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Abstract 

Three groups of lactating dairy cows (n = 10 each) were fed a common diet 

suspected to contain naturally occurring mycotoxins. Each group of cows was fed 

either a control diet (no product) or one of two mycotoxin sequestering agents, 

Mycosorb® and BioCycle Plus®. The present study was discontinued after 8 weeks, 

when mycotoxin contamination was determined to be low to nonexistent. Despite the 

lack of mycotoxin contamination, cows fed BioCycle Plus® consumed more OM than 

cows fed the control diet. Cows fed the Mycosorb® diet had increased concentration of 

milk urea nitrogen. Milk from the cows fed Mycosorb® had lower protein and elevated 

fat percentages. Neither protein nor fat yield were effected. Milk production was 

similar between the two treatments. Results indicate that, even without a significant 

mycotoxin challenge, mycotoxin binding agents can have significant effects on the 

performance of lactating dairy cows. This is likely due to the inclusion of various 

performance enhancing products, including yeast, probiotics, and vitamins. From this 

experiment, we concluded that ELISA analyses are not reliable measures of mycotoxin 

contamination. HPLC analyses can be used to establish more accurate standards. 

Literature Review 

Mycotoxins 

Molds and fungi have been identified as contaminants of food sources 

worldwide. As fungi grow and reproduce, they can produce secondary metabolites 

called mycotoxins. When mold or fungi contaminate feedstuffs, mycotoxin 

contamination can naturally follow. Contamination is usually associated with cereal 

grains, including corn, barley, and wheat but has also been identified in various nuts, 

stored forages, and other feedstuffs. Essentially, mycotoxi~s can be found anywhere 
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that molds can grow. According to the Council for Agriculture Science and Technology 

(1 989), 25% of the world's food supply is contaminated with mycotoxins. 

Mycotoxins, if consumed in large enough quantities, cause adverse biological 

effects in arlimals. Toxin-related illnesses have, generically, been termed 

"mycotoxicoses." As a diverse group of chemicals, mycotoxins elicit a variety of toxic 

responses. Therefore, mycotoxicoses can not be defined by specific symptoms but 

are characterized by a variety of implications that include: reduced feed intake, lowered 

weight gains, decreased feed efficiency, immunosuppression, lowered disease 

resistance, organ malfunction (particularly liver and kidney), decreased reproductivity, 

carcinogenesis, and even death. Conditions that place additional stress on animals, 

like improperly balanced rations, endoparasitic infections, or disease, will aggravate the 

effect of intoxication. Mycotoxicoses are difficult to diagnose because the symptoms 

are so variable and very similar to other ailments. 

The severity of response is dependent on the concentration of toxins in 

feedstuffs and the length of exposure. Mycotoxin concentration in feeds varies greatly 

and depends on a variety of factors. Conditions must be appropriate for growth; molds 

require oxygen, the correct temperature. and adequate moisture levels for growth. 

Molds also derive protein, energy, and other nutrients from the contaminated feed. 

Various other factors, including humidity, insect infestation, and methods of storage, 

also affect mold growth. 

Once ingested by the animal, mycotoxins are absorbed and metabolized or 

detoxified by the liver into either neutral or less toxic forms. However. large 

concentrations can overwhelm the liver and cause tumor development. In animal 

necropsies, most toxins are found concentrated in the intestines, kidneys, and liver 
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(Coulombe, 1993). Humans do not commonly consume these organs, but toxin 

residues have also been identified in animal products like milk, meat, and eggs. In 

consuming contaminated animal products or grains, humans are also exposed to 

mycotoxins. 

Each species is affected differently by mycotoxins. Ruminants and poultry have 

demonstrated higher tolerances than nonruminants (Prelusky et al., 1994). Reduced 

sensitivity in ruminants is likely due to the ability of rumen microbes to metabolize 

mycotoxins into less toxic compounds (King et al., 1984). However, at high 

concentrations of mycotoxins, the microbes can become overwhelmed, allowing 

mycotoxins to escape rumina! degradation and to be absorbed from the intestinal tract. 

Over the years, hundreds of mycotoxins have been identified. The occurrence 

and toxicity of only a few have been studied in any detail. Although more than one 

toxin is commonly present in a feedstuff, most studies concentrate on only one toxin. 

Interactions or synergistic effects among different toxins have not been established. 

However, extreme variances in response to equal toxin levels create speculation about 

the effects of simultaneous exposure to more than one toxin. 

Aflatoxin 

Aflatoxin, zearalenone, and vomitoxin are among the mycotoxins that have 

been studied in greater detail. All are known to have negative effects on the function 

and productivity of dairy cattle. Aflatoxin has been the most extensively studied 

mycotoxin. It was first discovered in the 1960's when an outbreak of disease resulted 

in death of thousands of turkeys. The cause was traced to peanut cake contaminated 

by aflatoxin (World Health Organization, 1993). 
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The organisms Aspergillus f/avus and Aspergillus parasiticus synthesize 

aflatoxin. These organisms favor subtropical growing conditions in which the relative 

humidity is near 85%, the temperature is over 21°C, and there is some degree of 

aeration (available oxygen). Drought conditions are particularly favorable for the 

production of aflatoxin. The presence of Aspergillus mold does not ensure mycotoxin 

contamination; favorable growing conditions must be present. Insects can also carry 

the mold and contaminate plants. Stressful plant conditions decrease plant resistance 

and make plants more susceptible to insects (World Health Organization,J993). 

