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Bacteria in Alimentary Tract and Efficacy Evaluation
of Different Probiotic Administration Methods in Broilers
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ABSTRACT

Lactobacilli, like the other gut commensal bacteria, are well known for their use in
poultry nutrition and for their probiotic properties. However, little is known about their
interaction with the gastro-intestinal tract when administered in vivo. To specifically
monitor the passage of lactobacilli after administered in hatchery, Lactobacillus
plantarum was transformed with the recombinant vector pLEM415::gfp. A total of 200
one-day old chicks (ROSS 308) were assigned to five experimental groups including the
control and four in-hatchery probiotic administration method groups comprised of in ovo
injection, oral gavage, spray, and vent lip application. At 0, 4, 12, 24, 48, and 72 hours
post-probiotic administration, 6 chicks were sacrificed from each group. Adhered
bacteria were sampled from intestinal sections. Polymerize chain reaction (PCR) was used
to trace the transformed L. plantarum in the alimentary tract of the birds. The GFP
transformed bacteria were detected in intestinal samples of oral gavage, spray, and in ovo
injection groups; while in vent lip method no GFP transformed bacteria were detectable.
Oral gavage method of probiotic administration was the most effective route, which
seemed to be the result of direct delivery of the full dose of probiotic microorganisms into
the target sites. Based on the results of this trial, administration of probiotic in hatchery
had a positive effect on the morphology of the intestine and in ovo injection route, and
oral gavage method seemed to be more effective. In this experiment, the utility of
transformed probiotic bacteria with GFP was shown to monitor the fate of the probiotics
when administered via various routes to poultry.
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INTRODUCTION

The lactic acid bacteria constitute a family
of gram-positive bacteria that are widely
found as commensals of the animal and
human gut (Marteau and Rambaud, 1993).
Among them, lactobacilli play important
roles. Lactobacilli possess many
physiological functions, such as controlling
gut infections, stabilizing the cholesterol
level of serum, and anti-carcinogenic
activity (Bloksma et al., 1979 ). Lactobacilli
are also able to immunomodulate the
cytokine response of intestinal mucosal cells

in response to luminal antigens, and they
stimulate local cell immunity of intestinal
and humoral immunity (Qing-Hua et al.,
2007). In many field experiments which
were performed through application of
probiotics in poultry nutrition, the results
were inconsistent. The efficiency of
probiotics depended on strain and dosage of
probiotic, age of the bird, and also on the
route of administration. Different methods
of probiotic administration in hatchery were
described as in ovo injection (Cox et al.,
1992; Edens et al, 1997), spray
administration (Wolfenden et al., 2007), oral
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gavage (Sterzo et al., 2005; Higgins et al.,
2007), and vent lip (Filho et al., 2007
Higgins et al., 2008).

However, considering the route of
administration, distribution and movement
of lactobacilli in the gastro-intestinal tract,
as well as their colonization, are not clear.
The detailed mechanisms by which probiotic
bacteria mediate their effects are just
beginning to be elucidated, but still they are
not well understood. The mechanisms seem
complex and varied among different
probiotic preparations. A good method to
answer these questions is to mark the
lactobacilli and trace them. Green
fluorescent protein (GFP) from jellyfish
Acquoria victoria is a highly useful
fluorescent tag for studying the localization,
structure, and dynamics of living cells
(Margolin, 2000). The GFP has been
transformed already in many bacteria.
Moreover, the expression of GFP did not
alter bacterial interactions with the host cells
and bacteria producing GFP could be
visualized within live mammalian cells
(Kohler et al., 1999; Chen et al., 2012).

This study aimed at describing, for the
first time, tracing GFP transformed L.
plantarum in the gastrointestinal tract of
broilers after using them in hatchery with
various methods of probiotic administration.

MATERIALS AND METHODS

In this experiment, lactobacilli were
originally purchased from Razi Vaccine and
Serum Research Institute (Karaj, Iran) and
transformed with a recombinant expression
vector pLEM415::gfp encoding a stable
GFPuv gene (Gory et al., 2001). The GFPuv
gene was under the control of the
constitutive L-lactate dehydrogenase
promoter (pldhL), allowing detection of
lactobacilli expressing GFP through PCR in
chicken gut.

L. plantarum was grown in MRS medium
(Merck, Germany) at 37°C. Transformed L.
plantarum was cultured at 37°C in MRS
medium containing ampicillin at a final
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concentration of 1 pg mL". E. coli strain
DH5a harboring pLEM415 was grown at
37°C with shaking in LB medium containing
amplicillin at a final concentration of 50 pg
mL™.

