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Abstract  

The present investigation is the first definitive 
study of the fate of the aflatoxins in vegetable 
oils undergoing processing. Crude oils, obtained 
by solvent extraction or by hydraulic pressing 
of ground moldy peanuts (not suitable for hu- 
man consumption), contained only small frac- 
tions of the aflatoxin originally present in the 
peanuts;  the meals retained the bulk of the 
aflatoxin. Conventional alkali refining and wash- 
ing of the oils reduced aflatoxin content to a 
range of 10 to 14 ppb. The subsequent bleach- 
ing operation essentially eliminated aflatoxin 
from the oils; the concentrations were now less 
than I ppb. The above results were Confirmed 
using corn oils obtained from corn germ delib- 
erately contaminated in the laboratory with 
Aspergill~s flavus. The nonfiuorescing forms of 
aflatoxins, capable of being produced dur ing the 
alkali refining operations, are also absent from 
the refined vegetable oils; these aflatoxin deri- 
vatives are readily converted to their  original 
form on acidification and thereby measurable by 
fluorescence, if present. 

Introduct ion  

S INCE THE DISCOVERY and isolation of aflatoxin by 
investigators at the British Tropical Products  

Inst i tute in 1961, the subject of myeotoxins in foods 
and feeds has experienced a renewal of scientific in- 
vestigation. Aflatoxin--as  the name suggests--was 
found in these earlier studies (1) to be the toxic 
metabolite of a fungus identified as Aspergillus flavus 
Link ex Fr ies ;  the toxin was isolated from a sample 
of peanut  meal that had been derived from moldy 
peanuts. 

Aflatoxin is actually a complex (2), consisting of 
four compounds identified as B1, Be, G1 and G2. 
Under ultraviolet light the B compounds yield a blue 
fluorescence, while the G compounds exhibit a green 
fluorescence; this p roper ty  of fluorescence has become 
the basis for the physicoehemical method for quan- 
t i tat ively measuring the aflatoxins. 

The B~ and G2 compounds are reduced products of 
the p r imary  B1 and G1 compounds (3) and this slight 
change in chemical structures noticeably lowers the 
toxicity of the respective parent  compounds (4). 
Most investigators are in agreement with Coomes et 
al. (5) in concluding that  measurement of the B1 
compound (the principal  and most toxic component) 
is normally adequate to define the magnitude of tox- 
icity of a given sample with respect to total aflatoxin 
toxicity. All the aflatoxin compounds are relatively 
stable to heat and thus are resistant to destruction 
in the heat processing of foods (6). 

Since fungi are common contaminants of practic- 
ally every agricultural  commodity, grains will become 
moldy under  favorable conditions of temperature  and 
humidi ty  exposure. A var ie ty  of agricultural  com- 
modities, such as barley, rice, wheat, corn, oats, soy- 
beans, cottonseed, peanuts, rye and buckwheat, have 

1 Presented in par t  at the AOCS Meeting, Los Angeles, April 1966. 
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been shown to be capable of support ing the growth of 
Aspergillus flavus in varying degrees with resultant  
aflatoxin production (7,8). However, since aflatoxin 
was initially isolated from peanut  meal, the bulk of 
the early work was based upon moldy peanuts (9-15).  

In  these published and oral reports, just  cited in 
the preceding paragraph,  statements have appeared 
to the effect that peanut  oil which is derived from 
contaminated products should be essentially free of 
aflatoxin and that  alkali refining should render  such 
oil free of trace amounts of aflatoxin. However, all 
these reports (9-15) fail to give any laboratory or 
factual evidence to support  the statement that  refin- 
ing eliminates aflatoxin from the oils derived from 
contaminated raw materials. Also, it must be em- 
phasized that,  since these earlier statements were 
made, the sensitivity of the analytical test has in- 
creased by a factor of at ]east 35 times. Thus, the 
sensitivity of the earlier methods for aflatoxin was 
0.1 ppm (16) ; aflatoxin (when present) can be mea- 
sured today in routine work in amount  as little as 
3 ppb, or 3 ~g/kg. I t  has become necessary during 
the last few years to increase the sensitivity of the 
analytical procedure as new information revealed the 
high toxicity of the aflatoxins. Hence, what was re- 
garded as a negligible or nonmeasurable amount  in 
the period of 1961-63 may not be so regarded today. 

I t  is apparent  from the facts presented above, that  
there has been a need for an objective and definitive 
investigation of the fate of aflatoxin in the refining 
of vegetable oils for  human consumption; the 
present repor t  summarizes the results of such an 
investigation. 

