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CHAPTER I 

INTRODUCTION 

One of the most significant chaUenges facing cattle feeders is the performance 

and health of newly received cattle. Respiratory disease, shipping fever, and interstitial 

pneumonia account for 17.4% of illnesses m feedlots in the U.S. (USDA, 2000). With 

the high cost of antimicrobial treatment and labor, as weU as the stress associated with 

animals during treatment, the actual loss of revenue from respiratory disease can be quite 

high. These costs affect not only the animal's current profitabiUty, but also its long-term 

economic potential. This chaUenge stems from many factors, including an immature 

kmnune system, commingling of cattle from different locales, and environmental and 

climatic factors. According to Hutcheson and Cole (1986), transit-stress syndrome in 

cattle can affect the weU being of cattle in a number of ways, most notably loss of 

appetite and body mass. Hutcheson and Cole (1986) also reported that deprivation of 

feed and water, similar to what might occur when shipping calves to a feedlot, can 

decrease ruminal fermentation capacity by as much as 75% (P < 0.05), and fermentation 

capacity can remain decreased for up to 5 d after exposure to feed. 

TraditionaUy, antibiotics and ionophores have been used to assist cattle in the 

transition from the receivmg period to the finishing period and consumption of a high-

concentrate diet. However, in recent years, negative pubUc perception about antibiotics 

and other growth-promoting compounds has placed pressure on the cattle-feeding 

industry to decrease the use of non-therapeutic antibiotics. Theories that certain 



microorganisms might modify ruminal fermentation and thereby decrease the need for 

antibiotics have fiieled considerable research over the past 20 yr on the use of Uve 

microbes in livestock diets. 

Direct-Fed Microbials 

Beneficial microorganisms fed to animals are usuaUy referred to as probiotics or 

as direct-fed microbials (DFM). Martin and Nesbit (1992) stated that the U.S. Food and 

Drug Administration defines a dkect-fed microbial as "a source of Uve (viable), naturaUy 

occurring organisms" (p. 1736) and currently requires manufacturers to use this term. 

This definition covers aU three categories of probiotics: yeast, fimgi, and bacteria. For 

purposes of this review, the words probiotics and DFM wiU be used interchangeably. 

Prebiotics 

Prebiotics is another term used to describe feed additives that affect microbial 

growth m the intestmes whereas probiotics/DFM are live, viable microorganisms, 

prebiotics are non-living, complex carbohydrates. The most frequently used of the 

additives in the prebiotic category are the oUgosaccharides, which are complex 

carbohydrates, indigestible by the host animal, that alter either ruminal or mtestinal 

fermentation. For example, the mannanoUgosaccharides (MOS) are virtuaUy indigestible 

by ruminal microbes and typicaUy pass unaltered into the lower gastrointestinal tract 

(GIT), where they are thought to bind to pathogenic bacteria, preventing their attachment 

to the GIT waU. These pathogenic bacteria are then harmlessly flushed out of the 



animal's GIT, thereby preventing colonization of the gut waU and exhibiting 

pathogenicity. The fiiictoUgosaccharides (FOS) are complex carbohydrates; however. 

FOS are digestible by certam microbes such as Lactobacillus and Bifidobacteria spp. 

(BaUey et al., 1991). These microorganisms are usuaUy regarded as positive inhabitants 

of the GIT because of their beneficial actions therein. The FOS acts as a supply of 

substrate for these positive bacteria, aUowing them a conq)etitive advantage over less 

desirable bacteria. This, in turn, leaves less space and nutrients for the harmfiil or 

pathogenic bacteria, leading to smaUer populations of potentiaUy harmfid bacteria. 

Because there has been a limited amount of study on the use of DFM and 

prebiotics for newly received cattle and because the available research in this area raised 

the possibiUty that probiotics and prebiotics might meet the unique chaUenges associated 

with cattle of this type, a trial using both of these types of products should prove 

beneficial to beef cattle producers. The objective of the trial reported herem was to study 

the effects of a combination of two commerciaUy available products, a DFM mixed 50:50 

with a prebiotic, on the performance, health, and fecal shedding of pathogens in newly 

received feedlot cattle. 



CHAPTER n 

LITERATURE REVIEW 

Yeasts/Fungi 

Yeasts were probably the first microorganisms used as probiotic feed additives for 

domestic livestock. By far the most commonly used yeast in animal feeding is 

Saccharomyces cerevisiae. Also known as brewer's or baker's yeast, S. cerevisiae has 

been studied during the past 20 yr for use as a probiotic in animal feeds. For the most 

part, yeast ceUs used as probiotics are produced through simple fermentation and culture 

methods, just as their baking and brewing coimterparts have been for hundreds of years. 

The proposed mechanism of action in the rumen for yeast is relatively simple in 

theory, but seemuigly complex in action. The simple explanation for how yeast ceUs 

work in the ruminant animal is that they provide beneficial metaboUtes to the ruminal 

bacteria, thereby exerting positive effects on the ruminal environment and the host 

animal. Martin and Nisbet (1992) foimd that S. cerevisiae produced malate and sodium 

as metaboUtes. These metaboUtes somehow assisted Selenomonas ruminantium m more 

efficient uptake of lactate. Lactate can be a major factor in the regulation of rummal pH. 

