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ABSTRACT 
 

 The objective of this experiment was to determine the effect of yeast supplements 

on the performance and health of steers during the receiving period.   Weaned crossbred 

steers (n = 184; initial BW = 203 ± 1 kg) were blocked by BW and randomly assigned to 

pen (4 pens/block; 5-6 hd/pen).  Pens within a block were randomly assigned to one of 

four treatments (9 pens/treatment): 1) control (CON; no yeast additive), 2) live yeast 

(LY; 5 g
.
hd

-1.
d

-1
 BIOSAF, Lesaffre Feed Additives, Milwaukee, WI),  3) yeast cell wall 

(YCW; 5 g
.
hd

-1.
d

-1
 Pronady 500, Lesaffre Feed Additives), 4) live yeast + yeast cell wall 

(LY+YCW; 5 g
.
hd

-1.
d

-1
 live yeast and 5 g

.
hd

-1.
d

-1
 yeast cell wall).  Daily DMI was 

recorded and individual BW was collected every 14 d for 56 d.  Data were analyzed using 

a randomized complete block design using the fixed effect of treatment and random 

effect of block (SAS Inst. Inc., Cary, NC).  A subset of 24 steers was utilized after 38 d 

on feed to determine the effect of yeast supplementation on the response to a 

lipopolysaccharide (LPS) challenge.  Calves were fitted with jugular catheters and 

indwelling rectal temperature measuring devices that measured rectal temperature at 1-

min intervals, and were moved into individual stanchions. On d 39, blood samples were 

collected at 30-min intervals from -2 to 8 h and then at 24 h relative to administration of 

LPS (0.5 μg/kg BW) at 0 h.  Blood samples were used to determine serum interleukin-6 

(IL-6), tumor necrosis factor-α (TNF-α), interferon-γ (IFN-γ), cortisol concentrations, 

and neutrophil:lymphocyte (N:L)  ratios.  Data were subjected to analysis of variance 

specific for repeated measures using Statview (SAS Inst. Inc.) with sources of variation 

including treatment, time and their interactions.  Specific time point comparisons within 
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treatment group were conducted using a paired t-test to compare pre-challenge values 

with specific time points post-challenge.  Steers receiving LY or YCW showed a 7% 

numerical increase (P = 0.59) in ADG and a 7.7 ± 4.7  kg increase in BW at d 56.  

Cumulative DMI increased (P = 0.05) for the LY, YCW, and LY+YCW treatments 

compared to CON (5.47, 6.02, 5.96, and 5.89 kg/d; CON, LY, YCW, and LY+YCW, 

respectively).  Steer morbidity and mortality were not affected by yeast supplementation 

(P ≥ 0.10).  In response to LPS challenge, basal RT prior to LPS tended (P ≤ 0.06) to 

differ among groups with CON calves having higher RT compared to LY+YCW (P ≤ 

0.01) and LY (P ≤ 0.04) calves. After the LPS challenge, RT remained higher in the CON 

calves compared to other treatments (P ≤ 0.05).  By 10 h post-LPS, RT were still greater 

(P ≤ 0.05) in CON calves compared to all other calves, and remained numerically greater 

throughout the study.  Serum cortisol increased in all groups post-LPS with peak 

concentrations observed at 1 h.  Peak cortisol concentrations were 26.5 ng/mL greater (P 

≤ 0.04) in CON calves compared to LY+YCW calves. Interferon-gamma (IFN-γ) 

concentrations tended (P ≤ 0.06) to be greater in CON calves compared to YCW calves 

prior to LPS exposure.  Collectively, these data indicated that the use of yeast additives 

increased total feed consumed by the steers during the first 56 d of the feeding period, 

and improved health, thus allowing for enhanced performance. 

 

 

Key words: Receiving cattle, yeast, immunity, LPS 
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CHAPTER I 

INTRODUCTION 

 The receiving period is the most challenging in terms of feed consumption, health, 

and efficiency of newly weaned calves.  Starting cattle on feed at this stage in their life 

can be difficult.  Therefore, it is important to explore ways to ease the transition and 

improve dry matter intake (DMI). Increased feed intake may not only increase the daily 

gain of cattle but may also boost the immune system to overcome disease challenges. 

Starting cattle on feed can be disruptive to the rumen.  After weaning, calves will often 

reduce intake for several days.  However, when they go back on feed they tend to over 

consume.  Adaptation to high concentrate diets causes increased organic acid 

concentration within the rumen, which can result in acute acidosis (rumen pH < 5.2; 

Owens et al., 1998).  Acute acidosis can inhibit nutrient absorption, decrease 

performance, and increase morbidity (Owens et al., 1998). 

 Stress levels during the receiving period due to weaning, marketing, 

transportation, commingling, and processing can be high.  Increased stress levels coupled 

with exposure to new pathogens increases the risk for cattle to become infected with 

Bovine Respiratory Disease (BRD).  Incidences of morbidity and mortality in newly 

received feedlot calves are most commonly a result of BRD (Duff and Galyean, 1997; 

Galyean et al., 1999).  Being a multifaceted disease makes the control of BRD difficult 

(Ellis, 2001), however proper nutrition and healthcare management can greatly improve 

the odds of keeping cattle healthy.  Costs associated with BRD can be both short and long 
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term, with performance deficits lasting throughout the feeding period (Bateman et al., 

1990; Smith, 1998).  

 Issues regarding antibiotic resistant pathogens are becoming a concern in the 

United States.  The European Union believes that the daily feeding of various antibiotics 

to livestock species entering the food supply will lead to a development of antibiotic 

resistant pathogens.  As a result, feeding of these supplemental anti-microbials has been 

banned. Concern that the United States government will follow the European Union's 

lead in a ban on antibiotic usage  has increased the need for research into alternative 

methods of improving livestock health and performance.  This includes bacterial direct 

fed microbials, yeast, and yeast culture products.   

 Bacterial direct fed microbials (DFM) are live, naturally occurring 

microorganisms that are supplemented to animals to improve digestive tract performance 

and health (Yoon and Stern, 1995).  In regards to the ruminant animal, supplementation is 

typically divided into two categories, lactic acid producing and lactic acid fermenting 

bacteria (Krehbiel et al., 2003).  Lactate producers stimulate the growth of naturally 

occurring lactic acid fermenting bacteria in the rumen.  Supplementation of lactic acid 

utilizing bacteria increases the animal's ability to ferment lactic acid. This reduces the 

decline in pH associated with the feeding of readily fermentable carbohydrates (Yoon and 

Stern, 1995).  Combinations of lactate utilizing and lactate producing bacteria are 

commonly used in bacterial DFM supplements. 

 Yeast supplements used in livestock production consist of live yeast 

(Saccharomyces cerevisiae) and yeast cell wall (mannanoligosaccaride) supplements.  
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Live yeast supplements work to stimulate the growth of cellololytic bacteria in the rumen 

and increase the flow of microbial protein to the small intestine (Wallace and Newbold, 

1992; Mould et al., 1983). This results in improvements in feed intake, efficiency, and 

gain.  The cell wall portion of a yeast cell and yeast cell wall supplements consists of 

mannan and β-glucan components (Kogan and Kocher, 2007).  The mannan component 

of the cell wall has the ability to bind and clear pathogenic bacteria from the gut (Spring 

et al., 2000) while β-glucans have the ability to stimulate the immune system (Ganter et 

al., 2003).  Overall, the actions of yeast supplements work to improve ruminal 

fermentation and improve digestive tract health. 

 Transitioning cattle from a roughage-based diet to a concentrate diet can be 

disruptive to the rumen. This transition along with high stress levels, can increase the risk 

for metabolic disorders and bovine respiratory disease.  Bacterial DFM and yeast 

supplements can help to ease the effects of this transition on the rumen and stimulate 

immune function.  Careful management of cattle during the receiving period can provide 

both short and long term economic benefits, as well as improve the overall well-being of 

the cattle.  
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CHAPTER II 

REVIEW OF LITERATURE 

 

Receiving Cattle 

 The receiving period is one of the most stressful times in a newly weaned calf's 

life.  High levels of stress caused by weaning, transportation, processing, disease 

challenge, and dietary changes can cause growth restrictions and diseased states during 

the beginning stages of the feeding period (Lofgreen, 1983).  In a typical production 

setting, weaned calves are either retained by the producer for further growth or marketed 

shortly after weaning while the stress of being separated from the dam is still high.  

Combined with the stress of weaning, current marketing practices in the beef industry can 

result in additional periods of stress associated with transportation, comingling, and 

dietary restrictions (Step et al., 2008). 

