ; Hadorn et 

al., 1978; ) , it has been d e ci ded t hat the be s t way f or storing th i s 

k i n d of commodi ty is to ke e p t he ware house at c ontro ll e d temp e ratu r e 

and re l at ive humid ity . The temperature mu s t be kept be t ween t h ree and 

six degree s ce nt i grades a nd the rel at ive humid i t y be t we en f ifty and 

sixty percen t. Yet t he inc r eas ing co s t of ene r gy makes t h is kind of 

s t orag e mo r e and more e xpensive . 

Following the good results obtained wi th nit r ogen a t mo s p he re s for 

c e real stora g e (Shej b a l , 19 76 ; Shej bal , 197 9 ) , we deci ded to apply 

the same te chn ique to haze l nu t s. The aim o f t h is wo r k was to evaluate 

t h e sto r abi lity i n nitroge n as c o mpare d to t r ad it i o na l method s . For 

fut ure storage of s h e l l ed h a zelnu ts in l a r ge si l os we had to know if 

the nut s a t the bo t t o m wou l d be d amage d by the mec hanical pressure 

caused by the c o l umn of n uts . We al so had to d e al wi t h the problem 

of a large r i n t e r stitial atmosphere in c ommod i ti es othe r than c ereals . 

The results o f this resear c h can be used as a mo de l f o r the 

behav iour o f other h igh fat content s e eds a nd d r i ed f ru its. 

MATERIAL AND ME THO DS 

Thre e var i e ties o f haze l nuts wer~ chosen : t wo Italian ones ( Pi ed 

montese and Roman) and a Tu rk i sh one Akc akoca) . A s amp l e of each 

vari eties of shelled haz e lnuts was stored under diffe r ent experimen

tal condi tions as desc ribed i n Tab l e 1. 

The exper imental p r e s ervat i on in ni trogen at mosphere of the three 

v a r i eties o f hazelnuts was car r ied out in cylindrical air-eight labo

r a to r y mi cros il os in stainles s steel ( useful volume 0 .1 cub iC me t er). 

Th e microsi l o and gas flow are shown schematically in Figure 1. 

The i nte r sti ti a l atmosphere o f the nuts was replaced by a rapid 

p urge ( 100 li t e rs pe r hou r ) from t he top wi t h a v o l ume of nit r ogen 

co rre spo n d ing to t he doub l e of the silo volume. The oxygen - poor 

a tmo s phere was ma i ntained by an automatic system of pressos tats and 
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TABLE 1 


Experimental storage conditions of three varieties of hazelnuts. 


Storage Condition 

Contro l (C) 

Low t e mperature and 
humidity (coo l, a ir) 

Ambient temperatur e~ low 
humidity (amb., air 

High temperature , low 
humidi t y (hot, air) 

Ambient temperatur e , 
nitr og en a tmosphere 
(amb. , N )

2

Amb i e nt t emperature, 
n itrog en atmospher e , 
mecha nica l pre s s ure 
( amb., N 2 ' p) 

Temperature 

- 20°C 

3 - 6 °C 

18 - 25°C 

35°C 

18 - 25°C 

18 - 25°C 

Rei. Humidity 

50 - 60% 

50 - 65% 

30 - 407. 

60 - 70% 

. 

40 - 50% 

% O in- IntGrst.
2 
Atmosphere 

21 

21 

2 1 

21 

max 0.5 

max 1 . 0 
Co> 
01>
01 
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• ,' SV 
F I 


I 


SP 

GSP SP 

Fig.l. Cy l indr ical air-tight mi c r osi l o and ga s f l ow s hee t s . F = F l ow
meter ; GSP = Gas sampl ing po int; PC = Pres sure c ont r o l; SP = Samp ling 
paint; SV = So l eno id va lve. 

N, 

,,
L _____ _ 

Fi g. 2 . Apparatus simu l a ting a s ilo of twenty me t e r s he igh t. B = I ron 
b a r ; F = Fl o wmeter; GSP = Gas samp l ing pOint ; H = Hazelnuts; 
PC = Pressure con t ro l ; SP = Samp ling pOint - SV = Sol e no id val ve . 
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electric valves that bled i n nitrogen wh ene ver t he i nte r nal ove r 

pressure d r opped u nde r 200 mi llimeters of water ( Shej ba l, 1978). 

The apparatus, simulat i ng a silo of twe nty mete rs height (Fig . 2), 

was a stainless steel t ube with an inte r nal iron b ar which presse d 

the nu t s at the bot tom of the tube at the same me chan ical p r essure as 

at the bo t tom of a big silo. I n this apparatus ( use ful vol ume 4 l i 

ters) Akca.koca hazel nuts we r e sto r ed. 

All the 10 kg-samples in air were ke pt in c o t t on bags at the v a r i o u s 

experimental temperatures. The lenght of t he sto r a g e trials was t we l ve 

months for t h e Roman and Pie dmon t ese var i eties and n i n e months for 

the Akcakoca var i e t y. Tempe rature and relative humidity we r e rec o r d e d 

continuously and every for tn i gh t analysis of the interstitial atmo 

sphere c o mposit i on in the mi c rosi los was carried ou t. 

Every three mon t hs samp l es were t a k en from e a c h expe r imental s t or

age condition and tes t ed f o r Hadorn et al ., 1 9 78): 

Moisture (oven method) 

MOisture (Karl Fischer ) 

Protein (Kj e l d a hl) 

Fat 

Surface fat 

Ash 

Alkalinity of ash 

Gluco s e-

Fructose 

pH of a lC~ s uspension 

Total 3. '~ i d i t J 

Free fatty ac ids i n t he ex tracte d 'oil 

Induc tion period of oil a t 11 0°C 
1% 

UV - d~ff e rent ial gra ph E
232 

Fatty acid d is tribution 

Enzyma tic activ i t y of a g r ound - u p ave r age sample 

En zy mat i c acti v i ty on the c ut surface of individual hazelnuts 

Mic robi o l ogical and myc o l ogical examination 
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Vis u a l assessme nt 

Organoleptic test 

The organo l e p tic pannel test classi f i cat ion should be i nte rpreted 

as follows: 

4 Equal to excellent 

3 Equal to good 

2 Equal to d e teriora ted , bu t acc e pt a ble 

1 Equal to deteriorated , u nacceptabl e 

0 Equal to bad 

Rat i ng 2 is cons i dered as the cr i ti c al po in t underneath which it 

is not possible to use the nuts. 

In a l l the graphes we report the absolute val ues fo und in the samp 

l e s, taken e v e r y thre e months. 

RE SULTS AND DISCUS::;,ION 

The moisture co nte n t remains nearly c onstant in hazeln u t s stored 

under n it r ogen, while it dec reases in l ow and ambient t e mp erature air 

storage (Fig.3). This is an i mportant fac t f or the activity of the 

~ 5 
u. 
~ 

z 
o 
U 
iii 

a:: 4 
::> 
~ 
(J) 

(5 
~ 

3 

3 6 9 12 
TIM E (MONTHS) 

Fi g. 3 . Mois t ure con t ent o f Pi edmontese haze lnuts dur i ng sto rage unde r 
various conditions . 
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endogenous lipase in fats. The s o l u b il ity of the l ipo ly ti c enzy mes 

is t he fir s t step in the hyd r olization of lipids; there fore a t the 

higher moisture conten ts, t he e nzy me act ivity is higher. Th is is 

obvious from the results o f the analys i s of the fat ac id i t y (ex 

pressed as percent of o l eic ac id) . 

The fat acidity of the h aze lnu ts preserved under n i t r ogen was 

significantly h igher than of the other samples ( Fig . 4) . The contro l 

af te r twelve months remains al most constant . Th e hazelnuts i n c oo l 

storage chang e d very l i t t l e , f ol lowed by tho se kept a t high t e mp e ra

ture (bec ause o f t he low h umi d i t y ) and by those in ambi e nt t empe r a 

tu!'e . 

The same trend was f ound in t h e Pi edmonte s e a nd Akcakoc a nu ts. Yet 

we should roote that the fat acidi t y of the nu t s s tored unde! ni trogen 

with me c hanical pressure w s signif ic an tl y h igher (F i g . 5) , al though 

the moisture content, d ue to r e pe ated purges, was low (3.6% ). I n fact 

technic al d i f fic u l t ies we r e enc ountere d in maintain ing a n oxyge n-poor 

at mo s p he re in this appara t us for a lon g t ime . 

>
.... 
o 

.--

ROM A N 
u 
< 

I

< 
u. 

",,~ . .P'" 
~" . / jI.\~-- -

"'~/ \"IO},.l. ... 
~ -~ --v. -

~ . -::...--~- COOL,AI R 
./' ,.0----- ---0- __ -- 0---- - 

.-::~-- ~~~-
, -------

123 6 9 

T I ME (MONTHS) 

Fig. 4 . I nc r ease of fa acidity in Roman hazelnuts during sto rage under 
vari ous conditions . 
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Fi g .5. Increase of fa t ac i d ity in Akc akoc a h a zelnuts. 

The fat acid i ty of Roman a nd Pi e dmon tese hazelnu ts never exceeded 

0. 7% which is consi de r e d as the critical point for the industr i a l use 

of the nuts. On the c on t rary the Akc akoca s urpassed this critical 

point. The high val ues of t he fat ac i d ity di d not always c orr espond 

to de ter ioration of qu a l ity. 

Analysis of the in ermediate compounds 0 the perox i dat i on, catal 

yse d by t he lipoxy genase. was carri ed ou t i n order to detect the 

o xidat i ve de g radat ion of lip i ds . The sp ectrofotomet ri c analysi s of 

e xtracted oi l s howed , by the numbe r s o f conjugated double bonds , the 

amoun t of t he hydroperoxy fat ty a c i ds . These organic acids ( Gal li ard , 

19 75 ) are toxi c t o the seeds a nd are co nvert ed i nto a set of mo re 

st able c ompounds, as aldehydes , with characteristic fl a vou r proper-

t ies. 

The di fferent steps (Yamamoto et al ., 1980 a; Yamamoto et al ., 

1980 b) o f the enzymat i c r eactions that lead to these volati l e com
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pounds are: lipi d s + lip ase (H 0 ) ~ f a tt y ac i ds ( linoleic aCid) +
2

+ lipoxygenase (° ) ~ hydr o peroxy f a t ty a Cids ~ al dehyde s . In the
2 

oxygen-poor a t mo sphere this li p i d degradat ion pathway is sl owed down 

immediately a f t e r the free ac ids are formed . 

The exti nc tion v a l ues, at 23 2 nm, of t he i sooct ane s olu tion of 

hazelnut oil fro m nuts stored in nitrogen atmo sphere are comparab le 

to those fro m c ool storage ( Fig. 6). Ne ither re v eal e s a ny r e markable 

change. 

The spoi l age is speeded up in the presence of o xygen as wel l as 

at h igh te mp e rature. The trend is t he s a me fo r Roman h aze lnu ts , 
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Fi g . 5 . I ncrea se of diene - extinction value n Piedmontese hazel nut s 
i n the course of s t orage . 
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The g raph in F i gure 7 r e fer s to t he Akc akoc a h azelnu ts a nd confi~ms 

what said be f o re . There is no difference between t he n it r ogen at mo 

sphe re a nd cool sto r age . The nu ts unde r mechan i cal p ressure rate 

s li ghtly worse. 

The o r gano lep tic tes ts gi ve a fu rthe r c onfirma tion of the substan

tial equi vale nce of t he storage unde r n i t rogen as c omp ared t o t he 

t r ad i t i onal me t hod s at low te mp eratu r e. 

Consi der i ng the his t o g ram (F i g . 8) , which refers to t h e o rgano l ep 

tic tes t of the Pi e dmonte se nuts, it s ee ms t h a t the r esults of the 

various t ype s of s torage do not d iffer , eve n if in air storage at am 

,, 
I 
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, AMB.,AIR,

0.5 , ~ , ,, 
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, / ...-.':::;COOL,AIR0.4 
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/ ~ ./'" . -% 
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' / 
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3 6 9 12 

T IME (MONTHS) 

Fig.7. Inc r eas e of diene - e x t inction va l ue in Akcakoca hazelnuts. 
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bient temperatu r e the cr i t ic a l value (2 . 00) is re a ched . 

This is due to the excellen t qual i ty of P i e dmonte s e h azelnuts that 

makes the spoilage h a rd ly noticeab le. 

In Roman nu t s ( Fig. 9) the general picture is cleare r. Af te r one 

year of stora ge in nitrogen a tmosphe re the same or sl i gh t l y better 

r a t i ng is reached as in cool sto rage, whi le the nuts s tored in a ir 

at ambie nt temperat u r e are clear l y wo r se. 

The Akcakoca nu ts (Fig. 10) com~lete ly con f i rm th i s trend . 

P I E D M 0 N T ESE 
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Fig.8. Organol ept ic examination of Piedmont ese hazelnuts d uri ng 
storage under various cond iti on s. 
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Fi g .9 . Organoleptic exam i nation of Roman hazel nut s. 
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CONC LUSIONS 

All the ob serve d da ta, summari z ed i n Tabl e s 2, 3 and 4, show that 

nitro gen sto rage is bett e r or e qual to coo l s to~age . 

Yet we have to observ e the res u lt s of the sto r age unde~ mechanic al 

p r e ssure more car efu ll y. It se em E that, in some way , mechanical pres

sure s p ee ds up de teri o rat ion as is clearly shown b y the re s ults of 

the organoleptic tes t s . Yet it shou ld be re memb er that in t hi s 

s imula t ion t e chn i cal troubles wit h t he air tigh tness o f the a pp a ra t u s 

were encoun t ered a nd all the exp e r i me n t s we re carried out at a h i gh 

oxy gen c o n ten t ( about 1%) . The r e f o r e mechanical pressure has p robab ly 

an adverse infl uence on storabi li t y but , du e to the technical p rob 

lems , i t was not poss ib le t o stab l ish the exa c t impo r tance o f this 

phenomenon. 

Furthermo r e it c an be sa i d t hat storability of the three va r i et 

ies o f haz e l nu ts , i n this exper i ment , dec reas es i l! the orde r: Pied 

montes e - Ro ma n - Akc a koc a . Howeve r it shou l d not be ove r l ooked that 

the Roman a n d Pie d mon tese hazelnuts If 'ere super i or i n q uali ty and were 

sto red immediate ly afte~ t he harvest . On t h e contrary the Akcakoca 

nu t s had bee n s h i p e d from Turkey and we r'e kept fo r a l ong time at cus 

toms . So t h e de t e ri o r a i on pro c e ss h a d a l r e ady st ar ted at the begin

n ing o f o ur storage . Th is con tr'i u t d to the wo r se resu ts with the 

Akcakoc a variety . 
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TABLE 2 

Composition and characteristic values of ~ieamontese hazelnuts at the beginni ng 
and the end of storage. 

Time (months) 

0 

Analyses 

12 

storage cor-dition 

cool alr amb. air amb. N 
2 

Moisture by drying-oven method (%) 4.6 4 . 2 3. 7 4.8 

Prote i n , N x 5.3, (%) 12.4 12.7 12.7 12 .2 

Fat (%) 68.7 68.7 68.5 68 :5 

Surfac e fat (%) 2.1 0.3 0.6 

Ash (%) 2.0 2.2 2.1 2.2 

Glucose, enzymatic (%) 0.03 0 .01 0. 02 0 . 03 

Fruc tose, enzymat ic (%) 0.03 0.01 0.07 0.03 

Sucrose, enzymatic (%) 4.0 4.2 4.3 4.2 

pH - value of 10% suspension 6.7 6.7 6.7 6.4 

ffa (% oleic acid) 0.2 0.2 0.4 0.4 

Inducti_L,n p,~riod of O J .l at 
110°C (hr) 13 .50 12.50 12.75 12.50 

uv - differential graph E 
1% 

0. 15 0. 26 0.40 0 . 33 
23 2 

Fat ty acid di s tri bution (%) 


(total = 100%) C 6 .0 5.5 5 . 5 5.5 

1 6 

C 2.5 2.2 2.3 2.4 
18 

C 82.0 84 .1 8 3 .9 84 .3 
18 : 1 

7.3C 8. 8 7.7 7. 
18 :2 

Organo lepti c test 3. 50 2. 50 2.00 2. 25 



356 

TABLE 3 

Composition and character istic val ues at th beginning and t he nd of storage 
of Roman hazelnuts . 

Ti me (months) 

Analyses a 12 

stor age conditi on 

cool ai r runb. air amb.N
2 

Moi sture by drying-oven method (%) 4 .8 4. 5 3.9 5.3 

Pro t ein, N x 5.3, (%) 12 .7 12 . 9 12.9 12. 5 

Fat (%) 65.6 65.6 65.9 65. 6 

Surf ace fat (%) 6.8 1.2 3 . 6 2.7 

Ash (%) 2.3 2.3 2.3 2 . 3 

Glucose, enzymatic (%) 0.03 0.02 0 .01 0. 04 

0 . 04 Fructose, enzymatic (% ) 0.0 ::: 0. 02 0. 0 4 

4.9 4 .9Sucrose, enzymatic (%) 4.7 4 .3 

6'.36.5pH - value of 10% suspensio n 0.6 6.5 

0.4 0.6ffa (% oleic acid) 0.1 0.2 

Induction period of oil a t 10.5 9.5 9.5 8.5 

110 0 C (hr ) 

0 .24uv - differential graph E
1% 

0.26 0 .33 0 .43 
23 2 

,. 
Fa' ty ac i d distribution (%l 
( total = 100%) C 5 .4 5.0 5.0 5. 1 

16 

C 2 .2 1.9 2.0 1.9 
18 

81.0C 79.1 ~.. ~ .4 81. 4 
18:1 

11.1 11. 6C 12.5 11.2
18 :2 

1. 25 2.2 5Organo l eptic tes t 4.00 2.00 
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TABLE 4 

Compositi on and char acteristic value s at t he beginning and the end of s torage of 
Akcakoca hazelnuts. 

Time (months) 

Analyse s a 9 

stor age condi !:i on 

cool al.r amb .air amb.N
2 

amb .N P 
2 

Moisture by drying-over method (%J 4.0 4.6 3.2 4.3 3 .6 

Protei n, N x 5.3, (%) 14. 2 13.9 14.3 14.2 13 . 9 

Fat (%) 68. 5 67.4 67 . 5 67.6 67 . 2 

Surface f at (%) 1. 2 3.4 1.2 0.9 1. 1 

Ash (% ) 2.0 2. 1 1.9 l.9 1.9 

Gl ucose, enzymatic (%) 0.02 0 .04 0.03 0. 03 0 . 02 

Fructose, enzymatic (%) 0.02 0. 06 0.03 0.03 0.02 

Sucrose, enzymatic (%) 3.3 3.6 3. 9 3.6 3 .7 

pH - 'value of 10% s uspe nsion 6.5 6.2 6.1 6.1 6.1 

ffa (% o l eic aci d) 0. 4 0.5 0 .8 0.9 1.0 

I nducti on pe riod of oil at 

110°C (hr) 11 .75 8. 25 9.75 9. 25 9.2 5 

1% 
uv - d iffer ential graph 0. 22 0. 40 0.50 0.39 0.41

232 

Fatty acid di st r i buti on (%) 


(to tal = 100%) C 4.9 4 . 4 4.4 4 .5 4.4

16 

C 2.2 1.9 1. 9 1.9 1.8 
18 

C 82 .3 84.3 84.2 84.2 84. 0
18:1 

C 10 .0 9.0 9.1 9.0 9.4 
18 :2 

Or ganoleptic te s t 3.50 1. 75 0.00 2 .25 0.25 
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ENVIRONMENTAL INFLUENCE OF INERT GAS ON THE HERMETIC STORAGE OF UNPOLISHED RICE 


SHOJI YANAI and TAKASUKE ISH ITAN I 

INTRODUCTION 

The quality of cereals stored under anaerobic conditions is estimated differently 

by a variety of investigators. From the experience in the hermetic storage of 

Japanese-produced rice in air and carbon dioxide gas, Kondo et al (1934) have 

reported on the excellent qual ity of hermetic storage for preserving the c:!al ity 

of rice . Based upon the hermetic storage test of unhusked rice in air and nitrogen 

carbon dioxide and oxygen gas, Roberts (1961) has pointed out that changes in the 

germination rate of unhusked rice under anaerobic conditions are dependent upon 

the water content and temperature, and that the nitrogen-filled package resulted 

in a better preservation of germination rate than that of the air-filled package. 

The superiority of the carbon-dioxide-fil 1ed rice package in the preservation 

of quality has recently been reported by Mitsuda et al (1972, 1973). These moti

vated the present investigative work on the advantages of the nitrogen- and carbon

dioxide-filled hermetic rice packages over the air-containing packages. 

EXPERIMENTAL METHODS 

1. Specimens and Inoculation 

Two species of moist-land nongl utinous rice produced in Ni i gata, Senshuraku with 

a water content of 16. 7% and Koshiji-Wase with a water content of 15 .5%, were used 

in the experiments. 

The water content of specimens was regulated using a thermo-hygrostat by means 

of the weight method. The humidi fi cation and dehumidification cond i ti ons were set 

at 15°C and RH 95% and at 15°C and RH 30S, respectively. Specimens I of Senshuraku 

was divided into three groups, where the water content was regulated at 15.5, 16.7 

and 17.2:s , respectively. The water content of Specimens II of Koshij i -Wase was 

regulated at 15.5, 1.6.7 and 17.2%. In addition, Specimens III of Kos hij i-Wase 

with a water content of 16.6 ctnd 18 . 1% was prepared. 

All specimens were inoculated wi t h two groups of Aspergil lu s glaucus and Asper

gillus restrictus that had been isolated from Japanese produced rice. 

The inoculation procedure was as follows: initially prepare strains plate-

cultured indh:idually on a Koj i Agar medium, let spores of mol d fungi fall into 

a specimen by turning a culture dis h upside down and then mix the spores completely 

with the spec imen to attain un i form inoculation. 
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2. Storage Methods 

Specfmens I: Under a wa ter content condition, 450g of specimens per package 

were hermetically packed with a triple-layer (PET·Al .PE) laminate f ilm co mpr i sing 

12 ~ polyester, 91-1 aluminum i"oil and 600 pol yethylene or with 701-1 l ow densi ty 

po ~ yethylene (PE) and stored at 10°C and 20-25°C for two years. Part of speci men 

packages were filled with nitrogen gas. 

Specimens II: As with specimens I, 450g of specimens per package were put 

in PET··Al·PE pouches under a "Jater content condition and stored at 25 to 28°C fo r 

eight months in carbon-dioxide- or ni trogen-filled package or in an air-contai ni ng 

filled package. 

Specimens III: Specimens were put in small-sized stainless-steel-made pressuri 

zed testing containers, manufactured by Nitto Autocl ave Co., Ltd. These conta iners 

were pressurized to 10 Kg/cm2 us i ng cylinders of compressed carbon dioxide, nitrogen 

and air. As the controls, 50 Kg/cm2 -pressurized air packages in the above

mentioned containers and non- pressurized hermetic packages in PET·Al ·PE an d PE 

pouches were prepared. Al l test and control specimens were meas ur~d after t hr ee

months' storage at 25°C. 

In filling of nitrogen and carbon dioxide gases, each gas was ~oured repeatedly 

into a pouch or container in a desiccator so as to completely replace the air 

between rice grains priro to seal ing. 

3. Measured Items and Measuring Methods 

The measured items for specimens are water content, germination rate, reducing 

sugar content , fatty ac i di ty, palatability, composition of gases in pouches and 

mold count. The level of yeast and bacteria were determined by measurement of 

the number of colonies that had grown at 30° C in three to five days by a plate 

culture using Koji Agar and standard Agar media. Rosenthal 's chromium sul fate 

method was ~sed to cu l ture anaerobic bacteria. 

EXPERIMENTAL RESULT AND DISCUSSIONS 

1. Preservat ion Effect of Ai r-containi ng and Ni t rogen- f ill ed Package Rice 

Changes in rice quality and microorga nism count observed when unpol ished rice 

with water content of 14.5 to 16.6% in ai r -containing and nitrogen-filled packages 

was stored for one to two years, are sUrmJarized in Tabl es 1 and 2. 

The value of water con tent in all specimens, except those packed with PE, has 

suffered little change duri~g the period of storage. 

Concentration change of the oxygen contained in PET·Al ·PE pouches for the air

containing package division depends upon the water content of the specimen s. In 

case of low temperature ( lOOe ) storage, the oxygen concentrati on fell to about 

10% in a year, and to about 1.0 to 2.0% in two years. For 20 to 25°C storage, 

naturall y. reduction in oxygen concentration became more rapid and the accumulated 
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Table 1. cnange.s in cnaracter istics of Bra.."11 Rice during He.metic Storage for 1 
Year unde r Differ ent Atmosphere 

Storage condi tion 
20 0 e - 25°e 10 ce 

Initial lIir N2 },jL N2 PE
rroisture 
content ( fJ ) l4.6 16.6 14.5 16. 6 14 .5 15.8 16 . 6 14.5 15. 8 16.6 14.5 15 .8 16.6 

~bisutIe ron

sugars a) 

tent (%) 14.6 16.8 14.6 16 .8 14 .7 15.9 16 .8 14.7 15.9 16. 8 14.9 16 . 1 17 .0 

Gas ca::n , 0 2 1.4 1.6 0 0.2 12.9 10.7 10.4 0.3 0 20.9 20.9 20.9 
p.JS i tioo 

[XlUChes 

in \')
CO2 
(') 2.1 22.1 0.4 13 .5 0.4 0.6 1.1 0.1 0.2 0.01 0.01 0 .02 

Germination 
,\ ) 56 0 51 0 97 98 92 98 98 98 95 94 94 

Ileducinq 
- 238 655 246 679 223 231 241 224 223 257 233 242 236 

Fat 43 . 0 62.4 55.0 60.5 28 . 6 28.5 30. 4 28. 8 32.5 29.2 27.0 30.3
acidity b) 
~ld cDune 4. 5xl O l . h lO 1.4xlO· 1.2x10 2.1><Ji 3. 7xlO"1. 2xHi 2. 2:<1t?4 .2xl0 8.5 xlO L 6:-:lt? 1. 3xlt? xlOc)/g 
Bacteri a S

2.3xJD 4. 5:d O· 6 . 4x.l6 3. 9"d cJ5. 7xlcf 7. 9xltfS. 9x.lcf 7. Lxlcf 8. 9x.lrf 5. lxlOI 6. W cf6. 7xJ.<1 7. 7xlO·count /g d) 

PE: I.i::M den.si ty EX'lyethylene p::>uche s 
a: Initia l reducing sugar 22lJn::j .glucose per 100g dry rice 
b: Ini tia1 Ea t acidity 16. 8rrq· iOl per 100g dry rice 
c: Initia l nnld count 2. 5 - B.3 x 10 2 
d: Initial bacteria count 3 .0 - 3. 2 x 10 7 

Table 2. 	 Changes in Olaracteristics of Brown Rice during fiarme t ic Storage for 2 
Ye ars unde r Different Al:m:lsphere 

Storage =ndition 

20° - 25°e lOoe 
I nitia l 

rmi sture Air NI ---- 
Air N2 PE 

content (%) 14. 5 16 . 6 14 .5 16.6 14.5 15.8 16 . 6 14. 5 15.8 16 .6 14.5 l 5.8 16.6 

I-bis tu..re 
content ( %) 14.6 15. 8 14 . 6 16.6 14 .6 16 .1 16.7 14 . 6 16 .1 16.8 15.2 16.5 17.2 

Gas can ~ 1.2 0.7 0 1.8 1.4 1.0 0.1 0 . 3 0 20. 6 20.7 19.9 
?=,sitic n 
p::Alches 

('i
CO2 
(%) 

3.5 28.1 l.0 16.5 1.1 1.2 2 . 4 0 . 1 0. 3 0.6 0.1 0.1 0.2 

Gem..i.na. tion 
(%) o o o o 96 98 74 98 96 92. 92 86 42 

lledilCing 
suqa;::s 328 849 )05 856 256 285 252 247 290 250 259 325 

Fat ac i di t y 

Bacteria count 

68.7 

, 

95.4 

2 

83 . 6 104 .7 

4 3 

31 .5 

t 

33 . 5 

~ 
35 .6 

f 

38 . ) 

I 

47 .9 

rf 
53.4 

/, 
24 . 8 

J 

29 . 6 

.P 

38 .9 

r 
/9 Ll.,XI O 1. 7xlO l.DcJ O 1.6xlO loW O 1.9x.lO 9.9x.lO 4 . .5x.l0 4.9xl 3.5x.lO 1.6ldO l.8xiO 9_8x.lO 

Organa eptic 
eV31uatio n -1.75 - 3 . 50 - 1. 55 -3.27 -0 . 50 - 0 . 56 - 0. 05 0 . 00 0 . 5 0277 -0. 50 - 0. 25 -0.055 
(ove r-al l ) 
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carbon dioxide gas increased. Also in the nitrogen-filled di vision, the greater 

accumulation of carbon dioxide gas was observed for specimens with the higher 

water content. These tendencies, consistent with those reported ~y Glass et al . 

(1959) for wheat, indicate that metabolic action under anaerobic conditions are 

appreciable also in unpolished rice and become more act ive with the increasing 

water content. 

Change in the germination rate of the specimens stored at 20 to 25°C, shows 

little difference between the air-containing and nitrogen-filled packages. In 

speci~ens stored for a year in both packages, the germination rate was reduced 

to about 50% for low water content and reached to 0% for 16.6% water content. 

On the contrary, in specimens stored at 10°C for a year, the germination rate, 

though showing no difference between the two above-mentioned packages for low 

water content was higher in the nitrogen-filled package than in the air-containing 

package for high water content. The germination rate of spec imens stored in the 

nitrogen-filled package hard ly reduced even for two-years' storage. As may be 

understood also from an extreme reduction in the germination rate of PE - pac ked 

rice (cf. Table 2), this indicates that the oxygen-free condition is favorable 

to the preservation of germination rate of unpol ished rice. 

Change in fatty acidity, independent of the initial water content and st ora ge 

temperature of specimens, tended to be greater for the nitrogen-fil l ed package th an 

for the air-contai ning package in all cases. 

Change in reducing sugar content showed 1ittle difference between these two 

packages and gradually increased with the lapse of storage period. 

The initial count of microorganisms in 19 of unpolished rice specimens was 

2.5 to 2.8 x 102 for mold fungi, 2.7 to 4.7 x 103 for yeast, 3.0 to 3.2 x 107 

for aerobes (chiefly Chromogenic Pseudomonas)(Iizuka et al., 1963), 5.3 to 5.8 

x 106 for anaerobes. As shol"m in Fig.l, however, after one-year's storage at 

20 to 25°C, the yeast count decreased most rapidly, next in order are the anaerobe 

and aerobe counts, and the mold count hardly fell. With a higher initial water 

content, a decrease in the mi cro-organism count became more ra pid . Speci mens 

stored in air-contain ing packages showed a significantly decreasi ng tendency of 

the microorgan ism count in comparison with those stored in nitrogen-filled packages. 

In specimens stored at a l ow temperature of 100e , as .shown in Fig. 2, a decrease 

in microorganism count was small and reached to no more than the order of 1 micro

organism, after two-years' storage. 

As pointed out in the previous report(Yanai et al., 1978), the preservation 

of PE-packed rice with a high water content is restricted to 20 days or so on 

account of the multiplying mold fungi at room temperature. On the contrary, for 

rice packed hermetically with PET·Al·PE pouches hardly permeable to gas, no 

increase in mol d count was observed even after two-years' storage and therefore 
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there may be no necessity to con sider the damage from mold fungi. 

Palatability tests gave no appreciable palatability -preserving effect of 

nitrogen gas in specimens stored at 20 to 25°C, whereas a good appreciation of 

this effect was obtained in those stored at 10°C with a significant difference 

from those stored in an air-containing package being detected at the 10 percent 

level of significance. 

It was stated above that a decrease in the aerobe count of specimen rice is 

closely related to the storage temperature and water content and the number of 

viable microorganisms is greater for the nitrogen-filled package than for the 

air-containing package. Fig.3 indicates a statistically significant correlation 

between a decrease in bacteria count and palatability. Specimens showing a decrease 

in bacteria count such as those packed with PE, even if showing a low value of 

both reducing sugar content and fatty acidity, obtained no good appreciation of 

palatability (cf. Table 2). 

This indicates that environmenta l conditions including a decrease in .bacteria 

count are inappropriate for preserving the quality of unpo lis hed rice. This 

comment can besupported by the parallelism observed between a fall in the germina

tion rate of unpolished rice and a decrease in bacteria count(Iizuka,1961). 

2. Preservation Effect of Carbon Dioxide Gas. 

Changes in rice quality and microorganism count observed when unpol ished rice 

packed with PET·Al ·PE pouches was stored at 10°C and at 25 to 28°C for eight 

months, are summarized in Table 3. 

The value of the water content i n all specimens has under gone little variation 

during the period of storage. As with Experiment 1, a change in the germination 

rate of a specimen with a water content of 15. 5% exhibited little difference 

between the air-containing and nitrogen-filled packages. However, specimens in 

a carbon-dioxide-filled package displayed a significant decreasing tendency con

cerning the germination rate. A drastic reduction in all specimens with a high 

water content could afford no comparison between different water contents. 

Fatty acidity in all specimens gradually increased dur i ng storage without 

detectable difference between different filling gases: by a factor of 3.2 to 

3.3 for those with a high water content stored at 25 to 28°C ; and, by a factor 

of 1.2 to 1.3 for those stored at 10°C. Change in reducing sugar, as in fatty 

acidity, exhibited no difference between different filling gases, with the excep

tion of a sl ightly greater tendency to increase for specimens with a water content 

of 17.2% in a carbon-dioxide-filled package. 

The microorganism counts have suffered changes similar to those shown in 

Experiment 1 (cf. Table 1). 

To summarize: values measured in specimens, thouqh varyi na with the storage 
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Table 3. Olanges in Olaracteristics of Brown Rice during Henretic Storage for 8 
I-bnths under Different trrosphere 

Storage condition 

25-2SoC 	 lOGC 

Initial rroisture 15.5% 16.7\ 17.2% 17. 2% 
content 


Air 
 N2 <=D2 Air N2 ~ Air N2 CO2 .ZUr N2 CO2 

M:lis t:.rre content 
15 .7 15.6 15.7 16.7 16.8 16.~ 17.2 17.2 17.3 17.2 17.3 17. 3(t: 

Gas CCIIpOsition 02< ' ) 1.1 0.1 0.3 0.8 0.1 0.2 0 . 7 0.2 0.2 19.6 1.4 0. 1 
in pooches CO:! (t ) 9.4 3.6 92 . 6 40.8 31. 4 96.4 51.1 36.9 96.4 2.1 8.9 97.1 
Genninatio:1 (%1 11 12 2 4 1 0 1 0 0 99 100 100 
Ileducing sugars a) 313 292 328 479 48] 495 578 492 608 262 281 277 
Fat acidity b) 59.7 63.3 60 . 7 62. 0 62.5 59 . 5 62.1 60 .2 60.1) ]B.6 40.1 376 
~bld count / g c) 4. 4:dO,2 6.3xlcf 4.5:<1(/3. 7xlO'5. lxl0'4. 2xlif:.lxltf2J.xlOl 2 5xlO'2.2xl<h.9xldl 7xlrl 

Bacteria CXJunt/gd) 2. 3xlO~ 1. 7xlct1. 4xlO+1.6xlcf2 .6xlat14xl012.0xlrY2.5xlChOxl 0J 4.5xlifs. Bxlifs. 4xlo' 

a: Initial reducing sugar 226rrq·glucose per 100g dry rice 
b: I nitial fat acidi ty IB .2rng ·KOH per 100g dry r~ce 
c: I nitial rrold count 7.2 - B.6 x 1.0 3/g 
d: Initial bacteria ccunt 1.2 - 2. 4 x 107/g 

Table 4. 	ChaIlges in Gas CJ:nt:.osition in a Contai,.er and ~bisture Con~ts of Brown 
IUce durir.g Herrretic Storage for 3 ~ths at 2SoC under Var:LOUS Cormtl.Ons 

Storage condition 
I-bisture 

Initial 

=ntent (ll 

Final 

Oxygen 

(l) 

Carbon dioxide 

(l ) 

50 kg/ an2 Air 
16. 6 
18. 1 

16.7 
18 .2 

19.38 0.4 7 

lO kg/an2 Air 16.6 
18 . 1 

16 . 8 
18.2 

19 .73 1. 30 

10 kg/an2 N2 
16. 6 
IB.l 

16.8 
18. 3 

0.40 1. 20 

10 kg/ an2 002 
16. 6 
lB. !. 

16 .9 
18 .4 

2.0~ 89 .9S 

PE"T ·AI·PE Air 16 . 6 
18.1 

16 .7 
18 .3 

1.18 
0 

19.01 
S1. 32 

PE Air 
16 . 6 
IB . l 

16 . 1 
17 . 6 

18 .1 0 . 7 

http:Contai,.er
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temperature and water content, showed an appreciable difference between differen t 

filling gases, and threrfore carbon dio xide gas is not considered to exh ib it any 

particul ar ly excellent effect concerning the preservation of the qua l ity of un

polished rice. 

3. Preservation Effect of Pressurized Inertia Gases 

Table 4 shows changes in the gas component wi thin containers and water content 

of specimens observed when unpolished rice with an i ni tial water content of 16 .6 

to 18.1 % was stored at 25°C for three months under atmosphe r i c or elevated press ure. 

The oxygen concentration between rice grains stored in an air-conta i ning package 

un der atmospheric preSSUI"e fell to 0 to 1.18%, whereas the carbon dioxide con cent

rati on rose to 19 to 51 1 . On the other hand, wi th the press urization storage, 

the oxygen and carbon dioxide concentrations showed li ttle change and as sumed 

values approximate to those in air. This indicates that the pres sur i zation 

storage depresses respiration of unpolished rice (and microorgani sms within). 

Fig.4 shows another great in f luence of the pressurization storag~ system upon 

the germination rate of unpolished rice. The influence of pressurized gases upon 

the germination rate decreases in the order of carbor: di ox ide gas, air and ni trogen 

gas. Increasing the water content of unpolished rice enhances the effectiveness 

of pressurized gases in reducing the germination rate. In unpolished rice pac ked 

with PE pouches, the resultant germination rate was lower than tha t for t he pressu re

applying and nitrogen-filling storage methods in spi te of the advantageo us fa ct or 

that the water content decreased during storage. This is attributable tb the 

presence of oxygen gas or , as discussed later, to t he multiplicati on of mol d fu ngi . 

Fig.5 shows changes in fatty acidity observed before and after the pe riod of 

sto rage. Except in PE-packed rice specimens show ing a reduction in water content 

duri ng storage, the fatty acidity in specimens with a water content of 16 .6% in

creased by a factor of 2. 0 to 2.5 during stora ge without any wide var iation wit h 

the individual specimens. I n specimens with a water content of 18. 1%, the fat t y 

acidity increased significant ly fo r 50 kg/cm2- press ur i zed air- conta i ni ng and lOkg/ cm2. 

pressuriz ed carbon-dioxi de-f illed packages, wh ereas it i n[ reased slightl y without 

any great mutual difference for 10 kg/cm2-pressurized air-containing, 10 kg / cm2

press Li riz ed nitrogen-filled and PET·Al·PE po uch packages. As shown in Fig .a, t he 

t"educing sugar content, as with the fatty acidity, increased ra pid ly for 50 kg/cm2

pressurized air-containi ng and 10 kg/cm2-pressurized carbon-dioxide- f illed pac kages 

with a significant contrast to pressuri zed ni trogen-fi 11 ed and PET · Al ·PE pouch packages . 

Change in t he mold count of specimen~ d4ring storage is shown in Fig. 7. The 

mold count increased significantly in PE-packed speci mens, whereas it fe ll below 

the initial count in oressurized and non-pressurized air-containi ng hermetic 

specimens. Especially in 50 ~g/cm2-pressurized air-contai nin g specimens, the 

ratio of viabl e mold fungi was 0.6 to 1.8~ . Wit h hi gher water content, the ra t io 
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Fig, 4, 	 Germination percentage of brown rice during hermetic storage 

for 3 man ths at 25°C under vari ous cordi ti ons 
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Fig . 5. 	 Fat acidity of brown rice during herme t i c storage for 3 

months at 2SoC under v.:lrious condi t i ons 
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Fig .6. Reducing sugars of brown rice duri ng hermetic storage for 3 
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months at 2S C under various conditi ons 

7
10

6
10

CJ\ 

g'10S 
:l 

'"CJ\ + 
o 10 
0 
iii 

3'0 10... 
.0 '" 
E l 
:l 10 
z 

6.6 ·1. moisturE' 18. 1-1. rnoi slure 

I ~ InT 

E : PET·AI·PE ai r 

F : PE ai r 

S A 8 C 0 E. F S A 8 C 0 E F 

S: 


A 


B: 

C : 

0 : 10 kg / cm 

Start 
2

50kg / cm 

10 kg/cm
2 

10 kg/cm
1 

2 

air 

air 

N.2 


C O2 


Fig . 7. Number of storage fungi of brown rice during hermetic storage for 

3 months at 25 
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C un der various conditio'-'s 
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of viable mold fungi had a tendency to lower. A decrease in mold count observed 

also in 10 kg/cm2-pressurized specimens hardly depended upon the water content 

of specimens and the kind of fillin9 gases. :he ratio of viable mold fung i in 

these specimens was about 4.0 to 7. 0% . This value was higher than t hat observed 

in non-pressurized air-containing specimens. 

To summarize: Measurements of the germinat ion rate and reduc ing-sugar content 

in unpolished rice stored at e l evated pressure, showed negative results for the 

preservation of the rice quality in comparison with the storage at atmospheric 

pressure. Upon palatability test, the pressurization storage was est ima ted to 

be inferior in glu t inosity and taste to the non-pressurized storage . Rice speci me ns 

with a high water conte~t stored in a pressurized carbon-dioxide-fi ll ed package 

displayed a strong reduction in rice Quality in comparison with those stored in 

pressurized nitrogen-filled and air-containing packages. In case of storage in 

a carbon-diox ide-filled package, the chemical influence of gas molecules is an 

important consideration as well as the physical and direct effect of pressuriz~tion. 

The results obtained in Experiments 1, 2, and 3 can lead to the following 

conclulsion: For the gas-filling rice storage at ordinary temperatures, there 

is no great difference between nitrogen and carbon dioxide gases in their influence 

exerted upon the rice quality. Any hermetical packing materia l that can be used 

for a gas-filled package does not seem to greatly differ in preserving the rice 

quality from a simple air-containi ng package. 

In contrast to this, under 10\'i-temperature conditions, the clearly-seen effect 

iveness of the inert-gas-fill ing storage method in preserving the rice qual ity 

was established upon carrying out the palatability test, though not in the chemical 

measured quantities, such as reducing the sugar content and fatty acidity. The 

filling of inert gases is considered to make possible the long-term storage even 

of unpolished rice with a high water content because of eff ectively preventi ng 

am appriciable reduction in palatability. 

By way of conclusion, the authors would like to express their deep gratitude 

to Mr. N. Ishima, of their ins titute, for his collaboratio n concerning the pa lata

bility tests. 
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BEHAVIOUR OF RAPESEEDS AND SUNFLOWER SEEDS ST ORE D IN AIRTIGHT 
CONDITIONS. EVOLU TION OF MICROFLORA AND FAT ACID I TY 

J . Po i s so n, B. C a hag n i e r, D. Ric h a r d - 10 1ar d 


[ NRA, LaQoratoire de Biophysique des Al iments, NAN TE S, Fra nce . 


I NTRODUCT I ON 

Fairly often rapeseeds a nd s unflower are harv ested in Fr ance at 

moisture content higher than 9-10 p. lOO (wet wei ght) ; so they ca nno t 

be stored just as they are, without becomir.g ra~idly damaged. This 

iituation is mainly du e to the evolution of agricultural and har ves

ting techniques in conne x ion wit h clim a ti c and econo mi c factors such 

as the late ripeness of sunflower or the necessity to red uce the los

se s in the field for rapes e ed . 

During the last ten years, pre s torage techniques allowing to wa i t 

before drying, without excessive seed degradations have bee n experi 

mented a s well in lab oratories as on pilot or industrial sca l e. Among 

the s e techniques, the storage of oil-seeds in airtight conditions 

seem s of particular interest today bec ause of the saving of energj 

which might be realised. 

It seems therefore intere s ting to recall the behavio ur of oil-see ds 

stored in airtight conditions at different temperature and moisture 

content levels, th e main criteria under examination beir g the evolu

tion of mic r oflora and the increase of fat acidity . Mo st of the exam

ple given are t a ken from different labo r atory exper i men ts carri e d o n 

rapeseed and sunflower s ee ds s t ore d in glass con tain er he r me t ica ll y 

clo s ed . 

Microbiological anal y sis which ~ a ve been restricted to general 

bacteria and mol d co unts, are performed in the fo l lowin g manner with 

a know n qua nti ty of seeds, between 50 and 10 0 g . a sus pensi on i s done 

in a sterile ph ysiologi cal solution. Enum eration of microor gani sm s is 

then realised ,y the classi ca l dilutio n method us in g suita ble cult ure 

med i ums . The fat a c id ity is checked ac cordin g the french no rm (AFNOR 

NF-V- 03 - 90 3) on th e fat ext ra c ted from ground s e e ds by so xh1et e x trac

tion. Res ul ts are exp r essed as f a t acidi t y va lue (FAV), co r re s ponding 

t o the quantity of po ta s s i um hydroxyd e ne cessa ry to neu tra l i ze t he 

acid i t y o f o ne gram of fa t. 
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1. 	 Influence of stor a ge atmosphere on t0e microflora e vo l ution 

On rape seeds stored under aerated conditions at 12, 15 and 18 

P. l OO moisture content (22° C), mo ld s are actively gro wing and SDoru

lating (fig. 1) (Poisson et a1., 1971a) and the level of contam ina t ion 

is about 10 7 germ s /g wit hi n 50 days at 15 and 18 p .1 ()O M.C. 

With seeds at 12 p. IOO . C. , mold gro wth is slower but dama ges 

become evident within t wo mo nths. 

10' 

OPEN S. AIRTIGHT S. 

RAPESEED 

MOLDS 
22°C 

Fig.l. Evolution of molds in rapeseeds stored in air or under a i r 
tight conditions. 

With rap~seeds at t he sa me moisture content but sto red in air

t ig ht condition~, no mol d gr owth can be observed during three month s. 

So~etimes a very sho rt pe ri od of mo ~ d developpment occur in t he f ir s t 

days of storage but, as a general rule, the mold populati on is de c rea 

sing because of the l ac k of oxygen. Under suc r conditio ns , bacteria 

also undergo a regression on seeds stored at 22 p.lO D M.C. or le ss. 

Microbial evolutions on seeds at hi gh er moisture content have no t 

been investigated. 



375 

On fig. 2 (Guilbot and Poisson, 1966), are shown regression curves 

for molds and bacteria observed on whole sunflower seeds st ore d in 

airtight con dition s . 

As previously observed with rape seeds , the decrease of micro bi al 

populations is more rapid on see ds with hi gher moisture co nte nt , 

and this ev o l ution i s accelerated by an increase in tem per a tu r e . 

Gi g SU NF LOWER 

AIRTIGHT STOR.lI.GE 

2-rC 

~ 

10 

< 
10 

) 

10 

18 P.100] 
~ H 

2 
0 BACT ERIA 

t6P. l00 

1 
10 

'\\ '6P'OOJ 
\ H2 0 MOLDS 

. o1 8P. 10 
10~~--~--~---L--~--~----~--~--~ 

10 30 SO 70 90 110 130 150 Days 

Fig . 2. Evo lu t io n of bac ter i a a nd mol ds in sun flowe r seeds s t or ed 
in airtight conditions. 

2. Ef fect of sto r age atmosphere on fat ac i d i t y ev olut ion 

The fat acidity of oil-seeds is increasing whe n te y are o pen-store d 

but also under airtight cond itions. Neverthe l ess there i s a great 

difference in the intens i ty of fatty ac ids l ibe r ation, deoe nd ing on 

the type of storage. This i s true for who l e se eds an d also f or by 

products such as oil-cakes. 
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Fig. 3 ( Po i s s o n , 197 1b) gives an ex amp le of th e e vo l ut i on of fa t 

acidity of ra peseed-c a ke s , stored at 15 p.ln O M. e., i n open and 

airtight conditions; in sp ite of the low re si dua l f at con t ent of th e 

cakes, the greater incre a se in acid nu mber und er ae r a t ed co nditions 

is clea r ly shown an d can be correla t ed with th e impo r t an t gr owth o f 

molds in the pr oduc t , dur i ng th e f i rst t hree month s at 22° C. 

FAT ACIDITY VALUE OPEN S. 

0 ,5 

• AIRTIGHT S . 

• 

OPEN S. 

RAPESEED CAKES 

+ 

...... - - AIRTIGHT S . - - ... 

100 150 DAYS 

Fi g. 3. Fat acidity in cr ea s e a nd mo ld ev o l uti o n i n ra pe se ed - cakes 
s to r e d at 15 p. I OO moi stu re con t e nt . 
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There is some evidence that microorg an isms, and es pe cially mo l ds. 

are mainly responsible for the acidification of the oil under aerat ed 

conditi on s: labo ra tory ex peri ments car r ied on a r tific i a l l y deconta

minated sunflower seeds showed no signific a nt inc r ease o f acidity , 

even at water activities as hi gh as 0, 90 (Gu e no t . 1977) . 

Considering now bro ken see ds of su nfl ower , sto r ed at a mo i s ture 

content of 6,2 p. 100, an in terest i n2 beha viour can be obse rved. 

At tilis moisture conte nt , the ke rnels, t ha t is to sa y the seeds 

wit hout protective shel ls , ar e kno wn to be at a wat er ac t i v i ty of 

about 0,75 which a l l ows o nl y a ve ry sl ow g r ow t h of stor age mo l d s 

Aspergill us an d Penic i l l i um , un der a e ra t ed con dit i ons . Ne ve r th e es s, 

after two months in op en stor ag e the fat aci d i ty is si gn if ica ntl y 

increasin g prob a bly due to mo l ds (f ig . 4) (Poiss on et a1., 1972 ). 

A l ip asic activity of t he se e d itself mi gh t occur bu t it is ver y 

difficult to disti ngu ish molds 

of the seed. In addition, a uto 

storage conditions. 

ac ti vit y 

ox i da tion 

fr om the 

of f at 

Dos sib1e 

may oc cu r 

act i vi t y 

und er such 

FAT ACIDITY VALUE 
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9 BROKEN KER NEl 
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5 


AIR TIGHT 
3 

~i----·----------------· 
1 ~-~_--0----0 

o 1 ~_ . t --"---" _-L... --'- _ -.J~ . .~-'---'----L·--'--'-- .~~ ~--'._.L.....-~ 
120 6 60 

Fi g. 4. Evol ut ion of fat aci d ity of br o ken ke r nels unde r op en an d 
a ir tight co nd ition s . 

It is t he re fore very int er esti ng to not i ce that in a i rtight co nd i 

tions at the same moisture content, t he dege ne r a ti on of o il is strongly 

reDressed and th at no incre as e in fat ac i di t y ca n be ob se r ved . 
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This protective ac t io n of airtight storage is of special inte r es t 

because it is well known that, even at low moisture contents, broken 

oil-seeds are very susceptible to rapid storage damage, probab l y due 

to a greater diffusibility of enzymes and o il. With storage under 

oxygen-free a t mosphere, the technological value of oil can be pr acti

cally preserved during at least four months. 

2.1 . . Influe nce of mo isture content on the acidification 

The acidification of stored seeds is clearly deoendent on the hu mi

dity and even a slight difference in moisture content can lead to very 

different behaviours during airtight storage. This is shown in f ig. 5 

(Cahagnier et al., 1964) with rapesee d s airtight stored at 11,8 and 

14,2 p.100 initi a l moisture content during one year. After the f i rs t 

six months the fat acidity value remains unchanged in both sample s, 

but after 10 or 11 months the acidification is rapidly increasing in 

the wet seeds whereas it is still slight in the seeds at 11 p. I OO ~1. C. 

Fi g . 5. Influence of mo i st u r e conte nt on the fa t ac idity o f r a pe s e ed s 
airtight stored. 
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As a consequence, it can be emphasized that the relationship bet

ween the acidification rate and moisture content is not linear. These 

data are in accordance with others (Jouin et al., 1963-1965) obtained 

on rapeseeds airtight stored at moisture contents between 6,5 p.100 

and 2 5 p. 1 0 0, wit hal 0 wit'; t i a 1 acidity (0, 5 - 1) . Provided that 

the moisture content remains below 15 p.100, there is only a very 

slight increase of the fat acidity during the ~'rst months of storage 

since the initial value is increasing approximatively twofold after 

six months. 

2.2. I nf l uence of temperat ur e on ac id ification 

With regard to the in f l uence of temperature on fatly acids 1 ibera

tion in oil-seeds during storage, it can be said that the rate of aci

dification is greater at higher temperature, but the fat acidity evo

lution is always slower in airtight conditions th& in open storage . 