Materials  and Methods  
Source of Crude Peanut Oil 

Since the aflatoxin content of peanuts used for 
human consumption in the United States ranges 
from zero to insignificant amounts, a special peanut  
sample was utilized to provide the test oil~ for in- 
vestigation. The sample was obtained in the course 
of experimental  work conducted on various methods 
of peanut  harvesting. Three peanut  types, compris- 
ing 49% oil stock peanuts, 3% damaged rejects and 
48% immature (pee wee) peanuts, were composited 
to form the start ing sample. Approximately  8 kg 
of the composited sample were thoroughly milled, 
blended, and an aliquot of the blended sample tested 
for aflatoxin. This was found to contain 5.5 ppm 
of aflatoxin B~, a very  high level of contamination. 
Hereafter ,  reference will be made to aflatoxin con- 
centration in parts  per billion, in keeping with the 
prefer red  method for expressing the concentration 
of aflatoxin. 

Source of Crude Corn Oils 
Since it was not possible to obtain natura l ly  con- 

taminated corn or corn germ having a significant 
or measurable level of aflatoxin, a sample of corn 
germ containing 35% residual moisture was inocu- 
lated with spores of a toxin producing strian of 
Aspergillus flavus. After  an incubation period of 6 
days at 30C, the germ was dried and one portion 
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50 Grams Oil Sample 
4, 

Transfer to 125 ml Separatory Funnel 
$ 

Add 50 ml 55:45 Methanol/Water and Shake 
Thoroughly for 1.5 rain; Repeat 3 Times 

$ 
Combine Aqueous Methanol Extracts and Extract with 

200 ml Hexane in a 500 ml Separato.ry Funnel 
to Remove Trace Oil Contaminants; 

Repeat Hexane Extraction 
$ 

Evaporate Aqueous Methanol Solution to about 
50 ml Volume 

$ 
Transfer Aqueous Methanol to Liquid/Liquid 

Extractor with Aid of CHCI3 
$ 

Extract with 200 ml CHCI3 for 3 Hours 
$ 

Evaporate CHCh, Dissolve Residue in 500 #1 Volume 
of CI-ICIz, Spot on TLC Plate, etc. as per 

Standard F.D.A, Method 

Flc~, ]. Pbysiocochemlcal  method for  aflatoxin ana lys i s  of 
oil. 

extracted with hexane and another portion extracted 
with chloroform to provide two samples of crude corn 
oil. Pertinent to this study was the selection of 
solvents for removal of the oil, since aflatoxin is 
regarded to be practically insoluble in hexane and 
soluble in chloroform. 

Analy t ica l  Methods for Assay  of Af latoxins  

The method applied to the starting raw materials 
was the fluorometric procedure that had been devel- 
oped in collaborative studies involving both industry 
and the U.S. Food and Drug Administration (17). 
However, oils required special handling, as summa- 
rized in Figure 1. 

The method involves selective extraction of the 
aflatoxin by a methanol-water solution. Emulsions 
may form during this extraction, but such interfer- 
ence can be eliminated by adding a small amount 
(viz. 0.3 g) of sodium chloride to the aqueous meth- 
anol solution. The aflatoxin, free of interfering sub- 
stances, is transferred to chloroform soIvent and 
spotted on a silica-gel thin-layer chromatographic 
plate, as outlined in the standardized method (17). 
Recovery tests, involving the analyses of vegetable 
oils deliberately contaminated with aflatoxin to the 
level of 100 ppb of the B1 component, gave satis- 
factory results; 90% of the added afiatoxin was re- 
coverable utilizing the test method developed for this 
study. As little as 1 ppb of aflatoxin B1 in a test 
oil can be detected by this method; the size of the 
test sample is 5 times that called for in the Standard 
F.D.A. Method. 

Some emulsion problems were encountered in the 
analyses of some crude oils, viz. the crude corn oils 
of very high free fatty acid content (the high values 
were undoubtedly due to lipolysis during mold prop- 
agation and metabolism). These emulsion problems 
were solved by adding hexane to the methanol/water 
solution in amount equal to the water present, using 
three times as much methanol/water solution (450 
ml) now as a one-time solvent for the aflatoxiu in 
place of the three extractions previously employed 
(see Fig. 1). Here also, the sodium chloride addition 
to the methanol/water solution reduced emulsion 
problems. 

