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ABSTRACT  

 The objectives of this study were to determine the impacts of supplementing a blend 

of probiotics, β-glucan, mannanoligosaccharides, and small molecular weight molecules 

from colostrum on the performance and health of high-risk Holstein calves. One hundred 

Holstein bull calves were acquired from a local calf ranch within 24 h of birth and randomly 

assigned to 1 of 5 treatments added to the milk replacer: (1) Control (CON), no additive; 

(2) Immu-Prime (ImmPr), 1.5 g/d ImmPr first 3 d only; (3) β-glucan (BG), 1 g/d BG; (4) 

Mannanoligosaccharide + Bacillus subtilis (MOS+Bs), 3 g/d MOS + 4 x 109 CFU/d 

Bacillus subtilis; and (5) PROVIDA (PRO), blend of 2 x 109 CFU/d Lactobacillus casei 

and Enterococcus faecium + 2 x 109 Saccharomyces cerevisae. Calves were weaned at d 

56, comingled, and treatment carry-over effects were evaluated through d 84. Starter intake 

was measured daily and BW weekly. Peripheral blood samples were collected on d 1, 3, 7, 

14, 21, 42, 56, and 84 and analyzed for hematology and serum analyzed for haptoglobin 

concentrations. Neutrophil function was assessed through surface L-selectin and 

phagocytic and oxidative burst activities. Data were analyzed using Proc Mixed in SAS 

(SAS 9.4, Cary, NC). The BG consumed the most starter from d 1 to 28 and both the 

MOS+Bs and ImmPr consumed more than the CON (P=0.016). Preweaned ADG was 

greater for PRO and BG when compared to the CON (P=0.038), both the MOS+Bs and 

ImmPr were not different than the other treatments. There was no carry-over effect on 

ADG (P=0.879). There was a tendency for BG, MOS+Bs, and PRO to have reduced serum 

haptoglobin throughout the study (P=0.075). Total leukocyte, neutrophil, and lymphocyte 

counts were reduced among MOS+Bs calves (P 0.003), whereas BG calves tended to 

have the greatest neutrophil:lymphocyte ratio (P=0.051). Neutrophil L-selectin was 
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reduced among BG (P=0.030), whereas PRO was not different than BG or the other 

treatments. Neutrophil oxidative burst was reduced among BG and PRO when compared 

to CON and ImmPr (P=0.011), but MOS+Bs was not different than any treatment. 

Supplementing BG, MOS+Bs, and PRO all influenced performance and health of high risk 

calves, but the mechanisms appear to be different. 

Key words: calf, health, immune 
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CHAPTER 1 

 

REVIEW OF LITERATURE  

 

 

 

Introduction 

Newborn calves are highly susceptible to disease from birth until weaning. The 

USDA reported a 7.8% mortality rate for pre-weaned heifers on U.S. dairy farms, with 

56.5% of those deaths being attributed to gastrointestinal disease. Of the farms that reported 

instances of diarrhea in pre-weaned heifers, 85% were treated with antibiotics (NAHMS, 

2007).  Newborn calves are especially susceptible to gastrointestinal tract (GIT) disease 

due to their undeveloped anatomy and immune status at birth. With an immature intestinal 

tract and immune system, any exposure to pathogens can increase the risk of infection and 

possibly mortality, whether it be from the birthing pen or from mismanaged colostrum 

administration. High-risk calves are at an increased risk for disease because of failure of 

passive transfer (FPT) (<10mg/mL IgG in serum), exposure or ingestion of pathogens, 

and/or stress due to transport. Low risk calves have adequate colostrum intake with 

successful passive transfer of immunoglobulins (Igs), little exposure to pathogens, and 

have a lower incidence of disease. High-risk calves are more likely to develop GIT disease 

such as scours or an infection that may infiltrate the blood, cause sepsis, and be fatal. 

Infection resulting in treatment by antibiotics is a cause for concern for antibiotic resistant 

bacteria not only in calves but also for humans.  Decreasing antibiotic usage while 

maintaining calf health can be attempted through supplementation of yeast cell wall 

extracts such as β-glucans and mannanoligosaccharides, probiotic bacteria, insulin-like 
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growth factor-1 (IGF-1) from colostrum, and antibodies from chickens immunized against 

bovine disease (IgY).  

 

Gastrointestinal Development of the Calf   

 In the newborn calf, tight junctions between enterocytes are not completely formed 

and the brush border is not yet established. The mucosal membrane residing on the apical 

side of enterocytes mediates contact of luminal contents to the villi. M-cells develop 

throughout the small intestine and function to endocytose antigens from the lumen into the 

cell and then to the Peyer’s patch underneath. This functions to sample potential pathogens 

for recognition by B and T-cells, which are still developing in a calf. This leaves the 

absorptive capacity of the small intestine to non-specific pinocytosis and digestion 

intracellularly via vacuoles until the brush border develops and can digest extracellularly 

(Blum et al., 2004). Non-specific pinocytosis allows the enterocytes to bring in large 

amounts of extracellular fluid and intact molecules into the cell for digestion and then 

deposit the vacuole into the basal side of the enterocyte for exocytosis into the lymphatic 

system (Godden et al., 2008). An overload of pathogenic bacteria in the maternity 

environment or of colostrum due to inappropriate collection technique or improper storage 

can result in the pathogen’s ingestion and deposition directly into the calf’s lymphatic 

system and then bloodstream due to the functional immaturity of the GIT. Once the 

contents are transported across the basal membrane and into the laminae propria they are 

carried to the enteric lymphatic vessel. This vessel filters through the lymph nodes and, in 

a mature calf, will have lymphocytes recognizing and fighting antigens, and then will filter 

the lymph into the thoracic duct into the bloodstream. Without a completely established 
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immune system, a pathogen can create a systemic infection, resulting in morbidity and 

mortality. The most common cause of gastrointestinal morbidity and mortality in calves is 

due to a delayed functional maturity of the GIT (Blum et al., 2004). Around day 5 to day 

7, the vacuolated fetal-type enterocytes begin to be replaced by adult-type enterocytes, 

increasing the barrier ability in the intestine (Meale et al., 2017). This leaves 5-7 days of 

partial intestinal permeability until the GIT begins to form a slight barrier, leaving the calf 

exposed for at least a full week to disease. Permeability of the GIT decreases with age and 

is only disrupted by disease or by the stress of weaning. During weaning, the calf is stressed 

and the change in diet disrupts the intestines, exposing them to partial non-specific 

permeability again. The rumen, duodenum, and jejunum have been suggested to be the 

most susceptible organs to permeability (Wood et al., 2015).  

 

Colostrum   

 Calves do not receive transfer of Igs across their placenta in utero, so at birth they 

have a naïve immune system that can take months to develop and mature properly. The 

dam will provide the essential Igs through her colostrum that the calf should ingest 

optimally within 4 hours of birth due to the anatomical immaturity of the small intestine. 

There are many factors in colostrum that contribute to calf health including essential 

nutrients such as carbohydrates, amino acids, and fats but also non-nutritive (bioactive) 

factors such as insulin-like growth factors including IGF-1, IGF-2, growth hormone, IgG, 

IgA, IgM, and non-pathogenic bacteria crucial to establishing the symbiotic microbiome 

colonization in the gut. Bioactive factors in colostrum tend to have more local influence in 

the small intestine than systemic effects. Growth promoting hormones as well as IGF-1 
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target enterocytes and induce proliferation and differentiation to establish fully developed 

cells for digestion and absorption. Colostrum protects these bioactive proteins from 

digestion through a trypsin-inhibitor that can stop proteolytic digestion from occurring 

before the factors reach the small intestine (Godden et al., 2008).  With the administration 

of colostrum within 2 to 6 hours of birth at around 4 quarts, or 10% of the body weight, 

with an IgG concentration of 100g-200g the calf will have a decreased risk of GIT disease 

(Meganck et al., 2014; Godden et al., 2008). Without proper colostrum quality or quantity, 

gut maturation can be delayed further by up to 36 hours, increasing time for exposure and 

susceptibility of disease (Godden et al., 2008). When a calf does not receive the quality or 

quantity of colostrum it needs and has a serum concentration of less than 10mg/mL of IgG 

then it is considered FPT. Calves with FPT are at a greater risk than calves with proper 

passive transfer. Without the nutrients from colostrum growth is stunted, and without the 

bioactive factors intestinal development is delayed and can result in villi atrophy. This 

makes calves suffering from FPT especially at risk for developing an infection from a 

pathogen, further decreasing performance and health.  

 

Pathogens  

 Newborn calves are extremely susceptible to various pathogens that can differ over 

time and stage of life. Within the first two weeks of life calves are exposed to the gram-

negative bacteria Escherichia coli and Salmonella through fecal contamination of the 

birthing area by the dam, fecal contamination from other calves, colostrum contamination, 

or from the environment. Within the first week of life E. coli and Salmonella are the most 

common cause of scours in calves (Signorini et al., 2012). The bacterium E. coli invades 
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the enterocytes on the intestinal villi and produces an endotoxin that can cause toxic shock 

if it becomes systemic. The bacterium Salmonella infiltrates the mucus membrane in the 

small intestine and lives within macrophages and enterocytes in the calf, causing 

enteropathogenicity (Cho et al., 2013).  From birth until about 4 weeks of age calves are at 

increased risk for infection by Cryptosporidium parvum, a protozoan parasite that can 

cause severe diarrhea. Oocysts of C. parvum are shed in feces, which can spread and infect 

other calves and persist in the environment for months. Clostridium perfringens is a gram-

positive bacterium found commonly in the environment, but when a high-risk calf is 

exposed it can become pathogenic and cause necrotizing enteritis, diarrhea, bloat, trismus, 

sepsis, and death.  

Common viruses infecting young calves are bovine rotavirus (BRV) and 

coronavirus. These can infect calves as young as a few days old up to a few weeks of age 

and damage the intestinal cells. Coronavirus specifically targets intestinal crypt cells, 

which decreases the ability of the calf to regain proper intestinal function and while 

increasing susceptibility for a secondary bacterial infection (Stoltenow et al., 2003). Calves 

are most susceptible to BRV up to 8 weeks of age, but after 3 weeks of age the risk of 

infection begins to decrease. Rotavirus infects the mature enterocytes of the upper small 

intestine, focusing the damage to the villi tips. Maternal colostrum IgG and IgA plays an 

important role in aiding in the defense against BRV (Vega et al., 2011). 

 

β-glucan  

 β-glucan can be extracted from the cell walls of different yeasts, mushrooms, oats, 

and barleys. The glucans found in yeast and mushrooms have a greater biological activity 
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and have β-1,3 glycosidic linkages as well as β-1,6 linkages. The -glucan component of 

cell walls functions as a structural carbohydrate linked by -glycosidic linkages and can 

be broken down during digestion to the glucose monomers that it is composed of. 

Extraction of the functional β-glucans from the yeast or mushroom cell wall occur by 

fractionation of the cell wall and centrifugation of the components to create a pellet. After 

each centrifugation, the supernatant is filtered until the purified β-glucan is present (Rahar 

et al., 2011). β-glucan is supplemented to induce an immune response in the intestine of 

young calves. Orally supplemented β-glucan is acid resistant and can make it through the 

abomasum intact, and due to the β-glycosidic linkages it can avoid breakdown by intestinal 

enzymes as well. Once it reaches the mucosal membrane of the small intestine the Dectin-

1 receptor on macrophages recognize the β-1,3 and β-1,6 bonds on the β-glucan molecule, 

which is a microbe associated molecular pattern (MAMP) commonly recognized by 

macrophages, neutrophils, and dendritic cells in fungal infections. These professional 

phagocytosing cells commonly interact with toll-like receptor-2 (TLR-2), Dectin-1, and 

complement receptor 3 (CR3) to increase phagocytosis and degranulation to increase the 

number of cells ready to engulf and kill pathogens in the GIT. Macrophages use CR3 most 

effectively during the recognition process, which can increase diapedesis of phagocytic and 

natural killer (NK) cells and simultaneously heighten phagocytosis and degranulation. 

(Novak et al., 2009). 

Dectin-1 receptor has a central role in immune modulatory work by mediating 

production of cytokines as well as triggering an increase in phagocytosis and oxidative 

burst capacities in macrophages and neutrophils. Dectin-1 is a type II transmembrane 

receptor that reacts with TLR-2 to induce cytokine production. Dendritic cells and 
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macrophages activated by TLR-2 upregulate cytokine production of tumor necrosis factor-

 (TNF-) and interleukin-12 (IL-12), as well as upregulating oxygen radicals to increase 

inflammation and oxidative burst capacity to fight infection (Gantner et al., 2005). The 

activation of leukocytes, phagocytosis, cytotoxic properties, and antimicrobial properties 

stimulate production of IL-6, IL-8, and TNF- (Brown et al., 2003).  

In vivo priming of immune cells still needs to be evaluated, but in vitro 

characterization of the response shows that macrophages stimulated by β-glucan can 

increase IL-1, IL-9, and TNF- production to induce an inflammatory response. 

Stimulation with β-glucan also was observed to enhance antibiotic efficacy in response to 

infection (Novak et al., 2009). Dendritic cells sample β-glucan in the small intestine and 

report to the mesenteric lymph node presenting the molecule for recognition by the immune 

system and ultimately prompting a response. A study in rats challenged with 

lipopolysaccharide (LPS) to induce shock showed the β-glucan supplemented group had 

protected renal and liver function in septic rats as well as a decrease in TNF-, which 

decreased inflammation and possibly is what increased the survival rate of the 

supplemented rats. During septic shock, pro-inflammatory cytokines such as IL-1, IL-6, 

and TNF-  can cause organ damage due to an increase in inflammation and recruitment 

of immune cells to the site of infection (Sandvik et al., 2007). In another study conducted 

with rats challenged with E. coli, the supplementation of β-glucan increased the clearance 

of endotoxins produced by the bacterium via scavenger receptors, decreased the secretion 

of TNF-, and increased the survival rate of the infected rats (Dushkin et al., 1996). Yeast-

derived β-glucan have antimicrobial impacts on gram negative bacteria such as E. coli 

because the polycations on the β-glucan interacts with the negatively charged surface of 
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the bacteria and alters membrane permeability and ultimately inhibits bacterial growth. 

This mediates sepsis and decreases severity and opportunity of infections by E. coli 

(Vereschagin et al., 1997). Anti-inflammatory effects were measured by Rae et al. (2015), 

finding that β-glucan increased intestinal barrier function and decreased LPS stimulated 

toxicity. Glucan content from yeast was tested for the binding capacity to E. coli and 

Salmonella, two of the most common causes of calf diarrhea. Glucan content was found to 

not bind to either Salmonella or E. coli (Ganner et al., 2013).  

Supplementing β-glucan stimulates other receptors than Dectin-1, such as CR3 and 

TLR-2. This promotes activation of adaptive immune response, promoting T-helper 1 cell 

responses (TH1) and enhancing cytotoxic T-cell activation (Stier et al., 2014). Ultimately, 

β-glucan has been shown to increase pro-inflammatory cytokine production, increase 

leukocyte and lymphocyte activation, and moderate the impacts of exacerbated 

inflammation during sepsis (Brown et al., 2003; Eicher et al., 2010; Novak et al., 2009; 

Vetvicka et al., 2004).  

 

Mannanoligosaccharides  

 Mannanoligosaccharides (MOS)  are another component of yeast cell wall that are 

characterized as a complex mannose carbohydrate structure derived from multiple yeast 

species, most commonly Saccharomyces cerevisiae, and purified through enzymatic 

hydrolysis. Purified MOS has been shown to be a competitive binding site for gram-

negative pathogenic bacteria that colonize the GIT. Because mammals do not have the 

enzymes to digest MOS the MOS-bacteria complex exit the body without colonization or 

infection (Heinrichs et al., 2003). For many bacteria to cause disease they must attach to 
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enterocytes to colonize the GIT, and they do so using pili or fimbriae rich in lectins.  Type-

1 fimbriae, or pili, are specific to binding mannose, and MOS has mannose specific 

receptors used to bind competitively with pathogens (Spring et al., 2000).  

 Supplementing MOS to calves has been shown to decrease fecal scores, decrease days 

with diarrhea, and increase recovery from infection (Heinrichs et al., 2003; Hill et al., 2008; 

Magalhães et al., 2008; Ghosh et al., 2012; Morrison et al., 2010). If E. coli attaches to 

small intestine epithelia it can form mini-colonies that will degenerate the brush border, 

destroy microvilli, and persistently infect the cells. This colonization decreases absorption 

of nutrients and ultimately performance. Purified MOS contains –linked mannose 

residues that were shown to inhibit adhesion of E. coli and Salmonella (Shoaf-Sweeney et 

al., 2008). A comparison study was completed by Ganner et al. (2013) that tested the 

binding of MOS and β-glucan on Salmonella and E. coli and found the β-glucan did not 

bind either bacteria, while the MOS bound both bacteria in vitro. A combination product 

of MOS and ß-glucan resulted in increased dry matter intake (DMI) in calves as well as an 

improvement in fecal scores compared to a control group. No differences were found in 

feed efficiencies or final body weight change (Nargeskhani et al., 2010). Holstein and 

Jersey calves were fed cottonseed, MOS, and a yeast product to compare benefits across 

supplements and breed. Jersey calves had a better response to the MOS and yeast 

supplements with an increased body weight while the Holstein calves fed MOS and yeast 

had improved fecal scores (Hill et al., 2008). A study done by Heinrichs et al. (2003) found 

that calves supplemented with MOS had decreased severity of diarrhea and increased 

chances of having normal fecal scores. Those calves on MOS with diarrhea improved faster 

than those in the control group. When MOS, probiotics, a control group, and a mixture of 
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MOS and probiotics were fed to calves all supplemented groups had increased fecal 

consistency, but no difference was found in average daily gain (ADG) (Morrison et al., 

2010).  

