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ABSTRACT

xvii

Aflatoxins (AF) are sometimes found as contaminants in feedstuffs
commonly used in poultry rations. The most applied method for protecting animals
against mycotoxicosis is the use of adsorbents mixed with feed. The present work
was conducted to determine if modification of MONT with Cu and Zn would
enhance the ability of the MONT to protect broiler chicks against the adverse effects
of AF. The bioavailability of Cu and Zn in the modified MONTs was also
determined.
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Cu-MONT ameliorated the growth depressing effects of AF, and also the
deleterious effects of AF on relative liver and kidney weights. It suggests that CuMONT at 0.5% of the diet was partially effective in preventing the toxic effects of
AF in broilers. Results of the Cu bioavailability assay indicated that copper in CuMONT was less available than Cu in Mintrex®Cu, and CuSO4.
Two different sources of Zn-MONT (Serbia Zn-MONT and Zn-IMTX) were
found to ameliorate the growth depressing effects of AF, and Zn-IMTX also reduced
the negative effects of AF on liver weights. Results suggest that birds supplemented
with Zn-IMTX at 0.5% of the diet were better protected against the toxic effects of
AF compared to birds supplemented with Serbia Zn-MONT. Results of the Zn
bioavailability assay indicated that Zn in Serbia Zn-MONT was more available than
xviii

Zn in Zn-IMTX, but it was equally available as Zn in Mintrex®Zn. All three sources
of Zn were equally available as Zn in ZnSO4.
Data indicated that exposure to AFB1 at levels up to 2 mg/kg adversely
aflatoxin contamination in poultry rations. Results also suggest that modified
montmorillonites protected poultry against the negative effects of AF to different
degrees. Results also indicated that Cu in Cu-MONT was not as available as Cu in
CuSO4; however Serbia Zn-MONT is a source of bioavailable Zn comparable to
ZnSO4.
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CHAPTER 1.

INTRODUCTION

Aflatoxins comprise a diverse group of pervasive, naturally occurring, fungal
elaborated poisons that have been implicated in animal diseases. Aflatoxin B1 is the
most toxic and carcinogenic of the aflatoxins (CAST, 1989).
Chronic exposure to aflatoxins may not only significantly alter productivity,
but in addition, direct exposure to aflatoxin contaminated food commodities may
impose a great risk to the consumer. Consequently, to reduce and/or prevent human
exposure, practical and effective methods for the detoxification of aflatoxincontaining feedstuffs is an urgent requirement (Ramos and Hernandez, 1996).
The most applied method for protecting animals against mycotoxicosis is the
utilization of adsorbents mixed with the feed which are supposed to bind the
mycotoxins efficiently in the gastro-intestinal tract more in a prophylactic rather than
in a therapeutic manner, avoiding toxic effects for livestock and carryover of the
toxins to animal products (Ramos and Hernandez, 1997; Huwig et al., 2001; Daković
et al., 2000).
Addition of sorbents is a simple low cost effective detoxification method
which seems to offer a good prospective, even if the vast amount of data available
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and the contrasting results have not clarified the mechanisms of action. Therefore,
more detailed studies should be performed to detect any possible reactions between
structural characteristics of the sorbents and their adsorption capacity in order to
select the most efficacious products (Piva et al., 1995).
It is possible that modifying montimorillonite (MONT) may affect its
efficacy in binding aflatoxin. The objectives of this study were to evaluate the
efficacy of modified MONTs to ameliorate the effects of AF present in poultry diets,
and also to estimate the biological availability of Cu and Zn in different sources of
modified MONTs.

2

CHAPTER 2.

LITERATURE REVIEW

Fungi found ubiquitously in the environment can grow on almost any organic
matter. These fungi produce structurally diverse metabolites – mycotoxins – which
occur as both food and feed contaminants worldwide. Mycotoxins comprise a
structurally diverse family of naturally occurring, fungal-elaborated toxins, many of
which have been strongly implicated as chemical progenitors of toxicity in man and
animals. It has been estimated that at least 300 fungal metabolites are potentially
toxic for man and animals, and that as much as 25% of the world’s cereal grains are
contaminated with measurable levels of mycotoxins. They occur in the mycelium of
filamentous fungi but may also be present in the spores of these organisms. The
deleterious effects are referred to as mycotoxicoses (Ramos and Hernandez, 1996;
1997; D’Mello and Macdonald, 1997; Dewegowda, et al., 1998).
Mycotoxins are low molecular weight compounds, produced as secondary
metabolites by several fungi, particularly by many species of Aspergillus, Fusarium,
Penicillium, Claviceps, and Alternaria. However the production of a particular
mycotoxin is generally confined to a relatively small number of fungal species and
may be species or even strain specific. They are produced normally after a phase of
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balance growth and they comprise a group of several hundreds of chemically
different toxic compounds. The most common mycotoxins are aflatoxin, ochratoxin
A, trichothecenes, zearalenone, and the fumonisins (D’Mello and Macdonald, 1997;
Huwig et al., 2001).
Although evidence of mycotoxicosis can be traced to ancient times, interest
in mycotoxin research did not surface until the 1960s when it was shown to produce
the factor (later identified as aflatoxin) associated with “Turkey X disease”. The
factor caused the death of 100,000 turkey poults in England from acute necrosis of
the liver and hyperplasia of the bile duct after they consumed groundnuts infected
with Aspergillus flavus. The research that followed this event eventually led to the
identification and isolation of the aflatoxins (D’Mello and Macdonald, 1997; CAST,
2003; Devegowda and Murthy, 2005).
The pathological states arising from the consumption of feeds contaminated
with mycotoxins are termed mycotoxicoses. At high levels in feed, mycotoxins may
cause loss or illness of farm animals, through development of animal toxicosis. At
lower levels in feed these mycotoxins may have no apparent effect on livestock
production, but their residue and related substances may move up the food chain.
Mycotoxin contamination of feedstuffs results in considerable economic and health
costs, creating a need to research the alleviation of these problems. Although
numerous detoxification methods have been tested, none seems able to fulfill the
efficacy, safety, safeguarding of nutritional elements and costs requisites of
detoxification processes. One approach has been to reduce the bioavailability of
4

mycotoxins in feed, by the addition of clays to the diet (Lemke et al., 2001; Piva et
al., 1995; Kuiper-Goodman, 1991).
Bentonite originates from the volcanic ash in situ and consists primarily of
montmorillonite. The composition of bentonite may vary from one deposit to
another, mainly because of the interchangeable ions, e.g. Na+, K+, Ca+2, and Mg+2. It
has a layered microstructure, which allows adsorption of other molecules when it
swells in the presence of water. Due to its physical-chemical characteristics,
bentonite has a variety of industrial, engeneering, agricultural and miscellaneous
uses, including the clarification of beverages and water, the decoloration of oils,
suspension-establishing additives in coatings, and as bonding agents for foundry
sands and foundry washes (Ramos et al., 1996).
As a result of their ion exchange capabilities, these products have been
widely utilized as mycotoxin sequestering agents (Diaz and Smith, 2005).
Masimango et al. (1978) demonstrated early on that several bentonites had the ability
to bind to aflatoxin B1 in a buffer solution. Moreover, Dvorak (1989) showed that a
bentonite was effective in sequestering aflatoxin B1 in different liquid media such as
water, saline solution, serum of pigs, and bovine rumen fluid. Later it was
hypothesized that bentonites would sequester aflatoxins in vivo, thus reducing
aflatoxicosis.
It is possible that modifying montmorillonite with inorganic minerals, such as
Cu and Zn may affect its efficacy in binding aflatoxin. It is also possible that the
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biological availability of Cu and Zn in the modified MONTs maybe high, making
Cu-MONT and Zn-MONT suitable sources of these minerals.
With the increasing public concern of bacterial resistance to antibiotics,
animal production industries are looking at antibiotic growth promoters (AGP)
alternatives that have antimicrobial properties, maintain intestinal health and allow
for optimal growth. Copper has received considerable attention due to its
antimicrobial properties that improve performance in animals when fed over the
minimum requirement. Studies have shown that supplementation with copper
sources (e. g. Cu sulfate) increases growth in poultry (Pesti and Bakalli, 1996) and
swine (Hill et al., 2000). Hawbaker et al. (1961) and Bunch et al. (1965) suggested
that copper acts in an antibiotic-like fashion by influencing the microflora. Cromwell
et al. (1989) and Bowland (1990) however suggested that copper-stimulated growth
was related to the solubility of copper source; hence, copper must be available for
absorption. Wapnir (1990) suggested that copper binds to peptides and amino acids
in the digesta, which can aid in copper absorption.
Zinc has important roles in numerous biological processes in avian and
mammalian species. Feeding pharmacological concentrations of ZnO to weaned
piglets has been demonstrated to improve growth rates (Hill et al., 2000), and
decrease diarrhea incidence (Hahn and Baker, 1993). The role of ZnO in diarrhea
prevention and improved growth remains unclear. Several researchers have proposed
possible mechanisms ranging from effects on luminal bacteria to stabilization of the
post weaning intestinal architeture (Carlson et al., 1999; Li et al., 2001). In poultry,
6

Zn is believed to play a role in chick immune function and disease resistance and its
presence appears valuable for the normal development, maintenance and function of
the immune system (Mohana and Nys, 1999). Dietary Zn might influence the
immune system indirectly by interaction with growth and infectivity of organisms
that are pathogens to animals. Zinc deficiency in animals is associated with increased
infections with micro-organisms and causes Gram-negative sepsis in rats by
increased bacterial populations present in liver, lungs, and kidneys. Chickens have
hypozincemia when infected with the Newcastle disease virus or Escherichia coli
endotoxin. Zinc concentrations in the liver are increased by E. coli endotoxin
infection (Klasing, 1984, Srinivas et al., 1989, Park et al., 2004).

2.1 Aflatoxins

Aflatoxins are considered the toxins of greatest interest worldwide. They are
potent liver toxins, and their effects vary with the dose, length of exposure, species,
breed, age, diet, and nutritional status. They are a group of structurally similar
polysubstituted coumarins. Although 18 different aflatoxins have been identified,
only aflatoxins B1, B2, G1, and G2 have been detected as natural contaminants of
food and feedstuffs (Figure 2.1). All four have been detected as contaminants of
crops before harvest, between harvesting and drying, during storage, and after
processing and manufacturing. AFB1 is the most toxic compound for most species
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and is an extremely potent carcinogen that induces liver cancer in various species
(Leeson et al., 1995; Ramos and Hernandez, 1997).
The main biological effects of aflatoxins are carcinogenicity,
immunosuppression, mutagenicity, and teratogenicity. Aflatoxins cause liver
damage, decrease milk yield, decrease egg production and overall performance, and
suppresses immunity in animals consuming low dietary concentrations (Ramos and
Hernandez, 1996).
The economic impacts attributed to aflatoxin are incurred directly by losses in
crop and livestock production, and indirectly by a recurring expenditure on quality
control programs, research and education, lower foreign exchange earnings, and
increased storage and packing costs of vulnerable commodities (Mishra and Das,
2003).
Aflatoxicoses have produced severe economic losses in the poultry industry
due to decreased productivity in affected ducklings, broilers, layers, turkeys, and
quail. Clinical signs of intoxication include anorexia, decreased weight gain,
decreased egg production, hemorrhage, embryotoxicity, and increased susceptibility
to environmental and microbial stressors (Edds and Bortel, 1983; CAST, 2003).
Aflatoxins (AF), a class of mycotoxins produced by fungal species of the
genus Aspergillus (flavus and parasiticus), are sometimes found in feed ingredients
used for poultry rations. At the present time, one of the more effective and practical
approaches to addressing the problem of AF is the use of adsorbents (clays). Selected
adsorbents added to AF-contaminated feeds can sequester AF during the digestive
8

process, allowing the mycotoxin to pass harmlessly through the animal (Davidson et
al., 1987; Phillips et al., 1990). A major advantage of these adsorbents is that they
are relatively inexpensive, relatively safe, and they can be easily added to animal
feeds.

2.1.1

Occurrence of Aflatoxins

According to the United Nation’s Food and Agriculture Organization (FAO),
approximately 25% of the world’s grain supply is contaminated with mycotoxins. A
number of cereal and other crops are susceptible to fungal attack either in the field or
during storage. There are geographic and climatic differences in the production and
occurrence of mycotoxins. The most widespread and the most studied group of all
mycotoxins, aflatoxins are of concern in warm and humid climatic conditions.
Although aflatoxins are not considered to be a major problem in cold or temperate
regions, caution must be taken even in colder climates when using feedstuffs
imported from warm and humid countries (Devegowda and Murthy, 2005; KuiperGoodman, 1991).
Both Aspergillus flavus and Aspergillus parasiticus develop when conditions
such as temperature and humidity/water activity favor their proliferation. Most fungi
species cannot survive in temperatures under 10˚C. The ideal temperature range for
fungi growth is between 25˚C and 30˚C, although some Aspergillus species are able
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to grow faster in temperatures above 30˚C (Table 2.1). In the case of Aspergillus
parasiticus, temperatures of 25˚C to 30˚C are optimal for maximizing aflatoxin
production. However both temperature and water activity generally interact in the
promotion of mycotoxin synthesis. The risk of aflatoxin contamination is
consequently much greater in commodities emanating from the humid tropics
(Corrêa, 2007; D’Mello and Macdonald, 1997).
Maize and groundnuts continue to be a major source of aflatoxin, particularly
in India, South America, and the Far East. Other tropical and subtropical cereals,
oilseeds, tree nuts and commodities such as cotton seed meal are also known to be
susceptible to aflatoxins (Moss, 1998).
Aspergillus species are able to grow on many different substrates and most
foods and feeds are susceptible to invasion at any stage of production, processing,
transportation, and/or storage. Aflatoxins are extremely stable in grains and may
persist long after mold growth has stopped. Occurrence of aflatoxins in food and
feeds worldwide has been documented (Jelinek et al., 1989; Wood, 1992). According
to survey results from the Contamination Monitoring Program for mycotoxins
conducted by the Food and Agriculture Organization, World Health Organization,
and United Nations Environmental Program (from 1976 to 1983) most of the
monitored grains contained aflatoxins at levels above 5 to 20 µg/kg, the regulatory
levels for food in most countries; or 20 to 50 µg/kg, the regulatory limits in feeds in
many countries (Jelinek et al., 1989). The mean levels for aflatoxins in corn and corn
products ranged from < 0.1 to 321 µg/kg (Jelinek et al., 1989; Chamberlain et al.,
10

1993). Aflatoxin B1 has been shown to be prevalent in samples of almonds and
peanuts at levels of 95 µg/kg and < 10 µg/kg, respectively (Jimenéz et al., 1991).
Other reports have shown higher levels ranging from 7 to 11,600 µgAFB1/kg (Jindal
et al., 1993; Sheety et al., 1987; Hegazy et al., 1991).

