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ABSTRACT 
 

Calf diarrhea or scours is one of the most significant and costly problems dairy 

producers face on a daily basis.  A study was designed and conducted to evaluate the 

effects of direct-fed microbials on the performance and digestive tract morphology of 

neo-natal/transition Holstein bull calves.  Treatments consisted of a control (n = 21) and a 

treatment (n = 22) of direct-fed microbial (5 x 108 cfu) supplemented daily.  Samples of 

the rumen, duodenum, and ileum were harvested at the time of slaughter and examined 

for differences in morphology.  Although the direct-fed microbial did not effect 

performance, it positively effected the ruminal papillae as well as the ileal villi.  These 

data indicate that direct-fed microbials may increase the nutrient absorptive surface area 

of the rumen and ileum, resulting in a healthier digestive tract. 
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INTRODUCTION 

Mortality in neonatal dairy calves has been the topic of much research over the 

last 35 years or more.  Cattle producers involved with rearing dairy-type calves face 

various challenges, especially protecting calf health in the pre-weaning period and 

immediately following weaning.  Calf mortality represents an economic loss to the dairy 

industry (Martin and Wiggins, 1973; Oxender et al., 1973).  Enteric and respiratory 

diseases are the major causes of mortality in young calves.  Enteric disease of the 

newborn calf is basically a result of alterations in gastric and intestinal function in 

response to a less than optimum diet, but the severity of the condition and its clinical 

manifestation as an infectious disease will depend upon the age of the calf and the 

balance between the immunological and microbiological environment of the calf (Roy 

and Ternouth, 1972).   

 One of the most significant and costly problems calf producers run into is diarrhea 

or calf scours.  Calf loss from diarrhea is an important segment of total loss in the United 

States cattle industry (Frank and Kaneene, 1993).  Scours and diarrhea accounted for the 

largest percentage of deaths in pre-weaned calves, followed by respiratory problems 

(USDA:APHIS:VS, 2002).  In 2002, the USDA reported that scours or diarrhea were 

responsible for 6.5% of pre-weaned heifer mortality.  Wittum et al. (1993) estimated the 

mean cost of death associated with scours to be $215 per case and more than $10 was 

attributed to treatment beyond the value of the calf.  Mortality is a serious problem in 

calf-rearing units and is an important cause of economic loss (Peters, 1986). 

All calves are extremely susceptible to calf scours, especially during the first few 

hours following birth up through the 4 to 6 weeks of life.  Bacterial and/or viral strains 
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attack the lining of the intestine, making it difficult for the animal to absorb essential 

nutrients from the diet.  Profuse, watery diarrhea occurs, causing the calf to lose nutrients 

and become excessively dehydrated.  If the case of scours is severe, the calf may die; yet, 

calves that survive severe diarrhea will have lifelong inferior performance compared to 

healthy calves with no history of scours.  Death from scours is usually due to loss of 

electrolytes, changes in body chemistry, dehydration, and change in the delicate pH 

balance (Blezinger, 2001).   

For years, researchers have conducted studies in order to bring them closer to the 

treatment of scours and other aspects of enteric disease.  Some of the treatments have 

been antibiotics, oral electrolyte solutions, high quality colostrum intake immediately 

following parturition.  These solutions have been shown to help alleviate the symptoms 

of enteric disease in some cases, but are not always the best methods to use.  The use of 

antibiotics in livestock can have serious consequences, such as the development if 

resistant populations of bacteria and the residual effect they may have on animal products 

used for human consumption (Abe et al., 1995).  Electrolytes do help the problem, but are 

used more as a therapeutic measurement and will not salvage calves with severe scours.  

Colostrum intake will benefit the calf immediately following parturition, but many dairy 

producers do not allow the calf to suckle from the dam before they are separated from 

one another, and some do not always administer colostrum.   

Bacterial direct-fed microbials (DFM) are increasingly used by cattle producers to 

improve the microbial balance of the gastrointestinal tract (GIT), thereby improving 

animal health and productivity.  For over 50 years the study of DFM for human and 

animal use has steadily increased.  Originally it was thought that DFM could only be used 
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for preventing disease and balancing the normal flora in the intestinal tract.  More 

recently, the study of production responses by growing and lactating animals, and interest 

in the corresponding mode of action of bacterial DFM has become the topic of study.  

Objectives of this thesis were to evaluate the effects of bacterial DFM on performance, 

and ruminal and intestinal morphology of neo-natal/transition Holstein bull calves. 
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LITERATURE REVIEW 

Background 

Direct-fed microbials, also known as probiotics, are live, naturally occurring 

bacterial supplements (Yoon and Stern, 1995).  In the cattle industry, two frequently used 

DFM are lactate-utilizing bacteria and lactate-producing bacteria, often used in 

conjunction with each other (Birkelo, 2003).  The family of lactate-utilizing bacteria most 

commonly used is Propionibacterium (Birkelo, 2003).  The two families of lactate-

producing bacteria regularly used are Lactobacillus and Enterococcus (Beauchemin et al., 

2006). Interest in supplementation with DFM has increased rapidly due to the recent 

public concerns regarding the use of antibiotics in production animals.  Consumers are 

worried that the use of antibiotics in production animals may eventually result in 

pathogen outbreaks in meat and meat products (Krehbiel et al., 2003).  Initial attention 

was directed toward use of DFM in stressed cattle as an aid in reestablishment of normal 

gastrointestinal microflora and reduction in stress-related illness, however, continuously 

fed DFM can enhance rate and efficiency of growth in healthy, non-stressed cattle as well 

(Birkelo, 2003).  In humans, probiotics have displayed numerous health benefits such as 

maintaining a delicate balance between the gastrointestinal tract (GIT) and the immune 

system (Drisko et al., 2003).  In ruminants, it is possible that probiotics improve 

microbial conditions in both the rumen and the lower digestive tract (Elam et al., 2003), 

along with having many other benefits, such as improving performance, decreasing the 

incidence of diarrhea in calves, and reducing the shedding of E. coli.
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Feedlot Performance and Carcass Characteristics   

 An application for bacterial DFM in feedlot cattle is to increase average daily gain 

(ADG) and improve feed efficiency in feedlot cattle.  Ware et al. (1988) was one of the 

first to report that Lactobacillus acidophilus (L. acidophilus) increased ADG and 

improved feed efficiency in yearling steers fed high-concentrate diets.  Although these 

authors did not observe any difference in dry matter intake (DMI), DFM treated steers 

experienced a 7.5% increase in ADG early in feeding (Elam et al., 2003).  Also, steers 

treated with elevated dosages (5 x 106 cfu L. acidophilus NP51 + 5 x 106 cfu L. 

acidophilus NP45 + 1 x 109 cfu Propionibacterium freudenreichii) of DFM had a more 

efficient feed:gain ratio (F:G).  Direct-fed microbial fed calves had an increased DMI as 

well.  These factors may be attributed to a thinner lamina propria, as it has been 

hypothesized to result in more efficient nutrient absorption (Elam et al., 2003).  Gaylean 

et al. (2000) reported a 2.2 to 5.4% increase in ADG by growing finishing steers 

supplemented with L. acidophilus and Propionibacterium freudenreichii (P. 

freudenreichii). Dry matter intake and body weight (BW) were also slightly increased 

and F:G was improved in steers supplemented with DFM.  Huck et al. (2000) determined 

that feeding P. freudenreichii followed by L. acidophilus significantly improved ADG in 

heifers.  Heifers fed L. acidophilus followed by P. freudenreichii improved gain by 5.0% 

and feed efficiency was improved by 5.1%.  Likewise, Swinney-Floyd et al. (1999) 

observed improved ADG and feed efficiency for calves receiving L. acidophilus and P. 

freudenreichii. Krehbiel et al. (2004) reported that BW and ADG were greater later in 

the feeding period for steers fed L. acidophilus. Dry matter intake for steers fed L. 

acidophilus was greater than control steers, while F:G was more desirable later in the 
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feeding period for L. acidophilus steers.  Most of these studies suggest that a lactate-

utilizing bacteria combined with a lactate-producing bacteria will increase ADG and 

improve feed efficiency, while DMI remains consistent. 