.lIn example is given in the fig. 6 (Poisson et al., 1972) whi.ch shOl'l 

Fa t acid it Y val u e 

10 .13°C 

* 

/ OPEN STORAGE 

3 

Fat acidi ty value AIRTIGHT STORAGE 

6 

o 100 200 300 Days 

Fi~. 6. Sunflower ke rn el s . Evolu ti o n of fat acidity 
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the evolution ob served wit h sunflower at 6,2 p . 100 moisture co ntent : 

during open storage, t he acid number reach the limit val ue of 3 wi thi n 

about two mont hs, whereas this val ue is not reached under airt i ght 

conditions after ten month s . 

3. Organoleptic qu a 1it ies of a irt ig ht stored seeds 

If airtight storage of oil-seeds i s ensuring a satisfacto ry pre s e r

vation against mouldin g and fat acidification during si g nifica nt1y 

longer periods of time than storage under aerated cond itions, it mus t 

be pointed out that at critical high moisture content a nd t emp e r atur e, 

the seeds undergo a lot of modifications and especi a 1ly the forma ti on 

of off-odors, and over-pressure i n the conta i ne rs . Such modificatio ns 

ma y be due to some microbial fermentations but al so to de viated met a 

bolisms of the seed itself. 

Fortunately off-odor s in the sto red se ed s seem to have no re pe rcu s

sion on oil quality, but it may not be the sa me for or oduc ts like 

oil-cakes which are used in animal feed ing. 

In each case of of f-odors formation it has been observed that t he 

organoleptic modifications occur a long time before the beg i nni ng of 

fat acidity increase; so off-odors detection could be a criterion 

~uch more sensitive than acidifi cation for stor ag e da ma Qe s in airt ig ht 

conditions of the seeds. 

4. Preservation diagr ams 

Taking into accou nt the most widely used criteria for seed d3ma ge 

assessing, i.e. microorgani sm s en umeration, fat acidity an d ge r rn i nat 'v e 

capacity for storage in air and fat acidity and off-odors f o rmat i o n fo r 

airtight storage, it has been possible to draw up comp a rati ve diagramm s 

for rapeseed and sunfl ow er seed preservation ( ~ asson, 19 6 9) . Th is is 

shown in fig. 7 on which th e upper curves re pre sent the limits for 

airtight stored seeds and t he lowers corres~ond to o pe n sto r age . 

Sunflower seeds, for instan ce , can be secure:y store d i n ai r t igh t 

conditions at 10 p. l0 0 mo is t ure con te nt duri ng mor e t ha n six mon t hs 

whereas in open stora ge they wil l be damaged wit hin l ess than s i x 

weeks. 
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SUNFLOWER 


RAPESEED 


20 

STORAGE DAMAGE15 

10 

GOOD PRESERVATION 

5 '--------'-----'~---3L-------'-4--....L5---6L- Month s 

Fig . 7. Pr eservatio n d iag r amm for s unf l ower and rape se ed 
(fat acidity value be l ow 1 ,5). 

CONCLUSION 

As previou s ly indicated, whatever the moisture content of seeds 

could be, the period of preservation is always longer under a i r 

tight condition than in open storage. The higher the moisture content 

is, the smaller is the difference but for rapeseeds as well as for 

sunflower seeds with moisture content from 7-8 to 13- 15 p.lOO M.C., 

airtight storage is of real practical interest espec ial ly if the 

seeds are split or broken. 

With high moisture seeds, ai rtight sto r ag e leads to off-odors for

mation due to microbial fermentations. Su ch or gan o l e p t ic modi ficat i ons 

might be objectionable for oi l -cakes used in animal feeding a nd fur

ther investlg1tions are needed in this direction. 
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ABSTRACT 

A finite-difference model was developed to si mulate conductive heat t ransfer 

in both the radial and vertical directions in free-standing, controlled

atmosphere cyl indrical 'bins of stored grain . Temperatures throughout a grai n 

bul k can be predicted during the storage period us ing in put data of initia l grai n 

temperatures, mean daily temperatures, solar radiation, average monthly wind 

velocities and thermal properties of the grain, bin structure and soil. Heat 

generation in the grain bulk was assumed negligible but it coul d be readi ly 

incorporated into the model. 

To verify the model, predicted temperatures were compared wi th measured 

temperatures in 46 t of rapeseed stored for 41 months and 52 t of barley stored 

for 23 montns . The standard errors of estimate for the t emperatures at the 

centres of the bins were 1.3°C for rapeseed and I.SoC for ba rl ey. Inclusion of 

a submodel of natural convection currents in the grain bulk did not result i n 

more accurate predictions of temperature and computer time was increased by a 

factor of about 25 over that for two-dimensional conduction alone . 

Temperatures of grain in controlled-atmosphere bins predicted using both one

and two-dimensional heat transfer models were compared. The diffe r ences between 

the centre temperatures predicted by the two models were less tha n O.ZOC for 

diameter-to-height ratios of 0.5 or less while the differences increased to over 

2.0°C for di ame ter-to- he i gh t ra t ios of greater t han 1.2. 
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1. INTRODUCTI ON 

Grain temperature is often a crucial factor determin ing the rate of deterio

ration of stored grain. To evaluate rapidly and inexpensively various storage 

methods, the temperature of the stored grain must be predicted. Mu i r (1970) 

and Yaciuk et al. (1975) presented a method of predicting temperatures in 

cylindrical bins having low d~ameter-to-heig ht rat i os . Thei r predicti ons were 

based on one-dimensional heat flow in a radia l direction. The objective of t his 

research ' project was to develop a model of two-dimensional heat flow in controlled

atmosphere cylindrical bins of grain having no for ced air mcvement through the 

grain, and having hi gh diameter-to-height ratios. 

2. HEAT TRANSFER mDEL 

2.1 Heat transfer in the grain bulk 

The model is based on heat balance equations for heat flow in both the 

vertical and radial directi ons of a cylindrical grain bin. Temperatures through

out the bin were assumed to be symmetrical about the vertical axis and heat 

generation within the grain was assumed to be neglig i ble. In developing the 

equations a sector of a cylindrical bin was divided into a finite number of 

spatial elements in the vertical and radial directions (Fig. 1). 

CENTRE OF GR AIN BIN 

AIR ABOVE GRAIN 

OUTSIDE 

AIR 


Fig. 1. Schema of a sector of a cyli ndrical grain bin div ided into M+1 ver t ica l 
and N+l radi al elements. 
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Following the finite difference method of Yaciuk et al. (1975), the heat 

balance for any interior spatial element, m,n, is (symbols are defined in Key 

-to Symbols): 

km, n+[[ n 'r + ';JM"Jt"m, n+!r- T m,nj" +km, n- [[ n M - '2"J OS "J tm,n-!r- Tm, nj M 

Tm m+k,,+, nlo (,r)2 MJt+1,n,; T, n} t + k_,n lo( ' rl 2MJ tm-1'~,- T m,nj M m

= n (""r) 2 68 ""Z c P (T' - T ] ( 1 ) m,n m, n m,n m,n 

If dimensionless moduli Um,n_' Um+ ,n and um_,n are defined in equations similar 

to that for U +:
m,n 


c P (L'lr)2
m, n m,n
U ( 2)m,n+ k + Mm,n 

(3)and E 

then the predicted temperature at the end of the time increment t + ""t is: 

T' [ 2n + I JT ' r2n - 1 JT + i-~-~h + i-~-=h 

m,n L2n Um,n+J m,n+l L2n Um,n-J m,n-l LUm+,nJ m+l,n LUm-,nJ m-l,n
T 

2n + 1 2n - 1 -~ - D-~-=hm,n2n U 2n Um,n+ m,n- m+,n m-, rJ 
(4 ) 

If the five spatial el ements, m,n-l; m,n+l; m, n; m-1,n; and m+ l ,n have equal 

thermal properties, Eq. (4) reduces to: 

(5 ) 

2 
where U = cp( ""r)_ (6 ) 

kM 

The equation for the predicted temperature of a centre element; m,O; with no 

heat flow across the centre axis ca n be developed using a procedure similar to 

that used above and to that used by Yaciuk et al. (1975): 

(7) 
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For a bin with constant thermal properties: 

T' = .! T + fiT + T J + [1 - 2( E + 2)J T (8)m,O U m, 1 U1_ m+ 1 ,0 rn -1 ,0 U J m, 0 

2.2 Heat transfer at top sur face of bulk 

For a spatial element at the top of the grain, M, n, the heat balance equation 

is: 

k ~( n6r + tlr] M tlJ rT~1, n+1 -
M,n+ L' 2 2J [ t.r 

n(tlr)2 tie tlz cM,n PM,n (T'M ,n - TM,n) 
(9)2 

With the dimensionless Biot number defined as: 

hb tlr 
B =-- (10)

T k 

the predicted temperature of the element, for a bin of constant thermal properties 

is: 

TM,n f-2~T,~rj\ + ~n2n~ ljTM•n+1+ [-2n2n-uI} M,n_l + 2UETM-1,n 

+ [1 _ 2(E + 1) _2BT t.rl T ( 11)
U U tlz JM, n 

2.3 Heat transfer at bottom surface of bulk 

For the bottom layer of grain , soil tem~ rature must be used for T- 1,n in 

Eq. (1), along INith appropriate thermal propertie~ for grain, concrete and soi l. 

The method of calculating mean thermal proper ties for any particular element is 

given by Yac iuk et a l. (1975). Soil temperatures were predicted by a model 

developed by Singh and SchuTte (1977) from equations presen t ed by Merva (1975). 

The model was modified for the soil temperatures under a bin by assuming that 

the soil temperature profi l e 1n the horizontal direction under a bin approx imates 

the soil temperature profile in the vertical direction. 

2.4 Heat transfer at wall surface of bulk 

By solving the heat balance equation the pred ict ed temperature of an exterior 

surface element at the wall is: 
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8NBW l
T' ~ 8N - 4 + _E_ T +_E_ T}m,N + (4N - 1) l( 4N 1) Um,N_JTa Um,N- m,N-1 Um+,N m+l,N Um-, N m- l,N 

j r 8NBW + 8N - 48N !'It E E ~ (12)
+ ['4N - l)Lr c Pm,N qr + L1 - (4~j l)um,N- ~-~ Tm ,Nm,N m , m ,_ 

where the dimensionless Biot number for the exterior wall surface is: 
-

h tor


B = _c__ (1 3)
W ,Nkm 

-
The convective heat transfer coefficient, h , for the exterior wall surface was 

c 
calculated by the method pr esented by Yaciuk et al. (1975). 

For a bin with constant thermal properties, Eq. (12) becomes: 

(1 4) 

The equations for the temperatures of the four remaining elements 0,0; M,O; 

M,N; and O,N are developed according to the procedures presented above. 

2.5 Radiant heat transfer at wall surface of bulk 

In Eqs. (12) and (14), the net radiant heat flow to the wa ll surface, qr' is 

calculated by: 

qr = qe + qs +qf + qd - qo (15) 

where: 

T4= 0 0. F. (16 ) qe be a 

qs o Ct Fbs 
T4 
s (17) 

qo = 0 a T 
4 (I8 )
m, N 

and the solar radiation components qf and qd were calculated for Winnlpeg accord

ing to the procedure explained in t he next paragraph. The l ong-wave absorptivity 

and emissivity of the bin wall surface vlere set equal. The two shape factors, 

Fbe and Fbs ' were each set equal to 0.5. The effective sky temuerature, T ' s 
was estimated to be 210 K (Kreith 1973). 

The cylindrical bin wa l l was div ided into 20 ver tical strips with an angular 

width of 18 0 For each hour of daylight during the period July 1957 to• 
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December 1975 for which measured values of radiation on a horizontal surface, 


H, at Winnipeg were available the solar radiation on each of these vertical bi n 


wall strips, H , was calculated using the equation of Jones and Kemp (1977):
v 

(19) 


The beam, Hb, and diffuse, Hd, components of the measured radiation were esti 

mated using the relationships given for Winnipeg by Ruth and Chant (1976). The 

hourly radiation values were summed for each day and then fitted to the equation: 

a H 
H =aH +~+a (20)vs 1 0 H 3 o 

The extraterrestrial radiation, H ' was calculated by the method given by Duffie o 
and Beckman (1974). For the average total radiation str i king all sides of a 

cylindrical bin at Winnipeg the coefficients for the equation are : a = 0.1 152 ,1 
= 15960, and = -3133 (R = 0.97). This daily value of Hvs and the short a2 a3 

wave (solar) absorptivity of the bin wall material, were used to calculate the 

instantaneous rate of direct and diffuse radiation on the bin wall element 

(qf + qd) in Eq. (15). (For the average total radiation falling on the southern 

55% of a bin the coefficients are: a = 0.0472, = 23170 , and a = -24721 a2 3 
(R = 0.97). 

The above calculation of solar radiation is directly app licable to Win ni peg 

only. A similar calculation procedure could be used for locations where the 

radiation on a horizontal surface has been measured and the relationship between 

diffuse and beam radiation has been developed. For locations not having measured 

radiation data the following equation giv en by Duffie and Bec kman (1974) can be 

used: 

(21 ) 

Duffie and Beckman (1974) give values for the coefficients, b1 and j2 for a 

number of locations and climate types around the world. For locations s imil ar 

to Winnipeg the coefficients (Table I) based on measured sunshine hours and 

radiation at Winnipeg for 1972 to 1975 could be used. 

2.6 Coefficients used in model 

To obtain stable solutions with the finite difference model the space and 

tim2 increments were chosen so that the coefficients of Eqs. ( 5), (8), (11), and 

(14) were greater than zero. Thirty-six temperature nodes, s ix vertical ly and 

six horizontally, were used to simulate the temperatures in a bin. A ti me inc re 

ment of 6 h \."a 5 used. The temperature at the end of eac h fi nite time increment 



391 

TABLE I 

Coefficients based on measured data at Winnipeg, Canada for 1972 to 1975 that 

can be used to predict solar radiation on a" horizontal surface 

Month Rb1 b2 

January 0.367 0.431 0.92 
February 0.384 0.451 0.92 
March 0.334 0.552 0.94 
April 
May 

0.250 
0.200 

0.578 
0.596 

0.94 
0.97 

June 0.198 0.575 0.96 
July 0.213 0.544 0.96 
August 
September 

0.201 
0.215 

0.548 
0.595 

0.95 
0.96 

October 0.231 0.522 0.95 
November 0.287 0 .477 0.91 
December 0.350 0.419 0.88 

. 
was calculated for every spatial increment using the temperatures calcu l ated 

for the end of the previous time increment. 

For ambient air temperatures the daily averages of the measured maximum and 

minimum temperatures at the Winnipeg International Airport were used. The 

thermal properties of rapeseed were assumed to be: specific heat, 1700 J kg- 1K- 1; 

thermal conductivity, 0.12 Wm- 1K- 1; and bulk density, 700 kg m- 3 (Moysey et al. 

1977, Timbers 1975). The thermal properties of barley were assumed to be: 

specific heat, 1560 J kg- 1K- 1; thermal conductivity, 0.15 Wm- 1K- 1; and bulk 

density, 670 kg m- 3 (Disney 1954). 

3. MODEL OF CONVECTION CURRENTS IN GRAIN BULK 

Dur1ng periods of temperature variation throughout a grain bulk, convective 

air currents can develop carrying heat and moisture through the grain (Muir 1973). 

An attempt was made to model these convective currents as a refinement of the 

temperature prediction model. The driv ing force causing air movement vias assumed 

to be the differences in force of gravity on equal volumes of air of different 

densities. The air density in each spatial element was calculated according to 

its predicted temperature. For Si mpl ification, the air was assumed to move 

vertically within the columns of spatia l elements (Fig. 1) and to move hor1zon

tally only in the bottom row of spati al elements . The total pressure of the air 

at the bottom of each column was calculated by summing the forces of gravity on 

air masses in each element of the col umn. The net pressure acting on the bottom 

of any column was assumed to be equal to the difference between the pressL;re of 

the column itself and the average pressure of all other columns. The ve~ocity 

of the air entering or leaving the bottom of the column was found from the rela

tionship bet\~een pressure and velocity for the grain (ASAE 19 79). The aeration 
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model for near-equilibrium conditions ( Thompson 1972) was used to simu la t e heat 

and moisture transfer between the grain and circulat i ng air. The air entering 

each element was assumed t o be in equilibrium with the ups t ream element. Air 

entering the top of a column was assumed to be 5°C above the outside amb ient 

temperature and to have a constant relative humidity of 60%. 

4. EXPERIMENTAL BINS 

10 develop and validate the model no te~perature data were readily available 

for controlled-atmosphere bins. Therefore, temperatures measured by Sinha and 

Wallace (1977) in t\-JO cylindrical galvanized-steel bins with 5.56-rn diameters 

located 30 km south of Winn ipeg, Canada were used. Although these bins were 

not of the controlled-atmosphere type the joints in the wall sheets and be tween 

the wall and concrete floor were sealed against moistuY'e movement. The presence 

of high CO2 levels in the rapeseed bin (Sinha and Wallace 1977) indi cates that 

air movement through the walls was small . It was assumed that the natural ai r 

movement through the bin structure was small enough that it had negligible 

effects on the grain temperatures. As is the case in controlled-atmosphere bins 

of dry grain it was assumed that the low level of biological activity in t he 

bins generated a negligible amount of heat. 

One bin contained 45.7 t of rapeseed to a depth of 2. 7 m. The other bin con

tained 51.9 t of bar'ley to a depth of 3.2 m. Temperat ures were measured at t he 

bin centre and at eiqht locations equidistant around th ree concentr ic circl es a ~ 

each of four depths in the rapeseed bin and five depths in the barley bin .. Be

cause the simulation model assumes no heat flow in a circumferential direction 

the eight temperatures on a concentric circle were averaged for each depth and 

radius combination. Because the wall temperatures were measured severa l centi

metres from the wall these I,~ere not used. For each measurement time t here were 

therefore 12 va l ues for ra pes eed and 15 values for ba r l ey. For the bin of rape

seed, temperature measurements for the period 13 August 1974 to 31 Janua ry 1978 

(41 mo nths ) were used. For t he bin of barley, t empera t ure records for 13 August 

1974 to 12 J uly 1976 (23 mont hs) were used. 

5. RESULTS AND DI SCUSSI ON 

5.1 Develo pment of model 

Several simulati ons were run for the rapes eed bin usi ng different t hermal 

properties. The best agreement between simulated and meas ured temperatures was 

ob t ained ':/ith a convective heat transfer coeffic ien t at the top grain surface 
-2 -1of 1.0 W m K , a temperature for the air above the grain surface of 5°C above 

outside ambient temperatu re, and 0. 28 a nd 0.89 for long-wave and s hor t-wa ve 

emiss ivities of the galvanized steel wall. These emissivi ty values are the ones 

gi ven by Kreith (197 3) for ir ty ga lva nized iron. The mo del devel oped usi ng the 
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rapeseed bin data was then verified by predicting temperatures in the barley 

bin using the thermal properties of barley instead of rapeseed. 

5.2 Predicted temperatures compared with measured temperatures 

In comparing simulated and measured temperatures (Fig. 2) the standard error of 

estimate for the two-dimensional model was 2.0ac overall for both rapeseed and 

barley bins. The standard errors of estimate at the centre of the bin were 1.3°e 

for rapeseed ·and I.8°C for barley. The maximum differences between simulated and 

measured results at any time during the 41 months of storage were 9.3°C at the 

surface, and 2.6°C at the centre of the rapeseed bin. The maximum differences 

were 7.0°C at 20 cm below the surface and 4.0°C at the centre of the barley bin . 

Increasing the number of space increments and decreasing the time interva l would 

increase the accuracy but at the expense of increased computer ti me . 

5.3 Convection model 

Inclusion of a model of the convection currents i n a grain bul k did not 

result in more accurate predictions of temperature. Apparently, the or ig inal 

assumption that convective heat transfer in the grain bulk is negligible is 

valid . The amount of moisture migration predicted by the rmdel was greater tha n 

that measured and computer time was increased by a factor of about 25 over t\~O

dimensional conduction alone. 

5.4 Comparison of one- and two-dimensional models 

The temperatures for the centre of grain bins predicted by one- and two

dimensional models were compared over a period of 14 to 16 mo. Grain depths 

were varied from 1 to 8 m in a 4-m diameter bin and 6 to 24 m in a I2-m diameter 

bin. For the one-dimensional roodel 11 temperature nodes were used. For the 

two-dimensional model 6 vertical and 6 horizontal temperature nodes wer e used. 

For both models the time increment was 1 h. 

The differences between the cent re t emperatures predi cted by t he two model s 

were negligible ( ~ 0.2°C) for diameter-to-height ratios of 0.5 or l ess and 

larger (~ 2.0 a C) for ratios greater than 1.2 (Fig. 3). The pri ma ry advantages 

of the two-dimens1onal heat transfer simulation roodel over the one-di mensional 

model are its increased accuracy and increased number of locations at wh ich 

temperatures are predicted. However, computer time for the two-dimensional 

model is increased in approximate proportion to the increase in number of 

temperature nodes. For most simulations the accuracy of the two-d imensional 

model i s probably only required for bi ns having a diameter-to-height ratio of 

greater than 1.2 . The two-dimensional model is also required for bins where a 

vertical temperature gradient is ca used by heat generati on or forced ai r movement 

through the grain bulk. 
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Fig. 3. Average absolute differences between temperatures at the centre of 
cylindrical bins predicted using one- and two-dimensional heat transfer model's. 

5.5 Ecological significance of bin temperature simulation 

Relatively accurate prediction and confirmation of rapeseed and barley tempera

tures at different depths of comme rcial bins is of considerable ecological sig

nificance. In temperate climates, regulation of the numbers of insect and mite 

pests of stored grain is primarily dependent on temperature and secondarily on 

moisture content of the stored gra i n and oil seeds; other variables, such as food 

quality, species genotype and dockage also affect their multiplication (Si nha 

and Wal lace 1973). Regulation of fungal populations, however, depends primarily 

on moisture content and secondarily on temperature (Wallace et al. 1976). 

Cereals and oil seeds stored in bulk on western Canadian farms retain their mois

ture content within a 1-3% range for several years. Distribution of the moisture 

content within this range, however , is uneven. Temperature fluctuations within 

the same bin occur over a larger range, sometimes as large as 40°C. Species of 

stored grain fauna and microflora exploit microenvironments with different com

binations of temperature and moisture. Prior knowledge of such areas f~vorable 

for rapid multipl ication of pest organisms should be an integra l pa rt of stored 

grain and oilseed protection strategy. For examp le, if bins have pockets with 

temperatures (over 30°C) favorable for development of the rusty grain beetle, 

Cryptolestes ferrugineus (Steph.), turning (r-luir et al. 1977) or ventilat ing 

such grain in cold weather while the insect population is still low could pre

vent serious insect infestations. 

KEY TO Sn,1BOLS 

al,a2,a3 coefficients 

bl,b2 coefficients in Eq. (I8) f or a given location 
BT Biot number for top gra i n surface 
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Bioi Biot number for exterior wall surface 
r specific heat of element m,n; J kg- 1K- 1 
'1T1, n 
Fbe radiation shape factor for bin-to-earth 

Fbs radiation shape factor for bin-to-sky 

hb convective heat transfer coefficient at top surface of bulk, Wm-2K- l 
nc convective heat transfer coefficient at exterior wall surface, Wm~2 K-l 

H measured total radiation on a hOl"izontal surface (Hb + Hd), W/m2 

Hav average radiation on a horizontal surface for a given period of time, J / m2 
2Hb beam radiation on a horizontal surface, W/m

2Hd diffuse radiation on a horizontal surface, W/ m
Ho extraterrestrial radiation for the given locati on and ti me period, J/ m2 

Hs daily total radiation on a horizontal surface, J / m2 

Hv radiation on a vertical surface, W/m2 

Hvs daily radiation on a vertical surface, J/m2 

km,n+ mean thermal conductivity between nodal points m, n and n,n+l; [Wm-1K- 1] 

mean thermal conductivity between m,n and m,n- I; U~m-lK-1Jkm,n
mean therma 1 conduct i v i ty between m, nand m+1, n; ~m-lK-lJkm+,n 
mean thermal conductivity between m,n and m-I,n: [Wm-IK- l] km-,n 

m number of spatial el ement in vertical direction (Fig. 1) 

M number of spatial element at top surface of bu-lk (Fig. 1) 

n number of spatial element in radial direction ( Fi g. 1) 

number of spatial el ement at wall surface ( Fig. 1) 

direct solar radiation, W/m2 

earth-to-bin radiation, W/m2 

diffuse solar radiation, W/m2 
2net radiation, W/m

bin-to-sur roundings radiation, W/m2 

sky-to-bin radiation, W/m2 

radial distance, m 

cOiT,2lation coe+iicient 

cosine of angle of incidence di vi ded by cosine of zeni t h angl e 
(Duffie and Beckman 1974) 

s oose)'ved daily hours of bright sunshine for the gi ven peri od of t ime, h 

s ca l culated ma xi mum possible hours of bright sunshine for t he gi ven 
period of time, h 

t ti me, s 

Ta temperature of ambient air surrounding bin, K 

temperature of air above the gra in su rf ace, KTb 

Tm,n temperature of element m,n at ti me t, K 

T~I, n temperature of element m,n at time t + ~t , K 

Ts effective tempera ture of the sky, K 
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u dimensionless modu l us 

z vertical distance, m 

a long-wave absorptivity of bin wall material 

y ground reflectance (0.7 for snow cover, 0.2 for no snow) 

t... 	 finite increment 

long-wave emissivity of bi n wall material 

e 	 included angle of bin sector, rad 

density of element m,n, kg m- 3 

Stefan-Boltzmann constant, 5.67 x 10-8 Wm- 2K- 4 
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WATER VAPOUR AND HEAT TRANSFERS IN GRAI NS SILOS AND TH EIR CONSEQUENCES ON STORAGE 

Jean-Louis MU LTON, Laboratoire de Biophysique des Aliments, I.N.R.A. 

Chernin de la Geraudiere, 44072 AN TES Cedex (France). 

The preservation of grain qual ity during storage in aerated elevator and air

tight or confined si l os is chiefly depending on the tempera t ure and the water 

content of the grains (Sinha, 1973). In experimental studies these parameters are 

generally kept constant (Pixton, Griffiths, 1971 ; Yaciuk and a1. , 1975). But 

even if this is possible in f2xperimental conditions, it is not at all the case 

in practice. Very often SDme important gradients of temperature and water distri

bution occur in elevators, the consequence of which are moisture and heat trans

fers through bu l k grains. Water content and temperature can increase in some 

particular poi nt s, indu cing the development of molds and starting the alteration 

process. 

In order to discuss these phenomena, it is previously necessary to describe 

the equilibrium state of water in grains. Then we will report the results of our 

studies on water and heat transfers in aerated conditions, discussing finally 

about some suggestions concerning airtight conditions. 

1. THE EQUILIBRIUM STATE OF HATER IN GRAINS 

1.1. Water adsorption in grains 

Due to t he ir high polarity, water molecules can easily form hy'droge n bonds with 

polar groups of macromolecu l es like starch and proteins. The amount of water ad

sorbed is a funct io n of the number and access i bi l ity of these polar sites (Gu il bo t 

and al., 1961, 1979 ; Eagland, 1975 ). 

~·Jhen a t hermodynamical equi li brium is reached it is common to def i ne in t he 

product the "Act iv ity of \·Jater" (Aw). Th is co ncept is clo sely corre l ated to the 

chemical potential of water (Morin, 1979), but it i ~ easy to demonstrate t hat Aw 

is, in practice, I'lith a very sma lll error, equal to the relative hum id ity (R .H.) 

of intergranular air. 

The affinity between cereal products and water (sometime cal ed hygroscopi

city) could be macroscopically depicted by sorption-desorpt i on i so t he rms . Typ ical 

curves are shown in Figure 1, in which the Aw of the produc t (or the R.H. of air 

in equilibrium) is shown on the X-a xis and the moisture conten t of the oroduct is 

plotted on, t he Y-axis. 
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Fig. 1. Sorption (5) and desorption (0) isotherms curves of ma -ize, for diffe
rent temperatures. 

One must emphazise that every point on these cu rves corresponds to a thermo

dynamical equilibrium state between product and surrounding atmosphere. 

Sorption curves, the shape of which is generally sigmoldal for biological pro

ducts" is mainly characterized by two properties: 

- the _desorption curve (obtained by a dehydration process of wet product) i s 

higher than adsorption curve (humidifica t ion process of dry product) ; this fact 

generally called hysteresis, has no clear explanation 

- the curve, often called "isotherm", is depending of temperature higher the 

temperature, lower is the moisture content for the same Aw. 

Adsorption and deso~';Jtion are respectively exo- and endothermic Drocesses 

(corresponding to the energy of formation and rupture of hydrogen bonds). 

1.2. Functionnal availability of water, and its role in storage technology 

Very interesting for storage studies is the interpretation of sorption cu rves 

in terms of mob~l"ty and functionnal availability of water. The concept of 

"solvent water", has been es ta blished by Gui lbot and Lindenberg (1960) and mo re 

recently by Duprat (1975). These authors have demonstrated that water fraction 

comprised between the sorption curve and its extrapolated l inear Dart, s hows 

marked solvent properties; this water has a sufficient mobility to pl ay the 

role of a diffusion medium for biochemical reac ti ons. The fracti on of water 
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be l ow the linear part. strong ly bound. ; s un-ava il able. and has no solvent pro

pert ie at al l. 
It ha s been shown t ha t ma ny reactions require a mi nimum quant ity of "so l vent 

water" to start and thei r speeds increase as a funct ion of the amount of avai lab le 
"so l vent water ", e .g .• enzymat ic reac ti ons (Lond n and al., 1968 ; Drapron . 1972 ) , 

denaturat i on of protei ns (Multon and Guil bot , 1975 ) . ca r bo hyd rate ge l i f icati on 
(Doublier and al .• 1975) , growth of mi croorganisms (Scott, 195 7) . Fi gure 2 shows 

the Aw t hresho l d of the ma in types of al tera t io ns causes occuri ng in cerea l s. 

Fi g. 2. Aw thresho ld above or bel ow which t he biochemical react ions of a lte
ra t ions may occur i n natu ral products . 

Of co urse all t h parameters charac ter i zing the sur rounding med ium interact 

with Aw and it is advised to express fa in t d if~re nces in t he pri nci pl es sholtm on 

fig. 2 with respect t o ti me, temperat ure and o~gen com position of tmo sphere . 
For example, even if t he gra i n is very wet, in 1ac k of oxygen, fung i ca nno t grow, 

enzymat i c oxydations (and p r t i cu l ar ly grain s and bacteria l respi ration) cannot 

occur . Thi s i s the reason of t h uccess of airti ght storage . 

On the other ha nd a lo t of phys ica l properties of grains and t heir ·compone nts 

are al so funct ions of the quant i ty of ava i l able water, and of Aw . Par t icularly 
important are : rheol ogica l beha vi or of wheat gr ins ; t hermal charac teri st i cs, 

heat capac i ty and heat transfer coeff i cie nt. hea t of hydra t ion. 

After this short rec lI on state of water in equ il i bri um wi t h grains, l et us 

now discuss on t he co nsequences of non eq uilibri um co nd i ti ons. 
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2. WATER AND HEAT TRANSFER IN GRAINS 

Two different non equilibrium conditions can occur separately or simultaneo us ly 

in bu l k grains water activ ity gradient, and or temperature gradie nt. The re su l 

ting phenomena - water and heat transfer - are very compl icated and associate all 

together convection and conduction, desorption and condensation with corresponding 

heat exchanges. 

As it has been rece ntl y shown by Troude (1979) in a general review, 80St authors 

have tried to modellize these phenomenon, and to describe them with appropriate 

equations. 'But these mathemat ical representations are unable to exolain the meC'l3

nisms themselves. Following a different way, we have studied separately water and 

heat transfer in bulk grains, trying to explain them with regard to sorption pro

perties. 

2.1. Water activity gradients between maize gr a ins 

Generally speaking when a lot of grains is homogeneous and stabilized, the dis

tribution of the moisture content of individua l kernels is gaussian, with a varia

tion coefficient comprised between 2 and 5 I ; the mean value of the distribution 

is equal to the moisture content measured by ordinary oven methods (Beullier and 

Multon, 1976). 

If two parcels of grains, the moisture contents of whi ch are different , are 

mixed at the same temperature, there is between the grains a "\>Jater activ ity" 

gradient, associated to a difference of "'Iater vapour pressure in atmosphere in 

close contact with the gra' ns ; it induces a water molecul es transfer whi~h go on, 

until "Activity of Water" would be the same in all grains (at that time, the mois

ture content of grains will be the same, in the limit of hysteresis effect ). 

We have studied these transfers in a cOf1fined and air tigh t atmosphere by mea

suring the change, as a function of time, of the distribu t ion of moisture content 

among individual kernels (Beullier and Multon, 1976). 

The figure 3 shows that in case of wet and dry grains jus t mixed (t ime zero), 

the tv/o po pu lati ons are well senarated on thE frequency his togramm ; after 1 to 

3 days, the distribution is ye t bimod ~ l, and after 5 to 6 days, there i s on ly one 

homogeneous gaussian population, where it is not possible to di sti nguish t he ori

ginal population from the mixture. 

Therefore, 5 or 6 days are necessary to eq~iiibrate the Aw between grains and 

a mechanical shaking of the grains does not quicken the process. 
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Fig. 3. Change, as a function of time, of frequency distribution of moisture 
content of individual kernels i n a mixture of wet and dry grains. 

Similarly, in case of addition of liquid water into bulk grains, a mini mum of 

5 days is required in order to homogenize the sample. 

Thus transfers of \~ater vapour in grains, without temperature gradients , are 

very slow ;when equilibrium is reached, a smal l dispersion of moisture content 

remains always and indefinitely be tween grains, due to hysteresis effect . 

..'2.2. Tempera t ure gradient 

More often, cereals in bu l k are subjected to 3. temperature gradient, for exam

ple : 

- one part of a silo is heated by su n, the other part is ir the shade; 

- in hot countries, at night, t ne grain in peripheric oar~ of the silo is co oler 

than grain in the middle of the cell; it is the opposite during the day ; 

- in a boat, gra ins in contact wi t h the side and bottom of the hul l are cooler 

than in the center. 

In bu l k grains, a gradient of temperature generates several phenomena 

- a heat transfer starts from hotter part towards cOQler par t 
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- a water transfer (mass transfer) takes place from hotter gr a ins towards cooler 

grains, according to sorption equilibrium curves. 

Therefore in certain places, temperature and or mo isture content of grain can 

increase. If the availability of water becomes sufficient, bacteria and molds can 

multiply: their respiration (or fermentation at a lesser degree) produces water 

and heat, increasing again the availability of water. Wi t h such expl oding 9roce ss, 

alteration of grains can develop very quickly. 

In order to have a better view of these phenom~na, we have set up a Di lot ele

vator in which a constant heat gradient was create,d; heat and water transfers were 

followed with appropriate sensors, as a function of time, during 80 days (Mu lton 

and al., 1980). 

The cylindric metal elevator under a non heated shed, diameter 3.28 m, hei ght 

5 m, and capacity 35 metric tons, was equipped with 48 t ennocouples and 6 hygt'o

metric probes, connected with recorders.The elevator was filled with maize. 

A spherical electric radiator, 22.25 cm diameter, located at the geometr ic cen

ter of the elevator was mai nta ined at 60°C to simulate ~he effects of a localized 

heating in the grain. The gradient temperature was about 48°C between the surface 

of the radiator (60°C) and the walls of the elevator (12 U C). 

Area where temperature 
changes were observltli 

.) T___ _ 

o H.............. . _ 


Fig. 4. Zones of thennal changes in artificial heating with radi ator. 

-
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Changes of i ntergranular air temperature and relative humidity are very slow 


and were observed only in a zone (fig. 4) located above the rcdiator, never below. 


This zone showed a curious shape of an inverted amphora, the bottom of which 


is the radiator; the top is the upper board of the elevator. 

The grain layers within a few centimeters of the inner surfaces (zone B on 

fig .4) reflected the variations of outside t emperature. But, in sectors other 

than A, B and a very limited adventitious point C, no variation in the grain tem

perature was noted. 

At first temperature changes take place only above the radiator. Therefore, the 

heat transfer is induced, not by conduction or radiation, but by natural convec

tion of intergranular air. 

Considering the temperature sensors located vertically with regard to the ra

diator, we observe on fig. 5 that the increase of temperature starts much earlier 

near the radiator, bu t unexpected ly, nearer is the radi ator and lower are the 

rate of increase and the maximum temperature reached (40°C fo r the near~st sensor, 

53°C for the farthest one). 

04
~~____~~__~r-____~______/ 

• • - N .. 
Fig. 5. Temperature changes as a function of time in artif i ci al heating tria l. 
(The place of sensor in the e levator, correspond ing to each curve , is sho wn at 
right ) . 

The connectec: changes in air relative humidity are shown on f ig. 6. The t hree 

probes located horizonta lly shO'.v no change, except at the poi nt in con tact with 

the wall, which refl ected the vari a tio ns of the outs ide t emperat reo 
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Fig. 6. Intergranular relative humidity changes as a function of time in arti 
ficial heating trial. (The place of sensor in the elevator, corresponding to 
each curve, is shown at right). 

Comparison between the simultaneous changes of temperature and R.H . shows tha t 

the arrival of the wave front of water vapour (R.H. increase) occurs about 10 days 

before the arrival of temperature front. 

Samples taken during unloading of the elevator showed an increase of the mois

ture content of grains on the upper part, and indicated a high fungi growth, 

chiefly A. fumigatus, flavus, and Mucors. 

In order to explain these complicated phenomena, ~oth physical and biologica l, 

we may suggest the folloWin9 hypothesis: 

- When the radiator started to heat, the temperature of surrounding grains increa

ses, inducing a water vapour desorption from grains; then a convective phenome na 

takes place, the wet and hot air going up through kernels. 

- Higher, in contact with colder layers of grains, the temperature of air decreas es 

and its R.H. increases, as shown by probes (fig. 6) : then these grains adsorb 

water vapour and their moisture contents increase. 

- Consecutively and gradualy, the slight amQunt of heat liberated byadsorptjon 

and the flow of heat coming from the radiator increase the intergranular a ir t em

perature, as sho\~n by temperature probes (fig.5) ; Aw in grains is increased. 

- Wet and warm conditions being thus created, respiration of grains and micro

organisms increases quickly, producing a high peak of temperature. 

he elevation of temperature induces a desorpti on , and again water vapour and 

heat go up ; vital phenomena are stopped ; temperature and R.H. decrease: the 

temperature tends to stabilize near 35 °C, probably as a result of equilibrium 
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between heat flow coming from radiator and heat loss due to the convection. 

These phenomenon, described on a point, spreads step by step, with an increa

sing intensity, from the radiator up to the top of the silo, where water vapour 

gathers: then moisture content of up per layers of grains increases (15 to 17 %) . 
Moisture increase and oxygena ti on near to the surface expl ain the deve l opment 

of molds, causing a great damage into grains. 

Some other experiments were made with a "pocket" of very wet grains, instead 

of radiator, in order to simulate a natural heating. The behavior was quite dif

ferent, even if there was also a convective migration toward the top of elevator. 

CONCLUSION 

Water and heat transfers described in aerated conditions are, of course, much 

more complicated when there are simultaneous gradients of water activity and 

temperature. In airtight conditions of storage, phenomenon are certainl y quite 

di fferent. 

Concerning water vapour transfer, anaerobic storage changes probably nothi ng 

according to Dalton's law, in a mixture of gas, each of them acts like if he was 

alone; under vacuum, diffusion of water vapour would be accelerated. Concerni ng 

heat transfer, on the opposite, one can think that convection flow and heat ex

changes could be decreased by vacuum. 

After these first experimental app roaches, a lot of work remains to do, concer

ning horizontal gradients, alterna t ive gradients and airtight conditions. We are 

right now starting a new experiment wi th a more sophisticated device, with which 

l\fe hope to improve our knowl edge of these trdl1sfers. 
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PROBLE ~S AND THEIR SOLUT IONS FOUND IN THE CONSTRUCT I ON OF CONC RETE 

BINS FO R HE RMETIC STORAGE. 

KAf'.1E L, A. tI . , FAM, E . Z . and J AY , E. G . 

Stored Pro duct Pe s t Resear ch, Plant Prot e ct i on Re s e a r c h I n s t i t ute , 

Ministry o f Agriculture , Dokki, Cairo , Egy pt . 

•• Stored Product I n sects Re sea rch a nd De vel opment Labora t o r y , AR- SEA

USDA, Savannah, Ge org i a , U.S .A. 

ABSTRACT 

Co nc ret e dou b le-wall b i n s were d es i gne d and cons t r ucted to study 

the herme tic storage o f grain. These b in s have a s andwich of b i t umi n 

and PVC sh e e ti ng b e t we e n t h e wal ls a nd have t wo openi ng s f i tted with 

rubb e r gas kets f o r fillin g a nd dischar ge of the gra i n . Wh e n construc 

t i o n wa s co mp l e ted, the bins we re te sted for le aks by purg i ng them 

with c a r bon dioxi de ( C0 ), He a vy i ni tial losse s of t his gas we r e 
2 

obs e r ved and at t e mpt s were made to f ur the r se a l t h e bi n s . The final 

a pp r oac h was t o re seal t he cra c ks in the b ins and t h e n to paint t h e 

insi de wi t h t wo coats of CIBA- GEI GY LTD . ' s Ara l d i te epoxy r esin . A 

layer o f g l ass woo l c lo th was placed between these two coa t s o f epoxy . 

The open ing cove rs were also c au lked with a 1 : 1 mi x ture of Ar ald1te 

and z i nc oxide afte r they were secu r ed in place. These rna i fications 

s to pped t h e h i gh CO losses and r esu l ted i n the bins being a t i sfac 
2 

to ry fo r he r met i C storage . 

I NTRODUC-TION 

The ma jority o f g r a i n i s c u r r ent l y sto r ed i n Egypt i n open ai r 

sho unas wh i ch sub j ec ts it to at t ack by various b "o l og i a factors. 

Ra i n f al l and infiltrat i o n o f soi l water al s o can damage the grain . 

Tot a l annUa l l osses i n storage can amount to 24 mi ll i on Egyptian 

pounds. 
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Tremendou s damage and r esu l t ant losses also occur whe n j ute bags 

u se d f o~ grain storage are exposed for a l ong t ime to t he sun, e spe 

cially during the s umme r . Rodent s and bi rds al s o severely d amage the 

jute bags. A lot of grain is scatte r'ed in situ and dur ing transporta

tion due to these damage d bags. 

Duri ng storage grai n h as to be treated wi th pro tectan t s to keep 

the infes t at i on away for short periods. When the in s ec t i n fe s t a tion 

starts, fumigation of infe sted stock s is essential. Th e chem i c a l and 

mechanical me ans f o r r odent control is also ess ent i al whene ver popu 

lati o ns become appare nt . The use of chemic al s for gra in int e nde d for 

human and animal consump tion i s not de sirable for t he p ro tecti o n of 

such mater ials. Despite the fac t that all c hemi c al s are used ~ i t hin 

tclerances, treated grains are g e neral ly conSidered c ontaminated and 

toxic effects may occ u~ at a la :er time. 

He rmet ic sto rage h as s eve ral advantages when c o mp a r e d with other 

sys tems o f storage . Th e most impor t ant advantages i s i ts e f fi c iency 

in pes t con trol withou t t he use of to xic c hemicals . A jo in t proj e c t 

betwee n the U.S. Departme n t of Ag r iculture, SEA , AR, Savannah , Geor 

gia, U.S.A, a nd Cairo, Egypt was finance d under PL 480 in 19 75 to 

study t h e hermetic storage of grain u nder Egypt ian cond itions . This 

pro j e c t was aimed at : 

1. 	Protect ion of s tored grain with t he l e a st po s sibl e use of t ox i c 

chemicals. 

2. 	 Avoidanc e of rode nt and bird at tack . 

3. 	Sav i ng the ma jority o f j ute bags. 

The e xp e rimen t al bins we re cons ruc te d according to spec ifications 

and were tested for gas - t ightness by purg i ng t h e m with CO . A consi d
2 

erabl e a mount of this CO esc aped i n a ve ry sho r t time . Therefore ,
2 

t h is paper descr i bed the de t ection of the l eaks and the modificat i o ns 

mad e to try t o 0 ercome l eaks. 

SPEC IF ICATI ON OF THE EX PERIMENTAL BI NS 

The experimental bins were constructed according t o the fol l ow i ng 

specific a tions : 

dC' 
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1. Cylindrical in shape, with a t o p con e about 1 / 2 meter h igh f r o m 

the top end to the c yli nder . 

2. Double walls, the inner of c o ncrete and the o uter of bric k s. 

3. A thick layer of po lyvi ny l chloride sheets we re fi xed o n the outer 

surfac e of the i nne r wal l wi t h bi tumin ( s andwi c h). 

4. Inner walls were smoothed by a concre t e-mortar mi x . 

5. All apertur2 co ve rs were streng thened t o preven t twi s ting du e to 

weather conditions. 

6 . Stron g and flexible rubb er gasket s we re fi xe d f i rmly around the 

apertures. 

These specifica ti o ns a re shown in figures 1 to 5. 

TESTS CON DUCTED TO EVALUATE THE HE RMET IC SEALING OF BINS 

Af te r t he bins had been acc e pte d from t h e contrac to r , several 

trial s were c o n duc te d to i n s ure that the bin s could b e herm e t i c al l y 

sealed and fit fo r the purpose of t his st udy . The experi men tal bins 

were fi ll e d wit h wheat . They were purged with CO throug h the lowe r
2 

samp l ing aperture by using copper tub ing c o nnecte d to a CO cylinder .
2 

All other apertures were t igh tly cl o se d exc ept the r elase v al ve at 

the top. Each exp er imen t al bin was pu rged wi th a ce rtain amount of 

CO by weight, and both a p2~ings were then closed. Af te r eac h t est,
2 

t he whea t was dis charge d fr 0 m the bin a n d bins were re f i ll e d wi th 

wheat before the next te s t . S amp l es of ai r ins ide the b i n s were drawn 

for CO co ncen trat ion me a s urement fro m two po i nt s, i .e . from near the
2 

b ot tom of t h e bin a n d from near the up per s u rface of wheat , th r ough 

sampl ing tubes especiall y fixed fo r th i s p urpose . Tr i al s we r e con

d uc t e d as f o ll ows : 

Trial nO 1 

Bin numbe r s 3 , 4 and 5 which had PVC liners and bi n numbel' 1 (con

tro l, no PVC li ner) we re used for t he f irs t trial and were completely 

fill ed with wheat. Af t e r purg i n g with abou t 5 kgs of CO , b oth open
2 

ings we r e t igh tly c l osed and the CO concent ra t i ons we r e e stimated
2 

af ter differe nt i n tervals . The r e s u lts a re i l lus trate d in Table 1. 

Da t a i n thi s tab le cl early indicate t hat the CO escaped f r om t hese
2 
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NO.OF BIN TYPE LOCATION %AGE OF CO2 - HOURS 
OF OF AFTER TREATMENT 
CONSTRUCTION SAMPLE 
- - -..-;;- .. '--:. - -"'- . -. ~ .. ~~~ ..... Q__ ..l ~ _... . _~- __...-.: ~......_~ __ 5_ 

Wi thout Up 25 6 It 4 0.2 

PVC Down 25 20 15 10 1.6 

Shee ting Mean 25 13 9.5 7 0.9 

3 Up 4 3 0.4 0.4 0.4 0.0 

\oJ i th Down 73 40 20 14 10 0. 2 

PVC 

Sheet ing Mean 38.5 21.5 102 7.2 5.2' O. 1 

Wi th Up 24 6.0 4.0 1.8 1. 6 0.4 

PVC Down 78 61D 42.0 32..0 26 0.8 
Sheeti_ng Mean 51 33.5 23 16.913,80.6 

5 Wi. th Up 52 20.6 16,4 10 8 1.4 

PVC Down 88 83 68 54 43 0.4 

Sheet ing Mean 70 51 R 42. 2 32 25 . 5 0.9 

bins as wel l as f r om t he control bin , probably th ro ugh the inner 

conc rete wa l l s and then to the ou ts i de atmosphere f r om any we ak poin t 

wh i ch was not seal e d or from the gaskets of t he u pper and l owe r 

ape rtures . 

Bi ns hav ing PVC line rs had high e r ini ti al concentrations in these 

t es s than d id Bin nO 1 ( contro l , no l i n e r ) but al l b ins had about 

the same mean CO c o nce n t ration afte r 5 hours . These re s u l ts caus ed 
2 

us to fu r ther st udy t he const r uc tion of the bins. 
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Trial nO 2 

We were a dv i se d by civil enginee rs and chem is ts wo ki ng i n the 

field of the c on s t ruc ti o~ of stores for inflammab le ma ter i a l s t hat 

the inner surface of the b i ns shou l d be painted with araldite ep oxy 

re sin paint (a CIBA-GEIGY product) to get better ma i nte nanc e of the 

c onc e n t ra tion s . 

We chose bin n° 4 for these te s ts . Thi s b i n was e mpt i ed of wheat 

and the inside surface s of t h e walls a nd f l oo r w~re painted twi ce 

using "Topcoat 020 " pa in t. This paint is made up of two c omp ounds, 

i . e . : 


Topcoat 0 20 re s in (whi te i n co lo r) 


Topcoat 020 hardene r ( green in color ). 


The mixing rati o is 100 parts of resin and 60 par ts of h a r dene r by 


weight. 


After pain t ing, the b in wa s a g a i n fi ll e wi th whea t and the di ffe 

rent ape rtures were ti gh tly closed with a mi xtu re of Ch inese zinc, 

fine sand and ceme nt . CO was then purged in, and conce nt rati ons we re
2 

found to be as s hown in Tab le 2. It is clear from this table that 

t~e~e was sti l l a large (44 . 8%) l oss of the CO c oncentra ti on . within
2 

the firs t 20 hours. Th:s los s could main ly be a t tribui t e d t o s orp tion 

of CO by wheat grains or to l e akage or movement of the gas i n the
2 

in~ergranular spaces. The los s occurr ing du ring the f ollowing 6 days 

was also high indicating t hat the ara ldi te coating was no effective . 

The pe rce ntage of l oss of CO per d ay du ring t h is per i od was about
2 

13.9%. 

These pro bl e ms l ed us to additional studies to make the bins 

t igh t e r, 

Trial n " 3 

A civi l engi nee r c o nducte d a c lose i nspecti o n o f the in t ernal wal l s 

of the bins . He d e tec t ed many ve ry fin e d eep c rac ks i n t he walls of 

the b i n s and co nc luded that in th e concrete the s a nd part ic le si z e 

was too large a nd the perc en t a ge o f sand was t oo h i gh . He then sug 

ge s ted t hat a part ial r e mova l o f the i nne r concrete s u rface s of the 

bin s was e s s ent i al. Th i s s te p s hou ld be f ol l owed by filling in the 



----------------

--------- -------------------

419 

TABLE NO.2 CO 2 CONCENTRATIONS (V/V) I~ BIN NUMBER 

4 AFTER BE IN G PAINTED WITH ARALDITE 


TIME AFTER CO 2 CONCENTRATION ~ % LOSS IN CO 2 
CO CONC.?; DAY2 
PURGING UP DOWN MEAN 

I hr. 68 88 78 

2 hrs. 68 80 74 

3 hrs. 54 70 62 

20 hrs. 32 54 43 44.R ) 
) 

7 days 68 7.5 7. I ) 13.' 

cracks with mo rtar, the n applying a ne w layer o f c onc rete . The sug

ges t ed last step s were ( 1) pain t the inner surfaces of the walls with 

araldite epo xy res in , (2 ) app ly a layer of glass wool fi xed wi th 

araldite and (3) rep a in t the walls again wi th a r a ldite. Tes ts were 

first co nducte d on bin nO 4 after r emoval o f t h e old pa in t coat and 

fo l l ow ng the steps out lined above. 

Table 3 presents re sults of CO concen t r a t i o n ana l y s is i n bin
2 

nO 4 a f te r t h e modifi c a tions, re f i ll ing wi t h g rain, and r e pu rg i ng 

with CO . These d a ta ind icate that the b i n was hoI ing CO bet t er
2 2 

than befo r e the ch ange s . The lo ss in CO conc ent rat ion d u r i ng the
2 

first day was a bou t 18.4% an d the gradual decrease in CO concen 
2 

tration d u r i n g he followi ng 6 days was a bout 2. 35% pe r day . These 

f igu res corre s pond to losse s o f abou t 44 . 8% a nd 13.9% be f o r e mak ing 

t he se modific a t i ons ( Table 2 . Ho wever , losses we r e st ill high and 

further s t e ps were n eeded t o make t he b i ns mo re gas-ti ght. 
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TABLE NO.3 

-- -

CO 2 CONCENTRATIONS IN 

----

BIN NO.4 

AFTER IT WAS REPAIRED AND PAINTED 

--------------------------  ----

TIME OF 

SAMPLING 

AFTER 

PURGING 

WtTH CO 2 
-------

% CO 2 

DOWN UP MEAN 
-----------------

LOSS IN CO 2 

CONC ./DAY 

-----------

hr. 54 12 33 

3 h rs. 52 16 34 

5 hrs. 48 20 34 

7 hrs . 44 . 4 23.6 34 

22 hrs. 33.2 25.4 29.3 

25 hrs. 29 24.8 26.9 r8 .48 

6 days 25.3 21 ._6 23.4 

7 days 

I 1 da ys 

23.6 

22 

22 .6 

20.6 

23. I 

21.3 

) 

) 

) 4.35' 
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Trial n° 4 

Several other bine were repaired in the manner described for b in 

nO 4. Every possib l e po int which might be responsible for CO e s c ape
2 

was caulked with a paste compo sed of Ch inese zinc powd e r (use d in wal l 

pain t ing ) mixed wit h araldite HY and a r ald i t e i mp r egnation DY a t t h e 

rate of one part of e ac h of bo th araldites (H a nd G) . Th i s mixtu re 

was then add e d to the zinc powder in small amoun ts un t i l it reached 

the pas t e s t age . This paste was pl astered all around the u pper and 

lower opening covers and whereve r other CO leaks we r e dete c ted . Thes e 
2 

other leaks we re found by u sing the soap bubb l ing me t hod for gas leak 

dete c tion. This pas t e has to cure for 48 hours befo re it ge t s h a rd 

and e ffect ive . After condu c ti ng t hi s s tep , t he whea t -filled bi n s were 

purg e d with CO and the r e sul t an t c o ncent rat i o ns are s h own i ~ 
2 

Tabl e 4. I t is c lear from this da ta tha t a s ign i fi c ant d r op i n CO
2 

concent rat ion oc curred duri ng the ti me e l a pse d between the first two 

determinat ions in al l bins. This t ime was as s ho rt as a f ew hou r s in 

bin 3 and 4, which may indic a t e t hat t h e high initial d rop i n CO
2 

concen t rations was due t o the so rption of t he gas by the wheat 

ke rnels. 