Several different chemical compounds of aflatoxin have been identified. Four of 

these compounds, AFB1, AFB2. AFG1, and AFG2, can be detected in feeds using 

current analytical methods. The concentration of each compound is dependent on the 

fungal strain that causes contamination, the substrate, and the growing conditions 

(World Health Organization, 1993). The most toxic of these is AFB1• It is metabolized 

into a less toxic form, AFM1, by the liver. The AFM1 has been identified in milk. 

Research indicates that 0.25 to 4.8% of dietary aflatoxin is converted by the cow into 

AFM1 and can be isolated from milk (Harvey et al., 1991). The AFM1 has been 

identified in animal liver and kidneys but not in any retail cuts of meat (World Health 

Organization, 1993). Cases of aflatoxicoses have been documented worldwide. Due 

to its widespread occurrence and extreme toxicity, aflatoxin is the only mycotoxin that 

is currently regulated by the Food and Drug Administration and the World Health 

Organization. Contamination is commonly found in nuts (pistachio, Brazil nuts, 

almonds, walnuts, and pecans), cereal grains (com, rice, sorghum, wheat, barley, and 

oats), and dairy products. Aflatoxin is also found in products that are manufactured 
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from these foodstuffs, including peanut butter, cornmeal, and breakfast cereals (Wond 

Health Organization, 1993). 

Levels of mycotoxin contamination are expressed in parts per billion (ppb) or 

parts per million (ppm). Established tolerances worldwide for aflatoxin range from 10 

to 600 ppb (Schuller et al., 1986). In the United States, grain commodities are 

condemned when concentrations of AFB1 exceed 20 ppb. Milk concentrations of 

AFM1 can not exceed 0.5 ppb (Coulombe, 1993). In order to achieve less than 0.5 ppb 

in milk, aflatoxin concentrations in diets can not exceed 50 ppb (Whitlow and Hagler, 

1998). If regulations are followed and feed above the established concentrations is 

avoided, then no detectable levels of aflatoxin should be found in animal products 

(Coulombe, 1993). 

Symptoms of chronic contamination include depression, appetite loss, fever, 

sporadic diarrhea, weight loss, and rough hair coat. Acute aflatoxicosis, in severe 

cases, can cause death but is usually characterized by decreased feed intake and 

reduced milk production. Acute symptoms have been exhibited by cows that were 

subjected to aflatoxin at concentrations above 100 ppb (Whitlow and Hagler, 1998). 

Lowered reproductive efficiency was evident at 120 ppb, but milk production was 

decreased and liver weights were increased at 100 ppb (Whitlow and Hagler, 1998). 

Young and/or pregnant animals are the most sensitive. Calves fed at rates of 2 to 440 

ppb exhibited decreased growth rates and lowered feed intakes (World Health 

Organization, 1993). 

Bodine and Mertens (1983) identified the effects of aflatoxin contamination in 

the rumen, which included decreased breakdown of cellulose and lowered production 
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of volatile fatty acids and ammonia. They also observed decreased proteolysis in vitro 

as a result of aflatoxin contamination. 

Zearalenone 

Tricothecene mycotoxins are a group of structurally related compounds that are 

produced by various species of Fusarium molds. At least 148 different compounds 

have been identified, two of which are zearalenone and deoxynivalenol (World Health 

Organization, 1993). 

Zearalenone is produced by F. moniliforme and F. graminearum, with the latter 

producing the greatest amounts of the toxin. These organisms require moisture levels 

of 22 to 25% and prefer low or fluctuating temperatures between 1 to 30°C. Cool, rainy 

weather provides ideal growing conditions. If crops are dried and stored properly after 

harvesting, growth is limited. However, storage of high moisture grain, like com silage 

or high moisture com, provides excellent growing conditions. Zearalenone is 

commonly found in hay, com, sorghum, barley, wheat, and fermented products like 

beer (Coulombe, 1993; World Health Organization, 1993; Whitlow and Hagler, 1998). 

Zearalenone causes infertility problems, especially in nonruminants, but is not 

associated with decreased feed intake. As for the mode of action, zearalenone is 

believed to bind to estrogen receptors and initiate an estrogen-mimicking effect. 

Symptoms of toxicoses include uterine enlargement, swollen vulva, decreased 

conception rates, stillbirths, abortions, resorptions, fetal bone malformation, and 

alterations of the reproductive tract (Coulombe, 1993; World Health Organization, 

1993). Zearalenone transmission to milk and meat is minimal due to rapid rumen 

metabolism (Prelusky et al., 1990). 



