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ABSTRACT

This research was conducted to evaluate the effect of different types of feed
additives (probiotics, prebiotics, postbiotics and their mixtures) on challenged or
Noneee-challenged broilers with Clostridium perfringens or Salmonella Typhimurium, in
starter or full-term chickens’ performance.

In the frirst study, the objective was to determine the effect of adding postbiotics
(XPC® and XPC-Ultra®) and prebiotics (Safmannan® 125 and Safmannan® 250) to
broiler chickens’ performance while challenging with Salmonella Typhimurium. The
results of this study did not show significant enhancement in broilers’ performance at
day 10. Safmannan® 125 showed significant reduction in Salmonella Typhimurium

count on the plates compared to all other challenged groups.

In the second study, postbiotics (XPC® and XPC-Ultra®) and prebiotics
(Safmannan® 250 and Safmannan® 500) were used to study their effects on broiler
chickens performance while challenging with Clostridium perfringens. The results
showed these additives groups did not retain the performances parameters to Noneee-
challenged control-like at day 21, as they did not enhance performance significantly
compared to challenged control group with no additives.

In the third study, the objective was to evaluate the effect of adding Phelio
Microsaf® probiotic, Envera Goplus® probiotic, Safmannan® prebiotic, and combination
of Envera Goplus® + Safmannan® on broiler performance while challenging with

Clostridium perfringens. The results showed no significant differences in performance



parameters between the additives groups and challenged control group at day 21 while
challenging with Clostridium perfringens.

In the fourth study, the objective was to evaluate the effect Envera Goplus®
probiotic, Actisaf® probiotic, Safmannan® prebiotic, and XPC® postbiotic on full term
broiler chickens’ performance, fecal dry matter percentage, and intestinal morphology of
the chickens. The results showed there were no significant enhancement of full term
broilers’ performance at day 42 and no differences in fecal dry matter percentage or
intestinal morphology between groups were found.

In the final study, the objective was to evaluate the effect of different
concentrations of Safmannan® prebiotic + Bacillus probiotic on broilers’ performance
while challenging with Clostridium perfringens. The results showed no significant
enhancement in broilers’ performance while adding the combinations of Safmannan® and
Bacillus.

In conclusion, adding the mentioned additives in these concentrations did not

enhance broilers’ performance while challenging with or without pathogens.
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NOMENCLATURE

YCW Yeast Cell wall

MOS Mannanoligosaccharides
FCR Feed conversion ratio

Pl Productivity index

VH Villi height

CD Crypt depth

VH/CD Villi height / crypt depth
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CHAPTER |

INTRODUCTION AND LITERATURE REVIEW

INTRODUCTION

From 1961 to 2019, annual poultry production improved from 9 to 132 million
tons (FAO, 2021). The poultry industry is estimated to grow 2—3% annually between
2015 and 2030, which is the highest growth rate in the livestock sector (FAO, 2015).
Many antibiotics have been used as growth promoters in animal farms. Due to using
antibiotics, animal growth improved, and a reduction of morbidity and mortality in
animals occurred because of clinical and subclinical disease suppression (George and
Fagerber, 1984).

Thenceforth, antimicrobial resistance has been a public health threat caused by
appropriate and inappropriate use of anti-infective medicines for human and animal
health and food production. Antimicrobial resistance is posing a potential threat to
human health (WHO, 2020). As a result, dietary antibiotics have been used in
commercial poultry production to improve growth performance and control infectious
diseases (Gadde et al. 2017). Numerous experiments are researching the effect of using
antibiotics in poultry feed because of rising consumer awareness about antibiotic
resistance and demanding antibiotic-free animal products (FDA, 2013). The Federal
Department of Agriculture (FDA) has instituted a major change in the medical
importance of antibiotics which can be legally used in feed and water for animal

production. The FDA has eliminated the use of drugs for production which enhance
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growth and feed efficiency. Currently, antibiotics are only used as therapeutic drugs
under supervision of licensed veterinarians to ensure the correct usage of antimicrobial
antibiotics, which are important in food producing animals (FDA, 2022). In the countries
which stopped using antibiotic growth promoters in the poultry industry, the rate of
necrotic enteritis associated with Clostridium perfringens has increased (Van Immerseel
et al., 2009). Therefore, the quest for antibiotic alternative products to improve poultry
productivity and prevent diseases has increased (Gadde et al., 2017). Probiotics,
prebiotics, their mixtures (symbiotic), and postbiotics are some of the several classes of
antibiotic alternatives which have been recommended in poultry production. Probiotics
are defined as mono or mixed cultures of live organisms which should be administered
in sufficient amounts to lead to benefiting the health of the host (FAW/WHO, 2002).
Bacillus and Saccharomyces cerevisiae are beneficial microorganisms which have been
tested as probiotics in poultry in the past (Kabir, 2009). Using prebiotics is considered an
alternative methodology to sub-therapeutic antibiotics in livestock to reduce enteric
diseases in poultry due to its effectiveness in enhancing specific bacterial populations,
which plays an important role in enteric disease reduction. Prebiotics, a term first
introduced by Gibson and Roberfroid, are Nonee-viable feed components that modulate
the microbiota which reflect health benefits on the host (FAO, 2006). Some
oligosaccharides have been considered as prebiotics such as mannan-oligosaccharide
(MQS), fructo-oligosaccharide (FOS), insulin, and some other Nonee-starch
polysaccharides (Patterson and Burkholder, 2003; and Steiner, 2006). Mannan-

oligosaccharide (MOS) is an oligosaccharide derived from the outer cell-wall layer of
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the yeast Saccharomyces cerevisiae, which has been studied as a prebiotic additive in
poultry diets. Results show a significant increase in body weight and feed conversion
efficiency has been improved in broiler chickens through MOS addition in different
levels to their diets (Abdaljaleel, 2018, and Benites et al., 2008). MOS supplementation
to poultry showed improvement in immune-competence in the intestine
(Shanmugasundaram & Selvaraj, 2013) and increased intestinal villi height (Yang et al.,
2007). Some of Bacillus spp. could be used as probiotic or antibiotic alternative additive,
as research showed that adding Bacillus licheniformis to the broiler chicken diet, which
challenged with Clostridium perfringens, increased weight gain compared to Nonee-
medicated group (Knap et al., 2010). As well as feeding Bacillus amyloliquefaciens as a
probiotic to broiler chickens showed positive linear effect on body weight and negative
linear effect on feed conversion ratio of the chickens (Hong et al., 2019 & Ahmed et al.,
2014). Bacillus pumilus secrete antimicrobial substance (Hasan et al., 2009), which
serves as infection preventative is poultry feed.

The specific objectives for this research are:

1. Evaluation of the effect of Phileo® Safmannan® prebiotic and Diamond V®
yeast culture postbiotic (XPC® and XPC Ultra®) on the performance of broiler
chickens when challenged with Clostridium perfringens or exposed to
Salmonella Typhymurium.

2. Evaluation the effect of Microsaf®, Envera Goplus® probiotics, Safmannan®
prebiotic on starter broiler performance in birds subjected to bursa vaccine and

Clostridium perfringens challenge.



3. Evaluation the effect of Safmannan ® prebiotic, Actisaf®, Envera Goplus®
probiotics, and XPC® postbiotic on full term broiler performance.

4. Evaluation of the mixture of different levels of Safmannan® prebiotic and
Bacillus probiotic on birds subjected to bursa vaccine and Clostridium

perfringens challenge.

LITERATURE REVIEW
Antibiotic Resistance

Antibiotic resistance is defined as the ability of a microorganism to resist the
killing effects of an antimicrobial agent (Reygaert, 2018). The development and the
spread of antibiotic resistance is a cause for concern for consumers after increasing
multi-drug resistant bacteria. It is acknowledged that more than 60% of all antibiotics
that are produced globally find their use in animal production for therapeutic or Nonee-
therapeutic uses. For this reason, the use of antibiotics in animal production has been
linked to the development and spread of resistant bacteria (Kasimanickam et al., 2021).
Antibiotic Alternatives

Searching for alternative for the antibiotics is the outcome of increasing
regulations regarding the use of antibiotics as growth promoters in animal feed.
Increasing consumer demand for poultry products produced with no antibiotics has led
researchers to find alternatives to antibiotics as well (Gadde et. al., 2017). The ultimate
antibiotic alternative should have the same effect as antibiotics on animal performance

(Huyghebaert et al., 2011). Many antibiotic alternatives have been tested in poultry
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production. Probiotics, prebiotics, and symbiotics are considered antibiotic alternatives
(Gadde et al., 2017). Postbiotic is a new type of feed additives that could be used as
antibiotic alternative that works like growth promoter and anti-stress treatment in poultry
plants (Humam et al., 2019).

Probiotic

Probiotics are live microorganisms that are supplied as feed additives to improve
intestinal balance, which enhance the health of the host animal. Probiotics should be
administered in adequate amount to give the desired benefits (FAO/WHO, 2002).
Alagawany et al., (2018) stated that using probiotics in poultry diet can limit various
infectious diseases, and the optimal effects of probiotics can occur through appropriate
selection of probiotic strains which are used as feed additives.

Research results showed that adding probiotics to broiler chicken’s diets could
improve production. Feeding probiotics to poultry could lead to intestinal health
improvement by supporting the beneficial microbial populations and suppressing
harmful bacterial growth in the digestive tract (Jadhav et al., 2015). The benefits of
probiotics can occur directly in the gastrointestinal tract and indirectly through
modulation of immune response in poultry (Krysiak et al., 2021). Additionally, feeding
probiotics to broiler chicken enhances utilization of proteins and increases feed
conversion ratio. Adding probiotic to broiler chicken’s diets showed decreases in

diarrhea cases and mortality and an increase in body weight (Jadhav et al., 2015).



Mode of action of probiotics:

Using probiotics to improve poultry production through inhibiting pathogens and
enhancing nutrient absorption through several mechanisms, such as: producing
antibacterial substances and organic acids such as hydrogen peroxide and bacteriocin
(Tiwari et al., 2012), competitive inhibition of pathogens by blocking of pathogenic
bacterial adhesion sites to intestinal epithelial binding sites, as well as competition for
nutrients (Tiwari et al. 2012), and modulating host immune response by specific
mechanisms, which include: impacting regulatory T cells, antigen presenting cells,
effector T and B cells, and enterocytes (Oelschlaeger, 2010). Probiotics can also regulate
the production of anti- and pro-inflammatory cytokine (Roselli et al., 2005). Probiotics
can stimulate the production of antibodies (sIgA), enhance natural killer and
macrophages cells activity, and modulate dendritic cell’s function (Tiwari et al., 2012).
Immunomodulation property of probiotic organisms is exerted through microorganisms’
effect on T helper cells in a strain-specific manner. Furthermore, probiotics can activate
various immune cells (Fong et al., 2016). Probiotics can also stimulate the intestine to
regenerate the intestinal mucosa (Perdigon et al., 1995). Probiotics helps proper
digestion by improving digestive enzymes secretion, and could stimulate function of
epithelial barrier by regulating mucous production and motility of intestine. Probiotics
stimulate acidic pH, which enhances absorption of proteins and minerals like copper,

calcium, iron, manganese, and magnesium (Raghuwanshi et al., 2015).



Types of Probiotics Used in Broiler Chickens Production

Multiple bacterial species have been tested and used as probiotics in poultry,
including broiler chickens, such as; Bacillus, Bifidobacterium, Enterococcus,
LactoBacillus, Lactococcus spp. and Streptococcus. Yeast, such as some of
Saccharomyces spp., have been used as probiotics in the past (Kabir, 2009).
Saccharomyces cerevisiae is used in broiler chicken production as antibiotic
replacement, which could be used as a growth promoter in healthy and disease
challenged birds (Ahiwe et al., 2021). Adding Saccharomyces cerevisiae to broiler
chicken’s diets enhanced weight gain, feed efficiency, serum immunoglobulin A, and
immunoglobulin G, while also lowering blood urea concentration. Adding
Saccharomyces cerevisiae as a probiotic to broiler chicken’s diets improved nutritional
properties safely (Sun et al., 2019).

Bacillus spp.

Bacillus species are rod-shaped bacteria, which are aerobic or electively
anaerobic. They are Gram-positive bacteria, but some species may turn to Gram-
negative in aged cultures, which are endospore forming. These spores are resistant to
cold, heat, desiccation, disinfectants, and radiation. The numerous species of Bacillus
demonstrate the many physiologic capabilities which allow them to survive in natural
environments (Turnbull, 1996). Some physiological characteristics make Bacillus spp.
safe to add to a poultry diet, which helps keep the bacteria active. Many strains of
Bacillus spp. are used in poultry production as probiotics widely. The wide use of this

bacteria is because they tolerate high temperatures and acidic pH as studies have shown.



These feed additives reach the intestine without damage because of the low stomach pH
and high body temperature of the chicken. These properties enhance the quality of the
probiotic in addition to the health benefits behind using it (Patlan et al., 2019).

Bacillus amyloliquefaciens

Bacillus amyloliquefaciens is a species of Bacillus bacteria that synthesizes a
natural antibiotic protein barnase (bacterial RiboNucleASE), they are also reported to
produce various enzymes including a-amylase, protease, lipase, cellulase, xylanase,
pectinase, aminotransferase, peroxidase, and laccase (Ngalimat et al., 2021). Bacillus
amyloliquefaciens produce antimicrobial compounds that capable to inhibit pathogens’
growth like Nonee-ribosomal peptides and polyketides (Ngalimat et al., 2021).
Polyketides are secondary metabolites which can show verities bioactivities like
antibacterial, antifungal, and anticancer. Bacillus amyloliquefaciens could be used as
antiviral, immune-suppressant, and anti-inflammatory activity agent (Risdian et al.,
2019). Bacillus amyloliquefaciens is also known for producing a-amylase and protease
(Priest et al., 1987).

In a recent research study, scientists found that spores of Bacillus
amyloliquefaciens can tolerate very high dry heat temperatures at 420 °C (877 °F). The
DNA was able to replicate after exposure to this high heat temperature, due to amylases
and proteases enzymes which were active after heat treated spores regenerated directly
(Beladjal et al., 2018). In poultry, Bacillus amyloliquefaciens is a species used as
probiotic in poultry for its beneficial characteristics. Adding Bacillus amyloliquefaciens

significantly enhanced the growth performance, carcass quality, immunity, and serum
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biochemicals of broiler chickens (Ahmat et al., 2021). In another study, feeding Bacillus
amyloliquefaciens as a probiotic to broiler chickens showed positive effects on body
weight and negative effects on feed conversion ratio of the chickens (Hong et al., 2019
& Ahmed et al., 2014). Feeding Bacillus amyloliquefaciens to broiler chickens enhanced
growth performance. That enhancement was a result of improving of cecal microflora,
intestinal morphology, and better nutrient utilization (Lei et al., 2015). Bacillus
amyloliquefaciens as a feed additive lead to feed conversion ratio (FCR) improvement in
challenged broiler with both of Eimeria maxima and Clostridium perfringens pathogens
significantly as the FCR were 1.664 and 1.704, while the mortality percentages were
4.167 and 5. 730 respectively, in comparing feed additive versus no feed additive groups
(Oliveira et al., 2019). In another study, feeding Bacillus amyloliquefaciens to broiler
chickens raised the body weight gain and decreased the feed conversion ratio
significantly compared to the control group. Villi height to crypt depth were all
significantly higher in the probiotic groups compared to the control group (Lei et al.,
2015).
Bacillus pumilus

Bacillus pumilus is used in poultry production as a feed additive. Probiotics
containing Bacillus pumilus were capable of enhancing the maturity of the cecal
microbiota (like; Ruminococcaceae, LactoBacillus, and Bifidobacterium) earlier in life,
which has an impact on poultry performance due to health promoting effects of these
microorganisms (Bilal et al., 2021). Supplementation of Bacillus pumilus protease to

broiler chickens reduced the final cost of the production as a result of improving feed
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intake and digestibility (Pudova et al., 2020). The weight gain at five weeks of the
animal’s age were 1528.7 g in the additive group compared to 1465.9 g in the control
group with a significant difference at 0.004 p-value and the feed conversion ratio
enhanced significantly, reported as 1.61 and 1.75 respectively, in the additive and
control groups (Pudova et al., 2020). Digestibility coefficients of protein in the additive
group were enhanced compared to control group, and they were 81.1 and 74 respectively
(Pudova et al., 2020). Bilal et al., (2020) found in a study that adding Bacillus pumilus to
the broiler chickens’ diet led to a significant body weight and feed intake enhancement
at day 42 compared to control group, which their body weights were 3,033 g and 2,780
and the feed intake were 214 g and 2206 g in the additive and control groups
respectively. Bacillus pumilus bacteria secretes a antimicrobial substance, which could
be used as an antibiotic alternative (Hasan et al., 2009). These antimicrobial substances
could have inhibitory effects against some pathogens, such as: Salmonella gallinarum,
Salmonella enterica ATCC13076, and Chicken Escherichia coli O78 (Chu et al., 2019).
Bacillus licheniformis

Bacillus licheniformis has been widely used in the poultry industry. This bacteria
can be used as antibiotic alternative to improve growth performance in poultry (Liu et
al., 2012). Bacillus licheniformis could induce microphage extracellular traps, which are
fundamental in the elimination of microbial pathogens ( Romo-Barrera et al., 2021).
Supplying Bacillus licheniformis to broiler chickens showed significant enhancement in
the average daily weight gain in both cocks and hens compared to control groups

without additive. Significant enhancement of feed conversion ratio occurred in groups
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supplied with Bacillus licheniformis, compared to the control group (Liu et al., 2012).
Bacillus licheniformis could be used as alternative treatment to treat necrotic enteritis

caused by Clostridium perfringens in the poultry industry (Knap et al., 2010).

Lactobacilli

Lactobacilli species are microaerophilic gram-positive bacteria which are found
in milk, fruits, and soil. Lactobacilli could support intestinal health of chickens by
balancing intestinal microflora (Chen et al., 2017; Chen et al., 2005; and Lan et al.,
2003). LactoBacillus culture showed enhanced effects on broiler chicken performance as
it enhanced feed conversion ratio (FCR) compared to control group at day 21. The
values of FCR were 1.39 and 1.53 respectively in LactoBacillus and control groups
(Chen et al., 2017). In another study, adding LactoBacillus reuteri to broiler diet
enhanced FCR in week 5, 6, 7, and 8 of the chickens age (Bhogoju et al., 2021). Adding
Lactobacilli probiotics to broiler chicken’s diets led to improvement in body weight and
weight gain according to a study performed by Fesseha et al., (2021). The beneficial
effects of adding LactoBacillus sp. to broiler chicken’s diets could occur by enhancing
intestinal villi permeability, therefore improvement of nutrients absorption occurs which
lead to body weight enhancement (Pertiwi and Mahendra, 2021). Lactobacilli can be
used as antibiotic alternative, since it has multiple mechanisms to inhibit pathogens like
producing organic acids, producing hydrogen peroxide (H202), and producing
bacteriocin (Taheri et al., 2009). Adding a combination of LactoBacillus and yeast

probiotics to broiler chicken’s diets enhanced intestine morphology by increasing villi
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height in jejunum and increasing Villi: Crypt ratio at day 21 and 42 compared to the
control group. Additionally, adding this combination to broiler chicken’s diets enhanced
the crypt depth at day 21 but not at day 42 (Qiu et al., 2022). LactoBacillus plantarum
showed improvement in animal feed intake and weight in broiler chickens (Benbara et
al., 2020).
Saccharomyces cerevisiae

Saccharomyces cerevisiae yeast is a unicellular fungus which multiplies by
budding or fission. The large diameter sized cells are 5— 10um and the small diameter
cells are 5 um. The cells of Saccharomyces cerevisiae are pigmented and usually known
as brewer’s or baker’s yeast, which forms cream color colonies when grow on a surface
and generally ellipsoid in shape cells (Walker and White, 2018). Saccharomyces
cerevisiae produces nutrients such as amino acids and enzymes, including amylase,
glucanases, lipase, mannanases, and protease, and produces vitamins (Klis et al., 2002).
Saccharomyces cerevisiae is used to produce 3-glucan and Mannan-oligosaccharide,
which is used as prebiotic and has therapeutic applications (Kim et al., 2007), and B-
glucan could play role as an immune modulating factor (Steenwijik et al., 2021).

Dietary supplements containing Saccharomyces cerevisiae improves growth
performance. This kind of supplementation improves immune functions as well as
digestibility of calcium and phosphorus. Intestinal mucosal morphology of broiler
chickens could be enhanced by adding yeast culture to the diet as well (Gao et al., 2008).
Saccharomyces cerevisiae probiotic and prebiotic products could be used as antibiotic

alternatives and growth promoters in broiler chicken production (Ahiwe et al., 2021).
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The cell wall matrix of Saccharomyces cerevisiae consists of 40% manno-proteins of the
dry mass. Mannan alone, form 31% of the dry mass of the yeast. Mannan structures
carry several proteins which help in molecular recognition and adhesion (Klis et al.,
2002). Adding yeast culture to the broiler chicken diet at 2.5 g/kg enhanced daily weight
gain significantly, and enhanced calcium and phosphorus digestibility significantly. Villi
height to crypt depth ratio increased in the duodenum and jejunum at day 42 and this
ratio increased in ileum at day 21 (Gao et al., 2008). In another study, the results showed
improvement in body weight and feed conversion in birds that fed Saccharomyces
cerevisiae cell wall compared to the control group. These enhancements in body weight
and feed conversion are due to the effects of yeast cell wall on intestine morphology
which determined by villi height, especially the first 7 days of the bird’s life (Santin et
al., 2001). An increase in body weight and a decrease in feed conversion ratio, is due to
potential effective compounds like glycine, fructose, inositol, galactose, and sucrose
which are produced by Saccharomyces cerevisiae, which are involved in metabolic
pathways, including glycine, serine, and threonine metabolism (Sun et al., 2019). In
other studies, adding live yeast improved the body weight gain of the chickens and the
feed conversion ratio significantly compared with control group (Tabidi et al., 2013; and
Eltazi et al., 2014). Saccharomyces cerevisiae enhanced body weight gain in chicken
groups that fed 0.1%, 0.2%, and 0.3% Saccharomyces cerevisiae, as the weight gain
values were 1830g, 1902g, and 2011g respectively compared to 16364 in the control
group (Tabidi et al., 2013). Feed conversion ratio increased as well, as the ratios were

2.1, 1.9, and 1.8 respectively in birds’ groups fed with 0.1%, 0.2%, and 0.3%
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Saccharomyces cerevisiae compared to 2.3 in the control group and the differences were
significant, while there was no significant effect of adding the yeast to broiler diet on
feed intake (Tabidi et al., 2013). Adding Saccharomyces cerevisiae to broiler chicken’s
diets at certain levels could lower mortality ratio significantly compared to mortality
ratio in the control group (Eltazi et al., 2014). Scientists explain the low mortality in
yeast fed is attributed to the enhancement of immune system and disease infections
modulated by competing pathogens or supporting the beneficial microbiota (Devegowda
etal., 1997; Line et al., 1997; Spring et al., 2000; Stanley et al., 2004).
Prebiotic

Prebiotics were introduced for the first time in 1995 by Gibson and Roberfroid as
a Nonee-digestible food ingredient that improves host health beneficially by stimulating
the growth and/or activity of one or a limited number of selected beneficial bacteria in
the colon. There are specific criteria of the product to be considered as prebiotic, such as:
the product must resist stomach pH, should not be hydrolyzed by the enzymes of the
host, should be available for the intestinal microbiota and could be fermented by them,
can selectively stimulate the intestinal microbiota growth and/or stimulate their activity
to improve the health of the host (Gibson et al., 2010). ). Multiple kinds of
oligosaccharides and Nonee-starch oligosaccharide are counted as prebiotics such us;
fructooligosaccharide, Mannanoligosaccharide, galactooligosaccharide,
maltooligosaccharide, xylooligosaccharide, glucooligosaccaride, soya-oligosaccharide,
isomaltooligosaccharide, lactulose, lactitol, inulin and pyrodextrins (Patterson and

Burkholder, 2003; Steiner, 2006).
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Yeast Cell Wall (MannanOligoSaccharide (MOS) and R3-1, 3-glucan)

Two layers form the YCW: the outer layer which is mainly composed of manno-
proteins, and an inner layer which is approximately 50-60% of the cell wall dry weight.
The inner layer of YCW consists of 3-1, 3-glucan. The inner layer provides the
mechanical support (Klis et al., 2002). The cell wall matrix of Saccharomyces cerevisiae
consists of 40% manno-proteins of the dry mass. Mannan alone, forms 31% of the dry
mass of the yeast (Klis et al., 2002). In addition to Maannan-oligosaccharide (MOS) and
glucan, YCW consist of ash, lipid, and protein (Northcote and Horne, 1952). Producing
YCW occurs by removing the cell wall of the yeast completely, which results in a final
product that has higher digestibility in addition of higher protein content (Tukmechi and
Bandboni, 2014), and it is the way that Phileo Safmannan® is derived. It is difficult to
purify the YCW more than 65% per fraction, which majority contain glucan, mannan,
and protein (Kwaitkowski and Kwaitkowski, 2012). Feeding MOS to broiler chickens
showed significant improvement at P= 0.02 in body weight, FCR, and mortality, which
the enhancement percentages were 1.61%, 1.99%, and -21.4 respectively compared to
the control group (Hooge, 2004). Feeding B-glucan (60 ppm) to broiler chickens could
improve performance and be counted as an antibiotic alternative in poultry production
(Moon et al., 2016). Adding B-glucans to chicken’s diet could stimulate specific and
Nonee-specific immune responses in addition of chicken growth improvement (Vetvicka
and Vetvickova, 2014; Rajapakse et al., 2010). Schwartz and Vetvicka (2021) suggested
that optimal B-glucan mixtures could be added to poultry feed to obtain ideal growth

performance, get the desired anti-inflammatory and immunomodulatory activity, and
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promote intestinal morphology and histology health. Adding YCW to broiler chicken’s
diets showed enhancement in feed efficiency versus Echerichia coli. The enhancement
in feed efficiency attributed to an increase in immune response to microbial challenge
(Morales-lopez and Brufau, 2013). The manno-protein particles in YCW are responsible
to improve the immunity of the animals, which supplied with the YCW additive
products (Ha et al., 2006).