The concentration o f CO af t er t he second d et erm in a tion r e maine d 
2 

near l y constant or decreased ve r y steadily and sligh t ly as shown in 

Tab le 5. Data in t hi s tab l e i nd ic a t e t hat t h e percen tage of dec r ease 

ranged be twee n ° a nd 0 .4% pe r day. This e c r ease i s c onside r ed to be 

an acceptable leve l a d e crease for he r met i c s t o r age a nd thus the s e 

bins u nder these con d itions meet the r equi r e ments of t he f ie l d trials . 

After t he b i n s became f i t for field t rials , b i ns 3, 4 and 5 we r e left 

f o r l on ger pe riod s o f s t o r age a nd CO concent r at i on was dete r mined
2 

at mon th ly i n te r vals as presented i n ~able 6. This tab l e shows t h at 

the re wa s a CO loss i n t he t h r ee p u r ge d b ins. The rate o f CO dep l e 
2 2 

t i o n was 0.47% 0. 3 5% a nd 0. 17% pe r day du r ing the diffe rent pe r iods 

of s to rage which were 4, 6 and 12 mon t h s , r espectively . The CO loss
2 

i n the 3 b ins i s mainly a t tributed t o two ma i n facto rs , i.e. CO 2 
absorpt ion by whea t ke r nels or to leaks . I n this c ase the depleti on 

due to absorption may be most prominent, otherwi se CO would have
2 

esc a ped gradu &11y . 
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TABLE NO. 4 AVERAGE PERCENT COZ CONCENTRATION (V/V) I N THE 

INTERGRANULAR SPACES IN THE BINS AFTER DIFFERENT PERIODS 

OF PURGING (AVERAGE OF T\o/O LOCATIONS, I.E., NEAR THE TOP 

~~Q_~~~~_I~~_~QIIQ~~ __ _____________________________ ____ _ 

T. E. BIN 3 T. E. BIN 4 T. E. BIN 5 T. E. B I N6 T. E. BI N 7 T. E. BI N 8 

I h 67.6 I h 79.9 I h 53. I I h 75.4 I h 69.6 I h 69.4

Zh 57.Z 5h 70.3 Zd 50 5d 64.3 2d 59.4 7d 4~ 

3d 53.4 6d 70.4 3d 43.5 6d 64.4 3d 59.2 3d 4~.4 

7d 57.5 3d 69.4 7d 49. I 3d 64.2 7d 59.4 .1 Od 50.6 

I3d 56.3 12d 69.5 3d 49.2 12d 62.0 3d 60.3 14d 49:8 

13d 66.3 13d 62.6 15d 50.2 

------------------------.~----------~--~------~-------~-. -~----------~-~~ 

T.E. equals TIME ELAPSED AFTER PURGING CO 2 

H equals HOURS 

D equals DAYS 



------------------------------------------------------------------

423 

TABLE NO. 5 PERCENT CO DEPELETION DURING MEASUREMENT PERIOD 6 OR MO RE
2 

DAYS AfTER THE SECOND DETERMINATION AND PERCENT DEPLETION 

PER DAY DU&ING THESE PERIODS. 

BIN NO. 3 4 5 6 7 8 

---------------------------~-~------------~~-~----~----~-------------

TIME ELAPSED BET


WEEN SECOND AND LAST 7 12 6 8 6 


DETERMINATION OF CO 2 


IN DAYS 

% OF DROP IN CO 2 1.6 5.7 1.6 3. 4 0.0 0.0 

CONCENTRATION 


% OF DROP IN CO 2 0.2 0.47 0.26 0.42 0.0 0.0 


CONC./ DAY 


It can be see n f r om t h ese st ud i e s t hat a c onsi d erable cone e n 

trat ion s o f CO l eth a l to a ll i nsects c oul d be purged i n a nd main
2 

t aine d in the in terg r anular spaces f or pe r i ods o f up to one year , a s 

l ong as the bin s a r e mad e re l ativel y g as -tigh t . 

SU MMARY OF RE SULTS 

Satis fac t o r y results in con struction cou l d be ob ta i ned wi th very 

c l ose s up erv is ion. I t is e ssentia l tha t the con s truction mater ' a ls 

be u p t o stand a r ds , i . e ., t he sand use d mu s t b e f ine and when mixed 

wi th the ceme nt, t he s tandard r ati0 sho u l d be f o l lowed . 
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TABLE NO. 6 THE DE PLETION IN THE CONCENTRATI ON OF CO2 FROM BINS 


DESIGNED FOR HERMATIC STORAGE OF GRAIN DURING STORAGE 

PERIODS OF UP TO 12 MONTHS 

PERrOD BIN. NO. 3 BIN No.4 BI N NO. 5 
OF CO 2 CONCEN- % OF CO2 CONCEN- % OF CO 2 CONCEN- %OF 
STORAGE TRATION % DEP- TRAT ION % DEP- TRATION :2: DEP 

LE- LE- LE 
(MONTHS) 

TrON TION TION 

i n i t i a 11; 67.6 79.9 53. I 

52.7 22.04 64.8 18.90 48.9 7.91 

2 39.6 41.42 54.6 31.67 44.4 16.3B 

3 32.3 52.22 49.8 37.67 39.3 25.99 

4 29.5 56 . 36 41.0 48 . 69 33.5 36.91 

5 38.0 52.44 32.0 39.74 

6 30.0 62 . 45 26.0 51.04 

7 27.2 48.78 

~ 24.2 54.43 

9 26.0 51.04 

10 24.0 54.80 

11 

12 21.0 60.45 

---------------------------------~---------------~-------~------------

CO2 DEP

LETION 

PER DAY 0. 47% 0.3 5% 0 . 17 '7. 
f)URING 

THE PE

RIOD 

---------------------------------------------- ~-- ----~~---------------

* DIRECTLY AFTER PURGING WITH CO 2 
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Thi s study also s howed that: 

1. The c o ns truc ti on o f a dou ble wall b in with PVC fixe d as a sandwich 

fo r maki ng them gas-tight was no t suc c e ssful. Th is prob l e m was s o l ved 

by pa inting the inner s urfac es with aral d ited epoxy res in t wo times 

a nd plac i ng a layer of g l a s s s heet s be t ween the coat s of paint . 

2. Conside r at i on should be g iven tc t he r e ductio n o f the n umb er o f 

ape rtures . to a minimu m. A bet t er d e s i gn f or the a pe r tu r e c overs is 

hi ghly r e c ommended, o the rwise c aul king the edges o f the cove rs wi th 

a paste of zi nc -oxide and araldite 1:1 shou ld be consi d e r e d . 

3. Rub be r gaske t s are no t s at is factory for h e r meL i c s e al i n g o f aper 

t ures e sp eC i al ly i f they are expo s ed direct l y to weathe r cond i t ions . 
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REQUIRD1ENTS FOR THE Ii'iTEGRATION OF LARGE-SCALE HERr,1ETIC STORAGE FACILITIES 
WITH CONVENTIONAL SYSTEMS 

De Lima, C.P.F. 
National Agricultural Laboratories, 
P.O. Box 14733, 

Nairob i , 

KHjYA. 


1. INTRODUCTION 

Large-scale hermetic structures can be satisfactorily used f or t he long-term 

preservation of food grain, and may be be built partially or totally underground 

to simplify construction and to reduce costs . ~hile in such structures it is 

convenient to handle grain in bulk, in the tropical countries where the- techno

logy could be employed, grain is generally held in bags . There is need there

fore to suitably integrate handling systems to avoid congestion and delays in 

transport of the grain. 

Quality requirements for grai n intended for long-term air- tight storage are 

more stringent than for short te rm , conventionally stored produce and must be 

taken into consideration when selecting appropriate sites for hermetic bins. 

Locating in areas of surplus production will ensure that fresh, good quality 

grain will be received wi th the minimum of delay. 

When planning for a large scale hermetic food reserve, it is important to 

have clear policy guidelines for smooth operation. A clear decision must be made 

on the role of the food reserve and priorities on maintaining its status in 

relation to food stocks in conventional stores. 

Experience has shown that a large scale grain famine reserve must not be 

isolated from the general handling and marketing system. It must as far as 

possible be an economic enterprise and be able to receive produce directl y f rom 

farms, as well ~S . in the absence of famine,to dispose grain stored fo r long 

periods directly into the normal marketing outlets. 

2. AIR-TIGHT BULK STORAGE IN THE TROPICS 

Grain stored in bu lk in an air-tight structure requires to be han dl ed in a 

different way from conventional silos. 
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2.1 Moisture migration and condens at ion 

By definition, an air-tight structure does not permit ventilati on , and grain 

in such containers should be thoroughly dry below 12.5%. To prevent moisture 

migration, the grain should be cooled to ambient temperatures before loading. 

Under tropical conditions, t he re exist fairly wide differences between day and 

night temperatures. The effects of these temperature va riat ions are greater on 

semi-underground structures and less on fully underground silos. Moisture con

denses on the roof and drops on the surf~ce layer of the grain enhancing fungal 

growth. These problems cannot be entirely solved economically but with adequate 

precautions can be made negligible. 

2.2 High temperatures and grain heating 

Day temperatures in the tropics are generally above 200C and are often in the 

region of 25 - 300 C. Although grain itself is a fairly poor conductor of heat, 

the inter-granular atmosphere will respond more rapidly to high external 

temperatures. 

External temperatures, no twithstanding, severe grain heating can occur ~h en 

the grain bulk is not free from dust and thrash that accumulates during mechan

ical harvesting and handling. In temperate countries, low external temperatures 

have a delaying effect on internal heating when grain is contaminated with 

extraneous matter. In the tropics, grain in tended fo r l ong te rm ai r - t ight 

storage must be thoroughly cleaned to avoid serious internal heating of the 

grain bulk. 

2.3 Grain Handling 

There is no difference in principle in loading and unloading partially and 

completely underg.round hermetic silos. These operations are however not as 

conveniently undertaken as in fully above ground silos. Semi-underg r ound s ilos 

are easier to unload than fully underground structures. 

The type of conveying system used will have a direct effect on the capital 

cos ts. Mechanised belt conveying systems (overhead or underground) are expensive 

and may not be conveniently designed for use with air-t ight silos. 

Conveying equipment should be simple and require little maintenance and shou ld 

handle t he grain with the minimum amount of damage. Handling equi pment shou ld 

have sufficient capacity to meet annual requirements of loadi ng and unloading 

a pre-determined proportion of the storage capacity. In periods of shortage, 

these should be anticipated a few weeks in advance since t he normal site capacity 

will be unable to handle emergency requirements. 

It is obviously uneconomic to have a large quantity of surplus equ ipment on 

stand-by for periods of cris i s . Suitable integration of famine sto rag e wi th 
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convention~ systems will ensure that surplus handling capacity on site will be 

profitably used when there is sufficient grain in the conventional system. 

2.4 Monitoring and quality control 

Provision has to be made on site for recording the produce by weight over a 

weigh-bridge and maintaining an accurate check of site records by weighing grain 

into and out of the hermetic silos. This will ensure that an accurate assess

ment is made of the various losses and an economic evaluation of possible remedies 

can be made . 

Grain quality can be monitored rapidly and on a routine basis by fitting each 

bin for remote sensing of temperature, moisture and oxygen. Provision should 

also be made for taking grain samples. Constant monitoring of the produce will 

enable a check to be maintained on the quality as well as take preventative 

measures to avoid serious mishaps. 

3. OPERATIONAL PROCEDURES AT THE "CYPRUS" BINS IN KENYA 

3.1 Handling on arrival 

Farm produced grain normally arrives in bags and is thoroughly inspected 

before acceptance. The accepted bags and produce are passed over a weigh-bridge 

and emptied into the intake pit of the cleaning and drying plant. Since the 

grain is expected to remain in the bin for at least 3 years, only fresh good 

quality produce is accepted. 

3. 2 Cleaning and drying 

Dust and dirt are removed from the grain before it passes into the drier 

where the moisture content is brought down to i2.5%. The dry grain is fed into 

a temporary "dry bin" (part of drying plant itself) and later discharged into 

a bulk carrier for delivery (via the weigh-bridge) to the site of the hermetic 

bin being filled. 

3. 3 Fill i ng 

The bulk carrier feeds the grain into the intake hORper of the loader and the 

grain is elevated by a chain and fli ght conveyor with an average capacity of 65 

tonnes per hour. A bin can be fi l l ed within 3-4 days but generally takes longer 

because of delays in supply and handling. However, no filling is expected to 

take longer than 3 weeks. At the later stages of filling a spinner is used to 

obtain a complete trimming of the bin. (This is necessary because the top of 

the"Cyprus"bin is nearly horizontal, less than the angle of repose of the grain). 

The bin is then sealed for at least 6 months to attain hermetic conditions and 

control infestation. 
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3.4 Emptying 

A bin to be emptied is first properly ventilated for at least 2 hours by 

opening the top and side hatches. Wet and rotten grain below the top hatch, at 

the ring beam, and at the bottom is removed separately, weighed and destroyed. 

The damp and mouldy grain next to the rotten grain is also r8'oved separately, 

dried and aerated in the c: eaning plant, bagged and retained for inspection if 

suitable for animal feed. 

The ' unloader is a separate machine fr om the loader. Un loading is done by 

lowering the (Redler) Boom Conveyor through the side hatch. The grain is dis

charged directly into a bulk carrier and conveyed via the weigh-bridge to the 

cleaning and bagging plant. 

4. GPERATIONAL DIFFICULTIES AND POSSIBLE IMPROVEMENTS 

In addition to the structural problems which have been sat isfacto ri ly so l ved, 

the normal operation of the hermetic storage sites has been subject to a set of 

handling problems arising f rom inadequate pre-planning and design of sites f or 

suitable integration with conventional handl ing systems. As a result the facili

bes on site were not sufficiently equipped to receive, clean and dry grain 

rapidly during the 4~ 8 week peak del ivery period after the harvest. 

This resulted in considerable delays especially in the ea rly fill i ng operations 

in 1972 (Figure 1). The time lapse between beginning and conc lud ing a filling 

is indicated by the open block in front of the black strip which is the length 

of time the produce remained in the bin. The open block at the end of the' black 

strip is the period during which emptying vias initiated and completed for a pa r t i 

cular bin. An arrowhead at the end of an emptying period indicates that the con

tents were transferred to another bin for a further period of storage. Transfers 

were made when heating problems were especially severe. 

The filling periods were considerably reduced during the second t ime the bins 

were filled in 1975. This was because more efficient equ ipment "was i nstalled on 

site and handling rates were improved (Table 1) . The cl eaning rate i s dependan t 

on the rate at whic~ the pr oduce passes through t he drying pl ant. Dry ing ca pac i ty 

will have to be increased by at least 4 ti mes. 

5. OPERATIONAL COSTS 

The bins require constant maintenance for sealing cracks and for preservation 

of the bituminous membrane on the dome. There are several site instal lations 

includi ng the cleaning and dry ing plant, laboratories,garage and general ut ili ty 

buildings. The special loading and unloading equipment, bulk-carriers, tractors 

and other vehicles also need maintenance. The roads and ground surface near t he 

bins must be constantly repaired to avoid damage to the underground structure . 
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Fig. 1. Filling and emptying opera t i ons over the years 1972-1980 at t he Kital e 
and Nakuru sites. 

NOTE: The figure illustrates records for maize storage only. However, at Nakuru , 
wheat was stored on severel occas ions and this partly accounts for the lo ng 
periods shown "empty" for certain bi ns . Bins 6, and 30 remained unu sed at 
Nakuru due to defects in construction . 
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6.1 

TABLE 


Handling capacity at the Kita1e and Nakuru sites and future requirement. 


Handling capacity (tons per hour) 

Operati on In it ial Current Requ ired 

l. 	Cleaning 15-20 15-20 30-40 
2. 	 Drying (to 12.5%) 

from 13.5% 8-10 8-10 30-40 
from 14.5% 4-5 4-5 15-20 
from 15.5% 2-2.5 2-2.5 10-15 

3. 	 Loading (filling) 5-15 60-70 60-70 
4. 	 Unloading (emptying) 5-15 40-50 80-100 
5. 	 Bagging 20- 24 20-24 80-100 

During operation there are various costs including pest control, fuel and 

labour hire charges. There is a minimum technical and maintenance for ce under 

permanent employment. 

These costs have generally averaged in the region of 60,000 U.S. dollars per 

annum and gives an average cost of 0.6 U.S. dollars per ton per year of storage. 

Th ese costs compare very favourably with conventional storage where annual pest 

control costs alone are in excess of 0.3 U.S. dollars per ton per year (pest 

control in the hermetic bins costs less than 0.00133 U.S. dollars per ton per 

year) . 

6. INTEGRATION OF HERMETIC STORAGE FACILITIES WITH CONVENTIONAL SYSTEMS 

In addition to the uncertainties of rainfall and other climatic factors, 

many countries in the tropics often face difficulties in obtaining essential 

agricultural inputs like fuel and fertilisers. Es t ablishing sufficient food 

reserves for use in periods of shortage is a wise course of action . These 

reserv~s should be essentially long term i.e. of 3-5 years duration . 

Ex)erience in Kenya has shown that the handling of such reserves requires 

careful planning and should as far as possible fit in with the normal hand ling 

procedures for conventional ly stored produce. 

Siting of hermetic storage facilities 

Since it is essential that fresh, good quality grain be used, the hermetic 

stru ctures shou ld be sited i n an area of surpllus prOduction. Farmers will be 

encouraged to deliver directly and avoid delays, normal ~ y caused by the use of 

i ntermediaries, and there will be lower transport costs . In constructing hermeti c 

structures partly or fully underground, account shou ld be taken of the physical 

structure of the soil and depth of the water table. 
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6.2 Cleaning, drying and handling equipment 

Grain intended for long tenn storage must be dry and free from dust and thrash. 

In planning for capacities of equipment needed for such work consi deration must 

be given to long tenn projections and the possibilities of extending the use of 

the fac~lities. For example, drying facilities originally built for the "Cyprus" 

bins were later found to be inadequate to cope wi th a more general demand from 

thefanning' community for drying facilities to enable early delivery for conven

tional storage. Additional facilities were constructed in 1975 several miles 

away from the Kiltale site and it was not possible to satisfactorily integrate 

these facilities for use by the"Cyprus"bins site during peak delivery periods. 

Additional drying facilities for conventional storage have since been constructed 

at Kitale and wil l be available for drying gra in for the"Cyprus"bins in 1981. 

6.3 Stock control 

\Jhen hennetic storage is planned for 3 to 4 years, there shou ld be ayroper 

schedule to turn-over 1/3rd or 1/4th of the stock every 3 or 4 years. This will 

reduce the quantities being handled each year and also ensure that the work load 

and operations on site are spread out through the year. Every year, grain that 

has been stored for 3 or 4 years may be released into the conventional marketing 

system for mil li ng. In this way, some of the grain which has acquired a certain 

amount of mustiness from long terr~ storage can be satisfactorily blended with 

fresh grain in the milling process. 

Each year, emptying operations should begin several months in advance of the 

next harvest and the empty structures suitably repaired and serviced fo r immediate 

use. Many delays in receiving and filling bins occur because of the insufficient 

time given for undertaking maintenance work. 

6.4 Interacting systems 

This paper gives attention to the aspects that need to be t aken into con

sideration when a country is pl ann ing to improve its foo d security by preserving 

a fraction of its nat iona l requirements on a long tenn basis . Altho ugh hermetic 

storage is a low-cost and technologicall y effective system, there are other 

alternative technologies. 

Whichever technology is adopted in a given country, the concept of a long 

term famine reserve will remain. Whatever conventional handling systems are 

already operating, there wil l be a need to provide for an adequate interaction 

with the famine reserve system. 

The main areas of interaction are il lu strated in Figure 2. Grain is often 

handled in bags in tropical countr i es because produce can be conveniently 

delivered in this way by large numbers of small scale producers, or merchants 
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and other intermediaries. Conventional systems are therefore geared to handl ing 

produce in bags. Since long term famine reserves are more conveniently handled 

in bulk, some additional handling will be required. 

SHAR ED FACILIT IES 

HAN DLING 

TRANS PORT 

CL EAN ING 

corN ENT IONAl 
 FAMINE~ -+
STORAGE RES ERV ES ~ ~ DR YI NG 

. 
MIL LI NG 

'·1ARKET ING 
, 

Fi<j ure 2. Common facil ities for conventional storage and hennetic famine 
reserves. 

For rapi d acceptance and, more im portant, f or ra pid des pa t ch in times of 

crisis,adequate provisi ons for transport mu st be made . Rail transport can often 

be prov ided for at rel at ively low cost and wagons for han dling in bag or bu lk 

can be made ava ilable fo r t rans port of grain as wel l as ot her commodi t ies. 

Road transport is more conveni ent in bags but in periods of cris is ra pi d turn 

rou nd of trucks carrying bags may no t be easily achieved. 

Cleaning and drying fac il it ies are essent i al for long term food s t orage and 

are increasingly in demand for co nv enti onal bag storage . Su ch fac i l i t ies may 

therefore be conveniently shared . 

After the grain has completed a specified peri od of storage there is need to 

release it to the consumer. The grain has to be mi l l ed and then market ed . 

When grain has been stored for a long period of ti me it wil l acqu ire a ce rtai n 

amount of mustiness and other off-odours. Under tropical conditi on these odours 

are generally unavoidable but when mi xed with fresh produce during mill ing are 

completel y undetectable. Adequate liaison should therefore be maintained wi th 

mill i ng and market i ng organisat ions to obta in consumer accept ance of produce 

after long te rm storage. 
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7. PLANNING AND ECONOMI C ASPECTS 

Total construction costs for th e: "CyprLis" bins in Kenya \-Jere given as 14 U.S. 

dol1ars per ton capacity in 1966-67. These I-Iere found to be extremel y favourable 

in comparison with costs for conventional bag stores at that time. In 1975 the 

construction costs for modern conventional bag stores fo r the Ma i ze Board were 

put as 22 u.S. dolla rs per ton capacity. With current world i nfl ationary trends 

these vii 1 1, have risen considerably and he rmetic storage \·,ith its 10\01 construct

ional costs shoul d be extremely competitive. 

He,-metic storage is no t an alte rnative to mo re conventional forms of bag and 

bulk storage. It is a long term option and has a t-ole in preserving food stocks 

for security in the even t of f ami ne. This as pect must be t a ken into account 

besides othe r put-el y econom ic costs when consideri ng future inv estments. 

A fami ne reserve must not be held in isolation. It must be operated as an 

econ om i c en t erprise during nonnal y ea rs and mus t be integrated I"Jith the ex is t i ng 

:;Jt-ai n indust ry. Th us, it may be located in a gra in su rplus area and opera ted 

on a site adjacen t t o co nventiona l stores and a mi l ling compl ex. This wi ll en 

able sufficient "over-capac i ty" to be economically utilised duri ng non-famine 

periods and to ens ure that suff ic i en t capac ity exists for handling during periods 

of cri s is. 

Plans for long te rm famin e t-ese r ves shou ld therefore take into cons id e r a t ion 

long range construction programmes for the grain industry. The economi es of 

sCole can be successfully empl oyed, especia lly i n the use of corronon faci liti es, . 

and overall costs for both, long te rm a nd conven t ional storag e, cons ide r ably 

reduced. 
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CONTROLLED ATI·lOSPHERE GRAIN STORAGE IN CHllIA 

CARL RKNNFELT 

INTRODUCTION 

During October-November 1979, FAO conducted a UNDP financed study tour/work

shop, hosted by the Chinese Government, on Storage Structure Design for 20 parti

cipants from different Asian countries. The information in this article is based 

on observations made during the study tour. 

1 • MCKGROUND 

The annual grain harvest in China is about 320 million tons and it is estimated 

that about 80 million tons are kept in central stores. 

About 11 million tons are kept in locally built silos with clay/straw walls 

(see Fig. 1). Traditional warehouses (see Fig. 2), where the grain is normally 

stored in bulk, and outdoor stacks (usually Hith about 200 tons of grain each 

2,000 bags x 100 k,gs/'oag, and covered by 5-7 layers of reed mat s) are commonly 

used facilities at central stores. 

The grains stored are wheat (in the North) and paddy (in the Centre and South). 

Near bie consumer centres, milled rice for consumption is stored in bags. 
0

The areas referred to in this article are located between 40 N (Beijing) and 
0

30 N (Shanghai), .Iith a humid continental to humid sub-tropical climate. 

2. FACILITIES FOR CONTROLLED ATI~OSPHERE STORAGE 

Special structures for controlled atmosphere storage are rarely used in China 

except for 10111 temperature stores and underground stores. l'leans of controlling 

the atmosphere for stored grain are usually applied in the normal standard ware

houses and in the clay/straw walled silos. 

3. NATURAL COOLING 

In the North, natural cooling is used. If grain is not cool when put into 

storage, it is later ventilated naturally by means of doors and ventilation 

openings or, if necessary, taken -out of the warehouse or silo for cooling and 

then brought back in again. Small suction fans are used in some stores to cool 

the g:rain. In some cases, the grain is covered 1I1ith plastic (see Fig . 3) and a 

layer of sand after cooling to prevent reheating when the warm season arrives. 

It should be noted that most warehouses have a ceiling limiting the heat 

exchange behleen the interior and the ambient air. 
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Fig . 1. Clay-st raw silo near Bei jing ~ 8 m, he igh t 8.5 m, ho ldin g 
capacity about 250 tons of wheat . 

Fig. 2. 	 Traditional warehouse in b r ick near Wuxi. In th is warehouse 
ventilation openings are mechanically adjusted by the smal l 
motor seen to the right. 
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Fig. 3. 	 Interior of c laY/Bt ral-l walled silo wi th the grain covered wi t h 
polyethylene (to prevent air exchange and prevent the grain 
from wa.:rnling up). 
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Temperature control is a normal routine in most grain stores. Hhen the ambient 

temperature is below 15°C, readings are made every month and when above 15°C 

every week. 

Due to the low winter temperatures in the North, grain temperatures can be 
o

kept below 15 C. The water content of stored grain is of the order of 13-14%. 

4. LOW TEl>1PERATURE STORES 

In the Centre and South, Im'1 temperature stores are used for milled rice in 

bags. Traditional warehouses have been insulated (K value = 0.5) and sealed, 
2and cooling units installed (see Fig. 4). The photograph shows a 1,000 m store 

in Shanghai for about 2,000 tons of bagged milled rice. A 22 kH cooling unit is 

installed and is reported to work for about 800 hours per year, or 3-6 hours per 

day depending on the season. The temperature in the store is kept at 15°C :!: 10 C 

and the relative humidity at about 50%. The air distribution unit in the low 

temperature store is shown in Fig. 5. 

5. NITROGEN ATl,IQSPHEIlE STORAGE 

Low temperature stores are as yet comparatively few but storage in nitrogen 

atmosphere is quite common. In fact, it is assumed that about one-third of the 

grain kept in the Shanghai area is stored in a nitrogen atmosphere. 

Arrangement s are simple and can be applied in any normal warehouse. Stacks 

of about 100 tons are covered with polyethylene (0.23 rom) and sealed (see F i g. 6 ). 
Air is evacuated and replaced by nitrogen. This met hod is considered suitable 

o 0only in the temperature range +5 C - +30 C. Even if low t 'ernperature stores are 

considered technically better, nitrogen atmosphere storage is going to be used 

a lot because of the simplicity of the method. 

6. 	 UNDERGROUND STORAGE 

Underground storage.is used to a fair extent in Henan Province where topography 

and soil conditions are suitable for the construction of t his type of storage. 

Underground bins ar-e usually bell shaped with a diameter of 8-18 m and a depth 

of 8-12 mo The bins are entirely covere~ and therefore maintain a 101'1, nearly 

constant temperature . Usually grain with about 13% moisture content is put into 

these bins at a temperature of 100 C or 10\·/er. This tyPe 0: storage is r eported 

to cost only 40;[ of the cos.t of normal storage and in some cases grain has been 

kept for tlielve years in such underground bins without deterioration. 

7. CONCWSIONS 

It "'/as impressive to see in China h O'tl, with very simple means and low cost 

methods, controlled atmosphere st orage Has applied in normal warehouses. Ext remely 

good mana.g,'tlment and hygiene and minute control of the grain reduced l oss es to 

http:storage.is
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an absolute minimum. Chemi cals were used sparingly and only a small part of the 

stored grain was treated or fumigated. 

Development of storage structures and met hods i s empir i cal but long experience 

on l arge quantit i e s of grain has proved t he merit of the techniques in use . 

2
Fig . 4 . 	 Tradi tional warehouse . Shanghai I 1 , CXX) m I ..ihich was remodelled in 

1975 for low temper ature storage of mil l ed rice in bags . 
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Fig. 5. Interior of warehouse. Air distribution unit. Milled rice s t ored. 
j.6 m high. Temperature +15°C ± lOCo 
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Fig. 6. Stack of bags, 13 bags high ( .. 2.5 m) being covered with poly
ethylene for nitrogen a.tmosphere stora&e. 
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THE FIRST I TALIAN LARGE SCALE FACILI TIES FOR THE STO RAGE OF CEREAL 

GRAINS IN NIT ROGEN. 

* ** *** **** TRANCH INO , L. , AGOSTI NELLI, P . ,COSTANTINI,A. a nd SHEJ8AL ,J 

* ASSORENI, SVIL, S an D on ~ t o Milanese, Mi lano, Ital y. 

** Socie ~ i Romana di Macin a zione, Roma, I t a l y. 

ITALSILOS, Acqu apende nte , Italy 

**** AS SO RE NI , Labora to ri Ri cerche di Base , Mon t e r o tondo ( Roma ), I tal y 

ABSTRACT 

The main characteristics of the first i ndust r i al s tora g e p lants fo r 

c e real g rains, op e rating acco rd i ng to the Sna mproge tt i prese r vat i on 

technology in nitroge n, are de s cribed . In part icular the difference s 

in technical soluti ons in f unc t i on o f t h e v a r iou s pre s ervati on n e ce s si 

ties are put in t o evide nce. 

The storage plants operate with excellent r esul ts since t hree y e ars. 

The data ac c umul a ted dur i ng t he ir op e rat ion p e r mit to d r aw t h e fol low-

i n g conc lus ions : 

- the nitro g en pre s e rvation me thod can b e a pp lied a lso to i n dus tr i al 

plants o f l a rge dime nsions, obtain i ng i n a l l par ts o f t he b ins c ondi 

tions a d e qua te for the s at i sfactory p r ese r vation o f ce real grai ns; 

- the i r vestmen t cos t s for the i nst r umentat i on nee ded fo r the p r e ser

vati on in ni t rog en do no t c ause s i gni fic a n t vari ations in the ove r al l 

inves t me n t cos ts o f the storage plants; 

- the nitrogen c o nsump tion dur i ng the prese rvati on depends on t h e pa r 

ti c ular t ec hnical s o l ut i on s adopte d , yet they a r e in any case i n the 

order o f 2 - 5 SCM/ton. 

INTRODUCTION 

Th e f i rst Italian l arg e sc a l e faci l ties for the storage of grains 

in ni t r oge n, ope r ating since t hree years are: 
3

( 1 ) IVO, Tuscania : storage complex with 4 silos , 2 , 200 m each. 
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The silos have a fl at base a nd a c onical roof ; the cons t ruction ma te 

ri al i s f o lded galvani zed stee l for t he c y l i nder and welded ste e l for- 

the roof and the floor. The s il o diameter is 13 m, the he i ght of the 

cyl inde r is 15 . 3 m the tot a l he ight is 19 m. 
3( 2) S . R.M. , Roma : storage comple x with silos of 600 m each . The 

sto r age complex is composed of 26 f ibe r glas s silos , 6 m in diameter 

and 20 m height . The silos are based on con ical concrete bases coated 

wi th re "nforced polyester paint ing connected to the cylinde r . 

These two complexes have very di fferent characterist i cs ei the r on 

the basi s of preservation necessities (1 year prese r vation in the IVO 

plant few months i n the SRM plant) or on the basis of the product to 

be preserved (malt i ng barley, and wheat for human consumption fo r the 

t wo plant s re spect ively). 

In o rder to bui l d these two p l ants many technical and economic 

questions had to be solved, concerning : 

1 - s ilo gasthightness 

2 - ni trogen supp l y system 

3 - p lant safety 

4 - interst i t ial atmosphere substitution 

5 - ma i ntaining of the control l ed atmosphere. 

The s e questions are briefly iscussed in the fol l owing, and the 

experimental results obtained during the o peration of the plants are 

repo r ted. 

SILO GA TIGHTNESS 

To maintain the controlled atmosphere inside the silo, a good gas 

tightness of the si lo itself is necessary in order to avoid oxygen pen

etration from outSide and/or large nitrogen consumption. 

Many different industrial silos can satisfy thi s requ iremen t : we l d 

ed steel bins , fo l ded galvanized steel bins, fiber glass bins, coated 

conc r ete silos . 

The tes t for gastightness of the silo is normally performe d before 

the loading , in order to seal the eventuall y discovered discont i nuity 

in t he st r ucture . But the test is very difficult to be performed with 

an empty silo particularly fo r thin wal l and/or metal silos, because 

g 
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the s urround i n g temperature changes produce s ubs tan t i a l ly pressure 

var i ations i n t he s i l o a nd i ncohe r e n t r esults of the test. Only a 

rough test may be performed with an emp t y si l o . 

More accura te r esults may be o b t a ined p erforming the test after the 

grai n l oading because the gas tempe r ature i ns i de t he s ilo changes much 

less, owing to the l arge heat capac i ty of the gra i n . 

In any c a se some temperature variat ion i n t he head space occur s , 

s o that f o r very gastight structures exact resu l ts may be obtaine d 

only wi th a 3 - 4 days p ressostati c test . 

The test is pe r formed maintain i ng a s l ight positi v e pressure i ns ide 

t he s i lo for the whole test t i me wi th a pressostat which supplies 

measured quant it i es o f gas whe n the pressure drops under set value P . 
s 

Wi th a fi ll ing rat i O of 95%, the pressure var iations relate~ to the 

s u rrounding tem perature var i ation (less than 30 0 C) are l ower than 50 

mm wat er co l umn . So that the si lo safety valve does not operate (the 

operat i ng pressure of the val ve is about 100 mm w. g .). The gas ins ide 

t h e si l o in d ischarged only t r ough the iscontinuities of the struc 

tu r e ~d the meas ured quant i ty Q o f gas supplied to the s ilo to 

mai ntain the pressure ove r the P set is equal to gas loss f rom the 

s ilo a t the medium pressure between P and P attained during t he 
set max 

te s t . 

Th is quantity Q is a meaningful gastight parameter as it equals to 

the nitrogen consump t i on for the operation of the control led atmo

sphere silo . 

The measured values of Q for the two plants are reported in table 

1 . The values change from one silo to the others so that the minimum 

and the m~x i mum of the s e values are reported. 

To compare these values with pub l ished data of gastightness, we 

have calculated , from the measured values of Q , the usual gastight 

pa r ameters : 

- t he constant f l ow rate F necessary to maintain the pressure ins ide 

the silo at a g i ven c ons tant value , i n particu l ar a 250 Pa. (about 

25 mm w.g.), at const~t internal temperature ; 

- the time T necessary for a pressure decay from 250 to 125 Pa . a t 

constant internal temperature. 
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TABLE 1 SUMMARY OF GASTIGHTNESS TESTS: 

Plant Structure 
of the 
bin 

Capacity 
of the 
bin 

(m3 ) 

Filling 
ratio · 

Measured 
gas consurnp
tion giving 
P medium 
= 45 mm w.g . 

3
(m /day) 

Calculated 
time for a 
decay from 
250 to 125 
Pa. 

(h) 

Calculated flow 
rate giving a 
constant pressure 
P = 250 Pa. 

(l /s) 

IVO folded 
steel, 
welde d 
steel 
floor 
and roof 2260 0.95 4 - 6 5.8 - 8.6 0.03 - 0.05 

SRM fiber
glass 
painte d 
concrete 
fl oor 600 0. 92 4 - 8 1.1 - 2. 2 0.03 - 0.06 

I 

I 
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Experime n t a l va l ues of these p a r amet e rs are not presented because 

in these very gas t i gh t st r u c t ures it was i mposs ib le to obtain repro

duceable results owing to t e mp e r ature var iat i on s . 

NI TROGEN SUPPLY SYSTEM 

The nitrog e n of t h e required pur ity fo r controlled atmosp here 

application may be suppli e d in different way s : 

- liquid nitrogen supplied by a Commercial Company that also leases 

the storage and vaporization facilitie s ; 

- gase o us n it r ogen produc t i on from an autonomous plant j o ined t o the 

grain s torag e complex. Diff e ren t kinds o f nitroge n product io n p lan t s 

may be utilized: combusti on , mol e cular siev e , a i r liquefact ion p l ants. 

Yet the rel a ti vel y low c os t of t he li q ui d n i t r oge n suppl ! e d b y c om 

mercial c ompanies in Italy (about 15 ¢Im3 
f or large n i tro ge n c on s ump 

tion in 1978) mak es the utilization of autonomous ni t ro ge n p r o duc t i on 

plants econo ~i c only for l arg e complexes of not les s t h an 50,000 ton 

capaci t y. The refore the n itro gen necE s sary for t h e o pe r ation of t he 

two plants has been suppli ed by commercial Italian compani es. 

The difference in the n "t ro g en flow rate and c onsumpti on during 

the purge and maintenance o p e ra t ions sugges~s the utilization of 

differe nt fac il i ties f or the t wo operations: 

- a mobil e larg e liquid n i t ro ge n sto r a g e tank , h a ving a v e r y e f fic ien t 

vapori z ation f acility, is u s e d for p u r g ing t he a i r in the si l o; 

- a sta t ic sma ll l iqu id nitro gen s to rage t a nk is using for ma i nta inin g 

the co n t r oll e d a t mo sphere i ns i de the si lo. 

PLANT SAFET Y 

A pres s u r e re lie f valve must b e f i tted to t h e roof of the s ilo i n 

o rde r to preve n t exce ssi v e pres s u r e build up or re duct i on , wh ich may 

caus e s truct u ral damage to the s i l o. 

The two pl a n ts u t ili z e a t wo plate va l v e o pe r a t i n g at 100 m.m w . g. 

A hydr a u l ic seal o n t h e nitrogen supp ly line pre en t s any excessive 

press u re bu i ld up du r ing t h e pu r ge of the air in t he si l o . 

The h a z a r d d u e t o the lack o f o x ygen ins i de the si l o i s prevented 

e x c l udi n g the p o ssib i li ty for me n t o ge t i n t o t he structures during 
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the c ontrolled atmo sp here ope rati o n. 

At unl oad ing of t he silos t h e o xyg e n con t ent in the internal atmo

sphere must be t ested a nd ventilated if necessary before the personal 

ent r y of a p e r son is al l owe d. 

SUBSTITUTION OF THE INTERST IT I AL ATMOSPHERE 

The s ubstituti on of the in te r stitial atmosphere for a grai n bu lk 

stored in a large silo and / o r with a low hight/di a me ter ratio present s 

some difficulties fro m t h e e ffici ency a nd n i t roge n consump tion point s 

of vi ew . 

Bette r c ondit ions should be att a ine d by a p lug fl ow of t h e s upplie d 

nitro gen. Ac tual l y strong d iff ucion p he no mena occur bet wee n t h e ni t ro 

gen front and t he air insi d e t he bulk o f the g r ai n s and . st i ll more 

in the headspac e . 

More ove r t he convec t i ve currents, cause d by the temperature gradi 

ents insi de the bulk of the grains and by t h e tempe r ature differences 

at the walls, carry t he nitrogen al ong prefere nti al d i rect ions enhanc 

ing the diffusion phe no me na . 

For the two pl a nts the purge was perfo r med supp l yi ng gaseous nitro 

g en to the botto m of the silo at a constan t flow r ate, We meas ured 

the oxygen con te nt in the atmo sphe r e di fferent pai n ts i n t he si l o and 

at differe n t times during the purging o peration . 

These resu l t s have bee n ut ilized to tes t the purging model that 

assume s comp l ete displ ace men t of the gas in the load sp a ce and pe r fec t 

mix i ng in t he headspace of the storag e bin (Sanks , 1979 ). 

Acc o r ding t o th is mode l to oxygen co centrat i on (C) i n the l oad 
x 

sp ac e at a di s t a nce x f r om t h e nitro gen "n let must presen t a discon

tinuous reducti on f rom 21% t o 0% a t n itrogen f ront arri val time 

(t ) 
a x 

tha t is: 

( C ) 21% whe n t <: ( t ) 
x a x 

( C ) 0% when t > (t ) 
x a x 

...... 
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whe re (V) is t h e vo lume of the s t ored product, f r om t he n itro gen
B x 

inl e t to the sect ion x of the s i l o, n is t he product po r os i ty , W i s 

the n i t roge n fl ow rate. 

At the o utle t of the silo he oxygen c oncen t r a t i on C p r e dicted by 

the mode l i s an e xponent i al func ti on o f t ime beg i nn i ng from the n i t ro 

gen fro n t arrival t i me to the bo r d e r o f t he l o ad s pace : 

t 
a 

th3.t is: 

c 21 % when t < t 
a 

t ~ ta 1c [_ wh en t ::;:.. t21 exp ~ J a 

V
HSwhere rc = w 

and where VB is t he t o t al vol ume of t h e loa d spa c e a nd V i s t he 
HS 

volume of he ads p ac e. 

The compar i son be tween t heo r et ical and exper i menta l resu l ts is 

shown n figu r e s 1 and 2 fo r two te sts pe r f o rme d a t the SRM pl ant at 

di ffe re nt purg i ng f l ow r ates. The indicated values of the velocity 

r e f e r to the cros s s e c ti on of the bin. 

A shi f t o f the experimental results f r o m the theoretical values 

in the load sp a c e appears: lar ge axial an r adial d i ffus i on phenomena 

app e ar in t he mi dd l e sec t i on of t h e si l o . The nitrogen rises qu i cker 

a l ong the ax i s of t he s ilo and along t h e wall facing the sun than 

a l o ng the o t he r wall . 

Convec tive f l u xes may be re s pon s i b le for th i s behaviour since the 

tempe r a t u r e of the whe a t was grea t er than the a mbient temperat ure . 

On t he c ontrary a t the outle t sec ti on of t he si lo a uite good 

f i tti ng of the e x pe r i me n tal results was obtained . The fitt ing is in 

any c ase bette r at the highe r pu rging veloc ity. 
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Fig . 1. Compari son b etween theoretica l and experi mental result s o f 
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To summarize the results ob t ai ne d du ring t he pur ge ope r at i on i n 

the t wo plan t s, we can consider the effi cienc y of purg ing E de fi ned 

as the rati o o f the ni trogen consumption predic ted by t he model and 

the expe rime n t al one VG : 

E lOe 

I n table 2 t he E va lues obtained duri ng t he te st s perfo r me d at the 

two plants, to a resi d ua l o xygen conc e ntrati on of 0 .5% vol. a t the e n d 

o f purg ing, a re reported. 

A clear increase in t he eff i c i ency wi th an i ncreasi n g purg e f l ow 

rate appears. Moreover, at t he s ame fl ow r ate, a grea t e r e ff ic ienc y 

occ u rs i n the test per fo r med at the SRM plan t in c omparison to the 

IVO plan t . The greater r ation of the he ight to t h e diamete r of the 

silos (3. 3 versus 1. 3) may be r esponsi ble for the g r eate r eff i ciency 

in the SRM t e st. 

CONTRO LLED ATMOSPHERE MA I NTEN ANCE 

After p u rging the s i l o it is nec essary to main tai n a constant 

val ue of the cont r olled atmosphere compositio n . Oxyge n may penetrate 

inside the silo o win g to co nvec t ion and/or mo l ecular diffusion . 

In ord e r to p r e ve n t th i s p henomenon On the t wo p lant s , a slight 

posit ive p r e ssure was maintained in the silo . I n t h is way convective 

flu xe s f r o m ou t s ide a r e pre sen t a nd di ffus i on is h i nde r ed by the 

o veral l f low r ate fro m inside to outside . To reduce nitrogen consump 

ti o n , the pre ssure o f t he pressost a t was s e t at t he l owest value ca

pable t o avo id any i ncrease i n the oxygen content : abou t 20 mm w.g. 

Th e press ure v a r ia ti on i nsi de a silo of he IVO plant is reported 

in fig . 3 . The pres s ure inc r ease s d u ri n g the morning f r om the set 

v a l ue, P 20 mm w.g., attain i ng a maximu m val ue o f abo u t 70 mm w.g. , 

which is less t han t h e ope r at i ng pres s ure of the safety valve. 
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TABLE 2 SUMMARY OF PURG ING TESTS: 


I 

I


Final head Eff i c iencyEquivalentPlant AverageFilling 
space oxy-Velocity inratio purge 

I
gen contentempty silo I
flow rate 
3
 (m/h) ( I.)(% vol )(m /h) 

I 


0.95 22
IVO 0.17 0.5 33 I 


IVO 
 0.95 0.5066 
 0.5 50 


IVO 
 0.95 133 
 1.00 0.5 67 
, 

IVO 0.95 200 
 1.50 0.5 83 

I 


0.92SRM 40 
 1.41 0.5 91 


SR:M 0.92 55 
 1.94 0.5 94 


- -

01:> 
<:n 
<:n 
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Fig .3. Diurnal c h anges i n p r ess u r e in an IV O p l a n t me t al bi n and ni trogen consu mpt i on f o r t h e 
maintenance of P i = 20 mm w. g . m n 



457 

This maximum va l ue is i n agreement wi th the prediction that may b~ 

done know i ng the f il ling ~atio and t he headspace temperature va ria

ti o n: 

6 T p p 1 +m x set T 

where T is the "nitial headspace tempera ture (OK ) . 

It appear s that f or a g i ven headspace temperature var i ation, su h 

a l im i t value of the fi l l ing ratio ex i sts that below it P be -
ma~ 

c omes greater than t he o peration press ure of Lhe safety valve and 

v e ry large ni t ~ogen con s umpt i on for t he mai n t enan~e builds up . 

In f i g . 3 the maintenance nit r ogen consumption is also reported : 

du r i ng t h e morning the p r essu r e i s greater t han P t and the nitrogen
s e 

c onsumpt ion is ze ro; 

in t he night a n i t r ogen c onsumption e ual 	t o the gas loss during the 
3

whole day occur s. This c onsumpt i o n was 4 m /day for the tested silo. 

CONCLUSIONS 

The data accumulated du r ing the operation of the first indust r ial 

plant s fo~ the sto r age of cereal g r ains in nitrogen, allow to d r aw 

the foll owi ng conclUSi on : 

the nitrogen p reservation method can be applied also to industrial 

pl- n ts of large dimensions , obLain i ng in all parts o f t he bin condi 

tion adequate fo~ the sati s factory p r eservation of the cereal g~ains ; 

the total nitroge n consumptions measured during the operation of 

the I VO pl ant , at near to optimum pu r ge ve locity , are about 0 . 9 and 
3

2 m Iton fo~ 1 month and 1 year p r eservation time respectivel y 

(tab le 3) ; 
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TABLE 3: SUMMARY OF NITROGEN CONSUMPTIONS 

Plant 

IVO 

SRM 

Fl ow 

Load rate 

(ton) (m
3 

Ih) 

1600 200 

440 55 

~L 

Purge 

Nitrogen 

consumptions 

(m
3 

) 

1356 

366 

Maintenance 

Consumptions Consumptions 

for 1 month fo r 1 year 

(m3 ) (m
3 

) 

120 -t 180 1460 -t 2190 

120 -t 240 1460 -t 2920 

Tota l consumptions 

for for 

1 month 1 year 
3 

m Iton 3 
m Iton 

0.92 -t 0.96 1.76-t2.22 

1.10-t1.38 4.15 -t 7.47 
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t he total nitrogen c o nsump t ion s measu r ed at the SRM plant a r e 1 .2 
3

and 5. 8 m Iton f or 1 month and 1 year pre s ervation time r espec t ively 

(t a ble 3). 

The high value of the surface to vo l ume r atio for the SRM silos 

is r e sponsible for h ighe r nitro gen consumpt ion . 
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CONVERSION OF EXISTING GRAIN STORAGE STRUCTURES FOR MODIFIED ATMOSPHERE USE 

BANKS, H.J. and ANNIS, P.C. 

CSIRO Division of Entomology, P.O. Box 1700, Canberra, A.C.T. 2601, ,';ustralia. 

ABSTRACT 

It i s uneconomic to provide a complete system of new sealed structures in 
an exis t ing bulk handling system. Since storages must be sealed if mod i fied 
atmospheres are to be used, methods must be developed for the sealing of existing 
structures. A pressure decay time in a storage of 300-10,000 tonnes capacity of 
five minutes for an excess pressure drop of 2500-1500 Pa or 1500-750 Pa or 500
250 Pa denotes that the structure is suitably sealed. In Aus tralia, al l types 
of bulk grain storage in use, bol t ed metal shed or bin, concrete cell and welded 
metal bin, have been sealed experimentally to an adequate standard for use for 
modified atmospheres. Generalised procedures are given for sealing of these 
types of storage and the mechanica l modification required for applicatibn, 
distribution and removal of modified atmospheres are detailed. Further work is 
required to define the optimum commercial sealing process for concrete cells 
and bolted metal structures. 

INTRODUC TION 

If the various techniques of modified atmosphere storage either for insect, 

mould or quality contro l are to be applicable soon to a significant part of the 

grain storage industry methods must be developed for making the necessary 

modifications to existing storages. The existing system represents an enormous 

capital investment and it is not economically feasible to replace more than a 

very sma11 proportion of it \'iitn structures specifically built to take some form 

of modified atmosphere treatment. In establ ished bulk handl ing systems, the 

rate of replacement of exis ting structures and construction of new ones is low 

and thus cannot be expected to contribute a sig~ificant quantity of suitable 

storages quickly. 

The provision of a seal ed enclosure ...lith cor·rect fi tments is crucial to trJi~ 

success of a modified atmosphere treatment. Gas usage is T'estricted anc the 

possibility of insect survival reduced (see below). The ai~ of this paper is to 

show that despite the apparent difficulty of the task, sealing of large existing 

storages (> 300 tonne capacity) is not impossible, but can be ca r ried out easily 

and with simple techniques. The variety of the storage structures in use and 

individual variations in desi gn wit hin a general type necessi ta t e that an 

intelligent approach be made to the prob l em of sealing and does not allow a 

general prescription for success to be given. Neverthe~es~ there are some 

generalisations, given below, which can be made as a gu ide to persons wishing to 

car, y ou,t modification of particul ar storage types. However, be fo re gi ving a 
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description of the seal ing operations required it is necessary to '>et a target. 

level of gastightness, which, when achie ved , shows that the storage is suitable 

for use with modified atmosphere. 

GASTIGHTN ESS SPEC IFICAT ION 

It is not practically feasi ble to convert ex isting structures to completel y 

leak-free enclosures. Some l eakage is inevitab le , but the magnitude of the 

leakage tolerable is of concern here. It can be shDwn (Ban<s and Qesmarc heli~ ~, 

1979; Banks et aI., 1975 ) that there is a level of sealing at \·:hch the gas 

losses caused by wind and the 'stack' effect are small compared with those 

r'esultiong from changes in t emperature and barometric pressure. There is little 

benefit in achieving a hig her level of seal ing than this. If gas l oss from 

temperature and barometric pres sure variation were prevented by sealing only 

dangerous pressure differen t ia l s could be generated across the fabric of the 

structure . In current prac t ice , excessive pressure diffe ren t ials are relieved 

by llowing gas interchange through a safety valve and so gas loss ~till occurs . 

