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CHAPTER |

INTRODUCTION AND AIMS

In the past decade,Salmonella enterica serovar Enteritidis (SE) became one of
the important cause of foodborne human illnesses worldwide (Guan et al., 2006). Water
and feed contaminations are major causes of Salmonella spp. infection in broiler (van
Immerseel et al., 2004). European Union (EU) legislation aimed to control human food
safety hazards and required feed manufacturers«to adopt Hazard Analysis and Critical
Control Points (HACCP) to control-of Safrimne//a and other pathogens in feed (Williams,
2002). In 2002, the Netherlands issued new Good Manufacturing Practice (GMP)
regulations aiming to control Sa/mone//‘a;lin poultry (Jenes and Richardson, 2004). In
Thailand, S.Enteritidis wag'the'most serovar found (19.9%) among the 14,599 Salmonella
isolates from chickens (Ban(\:jtrakulnlonth:i 2004; Chotikatam, 2005). The ability of
Salmonella to adapt and survive acid siPess is fundamental to their pathogenesis
(Jonathon et al., 2001). Sa/mone//a mfeotlon |s mostly confined to the gastrointestinal

< il -

tract of chicks. After invasmn,_;_th,e_bacterla-,cammultlply in the liver and spleen and

spread to other organs, producmg a systemlc |nfect|on The cause of death has a

o

combination of anoreXIa and dehydratlon (Poppe 2000).

Antibiotics r]é:ve been used in the food and drinkihé water to control bacterial
infection for decades. In 2003, Parry founded that the antibiotics growth promoters lead
to Salmonellazresistant strains: /Mead ((2000) showed thatgantibiotic used to control
Salmonella infections may induce cross-resistance to other bacterial species and they

do not eliminate infection in infected animals.

Organic acids were proposed as alternative supplements for decreasing
pathogenic bacteria (Meimandipour et al., 2010). Mode of actions of organic acids
includes pH reduction in digesta, increased pancreatic secretion, and trophic effects of
the gastrointestinal mucosa (Dibner and Buttin, 2002). In 2005, Byrd et al. found that
supplementing acetic, lactic and formic acid in the drinking water of broilers reduced

crop pH and decreased the recovery of Salmonella from crop.



DL-2-hydroxy-4-(methylthio)-butanoic acid (HMTBa) is one of organic acid that
can reduce Salmonella spp. (Schasteen et al., 2007). Furthermore, HMTBa is the
precursor of amino acid L- Methionine (Yi et al., 2007). Methionine (Met) is the first
limiting amino acid for poultry (Schuttle et al., 1997). In 2000, Garcia and Mack found
that Met can improve growth performance and metabolism of tissue skin and feed
conversion rate. In addition Met, as part of sulfur amino acid, can transform to L-Cys,

nthesis or catabolized to taurine (Venegas
,? ve a key role in intestinal epithelial
antioxidant functions, an Y pithelia ﬁeration via modulation of redox

- - - —
status (Shoveller et aI.,W \

It is interesti

which in turn, is a precursor of glutathi

et al., 2006). As a glutathion

cidifier to control Salmonella
infection but can eli ino acid metabolism also.

Therefore, the objecti

1). to exami

performance of broiler ¢

.\"-a organic acids on growth

and mixed organic acids on qualitative

and quantitative examinz itidis coloni broiler chickens.

-

X

3). to examine th organic acids on apparent ileal

digestibility and gut integrity in broiler chickens.

5 toﬂ%é;%' N TE LTI Sp—

in broiler chickens.