2.1.2

Mechanisms of Action

To date, 18 different types of aflatoxins have been identified, with aflatoxin
B1, B2, G1, G2, M1, and M2 being the most common. Aflatoxin B1 and AFG1 occur
B

most frequently, and AFB1 is the most potent aflatoxin. Aflatoxin B1 undergoes
mixed function oxidation by cytochrome P-450 to form a number of metabolites
(Figure 2.2). Some aflatoxin metabolites may be excreted in the urine such as AFP1
and AFQ1, or in the milk (AFM1). Physicochemical and biochemical characteristics
of the AFB1 molecule reveal two important sites for toxicological activity (Heathcote
and Hibbert, 1978). The first site is a double bound at carbon 8,9 position of the
furofuran ring. The interactions of aflatoxin, DNA, and proteins, which occur at this
site alter normal biochemical function of these macromolecules and lead to
deleterious effects at the cellular level. When the epoxide covalentely binds to DNA,
the major adduct formed is aflatoxin-N7-guanine, the quantity of which is directly
proportional to tumor yield in experimental animals. The second reactive group is
the lactone ring in the coumarin moiety. (Norred and Riley, 2000; Lee et al., 1981).
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The lactone ring is easily hydrolysed and therefore is vulnerable to degradation.
Aflatoxin B1-epoxide can undergo Phase II metabolism and be conjugated with
glutathione to form a highly water soluble and excretable metabolite. In fact,
differences in species sensitivity to the toxic and carcinogenic effects of AFB1 are
inversely correlated with the amount of glutathione S-transferase activity the specie
has (Norred and Riley, 2000; Eaton and Gallagher, 1994).
Aflatoxins can be toxic, carcinogenic, mutagenic, and teratogenic. These
effects are influencied by species variation, sex, age, nutritional status, and effects of
other chemicals (Ellis et al., 1991). In addition, the dose level and period of exposure
of the organism to the toxin are very important.
Aflatoxin B1 is the most potent of the aflatoxin group of mycotoxins and can
be acutely toxic and carcinogenic in many animal species. It has been shown that the
formation of aflatoxin adducts to DNA is dependent on intercalation and reaction of
the AFB1 epoxide with the N7 of guanine (Essigmann et al., 1977; Gopalakrishnan et
al., 1990).
The toxicological effects of AFB1 occur after the metabolic activation of the
molecule by the microsomal mixed function oxidase system. These enzymatic
reactions involve metabolism and detoxification. Metabolic activation of AFB1 leads
to the formation of the reactive AFB1-epoxide, which can lead to toxic or
detoxification pathways or both (Mishra and Das, 2003).
Aflatoxin causes altered protein synthesis by inhibiting nucleic acid
transcription and interfering with RNA translation. Aflatoxin interacts with the basic
12

metabolic pathways of the cell disrupting key enzyme processes including
carbohydrate and lipid metabolism, and protein synthesis. The Krebs cycle and
phosphorylation of substrate are also inhibited via alterations in the mitochondrial
function. Mutation is caused due to binding of aflatoxin to DNA and subsequent
erroneous protein synthesis (Mishra and Das, 2003; Quist et al., 2000).
Aflatoxins are also potent immunossupressants, as shown by (1) reduced host
resistance to a wide range of bacteria, viruses and fungi; (2) depressed complement
activity; and (3) impaired cell mediated immunity (Richard et al., 1978). The liver is
the main target for toxicity, and pathological changes include fatty infiltration,
billiary duct proliferation, and toxic necrosis in acute severe poisoning. Baker and
Green (1987) observed decreased synthesis of clotting factors which explains
homeostasis deficiency, and the presence of disseminated intravascular coagulation
(DIC) in animals with aflatoxicosis. Harvey et al. (1988) described disturbances in
bone marrow, coagulation and homeostasis, caused by the inhibition of protein
synthesis. The increase in prothrombin time is caused by alterations in the
coagulation factors and also in the depletion of platelets which may inhibit
aggregation to form the clot, and inhibition of the clot enzymes (Parent-Massin and
Parchment, 1998).
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2.1.3

Toxicity of Aflatoxins

Aflatoxins are acutely toxic, carcinogenic, mutagenic, teratogenic, and
immunosuppressive to many different species. In production agriculture, aflatoxin
contamination in livestock feeds often results in poor growth and feed conversion
efficiency, increased mortality rates, and a greater susceptibility to diseases. The
impact of aflatoxins on micronutrient status is also a major concern (Pimpukdee et
al., 2004).
Although most animals have been shown to be susceptible to the toxic effects
of AF, young animals are more susceptible than older animals presumably due to the
lack of well developed hepatic enzymatic systems that are required to degrade the
toxins (Quist et al., 2000).
Among poultry, ducks are the most susceptible to aflatoxins followed by
turkeys, broilers, laying hens, and quail. Gosling and pheasants are more sensitive to
aflatoxins than chicks and less sensitive than ducklings and turkey poults.
Aflatoxins are very liposoluble compounds and are readily absorbed from the
gastrointestinal tract into the bloodstream. Aflatoxins tend to infiltrate most of the
soft tissues and fat deposits of the chicken; however, the majority of the
accumulation occurs in organs involved in the biotransformation of the mycotoxins
such as liver and kidney (Lesson et al., 1995).
Aflatoxin appears to be toxic at < 1 mg/kg for poultry with liver considered to
be the target organ, because compared with other organs the relative weight of the
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liver is altered by low levels of aflatoxin (Huff et al., 1986). Researchers have
attributed an increase in relative weight of the liver to an accumulation of lipid in the
liver, which produces the characteristic, enlarged, friable, fatty liver associated with
aflatoxicosis in broilers (Smith and Hamilton, 1970).
Aflatoxins cause a variety of effects in poultry, including decreased body
weight gain and efficiency of feed utilization. In poultry, AF is associated with liver
damage, poor performance, and immunosuppression. It also causes decreased egg
production in hens, inferior egg shell quality, and inferior carcass quality (Wyatt,
1991). Aflatoxin also causes decreased relative weights of the bursa of Fabricius,
gizzard, heart, liver, pancreas, proventriculus, and spleen. Livers characteristically
show billiary and nodular hyperplasia and are pale and enlarged as a result of
aflatoxicosis (Weibking et al., 1994; Kubena et al., 1990).
Aflatoxin B1 and its metabolites can also be transferred to eggs by laying hens
(Jacobson and Wiseman, 1974; Qureshi et al., 1998; Oliveira et al., 2000). Eggs laid
soon after AF feeding contained aflatoxicol, the most toxic of the known AFB1
matabolites (Truckess et al., 1983). Results of previous studies demonstrated that
transmission rates of AFB1 from layer feed into the egg is 1/2,000 to 1/2,500
(Hamilton et al., 1982; Truckess et al., 1983; Qureshi et al., 1998; Oliveira et al.,
2000).
The effect of aflatoxin on domestic turkeys has been well documented.
Extensive mortality was produced in young domestic turkeys that were given 400 µg
aflatoxin/kg feed or more of dietary aflatoxin (Giambrone et al., 1985b). Lower
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levels of aflatoxin cause blood-clotting abnormalities, immune dysfunction, and
decreased feed conversion (Witlock and Wyatt, 1981; Giambrone et al., 1985a).

2.1.4

Mycotoxin Analysis

Methods for mycotoxin analysis may be classified as quantitative, semiquantitative, simply yes/no answer at a set specified concentration or qualitative. In
general, the sophistication needed, the expertise required and the equipment and
labor costs decrease from the first category to the last. A summary of the main
techniques used for analysis of mycotoxins is given in Table 2.2.
Most stages in these methods including cleanup, sample injection and data
processing can be automated, saving in labor cost and time and improving
reproducibility. However, despite significant savings in time and costs that can come
from automation, a major effort is still usually required to obtain the representative
sample required for the analysis. Mycotoxins can be distributed in a highly
heterogeneous manner within a food material because of the way fungi colonize and
grow so that the proper sampling plans are particularly important. The ultimate
success of any analytical procedure depends on the ability to obtain a sample that is
truly representative of the whole consignment under test (Scudamore, 2005).
The most commonly used techniques for analyzing mycotoxins are TLC,
HPLC, and GLC. The two key parameters in separation are the solvent or gas that
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carries the contaminant and the separating material over or through which the carrier
passes. The degree of separation depends on the interaction of the analyte with the
separating material and the efficiency of the column or the TLC plate (Scudamore,
2005).
HPLC is one of the favored choices for the analyst when sensitive, reliable
results are required with minimal variability. This method must include optimized
extraction and cleanup stages. It must be suitably validated to ensure that it is
functional and accurate. This is often done by using check samples or certified
reference material prepared with known concentrations of specific mycotoxins. It is
sometimes necessary or an advantage to use derivatisation, either post- or precolumn, to assist sensitive detection of the mycotoxin. For aflatoxin determination
for example, a variety of post-column techniques such as bromination, iodination,
and the “Kobra” cell have become well-established procedures in order to induce
fluorescence of eluting peaks (Scudamore, 2005; CAST, 2003).

2.2 Adsorbents

Mycotoxin decontamination refers to methods by which the mycotoxins are
removed or neutralized from the contaminated feed while mycotoxin detoxification
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refers to methods by which the toxic properties of the mycotoxin are removed (Diaz
and Smith, 2005).
Chronic exposure to aflatoxins may not only significantly alter productivity
and animal farming trends, but in addition, direct exposure to aflatoxin contaminated
food commodities may impose a great risk to the consumer. Consequently, to reduce
and/or prevent human exposure, practical and effective methods for the
detoxification of aflatoxin-contaning feedstuffs is an urgent requirement (Ramos and
Hernandez, 1996).
Once ingredients become contaminated with mycotoxins, disposal of the
contaminated product is the most effective method of avoiding the problems related
to their ingestion. The impracticality and cost associated with the complete
substitution of these ingredients means that this practice is not performed as
frequently as recommended (Diaz and Smith, 2005).
There are many methods for detoxification of mycotoxin contaminated crops.
They include physical separation, thermal inactivation, microbial degradation, and
treatment with different chemicals. Many of these methods are, however,
impractical, ineffective, and potentially unsafe. The most applied method for
protecting animals against mycotoxicosis is the utilization of adsorbents mixed with
the feed which are supposed to bind the mycotoxins efficiently in the gastrointestinal tract more in a prophylactic rather than in a therapeutic manner, avoiding
toxic effects for livestock and carryover of the toxins to animal products (Ramos and
Hernandez, 1997; Huwig et al., 2001; Daković et al., 2000).
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Due to its physical-chemical characteristics, MONT is used as suspensionestablishing additives in coatings, as bonding agents for foundry sands, and foundry
washes. As a result of their ion exchange capabilities, these products have been
widely utilized as mycotoxin sequestering agents (Diaz and Smith, 2005).
Adsorbents are discussed particularly concerning efficacy, specificity, and the
mechanism of the adsorption process. The most important feature of the adsorption is
the physical structure of the adsorbent, i.e. the total charge and the charge
distribution, the size of the pores and the accessible surface area. On the other hand,
the properties of the adsorbate molecules, the mycotoxins, like polarity, solubility,
size, shape and – in case of ionized compounds – charge distribution and dissociation
constants play a significant role, too. Therefore, the efficacy of every adsorption
process has to be investigated in regard to the particular properties of the adsorbent.
Mineral adsorbents based on zeolites, silicates and phylosilicates show different
abilities to bind aflatoxins in vitro from aqueous solutions. These mineral adsorbents,
depending on type, possesses active sites which can be located within the interlayer
channels, at the basal planes on the surfaces or within pores, and at the edges of
particles. The adsorption process is very dependent on the type of exchangeable
cations contained in the adsorbent (Huwig et al., 2001; Daković et al., 2000).
In adsorption studies with AFB1 and HSCAS, the dicarbonyl system was
found essential for tight binding (chemosorption) by HSCAS. Evidence suggests that
AF may react at multiple sites on HSCAS clay particles, including edges and basal
surfaces, but essentially at the interlayer region (Grant and Phillips, 1998). Daković
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et al. (2000) proposed a mechanism of aflatoxin chemisorption by mineral
adsorbents involving the rapid formation of a complex between a ligand and the
mineral. Tomašević-Čanović et al. (2001) showed that three different types of
clinoptilolite (Ca+2, Na+, and NH+4) adsorbed mycotoxins from aqueous electrolytes
to different degrees.
Hydration of the exchangeable cations creates a hydrophilic environment in
the interlayer of the montmorillonite. This parameter has an influence on the
adsorption of different organic molecules, including mycotoxins, on zeolite and
montmorillonite particles and on the stability of the adsorbed complexes
(Tomašević-Čanović et al., 2001).
Addition of sorbents is a simple low cost effective detoxification method
which seems to offer a good prospective, even if the vast amount of data available
and the contrasting results have not clarified the mechanisms of action. Therefore,
more detailed studies should be performed to detect any possible reactions between
structural characteristics of the sorbents and their adsorption capacity in order to
select the most efficacious adsorbents (Piva et al., 1995).
Several researchers have shown that the ability of a compound to sequester
mycotoxin in vitro does not necessarily correlate with the in vivo response. In vitro
analysis of mycotoxin binders is however a powerful tool for screening potential
sequestering agents. If a clay does not absorb a mycotoxin in vitro, it has little or no
chance to do so in vivo. These lab techniques can be very useful in identifying
potential dietary sequestering agents, and helping to determine the mechanisms and
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conditions favorable for sequestration to occur. It is extremely important that any in
vitro result be supported by in vivo experiments utilizing the species for which the
product is intended, and with feed contaminated with levels of mycotoxins that are
commonly found in the field. In vivo studies are needed to determine the stability of
the complex formed in the gastrointestinal tract, and also to establish the harmless
nature of these compounds. Predictions about the ability of inorganic adsorbents to
prevent the adverse effects of mycotoxins in vitro should be approached with
caution, and should be confirmed in vivo, paying particular attention to the potential
for nutrient interactions (Diaz and Smith, 2005; Dwyer et al., 1997; Ramos and
Hernandez, 1996).

2.2.1

Montmorillonite

Montmorillonite is the main constituent of bentonite. Based on its
interchangeable cation composition, bentonites can be classified as calcium,
magnesium, potassium or sodium bentonites. As a result of their ion exchange
capacity, these products have been widely utilized as mycotoxin sequestering agents
(Diaz and Smith, 2005; Ramos and Hernandez, 1996).
Montmorillonite, an aluminosilicate clay, has a 2:1 structure. The inner layer
is composed of an octahedral sheet, which is situated between SiO4 tetrahedral
sheets. The replacement of Al3+ for Si4+ in the tetrahedral layer and Mg2+ or Zn2+ for
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Al3+ in the octrahedral layer results in a net negative charge on the clay surfaces.
This charge imbalance is offset by the interlayer hydrated cations, the predominant
cations being Na+ and Ca2+. These cations are exchangeable. By the exchange of
these cations with certain other kinds of cations, montmorillonite can be modified.
Due to these structural characteristics, montmorillonite has specific physicalchemical properties such as high surface area, strong adsorptive power, high
structural stability, chemical inertia, and a strong capacity to form stable suspensions
at low concentrations (Borchardt, 1989; Peng et al., 2005).
Montmorillonite (MONT) has been shown to promote weight gain and
improve feed efficiency (Tauquir and Nawaz, 2001), reduce bacterial contamination
of the gut (Venglovsky et al., 1999), reduce the detrimental effects of mycotoxincontaminated diets (Schell et al., 1993), and to protect the intestinal mucosa (DroyLefain et al., 1985). It can adhere to pathogens and selectively promote their
excretion. It also reinforces the intestinal mucosa barrier and helps regeneration of
epithelium (Xia et al., 2004).
Desheng et al. (2005) suggested that the mechanism of AFB1 adsorption on
MONT involves AFB1 being sorbed onto the edge of MONT by a double hydrogen
bond, and that AFB1 molecules do not penetrate into the interlayer area of MONT. In
their study, the interlayer spacing of MONT (d001) was not significantly changed
before or after AFB1 being sorbed and remained approximately 1.41 nm, which
suggested that the AFB1 molecules may be adsorbed on the edge of MONT but not
into the interlayer.
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Ramos and Hernandez (1996) reported that montmorillonite was more
effective at sorbing aflatoxin B1 in vitro compared to the other aflatoxins. The
authors suggested that the greater adsorption of AFB1 was due to some specific
residue in its chemical structure.

2.2.2

Cu-Montmorillonite

Copper has received considerable attention due to its antimicrobial properties
that improve performance in animals when fed over the minimum requirement.
Studies have shown that supplementation with copper sources (e. g. Cu sulfate)
increases growth in poultry (Pesti and Bakalli, 1996) and swine (Hill et al., 2000).
Hawbaker et al. (1961) and Bunch et al. (1965) suggested that copper acts in an
antibiotic-like fashion by influencing the microflora. Cromwell et al. (1989) and
Bowland (1990), however suggested that copper-stimulated growth was related to
the solubility of copper source; hence, copper must be available for absorption.
Wapnir (1990) suggested that copper binds to peptides and amino acids in the
digesta, which can aid in copper absorption.
Montmorillonite (MONT), an aluminosilicate clay with a 2:1 layered
structure, has been shown to reduce the detrimental effects of mycotoxincontaminated diets (Schell et al., 1993). It is well documented that pharmacological
concentrations of copper (125 to 250 mg Cu//kg diet) can stimulate growth and feed
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efficiency in poultry (Harms and Buresh, 1987; Pimental and Cook, 1989; Pesti and
Bakalli, 1996). In an attempt to combine the benefits of MONT and Cu, Cumontimorillonite (Cu-MONT) was produced through a Cu2+ exchange reaction
replacing the native cations (Figure 2.3).
Recent experiments revealed that Cu-MONT has antibacterial activity against
E. coli K88, Clostridium, and Salmonella (Ye et al., 2003). Hu et al (2002) showed
that Cu-MONT had some bacteriostatic effect in vitro. Stadler and Schindler (1993)
reported that Cu2+ in aqueous solution with pH > 4.5 tended to enter the interlayer
position of MONT and form [Cu(AlO)n(H2O)4n]x+. When Na+ or Ca2+ is replaced by
[Cu(AlO)n(H2O)4n]x+ or Cu2+ enters the tetrahedron and octahedron, MONT loses its
electrical balance. This results in the mineral having a surplus positive charge. On
the other hand, the bacterial cell wall is negatively charged due to functional groups
such as carboxylates present in lipoproteins at the surface, so that Cu-MONT would
attract bacteria due to the opposite static charge. Surplus positive charge of CuMONT is most probably an important factor for its antibacterial capacity (Xia et al.,
2004).
Copper compounds such as CuSO4 and Cu(OH)2 are traditional inorganic
antibacterial materials with wide usage. However, Cu2+ is difficult to contact with
bacteria in water by colliding so the amount of Cu2+ needed must be large, which can
lead to environmental pollution.
The Cu-MONT attracts the bacteria by electrostatic forces and immobilizes
them on the surface. Cu2+ could also dissociate and directly exert its antimicrobial
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effect on the bacteria in the dispersion. Due to the density of the Cu2+ ions on the
mineral surface which is much higher than that in the medium, the antimicrobial
capacity of Cu-MONT particles might dominate over the Cu2+ cations released into
the medium. Therefore, the Cu2+ bridging between the MONT particles and the
bacteria played an important role in the antimicrobial capacity of Cu-MONT (Zhou
et al., 2004).