Adding yeast protein concentrate to broiler chickens’ diets improved body
weight, feed conversion ratio and immune response at day 35 significantly in broiler
chickens that were exposed to Salmonella Enteritis (Haldar et al., 2011). Feeding yeast
protein concentrate to heat stressed broiler chickens could modulate circulatory levels of
thyroid and cortisol (increase T3 and decrease cortisol significantly) which enhance the
production performance (Haldar et al., 2011). Adding YCW to broiler chicken’s diets
improved feed conversion from 1.74 in the control group to 1.70 in the treatment group
significantly at P<0.01, and improved villi height in the intestine (P = 0.07), resulting in
improved broiler performance (Pascual et al., 2020). Using MOS as feed additive to
broiler chicken’s diets improves intestinal health and immunity, in addition to improving
the productivity versus Clostridium perfrengins (Caly et al., 2015; and Fowler et al.,
2015). Feeding YCW to poultry could improve gut health and enhance the immune
system activities of poultry as well (Swiatkiewicz et al., 2014). Fowler et al., (2015)
stated that the optimal dose of supplied YCW is 250 ppm. This supplement enhanced the
growth rate 15% and enhanced feed conversion 10%. The productivity performance of

the broiler chickens enhanced by improving the body weight and FCR. Therefore, YCW
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additive is a promising alternative to antibiotics. In another study, adding 0.5% of YCW
to broiler chicken’s diets while exposed to heat stress for 42 days enhanced the chicken’s
performance (higher weight gain, lower feed conversion, and less mortality) compared to
the control group without additive (Sohail et al., 2012). The effect of YCW on the
performance of broiler chickens and gut health was compared to Clostridium
perfringens. The results showed the ileal Clostridium perfringens count in YCW group
was lower than the other groups (Abudabos and Yehia, 2013). In addition, feeding whole
yeast or YCW could enhances the villi height, and the ratio between villi height and
crypt depth and correspondingly improves growth and performance occurs. Zhang et al.,
(2005) proved in a study that ileal villi height and VH/CD ratio were higher in the
additive groups (whole yeast and YCW) compared to yeast extract and control groups.
In both whole yeast and YCW groups, improvement in growth performance of birds
occurred. Safmannan® from Phileo®, is an example for prebiotics derived from YCW.
XPC® and XPC-Ultra® concentrate from Diamond V® are examples of postbiotic
additives to broiler chickens, as it contains mannan and glucan from the YCW.
Postbiotic

Postbiotic is a word derived from the Greek for ‘post’, meaning after, and ‘bios’,
meaning life. It is defined by International Scientific association of Probiotics and
Prebiotics (ISAPP) as a “preparation of inanimate microorganisms and/or their
components that confers a health benefit on the host”. Effective postbiotics should
contain inactivated microbial cells or cell components, which might or might not

contains metabolites. Postbiotics are characterized by improving the health of the
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animal, and acts as a potential mechanism to improve health. They should be safe and
may be developed by different microorganisms (Salminen et al., 2021). According to
this definition, postbiotics could be made of diverse microorganisms to be applied in
different body sites in different animals, plant or human, to encourage health
improvement in different scientific areas associated with animals and plants. The term
postbiotic is correctly referred to as a substance that derived after the microorganisms’
death or inactivation (Vinderola et al., 2022). Postbiotic products may be whole dead
cells or fragments of microbes, such as cell walls. In addition, postbiotic products could
contain microbe-produced substances like metabolites, proteins, or peptides, which are
associated with overall health effect (Vinderola et al., 2022). Postbiotics are one of the
products that could be used to improve the intestinal microbiota and have increased in
research recently. Postbiotics could affect health positively directly or indirectly by the
beneficial substances that are released from microorganisms through metabolic activity.
Postbiotic products risks are low because there are no living microorganisms involved
(Zolkiewics et al., 2020).

Adding postbiotic products to broiler chicken’s diets could enhance the
performance of heat stressed chickens. The results from one research showed significant
improvement in broiler performance. Total body weight in one of postbiotic groups
(R111) were significantly higher compared to negative control, positive control
(oxytetracyclin), and ascorbic acid groups. The total body weights were; 2951.75,
2795.11, 2717.52, and 2735.52 respectively. Likewise, daily gain weight was significant

higher in postbiotic group compared to the negative control, positive control, and
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ascorbic acid groups. The feed conversion ratio was significantly lower (1.61) in the
same postbiotic group compared to the negative control, positive control, and ascorbic
acid groups which they were 1.70, 1.72, and 1.72 respectively (Humam et al., 2019).
Adding postbiotic to broiler chicken’s diets could improve villi height and decreased
crypt depth significantly (Danladi et al., 2022). Villi height in duodenum, jejunum and
ileum improved significantly in postbiotics groups compared to the negative control,
positive control, and antibiotic groups. Significant decrease in Salmonella count and
significant increase in lactoBacillus count was documented in cecum in postbiotic
groups compared to the negative and positive control groups (Humam et al., 2019).
Clostridium perfringens

Clostridium perfringens is a rod-shaped spore forming bacteria that is
encapsulated and Nonee-motile. It is an anaerobic Gram-positive which causes enteric
disorder in animals and humans (Songer, 1996; Khelfa et al., 2012). Clostridium
perfringens produces multiple toxins and enzymes that affect health and production of
poultry (Immerseel et al., 2004). It can be found in the feed, feces, eggshell fragment,
poultry litter, soil, dust and intestine tract of poultry (Craven et al., 2001). Clostridium
perfringens inhibits chicken’s gut naturally, but the disease does not happen unless
inducing factors are present, and colonization of Clostridium perfringens occurs early in
the life of poultry (Craven et al., 2000; and Craven et al., 2001). According to the toxins
production types, Clostridium perfringens strains are classified into classes A, B, C, D
and E; these toxin types produce toxins a. (alpha), B3 (beta), € (epsilon), and I (iota),

respectively (Songer, 1996; Petit et al., 1999). Type A Clostridium strains produce alpha
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toxins while Type C clostridium strains produce both alpha and beta toxins as Petit et al.,
(1999) mentioned, and they are both affect poultry production and responsible for
lesions and symptoms. As a fact in poultry production, Clostridium perfringens is the
most significant cause of necrotic enteritis (Songer, 1996). The high rate of adhesion by
Clostridium perfringens to the intestinal mucosa led to necrotic enteritis and ulcerative
enteritis (Williams, 2005).

Infection with Clostridium perfringens could cause clinical necrotic enteritis or
subclinical necrotic enteritis. The clinical necrotic enteritis is characterized by diarrhea,
anorexia, ruffled feathers, depression and sudden death (Freedman et al., 2015). The
subclinical type of necrotic enteritis is characterized by reduction in production, shallow
diarrhea, and low mortality (Freedman et al., 2015; Van Immerseel et al., 2009).

Necrotic enteritis caused by Clostridium perfringens has a high cost in poultry
production economically. Necrotic enteritis causes higher economic losses recently,
especially after banning the usage of antimicrobial growth promoters in poultry feed by
many countries (Abd El-Hack et al., 2021). Inhibiting of poultry intestine by Clostridium
perfringens can cause necrotic enteritis with presence of one or more influencing factors,
such as: physical damage of intestine can occur by eating litter or fibrous material in the
diet that can modify the mucosal lining (Williams, 2005). Presence of Coccidia or
Eimeria can cause intestinal damage (Petit et al., 1999: Immerseel et al., 2004) and that
can lead to necrotic enteritis combined with the presence of Clostridium perfringens.
Necrotic enteritis could be induced by specific feed forms more than others. Feeding

pellets to the birds instead of mash diet led to higher feed digestibility and a lower
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Clostridium perfringens number in the intestinal tract (Engberg et al., 2002). Mortality
in birds fed with a fine ground diet were higher compared to birds fed with a coarse diet
(Branton et al., 1987). Diet composition could affect directly the onset of necrotic
enteritis in broiler chickens. For instance, wheat diet rich diet in comparison to a corn
diet, has high indigestible components and water-soluble Nonee-starch polysaccharides.
The same with rye barley, diets which contain high indigestible components (Riddell and
Kong, 1992) that affect the wellbeing of intestines showed feeding broiler chickens a
contaminated corn-based diet with Clostridium perfringens compared to broiler chickens
that were fed a high concentration of wheat, rye or barley diet resulted in higher
mortality in the wheat, rye or barley animals’ groups compared to the corn diet group
(Riddell and Kong, 1992). Immunosuppression could increase Clostridium perfringens
outbreaks in birds, which happens due to exposure to primary infection such as chicken
anemia virus, infectious bursal disease, or Marek’s disease. (Williams, 2005).
Salmonella Typhimurium

Salmonella is a Nonee-spore forming, gram-negative Bacillus, motile, aerobic to
facultative anaerobic bacterium (Underwood et al., 2015). It is an enteric bacterium
which causes foodborne disease affect humans. It is a typical zoonotic disease which
occurs in poultrys and causes losses due to mortality, inhibit growth rate and reduce egg
production (Rebollada-Merino et al., 2020; Dar et al., 2017; Anderson and Kendal,
2017).

Vaccination with live, weaken strains of Salmonella could be used in poultry, but

they have inconstant efficacy (Acevedo-Villanueva et al., 2021; Berghaus et al., 2011,
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Dorea et al., 2010). Vaccination could protect against early Salmonella colonizing, but
the protection against Salmonella will decrease gradually and need booster
administration (Dorea et al., 2010; Jia et al., 2020). Since feed additives are used for
their health promoting effects through enhancing immunity, protection against pathogens
by several mechanisms, they could be used to reduce Salmonella colonizing in poultry
and enhance productivity (Tellez et al., 2012; Hossain et al., 2017). Chaney et al.,
(2022) mentioned that adding postbiotics to the diets could reduce Salmonella enterica
prevalence in broiler chickens houses as they found the significant reduction (p<0.05) in
Salmonella prevalence in treatment houses for the three rearing cycles at 1.3%, 12.0%,
and 2.4% compared to 7.3%, 22.0%, and 10.7% in control houses respectively.
Prebiotics also could be used to reduce colonization of Salmonella. They could bind to
the binding sites for pathogens to be excreted out of the intestine or by increasing short
chain fatty acids concentrations which are not preferable by pathogens (Donalson et al.,
2008; Durant et al., 2000). In addition to postbiotics and prebiotics, probiotics could be a
promising treatment for Salmonellosis in broiler. Wolfenden et al., (2007), found that
gavaging LactoBacillus-based probiotic to broiler chickens at 4 x 10 cfu/mL could
reduce cecal tonsil Salmonella enteritis’s recovery compared to control group. Abd EI-
Ghani et al., (2012), found that administrating probiotic to chickens could protect against
Salmonella as vaccination does.
The specific objectives for this research were:
1. Evaluation of the effect of Phileo® Safmannan® prebiotic and Diamond V®

yeast culture postbiotic (XPC® and XPC Ultra®) on the performance of broiler
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chickens when challenged with Clostridium perfringens or exposed to
Salmonella Typhymurium.

. Evaluation the effect of Microsaf®, Envera Goplus® probiotics, Safmannan®
prebiotic on starter broiler chicken’s performance in birds subjected to bursa
vaccine and Clostridium perfringens challenge.

. Evaluation the effect of Safmannan ® prebiotic, Actisaf®, Envera Goplus®
probiotics, and XPC® postbiotic on full term broiler chicken performance.

. Evaluation of the mixture of different levels of Safmannan® prebiotic and
Bacillus probiotic on birds subjected to bursa vaccine and Clostridium

perfringens challenge.
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CHAPTER I
EVALUATION OF THE EFFECT OF PHILEO® SAFMANNAN® PREBIOTIC
AND DIAMOND V® YEAST CULTURE POSTBIOTIC (XPC® AND XPC
ULTRA®) ON THE PERFORMANCE OF BROILER CHICKENS WHEN

EXPOSED TO SAMONELLA TYPHYMURIUM

INTRODUCTION

Multiple types of feed additives have been used in poultry industry to improve
production and prevent diseases. Feed additives must have the ability to prevent disease,
improve the efficiency of growth, and enhance feed utilization to enhance performance
of the poultry production (Pirgosliev et al., 2019). Prebiotics and postbiotics are two
types of feed additives that could be used in broiler production as growth promoters or
antibiotic alternatives.

Prebiotics which was introduced by Gibson and Roberfroid (1995), as it is a
Nonee-digestible food ingredient that improves host health by stimulating the growth
and/or activity of one or a limited number of selected beneficial bacteria in the intestine.
There are specific criteria of the product to be ideal prebiotics such as resistance to
stomach pH, resistance to hydrolysis by the enzymes of the host, should be available for
the intestinal microbiota, could be fermented by them, and can selectively stimulates the
intestinal microbiota growth and/or stimulated their activity to improve the health of the
host (Gibson et al., 2010). ). Multiple kinds of oligosaccharides and Nonee-starch

polysaccharide are counted as prebiotics such us; fructooligosaccharide,
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Mannanoligosaccharide, galactooligosaccharide, maltooligosaccharide,
xylooligosaccharide, glucooligosaccaride, soya-oligosaccharide,
isomaltooligosaccharide, lactulose, lactitol, inulin and pyrodextrins (Patterson and
Burkholder, 2003; Steiner, 2006). According to Northcote and Horne (1952) the yeast
cell wall of Saccharomyces cerevisiae (YCW) contains two major prebiotic
polysaccharides which are; mannan (31%) and glucan (29%). Yeast cell wall
components are involved in the modulation of the innate immune system by acting as
pathogen associated molecular patterns (PAMPs) (Shashidhara and Devegowda ,2003).
Feeding yeast cell prebiotic wall could enhance the gut health by enhancing mucus
production and providing favorable conditions for beneficial intestinal bacteria like
lactoBacillus spp., Bifidobacterium, also competitive binding sites for pathogenic
bacteria (Spring et al., 2000; and Haldar et al., 2011). Adding yeast cell wall to broiler
chicken’s diets showed enhancement in feed efficiency versus Echerichia coli. The
enhancement in feed efficiency attributed to enhancement in immune response to
microbial challenge (Morales-lopez and Brufau, 2013). Feeding yeast cell wall to broiler
could improve the performance by improving feed conversion ratio (Pascual et al.,
2020). Yeast cell wall contains manno-proteins and -1, 3-glucan prebiotics (Klis et al.,
2002) which both contribute to intestinal morphology and poultry production
improvement. The manno-protein in yeast cell wall could improve the immune response
in animals (Ha et al., 2006). Feeding Mannan-oligosaccharide prebiotic, which is a part
of yeast cell wall, to broiler chickens enhanced body weight, feed conversion ratio, and

mortality significantly compared to the control group (Hooge, 2004). Adding yeast
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protein to broiler diet could enhance productivity through significant improvement of
body weight and feed conversion ratio, in addition of significant enhancement of
immune response of challenged broilers with Salmonella Enteridis (Haldar et al., 2011).
Postbiotics are a product which contains inanimate microorganisms and/or their
components that leads to health improvement of the animal health. Postbiotics should
have a potential mechanism of action to improve health and must be safe and could be
created by different microorganisms (Salminen et al., 2021). Ideally, postbiotics should
be inactivated microbial cells or cell components. In addition, they may contain the end
products of the metabolism activities of the microorganisms (metabolites) which lead to
significant health benefits (Salminen et al., 2021). Postbiotic products have been used in
poultry industry as feed additives to enhance production as they reflect positive
improvement on growth parameters and immune response enhancement. Significantly
higher final body weight, total weight gain, average daily gain, and feed conversion ratio
in broiler chickens that fed postbiotic than the birds in the other groups, as Humam et al.,
(2019) proved in their study. Humam et al., (2019) added postbiotic during finisher
period to treatment groups. Adding postbiotics to broiler chicken’s diets could improve
villi height and decreased crypt depth significantly (Danladi et al., 2022), which could be
a factor in improving the health of the chickens and promotes productivity. Intestinal
morphology could be affected by microflora, thus villi height and crypt depth which
both are indicators for intestinal health and functionality (Forder et al., 2007; and Wang

and Peng, 2008). Dahyia and Nagim (2022) mentioned that maintaining healthy balance
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of microbiota is important to preserve normal physiology, metabolism, and immunity to
prevent disease.

Adding postbiotics to broiler chicken’s diets showed reduction in Salmonella
Enterica incidence in broiler chicken’s houses (Chaney et al., 2022). The mechanism of
prebiotics (a component of yeast cell wall) to reduce Salmonella colonization occur
through binding to the binding sites for pathogens to be excreted out of the intestine, or
by increasing short chain fatty acids concentrations which are not preferable by
pathogens (Donalson et al., 2008; Durant et al., 2000). Therefore, this study is aiming to:
1) use yeast cell wall prebiotic of Saccharomyces cerevisiae and yeast postbiotic in
different levels to study their effects on broiler performance during challenging with
Salmonella Typhimurium in the first 10 days of chickens’ life, 2) studying the effect of
adding yeast cell wall prebiotic and yeast postbiotic to broiler diet on Salmonella
Typhimurium count in ceca.

MATERIAL AND METHODS

Birds were housed at the Southern Plains Agricultural Research Center, United
States Departments of Agriculture and the study was approved by the Texas A&M
institutional Animal Care and Use Committee (IACUC 2014 - 0030) and the Animal
Care and Use Committee at the Southern Plains Agriculture Research Center.
Experimental Design and General Procedure

A total 240 Ross 308 (origin: Sanderson Farms) newly hatched broiler chicks
were distributed among 2 stainless steel battery brooder units (48 pens; 5 birds per pen)

at United States Department of Agriculture (USDA) in College Station, Texas. A total of
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6 treatments with 8 replicates for each treatment were randomly assigned to 48
individual pens for housing. The study continued for 10 days. All groups were fed on an
industry type corn-soy starter diet. Saccharomyces cerevisiae cell wall and yeast
postbiotic product in different concentrations were fed to the chickens in four treatment
groups; XPC- Ultra® 625 ppm, XPC® 1250 ppm, Safmannan® 125 ppm, and
Safmannan® 250 ppm. The last two groups fed the basal diet, but one of them was
exposed Salmonella Typhimurium while the other was not.

A commercial mash corn-soybean basal diet for starter broilers was prepared
(Table 3.1) and then divided into six equal portions to create six treatments as mentioned
before. The birds and the feed were weighted at day one and day 10 of the study. The
inoculation Salmonella Typhimurium was done at day 3 by oral gavage for each bird

using 0.5 ml of Salmonella Typhimurium broth dilution 1x107 to all exposed treatments.

Table 2.1 Antibiotic alternative treatments and Salmonella Typhimurium exposure
used in this experiment

Treatment Products® Concentration Exposure? Antibiotic
ppm Alternative
XPC-Ultra® 625 + Postbiotic
XPC® 1250 + Postbiotic
Safmannan® 125 + Prebiotic
Safmannan® 250 + Prebiotic
Exposed control - + Noneee
Nonee-Exposed control - - Noneee

“Safmannan® is obtained from primary culture and the purification of selected

Saccharomyces cerevisiae proprietary strain sold by Phileo®. XPC® is a yeast culture
Saccharomyces cerevisiae yeast grown on a media of processed grain by-products,

roughage products, cane molasses, malt and corn syrup sold by Diamond V®. XPC-
Ultra® is a concentrated version of XPC®.

2Salmonella Typhimurium
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The rearing room temperature was regulated by the computer controlled building
thermostat. No concomitant drug therapy was used during the study. Birds were
observed daily with regard to the general flock condition, room temperature, lighting,
water, feed, and other unanticipated events for the house, and mortality for all pens. Feed

and water was offered to birds ad libitum.
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Table 2. 2 Ingredient and calculated composition of basal diet

Ingredient Percentage
Corn 62.24
Dehulled Soybean Meal 31.71
DL-Methionine 0.27
Lysine HCL 0.18
L-Threonine 98% 0.03
Soybean oil 1.99
Limestone 1.31
Biofos! TM 1.55
Salts 0.41
Trace Mineral? 0.05
Vitamins® 0.25
Calculated Nutrient Content (%0)

Protein 22.00
ME (Kcal/Kg) 3050
Crude Fat 3.77
Crude Fiber 2.14
AV phosphate 0.45
Calcium 0.90
Methionine 0.60
Met+Cys 0.96
Lysine 1.30
Threonine 0.85
Arginine 1.45
Tryptophan 0.26

!Mono-calcium phosphate

2Trace minerals provided in the following, per kilogram of diet: Cu, 7.0 mg; 1, 0.4 mg; Fe,
60.0 mg; Mn, 60.0 mg; Zn, 60.0 mg.

3Vitimin premix provided the following, per kilogram of diet: vitamin A 11 KIU; vitamin
D3, 3,850 IU; vitamin E, 45.8 IU; vitamin B12, 0.017 mg; biotin, 0.55 mg; menadione,
1.5 mg; thiamine, 2.93 mg; riboflavin, 5.96 mg; d-pantothenic acid, 20.17 mg; vitamin
B6, 7.15 mg; niacin, 45.8 mg; folic acid, 1.74 mg; choline, 130.3 mg.

Samples Collection and Preparation

On the 10" day, the remaining feed from each pen was weighted to find the feed

consumption and feed conversion for all six treatments. All 5 birds from each pen were
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weighted for performance calculations then they were killed by CO2 gas as specified

within IACUC permit, and all 5 birds per pen were taken for Salmonella Typhimurium
plating numeration. Approximately 0.5 gm of ceca content from each bird was collected
and diluted in Phosphate buffered Saline (PBS) for plating later the same day. Ceca
samples were diluted using a 10x dilution series, and then placed onto Xylose-Lysine-
Tergitol 4 (XLT-4) Agar treated with Novobiocin and Naladixic acid for use as a
selective growth media. Enumeration counts were determined by visual identification of

colonies after 24 hours of incubation.

Two birds were selected randomly to take the ceca swabs. The swabs were
preserved in peptone water and sent to (Phileo®) for ROKA Bioscience analysis (Roka

assays target ribosomal RNA (rRNA), to detect pathogens in the sample.

Bird weight and feed consumption were recorded in grams by pen at day 0 and 10
of the experimental period. Performance variables that were measured in this study include
Body Weight (BW), weight gain per bird (WG), feed conversion ratio (FCR), mortality,
productivity index (PI) with mortality, and PI without mortality. The PI1 was calculated
using the following mathematical formula:

Pl= (100-Mortality) x (Body Weight/1000)/Bird age/FCRx100.

The prebiotics used for this experiment was YCW derived from Saccharomyces
cerevisiae, Safmannan® (Phileo-Lesaffre Animal Care, Milwaukee, W1, USA).
Safmannan® prebiotic was used in two levels for two different treatments. Two yeast

postbiotic products were used in this experiment as well; XPC® and XPC Ultra®, both
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are from Diamond V®.

Statistical Procedures

One Way ANOVA test was used to analyze the data using the GLM procedure in
SPSS™ (IBM, Armonk, NY, USA). Means were separated using Duncan’s multiple
range tests at p-value < 0.05 unless otherwise noted.

RESULTS AND DISCUSSION
Growth and Performance

The dietary treatments were formulated to make four treatment groups and two
basal diets groups, five of the total six groups were challenged with Salmonella at day 3
and the experiment ended at day 10 when the final body weight, weight gain, feed
conversion, feed to gain, mortality, and productivity index were calculated. The results,
as shown in table (2.3), show there were no significant differences in final body weight
between the treatments and both control groups. There were no significant differences
between the weight gain in all treatments and positive control or negative control. These
results were similar to what Morales-Lopez et al., (2009) found, as they did not find
significant differences in body weight between the treatment groups and control groups
in the two experiments when they added YCW to the chicken’s diet. The same results
were documented in another study when no significant differences were documented in
final body weight or weight gain between the postbiotic group and the control group
(Danladi et al., 2022). Pascual et al., (2020), found no significant differences in total

weight gain between Safmannan® group and the control group. The absence of
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significant differences might be due to the short time of the present experiment, when
the broiler chicks do not acquire many grams on their weight, and the weight gain will
be faster in the later days of the animal’s life.