Plasmid and DNA Manipulations

The plasmid pLEM415, donated by Qing-
Hua Yu (Qing-Hua Yu, Key Lab of Animal
Physiology and Biochemistry, Ministry of
Agriculture, Nanjing Agricultural
University, Nanjing, China), is an E. coli/L.
reuteri shuttle vector (Serror et al., 2002). It
contains a multi-cloning site and genes for
ampicillin resistance (Amp'). Isolation of
plasmid from E. coli and L. plantarum was
done by the alkaline lysis method
(Sambrook et al., 1989). Agarose gel
electrophoresis of isolated DNA was
performed on 1% (w/v) agarose gel in TAE
buffer at 60 V. The DNA was visualized and
photographed on an UV transilluminator
after staining with ethidium bromide
solution (0.5 ug mL™") for 15 minutes.

Basic Protocol of Glass Bead
Transformation

To obtain lysozyme-treated cells of L.
plantarum, a culture of L. plantarum was
grown at 37°C in 30 mL of MRS medium to
mid log phase. Cells were harvested by
centrifugation at 5,000xg for 5 minutes,
washed in distilled water, and suspended in
5.0 mL of 0.5M sorbitol in 0.01M Tris-HCI
(pH 7.0). The cell suspension was mixed
with lysozyme (Merck, Germany) (at a final
concentration of 1 mg mL") and then
incubated at 37°C for 30 minutes.
Lysozyme—treated cells were pelleted at
5,000xg for 5 minutes, washed in 10 mL of
transformation buffer (0.5M sorbitol, 0.02M
maleic acid, 0.02M MgCl,, pH 6.5), and
suspended in 1 mL of transformation buffer.

Transformation of L. plantarum using
glass beads was conducted as follows.
Aliquots of 0.5 mL of lysozyme-treated cell
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suspension were placed in 15 mL conical
disposable polypropylene centrifuge tubes.
To lysozyme-treated cells, we added 1 pug of
plasmid DNA, and immediately after, 500
puL of 30% polyethylene glycol 6,000 (PEG
6000). Then, 0.3 g acid washed glass beads
(212-300 um in diameter, Sigma) sterilized
by baking at 250°C for 3 hours were added.
Lysozyme-treated cells were agitated at the
highest speed on a vortex mixer for 15
seconds and then diluted by the addition of
10 mL of transformation buffer. After the
beads were allowed to settle, the agitated
lysozyme-treated cell suspension was
transferred to a new 15 mL conical tube. The
cells were pelleted by centrifugation at
5,000xg for 5 minutes and suspended in 1
mL of MRS medium supplemented with
0.5M sorbitol. To allow phenotypic
expression of the plasmid encoded
ampicillin resistance, the lysozyme-treated
cell culture was incubated at 37°C for 1
hour. Transformants were recovered by
plating a 0.1 mL aliquot of the lysozyme-
treated cell culture onto MRS agar
containing 0.5M sorbitol and ampicillin at a
final concentration of 1 pg mL' and
incubated at 37°C for 1 day. Transformation
frequency was expressed as ampicillin
resistant colonies per 1 pg of pLEMA415
(Pongsak and Parichat, 2009).

Plasmid Stability Testing

The stability of gfp-containing plasmids in
GFP-labeled L. plantarum was determined
under nonselective conditions. L. plantarum
GFP-labeled isolates were tested to assess
stability of plasmid. Overnight cultures of
GFP-labeled strains grown in the presence
of antibiotics were used to inoculate
(1:1,000 dilution) MRS broth without
antibiotics. Bacteria were grown in broth
without the presence of antibiotics and were
transferred daily (24-hour intervals) at a
1:1,000 dilution into fresh medium for 5
consecutive days. At 2 and 5 days, culture
samples were diluted and spread onto agar
plates without antibiotics (MRS agar). The
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plates were incubated until colonies
appeared, and the numbers of total and green
fluorescent colonies were determined. Under
these growth conditions, cultures reached
approximately 10°-10° CFU mL", which
corresponded  to  approximately 10
generations per transfer using the following
formula:

Number of generations= [(Log cells at the
end of incubation)-(Log cells at the
beginning of inoculation)]/0.301

The cell number at the beginning of
inoculation was 10°~10° CFU mL™" (ave. 5.5
log), whereas at the end of incubation, it was
10°-10° CFU mL" (ave. 8.5 log). Plasmid
loss was calculated as the ratio between the
plate counts of green fluorescent colonies
and total counts on nonselective plates.

Intestinal Distribution and Kinetics of
GFP Transformed L. plantarum in
Chickens

Two hundred one-day old broilers (ROSS
308) were assigned to one of each four
groups of different methods of probiotic
administration and also to a control group.
Each group, comprising of 40 chicks, was
kept in a cage battery (90x60x40 cm’) and
fed ad libitum during the 4 days of the
experiment. The four administration method
groups were: (1) in ovo injection group: after
18 days of incubation, 50 fertile eggs were
injected (into their air cells) with 0.1 mL of
probiotic containing 7x10'° CFU mL™" per
egg in sterile PBS; (2) oral gavage group:
0.1 mL of probiotic suspension containing
7x10" CFU was administrated through
gavage into the crop; (3) spray
administration: conducted by confining
chicks in their shipping box and being
directly sprayed with 0.25 mL of probiotic
suspension containing 7x10'° CFU mL™" per
chick. The chicks were held in their shipping
box for 30 minutes before being placed in
the cage; (4) vent lip group: each chick
received 25 pL of probiotic suspension
containing 2.8x10"" CFU mL™" deposited on
the vent lip. The drop was sucked inside the
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cloaca within a few seconds; (5) Control
group: Chicks did not receive any probiotic
treatment.

