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6- Immunonutrition
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4- Hemagglutination Assay (HA)

5- Haemagglutination Inhibition (HI)

6- Cutanous basophil hypersensitivity (CBH)
7- Toe web swelling (TWS)

8- Phytohemagglutinin-P (PHA-P)
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1- Evonik industries
2- OLYMPUS BX41
3- Sheep red blood cell (SRBC)
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Table 1- Dietary ingredients and chemical composition of the experimental diets in starter (0-10 d), growth (11-24 d) and finisher

(25-42 d) periods’
093 ol ) N

(1059) o 32! Period Starter Grower Finisher
Ingredients (%) (sise slyo 551y o dog &S0 o) 4oy G570 o) 4oy G 70

Nutrient dilution Recommended by 5% Recommended by 5% Recommended by 5%

10SS diluted T0SS diluted T0SS diluted

=02 49.29 58.59 54.28 64.88 58.53 67.05
com
by dbs 39.95 36.11 304 23.83 25.67 22.82
Soy bean meal
&0 islS 0.92 0 5.75 6.23 6.27 4.66
Corn gluten
=02 059 5 0.65 5 0.18 5 0.94
Corn oil
Sland ppdS” (60
Dicaldiam phosphate 1.83 1.69 1.51 1.52 1.45 1.4
Sl 1.34 1.31 1.24 1.27 122 1.22
Limestone
osgte — Jl e
e 0.39 0.36 0.25 0.22 0.2 0.2
s 23 = 0.32 0.33 0.34 04 0.2 0.3
L- lysine hydrochloride ' ’ ’ ’ 29 ’
gt';“i“ 0.35 0.35 0.35 0.35 0.35 0.35
e ey JoSo 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin — mineral premix
N 0.02 0.02 0.01 0.01 0.01 0.01
L-threonine
e SlyS o
S omate 0.09 0.09 0.37 0.61 0.51 0.55
015 dpoliee g iko Slgo
Calculated nutrients
(Kcal/kg) pudsilio LG (551
Metabolizbie encray (Keal/kg) 3025 2873 3150 2993 3200 3040
(M2)3) P> cpigp
Conte proteint26) 23 21.85 22 20.9 20.5 19.5
(10) ol
Cotmir %) 1.04 0.99 0.9 0.86 0.87 0.83
(10,3) oo B joud 0.52 0.4 0.45 0.43 0.44 0.42
Available phosphorus (%) ' 49 ’ ’ ’ ’
(12)) cp 3
Lysne o) 1.43 1.36 1.24 1.18 1.09 1.04
(3053) Crigate
Methionine (%) 0.74 0.7 0.64 0.61 0.57 0.54
(10,3) ot Origste 1.0 1.02 0.95 0.90 0.86 0.82
Methionine+ cysteine (%) 07 ’ 9 9 ’ ’
(M0)) gy
Thimome o) 0.94 0.89 0.84 0.80 0.79 0.75
(mEq/kg) " gyl Jols 240 240 240 240 240 240

Electrolyte balance (mEq/kg)’

sy 53 g & 531 S 5 53 BET 1 GlE Slhoye plos & 15 BT y90 & (o VB 5V 0] olaw o il slopes 51 e s & odbgB — J1 el
Al alde (g mSU Jolss 5 (g )lbb)fsf Lol (slmssl IS ccrigsto 3 0o JB jid oS ol
—Jl e Opa) B by ol soly YO o oS dlsS iy 251y M- (uu' Jss ) Orlizg o p)SokS 2 (glil & ane ge 5 irelizy JoSa T
5 ske 10 «SI5b dual t.5 oo YO ¢ gl 05 (oo ¥ tngMs) 10,5 o MO il tp S o o) By pbis 25 (oo VIV K paolis f Mol 3515305 855 5
AV pasles 05 oo YO it 105 o FO 5y fp)S ke V0l )5 ke B LIS (sSt p)S (e A Sgity dekip)S e VID (S 9395t 5 e +/NO (g
P YO (ol )5 Lo % o tp S oo o/ ey 5 e
Na' + K - Cl s alono @50 0y 2118 50 255k 52 55 Vg (1 o s 2 il Sl s ™
! L- Glutamine supplementation in diets were 1nclud1n% (0.5, 1 and 1.5 %), so that experimental diets were isoener %etlc and same
ener y to ntltrlent ratio (crude protein, calcium, available phosphorous, Lysine, Methionine, Sulphur amino acid, Threonine) and
olyte balance.