No significant differences between the additives groups and the control groups in
FCR. Danladi et al., (2022) found similar results in their study, as they documented there
were no significant differences between FCR of treatment groups and FCR of control
group when they added postbiotic products to broiler chickens’ diet, but there were
significant differences in FCR between treatment groups themselves. Other studies
showed the opposite results, as in a study was performed by (Pascual et al., 2020), feed
conversion showed significant enhancement in Safmannan® group compared to control
group in period 3 (28-44 d), which the present study did not last that long. Feed
conversion improvement was because of weight gain enhancement during this period
(day 28-44), while no differences recorded in feed intake between YCW and control
groups. That means enhancement in nutrient availability in yeast group compared to
control group. Haldar et al., documented that total weight gain was significantly
improved in two yeast treatments compared to control group, while one yeast treatment
improved weight gain but not significantly compared to control group (2011). All three
yeast treatments showed significant improvement in FCR compared to control group
(Haldar et al., 2011).

In spite of the beneficial effect of antibiotic alternatives, their effects are not
consistent and the results vary from farm to farm. (Kim & Lillehoj, 2019). Studies

showed that the effects of postbiotics of YCW lack consistency, as some studies showed
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contrary results to what mentioned earlier, significant enhancement in performance of
broiler occurred when YCW or postbiotic products were added to broiler diet. Fowler et
al., (2015) documented significant enhancement in total body weight at day 21 in
Safmannan® treatment compared to control group. They documented numerical
enhancement in FCR of Safmannan treatment compared to control group, but the
difference wasn’t significant. The same results were documented in (Hashim et al.,
2019) studuy, they found significant enhancement in total body weight and weight gain
in all YCW treatments compared to the control group. FCR did not show any differences
among the treatment groups compared to the control group in their study.

Mortality percentage in this study did not show significant differences between
all groups. The same results were documented in some studies (Fowler et al., 2015,

Hashim et al., 2019, Danladi et al., 2022).
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Table 2.3 Day 10 Production Performance

Treatment | Final Body | Weight Feed to Feed to Mortality
Weight (g) | Gain (g) Body Gain %
Weight
Cultured Yeast Cell Wall Products (postbiotic)
XPC-Ultra® . . 1.16+ NECEL
625 257+ 19 212+ 19 0 03ab 0.95+0.03
+
XPC®1250 | 260+ 14% | 216+ 13 | 1.15+002% | 0952 001% | 0O
Yeast Cell Wall Products (prebiotic)
Safmannan® a a b a 5+14
125 248+ 30 203+ 30 1.19+ 0.04" | 0.96+0.04
Safmannan® a a 118+ a 00
250 256+ 15 211+ 15 0 05ab 0.97+0.04
Control Groups (no antibiotic alternative)

Exposed 3 3 1.16+ a 00
control 267+ 13 222+ 15 0.0 4ab 0.97+0.03
Noneee- 1.16+ 0+0
exposed 261+9° | 215+8 ab | 0.96+0.02°%
control ? 0.02

ab'Means +Standard Deviation within a column with no common superscript differ based
on Duncan’s multiple range test. For this experiment there was no difference between
the challenged and unchallenged birds nor was there a difference between the yeast
culture postbiotics or yeast cell wall prebiotics. ANOVA and Duncan’s mean separations
are therefore shown based on a one-way ANOVA.

1 Exposed to Salmonella Typhimurium.

2 Not exposed to Salmonella Typhimurium.

As table 2.4 shows, Pl of Safmannan® 125 was significantly lower than both
positive and negative control groups and significantly lower than Pl of XPC® group as
well. But when Pls were calculated without mortality values (which were not significant
different in all groups), PI did not show differences in all groups. Fowler et al., (2015)
and Hashim et al., (2019) did not find significant differences in Pl between YCW

treatments and control groups.
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Table 2.4 Day 10 Productivity Index With & Without Mortality in Safmmanan125
Group

Treatment |  PIWith Mortality | Pl Without Mortality
Cultured Yeast Cell Wall Products (postbiotic)
XPC-Ultra® 625 203417 % 203+17°
XPC® 1250 229 +15° 229 + 15 °
Yeast Cell Wall Products (prebiotic)
Safmannan® 125 199 + 42 b 210 + 31 a
Safmannan® 250 217 + 18 ab 217 + 18 a
Control Groups (no antibiotic alternative)
Exposed control ! 231 +17 2 231 +17 2
Nonee- Exposed a a
control 2 225+ 10 225+ 10

ab'Means +Standard Deviation within a column with no common superscript differ based
on Duncan’s multiple range test. For this experiment there was no difference between
the challenged and unchallenged birds nor was there a difference between the yeast
culture postbiotics or yeast cell wall prebiotics. ANOVA and Duncan’s mean separations
are therefore shown based on a one-way ANOVA.

Pl (Productivity Index) = (VB*AW)/ (FC*AA)

VB= (Final number of birds/Initial number of birds)*100

AW-= Birds average weight

FC=Total consumption of feed/ total weight gain

AA=Age of Animal

1Exposed to Salmonella Typhimurium.

2 Not exposed to Salmonella Typhimurium.

Salmonella Typhimurium Count

Counting Salmonella Typhimurium in plates showed significant decrease in
Safmannan® 125 ppm group compared to all other challenged groups with Salmonella
Typhimurium as table (2.5) shows. Haldar et al., (2011) found that one of yeast
treatments significantly lowered Salmonella Typhimurium count in the plates compared

to the control group and the other yeast product treatments groups.
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No significant differences were recorded in ROKA count between all exposed
groups to Salmonella Typhimurium, and that might because ROKA is a molecular
method which detect ribosomal RNA of Salmonella in general (Hu et al., 2018), which
means it detect live and dead Salmonella Typhimurium and other Salmonella species in
the samples.

Table 2.5 Day 10 Salmonella Typhimurium Numeration by Plating & ROKA!

Treatment Count in plates (CFU ROKA! count (CFU log
log10)/ gm 10)/ml
Cultured Yeast Cell Wall Products (postbiotic)
XPC-Ultra® 625 6.01+116° 493+0.60"
XPC® 1250 567+113° 477+055"
Yeast Cell Wall Products (prebiotic)
Safmannan® 125 5.07 + 1.83 " 4.87+057"
Safmannan® 250 6.04+1.05° 5.02+022"
Control Groups (no antibiotic alternative)
Exposed control 2 577+139° 5.01+031°
Nonee- Exposed a a
control 3 0.17+£1.10 3.75+£2.13

'Roka assay target ribosomal RNA (rRNA) to detect pathogen in the sample.

abe Means +Standard Deviation within a column with no common superscript differ
based on Duncan’s multiple range test. For this experiment there was no difference
between the challenged and unchallenged birds nor was there a difference between the
yeast culture postbiotics or yeast cell wall prebiotics. ANOVA and Duncan’s mean
separations are therefore shown based on a one-way ANOVA.

2 Exposed to Salmonella Typhimurium.

% Not exposed to Salmonella Typhimurium.
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CONCLUSION

In conclusion, adding yeast cell wall prebiotic and yeast postbiotic products to
the starter diet of broiler chickens did not enhance production performance at day 10 of
the chicken’s life, as there were no significant differences between all groups in total
body weight, daily gaining weight, FCR, or mortality ratio during the first 10 days of the
bird’s life while exposing to Salmonella Typhimurium. Safmannan® 125 group showed
significant decrease in Salmonella Typhimurium count on the plates compared to XPC®
1250 group, which means it is more effective in controlling the disease and could work

as antibiotic alternative.
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CHAPTER 11
EVALUATION OF THE EFFECT OF PHILEO® SAFMANNAN® AND
DIAMOND V® YEAST CULTURE ON THE PERFORMNACE OF BROILER

CHICKENS WHEN CHALLENGED WITH CLOSTRIDIUM PERFRINGENS

INTRODUCTION

Clostridium perfringens is an anaerobic, Gram-positive, rod-shaped, spore
forming bacteria that is encapsulated and Nonee-motile and causes enteric disorder in
animals and humans (Songer, 1996; Khelfa et al., 2012). Clostridium perfringens can be
found in the soil, dust, feed, feces, eggshell fragment, poultry litter, intestine tract of
poultry (Craven et al., 2001). Clostridium perfringens inhibits chicken’s gut naturally,
but because it produces multiple toxins and enzymes it could affect poultry production
(Immerseel et al., 2004). The disease does not happen without contribution of inducing
factors. Colonization of Clostridium perfringens occurs early in the life of poultry
(Craven et al., 2000; Craven et al., 2001). Necrotic enteritis and ulcerative enteritis
occur due to Clostridium perfringens adhesion to the intestinal mucosa, if the adhesion
occurred extensively (Williams, 2005). Necrotic enteritis causes high economic losses in
poultry production, especially after the recent banning of antimicrobial usage as growth
promoters in poultry farms (Abd El-Hack et al., 2021). Adding antibiotic alternative is
an option to elevate the stress occurs because of the pathogens infection, and
Saccharomyces cerevisiae products are options for this purpose, in addition to their

growth promoting effect as well according to the researchers (Ahiwe et al., 2021). Yeast
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prebiotics and postbiotic products could be used as antibiotic alternatives as the
scientist’s defined prebiotics as a Nonee-digestible food ingredient that improves host
health by stimulating the growth and/or activity of selected beneficial bacteria in the
intestine (Gibson and Roberfroid, 1995), and yeast cell wall contain two kinds of
prebiotic oligosaccharides which are glucan and mannan. While postbiotics were defined
as a product contains inanimate microorganisms and/or their components that leads to
health improvement of the animal. Postbiotics improve health through certain potential
mechanism of action and are characterized to be safe and could be created by different
microorganisms (Salminen et al., 2021).

Feeding broiler chickens on a diet that contains yeast culture led to significant
enhancement in weight gain and improved calcium and phosphorus digestibility
significantly (Gao et al., 2008). Hashim et al., documented that the effects of adding
yeast cell wall (YCW) to broiler diet vary while challenging with Clostridium
perfringens depending on the type of additive (2017). They found adding yeast cell
Mannan-oligosaccharide (MOS) and purified YCW led to body weight enhancement in
both groups compared to challenge control group, while adding semi purified YCW or
purified beta-glucan caused body weight decrease compared to challenged control group
at day 21 of birds’ age. In six studies performed by Fowler et al., (2015) proved 15%
enhancement in growth and a 10% reduction in FCR when a blend of two YCW
products added to broiler diet. They suggested that YCW products could be used as
growth promoters in broiler farms and the optimum dose of Safmannan® is 250 ppm.

Johnson et al., (2020) found that adding YCW products to challenged broiler chicken’s

40



diets with necrotic enteritis enhanced weight gain compared to challenge group at day
21. Feeding MOS and B-glucan prebiotics (which are part of yeast cell wall) are proved
to enhance broiler performance (Hooge, 2004; and Moon et al., 2016). Enhancement of
broiler chicken production could occur through enhancement of immune response during
supplying YCW to the animal, thus, improvement of animal health occurs (Ha et al.,
2006; and Swigtkiewicz et al., 2014).

Postbiotics produced from Saccharomyces cerevisiae could be used in broiler
chicken’s diet as an antibiotic alternative, as they contain YCW and some metabolites
produced by the yeast which all contribute in animal health improvement (Sun et al.,
2019). Postbiotic products could be used safely in broiler chicken production as
Zolkiewics et al., (2020) described, postbiotic products could affect health directly or
indirectly by the beneficial substances that are released from microorganisms. Because
there are no living microorganisms involved, the risks of postbiotic are low (Zolkiewics
et al., 2020). Sometimes, yeast additives shows different effects on broiler, as Johnson et
al., (2020) showed that semi-purified YCW, beta glucan, or manno-protein groups did
not show significant differences in weight gain at day 21 compared to the control groups
when the animals were challenged with necrotic enteritis, while the combination group
of beta glucan and manno-protien showed significant enhancement in weight gain at day
21 compared to challenged control group. Morales-Lopez at al., (2009) found no
significant differences in body weight between yeast cell wall group and control group.

In this study, Safmannan® prebiotic from Phileo® by Lesaffre and XPC®, and

XPC-Ultra® postbiotics from Diamond V® concentrate were added to broiler chicken’s
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diets while challenging with Clostridium perfringens to evaluate the pathogen negative
effects on broiler chickens performance.
MATERIAL AND METHODS

The study was approved by the Texas A&M institutional Animal Care and Use
Committee (IACUC 2014 - 0030) and the Animal Care and Use Committee at the
Southern Plains Agriculture Research Center. Birds were housed at the Southern Plains
Agricultural Research Center, United States Departments of Agriculture.

Experimental Design and General Procedure

A total 200 Ross 308 broiler chicks were randomly distributed between two
stainless steel battery units (48 pens; 4 birds per pen). A total of 8 replicates for each
group were sequentially assigned to pens such that each treatment was represented at
least once for any given level of pens (4 levels). The standard Sanderson Farms
Hatchery vaccinations were administered on the day of hatch.

Birds were vaccinated with a commercial Infectious Bursa Disease vaccine at
day 10 of age. Challenge with Clostridium perfringens occurred on day 16 and 17 of the
experiment. 3 ml oral gavage 10’ CFU/mI per each challenged bird for all birds in
challenged groups. The study was terminated on day 21. The specific treatments are
shown below in table (3.1) as five groups were challenged with Clostridium perfringens
while one group kept as Nonee-challenged negative group. XPC-Ultra® concentrated
625 ppm was added to the diet in first group, XPC® 1250 ppm added to the diet for the

second group, Safmannan® 250 ppm was added to the diet for the third group,
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Safmannan® 500 ppm was added to the diet for the fourth group, and the last two groups
were fed basal diet without additives and kept as two control groups.

Table 3.1 Yeast prebiotic and postbiotics additives and Clostridium perfringens
challenge used in the experiment

Treatment Products' Concentration Challenge2 Antibiotic

(ppm) Alternative
XPC-Ultra® 625 + Postbiotic
XPC® 1250 + Postbiotic
Safmannan® 250 + Prebiotic
Safmannan® 500 + Prebiotic
Challenged Control group 0 + Nonee
Noneee-Challenged Control 0 - Nonee
group

1Safmannan@ is obtained from primary culture and the purification of selected
Saccharomyces cerevisiae proprietary strain sold by Phileo®. XPC® is a yeast
culture Saccharomyces cerevisiae yeast grown on a media of processed grain by-
products, roughage products, cane molasses, malt and corn syrup sold by Diamond
V®. XPC-Ultra® is a concentrated version of XPC®.

2Challenge with Clostridium perfringens occurred on day 16 and 17 of the
experiment. 3 ml oral gavage 10’ CFU/ml per each challenged bird for all birds in

challenged groups.

Two stainless steel Battery Brooder Units were used in this study to raise
the birds. Four birds were randomly allocated to each pen, (32 chicks for each
treatment in eight replicates. Each pen was as a replicate (48 pens; 4 birds by pen, 2
sq ft per cage). The rearing room temperature was regulated by the computer
controlled building thermostat. No concomitant drug therapy was used during the

study. Diets were based on treatment addition to a corn-soy industry type basal
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broiler starter diet (table 3.2). Birds were observed daily with regard to the general
flock condition, room temperature, lighting, water, feed, and other unanticipated
events for the house, and mortality for all pens.

Table 3.2 Ingredient and calculated composition of basal diet

Ingredient Percentage
Corn 58.43
Soybean Meal 34.49
DL-Methionine 0.23
Lysine HCL 0.18
AV Blend 8500 2.76
Limestone 1.56
BioFos 16/21P 1.54
Salts 0.51
Vitamins Premix? 0.25
Trace minerals Premix® 0.05
Calculated Nutrient Content (%0)

Protein 22
ME (Kcal/Kg) 3050
Crude Fat 5.32
Crude Fiber 2.63
AV phosphate 0.45
Calcium 0.95
AV Methionine 0.53
AV Met+Cys 0.83
AV Lysine 0.19
Sodium 0.22
Potassium 0.86
Chloride 0.39

!Mono-calcium phosphate

2\itamins premix provided the following, per kilogram of diet: vitamin A 11 KIU; vitamin
D3, 3,850 IU; vitamin E, 45.8 IU; vitamin B12, 0.017 mg; biotin, 0.55 mg; menadione,
1.5 mg; thiamine, 2.93 mg; riboflavin, 5.96 mg; d-pantothenic acid, 20.17 mg; vitamin
B6, 7.15 mg; niacin, 45.8 mg; folic acid, 1.74 mg; choline, 130.3 mg.

3Trace minerals provided in the following, per kilogram of diet: Cu, 7.0 mg; I, 0.4 mg; Fe,
60.0 mg; Mn, 60.0 mg; Zn, 60.0 mg.
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Statistical Procedures

Data were analyzed as a complete randomized block design using the GLM
procedure of SPSS. Blocks and treatments were used as fixed factors in the statistical
model. Where significance was detected in the overall model for each dependent variable;
means were separated using Duncan’s multiple range test.
RESULTS AND DISCUSSION

The results in three phases of the experiment showed different results according
to the individual phase or accumulative calculation for the whole experiment.
Growth and Performance

Results listed in table (3.3) showed no significant differences between all groups
at day 10 Of the experiment. No differences in body weight, weight gain, cumulative
feed to body weight, phase feed to gain, PI, or phase mortality between yeast prebiotic
and postbiotics additive groups, neither differences found between the additives groups
and both control groups. These results were similar to what Morales-Lopez et al., (2009)
found. They did not find significant differences in body weight between the treatment
groups and control groups in the two experiments when they added YCW to the
chicken’s diets. The same results were documented in another study when no significant
differences were documented in final body weight, weight gain, nor FCR between the
postbiotic group and control group (Danladi et al., 2022). As well as Pascual et al.,
(2020) found no significant differences in total weight gain or feed conversion index

between Safmannan® group and control group at day 14. Whereas other studies proved
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the opposite results, as Ahiwe et al., (2019) showed that adding yeast cell wall product

could enhance the body weight and feed conversion ratio at day 10 of chickens’ age.
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Table 3. 3 Day 10 Production Performance

Treatment Body Weight Gain | Cumulative Phase Feed PI' Phase
Weight (g) | (g) Feed to Body | to Gain Mortality
Weight %
Cultured Yeast Cell Wall (Postbiotic)
XPC-Ultra® 625 | 262+21 223421 1.00+0.02 1.18+0.04 247+26 0+0
XPC® 1250 270+9 23149 1.00+0.00 1.17+0.02 257413 0+0
Yeast Cell Wall Products (Prebiotics)
Safmannan® 264+11 225+10 0.98+0.02 1.15+0.02 255+13 0+0
250
Safmannan® 261+21 222421 1.00+0.02 1.18+0.03 246+28 0+0
500
Control Groups (No Antibiotic Alternatives)
Challenged 256+15 217+15 0.98+0.01 1.16+0.02 246+16 0+0
Chicks
Noneee- 26549 22619 0.99+0.02 1.16+0.02 254+10 0+0
Challenged
Chicks

+ Standard Deviation

'pI= Productivity Index
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At day 16 of the experiment, no significant differences in body weight, phase
weight gain, FCR, or mortality percentage among the additive groups and the control
groups as table (3.4) displays. The same results that Johnson et al., (2020) found in their
study, as they could not prove any significant differences at day 16 in body weight or
weight gain between the groups. Additionally, there were no significant differences
between FCR of YCW groups compared to challenge control group. In another study,
adding YCW to broiler diet caused declining in both daily weight gain (P=0.04) and feed
intake (P<0.01) in the second phase of the experiment (14-28 d), but no effect on feed
conversion was recorded (Pascual et al., 2020). Hashim et al., (2017) found that adding
semi-purified YCW to broilers’ diet decreased body weight and Pl compared to control
groups at day 16 of the study, while it did not affect FCR, or mortality percentage. In
same study, the researchers found that adding purified YCW to broilers chicken’s diets
did not affect the performance of the chickens at day 16 of the experiment positively or
negatively. The reason of not showing differences among the groups is, feed additives
expected to enhance the production in stress situation to reach to the genetic potential
growth of the animal, and this enhancement absence in performance occurred due to the
stress factor was not exist before challenge which occurred at day 16 after performance

parameters measurements were documented.
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Table 3. 4 Day 16 Production Performance

Treatment Body Phase Cumulative | Phase Feed | Cumulative | py' Phase Cumulative
Weight | Weight Feed to Body | to Gain Feed to Mortality | Mortality
() Gain (g) | Weight Gain %
Cultured Yeast Cell Wall (Postbiotic)
XPC-Ultra® | 56645 | 282+25 1.139+0.015° | 1.2720.02° | 1.23x0.02° 295+29 |1 0 0
625
XPC® 1250 | 566+18 | 296+9 | 113340.012° | 1.2540.02 | 1.2240.02™ | 310+13 | 0 0
Yeast Cell Wall Products (Prebiotics)
Safmannan® | 546+2 282+14 1_129i0_011bc 1.27+0.02° 1.22:,:0_01bc 30013 | 0 0
250
Safmannan® | 54542 | 284+21 | 1136£0.011° | 1.26£0.02" | 1.2320.02° | 297£26| 0 0
500
Control Groups (No Antibiotic Additives)
Challenged | 548431 | 292423 | 1 11040.014" | 1.2240.03" | 1.20+0.02" | 30621 | 0 0
Chicks
Noneee- 548+17 | 283+14 |1 11740.021" | 1.2420.03" | 1.20£0.02"° | 303%10| 0 0
Challenged
Chicks

** Means within a row with no common superscript differ significantly (P<0.05)

+ Standard Deviation

*pI= Productivity Index (Pl= (100-MORT) x (BW/1000)/Bird age/FCRx100).
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There were no significant differences in body weight at day 21 between all groups,
as table (3.5) shows. No significant differences between all groups in phase weight to gain,
phase feed to gain, cumulative feed to gain, cumulative feed to body weight, or productivity
index. There was mortality in both Safmannan groups and in the negative control, but no
significant differences in mortality ratio between the groups were recorded at day 21 of the
experiment.

Morales-Lopez et al., (2009) did not record significant differences in body weight
between groups when they added YCW. In another study, adding YCW tended to decrease
body weight compared to control group at day 14 and 28 of age. The values of the decrease
in body weight in group fed yeast were at day 14 was -2.6% at P = 0.08, and - 2.9%
at P=0.03 at day 28 (Pascual et al., 2020). Johnson et al., (2020) documented that adding
YCW additive to broilers diet did not show significant differences in body weight at day 21
of the experiment compared to control group. In another study, adding semi-purified YCW
while challenging with Clostridium perfringens did not enhance body weight, FCR,
mortality percentage, nor Pl compared to challenge group (Hashim et al., 2017). In a study
conducted by Hashim et al., (2019), adding YCW products to broiler chicken’s diets
improved birds’ weight and weight gain at day 21 of the chickens’ age, but YCW additives

did not affect feed to gain ratio, FCR, PI, nor mortality percentage compared to control

group.
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Table 3. 5 Day 21 Production Performance

Treatment Body Phase Cumulative | Phase Cumulative | py! Phase Cumulative
Weight | Weight | Feed to Body | Feed to Feed to Mortality | Mortality
() Gain (g) | Weight Gain Gain % %
Cultured Yeast Cell Wall (Postbiotic)
XPC-Ultra® 625 | 860+59 | 316+39 | 1255+0019" | 1.48+0.11 | | 317+0.02° | 316+33| 0 0
XPC® 1250 874+23 | 309+25 1.246:*:0.021b 1.46+0.08 1_304i0_02b 335£13 | 0 0
Yeast Cell Wall Products (Prebiotics)
Safmannan® 250 | 858+25 | 312+20 1_240i0_020b 1.44+0.06 1_299i0_02b 320+£28 | 3£9 319
Safmannan® 500 | 876+55 | 332421 | 1237+0.021% | 1.4120.07 | | 29710 02™ | 318+54 | 6+12 6+12
Control Groups (No Antibiotic Additives)
Challenged 857434 | 309+42 1.23610.024313 1.48+0.13 1.297io_03ab 33118 O 0
Chicks
Nonee- 879+35 | 33115 | 1216+0.012" | 1.38+0.01 | 1 273+0.01" | 345+10| 39 319
Challenged
Chicks

* Means within a row with no common superscript differ significantly (P<0.05).
+ Standard Deviation.

'PI= Productivity Index.
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CONCLUSION

There were no significant differences in performance parameters of broiler
chickens at day 10, 16, or 21 of the experiment between YCW prebiotic or postbiotic
additive compared to challenged and Noneee-challenged group. Some studies proved
same results, like Johnson et al., (2020) did not find significant differences at day 16 or
21 of the experiment in body weight or weight gain between the groups when YCW was
added to the broilers’ diet, and there were no significant differences between FCR of
YCW group compared to challenged control group while challenging with Clostridium
perfringens. Hashim et al., (2017) showed no positive significant effect from adding
Nonee-purified YCW to broiler diet on their performance.

As Kim and Lillehoj (2019) mentioned, antibiotic alternative lack consistency as
in some Studies, adding yeast additives to broiler diets showed enhancement in

production as (Fowler et al., 2015; Hashim et al., 2019).
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CHAPTER IV
EVALUATION THE EFFECT OF MICROSAF®, ENVERA GOPLUS®
PROBIOTICS, SAFMANNAN® PREBIOTIC ON STARTER BROILER
PERFORMANCE IN BIRDS SUBJECTED TO BURSA VACCINE AND

CLOSTRIDIUM PERFRINGENS CHALLENGE

INTRODUCTION

Using antibiotics in broiler chicken farms has had a significant effect in
enhancing animal health and production by lowering occurrence of diseases and
mortality. However, because of antibiotic-resistance which affect human health and
animal production, public pressured and antibiotic banned from being used in animal
farms as growth promoters. All of that led to actively search the antibiotic alternatives to
improve poultry production. Some products like probiotics and prebiotics found to be
used as antibiotic alternative feed additives to promote broiler production (Diarra and
Malouin, 2014).

