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CHAPTER 1 

LITERATURE REVIEW 

Introduction 

 

 Mycotoxins are produced as secondary metabolites by 

molds.  With respect to human and animal diseases there are 

primarily three genera of fungi; Aspergillus, Penicillium, 

and Fusarium that are of concern.  Molds that produce 

mycotoxins are extremely common and can grow on a wide 

range of substrates under a wide range of environmental 

conditions.  The major classes of mycotoxins that pose the 

greatest potential risk to human and animal health as food 

and feed contaminants are aflatoxins, trichothecenes, 

fumonisins, zearalenone, ochratoxin A, and the ergot 

alkaloids. 

 Contamination with mycotoxins often begins in the 

field and increases during harvest, drying, and storage 

(Cast, 2003).  Two primary factors influencing mycotoxin 

production both pre-harvest and post-harvest are 

temperature and moisture.  The potential economic costs of 

crop losses from mycotoxins in the United States are on 
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average $932 million per year, with an average of $6 

million per year in livestock costs (Cast, 2003).      

The typical route of exposure to mycotoxins is by 

ingestion of food or feed contaminants.  However, skin 

contact and inhalation may also be important routes of 

exposure.  All of these routes of exposure can lead to what 

is called mycotoxicosis, a disease caused by the mycotoxin 

produced by a fungus. 

 

Aflatoxin 

 

Aflatoxins are produced by many strains of Aspergillus 

flavus and Aspergillus parasiticus.  Aflatoxins were first 

characterized in 1962 in the aftermath of an unusual 

veterinary crisis near Long, England, during which 

approximately 100,000 turkey poults died as reviewed by 

Bennett and Klich (2003).  This mysterious turkey X disease 

was then linked to peanut (groundnut) meal contaminated 

with secondary metabolites from Aspergillus flavus 

(aflatoxins).  It alerted scientists to the possibility 

that other mold metabolites might also be deadly.   

 There are four major aflatoxins including B1, B2, G1, 

and G2.  The compounds are separated based on their 
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fluorescence under UV light and the presence or lack of a 

double bond at the 8, 9 carbons.  Aflatoxin B1 and G1 have a 

double bond at the 8, 9 carbons, which allows for formation 

of an epoxide, a more toxic form of AFB1 and AFG1, while 

AFB2 and AFG2 do not.  The B aflatoxins are named for their 

blue fluorescence, and the G aflatoxins for their green-

blue fluorescence under UV irradiation on TLC plates.  Of 

the four aflatoxins, aflatoxin B1 is the most potent natural 

carcinogen and the most prevalent aflatoxin produced. 

Besides causing liver cancer, chronic exposure compromises 

immunity and interferes with protein metabolism and 

metabolism of micronutrients, such as magnesium and sodium 

that are critical to health (Harvey et al., 1988; Schell et 

al., 1993a; Marin et al., 2002).  About 4.5 billion persons 

living in developing countries are chronically exposed to 

largely uncontrolled amounts of aflatoxin (Williams et al., 

2004).   

 Aflatoxicosis is defined as the poisoning that results 

from ingesting aflatoxins.  There are two forms that have 

been identified: the first is acute severe intoxication, 

which results in direct liver damage and subsequent illness 

or death, and the second is chronic sub symptomatic 

exposure.  The International Cancer Research Institute 
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identifies aflatoxin B1 as a Class 1 carcinogen, resulting 

in the regulation of this mycotoxin at very low 

concentrations in traded commodities (20 ppb in grains and 

0.5 ppb in milk in the United States; 4 ppb in foods in 

some European countries) (Williams et al., 2004). 

 Measures used by the livestock industry to protect 

animals from the toxic effects of aflatoxin include grain 

testing (Stoloff and Scott, 1984), use of mold inhibitors 

(Hamilton, 1985), fermentation (Dam et al., 1977), 

microbial inactivation (Ciegler et al., 1966), physical 

separation (Huff, 1980), thermal inactivation (Conway et 

al., 1978), irradiation (Shantha and Sreenivasa, 1977), 

ammoniation (Brekke et al., 1977, 1979), ozonation 

(McKenzie et al., 1997, 1998), and the use of adsorbents 

(Masimanco et al., 1973; Phillips et al., 1990a, 1990b).  

Most of these measures are time consuming, costly, and only 

partially effective.   

To date, one of the more effective and practical 

approaches is the use of adsorbents.  Adsorbents added to 

aflatoxin-contaminated feeds can sequester aflatoxin during 

the digestive process, allowing aflatoxin to pass 

harmlessly through the animal (Davidson et al., 1987; 

Phillips et al., 1990a, 1990b).  The major advantages to 
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using adsorbents are that they are relatively inexpensive, 

generally recognized as safe (GRAS), and can be easily 

added to animal feeds.  However, not all adsorbents are 

equally effective at sequestering aflatoxin (Stroud, 2006), 

and some may interfere with nutrient utilization.  As a 

result, current and new adsorbents are tested extensively 

to determine their efficacy. 

 

Aflatoxin and Dairy Cattle 

 

 Aflatoxins are sometimes found in feed ingredients 

used in diets fed to dairy cattle.  In general, dietary 

concentrations of aflatoxin detected in dairy diets are not 

high enough to cause reductions in feed intake and milk 

yield (Diaz et al., 2004; Frobish et al., 1986).  However, 

at these lower dietary aflatoxin concentrations, AFM1, a 

metabolite of AFB1, is secreted into the milk.  Aflatoxin M1 

appears in milk within 12 hours after feeding AFB1 to 

lactating dairy cows (Applebaum et al., 1982a; Frobish et 

al., 1986;) and is undetectable by day 4 after removal of 

AFB1 from diets (Diaz et al., 2004; Frobish et al., 1986; 

Applebaum et al., 1982a).  The same trend has been seen 

with dairy ewes as well (Battacone et al., 2003).  Previous 
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studies have reported that transfer rates of aflatoxin from 

feed to milk range from 0.25 to 6.2% (Applebaum et al., 

1982a; Price et al., 1985; Frobish et al., 1986; Harvey et 

al., 1991; Veldman et al., 1992; Stroud, 2006) and can be 

influenced by various nutritional and physiological 

factors, including feeding regimens, rate of ingestion, 

rate of digestion, health of the animal, hepatic 

biotransformation capacity, and actual milk production.  

This suggests that the rate of absorption of aflatoxins, 

and the excretion of aflatoxin M1 in milk, varies among 

individual animals, from day to day, and from one milking 

to the next.  Veldman et al. (1992) and Masoero et al. 

(2007) suggest that there is higher AFM1 excretion in high 

milk-yield cows compared to low milk-yield cows with carry-

over percentages as high as 6.2% (Veldman et al., 1992).   

 Aflatoxin M1 is toxic and carcinogenic, and is of great 

concern with respect to human health because of the high 

consumption of milk and milk products by humans, especially 

children.  Aflatoxin M1 concentration in curd is strongly 

dependent on the AFM1 concentrations in the unprocessed milk 

and was some two-fold higher than it was in milk (Battacone 

et al., 2005).  This shows that the AFM1 concentration in 

milk is a good predictor of AFM1 concentration in curd and 
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whey (Battacone et al., 2005).  As a result of this 

concern, the AFM1 level in milk is regulated by the US Food 

and Drug Administration at a maximum level of 0.5 µg/L, and 

0.05 µg/L as set by the European Committee (2006).  In 

order to keep milk AFM1 levels below these regulatory 

limits, AFB1 levels in diets fed to dairy cows should be 

less than 40 µg/day per cow (Veldman et al., 1992).    

 While healthy dairy cows can be resistant to 

aflatoxins in feed, decreased feed efficiency in cattle has 

been attributed to compromised ruminal function by reducing 

cellulose digestion, volatile fatty acid (i.e. acetate, 

propionate, and butyrate) production and rumen motility 

(Cook et al., 1986; Diekman and Green, 1992).  

Radiotelemetry was used to measure rumen motility in cattle 

and the results showed that AF administration (200 to 800 

µg/kg) slowed rumen motility in a dose-dependent manner 

(Cook et al., 1986). 

Much of the information concerning the immunotoxic 

potential of mycotoxins has been obtained in laboratory 

animals (Sharma, 1993).  There are only a few studies that 

have involved large domestic animals, including dairy 

cattle.  It is expensive to study dairy cattle or other 

large animals, and immune responses are highly variable in 
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outbred stocks.  Peripheral lymphocytes or cells from the 

major lymphatic organs can be used to study immunotoxic 

effects in vitro. 

Paul et al. (1977) showed that AFB1 suppressed mitogen-

induced stimulation of peripheral lymphocytes.  Feeding 75 

µg/kg of AFB1 to lactating dairy cows compared to those 

given a control diet that did not contain AFB1 affected 

innate immune response (Queiroz et al., 2010).  Singh et 

al. (2000) reported that aflatoxin contaminated feed 

interfered with the immune response only at the time of 

vaccine administration, and appeared to be dose-dependent.  

There was no significant effect observed in relation to sex 

or breed of dairy animals (Singh et al., 2000).  Eddy et 

al. (1980) found that aflatoxin-contaminated corn did not 

have an effect on immune response, feed intake, body weight 

gain, or feed efficiency of Holstein heifers fed 0, 120, or 

300 µg AFB1/kg of diet for 140 days.   

Bingol et al. (2007) studied the influence of 

aflatoxin levels in forages and concentrate feed stuffs on 

some serum biochemical parameters in goats.  No correlation 

was found between feed AF content and glucose, alkaline 

phosphatase (ALP), aspartate amino transferase (AST), or γ-

glutamyl tranferase (GGT) activities (Bingol et al., 2007).  
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Positive correlations were observed between feed AF content 

and cholesterol concentration, triglyceride level, and 

lactate dehydrogenase (LDH) activities (Bingol et al., 

2007).  However, cholesterol levels were within the normal 

range in all animals (Bingol et al., 2007).  In contrast, 

negative correlations were seen between feed AF content and 

total protein (TP) level, albumin level, globulin 

concentration, and alanine aminotransferase (ALT) 

activities (Bingol et al., 2007).  Alanine aminotransferase 

(ALT), AST, GGT, and ALP are specific enzymes used for 

diagnosis of liver disease.  The results of Bingol et al. 

(2007) suggest that there was no liver damage to the goats 

when consuming 82 to 820 µg AFB1/kg of the diet.     

 Lynch et al. (1972) discovered that single dosage 

levels of aflatoxin from 0 to 1.0 mg/kg body weight were 

not lethal to 2 week old male Holstein calves, but those 

consuming 1.8 mg/kg body weight only survived an average of 

23 days of the 42 day experiment.  Dry matter intake and 

body weight reduction were dose-dependent (Lynch et al., 

1972).  Average serum alkaline phosphatase (ALP) levels 

increased (P < 0.05) with increased doses of aflatoxin, but 

by 21 days after dosing the increase in serum ALP at dose 

levels of 1.0 mg/kg or below was not evident (Lynch et al., 
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1972).  It can be assumed that even a single dose of 

aflatoxin can seriously impair the production performance 

of livestock, particularly young calves or swine.  Mertens 

(1979) as cited by Applebaum (1982b) also reported elevated 

blood levels of cholesterol, bilirubin, glutamic oxalacetic 

transaminase, lactic dehydrogenase and alkaline phosphatase 

in dairy cows consuming aflatoxin.  In addition, the dairy 

cows exhibited decreased milk production, liver damage, 

lethargy (Neathery et al., 1980), and normal or below 

normal body temperature, dry peeling skin on muzzle 

(Neathery et al., 1980), prolapse of the rectum, and edema 

in the abdominal cavity (Mertens 1979, cited by Applebaum, 

1982b).     

