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Abstract 

 Two experiments were conducted to determine the effects of various alternatives to 

antibiotics in broilers grown on used litter on performance, intestinal lesion scores, body 

composition, and cecal volatile fatty acid (VFA) concentrations. The first experiment used a 

corn-soybean meal based basal diet to generate a negative control (NC) diet (without treatment), 

a Bacillus licheniformis probiotic containing diet (NC + 0.10% DFM1), and four diets that 

contained various concentrations of a Bacillus subtilis probiotic (NC + 0.05% DFM2, NC + 

0.10% DFM2, NC + 0.20% DFM2, and NC + 0.40% DFM2). Experimental diets were fed to 

broilers over a 42-day period. Body weight gain (BWG) was depressed from d 0-28 and d 0-42 

with supplementation of 0.10% DFM1 and 0.05% DFM2 compared to NC fed birds (P ≤ 0.05), 

with no differences among the remaining treatments and the NC fed birds (P > 0.05). Feed intake 

(FI) and mortality corrected feed efficiency (FEm) were not different over the 0-42 day period. 

No differences in oocyst shedding, lesion scores, body composition or cecal VFA production 

were observed (P > 0.05). Consistently low lesion scores were indicative of a mild coccidial 

challenge. The second experiment utilized a corn-soybean meal basal diet to generate 

experimental treatment diets. The basal diet without additional supplements was fed to two 

groups of control birds, one on clean pine shaving litter (PC) and a second on used litter (NC). 

Treatment groups were fed the same diet, supplemented with butyrate for the first 14 days (NC + 

But 0-14), botanicals from d 15-43 (NC + Bot 15-43), butyrate from d 0-14 and botanicals from 



 

 

d 15-43 (NC + But 1-14/Bot 15-43), and butyrate from d 0-43 (NC + But 1-43). Butyrate 

supplementation reduced BWG from d 0-14 (P ≤ 0.05), but there were no differences in BWG 

from 0-43 d (P > 0.05). Feed intake was reduced for the NC + But 0-14 group from d 0-43 in 

comparison to both PC and NC. Lesion scores in the jejunum were reduced with 

supplementation of butyrate alone, fed for either d 0-14 or d 0-43 (P ≤ 0.05) and is an indication 

of a mild coccidial infection due to the used litter. Although there were no significant differences 

among treatments, overall performance was above industry expectations, likely due to the mild 

fall weather. These two experiments indicate that there are numerous factors involved in the 

efficacy of antibiotic alternatives, at least partially explaining the inconsistent results observed in 

the published literature.  
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General Audience Abstract 

Recently, increased regulations and customer demand have restricted and reduced the use of 

antibiotics in the poultry industry. Historically, antibiotics were used in poultry feed at sub-

therapeutic levels to improve performance and prevent the incidence of clinical and subclinical 

disease. Since the reduction of antibiotic use, many producers have experienced reduced 

performance resulting in reduced profits. The limited use of antibiotics can also present an 

animal welfare issue associated with increased sub-clinical and clinical disease. Many 

researchers are investigating alternative feed additives that will both improve performance and 

prevent disease, including probiotics, organic acids, and botanical products. Previous research 

has demonstrated the ability of these alternative to positively, if inconsistently, influence the 

performance and health of broiler chickens. Therefore, the objective of this thesis is to 

investigate the effects of two probiotic bacteria fed at various concentrations and the effects of 

butyric acid and botanicals, fed alone, or in combination, on the performance, intestinal lesion 

scores, body composition, and cecal volatile fatty acid concentrations of broiler chickens raised 

on used litter. In these experiments, the used litter is representative of a mild disease challenge 

that would likely be present in a commercial poultry setting. Overall, there were few differences 

with the treatment of broilers with probiotic bacteria, but the lowest inclusions slightly reduced 

body weight gain compared to the control fed broilers. Butyric acid supplementation reduced 

body weight gain over the first 14 days, but these differences were no longer observed over the 0 



 

 

to 42 day period. Although performance was not improved, butyrate did result in reduced 

intestinal lesion scores from the middle section of the small intestine, indicating potential health 

benefits with butyrate treatment. Overall, the data presented in this thesis suggest that there are a 

variety of factors that can alter the effectiveness of these alternatives in broiler production and 

care should be used in selection of antibiotic replacement tools.
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CHAPTER I 

Introduction 

With US per capita consumption of poultry increasing steadily for the past 6 years and an 

expected increase by almost 2 pounds in 2018 as compared to 2016, there is a growing demand 

for poultry (National Chicken Council, 2017). This increased demand has also been noted in 

global production, which is expected to increase 2%, reaching 92.5 million tons in 2018 (USDA, 

2018). Coupled with this increased demand has been increased regulations regarding the use of 

in-feed antibiotics, which have traditionally been used to both increase performance and health, 

such as the FDA’s Guidance #213 and the 2017 update to the Veterinary Feed Directive (FDA, 

2017). Additionally, many major poultry producers, in response to demand, are producing more 

“no antibiotics ever” (NAE) products (Perdue, 2017; Tyson, 2017). Regardless of the direct 

cause for the decreased use of antibiotics, producers switching from conventional to antibiotic-

free production systems or simply the loss of growth promoting antibiotics have experienced 

decreased bird performance (Smith, 2011). One of the more notable difficulties encountered is 

clinical and subclinical clostridial enteritis (Smith, 2011). Clostridium perfringens, the causative 

agent of necrotic enteritis, is ubiquitous in the intestinal tract. There are a variety of predisposing 

factors, including damage to the intestinal lining during Eimeria infection, which can lead to 

overgrowth of C. perfringens thereby causing clostridial enteritis or even necrotic enteritis 

(Dahiya et al., 2006). Uncontrolled outbreaks of coccidiosis, the disease caused by Eimeria 

infection, can cause high mortality and morbidity, while subclinical infections can lead to poor 

feed conversion ratio (FCR) and performance (Blake and Tomley, 2014). As of 2004, the global 

annual cost of coccidiosis was estimated in excess of 3.7 billion dollars (Shirley et al., 2004).  
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Eimeria species are transmitted among birds via the fecal-oral route and once ingested 

can invade the epithelial cells of the intestine (Dalloul and Lillehoj, 2006; Blake and Tomley, 

2014). The cycle of ingestion, invasion of the gut epithelial cells, the re-infective cycle of 

neighboring cells, and producing an oocyst that is shed in the feces takes approximately 7 days 

(Allen and Fetterer, 2002). In the poultry industry, the greatest shedding and major issues often 

occur beginning around day 21, which is approximately 3 Eimeria life cycles. Coccidial 

infections can damage the intestinal lining causing shortened villi, which leads to a reduction in 

absorptive surface area (Assis et al., 2009). This reduced surface area causes a decrease in 

absorption, specifically reducing fat absorption due to interference with micelle absorption 

(Tyczkowski, et al., 1991). Due to the economic significance and endemic nature of C. 

perfringens and Eimeria species, minimizing conditions that allow for rapid proliferation of both 

of these is a priority for the post-antibiotic era commercial boiler industry. The combination of 

increased demand for poultry products, increased regulation and subsequent reduction of 

antibiotic use, and decreased performance associated with antibiotic free production or at least 

removal of antibiotic growth promoters has resulted in increased interest to develop alternatives 

including, but not limited to, probiotics, organic acids, and botanicals.  

Probiotics, or direct-fed microbials (DFM) are defined as “live microorganisms, which 

when administered in adequate amounts, confer a health benefit on the host” (FAO and WHO 

Expert Consultation, 2001). Currently, a wide variety of species are used in probiotic 

preparations, including the genera of Lactobacillus, Bacillus, Enterococcus, Bifidobacterium, 

Streptococcus, Saccharomyces, Aspergillus, and Candida (Patterson and Burkholder, 2003; 

Kabir, 2009). The beneficial effects probiotics exert on the host are proposed to function through 

a variety of mechanisms, but can generally be classified as altering the microbial composition, 
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immunity and intestinal health (Roberts et al., 2015). Experiments observing the effects of 

probiotic supplementation, either single or multi-strain, without a challenge, have observed no 

difference in performance between the supplemented and non-supplemented control groups (Lee 

et al., 2010; Abdelrahman et al., 2014; Wealleans et al., 2017). Alternatively, in an Escherichia 

coli challenge introduced at d 18, 28 and 28 d of age via the water, supplementation of broilers 

with Bacillus subtilis showed increased BW and improved feed conversion ratio (FCR) from d 

0-42 compared to the negative and antibiotic control groups, regardless of challenge (Teo and 

Tan, 2006). In an experiment, broilers were challenged with Clostridium perfringens and 

supplemented with B. subtilis in a 2x2 factorial design. No differences in body weight gain 

(BWG) were observed among the treatments. Broilers challenged and supplemented with B. 

subtilis had improved FCR compared to the challenged, non-supplemented group, but was not 

different from the unchallenged, non-supplemented group (Jayarman et al., 2013). Previous 

research has suggested that the response to DFM supplementation is variable, but presenting 

broilers with both the DFM and a simulated disease challenge does seem to result in more 

consistent responses. 

Many organic acids and their salts are used as acidifiers in poultry feed and drinking 

water, resulting in increased performance (Huyghebaert et al., 2011; Khan and Iqbal, 2015). 

Butyric acid, one of the organic acids currently being researched as an alternative to antibiotics, 

is a short-chain fatty acid produced as the end-product of anaerobic microbial fermentation may 

have additional benefits outside of acidification. Among the short-chain fatty acids, butyrate, the 

conjugate base of butyric acid, has the highest bactericidal effects against E. coli and Salmonella 

(Kwan and Ricke, 2005). Butyric acid is readily absorbed in the upper GIT, but encapsulating it 

in palm stearin or other vegetable fat sources, including coconut oil, can protect the butyric acid 
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through the upper GIT (Pituch et al., 2013; Liu et al., 2017). This encapsulation allows the 

butyric acid to reach the small intestine intact, where it acts as an antimicrobial and stimulates 

multiplication and differentiation of the epithelial cells (Dalmasso et al., 2008; Huyghebaert et 

al., 2011). Butyric acid has been shown to stimulate multiplication and differentiation of 

intestinal epithelial cells (Panda et al., 2009; Kaczmarek et al., 2016), while Eimeria can shorten 

villi height and reduce intestinal absorptive area (Assis et al., 2009). Even though the butyrate 

doesn’t directly protect epithelial cells from Eimeria damage, supplementation of butyrate during 

an Eimeria challenge could bolster recovery and minimize the negative effects of infection. 

Botanicals, also referred to as phytogenic feed additives or phytobiotics, are the entire or 

processed parts of a plant, including the roots, leaves, and bark. Generally, botanicals consist of 

primary compounds, considered the principal nutrients, and secondary compounds, which refer 

to essential oils, phenolic compounds, bitterns, and colorants (Diaz-Sanchez et al., 2015). The 

precise mechanism for the antimicrobial action of botanicals is not fully understood, but 

proposed mechanisms include antimicrobial effects, prebiotic effects, immune system 

stimulation, and competitive blocking of bacterial adhesion (Vidanarchchi et al., 2005). Multiple 

experiments have observed increased BWG and improved FCR with supplementation of a 

variety of botanicals, including the essential oils of oregano, thyme, and anise, and commercial 

and proprietary blends (Mountzouris et al., 2011; Hashemipour et al., 2013; Khattack et al., 

2014; Murugesan et al., 2015). 

Many of the experimental models used to research these alternatives to antibiotics in the 

presence of an Eimeria challenge use a direct challenge method, which can lead to apparent 

differences in mortality with no associated differences in performance (Ott et al., 2015). A 

natural challenge model may allow for better evaluation of the product without the high mortality 
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precluding differences in performance, while also replicating the subclinical challenge often 

observed in the commercial broiler industry. 

The objective of this thesis was to determine the effects of various sources and 

concentrations of direct-fed microbials and the effects of butyric acid and botanicals, fed alone or 

in combination, on the performance of broiler chickens raised on used litter. Secondary 

measurements of intestinal lesion scores, fecal oocyst counts, body composition (lean and fat 

analysis), and cecal volatile fatty acid concentrations were used as response criteria to determine 

the effectiveness of the feed additives. A secondary objective was to develop, utilize and validate 

an inoculation method that results in a response similar to commercial production.  
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CHAPTER II 

LITERATURE REVIEW 

 

Changes in the Poultry Industry 

 The first use of antibiotics in chickens to promote growth was observed by Moore and 

colleagues in 1946, when chicks fed streptomycin showed increased growth. In the years 

following, the use of antibiotic growth promoters was adopted to improve performance, such as 

growth and feed conversion ratio (FCR), and to control disease, such as those caused by 

Clostridium perfringens (Moore et al., 1946; Stutz and Lawton, 1984; Yewande et al., 2016). 

Although the mechanisms of AGPs are not fully understood, it is proposed that they function by 

reducing the overall number or diversity of the intestinal microbiota, which results in decreased 

competition for nutrients as well as reduced microbial metabolites that reduce growth (Gadde et 

al., 2017). It is also hypothesized that AGPs function to inhibit intestinal inflammatory cells 

from producing and excreting catabolic mediators, thereby permitting growth (Niewold, 2017).   

As early as 1951, there were reports of antibiotic resistance in food animals, specifically, 

coliform bacteria resistant to streptomycin in turkeys (Starr and Reynolds, 1951). By 1969, the 

Swann report, published in the UK, recommended the banning of sub-therapeutic use of 

antibiotics in animal feeds (Swann, 1969). In the U.S. in 2002, there were still 32 antimicrobial 

compounds approved for use in broiler feeds without a veterinary prescription, with 15 listed for 

the treatment of coccidiosis and 11 others listed as growth promotants (Miller Publishing 

Company, 2001). In 2013, the Food and Drug Administration (FDA) called for the voluntary 

stop to labelling of medically important animal drugs for growth promotion in animals and to 

revise labels so that veterinary oversight is required for therapeutic uses (FDA, 2013). In 2017, 
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an update to the veterinary feed directive was implemented, restricting the use of antibiotics in 

livestock for growth promotion, as well as requiring veterinary oversight for medically important 

antibiotics (FDA, 2017). As of 2018, in the U.S., there are 23 antimicrobial compounds approved 

for use in broiler feed, 15 of which can be used without veterinary oversight. Of the 15 

antimicrobial compounds, 13 are listed for the treatment of coccidiosis and the other 2 are listed 

as growth promotants, among other indications for use (Miller Publishing Company, 2017). 

Although there are still multiple antimicrobial compounds available for treating coccidiosis, 

there is also an increased push towards “no antibiotics ever” (NAE) products, which is severely 

reducing and limiting the use of antibiotics in the poultry industry (Perdue, 2017; Tyson, 2017).  