An overabundance of lactate can cause ruminal pH to decrease, possibly leading to 

ruminal and eventuaUy metaboUc acidosis. Rapid recovery of pH or prevention of a 

disastrous drop in pH is important not only for the short term, but also for the long term. 

Owens et al. (1998) stated that one long-term effect of acidosis might be a decrease in the 

abiUty of the animal to absorb nutrients. Short-term effects, particularly decreased feed 



intake, can be observed as a resuk of acute acidosis (Owens et al., 1998). Acidosis can 

be prevented in several ways, inchidmg chemical feed additives or by the introduction of 

a microbe that prevents the accumulation of lactate in the rumen (Owens et al., 1998). 

For example, as S. ruminantium utUizes lactate, and as its percentage of the population in 

the rumen mcreases, stabUization in rummal pH might occur. It should also be noted that 

S. ruminantium is a propionate producer, and lower acetate:propionate ratios have been 

shown to have positive effects on the nutritional efficiency of cattle (Van Soest, 1994). 

StabUization of Ruminal pH Through Increased Lactate 
Utilization bv S. ruminantium 

Mir and Mir (1994) reported stabilization of ruminal pH in cattle and found a 

lower incidence of ruminal acidosis in animals feed yeast culture in conjunction with a 

high-grain diet. Dawson et al. (1990) also reported a tendency for higher and more stable 

pH in rumen-simulating cultures infiised with a hay-based ration. Dawson et al. (1990) 

also evaluated whether yeast needs to be viable when used as a DFM. Rumen-simulating 

cultures were used to compare Uve yeast with yeast kiUed in an autoclave. Several 

important reasons for feeding live yeast as opposed to kiUed yeast were noted. An 

increase in the concentration of ceUulolytic and anaerobic bacteria was reported in the 

Uve yeast cultures (Dawson et al, 1990). This increase might be important in newly 

received feedlot cattle because these cattle are typicaUy fed higher roughage levels than 

finishing cattle. Higher ceUulolytic bacteria concentrations could improve the abUity of 

newly received cattle to more efficiently utUize the avaUable nutrients m higher-fiber 

diets. There also was an increase in the relative concentration of propionate and a 



decrease in the acetate:propionate ratio in ruminal fluid (Dawson et al., 1990). This 

finding is important because a greater proportion of propionate in the ruminant can lead 

to greater metaboUc efficiency of the animal (Van Soest, 1994). No live yeast ceUs were 

foimd in the rumen-simulating cultures that did not receive supplementation of Uve yeast 

cells. 

Martin et al. (1999) fed four ruminaUy cannulated steers an 80% concentrate diet 

and infiised DL-malate at four different levels into the rumen to evaluate effects on 

ruminal metaboUsm There was a positive linear relationship between malate 

concentration and ruminal pH (P < 0.01). Martin et al. (1999) also fed 33 steers for 98 d 

on a high-concentrate (roUed com) diet with three different malate levels: 0, 40, and 80 

g/d. At 84 d on feed, ADG increased linearly as malate supplementation increased (P < 

0.05). Through d 98 of the trial, ADG increased (P < 0.05) as DL-malate increased, with 

the greatest response in the cattle fed 80 g/d of DL-malate. In a third trial (Martin et al., 

1999), 27 Angus steers were fed three different DL-malate concentrations: 0, 60, and 120 

g/steer daUy using a Calan gate system These steers were fed the malate twice daUy 

only during a 10-d "step-up" period. Ehiring this period, ADG Unearly increased with 

DL-malate level (P < 0.01). Although these studies showed a positive effect from 

feeding malate, it is probably not economicaUy feasible to include malate as a feed 

additive m cattle diets (Martin, 1998). Because feeding malate is not economicaUy 

feasible, feeding the cattle a Uve organism that can produce malate in situ could prove to 

be an attractive alternative, and Uve yeast cultures might provide just such an alternative. 



Nisbet and Martin (1991) reported that filtrate from a Uve yeast culture had 

several positive effects on ruminal microbes and their activity. Uptake of lactate was 

mcreased up to nine-fold, dependmg on the concentration of the fihrate. The yeast 

culture filtrate also increased the production of acetate, propionate, and total VFA from 

ceUs cultured in a lactate-rich growth medium As a result of the increased propionate 

production relative to acetate, a decrease in the acetate: propionate ratio also was noted. 

CaUaway and Martin (1997) conducted research using a Uve culture of ̂ S". 

cerevisiae to increase the utilization of lactate by S. ruminantium. They measured the 

growth of iS". ruminantium in a medium containing 5 g/L of DL-lactate. A filtrate of the 

yeast culture was used to determine the yeast culture's effects. An increase in total VFA 

production and an increase in the concentration of propionate was evident in cultures 

treated with the filtrate. In addition, the growth of certain strains of Fibrobacter 

succinogenes and Ruminococcus albus, both gram-negative, ceUulolytic bacteria, was 

increased in the same DL-lactate-infiised media, after the addition of iS". cerevisiae filtrate. 

CaUaway and Martm (1997) speculated that these positive effects on both amylolytic and 

ceUulolytic bacteria that utilize lactate and digest ceUulose were the result of the 

production of certam soluble growth factors by S. cerevisiae such as organic acids, B 

vitamins, and amino acids. 