 Upon arrival at the feedyard, cattle are typically subjected to processing, 

including castrating, de-horning, vaccinating, de-worming, antibiotic treatment, 

implanting, ear tagging, and branding.  These factors along with those previously 

described, can contribute to altering the nutrient requirements of cattle (Hutcheson and 

Cole, 1986) and have negative effects on the immune system (Blecha et al., 1984) 

thereby hindering performance.   

Nutrition 

 High levels of stress can often cause atypical eating patterns for cattle in the 

receiving period.  Cattle prefer high concentrate diets (concentrate level ≥ 60% of dietary 
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DM) as opposed to the primarily roughage based diets in which they are adapted 

(Lofgreen, 1983).  However, abrupt changes in dietary concentrate level can cause 

metabolic disorders such as acidosis (Owens et al., 1998) and bloat (Cheng et al., 1998).  

These metabolic disorders are caused by the inability of ruminal microorganism to 

properly utilize readily fermentable carbohydrates (Brown et al., 2006).  Therefore, it's 

important to gradually introduce high starch feedstuffs into the diets of newly received 

cattle.  Expected DMI, concentrate level, supplemental protein level and source, as well 

as digestibility of other dietary components are all important factors to consider when 

formulating diets for receiving cattle (Fluharty et al., 1994). 

 Lofgreen et al. (1975, 1980, 1981) indicated that feeding diets with concentrate 

levels in excess of 70% improved ADG and DMI when compared to low concentrate 

diets.  Lofgreen and Kiesling (1985) reported that cattle fed a 75% concentrate diet had 

higher ADG, DMI, and consumed less feed per pound of gain (P < 0.01) compared to 

cattle fed a high roughage diet.  Similar results were also shown by Flauharty and Loerch 

(1996), who fed diets of 70, 75, 80, and 85% concentrate diets for 28 d, with corn silage 

used as the roughage source.  Daily feed consumption was linearly increased with 

increasing concentrate level (P < 0.02) and ADG and G:F differed in wk 2 with 

increasing concentrate level.  In certain instances, increased concentrate levels in 

receiving diets have been shown to have negative effects on the immune system, which is 

often indicated by increased morbidity rates.  However, results are not consistent.  

 Level and source of CP in receiving diets has been shown to have a direct 

influence on performance and health.  Cole and Hutcheson (1988) indicated that in order 
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to maximize feed intake following a feed withdrawal such as marketing and 

transportation, dietary CP concentrations must be higher than before the cattle were 

removed from feed. However, quantity of protein required by stressed cattle heavily 

depends on intake (Galyean et al., 1999).  Fluharty and Loerch (1995) showed a linear 

increase in ADG (P < 0.01) with increased CP concentrations in the diet for the first wk 

on feed (12%, 14%, 16%, and 18% CP).    Cole and Hutcheson (1990) fed diets with 

either 12 or 16% CP and reported increases in DMI and ADG in one trial but not the 

second.  In an experiment conducted by Galyean et al., (1993) calves were assigned to 

dietary treatments containing 12,14, and 16% CP.  Results showed a linear increase in 

ADG (P < 0.05) and a linear trend for increased DMI (P < 0.10) with increasing CP 

concentration.  However, calf health was negatively affected by higher levels of CP with 

higher morbidity levels for the 16% treatment group.   

 These results indicate that nutrition can have a direct effect on the health and 

performance of receiving cattle.  Weaned calves prefer high concentrate rations as 

opposed to roughage based diets.  Increased levels of performance coincided with 

increased concentrate level.  Dietary CP concentrations can also have a direct effect on 

intake and growth.  Higher CP concentrations have been associated with greater feed 

intakes and increased weight gain.  Alternatively, high CP concentrations may have 

negative effects on health.   

Health 

 Receiving cattle health can be defined as the overall condition and well being of 

the animal. The health of the animal is typically determined by visual observations, 
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subsequently followed up with clinical measures such as rectal temperature and serum 

clinical profiles (Galyean et al., 1999).   The receiving period can be the most difficult 

time in terms of health challenges imposed to newly arrived feedlot cattle.  Bovine 

respiratory disease is the most frequently occurring and economically detrimental health 

challenge (Woolums et al., 2005).  As previously discussed, stress levels in newly 

weaned cattle entering the feedlot can be high. Such stress can have negative effects on 

the immune system (Blecha et al., 1984) at a time when cattle are comingled and exposed 

to pathogens in which they may not have previously been exposed.  Reduced immune 

function coupled with pathogen exposure can lead to increased incidence of BRD.  Visual 

signs of BRD infection include, depression, anorexia, lethargy, nasal and (or) ocular 

discharge, and altered gait.  Rectal temperatures of 39.7 °C are considered a threshold for 

infection (Duff and Galyean, 1997; Galyean et al., 1999).  Animals experiencing a BRD 

infection exhibit symptoms similar to the common cold in humans.  However the severity 

and lasting effects can be more detrimental.   

 Bovine respiratory disease is a multifaceted health disorder encompassed with 

different bacterial and viral causes.  Many causes are associated with this disorder.   BRD 

disease is commonly referred to in the literature as BRD complex because it is not always 

known what specific pathogen is directly responsible for the infection.  Pathogenic causes 

of infection include: viral (infectious bovine rhinotracheitis, bovine viral diarrhea, bovine 

respiratory syncytial, and parainfluenza type 3), bacterial (Mannheimia haemolytica, 

Pasteurella multocida, Haemophilus somnus), and mycoplasmal (Ellis, 2001).  Coupled 

with pathogenic exposure, Callan and Garry (2002) indicate that synergistic predisposing 
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causes (eg., age, stress, comingling, weather, and nutritional changes) and enviromental 

factors (eg., climate, ambient temperature, dust, humidity, stocking density, and shipping 

distance) can also be linked to instance and severity of BRD infection. 

 The effects of BRD on cost and animal performance can be short and long term.  

Short term costs include medical treatment and death.  Decreases in performance (ADG, 

DMI, and G:F)  can also have long term negative economic implications (Bateman et al. 

1990, Smith 1998).  The National Animal Health Monitoring System (2000)  reported 

that the average cost for a onetime BRD treatment was $15.57 /hd. This did not include 

factors such as labor and loss of performance.  Wittum et al. (1995) reported a loss of 

0.08 kg in ADG in cattle that had lung lesions at slaughter cause be BRD.  Significantly 

lower quality grades as slaughter for animals suffering from BRD were observed by 

Montgomery et al. (1984) in 2 out of 3 trials.  Roeber et al. (2001) detected reduced 

marbling scores, reduced yield grade, and lower HCW for BRD treated cattle. Cattle 

treated for BRD more than once had greater decreases in performance.  Results compiled 

from Texas A&M Ranch to Rail Studies (1993 to 1995) indicated that respiratory disease 

can cost from $20.76 to $37.90 per animal treated, with the value treated cattle being 

$0.19 to $0.35 less per kg of purchase weight compared to healthy calves (Anonymous. 

1993-1995). 

 Health disorders, most commonly BRD, can play a large role in the well-being 

and profitability of a beef animal.  This being multifaceted disease makes control and 

prevention difficult.  Bovine respiratory disease increases the cost of production due to 

medical treatment and loss of performance at the time of infection.  Furthermore, BRD 



Texas Tech University, Derek Neal Finck, May 2011 

9 

 

can have lasting effects that can carry over for the duration of the feeding period and into 

slaughter.  That is why it is important for producers to take preventative measures (eg., 

vaccination, reduce stress) in controlling the spread of BRD.   

 

Direct-fed Microbial and Yeast Supplementation 

 

 Direct-fed microbials (DFM), often termed probiotics, are microbial cultures, 

culture extracts, enzyme preparations, or any combination of the three (Yoon and Stern, 

1995), and are defined as “a live microbial feed supplement, which beneficially affects 

the host animal by improving its intestinal microbial balance” (Fuller, 1989).  More 

recently, Yoon and Stern (1995) described DFM as “a source of live, naturally occurring 

microorganisms,” including bacteria and fungi.  The growing concern for the issue of 

antibiotic resistance has led to possible legislative ban on feeding antibiotics to livestock 

used for food production has increased the need for research in the area of natural feed 

additives such as DFM.  These additives can be useful improving performance and 

reducing morbidity of receiving cattle (Duff and Galyean, 2007).   