 The cost of raising calves is an important factor to consider, as increasing performance 

and reducing cost per calf aids in profitability. In a study involving MOS supplemented 

calves, an economic analysis revealed a 22% increase in BW, feed efficiency (FE), and 

feed intake leading to a 3% reduction in the feed cost/kg ($5 less per calf), along with a 

significant decrease in fecal scores (Ghosh et al., 2012).  

 A study by Lazaravic et al. (2010) evaluated the impact of feeding MOS to dams and 

the impact on colostrum and in the neonatal calf. Dams fed MOS-supplemented diets 

increased serum IgG in their calves by 20% after colostrum intake at all time points 

measured. At 1 day-old, the MOS group had 51% more circulating IgG than the negative 

control group and at day 21 they had 39% more circulating IgG in serum. A study 

supplementing MOS to finishing beef steers measured LPS values in plasma and feces as 

well as plasma haptoglobin concentrations and found MOS supplementation reduced LPS 

values in plasma by 10.4% and fecal LPS values by 18.4%. Moreover, plasma haptoglobin 

values were decreased in steers by 95% in the MOS group when compared to the controls 

(Jin et al., 2014). 

 MOS supplementation has been studied intensively in chickens with marked results. 

In an E. coli challenge, MOS supplementation decreased jejuna coliforms, increased 

weight gain and decreased jejuna crypt depths (Yang et al., 2008). In a Salmonella 

challenge in broiler chicks, the MOS group reduced Salmonella coliforms from 89% to 

56% (Spring et al., 2000). A study completed in broiler chicks by Kim et al. (2010) found 
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a decrease of E. coli and Clostridium perfringens in the ileum microbial population and an 

increase in commensal Lactobacillus microbes when supplemented with MOS.  

 

Yeast Cell Wall 

 There is an important distinction between purified supplements containing greater 

concentrations of specific yeast cell wall extracts such as β-glucan and MOS and the 

general supplementation of unspecified yeast cell wall (YCW) products or live yeast, 

commonly from Saccharomyces cerevisiae. Many studies have investigated YCW 

supplementation within the first few weeks of life for increasing performance and health 

measurements, but they did not specify the percentage of β-glucan or MOS content, 

meaning the YCW usually contains varying levels of both components.  

Brewer’s yeast, an inactivated form of yeast, was given to calves and was found to 

decrease body temperature and also decrease the amount of antibiotic treatments given. 

This study concluded supplementation of Brewer’s yeast in the diet of young calves was 

overall associated with improved health status (Seymour et al., 1995). Feeding a yeast 

culture of S. cerevisiae to neonatal calves in the starter increased the ADG and BW, 

increased structural growth and tended to decrease the feed to gain ratio (Lesmeister et al., 

2004). Yeast cell wall is often supplemented as well, showing a decrease in days with 

diarrhea in young calves as well as a decrease in day-to-day fecal scores. Feeding a yeast 

cell wall product decreased total mortality and saved $48/calf. This product was defined as 

having 35% mannan content as well as 30% glucan content (Magalhaes et al., 2008). In a 

group of low risk calves studied by He et al. (2012) there were no differences determined 

in any measurements taken on intake, performance, fecal scoring, or health based on 
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supplementation of a yeast probiotic. This study suggests supplementing low-risk calves 

with good general health and high initial total serum protein (TSP) with a yeast product in 

this early age is not cost-effective in benefitting health or performance.   

An in vitro study looking at the binding capacity of a nutritional yeast product was 

tested on E. coli, Staphylococcus aureus, and Candida tropicalis. The yeast culture was S. 

cerevisiae with the growth culture media it was grown on along with its fermentation 

products. It strongly inhibited C. tropicalis growth, moderately bound and retarded the 

growth of E. coli, and did not have much impact on impeding S. aureus (Jensen et al., 

2008). 

Hydrolyzed yeast was fed to newborn calves immediately after birth and the group 

given the yeast drank more milk than the control group, had decreased days with diarrhea 

compared to control, and had a greater haptoglobin response to a live vaccine challenge 

(Kim et al., 2011). A study supplementing a live yeast product in the grain, milk, and both 

grain and milk to high-risk calves with FPT found an increase in performance in the group 

fed yeast in the milk and increase in intake in the group supplemented with yeast in the 

grain, and all calves fed yeast had decreased days with diarrhea (Galvao et al., 2005).  

 

Probiotics  

Probiotics are live commensal bacteria fed to colonize the small intestine or rumen 

of the calf for beneficial results. Probiotics are fed to calves of all ages and have been 

reported to increase performance measures such as ADG, BW, feed efficiency (FE), as 

well as increase health by decreased fecal scores and days with diarrhea and reduced cost 

due to fewer treatments per calf. Colonizing the small intestine, even transiently, with 
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beneficial commensal bacteria early in life creates competition between commensal and 

pathogenic bacteria for nutrients in the gut and binding sites on small intestinal villi, 

making it harder for pathogenic bacteria to colonize and cause disease. Lactobacillus is 

one of the main bacterium species to colonize the calf gut in the first few weeks of life, so 

supplementing it from the day of birth in calves has become a common treatment option 

(Frizzo et al., 2010). Supplementing lactic acid bacteria, i.e. Lactobacillus, also increased 

feed efficiency, increased calf growth, and decreased fecal scores and bacterial coliforms 

in feces (Timmerman et al., 2005; Bayatkoushar et al., 2013). Lactobacillus acidophilus 

supplementation helped maintain calf body weight in the first two weeks of life when 

control calves lost 4% of their body weight (Cruywagon et al., 1996). On the other hand, 

studies specifically looking into Lactobacillus supplementation on performance measures 

found no significant increases in BW or ADG and determined FE was too variable between 

groups (Abu-Tarboush et al., 1995; Gilliland et al., 1980; Gorgulu et al., 2003). Foster et 

al. (2003) measured the impact of Lactobacillus supplementation on Cryptosporidium 

parvum colonization, a water-borne protozoan parasite that can cause severe diarrhea and 

dehydration in calves. In vitro results showed a decrease in oocyst viability (shedding 

stage) of the parasite by up to 81%. Once the oocyst is ingested it is activated by pancreatic 

bile to ex-cyst and release inner spores. These cause infection in small intestinal 

enterocytes and shedding of the oocysts in the diarrhea. The proposed mechanism of action 

of the Lactobacillus strain impeding C. parvum growth and development for an in vivo 

model is competition for receptor binding on the small intestinal cells, immune stimulation, 

anti-microbial secretions, and competing for intraluminal nutrients (Foster et al., 2003). A 

blend of probiotics was supplemented to calves to assess performance and health markers, 
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finding the probiotic calves had a tendency of greater final body weight compared to the 

control calves at the end of the study. The supplemented calves also showed significantly 

greater neutrophil count and functionality, suggesting an immune response ready to 

efficiently destroy pathogenic bacteria (Indart et al., 2012). A combination of strains of 

Lactobacillus and Bifidobacterium was studied for a probiotic supplement in calves to help 

bolster lactic acid, acetic acid, and propionic acid production in the small intestine to 

decrease the pH and limit growth of harmful pathogens and increase the growth of 

commensal bacteria. The isolated Lactobacillus was found to decrease adhesions of E. coli 

to small intestinal epithelium via steric hindrance and upregulation of mucin, which 

stabilized tight junctions and decreased small intestine permeability (Williams et al., 2010). 

Lactobacillus bacteria was found to survive gastrointestinal transit by being resistant to 

acid and bile and found to not produce D-lactate, a cause of diarrhea due to the inability of 

calves to metabolize it effeciently. After proving it made it to the intestines intact, feces of 

calves were analyzed and found positive for the presence of Lactobacillus, implying the 

bacteria were able to adhere to the mucosal surface and epithelial cells in the small intestine 

(Ewaschuk et al., 2004). Another strain of Lactobacillus bacteria subspecies casei was 

studied for the impact on milk production in cows, finding a significant decrease in somatic 

cell count in cows treated with this probiotic as well as increases in total milk production 

and milk fat, protein, and other solids (Yasuda et al., 2007).   

Another species of probiotic bacteria, Enterococcus faecium, was supplemented in 

milk and decreased diarrhea in calves from 50% to 20% and decreased total days with 

diarrhea with supplementation. The probiotic group also had significantly greater body 

weight at the end of the trial by 9.4% (Jaskouskas et al., 2010).  A study conducted on 
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calves fed Enterococcus faecium with differing levels of lactulose showed the probiotic 

mediated the suppression of lymphocyte proliferation and cytokine production by T-cells 

and helped to downregulate the pro-inflammatory response via decreased cytokine 

production of INF-𝛾 and TNF-𝛼 (Fleige et al., 2009).  Decreasing this pro-inflammatory 

response to bacterium helps to limit inflammation and destruction response to commensal 

microbes in the gut, helping to maintain colonization of the GIT and improve health and 

performance. The bacterium E. faecium was found in the feces of a majority of pre-

ruminant calves, suggesting that supplementation of a commensal bacterium can help 

colonize the GIT sooner and improve health more quickly due to the common nature of the 

bacterium (Devriese et al., 1992).  

 A Bacillus based blend of probiotic was fed to calves in milk replacer as well as 

starter and compared to a control group, and the results showed no impact on scours or 

growth performance. Calves were indoors in a temperature-controlled setting with no stress 

and no outbreaks of illness, which was concluded to impact the findings of the study. 

Without risk of disease or added stress the impacts of adding a probiotic supplement to 

low-risk calves was null (Riddell et al., 2010). Bacillus subtilis is a strain not commonly 

found in the GIT of calves and the spores produced are not harmful but may stimulate some 

immune function or preparedness in the GIT. Bacillus subtilis natto Na and N1 strains were 

supplemented to calves to determine the impact on the rumen papillae development. Both 

strains increased rumen development by increasing ruminal papillae surface area via 

increased villus width and length, as compared to the control group. Increasing rumen 

development means the calves can eat more starter at a younger age, be weaned earlier and 

begin digesting grain and forage more efficiently (Sun et al., 2011). Another study using 
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B. subtilis natto in the milk replacer investigated the impacts on the immune function and 

performance of calves, finding an increase in performance with ADG, feed to gain ratio, 

and an increased time of weaning. The supplemented calves also had an increase in IFN-𝛾 

production and a decrease in interleukin-4 (IL-4) production than the control group, 

suggesting an increase in immune function as well as performance (Sun et al., 2010). 

Another study comparing B. subtilis, control, and a combination supplement of 

Lactobacillus acidophilus, B. subtilis, and Lactobacillus lactus that the probiotics had no 

change on fecal score or performance on any of the calves but the B. subtilis group did 

show to have the highest numerical gain in body weight (Jenny et al., 1991).  Lee et al. 

(2012) conducted a study where calves were grouped into receiving a control diet or a 

probiotic blend of Bacillus subtilis and Lactobacillus plantarum supplemented diet. The 

calves on the probiotic blend had a significant decrease of days with diarrhea as well as a 

decrease in fecal scores when compared to the control. Healthy calves between 2 and 4 

weeks of age showed to have a dominance of Lactobacillus bacteria in the GIT, with 

microbes present in the intestines as soon as 20 minutes after birth, suggesting 

supplementation with Lactobacillus early can help colonization and development of the 

normal calf microbiome (Meale et al., 2017).  

 Producers do not like to spend money to treat calves with preventable diseases. The 

cost of veterinarian bills and antibiotics is one that can be reduced by supplementing 

probiotics in milk and starter of young calves. Probiotics tended to decrease mortality and 

diarrhea as well as decreased the total amount and length of therapy (antibiotics) which 

increased total body weight by 46% (Timmerman et al., 2005). A study conducted on 

calves fed probiotics vs. a control observed the control calves had 2.75 times the cost of 
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the probiotic supplemented calves at the end of the trial due to poorer health and increased 

number of antibiotic treatments (Gorgulu et al., 2003). Some studies indicated an earlier 

weaning age, and with milk replacer being one of the main costs in raising calves the sooner 

the calves can be switched from a liquid to a grain-based diet the cheaper the cost for 

producers. Shortening the time until weaning, even by as little as a week can decrease the 

cost of the operation.  

 The initial health status of high-risk and low-risk calves can impact results of 

nutritional supplementation. If calves are too healthy it is harder to see a difference in the 

supplementation of probiotics, as seen in a study by Gilliland et al. (1980). Similarly, high-

risk calves that received mismanaged colostrum, no colostrum, or were exposed to high 

amounts of pathogenic bacteria early in life will have increased risks of disease even with 

supplementation.  

 

Insulin-like Growth Factor-1 (IGF-1) 

 Insulin-like growth factor-1 is a small molecular weight molecule with a pro-

insulin-like structure found in colostrum that can be extracted and supplemented to calves 

early in life. On average there are 3,000 micrograms of IGF-1 per liter of colostrum, with 

only marginal amounts being absorbed into the blood (Ontsouka et al., 2016). Colostrum 

IGF-1 has mainly GIT impacts, with increased mucosal growth and DNA synthesis and 

few systemic effects (Vacher and Blum, 1995; Roffler et al., 2003). The IGF-1 enters the 

GIT after surviving digestion and increases villus size, crypt hyperplasia, migration of 

crypt cells to villi tips, and epithelial cell proliferation rates in the small intestine. It also 

decreases cell apoptosis in the GIT and increases cell survivability (Blum et al, 2008). 



Texas Tech University, Emily M. Davis, May 2018 

 18 

Receptors specific for IGF-1 were found to be present in the small intestine of calves, and 

when fed bovine colostrum extract containing mainly IGF-1, had increased villi height and 

circumference (Roffler et al., 2003). The IGF-1 receptors are the most concentrated in the 

ileum of calves (Georgiev et al., 2003). Once in the ileum of a calf, IGF-1 stimulates 

mucosal and brush border growth, enzyme development, intestinal DNA synthesis, and 

increased villi size and glucose uptake into the villi (Godden et al., 2008). This growth 

factor is also important for calf lymphocyte development, with high levels of mRNA in 

Peyer’s patches (Blum, 2004). Pfaffl et al. (2002) analyzed the ileum of calves for the IGF-

1 receptor and found the mRNA present already in newborn calves. Systemic IGF-1 is 

formed by the calf in the liver stimulated by binding of growth hormone to receptors on 

hepatocytes and locally in most tissues. Endogenous IGF-1 mainly has impacts on 

transmembrane transport and metabolism of amino acids, glucose, and nucleotides. This 

molecule also inhibits apoptosis and regulates the proliferation and differentiation of cells, 

specifically in the crypts between intestinal villi. It slows down the breakdown of DNA, 

RNA, and protein while increasing synthesis. Ingested IGF-1 is not absorbed and used 

systemically but utilized locally in the small intestine, making it one of the most important 

factors in the growth and development of the epithelia in the small intestine of newborn 

calves. The IGF-1 receptor (IGF-1R) is bound by ingested IGF-1 on enterocytes and exerts 

a local effect. The IGF-1R is a membrane-bound glycoprotein with two chains (one alpha 

and one beta) connected by a disulfide bond. The alpha chain is extracellular while the beta 

chain has extracellular, transmembrane, and intracellular portions for internal and external 

cell signaling. Post-colostrum ingestion shows an increase in the synthesis of systemic IGF-
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1, but not via absorption of consumed colostrum IGF-1 through the small intestine 

(Georgiev, 2008).  

 

IgY 

 The use of egg proteins in calf nutrition and health is a relatively newer 

supplementation strategy that is gaining more interest and viability. Adding egg proteins 

into milk replacer to decrease cost and increase weight gain is a current interest for 

producers and can be added into the diet at around 10% and still be effective (Touchette et 

al., 2003). As well as using the protein from eggs there is newer work being done for 

vaccinating laying hens against common calf GIT diseases and supplementing the 

antibodies found in those egg yolks to calves for greater protection against early calf-hood 

diarrheal diseases.  

 IgY antibodies are a dried egg yolk product collected from the eggs of laying hens 

hyper immunized against a certain pathogen. With a severe infection such as bovine 

coronavirus (BCV) which infects both the small and large intestines of neonatal calves, 

protection from maternal antibodies just is not enough to support a response against the 

virus. In a challenge model where calves were given BCV in two groups, one control and 

one supplemented with BCV specific IgY and another group supplemented with colostrum 

from vaccinated dams, the supplemented IgY calves did the best. They survived the 

challenge and even gained weight, proving the IgY supplementation gave far greater 

protection than the enhanced colostrum supplemented calves. All control calves died by 

day 6 of the study (Ikemori et al., 1997). 
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  Another virus calves are highly susceptible to until around 8 weeks of age is BRV. 