Coccidiosis 

Uncontrolled outbreaks of coccidiosis, the disease caused by several species of the 

protozoa Eimeria, can cause high mortality and morbidity, while subclinical infections can lead 

to poor FCR and overall poor production, making this disease economically important (Blake 

and Tomley, 2014). Worldwide, the annual cost of coccidiosis was estimated in excess of 3.7 

billion dollars in 2004 (Shirley et al., 2004). Eimeria species invade the epithelial cells of the 

intestine and are transmitted among birds via the fecal-oral route (Dalloul and Lillehoj, 2006; 

Blake and Tomley, 2014). The chicken is host to 7 species of Eimeria, each of which infects a 

characteristic region of the gut (McDonald and Shirley, 2009). The most common species, E. 

acervulina, E. maxima, and E. tenella infect the duodenum, mid- to posterior small intestine, and 

the ceca, respectively (Chapman, 2014). The pathogenicity of each species varies, so varying 

levels of tissue damage and morbidity occur (McDonald and Shirley, 2009). The species, 

magnitude, and site of infection influence the pathology of the infection (Chapman, 2014). With 

E. acervulina and E. mitis, fluid loss and malabsorption of nutrients is typically observed 
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(Chapman, 2014). Eimeria maxima and E. brunetti result in inflammation of the intestinal wall 

with pinpoint hemorrhages and epithelial sloughing, while E. tenella and E. necatrix typically 

cause complete villar destruction, which results in extensive hemorrhage and death. The seventh 

species that infects chickens, E. praecox, is generally considered to have minimal pathogenicity 

and produce little pathology (Chapman, 2014). When the oocyst `1 invades the intestinal 

epithelial cells, this disruption in the epithelium leads to a diminished ability to absorb nutrients 

in the intestine, resulting in reduced performance, as well as increasing susceptibility to other 

diseases, such as necrotic enteritis (Yegani and Korver, 2008).  

Eimeria life cycle 

Birds become infected by ingesting fecal material from the environment, such as litter, 

but infection could also be from food, water, or preening (Blake and Tomley, 2014). Unless 

ingested by the chicken, oocysts in the litter may die after about 3 weeks. Upon entering the 

digestive tract, approximately 1/5 of ingested oocysts may pass through the intestinal tract 

undamaged, whether sporulated or not (Williams, 1998). Sporulated oocysts can cause infection 

if the oocyst wall is crushed in the crop or gizzard, releasing sporocysts. After exposure to 

digestive enzymes, the sporozoite is released from the sporocyst into the intestinal lumen, where 

it continues to pass through. The sporozoite eventually attaches and invades the epithelial layer 

where it undergoes schizogony to produce many offspring called merozoites. Merozoites rupture 

the host cell, invade other cells and further replicate asexually, damaging many epithelial cells 

during this cyclic reproduction. After a species-specific number of schizogonies, the final 

generation of merozoites develop into macrogametes or microgametes, male and female 

gametocytes, respectively. Microgametes fertilize macrogametes in neighboring cells, forming 

zygotes. The fertilized macrogamete transforms into an oocyst, ruptures the intestinal cell to be 
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released into the intestinal lumen, and is excreted into the environment (Blake and Tomley, 

2014). Free in the environment, the oocyst will sporulate in the presence of warmth, moisture, 

and oxygen, becoming infective (Williams, 2002; McDonald and Shirley, 2009). The entire 

cycle, from ingestion to release, may take 4 to 5 days, with maximum oocyst output occurring 6 

to 9 days post-infection (Allen and Fetterer, 2002).  

Necrotic Enteritis 

 Necrotic enteritis (NE), caused by a rapid proliferation of Clostridium 

perfringens, typically occurs when damage to the intestinal lining occurs, such as the damage 

caused by Eimeria infection (Dahiya et al., 2006). A variety of other predisposing factors include 

stress and immune suppression, nutrition and anti-nutritional factors, and physical form of the 

diet (M’Sadeq et al., 2015). In the past, the use of AGPs in the commercial broiler industry has 

helped to control NE; however, with the removal of AGPs and reduction in use of antibiotics, NE 

has reemerged as a major issue for the industry. As of 2000, NE was estimated to cost the poultry 

industry $2 billion (Paiva and McElroy, 2014). Clinical NE is characterized by a sudden increase 

in flock mortality, often without any prior indicators, sometimes rising up to 50% mortality 

(Timbermont, et al., 2011). Subclinical C. perfringens infections do not cause the characteristic 

spike in mortality and no overt clinical signs are present, so it is likely to go undetected and 

untreated (McDevitt et al., 2006). Although not usually detected, significant production losses 

occur as feed conversion ratio increases and weight gain decreases due to the chronic intestinal 

damage (Kaldhusal et al., 2001). In this post-antibiotic era, proposed mechanisms to prevent NE 

include dietary modifications, probiotics, prebiotics, organic acids, and vaccinations (M’Sadeq et 

al., 2015).  
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Probiotics and Poultry 

Due to the economic significance of diseases like coccidiosis and necrotic enteritis and 

their endemic nature, controlling these diseases is a priority for the commercial broiler industry. 

With the industry’s use of antibiotics diminishing, there is an increasing need to find alternatives 

that, similar to AGPs, both promote growth and prevent disease. Several classes of alternatives 

have been proposed and tested including probiotics, organic acids, and phytogenics (Gadde et 

al., 2017). Probiotics, also referred to as direct-fed microbials (DFM), are one potential 

alternative to antibiotic use due to their observed capacity for growth promotion and disease 

prevention (Patterson and Burkholder, 2003; Eckert et al., 2010; Wealleans et al., 2017). 

Probiotics are defined as “live microorganisms, which when administered in adequate amounts, 

confer a health benefit on the host” (FAO and WHO Expert Consultation, 2001). A wide variety 

of species are currently being used in probiotic preparations for poultry, including the genera of 

Lactobacillus, Bacillus, Enterococcus, Bifidobacterium, Streptococcus, Saccharomyces, 

Aspergillus, and Candida (Patterson and Burkholder, 2003; Kabir, 2009). Bacillus species based 

probiotics have had growth promoting and disease preventing effects (La Ragione and 

Woodward, 2003; Gadde et al., 2017). The use of probiotics is based on the understanding that a 

well-balanced gut microflora promotes optimal animal performance and health, and that 

probiotics help establish an environment in the gut that promotes colonization of beneficial 

microorganisms and reduces pathogenic bacterial colonization (Kabir, 2009).  

Impact on Performance 

 Many experiments have studied the effects of B. subtilis and other probiotics on 

performance with inconclusive results. In an experiment with no challenge, broilers chickens 

supplemented with one of eight single B. subtilis strains, a commercial product consisting of 3 
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strains of B. subtilis, or a control without supplementation showed no difference in performance 

from day-of-hatch to 21 days of age (Lee et al., 2010). In an experiment providing no challenge 

and supplementing with a probiotic of 3 strains of Bacillus amyloliquefaciens, a significant 

improvement observed a significant improvement in body weight gain (BWG) and feed intake 

(FI) were observed compared to the non-supplemented control group (Wealleans et al., 2017). 

When broilers were supplemented with a multi-strain probiotic containing Bifidobacterium 

animalis, Lactobacillus salivarius, and Enterococcus faecium and challenged with E. acervulina, 

E. maxima, and E. tenella oocytes on d 15, a decrease in BW was observed compared to the 

untreated, unchallenged control but was not different from the untreated, challenged control. The 

FCR was reduced compared to the untreated, challenged control, but not the untreated, 

unchallenged control (Abdelrahman et al., 2014). In the presence of an E. coli challenge, neither 

B. subtilis or bacitracin methylene disalicylate (BMD) supplementation was able to improve 

performance to that of the unchallenged, untreated control group (Manafi et al., 2017). Contrary 

to these results, an experiment by Jayaraman and colleagues (2013) broilers were challenged 

with 3 × 104 sporulated oocysts of mixed Eimeria species on d 14 followed by a dose of 108 

cfu/mL per bird of C. perfringens on d 19 through 21 in order to induce C. perfringens-induced 

necrotic enteritis. A reduction in feed conversion ratio (FCR) and a numerically reduced body 

weight gain (BWG) compared to a challenged, untreated control group was observed, while 

there were no differences between the probiotic supplemented group and the unchallenged, 

untreated control (Jayarman et al., 2013).  

Modes of Action 

Probiotics are proposed to exhibit a wide range of beneficial effects on the host, including 

the microbial composition, intestinal health, and immunity (Roberts et al., 2015). Effects on 
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microbial composition refer to the prevention of pathogen colonization via competitive exclusion 

which can include competition for substrates, production of compounds which are toxic to 

pathogens, and competition for attachment sites (Patterson and Burkholder, 2003; Chichlowski et 

al., 2007b). Intestinal health refers to the integrity of the gastrointestinal epithelium, typically 

observed via intestinal histomorphometrics, as well as effects on the tight gap junctions and the 

mucosal layer (Chichlowski et al., 2007b; Roberts et al., 2015). Lastly, immunological effects 

refer to the immune response of the bird, including both the innate and adaptive responses.  

Competitive exclusion is one of the earliest identified modes of action of probiotics. 

Rantala and Nurmi (1973) first introduced the idea of competitive exclusion when native bacteria 

from adults birds were orally administered to day old broiler chicks resulting in protection 

against Salmonella infantis.  A suspension of Bacillus subtilis spores administered to newly 

hatched specific pathogen-free chicks prior to a challenge with Escherichia coli O78:K80 24 

hours later suppressed all aspects of E. coli O78:K80 infection and significantly reduced E. coli 

shedding for the duration of the 35 d experiment (La Ragione et al., 2001). B. subtilis has also 

been shown to suppress colonization and persistence of C. perfringens when birds were dosed 

with C. perfringens 24 hours after dosing with B. subtilis at 20 days of age (La Ragione and 

Woodward, 2003). A reduction in the recovered total viable count and an increase in the total 

Lactobacillus count in the ceca when birds were supplemented with a multi-strain product 

containing 4 species of Lactobacillus, Bifidobacterium bifidum, Streptococcus thermophilus, 

Enterococcus faecium, Aspergillus oryzae and Candida pintolopessi has been observed (Kabir et 

al., 2005). When chicks were fed a diet containing B. subtilis and two strains of B. 

amyloliquefaciens, birds supplemented with the DFM had increased total lactic acid bacteria and 

total anaerobic bacteria recovered from the lower small intestine of Meckel’s diverticulum to the 
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ceca (Latorre et al., 2017). These alterations in the bacterial composition are seemingly 

indicative of competitive antagonism. Although the concept of competitive exclusion has been 

supported by research, the literature is mixed as other reports have failed to establish competitive 

exclusion. Supplementation of a multi-species probiotic containing Lactobacillus, 

Bifidobacterium, Enterococcus, and Pediococcus with no challenge resulted in no differences in 

cecal microflora composition at d 42 when total aerobes, coliforms and total anaerobes were 

enumerated (Mountzouris et al., 2007; Mountzouris et al., 2010). Salim and colleagues (2013) 

observed no changes in the cecal microflora at d 35 with supplementation of either a single strain 

probiotic of Lactobacillus reuteri or a multi-strain probiotic containing L. reuteri, B. subtilis, and 

S. cervisiae when E. coli and Salmonella concentrations were enumerated. The idea of 

competitive exclusion has been extended, and now it is proposed that probiotics competitively 

exclude pathogenic bacteria by blocking attachment sites, competing for nutrients, producing 

lactic acid and short chain fatty acids (SCFA), reducing the pH, and producing and secreting 

antibacterial substances, among other antagonistic actions (Duggan et al., 2002; Gadde et al., 

2017). 

 Intestinal health is a general term referring to the epithelial integrity of the GI tract, the 

porousness of tight gap junctions and the maintenance of the mucosal layer of the intestine 

(Chichlowski et al., 2007b; Roberts et al., 2015). Probiotics have been shown to enhance 

epithelial cell regeneration, inhibit apoptosis, improve barrier function and increase mucin 

synthesis (Gadde et al., 2017). Supplementation with B. subtilis has been shown to increase 

villus height, cell absorptive area, and cell mitosis at d 28 (Samanya and Yamauchi, 2002). 

When B. subtilis was supplemented in feed for either 3 or 28 days to adult male white leghorn 

chickens, blood ammonia levels, which are correlated with intestinal ammonia levels, were 
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decreased (Samany and Yamauchi, 2002). It is proposed that the observed decrease in ammonia 

level allowed for greater cell mitosis and proliferation as ammonia is known to reduce cell 

growth and development (Samany and Yamauchi, 2002). Compared to broiler chickens treated 

with salinomycin, an antibiotic and anticoccidial, birds supplemented with a multi species 

probiotic containing L. casei, L. acidophilus, B. thermophilum, and E. faecium from day-of-hatch 

to 21 d of age showed increased villus height, crypt depth, and muscle thickness in the jejunum 

(Chichlowski et al., 2007a). In the face of a C. perfringens challenge, B. subtilis supplementation 

from day-of-hatch to 35 d of age increased villus height and villus height/crypt depth ratio of 

broilers at d 35 compared to a challenged, untreated control, while the unchallenged, untreated 

control was intermediate (Jayarman et al., 2013). The ratio of villus height to crypt depth is an 

important parameter for intestinal health and recovery as a high ratio is indicative of long villus 

with epithelium that is matured and active and a shallow crypt going through constant, normal 

cell renewal (Jayarman et al., 2013). Duodenal villus histomorphometry of birds in the 

challenged, untreated group showed distorted and damaged villi, while the challenged, B. subtilis 

supplemented birds showed intact villus architecture (Jayaraman et al., 2013). Intestinal health, 

especially increasing proliferation of the epithelium, is important in reducing the presence of 

intracellular pathogens because an intact intestinal epithelium serves as a barrier to pathogens. 

With decreased pathogen entry, the intestines retain their ability to absorb and utilize nutrients, 

promoting optimal bird performance and health. A reduction in oocyst shedding was observed in 

in broilers challenged with E. acervulina at 24 days of age when fed a diet supplemented with 

Lactobacillus-based probiotic beginning at day-of-hatch, potentially indicating a decreased 

susceptibility to infection (Dalloul et al., 2003; Dalloul et al., 2005). A reduction in lesion score 

severity of broilers challenged with E. maxima at 8 and 15 d was observed at 22 d when birds 



18 

 

were supplemented with strains of a Bacillus subtilis probiotic (Lee et al., 2010). Probiotic 

supplementation during C. perfringens-induced necrotic enteritis reduced lesion score severity, 

mortality, and the numbers of C. perfringens in the jejunum (McReynolds et al., 2009). 

Salmonella colonization in the ceca, liver, and spleen was reduced when broiler chicks were fed 

diets supplemented with a probiotic containing 12 strains of Lactobacillus, 5 strains of 

Enterococcus, and 1 strain of Bifidobacteria when observed 7 days after a challenge with S. 

Typhiurium on d 2, 9, 16 (Revolledo et al., 2009). These results suggest that using probiotics to 

maintain intestinal health, while simultaneously modulating the intestinal microflora, could be 

effective as an alternative to antibiotics in preventing and treating enteric infections. 