AN TUNMINGA Y



CHAPTER I

LITERATURE REVIEW

2.1 Salmonella spp.

2.1.1 The Organism

environment, throughW’ . m ,
space of host tissues a i . macrof 1age, the surface components

provide a protective world (Rycroft, 2000). The

genus Salmonella is family Enterobacteriaceae,
Salmonella spp. Are gr. -_ onspori et al., 2008). Gram-negative
bacteria, there are thre Vi Smi brane (inner membrane), the

peptidoglycan (murein) an el [ . compartment between the two

The cytoplasmi —-------—-—----——-’_—,— ----------------- 0sed of phospholipids and
ort_-!' utrients and it is the site of

oxidative phosphorylatlo‘o and the synthe3|s of phospholipid, peptidoglycan units and

ﬂ%ﬂ NBENINYINT
Wh.cama A U N {13015 )

alkaline phosphatase, where solutes for which no transport system exists are converted
to a form that can be transported though the cytoplasmic membrane; (ii) binding
proteins which fasten on to nutrients, such as amino acids, ions and sugars, and assist
their transport; and (iii) proteins which degrade or modify harmful substances, such as

antibiotics (Rycroft, 2000).



The outer membrane is a highly complex lipid-bilayer membrane structure, which
surrounds the peptidoglycan layer and shields the periplasm from the external
environment. It also prevents leakage of the periplasmic proteins away from the

immediate environment of the cytoplasmic membrane (Rycroft, 2000).
2.1.2 Salmonella Infection

Avian systemic salmonellosis has thrce distinct phases during each of which

there is significant interaction with the immune system. The first is invasion via the
'

gastrointestinal tract. The _seeoend phase is the-establishment of systemic infection
mainly as an intracellularinfeciionof macrophages. Finally, infection may be cleared by

the immune response (Chappéll etal., 20(;8).

i

— il

Poultry are commenlyinfected Witf3 awide variety of Salmonella serovars. The

infection is mostly confinedito the_ ga”stroint‘@stinal tract. Poultry and many other animals

are often unapparent carriers, latentlV. infeo’i;%@_l or less frequently, clinically ill. They may

excrete Salmonella in their faeces - and fomﬂ a large reservoir and source of

contamination for other animals, humans an;d.‘_’[hg_environment. Poultry often become

infected via horizo_pie_j_l transmission by litter, faeces, feed,&v_ater, fluff, dust, shavings,
straw, insects, equ:rp;':r:xent etc contaminated with Sa/mone//_‘;-énd by contact with other
chicks or poultry, rodents, pets, wild birds, other domestic and wild animals and
personnel contaminated“with, Salmonella. Veéttical transmission occurs when follicles in

the ovary are infected/or the/developing eggs become infected in the oviduct (Baumler

etal., 1998).

The alimentary tract is a hostile environment, which imposes severs stress upon
invading bacteria (Baumler et al., 1998). Within minutes of injecting Salmonella into
ligated ileal loops, Salmonella can be seen to invade both M cells and enterocytes that
overlie domed Vvilli associated with lymphoid follicles and absorptive villi respectively

(Frost et al., 1997). The surviving bacteria then reach the small intestine, which contains



bactericidal compounds such as bile salts. Salmonella can adapt to cope with these

stress conditions (Baumler et al., 1998) (Figure 2.1).

Salmonella causes illness in humans by passing from the intestinal tract into the
epithelium, where it causes inflammation and systemically releases an enterotoxin and a
potent endotoxin. Salmonella exists in a typical fecal-oral life cycle, although it can be

spread through the nasal cavity to jut (Callaway et al., 2008). Adaptation allows

Salmonella to exist as a pathogen in a suitable_host environment, or as a transient

member of the gastrom estinal~p ss than ideal host environment

Intraperiteneal
Infection

!

Orainage to
Mediasting i
lymph node s

|
alet
AR89

Localized infection

ic infection

Macrophages of liver and spleen

Figure 2.1 Salmonella infection (Baumler et al., 1998).