Girard et al. (1993) used two treatments in rumen-simulating cultures: one 

treatment was supplementation with Saccharomyces cerevisiae Strain 1026 and the other 

was no supplement. Sairq)les were taken from both cultures and placed in anaerobic 

batch cultures to which DL-lactic acid was then added. The sample taken from the yeast-



supplemented culture had a higher (P < 0.05) rate of lactic acid disappearance than the 

control san^les. Girard et al. (1993) noted a tendency for an increased number of lactic 

acid-utilizing bacteria in the yeast-supplemented cultures (P < 0.10) and an increase (P < 

0.01) mpH 

Increased CeUulolvtic and Anaerobic Bacteria 
Numbers and Increased Fiber Digestion 

Dawson et al. (1990) reported an increase in ceUulolytic and anaerobic bacteria in 

both rumen-simulating cultures and in situ in cannulated steers conq)ared with cultures 

and steers that were not supplemented with a live yeast culture. An increase in 

ceUulolytic and anaerobic bacteria was reported by Girard et al. (1993) in their rumen-

simulating cultures compared with cultures that did not receive yeast supplementation 

(P< 0.10). Dawson et al. (1990) also reported that yeast needed to be regularly 

supplemented to maintain a viable population in the rumen. 

Although the majority of research on the use of probiotic cultures has focused on 

their use in the absence of or as a replacement of man-made ruminal modifiers, some 

research has been conducted in the area of using these cultures in concert with chemicals 

like as monensin (Rumensin®). KiUen et al. (1995) conducted an experiment to 

determine whether there was an interaction between monensin and a live yeast culture. 

Forty-eight crossbred steers were fed a 60% roughage diet designed to meet the 

requirements of animals gaining 1.3 kg of BW. When compared to animals on the 

control treatment no effect on ADG and BW gain was reported for the yeast culture 

alone, however the monensin-supplemented animals had increased ADG (P > 0.05) and 



cumulative BW gam (P > 0.05). KUlen et al. (1995) reported an additive effect from the 

combination of monensin and the Uve yeast culture on ADG and cumulative BW gain. 

OveraU ADG was mcreased 10.1% (P < 0.05) for cattle receiving both monensin and a 

live yeast culture con^ared with the cattle that received neither monensin or yeast 

culture. Cumulative BW gain was increased in the cattle on that combination of products 

by 13.0% (P < 0.05) con^ared with those cattle receiving no monensin or yeast 

supplementation. 

Probiotic Bacteria 

The use of beneficial bacterial in beef cattle has been growing in popularity in 

recent years as a result of several factors. Pressures from consumers to decrease the use 

of antibiotics in cattle diets because of a perceived risk of increased antibiotic resistance 

has mcreased interest m "natural" treatments. Some cattle feeders and producers have 

been sensitive to this pressure from consumers and sought to fiU the gap left by the 

absence of antibiotics with beneficial bacteria. This consumer pressure might have an 

impact on the variety and amounts of antibacterial treatments avaUable to cattle producers 

in the not too distant fixture. If antibiotic use decreases, there might be a place for these 

beneficial microbial treatments as a stopgap measure in the prevention of intestinal 

distress, disease, and even increased weight gains attributed to non-therapeutic use of 

antibiotics. The majority of probiotic bacteria used in cattle diets are the various strains 

and species of Lactobacillus, particularly on Lactobacillus acidophilus. Other microbes 

used include Propionibacterium freudenreichii. Streptococci spp., and Bifidobacteria 



spp. AU these bacteria have unique advantages and problems and are used for specific 

reasons. 

There are three basic modes of action that probiotic bacteria are thought to have 

on ruminant health and nutrition: (1) "priming" of the rumen; (2) competitive inhibition; 

and (3) competitive exclusion. 

Priming of the Rumen 

Because lactate is a major factor involved with most bouts of ruminal acidosis, 

having organisms that produce it aheady m place in the rumen might help the indigenous 

bacteria be more capable of fightmg an acid insuU. Some have caUed this "priming" the 

rumen for an acid msult and thereby helping to combat ruminal and potentiaUy systemic 

acidosis, which can be a significant problem in feedyards as cattle are adapted to 

consume a high-concentrate diet (Owens et al., 1998). 

Competitive Inhibition-Bacteriocins and Effects on Pathogenic 
Bacteria 

Competitive inhibition occurs when the life process of one organism produce 

byproducts that are inhibitory to a competing organism Chateau et al. (1993) reported 

that lactic acid-producing bacteria produced certain compoimds that might be toxic to 

non-beneficial bacteria. These compounds included organic acids as weU as hydrogen 

peroxide and certain antimicrobial-like compounds that might be active against some 

pathogens. WeUs et al. (1997) reported that a Lactobacillus bacterium produced a 

bacteriocin, a compound that has an mhibitory effect on certam bacteria that was 
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effective against Streptococcus bovis in the rumen of adult cattle. This bacteriocin was 

found to mhibit the growth of 6". bovis grown in culture and was suggested as a possible 

explanation for the decreased numbers of iS'. bovis in animals known to harbor the specific 

Lactobacillus bacterium noted in the article. The discovery of such bacteriocins might 

explain how lactic acid bacteria are able to establish a foothold in the rumen and lower 

GIT and thereby positively affect both the GIT and the host animal's metaboUsm 

Competitive Exclusion 

Competitive exclusion is the use of space and nutrients by one organism, thereby 

denying the use of these commodities to another organism Much in the same way that S. 

cerevisiae increases the uptake of lactate by certain ruminal bacteria, probiotic bacteria 

might produce metaboUtes that are helpfiil to other beneficial bacteria both in the rumen 

and m the lower GIT. The proliferation of these "good" bacteria would be beneficial 

because of the possibiUty of a decreased pathogen load and the positive effects of the 

beneficial bacteria on the host animal. Zhao et al. (1998) studied the effects of using 

probiotic bacteria to inhibit the carriage ofE. coli 0157:H7 in cattle. AU but one of the 

strams of probiotic bacteria used in this research were nonpathogenic strains ofE. coli. 