Probiotics are live microorganisms which improve animal health when
administrated in adequate amount as feed additives. Animal health improvement occur
through enhancing the microbial intestinal balance to get the desired benefits and
improve animal health (FAW/WHO, 2002). Adding probiotics to poultry diets could
enhance intestinal health through supporting the beneficial microbiota and suppressing
harmful bacterial growth in the digestive tract (Jadhav et al., 2015). Using probiotics in

poultry diets can limit various infectious diseases, and the optimal effects of probiotics
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can occur by appropriate selection of probiotic strains which are used as feed additives
(Alagawany et al., 2018).

Probiotic supplementation could support health and enhance production of
poultry through multiple mechanisms, such as enhancement of intestinal microbiota,
modulation of immune system, pathogen exclusion and prevention of colonization,
alteration of ileal digestibility and total apparent digestibility coefficient, decrease in
ammonia and urea excretion, improvement of growth performance (Jha et al., 2020).
The benefits of probiotics can occur directly in the gastrointestinal tract and indirectly
through modulation of immune response in poultry (Krysiak et al., 2021).

There are many microorganisms used to produce probiotics, such as the bacteria
Bifidobacterium spp., Lactococcus spp., LactoBacillus spp., and Bacillus spp. Yeast are
used as well to produce probiotic products (Park et al., 2016). In multiple studies, some
Bacillus spp. showed enhancement in poultry health and production. Feeding broiler
chickens on a diet which contains Bacillus amyloliquefaciens lead to significant
improvement in growth performance and immunity, as an increase of body weight in
addition to reduction of feed conversion ratio occurred (Ahmat et al., 2021; Hong et al.,
2019; & Ahmed et al., 2014). Improvement of growth performance of broiler chickens
occur after feeding Bacillus amyloliquefaciens which could be an outcome of cecal
microflora enhancement and intestinal morphology enhancement which allow better
nutrient utilization (Lei et al., 2015). Bacillus amyloliquefaciens as a feed additive led to
feed conversion ratio (FCR) improvements compared to broiler chickens with both of

Eimeria maxima and Clostridium perfringens significantly, as well as lowering mortality
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rate compared to the challenged broiler chickens without feed additives. (Oliveira et al.,
2019).

Bacillus pumilus probiotics could be used in poultry production earlier in life to
enhance cecal microbiota, like; Ruminococcaceae, LactoBacillus, and Bifidobacterium,
which can affect poultry performance due to the health promoting effects of these
microorganisms (Bilal et al., 2021). In addition of microbiota enhancement, Bacillus
pumilus secrete antimicrobial substance (Hasan et al., 2009). Those antimicrobial
substances could have inhibitory effects against some pathogens (Chu et al., 2019).

Bacillus licheniformis could be used as an antibiotic alternative to improve
growth performance in poultry (Liu et al., 2012). Adding Bacillus licheniformis to
broiler diet could enhance daily weight gain and feed conversion ratio significantly
compared to the control group (Liu et al., 2012). Bacillus licheniformis could be
considered as antibiotic alternative as it could be supplied to the broiler chickens to
prevent necrotic enteritis caused by Clostridium perfringens (Knap et al., 2010).

LactoBacillus probiotics showed enhancement effect on broiler chicken
performance. In a study, adding LactoBacillus probiotic to broiler chickens could
enhance FCR compared to control group at day 21. The values of FCR were 1.39 and
1.53 respectively in LactoBacillus and control groups (Chen et al., 2017). In another
study, adding LactoBacillus reuteri to broiler chicken diet improved FCR in weeks
between 5th and 8th of the chickens age (Bhogoju et al., 2021). Lactobacilli probiotic
could improve body weight and weight gain when added to broiler diet (Fesseha et al.,

2021). LactoBacillus sp. could enhance intestinal villi permeability and improve
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nutrients absorption which affect body weight positively (Pertiwi and Mahendra, 2021).
Lactobacilli could be used as an antibiotic alternative because it has multiple
mechanisms to inhibit pathogens like producing organic acids, producing hydrogen
peroxide (H202), and producing bacteriocin (Taheri et al., 2009).

Saccharomyces cerevisiae could be used as a probiotic and act as antibiotic
alternative since it affects growth in broiler chicken positively. Yeast cell wall (YCW)
products could be used as prebiotics as well to enhance broiler production (Ahiwe et al.,
2021). Adding yeast culture to broiler diet had significant positive effect on weight gain
and significantly enhanced calcium and phosphorus digestibility, which ultimately
supports growth (Gao et al., 2008). The improvements that happens after feeding yeast
products to broiler chickens could be attributed to the effects of yeast cell wall on
intestine morphology (Santin et al., 2001), as adding YCW to the animals’ diet could
increase the villi height in the intestine (Abudabos and Yehia, 2013), or the enhancement
in performance could be referred to the effects of the metabolites that produced by
Saccharomyces cerevisiae which are involved in metabolic pathways in the animal’s
body, including glycine, serine, and threonine metabolism (Sun et al., 2019). Feeding
YCW could have positive effect on broiler production since it consists of mannan-
oligosaccharide (MOS) and B-glucan as these effects proved in studies. Adding MOS to
broiler chicken’s diets enhanced body weight, FCR, and mortality significantly in
treatment group compared to control group (Hooge, 2004). B-glucan could improve
chicken’s performance and worked as an antibiotic alternative when added to poultry

diet (Moon et al., 2016). In addition of the production improvement, adding YCW to
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broiler chicken’s diets could improve gut health and enhance the immune response of
poultry as well (Swiatkiewicz et al., 2014). Adding YCW prebiotic could work as
antibiotic alternative which enhances production versus broiler chickens with
Clostridium perfringens (Pascual et al., 2020; and Fowler et al., 2015).

In this study, Miscrosaf ® probiotic, Safmannan® prebiotic, from Phileo ® by
Lesaffre, and Envera Goplus® probiotic (LactoBacillus spp.) are used to evaluate their
effects on broiler performance versus broiler chickens with Clostridium perfringens.
Microsaf ® contains Bacillus amyloliquefaciens, Bacillus licheniformis, and Bacillus
pumilus.

MATERIAL AND METHODS

The study was approved by the Texas A&M institutional Animal Care and Use
Committee (IACUC 2014 - 0030) and the Animal Care and Use Committee at the
Southern Plains Agriculture Research Center. Birds were housed at the Southern Plains
Agricultural Research Center, United States Departments of Agriculture.
Experimental Design and General Procedure

A total 288 Ross 308 broiler chicks were randomly distributed between two
stainless steel battery units (48 pens; 6 birds per pen). A total of 8 replicates were
sequentially assigned to pens such that each treatment was represented at least once for
any given level of pens (4 levels). The standard Sanderson Farms Hatchery vaccinations
were administered on the day of hatch.

At day 10, one bird from each pen was removed and the rest birds vaccinated

with a commercial Infectious Bursa Disease vaccine to immune compromise the birds.
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The challenge with Clostridium perfringens was done at days 16 and 17 (3 ml oral
gavage 107 CFU/ml) after one bird was removed from each pen to get bird numbers
down to 4 birds per pen as USDA approved AUP.

The chicks and feed were weighted on the first day, the 10" day, day 16, and day
21 to evaluate the production performance. The study employed six treatments; five
groups were challenged with Clostridium perfringens and the feed was supplemented
with: Phileo Microsaf® 500g/M ton, Envera Goplus® 500g/ M ton, Envera Goplus®
500g/ M ton + Safmannan® 125 ppm, and Safmannan® 250 ppm. In addition of a
challenged control consisted of the basal diet without yeast or probiotic product
addition, and a Nonee-challenged control, which was fed the basal diet without

Clostridium challenge. The specific treatments are shown in table (4.1).
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Table 4.1 Probiotics and YCW treatments and Clostridium perfringens challenge
used in the experiment

Treatment Products' Concentration Challenge2 Antibiotic
(ppm) Alternative
Microsaf® 500 + Probiotic
Envera Goplus® 500 + Probiotic
Envera Goplus® + Safmannan® | 500 + 125 + Probiotic +
Prebiotic
Safmannan® 250 + Prebiotic
Challenged Chicks 0 + Nonee
Nonee-Challenged Chicks 0 - Nonee

'Safmannan® is obtained from primary culture and the purification of selected
Saccharomyces cerevisiae proprietary strain sold by Phileo®. Microsaf® is a probiotic
obtained fromPhileo®, contains Bacillus amyloliquefaciens, Bacillus pumilus, and
Bacillus licheniformis. Envera Goplus® is LactoBacillus probiotic from Animal Care
Envera.

2Challenge with Clostridium perfringens occurred on day 16 and 17 of the experiment. 3
ml oral gavage 10" CFU/ml per each challenged bird for all birds in challenged groups.

All treatments were fed the commercial corn-soy basal diet which includes the

ingredients and nutrients that are listed in table 4.
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Table 4.2 Ingredient and calculated composition of basal diet

Ingredient Percentage
Corn 58.43
Soybean Meal 34.49
DL-Methionine 0.23
Lysine HCL 0.18
AV Blend 2.76
Limestone 1.56
BIOFOS! 1.54
Salts 0.51
Vitamins Premix? 0.25
Trace minerals Premix® 0.05
Calculated Nutrient Content (%)

Protein 22
ME (Kcal/Kg) 3050
Crude Fat 5.32
Crude Fiber 2.63
AV phosphate 0.45
Calcium 0.95
AV Methionine 0.53
AV Met+Cys 0.83
AV Lysine 1.19
Sodium 0.22
Potassium 0.86
Chloride 0.39

Mono-calcium phosphate
2Vitamins premix provided the following, per kilogram of diet: vitamin A 11 KIU; vitamin
D3, 3,850 IU; vitamin E, 45.8 IU; vitamin B12, 0.017 mg; biotin, 0.55 mg; menadione,
1.5 mg; thiamine, 2.93 mg; riboflavin, 5.96 mg; d-pantothenic acid, 20.17 mg; vitamin
B6, 7.15 mg; niacin, 45.8 mg; folic acid, 1.74 mg; choline, 130.3 mg.
3Trace minerals provided in the following, per kilogram of diet: Cu, 7.0 mg; I, 0.4 mg; Fe,
60.0 mg; Mn, 60.0 mg; Zn, 60.0 mg.

The rearing room temperature was regulated by the computer controlled
building thermostat. Birds were observed daily with regard to the general flock
condition, room temperature, lighting, water, feed, and other unanticipated events for

the house, and mortality for all pens. And the study terminated at day 21. Weight of

birds and feed were recorded at day 0, 16, 21 of the study to calculate the performance
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parameters (Body weight, phase weight gain, phase feed to gain, cumulative feed to
gain, cumulative feed to body weight, productivity index (PI), phase mortality

percentage, and cumulative mortality percentage.

Statistical Procedures

Data was analyzed as a complete randomized block design using GLM procedure
of SPSS. Blocks and treatments were used as fixed factors in the statistical model.
Where significance was detected in the overall model for each dependent variable;
means were separated using Duncan’s multiple range test. Fore days 10 and 16 the
Nonee-challenged and challenged control groups were combined since the actual

challenge did not take place until day 16 and 17 of the experiment.

RESULTS AND DISCUSSION

The results from this study showed no significant effect on body weight
or phase weight gain of the chickens at day 10 from adding Envera Goplus®, Microsaf®
probiotics, or Safmannan® YCW prebiotic, as there were no significant differences
between the feed additives groups and the control group in body weight or phase weight
gain at day 10 of the experiment. Adding Safmannan® Y CW prebiotic affected phase
feed to gain and cumulative feed to body weight negatively significantly compared to
control group as table (4.3) shows. Envera Goplus® + Safmannan® combination
affected phase feed to gain and PI negatively significantly as well. While Envera

goplus® improved cumulative feed to body weight ratio significantly compared to
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Safmannan® group at day 10. Microsaf® group did not show differences in any
performance parameter compared to control group, but it showed significant
improvement in Pl compared to Envera Goplus® + Safmannan® mixture group. In a
study was conducted by Hashim et al., (2017), adding purified and semi-purified YCW
to broilers’ feed did not affect body weight significantly compared to control groups.
Neither significant differences in FCR or Pl between the groups at day 10 shown in same
study. M’Sadeq et al., (2015) and Fowler et al., (2015) documented that adding YCW to
broiler feed did not affect the chickens’ performance during the early phase of the
growth, and that might because of the absence of the significant stressors they explained.
In table 4.4, results showed no significant differences between all groups in any of
the performance parameters at day 14 of the experiment, and it could be because of the
same reason which is the absence of stress factor to show the positive effects of the feed

additives.
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Table 4.3 The Effect of Adding the Treatments on Day 10 Performance

Treatment Body Weight | Phase Weight | Cumulative Phase Feed Pr! Phase
(2) Gain (g) Feed to Body | to Gain Mortality %
Weight
Probiotic Products Group
Microsaf® 500 260.5 +4.1 222.8+3.9 1.01 £0.01 ab 1.18+£0.01 ab 2721+5"° 0+0
Envera Goplus® 500 2583 +33 2205+34 1.00+001" 1182001 ® | 220+3 ® 1 0+0
Probiotic and Prebiotic Mix Group
Envera goplus® 500+ 247.6 £4.5 210.3+43 1.01 £ 0.01 ab 1.20 £0.01 b 208 + 4 b 0+0
Safmannan® 125
Prebiotic Group
Safmannan® 250 258.0+4.6 220.5+4.5 1.02 £+ 0.01 b 1.19 £0.02 b 217+ 6 e N E
Control Group (No Antibiotic Alternative Additives)

Noneee-Challenged 260+2.6 223.6+£2.6 1.00+£0004" | 11620005 | 225+3" 0+0
Control

*® Means within a row with no common superscript differ significantly (P<0.05)

+ Standard Deviation
'PI= Productivity Index
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Table 4.4 The Effect of Adding the Treatments on Day 16 Performance

Treatment Body Phase Cumulative Phase Feed | Cumulative | py’ Phase Cumulative
Weight (g) | Weight Feed to Body | to Gain Feed to Mortality Mortality %
Gain (g) Weight Gain %
Probiotic Products Group
Microsaf® 500 | 544.7+7.3 | 279345 | 1.25£0.01 1.32+0.02 | 1.25+0.01 273+4 | 00 0+0
Envera 546.7£6.8 | 283.1+5.5 | 1.25£0.01 1.32+0.01 1.25+0.01 2744 | 00 0+0
Goplus® 500
Probiotic and Prebiotic Mix Group
Envera 531.9+£7.7 | 278.6+3.8 | 1.25+0.01 1.30+ 0.01 1.25+0.01 267+4 | 0+ 0 0+0
goplus® 500+
Safmannan®
125
Prebiotic Group
Safmannan® 547.1+8.4 | 283.5+4.4 | 1.25+0.01 1.30+0.01 1.25+0.01 2745 | 0+0 0+0
250
Control Group (No Antibiotic Alternative Additives)
Noneee- 545.6£6.6 | 280.1+3.7 | 1.25£0.004 1.32+0.01 1.24+ 0.04 275+4 | 0+0 0+0
Challenged
Control

+ Standard Deviation

'PI= Productivity Index

64




At day 21, the results did not show any significant differences between all
probiotics, prebiotics, and their mixture groups in body weight, weight gain, cumulative
feed to body weight ratio, PI, and phase and accumulative mortality percentages as table
(4.5) shows. Microsaf® group showed higher phase feed to gain and cumulative feed to
gain ratios compared to Noneee-challenged group significantly. The results from this
study agreed with the results from other studies like (Johnson et al., 2020) as they
couldn’t find significant differences between YCW additive group at day 21 compared
to control group when they added YCW prebiotic to broiler diet during challenging with
Clostridium perfringens.

Mohamed et al., (2022) showed that adding certain concentration of Bacillus
probiotic to broiler chicken’s diets enhanced body weight significantly compared to the
control group, while adding the same probiotic in lower concentration did not affect the
body weight significantly. Likewise, Actisaf® did not affect performance parameters
values significantly at day 21. Fesseha et al., (2021) found adding 4 g of LactoBacillus
probiotic to the chicken’s diet could improve body weight and FCR significantly
compared to the control group at day 21, while adding the same probiotic to broiler
chicken’s diets in 2 g and 1 g concentrations did not affect the body weight at day 21 of
the birds’ age. LactoBacillus feed additive at 2 g concentration affected FCR negatively
compared to 4 g LactoBacillus group and the control group as well. In current study,
Envera Goplus® the LactoBacillus probiotic group affected phase feed to gain and

accumulative feed to gain ratios negatively compared to Noneee-challenged control
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group, but it did not have any other effect on body weight, weight gain, cumulative feed

to body weight, mortality percentage at day 21 of the experiment.
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Table 4.5 The Effect of Adding the Treatments on Day 21 Performance

Treatment Body Phase Cumulative | Phase Feed to | Cumulative pr’ Phase Cumulative

Weight (g) | Weight Feed to Body | Gain Feed to Gain Mortality | Mortality %

Gain (g) Weight %
Probiotic Products Group
Microsaf® 500 842 + 12 293+ 10 1.56 £0.02 1_58:i:0_05b 134+ 0.01 b 275+ 15 13+7 8+5
Envera Goplus® 849 £ 16 299 + 11 1.55+£0.01 1.55+0.05 ab 1334001 ab 285+9 9+5 6+3
500
Probiotic and Prebiotic Mix Group
Envera goplus® 830+ 18 291 £ 12 1.51 +£0.02 148+0.03% 1.31+0.01 ab 301 +7 0+0 00
500+ Safmannan®
125
Prebiotic Group
Safmannan® 250 853+ 18 303+16 1.51+£0.02 1.47+0.05" 1314001 304+10 330 22+0
Control Groups (No Antibiotic Alternative Additives)

Challenged Chicks | 828 +21 288+ 10 1.53 £0.02 148+0.02% 1324001 300+ 8 0+0 0+0
Noneee-Challenged | 871 + 12 313+ 6 1.51 £0.01 1.45+0.02" 1.30+001" 319+5 0+0 0+0

Control

*® Means within a row with no common superscript differ significantly (P<0.05)

+ Standard Deviation
'PI= Productivity Ind
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CONCLUSION

The results from this study did not show significant enhancement of broiler
chicken’s performance in Actisaf®, Envera Goplus® probiotic groups, Safmannan®
prebiotic group, neither Envera Goplus® + Safmannan® mixture group at day 10, 16, or
21 of the experiment while challenging with Clostridium perfringens pathogen. Studies
showed different outcomes from adding probiotics and prebiotic products. In a study
conducted by Hashim et al., (2017), purified and semi-purified YCW groups did not
show significant differences in body weight at day 21 compared to challenged control
group, while semi-purified YCW showed significant decrease in body weight compared
to Noneee-challenged control group. No significant differences in FCR or PI between
YCW groups and the control groups were shown either at day 21. M’Sadeq et al., (2015)
and Fowler et al., (2015) documented that adding YCW to broiler feed did not affect the
chicken’s performance during the early phase of the growth. In contrast of the results of
the current study, some researchers suggested that adding YCW to broiler chicken’s
diets could alleviate the challenge impact on broiler chicken’s performance in other
studies (Hashim et al., 2017; Fowler at al., 2015; M’sadeq et al., 2015; De Oliveira et
al., 2019; Knap et al., 2010). De Oliveira et al., (2019) reported the positive effect of
adding Bacillus amyloliquefaciens to broiler chicken’s diets on body weight and FCR
after challenge with Eimeria maxima and Clostridium perfringens. Ahmat et al., (2021)
reported that adding Bacillus amyloliquefaciens products to broiler chicken’s diets led to

body weight improvement at day 21. But the results from this study showed there were
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no significant positive effect of adding prebiotics, probiotics, and their mixture to broiler

chicken’s diets at day 10, 16, 21 of chickens’ age.
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CHAPTER YV
EVALUATION OF THE EFFECT OF SAFMANNAN® PREBIOTIC,
ACTISAF®, ENVERA GOPLUS® PROBIOTICS, AND XPC® ON FULL TERM

BROILER PERFORMANCE

INTRODUCTION

Finding effective natural growth promoters is the trend currently, following the
banning of using antibiotics as growth promoters in broiler chicken production. Many
alternatives to antibiotic growth promoters like probiotics, prebiotics, postbiotics have
been examined to study their effects on broiler chicken’s performance and diseases
prevention or mitigation in poultry production (Peri¢ et al., 2009; Humam et al., 2019;
and Zolkiewics et al., 2020). Probiotics are live microorganisms which used to improve
intestinal balance, if they are given in adequate amount to the animal, to enhance the
health of the host animal (FAO/WHO, 2002). Developing stable microflora in broiler
chicken’s intestine takes more than two months (Kabir, 2009), so that adding microbial
additives or their metabolite could be a good approach to early enhancement of the
intestinal microbiota and health in broilers (Yadav and Jha, 2019). Intestinal microbiota
could provide nutritional compounds to the host animal as end products of fermentation
or by secretion the products like short chain fatty acids (SCFAS), enzymes, amino acids,
vitamins such as B and K, in addition some microflora could absorb ions, in addition of
producing antibacterial substances which could reduce disease occurrence like organic

acids, hydrogen peroxide, and bacteriocin (Taheri et al., 2009). LactoBacillus spp. and
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Saccharomyces cerevisiae yeasts could be used to produce probiotics (Park et al., 2016).
Using these probiotic microorganisms seemed to be a successful strategy to substitute
antibiotics as growth promoters. In a study, feeding Lactobacilli probiotic to broiler
chickens enhanced body weight and weight gain (Fesseha et al., 2021). ). Feeding
LactoBacillus culture to broiler chickens showed FCR enhancement at day 21of the
experiment (Chen et al., 2017; and Bhogoju et al., 2021). LactoBacillus positive effects
on broiler chicken’s performance could occur by improving intestinal villi permeability
which leads to enhanced nutrients absorption; hence body weight enhancement occur
(Pertiwi and Mahendra, 2021). Lactobacilli could be used antibiotic alternative through
multiple mechanisms to inhibit pathogens, such as producing organic acids, producing
hydrogen peroxide (H202), and producing bacteriocin (Taheri et al., 2009).
Saccharomyces cerevisiae could be used in poultry production as antibiotic alternative as
probiotic, or its YCW segments or metabolites could be used as prebiotics or postbiotics
(Ahiwe et al., 2021). The live yeast could be used as probiotics in broiler chicken’s diets
to enhance mineral digestibility thus enhances weight gain (Gao et al., 2008). Feeding
YCW prebiotic could improve broiler chicken production through enhancing body
weight and FCR (Santin et al., 2001; Fowler et al., 2015; and Hashim et al., 2019).
Prebiotics are defined as Nonee-digestible food ingredients that improve host health by
stimulating the growth and/or activity of one or a limited number of selected beneficial
bacteria in the intestine of the animal (Gibson and Roberfroid, 1995). Postbiotics are
described and defined by International Scientific association of Probiotics and Prebiotics

(ISAPP) as a “inanimate microorganisms and/or their components preparation that leads

71



to the host health benefit” (Salminen et al., 2021). Adding postbiotic products to broiler
chicken’s diets could enhance body weight and FCR according to (Humam et al., 2019).
This enhancement in production could be because of improvement of intestinal health, as
Danladi et al., (2022) proved that adding postbiotic to broiler chicken’s diets could
improve villi height and decreased crypt depth significantly. On the other hand, diets
containing more than 10% Distillers dried grains (DDGs) to broiler chickens could
impact intestinal permeability negatively because of high fiber content in DDGs, so it
could affect utilization of energy and nutrients in diets as result and decrease the
productivity of the animals (Kim et al., 2021). Feeding DDGs to broiler chickens, which
contain high levels of polyunsaturated fatty acids could elevate the chance for oxidative
stress and immune function changing in broiler chickens (Min et al., 2015). Adding
different kinds of feed additives to broiler chickens to maintain gut health was the
purpose of this study.

Safmannan® YCW prebiotic and Actisaf® Saccharomyces cerevisiae probiotic
from Phelio Lessafre, Envera Go® LactoBacillus probiotic from Envera® , and XPC®
Saccharomyces cerevisiae postbiotic from Diamond V® were used in this experiment as
feed additives to enhance performance of full term chickens while adding DDGs in the
diet.

MATERIAL AND METHOD

The study was approved by the Texas A&M institutional Animal Care and Use

Committee (IACUC 2014 - 0030). Birds were housed at Texas A&M University Poultry

Research Center.
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Experimental Design and General Procedure

Total of one day (960) Cobb-700 male broiler chicks were randomly distributed
among 60 (3’ x 6”) floor pens (16 birds per pen and 2 replicates per block) in TAMU
poultry farm building. A well-used pine shavings litter was used as bedding. The pens
were equipped with hanging feeders and nipple drinkers. Six dietary treatments were
assigned to 5 location blocks arranged from the East to West end of the rearing facility.
All chicks were vaccinated with a 2x dose of coccidiosis vaccine (Coccivac®-B52, Merck
Animal Health). Experimental treatments are shown in table (5.1). A control group which
fed basal diet with no additive, Safmannan® 250 ppm, Envera Goplus® 2X10°, Envera
Goplus® 2X10° + Safmannan® 250 ppm, Actisaf® 250 ppm, and XPC® 1250 ppm.

