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(Abstract)
Two studies were conducted using pigs to determine the
effects of feeding aflatoxin contaminated diets (AC) with
and without various clays on performance, liver function,
mineral metabolism and humoral immune response. In the
nursery phase of Study I, weanling pigs (n=96) were fed 1%
sodium bentonite (SB) with and without AC (922 ppb). In the
grower phase, 48 pigs from the nursery phase were continued
on SB treatments for 5 wk; AC was discontinued. In the
metabolism phase, 24 barrows from the nursery phase were
continued on SB and AC. In the nursery phase, average daily
gain (ADG), average daily feed intake (ADFI), and feed per
gain (F:G) were depressed (P < .05), while serum gamma-
glutamyltraﬁsferase (GGT), alkaline phosphatase levels, and
liver weights were increased (P < .05) in pigs fed AC.
Feeding SB with AC increased (P < .05) ADG and ADFI, and
lowered (P < .05) serum enzyme levels. In the grower phase,
performance and serum chemistry did not differ across
treatments, but livers of pigs previously fed AC remained

larger (P <.0l1). Pigs fed AC had depressed (P < .05) Na



absorption and increased P (P < .05) and Zn (P < .10)
absorption compared with controls. SB decreased Na, K and Mg
(P < .01), and P and Zn (P < .10) absorption when compared
with pigs fed no SB. Pigs fed SB had lower Mg (P < .01) and
Zn, Mn, and Na (P < .10) retention when compared to
controls. SB decreased Ca absorption and retention when fed
with AC and increased absorption when fed with control corn
(P < .01). AC and SB treatments had no effect on Cu
absorption or retention. Liver mineral levels were not
affected in any of the phases. In Study II, two trials were
conducted to examine the effectiveness of eight types of
clays in reducing the negative effects of AC. 1In trial I,
seven types of clays (.5%) were fed with AC (500 ppb). ADG
and ADFI, and urea N were reduced (P < .05), and serum
aspartate aminotransferase and GGT were increased (P < .05)
by feeding AC compared with NC. Feeding all the clays with
the AC improved ADG and ADFI (P < .05) when compared with
pigs fed the AC alone. Some clays were effective in
recovering AC altered serum chemistry. 1In trial II,
hydrated Na Al silicate or calcium bentonite (1%) were fed
with AC (171 ppb). ADG and ADFI which were reduced for the
first 4 wk by feeding AC (P < .05) were improved (P < .05).
Humcocral immune response was unaffected. In summary, feeding
clay with AC can prevent some of the negative effects of

aflatoxicosis with minimal influences on mineral metabolism.
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Chapter I

INTRODUCTION

The contamination of crops with mycotoxins can be a
problem for grain producers and buyers alike. Mycotoxin
contamination can result in reduced yields and reduced
market prices for the grain producer (CAST, 1989). For ﬁhe
grain buyer, specifically the swine producer, there are the
problems of lowered animal productivity and longevity when
contaminated grains are fed (Friend and Trenholm, 1988).
Mycotoxins such as aflatoxins are known to reduce feed
consumption and growth rate (Lindemann and Blodgett, 1991)
as well as impair liver (Harvey et al., 1990) and immune
(Panangala et al., 1986) function.

Traditional methods of dealing with the mycotoxin
problem have been through prevention and detoxification.
Efforts to minimize conditions conducive to mycotoxin
growth and contamination have not always been successful.
Also, efforts to reduce toxic levels of contaminated grains
by blending) screening and ammoniation have met with limited
success (Lindenfelser and Ciegler, 1970; Brekke et al.,
1975; Feuell, 1977; Conway et al., 1978). A new approach
to handling mycotoxin contamination is to reduce the
biocavailability of the toxin to the animal when ingested.
The use of clays, already approved for addition to livestock

diets as anti-caking agents, to bind aflatoxins in the



gastrointestinal tract has been very successful (Phillips et
al., 1988). Feeding clays in combination with contaminated
feeds to chickens (Kubena et al., 1990) and pigs (Lindemann
and Blodgett, 1991) has improved performance and decreased
toxic effects such as liver damage (Harvey et al., 1991) and
reduced immune response (Lindemann et al., 1988). Howevér,
the mode of action of the clays has not yet been elucidated
and many questions remain as to whether the clays have side
effects.

This research was conducted to examine the effects of
feeding clays in conjunction with aflatoxin contaminated
diets to swine. Specifically, growth performance, mineral
absorption and retention, immune response and liver function

were investigated.



Chapter IT
REVIEW OF LITERATURE

Mycotoxins

Mycotoxins are chemical substances, produced by fungi,
which are toxic to animals. There are three major genera éf
fungi which produce mycotoxins: Aspergillus, Fusarium and
Penicillium. These fungi produce mycotoxins which exert
their effect directly or indirectly by producing a
metabolite which can influence a biological process (Friend
and Trenholm, 1988). The effects of mycotoxins range from
decreased performance to death (CAST, 1989).

Types cof Mycotoxins. Each of the three major genera of

fungi produce a variety of mycotoxins. The most abundant
mycotoxins are the aflatoxins produced by Aspergillus
flavus, the ochratoxins produced by Penicillium viridicatum,
and zearalonone produced by Fusarium graminearum (CAST,
1989). Each of these toxins forms several different
metabolites,‘each of which has a different structure and
different effects (Hsieh and Wong, 1982).

Production of Mycotoxins. The production of each

mycotoxin is favored by different environmental conditions
(Tuite, 1979), but temperature and moisture are the two
primary influencing factors (Montani et al., 1988).

Aflatoxin production is favored by high temperatures and



high humidity such as that found in the southeastern United
States. Zearalonone production is favored by cool
temperatures and high humidity, conditions found in the
Midwest in late summer. Mycotoxins can be produced in the
field and in storage as long as the conditions are favorable
(Tuite, 1979). Other factors that can influence mycotoxin
production are insects, birds, and humans. All of these can
spread molds and fungi and damage crops so that they are
more easily inoculated. Additionally, humans are able to
control storage conditions which can influence toxin
production.

Effects of Mycotoxins. The effects of mycotoxins vary

with the type of toxin, species and age of animals, method
of exposure, and other factors. Generally, younger animals
are more susceptible to mycotoxins and ingestion is the
primary mode of exposure (Heathcote and Hibbert, 1978). The
effects range from very specifically identified reactions
such as the suppression of DNA expression and cell membrane
alterations (Wogan, 1966), to the general decline in animal
performance such as reductions in feed intake (Harvey et
al., 1988). Some of the other effects include the
estrogenic responses of pigs exposed to zearalonone (CAST,
1989), the carcinogenic and hepatotoxic effects of aflatoxin

exposure in poultry and cattle (Hsieh and Wong, 1982), and



the nephrotoxic reaction of humans and dogs exposed to
Ochratoxin A (CAST, 1989).
Aflatoxins
The study of aflatoxins was initiated with the

discovery of "Turkey X disease" in 1960 (Betina, 1989).
Since that time scientists have solved many of the mysteries
of the fate of aflatoxins and their metabolites. Aflatoxins
are produced by the fungi Aspergillus flavus and Aspergillus
parasiticus and exist in several structural forms. The main
forms of the toxin are By, By, G;, and Gy, and the metabolic
forms of M; and M;. The most studied aflatoxin is Bj; (AFBq)
because it is the predominant and most toxic of the
structures (Hsieh and Wong, 1982). Unlike most other
mycotoxins, AFBj7 requires biotransformation to exert its
effects. AFB; is transformed endogenously to the epoxide
form, which is recognized as the active metabolite form
(Betina, 1989). Some of the underlying effects of AFB;
include the inhibition of DNA replication, the inhibition of
RNA and protein synthesis, the alteration of cell walls, and
the disruption of oxidative phosphorylation (Betina, 1989).

The effects of aflatoxins on animals have been well
investigated because they can have a significant adverse
economic impact (CAST, 1989). Research on aflatoxins in

meat animal species has been focused mainly on poultry and



swine, because these animals are commonly fed grains which
are susceptible to aflatoxin contamination.

Effects on Performance. The adverse effects of

aflatoxins on livestock and poultry performance are well
documented (Hintz et al., 1967; Sisk and Carlton, 1972;
Lindemann and Blodgett, 1991). Giambrone et al. (1985)
reported a 55% decrease in daily gains of turkeys fed 800
ppb AFB; in a five week study. Broiler chicken growth was
depressed 73% when birds were fed 500 ppb AFB7 by Huff et
al. (1986). Lindemann et al. (1988) reported a linear
depression in the gains of weanling pigs fed graded levels
of AFB;. Several studies have also shown a reduction in
performance of grower pigs fed 250 ppb AFBy (Armbrechtal,
1971; Harvey et al., 1988). Depressed gains of 55% with 250
ppb (Harvey et al., 1990) to 78% with 400 ppb AFB; (Harvey
et al., 1988) have been reported for swine. Southern and
Clawson (1979) reported a linear depression in gains of
finishing swine given increasing levels (385 to 1480 ppb) of
AFB; with 385 ppb being the lowest level to elicite a
response.

The primary influence of AFB; on growth rate is reduced
feed intake. Panangala et al. (1986) reported a reduction
in feed intake among weanling pigs fed 500 ppb AFB; compared
with control pigs. Similarly, Coffey et al. (1989) reported

a 14% reduction in feed intake of weanling pigs fed levels



of AFB; as low as 182 ppb, compared to controls. Harvey et
al. (1988) reported a 45% decrease in feed intake within the
first 7 d and a 62% decrease over a 4 wk test for growing
barrows given 400 ppb AFB; versus control pigs. Southern
and Clawson (1979) reported a linear reduction in feed
intake for finishing pigs as aflatoxin level (385 ppb to
1480 ppb) in the diet increased.

Contradictory results have been reported for the effects
of dietary aflatoxin on feed conversion. Lindemann and
Blodgett (1991) reported no change in feed efficiency when
800 ppb AFBj7 was fed to weanling pigs. However, Panangala
et al. (1986) reported a reduction in feed efficiency when
300 ppb AFB; was fed to weanling pigs. Inclusion of 800 ppb
AFBy in turkey diets reduced feed conversion efficiency by
21% (Giambrone et al., 1985). Southern and Clawson (1979)
found that feed conversion of finishing pigs was adversely
affected only when the dietary level of AFBj was very high
(1480 ppb). Ambrecht et al. (1971) reported no change in
feed efficiéncy for growing pigs with 400 ppb AFB; until
after 6 wk of feeding; lower levels (100 and 200 ppb) took
longer to reduce feed efficiency. Conversely, Harvey et al.
(1988) noted a decrease in feed per gain ratio for growing
barrows after 7 d of feeding and then no significant

response thereafter.



Effects on Organs. Several organs are known to be

affected by aflatoxicosis, with the liver showing the most
notable effects. Relative weights of both livers and
kidneys are known to be increased in chickens (Maurice et
al, 1982; Huff et al., 1986) and pigs (Armbrecht et al.,
1971; Murthy et al., 1975; Harvey et al, 1990) exposed to
aflatoxins. The increase in relative liver size is
attributed to an increase in liver lipid content (Sisk and
Carlton, 1972; Maurice et al., 1982). Bryden et al. (1979),
however, reported no increase in chicken liver lipogenic
activity to account for the increase in lipid content.
Instead, they reported a decrease in lipogenic enzyme
activity. Thus, their work suggests that there is a
negative feedback mechanism slowing lipogenesis and
decreasing lipid transport from the liver during
aflatoxicosis.

Bryden et al. (1979) also showed that the activity of
other liver enzymes was decreased for chickens given 300 ppb
AFBq for 3 wk, including hepatic ATP citrate lyase and NADP-
malate dehydrogenase. Liver RNA and DNA concentrations were
also reduced. Additional indicators of altered liver
function can be seen in serum chemistry profiles. Increases
in the serum levels of aspartate aminotransferase (AST),
gamma-glutamyltransferase (GGT), and alkaline phosphatase

(ALP), which are indicators of liver damage (Kaneko, 1989),



have been reported for several studies in which swine were
fed aflatoxins (Harvey et al, 1989a, 1990; Lindemann and
Blodgett, 1991). The aflatoxin effect of reduced liver
protein synthesis (Yu, 1977) has resulted in significantly
lowered levels of serum albumin, urea N and total protein in
growing pigs fed 250 ppb AFB; (Harvey et al, 1988, l989b:.
1990). Southern and Clawson (1979), however, reported no
significant differences in the serum levels of albumin and
total protein in finishing pigs fed up to 1480 ppb AFB;.
They attributed the lack of an observeable effect to the
larger size of their animals compared with those used in
other studies.

Effects on Serum Glucose. Blood glucose levels have

been shown to be decreased in chickens (Maurice et al.,
1983), lambs (Harvey et al., 1991), and pigs (Harvey et al.,
1989b) fed AFB;. Shankaran et al. (1970) described the
effects of aflatoxins on carbohydrate metabolism as a
reduction in glycogenic enzyme activity. Decreases in
enzymes suchlas glycogen phosphorylase and glucose-6-
phosphate have been reported in chickens fed AFB; (Hsieh,
1979).

Effects on Mineral Metabolism. Serum mineral levels
have also been shown to be affected by aflatoxin ingestion.
Harvey et al. (1989%9b) reported depressed levels of Ca, Mg,

K, Na, and P in serum of growing pigs fed AFB; (250 ppb)



for 28 d. Lanza et al. (1979) found that chickens exposed
to aflatoxins had reduced iron absorption and retention when
compared with birds on control diets. In further
investigations, Lanza et al. (1981) suggested a condition of
hypoproteinemia that could be influencing Fe absorption in
birds fed AFBj.

Maurice et al. (1983) found that hepatic Zn, Cu, and Mn
levels were reduced as aflatoxin levels in the diets of
chickens increased. Plasma albumin levels were also found
to be reduced, which may account for a lower level of Zn and
Cu transport in hepatocytes, because albumin is responsible
for the transport of these minerals. The reduction in
protein synthesis may also have an effect on proteins such
as metallothionein, which have roles in mineral metabolism.

Effects on Immunity. The primary effect of aflatoxin on

the immunity of animals is the depression of cell-mediated
immunity (Thurston et al., 1980; Ray et al., 1991). There
is also some evidence suggesting effects on humoral immunity
(Richard et al., 1975). Cell mediated immunity in turkeys
has been found to be sensitive to aflatoxin levels as low as
200 ppb (Giambrone et al., 1985). However, these same
researchers found no evidence of reduced humoral response
with dietary levels of AFBj as high as 800 ppb. Similarly,

Panangala et al., (1986) found a decrease in cell-mediated
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response in weanling pigs fed 500 ppb AFBj7, but no effect on
humoral response.
Detoxification of contaminated grains

The best practice for the controlling aflatoxins is
prevention. Certain management practices can help prevent
the contamination of crops with aflatoxins. Efforts to
control insects, reduce plant diseases, harvest on time, and
minimize crop damage can significantly reduce chances for
crop contamination (Goldblatt and Dollear, 1979). During
storage, care must be taken to maintain proper temperature,
and moisture levels and to minimize insects. Heating,
physically separating, irradiating and fermenting all have
been used to detoxify feeds with limited success
(Lindenfelser and Ciegler, 1970; Brekke et al., 1975;
Feuell, 1977; Conway et al., 1978). Ammoniation of feeds
has proven to be one of the most effective methods of
detoxification, but the caustic nature of ammonia makes it a
dangerous procedure (Norred, 1979). The blending of feeds
to lower the concentration of toxins is also a practical
method of diluting and reducing contamination levels before
feeding, however, equipment costs may be high (CAST, 1989).
Technical methods other than ammoniation have proven
effective but not practical (CAST, 1989).

Control of the Bicavailability of Toxins. A relatively

new method of reducing the toxicity of mycotoxins is by
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controlling the biocavailability of the toxins to animals fed
contaminated feeds. The use of clays like zeolites,
bentonites, and sepiolites has proven beneficial in reducing
the toxic effects of mycotoxins. Presently, some of the
uses of these clays are as sealants, cat litter, water
filters, detergents, and roof coatings. Since the 1960's,
these clays have also been used by the feed industry as
anti-caking agents and in the manufacturing of pellets to
increase pellet durability. Although Kurnick and Reid
(1960) suggest bentonites may have beneficial effects on
feed intake and gains, Taverner et al. (1984) reported that
sodium bentonite is indigestible and inert when added to
growing pig diets. Oliver (1989) found the addition of
clays had no influence on weight gain performance or feed
intake when added to layer chicken diets.

Clays and Aflatoxins. The sorbent properties of

hydrated sodium calcium aluminosilicates (HSCA) and
bentonites have proven beneficial in reducing the effects of
aflatoxins wﬁen fed to livestock. Blodgett et al.
(unpublished data) found that in aqueous solution,
bentonites, sepiolites, and attapulgites remove essentially
100% of the AFB; placed in the solution. They also found
that under pH and temperature conditions that mimic the
pig's intestinal tract, the clays were still found to be 92

to 100% effective in removing the aflatoxin from solution.
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Phillips et al. (1988) found that zeolites absorbed AFBji in
several different solutions with up to 98% efficiency.
These studies demonstrate a binding potential, but the
degree of binding is dependent on both the concentration of
aflatoxin and the concentration of the clay.

Performance Recovery. Zeolites were found to eliminate
the detrimental effects of reduced body weights and reduced
feed consumption caused by zearalonone fed to rats (Smith,
1980). By binding T-2 toxin in the gut and by reducing
intestinal transit time, bentonites were found to prevent T-
2 toxicosis in rats (Carson and Smith, 1983). Lambs fed 2%
HSCA and 260 ppb AFB7 showed performance levels equal to
control animals, but lambs given AFBj; alone had
significantly depressed body weights (Harvey et al., 1991).
Similarly, Kubena et al. (1990) reported a 50 to 67%
recovery of a 21 to 38% growth depression of chickens due to
the feeding of 750 ppb AFB; when .5% HSCA was added.
Lindemann et al. (1988) reported an 85% recovery of growth
losses due to feeding 840 ppb AFB; when .5% HSCA was fed to
weanling and growing pigs. In further studies, Lindemann
and Blodgett (1991) reported an 83% recovery of aflatoxin
depressed growth with .5% HSCA; the use of .5% sodium
bentonite recovered gains slightly more than the .5% HSCA.
Similarly, growing pigs have recovered 94% of losses in

daily gains associated with feeding AFBj7 (30% growth
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depression) when .5% HSCA was mixed in the diet (Colvin et
al., 1989). However, Harvey et al. (1989a) reported a
significant depression in growth of growing barrows fed 300
ppb AFB; with no significant improvement in performance
when .5% HSCA was fed. Depressions in feed consumption
associated with aflatoxin intake have also been overcome
with the addition of .5% HSCA in the diet (Colvin et al.,
1989; Lindemann et al., 1989, 1990).