Fifteen ruminaUy cannulated male dairy calves were divided into two groups: nine in the 

control group and six in the probiotic treatment group. The cattle in both groups were 

inoculated with E. coli 0157:H7. The control animals had detectable levels ofE. coli 

0157:H7 in their rumen intermittently throughout the trial, whereas the treatment animals 

showed only short-term detectable levels in their rumen, ranging from 9 to 29 d after 
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inoculation, with the majority being less than or equal to 17 d. The control animals shed 

E. coli 0157:H7 m their feces for the length of the trial, whereas the treatment cattle shed 

E. coli 0157:H7 in theh feces from 11 to 29 d after inoculation. The GIT of these 

animals were examined after death to determine whether there were reservoirs ofE. coli 

0157:H7 present. AU the control cattle tested positive for E. coli 0157:H7 in their colon, 

and eight of the control cattle tested positive for E. coli 0157:H7 in their rumen. 

However, of the cattle treated with probiotic cultures, none tested positive for E. coli 

0157:H7 m the rumen, and only one of the six treatment animals tested positive for the 

pathogenic strain ofE. coli in the colon. Although promising, these results might be of 

limited value because of the overwhelming negative pubUc perception associated with 

any strain of ̂ . coli. This research does, however, demonstrate that probiotic bacteria 

can decrease the fecal sheddmg and ruminal survivabUity ofE. coli 0157:H7, which is of 

importance not only from an ammal health standpoint, but also from the standpoint of 

food safety. 

Feeding Trials Using Probiotic Bacteria 

Trials conducted to examine the use of probiotic bacteria as a feed supplement in 

feedlot cattle are few in number. This situation is fiirther compUcated by the fact that 

different strains of the same bacteria might have different effects on the host animal and 

the GIT. Moreover, as with the research relating to yeast cultures, the results of research 

with probiotic bacteria are often highly variable from trial to trial. 
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KiesUng et al. (1982) conducted a trial usmg newly received feedlot calves that 

were supplemented with a viable Lactobacillus spp. culture. In this study there were 

three nutritional treatments: (1) a control group (C); (2) a group dosed with a 

Lactobacillus spp. paste (P) on arrival and processing; and (3) a group that received a 

Lactobacillus paste at the time of arrival and processing plus Lactobacillus in their feed 

(PF). KiesUng et al. (1982) reported that for the first week, the PF steers had a lower 

total feed intake than those on Treatments P or C; however, during the finishing period, 

the steers fed the diet containing Lactobacillus spp. cultures had a tendency to consume 

more feed than the controls (P > 0.10), which, in turn, had a negative effect on feed 

efficiency. A positive effect on the animals as a result of their receiving treatment was 

noted, in that cattle that received either the oral paste or the combination of the paste and 

the Lactobacillus spp. in their feed tended to eat more feed (P > 0.10) and had faster 

gams (P > 0.025) than did the controls. Carcass data were coUected, and it was reported 

that the animals consuming the Lactobacillus spp. in their diet tended to be fatter (P > 

0.10) than control steers, and control steers tended (P > 0.10) to have a larger longissimus 

dorsi muscle area than treated steers. QuaUty grade was affected by receiving treatment 

(P > 0.05), with PF, P, and C treatments ranked from highest to lowest with respect to 

quaUty grade. OveraU, KiesUng et al. (1982) determined that supplementation of 

Lactobacillus spp. mfhienced feed intake during both the receiving and finishing phases 

of this trial, but most differences were not significant. 

GiU et al. (1987) evaluated a commercial probiotic supplement for newly received 

stocker calves. A total of 307 steers and buUs were assigned to a control group or a 
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treatment group, with the treatment group receiving a probiotic culture m their protein 

supplement. This supplement consisted of a combination of Lactobacillus acidophilus 

and Streptococcus fiiecium. The animals were provided with native bluestem grass hay 

ad Ubitum for the length of the trial. GUI et al. reported a 9.3% increase in ADG and a 

9.5% improvement in feed efficiency (P < 0.05) in the probiotic-treated cattle compared 

with controls. Feed intake was not affected by treatment. Morbidity was affected by 

treatment of the animals with probiotic bacteria, with a decrease in sickness of 10.9% (P 

< 0.05). GiU et al. (1987) also noted that in a previous study, the administration of a 

probiotic gel to calves on arrival showed less favorable results, and offered the opinion 

that a one-time exposure of animals to a probiotic culture might not be the most 

efficacious method of using these products. 