 There is a wide variety of commercially available DFM product which can be 

divided into two major categories: bacteria and fungi.  Bacterial DFM include species of 

Lactobacillus, Enterococcus, Streptococcus, Propionibacteria, and Bifidobacterium, 

while fungi primarily includes various strains of yeast (Saccharomyces cerevisiae) and 

yeast culture products (Krehbiel et al, 2003). Williams and Mahoney (1984) indicated 

that the administration of DFM might be useful in preventing performance decreases and 
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morbidity associated altered microorganism populations in the rumen and hind gut 

caused by stress.   

Beef Cattle Performance 

 Bacterial DFM are the most beneficial in terms of enhancing performance when 

fed in the first 14 d of the receiving period for stressed beef cattle (Crawford et al., 1980; 

Hutcheson et al., 1980).  However, bacterial DFM have also been shown to be beneficial 

when fed daily for the duration of the feeding period (Galyean et al., 2000; Rust et al., 

2000).  Improvements in feed efficiency were observed by Swinney-Floyd (1999) for 

cattle supplemented with a combination of L. acidophilus and P. freudenreichii. Galyean 

et al., (2000) conducted a feeding trial to determine the effects of three different 

combinations Lactobacillus acidophilus and Propionibacterium freudenreichii on 

performance and carcass composition.  Steer BW was higher for all DFM treatment 

groups compared to control (P = 0.04).  A trend for improvement (P = 0.06) in 

cumulative DMI (d 0 to end) was also observed for all DFM groups compared to control, 

and feed efficiency was positively influenced at various time points.  In terms of carcass 

characteristics, hot carcass weight was positively influenced by DFM supplementation (P 

= 0.05), but no other differences in carcass quality were observed. 

 Supplementation of yeast and yeast culture products during the receiving period 

has been shown to positively influence the performance of cattle during the receiving 

period (Phillips and VonTungeln, 1985; Mir and Mir, 1994).  Phillips and VonTungeln 

(1985) observed increases in DMI and ADG for cattle fed yeast culture in the receiving 

period; however, statically significant results were only observed in 2 out of 4 trials.  
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Prior to the initiation of the trial, marketing stress was simulated by a 12 h transport 

period.  This variability is commonly noted in trials using DFM and yeast.  Numerical 

increases in ADG, DMI, and feed efficiency were observed by Keyser et al. (2007) for 

cattle fed Saccharomyces cerevisiae subspecies boulardii CNCM I-1079; these results 

were not statistically significant.  Cole et al. (1992) numerically increased DMI for d 0-14 

by supplementing yeast culture.  ADG and feed efficiency were higher at d 7, however 

none of these results proved to be statically significant.  Mir and Mir (1994) were able to 

consistently stimulate intake with the addition of yeast culture to the diet for a full 

feeding trial, however, no time periods proved statistically significant.    

 Research has shown that DFM, whether bacterial or yeast, are beneficial when fed 

to the beef animal, especially in times of stress.  Bacterial DFM such as L. acidophilus 

and P. freudenreichii improve performance in the receiving period as well as the 

remainder of the feeding period. These effects are often carried over into improvements 

in carcass composition.  Fungal DFM, most commonly yeast, have consistently shown to 

stimulate intake in stressed cattle and in full feeding trials.  Results, however, are 

extremely variable in terms of  statistical significance.  The variability observed could be 

a result of varying microbial populations between animals, as well as in-equivalent health 

status.    

Dairy Cattle Performance 

 Direct-fed microbials, most commonly yeast, are widely used throughout the 

dairy industry.  Supplemental yeast cultures have shown to improve milk yield 

(Desnoyers et al. 2009; Cooke et al., 2007; Al Ibrahim et al., 2010) as well as improve the 
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performance growing dairy calves (Lesmeister et al., 2004).  Bacterial DFM have also 

been shown to improve the overall performance of dairy cows (Nocek et al., 2006).  

However, similar to the beef animal, results often vary.   

 A meta analysis was conducted by Desnoyers et al. (2009) to summarize the 

available body of literature concerning the effects of supplemental yeast culture on 

ruminal parameters and milk production.   A database of 110 papers containing 157 

experiments and 376 treatments were pooled for the analysis. Quantitative results proved 

that yeast supplementation improved DMI, milk yield, and milk fat content.  Dry matter 

intake was improved by 0.4 g/kg of BW (P < 0.05), and milk yield (g/kg of BW)  was 

improved by 1.2 g (P < 0.001) for cows supplemented with a yeast product across all 

studies combined.  There was a trend for improvement in milk fat content (%), with yeast 

supplemented cows averaging 0.05% higher milk fat content ( P < 0.10).  However, the 

article cautions readers on the variability of yeast product usage, and infers that the 

results, yet statistically significant, may not be absolute in all cases.   Because non-

significant results are rarely presented, there may be a lack of insignificant results in the 

literature.  

 Ibrahim et al. (2010) conducted research concerning the effects of yeast 

supplementation on early lactation.  Results are not included in the previously discussed 

meta analysis. The performance aspect of the study was designed to determine the effects 

of yeast culture supplementation on feed intake and milk yield in early lactation.  Results 

indicated that there was no significant improvement in feed intake or milk yield, which 
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differs from the results of the meta analysis.  Milk yield was improved by 0.81 kg/cow/d, 

which does follow the trend that supplemental yeast cultures do improve milk yield.  

 Supplementation (yeast culture) to growing dairy calves has been shown to 

improve calf performance; however, results are often varied.  Feeding yeast culture at 2% 

of the diet has shown to improve DMI of the starter ration (907 vs. 997 g/d, control vs. 

2% yeast culture, respectively; P < 0.05) and increased daily gain (437 vs. 505 g/d; P < 

0.05), which contributed to 5.11 kg increase in final BW (P < 0.05) for yeast 

supplemented neonate dairy calves (Lesmeister et al., 2004).    Alternatively, Magalhãhes 

et al., (2008) did not stimulate intake or growth by including yeast in the milk replacer or 

starter diet.   

 Similar to the beef animal, supplemental yeast culture and bacterial DFM often 

yielded unpredictable results in its contribution to performance aspects of dairy cows and 

growing dairy calves.  After thorough examination the literature, it is safe to conclude 

that supplementation does improve milk yield in most all scenarios, with variability in 

statistical significance.  Performance of dairy calves can also be positively influenced by 

DFM supplementation. 

Beef Cattle Health 

 As previously discussed, the receiving period is a stressful time for cattle entering 

the feedyard, which can have negative effects on health and immune function (Carroll 

and Forsberg, 2007).  Nutrition can have a direct effect on animals response to stress, as 

well as influence immune function (Carroll and Forsberg, 2007).  Direct-fed microbials 
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can be used as a non-antibiotic approach to improving the health of stressed cattle in the 

receiving period (Duff and Galyean, 2007).   

 The effect of yeast supplementation on health in conjunction with feeding high 

concentrate and high forage receiving diets was evaluated by Zinn et al.(1999).  

Observations proved that yeast supplementation reduced the number of steers treated as 

sick by 56 and 50% (forage and concentrate diets, respectively; P < 0.05), and  reduced 

total sick days by 58 and 55% (P < 0.05).  Steer mortality was not affected by 

supplementation.  Keyser et al. (2007) evaluated the effects of yeast (Saccharomyces 

cerevisiae subspecies boulardi) supplementation in conjunction with florfenicol treatment 

on receiving heifers.  The number of cattle treated for BRD was reduced in yeast 

supplemented cattle that received florfenicol at initial processing. Furthermore, yeast 

reduced the negative effects of antibiotic treatment on performance.  Cole et al. (1992) 

reported a 5% decrease in morbidity associated with yeast culture supplementation and a 

36% reduction in mortality.  The mean days of antibiotic treatment required by morbid 

calves was also reduced be 0.38 d. 

 Oral supplementation of bacterial DFM (E. faecium, L. acidophilus, B. 

thermophilum, and B. longum)  was shown reduce the number of cattle treated for BRD a 

second time when the DFM was given at the first treatment, suggesting that DFM might 

improve recovery form BRD infection (Krehbiel et al. 2001). Probiotic gels have also 

been shown to decrease morbidity in newly arrived stocker cattle (Gill et al., 1987).  

Crawford et al. (1980) observed  a 27% reduction in morbidity for cattle supplemented 

with L. acidophilus.   
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 Data regarding the effects of DFM on receiving cattle health is limited.  The 

current body of literature does, however, indicate that yeast and bacterial DFM can 

reduce morbidity.  Recovery time from illness was also shown to be improved with 

supplementation.  This indicates that DFM do have a positive influence on receiving 

cattle health. 