2.1.3 Pathogenesis of Salmonella infections

Non-typhoidal Salmonella spp. such as S.Enteritidis most often causes
gastroenteritis with watery diarrhea. There is gross structural damage to the mucosa,
which causes generalized impairment of absorption. These factors include (1) epithelial
invasion (2) synthesis of an enterotoxin (3) and cytotoxin (4) and induction of an
inflammatory response (Mehta et al; 11998b). A prominent histological feature of
Salmonella spp. infection is a dense infiltration” of inflammatory cells in the intestinal
epithelium and the underlying lamina propria.Fhe_dense accumulation of inflammatory
leukocytes in the intestinal.mucosa dtjing the-Salmonella spp. mediated intestinal
infection suggests that.ihesesCells partilcipate in the pathogenesis and resolution of
tissue damage either by releasing enzjymes or generating ROS. A range of ROS
including  superoxide 4 radical, 'ﬁydrc;gén peroxide, hypochlorus acid and
monochloramines are relgased by-th:a inﬂfmmatory leukocytes (Mehta et al., 1998a).
The ROS are highly chemically__ r_earctive"ijrno[ecules and can damage all kinds of
biochemical substances present rind_t:[we cell.;!j'[;@f imost important cellular damage caused
by ROS is lipid peroxidation, wherein these}-'_'ré_i;ctive species attack the lipids in the

membrane and cause peroxidation;; resultin_g-,-ihjc;qrpplete destruction of the membrane.

In addition, reactive -rpetabolites of oxygen are also believeq":tg, contribute to diarrhea by
acting as secretagoéij_es( Mehta et al.,1998a). A product c_)x}-‘.-i'ipid peroxidation such as
malondialdehyde (MDA) and conjugated diene is an-.indication of the extent of
peroxidation (Mehta et ‘al41998b). Rishi eti.al.(2008) have indicated that Salmonella
cause liver damage;throughrthe involvementof tumof necrosis factor alpha (TNF-(&X) and

lipid peroxidation in broiler.

Pathogenic microfloras in the small intestine are competitive with the host for
nutrients and also reduce the digestion of fat and fat-soluble vitamins due to
deconjugating effects of bile acids (Engberg et al., 2000). This depresses growth
performance and increase incidence of desease (Hassan et al., 2010). Furthermore,
Salmonella can pass from the intestinal tract into the epithelium, where it causes

inflammation and systemically releases an enterotoxin and a potent endotoxin



(Callaway, et al. 2008). The mediated intestinal infection is accompanied by gross
structural damage to the mucosa which causes generalized impairment of absorption
(Mehta et al., 1998a). It is infection associated with gastrointestinal inflammation resulted
in diarrhea (Cheminay and Hensel, 2008). Salmonella was shown to induce changes in
the brush border membrane known as “membrane ruffles”. After lysis of the host cell,
Salmonella bacteria are observed in macrophage-like cells and free in the lumen of

lamina propria blood vessels to disseminate to other tissues (Desmidt et a., 1998)

Many methods have been used to reduce.the level of Salmonella infection
o

including the use of antimicrobial'agents isuch as antibiotic (Dibner and Richards, 2005).
The European Union (EW) banhed the use of sub-therapeutic levels of antibiotics to
prevent disease or promote growth, starti;!'lg with @ ban on avoparcin in 1997 and a ban
on virginiamycin, bacitracin, spi’rbmyéir?f and tyloesin in  1999. Subsequently,
antimicrobials banned by dandany 200;6 incgl:uded avilamycin, bambermycin, salinomycin
and monensin (Hassan et al., 2Q_1 O_)'. Ther‘éjfgr% alternatives to antibiotics are of great

interest to the poultry industry. These alter’rj?gives such as prebiotic (Cummings et al.,

2002), probiotic (Jung et al., 2040, enzyméé_;,;‘__jjerbal products and organic acid etc

