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Abstract

Glutamine-enriched diets have been linked with favorable intestinal effects including structure maintenance of gut
barrier against bacteria attacks and enterocyte differentiation. Although post hatch, immaturity of the GIT in the first
week is a limiting factor, early nutrition has shown to be an alternative to alleviate the adverse performance effects
of post-hatch starvation. In addition, both live and spore based probiotics have earned tremendous attention as a
viable control of enteric pathogens. Present studies were carried out with objectives of evaluating the influence of
nutrition and synergistic effects of GIn supplementation in combination with FloraMax-B11 (FM), a defined lactic acid
bacteria (LAB) probiotic product; PHL-NP-122, a heat-resistant spore-forming Bacillus subtilis (BS); and EarlyBird
(EB), a natural hydration and nutrition supplement for neonatal broilers and poults, on Salmonella Typhimurium
colonization. Morphometric analysis showed increased (P<0.05) villus height, villus width, and villus surface area
index in chickens treated with all combination groups. A reduction (P<0.05) on nitric oxide (NO) produced was
observed in the explant tissues of all the treated groups in comparison with the control group and a synergistic
effect (P<0.05) in the groups treated with GIn and BS (HPL-NP-122). Reductions in Salmonella recovery incidence
(P<0.05) and colonization (P< 0.05 to P<0.001) were also observed among the treated groups, suggesting beneficial
effects of these combinational feed supplements. Improved gut morphology and Salmonella exclusion was very well
supported by body weight (BW) data with lower (P<0.05) early BW loss and overall BW gains in birds treated with
treated groups. Considering the fact that the feed costs represents from 70 to 80% of the poultry production and the
integrity of the epithelial cells of the mucosa, hence ensured good performance and production, is dependent of feed
and feed supplements, these studies hold their relevance and importance as beneficial in more than one aspect to
the poultry industry.
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typhimurium; Broiler; Gut morphology; Performance damage, has been investigated in various studies [2]. In addition, Gln

is an essential substrate in the construction of the passive barrier of
Introduction mucin to bacteria because it is necessary for the synthesis of N bases

and amino sugars of the extracellular matrix, N-acetylglucosamine and
N-acetylgalactosamine, and for the glycosylation of mucins [1]. Gln has
direct action in the elimination of free radicals by being a precursor of
glutathione synthesis [6]. Gln is also considered as an immunonutrient,
because of its capability of upregulating or downregulating immune
responses to a pathogen or disease condition and may therefore reduce

The amino acid glutamine (Gln) is traditionally considered as a
non-essential amino acid. However, several researches has shown that
Gln may be a conditionally essential amino acid in maintaining gut
integrity and reducing inflammation [1-5]. Glutamine-enriched diets
have been linked with favorable intestinal effects including maintenance
of gut barrier function and enterocyte differentiation [6]. Glutamine
has also been the focus of many studies in physiology and medicine due
to its important pleiotropic roles in metabolism and tissue homeostasis.
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protein synthesis [3]. Presence of two mobilizable Nitrogen (N) groups
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pathogen levels. As an immunonutrient, Gln is important for promoting
the integrity and maturation of intestinal microflora associated with the
immune system, for enhancing mucin synthesis to maintain intestinal
mucosa structure, and for reinforcing the epithelial barrier against
bacterial attacks [7].

From a poultry production perspective, the maintenance,
development and health of GIT are fundamental, since GIT possesses
the functions of food content storage, secretion digestion, and
absorption of nutrients. The egg supplies nutrients during embryonic
development. These gut functions begin with hatching and has to be
maintained throughout the production pyramid. Posthatch the gut
maturation process begins and this is a critical point in determining
the poultry performance. The first two weeks of post hatch are even
critical and represent approximately 30% of the useful life of the bird,
considering a 6 week production cycle. Morphological studies by Sell
et al. (1991) [8] point out that at the moment of hatching, the weight
of the small intestine represents 1.2 to 2.6% of the BW of the bird and
6.2 to 6.6% at maximum development (between d 5 and 7 post hatch)
[6]. Hence the immaturity of the GIT in the first week post hatch is a
limiting factor, since major gut transitions like increase in absorption
capacity with a relative increase in the area of absorption through the
longitudinal growth of the intestine, and increase in the height of the
villi, proper secretion of enzymes, are events yet to happen. In this
regard, we suggest and hypothesize that the stimulation of the GIT by
different substrates, soon after hatching, can accelerate its development.

