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CHAPTER |

INTRODUCTION

The most important period for the broiler is the first week after hatching. The
high quality food can affect growth in this period. During the first 2 weeks after hatch,
chickens have limited capability to proeduce digestive enzymes since the digestive
system is still immature (Leeson and Summer,.2005). Moreover, the transition of dietary
sources from protein andefat in eggJ yolk=during embryonic period to complex
carbohydrate, protein and«fat”in-conventional feed.directly affect gut development.
Moreover, chickens are“dependent on ,linnate immune from hen in this first period
(Cutler, 2002) to prevent infection dgriné i[nmature immune system. In several years,

various supplements have begen devel,opea,to Improve performance and feed efficiency

i
\ -

extensively. At present, antibiotic'“has béen’ pbanned in many countries because of
customer insight and congerns of antibio_t-ié’ resistant pathogenic bacteria as well as
; )
antibiotic residues in animal products. I\/Ioréf_)V_Er, antibiotic has been severely limited or
et 2ee 4

eliminated in many countries (Esecefi et al.,?—@‘[‘O). There are more researches focusing

on post-hatch supplement to-_'é—Qb:stitute aﬁtib—i-b_ti_o growti" promoter. Previous study

showed that good pﬁe_fétarter diet promoted body weight gam

Protein extracj_ from yeast is abundant in thfa beneficial substances eg.
nucleotides, inositol, glutamate, essential amino acids and peptides, minerals and
vitamins. Nucleotides are/necessary in improving and developing intestinal integrity and
immune response (Grimble and West Wood, 2002). Mannan-oligosaccharide (MOS)
from the celll wall [of yeast) Saccharomyces' cerevisae has: beenreported to provide
binding sites for bacteria, expectedly reducing pathogen binding to enteric cells. MOS
are groups of indigestible oligosaccharides that can bind to pathogenic bacteria and
excrete into the faces. In addition, these compounds induce immune response against
pathogenic bacteria that usually bound with epithelial host cells (Ferket et al., 2002).
Swanson et al. (2002) reported that MOS supplementation in dog increased total

lymphocyte count and tended to increase serum IgA concentrations. Previously, a few



studies about effect of immunization and immune system by supplemented yeast protein
extract and MOS in broilers challenged with Salmonella enteric serovar Enteritidis were
demonstrated.

Salmonella is one of the major pathogens in food contaminant affecting human
health (Carvajal et al., 2008). The food that usually contaminated is products from
chickens and eggs (Rodrigue et al., 1990). During 10-15 years ago, problem of

Salmonella enteritidis infection have been more increase in poultry industry in US and
ella!co

been markedly affectew

situation the tropical zone

EU (Holt, 1995). In Thailand Salm to spread around year 1990 and rapidly

)al., 1995). The poultry industry has
in meat and egg. Thailand is

increasing during the years

ial growth, so it is difficult to control
the spread of the infectio ddition to reduce the infection
including antibiotic growt ¢ :J:' asp measure. However, the ban of

AGP due to resistanc ' is inevitable liff, 2002). Many alternatives

This study ain I L effects of protein and mannan-
oligosaccharide from yeast 6n growth | _' rmal testinal morphology and number

of IgA producing cells of m@oﬁ with Salmonella enterica serovar

ﬂumwamwmm
QW']MT]?EM&IW]’W]EI’]QEJ



CHAPTER I

LITERATURE REVIEW

2.1 Important of Salmonella spp.

2.1.1 The organism

The genus of Salmonella-is a member of Enterobacteriaceae family. They are
rod-shaped, gram-negative, non—sporejorming, predominantly motile enterobacteria
with flagella and most iselatesfexist. in t‘.{"o phases: a motile phase | and a nonmotile
phase Il. They can pioeduce hydrogen{ sulfide which can be detected by media
containing ferrous sulfate, such/as 'T{§I (@;rk and Barret, 1987). They can grow well
under both of aerobic andfanderobic Con&itidhs and can survive in variety environment
conditions and nutritional substrate. Sa/moﬁéﬂaapan grow over a range of about 5° - 45°
C, but the optimum temperature 'iS*3I7°C. Tﬁfe_f_t’c?pt’imum pH is approximately 7.0 but they
can grow over range of abol]lt' 4-.0 = 9.€g€§éngtrakulnonth, 2002). The genus of

Salmonella comprised two Species, S.' enterica andsS. bongori. The S. enterica is

divided into six subs'p_é.CIes and S. enterica serovar Enterlﬁ"q‘jv“s (SE) is one of over 2,500
serovars divided by éerology (Popoff and Bockemuh.i, 2004). The serotyping of
Salmonella is a result o{antibody interactions, with bacteri_al surface antigens (somatic O
antigens, flagella H ‘aptigens and~V )i O antigens oceur jon! outer membrane and
determined by specific sugar sequences on the cell surface, V, antigen is a superficial
antigeng overlying jthey O "antigen  and H ;jantigenl may ~occur #in ‘€hanging phase.

(Chotikatum, 2005)

2.1.2 Salmonella infection

A Salmonella infection is a foodborne disease that most infected from eggs and
chicken products. The major cause of gastrointestinal disease in humans and animal

over the world is Salmonella enterica serovar Enteritidis (Poppe, 2000). Infection of



Salmonella in chickens may be from fed with contaminated feed, water and others in
hatchery. The hens that are infected with Salmonella can transfer agent to the eggs via
ovary, and pass through to cloaca (Nakumura et al., 1993). Salmonella colonized and
proliferated in the cloaca, which resulted to increasing the number of eggs
contaminated. Period after hatching is critical because of chickens have limited
microflora in the intestine and are more sensitive to Salmonella than the older. In
addition, during the first 2 weeks after hatch, chickens also have limited capability to
produce digestive enzymes because the digestive system is still immature (Leeson and
Summer, 2005). Moreover, the transition of digiary sources from protein and fat in egg
2

yolk during embryonic period.ie-complex carbohydrate, protein and fat in conventional

feed directly affect gut development.

2.1.3 Pathogenesis of Sa/mone/lavinfecﬂgn

The pathogenesis of SE in the chiék_en;started with colonization in the digestive
tract. The main area for colopizationtis thev'"j.é“ﬁecum and crop, the pathogen are able to
enter via epithelium of intestine. After-SE is mg;es?ed into the crop, the pH of crop (4-5) is
able to prevent some, of SE growth but oth;éff"s:'fhét tolerate- will increase resistance to
acidity and pass threggh=the gizzard and proventriculus, (Chotikatum, 2005). The
proventriculus secretéd'enzyme for digestion including pepsin and hydrochloric acid.
The enzymes were secfeted to the gizzard for mixing feed and make the pH of gizzard
to approximately 2 to! 3 (Heres et al,, 2003). Although, the gizzard was high acidity but
some of SE can'survive. The surviving SE through to the intestinal tract can cross the
intestinal | epithelium, after.” attachment™ to “receptor | substance | insimucus and this is
considered as the first step in colonization of bacteria within the intestinal mucosa.
Penetration of the intestinal mucosa is a summary for the pathogenesis of systemic
infection; this process can induce to diarrhea. Invasion occurs specifically via the apical
surface, where within a critical distance from cells, SE induces destruction and
elongation of microvilli, which precedes endocytosis. Invasion is believed to occur by
receptor mediated endocytosis, though receptors have not been identified. The ceca are

the site within the intestinal tract of infected chickens that most commonly contain SE



