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ABSTRACT 

Perpentage oil or other di~thyl ether soluble ma- 
terial was determined in lydphilized ground whole 
seeds a~l~,:~rt;buffer _(~odium.~phosphate; pH 7.9, I - 
0.pl) soluble and insoluble ~xtracts of high quality 
"Floru~ner" peanuts (Arachia hypogaea L.) not 
inoculated or inoculated witl~ Aspergillus parasiticus, 
A~pergilIus oryzae, Rhizopus! oligosporus, or Neuro- 
spbra sitophila and held for ,~arious time intervals to 
1~ days, During the test p~riod, percentage ether 
e~tractable material fncrease¢ in buffer soluble frac- 
tiOn~ o f  ,,,peanuts infected Jwitt~ these fungi and 
decreased in insoluble pr~eparatibns. The trend~ of 
these quantitative changes at various test inte~lil~ 
~ere.similar for see.ds infected with A. par~igc~s .a~d 

seeds infected with N. sitophila and A. oryzae~,:,T, l!o 
percentage ether soluble material in whole seeds in- 
fected with th~ese fungi.either decreased slightly or 
dig not chang6 durmgtl~ete~ pen-ods. Dala ~ t / ~  s 
fl~tFtech~i~iies 'deqetoIS~'d ' tO -~Op~irate-o11-hh~t~0i}Ot 'i 

extraction processes may fiO~g~ sdftable;fOt~N01~fiiig 
these components from molded or partially decom- 
posed seeds. 

INTRODUCT.ION 

b everaI );eseat-c~s'Ilave, conducted studies or, methods 
for remov~d?or det'oxtffcatton"0~ m~(cotoxmsati odseeds' and 

and ev~l.u~, e procedures,for the extraction and sep~r~ti6n 
o~ pt~o, tems and otis from l~eanuts ~/htch are o therwrs co - 
st~ete~ ,tne~ t{5)e due tO ttie poe~e, nee of:aflatox~g ~al;d o - 
afiato~agen :c  aspgrNltx '( 'I1,I4) ' Such proce~m'es" 'would 
t~eally yAe tI N ~  qu~flity; tooOi-gtade p, rot~m-~;:~'ree" f, rom 
c qn~tffuent ~ wh'i~t{ ma~ ge pp, entially harmfut  ~o ~2r~'an 
~ i ~ h .  'Co) eet'ri ha~"~e~e~0r~ e~e~gedas'to ~h'e'ther'neWt7 
R~opose~ a s wel)as °s~antlard ~h[nlques ,Wh~e~.,have'~Oeen 
de~zelo~ed..: n ,~armus laboratortes tot ~racnonatm~,on ann 

1 , p l - e s ~ n t  .~dd~ess :: ,. QiJ~gd ,end , ~?od ,Laborator.y,., Se~flaern 
Re#ollal ~" Res~ir6h" (~'~iitei', ARg~' U~DA. P.0:/~3~ 'I 9gg.7~"Ne'~ " 
Orleans .  L A  70179 .  

protein from high; quality peanuts using aqueous: milling 
processes c~n be applied to separate the same components 
from peanuts and 'meals infected~-wjth various fungi. 