Transformed L. plantarum Recovery

At 0, 4, 12, 24, 48, and 72 hour post-
administration of probiotic, 6 animals were
sacrificed at each time point. Samples from
luminal contents in the proventriculus,
Duodenum, ileum, and cecum were
weighed, homogenized, and transferred into
3 mL PBS buffer.

DNA Extraction

Cells were harvested from 3 mL of PBS
buffer by centrifugation at 8,000xg for 5
minutes. DNA extraction was carried out
according to Hai-Rong and Ning (2006).

PCR
Universal  primer, Unibac f (5-
CGTGCCAGCCGCGGTATACG-3’) and
Unibac r (5°-

GGGTTGCGCCGTTGCGGACTTAACCC
AACAT-3’) (611 bp) identify all known
bacteria using the invariant region in the 16S
rRNA gene of the bacteria (Amit-Romatch
and Uni, 2004). The universal primer set
was used for determining the total bacterial
population. The following primers were
used for tracing transformed Lactobacillus

plantarum; 1dhL-GFP1 (5°-
TTAGGGCCCACTGAGAAGTTGCTCTC-
3’) and 1dhL-GFP2 (5°-

TTAATCGATTTATTTGTAGAGCTCATC
C-37) (1,001 bp).

For PCR amplification, 5 pL of DNA
extract was added to 45 pL of the PCR
mixture containing 30.875 pL of nuclease
free water, 2 pL of each primer (10 uM), 2
puL dNTP mix (10 mM), 5 uL PCR bulffer,
and 0.0625 uL Taq polymerase. PCR
components were provided by Cinagen, Iran.
The PCR was conducted in a programmable
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thermal controller (BioRad, USA). The
amplification conditions for the universal
primers were: 1 cycle of 94°C for 4 minutes,
35 cycles of 94°C for 30 seconds, 60°C for 1
minute and 68°C for 1.5 minutes, and finally
1 cycle of 68°C for 1.5 minutes (Amit-
Romach and Uni, 2004) and for 1dhL-GFP
were: 1 cycle of 94°C for 4 minutes, 30
cycles of 94°C for 1 minute, 67°C for 1
minute and 72°C for 1 minute, and finally 1
cycle of 72°C for 4 minutes (Qing-Hua et
al., 2007). PCR products were visualized by
agarose gel (1%) electrophoresis containing
ethidium bromide (Serva, Germany).
Densitometric evaluation of different bands
was carried out using Photo Capt software
version 12.4 (Vilber Lourmat, France). The
densitometry results were reported as
relative density of GFP bands to universal
bands.

Morphology of Intestine

For the histomorphological examination of
the intestine, tissue samples from duodenum
and ileum were collected from 3 euthanized
birds of each group at each sampling time
(4, 8, 12, 24, 48 and 72 hours after post-
hatch) and fixed in 10% buffered formalin-
saline.

Tissues were dehydrated by immersing
through a series of alcohol with increasing
concentrations (from 70% to absolute
ethanol), infiltrated with xylene, and
embedded in paraffin. A rotary type
microtome was used for cutting the paraffin
sections. The blocks were properly trimmed
and sections of 5 mm thickness were cut.
The villi height was measured. The mean
from 10 villi per sample was used as the
average value for further analysis.

Statistical Analysis

The morphology data were analyzed in a
completely randomized design model, the
comparison of means being carried out
through LSD Test. All statistical analyses
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were done using SAS program (SAS
Institute, 1990).

RESULTS

One of the principal concerns raised
regarding the use of a marker gene is the
stability of the marker (plasmid). Plasmid
stability tests i.e., determining the proportion
of plasmid-bearing cells remaining after a
specified period of time, were conducted by
culturing the GFP-labeled strains in the
absence of antibiotic selection for 20
generations. After 20 generation that
plasmid lose of plasmid in L. plantarum was
15%.

The results of the test are shown in Table
1. No transformed bacteria were detected in
the control and vent lip groups. In the in ovo
injection group, in the first step of sampling,
transformed bacteria were detected in

duodenum and, in the second step, in cecum.
They were not detectable anymore in the rest
of sampling. In the oral gavage group at all
stages of sampling in proventriculus and in
duodenum at O, 4, 12 hours after
administration, the transformed bacteria
were detectable (Figure 1). In the spray
group, the transformed Lactobacillus
plantarum  were  detectable. These
transformed bacteria were detected in
proventriculus at 12, 24, and 48 hours and in
duodenum at 72 hours after administration.

Universal primers were used in these
experiments to determine the relative
contribution of transformed bacteria to the
total microflora.