Ifethods other than sealing, such as the provision of a heat reflectant roof, 

must be used to minimise gas loss caused by temperature changes. 

tlathematical analY5is (Bcnks and ,i"nnis, unpubli s r.ec! data; see Bank s et al., 

1975 for a similar analysis for freight containers) of the factors ca us ing gas 

loss from structures and the influence of leak size on t he magnitude of the 

loss, leads to a specification of the 'gastightness' of structures suitable for 

controlled atmosphere use in te nns of the time ta ken for an appl ied pressure to 

decay. In Australia, for str0ctures of 300 to 10 ,000 tonnes capacity, a decay 

time of 5 minutes for an applied excess pl'essure drop of ei t he r 2500 to 1500 ~a, 

l50C to 750 Pa or 500 to 250 Pa in a f ull storage is rega rded as satisfactory 

and has been found to be so in practice (Banks et al . , 1980 ) . The test range is 

chosen so that it is the hi gh es t usable wi thout und uly stressing the sto rage 

fabric of the store . Abo ve 10 ,000 tonnes capac ity , press ure tes t ing is di ff i cult 

to carry out sa tisfactori ly and requi res very s t ab le atmospheric conditi ons . 

Bel ow 300 ton nes capacity t he s tandard is diff icu l t t o meet i n practi ce and thus 

must be relaxed desp ite the consequent highe r leakage ra te and hig her rate of 

maintenance gas requ i rement on a per tonne basis. Methods for pres sure tes ti ng 

of storages are giv en in Ba nks an d Annis (1977). 

The gastightness specifica t ion given above is a desi gn standard, which wi ll 

give t he optimum gas usage performance for modified atmos pheres. If a structu re 

fails to meet this standard, it does not mean tha t it is unsu itabl e for use wi th 

modified a tmospheres, but onl y that l eakage may be increa sed under certain 

meteo rol og ical conditions, no t ab ly dur ing high wi nds, wi th the res ul t that a 

hi qher rate of ga s input may be required to main ta in the correct atmo sphere . 

The pos s i bil ity t hat locali sed regi ons may develop where the gas concentra ti ons 

http:unpublisr.ec
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are inadequate for insect or mou ld control is also increased. In contrast to 

use of nitrogen and other low oxygen atmospheres, if CO2 is used for insect 

control, only a single application of the gas is necessary, if the storage meets 

the gastightness specification (Ban ks, 1979; Wilson et al., 1980). The absence 

of the need for a continuous input of gas to maintain the correct atmosphere is 

a sign i fi cant advantage of CO2-based modi fi ed atmospheres over 10.w-oxygen ones. 

However if the specification is not met, addit i onal gas may be required and this 

advantage ts eliminated. A management decision must be made whether add i t ional 

seal i ng effort is desirable or whether an increased gas cost and possibility of 

a control failure can be tolerated. 

SEALING OF DIFFERENT TYPES OF STORAGES 

There are three general types of storage. These are classified by their mode 

of construction and material used: welded metal bins, concrete cel l s and storages 

made of bolted sheet me ta l . Each general type has some common features which 

usually require attention (see Fig. 1) though individual structures may have 

other particular problems to be overcome before a satisfactory seal can be 

effected. Addit i onally most storages have various access points through the 

seal mloading chute 

/" Fit safety "alve 

/' Seal access hatch 

/ Treat ea"es 
" ¥" 

+-- Seal electrical 
conduit or bin 
tt::<Jel indicator 

Seal 
wall 

+-- Seal access 
door 

+-- Blank off 
aeration dueting 

Treat wall ·to ·floor Treat cracks in floor 
Sea l out loading hatch joint 

Fig. 1. Diagram of a genet'alised st orage sho~/ing areas usual ly requ iring 
treatment i n an existing stru ctu r e in order to provide a sea l ed encl os ure 
suitable for modified atmospheres . 

-
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fab r' c of the building, here called 'penetrat ions' , whi ch may requ ire sealing or 

modification before modified atmosphere systems can be used. A general desc rip t

ion of the sealing techniques* used successfully in Australia for vari ous 

structural types and penetrations is given bel ow . 

Welded ~etal Bins 

Detailed procedures for the treatment of welded metal bins have already 

been gi~en in Banks and Ann is (1977). 

Welded metal bins are us ua lly relatively easy to seal to the required 

standard. Many bins are set on a concrete ring beam with a concrete floor. 

In larger bins the floor itself does not usually require sealing, although the 

cracks should be filled with a flexible filler (e .g. bitumen emulS io n, thiocol 

or silicone rubber). The junction of the steel wall and concrete ring beam 

often leaks and must be treated. The region is subject to substant ial movement 

from both loading stresses and thermal expansion and should be treated with a 

resilient sealer such as a thiocol rubber. A bitumen emul sion seal ~r, ove rcoated 

with a PVC protective film, has also been found successful here (A.D. Wilson, 

personal communication). In smaller bins (e.g. 300 tonnes caoacity ) where 

sealing is more critical, the floor itself may need treatment with a sealer. 

Materials such as those us ed to surface industrial floors are suitable. Th e 

eave join will require sealing if it is not continuously wej ~ed and can be 

treated with sealant systems suitable for joins in bolted metal structures (see 

bel 0\,1). 

Using these techniques, and after treating the vari ous penetrat io ns (see 

below)' welded steel bins are routinely sealed under cOlTlTlercial condit ions in 

Australia to the level of gas ti ghtness specified for modified atmosphere use . 

PI'eS5Ure test resu lts f rom some of these operations have been given in Banks 

(1979) and \·li1son et a1. (1980). 

Concrete bins 

It i s possible to de sign and const ruct cyl ind r ical concrete cel ls to achieve 

the require standard for modified atmosphere use (see Fig. 2) . However mos t 

concre t e ce l l s are not const ructed to be gastight and us ual ly have crack s in 

the fabric formed during the curi ng of the concrete and from subsequent mov ement 

caused by out1oading stresses on the walls. There may also be regions of the 

fabric whi ch are porous to gases. Even in well-construc t ed bins t hi s cracking 

* 	 The classes of sealant compounds, not indiv idual propri et ry prod uct s, 
are given in the desc r ipt ions below as the availa bi l ity wi l l depend on 
where the sto rage to be sealed is located. Because of the impor tance of 
the skill of t he appl ier rather than the exact properties of t he compound 
used, many different brands of the same mater i al may be successful i n 
a given si t uati on. 

m? 
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Fig. 2. Pressure decay curves for four 2000 tonne capacity concrete cel l s , 
constructed to be gastight and wi thout any seal ing treatment for the wa~ l s af t er 
construction (Gladstone Termina , Queensland. After five yea r s continuou s use. 
Curves for bins full of wheat, f i l ling ratio 0.95). Dashed line shows t he 
acceptable pressure decay standard. 

is often sufficient after operation of the storage for a f ew seasons to preven t 

the bin from meeting the pressure test specification. 

In the absence of substantial porosity of the fabric, it, in theory, should 

be possible to treat the individual cracks and thus produce a sealed stn.;cture. 

However we have not found this to be a consistently effective method of giving 

an overall seal. The network of cracks can be very extens ive and it is not 

possible to tell which cracks are the cause of the leakage and wh ich are onl y 

superficial. Treatment of all vi si ble cra cks is usual ly impractical, but on 

one occasion treatment of the larger external ly visib 1e cracks on a concrete 

cell was found to give a substantial improvement in gastightness (Cooperative 

Bulk Handling Pty Ltd., unpublished results). This aporoach has been uns ucces sf ul 

in other cases (see Fig. 3). In cases where cracks mus t be sealed it is i mportan t 

to use a resilient materi al such as a polysulphide rubber as the use of rigid 

materials may only aggravate cracking (Theimer, 1975) . 

As an alternative to trea t ment of individual imperfections, a Sealant system 

can be applied over the whole bin surface. This approach has been used in the 

past for the sealing of grain storages in various parts of the world (e.g. J apan 

(Shimizu Construction, 1976); Switzerland (Burns Brown and Heseltine, 1951); 

USSR (Sergeev et al., 1969)). Cu rrently candidate sealant sys tems for concrete 

cells are being evaluated by CSIRO Division of Entomo l ogy and the Austral i an 

Wheat Board's Coordinating Committee on Silo Sealants under full scale conditions 

(2000 tonne capacity ce l l s). Ful l scale testing is ceing car r ied out as the 
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Fig. 3. Pressure decay curves for an 1300 tonne capacity bin, constructed 1935 , 
bef ore treatment c--- ._-), after coating the wall s and roof with an acry li c 
emulsion (Siloseal) ( .. ... . ... ) and use for one season ( ) and'for a si mi lar 

and adjacent bin after filling of wall and roof cracks > 1.5 mm across only 
(------). (Sydney Terminal, New South ~Jales) (Curves for bins full of wheat, 
filling' ratio 0.95). Acceptable decay standard (--) also shown. . 

range of problems whi ch a suitable sealan t system must overcome either have not 

been adequately defined or are not reproducible in the laboratory. In particula r , 

the appropriate combination of flexibility, extensibility and abrasion resistance 

is not known. (Criteria used for the selection of promising materials is given 

in Apperidix 1). Also less easily quantifiable factors such as ease of appl i cation 

and durability in use are important to the overall success of a system. At 

present, t'.'IO i nternally- app lied coating systems, a styrene-acrylic and a po ly

chloroprene-based material show particular promise as cheap, effective sea l ants. 

Both are apolied as water-based emulsions. Fig. 3 shows the improvement in 

pressure test results after applying the styrene-acrylic system. The other 

sys tem gave similar resul ts. 

The wall-to-roof jOin in a capped concret e cell is often designed without any 

form of seal between the bi n wal l and the roof slab. ~his region can leak 

significantly and must be carefully sea l ed. It is subject to substantial t hermal 

and mechanical movement and thus requires a flexible sealant system. A fle xi ble 

cornice made from a woven fibreglass mat, fixed around the inside of the j oi n 

and coated with a thick flexible sealer such as a styrene-acrylic emulsi on, has 

been used successfully here. 

In many concrete cells the roof does not rest directly on the cylindrical 

wall. Th ese 'open-topped' cel l s require t he con st r uction of some form of capp i ng 

to close off the cell. Vari ous forms of closure based ei the r on membrane sys t ems 

or 3!1eet polystyrene-metal sand,~ich materi al s suppor ted on normal roof t rus ses 
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are under test at present in Austra lia. Any such system is l ikely to appea r 

expensive if viewed si mply as a component of the costs of conversion of a 

storage to control l ed atmosphere use, but the cost may be part ly offs et by the 

other advantages it provides, notabl y dust control. 

Bolted Metal St ructures (Bin s and Sheds ) 

Many grain storage st ructures are made of sheet metal bolted or r 'veted 

together a~ d fixed to a metal or wooden framework. They are often prov i ded with 

open eaves and ventilato rs on the roof ridge . Tobacco stores, which are often 

constructed similarly, have been sealed routi nel y in the Un ited States using a 

PVC coating system for the retention of f um igations (Roo p, 1949; Anon., 1972). 

A similar technique presumably cou lld be used for large grain storages and has 

been successfu l l y demonstrated in Australia on a smal l fa rm storage bin (2 

tonnes capacity) (Banks and Ann is, unpublished data). It does not seem necessary 

to treat the complete struc ture with the seala nt , as was done with the tobacco 

stores but only the lap joins, bo ltheads and other l eak prone regions. A cheaper 

cosmetic and protective coating could then be applied over the whole storage. 

RecenUy a shed-type storage of 16,400 tonnes capacity was sealed in Aus tralia 

as a dew.onstration of the feasibi l ity of sealing such large structures (Banks 

et al., 1979). The shed was constructed from co rrugated galvanised iron sheeti ng, 

supported on a portal frame with A-frame wa11 supports and before treatment had 

ventilated eaves and roof ventilators. The e.aves and ventilators were cove red 

in with galvanised iron sheet riveted to the structure. Al ~ joins were then 

coated with a thick styrene-acrylic emulsion, reinforced where movement was 

expected with woven fibreglass tape embedded in the sealant. Silicone r ubber 

sealant was used in some movement- prone j oi ns. Larger holes and leaks, such as 

where the corrugated roof met the flat ridge capping, were filled with poly

urethane foam, formed in situ. 

After sealing, the roof and end gables were coated with a whi te acryli c pa i nt 

as a heat-reflectan t and protec tive treatment . Ap pl icati on of a heat-reflectant 

treatment to the roof is a necessa ry part of the modi f ication of stor ages with 

large roof areas and headspaces fo r modified atmosphere use. Temperature cha nges 

are a major cause of gas loss in such structures and the treat~ent reduces the 

magnitude of the diurnal temperature vari at ion in the headspace and t hus the 

quantity of gas loss from this source. Pressure test res ults obtained over 

three seasons are given in Fig. 4. The sealed s tructu re was successfully treat ed 

with CO for insect controll (Ban ks et al., 1980).2 
Other sealant systems (e.g. some polyurethanes ) appear suitable for bo l t ed 

metal structures and require testing. It is not yet certain which system wi l l 

give the best results. However , as with the seal i ng of conc rete cell s, a major 

factor in the success of a sealing proj ect is t he skill of t he appl i er and his 
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Fig. 4. Pressure decay curves for a 16,400 tonne capacity shed-type storage 
sealed as described (see text). Tests after sealing ( ), ~fter one seasons 
use (.. . . . .. . ) and after two seasons use (------). I·linor maintenance only 
carried out between seasons. (Curves for shed filled to capacity with whea t, 
filling ratio 0.58). 

awareness of how the sealing system must be applied rather than the pa r ticular 
treatment used. 

Sealing methods for farm-scale storages « 300 tonnes capacity) are detailed 

in Williams et al. (1980;. 

SEALING OF PENETRATIONS 

Grain storages usually have a number of fitments in the structure fabric 

which must be sealed in order to provide an enclosure of adequate gastightnes s . 

Correct treatment of these penetrations is very inportant as they are often 

major sources of leakage. These fi tments include access doors, in- and out loadin l] 

chutes, electrical conduit and aeration fans and ductwork. In many cases , they 

may be sealed suitably by ~ hoc methods. Although expensive, silicone rubber 

building sealants and polyurethane foam can be very useful materials for t hi s, 

providing a removable, but durable seal. In our experience, cheaper methods , . 

such as taping or sealing with butYl mastics as recollll1ended by Jay (19 71) , can 

be unsatisfactory in practice and jeopardise the overall success of a seal ing 

operation. Taping with PVC tape can, however, be used to reinforce sealed joi ns 

treated with silicone rubber. 

Some penetrations, par ricularly outloading valves, because of their desi gn 

and accessibility, are often very difficult to seal satisfactorily and may 

requ ire structural modificat ion or even complete repl acement in order to ensu re 
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that a good seal can be obtained reliably. Gastight valves of the t ype used in 

recirculatory fumigation faci li ties are suitable for modified atmosphere use. 

Doorways into large storage sheds may also present problems for sealing. 

Spraying of the regions which may leak with a strippable PVC film has been 

recommended (Roop, 1949). Doors may also be sealed by jud icious use of foam 

polyurethane or of silicone rubber sealants, reinforced with fibregl ass or 

fabric open mesh tape where appropr iate. In some cases, it may be better to 

replace the doors completely with a specifically designed gastight system rather 

than to attempt to seal the existing ones. 

MECHAN ICAL REQUIREMEN TS 

If modified atmospheres are to be applied to a storage not specifically 

designed for t heir use, some mechanical modifications are required in addi tion 

to general sealing . These have been set out by Jay (197 1) for CO 2 and Banks and 

Annis (1977) for modified atmospheres general ly . The modifications ara to allow 

the initial introduction of the gas to make the required atmosphere, to provide 

a means of maintaining the co rrect atmospheric composition, to prevent structural 

damage to the sealed structure from excessive pressure differentials across the 

enclosure walls and sometimes to provide a means of replacing t he modi fied 

atmosphere with normal air . 

Gas Handling and Distribution Systems 

Either nitrogen or CO" can be introduced efficiently into cylindrica l grain
"

storages through inlet systems fitted into the base of the bin wall without 

additional ductwork. The dimensions of the introduction pipework are dependent 

on the back pressure which can be tolerated by the gas production system. In 

Austra li a, 8 cm diameter pipework is normally used, which can conveni ently 
3. - 1 ) handle the purge rates currently applied (e.g. 6 m ml n . Precautions must be 

taken to ensure the end of the introduc tion pipe does not become blocked wi th 

grain. A s impl e sh i el ded in let system sui tab le for t his has been descr i bed 

(Banks and Annis, 1977). Us i ng a singl e inlet of this type, sa t isfactory purging 

efficiencies have been obtained even in large sq uat cylindr ical sto rages ( 73~ 

for nitrogen; 79% f or CO2, see Bordertown II and IV trials and defini tions in 

Banks (1979)). Since high purging eff iciencies can be achieved in cyli ndr ical 

bins with si mple introduction systems, there is little scope for improvement 

using more complex systems inco r porating ductwork within the sto rage. However, 

existi ng ductwork such as fitted fo r aeration can be used con veni en tly for gas 

introduction and may provide a s li ght improvement i n pu rging eff i ciency. 

Even in horizontal sto rages, wit h l arge len gth to he' gh t ratios , relatively 

high gas usage eff iciencies can be obtained with CO introduced from a si ngl e 2 

-
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point. An efficiency of 73% was obtained in a 16,400-tonne capacity shed with 

gas introduced at one end of the storage, improving to 92% using a longitudinal 

perforated introduction duc t (Banks et al., 1980). The high efficiency achieved 

with CO2 can be attribu ted to its density which causes the gas to layer horizont

ally even in large struct ures. No studies have been carried ou t on the in t roducti on 

of nitrogen into large horizontal storages, but presumably, because nitrogen is 

similar in density to air and t hus, unl ike CO2 , has li tt l e tendency to layer 

when "introduced, sotle introduction ductwork will be necessary in order to achieve 

adequate purging efficiencies with this gas. 

With modified atmospheres which are to be mainta ined indefi nitely, a system 

of external pipework is requ i red to bring additional gas into the s~orage in 

order to compensate for leakage and keep the modified atmospher i c comoosition 

correct. For gases lighter than air, i.e. nitrogen, the additional gas is 

introduced into the top of the storage; for those heavier, at the base (Banks 

and Annis, 1977). Two systems are available fot' maintenance of a modified 

a tmosphere: a demand system, where gas is introduced vlhen the pressure or gas 

concentration in the storage falls 'below a set level (Jay and Pea ma n, 1973; 

Shejbal, 1979) and a continuous system (Shejbal and Oi Maggio, 1976; Ba nks and 

Annis, 1977), where gas is fed in at a constant rate. On this basis of available 

data these appears to be li tt le difference in gas consumption using the two 

processes (Banks, 1979), but they have not been rigOt'ously compared. In either 

case, if sealing has been adequate, the gas flows required are likely to be 

small and thus narrow bore pipework (e.g. 1 cm diam.) will be suitable. A stee i 
-12000-tonne bin sealed to the standard given above requires about 25 1 min of 

nitrogen (Sanks and Annis, 1977). 

For 'one-shot' CO2-based modified atmosphere systems, where no ~aintenance 

gas is used, it is necessary to keep the internal gases mi xed in order to prevent 

f orma tion of regions of i nadequate CO 2 concentration for insect con t rol (Wilson 

et al., 1980). This ca n be accompl is hed by reci rculat i ng the storage atmos phere 

from the base into the headspace via external pi pework using a sma l l seal ed 

blower. A recirculati on rate of about 0.1 vol umes per day has been fou nd to be 

adequate for bins and a shed (Banks and Anni s , unpub li shed data ) . Recircul ation 

can also be used to maintai n a low-oxygen atmosphere wi th a propane- f ired 

cata lyt ic converter. Navarro et al. (1979) used a recirculation rate through 
lthe converter of about 300 1 min - for thi s on a 1200-tonne bin. At such a rate 

only narrow pipework (e.g. 3 cm diam. ) wo l d be req ired. 
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Pressure relief valves 

Pressure relief valves are required in sealed storages to prevent damag ing 

pressures from developing in storages as a result of temperature and baromet ric 

pressure variation, wind effects or excessive rates of gas introduc t ion i n the 

absence of adequate venting. Simple systems suitable for sheds (Banks et al., 

1979) and grain storage bins (Ba nks and Anni s, 1977) have been descri bed . 

However, both systems would benefit from further design work to provi de cheap, 

rapidly acting systems. The pres sures at wh i ch such relief valves should operate 

is dependent on the design of the storage and the pressure differential it can 

tolerate. In many cases and particularly for sheds, this differential can be 

sma 11, e. g. 250 Pa. 

Removal of the modified atmosphere 

A means of venting the atmosphere must be provided to enab l e personnel t o 

enter a storage treated with a controlled atmosphere for outloading or ,inspect i on . 

In smal l storages, natural ventilation may be suffici en tly rap id f or this wh en 

access hatches and other penetrations are opened. In large storages forced 

ventilation is required if it is necessary to enter the storage with in a few 

days after unsealing. Sealable ventila ti on fans can be f itted to ventilate the 

workspace when required. A fan capable of an extraction r ate of 500 m3 min - l 

was fitted in each gable end of a 16,400 tonne sealed storage treated with CO2 
was found adequate. This allowed access within 24 hours. Such large extraction 

fans are also useful for dust control within the sealed storage during grain 

movement. In the absence of some form of ventilation in large stores, the air 

may become dust-laden within the store making working conditions there ur.pleasant 

and creating a possible dust-exp l osion risk. 

CONCLUSION 

At present in Australia only welded steel bins, treated as set out above, are 

in commercial use with modified atmospheres. However the techni ques for the 

conversion of both concrete ce l ls and shed-type storages to take mod if ied 

atmosphere treatments have been demonstrated experimen~al ' y. The cost of 

commercial sea l ing of large horizontal sheds ( > 15, OOO-tonnes capacity) to an 

adequate standard of gastightness for controlled atmospheres wi ll vary wi th 

method of cons truction but will probably lie between $A2- 5 per t onne capaci ty, 

while the treatment of capped concrete ce l l s is expected t o be about $A1 0 per 

tonne capacity for a 2000-tonne cell. Where a choice is to be made, this cost 

difference is likely to favour conversion of horizontal st orages . The seali ng 

of several more large ho rizontal storages in Australia is currently under 

consideration. 

-
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With the conversion of a sign1ficant number of existing fa ci lit ies to a 

sealed condition, it will be possible to assess the probl ems and potential of 

the various fo rms of modi jOied atmosphere storage undet' the operationa 1 constraints 

of the industry and not at a restricted experimentC';l l'eve l as hi therto. The 

experience gai ned in carrying out the modifications should be of great assistance 

in optimising sea l ing strategies and thus , as sealing is a major cost componen t 

of modified atmosphere storage, reducing the overa l l cost of the process and 

giving a viable system for use with exi sting structures. 
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APPENDIX I. 

Criteria uses for the selection of candidate sealants for internal appl i cation 
to concrete cells 

(1 	) The sealant system should be ab le to bridge cracks up to 1. 5 mm across so to 
create a continuous fil m wh i ch will not fail when opened t o 2 rrrn du ring 
outloading. 

(2 ) 	 It must be suffi c iently plastic or elas tic not to crack when imperfecti ons 

in the structure open under pressures from t he filling or emptying of t he 

bin. A lOOt extension on 0 . 3 mm c,rack should be withs t ood without fa i l ure. 


(3 ) 	Because of high appl i cation costs, the system should be effective us ing 

3 or less coats. 


(4 ) 	Good adhesion to old conc ret e is required. A pr imer may be necessary . The 
coating must be able to withstand + 2500 Pa on a 1 mm wide crack, 30 cm l ong 
without loss of adhesion. 

(5 ) 	The sealing system must be easily repairable if damaged. 
(6 ) 	The coating must be suitable for use with foodstuffs. Data should be 


available to show no adverse effects on direct contact with the sealant . 

(7) 	The coating must not creep or perish. 
(8 ) 	 The coating s ou ld have a s ignificant degree of abras i on resistan ce. A 


different material is accept ab le in hi gh wear areas . 

(9) 	 It is essentia l t ha t t he materi al is stable to ga seo us me t hyl bromi de or 


pho sphine f um igants and is unaffected by high C02 levels (e.g. 60%) . 

(10) U.V. radia tion resi s t ance for t he coat ing is no t requi red. 
(11 ) The coat i ng must at leas t be stable between 0-420C. 
(12 ) The t otal system should have at l eas t a 10 year l ife but it is accept abl e 

that eas ily accessibl e areas such as the out l oading cone may be rep.aired 
pri or to this. 
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PNEUMATICAL LY FORMED REINFORCED CO CRETE DOMES FOR GRAIN STORAGE 


f ACI Ll TIES , BUI LT WITH BINISHELLS TEC HNOLOGY 


MICHELAG OLI , A. 


Bi n ishells S .p.A. - 22 , Vi a Fatebenefratell i - 20121 MI LAN , r ALY . 


TNrRODUCTION 

The pU"POse of these notes is to explain in sLBlTrlary the Binishells patented 

techno lo~ f or the pneLlTlat i c fornation of reinforced concrete domes and sorre of 

the main aJ I Jantages offered by such Binis hells structures for the realization of 

facilities for artificial controlled atmosphere storages of g~n . 

Our exper~ences are as designers and builders of reinforced concre te 

structures and we wish to put them at all the silos experts disposal (Internal ional 

Public Bodies , scientists , deSigners , consultants , builders and utilizers) who 

may contribute to the solut ion of problems concerning the storage and the preservat 

ion of cereals ~ n the world . 

We do hope th:1.t from these information on a technology of construction, colliIDo at 

ions .../i th the experts of different activities may CO!re out . 

In fact , i ns tead of suggesting solutions with products and/or eqUipment already 

defined , \ole believe it is great more useful to propose technologies INhich may be 

employed with the collabor ation of experts and by using the local resources and 

manpower existing in each country of u ilization . 

In the areas which are typical of a developing agricul tural economy , above all, 

e erybo y kno "s whit::h are the negative econvmical and social repe['Cussions , cieri\lng 

from the ifllJosition of outSide system and produc ts , which do not invol ve either the 

local technicians or workers and then cause instinctive refusals, as the well- known 

lack of maintenance , etc . 

The Binishells technology allows the ~onstruc ion of d.oIre- shaped structures of 

different sizes , up to 36 - 40 m in diarreter (that is a capacity of cu .m 7 .500 

10 .000 each) by using local resources (unskilled manpower and conventional materials) , 

reducing the importations to the minimum and o ffering many advantages, such as 

building rapid i ty , i. c;.: a cOflllle of 100 dorres of 3d m dia . , wi th a total apa

city of about L;u .m 550JXX) is bu~l in Pakistan in 200 days ; 
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cost economy : up to a saving of 4O+~in comparison with concrete storages built 

wi th convent i onal systems . Further considerable advantages are obtained by making 

such structures gas- t i ght. 

BINISHELLS PA'rEN'rED 'rECHNOLOGY 

Some infonnation on the technology are given here be l ow . 

'rhis new building sys tem i s based on the pneumatic fonnation of reinforced con-

c re t e structures , i.e. upon the use of the pneumatic dynamic form which l ifts all 

the bui l ding materials from the ground , e.g .: fluid concrete, steel reinforcerrent , 

etc . 

The main special equipment and the different phases of the process a..roe illustrat

ed below . 

The Foundat i on 

T e foundation consists of a small circular continuous beam (e.. g ., for a 36 m 

diameter dome , the section is 60 cm by 85 em) w'nich is built in a standardized It,a. 

The load on the ground is very low, by vir ue of the dorre 'si i ghtness and mcmoli

thicity . Before casting , a special tubular form (4 - fig.1) f or the anchoring of the 

internal pneumatic form is i nse r ted in the foundation . This form is inflated before 

casting and, subsequently. after the 

cone te has set , deflated and rerrov 

ed (1 - fig . 2) ~o leave an eye- let 

for inser t ion of the tubular anchor

age connec ted -Ii. th the edge of the 
Fig. 1 

internal pneumatic form . 

Internal eumatic Form as an upl ifting system 

The pneumatic form consists of a rrembrane in nylon reinforced neoprene, ',lith 

tubular a~chorage at ~he edge (2 - f ig .2) . It is anchored to the foundatior~ by thE 

above illustrate system and allows both air tightness and rrechanical resistance . 

Fig.2 

Pumping Station 

The pumping station consists ')f one or more 10 ·/ pressure leet ic blowers . 
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Air inlet and outlet are made through pipes in P.V.C. or other materials (5 

fig . l), under the floor. The shape of the structure is stabilized by air circulat

ion ,i. e . by pumping air into the pneumatic fonn and let tlng ou t smal l quantities to 

avoid any movement of the structure(l - f ig.7). 

The internal pressure needed to 11ft the rrembrane and construc tion rnate ri als is 

oc rew hundredths of an atmosphere (from 0 ,03 to O,OS Atm . J . 

Stee l Reinforcement 

Steel reinforcement consists of a mesh 

of spiral s (4 - [1g .3) plus addi ti onal 

reinforcing bars (5 - fig .3) . Th mesh i s 

.!/made of steel spirals hooked to an extern 

a1 bar anchored Lo the foundclLions (3 - Fig.3 

[ig .3) . 

These spirals are manufactured at close pitch ; therefore they take up little 

space and can be easily packed and carr ied to the job si te . Each struc.:ture requires 

10-15 types of spiral lenghts ([1g .4) . 

Reinforcement consists of straight steel bars, varying from 5 or 8 mm in diameter . 

·rhis is placed insi e the spi rals and l eft free to slide (fig .4 , dark l i nes ) . 

Placing is easily carried ou directly 

on the membrane at groun level , follow

ing a ::; andard drawing and car-rying out 

he same operations for any s i ze of strL~ 

ture . During uplifting th spirals stretch 

and t~ bars set 1 and slide , maintain

ing the required post ion wi h .he laps 

nel'" ed to nSUN? th" ontinuLty <:) hI" 

rPinforcernt=:nt . 

The spi rals have s~v_ral functions , the 

roost irlllOr an of which are : - to prevl;:n 

Lhe oncrct from sliding during·th~ up

lifting - .0 guaranLee concrete th.ckness 

to uplift and settle th reinforci.ng bars - 0 control the uplift ing an the s t,ap· . 

The stuif' of th.> strlb_tlJ.1"'f: is fin_cl boch by Lh yp~ or pnel..tmatic form and 

spirals . Laying of lnfo €'Iren akes 2- 2 _ays for s t"'I.!.. tll~~S having dirrensiuns 

FIg. 4 

http:reinforci.ng
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varyi ng from 12 o r 36 m in diameter, with a team of -8 v.orkers. 

Uplifting of Concrete and its Characteristics 

Concrete consists of a regular mix wi th a high workability and is placed on the 

pneumatic fo rm at ground level. The characteristics of the mix are usually : 

Sand 6O.l& Water /cement r atio 0,50 

Gravel (max 12- 15 mm ) 40% Abram I s slump 16+18 em 

Cement 400 Kgs/cu .m 

e tarders and plasticizer addi tives, easily available and in such doses as not to 

al ter strengjlt of the concrete , are used i n orde r to allow the placing, uplifting 

and vibration of the concrete . 

Placing is usually carried out with concrete truck mixers . Concrete is placed on 

the membrane at ground level and spread by convent i onal methods (fig.S). 

Fig.5 

During uplifting as t he surface ncreases, the thickness both of the spirals 

and of the concrete dec reases. 

Howeve r , the ../hole system is calculated in o r der that the final shape assures 


the cor rect concrete thi ckness for t he complete covering of the steel reinforcetrent . 


As already explained , the concrete sliding during the uplifting , is prevented 


by both the spirals and P. V.C. sheet (external membrane) . 

Fig.6 
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External Membrane (== P. V . C . sheet ) 

Before uplifting , a P .V.C . sheet is laid on t he concrete and anchored to the 

f oundations i n a simple and qui ck way (2 - fig .5 ) . 

During the uplift i ng, the P .V.C . sheet is put under stress , compressing the 

concrete (fig . 6) . 

Its functions are mainly : - to protec t the concrete both from r ain and strong 

evaporation due to the sun - to help hold the conc re t e - to allow vibration . 

Vibrat ion 

The vibr ation equipmmt is placed in 

the centre of the s tructure before the up

lifting and l i f ted with the other materials 

(1 fig . 6) . Vibration is carried out when 

uplifting i s completed , by means of high 

f requency vibrators fixed on rolling carts 

(3 fig.8 ) . These rolling carts, anchored 

t o a cylinder placed at the top of the 

sr;r'Uc ture , are pulled downlo/ards, drawing paths which are similar to helicoids . 

Each Vibrator makes a pa t h partial l y ove r lappi ng the one made by the previous 

vibr ator , so ob taining a total tamping and vibr ation of the surf ace . 

Fig.7 

Fig . 8 

Setting of the Structure and Deflation of the Membrane 

After stabilization and v ibr ation , the concrete of t he st~JCture sets and 

hardens between t:WO higtlly waterproof membranes, which allO\'I a gr'adual evaporation 

of \"iatp,r and protect it against atmospheric agents (fig. 7) . 

The device used , the controlled evaporation of water, the acceleration of setting 

clue to both its own heat and sun eeadiation ,allo'" the elimination of any shrinkage 
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and the obtaining of a perfect monolithic s tructUl~ . 

Usually , the membr ane is deflated after 1- 3 days ,accor ding to the s i ze of the do

me and to atmospheric conditions . 

Before deflation , tests are carr i ed out on the concrete and hence deflation of 

t he rrembrane is carried out without r isk . 

Sorretimes , it happens that ,due to particular a t mospheric conditions and to strong 

sun eradiation r setting is remarkably acceler ated . 

After an adequate pe:riod of time . a~ opening is cut in the structure to enter 

a'1d rermve the membr ane for r e - uses (3 - fig. 9) . 

Openi ng in the Structure 

Cuts are made wi th no rmal rotary saws 

or' with other simple tools . Before making 

the cuts, if so required by calculati on, 

reinforcement may be added in reinforced 

concrete or steel members (4 - fig .9) . 

Transportation and Re- uses of Equipment 

Al l equipment are easi ly carr ied on one lorry and there is the possibility of a 

quick move , with rema...T'\<able savings (1 - fig . 9) . 

Equipment investments are small and their amortization has a low incidence be

cause of their many re- uses . 

Insulation and Finishings 

Binishel l s domes are reinforced concrete monolithic structures, a'1d their finish

ings. i. e. thermal a~d acoustic insulation , are carried out with materials which are 

normally available on the rnarke1:. 

Bui l ding a dome time 

'rhe usual time for the construction of a dotre i s hereunder outlined 

lay' ng of the internal membrane and equipm,mt , etc .: 1 day, 

laying of the sceel reinforcement , etc .: 1.,.3 days(according to size). 

cast of concrete, uplifting and vibration , etc . : 0 ,5 days, 

set and hardening of concrete and deflating of membr ane ,etc . :1 ,5+2,5 days . 

A mass produc tion can be organized by a contempor ary empl oy of IIDre than one 

pneunatic fonn . For exacrple : a prociuc ion of 4 ciolTes per week (100 domes in 200 days) 

can be realized wi th 4 membranes and .hree teams of 'flOrke ['s . 

Fig.9 
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casting of concrett;: at ground 

upon the internal rn-mbrane and 

sLeel reinforcing,already laid , for 

a structure of 36 m dla. 

Ct::nLt : sLt::~l l~i.nfot'Cin& not cover

ed yet by conu-ee - nigh : folded 

P.V.C. shept - Left : truck mixer 

and concrete pump . 

Startingh infla ion : 

P.V.C. sh t not yet und r tension . 

Equipment for vibration ls placed 

on top . 

Infl t ion is comple ed and P . V J ' . 

shooet is undeL ~enslon . Vibration 

is carried 01.1 by means of 

vibrators whi~h are driven one 

after ' h other ,around the dcxre 

surface . fC'OfTl t:op to base. 

'l'l~ '...nole ....,or\< he~ 111'lsLra e l~ 5 from thre,~ s i;.: lours. 
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ADVANrAGES OF BINISHELLS STRUCTURES FOR STORAGE FACI LITIES 

The main advantages are sumnarized here bel ow . 

Complete ut i lization of local resources : 

i nfact materials and uns ki lled labour to be found on- th - spot are utilized . 

Moreover , the construction can be carri ed out by l ocal organizations and through 

l icence agreements . 

Economy in the costs is due to : 

- reduce d quantity of l abour and mate r ials required for the construction (due also 

to t he reduced thickness of the s t ruc t ures : 4-8 cm) ; 
r 

- small dimensions of the foundations , which have a ECONOMY 
cont i nuous ci rcular shape , and 1 i mited depth (the (:::::::1 Binishe'lls structures 

l oad on the ground is limited to 0, 6-0 , 8 Kgs/cm:t . ) ; o Conventional structW'es 

- s i mpl i city of the equipment, their easy transport 

abi lity and l arge re- use in subsequent utilizat ions ; 

- reduct· on of the transport costs and inves trrents 

for bui ldi ng equipment ; 

- eliminat i on of maintenance co t s ; 

reduction of overheads due to the r apidity and 

simpli ity of executi on . 

Rapi dity d simpl ici~y of execution : 

A 35 m di ame tel' structure having a capacity of 

7 .450 cU .m is built in 6- 8 days y using simple 
LOOANTITATIVE COMPARISON 

equiplTent and by a reduced team of 'AQrkers . 

The simplicity or the foundations ,moreover , 

e l iminates unIoreseen events and ground onsolidation. 

Long durability , high resistance and mi i rnum maintenance 

The stru::: ures art: monolithic , in reinforced concrete , and corrpleted wi th a 

conventional an economical external waterproofing and do not require any maintenan

ce. r''breover , the Binishells structures have an enonoous natural resistance to all 

stresses, such as :external loads ,earthquakes, typhoons , pressure waves , etc . 

They can also be covered with earth and ccwrouflaged . 

100% 

55% m..... .:.:. ..... 
::::. 
::::"
:.:. 
{~
:} ~ 
:.:.: (/)..... 
' ::::: 1 

= 
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Possibili ty of utilizing the structures both for bulk and bags storage : 

This advantage is shown in two aspects : 

- si~ Ie warehouses for bags (dores wi th one or t \,,'o doors) can be bl' 1t at the 

beginn 'ng . and subsequently completed with fixed or mobile economic systems for 

filling and discharging which can be added in a simple 'day; then changing of a 

Bi nishells warehouse for bags into a bulk storage is very simple ; 

- if the structures are equipped with the mecha~zation f~m the beginning , the 

sarre plant can be utilized both for bulk and for bags so that different situations 

which may occur along the year , can be easily faced . 

Pos i bility of bui l ding gas- t ight structures 

Such operation simply requires the application of a special paint on he inner 

surface of the dome . Also such application can be done from the beginning or sub

sequently . The Binishells structures are monolithiC, without any cracki~gs. joints , 

etc . and thus allow an easy application of the paint and a safe Lightness in the 

future . 

The paint employed by us was hardly tested by Snamprogetti and fOLn1d completely 

suitable . 

POSSIBLE TYPE OF STORAGE FACILITIES 

Among the large 'ange of possibilities of utilization of the Binishells structur 

es , some of the most significant solutions are listed here below . 

With regard to building (B) , we can have the follovling classification 

B. 1. Flat bottom with domes at groLn1d leve 1 

B . 1. 1. with en try door - B . 1. 2 . 'iii thout entry door 

B. 2 Flat bottom lith dore built on a cylinder (to increase capacity) 

B. 2 . 1. I:lith pntry door - 8 . 2 . 2 . without ertry door ; 

B. 3 . Inclined bottom : 

B.3 . 1 . vlit~ only one cone - 8 . 3 . 2 . with multiple hoppers . 


"lith regard to shape (5) of strucwres , we c.:m have : 


5 . 1 . shape \,Ij,Lh ellipsoidic section (of height H and base diameter D,with H=1/3 D) 

S .2 . shape with parabolic sec ion ' (of height H and base diameter D,with H=1/3 D), 

S . 3 . 	 other shapes (square base , e~c . ) 

With regard to dirrensions (D) , e can have bins of any dlinensions : 

As an exarcple , here below oJe state tlirensions of the ellipsoidic shape standard 
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s t ructures wit h rel evant capacities for t he flat bot tom sol ution . 

D (m ) H (m) V (cu .m) 

15 5 .00 600 

20 6. 30 1 , 360 

25 8 .00 2 , 580 


32 10 .20 5, 450 


36 11 .00 7, 450 


40 12 .00 10 ,050 


With regard t o combi na t ion (C) of several bins there 

is the poss i bi li ty of a large r ange of compositions plas. 

i ng several s i milar or diff erent domes s ide by s ide , i .e .: 

C.l. wi th N~ 1 bin - C. 2 . "nth N~ 2 bins 

.3 . with N~ 3 bins - C. 4 . with N~ 4 bins 


.n . with N'! "n" bins . 


With regard to equiprrent and rrechaniza tion (M) we can 

have : 

M.l.-Simpl e equipment for :doors , ventilation and/or 

lighting , but without f' lEng and discharging 

equipment . 
+-__=0_-+ 

M.2 .-Mobile or semifixed s imple mech izat ion : 

M.2 .1. fil l ing and discharging through screw convey


ors in mobile elements assemblable one to the other . 
 ~}
M . 2 . ~ .-fi l l ing through chain conveyors fixed LO the 

,OJ 
stru::ture - discharging through screw conveyors in 

mobile e l ements assemblable one to the other . 

M.2.3 .-filling through chain conveyors fixed to the 


structure - discharging through belt or chain conveyors in adi t . 


M.2 .4 . - filling througJ1 chain conveyors fixed to the structure - discharging 

through beIt or cha · conveyors in adi t wi th turning extractor conveying the 

mater ial in the discharging hoppers . 

M.3 . - High echanization 

M.3 .1 . - fllling through centralized rrechanization with a dist ribution wade through 

pipes which allow a natural gravitational fall - discharging through belt or 

chain conveyors running in adi t with turning extractors conveying the material 

~lo 
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n the discharging hoppers . 

M.3 . 2 . - f i lling through centralized mechanization with a 

distribution made through hopizontal chain conveyors 

di scharging through belt or chain conveyors running in 

adi t , wi th turning extractors conveying the mater · al in 

the dischargi ng hoppers . 

With regard to use of controlled atmosphere (C .A. ) : 

it can be adopted both for the use in bulk and in bags for 

any kind of 8inishells structures. 

GAS-TIGHT COATING 

"Gas- tight coating" (IDEA- SEBINO) is a transparent 

varnish especially elaborated for cement gas- tightness . 

This varnish Is an one-component product forming a very 

hard , elastic film, highly resis tant to abrasior. and to 

effect of most chemicals , It,hich finds its application 

on porous bases (concrete in particular' ), efficiently 

permeates t hose bases and insures a perfect gas- tigh! 

ness . It is applied preferably with a brush or a roller 

on a dry and dust- free surface, with normal precautio~ 

ary nles regarding vamishes. It may be applied i n 

one or more coats , \vith inte r val of 12 hours as a 

minimum and o f 24 hours as a maximun . The 

film becomes hard according to DIN standard 53 .157 of 

about 165" for' a thickness of 40 microns . The abrasion 

is of 5 mg, according to the Taber CS 10 abrasion 

table for a pressur€' of 10J0 g . 'rhe film thus fonred , 

once hardened, i s characterized by its high degree of 

transparence as ".rell as its high elasticity , and its 

slight yello~nng ,,/hen exposed to light. At the end of 

14 days after applying the final coat , under a "tempe

rature of 20° C and an ambient relative humidity of 5~ , 

the maxirrn..Jr.1 chemical resistance of the varnish j s 

obtained . 
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ECO NOMI C ASPECTS OF NITROGE N STORAGE OF GRA INS . 


TRANCH INO, L. 


ASSOREN I, SVIL , S. Dona t o Milanese , Ital y. 


AB STRAC T 

In this pape r t he economic s of t h e nitrogen pre se rvation tec hnique 

of grains is compared with othe r sto r a g e methods, s uc h as turn ing of 

the c e~ e al grai n bulk, dis infestation-fumiga t ion, vent ila t i on a n d r e 

friger a tion. 

A comp lete analy s is of s t ora ge center components is carr ied o u t. 

Howev e r, since ~he n ~in obj ective of the wo rk is t he comp ari son be tween 

the various s to r a ge tec h DJlogids, those co st i t e ms whic h c an be consi 

dered equa l in the differen t ~ ec hniques or a r e i nde pendent of the s e 

are not quantified (general costs , pers 8 ~e:: etc.). 

The econom~c evaluations carried out on the basis of dire c t i nd~s 

trial.experienc e and l i terature data s how that: 

- nitro gen storage of gra i n s is competi t i v e in respe c t to o t her storage 

systems; 

- th e prob lem of gast ightness of the silo s, wh e n tre ated a t the moment 

o f t he sil o c onstruc tio n , can be solv e d with no subs tan ti al inc r ease 


o f c osts; 


- the operati ng co st determine d by ni trogen con s mpt ions depends on 


t he 8~d2 of suppl y of the g as and on the size of t h e s tor age pant . 


In any c ase this co st is i n t he orde r of t he co s t of che mical disinfe 


st a t ion s o r lowe r for storage c omp lexe s o f large dimension s (ove r 


50, 000 tons ) . 


INT RODUCT I ON 

Th e scope o f t his work is t o fu rn ish evaluati o n e l ements on t he ap 

pli c at i on o f t h e nitrogen t echnolog y for g r a in preservation i n c ompar i 

s on wi th the t r ad iti onal sy s ems. 
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A ho mogeneous c o mp ar ison b etween the dif ferent technologies i s very 

d i f fi cult because grain prese rvat i on plan ts have des i gn and con struc 

t i o n char acteri st ics wh i c h are al way s ve ry di ffe rent and c a n s i gnif i 

can tl y i n fl u e nc e the uni t o perat ing cost s . 

In order to per f o r m the st udy, it was ne cessar y to a ccept simp l ify 

i ng hypo t he se s to fix a co mmon b asis for the compar i son . Two analyses 

vle re ,p e r forme d : 

a) Analysis of t he costs conc e r n ing the pre s ervation process only 

In this c ase , on l y the cos ts of t he s pec i f i c equ ipme n t used and o f 

t he ut il it i e s c onsump tion for the app l i caL i on o f the p r eservat i on pro 

ces s have been considered. 

b ) Full a nalysi s of al l c o s ts o f a s t o r age ce n t er 

This analys is is more correc t s ince the cho i ce of t he prese r vation . 
tec h no logy may have a n i nfluence ove r the magnitude and the distribu 

ti o n of all t he c osts tha t form the fi nal p r eservat i on cos t . 

Howeve r t his analys i s i s limited to t he definite realizat ion consi 

de r ed . 

The r esults o f t he t wo t y p es of analyses a l low to obta in a p i cture, 

comple te e no ug h , of t he economi c a spec ts of t he n itrogen preservation 

t echnology. 

The s e evaluat i o ns shou ld be consi de red preliminary and the costs 

at a on ly i n i cati ve va l ue s since the y were worked out on t he basis 

of data comi ng fro m d i ffe r ent , non homogeneous sourc es . 

ANALYSIS OF THE COSTS CONCERNI G THE PRESERVATION PROCESS ONLY 

In thi s analys i s we consider only the costs of the specific equip 

ment use f or the application of the prese r vation technology and the 

c osts l'elevant to the util i t ies consumption fo r the o peration of these 

f ac i l i ti e S . 

All t h e o t her costs: 

- t he cost of the silos 

- t!"1e co st of the a ux i l ' a ri es , r oads , land etc. 

- t he cos t of the gra i n conveying mechani z at i on 

- the cost of maintenance, hand l ing e t c . 
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are considered to be constant and unaff e cted by the preservat i on tech

nology. 

This is only a hypothesis because addi tional costs f or t he g asti ght 

ness of the silo are required for the c o ntroll ed atmosphere preserva 

tion technology. 

Ne verthless gastight si " o s (galvanized se amed sheet s i los , d ome shaped 

reinforced concrete silos e tc .) may cost le ss t han no n gast ight (con

crete vertical silos, vi t rified sheet-steel etc.). 

On the oth er hand the o pe rating simp l icity connected wi th the use 

of the nitrogen technology all ows considerable re duc~ions in t he latou~ 

costs. In fact s ome typical o perations of the tra ditional s ys t e ms are 

completely excluded, such as the freque n t con tro l s of the sto red p ro 

duct, its turning and, above all , t he t reatments wi th chemical disi n 

fectants that require the assistance of sp ec i al ized personnel . 

The o ther preservati on t ec hno logies considered for the compa rison 

are: 

- turn i n g o f t he produc t and chemic a l disinfestati on 

- ventilation and chemical disi nfes t ation 

- refrigeration. 

Through t he above mentioned hypothes i s, the c o mparison is no t homo 

geneous i£ the efficiencies of the di ff erent technolog ies a re not taken 

into ac c ount. 

It i s not pos sible to c omp are on the same basis " p reve nt ive" and 

very eff icient te chnologi es l i ke controlled atmosphe r e or re fr i geration 

and "curati ve" and / or less e ff icient tec hno l og ie s l i ke t urning , venti 

latio n and chem i c al disinfestation . 

A co mmo n basi S may be f ound wi th one of the two fo ll ow i ng assump 

tions: 

- the ini ti al charac t er i stic s o f the p re serve d produc t be i n g equal 

(mois tu r e content equal to the critical value for examp l e) , we can eva

luate a n averag e loss of produc t r e le vant t o each preservation techno 

logy; 

- the r esults of the preservat i on being e ual ( zero loss for example ), 

we c a n e valuate the s avi n g s pe r mit ed by the mo r e efficie nt t e c hno l o 
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gies that allow to preserve poo r quality produc ts and /or with h i ghe r 

moisture content. 

1. 	Comparison at the ini"c '.2.l characteristics of the prese rved Droduct 

being equal .. 

In table 1 the inves t ment cost and the runni ng c ost a r e summari ze d 

for each pre se rvation techno logy: 


- [of turn ~ ng the invest0e nt cos t refers to th~ tempeca ture c ontrol 


and che~iical distribut i o n faciliti e s ; t h e runni ng costs re fe r to t he 


electrical energy consump tion for turning and to the c hemi c a l con s ump 


tion; 


- for ventilation the i n ves tment cos t refers to the fans, di s tr i but i on 


pipes, te mperature control a nd application of chemi cals; the running 


costs refer to the e lect rical e nergy consumption for ven t ila t ion a nd 


to the c he mical consumed; 


- for r efrigeration the invest ment cost refe rs to the cooling p lant . 


fans and distribut i o n pipes; the r unning co s t r e fe rs to the e lec trical 


energy c onsumption; 


- for c ont rolled atmosphere technology it i s a ssumed to suppl y t h e 


plant with liquid nit rogen , so that the investmen t r efers to t he gas 


distribution and cont ro l plant; the r unning cost refers to t he n it r o 


gen consumpti on. 


For all the investme n t, cost d epreci at i o n i s e stima ted at a rate 

of 17 0 per year. In tab l e 1 the ave rage loss of p r o duct tha t c an b e 

e stimated f or each p r eservat ion tec hnology is also indi c ated . These 

val u e s ar i s e f ro m the ex i st i ng li te rature dat a a n d from dire c t experi 

ence acquired . 

Lo sses are i nd ica t e d in c er t ain ranges , since they are stat i stical 

val ue s. Fu rthe r mo re, all o t he r cond itions being equal , t hey depend on 

v a riab le basi c data, name ly: 

- on p r oduct physical characterist ic s (f r ag i l i ty and pu l ve ri zabi lity , 

prese nc e of i mpurit ies in the i nterstices, e tc . ) ; 

- o n the evaluation of qua lity losse s: the y d i ffe r i n c o nnect i on wi th 

the d i f f eren t ut iliza t i on o f the product , with he basi c va l ue a s ma r 

k e tabl e goods , etc . 
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TA BLE I SAVING S AL LOWED BY THE NI TROGEN TEC HN OLO GY I N COMPA RI SON WI TH OTHE R PRESERVA TIO N 
SYSTEMS ( ITALY -	 19 78 

Transfe r o f 
products and Ve n ti l at ion 
c h e mi cal d i  a nd ch em i ca l Ni troge n 
s i n fes tati on di s i n fe stat io n Ref r igerat ion tech n i q u e 

T nves~ ment cost f o r p r ese rvat ion 
l n~tal lat ion5 ( $/Lon) 1. 0 ~.G 6. 0 5. 0 

- ammor t i zat ion (S i t 	 0.2 11.3 I .O 0.8 

p e r at i ng c ost ($ Ito n ) 0. 5 	 ') .5 0 .3 0.3 

- produc L l osses 	 ( ( %) 1.0 + 2.0 0.5 + I.O 0 0 
( ( $/ton) 1.5 + 3 .0 0 .7 + I.'i 0 0 

ToLal cost ($ /ton) 2.2 + 3. 7 1. 5 + 2 . :_.~ 1. 3 	 1.1 

Sav ings al l owe d by n itrogen 
techn ology in comp a r ison wi ·th 

, ~h e othe r s ( S/Lo n ) 1 . 1 + 2.6 0.4 + 1. 2 O • L 

to"'" 
f-l 
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For the evaluati on of s uc h losse s an average va l ue o f 150 $/ ton has 

been assumed fo r the pre served produc t. 

It is then possible to cal c ulate an overall c o st of preservati o n 

f o r e a ch technol o gy examined. 

Fro m a comp a r ison o f the se costs it appears t hat the most eff i cient 

and e conomical are those prese r vati on systems whic h, on t he bas is of 

t he ~esults of the more detailed calculations, invol ve higher invest 

ment costs. Particularl y the n it rogen preserv a t i on s y s tem appears t o 

be most ec onomic, s inc e it allows a saving in the o rder o f 1 $/ton /year 

as c o mpared to all o ther technol ogies and of 0.2 $/ton /year a s compar ed 

to the re f rigerat ion tec hno logy. These evaluations refer to t emp e rate 

zone s . It is cl e a r that the s aving s bec ome muc h h i ghe r in tropical 

coun t r ies, whe r e lo sses with tradit ional st orage t echn iques are hi ghe r 

due to the clima tic conditi ons . 

