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Summary l

T h e  t o x i c  e f f e c t  o f  a f l a t o x i n s  o n  p i g s , their distribution in -and
elimination from body tissues were studied in a series of  experiments. Results
showed that:

1. the response of  growing pigs to diets containing 100, 200 or 400 p p b
af latox in  B 1

was in accordance with the increasing concentration of  the toxin
a n d  in  reverse  order  to  the  age  o f  the  p igs . While the 100 ppb concentration
had no detectable effects on the animals, the 200 ppb depressed appetite, growth
rate  and  feed  convers ion  e f f i c iency  on ly  in  the  younger  p igs . The highest or
400 ppb treatment was toxic to pigs throughout the experiment.

2 . A f  Latox ins  B, and M, were present in the l iver,  heart,  muscle,  skeletal
m u s c l e  and kidnev 24 hours atter  treatment but only traces could be detected 48I
hours after administration.

.TTJ. Metabo l i sm o f  a f la tox in  B1 was rapid and short term administrations of
up t o 2  m g  B1/pig resulted in only traces of  the toxin and its M 1

metabolite
being Detectable  24 hours after treatment.

T
IO INTRODUCTION

%-cotoxins  and  espec ia l ly  a f latox ins ,  h a v e  been  recognised  for  the i r  adverse.
effects on animal health and production for many years (Wilson et al. 1967: Wong and
Hsish 1976: Swenson et al. 1977 ;  Sto lo f f  1982 ;  Blaneyet  al.  1984: Chauhan et al .
1984: Heathcote 1 9 8 4 :  H e l f e r i s h  1 9 8 4 ;  R e d d y  e t  a l .  i984; W i l s o n  e t  a l .  7,984).

There  are  wel l  es tab l i shed  d i f ferences in  the  s u s c e p t i b i l i t y  o f  v a r i o u s
2.1  LEG L s~ezitts to  the  e f fec t  o f  a f la tox ins  (Goldblatt 1969; P a t t e r s o n  1 9 7 3 ;
?.oebuck  anti  Ijogan 1977)  w i t h  p i g s  o c c u p y i n g medium place with regard to sensi-
t i v i t y  to Lthese toxins (Jemmali  and Murphy 1976; Monegue et al. 1977; Jacobson
e’, a l .  lw?: Wilson  e t  a l .  1984) .

%!c,orts* on  the  e f fec t  o f  a f la tox ins  on  p ig  product ion  a r e  r a t h e r  c o n f u s i n g
a n d  ch;! atim o f these  invest igat ions  was  to  s tudy  the  e f fec t  o f three  leve ls
of naturally produced  a f latox ins  on  certa in  p ig  product ion  character is t i cs  and
t h e mxern cf e l iminat ion  o f  a f la tox ins^ f r o m  the  body  t i ssues  o f  p igs .

IF. EXPERIMENTAL

( a )  T o x i c i t y  e x p e r i m e n t
Large White  pigs o f  mixed  sexes  anj averagi.ng  22 kg bodv w e i g h t  w e r e  u s e d

i n  gr!n ps of seven per treatment. They were kept in single pens and fed one of
fC zr exzerimental d i e t s  f o r  7 0  d a y s . The four diets
(;za 3,

had very similar composition
se I with the main variable being t h e  l e v e l  o f  a f l a t o x i n s  caiculated  b y

analys is . Their  prote in  content  was  l8%, lysine 0.9% and  were  f ed  to  appet i te
throughout the experiment. There was no evidence of  other mycotoxins being pre-
sent in t h e  d i e t s . The source of  aflatoxin was a sample of  wheat which contained
505 ppb  a f la tox in B I (AFBl) o r  805 p p b  o f  t o t a l  a f l a t o x i n  (B1, B2, Gl, G2
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<r The mineral and  v i tamin  mixture  suppl ied  the  fo l lowing  nutr ients  in
mg kg -I o f  a i r - d r y  d i e t : z inc ,  55 ;  manganese ,  24 ;  copper ,  7 :  i ron ,  88 ;
c9:;;s.t._ 0 . 7 ;  s e l e n i u m , 0 .2 ;  v i tamins  A, 1 . 2 ;  D ,  8 . 2 5 ;  E ,  0 . 3 3 ;  K, 0 . 6 6 ;
I+f-ac  in, 16 ;  pantothenic  ac id ,  1  mg:  r ibo f lav in ,  3 .3 ;  pyr idox ine ,  1 .1 ;
“12, 0.019; b i o t i n . 0 . 0 6 ;  c h o l i n e - & , 1100.

