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ABSTRACT  

The development of the intestine and early establishment of commensal bacteria 
is important for rapid growth and enteric disease resistance of the modern broiler.  Three 
studies measured the impact of yeast derivatives in diets of broilers. The objective of the 
first study was to determine if yeast products alone or in combination effected 
performance or gut morphology of broilers during a mild coccidia challenge. Day-old 
Cobb 500 chicks were placed in floor pens on litter seeded with coccidia and fed diets 
with or without yeast products. The objectives of the second and third studies were to 1) 
evaluate the effect of feeding cecal droppings collected from heavy (HW) or low weight 
(LW) broilers on performance and 2) to determine if dietary supplementation with yeast 
derivatives would effect growth and gut morphology in broilers fed the cecal droppings 
from HW or LW populations. Cobb 500 chicks were divided into two groups (HW or LW 
microflora; n=1400/group) and given access to the cecal droppings for a period of 48 
hours then given 1 of 4 diets. The results from the studies showed that in a challenge 
setting, yeast products were not detrimental to growth. Inclusion of single yeast 
derivative or nucleotides was more beneficial than combination of these products for 
intestinal morphology.  Cecal droppings from HW vs. LW birds did not have an effect on 
performance of birds.  However, interactions of cecal dropping source and diet did affect 
intestinal morphology. 
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Introduction 

With the downturn in the worldwide economy, increasing profitability and 

decreasing losses are more important now than ever.  In the meat production side of the 

poultry industry, one of the biggest reasons for loss is disease, resulting in reduced 

growth rates.  Even when struggling economically, consumers still demand increasingly 

higher food standards.  Recent consumer preference has been to eliminate the 

subtherapeutic use of antibiotics and other drugs, fearing antibiotic resistant bacterial 

strains caused by their usage.  Subtherapeutic antibiotic usage for growth promotion has 

been used in the poultry industry for over 50 years and now, due to the consumer 

preference shift, suitable alternatives are being sought.  Prevalent disease, such as  

coccidiosis, an intestinal disease caused by protozoans of the genus Eimeria, resulted in 

nearly a billion dollars lost annually due to performance reduction (Lillehoj et al., 2004).   

The high expense of the losses due to disease and the wide spread practice of 

subtherapeutic antibiotic usage means that alternatives to antibiotics should be readily 

available and cost-effective.  

Some alternatives to growth promotant antibiotics currently being tested for use in 

poultry are yeast products.  Yeast is common in every day food products such as bread.  

Their perception as a natural food additive should make consumer acceptance easier.  

Yeasts improve the intestinal environment (Gao et al., 2008).  There are numerous yeast 

products that effect the intestine in different ways.  This thesis will focus on yeast cell 

wall, mannanoligosaccharides, beta-glucans, yeast nucleotides and yeast peptides.  
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Influencing the intestinal environment does not always have to come from feed 

products.  Commensal intestinal bacteria affect the energy utilization of the animal.  In 

obese and normal weight mice, bacterial populations differ (Ley et al., 2005).  If 

beneficial bacterial populations are established earlier in the life of a chick then 

performance may be increased.  

This thesis will focus on three trials which examined broiler performance and 

changes in the small intestine, the main site of activity for both yeast and bacteria. These 

studies were designed to provide insight into whether yeast products and bacterial 

supplementation are suitable alternatives to the use of growth promotant antibiotics in 

broilers. The objective of the first study was to determine if yeast products (CW, 

mannans, glucans, nucleotides, and peptides) alone or in combination changes the 

performance or gut morphology of broilers exposed to a mild environmental coccidia 

challenge. The objective of the second and third trials were  to 1) evaluate the effect of 

feeding cecal droppings collected from heavy (HW) or low weight (LW) broilers on 

performance and 2) to determine if dietary supplementation with yeast derivatives would 

effect growth and gut morphology in broilers in both a challenge and non-challenge 

setting.  



 

 3 

 

LITERATURE REVIEW 

Gastrointestinal Tract 

Gross anatomy 

The gastrointestinal (GI) tract is responsible for the breakdown and absorption of 

nutrients from food. The main organs of the GI tract in birds are the crop, gizzard, 

proventriculus, small intestine, large intestine, ceca and the cloaca. Since birds do not 

have teeth, the gizzard serves as the grinding organ to increase surface area of ingested 

food.  The proventriculus acts as the glandular stomach adding digestive enzymes for 

further food breakdown.  By the time food, now called digesta, has reached the small 

intestine, it has undergone radical changes.  

Although there are no distinguishable histological or morphological features, the 

small intestine can be divided into 3 sections:  duodenum, jejunum, and ileum.  The 

duodenum forms a loop around the pancreas.  The jejunum starts at the distal end of the 

duodenal loop and ends at the stalk where remnants of the yolk sac were absorbed, which 

is called Meckel’s diverticulum.  The ileum starts at Meckel’s diverticulum and ends at 

the junction of the cecal tonsils. Together the jejunum and the ileum account for 

approximately 83% of the overall length of the small intestine (Iji et al., 2001a).  After 

leaving the ileum, a portion of the digesta enters the ceca, while the remainder travels 

along the GI tract and is excreted as waste.  

The two horned cecum is a GI organ, unique to birds, that serves many important 

functions.  These functions are wide ranging and include; fermentation and further 
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digestion of food and absorption of nutrients, production of antibodies, microbial action 

of anaerobic and aerobic bacteria, fungi and other organisms, and the utilization and 

absorption of water and nitrogenous components (Clench, 1999).  The cecal sieves also 

restrict movement of coarse particles into the ceca.  The fermentation process further 

catabolizes food, thereby giving the feces in the cecum a different consistency from feces 

that go directly to the rectum (Denbow, 2000).  The large intestine primary function is 

absorption of water and electrolytes.  The cloaca acts as the common exit site for the 

digestive and reproductive systems of the bird. 

Layers of the small intestine 

 The information provided in the following section can be referenced to 

“Gastrointestinal Physiology” (Johnson and Weisbrodt, 2001). The intestines are 

composed of several layers including, the serosa, the muscularis, the submucosa and the 

mucosa.  The outmost layer, the serosa, is a combination of two different tissues, a 

membrane of squamous epithelium cells and adventitia. Together these form a base 

membrane for the GI tract.  

Moving towards the lumen, the next layer is the muscularis, and as it’s name 

implies this section consists of the major muscle layers of the GI tract.  It contains 

smooth muscle in two layers, an inner circular layer and an outer longitudinal layer.  The 

circular layer constricts the GI tract at certain points allowing for mixing of the digesta in 

the tract.  The longitudinal layer allows for propulsion and peristalsis, which are slow 

rhythmic contractions that move digesta through the tract.  There are control points 

located along the GI tract known as sphincters.  These points, directed by the circular 
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layer, allow for separation of distinct areas of the GI tract.  One example is the pyloric 

sphincter, which separates the stomach from the intestines.   

The third layer of the GI tract moving from the serosa to the lumen, is the 

submucosa.  This layer contains dense connective tissue, vessels and nerves.  The vessels 

include both blood and lymphatic vessels.  Nerves in the submucosa convey messages 

from the sympathetic and parasympathetic nervous system. 

The mucosa is the innermost layer of the GI tract and has three functions; 

protection, absorption, and secretion. The mucosal layer is in contact with the lumen, or 

internal cavity, where digested food passes, microflora exists, and allergens may be 

encountered.  The three layers of the mucosa are the epithelium lining, the lamina 

propria, and the smooth muscle layer.  The smooth muscle layer, the outermost part of the 

mucosa, contains a circular and longitudinal muscle layer.  This allows for localized 

movement in the mucosa. The lamina propria lies just beneath the epithelium lining and 

contains the lymphoid tissue and connective tissue of the intestine (Jeurissen et al., 1989). 

This layer is the main source of mucosal immunity with lymphocytes and macrophages 

throughout the lamina propria.  The epithelial lining is one continuous layer of 

enterocytes that line the villi and crypts that form the hills and valleys of the intestine.  

On the villi are microvilli that form a brush border membrane.  Due to the folded nature 

of this membrane, intestines have a large surface area up to 300 m2 in humans 

(Tlaskalová-Hogenová et al., 2004).  Among several functions, the villi are primarily 

responsible for absorption of nutrients. Villus height (VH) is an indicator of overall 

intestinal health, because damaged villi are shorter and the enterocytes at the villi tip are 

more immature.  The crypts of Lieberkühn, or crypts, produce stem cells, which migrate 
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up the villus as they mature.  Due to the nature of stem cells, the crypt is the main site of 

cell proliferation, but unlike mammals, proliferation can also occur on the villi in chicks 

(Uni et al., 1998).  As they travel up the villus, the stem cells differentiate into either 

enterocytes or goblet cells. Once they reach the top of the villus, cells are sloughed off 

into the intestinal lumen to be replaced with younger cells. The migration time of cells is 

48 h in a 2 d old chick, but migration time increases to 96 h or greater in more mature 

birds (Uni et al., 2000).  Crypt depth (CD) is another indicator of intestinal health, as 

crypts will deepen to produce more cells if cell turnover rates are high.  The VH to CD 

ratio (VCR) is a third indicator of intestinal health.  If the ratio is high then the villi are 

mature and cell turnover rates are lower.  A high ratio indicates a greater surface area to 

absorb nutrients and more functionally mature enterocytes at the tip.   

Cells in the epithelium  

A villus is made up of a diverse group of cells, which include enterocytes, goblet cells, 

Paneth cells, membranous (M) cells and intra-epithelial lymphocytes (IEL) (Brisbin et al., 

2008a).  The majority of cells on the villus are enterocytes, which have absorptive and 

secretory capacity.  Goblet cells produce and secrete mucin, which lubricates digesta and 

provides a protective layer against intestinal pathogens (Smirnov et al., 2005). Paneth 

cells are involved in sampling the gut microflora through the use of Toll-like receptors 

(TLRs), and they also function as specialized secretory cells that produce high quantities 

of defensins and several other antibiotic peptides and proteins (Bevins, 2008). The M 

cells constantly sample and ingest bacteria and other foreign material and transport it to 

the subepithelium (Gebert, 1997).  Once ingested, the bacteria are presented to the 

subepithelial lymphocytes, and the immune response is started. Intra-epithelial 
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lymphocytes are a diverse population of cells including natural killer (NK) cells, T 

lymphocytes, and B lymphocytes, which are part of the immune system of the intestine 

(Brisbin et al., 2008a).   T lymphocytes have subpopulations of CD4 and CD8 cells.  CD8 

cells recognize foreign antigens with MHC class I molecules, whereas CD4 cells 

recognize antigens in association with MHC class II molecules.  B lymphocytes produce 

antibodies such as IgM, IgA, and IgY. These perform various functions that either block 

bacterial binding or allow bacteria to be phagocytosed by immune cells (Brisbin et al., 

2008).  This diverse collection of cells acts in unison to perform all the functions of the 

epithelial lining.  

Intestinal development 

 The small intestine is a dynamic environment, especially during embryonic 

development and the first week post hatch.  Poultry intestinal development is slightly 

different than mammals both in sequence of development and final structure (Iji et al., 

2001).  Stem cells originate in the crypt and migrate to the tip of the villus.  During 

migration, cells develop different functions related to digestion, absorption, and mucin 

secretion (Uni et al., 2000). In the days prior to hatch, the intestines grow rapidly 

measuring 1% of total body weight (BW) at embryonic d 17 and increasing to 3.5% at 

hatch (Uni et al., 2003).  After hatch, chicks immediately begin to eat, which facilitates 

further development of the intestine as it adapts to break down complex food (Bar-shira 

et al., 2006).  
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Villi development 

 Villi development in poultry is rapid.  At embryonic d 15, villi are rudimentary, 

but by d 17 of embryonic development villi are growing in two developmental stages, 

with each stage representing villi of roughly the same age (Uni et al., 2003).  By 

embryonic d 20, there are three distinct developmental stages. Beyond the growth stage 

changes, the villus height increases two-fold from embryonic d 20 to day of hatch 

(DOH). After DOH, the length and diameter of villi increase, but the overall number of 

villi per intestinal cross section does not change (Sklan and Noy, 2003).  The brush 

border membrane, located on the villi, is established in the first 24 h post hatch (Genya et 

al., 2001).  Villi development is not constant across all intestinal sections.  At hatch, 

duodenum villi are  significantly longer than those in the jejunuem or ileum (Geyra et al., 

2001).  This difference in villi length between sections is maintained throughout the life 

of the bird. 

Crypt development 

 The defined crypts appear later than the villi.  During the first 5 d post-hatch, a 

villus-crypt axis develops, defining the border between crypt and villus (Uni et al., 2000). 

At this time there is a 1:1 crypt to villus ratio, but this increases to a 4:1 ratio as the bird 

matures in order to replenish cells of longer villi. Cell numbers in the crypt increase 

rapidly for the first 72 h post hatch. Thereafter, increases in cell number are more 

gradual, reaching a plateau of 155 cells per crypt in a 14 d old chick (Uni et al., 2000; 

Genya et al., 2001).  Cell migration time from the crypt to the top of villus increases with 

age.  Cells take 72 h to migrate in 2 d old chicks compared to 96 h in 14 d old chicks (Uni 
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et al., 2000).  The CD and proliferation rate has been shown in several studies to be 

influenced by diet (Silva and Smithard, 2002; Feng et al., 2007; Murakami et al., 2007).  

Development across sections 

Though there is no physical distinction between them, the three sections 

(duodenum, jejunum, ileum) of the intestine develop differently. The duodenum and 

jejunum, for most aspects, develop at the same rate, but the ileum tends to develop 

slower.  Crypts are deeper in the duodenum than in the ileum (Iji et al., 2001).  Similarly, 

villi are longer in the duodenum compared to the jejunum, which has a longer villi 

compared to the ileum.  Digesta is nutrient-rich as it enters the intestine, and as it travels 

through the intestine these nutrients are absorbed by the body.  The relative lower levels 

of nutrients in digesta in the more distal portions of the intestine may account for the 

shorter villi length in the jejunum and ileum compared to the duodenum.  

Fasting effects on the intestine 

 Fasting, or the act of withholding feed, has been widely used in many animal 

agriculture practices.  In poultry, traditional molting techniques involved withholding 

feed for up to a week. Broiler breeders often have restricted feeding to prevent over 

conditioning.  Due to industry hatchery practices and shipping times, it is not uncommon 

for chicks to undergo a fast for the first 24 to 48 h of life.  Fasting can have a number of 

negative effects on an animal. Fasting at any age for a period of 48 h reduced BW of 

birds (Geyra et al., 2001b). Fasting during the first 48 h post-hatch decreases the 

development of the intestine in chicks. This decreased development is demonstrated by a 

reduction of the number of total cells and percentage of proliferating cells in the crypt.  
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The mucin layer thickens in birds whose feed is withheld for 72 h (Smirnov et al., 2004).  

Additionally, the overall weight of the intestine was reduced by 30%, and the villus 

surface area was decreased by over 25% after 72 h of fasting.  In contrast with fasting, 

feeding in the hatcher or at the hatchery has been shown to improve intestinal 

development (Noy et al., 2001). 

Immunity and defense mechanisms 

The intestine is the main site for absorption of nutrients and water in the body.  It also 

serves as a barrier between the internal and external environment.  This physical barrier, 

which has a surface area 150 times greater than that of the skin, is the first defense of the 

bird against pathogens (Tlaskalová-Hogenová et al., 2004).  All the surface area is a 

potential entrance into the body for foreign pathogens.   The goblet cells in the intestine 

secrete glycoproteins called mucins.   Mucins help form the mucus layer, shown to 

attenuate Campylobacter in poultry (Thornton and Sheehan, 2004; Byrne et al., 2007).  

Mucin is a source of nutrients for the resident microbiota but is also a mechanism that the 

host microbiota may use to inhibit other bacteria (Smirnov et al., 2006).  Bacteria in the 

intestine form a natural defense barrier and exert numerous protective, structural, and 

metabolic effects on the epithelium.  Commensal bacteria perform a number of functions 

including nutrient and receptor competition with foreign bacteria, induction of IgA 

release, and production of antimicrobial factors (O’Hara and Shanahan 2006).  In a 

further attempt to partition the body from bacteria and viruses in the lumen, the intestines 

produce a brush border layer (Rescigno et al., 2001).   The brush border is composed of 

microvilli that facilitate absorption in the intestine.  The microvilli form a terminal web, 

which is a connection of cross linking filaments that prevent bacteria from entering the 
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luminal surface (Mooseker et al., 1984).  Bacteria and viruses are also prevented from 

entering by the tight gap junctions or tight junctions between epithelial cells (Berkes et 

al., 2003).  Due to these physical barriers, the foreign pathogens main entry into the body 

is through M cells.  

Gut Associated Lymphoid Tissue (GALT) 

The immune response of the intestine is linked with the gut associated lymphoid 

tissue (GALT).  Chickens, unlike mammals, do not have lymph nodes, but they do have 

lymph follicles and organized lymphoid tissues such as the cecal tonsils and Peyer’s 

patches (PP) (Bar-Shira et al., 2003). The PP are located throughout the intestine and act  

as lymph nodes.  Pathogens in the intestine are transported to PP where they can be 

phagocytosed by macrophages (Bockman et al., 1983).  If bacteria are not eliminated by 

macrophages and the innate immune response, then it can be eliminated by the adaptive 

immune response.  Chickens also have lymphoid organs with the main ones being the 

thymus, spleen, and the bursa of Fabricius. The bursa of Fabricius is the site of B-

lymphocyte ontogeny in poultry.  It also provides the environment to ensure the 

maturation and differentiation of both B- and T-lymphocytes. The bursa’s ability to 

function is reduced by age and the onset of egg production (Ciriaco et al., 2003).   The 

thymus is a lobed organ located in the neck of chickens, which is the site of production 

and maturation of T-lymphocytes.  As the bird ages the distinction between the lobes is 

lost (Ciriaco et al., 2003).  

The adaptive immune response in the intestine has the ability to eliminate a 

variety of diseases. The immune response of the bird changes with age.  Maternal 

antibodies are deposited in the albumen and yolk and then absorbed by the developing 
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embryo.  IgM, IgA and IgY are all passed to the chick in this way (Smith et al., 2008).  

The adaptive immune response is poor in a young chick and develops rapidly over the 

first 4 to 6 weeks of age (Davison et al., 2008).  The lamina propria contains a mixture of 

immune cells such as T and B lymphocytes, NK cells, macrophages, and granulocytes, 

which help direct the adaptive immune response (Brisbin et al., 2008a).  Once pathogenic 

bacteria are detected, a combination of the innate and adaptive immune response is 

started. One of the first steps is infiltration of the tissue by heterophils (Van Immerseel et 

al., 2002).  Heterophils phagocytose bacteria, limit the spread of infection, and recruit 

other immune cells.   Antigens are also transported by M-cells to antigen presenting cells 

(APC) such as dendritic cells, B lymphocytes, and macrophages in lymphoid follicles 

(Shanahan, 2005). Antigens are presented by these cells through various surface proteins 

(Zekarias et al., 2002).  Enterocytes can transport soluble antigens and produce cytokines 

and chemokines, which function to alert the immune system that the mucosal barrier has 

been breached.  There is also evidence that subepithelial dendritic cells may be able to 

reach into the lumen between enterocytes without disturbing tight junctions (Rescigno et 

al., 2001).  If the infection persists long enough, T and B lymphocytes are activated and 

infiltrate the lamina propria (Smith et al., 2008).  T lymphocytes then direct the immune 

response through cytokines to lyse the cell, activate macrophages, or produce antibodies 

from B lymphocytes depending on the type of antigen encountered (Brisbin et al., 2008a).  

This response is normally enough to control the infection.  
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Intestinal bacteria 

Bacterial diversity and establishment   

The intestines of poultry house a diverse community of bacteria, which are 

important for growth performance and protection against pathogenic bacteria (van der 

Wielen et al., 2002).  It is estimated that only 10-50% of bacteria in the intestine can be 

plated and cultured, because growth requirements for most bacteria are unknown 

(Apajalahti et al., 2004).  While mostly beneficial, commensal bacteria can present a 

problem given the opportunity to over proliferate and cause damaging effect in particular 

intestinal environments. The total number of bacterial species within the intestine is 

unknown.  Due to the specificity of substrate preference, the bacterial population is 

dependant on both location in the intestine and age of the bird (Apajalahti et al., 2004).  

Bacteria in the intestine increase in diversity and density in the more distal parts of the 

intestine with the largest number of bacteria species in the cecum (Gong et al., 2007).  

Another important determinant of bacterial population is diet, as bacteria within the 

intestine feed on particles that are resistant to digestive enzymes or are not absorbed 

quickly enough to prevent bacterial uptake (van der Wielen et al., 2002).  When fed a 

corn-soy based diet the most abundant species in the ileum were Lactobacillus and 

Clostridiaceae, while in the cecum the most abundant species were Clostridiaceae and 

Actinobacteria (Lu et al., 2003).  

Bacterial colonization starts at the time of hatching with the first establishment 

normally in the cecum (Barnes, 1979; Rehman et al., 2007).  Once a chick hatches and 

begins eating, bacteria in the intestine are exposed to new nutrient sources.  Due to the 

adjustment to the nutrient sources and initial lack of colonization, the bacterial makeup in 
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young birds is more variable, but that composition stabilizes as the birds age (Rehman et 

al., 2007).  

The obesity epidemic in humans has lead researchers to focus on the microbe gut 

interaction.  It has been shown that in obese individuals the gut microflora is different 

than in normal weight individuals (Ley et al., 2005).  In mice, obese subjects have 50% 

reduction in Bacteroidetes compared to lean individuals (Ley et al., 2006). Obese mice 

have significantly (P<0.001) lower amounts of energy remaining in their feces than lean 

individuals (Turnbaugh et al., 2006).  In germ free mice given microbes from obese mice, 

BW increased over 60% and total body fat increased 42% (Bäckhed et al., 2004). This 

research indicates that intestinal microbial populations may play a role in body condition 

and performance.  

While these studies have not been replicated in poultry, studies have shown that 

bacteria increase energy utilization from the diet (Muramatsu et al., 1991; 1994).  Birds 

raised in sterile conditions, thus reducing the amount of microflora in the gut, have a 

reduced intestinal weight and villus length (Maisonnier et al., 2003).  Intestinal 

development is not the only thing that benefits from early establishment of bacteria as 

immune function and protection of intestinal integrity is upregulated as well (Kelly et al., 

2007).  Establishment of bacteria from adult sources reduced the colonization of 

Salmonella sp. and Campylobacter sp. in chicks (Stern et al., 2001).  In further probiotics 

studies, supplementation of the diet with Lactobacillus sp. increased BW (Grimes et al., 

2008; Awad et al., 2009) and reduced Salmonella colonization (Vicente et al., 2008).  