In the analyses of aflatoxin B1 in pure solutions 
made alkaline or acid, the methanol/water solution 

Composite Raw Peanut Sample 
(41.4% oil, 9.0% moisture; Aflatoxin B~ 5,500 ppb, 

whole peanut basis) 
I 

Qil Removed 
By Hexane Extraction 

I 

Meal, after Solvent Oil, after Solvent Removal 
Remora{ (Aflato.xin 120 ppb, 

(0.9% Oil; oil basis) 
Aflatoxin I 1,000 ppb, 4, 

meal basis) Oil, after Refining 
and Washing 

(Aflatoxin 10 ppb, 
oil basis) 

4, 
Oil, after Bleaching with 

AOCS Official 
Bleaching Earth 

(Aflatoxin less than I ppb, 
oil basis) 

~IG. 2. S u m m a r y  of results  on ex t rac ted  peanu t  oil. 

was adjusted with added water to change the ratio 
from 55 :~5 to 55:165. These test solutions were each 
extracted twice in a separatory funnel with an equal 
volume of CHC13. The CHCI~ solution was then 
evaporated to 500 ~1 and spotted on the thin-layer 
chromatographic plates. 

Experimentation 
Results  wi th  Peanut  Oils 

Approximately 2 kg of the ground peanut samples 
were defatted by means of solvent extraction with 
hexane (Skellysolve B). The hexane extraction pro- 
duced a crude oil containing 120 ppb of aflatoxin 
(see Fig. 2). Most of the aflatoxin remained in the 
extracted meal and refining and bleaching eliminated 
all measurable traces of aflatoxin from the separated 
oil. 

Figure 3 presents the results obtained with the 
oil following hydraulic (Carver) pressing of 3.5 kg 
of the same ground peanut sample. The crude oil in 
this case was found to be much higher in aflatoxin con- 
tent than that obtained following the solvent extrac- 
tion. The meal again contained the bulk of the aria- 
toxin. Undoubtedly, the high value of 812 ppb, found 
in this crude oil, was due to occlusion as some solids 
carried over into the oil by the pressing method. 

Composite Raw Peanut Sample 
(41.4% oil, 9.0% moisture; Aflatoxin B1 5,500 ppb, 

whole peanut basis) 
$ 

Oil Removed 
By Hydraulic Pressing 

I 

Meal Oil 
(18.1% O,il; (Aflatoxin 812 ppb, 

Aflatoxin 7,000 ppb, oil basis) 
meal basis) $ 

Oil, after Refining 
and Washing 

(Aflatoxin 14 ppb, 
oil basis) 

4, 
Oil, after Bleaching with 

AOCS Official 
Bleaching Earth 

(Aflatoxin less than 1 ppb, 
oil basis) 

~G.  3. S u m m a r y  of resul ts  on pressed peanu t  oil. 
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TABLE I 

Summary of Refining and Bleaching of Crude Peanut Oils 

0il  from Oil from 
Processing of oil solvent hydraulic  

extraction press ing 

P A R K E R  A N D  M E L N I C K :  A F L A T O X I N  I N  V E G E T A B L E  O I L S  

l~efining 
Quanti ty of oil refined, g 500 500 
Free fat ty acids in oil, % 4.0 4.8 
N a 0 H  required for neutralization, g 2.84 3.05 
N a O H  added in excess, g 0.75 0.75 
Total NaOt t  added, g 3.59 3.80 
16 ~ Baume '  caustic used, g 32.45 34.40 
Oil recovered, g 434.9 450.9 
Refining loss, % 13.0 9.9 

Water  washing (two times) 
Quanti ty of oil washed, 820 320 
Water  used, g 32 32 

Bleaching 
Quanti ty of oil bleached, g 60 60 
Oil temperature, ~ 90 90 
Bleaching earth, g 1.8 1.8 
Bleaching time, rain. 5 5 

Here  again, refining and bleaching eliminated all 
measurable traces of aflatoxin f rom the peanut  oil. 

The details of the overall processing steps in re- 
fining the oils are shown in Table I. The crude oils 
obtained by the two different methods f rom the 
ground peanut  sample were refined using the middle 
cup procedure, essentially as outlined in the AOCS 
s tandard  refining method;  the amount  of excess 
N a O H  used in our test more closely duplicated p lan t  
practice and was equivalent to 0.15% based on the 
weight of the oil. Af te r  the oil had been refined and 
water  washed, it was bleached as shown in Table I. 