 Direct-fed microbials have also been shown to affect carcass characteristics in 

feedlot steers.  Steers supplemented with L. acidophilus were fatter than control steers 

(Elam et al., 2003).  Direct-fed microbial treatment also had an effect on marbling score 

and quality grade in this study, as well as a recent study completed by Krehbiel et al. 

(2004).  Huck et al. (2000) experienced similar results in their study by observing an 

improvement in carcasses grading U.S.D.A. Choice and Prime.  Galyean et al. (2000) 

observed a greater adjusted final BW in DFM treated steers than in control animals.  

These authors also demonstrated an increase in hot carcass weight (HCW) by 2.2% for 

cattle fed DFM.  A study completed by McPeake et al. (2002) illustrated greater HCW 

and carcass ADG in DFM treated steers.  Elam et al. (2003) suggested that HCW should 

increase with DFM supplementation because DFM increase ADG.  They also propose it 

might be possible that energetic manipulation of volatile fatty acid (VFA) production as a 

result of the addition of DFM could lead to differences in fat synthesis and distribution.  

Fox (1988) suggested that animal performance response to feeding probiotics is 

influenced by the inoculant level fed, the animal species tested, and the animal’s stage of 

maturity, plane of production, level of stress, and rearing environment; therefore, it is not 

surprising that there is a broad range of response to probiotics.  Overall, this compilation 

of results suggests economically important positive effects on live and carcass weight 

from feeding a lactate-utilizing bacteria and a lactate-producing bacteria to feedlot cattle.   

 



14

Preruminant Calves 

 Direct-fed microbials have also been shown to be beneficial to neonatal and 

newly received, stressed dairy and beef calves.  Krehbiel et al. (2003) reported the 

general importance of feeding bacterial DFM to young and/or stressed calves, which has 

been to establish and maintain “normal” intestinal microflora rather than as a production 

stimulant.  The primary objective in dairy calves is quick adaptation to solid food by 

speeding up the establishment of microorganisms of the gastrointestinal tract (GIT) and 

avoiding the establishment of pathogens, which often result in diarrhea.  In neonatal and 

stressed calves, the microbial population is in transition and extremely sensitive.  Sudden 

changes in the calf’s diet or environment could be detrimental to microbes in the GIT.  It 

is well known in the cattle industry that diarrhea is one of, if not the most common health 

problem in young calves.  Tannock (1983) attributed this problem to decreases in the 

population of Lactobacillus in the gut.  Similarly, Sandine (1979) reported that fecal 

counts of lactobacilli normally are higher than coliforms in healthy animals and reversed 

in those suffering from diarrhea.  Some species of Lactobacillus and Streptococcus have 

been reported to decrease the incidence of diarrhea (Bechman et al., 1977; Maeng et al., 

1987; Fox, 1988).  More recently, calves fed L. acidophilus had a significantly lower 

scour index, which established the benefits of lactobacilli in reducing the incidence of 

diarrhea in dairy calves (Abu-Tarboush et al., 1996).  It is suggested that the decreased 

incidence of diarrhea might be related to a consistent increase in shedding of 

Lactobacillus (Gilliland et al., 1980; Jenny et al., 1991; Abu-Tarboush et al., 1996) as 

well as an inconsistent decreased shedding of coliforms in feces in response to 

Lactobacillus (Bruce et al., 1979).  Previous research has suggested that animals with 
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normal stools are less likely to shed coliforms in feces (Ellinger et al., 1980; Gilliland et 

al., 1980; Abu-Tarboush et al., 1996).  The conclusion that many authors have come to is 

that supplementing DFM in calves is beneficial only when the calves are experiencing 

health problems.  Morril et al. (1977) and Jenny et al. (1991) supported this conclusion by 

reporting that in experiments where there has been no advantage to feeding DFM, calves 

were generally experiencing no health problems. 

 Another potential benefit to including DFM in the diet of neonates is to aid in the 

adaptation to solid food to further develop the rumen.  Nakanishi et al. (1993) proposed 

adding lactic acid bacteria to starter diets to affect ruminal function in young calves and 

the results seemed promising.  Dairy calves supplemented with L. acidophilus tended to 

ruminate more than control animals; therefore, L. acidophilus may promote ruminal 

development.  The majority of these studies did not report any change in animal 

performance, although some authors (Beeman, 1985; O’Brien et al., 2003) observed an 

increase in gain and attributed the results to improvement of intestinal conditions because 

of lower fecal scores in calves supplemented with DFM.  Beeman (1985) reported greater 

gains by DFM treated Holstein calves compared to control animals.  By day 56 of the 

trial, the average BW gains were 47.3 kg for the treated group and 37.8 kg for the control 

group.   In reference to the neonatal calf, performance is not nearly as important as 

improved health and reduction of diarrhea, and bacterial DFM may be able to achieve 

these goals. 

Beef calves experience these same problems as well as enduring a variety of 

stresses as they enter the feedlot.  Upon entering the feedlot, newly received calves 

encounter abrupt weaning, transport, commingling with strange cattle, and processing.  
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These stressors can alter microflora in the rumen, resulting in decreased performance and 

increased morbidity and mortality (Krehbiel et al., 2003).   Furthermore, when an animal 

is stressed experimentally, its intestinal microflora changes relative to a decrease in the 

anaerobic components (Fox, 1988).  This decrease may result from the decreased 

availability of substrate for anaerobic species.  The substrate referred to is mucin, which 

is regulated by corticosteroids.  The increased release of endogenous corticosteriod has 

been associated with a stress response (Moberg, 1987).  The reduction of anaerobic 

bacteria is due to increased corticosteriod release and decreased mucin secretion (Fox, 

1988).  As a result, the number of coliform bacteria increases greatly, causing diarrhea.  It 

is suggested that the addition of bacterial DFM to the diet of stressed animals will 

repopulate the essential microorganisms in the gut and eliminate these deleterious effects 

(Fox, 1988).  Several research studies conducted in the 1980’s evaluated the effectiveness 

of a combination of DFM.  Direct-fed microbials fed throughout the receiving period 

resulted in a 13.2% increase in ADG, a 2.5% increase in DMI, and a 6.3% increase in 

F:G (Fox, 1988).  Gill et al. (1987) reported similar results, as well as detecting a 10.9% 

reduction in morbidity.  It was also observed that DFM elicit the greatest performance 

response within the first 2 weeks of the receiving period (Crawford et al., 1980; 

Hutcheson et al., 1980).  In addition, the dosage of DFM administered to young calves 

should be carefully selected.  Orr et al. (1988) showed a greater ADG for calves fed 2.2 х

106 or 2.2 x 108 cfu of L. acidophilus versus 2.2 x 1010 cfu.  In a more recent study 

(Krehbiel et al., 2001), it was determined that calves administered a combination of lactic 

acid-producing bacteria during their first anti-microbial treatment against respiratory 

disease were less likely to be treated a second time within 96 hours.  The addition of 
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bacterial DFM to the diet can improve the health and performance of stressed stocker 

calves, although the response might be greater when newly weaned and/or received beef 

calves are more prone to health problems (Krehbiel et al., 2003). 

 

Performance in Dairy Cows 

The effectiveness of DFM has not been widely studied in the lactating dairy cow.  

The conclusion from the few published studies is that DFM increase milk yield, while 

changes in milk composition have been variable.  Milk yield was 1.8 kg/d greater for 

cows fed a diet containing 2.0 x 109 cfu of L. acidophilus per day compared to those fed 

the control diet (Jaquette et al., 1988; Ware et al., 1988a).  Gomez-Basauri et al. (2001) 

reported increased milk yields over time for DFM- and mannanoligosacharride-fed cows 

versus the control group.  Komari et al. (1999) and Block et al. (2000) evaluated the 

effects of Saccharomyces cerevisiae in combination with L. acidophilus and the 

combination of yeast and L. plantarum/Enterococcus faecium.  Milk yields increased by 

1.08 and 0.90 kg/d respectively.  Much more research needs to be conducted before DFM 

should be recommended to dairy producers (Krehbiel et al., 2003). 

 

Ruminal Acidosis and Ruminal Fermentation 

Originally, DFM were thought to have only post-ruminal effects, such as 

enhanced establishment of beneficial gut microorganisms.  In recent studies, however, 

certain DFM have been shown to improve ruminal function, such as reducing acidosis, 

altering VFA proportions, and affecting pathogens and other ruminal microorganisms.  
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The greatest effect of DFM on cattle performance is believed to be through altered rumen 

metabolism (Birkelo, 2003). 