On the other hand, delaying access to feed and water has been
documented to increase susceptibility to pathogens and cause weight
loss, leading to poorly starting flocks with reduced weight gains and
mortality [9-11]. Early nutrition has been widely studied in poultry, and
it has been shown that the use of early feeding supplements alleviates
the adverse performance effects of post-hatch starvation [12-15],
as well as stimulates yolk utilization [16], intestinal maturation [10],
development of homeothermy [17,18], and retain passive immunity
[19]. In this concern, Early Bird (EB), a natural hydration and nutrition
supplement for neonatal broilers and poults, is extensively used
to promote instinctive feeding of birds, that leads to a rapid onset
and increased early weight gains that will eventually be maintained
throughout the bird’s lifetime [20].

Alternatively, increasing socio-political concerns with antibiotic
usage have led to investigations of potential alternatives for food safety
and growth promotion. Both live and spore based probiotics have
earned tremendous attention as a viable control of enteric pathogens in
this regard. Laboratory and field research conducted by our laboratory
with a defined lactic acid bacteria (LAB) probiotic, FloraMax-B11 (FM)
have proved extremely influential in accelerated development of normal
microflora and reduction in Salmonella colonization, in commercial
poultry [21-28]. More recently, we have confirmed that selected heat-
resistant spore-forming Bacillus species, PHL-NP-122, can markedly
reduce Salmonella and Clostridium in poultry when administered in
very high numbers [29-31].

The present studies hold their relevance and importance, considering
the fact that the feed costs represents 70 to 80% of the poultry production
and the integrity of the epithelial cells of the mucosa, hence ensured
good performance and production, is dependent of feed and feed
supplements. These studies were carried out with multiple objectives of
evaluating the influence of nutrition and combinational effects of Gln
supplementation in concert with FloraMax-B11 (FM), PHL-NP-122
and EB on Salmonella typhimurium colonization. EB+Gln were used
to evaluate their combined effects on neonatals, FM+Gln and PHL-

NP-122+Gln were used to evaluate their effects in relatively older birds.
These studies also supports numerous trials which have previously
tested individual positive effects of Gln, EB, FM and PHL-NP-122, on
growth performance by rapid development of intestinal morphology
in broiler chickens [20-31]. In addition, inflammatory marker like
nitric oxide was also measured to know the combinational effects on
Salmonella typhimurium induced inflammatory damage.

Materials and Methods

Animal source and diets

Day-of-hatch, off-sex broiler chickens were obtained from Cobb-
Vantress (Siloam Springs, AR, USA) for all the trials mentioned below.
All animal handling procedures were in compliance with Institutional
Animal Care and Use Committee at the University of Arkansas. In all
experiments, diets were fed in mash form, and were formulated to exceed
National Research Council [32] estimated nutrient requirements. The
common starter diet was a typical corn soy bean meal diet (chemical
analysis of nutrients is presented in Table 1). For experiments 2 and 3,
the diet with glutamine was similar to the common starter diet but was
supplemented with 1% Gln.

Item Glutamine free Glutamine 1%
Ingredient
Corn 546.389 546.389
Soybean meal 369.359 369.359
Vegetable oil 33.231 33.231
Dicalcium phosphate 15.855 15.855
Calcium carbonate 14.44 14.44
Salt 3.538 3.538
DL-Methionine 2.56 2.56
Vitamin premix’ 1.0 1.0
Solka-floc 10.0 -
L-Lysine HCI 0.977 0.977
L-Glutamine --- 10.00
Choline chloride 60% 1.00 1.00
Mineral premix2 0.500 0.500
Zinc bacitracin 0.500 0.500
Sodium monensin 0.500 0.500
Antioxidant? 0.150 0.150
Total 1000 1000
Calculated analysis
ME, kcal/ kg 3,035 3,035
CP, % 21.704 21.704
Lysine, % 1.328 1.328
Methionine, % 0.597 0.597
Met + cist, % 0.98 0.98
Threonine, % 0..866 0..866
Tryptophan, % 0.282 0.282
Total calcium, % 0.900 0.900
Available phosphorus, % 0.450 0.450
Sodium, % 0.160 0.160

"Vitamin premix supplied the following per kg: vitamin A, 20,000,000 IU; vitamin
D3, 6,000,000 IU; vitamin E, 75,000 IU; vitamin K3, 9 g; thiamine, 3 g; riboflavin, 8
g; pantothenic acid, 18 g; niacin, 60 g; pyridoxine, 5 g; folic acid, 2 g; biotin, 0.2 g;
cyanocobalamin, 16 mg; and ascorbic acid, 200 g.