Studies on molecular changes occurring in fermenting 
soybeans an~ peanuts .have shown that fungi aciiv.ely:i hy- 
drolyze lipids "to free fatty acids (FFA) (15-~0). //,iso, 
studies,.to d~ermine the influence of various environmental 
conditions on the, development of Asperg~llus flavus on 
inoculated peanuts'showed that hydrolysis of oil to FFA 
closely paralleled ~ g~owth, sporulation, and :aflatoxin 
production by the [~n~us (2I:23). Moreover, proteins solu- 
ble in aqueous extrabts of peanuts inoculated with A. 
parasitieue or.A, ,oryz'~e~ were .~egraded ~to srnal!: .polypep- 
!t~des~/ fre~ arfiino~acids, ~ and/or i~soldbte cornponents 
'~iJ-14). Therefore, it would be desirable to gain informa- 
t io~s~aJpt0~ ~9,:.~h~ang~,~in ~eanfq~,ioil and proteiq at.the 
motectd~dev~l prtor,to:assessmt~he~,~e,ed :for proc~8~, r r l ~  
ft¢~l-iOa~ ~ ft~r~khe~;r~!~-xt t~et,itm~i,~ .~an~industr{al; :seate ~,.~hi~ 
paper reports data on changes in the relative percentage 
.~istribution of oi-1 or other ~e~her extractable material in 
buffer soluble, and insohlble ~ extracts of peanut seed§ in- 
fected with Various fungi. 

MATERIALS AND METHODS 

Aspergillus parasiticus NRRL A-I 6,462, Aspergillus 
Oryzae NRRL 198B~Neurospora sitophila NRRL 2884 i an~ 
Rhizopus oligospo'rus NRRL.2710 ~ere grown on pOtat6 
~extrose 'agar s!an~s at 24 (3. for,'t0 days: Conidia (or ~p0res) 
ffere rem0Wod~?from each' ~Ulture Surface by gentI3) wa~hin~ 
witif"~'O~.O05% Span 20 in sterile water. Testa~fre~ 

' ' " . . . . .  ~ ' o i "~ Florunner peanhts were then submergedm the c n da~ 
guspension for 1 hain, ,drained, and! placed in petri disheS. 
inocuia'ted and uiiinocu!at~d peanuts were '~dhba'ted~in 
high humidity chamber at 29 C for Various times ranging to 
i8 days. Two independent trials were performed for ~each 
test fungus (experiments A and 2). in experiments wi~h A. 
parasiticus and A. ioryza@iduplicate sets of three inoculated 
and three control ~eeds were eollecte~d at daYS,2,-,4, 7, 94.11, 
and 18, Mycella agd comdia, ff present~ were removed ~rom 
the seecl surface at each time interval and saved fo~ further 
analysis. "~eanut~ infectef f~t~ ~ sl}Ophild and~R, oligo - 
sporus were similarly eolleeteff' at days 2, 4, and 7. Uninoc- 
ulated and :i~9,culated wh.ol9 seeds ~nd mycelia/cpnidia or 

sodi~um~, pl~sphate~bn ffe~-'~sing ia~mor~a,r.and ,,pe~. tle ;~rtd 

a fat pad (top layer), a buffer solu~l~ extract: (~q:tieofi§ 
middl~ !ayer)~ and a pellet of insoluble material. The solu- 
iSie~ 8X't~a~t ~t~:~:rettil!y~:l~6~irett frdn{':~h'e 6entrifUge"teb'e~ 
gi~d'~tt{~'~N~lfii~ fat~pid~and}if~ii~t ~ere  e0:mbifi:~} l h e ~  
sdNi)ie'!:,"a~ :f{x~Oiiible f!gcffdOS ~nd'u~Yiaefion~t{~d%~tfbl 
a'nd)ifiO?,fiia~g0%egN ff'dfd;:'l¢OpliN~ekt!.;P~ti0hg~ dffe;a 
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FIG. 1. Percentage diethyl ether soluble material in lyophilized ground seeds and buffer soluble and insoluble extracts of peanut seeds and 
fungal growth (myeelia/conidia). Seeds were not inoculated or inoculated with Aspergi l lus  parasi t icus for various time intervals to day 18. 
Fungal material used in these analyses was collected from the surface of infected seeds. 
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FIG. 2. Percentage diethyl ether soluble material in lyophilized 
ground seeds and buffer soluble and insoluble extracts of seeds and 
fungal growth (mycelia/eonidia). Seeds were not inoculated or 
inoculated with Aspergi l lus  o ry zae  for various time intervals to day 
18. Fungal material used in these analyses was collected from the 
surface of infected seeds. 