(Fanelli et al., 1988). The ceca were a target organ for SE to amplification and it poses a
potential source for environmental contamination (Dhillon et al., 2001). Bacteria are the
predominant microbes, specifically obligate anaerobes which are found in the lumen.
This has been ascribed to the physical attachment of SE to the cecal epithelium
(Soerjadi et al., 1982). This adhesion is most observed in epithelium via the cecal lumen
(Desmidt et al.,, 1998), and it is likely that the uptake of bacteria occurs in mature
enterocytes at the villus tips (Amin et al., 1991). After that they penetrate the lamina
propria where they replicate, or proceed to decper tissues. van Immerseel et.al. (2002)
indicated that SE were first detected 3 hours post-infection in the caecal lumen and 9
hours post-infection in the cecal laminajpropria, SE colonized in Peyer's Patches and
invade to M cell. M cell reside_ihroughout the gut as follicular-associated epithelium that
overlays lymphoid follicley e.g¢, RPayer's pgtches. M cell'have been considered to be the
most effective cells for the transport o f speE_:di};ic antigens from the intestinal lumen into the
underlying lymphoid tissug'(Charles et al.,if'pg?). The pathogens from tissue infected are
shifted to the regional lymph nodes,,where.idma@rophages in the lymphatic sinuses were
the first effective barrier to preveht thev';sbr_ead. If this host defense mechanism
successfully halts bacterial expans{on, the HiieJcJtlon remains localized to the intestine
and the gut- associated lymphoid tissues (GAtT) However, if the macrophages are
unable to limit spreadySE-can cause a systemic disease: The pathogens spread from
the GALT via the afferént lymphatic and the thoracic duct into the vena cava, resulting in
the systemic infection trhe capillary systems, of liver andrspleen constitute an efficient
filtering systemywhich focuses infection to liver ‘and spleen. These organs are usually
enlarged during'systemic infection (Andreas et al., 2000). SE colonizes in both spleen
and liver! after "an jimfection (of+1 day old chicken. The frequently, organs found more
positive in the birds are not only the spleen, liver and kidneys but also the less frequent
from lungs and heart (Brown et al., 1975). Three general categories of toxin have been
reported to play role in the pathogenicity of paratyphoid SE (Gast, 2000). Endotoxin is
associated with the lipid portion of SE cell wall lipopolysaccharide (LPS). It will be
released into the bloodstream of an infected animal when bacterial cells are lysed, and

producing fever (Gast, 2000). LPS also attributes to the resistance of the bacterial cell

wall to attack and digestion by host phagocytes. Loss of the ability to synthesize



complete LPS has been impaired ability to colonize the ceca and invade to the spleen in
broiler chicks (Craven, 1994). In the same way, SE endotoxin administered intravenously
produced liver and spleen lesion in 2 week old (Turnbull and Snoeyenbos, 1973).
However, enterotoxin activity by Salmonella induces secretory response of epithelial
cells that results in fluid accumulation in the intestinal lumen (Koupal et al, 1975). A heat
labile enterotoxin of Salmonella cause structural damage to intestinal epithelial cells,

perhaps by inhibiting protein synthesis (Koo et al., 1984).

2.1.4 The effects of Salmonella infection on.immunity
v

The host immupesreésponse [0 pathogens in the earliest stages of infection is a

critical determinant of disease resistanceland susceptibility. These early responses are
dedicated to the containment/of the b.atho.g;ns, holding infections to a level that can be
resolved by the ensuing /development of"}aé:quired immune mechanisms. The innate
immune system is a rapidly finduced,; phylogenencally conserved response of all
multicellular organisms (Medzh|tov ebal, 199-?)- The protective effect is usually termed
competitive exclusion (CE), a prooess by—whlch an organism is prevented from

colonizing a given enwronment because of the *pnor presence of other organisms that

are better able to estabnsn and maintain themselves in th‘at enwronment (Pasteur et al.,
1878). Although protectlon of chicks is mainly due to baoterlal competition (Weinack et
al., 1984), CE treatment may also play an important role in mucosal immunity stimulation,
which could contribute significantly to hast resistance.

The local immune response in the Gl tract has been scarcely studied in relation
to CE treatment and.lis likely to, involve a variety of ifactors, incluting:the role of native
microflora, host M cells, and secretory IgA (slgA). Probiotics, defined as live cultures of
microorganisms administered orally, act beneficially on host health; inhibit pathogens;
enhance intestinal immunity; and have a protective effect on the gut microflora (Fuller,
1989). There is strong scientific evidence supporting that certain components of the gut
microflora are involved in protection of the host against infectious diseases (Wilson and
Freter, 1986). Factors affecting intestinal colonization of poultry by SE, and

considerations are given to possible means of increasing host resistance to infection.



2.2 Methods in controlling Salmonella infection

Antibiotics have been used for many years as growth promoting agents for the
chicken industry. The antibiotic growth promoters are modifying the intestinal microflora,
especially targeting gram positive bacteria, which are associated poor health and
performance of the animals (Bedford, 2000). Antibiotics are commonly used in livestock
industry production as dietary additives are bacitracins, lincomycin, penicillin,
streptomycin, tetracycline, tiamulin, tylosin and virginiamycin. However, the use of
antibiotics for feed additives has lead to drfug*resistant bacteria and the possible
presence of antibiotic residues.in poultr;‘products. Then, the resistant bacteria may be
remaining in the poultry preducis; resulting te the people eating it may become sick from
the bacteria resistance. Recently, the ani'tibiotics as growth promoters will be banned
from use in the EU in 2006 (David, ‘2006‘)_.#'.;Fhe antibiotic free chicken for consumer is
enormous concern in poultey production. #. !

Most antibiotic growth promoters AGP) were suspended for almost a decade ago
especially in Europe. Many researchers are éxamlned in finding appropriate alternative

substances to reduce infectionand enhance |mmun|ty of the bird e.g. probiotic,

prebiotic, yeast protein extract, MOS; FOS and»Ofgamc acids etc.
2.2.1 Probiotic

Probiatic is a live microbial-feed stpplement which beneficially affects the host
animal by improving its intestinal microbial balance (Fuller, 1989). The most commonly
used strains'areé members-of the‘heterogeneous; group/ of lactic acidibacteria; such as
Lactobacilli; Enterococci and Bifidobacteria. There have been numerous studies on
probiotics in human and animal nutrition. Mechanisms of probiotic response involve the
production of directly inhibitory compounds, reduction of luminal pH through short chain
fatty acids production, competition for adhesion site on the gut wall and nutrients and
modulation of immune response (Gibson and Fuller,2000 ; Rolfe,2000).

However, selection criteria for probiotic much debate and should be taken into

account when defining appropriate strains. The survival of the probiotic was



compromised in the supplement product before ingestion, and even more so in the host
after ingestion. The bacteria are encountered by many physiochemical effects i.g.
gastric acid and secretions of the small intestine such as bile salts and pancreatic
enzymes. Moreover, in the large intestine, the bacteria must compete effectively with a

complex and metabolically active indigenous flora (Collins et al., 1999).
2.2.2 Prebiotic

Prebiotics are non-digestible food ingredients that beneficially affected the host
by selectively stimulating the.growth owr’r activity-of bacteria in digestive system and
improve host health (Gibson™ and Roberfroid, 1995). Typically, prebiotics are
carbohydrates (such as oligosacchari%les), put the meaning may include non-
carbohydrates. For a food ingredien‘f to bigﬂ;classiﬂed as a prebiotic, it must 1) not be
hydrolyzed or absorbed ig'the upper part pf the gastrointestinal tract; 2) be a selective
substrate for one or a limited number.of péfténti_ally or beneficial commensal bacteria in
the colon, either stimulating the baeteria tofb-row Become metabolically activated, or

both; and 3) be able as a conseguence to-ahef the colonic microflora toward a more

pathogens may be reayced by prebiotics:
2.3 Yeast protein extract

Yeast protein extract (YP) is the common name for various forms of processed yeast
productsimade” by<extracting“thelcell €ohtefits (rémoVing the cell.walls). Yeast extract
have MofRosodium glutamate (MSG), contains free glutamic acid that created savory
flavors and umami taste sensations. Moreover, YP are consists of nucleotide, inositol,
protein, vitamins and minerals. Rutz et al. (2004) reported that supplementation with YP
on starter period resulted in higher feed intake but only significant up to 14 days of age.
The dietary inclusion of YP may benefit early enteric development of young poultry,

which may help to resist enteric disease challenges.



