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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 



326 

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). 

Sups 
% va'II'ion 
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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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