Anderson (1992) described the effects of probiotic addition to a barley-based diet 

with a product that contained L. acidophilus, L. plantarum, Bacillus subtillis, and 

Streptococcus diacetylactis. Over the 2 yr in which this study was conducted, both 

range-raised and drylot-raised calves were used. There was a tendency for increased 

ADG by range-raised cattle treated with probiotic but differences were not significant. 

Anderson (1992) concluded that probiotic supplementation was economicaUy usefiil in 

the first year, but not the second. 

Galyean et al. (2000) conducted a study to determine the effects of a mixture of 

probiotic bacteria on finishing beef steers fed steam flaked corn-diets. Three different 

strains of bacteria were used in this trial as probiotics: Lactobacillus acidophilus Strain 

45, Lactobacillus acidophilus Strain 51, andPropionibacteriumfreudenreichii PF-24 
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Two hundred forty steers were assigned to four color-coded dietary treatments: Red (fed 

only the 92% concentrate diet); Green (fed the 92% concentrate diet and a mixture of Z.. 

acidophilus Strain 45 and P. fi-eudenreichii PF-24); YeUow (fed the 92% concentrate diet 

and a mixture of L. acidophilus strain 45 and P. fi-eudenreichii PF-24); and Blue (fed the 

92% concentrate diet and a mixture of L. acidophilus Strain 45 and L. acidophilus Strain 

51). Most probiotic supplements are m a dry form that is top-dressed or mixed into the 

feed; however, the products used m this trial were mixed with distUled water and then 

poured over the feed just before feedmg. Galyean et al. (2000) reported several 

differences attributable to the use of probiotics in this trial. Fmal body weight was 

mcreased 2.1 % (P < 0.06) for the cattle on the average of the probiotic treatments 

compared with the control treatment. Differences were reported for ADG for the first 56 

d of the trial (P < 0.08) and for the entke trial (P < 0.06) for the average of the cattle 

receiving the probiotic treatments vs control. There was only one difference reported 

among the three probiotic treatments, that being an mcrease m ADG for the first 28-d of 

the study for the Green treatment compared with the average of the cattle on the YeUow 

and Blue treatments. Numerical differences were reported with respect to DM intake 

throughout the trial, with the probiotic treatment cattle aU having a higher DMI than the 

control cattle. Significant and numerical differences also were noted in feed:gam ratio 

for the probiotic treatment groups compared with the control group. Feed:gain ratio was 

improved for the first 56 d of the study (P < 0.01) and for the first 112 d of the study (P < 

0.10), for the average of the three probiotic groups vs control. Numerical improvements 

m feed:gain ratio were noted for the probiotic treatments for the length of the trial. With 

15 



respect to carcass characteristics, there was only one significant difference noted, that 

being an increase in hot carcass weight (P < 0.05) for the average of the probiotic 

treatments compared with the control. The results of this trial suggest that, instead of one 

specific microorganism, a mixture of probiotic bacteria might be most efficacious for use 

m feeding cattle on high-concentrate diets. 

Rust et al. (2000) reported the results of a trial conducted with the same 

commerciaUy avaUable probiotic culture used by Galyean et al. (2000). The study 

conducted by Rust et al. (2000) was simUar to Galyean et al. (2000) m terms of animal 

type and materials and methods. Crossbred steers (320) were fed one of four diets: (1) a 

control diet with no added probiotics; (2) the control diet plus a mixture of P. 

freudenreichii PF-24 and L. acidophilus Strain 45; (3) the control diet with a mixture of 

P. freudenreichii PF-24 and equal parts of L. acidophilus Strain 52 and L. acidophilus 

strain 45; and (4) P. freudenreichii PF-24, with a 33% increase m the number of colony 

forming units of equal parts of L. acidophilus Strain 52 and L. acidophilus Strain 45. The 

results were simUar to those of Galyean et al. (2000), in that a positive response m feedlot 

performance was noted to the probiotic supplements. A 6.9% mcrease in ADG (P < 0.02) 

was reported for the average of the three probiotic supplements compared with the 

control treatment. Animals receiving Treatments 2 and 3 tended (P < 0.12) to gain more 

weight from d 0 to 28 of the trial compared with the cattle receiving the other two 

treatments. During the first 28 d, DMI was numericaUy less for Treatments 2, 3, and 4 

compared with Treatment 1. Moreover, DMI tended to be greater (P < 0.11) for the cattle 

on Treatment 4 compared with the other treatments. With respect to feed efficiency, an 
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unprovement of 7.3% (P < 0.02) was reported for the cattle on Treatments 2 and 3 

compared with the control animals. 

MannanoUgosaccharides/Prebiotics 

For most pathogenic bacteria, attachment to the gut waU is essential to their 

survival in, and colonization of the GIT. If this process can somehow be interrupted and 

their attachment prevented, the iU effects suffered by the host animal can be decreased. 

Eshdat et al. (1978) indicated that certain bacteria can be prevented from binding to 

human epitheUal cells by utUizmg mannose and derivatives of mannose to bind to the 

lectins on the surface of the pathogenic bacteria. This effectively "fills" the binding sites 

and inhibits the bacteria from attaching to the waU of the GIT, thereby preventing 

colonization. The chaUenge associated with using mannose to bind these bacteria is its 

high cost and difficulty in arriving intact m the intestines after passing through the GIT. 

This chaUenge can be overcome by using mannanoUgosaccharides (MOS) that are a 

derivative of yeast ceU waUs and can be produced in a cost-effective and fairly 

straightforward manner (Spring et al., 2000). 

