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I NTRODUCT I ON 

Fairly often rapeseeds a nd s unflower are harv ested in Fr ance at 

moisture content higher than 9-10 p. lOO (wet wei ght) ; so they ca nno t 

be stored just as they are, without becomir.g ra~idly damaged. This 

iituation is mainly du e to the evolution of agricultural and har ves­

ting techniques in conne x ion wit h clim a ti c and econo mi c factors such 

as the late ripeness of sunflower or the necessity to red uce the los­

se s in the field for rapes e ed . 

During the last ten years, pre s torage techniques allowing to wa i t 

before drying, without excessive seed degradations have bee n experi ­

mented a s well in lab oratories as on pilot or industrial sca l e. Among 

the s e techniques, the storage of oil-seeds in airtight conditions 

seem s of particular interest today bec ause of the saving of energj 

which might be realised. 

It seems therefore intere s ting to recall the behavio ur of oil-see ds 

stored in airtight conditions at different temperature and moisture 

content levels, th e main criteria under examination beir g the evolu­

tion of mic r oflora and the increase of fat acidity . Mo st of the exam­

ple given are t a ken from different labo r atory exper i men ts carri e d o n 

rapeseed and sunflower s ee ds s t ore d in glass con tain er he r me t ica ll y 

clo s ed . 

Microbiological anal y sis which ~ a ve been restricted to general 

bacteria and mol d co unts, are performed in the fo l lowin g manner with 

a know n qua nti ty of seeds, between 50 and 10 0 g . a sus pensi on i s done 

in a sterile ph ysiologi cal solution. Enum eration of microor gani sm s is 

then realised ,y the classi ca l dilutio n method us in g suita ble cult ure 

med i ums . The fat a c id ity is checked ac cordin g the french no rm (AFNOR 

NF-V- 03 - 90 3) on th e fat ext ra c ted from ground s e e ds by so xh1et e x trac­

tion. Res ul ts are exp r essed as f a t acidi t y va lue (FAV), co r re s ponding 

t o the quantity of po ta s s i um hydroxyd e ne cessa ry to neu tra l i ze t he 

acid i t y o f o ne gram of fa t. 



374 

1. 	 Influence of stor a ge atmosphere on t0e microflora e vo l ution 

On rape seeds stored under aerated conditions at 12, 15 and 18 

P. l OO moisture content (22° C), mo ld s are actively gro wing and SDoru­

lating (fig. 1) (Poisson et a1., 1971a) and the level of contam ina t ion 

is about 10 7 germ s /g wit hi n 50 days at 15 and 18 p .1 ()O M.C. 

With seeds at 12 p. IOO . C. , mold gro wth is slower but dama ges 

become evident within t wo mo nths. 

10' 
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RAPESEED 

MOLDS 
22°C 

Fig.l. Evolution of molds in rapeseeds stored in air or under a i r ­
tight conditions. 

With rap~seeds at t he sa me moisture content but sto red in air­

t ig ht condition~, no mol d gr owth can be observed during three month s. 

So~etimes a very sho rt pe ri od of mo ~ d developpment occur in t he f ir s t 

days of storage but, as a general rule, the mold populati on is de c rea ­

sing because of the l ac k of oxygen. Under suc r conditio ns , bacteria 

also undergo a regression on seeds stored at 22 p.lO D M.C. or le ss. 

Microbial evolutions on seeds at hi gh er moisture content have no t 

been investigated. 
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On fig. 2 (Guilbot and Poisson, 1966), are shown regression curves 

for molds and bacteria observed on whole sunflower seeds st ore d in 

airtight con dition s . 

As previously observed with rape seeds , the decrease of micro bi al 

populations is more rapid on see ds with hi gher moisture co nte nt , 

and this ev o l ution i s accelerated by an increase in tem per a tu r e . 
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Fig . 2. Evo lu t io n of bac ter i a a nd mol ds in sun flowe r seeds s t or ed 
in airtight conditions. 