 Probiotics can alter the bird’s innate and adaptive immune responses. The innate immune 

response is characterized by non-specific defense mechanisms as it functions as the first defense 

against foreign challenges. Heterophils, considered the equivalent of the neutrophil in mammals, 

are a part of the innate immune response (Farnell et al., 2006). Heterophil degranulation and 

oxidative burst, both of which are bactericidal mechanisms used by heterophils to kill pathogens, 

can be used as indicators of heterophil function, and therefore, the innate immune response 

(Farnell et al., 2006). In an in vitro experiment, 10 chicken cecal probiotic isolates were selected 

and all were shown to increase heterophil oxidative burst and degranulation of heterophils 

isolated from the pooled peripheral blood of neonatal chicks. Among repeated trials, the level of 

immune stimulation observed for some isolates was inconsistent. In a follow-up in vivo 

experiment using B. subtilis, Lactococcus lactis, and L. acidophilus, which were the three strains 

that most often elicited a significant response, chicks treated via oral gavage at day of hatch with 

either of these three isolates had increased oxidative burst and degranulation of heterophils 

collected 24 hours postgavage compared to the control group (Farnell et al., 2006). Similar 
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results of increased heterophil oxidative burst were observed at d 7, 14, and 21 when a multi 

strain probiotic containing Enterococcus faecium, Pediococcus acidilactici, Bifidobacterium 

animalis, and Lactobacillus reuteri was administered in the water to broilers from d 0 to 4, d 11 

to 13, and d 15 to 17 (Stringfellow et al., 2011). Macrophages, another part of the innate immune 

response, serve as phagocytic cells, working to detect and process antigens as well as activating 

and dictating the differentiation of lymphocytes into appropriate effector cells (Qureshi et al., 

2000). In an experiment with a multi-strain Lactobacillus-based probiotic and Salmonella 

enteritidis challenge, probiotic supplementation increased macrophage numbers without the 

challenge, while reducing the number of macrophages when administered 1 h after the challenge; 

however, these results were not consistent among repeated experiments. It is possible that 

macrophages are involved, either directly or indirectly, in the observed decrease in Salmonella 

colonization with probiotic administration, however more research is needed to fully understand 

the role of probiotics on macrophage response, as well as to understand their role on the overall 

innate immune response (Higgins et al., 2007).  

 The adaptive immune response is the secondary immune response and provides 

protection against recurring pathogens. Recently, research has demonstrated the importance of 

probiotics in modulating the adaptive immune response of chickens. Supplementation with 

Bacillus and Lactobacillus strains increase antibody titers to sheep red blood cells (SRBC), as 

well as important disease agents, like Newcastle disease (Haghighi et al., 2005; Khaksefidi and 

Ghoorchi, 2006; Apata, 2008). Research has also shown that female broilers treated with a multi-

strain probiotic containing Lactobacillus acidophilus, Bifidobacterium bifidum, and 

Streptococcus faecalis via oral gavage at day of hatch had enhanced production of natural 

antibodies at d 14 (Haghighi et al., 2006). The intestinal contents of unchallenged birds treated 
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with the probiotic had increased levels of immunoglobulin (Ig) A reactive to tetanus toxoid 

(TT), Clostridium perfringens alpha-toxin and bovine serum albumin, as well as IgG reactive to 

TT compared to an unchallenged, untreated control group. Serum levels of IgG and IgM 

antibodies reactive to TT and alpha-toxin were increased with probiotic supplementation, 

compared to the control (Haghighi et al., 2006). Supplementation with a single strain probiotic of 

Lactobacillus reuteri or a mixed-strain probiotic of L. reuteri, B. subtilis, and S. cerevisiae has 

been shown to increase plasma immunoglobulin levels compared to both a control diet without 

probiotic or AGP and a diet containing an AGP (Salim et al., 2013). In the presence of a S. 

enteritidis challenge, both avilamycin, an antibiotic, and a multi-strain probiotic containing 

Lactobacillus reuteri, Enterococcus faecium, Bifidobacterium animalis, Pediococcus 

acidilactici, and Lactobacillus salivarius reduced levels of plasma IgA and IgG and intestinal 

IgA against S. enteritidis compared to the challenged, untreated control (Mountzouris et al., 

2009). This reduction in antibody titers could be a result of increased clearance and recovery due 

to the experimental treatment. In contrast, supplementing the same 5 strain probiotic as 

Mountzouris et al (2009) in the diet resulted in no differences in IgA or IgG at 14 or 42 d of age 

(Mountzouris et al., 2010). Similarly, when broilers were supplemented with a probiotic 

containing Lactobacillus acidophilus and Lactobacillus casei no differences in IgA or IgG were 

observed (Huang et al., 2004). Overall, probiotics appear to be an alternative to antibiotics for 

growth promotion and disease prevention, although the inconsistency in the results can likely be 

attributed to differences in the type and dose of strain used, administration time and period, diet, 

environment, and processing variations (Gadde et al., 2017). 
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Organic Acids 

 For decades, organic acids and their salts have been used in poultry diets and drinking 

water with the apparent effect of improving performance (Khan and Iqbal, 2015). Like 

antibiotics, organic acids can alter the intestinal microbiota via bactericidal and bacteriostatic 

action (Ricke, 2003). Many organic acids with variable physical and chemical properties are 

used as acidifiers in poultry feed or drinking water (Huyghebaert et al., 2011). Organic acids can 

be used in the salt form, such as sodium or potassium salts. In the salt form, organic acids are 

generally odorless, less corrosive and may be more soluble in water. Additionally, organic salts 

are in a solid form and less volatile, making them easier to handle during the feed-manufacturing 

process (Huyghebaert et al., 2011).  

Butyric acid is a short-chain fatty acid that is the end-product of anaerobic microbial 

fermentation. Like many organic acids, butyrate, the conjugate base of butyric acid is often used 

in the salt form of sodium butyrate or calcium butyrate. Among the short-chain fatty acids, 

butyrate has the highest bactericidal effects against E. coli and Salmonella (Kwan and Ricke, 

2005). When fed in this free form, butyric acid is readily absorbed in the upper gastrointestinal 

(GI) tract (Pituch et al., 2013). Due to early absorption in the GI tract, butyric acid 

concentrations are insufficient to prevent pathogen colonization in the small intestine and ceca 

(Van Immerseel et al., 2006). In order to prevent the absorption of butyric acid in the upper GI 

tract and loss of protective function in the small intestine, it can be encapsulated with palm 

stearin or other vegetable fat sources, including coconut oil (Liu et al., 2017). Encapsulation 

prevents the loss of butyric acid through the upper GI tract, so that positive effects can be shown 

in the small intestine.  
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Impact on Performance 

As with probiotics, there are a variety of factors that influence the performance results 

when butyric acid is supplemented, generating variable results. Without a disease challenge, 

supplementation of free butyric acid at 3 different concentrations of 0.1%, 0.2%, and 0.4% in the 

diet did not alter BWG of broilers from d 0-42 compared to birds fed a non-supplemented control 

diet or the antibiotic virginiamycin (Leeson et al., 2005). When sodium butyrate encapsulated in 

palm fat was fed to broilers for 35 days and birds were challenged with C. perfringens-induced 

necrotic enteritis from d 14 to 17, increased body weight gain was observed compared to the 

challenged, untreated control group. The encapsulated sodium butyrate was able to reduce the 

negative growth effects of the C. perfringens and was not significantly different from the non-

treated, unchallenged control group (Eshak et al., 2016). In an experiment evaluating the effect 

of butyric acid glycerides and Eimeria maxima on growth, it was observed that unchallenged 

birds supplemented with butyric acid glycerides showed improved BWG compared to the 

unchallenged, non-supplemented control group and the supplemented, challenged experimental 

group (Ali et al., 2014). In contrast to these results, during an experiment conducted during late 

summer and early fall, birds supplemented with protected butyric acid had a reduced average 

daily gain compared to the control birds during the first 14 day period, but for the overall 42-day 

experimental period, there were no significant differences among the treatment groups (Edmonds 

et al., 2014). In a 21 day experiment, in which birds were challenged with Salmonella 

typhimurium at d 3, birds supplemented with butyric acid showed improved BWG compared to 

the untreated, challenged control group, but decreased BWG compared to the untreated, 

unchallenged control group at both d 7 and d 21 (Jazi et al., 2018).  
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Mode of Action 

Organic acids are believed to have antibacterial effects via their ability to decrease the pH 

of drinking water and reduce the buffering capacity of feed, which subsequently alters the 

physiology of the crop and proventriculus (Van Immerseel et al., 2006). The antimicrobial 

effects of organic acids have also been related to their ability to diffuse through the cell 

membrane of microorganisms to enter the cytoplasm as undissociated molecules before 

dissociating inside the cell where it can suppress bacterial enzymes and nutrient transport 

systems (Van Immerseel et al., 2006; Huyghebaert et al., 2011). Factors that influence an 

organic acid’s antibacterial activity include it’s chemical formula, molecular weight, pKa value, 

chemical form (including whether or not it’s esterified, coated, or in the acid or salt form), and 

buffering capacity of the feed. Considering these factors, it is clear that each organic acid has its 

own range of antimicrobial activity, so not all organic acids will be equally as effective as an 

alternative to antibiotics (Huyghebaert et al., 2011). 

 In addition to generic antimicrobial activity, butyric acid, has been shown to stimulate 

multiplication and differentiation of gut epithelial cells in the small intestine as it is a readily 

available energy source for these cells (Dalmasso et al., 2008). Feeding an unprotected form of 

butyric acid from day of hatch to 21 days of age to broiler chicks had a significant effect on 

villus morphology in the duodenum, with increased villus height, but also increased crypt depth 

(Panda et al., 2009). When fed a commercial protected butyrate product beginning at day of 

hatch, broilers had decreased mucosa thickness, increased villus height, decreased crypt depth, 

and increased villus height:crypt depth ratio at d 42 compared to a non-supplemented control 

(Kaczmarek et al., 2016). In the presence of a challenge of 107 cfu/mL of S. typhimurium via 

oral gavage on d 4, broilers treated with an encapsulated sodium butyrate product from day of 
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hatch to 11 d of age had increased ileal villus height. When supplemented for 21 days, increased 

villus height:crypt depth ratio was observed, with numerical increases in villus height (P = 0.06) 

and decreases in crypt depth (P = 0.06) observed in the jejunum (Liu et al., 2017). Overall, it 

appears that encapsulated butyric acid may help to improve performance and prevent disease 

when fed to broilers, however, there is still a wide variety of factors, such as inclusion rate of the 

butyric acid and the magnitude of the challenge, which may be causing the inconsistent results 

observed.  

Botanicals 

 Botanicals, also referred to as phytogenic feed additives (PFA) or phytobiotics, are the 

entire or processed parts of a plant, including the roots, leaves, and bark. Generally, botanicals 

consist of primary and secondary plant compounds. The primary compounds, considered the 

principal nutrients, include protein, fat, and carbohydrates. The secondary compounds refer to 

essential oils, phenolic compounds, bitterns, and colorants (Diaz-Sanchez et al., 2015).  

Impact on performance 

Like other potential alternatives to antibiotics, performance results with botanical 

supplementation have been varied and overall, inconclusive in regards to their efficacy. When 

broilers were supplemented with a PFA comprised of a blend of essential oils from oregano, 

anise and citrus at 80 mg PFA/kg diet, 125 mg PFA/kg diet, and 250 mg PFA/kg diet BWG was 

increased, FI decreased, and FCR improved over the 0-42 d period compared to the non-

supplemented control (Mountzouris et al., 2011). With supplementation of a PFA containing 

thymol and carvacrol included at 60, 100, and 200 mg PFA/kg diet, broilers had increased BWG, 

decreased FI, and improved feed efficiency from the 0-42 day period (Hashemipour et al., 2013). 

With supplementation of a proprietary blend of PFA at 150 mg/kg of diet, broilers had increased 
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BWG and decreased FCR for the 0-39 d period (Murugesan et al., 2015). In contrast, no 

differences in BWG, FI, or FCR were observed in female broilers from d 0-21 when fed a diet 

supplemented with thymol, cinnamaldehyde and a commercial essential oil preparation; however 

this was only a 21-day long experiment rather than 42 days like many other experiments (Lee et 

al., 2003). Mountzouris and colleagues (2011) did not observe any difference in BWG or FCR 

during the starter period (1-14 d) or the grower period (15-28 d), but did observe differences 

during the finisher period (29-42 d) and overall (1-42), so it is possible that differences in 

performance with botanical supplementation are only observed in the finisher phases and overall. 

However, broilers supplemented with either a PFA derived from oregano, cinnamon and pepper 

or sage, thyme, and rosemary showed no difference in BWG or FCR compared to a non-

supplemented control, for any periods (Hernandez et al., 2004).   

Mode of Action 

The precise mechanism for the antimicrobial action of botanicals is not fully understood, 

but proposed mechanisms include antimicrobial effects, prebiotic effects, immune system 

stimulation, and competitive blocking of bacterial adhesion (Vidanarchchi et al., 2005). 

Antimicrobial effects include action against the cell membrane and cytoplasm of microbial 

species, which can alter the morphology of the cell as well as increase cell hydrophobicity. These 

changes in surface characteristics modify the virulence properties of microbes (Kamel, 2001). In 

the gut, these alterations may be of importance as both factors influence microbial colonization 

(Vidanarchchi et al., 2005). Prebiotic effects refer to the ability of botanicals to influence the gut 

microbiota by facilitating the production of substrates which promote the growth of protective, 

beneficial intestinal flora or by reducing the likelihood of conditions which support opportunistic 

pathogens (Mul and Perry, 1994; Lan et al., 2005). The proposed prebiotic effect is based on the 
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observed ability of some botanicals to promote the growth of beneficial bacteria and to reduce 

the growth and colonization of potentially harmful bacteria including C. perfringens and E. coli 

(Vidanarchchi et al., 2005). Modulation of a variety of aspects of the immune system have been 

observed with botanical supplementation (Vidanarchchi et al., 2005). During a C. perfringens-

induced necrotic enteritis challenge established by orally inoculating broilers with Eimeria 

maxima oocysts at d 14 followed by C. perfringens at d 18, alterations in the immune response of 

birds supplemented with Capsicum oleoresin and turmeric oleoresin compared to non-

supplemented, control birds was observed (Lee et al., 2013). Competitive blocking of bacterial 

adhesion is proposed to occur via agglutination of pathogenic bacteria with botanicals, 

preventing the bacteria from interacting with the ‘lectin-receptor’, as lectin-carbohydrate 

receptor interactions are responsible for most adhesion of pathogens to the brush border of the 

gut mucosal epithelium (Vidanarchchi et al., 2005). Overall, the use of botanicals as an 

alternative to antibiotic growth promoters seems limited based on the inconsistency in results 

observed with botanical supplementation. This variability is potentially due to the wide range of 

plants, compounds and chemicals that are considered botanicals and therefore that are use, either 

individually or in varying combinations.   
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CHAPTER III 

Effects of direct-fed microbial products on the performance and health of broilers raised 

on used pine shaving litter. 

