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Abstract: Lactobacillus salivarius strain LP 4.2-2 (L. salivarius LP 4.2-2) 1solated from chicken cecumn can
strongly inhibit Salmonella enteritidis (S. enteritidis) in vitro but little is known about its effect on prevention
of this pathogen in live chickens. Therefore, the main objective of this study was to determine whether a single
dose of L. salivarius LP 4.2-2 given at low or high dose by oral or cloacal route would prevent S. enteritidis
mfection 1n young broilers n addition, effects of the experimental treatments on total bacterial count m cecal
contents, body weight, organ weight and intestinal length in chicks were determined. In this study,
240 of 1 day old male broiler chicks were randomly assigned to 6 groups of 40 chicks each. Chicks in each group
were housed separately in a cage (size 1.5x1.5 m*). At 1 day of age, each group received none, 10" or 10"
(cfuschick) of L. safivarius LP 4.2-2 by either oral or cloacal route. At 2 days of age, all chucks except those in
one group (a negative control) were challenged orally with 10* (cfu/chick) of S. enteritidis. At 3 days of age,
a half number of chicks in each group (n = 20/group) were randomly selected for the detection of S. enteritidis
mnfection n cecal tonsils. Other parameters such as total bacterial count, body weight and mtestinal length were
also measured. The remaining chicks were allowed to grow until 9 days of age and then the procedures for
measuring each parameter were done the same as those described above. The results showed that at 3 days
of age, rates of S. enteritidis infection were lower in all groups administered with L. salivarius LP 4.2-2 than in
a positive control group (13/20 or 65%-17/20 or 85% versus 19/20 or 95%). However, at 9 days of age, rates of
S. enteritidis infection were hugh i all groups (95-100%0), except in a negative control (0%). No significances
were seen in total bacterial counts and in body weights between groups either at 3 or 9 days of age. After
adjusted for body weight, weights of most internal organs in all groups and total lengths of intestine in
most groups did not differ significantly. In conclusion, a single dose of L. salivarius cannot prevent
S. enteritidis infection in all chicks but it can reduce rate of the mfection in 3 days old chicks. However, the
preventive effect is diminished over time.
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INTRODUCTION

Lactobacillus sp. bacteria normally found in chicken
gastrointestinal tract have been under extensive
studies both in vitro and in vive for their potentials
to use as probiotics in poultry industry (Ashraf et al.,
2009, Ehrmann et al, 2002, Koenen et al., 2004,
Mountzouris et al., 2007, Musikasang et al, 2009,
Taheri et al., 2009, Van Coillie et al., 2007). In in vitro
studies, Lactobacillus sp. have met important criteria of
probiotics properties such as ability to adhere intestinal
mucosa (Nouri ef al., 2010) survival in acidic environment
(Ashraf et al., 2009) and inhibition of microbial pathogens

(Surachon et al., 2011; Taheri et al, 2009). Use of
Lactobacillus sp. for control of intestinal pathogens in
chickens is of particular interest because chickens are a
major source of Salmonella contamination, especially S.
enteritidis causing salmonellosis in human worldwide
(European Food Safety Authority, 2009; Mehrabian and
Taber1, 2007). Many in vitro studies (Ehrmann et al., 2002,
Miyamoto et al., 2000; Nouri et af., 2010, Surachon ef af .,
2011) have demonstrated the success in use of
Lactobacillus sp. for growth inhibition of S. enteritidis.
However, the success m in vitre studies does not
guarantee the success in in vive studies. For in vivo
studies, the efficacy of Lactobacillus sp. in inhibiting
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S. enteritidis in chickens is associated with many factors
mcluding Lactobacillus sp. (strams and wviability), the
application methods (dose, route and frequency of
administration), farm management methods (overall
diet, overall farm hygiene and environmental stress
factors) and chickens (genetics, age, health status)
(Chichlowski et al., 2007a; Vandeplas et al, 2010).
Moreover, although many mechamsms of actions of
Lactobacillus  sp. or probiotics against intestinal
pathogens have been proposed (eg., competitive
exclusion (Mead, 2000; Zhang et al, 2007) antimicrobial
substances (Lima et af., 2007, Stern et al, 2006) and
mmunomodulation and gut mucosal immunity
(Chichlowski et al. 2007b; Farnell et ai, 2006,
Koenen et al, 2004) the exact mechanisms remain
unknown. The combinations of these problems can result
in variation of the outcome and indicate that much
research needs to be done.