2. Ef fect of sto r age atmosphere on fat ac i d i t y ev olut ion 

The fat acidity of oil-seeds is increasing whe n te y are o pen-store d 

but also under airtight cond itions. Neverthe l ess there i s a great 

difference in the intens i ty of fatty ac ids l ibe r ation, deoe nd ing on 

the type of storage. This i s true for who l e se eds an d also f or by ­

products such as oil-cakes. 



376 

Fig. 3 ( Po i s s o n , 197 1b) gives an ex amp le of th e e vo l ut i on of fa t 

acidity of ra peseed-c a ke s , stored at 15 p.ln O M. e., i n open and 

airtight conditions; in sp ite of the low re si dua l f at con t ent of th e 

cakes, the greater incre a se in acid nu mber und er ae r a t ed co nditions 

is clea r ly shown an d can be correla t ed with th e impo r t an t gr owth o f 

molds in the pr oduc t , dur i ng th e f i rst t hree month s at 22° C. 
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Fi g. 3. Fat acidity in cr ea s e a nd mo ld ev o l uti o n i n ra pe se ed - cakes 
s to r e d at 15 p. I OO moi stu re con t e nt . 
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There is some evidence that microorg an isms, and es pe cially mo l ds. 

are mainly responsible for the acidification of the oil under aerat ed 

conditi on s: labo ra tory ex peri ments car r ied on a r tific i a l l y deconta­

minated sunflower seeds showed no signific a nt inc r ease o f acidity , 

even at water activities as hi gh as 0, 90 (Gu e no t . 1977) . 

Considering now bro ken see ds of su nfl ower , sto r ed at a mo i s ture 

content of 6,2 p. 100, an in terest i n2 beha viour can be obse rved. 

At tilis moisture conte nt , the ke rnels, t ha t is to sa y the seeds 

wit hout protective shel ls , ar e kno wn to be at a wat er ac t i v i ty of 

about 0,75 which a l l ows o nl y a ve ry sl ow g r ow t h of stor age mo l d s 

Aspergill us an d Penic i l l i um , un der a e ra t ed con dit i ons . Ne ve r th e es s, 

after two months in op en stor ag e the fat aci d i ty is si gn if ica ntl y 

increasin g prob a bly due to mo l ds (f ig . 4) (Poiss on et a1., 1972 ). 

A l ip asic activity of t he se e d itself mi gh t occur bu t it is ver y 

difficult to disti ngu ish molds 

of the seed. In addition, a uto ­

storage conditions. 
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Fi g. 4. Evol ut ion of fat aci d ity of br o ken ke r nels unde r op en an d 
a ir tight co nd ition s . 

It is t he re fore very int er esti ng to not i ce that in a i rtight co nd i ­

tions at the same moisture content, t he dege ne r a ti on of o il is strongly 

reDressed and th at no incre as e in fat ac i di t y ca n be ob se r ved . 



378 

This protective ac t io n of airtight storage is of special inte r es t 

because it is well known that, even at low moisture contents, broken 

oil-seeds are very susceptible to rapid storage damage, probab l y due 

to a greater diffusibility of enzymes and o il. With storage under 

oxygen-free a t mosphere, the technological value of oil can be pr acti­

cally preserved during at least four months. 

2.1 . . Influe nce of mo isture content on the acidification 

The acidification of stored seeds is clearly deoendent on the hu mi­

dity and even a slight difference in moisture content can lead to very 

different behaviours during airtight storage. This is shown in f ig. 5 

(Cahagnier et al., 1964) with rapesee d s airtight stored at 11,8 and 

14,2 p.100 initi a l moisture content during one year. After the f i rs t 

six months the fat acidity value remains unchanged in both sample s, 

but after 10 or 11 months the acidification is rapidly increasing in 

the wet seeds whereas it is still slight in the seeds at 11 p. I OO ~1. C. 