samples ranging from O. 1 to 1.0 g were ground in 20 ml o f  
ether and allowed to stand for 18-20 hr in sealed vials. 
Ten-milliliter aliquots of  clarified ether extracts were evapo- 
rated under a vented hood in tared vials, dried at 65 C for 
18-20 hr, weighed, and the percentage ether soluble ma- 
terial in the test fractions was determined. Unpublished 

data from our laboratory indicate that this method of 
quantitation of ether soluble material in peanuts compares 
favorably to the Soxhlet extraction procedure (C.T. Young, 
private communication, 1975). 

R E S U L T S  

Data from all experiments involving the four test fungi 
were subjected to analysis of variance. Since in many cases 
the experiment, treatment,  time, and fraction variables, in 
addition to their first and second order interactions, were 
significant (P<0.05), averaged data from two experiments 
for each of the test organisms are presented in Figures 1-3. 
The percengage of ether soluble material from control seeds 
and fungal mycelia or spores shown in these figures were 
averages of both experiments. The material from inoculated 
seeds soluble in ether was not  specifically characterized and 
thus could contain oil and other lipids. Only small quanti- 
ties of nonlipid materials from fermented peanut meal have 
been shown to partition into ether (20). However, until  
these components are properly identified, the fractions 
from infected seeds will be referred to as ether soluble ma- 
terials. 

The percentage lipid in buffer insoluble fractions of 
uninoculated peanuts ranged between 55.0 and 61.0% dur- 
ing the test period (Figs. I-3). Lipid content  of whole un- 
fractionated ground control peanuts ranged from 44.0 to 
47.0%, while buffer soluble extracts contained between 5.0 
and 12.0% ether extractable material during the 18-day 
trials. In general, percentage ether soluble material in com- 
bined fat pad-pellet preparations of peanuts inoculated with 
the different fungi declined as the test period progressed to 
day 18. Simultaneously, percentages of amber-colored con- 
stituents remaining with the aqueous extract increased 
quantitatively. 

Although similarities were noted in the percentage dis- 
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tr ibution of  e ther  extractable material in buffer soluble and 
insoluble fractions of peanuts infected with the four fungi, 
characteristic differences typified each organism. Of the 
four fungi, A. parasiticus caused the greatest changes in 
percentage ether  soluble material among fractions (Fig. 1). 
Diethyl ether extractable material in the aqueous fraction 
of infected peanuts was 6- to 12-fold greater than that of  
uninoculated peanuts between 4 and 18 days after inocula- 
tion. Simultaneously, levels of lipid in the buffer insoluble 
fraction decreased ca. 30.0%. A decrease in percentage 
lipids was noted in whole seeds infected with A. parasiticus. 
Percentage ether soluble material in the insoluble fraction 
of A. parasitieus myeelia/conidia was low and remained 
relatively constant during the 18-day test period. Levels of  
ether soluble material in the buffer soluble extract  decreased 
by about half during this same time interval. Similar ob- 
servations were made on buffer extracts of  mycelia/conidia 
or spores of  other  test fungi included in this s tudy (Figs. 
1-3). 

Data from experiments using A. oryzae are shown in 
Figure 2. Although percentage ether extractable material in 
the aqueous fractions of infected seeds increased during the 
test period, changes were not  as great as those observed for 
A. parasiticus. Initial decreases in percentage ether soluble 
material in the biffer insoluble fraction were followed by 
increases during the later stages of  the test period. Small 
increases in content  of  ether extractable material were 
noted in infected whole seeds as the test period progressed 
to day 18. 

Figure 3 shows changes in percentage ether soluble ma- 
terial in whole seeds and buffer soluble and insoluble frac- 
tions of peanuts infected with R. oligosporus and N. 
sitophila. Changes in percentage ether extractable material 
in buffer soluble and insoluble fractions of  infected seeds 
were similar to  those noted for the aspergilli, especially A. 
parasiticus; i.e., percentage ether soluble material increased 
in aqueous extracts and decreased in insoluble preparations 
as fungal growth progressed. Although N. sitophila grew 
somewhat slower than the other test fungi, the rates of 
changes in percentage ether extractable material in various 
fractions were comparable. 