In the in ovo injection group at the first
sampling in duodenum, the relative
contribution of L. plantarum transformed
with GFP was 95% and in cecum in the next
stage it was 83.27 %.

Table 1. Tracing of L. plantarum transformed with Green Fluorescent Protein (GFP) in GI tract after

administration with different methods in hatchery.

Time (h)

Treatment GI* 0

4 12 24 48 72

Proventriculus -
Duodenum -
Ileum -
Cecum -

Control

Proventriculus -
In— ovo pyodenum +°
jection Ileum

Cecum -

Proventriculus +
Oral gavage Duodenum +
lleum .
Cecum .

Proventriculus -
oy Dt
Cecum -

Proventriculus -
Duodenum -
Tleum -
Cecum -

Vent lip

“ Gasteronial intestinal, b No detection and € Detection of L. plantarum transformed with GFP.
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Figure 1. Agarose gel electrophoresis of PCR products from intestine contents of oral gavage treatment
4 hours after post-hatch chicks [Lane (1) 100 bp DNA size marker; (2) Proventriculus; (3) Duodenum;
(4) Jejunum; (5) Cecum, and (6) Negative control]. GFP band (1,001 bp) and universal band (611bp).

In the oral gavage group, the relative
contribution of transformed L. plantarum in
proventriculus at the first, second, third,
fourth, fifth, and the last sampling was,
respectively, 96.5, 93.2, 85, 72.1, 68.9, and
65.21%, while in duodenum, in the first
sampling it was 93.2% and at 12 hours after
hatch 91.4%. In ileum, 4 hours after hatch,
the relative contribution was 94.3 percent.

In the spray group, the relative
contribution in proventriculus at 12 hours
after hatch was (88%), 24 hours (85%), and
at 48 hours after administration, probiotic
was 60%, while in duodenum at 72 hours, it
was 81.25%.

The impact of different treatments on the
length of villi in duodenum is presented in

Table 2. Different methods of administration
of probiotic in hatchery had a significant
effect on villi height of duodenum at
different times of sampling, except in the
first sampling (4 hours after hatch). In the
first sampling, no significant difference was
observed between different treatments (P>
0.01). Eight hours after administration of
probiotic, the highest length of villi was
observed in the in ovo injection group,
which had no difference with oral gavage
group (P< 0.01). At the next three
samplings, the highest and lowest length of
villi were observed in the in ovo injection
and the control group, respectively (P<
0.01). In the final sampling, the highest villi
length was observed in the in ovo injection

Table 2. Height of villi in duodenum at different sampling times (4, 8, 12, 24, 48, 72 hours post- hatch).

Treatment H4ns Hg “ H12 4 H24 “ H4g “ H72 “
Control 0.19 0.19° 0.22° 0.27% 0.27° 0.29¢
In ovo 0.19 0.33" 0.37 0.39° 0.43" 0.44°
Oral gavage  0.23 0.24* 0.30° 0.30™ 0.31° 0.39%
Spray 0.21 0.21° 0.24¢ 0.24¢ 0.28" 0.36™
Vent lip 0.19 0.19b 0.25¢ 0.32b 0.30b 0.30dc
SEM” 0.01 0.013 0.017 0.014 0.016 0.018

“ Significant difference (P< 0.01), b Standard Error of mean; " No significant difference.
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group, which showed no significant
difference with the oral gavage method.

The effects of different treatments on the
villi height in ileum are presented in Table 3.
Various methods of administration of
probiotic in hatchery impacted on villi
height in ileum at different times of
sampling. Four hours after administration of
probiotic in hatchery, in ovo injection group
had the highest villus and had no significant
difference with other groups, except the
control group (P< 0.01). In the second
sampling, the highest length of villi was
observed in the in ovo injection group,
which showed significant difference with the
other groups (P< 0.01). In the third
sampling, the highest and lowest height of
villi were observed in the in ovo injection
group and the vent lip group, respectively.
Twenty four hours after post-hatch, the
highest villi length was seen in the in ovo
injection group, which had no statistically
significant difference with other groups,
except with the vent lip group. In the last
two samplings, the highest villi length was
observed with the in ovo injection and oral
gavage treatments.

The difference between treatment groups
was not statistically significant with the
exception of group 3.

DISCUSSION

Lactobacilli, commensal bacteria found in
animal intestine, are defined as viable
nutritional agents conferring benefits to the
health of the host animal. The alimentary
tract of chicken is host to a variety of species

of lactobacilli (Qing-Hua et al., 2007).

Different methods are wused for
administration of probiotics in poultry
nutrition. However, little is known about the
distribution and the movement of lactobacilli
in the gastro-intestinal tract. It remains a
challenge to study the fate of these
microorganisms when administered in a
complex microbial environment in vivo.

As a potential marker for tracking
lactobacilli in animal intestine, the GFP
gene was placed downstream of the
constitutive ldhL promoter in plasmid
pLEM415::gfp. The gene transfer systems
for Lactobacillus strains using conjugation
and protoplast transformation had a low
efficiency and lack of reproducibility (De
and Simons, 1994).