Hens vaccinated against BRV made specific and effective IgY antibodies in their egg yolks 

to impact calf health. In a study comparing a control set of calves and a supplemented BRV 

specific IgY group, the IgY supplement gave significant protection against the virus. This 

provides an economical option for protecting calves against common diseases for a longer 

term, with 80% of supplemented calves having complete protection against clinical 

infection and while simultaneously increasing weight gain. The supplemented calf that was 

clinically ill had diarrhea for two days and a fever for 0.2 days. All control calves were 

clinically ill (Vega et al., 2011). This antibody option provides a cheap, constant form of 

production without needing to bleed the hens for the product. Hens are vaccinated and then 

eggs are collected and IgY separated from the yolk. One laying hen can provide 5-25 mg 

IgY per day, which measures up to 1500 mg IgY per month from one vaccinated hen. Of 

that 5-25 mg of IgY per day, 2-10% of those antibodies are antigen specific. Chicken IgY 

does not activate mammalian complement, it does not bind to mammalian proteins, and 

does not interfere with the critical IgG. There is no information on how IgY impacts 

mucosal or systemic immunity, but there are no signs that this form of antibody creates 

long term or active immunity in the calf. Continuous daily oral supplementation of the 

product is needed throughout the susceptible period to make a difference. Treatment with 

IgY in this study in the first 2 weeks of life enhanced weight gain and decreased infection 

of BRV in neonatal calves (Vega et al., 2011). Another study with BRV immunized hens 

showed supplementation of IgY with no coinciding administration or feeding of antibiotics 

decreased BRV infection, days with diarrhea, and can increase weight gain. Feeding oral 
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IgY to calves with FPT was not recommended due to the inability to digest and absorb 

nutrients properly (Kuroki et al., 1994).  

 The first ever combination vaccination program on hens for three separate neonatal 

calf GIT infections was done by Sitnik et al. (2013). Hens were vaccinated against three 

separate pathogens; rotavirus, E. coli, and coronavirus. Oral application of IgY was found 

to be cost effective as well as a better approach than simply vaccinating dams and feeding 

colostrum antibodies to calves. This study took the egg yolk antibodies and tested them for 

efficacy with ELISA tests for neutralization of their corresponding pathogens. All vaccines 

were found to have mounted a humoral response, with one of the vaccines having the 

highest levels of all antibodies for the three pathogens. This was the first trial looking at 

simultaneous vaccination of hens for the three most common causes of calf GIT disease. 

This study’s main objective was to find the right dose of the vaccines to get the most 

effective antibody response, the next step is taking that vaccination protocol and testing the 

resulting IgY in calves (Sitnik et al., 2013).  
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CHAPTER 2 

 

 

IMPACTS OF VARIOUS MILK REPLACER SUPPLEMENTS ON THE 

HEALTH AND PERORMANCE OF HIGH RISK CALVES 

 

Abstract  

 The objectives of this study were to determine the impacts of supplementing a blend 

of probiotics, β-glucan, mannanoligosaccharides, and small molecular weight molecules 

from colostrum on the performance and health of high-risk Holstein calves. One hundred 

bull calves were acquired from a local calf ranch within 24 h of birth and randomly assigned 

to 1 of 5 treatments added to the milk replacer: (1) Control (CON), no additive; (2) Immu-

Prime (ImmPr), 1.5 g/d ImmPr first 3 d only; (3) Beta glucan (BG), 1 g/d BG; (4) 

Mannanoligosaccharide + Bacillus subtilis (MOS+Bs), 3 g/d MOS + 4 x 109 CFU/d 

Bacillus subtilis; and (5) PROVIDA (PRO), blend of 2 x 109 Lactobacillus casei and 

Enterococcus faecium + 2 x 109 Saccharomyces cerevisiae. Calves were weaned at d 56, 

comingled, and treatment carry-over effects were evaluated through d 84. Starter intake 

was measured daily and BW weekly. Peripheral blood samples were collected on d 1, 3, 7, 

14, 21, 42, 56, and 84 and analyzed for hematology and serum analyzed for haptoglobin 

concentrations. Neutrophil function was assessed through surface L-selectin and 

phagocytic and oxidative burst activities. Data were analyzed using Proc Mixed in SAS 

(SAS 9.4, Cary, NC). The BG consumed the most starter from d 1 to 28 and both the 

MOS+Bs and ImmPr consumed more than the CON (P=0.016). Preweaned ADG was 

greater for PRO and BG when compared to the CON (P0.055), both the MOS+Bs and 

ImmPr were not different than the other treatments. There was no carry-over effect on 



Texas Tech University, Emily M. Davis, May 2018 

 23 

ADG (P=0.879). There was a tendency for BG, MOS+Bs, and PRO to have reduced serum 

haptoglobin throughout the study (P=0.075). Total leukocyte, neutrophil, and lymphocyte 

counts were reduced among MOS+Bs calves (P0.003), whereas BG calves tended to have 

the greatest neutrophil:lymphocyte ratio (P0.051). Neutrophil L-selectin was reduced 

among BG (P=0.030), whereas PRO was not different than BG or the other treatments. 

Neutrophil oxidative burst was reduced among BG and PRO when compared to CON and 

ImmPr (P=0.011), but MOS+Bs was not different than any treatment. Supplementing BG, 

MOS+Bs, and PRO all influenced performance and health of high risk calves, but the 

mechanisms appear to be different. 

Key words: calf, health, immune 

 

Introduction 

High-risk calves have an increased risk for morbidity and mortality due to failure 

of passive transfer (FPT), high exposure to pathogens, and increased stressors in the first 

few days of life. Because of the immature anatomy of the gastrointestinal tract and naïve 

immune system calves are especially susceptible to environmental bacteria and viruses. 

The main cause of disease in neonatal calves is scours due to E. coli or Salmonella 

infections, resulting in a 7.8% mortality rate for pre-weaned heifers on U.S. dairy farms 

with at least 56.5% of those deaths being attributable to gastrointestinal disease (NAHMS, 

2007).  

 When high-risk calves are exposed to disease there are ways to decrease the risk of 

morbidity and mortality through supplementation of nutritional additives. Probiotics and 

yeast cell wall fractions are increasing in supplementation strategies as antibiotic use is 
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decreasing as studies begin to show advantageous impacts of other supplements acting with 

similar health and performance results to antibiotics. Supplementing probiotics and 

mannanoligosaccharides (MOS) to calves has been shown to increase performance and 

health measures including increases in BW, ADG, and decreases in fecal scores 

(Bayatkoushar et al., 2013; Heinrichs et al., 2003; Hill et al., 2008; Magalhães et al., 2008; 

Ghosh et al., 2012; Morrison et al., 2010; Timmerman et al., 2005). Supplementing -

glucan (BG) was observed to increase pro-inflammatory cytokine production, increase 

leukocyte and lymphocyte activation, and moderate the impacts of inflammation during 

sepsis in multiple species (Eicher et al., 2010; Vetvicka et al., 2004; Brown et al., 2003, 

Novak et al., 2009). Supplementation of these compounds has shown equivocal results, but 

each appears to work through separate mechanisms of action. 

The objectives of this study were to assess the pre-weaned effects and determine 

the immediately post-weaned carry-over effects, if any, of supplemented purified β-glucan, 

a heat stable blend of Bacillus subtilis probiotic with mannanoligosaccharides, a probiotic 

blend of Lactobacillus casei, Enterococcus faecium, and Saccharomyces cerevisiae, and 

IGF-1 molecules fractionated from colostrum to evaluate how they would impact the health 

and performance of high-risk Holstein bull calves.  

 

Materials and Methods 

Study Design 

 This study was a completely randomized design consisting of two 84-day periods 

with a total of 100 Holstein bull calves. Treatments were completely randomized and 

included a negative control group (CON), -glucan (BG) supplemented at 5mL/day, Immu-
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Prime (ImmPr) given at 0.75 grams per feeding for only the first 3 days of life, probiotic 

(PROVIDA) treatment of 2x109 CFU Lactobacillus casei, Enterococcus faecium, and 

Saccharomyces cerevisiae, and mannanoligosaccharide (MOS+Bs) treatment with 4x109 

CFU Bacillus subtilis and 3g MOS. Upon arrival calves were weighed, randomly assigned 

a treatment and administered a bolus of a full day’s treatment, with control calves receiving 

a sham bolus. Peripheral blood was drawn immediately to assess passive immune status 

via total serum protein (TSP) analysis on a refractometer. Calves were assigned an ID 

during enrollment; block 1 calves were given ID numbers from 1 through 50 while block 

2 were given ID numbers 101 through 150. At day 0 calves were given water ad libitum 

and 25 grams of texturized calf starter but no milk feeding. No milk was fed at enrollment 

to facilitate treatment administration as soon as possible.  

 

Calf Selection and Housing 

 All calves in each block were picked up on the same day from a calf ranch in 

Eastern New Mexico and brought back to West Texas to be housed at the Texas Tech 

University Burnett Beef Center. All calves were enrolled in the study within 24 h of birth. 

Calves were housed outdoors in individual calf hutches (2.13 x 1.09 m Agri-Plastics, 

Cortland, NY).  

 

Calf Feeding and Care 

Nutrient analysis of both milk replacer and starter is given in Table 1. Calves were 

fed 700 g of milk replacer containing 22% CP and 20% fat (Milk Specialties, Eden Prairie, 

MN) and texturized calf starter ad libitum at 22% CP (Purina Ampli Calf, Nestle Purina, 
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St. Louis, MO). Milk replacer was fed twice daily at 700 h and 1600 h. For 50 calves 18.2 

kilograms of milk replacer was used with 61.5 L of water for a total mixed volume of 123 

L. Water buckets were dumped and scrubbed with chlorine water weekly to limit pathogen 

growth and contamination while nipples, bottles, and the milk tank were all cleaned 

immediately after each feeding with hot water and chlorine. Ad libitum access to texturized 

calf starter and water was given from d 0 until the end of the study on d 84. Measurements 

were taken daily for starter offered, starter refused, water intake, milk refusal, electrolyte 

consumption and antibiotic administration. Health status was assessed daily through ear, 

eye, nose, cough, and fecal scores. Weather data was recorded daily. Block 1 average 

temperature was 15 degrees Celsius, with 8 rain events averaging 1.3 cm of rain per event. 

Block 2 average temperature was 21.5 degrees Celsius, with 14 rain events averaging 1.2 

cm of rain per event. All calves were castrated by banding on d 23 after the morning 

feeding. All calves were vaccinated on day 28 with Inforce 3 (Zoetis Inc, Parsippany-Troy 

Hills, NJ), Bovi-shield (Zoetis Inc, Parsippany-Troy Hills, NJ), and 0.5 mg ovalbumin with 

0.5 mg of Quil-A adjuvant with booster vaccination occurring on day 42. Calves were 

stepwise weaned starting d 53 and only being fed milk in the morning until d 56 when they 

were moved into randomized group pens after the morning milk feeding. Treatments were 

ceased at weaning and calves were co-mingled in groups of 10 to 12 calves per pen and 

treatments were equally represented within each pen.  Group pen starter intake and refusal 

were measured daily in the mornings. During block 2 every calf was given 3 days of 1mL 

penicillin per day beginning on d 8 because of a suspected Clostridium perfringens 

outbreak causing abomasal bloat.  
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Sample Collection  

Calf starter and water intakes were measured daily. Milk refusals were measured 

after each milk feeding and recorded. Measurements of BW were taken on d 0, 7, 14, 21, 

28, 35, 42, 49, 56, 70, and 84. Rectal temperatures were assessed on d 1, 4, 8, 11, 15, 18, 

and 22 as well as fresh fecal samples directly collected from the rectum to determine dry 

matter percentage as a way to assess GIT health. Length, height, and heart girth as a 

measure of growth performance were taken on d 0, 28, 56, 84 using a tape measure. Length 

was defined as the measurement from the tip of the scapula to the tail bone when the back 

was flattened. Height was defined as the measurement from the bottom of the hoof to the 

scapula when the calf was standing straight. Heart girth was measured by the circumference 

around the ribs directly behind the scapula. Day 35 a baseline double skinfold thickness 

measurement was taken over the scapula and then received an intradermal injection of 100 

µL of a 1mg/mL solution of phytohaemagglutinin (PHA) in sterile saline. A follow-up 

double skinfold thickness measurement was recorded 72 hours post-injection as an estimate 

of the delayed type 4 hypersensitivity reaction.   

 

Blood Samples 

Peripheral blood samples (3 mL K2 EDTA, 3 mL sodium heparin, and 10 mL no 

additive) were taken on d 1, 3, 7, 14, 21, 42, 56, and 84. Serum was collected from the no 

additive tube after it was allowed to clot at room temperature for 30 minutes and 

centrifuged for 15 minutes at 23°C and 1,500 x g. Serum was analyzed for urea nitrogen, 

glucose, and haptoglobin. Further, serum was analyzed for ovalbumin specific IgG on day 

28, 42, 56, and 84. The K2 EDTA tube was analyzed within 2 hours for a complete blood 
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cell count (CBC) on an IDEXX Procyte analyzer and used to measure surface expression 

of CD62L on neutrophils.  The sodium heparin tube was used to assess functional 

capacities of various leukocytes including: phagocytic and oxidative burst of neutrophils, 

whole blood lipopolysaccharide stimulated cultures, and whole blood phytohemagglutinin-

P (PHA) stimulated cultures.  

 Blood samples were collected each day pre-feeding and before any other 

measurement (BW, length, height, heart girth) was taken to avoid stress and changing the 

outcome of the sample collected. Samples were collected in order of ID and within 3 

minutes of entering a pen to minimize stress.  

 

Ovalbumin IgG Analysis  

Ovalbumin specific total IgG was analyzed using capture enzyme-linked 

immunosorbent assay (ELISA). A 96-well plate was prepared by coating the entire plate 

with 100 𝜇L of ovalbumin and carbonate bicarbonate buffer (1.4 𝜇g of ovalbumin/ 𝜇L of 

carbonate bicarbonate buffer) and incubating for 48 hours at 4 degrees Celsius. After 48 

hours the plates were washed with 400 𝜇L of wash buffer per well, a combination of 0.05% 

Tween 20 in 1X PBS, for a total of three times before adding a 4% bovine serum albumin 

(BSA) blocking solution to each well to incubate for 2 hours at room temperature. The 

plates were washed with wash buffer again three times and then a diluted serum solution 

(1:200) was placed in each respective sample well in duplicate at a volume of 100  𝜇L per 

well. The serum samples were incubated for 2 hours at room temperature. Plates were then 

washed another three times and filled with 100 𝜇L of goat anti-bovine IgG conjugated to 

alkaline phosphatase in Tris-buffered saline diluted at a ratio of 1:5000, which was 
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determined to maximize the signal to noise ratio. Plates were then sealed with a new 

adhesive strip and left to incubate for 1 hour at room temperature and then washed again 3 

times with wash buffer and filled with 80 𝜇L of a para-nitrophenylphosphate substrate 

(Sera-Care, Milford, MA) for exactly 30 minutes at room temperature before reading the 

absorbance levels at 540 nm and 410 nm on a VersaMax spectrophotometer. 

  

Serum Urea Nitrogen Analysis 

Serum urea nitrogen (SUN) was analyzed using a commercially available 

colorimetric assay (Stanbio Labs, Hampton, NH). Standards, blanks, and unknown samples 

were placed into a glass vial at a volume of 5 𝜇L and all vials were mixed with a 1:2 

solution of color to acid reagents (250 𝜇L of color reagent and 500 𝜇L of acid reagent in 

each tube) and vortexed well. All tubes were submerged into a boiling water bath for 

exactly 10 minutes, removed immediately and placed into a cold-water bath for 4 minutes 

exactly. Each sample was then removed from the tube and 100 𝜇L was placed into each 

well in a 96 well plate and then read at 520 nm immediately using a VersaMax 

spectrophotometer (Molecular Devices, Sunnyvale, CA).  

 

Serum Glucose Analysis  

Serum glucose concentrations were analyzed using the hexokinase method (Stanbio 

Labs, Glucose Liqui-UV Procedure #1060, Hampton, NH). The spectrophotometer was 

turned on and heated to 37℃. Working reagent was prepared by adding 5 parts of reagent 

1 with 1 part of reagent 2. Control sera, standards, and unknown samples were pipetted 

into a 96-well plate at 5 𝜇L per sample. Then 100 𝜇L of working reagent was added to each 
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well and then the plate was shaken for 5 seconds then incubated in the SpectraMax for 5 

minutes before being read at 340nm.  

 

Serum Haptoglobin Analysis 

Methemoglobin was added to each tube at a volume of 25 𝜇L with 5 𝜇L of distilled 

water into negative control tubes, 5 𝜇L of known serum standards, and 5 𝜇L of unknown 

samples in each tube after that. Then 7.5mL of a O-dianisidine buffer was added to each 

tube and vortexed well. Each tube was incubated in 37℃ water bath for 45 minutes. After 

they were removed from the water bath, 100 𝜇L of 156 mM hydrogen peroxide was added 

to each tube, vortexed, and incubated at room temperature in the dark for 1 hour. Finally, 

200 𝜇L of sample from each tube was pipetted into a 96 well plate and read in the 

SpectroMax at 450 nm.  