2. Comparison at the r esul t of preservati on be i ng equal. 

Reference is made, he reinafte r, to the cas e o f maize preservatio n 

for a period of time o f six months in a 2 7 ,000 to n storage c o mpl ex in 

19 78 in U.S.A. 

The i nfo rmat i ve principle of this ana l ysis i s thaL, whi le by t he 

preserva ti on system base d on ventilation it is possible to pre serve 

in the are a c o ncerned, wi thout any lo sses, a produc t having 15.5% maxi 

mum moi sture, with the nitrogen p reservation system , it is possible to 

pres e r ve , for the s a me per iod o f ti me of s ix mo n th s , a p r od ct having 

an ini ti al moi s ture content of 19%. 

Th is po s s i b ili ty involves a saving in the cost for drying which i s 

expressed in th e foll owing a a l owe r c ost of the maize a the moment 

of harves t a nd purchase. 

The cost of maize at 15 . 5% mo is ture is, i n U.S .A . t about 2.00 $/Bu 

( 1 Bu = 0. 027 ton ); maize wi th highe r mo is t ure is penali zed by a 4 c/ 

lE u d i s c o unt for each nit of percen t exceed ing 15 . 5. Thus the cost (C 

in $/Bu) o f the mai ze with X mois t ure hi gher than 15.5 i s: 

C 2 - 0. 0 4 ( X - 15.5) 
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The comparison of the costs for pre serving mai ze h av i ng 15 . 5% mo i s

ture by means of ve n ti lati on and of t h e costs for p r e se r ving maize ha

ving a moisture varying fro m 17 to 19% by me ans of the treatme n t with 

nitrogen, is made in table 2 on these bases. 

The initial cost o f t he ma i ze and t he prese rvati on cost s are refer

red to the dry weight of the product i n order to avoid c on s i d e r a t io n s 

on the quantity of water ass o c iated wi th t he ma ize . 

The basic data for the eva luation are the same as in po i nt 1. I n 

this case too, it is a ssume d that liquid ni t rogen wi ll supp l y t he 

plant. 

From the compariso n of the costs of maize dry we ight at the end o f 

the prese r vation p e r iod it a ppears that it i s more c onve ni e nt t o pre 

serve maize hav i ng 19% moi sture by means of n itrogen than tD p re serve 

maize having 15.5% moisture by means of ventilation s inc e "t is poss i

ble to have a savi~g of about 1.4 $/ton. 

The application of ni t r oge n technology to products having lower mo

isture results in smaller a d v antages a nd , in the bo r de r - l i ne c a s e, for 

maize having 17% moi s t ure, we have a pproxima t ely t h e same final c ost 

as in the case of ventilati on of maize having 15. 5% mo is t ure . 

FULL ANALYSIS OF ALL COSTS OF A STORAGE CENTE R 

This a n alysi s is ext racte d from a st udy , sup po r te d b y t he I tal ian 

Mi nistry o f Forei g n Af f airs, e v a l u a ti n g t he poss i b i l i t y of t he int ro 

duction of the ni t r oge n t e c hno l ogy i nto a tropic al coun try. 

For the ni troge n t e chnol ogy a ppl icat ion two differe n t plants are con -

Dome-shap ed re info r ce d conc r ete s i l o s with p r o per internal coat i n g 

adequate to attain the require d ga st igh t ness. The sto rag e compl ex c o n 

sidered is made by 12 bin s wi th a t o t al capacity o f 50 ,000 to n s of bu lk 

cereal. An on spat nitrogen p roduc tion p l an t is des i gned i n order to 

supply the r equi r ed quantit y of the gas. The equi pme nt for th e load ing 

and Lh e unloading of the c e r e a ls from t he bins i s ve ry s i mpl e a nd is 

made by fix ed a nd mob i l e s crew c onvey o rs. 

Sto rage c omp le x as des c r i bed a bove. The a lte r nati ve is in the eqU i p

me nt fo r the l oading a nd un loadi ng of the cere a l , tha t is made wi t 



T ABLE 2 SA VI NGS A LLOWED BY TllE NI T RO GEN T ECHN OL OGY 

7 , 000 T ON STORAGE COMPL EX ( USA - 19 78) 

FO R MOI ST MA IZE PR ESE RVAT I ON I N A 
.;>. 
~ 
.;>. 

Tr a d itional st or~g 
t e c hniqu e 

Ni trogen tech n i que 

Ma i ze Mo isture Co rlten t ( lib) 15 . 5 17 1 8 1 9 

I ni Lia l c os t of Maize ( $/Su) 2 1. 94 1. 9 0 1.B6 

( S/t o n ) 74.07 7 J .85 70 .37 68.B9 

Initial cost o f dry 
ma tter ( S/ l o n d. m. 87.66 86 . 5 7 85 . 8 2 8 5 . 0 5 

Cost of the i n stal l a t i o n s 
fo r t h e p r ese r vat i o n 
- ammortization ( S/t on) 0. 1 1 0. 80 0 . 80 0 . 80 

- ope ra t ing c o s L ( S/t on) 0. 01 0 . 28 0 . 28 0. 2 8 

- tota l 0.1 2 l. OB l. OB l.08 

- tota l r eferred t o d r y 
mat t e r (S /ton d . m. ) 0 . 1 4 l. 3 0 1. 32 1.33 

~i nal cost of dry 
( $1 to n d. m. ) 

ma tt 
8 7 . BO B7 . 87 87.14 86 .38 

Sav i ngs r eferred to 
matte r ( $ /ton d.m.) 

d ry 
0 . 0 7 0. 66 l.42 

Sav i ngs in 6 mon t h s ($) 1,570 14, 6 1 0 1 , 05 0 
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a fixed plant. 

For t he traditional preservation technology (tu rning of t he product, 

chemical disinfestation etc.) we conside r 5 different storage c amp e xes 

r e presen tative of the most common types o f silos u t ilize d in tropical 

coun trie s ( Bal wanth Reddy, 1976 ): 

Conventional Godowns (C .G . ) 

These are horizontal structures utilized for bag s t orage of g r a i n s 

having 5000 tons capac ity , wi th a fl oo r dimersion o f 12 4 m. x 21 .7 m. 

and 5.6 m. high b r i ck walls with three compartmen t s and long i t udinal 

platform on one side. Road and rail sidings are norma lly p r ov ide d fo r 

receipt and despatc h of grai n s . 

Flat Bulk Storage Gcdowns (B.G.) 

These are flat godowns s u itable fo r handli n g g rains in bulk . The ir 

shape is simi l ar to the con v entional godown s . 

Reinforc ed Co n c rete Circular Bins 23 .5 m. d iam . and 10 .5 m. high 

(C. B. ) 

These bin s are lower in he ight than t ypical s i los , the y h ave a lla t 

bottom and dome shaped top. 

Rein f o r ced Concrete Vertica l Silos (V . S . ) 

These si los a re tall structure s, 30 to 40 m. high a nd 8 - 11 m. in 

diame ter . The y h a ve hi g h cap a c ity loadi ng and u nloading e qu i pment, dry

i ng and ae r a t ion fac iliti e s, capa bilit y t o mix gra i ns a nd fu mi gation 

on si:~ ~ . 

Port s i l os ( P.S.) 

The s truc tural shape o f the se sil o s is simi l ar to R. C . C . Silos . hey 

are in s t a lle in ba tte ries cl o s e t o the berth . The y h a ve ad i tional 

pneuma ti c un loade rs, o f up t o 800 tons pe r hour c ap ac i ty . 
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1. 	 Investiment c o sts 

The investme nt cos t s ~o r each of the described plants are repo rted 

in 	table 3 . 

The items c ~ nside r ~ d are : 

Land 

The r e quireme nt of l a nd for storage varies accordi n g t o design s . 

Thus; bul k storage , vertical structure s , such as silos and b i ns wo u ld 

require less l and , compared to the co nventional flat storag e faci li 

ties. 

Our est i ma tion of t he e le men t of land cost i s based on its r e quire 

ment for diffe rent desi gn s and sizes of depots; a n d its c ost i n d i f f e 

rent regions. 

The c o st of land would vary fro ~ lo c ati on to l oc a t i on, d e p endi n g 

up on the n t u r e o f land, proxi ~i t j t o ro a d, rail or main c iti e s or d ue 

to its strategic importanc e . 

Approac h Road 

The ini t ial c o st of construct ion of intern al r oads is affected by 

the extension of the sto r age comp l e x a n d by the construct i o n mate r i a l s 

(concrete, bitumen etc.). 

Railway Siding 

Similar to ap p r o ach r o a ds, the l e ngth of r a ilway s idin g varies ac 

cording t o the extension and loc~ti on o f the deoo t f r om t he main line . 

Anc illari es ( Office, Comp ound Wa ll, Foreign Ame ni t i e s, e tc . ) 

In a s t orag e de pot, i n addit i on to the main s truc t u r e , a dmi n i st ra t i 

ve c omp l exe s , wa t er s upp l y and d r aina g e sys t ems , cant e en b l ock , l a v a to 

r y and s a n i t a r y arrangements, comp ou nd wa l l s / f e nc i ng , qua r te rs f or wat 

chman , e t c ., are prov i ded , d epe nd i n g on the s i ze a n d s t a f f stre ng t h . 

Equ ipmen t 

It i ncl ude s the l oad i ng a nd unl o a d i n g f acili t i e s c o s t s. For the n i 

troge n te c h no l o gy it includes the c os t of ni t r ogen p roduc t i on and o f 

the distribution p l a n t . 

-




TABLE 3: SUMMARY OF INITIAL CAPITAL INVESTMENT COST PER TON OF STORED PRODUCT-1979 (US $/ton2 

TRADITIONAL PRESERVATION TECHNOLOGY NITROGEN TECHNOLOGY 

Item C.G. B.G. C.B. V.S P.S. D.S.l. D.S.2. 
Conventional Flat godown R.C.C. R.C.C. Port Dome- Dome
godowns unit 
of 5,000 ton 

for bulk 
storage of 

circular 
bins of 

silos 
of 

silos 
of 

-shaped 
R.C.silos 

-shaped 
R.C.silos 

capacit y 10,000 20,000 20,000 50,000 of 50,000 of 50,000 
tonnes unit tonnes tonnes tonnes tonnes tonnes 

Land 1. 66 1. 66 1. 57 0.56 4.62 0.70 0 . 70 
Civil works 
(35 years for 
C.G. and 50 
years for silos) 36.96 46.20 46.20 75.77 140.46 27 .49 29.91 
Railway siding 
(15 years) 4.81 4.81 4.81 3.14 2.96 4.81 3.14 
Approach Roads 
(10 years) 2.22 1. 85 1.85 3.14 2.96 1.85 3.14 
Ancillaries 
(35 years) 4. 71 4.71 4.71 4.99 4.62 4.71 4.71 
Equipments 
(10 years) 0 . 73 16.63 18.48 64.68 161. 90 14 .33 33 . 71 

Total cap ital 
. 

US $ /ton 51. 09 75.86 77 .62 152.28 317.5 2 53.89 75.31 
- 0l>

eo 
-J 
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Civil \'!orks 

The initial costs of co . struct ion of godowns and silos are inc l uded. 

This inc ludes also foundation ~oofing, flo or finis h, etc. Fro m the 

values indicated (Balwanth Reddy, 1976), it is possibl e to draw the 

costs of silos a n d g o d owns working ac c o r ding to the c onventional p re

servat ion tec hnology ( table 3). Table 3 a lso shows the c os t s of ai r ti

gh tsilos to be utilized f or th e app l i cati on of t he nitrogen techno l o 

gy. 

Th e overall investment costs ob tained i nd i cate tha t t he inves tment 

costs for storage according t o the nitrogen techno l ogy a re equiv a l ent 

or even lower than those refe rring to units func ti oning a ccord ing t o 

c onventional technology. 

2. Runnin g Cos t s 

It is understood t hat the se are inc lu s ive of ma te rial and labour . 

They can be divided into fixed costs , dep endi ng on t he capaci ty of the 

storage unit, but not on t he quan t ity of ce ~eal grains t ~e ated, and va

riable costs, which are p ropo rtional to said quantity. 

The fixed cost s are (tab le 4): 

- Depot Establishmen t 

The cost relevan t t o the permane nt staff engaged in manag i ng the d e 

pot. For storage u n its work i ng accord ing to the n itrogen techno l o gy , 

the cos t s for pe rsonnel are cons idered equal to the val ues r e l ating to 

conven ti onal preservation, even though i n this case a l esse r ope r at i o 

nal activi t y is r equi red for the preservat i on of the e r eal grains. 

Head 0 fi ce and Othe r Overhe ads 

It r e gards the c ost of head off ice and regional o f fi c e staff engagec 

in i mport, procu r e me nt, transportation, d is t ri but i on ope rati ons and 

other activi t ies. 

Main tenance and Rep a i rs Cost 

The annual ma i ntenance and r e p a ir are evaluated as a percentage o f 

t he presen t v alue of cap i tal co s t . 



-- --

-- -- -- -- -- --

- -- --

TABLE 4 S UM MA RY OF AN NU AL CUR RENT COST S . P R I C~ S PER TON HANDL ED AT 100% UTI LIZATI ON , ON E ANNUAL 
TURNOVER - 1 9 79 ( US $iton) 

TRADITI ONAL PRESERVATION TECHNOLOGY NITROGEN TECHNOLOGY 

Item/ton 

1. 	Maintenance 
of buildings 

2. 	Maintenance 
of equipmeht s 

3. 	Local tax e s 

4. 	Depot esta
blishment 


5. 	Head office 
oversheads 

6. 	Handling 

7. 	Grain loss 

8. 	Energy 

9. 	Pre servation 

10. Dunnage 

11- Insurance 

12. Gunn y 

Total cost 
US $ lton 

C.G. 
conventional 
godowns 

0.54 

0 . 03 

0 . 14 

4.07 

0.96 

2.09 

3.70 

0.03 

0 .44 

0.35 

0 .5 5 

10.16 

23.06 

B.G. 
bulk 
godowns 

0.62 

0.67 

0.22 

2.01 

0.96 

1.04 

1. 85 

0.24 

0.44 

0.55 

5.08 

13.70 

C. B. 
circular 
bins 

0.62 

0.75 

0.23 

2.01 

0.96 

1.04 

1. 85 

0.24 

0.44 

0.55 

5.08 

13 . 77 

V. S. P.S. 
silos port 

silos 

0.91 1. 58 

2.61 6.63 

0.49 1.05 

3.14 3.14 

0.96 0.96 

1.04 1.04 

1. 85 1.85 

0.48 0.48 

0.44 0.44 

0.55 0.55 

5.08 5.08 

1 7 . 55 22 .71 

D.S.l. 

0.42 

0. 58 

0.16 

3.14 

0.96 

1. 27 

0.48 

0.35 

0.55 

5.08 

13 .00 

D.S.2. 

0.44 

1.3 6 

0.25 

3.14 

0.96 

1.04 

0.48 

0.35 

0.55 

5.08 

13.65 

,;:.. 
(0 
(0 
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For simplicity, we propose to take the maintenance charg e s as 1 per 

cent for civil works and 2.5 per cent on equipment on a linear scale. 

Local Taxes 

The taxes on assets including t h e corporation tax on land and bu il 

dings, is taken at the usual ra te o f 25% of the present val ue of capi

tal cost. 

Loading In and Out Charges 

Also known as handling charges in the godown or silo, the ope r ations 

involved are: 

a) Unload ing from truck and stacking to the re qu i re d h e ight, i n t he ca

se of conventional godowns; 

b) Unloading from the wagon and stacking; 

c) Destacking and loading into trucks/wagons; 

d) Weighing and standardisation charges. 

Weighing and standardisation operations are not i nvo l ved in e v e ry 

case and are required only for about 10 per cent of the grains handle d. 

Handling in and ou t is basically a labour- intensive operation and 

it should be confined to conventional godowns. Because of the ex i s t i ng 

systems of arrival and despatch in bags, even silos incur certain han

dling cost. 

Storage Loss 

Storage loss is dep e ndent on the in it ial cond itions of the grains , 

p e sts , t ype, durat i on o f storage and preservation methods. We h ave e s 

t i mated t he annual grain loss in conventi o nal godowns for bag s t o r age 

as 2% a n d the corresponding figure in bulk si l o / bins as 1 percen t i n 

case of conventional pre servation. 

Nitrogen technology providing the p~event i ve p ro tecti on o f the ce

r e al,al l ows t o obtain no product loss. The c o st of grain lo ss pe r t on 

of grain is cal culated on the basis of 180 S/ t on ce r e a l cost. 
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Preservation Cost 

It includes the cost of chemicals used for p r ophylact i c and c urative 

treatment. 

In the case of nitrogen techno l ogy t he protect ion treatmen t i s 

achieved by nitroge n, comi ng from the gas produc tion plant. The treat

ment cost indicated corresponds to t he cost of the utilit ies co nsume d 

by the plant for 1 year preservation assuming the f o llowing unit costs 

for the utilities: 

electric power 3 .5 t! Kwh 

GPL 15.4 i/kg 

cooling water 1. 8 O cm 

Cost of Dunnage 

Th is is required or-.ly in 1:he case of convent i onal godowns and CAP 

storage to provide protection against surface dampness. 

Cos t of Gunny 

At present a large par t of the distribution of foodgrains i n t ropi

cal countries is in bags. '~ :'·ne purchases are norn'ally in bags. From the 

procurement stage onwards, si n~ e the present handling, weighi ng a nd 

transportation systems are in bags, gunnies are utilized bo t h for si lo 

and conventional storages. In the case of silos. the bags are sl it open 

to pour grains into hoppers of elevato rs used fo r f i l ling the bin s. 

The bulk discharg e is r eba gg ed before handling a n d load i ng into 

truc k s or wagons. Therefo r e , t he use of gunny is unavo idable in both 

systems of sto r age at p r esen t. 

Ene rgy Cos t 

It refers to t he energy required fo r t he operati on o f conveyers , 

b ucke t e l evators , ope rati on of t h e l o c o mo tives and generators. 

Th e same cos ts are con sidere d irrespective of t he preservation t e ch

nol o gy. Ac tual ly, the cos ts of energy are highe r in the case o f conven 

ti onal pre s erv a t i on, where th e ce r e a l is turned to aera te a nd cool,than 

in the c ase of p re se rva i on acco r di ng to nit rogen technology. where the 

energy c osts only relate to t h e load i ng a nd unloading of the product. 
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Insurance Cost 

Grains are insured a gains t fire, theft , etc., and the prevail ing 

insurance charge is 0,55 $/ton . The same incidence has been cons ide r ed 

for the case of nitrogen t echnology e ven though it p robably allows a 

certain saving due to the reduced fire h a zards it i nvo l ve s . 

3. Analys is of Preservation Costs 

It appe a rs that the inve stment a nd r unn ing cos ts for storage units 

wo rking according to the nitrogen t ech no logy are equiva l ent to o r e ven 

lower' than those referri ng to units work ing accord i ng to c o nventional 

technologies. 

For a more reliaa le c o mparison, however, it is necessary t o t ake 

in t o accoun t t he different duration of the va r i ous compone n ts of the 

storage unit. 

All the costs can there fore be re fer red to a c o mmon base of dura tion 

(50 years) summing up t h e discoun t ed present value s , at 10% inte r es t, 

of the repl ac ement cost s of components with life sho rter t h an 50 years 

(tab le 5). Furthermore, the various running costs per year that will 

be incurred in the variou s cases shall also be considered. I n orde r to 

calc~late an overall cos ~ , it is necessary to caJculate the di scounte d 

present value, a ~ 10% i n terest, of the subseq~ent yearly payme nts 

anticipated for t he ru~~ ~ng s f the plant for the base duration of 50 

years (table 5). 

The summat ion of the present values of the i nve s tment a nd runn i ng 

cost s r e sults in the l ocal p re servat ion c os t s fo r the various c a s es 

conside red, as r efe rred to the y ear ly preservati on c yc le and to 100% 

util izati on of t he s t o rage capacity. These c o s ts are r eferred to a 

c o mmon base and all ow i mmedia t e comparis on . I t t h ere fore appears that 

nitrogen techno l ogy i nvo l v es ove ral l p reservat i on cost s l o wer t han 

those invo lved by the conventi on al tec h no l ogi e s even whe r e the la t te r 

is applied to ve ry e c o no mical si los suc h as the conventi o n a l and t he 

fla t g odowns . 

An equi valen t bu t mo re conveni e nt e xpressi on for p r e s e rvation co s t s 

is poss ib l e by expressing them a~ cost s per ton per y ear. Thi s is 

ob tained by estimating the capital costs as a unifo r m annual s eries on 
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SUMMARY OF PRESENT VALUES, AT 10% INTEREST, OF CAPITAL COST AND CURRENT COST FOR ONE ANNUAL 
TURNOVER AND 100% UTILIZATION OF STORAG E CAPAC ITY - 1979 (US $/ton). 

TRADITIONAL PRESERVATION TECHNOLOGY NITROGEN TECHNOLOGY I 

Item C.G. B.G. C.B. V.S. P.S. D.S.1. D.S.2. 

\ 

P.V. of 
capital cost 54.98 89.42 91. 61 194.94 419.60 65.33 98.93 

P. V. of 
annual cost 251.70 149.54 150.30 191.55 247.88 141.89 148.99 

Total present 
value 306 . 68 238.96 241.91 386.49 667.48 207.22 247.92 

- - -- - - -- -- -_ .. _-

o 
w 
01 
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r ABLE 	 SUMMARY OF ANN UA L TOTAL COSTS PER TON AT 10't, INTERE ST , FOR ONE TURNOV ER AND l OO~ 

UTIL1 ZA TION O~ STORAGE CAPACITY - 1979 ( US Siton) 

I 

I 
TRADITIONAL PRESERVAT ION TECHNOLOGY NITROGEN TECHNOLOGY 

Item C.G. B.G. C.B. V.S. P.S. D.S.1. D.S.2. 

Annuity figures 
based on 
present value 
of capital 
c ust 5 .55 9 .02 9.24 19. 66 4 2 .32 6.59 9.98 

Annual current 
cos t 23.06 13.70 13.77 17.55 22 .71 13 .00 13.65 

-- 

23.6328.61 22. 72 23.01 37.21 65 . 03 19.59 
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the basis of the present v al u e estimates of inve s t ment costs of tab l e 

5 a t 10% i n terest and 50 years, and a ddi ng to t h i s t h e r unning costs 

re ,;:urring every year. Table 6 provides the total cost per t o n handled 

in diffe r e nt designs, with the i mp licit assump t ion t hat there i s on ly 

one turnover with c apacity utilization at 100 p e r cen t . 

Th e ove rall preservation co sts , e ven whe re t h ey are exp re s se d as 

yearly c o sts, are lowe r with t h e nitrogen techno l ogy tha n wit h the 

conventional technol ogy. 

The saving in the yearly c o s ts al l owed b y t he nitrogen techno logy 

as applied t o storage units D.S.l, c ompared t o c o nve n t i ona l preser

vation costs wi th the mo st economical t ype of unit ( B.G.), is about 

3.13 $ per ton per year cor r e s p ondi n g to ab out 156,500 $ per year for 

a 50,000 to n s to rage unit. 

CONCLUS IONS 

The results of this st udy show t h a t t he nitrogen tec hno l o gy for t he 

preservation of grains is c o mpetitive, from an e conomi c s t andpoint , as 

compared to the o ther te c hno l o g ie s used . 

In the cases examined , t he inv esti gat ion showe d t hat a s av i ng of 

ab out 1 $/ton ye ar is ob t aine d by treating the c ereal acc ord ing to the 

nitrog e n t e c h nol o gy . 

The s e econ omical advantages arise from 1) t he reduction i n qua nt i 

t a tive an q ualitat 've l osses of product , 2 ) the widen ing of the range 

of pro d uc ts to be sto re d (hi gh moistu re ma i ze for examp l e ), 3) the 

p o s si b i lity of usi ng v e ry large and c hea~ structures that canno t b e 

used wi tr tracti tional preservation tec hnologie s . 

The inc r easi ng c osts of energy s ou r ces nece s sary for grain drying 

a n d that for c hemic a ls for gra in d i si n festati on permi t to pred i ct more 

a nd more ec o no mic al advantages ar i s i ng fro m the n i t r ogen t echnology . 
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SYSTEMS OF SUPPLY OF NITROGEN FOR THE STORAGE OF GRAINS IN CON

TROLLED ATMOSPHERE 

Zanon, Karl 

University of Innsbruck, Austria 

INTRODUCTION 

In order to create and maintain a low-oxygen atmosphere in storage 

rooms for grains and other commodities a supply of nitrogen gas is 

needed to substitute the oxygen-enriched normal atmosphere. Nitrogen 

can be supplied in liquid state in pressure bottles or in case of big 

quantities -like normally needed for storage purposes- in tanks which 

are delivered by nitrogen producing factories through a distribution 

network more or less developped in the various countries. The cost 

of industrially produced nitrogen varies very much accordingly to 

the distances from the production factories or from main distribu

tion-centers and depends upon the conditions of the road -or other 

communication-infrastructures. In Italy for instance selling price 

varies in a proportion of 1 : 4 and more from central distribution 

points like Rome, Milan etc. and distant periferic areas. In addition 

frequently there are difficulties in the supply, distribution and r~ 

turning of the devices. Handling of the orders may create other kinds 

of organisatory troubles, especially in periods of strikes, emergen

cies in the transportation and other trying circumstances. Research 

of scientists and of the industry focused therefore increasingly on 

the development of relatively small equipments able to produce lo

cally, directly on the storage premises, the required nitrogen avoi

ding the described inconveniences. 

SYSTEMS OF LOCALLY PRODUCED NITROGEN 

The first method of production of nitrogen was cryogenic separation 

of air. Incoming air is liquefied and its components are separated 

by distillation or rectification using their differing vapour pressure. 

It is a method which requires rather high electric supply (0.8 ~lh/ 

Nm3 N2 ) and very high capital investment (see table 1). Operating 
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cost is therefore rather high for small users and this kind ofequiE 

ment is mainly recommended for large-scale facilities. 

For purposes of creating approximately inert atmospheres the requ~ 

red nitrogen can be produced also by combustion of hydrocarbons, 

such as propane, butane, methane or similars. The obtained gas is 

relatively impure containing especially co and H 0 which must be
2 2 

removed by means of additional downstream mOlecular-sieve adsorbers, 

like zeolite molecular sieves, after passing a cooling system. The 

adsorption of the impurities takes place in an equipment consisting 

of two containers, one of which is alternatively operating in the 

adsorption phase at 3 + 7 bar of pressure and at room temperature. 

The second is working in the regeneration phase. Regeneration is ob

tained by creating with a vacuum-pump a depression of about 100 Torr 

contemporaneously flushing with the produced gas mixture. An example 

of combustion consuming oxygen and leaving the inert compounds like 

N2 in the atmosphere is given by the following equations: 

3 CO + 4 H 0 (+ N )
2 2 2 

CO + 2 H 0 (+ N )
2 2 2 

Ev€n with the described complex procedure the total operation cost 

is nevertheless low and, considering the produced unit of gas nitro

gen, more or less independent from the size of the equipment. 

Servicing and maintenance with this kind of equipment is relative

ly complicated. The investment cost is also very reduced and only 

approximately one third or even less of the other described systems . 

A recent interesting further development is the pressure-swing 

adsorption. It is based on multiple beds of mOlecular-sieve coke ut i 

lising the differing diffusion rates of oxygen and nitrogen molecu

les within the extremely small pores of the coke. Simultaneously 

with the oxygen are adsorbed also the water vapour and the carbon 

di oxide contained in the air, which simplifies the whole operation 

not requiring additional purification like the combustion system. 

For continuous operation a set of two adsorbers is provided, alter

natively operating in adsorption and regeneration. In the adsorpti on 

(loading) phase oxygen is predominantely adsorbed while nitrogen 
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passes through and leaves the unit. Optimal pressure in this phase 

is about 3 + 4 bar. After the loading phase the coke sieve is desor

bed by depressurisation at 70 Torr. Loading and regeneration phases 

are relatively short in duration (about 60 s each). A big advantage 

of this system, is the simplicity of the operation and of the servi

cing. The degree of purity goes up to 99.9% by volume and can be re

gulated through regulation of the air-flow rate, of the pressure and 

of the periods for the loading and regeneration phases. The higher 

the purity, the lower the product-gas quantities. These can be in

creased, with the same other conditions, by increasing operating 

pressure. Energy consumption is proportional to purity, being e.g. 
30.4 kWh / m for 99% nitrogen and 0.6 kWh for 99.9% purity. General

ly can be stated that the pressure-swing adsorber system (PSA-system) 

has low operational cost but on the other hand a rather high cost 

of investment, considerably higher than the equipments based on the 

combustion of hydrocarbon and subsequent purification. 

All the three described systems are able to produce an atmosphere 

with a very high nitrogen content from 99 to 99.9%, keeping impuri

ties (H 0, CO
2

, CO etc.) at extremely low levels. They are also adap
2

ted for usage in technologies where such requirements are demanded. 

Higher investment and operating cost have to be accepted in such 

cases. 

It must be added that there are also quite a number of experien

ces (U.S.A., Australia, Israel) with less sophisticated applications 

for the treatment and preservation of grains, with acceptable results 

as regards disinfestation and quality. These technologies" allow to 

make use of very simple equipments based also on the burning of 

hydrocarbons (natural gas, propane or similar) or other combustion 

materials, like ethanol or other alcohols. This signifies that in 

all localities there will be availibility of the required fuel. 

Likewise no particularly perfect gas-tightness is needed, cutting 

down investment- and maintenance-cost and increasing the feasibility 

of transforming existing conventional structures. There are types 

of simple burners which even don't require any electric energy and 

cooling water, with the effect of a remarkable reduction of the 
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Table 1 	 Comparison of different systems of N2 -production 

for small-volume consumption 

system Prod. Investment cost Electric Water F'uel Operating cost 

Nm 3 /h Lit/Nm
3 

N2 / h supply ra 3 /Nm3 3
kg/Nm N2 Lit/Nm3 (without 

kWh 
3

/Nm N2 N2 assisting manpower) 

Cryogenic separation 100 

50 

Hydrocarbon burner 100 

(with zeolite mole 50 
cular sieve) 

Simple burner 100 

50 

Pressure-swing ad 100 

sorber 50 

3.100.000 

4.500.000 

600.000 

880.000 

300.000 

500.000 

2.300.000 

3.400.000 

0.7 + 0.8 0.08 	 240 

0.3 + 0.4 0.06 0.12 	 70 

0.12 	 39 

0.4 + 0.5 0.07 	 77 
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operating cost. Production capacity of the burners can reach 100-120 
3Nm 	 N2 /h and even more. 

ECONOMICS 

At this point some economic figures might be useful in order to 

compare the competitiveness of the described systems. In table 1 

(next page) a comparison of different systems of local nitrogen pro

duction is given, with indication of investment cost, operating cost 

and of the consumption of some utilities. Prices are based on the 

Italian market situation and given in Lire (e.g. electricity 85 
3Lit/kWh, water 50 Lit /m , propane-fuel 325 Lit/kg). 

To calculate the cost of locally produced nitrogen some prelimi

nary assumptions have to be made : 

(1) 	Depreciation can be fixed from 15 to 19% of the initial cost, 

with an average of 18%. 

(2) 	Maintenance is supposed to be from 4 to 6% of the initial cost 

varying accordingly to the requirements of the various types of 

machine. 

(3) 	 Sizing of the capacity of the equipment has to be calculated in 

order to cover the consumption in the purging- and in the main

tenance- phase. 
3 	 3For purging a ratio of 1 + 1.5 m of gas per m of storage volume 

was found in most experiences in the field. Variation is determined 

also by the flow-rate of the gas, being inversely proportional to 

the 	velocity of flow. For the calculation of the maintenance gas 

the amount of the losses of the structure have to be known. These 

are extremely varying accordingly to the type of structure, accuracy 

of execution of the gas-seal, age of the silo or storage and various 

other factors. Average values found in field operations are ranging 
3

from 10 to 30 1 per m in 24 hours. 

With such premisses we can calculate the nitrogen consumption for 

a full year operation in a fair gas tight silo applying locally pro

duced nitrogen as follows. 

Table 2 : (see next page) 
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Table 2 Nitrogen consumption in m3 in the 

storage of grains 

Storage capacity Purging phase Maintenance phase 
3t (ratio 1 : 1.25 ) (average losses 20 1/m / day) 

day year 

1.000 1.663 

5.000 8.312 

- 0.000 16.625 

20.000 33.375 

50.000 83 .250 

27 

133 

266 

532 

1.332 

9.855 

48.545 

97.090 

194.180 

486.180 

For the choice of the capacity of the nitrogen-producing equip

ment the following productions per day and per year of the most common 

types avaiable corresponding to the hourly production have to be 

considered. 

· . N 3 N Table 3 Productlon capaclty m 2 

1 hour 24 hours (1 day) 8760 hours (1 year) 

15 360 131.400 

25 600 219.000 

50 1.200 438 .000 

100 2.400 876. 000 

As a general rule capacity has to cover dayly requirements for 

maintenance and must give the possibility to do the purging in a 

reasonable time. 

Examining the figures in table 2 and 3 we can ascertain: 

- Even the equipments with the smallest nitrogen production are able 

to cover the requirements of maintenance up to 10.000 t of storage 

capacity. Middle size machines can cope with storage capacities up 

to 50.000 to In good airtight conditions of the storage the 



Table 4 Cost of locally produced nitrogen 

Storage capacity Total consumption Cost Lit 1m3* 

3
t N2 I m Cryogen. sep. Simple burner 	 Hydroc •burner Pressure-swing 

wi th purific. adsorber 

1.000 11. 518 4.729-6.491 559-664 938-1285 3.436-4.678 

5.000 56.857 1 .149-1 .506 145-166 245-316 763-1.009 

10.000 113.715 694-873 91-102 157-193 420-543 

20.000 227.555 467-556 65-70 114-131 248-310 

50.000 569.430 330-366 49-52 87-94 135-170 

* The first number referres to a production of 50 m3 I h, 	 the second to a 100 m3 I h production 

c.n 
....... 

w 
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smallest units are always sufficient. 

- In order to accomplish the purging in an acceptable time it is 

advisable to choose machines with high nitrogen production (50, 
3100 or more m per hour). 

In table 4 we tried to calculate some production costs for the 

nitrogen, assuming different storage capacities and basing the cal

culation on the previously indicated premisses. Considering that 

the price of liquid nitrogen in Italy ranges in average from 200 to 

400 Lire at a certain distance from the main distribution points 

and accordingly also to the delivered quantities it can be easily 

derived that even with an all the year around operation the use of 

nitrogen production equipments is not economical at very small sto

rage capacities around 1000 + 2000 t. Comparing the various systems, 

cryogenic separation is scarcely competitive even in case of rela

tively large facilities. The pressure-swing adsorption in such case s 

begins to be economical ~rith capacities of 20 .000 t and up, whereas 

hydrocarbon burners, especially the simple types without purificatio:'l 

are employable also at relatively low capacities (3000 + 5000 t ). 

If a perfect gastightness enables to reduce the consumption of .ni

trogen and if the annual consumption is reduced on account of t he 

shorter periods of storage (e.g. only short storage after disin

festation) only the simple burner system is left over. Some exampl es 

are given in table 5. 

Table L 	 Cost of nitrogen in case of reduced 

storage time and losses (Lit / m3 )* 

Time of operation Losses/ Total Hydrocar.bon Simple PSA 
3 3

dey 1/m 	 N2 m with purif. burner 

1 month 10 2.06 312-555 184-330 1023-1 970 

20 2.46 273-476 161-283 869- 1662 

3 months 10 2.85 245-420 144-249 761 -1445 

20 4.05 193-317 113-187 558-1040 

:5 months 10 4.05 193-317 113-1 87 558- 1040 
20 6.45 148-225 85-13 2 380-682 
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*Based on an equipment with a production capacity of 50 m3 Ih. 
The first number is referring to 10.000 t, the second to 20 . 000 t 

of storage capacity. 

CONCLUSIONS 

Supply of nitrogen for the disinfec t ion and storage of grains is 


very often more practical and also economical if produced directly 


at the storage facilities with proper equipment instead of the de


livery of commercial liquid nitrogen. This applies particularly to 


localities far-away from distribution centers, especially if diffi 


culties in transportation, like insufficient roads, shortage in 


tanks, strikes, organizatory or other inconveniencies are given. 


Among the various sys terns hydrocarbon burners are the mos t eco

nomical, whereas pressure-swing adsorbers, which are simplier in 

servicing and operating, fit in very well in large facilities, espe

cially with long-term storage. One of the simpliest and doubtless the 

cheapest system is the use of simple burne~without purification. 

Their field of application is limited to technologies where a certain 

level of O (1-2%) and of CO (up to 13-14%) is accepted. On the
2 2 

other hand such a technology simplifies also the construction of the 

storage structures or the transformation of existing facilities not 

requiring a very high airtightness. Maintenance of the structures 

is for the same reasons less demanding. This facilitates the appli 

cation of the nitrogen method of disinfection and storage also in 

developping countries where most circumstances and conditions are 

favourable for its application. 
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SEAL-O-SILO SYSTEM (METHOD FOR RESTORING AIRTIGHTNESS OF RE IN FORCED CONCRE TE SILOS 
USED FOR STORAGE OF CEREALS) 

H. TAKA DA , T. YOSHIDA, M. NONAKA 

1. INTRODUCTION 

This system, called Seal-a-Silo, was developed for the purpose of repalrlng the 

airtightness of reinforced concrete silos. Advantages of the Seal-O-Silo System 

are as follows. 

High reliability 

This method eliminates omiss ions caused by oversight in conventio na l me t hods . 

As materials and equipments used in this method are standarized, the complete and 

lasting airtightness can easily be realized. 

Rapidity of repair 

While repair work by conventional methods t akes at least 30 days per silo, this 

method takes only 10 to 14 days. 

High degree of safety 

The degree of safety during repair work is extremly high since the silo inter io r 

requires little human labor due to the use of specially designed equipment. 

2. THE NEED FOR IMPROVEMENT OF SILO AIRTIGHTNESS 

2.1 STANDARDS FOR AIRTIGHTNESS IN JAPAN 

Existing silos in Japan, used for imported food and feed cereals, are estima t ed 

to have the total capacity about four million tons. About 75% of these silos are 

made of rei~forced concrete. 

All imported cereals must be f umigated upon entry to Japa n, under the Pl ant 

Quarantine Law. Fumigation is done in silos wh ich can be sealed, so as to contain 

the fumigant (usually, methyl bromide ) . The Ministry of Ag ri culture and Forestry, 

which is in cnarge of administration of this law, inspects silos and authorizes 

their use for fumigation. Si lo s are required to show a loss, after 48 hours, of no 

more than 30% of the concentration of fumigant, introduced into the silo at 10 mg 

per cubic meter of volume (the si.los wh ich pass are designated as "Grade A" si lo s). 

An expedient means of determin ing whether silos are satisfactorily airtight is 

to raise the internal pressure above normal an d measure the dro p in pressure over 

time. In practice, this is done by raising the pressure to more than 500 mmAq, and 

observing pressure after 20 minutes have passed from the time when the level of 500 

mmAq has been attained. If pressure is 200 mmAq or more, the silo pa sses imspect i on . 
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2.2 	 CAUSES OF CRACKS 

Reinforced concrete silos often develop cracks after havi ng been used for a 

long period, and leak fumigant gas to the extent that they no longer pass inspection 

standards. The following are reasons for this deterioration of performance. 

CD Problems of design, such as fail ure to properly foresee pressure imparted 

to silo walls when the sil Q i s filled and emptied. 

~ Problems arising during construction, such as poor or faulty positioni ng 

Df R-bars or poor placement of concrete. 

Q) 	 Changes in functioning of equipment used to fill and empty silos; 

changes in the equipment used. Both can impart pressures to silo wa l ls in 

excess of those anticipated at the design stage. 

® 	Contraction of concrete due to rirying. Over time, some of the water originally 

used to make concrete is lost. 

CD 	 Deterioration due to the influence of carbon dioxide; some stored grains 


will generate sufficient carbon dioxide as a product of respiration to 


promote neutralization of concrete. 


® 	 Uneven sinking of silos, such as may occur when insufficient study vias made 

prior to constructing a number of silos at one site. 

CD Damage caus ed by earthquakes and other temporary phenomena. 

2.3 	 DISTRIBUTION PATTERNS OF WALL CRACKS 

Distribution pattern of actual silo wall cracks is shown in Fig.l. 

(rnm)
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CJ) ...... 
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Fig.l. Distribution pattern of wall cracks on 

part of reinforced concrete silo which was 

constructed at 1967. 

Exterior wall is 220mm at thi c ness. 
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3. THE SEAL-O-SILO SYSTE~ 

The principle of the Seal-O~Sil os System js that particles of sealant will be 

forced into cracks and pinholes by the combination of a differential in atmospheric 

pressure (a higher pressure ins i de the silo) and micro-turbulence of the atmosphere 

as it moves through cracks and pinholes toward the low-pressure exterior. Sealing 
process of cracks in this system are as follows. 

First air is in t roduced into a silo, to raise the atmospher i c 
o 

o 	 pressure inside the silo and enlarge the cracks in its wall. 
Air wi ll begin to leak out of the cracks and pinholes. The 
sealant in fine powder form (Bintight-P) is sprayed into the 
interior atmosphere, and, borne by air currents, gradually 
enters cracks and pinholes . During this process , micro
turbulence are generated i nside the cracks and t he pinhol es, 
causing the fine powder t o be deposited in the cracks and the 
pinholes. 

Next a liquid sealant (Bintight-Ll) is sprayed. It enters 
cracks and pinholes and reacts with the powder sealant ~eoosit-
ed t here. With the combined effects of capillarity and 
air pressure, formation of a paste gradually forced deeper 
into the cracks and pinholes. 

After the above procedure is repeated for severa l cycles 

(SOS cycles), the airtightness of the silo improves considerably. 

But in this state moisture is present in the cracks and 

pinholes so that as the silo dries and t he moisture evaporates, 

the airtightness level will decrease. To counter this decrease, 

several cycles of the same procedure are re peated on the 

following day. 


Cracks in the wall are always in a dynamic state due to the 
deposition and discharge of grains, the repeatec drying and 
dampening of the silo and so on . To insure complete airtightness 
ami d these dynamic changes , SOS System inc l udes a fi nishi ng 
process in which a special sealant (Bintight-LZ) is forced 
into the cracks and pinholes by the same procedure as above . 
After t hi s procedure, seal ant expan~e~ and restoration 
completed. 

Fig.2. The left side of wall is ins ide to s ilobin, in which 
the atmospheric pressure raised. 
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3.1 COMPARISON OF SEAL-O-SILO SYSTEM AND CONVENTIONAL METHOD 

When cereals is stored after restoration, the silo which is repaired with Seal

O-Silo System hardly develoos cracks again. But the silo which is repaired in 

conventiona l method sometimes develops cracks again. The prinsiple is shown as 
follows. 

During repair After repa irAir pressure 

Fig.3. The dynamic changes of the silo wall and cracks . 

(A) The repair work is carried out after raising the air pressure to expand the 

cracks. As a result, the cr'ack width "c" is greater than the wi dth "a" before 

repair. 

(B) The silo interior is reoaired at normal pressut"e by cu tt i ng crack s i nto a 

U-sha~e or a V-shape, filling the cut with caulking compound and coat i ng over it 

with resin mortar. A.s a re:ult, the crack width ref'lains t'1e same as the wi dth "a" . 

(C) When cereals is stored after restoration, the silo wall expands by a sma ll 

amount. But since the wall has been repaired by increasing the interna l air 

pressure in such a way that the crack width lOb" after the depo s iti on of the grain 

will be smaller than the \'Iidtr'c" during repair, the crack can withstand t his 

expansion. 

(0) When the wall has been repaired at normal pressure, it cannot a lways withs t and 

the expansion caused by cereals storage so that the caulk ing compound becomes 

stretched and the resin mortar somet ime s re-opens . Al so, the res i n mortar can wear 

ou t or peel off after a long peri od of repeated depos i t ion and discha rge of cereals 
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4. HAiERIALS USED IN THE SEAL-O-SILO SYSTEr'1 

4.1 GENERAL CHARACTERISTICS 

Three kinds of materials, Bintight-P, Bintight L-l, and Bin t ight L-2, were 

developed for Seal-a-Silo System. General characteristics of each material s are 

as follows. 

4.1 .1 Characteristics of materials are shown in TABLE, Fi g 4, Fig 5 and Fig 6 

TABLE-l Characteristics of Materials 

Powder characteristics Stre ngth of 

B-P Specific Ratio of surface Particle Lubricant compres s ion Expandibility 
gravity area to welght size (kg/cm2) &Toxic ity 

1---].12 
(cm2/g) (~) 1day II 2days 

6,000 or mo_re 10 Yes 469 I 744 Fiq.3 1ABLE.2 
Specific Coefficient of Surface tension Activity pH Color Penetration 

B-Ll gravi ty visCQsity (cp) (dyne/cm) &Toxicity 
1.0 1.0orless 40.0 or less Anionic 6 None Fig.4,TABLE.2 

Specific Avr.particle Coeffi ci ent of Solids pH Maj or P.ene tra t ion 
B-L 2 gravity I size (p) viscos ity (cp) inqredient &Toxicity 

1.0 
J' 

1.0 or less 10 - 100 20.0% 9 SBR. Fig.5,TABLE.2 
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4.1.2 	 Nontox icity of materials 

Nontoxicity of materials is show~ in TABLE 2. 

TABLE 2 Results of water qual i ty test ------ Water standard (Japan) Bintight-P Bin tight-L l Bi nt igh t-L2 
Order Not out of ordinary None None No ne 
Color 5 degrees or less 0 0 0 
Turbidity 2 degrees or 1 ess 0 0 0 
pH 5.8--8.6 ppm 8.6 5.8 6.0 
Na++ 10 ppm 1.68 0·94 6. 40 
S04- I 200 ppm 5.4 5.4 2.0 

NH4-N Not detected Not detected 

NH2-N as same time Not detected 

NHrN ]0 ppm Not detected 

Free residual chlorime 0 .1 or less ~pm 1.5 2.0 -  -

' 

4.2 RESTORATION OF AIRTIGHTNESS 

As a silo is to be made more airtight by use of the Seal-O-Silo System the 

thickness of the silo wall, interior process pressure, number of SOS cyc les, width 

of cracks, and other factors must be thoroughly studied. 

4.2.1 Wall thickness. and interior process pressure 

The relationship between the area of paste which will penetrate into cracks 

and the thickness of the wall and interior process pressure is shown in Fig. 7 

100 ~------------~-----------r--------~O A: perfect ~enetration 
~ Crack wi dth B: penetration

a for test, 0. 5 mm C 
~ 80 ~----------~---------?~-----------; C: no penetration
>( 

11~ 60 I-+------f--! '~----+_----___:::;~j~ 
, 	 u 

n:J +-' + 
oJ.) .c a:J 
~ + 

n:J~~ 40 ~----~-r----~~~---------1 

c 	 c 
0''- 4
.~ cc 0 A 
+J 

~ :5 al 20 
4-J or- So.. 
<l.J~~ 
C 
oJ.) 

0.. o 
5 10 15 20 

Fig. 7 Injecti on results of Bin t ight-P 

z= 
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4.2.2 	 Nu~ber of 50S cycles 

The relationship between the airtightness of a silo and the number of 50S 

cycles is shown in Fi g. 8 

o....... . Initial airt igh tness 
1-8 ...... No. of 50S cycles 

on first day 

8' . . ..... 	Air tightness before 

second day of 

treatment 

9-11 ..... No. of cycles on 

second day 

(min.) 

Duration from start of measurement of airtightness 

Fig. 8 	 Improvement of airtightness according to n~mbers of treatment 

cycle 

4.2.3 	 Crack width (Kennedy, T.B., ASCE paper,1958) 

When cracks or pinholes are to be filled with a powder, the narrower of crack 

the smaller must be diameter of the powder particles. When the ratio of crack wi dth 

to particle diameter approaches unity, crack mouths will tend to become clogged. 

For particles to penetrate into a crack, it is necessary that the ratio is 3-5 or 
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Control r oom 

D 

Silo wall 

was t e 

or s tee 

5. SEAl-O-SILO SYSTEM EQU IPMENTS 
Seal-o-Sil o System consists of t he ai ·r sup ly i n~ un i t , the liqui d controlling, 

supp l ing un i t, and the movement control l er of the top sl ab. Th ese equipments are 
de ; gned for easy assemble and simple ones. The diagram of Seal -a-Si l o Syst em is 
shown in Fig. 10, Fig. 11 and Fig. 12. 

Ti erods 

li quid High pressure 
t reatment fac i lit ies pump 

Fi g. 10 Di agram of 50S equipments 

Fig. 11 Nozzles (interior of silo) Fig. 12 Controllers on the t op s lab 
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6. A ~XAMPLE REPAIR WORK' 
6.1 	 BASIC DATA ON THE IMPROVED SILO 

Structure; Reinforced concrete silo. 

Use; Storage of imported cereals . 

(mostly soybeans, maize, rape) 

Date constructed; 1961-1967. 

Constructor Shimizu C.C . (SCC), Mitsui 

C.C.(MCC ) . Toda C.C.( TCC) 

Scale; See Fig . 13. (*-Nonfumigant s ilo) 

Date repair worked; Dec. 1976-Dec. 1977. 

Number of repaired work bins; 40 bins. 

6.2 	 RESULT & IMPROVEME NT OF AIRTIGHTN ESS 

Result and inprovenent of airti0~tne s s cf 

silos are shOt·;n Fi~. 14, Fi ~ . l!:i. J\ i r ti sht

ness level on longtem is sho\":n in Fi g. 16. 
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6.3 TH E CONTENT OF IMP ROVEME T OF AIRTIGHTNESS 
Ai rt i ghtness of s i l o i improved by rep l acement of metal fi tt i ngs, painting 

with epoxy res in, and 50S trea tment. 

f itt i ngs .. .. 	6mmAg 
6. 9% 

resi n.. .. 38mmAg 16.4% 

area of top s l ab .. 32mmAqJ 
area . ... ... 6mmAq 

of ai rt i , htness _ 232mmAq
ef ect - 100% 

Fi g. 17 The 	 cont ent of i mpro vement of ai r tightness 

6 .4 CONFIRMATION THAT BINT IGHT-P HAD PENETRATED INTO CRACKS 
During the Seal-O -Silo System, Bi ntight-P and 8i ntight-Ll h d been appli ed in 

paste form to cracks, so as to penetrate toward t he outs ide . (see Fig . 19 ) and after 
t he comp letion of process i ng core bor ings were made in the s ilo wall to ascer t'ain 

whether t he compou nds ha d fully penetrated the cracks. Thi s was conf i rmed , verifyir g 

the value of the Seal -O-Si 10 Sys t em . 

Fig. 18 Crack filled wi th Bi nti gh t- P, Fig. 19 Bi ntiqht-P penetrated through 
ve r i fied by a core bor ing. a crJ~k of a si lo wa ll. 
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7 CONCLUS ION 

The airtightness of grain silos is essential in the countries where fumigation 

for all imported cereals in silos is regulated. 

The airtightness (gastightness) of storage silos is also important in the case 

of storing grains with gas for a long time. 

Seal-o-Silo System, a system for improving airtightness of silos, can repair 

old silos in Japan. Their airtightness can well satisfy the Japanese standard. 

Also, for the purpose of holding gastightness to high degree for a long time, 

this system is expected to be applicable. 

In spite of further proceeding with researches and -development of silo airt i ght

ness restoration, it is important to exchange internationally many informations 

about storage of grains. 

We believe firmly that Seal-o-Silo System greatly contribute to food and feed 

problems. 
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VII S E S S ION 

CONTROLLED ATMO SPHERE STORAGE OF GRAINS 


IN THE PRESE T AND FUTURE (A ROUND TABLE DI SCUSS ION) 


Modera tor : Dr. J. Shejbal 
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MODERATOR 

Lad ies and ge ntleme n, th i s is the last Sessi on of the Internat i onal 

Symposium on Co n tro lled At mosphere S to r age of Grain s . It will h ave 

two parts. Firs t , the wrap-up rapporteurs of the preceding s ix Ses 

sions will tell y ou about their i mpressions a nd conclusions f r om t he 

papers and discuss i on s wh i ch we heard during the r espec t ive Sess i on s 

and about the ir own ideas about the trends and problems for t he fu 

ture. 

Then, a general discussion will be he ld, which wi ll be rec orded, 

ar:d later transcri b e d f o r pub lication in the Boo k of Proc eedings of 

this Symp o sium. This r ound t a ble disc u s sion will ha ve no p r ecise se

quence and anyone will be free to comment o n what eve r aspect o f ou r 

g 2neral subject. 

It would be desirable if we could talk abou t as many problems 

which remain open as po ss ibl e and indicate what f u ture f un d amental 

and applied research work in the field of cont ro lled atmosphe r e sto r

age of grain s we t hink s h oul d be addressed. 
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Wrap-up report of I Sessi on : 

NATURAL AIRTIGHT STORAGE 

by Mr. N.J. BURRELL 

In the First Session we heared fr om Dr. Girish and Dr . Ka mel abou t 

the many types of traditional underground or semi-underground struc

tures that have been used for c enturies in different parts of the 

world and are still used, parti c ularly in India, Africa and the Arab 

countries but also in Europe . 

