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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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