2Mineral premix supplied the following per kg: manganese, 120 g; zinc, 100 g; iron,
120 g; copper, 10-15 g; iodine, 0.7 g; selenium, 0.4 g; and cobalt, 0.2 g.
SEthoxyquin.

Table 1: Composition of the starter diet for broiler chickens from 1 to 14 d (kg).
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Perinatal supplement and probiotic culture

EarlyBird (EB), is an all-natural hydration and nutrition supplement
for youngbirds. One g of EB contains 64% of water, 22.0% of protein, 10%
of fiber, 20% carbohydrate and less than 2.2% of fat (Pacific Vet Group
USA Inc., Fayetteville AR 72703). Each bird should be administered 2g
of EB according to manufacturer’s instructions. FloraMax B-11 (FM) is
a probiotic culture derived from poultry, consisting of 2 strains of LAB
isolates: Lactobacillus salivarius and Pediococcus parvulus (Pacific Vet
Group USA Inc., Fayetteville AR 72703) was used as drinking water
administration. Bacillus subtilis (BS) spores (PHL-NP-122) previously
identified as potential probiotic or direct-fed microbial (DFM)
candidate [31] was used in the present study.

Bacterial strain and culture conditions

The challenge organism used in all experiments was poultry isolate
of Salmonella enterica subspecies enterica serovar Typhimurium (ST).
This isolate was selected for resistant to 25 pug/mL of novobiocin
(NOV, catalog no.N-1628, Sigma) and 20 pg/mL of nalidixic acid (NA,
catalog no.N-4382, Sigma) in our laboratory. For the present studies,
100 uL of SE from a frozen aliquot was added to 10 mL of tryptic soy
broth (Catalog no. 22092, Sigma) and incubated at 37°C for 8 h, and
passed every 8 h to ensure that all bacteria were in log phase. Post
incubation, bacterial cells were washed 3 times in sterile 0.9% saline
by centrifugation at 1,864 x g, quantified with a spectrophotometer
(Spectronic 20D+, Spectronic Instruments Thermo Scientific) and
diluted in sterile 0.9% saline to a concentration of approximately 10°
cfu/mL. Concentrations of ST were determined retrospectively by serial
dilution and further plating on Brilliant Green Agar (BGA, Catalog no.
70134, Sigma) with NOV and NA agar for enumeration of actual colony
forming units (cfu) used to challenge the chickens.

Experimental Design
Experiment 1

This experiment evaluated the effect of L-Glutamine (Catalog no.
BDH 4514-1KGP, VWR West Chester, PA 19380) supplementation
associated with FM in the drinking water on ST cecal colonization.
Day-of hatch off sex broiler chickens were obtained and randomly
distributed into 4 separate groups with 25 birds per group: Group 1,
Control ST challenged; Group 2, 10% L-Glutamine (Gln) mixed in the
drinking water; Group 3, FM mixed in the drinking water; Group 4,
GIn + FM mixed in the drinking water. A small number of chickens
(n=20) were humanely killed on arrival, ceca-cecal tonsils and liver and
spleen were aseptically removed, cultured in tetrathionate enrichment
broth (Tet, Catalog no. 210420, Becton Dickinson, Sparks, MD) and
confirmed negative for Salmonella by plating the samples on to selective
BGA with NOV. All groups were challenged with ST at 10° cfu/bird.
One h post challenge, groups 2, 3 and 4 received their treatment in the
drinking water, while group 1 acted as positive control for ST. Twenty
chickens from control or treated groups were humanly killed and
cultured at 24 h, for ST recovery in ceca-cecal tonsils and enumerated
as explained later.

Experiment 2

This experiment evaluated the effect of 1% dietary Gln
supplementation for 6 days associated with FM in the drinking water
on ST cecal colonization and in vitro nitric oxide production. Day-of
hatch off sex broiler chickens were obtained and randomly distributed
into 4 separate groups with 25 birds per group: Group 1, Control ST
challenged; Group 2, 1% dietary Gln; Group 3, FM mixed in the drinking

water following manufacture instructions; Group 4, 1% dietary Gln +
FM mixed in the drinking water following manufacture instructions.
A small number of chickens (n=20) were humanely killed on arrival,
ceca-cecal tonsils and liver and spleen were aseptically removed,
cultured in Tet and confirmed negative for Salmonella by plating the
samples on to selective BGA with NO. At five days of age, all groups
were challenged with ST at 10° cfu/bird. One h post challenge, groups 3
and 4 received FM in the drinking water, while group 1 acted as positive
control for ST. Twelve chickens from control or treated groups were
humanly killed and cultured at six days of age (24 h post ST challenge),
for ST enumeration and explant samples for nitric oxide determination
as explained later.