Table 5. 1 Experimental treatments

Treatment Products’ Concentration (ppm) Antibiotic Alternative
Safmannan® 250 Prebiotic

Actisaf® 250 Probiotic

Envera Goplus® 2X10° (500 ppm) Probiotic
Safmannan®+ Envera 125 + 2X10° (500ppm) | Prebiotic + Probiotic
Goplus®

XPC® 1250 Postbiotic

Control 0 Noneee

'Safmannan® is obtained from primary culture and the purification of selected
Saccharomyces cerevisiae proprietary strain sold by Phileo®. Actisaf® is a highly
concentrated micro granule form of proprietary Saccharomyces cerevisiae live yeast
from Phileo®. Envera Goplus® is LactoBacillus probiotic from Animal Care Envera.
XPC® is a yeast culture Saccharomyces cerevisiae yeast grown on a media of processed
grain by-products, roughage products, cane molasses, malt and corn syrup sold by
Diamond V.
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For this study, a 3-phase feeding program (starter, grower & finisher) was utilized

on a full term 42-day trial. A basal corn-soy diet was formulated for each of the 3 feeding

phases and then subdivided to create 6 different experimental treatment diets as described

earlier in table (5. 1) Diets were formulated to contain 5% DDG’s (starter), 8% DDG’s

(grower) and 10% DDG’s (finisher).

Table 5. 2 Ingredient and calculated composition of Starter basal diet

Ingredient Percentage
Corn 50.10
Soybean Meal 26.82
DDGs 5.00
DL-Methionine 0.31
Lysine HCL 0.33
L-Threonine 98% 0.10
Fat Blended 0.84
Limestone 1.35
BIOFOS! 1.57
Salts 0.28
Vitamins Premix? 0.25
Trace minerals Premix® 0.05
Calculated Nutrient Content (%0o)

Protein 22.00
ME (Kcal/Kg) 2970
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Table 5.2 Continued

Ingredient Percentage
Crude Fat 3.73
Crude Fiber 2.69
AV phosphate 0.45
Calcium 0.90
AV Methionine 0.61
AV Met+Cys 0.90
AV Lysine 1.20
Sodium 0.16
Potassium 0.9
Chloride 0.29

Mono-calcium phosphate

2Vitimin premix provided the following, per kilogram of diet: vitamin A 11 KIU; vitamin
D3, 3,850 IU; vitamin E, 45.8 IU; vitamin B12, 0.017 mg; biotin, 0.55 mg; menadione,
1.5 mg; thiamine, 2.93 mg; riboflavin, 5.96 mg; d-pantothenic acid, 20.17 mg; vitamin
B6, 7.15 mg; niacin, 45.8 mg; folic acid, 1.74 mg; choline, 130.3 mg.

3Trace minerals provided in the following, per kilogram of diet: Cu, 7.0 mg; I, 0.4 mg; Fe,
60.0 mg; Mn, 60.0 mg; Zn, 60.0 mg.
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Table 5. 3 Ingredient and calculated composition of grower basal diet

Ingredient Percentage
Corn 60.34
Soybean Meal 24.78
DDGs 8.00
DL-Methionine 0.45
Lysine HCL 0.49
L-Threonine 98% 0.68
Fat Blended 2.61
Limestone 1.46
BIOFOS! 1.36
Salts 1.29
Vitamins Premix? 0.25
Trace minerals Premix® 0.05

Calculated Nutrient Content (%0)

Protein 20.50
ME (Kcal/Kg) 3100
Crude Fat 5.02
Crude Fiber 2.48
AV phosphate 0.40
Calcium 0.90
AV Methionine 0.53
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Table 5.3 Continued

Ingredient Percentage
AV Met+Cys 0.81
AV Lysine 1.07
Sodium 0.16
Potassium 0.84
Chloride 0.28

Mono-calcium phosphate

2Vitimin premix provided the following, per kilogram of diet: vitamin A 11 KIU; vitamin
D3, 3,850 IU; vitamin E, 45.8 IU; vitamin B12, 0.017 mg; biotin, 0.55 mg; menadione,
1.5 mg; thiamine, 2.93 mg; riboflavin, 5.96 mg; d-pantothenic acid, 20.17 mg; vitamin
B6, 7.15 mg; niacin, 45.8 mg; folic acid, 1.74 mg; choline, 130.3 mg.

3Trace minerals provided in the following, per kilogram of diet: Cu, 7.0 mg; I, 0.4 mg; Fe,
60.0 mg; Mn, 60.0 mg; Zn, 60.0 mg.
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Table 5. 4 Ingredient and calculated composition of finisher basal diet

Ingredient Percentage
Corn 67.14
Soybean Meal 16.94
DDGs 10.00
DL-Methionine 4.38
Lysine HCL 0.29
Fat Blend 2.33
Limestone 1.37
BioFOS! 1.17
Salts 0.10
Sodium Bicarb 0.25
Vitamins Premix? 0.25
Trace minerals Premix® 0.05

Calculated Nutrient Content (%0)

Protein 17.50
ME (Kcal/Kg) 3150
Crude Fat 5.00
Crude Fiber 2.42
AV phosphate 0.38
Calcium 0.80
AV Methionine 0.38
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Table 5.4 Continued

Ingredient Percentage
AV Met+Cys 0.62
AV Lysine 0.90
Sodium 0.16
Potassium 0.70
Chloride 0.17

!Mono-calcium phosphate

2Vitimin premix provided the following, per kilogram of diet: vitamin A 11 KIU; vitamin
D3, 3,850 IU; vitamin E, 45.8 IU; vitamin B12, 0.017 mg; biotin, 0.55 mg; menadione,
1.5 mg; thiamine, 2.93 mg; riboflavin, 5.96 mg; d-pantothenic acid, 20.17 mg; vitamin
B6, 7.15 mg; niacin, 45.8 mg; folic acid, 1.74 mg; choline, 130.3 mg.

3Trace minerals provided in the following, per kilogram of diet: Cu, 7.0 mg; I, 0.4 mg; Fe,
60.0 mg; Mn, 60.0 mg; Zn, 60.0 mg.

Birds were observed daily with regard to general flock condition, temperature,
water, feed, and any unanticipated events. Daily mortality was registered. Death of birds
within the first 3 days of the study were replaced. The pen average was the unit of
measure for the performance and histology analysis.

Weight of birds and feed were recorded at day 0. 21, 35, 42 of the experiment to
calculate the performance parameters (body weight, phase weight gain, phase feed to gain,
cumulative feed to gain, phase feed to body weight, Cumulative feed to body weight,
productivity index (Pl), phase mortality percentage and cumulative mortality.
Performance parameters were evaluated on day-21, 35 and 42 of the rearing period.

Ten feces samples per pen pooled for dry matter at day 14, 28, 41. The samples

dried in the lab to find the dry matter percentage in feces of the birds.
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Histology Samples Preparation

At day-21 of the trial 2 birds per pen were randomly selected from each pen for
histopathological evaluation (villi height, crypt depth, and crypt: villus ratio). A 3 cm ilium
section was taken from each bird. The ileum was defined as that portion of the small
intestine extending 20 mm from the vitelline diverticulum to a point 20 mm proximal to

the ileo-caecal junction. Intestinal samples were fixed in formalin for further analysis.

Statistical Procedures

Collected data were analyzed by feeding phase as a one-way ANOVA using the
GLM procedure of SPSS. Treatment and block were used as fixed factors. If significance
was detected means were separated by Duncan’s multiple range test. Significance was

accepted at P<0.05.

RESULTS AND DISCUSSION

Performance results from the three phases (starter, grower, and finisher) are
shown in table (5. 5), (5. 6), (5. 7), and table (5. 8). Table (5. 9) shows dry matter
percentage in fecal samples at day 14, 28, and day 41. Table (5. 10) shows histology
results at day 21 of the experiment.

At day 21, there were no significant differences between all groups in body
weight or phase weight gain ratio. In table (5.5) cumulative feed to gain and phase feed
to gain ratios did not show any significant differences between all additive groups,

neither difference was shown between the additive groups and the control group. Despite
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of the results from other studies which proved the positive effect of adding Lactobacilli
probiotic, Saccharomyces cerevisiae probiotic, YCW prebiotic, and Saccharomyces
cerevisiae postbiotic on broilers’ body weight and FCR (Fesseha et al., 2021, Chen et
al., 2017; Bhogoju et al., 2021; Gao et al., 2008; Santin et al., 2001; Fowler et al., 2015;
and Hashim et al., 2019; and Humam et al., 2019), the current study proved the opposite
at day 21 of the experiment, as no significant differences between all groups were shown
in all performance parameters. The lack of stress factor could show the differences in the
performance of feed additives groups compared to the control group, as in spite of
adding DDGs to the starter diet in 5%, it was not a high percentage to cause the damage

to the intestine.
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Table 5. 5 Growth and Performance at day 21 of the experiment

Treatment Body Weight | Phase Weight | Cumulative Phase Feed to | py' Phase
(g) Gain (g) Feed to Body | Gain Mortality%
Weight
Probiotic Products Group
Actisaf® 792 +22 755 +22 1.38 +£0.02 1.45+0.03 252 +18 3.1+£53
Envera Goplus® 792 + 37 755 + 37 1.41 £0.06 1.48 £ 0.07 253 +£20 1.3+2.6
Probiotic and Prebiotic Mix Group
Envera Goplus® + 792 + 51 755+ 501 1.39+0.13 1.46 £0.15 247 + 40 5.6+8.0
Safmannan®
Prebiotic Group
Safmannan® 780 + 39 742 + 39 1.41 £0.02 1.48 £0.02 237 £21 56+5.5
Postbiotic Group
XPC® 790 + 45 753 £45 1.41 £0.06 1.49 +0.07 234 £ 41 8.8+9.9
Control Group (No Antibiotic Alternative Additive)
Control Group 800 + 35 763 + 35 1.41 £0.03 1.49 +0.03 250+ 17 25+4.4

+ Standard deviation
"pr= Productivity Index
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At the second phase of the experiment (day 21-35), there were no significant
differences between all groups in body weight or phase weight gain as table (5.6) shows.
However, Actisaf®, and the combination of Envera Goplus® + Safmannan® groups
showed significant improvement in cumulative feed to body weight and cumulative feed
to gain ratios compared to the control group. Phase feed to gain ratio showed significant
enhancement in Actisaf®, Envera Goplus®, and the combination of Envera Goplus® +
Safmannan® groups compared to control group. PI and mortality percentage values of
all groups weren’t significantly different from each other as table (5.6) displays. These
results agreed with some other studies as they showed that adding Saccharomyces
cerevisiae probiotic to broiler diet enhanced feed digestibility (Gao et al., 2008) which
could be the reason to enhance feed to gain and feed to body weight ratios. Enhancing
intestinal microbiota and intestine health could be the reason to enhance phase feed to
gain in Envera Goplus® group as it contains Lactobacilli as (Yadav and Jha, 2019)
stated that Lactobacilli has the role to improve the intestinal health of the animal.
Additionally, the improvement occurred in cumulative feed to body weight and
cumulative feed to gain ratios of Envera Goplus® + Safmannan® group could be
referred to the enhancement in intestinal health which lead to better nutrient absorption

to be reflected on less feed consumption and more weight gaining.
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Table 5. 6 Growth and Performance at day 35 of the experiment

Treatment Body Phase Cumulative | Phase Feed | Cumulative | py! Phase Cumulative
Weight (g) | Weight Feed to to Gain Feed to Mortality | Mortality
Gain (g) Body Gain % %
Weight
Probiotic Products Group
Actisaf® 1938 + 83 1146 =70 | 1662003 | 1.872006" | 1.69+004" | 31632 | 0.6+£2.0 | 3.8£53
Envera 1908 £ 117 [ 1115+£102 | 168 i0-07ab 1.90+0.10" 1_72:|:0.07alb 312+25 | 0.6+2.0 1.9+3.0
Goplus®
Probiotic and Prebiotic Mix Group

Envera 1946 £ 79 1154 + 55 166007 | 1.87+0.06" | 1.70+0.07" [309+34 | 0.0£0.0 | 5.6+8.0
Goplus® +
Safmannan®

Prebiotic Group
Safmannan® | 1887 + 79 1106 =61 1.69 + 0.04ab 1.93 i0.0gab 1.73 + 0_04ab 292 +£29 | 0.7+2.1 6.3+59

Postbiotic Group
XPC® 1893 + 87 1103 +46 | 169+ 0.02ab 1.94 i0.04ab 1.73 + 0_03ab 26642 | 0.0+£0.0 | 8.8+9.9

Control Group (No Antibiotic Alternative Additive)

Control 1900+ 107 | 1101 + 80 1.73 + 0_04b 1.98 + 0_06b 1.76 + 0.04 ©1297+27 | 1.3+28 | 3.8+6.0
Group

*® Means within a row with no common superscript differ significantly (P<0.05)
+ Standard Deviation

'PI= Productivity Indx
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At day 42, there were no significant differences between all additive groups and the
control group in all performance parameters. As table (5.7) shows, there were no significant
differences in body weight, weight gain, cumulative feed to body weight ratio, phase feed
to gain, cumulative feed to gain ratio, PI, or mortality percentages between all groups that
used in the current experiment. Some studies agreed with these results, like a study was
performed by (Wulandari and Syahniar, 2019) which couldn’t prove a significant effect
of adding Saccharomyces cerevisiae to broiler chicken’s diets on their performance.
Nevertheless the positive effects of adding feed additives to animals’ feed, the results lack
consistency from plan to plan as Kim and Lillehoj (2019) stated. Some studies showed that
adding yeast probiotic enhanced performance as Yasar and Yegen (2017) proved that
adding Saccharomyces cerevisiae to broiler diet enhanced body weight significantly at day
21 and 42 of the experiment. Other studies proved the enhancement in broilers’
performance while Lactobacilli probiotic was provided as feed additive (Fesseha et al.,
2021; Chen et al., 2017; and Bhogoju et al., 2021), as Fesseha et al., (2021) found that
adding 4 g of lactobacilli to broiler diet led to significant improvement in body weight at
week 1 and 2, and the final body weight at 5 weeks compared to control group, while
adding I g of lactobacilli to the diet caused enhancement in broilers’ body weight at
week 2 and 5, and the final body weight at week 5. Feeding LactoBacillus culture to
broilers showed FCR enhancement (Chen et al., 2017; and Bhogoju et al., 2021). There
are studies proved YCW prebiotic efficiency in improving broiler chicken’s

performance, as they showed that feeding YCW prebiotic could improve broiler chicken
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production through enhancing body weight and FCR (Santin et al., 2001; Fowler et al.,
2015; Hashim et al., 2019; and Humam et al., 2019), which it couldn’t been proved in
the current study. The reason could be the absence of stress factor since the DDGs
percentage did not exceed 10% in all diets which did not harm the intestinal tract of the

animals.
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Table 5. 7 Growth and Performance at day 42 of the experiment

Treatment Body Phase Cumulative | Phase Cumulative | py! Phase Cumulative

Weight (g) | Weight Feed to Feed to Feed to Mortality | Mortality

Gain (g) | Body Gain Gain % %
Weight
Probiotic Products Group
Actisaf® 2584 + 127 | 646 £ 96 1.76 £0.03 |2.12+0.15 | 1.79+0.04 | 330+38 | 0.8+£2.6 | 44+6.6
Envera 2501 +144 | 594+68 | 1.78+£0.06 |2.17+0.15 | 1.81+0.06 | 32125 | 0.7+23 | 25+3.2
Goplus®
Probiotic and Prebiotic Mix Group

Envera 2575+130 | 629 + 64 1.78£0.04 |2.18+0.09 | 1.81+0.04 319+36 | 0.8+2.6 | 6.3+8.8
Goplus®+
Safmannan®

Prebiotic Group

Safmannan® | 2491 + 150 | 605+102 | 1.80+0.04 |2.22+0.28 | 1.84+0.05 | 304+40 | 0.0+£0.0 | 6.3+5.9

Postbiotic Group

XPC® 2522 +152 |1 629+ 107 | 1.80+0.05 |222+0.26 | 1.84+0.05 | 299+43 | 0.0+0.0 | 88+9.9
Control Group (No Antibiotic Alternative Additive)

Control 2559+220 | 659+ 156 | 1.81+0.06 |2.13+0.25 | 1.84+0.06 | 318+31 | 0.0+0.0 | 3.8+£6.0

Group

+ Standard deviation
"pr= Productivity Index
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Table (5. 8) displays the results of dry fecal matter analysis. There were no
significant differences in fecal dry matter percentage between all six groups in all collection
days, day 14, day 28, and day 41 of the experiment. The reason could be the absence of the
stress factor as mentioned before, as the positive effect of probiotic, prebiotic, or symbiotic
will be more vivid in the presence of stress.

Table 5. 8 Fecal Dry Matter Percentage

Treatment Day 14 Day 28 Day 41

Probiotic Products Group

Actisaf® 23.63 £5.47 19.54 +1.35 18.61 +£2.20

Envera Goplus® 21.85+1.49 18.77 +£1.91 18.64 £ 1.59

Probiotic and Prebiotic Mix Group
Envera Goplus® + Safmannan® | 21.97 +2.09 18.44 +1.90 19.56 £1.39

Prebiotic Group
Safmannan® 22.25+2.44 1935+ 1.16 18.73 £0.78

Postbiotic Group
XPC® 24.83 +£5.75 19.48 +1.28 18.57 +£1.85

Control Group (No Antibiotic Alternative Additive)

Control Group 2331+£237 | 20.78 £5.48 17.84 £2.26

+ Standard deviation

Histology results are displayed in table (5.9). There were no significant
differences in villi height, crypt depth, or V:C ratio in this experiment at day 21 of the
animals’ age. A study was conducted by Abdaljaleel et al., (2018) showed there was no

significant effect of adding YCW to broiler chicken’s diets on villi height or crypt depth.
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In contrast of these results, Qiu et al., (2022) found that adding probiotic product to
broiler chicken’s diets enhanced intestinal morphology by improving villi height and
V:C ratio significantly, in addition to decrease crypt depth significantly. Danladi et al.,
(2022) proved that villi height increased significantly while crypt depth decreased
significantly when postbiotic product was added to broilers’ diet. Morales-LOpez et al.,
(2009) found that adding YCW to broiler chicken’s diets, significantly increased villi
height compared to control group.

Table 5. 9 Histology at day 21 of the experiment

Treatment Villi Height Crypt Depth | V:C
(nm) (nm)
Probiotic Products Group
Actisaf® 1263 £ 195 190 + 109 7.49+2.15
Envera Goplus® 1203 + 135 174 £27 7.07 £1.22

Probiotic and Prebiotic Mix Group

Envera Goplus®+ Safmannan® | 1176 + 196 178 £ 32 6.79 £1.56

Prebiotic Group

Safmannan® 1238 £ 115 182+ 34 7.02+1.37

Postbiotic Group

XPC® 1256 +£207 166 + 21 7.73£1.90

Control Group (No Antibiotic Alternative Additive)

Control Group 1215+ 168 179 £33 7.01 £1.67

+ Standard deviation
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CONCLUSION

Adding different feed additives to broiler chicken’s diet showed different effects on
broiler chicken’s performance in three rearing phases from day 1 to day 42 of birds’ age.
There were no significant differences between all groups in performance parameters at day
21 of the experiment. Groups contains live microorganisms like Actisaf®, Envera
Goplus®, and the combination of Envera Goplus® + Safmannan® showed significant
enhancements in phase feed to gain ratio compared to control group at day 35 of the
experiment. Furthermore, Actisaf® group and the combination of Envera Goplus® +
Safmannan® group showed significant improvement in cumulative feed to body weight
and cumulative feed to weight gain ratios compared to control group at day 35 of the
experiment. At day 42, no significant differences in performance parameters were detected
between all groups in the current experiment. Additionally, there were no significant
differences between all groups in fecal dry matter percentage at day 14, 28, and 41 of the
experiment. There were no differences between all groups in in intestinal morphology at
day 21, as there were no significant differences between villi height, crypt depth, V:C ratio
between all groups. Some studies agreed to these results as they suggested that adding
probiotic, YCW prebiotic to broiler diet did not enhance broilers’ performance (Wulandari
and Syahniar, 2019 and Hashim et al., 2017). A study was performed by (Abdaljaleel et al.,
2018) suggested that adding YCW prebiotic did not affect villi height or crypt depth
significantly, but it affected villi width. Other researcher suggested the opposite, as they
found that adding probiotic, prebiotic, or postbiotic could enhance broiler performance

(Fesseha et al., 2021; Chen et al., 2017; Bhogoju et al., 2021; Santin et al., 2001; Fowler
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et al., 2015; Hashim et al., 2019; Humam et al., 2019). This variation in results could be

attained by the variation of stressors presence and severity and the management.
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CHAPTER VI
EVALUATION OF MIXTURE OF DIFFERENT LEVELS OF SAFMANNAN®
PREBIOTIC AND BACILLUS PROBIOTIC ON BIRDS SUBJECTED TO BURSA

VACCINE AND CLOSTRIDIUM PERFRINGENS CHALLENGE

INTRODUCTION

Poultry production could experience economical loses because of necrotic
enteritis, mainly after banning the sub-therapeutic antimicrobial usage in poultry feed as
growth promoters by many countries (Abd El-Hack et al., 2021). Clostridium
perfringens is the most significant cause of necrotic enteritis, and the high rate of
adhesion of Clostridium perfringens to the intestinal mucosa cause necrotic enteritis and
ulcerative enteritis, which could be clinical or subclinical (Songer, 1996; Williams,
2005). The clinical necrotic enteritis causes; diarrhea, anorexia, ruffled feathers,
depression and sudden death, while the subclinical type of necrotic enteritis is
characterized by reduction in production, no or shallow diarrhea, and low mortality
(Freedman et al., 2015; and VVan Immerseel et al., 2009). Clostridium perfringens can
inhibit birds and cause necrotic enteritis combined with other influencing factors such as
physical damage of intestine by feed or other infections like Coccidia or Eimeria
(Williams, 2005; Petit et al., 1999: Immerseel et al., 2004). Type of feed could affect the
severity of necrotic enteritis occurrence, as feeding pellet instead of mash diet could

lower Clostridium perfringens count in intestine of the birds (Engberg et al., 2002). The
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type of feed of the broiler chickens could affect the wellbeing of intestine and necrotic
enteritis occurrence, as the results from a study showed lower mortality rate in animals
fed corn diet compared to animals fed wheat, rye or barley while contamination with
Clostridium perfringens (Riddell and Kong, 1992). Immunosuppression has the impact
to increase Clostridium perfringens outbreaks chances in birds as well, which could
happen followed a primary infection, such as chicken anemia virus, infectious bursal
disease, or Marek’s disease. (Williams, 2005). Because antibiotics are currently
prevented from being used in animal farms unless they are used as therapeutic drugs
under supervision of licensed veterinarian (FDA, 2022), antibiotic alternatives have been
used to enhance the broiler chicken’s health through treating subclinical infections and
improving production as well (Gadde et al., 2017). Beneficial microorganisms have been
used as probiotics in poultry (Kabir, 2009). Probiotics are defined as mono or mixed
cultures of live organisms which enhance the animal’s health if administered in a
sufficient amount (FAW/WHO, 2001). Bacillus products has been used widely as
antibiotic alternatives because of the highly tolerance of these bacteria to high
temperatures and acidic pH, as they reach to the intestine of the animal without damage
due to the low stomach pH and high body temperature of the chicken (Patlan et al.,
2019). Studies showed that feeding Bacillus subtilis to broiler chickens could improve
growth performance, nutrient digestibility, immune response, and cecal microflora
(Boroojeni et al., 2018; Mohamed et al., 2022). In addition of enhancing the production,
adding Bacillus subtilis to broiler chicken’s diets could decrease Clostridium perfringens

count in caca (Qiu et al., 2021). Bacillus amyloliquefaciens could improve FCR and
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lower mortality percentage in case challenging with Eimeria maxima and Clostridium
perfringens compared to challenge group without probiotic additive (Oliveira et al.,
2019). Adding Bacillus pumilus to broiler diet could enhance digestibility coefficient of
protein, and it could improve body weight and feed intake (Pudova et al., 2020; Bilal et
al., 2020). The outcomes from several studies suggested that dietary Bacillus
licheniformis could be used in broiler chicken feed as alternative treatment to combat the
negative effect of necrotic enteritis caused by Clostridium perfringens in poultry
industry (Knap et al., 2010). In addition of probiotics, prebiotics could be used as
antibiotic alternative to enhance broiler performance. Prebiotics as it was defined by
(Gibson and Roberfroid, 1995) are Nonee-digestible food ingredients which improve
host health by enhancing the growth and/or activity of one or a limited number of
microflora in the intestine of the animal. Yeast cell wall (YCW) is a prebiotic that’s used
in broiler production to improve the performance as some studies proved this
functionality, and this improvement in performance could be attributed to enhancement
of feed efficiency, and that occurred because of enhancement in immune response to
microbial challenge and improve the intestinal health after adding YCW to the diet
(Morales-lopez and Brufau, 2013). Adding YCW to broiler chicken’s diets could
improve FCR significantly as it improves villi height in intestine (Pascual et al., 2020).
Intestinal health and immunity could be enhanced by adding YCW to broiler chicken’s
feed while challenging with Clostridium perfrengins, and as a result, improvement of
performance of the chickens occurs (Caly et al., 2015; Fowler et al., 2015). Adding

YCW product to broiler chicken’s feed could lower ileal Clostridium perfringens count
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(Abudabos and Yehia, 2013). Synbiotics, which was first introduced in 1995 by Gibson
and Roberfroid, are combination of a probiotic and a prebiotic. International Scientific
Association for Probiotics and Prebiotics (ISAPP) in 2019 defined symbiotic as a
mixture that consist of live microorganisms and substrate(s) which selectively utilized by
host microflora and lead to host’s health benefit. For this purpose, this study was
conducted to study the effect of adding different concentrations of Bacillus probiotic and
YCW prebiotic mixtures to broilers’ diet on broilers chicken’s performance while

challenging with Clostridium perfringens.