2.3.1 Glutamic acid

HO OH
NH,

Figure 2.1 Molecular structure of the glutamic acid (NEUROtiker, 2007)

Glutamate is a key.molecule in cellularmetabolism. In humans, dietary proteins
are broken down by digestion.into aminej acids, which serve as metabolic fuel for other
functional roles in the body: The physiological importance of the amino acid L-glutamine
for promoting and maintaining” cell functicl)n is now widely accepted. The importance of
glutamine to cell survival.and proliferetion 'Tn‘;vitro was first reported by Ehrensvard et al.
in 1949. Glutamine is quantitatively the rf,iost important fuel for intestinal tissue. It is
metabolized to glutamate by phosphate- dependent glutaminase. Glutamate undergoes
transamination with pyruvate generatmg L—alanme and 2-oxoglutarate. The latter
metabolite is then oxidized in the tncarbo;gfuo aC|d (TCA) cycle generating malate,

which, by the action, of NADP#—dependenf ‘malic enzyme, generates pyruvate. The

NADH and FADH2 ge':nerateo via this pathway are used?'fer electron donation to the
electron transporting cham in the mitochondria and thus promote ATP synthesis. The L-
alanine produced in thls pathway is exported to the hepatic portal vein for transport to
the liver (Kimura et ak, 1988).  Glutamine! is fecognized as an important dietary
component for the maintenance of gut integrity (Neu et al., 2002) and reduces the
degree ,of ‘derangement induced: by mechanical intestinal [obstfuction (Chang et al.,
2001). Asia result, glutamine administration reduces bacterial translocation (Erbil, 1999),
being beneficial to critically ill and other patients (Newsholme et al., 1987; Boelens et al.,
2001). In fact, glutamine has been shown to improve various aspects of medical
nutritional care of patients with gastrointestinal disease or cancer, burn victims,
postsurgical patients, and low birth weight neonates (Savy, 2002; Gismondo et al., 1998;
Neu, 2001). This amino acid also normalizes the AlDS-associated increased intestinal

permeability (Thomson et al., 2001).
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2.3.2 Nucleotide

o pentass

Lo,
O=: S A - B
= CD-—P‘ T o FEE

- o | ; N0
a G?f i ls—_':"_'\dm: e

HO 0H = riboss
H = deoxyribose

——Mucleoside .1
L nischivolicle: Manoghosphiate <.
muchactide diphcephate ——
I——————— [ G |1 | R

Figure 2.2 Molecular structure of the‘iuelectide (Boris and Sjef, 2005)
v

Nucleotides areqprecursors of QNA and RNA; energy metabolites, secondary
messengers that mediaie hormenes resf)onsible for growth, and the biosynthesis of
protein inhibitors that have antibiof{c_—|iké'broperties. A nucleotide is the monomer
structural unit of nucleotidg chains that forrlh the nucleic acids RNA and DNA, as well as
several lesser nucleic acids. The: nucleotig'e consists of a heterocyclic nucleobase, a
pentose sugar like ribose or deoxynbose and a phosphate or polyphosphate group.

Nucleotides are normal components of the dﬁténd the body provides mechanisms for

their absorption and mcorporatlon |nto tlssues (S‘énohez and Gil, 2002). However, during

periods of intensive c;l_e_ye!opment, nucleotide availability Cqul_q limit the maturation of fast
dividing tissues with I(-)w‘ biosynthetic capacity, such as tné’intestine (Leleiko et al, 1983;
Van Buren and Rudolp;h, 1997). Nucleotides, are essential nutrients involved in gut
development and repair, skeletal ‘muscle development, (hearti function and immune
response (Grimble and Westwood, 2002) In chickens, dramatic changes occur in the
development of | thel ssmall] intestinal“ mucesa | after: /hatching, «including enterocyte
maturation, intensive cryptogenesis and villous growth (Geyra et al, 2001). This intestinal
development influences the growth rate, since intestinal maturation plays a rate
determining role in providing the substrates for growth (Smith et al, 1990). The beneficial
effect of nucleotides on intestinal cell integrity, development, and turnover, with
significant proliferation of crypt cell was already demonstrated (Tsujinaka et al., 1993;

Dell'Orto et al., 2002). Nucleotides also increase intestinal villi length, and improve the

immune response of broilers, promoting nutrient absorption and increased weight gain
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(Yu et al.,, 2002). They have also significant effects on enterocytes during intestinal
development, maturation, and repair after damage caused by stress or pathogens

(McCauley et al., 1998).

2.3.3 Inositol
6 OH OH4
HO 2 OH
1 3
-

Figure 2.3 Molecular structure of the-inositol (Yikrazuul, 2010)

Insitol is the comman name of rrliyoinositol, the only form of inositol utilized by
the body as a nutrient. Inesital'isia tyt;_e offgagar related to glucose. It occurs naturally in
the body and is present ingmany foods, Ché;nféal formula of inositol is C,O,H,,. Originally
identified in association with the B.-vij[aminsl:i{]oaitol IS an essential eukaryotic metabolite
that is a component of a major classiof mé?ﬂic)rgane phospholipids, and also functions in
signal transduction and in a véﬁeti/ of othéﬁéé%pacities. One form of inositol, inositol

hexaniacinate, has been used'vfb"’sﬁiupport Circulatory health because it functions like

niacin in the body. Ib@}sitot hexaphosphate, also known a_'.S' _F;hytate, is conjunction with
plant fiber, and is a s-OUrce of myo-inositol in the diet. Thé’major dietary forms of myo-
inositol are inositol hex:;phosphate or phytic_acid, which |s widely found in cereals and
legumes and associated with dietary fiber, ‘and|myo-inasitol-containing phospholipids
from animal and’ plant sources (Clements, 1980). The functions of inositides are as

varied “as “their 'strdctures.! The  additions containsy/inositol 'may e enhancement

metabolism and health.

2.4 Mannan-oligosaccharide

Mannan-oligosaccharide (MOS) are extracts from the cell wall of yeasts.
Mannose is a monosaccharide that forming of MOS. The small intestine has no enzyme

to break down MOS bonds; therefore they pass through the small intestine harmless to
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the large intestine after ingestion (Strickling et al.,, 2000). Mannose-based
oligosaccharides occur naturally in cells walls of the yeast Saccharomyces cerevisiae
from yeast culture (Spring et al., 2000). The commercially available product, Bio-Mos
(Alltech USA), is a source of MOS. Bio-Mos has shown in suppressing enteric
pathogens, modulating the immune response, improving the integrity of the intestinal
mucosa, and promoting improved growth and feed conversion in studies with chickens

krzewska, 1997). Mannan oligosaccharides

improved performance in nurser \ | gain and feed intake in dairy calves
(Dvorak and Jacques, 199 Y MOS _ [ - antigenic components because
gram-negative bacteria ca : int ithelium using mannose-specific
fimbriae (Ofek et al., 19 Q8 \ npetitive binding sites for these intestinal

lla agglutinated MOS in vitro

L/ ‘

antibody production (Savage et alf-i, 1996) “or ecting intestinal morphology and
| ;J"?:’-_d'. a-.‘ /

function (lji et al., 2001). Inhibitid‘régﬁthe-

Lt 2

prevent or decrease t‘% severifg/' "#*d-‘ré,:fhéé,. s
l‘ -

N '_ﬁ' -~ Qs
AN TE LA

4 M Db

Figure 2.4 Molecular structure of the mannan-oligosaccharide (Yalcinkaya et al., 2008)



CHAPTER III
MATERIALS AND METHODS

This study was approved by Animal Care and Use Committee of the Faculty of

Veterinary Science. Chulalongkorn University, No. 0931023

3.1 Animals and management

Five hundred and seventy five,' 1 .day old, male Arbor Acres broilers were
obtained from Salmonella~enterica sejovar Enteritidis (SE) free farm. Before the
experiment started, cloacalswabs were randomly performed on seventy chicks (one
sample/chick) examinedsfor Salmonella §pp. Chicks were divided into 5 treatments (5
replicates of 23 chicks).with similagp averaée.body weightin each treatment. Chicks were
inoculated with 0.3 mi SE'culfugé (10° Cillm!) at'day. T.and 1 mi (10° cfu/ml) at day 7
post-hatching. All chickss were vaécinateﬂ&j With Newcastle and Infectious Bronchitis
diseases at the first day from the hatcher‘y_}:--'The control group was raised in a room
separated from other SE inoculaté’d grodpﬂ%_‘.jhe experiment was set in a closed

: w2 fa

concrete floor house in evaporative cooling féz:i:liiy. Lighting was turned on continuously

throughout the experiment: The total expérimental periocwas 42 days.

3.2 Feed and feeding —

3.2.1 Diet

Corn-soybean meal basal diets were' divided into 3 periods: starter (1-21
days), grower (22-35 days) and finisher (36-42 days). Ingredients and . composition of the
experimental diet are' shown in Table 3.1. Birds were received feed'and water ad libitum
throughout the period of 6 weeks. The diets were 1) basal diet, 2) basal diet
supplemented with 2% yeast protein extract (NuProTM, Alltech Inc., USA) in starter period
1-7 days, 3) commercial basal diet supplemented with 2% Mannan-oligosaccharide
(MOS™, Alltech Inc., USA) in starter period (7-21 days), 1% in grower period (22-35
days) and 0.5% in finisher period (36-42 days). Chicks in control and SE inoculated
group were received diet 1. Chicks in group 3 and group 4 received diets 2 and 3

respectively while chicks in group 5 received both diets 2 and 3 in the respective period.



Table 3.1 Ingredients and composition of the experimental diet.

