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Abstract 
The effect of feeding aflatoxin, as a natural 

food contaminant, to rats over long periods of 
time was studied using multigeneration and 
longevity tests. The test animals in the multi- 
generation study consisted of three groups of 
rats fed diets containing 0, 1 and 10 ppb of 
aflatoxin (predominantly B1) continued over 
four generations, with animals of the first and 
fourth generation fed the diets for 104 weeks. 
These diets were in proper nutritional ba]ance 
and included 35% ground roasted peanut prod- 
ucts; the ration with 0 ppb aflatoxin excluded 
the peanuts usually discarded; the one with 1 
ppb had the roasted discards returned, while the 
ration with 10 ppb included the discards in 
amount 10 times that which had been initially 
removed. Another longevity study was also per- 
formed in which rats were fed diets containing 
aflatoxin at a level of 80 ppb. In this case, the 
test peanuts, also fed as a simulated peanut 
butter at 35% concentration, consisted entirely 
of roasted peanut discards. Control diets pro- 
vided no peanut components. Animals fed the 
low levels of aflatoxin grew as well and actually 
had a higher percentage survival at 104 weeks 
than did the animals on the control, aflatoxin- 
free diets. Organ weights, liver total lipid and 
cholesterol levels were comparable in all groups. 
Pathological abnormalities, e.g., hemorrhagic and 
opaque spots and mottling in some of the livers, 
were attributed to the aging process since the 
abnormalities appeared in the control as well as 
the experimental groups. In the animals fed the 
aflatoxin at 80 ppb, which has been reported by 
several investigators to produce well-defined 
hepatomas in rats, there was liver involvement 
and some biochemical changes occurred that were 
not noted in the controls. However, no hepatomas 
were observed in these animals even after 21 
months on this diet. The liver lesions, indicative 
of a toxic effect, have not been associated with 
the development of hepatomas. It  is possible that 
some components of the diet used in these ex- 
periments may have protected the animal against 
hcpatoma formation. Our studies indicate that 
there may be a tolerance for aflatoxin as judged 
by results in one species of rats when whole 
ground roasted peanuts provide the natural 
contaminant. 

Introduction 
One of the most potent food toxins to be discovered 

in recent years is the fungal metabolite, aflatoxin, 
produced by the mold Aspergillus flavus. In 1960 
a mysterious Turkey X disease, which decimated a 
large portion of the turkey crop in Great Britain 
(1,2) was found to be associated with the groundnut 

1 Presented in  par t  ~t the AOCS ~eet ing ,  l~ew York, O~ober  1968. 
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meal (peanut meal) of the ration (3);  the cause of 
the disease was soon established to be the presence 
of the toxic compound aflatoxin, with which the meal 
was contaminated (4). The Aspergillus flavus mold 
is one of the most common storage molds. It  is found 
in the soil and in the air throughout the world. Al- 
though not all of the Aspergillus flavus -oryzae 
species produce aflatoxin, many of them do. Some 
species produce afiatoxin B~ which is more toxic than 
the aflatoxin G~ which is usually also formed by these 
same species. Related forms, e.g., aflatoxin B2 and 
G2, can also be produced under certain conditions 
and are less toxic (5). 

Most animal species are susceptible to aflatoxicosis, 
with the duckling particularly sensitive, turkey poults 
and chickens slightly less so, rats slightly more 
resistant, and sheep remarkably resistant to the ef- 
fects of aflatoxin toxicity (6). Sublethal doses of the 
toxin have been shown to be carcinogenic for a 
number of species. It  has been shown that the duck 
(7) guinea pig (8) and, in particular, the rat 
respond to the administration of low levels of afla- 
toxin, either as contaminated peanut meal or as the 
purified aflatoxin B1, by the production of liver 
tumors (10). Various control measures have already 
been applied and more are being proposed to protect 
human food supplies from aflatoxin contamination. 