Neonatal chicks with immature immunity are more
susceptible to S.  enmferitidis mfection.  After
gastrointestinal tracts of the chicks have been infected
(mostly wvia ingestion of contammated foods), S.
enteritidis can invade to internal organs such as spleen
and ovary (Gast and Beard, 1990, Gast ef af, 2004).
However, the infected chicks wsually do not show any
signs of severe illness; mstead, they act as reservoirs and
discharge S. enteritidis via the manure into environment.
Therefore, to prevent neonatal chicks from the infection
is important. As mentioned before, dose and route of
Lactobacillus sp. administration are important factors.
Single dose of Lactobacillus sp. if effective would be
easy for application in real use in poultry mdustry. In
previous studies (Higgins et al., 2010), application of
single dose, muti-strains of Lactobacillus-based
probiotics i neonatal chicks experimentally infected with
S. enteritidis reduced the incidence rate of S. enteritidis
infection. For administration of Lactobacillus sp. in
neonatal chicks, two potential routes are possible; oral or
cloacal route. In oral route, Lactobacillus sp. are taken
down from mouth along the length of gastrointestinal
tract. Tt is easy for administration via this route but
Lactobacillus sp. may be destroyed with acidic
environment in the stomach before they reach the lower

Table 1: Experimental design and sample collection

intestine where intestinal pathogens (e.g., Salmonella sp.
and Campylobacter sp.) are commonly present. On the
other hand in cloacal route, Lactobacillus sp. are dropped
into the vent lip and cloaca and then they taken down into
lower intestine via retrograde peristalsis (Corrier et al.,
1994; Van Der Sluis et ai., 2009).

In previous study (Surachon et al., 2011), researchers
1solated L. salivarius TP4.2-2 from the cecum of the
clinically healthy broiler. This isolate can strongly inhibit
the growth of S. enteritidis in vitro but little 1s known
about its effect on the prevention of S. enteritidis in live
chickens. Therefore, the objective of this study was to
determine whether a single dose of L. salivarius LP 4.2-2
given at low or high dose by oral or cloacal route would
prevent S. enmteritidis infection in young broilers in
addition, effects of the experumnental treatments on total
bacterial count in cecal contents, body weight, organ
weight and intestinal length of young broilers were
evaluated.

MATERIALS AND METHODS

Preparation of L. salivarius: Tn this study, researchers
used L. Salivarius TP4.2-2 which was isolated from
chicken cecum and strongly inhibited S. enteritidis in
vitro from the previous study (Surachon et af, 2011).
L. salivarius TP4.2-2 was grown in the tube containing
MRS broth (Oxoid, Hampshire, England) and incubated in
microaerophilic environment with BD GasPack (Becton,
Dickinson and Company, Sparks, MD, USA) at 37°C for
48 h. The culture was diluted to expected concentrations
of 10* and 10" cfu mL™"' for administration in the
experimental chicks. Actual colony-forming units given
per chick (cfu/chick) in the experiment were determined
retrospectively from spread plating on MRS agar (Oxoid,
Hampshire, England). The actual cfu/chick i1s shown in
Table 1.

Preparation of S. enteritidis: Tn this study, researchers
also used S. enferitidis 1solated from broiler chicks, the
same strain as the previous study (Surachon et af., 2011).
S. enteritidis was grown n tryptic soy broth (Hardy
Diagnostics, Santa Maria, CA, TISA) at 37°C for 24 h until

L. safivarius LP 4.2-2
administrations in 1 day old chicks

Challenge dose
of S enteritidis

Samnple collection (number of chicks)

Treatments Dose Route in 2 days old chicks 3 days old chicks 9 days old chicks
1 (negative control) None None None 20 20
2 (positive control) None None 10* cfir/chick 20 20
3 10* cfu/chick Oral 10 cfun/chick 20 20
4 10" cfi/chick Oral 10* cfir/chick 20 20
5 107 cfi/chick Cloacal 10* cfir/chick 20 20
6 10" cfiv‘chick Cloacal 10* cfiv/chick 20 20
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reached concentration of 1x10° cfu mL™" (Equivalent to
MacFarland standard No. 0.3) and then diluted to
10* cfu mL ™" by using 0.1% peptone water for further use.
Actual colony-forming umts given per chick m the
experiment were determined retrospectively from spread
plating on Xylose Lysine Deoxycholate (XLD) agar
(Difco, Becton Dickinson, Sparks, MD, TUSA). The actual
cfu/chick 1s shown in Table 1.