Immunity Recovery. Lindemann et al. (1988) reported a

linear decline in cell-mediated immunity with increasing
aflatoxin levels in the diet and a significant increase in
cell-mediated response with the addition of .5% HSCA.

Liver Function Recovery. The addition of clays to

growing swine diets with 500 ppb AFB; reduced the levels of
AFB7 in the liver (Beaver et al., 1990). The relative
weights of livers of growing pigs and chickens fed AFB; were
reduced to normal when .5 % HSCA was added to the diets
(Harvey et al., 1989%9a; Kubena et al., 1990). Liver function
was also apparently not damaged when HSCA was fed with
aflatoxin contaminated diets. Lambs fed 2% HSCA with 260
ppb AFB; showed serum AST, GGT, and albumin levels equal to
those of lambs on control diets (Harvey et al., 1991).
Similarly, chicken serum GGT, albumin, and total protein
levels were restored to normal when HSCA was fed (Kubena et

al., 1990). Swine serum urea N, AST, ALP, GGT, albumin, and
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total protein levels have all been reported to be restored
to control levels in pigs given .5% HSCA and AFBj] versus
animals on AFBj alone (Lindemann et al., 1988, 1990; Beaver
et al., 1990).

Mineral Metabolism and Clays. Because clays readily

bind to aflatoxins, there is concern regarding the
interaction of clay with minerals in the gastrointestinal
tract. The addition of sodium zeolite-A to swine grower
diets increased liver and bone Zn, and decreased serum Ca
and P, with no effect on bone Ca, P, Mn, Fe, Na, Ni, and Al
(Ward et al., 1991). Pond et al. (1988) reported that the
addition of 2% clinoptilolite had no effect on liver Cu
stores. Adding .5% HSCA to swine diets returned aflatoxin
depressed serum levels of P and Ca to levels similar to
those of the controls (Harvey et al., 1989%a). Lindemann et
al. (1988, 1990) found no effects on serum Ca, Mg, and K
levels when HSCA was added to swine diets.
Summary

Mycotoxins have proven to be a problem for swine
producers. Aflatoxins are of particular importance in the
southeastern United States where conditions favor their
production. The feeding of aflatoxin-contaminated diets
causes significant depressions in daily gains, feed intake,
and in some cases feed efficiency. Livers are enlarged and

protein synthesis is greatly reduced during aflatoxicosis.
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Immunity is also impaired by aflatoxin ingestion. Current

methods of
screening,
recent use

aflatoxins

successful.

dealing with aflatoxins, including mixing,

and ammoniation, have had limited success. The
of clays to restrict the biocavailability of

in the gastrointestinal tract has been very

Clays have been shown to recover about 80% of

aflatoxin-induced performance losses. Additionally, liver

function and immune response has been partially restored

with the addition of clays to swine diets. However,

questions still remain regarding other influences that the

clays may have on the metabolism of pigs.
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Chapter III

OBJECTIVES

The purpose of this research was to investigate the
effectiveness of feeding clays in combination with aflatoxin
contaminated diets to swine. The specific objectives
addressed in two studies were:

Study I.

Nursery phase

a: to determine the performance (ADG, ADFI, F:G) of
weanling pigs fed aflatoxin contaminated and non-
contaminated diets with and without the addition
of 1% sodium bentonite.

b: to examine the effects of these diets on relative
kidney and liver weights.

c: to investigate the influence of these diets on
blood serum levels of glucose, urea N,
total protein, albumin, AST, GGT, ALP, Ca, P, Mg,
Na, K, Fe, Cu, 2Zn and Mn.

d: to determine the effects of these diets on liver
levels of Ca, P, Mg, Na, K, Zn, Fe, and Cu.

Grower phase

a: to investigate the effects of withdrawing
aflatoxin from the diet at the end of the nursery
phase but continuing clay treatments on performance

(ADG, ADFI, F:G) in the grower stage (5 weeks).
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b:

to examine the effects of these treatments on the
parameters listed in b through d of the nursery

phase.

Metabolism phase

a:

to investigate the continuous feeding of the
diets described in the nursery phase on the
absorption and retention of Ca, Mg, P, K, Na, Zn,
Cu, Fe, and Mn in growing barrows.

to examine the effects of these diets on relative
liver and kidney weights.

to determine the influence of these diets on

liver levels of Ca, P, Mg, K, Na, Cu, Fe, and Zn.

study II.

Trial T

a:

to compare the use of different types of clays on
the performance (ADG, ADFI, F:G) of weanling pigs
fed aflatoxin contaminated diets (500 ppb).

to investigate the effects of these diets on
blood‘serum levels of glucose, albumin, total

protein, urea N, AST, GGT, ALP, Ca, P, Mg, K, and

Trial IT.

a:

to compare the use of a hydrated sodium calcium
aluminosilicate and a calcium bentonite on the
performance of weanling pigs fed aflatoxin

contaminated diets (171 ppb).

Na.
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to examine the effects of these diets on blood
serum levels of glucose, albumin, total protein,
urea N, AST, GGT, ALP, Ca, Mg, P, K, and Na.

to investigate the influence of these diets on

the humoral immune response of weanling pigs.
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Chapter IV

EFFECT OF FEEDING AFLATOXIN CONTAMINATED SWINE DIETS WITH
AND WITHOUT CLAY ON PERFORMANCE, LIVER FUNCTION, AND MINERAL
METABOLISM OF WEANLING AND GROWING PIGS
T.C. Schell, M.D. Lindemann, E.T. Kornegay and D.J. Blodgett
Virginia Polytechnic Institute and State University,
Blacksburg. 24061
ABSTRACT

Crossbred weanling pigs (n=96) with an average age of 36
d and average initial weight of 8.75 kg were used in a three
phase study to determine the effects of feeding aflatoxin
contaminated diets with and without 1% sodium bentonite. 1In
the nursery phase, a control corn or an aflatoxin
contaminated corn (diets contained 922 ppb) was fed in a
corn-soybean meal diet with and without 1% clay for 6 wk.
Relative to controls, aflatoxin depressed ADFI and ADG (P <
.01), and increased feed to gain ratios (P< .05) for the
total trial, whereas the addition of clay increased feed
intake and ADG (P < .0l1). Serum gamma glutamyltransferase
were increased (P < .01), and alkaline phosphatase, and Fe
tended to be increased (P < .10) by the aflatoxin treatment,
and serum urea N, Cu, and bilirubin were decreased (P < .05)
when compared to controls. Relative weights of livers were
larger in aflatoxin-fed pigs (P < .05) and tended to be
smaller in pigs fed clay (P < .10) compared with controls,

but kidney weights were unaffected by treatments. Serum
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levels of Ca, Mg, P, Na, K, Zn, and Mn, and liver content of
Ca, Mg, P, Na, K, Zn, Fe, and Cu were not affected by
treatments. 1In the grower phase, 48 pigs from the nursery
phase were continued on their respective clay treatments for
5 wk, but non-contaminated corn replaced the aflatoxin
contaminated corn. Average daily gain, feed intake, and
feed efficiency were not affected by previous treatment or
clay treatment. Pigs previously fed aflatoxin had lower
serum glucose, Ca and K (P < .05), but serum enzyme levels,
albumin, total protein, urea N, and liver minerals were not
affected by treatments. Pigs fed aflatoxin in the nursery
phase continued to have enlarged livers (P < .05) and pigs
given clay had smaller livers than controls (P < .05). 1In
the metabolism phase, 24 barrows (from the original 96) were
continued on the same treatments as fed in the nursery for
two total urine and feces collection periods of 4 d each.
Aflatoxin increased serum GGT (P <.05), while clay tended to
increase serum Ca, Na, Cl, Zn, (P < .10), and increase P and
Cu (P < .05). Feeding aflatoxin depressed (P < .05) Na
absorption and increased P absorption (P < .05) and
retention (P < .10). Zn absorption tended to be higher (P <
.10) in pigs consuming aflatoxin diets. The addition of
clay to the diets decreased (P < .01) Na, K and Mg
absorption and tended to decrease (P < .10) P and Zn

absorption and when compared with control corn fed pigs.
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Pigs fed clay had lower (P < .0l1) Mg retention and tended to
have lower (P < .10) Zn, Mn, and Na retention when compared
to pigs not fed clay. Clay decreased Ca absorption and
retention when fed with aflatoxin and increased absorption
when fed with control corn (P < .01). Aflatoxin and clay
treatments had no effect on Cu absorption or retention. No
treatment effects were found on the liver levels of Ca, P,
Na, K, Fe or Cu. Weights of kidneys were smaller (P < .05)
in pigs fed aflatoxin diets compared with pigs fed control
corn diets, but relative weights of livers were larger (P <
.01) for pigs treated with aflatoxin and were reduced (P <
.05) when pigs were fed aflatoxin-diets treated with clay.
Feeding clay with aflatoxin contaminated corn results in a
partial recovery of performance and liver function without
greatly influencing mineral absorption or retention.
Key Words: Pigs, Aflatoxin, Bentonite, Minerals
Introduction
Aflatoxin-contaminated feed has proven detrimental to
the swine industry (CAST, 1989). Swine fed contaminated
feed experience reduced feed intake, lowered daily gains,
and in some cases poorer feed efficiency (Harvey et al.,
1988). Physiological effects of aflatoxin feeding include
liver damage characterized by enlargement, release of
enzymes into the blood [Aspartate aminotransferase (AST),

gamma glutamyltransferase (GGT), alkaline phosphatase (ALP) ]
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and impaired protein synthesis (NRC, 1979). Traditional
methods of dealing with aflatoxin-contaminated grains,
including blending, ammcniation, and screening, have been
aimed at reducing toxin levels, and have met with limited
success. Recent studies have shown that the addition of
several clays to contaminated diets can reduce the
bicavailability of toxins in the gastrointestinal tract.
The clays, which are mined throughout the United States,
have very high adsorptive properties and have been found to
have the ablitity to absorb up to 100% of aflatoxins in
solution with 10 ppm aflatoxin (AFBj) (Blodgett et al.,
unpublished data). Up to 85% of performance losses due to
aflatoxins has been recovered by the addition of clay to the
contaminated diets, and liver damage due to aflatoxins has
also been prevented (Lindemann and Blodgett, 1991).
However, little is known as to whether the clays have
negative effects on the availability of other nutrients.
This study was conducted to examine the effects of
feeding clay‘(sodium bentonite) on performance, liver
function, and mineral absorption and retention of weanling
and growing pigs fed control and aflatoxin contaminated

diets.

23



Materials and Methods

A total of 96 crossbred weanling pigs with an average
initial weight of 8.75 kg and age of 36 + 9 d were used in a
three phase study (nursery, grower and metabolism).

Nursery Phase. Weanling barrows and gilts were randomly

assigned from outcome groups based on gender, litter, and
body weight to two levels of aflatoxin, (0 and 922 ppb) and
two levels of clayl (0 and 1%) in a 2 X 2 factorial
arrangement of treatments. An 18.9% crude protein corn-
soybean meal basal diet was formulated to meet or exceed NRC
(1988) levels of vitamins and minerals for 10 to 20 kg pigs
(Table 1). All diets were sampled and later analyzed for
mineral content.

Pigs (n=96) were housed eight pigs per pen in plastic-
coated welded wire floored pens (1.22 m X 1.83 m) with three
replicate pens per treatment. Pigs were weighed and pen
feed intake was determined weekly. Blood samples were taken
by anterior vena cava venipuncture initially and on d 42 of
the 6 wk trial.

At the conclusion of the nursery trial, two barrows
representative of the performance average for their
respective treatments were selected from each nursery pen

for the metabolism phase. From the remaining pigs, two pigs

lVolclay—90, a product of American Colloid Co., Arlington
Heights, IL 60006.
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from each pen were randomly selected for sacrifice and
livers and kidneys were removed and frozen for later
analysis. The remaining pigs were continued on treatments
for the grower phase as outlined below.

Grower Phase. At the conclusion of the nursery phase

pigs (n=48) were moved to 1.52 m x 3.05 m pens with
partially slotted concrete floors (60% slotted and 40% solid
area). All pigs were maintained with penmates from the
nursery phase. Crude protein content of the diets was
lowered to 15.9% and only non-contaminated corn was used
(Diets I and III, Table 1). Pigs on diets I or II in the
nursery phase were fed diet I in the grower phase and pigs
on diets III or IV in the nursery phase were fed diet III in
the grower phase. Clay level (1%) was continued as in the
nursery phase. Diets were again sampled for later analysis
of mineral content.

Pigs were weighed weekly and pen feed consumption was
determined at that time. After 34 d on test, blood samples
were taken from all animals by venipuncture. At the
conclusion of the trial (d 35), one male and one female
randomly selected from each pen was sacrificed by electro-
immobilization and exsanguination. Livers and kidneys were
removed, weighed, and frozen for later mineral

determination.
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Metabolism Phase. After the completion of the nursery

phase, two barrows from each pen were randomly assigned to
one of two groups, A or B.

Group A (n=12) animals were immediately placed in
stainless steel metabolism cages. These barrows were
continued on the same treatments they received in the
nursery phase, except that the CP was lowered to 15.9%; they
were fed 8% of metabolic body weight (kg'75) per day divided
into two equal feedings (0700 and 1500). Animals were given
1 h for eating, after which the ort was removed, weighed and
recorded. Deionized water was available for 1.5 h,
beginning at the start of feeding.

Barrows were given 4 d to adjust to the cages. On d 4,
at the 0700 feeding, .05% Cr,07 was added to all diets and
fed. On d 8, barrows were again fed diets to which .05%
Cr,07 was added at the 0700 feeding. Total feces were
collected during‘all feeding periods from the time the first
marker was seen in the feces until the second marker was
seen. Daily fecal collections were weighed and recorded,
and the total fecal collection from each pig was stcred at
-10 °C. Total urine was collected starting 2 h after the
feeding of the first marker until 2 h after the feeding of
the second marker. Urine was collected through glass wool
into 20 1 plastic jugs containing 25 ml of 25% HpSO4. The

pH of the urine was kept below 5 at all times to prevent
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loss of ammonia. Collection jugs were emptied into storage
containers, and volumes were determined and recorded daily.

At the end of the collection period, the total volume of
urine per pig was mixed and representative urine samples
(500 ml) were taken for each pig and frozen for later
mineral analysis. After thawing at room temperature, total
fecal samples for each barrow were oven dried at 60°C and
ground to pass a 1 mm screen, then frozen for later mineral
analysis.

At the begining of the metabolism phase, group B pigs
(n=12) from the same dietary treatments were placed in 1.22
m X 1.83 m plastic-coated welded-wire floored pens (three
pigs/pen). The crude protein level was lowered to 15.9%,
but aflatoxin and clay treatments were continued as in the
nursery phase. Group B barrows were given access to feed
and water ad libitum.

Following the collection period, the group A barrows
were removed, weighed, and placed in pens (three pigs per
pen from the same dietary treatment) similar to those
occupied by the group B pigs. Group A animals were then
given free access to feed and water; dietary treatments were
continued. The metabolism cages were then cleaned and the
Group B barrows were weighed and placed in the cages. Group
B pigs were given 2 d to adjust to the cages, and then a 4 d

collection was made using the same procedures as for Group
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A. At the conclusion of this collection period, Group B
pigs were replaced by Group A pigs. After 1 d of
adjustment, a 4-d collection was made. Following the
collection, Group A pigs were weighed, blood samples were
taken by venipuncture, and then they were sacrificed by
electro-immobilization and exsanguination. Livers and
kidneys were removed, weighed, and frozen for later mineral
analysis. Group B pigs were then placed in the cages, and a
1 d adjustment and 4 d collection procedure was followed.
At the end of the collection, Group B barrows were weighed,
bled, sacrificed, and tissues were collected following the
same procedures as for Group A.

Tissue and feed analysis. All minerals except P were

analyzed using flame atomic absorption spectrophotometry on
a Perkin-Elmer Zeeman 5100 (Norwalk, CT). Feed, feces, and
livers were prepared using nitric-percholic acid digestion
(Perkin-Elmer, 1982). Livers were thawed at 7°C for 24 h,
then homogenized using a Waring blender (Fischer, #14-509-
101) before nitric-perchloric digestion. When necessary
urine was diluted with deionized water prior to analysis.
For all Ca and Mg analyses, samples were diluted in 1%
lanthanum oxide. Phosphorus determination was done using
the Fiske and Sabbarow (1925) procedure.

Blood Samples. Immediately after collection, all blood

samples were placed on ice prior to being centrifuged for 15
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min. Serum was removed and samples were frozen for later
analysis. Serum levels of Zn, Cu, Fe, and Mn were
determined using flame atomic absorption spectophotometry.
All other serum chemistry analyses were performed at the
Virginia-Maryland Regional College of Veterinary Medicine
using a Kodak Ektachem 700 (Eastman Kodak, Rochester, New
York).

Statistical Analysis. Performance data were analyzed

using the General Linear Models (GLM) procedure of SAS
(1988), with pen as the experimental unit. Orthogonal
contrasts were used to determine clay and aflatoxin effects.
Mineral levels in serum, livers, urine, and feces, as well
as organ weights were also analyzed for statistical
differences using the GLM procedure, with pig as the
experimental unit. Orthogonal contrasts were again used to
determine diet effects. Models for all analysis included
effects for diet and replicate.