Supplementation with Lactobacillus sp. and Bifidobacteria has been shown to increase 

villi length and VCR (Chichlowski et al., 2007; Rahimi et al., 2009).  Clearly, the 
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commensal bacteria can play a significant role in intestinal health, diet utilization, and 

overall performance.  Knowledge of this could have benefits in poultry production. 

Bacterial recognition 

 Commensal bacteria can aid and enhance the immune function of birds and out 

compete pathogenic bacteria for binding sites in the intestine in a process called 

competitive exclusion (CE).  An example of the importance of bacteria is shown with 

germ free animals that are more susceptible to disease or infection (O’Hara and 

Shanahan, 2006).  T lymphocyte activation is hindered in germ free animals (Edelman 

and Kasper, 2008).  Commensal bacteria have long been thought to have beneficial 

effects on the host immune response.  Before bacteria can aid in an immune response, the 

body must recognize the bacteria as non-threatening.  In order for bacteria to establish 

itself as non-pathogenic, it must interact with the epithelial tissue in a process known as 

“cross-talk” (Forchielli and Walker, 2005).   The communication between the bacteria 

and the tissue is regulated by TLRs that can interact with both commensal and pathogenic 

bacteria (Walker, 2008). The ability of immunosensory cells to discriminate pathogenic 

from commensal bacteria is mediated, in part, by two major host pattern recognition 

receptor (PRR) systems—the family of Toll-like receptors and the nucleotide-binding 

oligomerization domain/caspase recruitment domain isoforms (NOD/CARD)  (Cario, 

2005).  The PRR recognize specific surface receptors on bacteria and then start a 

signaling pathway that labels the bacteria as either pathogenic or non threatening. 

Bacteria form a blanket over the intestine and because of this, they can be sampled by the 

body using three different immunosensory cells .  First, surface enterocytes secrete 

chemokines and cytokines and direct the immune response to the infected site (O’hara 



 

 16 

and Shanahan et al., 2006).  Another way is for M cells to transport potential pathogens 

to antigen presenting cells.  A third way is for intestinal dendritic cells to ingest bacteria.  

Role of antibiotics 

 The use of subtherapeutic levels of antibiotics in commercial poultry feed can 

increase performance parameters such as BW gain and feed efficiency of the birds.  

Antibiotics help control the levels and populations of bacteria in the intestine, with the 

greatest effects being in the ileum.  In the ileum, Lactobacilli and the Enterobacteriaceae 

levels were increased in antibiotic free broilers (Wise and Siragusa, 2007). 

Campylobacter and Enterobacteriaceae are bacteria associated with food borne illness. 

Both bacterial populations are reduced with subtherapeutic dietary antibiotic usage in 

poultry (Wise and Siragusa, 2007). Virginiamycin, a widely used commercial antibiotic, 

has been shown to increase the percentage of Lactobacillus sp. in the intestine in layers 

(Dumonceaux et al., 2006). Virginiamycin enhances IgM and IgG levels in the serum in 

response to keyhole limpet hemocyanin (Brisbin et al., 2008b).  Antibiotics effect more 

than just intestinal bacteria; they can also increase the villi surface area and goblet cell 

density in the jejunum and ileum (Smirnov et al., 2005).  It is unclear whether the effects 

on the intestine are a result of maintenance of the different bacterial populations or vice 

versa.  

Necrotic Enteritis  

If homeostasis in the intestinal bacterial community in commercial poultry is 

disrupted, over proliferation of indigenous bacteria can cause diseases, such as necrotic 

enteritis (NE) (Van Immerseel et al., 2004). Since the decreased usage of antimicrobial 
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growth promoters in Europe, the incidence of NE has been on the rise (Chalmers et al., 

2007).   Necrotic enteritis in poultry is caused by Clostridium prefringens type A and 

type C (Titball et al., 1999). Clostridium prefringens is a Gram-positive bacterium that is 

ubiquitous in the environment and a normal gut microbe of poultry.  Type A is named for 

the alpha toxin (phospholipase C) that the strain produces.  Alpha toxin has been shown 

to hydrolyze some phospholipid substrates, such as phosphatidylcholine and 

sphingomyelin, which has the potential to disrupt some cellular membranes (Olkowski 

et al., 2008).  In poultry, two common precursors of NE are high protein or high fiber 

diets or mucosal damage from a coccidial infection, all of which cause environmental 

changes in the intestine and allow Clostridium perfringens to proliferate (Branton et al., 

1997).  

There is both a clinical and a subclinical form of NE.  In a clinical case, the 

symptoms include severe mucosal necrosis and mortality; whereas with subclinical NE, 

symptoms are intestinal inflammation and lesions, decreased feed efficiency, and reduced 

weight gain (Van Immerseel et al., 2004; Gholamiandekhordi et al., 2006).  The clinical 

illness duration is often short, resulting in death to the animal (Wages and Opengart, 

2003). Until recently, it was believed that the alpha toxin produced by C. perfringens 

caused NE, but alpha toxin production from isolates taken from healthy flocks was not 

different than production from isolates taken from a diseased flock (Gholamiandekhordi 

et al., 2006).  Another study found intestinal level of alpha-toxin was not correlated with 

disease lesion scores (Wilkie et al., 2006).  Isolates with higher levels of alpha toxin did 

not produce significantly different lesion scores in broilers (Keyburn et al., 2006). 

There are several ways to treat a NE outbreak.  Use of antibiotics such as 
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lincomycin (Hamdy et al., 1983a; 1983b) or oxytetracycline (Wages and Opengart, 2003) 

in drinking water, as well as penicillin (Wages and Opengart, 2003) or bacitracin (Wicker 

et al., 1977) in feed has been shown to be effective.  Dietary alterations such as the 

addition of lactose can reduce C. perfringens numbers.  Competitive exclusion cultures of 

Streptococus faecium can be administered to the birds to reduce lesion numbers as well 

(Wages and Opengart, 2003).  If repeat outbreaks are common, applying NaCl to house 

floors after clean out may help prevent the reoccurrence.  

Coccidiosis 

 Coccidiosis is an intestinal disease caused by protozoans of the genus Eimeria 

(Lillehoj and Trout, 1996).  The disease is a major economic hardship on the poultry 

industry costing over $800 million annually in losses (Lillehoj et al., 2004).  There are 

seven types of Eimeria that invade the intestine of the chicken.  Each of these infects 

specific sections of the digestive tract.  The five most common species E. acervulina, E. 

brunetti, E. maxima, E. necatrix, and E. tenella produce gross lesions in the intestines 

(Allen and Fetterer, 2002).   

 Available options for control of coccidia in the commercial poultry industry 

include dietary anticoccidial drugs, vaccination, or natural (non-antibiotic) dietary 

products. The anticoccidial drugs and non-antibiotic alternatives work in several ways, 

either by killing the oocysts or by enhancing the immune response of birds to help fight 

off infection by Eimeria sp.  Historically, dietary anticoccidials have provided effective 

strategies of control; however, Eimeria sp. have the ability to become resistant to these 

products and efficacy declines.  As a result of this development of resistance, alternative 

strategies are being sought for management and prevention of the intestinal damage from 
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this disease. Vaccination is one option for treatment, but there are challenges associated 

with this approach.  In order to generate complete immunity from vaccination, the 

vaccine must contain live oocysts to induce infection.  The infection then results in 

intestinal damage and potential impacts on performance prior to establishment of 

immunity.  More recent focus has turned to non-antibiotic alternatives for control or 

prevention of coccidiosis.   

Lifecycle 

The lifecycle of coccidia has two phases, one inside the host and the other outside 

in the environment.   Oocysts in the environment undergo sporogony, which takes about 

24 h, transforming the oocysts to sporulated oocysts or sporocysts (Allen and Fetterer 

2002). These oocysts are then ingested by the bird and transported to the intestinal lumen.  

Once ingested, the sporocyst undergo a 4 to 6 day cycle in the intestine that allows them 

to be shed back into the environment.  In the lumen, sporozoites within the oocysts are 

released and penetrate epithelial cells.  Inside the cells, sporozoites form trophozoites 

which undergo multiple nuclear divisions to form immature meronts (Lillehoj and Trout 

1996).  Meronts reproduce asexually and through multiple fission form merozoites.  The 

cells that contain the mature meronts and the merozoites rupture, releasing both.  The 

merozoites may undergo several more merogonic generations, but following the final 

generation, the merozoites invade host cells and develop into either microgamonts or 

macrogamonts.  Microgamonts are flagellated and motile and will exit from their own 

host cells and invade cells containing macrogamonts.  The microgamonts will fertilize the 

macrogamonts.  After fertilization, an oocyst wall forms and oocysts mature.  When 
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maturation is complete, cells containing oocyst rupture and are expelled in the feces 

beginning a new cycle. 

Immune response to coccidia 

As a result of infiltration of Eimeria into the intestine, mucosa is sloughed off, 

which results in nutrient malabsorption (Allen and Fetter, 2002).  The intestinal damage 

leads to the many clinical signs of coccidia infection such as reduced BW and feed 

conversion (FC), intestinal lesions, and diarrhea. The immune response to coccidia is 

complex and depends on the Eimeria species and site of infection in the intestine.  The 

oocyst lifecycle plays a role in the complexity of the immune response, because at each 

stage, there are stage-specific antigens that are targets for the immune system (Brake et 

al., 1997).  Similar to mammals, there are 3 principal antibodies in birds used for host 

defense: IgM, IgA, and IgY.  Shortly after infection, B lymphocytes start to produce all 3 

classes of antibodies specific to Eimeria antigens (Lillehoj et al., 2004).  Macrophages 

are able to detect surface antigens on sporozoites.  Studies have shown varying 

effectiveness of macrophages and antibodies for resolving Eimeria infection.  Some 

indicate that they may inhibit sporozoite invasion.  Macrophages and antibodies are 

effective in reducing the sexual reproduction of the oocysts but do not prevent the disease 

causing effects of sporozoites or merozoites (Lillehoj and Trout, 1996).  Part of the 

debate is the unknown role of the bursa of Fabricius, because bursectomized chickens, 

which produce a small amount of antibodies, still develop protective immunity from 

coccidia infection.  If vaccinated with a commercial coccidial vaccine, the bursectomized 

birds showed little difference from non-bursectomized birds (Giambrone et al., 1981).  
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Birds that survive the primary infection develop protective immunity, which allows the 

bird to be resistant to reinfection for several months (Lellehoj et al., 2004). 

T lymphocytes are thought to play the primary role in the immune response of the 

bird to Eimeria.  Suppression of T lymphocyte populations increases susceptibility to 

Eimeria infection (Lillehoj and Trout, 1994). Coccidial infection significantly increases 

the CD8 subpopulation of T lymphocytes (Swinkels et al., 2007).  Resistance to coccidia 

can be transferred through blood lymphocytes to naïve hosts (Lillehoj and Trout, 1996).  

T lymphocytes and macrophages work together to secrete cytokines that stop 

development of Eimeria once in cells (Dalloul and Lillehoj, 2004).  

Prebiotics and probiotics 

 Multiple options have been found in response to the poultry industry’s search for 

alternatives to antibiotics usage for growth promotion or pathogen control.  Two related 

examples are prebiotics and probiotics.  Prebiotics are defined as “a nondigestible food 

ingredient that beneficially affects the host by selectively stimulating the growth and/or 

activity of one or a limited number of bacteria in the colon” (Patterson and Burkholder, 

2003).   Probiotics,  or direct-fed microbials (DFM), are defined as “a live microbial feed 

supplement which beneficially affects the host animal by improving its intestinal 

balance” (Patterson and Burkholder, 2003).  These “biotics” are not only effective in 

poultry but in humans and other livestock species as well.  The proposed mechanisms for 

probiotics and prebiotics include CE, competition for attachment sites, and production of 

toxic compounds that inhibit pathogens.   
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Probiotics 

 In the first week post hatch chicks are most vulnerable to foreign pathogens, and 

this makes early establishment of beneficial bacteria important (O’Dea et al., 2006).  

Probiotics are normally given as a small dose of a few commensal bacteria species in an 

effort to allow for establishment and growth in the intestine.  Probiotics can be 

administered to the animal via water, spray, or dietary supplement within feed.  As 

probiotic bacteria begin to establish they effect the host defenses in four general ways: 

generalized mucosal immune response, balanced T-helper cell response,  self-limited 

inflammatory response, and IgA secretion (Walker, 2008).  Once bacteria are established 

it alters the intestinal environment which, can have a positive effect on performance.  

Probiotics effect on performance  

Probiotics can increase performance parameters in poultry. In chicks given a 

probiotic with the species Lactobacillus acidophilus, Lactobacillus bifidus, and 

Enterococcus faecalis, BW was significantly increased by d 42 although FC was not 

significantly different (O’Dea et al., 2006).  Lactobacilli and Enterococci are two of the 

most popular bacterial species in probiotics (Patterson and Burkholder, 2003). In several 

studies, both Lactobacilli and Enterococci have been shown to improve BW and FC in 

poultry (Cavazzoni et al., 1998; Jin et al., 1998; Khan et al., 2007). In a comparison study 

when chicks were given either Lactobacilli or Enterococci, both improved BW and FC 

compared to control birds, but FC in birds given Enterococci was significantly better than 

in the Lactobacilli fed birds (Awad et al., 2009).  The effect of probiotics on the intestinal 

environment may be the reason that performance parameters are improved. Villi height, 

CD, and VCR were increased in the jejunum and ileum of birds fed probiotics 



 

 23 

(Chichlowski et al., 2007).  These studies showed that probiotics are beneficial in a non-

challenge setting, but they are also a benefit during a disease challenge.  

 Environmental stress or symptoms of disease can be reduced by dietary inclusion 

of probiotics.  In turkey poults given a Salmonella challenge, there was 1 log reduction in 

Salmonella populations when using a DFM (Grimes et al., 2008).  In poultry given 

mycotoxin contaminated feed, the addition of probiotics reduced the damaging effect of 

the toxin on VH in the duodenum and jejunuem (Awad et al., 2006).  Both BW and FC 

were improved in chickens given a Lactobacillus culture when in heat stress conditions 

for three weeks (Zulkifli et al., 2000).  

Establishment of bacteria from adult sources 

To optimize genetic potential for growth of commercial poultry, it is important for 

the intestine to develop early in life.  One method to promote intestinal functionality is to 

establish a healthy commensal bacterial environment within the first week post hatch.  

There are many available sources for bacteria, but providing only a few select strains may 

not have an optimal effect on bird performance. To transfer a full complement of species, 

feces or bacteria cultured from the intestines of healthy adult birds has been given to 

young chicks. In a non-challenge setting, when bacteria from the crop, jejunum, ileum, 

and cecum of adult birds were cultured and mixed into the feed, BWG and FCR did not 

differ from a diet using the antibiotic avilamycin as a growth promoter (Mountzouris et 

al., 2007).  The FCR and BWG of the probiotic group were not significantly different 

from control, whereas in the avilamycin fed birds it was lower.  There have been several 

methods used to deliver the bacteria to the chicks.  The most popular methods are to 

either allow chicks to eat feces from adults or orally gavage young chicks with bacterial 
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cultures.  Regardless of method, once bacteria reach the intestine they begin to 

proliferate.  The large load of bacteria from the adult birds overpowers bacteria present in 

the chick’s intestine, and competitive exclusion takes place. Competitive Exclusion is 

where one species out competes a similar species for the same available resources.   

The mechanisms for CE in the intestine of chickens are not entirely known.  

There is evidence that suggests it is at least partly a physical defense mechanism.  

Bacteria in the intestine form a interconnected mat that covers the mucosa.  This mat 

blocks many receptor sites for bacteria in the intestines and prevents binding and 

therefore colonization and invasion by pathogenic bacteria.  This protection becomes 

apparent in as little as 1 h after treatment (Mead, 2000).  In addition to the unknown 

mechanization, the range of bacterial species that CE protects against is also not known.  

Competitive exclusion has also been studied in combination with Campylobacter 

and Salmonella.  Over 190 species of bacteria isolated from adult birds, with the majority 

of these being isolated from the cecum, have been shown in vitro to provide resistance to 

C. jejuni and Salmonella, (Zhang et al., 2006).  It is has not been widely studied how the 

probiotics bacterial establishment effects non-bacterial diseases, and the optimal 

composition of bacteria has also not been determined.  At present it is illegal to 

administer undefined bacterial cultures to poultry (Zhang et al., 2006).  Another way to 

establish beneficial bacteria without the use of probiotics is through the use of prebiotics. 

Prebiotics 

Prebiotics may contribute to the effectiveness of probiotics.  Most of the current 

prebiotics are oligosaccharides including galactooligosaccharides, fructooligosaccharides 

and mannanoligosaccharides (MOS) (Macfarlane et al., 2006).  While CE reduces the 
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number of pathogenic bacteria in the intestine, it can also promote the growth of 

bifidobacteria and lactobacilli (Cummings and Macfarlane, 2002).  Both genera of 

bacteria are absent of pathogenic varieties and are carbohydrate fermenting.  Prebiotics 

are 88% intact when they reach the lower intestine of people (Cummings and Macfarlane, 

2002). Once in the lower intestine and because prebiotics are water soluble and short-

chain carbohydrates, they are fermented (Cummings and Macfarlane, 2002).  Once 

fermented, prebiotics provide a readily available food source for commensal bacteria.  

Prebiotics do not just provide food for beneficial bacteria, they also provide a 

protective service by inhibiting surface binding of pathogenic bacteria.  Infectious 

bacteria use lectins, which are surface proteins, to bind to the surface of host cells 

(Sharon and Ofek, 2002).  This binding prevents them from being swept away by the 

body’s defenses or cleansing mechanisms. Bacteria are not limited to one surface 

carbohydrate for binding.  In some cases, such as with E. coli, the bacterium may bind to 

multiple surface receptors (Sharon and Ofek, 2002).  Bacteria may also bind to internal 

nonreducing ends of sugars from host cells (Sharon, 2006).  Prebiotics bind to surface 

receptor sites on bacteria preventing them from binding to host cells (Spring et al., 2000). 

Since prebiotics prevent bacteria from attaching to host cells, yet do not kill the bacteria, 

it is less likely that resistant strains will develop. 

Yeast cell products 

As the animal agriculture industry searches for alternatives to antibiotic use, yeast 

products, as prebiotics, have emerged as a promising option. The most common kind of 

yeast used are Saccharomyces cerevisiae and Saccharomyces boulardii.  Yeast has 

several properties of value to the poultry industry.  It is largely indigestible, and it can 
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survive in both an anaerobic and aerobic environment (Line et al., 1998).  Due to these 

properties, it can be fed orally and still be beneficial in both the small intestine and cecum 

of birds.  The three most widely used yeast products are yeast cell wall (CW), MOS, and 

β-glucans.  Both MOS and β-glucans are extracted from the CW.  Yeast peptides and 

nucleotides can be extracted from yeast as well.  Both peptides and nucleotides perform a 

variety of function throughout the body. 

Yeast cell wall 

Yeast CW products have been used as prebiotics and immunostimulators.  Yeast 

CW administration has not shown consistent results in broilers. In one study, broilers fed 

CW at 0.3% of diet had improved FC, but BW was not significantly different than control 

birds at 21 d of age (Zhang et al., 2005).  In broilers fed CW at 0.25% of the diet, FC and 

average daily gain (ADG) was improved over control fed broilers at 42 d (Gao et al., 

2008). There were no performance differences in birds fed CW at 0.5% or 0.75% of the 

diet compared to control.  In further studies, with 0.2% supplementation of CW to the 

diet, broilers had improvements in BW at 21 d and 42 d and FC at 21 d (Santin et al., 

2001). 

Mechanisms for the responses observed from CW inclusion in the diet of chickens 

are not completely understood, but yeast product benefits are usually greater in challenge 

settings.  In broilers that were orally challenged with either Salmonella or Camplyobacter 

then fed diets with 0% CW, 0.1% CW or 10% CW, incidence of Salmonella in the ceca 

was reduced from 70% to 20% and 5%, respectively (Line et al., 1998). This could be 

because yeast allows for greater development of intestinal villi (Gao et al., 2008).  

Feeding of CW to improved jejunal VH and CD in young birds, but this improvement 
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was lost by d 21 (Santin et al., 2001).  However, optimal levels of yeast in the diet have 

not been examined.  Inclusion of CW has been at 0.03% to 10% of the diet.  This wide 

range of concentrations, a variety of settings in which CW is used, and differences in CW 

products, may account for both the unknown mechanisms and varying actions and results 

from yeast inclusion in animal diets.  

Mannanoligosaccharides  

Mannanoligosaccharides are commonly referred to as mannans or MOS.  These 

are surface polysaccharides that make up less than 20% of yeast CW (Smits et al., 1999).  

Mannans attach to binding sites on bacteria (Spring et al., 2000) and have been shown to 

improve the immune response in broiler breeders as well as commercial broilers 

(Shashidhara and Devegowda, 2003).  Many Enterobacteria have a 40 fold increase in 

binding affinity for oligosaccharides as compared to cell surface glycoproteins (Sharon, 

2006).   

 One study used 2568 female breeders (214/rep, 6 reps/trt) in a deep litter trial 

where hens were fed either a standard industry diet or the industry diet supplemented 

with MOS at 0.5g/kg of diet (Shashidhara and Deveowda, 2003).  The breeders were 42 

wks old at the start of the MOS feeding trial, and at wk 44 the breeders were immunized 

with killed infectious bursal disease virus.  Blood was collected from birds at wk 48 to 

measure infectious bursal disease virus antibody titers.  Antibody titers were significantly 

higher (P<0.05) in birds fed MOS as compared to the control diet.  Eggs were collected 

throughout the trial to measure hatchability and antibody titers in progeny.  At 4 d post 

hatch, progeny from the breeders were bled and antibodies titers measured.  There was no 

difference in hatchability between the diets, but titers were higher (P<0.05) in the 
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progeny of the MOS fed birds possibly due to increased passive transfer of maternal 

antibodies. 