Dairy Cattle Health 

  Health disorders in the dairy cow are typically not associated with BRD or any of 

its components, primarily because the immune system in the adult cow is efficient and 

stress is kept to a minimum.  Therefore, the effects of DFM on the dairy cow is limited to 

performance and milk composition data.  Current industry practices regarding the 

handling of dairy calves provide many opportunities for exposure to pathogens and stress, 

making it practical to observe the effects of DFM  supplementation on dairy calf health.   

 Stressed dairy calves have a tendency to develop diarrhea which is often caused 

decreased lactobacillus populations in the gut (Tannock, 1983).  The importance of DFM 

(specifically Lactobacillus) in the dairy calf diet is not limited to improvements in 

production aspects, but is often more importantly used to establish a beneficial balance of 

gastrointestinal tract micro flora, inhibit the establishment of enteropathogens, and 

promote rapid adaptation to solid feed; thus preventing diarrhea (Krehbiel et al., 2003).  

Fecal counts of lactobacillus are typically higher than coliform counts in a healthy 

animal, with counts in unhealthy animals usually being reversed, thus putting the animal 

at risk for intestinal disorders (Sandine, 1979).  Diarrhea prevention is essential in 

maintaining dairy calf health. 
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 Timmerman et al. (2005) studied the effects of a 14 d probiotic treatment 

(Lactobacillus acidophilus W55, Lactobacillus salivarius W57, Lactobacillus paracasei 

spp. paracasei W56, Lactobacillus plantarum W59, Lactococcus lactis W58, and 

Enterococcus faecium W54) on newly arrived veal calves.  Four experiments were 

conducted, with individual results pooled to determine the overall effect of the product.  

Health related results of the study indicated mortality was reduced in calves administered 

the probiotic (7 vs. 0% for control and treated, respectively).  Across all experiments, 

calves suffering from mild plus severe diarrhea was lower in the probiotic treated group, 

however results were not statistically significant. Supplementation also significantly 

reduced the number of BRD related treatments in experiment 4.   

 Mannanoligosaccharides (yeast cell wall component) have been shown to reduced 

scours similar to antibiotics when added to the milk replacer, improving overall calf 

health (Heinrichs et al., 2003).  Furthermore, Hill et al. (2009) indicated that 

mannanoligosaccharides and live yeast supplements added to the starter diet of growing 

jersey calves improved overall calf health by improving fecal and respiratory scores, as 

well as reduce body temperature.  Supplementation of brewer's yeast along with 

colostrum decreased the percentage of calves experiencing scours during the first 56 d 

post weaning.  Percentage of calves experiencing elevated body temperatures as well as 

the percent requiring antibiotic treatment were both reduced in yeast supplemented 

groups (Seymour et al., 1995). 

 In terms of health in the dairy industry, DFM are the most beneficial when used in 

young, developing dairy calves.  Lactobacillus cultures have shown to positively the gut 
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micro flora in pre-ruminating calves, preventing diarrhea, and improving the overall 

health of the animal.  Live yeast and its components (Mannanoligosaccharide) show to 

provide health benefits similar to bacterial DFM.  With the issue of antibiotic resistance 

pushing towards banning the feeding of antibiotics to livestock, natural products (DFM) 

may play a large role in the overall well being of livestock agriculture. 

 

Mode of Action of Direct Fed Microbials 

 

Bacterial Direct Fed Microbials 

 Bacterial DFM work primarily within the gastrointestinal tract of the animal or 

human, in which they are supplemented.  Numerous different genus of bacteria have been 

shown to have various and beneficial effects on the rumen and gut of the host animal.  

Species of Lactobacillus, Enterococcus, Megaspheaera, and Propionibacteria are the 

most common in beef cattle supplementation (Krehbiel et al., 2003).  Regardless of 

bacterial genus or strain, in order to be beneficial to the host, DFM bacteria must 

nonpathogenic, survive through the gastrointestinal tract, be specific to the host, and be 

genetically stable in order to reduce the risk for genetic mutations (Holzapfel et al., 

1998).  Holzapfel et al. (1998) indicated that beneficial DFM bacteria compete with 

pathogenic bacteria for attachment to the mucosal layer of the gut, regulating gut 

permeability, and reducing the risk for diarrhea caused by coloforms binding to the 

intestinal mucosa (Timmerman et al., 2005).  Beneficial bacteria can also generate an 

immune response through antibody production resulting from interaction and attachment 

with pathogenic bacteria in the gut (Salimen et al., 1996).   
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 Lactobacillus cultures, most commonly L. acidophilus, have been shown to 

positively influence digestive health in the hind gut as well as the rumen.  Gilliland and 

Speck (1977) showed L. acidophilus to have an antibacterial effect in the gut, activated 

through the binding of pathogenic bacteria such as Clostridium perfringens, E. Coli, and 

Salmonella.  Furthermore, lactic acid produced by L. acidophilus can be detrimental to 

pathogens.  Lactobacillus species, as well as Enterococcus species, are lactate producers 

(Dennis and Nagaraja, 1981).  Lactic acid producing DFM may be beneficial to the 

rumenal ecosystem by stimulating the growth of lactate utilizing bacteria such as  

Megaspheaera elsdenii, thus preventing the accumulation of lactic acid in the rumen 

which can cause acidosis (Yoon and Stern, 1995; Owens et al., 1998).   

 Lactic acid utilizing bacteria tend to prefer propionate as the end point of 

fermentation, with propionate being the single most important volatile fatty acid 

contributing to gluconeogenesis (Van Soest, 1994).  Strains of lactate utilizing bacteria 

(Megaspheaera, and Propionibacteria) are often used in combination with lactate 

producing bacteria in DFM supplements, most commonly Lactobacillus and 

Propionibacteria.  Lactate utilizing bacteria are able to efficiently utilize lactic acid as an 

energy source, which accumulates with the feeding of readily fermentable carbohydrates 

(Owens et al., 1998).  M. elsdenii is the most populated lactic acid utilizing bacteria 

within the rumen, whereas Propionibacterium is the most efficient in terms of propionate 

production (Krehbiel et al., 2003).   

 Supplemental bacterial DFM can provide both ruminal and post-ruminal benefits 

to the host animal.  Post-ruminal benefits are typically associated with the clearance and 
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reduction of pathogens, thus improving digestive health and stimulating immunity.  

Supplementation of both lactate producing and lactate utilizing bacteria can both have 

positive effects on ruminal fermentation by decreasing the potential risk of lactic acid 

accumulation as well as shifting volatile fatty acid production towards propionate.   

Live Yeast 

 Yeast (Saccharomyces cerevisiae) cells are viable, living cells that are composed 

of an inter-cellular and extra-cellular (cell wall) matrix.  Yeast supplements used in 

animal production can typically be classified into two different forms: 1) Live yeast 

(viable, living cell), 2) Yeast Cell Wall (cell wall structure removed from the yeast cell, 

non-viable).  Live yeast molecules can be beneficial to ruminant species by enhancing 

ruminal fermentation, as well as provide immune support in the gut (Wallace and 

Newbold, 1992).  Gut immunity responses are typically due to cell wall portion of the 

yeast molecule, which will be discussed in the following section.  

 Wallace and Newbold (1992) suggest the following model outlining the mode of 

action of live yeast additives: supplementation causes a slower release of 

oligosaccharides, which results in decreases in lactate production, increasing the pH of 

ruminal contents.  Higher pH conditions within the rumen provide a more ideal 

environment for the growth and function of beneficial ruminal bacteria, causing an 

increased rate of fiber digestion, as well as increased flow of microbial protein to the 

intestine.  Increases in fiber digestion and microbial protein typically increase feed intake, 

resulting in increased growth rates or milk production.   
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 Molecular oxygen present within the ruminal environment is more toxic to lactic 

acid utilizing bacteria (F. succinogenes) than other lactate producing bacterial species 

(Marounek and Wallace, 1994).  Traces of oxygen can be toxic to lactate utilizing 

bacteria,  resulting in a buildup of lactic acid, which decreases pH, ultimately resulting in 

unfavorable conditions for the growth of bacteria (Van Soest., 1994).  Yeast molecules 

are oxygen scavengers (Marden and Bayourthe, 2005), therefore can reduce the potential 

negative effects oxygen being present in the rumen.  

 There are many suggested theories on the mode of which yeast stimulates fiber 

digestion and alters ruminal fermentation.  Mould et al. (1983) suggests that yeast 

molecules remove sugars from the rumen environment that can suppress the function of 

cellulolytic bacteria.  Wallace and Newbold (1992) propose that yeast cells contain, or 

can produce, chemical compounds that directly stimulate the growth of cellulolytic 

bacteria.  Altered portions of volatile fatty acid and methane production can influence 

productivity, resulting from the ability of yeast additives to positively influence 

propionogenesis while suppressing methane production similar to the ionophores (Bergen 

and Bates, 1984).  