(Hassan et al., 2010) were studied extensivel:y?.f—.__’;.__

2.2 Organic’Acids et

As a group of €hemicals, organic ‘acids are considered to be any organic
carboxylic acid, including fatty acids and amino acids, of the general structure
R-COCH. The organic acids associated with.specific antimicrobial activity
eg. shont-chain fatty,acids (C1-C7)l and medium-chain' fatty acids(C6-C10) are either
simple"monocarboxylic acids such as formic, acetic, propionic and butyric acids, or
carboxylic acids bearing an hydroxyl group (Dibner and Buttin, 2002).The use of short
chain fatty acids (SCFA), medium chain fatty acids (MCFA) and other organic acids was
largely based on their antimicrobial activity outside the intestinal tract (van Immerseel et
al., 2006). SCFAs are important anions in the colonic lumen that influence gut

morphology and function. In the Figure 2.2 show the impotant part in SCFA such as



colonic mucosal blood flow, ileal motility and mucosal cell proliferation (Scheppach,
1994). The effect of pH and acid concentration warrants particular attention. In the two-
phase process, pH value is linked with acid concentration, which makes investigation of
a separate effect of pH and acid concentration on pathogen survival difficult and found
that to use high concentration of organic acid at pH 5.5-6.0 prevents a decrease of
Salmonella spp. Concentration (Fukushi et al., 2003). Schineitz et al. (1998)

demonstrated in rats that intralu infused VFA accelerated the crypt cell

production rate and increase d the stimulation was most efficient
with butyrate. The higher | 'J '&nation with a low pH in crop and

gizzard possibly for

intestinal barrier (Heres et al.,

2004).

Many researche n us Jani ids such as formic acid and
propionic acid to Iba and Berchieri, 1995;
Alshawabkeh and Ta of these organic acids is
achieved by influencin Il metabolism as a result of

reducing the pH in the alim ' 1 the growth range of the pathogenic

Mucosal
metaboli Y ‘ ucosal blood flow
Bacterial carbdhdrate Mucus release, cellular
—_— —_——
fermentation "4 = [V differentiation
Preve”on of

AR AN TUEIINTTR Y

Figurei.z Effects of SCFA on colonic morphology and function (Scheppach, 1994)

bacteria cells (Thompson and Hinton, 1997). Incorporation of formic acid and propionic
acid had a disinfecting effect on contaminated feed and had sufficient antibacterial

effect in the alimentary tract (Ilba and Berchieri, 1995). In addition, it is effective in



preventing intestinal colonization of Sa/monella from naturally or artificially contaminated

feed (Tarazi and Alshawabkeh, 2003).

The antimicrobial mechanism of acids is related to the reduction in pH of the
environment, which limits the growth of bacteria less tolerant to acidic pH. Moreover,
undissociated organic acids can easily penetrate the lipid membrane of bacteria and

moulds. In the cell, the organic acid

se the protons in the alkaline cytoplasm,
resulting in the decrease of int@@’r alters enzymatic reactions and the
nutrient transport system, ‘& bacten@

i e energy to release protons and

— - - E—
causes an intracellular acj i ccumula i 2003; Hernandez et al., 2006).
Inside the cell, organi [ inhi tt" i wth by breaking oxidative-
phosphorylation and inhi : ad iphosphate (ATP). Export of
Prer

may result in depleting of

Two—hydroxy—4—methy[1}31§*:ja§£_£a[r_x?;q,' )rHMTB is a source of L-methionine in

poultry diets (Dib 'e:lat al., 1990). HMTBa the gastrointestinal (Gl)

nverted to L-

un-i.-ght and Dibner
AutInnSngan

HMTBa CH,SCH,CH,CHCOOH

ARAINIAR NG Y

on is equal to or greater L-methionine uptake in vivo using intestinal uptake

tract of an animal, sed in protein synthesis

(Richards et al., 2005 84) reported-that the rate of HMTBa

model. The liver is the major site of methionine metabolism, an amino acid vital for
protein synthesis (Wang et al., 2001). Additionally, the liver is the major site for
conversion of DL-HMTBa and D-methionine to the biochemically active form, L-

methionine (Knight and Dibner, 1984).
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HMTBa supplementation improved feed utilization and humoral and nonspecific
immunocompetence of broiler chickens (Zhang and Guo, 2008). Furthermore, HMTBa is

one of organic acid used to reduce Salmonella in broiler (Schasteen et al., 2007).
2.4 Methionine