(b) T i s s u e  d i s t r i b u t i o n  a n d  e l i m i n a t i o n
Large White pigs, weighing approximately 25 kg were individually treated to

measuz?:
.i . The  d is tr ibut ion  o f  a f latox ins  in  the  t i ssue o f  l i v e r ,  h e a r t ,

kidnev and @teal  muscle. Two groups of 6 pigs each were
doseddwith 25 or 50 ug Bl/kg Body weight per day for 5 days.
Two pigs from each treatment were killed at 3, 24 and 48 hours
af ter  the five day aflatoxin administration had been completed.

7i* The  detox i fy ing  e f f i c iency  o f  the  l iver  and  musc le  o f  p igsw
subjected to two aflatoxin treatments:  (a)  Each of  two  p igs  was
dosed  with a total of 4 mg AFB, in  0 .8  mg s ing le  da i ly  doses  for
f ive  days . (b) Another  t w o  pigs received the same to ta l  dose  o f
4  mg AFB1 but in two  s ing le  da i ly  doses  o f  2  mg each . The pigs
were slaughtered 24 hours after the second dose and the l iver and
m u s c l e  w e r e  analysed  for  to ta l  AFBl  and Ml content .

In each  experiment,  a pig of similar body weight and with the same back-
gKWld a s  t h o s e  used  for  the  a f la tox in  observations,but  not  t reated  wi th  afla-
tcxins, were slaughtered and used as contro ls .

(c)  Observations
In t.k?e  growth exper iment , growth rate was recorded at 2-weeklv  intervals

and FCE ‘da s ca l cu lated  as being the amount of feed consumed pe; kg weight
gain.

fn the  d is tr ibut ion  and  e l iminat ion  exper iments ,  p igs  w e r e  k i l l ed  a c c o r d i n g
tc scheduled times and tissue s a m p l e s  weredeep  frozen until  analysed fcr residual
aflatoxins.

Resul ts  were  tes ted  by  analys is  o f  var iance .

III. RESULTS AND DISCUSSION

(a)  Tox ic i ty  Exper iment
The  tox ic  e f fec ts  o f  the  three  a f latox in  t reatments  were  assessed  over  the

whole  exper imenta l  per iod  us ing  as  cr i ter ia t h e  growth r a t e ,  f e e d  c o n v e r s i o n
e f f i c i e n c y , feed intake and any other signs shown by the.aflatoxin  treated p i g s
iz re lat ion  to  t h e  0  l e v e l  c o n t r o l  g r o u p .
Figure  !.

Resul ts  are  presented in Table 2 and



The effect  of  the  a f latox in  t reatments  on  the  growth  o f  p igs  s tar ted
becoming apparent as from the end of the first two experimental weeks when the
200 2nd LOO ppb t r e a t m e n t s  a p p e a r e d  t o  e x e r t  a  s igni f i cant ly  d e p r e s s i n g  (P(o.05).
ef feet on growth. As the experiment progressed, the  d i f ferences  in  weight  ga in
between  the control and  the  400  ppb  t reatment  increased  (P(O.01) but by t h e  e n d
Of t:?e tenth w e e k . onlv the 400 ppb treatment remained significantly (P<O.Ol)
be low the o t h e r  t h r e e  kroups.



From the mean progressive weight gain in each treatment group (Table 2b),
it can be deduced that the most severe growth depression was caused by the two
highest  aflatoxin treatments with the youngest pigs suffering most. The higher
degree  o f  suscept ib i l i ty  o f  younger  p igs  to  a f la tox ins  has  a lso  been  reported
b y  Wogan ( 1 9 6 8 ) . By the end of the experiment, pigs on the 400 ppb treatment
had gained about 33% less weight than the control .