However, Pongsak and Parichat (2009)
showed that lactobacilli were transformed
reproducibly by the glass bead method with
a high frequency and efficiency. This
method was used in this experiment for
transformation of L. plantarum with
pLEM415::gfp.

As shown in this study, transformed
bacteria were traced in the gastrointestinal
tract after their administration in hatchery
with different methods including oral
gavage, spray and in ovo injection, but these
bacteria were not traced in the vent lip group
in neonatal broilers in any of the samplings.

Gory et al. (2001) expressed GFP in
Lactobacillus sakei and demonstrated that
expression of GFP did not alter bacteria
growth. Qing-Hua et al. (2007) used GFP
for  transformation of  Lactobacillus
delbrueckii and wused them for tracing
bacteria in the gastrointestinal tract of

Table 3. Height of villi in Ileum at different sampling times (4, 8, 12, 24, 48, 72 hours post- hatch).

Treatment H4 “ Hg “ H12 “ H24 “ H48 “ H72 “
Control 0.12° 0.16° 0.16° 0.19% 0.20® 0.23°
In ovo 0.16" 0.20° 0.23" 0.23" 0.23" 0.30°
Oral gavage 0.15® 0.15° 0.16d° 0.19® 0.20° 0.28
Spray 0.13*® 0.15° 0.18° 0.19* 0.19° 0.20°
Vent lip 0.14* 0.14° 0.15¢ 0.18" 0.19 0.20°
SEM 0.003 0.006 0.007 0.01 0.008 0.011
“ Significant difference (P< 0.01).
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broiler chickens after oral gavage
administration. Geoffroy et al. (2000) orally
administered GFP-labelled L. plantarum to
mice and found that fluorescent lactobacilli
were mostly embedded in the intestinal
mucus or were excited in the lumen, even
though some bacteria seemed to be closely
associated with epithelial cells. Schultz et al.
(2005) used EcN-GFP (E. coli strain Nissle
1917 expressing GFP) and traced the labeled
bacteria in the gastrointestinal tract of mice,
and Satho er al. (2009) used GFP to trace the
fate of exogenous micro-organisms inside
the alimentary tract of mosquitoes. Ling et
al. (2000) used them for transformation of
Edwardsiella Tarda and traced them in fish.

In our study, following in ovo injection,
spray, and oral gavage methods of
administration, GFP-labeled L. plantarum
were observed in gastronial tract of chicks,
but in vent lip group no GFP-labeled L.
plantarum was detected in GI.

In this experiment, the administration
route which delivers the whole dose of the
probiotic directly into the alimentary canal
(oral gavage) was the most effective
administration method.

The in ovo injection procedure produced
only a primary displacement, however,
durability was not observed. In several study

in the case of probiotic administration
method in hatchery to reduction Salmonella
in gastrointestinal tract in broiler chicks
more efficient of oral gavage method than in
ovo injection and spray method were
reported (Hosseini-Mansoub et al., 2011;
Hashemzadeh et al., 2010). Meijerhof and
Hulet (1997) showed higher efficiency of
oral gavage than in ovo injection on
performance in broiler chicks. Moghaddam
et al. (2010) showed that the oral gavage
method had much better impact on
performance in broiler than other methods of
administrating probiotic in hatchery.

As Table 4 shows, with aging of broiler
chicks, the relative contribution of L.
plantarum transformed with GFP to total
microflora population decreased, which is
normal. Although the alimentary tract of the
newly hatched chick is usually sterile,
organisms rapidly gain access from the
surrounding environment such as feed,
water, and hatchery floor. Previous studies
have documented the changes of the
microflora during the post hatch period
(Mead and Adams, 1975; Cengiz et al.,
2012).

Initial increases of height of villi
occurred in the 1- to 4-day-old post-hatch
chicks. Uni et al. (1996) stated that rapid

Table 4: Relative contribution of transformed L. plantarum to total microflora in GI after administration

with different methods in hatchery.

Time (h)

Treatment Gl 0

12 24 48 72

proventriculus -
In ovo Duodenum 95

injection Ileum -
cecum - - - - - -

proventriculus 96.5 93.2 85 72.1 68.9 65.2
Duodenum 93.2 92.5 91.4 - -

lleum - 94.3 - - - -
cecum - - - - - -

Oral gavage

proventriculus - - 88 85 60
Spray Euodenum - - - - - 81.2
eum - - - - - -
cecum - - - - - -

“ Percentage of transformed L. plantarum to total microflora in GI tract, ° No detection of L. plantarum
transformed with Green Fluorescent Protein (GFP).
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increases in villi size occurred in the 1- to
2-day-old post-hatch chicks, and the rate
of growth then declined, reaching a
plateau 5 to 10 d after hatch.