R esu l t s  w i t h  C o r n  O i l s  

Figure  4 presents a summary  of the processing 
of the corn germ to provide refined corn oils. Fol- 
lowing the hexane extraction, the crude oil was found 
to contain only 8 ppb of aflatoxin B1, while the oil 
recovered f rom the chloroform extract  had 135 ppb  
of the B1 component  present. The spent corn germs 
retained the bulk of the aflatoxin. Both of the oils 
were refined according to conventional refining pro- 
cedures simulating plant  practices and then bleached 
with an acid ear th ("Special  Fi l t rol ,"  the Fi l t rol  
Corporation, Los Angeles, Calif.) .  Af te r  such pro- 
cessmg, both oil samples were analyzed and found 
to contain less than  1 ppb of aflatoxin B1. 

Data  on the refining of the oils are given in Table 
I I .  

Re' Obscure F o r m s  o f  A f l a t o x i n  

Even though fluorescence under  ul traviolet  l ight is 
the basis of all physicochemical tests for measur ing 
aflatoxin content, some investigators might  challenge 
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TABLE I I  

Summary  of Refining and Bleaching of Crude Corn Oils 

Oil from Oil from 
Processing of oil hexane CHC18 

extraction extraction 

Refining 
Quanti ty  of oil refined, g 500 500 
Free fat ty acids in oil, % 15.3 15.6 
N a O t t  required for neutralization, g 10.90 11.15 
N a O H  added in excess, g 1.5 1.5 
Total NaOt t  added, g 12.40 12.65 
16 ~ Baume '  caustic used, g 112.0 114.0 
0il recovered, g 300 312 
Refining loss, % 40.0 37.6 

"Water washing (two times) 
Quanti ty  of oil washed, g 200 200 
Water  used, g 20 20 

Bleaching a 
Quanti ty of oil bleached, g 100 100 
Oil temperature,  ~ 82 82 
Bleaching earth, g 0.6 0.6 
Bleaching time, min. 30 30 

a Note: Refiined and washed oils were heated to 71 C and treated with 
1% of a diatomaceous silica (" t tyf lo Super-Cel," Johns-Manville Sales 
Corporation, New York, N.Y.) to remove trace turbidi ty before bleaching. 

the conclusion that  afiatoxin is eliminated as fluores- 
cence decreases. Mild alkaline t rea tments  at  room 
tempera ture  have been shown to decrease the fluores- 
cence of aflatoxin B1 but  without a concomitant de- 
crease in toxicity in the duckling tests (18). F igure  
5 shows that  the lactone ring s t ructure  of aflatoxin 
B1, essential for  fluorescence under  ultraviolet  light, 
is hydrolyzed in the presence of sodium hydroxide in 
aqueous solution (19). The sodium salt produced f rom 
this reaction is nonfluorescent. However,  the original 
molecule and fluorescence is restored, as will be shown 
hereinafter ,  by t rea t ing  the sodium salt with acid. 
Hence, it could  be argued that  the fluorescent free 
oils, following the tests for  aflatoxin content in the 
present  study, may  have still contained the toxic 
sodium derivative. Even though there is little likeli- 
hood of such a water-soluble derivat ive being re- 
tained in the oil following the alkali refining and 
subsequent aqueous washing steps, this possibility was 
investigated. 

F igure  6 is a photograph  showing the loss of fluo- 
rescence on t reat ing an aqueous methanol  solution 
of 800 ppb of aflatoxin B1 with sodium hydroxide 
in aqueous solution and the restorat ion of fluorescence 
following acidification with hydrochloric acid. The 
solution on the left, having the stronger fluorescence, 
was 3 ml of the initial aqueous methanol  solution 
containing 800 ppb  of the B1 component. The beaker 
in the center contained 3 ml  of the aqueous metha- 
nol solution to which had been added 0.3 ml of 1N 
NaOH solution at room tempera tu re ;  this alkali t reat-  
ment  rap id ly  destroyed the fluorescence. The beaker 

$ 
Spent Germ 
(1.4% oil; 

Aflatoxin 750 ppb, 
spent germ basis) 

Corn Germ Inoculated wtih Aspergillus Flavus, Incubated and Dried 
(53.7% oil, 5.0% moisture; Aflatoxin B1 425 ppb, whole germ basis) 

I 
Oil Removed 

I 
I 

Hexane Extraction 
I 

$ 
Oil after Solvent Removal 

(Aflatoxin 8 ppb, oil basis) 

After Refining & Washing 
$ 

Oil after Clarification & Bleaching 
(Aflatoxin less than 1 ppb, 

oil basis) 