 

Neutrophil Function Analysis 

Neutrophil function was assessed by measuring the phagocytosis and oxidative 

burst capacities of neutrophil populations in each calf. Whole blood from each unknown 

sample was taken from the heparinized vacutainer after the sample was gently inverted for 

5 minutes on a rocker. The blood sample, 200 𝜇L, was transferred to a low-adhesion 

microcentrifuge tube and placed on ice for 15 minutes. Working concentrations of 

propidium iodide labeled heat-killed E. coli were removed from -80℃ freezer and allowed 

to thaw. The estimated bacterial concentration in the working solution was 1 x 109 

CFU/mL. Working concentrations of Dihydrorhodamine (DHR) were created by diluting 

a stock solution. Propidium iodide labeled E. coli and DHR were added to each tube at 
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volumes of 80 𝜇L and 40 𝜇L, respectively, and then all tubes were vortexed and placed 

into a 38.5℃ recirculating water bath for exactly 10 minutes. There were 2 control tubes, 

a control for phagocytosis that only received the bacteria and a control for oxidative burst 

that only received the DHR. The phagocytosis control was not placed into the water bath 

and remained on ice, whereas the DHR control was incubated in the water bath with the 

unknown samples. After 10 minutes, all tubes were removed from the water bath 

simultaneously and placed on ice for another 15 minutes, ensuring all cells were activated 

for the same amount of time allowing for similar time to phagocytose the E. coli and 

activate an oxidative burst. All samples were lysed for 30 seconds with 800 𝜇L of ice cold 

water to hypotonically lyse the red blood cells. Then, 200 𝜇L of ice cold 5X PBS was added 

and the tubes inverted for 15 seconds. Next, the tubes were centrifuged for 5 minutes at 

1200 rpm to collect a pellet of the remaining leukocytes. Excess fluid was aspirated, and 

all samples were lysed again to remove any remaining red blood cells. The leukocyte pellet 

was collected after centrifugation and 600 𝜇L of ice cold 1X PBS was added to each of the 

samples and vortexed and analyzed on a BD Accuri C6 (BD Biosciences, Franklin Lakes, 

NJ) flow cytometry. Neutrophil populations were gated based on the forward and side 

scatter characteristics, and ability of neutrophil population to phagocytose and produce an 

oxidative burst was determined. Data are reported as the mean percentage of neutrophils 

undergoing both phagocytosis and an oxidative burst. Further, the mean fluorescence 

intensities and the coefficients of variation of both phagocytosis and oxidative burst were 

measured as an estimate of the intensities of both phagocytosis and oxidative burst. 
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Neutrophil Surface L-selectin Analysis 

L-selectin is a protein expressed on the membrane of neutrophils that allow them 

to roll on the endothelium walls and undergo diapedesis to travel to the site of infection in 

the body. To measure this protein expression on the surface of neutrophils, heparinized 

tubes that remained on ice immediately after collection were inverted for 5 minutes on a 

rocker before aliquoting 50 𝜇L of into a low-adhesion microcentrifuge tube, and placed 

back on ice. The primary antibody (Clone #BAQ92A, Washington State Monoclonal 

Antibody Lab, Pullman, WA) was diluted 1:50 in 1X PBS and 50 𝜇L was added into each 

tube except for the secondary antibody control tubes and then vortexed and placed on ice 

again for 1 hour. Samples were vortexed at 30 minutes during the 1 hour incubation. Each 

sample was hypotonically lysed with 800 𝜇L of ice cold water and inverted for 30 seconds 

to remove excess red blood cells from the sample. Then, 200 𝜇L of ice cold 5X PBS was 

added and all tubes inverted for 15 seconds before centrifuging the samples at 1,200 x g 

for 5 minutes. Aspiration was done on each tube to remove excess fluid before 1,000 𝜇L 

of ice cold 1X PBS was added to each tube. Each tube was then vortexed and another round 

of centrifuging at 1,200 x g for 5 minutes was completed. Aspiration was done again before 

50 𝜇L of secondary antibody was diluted 1:400 (Bio Rad Laboratories, Hercules, CA) was 

added to each tube and then vortexed. The secondary antibody was specific for the primary 

antibody and was conjugated with FITC. Samples were placed back on ice for another 30 

minutes, vortexed, and then placed on ice for an additional 30 minutes. Samples were 

rinsed twice with 1 mL of ice cold 1X PBS, centrifuged at 1,200 x g for 5 minutes, and 

reconstituted in 600 𝜇L of 1X PBS. Samples were analyzed on a BD Accuri C6 (BD 

Biosciences, Franklin Lakes, NJ) flow cytometry to determine the mean fluorescence 
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expression of the FITC fluorochrome on the neutrophil population, which was gated based 

on the forward and side scatter characteristics.  

 

Whole Blood Cultures and Cytokine Analyses 

Whole blood aliquots, 200 𝜇L, from the heparin vacutainer were placed into 24-

well plates and subsequently either stimulated with either PHA or LPS at a final volume of 

1 mL per culture to determine the secretion of INF-𝛾 and TNF-𝛼, respectively. The PHA 

culture was stimulated at a final concentration of 25 mg/mL in complete RPMI 1640 media 

containing 4 mM glutamine and 1% antibiotics and antimycotic. The LPS culture was 

stimulated at a final concentration of 1 mg/mL in the sample complete media as the PHA 

culture. The PHA and LPS cultures were incubated at 38.5 ℃ in 5% CO2 cell culture 

incubator for 72 and 24 hours, respectively. After incubation, each plate was centrifuged 

for 15 minutes at 1,200 x g and the cell culture supernatant was removed and stored at -

80℃ until subsequent cytokine analysis. The cell culture supernatant concentrations of 

IFN-γ and TNF-α were determined using commercially available sandwich ELISA (CAT 

#; Thermofisher Scientific, Waltham, MA). All procedures followed those outlined by the 

manufacturer.  

  

Statistical Analysis 

All continuous, repeatedly measured data were analyzed as a repeated measure 

using the Mixed Procedure in SAS (SAS 9.4, Cary, NC). The model included fixed effects 

of treatment, time, and treatment x time. Initial BW and TSP were tested as covariates in 

the model and were retained in the final model if they were significant. Initial BW was a 
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significant covariate for ADG and TSP for calf starter intake. Period was included as a 

random effect, and the subject of the repeated statement was calf nested within treatment. 

All appropriate covariance structures for unequal spacing and variance structures were 

analyzed and the most appropriate model was selected based on the lowest bayesian 

information criterion.  Differences of P  0.05 were considered significant and a tendency 

was reported when 0.05 < P  0.10. Significant treatment x time differences were further 

evaluated by sliced treatment differences at each sample time using a Duncan adjustment 

to control for the familywise error. All pairwise comparisons at each significant time were 

determined. Before analysis all data were trimmed using the Windsor method.  

 

Results 

Calf Loss 

 Seventeen calves died during this study detailed in Table 2. In block 1 there were 

2 deaths from the ImmPr treatment, 1 death in the BG treatment, and 3 deaths from the 

MOS+Bs treatment. In block 2 there was 1 death from the CON treatment, 1 death from 

the ImmPr treatment, 4 deaths in the BG treatment, 3 deaths from the MOS+Bs treatment, 

and 2 deaths in the PROVIDA treatment.  

 

Calf Performance 

 Body weight, TSP, starter intake, ADG, body measures, and blood metabolites are 

reported in Table 3. Per the study design, initial body weights did not differ between 

treatment groups (P=0.242). The TSP data was reported as average TSP per treatment and 

the percent of calves in each treatment with FPT (<5.2g/dL). The CON calves had the least 
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amount of FPT at 25% while ImmPr had the greatest at 50% FPT. There was a treatment 

difference for pre-weaned starter intakes from day 0 to day 28 (P=0.016). Average daily 

gain was reported as pre-weaned ADG, post-weaned ADG, and total ADG. Total and post-

weaned ADG did not differ between groups but a tendency for difference was detected for 

pre-weaned ADG (P=0.081; Table 3). There was no treatment x time interaction or 

treatment difference on any of the body measurement data (P0.556). 

 Table 3 also contains blood metabolite data. There was a treatment x time 

interaction for serum glucose concentration (P=0.049). The treatment x time differences in 

serum glucose are indicated in Figure 1. The CON had decreased serum glucose 

concentrations on d 3 (P=0.007) and d 7 (P=0.107) when compared to all other treatment 

groups. Finally, serum urea nitrogen values differed with a significant treatment x time 

interaction (P=0.048). The serum urea nitrogen data reported in Figure 2 indicated the 

treatment differences occurred at d 14 (P=0.071) and d 84 (P=0.001).  

 

Calf Health  

 Fecal scores, fecal dry matter, rectal temperature, electrolyte consumption, and 

hematology measures are all reported in Table 4. There was a treatment x time interaction 

among fecal scores (P<0.0001). Fecal score differences are indicated in Figure 3 at week 

2 (P=0.036), week 5 (P=0.017), week 6 (P=0.001), week 7 (P=0.001), and week 8 

(P=0.002). There was a treatment x time interaction among rectal temperatures (P=0.049). 

Rectal temperature differences are indicated in Figure 4 and occur at d 4 (P=0.010) and d 

8 (P=0.006). 
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Serum haptoglobin concentrations had a treatment x time interaction (P=0.010). 

Figure 5 shows the treatment interactions at d 7 (P=0.036), d 14 (P=0.033), d 42 (P=0.019), 

and d 56 (P=0.006). There was a tendency for a treatment interaction when haptoglobin 

was assessed using an area under the curve (AUC) approach (P=0.075), whereas BG, 

MOS+Bs, and PROVIDA all had reduced haptoglobin concentrations when compared to 

the CON and the ImmPr was not different than any other treatment.  

Hematology data are also reported in Table 4. There was no treatment x time 

interaction for hematocrit percentage (P=0.364), but there was a treatment difference 

(P<0.0001). Moreover, there was no treatment x time interaction with hemoglobin 

(P=0.373); however, there was a treatment difference (P<0.0001). There was no treatment 

x time interaction for the mean corpuscular volume (MCV) of red blood cells (P=0.826), 

but there was a treatment difference (P=0.017). No treatment x time interaction was 

determined for total red blood cell counts (P=0.544); however, there was a difference 

among treatments (P<0.001). Total leukocyte count did not have a treatment x time 

interaction (P=0.360); however, there was a treatment difference (P<0.002). There was no 

treatment x time interaction for polymorphonuclear neutrophil (PMN) counts (P=0.224), 

but there was a treatment difference (P=0.003). Additionally, there was no treatment x time 

interaction for PMN percentage (P=0.290), but there was a treatment difference (P=0.005). 

There was a treatment x time interaction (P=0.006) for monocyte count. The monocyte 

count treatment x time interaction is shown in Figure 6 to differ at d 3 (P=0.083), d 56 

(P=0.007) and d 84 (P=0.005). There was no treatment x time interaction for monocyte 

percent (P=0.194), but there was a tendency for a treatment difference (P=0.063). 

Lymphocyte counts also differed with a treatment x time interaction (P=0.001). The 
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differences in lymphocyte counts are illustrated in Figure 7 at d 3 (P=0.071), d 7 (P=0.043), 

d 14 (P=0.065), d 21 (P=0.054), d 42 (P=0.061), d 56 (P=0.003), and d 84 (P=0.010). 

There was no treatment x time interaction in the ratio of PMN to lymphocytes (P=0.189); 

however, the PMN:lymphocyte had a strong tendency for a treatment difference (P=0.051), 

whereas the BG treatment had the greatest PMN:lymphocyte.  

 

Calf Leukocyte and Cytokine Response 

 Neutrophil L-selectin expression, phagocytosis and oxidative burst capacity, 

cytokine data, cutaneous PHA hypersensitivity, and anti-ovalbumin IgG data are reported 

in Table 5. There was no treatment x time interaction for any data in this table (P≥0.371). 

The mean fluorescence intensity for neutrophil phagocytosis had a tendency for a treatment 

difference (P=0.087). Additionally, the neutrophil oxidative burst capacity had a treatment 

difference (P=0.011). Although the surface expression of L-selectin on neutrophils had a 

treatment difference (P<0.0001) and no treatment x time difference (P=0.371), the sliced 

treatment differences by time as illustrated in Figure 8 indicated that CON had greater L-

selectin expression on d 14, whereas MOS+Bs were greater on d 42, 56, and 84. 

 

Discussion 

 This study investigated the impacts of four different nutritional supplement 

strategies on the health and performance of high-risk Holstein bull calves during both the 

pre-weaned period as well as carry over effects in the immediate post-weaned, comingled 

period. The data from the current study suggest that BG, MOS+Bs, and PROVIDA 

probiotics influenced the performance and some measures of health; however, the 
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mechanisms of action appear to be different. The supplementation of BG may be 

stimulating innate leukocytes and increasing performance. The MOS+Bs appears to be 

decreasing leukocyte populations in blood and some neutrophil functions while also 

increasing pre-weaned performance. Finally, the PROVIDA supplemented calves had 

improved performance with more modest impacts on leukocyte populations.  

 Calf starter intakes were split into two cumulative time points during the pre-

weaned period from d 0 to d 28 and from d 29 to d 56.  The BG supplemented calves 

consumed the most starter in the first month of life and CON calves consumed the least. 

The ImmPr and MOS+Bs calves also consumed greater amounts of starter than CON 

calves, but intake did not differ from BG. Starter intakes did not differ for PROVIDA 

calves from any treatment except they were less than the BG calves from d 0 to d 28. The 

starter intake from d 29 through d 56 reflects the total pre-weaned starter intake as most of 

the pre-weaned starter intake was consumed during this period. Total pre-weaned starter 

intakes were not different between CON and ImmPr; however, BG, MOS+BS, and 

PROVIDA calves had numerically greater intake over the pre-weaned period, which was 

consistent with the increased ADG during the pre-weaned period.  The ADG in the pre-

weaned period was greatest for the BG and PROVIDA calves and the CON calves gained 

the least. The ImmPr and MOS+Bs pre-weaned ADG were intermediate and did not differ 

from any other treatment.  

The greater ADG among the PROVIDA and BG calves during the pre-weaned 

period was a 3.92 and 2.80 kg improvement in pre-weaned BW gain, respectively. This is 

in an agreement with data from multiple studies that supplemented various probiotic 

bacteria, specifically Lactobacillus casei and Enterococcus faecium, to young calves and 
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observed increased ADG as well as BW (Bayatkoushar et al., 2013, Jaskouskas et al., 2010, 

Mokhber et al., 2007, and Tarboush et al., 1995). The increase in ADG with probiotic 

supplementation may be due to a few mechanistic actions. Supplementation of 12 

Lactobacillus strains decreased colonization of the GIT with 3 strains of E. coli and up to 

5 strains of Salmonella. This is likely because some of the Lactobacillus species can adhere 

strongly to the small intestinal mucosa and epithelium and is suggested there is production 

of substances to decrease pathogenic growth (Jin et al., 1996).  In contrast, other data 

reported that probiotic supplementation did not impact either performance or health 

measures (da Silva et al., 2012, Gorgulu et al., 2003, Higginbotham et al., 1993). 

A study completed by Eicher et al. (2010) reported no change in BW, DMI, or feed 

efficiency when calves were supplemented with either 2 purified BG products mixed with 

ascorbic acid. Further, Ewaschuk et al. (2012) recorded no difference in feed intake, ADG, 

or BW in BG supplemented pigs. However, in agreement with the current study, Dritz et 

al. (2014) supplemented a purified BG product to pigs and observed an increase in ADG 

as well as BW. The effect of feeding MOS to calves is equivocal with some studies 

reporting increased ADG, BW, and decreased fecal scores (Berge et al., 2016, Ghosh et al., 

2012, Heinrichs et al., 2003, Uzmay et al., 2011) with other studies reporting no differences 

in ADG or final BW (Hill et al., 2008, Morrison et al. 2010, and Nargeskhani et al., 2010). 

In agreement with the pre-weaned calf starter intake data in this study, Heinrichs et al. 

(2003) reported that a MOS supplement increased starter intake at a younger age than a 

control group; however, there were no differences in calf performance at the end of the 

study. Similarly, Terre et al. (2007) observed no change in final BW but did report an 

increased pre-weaned starter intake for MOS supplemented calves. Studies evaluating the 
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efficacy of supplementing an exclusively Bacillus subtilis probiotic in dairy calves reported 

greater ADG and BW in the probiotic groups when compared to a negative control (Jenny 

et al., 1991, Sun et al., 2010).  