MATERIAL AND METHOD

The study was approved by the Texas A&M institutional Animal Care and Use
Committee (IACUC 2014 - 0030) and the Animal Care and Use Committee at the
Southern Plains Agriculture Research Center. Birds were housed at the Southern Plains

Agricultural Research Center, United States Departments of Agriculture.

Experimental Design and General Procedure

A total of 288 Cobb-500 broiler chicks were procured and randomly distributed
between two stainless steel battery units (48 pens). A total of 6 replicates (6 birds per
pen) were sequentially assigned to pens such that each treatment was represented at least
once for any given level of pens (4 levels). In this experiment, Safmannan® prebiotic
was used in two concentrations (125 ppm and 250 ppm) in the diet of the treatment

groups. Bacillus probiotic were used in three levels (10, 10°, and 10°). Eight groups were
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used in this experiment as explained as following: Challenged control was challenged
control with Clostridium perfringens and no additive to the basal feed, Noneee-challenged
control was a not challenged with Clostridium perfringens and no feed additive was added
to the basal diet, FB4 + Safmannan® 125 group which was challenged with Clostridium
perfringens and fed basal diet in addition to 125 ppm Safmannan® +10* Bacillus, FB4 +
Safmannan® 250 group, was challenged with Clostridium perfringens and fed 250 ppm
Safmannan® +10*Bacillus, FB5 + Safmannan® 125 group which was challenged with
Clostridium perfringens and fed 125 ppm Safmannan® +10° Bacillus, FB5 +
Safmannan® 250 group which was challenged with Clostridium perfringens and fed 250
ppm Safmannan® +10° Bacillus, FB6 + Safmannan® 125 group which was challenged
with Clostridium perfringens and fed 125 ppm Safmannan® +10° Bacillus, and FB6 +
Safmannan® 250 group which was challenged with Clostridium perfringens and fed 250
ppm Safmannan® +10° Bacillus. Table (6.1) explains the feed additives and the challenge

use in each group.
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Table 6. 1 Experimental treatments

Treatment Products’ Safmannan® | gg (10" Clostridium
Concentration perfringens
(ppm) Challenge2

FB4 + Safmannan® 125 125 10" +

FB4 + Safmannan® 250 250 10" +

FBS + Safmannan® 125 125 105 +

FBS + Safmannan® 250 250 105 +

FB6 + Safmannan® 125 125 106 +

FB6 + Safmannan® 250 250 106 +

Challenged Control 0 0 +

Noneee-Challenged 0 0 -

control

'Safmannan® is obtained from primary culture and the purification of selected
Saccharomyces cerevisiae proprietary strain sold by Phileo®. FB is a Bacillus probiotic
from Phileo®.

2Challenge with Clostridium perfringens occurred on day 16 and 17 of the experiment. 3
ml oral gavage 10" CFU/ml per each challenged bird for all birds in challenged groups.

The rearing room temperature was regulated by the computer controlled
building thermostat. Fluorescent 48-inch tubes were used to provide 24-h constant
light. At day-10 of the trial, one bird per pen was removed for necropsy and rest of the
birds were vaccinated with a commercial Infectious Bursa Disease vaccine except
birds in the Nonee-challenged control group. At day-16 one bird per pen was removed
for necropsy and rest of the birds were challenged with Clostridium perfringens (3 ml

oral gavage 10’ CFU/mI) except birds in the Noneee-challenged control group. The
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Clostridium perfringens challenge was repeated on day-17. Four birds were remain in

each pen by the end of the trial. No antibiotics or coccidiostats were used in this

experiment. Chickens received standard vaccinations at the hatchery.

Experimental diets were fed as crumbled and were stored in plastic containers

throughout the trial. The first diet was formulated as a practical corn-soy based diet

(D1). The second basal diet (D2) was formulated containing wheat middling and

distiller’s dried grains (DDG’s). Both basal diets were divided into 7 equally-Sized

portions to create a total of 7 dietary treatments as control diet and six different

treatment diets. Feed D1 was offered from 0-13 days of the chickens’ age. Feed D2

was offered from 14-21 days of the chicken’s age.

Table 6. 2 Ingredient and calculated composition of Diet 1 basal diet

Ingredient Percentage
Corn 58.43
Soybean Meal 34.49
DL-Methionine 0.23
Lysine HCL 0.18
AV Blended 2.76
Limestone 1.56
BIOFOS! 1.54
Salts 0.51
Vitamins Premix? 0.25
Trace minerals Premix? 0.05
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Calculated Nutrient Content (%)

Protein 22.00
ME (Kcal/Kg) 3050
Crude Fat 5.32
Crude Fiber 2.63
AV phosphate 0.45
Calcium 0.95
AV Methionine 0.53
AV Met+Cys 0.83
AV Lysine 1.19
Sodium 0.22
Potassium 0.86
Chloride 0.39

Mono-calcium phosphate

2Vitamins premix provided the following, per kilogram of diet: vitamin A 11 KIU; vitamin
D3, 3,850 IU; vitamin E, 45.8 IU; vitamin B12, 0.017 mg; biotin, 0.55 mg; menadione,
1.5 mg; thiamine, 2.93 mg; riboflavin, 5.96 mg; d-pantothenic acid, 20.17 mg; vitamin
B6, 7.15 mg; niacin, 45.8 mg; folic acid, 1.74 mg; choline, 130.3 mg.

3Trace minerals provided in the following, per kilogram of diet: Cu, 7.0 mg; I, 0.4 mg; Fe,
60.0 mg; Mn, 60.0 mg; Zn, 60.0 mg.
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Table 6. 3 Ingredient and calculated composition of Diet 2 basal diet

Ingredient Percentage
Corn 28.53
DDGs 6.41
Wheat 35.00
Soybean 22.97
DL-Methionine 0.26
Lysine HCL 0.31
L-Threonine 98% 0.07
Soybean Oil 3.20
Limestone 1.29
BIOFOS! 1.38
Salts 0.29
Vitamins Premix? 0.25
Trace minerals Premix? 0.05

Calculated Nutrient Content (%)

Protein 19.00
ME (Kcal/Kg) 3086
Crude Fat 5.36
Crude Fiber 2.88
AV phosphate 0.42
Calcium 0.84
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Table 6.3 Continued

Ingredient Percentage
AV Methionine 0.47
AV Met+Cys 0.68
AV Lysine 0.99
Sodium 0.16
Potassium 0.84
Chloride 0.29

Mono-calcium phosphate

2Vitimins premix provided the following, per kilogram of diet: vitamin A 11 KIU; vitamin
D3, 3,850 IU; vitamin E, 45.8 IU; vitamin B12, 0.017 mg; biotin, 0.55 mg; menadione,
1.5 mg; thiamine, 2.93 mg; riboflavin, 5.96 mg; d-pantothenic acid, 20.17 mg; vitamin
B6, 7.15 mg; niacin, 45.8 mg; folic acid, 1.74 mg; choline, 130.3 mg.

Trace minerals provided in the following, per kilogram of diet: Cu, 7.0 mg; I, 0.4 mg; Fe,
60.0 mg; Mn, 60.0 mg; Zn, 60.0 mg.

Water and feed were offered ad libitum throughout the entire trail period, and
birds were observed daily with regard to the general flock condition, room temperature,
lighting, water, feed, and other unanticipated events for the house, and mortality for all
pens. Weight of birds and feed were recorded at day 0, 10, 14, 16, 21 of the experiment
to calculate the performance parameters which included: body weight, phase weight
gain, phase feed to gain ratio, cumulative feed to gain ratio, cumulative feed to body
weight ratio, Productivity Index (PI), phase mortality percentage, and cumulative
mortality percentage. The experiment was terminated at day 21 when all the feed and

birds weights were taken before the birds were gassed using CO2.

PI= (100-MORT) x (BW/1000)/Bird age/FCRx100
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Statistical Procedures

Data was analyzed as a complete randomized block design using the GLM
procedure of SPSS. Blocks (battery level) and dietary treatments were used as fixed
factors in the statistical model. When significance was detected in the overall model
means was analyzed by Duncan’s multiple range test. Significance was accepted at
P<0.05
RESULTS AND DISCUSSION

The performance results were calculated at day 10, 14, 16, and 21 of the
experiment. All results are displayed in the following tables, as each table presents one
production parameter at a time with comparison between the groups at day 10, 14, 16,
and 21.

Table (6.4) shows no differences in body weight between the groups at day 10,
14, or 16 of the age of the chickens. At day 21, FB4 + Safmannan® 250 group showed
significant lower body weight compared to Noneee-challenged control at P<0.05. Table
(6.5) shows phase weight gain results at day 10, 14, 16, and 21. There were no
significant effect of the dietary additives on weight gain at day 10 or 14, while FB4 +
Safmannan® 125 group showed significant lower phase weight gain compared to
Noneee-challenged control at day 16, after vaccination with IBD vaccine and changing
the diet to DDGs. At day 21, there were differences within the additive groups as FB4 +
Safmannan® 125 group and FB4 + Safmannan® 250 group showed significant lower
weight gain compared to FB6 + Safmannan® 250 group, which means the higher

Bacillus and the higher YCW concentrations had the best effect on the combination to
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enhance weight gaining of the birds at day 21, but there were no significant differences
between additive groups compared to both challenged and Noneee-challenged control
groups. Some studies supported these results as they did not show significant effect of
adding prebiotic or probiotic to enhance broilers body weight. A study was conducted by
Hashim et al., (2017) showed adding YCW to broiler diet did not have significant effect
to increase body weight at day 10. At day 16 of the same experiment, adding purified
YCW to broiler chicken’s diets did not have significant effect either, but adding semi-
purified YCW to broiler chicken’s diets caused significant decrease in body weight and
weight gaining compared to control group. Purified YCW showed the same results at
day 21 of that experiment, as there were no significant differences in body weight or
weight gaining compared to challenge and Noneee-challenged groups with Clostridium
perfringens, while the group fed with semi-purified YCW showed significant lower
body weight and weight gaining compared to Noneee-challenged control only. In
another study, they couldn’t find significant improvement in broilers’ body weight at day
10, 16, or 21 when YCW was added to the diet compared to control groups while
challenging with Clostridium perfringens (Johnson et al., 2020). Pascual et al., (2020)
did not find significant differences in final body weight between YCW group and control
group as well. Alkhulaifi et al., (2022) did not find significant enhancement in daily
weight gain when YCW was added to broiler chicken’s diets while challenging with
Clostridium perfringens compared to challenged group without YCW additive. Bilal et
al., (2020) collected the same results from adding Bacillus probiotic to broilers’ diet, as

they did not find significant differences in FCR values of Bacillus groups compared to
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the control group between day 1 to 35 of the experiment. Ahmat et al., (2021) found the
opposite results from adding Bacillus probiotic to broilers chicken’s diets, as they found
significant enhancement in broiler chicken’s body weight in Bacillus groups compared
to control group. In another study, researchers could prove the significant effect of
adding Bacillus to broiler chicken’s diets on body weight at day 21, as the body weight
was 1.465 Ib to 1.596 Ib in control group and Bacillus group respectively (Hooge et al.,
2004).

The reason of this variation in results could be attributed to the variation in concentration
of the feed additives, as Mohamed? et al., (2022) found that adding Bacillus subtilis to
broilers’ diet in 5 X 108 CFU/g concentration enhanced broilers’ body weight compared
to control group at day 21 of the experiment, while adding the same probiotic to broilers
chicken’s diets in lower concentration did not improve body weight of the broilers.
Similarly, fowler et al., (2015) suggested that the optimum concentration of YCW to add

to broilers’ diet is 250 ppm to acquire the positive effects on the broilers’ performance.
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Table 6. 4 DAY 10, 14, 16, and 21 Body Weight Results (g)

Control

Treatment Day 10 Day 14 Day 16 Day 21
FB4 + Safmannan® 125 264+9 468+ 16 | 584+23 | 910+ 38"
FB4 + Safmannan® 250 256+ 11 46016 | 581+21 | g794 62"
FB5 + Safmannan® 125 257+17 46524 | 591+27 | 999+ 53"
FBS5 + Safmannan® 250 269+ 13 469 + 22 595+32 | 931+ 96ab
FBG + Safmannan® 125 | 265+30 | 480+35 | 603+30 | gag 1 48"
FB6 + Safmannan® 250 261+ 12 466+ 18 | 590+23 | 943 4+ 48"
Challenged Control 263+8 46621 | 590+23 | 9pg+ 50™
Noneee-Challenged 273 +£21 485+23 | 614+27 | 961 430"

*® Means within a row with no common superscript differ significantly (P<0.05)

+ Standard deviation
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Table 6. 5 DAY 10, 14, 16, and 21 Phase Weight Gain Results (g)

Control

Treatment Day 10 Day 14 Day 16 Day 21
FB4 + Safmannan® 125 219+ 10 198 =+ 10 116i9b 314 il7b
FB4 + Safmannan® 250 | 211+ 12 196 +9 12127 | 284454
FBS5 + Safmannan® 125 212+ 17 199 £ 11 126i7"‘b 3ozi5lab
FB5 + Safmannan® 250 | 224+ 13 1986 | 125+11% | 32667
FB6 + Safmannan® 125 | 220 +30 207 +6 1235 | 331+36%
FB6 + Safmannan® 250 | 216+ 13 1987 | 124+6" | 345+29"
Challenged Control 218+8 20010 | 12445 | 3124497
Noneee-Challenge 228 £21 208 £ 10 129+6" | 341 +24™

*® Means within a row with no common superscript differ significantly (P<0.05)

+ Standard deviation

There were no significant differences in phase feed to weight gain ratio between

the groups at day 10, as table (6.6) shows. At day 14, FB4 + Safmannan® 125, FB4 +

Safmannan® 250, FB5 + Safmannan® 125, and FBS + Safmannan® 250 groups showed

significant higher feed to weight gain ratio compared to the challenged control group

after subjecting to IBD vaccine and before challenging with Clostridium perfringens. At

day 16, FB4 + Safmannan® 125 group showed lower phase feed to weight gain ratio

significantly compared to both control groups in addition to FBS + Safmannan® 250. At

day 21, there were no significant differences between all groups in phase feed to weight
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gain ratio. In table (6.7), there were no significant effect of the feed additives on
cumulative feed to weight gain ratio at day 10 of the experiment, as there were no
significant differences between all groups. At day 14, all the feed additive groups
showed higher cumulative feed to weight gain ratio compared to control groups, and that
was after IBD vaccination. FB4 + Safmannan® 125 and FB4 + Safmannan® 250 groups
showed the same significant elevation in cumulative feed to weight gain ratio compared
to both control groups. While at day 21, FB4 + Safmannan® 250 showed higher
cumulative feed to weight gain significantly compared to Noneee-challenged group.
Table (6.8) showed there were significant differences in cumulative feed to body weight
at day 10 only, while there were no significant differences between all groups at day 14,
16, 21 of the experiment in cumulative feed to body weight. Hashim et al., (2017) got
the same results from adding purified YCW to broiler chicken’s diets, they couldn’t find
significant effect on phase feed to gain, cumulative feed to gain, or FCR at day 10, 16,
and 21 of the experiment, while adding semi-purified YCW to broiler chicken’s diets
impacted phase and cumulative feed to weight gain negatively compared to challenged
and Noneee-challenge control groups significantly at day 16. Johnson et al., (2020) did
not find improvement in conversion ratio at day 10, 16, or 21 when YCW was added to
broilers’ diet, except phase weight to gain ratio of YCW group showed significant
enhancement at day 16 compared to control group. Bilal et al., (2020) did not find
significant effect of adding Bacillus to broiler chicken’s diets on FCR compared to
control group between day 1 to 35. In a study, adding Bacillus probiotic to broiler

chicken’s diets did not affect FCR value significantly in another study which was
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conducted by Ahmat et al., (2021). Contrary to these results, other researchers

suggested that adding YCW to broiler chicken’s diets could enhance chicken’s

performance as it enhances FCR because of the intestine health improvement (Pascual et

al., 2020; and fowler et al., 2015). ALKkhulaifi et al., (2022) as well, found adding 0.5

g/kg of YCW to broilers’ diet enhanced FCR at day 25 of the chicken’s age significantly

while challenging with Clostridium perfringens. Hooge et al., (2004) found adding

Bacillus subtilis probiotic to broiler feed improved FCR significantly compared to

control group at day 21 of the experiment.

Table 6. 6 DAY 10, 14, 16, and 21 Phase Feed to Weight Gain Ratio Results

Treatment Day 10 Day 14 Day 16 Day 21
FB4 + Safmannan® 125 | 1.18+02 | 1 20+004° | 1431006 | 1.73.£0.10
FB4 + Safmannan® 250 | 1.19+04 | [ 21+003" | 139+004" | 1.82£0.26
FBS + Safmannan® 125 1.19+03 | 1271+003" | 137+008" | 1.74+0.27
FB5 + Safmannan® 250 | 1.17+0.01 | {27 +003" | 138+005" | 1.78+£0.25
FB6 + Safmannan® 125 | 1.19+0.06 | { 19+ 0.04” | 139+ 003" | 1.71£0.18
FB5 + Safmannan® 250 | 1.19+0.03 | {20+ 0.04" | 135004 | 1.63%0.11
Challenged Control LI15+£0.02 | 116+0.03" | 1.37+0.04" | 1.77£0.21
Noneee-Challenged 1.17+0.03 | 1 18+0.03" | 136+0.05" | 1.63+0.12
Control

*® Means within a row with no common superscript differ significantly (P<0.05)

+ Standard deviation
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Table 6. 7 DAY 10, 14, 16, and 21 Cumulative Feed to Weight Gain Ratio Results

Control

Treatment Day 10 Day 14 Day 16 Day 21
FB4 + Safmannan® 125 | 118+0.02 | 119+001" | 1.24=0.01° | 1.38+0.02"
FB4 + Safmannan® 250 | 1.19+0.04 | 120+0.01" | 1.24=0.02° | 1.40+0.06"
FBS + Safmannan® 125 | 1.19+0.03 | 120+0.03" | 1.23£0.04™ | 1.38+0.07"
FBS + Safmannan® 250 | 1.17+0.01 | 1192001 | 1.23+0.01™ | 1.37+0.02"
FB6 + Safmannan® 125 | 1.19 £ 0.06 1.19 + O_Qb 1.23 + (),()2bc 137+ 0,04ab
FB6 + Safmannan® 250 | 1.19+03 | 120+0.02" |1.23+0.02™ | 1.35+0.03"
Challenged Control L15£0.02 | 115+0.01° | 120+0.02" | 1.36+0.03"
Noneee-Challenged 117£0.03 | 117+001" | 1.21+0.02" | 1.34+0.04"

*® Means within a row with no common superscript differ significantly (P<0.05)

+ Standard deviation
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Table 6. 8 DAY 10, 14, 16, and 21 Cumulative Feed to Body Weight Ratio Results

Control

Treatment Day 10 Day 14 Day 16 Day 21
FB4 + Safmannan® 125 | 978+001" | 1.17+0.02 | 1.22+0.02 | 1.57+0.04
FB4 + Safmannan® 250 | 982+ 003" | 1.16+0.04 | 1.20+0.04 | 1.57 +0.07
FB5 + Safmannan® 125 | (9g0+003" | 1.17+0.03 | 1.21+0.04 | 1.55+0.09
FB5 + Safmannan® 250 | 975+ 001" | 1.18+0.03 | 1.22+0.03 | 1.58+0.03
FB6 + Safmannan® 125 | (982 + 003" | 1.17+0.02 | 1.21+0.01 | 1.56 +0.04
FB6 + Safmannan® 250 | 987+ 002" | 1.17+0.02 | 1.21+0.02 | 1.54 +0.04
Challenged Control 0950+ 0.02" | 1.15+0.02 | 1.19+£0.01 | 1.57+0.05
Noneee-Challenged 0.972 & 0_02"‘b 1.16+0.02 | 1.20£0.02 | 1.53+0.05

*® Means within a row with no common superscript differ significantly (P<0.05)

+ Standard deviation

Productivity Index did not show differences at day 10 between all groups, as

table (6.9) displays. FB4 + Safmannan® 250 showed lower PI value compared to both

control groups at day 14, 16, and 21 significantly, while all other additive groups did not

show differences in PI compared to challenged or Noneee-challenged control groups.

Table (6.10) and table (6.11) showed no significant differences between groups in phase

mortality percentage at day 10, 14, 16, and 21. Some studies proved the same results, as

they couldn’t prove significant a significant enhancement in PI or mortality percentage

while adding YCW to broiler diet (Hashim et al., 2017 and Johnson et al., 2020). Qiu et al.,
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(2021) found there were no significant differences in mortality percentages between the
groups contains Bacillus probiotics and the control group, which explain the absence of
Bacillus role in decrease mortality significantly. However, other studies proved positive
effect from adding YCW to broilers’ diet on broilers’ performance, as they found adding
YCW 0.5 g/kg of YCW to broiler diet significantly enhanced European production
efficiency factor (EPEF) while challenging with Clostridium perfringens compared to the
challenged group without YCW additive, furthermore, YCW group showed significant
improvement in live ability percentage compared to challenged group without YCW

additive.
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Table 6. 9 DAY 10, 14, 16, and 21 PI1 Results

Treatment Day 10 Day 14 Day 16 Day 21
FB4 + Safmannan® 125 223 +11 281 + 1oab 295 + 13bc 305 + 26ab
FB4 + Safmannan® 250 209 £24 266 + 23b 284 + 22° 202 + 43b
FB5 + Safmannan® 125 21714 | 278 + 1oab 299 + loabC 315+ 28ab
FBS + Safmannan® 250 23013 | 280+ 14™ | 303+ 17" | 297 + 45™
FB6 + Safmannan® 125 | 25536 | 789+ 25" | 307+ 23" | 318 4 357
FB6 + Safmannan®250 | 21914 | 2791 11 | 301 + 13°° | 324 2 37°
Challenged Control 229+ 8 289+ 13" | 308 + 12ab 309 + 33alb
Noneee-Challenged 235+£23 207 + 14" 318 + 14" 342 £ 16
Control

abe Means within a row with no common superscript differ significantly (P<0.05)

+ Standard deviation
Pl Productivity Index
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Table 6. 10 DAY 10, 14, 16, and 21 Phase Mortality Percentage Results

Control

Treatment Day 10 Day 14 Day 16 Day 21

FB4 + Safmannan® 125 0+0 0+0 0+0 42+102%
FB4 + Safmannan® 250 | 2.8+6.8 0+0 0+0 0.0+0.0
FB5 + Safmannan® 125 0+0 0+0 0£0 0.0+00"
FBS5 + Safmannan® 250 0+0 0+0 0+0 125+ 13,7b
FB6 + Safmannan® 125 0=0 0+0 0+0 50+112"
FB6 + Safmannan® 250 0=0 0+0 0+0 42+102%

Challenged Control 0+0 00 00 | 42+102%

Noneee-Challenged 0+0 0+0 0+0 0.0+0.0"

b Means within a row with no common superscript differ significantly (P<0.05)

+ Standard deviation
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Table 6. 11 DAY 10, 14, 16, and 21 Cumulative Mortality Percentage Results

Treatment Day 10 Day 14 | Day 16 Day 21
FB4 + Safmannan® 125 0.0+00 |0.0+0.0]|0.0+0.0]| 2.8+6.8
FB4 + Safmannan® 250 28+6.8 |28+£68|28+6.8| 2.8+£6.8
FBS + Safmannan® 125 0.0+00 |0.0+0.0]0.0+00]| 0.0+0.0
FBS + Safmannan® 250 0.0+0.0 100£00]00£00] 83=+9.1
FB6 + Safmannan® 125 0.0+00 |0.0+0.0]0.0+00]| 33£75
FB6 + Safmannan® 250 0.0+00 |0.0+0.0]|0.0+0.0]| 2.8+6.8
Challenged Control 00+00 |10.0+0.0]0.0+00]| 2.8+6.8
Noneee-Challenged 0.0+00 |0.0+0.0]0.0+00]| 0.0+0.0

Control

+ Standard deviation

CONCLUSION

Noneee of the combination additive enhanced broiler chicken’s performance

between day 1 to day 21 of the chickens age while challenging with Clostridium

perfringens pathogen, as no improvement in total body weight, feed to body weight, feed

to weight gain, PI, or mortality percentage between the additive groups while

challenging with Clostridium perfringens and the challenged group without feed

additive. This result could be attributed to the weakness of the challenge as there were

no significant differences between the challenged and Noneee-challenged control
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groups. The other reason of the differences absent between groups in performance could
be the doses of the additives did not reach to the optimum threshold to show differences
between groups, as scientists suggested that adding feed additives should be added in
optimum concentration to show significant effects on performance or treating diseases

(Mohamed? et al., 2022; and Fowler et al., 2015).
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CHAPTER VII

ULTIMATE CONCLUSION

This research aimed to evaluate the effect of different types of feed additives
(probiotics, prebiotics, postbiotics and their mixtures) on challenged or Noneee-
challenged broilers with Clostridium perfringens or Salmonella Typhimurium, in starter
and full term chickens performance. The additives in the certain concentrations that were
used in five different studies didn’t affect the broilers’ performance significantly while
challenging with Salmonella Typhimurium or Clostridium perfringens pathogens, neither
there were significant effects of these feed additives on full term chickens performance.