 Two studies were conducted to evaluate the effect of mannans on microbial 

populations in the intestines of broilers (Baurhoo et al., 2007a; 2007b).  In the first study, 

Cobb 500 broilers were placed in concrete floor pens, with 52 birds per pen and 4 

replicate pens per diet.  The diets included were a negative control, a positive control 

with the antibiotic Virginiamycin, and a MOS diet (0.2% of the starter diet and 0.1% of 

the grower diet).  Birds were given an oral E. coli challenge on d 29.  On d 28 and d 38, 

Lactobacilli and Bifidobacteria were significantly higher (P<0.05) in control and MOS 

birds compared to birds fed diets supplemented with Virginiamycin.  At d 38, 

Lactobacilli levels in MOS birds were significantly (P<0.05) higher than control birds.  

In the birds challenged with E. coli, MOS diets resulted in lower concentrations of E. coli 

in the cecum d 9 post challenge, but all 3 diets were similar at d 3 and d 6 post challenge.  

In a follow up study with the same dietary treatments, birds were grown to 42 d.  Birds 

were not orally challenged, but they were instead placed on dirty litter contaminated with 

E. coli (Baurhoo et al., 2007b).  Birds fed MOS supplemented diets had a higher 

concentration (P<0.05) of lactobacilli compared control birds on d 42.  E. coli levels in 

the cecum of MOS fed birds were significantly lower at d 28 and 42 compared to control 

and Virginiamycin fed birds.  Though MOS has been shown to improve feed conversion 

in turkeys (Parks et al., 2001; Juskiewicz et al., 2006) no change in feed conversion was 

observed in these broilers studies. 
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Beta-Glucans 

Beta-glucans, components of the cell wall in some plants, fungi, and bacteria, are 

recognized by the innate immune system of vertebrates as biological response modulators 

(Harada and Ohno, 2008).  Dietary β-glucan has been shown to improve immune 

response in chickens. There are a variety of sources for β-glucans, of which barley and 

yeast are the most used.  Many reports suggest β-glucans have improved the immune 

response in young chicks.  This is notable as chicks less than one wk old rely on an 

underdeveloped immune system.  In one study, at 4 d post hatch and 24 h following 

challenge with Salmonella enteritidis (SE), chicks were euthanized and blood samples 

were obtained (Lowry et al., 2005).  Phagocytosis of SE by heterophils was increased, 

and a greater amount of SE was taken up by individual heterophils in β-glucan fed birds 

as compared to controls.  Beta-glucans have multiple reducing ends, which may serve as 

attachment sites for various bacteria or immune cells.  Beta-glucans circulating in the 

intestine can activate macrophages and other immune cells in the intestine, which then 

circulate and attack pathogenic bacteria (Smits et al., 1999). 

It is unclear at this point what percentage of the chick diet should be comprised of 

β-glucans to maintain a balance between immune system function and growth promotion. 

In one study without an immune challenge, growth parameters were unaffected (Chae et 

al., 2006).  In both caged bird and floor pen trials, BW gain as well as feed efficiency 

were not significantly different in birds fed diets supplemented with β-glucans at 0.02% 

or 0.04% of the diet (Chae et al., 2006).  Indicators of immune response were altered 

despite the lack of challenge; CD8 and T cell receptor 1 cells were significantly higher in 
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the 0.04% β-glucan diet at 42 d.  Therefore, some β-glucans can activate the immune 

system without affecting performance. 

There are several pathogens that commonly affect the poultry gastrointestinal 

tract.  E. coli, Salmonella, and coccidia are several of these.  Colibacillosis is a localized 

or systemic infection of E. coli and is the most frequent cause of disease condemnations 

in poultry processing plants.  In E. coli infected birds, β-glucans improved FC and BW 

(Huff et al., 2006).  Additionally, dietary supplementation of β-glucan was effective in 

reducing the detrimental effects of E. coli on the liver and heart weights at d 7.  However, 

β-glucan supplementation at d 25 was not effective at reducing E. coli pathogenesis.  

Beta-glucans increase the inflammatory response, and this response results in energy 

expenditure towards immune parameters rather than growth parameters.  A marine study 

suggests that β-glucans can lead to immunostimulatory fatigue, and thus feeding of 

glucans should be limited to 3 wk (Chang et al., 2000).  This data is supported by the 

decrease in effectiveness in the birds fed β-glucan supplemented diets for 25 d (Huff et 

al., 2006).  Supplementation of β-glucans just prior to an anticipated stressor or disease 

exposure may help offset the negative effects of both. 

The immunomodulating activity of β-glucans is related to their effects on 

macrophages, mononuclear cells, and neutrophils (heterophils in poultry), which results 

in the production of cytokines.  However, the exact mechanistic actions of β-glucans are 

still under review.  In 2001, Brown and Gordon identified a β-glucan receptor on mice 

macrophages called dectin-1.  Dectin-1 is a small, type-II membrane receptor with an 

extracellular lectin-like domain that recognizes a variety of β-1,3-linked and β-1,6-linked 

glucans (Brown and Gordon, 2001).  Dectin-1 together with TLR 2 and 6 mediate the 
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biological effects of β-glucans by generating a signal on the macrophage cell surface, 

which induces oxidative burst and phagocytosis and stimulates the production of 

cytokines, such as tumor necrosis factor α (TNF α) and interleukin 12 (Brown and 

Gordon, 2003).   

 In 2008, Harada and Ohno further characterized the mechanism of cytokine 

induction by soluble β-glucans in mice.  Soluble β-glucan induces granulocyte 

macrophage-colony stimulating factor (GM-CSF), which enhances the response to β-

glucans.  Tumor necrosis factor-alpha, produced in response to β-glucans, also 

contributes to the production of GM-CSF.  In the presence of sufficient concentrations of 

GM-CSF, β-glucan directly induces adherent cells to produce TNF-α and IL-12.  

Granulocyte macrophage-colony stimulating factor can trigger further cytokine induction 

by β-glucans. 

 From previous research it appears that dectin-1 and GM-CSF are very important 

molecules involved in the response to β-glucan.  Unfortunately, no data exists evaluating 

the mechanistic response to dietary β-glucan in pigs and poultry.  However, 

understanding the mechanisms of β-glucan in mice may provide insights to the immune 

response associated with β-glucan supplementation in various other species.    

Yeast peptides 

Smaller yeast products, such as yeast peptides, perform a variety of functions 

when given to an animal.  Yeast proteins can model mammalian proteins, and are looked 

at in protein degradation studies to measure the effects of aging (Barea and Bonatto 

2008).  Yeast peptides have antioxidant properties (Moskovitz et al., 1997) and can act as 

a binding agent to MHC molecules (Fremont et al., 1995).  Certain peptides, such as 
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methionine sulfoxide reductase, provide yeast a high resistance to oxidative stress 

(Moskovitz et al., 1998).  A similar protein is found in human T lymphocytes.  Yeast 

peptides also affect glucose transport in pigs (Müller et al., 1997).  The wide variety of 

yeast peptides yields numerous results in the body, but almost all of them are related to 

an immune function.  

Nucleotides 

 Nucleotides are an even further breakdown of yeast than peptides. Nucleotides are 

in every diet and are incorporated into the body daily.  They are also synthesized by the 

body, therefore they are not considered essential nutrients.  Nucleotides are purines and 

pyrimidines, components of DNA and RNA, which make up the genetic code for all 

cells. There is some evidence that purines and pyrimidines are digested differently in the 

body.  Purines are quickly oxidized once absorbed, which results in virtually no intact 

purines being incorporated into the body’s nucleic acid reserves (Uauy et al., 1994).  

Sodium dependent transport salvage channels in the intestine can absorb over 90% of 

ingested nucleotides (Uauy et al., 1994).  This process is more efficient than the de novo 

process that the body uses to produce its own nucleotides (Carver, 1994).  Despite the 

high absorption rate, only 5% are incorporated into intestinal nucleic acid pools and 

hepatic cells. At present there are no studies to evaluate the dose-response to dietary 

inclusion of nucleotides.  As with many dietary supplements, unknown optimal levels of 

effectiveness may mask effects of nucleotides.  

An animal’s body produces millions of cells every second to maintain 

homeostasis.  In a growing animal, the need for nucleotides to help produce cells is even 

higher.  Diets supplemented with nucleotides have improved growth rates in young 
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animals (Grimble, 1994).  In weanling pigs, diets supplemented with nucleotides at 0.5% 

of the diet resulted in improved BW (Lee et al., 2007).  Conversely in 6 d old chicks fed 

diets supplemented with yeast RNA at 5%  for 15d feed intake and BW were reduced 

(Kubota and Karasawa, 1994).  Supplementation of yeast RNA at 1% of the diet showed 

no difference in BW in leghorns (Deng et al., 2005).  

When an injury or disease damages the body, the addition of nucleotides to the 

diet can expedite the recovery process.  Increased antibody response to vaccines and 

reduction in diarrhea episodes occurred in several infant studies when formula was 

supplemented with nucleotides (Gutiérrez-Castrellón et al., 2007).  Symptoms of upper 

respiratory infections of infants were also reduced (Neir et al., 2007).  The restriction of 

dietary nucleotides in mice effects helper T-lymphocyte maturation and reduces NK cell 

activity (Carver, 1994).  These effects are alleviated when nucleotides are added to the 

diets.  IgA and IgM antibody levels are increased for the first 3 months of life in infants 

in response to dietary nucleotides (Gil, 2002).  With the help of nucleotides in cell 

proliferation, perhaps the amount of energy that would be  used in maintaining and 

producing cells can instead be focused on a stronger immune response.  

The rate of cell turnover in the intestine allows for a greater impact from 

nucleotide supplementation.  Nucleotides enhance enterocyte maturation in juvenile and 

adult humans (Gil, 2002).  With a diet supplemented with 0.8% nucleotides, VH and CD 

was increased, and the effects were more pronounced in the duodenum and proximal 

jejunum (Uauy et al., 1994).  In weanling pigs, diets supplemented with nucleotides 

resulted in higher small intestine weight (Lee et al., 2007).  In rats with chronic diarrhea, 

nucleotides helped restore VCR and increase the number of goblet cells in the epithelium 
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(Bueno et al., 1994).  Nucleotides not only effect the intestine themselves, but the 

intestinal environment as well.  Nucleotides may have a prebiotic-like effect as higher 

fecal levels of beneficial bacteria, such as Lactobacilli and Bifidobacteria, are found in 

infants with given this type of supplementation (Uauy et al., 1994).
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ABSTRACT 

The poultry industry is under pressure to discontinue the use of subtherapeutic 

levels of antibiotics as growth promotants. One promising alternative is the use of yeast 

cell wall products, which act on the intestine by promoting growth of probiotic bacteria, 

binding to bacterial attachment sites, or by aiding in immune response. This study was 

conducted to evaluate the intestinal response of broilers to hydrolyzed yeast cell wall 

(CW) products during exposure to an environmental coccidial challenge. Day-old Cobb 

500 (n=3024) chicks were placed in floor pens (42 chicks/pen, 8 replicate pens/treatment) 

on litter seeded with coccidia and fed 1 of 9 diets. Dietary treatments were 1) control (C); 

2) cell wall (CW, C+0.1% CW); 3) mannanoligosaccharides (M, C+0.1% M); 4) glucans 

(G, C+0.1% G); 5) nucleotides (N, C+0.1% N); 6) peptides (P, C2 + 0.1% P); 7) M+G 

(C+0.1% M+0.1% G); 8) P+N (C2 + 0.1% P+0.1% N); and 9) all products (P+N+M+G, 

C2 + P+0.1% M+0.1% G+0.1% N).  The basal diet for supplementation of peptides (C2) 

was marginally different from the basal diet used with other yeast products to take 

account of the amino acid and protein contributions of the peptide product.  Body weight 

(BW), BW gain, feed intake (FI), and feed conversion were measured for 3 feeding 

periods of starter (d 0-10), grower, (d 10-32) and finisher (d 32-42) and cumulatively (d 

0-42). At d 21, 3 birds per pen (n=24/treatment) were scored for intestinal coccidia 
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lesions. On d 10 and 21, 8 birds per treatment were selected for measurement of villus 

height (VH), crypt depth (CD), and villus height:crypt depth ratio (VCR) in the 

duodenum, jejunum, and ileum. There were no significant differences between any of the 

diets for BW, BW gain, FI, feed conversion, or intestinal lesion scores.  There were 

significant interactions of diet and age for VH, CD, and VCR measurements in all 

intestinal sections.  On d 10 and 21, VH in the duodenum was significantly longer 

(P<0.05) in M fed birds as compared to birds fed M+G or P+N+M+G. In the jejunum, 

VH in CW fed broilers was shorter than in C fed birds at d 10, but in contrast, longer at d 

21. In the ileum, CW feeding resulted in deeper crypts at d 10 and more shallow crypts at 

d 21 as compared to M, G, and M+G diets. While there were no significant differences in 

performance parameters, there were differences in intestinal morphology; however, these 

responses were variable among intestinal sections. These results suggest that these yeast 

products did effect intestinal growth or recovery during the exposure to coccidia and may 

be section specific or have a limited time of effectiveness. 

Key Words: yeast, coccidia, mannan, glucan, intestine 

INTRODUCTION 

Coccidiosis is a widespread disease throughout the poultry industry that annually 

causes over 800 million dollars in damages worldwide (Lillehoj et al., 2004). Coccidiosis 

is an intestinal disease caused by protozoans of the genus Eimeria (Lillehoj and Trout, 

1996).  The five most common species including E. acervulina, E. brunetti, E. maxima, 

E. necatrix, and E. tenella produce gross lesions in the intestines (Allen and Fetterer, 

2002), which are a result of the Eimeria invading the intestinal lining and rupturing 

enterocytes.  This intestinal damage reduces the ability of the bird to absorb nutrients and 
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results in reduced BW and poor feed conversion (Brake et al., 1997).  Anticoccidial drugs 

have been used for over 50 years to control the disease; however, an increase in drug 

resistant strains and negative consumer images on the practice of feeding anticoccidial 

medications have stimulated the search for new methods of treatment (Allen et al., 1998).  

The evaluation of products thought to improve gut health in the presence of coccidia is 

important due to its prevalence in the industry and its detrimental effects on intestinal 

integrity and nutrient absorption.  

Due to their perception as “natural”, yeast products from Saccharomyces 

cerevisiae are being investigated for their potential beneficial effects on intestinal health.  

Yeast products promote the growth of beneficial bacteria in the intestine, which 

ultimately can enhance gut health and the immune response (Sauerwein et al., 2007).  

Most of these products are derived from the cell wall of yeast, and three of the most 

commonly used products are the whole yeast cell wall (CW), mannanoligosaccharides 

(mannans or MOS), and ß-glucans.  Products derived from CW have been shown to have 

a number of effects, such as improved feed conversion in commercial poultry (Santin et 

al., 2001; Zhang et al., 2005; Gao et al., 2008).  There have been differing results 

regarding the effect of CW on BW with no significant differences seen in some studies 

(Zhang et al., 2005; Gao et al., 2008) but improvement in others (Bradley and Savage, 

1995; Santin et al., 2001). These discrepancies may be due to differences in the intestinal 

environment, disease exposure, and therefore, potential benefit from CW products.  

Mannans, like CW, alter the gut microflora in poultry (Yang et al., 2008b).  

Pathogenic bacteria modify the energy utilization of the birds making it less efficient and 

thus reducing growth (Muramatsu et al., 1994). Mannans may help to offset energy loss 
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by binding to pathogenic bacteria, thereby preventing their binding to host cells and 

reducing the need for the immune system to respond to them. Due to their mode of action 

and ability to interact with pathogenic bacteria, it is unclear at this time whether mannans 

are as beneficial to poultry in non-challenge settings.  

Beta-glucans are another component of CW that can improve bird performance as 

well as the immune response to pathogenic bacteria.  Chae et al. (2006) found that β-

glucans improved BW and increased immune cell counts in poultry. Beta-glucans can 

also alleviate the negative response to enteric diseases.  There are several pathogens that 

commonly affect the poultry gastrointestinal tract such as Escherichia coli, Salmonella, 

and Eimeria.  Colibacillosis is a localized or systemic infection of E. coli and is the most 

frequent cause of disease condemnations in poultry processing plants.  In E. coli-infected 

birds, β-glucans improved feed conversion and overall BW (Huff et al., 2006).  

Additionally, dietary supplementation of β-glucans reduced the detrimental effects of E. 

coli at d 7.  However, β-glucan supplementation at d 25 was not effective at reducing E. 

coli pathogenesis. 

Another alternative being investigated for improved gut health and performance is 

the addition of nucleotides and peptides to the diet.  Yeast peptides have antioxidant 

properties (Moskovitz et al., 1997). Yeast proteins can act as binding agents to MHC 

molecules (Fremont et al., 1995).  Certain peptides, such as methionine sulfoxide 

reductase, provide yeast a high resistance to oxidative stress, and a similar protein is 

found in human T lymphocytes (Moskovitz et al., 1998).  Yeast peptides also effect 

glucose transport in pigs (Müller et al., 1997).  The wide variety of yeast peptides yields 

numerous results in the body, but almost all of them are related to immune function.  

Nucleotides are the bases that make up DNA and RNA and may act on the intestine by 



 

 50 

increasing intestinal weight and enterocyte maturation (Gil, 2002; Lee et al., 2007).  They 

are naturally present in all diets and are readily absorbed by the body.  As the body is 

constantly synthesizing DNA and RNA, endogenous sources of nucleotides may not be 

able to keep up with demand from cells especially during times of cellular stress and 

increased cell turnover.  Supplementation of diets with free nucleotides at less than 1% of 

the diet increased growth rate and BW (Grimble, 1994) by relieving the bird of de novo 

synthesis of nucleotides.  However, when nucleotides were supplemented at 5% of the 

diet, growth rates were decreased (Deng et al., 2005). 

The objective of this study was to determine if yeast products (CW, mannans, 

glucans, nucleotides, and peptides) alone or in combination effected the performance or 

gut morphology of broilers exposed to a mild environmental coccidia challenge.  

MATERIALS AND METHODS 

Animal Welfare 

This project was approved and conducted under the guidelines of the Institutional 

Animal Care and Use Committee at Virginia Tech. 

Bird Management and Experimental Design 

Seeding of litter with coccidia 

Seven hundred twenty straight-run Cobb 500 broilers were obtained from a 

commercial hatchery for use in seeding the litter with coccidia.  Seeder birds were kept in 

Petersime battery cages equipped with trough feeders and waters from d 1 to 10.  On d 10 

of life, all chicks were orally gavaged with 1ml of a mixed inoculant containing 50,000 

Eimeria acervulina, 15,000 Eimeria maxima, and 2500 Eimeria tenella oocysts.  
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Immediately after the mixed Eimeria challenge, chicks were moved to concrete floor 

pens (10 birds/pen; 0.3m2/bird) on clean pine shavings.  Birds had ad libitum access to a 

non-medicated corn-soy based diet formulated to meet requirements for the Cobb 500 

birds.   At d 20, birds were removed from the floor pens.  Mortality was replaced with 

extra seeder birds on a daily basis during the 10 d litter seeding period. 

Growout Trial 

Three days post-removal of the seeder birds, 3024 day of hatch straight run Cobb 

500 broilers were obtained from a commercial hatchery for a  42 d growout.  Birds were 

randomly assigned to 1 of 9 dietary treatments (8 replicate pens/treatment; 42 birds/pen; 

0.07m2/bird) and placed on the litter seeded with the mixed Eimeria population. A 3 

phase feeding program was used with the starter period from d 0-10, the grower period 

from d 10-32, and the finisher period from day d 32-42.  

Birds were housed in a negative-pressure ventilated barn on a commercial step-

lighting program. Lighting was started at 23L:1D, gradually reduced to 18L:6D by d 27, 

and then gradually increased to 23L:1D by d 32 and continued through the end of the 

experiment.  The temperature was started at 32.2˚C and gradually reduced to 21˚C. 

Diets 

Basal diets were non-medicated and formulated to meet or exceed Cobb 500 

nutrient requirements (Table 1).  The hydrolyzed yeast products1 utilized for the trial 

included CW, mannans, β-glucans, nucleotides, and peptides, and the products were each 

supplemented at 0.1% of the diet.  The basal diet for supplementation of peptides (C2) 

was marginally different from the basal diet used with other yeast products to take 

                                                 
1 AB Vista (AB Vista, Wilkshire, UK) 
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account of the amino acid and protein contributions of the peptide product.  Dietary 

treatments were 1) control (C); 2) cell wall (CW, C+0.1% CW); 3) 

mannanoligosaccharides (M, C+0.1% M); 4) glucans (G, C+0.1% G); 5) nucleotides (N, 

C+0.1% N; 6) peptides (P, C2 + 0.1% P); 7) M+G (C+0.1% M+0.1% G); 8) P+N (C2 + 

0.1% P+0.1% N); and 9) all products, with the exception of CW(P+M+G+N, C2+0.1% 

M+0.1% G+0.1% N+ 0.1% P).  

Performance Parameters 

Body weight (BW) and feed intake (FI) were measured for the feeding periods of 

starter (d 0-10), grower (d 10-32), and finisher (d 32-42) and cumulatively (d 0-42). From 

BW and FI, feed conversion adjusted for mortality and BW gain were calculated. 

Mortality was recorded daily throughout the trial.  

Histology 

 On d 10 and d 21, one bird per pen (n=8 birds/treatment) was randomly selected 

to obtain intestinal samples from the duodenum, jejunum and ileum for histological 

analysis.  Birds were weighed, stunned with CO2, and then euthanized by cervical 

dislocation. The duodenum samples were taken from the ascending duodenal loop.  

Jejunum samples were taken midway between the end of the duodenal loop and Meckel’s 

diverticulum, and ileum samples were taken midway between Meckel’s diverticulum and 

the ileal-cecal junction.  All intestinal samples were cut to approximately 1 inch (2.5 cm) 

in length.  Samples were immediately flushed with cold PBS, placed in 10% neutral 

buffered formalin, and stored until they were further processed.  Each fixed intestinal 

tissue was cut into 5 sections (10 mm) and placed into a tissue cassette. The tissues were 

processed by dehydration through a series of graded alcohols, cleared with xylene, and 

embedded in paraffin. Paraffin sections (5 µm thickness) were mounted onto slides.  
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Slides were stained using the Alcian Blue Periodic Acid-Schiff (AB-PAS) technique 

(Bancroft and Stevens, 2007).  Measurements of villi height (VH) and crypt depth (CD) 

were made using SigmaScan Pro 5 software2. The VH (villus tip to crypt opening) and 

the CD (crypt opening to the base of the crypt) were measured on 3 of the 5 pieces for 

each intestinal section, with 4 villi and 4 crypt measurements taken on each of the 3 

sections (Morris et al., 2004).  The ratio of VH to CD (VCR) was calculated from these 

measurements. The average VH, CD, and VCR per histological slide were analyzed to 

obtain mean treatment measurements (n=12 measurements/bird, 10 birds/treatment).   