 Ruminal acidosis is characterized by low ruminal pH (below 5.6) and high 

ruminal concentrations of total VFA or lactic acid (Krehbiel et al., 2003).  Nocek et al. 

(2000) demonstrated that the addition of Enterococcus faecium (lactate-utilizing bacteria) 

and Lactobacillus plantarum aided in reducing ruminal acidity, thereby decreasing 

acidosis.  Steers supplemented with Propionibacterium and Enterococcus had lower 

concentrations of blood CO2 than control steers, contributing to a decreased risk of 

metabolic acidosis (Ghorbani et al., 2002).  Blood CO2 increases during metabolic 

acidosis due to the reduction of the blood bicarbonate ion (Owens et al., 1998).  In the 

study completed by Ghorbani et al. (2002), steers fed Propionibacterium in addition to 

Enterococcus had lower lactate dehydrogenase concentrations, which is consistent with 

lower blood CO2 . Owens et al. (1998) suggested that changes in blood lactate 

dehydrogenase concentrations reflect the need to metabolize lactate, and lactate 

dehydrogenase concentrations tend to increase during acidosis.  From the Owens et al. 

(1998) article, Ghorbani et al. (2002) concluded that providing lactate-producing bacteria 

together with lactate-utilizing bacteria decreased the need to metabolize blood lactate.  

Another factor in Ghorbani et al. (2002) study contributing to the idea of a reduced risk 

of acidosis is that supplementation with the two bacteria increased the concentration of 

acetate in ruminal fluid.  Studies completed by Huffman et al. (1992) and Nocek et al. 

(2000) illustrated that Lactobacillus lowers area under the pH curve, suggestive of a 

reduced risk of subacute ruminal acidosis.  The addition of a lactate-utilizing bacteria, 
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along with a lactate-producing bacteria, may reduce the risk for metabolic acidosis by 

reducing the time ruminal pH below 5.6. 

Certain DFM have been shown to alter the production and/or proportions of VFA 

in the rumen.  In a study by Beauchemin et al. (2003), steers receiving Enterococcus had 

a lower ruminal pH compared with control steers, which was due to an accumulation of 

VFA.  These same steers experienced an increase in the proportion of propionate, 

decreasing the proportion of butyrate in ruminal fluid.  Due to the increase in propionate, 

the acetate:propionate ratio decreased.  Decreased acetate:propionate has been associated  

with a decrease in methane production according to the stoichiometric laws of chemical 

balance and its equation (Van Soest, 1994).  Due to the decline in methane production, 

energy retention by cattle should theoretically increase (Wolin, 1960).  

Propionibacterium has already been shown to play an important role in the ruminant 

animal on its own.  Krehbiel et al. (2003) reported that Propionibacterium is a lactate 

utilizer, but it has been focused on propionate production rather than lactate fermentation.  

Propionate is the most important precursor of glucose synthesis, and therefore, has a 

major impact on hormonal release and tissue distribution of nutrients (Nagaraja et al., 

1997).  Propionate spares gluconeogenic amino acids in gluconeogenesis, and reduces the 

maintenance costs of metabolizable protein and possible heat increment (Van Soest, 

1994).  Propionibacterium acidipropionici has been shown to increase the production of 

propionate at the expense of acetate (Kim et al., 2000).  Propionibacterium 

acidipropionici effectively decreased the concentration of butyrate in the rumen.  

Propionate levels increased as the dosage level of P. acidipropionici increased, resulting 

in a decrease of acetate:propionate.  If propionate is both energetically enhanced and 
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proportionately increased by DFM, then it is likely that the energy available to the animal 

will also be increased (Elam et al., 2003).  As previously mentioned, Ghorbani et al. 

(2002) observed an increase in acetate concentrations in ruminal fluid from steers 

supplemented with DFM, but they also saw a decrease in valerate concentrations.  In 

contrast to the findings of Kim et al. (2000), steers fed only Propionibacterium had 

higher concentrations of butyrate compared to the control and Propionibacterium plus 

Enterococcus. Acetate and propionate are important precursors of lactate in the rumen, 

and acetate is an intermediate and is used in the synthesis of butyrate (Satter and Esdale, 

1968).  This may account for the higher butyrate concentrations in steers fed only 

Propionibacterium. The consequence of higher levels of butyrate in these steers is 

unknown, but adequate amounts of butyrate are necessary for the health of the large 

intestine cells. Van Koevering et al. (1994) demonstrated that ruminal concentrations of 

D-lactate and total lactate were lower in steers fed L. acidophilus. This suggests that L. 

acidophilus might decrease the severity of subacute acidosis (Krehbiel et al., 2003).  To 

conclude, the increase in propionate concentrations suggests an increase in energy 

precursors that would likely benefit growing cattle (Beauchemin et al., 2003). 

 Many studies have shown DFM to have an effect on other microbes in the rumen 

such as protozoa and amylolytic bacteria.  Beauchemin et al. (2003) reported 

supplementing cattle diets with Enterococcus-decreased protozoal numbers.  This is 

undesirable in preventing acidosis because ruminal protozoa, especially Entodinium, play 

an important role in expending lactic acid in the rumen (Newbold et al., 1987).  Other 

studies using Propionibacterium showed an increase in protozoal numbers.  The 

contrasting effects could be due to the fact that the former bacterium is a lactate-
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producing bacteria and the latter is a lactate-utilizing bacteria.  Ghorbani et al. (2002) 

observed a significant increase in protozoal numbers in steers fed only 

Propionibacterium versus those fed Propionibacterium plus Enterococcus. Most of the 

protozoa were identified as Entodinium. These authors concluded that the higher 

protozoal numbers in this set of steers likely increased ruminal recycling of bacterial 

nitrogen, accounting for the higher ruminal NH3 concentration observed in these steers 

(Veira et al., 1983; Williams and Withers, 1993; Jouany, 1996).  Ghorbani et al. (2002) 

also suggest that higher protozoal numbers may also have contributed to the higher 

butyrate concentrations for steers fed only Propionibacterium, as Entodinium tend to 

increase proportions of butyrate (Howard, 1963).  As previously stated, Entodinium may 

play a key role in utilizing lactate in the rumen, thereby preventing acidosis (Newbold et 

al., 1987).  Van Koevering et al. (1994) reported similar results, illustrating that 

lactobacillus cultures in the diet prolonged retention of protozoa.  Ghorbani et al. (2002) 

reported that the numbers of amylolytic bacteria in steers receiving Propionibacterium 

were lower than in control steers.  This decrease in amylolytic bacteria (starch-utilizing 

bacteria) corresponds with the increase in protozoa.  Protozoa are predators of rumen 

bacteria and engulf starch particles, along with their associated bacterial population, 

which would limit the substrate for the amylolytic bacteria. 

 

Escherichia coli O157 

Elam et al. (2003) reported that inclusion of L. acidophilus and P. fredenreichii in 

the diet of finishing steers decreased the shedding of Escherichia coli (E. coli) O157:H7 

in feces and hide, and also decreased ileal lamina propria thickness, resulting in a safer 
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food product and potentially enhancing animal performance.  Lema et al. (2001) 

demonstrated that several Lactobacillus and Streptococcus DFM species have the ability 

to decrease fecal shedding of E. coli O157:H7 in experimentally infected sheep.  

Reduction in E. coli O157:H7 shedding by ruminants lessens the chances of meat and 

other food products being contaminated by the pathogen, simultaneously decreasing the 

potential for E. coli O157:H7 outbreaks and associated losses.   A study completed by 

Ohya et al. (2000) also showed a decrease in fecal shedding of E. coli O157:H7, and 

determined an increase in VFA, especially acetate, correlated with the reduction of E. coli 

O157:H7.  A possibility exists that bacteria inhibitory to E. coli O157:H7 can be isolated 

from feces and intestinal tissue samples of cattle, grown in culture, and fed to reduce the 

transmission of E. coli O157:H7 in feedlot cattle.  Given that DFM may reduce the 

prevalence of E. coli in beef cattle, there lies a possibility that they may have the same 

effect of Salmonella.