Because the idea that MOS could be used in beef cattle diets is relatively new, the 

Uteratiu"e m this area is extremely limited. For that reason, the use of this prebiotic in 

poultry and swine wiU be discussed to give a better understanding out how MOS might 

be used in cattle. 

Spring et al. (2000) conducted chaUenge trials with broUer chicks to determine 

how MOS might affect the microflora contained in the cecum and effects on fermentation 
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by these microbes. Also reported in this study was the effect of MOS on intestinal 

colonization by pathogens and coUforms. Spring et al. (2000) reported consistently lower 

concentrations of Salmonella in chicks fed MOS. Over the three trials reported in this 

study, the chicks fed a 4,000 ppm of MOS supplement had lower Salmonella 

typhimurium 29E concentrations (P < 0.05) on the order of approximately 25-fold. 

Spring et al. (2000) also reported a tendency for a lower (P < 0.10) coUform 

concentration in the MOS-supplemented chicks. On average in the three chaUenge trials 

reported, MOS supplementation decreased the percentage of Salmonella-positive animals 

by34.1%(P<0.05). 

Pettigrew (1999) reviewed the data avaUable on MOS and its use in swine. 

According to Pettigrew (1999), there are two generaUy accepted mechanisms of action 

for MOS, one very specific and one fairly vague. The MOS is thought to bind to the 

lectins contained in the ceU waUs of certain pathogenic bacteria. This binding of the 

MOS to the pathogenic ceU waU prevents those same lectins from binding to the 

intestinal lining. Because the bindmg of the MOS renders the binding sites of the 

bacteria inactive, they are flushed out of the GIT without causing pathogenic effects. The 

second and more general mode of action for MOS is that it causes a positive 

immunomodulation in the host animal. Although the first mode of action is fairly weU 

known and proven, the second is more difficult to quantify. Pettigrew (2000) divided his 

review mto three sections: starting pigs, finishing pigs, and nursing pigs. The effect of 

MOS on starting pigs from 17 separate trials was a numerical mcrease in growth rate of 

4.4%. Numerical improvements were reported for feed mtake and feed efficiency for 
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starting pigs. After describmg the highly variable results of the research associated with 

MOS, Pettigrew (2000) hypothesized that the pig's level of performance had a significant 

effect on the potential response to MOS. He fiuther stated that the highest response 

would be expected to occur when the pig is imder a significant inunune chaUenge. For 

finishing pigs, Pettigrew (2000) reported a highly variable effect of MOS. Feeding MOS 

potentiaUy affected nursing piglet performance with a 5.9% increase in daUy growth rate 

and a 16% decrease in the incidence of diarrhea. Pettigrew (2000) also noted a bacterial 

assay of the buUding in which this study was performed that showed the presence of a 

pathogenic strain ofE. coli. 

MannanoUgosaccharides might be usefiil in mhibiting the binding of certain 

pathogenic bacteria to the lower GIT. Decreasing the number of potentiaUy pathogenic 

bacteria that attach to the mtestinal waU might decrease their effects on the host animal, 

which, in turn, might increase the feeding performance and overaU health of the animal. 

Conclusions from the Literature 

Interest in the area of microbial addition to the diets of cattle has waxed and 

waned over the last 20 yr, and although the research in this area can be highly variable, 

some conclusions from the Uterature avaUable on this subject can be drawn. 

Of the three types of microbial supplements discussed, live yeast cultures have 

been studied the most extensively. Yeast cultures have been reported to stabUize the pH 

of the ruminal contents. This stabilizing effect is because of an ui^roved uptake of 

lactate, a major causative factor in ruminal acidosis, by certain bacteria that is mediated 
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by metaboUtes of yeast such as malate. Yeast also improves the ruminal environment for 

the ceUulolytic and anaerobic bacteria. 

Probiotic bacteria used in cattle diets affect not only the ruminal environment but 

also that of the lower GIT. Lactate-producing bacteria can seemmgly "prime" the rumen 

for an acid insult, which might occur when cattle are transitioned to a high-concentrate 

feedlot diet. These same lactate-producmg bacteria can affect the lower GIT health of the 

animal by producing metaboUtes, such as bacteriocins and organic acids, that negatively 

affect pathogenic bacteria. FinaUy, certain species of probiotic bacteria can out-compete 

pathogenic bacteria in the lower GIT, minimizing their pathogenic effects on the host 

animal. 

Prebiotics are a relatively new area of research for animal scientists and, as such, 

have not been evaluated as thoroughly as yeasts and probiotic bacteria. The prebiotic 

discussed here, mannanoUgo saccharide (MOS), is derived from the ceU waUs of the yeast 

S. cerevisiae and has a two-fold mechanism of action. MannanoUgo saccharide is 

beUeved to pass through the rumen and arrive intact m the lower GIT where it binds to 

pathogenic bacteria on the same sites that those bacteria would use to bind to the 

epitheUal Uning of the GIT. This prevents the pathogenic bacteria from attaching to the 

GIT Uning and producing harmfiil effects. A second and less weU defined mode of action 

is that the MOS somehow acts as a positive immunomodulator for the host animal. 