The health of calves likely impacts the performance outcomes of many nutritional 

supplements. As reported by Gilliland et al. (1980), when calves were fed a probiotic 

Lactobacillus strain there was no difference observed between treatments due to the 

general good health of all the calves in the study. Similar findings in a Bacillus sp. based 

probiotic study where there were no differences in either calf starter intakes or ADG 

between a control and a probiotic supplemented group of healthy, unstressed calves 

(Riddell et al., 2008). The calves in the current study were high-risk bull calves from a 

commercial calf ranch, and despite intensive management of the calves there was still an 

overall 17% mortality in the study.  

Calf health was evaluated daily over the course of the study, and if fecal scores 

were a 4, liquid/watery, or if the calf looked dehydrated then a bottle of oral electrolytes 

was offered. There was no difference in the quantity of electrolytes offered; however, it 

was numerically lowest for BG calves. Average fecal scores were greatest during the 2nd 

week of life and were lowest among BG calves. However, there were no differences in the 

dry matter (DM) content of fecal samples among treatments throughout the entire study. 

Rectal temperatures were taken during the first 3 weeks of life, and contrary to the 

increased rectal temperatures in the MOS+Bs group, Kara et al. (2015) observed a decrease 

in temperature of dairy calves supplemented with MOS. The increase in rectal temperature 

on day 4 and 8 in the ImmPr calves may be related to the increased serum haptoglobin 

concentrations seen within the first week of life for ImmPr calves as well. Multiple studies 
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observed a relationship between increased haptoglobin and increased fecal scores (Deignan 

et al., 2000; Murray et al., 2014; Richeson et al., 2013).  

The greater calf starter intakes for PROVIDA calves during the second month of 

life coincided with a decrease in fecal scores. During weeks 5, 6, and 7, the PROVIDA 

supplemented calves had the lowest fecal scores. Probiotics have been shown to decrease 

fecal scores during both the pre-weaned and post-weaned periods (Jaskouskas et al., 2010, 

Lee et al., 2012, Meale et al., 2017, and Mokhber et al., 2007). Fecal scores during week 8 

were greatest for CON calves, which corresponded with the reduced starter intake among 

CON calves. Both CON and ImmPr calves had increased serum glucose concentrations at 

d 56 and d 84. The exact mechanisms leading to the greater glucose concentrations among 

these calves at these later time points is unclear; however, these 2 treatments had 

numerically lower calf starter intake when compared to the other 3 treatments. Therefore, 

the differences in serum glucose concentrations could be associated with nutrient 

availability or anatomical site of digestion.  

Serum haptoglobin was assessed as a measure of systemic inflammation and 

analyzed as AUC as well as concentration over time. Haptoglobin AUC was greatest for 

CON calves and lowest for BG, MOS+Bs, and PROVIDA calves. Further, on d 7 the 

ImmPr and CON calves had the greatest serum haptoglobin concentrations, suggesting 

there may have been a greater exposure or lack of microbial control in the GIT of those 

calves in the first week of life. Some of the effect in the ImmPr calves may be associated 

with the greater proportion of FPT calves in that group at enrollment. Exposure and 

inability to combat bacterial or viral infection of the GIT could increase haptoglobin levels 

as a general marker for increased inflammation. In agreement with the current study, 
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Sandvik et al. (2007) that observed BG modulated inflammation in rats undergoing LPS-

induced endotoxemia. Therefore, BG may reduce the intensity of the systemic 

inflammatory response through some mechanism. A study with pigs supplemented with 

BG reported a consistent decreased haptoglobin concentrations in the BG supplemented 

pigs compared to a control group from d 7 through d 28 (Dritz et al. 1995). Liang et al. 

(2017) reported decreased serum haptoglobin concentrations among high-risk Jersey 

calves after an oral Salmonella typhimurium challenge if they were supplemented with the 

same blend of probiotic bacteria used in the current study. In contrast to the current study, 

Terre et al. (2007) observed no difference in serum haptoglobin concentrations between 

MOS supplemented calves and a negative control group.  

 The MOS+Bs calves had the lowest total leukocyte count, neutrophil count and 

percent, and the lowest lymphocyte count at all time points. Neutrophil counts decrease 

over time in the first few weeks of life in dairy calves. Kampen et al. (2006) determined 

that total neutrophil counts decrease over the first 6-8 weeks of life. This decrease in 

neutrophil counts may reflect maturation of the GIT immune system and/or exposure to 

enteric pathogens.  

The GIT of young calves is colonized by a wide variety of bacteria that represent 

diverse phyla, and this colonization is dynamic during the first few months of life. A 

primary mode of action of MOS is to bind mainly gram-negative bacteria in the small 

intestine, which is assumed to decrease pathogenic exposure by those bacteria that may be 

in the environment. However, some of the beneficial microbes beginning to colonize the 

small intestine of neonatal calves are gram-negative. Many gram-negative bacteria express 

Type 1 Fimbriae, a type of adherence filament. Type 1 Fimbriae are mannose-specific 
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filaments that induce agglutination and are expressed on many type of gram-negative 

bacteria, both pathogenic and commensal (Henderickson et al., 1999; Lasaro et al., 2009, 

Nuccio et al., 2007; and Rendon et al., 2007). The high affinity of MOS for the Type 1 

Fimbriae of gram-negative bacteria may also be binding some of the beneficial gram-

negative GIT microbes in addition to potentially pathogenic ones. This may be contributing 

to the reduced leukocyte counts in the MOS group. More research is needed to understand 

how MOS maybe affecting the microbial ecology of the GIT of calves early in life.   

When the GIT is not exposed to bacterial colonization, such as in gnotobiotic 

animal models, there tends to be a decrease in total leukocytes. This could be due to a 

reduced immune cell stimulation compared to a conventional bacteria-rich GIT. 

Gnotobiotic beagles had decreased total leukocyte and neutrophil counts when compared 

to the conventionally raised control group (Yale et al., 1976). Pollman et al. (1980) 

conducted a study with gnotobiotic pigs and observed increased total leukocyte counts in 

the gnotobiotic pigs that were supplemented with a large daily dose, 2 x 1011 CFU, of a 

monoculture of Lactobacillus acidophilus. Swanson et al. (2002) supplemented canines 

with a MOS product and found similar results as in the current study with decreased total 

leukocyte and neutrophil counts when compared to the negative control group. Further, 

Kim et al. (2010) reported numerical decreases in total leukocyte, lymphocyte, and 

heterophil counts when broiler chicks were fed a MOS up to 28 days of age. Quezada et al. 

(2007) supplemented calves with a MOS and assessed the impacts on the mucosal immune 

system. Supplementing calves with MOS decreased cell proliferation in jejunum Peyer’s 

patches, decreased B cells in ileum Peyer’s patches, and an increased the T-cell population 

in the jejunum Peyer’s patch. These findings suggest MOS supplementation to calves 
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altered mucosal immune cell proliferation and development (Quezada et al., 2007). Future 

research should determine the immediate and long-term impacts on GIT immune 

development when calves are fed MOS.  

In contrast to the MOS+Bs treatment, the PROVIDA supplemented calves 

maintained the greatest lymphocyte counts throughout the entire study. The probiotic 

bacteria colonizing the GIT may be stimulating lymphocyte production similar to findings 

by Bai et al. (2004) on in vitro stimulation of intestinal epithelium by probiotics. In 

contrast, Fleige et al. (2009) observed a decrease in the lymphocyte population of calves 

fed probiotics. The ImmPr supplemented calves also had elevated lymphocyte counts on d 

21 when compared to the MOS+Bs treatment. Blum et al. (2004) reported that 

supplementing IGF-1 to neonatal calves may stimulate lymphocyte development. The 

increased lymphocyte count in peripheral circulation among the ImmPr calves was 

demonstrated on d 21; therefore, the impacts of ImmPr on lymphocyte development are 

not understood.  

 The BG calves had increased neutrophil counts and neutrophil to lymphocyte ratios 

in peripheral circulation. Whether the BG stimulated granulopoiesis or reduced the 

marginating pool of neutrophils in circulation is not completely known. However, the latter 

appears plausible because the BG supplemented calves had lowest L-selectin expression 

on the surface of peripheral blood neutrophils. Reduced L-selectin adhesion protein can 

increase the number of neutrophils measured in circulation because less neutrophils are 

loosely adhered to the vascular endothelium.  

 Some measures of leukocyte functionality were assessed, and the BG calves had 

the lowest L-selectin expression on neutrophils, the lowest numerical phagocytosis and 
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oxidative burst capacity percentage, and the lowest phagocytosis and oxidative burst 

intensities. The exact reason for the attenuated neutrophil responses is unknown. In fact, 

the hypothesis was that BG would stimulate many measures of neutrophil function. 

Supplementing BG to lambs increased neutrophil phagocytosis and oxidative burst 

capacities when compared to a control (Wojcik, R., 2007). Further, supplementing rats with 

BG increased neutrophil functionality (Stier et al., 2014), and the potential killing activity 

as well as respiratory burst activity of phagocytes (Malaczewska et al., 2010). Harris et al. 

(2016) supplemented calves with a yeast cell wall extract that contained both MOS and BG 

and they reported an increase in L-selectin expression in supplemented calves. Similar to 

the current data, Eicher et al. (2010) supplemented 2 purified BG plus ascorbic acid and 

found an attenuated neutrophil phagocytosis with 1 of the BG extracts; however, there was 

no effect on neutrophil oxidative burst of expression of the adhesion molecule, CD18.  

Supplementing the PROVIDA probiotics also led to a similar low neutrophil 

oxidative burst MFI as the BG treatment.  These data are in contrast to Indart et al. (2012) 

that observed an increase in neutrophil functionality when supplemented with probiotics. 

The CON and ImmPr calves had the greatest neutrophil oxidative burst capacity, implying 

the need for greater leukocyte function to fight off bacterial or viral infection. A study 

completed by Cobb et al. (2014) observed an increase in L-selectin expression as well as 

greater neutrophil oxidative burst capacity in group housed calves compared to individually 

housed calves. These results suggest heightened neutrophil function is needed for the 

increased exposure to pathogens encountered when calves are commingled. Increased 

exposure to potential pathogens may lead to an increased requirement for greater leukocyte 

activity.  
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Cytokine expression, cutaneous hypersensitivity, and anti-ovalbumin IgG did not 

differ between any of the treatments. Cutaneous hypersensitivity was hypothesized to 

increase for the BG treatment due to the previous data that suggest a propensity towards a 

T helper 1 response and increase in pro-inflammatory cytokines. An in vivo model of BG 

supplementation showed a tendency to increase the T helper 1 response; however, when 

the model was duplicated in vitro the BG tended to increase the T helper 2 anti-

inflammatory response (Chen et al., 2013). Finally, similar to the findings of this study’s 

cutaneous hypersensitivity data, Roodposhti et al. (2012) completed a study looking at the 

impacts of probiotics, a combination of prebiotics (BG and MOS supplement), and a 

synbiotic on female dairy calves and found no difference in the PHA skinfold measures 

from 2 hours post injection through 48 hours for any treatment. Contrary to the cytokine 

data collected in this study, BG stimulation of cytokines in pigs has been documented to 

increase the TNF- and IFN- response (Che et al., 2012, Ryan et al., 2015).  

 

Conclusion 

Supplementing high-risk Holstein calves with either BG, MOS+Bs, or PROVIDA 

increases measures of performance and health, albeit by different mechanisms. 

Supplementing BG to high-risk calves likely decreases neutrophil oxidative burst and L-

selectin expression, potentially moderates some systemic inflammation, and 

simultaneously stimulates starter intake in the first months of life. Feeding PROVIDA to 

high-risk calves increases starter intake and body weight gain, moderates a systemic 

inflammation response and stimulates lymphocytes. Supplementing MOS+Bs to high-risk 

calves decreases the lymphocyte and neutrophil populations while decreasing neutrophil 
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functionality. However, MOS+Bs was shown to increase L-selectin expression on 

neutrophils, implying some stimulation may be occurring.  
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Table 1. The formulated nutrient content of the milk replacer and calf starter fed to 

pre-weaned Holstein calves.  

Nutrient  Milk replacer1                          Starter2 
 

  Dry matter, % 95 89  

  Crude protein, % 22 20  

  Ether extract, % 20 2.5  

  Acid detergent fiber (max), % 0.15 9.00  

  Metabolizable energy, Mcal/kg 4.65 3.08  

  Calcium, % 1.25 1.20  

  Phosphorus, % 0.7 0.45  

  Manganese, mg/kg - -  

  Zinc, mg/kg - -  

  Selenium, ppm - 0.30  

  Vitamin A (min), IU/kg 13,636 2,955  
  Vitamin D3 (min), IU/kg 4,545 -  
  Vitamin E (min), IU/kg 100 -  
1Milk replacer was formulated by Milk Specialties Inc. (Milk Specialties Global, Eden 

Prairie, MN) and included: Dried Whey, Dried Whey Protein Concentrate, Dried Whey 

Product, Animal and Vegetable Fat (Preserved with BHA and BHT), Dried Skimmed Milk, 

Lecithin, Dicalcium Phosphate, Calcium Carbonate, Citric Acid (Preservative), L-Lysine 

Monohydrochloride, DL-Methionine, Vitamin A Supplement, Vitamin D Supplement, 

Vitamin E Supplement, Ascorbic Acid, Magnesium Oxide, Zinc Sulfate, Ferrous Sulfate, 

Niacin Supplement, Manganese Sulfate, Calcium Pantothenate, Vitamin B12 Supplement, 

Thiamine Mononitrate, Riboflavin Supplement, Copper Sulfate, Pyridoxine, Hydrochloride, 

Ethylenediamine Dihydroiodide, Folic Acid, Choline Chloride, Cobalt Sulfate, Selenium 

Yeast, Sodium Silico Aluminate, Mono and Diglycerides of Edible Fats or Oils, Artificial 

Flavor.  
2Texturized calf starter was formulated by Purina (Amplicalf Starter, Nestle Purina, St. Louis, 

MO) and included: Plant Protein Products, Roughage Products, Molasses Products, Processed 

Grain By-Products, Calcium Carbonate, Salt, Soybean Oil, Phosphoric Acid, Propionic Acid 

(a Preservative), Vitamin Supplement, Sodium Selenate, Ferrous Sulfate, Yeast Extract, 

Copper Sulfate, Copper Amino Acid Complex, Manganese Sulfate, Sodium Yeast, Vitamin A 

Supplement, Manganese Amino Acid Complex, Zinc Sulfate, Zinc Amino Acid Complex, 

Ethylenediamine Hydroiodide, Colbalt Glucoheptonate, Fructooligosaccharide, Vitamin 

Supplement, Mineral Oil, Natural and Artificial Flavor. 
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Table 2. Calf loss during the study  

   

Calf ID 
Treatment TSP 

Day of First 

Symptoms 
Day of Death Suspected Cause of Death 

           

130 CON 4 d 1 d3  GIT Disease 

133 ImmPr 3.8 d 2 d 26 Clostridium perfringens 

31 ImmPr 7.1 d 3 d 4 GIT Disease 

47 ImmPr 4 d 0 d 1  GIT Disease 

25 BG . d 0 d 1  GIT Disease 

107 BG 3.8 d 2 d 15 Clostridium perfringens 

131 BG 4.8 d 1 d 8 Clostridium perfringens 

135 BG 4.1 d 1 d 3 GIT Disease 

139 BG 4.3 d 1 d 9 GIT Disease 

117 PROVIDA 4.4 d 0 d 4 GIT Disease 

118 PROVIDA 4 d 1 d 5 GIT Disease 

7 MOS+Bs 3.6 d 1 d 3 GIT Disease 

11 MOS+Bs 5 d 3 d 5 GIT Disease 

15 MOS+Bs 4 d 4 d 10 GIT Disease 

116 MOS+Bs 4.4 d 1 d 12 Clostridium perfringens 

144 MOS+Bs 3.8 d 1 d 2  Clostridium perfringens 

147 MOS+Bs 6 d 3 d 5 Clostridium perfringens 
 

1Treatments included a control group which were fed a base diet of milk replacer and calf starter; ImmPr which were fed 1.5 g/d ImmPr first 3 d 

only; BG which were fed 1 g/d -Glucan; MOS+Bs which were fed 3 g/d Mannanoligosaccharides + 4 x 109 CFU/d Bacillus subtilis; PRO which 

were fed a blend of 2 x 109 CFU/d Lactobacillus casei and Enterococcus faecium + 2 x 109 CFU/d Saccharomyces cerevisae. 
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Table 3. The effect of treatments on performance measurements in high-risk Holstein dairy calves  
 

     Treatments1,2     Largest   Fixed Effects   

 CON ImmPr BG MOS+Bs PROVIDA SEM Trt Time Trt*Time 

Item               P ≤    

  Total serum protein, TSP3 5.50 5.24 5.47 5.31 5.28 1.22 … … … 

  Failure of passive transfer, % 25.0 50.0 35.0 45.0 40.0 … … … … 
  Initial body weight, kg 41.7 39.1 41.7 39.2 40.1 1.238 0.242 … … 