The problem of aflatoxieosis becomes a public 
health problem when one considers the use of peanut 
meal as protein supplements for undernourished 
populations (11). I t  becomes necessary to determine 
whether there can be low levels of aflatoxin con- 
taminants in food which may possibly be safe for 
human consumption. Since direct experiments on 
man are not feasible, experiments on animals must 
be made which can then be extrapolated to human 
populations. With this idea in mind we undertook 
a long term feeding experiment with rats to deter- 
mine the effects of feeding low levels of aflatoxin 
as a natural food contaminant. 

Experimental Procedures 
The plan of our experiment was as follows: 
Group Ao was given a semipurified diet containing 

35% peanut butter (0 ppb aflatoxin). 
Group A1, as A9 but a simulated peanut butter 

differing in that it contained, as a deliberate con- 
taminant, the roasted peanut discards that are initially 
removed (1 ppb aflatoxin). 

Group Alo, as Ao but a simulated peanut butter 
differing in that it contained, as a deliberate con- 
taminant, 10 times the roasted peanut discards that 
are initially removed (10 ppb aflatoxin). 

Group Aso, semipurified diets containing 35% of 
another simulated peanut butter, this time made 
entirely with peanut discards (80 ppb aflatoxin). 

Group Co, semipurified diet containing no peanut 
components (0 ppb aflatoxin). 

The complete composition of the diets is shown in 
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TABLE I 
Die t s  

Cons t i tuen t  P e r  cent  

G r o u p s  Ao, A:I, A~o, Aso 
P e a n u t  bu t t e r  or  s imula tod  p e a n u t  bu t t e r  a 35.00 
G r o u n d  wholo w h e a t  43.40 
Lac ta lbun ,  in  5 .0585 
S k i m  mi lk  p o w d e r  15.00 
Sod ium chloride 1.00 
Ca lc ium ca rbona te  0,50 
a-Tocopherol  ace ta te  0 .04 
Crys ta le t s  (Vi t .  A & D)  0 .0015  

G r o u p  Co 
G r o u n d  whole  whea t  59.7 
Sod ium chlor ide  1,0 
Sk im mi lk  p o w d e r  23.3 
M a r g a r i n e  oil ( p r e d o m i n a n t l y  l iquid 

soybean oil) b 16.0 

a P e a n u t  d i scards ,  w h e n  inc luded  in the  diet, w e r e  added  at  the  
expense  of p e a n u t  bu t te r .  

b Oen ta ins  4500  U S P  un i t s  of Vit .  A and  650 U S P  un i t s  of 
Vi t .  D pe r  100 g. 

Table I. These were in proper  nutri t ional balance. 
The levels of aflatoxin used were established as a 
result of observing aflatoxin levels in the monthly 
composites of roasted peanut  discards obtained over 
a two year period from several peanut  processing 
plants throughout  the country.  The method of 
analysis was the AOAC Official, F i r s t  Action, Celite 
Method (12). The animals fed the diet containing 
aflatoxin at 80 ppb (predominantly B1 and calculated 
to a B1 equivalent) were given a ration where the 
peanut  component consisted entirely of roasted 
peanut discards. [Their analyses provided the fol- 
lowing values for  the aflatoxin components; B1 equal 
to 165 ppb;  Be, 96 ppb;  G1, 112 ppb;  and G2, 89 ppb. 
There were calculated to a B~ equivalent by multiply- 
ing the respective concentrations by a factor relating 
the recognized (5) seven-day LDso duckling values 
for  B~ to that  for each of the other aflatoxins. 
The respective LDso values used in our cal- 
culations were B1, 18.2 t~g; B2, 84.8 ~g; G1, 39.2 
~g; and G~, 172.5 ~g.] In all cases the simulated 
peanut  butters, developed with controlled degrees 
of contamination for the present investigations, con- 
tained 92.5% of ground roasted peanuts;  these were 
fed at the high level of 35% by weight of the total 
diet. The control diet Co had no peanut  components 
and was one that  had been used successfully for  more 
than 10 years in our laboratories in longevity and 
multigeneration studies with rats. 

