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ABSTRACT

Pergentage oil or other digthyl ether soluble ma-
teglal was determined in lyogphlhzed ground whole
seeds and. in; buffer {sodium phosphate; pH 7.9, 1 -
0.p1) soluble and insoluble éxtracts of high quality
“Hlorunner’...peanuts, (Arachia hypogaea L.) not
mpculated or inoculated w1th Aspergillus parasiticus,
Aspergdlus oryzae, Rhizopus) oligosporus, or Neuro-
spiora sitophile and held for \éanous time intervals to
18 days. During the test perlod percentage ether
ex’.tractable materjal fncrease in buffer soluble frac-
tion§ - of peanuts.- infected iwith these fungi and
decreastd in indoluble preparations. The trends of
these quantitative changes at various test intert4ls
were similar for seeds infected with A. parasztzcus and
&»ol;gpﬁpoms( Likewise, percentages Were, qar“ﬁ@;
seeds infected with N. sitophila and A. oryzaea ¥ he
percentage ether soluble material in whole seeds in-
fected w1th these fung1 either decreased shghtly or

* ¢ 'test periods. Data Yfgest
: s ‘developed to Sparate oil éh&‘bx‘é%é&&&
fractions from “High q Aty “peantifs using* éq\tééﬁé
extraction processes may 1ot be sifitable fot sotatitis
these components from molded or partially decom-
posed seeds.
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protein from high quality peanuts using aqueous, milling
processes cin be apphed to separate the same cofaponents
from peanuts and meals infected, with various. fungl
Studies on molecular changes occurring in fermentmg
soybeans: an¢ peanuts have shown that fungi acgzvely hy-
drolyze lipids to ‘free fatty acids (FFA) (15- 20) Also,
studies to_determine the influence of various env1ronmenta1
conditions on the' development of Aspergillus flavus on
inoculated peanuts:showed that hydrolysis of oil to FFA
closely paralleled” g‘rowth sporulation, and ‘aflatoxin
production by the ﬁmgus (21-23). Moreover, proteins solu-
ble in aqueous extracts of peanuts 1noculated with A4.
parasiticus or- A fw;yzzze were de,graded to. small polypep-
”’u,des, freb athino ' acids,’ and/or fnsoluble components
C 11-14), Therefore, it would be desirable to gain informa-
tionspertaining 4o, changes in, peanut, ©il and protein at the
miolecilarnlevel prior to as*sesgmga&hg(need for. PrOCEss. M odix
fications’ forTitheirsibxtractionlon ansindustriali scale < This
paper reports data on changes in the relative percentage
istribution of oil or other.ether extractable material in
buffer soluble. an& insohible" extracts of peanut seeds in-
fected with various fungi.

MATERIALS AND METHODS

Aspergillus parasiticus NRRL A-16,462, Aspergillus
oryzae NRRL 1988; Neurospora sitophila NRRL 2884, and
Rhizopus olzgosporus NRRL:2710 were grown on potato
qlextrose ‘agar § slanfs at 24 G for 10-days.-Conidia (or spores)
were: removed from each Culture surface by gently waghmg
with “0:005% Span 20 in sterile water. Testafree
“Florunner” peanizts were ‘then submcrged in the. comdla
suspensxon for 1 inin, -drained, and’ placed in petri d1§hes
Inoculated and unmoculatad peanuts were mcubated" ina
high humidity chamber at 29 C for ‘Zarwus times ranging to
18 days. Two m&epehdent trials were performed forieach
test fungus (experiments 1 and 2). In experiments with 4.
parasiticus and A. oryzae,: “duplicate sets of three inoculated
and three control eeds wete collected at days 2,4, 7, 9;. 11,
and 18, Mycelia ahd comdla, if- presant were removed from
the seed surface at each time interval and saved for further
andlysis, Peanuts mfected with N. sifophila and’R. oligo-
sporus were similarly collected"at days 2, 4, and 7. Uninoc-
ulated and inoculated  whol ds and mycelia/conidia or
mycelia/spore. mix 9.
sodmm phmsphata buffer

séparated gt e 'po :

a fat pad (top layer), a buffer soluble extract?(aqueous
middle layer) and a pellet of insolyble material. The solu-
ble ‘x"c‘raéi‘;%1 wa ‘c’érefu‘lly poured from the cenmfuge el