Experiment 3

This experiment evaluated the effect of 1% dietary Gln
supplementation for 6 days associated with BS spores (PHL-NP-122)
on ST cecal colonization and in vitro nitric oxide production. Day-of
hatch off sex broiler chickens were obtained and randomly distributed
into 4 separate groups with 25 birds per group: Group 1, Control ST
challenged; Group 2, 1% dietary Gln; Group 3, PHL-NP-122 with a
concentration of 10° BS spores/g of feed ; Group 4, 1% dietary Gln +
PHL-NP-122 with a concentration of 10° BS spores/g of feed. A small
number of chickens (n=20) were humanely killed on arrival, ceca-cecal
tonsils and liver and spleen were aseptically removed, cultured in Tet
and confirmed negative for Salmonella by plating the samples on to
selective BGA with NOV. At five days of age, all groups were challenged
with ST at 10° cfu/bird. Twelve chickens from control or treated groups
were humanly killed and cultured at six days of age (24 h post ST
challenge), for ST enumeration and explant samples for nitric oxide
determination as explained later.

Experiment 4

This experiment evaluated the effect of 0.5% Gln supplemented with
perinatal supplement on growth performance and intestinal morphology
in broiler chickens during 14 days. Three hundred off sex broiler chicks
were obtained and transported to the University of Arkansas facility
where they were identified through neck tags and randomly distributed
in to 3 groups of 100 birds each, into commercial plastic poultry
transport crates: Group 1, received no treatment; Group 2, received 200
g of EB only; and Group 3 received 0.5% Gln supplemented with EB.
Perinatal supplement was administered according to manufacturer’s
instructions. All birds were kept fasted, with no feed or water, for 48
h under simulated shipping conditions, at room temperature (25.5
°C) maintained with constant air flow to ensure the chicks were
comfortable. After 48 h under simulated shipping conditions, chicks
were placed onto floor pens with fresh wood shavings with a stocking
density of 0.15 m?*/chick. Age appropriate environmental temperatures
were maintained and supplemental heat lamps were provided for each
pen. Chickens were provided ad libitum access to water and a balanced
un-medicated corn-soybean diet meeting or exceeding the nutrition
requirements of poultry recommended NRC [32]. All birds were
weighed at 24 h, 48 h, 7 days and 14 days of age. Recorded body weights
(BW) were then used to determine either body weight loss (BWL) at
24 h and 48 h or body weight gain (BWG) at 7 and 14 days of age.
Five ileum and duodenum samples from each group were collected for
enteric morphometric analysis of mucosal development at 48 h, 7 and
14 days, processed and analyzed further as explained below.

Salmonella Recovery

In experiment one, chickens were humanely killed by CO,
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asphyxiation; ceca-ceca tonsils were aseptically removed to culture
and enumerate Salmonella. Briefly, samples were placed in 10 mL of
Tet for enrichment and incubated at 37 °C for 24 hours. Samples were
then plated on BGA NO and NA plates and incubated at 37 °C for 24
h to confirm presence/absence of typical lactose-negative colonies of
Salmonella. Ceca were homogenized and diluted with saline (1:4 by
wt/vol) and tenfold dilutions were plated on BGA with NO and NA,
incubated at 37 °C for 24 h to enumerate total Salmonella cfu. Later,
the cecal samples were enriched in double strength Tet and further
incubated at 37 °C for 24 hours. Following this, ceca enrichment
samples were plated on to BGA NO and NA plates and incubated at
37 °C for 24 h to confirm presence/absence of typical lactose-negative
colonies of Salmonella. This enumeration procedure was also conducted
in experiments two and three.