One kl)ll) ram vitamin and mineral premix included: vitamin A as acetate, 8800 IU; Cholecalc1fer01 2500 IU; vitamin E %as dl-a
tocopherol) 15 IU, vitaminK3, 2.2 mg; Vitamin B12, 0.01 mg, thiamine, 1,5 mg; Riboflavin, 4 mg; Niacin 35 mg, folic acid 0.5 mg;
Biotin, 0. 1 mg, pyr1d0X1ne 2 5 mgC pantothenate, 8mg cho ine chloride, 50 mg: Betaine 190 mg; Zinc, 65 mg; Magnesium, 75 mg;

elenium, 0.2 mg; iodide, opper,

Electrolyte balance as mEq per 1logram d1ets calculated by Na'+K'-CL
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1- Mammalian target of rapamycin
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Table 2- Effects of nutrient dilution and different levels of L- glutamine supplementation on growth performance of broiler chicks in

starter starter (0-10 d), growth (11-24 d) and finisher (25-42 d) periods’

s (olotindp.5) S oo Gsao332/255) 535 o (55155) Shs s o

gl (595) Feed intake (g/bird/day) Weight gain (g/bird/day) Feed conversion ratio (g/g)
Effects Period =\ W= Yoa-fY —fY =\ W-YE Ya-¥Y —fY . W-YF O Ya-fY —fY

(day) 0-10 11-24 25-42 0-42 0-10 11-24 25-42 0-42 0-10 11-24 25-42 0-42
Nutrient dilution ( gz slge 515)
Ross recommendation 2577 91.48" 158.83" 103.76° 18.49* 54.17° 86.84° 59.21° 1.39° 1.69 1.83° 1.75°
5% diluted 25.12° 84.80° 151.24° 98.89"  16.66° 48.61° 78.86" 53.89° 151° 175  191°  1.84°
SEM 0.2 1.12 1.15 0.73 0.25 3.66 0.57 0.3 0.02 0.03 0.02 0.01
Glutamine supplementation (33933l ‘yelisls)
0 25.71 90.48 159.28"  103.24 17.39 50.36 81.96° 55.43 1.49 1.80° 1.94° 1.86
0.5 25.42 89.81 154.61°  102.26 17.56 51.44 85.5% 57.95 1.45 1.75%  1.81° 1.77°
1 2526 8488 1534 9971 1728 5124 83.08° 56.66 1.47 1.67° 1.85* 1.76"
1.5 2538 8738 152.85° 100.09 18.06 5254 809" 56.16 1.47 1.66° 1.09° 1.78"
SEM 0.29 1.58 1.63 1.04 0.35 0.68 0.81 0.42 0.03 0.04 0.02 0.02
Interaction between nutrient dilution and glutamine supplementation (33938l peligls x (gdxe dlge oS155 Jiléze )
Ross recommendation 0 2525 9562 163.55 105.35 1820 53.53"  85.15 57.43 1.39 1.79 1.92 1.84
Ross recommendation 0.5 26.0° 92.35 157.28 104.40 18.55 55.13° 89.38 61.08 1.40 1.68 1.76 1.71
Ross recommendation 1 2578 88.15 156.96 102.80 18.38 54.63° 86.65 59.73 1.40 1.61 1.81 1.72
Ross recommendation 1.5 26.05*  89.80 157.53 102.50 18.83 53.40° 86.20 58.63 1.38 1.68 1.83 1.72
5% diluted 0 26.18%  85.35 155.0 101.13 16.57 47.18° 78.78 53.45 1.60 1.81 1.97 1.89
5% diluted 0.5 24.85° 8728 151.95 100.13 16.58 47.74° 81.63 54.82 1.49 1.82 1.86 1.83
5% diluted 1 24.75°  81.60 149.83 96.63 16.18 47.84° 79.53 53.60 1.53 1.70 1.89 1.80
5% diluted 1.5 24.70°  84.98 148.18 97.66 17.30 51.67° 75.50 53.70 1.42 1.65 1.96 1.82
SEM 0.41 2.23 2.32 1.47 0.49 0.95 1.15 0.59 0.03 0.05 0.03 0.03
5 e
Source of variation p — value
d-.*"‘" 3‘9" r‘*ﬂ)s uL*”‘ )j‘ * k% k% k% ok ok ok k% 3k ns k% ok
Nutrient dilution
OebislS Lol 3l ns ns * ns ns ns o o ns % o o
Glutamine supplementation
coilS x (53 Sl o815 Wl
Interaction between nutrient * ns ns ns ns kK ns ns ns ns ns ns