  Weaned body weight, kg 66.6 66.0 68.4 66.4 69.0 3.645 0.664 … … 

  Final body weight, kg 91.6 90.2 91.5 89.8 94.2 5.239 0.825 … … 

  Preweaned starter intake, kg 13.95 14.79 17.10 17.42 18.50 4.060 0.413 … … 

          0 d to 28 d 0.99a 1.49bc 1.96c 1.75bc 1.36ab 0.274 0.016 … … 

         29 d to 56 d 12.30 12.82 14.41 15.71 16.40 3.738 0.319 … … 

  Average daily gain, kg/d 0.59 0.62 0.62 0.61 0.65 0.038 0.422 … … 

  Preweaned average daily gain, kg/d 0.44a 0.47ab 0.49b 0.48ab 0.51b 0.033 0.081 … … 

  Postweaned average daily gain, kg/d 0.89 0.89 0.89 0.85 0.92 0.048 0.879 … … 

  Length, cm 76.7 75.9 76.1 76.3 75.9 2.248 0.809 <0.0001 0.936 

  Height, cm 88.6 88.4 88.0 88.9 88.9 1.292 0.763 <0.0001 0.617 

  Heart girth, cm 92.7 92.4 92.8 92.7 92.7 0.652 0.985 <0.0001 0.556 

  Glucose, pg/mL 103.2 105.2 104.2 103.4 104.5 1.663 0.603 <0.0001 0.049 

  Urea Nitrogen, pg/mL  11.73 11.08 11.45 12.34 11.84 0.664 0.048 <0.0001 0.023 
1Treatments included a control group which were fed a base diet of milk replacer and calf starter; ImmPr which were fed 1.5 g/d ImmPr first 3 d 

only; BG which were fed 1 g/d -Glucan; MOS+Bs which were fed 3 g/d Mannanoligosaccharides + 4 x 109 CFU/d Bacillus subtilis; PRO which 

were fed a blend of 2 x 109 CFU/d Lactobacillus casei and Enterococcus faecium + 2 x 109 CFU/d Saccharomyces cerevisae. 
2Differing superscripts within a row indicate a difference between means (P < 0.05). 
3The Largest SEM for total serum protein was reported in this table as the largest standard deviation because TSP was calculated only as an 

average per treatment. 
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Table 4. The effect of treatments on health measurements in high-risk Holstein dairy calves 
                    

 
    Treatments1,2     Largest   

Fixed 

Effects 
  

 CON ImmPr BG MOS+Bs PROVIDA SEM Trt Time Trt*Time 

Item               P ≤   

  Fecal Score, average by week 2.24 2.27 2.17 2.21 2.12 0.033 0.004 <0.0001 <0.0001 

  Fecal Dry Matter, % 21.2 21.0 22.4 19.7 19.7 1.169 0.375 <0.0001 0.916 

  Rectal Temperature, C 38.6 38.7 38.6 38.6 38.6 0.03 0.006 <0.0001 0.049 

  Electrolytes Offered, pints 21.1 22.1 15.9 17.6 23.1 3.662 0.451 … … 

  Electrolytes Consumed, pints 17.4 18.8 12.8 14.6 18.3 3.119 0.441 … … 

  Electrolytes Consumed, %  80.5 87.4 87.7 85.3 82.4 6.269 0.871 … … 

  Haptoglobin, μg/mL 247 246 207 228 234 17.472 0.075 <0.0001 0.010 

  Haptoglobin, μg/mL x 103 AUC 23.7a 20.8ab 19.0b 19.2b 19.2b 1.593 0.075 … … 

  Hematocrit, % 33.6a 32.6a 30.6b 30.2bc 33.6a 0.663 <0.0001 <0.0001 0.363 

  Hemoglobin, g/dL 10.6a 10.42ab 9.97bc 9.5c 10.64a 0.178 <0.0001 <0.0001 0.373 

  Mean Corpuscular Volume, fl 38.6a 37.4b 37.6bc 38.4ac 38.57a 0.362 0.017 <0.0001 0.826 

  Red Blood Cell Count (M/μL) 8.78a 8.72a 8.38b 7.95c 8.78a 0.127 <0.0001 <0.0001 0.544 

  Total Leukocyte Count (K/μL) 9.94a 10.45a 10.59a 8.87b 10.6a 0.343 0.002 <0.0001 0.360 

  Neutrophils, 106/mL 4.45a 4.64a 4.97a 3.75b 4.69a 0.221 0.003 <0.0001 0.224 

  Neutrophil, % 44.7ac 44.0ac 46.0ac 41.8b 43.9a 0.797 0.005 <0.0001 0.290 

  Monocytes, 106/mL 0.79 0.75 0.78 0.78 0.85 0.043 0.300 <0.0001 0.006 

  Monocyte, % 7.5a 7.5a 7.5a 8.8b 7.9ab 0.372 0.063 <0.0001 0.194 

  Lymphocyte, 106/mL 4.47 4.68 4.63 4.13 4.79 0.116 0.001 <0.0001 0.003 

  Lymphocyte, % 46.2 46.94 44.86 47.91 46.61 0.959 0.224 <0.0001 0.246 

  Neutrophil:Lymphocyte 0.86ab 0.84a 0.94b 0.8a 0.83a 0.036 0.051 <0.0001 0.189 
1Treatments included a control group which were fed a base diet of milk replacer and calf starter; ImmPr which were fed 1.5 g/d ImmPr first 3 d 

only; BG which were fed 1 g/d -Glucan; MOS+Bs which were fed 3 g/d Mannanoligosaccharides + 4 x 109 CFU/d Bacillus subtilis; PRO which 
were fed a blend of 2 x 109 CFU/d Lactobacillus casei and Enterococcus faecium + 2 x 109 CFU/d Saccharomyces cerevisae. 
2Differing superscripts within a row indicate a difference between means (P < 0.05). 
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Table 5. Effects of treatment on hematology measurements in high-risk Holstein dairy calves   

 Treatments Largest Fixed Effects 

 CON ImmPr BG MOS+Bs PROVIDA SEM Trt Time Trt*Time 

Item             P ≤ 

 Neutrophil L-selectin, MFI x 103 78.9a 76.7a 69.2b 83.7c 76.1a 4.771 <0.0001 <0.0001 0.371 

 Neutrophil phagocytosis &       

 oxidative burst, % 
45.1 44.9 42.7 43.6 44.2 3.559 0.485 <0.0001 0.996 

 Neutrophil phagocytosis, MFI x 103 9.5ab 9.7ab 9.1b 10.6a 10.2a 1.530 0.087 <0.0001 0.996 

 Neutrophil phagocytosis CV, MFI 178.1 174.1 177.6 183.5 187.1 12.108 0.198 <0.0001 0.809 

 Neutrophil oxidative burst, MFI x 103 72.1a 71.5a 65.6b 67.8ab 65.5b 2.630 0.011 <0.0001 0.782 

 Neutrophil oxidative burst CV, MFI 109.2 108.7 107.2 109.5 109.5 1.945 0.611 <0.0001 0.749 

  TNF-α, pg/mL 354.8 314 354.4 336.1 324.3 53.161 0.705 <0.0001 0.213 

  IFN-γ, pg/mL 117.3 101 113.9 102.4 119.6 26.551 0.844 <0.0001 0.254 

  Cutaneous hypersensitivity, mm 1.31 1.42 1.24 1.22 1.34 0.215 0.792 … … 

  Anti-ovalbumin IgG 0.85 0.83 0.86 0.86 0.88 0.028 0.626 <0.0001 0.583 
 

 
1Treatments included a control group which were fed a base diet of milk replacer and calf starter; ImmPr which were fed 1.5 g/d ImmPr first 3 d 

only; BG which were fed 1 g/d -Glucan; MOS+Bs which were fed 3 g/d Mannanoligosaccharides + 4 x 109 CFU/d Bacillus subtilis; PRO which 

were fed a blend of 2 x 109 CFU/d Lactobacillus casei and Enterococcus faecium + 2 x 109 CFU/d Saccharomyces cerevisae. 
2Differing superscripts within a row indicate a difference between means (P < 0.05). 
3Each calf was injected with 100 µg of phytohemagglutinin-P in 100 µL of sterile phosphate buffered saline intradermally in the scapula, and the 

skinfold thickness was measured at 48 h relative to injection. 
4Each calf was vaccinated with 0.5 mg of purified ovalbumin using 0.5mg of Quil A as adjuvant and serum collected were analyzed for anti-

ovalbumin IgG 
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Figure 1. Serum glucose concentrations were measured on d 0, 3, 7, 14, 21, 42, 56, and 

84. There was a treatment x time interaction (P=0.049). The CON treatment had lower 

glucose concentrations than all other treatments on d 3 (P≤0.006) and was reduced on d 7 

when compared to PROVIDA (P=0.009). Largest SEM per time point are expressed as 

mg/dL and include 3.727, 2.271, 3.051, 2.571, 2.739, 3.131, 3.149, and 2.933 for d 1, 3, 

7, 14, 21, 42, 56, and 84, respectively. An * indicates a treatment difference of (P≤0.05) 

and a # indicates a tendency for a treatment difference (0.05<P≤0.10) when treatments 

were sliced by time. 
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Figure 2. Serum urea nitrogen concentrations were measured on d 0, 3, 7, 14, 21, 42, 

56, and 84. There was a treatment x time interaction (P≤0.023). The ImmPr had a lower 

plasma urea nitrogen concentration on d 14 than CON, PROVIDA, and MOS+Bs 

(P≤0.041). However, MOS+Bs had an elevated plasma urea nitrogen concentration on d 

84 than CON, ImmPr, and PROVIDA (P≤0.004). Lastly, plasma urea nitrogen 

concentration was greater on d 84 for BG when compared to ImmPr (P=0.006). Largest 

SEM per time point are expressed as mg/dL and include 1.128, 1.334, 1.241, 0.997, 0.858, 

0.855, 0.789, and 0.881 for d 1, 3, 7, 14, 21, 42, 56, and 84, respectively. An * indicates a 

treatment difference of (P≤0.05) when treatments were sliced by time.  
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Figure 3. The fecal scores were averaged by week per treatment for weeks 1, 2, 3, 4, 5, 6, 

7, and 8. There was a treatment x time interaction (P<0.0001). The BG calves had lower 

fecal scores during week 2 (P≤0.087). The PROVIDA calves had decreased fecal scores 

when compared to other treatments during weeks 5, 6, 7, and 8 (P≤0.027). Largest SEM 

per time point are expressed as fecal score weekly average and include 0.094, 0.104, 0.131, 

0.108, 0.052, 0.046, 0.112, and 0.094 for d 0, 3, 7, 14, 21, 42, 56, and 84, respectively. An 

* indicates a treatment difference of (P≤0.05) when treatments were sliced by time.  
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Figure 4. Rectal temperature was measured on d 1, 4, 8, 11, 15, 18, and 22. There was a 

treatment x time interaction (P≤0.049). The CON treatment had decreased rectal 

temperatures when compared to other treatments; CON vs. BG (P≤0.091) on d 4 and 8; 

CON vs. ImmPr (P≤0.021) on d 4 and d 8; and CON vs. MOS+Bs (P≤0.064) on d 4 and d 

8. The ImmPr treatment had increased rectal temperatures when compared to other 

treatments; ImmPr vs. CON (P≤0.021) on d 4 and d 8; ImmPr vs. BG (P=0.085) on d 4; 

and ImmPr vs. PROVIDA (P≤0.012) on d 4 and d 8. Largest SEM per time point are 

expressed as degrees Celsius and include 0.096, 0.076, 0.080, 0.094, 0.072, 0.076, and 

0.066 for d 1, 4, 8, 11, 15, 18, and 22, respectively. An * indicates a treatment difference 

of (P≤0.05) when treatments were sliced by time.  
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Figure 5. Serum haptoglobin concentration was measured on d 0, 3, 7, 14, 21, 42, 56, and 

84. There was a treatment x time interaction (P≤0.010). On d 7 ImmPr had greater 

haptoglobin concentrations than BG, MOS+Bs, and PROVIDA (P≤0.015). On d 14, BG 

had decreased haptoglobin when compared to Con, ImmPr, and PROVIDA (P≤0.068). The 

CON treatment had greater concentrations on d 42 than ImmPr, BG, and PROVIDA 

(P≤0.016). On d 56 ImmPr had the greatest haptoglobin concentrations (P≤0.035). Largest 

SEM per time point are expressed as g/mL and include 31.202, 24.013, 61.286, 19.575, 

29.605, 31.639, 16.917, and 45.241 for d 1, 3, 7, 14, 21, 42, 56, and 84, respectively. An * 

indicates a treatment difference of (P≤0.05) when treatments were sliced by time.  
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Figure 6. The monocyte count was measured on d 0, 3, 7, 14, 21, 42, 56, and 84. There was 

a treatment x time interaction (P≤0.006). The MOS+Bs treatment had decreased monocytes 

when compared to other treatments; MOS+Bs vs. CON (P≤0.007) on d 56, and 84; 

MOS+Bs vs. ImmPr (P≤0.085) on d 3, 7, 56, and 84; MOS+Bs vs. BG (P=0.033) on d 84; 

MOS+Bs vs. PROVIDA (P≤0.077) on d 3, 56, and 84.  Largest SEM per time point are 

expressed as 106/mL and include 0.045, 0.109, 0.075, 0.129, 0.112, 0.066, 0.074, and 0.089 

for d 0, 3, 7, 14, 21, 42, 56, and 84, respectively. An * indicates a treatment difference of 

(P≤0.05) and a # indicates a tendency for a treatment difference (0.05<P≤0.10) when 

treatments were sliced by time.   
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Figure 7. Lymphocyte count was measured on d 0, 3, 7, 14, 21, 42, 56, and 84. There was 

a treatment x time interaction (P≤0.003). The MOS+Bs treatment had decreased 

lymphocytes when compared to other treatments; MOS+Bs vs. CON (P≤0.079) on d 42, 

and 84; MOS+Bs vs. ImmPr (P≤0.068) on d 3, 7, 14, 21, 42, and 56; MOS+Bs vs. BG 

(P≤0.05) on d 3, 7, 14, and 42; MOS+Bs vs. PROVIDA (P≤0.042) on d 3, 14, 42, 56, and 

84. Largest SEM per time point are expressed as 106/mL and include 0.183, 0.229, 0.237, 

0.263, 0.244, 0.230, 0.214, and 0.231 for d 0, 3, 7, 14, 21, 42, 56, and 84, respectively. An 

* indicates a treatment difference of (P≤0.05) and a # indicates a tendency for a treatment 

difference (0.05<P≤0.10) when treatments were sliced by time.   
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Figure 8. The surface expression of L-selectin on neutrophils was measured on d 3, 7, 14, 

21, 42, 56, and 84. There was no treatment x time interaction, but there was a difference in 

the sliced effects. The MOS+Bs treatment had increased L-selectin when compared to other 

treatments; MOS+Bs vs. CON (P≤0.032) on d 56 and 84; MOS+Bs vs. ImmPr (P=0.027) 

on d 56; MOS+Bs vs. BG (P≤0.021) on d 14, 42, 56, and 84; MOS+Bs vs. PROVIDA 

(P≤0.027) on d 42, 56, and 84. The BG treatment had decreased L-selectin expression when 

compared to other treatments; BG vs. CON (P≤0.001) on d 14 and 42; BG vs. ImmPr 

(P≤0.009) on d 14 and 42; BG vs. MOS+Bs (P≤0.021) on d 14, 42, 56, and 84; BG vs. 

PROVIDA (P≤0.078) on d 14 and 42. Largest SEM per time point are expressed as MFI x 

103 and include 6.120, 6.235, 6.377, 6.360, 6.377, 6.385, and 6.409 for d 3, 7, 14, 21, 42, 

56, and 84, respectively. An * indicates a treatment difference of (P≤0.05) when treatments 

were sliced by time.  

  

 

 

  



Texas Tech University, Emily M. Davis, May 2018 

 61 

LITERATURE CITED 

Abu-Tarboush, H. M., Al-Saiady, M. Y., & El-Din, A. H. (1996). Evaluation of diet 

containing Lactobacilli on performance, fecal coliform, and lactobacilli of young 

dairy calves. Animal Feed Science and Technology, 57(1–2), 39–49. 

 

Bai, A., Ouyang, Q., Zhang, W., Wang, C., & Li, S. (2004). Probiotics inhibit TNF- α -

induced interleukin-8 secretion of. World Journal of Gastroenterology, 10(3), 455–

457. 

 

Ballou, M. A., (2011). Case study: Effect of a blend of prebiotics, probiotics, and 

hyperimmune dried egg protein on the performance, health, and innate immune 

responses of Holstein calves. The Proffesional Animal Scientist, 27, 262-268.  

 

Baurnrucker, C. R. P., Hadselp, D. L., & Blumt, J. W. (1994). Effects of Dietary Insulin-

Like Growth Factor I on Growth and Insulin-Like Growth Factor Receptors in 

Neonatal Calf Intestine ’. Journal of Animal Science, 72, 428–433. 

 

Berge, A. C. (2016). A meta-analysis of the inclusion of Bio-Mos in milk or milk 

replacer fed to dairy calves on daily weight gain in the pre-weaning period. Journal 

of Animal Research and Nutrition, 4(1), 1-7.  

 

Blum, J. W., & Baumrucker, C. R. (2008). Insulin-like growth factors (IGFs), IGF 

binding proteins, and other endocrine factors in milk: Role in the Newborn. 