Animals and experimental design: Use of animals was
approved by Animal Ethic Committee of Khon Kaen
University. In this study, 240 of 1 day old male broiler
chicks were randomly assigned to 6 groups of 40 chicks
each. Chicks in each group were housed separately in a
cage (size 1.5x1.5 m*) with unlimited access to food and
water. Experimental design was shown m Table 1. At
1 day of age, a chick in each group received different
doses (cfu/chick) of L. salivarius LP 4.2-2 and different
routes of administration as follows: treatment 1 and?2
(negative and positive controls, respectively), each cluck
receiving no L. salivarius, treatment 3 and 4, each chick
receiving 10° or 10", respectively by oral gavage;
treatment 5 and 6 each chick receiving 10' or 10",
respectively by cloacal route. The cloacal route was done
with the methods described previously (Corrier et al.,
1994; Higgins et al., 2008). Briefly, a chick was mverted
gently and the solution containing L. salivarius LP 4.2-2
was carefully dropped into the vent lip. The chick was
held inverted until the treatment solution was taken into
the cloaca. At 2 days of age, except chicks m group 1, all
chicks were challenged with 10" cfu of S. enteritidis by
oral gavage. At 3 days of age, a half number of chicks in
each group (n = 20/group) were randomly selected for the
detection of S. enteritidis infection in cecal tonsils for
making total bacterial count in the cecal contents and for
measurng of body weight and mtestinal length. The
remaining chicks (n = 20/group) were allowed to grow
until 9 days of age and then the procedures for
measuring each parameter were done the same as those

described.

Detection of S. enteritidis infection: At 3 days of age, a
half number of chicks in each group (n = 20/group) were
randomly selected for the detection of S. enteritidis
infection in cecal tonsils. The selected chicks were killed
by cervical dislocation then their cecal tonsils were
aseptically removed and placed m sterile tubes contaiing
10 mL of tetrathionate broth (Becton Dickinson, Sparks,
MD, TUSA). The samples were incubated at 37°C for 18 h
and then streaked for isolation on Xylose Lysine
Deoxycholate (XLD) agar plates. Plates were incubated at
37°C for 18 h and then observed for the presence or
absence of characteristic Salmonella colomes which are
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black on this media. The remaining chicks (n = 20/group)
were determined for S. enferitidis infection at 9 days of
age.

Total bacterial count: Five broilers per treatment at 3 and
9 days of age were randomly sampled for determination of
total bacterial count in cecal contents. After chicks were
killed, ceca were excised and removed. The cecal contents
were aseptically transferred into a sterile bag. Then, a
sample of the cecal contents (1 g) was homogenized
in 9 ml., of 0.1% peptone water and 10-fold serial dilutions
were prepared. The serial dilutions were then plated on
plate count agar (Difco, Becton Dickinson and Company
Sparks, USA) and incubated at 37°C for 24 h. Colonies
were counted and expressed as log,, cfu g~ of cecal
contents.

Evaluation of body weight, organ weight and intestinal
length: For body weight, all chicks were weighted
individually. For organ weight, after chucks were killed and
their abdomens were exposed, internal organs comprising
cloacal bursa (bursa of Fabricius), gizzard, heart, hiver and
spleen were removed and weighted individually. Organ
weight was done only in 9 days old chicks. For intestinal
length, the whole intestine ranging from gizzard to cloaca
was removed. Then the mtestine was measured in
segments defined as duodenum (from gizzard to entry of
the bile and pancreatic ducts, covermng the length of
duodenal loop), jejunum (from entry of the ducts to yolk
stallk (Meckel’s diverticulum)), ileum (from yolk stalk to
ileocecal junction) and rectum (from ileocecal junction to
cloaca). Total length of mtestine was calculated from
combining of the lengths of ducdenum, jejunum, ileum
and rectum. In addition, length of cecum (from ileocecal
Junction to the apex) was measured from both nght and
left sides.