Lamina Propria Thickness 

 Elam et al. (2003) reported that steers treated with L. acidophilus had thinner 

lamina propria than control steers.  This finding can be beneficial in the reduction of the 

presence of E. coli in beef steers, because E. coli O157 may have the ability to cause 

attaching/effacing lesions in the bovine intestine, which lead to inflammation (Phillips et 

al., 2000).  Germ-free animals are characterized as having less small intestine mass than 

conventional animals (Visek, 1978; Parker, 1990).  The mass of the small intestine refers 

to higher intestinal water content, a thicker lamina propria, and more reticuloendothelial 

elements.  The germ-free intestine absorbs more substances as monosaccharides and 
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amino acids more efficiently than the intestine of conventional animals (Visek, 1978).  

Similarly, Helmut and Bruckner-Kardoss (1961) found that mucosal surface area of the 

small intestine and dry matter per centimeter of gut length were significantly decreased in 

germ-free versus control rats.  Furthermore, the cumulative length of intervillous spaces 

per unit length of serosal surface in cross-sections obtained from the jejunum to the 

ileoceceal valve was significantly less in germ-free animals.  Thus, a thinner lamina 

propria may result from the inhibition of harmful microorganisms.  This collection of 

data illustrates the potential of possible mechanisms by which DFM might positively 

affect nutrient absorption and reduce the prevalence of E. coli, by reducing the thickness 

of the lamina propria.  

 

Probiotics versus Antibiotics 

 Antibiotics have been extensively used to promote growth and treat disease in 

livestock.  However, the use of antibiotics in livestock can have serious consequences, 

such as the development of resistant bacterial populations and intestinal disorders that 

often result from oral administration of antibiotics.  Consumers are also concerned with 

the possibility of residual antibiotics in dairy products, meat, and eggs (Abe et al., 1995). 

Recently, researchers have been speculating the idea of using probiotics in place of 

antibiotics for some purposes.  Abe et al. (1995) reported a significant increase in BW 

gain in piglets and calves administered Bifidobacterium pseudolongum or lactobacillus 

acidophilus, and feed conversion was improved over the control group in both species.  

These beneficial effects are thought to result from improvement of intestinal conditions 

because the fecal score was lower for the group fed probiotics than for the control group.  
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These researchers also determined that the administration of probiotics was as effective 

as administration of antibiotics in protecting against diarrhea caused by pathogenic 

bacteria.  Abe et al. (1995) came to the conclusion that probiotics should be fed as soon 

as possible after birth to be most effective because at birth there are no bacteria in the 

intestine; therefore, administration of probiotics orally at this time is most effective to 

promote colonization in the intestine.  Cruywagen et al. (1996) also recommend the 

prophylactic use of probiotics during the first 2 weeks of life, especially for calves fed 

milk replacer or for calves reared under suboptimal management conditions.   

 The widespread use of antibiotics in treating bacterial enteritis may do more harm 

than good.  According to Fox (1988), these agents might be successful initially, but their 

benefits are often nullified by post-antibiotic diarrhea.  Diarrhea occurs because 

antibiotics suppress the normal intestinal microflora and allows abnormal overgrowth of 

pathogens, which cause disease.  By removing the producers of VFA, antimicrobial 

agents also remove an important restraint on the growth of yeast and fungi, making them 

more invasive (Hirsch, 1980).  Although the pathogenesis of antibiotic-associated 

diarrhea is unclear, research reports assessing gastrointestinal and fecal composition 

during antibiotic treatment have illustrated a decline or loss of L. acidophilus (Gotz et al., 

1979). 

 Some producers are reluctant to give up antibiotics, but probiotics have 

demonstrated efficacy as a substitute to feeding antibiotics (Fox, 1988).   Fox also 

suggests that probiotics offer the same benefits in animals as low-dose antibiotics when 

used as growth promotants, as well as aiding in feed conversion and used as prophylaxis 

against enteritis. 
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Safety  

 A major concern for consumers would be the safety of probiotics, just as it is with 

antibiotics.  Safety is not a problem with probiotics as lactobacilli has been used for many 

years in the commercial preparation of many food products, such as dairy products, 

pickled vegetables, and grain products to name a few.  Lactobacilli are part of the normal 

flora of plants and animals, particularly in the mouth, intestinal tract, and vagina of many 

warm-blooded animals (Fox, 1988).  Fox states that pathogenicity is rare, making the use 

of probiotics safe to the host, environment, and handler.  After review of the literature, 

one can come to the conclusion that not all probiotics or DFM are the same, therefore 

Fox has come up with several attributes that an effective product must possess several 

attributes: 1) the proper viable bacterial components must be present in proper numbers 

for an effective symbiotic response; 2) the bacteria must be capable of reaching and 

colonizing the intestinal tract, which entails being resistant to gastric acid and bile; 3)  

once ingested, the bacteria must be quickly activated, have a high growth rate, and 

produce acid rapidly (implying that they have an anti-E. coli effect); 4) an acceptable 

shelf-life must be guaranteed; and 5) once the bacteria are administered, they must be 

able to be tracked within their ecological habitat. 

 

Human Health 

In human studies, probiotics have affected human health directly, as well as 

indirectly.  Drisko et al. (2003), stated that probiotics in the GIT directly affect the up-

regulation of IgA, the down-regulation of inflammatory cytokines, and the enhancement 
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of the gut barrier function.  Direct-fed microbials may indirectly affect atopic disease, 

immune compromise, and vaginal infections (Drisko et al., 2003).   

 

Method of Operation   

The mechanisms by which bacterial DFM positively affect the ruminant animal 

are not entirely understood, but there are many proposed modes of action that have been 

studied in the rodent and human models.  Most of these research studies allude to 

mechanisms such as competitive attachment, antibacterial effect, and modulation of the 

immune system.  Salimen et al. (1996) and Holzapfel et al. (1998) mention that DFM 

have been reported to modify the balance of intestinal microorganisms, adhere to 

intestinal mucosa and prevent pathogen attachment or activation, influence gut 

permeability, and modify the immune system, assuming all criteria are met.  Criteria is in 

reference to nonpathogenicity, survival through the gut, specificity to the host, and 

genetic stability.  Krehbiel et al. (2003) suggest that the use of nonhost-specific species 

and/or strains may be the reason why there is no response to bacterial DFM.   

 

Competitive Attachment 

 The normal flora of the GIT operates as a host defensive barrier by making the 

epithelial cell unavailable to pathogens or by creating an uninhabitable environment for 

pathogens.  Therefore, anything that upsets the balance between host and normal 

microflora may give a pathogen easier access to its target cell or allow it to multiply so 

that competition for target cells is easier (Hirsch, 1980). 
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It is important that E. coli strains attach to the intestinal wall to induce diarrhea 

(Jones and Rutter, 1972); therefore, bacterial DFM could compete with pathogens for 

adherence sites on the intestinal wall.  Adherence is necessary to support proliferation 

and reduce peristaltic removal of organisms (Salimen et al., 1996).  Abu-Tarboush et al. 

(1996) have shown that L. acidophilus 27SC is compatible with the GIT of young calves.  

An earlier study conducted by Muralidhara et al. (1977) demonstrated that the intestinal 

tissue of piglets treated with L. lactis had significantly higher numbers of attached 

Lactobacilli and lower E. coli counts than control animals.  It is thought that adhesion is 

controlled either nonspecifically by physiochemical factors, or specifically by adhesive 

bacterial surface molecules and epithelial receptor molecules (Holzapfel et al., 1998).   

Nonspecific mediation refers to the ability of bacteria to adhere to epithelial cells 

and its dependence upon the interaction between an acidic mucopolysaccharide forming 

the outer layer of the bacterial cell wall and the similar mucopolysaccharide layer on the 

intestinal cells (Fuller and Booker, 1974).  In a later study, Fuller and Booker (1980) 

suggested that the presence of fibrils on adhering bacteria may reinforce attachment. 

Through constant infusion of “friendly” organisms in the diet, colonization of the 

GIT by pathogenic organisms can be altered, improving health and life expectancy (Fox, 

1988). 

 

Antibiotic Production/Antibacterial Effect 

Lactic acid bacteria produce a number of antimicrobial substances, including 

organic acids, hydrogen peroxide, bacteriocins, and bacteriocin-like substances (Oh et al., 

2000), such as acidophilin, acidolin, lactocidin, and lactolin.  Montville and Kaiser 
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(1993) and Jack et al. (1995) define bacteriocins or bacteriocin-like substances as 

peptides or proteins, which exhibit inhibitory activity against sensitive strain of bacteria.   

