
ABSTRACT  

NIXON, JESSICA ELIZABETH. The Efficacy of Feed Additives to Reduce the Biological 

Effect of Naturally Occurring Mycotoxins fed to Turkeys and Broilers. (Under the direction 

of Dr. Jesse L. Grimes). 

 

 The purpose this research was to test the efficacy of various feed additives in 

combination with naturally occurring aflatoxin and deoxynivalenol (DON) fed to turkey 

poults and broiler chicks. Several different feed additives were tested in this research to 

determine which proved to be the most effective to reduce the affect of the dietary 

mycotoxins. Four trials were conducted and in each performance parameters and 

physiological changes were examined.  

 In trial one, Large White tom turkey poults were reared to 20 weeks of age in 48 litter 

floor pens, they were fed either a control basal or mycotoxin basal that was supplemented 

with one of three different feed additives. The feed additives were: BioFix™, Kallsil™, and 

UNIKE™. There were 8 treatments and 6 replicates per treatment. The control diets 

contained 0-14ppb aflatoxin and 0.1-0.55ppm DON and the mycotoxin diets had from 54-

275ppb aflatoxin and 0.53-6.4ppm DON. From 9 to 20 weeks of age body weight of the 

mycotoxin fed birds was decreased when compared with the control fed birds. The decreased 

body weight was also associated with lower feed intake and increased feed conversion in the 

mycotoxin fed birds. At 5 weeks the mycotoxin fed birds had increased relative gizzard and 

pancrease weight compared to the control fed birds. Also mycotoxin fed birds had reduced 

serum albumin levels and decreased liver weights which are typical of aflatoxicosis in 

poultry. Along with physiological effects, mycotoxin fed birds had delayed immune 

responses.  



 In trial two, male broiler chicks were raised to 3 weeks in the first experiment and to 

7 weeks in the second experiment. Both experiments had a control basal and a mycotoxin 

basal with one of 5 different feed additives. In experiment 1, the feed additives were: 

BioFix™, Bg-Max™ (at high and low levels), and Celmanax™ (at high and low levels). 

There were 12 total treatments with 8 replicates per treatment. Birds were raised in 96 battery 

pens. In experiment 2, the feed additives were BioFix™, Bg-Max™, Celmanax™, 

Integral™, and Celmanax SCP™. There were 12 total treatments with 6 replicates per 

treatment. Birds were raised in 72 litter floor pens. In experiment 1; at 1, 2, and 3weeks of 

age the mycotoxin (high aflatoxin) fed birds had lower body weights compared to the control 

(low aflatoxin) fed birds. Also feed conversion was poorer in the mycotoxin (high aflatoxin) 

fed birds compared to the control (low aflatoxin) fed birds. The mycotoxin fed birds had 

decreased relative proventriculus weights and spleen weights. In experiment 2, body weight 

was decreased at 2, 3, 5, and 7 weeks in the mycotoxin fed birds compared to the control fed 

birds. Once again feed intake was decreased and feed conversion was increased in the 

mycotoxin fed birds compared to the control fed birds. Relative liver weights were increased 

at 5 weeks of age for the mycotoxin diet fed birds compared to the control fed birds. No real 

affects were observed due to the addition of feed additives.  

 In trial three, Large White turkey hen poults were reared to 3 weeks of age in 48 

battery cages. A novel process for adding value to aflatoxin contaminated peanut meal(atox-

PM)was utilized in this trial. A bentonite clay(AB20) was used to sequester aflatoxin while 

simultaneously extracting water soluble protein from atox-PM. This processed peanut meal 

(iPM) was fed in combination with different levels of AB-20. There were 8 dietary 

treatments and 6 replicates per treatment. Treatments were as follows: clean-PM; clean-



PM+AB20; atox-PM; atox-PM+AB20; iPM; iPM processed with 2 levels of AB20; and iPM 

with AB20 added post-processing. Body weight at 1, 2, and 3 weeks were higher in birds fed 

clean and atox-PM diets compared to the iPM diet fed birds. Feed conversion at 1-2 and 0-2 

weeks was improved for the clean and atox-PM diet fed birds compared to the iPM diet fed 

birds. Birds fed atox-PM diets had the lowest liver relative weight (RW) (p<0.0001) 

compared to those fed iPM and clean-PM diets. The iPM diets resulted in higher pancreas 

RW(p<0.0001) compared to other diets. Birds fed atox-PM without AB20 had the highest 

spleen RW(p<0.0001) compared to those fed other diets. Feeding the atox-PM and iPm diets 

resulted in livers with higher b*(yellow coloration;p<0.0001).  

 In conclusion, elevated naturally occurring mycotoxin levels in each of these 

trialsresulted in decreased body weight and feed intake along with increased feed conversion. 

Also organs were negatively impacted which relates to physiological changes caused by 

mycotoxin consumption. The addition of feed additives in each of these trials did not result in 

alleviation of these negative effects. Further research should be conducted in order to find a 

feed additive that can reduce the effect of naturally occurring feed mycotoxins.  
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LITERATURE REVIEW 

 

Overview of Mycotoxins  

Mycotoxins have plagued man-kind for centuries.  Since the 1800’s people have 

known about mycotoxins, the “secondary metabolites” produced by fungi. The earliest 

recognized case of mycotoxicosis seen in humans was ergotism. Ergotism was caused by the 

fungus, Claviceps purpurea, which caused hallucinations, swollen limbs, and even necrosis 

leading to loss of limbs (CAST, 2003). People consumed grains contaminated with ergots, 

which is now known as a type of mycotoxin, causing them to become ill. Scientists 

discovered that the diseases in animals and humans were being caused by these “secondary 

metabolites.” These secondary metabolites have been termed as mycotoxins, defined as 

toxins produced by a fungus. Around 400 types of mycotoxins have been identified and it is 

thought there are many more that have yet to be discovered(CAST, 2003). 

Mycotoxins can be separated into several major classes: aflatoxins, trichothecenses, 

fumonisins, zearalenone, ochratoxin A, and ergot alkaloids.  Some of the minor classes of 

mycotoxins include: cyclopiazonic acid, gliotoxin, citrinin, tremorgenic, penitrem, patulin, 

citreiviridin, fusaproliferin, and fusaric acid. The major classes of mycotoxins are produced 

during the growing season but they can also be produced during harvest, drying, or storage 

conditions. Main factors associated with the production of mycotoxins are temperature and 

moisture. Certain mycotoxins are readily produced during wet conditions, whereas others are 

produced during periods of high temperatures and drought conditions (CAST, 2003). During  
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storage, mycotoxin contamination can be affected by water activity, airflow and temperature, 

inoculum concentrations, microbial interactions, mechanical damage, and insect infestation 

(Ominski et al., 1994).  The mycotoxins of main concern which will be discussed in this 

review include aflatoxin, deoxynivalenol (DON), and zearalenone.  

Aflatoxin  

Aflatoxins are the most well know and highly researched class of mycotoxins.  

Aflatoxin is the mycotoxin produced by the fungus known as Aspergillus. Aflatoxin 

contamination was first recognized in 1960 and was identified as Turkey X disease (Siller 

and Ostler, 1961). Turkey X disease killed over 100,000 turkey poults, ducks, and pheasants. 

Through further investigation it was discovered that this disease all stemmed from a batch of 

peanut meal, contaminated with Aspergillus flavus.  There are four different types of 

aflatoxins recognized, B1, B2, G1, and G2; B1 is the most toxigenic strain of aflatoxin. The 

letters B and G identify the color of the strain’s fluorescence, blue and green respectively, 

while the subscripts designate relative chromatographic mobility. There are also two other 

metabolic products M1 and M2, which are known as direct contaminants of foods and milk.  

There are four species of Aspergillus that produce aflatoxins including: A. 

parasiticus, A. nominus, A. flavus, and A. pseudotarmarii (Ito et al., 2001).  Of the four 

species, the two that have the most economic impact are A. flavus and A. parasiticus.  

Aflatoxin can be produced in the seeds of corn, peanuts, cotton, spices, copra, pistachios, 

Brazil nuts, and figs (Jelinek, 1987).  However, there is a decreased risk of aflatoxin  
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contamination in figs, almonds, pecans, walnuts, and raisins. Soybeans, beans, pulses, 

cassava, grain sorghum, millet, wheat, oats, barley, and rice are moderately susceptible to 

resistant alflatoxin contamination during the growing season, but can be vulnerable while in 

storage. During storage, aflatoxins can be produced in corn and soybeans (Fuller, 2004).  

In temperate climates, contamination from aflatoxin can be a problem in storage 

however, in the southern United States, it occurs during the growing season. It is also known 

that if a feedstuff is not properly stored this can be the ideal environment for aflatoxin 

growth. The incidence of aflatoxin production in food crops is mainly dependent upon 

weather conditions. The “perfect storm” for aflatoxin production is where there are above 

average temperatures and below average rainfall. In corn the conidia are carried via wind 

dissemination to the silks and then they colonize the surface of the kernel. Conidia also 

known as conidiospores are asexual non-motile spores of a fungus. The primary source of 

inoculation for commodities would be the soil but the survival mechanism is still unknown. 

The Food and Drug Administration limits the level of aflatoxin in complete feeds for all 

species to 20 ppb. However, there are exceptions for certain ingredients that are especially 

susceptible to alflatoxin contamination such as corn for feeding breeding cattle, breeding 

swine, and mature poultry (100 ppb); finishing swine (200ppb); and finishing beef cattle 

(300ppb). Exceptions are also made for cottonseed meal fed to finishing beef cattle, swine, 

and poultry (300 ppb) (CAST, 2003).  

Deoxynivalenol  

 Deoxynivalenol (DON), also known as vomitoxin, is within the mycotoxin class 

trichothecenes. The trichothecense class includes a number of fungal genera produced, such  
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as Fusarium, Cephalosporium, Myrothecium, Stachybotrys, and several others. Fusarium 

contains the largest number of mycotoxins (Sobrova et al., 2010).  Under the Fusarium 

genera the types of mycotoxins produced are: DON, T-2 toxin, nivalenol, diacetoxyscirpenol. 

DON is mainly produced by Fusarium graminearum (Kushiro, 2008) and can cause 

contamination in wheat, oats, rice, barley, and corn. Corn contaminated with DON has been 

associated with cool, wet conditions during the growing season, typically during the 

flowering stage. According to one theory “no-till farming” has caused an increased incidence 

of mycotoxins (Pestka, 2007). Also weather conditions that lead to wheat scab, soft and 

shriveled with a pink color, can also cause DON contamination (Rotter et al., 1996). Of the 

mycotoxins within the trichothecenes class, DON poses the greatest problem for animal 

health (Miller et al., 2001; Rotter et al., 1996).  

 Geographically speaking, DON is commonly found in North America and Europe. It 

is detected within cereal grains at ppm which is a moderate level of contamination(Rotter et 

al., 1996). DON caused a serious problem in the 1990’s in the U.S. in several midwestern 

states, including North Dakota, Minnesota, South Dakota, Ohio, Michigan, Indiana, and 

Illinois. This caused a devaluation of wheat and corn in the U.S. commodities market. The 

FDA limit on all grains and grain by-products for DON in ruminating beef, feedlot cattle, and 

chickens is 5ppm in the total diet, 1ppm in swine total diets, and 2ppm in all other animal 

diets (CAST, 2003).  
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Zearalenone 

Zearalenone is typically produced by Fusarium graminearum and sometimes 

Fusarium roseum, but is not limited to these species. It can occur along with DON in wheat, 

barley, grain sorghum, oats, and corn (Wood, 1992; Osweiler, 1986). When these two 

mycotoxins are found in combination, DON levels tend to be higher than zearalenone 

(Osweiler, 1986). Zearalenone and zearalenol have also been referred to as mycoestrogens 

(Diekman and Green, 1992).  High humidity and low temperatures, conditions often present 

in the Midwest during harvest, are favorable conditions for zearalenone production 

(Christensen et al., 1977), however, zeralenone has also been known to increase in levels 

during storage under the right conditions (Richard, 2007). Zearalenone is considered to be an 

estrogenic mycotoxin meaning it causes an estrogenic response in animals (Herrman, 2002).  

(The United States Food and Drug Administration (FDA) has set an advisory level of <500 

ppb (CAST, 2003). Zearalenone is fairly stable during milling and processing and is heat 

stable (Yazar and Omurtag, 2008). Zearalenone has been shown to be rapidly metabolized in 

humans and animals demonstrated thru InVivo techniques (Yazar, 2008). This particular 

mycotoxin and its derivatives have even been shown in the research as a growth hormone in 

cattle (Yazar, 2008).  The mode of action for zearalenone involves the displacement of 

estradiol from its uterine binding protein causing an estrogenic response (CAST, 2003; Olsen 

et al., 1986). 
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Naturally Occuring versus Synthetic Mycotoxins  

 When performing an experiment it is important to clearly define the purpose and 

objective of what is being tested. With this in mind researchers may feel it is necessary to use 

synthetic, natural, or synthetic and natural contaminated mycotoxin grains to fulfill certain 

objectives and obtain particular results. It can be said that utilizing naturally contaminated 

grain is a more practical way of determining the effects of a combination of mycotoxins and 

the effectiveness of a particular feed additive (mycotoxin binders). Using naturally 

contaminated grain would yield information that would be helpful from a poultry industry 

perspective. These results would give information to the integrator which would provide 

information that would be useful in the feed mill. Feed mill personnel would be able to 

determine which feed additive is effective against a variety of mycotoxins, not just one 

particular mycotoxin, whereas, synthetically contaminated grain would be better suited in an 

experiment testing mycotoxin dosage levels as well as specific physiological effects from a 

particular mycotoxin. One can control dosage levels more effectively in synthetically 

contaminated grains than can be achieved with naturally contaminated grains. When dealing 

with naturally contaminated grain there can be “hot spots”, an area of higher mycotoxin 

levels, which can affect the results. These results would be more helpful from a scientific 

approach. The question that needs to be answered in the experiment will help determine the 

need for using naturally contaminated grain or synthetically contaminated grain.  
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Bailey et al. used naturally contaminated and synthetically contaminated grain fed to 

broilers to test the efficacy of a clay based product. The broilers were fed high levels of 

aflatoxin (4000ppb). The addition of the clay based product in combination with the 

natural/synthetic aflatoxin grain caused an improvement in performance when compared to 

the control diet fed birds. Hamilton et al. (1984) fed naturally contaminated mycotoxin diets 

to white leghorns, broilers, and turkeys. The goal of the experiment was to feed wheat 

contaminated with DON, although upon inspection the wheat also contained trace amounts of 

zearalenone (Hamilton et al., 1984). When grains have been naturally contaminated with 

DON typically zearalenone is also present. This provides an added challenge to the bird that 

is not experienced when they are fed synthetically contaminated diets. Quist et al. (2000) 

performed an experiment on wild turkeys using aflatoxin grain that had been synthetically 

contaminated. This meant that the diets fed to these turkey poults were only contaminated 

with aflatoxin and no other mycotoxin. Quist found that the supplementation of aflatoxin in 

turkey poult diets caused decreased performance when compared with the control fed poults.  

Effect of mycotoxins on broilers  

 Keshavarz (1993) reported showed that laying hens had small mouth lesions when fed 

DON up to 2.1ppm and zearalenone up to 0.28ppm, both of these were naturally occurring 

sources of mycotoxins. In this same experiment Keshavarz reported that no mouth lesions 

were observed in growing chicks, which were thought to be more sensitive to mycotoxins. 

Awad et al. (2012) found that when feeding naturally contaminated sources of DON at low  
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levels to broilers, there were no significant differences in performance parameters or relative 

organ weights but there were some changes in gut morphology. Therefore, even at low 

levels, mycotoxins can have a negative effect on birds. However, these changes in gut 

morphology were minimal compared to the effects that mycotoxins have on turkeys. It has 

been hypothesized that the reason for chickens being able to tolerate DON could be attributed 

to a low degree of absorption into plasma and tissue along with rapid clearance (Prelusky et 

al. 1986).  A study was conducted using corn contaminated with ochratoxin, aflatoxin, and T-

2 in combination with different types of adsorbents. Adsorbents are products that are capable 

of binding mycotoxins. The addition of these three mycotoxins caused decreased body 

weight and feed intake. Whereas, the diets containing mycotoxins in combination with an 

adsorbent had increased feed intake and improved body weight gain (Lui et al., 2011).   

 Ledoux et al.(2003) fed diets containing synthetically produced fumonisin B1 and 

moniliformin to broiler chicks which resulted in increased kidney and liver weights. Birds 

fed a combination of fumonisin B1 and moniliformin had significant effects in serum total 

protein and aspartate aminotransferase (Ledoux et al. 2003). Diets containing naturally 

contaminated wheat containing ochratoxin, DON, and zearalenone were fed to broilers in 

combination with aluminosilicates. These birds were not negatively affected by consuming 

the mycotoxins, although the combination of aluminosilicates caused decreased body weight 

and increased feed conversion (Majewshai et al., 2011). Chicks fed diets containing multiple 

mycotoxins (DON, moniliformin, fumonisin B1, aflatoxin B1, zearalenone, and ochratoxin) 

had decrease body weight and increased relative heart and gizzard weights. Although, when  
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chicks were fed multiple mycotoxins along with hydrated sodium calcium aluminosilicate 

(HSCAS), serum albumin levels were decreased (Watts et al. 2003).  

Effect of mycotoxins on turkeys  

 When turkeys are fed diets contaminated with low levels of DON and zearalenone 

body weight decreases, however the dosage of mycotoxin was not high enough to elicit a 

response in feed consumption and feed conversion (Girish et al. 2008). Also Girish observed 

a significant increase in relative gizzard and bursa of Fabricious weights in the birds fed 

contaminated diets, but the inclusion of an adsorbent in the mycotoxin diets, however, helped 

to bring the bursa weighs back to the control weights.  

 Wild turkeys being fed synthetically produced aflatoxin up to 400ppb experienced 

decreased feed intake and body weight compared to those fed aflatoxins ranging from 0 to 

300ppb (Quist et al. 2000).  Also Quist et al. observed that control fed poults had higher 

relative liver weights than did the aflatoxin fed poults, relative spleen weights were lower in 

the aflatoxin groups compared to the control fed poults and relative pancreas weights were 

higher in the control groups than the aflatoxin fed groups.  

 Grimes et al. (2010) reported that naturally occurring DON and aflatoxin fed to 

turkey poults to 21 days of age had the poorest feed conversion ratio compared to the other 

treatment fed birds. Also relative liver weights decreased in birds fed aflatoxin/DON diets 

and aflatoxin diets compared to the control fed birds. Turkeys fed diets containing multiple 

mycotoxins (DON, moniliformin, fumonisin B1, aflatoxin B1, zearalenone, and ochratoxin)  
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in combination with HSCAS decreases mean cell volume. Based on these results, low levels 

of mycotoxins can alter several hematological and serum biochemical values in poults (Watts 

et al. 2003). 

Mitigation Strategies  

 Feed additives also known as mycotoxin binders or adsorbents are defined as 

mycotoxin decontaminates that are consumed by livestock that form a strong bond with the 

feedstuff to prevent toxic interactions to stop absorption into the digestive tract (Whitlow, 

2006). Along with feed additives there are also other strategies used to detoxify mycotoxins. 

Ammoniation is a process which uses ammonia to detoxify aflatoxin contaminated products. 

This process utilizes gaseous ammonia or ammonium hydroxide and has been shown to 

decrease aflatoxin levels by more than 99% (Phillips et al. 1994).   

Activated Charcoal  

 Activated charcoal is considered a non-soluble powder formed by pyrolysis 

containing organic materials. It is an adsorptive material that is capable of taking up a wide 

variety of toxic agents because of its larger surface area (Ramos et al. 1996 and Whitlow 

2006). Charcoal has been used since the 19
th

 century as an antidote against poisoning (Huwig 

et al and Ramos et al). Therefore it is capable of binding mycotoxins.  

 The binding capabilities of charcoal depends upon pore size, surface area, chemical 

nature of xenobiotic, dose of charcoal, pH, and the key factor is the contents of the  
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gastrointestinal tract (Ramos et al., 1995). Surface area for activated carbons can range from 

500 m
2
/g (with lignin as starting material) to more than 2000 m

2
/g (with oil as starting 

material) (Diamadopoulos et al., 1992). In addition, there has been the development of a 

“superactive” charcoals with a surface area as high as 3500 m
2
/g which increases its 

effectiveness against toxins (Ramos et al., 1995). 

 Activated charcoals (200ppb) supplemented into aflatoxin B1contaminated broiler 

diets have proven to be reasonably effective by improving body weights, feed intake, and 

feed conversion.  Also the charcoal fed birds had increased serum AST levels indicating that 

the bird was being protected from liver damage which was attributed to the addition of the 

binder. The supplementation of the charcoal ameliorated some of the negative effects 

experienced by the aflatoxin B1 fed birds (Jindal et al., 1994).  

 The use of activated charcoal on other mycotoxins such as T-2 toxin, DON, and 

nivalenol have proven to limit their bioavailability (Bratich et al, 1990; Fricke and Jorge, 

1990; Avantaggiatoet al., 2004). One problem with the use of charcoal is that not only does it 

bind mycotoxins but it can also bind nutrients (Huwig et al., 2001). For charcoal to become a 

true “mycotoxin binder” it must specifically only bind mycotoxin molecules.  