2.2.3

Zn-Montmorillonite

Zinc has an important role in numerous biological processes in avian species.
For instance, zinc is required for the activation of several enzymes. It is also a
component of many important metalloenzymes, and it is critically involved in cell
replication and in the development of cartilage and bone (Baker and Ammerman,
1995).
Many animal diets require supplementation with zinc because of either low
dietary levels or the presence of dietary factors which decrease the bioavailability of
the element. Although the zinc concentration in most soft tissues varies little with
zinc status, bone zinc is low in animals deprived of zinc. This is possibly due to the
fact that bone stores zinc to a greater extent than soft tissues. Then, bone zinc
accumulation and growth rate in rapidly growing animals appear to be reliable
indicators of relative zinc bioavailability (Baker and Ammerman, 1995).
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Feeding pharmacological concentrations of ZnO to weaned piglets has been
demonstrated to improve growth rates (Hill et al., 2000), and decrease diarrhea
incidence (Hahn and Baker, 1993). In poultry, Zn is believed to play a role in chick
immune function and disease resistance and its presence appears valuable for the
normal development, maintenance and function of the immune system (Mohana and
Nys, 1999). Chickens have hypozincemia when infected with the Newcastle disease
virus or Escherichia coli endotoxin. Zinc concentrations in the liver are increased by
E. coli endotoxin infection (Klasing, 1984, Srinivas et al., 1989, Park et al., 2004).
Montmorillonite (MONT), an aluminosilicate clay with a 2:1 layered
structure, has been shown to reduce the detrimental effects of mycotoxincontaminated diets (Schell et al., 1993). Zinc is involved in many bodily functions,
from immunocompetency to fertility. In an attempt to combine the benefits of
MONT and Zn, Zn-montimorillonite (Zn-MONT) was produced through a Zn2+
exchange reaction (Figure 2.4).
Tomašević-Čanović et al (2001) evaluated the affinity of Zn-MONT for
aflatoxin B1 in vitro and verified a high adsorption index (0.90). The authors
concluded that Zn-MONT have a high efficiency for in vitro binding of AFB1 at a
concentration of 200 µg per gram of adsorbent. This value corresponds to 1 mg/kg of
AFB1 in the diet, if the adsorbent is incorporated at a level of 0.5%.
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Table 2.1. Temperature and water activity for optimal growth and aflatoxin
production by the main toxigenic species of the genus Aspergillus.
Water activity (aw)

Temperature
Range

Optimal

Growth

AF

Mycotoxin

production
A. flavus

10 to

33˚C

45˚C
A.

10 to

parasiticus

42˚C

32˚C

0.78 to

0.83 to

AF group

0.80

0.87

B

0.78 to

0.87

AF groups

0.80
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B and G

Table 2.2 - Summary of the main techniques used for analysis of mycotoxins.
Adapted from Scudamore, 2005.
Method

Advantages

Disadvantages

TLC

Simple, cheap, and rapid

Identity of spots may need
confirmation

Detects most mycotoxins
Sensitive for aflatoxin and
ochratoxin
A number of samples can be
run together

Insensivity for some toxins
Separation may not be
satisfactory and require 2dimensional approach
Poor precision

ELISA

Visual assessment possible
Plate reader assist quantifying
results and improves detection
limits

HPLC

Sensitive, selective

Provides high
confirmation

Limited to a few solvents
Antibodies may cross react
Compounds must have UV
absorption or fluorescence or
require derivatization

Easy to automate
GC/MS

Matrix interference may affect
result

level

of

Expensive
Specialist expertise required

Very sensitive

Compounds must be volatile
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Figure 2.1 – Structure of aflatoxins.
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MFO, O2, NADPH

AFP1

AFQ1

30

DNA

Cancer

30

Figure2.2 - Aflatoxin B1 and metabolic pathways that lead to excretion or binding to macromolecules. Adapted from Norred and Riley, 2000

GSH Conjugate

GSH

Aflatoxin B1-epoxide

Protein Binding

Glutathione
S-transferase

EXCRETION

AFM1

AFB1

Cell Death

Aflatoxin B1 N7-Guanine

X X
Cu

Cu

Figure 2.3 - Cu-MONT structure. Adapted from Taylor et al., 2000.
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X X
Zn

Zn
Figure 2.4 -.Zn-MONT structure. Adapted from Taylor et al., 2000.
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CHAPTER 3.

EFFICACY OF COPPER MODIFIED
MONTMORILLONITE TO AMELIORATE THE
TOXIC EFFECTS OF AFLATOXIN IN BROILER
CHICKS

3.1 Abstract

An experiment was conducted with 150 day-old male broiler chicks to
evaluate the efficacy of a modified montimorillonite to ameliorate the toxic
effects of aflatoxin (AF). Chicks were fed an NRC diet containing no AF or
adsorbents for 2 days. On day 3, birds were allotted randomly to a 3 X 2 factorial
arrangement of dietary treatments (three diets and two concentrations of AF) that
included: 1) an unsupplemented basal corn-soybean meal; 2) the basal
supplemented with 0.5% MONT; 3) the basal supplemented with 0.5% CuMONT; 4) the basal supplemented with 2 mg AF/kg diet; 5) the basal
supplemented with 0.5% MONT and 2 mg AF/kg diet; and 6) the basal diet
supplemented with 0.5% Cu-MONT and 2 mg AF/kg diet. Chicks were housed in
stainless steel chick batteries and allowed access to feed and water ad libitum
until day 21. Dietary AF concentrations were confirmed by analysis and diets
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were screened for the presence of known mycotoxins prior to the start of the
experiment. Compared to controls, feed intake and body weight gain were
reduced (P < 0.05) by 20% and 22%, respectively, in birds fed AF (P < 0.05).
Addition of Cu-MONT to feed of chicks fed AF reduced the growth depressing
effect of AF from 22% to 13%. MONT was not effective in ameliorating the
growth depressing effect of AF. Compared to controls, relative liver and kidney
weights increased (P < 0.05) by 34% and 68%, respectively in birds fed AF. Both
MONT and Cu-MONT were equally effective in ameliorating the effect of AF on
relative liver and kidney weights. Birds fed AF had lower (P < .05) toe ash
weight compared with controls (9.92 vs. 11.14 mg) but a greater percent toe ash
compared with controls (13.2 vs 12.6%). The addition of Cu-MONT to the AF
diet reduced the effects of AF resulting in toe ash weights that were not
statistically different from controls. The addition of MONT to the AF diet was
not effective in preventing the decrease in toe ash weight. The addition of MONT
to the AF diet reduced the effects of AF on serum total protein and prevented the
reduction in serum P observed in birds fed AF. These results suggest that both
MONT and Cu-MONT at 0.5% of the diet were partially effective in ameliorating
the toxic effects of AF in broilers.
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3.2 Introduction

Traditionally, clays have been incorporated in animal diets to improve
feed manufacture. Montmorillonite (MONT), an aluminosilicate clay with a 2:1
layered structure, has been shown to promote weight gain and improve feed
efficiency (Tauquir and Nawaz, 2001), reduce bacterial contamination of the gut
(Venglovsky et al., 1999), reduce the detrimental effects of mycotoxincontaminated diets (Schell et al., 1993), and to protect the intestinal mucosa
(Droy-Lefain et al., 1985).
It is well documented that pharmacological concentrations of copper (125
to 250 mg Cu/kg diet) can stimulate growth and feed efficiency in poultry (Pesti
and Bakalli, 1996).
Aflatoxins (AF), a class of mycotoxins produced by fungal species of the
genus Aspergillus (flavus and parasiticus), are sometimes found in feed
ingredients used for poultry rations. Aflatoxins cause a variety of negative effects
in poultry, including decreased body weight gain and efficiency of feed
utilization (Leeson et al., 1995).
At the present time, one of the more effective and practical approaches to
addressing the problem of AF is the use of adsorbents (clays). Selected
adsorbents, including MONT, added to AF-contaminated feeds, can sequester AF
during the digestive process, allowing AF to pass harmlessly through the animal
(Phillips et al., 1990).
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In an attempt to combine the benefits of MONT and copper, a Cu-MONT
was prepared at the Institute for Technology of Nuclear and Other Mineral Raw
Materials, Serbia. Cu-MONT was prepared by replacing native cations with Cu+2
via an ion exchange reaction (Tomašević-Čanović et al., 2001). Since it is
possible that modifying MONT may affect its efficacy in binding AF, the
objective of this study was to evaluate the efficacy of the Cu-MONT in
ameliorating the toxic effects of AF.

3.3 Objective

The objective of this study was to evaluate the efficacy of Cu-MONT in
reducing the toxic effects of aflatoxin in broilers.

3.4 Hypothesis

We hypothesize that Cu-MONT will be just as effective as the unmodified
MONT in alleviating the toxicity of aflatoxin in chickens.
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3.5 Materials and Methods

One hundred fifty day old male broiler chicks were purchased from a
commercial hatchery, and fed an NRC diet containing no AF or MONTs for 2
days. On day 3, chicks were weighed, wing-banded, and assigned to pens in
stainless steel chick batteries. Birds were maintained on a 24-hour constant light
schedule and allowed access to feed and water ad libitum.
A completely randomized design was used with five pen replicate of five
chicks assigned to a 3 X 2 factorial arrangement of six dietary treatments. Dietary
treatments evaluated included: 1) basal diet containing neither adsorbent nor
mycotoxins (positive control); 2) basal diet supplemented with 0.5% MONT; 3)
basal diet supplemented with 0.5% Cu-MONT; 4) basal diet supplemented with 2
mg AF/kg diet; 5) basal diet supplemented with 0.5% MONT and 2 mg AF/kg
diet; and 6) basal diet supplemented with 0.5% Cu-MONT and 2 mg AF/kg diet.
The basal diet was a commercial corn soybean meal type diet formulated to meet
or exceed the nutritional requirements of growing chicks as recommended by the
National Research Council (NRC, 1994). Culture material containing 690 mg
AFB1/kg culture material was used to supply AF. Dietary AF concentrations were
confirmed by analysis and all diets were screened for the presence of all
commonly occuring mycotoxins prior to the start of the experiment. The dietary
treatments are also presented below in a tabular form (Table 3.1).
Birds were individually weighed at the beginning and end of the study.
Feed consumption was determined at the end of the study, and mortality was
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recorded as it occurred. All dead birds were necropsied. In addition, birds were
inspected daily and any health related problems were recorded.
On day 21, 15 chicks (five replicates of three chicks each) from each
treatment were bled by cardiac puncture and samples used for serum chemistry
analyses (albumin, total protein, and globulin). Both middle toes from all birds
were collected for toe ash determination. Fifteen chicks (five replicates of three
birds each) from each treatment were euthanized and the liver and kidneys were
removed and weighed. Samples of liver and kidney were taken from six
randomly selected birds per treatment for histopathological examination. All
birds were examined for signs of gross pathology due either to mycotoxins or
resulting from nutritional deficiencies caused by addition of the adsorbent.
Data were analyzed by analysis of variance as a 3 X 2 factorial using the
General Linear Models procedure of SAS (SAS Institute, 1985). The means for
treatments showing significant differences in the analysis of variance were
compared using the Fisher’s protected least significant difference procedure
(Snedecor and Cochran, 1967). All statements of significance were based on the
0.05 level of probability.

3.6 Results

The effects of dietary treatments on chick performance from day 1 to 21
are presented in Table 3.2. Chicks fed MONT and Cu-MONT consumed similar
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amounts of feed (907 and 883, respectively vs 881 g), grew as well (765 and 728,
respectively vs 723 g), and were as efficient (1.19 and 1.21, respectively vs 1.22)
as chicks fed control diets.
In contrast, chicks fed AF alone consumed 20% less feed (P < 0.05; 705
vs 881 g) and gained 22% less weight (P < 0.05; 563 vs 723 g) than control
chicks. Chicks fed the combination AF/Cu-MONT diet the growth depressing
effects of AF was reduced from 22% to 13%. Adding MONT to the AF diet was
not effective in ameliorating the growth depressing effects of AF.
Chicks fed MONT and Cu-MONT combination diets had relative liver
and kidney weights similar to those of control chicks (Table 3.3). Compared to
controls, chicks fed AF alone had relative liver and kidney weights increased (P <
0.05) by 34% and 68%, respectively. Both MONT and Cu-MONT were equally
effective in ameliorating the effect of AF on relative liver and kidney weights.
Effects of dietary treatments on toe ash are presented in Table 3.4.
Compared to controls, birds fed AF had lower (P < 0.05) toe ash weights and
higher (P < 0.05) percentage of toe ash. The addition of Cu-MONT to the AF diet
reduced the effects of AF resulting in toe ash weights that were not statistically
different from controls. The addition of MONT to the AF diet was not effective
in preventing the decrease in toe ash weight (Figure 3.1). The addition of MONT
to the AF diet reduced the effects of AF resulting in percentage of toe ash that
were not statistically different from controls.
The effects of dietary treatments on serum chemistry are presented in
Table 3.5. Serum chemistry values of chicks fed MONT and the Cu-MONT
combination diets were similar to those of control chicks. Compared to controls,
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serum concentrations of albumin, total protein, globulin, calcium and phosphorus
were decreased (P < 0.05) in chicks fed AF alone. In chicks fed the combination
AF/MONT diet, the toxic effects of AF on serum total protein were ameliorated
(Figure 3.2) and the reduction in serum phosphorus was prevented. Cu-MONT
was not effective in ameliorating the effects of AF on serum total protein or
serum P.
No signs of nutritional deficiencies were found in any of the organs
examined in any of the treatments. No treatment-related gross lesions were
observed in control chicks, chicks fed MONT, or chicks fed Cu-MONT. Chicks
fed AF alone had enlarged pale livers with rounded margins.
Sections of liver and kidney were unremarkable in the chicks fed the
control diet, the 0.5% MONT diet, and the 0.5% Cu-MONT diet. Moderate
lesions of aflatoxicosis were evident in all chicks fed AF alone, and mild
microscopic lesions of aflatoxicosis were noted in chicks fed the AF/MONT and
AF/Cu-MONT combination diets. Chicks fed AF alone had moderate to severe
periportal cytoplasmatic vacuolation of hepatocytes (fatty change), with moderate
heterophil infiltration. Birds fed the AF/MONT and AF/Cu-MONT combination
diets had mild billiary hyperplasia. Chicks fed AF alone also had significant renal
pathology with thickening of the glomerular capillary basement membrane and
enlargement of the glomeruli. Sections of kidney revealed mild lesions in birds
fed the AF/MONT and AF/Cu-MONT combination diets.
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3.7 Discussion

Aflatoxin is important to the poultry industry because of its toxicity and
frequency of occurrence in feedstuffs. The toxicity of AF in poultry has been well
documented, as indicated by Huff et al. (1988).
Chick performance was not negatively affected by the addition of 0.5%
MONT or 0.5% Cu-MONT to the basal diet, and the absence of any signs of
nutritional deficiencies in any of the organs examined indicated that both
adsorbents did not negatively affect dietary nutrients (such as minerals and
vitamins) at this dietary inclusion level.
Lower feed intakes (20%) and body weight gains (22%) observed in
chicks fed AF alone were consistent with previous reports on the performance
depressing effects of AF (Kubena et al., 1990; Ledoux et al., 1998). The addition
of MONT was not effective in ameliorating the growth depressing effect of AF.
This result is in contrast to previous reports (Davidson et al., 1987; Phillips et al.,
1990; Ledoux et al., 1998) which showed amelioration of the growth-depressing
effect of AF in chicks fed adsorbents such as hydrated sodium calcium
aluminosilicates. These adsorbents have been shown to bind AF in the digestive
tract, allowing the mycotoxin to pass harmlessly through the animal. Addition of
Cu-MONT to the AF diet reduced the growth depressing effects. This result
suggests that modifying MONT may have improved its efficacy in binding AF.
The liver is considered to be the principal target organ for aflatoxin; and
in poultry, the relative weight of liver is increased more than that of any other
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organ by lower concentrations of AF (Smith and Hamilton, 1970; Huff et al.,
1986). Increases in the relative weights of liver and kidney of broilers fed AF
alone in the present study have been reported previously (Ledoux et al., 1998).
The addition of MONT and Cu-MONT to the AF diet in the present study
ameliorated the toxic effects of AF on relative liver and kidney weights. Previous
studies showed that adsorbents have been effective in preventing or ameliorating
changes in organ weights observed in chicks fed AF (Kubena et al., 1990;
Ledoux et al., 1998).
Gross histopathology lesions observed with AF in this study have been
described in the literature before (Hoer, 1997). The addition of MONT and CuMONT to the AF diet ameliorated the AF-associated pathology in liver and
kidneys.
Reduced serum concentrations of total protein, albumin, globulin,
calcium, and phosphorus were observed in chicks fed the diets containing AF
alone. Decreases in albumin, globulin, and total protein are indicators of
impaired protein synthesis, and have been observed in chickens suffering from
aflatoxicosis (Tung et al., 1975; Kubena et al., 1993). The reduction in serum
concentration of calcium may be a reflection of reduced feed intake (Kubena et
al., 1998). The protection against changes in serum biochemical values provided
by the two adsorbents varied, but noteworthy were the significant improvement
in serum concentrations of total protein and phosphorus provided by MONT.
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3.8 Conclusions