 Yeast cultures stabilize ruminal pH, provide a more ideal environment for the 

growth of beneficial rumen bacteria, and improve the digestibility of cellulose.  The 

ability of yeast to remove oxygen from the rumen increases propionate production by 

promoting the growth of lactate utilizing bacteria.  Alerted effects of yeast supplements 

on rumenal fermentation can improve animal intake and ultimately increase growth. 
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Yeast Cell Wall 

 Mannanoligosaccharides are feed additives composed of the cell wall structure of 

a yeast cell, containing (1→3)-β-D-glucan, (1→6)-β-D-glucan, chitin, and mannan 

proteins (Kollar et al., 1997).   The cell wall of a viable yeast cell as well as extracted 

yeast cell wall supplements work similarly to improve health and performance.  The 

mode of action of cell wall additives can be defined specifically along with the function 

of  each of its two components: mannans and β-glucans (Kogan and Kocher, 2007).    

 Mannan components of the cell wall improve the overall health of the digestive 

tract by binding and eliminating pathogens from gut, thus preventing pathogens from 

attaching to the gut wall, causing diarrhea (Timmerman et al., 2005).  Pathogenic bacteria 

such as E. coli and Salmonella posses type 1 fimbrae receptors which bind to mannose 

containing glycoproteins on the gut wall, allowing the pathogens to colonize (Ofek et al., 

1977).   Mannan components of the yeast cell wall are able to bind to pathogens 

possessing type 1 receptors and clear them from the digestive system (Figure 1; B.J. 

Johnson, Texas Tech University, personal communication), thus preventing them from 

colonizing on the gut wall (Spring et al., 2000).  Mannans have also been shown to 

improve immune function through the stimulation of anti-mannan antibodies (Srinivasan 

et al., 1999), which can provide protection against pathogen invasion.    

 Beta-glucan structures can have direct effects on the immune system resulting 

from the enhancement of innate immune cells (Ganter et al., 2003).  Underhill and 

Ozinsky (2002) indicated that β-glucans are able activate the binding site for potential 

pathogens, resulting in greater aggression of the innate immune system in the engulfing 
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and killing of pathogens.  Simultaneously, cytokine production by innate immune cells is 

increased, causing increased white blood cell counts (Ganter et al., 2003).   

 The cell wall structure of both live yeast molecules and yeast cell wall extracts 

has been shown to stimulate the immune system and enhance the clearance of pathogens.  

Mannan components of the cell wall are able to bind pathogens within the gastrointestinal 

tract, preventing them from colonizing on the gut wall.  The β-glucan components are 

able to stimulate the innate immune system, thus improving immune function.  

Cumulatively, yeast cell wall supplementation improves total digestive tract health. 
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Figure 2.1.  Mannan component of the yeast cell wall binds gram-positive pathogenic 

bacteria (E. coli) in-vitro via type 1 fimbrae receptors. 
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CHAPTER III 

YEAST PRODUCT SUPPLEMENTATION ALTERS THE 

PERFORMANCE AND HEALTH OF RECEIVING CATTLE 

 

Abstract 

 Weaned crossbred steers (n = 184; initial BW = 203 ± 1 kg) were blocked by BW 

and randomly assigned to pen (4 pens/block; 5-6 hd/pen).  Pens within a block were 

randomly assigned to one of four treatments (9 pens/treatment): 1) control (CON; no 

yeast additive); 2) live yeast (LY; 5 g
.
hd

-1.
d

-1
  live yeast),  3) yeast cell wall (YCW; 5 

g
.
hd

-1.
d

-1
 yeast cell wall); 4) live yeast + yeast cell wall (LY+YCW; 5 g

.
hd

-1.
d

-1
 LY and 5 

g
.
hd

-1.
d

-1
 YCW).  Daily DMI was recorded and individual BW was collected every 14 d 

for 56 d.  Data were analyzed using a randomized complete block design with the fixed 

effect of treatment and random effect of block (SAS Inst. Inc., Cary, NC).  A subset of 24 

steers was utilized on d 38 for a subsequent lipopolysaccharide (LPS) challenge.  Calves 

were fitted with jugular catheters and indwelling rectal temperature measuring devices 

that measured rectal temperature at 1-min intervals, and were moved into individual 

stanchions. On d 39, blood samples were collected at 30-min intervals (-2 to 8 h) and then 

at 24 h relative to administration of LPS (0.5 μg/kg BW) at 0 h.  Blood samples were 

used to determine serum interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), 

interferon-γ (IFN-γ), cortisol concentrations, and neutrophil:lymphocyte (N:L)  ratios.  

Data were subjected to analysis of variance specific for repeated measures using Statview 

(SAS Inst. Inc.) with sources of variation including treatment, time and their interactions.  
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Specific time point comparisons within treatment group were conducted using a Paired t-

test to compare pre-challenge values with specific time points post-challenge.  Steers 

receiving LY or YCW showed a 7% numerical increase (P = 0.59) in ADG and a 7.7 ± 

4.7  kg increase in BW at d 56.  Cumulative DMI increased (P = 0.05) for the LY, YCW, 

and LY+YCW treatments compared to CON (5.47, 6.02, 5.96, and 5.89 kg/d, 

respectively).  In response to LPS challenge, basal RT prior to LPS tended (P ≤ 0.06) to 

differ among groups with CON calves having higher RT compared to LY+YCW (P ≤ 

0.01) and LY (P ≤ 0.04) calves. Peak cortisol concentrations were 26.5 ng/mL greater (P 

≤ 0.04) in CON calves compared to LY+YCW calves. Interferon-gamma (IFN-γ) 

concentrations tended (P ≤ 0.06) to be greater in CON calves compared to YCW calves 

prior to LPS exposure. Collectively, these data indicated that the use of yeast additives 

increased total feed consumed and improved health during the receiving period. 

 

Key words: Receiving cattle, yeast, immunity, lipopolysaccharide 

 

Introduction 

The issue of antibiotic resistance is a major social and political concern in the 

United States, which has prompted the potential removal of antimicrobials from all 

feedstuffs.  The European Union has preceded the U.S. in banning the use of all direct fed 

antimicrobials under the assumption that the daily feeding of antimicrobials at less than 

pharmacological doses will lead to the development of antimicrobial-resistant pathogens 

(Muirhead, 1998).  Direct-fed antimicrobials can be used as a non-antibiotic approach to 
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improving the health and performance of stressed cattle (Duff and Galyean, 2007).  Yeast 

(Saccharomyces cerevisiae) and yeast by-products may be beneficial when fed to cattle in 

the receiving period. 

Yeast cultures have been shown to improve the DMI and ADG of feeder cattle in 

the receiving period (Phillips and VonTungeln, 1985).  Keyser et al. (2007) showed a 

decrease in morbidity rate, an increase in recovery time from bovine respiratory disease 

(BRD) infection, and a decrease in the negative effects of antibiotic treatment on feed 

intake by heifers fed Saccharomyces cerevisiae boulardii.  Components of yeast products 

(e.g., beta-glucan) have been shown to enhance immune function against invading 

pathogens through improving the actions of macrophages, neutrophils, and eosinophils, 

and increasing the clearance of pathogens (Volman et al., 2008).  Magalahães et al. 

(2008) reported that feeding live yeast improved dairy calf survival, enhanced calf health 

and therefore improved income.  Based on this evidence, this experiment was designed to 

1) determine the effects of yeast products on health and performance of cattle during the 

receiving period; and, 2) determine if supplementation of yeast products during the 

receiving period would improve the response of steers to a provacative 

lipopolysaccharide (LPS) challenge. 

 

Materials and Methods 

 All experimental procedures involving the use of animals were reviewed and 

approved by the Texas Tech University Animal Care and Use Committee.  The 
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experiment was conducted at the Texas Tech University Beef Cattle Center located 

approximately 9.7 km east of New Deal, TX. 

Feedlot Performance 

Newly weaned crossbred steers (n=184, initial BW= 203 ± 1 kg) were purchased 

by order buyers in August 2009 from livestock auction barns in the Texas panhandle and 

southern Texas.  Cattle purchases were both steer and bulls, and were considered to be 

high stress because of the nature of the marketing channels and transportation.  

Approximately 50% of the cattle arrived from each source, with transit times differing by 

4h.  The cattle arrived at the Texas Tech University Beef Cattle Center in New Deal, TX 

on d-7 and -4, and remained at the Beef Center for the duration of the study.   