Silicates   

 Aluminosilicates also known as silicates have been broken into two classifications of 

adsorbent materials and they include phyllosilicates and tectosilicates (Whitlow, 2006). Some 

of the well known aluminosilicates include: hydrated sodium calcium aluminosilicate  
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(HSCAS), clays, bentonites, and zeolites. Bentonite comes from the weathering of volcanic 

ash and mainly consists of montmorillonite. The structure of bentonite is a layered crystalline 

so that it can adsorb molecules and is even more efficient when water is added as it swells 

(Grim and Guven, 1978). Sodium bentonite has been used in the production of pelleted 

products as a binding and lubricating agent (Ramos et al. 1995). The use of bentonites as a 

feed additive have been shown to improve growth and feed conversion and also improved 

energy and protein utilization (Kunick and Reid, 1960). Also Almquist et al. (1967) reported 

that bentonites improved the uptake of nutrients in turkeys.  The addition of a sodium 

bentonite in a broiler feed contaminated with aflatoxin significantly improved body weight, 

feed consumption, and feed conversion ratio. Also from this study Newcastle disease tires 

were enhanced by adding the adsorbent (Pasha et al., 2007). Therefore, the sodium bentonite 

is acting as a binder so that the mycotoxins can be passed out of the GI tract. However, there 

have been other studies in which bentonite’s adsorbent capabilities on other mycotoxins have 

been tested and it was not as effective. Fairchild et al. (2008) found that sodium bentonite 

added in diets containing T-2 toxin improved body weight, body weight gain, and oral 

lesions.  

Hydrated sodium calcium aluminosilicate (HSCAS) 

 Hydrated sodium calcium aluminosilicate or HSCAS is a widely known and 

commonly used adsorbent categorized as a silicate. Studies have shown that HSCAS can  
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bind to aflatoxin by chelating the ß-dicarbonyl moiety in aflatoxin with uncoordinated metal 

ions in the clay materials (Phillips et al., 1991). It has been characterized as the “aflatoxin-

selective clay” meaning it is not as effective against other mycotoxins (Phillips et al., 1991). 

Through further research it has been discovered that HSCAS is dose dependant (Smith et al., 

1994). Davidson et al. (1987) reported that using HSCAS at 0.1 and 0.5% in diets 

contaminated with aflatoxin to chickens, reduced the biavailability of aflatoxin as the dose of 

HSCAS increased. This demonstrates that HSCAS can sequester aflatoxins and prevent the 

toxic effects.  

Yeast Products  

 Yeast cell walls along with yeast cell products have been used as another adsorbent of 

mycotoxins. Saccharomyces cervisiae, a yeast widely known to have nutritional benefits can 

also be used to sequestrate mycotoxins (Whitlow, 2006). By utilizing the cell wall instead of 

the whole yeast, adsorptive properties can be enhanced (Huwig et al. 2001). The cell wall 

contains polysaccharides (glucan, mannan), proteins, and lipids. The components of the cell 

wall are easily accessible adsorption centers that allow for hydrogen bonding, ionic, or 

hydrophobic interactions (Stanley et al., 1993). Girish and Devegowda (2006) found that 

broilers fed diets containing high levels of aflatoxin and T-2 in combination with a 

glucomannan-yeast product improved body weight and feed consumption and decreased feed 

conversion. Consequently they also observed that the yeast product ameliorated the negative 

effects on relative liver, kidney, spleen, and gizzard weights and significantly improved  
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antibody tires against ND (Newcastle disease) and IBD (Infectious Bursal Disease). Similar 

results have been reported by Raju and Devegowda (2000), an esterified glucomannan 

polymer extracted from the yeast cell wall was shown to bind to aflatoxin, ochratoxin, and T-

2 toxin.  

  

 

 

 

 

 

 

 

 

 

 

 



15 
 

 

REFERENCES 

Avantaggiato, G., R. Havenaar, and A. Visconti, 2004.Evaluation of the intestinal absorption 

of deoxynivalenol and nivalenol by an in vitro gastrointestinal model, and the binding 

efficacy of activated carbon and other adsorbent materials. Food Chem. Toxicol., 

42:817-824. 

 

Almquist, H.J., H.I Christensen, and S. Maurer, 1967.The effects of bentonites on nutrient 

retention by turkeys. Feedstuff 39:54.  

 

Awad, W.A., M. Hess, M. Twaruzek, J. Grajewsk, R. Kosicki,J. Bohm, and J. Zentek, 

2012.The impact of fusarium mycotoxin deoxynivalenol on the health and 

performance of broiler chicks.International Journal of Molecular Sciences. 12(11): 

7996-8012.  

Bailey, C.A., G.W. Latimer, A.C. Barr, W.L., Wigle, A.U. Haq, J.E. Balthrop, and L.F. 

Kubena, 2006. Efficacy of Montmorillonite Clay (NovaSil Plus) for protecting full-

term broilers from aflatoxicosis.Journal of Applied Poultry Research. 15: 198-206.  

Bennet, J.W.and M. Klich, 2003.Mycotoxins.Clinical microbiology review. 16(3):  497-516.  

Bratich,P.M., W.B. Buck, and W.M. Haschek, 1990.Prevention of T-2 toxin-induced 

morphologic effects in the rat by highly activated charcoal. Arch. Toxicol., 64 : 251-

253. 

Christensen, C.M., C.J. Mirocha, and R.A. Meronuck , 2007. Molds, Mycotoxins, and 

Mycotoxicoses.Agricultural Experiment Station Miscellaneous Report 142.University 

of Minnesota, St. Paul. 

Diekman, M.A., M.L. Green, 1992.  Mycotoxins and reproduction in domestic 

livestock.Journal of Animal Science.70, 1615-1627. 

 

Fairchild, A.S., J. Croom, J.L. Grimes, and W.M. Hagler Jr., 2008.  Effect of Astraben-20 on 

broiler chicks exposed to aflatoxin B1 or T-2 toxin. International journal of poultry 

science. 7(12): 1147-1151.   

 

Fricke, R.F. andJ.Jorge, 1990. Assessment of efficacy of activated chrcoal for treatment of 

acute T-2 toxin poisoning. J. Toxicol. Clin.Toxicol., 28: 421-431.  

 

Fuller, M.F. The Encyclopedia of Farm Animal Nutrition.CABI Publishing, 2004.p. 12. 

 



16 
 

 

Girish, C.K., T.K. Smith, H.J. Boermans, and N.A. Karrow, 2008. Effects of feeding blends 

of grains naturally contaminated with fusarium mycotoxins on performance, 

hematology, metabolism, and immunocompetence of turkeys. Journal of Poultry 

Science. 87:421-432.  

Girish, C.K. and G. Devegowda, 2006.Efficacy of glucomannan-containing yeast product 

(Mycosorb) and hydrated sodium calcium aluminosilicate in preventing the individual 

and combined toxicity of aflatoxin and T-2 toxin in commercial broilers.Asian-

Austrailian Journal of Animal Science. 19(6): 877-883.  

Grim, R.E. and N. Guven, 1978.Bentonites.Geology, mineralogy, properties and 

uses.Developments in sedimentology 24.Elsevier Science Publishers, Amsterdam. 

 

Grimes, J.L., M.D. Koci, C.S. Stark, D.P. Smith, P.K. Nighot, and T. Middleton, 2010. 

Biological effect of naturally occurring mycotoxins fed to poults reared to 21 days of 

age. International Journal of Poultry Science. 9(9) 871-874.  

Hamilton, R.M.G., H.L. Trenholm, B.K. Thompson, and R. Greenhalgh, 1984. The tolerance 

of White Leghorn and broiler chicks , and turkey pouts to diets that contained 

deoxynivalenol (vomitoxin) –contaminated wheat. The Journal of Poultry Science. 

64: 273-286.  

Herrman, Tim, 2002. Mycotoxins in feed grains and ingredients.Publication MF-2061 

Kansas State University Experiment Station and Cooperation Service, Manhattan, 

KS. 

Huwig, A., S. Freimund, O. Kappeli, and H. Dutler, 2001.Mycotoxin detoxification of animal 

feed by different adsorbents.Toxicology Letters. 122: 179-189.  

Ito, Y., S.W. Peterson, D.T. Wicklow, and T. Goto, 2001.Aspergillus pseudotamarii, a new 

aflatoxin producing species in Aspergillus section flavi. Mycological Research 105: 

233-239.  

Jelinek, C.F., 1987. Distribution of mycotoxin – An analysis of worldwide commodities data, 

including data from FAO/WHO/UNEP food contamination monitoring 

programme.Joint FAO/WHO/UNEP Second International Conference on 

Mycotoxins. Bangkok, Thailand, September 28 to October 3, 1987.  

Jindal, N., S.K. Mahipal, and N.K. Mahajan,1994.Toxicity of aflatoxin B1 in broiler chicks 

and it reduction by activated charcoal.Research in veterinary science. 56: 37-40.  

Keshavarz, K., 1993. Corn contaminated with deoxynivalenol: effects on performance of 

poultry. Journal of Applied Poultry Research. 2:43-50.  

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

32:34.  



17 
 

 

Kushiro, M., 2008. Effect of milling and cooking processes on deoxynivalenol content in 

wheat. International Journal of Molecular Science. 9: 2127-2145.  

Ledoux, D.R., J.N. Broomhead, A.J. Bermudez, and G.E. Rottinghaus,2003.Individual and 

combined effects of fusarium mycotoxins fumonisin B1 and moniliformin in broiler 

chicks.Avian Diseases. 47(4): 1368-1375.  

Lui, Y.L., G.Q. Meng, H.R. Wang, H.L. Zhu, Y.Q. Hou, W.J. Wang, and B.Y. Ding, 2011. 

Effect of three mycotoxin adsorbents on growth performance, nutrient retention, and 

meat quality in broilers fed on mould contaminated feed. British Poultry Science. 

52:2, 255-263.  

Majewshai, T., K. Pudyszak, K. Kozlowski, and P. Matusevicius, 2011. Effectiveness of 

aluminosilicate-based products for detoxification of micotoxin-contaminated diets fed 

to broiler chickens. Vet Med Zoot. 53(75) :1392-2130.  

Miller, J.D., J.W. ApSimon, B.A. Blackwell,R. Greenhalgh, and A. 

Taylor,2001.Deoxynivalenol: A 25 year perspective on a trichothecene of agricultural 

importance. Pp. 310-320. In B.A Summerell, J.F. Leslie, D. Backhouse, W.L. Bryden, 

and L. W. Burgess (Eds). Fusarium: Paul E. Nelson Memorial Symposium. APS 

Press, St. Paul, Minnesota. 

Olsen, M., C.J. Mirocha, H.K. Abbas, and B. Johansson, 1986.  Metabolism of high 

concentrations of dietary Zearalenone by young male turkey poults.  Poultry Science. 

65:1905-1910. 

Ominski, K. H., R.R. Marquardt, R. N. Sinha, and D. Abramson, 1994.Ecological aspects of 

growth and mycotoxin production by storage fungi. Pp. 287-312. In J.D. Miller and 

H.L. Trenholm (Eds.).Neotyphodium/Grass Interactions. Plenum Press, New York. 

Osweiler, G.D.,1986. Diagnosis of mycotoxicoses.In Occurrence and clinical manifestations 

of trichothecene toxicoses and zearalenone toxicoses. Richard, J.L., Thurston, J.R., 

Eds.; NationalAnimal Disease Center: Ames, Iowa, USA. pp. 31-42. 

 

Pasha, T.N.,M.U. Farooq, F.M. Khattak, M.A. Jabber, and A.D. Khan, 2007. Effectiveness of 

sodium bentonite and two commercial products as aflatoxin adsorbents in diets for 

broiler chickens. Animal feed science and technology. 132: 103-110.  

 

Pestka, J.J., 2007. Deoxynivalenol: Toxicity, mechanisms and animal health risks. Animal 

Feed Science and Technology. 137:283-298.  

Phillips, T.D., B.A. Sarr, B.A. Clement, L.F. Kubena, and R. B. Harvey, 1991.Prevention of 

aflatoxicosis in farm animals via selective chemisorption of aflatoxin.Pages 223-237. 

In: Mycotoxins, Cancer and health, (Bray, G.A. and D.H. Ryan, eds.) Louisiana State 

University Press, Baton Rouge.   



18 
 

 

 

 

Phillips, T.D., B. A. Clement and D. L. Park, 1994. Approaches to reduction of aflatoxin in 

foods and feeds. Pp. 383-406. In L. D. Eaton and J.D. Groopman (Eds.). The 

Toxicology of Aflatoxins: Humans Health, Veterinary Agricultural Significance. 

Academic Press, New York.  

Prelusky, D.B., R.M. Hamilton, H.L. Trenholm, and J.D. Miller,1986a. Tissue distribution 

and excretion of radioactivity following administration of 14C-labled deoxynivalenol 

to white leghorn hens.Fundamental Application of Toxicology. 7, 635-645.  

Quist, C.F., D.I. Bounous, J.V. Kilburn, V.F. Nettles, and R.D. Wyatt, 2000.The effect of 

dietary aflatoxin on wild turkey poults.Journal of Wildlife Diseases. 36(3), pp 436-

444. 

Raju, M.V.L.N. and G. Devegowda, 2000. Influence of esterified-glucomannan on 

performance and organ morphology, serum biochemistry and haematology in broilers 

exposed to individual and combined mycotoxicosis (aflatoxin, ochratoxin, and T-2). 

British Poultry Science. 41: 640-650.  

Ramos, A.J., J. Fink-Gremmels, and E. Hernandez, 1996. Prevention of toxic effects of 

mycotoxins by means of nonnutritive adsorption compounds. Journal of food 

protection. 59(6): 631-641.  

Richard, J.L., 2007. Some major mycotoxins and their mycotoxicoses; An overview. 

International Journal of Food Microbiology. 119, 3-10. 

Rotter, B.A., D. B. Prelusky, and J.J. Pestka,1996.Toxicology of deoxynivalenol 

(vomitoxin).Journal of Toxicology Environmental Health. 48:101-134.  

Siller, W.G. and D. C. Ostler, 1961.The histopathology of an enterohepatic syndrome of 

turkey poults. Vet Rec 73:134-138.  

Smith, E.E., T. D. Phillips, J.A. Ellis, R.B. Harvey, L.F. Kubena, J. Thompson, and G. 

Newton, 1994. Hydrated sodium calcium aluminosilicate reduction of AFM1 residues 

in dairy goat milk.Journal of Animal Science. 72: 677-682.  

Sobrova, P., V. Adam, A. Vasatkova, M. Beklova, L. Zeman, and R. Kizek, 

2010.Deoxynivalenol and its toxicity.Interdisciplinary Toxicology. 3(3) : 94-99.  

Stanley, V.G., R. Ojo, S. Woldesenbet and D.H. Hutchinson, 1993.The use of 

Saccharomyces cerevisiae to suppress the effects of aflatoxicosis in broiler chicks. 

Poultry Science, 72: 1867-1872. 

Watts, C.M., Y. C. Chen, D.R. Ledoux, J. N. Broomhead, A. J. Bermudez, and G. E. 

Rottinghaus, 2003. Effects of multiple mycotoxins and hydrated sodium calcium 

aluminosilicate in poultry.International Journal of Poultry Science. 2(6): 372-378.  



19 
 

 

Whitlow, L.W., 2006.Evaluation of mycotoxin binders.Proceedings of the 4
th

 Mid-Atlantic 

nutrition conference.Zimmermann, N.G., University of Maryland, College Park, MD 

20742. 

Wood, G.E., 1992. Mycotoxins in foods and feeds in the United States.Journal of Animal 

Science. 70, 3941-3949. 

 

Yazar, S., G. Z. Omurtag,2008.Fumonisins, trichothecense and zearalenone in 

cereals.International Journal of Molecular Science. 9: 2062-2090.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 
 

 

MANUSCRIPT I: Efficacy of Feed Additives to Reduce the Biological Effect of 

Naturally Occurring Mycotoxins fed to Turkey Poults. 

ABSTRACT 

In this study 567 Hybrid, Large White tom turkey poults were raised to 20 wk in 48 

pens (64 ft
2
,/pen, 12 birds/pen). There were 8 treatments (T) and 6 replicate pens/T. Typical 

turkey diets (1-7) were mixed using a common basal and either corn containing 11ppb 

aflatoxin (AF) and wheat containing no detectible levels of deoxnivalenol (DON) for control 

(C) or corn and wheat containing naturally occurring AF (620ppb)  and DON (9.2 ppm), 

respectively, for mycotoxin (M) diets. The feed additives were: Biomi Biofix™, Kemin 

Kallsil™, and Nutrad UNIKE™. The 7 feeds for C diets contained from 0-14ppb AF and 

0.1-0.55ppmDON and for the M diets from 54-275 ppb AF and 0.53-6.4 ppm DON. Birds 

were weighed at placement as a group and then individually at 3, 5, 9, 12, 15, 18, and 20 

weeks of age.  Feed consumption, by pen, was determined at each weigh day. Mortality (and 

body weight) was noted daily and used to calculate adjusted feed conversion.  Selected organ 

weights serum metabolites were determined at 5 and 20 wk. Immune response was 

determined by vaccinating one bird per pen with killed NDV (Newcastle Disease Virus) and 

then measuring antibody production periodically to 20 wk.  Data were analyzed using GLM 

(P< 0.05) with means compared using LS means. 

From 9 to 20 wk, BW for the M fed birds (4.47 + 0.09, 8.04+0.15, 12.77+0.20, 

17.61+0.26, 20.55+0.28 kg)waslower than for the C fed birds (4.61+0.09, 8.45+0.15, 

13.23+0.20, 18.11+0.26, 20.91+ 0.28 kg).Cumulative feed consumption was reduced for M 

fed birds at 3, 9, and 15 wks compared to C fed birds (0.94 vs 0.99 + 0.05; 6.77 vs 6.97 +  
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0.22; 25.34 vs 26.48 + 1.11 kg/bd). The birds fed the M diets had a higher cumulative feed 

conversion than the C fed birds at 12 wk (1.749 vs 1.645 + 0.036).At 5 wk, M fed birds had 

increased relative gizzard (M:2.84 vs C:2.63 + 0.15 g/100gBW) and pancreas wt (M:0.23 vs 

C:0.20 + 0.01 g/100gBW) and reduced serum albumin (M:3.99 vs C:4.70) and relative liver 

wt(M:2.07 vs C:2.27 + 0.07 g/100gBW) as compared to C fed birds. At 20 wk,relative 

kidney wt was increased for M fed birds (M:0.40 vs C:0.37 + 0.02 g/100gBW). The M fed 

birds had a higher histopathology liver score than the C fed birds at 5 wk (M:1.31 vs C:0.56 

+ 0.22). The M fed birds had a delayed and increased immune response compared to the C 

birds. At 5 and 20 wk there were no differences for aspartate aminotransferase (AST) and 

creatine kinase (CK) for M fed birds as compared to C fed birds. Also at 5 and 20 weeks of 

age there were no differences for bone breaking strength and bone ash (%). Prolonged 

consumption of low levels of naturally occurring AF and DON has a significant negative 

effect on turkey growth performance and physiology. There was no observed effect due to 

the feed additives under the conditions of this study.  

INTRODUCTION 

Mycotoxins are considered to be secondary metabolites produced by fungi. The three 

main genera of mycotoxin producing fungi important for livestock production include: 

Aspergillus, Penicillium, and Fusarium (CAST 2003). There are thought to be thousands of 

mycotoxins but only hundreds that have been identified (Whitlow and Hagler, 2006). 

Myctoxins can be internalized through inhalation, consumption, and direct contact. They can 

cause immunosuppresion, decreased performance, liver and kidney damage, and other  
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harmful effects. The mycotoxins that are the most important to the poultry industry include 

aflatoxin, zearalenone, deoxynivalenol (DON), and fumonisin (Herrman, 2002). 

 The poultry industry has been searching for products that can be added to feed to 

alleviate or reduce the harmful effects of mycotoxins. There are many products on the market 

that are used as pellet binders or feed flow agents that might be considered to also “bind” 

mycotoxins (CAST 2003).  These feed additives can contain various compounds including 

diatomaceous earth, yeast cell culture, aluminosilicates, clay, and mineral oil. Each of these 

ingredients can have some type of binding properties. The objectives of this study were to 

determine the growth and physiology effects of naturally occurring mycotoxins on turkeys 

raised to 20 weeks of age and to test the efficacy of feed additives to alleviate any negative 

effects from these dietary mycotoxins.  

MATERIALS AND METHODS 

 

Five hundred and seventy-six Large White Hybrid (Kitchener, Ontario Canada) male 

turkey poults were reared to 20 weeks of age. Birds were placed into 48 litter floor pens in a 

curtain sided house (House 287) at the NCSU Turkey Educational Unit (TEU).  Each pen 

was approximately 64ft². The 48 pens were arranged in 4 rows of 12 pens. Two rows were 

considered a block, thus there were 2 blocks for this experiment to account for pen location 

within the house. There were 12 poults per pen. A 2 x 4 factorial randomized block design 

was used with 2 corn/wheat types and 3 different feed additives plus a control. The 8  
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treatments were randomized across the 48 pens (6 replicate pens per treatment) with at least 1 

but no more than 2 replicates of each treatment in each row. 