D I S C U S S I O N  

Increases in levels of  lipid in aqueous soluble extracts of  
infected peanuts undoubtedly  resulted from l ipolyt ic  ac- 
t ivity of  the  test  fungi. The same strains of  A. oryzae, R. 
oligosporus, and N. sitophila have been shown to hydrolyze 
peanut lipids to  yield 16.3, 31.5, and 9.4% F F A ,  respec- 
tively, within a 4 day test period (20). Increases in F F A  of  
autoclaved peanuts inoculated with aspergilli belonging to  
other taxonomic groups and with Penicillium citrinum after 
2 weeks of infection have been reported (24). These re- 
searchers reported decreases in total  off after extended 
infection periods. The peanuts were not  examined until  
after 2 weeks of  infection. Others have s tudied Rhizopus 
solubilization of  soybean oil ( l  8) and lipase product ion by 
aspergilli on peanuts (25) and coconuts (26). The data 
presented in this paper show that  it  becomes increasingly 
difficult to  prepare aqueous protein extracts containing low 
amounts of  lipid components  as fungal infection progresses 
in peanuts. I t  is assumed that  much of  the oil that  is being 
hydrotyzed (21-23) is part i t ioning into aqueous extracts of  
infected peanuts. Based on previous studies, only a small 
port ion of the lipid designated as ether extractable material 
in this s tudy is probably nonlipid (20). 

Techniques for the large scale extract ion and concentra- 
t ion of  protein from peanuts for food have, for the most 
part,  been developed using high quality seeds. Data pre- 
sented from the present s tudy using infected peanuts,  in 
addit ion to informat ion available on fungal solubilization of  
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FIG. 3. Percentage diethyl ether soluble material in lyophilized 
ground seeds and buffer soluble and insoluble extracts of seeds and 
fungal growth (mycelia/conidia or spores). Seeds were not inocu- 
lated or inoculated with Rhfzopus oligosporus or Neurosporus 
sitophila for various time intervals to day 7. Fungal material used in 
these analyses was collected from the surface of infected seeds. 

oils from other  vegetable materials (24-26), indicate that  
aqueous extract ion procedures may require modif icat ion if  
suitable protein extract ion is to be achieved. I t  is possible 
that  extensive parti t ioning of  lipid components  of  infected 
peanuts into aqueous extracts presently being evaluated for 
fractionating proteins may result in undesirable physico- 
chemical and organoleptic properties in concentrates and 
isolates. We have shown that  new problems may exist for 
the processor who intends to use aqueous extract ion pro- 
cedures for both  infected and high quali ty peanuts. 

In light of the shift  in lipid distr ibution in peanut  
extracts  as a result of  infection, consideration might also be 
given to extract ion characteristics of aflatoxins and other  
mycotoxins  natural ly occurring in infected peanuts. As a 
result of  numerous degradation processes which occur as 
aflatoxigenic aspergilli invade peanuts,  distr ibution of  
mycotoxins in various fractions may be quite different 
from that  reported from studies involving external  addi t ion 
of known quantities of these toxins to high quality peanuts 
and meals prior to  extract ion (10). 

ACKNOWLEDGMENTS 

Linda P. Garrison assisted with the oil analyses, and Leroy Hicks 
photographed the figures for publication. 

REFERENCES 

I. Harris, H., E.Y. Davis, M.S. Van de Mark, K.S. Rymal, and J.J. 
Spadaro, Auburn Univ. Agric. Exp. Stn. Bull. 431 (1972). 