Results

Nursery Phase. The diet mineral content on an as fed

=)

basis was as follows: Ca, .75%; P, .58%; Mg, .1l4%; Na,
.16%; K, .79%; Zn, 120 ppm; Mn, 40 ppm; and Cu, 22 ppm. The
Fe content of diets with clay was 446 ppm; while the Fe
content of diets without clay was 292 ppm.

Average daily gains (ADG) and daily feed intake (ADFI)

were depressed (P <.01) for pigs fed diets containing
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aflatoxin contaminated corn compared with those fed non-
contaminated diets (Table 2). Pigs fed diets containing
clay consumed more and grew faster (P < .0l1) than pigs fed
diets without clay. The aflatoxin * clay interactions (P
<.01) indicated that the magnitude of the increase in ADG .
and ADFI was greater for pigs fed contaminated corn diets
compared with pigs fed non-contaminated corn diets. Pigs
fed aflatoxin diets had larger feed to gain ratios (P< .05)
than pigs fed the control corn diets; however, clay
treatments and the aflatoxin * clay interaction were not
significant. When performance values were adjusted for
final weight (comparing pigs at a similar weight), feed to
gain ratios continued to be higher (P < .05) for pigs
consuming the aflatoxin diet, and the clay had no effect.
Serum GGT was increased (P < .01l) and serum ALP tended
to be increased (P < .10) in pigs fed the aflatoxin diets
compared to pigs fed control corn diets (Table 3). The
aflatoxin main effect for aspartate aminotransferase (AST)
was not significant, but the aflatoxin * clay interaction
was (P <.05). AST levels were elevated in pigs fed diets
containing aflatoxin corn and no clay, but were reduced in
pigs fed contaminated diets with clay. The addition of clay
also reduced (P < .05) ALP levels for non-contaminated and
contaminated diets. The aflatoxin * clay interaction

indicated that clay tended to reduced (P < .10) GGT levels
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in the presence of contaminated corn, but increased levels
when fed in combination with non-contaminated corn.

Pigs fed aflatoxin diets had depressed (P< .01l) serum
Cu and tended to have elevated (P < .10) serum Fe compared
with pigs fed non-contaminated diets (Table 3), but these
minerals were unaffected by the addition of clay. Serum Ca
(9.6 mg/dl), Mg (1.9 mg/dl), P (7.5 mg/dl), Na (141.6
mmol/L), K (6.6 mmol/L), and Zn (.6 ug/L) were not affected
by the treatments.

Serum urea N tended to be depresssed (P < .10) with
aflatoxin treatments, and clay had no effect on urea N. The
aflatoxin * clay interaction was significant for serum
glucose (P < .01); the addition of clay depressed glucose
levels when added to the control corn diets, but increased
glucose levels when added to the aflatoxin diets. Serum
albumin levels were higher (P < .05) when clay was fed with
the aflatoxin contaminated diets than when added to control
corn diets. The clay and aflatoxin treatments did not have
an effect on serum total protein. However, the interaction
of aflatoxin and clay did tend to be significant (P < .10);
the clay increased total protein in aflatoxin fed pigs
compared to control fed pigs but had no effect on pigs fed
control corn. Total serum bilirubin levels tended (P < .10)
to be lower in pigs fed clay compared with pigs not fed

clay.
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Relative weights of livers of weanling pigs were larger
(P < .05) in aflatoxin fed pigs, whereas clay fed pigs
tended to have smaller (P < .10) livers than pigs fed no
clay (Table 4). Weights of kidneys were not affected by
aflatoxin or clay treatment. The dry matter liver contents
of Ca (.4 ppm), P (7.9 ppm), Mg (1.0 ppm), Na (7.3 ppm), K
(16.4 ppm), Cu (4.1 ppm), Fe (69.3 ppm), and Zn (19.8 ppm)
were also unaffected by the aflatoxin or clay treatment
(Appendix Table 5).

Grower Phase. As seen in Table 2, overall ADG, ADFI and

feed to gain ratio were not affected by aflatoxin in the
nursery or by clay throughocut.

Pigs fed clay tended to have lower (P < .10) ALP levels
(Table 5). Serum ALP levels were reduced more in pigs
previously fed aflatoxin than pigs fed control corn (P <
.05). GGT and AST levels were not different for clay
treatment or previous aflatoxin treatment.

Serum Ca levels were lower (P < .05) in pigs
previously fed aflatoxin compared to pigs not fed aflatoxin,
and the aflatoxin * clay interaction showed a larger (P <
.05) increase in Ca levels for pigs fed clay and previously
fed aflatoxin over those fed clay with control corn. The
clay treatment tended to increase (P <.10) serum Cu levels
over the levels of pigs not fed clay. Previous aflatoxin

treatment had no effect on serum Cu levels. Serum K was
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lower (P < .01) in pigs previously fed.the aflatoxin diet
with serum Na and Cl values numerically lower but not
significantly lower. The aflatoxin * clay interaction shows
that serum levels of K, Na, and Cl were all higher in pigs
fed clay and aflatoxin in the nursery phase and decreased
when clay was fed with the control diet (P < .05, .10, .01
respectively).

Glucose levels in the serum of pigs previously fed
aflatoxin were lower (P < .0l1) than for pigs fed no
aflatoxin. Clay had no effect on serum glucose. Serum
values for urea N (9.85 mg/dl), albumin (3.6 g/dl),
bilirubin (.17 mg/dl) and total protein (6.2 g/dl) did not
differ across treatments (Appendix Table 8).

Pigs fed aflatoxin in the nursery phase continued to
have enlarged livers in the grower phase (P < .05), and pigs
fed clay had smaller livers (P <.05) compared with pigs not
fed clay (Table 4). Kidney weights of pigs previously fed
aflatoxin were also larger (P < .05) than pigs not fed
aflatoxin. Liver dry matter content of Ca (.41 ppm), P
(10.4 ppm), Mg (1.4 ppm), Na (6.6 ppm), K (12.7 ppm), Fe
(104.5 ppm), Zn (38.1 ppm) and Cu (4.0 ppm) levels were not
affected by previous aflatoxin or clay treatment (Appendix

Table 9).
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Metabolism Phase. The mean gain was 2.5 kg per pig for

each collection-adjustment period with no differences
between treatments.

Serum chemistry profiles showed pigs fed aflatoxin
tended to have higher (P < .10) levels of GGT in their serum
than pigs not fed aflatoxin (Table 6). There was no effect
of clay treatment on serum GGT levels. Serum ALP levels
were normal and unaffected by both treatments. Serum Ca,
Na, Cl, and Zn tended to be higher for those pigs fed clay
(P < .10). Serum P and Cu were also higher (P < .05) in
pigs fed clay. Aflatoxin had no effect on these minerals.
Additionally, clay was more effective in raising serum Cu
levels when fed with aflatoxin (P < .05) compared with when
it was fed with control corn. Serum Fe (2.6 ug/L), Mg (2.1
mg/dl), and K (8.0 mmol/L) levels were unaffected by either
treatment (Appendix Tables 10 and 12).

Addition of clay to the diets increased serum albumin
(P < .01) and tended to increase serum glucose (P < .10),
but aflatoxin had no effect. Total protein (6.5 g/dl) and
urea N (9.85 mg/dl) in the serum were not affected by any
treatment (Appendix Table 12).

Pigs fed aflatoxin diets had larger relative liver
weights than pigs fed control diets (Table 4). The clay was
effective in preventing increased liver sizes when aflatoxin

was fed (P < .05). Relative weights of kidneys were smaller
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(P < .01) in pigs fed aflatoxin diets than pigs fed control
corn diets. The clay prevented the lower kidney weights
when fed with aflatoxin contaminated diets (P < .01). Liver
minerals, including Ca (.38 ppm), P (8.7 ppm), Mg (1.1 ppm),
Na (6.7 ppm), K (13.8 ppm), Fe (66.3 ppm), Zn (31.2 ppm),v
and Cu (4.2 ppm), were also unaffected by clay or aflatoxin
treatment (Appendix Table 13).

As shown in Table 7, Ca absorption and retention were
depressed (P < .0l1) when clay was fed with the aflatoxin
diets, but were increased when clay was fed with control
corn diets. Phosphorus absorption was increased (P < .05)
and P retention tended to be increased (P < .10) for pigs
fed aflatoxin diets compared with pigs fed control corn
diets. Pigs fed clay had lower P retention (P < .05) and
tended to have lower (P < .10) P absorption than pigs not
fed clay. Aflatoxin had no effect on absorption or
retention of Mg, but Mg absorption and retention were
reduced (P < .01) by feeding clay. Mn absorption was not
influenced by feeding aflatoxin diets, but Mn retention
tended to be lower for pigs fed clay when compared with pigs
not fed clay.

As shown in Table 8, feeding aflatoxin diets increased
Na absorption (P < .05), but clay additions decreased Na
absorption (P < .0l1l). Na retention tended to be lower (P <

.10) when clay was fed with aflatoxin. Absorption of K was
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only affected by feeding clay; pigs fed clay diets had
depressed (P < .05) K absorption. There were no effects of
treatments on K retention. The percentage of Fe absorbed
and retained was lower in pigs fed clay, but was not
influenced by feeding aflatoxin corn. The absorption and
retention of Zn tended to be higher in pigs fed aflatoxin
diets (P < .10). Clay treatment tended to reduce Zn

absorption and retention (P < .10). Cu absorption (20.0 x

I+

5.1) and retention (18.3 5.1)were unaffected by aflatoxin
of clay treatment.
Discussion

Performance. In agreement with results of Lindemann

and Blodgett (1991) and Colvin et al. (1989), these studies
indicate that the performance of weanling and growing pigs
fed aflatoxin contaminated diets were improved with the
addition of the sodium bentonite to the diets.

In the nursery phase, aflatoxin depressed ADG by 22% and
ADFI by 20%, which was similar to responses reported by
Lindemann and Blodgett (1991). As reported by Panangala et
al. (1986), feed to gain ratios were also increased by
aflatoxin compared to pigs not fed aflatoxin. The results
for performance after adjustment for final weight indicated
that the differences in feed to gain ratios were due to

aflatoxin and not to differences in body weights.
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When clay was added to the diets contaminated with
aflatoxin, ADG and ADFI were improved by 20% and 24%,
respectively, compared with pigs fed aflatoxin alone.
However, as reported by Lindemann et al. (1990), the clay
was ineffective in lowering feed to gain ratios when fed
with aflatoxin.

Removal of the aflatoxin-contaminated corn during the
grower phase resulted in a recovery of performance as ADFI
and ADG were similar for all pigs regardless of previous
aflatoxin treatment or current clay treatment. This
suggests no apparent long term negative effects on
performance of feeding clay. Similar results have been
reported for chickens (Oliver, 1989).

The fact that the pigs that continued on the aflatoxin
treatments in the metabolism study had gains similar to pigs
fed control corn suggests that the limit feeding neutralized
any differences in performance due to treatments.

Mineral Metabolism. In the grower phase, the lower

serum Ca levels for pigs previously fed aflatoxin compared
to pigs not previously fed aflatoxin could be attributed to
the rapid increase in growth rate after removal from the

aflatoxin. NRC (1988) has reported an increased need of Ca
for faster growing pigs. The lack of aflatoxin response in
serum Ca levels in the nursery phase probably reflects the

slow growth rate of pigs with body stores that were able to
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keep levels normal (Lepine et al., 1985). In the metabolism
phase, the decrease in Ca absorption and retention when clay
was fed with the aflatoxin corn is proably due to the
relative increase in Ca absorption and retention of pigs fed
aflatoxin with no clay compared with pigs fed control corn
with no clay.

The increase in P absorption and retention in aflatoxin-
fed pigs may be related to a possible increased need for P
during aflatoxicosis. The increased need for P may be
related to an increased energy need as P is associated with
ATPase and energy utilization (Georgievskii, 1982).

Serum levels of Cu appeared to be related more to
performance than to aflatoxin treatment. 1In the nursery
phase, Cu serum levels were lower in the aflatoxin-fed pigs,
which is consistent with their slower growth rate. However,
in the metabolism phase, when feed intake was standardized
and performance was not different between aflatoxin-fed pigs
and control corn-fed pigs, serum Cu levels were also not
different and Cu absorption and retention were unaffected by
treatments. The correlation between serum Cu and
performance is further supported by the grower study in
which there was no treatment effects on performance or serum
Cu levels.

The higher level of Fe in the serum of nursery pigs fed

aflatoxin compared with pigs fed control corn is consistent
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with higher serum Fe levels during hemolytic anemia (Lanza
et al., 1979), which has been reported in chickens fed
aflatoxins (CAST, 1989). The lack of significant
differences among treatments in pigs removed from aflatoxin
in the grower phase suggests a recovery from the anemic
condition found in the nursery phase. The lack of anemic
response to aflatoxins in the metabolism study is in
agreement with Lanza et al. (1978), who found that the
anemic response in chickens is reduced over time. The
absorption of Fe was not increased in this study as reported
by Lanza et al. (1979) in chickens. However, Lanza reported
a return to normal absorption after 3 wk. The pigs in this
study were fed aflatoxin for at least 6 wk before Fe
absorption was measured.

The increase in Zn absorption and retention of aflatoxin
fed pigs reflects an increased demand for Zn during
aflatoxicosis. Pigs fed aflatoxins have been reported to
have enlarged adrenal glands (Armbrecht et al., 1972), which
have been reported to be associated with increased corticoid
hormone production (Eskeland, 1976). An increase in
glucocorticoid production has been reported to increase Zn
demands (Kaneko, 1989). The increase in Zn demands is
related to the numerous enzyme reactions mediated by Zn
including protein synthesis. This increased demand is

normally accompanied by a decrease in serum Zn levels. 1In
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this study, however, Zn serum levels were not lowered,
possibly due to the increase in Zn absorption and retention
maintaining serum Zn levels.

The increase in Na absorption and alterations in K and
Cl metabolism during aflatoxicosis suggests an acid-base
imbalance not previously reported. 1In the grower phase, the
lower serum K in pigs previously fed aflatoxin suggests an
increased demand for K, possibly because of the role of K in
the energy releasing mechanism of ATPase activation
(Georgieviskii, 1982). The energy demands for the pigs
removed from aflatoxin should be high for their increased
growth rate.

The failure of aflatoxin to invoke a response in the
mineral levels of the liver suggests that the alterations in
mineral metabolism due to aflatoxins are not mediated by the
liver. This may be due to either damage done to the liver,
making it unresponsive, or the liver may not be the primary
site of response.

The feeding of clay resulted in several effects on
mineral metabolism. In the metabolism phase, feeding clay
lowered K absorption, Mn retention, and P, Na, Zn and Mg
absorption and retention. These result suggest the
possibility that the clays bind with these minerals

gastrointestinally making them unavailable for absorption.
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Anion exchange capacity has been shown to effect the
abilities of clays to bind to toxins (Carson and Smith,
1983). Therefore, it is not surprising that the one of the
strongest electrolytes was found to be less absorbed when
the clay was fed. The lower percentage of Fe absorption and
retention when the clays were fed may reflect the higher
level of clay in the diets with the clays. When the mineral
level in the diet exceeds the level of requirement by the
animal the efficiency of absorption is reduced
(Georgieviskii, 1982).

In the grower phase, the addition of clay had the effect
of elevating serum levels of Ca, Na, Cl, and Cu that were
depressed by feeding aflatoxin corn diets. Because the
metabolism of these minerals was not affected as much when
clay was fed with aflatoxin corn diets compared with the
effects observed when aflatoxin corn diets were fed without
clay, it is apparent that supplemental clay was moderating
some of the effects of feeding aflatoxin corn. This
supports the hypothesis that the clays in some way reduce
the effect of the aflatoxin in the gastrointestinal tract
(Phillips et al. 1988). Blodgett et al. (unpublished data)
observed that clays are capable of binding aflatoxin in
vitro in solutions which mimic the conditions in the
gastrointestinal tract of the pig. With the binding of

aflatoxin in the intestinal tract and the resulting
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deactivation or decreased absorption of aflatoxin, there is
an increase in performance as seen here and elsewhere
(Lindemman and Blodgett, 1991, Colvin et al., 1989). Thus,
when aflatoxins are fed with clays there is a partial
recovery of normal mineral metabolism.

Liver Function. Similar to results reported by Harvey

et al. (1989, 1990), serum ALP and GGT were increased by the
aflatoxin treatment in the nursery phase, indicating
apparent liver damage. After a 5 wk withdrawal of
aflatoxins, these serum enzymes associated with liver
function had returned to normal levels. However, the pigs
that continued on the aflatoxin treatment in the metabolism
phase showed sustained liver damage by having higher GGT
levels than pigs not fed aflatoxin. The return of serum ALP
levels to normal in the metabolism phase is in contrast to
results obtained by Harvey et al. (1989b, 1990), who found
serum ALP levels increased in growing pigs fed aflatoxin
compared with pigs fed control corn. However, the pigs in
their study were fed aflatoxin for 3 wk, whereas pigs in the
present study were fed aflatoxin for 10 wk. The results in
this study, may indicate a reduction in the production of
these enzymes after prolonged exposure to aflatoxins, or the
standardization of feed intake may neutralize the increase

in the level of these enzymes in the serum.

42



The clay treatment in the nursery phase was effective in
reducing the high levels of these enzymes which is in
agreement with results reported by Lindemann et al. (1990).
Even after removal of aflatoxin-contaminated corn, the clay
reduced ALP levels in pigs previously fed aflatoxin.
However, in contrast to results in the nursery phase and the
results of Beaver et al. (1990) and Lindemann et al. (1989,
1990), feeding the clay had no effect on serum enzymes of
pigs fed aflatoxin diets in the metabolism phase. The lack
of a response may be due to the lack of a significant
increase in AST and ALP serum levels, possibly because the
feed intake was restricted. In the nursery phase, clay was
more effective in reducing enzyme levels when levels were
elevated by aflatoxins.