  

Aflatoxin and Swine 

 

 Swine are the most sensitive livestock species to 

aflatoxin, which is commonly found in feed ingredients that 

are used in swine rations. There have not been experiments 

conducted to determine the mechanisms as to why swine are 

more sensitive to aflatoxin than other livestock species.  

However, one hypothesis to explain their higher level of 

sensitivity to aflatoxin could possibly be an inability of 
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the animal to appropriately detoxify aflatoxin.  Another 

hypothesis as to why swine are sensitive to aflatoxin could 

be an increased ability of the animal to metabolize 

aflatoxin into the more toxic 8,9 epoxide.  The earliest 

and most sensitive indicators of aflatoxicosis in swine are 

reduced weight gain, feed intake, changes in hematological 

and biochemical parameters, increased prevalence of 

infectious disease, and liver and kidney lesions (Harvey, 

et al., 1988; Lindemann et al., 1988). 

Both acute and chronic AF poisoning can impair immune 

responses and native defense mechanisms (Pier 1986, 1991).  

Aflatoxin can suppress the immune system of young piglets 

by in utero transfer across the placenta of the pregnant 

dam (Pier et al., 1985).  As a result, the affected newborn 

piglets then lack resistance to infection and do not 

respond well to vaccines (Pier et al., 1985).  This effect 

can have considerable consequences in swine due to their 

confined production system that relies on vaccination 

procedures for disease prevention.   

  Aflatoxicosis in barrows exposed to varying 

concentrations of AF has been shown to be dose and time 

dependent (Harvey et al., 1988).  A dose-related effect of 

AF upon body weight gain was also observed by Marin et al. 
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(2002) along with an increase in γ-glutamyl transferase 

(GGT) concentration with no effect on total globulin, 

albumin, or protein concentrations.  Previous studies in 

pigs have shown that AF decreases lymphocyte proliferation 

(van Heugten et al., 1994; Harvey et al., 1995).  However, 

Marin et al. (2002) did not find any effect of AF on 

regulatory cytokines produced by either the Th1 or the Th2 

subset of lymphocytes.  While not significant, ingestion of 

AF decreased the primary and the secondary immune response 

to M. agalactiae (Marin et al., 2002).  Conflicting reports 

regarding immunosuppressive effects of AF could be 

explained partly by differences in experimental design and 

the specific immune response examined.   Aflatoxin can 

interfere with protein and RNA synthesis, and pigs dosed 

with AF have decreased total protein, albumin, and protein 

concentrations.  Serum enzymatic activities of alkaline 

phosphatase (ALP), aspartate transaminase (AST), and γ-

glutamyl transferase (GGT) are sensitive serum biochemical 

indicators of aflatoxicosis in swine, and were improved by 

addition of bentonites and hydrated sodium calcium 

aluminosilicates (HSCAS) (Lindemann et al., 1993).  

Increased GGT is a marker for hepatotoxicity and may 

influence the rate of protein and amino acid synthesis 
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during aflatoxicosis.  Serum creatine kinase (CK) 

activities were significantly decreased by AF (Harvey et 

al., 1988) and could be a useful marker of the severity and 

duration of stress-related conditions (Harvey, et al., 

1988).  Decreased CK activity and reduced serum phosphorus 

concentrations could occur simultaneously because CK and 

phosphorus are known to be interrelated functionally with 

the phosphorylation and dephosphorylation of adenosine 5’-

diphosphate and adenosine 5’-triphosphate, respectively 

(Harvey et al., 1988).  Barrows fed 3 or 4 mg of AF/kg of 

feed had changes in serum enzymatic activities, 

metabolites, mineral values, histologic lesions, and in 

clinical performance when compared to controls (Harvey et 

al., 1988).  Even at low doses (140 or 280 ppb), AF alters 

the immune response which may predispose pigs to infectious 

diseases (Marin et al., 2002).  Pigs fed aflatoxin had 

decreased blood urea, total protein, and albumin levels in 

the blood (Lindemann et al., 1993).   

 Exposure to levels of aflatoxin of 500 µg/kg and above 

can cause reduced feed intake, reduced weight gain and a 

decrease in the general well being of young pigs (Panangala 

et al., 1986).  Subclinical exposure to AF may result in 

economic losses due to decreased performance and impairment 
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of cellular and humoral immune functions.  This could 

induce a breakdown in vaccine immunity even in properly 

vaccinated animals.  Pigs are especially susceptible to AF 

in the weanling stage as a variety of chronic or acute 

syndromes can be seen depending on the level of consumption 

(Miller et al., 1981; Pier, 1992).   

Extreme effects of AF may lead to death in pigs, but 

the greatest economic impact comes from weight loss and 

poor performance, reduced reproductive capability, changes 

in clinical biochemistry patterns, suppressed immune 

function, increased susceptibility to infectious diseases 

and increased mortality (Miller et al., 1982; Harvey et 

al., 1988; Sharma 1993; Marin et al., 2002).  Compared to 

control pigs, AF intake increased relative weights of 

liver, kidney, spleen and pancreas, and resulted in 

significant alterations of serum biochemical values and 

enzymatic activities (Shi et al., 2007).  The toxic results 

produced by AF were in agreement with previous reports 

(Harvey et al., 1989, 1990; Kubena et al., 1993).  The 

addition of a montmorillonite nanocomposite prevented the 

negative, toxin-induced effects (Shi et al., 2007).  Diets 

containing 2.5 mg AF/kg negatively affected performance, 

altered serum biochemistry, caused hepatic lesions and 
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increased liver weight (Harvey et al., 1988, 1989, 1990, 

1995).  Addition of lincomycin or tylosin to aflatoxin-

contaminated diets did not have beneficial or detrimental 

effects on aflatoxicosis in growing swine (Harvey et al., 

1995).       

 

Adsorbents 

 

 Due to the involvement of aflatoxin in disease and 

death in humans and animals, safe, practical, and effective 

strategies for the detoxification of aflatoxin-contaminated 

food and feed are highly desirable.  One of the more 

effective and practical approaches is the use of 

adsorbents.  Adding adsorbents to aflatoxin-contaminated 

feeds can sequester aflatoxin during the digestive process, 

allowing aflatoxin to pass harmlessly through the animal 

(Davidson et al., 1987; Phillips et al., 1990a, 1990b).  

Major advantages of adsorbents are that they are relatively 

inexpensive, generally recognized as safe (GRAS), and can 

be easily added to animal feeds.   

Adsorbents have been evaluated in both in vitro and in 

vivo systems.  While in vitro systems have been useful as a 

screening tool for potential adsorbent products and provide 
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binding affinity and capacity information, they are not 

standardized and therefore are not comparable across all 

laboratories.  In vitro techniques provide inconsistent 

information that may not correlate well with or accurately 

predict in vivo results.  Even if in vitro techniques were 

to be standardized the data would have little value due to 

the inconsistent nature of the results.  Therefore, data 

from in vitro procedures should be supported by in vivo 

experiments before field utilization can be recommended. 

Potential adsorbent materials that have been studied 

include activated carbons, silicate minerals, complex 

indigestible carbohydrates (cellulose, polysaccharides in 

the cell walls of yeast and bacteria such as glucomannans, 

peptidoglycans, and others), and synthetic polymers such as 

cholestyramine and polyvinylpyrrolidone and derivatives. 

Not all adsorbents are equally effective at sequestering AF 

(Stroud, 2006).  

Activated carbons (AC) are a family of carbonaceous 

substances obtained by pyrolysis of several organic 

compounds and manufactured by activation processes aimed at 

developing a highly porous structure (Galvano et al., 

1996a).  The adsorption properties of AC are dependent on 

the source of the material and physicochemical parameters, 
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such as surface area and pore size distribution.  Since the 

19th century it has been used as an antidote against 

poisoning (Huwig et al., 2001).  The efficacy of AC to 

reduce the toxic effects of mycotoxins, particularly 

aflatoxins have been variable in experimental studies 

(Hatch et al., 1982; Galvano et al., 1996b; Diaz et al., 

2004).  Galvano et al. (1996b) reported one of two 

activated charcoals significantly reduced transfer of AFB1 

to AFM1 in milk while the second AC was not as effective in 

reducing this carryover.  The lower performance of the 

second AC could be related to unsuccessful pelleting of the 

diet including that particular carbon source.  Diaz et al. 

(2004) did not see a significant reduction in milk AFM1 

concentrations when AC was added at 0.25% of the diet to 

late lactation Holstein cows but Hatch et al. (1982) saw a 

benefit from adding AC to goat diets.  Activated charcoal 

is a relatively nonspecific adsorbent material, and 

exhibits great variability in results of long-term exposure 

experiments.  Its potential for sequestering important 

nutrients diminishes its overall practical effectiveness 

for routine dietary inclusion. 

Silicate minerals are the most widely studied 

mycotoxin-sequestering agents.  There are two important 
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subclasses within this group; phyllosilicates and 

tectosilicates.  Mineral clays belonging to the 

phyllosilicate subclass include the 

montmorillonite/smectite group, the kaolinite group, and 

the illite (or clay-mica) group.  Tectosilicates include 

the highly studied zeolites.  Montmorillonite, the main 

constituent of bentonite, can be classified as calcium, 

magnesium, potassium, or sodium bentonites.  These products 

have been widely utilized as mycotoxin sequestering agents 

as a result of their ion exchange capabilities (Lindeman et 

al., 1993; Schell et al., 1993a,b; Thieu et al., 2008; Shi 

et al., 2007; Abbès et al., 2008). 

Zeolites are silicates that consist of interlocking 

tetrahedral of SiO4 and AlO4.  This aluminosilicate 

structure is negatively charged and attracts and holds 

positive cations within the structure.  Zeolites have large 

pores that provide space for large cations such as ammonia, 

water, carbonate and nitrate ions, and are characterized by 

their ability to lose and adsorb water without damage to 

the crystalline structure.  Two of five tested zeolites 

were clearly effective in alleviating aflatoxin-associated 

problems in broiler chickens (Harvey et al., 1993).        
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Of the aluminosilicates, hydrated sodium calcium 

aluminosilicate (HSCAS) is the most extensively 

investigated sorbent and is characterized as “aflatoxin-

selective clay”, and is not a good adsorbent of other 

mycotoxins (Phillips, 1999).  Some hydrated sodium calcium 

aluminosilicates (HSCAS) have been shown to tightly and 

selectively bind aflatoxins in the gastrointestinal tract 

of animals, decreasing their bioavailability and associated 

toxicities (Phillips, 1999).  This occurs via the rapid 

chemisorptions of aflatoxins at the surface of clay (HSCAS) 

particles in the gastrointestinal tract, resulting in 

diminished bioavailability and altered disposition to the 

blood and distal target organs.  Phillips et al., (1990a, 

1990b) initially determined that the β-carbonyl portion of 

the aflatoxin molecule binds to the uncoordinated edge site 

containing aluminum ions in the HSCAS.  It is now 

postulated that the major site of chemisorptions of AF to 

HSCAS is at the interlayer surfaces (Phillips, 1999).  The 

use of aluminosilicates for adsorption of other mycotoxins 

has been tested, but with little success (Ramos et al., 

1996b; Lemke et al., 1998) except for a chemically modified 

montmorillonite with a binding capacity for zearalenone 

(Lemke et al., 1998).  Some hydrated sodium calcium 
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aluminosilicates (HSCAS) have been effective in various 

studies in reducing AFM1 levels in milk (Harvey et al., 

1991; Smith et al., 1994).  In lactating dairy goats, Smith 

et al. (1994) reported a significant reduction in AFM1 for 

all time intervals when 100 µg of AF/kg of feed was 

combined with 2% of a HSCAS in the diets.  Harvey et al. 