- 9-

The typical level of concern is 0.5 ppm (500 ppb). However, reproductive 

problems have been evident in studies in which the zearalenone concentration was 

only at 400 ppb (Whitlow and Hagler, 1998). In other studies, cows consuming feed 

with concentrations at 22 ppm had smaller corpora lutea, and conception rates were 

decreased at 13 ppm (Whitlow and Hagler, 1998). The variation in effects at different 

concentrations is probably due to contamination by more than one toxin and/or 

synergistic effects among toxins (Whitlow and Hagler, 1998). 

Deoxynivalenol 

Deoxynivalenol (DON), also known as vomitoxin, is another tricothecene toxin 

produced by F. graminearum and F. cu/morum. The DON was first discovered in 1972 

and was named for the vomiting effect it had on swine (Vesonder et al., 1976). In 

comparison to aflatoxin or zearalenone, DON is considered to be a rather mild toxin. 

However, DON is the cause of much concern because it is the most common 

worldwide contaminant of cereal grains (World Health Organization, 1993). Like other 

mycotoxins, it is structurally stable and is not destroyed by cooking or processing 

(Scott, 1991). 

Wheat infected with DON appears soft, is shriveled, has a pink discoloration, 

and is often referred to as "scabby wheat." Infected corn is characterized by a reddish 

mold at the ear tip (Vesonder et al., 1978). The DON flourishes at low temperatures 

and high humidity (Vesonder et al., 1978; Coulombe, 1993). Interestingly, the North 

American strain of F. graminearum produces DON and zearalenone, whereas strains 

common to Japan and Australia produce DON compounds with different substituents 

and varying forms of zearalenone (Miller et al., 1991 ). 
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The principal clinical symptoms of DON are anorexia at low concentrations and 

vomiting at high concentrations. Other effects on the animal include lower weight gain 

(due to decreased feed intake and vomiting) and immune stimulation or inhibition, 

depending on dosage and length of exposure (Atroshi et al., 1994; Vesonder et al., 

1978). These affects are secondary to the cellular effects that occur. Trichothecenes 

have been shown to bind to ribosomes and affect the enzymatic activity for protein 

synthesis. Depending on the size of the molecule, trichothecenes can inhibit initiation 

of protein synthesis or prevent protein elongation (Ehrlich and Daigle, 1987). 

Several studies indicate that animals develop a tolerance to DON over time. 

Cote et al. ( 1985) observed that the decreased intake associated with DON 

contamination was transitory at low levels. Even at higher concentrations, refusal 

decreased over time, although intake never fully recovered (Silverstone, 1992). 

Several studies observed a taste aversion to DON, but it also appeared to diminish 

with time, indicating some sort of conditioning (Osweiler et al., 1990; Ossenkoop et aL, 

1994). 

When fed to sheep or dairy cattle, DON is recovered from the urine in small 

amounts. However, compounds similar in structure that have been identrfred as the 

metabolized forms of DON are recovered in large amounts. King et al. (1984) 

hypothesized that DON is biotransformed by the rumen microbes. Some of these 

derivatives maintain a portion of their original toxicity, while others are rendered 

nontoxic. 

No studies have definitively determined the concern level for a vomitoxin 

contamination. When vomitoxin concentrations were at 12 to 13 ppm, feed intake and 

milk production were not affected, but cows experienced decreased weight gain (Noller 
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et al., 1979). When fed at 2.7 to 4.6 ppm, no significant reduction in milk production 

was observed but rnilk fat percentage was decreased considerably (Charmley et al., 

1993). Interactions with various other commonly found toxins may be responsible for 

the variation in responses observed in dffferent studies. 

There are conflicting reports on the transfer of DON into milk. Some studies 

have not detected any DON in milk (Charmley et al., 1993), while others have detected 

varying amounts. Cote et al. (1986) fed 300 mg/d for 5 days and found 4 to 26 ng/ml 

of DOM-1 (a nontoxic metabolite of DON) in the milk. In another study, 920 mg/d of 

pure DON was fed, and less than 2 ng/ml of DOM-1 was detected in the milk (Prelusky 

et al., 1990). 

As recommended by the World Health Organization (1993), 10 ppm of DON in 

the diet is the limit for beef and feedlot animals over four months of age. Ingredients 

contaminated by DON at this level should not exceed 50% of the diet. In the United 

States, bran, flour, and germ intended for human use must not exceed 1 ppm DON 

(Trucksess, 1995). 

Minimizing Mycotoxin Effects 

Prevention of contamination is the best option to protect against mycotoxicoses. 

However, environmental conditions often make avoidance impossible. As a result, a 

variety of techniques have been developed to prevent mycotoxins from being absorbed 

by animals. 

Because mycotoxins are characterized by a fairly stable chemical structure, 

they are resistant to most chemical and heat treatments. Treatment with ammonia has 

been successful in destroying aflatoxin in some feedstuffs, including grain and peanut 

meal (Harvey et al., 1991; Hoogenboom et al., 2001). Such treatments are costly, 
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require additional equipment, and can not be used on infected forages (Whitlow and 

Hagler, 1998). 