The feed for this trial was manufactured at the NCSU feed mill and was formulated to 

a standard turkey diet to meet the nutrient requirements and amino acid balances (NRC, 

1994). Grains with naturally occurring mycotoxins were obtained from field sources. Corn 

with naturally occurring aflatoxin and wheat with naturally occurring DON were used for 

this project. The minimum target DON level for the finished feed was 2.5 ppm. The 

minimum target aflatoxin level in the finished feed was 100 ppb (150 preferred). The 

aflatoxin corn utilized for the starter and grower diets was obtained from Beaufort, NC. The 

aflatoxin corn utilized for the finisher diets was obtained fromnear Enfield, NC. The DON 

wheat was obtained from near Asheboro, NC. Samples from both grains were sent to two 

laboratories (North Carolina Department of Agriculture and North Dakota State University) 

for crude protein and mycotoxin analysis. Seven feeds (Table 2) were formulated and 

manufactured.The feed program wasa turkey starter 1 (2.5 lb/bird) and 2 (8 lb/bird); turkey 

grower 1 (14 lb/bird), 2 (20 lb/bird), and 3 (24 lb/bird); and turkey finisher 1 (30 lb/bird) and 

2 (to market). Starter 1 was fed approximately from 0-3 weeks, starter 2: 3-6 weeks, grower 

1: 6-9 weeks, grower 2: 9-12 weeks, grower 3: 12-16 weeks, finisher 1: 16-19 weeks, and 

finisher 2: 19-20 weeks. The starter diets were in crumble form, grower and finisher diets 

were pellets. Two basal rations, control and mycotoxin, containing all feed ingredients except 

for the mycotoxin grains and added fat were mixed. Once the corn and wheat were added to 

the appropriate basal, the two main groups of feed were split into 4 sub-groups and then the 

feed additives and fat were added.The additives were added at the expense of corn. All  
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additives were added at the manufacturer’s requested rates: BioFix™ at 5lb/ton, Kallsil™ at 

4lb/ton, and UNIKE™ at 3lb/ton throughout the duration of the trial. The dietstreatments  

were: 1) control, no mycotoxins and  no feed additive, CC; 2) control feed plus BioFix™, 

CB; 3) control feed plus Kallsil™, CK; 4) control feed plus UNIKE™, CU; 5) mycotoxin 

feed and no feed additive, MC; 6) mycotoxin feed plus BioFix™, MB; 7) mycotoxin feed 

plus Kallsil™, MK; 8) mycotoxin feed plus UNIKE™, MU. Samples of the eight diets 

included in the starters, growers, and finishers were analyzed for aflatoxin using a Veratox 

Aflatoxin quantitative kit and a Veratox DON 2/3 quantitative kit. The kits used to determine 

aflatoxin and DON levels were ELISA kits (Neogen).   

Birds were weighed at placement as a group and then individually at 3, 5, 9, 12, 15, 

18, and 20 weeks of age.  Feed consumption was determined by pen. Mortality (and body 

weight) was noted daily and used to adjust feed conversion.  Birds had ad libitum access to 

feed and water.  

At 5 weeks of age, 1 bird per pen was euthanized and the following organs were 

removed and weighed: heart, spleen, gizzard, liver, kidney, pancreas, and bursa of fabricious. 

Weights were then used to calculate relative organ weights. Liver and kidney tissue 

histopathology was analyzed. It was assumed that histologic changes were suggestive of 

toxicity. The histologic changes were given a 0 (no significant changes) to 3(most severe 

changes).  

At 20 weeks of age, 2 birds per pen were euthanized and the same procedure was 

performed as was done at 5 weeks of age, with the exception of the bursa. Also at 20 weeks a 

section of the liver was taken for liver lipid analysis. Liver lipid analysis required a  



25 
 

 

homogenized liver sample. It involved separating the lipid portion from the actual tissue 

portion. The liver lipid percentage was calculated (liver lipid in grams/ liver dry weight in  

grams) X 100. Blood was collected and assayed for total serum albumin, serum creatinine 

kinase (sign of kidney damage), and serum aspartate aminotransferase (AST, a sign of organ 

damage) at 5 and 20 weeks of age on 1 bird per pen. Total serum albumin, creatinine kinase, 

and AST all utilize the serum portion of the blood. The serum is mixed with a specific 

reagent and a spectrophotometer is used to measure absorbance. Absorbance is measured 

until the change is constant. The constant change in absorbance is inserted into a particular 

formula to get values for total serum albumin, creatinine kinase, and AST. Also at 5 weeks of 

age, right and left tibias were taken from 1 bird per pen. At 20 weeks of age, right and left 

tibias along with the right middle toe were taken from 2 birds per pen. The tibias were 

analyzed for bone breaking strength and ash percentage and the toes were analyzed for ash 

percentage.  

Immune parameters 

One bird per pen was tagged and vaccinated with a commercial killed Newcastle vaccine on 

day 21. TheNewcastle disease vaccine was used to assess immune status while being fed 

mycotoxins. Also at the time of vaccination the birds were bled to determine maternal 

antibodies. Blood was collected from each of the birds at weeks 5, 8, 12, 16, and 20. The 

blood was allowed to sit at room temperature for several hours and allowed to clot. After the 

blood clotted it was refrigerated overnight and then centrifuged. Pipettes were used to decant 

off the serum from each of the samples at the given time points. A Newcastle Disease Virus 

Antibody Test Kit (Idexx) was used to determine serum titers.  
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Statistical Analysis 

 The pen was considered the experimental unit for mean body weight and feed 

conversion. For other parameters, the bird was considered the experimental unit. All data 

were analyzed using the GLM procedure of SAS (SAS Institute). Where there was a 

treatment effect observed, treatment means were separated using the least significant 

difference procedure with P<0.05 unless otherwise stated. 

RESULTS 

Feed Mycotoxin Levels 

 The results of the composite samples of corn and wheat that were sent to a private lab 

(NDSU) are shown in (Table 1). The control corn was relatively clean (11 ppb aflatoxin) as 

was the control wheat. The mycotoxin corn had about 600 ppb aflatoxin and 5 ppm 

fumonisin. The mycotoxin wheat had about 9 ppm DON and 2.5 ppm zearalenone. Each of 

the finished feeds was analyzed for DON and aflatoxin using an ELISA (Neogen) kit. 

Aflatoxin levels in the control diets ranged from 2-9 ppb and DON levels ranged from 0.1-

0.5 ppm (Table 4). Aflatoxin levels in the mycotoxin diets ranged from 26-164 ppm. DON 

levels ranged from 0.6-5 ppm (Table 4). Mycotoxins are very difficult to sample and the key 

is consistency in sampling and testing methods. There may have been “hot spots” which are 

areas of high concentrations of mycotoxins in the feeds that resulted in varying levels (Davis, 

1980). It is also possible to have clean spots, i.e. areas with low concentrations of mycotoxins 

in the feed.  
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Bird Performance  

The presence of mycotoxins had a negative effect on growth performance. There was 

a significant decrease in body weight for birds fed the mycotoxin diet compared to those fed 

the control diet from 9 to 20 weeks of age (Table 5). The CC fed birds were lower in body 

weight at 3 and 5 weeks compared to the other seven treatments groups. This was due to a 

lower crude protein in the CC diet. We speculate that the CC diet was contaminated with 

extraneous corn during the milling process. Even so, the birds fed the CC feed ultimately 

outperformed the birds fed the M feed with a higher CP in the starter 1 diet. The cumulative 

feed consumption of M fed birds was decreased at 3, 9, and 15 weeks of ageas compared to 

the control fed birds (Table 6). The CK birds had higher feed consumption than CC, MK, and 

MU fed birds at 5 weeks and CC, MC, and MK fed birds at 12 weeks. Cumulative feed 

conversion was increased at 12 weeks of age for mycotoxin fed birds compared to those fed 

control diets (1.749 vs 1.645 + 0,036; Table 7). At 3 weeks, the CC fed birds had a higher 

feed conversion compared to those fed the other seven diets possibly due to a lower crude 

protein in the CC starter 1 diet.  

Relative Organ Weights and Histopathology  

 At 5 weeks of age there was anincrease in relative pancreas and gizzard weight and a 

decrease in relative liver weight comparing control to mycotoxin fed birds. The increase in 

relative pancreas and gizzard weight along with the decrease in relative liver weight indicates 

the aflatoxins were negatively effected the birds. The relative liver weight of the MK fed 

birds was increased compared to MC, MB, and MU fed birds. The relative kidney weight of 

birds fed CC and CB were increased from those fed CK and CU. Also the relative kidney  
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weight of MC and MB fed birds were increased compared to MK and MU. There were no 

effects observed in the kidneys from a histology aspect (Figure 1). Histologicalchanges and 

scores for the liver were significantly increased from the control to the mycotoxin diet fed 

birds(Figure 2, Table 8).  These changes could indicate that the mycotoxins were beginning 

to negatively affect the organs. At 20 weeks of age there was no significant difference in the 

relative organ weights or the histological changes due to diets (Table 9).  

Serum and Bone 

 Serum albumin at 5 weeks of age was significantly decreased for M fed birds 

compared to control fed birds. Decrease in serum albumin levels in the mycotoxin diet fed 

birds is indicative of inhibition of protein synthesis. At 20 weeks of age serum albumin levels 

were not significantly different due to diet (Table 10). At 5 and 20 weeks of age there was no 

significant difference in AST and CK levels due to diet (Table 10). At 20 weeks there was no 

significant difference in liver lipid content due to diet. The AST is an indication of liver 

damage and CK is an indication of kidney tissue damage.  

 At 5 and 20 weeks of age there were no significant differences in bone breaking 

strength, tibia ash (%), or toe ash (%) (Tables 11 and 12). Therefore bone strength was not 

affected due to feeding naturally occurring, low levels of these mycotoxins or by the addition 

of BioFix™, Kallsil™, or UNIKE™ in this trial.  

Immune Response  

 Over the course of the entire growing period, the mycotoxin fed birds had a delayed 

and increased immune response in comparison to the control fed birds (Figure 3). At 12 

weeks, antibody levels were increased in birds fed the mycotoxin diets compared to those fed  
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the control diets.  Based on the antibody response to the NDV challenge, at 5 weeks of age 

birds fed the BioFix treatment had a delayed immune response compared to the three other 

treatments (Figure 4). There was no significant interaction between mycotoxin level and feed 

additive (Figures 5 and 6)from an immune response.  Dietary mycotoxins appeared to have 

affected the immune system.  Possibly due to increased immune stimulation, bird 

performance was negatively affected as observed by a decrease in bird growth.  

The feed additives used in this study did not appear to have a significant effect on 

turkey performance or physiology, as measured herein, regardless of dietary mycotoxin 

content. Therefore mycotoxin levels should be higher in order to solicit a positive response 

from the addition of feed additives in mycotoxin contaminated diets fed to turkeys.  

DISSCUSION 

 Sample variability is one of the main problems associated with mycotoxin detection. 

When sampling it is important to take from the entire lot a representative composite sample. 

The corn and wheat utilized in this study were thoroughly sampled, ground, and tested. These 

grains were tested using HPLC (high-performance liquid chromatography), which is a 

method that tends to have less variability than other analytical methods (Whitaker et al. 

1996). Although, the mycotoxin levels in each of the finished feeds were tested using an 

ELISA (enzyme-linked immunosobent assay) kit. In an ELISA test the absence of color 

indicates the presence of the mycotoxin, this becomes a problem when the antibody and the 

labeled toxin bind yielding a “false positive”, or the presence of the mycotoxin (CAST 2003). 

In this study mycotoxin levels ranged from 26-164 ppb aflatoxin and 0.6-5 ppm DON in the  
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mycotoxin finished feeds. The range in mycotoxin levels could be due to a small sample size 

which increases variation due to extreme distribution among the actual contaminated grain in 

the lot (Whitaker 2003). Also as stated previously, there is a possibility of a “hot spot” in the 

lot of corn or wheat utilized in this study. A “hot spot” is a pocket within the product that is 

sampled containing high mycotoxin levels for whatever reason (Shotwell et al. 1974). When 

the corn and wheat was weighed out to be allotted to a particular diet, there may have been a 

“hot spot” causing elevated aflatoxin or DON levels. Likewise, there could have been an area 

within the lot of corn and wheat that had lower mycotoxin levels than in the rest of the grain. 

This could indicate that there were some samples taken from the finished feeds in areas 

which had lower mycotoxin levels than the rest of the lot, which could explain why there 

were aflatoxin levels as low as 26 ppb in the contaminated diets.  

 There were signs of intoxication due to mycotoxins when body weight, feed 

consumption, and feed conversion are considered. Acute /subacute DON intoxication in 

poultry causes feed refusal and weight loss (Awad et al. 2008). From this we can infer that 

DON consumption caused the decrease in body weight starting at 9 weeks and continuing to 

20 weeks of age as well as the decrease in feed consumption at 3, 9, and 15 weeks of age. 

Grimes et al. (2010) reported that poults fed a combination of natuarally occurring aflatoxin 

and DON at low levels had the highest feed conversion ratio compared to poults fed only 

aflatoxin, only DON, or no mycotoxins. The same results were seen in this study at 12 weeks 

of age the mycotoxin fed birds had the poorest feed conversion compared to the control fed 

birds.  
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Gauvreau (2000), observed that turkeys consuming DON had little to no oral 

absorption and rapid plasma clearance. This indicates that absorption takes place within the 

gastrointestinal tract and is then dispersed into the organs.The increase in relative gizzard 

weight at 5 weeks of age in the mycotoxin diet fed birds has also been documented in the 

literature by Lun et al. (1986). They observed increased relative gizzard weights which was 

thought to be the consequence of an irritation in the upper GI tract due to high levels of DON 

intoxication. The changes in relative organ weights were thought to be due to different forms 

of aflatoxin, and concentration of aflatoxin metabolites used in each study (Weibking et al. 

1994). Although one could say that the changes in relative organ weight could also be due to 

the concentration of other mycotoxins consumed by the bird. It is interesting to note that the 

relative liver weight was increased at 5 weeks in the MK fed birds compared to the MC, MB, 

and MU fed birds. Research has shown that aflatoxicosis causes decreased serum albumin 

levels and relative liver weights which is due to inhibition of protein synthesis (McKenzie et 

al., 1998) The active ingredient in Kallsil is an aluminosilicate, a known aflatoxin binder. 

Kalsill may have properly adsorbed the aflatoxin but not DON. DON could have been 

absorbed by the GI tract and interfered with protein synthesis causing increased liver 

weights.  

 Relative kidney weights were increased in the CC and CB fed birds compared to the 

CK and CU diet fed birds. Pestka et al. (2004), reported that IgA levels were increased 

caused by inflammation and immune stimulation which is associated with inhibition of 

protein synthesis related to consumption of DON. Immune stimulation caused by DON  
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consumption could explain the elevated NDV titer levels in the mycotoxin fed birds. Further 

research is needed to continue to examine the effects of feed additives and how they may 

work to alleviate the detrimental effects of mycotoxins. 
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Table 1: Mycotoxin analysis of the clean corn and wheat along with the mycotoxin corn and wheat done by 

NDSU. 

Initial Reading of Corn and Wheat 

NDSU Diagnostic Lab  

  Clean Corn Clean Wheat  Mycotoxin Corn Mycotoxin Wheat  

DON (ppm) 0.09 0.00 < 0.5 9.15 

T-2 Tetraol (ppm) ND ND < 0.5 < 0.5 

Fusarenone-X (ppm) ND ND < 0.5 < 0.5 

3-Acetyl DON (ppm) ND ND < 0.5 < 0.5 

15-Acetly DON (ppm) ND ND < 0.5 < 0.5 

DAS (ppm) ND ND < 0.5 < 0.5 

T-2 Triol (ppm) ND ND < 0.5 < 0.5 

T-2 Toxin (ppm) ND ND < 0.5 < 0.5 

Iso T-2 Toxin (ppm) ND ND < 0.5 < 0.5 

Scirpentriol (ppm) ND ND < 0.5 < 0.5 

Nivaleniol (ppm) ND ND < 0.5 < 0.5 

15-Acet-Scirp (ppm) ND ND < 0.5 < 0.5 

Neosolaniol (ppm) ND ND < 0.5 < 0.5 

HT-2 Toxin (ppm) ND ND < 0.5 < 0.5 

Acetyl T-2 (ppm) ND ND < 0.5 < 0.5 

Zearalenol (ppm) ND ND < 0.5 < 0.5 

Zearalenone (ppm) ND ND < 0.5 2.55 

Aflatoxin B1 (ppm) 0.011 ND 0.62 < 0.02 

Fumonisin B1 (ppm)  ND ND 5 < 2.0 

 

Key: ND=Not Detectible  
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Table 2:  Diet formulas with percentage of each ingredient for the starter, grower, and finisher. 
 
 
 
 

 Starter 1 Starter 2 Grower 1 Grower 2 Grower 3 Finisher 1 Finisher 2  

Ingredient 

Name  

% of Diet   

SBM 35 29.75 32.50 33.50 34.20 50 47.20 

Corn 28.80 28 23 25 27.50 17 25 

Wheat  15 20 22.50 19.50 16 12 8 

Poultry Meal 9 9 9 9 9 9 8 

Fat  6 6.80 6.90 7.60 8.50 7.70 7 

Dicalcium 

Phosphorus 

2.70 2.80 2.60 2.30 1.90 1.70 1.90 

Calcium 

Carbonate  

1.20 1.10 1.10 0.93 0.86 0.75 0.80 

L-Lysine 0.53 0.69 0.60 0.48 0.35 0.20 0.30 

DL-

Methionine 

0.40 0.42 0.35 0.30 0.29 0.24  

Sand 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Choline 

Chloride  

0.20 0.20 0.20 0.20 0.20 0.20 0.20 

Sodium 

Biocarbonate 

0.20 0.15 0.15 0.15 0.15 0.15 0.15 

Vitamin 

Premix¹ 

0.20 0.20 0.20 0.20 0.20 0.20 0.20 

Salt  0.18 0.20 0.20 0.20 0.20 0.20 0.20 

Threonine 0.13 0.15 0.15 0.10 0.10 0.10 0.10 

Selenium 

Premix
2
  

0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Trace 

Mineral 

Premix
3 

0.10 0.20 0.20 0.20 0.20 0.20 0.20 

 

 

       1
 Each kilogram of vitamin premix (0.1% inclusion) supplied the following per kg of complete feed; 13, 200 IU vitamin A; 4,000 

IU cholecalciferol; 66 IU alpha-tocopherol; 110 mg niacin; 22 mg pantothentic acid; 13.2 mg riboflavin; 8 mg pyridoxine; 4 mg 

menadione; 2.2 mg folic acid; 4 mg thiamin; 0.253 biotin; 0.04 mg vitamin B12; 100 mg ethoxyquin. 
2
 Selenium premix provided 

0.3 ppm Se. 
3
 Each kilogram of mineral premix (0.1% inclusion) supplied the following per kg of complete feed: 60 mg Zn as 

ZnSO4H2O; 60 mg Mn as MnSO4H2O; 40 mg Fe as FeSO4H2O; 5 mg Cu as CuSO4 ; 1.25 I as Ca(IO3) 2; 1 mg Co as COSO4. 
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Table 3: Proximate anaylsis with percentage for the starter, grower, and finisher. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Starter 1 Starter 2 Grower 1 Grower 2 Grower 3 Finisher 1 Finisher 2  

Calculated 

Analysis  

% of Diet  

Crude 

Protein 

28.80 26.23 24.11 22.57 21.08 18.63 16.19 

Fat 8.61 9.47 9.65 10.38 11.30 10.86 10.90 

Calcium 1.44 2.23 1.36 1.22 1.10 1.00 1.01 

Proximate 

Analysis 

% of Diet (Control-Control) 

Crude 

Protein 

21.90 28.74 24.16 24.89 23.99 21.37 17.09 

Fat  9.7 10.11 4.05 6.66 5.79 10.78 

Calcium  1.79 1.56 1.66 1.83 1.23 0.96 

Proximate 

Analysis 

% of Diet (Myco-Control) 

Crude 

Protein 

28.40 26.96 26.90 23.89 23.36 21.32 19.47 

Fat  10.21 9.27 10.30 6.41 11.25 10.94 

Calcium  1.73 2.08 1.33 1.40 1.27 1.30 
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Table 4:  Aflatoxin and DON results from control and mycotoxin diets for starter, grower, and finisher diets. 
 
 
 

 

 

 

  

 

Diet Mycotoxin 

Starter 1 Starter 2 Grower 1 Grower 2 Grower 3 Finisher 1 Finisher 2  

  

Control  

Aflatoxin (ppb) 9 4 2 2 4 3 4 

DON (ppm) 0.09 0.30 0.21 0.03 0.35 0.33 0.46 

Mycotoxin  

Aflatoxin (ppb) 82 88 85 75 80 26 164*  

DON (ppm) 0.60 2 4 2 5 3 4 

*Indicated increased aflatoxin levels.  
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Table 5:  Body weight of Large White tom turkeys from hatch to 20 weeks, fed control or mycotoxin diets with additives. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

*Means for diet are significantly different (p < 0.05). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Grain              

Diet 

 

Additive 

BW 3     

(g) 

BW 5 

(kg) 

BW 9 

(kg) 

BW 12 

(kg) 

BW 15 

(kg) 

BW 18 

(kg) 

BW 20 

(kg) 

Control Control 569 1.50 4.35 8.14 13.04 18.04 21.11 

Control BioFix 638 1.66 4.67 8.48 13.10 17.85 20.65 

Control Kallsil 671 1.72 4.76 8.62 13.41 18.09 21.02 

Control UNIKE 669 1.69 4.68 8.56 13.35 18.45 20.85 

  Mean 636 1.64 4.61* 8.45* 13.23* 18.11* 20.91* 

Mycotoxin Control 645 1.62 4.46 7.94 12.73 17.62 20.60 

Mycotoxin BioFix 641 1.64 4.60 8.25 12.95 17.76 20.54 

Mycotoxin Kallsil 625 1.60 4.41 7.98 12.67 17.41 20.35 

Mycotoxin UNIKE 646 1.62 4.43 8.00 12.75 17.64 20.71 

  Mean 639 1.62 4.47* 8.04* 12.77* 17.61* 20.55* 

  SEM 0.013 0.032 0.093 0.153 0.203 0.259 0.278 

 P-value  0.0002 0.707 0.089 0.377 0.457 0.521 0.691 
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Table 6:  Cumulative Feed Consumption for Large White tom turkeys from 0 to 20 weeks in kg fed control and mycotoxin diets with additives. 