(1991) found that a HSCAS fed at 0.5 or 1.0% of the diet 

reduced AFM1 secretion into the milk of lactating dairy cows 

when added to AF-contaminated diets. 

Cholestyramine is a resin used for the binding of bile 

acids in the gastro-intestinal tract and for the reduction 

of low density lipoproteins and cholesterol (Huwig et al., 

2001).  It has been shown to be effective against 

Ochratoxin A (Kerkadi et al., 1998), zearalenone (Ramos et 

al., 1996a), and fumonisins (Solfrizzo et al., 2001).  Due 

to the cost of cholestyramine it is not economical for use 

in livestock. 

Saccharomyces cerevisiae live yeast that was initially 

used as a performance promoter in the early 1990’s has been 

shown to reduce the detrimental effects of aflatoxin in 

broiler diets (Stanley et al., 1993, 2004).  The binding 

capacity of various strains of saccharomyces cerevisiae 

appears to be strain specific in terms of AFB1 binding 



21 
 

(Shetty et al., 2007).  Raju and Devegowda (2000) reported 

aflatoxin binding by yeast cell walls via mannan 

oligosaccharides.  However, zearalenone binding has been 

attributed to the glucan components by Yiannikouris et al. 

(2004).  The addition of yeast sludge played a significant 

role in aflatoxin detoxification in dairy cattle (Pasha, 

2008).  Addition of an esterified glucan polymer to 

aflatoxin contaminated diets of dairy cows significantly 

reduced milk aflatoxin residues (Diaz et al., 2004) yet 

failed to reduce milk aflatoxin in subsequent studies 

(Stroud, 2006).  Further studies are needed to identify the 

mechanism of binding, to identify the cell surface binding 

structures and to study the stability of the complex under 

physical-chemical conditions comparable to the conditions 

in the gastro-intestinal tract (Shetty et al., 2007). 

 

Antioxidants 

 

 The antioxidant system involves reducing agents 

(tocopherol, ascorbic acid, glutathione, carotenoids), 

superoxide dismutase (SOD), peroxidases (glutathione 

peroxidase, catalase) and excision/repair of damaged cells 

(peptidases, proteases, vitamin A) (Surai, 2002).  Evidence 
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suggests that antioxidants ameliorate oxidative stress 

during mycotoxicosis by reducing the level of free 

radicals.  In processed food and/or feedstuffs the 

antioxidant property is influenced by heat stability and pH 

variation (Nawar, 1996).  Therefore, not all antioxidants 

are suitable for adding to diets due to stability concerns, 

solubility, and interaction with other feed components.  

Because lipid peroxidation plays a major role in the 

toxicity of AF, a protective effect of antioxidants may be 

possible (Galvano et al., 2001). 

Several natural (vitamins, provitamins, carotenoids, 

polyphenols, and micronutrients) and synthetic compounds 

seem to be chemo protective against common mycotoxins 

(Gowda and Ledoux, 2008).  Most data available seem to be 

in vitro data so more in vivo research is necessary with an 

emphasis on level of supplementation as higher levels of 

some antioxidants could be toxic to cellular systems 

(Renzulli et al., 2004).  Antioxidant enzyme activity 

decreases in oxidative stress due to reduction in protein 

biosynthesis and inhibition of RNA synthesis, and DNA 

dependent RNA polymerase activity (Cullen and Newberne, 

1994).  Some plant compounds such as coumarin, flavonoids, 

galangin and curcuminoids have been shown to inhibit the 
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metabolic biotransformation of aflatoxins to their 

hepatotoxic/carcinogenic epoxide derivatives (Lee, et al., 

2001). 

Supplementations of vitamin A, C and E in excess of 

25% of their requirement in turkey diets reduced the 

negative effects of AFB1 in turkeys (Coelho, 1996).  As 

reported in a survey by BASF (1994), the poultry industry 

is supplementing vitamins up to 10 times NRC requirements.  

With certain vitamins, such as fat soluble vitamins, there 

are toxicity concerns with long-term over supplementation.  

In the study conducted by Coelho (1996), it was more 

expensive to supplement vitamins A, C, and E in excess of 

25% of the NRC requirements, but based on the parameters of 

the experiment there was still a high return on investment 

ranging from 2 to 10% among the different treatments.  

Among vitamins, ascorbate (vitamin C) is qualitatively the 

most effective, exhibiting wide antioxidant properties with 

its ability to scavenge superoxide, hydrogen peroxide, the 

hydroxyl radical, hypochlorous acid, and singlet oxygen 

(Pietri et al., 1994; May et al., 1996). 

There are several herbal products that contain 

antioxidant substances capable of scavenging free radicals 

and enhancing antioxidant enzymes (Ohsugi et al., 1999; 
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Atroshi et al., 2000).  Treatment with red ginseng extract 

resulted in a significant improvement in all biochemical 

parameters, tumor markers, antioxidant capacity, and the 

histological and histochemical status of the liver (Abdel-

Wahhab et al., 2010).    

The powder derived from the root and rhizome of 

turmeric, a member of the curcuma group of plants has been 

investigated for its protective role during oxidative 

stress.  The carbonyl functional group of the curcuminoids 

is thought to be responsible for their antimutagenic and 

anticarcinogenic action (Chun et al., 1999).  Curcumin has 

a strong inhibitory effect on superoxide anion generation 

and biotransformation of AFB1 to aflatoxicol in the liver 

(Lee et al., 2001).  Addition of turmeric powder (0.5%) 

containing 1.4% of total curcuminoids to an AFB1 

contaminated chick diet increased the activity of 

superoxide dismutase (SOD) and reduced the peroxide level 

in liver homogenates of broiler chicks (Gowda et al., 

2008). 

Most studies that have evaluated antioxidant 

properties have been conducted under in vitro conditions 

and in laboratory animals.  In order to validate the in 

vitro results there is a need for in vivo validation in 
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terms of effective level of supplementation, interaction 

with other feed components, and effect on other biochemical 

parameters.  

Thus this literature review led to the development of 

the research objectives 1) to determine the efficacy of 

adsorbents to reduce levels of aflatoxin M1 in dairy milk, 

and 2) to determine the efficacy of turmeric (curcuma 

longa) powder as a source of an antioxidant curcumin to 

ameliorate adverse effects of aflatoxin B1 in weanling pigs.       
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CHAPTER 2 

EFFICACY OF SOLIS, NOVASILPLUS, AND MTB-100 TO 

REDUCE AFLATOXIN M1 LEVELS IN MILK OF EARLY TO MID 

LACTATION DAIRY COWS FED AFLATOXIN B1 

 

Abstract 

 

An experiment was conducted to determine the efficacy 

of three adsorbents, Solis (SO; Novus International, Inc), 

NovasilPlus (NOV; Engelhard Corp.), and MTB-100 (MTB; 

Alltech), in reducing aflatoxin (AF) M1 concentrations in 

milk of dairy cows fed an AF-contaminated diet.  Twelve 

early to mid lactation dairy cows averaging 163 d in milk 

were used in a 4 x 4 Latin square design with three 

replications.  Cows were blocked by parity, body weight, 

and milk production and were provided ad libitum access to 

feed and water.  Within each replicate, cows were randomly 

assigned to the four dietary treatments for four 

consecutive 7-d periods.  Dietary treatments included 1) AF 

[112 µg of AFB1/kg of diet dry matter (DM)]; 2) AF + 0.56% 

SO; 3) AF + 0.56% NOV; and 4) AF + 0.56% MTB.  Milk samples 

were collected at both a.m. and p.m. milkings on d 6 and 7 
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of each of the experimental periods.  Feed intake, milk 

production, milk fat percentage, milk protein percentage, 

and linear somatic cell count scores were not affected (P > 

0.05) by dietary treatments and averaged 22.20 kg/d of DM, 

33.87 kg/d, 3.78%, 2.95%, and 1.60, respectively, across 

all treatments.  Transfer rates of AF from feed to milk 

averaged 2.65, 1.48, 1.42, and 2.52% for cows fed AF, AF + 

SO, AF + NOV, and AF + MTB, respectively.  Daily AFM1 

excretion in milk averaged 66, 37, 35, and 63 µg/d for cows 

fed AF, AF + SO, AF + NOV, and AF + MTB, respectively.  The 

addition of SO and NOV to the AF diet resulted in a 

significant (P < 0.05) reduction in milk AFM1 concentrations 

(SO, 45%; NOV, 48%) and AFM1 excretion (SO, 44%; NOV, 46%).  

In contrast, MTB was not effective (P > 0.05) in reducing 

milk AFM1 concentrations (4%), AFM1 excretion (5%), or AF 

transfer from feed to milk (2.52%).  Results indicated that 

SO and NOV at 0.56% of the diet were effective in reducing 

milk AFM1 concentrations in cows consuming a total mixed 

ration (TMR) containing 112 µg of AFB1/kg of diet DM. 
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Introduction 

 

Aflatoxins (AF), a class of mycotoxins produced by 

fungal species of the genus Aspergillus (flavus and 

parasiticus), are sometimes found in feed ingredients used 

in dairy rations.  Major forms of aflatoxins include AFB1, 

AFB2, AFG1, and AFG2, with AFB1 being the most common and 

biologically active component (Busby and Wogan, 1981).  In 

general, dietary concentrations of AF found in dairy diets 

are not usually high enough to cause reductions in feed 

intake and milk production.  However, at these lower 

dietary AF concentrations AFM1, a metabolite of AFB1, is 

secreted into the milk.  Aflatoxin M1 is toxic and 

carcinogenic, and is of great concern with respect to human 

health because of the high consumption of milk and milk 

products by humans, especially children.  Because of this 

concern, the AFM1 level in milk is regulated by the US Food 

and Drug Administration (1996) at a maximum of 0.5 µg/L.   

 Measures used by the livestock industry to protect 

animals from the toxic effects of AF include grain testing 

(Stoloff and Scott, 1984), use of mold inhibitors 

(Hamilton, 1985), fermentation (Dam et al., 1977), 

microbial inactivation (Ciegler et al., 1966), physical 
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separation (Huff, 1980), thermal inactivation (Conway et 

al., 1978), irradiation (Shantha and Sreenivasa, 1977), 

ammoniation (Brekke et al., 1977, 1979), ozonation 

(McKenzie et al. 1997, 1998), and the use of adsorbents 

(Masimanco et al., 1973; Phillips et al., 1990a, 1990b). 