In support of what has been previously mentioned, Lactobacillus has been shown 

to inhibit the activity of pathogens, such as E. coli. Furthermore, Mann et al. (1980) 

reported that a fatal strain of E. coli administered to young lambs could be tolerated in the 

presence of lactobacilli.  In an earlier study, Gilliland and Speck (1977) determined that 

L. acidophilus has antagonistic effects on E. coli, Salmonella typhimurium,

Staphylococcus aureus, and Clostridium perfringens. Fuller (1977) suggests that 

lactobacilli may reduce the pH of the GIT, preventing growth of coliforms and other 

pathogens. 

 The production of hydrogen peroxide by lactobacilli may manufacture an 

additional antibacterial effect.  Reiter et al. (1980) discovered the bacteriocidal activity of 

hydrogen peroxide in vitro. Although this appears to be an acceptable theory, hydrogen 

peroxide is unlikely to function in an anaerobic environment such as the gut, as oxygen is 

necessary for its production by lactobacilli.  The ability of probiotics to establish 

themselves in the digestive tract should improve their ability to eradicate competitors 

using bacteriocins.  For instance, the bacteriocin produced by L. acidophilus 30SC 

displays antimicrobial effects on bacteria such as Listeria and Bacillus species; spore-

forming bacteria, B. cereus and B. subtilis were sensitive to the bacteriocin produced by 

L. acidophilus 30SC (Oh et al., 2000).  Acidophilin, acidolin, lactobacillin, and lactocidin 

have demonstrated an in vitro inhibitory activity against Salmonella, Shigella,

Staphlococcus, Proteus, Klebsiela, Pseudomonas, Bacillus, and Vibrio species and 

enteropathogenic E. coli (Mikolajcik and Hamdan, 1975).  Lactic acid bacteria also 
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produce organic acids such as acetic and lactic acid, which inhibit the growth of many 

pathogenic Gram-negative organisms (Goepfert and Hicks, 1969).  

 

Immune Response 

 Similar to the way probiotics modulate the human immune system, DFM have 

been shown to modulate the immune systems of animals.  Analogous to the human, the 

animal immune system can activate either innate or adaptive immune responses, 

depending upon the type of pathogen invading the body (Krehbiel et al., 2003).  As well 

as being responsible for the absorption and digestion of nutrients, the GIT provides its 

own protective defense from invading pathogens.  Immune cells such as natural killer 

cells, macrophages, neutrophils, dendritic cells, and T and B lymphocytes inhabit the GIT 

as they do in other parts of the body.  Immune cells are immediately activated once the 

antigen enters the mouth of the animal.  This results in enhanced phagocytosis in addition 

to the production of numerous humoral mediators such as interleukin (IL)-1, IL-6, tumor 

necrosis factor-α (TNF-α), and interferons (IFN).   These humoral mediators will provide 

immediate protection or will be used to induce specific immune responses.  Later in the 

immune response, cytokines will signal direct responses toward cell-mediated T-helper 

type-1 (Th1) or humoral Th type-2 (Th2) immunity depending on the type of response 

needed.  Th1 cells are converted to naïve T cells via IL-2 and IL-12.  IL-4, IL-10, and 

transforming growth factor-β (TGF-β) consequently enhancing Th2 responses by 

inhibiting the production of TNF-α, IL-1, IL-6, IL-12, and IFN-γ.

Oral administration of lactobacilli resulted in an amplification of innate immune 

responses, in addition to increased levels of immunoglobulin (Ig) A and a decreased IgE 
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production (Erickson and Hubbard, 2000; Isolauri et al., 2001).  In other studies DFM 

have been shown to modify different immune responses both negatively and positively 

depending on the dose and strain used.  For instance, L. rhamnosus and L. bulgaris 

signaled production of IL-2, 6, 10, 12, 18, TNF-α, and IFN-γ, while the production of IL-

4 was not enhanced (Miettinen et al., 1998).  Additionally, some bacterial DFM species 

seem to be able to modify the immunomodulatory effects exerted by other species.  L. 

reuteri DSM12246 has the potential to suppress L. casei-induced production of IL-6, IL-

12, and TNF-α in dendritic cells (Christensen et al., 2002).  This indicates that the species 

and composition of DFM should be considered before administration. 

 In summary, bacterial DFM have the ability to protect ruminant animals just as 

they protect humans against pathogens.  Direct-fed microbial supplementation has been 

shown to increase ADG and improve feed efficiency in feedlot cattle, as well as 

increasing HCW.  In pre-ruminant calves, DFM supplementation has decreased the 

incidence of diarrhea and morbidity, as well as promoting ruminal development.  The 

addition of DFM to cattle diets has been shown to decrease the prevalence of ruminal 

acidosis and increase the production of VFA.  Direct-fed microbials have been shown to 

decrease the incidence of E. coli, thereby lessening the chances that meat and other food 

products will be contaminated by the pathogen.  Probiotics, or DFM, may be used to 

replace low-dose antibiotics in instances such as growth promotion and prophylaxis 

against enteritis.  DFM are also safe to use as they are part of the normal flora of plants 

and animals.  There are several proposed mechanisms, but competitive attachment to the 

GIT seems to be the most likely mode of action at the present time.  To further 

investigate the efficacy of using DFM for calves, a study was conducted to evaluate the 
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effects of bacterial DFM on performance and digestive tract morphology of neo-

natal/transition Holstein bull calves. 
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MATERIALS AND METHODS 
Animals  

Study protocol and procedures involving animals were approved and conducted in 

accordance with The University of Arizona Institutional Animal Care and Use 

Committee.  Forty-three, one-day old Holstein bull calves (42 ± 1.07 kg BW) were 

obtained from the Shamrock Dairy (Stanfield, AZ).  Calves were transported to the 

University of Arizona Beef Unit and randomly assigned to individual wooden (1.5 x 0.8 

m, 36 crates) or metal crates (2.4 x 1.2 m, 7 crates) with access to shade and water.  Post-

weaning animals were transferred to concrete-floor pens (4.9 x 2.4 m), also with access to 

shade and water. 

Calves were fed Calvita Supreme (Milk Specialties Co.; Dundee, IL; Table 1) 

milk replacer twice daily until weaning (d 50).  Milk replacer was mixed according to the 

directions on the label.  Milk (5.4 kg) was mixed with 45.4 L of warm water using a drill 

mixer in a large plastic tub equipped with a valve.  Calves were administered 2.8 L of the 

20/20 all milk protein milk replacer at 0700 and 1500.  For the morning feeding of the 

treatment animals, the microbial treatment was mixed with 480 mL of mixed milk 

replacer.  Milk had to be below 37° C in order to ensure functionality of the microbes in 

the packet.  Twenty milliliters was mixed with 2.8 L of the control milk replacer in a 

bottle.  In the afternoon, all calves received control milk replacer without the microbial 

supplement.  Following feeding, nipples and bottles were submerged in lukewarm water 

and were left to soak for approximately 20 min.  Nipples and bottles were then washed 

with hot soapy water, bottles were scrubbed with a bottle brush, and nipples and bottles 

were disinfected with Nolvasan (Fort Dodge Animal Health; Overland Park, KS).  They 

were then rinsed with warm water and sent through a 10% hydrochloric acid rinse to 
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prevent bacterial growth.  Calves were offered an 80% concentrate starter diet (Table 2) 

formulated to meet or exceed NRC recommendations at day 5.  The amount was 

gradually increased until their appetites were satisfied.  At post-weaning the calves were 

eating 3.2 kg of starter diet per day.  Calf crates were cleaned out daily for the animal’s 

well-being and to aid in daily fecal scoring. 

 

Treatment 

Calves were weighed upon arrival and randomly assigned to one of two dietary 

treatments for a period of 50 or 64 d, depending on which slaughter group they were in.  

Treatments consisted of a control (CON;  n = 21), which was no microbial supplement 

added, and a treatment (TRT) of Bovamine® (Nutritional Physiology Corp.;  n = 22) 

administered at 5 x 108 cfu.  Bovamine® is a microbial supplement containing a 

combination of Lactobacillus acidophilus and Propionibacterium freudenreichii. On day 

50, at the conclusion of the milk feeding stage or at weaning, one-half of the calves from 

each treatment group (n = 22) were slaughtered at the University of Arizona Meats 

Laboratory for further sampling.  The remaining calves were abruptly weaned and moved 

to concrete-floor pens to be grain-fed for 14 days before they were slaughtered. 