The addition of MONT and Cu-MONT at a level of 0.5% did not
negatively affect chick performance, organ weights, serum chemistry parameters,
or cause any pathological changes. This result indicates that both adsorbents did
not negatively affect dietary nutrients at this dietary inclusion level.
Results also indicate that both MONT and Cu-MONT at 0.5% of the diet
were only partially effective in ameliorating the toxic effects of aflatoxin that
may be present in poultry rations at levels up to 2 mg/kg feed.
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Table 3.1 - Dietary treatments. Five replicate pens of five chicks per pen were
assigned to the six treatments outlined below.
TRT #

MONT

Cu-MONT

AFLATOXIN

1

0

0

0

2

0.5 %

0

0

3

0

0.5 %

0

4

0

0

2 mg/kg

5

0.5 %

0

2 mg/kg

6

0

0.5 %

2 mg/kg
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Table 3.2 - Effects of dietary treatments on performance of broilers fed aflatoxin
from day 3 to day 211.
Treatment

Feed
Conversion
(g : g)

881a

Body
Weight
Gain
(g)
723a

Feed
Intake
(g)

MONT
(%)
0

CuMONT
0

AFB1
(mg/kg)
0

0.5

0

0

907a

765a

1.19c

0

0.5

0

883a

728a

1.21bc

0

0

2

705b

563c

1.25a

0.5

0

2

763b

563c

1.25a

0

0.5

2

729b

585bc

1.22abc

21.2

19

0.014

SEM

1.22abc

Source of variation

___________ Probabilities __________

Diet

0.3304

0.1452

0.2542

AFB1

<.0001

<.0001

0.0076

Diet x AFB1

0.3076

0.1114

0.1682

MAIN EFFECTS MEAN
Diet
Control

793

643

1.24

MONT

818

675

1.22

Cu-MONT

823

678

1.21

0

890a

739a

1.21b

2

732b

592b

1.24a

AFB1

1

Data are means of five replicates of five chicks each.
Values within each column for interactive means or between each pair of main effect means
with no common superscript differ significantly (P < 0.05).

abc
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Table 3.3 - Effects of dietary treatments on relative organ weights of broilers fed
aflatoxin from day 3 to day 211.
Treatment

Liver
Weight (g)

Kidney
Weight (g)

2.61c

0.70c

MONT
(%)
0

CuMONT
0

AFB1
(mg/kg)
0

0.5

0

0

2.61c

0.76c

0

0.5

0

2.60c

0.74c

0

0

2

3.51a

1.18a

0.5

0

2

3.10b

1.00b

0

0.5

2

3.00b

0.96b

0.14

0.06

SEM
Source of variation

_______ Probabilities_______

Diet

0.1664

0.3295

AFB1

<.0001

<.0001

Diet x AFB1

0.1852

0.0746

Control

3.06

0.94

MONT

2.85

0.88

Cu-MONT

2.79

0.85

0

2.60b

0.73b

2

3.20a

1.05a

MAIN EFFECTS MEAN
Diet

AFB1

1

Data are means of five replicates of five chicks each.
Values within each column for interactive means or between each pair of main effect means
with no common superscript differ significantly (P < 0.05).

abc
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Table 3.4 - Effects of dietary treatments on toe ash of broilers fed aflatoxin from
day 3 to day 211.
Treatment

Toe
Ash

Toe
Ash

(%)

(mg)

0

0

AFB1
(mg/kg)
0

0.5

0

0

12.6cd

11.8a

0

0.5

0

12.3d

11.0ab

0

0

2

13.2ab

9.3c

0.5

0

2

13.0bc

9.2c

0

0.5

2

13.5a

10.5b

0.16

0.28

MONT (%)

Cu-MONT (%)

SEM
Source of variation

cd

12.6

11.1ab

________ P________

Diet

0.8834

0.2028

AFB1

<.0001

<.0001

Diet x AFB1

0.0613

0.0049

MAIN EFFECTS MEAN
Diet
Control

12.9

10.2

MONT

12.8

10.5

Cu-MONT

12.9

10.7

0

12.5b

11.3a

2

13.2a

9.7b

AFB1

1

Data are means of five replicates of five chicks each.
Values within each column for interactive means or between each pair of main effect means
with no common superscript differ significantly (P < 0.05).

abc
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48

0
0.5
0
0
0.5
0

CuAFB1
MONT
(mg/kg)
(%)
0
0
0
0
0.5
0
0
2
0
2
0.5
2
SEM
Source of variation
Diet
AFB1

Diet x AFB1

MONT
(%)

Treatment

0.4235

0.5623
0.2297

310
225
273
232
240
230
35.3

(mg/dL)

Glucose

0.0776

0.7377
<.0001

0.97a
0.89a
0.95a
0.42c
0.57b
0.44bc
0.05

(g/dL)

Albumin
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0.6809
<.0001
0.0289

2.31a
2.10a
2.25a
1.25c
1.63b
1.32c
0.11

(g/dL)

Total
Protein

0.6787
<.0001
0.0210

1.34a
1.21ab
1.30ab
0.83d
1.06bc
0.88cd
0.06

Globulin

0.3655
0.0006
0.3507

10.23a
9.91ab
9.92ab
9.07cd
9.46bc
8.68d
0.29

(mg/dL)

Ca

0.5976
0.0453
0.4711

8.02a
7.63ab
7.63ab
6.98b
7.51a
6.75b
0.39

(mg/dL)

P

Table 3.5 - Effects of dietary treatments on serum chemistry of broilers fed aflatoxin from day 3 to day 211.

0.4076
0.9034
0.4068

252
177
212
203
201
247
33.3

(U/L)

AST

0.3247
0.0713
0.7450

5.14
3.88
5.26
6.49
5.51
5.77
0.75

(mg/dL)

Uric
Acid

49

2.22a
1.40b

0.48b

234

2

1.78

0.94a

0.69

251

Cu-MONT

1.86

269

0.73

232

MONT

1.78

0

0.69

271

Control

0.92b

1.28a

1.09

1.13

1.08

9.07b

10.02a

9.30

9.68

9.65

7.08b

7.76a

7.19

7.57

7.50

217

214

230

189

227

5.92

4.76

5.51

4.69

5.81

49

Data are means of five replicates of three chicks each.
Values within each column for interactive means or between each pair of main effect means with no common superscript differ significantly (P < 0.05).
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1
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MAIN EFFECTS MEAN
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Figure 3.1 - Effects of dietary treatments on toe ash of broilers fed aflatoxin from day 3 to day 21.
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Figure 3.2 - Effects of dietary treatments on serum total proteins of broiler chickens fed aflatoxin from day 3 to day 21.
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CHAPTER 4.

EVALUATION OF THE EFFICACY OF
MODIFIED MONTMORILLONITES TO
AMELIORATE THE TOXIC EFFECTS OF
AFLATOXIN IN BROILER CHICKS

4.1 Abstract

An experiment was conducted with 240 day-old male broiler chicks to
evaluate the efficacy of modified montmorilloniotes to ameliorate the toxic
effects of aflatoxin (AF). Chicks were allotted randomly to a 5 X 2 factorial
arrangement of dietary treatments (five diets and two concentrations of AF) that
included: 1) an unsupplemented basal corn-soybean meal; 2) the basal
supplemented with 0.5% Serbia MONT; 3) basal supplemented with 0.5% Serbia
Zn MONT; 4) basal supplemented with 0.5% IMTX; 5) basal supplemented with
0.5% Zn IMTX; 6) basal supplemented with 2 mg AF/kg diet; 7) basal
supplemented with 0.5% Serbia MONT and 2 mg AF/kg diet; 8) basal
supplemented with 0.5% Serbia Zn MONT and 2 mg AF/kg diet; 9) basal
supplemented with 0.5% IMTX and 2 mg AF/kg diet; and 10) basal
supplemented with 0.5% Zn IMTX and 2 mg AF/kg diet. Chicks were housed in
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stainless steel chick batteries and allowed access to feed and water ad libitum
until day 21. Dietary AF concentrations were confirmed by analysis and diets
were screened for the presence of commonly occurring mycotoxins prior to the
start of the experiment. Body weight gain of chicks fed IMTX alone were greater
(P < 0.05) than that of control chicks, whereas body weight gains of chicks fed
Serbia MONT, Serbia Zn-MONT, and Zn-IMTX alone were equal to control
chicks. Compared to controls, body weight gain was reduced (P < 0.05) by 15%
in birds fed AF. Addition of Serbia Zn-MONT and Zn-IMTX to feed of chicks
fed AF completely prevented the growth depressing effects of AF. The addition
of Serbia MONT and IMTX to the AF diet was not effective in ameliorating the
growth depressing effects of AF. Relative liver and kidney weights were not
affected (P > 0.05) by addition of any of the MONTs to the basal diet. Compared
to controls, relative liver and kidney weights increased (P < 0.05) by 51% and
62%, respectively in birds fed AF. Both IMTX and Zn-IMTX were equally
effective in ameliorating the effect of AF on liver weight, whereas only Zn-IMTX
was effective in ameliorating the effects of AF on kidney weight. Compared to
controls, serum concentrations of albumin, total protein, globulin, calcium, and
GGT were decreased (P < 0.05) in chicks fed AF alone. The addition of IMTX
and Zn-IMTX to the AF contaminated diet prevented the decrease in serum
albumin, serum globulin, and serum total protein caused by AF. The addition of
Zn-IMTX to the AF diet also prevented the decrease in serum Ca caused by AF.
These results suggest that all four modified montmorillonites at 0.5% of the diet
were partially effective in ameliorating the toxic effects of AF in broilers.
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4.2 Introduction

Mycotoxins are toxic byproducts of mold infestations affecting as much
as one-quarter of global food and feed crop output. They are compounds of low
molecular weight produced as secondary metabolites of toxigenic strains of
several fungal genera, many of which have been strongly implicated as chemical
progenitors of toxicity in man and animals. They are considered unavoidable
contaminants in foods that agronomic technology has not yet advanced to the
point where preharvest infection of susceptible crops can be completely
eliminated (CAST, 2003; Diaz and Boermans, 1994).
Aflatoxins are considered the toxins of the greatest interest worldwide.
They are potent liver toxins, and their effects vary with the dose, length of
exposure, species, breed, age, diet, and nutritional status. Aflatoxicoses have
produced severe economic losses in the poultry industry due to decreased
productivity, affecting ducklings, broilers, layers, turkeys, and quail. Clinical
signs of intoxication include anorexia, decreased weight gain, decreased egg
production, hemorrhage, embryotoxicity, and increased susceptibility to
environmental and microbial stressors (Edds and Bortell, 1983; CAST, 2003).
The most practical and applied method for protecting animals against
mycotoxicosis is the utilization of adsorbents mixed with the feed which are
supposed to bind the mycotoxins efficiently in the gastro-intestinal tract more in a
prophylactic rather than in a therapeutic manner, preventing toxic effects in
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livestock and carryover of the toxins to animal products (Ramos and Hernandez,
1997; Huwig et al., 2001; Daković et al., 2000).
Montmorillonite (MONT), an aluminosilicate clay with a 2:1 layered
structure, has been shown to promote weight gain and improve feed efficiency
(Tauquir and Nawaz, 2001), reduce bacterial contamination of the gut
(Venglovsky et al., 1999), reduce the detrimental effects of mycotoxincontaminated diets (Schell et al., 1993), and to protect the intestinal mucosa
(Droy-Lefain et al., 1985). It is well documented that zinc is involved in many
bodily functions, from immunocompetency to fertility.
Zinc has important role in numerous biological processes in avian and
mammalian species. Feeding pharmacological concentrations of ZnO to weaned
piglets has been demonstrated to improve growth rates (Hill et al., 2000), and
decrease diarrhea incidence (Hahn and Baker, 1993). The role of ZnO in diarrhea
prevention and improved growth remains unclear. Several researchers have
proposed possible mechanisms ranging from effects on luminal bacteria to
stabilization of the post weaning intestinal architeture (Carlson et al., 1999; Li et
al., 2001).
In an attempt to combine the benefits of MONT and Zn, Zn-MONTs were
prepared at the Institute for Technology of Nuclear and Other Mineral Raw
Materials, in Serbia. Zn-MONTs were prepared by replacing the native cations
with zinc via an ion exchange reaction (Tomašević-Čanović et al., 2001). Since it
is possible that modifying MONTs may affect their efficacy in binding AF, the
objective of this study was to evaluate the efficacy of Serbia Zn-MONT and ZnIMTX in ameliorating the toxic effects of AF.
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4.3 Objective

The objective of the present study was to evaluate the efficacy of two
different Zn-MONTs in reducing the toxic effects of AF in broilers.

4.4 Hypothesis

We hypothesized that both Zn-MONTs will improve the health of broilers
leading to improved growth performance, and that both modified MONTs will be
just as effective as the unmodified MONTs in alleviating the toxicity of AF in
chickens.

4.5 Materials and Methods

Two hundred and forty day old male broiler chicks were purchased from a
commercial hatchery and were weighed, wing-banded, and assigned to pens in
stainless steel chick batteries. Birds were maintained on a 24-hour constant light
schedule and allowed access to feed and water ad libitum.
A completely randomized design was used with four pen replicate of six
chicks each assigned to a 5 X 2 factorial arrangement of ten dietary treatments.
Dietary treatments evaluated included: 1) basal diet containing neither adsorbent
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nor mycotoxins (positive control); 2) basal diet supplemented with 0.5% Serbia
MONT; 3) basal diet supplemented with 0.5% Serbia Zn-MONT; 4) basal diet
supplemented with 0.5% IMTX; 5) basal diet supplemented with 0.5% Zn IMTX;
6) basal diet supplemented with 2mgAF/kg diet; 7) basal diet supplemented with
0.5% Serbia MONT and 2 mg AF/kg diet; 8) basal diet supplemented with 0.5%
Serbia Zn-MONT and 2 mg AF/kg diet; 9) basal diet supplemented with 0.5%
IMTX and 2 mg AF/kg diet; and 10) basal diet supplemented with 0.5% Zn
IMTX and 2 mg AF/kg diet. The basal diet was a commercial corn soybean meal
type diet formulated to meet or exceed the nutritional requirements of growing
chicks as recommended by the National Research Council (NRC, 1994). Culture
material containing 760 mg AFB1/kg culture material was used to supply AF.
Dietary AF concentrations were confirmed by analysis and all diets were
screened for the presence of all commonly occurring mycotoxins prior to the start
of the experiment. The dietary treatments are also presented below in a tabular
form (Table 4.1).
Birds were individually weighed at the beginning and end of the study.
Feed consumption was determined at the end of the study, and mortality was
recorded as it occurred. All dead birds were necropsied. In addition, birds were
inspected daily and any health related problems was recorded.
On day 21, 12 chicks (four replicates of three chicks each) from each
treatment were bled by cardiac puncture and samples used for serum chemistry
analyses (albumin, total protein, and globulin). Twelve chicks (four replicates of
three birds each) from each treatment were euthanized and liver and kidneys were
removed and weighed. All birds were examined for signs of gross pathology due
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either to mycotoxins or resulting from nutritional deficiencies caused by addition
of the MONTs.
Data were analyzed as a 5 X 2 factorial by analysis of variance using the
General Linear Models procedure of SAS (SAS Institute, 1985). The means for
treatments showing significant differences in the analysis of variance were
compared using the Fisher’s protected least significant difference procedure
(Snedecor and Cochran, 1967). All statements of significance were based on the
0.05 level of probability.