All steers were processed on day of arrival, which included clostridial (Vision 7 

with Spur,  Intervet Schering-Plough Animal Health, De Soto, KS), infectious bovine 

rhinotracheitis, bovine viral diarrhea, bovine respiratory syncytial virus, and  

parainfluenza 3 vaccination (Pyramid 5, Ft. Dodge Animal Health, Ft. Dodge, IA), 

internal and external parasite treatment (Safeguard, Intervet; Ivermectin, Durvet, Blue 

Springs, MO), antibiotic treatment (Micotil, Elanco, Greenfield, IN), ear tagging, and 

branding for identification.  Individual BW was also measured.  After processing, steers 

were allowed access to sorghum Sudan hay in the feed bunk overnight.  The following 

morning, steers were presented with a 63% concentrate receiving ration until the start of 

the study.   

Steers we sorted by BW into 9 weight blocks (4 pens/block) and were randomly 

assigned to pen using a random number generator. Five steers per pen were used, with the 



Texas Tech University, Derek Neal Finck, May 2011 

37 

 

exception of block 5, in which six steers/pen were utilized for an LPS challenge on d 38-

41.  A random number generator was also used to randomly assign each pen within a 

block to 1 of 4 treatments: 1) control (CON; no yeast additive), 2) live yeast (LY; 5 g
.
hd

-

1.
d

-1
 live yeast product),  3) yeast cell wall (YCW; 5 g

.
hd

-1.
d

-1
 yeast cell wall product), and 

4) live yeast + yeast cell wall (LY+YCW; 5 g
.
hd

-1.
d

-1
 live yeast and 5 g

.
hd

-1.
d

-1
 yeast cell 

wall).  Prior to the initiation of the experiment, processing weights were statistically 

analyzed to ensure there were no significant differences between pen weights with a 

block.  Steers differing in arrival date and castrated bulls were also evenly distributed 

between pens within a block.  

Initial individual BW were taken on d 0, 14, 28, 42, and 56, with ORTS being 

collected before weighing to record accurate DMI.  A clean bunk feeding system was 

utilized, and steers were fed once daily in the morning.  Diet composition is indicated in 

Table 3.1.  The base diet was a steam flaked corn, cottonseed hull based diet.  

Supplemental premix included (DM basis) 33 mg/kg Rumensin (Elanco Animal Health, 

Indianapolis, IN); 11 mg/kg Tylan (Elanco Animal Health, Indianapolis, IN); 2,200 IU/kg 

vitamin A; and17.5 IU/kg vitamin E.  Percent concentrate in the diet was increased at 10 d 

intervals (63%, 73%, 83%, and 88%), with steers remaining on the 88% concentrate diet 

for the remainder of the trial.   Supplemental yeast premixes (Table 3.2) were made in the 

following order to decrease likelihood of contamination: CON, LY, LY+YCW, YCW, 

and were individually weighed daily into five gallon buckets.  Premixes were poured 

directly into a drag-type feed mixer (Rotomix, Dodge City, KS) after all other feed 

ingredients had been included from the feed mill.  The feed was mixed for five minutes 

before being delivered to the steers.  Bunk sample were taken to ensure the proper mixing 
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of feed additives.  Live yeast counts (cfu/g) in the bunk samples and yeast premixes are 

reported in table 3.3. 

Steers were monitored daily (approximately 0700 h) for symptoms of BRD.  

Symptoms observed included nasal and ocular discharge, labored breathing, coughing, 

dehydration, and lethargy.  Steers showing BRD symptoms were removed from their pen 

to be further examined.  Rectal temperatures were taken with a hand held thermometer 

and steers with a rectal temperature of 39.45°C or greater were treated with Enrofloxacin 

(12.5 mg/kg BW, Baytril100, Bayer Animal Health, Shawnee Mission, KS).  Treatment 

was recorded and treated steers were returned to their home pen.  If the health status of 

the steer did not improve bases on visual observation and rectal temperature within 3 d 

post-treatment, enrofloxacin treatment was repeated.  If BRD symptoms persisted, steers 

with elevated rectal temperatures were administered florenicol (40 mg/kg BW, Nuflor, 

Intervet Schering-Plough Animal Health, Union, NJ).  Steers not recovering from BRD 

infection were removed from the trial.  Only steers suffering from BRD infection were 

included in morbidity analysis, however we did have one incidence death caused by 

Polioencephalomalacia, which was included in morbidity data. 

LPS Challenge 

Twenty-four steers from block 5 (6 per treatment) with and initial BW of 203 ± 

1.45 kg were utilized for an LPS (0.25 ug/kg BW) challenge on d 38 to 40.  Before 

feeding, steers were fitted with jugular vein catheters and indwelling rectal temperature 

recording devices (A HOBO Pro v2 Temp data logger probe; Part # U23-004, Onset 

Corp., Pocasset, MA; Reuter et al., 2010) and moved into individual stanchions (2.13 x 
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0.76 m).  While in the stanchions, steers had ad libitum access to feed and water.  

Extension of the tubing of the jugular catheters was hung above the stall to allow for the 

collection of samples without disturbing the steers.  Rectal temperature recording devices 

measured rectal temperature (RT) continuously at 1-min intervals from -24 to 24 h 

relative to LPS challenge at 0 h.  Blood samples were collected at 30-min intervals from -

2 to 8 h relative to LPS administration (0.25 μg/kg BW LPS; Escherichia coli O111:B4; 

Sigma-Aldrich, St Louis, MO, USA) at time 0 h.  For isolation of serum, blood was 

allowed to clot at room temperature for 30 min and was then centrifuged at 1250 x g for 

20 min at 4°C.  Serum was stored at -80
o
C until analyzed for cortisol and  IFN-γ 

concentrations.  Whole blood collected into vacutainers contained EDTA were used to 

determine N:L.  

Serum Analysis 

All assays were performed in duplicate to prevent experimental error with the average of 

the two samples being reported.  Serum cortisol concentration (ng/mL) was determined 

by RIA (Coat-a-Count Assay, Diagnostic Products Corp.; Los Angeles, CA).  A bovine 

specific ELISA kit for proinflammatory cytokines (SearchLight; Pierce Biotechnology 

Inc., Rockford, IL) was used to determine cytokine concentrations. The intra- and inter-

assay CV used for cortisol analysis were 9 and 11%, respectively, and 9 and 12%, 

respectively for cytokine analyses. 

Statistical Analysis 

Performance data were analyzed using the MIXED procedure of SAS (SAS Inst., 

Inc., Cary, NC), with treatment included as a fixed effect and block included as a random 
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effect.  Un-shrunk BW was used for statistical analysis because cattle were presented 

with feed prior to being weighed on d 0.  The ILINK procedure was used to determine 

steer percent morbidity using a factorial approach.  If the effect of treatment proved to be 

significant (P < 0.05), then least squares means were separated using the PDIFF option of 

SAS.   Statistical significance was determined at a level of P < 0.05, and tendencies were 

determined at P < 0.10 

Prior to analysis, RT data was averaged into 1 h intervals.  Data from LPS 

challenge was subjected to analysis of variance specific for repeated measures using 

Statview (SAS Inst. Inc., Cary, N.C.).  Sources of variation included treatment, time and 

their interaction.  Specific time point comparisons within a treatment group were 

conducted using a Paired t-test to compare pre-challenge values to specific time points 

post-challenge. 

 

Results 

Feedlot Performance 

 Body Weight.  Performance data (BW, ADG, DMI, G:F) are shown in Table 3.4.  

Steer BW was similar (P > 0.10) among treatment groups for all time periods.  Yeast 

supplemented steers did, however, exhibit numerically higher BW at d 14, 28, and 42.  At 

day 14, LY treated steers were 6 kg heaver than CON steers, and YCW and LY+YCW 

steers were 4 kg heavier than CON.  Final BW (d 56) was numerically higher for steers 

fed yeast products (8, 7, and 6 kg for LY, YCW, and LY+YCW, respectively vs. CON), 

yet this was not significant (P = 0.37). 
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Average Daily Gain.  Feeding LY increased ADG by 5.93% for d 14 to 28, and 

14.07% from d 28 to 42 (P = 0.85 and 0.47, respectively) compared to CON.  Steers fed 

YCW had a 14.41% (d 14 - 28) and 7.71% (d 42 - 56) increase in ADG for d 14 to 28 and 

d 28 to 42, respectively (P = 0.85 and 0.47, respectively).  An 8.47% increase (P = 0.85) 

in ADG was observed for LY+YCW steers for d 14 to 28.  Yeast supplementation 

numerically increased cumulative ADG at d 0 to 56 by 7.5%, 8.3%, and 3.8% (LY, 

YCW, and LY+YCW, respectively) versus CON, yet there was no effect of treatment (P 

= 0.67).   