ABSTRACT 

The effects of various sources and concentrations of direct-fed microbials (DFM) were 

investigated on the performance, intestinal lesion scores, body composition, and cecal volatile fatty 

acid (VFA) concentrations of broiler chickens raised on used litter. A total of 1,728 male Hubbard 

x Ross 708 broilers were placed in floor pens with used litter. Six dietary treatments were randomly 

assigned within blocks to pens and included a corn-soy based diet with no additives (NC), the 

same corn-soy based diet supplemented with a Bacillus licheniformis probiotic product (NC + 

0.10% DFM1), and the same corn-soy based diet supplemented with four inclusion levels of a 

Bacillus subtilis probiotic (NC + 0.05% DFM2, NC + 0.10% DFM2, NC + 0.20% DFM2, and 

NC + 0.40% DFM2). Each experimental unit (EU) contained 24 chicks, with 12 EU per treatment. 

Mortality was recorded daily and feed intake (FI), mortality corrected feed efficiency (FEm), and 

body weight gain (BWG) were calculated for d 0-14, 0-28, and 0-42. Samples were taken on d 20 

for coccidial lesion scoring and on d 42 for dual-energy X-ray absorptiometry (DXA) analysis and 

cecal VFA concentrations. BWG was decreased from d 0-28 and d 0-42 with supplementation of 

NC + 0.10% DFM1 and NC + 0.05% DFM2 compared to NC. No other differences in BWG were 

observed among treatments. No differences in FI were observed. Differences in FEm from d 0-14 

and 0-42 were not observed, but from d 0-28 supplementation with NC + 0.05% DFM2 reduced 

FEm compared to NC. No differences in oocyst shedding or lesion scores were observed. 

However, the low lesion score numbers confirmed a mild coccidial challenge. DXA analysis 

showed no differences in body composition. Acetate, propionate, and butyrate production 
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measured by VFA analysis of cecal contents showed no differences. Overall, the data suggest that 

supplementation of various sources and concentrations of DFM during a mild challenge has 

minimal effect on bird performance. 

Key words: direct-fed microbial, probiotic, coccidiosis, broiler, performance 
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INTRODUCTION 

Historically, antibiotic growth promoters (AGPs) have been used to both improve growth 

and feed conversion ratios (FCR) as well as to control disease, such as those caused by Clostridium 

perfringens (Moore et al., 1946; Stutz and Lawton, 1984; Yewande et al., 2016). Ubiquitous in 

poultry species, C. perfringens can cause necrotic enteritis only under certain contributing factors 

such as intestinal lining damage common during Eimeria infection (Dahiya et al., 2006; Dalloul 

and Lillehoj, 2006). Uncontrolled outbreaks of coccidiosis, the disease caused by Eimeria, can 

cause high mortality and morbidity, while subclinical infections can lead to poor FCR and 

performance, making this disease economically important (Blake and Tomley, 2014). The use of 

antibiotics by the poultry industry is rapidly changing due to both increased regulations over the 

use of medically important antibiotics (FDA’s Guidance #213 and the 2017 update to the 

Veterinary Feed Directive; FDA, 2017), and an increased demand for production of “no antibiotics 

ever” (NAE) poultry products (Perdue, 2017; Tyson, 2017). Consequently, there is an increasing 

need to find alternatives to AGPs for growth promotion and disease prevention. Probiotics, or 

direct-fed microbials (DFM), are a potential alternative to growth promoting antibiotic use, due to 

their observed capacity for growth promotion and disease prevention (Patterson and Burkholder, 

2003; Eckert et al., 2010; Wealleans et al., 2017). 

 Direct-fed microbials are proposed to exhibit a wide range of beneficial effects on the host 

by effecting the intestinal microbial composition, bird immunity, and intestinal health (Roberts et 

al., 2015). Numerous researchers have observed improved performance or no difference in 

performance with supplementation of a variety of DFM products. In an experiment with no 

challenge present, broilers were supplemented with either one of eight single strains of B. subtilis, 

a commercial product consisting of 3 probiotics, or fed the basal diet. No differences in 
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performance were observed throughout the 21 d experimental period (Lee et al., 2010). In another 

experiment, supplementing a multi-strain probiotic to broilers without a supplemental challenge 

resulted in a significant improvement in performance of birds supplemented with the probiotic 

(Wealleans et al., 2017). In the presence of an E. coli challenge, birds supplemented with B. subtilis 

showed improved body weight gain and feed conversion ratio, but no difference in feed intake 

(Manafi et al., 2017). Supplementation of Eimeria infected birds with B. subtilis resulted in 

reduced or unaltered (not worsened) lesion scores compared to a non-supplemented control group 

(Lee et al., 2010). 

Much of the research examining the effects of antibiotic alternatives in the presence of an 

Eimeria challenge used a direct challenge model of orally dosing individual birds (Lee et al., 2010; 

Ritzi et al., 2016). This can result in high mortality rates of the infected broilers, which can make 

interpretation of the performance results difficult (Ott et al., 2015). In addition to difficulty in 

interpretation, the direct-challenge model is also not indicative of the challenge that occurs in the 

poultry industry when birds are raised on used litter and become infected via the natural fecal-oral 

route. In this natural challenge, Eimeria infection can build over time generally reducing extreme 

mortality, but leading to poor overall production and poor FCR (Blake and Tomley, 2014). 

Therefore, there is a need to develop a natural challenge model that mimics those conditions 

present in industry that can lead to coccidiosis challenges more similar to those found in the field.  

 The objective of this experiment was to determine the effects of various sources and 

concentrations of DFM on broiler chickens raised on used litter using bird performance (body 

weight gain, feed intake, feed efficiency, and mortality), intestinal lesion scoring, oocyst shedding, 

body composition, and cecal volatile fatty acid concentrations as response criteria. A secondary 
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objective for the researchers was to utilize a more natural inoculation method to generate a mild 

or subclinical infection and further refine the model for future research. 

MATERIALS AND METHODS 

 All animal procedures were approved by the Virginia Tech Institutional Animal Care and 

Use Committee. Hubbard x Ross 708 broiler chicks were obtained from a commercial hatchery 

(Longenecker’s Hatchery, Elizabethtown, PA) and transported to Virginia Tech facilities on day-

of-hatch.  

Experimental Design and Bird Management 

In total, 1,728 male chicks were utilized over the 42-day grow out experiment. Immediately 

upon arrival to Virginia Tech, chicks were sorted into groups of 24, weighed and distributed to 

experimental pens. Dietary treatments were randomly assigned to the pens using a randomized 

complete block design. Each pen of 24 chicks was an experimental unit (EU), resulting in 12 EU 

for each of the 6 treatments, or 288 birds/treatment. Chicks were placed into floor pens (1.37m x 

1.37m) on used pine shavings at a stocking density of 783.9 cm2 until 20 days of age, after which 

stocking density was maintained at 896.1 cm2 until the end of the experiment. The temperature 

was set to 35°C for the first seven days, and then was reduced by 2.78°C every seven days until 

21°C was reached and maintained. Continuous lighting and supplemental heat were provided via 

heat lamps over the first seven days, after which lighting was adjusted to 18 hours of light per day. 

Birds were provided ad libitum access to feed and water throughout the experiment.  

Prior to the start of the experimental period, new pine shavings were placed in pens at a 

depth of approximately 5 cm. A natural infection model was used in an attempt to simulate 

commercial broiler conditions (built-up litter), so an independent flock of birds was raised on the 

clean litter before the experiment was initiated. 10.4 mL of CocciVac®-B52 (MSD Animal Health, 
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Omaha, NE), a live coccidiosis vaccine containing E. acervulina, E. mivatti, E. maxima MFP, E. 

maxima, and E. tenella was mixed into 113 kg of starter chick feed. Approximately 0.14 mL of 

vaccine in 1360 g of starter feed was offered via paper tray for the first 3 days and was the only 

feed offered in an attempt to simulate a mild field coccidial challenge. Birds were placed in pens 

at 20 chicks per pen and allowed to shed oocysts on the shavings for 21 d. Birds were removed 

from the house, all litter was moved to the center of the facility, mixed, and redistributed to the 

pens.  The time between the end of the first flock and the start of the experimental flock was 7 

days.  

Experimental Treatments 

Experimental birds were fed a starter diet from day-of-hatch to day 14, a grower diet from 

day 15 to 28, and a finisher diet from day 29 to day 42 (Table 3.1). A basal diet was generated 

from the common ingredients (with the exception of the majority of the corn that was individually 

added at the mill before pelleting experimental diets). The negative control (NC) was formulated 

as an industry-type corn-soybean meal diet to meet the NRC recommended nutrient requirements 

of the birds (NRC, 1994). Experimental diets were produced with the addition of corn and GalliPro 

Tect or BSM5 to the basal diet to obtain the desired treatments; NC (no feed additives), NC + 

0.10% DFM1 (0.1% GalliPro Tect), NC + 0.05% DFM2 (0.05% BSM5), NC + 0.10% DFM2 

(0.10% BMS5), NC + 0.20% DFM2 (0.20% BMS5), and NC + 0.40% DFM2 (0.40% BMS5). 

GalliPro® Tect is a commercial feed additive consisting of Bacillus licheniformis at a minimum 

of 3.2 X 109 CFU/gram and was included at the recommended inclusion rate of 1.0 pound per ton 

of complete feed, prior to pelleting. BSM5 is a proprietary Bacillus subtilis product. The starter 

diet was pelleted and crumbled and the grower and finisher diets were pelleted.    

Performance Data Collection 
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Productive performance parameters (body weight gain, feed intake, and feed efficiency) 

were calculated from body weight and feed weights measured on days 0, 14, 28, and 42. Mortality 

(mort) was recorded daily. Birds were weighed as a group by pen on day-of-hatch in order to 

determine initial body weight (IBW), and were weighed as a group on days 14, 28, and 42 to 

determine body weight (BW). Body weight gain (BWG) was calculated for the periods of days 0-

14, 0-28, and 0-42, which coincided with feed phase changes. Feed offered was weighed at the 

start of each feeding phase, on days 0, 14, and 28, and for any additional feed added over the 

duration of the feeding period. Feed refused w measured on day 14, 28, and 42. Feed offered and 

feed refused were used to calculate feed intake (FI) for the periods of days 0-14, 0-28, and 0-42 as 

defined by (initial feed and feeder + feed added over duration of feeding phase – feed remaining 

and feeder). Body weight gain corrected for mortality as well as total pen FI were used to calculate 

mortality corrected feed efficiency (FEm). Mortality weight gain was collected and added to total 

pen BWG to correct feed efficiency for mortality and sampled birds. FEm is expressed as g of 

mortality corrected BWG per kg of FI.  

Oocyst Shedding and Lesion Scores 

On day 20, litter samples were collected from each pen and kept in separate airtight plastic 

bags. For each pen, litter samples were collected from all four corners of the pen and the center of 

the pen and stored at 4°C. For oocyst shedding measurement, approximately 5 g of excreta were 

isolated from each litter sample. Samples were diluted, oocysts were counted microscopically in 

duplicate using a McMaster counting chamber, and oocysts per gram of excreta were calculated, 

as described by Dalloul and colleagues (2003). For intestinal lesion scoring caused by Eimeria 

infection, 36 birds per treatment, 3 birds per replicate pen, were randomly selected, individually 

weighed, and euthanized. Using the method developed by Johnson and Reid (1970), lesions in the 
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duodenum, jejunum and ceca were scored by personnel blinded to treatment. Lesions were scored 

on a scale of 0 to 4, with 0 having no gross lesions, 1 having scattered, white plaque-like lesions, 

2 having lesions much closer together, but not yet coalescing and thickening of the intestinal wall, 

3 having lesions numerous enough to coalesce, giving the intestine a coated appearance and 

thickening of the intestinal wall with watery contents, and 4 being the most damaged, with colonies 

completely coalescent and intestinal wall very much thickened and filled with a creamy exudate. 

A score of 4 indicates birds that died or were dying of coccidiosis. In order to reduce error, three 

individuals scored lesions, with each individual scoring one bird per replicate pen.  

Dual-energy X-ray Absorptiometry (DXA) 

On day 42, 60 birds per treatment, 5 birds per replicate pen, were randomly selected for 

dual-energy X-ray absorptiometry analysis. Birds were individually weighed and leg banded in 

order to individually identify birds at scanning. The birds were then euthanized, scalded, plucked 

and stored at -20°C. Birds were manually deathered in order to increase the accuracy of the scan. 

Birds were scanned by groups of 5 defeathered birds, with 10 birds arranged on the holding table 

of the DXA scanner (General Electric Healthcare, Madison, WI) so that no two birds touched or 

over lapped. Machine settings were modified for broilers to individually examine the total mass, 

fat mass, and lean mass of each broiler. Each bird was analyzed individually and results were 

pooled per pen. 

Cecal Volatile Fatty Acid (VFA) Concentration 

Two birds per replicate pen or 24 birds per treatment, were randomly selected for cecal 

volatile fatty acid concentration analysis. Birds were euthanized and the cecum, from the ileo-cecal 

junction to the distal end of the ceca, were exposed. Cecal contents from both ceca of both birds 

were squeezed onto squares of tin foil. The tin foil was folded to create a secure pouch for the 
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cecal contents, and the tin foil pouches were snap frozen in liquid nitrogen before being stored at 

-80°C until analysis.  

Concentrations of the short-chain fatty acids (acetate, propionate, and butyrate) were 

determined from the cecal contents.  Approximately 1.0 g of cecal content was squeezed into a 

micro-centrifuge tube. Samples were diluted with 200 µL of deionized water and centrifuged. Four 

hundred fifty µL of liquid supernatant was gravimetrically transferred and weighed in to 100- by 

16 mm screw- cap glass tubes. 100 µL internal standard, consisting of 25 mM [1,2-13C2]Sodium 

acetate, 10 mM [1,2,3-13C3]Propionic acid, and 10 mM [1,2,3,4-13C4] Sodium butyrate, was added. 

Samples were prepared and analyzed as described by Nayananjalie et al., (2015) with minor 

modifications. A volume of 750 μL 2-chloroethanol (Acros Organics, Fair Lawn, NJ) and 750 μL 

acetonitrile (Fisher Scientific, Fair Lawn, NJ) was added. The sample was vortexed at low speed, 

capped, and centrifuged at 1,500 × g for 30 min at 4°C. The VFA concentrations were measured 

using a gas chromatograph-mass spectrometer (GC-MS; Thermo Electron Polaris Q MS in tandem 

with a Thermo Electron Focus GC; Thermo Scietific, Waltham, MA). Compounds were separated 

on a 30 m by 0.25 mm i.d, with a 0.25 µm film FactorFour VF-170ms column (Varian Inc., Palo 

Atlo, CA).  1µL of sample was loaded with the inlet temperature set to 2250C on a split ratio of 

80, running a constant flow of helium carrier gas set to 1.2mL/min. The GC was initiated at 750C, 

ramped at 50C/min to 1350C, then at 400C/min to 2250C. The MS was operated in positive selective 

ion monitoring (SIM) mode collecting three consecutive segments of mass to charge ratio (m/z) 

pairs for acetate (43, 47), propionate (57, 59), and butyrate (71, 73) in the elution order. Peak 

detection and integration were conducted using the ICIS algorithm encoded in the XCalibur 

software (version 1.4; Thermo Scientific).  
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Statistical Analysis  

All data were analyzed by ANOVA, with significance accepted at P ≤ 0.05. When 

significant differences were detected, Fisher’s LSD test was used to separate means. Analysis of 

mortality data was performed on the arcsin of the square root of the value in order to normalize 

the data.  