A significant effect was observed on the
length of villi in both segments of the
small intestine (proximal and distal)
among different methods applied for
probiotic administration. In the case of
villi height in the proximal segment of the
intestine, duodenum, no significant
difference was observed between in ovo
injection and oral gavage groups at the
final sampling. According to the length of
villi in the distal segment of the small
intestine, ileum, in the three last
samplings, no significant difference was
observed between the two groups. This
result shows that elementary replacement
of probiotic bacteria in intestine in in ovo
injection and oral gavage groups had
enhanced the length of villi.

Intestinal morphology characteristics are
affected by administration of probiotic in
hatchery. In this study, the results showed
that the use of probiotics increased the
length of villi in duodenum and ileum
which can improve nutrient absorption and
increase feed efficiency. In a study
conducted by Chichlowisk et al. (2007), it
has been stated that a probiotic containing
lactobacilli, Bifidobacterium
thermophilum and Enterococcus faecium
increased the jejunum villi compared to
the control group. In another study, a
positive effect of the in ovo injection
administration method was observed on
villi height at duodenum and jejunum in
broiler chicks (Hashemzadeh et al., 2010).
These results are most probably due to
enhanced SCFA (short chain fatty acid)
formation induced by probiotics. Butyrate,
propionate, and acetate, the most
important SCFA, have a direct trophic
action on the colonic mucosa. There is
evidence, which proved Gastrointestinal
absorption enhancement with increasing
length of villi observed enhancement
intestinal absorptions (Roediger and Era,
1982).
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CONCLUSIONS

In this study, it has been demonstrated that
GFP can be used as a useful marker in
Lactobacillus to monitor the fate of the
bacteria when administered to chickens.
Transformation of lactobacilli with GFP
allowed us, for the first time, to study the
intestinal ~ passage @~ of  administered
lactobacilli in chicken with different
methods in hatchery. This opens an array of
experimental possibilities such as the study
of microbe-host interactions, the influence
of the resident microflora, and concurrent
anti-microbial treatment on colonization.
This will enable us to better understand the
behavior of microorganisms and their
influence on host.

REFERENCES

1. Amit-Romatch, D. and Uni, Z. 2004.
Microbial Ecology of the Chicken Intestine
Using 16s Ribomosal DNA Primer. Poult.
Sci., 83: 1093-1098.

2. Bloksma, N., He, E., Van, D. and Willers, J.
1979.  Adjuvanticity of  Lactobacilli
Differential Effects of Viable and Killed
Bacteria. Clin. Exp. Immunol., 37: 367-375.

3. Cengiz, O., Koksal, B. H., Tatli, O., Sevim,
O., Avci, H., Epikmen, T., Beyaz,
D.,Buyukyoruk, S., Boyacioglu, M., Uner,
A. and Onol, A. G. 2012. Influence of
Dietary Organic Acid Blend
Supplementation and Interaction with
Delayed Feed Access after Hatch on Broiler
Growth Performance and Intestinal Health.
Vet. Med., 57: 515-528.

4. Chen, T., Huang, Q., Li, Z., Zhang, W. and
Lu, C. 2012 Construction and
Characterization of a Streptococcus
suis Serotype 2 Recombinant Expressing
Enhanced Green Fluorescent Protein. PLoS
ONE, 77: 39697

5. Chichlowisk, M., Croom J., McBride, B. W.,
Daniel, L., Davis, G. and Koci, M. D. 2007.
Direct-fed  Microbial  PrimalLac  and
Salinomycin Modulate Whole-body and
Intestinal Oxygen  Consumption and
Intestinal Mucosal Cytokine Production in


https://dorl.net/dor/20.1001.1.16807073.2015.17.2.15.8
https://jast.modares.ac.ir/article-23-6434-en.html

[ Downloaded from jast.modares.ac.ir on 2024-04-20 |

[ DOR: 20.1001.1.16807073.2015.17.2.15.8 ]

Hashemzadeh et al.

10.

11.

12.

13.

14.

15.

the Broiler Chick. Poult. Sci., 86: 1100—
1106.

Cox, N. A., Bailey, J., Blankenship, L. C.
and Gilersleeve, R. P. 1992. In ovo
Administraition of a Competitive Exclusion
Culture Treatment to Broiler Embryos.
Poult. Sci., 71: 1781-1784.

De, V. and Simons, G. 1994. Gene Cloning
and Expression Systems in Lactococci.
Genet. Biotechnol., 35: 52-105.

Edens, F., Parkhurst, C. R., Casas, I. A. and
Dobrogosz, W. J. 1997. Principles of Ex ovo
Competitive  Exclusion and In ovo
Administration of Lactobacillus reuteri.
Poult. Sci.,76: 179-196.