14

Amount (kg/100 kg diet)

Ingredients

Starter Grower Finisher
GR.Corn-S 58.38 58.88 63.89
Lard 1.52 3.40 3.51
Soybean ML.-Hipro 35.07 33.60 28.74
Calcium Carbonate. 1.59 1.30 1.25
MDCP-21 1.95 1.72 1.64
Salt 0.12 0.16 0.16
Sodium Bicarbonate. \ 0.31 0.30
DL.Methionine 0.24 0.20
L-Lysine HCL. - O 09 0.07
Threonine - -
Choline Chloride (60%) 0.08
Antixidant 0.01
Anticoccidia
Vitamin premix 0.05
Mineral premix 0.10
Nutrients
Crude Protein % 19.00
ME Poultry KCal/Kg 3200.00
Moisture % 11.09
Dry Matter % 88.91
Fat % 6.20
Crude Fibre % 2.75
Ash % 5.12
Calcium % 0.85
Total Phos % 0.70
Available Phos-P % 0.43
Sodium % 0.16
Chloride % d 0.23
Salt % 0.1 0. 0.16
Linoleic Acid % 1.68 2.02 2.08
L AusAngnineing
AV Lys P % 0.99
Methionine % 0.67 0.56 0.50
AV Met_P 0.47
- ARANIN PN TIRNY o
AV M&C_P 0.79
Threonine % 0.94 0.84 0.76
AV Thr_P % 0.84 0.74 0.68
Tryptophan % 0.27 0.27 0.24
AV Trp_P % 0.25 0.24 0.21
Isoleucine % 1.05 1.02 0.92
AVlle_P % 0.97 0.94 0.85
Potassium % 0.96 0.93 0.84
Choline mg/Kg 1714.02 1674.71 1512.49
Arginine % 1.51 1.46 1.31
Bulk Density gm/I 726.84 731.44 737.21
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3.2.2 Experimental groups

Salmonella enterica serovar Enteritidis (SE, nalr) (Salmonella enterica serovar
Enteritidis, nalidixic acid resistant strain) was obtained from Department of Veterinary
Microbiology, Faculty of Veterinary Science, Chulalongkorn University. The SE was kept
in stock agar at room temperature cultured to TSA (Tryptic Soy Agar); incubated at 37°C

for 24 h and subcultured 2-3 times for p

e culture. Chicks in groups 2, 3, 4 and 5 were

Table 3.2 The experime Qup

Group 3 Group 4 Group 5

Treatmes // -

Yeast protein extract (NuPro, Alltech USA - e ' \ \ \/ - \/

J '
Mannan-oligosaccharide (Bio-MOS, Alltech 4 S - \/ \/

Salmonella enterica serovar Enteritidis inacul L“:: TES i v v v

m
- -

) .
AULINENINYINT
RN IUNRINYIAY
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3.3 Experimental procedure

3.3.1 Protocol of experiment

Experiment period (day)

0 8 15 22 29 36 43
BW BW BW BW BW
cw N BS

10S
IS
Figure 3. iagra

BW = Body weight
BS = Blood sample
CW = Cloacal swabs

|OS = Internal organ;ﬁmple (Ilver, splee'

IS = Intestinal sample

Weighting feed every san pling time.

e o] LB, mmwmn'ﬁ
o SR TR

with 0.3 ml SE culture 10 cfu/ml) and 1 ml at day 7 of the experiment. The chicks were
weighed and feed intake recorded at days 1, 21, 35 and 42. Mortality was record daily.
Three chicks from each replication were randomly selected and sacrificed with
intracardiac injection of pentobarbital sodium (120 mg/kg BW) using 21G, 2.5 inch
needle at days 14, 21 and 42. Abdomen was exposed and parts of intestines from

duodenum to ileocecal junction were excised and separated. The intestinal section from
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the end of pylorus to the entry of bile and pancreatic ducts was taken as duodenum part
(D), the section from the entry of bile and pancreatic ducts to a section of Mechel’s
diverticulum was taken as the jejunal part (J), and the ileal (I) part was taken from
Mechel’s diverticulum to the ileocecal junction. Liver and spleen pool and the content in
ileal and cecal pool were collected and kept at -20°C until analysis for bacteriological
examination. Parts of intestine from duodenum to ileum were collected, rinsed with
normal saline (NSS) and collected into 10% formalin. The sample were kept at -20°C until

analysis for histomorphological examination.

3.3.3 Bacteriological examination

SE culture was kept.in siock %gar before use. The culture were transferred

and streaked on Tryptic Sgy Agar (TSA) tLpJ.ate and incubated at 37°C for 18-20 h for

purity examination. ’ 1

)"
3.3.4 Qualitative and Semi-qu-'arftitative-ﬁ'é%aar'nination of SE
4 ¥ K

3.3.4.1 Semiquantitative ekaminatidij'_?'{'i
Approximately 1g of liver and spleen. samples were chopped and

pooled together, 1g Of(il_eal content, each Wasrpu;[ into BP\—/\rlr}From the initial 10™ dilution,
10-fold serial dilutions were made in BPW. The 0.1 ml of BPW was dropped on to MSRV
(Modified Semi-RappaportVassiliadis) agar«plate plus 10ug/ml Novobiocin (NO), 5
drops on plate and incubated at 42°C for 24448 h. The outermost of colonies from MSRV
were transferred and streaked onto XLT, (Xylose Lactose TergitolTM 4) agar plates plus
50ug/mi'Nalidixic aeid (NA) anel incubated at 37°C for 24 h. The pink colonies with black
spot were suspected of SE Then, they were further subjected to confirmation test. The

SE count was expressed in log,, SE count.
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3.3.4.2 Qualitative examination

The samples of cloacal swabs, the samples of liver and spleen and
the samples of ileocecal content, 1g weight of each were put into BPW and incubated at
37°C for 24 h. The 10-fold serial dilutions were prepared as similar as semiquantitative
examination and dropped on to MSRV following semiquantitative examination.

Percentage of positive SE sample found was expressed and analyzed.

3.3.4.3 Confirmation test

The suspected colonieg were-tested for biochemical assays including
glucose fermentation, hydregensulfide gas production from TSI (Triple Sugar Iron) agar,
motility test, lysine carboxylation and indole production were detected from MIL (Motility
Indole Lysine medium). Serogroup" of §E (Group D) was confirmed by a slide
agglutination test using antiserum -of Sa/rf}one//a O polyvalent groups combined, and

specific serogroup D.
v':.ri'.._
3.4 Histomorphology and Immunohiétochemiﬁ_jsfgtudy

d .l

3.4.1 Tissue preparation

The tissue safnples collected from each part of intestine (duodenum, jejunum
and ileum) were kept in 10%:=formalin and seleeted 6 sections per treatment in each part.
The samples were dehydrated in a series of ascending grades of alcohol (70%, 80%,
95% and 100%), cleared in several times of xylene,.and infiltrated with melted paraffin in
the oveny The tissues were then.embedded in/paraffin and the sections'were cut at 4 um
thickness" using sliding microtome (IVS-410, SAKURA Tissue-Tek, Tokyo, Japan). The
sections were floated on warm water in a floatation bath at 37°C for stretching then the
sections were put on cleaned glass slides and dried at 37°C in incubator. The sections
were deparaffinized first in several times of xylene followed by rehydration in a series of

descending grades of alcohol (100%, 95%, 80% and 70%).
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3.4.2 Hematoxylin-eosin Staining

The histological sections were stained using Hematoxylin-eosin (Hussun et al.,
2009). The sections were hydrated with xylene and differentiate alcohol, after running
water stained in hematoxylin 1 min and washed in running water, stained in eosin 2 min
and dehydrated with differentiate alcohol and xylene, respectively. Then Villus height
and crypt dept were measured from duodenum, jejunum and ileum sections under
microscope at 4X. The villus height was measured from the top of the villus to the villus-
crypt junction and crypt depth was measured.ffom the villus-crypt junction to the base of
the crypt. Ten villi measurements were taken per section (6 sections on slide/treatment)

from each part of intestine. Villus/Crypt ratio was calculated.

|
3.4.3 Immunohistochemical Staining for IgA

Deparaffined slide sections of II"gum were pretreated by citrate buffer, pH 6,
for 10 min in microwave, washed, in PBS an,d blocked endogenous peroxidase by 3%
H,O, for 20 min. Blocking serdm by.2% rab’krjf-'.s.erum was performed (diluted with 0.01M
PBS) for 30 min at 37°C, followed by incubation with goat anti-chicken IgA (1:500)
(Bethy! Lab. Inc. USA) for overnight at 4°C. After brief washing with PBS, sections were
treated with 1% per’oxiid‘ase%eﬁfugated—fabbit anti-goat -IgG (1:100) (Bethyl Lab. Inc.
USA) 1h at room terﬁbe’rature. The positive reactions of Ig; were exposed by treating
with 0.2 mg 33-diamingbenzidine (DAB) pH 7.6 containing 0.03% H,0, and then
counterstained few"dips - with hematoxylin. The 1gA positive cells, in lamina propria were
counted under microscope observation at 4X and choose 4 positions per section (6
sections ‘on' slideltreatment) ifromileum: sections: The dgA (pasitive.gells lin mucosal line
were counted in 4 high power fields of each section (Kamal et al., 2011) and grading: 1=

1-30, 2 = 31-60, 3 = 61-90, 4 = 91-120 and 5 = 121-150 cells/ high power field.