Using fair ly  large groups of animals (24 animals 
per group) we conducted multigeneration and 
longevity studies. The multigeneration s tudy (Ex- 
periment A) was done on groups of animals con- 
t inuously fed diets containing 0, I and 10 ppb of 
aflatoxin (predominantly B1 and calculated to a B1 
equivalent) continued over four  generations with 
animals of the first and four th  generations fed the 
diets for  104 weeks. Another  longevity s tudy (Ex- 

periment B)  was performed on groups of animals 
fed diets containing 80 ppb of aflatoxin; these ani- 
mals were killed af ter  12, 18 and 21 months oi1 the 
experimental diet. 

Results and Discussion 

Both male and female rats fed the aflatoxin at 
I and 10 ppb grew as well as the control animals 
on the peanut  product  containing no aflatoxin and 
the control group containing no peanut  components. 
Since nlore than a 75% mortal i ty was reached before 
104 weeks in the four th  generation females fed the 
Co diet, this group was terminated at  89 weeks (Table 
i i ) .  

The longevity and mortal i ty data revealed that  
aniong the rats fed the low levels of aflatoxin both 
males and females had a higher percentage of sur- 
vival at 104 weeks than tile animals on the 0 aflatoxin 
diets, i.e., the Ao or on the non-peanut control diet, Co 
(Table I I I ) .  The survival was better in the peanut  
product-fed groups than in the Co groups, better  in 
the A1 than either the Ao or the Alo groups, and 
slightly better in the four th  than the first genera- 
tions. At  the time that  they were killed, organ 
weights were comparable in all groups. 

Reproduction and lactation data are shown in 
Table IV. The number of successful pregnancies over 
three generations is very  similar in all groups studied 
and there are no significant differences in the num- 
ber of young survivors or in the weight of the 
weanling rat  regardless of the amount  and length of 
exposure to the I and 10 ppb of aflatoxin in the 
diet. 

Liver  weights, liver lipids and liver cholesterol 
values were also similar in most cases (Table V).  
The peanut  product-fed male animals seemed to have 
higher total ]ipids and higher liver cholesterol levels 
in the fourth generation than did the non-peanut 
but ter  controls. However, this could not be at t r ibuted 
to the aflatoxin content of the diet since the Ao 
animals had values similar to the A1 and Alo groups. 
No such differences were observed in the liver values 
of the female of the species. 

Since the liver is evidently the first and p r imary  
organ to show pathological changes resulting from 
aflatoxin toxicity, this report  will be restricted mainly 
to those changes which occurred in the liver. How- 
ever, in addition to the liver, microscopic sections 
were prepared routinely on pi tui tary,  adrenals, 
gonads, thyroid, stomach, kidney, lung, internal  
genitalia and mammary  glands. No tumors were 
present in the livers of the animals in any of the 
groups. There were visible tumors in some animals 
in the pi tui tary,  adrenals and thyroid glands. Since 

TABLE II 
Compar i son  of ~Veight G a i n s  of )/[ale and  Fema lo  R a t s  0on t i nuous ly  F e d  Low 

Levols  of Af la toxin  in  P e a n u t  P r o d u c t s  W i t h  Thoso of Control  A n i m a l s  

W e i g h t  g a i n  

Group  52 weeks  104 weeks  
No. a 

1K F 1~ F (g) (g) (g) (g) 
Ao G e m I  3 6 9 ± 1 4 ( 1 8 )  b 2 3 5 ±  9 ( 1 7 )  3 8 2 ± 3 2 ( 6 )  2 7 5 ± 1 6 ( 4 )  

Gen.  I V  3 6 9 ±  9 ( 3 0 )  2 1 9 ~  5 ( 2 3 )  4 0 6 ± 1 6 ( 1 1 )  277  + 1 8 ( 4 )  
A~ Gen.  I 354 + 7 ( 1 9 )  2 2 8 ~  4 ( 1 9 )  3 8 7 . ~  8 ( 1 6 )  271 - ~ 1 0 ( 1 2 )  