There  i s  conf l i c t ing  in format ion  regarding  the  lower  concentrat ion  at
which  a f latox ins  s tart  caus ing  measurable  tox ic  e f fec ts  on  p igs ,  a  rather
complex area which can be influenced by a variety of  biological and environmental
f a c t o r s . The present results showed that while a 200 ppm concentration of  AFBl
o r  3 1 9  p p b  o f  t o t a l  a f l a t o x i n  (B + G ) was  tox ic  to  younger  p igs ,  i t
had no e f f e c t  o n  o l d e r  p i g s .

1 + B2 + G1
On the contrary,

2

a f f e c t e d  all a g e s .
400  ppb  AFBl  or 631 ppb total ,

Although Kelly and Booth (1971) reported that 230 ppm B1 did not cause
any toxicity to growing pigs and Monegue et al . (1977) could not detect any
appreciable growth depression in p igs  fed  d ie ts  conta in ing  300-500  ppm,  on
the other hand, Krogh et al . (1973)  f ound  that  s imi lar  l eve ls  to  those  used  in
our experiments reduced appetite and depressed pig growth.

In most of  the published data, a f latox in  tox ic i ty  has  been  assoc iated
with the presence of  t h e  B 1 a f latox in  only , whi le  the  o ther  three  a f latox ins
(3 G

7? 1’ G
Cokequent ?

> are  usual ly  present  wi th  Bl and have also been found to be toxic.
y they  can  contr ibute  to  the  overa l l  tox ic i ty  but  to  a  l esser  extent

in reiation to A F B  .
T h e  f e e d  intike  r e s u l t s  ( T a b l e  3), i n  t h e i r  t o t a l i t y , re f lec t  the  growth

rate pa ttern of  p i g s . The 200 ppb treatment was the lowest level  at which an
appreciab le reduct ion  in  feed  intake  cou ld  be  detec ted .

Tabie 3 . Mean feed consumption in kg/pig per treatment and
feed  convers ion  e f f i c iency  ( in  brackets )

3ecause o f  the  poss ib le  e f f ec t  o f  a f la tox ins  o n  t h e  m e t a b o l i c  f u n c t i o n s  o f
the animal, Feed Conversion Efficiency was used to assess whether the
depression  was due to reduced appetite only or to both appetite and me

growth
t a b o l i c

funct ions . Results give a good indication of  the differences in F C E  b e t w e e n
treatments and especially the consistently inferior mean values amongst the pigs
in the 400 ppb group- Although th is  i s  on ly  ind icat ive  o f  the  p o s s i b l e  e f f e c t s
on metabolic functions, a s s e s s m e n t  o f  t h e  b i o l o g i c a l  s i g n i f i c a n c e  o f  such  d is -
t u r b a n c e s  i n  t h e  ab i l i ty  o f  p i g s  t o  e f f i c i e n t l y  u t i l i z e  n u t r i e n t s  i n  t h e  p r e s e n c e
of aflatoxins would need a more detailed biochemical s t u d y . It is known that the
litter, w h i c h  isthe centra l  o r g a n  f o r  b i o c h e m i c a l  transformations, i s  the  target
organ for damage  by  a f latox ins  (Po lan  et al . 1 9 7 4 :  Rodricks and  Sto l l o f f  1977 ;
Campbell 1977; Stolloff,  1 9 8 0 ;  M i l l e r  e t  a l . 1 9 8 4 :  H e l f e r i s h ,  1986: Gill et a1.1984;.
But ler ,  1984) .



Li j insky  et a l .- (1970), f o u n d  t h a t  a f l a t o x i n  B1 o r  o n e  o f  i t s  m e t a b o l i t e s
might b ind  to  nuc le i c  ac ids  and  prote ins r e s u l t i n g  i n  t h e  b i o l o g i c a l  i n a c t i v a t i o n
of these compounds. Simi lar  r e s u l t s , where DNA and RNA had been implicated, have
also been reported by Swenson et al . (1973.),  Gurtoo and Bejba (1974), Ashoor and
C h u  (1975) and Croy et al .  (1978). Their f indings showed that aflatoxins c a n
inter fere  wi th  prote in  synthes is  in  the  animal , thus  reduc ing  the  e f f i c iency  o f
protein util ization and  consequent ly  growth  rate .