Diets 

Grain             Additive 

FD 3 

(kg/bd) 

FD 5 

(kg/bd) 

FD 9 

(kg/bd) 

FD 12 

(kg/bd) 

FD 15 

(kg/bd) 

FD 18 

(kg/bd) 

FD 20 

(kg/bd) 

Control Control 0.95 2.41 6.75 13.47 25.86 39.47 49.64 

Control BioFix 0.99 2.53 6.98 13.81 26.12 38.95 48.89 

Control Kallsil 1.01** 2.63 7.12 15.06** 27.26 40.54 50.93 

Control UNIKE 1.00 2.54 7.02 14.23 26.67 39.93 49.98 

 
Mean 0.99* 2.53 6.97* 14.14 26.48* 39.72 49.86 

Mycotoxin Control 0.96 2.53 6.77 14.05 25.41 39.27 49.20 

Mycotoxin BioFix 0.95 2.54 6.99 14.57 25.47 39.50 49.25 

Myxotoxin Kallsil 0.91 2.41 6.63 13.80 24.91 38.50 48.33 

Mycotoxin UNIKE 0.93 2.45 6.69 14.34 25.59 39.20 49.52 

  Mean 0.94* 2.48 6.77* 14.19 25.34* 39.12 49.08 

  SEM 0.051 0.1 0.222 0.626 1.113 1.057 0.557 

 P-value 0.097 0.030 0.212 0.041 0.580 0.726 0.445 

* Means for diet are significantly different (p < 0.05). 

** The CK birds had higher cumulative feed consumption than CC, MK, and MU birds at 5 wks and CC, MC, and MK birds at 12 wks   

(p< 0.05)
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Table 7:  Cumulative Feed Conversion Ratio for Large White tom turkeys from 0 to 20 weeks, fed control or mycotoxin diets with additives. 

Diets 

   Grain           Additive         FCR 3 FCR 5 FCR 9 FCR 12 FCR 15 FCR 18 FCR 20 

Control Contorl 1.644 1.590 1.546 1.625 1.937 2.135 2.296 

Control BioFix 1.509 1.504 1.475 1.613 1.951 2.142 2.326 

Control Kallsil 1.495 1.530 1.488 1.712 1.993 2.201 2.384 

Control UNIKE 1.476 1.497 1.489 1.629 1.928 2.131 2.324 

 

Mean 1.531** 1.530 1.500 1.645** 1.952 2.152 2.333 

Mycotoxin Control 1.424 1.508 1.500 1.749 1.954 2.180 2.339 

Mycotoxin BioFix 1.466 1.503 1.485 1.711 1.895 2.142 2.309 

Mycotoxin Kallsil 1.432 1.496 1.499 1.773 1.939 2.174 2.331 

Mycotoxin UNIKE 1.439 1.512 1.511 1.762 1.964 2.161 2.327 

  Mean 1.440** 1.505 1.499 1.749** 1.938 2.164 2.327 

  SEM 0.023 0.022 0.018 0.036 0.036 0.033 0.029 

 P-value  0.0005 0.138 0.234 0.760 0.455 0.714 0.416 

* * Means for diet are significantly different (p < 0.05).
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Table 8: Comparative relative organ weights (g organ per 100g body weight) of 5 week old Large White tom turkeys fed control and mycotoxin 

diets with additives. 

Diet 

Grain           Additive  BW 5 Heart Spleen Gizzard Liver Kidney Pancreas Bursa LS KS 

Control Control 1.55 0.58 0.12 2.67 2.37 0.70
a
 0.21 0.16 0.92 0.83 

Control BioFix 1.63 0.56 0.12 2.58 2.29 0.78
a
 0.19 0.22 0.50 0.51 

Control Kallsil 1.63 0.56 0.12 2.61 2.21 0.52
b
 0.21 0.14 0.50 0.42 

Control UNIKE 1.63 0.57 0.12 2.64 2.19 0.58
b
 0.21 0.14 0.33 0.42 

  Mean 1.61 0.57 0.12 2.63* 2.27* 0.64 0.20* 0.16 0.56* 0.54 

Mycotoxin Control 1.65 0.55 0.13 2.77 1.99
b
 0.68

a
 0.23 0.15 1.50 0.75 

Mycotoxin BioFix 1.59 0.54 0.14 2.99 2.03
b
 0.71

a
 0.23 0.13 1.50 0.67 

Mycotoxin Kallsil 1.64 0.60 0.13 2.79 2.18
a
 0.57

b
 0.22 0.13 1.33 0.67 

Mycotoxin UNIKE 1.61 0.59 0.14 2.79 2.09
a
 0.54

b
 0.24 0.12 0.92 0.50 

  Mean 1.62 0.57 0.13 2.84* 2.07* 0.63 0.23* 0.13 1.31* 0.65 

  SEM 0.061 0.025 0.011 0.148 0.067 0.061 0.012 0.027 0.196 0.14 

 P-value 0.707 0.568 0.889 0.739 0.051 0.821 0.527 0.287   

* Means for diet are significantly different (p < 0.05). 
a,b

 Means with different superscripts are significantly different (p < 0.05). 

Key words: LS = Liver Score, KS = Kidney Score.   

The histologic changes in the liver and kidney were given a score of 0 (no significant changes) to 3 (most severe changes).
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Table 9: Comparative relative organ weights (g organ per 100g body weight) of 20 week old Large White tom turkeys fed control and mycotoxin 

diets with additives. 

Diet 

Grain           Additive BW 20 Heart Spleen Gizzard Liver Kidney Pancreas LS KS 

Control Control 21.51 0.43 0.06 0.72 1.08 0.36 0.07 1.50 1.08 

Control BioFix 21.26 0.44 0.07 0.74 1.13 0.35 0.07 2.04 1.23 

Control Kallsil 21.04 0.41 0.06 0.74 1.12 0.40 0.06 1.63 0.96 

Control UNIKE 21.09 0.41 0.07 0.70 1.10 0.36 0.06 2.33 1.25 

  Mean 21.22 0.42 0.07 0.73 1.11 0.37 0.07 1.87 1.13 

Mycotoxin Control 20.74 0.40 0.06 0.73 1.09 0.41 0.07 2.08 1.38 

Mycotoxin BioFix 20.79 0.44 0.07 0.72 1.08 0.42 0.07 2.08 1.00 

Mycotoxin Kallsil 19.94 0.41 0.07 0.82 1.12 0.40 0.07 2.42 1.21 

Mycotoxin UNIKE 20.36 0.42 0.06 0.76 1.09 0.39 0.06 1.75 1.00 

  Mean 20.46 0.42 0.07 0.76 1.09 0.40 0.07 2.08 1.15 

  SEM 0.365 0.017 0.006 0.026 0.043 0.018 0.004 0.217 0.16 

 P-value 0.864 0.646 0.551 0.221 0.904 0.235 0.395   

Key words: LS = Liver Score, KS = Kidney Score.   

The histologic changes in the liver and kidney were given a score of 0 (no significant changes) to 3 (most severe changes).
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Table 10: Liver lipid levels, AST (aspartate aminotransferase), CK (creatinine kinase),and SA  

(Serum Albumin) using serum samplesfrom Large White tom turkeys fed control and mycotoxin 

diets with additives. 

Diets 

Grain           Additive LL 20 (%) 

AST 5 

(U/L) 

CK 5 

(U/L) 

            

SA 5 

           

SA 20 

Control Control 17.4 422.0 1456.0 4.5 4.0 

Control BioFix 17.6 528.9 2717.0 5.0 4.4 

Control Kallsil 18.0 388.2 1971.6 4.7 4.4 

Control UNIKE 19.2 461.4 1309.7 4.4 3.8 

  Mean 18.0 450.1 1863.6 4.7* 4.2 

Mycotoxin Control 20.9 422.0 2145.7 4.5 4.1 

Mycotoxin BioFix 20.6 450.1 2382.6 3.6 4.2 

Mycotoxin Kallsil 18.8 450.1 1574.4 4.0 4.0 

Mycotoxin UNIKE 15.7 455.7 2166.6 3.7 4.0 

  Mean 19.0 444.5 2067.3 3.99* 4.1 

  SEM 1.896 52.194 434.279 0.351 0.210 

 P-value 0.255 0.614 0.337 0.287 0.481 

 * Means for diet are significantly different (p < 0.05). 

Key words: U/L = units per liter. 
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Table 11:Tibia bone breaking strength and tibia ash (%)at 5 weeks of age for Large White tom turkeys fed 

control or mycotoxin diets with additives. 

Diets  

Grain           Additive Shear Force Inertia Moment G Tibia Ash (%) 

Control Control 217.01 239.80 3472.08 64.95 41.25 

Control BioFix 220.67 233.70 3530.72 63.78 42.36 

Control Kallsil 234.02 228.99 3744.35 63.67 42.87 

Control UNIKE 209.71 243.90 3355.33 63.72 41.72 

  Mean 220.35 236.60 3525.62 64.03 42.05 

Mycotoxin Control 207.79 232.26 3324.56 65.09 42.77 

Mycotoxin BioFix 209.58 241.21 3353.20 64.86 41.88 

Mycotoxin Kallsil 209.77 233.76 3356.27 63.51 41.23 

Mycotoxin UNIKE 211.64 254.87 3386.21 65.57 42.64 

  Mean 209.69 240.52 3355.06 64.76 42.13 

  SEM 13.57 20.20 217.13 1.53 0.60 

 P-value 0.816 0.973 0.816 0.911 0.054 
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Table 12:Tibia bone breaking strength and tibia and toe ash percentage data at 20 weeks of age for Large White tom turkeys  

fed control or mycotoxin diets with additives. 

Diets 

Grain          Additive  Shear Force Inertia Moment G Tibia Ash (%) Toe Ash (%) 

Control Control 1149.42 2331.81 18390.67 60.10 55.56 88.57 

Control BioFix 1241.20 2275.15 19859.25 65.64 55.34 82.77 

Control Kallsil 1351.52 2181.03 21624.28 72.26 54.07 82.27 

Control UNIKE 1333.98 2200.70 21343.72 70.76 53.83 82.54 

  Mean 1269.03 2247.17 20304.48 67.19 54.70 84.04 

Mycotoxin Control 1285.11 2119.82 20561.76 70.44 55.43 81.38 

Mycotoxin BioFix 1354.55 2170.12 21672.80 72.08 54.91 81.13 

Mycotoxin Kallsil 1104.30 2128.97 17668.83 60.04 54.46 81.71 

Mycotoxin UNIKE 1185.00 2186.57 18959.97 63.24 55.43 83.21 

  Mean 1232.24 2151.37 19715.84 66.45 55.06 81.86 

  SEM 65.862 91.852 1053.791 3.900 1.177 2.322 

 P-value 0.008 0.726 0.008 0.012 0.847 0.621 
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Figure 1: Histopathological aspects of kidney tissue affected by consumption of aflatoxin and DON.  

(A) normal tissue and (B) affected tissue. The tubular epithelium is degenerated/ sloughed (arrow). 

 Interstitial spaces have edema (star). 

A B 
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Figure 2: Histopathological aspects of liver tissue affected by consumption of aflatoxin and DON. 

(A) normal tissue and (B) affected tissue revealed focal to diffuse degenerative changes in the hepatic parenchyma. 

 The degenerative changes in the hepatocytes mainly consisted of small to large fatty vacuoles (arrow).  
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Figure 3: Killed Newcastle disease vaccine effect on antibody levels from 3 to 20 weeks  

within 2 diets fed to turkeys in high or low mycotoxin rations 

 

* Means for diets are significantly different (p < 0.05). 

** C=Control, M=Mycotoxin, and S/P Ratio=Sample to positive (level of antibody).  
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Figure 4: Killed Newcastle disease vaccine effect on antibody levels from 3 to 20 weeks within 4 treatment 

groups fed to turkeys in high or low mycotoxin rations 

 

* Means for treatments are significantly different (p < 0.05). 

** C=Control, B=BioFix, K=Kallsil, U=UNIKE, and S/P Ratio=Sample to positive (level of antibody).
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MANUSCRIPT II: Efficacy of Feed Additives to Reduce the Biological Effect of 

Naturally Occurring Mycotoxins fed to Broilers. 

ABSTRACT 

Mycotoxins continue to be a major concern for the livestock industry with high levels 

of aflatoxin (AF) recently found in corn in several US states. A number of feed additives, 

while not specifically sold as toxin binders, have been formulated to reduce or negate the 

harmful effects of several mycotoxins. 

In experiment 1, the objectives of this study were to determine the effects of naturally 

occurring mycotoxins on broilers raised to 3 weeks of age and to test the efficacy of feed 

additives to alleviate any negative effects from these dietary mycotoxins. In this study three 

different feed additives were tested: BioFix™, Bg-Max™ (at high and low levels), and 

Celmanax™ (at high and low levels). There were 12 total treatments with 8 replicates per 

treatment.One thousand one hundred and fifty two male, Ross 708 strain broiler chicks were 

raised to 3 weeks of age in 96 Petersime battery pens. A standard broiler starter diet was 

mixed with the exclusion of corn. This starter was then divided into two parts and corn was 

added, one with low aflatoxin (120 ppb AF) corn and another with high aflatoxin (520 ppb 

AF) corn. Finally, the feed additives were combined into these low and high AF diets while 

maintaining non-amended controls at each level of AF.  

In experiment 2, the objectives remained the same as experiment 1 with the only 

exception being the birds were raised to 7 weeks of age.Five different feed additives were 

tested: BioFix™, BgMax™, Celmanax™, Integral™, and Celmanax SCP™. There were 12 

total treatments with 6 replicates per treatment. One thousand two hundred and twenty four,  
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male Ross 344 x 708 strain broiler chicks were raised to 7 weeks of age in 72 litter floor 

pens. Birds were fed a starter, grower, and finisher. Two basals were made one with control 

corn and wheat and the other with mycotoxin corn and wheat. The 12 finished diets varied in 

aflatoxin with the control diets being 0-27 ppb and DON levels 0-0.4ppm.  

In experiment 1, the 12 finished diets varied in AF with the low AF being 18-35 ppb 

and high AF being 98-124 ppb. Feed additives were supplemented at recommended levels. 

Data were analyzed using GLM (P< 0.05). At 7, 14, and 21 d of age the high AF fed birds 

(149  1.06, 406  2.53, 809  4.75 g) exhibited lower BW than did low AF fed birds (155  

1.06, 419  2.53, 836  4.75 g). The FCR at 8-14 d, 15-21 d, 8-21 d, and 0-21 d was poorer 

when birds were fed the high AF diets (1.07  0.01, 1.53 0.01, 1.35 0.01, 1.33 0.01) as 

compared to the low AF diet birds (1.06  0.01, 1.48  0.01, 1.31  0.01, 1.29  0.01). 

Relative proventriculus and spleen weight was decreased due to higher levels of AF. Relative 

pancreas weight and hematocrit levels were negatively affected by the high AF diets. Overall 

bird performance was negatively affected due to the incremental increase in AF in the feed 

but the feed additives did not alleviate the relatively small negative effects of the increased 

level of AF in the feed to 3 wk of age.  

In experiment 2, the mycotoxin diets ranged 23-162 ppb in aflatoxin and 0.1–0.7 ppm 

DON.  Feed additives were supplemented at recommended levels. Data were analyzed using 

GLM (P< 0.05). Birds were weighed at placement, 2, 3, and 5 weeks by pen. At 7 weeks 

birds were weighed individually. Feed consumption was determined by pen. Mortality (and 

body weight) was noted daily and used to adjust feed conversion.  Feed and water were  
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provided add libitum. Also at 5 and 7 weeks one bird per pen was euthanized and the 

following organs were taken for relative organ weights: proventriculus, gizzard, liver, 

pancreas, and spleen. Body weight at 2, 3, 5, and 7 weeks decreased in the birds fed 

mycotoxin diets (460 ± 2.42, 933 ± 3.85, 2290 ± 8.80, 3758 ± 14.12g)  compared to birds fed 

control diets (477 ± 2.42, 978 ±3.85, 2405 ± 8.80, 3812 ± 14.12g). 

INTRODUCTION 

From an economic perspective crop losses due to mycotoxin contamination in the US 

alone have been calculated to be $932 million annually. This translates into $466 million in 

mitigation strategies which is believed to cost the livestock industry $6 million per year 

(CAST, 2003). The economic impact experienced in the livestock industry is mainly due to 

lower productivity of meat and eggs, reduced weight gain, poorer feed conversion, increased 

disease incidence due to immunosuppression, and changes in certain organ systems (Robens 

and Richard, 1992).  These effects are dependent upon the type of mycotoxin; the amount; 

species of animal; length of exposure; the animals sex, age, and stress level (Whitlow, 2006). 

The mycotoxins of greatest concern include aflatoxin produced by Aspergillus; 

deoxynivalenol, zearalenone, T-2, and fumonisins, produced by Fusarium; and ochratoxin 

and PR toxin produced by Penicillium (Whitlow, 2006).  

Typically a moldy grain is contaminated with multiple types of mycotoxins. Each 

mycotoxin affects the animal in a different way and each type has a specific mode of action. 

Due to the specific chemical composition of mycotoxins most binders can not control all 

mycotoxins (Whitlow, 2006). Some researchers have examined using antioxidant substances 

such as: selenium and vitamins; mycotoxin-binding agents such as: HSCAS, zeolites,  
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bentonites, clays, activated carbons, cholestyramine, polyvinylpolypyrrolidone, bovine serum 

albumin, and microbiological-binding agents. These antioxidant substances and mycotoxin 

binding agents have been shown to sequester mycotoxins but have not been shown to bind 

multiple mycotoxins. (Galvano et al, 2000). 

MATERIALS AND METHODS 

In experiment 1, one thousand and fifty-six, Ross 344 x 708 male broiler chicks 

(North Carolina State University Hatchery) were reared to 3 weeks of age. Birds were placed 

in 2 rooms with 48 Petersime battery cages (NCSU Department of Poultry Science, Scott 

Hall) in each room with a total of 96 cages/11 birds per cage. All birds were raised to typical 

management practices and in accordance with the Institutional Animal Care and Used 

Committee. There were 4 batteries in each room, each battery had 12 cages spread over 6 

decks. The rooms were each considered a block, meaning there were 2 blocks to consider 

location and temperature variation within the rooms. Each chick was tagged and randomly 

assigned to one of the twelve dietary treatments. The twelve dietary treatments were 

randomly spread throughout 96 pens (8 replicates per treatment). This study was arranged 

orthogonally with 2 mycotoxin basals (low aflatoxin and high aflatoxin) and 6 treatments 

(feed additives). 

 The feed for this trial was manufactured at the NCSU feed mill and was formulated to 

a standard broiler diet fulfilling nutrient requirements and amino acid balances. Corn used in 

this study was naturally contaminated with aflatoxin. The low aflatoxin corn was obtained 

from near Mount Olive, North Carolina and the high aflatoxin corn came from Texas. The  
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proper paper work was completed to transport the contaminated corn over state lines. Corn 

samples were sent to Trilogy Analytical Laboratory to be tested for aflatoxin, 

deoxynivalenol, fumonisin, t-2 toxin, and zearalenone. Each of the corn sources were ground 

to 800 micron roller mill mash. Birds were fed mash starter diets for the duration of the 

project.Two basal rations, low aflatoxin and high aflatoxin, containing all feed ingredients 

except for the corn and added fat were mixed. Once the corn was added to the appropriate 

basal, the two main groups of feed were split into 6 sub-groups and then the feed additives 

and fat were added.The additives were added at the expense of corn.  All feed was bagged in 

50lb bags and then transported to Scott Hall. The six treatments were supplemented as 

follows (per 500lb mix): Control (no additive), BioFix™(0.5lbs), Bg-Max™ Hi (1.0lbs), Bg-

Max™ Low (0.5lbs), Celmanax™ Hi (1.0lbs), and Celmanax™ Low (0.5lbs). The low and 

high aflatoxin diets were as follows: Control, BioFix™, Bg-Max™ Hi, Bg-Max™ Low, 

Celmanax™ Hi, and Celmanax™ Low. All feeds, including the two basals, were sampled for 

aflatoxin analysis by HPLC (Trilogy Analytical Laboratory;Washington, MO).  

Birds were weighed at placement, 1, 2, and 3weeks of age by cage. Feed consumption 

was determined by pen. Mortality (and body weight) was noted daily and used to adjust feed 

conversion.  Birds had ad libitum feed and water. At 21 days four birds per cage were 

weighed individually, euthanized and the following organs extracted: proventriculus, gizzard, 

liver, spleen, and pancreas to calculate relative organ weights. Also blood was collected from 

two birds per pen to analyze for hematocrit and serum albumin.  
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Data was analyzed usingcage as the experimental unit for body weight and feed 

conversion. For other parameters, the bird was considered the experimental unit. All data 

were analyzed using the GLM procedure of SAS (SAS Institute). Where there was a 

treatment effect observed, treatment means were separated using the least significant 

difference procedure with P<0.05 unless otherwise stated. 

 In experiment 2,one thousand two hundred and twenty four, Ross 344 x 708, male 

broiler chicks reared to 7 weeks of age.  These birds were hatched and reared at the NCSU 

Lake Wheeler Road Field Laboratory, Chicken Education Unit. There were 72 litter floor 

pens split up into 6 rows with 12 pens in each row.  The 6 rows were each considered a block 

to take into account location and temperature variation. In each pen there were 17 birds. 

There were 12 dietary treatments with 6 replicates per treatment.   All birds were neck tagged 

and randomly placed in each pen. The 12 dietary treatments were randomly spread 

throughout the house and each treatment was equally represented in the 6 blocks. Each pen 

(2.23m²) had a Plasson bell drinker and one tube feeder.  