 

Measurements 

Body weights were measured on days 0, 7, 21, 42, 50, and 64.  Samples of the 

feed and milk replacer were taken weekly and frozen.  Dry matter was determined by 

oven drying at 100º C for 24 h.  Orts were measured and sampled daily to ensure the right 

amount was being fed and to determine DMI.  Fecal scores were evaluated daily using a 
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scale of 1 to 4, where 1 = firm and 4 = watery and devoid of any solid material.  Samples 

of the rumen, duodenum, and ileum were harvested from 22 calves following the 

conclusion of the milk feeding stage (day 50) and samples from the remainder of the 

calves (n = 21) were taken post-weaning (day 64).   

 After taking all measurements in the live animals, calves were killed by captive 

bolt stunning and exsanguination.  Immediately upon evisceration, digestive tract samples 

were obtained for histological assessment.  Rumen tissue (4 cm2) was taken from the 

dorsal sac of the rumen adjacent to the spleen.  Approximately 2.5 cm segments were 

collected from the proximal end of the duodenum and from the distal end of the ileum of 

the small intestine.   All tissues were excised within approximately 25 min of death and 

fixed immediately in 10% buffered formalin at room temperature for about 4 h.  Each 

segment was cut into 0.5 cm sections and placed into plastic cassettes which were put 

into a fresh solution of 10% buffered formalin at room temperature overnight.  Sections 

were dehydrated and infiltrated with paraffin wax at the Arizona Veterinary Diagnostic 

Laboratory (Tucson, AZ).   

 Five slides were prepared from each animal, and each slide contained sections cut 

at 10-µm thickness for ruminal samples and 8-µm thickness for small intestinal samples.  

The tissue sections were collected at least 100 µm apart.  Sectioning was performed using 

a Reichert-Jung 2050 Supercut Microtome (Leica Microsystems; Wetzlar, Germany).  

The paraffin blocks were placed in the rotary microtome and sectioned at the thicknesses 

mentioned above.  A ribbon of sections was carefully transported to a water bath set to 

42° C.  Sections were picked up onto slides and set on a slide warmer at 37° C.  Once 
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sectioning was completed for the day, slides were placed in an oven at 37° C overnight to 

dry completely. 

Tissue sections were then stained with hematoxylin and eosin.  Sections were 

deparaffinized in two changes of Histoclear (xylene substitute) for 10 min each.  Sections 

were then rehydrated in two changes of absolute ethanol for 5 min each, one change of 

95% ethanol for 2 min, and one change of 70% ethanol for 2 min.  Tissue sections were 

washed briefly in distilled water and stained in Harris hematoxylin solution for 15 sec.  

Sections were washed in running tap water for 5 min and differentiated in 1% acid 

alcohol for 30 sec.  Tissue sections were washed in tap water for 1 min and were placed 

in 0.2% ammonia water for bluing.  Sections were washed again in running tap water for 

5 min and dipped in 95% ethanol 10 times.  Counterstaining was performed using an 

eosin solution for 45 sec followed by dehydration in 95% ethanol and two changes of 

absolute ethanol for 5 min each.  Tissue sections were cleared in two changes of 

Histoclear for 5 min each.  Finally, slides were mounted with a xylene based mounting 

medium and coverslipped. 

Microphotographs of the rumen, duodenum, and ileum were collected on a light 

microscope (Leica DM5500 B, Wetzlar, Germany) with a digital camera (Spot Pursuit 

Diagnostic Instruments Inc., Sterling Heights, MI).  Morphological measurements were 

obtained using Image Pro Plus version 5.1 (Media Cybernetics, Silver Spring, MD) 

computer image analysis software.  Measurements of the villus height (from the tip to the 

crypt-villous junction), crypt depth, and total height (villus + crypt) were made on at least 

15 well-oriented villi (3 per slide) in the duodenum and ileum.  Villus width was 

measured by taking an average of 5 measurements from side to side down the villus.  
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Measurements of rumen papillae height (from the tip to the muscle layer) and width 

(average of 5 measurements from side to side down the papillae) were made on a least 10 

well-oriented papillae (2 per slide).  Preliminary results were used from one control 

animal and one treatment animal in order to determine the coefficient of variance.  The 

coefficient of variance was used to determine the number of measurements taken per 

animal. 

 

Calculations and Statistical Analysis 

Performance data was analyzed as a random effects model using PROC MIXED 

of SAS (SAS Inst. Inc., Cary, NC).  The model included effects for treatment, load and 

treatment x load interaction.  Morphological data was analyzed as a random effects model 

using PROC MIXED of SAS.  Data were sorted by slaughter day and analyzed with a 

model that included treatment, slide (e.g. five slides/tissue), and villi (to account for the 

villi within a slide).  Individual animal was used as the experimental unit.  All data are 

reported as least square means ± SEM and are considered significantly different when P <

0.05. 
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RESULTS 

Overall performance data are presented in Table 3. As designed, no differences (P 

= 0.80) were detected for beginning BW.  Likewise, no differences between treatments 

were detected for BW at weaning (P = 0.47) or final BW (P = 0.81).  Furthermore, no 

differences between treatments were detected for ADG for calves at weaning (P = 0.37) 

or for the 2-week post-weaning period (P = 0.45).  Dry matter intake was not altered by 

treatment for calves at weaning (P = 0.30), as well as during the 2-week post-weaning 

period (P = 0.37).  Feed efficiency (F:G) was not affected by treatment for calves through 

weaning (P = 0.56) or the post-weaning period (P = 0.47). 

Rumen papillae height (Table 4) was unchanged among treatments in calves at 

weaning (P = 0.34) and in calves during the post-weaning period (P = 0.44).  Average 

papillae width did not differ between treatments in calves at weaning (P = 0.94), however 

papillae were wider for DFM treated calves after the post-weaning period (P < 0.01).  

Further investigation determined that there was more distance between papillae in the 

DFM treated calves post-weaning (P < 0.05), although there was no difference in treated 

calves at weaning (P = 0.97) compared to the control animals.  Furthermore, the density 

of papillae within a certain distance was greater in the control calves during the 2-week 

post-weaning period (P = 0.03), but there was no difference between treatments at 

weaning (P =0.92).  For ruminal tissue samples, data were analyzed with slide in the 

model to evaluate differences in length of the tissue sample.  No differences within slide 

(P > 0.05) were detected among treatments for papillae length, width, or denstity. 

 There were no significant differences in the morphology of duodenal villi (Table 

5).  Total height (villus + crypt) was unchanged among treatments at weaning (P = 0.40), 
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as well as after the post-weaning period (P = 0.43).  Therefore, villus height was not 

affected either at weaning (P = 0.40) or post-weaning (P = 0.56).  Furthermore, no 

differences between treatments were observed in crypt depth at weaning (P = 0.18) or 

post-weaning (P = 0.43).  Average villus width also remained unaltered at weaning (P = 

0.41), as well as post-weaning (P = 0.47).  For duodenal tissue samples, data were 

analyzed with slide in the model to evaluate differences in length of the tissue sample.  

No differences (P > 0.05) were detected among treatments for total villus height, villus 

height, crypt depth, or villus width. 

The DFM used in this study did seem to affect the ileal morphology (Table 6).  

Total height differed between treatments at weaning (P < 0.01) with height longer for 

calves receiving DFM than control calves, however, there was no difference in total 

height after the 2 week post-weaning period (P = 0.39).   The results were similar for 

villus height with the treated calves at weaning (P < 0.01) having longer villi than the 

control calves, and no difference in villus height 2 weeks post-weaning (P = 0.07).  