Statistical analysis: The incidence of S. enteritidis
infection was compared using Fisher's exact test to
determine significant differences between experimental
groups. Data of continuous vanables (e.g., body weight,
organ weight and length of intestinal segments) were
tested for normal distribution by use of the Kolmogorov-
Smimov test. One-way Analysis of Variance (ANOVA)
was used to compare means of total bacterial counts
(log,, cfu g™ of cecal contents) or means of bedy weights
among groups. Analysis of Covariance (ANCOVA) was
used to compare means of organ weights or means of
intestinal lengths among groups with use of the chick’s
body weight as a covariate. Whenever ANOVA or
ANCOVA resulted in sigmficant F-values, Tukey’s HSD
was used for post hoc multiple comparisons. Sigmificance
was set at p<0.05. All statistical analyses were done by
using SP3S Version 17 (SPSS Inc., Chicago).
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RESULTS AND DISCUSSION

Detection of S. enteritidis infection: The results showed
that at 3 days of age rates of S. enteritidis infection were
lower in all groups administered with L. salivarius TP 4.2-2
than in a positive control group (13/20 or 65%-17/20 or
83% vs. 19/20 or 95%) (Table 2). However, at 9 days of
age rates of S. enteritidis infection were high m all groups
(95-100%), except in a negative control (0%) (Table 2).

Total bacterial count in cecal contents: There was no
significant difference in total bacterial count between
groups either in 3 days old chicks or in 9 days old chicks.
Means (cfu g™ of cecal contents) of total bacteria ranged
from 9.09+0.34 (SD) to 9.89+0.66 in 3 days old chicks and
from 9.06+0.68-9.83+0.46 in 9 days old chicks (Table 3).

Evaluation of body weight, organ weight and intestinal
length: Body weights of chicks did not differ significantly
between groups either at 3 or 9 days of age (Table 4).
Means (g) of body weight ranged from 62.50+7.69
(SD) to 68.50+8.75 m 3 days old chicks and from
205.75425.66-218.00417.65 in 9 days old chicks (Table 4).
After adjusted for body weight, weights of most internal
organs (cloacal bursa, gizzard and liver) in 9 days old
chicks did not differ sigmificantly between groups

Table 2: Effect of L. sadivarius on S enferitidis recovered from cecal tonsils
of 3 or 9 davs old broiler chicks
No. 8 enteritidis positive/total samples (%6)

Treatmerts 3 days old chicks 9 days old chicks
1 020 (0 0/20 (0

2 19/20 (95 20/20 (100)°

3 13/20 (65 20420 (100

4 16/20 (80)° 19/20 (95)°

5 17/20 (85F 20/20 (100)°

6 16/20 (80)° 19/20 (95
'Treatment assignment (Treatment 1 = Negative control, Treatment 2 =
Positive control; Treatment 3 = Chicks receiving I. salivarius TP

4.2-2 10 cfivchick by oral route; Treatment 4 = Chicks receiving
L. salivarius LP 4.2-2 10° cfu/chick by oral route; Treatment 5 = Chicks
receiving I. salivarius LP 4.2-2 10* cfivchick by cloacal route; Treatment
6= Chicks receiving I. sadivarius LP 4.2-2 10'° cfivchick by cloacal route),
#*Different superscripts within each column indicate significant differences
(p=<0.05)

Table 4: Effect of treatments on body and organ weights

(Table 4). After adjusted for body weight, total lengths of
intestine 1n most groups did not differ sigrmficantly but
lengths of intestinal segments tended to vary between
groups either at 3 or 9 days of age (Table 5 and 6).

This study was aimed in evaluating the effect of a
single dose of L. salivarius LP 4.2-2 given at either low or
high dose by either oral or cloacal route would prevent
S. eanteritidis infection in young broilers. The results
show that a sigle dose of L. salivarius cannot prevent
S. enteritidis infection in all chicks but it can reduce rate
of the infection in 3 days old chicks. These findings were
supported by the results that at 3 days of age, rates of
S. enteritidis infection in the cecal tonsils were lower in all
groups administered with L. salivarius 1P 4.2-2 than in a
positive control group (Table 2).These fmdings also
confirmed and extended those of previous studies
(Higgins et al., 2010, 2008; Kizerwetter-Swida and Binelk,
2009, Pascual et al., 1999) that admmistration of a single
dose of single strain or multi-strains of Lactobacillus-
based probiotics can reduce the rate of S. enteritidis
infection 1n chicks. However, rates of the reduction vary
between studies; these variations may be due to the
variations in experimental conditions and settings. Tt is
interesting that application of L. salivarius LP 4.2-2 via
cloacal route results in reduction of S enteritidis
infection. These findings are similar to those of the
previous study (Higgins et af., 2008) and could be
explained that after Lactobacillus sp. have been dropped