The aflatoxin-induced lower levels of serum urea N in
the nursery pigs, indicate a lower level of protein
catabolism with a concurrent lowering of protein synthesis
as evident by lower serum albumin (Kaneko, 1989). These
results are consistent with previous reports of decreased
protein synthesis in pigs during aflatoxicosis (CAST, 1989).
The lack of a response for these protein indicators in the
pigs fed aflatoxin in the metabolism phase suggests a
lowered sensitivity toward aflatoxin. Armbrecht et al.
(1971) found graded responses to different levels of

aflatoxin when fed to grower pigs, indicating different
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levels of sensitivity. 1In the grower phase, the lack of
difference in serum total protein, albumin, and urea N
levels suggest the recovery of normal protein synthesis
after withdrawal from aflatoxin.

The clay was effective in raising serum albumin levels
in both the nursery phase and the metabolism phase, with a
greater effect on pigs fed aflatoxin. This along with
lowered serum bilirubin levels in clay-fed pigs indicates a
prevention of liver damage due to the addition of clay to
the diets (Kaneko, 1989). The lack of a difference between
treatments in the serum levels of albumin, urea N, total
protein, and bilirubin in the grower phase pigs is
indicative of restored protein synthesis and liver function
after withdrawal from aflatoxin (Kaneko, 1989).

Serum glucose levels appear to be correlated more to
growth performance than to aflatoxin treatment. In the
nursery phase, the slow growing aflatoxin-fed pigs had
glucose levels that were not different from those of control
corn-fed pigé. When aflatoxin-fed pigs from the nursery
phase were fed control corn in the grower phase, however,
their glucose demands for growth may have been greatly
increased, which may have caused the lowering of their serum
glucose levels. The aflatoxin-fed pigs in the metabolism

phase continued to grow at a slow rate, which may be the
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reason that their serum glucose levels were similar to those
of the pigs fed the control diets.

Feeding clay increased the serum glucose levels of pigs
fed aflatoxin in the nursery phase and in the metabolism
phase. This is again probably related to the ability of clay
to bind aflatoxin in the gastrointestinal tract.

As reported by Armbrecht et al. (1971), Murthy et al.
(1975) and Harvey et al. (1990), livers of pigs fed
aflatoxins were enlarged in all the phases. Although the
magnitude of relative increased liver sizes of pigs in the
grower phase was smaller compared to pigs in the metabolism
phase, the lack of recovery of liver size in pigs removed
from aflatoxin in the grower phase suggests sustained liver
damage even after withdrawal.

The feeding of clay was effective in reducing the
relative liver sizes in all phases, especially when
aflatoxin was fed. This is in agreement with Harvey et al.
(1989) and Kubena et al. (1990) who also saw a prevention of
increased liQer size when clays were fed with aflatoxins.
Kidney weights were affected in the metabolism phase which
suggests a long term feeding effect. This is in agreement
with Armbrecht et al. (1975), who reported increased kidney

weights in pigs fed 400 ppb aflatoxin for 7 wk.
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Implications

These experiments show that clay can effectively reduce
some of the toxic effects of feeding aflatoxins to pigs.
Performance and liver function were enhanced by the addition
of clay to aflatoxin-contaminated diets, and mineral
metabolism was only slightly affected by the clay. The lack
of the ability of the clay to restore all functions
indicates a varying degree of sensitivity to aflatoxins of
the functions examined. The binding of only part of the
available aflatoxins in the gastrointestinal tract, leaving
some aflatoxin available for absorption, would allow for the
more aflatoxin sensitive parameters to still be adversely

affected.
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TABLE 2. PERFORMANCE OF PIGS FED NON-CONTAMINATED (NC) AND
AFLATOXIN-CONTAMINATED (AC) CORN WITH AND WITHOUT CLAY.
NURSERY PHASE AND GROWER PHASE.

Treatments
NC acd
Items No clay Clay® ©No clay clay®  sSEM
Nursery phase (n=24/trt)C
Body weights, kg
Initialh 8.78 8.78 8.80 8.72 .04
Final9t 29.99 31.19 25.27  28.49 .47
apg, kgdfh .505 .534 .392 471 011
Average daily feed inﬁake, kgdfh
1.10 1.15 .88 1.07 .03
Feed/gain® 2.17 2.16 2.25 2.27 .04
Similar final wt® 1.98 1.92 2.25 2.18 .08
Grower study (n=12/trt)i
Body weights, kg
Initial® 29.82 30.38 26.06 28.58 1.01
Final 59.42 58.50 61.85 58.73 1.42
ADG, kg .903 .876 .975 .883 .042
Average daily feed intake, kg
2.05 1.97 2.38 2.20 .07
Feed/gain 2.27 2.26 2.44 2.49 .05

8contaminated with 922 ppb aflatoxin Bj in the diet.
Volclay-90, American Colloid Co., Arlington Heights, IL.
CNursery trial lasted 6 wk.
depflatoxin effect (contaminated diets vs non-contaminated diets;
P < .01, .05 respectively).
f9clay effect (clay diets vs non-clay diets; P < .10, .01
respectively).
"Aflatoxin*clay interaction effect (P < .10).
1Al1l pigs given non-contaminated corn in grower phase,
5 wk trial. Performance values were adjusted using initial
weight as a covariant.



TABLE 3. SERUM CHEMISTRY OF PIGS FED NON-CONTAMINATED (NC) AND
AFLATOXIN-CONTAMINATED (AC) CORN WITH AND WITHOUT CLAY.
NURSERY PHASE.

Treatments
NC ac?
Items No clay Clayb No clay Clayb SEM
Nursery phase (n=24/trt)
Enzymes
GGT, U/L°9 46.7 51.0 67.0 57.5 4.1
ast, uyLeh 66.1 68.0 81.6 53.6 5.9
arp, usref 129.1  118.3 135.0  127.6 3.7
Minerals
Fe, mg/Le 1.75 2.06 2.91  2.12 .16
Ccu, mg/L® 1.58 1.67 1.41 1.44 .05
Other
Urea N, mgydld 13.4 12.1 10.4 11.8 1.0
Glucose, mg/dil 116.6  108.5 100.1  117.0 3.6
Albumin, gydi1fh 3.5 3.4 3.0 3.7 .2
Total protein, g/d19 6.1 5.8 5.6 6.2 .2
Bilirubin, mgydif .13 .12 .17 .12 .02

8contaminated with 922 ppb aflatoxin Bj in the diet.

b olclay-90, American Colloid Co. Arlington Heights, IL.

Claflatoxin effect (contaminated diets vs non-contaminated diets;
P < .01, .10 respectively).

efClay effect (clay diets vs non-clay diets; P < .05, .10
respectively).

ghlaflatoxin*clay interaction effect (P < .10, .05, .01

respectively).
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TABLE 4. WEIGHTS OF LIVERS AND KIDNEYS OF PIGS FED NON-
CONTAMINATED (NC) AND AFLATOXIN-CONTAMINATED (AC) CORN WITH AND
WITHOUT CLAY, EXPRESSED AS A PERCENTAGE OF LIVE BODY WEIGHT.

Treatments
NC ac?

Items No clay Clayb No clay Clayb SEM
Nursery phase (n=6/trt)

Liver©® 3.16 2.99 3.44 3.05 .24

Xidneys .55 .57 .54 .54 .02
Metabolism phase (n=6/trt)

Liverdf 2.13 2.33 2.40 2.43 .12

Kidneys .41 .44 .34 .44 .03
Grower phase (n=6/trt)9d

Liver©® 1.78 1.67 1.90 1.78 .05

XKidneys® .35 .36 .39 .38 .01

8contaminated with 922 ppb aflatoxin By in the diet.

bgolclay-90, American Colloid Co., Arlington Heights, IL.

Cdaflatoxin effect (contaminated diets vs non-contaminated diets;
P < .05, .01 respectively).

€clay effect (clay diets vs non-clay diets; P < .05).

fAflatoxin*clay interaction effect (P < .03).

9all pigs given non-contaminated corn in grower phase.
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TABLE 5. SERUM CHEMISTRY OF PIGS PREVIOUSLY FED NCN~CONTAMINATED
(NC) AND AFLATOXIN-CONTAMINATED (AC) CORN WITH AND WITHCUT CLAY.
GROWER PHASE.

Grower phase treatments

NC Ncd
ItemsP No clay Clay® No clay Clay® SEM
Enzymes
GGT, U/L 57.0 50.6 45.5 51.0 4.8
AST, U/L 57.3 37.5 46.2 41.5 7.8
arp, uyrde 169.3 136.4 137.5  142.9 7.8
Minerals
ca, mg/dleh 10.7 9.7 8.3 9.5 .4
Fe, mg/LB 3.21 2.75 2.68 3.18 .14
cu, mg/Ld 1.60 1.67 1.57 1.75 .06
K, mmolsrel 5.6 5.2 4.1 5.2 .3
Na, mmol/Lf 150.6  140.1 118.8  136.5 6.3
cl, mmol/LS 105.4  101.6 80.0 94.7 5.0
Other
Glucocse, mg/dl® 105.3 98.1 78.9 90.8 4.8

38red contaminated diets with 922 ppb aflatoxin Bj in the nursery
phase.

bEight pigs per mean.

Svolclay-90, American Colloid Co., Arlington Heights, IL.

Glay effect (clay diets vs. non-clay diets; P < .10).
@ldaflatoxin*clay interaction effect (P < .05, .10, .01

hi respectively.
lprevious diet, aflatoxin effect (contaminated diets vs. non-

contaminated diets; P < .05, .01 respectively).
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TABLE 6. SERUM CHEMISTRY OF PIGS FED NON-CONTAMINATED (NC) AND
AFLATOXIN-CONTAMINATED (AC) CORN WITH AND WITHCUT CLAY.
METABOLISM PHASE.

Treatments
NC acd
TtemsP No clay cClay® No clay Clay® SEM
Enzymes
cer, usd 41.2 52.3 72.2 60.2 8.6
ALP, U/L 151.3  127.5 144.5  155.3 9.9
Minerals
ca, mg/d1® 10.0 10.6 9.9 11.2 .5
P, mgydif 8.1 9.3 8.3 9.3 .5
Na, mmol/L® 145.5  155.2 143.5 159.3 6.3
cl, mmol/L® 106.7 111.8 102.0 115.0 4.7
zZn, ug/L® .93 .98 .76 1.02 .07
cu, ug/L9n 1.90 1.95 1.67 2.03 .07
Other
Glucose, mg/dl® 110.5 122.5 105.3  128.8 9.0
Albumin, g/d419 3.8 4.1 3.6 4.1 1

2contaminated with 922 ppb aflatoxin B; in the diet.

Six pigs per mean.

Cvolclay-90, American Colloid Co. Arlington Heights, IL.
daflatoxin effect (contaminated diets vs. non-contaminated
diets; P < .10).

@Ldclay effect (clay diets vs. no clay diets; P < .10, .05, .01

respectively.
Aflatoxin * clay interaction (P < .05).



TABLE 7. CA, P, MG AND MN ABSORPTION AND RETENTION BY GROWER
PIGS FED NON-CONTAMINATED (NC) AND AFLATOXIN-CONTAMINATED (AC)
CORN WITH AND WITHOUT CLAY.

Treatments
NC ac@
Items No clay Clayb No clay Clayb SEM
calcium€d
Intake 596 604 598 600 6.8
Absorption® 64.1 67.0 71.3, 63.3 1.9
Retention® 62.2 64.8 69.6 61.1 1.9
Phosphorus©d
Intake 461 467 463 464 5.2
Absorptionfh 59.5 58.6 64.2 59.9 1.4
Retention91i 54.8 54.0 60.0  54.5 1.5
Magnesium®<
Intake 111 113 112 112 1.3
Absorptionj 33.0 22.9 34.1 25.0 1.8
Retention’ 23.8 12.9 23.8  13.2 1.7
Manganese®d
Intake 3.11 3.15 3.12 3.13 .04
Absorption 17.8 18.2 27.9 20.8 3.6
Retentionj 17.8 14.2 25.1 17.2 3.8

8contaminated with 922 ppb aflatoxin By in the diet.
bVolclay—9o, American Colloid Co., Arlington Heights, IL.
CIntake mg/d*kg"’°>.
Absorption and retention are a percentage of intake.
€aflatoxin*clay interaction effect (P < .01).
f9af1atoxin effect (contaminated diets vs non-contaminated
.diets; P < .05, .10 respectively).
hijclay effect (clay diets vs non-clay diets; P < .10, .05, .01
respectively). .
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TABLE 8. NA, K, FE AND ZN ABSORPTION AND RETENTION BY GRCWER
PIGS FED NON-CONTAMINATED (NC) AND AFLATOXIN-CONTAMINATED (AC)
CORN WITH AND WITHOUT CLAY.

Treatments
NC ac?
Items No clay Clayb No clay Clayb SEM
Sodium®d
Intake 127 129 128 129 1.5
Absorption®9d 86.9 80.1 88.9 84.7 1.4
Retentionf] 31.7 32.0 41.9  27.0 3.7
Potassium®d
Intake 628 637 631 633 7.1
Absorption? 83.8 80.4 84.4 81.0 1.1
Retention 21.8 26.4 31.3 24.2 3.8
Ironcd
Intake9d 23.2 35.9 23.3 35.7 .3
Absorptionl 24.7 19.7 29.9 16.3 3.8
Retentionl 23.0 28.5 18.7 15.1 3.7
zincCd
Intake 9.54 9.67 9.58 9.61 .11
Absorptionfl 40.3 39.7 47.2 40.6 2.0
Retentionfh 37.8 37.0 44.7 37.4 2.0

2contaminated with 922 ppb aflatoxin By in the diet.

Volclay-90, Ame;%can Colloid Co., Arlington Heights, IL.

CIntake mg/d*kg-"’°.

dAbsorption and retention are a percentage of intake.

@Laflatoxin effect (contaminated diets vs non-contaminated diets;
P < .05, .10 respectively).

ghlClay effect (clay diets vs non-clay diets; P < .01, .05, .10

. respectively).

JAflatoxin*clay interaction effect (P < .05, .10)).



Chapter Vv

EFFECTIVENESS OF FEEDING DIFFERENT TYPES OF CLAYS FOR
REDUCING THE DETERIMENTAL EFFECTS OF AFLATOXIN CONTAMINATED
DIETS ON PERFORMANCE, BLOOD CHEMISTRY AND IMMUNE RESPONSE OF

WEANLING PIGS

T.C. Schell, M.D. Lindemann, E.T. Kornegay, D.J. Blodgett
and J. Doerr

Virginia Polytechnic Institute and State University
Blacksburg, 24061
Abstract

Two trials were conducted using weanling pigs (n=129) to
determine the effects of feeding different types of clays in
conjunction with aflatoxin-contaminated diets. In trial I,
(n=81) pigs were fed one of nine diets for 5 wk, seven diets
were contaminated with aflatoxin (500 ppb) and supplemented
with .5% of one of seven types of clay, one diet was
contaminated with aflatoxin (500 ppb) with no clay and one
diet was a control (non-contaminated). Feeding the
aflatoxin-contaminated diet depressed (P < .05) overall ADG
and daily feéd intake, and the addition of all the types of
clays caused variable improvements (P < .05) in ADG and feed
intake. Feed efficiency was not affected by the treatments.
Sodium bentonite improved (P < .05) serum urea N levels
which were depressed by feeding aflatoxin, and intermediate
nonsignificant improvements were observed by several other

clays. Several clays lowered the aflatoxin-induced
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elevation of aspartate aminotransferase (AST) and gamma
glutamyltransferase (GGT) in the serum. Serum glucose, Ca,
Mg, P, Na, and K were not affected by any treatment. In
Trial II, weanling pigs (n=48) were assigned to one of four
diets; control; aflatoxin control (171 ppb); aflatoxin plus
1.0% hydrated sodium calcium aluminosilicate or aflatoxin.
plus 1.0% Ca bentonite for 5 wk. Aflatoxin depressed ADG (P
< .05) for the first 4 wk, with no effect in wk 5. Both
clays increased (P < .05) ADG and feed intake compared with
the aflatoxin controls. Feeding aflatoxin diets did not
influence feed to gain ratios. There were no significant
treatment effects on the serum levels of total protein,
albumin, urea N, GGT, AST, ALP, Ca, P, Mg, Na, K and glucose
and humoral immune response taken at the end of the trial.
Feeding clays can effectively prevent some of the negative
effects of feeding aflatoxin-contaminated diets to weanling
pigs. However, the level of prevention is dependant on the
type of clay fed.
Key Words: Pigs, Clays, Aflatoxin, Immunity
Introduction

Weanling swine fed aflatoxin contaminated diets grow
slower, consume less feed, and in some cases have higher
feed to gain ratios (Lindemann et al., 1988; Panangala et
al., 1986). Additionally, liver damage characterized by

enlargement and the release of enzymes; aspartate
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aminotransferase (AST), gammaglutamyl transferase (GGT), and
alkaline phosphatase (ALP) into the blood has been reported
in pigs fed 500 ppb aflatoxin (Harvey et al., 1990).

Efforts to minimize the effects of aflatoxins have
primarily centered on reducing the toxin levels in feeds.
Screening, blending, and ammoniation have been used to
reduce aflatoxin levels in swine feeds with only limited
success (CAST, 1989). Recently, studies have shown that
adding clay (.5%) to contaminated swine diets can
successfully reduce a major part of the negative effects of
aflatoxins (Lindemann et al., 1988, 1990). Lindemann et al.
(1988) reported that feeding weanling swine .5% hydrated
sodium calcium aluminosilicate (HSCA) with 840 ppb aflatoxin
significantly prevented depressions in daily gains and feed
intake. Furthermore, Harvey et al. (1990) reported a
recovery of elevated serum levels of GGT, AST, and ALP
associated with aflatoxin induced liver damage when HSCA was
fed with aflatoxin.

The purpése of this research was to evaluate the
effectiveness of several types of clays in reducing the
negative effects caused by the feeding of aflatoxin-
contaminated diets to weanling swine.