dilution and glutamine

S 628 glgie (W) phlSen 5 J(F) ol g il 5 S8
Sl i )3 oo oS 5 S5 plgis 4 (2138 8y (sl
48 453y sdaliie (YY) hlSen g (o 23l oo 039) ploxadl
Ol 1855 saazsx (e By & (0eliglh do)d S (3958
D90 039) (1S g dawgi Carge g And e (AL ) 039) 3]
Lo pg55 o 039 0 1y albiine 586 (1Y) o) lSen 5 Bloos
=55 slaangr S by )3 oy VU el (3958
Dy pols 5 gl plie o 10,55 ssalie
S350 1t sdka dlge (S5 g (aligls calisie Zolaw ]
o3> L5 ¥ g 53 ¢ Sigy ¥V (o 3 (1865 sladg> pgi35

(P<1+0) 3sly o (5 ine S (glyhs e i By by gy (slaSilie’
S5 ()b dme (g)lol AW war b (g)lal Llod 1 o, Silo 1S (P<e/oV ) s (P<-/00 )
"Means within same row with different superscripts differ (P<0.05).
* (P<0.05), ** (P<0.01), ns no significant difference.
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Table 3- Effects of nutrient dilution and different levels of L- glutamine supplementation on partial weights of internal organ of
broiler chickens (% of body weight)'

015 (655 o3l io b R IC K ) an3jlgd r5535 gl S e

Traits Heart Liver Gizzard Pancreas Duodenum  Jejunum  Ileum . Sme}ll
intestine

Nutrient dilution ( gixe slge #51,5)

Ross recommendation 0.53° 2.02 1.39 0.255 0.7 1.38 0.95 3.03

5% diluted 0.61*  2.00 1.45 0.246 0.73 1.46 0.94 3.13

SEM 0.025 0.037 0.043 0.007 0.018 0.029 0.036 0.047

Glutamine supplementation ( yebslS Lol )

0 0.56  1.93 1.36 0.222° 0.66 1.31° 0.88 2.86°

0.5 0.54 2.02 1.43 0.258* 0.72 1.47° 1.01 3.20°

1 0.62 2.02 1.40 0.252% 0.74 1.48* 0.91 3.13°

1.5 0.56 2.07 1.50 0.268" 0.74 1.44° 0.97 3.15°

SEM 0.035 0.053 0.06 0.011 0.025 0.041 0.052 0.066

o e

Source of variation p — value

i dye oSl Lol S # ns ns ns ns ns ns ns

Nutrient dilution

el %Aw‘ 7! . ns ns ns # ns # ns #

Glutamine supplementation

S x (s go 15 e 5

Interaction between nutrient dilution ns ns ns ns ns ns ns ns

and glutamine

(P</+0) 3l o (5 logine MST gy eyt By b gty SlacySile'

B)15 (gl e (g)lol BMB) oo b (g lel Llod 5l oy il 1S (P<e/oV ) s (P</00 )

'Means within same row with different superscripts differ (P<0.05).

* (P<0.05), ** (P<0.01), ns no significant difference.
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Table 4- Effects of nutrient dilution and different levels of L- glutamine supplementation on jejunal morphology of broiler chicken in 42

days of agel
o.h:;d;oﬂ.h‘u[mo ()mj)im) ()"A5)s“°) «_MA)SOA.CAA ()"A5)s“°) ()‘m5)s""’) ()‘m5)s'm)
. . . Depth of Villus Height Villus Muscle layer Epithelium
Traits Villus Height . . .
m crypt (Lm) to depth of width thickness thickness

(wm) Crypt ratio (um) (um) (um)
Nutrient dilution ( gise slge #5155)
Ross recommendation 1275% 268.5° 4.81° 134.07 437.63 35.00
5% diluted 1235° 243.2° 5.13% 134.75 439.93 35.26
SEM 12.83 4.04 0.088 1.17 5.81 0.78
Glutamine supplementation ( yelisl5 Lol 3I)
0 1144.03¢ 246.66" 4,74 138.41° 413.47° 36.28
0.5 1267.58° 252.19* 4.93® 132.02° 45223 34.15
1 1298.04® 265.14* 5.07% 133.25° 438.25° 35.18
1.5 1330.54° 260.43% 5.20° 133.04° 455.75° 34.68
SEM 18.57 5.85 0.125 1.65 8.40 1.14
Source of variation p — value
(sl e o815 Lol . . . s s s
Nutrient dilution
Glutamine supplementation
OlislS X (gdse dlge (S15 bldte 3l
Interaction between nutrient ns ns ns ns ns ns

dilution and glutamine

(P<1-0) wsly o (5 o gime S (glyh lin i By b gty (slacySile’
S5 ()b dme (g)lol AU war b (g)lal Llod ) b, Silo 1S (P<e/) ) s (P<-/00 )
"Means within same row with different superscripts differ (P<0.05).