Table 3: Total bacterial counts in cecal digesta of chicks in each group
Total bacterial count (log,; cfu g ! of cecal content)

Treatments' 3 days old chicks? 9 days old chicks®
1 9.47+0.47 9.83+0.46

2 9.09+0.34 9.06+0.68

3 9.60+0.56 9.38+0.83

4 9.70+0.43 9.27+0.57

5 9.59+0.44 9.13+0.48

6 9.89+0.66 9.53+0.67
'Treatment assignment (Treatment 1 = Negative control; Treatment 2 =
Positive control; Treatment 3 = Chicks receiving L. safivaring 1P

4.2-2 10* cfu/chick by oral route; Treatment 4 = Chicks receiving L.
salivapinus LP 4.2-2 10'° cfu/chick by oral route; Treatment 5 = Chicks
receiving L salivarius LP 4.2-2 10* cfu/chick by cloacal route; Treatment
6= Chicks receiving L salivarius LP 4.2-2 10" cfivchick by cloacal route),
No. of chicks in each group (n =35)

Body weights (2) Organ weights® (g)

Treatments' 3 days old chicks® 9 davs old chicks® Bursa Gizzard Heart Liver Spleen

1 62.75+7.69 218.00+17.65 0.43+0.19 11.06+1.45 1.79+0.41¢ 11.71+1.08 0.20+0.06°
2 66.00+7.18 208.25+27.11 0.43+0.11 10.41+1.30 2.07+0, 55 11.99+1.85 0.25+0.05%
3 62.50+7.69 205.75+25.66 0.38+0.09 9.9442.04 2.794+0, 530 12.23£2.20 0.26£0.06%
4 68.50+8.75 208.50+19.54 0.39+0.13 10.16+1.46 2.16x0.67 12.13£2.24 0. 23+0.05
5 64.754+4.99 207.25420.23 0.45+0.09 10.39+1.05 2.36+0.65% 12.10+0.92 0.32+0.08"
6 63.25+5.68 208.004+21.48 0.41+0.10 10.27+1.66 2.1040.43%® 11.51+1.48 0. 23+0.06°

"Treatrment assignment (Treatrent 1 = Negative control; Treatment 2 = Positive control; Treatment 3 = Chicks receiving L safivaritis LP 4.2-2 10* cfu/chick
by oral route; Treatment 4 = Chicks receiving L. salivarius LP 4.2-2 10" cfu/chick by oral route; Treatment 5 = Chicks receiving L safivarius
LP 4.2-2 10* cfu/chick by cloacal route; Treatment 6 = Chicks receiving L salivarius LP 4.2-2 10" cfivchick by cloacal route), *Organ weights
were measured only in 9 days old chicks; Number of chicks in each group (n= 20); **Different superscripts within each column indicate significant differences
(p=<0.05)
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Table 5: Effect of treatments on intestinal lengths of 3 days old chicks

Length of intestinal segments (crn)

Treatments! Duodenum Jejunum Tleurn Rectum Cecum? Total®
1 11.25+1.12 26.98+1.61% 25.83+0.49% 4.634+0.63* 5.85+£0.63 68.68+3.21*
2 11.00+0.92 25.33+1.81° 23.85+0.52 3.23+0.47 543+0.41 63.40+4.30°
3 10.85+0.75 25.35+1.81° 23.60+0.43° 3.35£0.37 5.43+£0.49 63.15+3.89°
4 10.70+0.92 26.70+2.46% 24.85+0,50%° 3.60£0, 420 5.80+£0.57 65.8584.74°
5 11.45+0.69 28.25+£2.90" 26.55+0.68° 3.45+0.28 5.53+0.60 69.70+5.80°
6 11.3040.92 26.7342.82% 24.5340.52% 3.90+0, 5¢F 5.88+0.58 66.4544.41%
Table 6: Effect of treatments on intestinal lengths of 9 days old chicks