RESULTS AND DISCUSSION 

Performance 

Changes in BWG, Mort, FI and FEm throughout the 42 day experimental period are shown 

in Tables 3.2 and 3.3. As expected, there were no differences in IBW, with an overall average 

across all treatments of 41.3 (P = 0.12). From d 0-14, there were no significant differences in BWG 

among treatments. From d 0-28, the treatments with 0.10% DFM1 and 0.05% DFM2 had 

significantly decreased BWG compared to the NC, while treatments with 0.10% DFM2, 0.20% 

DFM2, and 0.40% DFM2 were not significantly different from the NC. From d 0-42, similar 

results as those observed from d 0-28 were observed for the overall experimental period, with both 

0.10% DFM1 and 0.05% DFM2 treatments having significantly decreased BWG compared to the 

NC, while treatments supplemented with 0.10% DFM2, 0.20% DFM2, and 0.40% DFM2 were not 

significantly different from the NC. Overall, performance was slightly decreased compared to the 

expected performance of 2884 g based on the performance guide for the Ross 708 male broiler 

(Aviagen, 2014). These results were somewhat unexpected, as many previous experiments on 

DFM supplementation have either demonstrated improved BWG or no significant difference in 

BWG with the addition of a DFM to the diet (Yeo and Kim, 1997; Khaksefidi and Ghoorchi, 2006; 

Mountzouris et al., 2007; Lee et al., 2010; Abdelrahman et al., 2014; Manafi et al., 2017; 

Wealleans et al., 2017). These experiments that generated various results in BWG used a variety 
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of probiotic genera, including Lactobacillus, Bacillus, Enterococcus, and Bifidobacterium, 

individually and in combination, along with a variety of experimental conditions including 

Newcastle immunizations, Eimeria challenges, and no challenge, potentially indicating that these 

different probiotic genera and species respond differently in various environments. Even within 

experiments just using B. subtilis, results range from no differences in BWG to significant 

improvements in BWG (Khaksefidi and Ghoorchi, 2006; Lee et al., 2010; Manafi et al., 2017; 

Wealleans et al., 2017). It is possible that in the present experiment, the slight challenge the birds 

experienced via the natural challenge model was responsible for the lack of increased BWG; 

however, the challenge wasn’t strong enough to cause an overall reduction in BWG. Mortality was 

significantly increased from d 0-14 with supplementation of NC + 0.10% DFM2 and NC + 0.20% 

DFM2 compared to NC (Table 3.2). No differences in mortality were observed among treatments 

from d 0-28 or 0-42, with mortality remaining relatively low across all treatments 1.85% (P = 0.29) 

and 3.53% (P = 0.46), respectively. No significant differences in FI were observed among 

treatments (Table 3.3). Overall pen FI was 11.6 (P = 0.34), 44.2 (P = 0.23), and 97.7 (P = 0.44) 

for the 0-14, 0-28, and 0-42 d periods. Mixed results for FI with Bacillus supplementation have 

been observed (Abdelrahman et al., 2014; Jayaraman et al., 2017; Wealleans et al., 2017). Among 

treatments FEm showed no significant differences from day 0-14 or over the entire 42 day 

experimental period, with FEm of 769 (P = 0.08) and 583 (P = 0.08) across treatments, 

respectively. From day 0-28, FEm was significantly decreased with supplementation of 0.05% 

DFM2 compared to the NC. This was unexpected and was not consistent with the 0-14 or 0-42 

day data. Although no significant differences in FEm were observed over the 42 day experimental 

period, the overall average of 583 was more than 20 points lower than the expected feed efficiency 

of 606 (Aviagen, 2014). Although no reduction in BWG was observed, this reduced FEm helps to 
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validate the idea that a mild or subclinical infection occurred with this natural challenge model. 

Improvements in feed conversion ratio (FCR), have been observed with B. subtilis 

supplementation in a necrotic enteritis disease challenge model using an Eimeria challenge at d 14 

followed by a Clostridium perfringens challenge d 19 to 21 (Tactacan et al., 2013; Jayarman et 

al., 2017). The results in FCR observed by Tactacan and colleagues (2013) and Jayarman and 

colleagues (2017), which contrast the results of the present experiment, are possibly due to the fact 

that the challenge was introduced at d 14 rather than d 0 at placement, as in the current experiment. 

By d 14, the typical adult intestinal flora is established, so the difference in age at time of challenge 

could be responsible for observed differences in efficiency (Barnes, 1972). Additionally, differing 

lengths of time after challenge, 42 days in the current experiment versus 28 days in previous 

experiments, could influence the observed performance and efficiency of the birds as this increased 

time may allow for long-term influences of the challenge and supplementation to be observed. 

Overall, it appears that neither DFM had a positive impact on performance since differences 

compared to NC were not observed. If DFM supplementation had any effect, potentially DFM1 

may have exacerbated the negative effects of the used litter model on broiler production. 

Oocyst Shedding and Lesion Scores 

 Oocyst shedding counts (oocyst/g) and the lesion scores of the duodenum, jejunum, and 

ceca are shown in Table 3.4. No significant differences were observed among treatments for the 

oocyst shedding. Counts ranged from as low as 69,514 in the NC + 0.40% DFM2 group to as high 

as 130,556 in the NC group, with a pooled SEM of 27,141. Although high numbers of oocysts 

shed were observed, potentially supporting the idea of a subclinical infection, due to the extreme 

variation in this data, any further conclusions drawn from these results are not strongly supported. 

Other researchers have collected excreta samples directly from multiple birds per pen, 
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homogenized the sample, and then used this for oocyst counting (Abdelrahman et al., 2014). Using 

this method of direct excreta collection from the birds, significant differences among treatments 

were observed; however, there was still large variation in the oocyst counts within each treatment. 

No differences in lesion scores were observed among treatments for any of the three intestinal 

sections. Lesion scores in the duodenum, jejunum and ceca were 1.15 (P = 0.56), 1.01 (P = 0.68), 

and 0.06 (P = 0.69) across treatments, respectively. The lesion scores of approximately one in both 

the duodenum and the jejunum are indicative of a challenge, likely a subclinical infection. As the 

model was aimed at mimicking a mild challenge, as could be observed in industry, rather than 

completely overwhelming the bird, as can occur with the direct oral gavage inoculation method, 

these low lesion scores help to support the idea that a mild challenge was induced by the used litter 

model. Other researchers have shown that probiotic supplementation, in both water and feed, can 

reduce the lesion scores of broilers 7 days post infection with an Eimeria challenge. Decreases in 

lesion scores at d 27, 7 days post oral infection with Eimeria, in 3 out of 8 treatment groups 

supplemented with differing strains of a B. subtilis DFM administered via oral gavage at d 1 and 

2 post-hatch have been observed (Lee et al., 2010). Lesion scores averaged 2.5 in the challenged, 

non-supplemented control group compared to approximately 1.5 in the three significantly different 

challenged, supplemented groups. With intermittent supplementation of a mixed species DFM 

orally administered throughout a 42-d grow-out period, birds showed reduced lesion scores 7 days 

after an oral Eimeria challenge compared to the challenged, untreated control (Ritzi et al., 2016). 

In both experiments previously discussed, birds were inoculated via oral gavage, so it is possible 

that the natural inoculation via the used litter in this experiment could have provided a challenge 

of different intensity and duration (Lee et al., 2010; Ritzi et al., 2016). It is also possible that 

similarly low lesion scores of approximately 1 or below observed during both the current 
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experiment and an experiment which used a direct challenge model potentially indicate that the 

strength of the challenge alters the lesion scores more than the mode of challenge (Ritzi et al., 

2016).  

Dual-energy X-ray Absorptiometry (DXA) 

 Table 3.5 shows the Dual-energy X-ray absorptiometry results. DXA analysis showed no 

differences in total mass, fat mass, or lean mass among treatments. There was not significant 

difference in the total mass among treatments. This result was somewhat unexpected, as BWG 

and total mass are directly related and there were significant differences in BWG among 

treatments from d 0-42. Since the carcass weights of the sampled birds indicated that the five 

birds randomly selected for sampling were representative of the pen, it was expected that similar 

differences to those observed in BWG would be seen in total mass; however, this did not occur. 

In a previous experiment with a direct challenge model, an increased rate of reduction in fat mass 

compared to lean mass was observed with a coccidial challenge. Lean mass decreased by 6.7%, 

while fat mass decreased by 19.7% (Ott et al., 2015). The lack of difference in rate of reduction 

of fat mass to lean mass in the current experiment with the natural infection model potentially 

indicates that the mild challenge did not reduce fat absorption at the same rate as a more 

traditional direct inoculation coccidiosis infection. 

Cecal Volatile Fatty Acid (VFA) Concentration 

Cecal VFA concentration analysis showed no significant differences among treatments 

for acetate, propionate, or butyrate (Table 3.5). It has been proposed that some DFMs can 

increase butyrate production in the ceca, which then has positive upstream effects on the 

epithelium of the small intestine (Onrust, et al., 2015). However, similar to the results of this 

experiment, supplementation of a Bacillus DFM resulted in no significant differences in butyric 
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acid production, as well as no significant differences in acetic or propionic acid production 

(Murugesan et al., 2014). Although no differences in cecal VFA concentrations were observed, 

this does not preclude possible differences in VFA generation in the small intestine where it 

might have a more direct path for cellular recovery. In contrast to these results, it has been 

observed that supplementation of Bacillus subtilis increased the concentration of acetic acid in 

the ceca of broilers at 80 d of age (Fujiwara et al., 2009). 

In conclusion, supplementation with a DFM, at any level of inclusion, had minimal 

positive impact on performance. Without a positive control, it is not possible to confirm that the 

birds were challenged, however, the reduction in performance compared to expected values and 

the relatively low lesion scores are potentially indicative of a mild challenge. This mild challenge 

possibly indicates that the natural challenge model was able to induce a mild challenge. Lastly, 

supplementation with a DFM did not alter cecal VFA concentrations, nor did it alter body 

composition. Based on these results, it appears that supplementation with a Bacillus subtilis 

DFM had minimal positive effects on broilers raised to 42 days of age in the presence of a 

natural challenge via used litter. 
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Table 3.1: Composition of the basal diet of starter fed from day-of-hatch to 14 d, grower feed fed 

from 15 to 28 d, and finisher feed fed from 29 to 42 d.1 

Ingredient (%) Starter Grower Finisher 

Corn 60.68 63.66 65.78 

Distiller’s dried grains with solubles 2.00 3.00 6.00 

Poultry biproduct meal 0.75 1.50 3.00 

Soybean meal, 48% 32.01 27.82 21.26 

Soy oil 0.26 0.43 0.76 

Salt 0.29 0.27 0.25 

Sodium bicarbonate 0.15 0.15 0.15 

DL-Methionine 0.35 0.29 0.27 

Lysine•HCl 0.35 0.28 0.29 

L-Threonine 0.05 0.00 0.00 

Limestone 1.11 1.03 0.99 

Dicalcium phosphate 1.12 0.81 0.50 

Choline chloride, 60% 0.10 0.10 0.10 

Phytase2 0.15 0.15 0.15 

Vitamin and mineral premix3 0.63 0.50 0.50 

    

Calculated Composition (%)    

Metabolizable energy (kcal/kg) 2964 3013 3062 

Crude protein 22.0 20.8 19.5 

Calcium 0.96 0.87 0.81 

Phosphorus 0.63 0.57 0.51 

Available phosphorus 0.48 0.44 0.41 

Fat 3.34 3.76 4.55 

Crude fiber 2.70 2.71 2.77 

Digestible methionine and cysteine 1.06 0.97 0.92 

Digestible lysine 1.42 1.28 1.17 

Digestible threonine 0.88 0.79 0.73 
1 Experimental diets were generated by first mixing a basal diet from the common nutrients of 

the 6 treatments and then adding the necessary amount of DFM, supplemented in place of corn.  
2 Phytase as formulated to provide 0.10% Ca and available phosphorus, Quantum™ BLUE 5 G, 

AB Vista, Marlborough, UK. 
3 Vitamin and mineral premix contained: cobalt (min), 34ppm; copper (min), 540 ppm; iodine 

(min), 134 ppm; iron (min), 6,750ppm; manganese (min), 8,580ppm; zinc (min), 6,500ppm; 

vitamin A (min), 400,000IU/lb; vitamin D3 (min),134,000ICU/lb; vitamin E (min), 100IU/lb; 

vitamin B12 (min), 0.4mg/lb; menadione (min), 70mg/lb; riboflavin (min), 250mg/lb; D-

pantothenic acid (min), 368mg/lb; niacin (min), 1,200mg/lb; choline (min), 23,147mg/lb of 

premix.  
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Table 3.2: Initial body weight (IBW), body weight gain (BWG), and cumulative mortality (Mort) 

of male broilers raised on used pine shaving litter fed a control diet or the same control diet 

supplemented with various sources and concentrations of direct fed microbial (DFM) products.1 

 IBW _____________ BWG _____________ ____________ Mort ____________ 

Treatment  0-14 D 0-28 D 0-42 D 0-14 D 0-28 D 0-42 D 

 (g/bird) (g/bird) (g/bird) (g/bird) (%) (%) (%) 

        

Negative Control (NC) 41.7 383.9 1375a 2879a 0.35c 1.39 2.78 

NC + 0.10% DFM12 41.4 368.4 1313bc 2745c 0.69bc 0.69 2.78 

NC + 0.05% DFM23  41.3 374.5 1298c 2766bc 1.39abc 2.08 2.78 

NC + 0.10% DFM2 41.3 378.0 1349ab 2850a 2.08ab 2.08 3.13 

NC + 0.20% DFM2 41.3 375.9 1364a 2844ab 2.43a 2.78 4.86 

NC + 0.40% DFM2 40.9 376.7 1367a 2869a 0.69bc 2.08 4.86 

        

P Value 0.12 0.28 ≤0.01 ≤0.01 0.04 0.29 0.46 

Pooled SEM4 0.20 4.41 15.4 29.7 -- -- -- 
1 Values are means of 12 replicate pens of 24 (21) male broilers (after sampling on 20 D).  
2 DFM1 = GalliPro® Tect 1.0 CHR Hansen Animal Health and Nutrition. 
3 DFM2 = experimental DFM that contained a single strain of Bacillus subtilis. 
4 Analysis of mortality was on the arcsin of the square root of the value to normalize the data. 
a-c Within a column, least square means without a common superscript differ (P ≤ 0.05). 
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Table 3.3: Feed intake (FI) and mortality corrected feed efficiency (FEm) of male broilers raised 

on used pine shaving litter fed a control diet or the same diet supplemented with various sources 

and concentrations of direct fed microbial (DFM) products.1 

 _________________ FI _________________ ________________ FEm ________________ 

Treatment 0-14 D 0-28 D 0-42 D 0-14 D 0-28 D 0-42 D 

 (kg/pen) (kg/pen) (kg/pen) (g/kg) (g/kg) (g/kg) 

       

Negative Control (NC) 11.8 45.1 99.5 778 628ab 588 

NC + 0.10% DFM12 11.7 44.2 97.0 752 616bc 576 

NC + 0.05% DFM23  11.7 43.8 97.2 764 614c 579 

NC + 0.10% DFM2 11.5 43.9 97.7 778 629ab 591 

NC + 0.20% DFM2 11.4 43.7 96.5 769 631a 584 

NC + 0.40% DFM2 11.7 44.5 98.2 771 627ab 580 

       

P Value 0.34 0.23 0.44 0.08 0.04 0.08 

Pooled SEM 0.13 0.44 1.07 6.7 4.4 3.8 
1 Values are means of 12 replicate pens of 24 (21) male broilers (after sampling on 20 D).  
2 DFM1 = GalliPro® Tect 1.0 CHR Hansen Animal Health and Nutrition. 
3 DFM2 = experimental DFM that contained a single strain of Bacillus subtilis. 
a-c Within a column, least square means without a common superscript differ (P ≤ 0.05). 
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Table 3.4: Oocyst shedding and lesion scores of male broilers raised on used pine shaving litter 

fed a control diet or the same diet supplemented with various sources and concentrations of 

direct fed microbial (DFM) products. 