Methionine (Met) is considered to he the most limiting amino acid in commercial
corn-soy bean based broiler chicken diets {Zhang and Guo, 2008). Diet methionine
deficiency led to impaired.development of lymphoid. organs and normal function (Carew
et al., 2003). Furthermore Met-is essenti; to proper.growth performance in poultry diets
(Richard et al., 2005). Assstudyof Baker (?OOQ) showed that small of cysteine are growth

depressing in chicks fedimethionine deficj'ent diets.

i

— il

The primary sourge of sulfur in brf_}ilef: feces is dietary sulfur amino acids, with

Met being the major dietary sulf_ur aminoacid: (Chavez et al., 2004). Venegas et al.

JEdd
-

(2006) showed that Cys‘and taurine synth}é}s_js after incubation with HMTBa is higher

when compared with L-methion{mje'incubatior‘ﬁ-fﬁr_;jerefore, the data indicate that Cys and

taurine formation by chicken enterocytes CgtT{d_ab_e_favored when HMTBa is used as a

methionine source, tﬁereby suggesting that the HMTBa mig:ﬁt_:.be preferentially diverted

to the transsulfu ratidﬁ“"'pathway. ot

2.5 Mechanism of stilfur amino acids @n'oxidative status

Moreover, studies conductedsduring the last, 10 years indicate that amino acids
act ag regulators 0f metabalic pathways (i.es, the concept of “nutrient sighal”), with, for

instance, an effect targeted on mRNA translation (Métayer et al., 2008).

Methionine and cysteine hold very significant places among amino acids by
playing numerous roles in protein metabolism. Like other amino acids, they are the
components of tissue proteins and therefore serve as substrates for protein synthesis.

They are also precursors of important molecules. For example, methionine participates
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in methyl group metabolism and synthesis of other sulfur amino acids, notably cysteine
(Figure 2.3). Cysteine is required for the synthesis of glutathione (GSH) and taurine,

which are essential compounds for host defense against oxidative stress (Métayer et al.,

2008).
Travesmethplation
Figure 2.3 Methionine-cystein ’ ’_ / athw 2 yer et al., 2008).
i
Cysteine, taurine and GE& ole in oxidative stress conditions with
their role mainly on, cellule fedox status (Sho 1., 2005). GSH is an important

intracellular antiOX| --------- (Figure 2 "'“‘ﬁ.;; ,‘T d cysteine had specific

function as scavengef ea ® )ﬂétayer et al., 2008).
4

2-

K]

REFAIR
f—

(LRI TY] 3

Oxidative

v,
.. |DEGRADATION @) stress
“, -
@ enaansnsnne s sasnansnd’

Figure 2.4 Sulfur amino acids: their role in the control of oxidative status (Métayer et al.,

2008).
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Almost all forms of reactive oxygen species (ROS) oxidize methionine residues
of proteins to a mixture of the R- and S-isomers of methionine sulfoxide. Because
organisms contain methionine sulfoxide reductases (Msr's) that can catalyze the
thioredoxin dependent reduction of the sulfoxides back to methione. Surface-exposed
methionine residues of proteins are readily oxidized to methionine sulfoxide [Met(O)]
residues by many different forms of ROS. Reaction1where H,O, is used as the ROS.
However, unlike the oxidation of all er amino acid residues (except cysteine
residues), the oxidation of Me g , il reversed by the action of an enzyme
methionine sulfoxide reduc&# that ca&thloredoxm Th(SH),] dependent

— 77.

reduction of Met (O tofoy )

Met + H,O,
Met (O + ThisHy
Th{S-3)+ MNAL

(ThR) (Reaction 3), then

, 2002).