 In this study was tested the efficacy of feed additives in combination with mycotoxin 

contaminated grains when fed to broiler chickens reared to 7 weeks of age.Grains with 

naturally occurring mycotoxins were obtained from field sources. Corn with naturally 

occurring aflatoxin and wheat with naturally occurring DON were used for this project. The 

aflatoxin corn utilized for the starter and grower diets was purchased from Texas. The 

aflatoxin corn utilized for the finisher diet was purchased from near Graham, NC. The DON 

wheat was purchased from near Asheboro, NC. Samples from both grains were sampled for  
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mycotoxins using a Neogen (ELISA) test kit. All ingredients were ground with a size 6/6 

screen. DDGS were incorporated in all diets at about 5% to allow for increased fiber content 

and little more of a challenge in the GI tract. Feed was manufactured at the NCSU Feed Mill 

Education Unit. There were 3 phases of diets used a starter (2.5 lb/bird), grower (5.5 lb/bird), 

and finisher (7lb/bird). The starter was fed 0-2 weeks, grower: 2-5 weeks, and the finisher: 5-

7 weeks. The starter diet was in crumble form and the grower and finisher diets were pellet 

form. Two basal rations, control and mycotoxin, containing all feed ingredients except for the 

mycotoxin grains and added fat were mixed. Once the corn and wheat were added to the 

appropriate basal, the two main groups of feed were divided into 6 sub-groups and then the 

feed additives and fat were added.The additives were added at the expense of corn. All feed 

was put into 50lb bags.All additives were added at the manufacturer’s requested rates in the 

starter: BioFix™ (2 kg/ton), BgMax™ (4 kg/ton), Celmanax™ (4 kg/ton), Integra™l (2 

kg/ton), and Celmanax SCP™ (0.4 kg/ton). In the grower diets: BioFix™ (2 kg/ton), BgMax 

(2 kg/ton), Celmanax (2 kg/ton), Integral (1 kg/ton), and Celmanax SCP (0.2 kg/ton. In the 

finisher diets: BioFix (2 kg/ton), BgMax (1 kg/ton), Celmanax (1 kg/ton), Integral (1 kg/ton), 

and Celmanax SCP (0.1 kg/ton). The diet designations were as follows: 1) control, no 

mycotoxins and no feed additive, CC; 2) control feed plus BioFix, CB; 3) control feed plus 

BgMax, CBgM; 4) control feed plus Celmanax, CCel; 5) control feed plus Integral, CI; 6) 

control feed plus Celmanax SCP, CCelSCP; 7) mycotoxin feed and no feed additive, MC; 8) 

mycotoxin feed plus BioFix, MB; 9) mycotoxin feed plus BgMax, MBgM; 10) mycotoxin 

feed plus Celmanax, MCel; 11) mycotoxin feed plus Integral, MI; 12) mycotoxin feed plus  
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Celmanax SCP, MCelSCP. The active ingredients in each of these additives includes: BioFix 

- yeast culture and diatomaceous earth, BgMax – yeast glucans and aluminosilicate, 

Celmanax – yeast extract and yeast culture,    Integral – patent product so the ingredients are 

unknown, Celmanax SCP – concentrated version of Celmanax with hydrolyzed yeast,  yeast 

extracts, and yeast culture. Samples of all 12 diets from the starter, grower, and finisher were 

analyzed for mycotoxin content. The control and mycotoxin basal for the starter, grower, and 

finisher diets were analyzed for proximate analysis and an amino acid profile (Carolina 

Analytical and University of Missouri, Columbia).  

 Birds were weighed at placement, 2, 3, and 5 weeks by pen. At 7 weeks birds were 

weighed individually. Feed consumption was determined by pen. Mortality and BW were 

recorded daily and used to adjust feed conversion.  Birds had ad libitum access to feed and 

water.  

At 5 and 7 weeks one bird per pen was euthanized and the following organs were 

collected: proventriculus, gizzard, liver, pancreas, and spleen and calculated for relative 

weights. Also at 7 weeks a section of the liver was taken from one bird per pen to for liver 

lipid analysis. Blood was collected from one bird per pen at 7 weeks and a total serum 

albumin and hematocrit was determined on the samples.   

 Data was analyzed usingcage as the experimental unit for body weight and feed 

conversion. For other parameters, the bird was considered the experimental unit. All data 

were analyzed using the GLM procedure of SAS (SAS Institute) for effects of diet, feed 

additive, and diet x feed additive. Where there was a treatment effect observed, treatment  
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means were separated using the least significant difference procedure with P<0.05 unless 

otherwise stated. 

RESULTS 

Experiment 1 

Feed Mycotoxin Levels  

 Feed sample aflatoxin levels are presented in Table 1. The level of aflatoxin B1 in the 

low aflatoxin corn (35ppb) proved to be a good comparison tothe high aflatoxin corn 

(471ppb). Although, it is interesting to note that the low aflatoxin corn (15ppm) had higher 

fumonisin B1 levels than the high aflatoxin corn (3ppm). Composite samples were collected 

and analyzed using HPLC (Trilogy Analytical Laboratory) to test for aflatoxin on the two 

basals and each of the finished feeds, Diets A thru L. Aflatoxin B1 levels in the low aflatoxin 

basal measured 37ppb and 134ppb in the high aflatoxin basal (Table 2). These two levels 

were enough of a contrast to elicit a measurable response in bird performance. In the low 

aflatoxin diets (A - F) aflatoxin B1 ranged from 18-35ppb and in the high aflatoxin diets (G - 

L) the levels ranged from 98-124ppb (Table 2). To compile a proper sample of the finished 

diets each bag of feed was sampled with the exception of the first and the last bag. These 

results are fairly accurate when one considers typical sample variation.  

Bird Performance  

 The addition of high mycotoxins decreased body weight throughout the trial. At 

weeks 1, 2, and 3 body weight was decreased in the high mycotoxin diets compared to the  
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low mycotoxin diets. Feed intake decreased in the birds fed the high mycotoxin diets at 0-1 

week of age compared to the low aflatoxin diets. The high mycotoxin fed birds had a higher 

period and cumulative feed conversion at 1-2, 2-3, 1-3, 0-2, and 0-3 weeks in comparison to 

the low mycotoxin fed birds. Birds being fed high mycotoxin diets were not as feed efficient 

throughout the study. There were no significant differences in feed intake, body weight, or 

feed conversion due to treatments or diet x treatment interactions. Bird performance was 

negatively affected due to consumption of high mycotoxin diets. Although, the addition of 

feed additives did not reverse the negative effects caused by mycotoxins. 

 There were some physiological changes due to short term mycotoxin consumption. 

Birds fed the high mycotoxin diets compared to the low mycotoxin diets did not have any 

significant differences in relative organ weights. Although when comparing by treatment, the 

relative pancreas weight for birds fed the Bg-Max high and low diets were higher than for the 

birds fed the control and Celmanax high diets. Hematocrit values were decreased in 

Celmanax low diet fed birds compared to the Control and BioFix diet fed birds. There was a 

diet x treatment interaction, birds fed the Bg-Max-low, high mycotoxin diets, had higher 

relative spleen and proventriculus weights than birds fed the Bg-Max low, low mycotoxin 

diets. Therefore in birds fed Bg-Max at a low level in combination with high mycotoxin 

levels the spleen and proventriculus experienced hypertrophy. There were no significant 

differences in serum albumin levels.  
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Experiment 2 

Feed Mycotoxin Levels  

For the starter phase, Control diets contained 10-27 ppb aflatoxin B1 and 0.1-0.2 ppm 

DON, while Mycotoxin diets contained 93-162 ppb aflatoxin B1 and 0.5-0.7 ppm DON (see 

Table 8). For the grower phase, Control diets contained 1-3 ppb aflatoxin B1 and no 

detectible amounts of DON, while Mycotoxin diets contained 69-97 ppb aflatoxin B1 and 

0.1-0.2 ppm DON (see Table 9). For the finisher phase, Control diets contained 0-4 ppb 

aflatoxin B1 and 0.2-0.4 ppm DON, while Mycotoxin diets contained 23-63 ppb aflatoxin B1 

and 0.6-0.7 ppm DON (see Table 10). The actual basal diet composition for the starter, 

grower, and finisher and amino acid profile are included on Table 5-12.  

Bird Performance  

 Body weight at 2, 3, 5, and 7 weeks decreased in the birds fed mycotoxin diets 

compared to birds fed control diets (Table 18). At 2 and 5 weeks the control treatment fed 

birds had lower body weight than the other treatment fed birds (Table 18). Three weeks 

showed that the control and Integral fed birds had the same body weights, while in 

comparison BioFix™, BgMax™, Celmanax™, and Celmanax SCP™ fed birds had increased 

body weights (Table 18). Feed intake by period and cumulatively was decreased due to the 

mycotoxin diets at 2-3, 3-5, 5-7, 2-5, 0-3, 0-5, and 0-7 weeks compared to the control diets 

(Table 19 and 20). Also at 0-2 weeks feed intake was higher in the Celmanax SCP™ 

treatment fed birds than the other treatment fed birds (Table 19).  The Celmanax SCP™  
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treatment fed birds were not as efficient as the other treatment fed birds at 0-2 weeks, their 

FCR was increased. Also FCR at 2-3, 2-5, 3-5, and 0-5 weeks was increased in the 

mycotoxin diet fed birds compared to the control fed birds (Table 21 and 22).  

 Relative liver weights of broilers at 5 weeks of age were increased in the mycotoxin 

diet fed birds compared to the control fed birds (Table 23). No significant differences were 

seen at 5 weeks of age for relative proventriculus, gizzard, spleen, and pancreas weights due 

to a diet effect (Table 23). Also at 5 weeks there were no significant differences in any of the 

relative organ weights due to treatments effects or diet x treatment interactions.  

There was a diet x treatment interaction effect on broilers at 7 weeks of age for 

relative proventiculus weights (Table 24). Also the relative spleen weights of the Celmanax 

SCP™ treatment fed birds was increased compared to the other treatments. Relative liver 

weights of the Celmanax SCP treatment fed birds was increased compared to the Integral 

treatment fed birds. There were no significant differences in the relative organ weights due to 

a diet effect. Also there were no significant differences in relative proventriculus, gizzard, or 

pancreas weights due to a treatment effect. No significant differences were seen due to diet x 

treatment interactions for relative gizzard, liver, spleen, and pancreas weights. Finally there 

were no significant differences in hematocrit levels due to diet, treatment, or diet x treatment 

interactions (Table 24).  
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DISSCUSION 

Experiment 1 

This project was designed as a 2x6 factorial with half of the diets with mycotoxins 

and the half of the diets without mycotoxins. We were not able to locate corn without any 

mycotoxins for the control diets but the diets were at low enough levels to allow for a dose 

response comparison. Due to mycotoxin contamination in the control diets it was more 

appropriate to label the diets as low aflatoxin and high aflatoxin. As expected there was a 

dose response due to the high aflatoxin dosage compared to low aflatoxin on body weight, 

feed intake, and feed conversion ratio. The same negative results on broilers due to aflatoxin 

intoxication have also been reported in the literature (Huff et al., 1985; Aravind et al., 2003; 

Pasha et al., 2006; Fairchild et al., 2008). There were no significant differences observed 

from the feed additives or diet x feed additive interaction on growth performance. This could 

have been a situation where the birds needed to be fed the additives for a longer than 3 weeks 

to elicit a clear response. Bailey et al., (2006), observed that broilers fed a 

montmorilloniteclay for 6 weeks received significant protection against the harmful effects of 

aflatoxin. The montmorillonite clay actually brought the broilers back up to the levels of the 

control for body weight, feed conversion ratio, relative liver, kidney, and spleen weights.  

Also in this study the aluminosilicate (Bg-Max™) based product had higher relative pancreas 

weights compared to the treatment without an additive and the yeast mannan based product 

(Celmanax™) supplemented at the high level. Manafi et al., (2009) reported conflicting  
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results that relative pancreas, spleen, and bursa weights were not significantly altered by the 

consumption of aflatoxin /ochratoxin combined with a sodium bentonite on broilers. From 

this we can infer that the aluminosilicate based product (Bg-Max™) at high and low levels 

did not properly adsorb aflatoxin allowing it to be absorbed into the pancreas causing 

hypertrophy. Another explanation for the lack of a response is that broilers are relatively 

resistant to the harmful effect of aflatoxins, whereas turkeys and quail are highly susceptible 

to aflatoxin intoxication (Arfaet al., 1981; Lozano and Diaz, 2006). Tung et al., (1975) 

observed decreased hematocrit levels in chickens due to aflatoxins. In our study we saw 

decreased hematocrits in the treatment fed a yeast mannan based product(Celmanax™) at 

low levels when compared to the treatment without an additive and the diatomaceous earth 

based product (BioFix™). This may indicate that Celmanax™ should be supplemented at the 

higher level to allow for protection against aflatoxins. We also observed that feeding an 

aluminosilicate product (Bg-Max™) at low levels in combination with aflatoxin caused 

increased relative spleen and proventiculus weights compared to the aluminosilicate product 

(Bg-Max) at low levels without aflatoxin. It is possible that in the presence of aflatoxin, Bg-

Max™ is effective at a higher level to almeliorate the negative physiological effects.  

 Aflatoxin and DON both caused decreased growth performance such as decreased 

body weight and feed intake along with increased feed conversion in male broilers raised to 7 

weeks of age. These same results have been reported on many occasions in the literature 

(Huff et al., 1985; Aravind et al., 2003; Pasha et al., 2006; Fairchild et al., 2008). These 

results clearly show that the combined effects of feeding naturally occurring mycotoxins to  
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broilers causes decreased growth rate and efficiency. From an economic perspective it will 

cost more to produce broilers when they are fed diets contain even low levels of mycotoxins.  

 Aravind et al. (2003) reported that at 5 weeks of age broilers fed naturally occurring 

aflatoxin, ochratoxin, zearalenone, and T-2 toxin had increased relative liver weights which 

agrees with what was seen in this project. It could be said that the lack of effects seen in 

organ weights could be due to lower levels of mycotoxins in the diets. The levels possibly 

needed to be higher especially since broilers are slightly resistant to mycotoxin intoxication.  

Experiment 2 

 When you take a look at 7 weeks data Celmanax SCP™ diet fed birds had higher 

relative spleen weights compared with the other diets. Celmanax SCP™ is a concentrated 

yeast culture based product. Possibly the dosage of Celmanax SCP™ needs to be increased 

so that it can have a protective effect on the organs. Also in the Celmanax SCP™ diet fed 

birds relative liver weights were increased compared to Integral™ diet fed birds. This 

increase could be due to difference in composition of the additives. Although since we do not 

know the active ingredients in Integral we can all make an assumption based upon 

composition.  

The greater the age of the animal the more resistant they are to the toxic effects on 

haematopoietic system (Lanza et al. 1980a).  Although in this project another reason for the 

lack for effects seen in these broilers could have been due to the low levels of aflatoxin and 

DON. Two different lots of aflatoxin contaminated corn were utilized in the finisher diets.  
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Both lots were mixed together but it is important to note that one of the lots had lower levels 

of aflatoxin than this other. The mixing of the two lots of corn caused a dilution which in turn 

gave lower mycotoxin levels. In future studies it may be interesting to feed higher mycotoxin 

levels to see the efficacy of the particular feed additives used in this study.  

Aflatoxin and DON both caused decreased growth performance such as decreased 

body weight and feed intake along with increased feed conversion in male broilers raised to 7 

weeks of age. These same results have been reported on many occasions in the literature 

(Huff et al., 1985; Aravind et al., 2003; Pasha et al., 2006; Fairchild et al., 2008). These 

results clearly show that the combined effects of feeding naturally occurring mycotoxins to 

broilers causes decreased growth rate and efficiency. From an economic perspective it will 

cost more to produce broilers when they are fed diets containing even low levels of 

mycotoxins.  

 Aravind et al. (2003) reported that at 5 weeks of age broilers fed naturally occurring 

aflatoxin, ochratoxin, zearalenone, and T-2 toxin had increased relative liver weights which 

agrees with what was seen in this project. It could be said that the lack of effects seen in 

organ weights could be due to lower levels of mycotoxins in the diets. The levels possibly 

needed to be higher especially since broilers are slightly resistant to mycotoxin intoxication.  

 When you take a look at 7 weeks data Celmanax SCP™ diet fed birds had higher 

relative spleen weights compared with the other diets. Celmanax SCP™ is a concentrated 

yeast culture based product. Possibly the dosage of Celmanax SCP™ needs to be increased  
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so that it can have a protective effect on the organs. Also in the Celmanax SCP™ diet fed 

birds relative liver weights were increased compared to Integral diet fed birds. This increase 

could be due to difference in composition of the additives. Although since we do not know 

the active ingredients in Integral we can all make an assumption based upon composition.  

The greater the age of the animal the more resistant they are to the toxic effects on 

haematopoietic system (Lanza et al. 1980a).  Although in this project another reason for the 

lack for effects seen in these broilers could have been due to the low levels of aflatoxin and 

DON. Two different lots of aflatoxin contaminated corn were utilized in the finisher diets. 

Both lots were mixed together but it is important to note that one of the lots had lower levels 

of aflatoxin than this other. The mixing of the two lots of corn caused a dilution which in turn 

gave lower mycotoxin levels. In future studies it may be interesting to feed higher mycotoxin 

levels to see the efficacy of the particular feed additives used in this study.  
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Experiment 1  

Table 1: Mycotoxin analysis of clean corn and mycotoxin corn. 

Initial Reading of Corn 

Trilogy Analytical Laboratory* 

 Low Aflatoxin Corn 

(Strickland Corn) 

High Aflatoxin Corn 

(Texas Corn) 

Aflatoxin B1 (ppb) 35.2 470.9 

Aflatoxin B2 (ppb) 1.7 29.6 

Aflatoxin G1 (ppb) ND** 6.8 

Aflatoxin G2 (ppb) ND ND 

Deoxynivalenol (ppm) ND ND 

Fumonisin B1 (ppm) 15.2 3.0 

Fumonisin B2 (ppm) 4.2 0.8 

Fumonisin B3( ppm) 1.7 0.4 

T-2 Toxin (ppb) ND ND 

Zearalenone (ppb) ND ND 

*Trilogy Analytical Laboratory, Washington, MO 

**ND= Not Detectible  
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Table 2: Aflatoxin B1, B2, G1, and G2 levels in the basals and each of the finished diets. 

Aflatoxin in Diets 

Trilogy Analytical Laboratory* 

Diets  

 Aflatoxin B1 

(ppb) 

Aflatoxin B2 

(ppb) 

Aflatoxin G1 

(ppb) 

Aflatoxin G2 

(ppb) 

Low Afla¹ Basal  37 1 ND** ND 

Low Afla  18 ND ND ND 

Low Afla + BioFix  28 1 ND ND 

Low Afla + BgMax 

Hi 

19 ND ND ND 

Low Afla + BgMax 

Low  

19 ND ND ND 

Low Afla + 

Celmanax Hi 

35 1 ND ND 

Low Afla + 

Celmanax Low 

26 1 ND ND 

 

 

High Afla Basal  134 7 2 ND 

High Afla 98 5 1 ND 

High Afla + BioFix 124 7 2 ND 

High Afla + BgMax 

Hi  

112 6 ND ND 

High Afla + BgMax 

Low  

98 5 10 ND 

High Afla + 

Celmanax Hi  

104 6 ND ND 

High Afla + 

Celmanax Low 

117 5 2 ND 

*Trilogy Analytical Laboratory, Washington, MO 

**ND= Not Detectible  

Afla¹ = Aflatoxin 
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Table 3: Period and cumulative adjusted feed conversion ratio (FCR) of broilers reared to 3 weeks of age,   

comparing low and high aflatoxin diets with the addition of feed additives. 

Additive Corn FCR 0-

1wk 

FCR 1-

2wk 

FCR 2-

3wk 

FCR 0-2wk FCR 1-3wk FCR 0-3wk 

  g:g 

Control  1.17 1.06 1.54 1.09 1.35 1.33 

BioFix  1.16 1.04 1.48 1.08 1.31 1.29 

BgMax High  1.19 1.07 1.54 1.10 1.35 1.33 

BgMax Low  1.12 1.08 1.52 1.09 1.34 1.31 

Celmanax High  1.12 1.07 1.49 1.08 1.33 1.30 

Celanax Low  1.16 1.06 1.47 1.09 1.31 1.29 

SEM  0.02 0.01 0.02 0.009 0.02 0.01 

P-value   0.06 0.30 0.14 0.15 0.56 0.12 

 Low 1.14 1.06 1.48 1.08 1.31 1.29 

 High 1.16 1.07 1.53 1.10 1.35 1.33 

 SEM 0.01 0.01 0.01 0.005 0.01 0.01 

P-value 0.18 0.05 0.003 0.001 0.01 0.001 

Control Low 1.16 1.07 1.48 1.10 1.32 1.30 

Control High 1.18 1.05 1.6 1.09 1.38 1.35 

BioFix Low 1.17 1.03 1.41 1.07 1.26 1.25 

BioFix High 1.15 1.06 1.54 1.09 1.35 1.32 

BgMax High Low 1.20 1.07 1.52 1.11 1.34 1.32 

BgMax High High 1.18 1.06 1.56 1.10 1.36 1.34 

BgMax Low Low 1.10 1.08 1.51 1.08 1.34 1.3 

BgMax Low High 1.13 1.09 1.53 1.10 1.35 1.32 

Celmanax High Low 1.09 1.05 1.5 1.06 1.32 1.29 

Celmanax High High 1.14 1.09 1.49 1.11 1.33 1.31 

Celmananx Low Low 1.13 1.04 1.44 1.06 1.29 1.26 

Celmanax Low High 1.19 1.08 1.49 1.12 1.33 1.31 

SEM  0.03 0.02 0.03 0.01 0.02 0.02 

P-value  0.60 0.16 0.24 0.08 0.06 0.55 
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Table 4: Mean body weights (BW) of broilers reared to 3 weeks of age, comparing low and high aflatoxin diets 

with the addition of feed additives.  