Unfortunately, most of these measures are costly, time 

consuming, and only partially effective. At present, one of 

the more effective and practical approaches is the use of 

adsorbents.  Selected adsorbents added to AF-contaminated 

feeds can sequester AF during the digestive process, 

allowing AF to pass harmlessly through the animal (Davidson 

et al., 1987; Phillips et al., 1990a, 1990b).  Major 

advantages of these adsorbents are that they are relatively 

inexpensive, generally recognized as safe (GRAS), and can 

be easily added to animal feeds.  However, not all 

adsorbents are equally effective at sequestering AF 

(Stroud, 2006).  An experimental lactating dairy cow model 

has been developed (Diaz et al., 2004; Stroud, 2006) to 

evaluate the effectiveness of different adsorbents at 

reducing AFM1 levels in milk.  We hypothesized that 

different adsorbents would differ in their effectiveness to 

sequester AF in feed and, consequently, to reduce AFM1 in 

milk.  It should be noted that none of these products have 
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been approved for use in binding mycotoxins by FDA.  The 

objective of this study was to determine the efficacy of 

three adsorbents, Solis (Novus International Inc., St. 

Charles, MO), NovasilPlus (Engelhard Corp., Cleveland, OH), 

and MTB-100 (Alltech Inc., Nicholasville, KY), to reduce 

the levels of AFM1 in the milk of early to mid lactation 

dairy cows fed AF. 

  

Materials and Methods 

 

Experimental Procedures 

All animal procedures used were approved by the 

University of Missouri Animal Care and Use Committee.  

Twelve early to mid lactation dairy cows averaging 651 ± 62 

kg of BW and 163 ± 54 DIM were transported from the 

University of Missouri Dairy Research Center and housed in 

Unit C of the Animal Sciences Research Center.  Cows were 

provided ad libitum access to feed and water.  During the 

study, all cows were treated with Posilac (recombinant bST, 

Elanco Animal Health, Indianapolis, IN) every 2 wk 

according to the manufacturer’s recommendations.  The 

experimental design consisted of a 4 x 4 Latin square 

replicated three times.  Cows were blocked by parity, BW, 
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and milk production.  Each block was housed in a separate 

environmentally controlled room.  Cows were assigned to a 

randomized schedule to receive each of the four dietary 

treatments during four consecutive 7-d periods.  

The dietary treatments were formulated to include: A) 

100 µg of AFB1/kg of diet DM; B) 100 µg of AFB1/kg of diet 

DM + 0.5% Solis; C) 100 µg of AFB1/kg of diet DM + 0.5% 

NovasilPlus; and D) 100 µg of AFB1/kg of diet DM + 0.5% MTB-

100.  Both NovasilPlus and Solis are classified as hydrated 

sodium calcium aluminosilicates (HSCAS).  By contrast, MTB-

100 is a commercial modified yeast cell culture preparation 

based on a Saccharomyces cerevisiae strain 1026, with HSCAS 

as one of the stated ingredients on the label. 

Each period of the Latin square lasted 7 d, with milk 

samples collected at both a.m. and p.m. milkings on d 6 and 

7 for analysis of milk AFM1 concentrations.  Dietary AFB1 

was supplied by Aspergillus parasiticus (NRRL-2999) culture 

material containing 760 mg/kg of AFB1, 28 mg/kg of AFB2, 440 

mg/kg of AFG1, and 13 mg/kg of AFG2. The TMR fed to all cows 

in the study consisted of corn silage, alfalfa silage, 

alfalfa hay, ground corn, soybean meal, whole cottonseed, 

wet brewers’ grain, roasted soybeans, brome hay, soyhulls, 

and mineral and vitamin premixes.  The diet was formulated 
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to meet the nutrient requirements of a second-lactation 

Holstein producing 41 kg/d of milk containing 3.8% milk 

fat, as defined by NRC (2001; Table 2.1).  

It was estimated that cows would consume an average of 

25 kg of DM each day, resulting in a daily intake of 2,500 

µg of AFB1 (25 kg of DM x 100 µg of AFB1/kg), and a daily 

intake of 125 g (25 kg of DM x 0.5%) of adsorbent.  Cows 

were fed the TMR in 3 equal aliquots daily (0700, 1200, and 

1900 h).  The daily dose of AFB1 was divided into three 

aliquots, and each aliquot was mixed with 99 g of grain 

containing molasses to encourage consumption.  The daily 

dose of adsorbents was also divided into three aliquots and 

each aliquot was mixed with 258 g of TMR.  At each feeding 

period, cows were first fed the aliquots of AFB1 in the 

grain mix, followed by the aliquots of adsorbent and TMR.  

After the cows consumed the AFB1 + grain mix and the 

adsorbents + TMR mix (10 to 15 min), they were then fed 

one-third of their daily aliquot of TMR.  This feeding 

regimen ensured that each cow consumed the allotted amounts 

of AFB1 and adsorbent, and prevented AFB1 contamination of 

TMR mixing facilities. 
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Analytical Procedures 

A bronopol preservative (Broad Spectrum Microtabs II, 

D and F Control Systems Inc., Dublin, CA) was added to each 

milk sample and samples were sent to the Missouri DHIA 

laboratory (Springfield, MO) for analysis of milk 

components.  Milk samples were collected during a.m. and 

p.m. milkings on d 6 and 7 of each of the four experimental 

periods.  On each of the 2 d, milk samples from the a.m. 

and p.m. milkings were composited and frozen until 

analyzed.  Composited milk samples were thawed and 

centrifuged at 1,875 x g, and as much fat as possible was 

removed.  The milk filtrates (25 mL) were then passed 

through AFLAPREP M immunoaffinity cleanup columns (R-

Biopharm Rhone Ltd., Glasgow, Scotland).  Columns were 

washed twice with 10 mL of PBS, and AFM1 was then eluted 

from the columns with 1.5 mL of acetonitrile, followed by 

1.5 mL of water.  These eluents were combined, placed in 

autosample vials, and analyzed by HPLC with fluorescence 

detection.  The HPLC system consisted of a Hitachi Model L-

7100 pump with a Hitachi Model L-7485 fluorescence detector 

(365 nm excitation and 440 nm emission), a Hitachi Model L-

7200 autosampler with Hitachi D-7000 data acquisition 

interface, and Concert Chrom software on a microcomputer.  
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The HPLC column was a 150 x 4.6 mm reversed-phase 

HyperClone 3-µm C18 BDS column (Phenomenex) with a C18 

SecurityGuard precolumn (Phenomenex).  The mobile phase 

consisted of a mixture of acetonitrile:methanol:water 

(15:15:70) and the flow rate was 1 mL/min.  The injection 

volume was 50 µL for all standards and samples.  The 

detection limit was set at 40 ng/kg of AFM1. 

 

Statistical Procedures 

Data were analyzed by ANOVA using the MIXED procedure 

of SAS (SAS Institute, 2003) as a replicated Latin square 

split plot in time (repeated-measures ANOVA), with cow as 

the experimental unit (Littell et al., 1998).  The linear 

statistical model contained the effects of cow, period, 

treatment, cow (period treatment), time, and time 

interaction of treatment x time.  Cow (period treatment) 

was used as the denominator of F to test the main-plot 

effect.  The residual mean was used as a denominator of F 

to test the day and the treatment x day interaction.  Mean 

differences were tested using Fisher’s least significant 

difference.  All statements of significance are based on 

the 0.05 level of probability. 
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Results and Discussion 

 

It was estimated that cows would consume an average of 

25 kg of DM each day, resulting in a daily intake of 2,500 

µg of AFB1 (25 kg of DM x 100 µg of AFB1/kg), and a daily 

intake of 125 g (25 kg of DM x 0.5%) of adsorbent.  

However, daily DM feed intake averaged 22.3 kg DM/cow, 

which resulted in a daily intake of 2,500 µg of AFB1 but a 

dietary concentration of 112.2 µg of AFB1/kg of DM.  

Similarly, the dietary concentration of the adsorbents 

changed from 0.5 to 0.56%.  

With the exception of one cow that developed mastitis, 

cows did not behave abnormally and had no clinical signs 

associated with aflatoxicosis.  Feed intake and milk 

production were not affected by dietary treatments (P > 

0.05) and averaged 22.3 kg and 33.9 kg/d (Tables 2.3 and 

2.2), respectively, across all treatments.  Milk 

composition (Table 2.2) was also not affected (P > 0.05) by 

dietary treatments, with fat percentage, protein 

percentage, and linear SCS averaging 3.78%, 2.95%, and 

1.60, respectively, across all treatments. 

Effects of dietary treatments on AFM1 residues in milk 

are summarized in Table 2.3.  Aflatoxin M1 concentrations 
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for the control (no adsorbent), Solis, NovasilPlus, and 

MTB-100 treatments averaged 1.92, 1.06, 1.00, and 1.84 

µg/L, respectively.  Compared with the AF-only diet, AFM1 

concentrations in milk were reduced (P < 0.0001) by the 

addition of Solis and NovasilPlus.  The addition of MTB-100 

to the AF diet was not effective (P > 0.05) in reducing 

milk AFM1 concentrations. 

Aflatoxin M1 excretion via milk, as calculated from 

milk AFMI concentration and total milk volume produced 

(concentration of AFM1 in milk x amount of milk produced), 

was 66.21, 36.99, 35.47, and 62.98 µg/d for the control (no 

adsorbent), Solis, NovasilPlus, and MTB-100 treatments, 

respectively (Table 2.3). Compared with the AF-only diet, 

AFM1 excretion in milk was reduced (P < 0.0001) by the 

addition of Solis and NovasilPlus.  The addition of MTB-100 

to the AF diet was not effective (P > 0.05) in reducing AFM1 

excretion in milk. 

Transfer of AF from feed to milk, as calculated from 

AF intake and total milk volume [(excretion of AFM1/AFB1 

consumption) x 100] averaged 2.65, 1.48, 1.42, and 2.52% 

for the control (no adsorbent), Solis, NovasilPlus, and 

MTB-100 treatments, respectively (Table 2.3).  Compared 

with the AF-only diet, AFM1 transfer from feed to milk was 
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reduced (P < 0.0001) by the addition of Solis and 

NovasilPlus.  The addition of MTB-100 to the AF diet was 

not effective (P > 0.05) in reducing AF transfer from feed 

into milk. 

Milk AFM1 concentrations ranged from 1.00 to 1.92 µg/L, 

and transfer rates of AF from feed to milk ranged from 1.42 

to 2.65%.  Transfer rates observed in the current study are 

consistent with previous reports for dairy cows indicating 

AF transference rates ranging from 0.25 to 6.2% (Applebaum 

et al., 1982a; Price et al., 1985; Frobish et al., 1986; 

Harvey et al., 1991; Veldman et al., 1992; Stroud, 2006).   

The addition of NovasilPlus (0.56%) to the AF diet 

resulted in a 48% reduction in milk AFM1 concentrations, a 

46% reduction in AF excretion, and a 47% reduction in AF 

transfer from feed to milk.  Similar reductions in milk AFM1 

concentrations, AF excretion, and AF transfer in response 

to supplemental NovasilPlus have been reported previously.  