Methods and Materials
Two trials using a total of 129 weanling barrows and

gilts were conducted to determine the effectiveness of
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several types of clays in preventing some of the negative
effects of feeding aflatoxin contaminated diets. In Trial
I, after a postweaning adjustment period of 7 to 9 4, 81
crossbred pigs with an average initial wt of 9.65 kg and an
average age of 38.7 d were allotted based on gender, weight,
and litter to one of nine dietary treatments (Table 1). |
Diets II-IX were contaminated with 500 ppb aflatoxin Bj on
rice starch using the procedure of Shotwell et al. (1966)
and 7 types of clay2 were added at .5%.

Pigs were housed in .91 m x 1.22 m plastic-coated
welded-wire floored pens (three pigs/pen) in an enclosed
nursery. The room temperature was set initially at 26°C and
was reduced weekly according to the body weight of the pigs.
Access to feed and water was ad libitum. Pigs were weighed
and feed intake per pen was determined weekly. One
replicate (27 pigs, one pen per treatment) was removed from
the trial on d 33, and the other two replicates were removed
on d 40. Blood was taken from each pig via jugular
venipuncture'at the termination of each replicate for serum
blood chemistry determination.

In Trial II, after a postweaning adjustment period of 5

d, 48 crossbred pigs with an average initial weight of 9.08

215 RVM, 55 RVM, 80 RVM obtained from Floridin, Tallahassee,
Fl, Zeobrite obtained from Zeotech Corp., Albuquerque, NM,
Novasil marketed by Englehard Corp., Cleveland, OH. FD-181
obtained from American Colloid Co. Arlington Heights, IL,
AB-20 obtained from ECC America, Inc., Gonzales, TX.
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kg and an average age of 28 d were assigned to one of four
dietary treatments (Table 2) based on weight, gender, and
litter. Naturally contaminated corn was used to formulated
diets that contained 171 ppb aflatoxin Bj. Pigs were housed
in cages (.61 m x .91 m) with plastic-coated welded-wire
floors (two pigs/pen). Access to feed and water was ad
libitum for the 5 wk trial. Pigs were weighed and feed
intake was determined weekly. On d 7 and 4 21, all animals
were bled via anterior vena cava puncture, and were then
injected im with 1 ml of an antigen solution [1 mg ovalbumin
(Sigma) in .5 ml Freund's Incomplete Adjuvant (Sigma) and .5
ml physiological saline] for determination of humoral immune
response. The immune response to ovalbumin was determined
using a modified ELISA procedure (Appendix Table 32). Blood
samples were taken again at d 35 for determination of serum
chemistry and immune response. Serum chemistry analysis was
performed at the Virginia-Maryland Regional College of
Veterinary Medicine using a Kodak Ektachem 700 (Eastman
Kodak, Rocheéter, New York). One pig on diet 3 was removed
from the study after wk 2 because of an undetermined
illness. Data from this pig were eliminated from the
analysis.

The data from both studies was analyzed using the
General Linear Models procedure of SAS (1988). Models

contained diet and replicate effects. Tukey studentized

59



range test was performed to compare differences between the
diets for performance and serum chemistry.
Results

Trial I. Average daily gain and feed intake were
depressed (P < .05) for pigs fed the aflatoxin contaminated
diet (with no clay) compared with pigs fed the control diét
(Table 3). The addition of all clays to the aflatoxin diet
(attapulgites, sepolite, zeolite, HSCA, Na bentonite and Ca
bentonite) improved (P < .05) ADG and ADFI over those of
pigs fed the aflatoxin control diet. There was no effect of
aflatoxin or clay on feed efficiency.

Pigs fed the aflatoxin diet (with no clay) had
depressed (P < .05) serum urea N levels compared with
control pigs (Table 4). The addition of Na bentonite
increased (P < .05) urea N compared with pigs fed aflatoxin
diets with no clay, but some of the other clays had
nonsignificant intermediate values.

Although not significant, serum albumin levels were
lower in pigs fed aflatoxin diets with no clay, but were
returned to normal or near normal for pigs fed aflatoxin
with zeoclite added (P < .05). Serum glucose (117 mg/dl), Ca
(10.9 mg/dl), Mg (2.0 mg/dl), P (8.6 mg/dl), Na (148 mmol/L)
and K (6.3 mmol/L) were not affected by aflatoxin or clay

treatments (Appendix Tables 27 and 28).
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Serum AST and GGT levels were higher (P < .05) in pigs
fed aflatoxin with no clay compared with control fed pigs.
Increased AST levels were prevented by the addition of HSCA
and AB-20 (P < .05) to the aflatoxin diet compared with pigs
fed the aflatoxin diet alone. Serum GGT levels were also
reduced by all the clays, except both of the attapulgites,
compared with pigs fed the aflatoxin diet with no clay.

Trial II. Feeding the diet with contaminated corn
depressed ADG through wk 4 (P < .05) when compared to pigs
fed non-contaminated diets; there was no effect for wk 5
(Table 5). Pigs fed aflatoxin diets with HSCA or Ca
bentonite had higher ADG than those of pigs fed the
contaminated diet with no clay (P < .05). Feed intake was
higher (P < .05) for pigs consuming both clay diets compared
with pigs fed the aflatoxin diet with no clay. However, the
HSCA fed pigs had a higher feed to gain ratio than control
pigs (P < .05). There were no effects of aflatoxin or clay
on serum total protein (5.04 g/dl), albumin (2.78 g/dl),
urea N (9.6 ﬁg/dl), GGT (40.3 u/L), AST (46.7 u/L), ALP (166
u/L), Ca (8.9 mg/dl), Mg (2.1 mg/dl), P (8.1 mg/dl), Na
(129.6 mmol/L), K (4.7 mmol/L) and glucose (87.7 mg/dl); all
were within the normal range (Appendix table 31). Humoral
immune response was not affected by aflatoxin or clay (data

not shown).
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Discussion

Performance. The results of these studies are in

agreement with other reports in which marked improvement in
performance were observed when clays were added to aflatoxin
contaminated diets (Harvey et al., 1990; Lindemann et al.,
1990). In Trial I, the inclusion of 500 ppb aflatoxin to"
the diets produced a 28% depression in growth when clay was
not added; the addition of .5% of several clays recovered
from 31 to 76% of the depression. Similarly, ADFI was
depressed 31% by the aflatoxin when compared with controls:;
the addition of clays recovered 40 to 112% of this
depression. As reported by Lindemann et al. (1988), feed
efficiency was unaffected by aflatoxin or clay treatment.
The magnitude of the aflatoxin effect on performance was
much less in Trial II. There was only a depression in ADG
for the first 4 wk of the 5 wk trial. Lindemann et al.
(1990) reported reduced feed intake and daily gains for
weanling pigs fed similar levels of aflatoxin for 5 wk. The
discrepency in results may be attributed to the level and/or
the source of aflatoxin used in this trial. Coffey et al.
(1989) reported a linear depression in performance due to
increases in aflatoxin levels in the diets of weanling pigs.
The level of aflatoxin in this trial may have only been
sufficient to illicite a response for the first 4 wk. Also,
previous work has shown that younger pigs are more affected

by aflatoxin (Heathcote and Hibbert, 1978), and the age of
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the pigs at the end of this trial may have made them
unresponsive to the low level of aflatoxin. The high feed
to gain ratio for the pigs fed HSCA has not been previously
reported and contradicts Trial I and previous work by
Lindemann et al. (1990).

Serum chemistry. Serum chemistry profiles in Trial I

were similar to those obtained by Harvey et al., (1989b).
Aflatoxin reduced indicators of protein synthesis such as
serum urea N, and serum levels of AST and GGT were elevated
by aflatoxin as seen by Lindemann et al. (1988, 1990) and
Harvey et al. (1990). The lack of response to aflatoxin for
protein synthesis indicators and serum enzymes related to
liver damage in Trial II is consistent with the performance
data for that study immediately prior to sampling. The
recovery of performance during the last week of the study
along with the the normal serum chemistry profiles obtained
during this period suggests a recover of normal metabolism.
Again, this recovery may be attributed to the low level of
aflatoxin in‘this trial.

In Trial I, the various clays had differing abilities to
recover abnormal blood chemistry values caused by the
aflatoxins. The Na bentonite, zeolite and sepiolite all
significantly increased the serum levels of protein
synthesis indicators when aflatoxin was fed. These results

are similar to those obtained by Harvey et al. (1989a) who
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found the addition of .5% HSCA increased serum albumin,
total protein and urea N when aflatoxin was fed. The
reduction of aflatoxin-induced high serum enzyme levels was
achieved by all of the clays to varying degrees, except the
attapulgites. Lindemann et al. (1990) reported a similar
serum enzyme reduction with the addition of .5% sodium
bentonites and HSCA. The lack of a response of serum
glucose, Ca, Mg, P, Na and K to aflatoxin treatment also
agrees with the results of Lindemann et al. (1990) in which
no effects were found on these parameters.

Immunity. Contrary to work by Richard et al. (1975),
which suggests a humoral immune response to aflatoxins in
guinea pigs, there was no effect on humoral immune response
in this study. This study supports the work of Panangala et
al. (1986), which found the primary influence of aflatoxin
on the immune system to be on cell-mediated immunity.
However, the level of aflatoxin in this trial may not have
been sufficient to illicite a change in humoral immune
response. |

The varying abilities of the clays to prevent
depressions in performance and abnormal serum chemistry
profiles reflects the varying ablities of these clays to
bind aflatoxins (Blodgett et al, unpublished data). The

binding of only some of the aflatoxins in the
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gastrointestinal tract may account for limited recovery of
the responses examined in this study.
Implications

Overall, when aflatoxin contaminated diets are fed to
swine, the addition of clays can prevent many of the
negative toxin-induced effects. The degree to which the
clays can accomplish this is dependant upon the specific
clay. Pending FDA approval, the addition of clays to
aflatoxin contaminated diets may offer producers another
alternative way of dealing with their contaminated grains

the future.

in
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Table 2. PERCENTAGE COMPOSITION CF DIETS IN TRIAL 113b

Diets

Item I II III Iv
Normal corn 64.70 28.70 27.70 27.70
Contaminated corn = =-e=- 40.00 40.00 40.00
Soybean meal (44% CP) 26.90 26.90 26.90 26.90
Soybean oil 1.00 1.00 1.00 1.00
Dicalcium phosphate 1.20 1.20 1.20 1.20
Limestone 1.00 1.00 1.00 1.00
VPI vitamin premix® 0.25 0.25 .25 .25
Trace mineral premixd 0.05 0.05 .05 .05
Salt 0.40 0.40 .40 .40
csp-125© 0.50 0.50 .50 .50
Hydrated Sodium _Calcium ——— —— 1.00 ———
Aluminosilicate

ca Bentonite9d — _— _—— 1.00

8calculated to supply 17.7% crude protein, .95% lysine, .77% Ca,
and .59% P.
Ppiets II-IV were calculated to contain 171 ppb aflatoxin Bj.
Csupplied per kilogram of diet: 4,400 IU vitamin A, 440 IU
vitamin D3, 11 IU vitamin E, 4.4 mg riboflavin, 22 mg d-
pantothenic acid, 22 mg niacin, 489.5 mg choline, .022 mg
vitamin B33, .5 mg menadione, .44 mg d-biotin and .3 mg Se.
Supplied per kilogram of diet: 150 mg Zn, 176 mg Fe, 60 mg
Mn, 17 mg Cu, 34 mg I.
€supplied per kilogram of diet; 110 mg chlortetracyclene, 110 mg
sulfathiozole and 55 mg penicillin.
Tradename NovaSil, Englehardt Corp. Cleveland, Ohio.
9Tradename Red Crown Bentonite, Prince Agri Products Inc.
Quincy, Illinois.
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TABLE 5. PERFORMANCE OF WEANLING PIGS FED NONCONTAMINATED AND
AFLATOXIN-CONTAMINATED CORN WITH AND WITHCQUT CLAYS. TRIAL II.

Treatments
a Normal Aflatoxig AC+1§ AC+1% a
Item Corn (NC) Corn(AC) HSCA Ca Ben.™ SEM
(n=12) (n=12) (n=11) (n=12)

Body weights, kg

Initial 9.05 9.05 9.09 9.11  .092

Final 23.648f 22.71f - 24.83° 24.82%  .462
ADG, kg

Wk 1-4 .399¢ .3s50f .420¢ .403%  .013

Wk 4-5 .488 .526 .533 .571  .023

Wk 1-5 .4178f .390%f .450% .449%  .014
Average daily feed intake, kg

Wk 1-4 .734£9 .6639 .860°% .765F  .023

Wk 4-5 1.095 1.061 1.268 1.152  .043

Wk 1-5 .819%9 .7699 .962° .867%% 023
F/G

Wk 1-4 1.84% 1.918f 2.07¢ 1.90%% Los0

Wk 4-5 2.24 2.02 2.39 2.04 .062

Wk 1-5 v 1.96% 1.97°f 2.15° 1.93%  .o4s

8Means with different superscripts differ (P < .05).
Pcontaminated with aflatoxin 171 ppb in the diet.

CHydrated Sodium Calcium Aluminosilicate, tradename Novasil,
Englehard Corp., Cleveland, O©Ohio.

Tradename Red Crown Bentonite, Prince Agri Products Inc. Quincy,

Illinois.



Chapter VI
LITERATURE CITED

Armbrecht, B.H., H.G. Wiseman, W.T. Shalkop and J.N. Geleta.
1971. Swine aflatoxicosis. 1. An assessment of growth
efficiency and other responses in growing pigs fed
aflatoxin. Environ. Physiol. 1:198.

Beaver, W.R., D.M. Wilson, M.A. James, K.D. Hayden, B.M.
Colvin, L.T. Sangster, A.H. Pikal and J.D. Groopman.
1990. Distribution of aflatoxin in tissues of growing
pigs fed an aflatoxin-contaminated diet amended with a
high affinity aluminosilicate sorbent. Vet. Hum.
Toxicol. 32:16.

Betina, V. 1989. Aflatoxins, Sterigmatocystins and
versicolorins. In: Mycotoxins, Chemical, Bioleogical and
Environmental Aspects. Elsevier. New York.

Bryden, W.L., R.B. Cumming and D. Balnave. 1979. The
influence of vitamin A status on the response of
chickens to aflatoxin By and changes in liver lipid
metabolism associated with aflatoxicosis. Br. J. Nutr.
41:529.

Carson, M.S. and T.K. Smith. 1983. Role of bentonite in
prevention of T-2 toxicosis in rats. J. Anim. Sci.
57:1498.

CAST. 1989. Mycctoxins Economic and Health Risks. Council
for agricultural science and technology. Ames, Iowa.

Coffey, M.T., W.M. Hagler and J.M. Cullen. 1989. 1Influence
of dietary protein, fat or amino acids on the response
of weanling swine to aflatoxin B;. J. Anim. Sci.
67:465.

Colvin, B.M., L.T. Sangster, K.D. Haydon, R.W. Beaver and
D.M. Wilson. 1989. Effect of a high affinity
aluminosilicate sorbent on prevention of aflatoxicosis
in growing pigs. Vet. Hum. Toxicol. 31:46.

Conway, H.F., R.A. Anderson and E.B. Bagley. 1978.
Detoxification of aflatoxin-contaminated corn by
roasting. Cereal Chem. 55:115.

Cunha, T.J. 1980. Animal Feeding and Nutrition. Academic
Press, New York.

71



Ensminger, M.E., J.E. 0Oldfield and W.W. Heinemann. 1990.
Feeds and Nutrition. Ensminger Pub. Clovis, CA.

Eskeland, B. 1976. Methods of observation and measurement
of different parameters as an assessment of bird
welfare. 5th Eur. Poult. Conf. (Malta):988.

Feuell, A.J. 1977. Aflatoxin in groundnuts. IV Problems of
detoxification. Trop. Sci. 8:61.

Friend, D.W. and H.L. Trenholm. 1988. Mycotoxins in pig
nutrition. Pig News and Info. 9:1.

Georgievskii, V.I., B.N. Annenkov and V.T. Samokhin. 1982.
Mineral Nutrition of Animals. Kolos Pub. Moscow.

Giambrone, J.J., U.L. Diener, N.D. Davis, V.S. Panangala and
F.J. Hoerr. 1985. Effects of aflatoxin on young
turkeys and broiler chickens. Poult. Sci. 64:1678.

Godblatt, L.A. and F.G. Dollear. 1979. Modifying mycotoxin
contamination in feeds- use of mold inhibitors,
ammoniation, roasting. In: Interactions of Mycotoxins
in Animal Production. NRC. National Academy of Science.
Washington, D.C.

Harvey, R.B., L.F. Kubena, T.D. Phillips, D.E. Corrier, M.H.
Elissalde and W.E. Huff. 1991. Diminution of
aflatoxin toxicity to growing lambs by dietary
supplementation with hydrated sodium calcium
aluminecsilicate. Am. J. Vet. Res. 52:152.

Harvey, R.B., L.F. Kubena, W.E. Huff, D.E. Corrier, and T.D.
Phillips. 1988. Progression of aflatoxicosis in
growing barrows. Am. J. Vet. Res. 49:482.

Harvey, R.B., L.F. Kubena, T.D. Phillips, W.E. Huff, and
D.E. Corrier. 1989%a. Prevention of aflatoxicosis by
addition of hydrated sodium aluminosilicate to the
diets of growing barrows. Am. J. Vet. Res. 50:416.

Harvey, R.B., L.F. Kubena, W.E. Huff, D.E. Corrier, D.E.
Clark and T.D. Phillips. 1989b. Effects of aflatoxin,
deoxynivalenol, and their combination in the diets of
growing pigs. Am. J. Vet Res. 50:602.

Harvey, R.B., L.F. Kubena, W.E. Huff, D.E. Corrier, G.E.
Rottinghaus and T.D. Phillips. 1990. Effects of
treatment of growing swine with aflatoxin and T-2
toxin. Am. J. Vet. Res. 51:1688.

72



Heathcote, J.G. and J.R. Hibbert. 1978. Aflatoxins:
Chemical and Biological Aspects. Elsevier, New York.

Hintz, H.F., A.N. Booth, A.F. Cucullu, H.K. Gardner and H.
Heitman. 1967. Aflatoxin toxicity in swine. Proc.
Soc. Exp. Biol. Med. 124:266.