Treatment 
Oocyst 

shedding1 

Duodenum 

score2 

Jejunum  

score2 

Ceca  

score2 

 (oocyst/g) (0-4)3 (0-4)3 (0-4)3 

     

Negative Control (NC) 130,556 0.94 0.80 0.06 

NC + 0.10% DFM14 127,083 1.11 1.08 0.11 

NC + 0.05% DFM25  98,611 1.31 1.00 0.08 

NC + 0.10% DFM2 127,222 1.08 0.92 0.06 

NC + 0.20% DFM2 98,750 1.31 1.06 0.06 

NC + 0.40% DFM2 69,514 1.17 1.17 0.00 

     

P Value 0.56 0.72 0.68 0.69 

Pooled SEM 27,141 0.183 0.163 0.047 
1 Values are means of oocyst shedding in excreta isolated from litter samples collected from 12 

replicate pens of 24 male broilers on 20 D.  
2 Values are means of 12 replicate pens of 3 male broilers scored on 20 D.  
3 Lesion score was scored on a 0-4 scale with 0 having no gross lesions; 1 having scattered, white 

plaque-like lesions; 2 having lesions much closer together, but not yet coalescing and no thickening 

of the intestinal wall; 3 having lesions numerous enough to coalesce, giving the intestine a coated 

appearance and thickening of the intestinal wall with watery contents; and 4 being most damaged, 

with colonies completely coalescent and intestinal wall very much thickened and filled with a 

creamy exudate. A score of 4 indicates birds dying of coccidiosis. 
4 DFM1 = GalliPro® Tect 1.0 CHR Hansen Animal Health and Nutrition. 
5 DFM2 = experimental DFM that contained a single strain of Bacillus subtilis. 
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Table 3.5: Dual-energy X-ray absorptiometry (DXA) and cecal volatile fatty acid (VFA) 

concentration analysis of male broilers raised on used pine shaving litter fed a control diet or the 

same diet supplemented with various sources and concentrations of direct fed microbial (DFM) 

products. 

 _____ DXA analysis1 _____ ____________ Cecal VFA analysis2 ____________ 

Treatment 
Total 

mass 

Fat  

mass 

Lean 

mass 

Acetate2 Propionate2 Butyrate2 

 (g) (g) (g) (µmol/g) (µmol/g) (µmol/g) 

       

Negative Control (NC) 2557.8 526.8 2031.0 41.37 ± 6.38 12.43 ± 1.79 9.65 ± 1.21 

NC + 0.10% DFM13 2499.7 520.1 1979.6 34.79 ± 7.62 10.47 ± 2.13 7.88 ± 1.45 

NC + 0.05% DFM24  2514.8 516.2 1998.6 48.29 ± 6.38 14.21 ± 1.79 10.84 ± 1.21 

NC + 0.10% DFM2 2554.4 526.8 2027.6 45.32 ± 6.72 14.87 ± 1.88 11.46 ± 1.28 

NC + 0.20% DFM2 2518.6 525.4 1993.4 37.98 ± 7.13 12.30 ± 2.00 9.92 ± 1.36 

NC + 0.40% DFM2 2593.0 536.7 2056.2 36.92 ± 6.38 10.62 ± 1.79 8.26 ± 1.21 

       

P Value 0.52 0.80 0.48 0.70 0.49 0.34 

Pooled SEM 37.71 10.32 30.09 -- -- -- 
1 Values are means of 12 replicate pens of 5 male broilers. 
2 Values are means of 10 replicate samples for NC, NC + 0.05% DFM2, NC + 0.40% DFM2, 9 

replicate samples for NC + 0.10% DFM2, 8 replicate sample for NC + 0.20% DFM2, and 7 

replicate samples for NC + 0.10% DFM2 collected from pooled cecal contents of 3 male 

broilers. 
3 DFM1 = GalliPro® Tect 1.0 CHR Hansen Animal Health and Nutrition. 
4 DFM2 = experimental DFM that contained a single strain of Bacillus subtilis. 
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CHAPTER IV 

Effects of butyrate and botanicals on the performance and health of broilers raised on used 

pine shaving litter. 

ABSTRACT 

The effects of butyrate and botanicals, alone or in combination, were investigated on the 

performance, intestinal lesion scores, and body composition of broilers raised on dirty pine shaving 

litter. A total of 2,448 male Hubbard x Ross 708 broiler chicks were placed in floor pens.  Six 

treatments were randomly assigned to pens: a corn-soy diet with no additives raised on clean litter 

(PC), a corn-soy diet with no additives raised on dirty litter (NC), the same NC diet supplemented 

with butyrate for the first 14 days (NC + But 0-14), NC diet supplemented with botanicals from d 

15-43 (NC + Bot 15-43), NC diet supplemented with butyrate from d 0-14 and botanicals from d 

15-43 (NC + But 1-14/Bot 15-43), and NC diet supplemented with butyrate from d 0-43 (NC + 

But 1-43). Each experimental unit (EU) consisted of 34 chicks, with 12 EU per treatment. 

Mortality was recorded daily and feed intake (FI), mortality corrected feed efficiency (FEm), and 

body weight gain (BWG) were calculated for the 0-14, 0-28, and 0-43 d periods. Samples were 

taken on d 21 for Eimeria lesion scoring and on d 14, 28, and 43 for dual-energy x-ray 

absorptiometry (DXA) analysis. No differences in BWG were observed between the PC and NC, 

however butyrate supplementation reduced BWG from d 0-14 and NC + But 0-14/Bot 15-43 

reduced BWG from d 0-28, with no other differences observed in BWG. Feed intake was reduced 

for the NC + But 0-14 group from d 0-43. No differences in FEm were observed over any time 

periods. Lesion scores indicated a mild challenge and those in the jejunum were reduced with 

supplementation of butyrate alone, fed for either d 0-14 or d 0-43. Differences in body composition 

were only observed on d 28 in total mass and lean mass. Although there were no significant 
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differences among treatments, performance was very good despite the mild or subclinical coccidial 

challenge and butyrate had a positive effect on lesion scores. 

Key words: butyrate, botanical, coccidiosis, broiler, performance. 
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INTRODUCTION 

Historically, antibiotic growth promoters (AGP) have been used to improve performance 

measurements, such as body weight and feed conversion ratios (FCR), as well as to control 

disease, including those caused by Clostridium perfringens (Moore et al., 1946; Stutz and Lawton, 

1984, and Yewande et al., 2016). C. perfringens, the causative agent of necrotic enteritis, has a 

variety of predisposing factors including damage to the intestinal lining during Eimeria infection 

(Dahiya et al., 2006). Coccidiosis, the disease caused by Eimeria, is an economically important 

disease as severe outbreaks can cause high mortality and morbidity, while subclinical infections 

can lead to poor FCR and overall poor performance (Blake and Tomley, 2014). Previously, the 

occurrence of necrotic enteritis and coccidiosis had been limited by the inclusion of AGPs in feed 

(Paiva and McElroy, 2014).  

The use of antibiotics has recently decreased due to a combination of regulation and market 

forces (FDA, 2017; Perdue, 2017; Tyson, 2017). With this decreased use of antibiotics, there is an 

increased need to find alternatives to AGPs for growth promotion and disease prevention. Butyric 

acid and botanicals are two potential alternatives to AGPs due to their observed capacity for growth 

promotion and disease prevention (Panda et al., 2009; Fernandez-Rubio et al., 2009; Wenk, 2003).  

 Butyric acid can be used in an unprotected form of butyrate, which among the short-chain 

fatty acids has the highest bactericidal effects against E. coli and Salmonella, or in the protected 

form of encapsulated butyric acid (Kwan and Ricke, 2005). Encapsulation protects butyric acid 

from absorption in the upper GI tract, so that it can reach the small intestine, where it stimulates 

multiplication and differentiation of gut epithelial cells as it is a readily available energy source 

for these cells (Dalmasso et al., 2008). Butyric acid supplementation can increase villus height and 

crypt depth (Panda et al., 2009; Kaczmarek et al., 2016), which is important to note considering 
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that Eimeria can shorten villi height and reduce intestinal absorptive area (Assis et al., 2009). 

Although some data supports the use of butyric acid as an alternative to antibiotics, inconsistent 

performance results have been observed. When broilers were challenged with C. perfringens-

induced necrotic enteritis from d 14 to 17, supplementation of sodium butyrate encapsulated in 

palm fat increased body weight gain with no difference in feed conversion ratio compared to the 

challenged, untreated control group (Eshak et al., 2016). In contrast, broilers fed a protected 

butyrate product without challenge resulted in a reduced average daily gain compared to the non-

supplemented control birds during the 0-14 d period, with no observed differences during the 0-

42 d period (Edmonds et al., 2014). 

Botanicals are the entire or processed parts of a plant, including the roots, leaves, and bark 

(Diaz-Sanchez et al., 2015). Supplementation with botanicals has improved performance, 

specifically increasing body weight gain (BWG) and reducing feed conversion ratio 

(FCR:Mountzouris et al., 2011; Hashemipour et al., 2013; Khattak et al., 2014; Murugesan et al., 

2015). However, experiments have also observed no differences in performance with botanical 

supplementation (Lee et al., 2003; Hernandez et al., 2004). 

Presently, much of the research examining the effects of antibiotic alternatives in the 

presence of an Eimeria challenge use a direct challenge model in which individual birds are orally 

dosed with Eimeria. This model can result in high mortality rates of infected broilers, sometimes 

leading to difficulty in interpreting the performance results (Ott et al., 2015). In the poultry 

industry, birds are raised on used litter and become infected via the natural fecal-oral route, so the 

direct challenge model is not the most accurate model. In this natural challenge that occurs in 

commercial poultry houses, Eimeria infection can build over time generally reducing extreme 

mortality, but leading to poor overall production and poor FCR (Blake and Tomley, 2014). 
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Therefore, there is a need to develop a natural challenge model that induces subclinical coccidiosis 

under conditions similar to those present in industry.   

 The objective of this experiment was to determine the effects of butyric acid and botanicals 

fed alone, or in combination, on broiler chickens raised on used litter using bird performance (body 

weight gain, feed intake, feed efficiency, and mortality), intestinal lesion scoring, oocyst shedding, 

and body composition as response criteria. A secondary objective for the researchers was to utilize 

the more natural inoculation method to generate a mild or subclinical infection and further refine 

the model.  

MATERIALS AND METHODS 

 All animal procedures were approved by the Virginia Tech Institutional Animal Care and 

Use Committee. Hubbard X Ross 708 broiler chicks were obtained from a commercial hatchery 

(Longenecher’s Hatchery, Elizabethtown, PA) and transported to Virginia Tech facilities on day-

of-hatch.  

Experimental Design and Bird Management 

 In total, 2,448 male chicks were utilized over the 43-day grow out experiment. Immediately 

upon arrival to Virginia Tech, chicks were sorted into groups of 34, weighed, and distributed to 

experimental pens. Each pen of 34 chicks was an experimental unit (EU), resulting in 12 EU for 

each treatment, or 408 birds/treatment. Dietary treatments were randomly assigned to the same 

pens using a randomized complete block design. Floor pens (1.37 m X 1.37 m) resulted in a 

stocking density of 553.5 cm2 until day 7. Stocking density decreased as birds were sampled 

resulting in 570.3 cm2 on d 7, 696.8 cm2 on d 14, 783.9 cm2 on d 21, and 990.3 cm2 on day 28, 

after which this stocking density was maintained. The temperature was set to 35°C for the first 

seven days, and then was reduced by 2.78°C every seven days until 21°C was reached and 
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maintained. Continuous lighting and supplemental heat were provided via heat lamps over the first 

seven days, after which lighting was adjusted to 18 hours of light per day. Birds were provided ad 

libitum access to feed and water throughout the experiment. 

 Prior to the start of the experimental period, new pine shavings were placed in pens at a 

depth of approximately 5 cm. A natural infection model was used in an attempt to simulate 

commercial broiler conditions (built-up litter), so an independent flock of birds was raised on the 

clean litter before the experiment was initiated. 10.4 mL of CocciVac®-B52 (MSD Animal Health, 

Omaha, NE), a live coccidiosis vaccine containing E. acervulina, E. mivatti, E. maxima MFP, E. 

maxima, and E. tenella was mixed into 113 kg of starter chick feed. Approximately 0.14 mL of 

vaccine in 1360 g of starter feed was offered via paper tray for the first 3 days and was the only 

feed offered in an attempt to simulate a mild coccidial challenge. Birds were placed in pens at 20 

chicks per pen and allowed to shed oocysts on the shavings for 21 d. Birds were removed from the 

house, all litter was moved to the center of the facility, mixed, and redistributed to the pens. A 

second flock of birds was raised on the used litter for 42 days. The second flock was removed from 

the house, all litter was moved to the center of the facility, mixed, and redistributed to pens. The 

time between the end of a flock and the start of the next flock of birds was no more than 7 days.  