Lesion Scoring  

On d 21, 3 birds per pen were (n=24/treatment) randomly selected and euthanized 

for scoring of lesions from intestinal coccidia. Lesions were scored in the duodenum, 

midgut and ceca on a scale from 1 to 4 with 4 being the most severe (Johnson and Reid, 

1970). 

Statistical Analysis 

Results were analyzed by ANOVA and using the general linear models procedure 

of SAS3 software version 9.03.  Performance dietary main effects and morphological 

differences including main effects of diets and the interaction between age and diet were 

compared by the Tukey test following ANOVA, and values were considered statistically 

different at P < 0.05. Results are reported as least squares means with standard errors. 

                                                 
2 Olympus America Inc., Melville, NY 
3 SAS Institute. 2002. SAS/STAT User’s guide: Release 9.03 Edition. SAS Institute Inc. 

Cary, NC. 
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RESULTS 

Performance  

There were no diet associated differences in BW, BWG, FI, FC or mortality for 

any of the feeding periods or cumulatively (Table 2).  There were also no differences in 

lesion scores (Table 3) in the intestine from Eimeria.  

Intestinal Morphology  

There were main effects of age and diet and interaction of age and diet on 

intestinal morphology.  As the main effects of age are expected and previously reported, 

they will not be discussed in this manuscript.  In the duodenum, the interaction between 

age and diet was seen in the VH, CD, and VCR.  As expected, all the treatment groups 

had an increase in villi length from d 10 to d 21, but the N fed and mannan fed groups 

had more impact on VH at d 21 than at d 10 (Figure 1). While these groups were not 

different from control at d 10, they had significantly longer villi at d 21.  Additionally, 

VH in birds fed M+G was similar to that in controls at d 10 but significantly shorter at d 

21.  Numerous changes in CD response associated with diet occurred between d 10 and d 

21 that were indicative of an age and diet interaction (Figure 2).  At d 10, nucleotide 

supplementation resulted in deeper crypts relative to other groups, but at d 21 this groups 

was intermediate to others.  In contrast, the control groups had an intermediate CD at d 

10, but at d 21, the control group had the deepest crypts resulting from a dramatic 

increase in CD.  While most groups had deeper crypts at d 21 as compared to d 10, with 

the exception of the nucleotide group, those in CW and glucans fed birds remained 

relatively unchanged.  Interaction of diet and age was observed in VCR measurements as 

well.  On d 10, the ratio in the control fed birds was lower then every other group except 
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the CW group, but by d 21 the control fed birds had the lowest VCR with CW the third 

lowest (Figure 3).  The control, M, and M+G fed birds had a lower, or relatively 

unchanged, VCR on d 21 then they had on d 10.  All other groups showed an increase in 

VCR. 

Interaction between age and diet occurred in the jejunum for VH, CD and VCR. 

The P and the CW fed birds had the lowest VH on d 10, but these groups showed the 

biggest increase on d 21 (Figure 4).  The CW fed birds had significantly shorter villi than 

control on d 10, but by d 21 the VH in the CW group was significantly longer than 

control.  The most pronounced difference in CD between d 10 and d 21 was in CW fed 

birds.  The CW fed birds had the deepest on d 10, but the most shallow on d 21 (Figure 

5).  The crypts in the CW and P fed birds became more shallow on d 21 than on d 10, 

while all other groups had deeper or relatively unchanged crypt depth on d 21 as 

compared to d 10.  The M, M+G, and N groups were more shallow than control on d 10 

but deeper on d 21. The VCR in every dietary group increased from d 10 to d 21, but 

increase with CW supplementation was most significant with this treatment being the 

lowest VCR on d 10 and the highest on d 21 (Figure 6).  This could be due to the change 

in the CD of the CW fed birds from d 10 to d 21.  The CW and P groups had a lower 

VCR than control on d 10 and a higher on d 21. The VCR in M+G fed birds changed 

only slightly from d 10 to d 21 resulting in this group being intermediate in VCR at d 10 

to having the lowest VCR at d 21.   

As observed in the duodenum and jejunum, diet and age interactions were evident 

in VH, CD, and VCR in the ileum.  In the ileum, the control diet group had the shortest 

villi on d 10, but by d 21 the CW, G, P, P+N, and P+M+N+G fed birds had shorter villi 
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than the control fed birds (Figure 7).  The control and G treatment had the most increase 

in villi length from d 10 to d 21 while the P+N+M+G had the smallest to become the 

shortest villi at d 21.  The crypts in G and N increased slightly and in the P+N, and 

P+N+M+G fed birds increased to a greater degree in depth from d 10 to d 21 (Figure 8).  

The CW fed birds had the biggest difference in CD from d 10 to d 21 having the deepest 

crypts on d 10 and the most shallow on d 21.  Generally, all treatment had an increase in 

VCR from d 10 to d 21 (Figure 9). The VCR in the CW fed birds reflected the change in 

the crypt depth.  Due to the large crypts on d 10, CW had the lowest VCR on d 10 and the 

highest on d 21 due to the most shallow crypts on that day.  Control fed birds had the 

second lowest VCR on d 10, but on d 21 the control group had a higher VCR than the G, 

N, P+N, and P+N+M+G groups.  The least change in VCR occurred in birds fed 

P+N+M+G, which resulted in this group having the lowest VCR on d 21. 

DISCUSSION 

 All dietary treatment groups performed at or above Cobb 500 growth standards 

(Cobb-Vantress, 2008) even though they were placed on litter seeded with Eimeria to 

simulate a natural environmental exposure.  In a challenge setting, yeast products have 

been shown to improve broiler performance by reducing the colonization rate of harmful 

bacteria such as Salmonella and Campylobacter (Line et al., 1997; 1998).  Yeasts also 

improve FC and increase BW (Gil de los Santos et al., 2005).  Broilers on Eimeria seeded 

litter had increased BW when fed diets with yeast CW fragments compared to control 

diets in 2 of 3 trials (Stanley et al., 2004).  Based on such previous studies, it was 

expected that the performance of birds given yeast supplemented diets would be 

improved; however, the fact that the control group also performed above Cobb 500 
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growth standards indicates that the environmental coccidia exposure was not severe 

enough to hinder the growth of the birds.   

Coccidia causes intestinal damage as it destroys enterocytes (Allen and Fetterer, 

2002); however, the average lesion scores for all the diets were less than 1, which would 

be considered a mild infection. The challenge was intended to mimic a commercial 

industry setting where birds were placed on dirty litter. It is not conclusive how many 

oocysts were present in the litter as litter samples were not taken for oocyst counts, and 

seeder birds were not checked for intestinal lesions indicative of oocyst cycling.  

However, the lesion scores in the trial birds indicate that exposure to oocysts did occur.  

Though the challenge was mild, it confirms previous studies that indicated yeast products 

were not harmful in a challenge setting. 

Various effects of the yeast derivative supplemented diets can be seen through the 

changes in intestinal morphology. No differences were seen in performance likely due to 

the mild challenge that was not severe enough to hinder growth.  However, the 

morphological changes seen are important to the understanding of intestinal needs at 

different periods of development, the impact of yeast derivatives on intestinal structure, 

and how these changes during different stages of a mild coccidia infection.  The dietary 

treatments resulted in similar effects in the jejunum and duodenum, especially at d 10; 

however, responses in the ileum were somewhat different.  At d 10, in the duodenum, 

none of the yeast derivatives alone or in combination resulted in differences in VH or CD 

as compared to control although some responses were different between derivatives. 

Dietary supplementation with products of CW, M, and G has been shown to increase 
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jejunum VH over control fed at d 21 (Morales-López et al., 2009), which agrees with the 

current study.   

In the present trial at d 10, dietary inclusion of the mannan product resulted in 

increased VH in the duodenum and jejunum as compared to several other yeast derivative 

products alone or in combination, but these responses to mannan were not different from 

control values.  However, at d 21, in both the duodenum and jejunum, VH was 

significantly increased in birds fed the mannan diet as compared to control diet.   The 

results of mannan supplementation early in life have been mixed in previous studies.  

Mannans had no effect on broiler jejunal morphology in a non-challenge setting at 7 d of 

age (Yang et al., 2008a).  During an E. coli challenge, supplementation of broiler diets 

with mannans increased VH at d 28 and d 42 but not at d 14 (Baurhoo et al., 2007a). 

Previous work in pigs showed that early in life, supplementation of mannans had no 

effect on the jejunum (Castillo et al, 2008). In turkeys, 2 trials were conducted by the 

same lab to test the effects of mannan supplementation on jejunal and ileal morphology 

(Solis de los Santos et al., 2007).  Mannans increased VH in the jejunum and ileum in the 

second trial at d 7, but VH at d 21 and CD at both d 7 and d 21 were improved in the 

ileum and jejunum in each of the trials. There was an interaction between age and diet in 

this current trial.  Mannans may be more effective once the intestinal environment 

matures.  The mannans are thought to bind to pathogens or increase mucin production, 

thereby preventing bacteria from attaching to the intestine, as well as, providing substrate 

for beneficial bacteria (Spring et al., 2001; Baurhoo et al., 2007a; 2007b).   

Glucan addition to the diet resulted in intermediary intestinal morphology on d 10 

for all 3 sections.  By d 21, VH in the jejunum was increased with G supplementation as 
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compared to control, while the crypts in the duodenum of G diet birds were more shallow 

than control.  Beta-glucans enhance the phagocytic ability of macrophages in response to 

a Salmonella challenge (Smits et al., 1999; Lowry et al., 2005; Chen et al., 2008). Studies 

have shown varying effectiveness of macrophages and antibodies for resolving Eimeria 

infection.  Some indicate that they may inhibit sporozoite invasion.  E. acervulina, E. 

maxima, and E. tenella all produce a macrophage response in broilers (Cornelissen et al., 

2008).  Macrophages and antibodies are effective in reducing the sexual reproduction of 

the oocysts but do not prevent the disease causing effects of sporozoites or merozoites 

(Lillehoj and Trout, 1996).  If glucans increase the macrophage response, which is not 

effective in reducing disease symptoms, this may account for why this product resulted in 

morphology similar to that of control, other than the increase in VH of the jejunum at d 

21.  Additionally, a marine study suggested that β-glucans can lead to 

immunostimulatory fatigue, and thus feeding glucans should be limited to 3 weeks 

(Chang et al., 2000).  These data are partly supported by another study in which birds fed 

β-glucan supplemented diets for 7 d during an E. coli challenge had improved BW over 

control birds and birds supplemented for 25 d did not (Huff et al., 2006).  Glucans may 

have a short period of effectiveness, which could be between d 10 and d 21 or they may 

not result in benefits in situations such as the environment evaluated.   

While at d 10 CW inclusion in the diet resulted in negative impacts, particularly 

in the jejunum, there appeared to be more positive effects at d 21.  Overall, more impact 

of CW was observed in the jejunum and ileum as compared to the duodenum.   At d 10, 

the shortest villi and deepest crypts in the jejunum were associated with CW feeding, 

which resulted in a decreased VCR compared to some other derivatives although not 
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different from control.  At d 21, the VCR was increased by CW feeding as compared to 

the control in both the jejunum and ileum, which could be indicative of more mature or 

developed intestine with less enterocyte turnover.  Cell wall supplementation has been 

shown to reduce intestinal colonization by Salmonella in broilers (Line et al., 1998).  In 

previous studies, when CW was supplemented at 0.3% of the diet, VH and VCR were 

improved in 21 d old broilers (Zhang et al., 2005).  Supplementation of CW at 0.2% of 

the diet in a non-challenge study increased villi length in the duodenum, jejunum and 

ileum by d 7, but this increased length was lost by d 28 (Santin et al., 2001).  

Supplementation of CW at 0.02% of the diet did not have an effect on villi length 

(Bradley et al., 1994).  The current study had CW supplementation at levels between 

those listed.  The CW derivative may need to be at a higher dose for a sustained response 

or to get a response earlier.  

At d 21, inclusion of nucleotides in the diet resulted in longer villi in the 

duodenum as compared to controls.  In previous infant studies nucleotide 

supplementation to the diet improved intestinal maturation (Uauy et al., 1994).  In young 

calves, yeast nucleotides improved absorptive capacity of the intestine due to increased 

villi length (Kehoe et al., 2008).  Intestinal recovery by rats following diarrhea was 

enhanced by nucleotide supplementation in the diet (Bueno et al., 1994). Dietary 

nucleotides have been reported to enhance the maturation of enterocytes both at and post 

weaning in rats (Gil, 2002).  These studies, though not in poultry, provide insight into the 

role nucleotides play in the intestine.  While no benefits to nucleotides were seen at d 7, 

later in development when intestinal function and maturity was established, providing 

nucleotides to the diet resulted higher VH and VCR in the duodenum.  Possibly due to 
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increased absorptive capacity of the intestine later in life and increased number of cells, 

there may be a higher demand for nucleotides because they are readily absorbed by the 

body and added to nucleic acid pools to be used for cell building. 

One factor to consider when examining differences in intestinal morphology 

between d 10 and d 21 with different diets is the presence of oocysts in the litter which 

results in cycling of coccidia. Yeast is thought to be of the greatest benefit to the host 

during a challenge setting (Owen and McCracken, 2007).  Primarily T lymphocytes and 

to a lesser extent B lymphocytes, are part of the host immune response  to coccidia 

(Lillehoj and Trout, 1994), and resistance to coccidia can be transferred through blood 

lymphocytes to naïve hosts (Lillehoj and Trout, 1996).  Once a bird develops resistance 

to coccidia, reinfection with the same species should produce less severe symptoms. 

Yeast products have been reported to help develop resistance and reduce the amount of 

oocysts present in the litter (Stanley et al., 2004; Gómez-Verduzco et al., 2009).  Yeast 

products may enhance the innate immune response more than the adaptive.  Glucans 

enhance macrophage function (Lowry et al., 2005), which is associated with the primary 

immune response. Birds fed diets supplemented with G had the longest villi in the 

jejunum on d 10 but an intermediate jejunal villi length on d 21.  Some products may 

enhance a secondary immune response more than a primary, as CW had the lowest 

jejunal and ileal VCR on d 10, but the highest on d 21.  Cell wall has been shown to 

enhance both the humoral and cell mediated immune response in chickens (Gómez-

Verduzco et al., 2009).  It is possible that the most effective product early may not be as 

effective later when the host develops resistance. The P+N and P+N+M+G fed birds had 

the highest ileal VCR on d 10 but the lowest on d 21.  The P+N+M+G diet was beneficial 
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when the immature intestine had a greater initial developmental demand, but once the 

intestine was mature, these products were not as beneficial. It is not clear whether the 

differences could be due to changes in the immune response.  

The three species of Eimeria utilized to seed the litter infect different parts of the 

intestine.  Yeast products are thought to be most effective in the jejunum (Morales-López 

et al., 2009).  This could make the response in all three sections of the small intestine 

unique to the section. Yeast products effected intestinal morphology differently from d 10 

to d 21, and the response to each product was not consistent across the intestinal sections 

at different ages.  The environment in each section is not the same due to pH changes, 

commensal bacterial profile, and cell turnover rates, and thus may be more suited for one 

product versus another.  In the VH measurements of the duodenum, less effective groups 

shuffled but the most beneficial diet groups in terms of villi length, M and P, remained 

near the top, and most detrimental group (M+G) remained near the bottom.  In contrast, 

in the ileum, the P fed birds had the longest villi on d 10 and the shortest on d 21. 

Previous studies mainly looked at yeast or yeast extracts as single dietary 

additions; however, dietary combinations of yeast derivative products may prove 

beneficial as well.  From the morphology results, it shows that combination of products 

was not additive from either beneficial or negative results seen with the single product 

diets. The P+N+M+G diet had almost every dietary additive included.  Examining 

differences in intestinal morphology between birds fed the P+N+M+G diet, birds fed 

P+N, and birds fed the M+G diet, the total number of significant morphological 

differences between the P+N+M+G and the other two diets were not the same.  The M+G 

fed birds had a significantly different VCR in the duodenum and jejunum on day 21 as 
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compared to the P+N+M+G fed birds, whereas the P+N diet had no significant 

differences in intestinal morphology as compared to the P+N+M+G fed birds.  The P+N 

fed birds had significant differences in VCR compared to the M+G fed birds in the 

duodenum and jejunum on d 21 as well. This would suggest that the P+N diet had a 

greater beneficial influence on the intestine than the M+G diet. These data further suggest 

that the inclusion of the four yeast derivatives in the diet did not provide any additive 

benefit and actually may have been more detrimental than products alone or in 

combination of two products. When the diet contained M+G, any beneficial effect 

observed with either of these products alone was lost. This would suggest an interaction 

between mannans and glucans.  There were no significant differences in jejunal 

morphology between birds fed the M diet, birds fed the G diet, or birds fed the M+G diet 

at d 10, but on d 21 both the M fed birds and the G fed birds were significantly improved 

from the M+G diet in all three jejunal morphology measurements.  Additionally at d 10 

and d 21, VH in the duodenum was significantly longer in birds fed M as compared to 

M+G, while the G fed birds were intermediate to these treatments.  In general, the 

interaction between the two dietary supplements was detrimental to VH, CD, and VCR.  

Previous studies have shown that mannans mainly affect the jejunum (Iji et al., 2001; 

Castillo et al., 2008). Beta-glucans have been shown to enhance immunity as well (Yun 

et al., 2003; Revolledo et al., 2009). Beta-glucans and mannans are both products in yeast 

CW.  Beta-glucans are thought to have a limited time of effectiveness (Chang et al., 

2000).  Perhaps the mechanisms that limit glucan effectiveness are enhanced by the 

presence of mannans to the point where the combination is detrimental to the intestinal 

environment.  The jejunal morphology results from d 21 indicate the M+G fed birds had 
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shorter villi, deeper crypts, and therefore a decreased VCR as compared to M or G alone.  

This would suggest a shortening of the villi either from mucosal damage or increased 

epithelium turnover, which would result in proliferation of crypt cells and crypt depth 

increase.  It is possible that the combination of M+G resulted in excess enterocyte 

turnover.  Both products are anchored in the yeast wall, and the binding sites that have 

them contained in the cell wall may be partially retained when extracted.  If the binding 

mechanisms are the same, they may bind to one another and reduce the effect of each 

other.  At both d 10 and d 21, the M+G fed birds had no significant difference from the 

control diet.  This also suggests that mannans and glucans counter-act each other. The 

method by which mannans and glucans help stimulate the intestinal immune response 

may be canceled by the unbound presence of the other ingredient.  Even though it was a 

low grade coccidial infection, if the immune response was benefited by the inclusion of a 

single additive, yet not altered by the inclusion of the two together, this could be reflected 

in intestinal morphology.  Inclusion of these products at larger percentages of the diet 

could result in performance differences as well.  It has been shown that yeast products 

both compete for intestinal and bacteria binding sites and stimulate the immune response 

of the host (Sharon, 2006; Sauerwein et al., 2007; Ghoneum et al., 2008).  While the 

mechanisms are not known, the results suggest that in this trial the combination of 

products resulted in some type of interaction or competition at the intestinal level. This 

could have involved competition for binding sites, excess stimulation of intestinal 

enterocyte turnover, or activation of an immune response, which could each be 

detrimental to intestinal morphology and subsequent intestinal function.  Certainly the 
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combined use of products would be more costly to the industry and these data suggest the 

combination would not provide benefit over single product usage to justify the cost. 