In summary, cyoliczexidation and reduetion of protein methionine residues is an

oot srfBl g Sb M 1905 w@'}ﬂfg o e

readily ox@ze%l to methionine squOétde [Met(O Aany one of a number of different
=8 ¥ BT BRI T AT
(Msr's)ithat catalyze the thioredoxin [Th(SH),] dependent conversion of Met(O) to Met.
(3) The cyclic interconversion of protein methionine residues between oxidized and
reduced forms can lead to the scavenging of multiple forms of ROS. (4) Though not yet
established, the cyclic interconversion of Met and Met (O) residues of some proteins
may also have an important role in organisms either under normal or oxidative stress

conditions (Stadtman et al., 2002)
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CHAPTER Il
MATERIALS AND METHODS

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

Veterinary science, Chulalongkorn University.

Wy

rmed | e broiler farm, Nakornpathom

3.1 Animals and Diets

The experiment

province. Total of SSW Ie,‘Arb ilers were obtained from an
integrated company. of ht- \ oacal swabs were randomly
performed on sixty chi pler i es were tested negative for
all Salmonella spp. Tot T‘\tsé ch group were similar. Feed

and water were given ad /i or - : i tments. Eleven chicks in each
replicate (groups 2, 3 Enteritidis culture (10°cfu/ml)
at day 0 and 1 ! ‘post hatching, respectively.
The chicks were fed on hig eng’.g?tarter (day 1+t0 ¢ y 21), grower (day 22 to day 35),

and finisher (day 36 to day 421-_@%9;_;:9' (

i

experiment. Ej averag's filax/min temperaturé and relative humidity in broilers house

vee 3021 A1 e b Mo v 2 s
”W"m@ﬂmwnwmaa

t day old, 588 chicks were allocated into 4 groups of 147 chicks (7 replicates of

| of corn and soybean meal as major

ingredients. At day rce of acid-insoluble ash

(AlA), was added diets (20 g/kg ible marker. Drinking water

was changed daily. €ontinuous fluorescence lighting WQ maintained throughout the

21 chicks each).

Chicks in group 1 were received basal diet and given tap water until the end of
the experiment (CON group). In group 2, chicks were received basal diet and given tap

water until the end of the experiment (SE group). They were administered with 0.3 ml
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1x10° cfu/ml nal” S.Enteritidis. Chicks in group 3 were received basal diet and given tap
water supplemented with formic acid and propionic acid (pH 4) at 0 to 14 day and 36 to
42 day (SE+ORAs group). They were inoculated with S.Enteritidis as in group 3. In
group 4, chicks received basal diet and given tap water supplemented with mixed
organic acids (formic acid, propionic acid and HMTBa) (pH 4) at 0 to 14 day and 36 to
42 day. S.Enteritidis was administered as in groups 2 and 3. The protocol of the

experiment is shown in Figure 3.1.

3.2.1 Protocol of Experime

Z

reatme t perio i (da
- .

BW Inoculate BW
Cw BS
Inoculate LS
IS
)
Figure 3.1 Diagramgvowing e whole period of experi L'_ nt

AT INEN NGNS
ARTANAS Al INea Y

IC = collecting of ileal contents
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3.3 Sample collection and tissue preparation

The chickens were weighed at days 1, 21, 35 and 42. The daily feed intake was
recorded during days 0 to 21, days 22 to 35 and days 36 to 42. Mortality was recorded
daily. Eleven chicks in each replicate at days 1 and 7 of age were inoculated with 0.3 ml
and 1 ml, brain heart infusion broth (BHIB) culture of S.Enteritidis (nal’) containing 10°
colony forming units (cfu) by oral route using esophageal tube. Twenty eight chickens
from each treatment group (4 chicks from one replicate) were randomly selected at days
14, 21 and 42 of age. They were sacrificed with'intracardiac injection of pentobarbital
sodium (120 mg/kg body. weight) using 21G, 2.5.inch needle. The abdomen was
exposed and the wholé intestine .ffom duodenum to cloaca was removed. The whole
duodenal loop from pyloruseto ihe entry 'Pf bile and pancreatic duct was excised. The
intestinal section from™the &ntyy of Qancfr:ea._tic and bile duct to a section of Meckel's
diverticulum was taken assthe'jejunum r;Iart. The ileal part was taken from Meckel's
diverticulum to the ileo,Caecal junétion. T:'ffw‘ej;content in the ileum were collected into
plastic bottles. The ileal contents: from chic_kéhs-'in each replicate were pooled together
and kept frozen at -20°C until ané’rysis o%‘f_;i;tri.ent digestibility. The liver and spleen