Experimental Treatments 

 Birds were fed a starter diet from day-of-hatch to day 14, a grower diet from day 15 to day 

28, and a finisher diet from day 29 to day 43 (Table 4.1). The same diet was used for the positive 

control (PC) and negative control (NC) treatments. A basal diet was generated from the common 

nutrients of the six treatments to reduce variation and error among treatment diets. This basal diet 

contained all common ingredients with the exception of corn and was formulated as an industry-

type corn-soybean meal diet to meet the NRC nutrient requirements of the birds (1994). The 
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majority of the corn used in the diets was added to the experimental diets immediately before 

pelleting. Experimental diets were then produced with the addition of corn and Ultramix C® or 

Dry Apex® Poultry to the basal diet to obtain the desired treatments. Ultramix C® is a commercial 

encapsulated butyric acid product and was included at the recommended inclusion rate of 1.0 

pound per ton. Dry Apex® Poultry is a commercial botanical flavor agent and was included at the 

minimum recommended inclusion rate of 300 g per ton of finished feed. Treatments were as 

follows: PC (no feed additive and new litter), NC (no feed additive and used litter), NC + But 0-

14 (0.05% Ultramix C® for the first 14 days followed by no feed additives), NC + Bot 15-43 (no 

feed additives for the first 14 days followed by 0.034% Dry Apex® Poultry), NC + But 0-14/Bot 

15-43 (0.05% Ultramix C® for the first 14 days followed by 0.034% Dry Apex® Poultry), and 

NC + But 0-43 (0.05% Ultramix C®). The starter diet was pelleted and crumbled, and the grower 

and finisher diets were pelleted.  

Performance Data 

Performance parameters (body weight gain, feed intake, and feed efficiency) were 

calculated from body weight and feed weights measured on days 0, 14, 28, and 43. Birds were 

weighed as a group by pen on day-of-hatch in order to determine initial body weight (IBW), and 

were weighed as a group on days 14, 28, and 43 to determine body weight (BW). Body weight 

gain (BWG) was calculated for the periods of days 0-14, 0-28, and 0-43, which coincided with 

feed phase changes. Feed offered was weighed at the start of each feeding phase, on days 0, 14, 

and 28, and for any additional feed added over the duration of the feeding period. Feed refused 

was measured on day 14, 28, and 43. Feed offered and feed refused were used to calculate feed 

intake (FI) for d 0-14, 0-28, and 0-43 as defined by (initial feed and feeder + feed added over 

duration of feeding phase – feed remaining and feeder). Mortality (mort) was recorded daily. Total 
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body weight gain corrected for mortality as well as total pen FI were used to calculate mortality 

corrected feed efficiency (FEm). FEm is expressed as g of BWG per kg of FI.  

Oocyst Shedding and Lesion Scores 

On day 21, litter samples were collected from each pen and kept in separate airtight plastic 

bags. Litter samples were collected from the four corners and center of the pen and stored at 4°C. 

For oocyst shedding measurement, approximately 5 g of excreta were isolated from each sample. 

Excreta was diluted, oocysts were counted microscopically in duplicate using a McMaster 

counting chamber, and oocysts per gram of excreta were calculated, as described by Dalloul and 

colleagues (2003). For intestinal lesion scoring caused by Eimeria infection, 36 birds per 

treatment, 3 birds per replicate pen, were randomly selected, individually weighed, and euthanized. 

Using the method developed by Johnson and Reid (1970), lesions in the duodenum, jejunum and 

ceca were scored by the individuals blinded to treatment, with each individual scoring one bird per 

replicate pen. Lesions were scored  on a scale of 0 to 4, with 0 having no gross lesions, 1 having 

scattered, white plaque-like lesions, 2 having lesions much closer together, but not yet coalescing 

and thickening of the intestinal wall, 3 having lesions numerous enough to coalesce, giving the 

intestine a coated appearance and thickening of the intestinal wall with watery contents, and 4 

being the most damaged, with colonies completely coalescent and intestinal wall very much 

thickened and filled with a creamy exudate. A score of 4 indicates birds that died or were dying of 

coccidiosis.  

Dual-energy X-ray Absorptiometry (DXA) 

On days 14, 28 and 43, 60 birds per treatment, 5 birds per replicate pen, were randomly 

selected for dual-energy x-ray absorptiometry (DXA) analysis. Birds were individually weighed 

and were leg banded in order to individually identify birds at scanning. Birds were then euthanized 
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and scalded and feather were manually removed on days 28 and 43 in order to increase the 

accuracy of the scan. Birds were stored at -20°C. Birds were scanned by groups of 5 defeathered 

birds, with 10 birds arranged on the holding table of the DXA scanner (General Electric 

Healthcare, Madison, WI) so that no two birds touched or over lapped. Machine settings were 

modified for broilers to individually examine the total mass, fat mass, and lean mass of each 

broiler. Each bird was analyzed individually and results were pooled per pen. 

Statistical Analysis 

 All data were analyzed by ANOVA, with significance accepted at P ≤ 0.05. When 

significant differences were determined, Fisher’s LSD test was used to separate means. Analysis 

of mortality data was performed on the arcsin of the square root of the value in order to normalize 

the data. 

RESULTS AND DISCUSSION 

Performance 

 Changes in BWG, mort, FI and FEm throughout the 43 d experimental period are shown 

in Tables 4.2 and 4.3. As expected, there were no differences in IBW, with the overall average 

IBW of 39.4 g/bird (P = 0.53). From day 0-14, there was no difference between the PC, NC, or 

NC + Bot 15-43, which was essentially a second NC. All three treatments that received butyrate 

during the first 14 days, NC + But 0-14, NC + But 0-14/Bot 15-43 and NC + But 0-43, resulted in 

decreased BW (P ≤ 0.01). These results possibly indicate that in the presence of a mild challenge, 

butyric acid supplementation reduced performance, although the real difference in BWG among 

the butyrate and feed additive free diets was maximally 17g with a low pooled SEM. This reduction 

in BW could have been due to butyrate being used as a preferential feed source, leading to 

increased recovery from coccidial challenge. This would have led to more energy being spent on 
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maintenance and recovery rather than growth and production. Although performance was reduced 

in the butyric acid supplemented groups, all treatments were growing well, with the NC group 

being a few grams heavier than expected weights as published in the performance objectives for 

Ross 708 male broilers at 14 d of age (460g: Aviagen, 2014). From day 0-28, BWG for NC and 

PC were not significantly different, but all four treatment groups, NC + But 0-14, NC + Bot 15-

43, NC + But 0-14/Bot 15-43, and NC + But 0-43, had reduced BWG compared to NC (P ≤ 0.01) 

with PC being intermediate. From d 0-43, no differences in BWG were observed among 

treatments. At d 43, all treatment groups were significantly heavier than the published performance 

objective weight of 2987 g for Ross 708 male broilers. Even the NC group, was 442 grams heavier 

than the target weight, while the actual lowest performing group, NC + But 0-14/Bot 15-43, was 

322 grams higher than the goal weight (Aviagen, 2014). It is important to note that during this 

experiment, birds were raised during the late summer/early fall in Virginia during a time when 

weather conditions were ideal for growing poultry, with below average high temperatures and 

average low temperatures (National Temperature and Precipitation Maps). An experiment by 

Edmonds and colleagues (2014), with a protected butyric acid, also conducted during the late 

summer and fall, resulted in birds supplemented with butyrate showing a reduced ADG compared 

to the control birds during the first 14 d period, but no differences over the 42 d experimental 

period. This experiment did not attempt to challenge the birds, so the similar performance results 

between the two experiments potentially indicate a mild or subclinical challenge during the present 

experiment. However, considering the mild weather conditions for the season, it seems likely that 

the growing conditions allowed the birds to grow above expected, completely overcoming any 

mild or subclinical challenge that the natural infection model may have presented. In contrast, 

broilers supplemented with butyric acid glycerides showed increased BWG compared to the 
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control, regardless of challenge with E. maxima at d 21 via oral gavage (Ali et al., 2014). In a 21 

d experiment in which birds were challenged with Salmonella typhimurium at d 3, birds 

supplemented with butyric acid showed improved BWG compared to the untreated, challenged 

control group, but BWG lower than the untreated, unchallenged control group at both d 7 and d 21 

(Jazi et al., 2018). No significant differences in mortality were observed from d 0-14, 0-28, or 0-

43 (Table 3.2). No differences in FI were observed among treatments for d 0-14 or 0-28, with 

overall FI being 16.9 kg/ pen (P = 0.08) and 58.5 kg/pen (P = 0.06), respectively. For the 43-d 

experimental period, the NC + But 0-14 group had a decreased FI compared to PC, NC, Bot 15-

43 and But 0-43 (P = 0.04), while no other treatments were different from either of the control 

groups. The NC + But 0-14 group did have numerically higher mortality compared to the other 

treatments, so it is possible that this decrease in FI is due to this treatment having fewer birds 

consuming feed over the entire 43-day experimental period. A previous experiment observed a 

significant reduction in feed intake in birds fed butyric acid glycerides at 4g/kg compared to the 

control, regardless of challenge (Ali et al., 2014). No significant differences in FEm were observed 

among treatments at any time period. Overall pen FEm were 819, 720, and 641 g/kg for the 0-14, 

0-28 and 0-43 d periods, respectively. Even with the higher than expected BW, FEm was 35-50 

points better than the expected FEm of 600 indicating that all birds were growing efficiently 

(Aviagen, 2014). In contrast to these results, previous research observed a reduction in feed 

conversion ratio (FCR) with supplementation of an encapsulated butyrate product compared to the 

unsupplemented control diet (Kaczmarek et al., 2016). Even though there was no challenge 

present, there are a variety of other factors, such as environmental conditions, not examined that 

may not have been ideal allowing for butyrate supplementation to increase performance. In the 

current experiment, it is possible that the ideal growing conditions overcame all potential growth 
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obstacles, including the mild or subclinical challenge presented via the natural infection model. 

This potentially allowed birds to perform to their maximum potential, so butyric acid 

supplementation was unable to further improve performance.  Broilers challenged with Salmonella 

typhimurium at 3 d of age and supplemented with an encapsulated butyric acid resulted in 

improved FCR compared to the challenged, untreated control, however, butyrate supplementation 

was not able to return the FCR to that of the unchallenged, untreated control treatment (Jazi et al., 

2018).  

Oocyst Shedding and Lesion Scores 

 Oocyst shedding counts (oocysts/g) and the lesion scores of the duodenum, jejunum, and 

ceca are shown in Table 4.4. No significant differences were observed among treatments for the 

oocyst shedding, with counts ranging from 11,667 for NC + But 0-43 to 25,959 for NC. This 

variation within treatments limits the strength of any conclusions made from these data. By 

collecting excreta samples directly from multiple birds per pen, homogenizing the sample, and 

then using this sample for oocyst counting, significant differences among treatments have been 

observed (Abdelrahman et al., 2014). However, similar to the results of this experiment, there was 

still variation in the oocyst counts within each treatment at d 21, with as little variation as 11.5%, 

30,150 ± 3,481, and as much variation as 125%, 1,340 ± 1,674 (Abdelrahman et al., 2014). 

Differences in lesion scores in the jejunum were observed, with NC + But 0-14 and NC + But 0-

43 both having significantly reduced lesion scores compared to NC, with PC, NC + Bot 15-43, and 

NC + But 0-14/Bot 15-43 being intermediate (P = 0.02). Although not different, NC + Bot 15-43 

had a numerically lower lesion score compared to NC in the jejunum (P = 0.07). In the duodenum, 

no significant differences were observed among treatments, however, numerical differences 

similar to those observed in the jejunum were observed (P = 0.07). The treatments NC + But 0-14, 
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NC + Bot 15-43, and NC + But 0-43 had numerically lower lesion scores than the PC and NC. 

Although lesion scores were reduced with butyrate supplementation, overall the lesions observed 

were not severe enough to cause negative performance effects. The presence of these low lesion 

scores are indicative of a mild or subclinical challenge, which was the aim of the natural infection 

model. However, the lack of difference in lesion scores between PC, which should not have been 

exposed to the Eimeria challenge, and NC, seems indicative that there may have been some 

contamination of the PC litter with dirty litter from the other pens. Similar to the results of this 

experiment, but using a Clostridium perfringens-induced necrotic enteritis model, a reduction in 

necrotic enteritis lesions with supplementation of butyric acid has been observed compared to the 

challenged, untreated control group (Timbermont et al., 2010).  

Dual-energy X-ray Absorptiometry (DXA) 

Table 4.5 shows the dual-energy X-ray absorptiometry. No differences in total mass, fat 

mass, or lean mass were observed at d 14, with the overall averages being 461.0 g (P = 0.52), 46.1 

g (P = 0.58), and 414.9 g (P = 0.57), respectively. At d 28, the total mass of PC, NC, and NC + 

Bot 15-43 were similar. The PC was not different from any treatment group, while NC + But 0-

14, NC + But 0-14/Bot 15-43, and NC + But 0-43 were significantly lower than NC. No significant 

differences in fat mass were observed, with the overall average fat mass of 235.5 g (P = 0.62). 

Lean mass for NC + But 0-14, NC + But 0-14/Bot 15-43, and NC + But 0-43 were significantly 

less compared to NC, with PC and NC + Bot 15-43 being intermediate. At d 43, no significant 

differences among any parameters measured for any treatments were observed, with the overall 

averages being 3,024 g (P = 0.17), 561 g (P = 0.36), and 2,463 g (P = 0.34) for total mass, fat 

mass, and lean mass, respectively. Although the total mass results at d 14 were not significantly 

reduced similar to the BWG at d 14, there was a general numeric reduction, but a higher pooled 
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SEM. Similar to the BWG results at d 43, no significant differences among treatments were 

observed at d 43, despite differences in total mass and lean mass at d 28. Leeson and colleagues 

(2005) observed no differences in carcass weight among birds treated with 0.2% butyric acid and 

0.4% butyric acid compared to the control, however, there was no challenge present and 

differences in BWG were not observed. The lack of difference in the rate of reduction of fat mass 

to lean mass between the PC and NC potentially indicates that the mild coccidial challenge in this 

natural infection model did not reduce fat absorption as expected with a more severe coccidiosis 

infection. 