3.5 Calculation of the growth performance

The chickens were weighed at 0, 21, 35 and 42 days old. The feed intake was
recorded during days 0-21, 22-35 and 36-42. Number and body weight of dead
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chickens were recorded for calculation of mortality and feed conversion ratio (FCR),

respectively.

Body weight gain (g/b) Final body weight — Initial body weight

Average daily gain (ADG, g/b/d) = Body weight gain / Days
Feed intake (g/b) = Total feed intake / Final chick numbers
Average Daily feed intake (ADFI, g/b/d) = Feed intake / Days

Mortality rate (%) f ead chicks / Total chick numbers) x 100

Feed conversion Total pen feed

(FCR, kg feeding/kg b ﬂbody weight — Initial body weight

3.6 Statistical analysis

All data are prese \ atments were analyzed using
L der €0 2} Iy randomized design. If the
probability of F test was | S ‘-\ Multiple Range test was used to
program. The qualitative examination

used of SE was analyzed by Chl- guare # S Institute, 2003).

]

X
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CHAPTER IV

RESULTS

4.1 Effects of treatments on growth performance

After inoculation of SE (days 1 and 7), It is shown that there were no significant

difference in performance during starter period (day 1-21). However, chicks in T5

p}Z)

—

(YP+MOS) had higher (P<0.05)

gain (ADG) and slightly better average
daily feed intake (ADFI) tha uently, this helped to significantly
improve feed oonversion oup compared to others. There
were no significant differ , ge of mortality. (Table 4.1)

Growth performa ' [ e " period (day 22-42) is shown in

Table 4.2. There were no signi - dliff ,. ininitial weight, ADG, ADFI, FCR and

The overall gr rmai ﬂ ) wn in Table 4.3. Likewise the
| ces in all data except for ADFI.
510 re low compared to the breed
specification at day 42. Chickg—_@,a supplemented groups had significantly
better ADFI (P < 0.05)-tha i it were | Jllated with-SE alone. In addition chicks

that received both supplements (T5) t e beést performance (P > 0.05)

when considered on final body weight, ADG and FCR. @e

:rrw:; ;oz::h:jcuk ﬁ uygﬁqﬂwgw%ﬂw y ;.1 ﬁ% demonstrated among
AR ﬁWﬂ'ﬁﬂJ URIAINYIAY

rcentages of mortality were



Table 4.1 Effect of treatments on growth performance of broiler chickens during starter period (days 1-21)

22

T1(CON) T4(SE+MOS)  T5(SE+YP+MOS) P-value
Initial weight (g/b) 43.8 +0.32 ‘ 6+0.09 43.6 +0.09 0.41
ADG (g/b/d) 27.91 +0.30° 27.85 \ ’ 332 + 0.14°° 28.75 + 0.27° 0.09
ADFI (g/b/d) 37.30+0.18 37.28 £0.1 47 +0.10 37.58 + 0.10 0.47
FCR 1.34 +0.01° 1.34 +0.01° 4 7 ’u" . 1.33:0071° 1.29 +0.01° 0.02
Mortality (%) 0.00 0.87 +0.87 1.74 +1.07 0.21

Mean+S.E.,.n=5

Treatments were CON : control: SE : Salmonella Enterit

“°Means in the same row with unlike superscripts differemsignificantly p<0.05

PRIAATUAMINYAE

: ’ 1
X J

e
L

v
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ef; MOS : Mannan-oligosaccharide

44


mook
Typewritten Text
22


Table 4.2 Effect of treatments on growth performance of broiler chicke

T1
Initial weight (g/b) 629.0 + 7.07
ADG (g/b/d) 50.05 + 0.75
ADFI (g/b/d) 102.75 £ 0.22
FCR 2.06 + 0.03
Mortality (%) 0.00

636.0 + 6:04

51.10 £.0.98

101.95 +.0.47,

2.00 £ 0.04

Mean+S.E.,.n=5

17

Treatments were CON : control; SE : Salmonella Enteritidm1 0° cfu/ml; YP :

“° Means in the same row with unlike superscripﬁiﬁegﬁ(iﬁtgp?.(%’w E] ,] ﬂ ‘j
RINNTUUNININY

grower-finisher period (days 22-42)

23

T4 T5 P-value
0+3.39 643.0 £ 8.28 0.27
0.28 £ 0.39 52.27 + 0.86 0.26
40 +£0.32 102.65 + 0.65 0.21
2.06 £ 0.01 2.06 £ 0.05 0.42
0.00 0.00 -

Yeast protein ex ract; MOS : Mannan-oligosaccharide

€c
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Table 4.3 Effect of treatments on overall growth performance of the broiler chickens during overall periods (days 0-42)

T4 T5 P-value

T1 T2

- 1T -
Initial weight (g/b) 43.8 +0.32 43.4 + 0,08 43.5) \ \ .6+0.09 43.6 + 0.09 0.41
Final weight (g/b) 1,755.3 + 14.36 1,784.7 1451894 4/ ,785.9 £ 20.51 1,798.6 + 32.36 0.69
ADG (g/b/d) 34.19+0.23 34.38 +0.4 3444 £ 0.2 34.99 = 0.34 35.35+ 0.56 0.20

ADFI (g/b/d) 63.22 + 0.13% 62.97 + 0.20. 63.69 + 0.18° 63.77 + 0.12° 0.01

FCR 1.85+0.01 1.83+0.03 1.82 +£0.02 1.81+0.03 0.55
Mortality (%) 0.00 0.87 £ 0.87 1.74 +1.07 0.21
F
.. Y]
Mean+S.E.,.n=5 m :

Treatments were CON : control; SE : Salmonella Enteritidis 10 cfu/ml; YP : Yeast proteln extract; MOS : Mannan-oligosaccharide

® Means in the same row with unlike superscrlpr ﬂeﬁ @ﬂJflﬂ E]Ww E]‘/] ﬂ lj
q RIAINTUHURIINYIA Y

ve
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4.2 Qualitative and semi-quantitative examination of SE

4.2.1 Qualitative examination of SE

In Table 4.4, Qualitative examination of SE (number of positive plate/total plates)
from IC (ileo-cecal content) samples did not significantly differ (P > 0.05) in days 15, 22 and 43
of age. However, IC samples from chicks in T4 and T5 groups at day 15 tended to have less
positive plates than others and had similar paesitive plate as negative control (T1). Similarly,
chicks in T5 group at day 22 (supplemented with YR-EMOS) had lower positive plates (P > 0.05)
than other groups. At day 43, there was no appearance examination of SE in all groups.

Qualitative examination of SE in LS (liver-spleen pools) in day 22 demonstrated that
chicks in T3, T4 and T5 groups hadssligntly Iovver-L(P < 0.05) positive plates than positive control
(T2) and were not significantly”diffefent from neg?ti.ve control (T1). It is apparent that although

SE was not detected in the guliat day 43, some SE may be detected in LS pools as shown in T2
’} ]

dad

and T3 chicks at day 43. (Table 4.4)

4.2.2  Semi-quantitative examination 6f'SE

e I

In Table 4.5, the_.mean log,, number of SE per gram o'f_lC samples from day 15 to

day 43 was depicted. At da; 15 of age, chicks in T4 had signiﬁéantly lower SE count than
positive control group and SE.count was markedly reduced in-F5 (P < 0.05) to be similar to
negative control group. At day 22,/“SE count in all ineculated.groups were decreased and it is
shown that T4 and T5'chicks had lower SE.count than'T2 and T3 (P >10.05) and were close to
those count in T1. In comparison to SE céunt in LS samples, the SE colint in LS samples
demonstrated that T4 (SE+MOS) had the signifieantly highest SE count while T5 had the lowest
SE count and the count was similar to negative control (T1). At day 22, SE count was only
discovered in positive control chicks. The semi-quantitative examinations of IC and LS samples

revealed that there was no SE detected at day 43 in all groups.
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Table 4.4 Qualitative examination of SE (number of positive plates/total

in various treatment groups at different ages of chicks

Samples
T1 T4 T5 P-value
Day 15 1110 2/10 1/10 0.78
IC Day 22 2/10 4/10 2/10 0.22
Day 43 0/10 0/10 0/10 -
Day 15 115 3/15 2/15 0.62
LS Day 22 1/15° 6/15"° 6/15"° 0.04
Day 43 0/15 EpTTE—— VYR 0/15 0.57

Treatments were CON: control; SE: Salmonella Enteritidis 10 cfu/ml YP : Yeast proteln extraot MOS : Mannan-oligosaccharide;

IC : lleal-cecal content; LS : leﬁ%ﬁ ’J NeN ﬁ NEIN?