As in the first study, postbiotics (XPC® 1250 ppm and XPC-Ultra® 625 ppm)
and prebiotics (Safmannan® 125 ppm and Safmannan® 250 ppm) were added to broiler
chickens’ diet to evaluate their effects on the chickens performance while challenging
with Salmonella Typhimurium. The results of this study didn’t show significant
enhancement in broilers’ performance at day 10. Safmannan® 125 ppm showed
significant reduction in Salmonella Typhimurium count on the plates compared to all
other challenged groups. In the second study, postbiotics (XPC® 1250 ppm and XPC-

Ultra® 625 ppm) and prebiotics (Safmannan® 250 ppm and Safmannan® 500 ppm)
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were used to study their effects on broiler chickens performance while challenging with
Clostridium perfringens. The results showed the additives groups didn’t retain the
performances to Noneee-challenged control-like at day 21, as they didn’t enhance
performance significantly compared to challenged control group with no additives. In
the third study, Phelio Microsaf® probiotic 500 ppm, Envera Goplus® probiotic 500
ppm, Safmannan® prebiotic 250 ppm, and combination of Envera Goplus® 500 ppm +
Safmannan® 125 ppm were used as feed additives in broilers’ diet to study their effect
on broiler performance while challenging with Clostridium perfringens. The outcomes
from this study proved no significant enhancement in performance in additives groups
compared to challenged control group at day 21. Envera Goplus® probiotic 500 ppm,
Actisaf® probiotic 250 ppm, Safmannan® prebiotic 250 ppm, XPC® postbiotic 1250
ppm, and combination of Safmannan® 125 ppm + Envera Goplus® 500 ppm were used
as feed additives to study their effect on full term broiler chickens performance, fecal dry
matter percentage, and intestinal improvement in full term broilers’ performance at day
42. No differences in fecal dry matter percentage or intestinal morphology among all
groups either. The fifth study, showed no significant enhancement effect on broilers’
performance when combinations of Safmannan® and Bacillus were added in different

concentrations while challenging with Clostridium perfringens.
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Some studies agreed with the results from these studies as they didn’t find
significant improvement in broilers’ performance while adding probiotics, YCW
products to broilers’ diet like; (Wulandari and Syahniar, 2019; Hashim et al., 2017; and
Johnson et al., 2020). Abdaljaleel et al., (2018) didn’t find significant enhancement in villi
height or crypt depth while adding YCW to broilers’ diet either. Although, Fesseha et al.,
(2021), Chen et al., (2017), Bhogoju et al., (2021), Santin et al., (2001), Fowler et al.,
(2015), and Humam et al., (2019) proved, that adding feed additives like probiotics,
prebiotics, or postbiotics enhanced broilers’ performance significantly. This difference in
results between different studies could occur because of the variation of stressors
severity and management, or the differences in feed additives concentrations that were
used in different studies which cause lack of consistency of the outcomes after adding
probiotics, prebiotics, postbiotics, or their combinations to broilers’ diet as feed additives

and antibiotic alternatives.

118



REFERENCES

Abdaljaleel, R.A., Al-Ajeeli, M., Jameel, Y., Hashim, M.M., and Bailey, C.A. (2018).
Assessing effect of yeast cell wall supplementation on therionine requirements in
broilers as measured by performance and intestinal morphology. Poultry Science.
97(7):2473-2478.

Abd El-Hack, M.E., El-Saadony, M.T., Elbestawy, A.R., Nahed A. EI-Shall , Saad, A.M.,
Salem, H.M., El-Tahan, A.M., Khafaga, A.F., Taha, A.E., AbuQamar, S.F., and
El-Tarabily, K.A. (2021). Necrotic enteritis in broiler chickens: disease
characteristics and prevention using organic antibiotic alternatives — a
comprehensive review. Poultry Science. 101(2):1-23.

Abd EI-Ghany, W.A., EI-Shafii, S.S.A., Hatem, M.E., and Dawood, R.E. (2012). A Trial
to Prevent Salmonella Enteritidis Infection in Broiler Chickens Using Autogenous
Bacterin Compared with Probiotic Preparation. Journal of Agricultural Science.
4(5):91-108.

Abudabos, A.M., and Yehia, H.M. (2013). Effect of dietary mannan oligosaccharide
from saccharomyces cerevisiae on live performance of broilers under
Clostridium perfringens challenge. Ital. J. Anim. Sci.12:231-235.

Acevedo-Villanueva, K., Renu, S., Gourapura, R., and Selvaraj, R. (2021). Efficacy of a
nanoparticle vaccine administered in-ovo against Salmonella in broilers. PLoS
ONE. 16(4):1-16.

Ahmat, M., Cheng, J., Abbas, Z., Cheng, Q., Fan, Z., Ahmad, B., Hou, H., Osman, G.,
Guo, H., Wang, J., and Zhang, R. (2021). Effects of Bacillus amyloliquefaciens
LFB112 on Growth Performance, Carcass Traits, Immune, and Serum
Biochemical Response in Broiler Chickens. Antibiotics.10:1-17.

Ahmed,S.T., Islam, M., Mun, H.S., Sim, H.J., Kim, Y .J., and Yang, C.J. (2014). Effects
of Bacillus amyloliquefaciens as a probiotic strain on growth performance, cecal
microflora, and fecal noxious gas emissions of broiler chickens. Poultry Science.
93(8):1963-1971.

119


https://www.sciencedirect.com/science/article/pii/S003257911930361X#!
https://www.sciencedirect.com/science/article/pii/S003257911930361X#!
https://www.sciencedirect.com/science/article/pii/S003257911930361X#!
https://pubmed.ncbi.nlm.nih.gov/?term=Ahmat%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cheng%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Abbas%20Z%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cheng%20Q%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Fan%20Z%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ahmad%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hou%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Osman%20G%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Guo%20H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Wang%20J%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang%20R%5BAuthor%5D
https://www.sciencedirect.com/science/article/pii/S0032579119384676#!
https://www.sciencedirect.com/science/article/pii/S0032579119384676#!
https://www.sciencedirect.com/science/article/pii/S0032579119384676#!
https://www.sciencedirect.com/science/article/pii/S0032579119384676#!
https://www.sciencedirect.com/science/article/pii/S0032579119384676#!
https://www.sciencedirect.com/science/article/pii/S0032579119384676#!

Ahiwe, E.U., Tedeschi Dos Santos, T.T., Graham, H., and Iji, P.A. (2021). Can probiotic
or prebiotic yeast (Saccharomyces cerevisiae) serve as alternatives to in-feed
antibiotics for healthy or disease-challenged broiler chickens?: a review. Journal
of Applied Poultry Research. 30:1-13.

Ahiwe, E.U., Abdallh, M.E., Chang’al, E.P., Omede, A.A., Al-Qahtanil, M., Gausil, J.,
Graham, H., and lji, P.A. (2019). Influence of dietary supplementation of
autolyzed whole yeast and yeast cell wall products on broiler chickens. Asian-
Australas J Anim Sci. Vol. 33:579-587.

Alagawany, M., El-Hack, M.E.A., Farag, M.R., Sachan, S., Karthik, K., and Dhama, K.
(2018). The use of probiotics as eco-friendly alternatives for antibiotics in poultry
nutrition. Environmental Science and Pollution Research. 25:10611-10618.

Alkhulaifi, M.M., Alghtani, A.H., Alharthi, A.S., Al Sulaiman, A.R., and Abudabos, A.M.
(2022). Influence of prebiotic yeast cell wall extracts on growth performance,
carcase attributes, biochemical metabolites, and intestinal morphology and
bacteriology of broiler chickens challenged with Salmonella typhimurium and
Clostridium perfringens. Italian Journal of Animal Science. 21(1):1190-1199.

Anderson, C.J. and Kendal M.M. (2017). Salmonella enterica Serovar Typhimurium
Strategies for Host Adaptation. Frontiers in Microbiology. 12:1-16.

Beladjal, L., Gheysens, T., Clegg, J.S., Amar, M., and, Mertens, J. (2018). Life
from the ashes: survival of dry bacterial spores after very high temperature
exposure. Extremophiles. 22:751-759.

Benbara, T., Lalouche, S., Drider, d., and Bendali, F. (2020). Lactobacillus plantarum S27
from chicken faeces as a potential probiotic to replace antibiotics: in vivo evidence.
Beneficial Microbes. 11(2):163-173.

Benites, V., Gilharry, R., Gernat A.G., and Murillo, J.G. (2008). Effect of Dietary Mannan
Oligosaccharide from Bio-Mos or SAF-Mannan on Live Performance of Broiler
Chickens. The Journal of Applied Poultry Research. 17:471-475.

Berghaus, R.D., Thayer, S.G., Maurer, J.J., and Hofacre, C.L. (2011). Effect of
Vaccinating Breeder Chickens with a Killed Salmonella Vaccine on Salmonella
Prevalences and Loads in Breeder and Broiler Chicken Flocks. Journal of Food
Protection. 74(5):727-734.

120


https://pubmed.ncbi.nlm.nih.gov/?term=Benbara+T&cauthor_id=32131607
https://pubmed.ncbi.nlm.nih.gov/?term=Lalouche+S&cauthor_id=32131607
https://pubmed.ncbi.nlm.nih.gov/?term=Drider+D&cauthor_id=32131607
https://pubmed.ncbi.nlm.nih.gov/?term=Bendali+F&cauthor_id=32131607

Bhogoju, S., Khwatenge, C.N., Taylor-Bowden, T., Akerele, G., Kimathi, B.M., Donkor,
J. and Nahashon, S.N. (2021). Effects of Lactobacillus reuteri and Streptomyces
coelicolor on Growth Performance of Broiler Chickens. Microorganisms. 9:1-12.

Bilal, M., Achard, C., Barbe, F., Chevaux, E., Ronholm, J., and Zhao, X. (2021). Bacillus
pumilus and Bacillus subtilis Promote Early Maturation of Cecal Microbiota in
Broiler Chickens. Microorganisms. 9:1-16.

Bilal, M., Si, w., Barbe, F., Chevaux, E., Sienkiewicz, O., and Zhao, X. (2020). Effects
of novel probiotic strains of Bacillus pumilus and Bacillus subtilis on production,
gut health, and immunity of broiler chickens raised under suboptimal conditions.
Poultry Science. 100:1-11.

Boroojeni, F.G., Vahjen, W., M anner, K., Blanch, A., Sandvang, D., and Zentek, J.
(2018). Bacillus subtilis in broiler diets with different levels of energy and protein.
Poultry Science Association Inc. 97:3967-3976.

Branton, S. L., Reece, F.N., and Hagler, W.M. (1987). Influence of a wheat diet on
mortality of broiler chickens associated with necrotic enteritis. Poult. Sci. 66:1326-
1330.

Caly, D.L., D’Inca R., Auclair, E., and Drider, D. (2015). Alternatives to antibiotics to
prevent necrotic enteritis in broiler chickens: a Microbiologist’s perspective.
Frontiers in Microbiology. 6:1-12.

Craven, S. E., Stern, N.J., Line, E., Bailey, J.S., Cox, N.A., and Fedorka-Cray, P. (2000).
Determination of the incidence of salmonella spp., campylobacter jejuni, and
clostridium perfringens in wild birds near broiler chicken houses by sampling
intestinal droppings. Avian Dis. 44:715-720.

Craven, S. E., N. J. Stern, J. S. Bailey, and Cox, N.A. (2001). Incidence of clostridium
perfringens in broiler chickens and their environment during production and
processing. Avian Dis. 45:887-896.

Chaney, W.E., Nagvi, S.A., Gutierrez, M., Gernat, A., Johnson, T.J., and Petry, D. (2022).
Dietary Inclusion of a Saccharomyces cerevisiae-Derived Postbiotic Is Associated
with Lower Salmonella enterica Burden in Broiler Chickens on a Commercial
Farm in Honduras. Microorganisms. 10:2-13.

121


https://pubmed.ncbi.nlm.nih.gov/?term=Bilal%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Si%20W%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Barbe%20F%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Chevaux%20E%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Sienkiewicz%20O%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao%20X%5BAuthor%5D

Chen, C.Y., Chen, SW., and Wang, H.T. (2017). Effect of supplementation of yeast with
bacteriocin and Lactobacillus culture on growth performance, cecal fermentation,
microbiota composition, and blood characteristics in broiler chickens. Asian-Aust
J Anim Sci. 30:211-220.

Chen, Y.S., Yanagida, F., and Shinohara, T. (2005). Isolation and identification of lactic
acid bacteria from soil using an enrichment procedure. Lett Appl Microbiol.
40(3):195-200.

Chu, J., Wang, Y., Zhao, B., Zhang, X.M., Liu, K., Linjing Mao, L., and Kalamiyets, E.
(2019). Isolation and identification of new antibacterial compounds from Bacillus
pumilus. Appl. Microbiol Biotechnol. 103(20):8375-8381.

Dahyia, D. and Nigam, P.S. (2022). The Gut Microbiota Influenced by the Intake of
Probiotics and Functional Foods with Prebiotics Can Sustain Wellness and
Alleviate Certain Ailments like Gut-Inflammation and Colon-Cancer.
Microorganisms. 10:1-13.

Danladi, Y., Loh, T.C., Foo, H.L., Henny Akit, H.A., Tamrin, N.A.M., and Azizi, M.N.
(2022). Effects of Postbiotics and Paraprobiotics as Replacements for Antibiotics
on Growth Performance, Carcass Characteristics, Small Intestine
Histomorphology, Immune Status and Hepatic Growth Gene Expression in Broiler
Chickens. Animals. 12:917-935.

Dar, M.A., Ahmad, S.M., Bhat, S.A., Ahmed, R., Urwat, U., Mumtaz, P.T., Bhat, S.A,,
Dar, T.A., Shah, R.A., and Ganai, N.A. (2017). Salmonella typhimurium in
poultry: a review. World's Poultry Science Journal. 73(2):345-354.

De Oliveira, M.J.K., Nilva Kazue Sakomura, N.K.S., Dorigam, J.C.D.P., Doranalli, K.,
Soares, L., and Viana, G.D.S. (2019). Bacillus amyloliquefaciens CECT 5940
alone or in combination with antibiotic growth promoters improves performance
in broilers under enteric pathogen challenge. Poultry Science. 98:4391-4400.

Devegowda, G.; Aravind, I.R. and Morton, M.G. (1997). Biotechnology in the feed
industry. Alltesh's Thirteenth Annual symposium-Nottingham University Press.
205- 215.

122


https://pubmed.ncbi.nlm.nih.gov/?term=Chu+J&cauthor_id=31444521
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Y&cauthor_id=31444521
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+B&cauthor_id=31444521
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+XM&cauthor_id=31444521
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+K&cauthor_id=31444521
https://pubmed.ncbi.nlm.nih.gov/?term=Mao+L&cauthor_id=31444521
https://pubmed.ncbi.nlm.nih.gov/?term=Kalamiyets+E&cauthor_id=31444521

Diarra, M.S and Malouin, F. (2014). Antibiotics in Canadian poultry productions and
anticipated alternatives. Frontiers in MICROBIOLOGY. 5:1-15.

Donalson, L.M., McReynolds, J.L., Kim, W.K., Chalova, V.I., Woodward, C.L., Kubena,
L.F., Nisbet, D.J., and Ricke, S.C. (2008). The influence of a fructooligosaccharide
prebiotic combined with alfalfa molt diets on the gastrointestinal tract
fermentation, Salmonella Enteritidis infection, and intestinal shedding in laying
hens. Poult Sci. 87:1253-1262.

Dorea, F.C., Cole, D.J., Hofacre, C.L., Zamperini, K., Mathis, D.L., Doyle, M.P., Lee,
M.D., and Maurer, J.J. (2010). Effect of Salmonella vaccination of breeder
chickens on contamination of broiler chicken carcasses in integrated poultry
operations. Appl. Environ. Microbiol. 76:7820-7825.

Durant, J.A., Corrier, D.E., and Ricke, S.C. (2000). Short-chain volatile fatty acids
modulate the expression of the hilA and invF genes
of Salmonella Typhimurium. J Food Protect. 63:573-8.

Eltazi, S.M., Mohamed, K.A., and Mohamed, M.A. (2014). Response of Broiler Chicks
to Diets Containing Live Yeast as Probiotic Natural Feed Additive. International
Journal of Farmaceutical Research and Allied Sciences. 3(2):40-46.

Engberg, R. M., M. S. Hedemann, and B. B. Jensen. (2002). The influence of grinding and
pelleting of feed on the microbial composition and activity in the digestive tract of
broiler chickens. Brit. Poult. Sci. 43:569-579.

Ewing, W.N. and Cole, D.J.A. (1994). The living gut: an introduction to microorganisms
in nutrition. 45-64.

FAO/WHO. (2002). Guidelines for the evaluation of probiotics in food.

FAW/WHO. (2001). Report of a Joint FDA/WHO Expert Consultation on Evaluation of
Health and Nutritional Properties of Probiotics in Food Including Powder Milk
with Live Lactic Acid Bacteria.

123


https://pubmed.ncbi.nlm.nih.gov/?term=Diarra+MS&cauthor_id=24987390
https://pubmed.ncbi.nlm.nih.gov/?term=Malouin+F&cauthor_id=24987390
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Ewing%2c+W.+N.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Cole%2c+D.+J.+A.%22

FAO. (2006). Probiotics in Food. Health and nutritional properties and guidelines for
evaluation.

FAO. (2015). Livestock production.

FAO. (2021). Gateway to Poultry Production and Products.

FDA. (2013). Guidance for Industry on New Animal Drugs and New Animal Drug
Combination Products Administered in or on Medicated Feed or Drinking Water
of Food-Producing Animals: Recommendations for Drug Sponsors for VVoluntarily
Aligning Product Use Conditions With Guidance for Industry #209; Availability.

FDA. (2022). Antimicrobial resistance.

Fesseha, H. Demlie, T. Mathewos, M., and Eshetu, E. (2021). Effect of Lactobacillus
Species Probiotics on Growth Performance of Dual-Purpose Chicken. Veterinary
Medicine: Research and Reports. 12:75-83.

Fong, F.L.Y., Shah, N.P., Kirjavainen, P., and EI-Nezami, H. (2016). Mechanism of action
of probiotic bacteria on intestinal and systemic immunities and antigen-presenting
cells. Int Rev Immunol. 35:179-188.

Forder, R.E., Howarth, G.S., Tivey, D.R., and Hughes, R.J. (2007). Bacterial modulation
of small intestinal goblet cells and mucin composition during early post hatch
development of poultry. Poult Sci. 7:(86):2396-2403.

Fowler, Kakani, J., Hag, R., Byrd, J.A., and Bailey, C.A. (2015). Growth promoting
effects of prebiotic yeast cell wall products in starter broilers under an immune
stress and Clostridium perfringens challenge. J. Appl. Poult. 24:66-72.

Freedman, J.C., Theoret, J.R., Wisniewski, J.A., Uzal, F.A., Rood, J.I, and Mcclane, B.A.
(2015). Clostridium perfringens type a—e toxin plasmids. Res. Microbiol. 166:264-
279.

124



Gadde, U., Kim, W.H., Oh, S.T., and Lillehoj, H.S. (2017). Alternatives to antibiotics for
maximizing growth performance and feed efficiency in poultry: A review. Anim.
Health Res. Rev. 18:1-20.

Gao, J., Zhang, H.J., Yu, S.H., Wu, S.G., Yoon, ., Quigley, J., Gao, Y.P., and Qi, G.H.
(2008). Effects of Yeast Culture in Broiler Diets on Performance and
Immunomodulatory Functions. Poultry Science. 87:1377-1384.

Gaskins, H.R. (2001). Intestinal bacteria and their influence on swine growth. Swine
Nutrition. 2:585-608.

George, B.A., and Fagerber, D.J. (1984). Effect of bambermycins in vitro on plasmid
mediated antimicrobial resistance. Am. J. Res. 45:2336-2341.

Gibson, G.R. and Roberfroid, M.B. (1995). Dietary modulation of the human colonic
microbiota: Introducing the concept of prebiotics. J. Nutr. 125:1401-1412.

Gibson, G.R., Scott, K.P., , Rastall, R.A., Tuohy, K.M., Hotchkiss, A., Dubert-Ferrandon,
A., Gareau, M., Murphy, E.F., Saulnier, D., Loh, G., Macfarlane, S., Delzenne, N.,
Ringe, Y., Kozianowski, G., Dickmann, R., Lenoir-Wijnkoop, R., Walker, C., and
Buddington, R. (2010). Dietary prebiotics: Current status and new definition. Food
Sci. Technol. Bull. Funct. Foods. 7:1-19.

Ha, C.H., Yun, C.W., Paik, H.D., Kim, S.W., Kang, C.W., Hwang, H.J., and Chang, H.I.
(2006). Preparation and analysis of yeast cell wall mannoproteins, immune
enchancing materials, from cell wall mutant Saccharomyces cerevisiae (review).
Journal of Microbiology and Biotechnology. 16(2):247-255.

Haldar, S., Ghosh, T.K., Toshiwati, and Bedford, M.R. (2011). Effects of yeast
(saccharomyces cerevisiae) and yeast protein concentrate on production
performance of broiler chickens exposed to heat stress and challenged with
Salmonella Enteritidis. Anim. Feed Sci. Technol. 168:61-71.

Hasan, F., Khan S., Shah A., and Abdul Hameed. (2009). Production of Antibacterial
Compounds by Free and Immobilized Bacillus pumilus SAF1. Pakistan journal
botany. 41(3): 1499-1510.

125



Hashim, M.M., Arsenault, R.J., Byrd, J.A., Kogut, M.H., Al-Ajeeli, M., and Bailey, C.A.
(2017). Influence of different yeast cell wall preparations and their components on
performance and immune and metabolic pathways in Clostridium perfringens-
challenged broiler chicks. Poultry Science. 97:203-210.

Hashim, M.M., Leyva-Jimenez, H.E., Al-Ajeeli M.N., Jameel, Y.J., Gaydos, T.A., and
Bailey, C.A. (2019). Performance of broilers fed diets supplemented with two
yeast cell wall strains using two feeding strategies. Veterinary Medicine and
Science. 5(3):435-441.

Hatoum, R., Labrie, S., and Fliss, 1. (2012). Antimicrobial and Probiotic Properties of
Yeasts: From Fundamental to Novel Applications. Front Microbiol. 3:421-432.

Hong,Y., Cheng,Y., Li, Y., Li, X., Zhou, Z., Shi,D., Li, Z., and Xiao, Y. (2019).
Preliminary Study on the Effect of Bacillus amyloliquefaciens TL on Cecal
Bacterial Community Structure of Broiler Chickens. BioMed Research
International. 2019:1-11.

Hooge, D.M. (2004). Meta-analysis of broiler chicken pen trails evaluating dietary
mannan oligosaccharide, 1993-2003 (Article). Int. J. Poult. Sci. 3(3):163-174.

Hooge, D.M., Ishimaru, H., and Sims, M.D. (2004). Influence of Dietary Bacillus subtilis
C-3102 Spores on Live Performance of Broiler Chickens in Four Controlled Pen
Trials. J. Appl. Poult. Res. 13:222-228.

Hossain, M.l., Sadekuzzaman, M., and Sang-Do, H. (2017). Probiotics as potential
alternative biocontrol agents in the agriculture and food industries: A review. Food
Res. Int.100:63-73.

Hu, L., Deng, X., Brown, E\W., Hammack, T.S., Ma, L.M., and Zhang, G. (2018).
Evaluation of Roka Atlas Salmonella method for the detection of Salmonella in
egg products in comparison with culture method, real-time PCR and isothermal
amplification assays. Food Control. 94:123-131.

Humam, A. M., Loh, T.C., Foo, H.L., Samsudin, A.A., Mustapha, N.M., Zulkifli, 1., and
Izuddin, W.I. (2019). Effects of Feeding Different Postbiotics Produced by
Lactobacillus plantarum on Growth Performance, Carcass Yield, Intestinal
Morphology, Gut Microbiota Composition, Immune Status, and Growth Gene
Expression in Broilers under Heat Stress. Animals. 9:644-663.