Crypts were also deeper (P = 0.03) for DFM calves at weaning with no differences in 

crypt depth after the 2 week post-weaning period (P = 0.69).  Average villus width 

remained unchanged among treatments at weaning (P = 0.29), as well as post-weaning (P 

= 0.51).  For ileal tissue samples, data were analyzed with slide in the model to evaluate 

differences in length of the tissue sample.  No differences (P > 0.05) were detected 

among treatments for total villus height, villus height, crypt depth, or villus width. 
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DISCUSSION 

Bacterial DFM fed to cattle have been shown to have many potential benefits to 

the animal, as well as the producer.  Supplementation with DFM has been reported to 

increase ADG in beef steers (Ware et al., 1988; Galyean et al., 2000; Elam et al., 2003), 

improve feed efficiency (Galyean et al., 2000; Elam et al., 2003), and increase HCW 

(Galyean et al., 2000; Huck et al, 2000).  In preruminant calves, DFM have decreased the 

incidence of diarrhea (Bechman et al., 1977; Maeng et al., 1987; Fox, 1988; Abu-

Tarboush et al., 1996) and have also decreased morbidity.  In addition, L. acidophilus has 

been shown to reduce the prevalence of E. coli O157:H7 by decreasing the thickness of 

lamina propria (Elam et al, 2003), as well as protecting the animal’s immune system from 

other pathogens (Fuller, 1977; Gilliland and Speck, 1977).  A combination of lactate-

utilizing and lactate-producing bacteria can decrease the incidence of ruminal acidosis by 

altering proportions of VFA (Kim et al., 2000; Beauchemin et al., 2003) and blood 

metabolites (Ghorbani et al., 2002).  Energy utilization may be more efficient due to the 

modification of VFA proportions (Beauchemin et al., 2003; Elam et al., 2003).  Direct-

fed microbials have also been shown to be effective in dairy cows by increasing milk 

yield (Jaquette et al., 1988; Ware et al., 1988a; Gomez-Basauri et al., 2001).  Objectives 

of the present study were to evaluate the effects of a DFM on performance, and ruminal 

and intestinal morphology of neo-natal/transition Holstein bull calves. 

Performance variables were not altered (Table 3) when the DFM was 

supplemented to the calf diets at weaning or post-weaning.  This could be due to the fact 

that the calves were not ill at the start of the trial.  As mentioned previously, research has 

shown that supplementing DFM in calves is only beneficial when calves are experiencing 



40

health problems.  The calves in this trial originated from a single source and were housed 

on soil that had not been inhabited by cattle in the past.  These two factors alone may 

have prevented illness altogether.  There was no difference in BW between treatments 

during the weaning and post-weaning periods.  These results are similar to those of 

Quintero-Gonzalez et al. (2003) whom observed no difference in calf BW for the control 

group or the DFM supplemented groups.  Average daily gain was not different between 

treatments in the present study (Table 3), and this was similar to observations seen in 

studies performed by Morrill et al., 1977; Ellinger et al., 1980; and Abu-Tarboush et al., 

1996.  These authors reported no improvement in daily gain as a result of supplementing 

with lactobacilli.  Conversely, a study completed by Beeman (1985) resulted in greater 

gains by Holstein calves supplemented with lactobacilli compared with control calves.  

O’Brien et al. (2003) reported similar results with Holstein bull calves fed a novel DFM 

having significantly greater ADG for the first 6 weeks of the study compared to control 

calves that were not supplemented with DFM.  In addition, DMI and feed efficiency 

(Table 3) were not different between treatment groups in the present study. Cruywagen 

et al. (1996) reported parallel results observing no difference in DMI or feed efficiency in 

dairy-type calves fed L. acidophilus in the milk replacer.  Direct-fed microbials may have 

decreased fecal scores (decreased the incidence of diarrhea; Table 3) in the present study, 

but not notably.  Again, this may be a result of the calves not experiencing diarrhea at the 

outset of the trial.  In support, studies have reported a decreased incidence of diarrhea in 

calves supplemented with DFM (Bechman et al., 1977; Maeng et al., 1987; Fox, 1988).  

Abu-Tarboush et al. (1996) reported a significantly lower scour index in calves fed L. 

acidophilus. Improvements in performance may not be as advantageous to neo-
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natal/transition dairy calves as establishing and maintaining normal intestinal 

microorganisms.  Performance variables may or may not be important during the first 3 

weeks of the preruminant’s life when enteric disease is most prevalent (Beauchemin et 

al., 2006).  In support, Krehbiel et al. (2003) stated that decreasing the incidence or 

severity of diarrhea is most likely an important response.  Another reason why 

performance was not affected by the direct-fed microbial supplement could be that the 

dosage of the product was too much at such a young age, albeit no detrimental effects on 

performance was observed with the dose used. 

Ruminal papillae are extremely important in nutrient absorption.  Prior to 

transitioning from a pre-ruminant to a ruminant, growth and development of the ruminal 

absorptive surface area (papillae), is necessary to enable absorption and utilization of 

microbial digestion end products, specifically rumen VFA (Warner et al., 1956).  In the 

present study, DFM treatment did not alter ruminal papillae height or width at weaning 

(Table 4).  However, calves treated with DFM had wider papillae 2 weeks post-weaning 

compared to control calves.  Essentially, these results suggest that DFM treated calves 

had more nutrient absorptive area than the control animals.  Rumen absorptive surface 

area increases as papillae length and papillae width increase (Lemeister and Heinrichs, 

2004).  Furthermore, DFM treated calves had less papillae density than control calves 

during the post-weaning period.  Lane and Jesse (1997) observed similar results with 

lambs infused with VFA.  Lambs infused with VFA tended to have longer papillae and 

less papillae density than the lambs infused with saline.  The control group in the present 

study had greater papillae density and thinner papillae post-weaning which possibly 

results in less nutrient absorptive surface area.  Papillae growth in DFM treated calves in 
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the present study could be related to increased VFA, as VFA are a byproduct of microbial 

fermentation.  In a study by Tamate et al. (1962), rumen papillary growth was stimulated 

in milk-fed calves receiving either propionate or butyrate directly into the rumen.  These 

authors go on to mention that butyrate and, to a lesser extent, propionate are used as 

energy sources by the rumen epithelium and subsequently have the greatest influence on 

epithelial development.  In support, presence and absorption of VFA is indicated to 

stimulate rumen epithelial metabolism and may be key initiating rumen epithelial 

development (Baldwin and McLeod, 2000).  In the present study, papillary growth results 

were observed in the post-weaning period because at this point the rumen is much more 

developed than in the milk-feeding stage.  In addition, the fact that no difference was 

observed in papillary growth at weaning is most likely due to the product exerting its 

effects in the hindgut during the milk fed period because the esophageal groove would be 

functional at this point.  Solid feed intake stimulates rumen microbial proliferation and 

production of microbial end products, VFA, which have been shown to initiate rumen 

development (Heinrichs, 2005).  In support, in the preweaned dairy calf, solid food 

intake, especially concentrate of high carbohydrate diets, stimulates rumen microbial 

proliferation and VFA production, subsequently initiating rumen development (Harrison 

et al., 1960).  In reference to the present study, additional microbes in the rumen from the 

supplemented DFM should essentially produce more VFA, initiating rumen development. 

The effects of the DFM on small intestinal morphology were also investigated in 

the present study.  In the duodenum (Table 5), there were no significant differences 

between treatments for any of the morphometric variables examined at weaning or post-

weaning.  There has not been much research conducted in this area, but it may be 
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concluded that since the duodenum is a short section of the small intestine, rate of 

passage may be faster, therefore the supplement passed straight through the duodenum 

without having any effect.  In addition, the duodenum mostly produces secretions 

whereas the jejunum and ileum are used more for absorption.   

In the ileum (Table 6), total height, villus height, and crypt depth was greater for 

DFM treated calves at weaning compared to the control group.  No differences between 

treatments were noted for the post-weaning period.  It is possible that villus growth was 

observed during weaning and not during post-weaning because during the milk-feeding 

stage the rumen is not well developed, therefore the DFM is bypassing the rumen and 

exerting its effects on the ileum.  Furthermore, the product was included in the milk 

preweaning and in the feed post-weaning.  As previously mentioned, the reverse effect 

occurs in the rumen.  Post-weaning effects are observed in the rumen because the intake 

of solid feed initiates rumen development, therefore the DFM exerts its effects on the 

rumen at this point in development.  Similar to the papillary growth in the present study, 

taller villi may indicate an increased absorptive area for improved nutrient uptake.  The 

increased crypt depth in treated animals at weaning may be resultant of an increased 

turnover of enterocytes in the small intestine.  Enterocytes turn over in the 

gastrointestinal canal by migrating from their mitosis in the crypts of Lieberkuhn to their 

extrusion at the tips of the villi and destruction in the lumen (Savage, 1986).  