° Means in the same row with unlike superscriptsdiffered S|gn|flcantly‘§P < 0.05)

ARIANN I URIAINYAY
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Table 4.5 Semi-quantitative examination of SE (log,, CFU/ml of SE) in various treatment groups at different ages of chicks

Samples
1
Day 15 0.10 + 0.10°
IC Day 22 0.10 £ 0.10°
Day 43 0.00
Day 15 0.13 +0.08°
LS Day 22 0.00
Day 43 0.00

T4 T5 P-value
2.50 + 0.45 0.90 + 0.19° < 0.0001
0.50 + 0.32%° 0.70 £ 0.37%° 0.09

0.00 0.00 -
0.93+0.19° 0.13 +0.08" 0.05

0.00 0.00 0.43

0.00 0.00 -

Treatments were CON : control; SE : Salmonella Entenhm

IC : lleal-cecal content; LS : Liver-spleen

£

® Means in the same row with unlike superscrmﬂdﬁ‘gr@a "FTEJ(TI W E] '] ﬂ ‘j

’Q“mﬂﬂﬂiﬁu URIAINYAY

¢ ct MOS : Mannan-oligosaccharide;
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4.3 Morphology and Immunohistochemistry study

4.3.1 Effect of treatments on Intestinal morphology

Table 4.6 demonstrated the intestinal morphology of duodenum in each period
studied. At day 15, the negative control group had the highest villus height and was significantly
greater (P<0.05) than all SE inoculated groups except T3. There were no significant changes in
crypt depth and villus:crypt ratio (VC ratio). However, chicks in T2 tended to have the lowest VC
ratio compared to other groups. The villus height in"YP_stipplemented chicks (T3 and T5) were
similar to negative control group at day 22 with T2 group having the shortest average villus
height (P<0.05). The VC ratio was significantly lowest in positive control group (14 days after 2"
SE inoculation). All yeast supplementedgroups pad petter VC ratio than T2. The best VC ratio
was discovered in T1. There"werg no signi,fican‘flyl. differences in all morphology parameters
among treatment groups at day'43. _ ' d

The morphological gparameters amonflgg_ éroups during different days of age are
demonstrated in Table 4.7. The villus heicjhf signifivé%hfl.‘y increased when chicks grew except in
T2 (SE group) that had slightly lower height'fhan otﬁgrﬂgfpups at day 22. Additionally, the crypt
depth were mostly increased at day 22m all’SE inqu_lJ[étgq groups and slightly reduced at day
43. This resulted in the drop.in VC ratid in T2 and TJ5>group at day. 22 with the lowest VC ratio
found in T2. 7 '

In Table 4.8, thete were no significant differences in all parameter in jejunal
segment of the intestine at day 15%of age. _Likewise in_duodenal part, the T2 chicks had
significantly higher (P < 0.05) crypt depth at.day 22%of agelcompared to other groups markedly
lower depth (P < 0.05) in T3 and T5 that recéived YP. The M€ ratio was als@.slightly lowest in T2
and slightly improved injineculated \groups«Atiday. 43, T1 group had theibest villus height and
VC ratio and all inoculated groups (T2-T4) were not significantly different except the height in T3
group was slightly decreased. The crypt depth in T2 group was slightly higher than other
groups.

Table 4.9, demonstrated that villus height in T4 (P<0.05) and T5 (P>0.05) had
higher than other groups at day 22 and the chicks in T5 had slightly increase at day 43. The
crypt depth in all groups except T1 and T3 were significantly increased at day 22 and 43 of the
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study. The VC ratio also significantly dropped at day 22 in most groups in particular T2 and T5
groups when compared to day 15.

Villus height and crypt depth in ileal mucosa of chicks in T4 were significantly higher
than the others especially T2 at day 15 with no difference in VC ratio (Table 4.10). At day 22, the
highest crypt depth was found in T2 and T3 with the lowest VC ratio also discovered in T2
group. There was no significant change in all ileal mucosa parameter at day 43.

orphology of ileum in Table 4.11 demonstrated

The parameter among groups of
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Table 4.6 Effects of treatment on intestinal morphology of Duodenum

Intestinal measurement

30

Duodenum

T1 T4 T5 P-value
Villus height (um)  1,154.00 + 24.66° 975.20 + 21.46" 1,025.60 + 15.10° 0.02
Day 15  Crypt depth (um) 72.80 + 5.68 60.00 + 0.89 62.40 + 4.12 0.63
Villus:crypt ratio 16.33 + 1.55 16.27 + 0.42 16.65 + 0.83 0.92
Villus height (um) ~ 1,178.00 + 47.20° ~ 1,124.80 + 53.08"  1,184.00 + 43.40° 0.08
Day 22  Crypt depth (um) 75.60 + 5.53 107.6Qf 10,38 &< - 95.60 + 15.38 98.80 + 6.09 0.20
| ¢ i
Villus:crypt ratio 16.09 + 1.82° 9.39 + 0.86° RiGe 13.51 + 2.84%° 12.07 + 0.40%° 0.09
Villus height (um) 1,285.20+74.17  1,268.80 + 101.42 1,331,204 87.12 1,160.00 + 48.53 1,376.8 + 66.94 0.39
Aot .
Day 43  Crypt depth (um) 79.60 + 4.35 81 58.00 + 8.07 80.00 + 7.43 0.72
Villus:crypt ratio 16.30 + 1.17 v-‘ 17.85 +1.70 18.00 + 2.20 0.92

PRIAATUAMINYAE

L)
Treatments were CON : control; SE : Salmonella eﬁi&l@ﬁ(ﬁl; P ?3€Wegeﬁaﬁ Maos : Mannan-oligosaccharide;
“® Means in the same row with unlike superscripts_dif ighificantly«(P<0.05) -
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Table 4.7 Effects of treatment on intestinal morphology of duodenum (Comparison among different days of age)

31

Treatment Day 15 Day 43 P-value

R 1 (CON) 1154.00 + 24.66 128520 +74.17 0.21

% T2 (SE) 1006.80 1268.80 +101.42° 0.06

%’ T3 (SE+YP) 1068.80 1331.20 +87.12° 0.04

g T4 (SE+MOS) 975.20 1160.00  + 48.53° 0.02

> 5 (SE+YP+MOS) 1025.60 1376.80 + 66.94° 0.0007

_ T1 72.80 79.60 +4.35 0.66

e & T2 66.80 8120 +10.86" 0.03
2 £

g 8 T3 67.60 78.00 +4.29° 0.02

a g T4 60.00 68.00 +8.07% 0.07

© T5 62.40 80.00 +7.43° 0.004

o T1 16.33 16.30 +1.17 0.99

"§ T2 15.73 16.32 +1.60° 0.02

(% T3 18.83 [ﬂ 1733 +1.61 0.30

E T4 16.27 13.51 +2.84 17.85 +1.70 0.31

g T5 16.65 +0.83%% | 4907 +040° 18.00 +2.20° 0.03

Treatments were CON : control; SE : Salmonella Efiteritidis 10° cfu/ml; YP Yeast proteln extract MOS Mannan-oligosaccharide

® Means in the same row with unlike su wt‘T aﬂﬂwm)ﬁ I IJ e ﬂ t)
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Table 4.8 Effects of treatment on intestinal morphology of Jejunum

Intestinal measurement

T1

Villus height (um)
Crypt depth (um)

Villus:crypt ratio

546.72 £ 42.35

4512 £2.99

12.34 £1.22

Villus height (um)
Crypt depth (um)

Villus:crypt ratio

614.56 = 40.36

55.04 £ 4.24

11.30 £ 0.83

56 /" 608+ 6.53

Day 15
s
5 Day 22
(]
9

Day 43

Villus height (um)
Crypt depth (um)