Dry Matte Intake.  Yeast supplementation positively influenced DMI at all time 

periods.  From d 0 to 14, DMI was increased by 10.4%, 4.3%, for 5.6%  for LY, YCW, 

and LY+YCW, respectively, vs. CON.  Average DMI from d 14 to 28 was increased (P = 

0.04) by LY and YCW supplementation compared to CON and LY+YCW (6.34, 6.15, 

6.17, and 5.83; CON, LY, YCW, and LY+YCW, respectively).  Yeast treated also had 

higher DMI from d 28 to 56.  Cumulative DMI (d 0 to 56) was greater (P < 0.05) for LY, 

YCW, and LY+YCW (10.05%, 8.96%, and 7.68%, respectively) compared to CON.   

 Feed Efficiency.  Feed efficiency (G:F) was positive influenced by LY and YCW 

treatment from d 0 to 14 (5.3% and 9.3% improvement vs. CON).  Alternatively, from d 

14 to 28, CON steers were 5.1% more efficient than LY.  Variably, LY treated steers 

were the most efficient from d 28 to 42, with YCW steers being less efficient than CON 

and LY+YCW.  Cumulatively (d 0 to 56), CON steers were the most efficient, with LY 

and LY+YCW steers being the least efficient in terms of G:F (0.111, 0.107, 0.109, and 

0.107 G:F ratios for CON, LY, YCW, and LY+YCW, respectively). 
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 Morbidity and mortality.  Steers treated for BRD were considered morbid (Table 

3.5).  The mean morbidity rate for all treatment groups was 42.61%.  Steers fed YCW 

had a mean morbidity rate of 38.98 %; however, this was only 2.19% lower (P = 0.36) 

compared to CON.  The morbidity rate for LY and LY+YCW was 40.93% and 49.91%, 

respectively.  Steers receiving antibiotic treatment 3 or more times were referred to as 

chronic.  The incidence of chronic steers was less for LY and YCW treatment groups 

(2.05% of morbid animals) than both the CON (12.50%) and LY+YCW (14.72%) 

treatments.  Mortality rate was also decreased with yeast supplementation. We observed 

2% morbidity in both the LY and YCW treatments, compared to a 6% death loss in CON 

and 4% in LY+YCW. 

LPS Challenge 

Steer RT from -24 to 24 h relative to an LPS challenge at 0 h is shown in Figure 

3.1 Basal RT prior to administration of LPS tended (P ≤ 0.06) to differ among groups 

with CON steers having a higher RT compared to LY+YCW (P ≤ 0.01) and LY (P ≤ 

0.04) steers.  Rectal temperature increased (P < 0.01) in all steers within 1 hr following 

LPS administration, with peak RT occurring at approximately 2 hr.  Steer RT remained 

higher in CON steers (P ≤ 0.05) compared to all other treatments post-LPS. 

Serum cortisol concentrations (Figure 3.2) did not differ between treatments prior 

to LPS administration (P > 0.05).  Cortisol concentrations increased in response to LPS, 

and peaked 1h post-LPS with greater peak cortisol concentrations observed in CON P < 

0.04) than LY+YCW treated steers.  Mean cortisol concentrations for the entire challenge 

were lower in yeast supplemented steers (24.6%, 27.5%, and 42.4% LY, YCW, 
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LY+YCW lower compared to CON) Basal serum concentrations of IFN- γ tended (P ≤ 

0.06) to be greater in CON compared to YCW steers prior to LPS administration (Figure 

3.3).  Concentrations of IFN-γ were not affected by treatment post-LPS administration (P 

> 0.05).  Following administration of LPS, an increase (P < 0.01) in the N:L ratio was 

observed for all treatment groups (Figure 3.4). The CON group displayed numerically 

greater N:L ratios at all time points as compared to the LY+YCW group, with mean 

ratios of 1.299, 0.989, 0.704, and .0899 (CON, LY, YCW, LY+YCW, respectively). 

 

Discussion 

This experiment was designed to determine if feeding yeast products could 

positively influence the performance and overall health of cattle during the receiving 

period; one of the most stressful times in the production cycle of beef cattle.  During this 

experiment we experienced a large amount of variation between pens.  This could be due 

to several factors that may have reduced the significance of the final results .  The 

weather for d 1 to 28 was extremely hot, dry, and dusty.  The lack of long stem roughage 

in the receiving diet may also have limited intake.  These factors, along with the high 

stress level of the steers, led to an increased incidence of respiratory morbidity and 

mortality, as well as fluctuations in intake and performance.   

 Stressed cattle tend to prefer high concentrate diets (concentrate level ≥ 60%)  and 

perform more efficiently compared to stressed cattle fed roughage based diets, and often 

tend to exhibit atypical eating patterns (Lofgreen ,1983).  After weaning, calves will often 

reduce feed intake for several days, leading to overconsumption once return to feeding.  
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This can cause sub-acute acidosis due to the inability of ruminal bacteria to adapt from a 

roughage based diet to a concentrate diet (Goad et al., 1998; Coe et al., 1999), which can 

cause a decline in DMI and performance (Stock et al., 1990).  The risk of 

overconsumption increases the need for the inclusion of long stem roughages in the 

receiving diet.  The absence of these roughages sources in the diet might also have 

contributed to the variation seen between repetitions.  Yeast products help minimize the 

negative effects of starting cattle on feed by altering ruminal fermentation patterns 

(Adams et al., 1981) and binding unhealthy microorganisms in the hindgut (need 

reference here).   

Performance data indicated that feeding LY and YCW products increased the 

DMI of steers.  These results are consistent with those of Phillips and VonTungeln 

(1985), who observed increases in DMI and ADG for 2 out of 4 trials for steer fed yeast 

culture.  The variation in the performance of the yeast culture to produce significant 

increases in DMI and ADG in 2 trials is also consistent with the high levels of variation 

we observed.   

Mir and Mir (1994) observed no difference in performance of cattle fed barley 

diets and supplemented with yeast culture, which coincides with the results currently 

observed for ADG and feed efficiency, despite large numerical increases.  The inability 

to reach significance may also be an effect of variation between animals.  Increases in 

DMI and feed efficiency with the inclusion of yeast culture were, however, observed in 

dairy cows feed corn silage diets, which contain substantial amounts of natural yeast 

(Harrison et al., 1988).  The diets used in the study by Phillips and VonTungeln (1985) 
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also contained corn silage.  These results suggest that there may be an interaction 

between natural yeast and supplemental yeast products in promoting performance.   

Increased morbidity has been associated with the feeding of high concentrate diets 

to stressed beef cattle (Galyean et al, 1999).  No differences in steer morbidity rates were 

observed; however, yeast products did numerically decrease the mortality rate.   Keyser 

et al. (2007) noted supplementing Saccharomyces cerevisiae boulardii reduced the 

proportion of cattle treated for BRD and minimized the negative effects of antibiotic 

treatment.  This is consistent with the lower number of chronically infected cattle in the 

treatment groups fed yeast products observed in this study. 

Review of the current literature revealed little information on the effects of 

feeding yeast additives on the immune system to the beef animal.   However, immune 

challenges such as BRD can be a large factor in determining for the overall performance 

and well being of light weight cattle in the receiving period, with nutrition having direct 

effects on the immune system (Galyean et al., 1999; Duff and Galyean, 2007).  Dietary 

factors (i.e. protein concentrations, energy concentrations, and vitamin/mineral 

concentrations) as well as other dietary components (i.e. yeast additives) can have a 

direct effect on the immune system and the response to stress (Carroll and Forsberg, 

2007). 

Feeding yeast culture to dairy calves from d 2 to70 of age showed to improve the 

actions of neutrophils, reduce morbidity, and improve calf survival (Magalhães et al., 

2008), which coincides with our current observations of smaller N:L ratios and lower 

mortality rates for yeast supplemented cattle.  Collier et al., (2011) observed the results of 
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an immune challenge (LPS) on pigs supplemented with S. Cervisiae subtype boulardii.  

Similar to our observations, serum cortisol concentrations were less for yeast 

supplemented pigs prior to LPS injection.  The differences we observed in pre-LPS 

proinflammatory cytokine production (IFN-γ) where not, however, consistent in that no 

significant results were observed in pigs for the decrease in circulating IFN-γ.   Similar 

results in cortisol concentrations post LPS were observed by Eicher et al. (2006), with 

yeast treated pigs having lower overall concentrations.  No comparative results for the 

effects of yeast or yeast culture products on body temperature were found in the 

literature, however the results we observed for yeast products to decrease overall rectal 

temperature do prove that supplementation does have a physiological effect on the body. 