Explant Culture

A novel explant culture method for rapid quantification of nitrite
as an inflammatory marker developed in our lab [Kallapura et al., 2013,
Submitted for Publication] was employed here. Briefly, the entire ileum
was aseptically removed, cleaned by infusing sterile 0.9% saline through
the ileal section to remove all the ingesta. The cleansed ileum section
was then incised longitudinally exposing the mucosal surface. Ileal
sections (0.5 cm?) were made using a sterile surgical blade and placed
in a 24 well culture plate. Care was taken in placing the tissue explants,
with the serosa facing down and in contact with the well bottom and
the mucosa facing up, exposed to the media components. Circular
metal meshes measuring approximately 7.5mm in radius with 3mm
height were used to keep the floating explants in place. These meshes
were made of steel 316 L, the same material used in construction of
fermenters and bioreactors. The material is non-reactive, non-additive,
non-absorptive and non-corrosive and hence a safe choice to be used
with a culture medium. Further care was taken to autoclave these
meshes before use, to avoid any contamination. Explants (n=12) for
each group were obtained, with one ileal explant per chicken. The ileal
explants cultured in 24 well culture plates were then transferred to a
laminar airflow hood and 1 mL of RPMI 1640 medium with 5% bovine
serum, 1.5 mM L - glutamine, and 1 mL of antibiotic — antimycotic
solution (containing 10,000 units of penicillin, 10 mg streptomycin and
25 pg amphotericin - Sigma-aldrich, St. Louis, MO) was added to each
well. The cultures were further incubated at 40 ‘C, 5% CO, and culture
supernatants were collected for the nitrite assay at 3, 6 and 12 h post
incubation.

Nitrite Assay

The Greiss reaction assay, which colorimetrically quantifies nitrite,
was used to measure the nitrite accumulated over time in the culture
medium, which served as an indirect measure of NO produced by the
explants. The assay was carried out in a 96 well microtitre plate to which
100 pL of culture supernatant from the explant culture (at 3, 6, and
12 h) was added in triplicates, followed by an equal volume of Greiss
reagents. First, 50 pL of 1% sulfanilamide (Sigma-aldrich, St. Louis, MO)
in 5% phosphoric acid, was added and incubated at room temperature
for 10 min followed by 50 pL of 0.1% N-(1-napthyl) ethylenediamine
dihydrochloride (Sigma-aldrich, St. Louis, MO) in water and incubated
further for a visible colored reaction to develop and measured at 540
nm. The Greiss reaction was based on a two-step diazotization reaction
in which acidified nitrite (phosphoric acid) produces a nitrosating agent
which reacts with sulfanilic acid to produce a diazonium ion. This ion
intermediate was then coupled with N-(1-naphthyl) ethylenediamine
to form the chromophoric azo-derivative whose absorbance was
measured at 540 nm. Optical density (OD) for each explant sample was

compared to known amounts of sodium nitrite (1.25, 2.5, 5, 10, 20, 30,
40, 50, 60, 70, 80, and 90 uM) and extrapolated using a standard curve
equation.

Intestinal Morphological Analysis

For enteric morphometric analysis, birds on the designated
evaluation day were euthanized, and ileum and duodenum samples
were collected (n=5). A 1-cm segment of the midpoint of the duodenum
and the distal end of the lower ileum from each bird was removed and
fixed in 10% buffered formaldehyde for 48 h. Each of these intestinal
segments was embedded in paraffin, and a 5-pum section of each sample
was placed on a glass slide and stained with hematoxylin and eosin for
examination under a light microscope. All morphological parameters
were measured using the ImageJ software package (http://rsb.info.nih.
gov/ij/). Ten replicate measurements for each variable studied, were
taken from each sample and the average values were used in statistical
analysis. Villus length (VL) was measured from the top of the villus to
the top of the lamina propria. Villus width (VW) was measured at the
widest area of each villus [33]. Villus surface area (VS) was calculated
using the formula (2r) (VW/2)(VL) [34].

Statistical Analysis

Any statistical differences in BW, BWL, BWG, logw SE cfu/g of
ceca and morphometric measurements were determined by analysis of
variance using the General Linear Models (proc GLM) procedure using
commercial SAS® statistical software [35]. Significant differences set at
P<0.05, were further separated using Duncan’s multiple range test. The
percent recovery of Salmonella was compared using the chi-square test
of independence testing all possible group combinations to determine
significance for these studies [36].

Results

The results of the effect of 10% Gln supplementation associated
with FM in the drinking water on ST colonization in broiler chickens
from experiment 1 are summarized in table 2. A 20% significant
reduction (P<0.05) in the rate of intestinal colonization of ST at 24
h were observed in the group that received 10% Gln in the drinking
water; and the group that receive 10% Gln + FM had a 35% reduction
of ST (P<0.01). However, the group that received just the probiotic in
the drinking water showed a 65% ST reduction when compared with
control group (P<0.001). A similar trend in the reduction of cfu of ST/g
of ceca content was observed in the same groups (Table 2).