4.6 Results

The effects of dietary treatments on chick performance from day 1 to 21
are presented on Table 4.2. There was a diet by AF interaction for body weight
gain and feed conversion (Figure 4.1 and 4.2). Chicks fed Serbia-MONT
consumed more feed (P < 0.05) than control chicks (1,021 vs 884 g), whereas
chicks fed Serbia Zn-MONT, IMTX, and Zn-IMTX consumed similar amounts
of feed (973, 1,009, and 975 g, respectively vs 884 g) as chicks fed control diets.
Chicks fed IMTX gained more weight (P < 0.05) than control chicks (807 vs 735
g), whereas chicks fed Serbia MONT, Serbia Zn-MONT, and Zn-IMTX grew as
well (800, 763, and 750 g respectively vs 735g) as chicks fed control diets . Birds
fed AF alone gained 15% less weight (P < 0.05; 624 vs 735 g) than control birds.
Addition of Serbia Zn-MONT and Zn-IMTX to feed of chicks fed AF completely
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prevented the growth depressing effects of AF. The addition of Serbia MONT
and IMTX was not effective in ameliorating the growth depressing effects of AF.
Chicks fed the basal diet supplemented with the four different MONTs
only, had relative liver and kidney weights similar to those of control chicks
(Table 4.3). There was a diet by AF interaction for relative liver weight (Figure
4.3). Compared to controls, relative liver and kidney weights increased (P < 0.05)
by 51% and 62%, respectively in birds fed AF. Both IMTX and Zn-IMTX were
equally effective in ameliorating the effect of AF on liver weight, whereas only
Zn-IMTX was effective in ameliorating the effects of AF on kidney weight.
Effects of dietary treatments on serum chemistry are presented in Table
4.4. There was a diet by AF interaction for serum albumin, total protein, globulin,
calcium and GGT. Serum glucose and uric acid were not affected (P > 0.05) by
dietary treatments. Chicks fed the basal diet supplemented with Serbia MONT,
Serbia Zn-MONT and IMTX had lower (P < 0.05) serum concentrations of
globulin, albumin, AST, and GGT compared with controls. Serum chemistry
values of chicks fed the basal diet supplemented with Zn-IMTX were similar to
those of control chicks. Compared to controls, serum concentrations of albumin,
total protein, globulin, calcium, and GGT were decreased (P < 0.05) in chicks fed
AF alone (Figures 4.4, 4.5, 4.6, 4.7 and 4.8). The addition of IMTX and ZnIMTX to the AF contaminated diet prevented the decrease in serum albumin,
serum globulin, and serum total protein caused by AF. The addition of Zn-IMTX
to the AF diet also prevented the decrease in serum Ca caused by AF.
No signs of nutritional deficiencies were found in any of the organs
examined in any of the treatments. No treatment-related gross lesions were
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observed in control chicks, chicks fed Serbia MONT, Serbia Zn-MONT, IMTX
or Zn-IMTX. Chicks fed AF alone had enlarged pale livers with rounded
margins.

4.7 Discussion

Aflatoxin is important to the poultry industry because of its toxicity and
frequency of occurrence in feedstuffs. The toxicity of AF in poultry has been well
documented, as indicated by Huff et al. (1988).
Chick performance was not negatively affected by the addition of 0.5%
Serbia MONT, 0.5% Serbia Zn-MONT, 0.5% IMTX or 0.5% Zn-IMTX to the
basal diet, and the absence of any signs of nutritional deficiencies in any of the
organs examined indicated that none of the adsorbents negatively affected
dietary nutrients (such as minerals and vitamins) at this dietary inclusion level.
Lower body weight gain (15%) observed in chicks fed AF alone is
consistent with previous reports on the performance depressing effects of AF
(Kubena et al., 1990; Ledoux et al., 1998). The addition of Zn-IMTX at a level of
0.5% to the diet was the most effective in reducing the negative impact of AF on
body weight gain. Addition of Serbia Zn-MONT was also effective in reducing
the deleterious effects of AF on body weight gain. These results are consistent
with previous reports (Phillips et al., 1990; Ledoux et al., 1998; Pimpukdee et al.,
2004), which showed amelioration of the growth depressing effect of AF in
chicks fed adsorbents such as hydrated sodium and calcium aluminosilicates.
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These adsorbents have been shown to bind AF in the digestive tract, allowing the
mycotoxin to pass harmlessly through the animal. Both MONTs modified with
Zn were the most effective in reducing the negative effects of AF on weight gain.
These results suggest that modifying the MONTs with Zn may have improved
their efficacy in binding AF.
The fact that the addition of the four MONTs to the basal diet did not
affect liver and kidney weight suggests that the addition of the MONTs to the
diets did not require a physiological response by these organs. Ledoux et al.
(1998) reported that feeding HSCAS to broiler chicks at levels up to 1% of the
diet did not negatively affect relative kidney and liver weights, which is
consistent with the present study. Compared to controls, relative liver and kidney
weights increased by 51% and 62%, respectively in birds fed AF. The liver is
considered to be the principal target organ for aflatoxin; and in poultry the
relative weight of the liver is increased more than that of any other organ by
lower concentrations of AF (Smith and Hamilton, 1970; Huff et al., 1986). Both
IMTX and Zn-IMTX were equally effective in ameliorating the effect of AF in
liver and kidney weight. Previous studies showed that adsorbents have been
effective in preventing or ameliorating changes in organ weights observed in
chicks fed AF (Kubena et al., 1990; Ledoux et al., 1998).
Reduced serum concentrations of total protein, albumin, globulin,
calcium, and GGT were observed in chicks fed the diets containing AF alone.
Decreases in albumin, globulin, and total protein are indicators of impaired
protein synthesis, and have been observed in chickens suffering from
aflatoxicosis (Tung et al., 1975; Kubena et al., 1993). The reduction in serum
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concentration of calcium may be a reflection of reduced feed intake (Kubena et
al., 1998). The protection against changes in serum biochemical values provided
by the two modified MONTs varied, but noteworthy were the significant
improvement in serum concentrations of different parameters provided by ZnIMTX.

4.8 Conclusions

The addition of Serbia MONT, Serbia Zn-MONT, IMTX, and Zn-IMTX
at a level of 0.5% did not negatively affect chick performance, organ weights, or
cause any pathological changes. This result indicates that all four adsorbents did
not negatively affect dietary nutrients at this dietary inclusion level.
Results also indicate that all four adsorbents at 0.5% of the diet were only
partially effective in ameliorating the toxic effects of aflatoxin that may be
present in poultry rations at levels up to 2 mg/kg feed. However, modifying both
MONTs improved their ability to ameliorate the toxic effects of AF.
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Table 4.1 - Dietary treatments - Four replicate pens of six chicks per pen were
assigned to the ten dietary treatments outlined below.
TRT

Serbia

Serbia

IMTX

Zn-

AF

IMTX

MONT
ZnMONT

1

0

0

0

0

0

2

0.5%

0

0

0

0

3

0

0.5%

0

0

0

4

0

0

0.5%

0

0

5

0

0

0

0.5%

0

6

0

0

0

0

2

7

0.5%

0

0

0

2 mg/kg

8

0

0.5%

0

0

2 mg/kg

9

0

0

0.5%

0

2 mg/kg

10

0

0

0

0.5%

2 mg/kg
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Table 4.2 - Effects of diet and aflatoxin level on chick performance.

Diet

AFB1
Level
(ppm)

Control
Serbia MONT
Serbia Zn MONT
IMTX
Zn IMTX
Control
Serbia MONT
Serbia Zn MONT

Feed
intake
(g)
884b
1021a
973ab
1009ab
975ab
776b
863b
860b

0
0
0
0
0
2
2
2

Body
weight
gain
(g)

FDGN
(g:g)

735b
800ab
763ab
807a
750ab
624c
667bc
700b

1.20b
1.27a
1.27a
1.25ab
1.30a
1.24ab
1.29a
1.23b

IMTX
2
887b
681bc
1.30a
Zn IMTX
2
928ab
751ab
1.24ab
Pooled SEM
31
24
0.02
Source of Variation
____________________ P _______________________
Diet
0.002
0.0471
0.0549
AFB1
<.001
<.0001
0.8562
Diet x AFB1

0.5088

0.0453

0.0383

MAIN EFFECTS MEANS1

Diet
Control

830b

680b

1.22b

Serbia MONT
Serbia Zn
IMTX
Zn IMTX

942a
917a
948a
951a

734a
731a
744a
750a

1.28a
1.25ab
1.28a
1.27a

972a
863b

771a
685b

1.26
1.26

AFB1
1

0
2

Data are means of four replicate pens of six chicks each.
Values within columns, in main effects, with no common superscript differ significantly (P <
0.05).
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Table 4.3 - Effects of diet and aflatoxin level on relative organ weight of chick.

Diet

AFB1
Level
(ppm)

Relative
Liver
Weight (g)

Relative
Kidney
Weight (g)

Control
Serbia MONT
Serbia Zn MONT
IMTX
Zn IMTX
Control
Serbia MONT
Serbia Zn MONT
IMTX

0
0
0
0
0
2
2
2
2

2.59b
2.71b
2.51b
2.56b
2.76b
3.92a
3.58ab
3.52ab
3.05b

0.81bc
0.82bc
0.77c
0.77c
0.85b
1.31a
1.16ab
1.13ab
1.07ab

Zn IMTX
Pooled SEM
Source of Variation
Diet
AFB1

2.90b
0.90b
0.18
0.08
_____________________P_____________________
0.0692
0.1993
<.0001
<.0001
2

Diet x AFB1

0.0206

0.1049

Control

3.26

1.06a

Serbia MONT
Serbia Zn MONT
IMTX
Zn IMTX

3.15
3.02
3.81
2.83

0.99ab
0.95ab
0.92ab
0.87b

2.63b
3.40a

0.80b
1.11a

MAIN EFFECTS MEANS1

Diet

AFB1
1

0
2

Data are means of four replicate pens of six chicks each.
Values within columns, in main effects, with no common superscript differ significantly (P <
0.05).

abc

65

66

202

165

0

0

0

2

Zn IMTX

Control

218

2

2

Zn IMTX

22

1.58b
1.41b
a

2.25
1.23b

0.65b
0.58bc
a

0.42c

1.82a
a

0.70ab
a

0.08

0.19

2.02

1.67ab

0.60bc

0.80

1.63ab

0.57bc

0.95

1.69ab

2.48a

0.98a
0.72b

Total
Protein
(g/dL)

Albumin
(g/dL)

0.11

1.22

a

1.12a

1.07ab

1.07ab

0.82b

1.30

a

0.82b

0.93b

0.97b

1.50a

Globulin

0.36

10.31

a

9.92ab

9.80ab

9.59b

9.67b

10.23

a

8.02c

8.87bc

10.18a

10.25a

Ca
(mg/dL)

24

246

a

243a

276a

188bc

283a

221

ab

139c

146bc

171bc

253a

AST
(U/L)

1.37

13.7

ab

14.8ab

15.7a

15.3a

11.5b

14.4

ab

9.2c

9.5c

11.1bc

15.3a

GGT
(U/L)

0.6966

0.7894

0.1482

Diet

AFB1

Diet x AFB1

0.0042

0.0038

0.0265
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0.0019

0.0926

0.0482

0.0018

0.5238

0.0852

0.0070

0.1434

0.0085

0.0796

0.0004

0.0077

0.0029

0.0130

0.6406

Source of Variation _____________________________________________ P ____________________________________________

Pooled SEM

201

2

222

191

2

Serbia
MONT
Serbia Zn
MONT
IMTX

199

208

250

225

0

0

Control

Glucose
(mg/dL)

Serbia
MONT
Serbia
ZnMONT
IMTX

AFB1
Level
(ppm)

Diet

Table 4.4 - Effects of diet and aflatoxin level on serum chemistry of chick.

0.9214

0.4959

0.5115

0.87

5.41

4.58

6.17

5.24

6.52

5.61

4.39

5.43

5.28

5.30

UA
(mg/d
L)

67

2.13

0.87

215

Zn IMTX

2

206

0.62

b

0.78a
1.67

1.88
1.06

1.10

a

1.26

0.97

b

1.00

b

1.02b

1.16ab

67

Data are means of four replicate pens of three chicks each.
abc
Values within columns, in main effects, with no common superscript differ significantly (P < .05).

1

210

a

1.62

a

0.64

192

IMTX

0

b

b

202

Serbia Zn

AFB1

b

b

1.62

1.66b

0.64b

220

Serbia MONT
0.62

1.86ab

0.70b

212

Control

Diet

MAIN EFFECTS MEANS1

9.86

9.51

10.27

a

c

8.97

9.34

bc

9.89ab

9.96ab

247

a

186b

233

ab

191

bc

211

bc

180c

268a

14.2

a

11.9b

14.0

12.0

12.6

13.2

13.4

5.58

5.20

5.51

4.49

5.80

5.26

5.91

68

Control

900
800
700
600
500
400
300
200
100
0

b

0mg/ kg

ab

Serbia MONT

ab

a
c

Serbia Zn MONT

ab
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2mg/ kg

b

IMTX

bc

Body Weight Gain

Figure 4.1 - Effects of dietary treatmentson body weight gain of broilers fed aflatoxin from day 1 to 21.
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Zn IMTX

b
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Control

1

1.05

1.1

1.15

1.2

1.25

1.3

b

0mg/ kg

a

Serbia MONT

a
a
ab

Serbia Zn MONT

a

Feed Conversion
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2mg/ kg

b

IMTX

a

Figure 4.2 - Effects of dietary treatments on feed conversion of broilers fed aflatoxin from day 1 to day 21.

Feed Conversion (g : g)
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a

Zn IMTX
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Control

4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

b

0mg/ kg

b

Serbia MONT

b
b

Serbia Zn MONT

b

a

2mg/ kg
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a

IMTX

b

a

Relative Liver Weight

Figure 4.3 - Effects of dietary treatments on relative liver weights of broilers fed aflatoxin from day 1 to day 21.

g: 100g BWT

b

Zn IMTX

b
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Control

0

0.2

0.4

0.6

0.8

1

1.2

a

0mg/ kg

b
bc

Serbia MONT

b
c

Serbia Zn MONT

a

Serum Albumin
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Figure 4.4 - Effects of dietary treatments on serum albumin of broilers fed aflatoxin from day 1 to day 21.

g/ dL
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2mg/ kg
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Zn IMTX
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Control

0

0.5

1

1.5
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2.5

3

a

0mg/ kg

b
b
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a
b

Serbia Zn MONT

a

72

IMTX

2mg/ kg

ab ab

Serum Total Protein

Figure 4.5 - Effects of dietary treatments on serum total protein of broilers fed aflatoxin from day 1 to day 21.
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Zn IMTX
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Figure 4.6 - Effects of dietary treatments on globulin of broilers fed aflatoxin from day 1 to day 21.
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0.4

0.6
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Figure 4.7 - Effects of dietary treatments on serum calcium of broilers fed aflatoxin from day 1 to day 21.
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Figure 4.8 - Effects of dietary treatments on GGT of broilers fed aflatoxin from day 1 to day 21.
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CHAPTER 5.

ESTIMATION OF THE RELATIVE
BIOAVAILABILITY OF COPPER FROM COPPER
SOURCES FOR BROILER CHICKS

5.1 Abstract

An experiment was conducted with 250 day-old male broiler chicks to
estimate the biological availability of two sources of Cu, Cu-montmorillonite
(Cu-MONT) and Mintrex®Cu. Copper sulfate (CuSO4) was used as the standard
source in the bioavailability assay. Chicks were allotted randomly to dietary
treatments that included an unsupplemented basal corn-soybean meal diet, or the
basal diet supplemented with 75, 150 or 225 mg Cu/kg diet as either CuSO4
(25.1% Cu), Cu-MONT (2.65% Cu), or Mintrex®Cu (15% Cu). Chicks were
housed in stainless steel chick batteries and allowed access to feed and water ad
libitum for 21 d. There was no Cu level or source effect (P > 0.05) on feed
intake, body weight gain or feed conversion of chicks, which averaged 847 g, 696
g, and 1.22 g:g, respectively. A source x level interaction (P < 0.05) was
observed for liver Cu. Liver Cu of chicks fed CuSO4 and Mintrex®Cu increased
with increasing Cu concentrations, whereas liver Cu in chicks fed Cu-MONT
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only increased at 225 mg Cu/kg diet. Bile Cu increased (P <0 .0001) with
increasing dietary Cu and was higher (P < 0.05) for Mintrex®Cu (24.6 mg/L)
compared with Cu-MONT (18.4 mg/L) and CuSO4 (20.0 mg/L). Using the sloperatio technique from regression of bile Cu on Cu intake with Cu from CuSO4 set
at 100%, the relative biological availability values and associated confidence
intervals (CI) were estimated to be 93.8% (CI: 77.6 to 113.3%) and 115.5% (CI:
97.3 to 139.3%) for Cu-MONT and Mintrex®Cu, respectively. Data indicate that
Cu from Mintrex®Cu was more available to broiler chicks than Cu from CuMONT.