Accord ing  to  Patterson  (1977), the  h igh  hepatotox ic  ac t iv i ty  o f  a f la tox in
B1 could be due to an activated hemiacetal form of the toxin which in turn binds
to  and  inact ivates  certa in  metabo l i c  l iver  systems.

From the present results, it  appears that the magnitude of  toxicity caused
b y  100-200  p p b  AFBl was low and this could be due to the high,aflatoxin  m e t a b o l i s i n g
c a p a b i l i t i e s  o f  t h e  p i g  u p  t o  t h a t  l e v e l  o f  aflatoxinadministration  ( s e e  n e x t
experiment) . As soon as the level  of  the toxin was  increased  to  400  p p b ,  t h e
tolerance level  w a s  exceeded and more severesigns of  toxicity become evident.

(b) D i s t r i b u t i o n  a n d  e l i m i n a t i o n  o f  a f l a t o x i n s  f r o m  body t i s s u e s~~~~~ - \
( 1i LOW leve l  AFBl  o v e r  f i v e  d a y s

bummary of the  resul ts  on  the ’  d is tr ibut ion  o f  AFBl  i n  a n d  i t s  e l i m i n a t i o n
f r o m  bodv t i ssues  o f  p igs  i s  presented  in  Table  4 .

Tagle  4= D i s t r i b u t i o n  a n d  e l i m i n a t i o n  o f  a f l a t o x i n  B1 f r o m  p i g  t i s s u e s
following a two-level  treatment

The results  indicate.that,  f o l l o w i n g a d m i n i s t r a t i o n  o f  AFb at  the
1w.. c r&CL&-d uf 25 or SO ug/kg bodv  weight , very small amounts remained in the muscle of

p igs  siauehtereci  24 hours after treatment and only traces at 48 hours.

leveis
The’&-droxvlated  Ml m e t a b o l i t e  o f  AFBl  was  found  to  be  present  a t  very l o w
onlv in  the  l iver  and  k idney  t i ssue  o f  p igs  s laughtered  3  hours  afte;

remov2  1 o&he tox in  f rom the  feed . No measurable amount of MI was found in pigs
slaughtered 24 hours after the aflatoxin contaminated feed was withdrawn.

T h e  rapid  metabo l i sm and excretion of  AFBl  from the body may be one of the
f a c t o r s  contri but ing  to  the  apprec iab le  degree  o f  to lerance  o f  the  p ig  to t h e
t o x i c  e f f e c t s  o f  a f l a t o x i n s . No  a f latox in  was  detected  in  the  contro l  p igs .

The practical importance of  the results is that if  a n  a f l a t o x i n  c o n t a m i n a t e d
feed had been fed to pigs, the carcass should be considered safe for human con-
sumption about 48 hours after such feed was removed.



(ii) H i g h  l e v e l  AFBl over 2 or 5 davs
Results from these experiments are presented in Table 5.
Table 5. L e v e l  o f  B, a n d  M, in  the  l iver  and  musc le  o f  P igs  (ug/kg)

D e s p i t e  t h e  low residual level  of  B1 a n d  M
1

in the liver and muscle tissue
24 hours after end of  treatment, there is a distinct d i f f erence  between  the  two
treatments  in  the  abso lute  concentrat ion  o f  res idual  a f latox ins  in  each  tisstze.

Comparing these resultswith those in the previous experiment (Table 4), it
i s  interest ing  to  note  that  p igs  have  the  ab i l i ty  to  rap id ly  metabo l i se  AFB at
Least within the dose rates  used  in  these  exper iments . 1

Although the simplicity
of  these e x p e r i m e n t s  does  not  a l l ow for  any  extrapo lat ion  o f  the  resu l ts  f or
t o x i c o l o g i c a l  i n t e r p r e t a t i o n  o f  t h e  f i n d i n g s , there  are  indicat ions  that  as  the
dose rate of A F B ,  increases , there  i s  a  reduct ion  in  the  rate  at  which  detox i f i cat ion

A
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