Because heat and chemical treatments are expensive and minimally effective 

against mycotoxin contamination, other avenues have been explored. Efforts have 

focused on discovering compounds that bind with the toxin molecules either in the feed 

or in the digestive tract, thus preventing absorption. Many different compounds, 

including various clays, activated charcoal, alfalfa meal, and yeast abstracts have been 

considered as possible mycotoxin adsorbents (Smith et al., 1994; Sarr et al., 1995; 

Edrington et al., 1996). Unfortunately, all of these compounds exhibit drawbacks. 

Several studies have examined the use of clays as adsorbents to bind aflatoxin 

in the gastrointestinal tract and reduce bioavailability to the animal. A variety of clays 

and zeolitic minerals have been studied. Although many of these inorganic 

compounds do exhibit binding capabilities, major differences exist in the strength of the 

aflatoxin bond that is formed (Phillips et al., 1988). Many of these inorganic 

compounds also exhibit decreased selectiveness when binding compounds and may 

pose risks due to interactions with dietary nutrients (Mayura et al., 1998). Some clays 

have shown effectiveness as aflatoxin sorbent products in in vitro studies but not in 

vivo. Mayura et al. (1998) demonstrated the necessity of both tests in proving the 

efficacy of proposed toxin binders. 

Several studies have indicated hydrated sodium calcium aluminosilicate 

(HSCAS), a specifically formulated clay, to be effective both in the laboratory and in the 

animal. Phillips et al. (1998) observed 80% binding of aflatoxin in solution by HSCAS. 

Dietary inclusion of HSCAS was beneficial against aflatoxin contamination in several 

animal species, including rats (Mayura et al., 1998), dairy goats (Smith et al., 1994), 
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turkey poults (Edrington et al., 1996), and dairy cows (Harvey et al., 1991). The 

formation of a stable chelate between the aflatoxin diketone group and metal ions in 

HSCAS is responsible for the sorbency qualities exhibited by the clay (Sarr et al., 1990; 

Sarr et al., 1991 ). The structure of other mycotoxins does not include diketone groups; 

indicating that clays (particularly HSCAS) may only be effective in binding alfatoxin 

(Coulombe, 1993). 

Mycosorb®, also known as MTB-1 00®, is an adsorbent product distributed by 

Alltech in Nicholasville, Kentucky. To bind mycotoxins, Mycosorb® utilizes esterified 

glucomannan (EGM), a complex carbohydrate derived from the cell wall of the yeast 

species Saccharomyces cerevisiae (AIItech). Diaz et al. (1999) indicated that adding 

Mycosorb to the diet can reduce the AFM1 concentration in milk by nearly 60%. 

Experiments conducted in vitro indicate that the binding ability of Mycosorb varies 

between different mycotoxins. In solution, 85.23% aflatoxin, 66.66% zearalenone, and 

12.58% DON were bound by Mycosorb (Sala de Miguel, 1997). Modification to the 

EGM alters the stereospecrficity of the molecule, allowing increased adsorption to other 

mycotoxins (AIItech). Further in vitro studies indicate that mycotoxin binding by 

Mycosorb occurs rapidly upon exposure and remains effective over a broad pH range. 

Volkl and Karlovsky (1998) demonstrated that, at pH 4.5 and 6.0, 68% of the 

zearalenone was adsorbed by Mycosorb in less than 10 minutes of exposure. In 

comparison, adsorption by three different clay products after 24 h of exposure varied 

between 30 and 70%. When added to a buffer of pH 8.0 (simulating the passing of 

digesta from the stomach to the small intestine), 25% of the zearalenone was liberated 

from Mycosorb compared to 40% liberation from the clay products. 
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BioCycle Plus® is a microbial adsorbent product produced by the Agrarian 

Marketing Corporation in Middlebury, Indiana. The product contains L-form bacteria 

(cell wall-cte·ficient bacteria), saccharides, selected organic acids, vitamins, yeast, a 

mold inhibitor, and bovine-specffic antibodies for Escherichia coli K99, Rotavirus, 

Corona virus, Salmonella dublin, and S. typhirium types I and II (Jaeger and DeiCurto, 

2000). The product can be classmed as a probiotic or direct-fed microbial because its 

mode of activity results from the use of L-form bacteria, specifically Lactobacillus 

acidophilus (Doerr, 1995). An L-form bacterium is a bacterial cell from which the cell 

wall has been removed. If the osmotic environment is carefully controlled during 

fermentation, the cells remain viable, proliferate, and grow larger than normal. Doerr 

(1995) relates that these structurally altered bacteria produce a variety of compounds 

that may be useful when fed to animals. Unhindered by the need to produce new cell 

wall components, these special cells increase production of other biochemical 

products, including enzymes, potential nutrients, and complex oligosaccharides. 