5.2 Introduction

The essentiality of copper and manifestations of copper deficiency are
well documented. Cu is known to be required for integrity of tissues, bone
development, oxidation protection, and immune response (Davis and Mertz,
1987). Despite the fact that most practical diets contain adequate levels of copper
for swine and poultry, it is still supplemented to complete diets for these species
(Baker and Ammerman, 1995).
Copper has received considerable attention due to its antimicrobial
properties that improve performance in animals when fed over the minimum
requirement. Studies have shown that supplementation with copper sources (e.g.
Cu sulfate) increases growth in poultry (Pesti and Bakalli, 1996) and swine (Hill
et al., 2000). Hawbaker et al. (1961) and Bunch et al. (1965) suggested that
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copper acts in an antibiotic-like fashion by influencing the microflora. Cromwell
et al. (1989) and Bowland (1990) however suggested that copper-stimulated
growth was related to the solubility of copper source; hence, copper must be
available for absorption. Wapnir (1990) suggested that copper binds to peptides
and amino acids in the digesta, which can aid in copper absorption.
Bioavailability of Cu is critical in the selection of a source for use as a
growth promotant or an antimicrobial agent in poultry or swine diets, because
dietary levels can approach the maximal tolerable level suggested for chicks and
swine. Thus, the chance of Cu toxicosis occurring is greatly enhanced (Ledoux et
al., 1991). Potential sources of Cu for use by the commercial feed industry must
be evaluated for bioavailability, as well as safety (Miles et al., 1998).
Most of the organic minerals presently marketed are classified as
complexes, chelates or proteinates (Spears, 1996). An organic source of trace
minerals, Mintrex®Cu (Figure 5.1), has recently been introduced. It is a chelate of
2-hydroxy-4(methylthio) butanoic acid (HMTBa) ligands per atom of trace
mineral, i. e. zinc, copper or manganese. HMTBa is an organic acid similar in
structure to methionine (Figure 5.2) except for a hydroxyl group on the •-carbon
instead of an amino group (Wang et al., 2007).
Montmorillonite (MONT), an aluminosilicate clay with a 2:1 layered
structure, has been shown to promote weight gain and improve feed efficiency
(Tauquir and Nawaz, 2001), reduce bacterial contamination of the gut
(Venglovsky et al., 1999), reduce the detrimental effects of mycotoxincontaminated diets (Schell et al., 1993), and to protect the intestinal mucosa
(Albengres et al., 1985; Droy-Lefain et al., 1985; Girardeau, 1987). It is well
78

documented that pharmacological concentrations of copper (125 to 250 mg
Cu//kg diet) can stimulate growth and feed efficiency in poultry (Harms and
Buresh, 1987; Pimental and Cook, 1989; Pesti and Bakalli, 1996). In an attempt
to combine the benefits of MONT and Cu, Cu-MONT was prepared at the
Institute for Technology of Nuclear and Other Mineral Raw Materials, in Serbia.
Cu-MONT was prepared by replacing the native cations with copper via an ion
exchange reaction (Tomašević-Čanović et al., 2001).
This experiment was conducted to determine the bioavailability of Cu in
Cu-MONT, and to compare it to Mintrex®Cu, an organic source of Cu. CuSO4
was used as the standard source.

5.3 Objective

The objective of this study was to determine the biological availability of
two sources of Cu, Cu-montmorillonite (Cu-MONT) and Mintrex®Cu. Copper
sulfate (CuSO4) was used as the standard source.

5.4 Hypothesis

We hypothesized that copper from Cu-MONT will be equally available to
Cu from Mintrex®Cu.
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5.5 Materials and Methods

Two hundred and fifty day-old broiler chicks were purchased from a
commercial hatchery and were weighed, wing-banded, and assigned to pens in
stainless steel chick batteries. Birds were maintained on a 24-hour constant light
schedule and allowed access to feed and water ad libitum.
Chicks were allotted randomly to 10 dietary treatments that included an
unsupplemented basal corn-soybean meal diet, or the basal diet supplemented
with 75, 150 or 225 mg Cu/kg diet as either CuSO4 (25.1% Cu), Cu-MONT
(2.65% Cu), or Mintrex®Cu (15% Cu). The basal diet was a commercial corn
soybean meal type diet formulated to meet or exceed the nutritional requirements
of growing chicks as recommended by the National Research Council (NRC,
1994). The dietary treatments are presented below in tabular form (Table 5.1).
Birds were individually weighed at the beginning and end of the study.
Feed consumption was determined at the end of the study, and mortality was
recorded as it occurred. All dead birds were necropsied. In addition, birds were
inspected daily and any health related problems were recorded.
On day 21, 15 chicks (five replicates of three chicks each) from each
treatment were bled by cardiac puncture and samples used for serum copper
analyses. Twenty-five chicks (five replicates of five birds each) from each
treatment were euthanized and bile was aspirated from gall bladders by syringe
and stainless-steel needle. Bile samples were pooled by replicate and wet ashed
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with HNO3 and HClO4. Liver was quantitatively removed and pooled by
replicate. Liver was ground, and wet ashed with HNO3 and HClO4. Copper
concentration in diets and tissues was measured by flame atomic absorption
spectrophotometry. All birds were examined for signs of gross pathology due to
copper toxicosis.
Data were analyzed as a 3 x 3 factorial plus an extra treatment by
ANOVA using the General Linear Models procedure of SAS (SAS Institute,
1985). The means for treatments showing significant differences in the analysis
of variance were compared using the Fisher’s protected least significant
difference procedure (Snedecor and Cochran, 1967). All statements of
significance were based on the 0.05 level of probability. Relative Cu
bioavailability was calculated by a slope-ratio technique from regression of liver
Cu and bile Cu on supplemental Cu with CuSO4 set at 100% (Finney, 1978).

5.6 Results

The effects of dietary treatments on chick performance from day 1 to 21
are presented in Table 5.2. There was no Cu level effect, source effect, or Cu
level by source interaction (P > 0.05) for feed intake, body weight gain, or feed
conversion of chicks, which averaged 847 g, 696 g, and 1.22 g:g, respectively.
Table 5.3 presents the effects of dietary treatments on liver Cu
concentration and bile Cu concentration. There was a Cu level effect, a source
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effect, and a Cu level by source interaction for liver Cu concentration. Liver Cu
was not affected by Cu-MONT, but it was increased with increasing dietary Cu
from all other sources. At 150 and 225 ppm, liver Cu concentration was lower for
birds fed Cu-MONT when compared to Mintrex®Cu (Figure 5.3). For bile Cu
concentration, there was a Cu level effect, a source effect, but no Cu level by
source interaction (Table 5.3).
Using the slope-ratio technique from regression of liver Cu on
supplemental Cu with Cu from CuSO4 set at 100%, the relative biological
availability values and associated confidence intervals (CI) were estimated to be
68.6% (CI: 49.1 to 88.5%) and 121.1% (CI: 100.2 to 149.6%) for Cu-MONT and
Mintrex®Cu, respectively (Table 5.4). Biological availability values for CuMONT and Mintrex®Cu were significantily different. Copper from Cu-MONT
was less available than Cu from from CuSO4, and Cu from Mintrex®Cu was more
available than Cu from CuSO4.
Using the slope-ratio technique from regression of bile Cu on
supplemental Cu with Cu from CuSO4 set at 100%, the relative biological
availability values and associated confidence intervals (CI) were estimated to be
93.8% (CI: 77.6 to 113.3%) and 115.5% (CI: 97.3 to 139.3%) for Cu-MONT and
Mintrex®Cu, respectively (Table 5.5). Biological availability of Cu from CuMONT and Mintrex®Cu was not significatively different. Copper from CuMONT and Mintrex®Cu were equally available as Cu from CuSO4.
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5.7 Discussion

The essentiality of Cu for animals and manifestations of Cu deficiency are
well documented (Davis and Mertz, 1987). Chick performance was not
significantly affected by dietary treatments. These results are in agreement with
previous reports in the literature indicating that dietary concentration of Cu in
excess of 250 mg/kg is required before feed intake and growth of chicks are
reduced (Jensen and Maurice, 1979; Robins and Baker, 1980; Christmas and
Harms, 1984; Ledoux et al., 1989). Dietary concentrations used in this
experiment were not expected to negatively affect performance since the highest
concentration of Cu fed was 225 ppm.
At 225 ppm liver Cu concentration was lower for birds fed Cu-MONT
when compared to Mintrex®Cu. Mintrex®Cu is an organic source of copper. In
this source, the inorganic mineral is chelated with organic compounds. The
ligands (HMTBa) in the Mintrex®Cu molecule are very similar to methionine.
Copper dissociates from the ligands and is absorbed across the epithelium.
Following copper absorption, the two HMTBa molecules are passively absorbed
and utilized as a source of methionine. Copper absorption is known to be
inhibited by dietary reducing agents (ascorbate, L-Cys, and reduced glutathione),
other minerals (Zn, Mo, and Cd), carbohydrates (fiber and fructose), and natural
chelating agents (phytate) (Robins and Baker, 1980; Cousin, 1985; Davis and
Mertz, 1987). A previous report indicates that a Cu-Met complex provided more
bioavailable copper compared to an inorganic source of Cu (Aoyagi and Baker,
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1993a). Utilization of inorganic trace minerals is dependent on the ability of the
animal to convert them to organic biologically active forms (Spears, 1996).
Organic sources of trace minerals should maintain their structural integrity in the
relatively low pH environment of the upper digestive tract, thereby preventing
mineral loss to antagonism. Wang et al. (2007) reported that Mintrex®Cu has
approximately 10 to 11% greater biological availability than reagent grade Cu
sulfate for broilers. According to the authors, use of MintrexCu at adjusted
dietary Cu levels should reduce fecal excretion of Cu in broilers.
This greater sensitivity to dietary copper displayed by liver relative to
other tissues has been observed previously and is consistent with its role as the
main storage organ for copper in the body (Ledoux et al., 1991; Davis and Mertz,
1987; Jensen and Maurice, 1979).
Estimated relative liver availability values compared with copper sulfate
were 121.1% and 68.6% for Mintrex®Cu and Cu-MONT, respectively. Slopes for
Mintrex®Cu and Cu-MONT were both different from the slope for CuSO4. CuMONT was less available than CuSO4 and Mintrex®Cu was more available than
CuSO4. Mintrex®Cu was also more available than Cu-MONT. The results of the
present study are consistent with previous reports on the evaluation of copper
sources in broiler diets, which indicated that Cu from Mintrex®Cu has a greater
biological availability than Cu from CuSO4 (Wang et al., 2007).
Estimated relative bile availability values compared with copper sulfate
were 115.5% and 93.8% for Mintrex®Cu and Cu-MONT, respectively. Slopes for
Mintrex®Cu and Cu-MONT were both not different from the slope for CuSO4.
Biological availability of Cu from Cu-MONT and Mintrex®Cu was not
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significatively different. In contrast, Aoyagi and Baker (1993b) reported a
bioavailability value of 120% for Cu-lys (an organic source of copper) relative to
that of the reagent-grade CuSO4, based on bile Cu concentration in chicks given
0.5 or 1.0 mg/kg added Cu in a Cu-deficient diet.

5.8 Conclusion

The results of the present study indicate that Cu from Mintrex®Cu is more
biological available than Cu from CuSO4 and Cu-MONT.
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Figure 5.1 - Structures of Mintrex®Cu.
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Figure 5.2 - Structure of HMTBa and methionine.
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Table 5.1 - Five replicate pens of five chicks per pen were assigned to the ten
dietary treatments outlined below.
TRT #

CuSO4
(ppm)

Cu-MONT
(ppm)

Mintrex®
Cu (ppm)

1

0

0

0

2

75

0

0

3

150

0

0

4

225

0

0

5

0

75

0

6

0

150

0

7

0

225

0

8

0

0

75

9

0

0

150

10

0

0

225
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Table 5.2 – Effects of source and level of dietary copper on chick performance.

Source

Level
(ppm)

Feed
intake
(g)

Body
weight
gain (g)

FDGN
(g:g)

CuSO4

75

849

710

1.19

CuSO4

150

809

652

1.25

CuSO4

225

794

665

1.20

Cu-MONT

75

847

689

1.24

Cu-MONT

150

825

670

1.25

Cu-MONT

225

876

713

1.23

Mintrex® Cu

75

871

706

1.23

Mintrex® Cu

150

875

751

1.22

Mintrex® Cu

225

876

709

1.24

35

34

0.034

Pooled SEM
Source of Variation

_____________________ P_______________________

Level

0.7892

0.9204

0.9955

Source

0.1504

0.2416

0.6401

Level x Source

0.7387

0.5006

0.4248

75

856

702

1.22

150

836

691

1.22

225

849

696

1.22

CuSO4

818

676

1.21

Cu-MONT

849

691

1.24

Mintrex®

874

722

1.21

MAIN EFFECTS MEANS1

Level

Source

1

Data are means of five replicate pens of five chicks each.
Values within columns, in main effects, with no common superscript differ significantly (P <
0.05).
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Table 5.3 – Effects of source and level of dietary copper on copper concentration
of liver and bile of chicks.
Source

Level (ppm)

Wet Liver
Cu (ppm)

Dry Liver
Cu (ppm)

Bile Cu
(ppm)

CuSO4

75

3.40

14.60

9.74

CuSO4

150

5.61

24.04

13.04

CuSO4

225

15.78

66.92

39.06

Cu-MONT

75

3.74

15.98

8.24

Cu-MONT

150

3.51

14.84

10.98

Cu-MONT

225

8.48

36.67

35.87

Mintrex® Cu

75

3.47

14.95

10.46

Mintrex® Cu

150

6.65

28.56

18.54

Mintrex® Cu

225

21.38

91.41

44.89

1.42

6.11

2.73

Pooled SEM

Source of Variation _______________________ P _______________________
Level

<.0001

<.0001

<.0001

Source

0.0003

0.0003

0.0258

Level x Source

0.0010

0.0012

0.7442

MAIN EFFECTS MEANS1

Level
75

3.5b

15.2b

9.5c

150

5.3b

22.5b

14.2b

225

15.2a

65.0a

39.4a

CuSO4

8.3a

35.2a

20.0b

Cu-MONT

5.2b

22.5b

18.4b

Mintrex® Cu

10.5a

45.0a

24.6a

Source

1

Data are means of five replicate pens of five chicks each.
Values within columns, in main effects, with no common superscript differ significantly (P <
0.05).

abc
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Table 5.4 - Relative Cu availability using liver Cu concentrations and with Cu
from CuSO4 set at 100%.

Source

Biological Availability
(%)

Confidence Interval
(%)

Mintrex®Cu

121.1a

100.2 to 149.6

Cu-MONT

68.6b

49.1 to 88.5

a,b

Relative liver Cu availability differ (P < 0.05).

Table 5.5 - Relative Cu availability using bile Cu concentrations and with Cu
from CuSO4 set at 100%.

Source

Biological Availability
(%)

Confidence Interval
(%)

Mintrex®Cu

115.5

97.3 to 139.3

Cu-MONT

93.8

77.6 to 113.3

91

92

a

75 ppm

a

CuSO4

a

Level: P < .0001
Source: P = 0.0003
Level X Source: P = 0.0002

Figure 5.3 – Liver Copper.
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CHAPTER 6.

ESTIMATION OF THE RELATIVE
BIOAVAILABILITY OF ZINC FROM ZINC
SOURCES FOR BROILER CHICKS

6.1 Abstract

An experiment was conducted with 260 day-old male broiler chicks to
estimate the biological availability of three sources of Zn, two Zn-montmorillonites
(Zn-Improved Milbond® TX (Zn-IMTX) and Serbia Zn-MONT), and Mintrex®Zn.
Zinc sulfate (ZnSO4), was used as the standard in the bioavailability assay. Chicks
were allotted randomly to 13 dietary treatments that included an un-supplemented
basal corn-soybean meal (32 mg/kg Zn), or the basal diet supplemented with 10, 20
or 30 mg/kg Zn as either ZnSO4 (40.5% Zn), Zn-IMTX (1.3% Zn), Serbia ZnMONT (1.85% Zn), or Mintrex®Zn (10% Zn). Chicks were housed in stainless steel
chick batteries and allowed access to feed and water ad libitum for 21 d. Dietary Zn
level or source had no effect (P > 0.05) on feed intake or body weight gain of chicks,
which averaged 986 g and 801 g, respectively. A source x Zn level interaction (P <
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0.05) was observed for feed conversion. Feed conversion was more efficient for
birds fed Mintrex®Zn compared to the other sources. Using the slope-ratio technique
from the regression of tibia and toe Zn concentration on supplemental dietary Zn,
with Zn from ZnSO4 set at 100%, the relative biological availability values using
tibia Zn were estimated to be 73, 118, and 132 for Zn-IMTX, Serbia Zn-MONT, and
Mintrex®Zn, respectively. For toe Zn, the bioavailability values were 88, 101, and
111 for Zn-IMTX, Serbia Zn-MONT, and Mintrex®Zn, respectively. Data suggest
that Zn from Mintrex®Zn and Zn from Serbia Zn-MONT was more available to
broiler chicks than Zn from Zn-IMTX.