Hsieh, D.P.H. 1979. Basic metabolic effects of mycotoxins.

In: Interactions of Mycotoxins in Animal Production.
NRC. National Academy of Science. Washington D.C.
p.43.

Hsieh, D.P.H. and J.J. Wong. 1982. Metabolism and toxicity
of aflatoxins. In: Advances in Experimental Medicine
and Biology. R. Synder, D.J. Jollow, D.V. Parke, J.J.
Kocsis, C.G. Gibson and C.M. Witmer (Eds). Plenun
Press. New York.

Huff, W.E., L.F. Kubena, R.B. Harvey, D.E. Corrier and H.H.
Mollenhouer. 1986. Progression of aflatoxicosis in
broiler chickens. Poult. Sci. 65:1891.

Kaneko, J.J. 1989. Clinical Biochemistry of Domesitic
Animals (4th ed.). Academic Press. San Diego. CA.

Kubena, L.F., R.B. Harvey, T.D. Phillips, D.E. Corrier and
W.E. Huff. 1990. Diminution of aflatoxicosis in
growing chickens by the dietary addition of a hydrated
sodium calcium aluminosilicate. Poult. Sci. 69:727.

Kurnick, A.A. and B.K. Reid. 1960. Poultry nutrition
studies with bentonite. Feedstuffs. 32:34.

Lanza, G.M., K.W. Washburn and R.D. Wyatt. 1980. Variation
with age in response of broilers to aflatoxin. Poult.
Sci. 59:282.

Lanza, G.M., K.W. Washburn, R.D._Wyatt and H.M. Edwards, Jr.
1981. Strain variation in °%Fe absorption during
aflatoxicosis. Poult. Sci. 60:500.

Lanza, G.M., K.W. Washburn, R.D. Wyatt and H.M. Edwards, Jr.
1979. Depressed Fe absorption due to dietary
aflatoxin. Poult. Sci. 58:1439.

Lepine, A.J., E.T. Kornegay, D.R. Notter, H.P. Veit and J.W.
Knight. 1985. Foot and leg measurements, toe lesions,
soundness scores and feedlot performance of crossbred
boars as influenced by nutrition and age. Can. J. Anim.
Sci. 65:459.

73



Lindemann, M.D. and D.J. Blodgett. 1991. Various clays
provide alternative for dealing with aflatoxin.
Feedstuffs. 7:15.

Lindemann, M.D., D.J. Blodgett and E.T. Kornegay. 1990.
Further assessment of the effects of feeding aflatoxin-
contaminated corn to young swine. Virginia Tech
Livestock. Res. Rep. 9:17.

Lindemann, M.D., D.J. Blodgett, G.G. Schurig and E.T.
Kornegay. 1988. Evaluation of potential ameliorators
of aflatoxicosis in weanling/growing swine. Virginia
Tech Livestock Res. Rep. 7:30.

Lindenfelser, L.A. and A. Ciegler. 1970. Studies on
aflatoxin detoxification in shelled corn by ensiling.
J. Agric. Fd. Chem. 18:640.

Maurice, D.V., A.B. Bodine and N.J. Rehrer. 1983. Effects
of low aflatoxin B levels on broiler chicks. Appl.
Envir. Micr. 45:980.

Maynard, L.A., J.K. Loosli, H.F. Hintz and R.G. Warner.
1979. Animal Nutrition 7th ed. McGraw-Hill. New York.

Montani, M.L., G. Vaamonde, S.L. Resnik and P. Buera. 1988.
Water activity influence on aflatoxin accumulation in
corn. Int. J. Food Micr. 6:349

Murthy, T.R.K., M. Jemmali, Y. Henry and C. Frayssinet.
1975. Aflatoxin residues in tissues of growing swine:
effect of separate and mixed feeding of protein and
protein-free portion of the diet. J. Anim. Sci.
41:1339.

Norred, W.P. 1979. Effect of ammoniation on the toxicity of
corn artificially contaminated with aflatoxin Bj.
Toxicol. Appl. Pharmacol. 51:411.

N.R.C. 1988. Nutrient Requirements of Swine (9th ed)
National Academy of Science - National Research
Council. Washington D.C.

Oliver, M.D. 1989. Sodium bentonite as a component in layer
diets. Br. Poult. Sci. 30:841.

Panangala, V.S., J.J. Giambrone, U.L. Diener, N.D. Davis,
F.J. Hoerr, A. Mitra, R.D. Schultz and G.R. Witt.
1986. Effects of aflatoxin on the growth performance
and immune responses of weanling swine. Am. J. Vet.
Res. 47:2062. :

74



Perkin-Elmer. 1982. Analytical method for atomic
absorption spectophotometry. Perkin-Elmer. Norwalk,
Connecticut.

Phillips, T.D., L.F. Kubena, R.B. Harvey, D.R. Taylor and
N.D. Heidelbaugh. 1988. Hydrated sodium calcium
aluminosilicate: a high affinity sorbent for aflatoxin.
Poult. Sci. 67:243.

Pond, W.G., J. Yen and V.H. Varel. 1988. Copper and
clinoptilolite supplementation to diets for growing
pigs. Nutr. Rep. Int. 37:795.

Ray, P.K., K.P.S. Raisuddin and A.K. Prasad. 1991.
Immunological responses to aflatoxins and other
chemical carcinogens. J. Toxicol.- Toxin Rev. 10:63.

Richard, J.L., J.R. Thurston, B.L. Deyoe and G.D. Booth.
1975. Effect of ochratoxin and aflatoxin on serum
proteins, complement activity, and antibody producticn
to Brucella abortus in guinea pigs. Appl. Microbiol.
29:27.

SAS. 1988. SAS User's Guide: Statistics. Statistical
Analysis System Inst., Inc., Cary NC.

Shankaran, R., H.G. Ras and T.A. Venkitasubramanian. 1970.
Effect of aflatoxin on carbohydrate metabolism in chick
liver. Enxymologia. 39:371.

Shotwell, O0.L., C.W. Hesseltine and R.D. Stubblefield. 1966.
Production of aflatoxin on rice. Appl. Microbiol.
15:425.

Sisk, D.B. and W.W. Carlton. 1972. Effect of dietary
protein concentration on responses of miniature swine
to aflatoxins. Am. J. Vet. Res. 33:107.

Smith, T.K. 1980. Influence of dietary fiber, protein and
zeolite on zeralenone toxicosis in rats and swine. J.
Anim. Sci. 50:278.

Southern, L.L. and A.J. Clawson. 1979. Effects of
aflatoxins on finishing swine. J. Anim. Sci. 49:1006.

Taverner, M.R., R.G. Campbell and R.S. Biden. 1984. A note

on sodium bentonite as an additive to grower pig diets.
Anim. Prod. 38:137.

75



Thurston, J.R., A.L. Baetz, N.F. Cheville and J.L. Richard.
1980. Acute aflatoxicosis in guinea pigs: sequential
changes in serum proteins, complement, C4, and liver
enzymes and histopathologic changes. Am. J. Vet. Res.
41:1272.

Tuite, J. 1979. Field and storage condition for the
production of mycotoxins and geographic distribution of
some mycotoxin problems in the United States. In:
Interactions of Mycotoxins in Animal Production. NRC.
National Academy of Science. Washington D.C. p.19.

Underwood, E.J. 1971. Trace Elements in Human and Animal
Nutrition (3rd Ed.). Academic Press, Inc., New York.

Ward, T.L., K.L. Watkins, L.L. Southern, P.G. Hoyt and D.D.
French. 1991. Interactive effects of sodium zeolite-A
and copper in growing swine: growth and bone and
tissue mineral concentrations. J. Anim. Sci. 69:726.

Wogan, G.N. 1966. Chemical nature and biological effects of
the aflatoxins. Bact. Rev. 30:460.

Yu, F.L. 1977. Mechanism of aflatoxin By inhibition of rat
hepatic nucleor RNA synthesis. J. Biol. Chem.
252:3245.

76



APPENDIX TABLE 1. INTAKE AND FECES DATA FOR THE METABOLISM PHASE.

Treatments

P—valuesb

Normal Aflatoxin NC+1% AC+1% P

Items Corn(NC) Corn(AcC)? volclay Volclay SEM A C Ax*C
Initial wt, kg 38.8 33.4 42.4 38.9 1.2 .01 .01 .22
Feed intake, g 4909 4402 5220 4957 139 .01 .01 .40
Feed refusal, ¢ 105 52 27 43 34 .60 .22 .32
Water intake, L 32 24 31 31 4 .50 .35 .48
Feces wet wt, g 1491 1286 1807 1617 95 .05 .01 .93
Feces DM, % 37.5 36.5 36.4 37.7 2 .89 .97 .44
DM digest. % 87.5 88.6 86.3 86.5 .5 .23 .01 .39

2piet contains 922 ppb aflatoxin.
PA- Aflatoxin effeact (aflatoxin diets vs. no aflatoxin
C- Clay effect (clay diets vs. no clay diets).

A*C- Aflatoxin * clay interaction.

diets)
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APPENDIX TABLE 2. BODY WEIGHTS AND AVERAGE DAILY GAINS OF WEANLING
PIGS FED NON-CONTAMINATED AND AFLATOXIN-CONTAMINATED CORN WITH AND
WITHOUT VOLCLAY-90. NURSERY PHASE.

P-values
Treatments
Contrastsb
Normal Aflatoxin NC+1% AC+1% —
Items Corn(NC) Corn(AC)2 Volclay Volclay SEM Trt A C A*C
(n=24) (n=24) (n=24) (n=24)

Body weights, kg
Initial 8.78 8.80 8.78 8.72 .041 .53 .66 .32 .34
Week 1 11.28 10.84 11.34 10.99 .219 .39 .12 .64 .83
Week 2 14.83 13.31 14.76 13.90 .393 .09 .02 .54 .44
Week 3 18.59 16.47 13.64 16.96 .501 .04 .01 .61 .67
Week 4 22.78 19.67 23.52 20.84 .469 .01 .01 .09 .67

Week 5 26.77 22.71 27.71 24.99 .060 .01 .01 .03 .28

Week 6  29.99 25.27 31.19  28.49 .466 .01 .01 .01 .07
Average daily gain, g
Week 1 357 250 366 325 29.0 .33 .11 .49 .67
Week 2 507 354 489 415 39.4 .10 .03 .61 .35
Week 3 537 451 554 438 36.7 .15 .03 .96 .70
Week 4 598 457 697 553  42.8 .04 .02 .06 .97
Week 5 570 433 598 593 59.8 .26 .28 .17 .31
Week 6 461 366 498 500 40.9 .17 .30 .08 .28
Wk 1-2 432 322 427 370 25.8 .11 .02 .44 .35
Wk 1-3 467 365 470 393 22.5 .04 .01 .53 .60
Wk 1-4 500 388 526 433 16.4 .01 .01 .07 .60
Wk 1-5 514 397 541 465 15.7 .01 .01 .02 .24
Wk 1-6 505 392 534 471 10.7 .01 .01 .0l .06

@contaminated with 922 ppb in the diet

bContrasts
A- Aflatoxin effect (Aflatoxin corn diets vs normal corn diets)

C- Clay effect (Volclay diets vs no Volclay diets)
A*C- Interaction effect



APPENDIX TABLE 3. AVERAGE DAILY FEED INTAKE AND FEED TO GAIN RATIO
OF WEANLING PIGS FED NON-CONTAMINATED AND AFLATOXIN-CONTAMINATED

CORN WITH AND WITHOUT CLAY. NURSERY PHASE.

P-values
Treatments
ContrastsP
Normal Aflatoxin NC+1% AC+1% _
Items Corn(NC) Corn(AC)® volclay Volclay SEM Trt A C Ax*C
ADFI, g (n=24) (n=24) (n=24) (n=24)
Week 1 540 489 486 477 17 .11 .11 .09 .23
Week 2 964 748 926 872 60 .16 .07 .50 .23
Week 3 1204 718 1250 1036 28 .01 .0L .03 .24
Week 4 1171 1034 1379 1258 83 .14 .19 .05 .93
Week 5 1385 10588 1495 1420 39 .01 .01 .01 .02
Week 6 1333 1042 1377 1361 29 .01 .01 .01 .01
Wk 1-2 754 618 706 674 37 .18 .07 .92 .21
Wk 1-3 904 713 887 795 28 .01 .01 .33 .15
Wk 1-4 971 797 1010 911 39 .04 .01 .10 .34
Wk 1-5 1054 849 1108 1013 37 .01 .01 .03 .19
Wk 1-6 1101 883 1152 1071 31 .01 .01 .01 .07
Feed to gain
Week 1 1.57 1.69 1.34 1.55 .13 .43 .28 .24 .76
Week 2 1.91 2.16 1.91 2.10 .07 .14 .03 .75 .73
Week 3 2.25 2.06 2.28 2.37 .11 .37 .68 .20 .29
Week 4 2.06 2.31 2.01 2.27 .24 .77 .33 .83 .97
Week 5 2.61 2.46 2.62 2.40 .28 .93 .54 .93 .92
Week 6 3.05 2.84 2.380 2.74 .21 .77 .57 .44 .74
Wk 1-2 1.76 1.94 1.65 1.83 .05 .05 .02 .09 .96
Wk 1-3 1.94 1.99 1.89 2.03 .06 .48 .20 .92 .45
Wk 1-4 1.94 2.05 1.92 2.11 .06 .22 .06 .77 .57
Wk 1-5 2.05 2.14 2.05 2.18 .04 .17 .04 .64 .65
Wx 1-6 2.17 2.25 2.16 2.27 .03 .08 .04 .90 .58
8contaminated with 922 ppb in the diet.
bContrasts

A~ Aflatoxin effect (Aflatoxin corn diets vs. normal corn diets)
C- Clay effect (Volclay-90 diets vs no Volclay-90 diets)
A*C- Interaction effect.
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APPENDIX TABLE 4. BLOOD CHEMISTRY OF WEANLING PIGS FZD NON-
CONTAMINATED CORN OR AFLATOXIN-CONTAMINATED CCRN WITH AND WITHOUT
CLAY. NURSERY PHASE.

Treatments
P-valuesP

Normal Aflatoxin NC+1% AC+1% -

Items Corn(NC) Corn(Ac)? Volclay Volclay SEM Trt A C A*C
(n=24) (n=24) (n=24) (n=24)

BUN © 13.4 10.4 12.1 11.8 .97 .22 .10 .99 .19
T Protein? 6.1 5.6 5.8 6.2 .21 .19 .72 .33 .06
Glucose® 116.6 100.1 108.5 117.0 3.66 .0l .29 .25 .01
Creatine® 1.2 1.2 1.2 1.2 .04 .96 .85 .63 .94
Albumind 3.5 3.0 3.4 3.7 .15 .04 .63 .07 .02
GGT, U/L 46.7 67.0 51.0 57.5 4.1 .01 .0l .53 .11
AST, U/L 66.1 81.6 68.0 53.6 5.91 .03 .93 .04 .02
ALP, U/L  129.1 135.0 118.3  127.6 3.72 .04 .06 .03 .66
ca® 9.6 9.2 9.5 9.9 .22 .27 .85 .26 .10
Mg© 2.0 1.9 1.9 1.9 .06 .68 .49 .61 .39
p¢ 7.3 7.4 7.6 7.8 .20 .33 .32 .13 .73
Na® 145.3 137.4 140.5 143.1 2.76 .24 .34 .87 .07
K& 6.6 6.6 6.5 6.6 .18 .99 .85 .90 .83
cl® 101.9 95.9 97.0 100.3 2.23 .23 .56 .90 .05
co,© 27.5 27.0 28.5 26.7 .88 .54 .23 .70 .47
Anion gap® 22.6 21.2 21.6 22.7 .64 .30 .77 .69 .07
Total bili® .13 .17 .12 .12 .02 .17 .39 .09 .22

8contaminated with 922 ppb in the diet

Contrasts
A~ Aflatoxin effect (Aflatoxin corn diets vs normal corn diets)

C~ Clay effect (Volclay diets vs no Volclay diets)
A*C~- Interaction effect
Cng/dL
dg/dL
®mmol/L
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APPENDIX TABLE 5. MINERAL CONTENT OF LIVERS OF WEANLING PIGS FED
NON-CONTAMINATED CORN OR AFLATOXIN-CONTAMINATED CORN WITH AND
WITHOUT CLAY. NURSERY PHASE.

P-values
Treatments
Contrastsb
Normal Aflatoxin NC+1% AC+1% .
Items® Corn(NC) Corn(AC)? Volclay Volclay SEM A C AaxC
(n=24) (n=24) (n=24) (n=24)
Ca .41 .34 .38 .42 .03 .65 .47 .13
P 7.84 7.49 8.01 8.44 .44 .93 .25 .41
Mg .97 .97 .99 1.04 .10 .83 .70 .83
Na 7.93 7.20 7.31 6.96 .36 .19 .29 .59
K 16.4 16.7 15.3 17.2 1.77 .54 .87 .67
Cu 3.36 4.69 4,39 4.05 .79 .55 .81 .32
Fe 63.7 66.8 67.5 79.2 8.7 .43 .39 .64
Zn 18.8 16.9 20.2 23.1 2.6 .85 .20 .40

8contaminated with 922 ppb in the diet.

bContrasts
A- Aflatoxin effect (Aflatoxin corn diets vs. normal corn diets)

C- Clay effect (Volclay-90 diets vs. no Volclay-90 diets)
A*C- Interaction effect
Cppm, dry matter basis.
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APPENDIX TABLE 6. BODY WEIGHTS AND AVERAGE DAILY GAINS OF GROWER
PIGS FED NON-CONTAMINATED CORN WITH AND WITHOUT VOLCLAY-90.
GROWER PHASE.

