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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 . 
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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 . 
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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 . 
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fig . 5 . Steel barley storage bins (IVa , Tuscania) during initial purge 
with g'seous nitrogen from mobile regasificat i on unit . 



194 

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 
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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 
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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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