In conclusion, yeast derivatives and nucleotides were shown to alter intestinal 

morphology in broilers.  In younger birds, yeast derivatives generally enhanced gut 

development with more benefit seen with P+N combination.  In older birds, nucleotides, 

which are readily absorbed, and CW were the most beneficial in the duodenum and 

jejunum, respectively.  Inclusion of single yeast derivatives or nucleotides was more 

beneficial than combination of these products for intestinal morphology.  Although 

changes were seen in gut morphology, birds only experienced a mild coccidia challenge 

that did not result in observable effects on performance. 
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Table 1. Composition and nutrient content of the basal diet for each feeding phase 
Diet Starter Starter 

Peptide 
Grower Grower 

Peptide 
Finisher Finisher 

Peptide 
% of Diet 

Corn 54.90 54.99 59.53 59.63 64.00 64.09 
Biproduct meal 1.00 1.00 1.00 1.02 0.00 0.00 
Soybean meal 38.33 38.1 34.01 33.81 29.7 29.62 

Poultry Fat 2.50 2.48 2.4 2.44 3.22 3.1 
Salt 0.25 0.25 0.17 0.17 0.18 0.18 

DL Methionine 0.23 0.23 0.19 0.19 0.2 0.20 
Yeast peptides 0.00 0.10 0.00 0.10 0.00 0.10 

Limestone 0.47 0.47 0.54 0.54 0.55 0.55 
Dicalcium 
phosphate 1.81 1.81 1.61 1.61 1.56 1.56 

Vitamin premix1 0.10 0.10 0.10 0.10 0.10 0.10 
Trace Mineral 

Premix2 0.10 0.10 0.10 0.10 0.10 0.10 
Nutrients       

Crude protein  23.74 23.73 22.01 22.01 19.78 19.78 

Poult ME kcal/kg 3,060 3,060 3,100 3,100 3,175 3,175 
Fat  5.25 5.23 5.35 5.33 6.09 6.07 

1 Vitamin premix (content per kilogram of diet):Vitamin A, 8,818,400 I.U.; Vitamin 
D3, 2,645,520 I.C.U.; Vitamin E, 22,046 I.U.;Vitamin B12, 26mg; Riboflavin, 8,818 
mg; Niacin, 88,184 mg; d-Pantothenic Acid, 22,046 mg; Vitamin K, 2,646 mg; Folic 
Acid, 2,205 mg; Vitamin B6, 4,339 mg; Thiamine,3,732 mg; d-Biotin, 220 mg 
2Trace mineral premix (% of mix) Calcium minimum 7.090% Calcium maximum 
8.505% Zinc minimum 21.000% Manganese minimum 12.000% Iron minimum 
4.000% Copper minimum 2.000% Iodine minimum 3,000 ppm Cobalt minimum 50 
ppm
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Table 2. The effect of diets with or without yeast products1 on the performance of broilers 
 Diets2 

 Control Cell 
Wall 

Mannan 
(M) 

Glucan  
(G) 

Nucleotide 
(N) 

M+G Peptide 
(P) 

P+N P + N + 
M + G 

SEM P-value 

Feed Intake (g)            
d0-10  236.1 225.0 228.2 228.5 235.3 232.6 238.9 232.8 233.9 3.7 0.164 

d10-32 2518.7 2498.0 2456.4 2400.8 2519.8 2493.3 2454.4 2501.3 2430.3 63.4 0.924 
d32-42  2112.7 2090.5 2115.4 2086.0 2100.6 2015.9 2116.5 2098.3 2157.0 30.6 0.173 

d0-42 4867.4 4813.4 4780.0 4714.6 4855.7 4741.0 4809.8 4832.4 4821.3 73.8 0.910 
            

Body Weight (g)            
d10  224.8 215.5 216.7 217.7 223.2 219.9 225.8 221.5 224.4 3.1 0.176 
d32 1836.3 1805.4 1759.3 1782.0 1798.4 1811.5 1847.1 1813.9 1825.0 23.6 0.371 
d42  2881.1 2828.2 2832.9 2788.9 2830.8 2838.6 2883.7 2887.6 2850.5 24.8 0.113 

            
Feed Conversion 
(g feed/ g gain) 

           

d0-10  1.280 1.289 1.292 1.285 1.291 1.297 1.289 1.287 1.274 0.020 0.998 
d10-32 1.563 1.570 1.595 1.535 1.598 1.565 1.514 1.571 1.518 0.040 0.765 
d32-42  2.027 2.045 1.983 2.074 2.037 1.964 2.054 1.957 2.106 0.040 0.151 

d0-42 1.714 1.727 1.720 1.715 1.739 1.694 1.693 1.698 1.716 0.025 0.930 
            
Body Weight Gain 
(g) 

           

d0-10  184.4 175.0 177.0 177.4 182.6 79.2 185.4 181.0 183.9 3.0 0.175 
d10-32 1611.4 1583.8 1555.7 1558.2 1575.5 1556.1 1608.4 1586.2 1600.1 22.3 0.467 
d32-42  1044.9 1028.9 1059.7 1012.9 1032.3 1062.5 1049.4 1079.9 1025.4 24.4 0.648 

d0-42 2840.7 2787.7 2792.5 2748.6 2790.1 2798.0 2843.3 2847.1 2810.0 24.7 0.112 
            

Percent Mortality3            
d0-10 1.19 1.79 2.08 0.60 1.79 1.49 0.28 0.89 1.79 0.61 0.432 

d10-32 0.89 0.32 0.91 0.91 1.18 0.60 0.89 0.89 0.00 0.48 0.783 
d32-42 1.80 4.41 0.40 1.07 1.45 1.40 1.75 1.05 1.42 1.36 0.711 

d0-42 388 6.52 3.40 2.57 4.42 3.49 2.92 2.84 3.21 1.57 0.791 
1 Yeast products supplemented at 0.01% of the diet. Mannans = Mannanoligosaccharides, Glucan = β-glucan, Peptide = Yeast peptides 
2Means ± SEM representing 8 pens per diet 
3 Does not include culls 
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Table 3. Effect of yeast supplementation1 on intestinal lesion scores (0-4) from Eimeria 
acervulina, maxima, or tenella of 21 d broilers old  broilers  
       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

 

 

1 Yeast products supplemented at 0.1% of the diet. Mannans = Mannanoligosaccharides, 
Glucan = β-glucan, Peptide = Yeast peptides 

2 The average lesion score on a scale of 0-4, LS means ± SEM  (n=24 birds/treatment).  

 
Diet 

 
Lesion Score2 

 
E. acervulina E. maxima E. tenella 

Control 0.250 ± 0.088 0.250 ± 0.078 0.042 ± 0.056 

Cell Wall (CW) 0.208 ± 0.088 0.083 ± 0.078 0.083 ± 0.056 

Mannan (M) 0.208 ± 0.088 0.167 ± 0.078 0.000 ± 0.056 

Glucan (G) 0.095 ± 0.088 0.095 ± 0.078 0.048 ± 0.056 

Nucleotides (N) 0.143 ± 0.088 0.143 ± 0.078 0.190 ± 0.056 

M + G 0.286 ± 0.088 0.238 ± 0.078 0.048 ± 0.056 

Peptide (P) 0.291 ± 0.088 0.292 ± 0.078 0.125 ± 0.056 

P + N .0190 ± 0.088 0.095 ± 0.078 0.048 ± 0.056 

P + N + M + G .0167 ± 0.088 0.208 ± 0.078 0.042 ± 0.056 

P-value 0.861 0.511 0.470 
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Table 4 The main effects of dietary yeast supplementation1 on the intestinal morphology of 10 d and 21 d old broilers. 
 Diets2 

 Control Cell Wall Mannan 

(M) 
Glucan 

(G) 
Nucleotide 

(N) 
M+G Peptide 

(P) 
P+N P + N + 

M + G 
SEM P-value 

Duodenum d 10            
Villus Height (mm)  1.564ab 1.610ab 1.649a 1.617ab 1.601ab 1.534b 1.631ab 1.582ab 1.528b 0.024 0.0024 
Crypt Depth (mm) 0.164abc 0.191bc 0.161abc 0.169abc 0.201c 0.162abc 0.157abc 0.144ab 0.141a 0.011 0.0011 

Villus/crypt ratio  9.88cd 9.35d 10.63abc 9.97bcd 10.85abc 10.10bc 10.74abc 11.41a 11.1ab 0.262 <0.0001 
Jejunum d 10            
Villus Height (mm)  0.767ab 0.673c 0.780a 0.777a 0.783a 0.754ab 0.715bc 0.747ab 0.748ab 0.012 <0.0001 
Crypt Depth (mm) 0.157b 0.183c 0.151ab 0.156b 0.156b 0.145ab 0.149ab 0.130a 0.136ab 0.005 <0.0001 

Villus/crypt ratio  5.09cd 4.34d 5.35abc 5.15bc 5.36abc 5.41abc 4.93cd 5.86a 5.69ab 0.140 <0.0001 
Ileum d 10            
Villus Height (mm)  0.451b 0.487ab 0.458ab 0.455ab 0.490ab 0.488ab 0.494a 0.474ab 0.471ab 0.009 0.0012 
Crypt Depth (mm) 0.143cd 0.150d 0.132bc 0.135c 0.144cd 0.138c 0.132bc 0.121ab 0.118a 0.003 <0.0001 

Villus/crypt ratio  3.28d 3.34d 3.56cd 3.52cd 3.60bcd 3.69bcd 3.83abc 3.99ab 4.11a 0.100 <0.0001 
Duodenum d 21            
Villus Height (mm)  1.942bc 1.825cd 2.095a 1.903cd 2.087a 1.814d 2.034ab 1.935bcd 1.930bcd 0.029 <0.0001 
Crypt Depth (mm) 0.228d 0.187abc 0.202c 0.177ab 0.181abc 0.186abc 0.198bc 0.172a 0.170a 0.005 <0.0001 

Villus/crypt ratio  9.69d 10.56bcd 10.83abcd 11.19abc 12.24a 10.02cd 11.38ab 11.18abc 12.31a 0.340 <0.0001 
Jejunum d 21            
Villus Height (mm)  1.118bc 1.204a 1.236a 1.216a 1.116bc 1.051c 1.165ab 1.153ab 1.101bc 0.020 <0.0001 
Crypt Depth (mm) 0.162bc 0.140a 0.168bc 0.157ab 0.182cd 0.193d 0.149ab 0.150ab 0.149ab 0.005 <0.0001 

Villus/crypt ratio  7.47bc 9.11a 7.66bc 7.91bc 7.14c 5.9d 8.18ab 8.16ab 7.76bc 0.240 <0.0001 
Ileum d 21            
Villus Height (mm)  0.660abc 0.641c 0.665abc 0.645bc 0.691a 0.686ab 0.642c 0.626cd 0.586d 0.010 <0.0001 
Crypt Depth (mm) 0.134b 0.111a 0.131b 0.138bc 0.148c 0.140bc 0.127b 0.137bc 0.133b 0.003 <0.0001 

Villus/crypt ratio  5.07bc 5.93a 5.44ab 4.79cd 4.93cd 5.07bc 5.18bc 4.69cd 4.54d 0.120 <0.0001 
a–e Data between treatments in row lacking a common superscript differ significantly (P < 0.05)  
1 Yeast products supplemented at 0.1% of the diet. Mannans = Mannanoligosaccharides, Glucan = β-glucan, Peptide = Yeast peptide 
2Means ± SEM representing 8 birds per diet and 12 measurements per parameter per bird 
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Figure 1: Effect of age and diet on duodenal villi height of Cobb 500 broiler chicks.  Dietary treatments were 1) 

control (C); 2) cell wall (CW, C+0.1% CW); 3) mannanoligosaccharides (M, C+0.1% M); 4) glucans (G, 
C+0.1% G); 5) nucleotides (N, C+0.1% N; 6) peptides (P, C2 + 0.1% P); 7) M+G (C+0.1% M+0.1% G); 8) 
P+N (C2 + 0.1% P+0.1% N); and 9) all products (P+M+G+N, C2+P+0.1% M+0.1% G+0.1% N). Results 
are reported means ± SEM representing 8 birds per diet and 12 measurements per parameter per bird and 
show a two way interaction (P<0.0001) between age and diet.
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Figure 2: Effect of age and diet on duodenal crypt depth of Cobb 500 broiler chicks. Dietary treatments 
were 1) control (C); 2) cell wall (CW, C+0.1% CW); 3) mannanoligosaccharides (M, C+0.1% M); 4) 
glucans (G, C+0.1% G); 5) nucleotides (N, C+0.1% N; 6) peptides (P, C2 + 0.1% P); 7) M+G 
(C+0.1% M+0.1% G); 8) P+N (C2 + 0.1% P+0.1% N); and 9) all products (P+M+G+N, C2+P+0.1% 
M+0.1% G+0.1% N). Results are reported means ± SEM representing 8 birds per diet and 12 
measurements per parameter per bird and show a two way interaction (P<0.0001) between age and 
diet. 
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Figure 3: Effect of age and diet on duodenal villi height to  crypt depth  ratio of Cobb 500 broiler chicks. 

Dietary treatments were 1) control (C); 2) cell wall (CW, C+0.1% CW); 3) mannanoligosaccharides 
(M, C+0.1% M); 4) glucans (G, C+0.1% G); 5) nucleotides (N, C+0.1% N; 6) peptides (P, C2 + 
0.1% P); 7) M+G (C+0.1% M+0.1% G); 8) P+N (C2 + 0.1% P+0.1% N); and 9) all products 
(P+M+G+N, C2+P+0.1% M+0.1% G+0.1% N). Results are reported means ± SEM representing 8 
birds per diet and 12 measurements per parameter per bird and show a two way interaction 
(P=0.033) between age and diet



 

 78 

Figure 4: Effect of age and diet on jejunal villi height of Cobb 500 broiler chicks. Dietary treatments were 
1) control (C); 2) cell wall (CW, C+0.1% CW); 3) mannanoligosaccharides (M, C+0.1% M); 4) 
glucans (G, C+0.1% G); 5) nucleotides (N, C+0.1% N; 6) peptides (P, C2 + 0.1% P); 7) M+G 
(C+0.1% M+0.1% G); 8) P+N (C2 + 0.1% P+0.1% N); and 9) all products (P+M+G+N, 
C2+P+0.1% M+0.1% G+0.1% N). Results are reported means ± SEM representing 8 birds per diet 
and 12 measurements per parameter per bird and show a two way interaction (P<0.0001) between 
age and diet. 
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Figure 5: Effect of age and diet on jejunal crypt depth of Cobb 500 broiler chicks.  Dietary treatments were 
1) control (C); 2) cell wall (CW, C+0.1% CW); 3) mannanoligosaccharides (M, C+0.1% M); 4) 
glucans (G, C+0.1% G); 5) nucleotides (N, C+0.1% N; 6) peptides (P, C2 + 0.1% P); 7) M+G 
(C+0.1% M+0.1% G); 8) P+N (C2 + 0.1% P+0.1% N); and 9) all products (P+M+G+N, C2+P+0.1% 
M+0.1% G+0.1% N). Results are reported means ± SEM representing 8 birds per diet and 12 
measurements per parameter per bird and show a two way interaction (P<0.0001) between age and 
diet. 
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Figure 6: Effect of age and diet on jejunal villi height to  crypt depth  ratio of Cobb 500 broiler chicks.  
Dietary treatments were 1) control (C); 2) cell wall (CW, C+0.1% CW); 3) mannanoligosaccharides 
(M, C+0.1% M); 4) glucans (G, C+0.1% G); 5) nucleotides (N, C+0.1% N; 6) peptides (P, C2 + 0.1% 
P); 7) M+G (C+0.1% M+0.1% G); 8) P+N (C2 + 0.1% P+0.1% N); and 9) all products (P+M+G+N, 
C2+P+0.1% M+0.1% G+0.1% N). Results are reported means ± SEM representing 8 birds per diet 
and 12 measurements per parameter per bird and show a two way interaction (P<0.0001) between age 
and diet. 
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Figure 7: Effect of age and diet on ileal villi height of Cobb 500 broiler chicks. Dietary treatments were 1) 

control (C); 2) cell wall (CW, C+0.1% CW); 3) mannanoligosaccharides (M, C+0.1% M); 4) glucans 
(G, C+0.1% G); 5) nucleotides (N, C+0.1% N; 6) peptides (P, C2 + 0.1% P); 7) M+G (C+0.1% 
M+0.1% G); 8) P+N (C2 + 0.1% P+0.1% N); and 9) all products (P+M+G+N, C2+P+0.1% M+0.1% 
G+0.1% N). Results are reported means ± SEM representing 8 birds per diet and 12 measurements 
per parameter per bird and show a two way interaction (P<0.0001) between age and diet. 
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Figure 8: Effect of age and diet on ileal crypt depth of Cobb 500 broiler chicks. Dietary treatments were 1) 
control (C); 2) cell wall (CW, C+0.1% CW); 3) mannanoligosaccharides (M, C+0.1% M); 4) glucans (G, 
C+0.1% G); 5) nucleotides (N, C+0.1% N; 6) peptides (P, C2 + 0.1% P); 7) M+G (C+0.1% M+0.1% G); 8) 
P+N (C2 + 0.1% P+0.1% N); and 9) all products (P+M+G+N, C2+P+0.1% M+0.1% G+0.1% N). Results 
are reported means ± SEM representing 8 birds per diet and 12 measurements per parameter per bird and 
show a two way interaction (P<0.0001) between age and diet. 
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Figure 9: Effect of age and diet on ileal villi height to  crypt depth  ratio of Cobb 500 broiler chicks. Dietary 
treatments were 1) control (C); 2) cell wall (CW, C+0.1% CW); 3) mannanoligosaccharides (M, 
C+0.1% M); 4) glucans (G, C+0.1% G); 5) nucleotides (N, C+0.1% N; 6) peptides (P, C2 + 0.1% P); 
7) M+G (C+0.1% M+0.1% G); 8) P+N (C2 + 0.1% P+0.1% N); and 9) all products (P+M+G+N, 
C2+P+0.1% M+0.1% G+0.1% N). Results are reported means ± SEM representing 8 birds per diet 
and 12 measurements per parameter per bird and show a two way interaction (P<0.0001) between age 
and diet. 
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ABSTRACT 

Research has shown that gut microflora in obese and normal weight animals 

differs in composition and may be a factor in weight gain. The objectives of these 2 trials 

were to 1) evaluate the effect of feeding cecal droppings collected from heavy weight 

(HW) or low weight (LW) broilers on performance, and 2) to determine if dietary 

supplementation with yeast derivatives would affect growth and gut morphology in 

broilers fed cecal droppings from HW or LW populations. Day-old Cobb 500 broiler 

chicks were given a standard commercial diet and raised to 28 d of age in trial 1 and to 13 

d of age in trial 2.  At either d 28 or d 13, birds in the top 10% and bottom 10% of the 

population based on body weight (BW) were moved into battery cages, and cecal 

droppings were collected for a period of 72 h. Day-old Cobb 500 chicks were split into 

two groups (HW or LW microflora; n=1400/group) and given access to the collected 

droppings for a period of 48 h. After 48 h, chicks from each microflora treatment were 

weighed and placed in floor pens (n=42/pen) and given one of 4 diets. Diets consisted of: 

1) control (C); 2) yeast cell wall (CW), (C+ 0.1% CW); 3) PO24 (C + 0.1% PO24); and 

yeast RNA (C + 0.1% RNA) in trial 1. Diets in trial 2 included: 1) control (C); 2) CW, 

(C+ 0.1% CW); 3) PO24 (C + 0.1% PO24); and mannanoligosaccharides (M) (C + 0.1% 

M), which, when combined with the HW or LW microflora groups, resulted in 8 total 
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treatments (n=8 reps/diet) in each trial. Day 0 indicates the day that birds were started on 

the treatment diets, which followed 48 h of access to cecal droppings.  On d 8 and d 26 

during trial 1 and d 16 and d 28 during trial 2, BW and feed intake were measured.  

Additionally, 1 bird per pen (n=8 treatment) was selected to measure villus height (VH), 

crypt depth (CD), and villus height:crypt depth ratio (VCR) in the duodenum, jejunum, 

and ileum. Cumulatively and during the grower period (d 8 to 26) of trial 1, feed 

conversion was reduced, (P<0.05) and BW was increased (P<0.05) in birds fed the 

control diet compared to the CW or PO24 diets. In trial 2, birds fed the control diet had 

the lowest BW of all treatments on d 16 and d 28. There were no differences in 

performance due to microflora treatments nor were there any performance interactions 

between dietary and microflora treatments for either trial. In both trials there was a cecal 

droppings and diet interaction.  The interaction was most evident in the VH 

measurements. Interactions varied across trial, time and intestinal section. On d 8 of trial 

1, jejunal VH of LW+CW fed birds was significantly (P<0.05) lower than LW+C and 

HW+CW birds.  On d 26 of trial 1, jejunal VH in LW+CW fed birds was significantly 

(P<0.05) higher than LW+C fed birds and not significantly different than HW+CW fed 

birds. Both dietary and cecal dropping main effects were seen in both trials. On d 26, in 

trial 1, in the ileum, VCR of birds on the control diet was less (P<0.05) than that of birds 

on the CW diet. In the jejunum and ileum of the LW birds, VCR was higher (P<0.05) and 

CD was lower (P<0.05) on d 26. These results suggested that in a non-challenge setting, 

early feeding of dietary yeast products affected intestinal morphology and bird 

performance and early feeding of microflora from HW and LW broilers effected 
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intestinal morphology; however, consistent beneficial responses were not seen with either 

treatment. 

Key Words: yeast, bacteria, mannan, glucan, intestine 

INTRODUCTION 

A major goal of production agriculture is to produce high quality products for 

consumers at a reasonable cost.  With the worldwide economy placing increasing 

pressure on lowering costs, a focus for many years in the poultry industry has been to 

increase feed efficiency, which is being achieved through genetics, improved diets, and 

the use of prebiotics and probiotics. The obesity epidemic in humans has lead researchers 

to focus their attention on the microbe-gut interaction.  It has been shown that in obese 

individuals the gut microflora is different than in normal-weight individuals (Ley et al., 

2005).  Obese mice have a 50% reduction in Bacteroidetes compared to lean individuals 

(Ley et al., 2006), and they have a significantly (P<0.001) lower amount of energy 

remaining in their feces than lean individuals (Turnbaugh et al., 2006).  When microbes 

from obese mice were given to germ-free mice, body weight increased over 60% and 

total body fat increased 42% in the germ-free mice (Bäckhed et al., 2004), suggesting that 

obesity is transmissible and impacted by intestinal microflora populations. 

While these studies have not been replicated in poultry, intestinal bacteria are 

known to elicit many beneficial effects. Research has shown that bacteria increase energy 

utilization from the diet (Muramatsu et al., 1991; 1994), which ultimately may help to 

improve growth and reduce feed energy costs as long as bacteria are not competing for 

the same food source as the bird.  Birds raised in sterile conditions, with less microflora 

in the gut, have a reduced intestinal weight and villus height (VH) (Maisonnier et al., 
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2003), indicative of sub-optimal intestinal development.  In addition to benefits with 

intestinal development, immune function is upregulated in response to early 

establishment of bacteria (Kelly et al., 2007).  While bacteria provide many benefits, total 

number of bacterial species within the intestine remain unknown due to the dynamic 

gastrointestinal tract environment.  Bacterial population is dependant on a number of 

factors including substrate preference, location in the intestine, and age of the bird 

(Apajalahti et al., 2004).  

Establishment of beneficial bacteria from adult sources is one method that has 

reduced the colonization of Salmonella sp. and Campylobacter sp. in chicks (Stern et al., 

2001).   As an additional means for establishing beneficial intestinal bacterial 

populations, both prebiotics and probiotics have been consumed for centuries as naturally 

occurring elements in some foods.   In studies done with probiotics, supplementation of 

the diet with Lactobacillus sp. increased body weight (Grimes et al, 2008; Awad et al., 

2009) and reduced Salmonella colonization (Vicente et al., 2008).  Supplementation with 

Lactobacillus sp. and Bifidobacteria has been shown to increase villi length and villus 

height:crypt depth ratio (VCR) (Chichlowski et al, 2007; Rahimi et al., 2009). While still 

beneficial, these studies have only given a few of the many bacterial species to chicks and 

may not maximize performance benefits to the animal.  

Another way to help establish beneficial bacteria is through the use of prebiotics, 

such as yeast derivatives. Products from Saccharomyces cerevisiae, a commonly used 

yeast, improve digestibility and absorption of nutrients while controlling infections by 

enteric pathogens (Gao et al., 2008).  Yeast products have several properties of value to 

the poultry industry.  They are largely indigestible, and they can survive in both an 
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anaerobic and aerobic environment (Line et al., 1998).  Due to these properties, they can 

be fed orally and still be functional in both the small intestine and the ceca of birds.  

Three of the most widely used yeast products are yeast cell wall (CW), 

mannanoligosaccharides, and β-glucans.  

Yeast CW affects both intestinal bacteria and overall intestinal integrity. Dietary 

supplementation with yeast CW allows for greater development of intestinal villi (Gao et 

al., 2008).  Yeast CW has improved jejunal VH and crypt depth (CD) and improved ileal 

VH in the first 3 weeks of age in broilers (Santin et al., 2001; Zhang et al., 2005).  In 

broilers that were orally challenged with either Salmonella or Campylobacter and then 

either fed diets with no yeast, CW at 0.1% of the diet, or CW at 10% of the diet, 

incidence of Salmonella was reduced as a result of the CW supplemented diets from 70% 

to 20% and 5%, respectively. Campylobacter was not significantly different between 

dietary treatments (Line et al., 1998).  