Treatments

Nursery Normal Aflatoxin NC+13% AC+1% .
Diets Corn(NC) Corn(AC)2 volclay Volclay P-Values®

Grower NC NC NC+1% NC+1%

Diets Volclay Volclay SEM A C A*C

(n=12) (n=12) (n=12) (n=12)

Body weight, kg
Initial 29.82 26.06 30.38 28.58 1.00 .03 .18 .37
Week 1 38.05 34.63 38.20 36.53 1.22 .08 .43 .50
Week 2 43.73 40.20 43.07 41.59 1.34 .11 .79 .47
Week 3 49.04 46.06 48.95 47.25 1.53 .18 .73 .69
Week 4 55.45 52.18 54.96 53.79 1.69 .24 .75 .56
Week 5 60.93 58.23 60.78 58.55 1.63 .18 .96 .89

Average daily gain, g
Week 1 1176 1224 1118 1136 47.6 .51 .18 .76
Week 2 813 795 696 724 47.1 .92 .09 .65
Week 3 759 837 840 807 61.4 .72 .69 .40
Week ¢ 915 875 859 934 51.0 .74 .98 .30
Week 5 9;3 1008 970 794 57.6 .50 .22 .06
Wk 1-2 994 1010 907 930 28.6 .53 .03 .90
Wk 1-3 916 952 885 889 31.3 .54 .18 .63
Wk 1-4 916 932 878 900 31.0 .55 .30 .¢%4
Wk 1-5 915 946 894 882 28.3 .76 .18 .47

3contaminated with 922 ppb in the diet.

bContrasts
A~ Aflatoxin effect (Aflatoxin corn diets vs. normal corn diets)

C- Clay effect (Volclay-90 diets vs. no Volclay-90 diets)
A*C- Interaction effect.



APPENDIX TABLE 7. AVERAGE DAILY FEED INTAKE AND FEED TO GAIN RATIO
OF GROWER PIGS FED NON-CCNTAMINATED CORN AND CLAY. GROWER PHASE.

Treatments
Nursery Normal Aflatoxin NC+1% AC+1%
Diets Corn(NC) Corn(Ac)® vVolclay Volclay
P-Valuesb
Grower NC NC NC+1% NC+1% e
Diets Volclay Volclay SEM A C A*C
n=12 =12 = n=12
ADFI, g ( ) (n=12) (n=12) ( )
Week 1 1717 1777 1674 1642 108 .90 .44 .69
Week 2 2187 1971 1971 2349 125 .54 .54 .06
Week 3 1674 2187 2106 1971 182 .34 .58 .13
Week 4 2754 2511 2349 2403 181 .62 .21 .44
Week 5 2299 2614 2362 2646 137 .16 .81 .94
Wk 1-2 1952 1874 1322 1995 86 .61 .96 .20
Wk 1-3 1859 1978 1917 1987 86 .32 .71 .79
Wk 1-4 2083 2111 2023 2091 80 .58 .64 .82
Wk 1-5 2121 2200 2085 2189 81 .31 .73 .88
Feed to gain
Week 1 1.47 1.46 1.50 1.44 .08 .68 .91 .80
Week 2 2.73 2.55 2.86 3.25 .23 .67 .13 .27
Week 3 2.32 2.62 2.53 2.44 .33 .77 .95 .58
Week 4 3.02 2.86 2.76 2.58 .13 .40 .19 .96
Week 5 2.53 2.62 2.43 3.35 .22 .07 .22 .12
Wk 1-2 1.96 1.86 2.01 2.14 .05 .80 .02 .07
Wk 1-3 2.03 2.08 2.17 2.23 .08 .33 .15 .93
Wk 1-4 2.28 2.26 2.31 2.32 .04 .97 .34 .81
Wk 1-5 2.32 2.32 2.33 2.48 .05 .22 .17 .25

8contaminated with 922 ppb in the diet.

bContrasts
A~ Aflatoxin effect (Aflatoxin corn diets vs. normal corn diets)

C- Clay effect (Volcay-90 diets vs. no Volclay-90 diets)
A*C- Interaction effect.



APPENDIX TABLE 8. BLOOD CHEMISTRY OF GROWER PIGS FED NON-
CONTAMINATED CORN AND CLAY. GROWER PHASE.

Treatments®

Normal  Aflatoxin NC+1% AC+1% P-values®

Items Corn(NC) Corn(aAcC)® volclay Volclay SEM A C A*C
4 (n=8). (n=8) (n=8) (n=38)

BUN 10.4 8.3 11.8 8.9 1.31 .47 .61 .82
T Protein® 7.1 5.2 6.3 6.3 .38 .17 .43 .33
Glucesed  105.3 78.9 98.1 90.8  4.82 .03 .87 .06
Creatined 1.2 .8 1.0 1.1 .09 .22 .91 .14
Albumin® 4.1 3.0 3.7 3.6 .21 .14 .68 .35
GGT, U/L 57.0 45.5 50.6 51.0 4.76 .57 .64 .87
AST, U/L 57.3 46.2 37.5 41.5 7.78 .39 .15 .63
ALP, U/L  169.3 137.5 136.4 142.9  7.76 .15 .10 .04
cad 10.7 8.3 9.7 9.5 .40 .05 .43 .09
Mgd 2.1 1.6 1.8 1.8 .10 .18 .52 .29
pd 7.8 6.0 7.1 7.5 .33 .23 .22 .13
Naf 150.6 118.8 140.1 136.5 6.31 .08 .52 .20
xf 5.6 4.1 5.2 5.2 .28 .03 .21 .02
cif 105.4 80.0 101.6 94.7 5.04 .04 .37 .17
co,f 31.3 23.2 22.6 26.2  2.69 .80 .97 .46
Anion gapf 19.8 20.0 21.3 20.6 .87 .54 .90 .99
Total bili? .21 .1 .19 .18 .06 .19 .86 .39

@Nursery diets
Grower diets: I and II - normal corn with no Volclay
III and IV - normal corn with 1% Volclay
bcontaminated with 922 ppb in the diet.
Ca=aflatoxin effect, C=clay effect, A*C=interaction (2 reps).

g/dL
€g/dL
fmmol/L



APPENDIX TABLE 9. MINERAL CONTENT OF LIVERS OF GROWER PIGS FED
NON-CONTAMINATED CORN WITH AND WITHOUT CLAY. GROWER PHASE.

Treatments?

Normal Aflatoxig NC+1% AC+1%

Itemsd Corn(NC) Corn(AC) Volclay Volclay SEM P-values®
(n=6) (n=6) (n=6) (n=6)
Ca .40 .41 .43 .41 .03 .90
P 10.12 10.09 10.56 10.70 .40 .63
Mg 1.37 1.41 1.43 1.49 .07 .75
Na 6.32 6.33 6.76 6.86 .29 .44
K 12.5 11.1 13.0 14.2 1.1 .31
Cu 4.02 3.83 4.40 3.67 .31 .40
Fe 105.5 96.7 110.6 105.1 9.7 .79
Zn 37.4 36.4 35.3 43.4 4.9 .61

ANursery diets
Grower diets: I and II - normal corn with no Volclay
III and IV - normal corn with 1% Volclay
Pcontaminated with 922 ppb in the diet.
Cpiet effect.
dppm DM basis.



APPENDIX TABLE 10. MICROMINERAL CONTENT OF THE SERUM OF PIGS FED
NON~CONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND WITHOUT

CLAY.
Treatments
Normal Aflatoxin NC+1% AC+1% ContrastsP
Corn(NC) Corn(Ac)2 vVolclay Volclay SEM A C A*C
Initial®
red 4.35 4.61 4.46 4.94 .45 .77 .54 .39
Cu 1.55 1.65 1.64 1.59 .11 .81 .93 .49
Zn .64 .77 .74 .63 .06 .86 .72 .08
Nursery phasec
Fe 1.75 2.31 2.06 2.12 .16 .07 .72 .15
Cu 1.58 1.41 1.67 1.44 .05 .01 .23 .43
Zn .63 .65 .57 .70 .05 .17 .92 .28

Grower phase®

Fe 3.21 2.68 2.75 3.18 .14 .92 .93 .01

Cu 1.60 1.57 1.67 1.75 .06 .84 .07 .39

Zn 1.04 .97 1.03 1.03 .04 .11 .41 .36
Metabolism phasef

Fe 2.54 2.36 2.84 2.48 .25 .30 .42 .73

cu 1.90 1.67 1.95 2.03 .07 .34 .01 .05

Zn .93 .76 .98 1.02 .07 .36 .06 .18

8contaminated with 922 ppb in the diet.
ba- Aflatoxin effect (aflatoxin diets vs. normal corn diets)
C- Volclay effect (Volclay-90 diets vs. no Volclay-90 diets)
A*C- Interaction effect.
Cn=24 for all treatments.
All values ug/L.
©piets were changed to only I or III in grower phase, diet II and
IV animals were given I or III respectively. (16%CP)
Diet I n=12, Diet II n=8, Diet III n=12, Diet IV n=8.
fh=6 for all treatments.



APPENDIX TABLE 11. WEIGHTS OF LIVERS AND KIDNEYS, EXPRESSED AS A
PERCENTAGE OF LIVE BODY WEIGHT, OF PIGS FED NON-CONTAMINATED OR
AFLATOXIN-CONTAMINATED CORN WITH AND WITHOUT CLAY.

Treatments

Normal Aflatoxin NC+1% AC+1% Contrastsg

Corn(NC) Corn(AC)@ vVolclay Volclay SEM A C A*C

Initial (n=6)
Liver g 2.54
Kidneys g .51
End of nursery phase (n=6/trt)
Liver g 3.16 3.44 2.99 3.05 .24 .56 .24 .63
Kidneys g .55 .54 .57 .54 .02 .45 .76 .65
End of metabolism phase (n=6/trt)
Liver g 2.13 2.40 2.33 2.43 .07 .02 .11 .23
Kidneys g .41 .34 .44 .42 .02 .01 .01 .34
End of grower phase (n=6/trt)
Liver g 1.78 1.90 1.67 1.78 .05 .02 .04 .97

Kidneys g .35 .39 .36 .38 .01 .05 .91 .42

@contaminated with 922 ppb in the diet.

bContrasts

A- Aflatoxin effect (aflatoxin diets vs. no aflatoxin diets)
C- Volclay effect (Volclay-90 diets vs. no Volclay-90 diets)
A*C- Interaction effect.



APPENDIX TABLE 12. BLOOD CHEMISTRY OF GROWER PIGS FED NON=-
CONTAMINATED AND AFLATOXIN-CONTAMINATED CORN WITH AND WITHOUT CLAY.
METABOLISM PHASE.

Treatments
P-values®

Normal Aflatoxin NC+1% AC+1% —_—

Items Corn(NC) Cern(ac)? Volclay Volclay SEM Trt A C Ax*C
(n=24) (n=24) (n=24) (n=24)

BUNC 9.5 11.0 9.3 9.7 .83 .52 .31 .40 .51
T Proteind 6.8 6.4 7.2 5.5 .63 .34 .14 .70 .34
Glucose® 110.5 105.3 122.5 128.8 9.0 .32 .95 .10 .55
Creatine® 1.3 1.4 1.5 1.6 .1 .23 .58 .06 .69
Albumind 3.8 3.6 4.1 4.1 .13 .06 .53 .01 .53
GGT,U/L 41.2 72.2 52.3 60.2 8.64 .18 .07 .96 .23
ALP,U/L 151.3 144.5 127.5 155.3 9.85 .29 .33 .53 .13
ca® 10.0 9.9 10.6 11.2 .47 .31 .66 .10 .51
Mgc 2.0 1.9 2.1 2.3 .17 .4 .82 .16 .39
p¢ 8.1 8.3 9.3 9.3 .47 .21 .78 .05 .84
Na® 145.5 143.5 155.2 159.8 6.25 .3 .84 .08 .61
K& 7.7 7.7 7.8 8.7 .5 .64 .55 .41 .48
cl& 106.7 102.0 111.8 115.0 4.74 .32 .38 .10 .44
C02e 25.5 24.6 27.1 31.5 4.31 .69 .69 .37 .55
Anion gap® 21.0 24.8 24.3 22.2 2.49 .68 .75 .90 .27
Total bilid .12 .10 .22 .12 .04 .28 .21 .21 .36

4piet contains 922 ppb aflatoxin.
Pa_ Aflatoxin effect (aflatoxin diets vs. no aflatoxin diets)
C- Clay effect (clay diets vs. no clay diets).
A*C- Aflatoxin * clay interaction.
Smg/dL
dg/dL
®mmol/L



APPENDIX TABLE 13. MINERAL CONTENT OF LIVERS OF GROWER PIGS FED
NON-CONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND WITHOUT
CLAY. METABOLISM PHASE.

P-values
Treatments
Contrasts®
Normal Aflatoxin, NC+1% AC+1% —_
Itens? Corn(NC) Corn(AC)? Volclay Volclay SEM Trt A C Ax*C
(n=6) (n=6) (n=6) (n=6)
Ca .38 .36 .38 .40 .02 .51 .84 .32 .27
P 8.97 8.34 8.69 8.92 .15 .04 .21 .36 .01
Mg 1.13 1.07 1.20 1.11 .06 .49 .23 .37 .77
Na 6.82 6.55 6.83 6.62 .18 .50 .15 .72 .97
K 15.0 12.7 13.8 13.6 .98 .28 .13 .89 .22
Cu 3.90 3.96 4.07 4.70 .36 .42 .37 .23 .47
Fe 63.0 60.8 64.7 71.7 5.4 .55 .98 .49 .21
Zn 32.7 28.0 32.4 31.7 2.3 .45 .25 .45 .38

zppm, dry matter basis.
Contaminated with 922 ppb in the diet.

Ccontrasts
A~ Aflatoxin effect (Aflatoxin corn diets vs. normal ccrn diets)

C- Clay effect (Volclay-90 diets vs. no Volclay-90 diets)
A*C- Interaction effect
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APPENDIX TABLE 14. CALCIUM ABSORPTION AND RETENTION IN GROWING
PIGS FED NCN-CCONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND
WITHQUT CLAY.

P-values
reatments

Contrasts®
Normal Aflatoxinb NC+1% AC+1% B
Items?® Corn(NC) Corn(AC)* Volclay Volclay SEM Trt A C Ax*C
Intaked 596 598 604 600 6.8 .85 .92 .45 .64
Fecesd 214 171 199 220 11.8 .03 .36 .16 .01
Urined 11.2 10.3 13.0 12.8 1.5 .52 .70 .16 .84
Abs 1© 5926 5779 6575 5898 199 .04 .05 .07 .20
abs 29 382 427 405 380 12.5 .04 .41 .34 .0l
Abs 3f 64.1 71.3 67.0 63.3 1.91 .03 .36 .19 .01
RTN 1© 5750 5640 6358 5692 198 .06 .06 .11 .17
RTN Zd 370 417 392 367 12.7 .04 .39 .27 .01
RTN 39 897.0 97.6 96.7 96.6 .41 .38 .58 .17 .37
RTN 4f 62.2 69.6 64.8 61l.1 1.94 .02 .35 .14 .01

an=12/treatment.
beontaminated with 922 ppb in the diet.
Ccontrasts

A- Aflatoxin effect

C- Clay effect

A*C- Aflatoxin-Clay i9§eraction.
expressed in mg/d*kg- ‘”.

Coxpressed in mg/d.

expressed as a percent of intake.
expressed as a percent of absorbed.



APPENDIX TABLE 15. PHOSPHORUS ABSORPTION AND RETENTION IN GROWING

PIGS FED NON-CONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND
WITHOUT CLAY.
P-values
Treatments
Contrasts®
Normal Aflatoxinb NC+1% AC+1% _—_
Items? Corn(NC) Corn(AcC)® Volclay Volclay SEM Trt A C A*C
Intake? 461 463 467 464 5.24 .85 .92 .45 .64
Fecesd 186.5 165.6 193.2 136.0 6.51 .04 .04 .05 .30
urined  21.8 19.7 21.5 25.2  2.42 .45 .73 .29 .24
Abs le 4280 4043 4446 4334 126 .17 .18 .08 .82
Abs Zd 274 297 274 278 7.35 .11 .08 .21 .22
abs 3% s9.5 64.2 53.6 59.9 1.36 .04 .04 .07 .22
RTN 1€ 3937 3766 4089 3926 125 .37 .20 .23 .97
RTN Zd 252 277 252 253 7.88 .09 .12 .13 .13
RTN 39 92.0 93.4 92.1 90.9 .90 .32 .89 .19 .19
RTN 4f 54.8 60.0 54.0 54.5 1.47 .03 .07 .04 .12

gn=12/treatment.
Contaminated with 922 ppb in the diet.

Ccontrasts

A- Aflatoxin effect

C- Clay effect
dA*C— Aflatoxin-Clay ig%eraction.
expressed in mg/d*kg*’".

Cexpressed in mg/d.

expressed as a percent of intake.
9expressed as a percent of absorbed.
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APPENDIX TABLE 16. MAGNESIUM ABSORPTION AND RETENTION IN GROWING
PIGS FED NCN-CONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND
WITHOUT CLAY.

P-values
Treatments

Contrasts®
Normal Aflatoxin NC+1% AC+1% S —
Items? Corn(NC) Corn(Ac)b Volclay Volclay SEM Trt A C Ax*C
Intake? 111 112 113 112 1.27 .84 .92 .45 .64
Feces®  74.4 73.7 87.0 84.1 1.96 .01 .37 .0l .59
urined  10.2 11.6 11.4 13.2 .98 .20 .11 .16 .80
Abs 1© 580 520 425 446 36.4 .02 .59 .01 .28
abs 29 36.9 38.1 25.9 28.1 2.08 .0l .44 .0l .82
abs 3% 33.0 34.1 22.9 25.0 1.77 .0l .37 .0l .80
RTN 1° 419 362 241 235  32.6 .0l .33 .0l .44
RTN 29 26.7 26.5 14.6 14.8 1.98 .0l .99 .01 .91
RTN 39 72.0 68.3 55.2 50.3 3.95 .0l .29 .0l .83
rTy 4f  23.8 23.8 12.9 13.2 1.72 .01 .94 .0l .92

@n=12/treatment.
Bcontaminated with 922 ppb in the diet.
Ccontrasts

A~ Aflatoxin effect

C- Clay effect

A*C- Aflatoxin-Clay igteraction.
expressed in mg/d*kg*‘/°.