Harvey et al. (1991) reported a 44% reduction in milk AFM1 

concentrations of dairy cows fed 100 µg of AF/kg of feed 

and 1% NovasilPlus.  More recently, Stroud (2006) reported 

a 40% reduction in milk AFM1 concentrations, a 43% reduction 

in AF excretion, and a 42% reduction in AF transfer from 

feed to milk in dairy cows fed 170 µg of AFB1/kg of feed and 
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0.5% NovasilPlus.  Results of the current study with 

respect to NovasilPlus are consistent with previous reports 

on the efficacy of this product in reducing AFM1 in cows fed 

AF.  

Results of the current study indicate that Solis at 

0.56% of the diet was just as effective as 0.56% 

NovasilPlus in reducing milk AFM1 concentrations (45 vs. 

48%), AF excretion (44 vs. 46%), and AF transfer (44 vs. 

47%) from feed to milk.  The effectiveness of Solis has 

also been observed in growing broilers exposed to feed 

contaminated with AF (Shirley et al., 2008).  However, this 

is the first report demonstrating the effectiveness of 

Solis in early to midlactating dairy cows.  In contrast, 

MTB-100 (0.56%) was not effective in reducing AFM1 

concentrations (4%), AF excretion (5%), or AF transfer (5%) 

from feed to milk.  Stroud (2006) also reported that MTB-

100 at 0.5% of a diet containing 170 µg of AFB1/kg of feed 

was not effective in reducing milk AFM1 concentrations     

(-8%), AF excretion (-7%), or AF transfer (-4%) from feed 

to milk.  Results of these two studies with MTB-100 are in 

contrast to a previous study (Diaz et al., 2004) in which 

MTB-100 at 0.05% of a diet containing 55 µg of AFB1/kg was 

reported to reduce milk AFM1 concentrations by 59%.  The 
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lower dietary concentration of AFB1 (55 µg/kg of AFB1) used 

in the study by Diaz et al. (2004) compared with that used 

in the current study (112 µg/kg of AFB1) and in the study by 

Stroud (2006; 170 µg/kg of AFB1) may have contributed to the 

observed differences among the studies.  

The differences in milk AFM1 reduction among the 

products tested might be due to their composition and 

mechanism of action of the active compounds.  Solis and 

NovasilPlus are sources of HSCAS, whereas MTB-100 contains 

a modified yeast cell culture with some amount of HSCAS.  

Initially, Phillips et al. (1990a, 1990b) proposed that AF 

was bound to HSCAS as a result of the β-carbonyl system of 

AF forming a complex with uncoordinated edge site aluminum 

ions of HSCAS.  It is now postulated that the major site of 

chemisorption of AF to HSCAS is at the interlayer surfaces 

(Phillips, 1999).  The dicarbonyl portion of the AF 

molecule was found to be essential for tight binding of the 

molecule by HSCAS.  The interaction with HSCAS makes AF 

unavailable for absorption.  

In contrast, the mechanism for the modified yeast 

product has not been well described.  Yiannikouris et al. 

(2003, 2004) proposed it as a 2-level interaction between 

the glucan portion of the yeast cell wall and the mycotoxin 
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molecule.  However, Yiannikouris et al. (2003, 2004) did 

not evaluate binding of AF, but instead evaluated binding 

of zearalenone to the yeast cell wall, and only under in 

vitro conditions.   

 

Conclusions 

 

Solis and NovasilPlus at 0.56% of the diet were 

effective in reducing milk AFM1 concentrations in cows 

consuming a TMR containing 112 µg of AFB1/kg of diet DM.  

Under the current study conditions, MTB-100 at 0.56% was 

not effective in reducing milk AFM1 concentrations.
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Table 2.1. Ingredient and nutrient composition of the TMR 
 fed to lactating dairy cows 
 
Item 

 
   Amount (% of diet DM) 

Ingredient 
 Corn Silage 

 
23.8 

 Alfalfa Silage 9.8 
 Alfalfa Hay 13.4 
 Ground Corn 22.4 
 Soybean Meal (48%) 1.7 
 Whole Cottonseed 12.1 
 Wet Brewers Grains 1.7 
 Roasted Soybeans 4.4 
 High Premix 3.6 
 Brome Hay 1.7 
 Soy Hulls 5.3 
 
Nutrient 

 
    

 DM 54.6 
 CP 
 DIP1, % of CP 

16.9 
65.3 

 ADF 24.0 
 NDF 
 Forage NDF 
 Ca 
 P 
 K 
 Mg 
 Na 
 NEL, Mcal/kg 
 Crude Fat 
 Sulfur 
 Cl 
 Mn, (ppm) 
 Iron, (ppm) 
 Cu, (ppm) 
 Zn, (ppm) 
 Se, (ppm) 
 Vitamin A, IU/kg 
 Vitamin D, IU/kg 
 Vitamin E, IU/kg 

35.3 
22.6 
1.0 
0.5 
1.2 
0.3 
0.2 
1.7 
5.9 
0.3 
0.3 

84.5 
301.9 
21.3 
81.1 
0.6 

9,660 
1,932 

51 
1DIP = Degradable Intake Protein



  
 

4
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Table 2.2. Effects of dietary treatments on milk production and composition by dairy cows     
 fed 112 µg of AFB1/kg of DMI1 

                               Treatments3                               P-Value                      

Item AFB1 AFB1+SO AFB1+NOV AFB1+MTB Pooled 
SEM 

Cow Period Treatment 

Milk (kg)   34.2  34.1  33.7   33.4 0.38 <0.0001 <0.0001 0.4705 

FCM2 (kg)   33.4  33.0  32.3   31.8 0.78 <0.0001 0.0007 0.4696 

Fat (%)    3.87   3.81   3.75    3.67 0.12 0.0016 0.4790 0.7000 

Protein (%)    2.98   2.95   2.87    2.99 0.05 0.0112 0.8528 0.3205 

Linear SCS    1.68   1.66   1.16    1.89 0.47 0.0208 0.9838 0.7236 

                                                                                                                                                                 

1Data are means of 12 cows per treatment. 

24% FCM (NRC, 2001).  

3SO = Solis (Novus International Inc., St. Charles, MO); NOV = NovasilPlus (Engelhard Corp., Cleveland, OH); 
MTB = MTB-100 (Alltech Inc., Nicholasville, KY). 



 
 

Table 2.3. Efficacy of adsorbents in reducing aflatoxin M1 (AFM1) residues in milk of 
 dairy cows fed 112 µg of AFB1/kg of DMI1 

                               Treatments                                   P-Value                      

Item AFB1 AFB1+SO AFB1+NOV AFB1+MTB Pooled 
SEM 

Cow Period Treatment 

DMI (kg/d) 22.16 22.57 22.25 22.16 0.19 <0.0001 <0.0001 0.3690 

AFM1 (µg/L) 1.92a 1.06b 1.00b 1.84a 0.11 <0.0001 0.5931 <0.0001 

Excretion (µg/d) 66.21a 36.99b 35.47b 62.98a 3.93 <0.0001 0.1874 <0.0001 

Transfer (%) 2.65a 1.48b 1.42b 2.52a 0.16 <0.0001 0.1874 <0.0001 

                                                                                                                                                 

a,bValues within rows with no common superscript differ significantly ( P < 0.05). 

1Data are means of 12 cows per treatment. AFM1 excretion = concentration of AFM1 in milk x amount of milk 
produced; AF transfer = excretion of AFM1 divided by aflatoxin B1 (AFB1) consumption (x 100); SO = Solis 
(Novus International Inc., St. Charles, MO); NOV = NovasilPlus (Engelhard Corp., Cleveland, OH); MTB = MTB-
100 (Alltech Inc., Nicholasville, KY).

4
3
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CHAPTER 3 

EFFICACY OF CURCUMINOIDS FROM TURMERIC (CURCUMA 

LONGA) POWDER IN REDUCING THE TOXIC EFFECTS OF 

AFLATOXIN B1 IN WEANLING PIGS 

 

Abstract 

 

A three week study was conducted to evaluate the 

efficacy of curcumin, an antioxidant supplied by turmeric 

(Curcuma longa) powder (TMP), to ameliorate the adverse 

effects of aflatoxin B1 (AFB1) in weanling pigs.  Thirty 

crossbred weanling pigs were assigned to a 3 x 2 factorial 

arrangement of treatments [three concentrations of AFB1 and 

two concentrations of curcuminoids (TCMN)] with five 

weanling pigs assigned to each of the six dietary 

treatments beginning on day 14 post weaning and lasting 21 

days.  Each pig was individually housed with access to its 

own feeder and waterer ad libitum.  Dietary treatments 

included:  A) basal diet (BD) containing no AFB1 or 

Curcuminoids (TCMN);  B) BD + 0.5 mg AFB1/kg of diet;  C) BD 

+ 1.0 mg AFB1/kg of diet;  D) BD + 100 mg TCMN/kg of diet;  

E) BD + 100 mg TCMN/kg of diet + 0.5 mg AFB1/kg of diet; and 
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F) BD + 100 mg TCMN/kg of diet + 1.0 mg AFB1/kg of diet.  

Curcuminoids were supplied by turmeric powder containing 

3.29% TCMN.  AFB1 was supplied by Aspergillus parasiticus 

(NRRL 2999) culture material containing 750 mg of AFB1/kg of 

culture material.  The addition of AFB1 at both 0.5 and 1.0 

mg/kg of the diet significantly (P < 0.05) depressed growth 

performance of pigs when compared to pigs fed no AF.  The 

addition of TCMN alone did not cause any adverse effects on 

feed intake (FI)or body weight gain (BWG) of the pigs when 

compared to those fed no TCMN. There was, however, a 

significant AFB1 by TCMN interaction (P < 0.05) observed for 

feed efficiency (G:F). When TCMN was added to the AFB1 diets 

it did not alleviate the toxic effects of AFB1 on (FI) or 

(BWG) (P > 0.05). Relative kidney weights were not affected 

(P > 0.05) by dietary treatments.  In contrast, relative 

liver weights were higher (P < 0.05) in pigs fed AFB1, and 

in pigs fed TCMN.  No AFB1 by TCMN interactions (P > 0.05) 

were observed for relative kidney or relative liver weight.  

No liver lesions were observed in pigs fed the control diet 

or in pigs fed 1.0 mg AFB1/kg of diet. However, mild liver 

lesions were observed in 2/4 pigs fed 0.5 mg of AFB1/kg of 

diet.  Mild liver lesions were observed in 1/5, 2/5, and 

1/5 pigs fed the 100 mg TCMN/kg of diet, the 0.5 mg AFB1/kg 
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of diet + 100 mg TCMN/kg of diet, and the 1.0 mg AFB1/kg of 

diet + 100 mg TCMN/kg of diet, respectively.  No kidney 

lesions were observed in pigs fed the control diet, or in 

pigs fed the 0.5 or 1.0 mg AFB1/kg of diet, respectively.  

Mild kidney lesions were observed in 1/5 pigs fed the 100 

mg TCMN/kg of diet,  in 1/5 pigs fed the 100 mg TCMN/kg of 

diet + 0.5 mg AFB1/kg of diet, and in 1/5 pigs fed the 100 

mg TCMN/kg of diet + 1.0 mg AFB1/kg of diet respectively.  