6.2 Introduction

The essentiality of zinc and manifestations of zinc deficiency are well
documented. Zinc is known to be required for the activation of several enzymes. It is
a component of many important metalloenzymes. It is also critically involved in cell
replication, and in the development of cartilage and bone (Baker and Ammerman,
1995).
Many animal diets require supplementation with Zn because of either low
dietary levels or the presence of dietary factors which decrease the bioavailability of
the element. Although Zn concentration in most soft tissues varies little with Zn
status, bone Zn is low in animals deprived of Zn. This is possibly due to the fact that
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bone stores Zn to a greater extent than soft tissues. Then, bone Zn accumulation and
growth rate in rapidly growing animals appear to be reliable indicators of relative Zn
bioavailability (Baker and Ammerman, 1995).
Previous reports indicate greater bioavailability of Zn from organic Zn
sources than that observed for inorganic forms, including Zn oxide and Zn sulfate;
consequently, organic forms of the element have been used with increased frequency
by the feed industry. One of the characteristics considered important to the
physiological function of chelated and complexed metals is the degree to which the
organic ligands remain bound to the metal under physiological pH conditions (Cao et
al., 2000).
Most of the organic minerals presently marketed are classified as complexes,
chelates or proteinates (Spears, 1996). An organic source of trace minerals,
Mintrex®Zn (Figure 6.1), has recently been introduced. It is a chelate of 2-hydroxy4(methylthio) butanoic acid (HMTBa) ligands per atom of trace mineral, i. e. zinc,
copper or manganese. HMTBa is an organic acid with structure identical to
methionine (Figure 5.2) except for a hydroxyl group on the •-carbon instead of an
amino group (Wang et al., 2007).
Montmorillonite (MONT), an aluminosilicate clay with a 2:1 layered
structure, has been shown to promote weight gain and improve feed efficiency
(Tauquir and Nawaz, 2001), reduce bacterial contamination of the gut (Venglovsky
et al., 1999), reduce the detrimental effects of mycotoxin-contaminated diets (Schell
et al., 1993), and to protect the intestinal mucosa (Albengres et al., 1985; Droy95

Lefain et al., 1985; Girardeau, 1987). It is well documented that zinc is involved in
many bodily functions, from immunocompetency to fertility.
Feeding pharmacological concentrations of ZnO to weaned piglets has been
demonstrated to improve growth rates (Hill et al., 2000), and decrease diarrhea
incidence (Hahn and Baker, 1993). In poultry, Zn is believed to play a role in chick
immune function and disease resistance and its presence appears valuable for the
normal development, maintenance and function of the immune system (Mohana and
Nys, 1999).
In an attempt to combine the benefits of MONT and Zn, Zn-MONT was
prepared at the Institute for Technology of Nuclear and Other Mineral Raw
Materials, in Serbia. Serbia Zn-MONT was prepared by replacing the native cations
with Zn via an ion exchange reaction (Tomašević-Čanović et al., 2001).

6.3 Objective

The objective of this study was to determine the biological availability of
three sources of Zn, two different sources of Zn-montmorillonite (Zn-IMTX and
Serbia Zn-MONT) and Mintrex®Zn. Zinc sulfate (ZnSO4) was used as the standard
source.
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6.4 Hypothesis

We hypothesized that Zn from Zn-MONTs will be equally available to Zn
from Mintrex®Zn.

6.5 Materials and Methods

Two hundred and sixty day old broiler chicks were purchased from a
commercial hatchery and were weighed, wing-banded, and assigned to pens in
stainless steel chick batteries. Birds were maintained on a 24-hour constant light
schedule and allowed access to feed and water ad libitum.
Chicks were allotted randomly to 13 dietary treatments that included an unsupplemented basal corn-soybean meal (32 mg/kg Zn), or the basal diet
supplemented with 10, 20 or 30 mg/kg Zn as either ZnSO4 (40.5% Zn), Zn-IMTX
(1.3% Zn), Serbia Zn-MONT (1.85% Zn), or Mintrex®Zn (10% Zn). The basal diet
was a commercial corn soybean meal type diet formulated to meet or exceed the
nutritional requirements of growing chicks as recommended by the National
Research Council (NRC, 1994). The dietary treatments are also presented below in a
tabular form (Table 6.1).
Birds were individually weighed at the beginning and end of the study. Feed
consumption was determined at the end of the study, and mortality was recorded as it
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occurred. All dead birds were necropsied. In addition, birds were inspected daily and
any health related problems were recorded.
On day 21, 12 chicks (four replicates of three chicks each) from each
treatment were euthanized and the right tibias were collected for Zn analysis. Both
middle toes were collected from all birds to determine toe Zn concentration. Zinc
concentrations in diets and tissues were measured by flame atomic absorption
spectrophotometry. All birds were examined for signs of gross pathology.
Data were analyzed as a 4 x 3 factorial plus an extra treatment by ANOVA
using the General Linear Models procedure of SAS (SAS Institute, 1985). The
means for treatments showing significant differences in the analysis of variance were
compared using the Fisher’s protected least significant difference procedure
(Snedecor and Cochran, 1967). All statements of significance were based on the 0.05
level of probability. Relative Zn bioavailability was calculated by a slope-ratio
technique from regression of tibia Zn and toe Zn on supplemental Zn with ZnSO4 set
at 100% (Finney, 1978).

6.6 Results

The effects of dietary treatments on chick performance from day 1 to 21 are
presented on Table 6.2. There was no Zn level effect, source effect, or Zn level by
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source interaction (P > 0.05) for feed intake, and body weight gain of chicks which
averaged 986g and 801g, respectively. A source by Zn level interaction (P < 0.05)
was observed for feed conversion (Figure 6.2). Feed conversion was more efficient
for birds fed Mintrex®Zn compared to the other sources.
The effects of dietary treatments on Zn concentration in tibia and toe, and
percentage of Zn in tibia ash and toe ash are presented in Table 6.3. There was no Zn
level effect, source effect or Zn level by source interaction (P > 0.05) for percentage
of tibia and toe ash. For Zn concentration in tibia there was a Zn level effect and a
source effect, but there was no Zn level by source interaction. For Zn concentration
in toe there was only a Zn level effect (Table 6.3).
Using the slope-ratio technique from regression of tibia ash Zn on
supplemental Zn with Zn from ZnSO4 set at 100%, the relative biological availability
values and associated confidence intervals (CI) were estimated to be 80% (CI: 45 to
124%), 125% (CI: 88 to 191%), and 129% (CI: 92 to 198%) for Zn-IMTX, Serbia
Zn-MONT, and Mintrex®Zn, respectively (Table 6.4). Using the same technique for
tibia Zn, the relative biological availability values and associated confidence
intervals (CI) were estimated to be 73% (CI: 39.3 to 111.6%); 118 (CI: 84.2 to
175.1%); and 132% (CI: 95.9 to 195.6%) for Zn-IMTX, Serbia Zn-MONT, and
Mintrex®Zn, respectively (Table 6.4). Zn bioavailability from all sources was equally
available to Zn from ZnSO4. However, Zn from Mintrex®Zn and Serbia Zn-MONT
was more available than Zn-IMTX, but were not different from each other.
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Using the slope-ratio technique from regression of toe ash Zn on
supplemental Zn with Zn from ZnSO4 set at 100%, the relative biological availability
values and associated confidence intervals (CI) were estimated to be 72% (CI: 45 to
246%), 75% (CI: 48 to 255%), and 78% (CI: 51 to 263%) for Zn-IMTX, Serbia ZnMONT, and Mintrex®Zn, respectively (Table 6.5). Using the same technique for toe
Zn, the relative biological availability values and associated confidence intervals (CI)
were estimated to be 88% (CI: 13 to 289%), 101 (CI: 31 to 344%), and 112 (CI: 43
to 388%) for Zn-IMTX, Serbia Zn-MONT, and Mintrex®Zn, respectively (Table
6.5). Zinc from all sources was equally available as Zn from ZnSO4, and the three
sources were not different from each other.

6.7 Discussion

Zinc has an important role in numerous biological processes in avian and
mammalian species. Supplemental zinc is currently added to poultry diets to prevent
problems associated with zinc deficiency.
Although the National Research Council (NRC, 1994) recommends that
broiler diets contain 40 mg Zn/kg, diets are often formulated to contain dietary Zn
concentrations of 120 mg/kg. A higher concentration of Zn is commonly added to
reduce the possibility of Zn deficiency under commercial conditions, which may
demand higher dietary mineral contents. Thus, broilers that are fed diets containing
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high concentrations of Zn are potentially producing excreta that contain more Zn
than field crops can utilize (Burrell et al., 2004).
Limiting dietary Znc to 40 mg/kg is beneficial for the environment; however
it may adversely affect poultry performance, especially if less bioavailable zinc
sources are added to poultry diets. Excretion of Zn may therefore be reduced by
lowering the dietary Zn concentration or by using sources of Zn with higher
availability (Mohanna and Nys, 1999).
In the present study, neither dietary Zn concentrations nor Zn source altered
feed intake or body weight gain from placement to 21 d of age (Table 6.2). However
a source by level interaction was observed for feed conversion. Feed conversion was
more efficient for birds fed Mintrex®Zn compared to the sources. These results are
consistent with a previous report which showed that supplementing a basal diet with
Zn from Availa®Zn, an amino acid zinc complex, improved feed conversion without
altering growth rate (Burrell et al., 2004).
Tibia Zn was affected by dietary zinc source. All sources were equally
available as ZnSO4. However, Zn from Mintrex®Zn and Serbia Zn-MONT was both
more available than Zn from Zn-IMTX. These results are consistent with previous
observations by Mohanna and Nys (1999) who fed broiler chicks two different
sources of zinc methionine and compared to zinc sulfate. They showed that tibia ash
Zn was not affected by the zinc source, and indicated that organic Zn sources (Znmethionine) show no significant difference when compared to zinc sulfate. Aoyagi
and Baker (1993b) also found no significant differences in the bioavailability of zinc
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sulfate and zinc lysine. Utilization of inorganic trace minerals is dependent on the
ability of the animal to convert them to organic biologically active forms (Spears,
1996). Organic sources of trace minerals should maintain their structural integrity in
the relatively low pH environment of the upper digestive tract, thereby preventing
mineral loss to antagonism.

6.8 Conclusions

The results of the present study indicate that Zn from Serbia Zn-MONT is as
available as Zn from Mintrex®Zn, whereas Zn from Zn-IMTX was less available
than Zn from the other two sources. However, there was no significant difference in
the biological availability among the three tested sources and the standard, ZnSO4.
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Figure 6.1 - Structure of MintrexZn.
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Table 6.1 - Four replicate pens of five chicks per pen were assigned to the thirteen
dietary treatments outlined below.

ZnSO4
TRT #
(ppm)

ZnIMTX
(ppm)

Serbia
ZnMONT

Mintrex®Zn
(ppm)

(ppm)

1

0

0

0

0

2

10

0

0

0

3

20

0

0

0

4

30

0

0

0

5

0

10

0

0

6

0

20

0

0

7

0

30

0

0

8

0

0

10

0

9

0

0

20

0

10

0

0

30

0

11

0

0

0

10

12

0

0

0

20

13

0

0

0

30
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Table 6.2 – Effects of source and level of dietary zinc on chick performance.

Source

Level
(ppm)

FI (g)

BWG (g)

FDGN
(g:g)

Control
ZnSO4

0
10

931
992

759
815

1.23
1.22

ZnSO4

20

992

800

1.24

ZnSO4

30

963

769

1.25

Zn-IMTX

10

991

819

1.22

Zn-IMTX

20

970

797

1.23

Zn-IMTX

30

983

789

1.25

Serbia Zn-MONT

10

989

797

1.24

Serbia Zn-MONT

20

967

776

1.25

Serbia Zn-MONT

30

978

796

1.23

Mintrex®Zn

10

1029

841

1.22

®

20

986

818

1.21

®

30

1027

843

1.22

24

22

0.008

Mintrex Zn
Mintrex Zn
Pooled SEM
Source of Variation

--------------------------------- P ----------------------------------

Level

0.4424

0.3518

0.1786

Source

0.2828

0.0721

0.0050

0.9049

0.8415

0.0186

10
20
30

1002
981
987

818
798
799

1 23
1.23
1.24

ZnSO4
Zn-IMTX
Serbia Zn-MONT
Mintrex® Zn

982
986
978
1014

795
802
789
834

1.24b
1.23b
1.24b
1.22a

Level x Source
MAIN EFFECTS MEANS1
Level

Source

1

Data are means of four replicate pens of five chicks each.
Values within columns, in main effects, with no common superscript differ significantly (P < 0.05).

ab
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Table 6.3 – Effects of source and level of dietary zinc on chick tibia ash, toe ash,
tibia Zn and toe Zn.
Source

Level
(ppm)

Tibia
Ash
(%)

Toe Ash
(%)

Tibia
Zn
(ppm)

Toe Zn
(ppm)

Control

0

45.20

11.99

105.3

41.66

ZnSO4

10

45.54

12.31

134.8

48.75

ZnSO4

20

45.45

12.15

142.7

53.73

ZnSO4

30

44.94

12.07

147.3

56.40

Zn-IMTX

10

44.52

12.25

126.9

51.70

Zn-IMTX

20

44.85

12.05

140.8

53.68

Zn-IMTX

30

44.88

11.82

142.7

54.11

Serbia Zn-MONT

10

44.78

12.28

132.5

51.28

Serbia Zn-MONT

20

44.68

11.94

148.9

54.68

Serbia Zn-MONT

30

45.07

12.11

150.0

55.04

®

10

45.13

12.14

140.4

51.54

®

20

45.61

12.22

149.0

54.24

®

30

45.24

12.16

151.1

56.37

13

19

5.6

2.2

Mintrex Zn
Mintrex Zn
Mintrex Zn
Pooled SEM
Source of Variation

------------------------------------- P ----------------------------------

Level

0.824

0.2609

<.000

0.0135

Source

0.112

0.7460

0.002

0.9257

0.770

0.8126

0.832

0.9418

Level x Source

MAIN EFFECTS MEANS

1

Level
10
20

44.99
45.15

12.24
12.09

133.70b
145.39a

50.82b
54.08a

30

45.03

12.04

147.82a

55.48a

ZnSO4

44.31

12.18

141.64bc

52.96

12.04

c

53.16

ab

53.67

a

54.05

Source

Zn-IMTX
Serbia Zn-MONT
®

1

Mintrex Zn

44.75
44.84

12.11

44.33

12.17

136.87
143.84

146.88

Data are means of four replicate pens of five chicks each.
abc
Values within columns, in main effects, with no common superscript differ significantly (P < 0.05).
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Table 6.4 - Relative bioavailability of Zn using tibia Zn and with Zn from ZnSO4 set
at 100%.

Biological
Availability (%)

Confidence Interval (%)

Source
Tibia

Tibia

Zn

Ash Zn

Zn-IMTX

73b

80b

39.3 to 111.6

45 to 124

Serbia Zn-MONT

118a

125a

84.2 to 175.1

88 to 191

Mintrex®Zn

132a

129a

95.9 to 195.6

92 to 198

a,b

Relative Zn availability differ (P < 0.05).
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Tibia Zn

Tibia Ash
Zn

Table 6.5 - Relative bioavailability of Zn using toe Zn and with Zn from ZnSO4 set
at 100%.

Biological

Confidence Interval

Availability (%)

(%)

Source
Toe

Toe Ash

Zn

Zn

Zn-IMTX

88

72

13 to 289

45 to 246

Serbia Zn-MONT

101

75

31 to 344

48 to 255

Mintrex®Zn

112

78

43 to 388

51 to 263
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Toe Zn

Toe Ash
Zn

109

1.19

1.2

1.21

1.22

1.23

1.24

1.25

1.26

b

Zn IMTX

10 ppm

b

ZnSO4

b

a

20 ppm

a
a
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Serbia Zn MONT

a

a

Feed Conversion
Source: P = 0.0050
Level: P = 0.1786
Souce x Level: P = 0.0186

Figure 6.2 - Feed Conversion.

Feed Conversion (g : g)

a

30 ppm

a

Mintrex Zn

a

b

CHAPTER 7.

EVALUATION OF A MODIFIED
MONTMORILLONITE IN IMPROVING HEALTH
AND PERFORMANCE OF POULTRY

7.1 Abstract

An in vivo study was conducted to evaluate the efficacy of Cu
montmorillonite (Cu-MONT) in improving performance of broiler chicks. Four
hundred fifty day-old male broiler chicks were purchased from a commercial
hatchery, weighed, wing-banded, and assigned to floor pens. Chicks were housed
in floor pens and allowed access to feed and water ad libitum until day 42. Chicks
were allocated randomly to five treatments, with six replicate pens each, and 15
birds per pen. The dietary treatments included: 1) basal diet containing neither
MONT nor Cu-MONT (positive control); 2) basal diet supplemented with 125
ppm CuSO4; 3) basal diet supplemented with 0.15% MONT; 4) basal diet
supplemented with 0.15% Cu-MONT; and 5) basal diet supplemented with
CuSO4 – Cu level to match Cu in treatment 4. The level of Cu in the basal diet
was 10 ppm. There was no dietary treatment effects (P > 0.05) on feed intake,
body weight gain, or feed conversions which averaged 1,087 g, 911 g, and 1.19
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g:g, respectively at day 21, and 4,572 g, 2,838 g, and 1.62 g:g, respectively at day
42. Data indicate that Cu-MONT at this dietary concentration was not effective in
improving broiler performance.