Cexpressed in mg/d.

expressed as a percent of intake.
Jexpressed as a percent of absorbed.



APPENDIX TABLE 17. SODIUM ABSORPTION AND RETENTION IN GROWING PIGS
FED NON-CONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND
WITHOUT CLAY.

P-values
Treatments

Contrasts®
Normal Aflatoxin NC+1% AC+1% S
Ttems? Corn(NC) Corn(AC)* Volclay Volclay SEM Trt A C A*C
Intaked 127 128 129 129 1.47 .83 .96 .38 .75
Fecesd 16.6 14.2 25.7 19.7 1.70 .01 .02 .01 .31
Urined 70.2 60.0 67.9 74.3 6.02 .41 .76 .33 .18
Abs 1 1726 1551 1687 1693 42.7 .04 .06 .24 .04
Abs Zd 111 114 103 109 2.33 .04 .08 .02 .58
Abs 3f 86.9 88.9 80.1 84.7 1.36 .01 .02 .01 .36
RTN 1% 626 696 6384 540 69.7 .39 .60 .49 .14
ry 29 40.5 53.2 41.4 34.8 4.86 .08 .54 .08 .06
RTN 39 36.6 47.2 39.5 31.9 4.49 .14 .74 .18 .06
RTN 4f 31.7 41.9 32.0 27.0 3.70 .06 .49 .06 .05

8n=12/treatment.

Diet contains 922 ppb aflatoxin.
Ccontrasts

A- Aflatoxin effect (aflatoxin diets vs. no aflatoxin diets)
C- Clay effect (clay diets vs. no clay diets)
dA*C— Aflatoxin-Clay i9§eraction.

expressed in mg/d*kg-°‘°.
Cexpressed in mg/d.

expressed as a percent of intake.

expressed as a percent of absorbed.



APPENDIX TABLE 18. POTASSIUM ABSORPTION AND RETENTION IN GROWING
PIGS FED NON-CONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND
WITHOUT CLAY.

P-values

Treatments
Contrasts®

Normal Aflatoxin  NC+1% AC+1% _
Items® Corn(NC) Corn(AC)b Volclay Volclay SEM Trt A C A*C

Intake? 623 631 637 633 7.14 .85 .92 .45 .64
Fecesd 102 100 125 121 6.91 .03 .59 .0l .88
Urined 3883 334 345 359  20.7 .31 .36 .67 .11
Abs 1 8193 7248 8326 7963 191 .01 .01 .04 .14
Abs 29 527 532 512 512 8.45 .27 .78 .06 .75
aps 3t 83.8 84.4 80.4 81.0 1.07 .03 .62 .01 .97
RTN 1 2153 2661 2710 2302 365 .65 .89 .79 .22
RTN 29 139 197 167 153 24.4 .39 .38 .74 .15
RTN 39  28.5 37.0 32.7  30.0 4.61 .55 .52 .74 .21
rey 4f 21.3 31.3 26.4  24.2 3.78 .35 .34 .72 .14

@n=12/treatment.

Contaminated with 922 ppb in the diet.
Ccontrasts

A- Aflatoxin effect

C- Clay effect
dA*C— Aflatoxin-Clay iggeraction.
expressed in mg/dxkg-’~.

Cexpressed in mg/d.

expressed as a percent of intake.
Jexpressed as a percent of absorbed.



APPENDIX TABLE 19. IRON ABSORPTION AND RETENTICN IN GROWING PIGS
FED NON-CONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND
WITHOUT CLAY.

P-values

Treatments
Contrasts®

Normal Aflatoxinb NC+1% AC+1% —_—
Items? Corn(NC) Corn(AC)”~ Volclay Volclay SEM Trt A C AxC

Intaked 23.2 23.3 35.9 35.7 .29 .0l .82 .0l .58
reces® 18.6 16.4 28.9 31.3 2.88 .01 .94 .0l .08
urined .41 .34 .36 .39 .03 .46 .57 .95 .14
abs 1®  92.0 92.8 111.2 93.9 18.1 .83 .65 .58 .61
avs 24 s5.71 6.94 7.11 5.83 1.10 .71 .99 .90 .26
aps 3f  24.7 29.9 19.7 16.3 3.75 .08 .81 .02 .25
RTN 1  85.9 88.3 105.3 87.5 17.9 .83 .67 .60 .57
rTN 29 5.32 6.60 6.74 5.42 1.09 .68 .99 .91 .24
RTN 39 91.5 94.7 91.4 83.9 3.29 .17 .51 .11 .11
rTN 4§ 23,0 28.5 18.7 15.1 3.69 .09 .80 .03 .22

dn=12/treatment.
Dcontaminated with 922 ppb in the diet.
Ccontrasts

A- Aflatoxin effect

C- Clay effect

A*C- Aflatoxin-Clay iggeraction.
expressed in mg/d*kg*‘~.

Cexpressed in mg/d.

fexpressed as a percent of intake.
Jdexpressed as a percent of absorbed.



APPENDIX TABLE 20. ZINC ABSORPTION AND RETENTION IN GROWING PIGS
FED NON-CONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND
WITHOUT CLAY.

P-values

Treatments
Contrasts®

Normal Aflatoxinb NC+1% AC+1% —_—
Items?® Corn(NC) Corn(AC)® Volclay Volclay SEM Trt A C A*C

Intaked 9.54 9.58 9.67 9.61 .11 .84 .93 .45 .64
Feces® 5.69 5.07 5.83 5.71 .20 .06 .08 .06 .22
Urined .24 .24 .27 .31 .03 .36 .48 .14 .48
Abs 1®  60.4 60.9 62.4 60.8 3.4 .98 .88 .78 .76
abs 29  3.85 4.51 3.84 3.90 .19 .05 .07 .12 .12
aps 3% 40.3 47.2 39.7 40.6 2.0 .04 .06 .08 .13
RTN 1® 56.7 57.7 58.0 56.1 3.4 .98 .90 .97 .68
rRTN 29 3.60 4.27 3.58 3.59 .19 .04 .09 .08 .10
RTN 39  93.5 94.6 92.8 92.1 .84 .20 .81 .06 .29
rRTN 4% 37.8 44.7 37.0 37.4 2.0 .03 .08 .05 .11

an=12/treatment.

Contaminated with 922 ppb in the diet.
Ccontrasts

A- Aflatoxin effect

C- Clay effect

A*C- Aflatoxin-Clay igteraction.
expressed in mg/d*kg-’°.

Cexpressed in mg/d.

fexpressed as a percent of intake.
Jexpressed as a percent of absorbed.



APPENDIX TABLE 21. COPPER ABSORPTION AND RETENTION IN GROWING PIGS
FED NON-CONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND
WITHOUT CLAY.

P-values
Treatments

Contrasts®
Normal Aflatoxin NC+1% AC+1% —
Items? Corn(NC) Corn(AC)}~ Volclay Volclay SEM Trt A C A*C
Intaked 1.74 1.75 1.77 1.76 .02 .83 .98 .44 .60
Fecesd 1.57 1.39 1.46 1.45 .08 .36 .56 .33 .18
Urined .04 .03 .03 .04 .01 .27 .23 .84 .12
Abs 1% 3.34 5.21 7.26 5.87 1.37 .23 .86 .10 .23
Abs Zd .22 .39 .42 .36 .08 .36 .56 .33 .18
Abs 3f 12.9 22.6 23.8 20.3 5.1 .40 .54 .39 .19
RTN 1© 2.62 5.37 6.64 5.43 1l.41 .19 .58 .16 .17
RTN Zd .18 .40 .38 .33 .09 .24 .34 .44 .12
RTN 39 80.5 88.6 82.1 83.6 6.1 .84 .43 .78 .59
RTN 4f 10.1 23.2 21.6 18.6 5.1 .27 .33 .50 .12

8n=12/treatment.
bcontaminated with 922 ppb in the diet.
Ccontrasts

A- Aflatoxin effect

C- Clay effect

A*C~ Aflatoxin-Clay iggeraction.
expressed in mg/d*kg°‘~.

Cexpressed in mg/d.

expressed as a percent of intake.
Jdexpressed as a percent of absorbed.



APPENDIX TABLE 22. MANGANESE ABSORPTION AND RETENTION IN GROWING
PIGS FED NON-CONTAMINATED OR AFLATOXIN-CONTAMINATED CORN WITH AND
WITHOUT CLAY.

P-values
reatments

Contrasts®
Normal Aflatoxinb NC+1% AC+1% _—_
Items? Corn(NC) Corn(AC)*~ Volclay Volclay SEM Trt A C A*C
Intaked 3.11 3.12 3.15 3.13 .04 .85 .90 .47 .64
Fecesd 2.67 2.26 2.67 2.43 .13 .09 .03 .39 .38
Urined J11 .09 11 .11 .02 .55 .41 .38 .44
Abs le 8.58 11.37 9.33 10.07 1.84 .73 .34 .88 .58
Abs Zd .55 .87 .57 .65 .13 .25 .12 .43 .35
Abs 3f 17.8 27.9 18.2 20.8 3.6 .23 .11 .39 .33
RTN le 8.4 10.2 7.3 8.3 1.8 .61 .39 .36 .82
rTN 29 .56 .78 .44 .54 .12 .15 .14 .12 .58
RTN 39 72.6 88.5 76.3 76.6 5.2 .10 .09 .39 .11
RTN 4f 17.8 25.1 14.2 17.2 3.8 .13 .14 .10 .54

@n=12/treatment.
Contaminated with 922 ppb in the diet.
Ccontrasts
A- Aflatoxin effect
C- Clay effect
dA*C- Aflatoxin-Clay iggeraction.
expressed in mg/d*kg*’"~.
Coxpressed in mg/d.
fexpressed as a percent of intake.
expressed as a percent of absorbed.
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APPENDIX TABLE 28.

BODY WEIGHTS AND AVERAGE DAILY GAIN OF WEANLING
PIGS FED NON-CONTAMINATED CORN OR AFLATOXIN-CONTAMINATED CORN WITH
AND WITHOUT CLAYS.

TRIAL II.

Itenms

Treatments

P-values

Contrastsb

Normal Aflatoxin AC+1%
Corn(NC) Corn(AcC)?2 Hsca

AC+1%

Ca Ben. SEM Trt® A H ¢

(n=12)

Body weights, kg

Initial

Week
Week
Week
Week

Week

ADG, ¢
Week

Week
Week
Week

Week

Wk 1-
Wk 1-
Wk 1-
Wk 4-

Wk 1-

1

2

4

5

2

3

4

5

5

9.05
11.23
12.97
16.80
20.22

23.64

311
247
548
489
488
279
369
399
488

417

(n=12)

9.05
11.04
12.18
15.34
18.85

22.71

285
163
451
501
552
224
300
350
526

390

(n=11)

13.49
17.37
20.84

24.83

325
304
553
496
570
314
394
420
533

450

(n=12)

9.11 .0%2 .94 .98 .73 .63
11.12 .161 .53 .42 .17 .72
12.88 .169 .01 .01 .01 .01
16.82 .309 .01 .01 .01 .01
20.39 .319 .01 .01 .01 .01

24.82 .462 .01 .18 .01 .01

287 24.9 .63 .46 .28 .94
251 19.3 .01 .01 .01 .01%
563 34.7 .12 .07 .05 .04
509 21.1 .93 .70 .87 .80
633 51.4 .29 .39 .80 .28
269 14.9 .01 .02 .01 .05
367 l16.6 .01 .01 .01 .01
403 12.8 .01 .02 .01 .01
571 23.5 .24 .33 .87 .26

449 -13.6 .02 .19 .01 .01

8contaminated with 922
Contrasts

ppb in the diet.

A- Aflatoxin effect (Aflatoxin corn diet vs normal corn diet)

H- HSCA effect (HSCA diet vs aflatoxin diet)
C- Ca Bentonite effect (Ca bentcnite diet vs aflatoxin diet).
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APPENDIX TABLE 29.

AVERAGE DAILY FEED INTAKE AND FEEZD TO GAIN
RATIO OF WEANLING PIGS FED NON-CONTAMINATED AND AFLATOXIN-
CONTAMINATED CORN WITH AND WITHOUT CLAYS. TRIAL II.

Treatments

P-values

Contrasts®

Normal Aflatoxin AC+1%

AC+1% -
Ca Ben SEM Trt A H cC

Items Corn(NC) Corn(ac)® HScA

ADFI, g (n=12) (n=12) (n=11) (n=12)
Week 1 395 394 457 449 29.7 .30 .98 .15 .21
Week 2 573 526 769 597 42.5 .01 .44 .01 .26
Week 3 938 803 1049 988 31.4 .01 .01 .01 .01
Week 4 1030 949 1163 1027 43.1 .02 .20 .01 .22
Week S 1159 1172 1373 1277 66.1 .12 .89 .05 .23
Wk 1-2 434 460 613 523 32.1 .02 .60 .0l .19
Wk 1-3 635 574 758 678 28.8 .01 .15 .01 .02
Wk 1-4 734 668 860 765 22.6 .01 .06 .01 .01
Wk 1-5 819 769 962 867 23.3 .01 .15 .01 .01

Feed to gain ratio
Week 1 1.27 1.39 1.44 1.57 .06 .02 .17 .49 .04
Week 2 2.41 3.55 2.66 3.01 .43 .31 .08 .17 .39
Week 3 1.71 1.80 1.92 1.78 .09 .42 .51 .32 .89
Week 4 2.13 1.91 2.35 2.03 .07 .01 .06 .01 .29
Week 5 2.43 2.13 2.56 2.09 .16 .17 .22 .09 .85
Wk 1-2 1.75 2.07 1.98 1.97 .08 .07 .01 .44 .37
Wk 1-3 1.72 1.92 1.96 1.84 .06 .04 .03 .64 .33
WK 1-4 1.84 1.91 2.07 1.90 .05 .04 .38 .05 .86
Wk 1-5 1.96 1.97 2.15 1.93 .05 .02 .93 .01 .80

2contaminated with 922 ppb in the diet.

bContrasts

A- Aflatoxin effect (Aflatoxin corn diet vs normal corn diet)
H-~ HSCA effect (HSCA diet vs aflatoxin diet)
C- Ca bentonite effect (Ca bentonite diet vs aflatoxin diet).
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APPENDIX TABLE 30.

BLOOD CHEMISTRY OF WEANLING PIGS FED NON-
CONTAMINATED CORN OR AFLATOXIN-CONTAMINATED CORN WITH AND WITHOUT

CLAYS. TRIAL II.

Treatments

P-values

ContrastsP

Normal Aflatoxin AC+1%

AC+1% e
Ca Ben. SEM Trt A H C

Items Corn(NC) Corn(Ac)® Hsca
(n=12) (n=12) (n=11) (n=12)

BUNC 8.25 10.70 8.19 11.16 .94 .05 .07 .07 .73
T Proteind 4.82 4.88 4.95 5.51 .34 .87 .91 .89 .20
Glucose® 83.6 88.4 83.8 94.9 5.9 .50 .56 .59 .44
Albumind 2.48 2.76 2.73 3.14 .22 .21 .36 .92 .23
GGT, U/L 42.2 42.0 36.0 41.4 3.9 .66 .97 .29 .91
AST, U/L 45.9 47.2 45.3 48.4 5.2 .98 .86 .80 .87
ALP, U/L  167.7 182.1 151.4 162.7 12.3 .38 .41 .09 .27
ca® 8.37 8.86 8.67 9.60 .52 .40 .51 .81 .32
MG 1.97 2.06 1.96 2.27 .16 .50 .71 .69 .34
pC 7.66 8.19 8.00 8.60 .57 .70 .51 .82 .61
NA® 121.3 129.6 129.4 138.1 7.0 .41 .41 .98 .37
K® 4.57 4.64 4.65 4.86 .27 .89 .8 .99 .57

8contaminated with 922 ppb in the diet.

bContrasts

A- Aflatoxin effect (Aflatoxin corn diet vs. normal corn diet)
H- HSCA effect (HSCA diet vs. aflatoxin diet)
C- Ca Bentonite effect (Ca bentonite diet vs aflatoxin diet).

gmg/dL.
g/dL.
®mmol/L.
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APPENDIX TABLE 31. PROCEDURE FOR THE DETERMINATION CF HUMORAL
IMMUNE RESPONSE

Solutions

1. Coating buffer: sodium carbonate buffer, pH 9.6
1.59 g NaC0j3 granular (anhydrcus)
2.93 g NaHCO4y
Make up to 1000 ml with distilled H30

2. PBS/Tween buffer, pH 9.8

8.0 g Nacl

0.2 g KHyPO4

1.15 g NayHPO4'12H,0

0.2 g Kcl

0.5 ml Tween 20

Make up to 1000 ml with distilled H50

3. Substrate solution for Peroxidase ABTS
1 mg ABTS (Sigma #A-1888) per 1 ml sodium citrate buffer,
0.1 mol/l, pH 4.0, add 30 % Hy0p/ml ABTS (1/5000)

Procedure
1. Dilute antigen in coating buffer, 7 ug/ml.
2. Add 100 ul of antigen coating solution to test and control

wells of the microtiterplate (Nunc, Maxisorp, 96 well
plate, Nunc #4-39454). Incubate overnight at rocm temp.

3. Wash antigen solution from plate 4 times with PBST and
allow to air dry, upside down.

4, Add 100 ul of antibody (or serum with antibedy) in
PBS/Tween 20 buffer and incubate for 3 hours.

5. Wash the plates 4 times with PBST to remove antibody
solutions.

6. Apply Rabbit Anti-Swine IgG (Cappell, 3215-0082, West
Chester, PA) diluted in PBST 1:5000, 100 ul per well.
Incubate for 2 hours at room temperature.

7. Wash plates 4 times with PBST to remove the Rabbit Anti-
Swine solution.

8. Apply Peroxidase substrate, 1 mg/ml ABTS, 100 ul per well.
Allow green color to develop (5 min.).

9. Stop reaction with 100 ul per well of 10 mM Scdium Azide.

10. Read absorbance at 414 NM on a spectophotometer (Titertek
Multiskan MCC/340).
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