Gen.  I V  346 ~ - -  5 ( 2 9 )  2 0 9 - -  ~ 3 ( 2 5 )  3 8 2 ±  7 ( 2 3 )  2 3 3 ±  8 ( 1 9 )  
A~o G e m I  3 8 6 ± 1 4 ( 1 6 )  2 2 0 - -  7 ( 1 9 )  3 9 2 - - 3 0 ( 5 )  2 4 3 ± 2 3 ( 4 )  

G e m  I V  381 - -  1 0 ( 2 5 )  222 ~-~ 4 ( 2 7 )  424  ----- 1 6 ( 1 2 )  260  - -  1 7 ( 1 0 )  
Co G e m  I 354 4- 1 2 ( 1 2 )  253 ~--. 7 ( 2 3 )  404  ± 1 4 ( 3 )  260 --~- 1 3 ( 1 9 )  

Gen.  I V  330 +-~ 2 2 ( 1 4 )  235 : t  1 0 ( 1 4 )  411 -~ 1 5 ( 6 )  235 ~- 22 (6)  c 

a The subsc r ip t s  ind ica te  quan t i t i e s  of a f la toxin  (ppb as  B1) as  del ibera te  c o n t a m i n a n t s  in  the  d ie ts  fed  to those  g roups .  
b The  ± va lues  a re  s t a n d a r d  e r ro r s  of the  m e a n ;  the  f iguros  in parentheses a re  the  n u m b e r s  of r a t s  in  these  exper imen t s .  
e W e i g h t  g a i n  a t  89 weeks .  
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Group Genera- 
No, a t ion  

Ao I M 65 10O 104 9 / 2 0  
F 81 92 104 7 / 2 0  

I V  ~[ 92 104 104 1 6 / 3 0  
F 52 95 104 1 1 / 3 0  

A* I M 104 104 104 1 6 / 2 0  
F 89 104 104 1 2 / 2 0  

IV ~f 104 104 104 2 4 / 3 0  
F 104 104 104 1 9 / 2 4  

Alp I ~I 53 104 104 1 0 / 1 8  
F 82 102 104 8/19 

I V  ~[ 70 104 104 1 7 / 2 4  
F 91 i00 104 1 3 / 3 0  

Co I ~1 71 83 96 3 / 1 2  
F 75 96 100 8 / 2 3  

I V  ~[ 37 83 88 5 / 1 9  
F 22 60 89 4 / 2 3  

T A B L E  I V  
Comparison of Reproduc t ion  and  Lac ta t ion  Per formances  of Ra t s  
Cont inuous ly  Fed  Low Levels  of Afla toxin  in  P e a n u t  P roduc t s  W i t h  

Those of Control  Animals  

No. of Young  s h y e s t 2 1  days 
Successful  

s u r v i v i n g  an imals  Group  No. a Genera-  t ion  pregnanciesb Ave. 
at  te rmina-  ( % ) No. wt.  

t ion  of (g)  
expe r imen t /  

no. of Ao I 70 ( 1 4 / 2 0 )  73 36.3 
animals  I I  80 ( 1 6 / 2 0 )  81 39.9 
~ a ~ e d  I I I  85 ( 1 7 / 2 0 )  104 40.5 

Aa I 84 ( 1 6 / 1 9 )  93 38.6 
I I  80 ( 1 6 / 2 0 )  68 37.5 
I I I  90 ( 1 8 / 2 0 )  81 36.6 

A~ I 53 ( 1 0 / 1 9 )  54 35.8 
II 85 ( 1 7 / 2 0 )  85 39.3 
Ill 75 ( 1 5 / 2 0 )  72 37.4 

Co I 75 ( 1 5 / 2 0 )  67 36.6 
II 80 ( 1 6 / 2 0 )  77 40.3 
III 75 ( 1 5 / 2 0 )  72 41.8 

a Subscr ip t s  ind ica te  quan t i t i e s  of af la toxin  (ppb B1) as del iberate  
con taminan t s  in  the diets fed to these groups,  

these were more f requent ly  seen in the Co and Ao 
groups, these changes were a t t r ibuted to the aging 
process and to the s t rain of test  rats  used in the 
present  study. 