2. Rhee, K.C., C.M. Cater, and K.F. Mattil, J. Food Sci. 37:90 
(19"/2). 

3. Mattil, ILF., Food Prod. Dev. 7(6):40 (1973). 
4. Ayres, J.L., L.L. Branscomb, and G.M. Rogers, JAOCS 51:133 

(19"74). 
5. Cater, C.M., K.C. Rhee, R.D. Hagenmaier, and K.F. Mattil, Ibid. 

51:137 (1974). 
6. Goidblatt, L.A., Ibid. 48:605 (1971). 
7. Mann, G.E., H.E. Gardner, Jr., A.N. Booth, and M.R. 

Gumbmann, L Agric. Food Chem. 19:1155 (1971). 



554 JOURMAI. OF THE AMERICAN OIL CHEMISTS' SOCIETY ¥ O L  .53 

8. Gardner, Jr., H.K., ~.P. Koltun, F.G. Dollear.~ and E.T. Ra~vner, 
JAOCS ~,8: g0:(1971~. 

9. McKinneyr J~D~,' G~C. Cavanagh,~J?T; 'B~ll~;. A.S. Haver~l~ind, 
D~M. Nglgota, J. P6afson, and R.~.~Seelk'trt~, ~ id .  50:79 (1973). 

10. Natarajgn~ .'ILR., K.*. Rhee, C.M, Catei~:ffr~dIK.l~.~'~ti'(l~.~Ibid. 
52:44 ({ 975). 

11. Cherry;iJ.P., L.R. ~Beuchat, anti C.T; Y~oiari~, J~. :Agfic."Food 
~hem. 24:79 (1976)~ 

12. Cherry,~J.P., C.T. Young, and L.R~.Be~uchat, Can. J. Bot. 
53:263~, (1975):. 

13, Cherry,'iJ.P., R!Y. ~ayne,  and W.L. Ory, Phygiol. Plant P~hcfl. 
4:425 (~974). 

14. Cherry, ~.P., ~-L. Or~¢~ an6 R,¥. Mayne. J~ Am. Peanut Resk E~I. 
Assoc. $: 32 (t  9/qg).~ 

15. Wagenk~ec~A'.~.,L.R~: Marriott, L~M. ,L~win, D.B. Hand arid 
K.H. St~inkra~s, J.~ ~pod:~3ei. 26: ~73~ ('i~:6 ~). 

16, Steinkr~us, ,K.H., C~Y~'::Lee, ~n~l li:A~"Bucl~. Food TechnciL 

17. ~a*a:.Vee~. A.G.. D.~.W. Graharr~ and K~H. Steinkraus. Cereal 

S¢i. Today 13:96 (1968). 
|~8. V~/n: Buren, J:P., L.R~ Hackler, and K.H. Steinkraus. Cereal 

CK¢nX 49:208 (1972). 
~9. ~osh!da, H., and  G. Kajimoto, J~ Jpn. Soe: Foo~t Nutr: 25:455 

20~ ~l~u~hat, L;R., and ff.E. Worti~ington, J. Agrlc. Food Chem. 
~ :  so9 (1974). 

~I DJenet~'U.L, and N.D. DaviS~'Trop. S~i. I0.~22 (~'958), 
..220 ~$andcrs, T.H,, N,D. Davis~ and Lr.~. :Dien~r. JAOCS 45:6~3 

(/968). 
23. Lanacrs, K~E,  N.D. Davis. and U.L. Diener', Phytol3athology 

57:1087 (1967), 
2~  War:d~ H.S.,'Jr.,' and U. L~ Die:tter~ ~lbid, 51¢~244:(.~:96~ ). 
2~. ~am~krishnan, C,V., a~d :D:N: :l~a.n6rjg~, J~A~$~'29 ;596 {1952~). 
26, ~oo~,er., R., S.F. Laurentius, and~K.G~ GtmCtilek¢, Ibid. 59:64 

~f973). 

[ Received M~t~¢~14~ 1~751 