I 
Chloroform Extraction 

I 
$ 

Oil after Solvent Removal 
(Aflatoxin 135 ppb, oil basis) 

$ 
After Refining & Washing 

$ 
Oil after Clarification & Bleaching 

(Aflatoxin less than 1 ppb, 
oil basis) 

$ 
Spent Germ 
(0.7% oil; 

Aflatoxin 625 ppb, 
spent germ basis) 

FIG. 4. S u m m a r y  o f  r e s u l t s  on  e x t r a c t e d  c o r n  oil .  
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o o 

HO 

NaOH in 

LA ........... kA 0 0 Aq ueousSoT. 0 O 

Aflatox~n B I Hydrolysls of Sodium Salt of a Substituted 
kactone Ring o Coumarir Acid 

Reforming of 
(fluorescent) ' ~  ~aac~o~e ~f~gg - -  (non fluorescent) 

Above reaction mechanisms suggested from report by Coomes and associates, Nature, 209, 407 (1966), 

FIG. 5. C h a n g e s  in  t h e  s t r u c t u r a l  f o r m u l a  o f  a f l a t o x i n  B~ 
on a l k a l i n i z a t i o n  a n d  a c i d i f i c a t i o n .  

on the r ight  contained the same solution as the one 
in the center, but  now acidified at room tempera ture  
by the addition of 0.4 ml of 1N HC1 solution. About  
one-third of the original fluorescence was restored 
with correction made for the dilution factor. 

Following quant i ta t ive thin-layer chromatographic  
tests on these par t icu lar  samples, it was found that  
the B1 component in all samples had been altered. 
Ins tead of the pure  aflatoxin B1 appear ing  on the 
plate, three derivatives were found in test ing the 
solutions which exhibited fluorescence. Fu r the r  ex- 
per imentat ion demonstrated that  the changes in the 
B1 component were due to the prolonged exposures 
of the solutions to ul traviolet  light in obtaining a 
number  of photographic  records. 

This s tudy was repeated, but  this t ime the test 
solutions were never exposed to ul traviolet  light unti l  
actual  measurements  were made on the final thin- 
layer chromatographic  plates. The aqueous methanol 
sample, which received only the N a O H  t rea tment  at 
room temperature ,  yielded no recoverable aflatoxin; 
while the sample receiving the alkali t reatment ,  fol- 
lowed by the acidification with HC1, yielded the orig- 
inal aflatoxin in 94% yield. The observed Rr factor, 

FIG. 6. C h a n g e s  in  f l u o r e s c e n c e  u n d e r  u l t r a v i o l e t  l i g h t  o f  
a f l a t o x i n  B1 on a l k a l i n i z a t i o n  a n d  s u b s e q u e n t  a c i d i f i c a t i o n ;  
b e a k e r  on  t h e  l e f t  c o n t a i n s  t h e  o r i g i n a l  a f l a t o x i n  in  a q u e o u s  
m e t h a n o l  so lu t i on ,  t h e  one  in  t h e  c e n t e r  is n o w  a l k a l i n e ,  
a n d  t h e  one  on  t h e  r i g h t  h a s  b e e n  b r o u g h t  f r o m  t h e  a l k a l i n e  
to  a n  a c i d  r e a c t i o n .  

single spott ing and qual i ty  of fluorescence all indi- 
cated no difference between the recovered aflatoxin 
and the control, which had not gone through the p H  
changes. The ease with which the aflatoxin was con- 
verted to the sodium salt derivative and back again 
to the original aflatoxin following acidification, with 
acid of the type and amount  found in the normal 
stomach, supports  Feuel l ' s  observation that  a non- 
fluorescent form of aflatoxin obtained by  mild alka- 
line t rea tment  may  still be toxic. 

With  the above as background, tests were conducted 
to determine whether any  obscured nonfluorescent 
forms of aflatoxin remained in the test oils af ter  
alkali refining. Crude peanut  oil, containing 800 ppb 
of aflatoxin B1 (see Fig. 3 and Table I ) ,  was refined, 
water-washed and bleached in order to investigate 
this possibility. Acidification of the refined and 
washed oil and acidification following the bleaching 
step by the addition of HC1 in aqueous solution to 
aliquots of these test systems af ter  each stage of 
processing resulted in no increase in fluorescence over 
what had been found previously. Hence, it can be 
concluded that  no measurable amount  of aflatoxin in 
either its fluorescent or nonfluorescent forms remains 
in refined vegetable oils. 
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