Remaining portions of the bacterial membrane are antigenic and can act to stimulate 

immune function. Finally, these bacteria retain the ability to produce acid and may 

revert to form normal or native Lactobacillus organisms with intact cell walls. 

Limited university research and field trials indicate BioCycle Plus® to be 

effective in improving weight and body condition in heifers (Jaeger and DeiCurto, 

2000), increasing milk fat yield from dairy cows (Hall, 1999), increasing feed efficiency 

in pigs (Sutton and Kelly, 1997), and decreasing mortality and increasing weight gain in 

poultry exposed to mycotoxins 0JVu, 1997). Mode of action is still speculative; 

however, several mechanisms have been suggested. Doerr (1995) suggested that 

enzymes produced during fermentation may attack functional groups on mycotoxins, 
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rendering them less toxic. The bacteria may also stimulate gut functions by colonizing 

on the intestine themselves or by promoting colonization of indigenous Lactobacillus 

organisms (Doerr, 1995). The organic acids, vitamins, and yeast included with the 

bacteria may also enhance nutrition and reduce the impact of mycotoxins (Doerr, 

1995). 

Several studies have investigated the ability of lactic acid bacteria to bind 

aflatoxin. Haskard et al. (2001) compared the sorbency abilities of several different 

Lactobacillus strains under a variety of conditions. The study showed that viable, heat

treated, and acid-treated bacteria were equally as effective at binding AFB1. However, 

after repeated washings designed to simulate the digestive tract, the highest 

percentages of AFB1 remain bound to the acid-treated bacteria. Acid-treated 

L. acidophilus bound approximately 56.6% of the aflatoxin to which it had been 

exposed. Treating lactic organisms with acid during processing could contribute to the 

enhanced performance observed in trials studying BioCycle Plus. 

Introduction 

Mycotoxin contamination is a concern due to the potential detrimental effect on 

animal health and performance. Although they are difficult to pinpoint and diagnose, 

mycotoxins have a significant impact on agriculture via lost revenue due to 

contamination, lowered animal performance, and contaminated animal products. 

While their impact on the agricultural industry can be quite severe, the impact of 

mycotoxin contamination on humans could be even more detrimental. Because 

mycotoxins have been linked to several fatal illnesses, including cancer, research to 

limit the effect of mycotoxins is extremely important. 
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Initial contamination is almost impossible to prevent because we have no 

control over weather or growing conditions. Proper storage of feeds will help to 

minimize growth of molds and their production of mycotoxins. However, viable 

sequestering agents would allow farmers to feed mycotoxin-contaminated feed while 

avoiding the detrimental effects of toxin contamination. Many products on the market 

claim to be effective in decreasing the effects of mycotoxin contaminations; however, 

there is a need for scientific evidence to prove these claims. 

We hypothesized that feeding the sequestering agents in diets with a high 

contamination of mycotoxins would result in better animal performance than no use of 

sequestering agent. Based on the proposed method of action, we hypothesized that 

feeding BioCycle Plus® would result in better animal performance than the feeding of 

Mycosorb®. 

Materials and Methods 

The experimental design was a randomized complete block design. Cows 

were blocked by milk production, parity, and days in milk. Thirty cows were assigned 

to three different treatments: 1) control diet containing no mycotoxin-binding product, 2) 

BioCycle Plus® (Agrarian Marketing Corporation, Middlebury, IN), or 3) Mycosorb® 

(AIItech Inc., Nicholasville, KY). All cows were fed a common diet for 1 wk to allow for 

covariate adjustment of data. The trial was initially planned to be conducted for 12 wk, 

but it was actually conducted for eight wk during the months from April to June, which 

included a typically hot Ohio summer. 

Diets were fed as a TMR and contained 9.6% alfalfa hay, 46.7% corn silage, 

11% cottonseed, and 32.7% concentrate (Table 1). Diets were fed twice daily to allow 
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for ad libitum intakes (adjusted for 5 to 10% refusals). Diets were adjusted weekly 

based on changes in DM concentrations of the com silage. Feed offered and refused 

for individual cows were measured daily. 

Cows were housed in tie-stalls and bedded as needed with sawdust. 

Experimental cows were milked with the rest of the herd at approximately 0500 and 

1600 h each day. 

Samples of each TMR were collected daily, refrigerated, and composited by 

week. Weekly TMR samples were frozen at -20°C. At the end of the experiment, 

samples from 2 consecutive wk were composited and analyzed. Nutrient analysis of 

the samples was performed at Holmes Laboratory, Inc. (Millersburg, OH). 

All feedstuffs (com silage, cottonseed, alfalfa, concentrate, and TMR) were sent 

to Holmes Laboratory, Inc. at the onset of the trial for toxin analysis using the ELISA 

method (Neogen Corporation, Lansing, Ml). Throughout the trial, various corn silage 

samples were sent to Holmes Laboratory, Inc. for ELISA testing and also to Romer 

Labs, Inc. (Union, MO) for analysis of mycotoxins using high pressure liquid 

chromatography (HPLC) and ELISA (Accutox, Romer Labs, Inc.) testing. The HPLC 

analysis was regarded as the true standard to which to compare the ELISA results. 