Additive Corn BW 0 BW 1 BW 2 BW3 

  g 

Control  43 149 409 816 

BioFix  43 152 415 828 

BgMax High  43 152 413 822 

BgMax Low  43 154 412 814 

Celmanax High  43 153 416 835 

Celanax Low  43 150 407 817 

SEM  0.22 1.83 4.39 8.23 

P-value  0.46 0.68 0.68 0.47 

 Low 43 155 419 836 

 High 43 148 405 808 

 SEM 0.12 1.06 2.53 4.75 

P-value 0.06 <.0001 0.0004 0.0001 

Control Low 43 152 409 826 

Control High 43 147 408 807 

BioFix Low 43 152 421 839 

BioFix High 43 151 409 817 

BgMax High Low 43 152 412 820 

BgMax High High 43 151 415 824 

BgMax Low Low 43 160 425 839 

BgMax Low High 43 147 399 790 

Celmanax High Low 43 157 427 852 

Celmanax High High 43 148 405 818 

Celmananx Low Low 42 155 418 840 

Celmanax Low High 43 146 396 795 

SEM  0.31 2.59 6.20 11.65 

P-value   0.88 0.22 0.10 0.24 
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Table 5: Period and Cumulative Feed Intake (FI) of broilers reared to 3 weeks of age, comparing low and high aflatoxin 

diets with the addition of feed additives.  

Additive Corn FI 0-1 FI 1-2 FI 0-2 FI 2-3 FI 1-3 FI 0-3 

  g 

Control  124 274 303 626
 a
 900 1026 

BioFix  126 274 322 606
ab

 881 1010 

BgMax High  129 279 321 628
a
 907 1039 

BgMax Low  123 280 318 609
ab

 889 1015 

Celmanax High  122 281 316 629
a
 911 1043 

Celanax Low  124 272 322 599
b
 872 998 

SEM  1.93 3.26 8.95 8.44 10.51 12.11 

P-value  0.15 0.30 0.25 0.05 0.08 0.7 

 Low 127 278 319 615.71 894 1024 

 High 122 275 314 617.47 893 1020 

 SEM 1.12 1.88 5.17 4.88 6.07 6.99 

P-value 0.0008 0.34 0.67 0.80 0.93 0.69 

Control Low 127 274 324 614 
abc

 889 1018 

Control High 122 274 281 636
 a
 910 1034 

BioFix Low 127 275 323 589
c
 865 993 

BioFix High 124 273 322 623
ab

 898 1026 

BgMax High Low 131 277 320 621
abc

 898 1035 

BgMax High High 127 281 321 635
a
 917 1044 

BgMax Low Low 128 287 313 624 
ab

 912 1047 

BgMax Low High 117 272 323 593
bc

 866 983 

Celmanax High Low 125 282 317 637
a
 919 1046 

Celmanax High High 119 281 315 621
abc

 902 1041 

Celmananx Low Low 126 272 320 606
abc

 879 1005 

Celmanax Low High 122 272 324 593
bc

 866 991 

SEM  2.73 4.61 12.66 11.94 14.87 17.13 

P-value  0.78 0.43 0.81 0.05 0.09 0.10 
a,b,c

Means with different superscripts are significantly different (p < 0.05) 
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Table 6: Means of relative organ weights and hematocrit values of broilers reared to 3 weeks of age, comparing low and high  

aflatoxin diets with the addition of feed additives.  

Additive Corn Relative 

Proventriculus  

Relative 

Gizzard 

Relative 

Liver 

Relative 

Spleen 

Relative 

Pancreas 

Hematocrit 

  (g/100g) 

Control  0.58 2.15 2.48 0.09 0.33
b
 30.84

ab
 

BioFix  0.57 2.23 2.43 0.09 0.34
ab

 31.73
a
 

BgMax High  0.58 2.17 2.57 0.09 0.33
a
 30.54

abc
 

BgMax Low  0.60 2.17 2.54 0.10 0.36
a
 30.59

abc
 

Celmanax 

High 

 0.58 2.14 2.51 0.09 0.34
b
 30.06

bc
 

Celmanax Low  0.60 2.24 2.51 0.09 0.35
ab

 29.39
c
 

SEM  0.014 0.034 0.033 0.004 0.007 0.500 

P-value  0.61 0.25 0.09 0.33 0.02 0.04 

 Low 0.59 2.17 2.51 0.09 0.35 30.80 

 High 0.58 2.20 2.50 0.09 0.34 30.24 

 SEM 0.008 0.02 0.019 0.003 0.004 0.289 

P-value 0.39 0.29 0.90 0.85 0.7 0.17 

Control Low 0.60 2.19 2.47 0.09
b
 0.33 30.81 

Control High 0.55 2.12 2.50 0.08
b
 0.33 30.87 

BioFix Low 0.60 2.21 2.40 0.09
ab

 0.34 32.52 

BioFix High 0.55 2.25 2.46 0.09
b
 0.35 30.94 

BgMax High Low 0.58 2.18 2.51 0.09
b
 0.37 30.83 

BgMax High High 0.58 2.16 2.62 0.09
b
 0.35 30.25 

BgMax Low Low 0.57 2.12 2.55 0.09
b
 0.36 30.87 

BgMax Low High 0.63 2.22 2.52 0.11
a
 0.36 30.31 

Celmanax High Low 0.59 2.12 2.56 0.09
b
 0.33 30.34 

Celmanax High High 0.57 2.17 2.45 0.09
b
 0.34 29.78 

Celmananx Low Low 0.60 2.20 2.55 0.10
ab

 0.35 29.46 

Celmanax Low High 0.59 2.28 2.46 0.08
b
 0.34 29.31 

SEM  0.02 0.049 0.048 0.006 0.010 0.707 

P-value   0.05 0.52 0.17 0.04 0.43 0.90 
a,b,c

Means with different superscripts are significantly different (p < 0.05). 
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Experiment 2  

Table 7: Proximate analysis of the control and mycotoxin basals for the starter, grower, and finisher diets. 

 

 

 

 

 

Carolina Analytical Services, Bear Creek, NC. 

 

 

 

 

 

 

 

 

 

 Moisture Fat Protein Fiber Ash 

Diet % of diet 

Starter Control Basal 12.41 3.28 24.78 3.00 6.22 

Starter Myco Basal 11.61 3.21 23.71 2.60 6.10 

Grower Control Basal 12.97 3.45 22.08 2.80 5.78 

Grower Myco Basal 11.90 3.17 21.70 2.60 5.70 

Finisher Control Basal 12.86 3.54 18.78 2.60 5.23 

Finisher Myco Basal 12.03 3.26 18.63 2.60 5.09 
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Table 8: Mycotoxin analysis of the starter diets (A thru P) along with the two basals. Mycotoxins that were tested included aflatoxin and DON. 

Diet  

Aflatoxin B1 

(ppb) 

Aflatoxin B2 

(ppb) 
Aflatoxin G1 (ppb) Aflatoxin G2 (ppb) DON (ppm) 

Control Basal 24.7 1.3 ND ND ND 

Control 26.8 1.3 ND ND 0.1 

BioFix 13.8 ND ND ND 0.1 

BgMax 11.5 ND ND ND 0.2 

Celmanax  13 1 ND ND 0.2 

Integral 10.6 ND ND ND 0.1 

Celmanax SCP 11 ND ND ND 0.1 

Mycotoxin Basal 173.3 13.4 2 ND 0.8 

Control 92.7 6.4 ND ND 0.5 

BioFix 148 10.8 1.5 ND 0.6 

BgMax 106.2 7.4 ND ND 0.6 

Celmanax 100.2 6.9 ND ND 0.7 

Integral 117.8 8 ND ND 0.6 

Celmanax SCP 104.4 7.5 ND ND 0.5 

Trilogy Analytical Laboratory, Washington, MO.
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Table 9: Mycotoxin analysis of the grower diets (A thru P) along with the two basals.Mycotoxins that were tested included aflatoxin and DON. 

 

 

 

 

 

 

 

 

  

  

  

  Trilogy Analytical Laboratory, Washington, MO.

 
Aflatoxin B1 

(ppb) 

Aflatoxin B2 

(ppb) 

Aflatoxin G1 

(ppb) 

Aflatoxin G2 

(ppb) 
DON (ppm) 

Diet 

Control Basal  ND ND ND ND ND 

Control 2.8 ND ND ND ND 

BioFix 1.3 ND ND ND ND 

BgMax 2.3 ND ND ND ND 

Celmanax  1.1 ND ND ND ND 

Integral 1.9 ND ND ND ND 

Celmanax SCP 1.2 ND ND ND ND 

Mycotoxin Basal 53.8 3.9 1.3 ND 0.7 

Control 70.3 5.2 1.6 ND 0.2 

BioFix 97.4 7.6 5.5 ND 0.2 

BgMax 68.9 4.7 ND ND 0.1 

Celmanax 83.2 5.7 1.5 ND 0.2 

Integral 90.4 6.6 ND ND 0.1 

Celmanax SCP 95.7 6.2 2.3 ND 0.2 
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Table 10: Mycotoxin analysis of the finisher diets (A thru P) along with the two basals. Mycotoxins that were tested included aflatoxin and DON. 

 

 Aflatoxin B1 

(ppb) Aflatoxin B2 (ppb) Aflatoxin G1 (ppb) Aflatoxin G2 (ppb) 

DON        

(ppm)  
Diet 

Control Basal ND ND ND ND 0.5 

Control 1.1 ND ND ND 0.3 

BioFix ND ND ND ND 0.2 

BgMax ND ND ND ND 0.3 

Celmanax  ND ND ND ND 0.2 

Integral 1.4 ND ND ND 0.3 

Celmanax SCP ND ND ND ND 0.3 

Mycotoxin Basal 29.4 2.2 2.7 ND 0.9 

Control 62.7 6.5 5.1 ND 0.7 

BioFix 37.2 2.6 3.0 ND 0.6 

BgMax 22.8 1.4 2.7 ND 0.6 

Celmanax 37.3 3.0 1.5 ND 0.7 

Integral 27.6 1.7 3.3 ND 0.7 

Celmanax SCP 28.4 2.2 1.7 ND 0.7 

Trilogy Analytical Laboratory, Washington, MO.
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Table 11: Diet composition and amount of ingredient used in Starter Control Basal for all 8 control diets, 

without mycotoxins. 

    Starter Control Basal  

Ingredient Name Percent 

Corn  43.70 

SBM            33 

Wheat                      7.30 

Poultry Fat                               5.70 

DDGS                            5.60 

Dicalcium Phosphate                          1.90 

Limestone fine                           0.95 

Salt                       0.50 

Vermiculite                              0.25 

DL-Methionine                          0.22 

PX NCSU Br Mineral
1
 0.20 

L-Lysine                              0.13 

L-Threonine                            0.13 

Choline Chloride                      0.10 

Selenium Premix NCSU
2
                     0.10 

PX NCSU Br Vitamin
3
 0.05 

Coban                                    0.05 
 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
 Each kilogram of mineral premix (0.1% inclusion) supplied the following per kg of complete feed: 

60 mg Zn as ZnSO4H2O; 60 mg Mn as MnSO4H2O; 40 mg Fe as FeSO4H2O; 5 mg Cu as CuSO4 ; 

1.25 I as Ca(IO3) 2; 1 mg Co as COSO4. 
2
 Selenium premix provided 0.3 ppm Se. 

3
 Each kilogram of vitamin premix (0.1% inclusion) supplied the following per kg of complete feed; 

13, 200 IU vitamin A; 4,000 IU cholecalciferol; 66 IU alpha-tocopherol; 110 mg niacin; 22 mg 

pantothentic acid; 13.2 mg riboflavin; 8 mg pyridoxine; 4 mg menadione; 2.2 mg folic acid; 4 mg 

thiamin; 0.253 biotin; 0.04 mg vitamin B12; 100 mg ethoxyquin.   
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Table 12: Diet composition and amount of ingredient used in Starter Mycotoxin Basal for all 8 mycotoxin diets. 

Ingredient Name Percent 

Mycotoxin Corn¹ 44.20 

SBM 32.90 

Mycotoxin Wheat ²                   7.30 

DDGS                         5.60 

Poultry Fat                              5.30 

Dicalcium Phosphate                          1.95 

Limestone Fine                         0.95 

Salt                       0.50 

Vermiculite                              0.25 

DL-Methionine                            0.22 

PX NCSU Br Mineral
3
 0.20 

L-Threonine                              0.12 

L-Lysine                              0.12 

Choline Chloride                      0.10 

Selenium Premix NCSU
4
                     0.10 

PX NCSU Br Vitamin
5
 0.05 

Coban                                    0.05 

¹ Mycotoxin corn from Texas.  

² Mycotoxin wheat from Asheboro, NC. 

 

 

 

 

 

 

 

 

 

 

3
 Each kilogram of mineral premix (0.1% inclusion) supplied the following per kg of complete feed: 

60 mg Zn as ZnSO4H2O; 60 mg Mn as MnSO4H2O; 40 mg Fe as FeSO4H2O; 5 mg Cu as CuSO4 ; 1.25 

I as Ca(IO3) 2; 1 mg Co as COSO4. 
4 
Selenium premix provided 0.3 ppm Se. 

5
 Each kilogram of vitamin premix (0.1% inclusion) supplied the following per kg of complete feed; 

13, 200 IU vitamin A; 4,000 IU cholecalciferol; 66 IU alpha-tocopherol; 110 mg niacin; 22 mg 

pantothentic acid; 13.2 mg riboflavin; 8 mg pyridoxine; 4 mg menadione; 2.2 mg folic acid; 4 mg 

thiamin; 0.253 biotin; 0.04 mg vitamin B12; 100 mg ethoxyquin.   
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Table 13: Diet composition and amount of ingredient used in Grower Control Basal for all 8 control diets, 

without mycotoxins. 

Ingredient Name Percent 

Corn  50.5 

SBM            28.5 

Wheat                      5.80 

Poultry Fat                               5.70 

DDGS                            5.20 

Dicalcium Phosphate                          1.68 

Limestone fine                           0.88 

Salt                       0.50 

Vermiculite                              0.25 

DL-Methionine                          0.20 

PX NCSU Br Mineral
1
 0.20 

L-Lysine                              0.14 

L-Threonine                            0.13 

Choline Chloride                      0.10 

Selenium Premix NCSU
2
                     0.10 

PX NCSU Br Vitamin
3
 0.05 

Coban                                    0.05 

  

 

 

 

 

 

 

 

 

 

 

1
 Each kilogram of mineral premix (0.1% inclusion) supplied the following per kg of complete feed: 

60 mg Zn as ZnSO4H2O; 60 mg Mn as MnSO4H2O; 40 mg Fe as FeSO4H2O; 5 mg Cu as CuSO4 ; 

1.25 I as Ca(IO3) 2; 1 mg Co as COSO4. 
2
 Selenium premix provided 0.3 ppm Se. 

3
 Each kilogram of vitamin premix (0.1% inclusion) supplied the following per kg of complete feed; 

13, 200 IU vitamin A; 4,000 IU cholecalciferol; 66 IU alpha-tocopherol; 110 mg niacin; 22 mg 

pantothentic acid; 13.2 mg riboflavin; 8 mg pyridoxine; 4 mg menadione; 2.2 mg folic acid; 4 mg 

thiamin; 0.253 biotin; 0.04 mg vitamin B12; 100 mg ethoxyquin.   
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Table 14: Diet composition and amount of ingredient used in Grower Mycotoxin Basal for all 8 mycotoxin 

diets. 

Ingredient Name Percent 

Mycotoxin Corn ¹ 52.39 

SBM 27.81 

Mycotoxin Wheat²                    5.70 

DDGS                         5.20 

Poultry Fat                              4.60 

Dicalcium Phosphate                          1.67 

Limestone Fine                         0.88 

Salt                       0.50 

Vermiculite                              0.25 

DL-Methionine                            0.20 

PX NCSU Br Mineral
3
 0.19 

L-Threonine                              0.16 

L-Lysine                              0.11 

Choline Chloride                      0.10 

Selenium Premix NCSU
4
                     0.10 

PX NCSU Br Vitamin
5
 0.05 

Coban                                    0.05 

¹ Mycotoxin corn from Texas.  

² Mycotoxin wheat from Asheboro, NC. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3
 Each kilogram of mineral premix (0.1% inclusion) supplied the following per kg of complete feed: 

60 mg Zn as ZnSO4H2O; 60 mg Mn as MnSO4H2O; 40 mg Fe as FeSO4H2O; 5 mg Cu as CuSO4 ; 1.25 

I as Ca(IO3) 2; 1 mg Co as COSO4. 
4
 Selenium premix provided 0.3 ppm Se. 

5
 Each kilogram of vitamin premix (0.1% inclusion) supplied the following per kg of complete feed; 

13, 200 IU vitamin A; 4,000 IU cholecalciferol; 66 IU alpha-tocopherol; 110 mg niacin; 22 mg 

pantothentic acid; 13.2 mg riboflavin; 8 mg pyridoxine; 4 mg menadione; 2.2 mg folic acid; 4 mg 

thiamin; 0.253 biotin; 0.04 mg vitamin B12; 100 mg ethoxyquin. 
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Table 15: Diet composition and amount of ingredient used in Finisher Control Basal for all 8 control diets, 

without mycotoxins. 

Ingredient Name Percent 

Corn  58.10 

SBM            21.40 

Wheat                      5.70 

Poultry Fat                               5.70 

DDGS                            5 

Dicalcium Phosphate                          1.42 

Limestone fine                           1.08 

Salt                       0.50 

Vermiculite                              0.25 

DL-Methionine                          0.20 

PX NCSU Br Mineral
1
                       0.19 

L-Lysine                              0.14 

L-Threonine                            0.10 

Choline Chloride                      0.10 

Selenium Premix NCSU
2
                     0.09 

PX NCSU Br Vitamin
3
                      0.05 

Coban                                    0.05 

 

 

 

 

 

 

 

 

 

 

 

1
 Each kilogram of mineral premix (0.1% inclusion) supplied the following per kg of complete feed: 

60 mg Zn as ZnSO4H2O; 60 mg Mn as MnSO4H2O; 40 mg Fe as FeSO4H2O; 5 mg Cu as CuSO4 ; 

1.25 I as Ca(IO3) 2; 1 mg Co as COSO4.  
2
 Selenium premix provided 0.3 ppm Se. 

3
 Each kilogram of vitamin premix (0.1% inclusion) supplied the following per kg of complete feed; 

13, 200 IU vitamin A; 4,000 IU cholecalciferol; 66 IU alpha-tocopherol; 110 mg niacin; 22 mg 

pantothentic acid; 13.2 mg riboflavin; 8 mg pyridoxine; 4 mg menadione; 2.2 mg folic acid; 4 mg 

thiamin; 0.253 biotin; 0.04 mg vitamin B12; 100 mg ethoxyquin. 
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Table 16: Diet composition and amount of ingredient used in Finisher Mycotoxin Basal for all 8 mycotoxin 

diets. 

Ingredient Name Percent 

Mycotoxin Corn¹ 59.9 

SBM 20.6 

Mycotoxin Wheat²                   5.7 

DDGS                         5 

Poultry Fat                              4.6 

Dicalcium Phosphate                          1.42 

Limestone Fine                         1.09 

Salt                       0.5 

Vermiculite                              0.25 

DL-Methionine                            0.20 

PX NCSU Br Mineral
3
 0.2 

L-Threonine                              0.13 

L-Lysine                              0.1 

Choline Chloride                      0.1 

Selenium Premix NCSU
4
                     0.09 

PX NCSU Br Vitamin
5
 0.05 

Coban                                    0.05 

¹ Mycotoxin corn from Graham, NC.  

² Mycotoxin wheat from Asheboro, NC. 

 3
 Each kilogram of mineral premix (0.1% inclusion) supplied the following per kg of complete feed: 

60 mg Zn as ZnSO4H2O; 60 mg Mn as MnSO4H2O; 40 mg Fe as FeSO4H2O; 5 mg Cu as CuSO4 ; 

1.25 I as Ca(IO3) 2; 1 mg Co as COSO4. 
4
 Selenium premix provided 0.3 ppm Se. 

5
 Each kilogram of vitamin premix (0.1% inclusion) supplied the following per kg of complete feed; 

13, 200 IU vitamin A; 4,000 IU cholecalciferol; 66 IU alpha-tocopherol; 110 mg niacin; 22 mg 

pantothentic acid; 13.2 mg riboflavin; 8 mg pyridoxine; 4 mg menadione; 2.2 mg folic acid; 4 mg 

thiamin; 0.253 biotin; 0.04 mg vitamin B12; 100 mg ethoxyquin. 
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Table 17: Amino acid analysis of the control and mycotoxin diets for the starter, grower, and finisher. 

 Starter Control 

Basal 

Starter Myco 

Basal 

Grower Control 

Basal 

Grower 

Myco Basal 

Finisher 

Control Basal 

Finisher 

Myco Basal 

Aspartic Acid 2.40 2.25 2.09 1.48 1.69 1.59 

Threonine 0.84 0.76 0.78 0.63 0.69 0.61 

Glutamic Acid 4.25 3.95 3.71 2.89 3.19 2.96 

Proline 1.27 1.29 1.19 0.99 1.05 1.00 

Glycine 1.00 0.96 0.90 0.70 0.77 0.73 

Alanine 1.16 1.14 1.09 0.90 0.97 0.92 

Cysteine 0.37 0.36 0.36 0.29 0.32 0.30 

Valine 1.22 1.18 1.11 0.84 0.93 0.89 

Methionine 0.57 0.56 0.54 0.47 0.43 0.44 

Isoleucine 1.02 0.99 0.92 0.68 0.76 0.72 

Leucine 1.87 1.88 1.79 1.43 1.55 1.44 

Lysine 1.40 1.31 1.24 0.90 1.05 1.01 

University of Missouri, Experiment Station Chemical Laboratories, Columbia, MO.
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Table 18:  Body weights at 0, 2, 3, 5, and 7 weeks of broilers fed diets containing mycotoxins in 

combination with feed additives to 7 weeks of age. 