Villus:crypt ratio

910.40 £ 42.16

57.20 £4.92

16.65 £ 2.15

E80 + 0.54

T5 P-value
527.60 + 73.26 535.36 + 18.70 0.46
39.20 + 1.20 37.92 + 3.02 0.50
13.37+1.55 14.56 + 1.49 0.60
‘ 690.24 + 43.85 711.6 + 55.18 0.44
bc
71.36 + 4.63 68.00 + 5.66 0.006
9.82+0.79 10.72 £ 1.21 0.16
ab ab
64.00 + 23.18 787.60 + 94.32 0.09
= ‘\; 73.20 + 9.83 68.80 + 8.66 0.13
- b b
094+0.76 m 11.01 + 1.11 11.48 + 0.40 0.005

Treatments were CON : control; SE : Salmonella ﬂ uﬂofafﬁq HW&? Meﬁe’}ﬁ @S Mannan-oligosaccharide;

° Means in the same row with unlike supersorlptslqélffered significantly(P<0.05)
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Table 4.9 Effects of treatment on intestinal morphology of Jejunum (Comparison with different days of age)

Treatment Day 15 Day 43 P-value

= 1 (CON) 546.72 +42.35° 910.40 +42.16° 0.0001

% T2 (SE) 534.56 787.52 +24.54° 0.001

% T3 (SE+YP) 631.52 674.24 +58.54 0.82

g T4 (SE+MOS) 527.60 764.00 +23.18"° 0.02

> 5 (SE+YP+MOS) 535.36 787.60 +94.32° 0.04

. T1 45.12 57.20 +4.92 0.13
e ;1 T2 46.56 80.96 +3.40° <0.0001
g ;% T3 48.48 61.60 +3.16 0.37
5 ‘g T4 39.20 73.20 +9.83° 0.004
© 5 37.92 68.80 +8.66° 0.006

. T1 12.34 16.65 +2.15° 0.06

§ T2 11,59 4=0.28 9.80 +0.54° 0.004

§ T3 15.95 10.94 +0.76 0.34

é T4 13.37 11.01  £1.11 0.14

g T5 11.48  +0.40™ 0.08

Treatments were CON : control; SE : Salmonella

Mean in the same row with different supﬁ’wﬂ‘i ﬂ ﬂgﬂ ?mﬁ% I q 1] EI I ﬂ El
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Table 4.10 Effects of treatment on intestinal morphology of lleum "/

34

Intestinal measurement

T ; T5 P-value
. . bc \‘\ bc
Villus height (pm) 326.56 + 15.65 416.00 43455 32512 + 25.32 0.02
b b
Day 15 Crypt depth (um) 35.52 + 2.21 4768 +2.49 34.56 + 2.25 0.01
Villus:crypt ratio 9.30 + 0.60 8.75 + 0.67 9.50 + 0.72 0.86
Villus height (um) 439.84 + 58.24 410.40 + 39.18 491.04 + 31.60 0.16
% b 1l|rl “o | b b
@ Day22  Cryptdepth (um) 36.48 + 4.36 53.;:*.14:-‘:’” 514 4272 £2.92 44.00 + 2.44 0.0001
= f‘}“ ‘.I" -
Villus:crypt ratio 1313 +2.72 7.20 + 0.68 .6 10.03 + 1.69 11.34 + 1.07 0.22
T, 2 .
= - ";-‘”—:.-“*’ "
Villus height (um) 558.72 + 25.35 607.20+ 912 ~ ° (58512 571.04 + 39.24 582.72 + 19.08 0.72
-.." — J
Day 43 Crypt depth (um) 44.96 + 5.60 BT 52T .76 AB2 " 46.40+384 46.72 + 1.61 0.75
Villus:crypt ratio 13.10 + 1.61 mw.se + 0.5/ 62+ 1.68 m 12.45 + 0.76 12.51 + 0.47 0.96

Treatments were CON : control; SE : Salmonella ﬂ uﬂofafm H’Mﬁ Meﬁeﬁﬂ @S Mannan-oligosaccharide

Mean in the same row with different superscripts (ﬂfered significantly (R<0.05)
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Table 4.11 Effects of treatment on intestinal morphology of lleum (Comparison with different days of age)

Treatment Day 15 Day 43 P-value
= T1 (CON) 326.56 + 15.65" 558.72 +25.35° 0.003
% T2 (SE) 293.12 607.20 +9.12° <0.0001
=
-% T3 (SE+YP) 381.12 585.12 +21.15° 0.02
=
a T4 (SE+MOS) 416.00 571.04 +39.24° 0.02
S T5 (SE+YP+MOS) 325.12 582.72 +19.08° <0.0001
= T1 35.52 44.96 +5.60 0.27
= T2 35.04 5152 +1.76° <0.0001
e
£ = a
3 o) T3 42.40 4824 +3.55 0.02
= ©
"% T4 47.68 46.40 +3.84 0.53
O T5 34.56 46.72 +1.61° 0.004
o T1 9.30 13.10 +1.61 0.28
2 T2 8.44 11.86  +0.54° 0.0002
o
S T3 9.35 12.62 +1.68 0.35
'_g T4 8.75 10.6; 10.03 +1.69 12.45 +0.76 0.11
> 1251 +047° 0.056

Treatments were CON : control; SE : Salmonella Emeritidis 10° cfu/ml; YP : Yeast pro’ﬂw extract; MOSG'}/Iannan-oIigosaccharide

Mean in the same row with different supe‘;!;rw ﬂfﬁd@ﬂlﬁmﬂ% 1 IJ 1819 a ¢

35
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4.3.2 Effects of treatments on ileal IgA producing cells in lamina propria and

mucosal line

Table 4.12 depicted the number of IgA positive cells in lamina propria and
mucosal line in ileal mucosa. All SE inoculated groups had significantly higher positive
cells than negative control group (T1) at day 15, 22 and 43. Chicks in T5 tended to have
numerically higher IgA positive cells (P > 0.05) in all ages. The scale of IgA positive cells

fr at day 15. At day 22 of age, chicks in
@er level of IgA positive cells than

others. There were no dif @itive cells in mucosal line than

in mucoal line counted had highest i

&

MOS supplemented groups

Table 4.12 lleal IgA in mucosal line counts of

broilers (cell/high pow

IgA
T4 T5 P-value
© Day 15 2.23+0.68" +1.42° 1217+1.86°  15.93+1.02°  <0.0001
2 :
o .
g Day 22 5.6Q%.06b 1.46°  19.90+1.88°  <0.0001
£ »
- Day43 7.80+ ‘j 70+1.81° 2540+251°  <0.0001
Day 15 1 2 2 2 3
% y ‘o o
£ i
3 DayzzﬂuH’JM?i]”‘jQNBqﬂi 4
2 : .
g Y
= ¢

aqu§33ﬂ§ﬂ|§|1qj5 Ug|4
: | |-

q
Treatments were CON : control; SE : Salmonella Enteritidis 10° cfu/ml; YP : Yeast protein
extract; MOS : Mannan-oligosaccharide;
“® Means in the same row with unlike superscripts differed significantly (P<0.05)

*IgA positive cells in mucosal line counted were: 1= 1-30, 2 = 31-60, 3 = 61-90, 4 = 91-
120 and 5 = 121-150



CHAPTER V

DISCUSSION

Starter period

In this study, Salmonella Enteritidis (S.E.) was administered by crop-intubation at
days 1 and 7 of age. Two additives from yeast were examined singly (T3 and T4) and in
combination (T5), the first one is yeast proteia extract (YP) which was given only in the
first 7 days of age as recommended without'Changing the crude protein level in the diet.
The other additive is mannan—oligosacch‘gride (MOS) from yeast which basically helped
to decrease attachment of.8almenella in the lumen of the gut and was included as the
decline concentrations (2%, 1% and O.5°/l) from day 810 42 of age. In comparison of all
S.E. inoculated groups, the results Cléarl}&emonstrated in this period that the average
daily gain (ADG) of the chiek in T56 (-YP+]\/ICBS).:Was the highest (P<0.05) compared to the
positive control (T2). Mereoyer, chicks in TSand 15 had better average daily feed intake
(ADFI) than other groups: It is possible théﬁ:ﬁtb@s may be due to the glutamic acid and
other ingredients in that the cell-content ofﬁ&hat can stimulate the palatability as it
exerts savory flavors. Supplementation of M@é"'(i4-and T5)_ helped to reduce S.E. count
as it can bind to type j—ﬁmbﬂa&ef—th&ﬂageﬂa of S.E. resultirjg in the excretion of MOS-
S.E. complex to the‘e‘xcreta (Spring et al., 2000). Conseqaently this helped to slightly
improve feed conversié-n ratio (FCR) in T5 group compéred to others (Spring et al.,
2000; Savage'-and Zakrzewska, 11997). “MOS was “indigestible in small intestine;
therefore, can pass through to the large intestine and provides competitive binding sites
for these, intéstinalPathiogens=(Ofek letial. 1 1977) #The! S.E) that was binding with MOS
cannot colonize and was excreted out of the host and this decreased quantity of S.E. in
the lumen (Spring et al., 2000). It is demonstrated that the qualitative examination of S.E.
(number of positive plate per total plate) from IC (lleo—cecal content) samples from
chicks in T4 (MOS) and T5 (YP+MOS) groups at day 15 tended to have less positive
plates than others and similar positive plate as negative control (Table 4.4). Similarly, the
quantitative examinations (Table 4.5) of IC from the chicks in T4 and T5 groups at day