The l iver pathology is reported in Table VI. 
The following lesions were found on histological 
review: parenchymatous  nodules, bile duct cholangio- 
mas and areas of retract ion due to focal a t rophy  
of the l iver cords. On gross examination there was 
generalized mott l ing of the liver which appeared  more 
f requent ly  in the Alp group but  which was also seen 
in the control groups. There were a l so  depressed 
hemorrhagic areas. Although the abnormalit ies ap- 
peared in the control animals as well as in the 
afiatoxin-treated animals, there does appea r  to be an 
increase in the hepatotoxic effects with increased 
amounts of aflatoxin in the diet. However, the 
pathological findings were somewhat less extensive 
in the four th  generation animals indicating, perhaps,  
a tolerance developing for  the toxin. 

The animals fed the diet containing 80 ppb of 
aflatoxin (Asp) grew as well as the control animals 
for one year  at  which time half  of the animals  were 
killed (Table V I I ) .  In  this experiment  the liver 

a Subscr ip t s  ind ica te  quan t i t i e s  of af la toxin  (ppb as  BI)  as de l ibera te  
c o n t a m i n a n t s  i n  the  diets  fed to these groups.  

b Females wi th  l i t ters  s u r v i v i n g  t h r e e  d a y s .  

weight in both groups of animals was essentially the 
same, al though liver lipid and liver cholesterol levels 
were higher in the animals fed the aflatoxin at  80 
ppb than  in the control group (Table V I I I ) .  Liver  
pathology is shown in Table IX.  Here  again no 
tumors  were observed. The same type of lesions as 
had appeared  in the first series of experimental  ani- 
mals were also seen here. At  52 weeks there was 
little difference between the control and aflatoxin-fed 
animals. However,  a f te r  76 weeks the incidence of 
lesions was considerably higher in the aflatoxin-fed 
animals than  in the controls. Bu t  even af ter  90 
weeks on the diets, no liver tumors were apparen t  
in the few remaining animals. 

Several investigators have reported the presence 
of well-defined hepatomas in rats  fed aflatoxin at  
levels below those which were fed in our experiments  
(13,14). A comparison of the experimental  condi- 
tions of Wogan and Newberne (14) with those used 
in these experiments  revealed the following points 
of dissinlilarity: (a) The s t rain of rats. Wogan and 
Newberne used Charles-River rats. In  this experi- 
ment  we used our  own ra t  colony (USC st ra in) .  (b) 
The constituents of the diet. Wogan and Newberne 
used a purified diet containing 11% casein and 7.5% 
corn oil. Our semi-purified diet contained lactal- 
bumin, skim milk, peanut  protein and  peanut  oil. 
(c) The alflatoxin contaminant  in the experiments  
of Wogan and Newberne was aflatoxin B1 isolated 
f rom Aspergillus flavus (ATCG 15517) cul ture;  it 

TABLE V 
Compar ison  of Weights ,  L i p i d  and  Cholesterol Contents  of L ive r s  of ~[ale and  Female  R a t s  Cont inuous ly  

Fed  Low Levels  of Afla toxin  in P e a n u t  P roduc t s  for  Two Years  %¥ith Those of Control  An ima l s  

L i v e r  Total  Total  
G r o u p  G e n e r a t i o n /  L i v e r  ( % wt. of l ip id  cholesterol 

No. a sex wt. total  
an imal )  ( m s / g )  ( m s / g )  

Ao I M ( 9 )  b 9.2 ~ 0.5¢ 2.1 4 4 . 9 + 2 . 4  2.30--+=-0.10 e 
F (7)  8.3 ~-- 0.5 2.8 40.7 ~- 5.4 2.35 ----- 0.30 