The effect of 1% dietary Gln supplementation associated with FM in
the drinking water on ST colonization at 6 days of age in broiler chickens

Treatment Cecal tonsil | Log ,, S. Typhimurium /g of ceca content
1. Control ST 20/20 (100 %) 3.12 0.212

2. GIn 10% 16/20 (80 %)* 1.96 + 0.442

3.FM 7/20 (35 %) 0.67 + 0.35°

4.GIn 10% + FM | 13/20 (65 %)* 1.72 £ 0.55

Chickens were orally gavaged with 10° cfu of S. Typhimurium /chicken at hatch.
One hour later chickens were treated in the drink water. Control chickens received
regular water. Twenty chickens from each group were humanly killed and cultured
24 h post challenge, for ST recovery. Data of cecal tonsils is expressed as positive/
total chickens (%). *P < 0.05; YP < 0.01; 2P < 0.001.

Ceca from twelve chickens were enumerated. Log,, S. typhimurium/g of ceca
content data is expressed as mean + standard error. a, b, ¢ Treatments values with
no common superscript differ significantly P<0.05.

Table 2: Effect of 10% glutamine (GIn) supplementation associated with FloraMax
(FM) in the drinking water on Salmonella Typhimurium (ST) colonization in broiler
chickens from experiment 1.

Clin Microbial
ISSN: 2327-5073 CMO, an open access journal

Volume 2 « Issue 5 « 1000120



Citation: Menconi A, Kallapura G, Hernandez-Velasco X, Latorre J, Morgan M, et al, (2013) Effect of Glutamine Supplementation Associated with
Probiotics on Salmonella Typhimurium and Nitric Oxide or Glutamine with Perinatal Supplement on Growth Performance and Intestinal
Morphology in Broiler Chickens. Clin Microbial 2: 120. doi:10.4172/2327-5073.1000120

Page 5 of 7

from experiment 2 are summarized in table 3. A significant reduction
on ST/g of ceca content was observed in both, dietary GIn alone or
probiotic alone groups. This reduction was associated with a significant
reduction on NO produced in the explant tissues as compared with the
control group. However, an even more significant reduction on ST/g of
ceca content and synergistic effect in the reduction of NO production
was observed in the group that received the inclusion of 1% dietary Gln
and FM in the drinking water when compared with the control group
(Table 3).

The effect of 1% dietary Gln supplementation associated with
PHL-NP-122 on ST colonization at 6 days of age in broiler chickens
from experiment 3 is summarized in table 4. A significant reduction
on ST/g of ceca content was observed in both, dietary Gln or PHL-
NP-122 groups. As in the previous experiment, this reduction was also
associated with a significant reduction on NO produced in the explant
tissues as compared with the control group. However, an even more
significant reduction on ST/g of ceca content and synergistic effect in
the reduction of NO production was observed in the group that received

Treatment Log ,, ST/ Nitrite in pM
g of ceca content at6h
1. Control ST 6.1+0.2¢° 35.0 £25.12
2. Glu1% 6.0+0.2% 6.6+20°
3. FM 6.3+03® 84+23°
4. Glu1% +FM 49+0.11¢ 48+14°

Chickens were orally gavaged with 10° cfu of S. typhimurium /chicken at five days of
age. One hour later chickens in groups 3 and 4 were treated in the drink water with
FM. Twelve chickens/group were humanly killed and cultured 24 h post challenge,
for ST recovery and explant ileal samples. Log,, S. Typhimurium/g of ceca content
or micro molar (uM) amounts of nitrite, data is expressed as mean * standard
error. a, b, cTreatments values with no common superscript within columns differ
significantly P<0.05.

Table 3: Effect of 1% dietary glutamine (Gln) supplementation associated with FloraMax
(FM) in the drinking water on Salmonella typhimurium (ST) colonization at 6 days of age
in broiler chickens from experiment 2.

Treatment Log ,, ST/ Nitrite in uM
g of ceca content at6h
1. Control ST 6.9+0.22 34.8+254-°
2.Glu 1% 6.1+0.2° 66+19°
3. PHL-NP-122 6.0+0.1° 51+0.8°
4. Glu1% + PHL-NP-122 56+0.3¢ 24+05¢

Chickens were orally gavaged with 10° cfu of S. Typhimurium/chicken at five d of
age. Twelve chickens from each group were humanly killed and cultured 24 h post
challenge, for ST recovery and explant ileal samples. Log,, S. Typhimurium/ g of
ceca content or micro molar (uM) amounts of nitrite, data is expressed as mean
+ standard error. a, b, ¢ Treatments values with no common superscript within
columns differ significantly P < 0.05.