 

Conclusions 

One of the primary goals of feeding cattle during the receiving period is to get 

cattle started on feed and maximize DMI, which can have positive residual effects 

throughout the feeding period.  Supplementation of LY and YCW products to cattle 

during the receiving period increased to total feed consumed by the steers during the 

receiving period, which contributed to an increased growth rate.  An increase in growth 

rate indicated by the increase in final BW of yeast treated cattle indicates positive 

economic benefits of yeast supplementation.  Another important aspect of the receiving 

period is overcoming immune challenges associated with the increased level of stress 

experienced by cattle at this period.  Yeast products decreased total mortality of the steers 

and decreased the number of cattle receiving antibiotic treatment multiple times.  The 
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immune system was stimulated, stress hormone levels were lowered, and overall body 

temperature was lowered as a result of yeast supplementation.  These positive 

physiological effects in association with the increased level of performance we observed 

indicate that supplementation of LY and YCW products improve the total productivity of 

cattle during the receiving period.  More research will need to be done in this area to 

increase our overall understanding of the effects of yeast products performance and 

immunity and to produce statistical evidence to support our conclusions.  
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Table 3.1.  Ingredient composition (DM basis) of receiving diets. 

 Percent (%) concentrate in diet
1
 

Ingredients 63 % 73 % 83 % 88 % 

Steam flaked corn 40.13 51.91 63.58 68.60 

Cottonseed hulls 37.00 27.00 17.00 12.00 

Cottonseed meal 11.00 9.00 7.00 7.00 

Supplemental premix
2
 2.00 2.00 2.00 2.00 

Limestone 1.40 1.40 1.50 1.50 

Urea 0.40 0.60 0.80 0.80 

Tallow 2.00 2.00 2.00 2.00 

Molasses 4.00 4.00 4.00 4.00 

Yeast premix 2.07 2.09 2.12 2.10 
1
Percent concentrate in diet is based on a dry mater basis 

2
Supplemental Premix supplied (DM basis) 33 mg/kg Rumensin (Elanco Animal Health 

Indianapolis, IN); 11 mg/kg Tylan (Elanco Animal Health); 2,200 IU/kg vitamin A; 

and17.5 IU/kg vitamin E.  
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Table 3.2.  Yeast supplement formulation (as fed basis) 

 Treatment 

Ingredient, kg
1 

CON LY YCW LY+YCW 

Ground Corn 66.68 64.09 64.09 61.51 

Corn Oil 1.36 1.36 1.36 1.36 

BIOSAF
2
 - 2.59 - 2.59 

PRONADY
2
 - - 2.59 2.59 

1
Ingredients included are reported on an as fed basis 

2  
Lesaffre Feed Additives, Milwaukee, WI 
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Table 3.3.  Live yeast counts (cfu/g) by treatment in supplemental yeast premixes and 

bunk samples averaged within dietary step up periods. 

 Dietary step up period 

Concentrations by 

treatment (CFU/g) 
63 % 73 % 83 % 88 % 

Yeast premix
1
     

CON 90,000 170,000 10,000 1,800,000 

LY 4,000,000 2,080,000 4,800,000 4,800,000 

YCW 280,000 480,000 19,000 1,283,333 

LY+YCW 2,470,000 4,380,000 2,800,000 9,666,667 

Bunk samples
2
     

CON <100 3,330 76,667 528,333 

LY 380,000,000 343,333,333 416,666,667 366,666,667 

YCW 96,990 115,285 244,000 525,000 

LY+YCW 363,333,333 383,333,333 413,333,333 371,666,667 
1
Yeast concentrations in each premix were averaged across three samples that were taken 

at the time the premix was made, in the middle of feeding the premix, and on the last day 

that the premix was fed 
2
Bunks samples were taken from each treatment in block 6 on d 5,15,25,35,45, and 55.     
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Table 3.4.  Effect of yeast supplementation (LY, YCW, LY+YCW) on steer performance 

during the receiving period. 

 Treatment   

Item CON LY YCW LY+YCW SEM
1
 Pr > F 

BW, kg       

   d 0  202 205 202 204 1.4 0.16 

   d 14  217 223 221 221 2.9 0.34 

   d 28  234 240 240 239 3.5 0.29 

   d 42  253 262 258 258 4.3 0.25 

   d 56  276 284 283 282 4.7 0.37 

ADG, kg       

0 to14 1.13 1.29 1.32 1.19 0.174 0.67 

14 to 28 1.18 1.25 1.35 1.28 0.191 0.85 

28 to 42 1.35 1.54 1.26 1.33 0.182 0.47 

42 to 56 1.68 1.62 1.81 1.74 0.143 0.60 

0 to56 1.33 1.43 1.44 1.38 0.080 0.59 

DMI, kg       

0 to 14 4.73 5.28 4.94 5.01 0.459 0.31 

14 to 28 5.34
a 

6.15
b
 6.17

b
 5.83

a 
0.663 0.04 

28 to 42 5.46 6.07 6.08 6.02 0.596 0.08 

42 to 56 6.34 6.74 6.65 6.70 0.468 0.24 

0 to 56 5.47
a 

6.02
b 

5.96
b 

5.89
b 

0.201 0.05 

G: F       

0 to 14 0.107 0.113 0.118 0.108 0.0134 0.83 

14 to 28 0.098 0.093 0.100 0.098 0.0134 0.95 

28 to 42 0.113 0.116 0.095 0.101 0.0134 0.35 

42 to 56 0.120 0.109 0.123 0.118 0.0088 0.39 

0 to 56 0.111 0.107 0.109 0.107 0.0041 0.80 
1
Standard error of the difference between the treatment means. 

a,b
Means within row differ (P < 0.05) 
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Table 3.5.  Effect of yeast supplementation (LY, YCW, LY+YCW) on incidence and duration of morbidity and 

mortality due to bovine respiratory disease (BRD). 

      P-value 

Item CON LY YCW LY+YCW SEM
1
 LY YCW LY*YCW 

      0.63 0.75 0.36 

Morbid, %    41.17 40.39 38.98 49.91 0.08    

Cattle treated once, % 19.57 30.43 19.57 30.43 0.07    

Cattle treated twice, %   8.33 10.45 16.90   4.13 0.06    

Cattle Treated 3+ times, % 12.50   2.05   2.05 14.72 0.06    

Mortality, % 6.00 4.00 2.00 2.00 -    
1
Standard error of the difference between the treatment means. 
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Figure 3.1.  Rectal temperatures (RT) collected at 1-min intervals from -24 to 24 h relative to a LPS challenge (0.25 μg/kg 

BW) at time 0.  During the entire trial, basal RT prior to LPS tended (P ≤ 0.06) to differ among groups with CON calves 

having higher RT compared to LY/YCW (P ≤ 0.01) and LY (P ≤ 0.04) calves. After the LPS challenge, an interaction (P ≤ 

0.05) was observed such that RT remained higher in the CON calves compared to all other groups. By 10 h post-LPS, RT were 

still greater (P ≤ 0.05) in CON calves compared to all other calves, and remained numerically higher throughout the study. 
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Figure 3.2.  Serum concentrations of cortisol from -2 to 24 h relative to a LPS challenge (0.25 μg/kg BW) at time 0. Serum 

cortisol concentrations increased in all groups post-LPS with peak concentrations observed at 1 h. At 1 h post-LPS, serum 

cortisol concentrations were 26.5 ng/mL greater (P ≤ 0.04) in CON steers compared to LY+YCW steers. 
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Figure 2.3.  Basal serum concentrations of interferon-gamma (IFN-gamma) from -2 to 24 h relative to a LPS challenge (0.25 

μg/kg BW) at time 0. An interaction (P ≤ 0.01) was observed for basal serum concentrations of IFN-gamma such that IFN-

gamma concentrations tended (P ≤ 0.06) to be greater in CON steers compared to YCW steers prior to LPS exposure. 
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Figure 3.4.  Ratio of neutrophils to lymphocytes (N:L) at 1-h intervals from -2 to 24 h relative to a LPS challenge (0.25 μg/kg 

BW) at time 0. Following the LPS challenge, an increase (P < 0.01) in the N:L ratio was observed for all treatment groups. The 

CON group displayed numerically greater N:L ratios at all time points as compared to the LY+YCW group.  
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