We heard how the shape, depth, size, materials and methods of 

construction are main l y gov erned by the local soil or rock conditions , 

climate and presence or absence of water in the soil. Thus some st~~c 

tures could safely be built several metres below ground level, oth0 rs 

were partly below and par~ly above, a nd others were ~ainly above 

ground. 

We also heard that little scientific data is available ~o de mon

strate the success or otherwise of these traditional stores and in f or

mation on gas levels, insect activities or mortalities, moisture con

tents, temperatures, mould growths and other spoilage, is lacking.

However, some careful studies have been made in India b y Dr. Giri s h 

and Dr. Kamel has informe d us of the plans to study some of the 

nume rous different stora g e structures that are co mmon in the Arab 

countries. 

It see ms , however, t h at although det a i l e d s c i e n tif ic i nve s tiga

tions have only rec en t l y begun on traditi onal sto re s, and perhap s 

~hese structures can be replaced or improved, it should not be t ake n 

for granted that such chan g es are bound to be beneficial as these 

have been exposed to some s ort of evolutionary proc e ss by suc cess ive 

generations of users who, no doubt, have introduced numerou s altera

tion s over the y e ars to s u it loc al c o n d i tions. 

But now that methods and s taff are b ecoming avail a ble for measuring 

the physical and biologic al fac tors wi t h in t he s e sto res, we can now 

get a much better ide a of what happe ns in these structures to make 
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them satisfac tory. In the l o n g term, it is po ssible that s o me tradi

tional methods may outl a st any i mme diate i mp rovemen t s that se e m app r o 

priate at pres e nt. There s eems to be a clear need for cauti on to al l ow 

the old methods and new met hods t o continue side by s i de, u n t i l the 

new one s have been shown to be superio r and that they will provide 

a lasting solution t o the pre sen t pro blems of was tage . If we co mp are 

the traditia~al storage met hods with new possibilities it ma y be pos

sible:o forecast the appropriate advanc es that c an be made. 

For example, we know wh i c~ modern ma ter ials are imperme a bl e t o 

gases and co ul d be used t o fabricat e c omple t ely air-tight c on tainers , 

whereas we have ve ry little information on how rapidly oxygen diffuse s 

through soils and other materials cove ring a trad i t i onal unde rground 

bin. 

But we can only guess at the full effect of a laye r of earth over 

the top of a traditional g r ain pit. Obviously t h e laye r p rovides 

shade; it preven ts rapid temperature changes; almost certain' y it pre 

vents or greatly restricts condensatio~; it provides a thick barrier 

to insects and may even act as an abrasive tc the protect~ve outer 

layer of grain insects and might thereby cause their deaths ~y ~si~

cation. If the pit is a de2~ one, it viII probably be exposed to C00:

er conditions than a ~odern bin built above ground and, if any C00den

sat ion takes place in an earth pit, the conde n sation may be absorbe~ 

by the pi t , or th e pit linin g , be fore mould growth c an take pl a ce . 

Supp o se we react in t he o bv i ous way and c ons ider re pl ac i ng t r ad i

tional pits by n ew surface b i ns made 100% airti ght; what n ew p robl ems 

wil l we fac e? 

Cle a rly such bins wil l be expo se d to highe r te mperatures , g rea te r 

t emp eratu re v a l i at ions, sol a r radiati o n and rad iation coo l ing and be

cau se a thin plastic o r me t al surface is plo ne to sudde n temperature 

changes, c ondensati o n is fa r more l ike ly to oc cur even if t he b in is 

shaded or thinly covered with the rmal lagg ing. 

It should not be forgo tte n, also, t ha t s e a le d containers t ha t are 

opened fr e quent ly c an e xpect t o become le aky as gas kets o r p a st i cs 

d e g r ade with temp e r a ture, ti me or u l tra vio l et lad i a t ion, and once 

the gasket s give way, then acce s s t o t he contai ner by i nse c ts may be 
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easier- than if it were b elow groun d . 

Perhaps we should t here f o r e bury the new structures or cove r them 

with a thi c k layer o f eart h, but we know that p last i cs c an be at 

tacked by t e rmites, other insects and r ode n ts so that p last i c s may b e 

unsuitable, but a r e metals any better ? How lon g can t hey survive bu r i

a l in the soil? 

The basic diff i culty seems to be, to a voi d r e plac i ng old p rob lems 

with n ew one s . Perhaps it woul d be better to c onsider bui lding struc

tures from materials known to las t many years. Pe r haps c onc r ete s t ruc 

tures re nde red gas proof with bitumen wou l d be suitable or perha ps 

g lass fibre materials h a v e a dv a nt a ges o v e r tradi tional subte r r anean 

sto res? 

With r'efere nc e to many papers produced f o r thi s Sympos ium, one 

possibility s eems to be to p r ovide ai r-tight containers which mi ght 

be flushed out with gases and no do ubt there are po ss ibil it ies for 

longer storage. But is it economically vi a ble to s u pply mi lli ons of 

containers to individua ls farmers and famili es livi ng at a subs istence 

level and a l s o provi de r e servoirs of gases to enabl e them to fl u sh 

oxygdn from the food store periodically af ter t he sto re has bee n 

opened to obtai n food for day t o d ay consum p tion ? 

Several of the c ont ainers desc ribed by Dr. Gir ish and Dr. Kame l 

were provided with l!'-'. ings of dri::-;d s~ems, leaves, dung and other 

plant material. Th~ Qj jec t of the lining seems p a r tl y t o kee p the food 

product clean , a way from the earthen, br ick, concrete or stone wal ls 

a nd also to ab s o rb moi s t ure en t e r ing through the walls. In se veral 

in s tanc es re por ted by Dr. Gi rish ana Dr. Kamel it seemed l ike ly that 

oxygen may have been preferen ti a l l y absorbed fro m the bin by microbio

l og i cal b r eakdown o f t his liner . Dr. De Li ma also reported oxygen 

leve ls in bin s near 20% fo r 2 o r 3 years, but a lso reported a sudden 

d rop in oxygen when condensation and mould growt h occurred. In my own 

p aper I menti one d 2 tests whe re we had purposely use d damp bio l og i cal 

ma ter i al s to re move oxy gen . 

Is it not conc eivable t hat perha ps the most economi c me thod of r e 

movi n g o xygen f rom seal e air-tigh t or s emi - air-tight stores on small 

fa rms and i n famil y store s i s to make u se of th i s process? Perhaps 
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this can be do ne by purposely pl acing damp biologi cal mate r ial i n t he 

c on~ainer or ferme nti ng beers or wines inside the sto re for a suit 

able period unt il suff ici ent oxygen is r emoved to ki ll the pest s 

pre s e nt. 
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Wrap-up report of II Sess ion : 

ENTOMOLOGY OF CO NTRO LL ED ATMOSP HERE STORAGE 

by Mr. C.L. STOREY 

Papers pre sented in Se s sio n II , En tomology of Co n trolled Atmosphe r e 

Sto r age . were in genera l ag reeme nt on t he foll owing aspects of ins ect 

control by modifi ed a t mosp h e r es. 

Firs t, it was agreed that alternatives to pes t icide tre atments are 

needed . Reas ons c it e d included heal t h and safety fac tors such as 

chemical re s idues, t oxi c ac tion of fumi gant s, and future regul atory 

requirements affecti n g fum igan t avai l ab i lity. 

Second, support for t he development of mod ifi e d a tmosphere contro l 

as a specific method of insect di sin fest at i on was expressed , a nd data 

was pro vi ded documenti ng t he lethal and sub lethal effect s o f var ious 

a t mo spheres against sevs ~ g~ species of the principal stored produ c t 

insects. 

Third, it was gene rally agreed t hat the degree of mortali ty 

achie v ed with various mod ified atmospheres is a product of the 

introduction of such f acto rs as gas composition, time , te mperature, 

humi dity, inse c t speci es a nd stage/ag e of deve l opme n t. Sp ecific a ll y , 

we conc urred that treatment at h ighe r temperatu r es incre ases th e 

e ffec t i v e nes s of mOdifie d a tmo s phe r e and decreases t he time o f 

exposure require d to ac hieve high mortality. 

Sim i larly , treatments at lowe r h um i d i t y are more effective than 

tho s e at higher humidi t y. Fur t hermo re, da t a p r esented s ugges t that 

internally deve lo p ing species are mo re t olerant than e x t ernal ly 

de v eloping spec ies, ma ture larvae and p upa l s tages are genera l ly 

th e mos t t o lerant s tages of develop men t and ea r ly ins t ar larvae and 

adu lts t he most susceptib l e . The value of CO in as si sti n g the a c tion
2 

of l ow o xygen mixtures w~s recognized a lthough o p i n i on s di ffe r ed as 

to the nat u re o f its e ffect . 

Finall y, there was a ten tati v e a g reeme nt t hat co nf lict i n g data on 

t he rela tive s u s c e pti bi l i ty of various insec t s eC ies and the speed 

-
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of acti on for the i r con t rol may be caused by miscompa risons ~~ 

a t mo sphe res of differe nt comp o s i t i o n. 

Some f undamen t a l diffe r enc es we re ev i dent in bo t h t h e d a ta 

pre sented in t h e papers and in the d i s cuss i ons t hat f o l lowed. 

Specific d i fferences in t he basic dos e - mor t a l i ty r esponse of v a r i ous 

stored produ c t i n se c t s t o a t mo s pheres of similar compo s iti o n o f 02' 

N2 and CO ',le r e identif i ed and re main u nre s o lved . The most pronounc ed
2 

differenc e o f opinion conc e rned which atmosphe re c o mpos i t i on offers 

the mo s t e f f ective cont r ol a nd wh ich met hod of a ppl ic a ti on is bes t 

suited fo r the treatmen t o f bulk sto r e d c o mmo i tie s . Such d i ffer e nce s 

of opini o n shou ld not be vi e wed as de trimen t a l, bu t shou ld s e rve a s 

a stimulus to enc o ura ge f u r t her devel opment of modi f ied atmosphe re 

t e c hno l ogy. 

Future ent omo logical prioriti e s s ugg e s t e d are to : 

Establish t r e a tme n t sc he du l e s for specific gas c o ncen trati o n s and 

environme n t a l condi t ions ; 

Further e xpl o re the integ r ation of mod ifie d atmosp here t r e a tment 

wi th trad itional s to r age managemen t proce du r es includ ing aeration, 

cooling and chemi c al treatment s; 

Exp a nd s tudies on t h e mode of action of mod if i ed atmosphe res, the 

l ong te r m e f f ects of sublethal exposu r e s on p opulat ion deve lopment, 

and the possi b le d e ve lopmen t of i n sec t r es istance . 
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Wra p-up re po r t of III Se s s ion : 

MI CROBIOLOGY OF CONTROLLE D ATMOSPHERE STORAGE 

by Dr. E. DE LAS CAS AS 

T.t-.e ·contami na tion of g r ain by mi cro-orga ni sms beg i ns in the f i eld : 

1) through the roo ~ s ; 2 ) through the surf a ce of the pl ant ; 

3 ) t h rough ~nc orrec t treatme nt of the g r ain during harvest , th r esh i ng, 

cl e an ing, dr'ying, s tol' a g e , mana ge men t and transport; 4) t hrough lac k 

o f san i tation . 

The papers presen t ed in this Symp osium on Co n t r o l l ed Atmosphere 

S to r a g e d e scribe d o ne of t h e var ious typ e s of t e c hno l o g ies u sed to 

mini mi ze the g r owth and e ffect of the mi cro - o t' ganisms o f the grai n. 

The s e t e chno l og ies ma y i nc l ude drying, c oo l i n g , c h emica l treatment, 

ve nt i la t i on, etc . 

In the ove rV i ew , pre sented as a b a sis fo r t he di scu s s i on in t he 

Micro bio l ogical Se SSion, the a d vantag es and dis a dva n t age s o f the mod i 

fied or c ont roll ed atm o s phere sto rag e were no t ed, as we re t he b a s ic 

con s i d e r a ti on s tha t influence t he u s e f ulne s s a nd effect i veness of t h is 

tec h nique . Cont r o lled a tmosphe r e pe rmi t s t h e stor i ng of g rain with 

a s o me what hi gh e r than norma l mo i s t ure conte nt (m . c. ), thu s dimi n 

i s h ing t h e h aza rd s of increased de te r io r a t i on of grain. However , some 

po s s i b l e d i sadvant a ges seem l e s s we l l unde r s tood. For in s tance, under 

ae r ob i c con i ti ons, through t he p r esence of certai n species o f 

Lact obaCi l l us i t i s possible to est i mate the freshness of the grain 

or to fo r ecast the approximate l ength of s torability of the product. 

Howeve r , fung i and other mi cro-organ isms may ac t on -th is bacte ria in 

an a ntagonist iC manner. No informat ion was p r e sente d to j udge if this 

u s efu l f r eshnes s gui de is a va i lable f or u t il i z a ti o n i n mod if i ed o r 

c o n -trol l ed atmosphere s, nor wer e da t a o ffe r ed about any c hange s rela

ti ve to the above pheno menon . 

Amon g t he ma j o r basi c c o n sider ations mentioned, which inf l uence 

the e f fec tivene s s of control l ed atmo sphere, we r e " microbio l ogical 

load ", i.e., th e amount of o rigi nal mi c rob ial i n fec t i on . Before the 

= 
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mechanism lead ing to the accumulation o~ this mi c rob i ological load 

in the mass of grain can be un d e rs t ood, the effect and i mplications 

of stress factors on the grain , such as insects, o t he r arthro p ods, 

small v e rtebrates, phy sical damage , etc . need to be known . 

The o vervi ew disc u s se d brief ly t he i n t e racti ons among phys i cal a n d 

biological parameters. Grair i n storage c onstitute s an ec o syste m 

created by man. Abi o t ic and biotic factors in this e cosystem rarely 

act individually and , as the storage period is pro l onged, several 

previously unobserve d ecological a ssociat ions and inte ract ion s we r e 

reported within the contro l l e d atmosphere grai n s t ora g e e c o sys t e m. 

Antagonistic interactions a nd / o r the prod uction o f certai n substanc e s 

by micro-organisms may af f ec t micro-organ i sm growth . The n e e d to 

understand these interact :L()n s is qui te ev ident in the researth on 

controlled atmosphere grain storage. The s t udies seem to ind i c a t e t ha t 

fungi are more sensi t:_ve t o o :':ygen depletion than to a n excess o f 

carbon dioxide. 

Because of the complexi ties of the mic ro-c1rganism populat ion dyn am 

ics, the selected inhibitio~ , t h e resulting sequenc e of spec ie s devel 

o pment, different ial response to oxygen dep l etio n an~ to c a r bo n 

dioxide excess, it is obvious that more r e search n e eds to be carr ied 

out to'tlal'd a better und erst and ing of thes e biological processes . 

Other topics prese n ted a n d discusse d at th~s Symposium i nc lude d , 

i c. i: er alia: 

the effect of air-tight sto r age on micro - o rganisms i n maize; 

:he effect of i n e rt atmo sph e r es, e spec i a l l y n i t r ogen , o n s e e d 

qu a lity due to fu ngi inhi b i tio n (part i c ul ar ly as i n fl uenced by 

m. c . ) ; 


the gr~wth inhibi t i on of fu ngi a s a r esu lt of t he to t al l ack of 


oxygen; 

the qu~stion o f af l ato xi ns; and , 

the problems of mai n t aini ng see d v iab i l ity in c ont r olled a tmo sphe r e 

condit i ons i n t he p re sence o r absenc e of micro-organ i s ms. 

In the gene ral disc ussion f o l l owi n g t h e Sess i o n 's p ap e r s, i = was 

o~ serve t ha t the s ub j e ct matt e r o f t he pape r s s e e ms to indicate a 

great inte r est in t he use o f high mO i s ture g r a i n f or an .i mal feeds. 
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The question was raise a s to whe the r ec onomic c omp arisons of con

trolled atmosphe re storage have been made with alternat i ve techni que s, 

such as the application of organ ic a c ids. One researc h group indicated 

this had not been done since the price of propionic acid has ri sen, 

due to peLroleum c osts, t o the pOint that this acid's use is no l on 

ger economical. 

By.alluding t o mec han ical damage to insec ts caused by ine r t mate

rials, a discussant noted that ve ~y few comparab le studies have been 

rep o r~ed on causi ng damage to micro-organisms (wh ich calse trou b le 

to man and ani ,-:1 2.1s) which has a significant detrimental effect o n any 

of their various esse~tial characte ristics. He als o called at tent i o n 

to situations in which (', i ,::' ro-organisms may appear to be dead but a re 

actually viable. If researchers do not exe rcise self-cau tion in thi s 

regard, they may ~ ~ intent i onally d raw erroneo us conclusions. 

A significant conc~usion from some pape rs was t he demonstration 

of the inhibitocv effect of pure nitrogen on fun g i . Also t h e promi s i ng 

results show i ng inhibit i on of the pro duction of at least one myc o tox in 

were interesting. The inhib i~ ion of some micro-organi sms under carbon 

dioxid~, helping to allow a longer s torabil ity at higher than norma l 

m.c., thus preventing l osses in nut ritional qual ities, was also d emon

strated. 

Differences in physical variabl e s, sampling and eval uation o f 

mYcof lo ra, as we ll as diffe rent emp hase s on species of storage and/or 

fi e ld f ungi, make it somewhat d if f i c ult to compare the resu lts of t he 

papers as a group. Howe v er , in sp ite of a l l t he promising result s and 

technology with gases o r wit h a nae r obic princip l es , pr ct i c a l r e a l

izatio n gene rally r e mains subjec t to t he fo l l ow i ng : e c o no my ; t e chnical 

d ifficulties such as the nee d f o r mo r e expensive struc tures ; and, 

several biological unknowns suc h as the confusing and comple x dynam i cs 

of the myc oflora wh ich causes the grain to spo il and deteriorate. 

We sti l l nee d to fi nd the op timum method f o r pract ical use o f con

t ro l led atmo sphere s t o rage which is of cos t /benefit value, and is e asy 

to inst a ll, main tain and u se , i n orde r t o reduce microbiological prob 

lems . We need to be more s pec ifi c on t he research o n mycotoxins. 

Perhaps some mycotox i ns that a ff e c t a n i ma l s will not a f fec t humans. 

http:ani,-:12.1s
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We need to k now more about t he inhibition of mycotoxins other than 

~flatoxin, e.g., Fusarium wi th its mycot oxin T- 2, grow ing on e xt remely 

high m.c. grain. 

Finally, the need should be stressed to stimul a te research on 

control of micro-organism s in mod ified and contro l l ed atmosphere stor

age on a practical scale i n mo re of t h e devel op ing count r ies. 
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Wrap-up report of IV Ses s ion: 

ARTIF IC I AL CONTROLLED ATMOSPHERE STORAGE 

by Dr. H.J . BANKS 

In this Session we h eard 5 pap e rs on the p r a c ti c a l a pp l ica tion of 

mod i f i ed atmospheres a nd t wo we re t heoret ic al o n e s o n top ics close l y 

related to the practical p r oblems wh ich may be enco untered . Many o f 

the papers were by se v e r al authors but are refe red t o below o n l y by 

the name of t he p e rson who p r esen t ed it. 

Three of these pape rs described successfu l c ommercia l u s e o f form s 

of controlled atmosphe r e storage . Yamamoto ga ve d e t a ils of the CEM 

techn i que, a 2ystem of p a ckagin g r i ce u n de r CO , used c omme r c i all y in
2 

Japan; Shejbal gave exampl e s of the preservation of wheat and bar ley 

under nitro g en in Italy; wh ile Banks pre sen t ed d e t a il s of c o mme rcial 

use of CO for the disi n f e st a t i o n of s t ored wheat in Aust r a li a . 
2 

The practical appl ic ations described are the c umula tio n of and 

eve~ poss ib ly the end of t he line for t h e researc h effor t whi ch many 

of us here have made i n the studies of the effec ts of v ar i o u s 'atmo 

spheres in the storag e envi ronment. Col lation a nd compar i s o n of the 

results o f co mmercial treatme nts are i mporta n t a s, u nder f u ll-sc a le 

practical constra in t s (as n o t ed bo t h by She jba l and Ban ks) many prob 

lems b e c o me app a r e n t wh i c h ei t h e r we re not ant i Ci p a t e d or by the i r 

very nat u re were no t ame nab l e to study in t he l a bo r a t o r y. 

The ran ge o f pap e r s presen ted on t h e pra ctical a pplications re 

fl e cts in pa r t the d i ffe r ent ph il o soph ies of app r o ach whi ch are r e 

q u ire d u nder the diffe ren t e c ono mic a n d s t o r a ge cond i ti o ns p reva i ling 

in the d i fferen t coun t r ie s . However, I bel i eve tha t the mai n reason 

for the iffe re n t a pproache s has bee n t h e d eg r ee of se a l ing a t taine d 

in the e nc losures u s ed fo r t he st ud ies. In Shejbal, Adesuyi and Yama

mo t o's papers, eff orts hav e b een ma e to p r ovi e v i r t ual l y gas-tight 

encl o sures. In a ll cases, they we r e purpo s e - b u ilt sys t ems , not modi 

fi cations of e xisting one s . In the first two c a ses , the approa h has 

bee n to p r ov ide i nde f inite ly a positive pressu r e diffe r ential across 
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the enc l osure walls by addi tion of nitroge n whenever the internal 

pressure fell below a set v a lue. The addition was requi r ed to comp en

sate for gas lo ss from temperature fluctuations comb ine d perhaps wi t h 

a sligh t los s f rom leakage. S i nc e te mpera t ure changes c a use gas l os s 

bec ause o f th e rigidity of the e nc lo sure, use o f some compe nsa ti ng 

devi ce such as a "breather bag " might be appropriate. 

I n Yamamo to's work, the hi gh CO atmosphere is ret a ined fo r a l ong
2 

period by the gas i mpe r meab l e membrane enclo s i ng the commod ity. Since 

the inte rnal atmo sphere is at reduced p r es s ure , t empera t u re v a riat i ons 

do n o t cause gas l oss . In the treatme n t de scribed by Banks the enc lo

sures used were more l e aky than those use d by She jbal, Adesuyi or 

Yamamoto though stil l o f a rel at ively high s t andard. A c onstan t over 

pressu re cou l d no t be mai ntained with ' n t hese e nclosu res when nit ro

gen was used wit hout excessive gas u sage. A const nt b l ee d -i n i ns te a d 

was used to ma i n tain the LOW oxygen atmosphe re. It was st il l po s sible 

to use CO wi thou t add i t i onal gas after p u r ging , because of i ts more
2 

rapid bio logical a c tion and lowe r sensi ti v i t y t o leakag e befo r e it 

c eases to be i nsec tici dal . I n the tre a tments described by J ay a y e t 

l owe r s tandard o f seal i ng was used and it was even ne c essary to add · 

furt he_ gas afte r purg ing i n o rder to maint a in a satisfacto ry l eve l 

of CO
2

. 

We al so note a g r a duati on i n the exposu re t i mes used in the vari ous 

studies. Yamamo t o , She j a 1 and Adesuy i u s ed i nde f in i te exposure t imes 

to obtain c omp l ete in s ect c o ntrol wit h in t h e enc l o sure : more t h an 10 

days for h i gh - C0 atmospheres and seve r al weeks for ni t rogen - based
2 

o ne s . Jay used only a few days e xposu r e to c0 /air mixt ures. These
2

di ff e r e nc e s a re large ly in respon se t o the re asons for whi c h the 

mOd ified atmo s phere treatme nt was ap pl i ed . In t he fir s t three c a ses , 

both i nsec t c on tro l and q ua li ty prese r va t ion are r equ i red bec a u s e o f 

t he h igh mo isture con te nt o r ±nstab ility of t he commod ity sto r e d . I n 

the case s described b y Banks, insec t control only was required a s 

mou ldin g and quality d e t e riora tion was no t a prob lem becau s e o f the 

dryness of the c ommod i t y . Since the mod ified atmo s phere was not mai n 

ta i ne d indefi n i te l y , c omp l ete i nsect k i ll was requi red, othe r wi se 

there would be a resurgenc e of ' nfe stat i o du ring subsequent storage . 
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In Jay's wo rk the t reatme nt was applied only to c ont rol bu t n o~ nec 

essarily el i mi na te an ex is ti ng infestation. 

A graduation in gas usage i s also apparant. S t ud ies wi th very gas 

tight encl osures either used no ( Yamamo to) or li t tle ( She j bal, 

Ad esuyi), additional gas . Wi th struc tures of a l ower ga s- t i ghtness no 

more gas was required for high -C0 atmo spheres, but about three t imes
2 

as muc h additi onal nit rogen was needed t o ma i ntain t he low oxyge n 

ones, whi le f o r still mo r e leak y structure s, Jay used a h i gh ra t e o f 

CO addition to mai n tai n the high -C0 atmosphere. The overall CO
2 2 2 

usage in the lat ter c ase was s eve ral times that used in the treatments 

d e tai led by Banks . 

The studies prov i de a n excel lent example of the cho ice facing 

grain storage authori ties : 

Seal well a nd u se li t tle gas; or, 

Seal less we:l and ~se mo re gas a nd, in ex tre me case s, e ven the n 

complet a insect control may not be a chieved. 

There was some discussion on whi c h was the best mode of purg ing 

grain s~orages with n i trogen or CO
2

, Jay found in general t hat app li

cation of CO as a s now directl y into the grain stream entering a
2 

bin was the preferable method, largely bec aus e of the speed with whi c h 

it could be applied and the lack o f need fo r a vaporiser. The me thod 

took about 15% more gas than u se d by purgin g from an i n t r oducti on 

po i nt at the base of the bin. 

The most effici e nt proc es s used involved appl ic ation of vapo rised 

CO i nt o t he bin h ead s p ac e. It was also considerab l y faster but it
2 

was not made c l e ar why t his was s o. The app licat i on r a e into the base 

o f t he bin wa s between one - tenth and one-twe nti e h of t ha t u sed in 

commercial Aust ral ian tre atme nts summar ised by Banks 'and using a 

simil a r mode o f CO i nt r o duct ion. Both Shej ba l a n d Banks g a ve example s
2 

of ni trogen app lic ati.on to the base of sto r ages. Shejbal sai d that 

a ppli c at i o n i nto the headspac e had been attemped but it was inconve 

nient and gave rise to excessive pressures with in the sto r age . 

The ex tension of n i trogen-base d storag e techn ique s i nto the humid 

trop ics as detai l ed by Adesuy i for pilot sc a le trials is an important 

step i f it can be successful l y demo nstrated techn ically and economi 

http:applicati.on
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cally. In t h e trials four seale d bins were used, each with a differe nt 

treatment designed to test if insulatio n o r sha ding a ff ec te d moi s t ure 

migrat i o n in the headspace. As may be pre dic ted fro m model studies, 

shading of the roof substantiall y reduce d the di u r na l he a d spac e tem

perature vari a t ion compared with an u nshaded b i n . I n s ul a t ion o f the 

headspace or even the whol e bin had little effec t. Howe ve r, t he metal 

protecting the insule.t ion appeared to be unpai nte d gal v a nised iron. 

This may have become very hot c ompared wi t h the wh i te pain t o f the 

control bin, thus negating the i nsulat ing e ffect. 

Th e theoretical s t udies presented a ugme nt the practical o ne s . I n 

Yamamotc' s second paper the reason for the succe ss of CO packag i ng
2 

in gas-impermeable films is clearly d emonstrated. CO was re vers i bly
2 

sorbed by c o~madi ~ y proteins creating a partial vacuum within the 

package. The magnitude of CO sorp t ion on wheat, 0 .14 tons CO /1 000 
2 2

tons wheat, is similar to that, 0.2 ton s CO /1000 to n s whe a t , f ound
2

by Ban ks in prac t ice . 

Tranchina's paper gave an el egant demonstrati on of the heat gener

ation by sunflowe r seeds stored at above the " safe " moisture level 

and the bene ficial inf luence of a nitrogen or hermet i c atmo sphere d n 

delaying the onset of this ~ c0ces s . 

Overall I believe this se ss ion gave a diverse but coherent pictu r e 

of the practical approaches whic h may be made to controlled atmosp here 

grain storage . Many o f the pro b lems re main ing are econ o mic or manage 

rial and not one s wh ic h can be so lved by re s e a r ch stu ies lone. It 

is to be hop ed t hat others wi ll a ccept the chal l enge of integration 

of the c ontrol le d atmosphe re techn i que in one or more fo r m . A true 

ass e ss ment of the adv a ntages and drawback s o f the tec hni ques can only 

be made from co mme r c ial pract i c e. Howeve r, befo re adopting the met hod 

a chOice must be made between t he var ious app roaches to i t s u s e . The 

flow scheme given below, si milar in f orm to those g i ven by J ay , 

summar ise s the r e sul ts of t he various papers in th is secti on to assis t 

in thi s c hoi c e . 
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Decision i s 
taken to use 
CA techni que 

~ 

Is 	the struc ture 

Use CO , but e xpec ~ 
2 

No a hig h gas usage and 
well sea led? p ossi b le t ?)ec 

surv~va l 

~ Yes 
Choose between a N2 o r 

Is 	quality CO
2 

pre se rva tion or No on 
mould control N~ 

nec essary? 

~ Ye s 

App l y low o xygen 
atmo spheres (2) 
c on t i nuou s ly 

NOTES 

1) 	 Incomple te k ill is 
insec t re sistance 

ble 

- base d fum i gation 
economi c g r ounds. 
is pro b a b ly pre f era 

i n 	 unt r eated 
c oncrete c ells. 

unde s ira b le as it c o u ld l e a d t o selecti on fo r 
to the t ec hni que . 

2) 	 The literature sugges ts either l ow oxygen o r h i g h - C0 atmosphe r e s 
2 

may be effec tiv e in such cases. bu t only n i tl'ogen atmo spheres have 
bee n comprehensively s t udied . 
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Wrap-up report of V Session: 

PRESERVATION OF QUALITY IN CONTROLLED ATMOSPHERES 

by Mr. S.W. PIXTON 

In Se s sion V seve n papers were presen t ed dea l i ng with pre se r va t ion 

of quality in fo o d stored in c o nt rolle d atmo s p heres . All de a lt wi th 

hu~an foods i ncluding wheat, r i ce, malt, dri e d fruit, shell e d 

h ~~ clnuts a nd almo nds. Hi gh mois t u re rap ese ed and sun f l ower see d we r e 

a l so conside re d. 

The main reaso n f o r manip u l a t ing t he storage e nv i ronme n t is t o . 
control, or p r eve nt a t tack by, in s e c ts, mi tes a nd fung i . Th is approac h 

to storage is be c omi n g inc r easingl y imp o r t ant. 

Con t rol of insec ts, which make a large contribu t i o n to food loss e s 

throughout the wor l d, is usua l ly achieved by f umigat i o n or wi th 

insectic i de s. No t on l y are such treatments expe nsive . b u t t hey may 

well need to be r e pe ated if grain r e mains long in s t o rage a nd so g i v e 

rise to ob j ectionabl e res i dues or und e s irabl e c h em i c al c h ang e s i n t he 

food. Control is needed most i n the deve l oping countries where l osse s 

have the greate s t impac t a n d whe r e t he na tura l enviro nme nt is so 

suitable fo r both i n s e c t a nd mou ld d e vel opme nt . 

It is e f f e c t o n the pes t s , i nc l ud ing fungi , o f a modif i ed 

atmo sphe r e t h a t r e c e ive s fir' s t p rio r i t y and of t e n the e f f ec t of t he 

t r ea t me nt on t he p r oduc t bei ng protec t e d receives less atten t i on . I f 

t he produc t i s des ti n ed for huma n con s ump t i on, or i s seed, then the 

e s se n tial q ua l i ty f ac t o r s must remai n un i mpai r ed . I was plea sed t o 

f ind t hat a l ot o f c are f ul, det a il e d qu a lity as s e s sment wo r k has been, 

and is being do ne on the basic f ood s t ored u nd e r d i ffe r e nt envi

ronme n ta l condit i o n s. 

My impress i on s from t he pap e r s gi v en , a nd f r om t he d i sc ussions 

we re t h at tempe rature ha t he gre a te s t e ffect , l ow temperatu re o f 

s to rage , ge nerally , be i n g ben e f i c ia l . Bu t even at a mbi en t t emperatu r es 

in atmo s p he res c omp l etely f ree o f oxygen, or almost so, t he var ious 

impo r tan t parameters of t he p r oducts were maint ained for cons iderable 
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periods e ven at mo isture con~ents much higher than normal . Germination 

\\fa's hel d, baki n g factors r emai ned satisfac t o ry, a nd al though FFA and 

FAV inc reased, no objec t i onable taint s d e veloped. In fac t i t was 

pOinted out that almonds, haz e lnuts and rais in s stored in a l ow oxy 

gen a tmosphe re were sup er i or in fl avour, qua li ty a n d acceptab ili ty 

c ompared wit h samp le s store d in an atmos phe r e o f ambien t oxy g e n t en

sion for peri o d s up to one year. Rice pac k age d in an a tmosphere of 

very low oxy g e n a n d stor e d at a l ow temperat u re fo r two years was su

per io r in palatibi lity to a s i milar s amp le packaged i n a n atmosphe re 

of n o rmal oxygen. 

The o ve rall conc l us i o n i s that s t orage in a low o xygen atmos phere, 

pre fe rably, but not n ecessarily, at low t e mpera t u r e produce d no 

c on s is tent adve rs e e f f e cts, o r part i c ular ly bene fi cial e f fec ts, in 

the fu nc tional a nd e n d use properti es of dry foo d pro du c ts. 

There are difficul tie s. No one system o f storage i s s u itable f or 

al l pu r po s es , or circumst ances . In t he deve l o ped c o untr i es the 

introduct ion of a new sys t e m cou ld we ll be dec ided i f product s a re 

susc eptib l e to dete rio rati on in air, and unacce p t ab le to the marke t , 

the n , i ntroduce a ne w system such a s storag e in a nitrogen atmosphere; 

in t he developing coun t r ies, whe re t h e be ne f i ts of a ne w proven s ystem 

c oul d be most marke d, then, introduce the new system a l ongside the 

old. 

Wh atever t h e sys t em o f s torage, and procedures t hat modify the 

stora ge a t mosp here are attactive for a va riety of r e a sons, it must 

not adve r se ly affec t he quali ty of the produc t. That, t oge ther with 

reducing losses , is paramount. The t horough work on quality assessmen t 

r e po rted in this se ssi on has made a valuable contribution to the 

kn owl edge o f product storage behavi ou r. 

Mo r e ne e d s t o be done a nd h igher moistu r e grain and feed stored 

f or an i mal f eed ing should also be included , a s we l l as the relatively 

h igh prote in oil s e eds . Here di f fere nt c rite ri a wou d ap p l y but they 

wo u ld be equally i mp o r tant. We al so need to know more about the ef 

f ect o f nit rogen, f or e xamp le , in packeted instant foods i relation 

to maintainanc e of quali ty and i nc r eased s hel f l ife . These a r e just 
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some of the areas that need consideration . 

I would like to take this opportunity of than/ ing P ~ soreni, and 

particularly Dr. Sh~j 0 ~1, for organ~s ing this Symp 0 s ~um. 
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Wrap-up repor ~ of VI Sess ion: 

FACI LI TIES FOR ART IF IC IAL CONTROLLED ATMOS PHE RE STORAGE AND ECONOMIC 

ASP ECTS 

by M . G.G. CORBETT 

Th e pap e rs and disc uss i o n in Session VI may be d ealt with unde r 

four subject h eadings: st r uctures; equ ipmen t for produci ng the con

trolled atmo sphere; e c onomic aspects; and the i n teg ra t ion of con 

trolled atmosphe re ( CA ) f ac ilities in complete stora ge s yste ms. 

It is c l ea r t hat the key point r egarding s t r ucture s is the degr ee 

of g a s-ti ghtne ss. I n Austra l i a n work, a dec a y time of fi ve minute s 

for an app l ied exc e ss p ress u re drop o f eithe r 2, 500 to 1,500 Pa , 

1,500 to 750 Pa or 500 to 2 50 Pa in a fu l l sto rage is regarded a s 

s a t is factory. (I no : 1s eQ, h c.·.'ever, tnat t h e p ressuc-e atta':' n :': j in tr, o. 

bolt e d metal shed, whic h Dr. Ban ks and his c o-workers suc ce ssfully 

se a ied, Vias onl y 100 Pa). A Jap a nese s c: andar ::i de(~ ay t 2:::t ~, f ::00 - 2 :>:) 

mm. wa ter gauge in twen t y minutes was quote d. In the I t alian wo rk 

with nitrogen atmosphere s , gas-tightne ss was e xpre ssed as the n it r o

gen flow rate nece s sary t o main t ai n a sli gh t posi tive pressure (45 

mm. w. g. ). The se flow r ates were c al culated to be equival en t t o a 

pressure dec ay from 250 t o 150 Pa in a time per i o d measured in h ours, 

reflec t ing t he mu c h grea t er gas -tightnes s of t he stru ctures used. 

Final l y , in the work in Egypt o n a s mal l c oncrete bin , t he gas

- tightne s s was discussed in t erms o f t he daily percentage dep let i on 

of carb on d i oxide. Cl early the re i s a need fo r some uni f ormity in 

me t hods of measur ing and expres sing gas - ti ghtness . 

Many di f ferent s truc ture s for CA stora ge were desc ri be d and d is

cu s s ed . Dr . Ka me l' s p ape~ o n t he s mal l concrete bin d emons trate d t he 

dif f i culty o f s ealing t h i s ma t erial and descr ibe d the me t hods and ma~ 

teri al s wh ic h we re fi n al ly successful. The s ame diff i culties were 

app a rent in the muc h larger s e mi-undergrou nd ( ' Cypru s ') bi n s, though 

here the l eakage was concen t rated a t the j oints be tween the above 

g round dome and the underground cone. Th e r e was much discus sio n of 
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the use of plastic films, bo th for above ground s ilos , heap s or st a cks 

of bagged grain and as liners for pits. The re seems to be a nee d for 

the compilation and p ub lication of i n formation on t he r e l evant proper 

ties of plastics ava ilable fo r these purposes . Conve n tional weld ed 

metal silos present no gas -t ightness pro blems and h ave been s uccess 

fully used for CA storage i n Australia, Franc e and el sewhere . Conven

tional conc rete cells, on t he o t her hand, seem to be diffi cult and 

expensi ve to seal . It is good to note tha t t he re is an acti ve Aus t ra

lian Committe e on Silo Sealants working on this p roblem . Australi an 

work has shown that it is possibl e to seal bolted metal silos and 

sheds to a standard allowi ng s ucc e s sful applicati on of c arbo n dioxide 

"fumigation", b u t s uch sealin g, particularly of sheds, requires con 

siderable expe rtise . Fi na lly, we he ard of two ne wer fo rms of ~ilo 

construction - fibreglass and fol ded metal - wh i ch have been success

fully use d fo r nitrogen atmo sphe re storage i n I t a ly, and of a concrete 

dome struc tu re f o rmed by a novel technique which offe rs possib il itie s 

for both bag and bulk CA storage . A technique f o r s eal i ng these d o me s 

wa s described, but to date it ha s been tes ted onl y on a smal l s truc

t~re of 4 m. diasa te r. 

Further imp o rtant pOints o n the desi gn and operat ion of CA s truc

tures were under lined in this sessi on. One was the need f or car e f u l 

attention to a pe rtures ( o r pene trations in Australi an terminology ) . 

Even if fl oo r, walls a nd r oo f are pe r f ec t ly sealed , deg r a dation b y 

t ime o r t e mp e rature of ap e rture s e ali n g wi ll r e uce gasti ghtness to 

an unacceptabl e l ev e l. The s econd point was t he desirab i l i ty of a 

h i gh filling ratio, to minimise tempe r ature a nd pres ure variations 

in the head- spa c e . To t he same end , e xpose d su r faces should be h i ghly 

ref lec t i ve , to r e duce so l ar rad iati on e ffec t s. Especial ly in h i ghl y 

g as -ti gh t s tructures, a pressure rel ie f valve t o deal wi t h both pos i

tive and n egative pre ss u res i s essenti al . Fu r t he r stud i es a r e nece s 

sary on heat and mois ture transfe r wi t hin enclosed structures . Two 

suc h studie s were reported on open st r uc tu res, b t as one of the 

authors c o nc l uded : " In air t i g h t cond i tions of sto r age, phenomena a re 

ce rta i nly q u i te i fferent" . 

On the eq i pment to p r oduce contro l led atmospheres , we heard in 
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this and earli e r Se s s i on s of ma c hi ne s to produce h i gh n it r ogen or 

c arbon dioxide gas mixtu r~s, apart o ~ course fro m the use of these 

gases in l i quid f orm, wh ich is t he pr ima ry form used to dat e in i n dus 

trial appl i cations of CA grain storage . Fo r ni t rogen , t here a ppe ar to 

be two practi cab l e and econo mic alt e rnati ve s to the u s e of li qui d 

nitrog e n in locat ions far f r om production/dist r ibut i on cen t r es - t he 

catalytic burner a nd the p r e s sure-sw i ng adsorp ti on sys t~m . S i mi l arl y 

for c arb on diox i de the r e are two typ e s of gas produc er, the e xo 

thermic g e nerator and the catalytic c onver ter already in c o mmercia l 

u se, though to a small e xte n t o nl y , for CA grain s to rage . The expa n 

sion o f such sto rag e should there f ore no t be limited to areas se r ved 

by a l i quid gas supply, though the ec on omics of local gas pro duc tion 

will require close e xaminati on on a case-by-cas e ~asis. 

Onl y one pap e r was p re s ented givi ng a co mpar i son, on both a capital 

and o p e r at ional cost bas is, of CA s to r a ge ( using l i quid n it r ogen ) with 

conven t i onal stora ge usin g c h e mi c al pes t c on tro l . This c o mp ar i son 

showed subs ~ antial savings for th e CA storage sys t em , a large par t 

of s uc h s avings comi ng from t he el i minat ion of grai n l o s se s a ssume d 

to be 1-3% . As the au tho r of this pape r poi n t e d o u t, ec o nomic c ompar 

isor,s b e tweer. differe n t f o r ms of CA storage , and between CA and con 

venti onal storage, are s ome what co mp l i cated a nd depe nd on many fac to r s 

such a s t he product invo l ved, l ength of s to rag e pe r i od , si ze a nd l o 

c at i o n o f sto r age i ns tal l ation, t y es of sto r a ge st r ucture s comp a red, 

and s o on. It would ne ve r t he l es s be in te re sting to co mpare , fo r the 

same s t r uctu r e,the c os t o f ob ta in i ng pe s t contro l by nitrogen and by 

carbo n d io x i de CA s to r age and by c hem i cal f um i gation . 

Fi n all y, ~wo papers in th is Ses s ion st r essed the importance o f 

c a re fu l pl~nn i ng , p a rticul ar l y i n deve l op i ng c o untr i es, to i n teg r ate 

CA s t orage i nto e xi s ti ng s tora ge syste ms . Both these papers dealt wi t h 

t he 70 Cyprus b ins in Ke ny a , whic h are t he on l y CA s to rage structure s 

cons i de red in depth i n t his Se ssion that have been in cont i nuous u s e 

f or th l as t 10 - 15 years. The man y prob lems, both w·th t h e struc 

ture s themse l ve s and wi t h their i nte g r at i on i nto a marketing system 

i nvo l v i ng procu r ement , d r ying , transport and sho rt and long term SLor 

age, mi ght have bee n aVo i ded, o r at leas t reduced, by more careful 
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plann i n g - o r , as was s u gges t e d in the di scussion , by fi r s t c on 

structing a small n umbe r o f b i n s o n a tria l basis. In t h e prese nt 

state of the art, this caut ious appro a c h, at le a st in deve l oping 

countries, mi ght wel l be the ove rall rec o mme ndati on f rom t h i s session 

t o policy-makers con t e mp lating inve stment in CA gra in s to r a ge . 



554 

GENERAL DISCUSSION 

Dr. SHUYLER 

I was pleased to note that Mr . Burre ll i ncluded the men t i on o f the 

problem of rodent s i n co nnection with tradit iona l modi fied atmo sphere 

s torages. I thi nk that this is one as pec t tha t was missing almost 

e nti r e ly from the papers a nd I am aware of the fact t hat, for exam

ple, earlier repor ts from Somalia i ndicate that thi s c an be a very , 

very severe p r o blem not only in r educ ing the co nt rolle d atmo sphere 

~a~ure of the stora but, of course, in producing additional l o s ses . 

Dr. GI RISH 

I have three suggestions for your co ns iderati on . Data are lac king 

on ~he effect of modifie d a tmospheres o n mi tes . Of cou rse, I ndi a i s 

not a country with pa r ticular problems with mite s, but this is one of 

my suggestions. 

Second, data are really lacking on the e ffect of modifi ed a tmo 

spheres on brown rice, paddy and maize. To some e x t en t d a ta is ex ist 

on wheat. Dr. Ade suy i wi ll endorse my view that data are also l ack i ng 

on t he oi lseeds, so t h e r e is a nee d to h ave more studi e s on the ef 

fect of modified atmosphe res, particular l y on t hese commo d it ie s. 

My third submissi on to the Ch airman and learned ga t her i ng is: You 

see, f o r the use of mo d i fi e d atmosphere s we c anno t i scard our ex 

i sting sto r a g e stuctu r e s . I wonde r how to modi fy or how to re novate 

t he e xisting storage struc t ures t o the use of the mo d i fied envi 

ronment. We h ave h eard an exce l e nt pape r from Dr . Bunks. This 

a sp ec t, in whi ch devel oping count r i es are perh aps mo st i nte r ested, of 

how to use the ir e xi st i ng sto r a ge s t r uctu r es f or t h i s n ew t echno l ogy 

is very importan t. 

Then my last reques t to the l e arne d audience a nd our Cha i rman is, 

how c an we i mprove t h is tec hno logy, par t i cu lar ly a t f arm le vel stor

age? Sixty t o seventy pe rc en t of t he f ood g ra i ns i n d eve l op i ng coun

tr ie s is sto red a t f arm l e ve l. How c an t h i s n ew t ec h no l o gy be appro

p ri a tely a ppl ied, wi t h s ome modi f icatio n s, in t he e x i sting struct ure s 
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which a re prevalent at farm l evel? 

r'1r. BAI LEY 

There is a lit t l e informa t ion on t h e effec t s of 99. 5% CO on
2 

Tyroehagu s pu tresce ntiae. Eggs are the mos t to le rant s tage r e qu i ring 

six days f or comp lete mortality (2 5 °C). I nformati on on Acarus si r o 

indica tes t hat a dults a re kil le d by fou r days exposur e at 20°C to 

either pure ni t rogen or pu re c arb on diox ide. In gene ral we are ve r y 

short of good dat a o n the effe c ts o f CA on mites . 

Dr. GIRI SH 

This is well known that even in insec t s the suscept ibi lity var i es 

fro m sp ecies to species. What I subm i tt ed is, that da ta are v~ ry 

l ac k i ng. Ca n one c onc lud e f r om one or two pap e r s? 

MO DERATOR 

If I may comme nt on resea t :~ 'r : i n relation to its constra ints in 

this ki nd of work: it is limited by time , by possibil i t ies and the 

numbe r of v ariables. I t hi nk ,::,::-e m(.d el wo rk s hould be carri e d o u t. A 

simplific a ti on i s what we ~e ally ne ed. If we ge t good mode ls in col 

labora t i on wi th physio l ogists, we ~ay ge t re s ults f a s te r for app l ic a

tions. 

Dr. YAMAMOTO 

We have the d a t a of bro',v n and paddy r i ce in the unde r wate r and 

unde rg r o und s tora g e s. Al s o the varie t i es we use are japon ic a not t h e 

indic a t y pe. 

MODERATOR 

We ll, o f cour se, r ic e is di ffe r ent from country to c ount r y . We 

have carr ied out wo rk on ri c e whi c h was not presented during the Sym

posi um. We fee l that ri c e i s just a s well p re served a s o t her cereal 

grains up to a moi s t ure c ontent o f about 16 . 5%. Above that there is 

a problem with a naerob ic res p irat i on whi h may c a use off- flavours. 
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Mr . BURRELL 

I n the te sts whi ch I described on effec t s o f a irtight s to r a g e on 

inse c ts, we d id not c o un t the n umbe rs o f mi t es present at the b e g in

ning of ou r te st s bu t we knew that there we re many present . At the 

end of our e xper i men ts in a bu t yl r ubbe r si l o, i n wh i c h we h a d a 

heavy infestati on of i n sec ts, we concent rated on t he insec t s but we 

l o oke d at the mite s urv ivo rs and t h e re we re some A. s i r o, some 

Cheyletus eruditus and some Glyc yphagus de s t ructor, ve r y f ew but 

the re were s ome. 

MODERATOR 

I n that ex pe ri ment o f yours t he oxygen c oncen t ration reac he d what 

level, do y o u r eme mbe r?. 

Mr . BURRELL 

The o xygen conc entration in that particu lar b in c a me do wn to 0.3% 

f o r a sho rt period but mo s t o f the time it wa s betwee n 4 and 5%. The 

obse rved mites were all adu lts. We did no t look at o ther stage s . 

MO DERAT OR 

May I refe r t o t h e prob lem o f o ilseed s . As a mat t e r of fac t , 

during the Sympo s i u m on ly t he wor k done i n Nan t es , Fra nc e and i n our , 

t h e As sore ni La bo r ato rie s, referred to oil see ds . I again f e e l that 

this is a subjec t whe re wo rk is needed in model ex pe r i ments. 

Dr . NAVARRO 

S tora g e of oil seeds i s a prob l em due t o heat "ng p r oblems ex i s ti n g 

du r i ng s tora g e . Normal l y cot t onsee d o r s oybea s may be initial ly 

sto r ed at l ow mo is t u r e con t e n ts bu t during storage , es pec i ally unde r 

t r or ical o r sub-tropi cal c o nd ition s , mo i stu r e migrati on takes p l ac e 

and t he n heating may be v e ry s ignifi c an t . I t is a po i nt that wo r ke r s 

pl anning re s earch on whea t i n contro l l ed a t mo s phe re s should t a k e, 

i nto con s i de r a tion, fo r d es ign ing mo re experiments to see whether 

the Le a e the po ssib "lit i es to maintain these seeds a nd to p reven~ 

any heat ing prob l ems in t hese pro ducts . 
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Dr. ADESUYI 

I would like to make some comments on what we have discussed so 

far in this Symposium. There is n o doubt that there is an urgent ne ed 

for good storage techniques in the devel op ing coun t ries and con tro l led 

atmosphere s to r a ge is one of the possibilit i e s t hat can be a d a p t e d 

or developed to get answers f o r some of the problems. Control l ed atmo

sphere, in my mind, is more feasible in large sc a l e s t o rage rathe r 

than on the small scale. r,1any of the developing c oun tries have plans 

to establish, or the y have established, famine reserves in larg e 

scale storage, and for inter-seasonal s t ab ilizat ion of prices. I see 

the use of controlled atmosphere for storage of gra i n s and o t he r 

products be ing feasible in these large scale propos a ls. 

Second, I am in agre e ment wi th Dr . Bank s in his sugge st i on; o r his 

implication, t hat the ball is no w in the court o f the c omme r c i al 

companies to se lec t whatever technique that they think suitable for 

implementing the use of contro l led a tmo sphe res for grain s to r a ge . In 

saying this, I also would like t o state that t h e co mp ani es should 

bear in mind that whatever technology they select must be one t hat 

works. I am talking from past experiences. Some t echnol og i es h ave 

been sold to developing countries that ne ver worked and of c ou r se 

this has ~ade some of the autho r ities d eve lop f it s e v en when the y 

only hear the te chnol ogies n amed . I will no t b lame t hem f o r this. 

Money is a big probl em in these areas. Al so I am i n agre e men t with 

Dr. Girish i n hi s sugg e s t ion t hat more work should be done in try ing 

to adapt existi ng sto r es for t he u s e o f con trol l ed atmospheres . For 

examp l e , in Ni ger i a we h ave a lot of store s of vary i ng capac i ties and 

it wa u l be ve r y useful if we cou ld know wa y s by which to a dapt t h ese 

stores to fit into the ne w technique o f con tro l led a t mosp he r e s . 

Lastly, Dr. Gi rish also mentione d that a bout 60 t o 70% of t he 

grains ava i l able in deve l o p ing c ountrie s are sto r ed by local fa r me rs. 

I put it at about 90% in Nigeria ; so these are the peop l e to whom we 

are to dire t mo re att en t i o n. I would al so li ke mo r e wo rk to be done 

on t h2 ada pta t i on of small contai ne r s li ke drums , o r t h e c ontainers 

menti one d by Dr . Ka me l in Yemen , to i mprove t hem so that t h ey cou l d 

be us e d for airti ght sto rage e i t he r with or without gas . 
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Dr. BANKS 

I thin k that y o u ra i se d a very important po int, Dr. Ades uy i, in 

s ay ing that countries must have tec hnology that wo rks . I th ink tha t 

the problem is t hat it is not jus t t ec hno logy tha t wo rks that is 

ne ede d, it's te c hnology that works in the h ands of those who use i t , 

and t h is has a very sp ec ial bear i ng on t he ad a p tation o f ex i st i ng 

struc~ ures. I have no doubt that given an exis ting st ruc t ure al mo st 

anywhere in the worl d, there is a tec hno l o gy avail a ble to make it gas

-tight to a standard where you could use some form of con t r ol l e d a t mo 

sphe re in i t. The problem is not t o do that process , but how to 

manage that store , and to somehow arrang e for the en h u s i asm of the 

managers and the pe op le us ing it to cont inue to use it s at is factori

ly. I thin k this is a probl e m re lated to how the techno l o gy r eal ly is 

to be sold, f rom the p eopl e who de ve l oped it, be they industri a l 

companies o r sci e n t i s ts, a l l th way thro ugh i n t o t he prac t i cal situa

tion . I don't know a ny real so l ution to this prob l e m, except tha t I 

think that one o f the thi ngs is that the sc ientist o ugh t to work 

directly with the mana g e r s in the p i lot de ve lopment of any p roc ess . 