126


https://pubmed.ncbi.nlm.nih.gov/?term=Hatoum%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Labrie%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Fliss%20I%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3525881/
https://pubmed.ncbi.nlm.nih.gov/?term=Hong+Y&cauthor_id=31687392
https://pubmed.ncbi.nlm.nih.gov/?term=Cheng+Y&cauthor_id=31687392
https://pubmed.ncbi.nlm.nih.gov/?term=Zhou+Z&cauthor_id=31687392
https://pubmed.ncbi.nlm.nih.gov/?term=Shi+D&cauthor_id=31687392
https://pubmed.ncbi.nlm.nih.gov/?term=Li+Z&cauthor_id=31687392
https://pubmed.ncbi.nlm.nih.gov/?term=Xiao+Y&cauthor_id=31687392

Huyghebaert, G., Ducatelle, R., and VVan Immerseel, F. (2011). An update on alternatives
to antimicrobial growth promoters for broilers. Vet. J. 187:182-188.

Immerseel, F. V., J. D. Buck, F. Pasmans, G. Huyghebaert, F. Haesebrouck, and
Ducatelle, R. (2004). Clostridium perfringens in poultry: An emerging threat for
animal and public health. Avian Pathol. 33:537-549.

Jadhav, K., Sharma, K.S., Katoch, S., Sharma, V.K., and Mane, B.G. (2015). Probiotics
in Broiler Poultry Feeds: A Review. International Journal of Animal and
Veterinary Sciences. 2:4-16.

Jha, R., Das, R., Oak, S., and Mishra, P. (2020). Probiotics (Direct-Fed Microbials) in
Poultry Nutrition and Their Effects on Nutrient Utilization, Growth and Laying
Performance, and Gut Health: A Systematic Review. Animals. 10:1863-1880.

Jia, S., McWhorter, A.R., Andrews, D.M., Underwood, G.J., and Chousaalkar, K.K.
(2020). Challenges in vaccinating layer hens against Salmonella typhimurium.
Vaccines. 8: 696.

Johnson, C.N., Hashim, M.M., Bailey, C.A., Byrd, J.A., Kogut, M.H., and Arsenault, R.J.
(2020). Feeding of yeast cell wall extracts during a necrotic enteritis challenge
enhances cell growth, survival and immune signaling in the jejunum of broiler
chickens. Poultry Science. 99:2955-2966.

Kabir, S.M. (2009). The role of probiotic in poultry industry. Int. J. Mol. Sci. 10:3531-
3546.

Kamel, N.F., Hady, M.M., Ragaa, N.M. and Mohamed, N.F. (2021). Effect of nucleotides
on growth performance, gut health, and some immunological parameters of broiler
chicken exposed to high stocking density. Livestock Science. 253:1-10.

Kasimanickam, V., Kasimanickam, M., and Kasimanickam, R. (2021). Antibiotics Use in
Food Animal Production: Escalation of Antimicrobial Resistance: Where Are We
Now in Combating AMR? Medical Science. 9(14):1-13.

Khelfa, D.E., Abd EI-Ghani, W.A., and Salem, H.M. (2012). Recent Status of Clostridial
enteritis affecting early weaned rabbit in Egypt. Life Sci. J. 9:227-2279.

127



Kim, J.H., Park, G.h., Han, G.p., and Kil, D.Y. (2021). Effect of feeding corn distillers
dried grains with solubles naturally contaminated with deoxynivalenol on growth
performance, meat quality, intestinal permeability, and utilization of energy and
nutrients in broiler chickens. Poultry Science. 100:1-10.

Kim, W.H. and Lillehoj, H.S. (2019). Immunity, Immunomodulation, and antibiotic
alternatives to maximize the genetic potential of poultry for growth and disease
response. Animal Feed Science and Technology. 250:41-50.

Kim, Y.H., Kang, S.W., Lee, J.H., Chang, H.L., Yun, C.W., Paik, H.D., Kang, C.W. and
Kim, S.W. (2007) High density fermentation of Saccharomyces cerevisiae jul3 in
fed-batch culture for the production of B-glucan. Journal of Industrial and
Engineering Chemistry. 13:153-158.

Klis, F.M., Mol, P., Hellingwerf, K., and Brul, S. (2002). Dynamics of cell wall structure
in Saccharomyces cerevisiae. FEMS Microbiology Reviews. 26:239-256.

Knap, I, Lund, B., Kehlet, A., Hofacre, C., and Mathis, G. (2010) Bacillus licheniformis
prevents necrotic enteritis in broiler chickens. Avian Dis. 54:931-935.

Krysiak, K., Konkol, D., and Korczynski, M. (2021). Overview of the Use of Probiotics
in Poultry Production. Animals. 11:2-24.

Kwaitkowski, S. and Kwaitkowski. S.E. (2012). Yeast (Saccharomyces cerevisiae)
Glucan Polysaccharides — Occurrence, Separation and Application in Food, Feed
and Health Industries. The Complex World of Polysaccharide. 48-70.

Lan, P.T., Binh, L.T., and Benno, Y. (2003). Impact of two probiotic Lactobacillus strains
feeding on fecal lactobacilli and weight gains in chicken. J Gen Appl Microbiol.
49:29-36.

Lei, X., Piao, X., Ru, Y., Zhang, H., Péron, A., and Zhang, H. (2015). Effect of Bacillus
amyloliquefaciens-based Direct-fed Microbial on Performance, Nutrient
Utilization, Intestinal Morphology and Cecal Microflora in Broiler Chickens.
Asian Australas. J. Anim. Sci. 28(2):239-246.

128


https://pubmed.ncbi.nlm.nih.gov/?term=Lei%20X%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Piao%20X%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ru%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang%20H%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=P%C3%A9ron%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang%20H%5BAuthor%5D

Line, J.E., Bailey, J.S., Cox, N.A., and Stern, N.J. (1997). Yeast treatment to reduce
salmonella and campylobacter population associated with broiler chickens
subjected to transport stress. Poult. Sci. 76:1227-1231.

Liu, X., Yan, H., Lv, L., Xu, Q., Yin, C., Zhang, K., Wang, P., and Hu. J. (2012). Growth
performance and meat quality of broiler chickens supplemented with Bacillus
licheniformis in drinking water. Asian-Australasian J Anim Sci. 25(5):682-689.

Min, Y.N., Li, L.L., Liu, S.K., Zhang, J., Gao, Y.P., and Liu, F.Z. (2015). Effects of dietary
distillers dried grains with solubles (DDGS) on growth performance, oxidative
stress, and immune function in broiler chickens. J. Appl. Poult. Res. 24:23-29.

Mohamed, T.M., Sun, W., Bumbie, G.Z., Elokil, A.A., Mohammed, K.A.F., Zebin, R.,
Hu, P., Wul, L. and Tang, Z. (2022). Feeding Bacillus subtilis ATCC19659 to
Broiler Chickens Enhances Growth Performance and Immune Function by
Modulating Intestinal Morphology and Cecum Microbiota. Frontiers in
Microbiology. 12:1-14.

Mohamed?, T.M., Sun, W., Bumbie, G.Z., Dosoky, W.M., Rao, Z., Hu, P., Wu, L., and
Tang, Z. (2022). Effect of Dietary Supplementation of Bacillus subtilis on Growth
Performance, Organ Weight, Digestive Enzyme Activities, and Serum
Biochemical Indices in Broiler. Animals. 12:1558-1568.

Moon, S.H., Leg, I., Feng, X., Lee, H.Y., Kim, J., and Ahn, D.U. (2016). Effect of Dietary
Beta-Glucan on the Performance of Broilers and the Quality of Broiler Breast
Meat. Asian Australas. J. Anim. Sci. 29(3):384-389.

Morales-Lo6pez, R., Auclair, E., Garcia, F., Esteve-Garcia, E., and Brufau, J. (2009). Use
of yeast cell walls; B-1, 3/1, 6-glucans; and mannoproteins in broiler chicken diets.
Poultry Science Association Inc. 8:601-607.

Morales-Lopez, R., and Brufau, J. (2013). Immune-modulatory effects of dietary
Saccharomyces cerevisiae cell wall in broiler chickens inoculated with
Escherichia coli lipopolysaccharide. British Poultry Science. 54(2):247-251.

Molohon. K.J., Melby. J.0., Lee. J., Evans, B.S., Dunbar, K.L., Bumpus, S.B., Kelleher,
N.L., and Mitchell, D.A. (2011). "Structure Determination and Interception of
Biosynthetic Intermediates for the Plantazolicin Class of Highly Discriminating
Antibiotics”. ACS Chem. Biol. 6(12):1307-1313.

129


https://pubmed.ncbi.nlm.nih.gov/?term=Liu+X&cauthor_id=25049614
https://pubmed.ncbi.nlm.nih.gov/?term=Yan+H&cauthor_id=25049614
https://pubmed.ncbi.nlm.nih.gov/?term=Lv+L&cauthor_id=25049614
https://pubmed.ncbi.nlm.nih.gov/?term=Xu+Q&cauthor_id=25049614
https://pubmed.ncbi.nlm.nih.gov/?term=Yin+C&cauthor_id=25049614
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+K&cauthor_id=25049614
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+P&cauthor_id=25049614
https://pubmed.ncbi.nlm.nih.gov/?term=Hu+J&cauthor_id=25049614
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3241860
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3241860
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3241860

M’Sadeq, S.A., Wu, S.B., Choct, M., Forder, R., and Swick, R.A. (2015). Use of yeast
cell wall extract as a tool to reduce the impact of necrotic enteritis in broilers. Poul.
Sci. 94:898-905.

Ngalimat, M.S., Yahaya, R.S.R., Baharudin, M.M.A., Yaminudin, S.M., Karim, M.,
Ahmad, S.A., and Sabri, S. (2021). A Review on the Biotechnological
Applications of the Operational Group Bacillus amyloliguefaciens.
Microorganism. 9:1-18.

Northcote, D. H., and Horne, R.W. (1952). The chemical composition and structure of the
yeast cell wall. Biochem. J. 51:232-236.

Oelschlaeger, TA. (2010). Mechanisms of probiotic actions. Int J Med Microbiol 300:57—
62.

Oliveira, M.J.K., Sakomura, N.K., Dorigam, J.C.P., Doranalli, K., Soares, L., and Viana,
G.S. (2019). Bacillus amyloliquefaciens CECT 5940 alone or in combination with
antibiotic growth promoters improves performance in broilers under enteric
pathogen challenge. Poultry Science. 98:4391-4400.

Park, Y.H., Hamidon, F., Rajangan, C., Soh, K.B., Gan, C.Y., Lim, T.S., Abdullah,
W.N.W., and Liong, M.T. (2016). Application of Probiotics for the Production of
Safe and High-quality Poultry Meat. Korean J. Food Sci. An. 36(5):567-576.

Pascuall, A., Pauletto, M., Giantinl, M., Radaellil, G., Ballarinl, C., Birolo, M.,
Zomefiol, C., Dacastol, M., Bortolettil, M., Vascellari, M., Xiccato, G., and
Trocino, A. (2020). Effect of dietary supplementation with yeast cell wall extracts
on performance and gut response in broiler chickens. Journal of Animal Science
and Biotechnology. 1:1-11.

Patlan, D.H., Solis-Cruz, B., Hargis, B.M., and Tellez, G. (2019).The Use of Probiotics in
Poultry Production for the Control of Bacterial Infections and Aflatoxins.
Prebiotics Probiotics. 1-21.

Patterson, J. A. and Burkholder, K.M. (2003). Application of prebiotics and probiotics in
poultry production. Poult. Sci. 82:627-631.

130



Perdigon, G., Alvarez, S., Rachid, M., Aguero, G., and Gobbato, N. (1995). Immune
system stimulation by probiotics. J Dairy Sci. 78:1597-1606.

Peri¢, L., Zikic’, D., and Luki¢, M. (2009). APLICATION OF ALTERNATIVE
GROWTH PROMOTERS IN BROILER PRODUCTION. Biotechnology in
Animal Husbandry. 25(5-6):387-397.

Pertiwi, H. and Mahendra, M.Y.N. (2021). Probiotic Lactobacillus sp. Improved
Performance of Broiler Chicken: A Review. Systematic Reviews in Pharmacy.
12(03):829-834.

Petit, L., M. Gibert, and Popoff, M.R. (1999). Clostridium perfringens: Toxinotype and
genotype. Trends Microbiol. 7:104-110.

Pirgozliev, V., Rose, S. P., and Ivanova, S. (2019). Feed additives in poultry nutrition.
Bulgarian Journal of Agricultural Science, 25(1):8-11.

Priest, F.G., Goodfellow, M., Shute, L.A., and Berkeley, C.R.W. (1987). Bacillus
amyloliquefaciens sp. nov. norn. rev. INTERNATIONAL JOURNAL OF
SYSTEMATIC BACTERIOLOGY. 37:69-71.

Pudova, D., Koryagina, A., Rudakova, A., Mardanova, A., and Sharipova, M. (2020).
Effect of Bacillus pumilus 3-19 protease on growth parameters and gut
microbiome of broiler chickens. E3S Web of Conferences 222. 1-8.

Qiu, K., Wang, X., Zhang, H., Wang, J., Qi, G. and Wu, S. (2022). Dietary
Supplementation of a New Probiotic Compound Improves the Growth
Performance and Health of Broilers by Altering the Composition of Cecal
Microflora. Biology. 11:1-17.

Qiu, K., Li, C.L., Wang, J., Qi, G.H., Gao, J., Zhang, H.J., and Wu, S.G. (2021). Effect of
Dietary supplementation with Bacillus subtilis, as Alternative to Antibiotics, on
Growth Performance, Serum Immunity, and Intestinal Health in Broiler Chickens.
Frontiers in Nutrition. 8:1-13.

Raghuwanshi, S., Misra, S., and Bisen, P.S. (2015). Indian perspective for probiotics: a
review. Ind J Dairy Sci. 68(3):195-205.

131



Rajapakse, J.R., Buddhika, M.D., Nagataki, M., Nomura, H., Watanabe, Y., lkeue, and
Y., Agatsuma, T. (2010). Effect of Sophy B-glucan on immunity and growth
performance in broiler chicken. J. Vet. Med. Sci. 72:1629-1632.

Rebollada-Merino, A., Ugarte-Ruiz, M., Hernandez, M., Miguela-Villoldo, P., Abad, D.,
Rodriguez-L&zaro, D., de Juan, L., Dominguez, L., and Rodriguez-Bertos, A.
(2020). Reduction of Salmonella Typhimurium Cecal Colonisation and
Improvement of Intestinal Health in Broilers Supplemented with Fermented
Defatted ‘Alperujo’, an Olive Oil By-Product. Animals. 10:1-16.

Riddell, C., and Kong, X.M. (1992). The influence of diet on necrotic enteritis in broiler
chickens. Avian Dis. 36:499-503.

Risdian, C., Mozef, T., and Wink, J. (2019). Biosynthesis of Polyketides in Streptomyces.
Microorganisms. 7:1-18.

Romo-Barrera, C.M., Castrillon-Rivera, L.E., Palma-Ramos, A., Castafieda-Sanchez, J.1.,
and Luna-Herrera, J. (2021). Bacillus licheniformis and Bacillus subtilis, Probiotics
That Induce the Formation of Macrophage Extracellular Traps. Microorganisms.
9:1-12.

Roselli, M., Finamore, A., Britti, M.S., Bosi, P., Oswald, 1., and Mengheri, E. (2005).
Alternatives to in-feed antibiotics in pigs: evaluation of probiotics, zinc or organic
acids as protective agents for the intestinal mucosa. A comparison of in vitro and
in vivo results. Anim Res. 54:203-218.

Reygaert, W.C. (2018). An overview of the antimicrobial resistance mechanisms of
bacteria. AIMS Microbiology. 4(3):482-501

Salminen, S., Collado, M.C., Endo, A., Hill, C., Lebeer, S., Quigley, E.M.M., Sanders,
M.E., Shamir, R., Swann, J.R., Szajewska, H. and Vinderola, G. (2021). The
International Scientific Association of Probiotics and Prebiotics (ISAPP)
consensus statement on the definition and scope of postbiotics.
GASTROENTEROLOGY AND HEPATOLOGY. 18: 649-667.

Santin, E., Maiorka, A., and Macari, M. (2021). PERFORMANCE AND INTESTINAL
MUCOSA DEVELOPMENT OF BROILER CHICKENS FED DIETS

132


https://pubmed.ncbi.nlm.nih.gov/?term=Romo-Barrera%20CM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Castrill%C3%B3n-Rivera%20LE%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Palma-Ramos%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Casta%C3%B1eda-S%C3%A1nchez%20JI%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Luna-Herrera%20J%5BAuthor%5D

CONTAINING SACCHAROMYCES CEREVISIAE CELL WALL. J. Appl.
Poult. Res. 10:236-244.

Savage, D.C. (1986). Gastrointestinal microflora in mammalian nutrition. Annu Rev
Nutr. 6(1):155-78.

Schwartz, B. and Vetvicka, V. (2021). Review: B-glucans as Effective Antibiotic
Alternatives in Poultry. Molecules. 26:3560-3572.

Shanmugasundaram, R., Sifri, M., and Selvaraj, R.K. (2013). Effect of yeast cell product
(CitriStim) supplementation on broiler performance and intestinal immune cell
parameters during an experimental coccidial infectionl. Poult. Sci. 92:358-363.

Shashidhara, R. G. and Devegowda, G. (2003). Effect of dietary mannan oligosaccharide
on broiler breeder production traits and immunity. Poult. Sci. 82:1319-1325.

Snel, J., Harmsen, Wielen, H.J.M., van der, P.W.J.J., and Williams, B.A. (2002)
Dietary strategies to influence the gastrointestinal microflora of young animals,
and its potential to improve intestinal health. Nutrition and intestinal Health of
the Gastrointest tract. 37—609.

Sohail, M. U., M. E. Hume, J. A. Byrd, D. J. Nisbet, A. ljaz, A. Sohail, M. Z. Shabbir, and
Rehman, H. (2012). Effect of supplementation of prebiotic mannan-
oligosaccharides and probiotic mixture on growth performance of broilers
subjected to chronic heat stress. Poult. Sci. 91:2235-2240.

Songer, J. G. (1996). Clostridial enteric diseases of domestic animals. Clin. Microbiol.
Rev. 9:216-234.

Spring, P., Wenk, C., Dawson, K.A., and Newman, K.E. (2000). The effects of dietary
mannanoligosaccharides on cecal parameters and the concentration of enteric
bacteria in the ceca of Salmonella challenged broiler chicks. Poult. Sci. 79:205-
211.

Stanely, V.G., Gray, G., Daley, M., Frueger, W., and Sefton, A.E. (2004). An alternative
to antibiotic-based drugs in feed for enhancing performance of broiler grown on
Emeria sppinfected litter. Poult. Sci. 83:39-44.

133


https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Snel%2c+J.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Harmsen%2c+H.+J.+M.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Wielen%2c+P.+W.+J.+J.+van+der%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Williams%2c+B.+A.%22

Steenwijk, H.P., Bast, A., and Boer, A. (2021). Immunomodulating Effects of Fungal
Beta-Glucans: From Traditional Use to Medicine. Nutrients. 13:1333-1352.

Steiner, T. (2006). Managing gut health: Natural growth promoters as a key to animal
performance. Nottingham university press.

Sun, Z., Wang, T., Demelash, N., Zheng, S., Zhao, W., Chen, X., Zhen, Y., and Qin, G.
(2019). Effect of Yeast Culture (Saccharomyces cerevisiae) on Broilers: A
Preliminary Study on the Effective Components of Yeast Culture. Animals.
10(1):68-85.

Swiatkiewicz, S., Arczewska-Wtosek, A., and Jozefiak, D. (2014). Immunomodulatory
efficacy of yeast cell products in poultry: A current review. Worlds Poult. Sci. J.
70:57-68.

Tabidi, M.H., Mukhtar, A.M., and Elkhidir, E. (2013). RESPONSE OF CHICKS FOR
DIET CONTAINING LIVE YEAST AS PROBIOTIC NATURAL FEED
ADDITIVE. JOURNAL OF CURRENT RESEARCH IN SCIENCE. 1(5):316-3109.

Taheri, H.R., Moravej, H., Tabandeh, F., Zaghari, M. and Shivazad, M. (2009). Screening
of lactic acid bacteria toward their selection as a source of chicken probiotic.
Poultry Science. 88(8):1586-1593.

Tellez, G., Pixley, C., Wolfenden, R.E., Layton, S.L., and Hargis, B.M. (2012).
Probiotics/direct fed microbials for Salmonella control in poultry. Food Res. Int.
45:628-633.

Tonkova, A., lvanova, V., Dobreva, E., Stefanova, M., and Spasova, D. (1994).
Thermostable alphaamylase production by immobilized Bacillus licheniformis
cells in agar gel and on acrylonitrile/acrylamide membranes. Appl. Microbiol.
Biotechnol. 41:517-522.

Tiwari, G., Tiwari, R., Pandey, S., and Pandey, P. (2012). Promising future of probiotics
for human health: current scenario. Chronicles Young Sci. 3(1):17-28.

Trunbull, P.C.B. (1996). Bacillus. Medical microbiology. 4™ edition.

134


https://pubmed.ncbi.nlm.nih.gov/?term=Zaghari+M&cauthor_id=19590072
https://pubmed.ncbi.nlm.nih.gov/?term=Shivazad+M&cauthor_id=19590072

Tukmechi. A., and Bandboni, M. (2014). Effects of Saccharomyces
cerevisiae supplementation on immune response, hematological parameters, body
composition and disease resistance in rainbow trout, Oncorhynchus
mykiss (Walbaum, 1792). J. of Applied Ichthyology. 30:55-61.

Underwood, W.J., Blauwiekel, R., Delano, M.L., Gillesby, R., Mischler, S.A., and
Schoell, A. (2015). Laboratory Animal Medicine (Third Edition): Biology and
Diseases of Ruminants (Sheep, Goats, and Cattle). 623-695.

Van Immerseel, F., Rood, J.I., Moore, R.J. and Titball, R.W. (2009). Rethinking our
understanding of the pathogenesis of necrotic enteritis in chickens. Trends
Microbiol. 17:32-36.

Vetvicka, V. and Vetvickova, J. (2014). Natural immunomodulators and their stimulation
of immune reaction: True or false? Anticancer. Res. 34:2275-2282.

Vinderola, G., Sanders, M.E., and Salminen, S. (2022). The Concept of Postbiotic. Foods.
11:1-10.

WHO. (2020) Antibiotic resistance.

Walker, G.M., and White, N.A. (2018) .Introduction to Fungal Physiology. In: Fungi:
Biology and Applications, Third Edition. 1:35.

Wang, J.X. and Peng, K.M. (2008). Developmental morphology of the small intestine of
African ostrich chicks. Poult Sci. 87:2629-2635.

Williams, R.B. (2005). Intercurrent coccidiosis and necrotic enteritis of chickens:
Rational, integrated disease management by maintenance of gut integrity. Avian
Pathol. 34:159-180.

Wolfenden, A.D., Vicente, J.L., Higgins, J.P., Andreatti Filho, R.L., Higgins, S.E., Hargis,
B.M., and Tellez, G. (2007). Effect of Organic Acids and Probiotics on Salmonella
enteritidis Infection in Broiler Chickens. International Journal of Poultry Science.
6(6):403-405.

135


https://www.sciencedirect.com/book/9780124095274/laboratory-animal-medicine

Xu, X., Qiao, Y., Peng, Q., Gao, L., and Shi, B. (2017). Inhibitory effects of YCW and
MOS from Saccharomyces cerevisiae on Escherichia coli and Salmonella
pullorum adhesion to Caco-2 cells. Frontiers in Biology. 12(5):370-375.

Wulandari, S. and Syahniar, T.M. (2019). The effect of adding probiotic Saccharomyces
cerevisiae on dietary antibiotic-free on production performance and intestinal
lactic acid bacteria growth of broiler chicken. IOP Conference Series: Earth and
Environmental Science. 207:1-5.

Yadav, S. and Jha, R. (2019). Strategies to modulate the intestinal microbiota and their
effects on nutrient utilization, performance, and health of poultry. Journal of
Animal Science and Biotechnology. 10(2):1-11.

Yang, Y., lji,PA., Kocher, A., Mikkelsen, L.L. and Choct, M. (2007). Effects
ofmannanoligosaccharide on growth performance, the development of gut
microflora and gutfunction of broiler chickens raised on new litter. Journal of
Applied Poultry Research. 16:280-288.

Yasar, S. and Yegen, M.K. (2017). Yeast fermented additive enhances broiler growth.
Brazilian Journal of Animal Science. 46(10):814-820.

Zhang, A. W., Lee, B.D., Lee, S.K,, Lee, KW., An, G.H., Song, K.B., and Lee, C. H.
(2005). Effects of yeast (saccharomyces cerevisiae) cell components on growth
performance, meat quality, and ileal mucosa development of broiler chicks. Poult.
Sci. 84:1015-1021.

Zotkiewicz, J., Marzec, A., Ruszczyn'ski, M., and Feleszko, W. (2020). Postbiotics—A
Step Beyond Pre- and Probiotics. 12:2189-2205.

136