7.2 Introduction

For many years, sub therapeutic levels of antibiotic growth promoters
(AGP) have been incorporated into poultry and swine diets because of their
favorable effects on growth, feed intake, and feed efficiency (Eyssen and
deSomer, 1963). However, there are growing concerns that the continual feeding
of AGP is leading to the development of antibiotic resistance in many pathogenic
bacteria isolated from production animals as well as from humans. Therefore,
there is considerable interest in alternatives to AGP that can produce similar
results in terms of intestinal microflora regulation, as well as optimal growth
performance. With the increasing public concern with respect to bacterial
resistance to antibiotics, animal production industries are looking at AGP
alternatives that have antimicrobial properties, maintain intestinal health, and
allow for optimal growth (Arias and Koutsos, 2006).
Copper has received considerable attention due to its antimicrobial
properties that improve performance in animals when fed at pharmacological
concentrations. It is well documented that pharmacological concentrations of Cu
(125 to 250 ppm as CuSO4) can stimulate growth and feed efficiency in poultry
(Pesti and Bakalli, 1996; Armstrong et al., 2004; Arias and Koutsos, 2006).
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Bioavailability of Cu is critical in the selection of a source for use as a
growth promotant or an antimicrobial agent in poultry or swine diets, because
dietary levels can approach the maximal tolerable level suggested for chicks and
swine. Thus, the chance of Cu toxicosis occurring is greatly enhanced (Ledoux et
al., 1991). Potential sources of Cu for use by commercial feed industry must be
evaluated for bioavailability, as well as safety (Miles et al., 1998).
Copper compounds such as CuSO4 and Cu(OH)2 are traditional inorganic
antibacterial materials with wide usage. However, it is difficult for Cu2+ to
contact bacteria in water by colliding so that the amount of Cu2+ required is very
high, which can lead to environment pollution. The Cu-MONT attracts the
bacteria by electrostatic forces and immobilizes them on the surface. Cu2+ could
also dissociate and directly exert its antimicrobial effect on the bacteria in
solution. Due to the density of the Cu2+ ions on the mineral surface which is
much higher than that in the medium, the antimicrobial capacity of Cu-MONT
particles might dominate over the Cu2+ cations released into the medium.
Therefore, Cu2+ bridging between the MONT particles and the bacteria play an
important role in the antimicrobial capacity of Cu-MONT (Zhou et al., 2004).

7.3 Objectives

The objective of the present study was to determine the effects of MONT
and Cu-MONT on growth performance of broilers chickens raised to market
weight in floor pens.
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7.4 Hypothesis

We hypothesize that Cu-MONT will improve the health of broilers
leading to improved growth performance, and that the modified MONT will be
just as effective as the unmodified MONT.

7.5 Materials and Methods

Four hundred fifty day old male broiler chicks were purchased from a
commercial hatchery, weighed, wing-banded, and assigned to floor pens. Birds
were maintained on a 24-hour constant light schedule and allowed access to feed
and water ad libitum.
A completely randomized design was used with six pen replicate of 15
chicks assigned to each of the five dietary treatments. Dietary treatments
evaluated included: 1) basal diet containing neither MONT nor Cu-MONT
(positive control); 2) basal diet supplemented with 125 ppm CuSO4; 3) basal diet
supplemented with 0.15% MONT; 4) basal diet supplemented with 0.15% CuMONT; and 5) basal diet supplemented with CuSO4 – Cu level to match Cu in
treatment 4. The basal diet was a commercial corn soybean meal type diet
formulated to meet or exceed the nutritional requirements of growing chicks as
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recommended by the National Research Council (NRC, 1994). The dietary
treatments are also presented below in a tabular form (Table 7.1).
Birds were individually weighed at the beginning of the experiment, at
three weeks of age, and at the end of the study. Feed consumption was
determined at three weeks of ages, and at the end of the study, and mortality was
recorded as it occurred. All dead birds were necropsied. In addition, birds were
inspected daily and any health related problems were recorded.
Data were analyzed by analysis of variance using the General Linear
Models procedure of SAS (SAS Institute, 1985). The means for treatments
showing significant differences in the analysis of variance were compared using
the Fisher’s protected least significant difference procedure (Snedecor and
Cochran, 1967). All statements of significance were based on the 0.05 level of
probability.

7.6 Results

The effects of dietary treatments on chick performance from hatch to 3
weeks are presented in Table 7.2. Chicks fed MONT and Cu-MONT consumed
similar amounts of feed 1092 g and 1094 g, respectively vs 1084 g, 1087 g, and
1074 g, respectively), grew as well (918 g and 905g, respectively vs 900 g, 915g,
and 914 g, respectively), and were as efficient (1.19 g:g and 1.21 g:g respectively
vs 1.20 g:g, 1.19 g:g, and 1.17 g:g, respectively) as chicks fed the control diet, or
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the diets supplemented with pharmacological concentrations of Cu (125 ppm) or
40 ppm Cu at 3 weeks.
Table 7.3 presents the effects of dietary treatments on chick performance
from hatch to 6 weeks. Similar results were observed at 6 weeks. Chicks fed
MONT and Cu-MONT consumed similar amounts of feed 4,528 g and 4,600 g
respectively vs 4,583 g, 4,525 g, and 4,623 g, respectively), grew as well (2,862
g and 2,790 g respectively vs 2,913 g, 2,843 g, and 2,779 g, respectively), and
were as efficient (1.58 g:g and 1.65 g:g respectively vs 1.57 g:g, 1.59 g:g, and
1.68 g:g, respectively) as chicks fed the control diet or diets supplemented with
pharmacological concentrations of Cu (125 ppm) or 40 ppm Cu at 6 weeks.

7.7 Discussion

Traditionally, clays have been incorporated in animal diets as a
technological additive to improve growth and feed efficiency. Results of previous
experiments evaluating the effects of clays on animal performance, however,
have generally been inconsistent (Poulsen and Oksbjerg, 1995; Ouhida et al.,
2000; Xia et al., 2004).
In the present study, the addition of MONT and Cu-MONT to poultry
diets did not improve chick performance compared to birds fed control diets. Xia
et al. (2004) observed that chicks fed diets supplemented with MONT (1.5 g/kg)
had slightly greater weight gain and lower feed conversion than control chicks,
although the differences were not statistically significant. Their results were
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similar to what was seen in the present study. The authors concluded that the
reason for the lack of effect of MONT supplementation on chick growth
performance could be the low concentration of MONT added to the chick diets.
However, Xia et al. (2004) showed that Cu-MONT supplementation
significantly improved weight gain and decreased feed conversion. The authors
also observed that chicks fed Cu-MONT gained more weight than those fed
MONT. These results are in contrast to what was observed in the present study.
Chicks fed 0.15% MONT and 0.15% Cu-MONT gained less weight
compared to the number listed in Agristat for 42 days old Ross broiler chickens
(2,862 and 2,790 vs 2,867 g respectively). In terms of feed conversion, birds fed
0.15% MONT and 0.15% Cu-MONT were more efficient compared to the
number that is listed in Agristat for 42 days old Ross broiler chickens (1.58 and
1.65 vs 1.701 g : g respectively).
The feeding value of clays is affected by the kind of clay, production area,
grade, and physical or chemical structural characteristics. These differences could
partially explain the inconsistency of the results of studies evaluating the effects
of clays on animal performance.
It is well documented that pharmacological concentrations of Cu (125 to
250 ppm as CuSO4) can stimulate growth and feed efficiency in poultry (Pesti
and Bakalli, 1996; Armstrong et al., 2004; Arias and Koutsos, 2006). In the
current study, feeding pharmacological concentrations of CuSO4 did not
significantly improve performance of poultry compared to control.
This result suggests that birds were not challenged properly, specially the
animal facility was “too clean” and did not cause a natural challenge. Arias and
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Koutsos (2006) compared the effects of AGP and Cu supplementation on
performance of chicks grown on recycled litter and compared to chicks grown on
fresh litter. The authors noted that for chicks raised on fresh litter and fed
negative control (no supplemental Cu), carcass weight was greater compared with
those fed positive control (supplemental CuSO4) and grown in fresh litter. Forbes
and Park (1959) reported that in a “low” microbial environment, AGP may
negatively affect commensal bacteria needed for proper digestion, resulting in
decreased growth.

7.8 Conclusions

These results indicate that MONT and Cu-MONT at these dietary
concentrations did not improve growth performance of broiler chicks fed dietary
treatments for six weeks. However, it is hard to conclude that MONT and CuMONT would not be effective in improving performance of broiler chicks under
practical conditions since birds fed pharmacological concentrations of Cu also
did not out perform control chicks. Future studies evaluating the efficacy of
MONT and Cu-MONT as growth promotants should be conducted under more
practical conditions which should provide a more challenging environment for
the birds.
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Table 7.1 - Dietary treatments. Six replicate pens of fifteen chicks per pen
assigned to the five treatments outlined below.

TRT #

MONT (%)

Cu-MONT
(%)

CuSO4
(ppm)

1

0

0

0

2

0

0

125

3

0.15

0

0

4

0

0.15

0

5

0

0

40

Table 7.2 - Effects of dietary treatments on performance of poultry from week 0
to 31.

MONT

CuMONT

CuSO4

Feed
Intake

Body
Weight
Gain

Feed
Conversion

%

%

mg/kg

(g)

(g)

(g : g)

0

0

0

1,084

900

1.20

0

0

125

1,087

915

1.19

0.15

0

0

1,092

918

1.19

0

0.15

0

1,094

905

1.21

0

0

40

1,074

914

1.17

35

14

0.03

SEM
1

Data are means of six replicates of fifteen chicks each.
Values within columns with no common superscript differ significantly (P < 0.05).
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Table 7.3 - Effects of dietary treatments on performance of poultry from week 0
to 61.

MONT

CuMONT

CuSO4

Feed
Intake

Body
Weight
Gain

Feed
Conversion

%

%

mg/kg

(g)

(g)

(g : g)

0

0

0

4,583

2,913

1.57

0

0

125

4,525

2,843

1.59

0.15

0

0

4,528

2,862

1.58

0

0.15

0

4,600

2,790

1.65

0

0

40

4,623

2,779

1.68

79

73

0.05

SEM
1

Data are means of six replicates of fifteen chicks each.
Values within columns with no common superscript differ significantly (P < 0.05).
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CHAPTER 8.

CONCLUSIONS

Aflatoxins comprise a diverse group of pervasive, naturally occurring, fungal
elaborated toxins that have been implicated in human and animal diseases.
Aflatoxins are sometimes a contaminant in feedstuffs commonly used in poultry
rations. The most applied method for protecting animals against mycotoxicosis is the
use of adsorbents mixed with feed. Bentonite which originates from the volcanic ash
in situ and consists primarily of montmorillonite are widely utilized as mycotoxin
sequestering agents. It is possible that modifying montmorillonite with inorganic
minerals, such as Cu and Zn may affect its efficacy in binding aflatoxin. It is also
possible that the biological availability of Cu and Zn is high, making Cu-MONT and
Zn-MONT suitable sources of these minerals.
One experiment was carried out to evaluate the affinity and capacity of
several feed additives – montmorillonite silicates – to adsorb aflatoxin B1 by a study
of Freundlich isotherms. Results indicated that all seven MONT tested were able to
effectively bind AFB1 in vitro.
Two studies were conducted to determine the efficacy of modified
montmorillonites to ameliorate the toxic effects of aflatoxin in broiler chicks. In the
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first experiment, chicks were assigned to a 3 X 2 factorial arrangement of six dietary
treatments, which included: 1) basal diet containing neither adsorbent nor
mycotoxins (positive control); 2) basal diet supplemented with 0.5% MONT; 3)
basal diet supplemented with 0.5% Cu-MONT; 4) basal diet supplemented with 2 mg
AF/kg diet; 5) basal diet supplemented with 0.5% MONT and 2 mg AF/kg diet; and
6) basal diet supplemented with 0.5% Cu-MONT and 2 mg AF/kg diet. Based on the
results obtained, it can be concluded that at a dietary level of 0.5% none of the
MONTs evaluated negatively affected chick performance, organ weights, serum
chemistry parameters, or caused any pathological changes. These results suggest that
all MONTs tested did not negatively affect dietary nutrients at this dietary inclusion
level. Results also indicate that all adsorbents evaluated at 0.5% of the diet were only
partially effective in ameliorating the toxic effects of aflatoxin that may be present in
poultry rations at levels up to 2 mg/kg feed.
In the second trial chicks were assigned to a 5 X 2 factorial arrangement of
10 dietary treatments, which included: 1) basal diet containing neither adsorbent nor
mycotoxins (positive control); 2) basal diet supplemented with 0.5% Serbia MONT;
3) basal diet supplemented with 0.5% Serbia Zn-MONT; 4) basal diet supplemented
with 0.5% IMTX; 5) basal diet supplemented with 0.5% Zn IMTX; 6) basal diet
supplemented with 2 mgAF/kg diet; 7) basal diet supplemented with 0.5% Serbia
MONT and 2 mg AF/kg diet; 8) basal diet supplemented with 0.5% Serbia ZnMONT and 2 mg AF/kg diet; 9) basal diet supplemented with 0.5% IMTX and 2 mg
AF/kg diet; and 10) basal diet supplemented with 0.5% Zn IMTX and 2 mg AF/kg
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diet. Based on the results obtained, it can be concluded that at a dietary level of 0.5%
none of the MONTs evaluated negatively affected chick performance, organ weights,
serum chemistry parameters, or caused any pathological changes. These results
suggest that all MONTs tested did not negatively affect dietary nutrients at this
dietary inclusion level. Results also indicate that all adsorbents evaluated at 0.5% of
the diet were only partially effective in ameliorating the toxic effects of aflatoxin that
may be present in poultry rations at levels up to 2 mg/kg feed.
Another two experiments were conducted to estimate the relative
bioavailability of copper and zinc from copper sources and zinc sources, respectively
for broiler chicks. In the first experiment, chicks were allotted randomly to 10 dietary
treatments that included an unsupplemented basal corn-soybean meal diet, or the
basal diet supplemented with 75, 150 or 225 mg Cu/kg diet as either CuSO4 (25.1%
Cu), Cu-MONT (2.65% Cu), or Mintrex®Cu (15% Cu). Based on the results
obtained, it can be concluded that Cu from Mintrex®Cu is more bioavailable than Cu
from CuSO4 and Cu-MONT.
In the second trial, chicks were allotted randomly to 13 dietary treatments that
included an un-supplemented basal corn-soybean meal (32 mg/kg Zn), or the basal
diet supplemented with 10, 20 or 30 mg/kg Zn as either ZnSO4 (40.5% Zn), ZnIMTX (1.3% Zn), Serbia Zn-MONT (1.85% Zn), or Mintrex®Zn (10% Zn). Based on
the results obtained, it can be concluded that there was no significant difference in
the biological availability among the three Zn sources and the standard, ZnSO4.
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Finally, the last experiment was conducted to evaluate the efficacy of a
modified MONT in improving health and performance of poultry. Birds were fed
diets that included: 1) basal diet containing neither MONT nor Cu-MONT (positive
control); 2) basal diet supplemented with 125 ppm CuSO4; 3) basal diet
supplemented with 0.15% MONT; 4) basal diet supplemented with 0.15% CuMONT; and 5) basal diet supplemented with CuSO4 – Cu level to match Cu in
treatment 4. Based on the results obtained it can be concluded that MONT and CuMONT did not improve growth performance of broiler chicks fed dietary treatments
for six weeks. However, considering the hypothesis that in the current study there
was not a proper natural challenge, it is hard to conclude that MONT and Cu-MONT
were not effective in improving performance of broiler chicks. A future study should
be done with birds experimentally challenged to determine the effects of MONT and
Cu-MONT on health of broiler chicks. It is well documented that pharmacological
concentrations of Cu (125 to 250 ppm as CuSO4) can stimulate growth and feed
efficiency in poultry (Pesti and Bakalli, 1996; Armstrong et al., 2004; Arias and
Koutsos, 2006). In the current study, feeding pharmacological concentrations of
CuSO4 did not significantly improve performance of poultry compared to control.
Management practices can often promote better animal health. Differences in growth
performance are most often seen in poorly managed operations and under
experimental conditions this is generally not the case. It has been demonstrated that
management practices are important in lessening the impact of removal sub
therapeutic antibiotics on animal production (Barlam et al., 2001). For this reason,
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there is a need to evaluate the MONTs under more challenging conditions e.g. in an
industrial setting.
In summary, results of the in vitro study indicated that all seven MONT
tested were able to effectively bind AFB1 in vitro. Based on the results obtained from
the in vivo experiments on AF and MONTs, it can be concluded that at a dietary
level of 0.5% none of the MONTs evaluated negatively affected chick performance,
organ weights, serum chemistry parameters, or caused any pathological changes,
which suggest that all MONTs tested did not negatively affect dietary nutrients at
this dietary inclusion level. Results of both trials also indicate that all adsorbents
evaluated at 0.5% of the diet were only partially effective in ameliorating the toxic
effects of aflatoxin that may be present in poultry rations at levels up to 2 mg/kg
feed. Based on the results obtained from the bioavailability studies, it can be
concluded that Cu from Mintrex®Cu is more bioavailable than Cu from CuSO4 and
Cu-MONT. However, there was no significant difference in the biological
availability among the three Zn sources and the standard, ZnSO4. Finally, based on
the results obtained from the last experiment it can be concluded that MONT and
Cu-MONT did not improve growth performance of broiler chicks fed dietary
treatments for six weeks. However, considering the hypothesis that in the current
study there was not a proper natural challenge, it is hard to conclude that MONT and
Cu-MONT were not effective in improving performance of broiler chicks. A future
study should be done with birds experimentally challenged to determine the effects
of MONT and Cu-MONT on health of broiler chicks.
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