Additive  Corn  

BW 

0  

BW 2 

wks 

BW 3 

wks 

BW 5 

wks  

BW 7 

wks  

    Mean 

    (g) 

Control  

 

45 455 
b
 936

b
 2297 

b
 3728 

BioFix  

 

45 469 
a
 957

a
 2365 

a
 3733 

Bg-Max  

 

45 469 
a
 958 

a
 2352 

a
 3725 

Celmanax  

 

45 473
a
 970 

a
 2353 

a
 3746 

Integral 

 

45 470 
a
 952 

ab
 2342 

a
 3721 

Celmanax SCP 

 

45 478 
a
 961 

a
 2375

a
 3783 

SEM   0.237 4.04 6.67 15.23 24.4 

P-value   0.50 0.012 0.021 0.012 0.49 

 

Control  45.50 477 
A
 978 

A
 2405 

A
 3812 

A
 

 

Myco  45.51 460 
B
 933 

B
 2290 

B
 3758 

B
 

SEM   0.12 2.42 3.85 8.80 14.12 

P-value   0.94 <0.0001 <0.0001 <0.0001 0.008 

Control  Control  46 458 952 2369 3837 

Control  Myco  45 453 919 2225 3710 

BioFix  Control  44 484 980 2412 3793 

BioFix  Myco  45 455 935 2318 3763 

Bg-Max  Control  46 475 971 2399 3791 

Bg-Max  Myco  45 462 946 2304 3750 

Celmanax  Control  45 484 998 2407 3803 

Celmanax  Myco  45 461 942 2300 3780 

Integral Control  44 474 974 2386 3793 

Integral Myco  46 465 931 2298 3740 

Celmanax SCP Control  45 490 996 2456 3854 

Celmanax SCP Myco  45 467 927 2295 3804 

SEM   0.335 5.72 9.10 21.55 34.58 

P-value   0.072 0.30 0.25 0.44 0.71 
A,B

Means with different superscripts for diet are significantly different (p < 0.05). 
a,b

Means with different superscripts for treatments are significantly different (p < 0.05). 
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Table 19: Feed Intake 0-2, 2-3, 0-3, 3-5, and 0-5 weeks of broilers fed diets containing mycotoxins in 

combination with feed additives to 7 weeks of age. 

Additive  Corn  

FI  

0-2 wks 

FI  

2-3 wks 

FI  

0-3 wks 

FI  

3-5 wks 

FI  

0-5 wks 

    Mean 

    (g) 

Control  

 

630 
b
 735 1366 2260 3625 

BioFix  

 

642 
b
 733 1374 2327 3702 

Bg-Max  

 

654 
b
 736 1390 2304 3694 

Celmanax  

 

658 
b
 721 1380 2308 3688 

Integral 

 

645 
b
 731 1376 2300 3676 

Celmanax SCP 

 

697 
b
 726 1424 2310 3733 

SEM   10.31 12.71 16.11 22.31 30.76 

P-value   0.0007 0.96 0.17 0.42 0.26 

 

Control  665 741 
A
 1406 

A
 2327 

A
 3733 

A
 

 

Myco  644 720 
B
 1364 

B
 2266

B
 3640 

B
 

SEM   5.95 7.34 9.3 11.16 17.76 

P-value   0.017 0.04 0.002 0.008 0.0005 

Control  Control  636 745 1381 2311 3693 

Control  Myco  625 725 1350 2208 3558 

BioFix  Control  659 744 1404 2337 3740 

BioFix  Myco  624 721 1345 2318 3663 

Bg-Max  Control  664 740 1404 2333 3738 

Bg-Max  Myco  644 732 1376 2275 3651 

Celmanax  Control  667 714 1381 2351 3733 

Celmanax  Myco  649 729 1378 2265 3643 

Integral Control  646 748 1393 2293 3686 

Integral Myco  644 715 1359 2306 3666 

Celmanax SCP Control  716 755 1471 2337 3808 

Celmanax SCP Myco  678 698 1376 2283 3658 

SEM   14.58 17.97 22.79 31.55 43.51 

P-value   0.81 0.49 0.45 0.48 0.73 
A,B

Means with different superscripts for diet are significantly different (p < 0.05). 
a,b

 Means with different superscripts for treatments are significantly different (p < 0.05). 
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Table 20: Feed Intake 5-7, 0-7, 2-5, 2-7, and 3-7 weeks of broilers fed diets containing mycotoxins in 

combination with feed additives to 7 weeks of age. 

Additive  Corn  

FI 

 5-7 wks 

FI  

0-7 wks 

FI  

2-5 wks 

FI  

2-7 wks 

FI  

3-7 wks 

    Mean 

    (g) 

Control  

 

3077 6703 2995 6072 5337 

BioFix  

 

2967 6668 3060 6027 5294 

Bg-Max  

 

3065 6759 3041 6106 5369 

Celmanax  

 

2896 6584 3030 5926 5204 

Integral 

 

3066 6742 3031 6097 5365 

Celmanax 

SCP 

 

3120 6853 3036 6156 5429 

SEM   56.55 65.55 26.15 62.36 62.67 

P-value   0.07 0.11 0.65 0.17 0.20 

 

Control  3042 6774 
A
 3068 

A
 6110 5369 

 

Myco  3022 6662 
B
 2996 

B
 6018 5298 

SEM   32.65 31.40 13.13 36.00 36.18 

P-value   0.68 0.04 0.0013 0.077 0.17 

Control  Control  3145 6838 3057 6202 5457 

Control  Myco  3010 6567 2933 5943 5217 

BioFix  Control  3072 6813 3081 6154 5409 

BioFix  Myco  2861 6524 3039 5900 5179 

Bg-Max  Control  3082 6819 3074 6155 5415 

Bg-Max  Myco  3048 6699 3008 6056 5323 

Celmanax  Control  2762 6495 3066 5828 5113 

Celmanax  Myco  3030 6673 2994 6024 5295 

Integral Control  3035 6721 3040 6076 5328 

Integral Myco  3096 6762 3022 6118 5403 

Celmanax 

SCP Control  3152 6960 3092 6244 5488 

Celmanax 

SCP Myco  3087 6746 2980 6068 5670 

SEM   79.98 92.71 36.98 88.19 88.63 

P-value   0.07 0.09 0.71 0.08 0.13 
A,B

Means with different superscripts for diet are significantly different (p < 0.05). 
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Table 21: Feed Conversion Ratio 0-2, 2-3, 0-3, 3-5, and 0-5 weeks of broilers fed diets containing mycotoxins 

in combination with feed additives to 7 weeks of age. 

Additive  Corn  

FCR  

0-2 wks 

FCR  

2-3 wks 

FCR 

 0-3 wks 

FCR  

3-5 wks 

FCR 

 0-5 wks 

    Mean 

    (g:g) 

Control  

 

1.39 
b
 1.53 1.46 1.66 1.58 

BioFix  

 

1.37 
b
 1.51 1.44 1.65 1.56 

Bg-Max  

 

1.40 
b
 1.5 1.45 1.66 1.57 

Celmanax  

 

1.40 
b
 1.45 1.43 1.68 1.57 

Integral 

 

1.38 
b
 1.52 1.45 1.66 1.58 

Celmanax SCP 

 

1.46 
a
 1.51 1.48 1.63 1.57 

SEM   0.02 0.02 0.015 0.01 0.007 

P-value   0.017 0.31 0.17 0.24 0.82 

 

Control  1.39 1.48 
B
 1.44 1.64 

B
 1.56 

B
 

 

Myco  1.39 1.53 
A
 1.46 1.68 

A
 1.59 

A
 

SEM   0.01 0.014 0.009 0.007 0.004 

P-value   0.017 0.035 0.098 0.0002 <0.0001 

Control  Control  1.39 1.51 1.45 1.63 1.56 

Control  Myco  1.38 1.56 1.47 1.68 1.60 

BioFix  Control  1.36 1.51 1.44 1.62 1.55 

BioFix  Myco  1.37 1.50 1.44 1.68 1.58 

Bg-Max  Control  1.40 1.48 1.46 1.64 1.56 

Bg-Max  Myco  1.39 1.52 1.46 1.68 1.59 

Celmanax  Control  1.40 1.38 1.39 1.68 1.56 

Celmanax  Myco  1.41 1.52 1.46 1.68 1.59 

Integral Control  1.36 1.51 1.44 1.64 1.56 

Integral Myco  1.39 1.53 1.46 1.69 1.60 

Celmanax SCP Control  1.47 1.50 1.48 1.61 1.56 

Celmanax SCP Myco  1.45 1.52 1.48 1.66 1.59 

SEM   0.03 0.03 0.015 0.02 0.01 

P-value   0.97 0.39 0.17 0.68 0.99 
A,B

Means with different superscripts for diet are significantly different (p < 0.05). 
a,b

Means with different superscripts for treatments are significantly different (p < 0.05). 
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Table 22: Feed Conversion Ratio 5-7, 0-7, 2-5, 2-7, and 3-7 weeks of broilers fed diets containing mycotoxins 

in combination with feed additives to 7 weeks of age. 

Additive  Corn  

FCR  

5-7 wks 

FCR 

 0-7 wks 

FCR 

 2-5 wks 

FCR  

2-7 wks 

FCR  

3-7 wks 

        Mean     

    (g:g) 

Control  

 

2.10 1.77 1.63 1.83 1.88 

BioFix  

 

2.12 1.76 1.62 1.82 1.88 

Bg-Max  

 

2.20 1.79 1.62 1.85 1.91 

Celmanax  

 

2.03 1.74 1.61 1.79 1.85 

Integral 

 

2.16 1.79 1.62 1.85 1.91 

Celmanax 

SCP 

 

2.19 1.79 1.60 1.84 1.89 

SEM   0.05 0.016 0.009 0.019 0.02 

P-value   0.13 0.13 0.56 0.17 0.41 

 

Control  2.19 
A
 1.78 1.59 

B
 1.83 1.90 

 

Myco  2.08 
B
 1.77 1.64

A
 1.82 1.88 

SEM   0.03 0.009 0.005 0.011 0.031 

P-value   0.004 0.50 <0.0001 0.60 0.30 

Control  Control  2.16 1.78 1.60 1.84 1.89 

Control  Myco  2.04 1.76 1.66 1.82 1.87 

BioFix  Control  2.24 1.79 1.60 1.86 1.92 

BioFix  Myco  1.99 1.73 1.63 1.78 1.83 

Bg-Max  Control  2.28 1.81 1.60 1.86 1.92 

Bg-Max  Myco  2.12 1.78 1.63 1.84 1.90 

Celmanax  Control  2.01 1.71 1.60 1.76 1.83 

Celmanax  Myco  2.06 1.77 1.63 1.82 1.87 

Integral Control  2.16 1.77 1.59 1.83 1.89 

Integral Myco  2.16 1.80 1.65 1.87 1.93 

Celmanax 

SCP Control  2.31 1.81 1.57 1.86 1.92 

Celmanax 

SCP Myco  2.08 1.78 1.63 1.81 1.87 

SEM   0.07 0.02 0.01 0.03 0.03 

P-value   0.17 0.12 0.69 0.13 0.30 
A,B

Means with different superscripts for diet are significantly different (p < 0.05). 
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Table 23: Relative organ weights of broilers fed diets containing mycotoxins in combination with feed additives 

to 5 weeks of age. 

Additive  Corn  

Relative 

Proventriculus 

Relative 

Gizzard  

Relative 

Liver  

Relative 

Spleen 

Relative 

Pancreas 

    Means  

    (g/100g) 

Control  

 

0.31 1.21 2.09 0.10 0.22 

BioFix  

 

0.35 1.15 2.02 0.10 0.20 

Bg-Max  

 

0.32 1.16 2.03 0.09 0.21 

Celmanax  

 

0.33 1.09 2.05 0.11 0.20 

Integral 

 

0.31 1.16 2.04 0.12 0.21 

Celmanax SCP 

 

0.31 1.18 2.03 0.11 0.22 

SEM   0.015 0.069 0.054 0.011 0.010 

P-value   0.37 0.87 0.97 0.59 0.45 

 

Control  0.33 1.15 1.96 
B
 0.10 0.21 

 

Myco  0.31 1.17 2.10 
A
 0.11 0.21 

SEM   0.008 0.04 0.031 0.006 0.006 

P-value   0.10 0.67 0.00 0.19 0.86 

Control  Control  0.32 1.09 2.07 0.10 0.22 

Control  Myco  0.29 1.33 2.11 0.10 0.21 

BioFix  Control  0.36 1.23 1.95 0.10 0.20 

BioFix  Myco  0.34 1.06 2.10 0.10 0.20 

Bg-Max  Control  0.33 1.13 2.03 0.09 0.21 

Bg-Max  Myco  0.31 1.20 2.04 0.09 0.20 

Celmanax  Control  0.34 1.04 1.90 0.11 0.20 

Celmanax  Myco  0.33 1.13 2.19 0.11 0.19 

Integral Control  0.32 1.18 1.93 0.09 0.22 

Integral Myco  0.31 1.15 2.16 0.40 0.20 

Celmanax SCP Control  0.32 1.21 2.00 0.09 0.20 

Celmanax SCP Myco  0.30 1.15 2.07 0.12 0.23 

SEM   0.021 0.097 0.077 0.016 0.014 

P-value   0.10 0.42 0.39 0.50 0.60 
A,B

Means with different superscripts for diet are significantly different (p < 0.05). 
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Table 24: Relative organ weights and hematocrit of broilers fed diets containing mycotoxins in combination 

with feed additives to 7 weeks of age. 

Additive  Corn  

Relative 

Proventriculus  

Relative 

Gizzard  

Relative 

Liver  

Relative 

Spleen  

Relative 

Pancreas  
Hematocrit  

  
Mean 

    (g/100g BW) (%) 

Control  

 

0.26 0.90 1.93 
ab

 0.11 
b
 0.15 30.43 

BioFix  

 

0.26 0.83 1.82 
bc

 0.11 
b
 0.15 30.60 

Bg-Max  

 

0.25 0.81 1.97 
ab

 0.10 
b
 1.15 30.35 

Celmanax  

 

0.28 0.76 1.94
ab

 0.11 
b
 2.15 30.33 

Integral 

 

0.27 0.78 1.72 
c
 0.09 

b
 3.15 29.15 

Celmanax SCP 

 

0.25 0.82 2.04 
a
 0.15 

a
 4.15 29.00 

SEM   0.016 0.05 0.063 0.010 0.008 0.887 

P-value   0.71 0.52 0.01 0.001 0.99 0.72 

 

Control  0.27 0.79 1.880 0.11 0.15 30.11 

 

Myco  0.25 0.84 1.920 0.11 0.15 29.84 

SEM   0.009 0.030 0.036 0.006 0.004 0.54 

P-value   0.04 0.42 0.42 0.34 0.41 0.72 

Control  Control  0.25 
a
 0.87 1.90 0.11 0.16 31.00 

Control  Myco  0.28 
c
 0.93 1.96 0.11 0.15 29.86 

BioFix  Control  0.31 
ab

 0.72 1.82 0.10 0.15 30.13 

BioFix  Myco  0.21 
cd

 0.94 1.81 0.12 0.14 31.08 

Bg-Max  Control  0.24 
c
 0.80 1.78 0.09 0.15 30.33 

Bg-Max  Myco  0.27 
c
 0.83 2.17 0.10 0.15 30.38 

Celmanax  Control  0.32 
b
 0.71 1.95 0.13 0.15 30.33 

Celmanax  Myco  0.25 
c
 0.82 1.93 0.09 0.15 30.33 

Integral Control  0.26 
bc

 0.81 1.77 0.10 0.15 29.54 

Integral Myco  0.27 
c
 0.75 1.67 0.08 0.15 28.75 

Celmanax SCP Control  0.25 
c
 0.84 2.07 0.16 0.15 29.38 

Celmanax SCP Myco  0.24 
c
 0.80 2.01 0.14 0.15 28.63 

SEM   0.023 0.073 0.089 0.014 0.011 1.32 

P-value   0.04 0.42 0.11 0.55 0.98 0.97 
a,b,c,d

Means with different superscripts for treatments are significantly different (p < 0.05). 
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MANUSCRIPT III: Effects of AB-20 when Fed in Combination with Aflatoxin Peanut 

Meal to Turkey Poults.  

ABSTRACT 

A novel process for adding value to aflatoxin contaminated peanut meal(atox-PM) 

has been developed. A bentonite clay(AB20™) was used to sequester aflatoxin while 

simultaneously extracting water soluble protein from atox-PM. A co-product of this process 

is the insoluble PM(iPM) which could be used as a feed ingredient. The goal of this 

particular experiment was to see if there would be any effects in performance when birds 

were fed insoluble PM in combination with a known adsorbent, AB-20™.  

In this study 336 LW hen poults were placed in 48 battery cages (8 dietary treatments, 

6 cages/treatment) with 7 birds/cage. Birds were raised to 3 weeks of age. A common basal 

was made with all ingredients except PM, peanut hulls, sand, and the clay, which were added 

accordingly to the 8 respective diets. Atox-PM(191ppb) before processing, i-PM derived 

from processing and a low atox(9ppb) control PM(clean-PM) were evaluated. All diets 

contained 36% PM, were isonitrogenous and isocaloric and were: clean-PM; clean-

PM+AB20; atox-PM; atox-PM+AB20; iPM; iPM processed with 2 levels of AB20; and iPM 

with AB20 added post-processing.The active ingredient in AB-20 is bentonite clay. Body 

weight(BW), feed intake(FI), and feed conversion ratio (FCR) were determined at wk 1, 2, 

and 3. At 3 wk the heart, spleen, gizzard, kidney, liver, pancreas, and the bursa were 

collected from 4 birds/pen and relative weights(RW) determined as were liver  
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colors(L*a*b*). Body weight at wk 1, 2, and 3 were higher in birds fed PM diets compared 

to those fed iPM diets. Birds fed two diets contained iPM processed with AB20™had the 

lowest FI(p<0.0001) throughout the trial compared to all other diets. The FCR at 1-2 and 0-2 

wk was improved for PM diets compared to the iPM diets. Birds fed atox-PM diets had the 

lowest liver RW(p<0.0001) compared to those fed iPM and clean-PM diets. The iPM diets 

resulted in higher pancreas RW(p<0.0001) compared to other diets. Birds fed atox-PM 

without AB20 had the highest spleen RW(p<0.0001) compared to those fed other diets. 

Feeding the atox-PM and iPm diets resulted in livers with higher b*(yellow 

coloration;p<0.0001) which could be attributed to fat deposition resulting from aflatoxin 

metabolism. In conclusion, the iPM was an inferior feed ingredient compared to PM before 

processing. Although clay addition resulted in significant in vitro atox reduction, this 

ingredient minimally impacted bird performance.  

INTRODUCTION 

Peanut meal is the by-product that remains after oil is extracted from peanuts. It is not 

used for human consumption but can be used in livestock feeds and is considered an 

inexpensive protein source. However, PM is not a common ingredient used in poultry diets 

because it is deficient in threonine, methionine, and lysine (Costa et al, 2000). Now that 

synthetic amino acids have become readily available these can be added back to the diets to 

correct for imbalances.  
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Aflatoxin has become an increasing problem in peanuts. In peanuts aflatoxin is 

produced by the species of fungi known as Aspergillus flavus, Aspergillus parasiticus, and 

Aspergillus nominus (Galvez et al., 2003).The main problem with contaminated raw peanuts 

comes during storage when peanuts are not stored at the correct temperaure and relative 

humidity (Galvez et al, 2003). Peanut drying conditions are ideal for the proliferation of 

aflatoxin. Peanuts used for human consumption in the US, according to the FDA cannot 

exceed 20ppb aflatoxin (Ellis et al, 2010). This means that more and more peanuts are being 

rejects and are being used for peanut meal which translates into an influx of aflatoxin 

contaminated PM on the market. Thus, a proposed method of utilizing an adsorbent to 

sequester aflatoxin in contaminated peanut meal has been studied. In this method 

contaminated PM, water, and sodium hydroxide were mixed together. Next a protease 

enzyme and an adsorbent were added to the mixture which causes an enzymatic hydrolysis to 

take place. This mixture was then exposed to steam and finally the two fractions were 

decanted into a wet solid portion and a liquid portion. The wet solid portion was dried 

resulting in a product that can be used as a feed ingredient and the liquid portion is 

partitioned and frozen which can be used for humans. This liquid portion can be used as a 

spray product over food used for human consumption. The solid portion of this fraction 

contained the PM, the adsorbent (clay), and any residual aflatoxin. Since all the clay goes 

into the solid port this causes this fraction to be high in ash.   
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MATERIAL AND METHODS 

In this study 336 Large White Nicholas (East Lewisburg, West Virginia) hen poults 

were reared to 3 weeks of age. Birds were placed in a room with 48 Petersime battery cages 

(NCSU Department of Poultry Science, Scott Hall) with 7 birds per cage. There were 4 

batteries in the room, batteries had 12 cages spread over 6 decks. The front and back two 

batteries were each considered a block, meaning there were 2 blocks to account for location 

and temperature variation within the rooms. Each chick was tagged and randomly assigned to 

one of the eight dietary treatments.The birds hadad libitum access to feed and water and birds 

were raised under typical management practices and in accordance with the Institutional 

Animal Care and Used Committee. The eight dietary treatments were randomly assigned 

throughout 48 cages (6 replicates per treatment). This study was a 2 x 4 randomized factorial 

design. There were 4 different types of peanut meal (PM) used in this study: clean PM, 

aflatoxin PM, insoluble PM(iPM), and iPM without a clay (Astra Ben 20, AB-20™; Prince 

Agri Products, Quincy, Illinois). Each of the PM diets consisted of two treatments one with 

and one without AB-20™. The PM containing aflatoxin used for the aflatoxin PM diets as 

well as the insoluble PM diets all came from Golden Peanut LLC, originating from the 2010 

southeast US peanut harvest. The clean PM was received from a commercial oil plant located 

in the southwest US, originating from the 2010 peanut harvest.  