Filho, A., Higgings, R. I., Higgings, J. P.,
Gaona, G., Wolfenden, A. D. and Hargis, M.
2007. Ability of Bacteriophages Isolated
from Different Sources to Reduce
Salmonella enterica Serovar Enteritidis In
vitro and In vivo. Poul. Sci., 86: 1904-1909.
Geoffroy, M. C., Guyard, C., Quatannens,
B., Pavan, S., Lange, M. and Mercenier, A.
2000. Use of Green Fluorescent Protein to
Tag Lactic Acid Bacterium Strains under
Development as Live Vaccine Vectors.
Appl. Environ. Microbiol., 66: 383-391.
Gory, L., Montel, M. and Zagorec, M. 2001.
Use of Green Fluorescent Protein to monitor
Lactobacillus  sakeiin Fermented Meat
Products. FEMS Microbiol. Ecol., 94: 127-
133.

Hai-Rong, C. and Ning, J. 2006. Extremely
Rapid Extraction of DNA from Bacteria and
Yeast. Biotechnol. Lett., 28: 55-59.
Hashemzadeh, Z., Torshizi, M. A., Rahimi,
Sh., Razban, V. and Salehi, T. Z. 2010.
Pevention of Salmonella Colonization in
Neonatal Broiler Chicks by Using Different
Routes of Probiotic Administration in
Hatchery Evaluated by Culture and PCR
Techniques. J. Agr. Sci. Tech., 12: 425-443.
Higgins, J. P., Higgins, A. D., Wolfenden,
A. D., Henderson, S. N., Torres-rodriguez,
A. and Hargis, B. M. 2008. Evaluation of a
Lactobacillus-based Probiotic Culture of the
Reduction of Salmonella enteritidis in
Neonatal Broiler Chicks. Poult. Sci., 87: 27-
31.

Higgins, J. P., Higgins, S. E., Vicente, J. L.,
Wolfenden, A. D. and Tellez, G. 2007.
Temporal Effect of Lactic Acid Bacteria
Probiotic Culture on Salmonella in Neonatal
Broilers. Poult. Sci., 86: 1662-1666.

354

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hosseini-Mansoub, N., Vahdatpour, T.,
Arjomandi, M. and Vahdatpour, S. 2011.
Comparison of Different Methods of
Probiotic Prescription against Salmonella
Infection in Hatchery Broiler Chickens. Adv.
Environ. Biol., 5: 1857-1860.

Kohler, S., Ouahrani, B., Layssac, M.,
Teyssier, J. and Liautard, J. 1999.
Constitutive and Inducible Expression of
Green Fluorescent Protein in Brucella suis.
Infect. Immunol., 67: 6695-6697.

Ling, S. H. M., Wang, X. H., Xie, L., Lim,
T. M. and Leung, K. Y. 2000. Use of Green
Fluorescent Protein (GFP) to Study the
Invasion Pathways of Edwardsiella tarda in
In vivo and In vitro Fish Models. Microbiol.,
146: 7-19.

Margolin, W. 2000. Green Fluorescent
Protein as a Reporter for Macromolecular
Localization in Bacterial Cells. Methods, 20:
62-72.

Marteau, P. and Rambaud, J. 1993. Potential
of Using Lactic Acid Bacteria for Therapy
and Munomodulation in Man. FEMS
Microbiol. Rev., 12: 207-222.

Mead, G. C. and Adams, B. W. 1975. Some
Observations on the Caecal Microflora of
the Chick During the First Two Weeks of
Life. Brit. Poult. Sci., 16: 169-176.
Meijerhof, R. and Hulet, R. M. 1997. In ovo
Injection of Competitive Exclusion Culture
in Broiler Hatching Eggs. J. Appl. Poult.
Res., 6: 260-266.

Moghaddam, A. R., Karimi Torshizi, M. A.,
Rahimi, Sh. and Mojgani, N. 2010.
Assessing the Effect of Administering
Probiotics in Water or as a Feed Supplement
on Broiler Performance and Immune
Response. Brit. Poult. Sci., 5: 178-184.
Pongsak, R. and Parichat, P. 2009. Glass
Bead-based Transformation Method for
Lactic Acid Bacteria. Scie. Asia, 35: 234—
241.

Qing-Hua, Y., Suo-Meng, D., Wei-Yun, Z.
and Qian, Y. 2007. Use of Green
Fluorescent Protein to Monitor
Lactobacillus in the Gastro-intestinal Tract
of Chicken. FEMS Microbiol. Lett., 275:
207-213.

Roediger, W. E. W and Era, D. A. 1982.
Trophic Effect of Short Chain Fatty Acids
on Mucosal Handling of Ions by the
Defunctioned Colon. Brit. J. Surg., 69: 23-
25.


https://dorl.net/dor/20.1001.1.16807073.2015.17.2.15.8
https://jast.modares.ac.ir/article-23-6434-en.html

[ Downloaded from jast.modares.ac.ir on 2024-04-20 |

[ DOR: 20.1001.1.16807073.2015.17.2.15.8 ]

Tracing Transformed Probiotics in Broilers

27.

28.

29.

30.

31.

JAST

Sambrook, J., Fritsch, E. F. and Maniatis, T.
1989. Molecular Cloning: A Laboratory
Manual. Cold Spring Harbor Laboratory,
Cold Spring Harbor, NY.