I V  ~A{(16) 9.7 ~--- 0.4 2.1 49.2 -+ 2.8 2.88 ----- 0.12 
F (11)  8.3 ----- 0.2 2.7 33.5 ~--- 4.7 2.06 ----- 0.12 

A1 I 1~ (16)  9.8 --.~ 0.4 2.3 38.9 ----- 2.3 2.07 ~--- 0.18 
F (12)  7.2 ----. 0.3 2.4 40.9 ----- 3.5 2.00 ----. 0.09 

I V  ~[ (24)  10.4 ----- 0,3 2.4 50.5 ~ 3.7 2.81 ----- 0.16 
F (19)  7.4 "4" 0.3 2.6 40.9 ~- 2.3 2.32 --.~ 0.16 

Alp I ]YI(10) 10.9 --~- 0,5 2.5 4 2 . 2 + 5 . 0  2 . 4 5 - -  0,15 
F (8)  7 .1:--  0.3 2.5 42.2 ----- 4.6 2.18 +--- 0.18 

I V  ~ [ (17 )  10.3 ----- 0.4 2.2 46.6 ~-- 2.2 2.79 ---~ 0.07 
F (13)  8.1 ----. 0.4 2.7 40,0 ~ 5.4 2.15 ~ 0.05 

Co I ~Y~ (3) 1 1 . 6 - - 0 . 5  2.6 41.3-----5.3 2.07 -~ 0.12 
F ( 8 )  7 .8  - -  0.5 2.6 42.0 -~ 4.3 1.96 --~ 0.06 

IV M ( 5 )  12.2 ----- 0.4 2.7 29.5 -~- 1.4 2.03 --4"-- 0.05 
F (4) 6.4 ~--- 0.6 2.3 38.1 -+" 2.6 2.17 ----- 0.09 

• Subscr ip t s  ind ica te  quan t i t i e s  of af la toxin  (ppb as B1) as del iberate  con taminan t s  i n  t i le  diets fed to these groups .  
b Numbers  in  parentheses  are numbers  of an ima l s  on which  de te rmina t ions  w e r e  m a d e .  
c The ~--- va lues  in  these columns are  s t anda rd  e r rors  of the mean.  
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TABLE ~rI 
Comparison of L ive r  Pa tho logy  of Male and Female  Ra t s  Cont inuous ly  Fed Low Levels of Afla toxln  

in  P e a n u t  P roduc t s  W i t h  Tha t  of Control  An ima l s  

Group  
No. a 

No. Age Ra t s  wi th  Parenchy-  Types of lesions (No.) 
lesions matous  Cholan- Focal  

an imals  wk. No. ( % ) nodules gioma a t rophy 

Focal 
hemorrhage  
or necrosis 

Ao F 7 104 2 ( 2 0 )  2 0 I b O 
M 9 104 1 (11 )  0 1 I b 0 

A~ F 11 104 1 0 ( 9 1 )  0 0 10 0 
16 1 0 4  6 ( 3 8 )  2 1 2 1 

A10 F 8 104 8 ( 1 0 0 )  5 b 5 b 2 0 
1M: 10 104 7 ( 7 0 )  5 25 4 0 

Co F 12 100 4 ( 3 3 )  0 1 1 2 
8 100 3 ( 2 5 )  1 0 2 0 

• Subscr ip t s  indica te  quant i t ies  of af latoxin (ppb as B1) as del iberate  con taminan t s  in  the diets fed to these groups .  
b)/ iore than  one lesion per  rat .  

TABLE VII 
Compar ison  of W e i g h t  Ga ins  of Male and Female  Ra t s  Fed a ~I igh Level  of 

Aflatoxin in  a P e a n u t  P roduc t  W i t h  Those of the Control  Animals  

W e i g h t  ga in  

Group  26 weeks 52 weeks 76 weeks 
No.a 

M F l~I F ~I F 
(g)  (g)  (g)  (g)  (g) (g) 

Ao 359 235 329 209 425 234 
:~9 (23)  b -~5 (23)  -----5(23) ~-5 (23)  - - 2 0 ( 1 0 )  ± 6 ( 9 )  

Aso 348 223 381 222 333 217 
± 7 ( 2 4 )  ± 3 ( 2 3 )  ----_6(24) ± 3 ( 2 3 )  ± 1 0 ( 1 0 )  ~ 8 ( 9 )  

a The subscr ipts  indica te  quan t i t i e s  of af la toxin (ppb as B1) as del iberate  contaminants  in  the diets fed to these groups.  
b The ~ values  are s t anda rd  errors  of the mean ;  the f igures in  parentheses  are the numbers  of ra ts  in these experiments.  