Samples of milk from four consecutive milkings (two morning and two evening 

milkings) were analyzed by DHI Cooperative, Inc. (Columbus, OH) for concentrations 

of fat, true protein, somatic cell count, and milk urea nitrogen. Fat and protein were 

determined by infrared spectroscopy, and the milk urea nitrogen was determined by 

using a Skalar SAN Plus segmented ·How analyzer (Skalar, Inc., Norcross GA). All milk 

components were weighted according to milk yield at respective milkings. 
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Cows were weighed weekly, body condition scores were recorded monthly, and 

feces were scored weekly. Body condition scores were based on a scale from 1 (thin) 

to 5 (fat) (Wildman et al., 1982). Fecal scoring was based on a scale modified from 

Ireland-Perry and Stallings (1993). A score of 1 described feces of liquid consistency, 

2 indicated loose feces with moderate splattering, 3 was moderately loose feces with 

limited splattering and slight formation of a pile, 4 was very soft feces that spread 

slightly on impact, 5 was moderately loose feces that did not spread on impact but 

appeared moist, and six had a dry appearance in which the original form was not 

distorted on impact. 

The MIXED model procedure of SAS (1997) with repeated measures for wk of 

lactation was used. The blocks and cows were regarded as random factors in the 

mixed model. The first order autoregressive (AR(1)) type was used for the covariance 

structure for the repeated measures. Treatment least square means were separated 

by the LSD procedure when there was a significant F test. The significance level was 

declared asP< 0.05, and a tendency toward significance was set asP< 0.10. Least 

square means are reported in the tables and actual means used in the figures. 

Results and Discussion 

Chemical composition of the TMR is shown in Table 2. Concentrations of OM were 

similar among diets, averaging 56.5%. Diets averaged 17.1% CP. Fiber concentrations in 

the diet were similar, averaging 22.4% ADF and 31.7% NDF. Diets averaged 41.2% NFC 

and 1.65 Meal/kg of NEL. 

Mycotoxin analyses are summarized in Table 3. The first mycotoxin analysis 

was conducted with an ELISA procedure in the fall of 2000 during another research 



- 19-

trial. Mycotoxin presence was noted. The initial mycotoxin analysis for this study was 

conducted on April 19, 2001 using the same ELISA test. The results indicated that the 

corn silage contained 4.5 ppb aflatoxin, 0.94 ppm vomitoxin, and 1090 ppb 

zearalenone. This analysis was conducted at DHIA Forage Laboratory, Inc. (Ithaca, 

NY), using the Neogen Corp (Lansing, Ml) ELISA test. A second ELISA analysis from 

Holmes Laboratory, Inc. (Millersburg, OH) revealed toxin levels at 1 ppb, 3.3 ppm 

vomitoxin, and 1 ppb zearalenone. These levels of contamination were considered to 

provide a large enough toxin challenge to justify conducting this trial. 

Although the com silage and TMR possessed notable mycotoxin contamination 

by ELISA on May 11, results from the initial HPLC analysis revealed toxin 

contamination to be of nondetectable levels. Analysis for DON in the com silage on 

May 24 and June 18 revealed 0.7, 0.45, and 0.2 ppm for Neogen ELISA (Holmes 

Laboratory, Inc.), Accutox ELISA, and HPLC, respectively. The Accutox ELISA and 

the HPLC analyses were conducted at Romer Labs, Inc. (Union, MO). Based on the 

HPLC results, we concluded that there was insufficient toxin challenge to continue the 

trial, and, thus, the trial was terminated after 8 wk. 

Results from the experiment have been summarized in Table 4. The OM intake 

tended to be higher for cows fed BioCycle Plus® compared to cows fed the control diet. 

Several treatment by wk interactions were evident (Figure 1). In wk 3, 4, and 7, OM 

intake for BioCycle Plus® was significantly higher than Mycosorb®. In wk 5, 6, and 7, 

OM intake was higher for BioCycle Plus® than the control diet. The apparent increase 

in OM intake by BioCycle Plus® occurred gradually over time, possibly due to 

alterations in rumina! fermentation. During the last 4 wk of the trial, ambient 

temperature and humidity increased considerably, with temperatures above 25°C. The 
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stress imposed by the weather explains the drop in DM intake that occurred across all 

treatments in wk 7. It could also explain the variation in DM intake from wk to wk. 

Despite the slightly higher DM intake for BioCycle Plus®, there was no 

difference in milk production among treatments, averaging about 28.0 kg/d. Milk 

protein percentage was lower for the cows fed Mycosorb®; however, protein yield was 

similar across treatments at approximately 0.89 kg/d. Even though milk fat 

percentages were significantly higher for Mycosorb®, milk fat yield was comparable 

across treatments at 1.04 kg/d. Possibly Mycosorb® increased ruminal fiber 

digestibility, thereby increasing the ratio of acetate to propionate, which has been 

associated with increased milk fat percentage and decreased milk protein percentage 

(Erdman, 1988; Schingoethe, 1996). 