Further research is needed in this area to prove or disprove this theory, as Uttle 

quantitative data are avaUable in the Uterature. 
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CHAPTER m 

MATERIALS AND METHODS 

Nmety-six crossbred heifers arrived at the Texas Tech University Beef Center 

near New Deal, TX before dawn on March 21, 2000, and, after resting with access to 

water for six hours, they were individuaUy weighed, ear-tagged, vaccinated with a seven-

way clostridial bacterin (Ultra Choice, Pfizer Animal Health, Exton, PA) and for bovine 

respUatory disease with Pyramid 4®(Fort Dodge Animal Health Overland Park, Kansas, 

infectious bovine rhinotracheitis virus, parainfluenza, bovine viral diarrhea virus, and 

bovine respkatory syncytial vims), and mass treated with 12 mL of florphenicol 

(Nuflor®, Schering Plough Animal Health, KenUworth, NJ). AU injections were given 

subcutaneously in the neck. 

The heifers (average BW = 184.84 kg) were of predominantly British x 

Continental breeding from eastern Texas. After processing, the heifers were divided into 

heavy and Ught blocks accordmg to BW. They were then sorted within blocks into two 

groups: (1) treatment - Lacto Sacc®/Bio Mos® and (2) control (no supplement) and 

randomly assigned to 16 pens of six heifers each (eight pens per block) m a randomized 

block design vsdth pens as the experimental unit. The pens were 3.05 m x 15.24 m, and 

each heifer had 50.8 cm of Unear feed bunk space. Adjacent pens shared treatments and 

water troughs. 

The heifers were sorted and the 28-d trial started March 22, 2000. The cattle were 

individuaUy weighed using a Cardmal® 708 digital scale (2,268 kg capacity). 
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Approximately 10 mL samples of venous blood were taken via jugular puncture from 

each heifer on d 0, 14, and 28. Fecal samples were taken on d 0 and d 28. The fecal 

samples were sent to the Texas A&M Veterinary Diagnostic Lab in AmariUo, TX and 

tested to determine infection of the heifers by pathogenic E. coli utilizing culture and 

polymerase chain reaction (PCR) methods consistent with Paton et al. (1998). The blood 

samples were centrifiiged (1,000 xg), separated into serum, and stored frozen (data not 

shown). 

The heifers were fed a 65% concentrate receiving diet for the 28-d trial period. 

This diet was 82.4% DM (Tables 1, 2, and 3) and met NRC (1996) reqmrements for aU 

major nutrients. A feed wagon equipped with a DigiStar® 150 digital scale (10,000 lb 

capacity; DIGI Americas Industrial Products Norwood, NJ) was used for daUy feeding of 

the heifers each morning. The animals assigned to the treatment group were fed an 

additional supplement by top-dressing on their daUy aUotment of miUed feed of a mixture 

consisting of 50% Lacto-Sacc® (minimum 200 milUon ceUs of 5. cerevisiae, minimum 

110 milUon CFU ofL. acidophilus, and minimum 77 milUon CFU of E. faecium/g):50% 

Bio-Mos® (dried S. cerevisiae and dried S. cerevisiae fermentation solubles) 

manufactured by AUtech, Inc. (NicholasviUe, KY), which was fed at a rate of 30 g/heifer 

daUy. On days when ramfaU was recorded, the bunks were cleaned thoroughly, and the 

orts were weighed using a Ohaus® EZ 100 digital scale (90.7 kg capacity; Ohaus 

Corporation, Pine Brook, NJ) to determine the proper quantity of feed to replace in the 

bunk. 

22 



The heifers were evaluated visuaUy each morning of the trial for health status and 

general weU being, with detaUed health records kept on each animal. Animals were 

puUed for medical treatment on the basis of several criteria, including nasal or ocular 

discharge, anorexia, increased respiration rate or respiratory difficulty, and depression. 

However, the heifers were only given medical treatment when their rectal temperature 

was > 104° F, when measured with a digital thermometer (Model M-216, GLA 

Agricultural Electronics, San Luis Obispo, CA). The first time a heifer was removed 

from the pen for treatment, it was injected with 1.5 mL per 45.4 kg of BW of tUmicosin 

phosphate (MicotU®, Elanco Animal Health, IndianapoUs, IN) subcutaneously. If 

animals were removed from the pen for medical treatment a second time, they were 

mjected with 6 mL/45.4 kg of BW of florphenicol (Nuflor®, Shering Plough Animal 

Health) subcutaneously. 

Feed delivery, orts, and animal BW measurements were recorded to use in the 

determination of feed mtake and feed:gam ratio on a pen basis. To calculate feed intake 

the quantity of feed DM refiised (orts) was subtracted from the feed DM deUvered to 

each pen. This intake was then divided by the amount of BW gained by the animals in 

that pen over the same period of time to determine the feed:gain ratio. The BW gained 

by the heifers over a period was divided by the amount of time in that period to calculate 

ADG. These data were then analyzed using the GLM procedures of the SAS system 

(SAS, 1999). Block and treatment were the effects included in the statistical model. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Performance and Morbidity 

There were no interactions between treatment and block (P >0.10); therefore, 

treatment means were averaged over blocks. The addition of a Lacto-Sacc/Bio-Mos 

mixture decreased (P< 0.088) ADG (1.46 vs 1.31 kg/d) for the 28-d period relative to 

controls (Table 4). There was a tendency (P < 0.17) for the calves that were fed the 

Lacto-Sacc/Bio-Mos mixture to have a lower DMI (6.28%) than control calves. These 

data are contradictory to what might be ejected from the Uterature, at least with respect 

to effects of L. acidophilus. Galyean et al. (2000) and Rust et al. (2000) both reported 

increased ADG and DMI and inq)roved feed:gain ratios when feeding a supplement that 

contained L. acidophilus. It was hypothesized that the yeast culture included in the 

mixture given to the treated cattle in the present trial would have similar effects to those 

reported by Dawson et al. (1990), in which ruminal pH was stabilized. It was further 

hypothesized that this stabilization of ruminal pH would assist these high-risk cattle in 

adapting to a concentrate diet; however, the results do not support these hypotheses. 