The peanut meal utilized in this study was processed with a novel technique, which 

sequesters aflatoxin with the addition of an adsorbent.  This process yields a soluble and an  
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insoluble faction. The insoluble fraction was dried and used as another protein source in this 

trial which was called insoluble peanut meal. Also to allow for a comparison, PM that had 

not gone through the novel process was utilized. The PM processing occurred in the USDA, 

ARS, Market Quality and Handling Research Unit located at NCSU. The actual production 

of different types of PM was conducted by USDA as a separate experiment.  

The diet designations were as follows: clean PM; clean PM + AB-20™; aflatoxin 

PM; aflatoxin PM + AB-20™; iPM processed with AB-20™ (4% and 8%); iPM; iPM + AB-

20™ added post-processing. The clay was supplemented at 4% of the finished diet and sand 

was used in the diets as a filler for the diets without AB-20™. A single starter phase diet was 

used for duration of the project. In each of the diets PM was added at 36% of the total 

finished feed. The processed PM was higher in fiber and lower in protein as compared to the 

non-processed PM. To correct for this imbalance peanut hulls were added at a higher level to 

the non-processed PM diets.  All of the diets were balanced isonitrogenously and 

isocalorically for the specifications for turkeys. A common corn/soy basal, see (Table 1), was 

made at the NCSU feed mill and bagged off in 50lb bags. The basal was then divided evenly 

into 8 batches and the respective PM, peanut hulls, sand, and AB-20™ were added to each. 

Each of the diets were mixed for 5 minutes and then transferred into bins that were stored for 

the duration of the trial for feeding purposes. Samples of the starting PM were obtained and 

proximate analysis and amino acid composition were conducted (Barrow-Agee Labs, 

Memphis TN).These samples were tested for aflatoxin using a HPLC methodology (USDA 

ARS, Market Quality and Handling Research Unit, Raleigh, NC). Finally a composite sample  
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was taken from each of the 8 finished feeds and tested for proximate analysis and aflatoxin at 

North Carolina Department of Agriculture and Consumer Services.  

Poults were individually weighed at placement, 1, 2, and 3 weeks. Feed consumption 

was determined by pen. Mortality and BW were noted daily and used to adjust feed 

conversion.  Birds had ab libitum access to feed and water. At 21 days of age four birds per 

cage were weighed individually, euthanized and the following organs extracted: heart, 

gizzard, liver, kidney, spleen, pancreas, and bursa to calculate relative organ weights. Each 

liver was examined using the L*a*b* color scale with a Koniac Minolta, color meter. A piece 

of each liver was also frozen for liver lipid analysis. Blood was collected from two birds per 

pen and assayed for total serum albumin.  

 The cage was considered the experimental unit for body weight and feed conversion. 

For other parameters, the bird was considered the experimental unit. All data were analyzed 

using the GLM procedure of SAS (SAS Institute) for treatment effect. Where there was a 

treatment effect observed, treatment means were separated using the least significant 

difference procedure with P<0.05 unless otherwise stated. 

RESULTS 

Feed Mycotoxin Levels  

 The aflatoxin levels in each of the PM’s used were as follows: clean PM, 70ppb; 

aflatoxin PM, 191ppb; iPM with 4% AB-20™, 50ppb; iPM with 8% AB-20™, 33ppb; and  
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iPM, 126ppb. The finished diet aflatoxin levels in the clean PM diets were 24-29ppb and in 

the aflatoxin PM diets the levels were 36-52ppb (Table 2).  

Bird Performance  

 Body weight at 1, 2, and 3 weeks was significantly decreased in the two processed 

PM diets as compared to the other diets (Table 4). Period and cumulative feed intake at 1-2 

and 0-2 weeks was lower in birds fed iPM processed with AB-20™ (4% and 8%) compared 

to birds fed the other diets. Also total feed intake for all of the iPM diet fed birds were 

significantly lower than the clean and aflatoxin PM diet fed birds (Table 5). FCR for the 

period 1-2 and 0-2 weeks were improved in the clean and aflatoxin PM diet fed birds 

compared to the iPM diet fed birds (Table 6). This stands to reason that the feed consumption 

and body weight were decreased in the iPM fed birds which resulted in a higher FCR in these 

diets. There were no significant differences in FCR observed 2-3 weeks.  

 The aflatoxin PM diet with no AB-20™ had the highest relative spleen weight 

compared to the other diets. Relative gizzard weight was increased in the two aflatoxin PM 

diets and the iPM processed with AB-20(8%) compared to the other diets. Also relative liver 

weight was significantly higher in the two clean PM diet fed birds compared to the aflatoxin 

and iPM fed birds. This indicates that the presence of aflatoxin in the diets cause the livers to 

take on a yellow color which is correlated to fat deposition. Fat deposition in the liver could 

translate into aflatoxicosis. Relative pancreas weight was significantly increased in the diets 

iPM processed with AB-20(8%), iPM, and iPM + AB-20 compared to the other diets (Table 

7). The L*a*b* values measure indicated that the aflatoxin PM and iPM fed birds all had 

higher b* values compared to the clean PM fed birds (Table 8). There was no significant  
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difference in relative bursa weight. Also for liver color there were no differences in a* 

values. There were no significant differences in total serum albumin levels or liver lipid 

levels. 

DISSCUSION 

In the United States, peanuts that are discolored and damaged are used for oil 

extraction and the remnants are then dried and sold as peanut meal. Considering the 

composition of peanut meal, it is likely that peanut meal will be contaminated with 

mycotoxins, specifically aflatoxin.Thru the utilization of the processing system to purify 

aflatoxin contaminated peanut meal in order to use it as a foodstuff for livestock this could 

prove advantageous. This study has shown that processing aflatoxin contaminated peanut 

meal significantly decreases aflatoxin levels. Seifert et al. (2010), found that processing 

aflatoxin peanut meal (110 ppb) caused a significant reduction in aflatoxin levels.  

 Locating aflatoxin free or at least low level aflatoxin contaminated peanut meal  has 

proven to be a challenge. The clean PM diets ranged in aflatoxin levels of 24-29ppb, which 

were slightly higher than desired, whereas the aflatoxin PM diets were 49ppb. The aflatoxin 

levels may not have been high enough to cause the AB-20 to bind to the aflatoxin,thus 

causing aflatoxin absorption into the GI tract. In this study there were indications that the 

aflatoxins caused hypertrophy in the pancrease, kidney, and spleen which concurs with 

results found by Hamilton et al. (1972) and McKenzie et al. (1998).   
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It is important to note that peanut meal is not an ideal protein source for poultry 

(Costa et al, 2000). This would indicate why the birds in this trial had such low body weights 

compared those fed a corn-soy based diet (Costa et al, 2000). Also throughout the trial the 

birds fed the iPM all had lower body weight compared to the clean and aflatoxin PM diet fed 

birds. This could be associated with nutrient depletion caused by processing of the peanut 

meal. Along with decreased body weights, feed intake was depressed, which caused poorer 

feed conversion in the iPM fed birds compared to the clean and aflatoxin PM fed birds. The 

iPM may not have been palatable causing the birds to not consume as much feed as a 

standard corn-soy based diet.  

 

 

 

 

 

 

 

 

 



101 
 

 

REFERENCES 

 

Costa, E.F., B.R. Miller, G.M. Pesti, R.I. Bakalli, and H.P. Ewing, 2001.Studies on feeding 

peanut meal as a protein source for broiler chickens.Poultry Science. 80: 306-313.  

 

Galvez, F.C.F, M.L.D.L. Francisco, B.J. Villarino, A.O. Lustre, and A.V.A. Resurreccion, 

2003.Manual sorting to eliminate aflatoxin from peanuts.Journal of Food Protection. 

Vol. 66, No. 10, pg. 1879-1884.  

 

Hamilton, P.B., H.T. Tung, J.R. Harris, J.H. Gainer, and W.E. Donaldson, 1972.The effect of 

dietary fat on aflatoxicosis in turkeys.Poultry Science. 51:165-170.  

 

McKenzie, K.S., L.F. Kubena, A.J. Denvir, T.D. Rogers, G.D. Hitchens, R.H. Bailey, R.B. 

Harvey, S.A. Buckley, and T.D. Phillips, 1998. Aflatoxicosis in turkey poults is 

prevented by treatment of naturally contaminated corn with ozone generated by 

electrolysis. Poultry Science. 77: 1094-1102.  

 

Pesti, G.M., R.I. Bakalli, J.P. Driver, K.G. Sterling, L.E. Hall, and E.M. Bell, 2003. 

Comparison of peanut meal and soybean meal protein supplements for laying hens. 

Poultry Science. 82:1274-1280.  

 

Seifert, L.E., J.P. Davis, J.W. Dorner, W.F. Jaynes, R.E. Zartman, and T.H. Sanders, 2010. 

Value-added processing of peanut meal: aflatoxin sequestration during protein 

extraction. Journal of Agriculture Food Chemistry. 58: 5625-5632.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



102 
 

 

 

 
Table 1: Composition of ingredients for the basal added to each of the peanut meal diets. This basal has 

everything except the peanut meal, peanut hulls, sand and AB-20.  

Ingredient  Amount (%) 

Corn 35 

Soybean Meal, 48% CP  7.5 

Limestone fine  2.25 

Monocalcium 3.0 

DL-Methionine 0.53 

L-Lysine, HCl 1.32 

Threonine 0.425 

Salt 0.25 

Trace Mineral Premix
1
  0.1 

Choline Chloride  0.2 

Vitamin Premix
2
  0.2 

Selenium Premix
3
  0.1 

Sodium Bicarbonate 0.25 

Poultry Fat  5.88 

  

 

 

 

 

 

 

1
 Each kilogram of mineral premix (0.1% inclusion) supplied the following per kg of complete feed: 

60 mg Zn as ZnSO4H2O; 60 mg Mn as MnSO4H2O; 40 mg Fe as FeSO4H2O; 5 mg Cu as CuSO4 ; 

1.25 I as Ca(IO3) 2; 1 mg Co as COSO4. 
2
 Each kilogram of vitamin premix (0.1% inclusion) supplied the following per kg of complete feed; 

13, 200 IU vitamin A; 4,000 IU cholecalciferol; 66 IU alpha-tocopherol; 110 mg niacin; 22 mg 

pantothentic acid; 13.2 mg riboflavin; 8 mg pyridoxine; 4 mg menadione; 2.2 mg folic acid; 4 mg 

thiamin; 0.253 biotin; 0.04 mg vitamin B12; 100 mg ethoxyquin.   
3
 Selenium premix provided 0.3 ppm Se.  
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Table 2: Proximate analysis represented as a percentage of each diet. 

 Clean PM Clean PM + 

AB-20 

Aflatoxin 

PM 

Aflatoxin PM + 

AB-20 

iPM with 

4% AB-20 

iPM with 8% 

AB-20 

iPM iPM + 4% 

AB-20 

 % of Diet  

Crude Protein 25.31 27.07 29.23 28.58 26.10 23.87 27.48 29.54 

Fat 9.64 6.84 7.02 7.52 8.03 7.67 7.62 7.37 

Calcium 1.62 1.63 1.47 1.73 1.67 2.05 1.81 1.51 

Fiber  10.12 9.21 10.25 9.50 9.94 12.35 9.25 8.95 

Aflatoxin (ppb) 24 29 49 49 44 36 52 51 

(Samples ran at  NCDA, Raleigh, NC) 
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Table 3: Diet composition for each peanut meal type with and without the addition of AB-20. 

 Clean PM Clean PM + 

AB-20 

Aflatoxin 

PM 

Aflatoxin PM + 

AB-20 

iPM with 

4% AB-20 

iPM with 

8% AB-20 

iPM iPM + 4% 

AB-20 

Ingredient  Pounds  

Basal 56.9 56.9 56.9 56.9 66.9 66.9 66.9 66.9 

Peanut Meal  43 43 43 43 43 43 43 43 

Peanut Hulls 0 0 0 0 6 6 6 6 

Sand 0.1 0 0.1 0 2.6 2.6 2.6 2.5 

AB-20 0 0.1 0 0.1 0 0 0 0.1 
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Table 4: Mean body weights (BW) of turkeys reared to 3 weeks of age, comparing different peanut meal based diets with and without AB-20. 

 BW 0 BW 1 BW 2 BW 3 

Diet (g) 

Clean PM 58.7 146
a 

    323
a 

     603
a 

 

Clean PM+AB-20 58.9 150
a 

    324
a 

     588
a 

 

Aflatoxin PM 59.0 146
a 

    317
a 

     582
a 

 

Aflatoxin PM +AB-20 59.1 147
a 

    323
a 

     585
a 

 

iPM with 4% AB-20 58.8 127
c 

    260
c 

     484
c 

 

iPM with 8% AB-20 59.1 127
c 

    254
c 

     471
c 

 

iPM 58.7 139
b 

    293
b 

     526
b 

 

iPM + AB-20 58.8 140
b 

   298
b 

     530
b 

 

SEM 0.60 1.74 4.50 9.89 

P-value 0.998 <0.0001 <0.0001 <0.0001 
a,b

 Means with different superscripts are significantly different (p < 0.05). 
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Table 5: Means of period and cumulative feed intake (FI) of tukeys reared to 3 weeks of age, comparing different peanut mealbased diets with 

and without the AB-20.  

 

FI 0 - 1 wk FI 1 - 2 wk FI 0 - 2wk FI 2 - 3 wk FI 1 - 3 wk FI 0 - 3wk 

Diet (g) 

Clean PM 105.67
ab 

 

220.53
a 

 

326.19
ab 

 

460.16
a 

 

680.68
a 

 

786.35
a 

 Clean PM + AB-20 108.17
a 

 

226.17
a 

 

334.34
a 

 

449.48
ab 

 675.64
a 

 

783.81
a 

 Afl PM 110.69
a 

 

218.15
a 

 

328.84
a 

 

432.38
ab 

 

650.52
ab 

 

761.21
a 

 Afl PM + AB-20 107.17
ab 

 

221.80
a 

 

328.97
a 

 

438.85
ab 

 

660.65
a 

 

767.82
a 

 iPM + 4% AB-20 89.19
d 

 

194.34
b 

 

283.52
c 

 

407.29
c 

 

601.63
cd 

 

690.82
cd 

 iPM + 8% AB-20 88.23
d 

 

192.00
b 

 

280.23
c 

 

381.38
d 

 

573.38
d 

 

661.61
d 

 iPM 95.48
cd 

 

214.71
a 

 

310.18
b 

 

405.85
cd 

 

620.56
bc 

 

716.04
bc 

 iPM + AB-20 101.32
bc 

 

221.27
a 

 

322.59
ab 

 

427.11
bc 

 

648.38
ab 

 

749.69
ab 

 SEM 2.31 4.89 6.37 10.32 13.27 14.31 

P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 
a,b,c,d

 Means with different superscripts are significantly different (p < 0.05).
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Table 6: Means of period and cumulative feed conversion ratio(FCR) of turkeys reared to 3 weeks of age, comparing different peanut meal based  

diets with and without AB-20. 

 

FCR 0 -1 wk FCR 1 -2 wk FCR 0 - 2wk FCR 2 - 3wk FCR 1 -3wk FCR 0 - 3wk 

Diet (g:g) 

Clean PM 1.22
bc 

 

1.25
c 

 

1.24
c 

 

1.642 1.49
c 

 

1.44
d 

 Clean PM + AB-20 1.18
c 

 

1.30
c 

 

1.26
 c
 

 

1.708 1.53
bc 

 

1.46
cd 

 Afl PM 1.28
abc 

 

1.27
c 

 

1.28
 c
 

 

1.633 1.49
c 

 

1.46
cd 

 Afl PM + AB-20 1.23
bc 

 

1.27
c 

 

1.25
 c
 

 

1.667 1.51
bc 

 

1.46
cd 

 iPM + 4% AB-20 1.32
a 

 

1.46
ab 

 

1.41
a 

 

1.823 1.68
a 

 

1.63
a 

 iPM + 8% AB-20 1.29
ab 

 

1.52
a 

 

1.44
a 

 

1.762 1.67
a 

 

1.61
ab 

 iPM 1.19
bc 

 

1.41
b 

 

1.33
b 

 

1.737 1.61
ab 

 

1.54
bc 

 iPM + AB-20 1.25
abc 

 

1.40
b 

 

1.35
b 

 

1.845 1.66
a 

 

1.59
ab 

 SEM 0.031 0.023 0.019 0.064 0.037 0.031 

P-value 0.029 <0.0001 <0.0001 0.176 0.0002 <0.0001 
a,b,c,d

 Means with different superscripts are significantly different (p < 0.05).
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Table 7: Means of relative organ weights of turkeys reared to 3 weeks of age, comparing different peanut meal based diets with 

and without AB-20. 

 

Heart Spleen Gizzard Kidney Liver Pancreas Bursa 

Diet (g/100g) 

Clean PM 0.685
ab 

 

0.129
bc 

 2.730
c 

 

0.931
a 

 

2.749
a 

 

0.273
d 

 

0.164
 

Clean PM + AB-20 0.704
a 

 

0.127
bc 

 

2.647
cd 

 

0.896
ab 

 

2.779
a 

 

0.279
d 

 

0.182 

Afl PM  0.706
a 

 

0.152
a 

 

3.126
a 

 

0.922
a 

 

2.353
c 

 

0.332
c 

 

0.162 

Afl PM + AB-20 0.679
ab 

 

0.136
b 

 

3.084
ab 

 

0.9
a
 

 

2.360
c 

 

0.339
c 

 

0.18 

iPM + 4% AB-20 0.683
ab 

 

0.120
c 

 

2.705
c 

 

0.845
bc 

 

2.574
b 

 

0.370
b 

 

0.174 

iPM + 8% AB-20 0.693
ab 

 

0.119
c 

 

2.922
b 

 

0.801
c 

 

2.582
b
 

 

0.402
a 

 

0.185 

iPM  0.657
b 

 

0.138
b 

 

2.502
d 

 

0.880
abc 

 

2.553
b 

 

0.425
a 

 

0.177 

iPM + AB-20 0.647
b 

 

0.134
b 

 

2.608
cd 

 

0.917
ab 

 

2.558
b 

 

0.419
a 

 

0.177 

SEM 0.014 0.004 0.059 0.029 0.045 0.010 0.008 

P-value  0.028 <0.0001 <0.0001 0.016 <0.0001 <0.0001 0.395 
a,b,c,d

 Means with different superscripts are significantly different (p < 0.05).
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Table 8: Means of liver color scores using L*a*b* and total serum albumin values on turkeys reared to 3 weeks 

of age, comparing different peanut meal based diets with and without AB-20. 

 

L star A star B star  SA 

Diet Color scores g/dL 

Clean PM 36.59
d 

 

12.415 3.45
c 

 

7.519 

Clean PM + AB-20 36.84
cd 

 

12 3.56
c 

 

6.338 

Afl PM  40.30
a 

 

12.99 5.69
a 

 

6.411 

Afl PM + AB-20 39.70
ab 

 

12.623 5.40
ab 

 

6.924 

iPM + 4% AB-20 38.14
bc 

 

12.092 4.20
b 

 

6.762 

iPM + 8% AB-20 38.07
c 

 

12.128 4.67
b 

 

6.679 

iPM  38.38
b 

 

12.48 4.80
b 

 

7.218 

iPM + AB-20 38.96
ab 

 

12.074 4.76
b 

 

6.956 

SEM 0.494 0.264 0.215 0.353 

P-value  <0.0001 0.119 <0.0001 0.282 
a,b,c,d

 Means with different superscripts are significantly different (p < 0.05). 
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SUMMARY  

 Mycotoxins are going to continue to be an ever present topic of discussion in within 

the livestock industry.  The problem of mycotoxin contamination needs to be addressed at the 

crop production level. Due to an increase in no-till and conservation practices mycotoxins 

will continue to be an issue within food animal agriculture. Since it will continue to be 

anissue, industry has to look toward alternative methods. These alternative methods include 

feed additives which were tested in this research. The feed additives tested in this research 

contained active ingredients such as hydrated sodium calcium aluminosilicate (HSCAS), 

clays, bentonites, and yeast products. Each of these products are known to specifically bind 

particular mycotoxins but there is not one that can bind all mycotoxins.  

From this research it can be concluded that mycotoxins negatively affect growth 

performance parameters such as deceased body weight, decreased feed intake, and increased 

feed conversion. Each of these components have been proven numerous times in previous 

research. Not only do mycotoxins effect growth performance parameters but it also effects 

poultry from a physiological perspective. Each of these trials showed signs of aflatoxicosis 

which was proven through increased relative pancreas and kidney weights and decreased 

relative liver weights. With these results it can be said that to elicit a binding response from 

the feed additives utilized in this research the mycotoxin levels should have been higher. Past 

research has shown that these additives are effective if supplemented in diets that have high  
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mycotoxin levels. In the future further research may be done to study action levels of these 

different feed additives and in formulating a product that will bind all mycotoxins.   