Y i Lo :_lj".l
sample were removed and placed-in-¢clean plastic bags for bacteriological study.

o J oy
d

3.4 Bacteriological eXamination

Nalidixic ac;i‘d tesistant, field strain (nal) of S. En’t’etitidis, isolated from the
chicken and obtainea- from the department of Veterinary Microbiology, Faculty of
Veterinary Science] (Chulalorigkorn | Universitys i Was | KeptiiiniSstock agar at room
temperature before use. It was transferred and streaked on Tryptic Soy Agar (TSA) plate

and incupated.at 37 °C.for.18-20 h.for examination 'of purity.

Cloacal swab samples using sterile cotton were placed into buffer peptone
water (BPW) as pre-enrichment media were incubated at 37 °C for 18-20 h. The 0.1 ml
of BPW was then dropped on to MSRV (Modified Semi-Rappaport Vassiliadis) and
incubated at 42°C for 24-48 h. The suspected colonies from MSRV were transferred and
incubated at 37°C for 24 h. The pink colonies with black spot on the XLT, (Xylose Lactose

Tergitol™ 4) agar plate was suspected of S.Enteritidis. They were tested for biochemical
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assays including glucose fermentation, hydrogen sulfide gas production from TSI (Triple
sugar iron) agar, motility test, lysine decarboxylation and indole production were
detected from MIL (Motility indole lysine medium) Serogrouping of S. Enteritidis
(Serogroup D) was confirmed by a slide agglutination test using antiserum of Salmonella

O polyvalent group A to 67, and specific serogroup D.

3.4.1. Qualitative and semi-quantitative culture of S.Enteritidis

Liver-spleen pool and ileo-cecal conteniwas aseptically removed from each
chick. The liver-spleen pool was weighea;, chopped and put into BPW with 2 volumes of
weight of liver-spleen poolgthendlended in a stomacher. From the initial 10" dilution, 10-
fold serial dilutions were made’ in BRPW ali_. dilutions of 1:100, 1:1000 and spread-plated

onto XLT, agar plates plus'50 gg/ml of nalidiXic acid. The plates were incubated for 24 h

at 37°C and S.Enteritidis Colonies__wrare Eer)tified by biochemical test. (Chotikathum,
NV
2005) i ]

For all samples, a pre—enfich:rhent iqé@bétion at 37°C for 18 h was performed on
dld’ ¥

series of preparation comprising the prima_fyi_;rﬁixture in BPW(‘0’), a separate 10-ml

aliquot of the same (‘1"), plus the débimal dilutions (‘2 to '7’). After incubation, 0.1 ml of

o

each of the preparation ‘0" and ‘1’ Were inoculated onto modified semisolid Rappaport-

Vassiliadis (I\/ISRV)'_.é_éar with 0.01% novobiocin and incu_aa;-ted at 42°C for 16-24 h.
Preparations ‘3’ to ‘7’ l/ivere refrigerated. Where spreadingxépaque growth was seen on
MSRV, a 1 pl loop fromgthe.edge of the growth was inoculated onto XLT, agar plus50
pg/ml of nalidixic acids: XLT, plates'were incubated at 37°C for 16-24 h. The plates were
examined and any MSRYV plates on which the growth had spread widely, but which were
negative for Salmogella on XLTy, plate pius 50dg/mi‘of nalidixic acids,were replated onto
XLT,.

If Salmonella was isolated from either of the preparations ‘0’ or 1’ from any

sample, then each element of the corresponding dilution series 2’ to 7" was cultured

using the MSRV/ XLT, method.
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The likely density of Salmonella in a sample was quantified in tenfold bands by
reference to the QS ‘score’, this being +1 the designated number of the most dilute pre-
enrichment broth that yielded a positive result.