Advances in Experimental Medicine and Biology, 606, 397–422. 

https://doi.org/10.1007/978-0-387-74087-4_16 

 

Blum, J. W., Baumrucker, C. R., (2002). Colostral and milk insulin-like growth factors 

and related substances: Mammory gland and neonatal (intestinal and system) targets. 

Domestic Animal Endocrinology, 23, 101-110. 

 

Blum, J. . W. (2004). Bovine gut development. Calf and Heifer Rearing, 31–52. 

 

Brown, G. D., & Gordon, S. (2003). Fungal beta-glucans and mammalian immunity.  

Immunity, 19(3), 311–315. https://doi.org/http://dx.doi.org/10.1016/S1074-

7613(03)00233-4 

 

Che T. M., Johnson, R. W., Kelley, K. W., Dawson, K. A., Moran, C. A., Pettigrew, J. E. 

(2012). Effect of mannan oligosaccharide on cytokine secretions by porcine alveolar 

macrophages and serum cytokines concentrations in nursery pigs. Journal of Animal 

Science, 90, 657-668.  

 

Chen, Y., Dong, L., Weng, D., Liu, F., Song, L., Li, C., … Chen, J. (2013). 1,3-β-Glucan 

affects the balance of Th1/Th2 cytokines by promoting secretion of anti-

inflammatory cytokines in vitro. Molecular Medicine Reports, 8(2), 708–712.  



Texas Tech University, Emily M. Davis, May 2018 

 62 

Cho, Y. il, & Yoon, K. J. (2014). An overview of calf diarrhea - infectious etiology, 

diagnosis, and intervention. Journal of Veterinary Science, 15(1), 1–17. 

https://doi.org/10.4142/jvs.2014.15.1.1 

 

Cobb, C. J., Obeidat, B. S., Sellers, M. D., Pepper-Yowell A. R., Hanson, D. L., Ballou, 

M. A., (2014). Improved performance and heightened neutrophil responses during 

the neonatal and weaning periods among outdoor group-housed Holstein calves. 

Journal of Dairy Science, 97(2), 930-939.  

 

Cruywgen, C. W., Jordaan, I., & Venter, L. (1996). Effect of Lactobacillus acidophilis 

supplementation of milk replacer on preweaning performance of calves. Journal of 

Dairy Science, 79(3), 483–486. 

 

Davis, M. E., Brown, D. C., Maxwell, C. V, Johnson, Z. B., Kegley, E. B., & Dvorak, R. 

A. (2004). Effect of phosphorylated mannans and pharmacological additions of zinc 

oxide on growth and immunocompetence of weanling pigs The online version of 

this article , along with updated information and services , is located on the World 

Wide Web at : Effect of, 581–587. 

 

Deignan, T., Alwan, A., McNair, J., Warren, T., O’Farrelly, C. (2000). Serum 

haptoglobin: an objective indicator of experimentally-induced Salmonella infection 

in calves. Research in Veterinary Science, 69(2), 153-158. 

 

Devriese, L. A., Laurier, L., Herdt, P. De, & Haesebrouck, F. (1992). Enterococcal and 

streptococcal species isolated from faeces of calves, young cattle and dairy cows. 

Journal of Applied Bacteriology, 72(1), 29–31. 

 

Dritz, S. S., Shi, J., Kielian, T. L., Goodband, R. D., Nelssen, J. L., Tokach, M. D., 

Blecha, F. (1995). Influence of Dietary b-Glucan on Growth Performance, 

Nonspecific Immunity, and Resistance to Streptococcus suis Infection in Weanling 

Pigs 1,2. J. Anim. Sci, 73, 3341–3350. 

 

Dushkin MI, Safina AF, Vereschagin EI, Schwartz YS. (1996). Carboxymethylated 

beta1,3glucan inhibits the binding and degradation of acetylated low density 

lipoproteins in macrophages in vitro and modulates their plasma clearance in vivo. 

Cell Biochem Funct. 14(209), 17. 

 

Eicher, S. D., Wesley, I. V., Sharma, V. K., & Johnson, T. R. (2010). Yeast cell-wall 

products containing β-glucan plus ascorbic acid affect neonatal Bos taurus calf 

leukocytes and growth after a transport stressor. Journal of Animal Science, 88(3), 

1195–1203. https://doi.org/10.2527/jas.2008-1669 

 

Ewaschuk, J. B., Johnson, I. R., Madsen, K. L., Vasanthan, T., Ball, R., & Field, C. J. 

(2012). Barley-derived beta-glucans increases gut permeability, ex vivo epithelial 

cell binding to E. coli, and naive T-cell proportions in weanling pigs. Journal of 



Texas Tech University, Emily M. Davis, May 2018 

 63 

Animal Science, 90, 2652–2662. https://doi.org/10.2527/jas.2011-4381 

 

Ewaschuk, J. B., Naylor, J. M., Chirino-Trejo, M., & Zello, G. A. (2004). Lactobacillus 

rhamnosus strain GG is a potential probiotic for calves. Canadian Journal of 

Veterinary Research, 68(4), 249–253. 

 

Fleige, S., Preissinger, W., Meyer, H. H., & Pfaffl, M. W. (2009). The 

immunomodulatory effect of lactulose on Enterococcus faecium fed preruminant 

calves. Journal of Animal Science, 87(5), 1731–1738. 

https://doi.org/10.2527/jas.2007-0494 

 

Foster, J. C., Glass, M. D., Courtney, P. D., & Ward, L. A. (2003). Effect of 

Lactobacillus and Bifidobacterium on Cryptosporidium parvum oocyst viability. 

Food Microbiology, 20(3), 351–357. https://doi.org/10.1016/S0740-0020(02)00120-

X 

 

Frizzo, L. S., Soto, L. P., Zbrun, M. V., Bertozzi, E., Sequeira, G., Armesto, R. R., & 

Rosmini, M. R. (2010). Lactic acid bacteria to improve growth performance in 

young calves fed milk replacer and spray-dried whey powder. Animal Feed Science 

and Technology, 157(3–4), 159–167. 

https://doi.org/10.1016/j.anifeedsci.2010.03.005 

 

Galvao, K. N., Santos, J. E. P., Coscioni, A., Villasenor, M., Sischo, W. M., & Berge, A. 

C. B. (2005). Effect of feeding live yeast products to calves with failure of passive 

transfer on performance and patterns of antibiotic resistance in fecal Escherichia 

coli. Reproduction, Nutrition, Development, 44(6), 427–440. 

 

Ganner, A., Stoiber, C., Uhlik, J. T., Dohnal, I., & Schatzmayr, G. (2013). Quantitative 

evaluation of E. coli F4 and Salmonella Typhimurium binding capacity of yeast 

derivatives. AMB Express, 3(1), 1–12. https://doi.org/10.1186/2191-0855-3-62 

 

Gantner, B. N., Simmons, R. M., & Underhill, D. M. (2005). Dectin-1 mediates 

macrophage recognition of Candida albicans yeast but not filaments. EMBO 

Journal, 24(6), 1277–1286. https://doi.org/10.1038/sj.emboj.7600594 

 

Georgiev, I. P. (2008). Effect of Colostrum Insulin-Like Growth Factors on Growth and 

Development of Neonatal Calves, 75–88. 

 

Georgiev, I. P., Georgieva, T. M., Pfaffl, M., Hammon, H. M., & Blum, J. W. (2003). 

Insulin-like growth factor and insulin receptors in intestinal mucosa of neonatal 

calves. J Endocrinol, 176(1), 121–132. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/12525256 

 

Ghosh, S., & Mehla, R. K. (2012). Influence of dietary supplementation of prebiotics 

(mannanoligosaccharide) on the performance of crossbred calves. Tropical Animal 



Texas Tech University, Emily M. Davis, May 2018 

 64 

Health and Production, 44(3), 617–622. https://doi.org/10.1007/s11250-011-9944-8 

 

Gilliland, S. E., Bruce, B. B., Bush, L. J., & Staley, T. E. (1980). Comparison of two 

strains of Lactobacillus acidophilus as dietary adjuncts for young calves. Journal of 

Dairy Science, 1105. 

 

Godden, S. (2008). Colostrum management for dairy calves. Veterinary Clinics Food 

Animal Practice, 24, 19–39. 

 

Gorgulu, M., Siuta, A., Ongel, E., Yurtseven, S., & Kutlu, H. R. (2003). Effect of 

probiotic on growing performance and health of calves. Pakistan Journal of 

Biological Sciences, 7(6), 651–654. 

 

Harris, T. L., Liang, Y., Sharon, K. P., Yoon, I., Scott, M. F., Carroll, J. A., Ballou, M. A. 

(2017). Influence of Saccharomyces cerevisiae fermentation products, SmartCare in 

milk replacer and Original XPC in calf starter, on the performance and health of 

preweaned Holstein calves challeneged with Salmonella enterica seroytpe 

Typhimurium. Journal of Dairy Science, 100(9), 7154-7164. 

 

He, Z. X., Ferlisi, B., Eckert, E., Brown, H. E., Aguilar, A., & Steele, M. A. (2012). 

Supplementing a yeast probiotic to pre-weaning Holstein calves: Feed intake, 

growth and fecal biomarkers of gut health. Animal Feed Science and Technology, 

172(February), 252–256. https://doi.org/10.1016/j.anifeedsci.2011.12.028 

 

Heinrichs, A. J., Jones, C. M., & Heinrichs, B. S. (2003). Effects of mannan 

oligosaccharides or antibiotics in neonatal diets on health and growth of dairy 

calves. Journal of Dairy Science, (4064–4069). 

 

Henderickson, B. A., Guo, J., Laughlin, R., Chen, Y., and Averdy, J. C. (1999). Increased 

Type 1 Fimbrial Expression among Commensal Escherichia coli isolates in the 

Murine Cecum following Cataboloc Stress. Infection and Immunity, 67(2), 745-753. 

 

Hill, R. A., Welsh, T. H., Poulos, S. P., Gabler, N. K., & Connor, E. E. (2011). Growth 

and development symposium: Intestinal development and growth. Journal of Animal 

Science, 89(3), 833–834. https://doi.org/10.2527/jas.2010-3764 

 

Hill, T. M., Bateman, H. G., Aldrich, J. M., & Schlotterbeck, R. L. (2008). 

Oligosaccharides for Dairy Calves. Professional Animal Scientist, 24(5), 460–464. 

https://doi.org/10.15232/S1080-7446(15)30881-0 

 

Higginbotham, G. E., Bath, D. L., (1993). Evaluation of Lactobacillus fermentation 

cultures in calf feeding systems. Journal of Dairy Science, 76(2), 615-620. 

 

Ikemori, Y., Ohta, M., Umeda, K., Itcatlo Jr., F. C., Kuroki, M., Yokoyama, H., & 

Kodama, Y. (1997). Passive protection of neonatal calves against bovine 



Texas Tech University, Emily M. Davis, May 2018 

 65 

coronavirus-induced diarrhea by administration of egg yolk or colostrum antibody 

powder. Veterinary Microbiology, 58, 105–111. https://doi.org/10.1007/s10499-012-

9533-5 

 

Indart, M., Cerone, S., Esteban, E. N., Yaniz, G. De, Inza, A. G., Landi, H., … Igarza, L. 

(2012). Multispecies Multistrain Probiotic Effects on Calves Development and 

Health. Journal of Veterinary Medicine, 2012(December), 225–229. 

https://doi.org/10.4236/ojvm.2012.24035 

 

Jatkauskas, J., & Vrotniakiene, V. (2010). Effects of probiotic dietary supplementation on 

diarrhoea patterns, faecal microbiota and performance of early weaned calves. 

Veterinarni Medicina, 55(10), 494–503. 

 

J. Bayatkouhsar, A.M. Tahmasebi, A.A. Naserian, R.R. Mokarram, R. V. (2013). Effects 

of supplementation of lactic acid bacteria on growth performance, blood metabolites 

and fecal coliform and lactobacilli of young dairy calves. Animal Feed Science and 

Technology, 186(1–2), 1–11. 

 

Jenny, B. F., Vandijk, H. J., & Collins, J. A. (1991). Performance and fecal flora of 

calves fed a Bacillus subtilis concentrate. Journal of Dairy Science, 1968–1973. 

 

Jensen, G. S., Patterson, K. M., & Yoon, I. (2008). Nutritional yeast culture has specific 

anti-microbial properties without affecting healthy flora. Preliminary results. 

Journal of Animal and Feed Sciences, 17, 247–252. 

https://doi.org/10.22358/jafs/66604/2008 

 

Jin, L., Dong, G., Lei, G., Zhou, J., Zhang, S. (2014). Effects of dietary supplementation 

of glutamine and mannan oligosaccharides on plamsa endotoxin and acute phase 

protein concentrations and nutrient digestibility in finishing steers. Journal of 

Applied Animal Research, 42(2), 160-165. 

 

Kampen, A. H., Olsen, I., Tollersrud, T., Storset, A. K., Lund, A. (2006). Lymphocyte 

subpopulations and neutrophil function in calves during the first 6 months of life. 

Veterinary Immunology and Immunopathology, 113, 53-63.  

 

Kara, C., Cihan, H., Temizel, M., Catik, S., Meral, Y., Orman, A., Yibar, A., Gencoglu, 

H. (2015). Effect of supplemental Mannanoligosaccharides on growth performance, 

faecal characteristics, and health in dairy calves. The Asian Australasian Journal of 

Animal Science, 28(11), 1599-1605. 

 

Kim, G. B., Seo, Y. M., Kim, C. H., Paik, I. K. (2010). Effect of dietary prebiotic 

supplementation on the performance, intestinal microflora, and immune response in 

broilers. Poultry Science, 90(1), 75-82. 

 

 



Texas Tech University, Emily M. Davis, May 2018 

 66 

Kim, M. H., Seo, J. K., Yun, C. H., Kang, S. J., Ko, J. Y., & Ha, J. K. (2011). Effects of 

hydrolyzed yeast supplementation in calf starter on immune responses to vaccine 

challenge in neonatal calves. Animal, 5(6), 953–960. 

https://doi.org/10.1017/S1751731110002673 

 

Kuroki, M., Ohta, M., Ikemori, Y., Peralta, R. C., Yokoyama, H., & Kodama, Y. (1994). 

Passive protection against bovine rotavirus in calves by specific immunoglobulins 

from chicken egg yolk. Archrives of Virology, 138, 85–95. 

 

Jin, L., Dong, G., Lei, C., Zhou, J., Zhang, S. (2014). Effect of dietary supplementation of 

glutamine and mannan oligosaccharides on plasma and acute phase ptoein 

concentrations and nutrient digestibility in finishing steers. Journal of Applied 

Animal Research, 42(2), 160-165. 

 

Lasaro, M. A., Salinger, N., Zhang, J., Wang, Y., Zhong, Z., Goulian, M., Zhu, J. (2009). 

F1C Fimbriae Play an Important role in Formation and Intestinal Colonization by 

the Escherichia coli Commensal Strain Nissle 1917. Applied and Environmental 

Microbiology, 75(1), 246-251.  

 

Lazarevic, M., Spring, P., Shabanovic, M., Tokic, V., & Tucker, L. A. (2010). Effect of 

gut active carbohydrates on plasma IgG concentrations in piglets and calves. 

Animal, 4(6), 938–943. https://doi.org/10.1017/S1751731110000194 

 

Lee, Y.-E., Kang, I.-J., Yu, E.-A., Kim, S., & Lee, H.-J. (2012). Effect of feeding the 

combination with Lactobacillus plantarum and Bacillus subtilis on fecal microflora 

and diarrhea incidence of Korean native calves. Korean Journal of Veterinary 

Service, 35(4), 343–346. https://doi.org/10.7853/kjvs.2012.35.4.343 

 

Lesmeister, K. E., Heinrichs, A. J., & Gabler, M. T. (2004). Effects of supplemental yeast 

(Saccharomyces cerevsiae) culture on rumen development, growth characteristics, 

and blood parameters in neonatal dairy calves. Journal of Dairy Science, 1832–

1839. 

 

Liang, Y., Hudson, R. E., Ballou, M. A., (2017). Supplementing neonatal Jersey calves 

with a blend of probiotic bacteria improves the pathophysiological response to an 

oral Salmonells enterica challenge. Journal of Dairy Science, in print.  

 

Magalhaes, V. J. A., Susca, F., Lima, F. S., Branco, A. F., Yoon, I., & Santos, J. E. P. 

(2008). Effect of feeding yeast culture on performance, health, and 

immunocompetence of dairy calves. Journal of Dairy Science, 1497–1509. 

 

Malaczewska, J., Wojcik, R., Jung, L., Siwicki, A. K., (2010). Effect of Biolex Beta-HP 

on selected parameters of specific and non-specific humoral and cellular immunity 

in rats. Bullgarian Veterinary Institute Pulawy, 54, 75-80.  

 



Texas Tech University, Emily M. Davis, May 2018 

 67 

Meale, S. J., Chaucheyras-Durand, F., Berends, H., Guan, L. L., & Steele, M. A. (2017). 

From pre- to postweaning: Transformation of the young calf’s gastrointestinal tract. 