It is quite easy, for i ns tance, to sea a go own; whethe r i t 's 

ec onomic, is another p r obl em . And having got i t to a st age whe r e it 

mi ght be economic, it is yet another problem t o make it work unde r 

the l oc al condit ions and I be l ie ve only with the u t mos t coo pe r at i on 

of manag e me nt t o devel op the ava i l ab le l oc al ex pertise, wil l it ever 

wo rk. 

MODERATOR 

I think th i s s p e aks, i n a ce r t a i n s ense , for the u se of new struc 

t u re s . -It al s o sp eaks f or h i ghl y auto mat i c new s t ructu r es, wh ic h is 

in fac t, wha t '/Ie a r e aim i ng at in the Assoreni wo rk. We want the 

store to work automatical l y from loading and the ini t ia l purge , down 

to unl oading, wi thout really ever havin g t o t ouch i t. It i s automat 

ic. And whe n you jus t c ont r ol the c on sump t i on o f you r gas, you know 

what you hav e , tha ' s it : q i t e foo l - proof . 
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Mr. STOREY 

I think it is interesti ng t hat que stion s raised by t he re p r e s e n 

tatives of two se-called devel op ing nations , a r e no different f rom 

t h e questions raised by my s el f. 

At the risk o f soundi n g li ke the Ugly Americ an: I have heard about 

all I nee d to hea r about savi ng grain in under-developed countr ie s. I 

think, ins t e ad, we ne e d to devo te a lot mo re attent ion i n trying to 

preserve it in t he produc ing coun t r i e s. I don't be l i eve there is 

anyone here tha t is no t gOing to b e t o uc h ed in one f o r m or ano the r 

by a US grain-based commodity, a t least i n the f ore seeab le f utu r e. 

I recognize that in a developing count ry, whe n you are 0 t of food , 

you starve . An d t h i s is a lit tle like being 6% unemp loyed . If y ou are 

one of the six pe r cen t, you are a hundred perc e nt une mp l oyed I ~f we 

look at where the grain is being s tored t hat you wi ll p r obably con

sume in the fo r e s ee a bl e fu t ur e, it is sitt ing o n i ndi vi dual f arms in 

the Unit e d S t ates. We presently have al mo s t 60% of our g r ain 

supply si t u a t ed o n ind ividual farms, s t i ll own e d by t h e farmers. And 

there is no thing in the present tec h no l ogy that has been disc ussed 

that woul d l end itse lf to the protec tion o f this g r a in. 

So I refer my s e lf to the s ame que s t i on ra ised by t he two p re v iou s 

gentlemen: "I"'hat are we go ing to do abo ut all t h e g ra i n t hat i s k e p t 

at th e ind i v idual f arm?". 

Prof . ZANON 

From th is meet ing it has come ou t v ery lear ly , there is no doubt, 

there are r ea l advantages in the use of these mod i fied or c ontro ll ed 

atmosphe res. Whe r e the do ub t s t i l l r emains is, whi ch method wil l be 

most c o nven i en t and the most u sed ; b ec ause there are some diff e r enc es 

in o pinion s. For i n s t anc e we heard abou t h igh CO : 35, 40 or e ve n 100% 
2 

CO " Th e re a r e people in favour o f very , ve ry pure nitrogen, such as
2 

a pur ity of 99 . 9% wi th 0 .1% oxygen ; or at maxi mum, the y s ay , 0 .5% 

cxygen . 

Wel l, I wan t to put another que s tion to th i s p l enum : what about 

othe r e xperiences or o p inions? Wha t about a third possib i lity or 

alternat ive, which wi ll be very ea y to create in ve ry economic struc 
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tures? That alternative would be a very low o xyge n conte nt atmo 

sphe ~e, say 1%, combi ne d with a certain amount of CO . And t h i s 
2 

question is asked, because it wou ld be ve r y easy to a ch i e ve wi t h 

simple burne rs, which c os t little, and which can be plac ed e ve n a t 

t he farm or any s mall uni t . You can create such a n atmo s p h e r e, wh ich 

will be, for ins t a nc e, with 1% o r 2% 02 and say 13% CO . Wh ic h i s 
2 

present in such a comb ustion as is attain e d with such burne rs. 

The secon d questi o n is, wou l d it b e possib le to prol on g t h e 

purging time , so ~hat cheaper mac hines could be used for produci n g 

nitro gen on the spot? So wha t wo uld be, in y o ur o p in ion , t h e max i mum 

purging time to give t h e results we are exp e c t i n g from s uc h a meth od ? 

MODERATOR 

I think tha~ low oxygen concentrations of approx i mat e l y 1% f o r 

disinfesta~ion are qu ~ te all right. And in that c a s e the time nec e s

sary for fum igati ~n is quite short. 

Yet I do not believe that c ontrolled atmos phe r e gene ration by 

burners could be used on farms or in ve~y poorly controll e d con d i 

tions. I th i nk we would run into very big l ega l pro b l ems. I~ag ine 

what would happen if we just put a car next to the sh e d where we k e ep 

our grain and push i n whate ve r c ome s out of the car exhaust pipe. 

Everyon e would say - but you are put t i ng in hydroc a rb o ns! An d , of 

course, if somebody does no t us e a b urne r wel l enough, h e may r un 

in~o the same problem. So I am no t qu ite convinced tha t thi s would, 

from a legislati V ~ po i t of view, b e permi t te d . 

Nay r a sk for a comme n t C ~ l this by Mr. S to rey , who, I t hink, h as 

heard s ome v o i c es of this kind i n t h e Un i t e d St a t es. Wh a t is the 

situation f o r the permission of t h e us e o f burn e rs in t h e se si tua

t i o~ s ? 

Nr. STOREY 

There a re t wo as p e c t s to t his. We h a ve r ecen tly submi t ted a pet i

tion to the Env ironment a l Pro t ec ti o n Age nc y, propos i ng an e x empt i on 

from the r e qui r e men t o f t o l e rance f o r c on tro lled mod i f i e d at mosphe r e s 

con t aini n g e i the r l e s s t han 2% oxygen or more t h a n 60% ca rbon d i o xide 



561 

for control o f stored produ c t insect pests as a post-harv es t u s e on 

all ag~icultural c ommoditi e s. This propo s al include s exempt i o n f rom 

the toleranc e requirement wi t h resp ec t t o the mod ific a t i on of t h e 

environme ~ ~ produced by the so-called burner atmo sp he re s. I h a v e bee n 

info r Me d by EPA that we will probably be g r ante d th i s p e t it ion s ome 

ti me thi s summe r. So, a s far as using the ma t erial as a p es tic i de , we 

probab : y are going to be gi v en a pp rov a l. 

The next q ue stion is, a r e there g o ing to be u n re s o l ve d compo u nd s 

in thi s atmosphere, that will so mehow caus e the ma t e rial t o be pro

hibi t ed? I have heard many reports, but I have s e e n no doc u men t ed 

material concerni ng the presence o f unsaturated h ydrocarbon s or any 

othe r carcinogenic ma t erial in this atmosphere. Obv i ou s ly , t he r e 

could well be; if you get in to c e rta in burnin g situations, t h i s c ou ld 

be a pro blem. I s till beli eve t he t e chno l ogy is avai labl e to t ake o u t 

anything that is presen t ~hat would be o f a harmful nature, ~ f you 

want t o do i t . The ques t ion is then d o e s thi s s t ill leave it wi t h in 

an e conomic ran ge t o make it useful? I ~gree wi t h Dr . Shejb a l, that 

probably the use of this t e chn i qu e on farms is i mpractical, not s o 

much from the techni c al standpo int but ra t he r the ec onomi c one. There 

simply is 't suffici ent margin pre s ently in t he marketing o f g ra i n t o 

allow the fa r mer to spend t ha t much money. If we made it wo rth wh i l e 

to mar ke t gra in free of i nsect s or , if we l e g islate against t he 

marke t ing of grai n th a t con t a ins insects, t he n many o f the s e things , 

tha t a r e not now feas ib le , c o uld be c ome so. 

MODERATOR 

Ma y I r e pe at P ro f. Zano n ' s que s ti on : " h a t wi l l happen i f we 

p r olo ng the purg ing time?" I supp o se t his is an econ omic q ues t i o n and 

may be I ng . Tra nchino co u ld c o mme n t on t hat? 

I n g . TRANCHI NO 

I want to c o mme nt the q ue s t i ons by prof . Zanon. We have found in 

ou r trials t ha t dec r e a s ing the ni tro gen f l ow r a te , the e f fic iency o f 

t he p ur ge dec r e a se s, so t hat a h i g he r ni tro g e n consumpt ion arise s . 

I n s ome case s , d e c r eas i ng t he f l ow ra te to 1 /4 , the n it rogen 
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consumption becomes hi ghe r than 2 times , and t he t ime of t he p u rge 

hi gher than 8 time s. Our results are in agree me n t with the o t he r s 

that Dr. Banks has foun d in his trials. 

The possibility to c ontrol the nitrogen f low rate all ows to re duce 

the nitrogen consumpt ion fo r the maintenance of the control le d a t mo 

sphere too . If the nitro g e n can be supplied to the silo at the ti me 

of need only (when t he pressure dec reases) it is possi b l e to re duce 

i t s consumption to the gas laekage from t h e s ilo o n ly. This is po s s i 

ble with liquid nitroge n supply, it is not with a gaseous nitro g e n 

production p lant . 

The ec onomical c omparison be t ween diffe r e nt ni trogen s u pp ly sys t e ms 

must take into account t hese considerations, e valuating t h e cost o f 

t he t otal nitrogen c ons umption on the basis o f the c o st of one c u bic 

meter of nitrogen is not the full information f or the c·ompar ison. 

We have performed this analysis and we have found that increas i n g 

the capacity of the s to r age complex, t h e cost of nitrogen c on sump tion 

with a gas eous production p lant d ecreases and becomes l ower than the 

value for li quid nitroge n supply at a cri t i c a l capacity that is in 

th e range of 20,000 - 50,000 t., de pending on the market pr~ces . 

Prof. ZANON 

One thing I r eally wante d to know in o rder to calculate t he eco

nomics is, what is t he max imum ti me permi tted f or doing th is purging 

o perati o n ?Then all the other consi de r ation s can b e made, and we have 

a lot o f e xper i enc e on that, too . Partiall y I agree wi th Ing. Tranchi 

na, but if I can I wi sh to l e arn from the p eople who are here, and 

have expe rience in the fie l d, wh a t t hey c o n s i d e r the maximum ~ ime 

a l l owe d t o do the purging ope~a t i on , in orde r t o have all the advan

tage we e xpect, c ons idering als o t he economic side of th i s o pe ra

tion. We don 't have to search f or perf ect i on but we hav e to sear Ch, 

let 's say, for a c ompromi se whi c h give s us enough r esul ts a t a reason 

abl y low cost . I think that 's a very gene r al r ul e . 
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MODERATOR 

I wonder whether the participants woul d be of my o pinio n, that it 

is impossible to gi ve a simple answer to s uch a c omplic a te d questi on . 

We have so many different s i tuations that it !;,ou ld just b e t oo 

complicated to generalize , exc e pt if a l l the wo r k we r e do n e by re 

searche rs. We would have to have certain standards , as was called for 

in one of the Rapporteur 'S papers, al s o . 

Dr. BANKS 

I think, Prof. Zanon, I can answe r your' ques tion i n part. I wo u ld 

like to sUPP 0 r t I n g . Tranc h ino's co mmen t s that in v e r t i ca l s tora ge s 

it is necessary to purge as fast as po ssible and ne ither hi s r esu lts 

nor those in Au s trali a have f o u n d an uppe r li mi t t o this in te rms o f 

rate of gas put i n, in order t o a ttai n the max imum effi ci e nc y of 

purging. Thus, if you h a v e a slower ra te of p urg i ng, y o u c a n expect 

to use somewhat mo re gas. And the ba a nce is t h ere: if y o u p urge mo re 

slowly you ',., i ll lose more g a s. And this may be up to 50% mo r e g as 

over the kind or purging ra tes that we h ave us ed . This app li es to 

nitroge n. But the re is a prob l e m, because nitrogen is l e s s dense t han 

air; this exaggerates the mixing of the front a s it pas ses t h r o u g h 

the grain. If you are using burner gas, you have maybe 12% CO
2 

present and u nder suc h c ondit ions y ou are p u tt ing a mo re den s e g a s 

into the bottom of t he s ilo a nd it may be th a t you g e r a b e tter p urg

ing efficiency using this mo r e dense gas in the same way t hat yo u do 

with hi gh carbo n di ox ide a t mo pheres . 

So wh ile the a nswe r appears to be t hat you s hould put i t in as 

f a st as p o ss i ble , t h e a n s we r is c o mp lic ated bec a use t h e qu ntity o f 

CO prese n t may allow a bet t e r e f f icie nc y at l owe r rat es .
2 

Dr. NAVAR RO 

From the po int of view o f i nsec t c on t ro l , what is t he maxi mum 

limit of oxyge n permitte d in a g a s -tigh t s t ruc t ure when a pp l y ing 

con t ro l le d atmo sp he r es? The r e is wel l do cumen te d wo r k o n t his s ub j ect 

wh en we dea l wi th hermetic sto r a ge . In t his sto r age , no r mal l y , in 

fi e ld c o ndit ions, t h e o xyge n c oncen t r a t i on does not drop to 0 o r 
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0.1%. What we normally get in field conditions is 1 - 4% oxygen c on 

centration, whereas that of carbon dioxide lies between 8 to 

14 - 15%. In these conditions all documented reports i nd icate that 

good control of insects was achieved. 

Indeed when we care fu lly examine the resul ts o b t ained in l a bo

ratory conditions, we can see that most of the i n sects can tolerate 

a certain low level of oxygen concentration, p rovided t he carbon 

dioxide level is suitable for their existe nc e . The se reports a re we ll 

documented and Prof. Calderon presented some of t he r esults in thi s 

respect. 

Dr. SHUYLER 

With respect to the comment of Dr. Navar ro, when we we re i n Chin a, 

we had reported to us, I believe in at least three places, tha t 

insect control appeared to be complete with concentrat i ons of o xyge n 

no lower than 8%. I merely add t his , so that it's in the informatio n 

of the Symposium. 

Prof. CALDERON 

I should like to ask you to comment on the fact that al t hough in 

this Symposium we obtained much information about the s ubject we are 

dealing with, I am afraid that we omitted a precious bit of info rma

tion which was gained in the past, may be thirty or forty years ago, 

on this technique. I refer to the underground sil o s of Argentina and, 

after that, those cons tructed in Uruguay. I know that, fro m read i ng 

the f irst reports by these pe op le , t here is un d oub t e d ly a l ot of know

-how and experience which has been gai n e d i n t he se p l aces. I t is a 

pity that we d o not know much about the adv antages a n d techn ic al di f 

ficulties which have resulted from t his long and, I thi nk, v ery l abor 

ious work. I should also like to point out th at in t he Sixti es the 

Belgian erected new silos in Brazzaville for the same purpo s e and I 

wonde r whe ther there is some experience gaine d from t h e se sil os . 

Als o, the silos erec ted in Venezuela, a i r-ti ght and built special l y 

f o r this pu r pos e, would be of i n te r e st. When I was t here, they were 

alre ady abandoned f or this use, but un dou b tedly t he re was s ome r eason 
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for that. But , there must a lso be some experience a n d maybe t he re 

were problems wh ich might be overcome . So, I think t hat we should in 

the f uture, or maybe no w, if t he re is someone who cou l d c omment o n 

this, l earn a lesson from these past expe~ienc es. This would give us 

more information than we hav e . 

MODERATOR 

I must say tha: I invited s everal paople from Argentina: from the 

Junta de Granos and the Mini s try o f Public Works but unfortuna t ely 

they were unable to attend. I went to Argentina about two years ag o 

and I talked to the ;:>eople on the spot. What the Junta de Granos said 

was, that they would never build these underground structures again. 

The main reason for this is that the water l evel in Argent i n a i s gen

erally so high that the l owe r part of t h e se u nde rground struc t u r e s 

suffered a very important leakage of wate r from t h e outs ide and muc h 

grain was lost, espe c ially by quality deteriorat i on . These under

ground structures we r e built mostly duri n g World War II, because that 

was the period when grain could not be exported from Argentina to 

other parts of the world . So, the structures buil t were ve ry large 

and, thus, another huge problem was caused by the fact that unloading 

was so difficult. This is t he reason wh y in t he pre sent programme s in 

Argent ina only above ground, mo s t ly hor izont a l s t ruc t u res, are e nv is

age d. Unfor tunatel y, they do not have e nough mo ne y to bu ild s truc 

tures which would be su f fic ien tly gas -t ight to be use d for c o nt roll ed 

a t mosp he re sto rage. 

Is t here an othe r c omment o n t he uest i on raise d by Dr. Calde ron, 

pl ease ? 

If no t, Mr . S t o r e y wa n ted t o ask a q ue s ti on . 

r;l r. STOREY 

I wish to rai se a quest i on wh ich, I be l i eve was no t i r e ctly 

add r e sse d a t this mee t i ng. As you may k now , we have a ra t he r un ique 

me t ho d of r e mod e l i ng our e l e vato r s ( silos ) in t he Un ited St a tes: we 

imp ly r ai s e a li tt le dus t , the n i gn ite it and we st a rt ove r ! As a 

res u l t of the s e e xper ience s, we a re q u ite conc e r ned about breaka ge of 
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gr~in. My question: I sho uld like to know whethe r anyone h as made 

s tudies c on cerning the long-term stora ge o f grain and i ts subsequen t 

eff ect o n breakage when h a nd ling? 

MODERATOR 

I s there anyb o dy who can a nswe r this ? .. 

Just · to come b ack to expl osions. I should li ke to s t re s s t hat sec 

ondary exp losions in e levator (silo) bi n s could be avoided i f grain 

was main ~ ained in an inert atmo sphe re. 

t-Ir. STOREY 

I have se e n a few ele vators af t er t he exp losions a nd I doub t very 

seriously whethe r it would make a g reat d eal of d iffere nce ; Be cause 

t he initial exp losi on o pe ns t he r oof on al mos t all the cells. The 

se co ndary explo s ion t he n oc c urs fro m dust fil tering in t o t h e t o p of 

the cells. I am not s u re whether a c ell s e a l e d in a low o xygen envi 

ron me nt would have a ny g reater e ffe c t than s imply a se a l ed c ell, so 

that the passage of t he front would not have ac ce ss t o t he c e ll i t 

self. In the elevator at Galve ston for examp le , the e xplosi o n went u p 

an air shaft frQ~ ~he rail area, do wn a long p ipe that was used for 

feeding grai n i nto a stee l s t orage st ructure and the to p bl ew off 

that as if a c an opener had been used. But those cel ls that we re 

bloc ke d off did not exp l ode. So , I am not s ure whe t he r simply blanket 

i n g the atmos p here wi th the low oxyge n e nv i r onme nt would be of bene 

fit. It would ce rtain l y not h ur t, bu t whethe r it wo ul d actual l y stop 

the secondary expl osion o r not? . . 

Mr. \ofI LSON 

Prof. Zanon, I thi nk I h a ve an a n s we r whi c h wou ld s at i sfy you r re

quest tc; kn c,'. : th E' time o f p u r g ing. In 1976 I pu r g ed two 1,900 t . 

c ells with n i t roge n and the t o t al time of purgi ng was 10 hou rs . We 
3 

p u rged 2, 200 m and then carrie d out ma in tenan ce wi t h the gas fo r 4 

we e ks. I have stud ied the e conom i cs of that a nd t hen the fol lowing 

y e ar, I did the ide ntical exper i men t on t he same ce lls us ing CO and
2 

I d i d the c ast ing s t here . Wi t h out wan t ing to get deep l y i nvolved in 
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the cost di fferentials, I thi n k I woul d like to say that c o s ts are 

funny things. They are li ke ly to be f avourab l e for o ne g as o ne year 

and po ssib ly f or ano ther i n another y e ar. But our situation, of 

course, is that we can get CO cheapl y and our total purge time f o r 
2 

CO was 1 ton of CO per 1,00 0 t of wheat. So the r e f ore the purging
2 2 

time in t he 1,900 t. bin was 1.9 hours , c ompare d to 10 hou r s wi th N2 

to ge t the o xygen level d own t o, I thi nk, 1. 8% and then we had to 

maintain it f or the 4 week s . Therein we inc u r r ed ex t ra costs. 

MODERATO R 

I wonder whether we c o u l d treat anot he r sub ject which I th ink is 

extreme ly imp o rtant: the safe ,y of t he c ontrol l ed a t mosphere storage 

in c omp a r i son with chemical p roducts; f umigants, etc . , and . their re

sidues . In d e ve loped c o u ~ tri e s these products are u se d a l ot and we 

know that no f um igant exists that would not leav2 re s idues . But, is 

it not true that, in deve l o o ing c oun tries, either on the f a r ms or in 

certain other condition s where not e nough contro l is exercised r e g a rd

ing the use of fumi gants, a t u ses may easily occ ur? We know that the re 

are countrie s that n ow have small losses (I ndia is an exa mp le of . 

this) because they widely app l y so muc h of these pesti c i des . 

I think that it is an important t hing th a t we have c ome toge ther 

t o t al k a bout c ontrolled atmo s phere s t o rage also i n o r der to r educe 

the problems and t h e dange rs de riving from these chemic al s. Are a ny 

of you o f my op in ion? 

Mr. R1 PP 

Yes, de fi nitely! 

My first c o mmen t s are on t wo pOi n ts t hat Mr . S torey made. He men 

ti oned that Amer ican grain is go i ng to t ouc h mo s t count r ies. I am 

s ure that th is is correct. ,I wou l d j ust l i ke to make t he po int : if 

y ou get short of grain at all, we can s end you a f ew sh i p l oads. 

Sec ond , on the grain dus t ex plos i ons. You ra i sed a q ue ry a bout 

whether t he expl os i on would i n f ac t pene trate the s lab ove r t he top 

of the c oncrete c e l l . I be lieve t he a nswe r is that if t he exp l osion 

i s in the ear ly s tage, where the progre ss o f the fl ame i s l im i t ed by 
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ignition of particl e to particle, this would not penetrate t he s lab 

of the concrete cell . But i f it has dev elop e d far enough, so that the 

shock wav e becomes the c ause o f t ransmi ss i on , this t r a vels at thou

sands of meters per sec ond as o pp osed to s eve ral meters per sec o nd in 

the bu rning system. That wou ld c e r ta in ly penet r a t e the concre t e sl a b 

on the c~ll. Whethe r the cell woul d a c t ual ly e xp lode wo uld de pend on 

whether the dus t wi t h i n the c e ll was fo rced int o t he c e lls atmosp he re 

by t he vi b r at ions of the pre c e d i ng expl o~on s) . 

As to the pesticide q u e s t i on : Th is is a maj or prob l e m in Aust ralia . 

Our climate is suc h that c ond it i o ns for i nsect d evelopment are idea l 

throughout the year. Th i s l ed us to s e arch for and use pe s t i cides t o 

control insec ts. Because 90 to 95% of our production is e xpo rte d a nd 

o f cou r se we must li v e up not on ly to our awn s t andards but to the 

standards of overseas c ountr ies and they have a dislike for c hem i ca l 

residue s, regardless of Code x Ali mentarius Comm ission figu r e s. And we 

have had that problem f or qu i te s ome time. There appe ars to be a ra

pidly growing objec t ion to che mical re sidues o v erseas, from an Aust ra

lian point of vi ew . We mus t g et to a stage where we can handle grain 

inse c t f ree without pe st icide residues. We a re faced by our o wn stan 

dards of shi pping under a ni l tolerance f o r insects, so t h a t if in 

one of ou r sto r age units of 3,000 t one insec t is f o und , that storage 

is re j ec t ed in t o t a l . These are serious standards and I be l ieve pe r 

s onally t hat t h e re mus t be some r educ t i on in these part i c u l ar s tan

dar ds t o ena b le achie vement of no pes t i c i d e r s i due s and al s o the de 

v e lopment of co n trolle d atmosphe re in its p l ace. Becaus e there are 

alway s i nsec t s whe r e g r ain i s be i ng hand l ed, however mino r, and the 

handl i ng of g r ain from a controll e d a t mosphe r e storage to a s hip, 

h owever s ho r t t h e convey i ng e qu i pment is, i t cou ld s til l b e s ubject 

t o the pre senc e o f an odd insec t i n ~hat transm i s sion o r t r a n s po rt . 

Similarly, i n sh i p s t hemse l ve s . Sh i ps too can have the p re s ence o f 

i nsec t i n f e st a t i ons a nd on arr ival in ove rse as part s , grain may be 

r ejec t e d because of this. The p re s e nce of pes t icide is an ext reme ly 

ma j o r pro bl e m a s far as we a r e concerned . 

I f I may lead on f r om that t o the p r oblem that has been ra ise d 

about seal i ng of c u r r ent storages , which 1 s close to t h e hear ts of 

r 
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everybody. The difficulty of sealing is ~ot so grea~. 1 can say tha t 

from exp~~ience. The difficulty is in facing up to the problems. We 

have gone through several y e ars of ac~ l imatising ourse ~ ves to the 

fact that we have t o do something. Th e refore we face the pro b l e m. And 

on the basis of Bank' s wo rk and the Silo Sealant Comm it tee 's work, 

that was me~tione d by one of t h e speakers, we are now f ac i n g up t o t he 

sealing problem. We are i n the process, at the mome n t , o f demons trat

ing, to farmers, the methods of s ealing t he sto r ages that t hey are 

using. And this is in the area of 600 bushe l capaci ty in qui te smal l. 

We are a l s o sealing 2,000 t v ertical c oncre te c e ll s . We are a l so in 

the proc e ss of sealing a 20,000 t - ware h ouse s t yl e stora g e a nd a 

286,000 t warehouse-style s t o rage. Th e costs t ha t were mentione d by 

Mr. Corbett were taken from the proceed i ngs and the r efore commenced 

at A.$ 10 per to n upwards. I should l i ke t o add to the re c ord , t h a t 

we als o have costs of seal in g down b e l ow A. $ 1 per ton. Par tl y fr om 

economy of s cal e in the 286, 000 t storag e that is a s hear i n g- s hed 

type (1 li ke that because we also hav e a fe w shea ri n g s heds al though 

some of the by products of s hearing sheds a re no t c omp a tible wi t h 

grain handling) and it is perforated and thus c an a nd will be sea ~ ed. 

We'll have problems, no do u bt, but when we 'll c o me t o tho se prob l e ms, 

we'll overco~e them. 

The cost of provis i on o f t h e gas e s t o be used h a s been me nti oned. 

I wo u l d only ~ake the poin t t h at (I beli eve it has been made in sev 

eral places ), tha t all c os ts wi ll be r e la t ive to the ava i l abil ity of 

the ga se s at t he time , the s i t uat i on , t he ty pe o f sto rage a n d so many 

other var i abl es. In one i nstanc e , and once a ga i n we have a fac i l i y 

of 900 ,000 t c a p ac ity i n variou s t yp es of s tructu res , that 's l ess 

than 3 km from a prod uct i o n plant that has a by - roduct of CO
2 

u p io 
20 ,000 t a ye ar. We are g o ing to p ipe onto that s upp l y , t here f ore we 

c an a l s o c o pe with t he long- term p r oblem o f c ont i nued c hargi ng . We 

can c o n t i nually c harge t o ove r come s eal i n g qu a l i t y, as far as needed. 

But only in t hi s par t icular i nstance and then when we g o 50 mile s 

away f rom there we are back to the c ost s of trans port, l i quifi 

c ati on, vap~ ri sat ion e tc . 

My question s du r i ng this Sympo si um h ave bee n c hanged completely 
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to enthusiasm to get back and get into the application of c on trol l ed 

atmosph e r e. I particular ly appreci a te the p Oints that were made by 

the Rapporteurs on the multidisciplinary approach that is most ne c e s

sary a nd the integra tion of plann ing t o in t roduce t he system. The Sym

posium has bee n i n va l uabl e in t h e c o ll e ct i on of k nowle d g e a nd c l a r ify

ing the c onc ept of contro l led a t mosphere storag e. The covera ge h a s 

been total, fro m o ld to new , all type s and all situations. But the 

value of this Symposium wi ll be in th e d emonstra t ion o f c ommercial 

appli c ation of this system. Therefo r e I wou ld h ope that this Sy mpo

sium is f o llowed by a similar Symposium: 

a) on the application of c o n trolled atmosphe res to existi n g s to rage s 

of all types and in all countries 

b) on "cLe desIgn of new stc, ,·'ages, e nce a gai n of all types a nd a l l 

situations. Inc luding the t o tal in t egrati o n of all di sci pli n e s I be 

lieve to be most necessary, and all cons t r a ints fac ed b y h andli n g 

food. 'lhank you. 

MODERATOR 

I must say that it mu s t be a real sati s f ac t i on for Mr. Ba il e y , who 

is the person ~ho first u ndertook the en to mo l og i c al work o n con

trolled atmosphere storage in Australia, t o s e e that in Au s tra lia 

there i s so much enthusiasm and so muc h is do n e i n the appli c a tion of 

the s y ste m. 

Dr. SHUYLE R 

I wi s h t o ret urn to the s ub j ect o f pesticides and pa r t "c u l ar l y i n 

r espec t t o d e ve l o pi n g cou nt ri e s . Fi rst of all , wi th re spec t t o the 

abuse Df p e sticid es in thes e c ount r i e s , we consider tha t use i n stor

age is extre mely s ma l l a t presen t . For e x a mp l e , the re a re on l y ve r y 

few countries in wh ic h t~ere is use, in the post - har ves t s ys t em, of 

p e s t ic i d es at the farm leve l. At t h e ce nt r al leve l, ye s , there is 

u se. There, howe ve r, we f i nd tha t frequen t l y there is the s i tua tion 

of un d e r-u s e o f p e s t ici es bec ause of the lack o f re sou r ce s . Th i s may 

be due e i the r to l ac k o f money re sources o r o f timeliness of sh ipment 

deliver i e s . 
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Wh e re we do h ave a c once r n is w~e re there are fo od sac urity r~-

serves held in place: i n s o me cases we are suggesting at leas t 1 1/2 

years before tu r nover and hoping to b e a~:e to achieve two yaars. Ex

peri ence so far indicates t h a t some of t h e coun t ries i nv o lved wil l 

probably be planni n g to f u mi gate t hat grain at l e a st e very 3 months. 

This ce r t ainly could l ead to a b u ild-up in r e s i dues which has not 

be e n stud ied, b ec ause t here hav e be e n no p r ior ne e d s to st udy this 

kind of pro bl e m. In fac t, the need for such fre que nt re-fumigat ion 

see ms to arise mo s tly from cross- i nfe st a t ion s from ne a r b y store s 

which are not i nvolv ed in t h e secur i ty fo o d re s e rves. We are , of 

cours e , in that particul ar si t uation, a l so conc e r ned abou t the sub s e 

quent devel op me nt of resi s t ance to the fumi gants, wh ich has b ee n de 

monstrat e d by Dr. Ch a mp i n is world-wide su r v e y a nd in the r e sul t i ng . 
wo r k wit h Mr . Dyte , to be a ve r y re a l poten t ial problem . Wi th rega rd 

to the r eco mme n d ed re s idu e limit s the mse l ve s , I t hi nk we must keep 

in mi n d t h a t the s t a nda r ds used by FAO will be those wh ich are d e r i

v e d f r om the FAO / WHO "Joint Mee t ing on Pes t i ci d e Re s idues", a s it is 

freque n tl y r e fe rred to, e arl ie r men t i one d a s bei n g a meeti n g of e x 

pert s cho se n by FAO a n d WHO , res p ec t ive ly. The s e standa rds may be d if

fere nt fro m tho s e which are u s ed in ind i v idual d e velop e d o r de ve l op

ing c ou n tries. 

Dr. CALVERLE Y 

I should li ke to onfirm i n so me r espec ts what Dr. Shu y l e r has 

said. In our v i e w the p r ese nce of insect i c i de r e sidue s as a n a spec t 

of safe ty is not a s e ri ous con s ide rati on in sma l l-scale sto r age in 

the trop i cs . Wh a t howeve r, we are c onc ern e d ab o u t is t h e l im i te d mis 

us e o f i n s ec t i cide s, l ead i ng to dange r o u s r es idue s. We have in f a ct 

come ac r oss re po rt s of o r ganoc h l o r ide s be ing used for s to r a ge of 

gra in in South Ame r i ca simpl y b ecause t hey h a ppened to be a va i l a ble . 

I t h i nk that in the ques't ion o f s a fe t y and t h e protection o f 

grain s a gainst in s e cts and o ther organi s ms, we need t o put the p r ob l em 

in to pers pec t i v e . Our vi ew is t hat the g r eate st dan g e r ari se s not 

fro m t he use o f i nsect i c i d e s b u t f r om i n adequate dry i ng and the conse

quence s o f mo u ld and ot her o r gan i s m growth on stored g r ain. We have 
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already established that serious cons i deration shoul d be g i ven to the 

possibility of a correlation between consumptio n of aflato xin 

contaminated products and carcinogenesis. So I think that we have to 

put the whole prob lem into perspectiv e and , on the who le, in terms 

of safety, I think that the future o f con trolled atmosp h e r es is in 

the limitation of mould grow th and the prevention of af latoxin d eve l

opme n t in small farm stores. 

Prof. CALDERON 

I should like to co mme nt on something of a g eneral n at ure. In fact 

I would like to propose -a r e c omme ndation coming fro m t h i s meet ing. 

Since there is a general consensus that sto rage st ruct ures h ave to 

be more tight, I would not say air-tight, but more sealed than they 

are, not only for the p u r g ing wi~h nitrogen a~ CO , etc., bu t a lso
2 

for simple fumigation. In fact we kno w t hat in some places, and I s aw 

it myself in countries i n Central America, newly-bui lt metal storage 

structures have free space between the top and the walls of the s truc 

ture, which makes them impossible to seal in a ny way. Let's make a 

recommendation that in the future, building of storage structu r es, b y 

donor organizations a nd in general, s hou ld see t o it that stora ge 

structures for every use should be mo re airtight or should be ma de so 

as to be sealed for the one purpose of fumiga t ion or contro lled atm o

sphere storage. 

Dr. BANKS 

Dr. Ca l deron , in r e sponse to t h is , I think we s h o u ld bear in mind 

a r ecomme ndat ion that has b een a r ound f o r v ery many y e a rs, that ven 

tilation shou ld be contro llable. And controllab le means that if you 

wish to have r api d vent i l ati on , you may have rapi d vent ilati o n; if 

you wi sh to have s l ow ventilation, y ou may h a ve s low ven tila t i on ; 

and, if y ou wish to have no ventila t ion, that is, if you have an air

-tight structure , you may have tha t , too. And your re c o mmenda ti on 

does n o t take into a count the very frequent occasion s when ven t ila

ti on is v e ry necessar y . Unde r s uch circ umst ances, I fee l that perhaps 

one cou ld mo re correct ly endorse the recommendation that has been 
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around for very many years for controllable v en tilati on and t o make 

a specific plea for that t o include the cases where this is complete

ly gas-tight. May I have your comment? 

Prof. CALDERON 

Yes, I understand your po int, Dr. Banks, but I d on 't thi nk tha t 

there is any interference. I did not mean air-tight structures only . 

I thought that every struc t ure to be e r e cted in the f uture s h ou ld be 

better sealed. I did not say that it should be enti rel y air-tight so 

that ventilation woul d be i mpossible. For controlled ventilation two 

or three openings could be eno u gh to permit its pe r fect f unct i oni ng. 

In fact, in our Institute, the bins which were constructed so t h ey 

could be made air-tight are a ls0 possible to be ven t i lated. So I did 

not me an especially air-tight storages as you, maybe, unders tood. 

MODE RAT OR 

I wo nder whether we can really expect to have recommendations as a 

result of a Symposium of a scientific nature. But, of course, these 

comments will be included in the final discussion which will be p~b

lished. 

My wish is that international organ izations, like FAO, and o t hers , 

would take controlled atmosphere storage i nt o some more cons i dera t ion 

when they are asked, by interes t ed countri e s: " How s hou ld we sto re 

grains?". They are the experts. I think, so f ar, we are still in a 

situati on in which techno logy transfer between developed and de ve lop 

ing countries occurs often by a pp lying wh at ex is ts al l ove r t he p l ace 

in our c ountri~s and then in the deve loping countr i es t h e y have to go 

through many of our problems, be f o re they can chan g e t o s omething be t

ter. I do think that th i s Symposi um has shown tha t control l ed a tmo 

sphere storage, a s a genera l concep t, is a better way for preserva

tion and fumigation. And, I don't think that we should allow every

body to go th rough all the prob lems j ust because in s ect icides shou ld 

be sold and certain types o f b i n s should be so ld and so o n . May be 

this is a l i t t le p r ovocative , I in t e nd it to be. I wonder whether peo 

ple from i nte r n a tional organizat ions wou l d wan t to comme nt on this? 
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Will they, in the future, say: "Well, there was a Symposi um during 

which it was shown that we have reache d a ce r tain degree o f world

-wide appli c ability of control led atmosphe r es . So t ake it into con

sideration! II? 

1'1",. NICHOLAS 

\'/e s hall cer tainly t ake it into con side ration, whe n y ou pro ve to 

us that you have got s omething that works. And works a t t he level at 

which we are aiming at: t he s mall fa rme r, a t t his stage. I have n o 

doub t t hat there is muc h technic al e xpe rtise and muc h feasibili ty 

about it. Eut the feas ib il ity reall y is i mpo r tant t o us when a pp l i ed 

to the particular circumstances fo r which help is re quire d . Than k y o u . 

r~IODERATOR 

I am qui te aware that, of c ou rse, FAO is c onc e rned most l y wi th t he 

small farm a nd vi llage sto r ag e . But I know, and everybody k nows, that 

the re are also large storage facili t ies be ing ins t al l ed a nd maybe 

what we have h eard here c ould at least , at thi s stage, be taken into 

considera t io n for those. 

I should like to turn your attention to a problem on whic h t he r e 

has not been much commen t so far, t h at i s the mi c r o b io l ogical aspect 

of c ontrolle d atmos phe re s t orage. 

We shall have to un d e rst and more of the mic r o b i o l ogical si tuation. 

But I am not qui te sure whe ther t he wrap-up Rapporteur's affirma t i on 

is co r rect that, fo r th is the best way to go i s to und erstand the 

who le e c osys tem i n eve r y single a spect - a very comp l ex s ituation -, 

or whe c her we shou ld r a t he r try to s i mp li fy . I n that case, we migh t 

make single, more simpl e , model exper i me nts, as we r e r epor t ed in the 

mic ro b.io l o gy sess ion, whic h wou ld a t l east indicate what we can 

e xpect from cer ta in mou l d spec ies. 

Dr. 01 MAGGIO 

I wou ld li ke t o a nswe r the obse r vat i on by Dr . De Las Casa s on the 

l ack of bacte r i al ex ami nat i o ns o f s ampl e s in c ont r o lled atmosphe r e 

s torage carried out by us. We h a ve examine d g ra i n wi th a mO i s t ure 
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content of 18 to 19%. At th is moisture content bacte ria l growth is 

low during storage. The ~efore we s tudied only mould proliferat i on 

which is the major cause of grain deterioration as has been s hown by 

Christensen and Kaufmann. Th e fungal pro li feration depe nds strict l y 

on the presence of oxygen. 

Dr. DE LAS CASAS 

\vhen I said "the ecosystem" I vIas referring to the biol ogical 

interactions that are presen t in the ecosystem. And you just pOinted 

out that we have to r1ave mode l, pilot studies i n order to u nderstand 

that. Certainly it is diffic ult to unde rs~and t he e c osystem but we 

have t o d eal with the eco s ys t em as a wh o l e . We cannot work with in

dividual components onl y, we have to relate them t o t he whq le and 

am sure you are aware of p lenty of work that has been done on t he r e 

lationships between insects and moul ds . I n sects need the mou lds, the 

moulds need the insects. Now it has been s hown that mycoto xins have a 

detrimenta l effect on the fecundity of the insect s. We know tha t some 

pathogenic bacteria can be carried by t h e insects fo r a l ong, long 

time and be excreted in t he system and contaminate the grain. This is 

the type of i nter-relationship wh ich I was referr ing to. 

MODERATOR 

Yes , t his of course refers to the ec osystem a s i t i s be f ore con 

trolled a t mosp he r e sto rage . 

May I just c ome bac k to your o bservat ion on t he Salmone lla. I re 

membe r y our pape r in wh ic h you d id no t confirm a signif i cant rela

tionsh:p be tween Sitophilus granarius and Salmonel la . Am I right ? 

Dr. DE LAS CASAS 

Right. But one of the othe r i nsec t s , t he les ser meal worm, can be 

a carri e r o f Salmonel la and transmit it to turkeys . 

~1OD ERATOR 

INe may pe rhaps get some more comments on the poss i bi li t i es of 

contro ll i ng microo rganisms a nd especiall y mou ld s. We have not talked 

I 
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much about very high moi sture content grai n s. Wha t can we expect fro m 

these h igh moisture con ten t s ? 

Prof. BUSTA 

I am no t sure tha~ we have s~ffic 1 2 ~ t info ~maticn , whet h~ r it be 

mode l system s or general systems, on sp ec ific commodi~ies ana high 

mo i s ture. I ag ree wi t h your comment, Dr. Shejbal, that we need to u s e 

model systems to de fine t he act~ v ity of a specific mould a nd a 

specific c ondition. I a gree that we ne2~ to st ~dy high moistures 

wh i ch permit the growth of moulds. I also WOJld sug gest that we then 

:Lnt'::'grate in a modeling approach the iT:,i s t u re ::.::.~-! tent (though I wO '_l :. d 

prefer ·' ::3.ter acc:ivity" or "eCi ...:. i::' :i.i:J .c· ium relative humidlt that wou :.d 'I 

go across cOffiffi n di t ies wit h an easie~ convers ~ Qn ) in ~el ation t~ the 

inert at:-r :ospheres of ')ne type or a n o t her an d their control of 

speci f ic mou lds . 

In relation to the production o f mycotoxins in general, t hat i s , 

aflato xin and o t he r mycotoxins, all the ev idence t h a t was presented 

here, I believe , indicate d that if one contro ls t he growt h of mou l d, 

o ne con trols the mycot ox in produ ction. To my know l edge the r e is no 

ev i d ence that mycotoxins are prod u ced by a ny dorman t ye t metabol iz i n g 

mo ul d system. So I th i nk that we can concen tra te on con t rolling the 

grow th of t he moulds. 

I do no t think that it h a s been c onside r ed a d equate ly, b y those 

indivi duals conce rned wi t h the f umigation a p p r oach, that in high mo i s

ture sy s t em s if the insec t s a re con trol l ed wi t h fum i gation us ing con 

t r olled a tmo sphere , o n e might not b e con t r ol ling t h e moulds . And t h en 

the mou l d s i n fac t wou l d be t he major c oncern, rather t han t he in

s ects. 

For spec ifi c l evels , I thi nk it h a s b ee n d emonst rated that t h e 

anaerob ic sys tems d o wn at the 0. 1 to 0 .5% oxygen co n ten t will , in 

fact r etard the moul d g r owth or inhib i t it adequately even in h'gh 

moi s ture s ys t e ms , e v en at mo i stu re conten t s , o r wate r a ct i viti e s , con 

si d e r a bl y ab o v e wh a t one wou l d c ons i de r even f easibl e in grain. 

In additi on , I think that the approach o f using mo i st grain for 

f eed is a very fea s ib le approach, u tili zi ng na t urally produced o r gan 
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ic ac i ds, whi c h then appear to be controlli ng the mo uld in a ddi t i on 

to the c on t rolled atmosphere. 

MODERATOR 

I was struck by the f ac t, in the myco l ogy Se s s i on , tha t whene ver 

oxyger: cor.tent was reduced suff ic ient ly , there was a dec re a s e in 

mould counts. That was a general f e a t u re wh ic h we n t th rough all t he 

papers that were presented. As soon as there wa s some residual oxy

gen, things changed and were more complicated. 

I would just like to make a comment on one of our experiments, 

also referring to 'I/hat Dr. Bar.ks said, that it is very impo~·ta."1t to 

carry out large scale tests . We saw in some of our metal bins conden

satior. at the roof. And we had wa t er dripping on to the barley s t ore d 

there, beca~se the head-s pace was too big. The mOi sture conte nt of 

the upper layer of barley r ose from 13.5% to 19%. Bu t we ob served a 

decrease in mould c ounts in t hat l a y e r t hroughout t he whole s t o rage 

period of nine months. Of c ourse t his re fers to a si tuat ion in which 

we re all y did not h av e any oxygen presen t . And the fact tha t mou lds 

did not grow, as such, de monstrates we did no t have any oxygen l~ak

ing in. This was extreme ly impo r tant f o r us, because it me ans that 

even if mo isture migration or condensation occurs , an d t he s torage is 

sealed well enough, we can de al wi t h critical moi st ure con ten t s . I t 

would be i nte res t i n g to s ee whe ther, if one of he Cy p r us b i ns cou l d 

be really s e a le d, similar re s u lt s c ou ld be ob t ained in th a t si t u~ 

ti on , in o r de r to compare exper iments on a large sca l e . 

Prof. ZANO N 

It se ems t ha t l o we r i ng oxyge n to ve r y l ow leve ls and/o r inc r easi n g 

to high pe rcentages ca r bon d i oxide there is a c ertai n r e duction in 

mou ld g r owt h and espec ial l y by the p roduc tion o f myc o t ox i ns i n these 

fungi. The importan ce of myco t o xins i n g ra i ns fo r h uman and animal 

nutr ition was emphasized in the l as t yea rs by numerous find i ng s i n 

Englan and Denmark ; espec iall y after r a iny g r owing seasons barley 

res u l e d h ighly moul d -infected and, wi th the t r adit i ona l way of stor

age, rich in myc otoxins, es pec ial l y afl toxin. Consequen t ly mea t and 
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b ac on of p igs fed with s uc h p roduc ts showed high contami nat ion and 

a s a result he avy intoxi c ations occurre d also in hu man s consumi ng 

these v ic tuals. In one o nl y season , af te r d ue exam i na t i on, ove r 

10,000 pigs h ad to be seques t ered from t he ma r ket in orde r to avo i d 

ne gat ive c on s e quence s f o r c onsume rs . 

In 19 78/19 79, in co-ope rat ion with H. K. Frank and H. Han s e n of t he 

Bundesaostal t f ur Ernahrung a t Ka r l sruhe ( Ge r many) , a ser i e s of t ri al s 

was carried out i n order to c larify some o f the men t ioned aspec t s . 

Wheat and barley we re put in gas-ti gh t pl astic containers o f 120 l i 

ter capacity fi l ling t h e m half full. The wa ter conten t of the grains 

was 16.8%. Th e f ol l owing fo u r diffe rent composi tion s of atmosp he re 

were c ompa r e d : 

12 - 14% CO
2

, 1 + 2% 02 ' the re mai nder N2 


20% CO
2 

, the re mainder N2 


8% CO
2

, 2% O
2

, the r e mai nd er N2 


control in air. 


The period of sto r age was 9 months. 

In spit e of the low oxygen and the inc r e ased CO - con t ent
2 

also the s amp i65 from contro lled a t mosphere showed so me mou ld s ( e s 

pe c ially of the spec ies ~se erg illu3 , Pe nicillium a nd to a l ow extent 

Muc o r ). The sample s were t es t e d with the thin-l ayer chromatography 

meth od in ord er to asc e rt a in eventual pre sence of myco t ox i n s . Whe r e 

as al l s a mp l e s taken from the cont rol in air had more than 50 ppb 

aflatox i n, no myco ~oxin at all c o uld be de term ined in the samples f r om 

control l ed a tmosp here , whic h means that t he e ventua l conte nt is lowe r 

than 1 ppb . Acco r di ng to re gu l at ions o f the European Community , f o r 

human s a tol era nce of 5 ppb myco toxin and fo r lactant a nim I s, 10 ppb 

is f i xe, whi ch is five, r espectively ten ti me s the determ i 

nab e a mo unt . 

These r emar kabl e r e suLts for human nu tr i tion wi ll be fu rther - inves 

t igated by s t ud ies concern i ng the i nf l uence o f low oxyge n a nd in 

c re ased CO atmo s pheres in retard i ng or avoi d ing the product i on of
2 

myco t o x i n s after e xposing the s to r e ' product co norma l a i r, re spec

t i v e ly to de t e rmine t he cou rse of t h e e ventua l delay i ng ac t i on . 
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Dr. SHUYLER 

I think it is obvious f r om t he commen t I made ear lier , t hat I do 

t hink that the use of c o nt r o l led a tmos pheres wi t h re s pec t t o s tra teg iC 

food r e se rves , or what we in particular r e f e r t o as f ood s ecur i ty 

stoc ks, is an area of the post -harves t sys t e m in wh ic h these tec h 

n iques are l ikely to be f ound use ful at a re l a ti vely ear l y st ag e . I 

canno t h el p but note al so, in respe ct to Dr. De Las Casas' comments 

muc h e a rlier, t hat I would be concerned not with the effect of the 

controlled atmosphe re on the f oo d , but r a the r that we may at the t ime 

the food en ters the fo od secur i ty s tock a nd ente r s i n to a con trolled 

atmosphere s t o r a ge , al ready b e t oo la te. Tha t is, the sanitat i on will 

have be e n so lacking in the harvesting, the g a t her ing, the thre sh ing, 

the drying, and t he transport st ages, tha t there alre ady wi ll h ave 

been cont am inati on and i n fes ta ti o n by by mou l ds (an d i n some cases 

even by bac teria) an d isect s . Th is haza r d is increased bec ause, in 

some c ountries, there is even an i nc e n t i ve to f arme r s , no t in tended 

but nevertheless presen t, to add wa t e r to the g r a i n in orde r t hat 

they can sell more we ight of grain to the gove rnment . Th is, t oge ther 

with the previous lack of sani t ati o n a nd t h e f r e quent h igh content of 

foreign mat ter, may mean that food se cur ity stocks, at the time o f 

the need to r ota te g r ain wi th material that is unaccep tabl e a c co rding 

to the st andards of g o o d health and nu t r i t i o n we wi s h to p r omo t e, 

even t ho ugh we have use d c on trol l e d a t mosphere stora ge . I think that 

th i s is perhaps a message t h a t need s t o come a cross . 

Dr . BANK S 

I f may mak a brie f comme n t on Prof . Bus ta ' s remarks. H implied 

that some peo pl e he r e had been wish i n g to use the f um i g a tion a p proach 

under c o ndit ions of hig h moi sture s to r age . I don't th ink an y o f the 

papers ac tua lly d id recommend that . I t hink t here i s a ve r y defi n ite 

distinction betwee n t hose cases where you are d i sinfe s ti ng a d ry, 

storab l e commodity and those cases where you are applying a cont rol 

led atmosp here to cont ro l mou ld for quality preservation and the pre 

vent i o n of mycotox i ns. 
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Prof. CALDERON 

Aga i n a general remark. From this me e ti ng, as far as I can see, 

there are two ve r y difficult probl ems which were not discussed enough 

and which are still remaining quite unsolved. 

The first one is the s eal ing of st ructures and maki ng t he m ai r 

-tight; the costs c oncerned , the me t hods etc. 

The second one is the p r oblem of moisture migratio n. I thi nk t ha t 

moisture migrat ion i n a l a r ge scale hermetic sto rage, a s ea l e d stor

ag e , is a ma jo r problem, e sp ecially i n t ropical countri e s. We heard 

something ab out Cyp r u s b in s and also other cases, but I woul d like 

to think that from this Sympo sium we could get a st imulus for researc h 

on th is probl em . I t hink it concerns more e ngineers than b iol og ist s. 

The so lu tion of this problem wi ll make life easier for h e rmetic stor

age. 

r·10DERATOR 

May I ask Dr. t>:I.lir whether he th inks t hat He c an expect r,:u ::h -:Le"::"", 

from modeling of heat transfer and convecti o n currents in gas- t ight 

storage structures? Your models so far do not really re fer to gas

-tight structur~s. 

It is so difficult to carry out direct me a sureme nts in 50 me coun

tries. We have the expe rience of Nigeria, t o where we s hipped all the 

eq~ i pment , which is Hark i n g b eau tiful ly, bu t it is very expe~sive tG 

~et all t h2 material t he r e and t o do the wor k on the spo t. 

Dr . MU I R 

First of al l, t he mode l we have dev elop ed is appli c ab l e to herme 

tic or s e al ed sto r ages . The heat transfer and c onve ction currents in 

a s ea l ed storage wo u l be the same as in the bins at wh i ch we were 

looking . 