Mannanoligosaccharides, commonly referred to as mannans or MOS, are surface 

polysaccharides that make up less than 20% of yeast CW (Smits et al., 1999).  The MOS 

attach to binding sites on bacteria (Spring et al., 2000) and help remove pathogenic 

bacteria with digesta.  Many enterobacteria have a 40-fold increase in binding affinity for 

oligosaccharides as compared to cell surface glycoproteins (Sharon, 2006). The ability of 

MOS to bind bacteria may be why it has been shown to improve the immune response in 

broiler breeders as well as commercial broilers (Shashidhara and Devegowda, 2003). 

Mannans are different from other prebiotics because they do not directly enhance the 

ability of beneficial bacteria to grow, but they reduce the functionality of pathogenic 

bacteria by preventing binding to intestinal receptors.  
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Beta-glucans are another component of yeast CW, and they can improve bird 

performance as well as the immune response to pathogenic bacteria.  Chae et al. (2006) 

found that β-glucans improved BW and increased immune cell counts in poultry. Beta-

glucans can also alleviate the negative response to enteric diseases.  There are several 

pathogens that commonly affect the poultry gastrointestinal tract such as E. coli, 

Salmonella sp., and Eimeria sp.  Colibacillosis is a localized or systemic infection of E. 

coli and is the most frequent cause of disease condemnations in poultry processing plants.  

In E. coli-infected birds, β-glucans improved feed conversion and overall body weight 

(Huff et al., 2006).  Dietary supplementation of β-glucans was effective in reducing the 

detrimental effects of E. coli at d 7.  However, β-glucan supplementation at d 25 was not 

effective at reducing E. coli pathogenesis.   

Another method to stimulate intestinal development is with nucleotide 

supplementation. This method likely has an impact on intestinal maturation due to the 

high cell turnover rate in the intestine and need for additional nucleotides to aid in 

growth. Nucleotide supplementation has been found to enhance enterocyte maturation in 

juvenile humans and adults (Gil, 2002). When nucleotides were supplemented in the diet 

at 0.8%, VH and CD were increased. The effects were more pronounced in the duodenum 

and proximal jejunum (Uauy et al., 1994).  In weanling pigs fed diets supplemented with 

nucleotides, small intestine weight was greater than the intestinal weight of pigs fed diets 

without nucleotides (Lee et al., 2007).  In rats with chronic diarrhea, nucleotides helped 

restore VCR and increase the number of goblet cells in the epithelium (Bueno et al., 

1994).  Nucleotides not only affect the intestinal morphology, but it’s environment as 

well.  Nucleotides may have a prebiotic-like effect as higher levels of beneficial bacteria, 
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such as Lactobacilli and Bifidobacteria, are found in the intestine of rats when given this 

type of supplementation (Uauy et al., 1994). 

The objective of the current study was to 1) evaluate the effect of feeding cecal 

droppings collected from heavy weight (HW) or low weight (LW) broilers on 

performance and 2) to determine if dietary supplementation with yeast derivatives would 

affect growth and gut morphology in broilers fed the cecal droppings from HW or LW 

populations. 

MATERIALS AND METHODS 

Animal Welfare 

This project was approved and conducted under the guidelines of the Institutional 

Animal Care and Use Committee at Virginia Tech. 

Bird Management and Experimental Design 

 Two trials were conducted to evaluate the effects of cecal droppings and 

hydrolyzed yeast products on performance and intestinal morphology of broilers. 

Seeder Birds 

Two hundred male Cobb 500 broiler chicks in trial 1 and 400 in trial 2 were placed 

in floor pens on fresh pine shavings at day of hatch. Birds were wing banded on d 7 and 

weighed weekly. On d 28 for trial 1 and d 13 for trial 2, birds with body weights in the 

top 10% and bottom 10% of the population were moved and housed in separate Petersime 

battery cages for cecal dropping collection. Birds observed to have stunted growth from 

disease or leg problems were not selected for the lower weight group.  Cecal contents 

were collected for a period of 72 h.   
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Trial Birds 

Trial 1 

For the microflora feeding and yeast derivative evaluation in trial 1,  2,800 male 

Cobb 500 chicks were obtained from a commercial hatchery.  During 4 h transport to 

Virginia Tech, the chicks were placed in plastic totes (n=200/tote) with access to cecal 

droppings from either high weight (HW) or low weight (LW) seeder birds.  Upon arrival 

at Virginia Tech, birds were removed from the totes and placed in 1 of 4 floor pens (n=2 

pens/cecal droppings group) with respect to the cecal contents to which they had been 

given access.  Birds were given ad libitum access to water and cecal droppings for 48 h. 

Fresh cecal droppings were placed in each floor pen every 8 h. During this time, no feed 

was given to the birds. After 48 h, birds were weighed and moved to different floor pens 

where they were given ad libitum access to water and 1of 4 treatment diets. Birds were 

raised to 28 days of age. 

Trial 2 

For trial 2, 2,800 male Cobb 500 chicks were obtained from a commercial hatchery.  

During 4 h transport to Virginia Tech, the chicks were placed in plastic totes (n=200/tote) 

with access to cecal droppings from either HW or LW seeder birds.  Upon arrival at 

Virginia Tech, birds were removed from the totes and placed in 1 of 4 floor pens (n=2 

pens/cecal droppings group) with respect to the cecal droppings to which they had been 

given access. Birds were given ad libitum access to water, control feed, and cecal 

contents from the seeder birds for 48 h.  Fresh cecal contents were allotted into cardboard 

flats every 8 h. After 48 h, birds were weighed and moved to different floor pens where 
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they were given ad libitum access to water and 1of 4 treatment diets.  Birds were raised to 

42 d of age.  

Diets 

Dietary treatments for trial 1 were 1) control (C); 2) cell wall (CW, C+0.1% CW); 

3) P024 a combination of mannans and glucans (C+0.1% P024); and 4) Yeast RNA 

(C+0.1% RNA).  Dietary treatments for trial 2 were 1) control (C); 2) cell wall (CW, 

C+0.1% CW); 3) P024, a combination of mannans and glucans, (C+0.1% P024); and 4) 

mannanoligosaccharides (M, C+0.1% M).  Diets were formulated to meet or exceed 

Cobb 500 nutrient requirements (Table 3.1). For each trial there was a total of 8 

treatments, either HW or LW cecal contents combined with 1 of 4 dietary treatments. 

Performance Parameters 

Trial 1 

In trial 1, body weight (BW) and feed intake (FI) were measured by replicate pens 

for the starter (d 0-8) and grower (d 8-26) feeding periods and cumulatively (d 0-26). In 

trial 2, BW and FI were measured for the starter (d 0-16), grower (d 16-28), and finisher 

(d 28-40) feeding periods and cumulatively (d 0-40).  Day 0 indicates the day that birds 

were stared on the treatment diets, which was following 48 h of access to cecal 

droppings.  From BW and FI, feed conversion adjusted for mortality and BW gain were 

calculated for each period and cumulatively. Mortality was recorded daily throughout the 

trial.  

Histology 

On d 8 and d 26 for trial 1 and d 16 and d 28 for trial 2, one bird per pen (n=8 

birds/treatment) was randomly selected to obtain intestinal samples from the duodenum, 
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jejunum, and ileum.  Birds were weighed, stunned with CO2, then euthanized by cervical 

dislocation. The duodenal samples were taken from the ascending duodenal loop.  Jejunal 

samples were taken midway between the end of the duodenal loop and Meckel’s 

diverticulum. Ileal samples were taken midway between Meckel’s diverticulum and the 

ileo-cecal junction.  All intestinal samples were cut to approximately 1 inch in length.  

Samples were immediately flushed with cold PBS, placed in 10% neutral buffered 

formalin, and stored until they were further processed.  Each fixed tissue was cut into 5 

sections and placed in a cassette.  Tissue sections were processed, embedded in paraffin, 

cut at 7 µm thickness, and placed onto slides by a commercial histology laboratory4. 

Slides were stained using the Alcian Blue Periodic Acid-Schiff (AB-PAS) technique 

(Bancroft and Stevens, 2007).  Measurements of VH (villus tip to crypt opening) and CD 

(crypt opening to the base of the crypt) were made using SigmaScan Pro 5 software5.  

The VH and CD were measured on 3 of the 5 pieces for each intestinal section, with 4 

villi and 4 crypt measurements taken on each of the 3 sections (Morris et al., 2004).  VH 

to CD ratios (VCR) were calculated from these measurements. The average VH, CD, and 

VCR per histological slide were analyzed to obtain treatment means (n=12 

measurements/bird, 10 birds/treatment). 

Statistical Analysis 

Results were analyzed by ANOVA using the general linear models procedure of 

SAS6 software version 9.1.  Differences between cecal contents, diet as well as the 

interaction between cecal contents and diet were compared by the Tukey test following 

ANOVA, and values were considered statistically different at P < 0.05. Results are 
                                                 
4 Histo-Scientific Research Laboratories, Inc. 
5 Olympus America Inc., Melville, NY 
6 SAS institute, Carey, NC 
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reported as least squares means with standard errors. 

RESULTS 

Performance 

There were no performance differences between the HW cecal droppings fed 

group and the LW cecal droppings fed group, nor were there yeast supplementation and 

bacterial source performance interactions in either trial.  There were no cumulative (d 0-

26 or d 0-40) FI differences between diets for either trial (Table 2 and 3), but in trial 2 the 

P024 and mannan fed birds had a higher FI from d 16-28 compared to the control fed 

birds.  In trial 1, the birds fed the control diet had significantly better feed conversion 

(Table 4) than birds fed CW or P024 from d 8-26 and cumulatively.  From d 0-16 in the 

second trial the mannan fed birds had a lower feed conversion than the control or P024 

fed birds (Table 5).  In trial 1 the control fed birds had a heavier BW than the CW and 

P024 fed birds at d 26 (Table 6).  Conversely, in trial 2 the control fed birds had the 

lowest BW of all of the treatment groups on d 16 and d 28 (Table 7).  BW gain was 

similar to BW results in both trials. During the first trial, the control fed birds had a 

higher BW gain than CW of P024 fed birds from d 8-26 and cumulatively (Table 8).  In 

contrast, the control fed birds had the lowest gain from d 0-16 and d 16-28 in the second 

trial (Table 9). Mortality was impacted by cecal dropping main effects and interaction 

between of cecal droppings and diet during the starter period of trial 1 (Table 10).   The 

mortality interaction was evident between the LW+RNA fed birds, which had no 

mortalities, and the HW+RNA fed birds, which had 2.38% loss.  All other groups were 

intermediate to these 2.  On d 28, in trial 2, there was an outbreak of necrotic enteritis in 



 

 95 

the birds, that resulted in high mortality from d 28-40, but mortality was not significantly 

different between treatments (Table 11).  

Intestinal Morphology 

Intestinal morphology was altered by interaction of diet and cecal droppings, as 

well as main effects of these factors in both trials.  On d 8 in trial 1, interaction of diet 

and cecal droppings resulted in differences in VH, CD, and VCR in duodenum, jejunum, 

and ileum with the exception of CD in the duodenum (Table 12).  In the duodenum of 

trial 1 birds on d 8,  birds fed the LW cecal droppings and the CW or RNA diet had 

significantly higher VH than the LW+C fed birds, while the VH in the HW+CW, 

HW+RNA and HW+C fed birds were not significantly different.  There was no 

interaction in the crypts of the duodenum on d 8.  The duodenal VCR of the HW+P024 

fed birds was lower than the HW+C and HW+RNA whereas the VCR of LW+C birds 

was significantly lower than HW+C, which resulted in no significant differences among 

the diet groups in the LW birds.  In the jejunum, the LW+CW and LW+P024 fed birds 

had significantly lower VH than the LW+C birds, but these differences were not seen in 

the HW diet treatments.  The crypts of the HW+CW and HW+RNA fed birds were 

significantly deeper than the LW counterparts and the HW+C fed birds.  The VCR of the 

LW+CW fed birds was higher than in other LW dietary treatments, but this difference 

was not seen in HW groups.  In the ileum in HW birds, CW or P024 resulted in decreased 

VH as compared to control.  The LW+C VH was significantly lower than in HW+C, and 

while no differences were seen with LW+CW or LW+P024, the LW+RNA group had 

lower VH as compared to LW+C.  In addition to the differences in VH, the LW+C group 

had deeper crypts than the HW+C group.  In the HW groups, HW+RNA resulted in 
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deeper crypts compared to the others, while in LW groups, crypts were significantly more 

shallow in birds fed CW or P024.  Corresponding to VH and CD results, VCR was 

significantly greater in HW+C compared to LW+C.  The feeding of RNA in HW birds 

resulted in a decrease in VCR compared to HW+C.  With the lowest VCR in LW+C an 

increased VCR was observed with P024 feeding to LW birds.  

There was no interaction of diet and cecal droppings on the CD of birds on d 26 

of trial 1, but interactions were observed with VH and VCR (Table 13).  The VCR 

changes seen strongly reflect differences in the VH.  Birds fed the HW+CW or 

HW+RNA diets had significantly lower VH than the HW+C birds, whereas all yeast 

derivatives resulted in reduced VH in LW birds compared to LW+C in the duodenum. 

There was no diet and cecal dropping interaction seen in the VCR of the duodenum on d 

26.  In the jejunum, in birds given HW cecal droppings feeding of yeast derivates resulted 

in decreased VH compared to control feeding. The VH in LW+C birds, while 

significantly lower than in HW+C, was improved by CW feeding.  Additionally, the VH 

of LW+P024 fed birds was significantly higher than the HW+P024 fed birds.  The VCR 

in the LW+CW and LW+P024 fed birds was the highest and significantly greater than in 

the LW+C fed birds, while the HW+P024 fed birds had the lowest VCR, which was 

significantly lower than in HW+C.  In the ileum, HW+CW resulted in significantly lower 

VH than did HW+C, but no differences were observed between diets in LW groups.  The 

HW+CW VH was also lower than LW+CW or HW+RNA.  The VCR was increased in 

LW+CW birds compared to LW+C birds, but no differences were seen between dietary 

treatments in HW birds. 
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In the second trial there was once interaction of diet and cecal droppings an 

intestinal morphology.  On d 16 in the duodenum, the VH of HW+CW and HW+mannan 

was higher than HW+C.  The VH of LW+CW was not significantly different than the 

LW+C, but LW+mannan again resulted in increased VH.  There was no treatment 

interaction in the CD or VCR of the duodenum.  In the jejunum, the VH in the LW+CW 

and LW+mannan fed birds was higher than in LW+C but no differences were observed 

with dietary treatments in HW groups.  The crypts were deeper in LW+C compared to 

HW+C, and CW addition to the diet resulted in additional depth.  There were no 

differences in VCR between dietary treatments in HW birds, but the LW+C group had a 

lower VCR than HW+C, which was increased by mannan supplementation.  In the ileum, 

while there were no differences between dietary treatments in HW birds, in LW birds 

addition of P024 or mannans to the diet resulted in increased VH.  Crypts in the ileum 

were deeper in LW+C than in HW+C and yeast derivative addition to the diet of LW 

birds had no effect on CD.  However, addition of CW to HW bird diets resulted in 

increased CD compared to HW+C.  The VCR in LW+P024 fed birds was higher than the 

LW+C, but the VCR in HW+P024 was not significantly different than the HW+C birds. 

On d 28 interactions of diet and cecal droppings were not seen in the VCR or CD 

of the duodenum or jejunum (Table 15) however interactions were observed on VH in all 

3 intestinal sections.  In the duodenum, mannan supplementation in the diets resulted in 

increased VH in HW birds but decreased VH in LW birds.  In the jejunum, yeast 

derivatives in the diet of LW birds resulted in longer villi than the LW+C, but there were 

no differences among the HW+C and HW and yeast fed birds. In the ileum, two of the 

LW and yeast fed groups, LW+CW and LW+P024, increased VH over LW+C, while 
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responses between HW+C and HW with yeast addition were similar. More shallow 

crypts in the ileum were seen in the HW+P024 and HW+M fed birds compared to the 

HW+C and HW+CW fed birds.  No differences in CD were observed with dietary 

treatment in LW birds.  The VCR in the HW+P024 and HW+mannan fed birds was 

higher than in the HW+C and HW+CW fed birds, while no difference in VCR was 

observed between LW+C and LW birds fed yeast derivatives.  

DISCUSSION 

In these trials, the interaction between cecal droppings and dietary yeast 

supplementation was evident in numerous morphological measurements of duodenum, 

jejunum and ileum.  The effects were commonly seen in the VH of intestinal sections.  

Villi project out into the intestinal lumen, and with a larger surface area greater amounts 

of bacteria could interact with villi.  The villi epithelium would also be the location where 

bacteria and yeast derivatives interact. This does not mean that the crypts are not affected.  

If the villi increase enough in length, or undergo increased cell turnover, the crypts 

deepen to increase production of villi epithelial cells.  The VCR of the intestinal sections 

is effected in a similar manner with changes in VH and CD due to cell turnover.  It is 

unclear at this point what caused the interactions between cecal dropping source (HW vs. 

LW birds) and the dietary yeast derivatives. Yeast can act as prebiotics and probiotics.  

Once in the lower intestine, and because they are water soluble and short-chain 

carbohydrates, they are fermented (Cummings and Macfarlane, 2002).  Once fermented, 

prebiotics provide a readily available food source for commensal bacteria.  This effect 

could be seen strongest early in the life of the birds because of the changes in bacterial 

population as birds age. At d 8 of trial 1, LW+CW fed birds had an increase in duodenum 
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VH compared to LW+control fed birds.  HW+control fed birds and HW+CW fed birds 

were not significantly different.  The effect was lost by d 26.  Lactobacillus sp. are used 

in many probiotics and have been shown to be in higher concentrations in obese 

individuals (Ley et al., 2006).  The effects of mannans on bacterial populations have been 

inconsistent.  In some studies, mannans did not change the Lactobacillus populations in 

the ceca of broilers (Spring et al., 2000; Baurahoo et al., 2007a).  In another study, when 

broilers were fed a wheat diet with mannans, Lactobacilli were increased in the ileum and 

ceca (Yang et al; 2008a).  From these studies, it is unclear whether mannans effected 

bacterial populations in the intestine in the current trials.  At d 28 in the duodenum and d 

16 and d 28 in the ileum, there were differences in intestinal morphology of LW and HW 

birds fed the mannan diet. On d 16, the LW+mannan diet improved VH, but on d 28 

HW+mannan fed birds had longer villi.  Beta-glucans, which are part of the CW and 

P024 diets provided in these trials, have been shown to increase Clostridia populations in 

humans after 24 h of supplementation (Hughes et al., 2008).  High viscosity induced β-

glucans increased Lactobacillus sp. in the rat cecum (Snart et al., 2006).  On d 16 in trial 

1, the LW+P024 fed birds had a higher VH than the HW+P024 and LW+C fed birds. 

Bacteria effect the energy metabolism of the body.  This may explain the 

influence of cecal droppings on intestinal morphology.  Gut microflora introduced to 

germ-free mice increased fat storage despite a reduction in feed consumption (Bäckhed et 

al., 2004).  Lactobacillus supplementation has been shown to increase the secretion of 

amylase in the intestine of broilers (Jin et al., 2000).  Cholera toxin upregulated the 

glucose transporter, GLUT1, levels 6 h after exposure in rats (Flach et al., 2004).  These 

reports indicate that bacteria modify digestion and absorption of nutrients in the intestine.  
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While bacteria may digest yeast products, their presence may also increase the body’s 

ability to degrade the yeast products.  This could reduce the effect that yeast products 

have on the intestine over time.  In the first trial on d 8, there were differences in the VH 

of birds given LW cecal populations and diets supplemented with yeast derivatives in the 

duodenum, but no significant differences amongst these groups in the jejunum.  By d 26 

there were no differences in duodenal VH and significant differences in jejunal VH.  In 

the second trial on d 28, though there were differences on d 16, there were no significant 

VH differences in the duodenum or jejunum in the birds given LW cecal populations and 

diet supplemented with yeast derivatives. 

The interaction between cecal droppings and yeast products was not the same in 

the different intestinal sections.  For example, in the jejunum on d 26 of trial 1 and d 28 

of trial 2, LW+CW increased VH over LW+control. On the same days in the duodenum, 

the VH of birds fed  LW+CW was either significantly lower (d 26) or not changed (d 28) 

as compared to LW+control.  Bacteria vary across each intestinal section of broilers 

naturally, and it has been theorized that a host specific factor plays a role in bacterial 

establishment (van der Wielen et al., 2002).  The environment (pH, substrate availability, 

enzyme presence) in each section of the intestine is slightly different from one another, 

and these differences could effect the interaction between the cecal droppings and yeast 

products.  The nutrient availability, which is higher in the duodenum than in the jejunum 

and ileum, could be another factor in differences between sections.   

Based on previous trials, obese individuals have different intestinal bacteria, it 

was expected that birds given access to HW cecal droppings would have an increased 

BW over birds given access to LW cecal droppings.  In infants, those with higher 
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bifidobacterial numbers tend to remain at a normal weight throughout life (Kalliomäki et 

al, 2008).  Bacteroidetes and Firmicutes accounted for over 92% of all bacterial DNA 

sequences in human intestines, with Firmicutes being more abundant in obese individuals 

(Ley et al., 2006).   Microbial communities varied significantly among gut sections in 

broilers, except between the duodenum and jejunum, by as much as 70% between the 

ileum and cecum (Torok et al., 2008).  Lactobacillus sp., a Firmicute, is most abundant 

accounting for nearly 70% of the bacteria in the ileum (Lu et al., 2003; Bjerrum et al., 

2006; Lu and Domingo 2008; Walter, 2008). The cecum, the most bacteria dense area of 

the GI tract, is dominated by Clostridia, accounting for approximately 60% of clone 

sequences (Lu et al., 2003; Bjerrum et al., 2006), whereas Lactobacillus accounted for 

under 10% (Lu and Domingo, 2008).  Cecal contents contain more bacteria than fecal 

contents, but the difference in the amount of Lactobacillus delivered to each bird from 

the HW cecal droppings may not have been enough to change body weight over birds 

given LW cecal droppings.  