 In conclusion, butyrate supplementation did reduce lesion scores in the jejunum. Although 

there was a mild or subclinical coccidiosis challenge, as indicated by the lesion scores, it is possible 

that the growing conditions during the experimental period, mild temperatures during late summer 

and early fall, allowed the birds to overcome this challenge, potentially explaining the lack of 

observed performance differences. With this mild challenge and good growing conditions, the 

differences in lesion scores did not translate into performance or body composition with no 

significant improvement in performance over the 43 d experimental period and no differences in 

body composition with supplementation of butyrate or botanicals. The low lesion scores 

potentially indicate that the natural challenge model was able to generate a mild or subclinical 

infection. 
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Table 4.1: Composition of the basal diet of starter feed fed from day-of-hatch to 14 d, grower 

feed fed from 15 to 28 d, and finisher feed fed from 29 to 43 d.1 

Ingredient (%) Starter Grower Finisher 

Corn 58.63 60.53 62.39 

Distiller’s dried grains with solubles 4.91 5.00 6.00 

Poultry biproduct meal 2.00 4.00 6.00 

Soybean meal (48% CP) 29.94 25.66 20.20 

Soy oil 0.20 1.29 2.39 

Salt (NaCl) 0.26 0.19 0.17 

Sodium bicarbonate 0.15 0.15 0.15 

DL-Methionine 0.34 0.27 0.25 

L-Threonine 0.12 0.05 0.03 

Biolys®2 0.52 0.36 0.34 

Limestone 1.03 0.96 0.88 

Dicalcium phosphate 1.07 0.84 0.51 

Choline chloride, 60% 0.10 0.10 0.10 

Phytase (Quantum Blue)3 0.10 0.10 0.10 

Vitamin and mineral premix4 0.63 0.50 0.50 

    

Calculated Composition (%)    

Metabolizable energy (kcal/kg) 2960 3060 3160 

Crude protein 22.44 21.52 20.44 

Calcium 0.90 0.87 0.71 

Phosphorus 0.64 0.61 0.55 

Available phosphorus 0.45 0.44 0.3 

Fat 3.60 4.93 6.34 

Crude fiber 2.80 2.74 2.69 

Digestible methionine and cysteine 0.95 0.87 0.83 

Digestible lysine 1.28 1.15 1.06 

Digestible threonine 0.86 0.77 0.71 
1 Experimental diets were generated by first mixing a basal diet from the common nutrients of 

the 6 treatments and then adding the necessary amount of butyrate or botanicals, supplemented in 

place of corn as follows: PC (no feed additive and new litter), NC (no feed additive and used 

litter), NC + Butyrate 0-14 (0.05% Ultramix C® for the first 14 d followed by no feed additives), 

NC + Botanicals 15-43 (no feed additives for the first 14 d followed by 0.034% Dry Apex® 

Poultry), NC + But 0-14/Bot 15-43 (0.05% Ultramix C® for the first 14 d followed by 0.034% 

Dry Apex® Poultry), and NC + But 0-43 (0.05% Ultramix C®). 

2 Biolys® provides a minimum of 54.6% L-Lysine, Evonik Corporation, Blair, NE 
3 Phytase as formulated to provide 0.10% Ca and available phosphorus, Quantum™ BLUE 5 G, 

AB Vista, Marlborough, UK. 
4 Vitamin and mineral premix contained: cobalt (min), 34mg/kg; copper (min), 540 mg/kg; 

iodine (min), 134 mg/kg; iron (min), 6,750 mg/kg; manganese (min), 8,580 mg/kg; zinc (min), 



77 

 

6,500 mg/kg; vitamin A (min), 181,437IU/kg; vitamin D3 (min), 60,781ICU/kg; vitamin E 

(min), 45IU/kg; vitamin B12 (min), 0.88mg/kg; menadione (min), 154mg/kg; riboflavin (min), 

551mg/kg; D-pantothenic acid (min), 811mg/kg; niacin (min), 2,645mg/kg; choline (min), 

51,030mg/kg of premix.  
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Table 4.2: Initial body weight (IBW), body weight (BW), and cumulative mortality (Mort) of 

male broilers raised on used pine shaving litter fed a control diet or the same diet supplemented 

with a butyric acid product and botanicals, alone and in combination. 

 IBW ___________ BWG1____________ ___________ Mort2 ___________ 

Treatment  0-14 D 0-28 D 0-43 D 0-14 D 0-28 D 0-43 D 

 (g/bird) (g/bird) (g/bird) (g/bird) (%) (%) (%) 

        

Positive Control 39.5 426.3a 1571ab 3332 1.21 1.94 2.91 

Negative Control 39.4 424.0a 1614a 3390 1.23 1.23 1.47 

NC + Butyrate 0-14 39.3 412.2b 1548bc 3287 2.21 3.19 3.68 

NC + Botanicals 15-43 39.5 423.1a 1562bc 3325 0.74 0.98 2.70 

NC + But 0-14/Bot 15-43 39.1 410.4b 1518c 3270 1.00 1.49 2.47 

NC + But 0-43 39.3 409.0b 1556bc 3306 0.98 1.72 1.97 

        

Pooled SEM3 0.16 3.66 15.7 29.8 -- -- -- 

P-value 0.53 ≤ 0.01 ≤ 0.01 0.09 0.28 0.09 0.35 
1 Values are means of 12 replicate pens of 34, 33, 24, and 19 male broilers after sampling on IBW, 

14 D, 28 D, and 43 D, respectively.   
2 Values are means of 12 replicate pens of 34 male broilers. Mortality (%) remained out of 34 birds 

for each time period to prevent apparent inflation of mortality due to sampling at d 28 and d 43.  
3Analysis of mortality was on the arcsin of the square root of the value to normalize the data. 
a-c Within a column, least square means without a common superscript differ (P ≤ 0.05). 
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Table 4.3: Feed intake (FI) and mortality corrected feed efficiency (FEm) of male broilers raised 

on used pine shaving litter fed a control diet or the same diet supplemented with a butyric acid 

product and botanicals, alone and in combination.1 

 _________________ FI _________________ _______________ FEm _______________ 

Treatment 0-14 D 0-28 D 0-43 D 0-14 D 0-28 D 0-43 D 

 (kg/pen) (kg/pen) (kg/pen) (g/kg) (g/kg) (g/kg) 

       

Positive Control 17.3 59.6 115.9ab 822 723 651 

Negative Control 17.0 59.2 115.4ab 825 729 651 

NC + Butyrate 0-14 16.6 56.9 111.2c 813 715 638 

NC + Botanicals 15-43 17.0 59.3 115.9ab 828 719 636 

NC + But 0-14/Bot 15-43 16.7 57.4 112.7bc 809 712 636 

NC + But 0-43 16.7 58.6 117.4a 816 724 636 

       

Pooled SEM 0.20 0.79 1.52 5.1 5.3 6.2 

P-value 0.08 0.06 0.04 0.06 0.20 0.18 
1 Values are means of 12 replicate pens of 33, 24, and 19 male broilers after sampling on 14 D, 28 

D, and 43 D, respectively. 
a-c Within a column, least square means without a common superscript differ (P ≤ 0.05). 
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Table 4.4: Oocyst shedding and lesion scores of male broilers raised on used pine shaving litter 

fed a control diet or the same diet supplemented with a butyric acid product and botanicals, alone 

and in combination. 

Treatment 
Oocyst 

shedding1 

Duodenum 

score2 

Jejunum 

score2 

Ceca 

score2 

 (oocyst/g) (0-4)3 (0-4)3 (0-4)3 

     

Positive Control 22,045 1.17 0.78ab 0.03 

Negative Control 25,959 1.14 0.92a 0.08 

NC + Butyrate 0-14 17,446 0.75 0.39b 0.00 

NC + Botanicals 15-43 14,425 0.65 0.46ab 0.03 

NC + But 0-14/Bot 15-43 19,216 1.03 0.86ab 0.03 

NC + But 0-43 11,667 0.42 0.25b 0.00 

     

Pooled SEM 7,096 0.204 0.168 0.026 

P-value 0.75 0.07 0.02 0.27 
1 Values are means of oocyst shedding in excreta isolated from litter samples collected from 12 

replicate pens of 27 male broilers on 21 D.  
2 Values are means of 12 replicate pens of 3 male broilers scored on 21 D.  
3 Lesion score was scored on a 0-4 scale with 0 having no gross lesions; 1 having scattered, white 

plaque-like lesions; 2 having lesions much closer together, but not yet coalescing and no 

thickening of the intestinal wall; 3 having lesions numerous enough to coalesce, giving the 

intestine a coated appearance and thickening of the intestinal wall with watery contents; and 4 

being most damaged, with colonies completely coalescent and intestinal wall very much 

thickened and filled with a creamy exudate. A score of 4 indicates birds dying of coccidiosis. 
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Table 4.5: Dual-energy X-ray absorptiometry (DXA) analysis at 14 D, 28 D, and 43 D of male 

broilers raised on used pine shaving litter fed a control diet or the same diet supplemented with a 

butyric acid product and botanicals, alone and in combination.1 

 _________ 14 D _________ __________ 28 D __________ ________ 43 D ________ 

Treatment 
Total 

mass 

Fat  

mass 

Lean 

mass 

Total 

mass 

Fat  

mass 

Lean 

mass 

Total 

mass 

Fat  

mass 

Lean 

mass 

 (g) (g) (g) (g) (g) (g) (g) (g) (g) 

          

Positive Control 466.7 48.4 418.4 1416ab 233.8 1182ab 3078 582 2496 

Negative Control 467.8 46.2 421.6 1466a 242.8 1223a 3074 569 2505 

NC + Butyrate 0-14 453.8 45.7 408.1 1389b 234.9 1154b 3032 567 2465 

NC + Botanicals 15-43 462.4 45.5 416.8 1420a 240.4 1179ab 3011 549 2462 

NC + But 0-14/Bot 15-43 460.4 45.1 415.3 1371b 226.9 1144b 2958 549 2409 

NC + But 0-43 454.6 45.7 409.0 1383b 234.4 1149b 2991 552 2439 

          

Pooled SEM 6.4 1.35 6.0 22.0 6.6 17.5 36.8 12.8 32.8 

P-value 0.52 0.58 0.57 0.04 0.62 0.02 0.17 0.36 0.34 
1 Values are means of 12 replicate groups of 5 male broilers. 
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CHAPTER V 

Conclusions 

 The objective of this thesis was to investigate the effects of various sources, 

concentrations and combinations of alternatives to antibiotics on the performance of broilers 

raised on used litter, using the secondary measurements of intestinal lesion scores, fecal oocyst 

counts, body composition (lean and fat analysis), and cecal volatile fatty acid concentrations as 

response criteria for determining the effects of the feed additives. The first experiment 

determined the effects of two direct-fed microbials, one at a single concentration (0.010%) and 

the other at 4 concentrations (0.05%, 0.10%, 0.20% and 0.40%) on the performance and health 

of broilers when raised on used pine shaving litter containing Eimeria oocysts. The second 

experiment determined the effects of butyrate and botanicals, alone or in combination, on the 

performance and health of broilers raised on used pine shaving litter. These experiments 

introduced birds to Eimeria at day of hatch by placing them on used litter seeded with Eimeria 

oocysts, a method more closely mimicking commercial conditions, in contrast to previous 

experiments in which birds were orally inoculated with higher doses of oocysts. In both 

experiments, this more natural inoculation method was a secondary objective for the researchers. 

  In the experiment supplementing DFMs, over the entire 42 d period, BWG was reduced 

with supplementation of DFM1 and the lowest inclusion rate of DFM2, while no other 

performance parameters showed any difference among treatments. As there was no clean litter, 

non-supplemented challenge control (PC) in this experiment, it was not possible to determine 

whether this reduction in BWG was due to the early and continual introduction of Eimeria in the 

litter or the DFM. If any conclusions can be made from this data it is that DFM1 may have 

exacerbated the effects of the dirty litter, leading to the observed reduction in BWG. In the 
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experiment supplementing butyrate and botanicals, during 0-14 d BWG was reduced with 

supplementation of butyrate. This reduction in BWG could have been due to butyrate being used 

as a preferential energy source, leading to increased recovery from the coccidial challenge. This 

increased recovery could have diverted energy away from production and growth resulting in the 

decreased BWG. Over the 0-43 d period, no differences in BWG were observed with all 

treatments groups performing well above the expected values, possibly due to the mild 

temperatures experienced during the last few weeks of the experimental period. Feed intake was 

reduced with the NC + But 0-14 treatment, but no differences in FEm were observed, so overall 

it appears that supplementation with butyrate or botanicals, alone or in combination, did not alter 

performance. Unlike in the first experiment where a decrease in performance with 

supplementation of a potential alternative was observed, previous research has observed either 

no difference or improved performance; however, the previous experiments inoculated birds via 

oral gavage (Yeo and Kim, 1997; Mountzouris et al., 2007; Ali et al., 2014; Manafi et al., 2017; 

Jazi et al., 2018). It is possible that the natural infection model of exposing birds to Eimeria 

oocysts through dirty litter was not sufficient to induce the same negative results as 

administering oocysts directly to broilers via oral gavage. 

Supporting the idea that exposure to the Eimeria oocysts via the litter induced a minimal 

challenge, are the lesion scores. In both experiments, the lesion scores were low. Lesion scores 

of 0 would have been indicative of perfectly healthy, uninfected birds, so the low lesion scores of 

approximately 1 indicate that the birds experienced some exposure to Eimeria, likely presenting 

a mild or subclinical challenge (Johnson and Reid, 1970). Lesion scores in the duodenum were 

significantly reduced with butyrate supplementation and were numerically reduced in the 

duodenum. Previous research has shown butyrate supplementation stimulates multiplication and 
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differentiation of the intestinal epithelial cells (Panda et al., 2009; Kaczmarek et al., 2016). It is 

possible that the butyrate stimulated epithelial cell growth and regeneration, causing the decrease 

in gross lesions observed.  

The oocyst shedding data showed no significance due to the variation among samples 

within a treatment. However, other researchers have used a more direct method to obtain excreta 

and although significant differences among treatments were observed, large ranges in oocyst 

counts within treatments still existed (Adbelrahman et al., 2014).  

Lastly, it is important to note that there are a variety of external, dependent variables that 

influence bird performance, including the weather. When the birds supplemented with butyrate 

and botanicals were grown, during the late summer and early fall of 2017 in southwest Virginia, 

the weather was mild for the season with conditions that were conducive to growing chickens. 

This, along with the lower and more natural exposure to Eimeria oocysts, could account for the 

lack of variation in performance observed. It is possible that the seasonal conditions combined 

with good nutrition allowed the birds to reach peak performance, so that supplementation with 

antibiotic alternatives were unable to further improve performance. According to the Ross 708 

broiler performance objectives, male broilers were expected to be 2987 g at d 43 (Aviagen, 

2014). The birds in the butyrate and botanicals experiment weighed significantly more than this 

expected BW, weighing an average of 3357 g. Even the NC group, which should have resulted in 

the lowest performance, was 442 grams heavier than the performance objectives. 

Overall, it appears that this natural infection model was able to induce a mild challenge 

potentially causing subclinical coccidiosis, rather than inducing sever coccidiosis that causes 

high mortality, as is often observed with the typical direct-challenge method. The low, but 

present, lesion scores are indicative of this mild challenge. However, the lack of difference in 
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performance among treatment groups, especially the control groups and other experimental 

groups, is indicative that further research is needed to determine the optimal dose to use when 

seeding the litter. It is possible that seeding with a higher dose would still induce subclinical 

coccidiosis, but would cause a stronger negative response, result in performance differences as 

well as potentially altering the rate of fat deposition in proportion to lean tissue.      
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