Table 4: Effect of 1% dietary glutamine (Gln) supplementation associated with Bacillus
subtilis spores (PHL-NP-122) on Salmonella Typhimurium (ST) colonization at 6 days of
age in broiler chickens from experiment 3.

the inclusion of 1% dietary Gln and PHL-NP-122 in the drinking water
when compared with the control group (Table 4).

The effect of 0.5% GIn with perinatal supplement on body weight
and performance of broiler chickens from experiment 4 are summarized
in Table 5. At 24 h and 48 h significant BWL were observed with control
and EB only groups when compared with the group that received EB +
Gln. These differences were maintained at 7 and 14 days of evaluation,
with significantly higher BWG seen in the group treated with EB + Gln.
It was of significance to mention that by 14 days, the BW of the EB +
Gln treated group was, on an average, about 17 g heavier than that of
non-treated control group (P<0.05). Although not significant, over all,
the EB group had a numerical improvement in performance with about
12 g heavier than that of non-treated control group (Table 1). The effect
of 0.5% Gln with perinatal supplement on morphological development
of mucosa in duodenum of broiler chickens is summarized in Table 6.
Significantly increased VH, VW, and VS were observed in the groups
treated with perinatal supplement only or 0.5% Gln and perinatal
supplement, when compared to non-treated control group at 24 h.
The trend of significant and in some cases numerically, morphometric
changes were observed throughout the study in duodenum samples
(Table 6). No significant morphometric changes between the three
groups were observed in samples from distal ileum (data not shown).

Discussion

Glutamine is a captivating amino acid that constitutes significant
concentrations of muscles and plasma, and represents about 50 to 80%
of the total free amino acid in the body [1,4,37]. Since its structure
contains two mobilizable N groups Gln is involved in transportation
and exchange of N in the cells, as well as participate in important
metabolic pathways [1,5]. This amino acid is also a key component in
the function and structure of the intestinal mucosa since it is involved
in mucin synthesis as well as maintaining the integrity of the gut
microbiome [1,3,4,6,34], which has a profound impact in digestive
physiology [21,38-40], as well as innate and acquire immunity [41-44].
As if these functions were not important enough, Gln is the principal
energetic fuel for cells that has a rapid proliferation such as enterocytes,
lymphocytes and other cells involved in inflammation [2,3,7,45].

In the present study, the supplementation of 10% Gln with
probiotic culture in the drinking water had a significant reduction on
ST colonization in the ceca, but this effect was not synergistic (Table 2).
However, dietary supplementation of 1% Gln associated with alacticacid
bacteria probiotic in the drinking water (Tables 3), or in the diet throw
a DFM in form of spores of Bacillus subtilis (Table 4) had a significant
and synergistic effect on the reduction of Salmonella Typhimurium in
the ceca. This reduction was associated with a significant reduction
of nitric oxide produce in the explant of ileum samples (Table 3 and
4). Quantifying nitrite, a metabolite of nitric oxide (NO), is a well-
established marker for the production of reactive nitrogen species and an
indirect measurement for inflammation. The innate immune response

Treatments 3y BW at BWL BW at BWL BW at BWG BW at BWG at
Initial BW 24 h at24 h 48 h at48 h 7d at7 d 14d 14d
1. Control 3.7+0.3° 40.2+0.37 -3.5+0.1° 38.1+£0.3° -5.6+0.1° M3+£1.1° 17 +1.1° 330.1£ 4.7° 288.7+ 4.4°
2. EB 43.0 £0.3% 41.3+0.37 -1.7+£0.1° 38.9+0.32 -4.1+04° 118.6 £ 1.32 754+11% 3440 +4.8° 301.8+4.22
3.GIn+EB 424 +0.2° 41.2+0.3° -1.2+£0.12 39.1+£0.32 -3.3+£0.12 118.5+1.42 76.1+£1.2° 349.6 £5.7° 306.3 +5.2°

300 day of hatch off sex broiler chickens were obtained and randomly distributed into 3 separate groups (n=100). Treatments were administered according to groups:
Group 1, received no treatment; Group 2, received 200 g of EB only; and Group 3 received EB supplemented with 0.5% L-glutamine. All birds were weighed at 24 h, 48 h,
7 d and 14 d of age. Recorded body weights (BW) were then used to determine either BW loss (BWL) at 24 h and 48h or BW gain (BWG) at 7 and 14 d of age. BW data
were expressed as mean (g)  standard error. a, b, ¢ Values within columns with no common superscript differ significantly P < 0.05.