With respect to morbidity and mortahty, no differences (P > 0.74 and P > 0.33, 

respectively) were observed as a result of treatment (Table 4); however, morbidity was 

numerically less (37.5 vs 50%) in calves given the Lacto-Sacc/Bio-Mos combmation. 

This numerical difference agrees, to some extent, with the findings of researchers in 

poultry Spring et al. (2000) and swine Pettigrew, 1999 that mannanohgosaccharides 
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might have a positive effect on immune fimction and immunomodulation. The decrease 

in ADG in treated cattle in the present study most Ukely resulted from the decrease in 

DMI. Perhaps DMI was decreased because of either low palatabihty of the top-dressed 

Lacto-Sacc/Bio-Mos mixture or a negative post-ingestive feedback mechanism from the 

additives. The 2.09% mortahty for the control group was a result of the fact that one calf 

died on the last day of the trial. A post-mortem examination indicated that the cause of 

death was determined to be chronic bronchopneumonia. The extent to which Lacto-Sacc 

or Bio-Mos caused these effects on performance cannot be determined from these data. 

Several block effects on performance were noted during the trial (Table 5). The 

cattle in the Ught block had a greater (P < 0.001) ADG during d 0 to 14 of the trial than 

those m the heavy block. Conversely, the cattle in the heavy block had a greater (P < 

0.01) ADG in the second 14-d period of the trial and a lower (P < 0.003 and P < 0.01, 

respectively) feed:gam ratio than calves in the Ught block for both periods. OveraU, there 

was no difference (P> 0.10) in ADG as a result of block. 

Fecal Samples 

Effects of treatment on fecal samples are shown in Tables 6 and 7. Indicators of 

the presence of various strains of ̂ . coli were isolated from aU fecal samples coUected in 

this trial. The presence of several genotypes of ̂ . coh was recorded, including 

Shigatoxin I, Shigatoxm n, Attachmg and Effacing, K99, Heat Stable, and F41 serovars. 

The results of the PCR analysis showed three significant differences: 1) between 

treatments on d 0 in Shigatoxin II (P < 0.04); and 2) between treatments on d 0 for 
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Attaching and Effacing toxins (P < 0.04); with respect to block effects (Tables 8 and 9), 

blocks differed on d 0 for Attaching and Effacing toxins (P < 0.02). No other differences 

or mteractions (P > 0.10) were observed. The extent to which these differences in E. coli 

serovars are of practical unportance is unknown; however, it is clear that effects of 

treatment and block on E. coU seorvars were minimal because aU differences occurred on 

d 0 before treatments were appUed. 
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CHAPTER V 

CONCLUSIONS AND IMPLICATIONS 

Numerous studies have demonstrated the ef&cacy of probiotic supplements 

utiUzed by animal agriculture during the past 20 yr. With the possibiUty of the loss of 

most feed-grade antibiotics and some therapeutic antibiotics from the cattle feeding 

mdustry, it is very likely that probiotic feed additives have a place in the modem feedlot. 

Although the present study showed no major benefits of the product used, results point 

out directions for fixture research. For example, the possibiUty that a negative post-

ingestive feedback effect stemming from the use of the combination of Lacto-Sacc and 

Bio-Mos would be a topic that merits study. SimUarly, the effects of these products on 

palatabUity should be determined. A 2 x 2 factorial in which Lacto-Sacc and Bio-Mos 

were fed separately or in combination would lead to a better understanding of how these 

products could be more effectively used m a commercial settnig. 

Another question raised by this study and others in the Uterature is that of the 

manner in which these types of products are presented to the animals for consumption. 

Galyean et al. (2000) reported a much better response to a probiotic supplement 

containing L. acidophilus; however, instead of bemg top-dressed as it was in the present 

trial, the product used by Galyean et al. (2000) was mixed with water and sprayed on the 

feed. Although the products used in these two trials were similar only in that they shared 

a common type of probiotic bacteria {L. acidophilus ), the better response of the cattle in 

the trial reported by Galyean et al. (2000) suggests that a study comparing method of 
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preparation of probiotic supplements in commercial settings might be worthwhile. Some 

of the differences in response between the Galyean et al. (2000) trial and the one reported 

herein might be attributable to the Uquid appUcation creating a more hospitable 

environment for the probiotic bacteria before ingestion by the animal because of the 

higher level of moisture inherent in such a system However, the type of diet differed 

substantiaUy (65 vs 90% concentrate) between the present study and the stud> of Galyean 

et al. (2000), which might have influenced results. Further research seems warranted. 
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