Moderate kidney lesions were also observed in 1/5 pigs fed 

the 100 mg TCMN/kg of diet + 0.5, and in 1/5 pigs fed the 

100 mg TCMN/kg of diet + 1.0 mg AFB1/kg of diet, 

respectively.  Serum magnesium was lower (P < 0.05) in pigs 

fed AF compared to those fed no AF, but was not affected by 

TCMN.  No AFB1 by TCMN interactions (P > 0.05) were observed 

for any of the serum chemistries.  Red blood cell number 

and hemoglobin were higher (P < 0.05) in pigs fed AFB1 when 

compared with pigs fed no AF but were not affected (P > 

0.05) by TCMN.  No AFB1 by TCMN interactions (P > 0.05) were 

observed for any hematologic variable.            
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Introduction 

  

Aflatoxins (AFs) are contaminants of feed ingredients 

used in livestock rations and in human food, and are 

produced by the fungi Aspergillus parasiticus and A. 

flavus.  Aflatoxin B1 (AFB1), the most potent among the AFs, 

has been shown to cause feed refusal, decreased feed 

efficiency, impaired reproduction, immune suppression, 

jaundice, and hepatitis/cirrhosis of the liver in pigs 

(Newberne, 1973; Robens and Richard, 1992).  Aflatoxin B1 

also increases free radical production, leading to 

oxidative damage and lipid peroxidation, which might 

ultimately lead to cell damage and death (Surai, 2002).   

 The yellowish pigments of turmeric (Curcuma longa) 

powder (TMP), referred to as total curcuminoids (TCMN), 

have been shown to have antioxidant properties (Soni et 

al., 1997), and to inhibit biotransformation of the AFs to 

their epoxide derivatives (Lee et al., 2001).  The 

antioxidant properties of TCMN suggest that they may be 

able to prevent or reduce the toxic effects of aflatoxins 

(Galvano et al., 2001).  Yarru et al. (2009) recently 

reported that curcuminoids reduced the toxic effects of AFB1 

in broilers fed AFB1 from hatch to d 21.  Changes in liver 
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gene expression in chicks fed AFB1 were also prevented by 

TCMN (Yarru et al., 2009).  

 The objective of this study was to determine if 

curcuminoids present in TMP would reduce or prevent the 

toxic effects of AFB1 in weanling pigs.  

 

Materials and Methods 

 

Experimental Procedures 

All animal procedures used were approved by the 

University of Missouri Animal Care and Use Committee.  On d 

14 post weaning, 30 crossbred (PIC genetics) weanling 

barrows were weighed, ear-tagged, and placed in individual 

pens with ad libitum access to feed and water.  Pigs were 

housed in an environmentally controlled building with 

elevated 1.2 m2 pens with plastic covered grate flooring 

over a flush system.  Each pen had a stainless steel nipple 

waterer and a three-hole nursery feeder.  Pigs were 

inspected twice daily, and weighed weekly.     

A completely randomized design with a 3 x 2 factorial 

arrangement of treatments [three concentrations of AFB1 and 

two concentrations of curcuminoids (TCMN)] was used with 

five weanling pigs assigned to each of the 6 dietary 
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treatments from d 14 to 35 post weaning.  Diets were 

formulated to meet or exceed nutritional requirements of a 

Phase 2 nursery diet for weanling pigs as stated by NRC 

(1998) and included: A) basal diet (BD) containing no AFB1 

or TCMN (Table 3.1); B) BD + 0.5 mg AFB1/kg of diet; C) BD + 

1.0 mg AFB1/kg of diet; D) BD + 100 mg TCMN/kg of diet; E) 

BD + 100 mg TCMN/kg of diet + 0.5 mg AFB1/kg of diet; and F) 

BD + 100 mg TCMN/kg of diet + 1.0 mg AFB1/kg of diet.  

Curcuminoids were supplied by turmeric powder containing 

3.29% TCMN.  Aflatoxin B1 (AFB1) was supplied by Aspergillus 

parasiticus (NRRL 2999) culture material containing 750 mg 

AFB1/kg of culture material.  Response variables included 

growth performance, relative liver and kidney weight, blood 

serum chemistry, hematology, and liver and kidney 

histopathology.   

 

Analytical Procedures 

 Blood samples from each pig were collected on d 21 

from the anterior vena cava into a 20 mL vacutube with a 20 

gauge (2.54 cm) needle and centrifuged (Sorvall, RC 3 B 

plus) at 1,400 x g for 30 min at 7°C within 1 hr after 

collection in order to harvest the serum.  The serum 

samples were sent to the University of Missouri Veterinary 
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Pathology Laboratory (Columbia, MO) for analysis of urea 

nitrogen (UN), creatinine (CREAT), sodium (Na), potassium 

(K), chloride (CL), calcium (Ca), phosphorus (P), magnesium 

(Mg), albumin (ALB), globulin (GLOB), total protein (TP), 

gamma glutamyl transferase (GGT), aspartate 

aminotransferase (AST), and creatine phosphokinase (CPK). 

 Blood samples from each pig were also collected on d 

21 from the anterior vena cava into a 20 mL vacutube 

containing heparin with a 20 gauge (2.54 cm) needle for 

hematology.  The samples were sent to the University of 

Missouri Veterinary Pathology Laboratory (Columbia, MO) for 

analysis of white blood cells (WBC), red blood cells (RBC), 

hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume 

(MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC), and platelets (PLT).  

At the end of the 21 d study, pigs were euthanized and 

necropsies performed at the University of Missouri 

Veterinary Diagnostic Laboratory (Columbia, MO).     

Livers and kidneys were weighed and sampled for 

histopathology.  Fixed liver and kidney tissue samples were 

trimmed, embedded in paraffin, sectioned at 4 µm, and 

stained with hematoxylin and eosin for microscopic 

examination.  The liver lesions were scored using a scoring 



51 
 

system of 0 to 5; 0 = No significant changes detected, 1 = 

Portal tracts infiltrated by very small numbers of 

lymphocytes, macrophages, and eosinophils with a few foci 

in the parenchyma infiltrated by small numbers of 

lymphocytes, macrophages, and eosinophils, and 5 = Severe 

inflammation involving portal tracts and parenchyma. Scores 

two through four are increasing degrees of severity between 

one and five.  The kidney lesions were also scored using a 

scoring system of 0 to 5; 0 = No significant changes 

detected, 1 = The interstitium is infiltrated by small 

numbers of lymphocytes and macrophages with a few of the 

tubules dilated and empty or containing protenaceous casts, 

and 5 = Severe interstitial inflammation with widespread 

severe tubular changes.  Scores two through four are 

increasing degrees of severity between one and five.  

 

Statistical Analysis 

 Data were analyzed as a 3 x 2 factorial using the GLM 

procedure of SAS (SAS Institute, 2003).  Pig was the 

experimental unit.  The means for treatments showing 

significant differences in the analysis of variance were 

compared using the Fisher’s protected least significant 
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difference procedure.  P-values < 0.05 were considered 

significant. 

 

Results 

 

 During the experiment one animal did not eat or gain 

much weight when compared to the rest of the pigs (1 kg 

gained vs. 6.7 kg ave. gain for the other pigs).  At 

termination, necropsy results showed that the pig had 

chronic pleuritis, chronic pericarditis, and chronic 

peritonitis, lesions that were not observed in other pigs 

even those fed AF.  Therefore, data for this animal was 

removed from all analyses.  

Effects of dietary treatments on growth performance of 

pigs are summarized in Table 3.2.  Feed intake (FI) and 

body weight gain (BWG) were reduced (P < 0.05) by AFB1 but 

were not affected (P > 0.05) by TCMN.  No AFB1 by TCMN 

interactions (P > 0.05) were observed for FI or BWG.  There 

was, however, a significant AFB1 by TCMN interaction (P < 

0.05) observed for feed efficiency (G:F). Compared to 

controls, addition of TCMN to the basal diet containing no 

AF caused a decrease in G:F in pigs (0.656 vs. 0.733), 

whereas addition of TCMN to the diet containing 0.5 mg 
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AFB1/kg of diet prevented the reduction in G:F observed in 

pigs fed the diet containing 0.5 mg AFB1/kg of diet (0.708 

vs. 0.638).   

Relative kidney weights were not affected (P > 0.05) 

by dietary treatments (Table 3.2).  In contrast, relative 

liver weights were higher (P < 0.05) in pigs fed AFB1, and 

in pigs fed TCMN (Table 3.2).  No AFB1 by TCMN interactions 

(P > 0.05) were observed for relative kidney or relative 

liver weight.   

Serum concentrations of urea nitrogen, creatinine, Na, 

K, Cl, Ca, P, albumin, globulin, total protein, AST, GGT 

and CPK were not affected (P > 0.05) by dietary treatments 

(Table 3.3). Serum magnesium concentrations were higher (P 

< 0.05) in pigs fed AFB1 compared to pigs fed no AFB1 (Table 

3.3).  No AFB1 by TCMN interactions (P > 0.05) were observed 

for any of the serum variables. 

Effects of dietary treatments on blood hematologic 

variables are summarized in Table 3.4.  White blood cell 

number, hematocrit, mean corpuscular volume, mean 

corpuscular hemoglobin, mean corpuscular hemoglobin 

concentration, and platelets were not affected (P > 0.05) 

by dietary treatments.  Red blood cell number and 

hemoglobin concentration were higher (P < 0.05) in pigs fed 
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AFB1 compared with pigs fed no AFB1 but were not affected (P 

> 0.05) by TCMN.  No AFB1 by TCMN interactions (P > 0.05) 

were observed for any hematologic variable.   

No liver lesions were observed in pigs fed the control 

diet or in pigs fed the 1.0 mg AFB1/kg diet (Table 3.5). 

However, mild liver lesions were observed in 2/4 pigs fed 

0.5 mg AFB1/kg of diet, in 1/5, 2/5, and 1/5 pigs fed 100 mg 

TCMN/kg of diet, 0.5 mg AFB1/kg of diet + 100 mg TCMN/kg of 

diet, and 1.0 mg AFB1/kg of diet + 100 mg TCMN/kg of diet, 

respectively.   

No kidney lesions were observed in pigs fed the 

control diet, or in pigs fed the 0.5 and 1.0 mg AFB1/kg of 

diet respectively (Table 3.6).  However, mild kidney 

lesions were observed in 1/5 pigs fed the 100 mg TCMN/kg of 

diet, and in 1/5 pigs fed the 0.5 and 1.0 mg AFB1/kg of diet 

supplemented with 100 mg/kg TCMN.  Moderate kidney lesions 

were also observed in 1/5 pigs fed diets containing 0.5, 

and 1.0 mg AFB1/kg of diet supplemented with 100 mg/kg TCMN.   

 

Discussion 

 

 In this study, FI and BWG were significantly reduced 

by both dietary concentrations of AF.  These results are 
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consistent with previous reports of reduced growth 

performance in weanling pigs fed AF at concentrations 

ranging from 140 to 922 µg AF/kg of diet (Schell et al., 

1993a, 1993b; Lindemann et al., 1993; Marin et al., 2002; 

Panangala et al., 1986).    

In the current study, relative kidney weights were not 

significantly affected by dietary treatments.  These 

results are in contrast with those of Harvey et al. (1990) 

who observed higher relative kidney weights in pigs fed 2.5 

mg AFB1/kg of diet.  Reasons for the contrasting results may 

be attributed to the fact that Harvey et al. (1990) fed a 

higher concentration of AF (2.5 mg AF/kg of diet) for a 

longer period, 28 days instead of 21 days in the current 

study.  