Fi g . 5. Influence of mo i st u r e conte nt on the fa t ac idity o f r a pe s e ed s 
airtight stored. 
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As a consequence, it can be emphasized that the relationship bet­

ween the acidification rate and moisture content is not linear. These 

data are in accordance with others (Jouin et al., 1963-1965) obtained 

on rapeseeds airtight stored at moisture contents between 6,5 p.100 

and 2 5 p. 1 0 0, wit hal 0 wit'; t i a 1 acidity (0, 5 - 1) . Provided that 

the moisture content remains below 15 p.100, there is only a very 

slight increase of the fat acidity during the ~'rst months of storage 

since the initial value is increasing approximatively twofold after 

six months. 

2.2. I nf l uence of temperat ur e on ac id ification 

With regard to the in f l uence of temperature on fatly acids 1 ibera­

tion in oil-seeds during storage, it can be said that the rate of aci­

dification is greater at higher temperature, but the fat acidity evo­

lution is always slower in airtight conditions th& in open storage . 

.lIn example is given in the fig. 6 (Poisson et al., 1972) whi.ch shOl'l 
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Fi~. 6. Sunflower ke rn el s . Evolu ti o n of fat acidity 
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the evolution ob served wit h sunflower at 6,2 p . 100 moisture co ntent : 

during open storage, t he acid number reach the limit val ue of 3 wi thi n 

about two mont hs, whereas this val ue is not reached under airt i ght 

conditions after ten month s . 

3. Organoleptic qu a 1it ies of a irt ig ht stored seeds 

If airtight storage of oil-seeds i s ensuring a satisfacto ry pre s e r­

vation against mouldin g and fat acidification during si g nifica nt1y 

longer periods of time than storage under aerated cond itions, it mus t 

be pointed out that at critical high moisture content a nd t emp e r atur e, 

the seeds undergo a lot of modifications and especi a 1ly the forma ti on 

of off-odors, and over-pressure i n the conta i ne rs . Such modificatio ns 

ma y be due to some microbial fermentations but al so to de viated met a ­

bolisms of the seed itself. 

Fortunately off-odor s in the sto red se ed s seem to have no re pe rcu s­

sion on oil quality, but it may not be the sa me for or oduc ts like 

oil-cakes which are used in animal feed ing. 

In each case of of f-odors formation it has been observed that t he 

organoleptic modifications occur a long time before the beg i nni ng of 

fat acidity increase; so off-odors detection could be a criterion 

~uch more sensitive than acidifi cation for stor ag e da ma Qe s in airt ig ht 

conditions of the seeds. 

4. Preservation diagr ams 

Taking into accou nt the most widely used criteria for seed d3ma ge 

assessing, i.e. microorgani sm s en umeration, fat acidity an d ge r rn i nat 'v e 

capacity for storage in air and fat acidity and off-odors f o rmat i o n fo r 

airtight storage, it has been possible to draw up comp a rati ve diagramm s 

for rapeseed and sunfl ow er seed preservation ( ~ asson, 19 6 9) . Th is is 

shown in fig. 7 on which th e upper curves re pre sent the limits for 

airtight stored seeds and t he lowers corres~ond to o pe n sto r age . 

Sunflower seeds, for instan ce , can be secure:y store d i n ai r t igh t 

conditions at 10 p. l0 0 mo is t ure con te nt duri ng mor e t ha n six mon t hs 

whereas in open stora ge they wil l be damaged wit hin l ess than s i x 

weeks. 
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Fig . 7. Pr eservatio n d iag r amm for s unf l ower and rape se ed 
(fat acidity value be l ow 1 ,5). 

CONCLUSION 

As previou s ly indicated, whatever the moisture content of seeds 

could be, the period of preservation is always longer under a i r ­

tight condition than in open storage. The higher the moisture content 

is, the smaller is the difference but for rapeseeds as well as for 

sunflower seeds with moisture content from 7-8 to 13- 15 p.lOO M.C., 

airtight storage is of real practical interest espec ial ly if the 

seeds are split or broken. 

With high moisture seeds, ai rtight sto r ag e leads to off-odors for­

mation due to microbial fermentations. Su ch or gan o l e p t ic modi ficat i ons 

might be objectionable for oi l -cakes used in animal feeding a nd fur­

ther investlg1tions are needed in this direction. 
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