TABLE ¥III 
Comparison of Weigh t ,  L i p i d  and Cholesterol Contents  of L i v e r s  of Male and Female  Ra t s  Cont inuous ly  

Fed a H i g h  Level  of Aflatoxin in  a P e a n u t  P roduc t  for  One Year  W i t h  Those of the Control  An ima l s  

L i v e r  Total  Total  
Group  G e n e r a t i o n /  L ive r  ( % wt. of l ip id  cholesterol 
No. a sex wt. to ta l  

an imal )  ( m g / g )  ( m g / g )  

Ao M ( 1 2 )  b 10.5 ~ 0.2 c 2.9 38.1 ~-~ 1.6 1.76 ± 0.05 
F (12)  7.1 ~ 0.3 3.0 34.2 ~ 2.0 1.85 "~ 0.03 

Aso M ( 1 2 )  10.9 ~--- 0.4 2.7 49.0 ~--- 2.7 3.45 ± 0.20 
F (12)  6.3 ~--- 0.1 2.5 43.0 ~--- 3.1 2.82 ± 0.20 

a Subscr ip ts  indica te  quant i t i es  of af latoxin (ppb as B1) as del iberate  con taminan t s  in  the diets fed to these groups.  
b Numbers  in  parentheses  are numbers  of an imals  on which  de te rmina t ions  were made. 
c The --+ values  in  these columns are s t anda rd  errors  of the mean. 

TABLE IX 
Comparison of L i v e r  Pathology of Male and Female  Ra t s  Cont inuous ly  Fed a H i g h  Level  of Afla toxin  

in  a P e a n u t  P roduc t  W i t h  Tha t  of Control  Animals  

Ra t s  wi th  Parenchy-  Types of lesions (No.) 
Group  No. of Age lesions matous  Cholan- Focal  

No. a an imals  wks. N o . / (  % ) nodules  gioma a t rophy  

Focal  
hemorrha.ge 
or necrosis 

Ao F 11 52 5 ( 4 6 )  1 0 2 
12 52 3 ( 2 5 )  1 0 0 

AM F 12 52 5 ( 4 2 )  1 0 1 
M 12 52 6 ( 5 0 )  1 0 1 

Ao F 4 76 1 ( 2 5 )  0 0 1 
~I 4 76  1 ( 5 0 )  0 0 2 

AM F 5 90 5 ( 1 0 0 )  3 0 5 b 
M 5 90 4 ( 3 0 )  0 0 4 

2 
3 s 
3 
4 
0 
0 
0 
0 

a The subscr ipts  ind ica te  quant i t i es  of af la toxin (ppb as B1) as del iberate  con taminan t s  in  the diets  fed to these groups.  
b More t h a n  one lesion per  rat .  
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TABLE X 
Recent Observations on Critical Levels of Aflatoxin in Rations for Test Animals 

Aflatoxin B1 Test Investigator, 
Species in ration period Pathology assignable to aflatoxicosis 

ppb months year 

Duckling 20 1 None  
50 1 Bile duct proliferation and nodule formation. 

Rat 10 24 None  
80 21 Liver lesions noted but no hepatomas or other tumors. 

Swine 450 (M) 8.3 None 
450 (F)  I1 Minimal mieros.eopic lesions in liver. 

No hepatomas or other tumors. 

Swine 400-600 8-6  Depressed growth ; liver damage. No tumors. 

Beef cattle 309 6.5 None 
700 6.5 Increase in organ weights. Liver damage but no 

hepatomas or other tumors. 

Monkey 70 36 None 
360 36 None  

1800 36 Some liver pathology in survivors but no bepatomas 
or other tumors. 