Table 5: Effect of Glutamine (GIn) with perinatal supplement (EB) on body weight (BW) and performance of broiler chickens from experiment 4.
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Treatments Villus height Villus width (um) VI||L'IS surfacezarea
(um) index (um?2)
48 hours
1. Control 4439+465° = 737%6.3° 101,890 + 11,757
2EB 737.4 +27.7° 118.3+6.72 272,083 +9,2532
3.0.5% GIn + EB 801.7 £22.32 113.7 £ 16.52 288,554 + 4,5475°
7 days
1. Control 1,108.6 +30.1>  173.1 £10.42 605,798 + 51,3422
2EB 1,384.7 £ 54.52  169.7 £ 13.02 742,877 £ 78,8792
30.5%GIn+EB 1,333.4+40.3° 126.6 £ 12.1° 528,375 + 51,378°
14 days
1. Control 1,318.7 + 97.9° 144.0 £ 4.4° 599,454 + 55,244
2.EB 1,654.9 +36.2®° | 160.2 + 19.5° 788,454 + 109,363
3.05% GIn+EB | 1,617.7 £120.9* 217.1 + 19.1° 1,129,650 + 176,212°

300 d of hatch off sex broiler chickens were obtained and randomly distributed
in to 3 separate groups (n=100). Treatments were administered according to
groups: Group 1, received no treatment; Group 2, received 200 grams of EB only;
and Group3 received EB supplemented with 0.5% L-glutamine. Five duodenum
samples/group were collected for enteric morphometric analysis, at all-time
points. Values were expressed as means + SEM representing 5 birds/group and
10 measurements/parameter/bird. a, b, ¢ Values within columns with no common
superscript differ significantly P < 0.05.

Table 6: Effect of 0.5% Glutamine (GIn) with perinatal supplement (EB) on
morphometric analysis of the duodenum mucosa of broiler chickens from
experiment 4.

is modulated through the recruitment of various cellular components
upon pathogen exposure. Heterophils, monocytes and macrophages
are at the forefront of pathogen recognition, and work in combination
with effector leukocytes to initiate an immune response. Studies
investigating the role of heterophils, monocytes, and macrophages
begin with quantification of reactive nitrogen species (RNS), reactive
oxygen species (ROS), along with cytokines and chemokines [46].
Though rapid clearance of pathogens has been attributed to ROS
(oxidative stress) rather than RNS (nitrosative stress), nitrosative
stress is important in chronic and prolonged exposure. The sequential
progression from a predominant oxidative stress to the production
of nitrosative clearance could optimize the reduction in microbial
burden along with minimizing immune pathological consequences of
host inflammatory response [47,48]. Hence, quantifying metabolites
of nitric oxide (NO), such as nitrite or expression of inducible nitric
oxide synthase (iNOS), have been the principle for investigating the
role of RNS during host inflammatory responses. The quantification of
NO in the ileal explants from experiments 2 and 3 provided a suitable
model for inflammation (Table 3 and 4), which potentially mimics in
vivo intestinal conditions that rapidly detected NO (6 h), at a greater
magnitude than other cell culture methods [49-51] .

On the other hand, a fasting period of 24 to 72 h after hatch is
a common practice in commercial poultry operations [19] due to
variation in hatching time and management in the hatchery. This delay
in start of feed intake has been shown to negatively affect yolk utilization
[52], gastrointestinal development [15], slaughter weight [53] and
breast meat yield [54,55]. In addition, delayed feeding seems to depress
immunological development [56]. The immediate post-hatch period is
critical for intestinal morphological development in order to digest feed
and assimilate nutrients [57,58]. Decreased intestinal development in
chicks fasted for 36 to 48 hours post-hatch have been extensively reported
by several investigators [9-11,20,59,60]. In the present study, chicks that
received 0.5% Gln with a perinatal supplement showed significantly less
body weight loss during at 24 h and 48 h under simulated shipping
period of 48 h and were significantly heavier at 7 and 14 days (Table

5), and these changes were associated with the significant increased
VH, VW, and VS observed in the groups treated with EB only or EB +
Gln, when compared to non-treated control group at 24 h. The trend
of significant and in some cases numerically, morphometric changes
were observed throughout the study in duodenum samples (Table 6).
In summary, Gln with probiotics or perinatal supplementation suggest
that these nutraceuticals could be a good practical delivery system for
this important amino acid during the common fasting conditions,
providing several benefits for the poultry industry
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