15 have significantly less than positive control. In addition, T5 groups had less positive
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plates than T4 group (MOS alone). The YP consisted of more beneficial nutrients. Rutz et
al. (2004) reported that YP supplementation in the starter period resulted in the higher
feed intake and may benefit early enteric development of young poultry, helping to resist
enteric disease challenged and maintained epithelium integrity. This created the
effective barrier to prevent the spread to target organs e.g. liver and spleen (Andreas et
al., 2000). It is demonstrated that qualitative examination of S.E. from LS (liver — spleen
pools) samples in T3 (YP) and T5 (YP+MOS) groups in day 15 were slightly less than the
positive control group. Similarly, the quantitative examination of LS samples in day 15
had lower positive plates (P=0.05) than other.groups (Table 4.5). The infection of S.E.
leads to changes in intestinal~morphology sueh~as shorter villi and deeper crypts
causing by lipopolysaccharide (LPS) toxin (Xu et al., 2003). These resulted in changed
morphology of intestine and had inﬂuende on the digestibility and efficiency to protect
from pathogen. The morpholeoy of duadenum at day 15 showed the highest villus
height and was significantly greater. (P<O.(Taf5)4;[han all S.E. inoculated groups except T3.
There were no significant changes “in crgrplt (_jepth and Villus:Crypt ratio (VC ratio).
Similarly, in Tables 4.8 and 440, g/!l_ligs he|gf}t_|n jejunum and ileum from T3 was slightly
higher than positive control (P=0.05.) lji et é[.ﬂ. (2001) reported that MOS affected
intestinal morphology and function.“The syn—éfgistic effect of both YP and MOS was

demonstrated in the CthkS from T5 group which had- the h|ghest VC ratio of ileal

mucosa compared to the positive control.

Grower and finisher, period (22-42, days)
There was, no “significant difference “in "initial" weight, "ADG, ADFI, FCR and

percentage of mortality, However the FCR of chicks'in T4 was.inferior, to T2 although it
was not' significant 'different. ‘This*finally ‘was ‘cohsistent-to Eren et-al. (1999) who
reported no significant differences in FCR. The effected of MOS was demonstrated on
S.E. contamination. Chicks in T4 and T5 group at day 22 had lower positive plates than

positive control (qualitative examination of S.E.).

The semi-quantitative examinations of IC and LS sample revealed that there was no

SE. detected in T1, T4 and T5. The nil determination of SE. at the slaughter age is the
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utmost important benefit of additive used in broiler. Supplementation of MOS alone or
MOS+ YP helped to prevent organ colonization of SE. The villus height of duodenum
groups T3 and T5 increased when compared to positive control. Moreover VC ratios
from the supplemented groups were slightly better than positive control. The intestinal
villus and crypt morphology in chickens were directly relevant to the functional intestine
and the growth of chicken (van Dongen et al., 1976). The villus height of duodenum in
YP supplemented chicks (T3 and T5) were as similar to negative control groups at day
22 with T2 group have the shortest average villus height. All yeast supplemented groups
had lower crypt depth and better VC ratio than-T2..It is possible the SE. directly caused
damage to the villi and deerease the Villus height; resulted in the shorter villi when
compared to non-inoculated.eonirol chicks (T1). The crypts contain stem cells that can
proliferate and differentiatgdo the new mature cells to the top of villus, mainly absorptive,
goblet and endocrine cellsf(Van Daongen etal., 1976). It is demonstrated that the chicks
from SE. group had shortegVvillus height an_,,é deeper cryptdepth than the naive chicks at
day 22. This supports the previous finding{on t_he detrimental effect of SE. on intestinal
integrity. YP supplement helped-t_d; resto'r-éi_tﬂﬁ‘e villus  height as well as its effect in

reducing crypt depth, thus, improving cell turnover.

iij
d

In the overall perfiod, chicks in T5 (YP+ JMOS) had better growth performance than
other groups. In quaLitétive and semi-qualitative examinéti,on of SE. in IC content, the
chicks from T4 and T5 (both groups were MOS supplémented) groups showed less

positive appearance of S!E.athan positive control group.

Mucosal immunity is an important part of humoral immunity and secretory IgA is the
effective icamponefliofimucosal immunity H1tis thé most prominetiliantibody present at
mucosalfsurfaces, and provides passive immune against invading pathogens in the
gastrointestinal tract. In this study, chicks in SE. inoculated groups had significantly
higher IgA positive cells than negative control group (T1) at days 15, 22 and 43. Chicks
in T5 tended to have slightly higher IgA positive cells (P > 0.05) in all ages. Similar to the
previous study, birds fed mannan oligosaccharide supplemented diets had greater IgA
content in the duodenum (Gao et al., 2008). This implies that it may stimulate the

humoral immune system to produce more antibodies. Increased antibodies cover the
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surface of intestinal mucosa and can protect villus from damage. This could be partly
responsible for the changes in intestinal morphology in this study. The intestine is one of
the organs subject to contact with exotic pathogens and toxins. Secretory IgA can
function in eliminating antigens from tissues via immune complex formation (Robinson et

al., 2001).

Oligosaccharides containing mannose have been shown to affect the immune
system by stimulating liver secretion of mannose-binding protein. This protein, in turn,
can bind to bacteria and stimulate the complement cascade of the host immune system
(Janeway, 1993; Newman, 1994). Thejnucosal line on the surface of the intestinal
epithelium is the first barrierto enteric infection. Thus, the number of IgA positive cell on
mucosal line, is an impertantieature to prfteot against pathogens. The IgA positive cells
on mucosal line counts'werg highest in T8 group at day 16. At day 22 of age, chicks in
MOS supplemented gratps T4 and 5) 3450 ellorted higher scale than others. Invading
bacteria stimulated innate immune systerh to develop and recognize key molecular
structures of pathogen, ingluding Ilpopolye_acchharldes, peptidoglycans, and possibly
the mannose structures in the_ cel'l"walls Voii;‘yeasts (Ferket et al., 2002). In previous

studies, MOS has been shown to have a posmve influence on immunoglobulin. Savage

et al. (1996) reported an increase in plasma IgG and blle IgA in chicks fed diets

supplemented with: ,0.11% MOS although the Current;study had no significant
differences. Verduzco et al. (2009) showed that MOS increased mucosal concentrations
of intestinal IgA, Swansoh etsal., 2002 reported an increased IgA levels in the ileum in
dogs fed diets' supplement with MQS. An ingrease in antibody response to MOS would
be expected because of the abilitydof the innatesimmune system to react to foreign
antigenie material of'micrabial arigin: The' compounds of MOS and pathogen would bind
to macrophage reception sites and recognizing specific sugars found in glycoprotein of
the epithelial surface, the activating cascade reaction through to the macrophages and
release cytokines, therefore triggering the immune response (Collet, 2000). Therefore
this result support the finding that MOS increased protective IgA response and improve

resistance to pathogen (Silva, 2000, Rutz et al., 2004).
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In conclusion, the results of this study demonstrated that YP and MOS
supplementation helped to decrease and prevent Salmonella Enteritidis colonization in
LS pool and IC content of SE. inoculated chicks. YP supplementation improved the
intestinal morphology by increase villus height, decrease crypt depth and improve VC
ratio compare to other groups. MOS supplementation reduced amount of SE. and
helped to improve intestinal integrity. Salmonella inoculation increased IgA producing

cells in ileal mucosa. Supplementation of both additives had no additional positive effect
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