Furthermore, reduction in intestinal crypt cell production can be attributed to lack of 

luminal nutrition or altered intestinal workload (McCullough et al., 1998). 

The hypothesis in the present study was that DFM treated calves would have 

improved performance variables and that digestive tract morphology of treated calves 
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would also be improved.  Although performance was not significantly enhanced, there 

was definitely considerable improvement in ruminal and ileal morphology, indicative of a 

possible improvement in nutrient absorption. 
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IMPLICATIONS 

 Dietary direct-fed microbial supplementation had no statistically significant effect 

on production variables (body weight, average daily gain, feed intake, and feed 

efficiency); however it did have positive effects on digestive tract morphology.  Direct-

fed microbial supplementation increased the size of ruminal papillae, as well as 

increasing the size of ileal villi.  These results indicate that direct-fed microbials may 

increase the nutrient absorptive surface area of the rumen and small intestine, resulting in 

a healthier digestive tract.  If this is the case, there is a possibility that microbial 

supplementation can be used by calf producers to improve and/or maintain the health of 

calves immediately after birth, as well as aiding in the transition stage from the milk-

feeding period to the post-weaning period.  Little research has been conducted in this 

particular field of work, therefore many questions remain and further studies are required 

in order to gain a better understanding of the effects of direct-fed microbial on neo-

natal/transition dairy calves.  Future studies might include using a larger number of 

animals in order to evaluate animal performance effectively.  Future researchers may also 

want to determine the incidence of enteric pathogens such as E. coli and Salmonella in 

calves treated with DFM.  Proliferation of ruminal papillae and growth rate of papillae 

may also be topics of future studies involving DFM supplemented calves.  Another topic 

of future research may include determining the actual absorption of DFM in treated 

animals by tracking the flux of nutrients in cannulated animals, as well as tracking the 

direct-fed microbials through the gastrointestinal tract by examining fecal samples. 
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Table 1. Guaranteed analysis of Calvita Supreme (Milk Specialties Co.; Dundee, IL) 
milk replacer fed to Holstein bull calves 

Item 

Crude Protein, not less than         20.00% 
Crude Fat, not less than                                             20.00% 
Crude Fiber, not more than   0.15% 
Calcium, not less than   0.75% 
Calcium, not more than   1.25% 
Phosphorous, not less than             0.70% 
Vitamin A, not less than   30,000 IU/lb 
Vitamin D3, not less than      10,000 IU/lb 
Vitamin E, not less than   200 IU/lb 
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Table 2. Ingredients (DM basis) and chemical composition of diet fed to Holstein bull 
calves 
Item 
Ingredient, % 

 

Alfalfa hay, mid bloom 20.00 
 Steam flaked corn 59.00 
 Cane molasses   6.00 
 Soybean meal 12.50 
 Premixa 2.50 
 
Chemical analysis, calculated  
 

CP, % DM   16.05 
 DIP, % of CP   56.28 
 NEm, Mcal/kg     2.01 
 NEg, Mcal/kg     1.35 
 NDF, % DM   12.02 
 Ca, %     0.81 
 P, %     0.33 
 K, %     1.13 
 Mg, %     0.27 
 S, %     0.27 
 Co, mg/kg     0.65 
 Cu, mg/kg   23.03 
 Fe, mg/kg 153.88 
 I, mg/kg     0.63 
 Mn, mg/kg   64.05 
 Se, mg/kg     0.23 
 Zn, mg/kg       89.69 
 Na, %     0.17 
 Cl, %     0.50 

aVitamin and mineral supplement composition (DM basis):  ground corn, 25.050%;  
limestone, 47.059%; dicalcium phosphate, 1.036%; potassium chloride, 8.000%; 
magnesium oxide, 3.448%; salt, 12.000%; cobalt carbonate, 0.0017%; copper sulfate, 
0.157%; iron sulfate, 0.1333%; calcium iodate, 0.003%; manganese sulfate: 0.500 
selenium premix (0.06%), 0.333%; zinc sulfate, 0.845%; vitamin A (30,000 IU/g), 
0.264%; vitamin E (500 IU/g) 0.720%; Rumensin-80, 0.450%. 
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Table 3. Effects of direct-fed microbials on performance by Holstein bull calves 
Treatments 

 
Item Control DFMa SE P-value 

Initial body weight, kge 42.44 42.06 1.07 0.80 
Weaning body weight, kge 60.63 69.30 1.29 0.47 
Final body weight, kge 83.10 83.96 2.49 0.81 
 
Average daily gain, kg/de

Weaning b 0.57 0.55 0.02 0.37
 Post-weaningc 0.93 1.07 0.13 0.45 
 
Daily DMI, kg/de

Weaningb 1.04 1.02 0.02 0.30 
 Post-weaningc 2.15 2.21 0.05 0.37 
 
F:G, kge

Weaningb 1.85 1.90 0.05 0.56 
 Post-weaningc 2.74 2.19 0.52 0.47 
 
Fecal Scoresd

Weaningb 1.63 1.65   
 Post-weaningc 1.57 1.40 

a5 x 108 of Bovamine® supplemented daily 
bWeaning refers to calves supplemented only through milk feeding. 
cPost-weaning refers to calves supplemented though weaning plus an additional 14 days 
of grain feeding. 
dScale of 1 to 4 (1 = firm, 4 = watery and devoid of any solid material) 
eValues represent overall dietary treatment means. 
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Table 4. Effects of direct-fed microbials on the morphology of ruminal papillae in 
Holstein bull calves 

Treatments 
 
Variable/perioda Control DFMb SE P-value 

Papillae height, µm
Weaning 971.28 867.25 84.16 0.34 

 Post-weaning 1064.81 1128.72 62.76 0.44 
 
Average papillae width, µm

Weaning 129.49 128.42 11.59 0.94 
 Post-weaning 120.43 137.92 5.29 <0.01 
 
Density of papillae, no./µm c

Weaning                                 0.0041             0.0042           0.00007 0.92 
 Post-weaning                          0.0031             0.0024           0.00128 0.03 

aWeaning refers to calves supplemented only through milk feeding. 
Post-weaning refers to calves supplemented though weaning plus an additional 14 days                              
of grain feeding. 

b5 x 108 of Bovamine® supplemented daily 
cNumber of papillae/measured distance  
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Table 5. Effects of direct-fed microbials on the morphology of duodenal villi in Holstein 
bull calves 

Treatments 
 
Variable/perioda Control DFMb SE P-value 

Total height (villus + crypt), µm
Weaning 1047.53 927.07 101.18 0.40 

 Post-weaning 786.25 818.58 29.77 0.43 
 
Villus height, µm

Weaning 455.41 489.85 30.00 0.40 
Post-weaning 425.30 440.52 19.95 0.56 

 
Crypt depth, µm

Weaning 442.98 389.17 29.68 0.18 
 Post-weaning 361.74 378.66 16.68 0.43 
 
Average villus width, µm

Weaning 145.45 130.64 12.76 0.41 
 Post-weaning 123.07 129.34 6.48 0.47 

aWeaning refers to calves supplemented only through milk feeding. 
Post-weaning refers to calves supplemented though weaning plus an additional 14 days
of grain feeding. 

b5 x 108 of Bovamine® supplemented daily 
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Table 6. Effects of direct-fed microbials on the morphology of ileal villi in Holstein bull 
calves 

Treatments 
 
Variable/perioda Control DFMb SE P-value 

Total height (villus + crypt), µm
Weaning 756.64 891.37 34.41 <0.01 

 Post-weaning 940.75 899.62 34.47 0.39 
 
Villus height, µm

Weaning 462.25 543.17 20.99 <0.01 
 Post-weaning 554.34 503.58 20.57 0.07 
 
Crypt depth, µm

Weaning 295.09 348.65 17.78 0.03 
 Post-weaning 387.04 397.04 18.40 0.69 
 
Average villus width, µm

Weaning 112.22 119.65 5.05 0.29 
 Post-weaning 122.50 118.07 5.04 0.51 

aWeaning refers to calves supplemented only through milk feeding. 
Post-weaning refers to calves supplemented though weaning plus an additional 14 days                                   
of grain feeding. 

b5 x 108 of Bovamine® supplemented daily 
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