 Aflatoxin consumption by weanling pigs has been shown 

to cause increased relative liver weights in pigs fed 

dietary AF ranging from 0.3 to 2.5 mg/kg of diet (Harvey et 

al., 1990; Panangala et al., 1986; and Schell et al., 

1993a).  Increased relative liver weights observed in pigs 

fed AF in the present study are consistent with previous 

results.  Increased relative liver weights in pigs fed AF 

could be due to increased lipid deposition in the liver.   
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Serum TP, ALB, and GLOB are typically reduced in pigs 

consuming aflatoxin ranging from 0.42 to 4 mg/kg of diet 

(Harvey et al., 1988; Schell et al., 1993a,b; and Lindemann 

et al., 1993).  However, in the present study serum 

concentrations of TP, ALB, GLOB, UN, CREAT, Na, K, Ca, P, 

GGT, AST, CL, and CPK were not affected by dietary 

treatments.  In the current study, serum magnesium 

concentration was increased in pigs fed AFB1 when compared 

to pigs fed no AFB1, but was not affected by TCMN.  These 

results are in contrast to a previous report by Harvey et 

al. (1990) who observed decreased serum magnesium 

concentration in barrows fed 2.5 mg AF/kg of diet.  The 

contrasting results could be attributed to the higher 

concentration of AF fed to pigs by Harvey et al. (1990) 

(2.5 mg AF/kg of diet vs. 0.5 to 1.0 mg AF/kg of diet in 

the present study).  Lindemann et al. (1993) observed no 

effect of feeding 420 to 840 µg AF/kg of diet on serum 

magnesium concentration.  Although serum magnesium 

concentration was affected by AF in the current study, the 

concentrations fell within a range reported as being normal 

for pigs (Puls, 1994).   

 Red blood cell number and hemoglobin concentration 

were the only hematology measurements affected by dietary 
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treatments.  Red blood cell number and hemoglobin 

concentration were higher in pigs fed AFB1 compared with 

controls but were not affected by TCMN.  Changes in red 

blood cell numbers caused by AF are in contrast to reports 

by Thieu et al. (2008) and Marin et al. (2002) who observed 

no effect of AF on red blood cell numbers in pigs fed 140 

to 280 µg AF/kg of diet.  The contrasting results could be 

attributed to the lower levels of AF fed by Thieu et al. 

(2008) and Marin et al. (2002) when compared with the 

levels fed in the current study (0.5 and 1 mg/kg).  Thieu 

et al. (2008) also observed no effect of AF on hemoglobin 

concentration, which could also be attributed to feeding a 

lower level of AF (200 µg AF/kg of diet) than the present 

study (0.5 to 1.0 mg AF/kg of diet).  However, similar to 

the present study, Harvey et al. (1990) reported increased 

concentration of hemoglobin in pigs fed 2.5 mg AF/kg of 

diet.  Although hemoglobin concentration was affected by AF 

in the current study the numbers are within the normal 

range for pigs (Puls, 1994). 

 In the current study, with the exception of pigs fed 1 

mg AF/kg diet, mild liver lesions were observed in some 

pigs (minimum of one per treatment and maximum of two per 

treatment) fed other dietary treatments containing AF.  
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Panangala et al. (1986) and Harvey et al. (1988) reported 

severe liver lesions in pigs fed 300 to 500 µg, and 1 to 4 

mg AF/kg of diet, respectively.  The difference in severity 

of the lesions between the present study and that of Harvey 

et al. (1988) may be attributed to the higher concentration 

of AF fed (1 to 4 mg/kg), and the longer period of feeding 

(4 vs. 3 weeks).  Differences in severity of the lesions 

between the present study and that of Panangala et al 

(1986) may be due to longer period of time that pigs were 

fed AF (10 vs. 3 wks in the present study).  The mild liver 

lesion observed in one pig fed the basal diet plus TCMN and 

the mild to moderate kidney lesions observed in pigs fed 

diets containing TCMN was unexpected but taken together 

with the reduction in G:F of pigs fed 100 mg TCMN/kg alone 

suggest that this dietary concentration of TCMN may be 

negatively affecting pig performance and health.  Liver 

lesions have been reported previously in broilers fed high 

concentrations (up to 10%) of turmeric powder (Al-Sultan 

and Gameel, 2004).   

In the current study, with the exception of pigs fed 

0.5 or 1.0 mg AF/kg of diet, mild kidney lesions were 

observed in some pigs (minimum of one per treatment and 

maximum of two per treatment) fed other dietary treatments 
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containing the combination of AF and TCMN.  These results 

are similar to Harvey et al. (1988) who reported kidney 

lesions present in barrows fed 3 to 4 mg AF/kg of diet.  

Harvey et al. (1988) hypothesized that the kidney lesions 

may be secondary to liver disease and to the poor 

nutritional status of the pigs. 

Results of the present study are in contrast to 

studies in broilers (Yarru et al., 2009; Gowda et al., 

2009) in which TCMN reduced the negative effects of AFB1 on 

broiler performance, serum chemistries, liver weight, 

antioxidant status, and liver gene expression. Data 

suggests that antioxidant status may not have been 

compromised in pigs fed AFB1 and as such there was no 

benefit to improving the antioxidant status of the pigs by 

including a natural antioxidant in the diet.  

 

Conclusions 

  

Dietary concentrations of AF as low as 0.5 mg/kg of 

diet negatively affected weanling pigs by depressing growth 

performance, increasing relative liver weight, red blood 

cell number, and hemoglobin concentration.  Curcuminoids 

from turmeric at 100 mg/kg of diet did not alleviate toxic 
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effects of aflatoxin, and appeared to negatively affect 

growth and health of weanling pigs.
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Table 3.1. Ingredient and nutrient composition of Phase 2 
 nursery diet (as-fed)1 

 
Item 

 
  Phase 2 (% of Diet) 

Ingredient   

  Corn, Yellow dent 50.17 

  Soybean Meal, 48% CP 27.5 
  Whey, dried 10.0 

  Animal Plasma, spray-dried 2.5 

  Choice white grease 5.0 

  Dicalcium phosphate, 21% P 2.05 

  Limestone 0.87 

  Vitamin Premix2 0.5 

  Salt, NaCl 0.2 

  L-Lysine HCL 0.15 

  Mineral Premix3 0.15 

  DL-Methionine 0.065 
 

1Phase 2 nursery diet formulated to contain: 22% CP, 0.9% Ca, 
0.55% available P, 1.25% total lysine, and 1.12% SID Lysine 
 
2Vitamin Premix supplied per kilogram of diet:  retinyl acetate, 
11,000 IU; cholecalciferol, 1,100 IU; DL-α-tocophereryl acetate, 
44.1 IU; menadione Na dimethylpyrimidinol bisulfate, 4.0 mg; 
vitamin B12, 30.3 µg; riboflavin, 8.3 mg; D-Ca-pantothenate,  
28.1 mg; nicotinamide, 33.1 mg; choline chloride, 551.3 mg;  
D-biotin, 0.22 mg; and folic acid, 1.65 mg.    
 

3Mineral Premix supplied per kilogram of diet:  Zn, 165 mg 
(ZnSO4);  Fe, 165 mg (FeSO4H2O); Cu, 16.5 mg (CuSO45H2o);  
Mn, 33 mg (MnSO4); I, 0.3 mg Ca(IO3)2;  
and Se, 0.3 mg (Na2SeO3).  



 
 

Table 3.2. Effects of AFB1 on growth performance and organ weights of weanling pigs1 

  
                                    
                             Treatments2                                      P-Value       
 

1Data are means of five pigs per treatment.  
 

2Control = Basal diet (BD); BD + 0.5 AF = BD + 0.5 ppm AFB1; BD + 1.0 AF = BD + 1.0 ppm AFB1; BD + TCMN = BD 
+ 100 ppm TCMN; BD + 0.5 AF + TCMN = BD + 0.5 ppm AFB1 + 100 ppm TCMN; BD + 1.0 AF + TCMN = BD + 1.0 ppm 
AFB1 + 100 ppm TCMN. 
 
3Relative organ weights expressed as percent body weight. 
 
a-dMeans in a row with different superscripts differ significantly (P < 0.05). 
 
4One pig was removed from analysis due to health problems unrelated to consumption of dietary treatment 
 

Item Control BD + 0.5 
AF4 

BD + 1.0 
AF5 

 BD + 
TCMN 

BD + 0.5 
AF + 
TCMN 

BD + 1.0 
AF + 
TCMN 

Pooled   
SEM 

  AFB  TCMN AFB* 
TCMN 

BWG, kg 8.55a 6.42bc 5.12c 8.04ab 6.24c 5.79c 0.56 0.0001 0.9898 0.5624 

AFI, kg 11.64a 9.91b 9.45b 12.32a 8.86b 8.94b 0.73 0.0013 0.6318 0.5013 

G:F(kg:
kg) 

0.733a 0.638b 0.543c 0.656b 0.708a 0.647b 0.025 0.0016 0.1378 0.0035 

Organ 
Weight3           

Liver 2.91d 3.27abc 2.98c 3.13bc 3.55a 3.53ab 0.14 0.0280 0.0110 0.4466 

Kidney 0.561 0.542 0.517 0.563 0.548 0.683 0.055 0.5933 0.2071 0.3127 

5One pig died after blood collection.

6
2
 



 
 

Table 3.3. Effects of AFB1 on blood serum chemistry of weanling pigs1 
                               
                                  
                                 Treatments2                                           P-Value               

 
1Data are means of five pigs per treatment.  
 
2Control = Basal diet (BD); BD + 0.5 AF = BD + 0.5 ppm AFB1; BD + 1.0 AF = BD + 1.0 ppm AFB1; BD + TCMN = BD + 100 ppm TCMN; BD + 0.5 AF + TCMN 
= BD + 0.5 ppm AFB1 + 100 ppm TCMN; BD + 1.0 AF + TCMN = BD + 1.0 ppm AFB1 + 100 ppm TCMN. 
 

3UN = urea nitrogen; CREAT = creatinine; NA = sodium; K = potassium; CL = chloride; ALB = albumin; TP = total protein; GLOB = globulin; CA = 
calcium; PHOS = phosphorus; MG = magnesium; GGT = gamma glutamyl transferase; CPK = creatine phosphokinase; AST = aspartate aminotransferase.   
 

a-cMeans with different superscripts in a row differ significantly (P < 0.05). 
                                                         
4One pig was removed from analysis due to health problems unrelated to consumption of dietary treatment. 