Journal of Dairy Science, 100(7), 5984–5995. https://doi.org/10.3168/jds.2016-

12474 

 

Meganck, V., Hoflack, G., & Opsomer, G. (2014). Advances in prevention and therapy of 

neonatal dairy calf diarrhoea: A systematical review with emphasis on colostrum 

management and fluid therapy. Acta Veterinaria Scandinavica, 56(1), 1–8. 

https://doi.org/10.1186/s13028-014-0075-x 

 

Mokhber-Dezfouli, M. R., Tajik, P., Bolourchi, M., Mahouzadeh, H., (2007). Effects of 

probiotics supplementation in daily milk intake of newborn calves on body weight 

gain, body height, diarrhea occurrence and health condition. Pakistan Journal of 

Biological Sciences, 10(18), 3136-3140. 

 

Morrison, S. J., Dawson, S., & Carson, A. F. (2010). The effects of mannan 

oligosaccharide and Streptococcus faecium addition to milk replacer on calf health 

and performance. Livestock Science, 131(2–3), 292–296. 

https://doi.org/10.1016/j.livsci.2010.04.002 

 

Murray, C. F., Windeyer, M. C., Duffield, T. F., Haley, D. B., Pearl., D. L., Waalderbosm 

K. M., Leslie, K. E. (2014). Associations of serum haptoglobin in newborn dairy 

calves with health, growth, and mortality up to 4 months of age. Journal of Dairy 

Science, 97(12), 7844-7855. 

 

NAHMS, 2007. Dairy 2007, part 1: reference of dairy cattle health and management 

practices in the United States, 2007. USDA:APHIS: VS:CEAH, National Animal 

Health Monitoring Systems. Fort Collins, CO #N480.1007. 

 

Nargeskhani, A., Dabiri, N., Esmaeilkhanian, S., Alipour, M. M., & Bojarpour, M. 

(2010). Effects of mannanoligosaccharide glucan or antibiotics on health and 

performance of dairy calves. Animal Nutrition and Feed Technology, 29–36. 

 

Novak, M., & Vetvicka, V. (2009). Glucans as biological response modifiers. Endocrine, 

Metabolic & Immune Disorders Drug Targets, 9(800), 67–75. 

https://doi.org/10.2174/187153009787582423 

 

Nuccio, S., Baumler, A. J., (2007). Evolution of the Chaperone/Usher Assembly 

Pathway: Fimbrial Classification goes Greek. Microbiology and Molecular Biology 

Reviews, 71(4), 551-575. 

 

Ontsouka, E. C., Albrecht, C., Bruckmaier, R. M., (2015). Invited review: Growth-

promoting effects of colostrum in calves based on interaction with intestinal cell 

surface and receptor-like transporters. Journal of Dairy Science, 99(6), 4111-4123. 

 



Texas Tech University, Emily M. Davis, May 2018 

 68 

Pollman, D. S., Danielson, D. M., Wren, W. B., Peo, E. R., Shahani, K. M. (1980). 

Influence of Lactobacillus acidophilus inolulum on gnotobiotic and conventional 

pigs. Journal of Animal Science, 51(3), 629-637.  

 

Pfaffl, M. W., Georgieva, T. M., Georgiev, I. P., Ontsouka, E., Hageleit, M., & Blum, J. 

W. (2002). Real-time RT-PCR quantification of insulin-like growth insulin receptor 

, growth hormone receptor , IGF-binding proteins 1 , 2 and 3 in the bovine species. 

Domestic Animal Endocrinology, 22, 91–102. 

 

Quezada, V. C., Babatunde, B. B., Frankel, T. L., (2007). Effect of mannan-

oligosaccharides on the mucosal immune system of dairy calves. Journal of Dairy 

Science, 211.  

 

Raa, J. (2015). Immune modulation by non-digestible and non-absorbable beta-1,3/1,6-

glucan. Microbial Ecology in Health and Disease, 26(1), 27824. 

 

Rahar, S., Swami, G., Nagpal, N., Nagpal, M., & Singh, G. S. (2011). Preparation, 

characterization, and biological properties of beta-glucans. Journal of IAdvanced 

Pharmaceutical Technology and Research, 2(2), 94–103. 

 

Rendon, M., Saldana, Z., Erdem, A. L., Monteiro-Neto, V., Puente, J. L., Giron, J. A. 

(2007). Commensal and pathogenogenic Escherichia coli use a common pilus 

adherance factor for epithelial colonization. Proceedings of the National Acedemy of 

Sciences, 104(25), 10637-10642. 

 

Richeson, J. T., Kegley, E. B., Powell, J. G., Schaut, R. G., Sacco, R. E., Ridpath, J. F. 

(2013). Weaning management of newly received beef calves with or without 

continuous exposure to a persistently infected bovine viral diarrheal virus pen mate: 

Effects on rectal temperature and serum proinflammator cytokine and haptoglobin 

concentrations. Journal of Animal Science, 91(3), 1400-1408. 

 

Riddell, J. B., Gallegos, A. J., Harmon, D. L., & McLeod, K. R. (2008). Addition of a 

Bacillus based probiotic to the diet of preruminant calves: Influence on growth, 

health, and blood parameters. International Journal of Applied Research in 

Veterinary Medicine, 8(1), 78–85. 

Roffler, B., Fah, A., Sauter, S. N., Hammon, H. M., Gallmann, P., Brem, G., Blum, J. W., 

(2003). Intestinal morphology, epithelial cell proliferation, and absorptive capactity 

in neonatal calves fed milk-born insulin-like growth factor-1 or a colosrum extract. 

Journal of Dairy Science, 86, 1797-1806.  

 

Roodposhti, P. M., Dabiri, N. (2012). Effects of probiotic and prebiotic on average daily 

gain, fecal shedding of Escherichia coli, and immune system status in newborn 

female calves. Asian-Australian Journal of Animal Science 25(9). 1255-1261. 

 

 



Texas Tech University, Emily M. Davis, May 2018 

 69 

Ryan, M. T., Collins, C. B., O’Doherty, J. V., Sweeney, T. (2012). Effects of dietary β-

glucans supplementation on cytokine expression in porcine liver. Journal of Animal 

Science, 90, 40-42.  

 

Sandvik, A., Wang, Y. Y., Morton, H. C., Aasen, A. O., Wang, J. E., & Johansen, F. E. 

(2007). Oral and systemic administration of β-glucan protects against 

lipopolysaccharide-induced shock and organ injury in rats. Clinical and 

Experimental Immunology, 148(1), 168–177. https://doi.org/10.1111/j.1365-

2249.2006.03320.x 

 

Seymour, W. M., Nocek, J. E., Siciliano-Jones, J. (1995). Effects of a colostrum 

substitute and of dietary brewer’s yeast on the health and performance of dairy 

calves. Journal of Dairy Science, 78, 412-420.  

  

Shoaf-Sweeney, K. D., & Hutkins, R. W. (2008). Chapter 2 Adherence, Anti-Adherence, 

and Oligosaccharides. Preventing Pathogens from Sticking to the Host. Advances in 

Food and Nutrition Research, 55(8), 101–161. https://doi.org/10.1016/S1043-

4526(08)00402-6 

 

Signorini, M. L., Soto, L. P., Zbrun, M. V., Sequeira, G. J., Rosmini, M. R., & Frizzo, L. 

S. (2012). Impact of probiotic administration on the health and fecal microbiota of 

young calves: A meta-analysis of randomized controlled trials of lactic acid bacteria. 

Research in Veterinary Science, 93(1), 250–258. 

https://doi.org/10.1016/j.rvsc.2011.05.001 

 

da Silva, J. T., Bittar, C. M., Ferreira, L. S., (2012). Evaluation of mannan-

oligosaccharides offered in milk replacers or calf starters and their effect on 

performance and rumen development of dairy calves. Revista Brasileira de 

Zoonecnia, 41(3), 746-752. 

 

Sitnik, O., Jawor, P., Kopé, W., Skiba, T., & Stefaniak, T. (2013). Production and 

characterization of egg yolk antibodies against bovine alimentary tract pathogens. 

Polish Journal of Veterinary Sciences, 16(2), 283–291. https://doi.org/10.2478/pjvs-

2013-0039 

 

Spring, P., Wenk, C., Dawson, K. A., & Newman, K. E. (2000). The effects of dietary 

mannanoligosaccharides on cecal parameters and the concentrations of enteric 

bacteria in the ceca of salmonella-challenged broiler chicks. Poultry Science, 

79(November), 205–211. https://doi.org/10.1093/ps/79.2.205 

 

Stier, H., Ebbeskotte, V., & Gruenwald, J. (2014). Immune-modulatory effects of dietary 

Yeast Beta-1,3/1,6-D-glucan. Nutrition Journal, 13(1), 1–9. 

https://doi.org/10.1186/1475-2891-13-38 

 

 



Texas Tech University, Emily M. Davis, May 2018 

 70 

Stoltenow, Charles L., Vincent, L. (2003). Calf Scours. North Dakota State University 

Extension Service, 776(January), 1–3. 

 

Sun, P., Wang, J. Q., & Zhang, H. T. (2010). Effects of Bacillus subtilis natto on 

performance and immune function of preweaning calves. Journal of Dairy Science, 

93(12), 5851–5855. 

 

Sun, P., Wang, J. Q., & Zhang, H. T. (2011). Effects of supplementation of Bacillus 

subtilis natto Na and N1 strains on rumen development in dairy calves. Animal Feed 

Science and Technology, 164(3–4), 154–160. 

https://doi.org/10.1016/j.anifeedsci.2011.01.003 

 

Swanson, K. S., Grieshop, C. M., Flickinger, E. a., Bauer, L. L., Healy, H.-P., Dawson, 

K., Fahey, George C., J. (2002). Supplemental Fructooligosaccharides and 

Mannanoligosaccharides Influence Immune Function, Ileal and Total Tract Nutrient 

Digestibilities, Microbial Populations and Concentrations of Protein Catabolites in 

the Large Bowel of Dogs. J. Nutr., 132(5), 980–989. Retrieved from 

http://jn.nutrition.org/content/132/5/980.short 

 

Terre, M., Calvo, M. A., Adelantado, C., Kocher, A., Bacha, A., (2007). Effects of 

mannan oligosaccharides on performance and microorganism fecal counts of calves 

following an enhanced-growth feeding program. Animal Feeding Science 

Technology, 137, 115-125.  

 

Timmerman, H. M., Mulder, L., Everts, H., van Espen, D. C., van der Wal, E., Klaassen, 

G., Beynen, A. C. (2005). Health and growth of veal calves fed milk replacers with 

or without probiotics. Journal of Dairy Science, 2154–2165. 

 

Touchette, K. J., O’Brien, M. L., & Coalson, J. A. (2003). Liquid eggs as an alternative 

protein source in calf milk replacers. Journal of Dairy Science, 2622–2628. 

 

Uzmay, C., Kilic, A., Kaya, I., Ozkul, H., Onenc, S. S., Polat, M. (2011). Effect of 

mannan oligosaccharide addition to whole milk on growth and health of Holstein 

calves. Arciv fur Tierzucht, 2, 127-136.  

 

Vacher, P. Y., Bestetti, G., Blum, J. W., (1995). Insulin-like growth factor 1 absorption in 

the jejunum of neonatal calves. Biology of the Neonate, 68(5), 354-367. 

 

Vega, C., Bok, M., Chacana, P., Saif, L., Fernandez, F., & Parreno, V. (2011). Egg yolk 

IgY: Protection against rotavirus induced diarrhea and modulatory effect on the 

systemic and mucosal antibody responses in newborn calves. Veterinary 

Immunology Immunopathology, 142(2), 156–169. 

 

Vereschagin, E. I., Lambalgen, A. A., Dushkin, M. I., Schwartz, Y. S., Polyakov, L., 

Heemskerk, A., Huisman, E., Thijs, L. G., van den Bos, G. C. (1997). Soluble 



Texas Tech University, Emily M. Davis, May 2018 

 71 

glucan protects against endotoxin shock in the rat: the role of the scavenger receptor. 

Shock, 9(3), 193-198. 

 

Vetvicka, V., Vannucci, L., & Sima, P. (2014). The Effects of β-Glucan on Pig Growth 

and Immunity. The Open Biochemistry Journal, 8, 89–93. 

https://doi.org/10.2174/1874091X01408010089 

 

Vetvicka, V., & Yvin, J. C. (2004). Effects of marine β-1,3 glucan on immune reactions. 

International Immunopharmacology, 4(6), 721–730. 

https://doi.org/10.1016/j.intimp.2004.02.007 

 

Williams, N. T. (2010). Probiotics. American Journal of Health-System Pharmacy, 67(6), 

449–458. https://doi.org/10.2146/ajhp090168 

 

Wojcik, R., Malaczewska, J. Trapkowska, S., Siwicki, A. K., (2007). Influence of -

1,3/1,6-D-glucan on non-specific cellular defence mechanisms in lambs. Zespol  

Mikrobiologii i Immunologii, 63(1), 84-86.  

 

Wood, K. M., Palmer, S. I., Steele, M. A., Metcalf, J. A., & Penner, G. B. (2015). The 

influence of age and weaning on permeability of the gastrointestinal tract in Holstein 

bull calves. Journal of Dairy Science, 98(10), 7226–7237. 

https://doi.org/10.3168/jds.2015-9393 

 

Yale, C. E., Balish, E., (1976). Blood and serum chemistry values of gnotobiotic beagles. 

Laboratory Animal Science, 26(4), 633-639.  

 

Yang, Y., Iji, P. A., Kocher, A., Mikkelsen, L. L., & Choct, M. (2008). Effects of 

mannanoligosaccharide and fructooligosaccharide on the response of broilers to 

pathogenic Escherichia coli challenge. British Poultry Science, 49(5), 550–559. 

https://doi.org/10.1080/00071660802290408 

 

Yasuda, K., Hashikawa, S., Sakamoto, H., Tomita, Y., Shibata, S., & Fukata, T. (2007). 

A New Synbiotic Consisting of Lactobacillus casei subsp. casei and Dextran 

Improves Milk Production in Holstein Dairy Cows. Journal of Veterinary Medical 

Science, 69(2), 205–208. https://doi.org/10.1292/jvms.69.205 


	ACKNOWLEDGMENTS
	ABSTRACT
	5. Serum haptoglobin concentration..................................................................................57
	6. Monocyte count.............................................................................................................58
	7. Lymphocyte count.........................................................................................................59
	Gastrointestinal Development of the Calf
	Colostrum
	Pathogens
	Mannanoligosaccharides
	Yeast Cell Wall
	Probiotics
	Insulin-like Growth Factor-1 (IGF-1)
	IgY
	Materials and Methods
	Study Design
	Results
	Calf Loss
	Calf Performance
	Calf Health
	Calf Leukocyte and Cytokine Response
	Discussion
	Conclusion
	Supplementing high-risk Holstein calves with either BG, MOS+Bs, or PROVIDA increases measures of performance and health, albeit by different mechanisms. Supplementing BG to high-risk calves likely decreases neutrophil oxidative burst and L-selectin ex...
	56, and 84. There was a treatment x time interaction (P≤0.023). The ImmPr had a lower plasma urea nitrogen concentration on d 14 than CON, PROVIDA, and MOS+Bs (P≤0.041). However, MOS+Bs had an elevated plasma urea nitrogen concentration on d 84 than C...
	Figure 3. The fecal scores were averaged by week per treatment for weeks 1, 2, 3, 4, 5, 6, 7, and 8. There was a treatment x time interaction (P<0.0001). The BG calves had lower fecal scores during week 2 (P≤0.087). The PROVIDA calves had decreased fe...
	Figure 4. Rectal temperature was measured on d 1, 4, 8, 11, 15, 18, and 22. There was a treatment x time interaction (P≤0.049). The CON treatment had decreased rectal temperatures when compared to other treatments; CON vs. BG (P≤0.091) on d 4 and 8; C...
	Figure 5. Serum haptoglobin concentration was measured on d 0, 3, 7, 14, 21, 42, 56, and 84. There was a treatment x time interaction (P≤0.010). On d 7 ImmPr had greater haptoglobin concentrations than BG, MOS+Bs, and PROVIDA (P≤0.015). On d 14, BG ha...
	Figure 6. The monocyte count was measured on d 0, 3, 7, 14, 21, 42, 56, and 84. There was a treatment x time interaction (P≤0.006). The MOS+Bs treatment had decreased monocytes when compared to other treatments; MOS+Bs vs. CON (P≤0.007) on d 56, and 8...
	Figure 7. Lymphocyte count was measured on d 0, 3, 7, 14, 21, 42, 56, and 84. There was a treatment x time interaction (P≤0.003). The MOS+Bs treatment had decreased lymphocytes when compared to other treatments; MOS+Bs vs. CON (P≤0.079) on d 42, and 8...
	Figure 8. The surface expression of L-selectin on neutrophils was measured on d 3, 7, 14, 21, 42, 56, and 84. There was no treatment x time interaction, but there was a difference in the sliced effects. The MOS+Bs treatment had increased L-selectin wh...
	LITERATURE CITED