Body condition was greatly affected by intestinal bacteria in human and mice 

studies.  Fat stores were greatly increased, and this accounted for much of the body 

weight differences in mice treated with microflora from other obese mice (Bäckhed et al., 

2004).  However, chickens, in comparison to mammals, do not possess a high amount of 

body fat.  The poultry diets, unlike diets in the human studies, are formulated to meet 

growth requirements. In previous Lactobacillus studies, with supplementation starting at 

28 d, abdominal fat deposition was reduced (Kalavathy et al., 2003). Limiting the 

microflora in the gut of broilers increased lipid digestibility (Maisonnier et al., 2003).  

Different bacterial species effect energy metabolism differently (Torok et al., 2007).   
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Due to the required energy for growth and the difference in bacterial strains across 

species this could have an impact on fat deposition. 

Another reason for the lack of difference in performance parameters between 

bacterial treatments may be due to the method of delivery. Because cecal bacteria survive 

best in an anaerobic environment (Denbow, 2000), mixing and exposing the cecal 

droppings to the air before feeding it to the birds may have reduced survivability of the 

commensal bacteria. In previous experiments studying the effects of gut microflora, 

germ-free birds were used as a comparison (Muramatsu 1991; 1994; Maisonnier 2003), 

unlike the current study where the intestine was not treated to ensure a germ free 

environment. Competitive exclusion from bacteria or other naturally occurring microbes 

in the environment may have reduced the ability of beneficial bacteria to establish.  From 

probiotic trials, the Lactobacillus or Bifidobacteria was given as a feed supplement 

(Chichlowski et al, 2007; Awad et al, 2009). Strains resistant to salt, bile and pH have 

been used effectively (Lan et al., 2003). Birds from the current trials were not given 

bacteria mixed into the feed, which may have stabilized the bacteria, or selected resistant 

strains to ensure survival.   

Chicks were supplied with cecal droppings for a period of 48 h to ensure an initial 

exposure to bacteria.  The intestine is a dynamic environment, and bacterial colonization 

changes as the bird ages.  If the initial exposure established a commensal bacterial 

population, there is no indication as to the length of time it remained established.  In 

probiotic studies where intestinal morphology of broilers was effected, treatments were 

fed to the birds for weeks (Kalavathy et al., 2003; Awad et al., 2006; Chichlowski et al., 

2007; Awad et al., 2009).  In several either whole life or multi-week supplementation 
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studies, increases in performance were not seen in birds younger than 21 d of age (Lin et 

al., 1998; Kalavathy et al., 2003; Awad et al., 2009).  When birds were given a single 

probiotic dose, it was intragastrically (Khan et al., 2007).  The single dose of Lactobacilli 

sp. increased BW by d 8 as compared to control fed birds, and this increase was sustained 

through the end of the trial (d 26).  The supplementation in this study for 26 d did not 

produce significant performance differences. 

The seeder birds were different ages when cecal dropping collection started.  This 

could mean that different types of bacteria were given to each set of trial birds as the 

bacterial makeup of the birds is dynamic throughout life.  All the birds were Cobb 500 

and fed the same diets; this should have minimized the impact of dietary and genetic 

factors on differences in growth.  The top seeder birds in trial 1 performed 16% better, 

and in trial 2 birds 10% higher than Cobb 500 growth standards (Data not shown). The 

low weight birds performed at a 30% and 40% reduction from Cobb 500 growth 

standards (Data not shown).  During the first trial, there were no bacterial differences in 

performance, and it was thought that providing bacteria from younger chicks may help it 

establish sooner and have an impact on performance.  In humans, it has been shown that 

differences in bacteria may precede an overweight condition (Kalliomäki et al., 2008).  

That study looked at subjects as infants through 7 years of age.  Therefore, differences in 

bacteria, even at a young age, may lead to BW differences. There may be an unknown 

factor that predisposes animals to certain types of intestinal bacteria, which would impact 

weight gain throughout life. 

In trial 1, the birds were fasted for a period of 48 h while given access to cecal 

droppings.  Fasting was done to ensure that birds would consume cecal droppings.  While 
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it is given that cecal droppings were consumed, the fast may have had unintended 

consequences.  Fasting at any age for a period of 48 h reduces body weight (Geyra et al., 

2001b). Fasting during the first 48 h post-hatch decreased the development of the 

intestine in chicks (Geyra et al., 2001b). This decreased development was demonstrated 

by a reduction in the number of epithelial cells and percentage of proliferating cells in the 

crypt.  The mucin layer thickens in fasted birds (Smirnov et al., 2004), and bacteria have 

been shown to increase mucin production (Deplancke and Gaskins, 2001).  The mucin 

layer acts as a barrier between bacteria and the intestinal lining.  If mucin is being 

upregulated by two different factors, this could limit environmental influence on the 

intestine.  Additionally, the overall weight of the intestine is reduced by 30%, and the 

villus surface area is decreased by over 25% after 72 h of fasting (Genya et al., 2001a).  

Fasting birds in this trial could have also eliminated substrates for bacterial feeding.  

With no substrate to feed off of and an increase in mucin, the bacteria may have been 

flushed out of the intestine, eliminating the opportunity to establish themselves.   

Necrotic enteritis occurred in the second trial but not the first. Clostridia make up 

over 60% of cecal bacteria and a small portion of these, clostridia perfrigens, are the 

cause of necrotic enteritis (Lu et al., 2003; Bjerrum et al., 2006).  Yeast products help the 

growth of commensal bacteria, however, the maximum bacterial population that can be 

obtained through yeast supplementation is not yet known.  This may lead to over-

proliferation of commesal bacteria and thus harm the intestinal environment of the bird.  

It is possible that bacteria in the first trial did not establish or were established in a 

reduced number due to a compromised intestinal environment in part because of a 48 h 

fast.  In the second trial when the fast was eliminated, then establishment of bacteria from 
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cecal droppings may have occurred in greater number. Though there was bacterial 

turnover and changes in overall makeup, the yeast could have increased clostridial 

populations to a level that was harmful to the host, thus causing necrotic enteritis.  

In the first trial, birds fed cecal droppings from HW birds had a longer villus 

length in the jejunum and ileum on d 8.  In trial 2, at d 8, birds fed cecal droppings from 

HW birds had a higher VCR in the jejunum and ileum. Birds with limited gut microflora 

have had a reduction in intestinal development (Maisonnier et al., 2003).  Gut microflora 

increase energy utilization from the diet and thus less is excreted as waste (Turnbaugh et 

al., 2006).  It is possible that the intestinal damage from the fast in the first trial was 

alleviated or reduced by bacteria from HW birds.  By d 26, the CD was more shallow and 

the VCR higher in the jejunum and ileum of birds fed bacteria from LW birds.  On d 28, 

in trial 2, the VCR was still higher in the HW fed birds in the jejunum but not the ileum.  

Despite no differences in BW, this could indicate that bacteria may play different roles in 

the intestine as the chick ages.  Bacteria composition changes with diet and the age of the 

bird (Lu et al., 2008).  Bacteria can be detected as early as 4 hr in the cecum and 24 hr in 

the duodenum and ileum (Rehman et al., 2007). The duodenum has the longest villi at 

hatch as well (Genyra et al., 2001a).  This would maximize the benefits in the duodenum 

early and allow for compensatory gain from the LW fed group later in life. It is 

interesting to note that the changes in morphology are opposite of BW changes with BW 

being effected later.  During establishment of bacteria, yeast may not alter growth, but 

once established then growth can occur.  Bacteria from HW birds could be more 

beneficial to early intestinal development rather than later development.  There could be a 
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compensatory factor that increases intestinal development later in birds fed bacteria from 

LW birds.  

The two trials had differing dietary effects.  In the first trial, the control diet fed 

birds had the highest BW at d 26, whereas at d 16 and d 28 in the second trial the control 

diet fed birds had the lowest. There were no significant differences in feed consumption 

in the first trial, which reduces the possibility that simple increases in consumption or 

palatability differences were the reason for the increase in body weight.  This may be 

indicative of the amount of time that it takes yeast to act on the bird.  In previous studies, 

yeast products did not effect BW until d 15 (Nollet et al., 2007) or d 21 (Santin et al., 

2001).  On d 16 in the second trial, the mannan diet improved VH in all 3 sections at d 

16.  The mannan fed birds also had the highest BW at d 16.  Yeast products may take 

around 2 weeks until their effects are manifested in the bird.  It is not clear whether this is 

an age related effect or whether 2 weeks of supplementation changes the intestinal 

environment enough to see significant effects.  Glucans, MOS and CW have been shown 

to improve performance in poultry during a challenge setting (Santin et al., 2001; Gil de 

los Santos et al., 2005; Huff et al., 2006).  MOS increases energy utilization and increases 

the amount of Lactobacillus sp.  in poultry (Yang et al., 2008a; 2008b).   Yeast products 

are also immunomodulators, activating the immune system even without a disease 

challenge (Lowry et al., 2005; Chae et al., 2005; Gao et al., 2008).  During the first trial 

when there were no signs of disease, energy that could be used for growth may have gone 

towards immune function.  During the second trial, there may have been a subclinical 

infection not present in the first trial that led to necrotic enteritis.  If this were the case, 

then the beneficial effects of yeast products are likely to be more pronounced in birds 
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with a greater concentration of pathogenic bacteria.  This would explain why the control 

group in the second trial had the lowest BW on d 16 and d 28.   

The dietary products contained various levels of mannanoligosaccharides.  In the 

second trial, the CW product contained 27% mannans, the P024 product diet contained 

13%, and the mannan product contained 35% mannans. Even though CW had a higher 

percentage of mannans than P024, it is not an extracted form which is more accessible to 

the body. There might be an overall mannan effect on the bird.  In a previous broiler 

study, mannans increased apparent metabolisable energy of diets (Yang et al., 2008b). 

There could also be a cecal contents and mannan interaction.  Bacteria in the intestine can 

ferment carbohydrates for a food source.  It is unclear from previous studies how much 

yeast should be supplemented in the diet to alter performance. 

Even though the yeast products were of different varieties, there were no 

significant differences in performance in birds fed the yeast products.  The morphological 

differences were more pronounced early in life and seen mainly in the VH and VCR of 

the intestinal sections.  This again suggests a limited time of effectiveness of yeast 

products which may differ between sections. The decreased effects with age were more 

pronounced in the duodenum where there were no morphological differences on d 26 for 

trial 1 or d 28 for trial 2.  The CW diet contained the ingredients in the P024, RNA, and 

mannan diets, just in a bound form.  Supplementation of CW benefited the jejunum in 

trial 1 but reduced the VCR compared to the P024 fed birds on d 16 of trial 2.  The P024 

contains both mannans and glucans, which was beneficial to all 3 intestinal sections 

during trial 2.  Glucans have an immunostimulatory effect (Lowry et al., 2005).  If freed 

from the CW, glucans would be more accessible to the body.  In a challenge setting this 
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would be a benefit, whereas in a non-challenge setting stimulating the immune response 

could be destructive to the body.  The effects of the RNA diet were seen in the 

duodenum, which is to be expected as free RNA is readily absorbed and incorporated into 

the body (Uauy et al., 1994).  In the duodenum is where much of nutrient absorption 

takes place.  In the dynamic environment of the intestine, the accessibility of largely 

indigestible yeast products could yield various effects across time and intestinal sections.  

In conclusion, direct fed cecal droppings from adult birds did not have an effect 

on the performance of birds.  After a fast, yeast products were not advantageous to 

growth.  In a non-fast, challenge setting, yeast products improved performance in 

broilers.  
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Table 1. Composition and nutrient content of the basal diet for each feeding phase during 
2 broiler trials1  

Diet Trial 1 
Starter 

Trial 1 
Grower 

Trial 2 
Starter 

Trial 2 
Grower 

Trial 2 
Finisher 

% of Diet 
Corn 57.16 54.50 56.11  57.75  62.85 

Biproduct meal 3.00 3.00 3.00  3.00  7.00 

Soybean meal 30.00 29.08 30.43  25.23  15.29 
DDGS1 5.00 8.00 5.00  8.00  10.00 

Poultry Fat 1.86 2.81 2.13  3.03  2.64 
Salt 0.21 0.1 0.36  0.29  0.28 

DL Methionine 0.25 0.11 0.25  0.17  0.11 
Lysine HCl 0.20 0.05 0.18  0.20  0.18 
Limestone 0.56 0.78 1.00  1.10  0.85 

Dicalcium phosphate 1.56 0.98 1.33  1.00  0.55 

Vitamin premix2 0.10 0.10 0.10  0.10  0.10 

Trace Mineral Premix3 0.10 0.10 0.10  0.10  0.10 
Nutrients      

Crude protein % 22.62 22.57 22.00  20.50  19.00 

Poult ME kcal/kg 3,060 3,100 3045  3120  3175 
Fat % 5.33 6.43 4.905  6.066  6.396 

    1 DDGS = Dried Distiller’s Grain 
    2 Vitamin premix (content per kilogram of diet):Vitamin A, 8,818,400 I.U.; Vitamin 
D3, 2,645,520 I.C.U.; Vitamin E, 22,046 I.U.;Vitamin B12, 26mg; Riboflavin, 8,818 mg; 
Niacin, 88,184 mg; d-Pantothenic Acid, 22,046 mg; Vitamin K, 2,646 mg; Folic Acid, 
2,205 mg; Vitamin B6, 4,339 mg; Thiamine,3,732 mg; d-Biotin, 220 mg 
   3Trace mineral premix (% of mix) Calcium minimum 7.090% Calcium maximum 
8.505% Zinc minimum 21.000% Manganese minimum 12.000% Iron minimum 4.000% 
Copper minimum 2.000% Iodine minimum 3,000 ppm Cobalt minimum 50 ppm 
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Table 2. Feed intake of broilers given cecal droppings from adult birds and diets with or 
without yeast extract over 26 days (trial 1) 

 Feed Intake (g/bird)6 
 d 0-8 d 8-26 d 0-26 

Diet and Cecal 
droppings3    

HW1+ control 229 1801.5 2030.5 
HW+ CW 225.1 1854 2079.1 
HW+ P024 223.5 1839.8 2063.2 
HW+ RNA 225.4 1859.2 2084.6 

LW2+ control 225 1797.9 2022.9 
LW+ CW 228.1 1870.9 2099 
LW+ P024 227.8 1804.3 2032.1 
LW+ RNA 225.3 1814.4 2038 

SEM 2.9 28.6 29.9 
P-value 0.439 0.686 0.705 
Diets4    

Control 227.6 1796 2023.6 
CW 226.6 1862.4 2089 
P024 224.7 1822.3 2047 
RNA 225.4 1827.9 2053.3 
SEM 2.1 20.2 21.2 

P-value 0.828 0.179 0.218 
Cecal droppings5    

HW 225.6 1838.6 2064.4 
LW 226.1 1821.7 2048 

SEM 1.5 14.3 15.0 
P-value 0.852 0.411 0.442 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either height weight or low weight 
adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% 
of the diet  
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
6 Feed intake using the number of birds present at the end of the period 
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Table 3. Feed intake of broilers given cecal droppings from adult birds and diets with or 
without yeast extract over 40 days (trial 2) 

 Feed Intake (g/bird)6 
 d 0-16 d 16-28 d 28-40 d 0-40 

Diet and Cecal 
droppings3    

 

HW1+ control 779.86 1673.1 2101.4 4554.36 
HW+ CW 793.39 1669.79 2015.39 4478.57 
HW+ P024 80.51 1728.28 2042.1 4577.89 

HW+ Mannan 779.57 1693.84 2005.97 4479.37 
LW2+ control 788.45 1633.46 2009.53 4431.4 

LW+ CW 796.48 1695.59 2039.99 432.06 
LW+ P024 802.98 1704.13 2004.31 4511.43 

LW+ Mannan 789.79 1699.46 2086.07 4575.31 
SEM 8.28 15.33 43.04 51.84 

P-value 0.809 0.151 0.223 0.134 
Diets4     

Control 784.15 1653.28b 2055.46 4492.9 
CW 794.93 1682.69ab 2027.69 4505.31 
P024 805.25 1716.2a 2023.21 4544.66 

Mannan 784.68 1696.65a 2046.02 4527.34 
SEM 5.86 10.84 30.43 36.66 

P-value 0.043 0.001 0.861 0.758 
Cecal droppings5     

HW 790.08 1691.25 2041.21 4522.55 
LW 794.42 1683.16 2034.97 4512.56 

SEM 4.14 7.67 21.52 25.92 
P-value 0.462 0.459 0.838 0.786 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight 
adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% 
of the diet  
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
6 Feed intake using the number of birds present at the end of the period 
a–b Means within a column with no common superscripts differ significantly (P < 0.05) 
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Table 4. Feed conversion of broilers given cecal droppings from adult birds and diets 
with or without yeast extract over 26 days (trial 1) 

 Feed Conversion (g feed/ g gain)6 
 d 0-8 d 8-26 d 0-26 

Diet and Cecal 
droppings3    

HW1+ control 1.27 1.49 1.46 
HW+ CW 1.28 1.60 1.55 
HW+ P024 1.24 1.61 1.56 
HW+ RNA 1.25 1.57 1.53 

LW2+ control 1.25 1.53 1.49 
LW+ CW 1.25 1.63 1.57 
LW+ P024 1.26 1.56 1.52 
LW+ RNA 1.25 1.55 1.50 

SEM 0.02 0.02 0.02 
P-value 0.395 0.187 0.278 
Diets4    

Control 1.25 1.51a 1.47a 
CW 1.27 1.61b 1.56b 
P024 1.23 1.58b 1.53b 
RNA 1.26 1.56ab 1.51ab 
SEM 0.01 0.02 0.01 

P-value 0.593 0.0004 0.0006 
Cecal droppings5    

HW 1.26 1.57 1.53 
LW 1.25 1.57 1.52 

SEM 0.01 0.01 0.01 
P-value 0.551 0.934 0.871 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight 
adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% 
of the diet  
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
6 Feed intake using the number of birds present at the end of the period 
a–b Means within a column with no common superscripts differ significantly (P < 0.05) 
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Table 5. Feed conversion of broilers given cecal droppings from adult birds and diets 
with or without yeast extract over 40 days (trial 2) 

 Feed Conversion (g feed/ g gain)6 
 d 0-16 d 16-28 d 28-40 d 0-40 

Diet and Cecal 
droppings3    

 

HW1+ control 1.31 1.52 1.92 1.63 
HW+ CW 1.30 1.51 1.88 1.60 
HW+ P024 1.30 1.50 1.98 1.63 

HW+ Mannan 1.27 1.51 1.88 1.59 
LW2+ control 1.34 1.51 1.76 1.58 

LW+ CW 1.30 1.51 1.91 1.61 
LW+ P024 1.31 1.52 1.85 1.60 

LW+ Mannan 1.28 1.51 1.92 1.51 
SEM 0.01 0.01 0.05 0.02 

P-value 0.673 0.708 0.113 0.190 
Diets4     

Control 1.32b 1.52 1.84 1.60 
CW 1.30ab 1.51 1.89 1.61 
P024 1.31b 1.51 1.92 1.62 

Mannan 1.27a 1.51 1.90 1.60 
SEM 0.01 0.01 0.04 0.01 

P-value 0.0004 0.797 0.458 0.892 
Cecal droppings5     

HW 1.3 1.51 1.91 1.62 
LW 1.31 1.51 1.86 1.60 

SEM 0.01 0.01 0.02 0.01 
P-value 0.234 0.683 0.138 0.254 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight 
adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% 
of the diet  
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
6 Feed intake using the number of birds present at the end of the period 
a–b Means within a column with no common superscripts differ significantly (P < 0.05) 
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Table 6. Body weight of broilers given cecal droppings from adult birds and diets with or 
without yeast extract over 26 days (trial 1) 

 Body Weight (g/bird) 
 d 0 d 8 d 26 

Diet and Cecal 
droppings3    

HW1+ control 41.8 221.5 1431.6  
HW+ CW 41.7 218.4 1381.7  
HW+ P024 41.5 222.3 1365.4  
HW+ RNA 41.7 221.9 1403.7  

LW2+ control 41.6 221.3 1398.9  
LW+ CW 41.7 223.9 1376.7  
LW+ P024 41.7 222.5 1379.0  
LW+ RNA 41.4 221 1392.7  

SEM 0.2 1.6 11.8 
P-value 0.435 0.168 0.286 
Diets4    

Control 41.7 221.4 1415.2 a 
CW 41.7 221.1 1378.7 b 
P024 41.6 222.4 1372.2 b 
RNA 41.6 221.5 1398.2 ab 
SEM 0.1 1.1 8.4 

P-value 0.736 0.866 0.002 
Cecal droppings5    

HW 41.7 221.1 1395.6 
LW 41.6 222.1 1386.6 

SEM 0.1 0.8 6.0 
P-value 0.409 0.322 0.283 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight 
adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% 
of the diet  
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
a–b Means within a column with no common superscripts differ significantly (P < 0.05) 
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Table 7. Body weight of broilers given cecal droppings from adult birds and diets with or 
without yeast extract over 40 days (trial 2) 

 Body Weight (g/bird) 
 d 0 d 16 d 28 d 40 

Diet and Cecal 
droppings3    

 

HW1+ control 58.8 653.3  1753.4  2851.9 
HW+ CW 60 669.7  1776.6  2852.9 
HW+ P024 60.6 680.3  1829.7  2866 

HW+ Mannans 59.8 674.6  1799.7  2870.1 
LW2+ control 60 649.5  1729.5  2873.7 

LW+ CW 60.7 673.3  1794.2  2875 
LW+ P024 60.3 673.9  1794.4  2881.7 

LW+ Mannans 59.5 677.8  1806.1 2898.7 
SEM 0.4 5.0 12.2 34.0 

P-value 0.186 0.680 0.111 0.998 
Diets4     

Control 59.4 651.4 b 1741.5 b 2863.8 
CW 60.4 671.5 a 1785.4 a 2863.2 
P024 60.4 677.1 a 1812.1 a 2873.8 

Mannans 59.7 676.2 a 1803.0 a 2884.4 
SEM 0.3 3.6 8.6 24.0 

P-value 0.070 <0.0001 <0.0001 0.908 
Cecal droppings5     

HW 59.8 669.5 1789.8 2860.2 
LW 60.1 668.7 1781.1 2881.9 

SEM 0.2 2.5 6.1 17.0 
P-value 0.296 0.812 0.313 0.371 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight 
adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% 
of the diet  
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
a–b Means within a column with no common superscripts differ significantly (P < 0.05)
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Table 8. Body weight gain of broilers given cecal droppings from adult birds and diets 
with or without yeast extract over 26 days (trial 1). 