We s hou ld like t o be ab le to model mo isture mig r a tion . I fee l that 

it i s a ve ry impor tant prob l em . Bu t 5 0 far we have not had t he idea 

of j us t how t o measure and get t h e _ui table mode l. I, of cou rs e , l oo k 

mo r e at Canad ian cond it i o n s , and moi s t ure migr ati on under Canad ian 

cond "tion s is a seasonal p robl em . In tro pical c ond i t i o n s it appe a rs 
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to be a diurnal, a night a n d day probl em . But I t h ink once we could 

c ome up wi th a mo del, it i s go ing to h e lp c ons i derab ly. 

Dr. ALASI 

I find t his Sy mposium very , ve ry use ful , and suc c eeding in br i ng 

ing, so many eminen t scien tists from a l lover the wo rld to come a nd 

discuss all t hese probl e ms is reall y ve ry i mpo rtant. I wi sh to say, 

however, that I "/QuId not think that thi s s houl d be a once and f or 

all Symp osium. Mayb e, period ically, it wou l d be good to get peo pl e 

together to revie' l what is available. This woul d be ve ry hel pful . 

One other c om~ent wh ich I wish to make is t hat , look i ng around , 

it would apj.: :: ar to me as if th e at tendanc e had bee n a l i t tl e bit 

restrictive . Restrictive in t he sense that on ly countr ies ~hich are 

involv 2d in this type of work are present . I think tha t deve lop i ng 

cou.ntries ',' ill benefit a great deal from t h is type of work and I am 

wondering how to ma ke them aware o f what has been d iscu ssed a nd what 

is available. The Proceedings wil l be printed, b ut how will the peo 

ple who did not participate in th i s Symp osium know that they are avai

lable? 

Deve lop ing countries, as I said, wou ld benefit a great deal be 

cause these tec hn i q ues whi c h are now available, cont roll ing pest s , 

etc. , in g r ain with the use of i ne rt gas , nitrogen, and other g ase s , 

would , I am su r e , be v ery bene fi cal. I know that i t wi ll cost a l ot 

of mone y, wh ich may be we'l l n ot be ab le to aford, b ut it would be use 

ful if we could ge t some of the organi zations , ma ybe FAG would be 

v ery use ful i n this, to put the onor countries in to ch with the de 

ve l op i ng count ries , so t hat a ll o f hem wou l d be ma e aware o f what 

possib ili t i es t he re are for t h e use of c ontrol led atmospheres i n 

p rese rv ing grains. 

I th i n k FAO cannot s ay: , "We s hall only take par t i n thi s if it 

fit s in with small farmers", b ecause , a s yo u mentioned , Mr. Chairman, 

the r e a re severa l places wh~re t hey are t ryi ng t o have these bulk 

s torages and I think it might f i t i n with the ir programmes for the 

p reven t i on of food lo s ses. Afte r all , it is in t he de veloping coun

tr i es that most of the losses occur . If i t is possible to reduce the 
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loss by 50%. it will ma ke a lot of difference in deve lop ing countri es 

wh re they do no t have e nough food. 

So these are a few thoughts with wh i c h I wou l d l ike t o leave wit h 

us. Th is techn i que should be made available to o t he r developing c oun

tr ies. Since they mi ght not have t h e resources , we s hall have to rely 

also on t he d e veloped countries who have al ways been hel p i ng, the 

donor countries, so that they can make it possib le to have these 

t hings carri e d out i n de v eloping countrie s. 

Ing. PULE O 

For some ti me now, RBS In t ernat ional has been using a method of 

c onstructing "made to meas ure " cyl i ndri c al si lo s called t h e " Li pp 

System" which has who l ly satisfi ed its de sign obj ect i v es, dict a te d 

not only by eco no mic f actors and r e asons of speed a nd quali ty, but 

also by the wi sh to s at isfy a ny and every speci fi c market demand. 

In reCtnt years t he validity of this met hod has be en c onfi rmed 

further by the i n troduct ion of ne w cereal storage techn iques bas ed on 

the use of low pressure gas silos, for which new proc edures and mate 

rials were ne eded. With regard to the material s used, sil o s have been 

built in co ncrete and steel as well as wi th re sin s. Steel has, h ow 

e ver, remained t he most econo mical ma terial fo r bu ildi ng s i l o s . The 

Lipp syst em makes the use of ste el even mo re conomical bec ause it 

reduce s the constructi on ti me , transport and l abour co s ts . Bes i des 

bl ac k ste e l, pre-pa inted ga lvan ised s t eel can be u s ed wi th conS idera

ble q ualitative advantages ove r the o t her s ystems f or construct i ng 

gas - seal ed silos, whic h cannot use these material s al l . 

Due a l so t o the extraord i narily widespread presence of Extractioh 

de Smet - Be lgiu m, by no w t he c onstruct ion proc ess has been used the 

world ove r ; it cons i s ts of buil ding sil os meas ur i ng 3 - 25 meters i n 

diameter and wi tt1 a maximum he i gh t of 35 mete r s on si te, us i ng au to 

matic patente d machin~s and huge c o il s of one or other type of metal. 

The r esu lt is a si lo wi th s mooth, s traight, e x t r emely thic k inside 

wall s , and he li ca l ri bbing o n the outs ide for further strengthening . 

Part o f t h e mo ney saved on assembly, transpor t and storage i s used 
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to thicken the shell for gre a ter streng th again s t t h e stresses of ~on

tinual l o a din g and un load i n g , thus guaranteei ng g r eat e r dura bility 

and highly economical operat ion. The ability to use al u min i um; elec 

~roplated, rust-proof, p r e -painted galvanised; or, blac k steel e q u a l 

ly easily, e n s u r e s t h a t the s i l o s are suitable for an y type of pro 

duct, whe ther liquid or s ol id , and renders them fu l l y resistant t o 

external.atmospheric age nts . 

After a l eng t hy p rocess of t e chn ical a n d econo mic stud ies t h is new 

construction met ho d was adopted f o r the firs t large i ndustrial-scale 

plant for the storage of 6, 000 tons of barley in a controlled nit r oge n 

atmosphere. The bar l ey storag e plant was cons t ruc t e d by I . V. O. in 

Tuscania (Italy). Capable o f storing u p to 6,000 tons of bar l ey i t 

consists of 4 Sil os, 13 meters diamete r , a s he ll height of 15 . 30 

meters, and a total height of rough l y 19.00 me t e r s. 

The edges of the galvani s e d stee l p l a te s we re coa ted with a b u t yl 

ic rubber-bas ed adhesive before he lic al seaming; as a c onse qu e nce the 

rubber is trapped on the inside of t he se am s sealing the si lo without 

making contact with its c ont e nts. The bottom andplate and c o ne -shaped 

roof made up of stes l pl a t e panels were seal ed by welding t he m t o t he 

shell. The bo~tom e Gdplate is made with eight 7 mm. thick plate 

panels which f o rm a circul a r ri ng on the outside and an or togonal 

structure on the inside, and with se ve n 2 mm. t h i ck rec t a n gular' and 

trape zoi da l pl a t e panels. The bo tto m endplate was ass emb le d on site 

by we ld ing di r e c tly on the f oundation bed. 

The shel l was const ruc ted in g ai va nised steel plates betwe en 2 an 

4 mm th i c k . Th e 4 - mm th ic k pl at e "Jas re i nforced by vert i cal I PE 1 20 

sti ffen ers t o a he i ght o f 2. 50 m, we l de d to the she l l and bottom end 

pl a t e ring. The u p pe r e dg e of the s he l l is rein fo r c e d by a ci r c ular 

secti on we lde d t o t he she l l . 

The r o o f - wi th its 30° sl o pe - is made of f o rty -eigh t 2 mm. th ick 

s teel p late pane l s r e i nfo r'ced al o ng t h e edge s by co ld - be nt ['i.bb i ng, 

and a c o n i ca l d i sk in 2. 5 mm. t h i ck p l ate , rei nfo rce d by man s of 48 

welded r ibs . The roo f wa s a s semb l e d o n the grou nd by a irtigh t we l ding 

a nd t hen li fted a d ins tall ed onto t h e s he ll sing a c rane truck . 

Again the weldin g i s air - tigh t . 
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Stress e s we re calcul a ted o n t he bas i s o f the cal culations publ i shed 

in "Berechnu n g von Li pp -Silos" i n May 1975, with load s and tension 

modified in accord a nc e wi th c u r re n t It alian r e gulati on s. A mini

- computer was use d f o r calcu l a ti o n s wi th a special prog r amme for 

cylind ri c al silos p repare d by RBS I nt e r n a t ion a l. This prog r amme 

carries out stre s s analysis under various load c ond it ions ( e. g . l oad 

ing and unload ing of ma t e rial, over l oad ing due to snow and wind) and 

a u t omatic ally establishes the dime nsi ons of t he she l l b y con t i nuo us l y 

chec king s t re ngth and stability in relation to heigh t. 

After 3 ye a rs in us e these silo s have i nc ontrove rt ibl y d e monst ra t e d 

the ideal na ture of t he Lipp cons t ruc ti on me t hod for cont ro l l ed atmo 

sphere s to rage o f grains . 

Mr . WILSON 

I would like to make a few c omment s on t he very informat ive d i scus 

s~ on o f Dr. Muir. With this in mind I wan t to make a re comme ndation 

to t~ e Symp o s!um , that we look more in t o the natu r a l convec t i on Cur

re n ts in grai n . 

The reason f o r saying t hat is that I c ou l d not re a lly ap o ly Dr. 

Muir's te c hnique to our e xperiences whic h su r el y must als o rel ate co 

the de veloping countries' experienc e s. For ex a mp le, I've had ri ce 

loads come in a t a tempe r at ure of 27 °C and t hen, i mmed iate ly , other 

lo a ds a t up to 40 ° C. Of course that is re l a ted to the f act tha t some 

farmers have har v e s t e d du r ing ni ght t ime, whi le othe rs harveste d 

during the day . I have al s o taken a t r eme ndous number of tempe ra ture 

re ad ings i n the c e l ls and I f ou n d that the upper temperatures are much 

hi ghe r t h a n i n t he Canadi an and Ameri can exper i ences . What we don't 

know eno ug h ~bou t is t he c onvec ti on current s i n c onc rete ce l ls, where 

the winds on one s i de create a p re s s u r e d i fferent ial i nside. Once we 

know more ab out this in fo rma ti o n a nd l earn ho w to manipu l a te the con

vectio n currents che a ply by s timulat ing t hem , no t by expensive e qu ip 

ment but j us t b y normal vent ilat ion, we th~n c a n relate t hat to our 

covered sto rages. ( In my par t i cu lar part o f Aust r a l ia, we h ave go t 

just unde r one qu arter of a mi ll i on tonnes of g r a i n in stores com

pl ~t e l y c ove r ed by s oi l i n 49 d if f eren t si~es ) . And the n we can look 
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at our convection current knowle dge in t hi s non- ermetic s e a l ed stor~ 

a ge versus hermetica~ly sealed s t o rage s. 

I would a lso like to say t hat, in Aus tralia, we a re, o n the f arm 

level, getti ng mini-sized hermeti c ally se a l e d s tora g e s tha t are go i ng 

to be covered by plastic, and so on . I am sure th is in f orma t i on I"i ll 

g o to the d evel o p ing cou n t r ies , but I woul d li ke t h e r esearch peop l e 

to look far, far deeper i n t o t he mode of ac tion of ai r cu r rents in 

grain. 

Dr. BANKS 

I wou ld like t o refe r to the c o mments of t h e Rapp o r t e ur of the 6 t h 

Session, Mr . Co rbe tt, who cal led f o r the discussion of seal i ng stan

dards. I tr:ink this is a v e ry i mpor t ant aspe ct and one t o which we 

shou :d pay a l e t of att e nt i on . I have a l re a y refe rred to it in the 

paper. But l e t me first say t h a t it is a very c omplex subj ect a nd t he 

reason why in my pap er t he re were s eve r al d ifferent st a ndards gi ven, 

is that it ve ry much dep ends o n what stru c tu re you a r e te s ting a nd 

what pressu re you can apply. In very big s t ru t ures, it is not pos 

sible to apply very hi g h press u re b ec ause of struct ural prob lems . I n 

a concrete c e ll it is often po ssible to a pply v ery high pressure and 

the higher the p ressure tha t y o u a p p ly, the eas i e r it i s to make an 

acc u r a te asse ssment of your p ressure decay t e s t. This is why you are 

give n a numb er of d i ffer e nt fig u res. Th e se are a l l ma t hemat ically r e

l ate d and it is poss ible t o c as t a s tand ard in te r ms of a formul a. 

But if you do th i s, t his is not rea i l y ava ilable t o p eop le who a re 

not equ ' pped with electronic c a l culators ; so , it is normally gi ven i n 

a n umbe r of very simp le standard s . 

The st andard in Japan appear s h ighe r t han the one I g a ve yo u. The 

st andard in Japan, as I u nderstand it, is 5000 Pa . to 2500 Pa . i n 20 

minu tes. This compare s with a 5 mi n ute ti me t hat we r eq e s t i n Au s 

tralia. Th e differe n e is large ly becaus e th e Japanese st a ndard is 

based o n an empty bin a nds ours i s b a s ed on a fu l l b i n. Th s , in 

f act, me ans that t he t i mes a re d i ffe re n t for the s ame s tan ard of 

s ealing . And t h is compl i c a t es t he m t ter very c o n s i derably . You have 

to ma ke a co r rect i on fo r how muc h grain you have in your c ell in 
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order t o be able to compare o n e standard with the ne xt. In fact , the 

J apanes€ star dard is v e ry simi lar to our s tandard if you take in t o 

account fir s~ the differe n c e in filli ng and s e c ondly t h e f act that 

the decay test is not a s tri c tly logarit hmic d ec ay. Thu s you may get 

a slower f all at higher press u res than y ou get at l ower pressu r es. 

Und e r these cond i tions y ou can get a st a ndard and yo u can wr i t e the 

standard in te rms of the level at wh ic h you can expec t wi nd a nd the 

chimney E f~ects to have a n e g ligible effect o n gas l oss . This can be 

analyzed 'n. athematically and you and u p wi th a sta ndard wh i ch we have 

in Australia, that, shall we say, 2 inches t o 1 inch wa t er g auge , 

whi c h is 500 to 2 50 Pa ., a d ec ay time of 5 minutes. I f you exc eed 

this decay time, you h a ve a better seal ed structure but yo u don 't sub

st a ntially alter y0 ~r gas 1 0SS rate, bec a use the gas l o ss ra t e at 

higher sedl ing is concerr>:;:d only wi t h th e temperature and barome tr ic 

pressure fluctu9tions. 

So, it is p o ssi b le to make a standard, but i t is also ne c essar y t o 

take into account what you are goi n g to do. We have a rea l b alanc e 

betwee n t hose peop le who wish to have a n extreme l y high standa r d of 

sealing and maintain a pressure in a s~ructure; those who wish to 

maintain a gas withi n a st ructure for as lo ng as pOSS i ble, witho ut 

add i ng appreciable gas; and those who are prepared to add a lot of 

gas irr espect iv e of the leakage . These three o b jec tives must in tu r n 

be re late d to the econom i c s. 

So it is extreme ly difficult t o produc e a unifo rm s tandard. You 

can produc e a n umbe r of theo r etical st andards that will fi t gi ve n 

struc t u r e s . 

One ot her problem i s tha t in the proc e s s o f actually do i ng these 

ki nds o f t es ts , it becomes increasi ng l y d ifficult to get an accu ra te 

answe r f or the l a rge s t ructures. A comment was made ear lie r that 

t he pressu re te s t I q u o t ed for o ne v e ry large structure ( 16,000 t. ) 

was in fact only t a ke n up to 150 Pa ., whe r eas our standard start s at 

50 0 Pa . Th is was fo r struct u r a l r easons . But it is also a fac t that 

large structu r e s become increasingly di f fic ul t to test by this p ro

ce ss . 

I th ink we have to l ook at al ternati ve methods o f te sti ng ve r y 

-
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large structure s. This is sti l l very much in its inf ~.1cy , :J ut one wa y 

y ou can do it is by fil ling it with a trace r gas and observing the 

gas loss rate. The standard tha t we h a ve c h o s en is equ i val e nt t o a 

gas 105s rate of about 5% pe r day. Now t hi s i s c on f u s ing te rm because 

other pe ople hav e t a l ke d about gas l o s s r ate in te rms of pe r c ent pe r 

day. Our ph ras eo logy does not mean t ha t you go from, s ay, 50% to 45% 

CO
2

, although you have then los t 5%. Thi s is a t erm i nvol ve d in the 

logarith~i c d ec ay rate . The r e is a ve ry s u b s t ant ial c onfusi on be twe en 

thes e two proc ess and we p e r haps ough t to have a n al t erna t i ve t e rm to 

look at the standa rds. But, i n general, I wo u l d l ike to suppor t t he 

c a ll for s ome f o rm of u n iform standard, tho ugh we wil l have to quali

fy it in te r ms of what we f inally are go i ng to do with t he structu re. 

lvlOD ERATOR 

There i s anot h~ r que st i on wh ich is quite i n t eres t ing, t hat of 

flexible fil ms and shee ts a nd covered s t ac ks , etc., whic h Mr . Corbett 

raised . May I just refer t o a perso n who is not here , M. Le Ou 

( France), who has used t h ese structures for years wi t h ve r y good r e

sult s with wet harveste d maize for shor t-te r m prese rvation befo r e dry

ing . This is, in fact , a quest i on whi c h was no t menti oned much dur i ng 

the Symposium : that control le d atmo sph e re sto r age , not for disinfes 

tati on, but for sho r t -term ma in te n ance o f wet h arve sted gra ins has 

po te nt ial. Not much work has been c a rri ed out on th i s. Of course , o ne 

would no t expect thi s to be c arried out i n normal sto rage st r uct ure s, 

but rather in improv ised, i n f latab l e contai ne r s. 

Dr. ADESUYI 

I r eally a not wan t to be an a g en t o f doo m abou t al l these p l a s tic 

film s . Bu t, SOme year s ba k we did carry out some tri al s with pla st i c 

she e ts , which yo u c an inf late and it f o rms a d ome s hape . We stored 

coc o a i n this. Af ter st a cking the c ocoa i t def l ate s , so that i t j us t 

f o rms a c ove r. We did not u s e t hat for more than about 4 weeks , be 

c ause t h6 conde nsation was so high o n t he t o p that we had to termi 

n a te the exper iment . So, I think we have to be very car eful under 

wha t condi tions we use these p lastic fi lms for storage . I must add 
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that this was carried ou t under the humid tropical conditions. Maybe 

in the drier Nor t h it might work. 

Mr. BAILEY 

We are continually being r emi nded of the storag e p r ob l ems of the 

dev~ loping countries. I would l i k e to s uggest that we may be qUite 

close to an answer to most of their proble ms. I r efer to the Cyprus 

bins built in Ke~ya. Th ese were designe d to reduce losses wi t hout the 

use of chemical pest icides and in this t h e y have, in fact, been v e ry 

suc c essful - reducing losses to about 10% of those occurring i n con

ventional storage in Kenya. Certainly, the r e are problems with thes e 

bins, such as water penetration in t he below- g round cone and trouble 

with the air-tight seal at the jOint of the roo f to the ring beam. 

I believe that if these prob12ms were lo oKed a~ again they c~uld 

be solved without great expense when building new s tru~ tures of this 

type. Also perhaps the discharge arrangement s c o uld be impro~ed. 

I suggest that, if this was done, the bir a could be of gre a: valu e 

to many developing cou0 tries. 

MODERATOR 

The very large roof of the Cyprus bins is wha t worries me most in 

these struc t u r e s. In the l ong years in which t hese struc tures were 

operating now, it S2a ms to have been i mpo s sib 12 to seal them well 

enough to ob tain low oxygen concentration wh ich would control mou lds. 

In ma n y countries a ve ry l a r g e roof may mean quite a l o t of condensa

t i o n , e xcept i f the st r uc ture s cou l d be fil le to l e a ve practical l y 

no head space , and prob l ems wi th f ung i wou l d be inevitabl e with oxygen 

concent rations of t he order d e s c ribe d by Dr. De Li ma in h is papers . 

It is quite difficult t o s e parate well the moulded fraction of the 

g rain from the well preserved bulk, e ven if i t re pres e nts o n l y a 

sma ll fract i on of t he to tal mass. Espec iall y th is i s true i n Kenya 

because o f unloading di f f iculties. It seems a p ity to me that the con

c ep t o f cont rol l ed a tmo s p h e r e storage, which can pe r mi t a no - l oss p r e

servat ion , shoul d no t prevail in a chi ev i ng thi s fu ll s tlc c e ss , on l y 

b ec use o f st ructura d ifficu l t i e s . 
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Dr. CALVERLEY 

I fi nd a good deal of sympathy with Mr. Bail e y 's s ugges tion . I 

think that there must be some compatibility here betwee n the biolog i

cal requirements and the civil engineering requiremen ts. 

We have t3.1ked about the eC0rtc·-a" o f controll e d atmosphe re s t orage . 

We rea l ly have not talked about the economy o f gra in storage in 

general. In particular when we lo o k at the c o s ts of mai ntaining re

s e r v e s t ocks, this is a very e x pensive operat ion. Not only in t erms 

of capital involvement in t he g rain but a l so in t he c iv il eng i n e e r ing 

and the me c h a nical engineerin g aspects r e quired in t he plant. This 

of course is one of the great atributes o f ho les in t h e ground. 

The great attraction, e ven today, of the Cyprus bin , that as a 

structure, which is all wea t h er proof and can generally be ope rated 

u nder a l l weather c onditi ons, is that, a s a civil eng ineering s t r uc 

ture, it is an e x t reme l y cheap st ruc t ure. We have in fac t p e rse ve re d 

with the developme n t of t his design in a modest s o r t of way and we 

fee l that, at limits of 5, 000 or 10 ,000 t. per cel l , specifically de

signed for long-term storage, where you have a throughput only once 

every 3, 4, 5 or 6 years, that these do provide a very c heap c a p ital 

expenditure. - - ----

I concur with your con c e r about the large sur face a rea which is 

expose d . Bu t I t hink that, fro m t he studies t h a t we h ave d o ne on 

Cyprus bins, a great deal of that d ifficulty aul d be re so l v e d, if, 

during the de s i g n and the cons truction stage , a dequat e i ns t l ati on and 

reduce d i nso lation we r e bu i l t into the de si gn. In the c a se of the 

bin s in Kenya , as Dr . De Lima pa i nte d out , we looked at the d i ffi c u l 

tie s to whic h yo u have r eferred , and the l oss that occurred, the trou 

bl e s that we r_ c a used by t he high mo istu r e content on the to p of the 

b i n s , and it was d e ci ded tha t thi s was of s uc h sma ll magn itude t h a t 

on no a c count was any re me dial construc tion work just i fi e d . 

So, I th ink there is a quest i on here of fur t her d i sc ussi on to 

achiev e compat ib i lity between the biolo g i cal r equirement s and t hose 

of civ il eng inee ri ng and mechanical enginee ri ng a ll in relation t o 

costs . 
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Dr. DE LI MA 

Th e herme tic b ins i n Kenya have be e n used r ou t i ne ly t o st o r e fam i ne 

re se rves f or ni ne y e ars wi thout s e r i o u s d i ffi c u lt i es . Any s t ruc ture 

will have ma i nte nance prob l e ms , but t hi s do es no t me an that the de 

si gn o r pri nc iple i s a t f a ult. Another speake r has men t i one d that her

metic struc tu r es are no l onge r bei ng used as s uc h in Za ire and Arg e n 

tina, but r. he r e a r e s evera l reasons for th i s inc l ud i ng ~ hange o f c ir

c u ms t a nc es and inadequate pl anning . Li ke wi se , i n many c oun t r i e s, 

the re a r e numerous other e xamp le s o f i n app r o p r i ate tec hno l o gy . 

The herme tic s truc t u r e r equires mi ddle - l e vel tec hnology and can 

be cons tructed in devel op i ng c ountries with l oca l ma ter i als a nd e x 

p e rti s e. The u se of ar tif icially co n t r ol l e d atmospheres re q u i r es a 

new technol ogy and i n f r ast ructure no t readily avail ab l e i n deve loping 

coun tries. 

MODERATOR 

I n the introduction o f th e nit roge n s t o r age te chni que we are in 

the stage i n whi c h you we re ma ny y e ars ago, wh e n you built the sev e n t y 

bin s in Kenya. We are just g o ing to buil d two bins this ye a r i n Ni ge

ria and we are going to try them, trying to find out what can r e ally 

be done directly on the s pot . I cons i der th is the onl y way o f real 

te chnology tra ns fer f r om a develope d to a developin g c ountry; t o do 

i t t o ge t h e r with t h e people on t he spo t , as we are doing with t he Ni 

ge ri an St o red Pro ducts Re sear ch Insti t ute . I th ink c red i t s hou ld be 

gi ven to NSPRI t o hav e gone i nto t h i s experi ence wi t h u s f or t he bene 

fit of mo re than ju s t Ni g e r ia - f o r many 0 h e r trop i cal c ount ri es . 

But, the r e is a b i g diffe r ence be tween the cl i m te of Kenya and 

the clima~e o f , for e xample , s ou t h e r n Ni ge ri a. I thi nk tha t th is i s 

one of the r eas o n s why the Cyp rus bins i n Kenya h ave a ll this conden 

sati on; s o much h e a t i s lost du ri ng the n igh t due to s uch a i g t e m

p era ture f l uc tuation. 

Dr. SHUYLER 

J ust a bri e f c omme n t , t h t we he re in th is Sympos i mare admitte 

ly lacking in many of the a r e as o f know ledge tha t we might wish to 
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inc lude . I make this co mmen t in connection wi th the i dea of rehab i l '

tation or imp rov ement of exi sting facilitie s and s pe c if ic al ly in c on 

nection with t he probl ems whi ch you have noted i n Argen tina and the 

he rme tic-type storage whi c h is semi-unde rground. There have bee n deve

lopment s in tec hno logy regarding "water-proofi ng" ( t h is may b e a bit 

of an exa ggerated term) of st ructural el ements f r om mo is tu r e con

tained in soil, whi ch are in u s e, in the UK and the USA tha t I know 

of (maybe right h e re in It a l y, too, and I h aven't l earn t of i t), that 

are so much improved in t e rms of reduce d c ost , eas e o f u se , that it 

would be i mproper , for ins tance, for us t o even t hink of comparing 

them wi th any f ormer technology . But t he r e is no one here t hat really 

knows e nough about it, i nc l ud i ng my s e l f . 

r.-lr. NI CHOLAS 

Mr. Chai rman, thank you f o r giving me this o pp o r tun i ty t o express 

the de li ght o f FAO tha t ENI is takin g an in te r es t in saving and pre 

serving f OO d. After a l l, it is an in t egral part of s av ing ene r gy , 

which se ems t o occupy everybody in these days. 

As co-sponso rs of this Symp o s ium, we will c on ti nue t o take an in

terest in the concl u sio ns on the wo rk of con t ro lled atmosphere storage 

of crops. We hope that th i s Symp osium wi ll be a step forwar d t o pra c 

t i cal act ion in the app licat ion of t his pro mi s i ng technology . 

I wou l d 1 ike to t ake th i s o ppo rtuni ty to correc t t he \"rong impres 

sion t h a t seems t o h ave been cre a ted by my v e ry br i e f in te r ve n tion 

e ar li e r o n. Because, af ter all, FAO are co - s ponsors of thi s meet ' ng 

a nd t h is is a n ind i cation t hat we t h ink the r e are g reat possibilit i es . 

My co l l e ague e arli e r re ferred to the aspec ts of food s ecurity , 

where ve ry larg e st ructures are buil t and where the possi b i l it i es of 

us ing t h is t yp e of technology e x is t . Neve r the l ess, when you ge t to a 

si t uation where y ou hope that the ve ry l arge numbers o f small farmers , 

who ac tual l y s to r e gra in on their fa rms , need he l p, and i f you li s 

tened c a re f ully to what Mr . Bailey said abo t the Cyprus bins and what 

Dr. Calverley about t he cost r e l tionship be tween the biological fea

s i bility of storing g r a i n and t h e eng i neer i ng and the ec o nomic as 

pects o f it, I t h ink you will ag r ee with me , that FAO would be quite 
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wrong to use the s mall f arme r s o f d e v elop ing countries as a asi s f o r 

e x pe ri me nt. The r u sh int roduction of unprov e n technol ogy ( and some 

bo dy v e ry rightly s aid what is prov e n is what works in t he hands o f 

t h e e nd u se rs, n o t what wo r k s in t h e labora t o ry o r i n a c o n trol l e d 

field expe r i ment ) , is some thing I am sure tha nobody wou l d like us 

to use wha t e ver f arme rs as a me a ns of exper imen ti ng . 

I 'lIQuId li ke to t ake t h is opp o r tun i t y to say, t here fo r e, t h at 

where the te c hnology i s prove n , whet her i n fo o d secur i ty' s la r ge 

-scale fac ili t i e s or on the sma ll scale of f a r me r s , we will c o ntinue 

to take an i nte r e s t a n d we wi ll try to apply it, whe re i t is app r opri

ate and where it is f e a si bl e . 

MODERATOR 

~h2n~ yo ~ all ve~y ~U 2 ~ for th is interest i ng and r i c h d isc u s s i on 

and y ou r parti c ipation in the Symposi u m. 

Dr. Ne nc in i, Vi c e-Di rec to r of t he Bas ic Re se a r ch Labora t o r y o f 

As sore n i, will n ow o f f i c i a lly c lo s e t he Sympo s i um. 

Dr. NENCINI 

Le t me s a y just a few fin a l words on beha lf of Asso r en i and our 

Pres i dent, Prof. Ce rnia, who, unfortuna te ly , c ould not attend the 

final hours of t h is me e ting. 

We were ve ry p l e ase d to s e e suc h a wo rl d - wide interest and par t i c i

pation in this Symposium . We h a v e been wo rk i n g i n th is f i el d fo r quite 

a few y ears, an d we know that the p r ob l ems which we had to t a c k le we re 

not on ly i n stri c tly technic a l are a s . The r e is a pa r t i cu lar p r ob l em 

of the i nt e r-di sc ipl i nary a pproach, whi c h is n eede d s t r ongly i n s uch 

a t yp e of resear c h, and whic h h as b ee n menti oned and s t re sse d in 

t h e se d ays he re , too . Fu rthermo re, te chno l o gy t r ansfe r i a p r ob l e m 

n o t only from one cou n t ry t o a not he r, b u t a l so f r o m one kind of men t a

li ty to ano the r. Wha t I me an h e re is t h o indust r ial app roac h t o a g r i

cult u ral problems . I ho pe and I re a l l y b e l i eve t hat wi t h the help o f 

o ur c o - s ponsor's, FAO in par ti cu l a r, and of all t he par tiCipa nts in 

t h i s meet i n g, wh i ch has g i ven us so many new h in t s and ideas, and a 

de e per unde rstan ding of the pro blems , it wi ll be poss i b l e to go 
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further i n the practical app licat ion of this new t ec h nology. 

I hcpe that you enjoyed your stay ~ere. I think tha t Dr . Shejbal 

has done h i s bes t to make you feel at h ome , and, t hank s to his h igh 

l evel relations in the Vat i can, he was a b l e to pe rmi t the v i si t to 

the Pope's Garden s, wh ich we all en j oyed ve ry much, I think . Unfor t u 

nately h is relations were not hi gh e nough to guarante e good weathe r 

condi t ions. And this was a fault in o u r o r gani zat i on , I h ope t hat y o u 

hav e not f ound man y o thers. 

Well, I wish t o t h ank yo u all ve ry h e arti ly - Chai rmen, Spe a kers , 

the Rapporteurs - and I wish you al l a good tr i p bac k to yo u r c oun

tries. Good-bye. 
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Carpophil us s p . 

ni trogen , Niger ian maize 98 


CEM 

c arbon dioxide 235,543 


Commodity-modi f i ed atmosphere 

versus CA 126 


Candensatian 

hatch cove r s, Cyprus bins 42,588 


Confined a tmos phere 

sunflower seeds, adi abati c 


trials 286 

Conidia 


air-tight s t orage , su r viva l 179 

anoxic versus air-tight storage 181 

nitrogen, survival 157, 181 


Con t rolled atmasphere 

na-loss starage 588 

starage and international argan i 


za t i ons 573 ,574,581,591 ,592 

ver sus ca nven t i anal starage, 


econamics 487 

vers us fum igants, insecticides 


567,568 ,570, 571 

versus mod i fied a tmasphere 126,207 


Convection currents 

concrete c el ls 584 

gra i n bu l k , simul at ion 391, 580 , 584 

possible manipu l at ion 584 


Conversi on 

e xisting grain s~arages f or CA 


41 1, 461 , 550 , 569 ,580 

Cooling 


following CA 77 

Cr ypto l estes fer r ugineus 


ai r -tigh t starage 55 , 58 , 59,61 

CO fumi gation 104 


2

CO f um iga t ion s urvival 222 


2 

ventilat i ng, t urni ng 395 


Cryp tolestes sp . 

nitrogen, Nigerian ma ize 98 


Cyprus bin 

condensa t i on 42 , 588 

construc t i on costs 589 

des i gn , construct i on 40,589 

gra in condition, monitoring 45,429 

g r ain sampling 44 
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insec t infestat ion 48 

losses 49 

moisture, microfior a 46,577, 580 , 588 

operation 43 ,429 

operationa l costs 430 

operational difficulties 430,550 

oxygen conce ntrati on 46, 588 

structural f au lts, correc t i on 42, 


588, 589 

succesS in los s r eduction 588,589 , 


590 

temperature recor di ng 47 


Dough 

physical tests, wheat storage 306, 


316,548 

Dust expl osions 


CA 566,567 

Ecosystem 


CA g r ain storage 201, 539,574, 575 

Ephes ti a cautella 


CA , egg mortality 83 

CA, humidity, pupae 108 

CA, various stages 89 

carbon dio xide fum·gation 104 

carbon di ox i de , oviposition 103 

Cyprus bins 43 ,48 

high CO concentrati on 70 


2 

pupae morta li ty, oxygen content , 102 


Ephest ia khueni e l la 

carbon dio xide, ov ·position 103 


Exothermic generator 

commodit i es qual i ty ,CA 312 , 547 

insec ts, CA 85 

s a f e ty 560 


fa rm 
l eve l , CA storag e 3,15 , 25 , 55,554 , 

557 ,559 , 574 , 581 , 585 , 591 ,592 
Fermentation 

oxygen removal 57 , 62 
Food s e c uri y 

s tor.ks , CA 579 , 581 , 589, 590,591 
Fungal ergos t er ol 

a ir-tight storage , high m. e . grains 
177 

Fungal growth 

pr eser va ti on , CA 572 

r a tes, CA 134 


Fungal respiration 

oxygen remo al 57, 62 


Fungi 

air- tight storage, high m. e. gra · ns 


176 


a naerobic growth 133 

atmosphere composition 127,539,575 

atmosphere composit i on, mycotoxin 127 

CA , growt h r ates 134 

CA , s oybean stora ge 137 

compl e t e anoxia, inhib ition 147 , 157, 


173 ,197 ,57 6 ,577 
condensation , nitrogen inhib i tion 

577 

evo l ution , air- tight stor age 374 

grains, mod i fi ed atmos pheres 173 ,576 

he r metic storage , pres suri zed , r ice 


368 

lo ng-term wheat s torage t ri a ls 309, 


326 

metabolites , h igh m.c. grai n 178 

mi c ro- aerophil i c and CO to lerant 


2

141 


min i mum water act i vi t~ 123 ,576 

mini mum water activity , mycotox i n 


produc tion 124 

ni t r ogen , c erea l grain s t orage 147, 


539 , 576 

ni trogen, exposure t i me 167 

nitrogen, grai n storabi i ty 196 

nitrogen , h i gh m.c. grains 178 

ni trogen, ma ize storage 151 , 539 

nitrogen, moist wheat 157 

nitrogen, rice s torage 151 

nitrogen, sunflower see ds stor age 


152 

nitrogen, whea t storage 151 

oi l ac i difica ti on , 377 

optimization of CA effec t 130 , 576 

oxygen depletion versus CO con tent 


2

135, 539 


r e l at i ve humidity 123 

rice, hermetic storage 362 

sunflower s eeds, air- t ight storage 


375 

temperature, CA 135 

temperature , g rDwth 125 

temperatu r e, mycotox i n prod ctlon 


126 

wet ha r vested maize, nitr ogen 331 

xeroph i 1ic, s ilage 141 


Gas- tightness 

c ompar isons 550 ,585 

cos t analysis 487 , 580 

gener al need 572 , 573 

l arge structures, 77 , 454,517,527 , 


542,550,557,585,587 
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s pecifica tion 462 ,542,550 ,585,586 
Haz e lnuts 


ni trogen versus cool s t orage 3 54 

qua lity preservation in N2 343 , 548 


Heat generation 

rate, adiaba~ ic trials 297 


Heat trans fer 

grain bulk, simulation 386, 551 

grain silos 399,551 


Hermetic storage 
concrete bins, repair, const~uct ion 

409, 411 ,517 

Cy prus bins, Kenya , 39,427 , 590 

facilities, siting 432 

large-scale 427 

natu r al ly cold places 237 

oxygen concentration 19 , 46,57,588 

pressurized, rice 368 

s em i-unde rground, Argent i na , Cyprus, 


Kenya 40,427,531 ,590 

slow natural O deple t i on 185 


2 

sunfl ower seeds, high mois ture 373 

s unflower seeds, adiabatic trials 286, 


545 

unpolished rice 359 

versus CA i n developin g countries 


590 

versus cor.ven~ional, tropics ~34 ,590 


History 

underground and air-t i gh t stor age 3 


Ho·t spot 

ge neration, induction time 294 

ge neration, storability c r iter ia 282 


simulat ion in silos 404 

simulation, adiabatic trials 28 1 


Ins ect control 

CA , rev i ew 101 , 536 

China , CA 440 , 564 

integrated , CA 73 ,77 

laborat ory, CA 6 5,79 , 86, 89 , 


93, 101,207 , 563 

large sca le, CA 48,73, 101, 207 ,235 , 


461,543 ,563 , 567 , 568 

I nsect development 


CA 112 

Ins ec t ki ll 


temper ature, CA 75 , 90 ,109 

~ns ect mortal ity 


humi di t y , CA 76 

incomple te, CA 77 

va r y i ng CO , O 80 , 563


2 2 


Insec t pr ogeny 

CA 91 


Insect species 

s usc e ptibility to CA 107 


Insec t stages 

mortality in CA 89 


Insect tolerance 

adults, eggs , CA 82 

and resistance , CA 114 


Insect t reatment 

schedules, CA 537 


Inse c t a 

bene ficial, CA e f f ects 109 

humidity, CA 107 

suble t hal ef fec t of CA 112 

sublethal exposures, to CA 91 , 92 

see also single species 

see a l so I nsect control 


In t e r-disci plinary 

approach, CA res earch 592 


Iso therms 

grain 399 


Kh a tti 

unde rground s t orage, Indi a 16 


Lasioderma serr icorne 

malathion, CO 105 


2

ni trogen, Nigerian ma i ze 98 


Legislation 

CA a ppl icat i ons 560 


Lesse r meal wo rm 

Salmone lla 575 


Lipids 

ce r eal grai ns qua lity 319 


hazelnut qual ity, N2 350 


Lipp s ys tem 

si l os for CA storage 582 


Loss 

Cypr us bins 49 

economica l ana lys i s, CA 500 


grains , pi ts , Somalia 29 

gra ins, pi ts , Sudan 33 


gra i ns, pits , Yemen 28 

s torage structures, Nige r ia 260 


Mai ze 

fun g i, air-t ight storage 173,587 

ni t r ogen, s torage fungi 147 

nitrogen stor age , tropi cs 259 

si l age , microb iology 140 

wet harves t ed , air- t i ght s torage 587 

we t harvested, nit r ogen 329 
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Malts 

CA sto rage , quali ty 3 15 


Microbiology 

CA, ove rv i ew 121,538 


Microflora dy namics 

maize silage 141, 540 

whe at s i lage 142, 540 


Milli ng 

wheat s t orage tr ials 306,315 


Mites 

CA, mortality 108,554, 555, 556 


Model work 

CA, need for 555 ,576 , 580 


Modified atmosphere 

grains, mic robial aspects 173 

treatment, grain, Austr al ia, h i story 


209 


versus CA 126 ,207 

Moisture mig~ a tion 


CA 580 


Moth morta lity 

CA 106 


Myc otoxin 

atmosphere composition 127 ,540 , 578 

CA, temperature , humidity 129 

cont rol by mould growth 576 , 579 

nitrogen , A. flavus on moist whea t 


168,540 

produc tion, minimum a 124 


w 
production, temper ature 126 


Nitrogen 

aflatoxin B ,on moist wheat 168,540


1

bin purging 191 ,210 ,450,544 

bl eed in, l eaky structures 207,543 

Carpoph i lus sp. 98 

ce r e a l grains, Australia 207, 543 

~ereal grai n storability 185 

coleoptera mor t ali ty , compared to CO


2 

104 


costs, pur g i ng effic i ency 562 ,567 

costs , storage time , losses 514 , 552 

crit i ca l mo i s ture wheat , maize 324 , 


329 

Cryp tol es tes s p. 98 

flow r ate, S. granarius 102 

flushing to r educe oxygen 302 

f um i gation and storage technique 


186 , 207 , 210, 445, 543 

f '.lmigat ion, storage, advantages 204 

f umigation, storage , disadvantage s 204 

fung i, grain storabili t y 147 , 178 , 


196 ,540 

f ungi , ma ize 173 

fu ngi , s unflower seed storage 1A7 

gra in quali ty , l ong term storage 


196 

handling and distri bu t ion system 


449, 469 

ha ze l nuts, organolept ic properties 


343 , 548 

h igh m. c. paddy 199 

insec t damage p r eve ntion 269 

i ntersti tial atmos phere mai ntenance 


191, 213, 264,454, 543 

Lasiode rma serr i corne 98 

ma i ze quality preservat i on , tropics 


271 

moth mortal ity , compared to CO


2

104 


oil s eed s torabi lity 185 

operation costs 487 ,552 

overcritical mois ture wheat 326 

palatab ili ty of ric e , 'temperat re 


365 

P. i nterpunctel1a, var i ous stages 

104 

pressuri zed, rice, qua l ity 371 

purging effi ciencies 210 , 451 , 469 , 


561, 563 

r i c e preservat i on 185,555 

Sitophilus zeamais 98,99 

soybean sto r age, myco l ogy 135 

storage f ungi on moist whea t 157 

stor age , grains, economics 487 ,552 

storage i n China 440 

sunflower seeds, adiaba t ic tr ia ls 


287 

supply sys tems 449 , 469 , 507 , 552,559 


562 

S . zeamai s various stages 93 

Tribol i um castaneum 98 

T. castaneum, var ious ·s tages 104 

Tr ogode rma granarium 93 

versus carbon diox i de 227 

ve rsus cool stor age, hazelnuts 354 

v i a b i l ity preservat ion 197 , 271,320 

wheat nd bar ley storage , Ita ly 


185,445,542 ,551 , 583 
Oilseeds 

air-t igh t storage 373 ,556 
au tocatalytic heating simul a t i on 

190 , 556 

nitrogen, s torabi li ty 200 

s torage in CA 190 , 200 , 373 , 554,556 
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Organoleptic properties 

ai r-t igh t storage, 0 il-seeds 3 80 


CA storage 317 


carbon dioxide storage 201 


nitrogen, hazelnuts preservation 343 


rice, CA 365 


Orfz a ephilus surinamensis 

air-tight storage 55, 59 ,61 


CA, aqults, temperature 90 


Oxygen 

low, synergistic effect CO 79 


2

remova l by wetted grain , 61 


see also: Carbon dioxide, Cyprus bin, 
fungi, Hermetic storage, Insect 
mortal i ty, Nitrogen, Viab ility 

Pit 

archaeo logy 4 


concrete, Tanzan ia, Malawi 39 


Khattis, characteristics 18 


Khattis, g rain quality 22 


Khattis, India 16, 532 


Khattis, insects 22 


Khattis, oxygen content 19 


maize on cob , Somalia 29,532 


maize, Yemen 26,532 


price bonus, Egypt 38 


S'Jma lia, 39 ,532 


Vi cia fabae, Eg,ypt 35,532 


Plastic films 
551 ,587 

Plodia interpuncte lla 

CA, various stages 89 


carbon diox ide, ov iposition 103 


carbon dioxide, various stages 104 


mor tali ty in CO , presenc e 02 79 

2
 

ni t rogen, various s t ages 104 


Pressure r elie f 

va lves , CA s t orage 263 , 445 , 471 


Qual ity pres e r va tion 

analytical t ests , hazel nuts , N2 347 


ana l y t i cal t ests, wheat storage 

tri al s 304,320,547 


CA,i mportance of t em pe r ature 547 


cereal gra ins 185, 31 4 , 547 


oil seeds 185, 373 ,547, 554 ,556 


Rais ius 
CA stor age, qual ity 317, 548 

Rapesee s 

acid ification , moi stur e 378 


aci ifi ca tion, t emp era t ure 379 


air-tigh t storage 373 


f at ac id i ty, a i r - tight storage 375 


Rhyzopertha dominica 

CA, adults, t empera ture 90 


CA tolerance 74 


CA , var ious s t ages 89 


CA, varying CO , 0 80 , 221 


eggs , CA , var yfng ~02' 02 8 2 

development, t emperature 74 


Khat tis, India 22 


survival, CO fumigation 103 , 222 

2


Rice 
CA 147 ,199 ,237 ,239 ,241 ,314 , 365 , 

371 , 554 


CA , quali ty preserva t ion 31 4, 554 , 555 


CEM , automat i c packaging 239 


CO storage, steel drums 24 1 

2


high m.c . paddy, n i trogen 199 , 555 


l ow t empe r ature, CA , qual ity 371 


ni trogen, fung i , s torage 147,199 


paddy , brown , polished , under- water 

237,555 


paddy , viability, CEM 241 


palatab i lity, ni trogen, temperature 

365, 548 


unpolished , anaerobi c metaboli sm 

362 , 555 


Rodents 

CA storage 534, 554 


Salmonella 

i nsects 57 5 


San i tati on 

before CA a ppl "cat ion 579 


Sealing 

adequa t e for CO treatment 214, 544 ,


2 

569 


concre te bins for CA 464 ,550 


d i f f eren t types of s torages 46 3, 550, 


554 , 569 


existing grai n storages for CA 461, 


554,569,580 


herme tic storage, concrete 411,550 


of pene t rations 468 , 551 


partial, de gree of protection 219 


possibl e reinfestation 209 


s eal- O- sil0 system 517 


s t andards 461 , 585 , 586 , 587 


Shed 

sea l i ng fo r CA 467 


S il a,ge 

maize , corn 140 


r ehum idi f i cat i on , microbiology 143 


Silo 

concrete, s ealing 517 
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diameter, hot spot generat ion 29 4 


heat, water vapour trans fe rs 399 


his t ory 5 

insolat i on protection , trop i cs 266 


me tal, temperatu e fl uc t uations, 

trop i c s 27 5 


mi cro , adiaba t i c a pparatus 282 

micro, hazelnuts in nitrogen 3 44 


micro, nitrogen 186 


~ ini, hitrogen 186 , 26 3 


pilot-scale , nitrogen 191, 266 


Simulation 

adiabatic, c enter of lar ge bulk 190 


headspacc, upper s i l o l ayers 188 


Simulation model 

heat t r ans fer, CA 385 


Si t ophilus granarius 

air-tigh t s torage 5 5,59, 61 


CA, adults, temper ature 90 


CA, development de l ay 113 


CA, t empera ture e f fect 109 


CA, tolerance 107 


CA, various stages 8 9 


carbon dioxi de in a ir 103 


fumigants, CO 105 

. 2


n1trogen, flow r ate 102 


post-ni t rogen emErgence 

Salmone ll a 57 5 


tolerance to CO 114 

2


Sitophilus oryzae 

CA, adults, t emperatures 90 


CA, de ve l opment de lay 113 


CA , low temperatu r es 65 


CA to l e ranc e 10 6,107 


CA , var i ous s tages 89 


c arbon di oxide in a ir 103 


CO fumi ga t i on 104

2


deve lopment , t emperature 74 


immature s t ages , CA 65 


nitr ogen , diffe r ent O concentr a 

2


t i ons 10 2 

t empera t ure , CA , va r i ous s tages, 91 


Si t hopil us z eamai s 

CA,deve lopmen t de lay 1 13 


Cyprus bins 45 , 48 


nitrogen , Nigerian maize 98, 99, 268 


ni crogen , various s tages 9 3 268 

S it t r oga cerea l el la 


CA, various stages 89 


Cyprus bi ns 43 , 45 , 48 


di ffus i on , h istory CA 11 


Solven t wate r 

air-tight sto r age 40 1 


Soybean 

CA preservat i on, mycology 135 


S torabil i ty 

c e rea l gra ins, Oil- seeds , nitr oge n 


185 

Storab il i ty c r i t erium 


hot spo t gene ra t ion 282 , 545 

Storage s t r uctures 


conve r sion exis ting f or CA 461,551 , 


554,557 , 56 9 , 570 


pu r gi ng fo r CA 210 , 451, 469 ,561 , 56 3 , 


567 


Sunfl ower s eeds 

acidif ication , mo i s t ure 378 


acidification, t emperat ure 379 

ai r-tight storage 373 

air-t i ght s torag e , fung i 375 


fat ac i dity , air- tight storage 375 


hea t deve lopment , s torage tr· i a ls 

281 


herme t ic a d i abati c s torage 28 7 


moisture , t emper ature, storabi li ty 

292 


nitrogen ad i a ba t ic s t orage 287 

nitrogen , f ungi , s orage 147 


Sup ply s ystems 

CA 50 7 , 552 


Tec hnology transfer 

CA 590 , 592 


Tene brioides mauritanicus 

f umiga nts , CO 105 


2

Therma l conductivity 


adi abatic trials 282 

Tr ibo l ium castaneum 


adults mortality, oxygen content 

102 


CA , adu ts, temperature 90 

CA , humi dity , mor tality 107 

CA, temper ature effect 110 


CA , to l e r a nce 74 

CA , var ious s t ages 89 


CA, vary i ng CO , 0 80 


d · · d 2 f ;: t · carbon lO X1 e umlga 10n 103 , 219 


carbon d i ox i de fumigation survival 


222 

carbon dioxide, various stages 104, 


225 


Cypr us bins 45,48 


deve l opment delay, CO? ' N2 113 
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eggs , CA, varyi ng CO , 02 82 

2
 

fumigants, CO 105 

2 


high CO concentration 70, 221 

2 


Khattis, India 22 


low ° , h i gh CO depende nt mortality

2 2 


105 , 22 1 


ma la t h i on, CO 10 5 

2 


mor tality in CO , prese nce 02 7 9,

2
 

2 21 


n itrogen 102 


nitrogen, Nigerian ma ize 98 


nitrogen, variou s stages 104 


synergism l ow 0 , high CO 74 ,79

2 2 


Tribolium confusum 


CA, development delay 113,226 


CA,temperature effect 110 


CA, various stages 89 


malathion, CO 105 

2 


nitrogen :02 

Trogoderma granarium 


CA, development delay 113 


Khattis, India 20,22 


larvae, CO 107 

2 


mor tality, various 0 concentratio ns 
2 


105 


nitrogen, larvae 93,107, 2 68 


Tropics 


air-tight storage 15,259 , 428,532, 


544,558 


nitrogen storage 9 3 , 259 , 542,590 


Typhaea stercorea 


air-tight storage 55, 59 


Unde r ground bin 


Somalia 31 


Underground si l os 


Argentina, water l eaka ge, unloading 


565 


un known expe rience s 564 


Undergro u nd stora g e 


air-tightness, hist o r y 5 


archaeo l ogy 4 


Ch i na 440 


c o ncrete, Tan z a n ia, Ma lawi 39 


decline , Southern Africa 40 


Egypt 5,32,35 


Et h i op i a, Somalia 39,532 


grain , h istory 3,532 


I n dia, 15,532 


insec ts, history 12,532 


Kha t t is, Indi a 16 , 532 


Kha ttis, oxygen c o ntent 19 


l o s ses 26,28 ,29,33 


Soma l ia 29 


Sudan 33 


Vicia f abae , Egypt 35 


Yemen 26 


Vacuum 


partial, s oyb e an storage 135 


Ventil at i on 


c ontro l lab le , recommendation 572 


Viab ili ty 


CA, cerea l gra i ns 3 14 ,319 


long-term wheat storage t r i a ls 308 


low o xygen protect i on , wh eat 308 , 


320 


ni trog en , wheat 196 


paddy, CE M 241 


paddy, underwater s t orage 2 38 


Water vapour 


grai n silos 3 9 


Wet grain 


storage 133 


Wheat 

CA, qua lity preservati o n 31 4 , 319, 54 7 

critical mois ture, nitrogen, stor

abili ty 324 


l ong-term quality preservat ion 301 , 


320 


long-term storage, low oxyge n 302, 


319 


nitrogen, fungi, storaga ! 47 


OVercritical moisture, nitrogs~, 


storability 18~,326 

silage, microbiolcgy :'_4C 

Yeasts 

air- t igh t storage , high m.c. grains 

176 


CA, growt h 133 


ni t rogen, C. k r use i, mo is t whea t 


164 


CA, s oy be a n storage 13 6 
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