e b
and ‘indeulated sebds were” lyophihzeﬂ” Portions or driéd



JOURNAL OF THE AMERICAN OIL CHEMISTS’ SOCIETY

VOL. 53

552
0 - -y -
* Uninoculated seeds
Avesaged Experiments 1 and 2 Aspergillus parasiticus
inoculated seeds
ha 41 J -
Ll o . e 2 . ¢ Experiment |
e h oy
M ; ¢ Experiment 2 s A. parasiticus
g fN Averaged Experiments 1and 2
= 4 N
= |- = . —— 4 -
2 58 ; >
= ¥ *
® o ! \
= i *
: /\\/\/‘ " ; . *\
=
£ "O\\ N ! s -~ “\
= - - ! \ H - - P 5 .. E
k] 40 -4 ‘I \‘.’f_‘. o /,,/ . - \»‘,/\‘
g NE RV v \
o . AR \
E e e |nsoluble fraction 11 e o < W
2 ! ” N ) N,
] RN A
2 /
S 36 e——e Ground seeds 4 '/' ! “6, 4+  $—2 Ground seeds T ‘\\ 1
H ! ,' \\
= . ¢! \
» o ——-- Soluble fraction i AN
= ‘ é . ‘s
- t
= " ‘ A .
o 20 4 ! ¢ § insolble fraction -+ w4 Soluble fraction
i
1y
¢ &3 Soluble fraction »w lnsoluble fraction
i
~ 4
10 /' ‘\ - ,'" -4 = -
s S 5
7 \.___ 13
4 - 5
-y 3 »
a IIII‘I'III‘III‘II‘L TP Load 1 i | WP P 1 i 1.1 L Lol Lol o bal i Loand P 1 P P LnLgAf
[} 4 8 2 W 0 [) 8 12 16 [] [] [ 12 % [} 4 8 12 16

Days after inocufation

FIG. 1. Percentage diethyl ether soluble material in lyophilized ground seeds and buffer soluble and insoluble extracts of peanut seeds and
fungal growth (mycelia/conidia). Seeds were not inoculated or inoculated with Aspergillus parasiticus for various time intervals to day 18.

Fungal material used in these analyses was collected from the surface of infected seeds.

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,

RESULTS

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 controf 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-
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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/conidia). Seeds were not inoculated or
inoculated with Aspergillus oryzae for various time intervals to day
18. Fungal material used in these analyses was collected from the

surface of infected seeds.

samples ranging from 0.1 to 1.0 g were ground in 20 ml of
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

The percentage lipid in buffer insoluble fractions of
uninoculated peanuts ranged between 55.0 and 61.0% dur-
ing the test period (Figs. 1-3). 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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tribution of ether 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. parasiticus mycelia/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 study (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 4.
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.

DISCUSSION

Increases in levels of lipid in aqueous soluble extracts of
infected peanuts undoubtedly resulted from lipolytic ac-
tivity of the test fungi. The same strains of 4. oryzae, R.
oligosporus, and N. sitophila have been shown to hydrolyze
peanut lipids to yield 16.3, 31.5, and 9.4% FFA, respec-
tively, within a 4 day test period (20). Increases in FFA 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 oil after extended
infection periods. The peanuts were not examined until
after 2 weeks of infection. Others have studied Rhizopus
solubilization of soybean oil (18) and lipase production 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. It is assumed that much of the oil that is being
hydrolyzed (21-23) is partitioning into aqueous extracts of
infected peanuts. Based on previous studies, only a small
portion of the lipid designated as ether extractable material
in this study is probably nonlipid (20).

Techniques for the large scale extraction and concentra-
tion of protein from peanuts for food have, for the most
part, been developed using high guality seeds. Data pre-
sented from the present study using infected peanuts, in
addition to information 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 Rhizopus 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 extraction procedures may require modification if
suitable protein extraction is to be achieved. It is possible
that extensive partitioning 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 extraction pro-
cedures for both infected and high quality peanuts.

In light of the shift in lipid distribution in peanut
extracts as a result of infection, consideration might also be
given {0 extraction characteristics of aflatoxins and other
mycotoxins naturally occurring in infected peanuts. As a
result of numerous degradation processes which occur as
aflatoxigenic aspergilli invade peanuts, distribution of
mycotoxins in various fractions may be quite different
from that reported from studies involving external addition
of known guantities of these toxins to high quality peanuts
and meals prior to extraction (10).
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