Melnick and Parker,  1963 a 

Present study, A]finoSlater 
et el., 1969 

Hintz et el., 1967 (15) 

Allcroft, 1965 (6) 

Garret t  et al., 1968 (16) 

Cuthbertson et al., 1967 (17) 

a Unpublished studies based upon 30 day feedings to ducklings of a ra t ion  containing the natural  aflatoxin contaminants in peanut  discards. 

was then dissolved in acetone and added to the casein. 
The aflatoxin used in our experiments was derived 
f rom a mixed s t rain which w~s a na tura l  contaminant  
of peanuts. Since the aflatoxin was fed as ground, 
roasted peanuts,  this aflatoxin had gone through the 
heating conditions associated with the roasting of 
peanuts  to make them palatable for  human 
consumption. 

We are now engaged in a s tudy where we are 
feeding our diet to Charles River rats  and the 
Wogan-Newberne diet to our rats  to see whether 
it is the use of our diet or our s train of rats  which 
is responsible for the absence of hepatoma format ion 
in our studies. 

There is no doubt tha t  the high aflatoxin-containing 
diet produces a toxic effect on liver as is manifested 
by the format ion of lesions. However, the relation- 
ship of these lesions to hepatoma format ion has not 
been elucidated. I f  the lesions are related to a pre- 
cancerous state, then at  some concentration and at  
some time period tumors should develop in the liver 
of our rats. Studies have been appear ing  recently 
in which other investigators have failed to find tumors 
in experimental  animals given aflatoxin (15-17).  In  
one investigation (18), liver biopsies were per formed 
on two young children who had unintent ional ly eaten 
large quantit ies (70-140 g per  day)  of aflatoxin- 
contaminated (up to 1000 ppb)  cereal over a 10 
month period beginning when the children were 
under  one year  of age. Observations made on these 
children, four  and  six years af ter  they had subsisted 
on this diet, revealed no mal ignant  hepatomas;  there 
was, however, a hepatic fibrosis. 

The diet in the present  s tudy provided about 50% 
of the calories f rom the ground roasted peamIt  com- 
ponent. I f  we assume tha t  the average intake of a 
peanut  product  per  day per  individual is somewhat 
less than I oz, or about 5% of the caloric intake, 
and if results on rats  are translatable to humans, 
our studies indicate tha t  roasted peanuts  containing 
30 ppb or less of aflatoxin provided a significant 
margin  of safety, and tha t  as a result  of in-plant  
processing where objectionable peanuts  are removed 
and discarded as unfit for  human consumption, the 
margin of safety becomes more than 100-fold. 

]n conclusion, it appears  tha t  there may  be a 
tolerance for  aflatoxin. This is certainly t rue  in the 
case of one s t rain of rat ,  the former  USC strain,  
under  the conditions of test employed in the present  
study. Of par t icular  importance is the finding tha t  
the borderline level of toxicity of ariatoxin is 10 

ppb of the diet as aflatoxin B1 or somewhat greater.  
This is in a diet providing 35% by weight of ground 
roasted peanuts  in the fo rm of a s imulated peanu t  
butter.  Hence, the borderline level for the peanut  
moiety of the diet (sole source of aflatoxin) is at  
least 30 ppb. To at tain this very  high level of aria- 
toxin in the ground roasted peanuts  required a 10 
fold re tu rn  of the roasted pick-outs tha t  are normal ly  
discarded in regular  processing. Even at the extra-  
ordinari ly  high concentration of 80 ppb of aflatoxin 
B1 in the diet, equivalent to approximate ly  240 ppb  
in the ground roasted peanut  component, no tumors  
of any  type were observed with the test animals even 
af ter  prolonged feedings. In  a recent repor t  (19), 
swine raised f rom weanling to 200 lb body weight 
on rations containing va ry ing  levels of aflatoxin 
showed no effects at a level of 233 ppb aflatoxin and 
no evidence of aflatoxin residues in meat,  blood or 
liver. Similarly,  beef steer suffered no ill effects ~rom 
300 ppb  aflatoxin fed for  five months. As more 
studies are reported in this field (Table X)  it appears  
tha t  high levels of aflatoxin consumption are required 
for  tumor  development. Wi th  all species studied, the 
duck, rat ,  swine, beef cattle and the monkey, the 
die tary  level for tumor  format ion is well above 30 
ppb of aflatoxin B1. 
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