Item3 Control BD +  
0.5 AF4 

BD +  
1.0 AF 

BD + 
TCMN 

BD +  
0.5 AF  
+ TCMN 

BD +  
1.0 AF  
+ TCMN 

Pooled             
SEM 

  AFB  TCMN   AFB* 
  TCMN 

UN, mg/dL 11.60 12.00 10.80 12.60 12.00 10.60 0.94 0.2886 0.7251 0.8090 

CREAT, mg/dL 0.66 0.63 0.60 0.62 0.60 0.56 0.066 0.6825 0.5392 0.9922 

NA, mEq/dL    143    142    145    143    143    139 2.35 0.9242 0.5163 0.3095 

K, mEq/L 7.08 7.75 7.43 7.60 7.82 6.08 0.40 0.0740 0.4702 0.0901 

CL, mEq/L    101    102    106    102    100    100 1.71 0.4784 0.1562 0.3311 

ALB, g/dL 2.60 2.50 2.60 2.78 2.68 2.50 0.14 0.6201 0.4820 0.5667 

TP, g/dL 6.24 6.23 5.78 6.04 6.02 5.88 0.19 0.2308 0.5402 0.6757 

GLOB, g/dL 3.64 3.73 3.18 3.26 3.34 3.38 0.22 0.5386 0.3242 0.3509 

CA, mg/dL 10.26 10.43 10.45 10.56 10.74 9.86 0.21 0.1721 0.9628 0.0813 

PHOS, mg/dL 10.26 10.45 10.35 11.24 10.88 9.42 0.37 0.0695 0.6166 0.0577 

MG, mg/dL 2.44ab 2.80a 2.45ab 2.26b 2.80a 2.66a 0.14 0.0216 0.9357 0.4364 

GGT, U/L 57.80 65.25 77.75 69.00 67.20 73.00 12.17 0.6206 0.7892 0.8161 

CPK, U/L    898    402    511    844   1198    817    312 0.8118 0.2018 0.4316 

AST, U/L 34.00 37.33 32.67 39.75 57.00 33.25 4.75 0.1068 0.0936 0.3348 

6
3
 



 
 

Table 3.4. Effects of AFB1 on hematology of weanling pigs1 
                              
                                    
                            Treatments2                                    P-Value       
 

1Data are means of five pigs per treatment. 
  
2Control = Basal diet (BD); BD + 0.5 AF = BD + 0.5 ppm AFB1; BD + 1.0 AF = BD + 1.0 ppm AFB1; BD + TCMN = BD + 100 ppm TCMN; BD + 0.5 AF 
+ TCMN = BD + 0.5 ppm AFB1 + 100 ppm TCMN; BD + 1.0 AF + TCMN = BD + 1.0 ppm AFB1 + 100 ppm TCMN. 
 

3WBC = white blood cells; RBC = red blood cells; HGB = hemoglobin; HCT = hematocrit; MCV = mean corpuscular volume; MCH = mean 
corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; PLT = platelets. 
 

a,bMeans in a row with different superscripts differ significantly (P < 0.05). 
 
4One pig was removed from analysis due to health problems unrelated to consumption of dietary treatment. 

Item3 Control BD + 
0.5 AF4 

BD + 
1.0 AF 

BD + 
TCMN 

BD + 
0.5 AF 
+ TCMN 

BD + 
1.0 AF 
+ TCMN 

Pooled 
SEM 

AFB TCMN AFB* 
TCMN 

WBC,103/µL 24.9 31.9 22.2 26.6 39.7 31.5 6.28 0.2688 0.2513 0.8242 

RBC,106/µL 6.1b 7.0ab 6.7b 6.3b 6.3b 7.7a 0.35 0.0413 0.4985 0.0894 

HGB, g/dL 10.8b 12.3ab 12.1ab 11.0b 11.8ab 13.0a 0.61 0.0405 0.6579 0.5666 

HCT, % 38.6 43.4 42.8 38.9 42.8 45.6 2.24 0.0640 0.6490 0.7523 

MCV, fL 63.3 62.4 64.3 61.8 68.0 59.2 2.20 0.3122 0.8616 0.0879 

MCH, pg 17.7 17.6 18.1 17.4 18.7 16.9 0.51 0.4237 0.7484 0.1205 

MCHC, g/dL 27.9 28.3 28.2 28.2 27.6 28.5 0.36 0.4917 0.9745 0.3437 

PLT,103/µL 476 353 198 425 173 356 95.00 0.1204 0.7680 0.2585 

6
4
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Table 3.5. Effects of AFB1 on liver histopathology of 
 weanling pigs1 
 
                                    
                          Treatments2                                 
 

 

 

1Data are expressed as number of barrows with lesions/number 
examined.  
 

2 Control = Basal diet (BD); BD + 0.5 AF = BD + 0.5 ppm AFB1; BD + 
1.0 AF = BD + 1.0 ppm AFB1; BD + TCMN = BD + 100 ppm TCMN; BD + 0.5 
AF + TCMN = BD + 0.5 ppm AFB1 + 100 ppm TCMN; BD + 1.0 AF + TCMN = 
BD + 1.0 ppm AFB1 + 100 ppm TCMN. 
 
30 = no lesions; 1 = mild lesions; 5 = severe lesions; 2 to 4 = 
increasing degrees of severity between 1 and 5. 
 
4One pig was removed from analysis due to health problems unrelated 
to consumption of dietary treatment. 
 
5One pig died after blood collection. 
 
 
 
 
 
 
 
 
 
 
 
 

Lesion 
Score3 

Control BD + 
0.5 AF4 

BD + 
1.0 AF5 

BD + 
TCMN 

BD + 
0.5 AF 
+ TCMN 

BD + 
1.0 AF 
+ TCMN 

0   5/5 2/4 4/4 4/5 3/5 4/5 

1   0/5 2/4 0/4 1/5 2/5 1/5 

2   0/5 0/4 0/4 0/5 0/5 s0/5 

3   0/5 0/4 0/4 0/5  0/5  0/5 

4   0/5 0/4 0/4 0/5 0/5 0/5 

5   0/5 0/4 0/4 0/5 0/5 0/5 
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Table 3.6. Effects of AFB1 on kidney histopathology of 
 weanling pigs1 
                              
                                   
                             Treatments2                                 
 

 

 

1Data are expressed as number of barrows with lesions/number 
examined.  
 

2 Control = Basal diet (BD); BD + 0.5 AF = BD + 0.5 ppm AFB1; BD + 
1.0 AF = BD + 1.0 ppm AFB1; BD + TCMN = BD + 100 ppm TCMN; BD + 0.5 
AF + TCMN = BD + 0.5 ppm AFB1 + 100 ppm TCMN; BD + 1.0 AF + TCMN = 
BD + 1.0 ppm AFB1 + 100 ppm TCMN. 
 
30 = no lesions; 1 = mild lesions; 5 = severe lesions; 2 to 4 = 
increasing degrees of severity between 1 and 5. 
 
4One pig was removed from analysis due to health problems 
unrelated to consumption of dietary treatment. 
 
5One pig died after blood collection. 

Lesion 
Score3 

Control BD + 
0.5 AF4 

BD + 
1.0 AF5 

BD + 
TCMN 

BD + 
0.5 AF 
+ TCMN 

BD + 
1.0 AF 
+ TCMN 

0 5/5 4/4 4/4 4/5 3/5 3/5 

1 0/5 0/4 0/4 1/5 1/5 1/5 

2 0/5 0/4 0/4 0/5 1/5 1/5 

3 0/5 0/4 0/4 0/5  0/5  0/5 

4 0/5 0/4 0/4 0/5 0/5 0/5 

5 0/5 0/4 0/4 0/5 0/5 0/5 
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GENERAL SUMMARY AND CONCLUSIONS 

 

Aflatoxin is a mycotoxin found in feed ingredients 

used in livestock diets including dairy cattle and pigs.  

Aflatoxin causes reduced performance, liver damage, 

increased prevalence of infectious disease, and secretion 

of the metabolite aflatoxin M1 (AFM1) into milk.  Aflatoxin 

M1 is toxic and carcinogenic, and is of great concern with 

respect to human health because of the high consumption of 

milk and milk products by humans, especially children.  Due 

to the involvement of aflatoxin in disease and death in 

humans and animals safe, practical, and effective 

strategies for alleviating or preventing the effects of 

aflatoxin are highly desirable.  Therefore, two experiments 

were conducted to evaluate approaches for reducing the 

toxic effects of dietary aflatoxin when fed to lactating 

dairy cows and weanling pigs.   

Experiment 1 was conducted to determine the efficacy 

of three adsorbents, Solis (SO; Novus International, Inc), 

NovasilPlus (NOV; Engelhard Corp.), and MTB-100 (MTB; 

Alltech), in reducing aflatoxin (AF) M1 concentrations in 

milk of dairy cows fed an AF-contaminated diet.  Twelve 

early to mid lactation dairy cows averaging 163 d in milk 
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were used in a 4 x 4 Latin square design with three 

replications.  Dietary treatments included 1) AF [112 µg of 

AFB1/kg of diet dry matter (DM)]; 2) AF + 0.56% SO; 3) AF + 

0.56% NOV; and 4) AF + 0.56% MTB.  The addition of SO and 

NOV to the AF diet resulted in a significant reduction in 

milk AFM1 concentrations (SO, 45%; NOV, 48%), AFM1 excretion 

(SO, 44%; NOV, 46%), and AF transfer from feed to milk (SO, 

1.48%; NOV, 1.42%).  In contrast, MTB was not effective in 

reducing milk AFM1 concentrations (4%), AFM1 excretion (5%), 

or AF transfer from feed to milk (2.52%).  Results 

indicated that SO and NOV at 0.56% of the diet were 

effective in reducing milk AFM1 concentrations in cows 

consuming a total mixed ration (TMR) containing 112 µg of 

AFB1/kg of diet DM. 

Experiment 2 was conducted to evaluate the efficacy of 

curcumin, an antioxidant supplied by turmeric (Curcuma 

longa) powder (TMP), to ameliorate the adverse effects of 

aflatoxin B1 (AFB1) in weanling pigs.  Thirty crossbred 

weanling pigs were assigned to a 3 x 2 factorial 

arrangement of treatments [three concentrations of AFB1 and 

two concentrations of curcuminoids (TCMN)] with five 

weanling pigs assigned to each of the six dietary 

treatments beginning on day 14 post weaning and lasting 21 
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days.  Dietary treatments included:  A) basal diet (BD) 

containing no AFB1 or Curcuminoids (TCMN);  B) BD + 0.5 mg 

AFB1/kg of diet;  C) BD + 1.0 mg AFB1/kg of diet;  D) BD + 

100 mg TCMN/kg of diet;  E) BD + 100 mg TCMN/kg of diet + 

0.5 mg AFB1/kg of diet; and F) BD + 100 mg TCMN/kg of diet + 

1.0 mg AFB1/kg of diet.  Results indicated that dietary 

concentrations of AF as low as 0.5 mg/kg of diet negatively 

affected weanling pigs by depressing growth performance, 

increasing relative liver weight, red blood cell number, 

and hemoglobin concentration.  Curcuminoids from turmeric 

at 100 mg/kg of diet did not alleviate toxic effects of 

aflatoxin, and appeared to negatively affect growth and 

health of weanling pigs. 

Data from Experiment 1 indicate that Solis and 

NovasilPlus at 0.56% of the diet were effective in reducing 

milk AFM1 concentrations in cows consuming a TMR containing 

112 µg of AFB1/kg of diet DM, but MTB-100 at 0.56% was not 

effective in reducing milk AFM1 concentrations.  Data from 

Experiment 2 indicate that curcuminoids from turmeric at 

100 mg/kg of diet did not alleviate toxic effects of 

aflatoxin, and appeared to negatively affect growth and 

health of weanling pigs.  These data suggest that 

antioxidant status may not have been compromised in pigs 
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fed AFB1 and as such there was no benefit to improving the 

antioxidant status of the pigs by including a natural 

antioxidant in the diet.
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