For solid sample, the calculated relationship was

(QS score-2)

Salmonella density (CFUg") = 10’ to 10

(QS score-1)

Where there was no growth in any dilution, the QS score and Salmonella count

were taken to be zero. (Wales et al., 2005)

3.5 Histomorphological study. (Xia-et al., 2004)
o

To determine the.histomorphological changes of small intestine of chicks, the
segments of duodenum; jgjunum and ileum were sectioned and stained with

hematoxylin and eosin (H&E) and then the villus height and the crypt depth were
measured. Briefly, the tisstiestwere pllaceﬁj in: 10% buffer neutral formalin, dehydrated
4

and embedded in paraffin. Transverse settlons were cut at 4-6 um thickness and

stained with Harris® Alum Hematoxylln and co,.unterstalned with eosin following standard

o 4 of

protocol. The photomlcrographs were taken unde’r, light microscope at x 4 magnification.

Height of villi and depth of crypts were measured usmg Scion Image Software (Scion

o el

image; Scion Corporahon Frederlck MD).

The measurement of villus height and crypt depth ‘was followed the methods
described by Martin-Rodrigues et al. (2007)a.The villus height was measured from the
top of the villus to the villus-crypt junction and crypt depth was|measured from the villus-
crypt junction to the base of the crypt. Ten villi measurements were taken per section (6

sections on slide/treatment) from each partofintestine. Villus/Crypt ratio was calculated.

3.6 Determination of nutrient digestibility and acid-insoluble ash (Chotikatum, 2005)

Celite was added as a marker for the determination of apparent ileal digestibility

of nutrients. Acid-insoluble ash in Celite was measured as described by Choct and
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Annison (1992). Approximately 2 g of dried diet and 1 g of dried digesta samples from
grounding were weighed into sintered glass crucibles (Pyrex®, England). These
sintered glass crucibles were dried at 105°C for 8 h and weighed as dry matter sample.
Later, the sample was ashed at 550 °C for 8 h. After ashing, the crucibles were cooled,
and boiled slowly in 4 N HCI for 30 min on a hot plate in fume hood. The ash in crucibles
was washed with distilled water using suction pump, and dried at 105°C for 6 h. The

residue in crucibles was repeatedly as and boiled in the same way. Finally, the ash

in crucibles was dried at 105 °

weighed while containin
—

using the following equ‘atry-—",
AIA (%) = W((

Where  Wf = weight o

calculated using trlﬁllowmg equat|on:_ .
rw—‘
ID = 1-(lleal nutrient (%,

(Diet nutrfrﬁﬁ ) / Diet acid ingoluble ash (%))

ﬂUﬂ’J'ﬂﬂ‘ﬂ‘ﬁwmﬂ‘i
3’%ﬁﬁmﬂﬁfﬂmﬂﬂﬂmaﬂ

hICkS were weighed at 0, 21, 42 days old. The feed intake was recorded during

at 0-21, 22-35 and 36-42 days old chicks. Number and body weight of dead broilers
were recorded for calculation of mortality rate and feed conversion ratio (FCR),
respectively. Finally, FCR was calculated by total pen feed (gram) divided by total

weight gain (gram).
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Feed intake (g/b) = Total feed intake / final chick numbers
Daily feed intake (DFI, g/b/d) = Feed intake / days
Total weight gain (g/b) = Final body weight — Initial body weight
Average body gain (ADG, g/b/d) = Body weight gain / days

?‘c’?/total chick numbers) x 100

Total pen feed intake

Feed conversion ratio = :
(FCR, Kg feed intake/Kg b aln).j —'ﬂetal body weight gain

3.8 Antioxidant enzyme

Mortality rate (%) = (Number of dead

3.8.1 Determin | et al., 2007)
The amount of ogenized with 4.5 ml of 50
mM potassium phospha . The liver homogenate were
centrifuged at 1,50