Length of intestinal segments (cmm)
Treatments' Duodenum Jejunum Ileumn Rectum Cecum’ Totaf
1 15.55+1.23%® 37.40+3.96 35.70+£2.76° 5.38+0.48" 7.93+0.71 94.03+6.14*
2 15.40+1. 190 35.65+£5.97 33.60+2.89° 4.80+0.66 8.40+£0.72 89.454+8.02=
3 14.30+1.13¢ 37.10+4.91 25.73+7.85¢ 5.65+0.9(F 8.25+1.23 82.78+7.82
4 15.65+1.81° 36.50+3.80 35.78+3.04% 4.90+0,55% 8.10+£0.79 92.83+7.79%
5 14.85+1.27% 36.23+3.57 36.23+£3.57 5.23+0.41% 8.38+0.67 92,5347 .54
6 15.55£1. 50 37.034£3.88 35.9443.75 5400, 68" 8.38+0.58 03.9246.42¢

'Treatment assignment (Treatment 1 = Negative control; Treatment 2 = Positive control; Treatment 3 = Chicks receiving I. safivarius LP 4.2-2 104 cfiv'chick
by oral route; Treatment 4 = Chicks receiving L salivarins LP 4.2-2 10'° cfu/chick by oral route; Treatment 5 = Chicks receiving L salivarius
LP 4.2-2 1¢* cfu/chick by cloacal route; Treatment 6 = Chicks receiving L. salivarius LP 4.2-2 10'° cfu/chick by cloacal route), *Cecal length in each chick
was calculated from the average of right and left cecal lengths; *Total length was calculated from combination of all intestinal segments except the cecum;
**Different superscripts within each column indicate significant differences (p<0.05)

mnto the vent lip and cloaca then they are taken down into
lower intestine via retrograde peristalsis (Corrier et al.,
1994, Van Der Sluis ef af., 2009). However, much research
needs to be done to understand the mechanism of
retrograde peristalsis in a distal portion of the chicken
intestinal tract.

However, the preventive effect of L. salivarius
LP 4.2-2 on 8. enteritidis infection has diminished over
time. These findings indicated the temporal effect of
L. salivarius TP 4.2-2 and were supported by the results
that, at 9 days of age, rates of S. enteritidis mnfection in
the cecal tonsils were high in all groups (95-100%) except
in a negative control (0%). The exact mechanisms why
L. salivarius LP 4.2-2 has a temporally preventive effect
on S. enteritidis infection are unknown but may be
associated with survival of L. salivarius LP 4.2-2 in
chick gastrointestinal tract or with other factors.
Therefore although, L. salivarius TP 4.2-2 can strongly
mhibit 8. enteritidis in vitro (Surachon ef al., 2011) the
in vitro effect does not warrant the in vivo effect because
many factors are associated with i vive effect
(Vandeplas et al, 2010). Results of the study reported
here indicate that concentrations of total bacterial count
in cecal contents do not differ significantly. These
findings were siunilar to those of the previous study
(Tin et al., 1998). However, the study has some limitations;
that 13 cecal microflora composition did not determine. In
the previous studies (Mountzouris et al, 2007, 2010)
admimstration of probiotics has an effect on cecal
microflora composition.

In this study, body weights of chicks m all groups
treated with L. salivarius TP 4.2-2 did not differ
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significantly from those in a positive control group either
at 3 or 9 days of age. These results indicate that
administration of L. selivarius does not improve the
weilght gam in young broilers. These results are sunilar to
those of the previous study (Mountzouris ef al., 2010)
that body weights of chicks in starter phase (1-14 days of
age) do not differ between groups treated with probiotics
and a control. However, body weights of chickens at
marketable age m groups treated with probiotics or
Lactobacillus sp. are higher than those m a control
{Angelakis and Raoult, 2010; Mountzouris ef af., 2010)
indicating a long term effect. For organ weights, after
adjusted for body weight, weights of most internal organs
in 9 days old chicks do not differ significantly between
groups. These results are in agreement with those of the
previous study (Awad et al, 2009). After adjusted for
body weight although, lengths of ntestinal segments
significantly vary between groups either at 3 or 9 days of
age, total intestinal lengths in most groups do not differ
signmficantly. Overall, these results suggest that
administration of a single dose of L. salivarius LP 4.2-2
has little effect on growth parameters i young broilers.

CONCLUSION

A single dose of L. salivarius TP 4.2-2 given at low
or high dose by oral or cloacal route cannot prevent
S. enteritidis infection m all chicks but it can reduce rate
of the mfecton mn 3 days old chicks however, thus
preventive effect has dimimished over time. In addition,
administration of a single dose of L. salivarius LP 4.2-2
has almost no effect on growth parameters in young
broilers.
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