Milk urea nitrogen (MUN) concentration was higher for cows fed Mycosorb®. 

Several treatment by week interactions were evident (Figure 2). In the first week, cows 

fed Mycosorb® had MUN concentrations significantly higher than the cows fed 

BioCycle Plus®. During weeks 3, 7, and 8, the concentrations of MUN from cows fed 

Mycosorb® were higher than for cows fed the other diets. No research is available to 

explain the increase in MUN with feeding Mycosorb®, we hypothesized that Mycosorb® 

may have contributed to increased protein degradation in the rumen. This also may 

partially explain the lower milk protein percentage observed with feeding Mycosorb®, 

potentially resulting from decreased concentrations of amino acids flowing to the 

duodenum for absorption. No significant changes were observed for somatic cell 

count, body weight, body condition scores, or fecal scores among treatments. 

The purpose of this trial was not to determine the accuracy of different toxin 

analytical methods. However, the lack of effect that both toxin adsorbing agents had 
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on milk production supports the findings of the HPLC tests and suggests that the 

results from the ELISA tests were less accurate and highly variable. The ELISA tests 

were developed primarily for cereal grains, a rather homologous component, 

compared to forages (especially those that have undergone fermentation) and mixed 

diets. Although the results from our study imply ambiguity of results from current 

ELISA testing kits for mycotoxins in forages and mixed diets, such tests may be of 

value to identify a presence of toxins. However, it is important to establish a baseline, 

using the same kit, of toxin contamination for a feedstuff, especially for forages and 

mixed diets, and to use HPLC tests for definitive determination of mycotoxin 

concentration and whether management options need to be pursued to address the 

contamination. 

Although the HPLC test results were primarily negative for mycotoxins, toxin 

contamination of undetectable levels or by different mycotoxins can not be completely 

ruled out. However, the lack of a toxin challenge (primarily based on concentration of 

DON) makes it impossible to determine, from this experiment, which toxin adsorbing 

agent, BioCycle Plus® or Mycosorb®, is more effective at binding mycotoxins. Despite 

the lack of high concentrations of mycotoxins, both products affected aspects of animal 

performance. This is likely due to the inclusion of various performance-enhancing 

products, including yeast, probiotics, and vitamins. 
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Table 1. Ingredient composition of diets. 

Ingredient Control BioCycle Plus2 Mycosorb3 

-----%of OM--

Alfalfa hay 9.60 9.56 9.59 

Corn silage 46.8 46.6 46.7 

Com, dry shelled 10.9 10.8 10.9 

Soybean meal, 44% CP 13.1 13.0 13.1 

Whole cottonseed, linted 11.0 11.0 11.0 

Soybean hulls 4.65 4.63 4.64 

Urea 0.26 0.26 0.26 

Dicalcium phosphate 0.33 0.32 0.33 

Limestone 1.22 1.22 1.22 

Magnesium oxide 0.14 0.14 0.14 

Potassium sulfate 0.20 0.20 0.20 

Sodium bicarbonate 0.81 0.81 0.81 

Trace mineralized salt 0.51 0.51 0.51 

Vitamin mix1 0.11 0.11 0.11 

Biotin 0.41 0.41 0.41 

Binding Agent 0.07 0.07 
1Provided 4272 IU/kg of vitamin A, 1098 of IU/kg of vitamin D, and 24 IU/kg of vitamin E. 
2BioCycle Plus marketed by Agrarian Marketing Corporation, Inc. (Middlebury, IN). 
3Mycosorb marketed by Alltech, Inc. (Nicholasville, KY). 
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Table 2. Chemical composition of diets. 

Item Control BioCycle Plus2 Mycosorb3 

OM,% 56.2 55.4 57.7 
CP, o/oofDM 17.4 16.8 17.2 
ADF, o/oofDM 23.3 22.4 21.6 
NDF,o/oofDM 32.6 31.6 30.8 
NFC1,% of OM 40.0 41.6 42.0 
NEL4

, Meal/kg 1.64 1.65 1.66 

Ca,% of OM 0.82 0.87 0.89 
P,% of OM 0.40 0.40 0.41 
Mg,% of OM 0.29 0.28 0.30 
K,% ofDM 1.22 1.67 1.22 
Na,% of OM 0.42 0.41 0.38 
Cu, ppm 15 18 18 
Mn, ppm 44 43 41 
Zn, ppm 58 57 58 
Fe, 244 229 263 

1NFC = 100%-CP%-NDF%-Fat%-Ash% 
2BioCycle Plus® was marketed by Agrarian Marketing Corporation, Inc. (Middlebury, 
IN). 
3Mycosorb® was marketed by Alltech, Inc. (Nicholasville, KY). 
4Calculated using the equation published by Weiss (1998). 



