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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 
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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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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. 
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