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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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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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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 . 
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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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