SAS Institute. 1990. SAS/STAT® User's
Guide, Release 6.03 Edition. SAS institute
Inc.

Satho, T., Dieng, H., Mizutani, T., Eshita,
Y., Miyata, T. P. and Talukder, A. 2009.
Fluorescence Can Be Used to Trace the Fate
of Exogenous Micro-organisms Inside the
Alimentary Tract of Mosquitoes. J.
Parasitol. Vect. Biol., 1: 013-018.

Schultz, M., Watzl, S., Oelschlager, T. A.,
Rath, H. C., Gottl, C., Lehn, N.,
Scholmerich, J. and Linde, H. 2005. Green
Fluorescent Protein for Detection of the
Probiotic Microorganism Escherichia coli
Strain Nissle 1917 (ECN) In vivo. J.
Microbiol. Methods, 61: 389-398.

Serror, P., Sasaki, T., Ehrlich, S. and
Maguin, E. 2002. Electrotransformation of

32.

33.

34.

Lactobacillus delbrueckii ssp.
Bulgaricusbulgaricus and L. delbrueckii ssp.
Lactis with Various Plasmids. Vet. Med. Int.,
68: 46-52.

Sterzo, E. V., Paiva, J. B., Fllho, P. and
Berchieri, A. 2005. Time Required
Protecting the Intestinal Tract of Chicks
Against  Salmonella  Enterica  Serovar
Enteritidis Using Competitive Exclusion.
Braz. J. Poult. Sci., 7: 119-122.

Uni, Z., Noy, Y. and Sklan, D. 1996.
Developmental Parameters of the Small
Intestines in Heavy and Light Strain
Chickens Pre-and Post-hatch. Brit. Poult.
Sci., 36: 63-71.

Wolfenden, A. D., Pixley, C. M., Higgings,
S. E., Higgings, J. L., vicente, A., Torres, R.,
Hargis, B. and Tellez, G. 2007. Evaluation
of Spray Application of a Lactobacillus-
based Probiotic on Salmonella enteritidis
Colonization in Broiler Chickens. Int. J.
Poult. Sci., 6: 493-496.

30 SHgwen B S Tl (b3 Sy Silwygigh (pdi gy 3 oSl
ST E g0 90 i gng g 3R Lalite S w9y (LI 9 milgT ol

SOg%mn . E 9 (S J (M Py 0 bl (S

adis 3 eslizal bl 4 3158 o i jen (sla (55 K05 dlen b ekl S

350 33 oS SEMbl Jl a4 il ool wt bl S sy Dles sas 03p 115 5 55k
Gl s 3o gl 48,50 10 OVO Ll 55 Sblga O 5 o)l oS LT lie I
Leaody b p )N skl oY 6 mer 03 i S e b el s SY s 0357 aita
T 0ias &S (A i) (2858w s Yoo sls s ) sinil s pPLEMA1S::gfp S 55
S aske oS s 53 SSsms g e 0s 8 Dler s als 0 8 oSS fels tleiT oy S
Olgr o Glej ablie )3 Lud s &STHIS 4 il 5 L3 Slas 358 e o3 @ G5
AN ki b S sms e 3 e Dol 53 g5k 5 Suka s e Oler 5 o 0315
035 o5igen 3l oy IS o8ams Calitue Dlakad 4 ok sla (6L 1 LS 52 0y 8

el SN b3y Sl ey (s oy sla ST S As plonil (6,8 W ped AL L siad


https://dorl.net/dor/20.1001.1.16807073.2015.17.2.15.8
https://jast.modares.ac.ir/article-23-6434-en.html

[ Downloaded from jast.modares.ac.ir on 2024-04-20 |

[ DOR: 20.1001.1.16807073.2015.17.2.15.8 ]

Hashemzadeh et al.

23 okd pysheil 5 sla (6L A8 eslizad 38 o 53 GFP L s o) sl 5 0553
e o 4 Gy wlsdl (Glas S8 Gl os S s 18 oK Sl okt a3 8 (sla & gal
A1 0aalin GFP L (ol ot ) 5indl 5 (658 on SIS w0 il 09 8 5 s ol
4 Sk ol 53 oS (55 0dims OB o g o) cn e Slas 5196 By o ey o8
ST gt 353 52 oS A onls 0L ialeST ol s bl Bl (o Oos sl
30 i fe e 4 GoF s 8 5 s IS oKaws S5 858050 5 Lita 56 6 )
6\J.3GFPL3a.L'2 p}&m}\)} sl S LS u:iL‘)T el o iy (g i 56 u.'.LMjblf

.MOJ‘JOL;.;)}:EJJﬁ}?JJ:»LSLQ ax";LQJw*M‘)‘wLPTGE}JGWJJJ

356


https://dorl.net/dor/20.1001.1.16807073.2015.17.2.15.8
https://jast.modares.ac.ir/article-23-6434-en.html
http://www.tcpdf.org