 Body Weight Gain (g/bird) 
 d 0-8 d 8-26 d 0-26 

Diet and Cecal 
droppings3    

HW1+ control 179.7 1210.0 1389.8 
HW+ CW 176.7 1163.3 1340.0 
HW+ P024 180.9 1143.0 1324.0 
HW+ RNA 180.2 1181.7 1362.0 

LW2+ control 179.7 1177.5 1357.2 
LW+ CW 182.2 1151.7 1334.0 
LW+ P024 180.8 1156.5 1337.3 
LW+ RNA 179.6 1171.7 1351.3 

SEM 1.5 11.2 11.8 
P-value 0.154 0.254 0.292 
Diets4    

Control 179.7 1193.8a 1373.5a 
CW 179.5 1157.5b 1337.0b 
P024 180.9 1149.8b 1330.6b 
RNA 179.9 1176.7ab 1356.6ab 
SEM 1.0 8.0 8.3 

P-value 0.808 0.001 0.002 
Cecal droppings5    

HW 179.4 1174.5 1353.9 
LW 180.6 1164.3 1345 

SEM 1.0 5.6 5.9 
P-value 0.26 0.206 0.288 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight 
adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% 
of the diet  
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
a–b Means within a column with no common superscripts differ significantly (P < 0.05) 
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Table 9. Body weight gain of broilers given cecal droppings from adult birds and diets 
with or without yeast extract over 40 days (trial 2) 

 Body Weight Gain (g/bird) 
 d 0-16 d 16-28 d 28-40 d 0-40 

Diet and Cecal 
droppings3    

 

HW1+ control 594.5 1100.0 1098.5 2793.1 
HW+ CW 609.7 1106.9 1076.2 2792.9 
HW+ P024 619.8 1149.3 1036.3 2805.4 

HW+ Mannans 614.8 1125.0 1070.5 2810.3 
LW2+ control 589.4 1080.0 1144.2 2813.7 

LW+ CW 612.6 1120.9 1079.3 2812.8 
LW+ P024 613.7 1120.5 1087.3 2821.5 

LW+ Mannans 618.3 1128.3 1092.5 2839.2 
SEM 4.9 9.8 30.8 33.9 

P-value 0.732 0.117 0.854 0.998 
Diets4     

Control 592.0b 1090.0b 1121.3 2803.4 
CW 611.1a 1113.9ab 1077.8 2802.8 
P024 616.6a 1126.7a 1081.5 2824.7 

Mannans 616.7a 1134.9a 1061.8 2813.4 
SEM 3.4 7.0 22.0 24.0 

P-value <0.0001 0.0002 0.267 0.906 
Cecal droppings5     

HW 609.7 1120.3 1070.4 2800.3 
LW 609.7 1112.4 1100.8 2821.8 

SEM 2.4 4.9 15.4 16.9 
P-value 0.647 0.260 0.168 0.376 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight 
adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% 
of the diet  
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
a–b Means within a column with no common superscripts differ significantly (P < 0.05)
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Table 10. Mortality of broilers given cecal droppings from adult birds and diets with or 
without yeast extract over 26 days (trial 1) 

 Mortality6 (%) 
 d 0-8 d 8-26 d 0-26 

Diet and Cecal 
droppings3    

HW1+ control 0.34ab 0.68 1.02 
HW+ CW 1.49ab 1.21 2.7 
HW+ P024 1.02ab 2.10 3.1 
HW+ RNA 2.38b 1.21 3.6 

LW2+ control 0.89ab 0.61 1.5 
LW+ CW 0.30ab 0.91 1.2 
LW+ P024 0.89ab 0.91 1.8 
LW+ RNA 0a 1.7 1.7 

SEM 0.5 0.7 0.9 
P-value 0.038 0.662 0.561 
Diets4    

Control 0.62 0.65 1.26 
CW 0.89 1.06 1.95 
P024 0.96 1.5 2.46 
RNA 1.19 1.46 1.65 
SEM 0.1 0.48 0.63 

P-value 0.683 0.583 0.412 
Cecal droppings5    

HW 1.31b 1.3 2.61 
LW 0.52a 1.03 1.55 

SEM 0.26 0.34 0.45 
P-value 0.035 0.572 0.967 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight 
adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% 
of the diet 
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
6 Mortality as a percentage of total birds during the beginning of the period 
a–b Means within a column with no common superscripts differ significantly (P < 0.05)
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Table 11. Mortality of broilers given cecal droppings from adult birds and diets with or 
without yeast extract over 40 days (trial 2) 

 Mortality6 (%) 
 d 0-16 d 16-28 d 28-40 d 0-40 

Diet and Cecal 
droppings3    

 

HW1+ control 1.45 0.88 18.29 20.63 
HW+ CW 1.74 0 18.59 20.33 
HW+ P024 1.74 0.6 24.27 26.6 

HW+ Mannans 2.61 0.31 25.65 28.58 
LW2+ control 2.03 0 23.34 25.38 

LW+ CW 2.03 0.3 20.5 2284 
LW+ P024 1.74 0.9 20.54 22.57 

LW+ Mannans 2.03 0.6 22.76 25.4 
SEM 0.5 0.31 2.96 3.19 

P-value 0.731 0.262 0.358 0.362 
Diets4     

Control 1.74 0.44 20.81 23 
CW 1.89 0.15 19.55 21.58 
P024 1.89 0.6 23.51 26 

Mannans 2.18 0.3 23.1 25.57 
SEM 0.49 0.22 2.09 2.26 

P-value 0.936 0.512 0.493 0.461 
Cecal droppings5     

HW 1.89 0.45 21.7 24.04 
LW 1.96 0.3 21.79 24.05 

SEM 0.15 0.15 1.48 1.6 
P-value 0.882 0.493 0.966 0.996 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight 
adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% 
of the diet 
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
6 Mortality as a percentage of total birds during the beginning of the period 
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Table 12. Intestinal morphology of broilers given cecal droppings from adult birds and diets with or without yeast extract on d 8 (trial 1) 
 Intestinal Section 
 Duodenum Jejunum Ileum 
 VH CD VCR VH CD VCR VH CD VCR 

Diet and Cecal 
droppings3 

         

HW1+ control 1.661bc 0.156 11.013a 0.857abc 0.174a 5.093b 0.578a 0.154ab 3.912a 
HW+ CW 1.643bc 0.168 10.082ab 0.882a 0.188bc 4.816bc 0.516c 0.146a 3.620abc 
HW+ P024 1.545c 0.164 9.821b 0.855abc 0.188c 4.633bc 0.537bc 0.156bc 3.638abc 
HW+ RNA 1.661bc 0.156 10.935a 0.831bc 0.175ab 4.869bc 0.598a 0.172d 3.569bc 

LW2+ control 1.607c 0.166 9.981b 0.875ab 0.181abc 4.965bc 0.551b 0.168cd 3.383c 
LW+ CW 1.791a 0.181 10.176ab 0.822c 0.170a 5.488a 0.534bc 0.148a 3.721abc 
LW+ P024 1.644bc 0.179 9.651b 0.790c 0.171a 4.781bc 0.534bc 0.145a 3.853ab 
LW+ RNA 1.729ab 0.172 10.567ab 0.834abc 0.189c 4.556c 0.543bc 0.164bcd 3.440c 

SEM 0.029 0.004 0.234 0.012 0.003 0.112  0.006 0.003 0.081 
P-value 0.004 0.874 0.082 0.0003 <0.0001 0.0001 <0.0001 0.0004 <0.0001 
Diets4          

Control 1.634bc 0.161a 10.497ab 0.866a 0.177 5.029a 0.564a 0.161b 3.648ab 

CW 1.717a 0.175b 10.129bc 0.852ab 0.179 5.152a 0.525b 0.147a 3.671ab 

P024 1.595c 0.171ab 9.736c 0.823b 0.179 4.707b 0.536b 0.150a 3.746a 

RNA 1.695ab 0.164ab 10.751a 0.833b 0.182 4.713b 0.571a 0.168b 3.504b 

SEM 0.021 0.003 0.161 0.008 0.002 0.079 0.004 0.002 0.057 
P-value <0.0001 0.005 <0.0001 0.001 0.613 <0.0001 <0.0001 <0.0001 0.026 

Cecal droppings5          
HW 1.627b 0.161a 10.463a 0.856a 0.181 4.850 0.557a 0.157 3.685 
LW 1.693a 0.175b 10.094b 0.830b 0.178 4.948 0.540b 0.156 3.600 

SEM 0.014 0.002 0.113 0.006 0.002 0.056 0.003 0.002 0.040 
P-value 0.0012 <0.0001 0.023 0.002 0.159 0.236 0.0002 0.731 0.136 

1HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight adult birds and diets with or without yeast extract. Yeast products 
supplemented at 0.1% of the diet 
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
a–c Means within a column with no common superscripts differ significantly (P < 0.05) 
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Table 13 Intestinal morphology of broilers given cecal droppings from adult birds and diets with or without yeast extract on d 26 (trial 1). 
 Intestinal Section 

 Duodenum Jejunum Ileum 
 VH CD VCR VH CD VCR VH CD VCR 

Diet and Cecal droppings3          
HW1+ control 2.346a 0.171 14.508 1.569a 0.147 10.851ab 0.979a 0.152 6.666b 

HW+ CW 2.205c 0.155 14.695 1.458bc 0.144 10.408abc 0.890b 0.140 6.541b 

HW+ P024 2.326ab 0.16 14.374 1.347d 0.142 9.805c 0.922ab 0.147 6.408b 

HW+ RNA 2.156c 0.160 13.876 1.458bc 0.136 11.066ab 0.971a 0.146 6.817b 

LW2+ control 2.373a 0.165 14.837 1.405cd 0.140 10.344bc 0.922ab 0.146 6.520b 

LW+ CW 2.199c 0.162 14.245 1.550ab 0.140 11.391a 0.957a 0.132 7.476a 

LW+ P024 2.160c 0.161 13.893 1.475abc 0.132 11.376a 0.925ab 0.137 6.962ab 

LW+ RNA 2.234bc 0.161 14.546 1.422cd 0.138 10.602abc 0.938ab 0.141 6.851ab 

SEM 0.024 0.003 0.324 0.024 0.003 0.238 0.014 0.003 0.146 
P-value <0.0001 0.277 0.189 <0.0001 0.194 <0.0001 <0.0001 0.828 0.0007 
Diets4          

Control 2.359a 0.168b 14.672 1.487ab 0.144 10.597 0.951 0.149b 6.593b 

CW 2.202b 0.158a 14.470 1.504a 0.142 10.900 0.924 0.136a 7.008a 

P024 2.243b 0.163ab 14.133 1.411c 0.137 10.591 0.923 0.142ab 6.685ab 

RNA 2.195b 0.160ab 14.211 1.440bc 0.137 10.834 0.955 0.143ab 6.834ab 

SEM 0.017 0.002 0.231 0.017 0.002 0.171 0.010 0.002 0.103 
P-value <0.0001 0.031 0.326 0.0002 0.0292 0.481 0.033 0.0002 0.022 

Cecal droppings5          
HW 2.258 0.163 14.363 1.458 0.142b 10.532b 0.941 0.146b 6.608b 

LW 2.241 0.162 14.380 1.463 0.138a 10.928a 0.936 0.139a 6.952a 

SEM 0.012 0.002 0.162 0.012 0.001 0.120 0.007 0.001 0.073 
P-value 0.307 0.723 0.94 0.657 0.012 0.019 0.621 0.0002 0.0009 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight adult birds and diets with or without yeast extract. Yeast products 
supplemented at 0.1% of the diet 
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
a–c Means within a column with no common superscripts differ significantly (P < 0.05)
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Table 14. Intestinal morphology of broilers given cecal droppings from adult birds and diets with or without yeast extract on d 16 (trial 2) 
 Intestinal Section 
 Duodenum Jejunum Ileum 
 VH CD VCR VH CD VCR VH CD VCR 

Diet and Cecal droppings3          

HW1+ control 2.073d 0.163 13.126 1.375ab 0.138a 10.283a 0.815c 0.155ab 5.445abc 

HW+ CW 2.197bc 0.160 14.183 1.354abc 0.147ab 9.460abc 0.854abc 0.172cd 5.299bc 

HW+ P024 2.133cd 0.165 13.213 1.328abc  0.148ab 9.372abc 0.842bc 0.157bc 5.497ab 

HW+ Mannans 2.235b 0.160 14.370 1.417a 0.152abc 9.747ab 0.804c 0.142a 5.955a 

LW2+ control 2.218bc 0.180 12.863 1.285bc 0.156bc 8.562cd 0.822c 0.172cd 4.929c 

LW+ CW 2.174bc 0.163 13.768 1.379a 0.168c 7.996d 0.823c 0.160bcd 5.264bc 

LW+ P024 2.202bc 0.169 13.490 1.281c  0.150ab 8.888bcd 0.897ab 0.164bcd 5.571ab 

LW+ Mannans 2.335a 0.173 13.912 1.422a 0.154bc 9.599ab 0.911a 0.174d 5.457abc 

SEM 0.024 0.003 0.289 0.022 0.003 0.231 0.015 0.004 0.130 
P-value 0.004 0.060 0.550 0.040 0.009 0.001 <0.0001 <0.0001 0.042 
Diets4          

Control 2.146b 0.171b 12.994c 1.330bc 0.147a 9.422a 0.819b 0.164 5.187b 

CW 2.185b 0.161a 13.976ab 1.367ab 0.157b 8.728b 0.838ab 0.166 5.281ab 

P024 2.167b 0.167ab 13.351bc 1.305c 0.149ab 9.130ab 0.870a 0.161 5.534a 

Mannans 2.285a 0.166ab 14.141a 1.420a 0.153ab 9.673a 0.857a 0.158 5.706a 

SEM 0.017 0.002 0.203 0.015 0.003 0.161 0.011 0.003 0.094 
P-value <0.0001 0.016 0.0001 <0.0001 0.014 0.0005 0.0052 0.180 0.0002 

Cecal droppings5          
HW 2.159b 0.162a 13.723 1.369 0.146a 9.716a 0.829b 0.157a 5.549a 

LW 2.232a 0.171b 13.508 1.342 0.157b 8.761b 0.863a 0.168b 5.305b 

SEM 0.012 0.002 0.143 0.011 0.002 0.117 0.007 0.002 0.065 
P-value <0.0001 <0.0001 0.290 0.091 <0.0001 <0.0001 0.001 <0.0001 0.009 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
a–d Means within a column with no common superscripts differ significantly (P < 0.05)
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Table 15. Intestinal morphology of broilers given cecal droppings from adult birds and diets with or without yeast extract on d 28 (trial 2) 
 Intestinal Section 
 Duodenum Jejunum Ileum 
 VH CD VCR VH CD VCR VH CD VCR 

Diet and Cecal droppings3 
         

HW1+ control 2.528bc 0.154 17.095 1.710ab 0.149 11.908 1.080ab 0.172d 6.421b 

HW+ CW 2.625ab 0.154 17.881 1.716a 0.152 11.638 1.063ab 0.169cd 6.515b 

HW+ P024 2.498c 0.147 17.527 1.793a 0.151 12.286 1.031abc 0.146a 7.277a 

HW+ Mannans 2.679a 0.153 18.256 1.727a 0.149 12.005 1.086a 0.153ab 7.291a 

LW2+ control 2.623ab 0.152 18.025 1.622b 0.149 11.176 1.026bc 0.155abc 6.828ab 

LW+ CW 2.514bc 0.154 16.976 1.775a 0.155 11.801 1.084a 0.165bcd 6.793ab 

LW+ P024 2.593abc 0.158 16.978 1.719a 0.152 11.708 1.089a 0.162abcd 7.034ab 

LW+ Mannans 2.489c 0.153 17.038 1.731a 0.160 11.374 0.984c 0.153ab 6.617ab 

SEM 0.027 0.003 0.421 0.023 0.003 0.272 0.014 0.003 0.150 
P-value <0.0001 0.160 0.050 0.002 0.428 0.276 <0.0001 <0.0001 0.001 
Diets4          

Control 2.576 0.153 17.560 1.666b 0.149 11.542 1.053ab 0.164b 6.624b 

CW 2.569 0.154 17.428 1.746a 0.154 11.720 1.073a 0.167b 6.654b 

P024 2.546 0.153 17.252 1.756a 0.151 11.997 1.060b 0.154a 7.155a 

Mannans 2.584 0.153 17.647 1.729a 0.155 11.689 1.035b 0.153a 6.954ab 
SEM 0.019 0.002 0.296 0.016 0.002 0.186 0.010 0.002 0.106 

P-value 0.474 0.992 0.782 0.0004 .361 .349 0.049 <0.0001 0.0008 
Cecal droppings5          

HW 2.583 0.152 17.690 1.736 0.150 11.959a 1.065a 0.160 6.876 
LW 2.555 0.154 17.254 1.712 0.154 11.515b 1.046b 0.159 6.818 

SEM 0.013 0.002 0.208 0.011 0.002 0.130 0.007 0.002 0.075 
P-value 0.131 0.231 0.256 0.109 0.115 0.015 0.040 0.652 0.589 

1 HW= birds were fed cecal droppings from high weight adult birds 
2 LW=birds were fed cecal droppings from low weight adult birds 
3 Effects of the combination of cecal droppings from either high weight or low weight adult birds and diets with or without yeast extract. Yeast products supplemented at 0.1% of 
the diet 
4 Effects of diets with or without yeast extract. Yeast products supplemented at 0.1% of the diet 
5 Effects of cecal droppings from high weight and low weight adult birds 
a–d Means within a column with no common superscripts differ significantly (P < 0.05)
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Epilogue  

 My results indicate that yeast products may be beneficial for broiler intestinal 

morphology in a challenge setting.  In a non-challenge setting it appears that yeast 

products may not be a benefit. In the current studies performed where yeast was a benefit 

or not detrimental to performance, a disease challenge was given or a disease occurred 

naturally during the trial.  Previous yeast studies have supplemented diets with yeast 

before or at the start of a challenge.  However, producers cannot always anticipate when a 

disease will occur, and studies should be performed with yeast supplementation after an 

infection has started.  While they may not prove as effective as antibiotic treatments, they 

could be used as a substitute or in an organic production setting.  

 Yeast products seem to work at various ages.  Intestinal maturity may be the 

reason that yeast derivatives have differing effects as the bird ages.  Mannans seem to 

support intestinal morphology early in life, while nucleotides seem most effective later in 

life. It may be a multi-supplement diet, such as mannans for the first two weeks followed 

by nucleotides, that is most effective.  Future studies could have combinations of yeast 

products given at various times both in a challenge and non-challenge settings.  If proven 

effective, yeast, which is readily available, could be implemented in commercial feeding 

programs.  Yeast products also appear to have differing efficacy in the intestinal 

segments. 

 Yeast products have been shown to promote growth of beneficial bacteria, such as 

Clostridia.  The intestinal disease, necrotic enteritis, is caused by the over proliferation of 

Clostridia prefringins.  If a disease is caused by beneficial bacteria over proliferating, 
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yeast could exacerbate the disease.  If yeast products are not effective at ameliorating a 

coccidia infection, perhaps administering yeast products during an infection could lead to 

susceptibility with necrotic enteritis.  There was no difference in mortality during trial 2 

of the second study when necrotic enteritis was detected, but once a house breaks with 

necrotic enteritis it can spread very quickly.  Further studies into yeast products and 

coccidiosis, which is a known predisposing factor for necrotic enteritis, could result in 

knowing whether yeast could harm a bird during infection. 

 Administration of cecal droppings from heavy weight as compared to low weight 

broilers had no effect on performance.  In previous single dose work, bacteria were 

directly inserted into the gastrointestinal tract via .  Though cecal droppings were fed 

shortly after being excreted, if cultured perhaps a more potent dose would be delivered. 

Lactobacillus sp. is widely used in probiotics, but a widespread delivery of many types of 

bacteria could have a greater effect on growth.  The bacterial make up of the intestine 

changes with age and diet.  Bacteria lead to increased energy utilization of the diet.  If the 

bacterial population were to stabilize at an earlier age, perhaps the body would more 

efficiently interact with bacteria and this could lead to increased energy utilization and 

immune response in young chicks.  Establishment of bacteria in the intestine helps 

prevent infection early in life.  The use of direct fed microbials or probiotics helps to 

establish commensal bacteria earlier in life.  It is yet unknown the proper length of time 

to feed these probiotics. In most probiotic studies birds receive treatment throughout life. 

The intestinal environment is dynamic, and if probiotics are given just in the first week 

this may have similar or different results to supplementation throughout life. Probiotics 



 

 131 

may need to only be added to the diet for the first few weeks of life, and then as the bird 

matures the bacterial population may stabilize.  

 One way to deliver the bacteria may be by top dressing litter.  A major challenge to 

this would be selecting bacteria that can survive in both the litter and the intestine.  

Bacteria may be able to be stabilized to survive both and then added to the litter.  If it was 

present throughout life and would grow or self replenish based on resources present in the 

litter this could be cheaper than probiotics. This would not ensure delivery as well as 

dietary probiotics, however. Chicks naturally pick and scratch at their environment which 

would allow them to consume the bacteria in the litter. If the beneficial bacteria would 

out compete pathogenic bacteria, producers would have both a litter treatment and a 

growth promotant.  This could further the usable life of litter.  

 Bacteria increase energy utilization in the host, but the exact mechanism by which 

bacteria increase nutrient transporters and apparent metabolisable energy is unclear.  

During many diseases appetite is suppressed and metabolism is increased.  This is the 

body’s way to starve pathogenic bacteria while producing more immune cells. It is 

unclear if a toxin or produced substrate from bacteria causes this reaction. A specific 

protein or a combination of a few bacterial proteins may be responsible for the change.  If 

a bacterial protein or metabolite is responsible for the change in apparent metabolisable 

energy in the diet, then perhaps recombinant strains may be produced that have 

significantly higher levels of these proteins or metabolites, thus further increasing energy 

utilization from the diet. 

 From these 3 trials, there is great potential for future studies.  This work should not 

be limited to broilers; both turkeys and layers could benefit from the yeast derivatives and 
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cecal contents.  Turkeys like broilers are produced for their meat, so any effect similar to 

that in broilers would be a benefit.  An increase in energy utilization or a decrease in 

disease incidence may length the productive life in layers.  Increased feed efficiency in 

any livestock species is a benefit.  In the future, yeast derivatives and bacterial 

supplementation from adult sources could be widespread throughout the industry. 
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