Table 3. M}"cotoxin concentrations in feedstuffs. 
Feedstuff Date Aflatoxin Deoxynivalenol Zearalenone 

(ppb) (ppm) 
ELISA Test:1 

Com silage 1 0/17/2000* 11.5 2.17 
10/31/2000* 18.8 1.9 
4/16/2001* 4.5 0.94 

4/19/01 1 3.3 
4/30/01 1 0.8 
5/11/01 1 2.8 
5/24/01 2 0.7 
6/18/01 2 0.7 

Alfalfa hay 4/30/01 4 2.9 
Cottonseed 4/30/01 1 0 
Grain mix 4/30/01 1 0.1 
TMR 4/19/01 1 2.1 

4/19/01 1 1.9 
4/30/01 1 0.9 
5/11/01 1 0.4 
5/11/01 1 0.2 
5/11/01 1 0 

ELISA Test:2 

Com silage 5/24/01 0.25 

6/18/01 0.455 

HPLC Analysis:3 

TMR 5/11/01 ND4 ND5 

5/11/01 ND4 ND5 

5/11/01 ND4 ND5 

Corn silage 5/11/01 ND4 ND5 

5/24/01 0.25 

6/18/01 0.1 7 

1Available from Neogen Corp. (Lansing, Ml) and conducted at Holmes 
Laboratory, Inc. (Millersburg, OH) unless otherwise noted. 
2Accutox test available from and conducted by Romer Labs, Inc. (Union, MO) 
3Conducted by Romer Labs, Inc. (Union, MO). NO= not detected. 
4Detection limit = 1. 0 ppb 
5Detection limit = 0.2 ppm 
6Detection limit = 1 00 ppb 
7Detection limit = 0.1 ppm 
*Test was conducted at Dairy One Laboratory (Ithaca, NY). 

(ppb) 

1090 
1 
8 

213 
0 
0 
18 
0 
0 
5 

42.0 
81.0 
24.0 
22.0 
36.0 

ND6 

ND6 

ND6 

ND6 
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Table 4. Performance results of cows fed the experimental diets. 

Pvalue 

Item Control BioCycle Mycosorb5 SE Treatment Treatment x week 
Plus4 

OM intake, kg/d 20.4 22.0 21.0 0.46 0.07 0.03 

Milk, kg/d 27.6 27.7 28.5 0.61 NS NS 
Milk protein, % 3.17a 3.18a 3.06b 0.03 <0.01 NS 

Milk protein, kg/d 0.89 0.90 0.87 0.02 NS NS 
Milk fat,% 3.55a 3.65a 3.94b 0.09 <0.01 NS 

Milk fat, kg/d 1.00 1.05 1.08 0.03 NS NS 

MUN, mg/dl1 16.3a 16.6a 17.6b 0.2 <0.01 0.05 

sec, (cells/ml)x1 000 310 324 339 50 NS NS 
Body weight, kg 667 659 659 8 NS NS 
Body condition score2 3.11 3.23 3.19 0.09 NS NS 

Fecal score3 3.78 3.71 3.95 0.10 NS NS 

1 MUN = milk urea nitrogen 
2 Body condition score based on a scale from 1 (thin) to 5 (fat). (Wildman et al., 1982). 
3 Fecal score based on scale from 1 (runny) to 6 (hard). (Modified from Ireland-Perry and Stallings, 1993). 
4BioCycle Plus® marketed by Agrarian Marketing Corporation, Inc. (Middlebury, IN). 
5Mycosorb® marketed by Alltech, Inc. (Nicholasville, KY). 
6 NS = nonsignificant (P > 0.1 0). 

ab Means in the same row with different superscripts differ (P < 0.05). 

'· 
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Figure 1. Dry matter intake by week for cows fed Control ( + ), BioCycle Plus (•), and Mycosorb {.&.) diets . 

.. ---· 

"'C 
25.0 

.._ 
C) 
~ 

... 23.0 -
Q) 21.0 ~ 
co 19.0 +"' 
s::::: 17.0 

:2: 15.0 c 
~ ~ ~ ~ ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~ ~ ~ ~ ~ 

cP~'lf ~10 ~10 ~10 ~10 ~10 ~10 ~10 ~10 

Week of Experiment 

-----



- 32 -

Figure 2. Milk urea nitrogen (MUN) concentrations by week for cows fed Control ( • ), BioCycle Plus (•). and Mycosorb (.&.)diets. 
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Appendix 1. Milk production by week for cows fed Control ( + ), BioCycle Plus (•). and Mycosorb (.A.) diets. 
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Appendix 2. Milk protein yield by week for cows fed Control ( + ), BioCycle Plus (•), and Mycosorb (.&) diets. 
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Appendix 3. Milk protein percentage by week for cows fed Control ( + ), BioCycle Plus (•). and Mycosorb (.A.) diets. 
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Appendix 4. Milk fat yield by week for cows fed Control ( + ), BioCycle Plus (•). and Mycosorb (.&.)diets. 
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Appendix 5. Milk fat percentage by week for cows fed Control{+), BioCycle Plus (•), and Mycosorb {.&.)diets. 
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