* (P<0.05), ** (P<0.01), ns no significant difference.
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ol odal £ Jgas 13 2565 claangs el piaw 3)Sles p
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Table 5- Effects of nutrient dilution and different levels of L- glutamine supplementation on weight of lymphoid tissue organs of

broiler chicken (% of body weight)"

ol (x5 ol lao B Jib oo s s
Traits Thymus Spleen Bursa of fabricius
Nutrient dilution ( gixe slge #51,5)

Ross recommendation 0.152 0.149 0.141

5% diluted 0.146 0.139 0.140
SEM 0.004 0.004 0.004
Glutamine supplementation ( yelislS Lol )

0 0.131° 0.136 0.124°
0.5 0.154° 0.155 0.149°

1 0.157° 0.141 0.144°
1.5 0.154° 0.144 0.146
SEM 0.006 0.005 0.005
Source of variation p — value

i dlge 5515 Lol 1 . N N
Nutrient dilution

oS L . " .
Glutamine supplementation

S x (s oo 15 e 5 " " "

Interaction between nutrient dilution and glutamine

(P<l+0) witly o (s loisine S (gl lite i Sy b g o (slocySibie |
L5 gl me (g)lol BMB] oo b (g ylel Llod 1 o, Silo 1S (P<e/oV ) s (P</o0 )

"Means within same row with different superscripts differ (P<0.05).

* (P<0.05), ** (P<0.01), ns no significant difference.
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Table S- Effects of nutrient dilution and different levels of L- glutamine supplementation on immune system response of broiler
chicken (% of body weight)"

B PHA-P
BuF (logz) SRBC 32,5 (logs) JulSses o3kl 25 .
Injection SRBC injection (log,) Newcastle titer (log,) (eide)

2 2 PHA —P (mm)
&yl 490
SS9 j9) Primary Secondary S ¥F ity Sin ¥y
Blood collection day Sigy V¥ Sig ¥ Sin¥s S ¥y 36d 42d 42d
24d 30d 36d 42d

Nutrient dilution ( gixe slge +51,5)
Ross recommendation 6.25 4.75 8? 6.13 7.88 4 1.020
5% diluted 6.75 4.38 6.5° 5.38 7 3.63 1.005
SEM 0.45 0.342 0.331 0.572 0.360 0.390 0.028
Glutamine supplementation ( elslS Lol )
0 4.75° 4° 5° 4.25 6.75 2.25° 0.69°
0.5 6™ 3.5 8 6.5 7.75 3.25™ 1.07°
1 7% 4.5 7.75° 6 7.25 4.25% 1.13*
1.5 8.25° 6.25° 8.25° 6.25 8 5.5° 1.17°
SEM 0.64 0.415 0.47 0.81 0.52 0.55 0.041
Source of variation p — value
(sl Jgo o815 Lol N N . . . N N
Nutrient dilution
OeliglS ol 31 * ook s ns ns sk sk
Glutamine supplementation
orebislS X (gdso dlge (S5 Lilate 3l
Interaction between nutrient ns ns ns ns ns ns ns

dilution and glutamine

(P</+8) 2kl e (5 2 sine AN (ol Al 2 spa Lidele a5l (st oa lapala
I (6l S L5JL‘J adlid A LidJLATL\A.‘ Bl LAU:S.JL:)A ns s(P<~/~ ) ) . kE s(P<~/~é ) k

"Means within same row with different superscripts differ (P<0.05)

*: (P<0.05), **: (P<0.01), ns: no significant difference
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Introduction Glutamine (Gln), a semi-essential or conditionally essential amino acid, is an abundant amino
acid in plasma and skeletal muscle. It is the main energy substrate for cells that undergo intense replication, such
as enterocytes, lymphocytes, macrophages, neutrophils and kidney cells and plays an important role in their
function and homeostasis. Apart from providing nitrogen for protein synthesis, Gln is a precursor for nucleic
acids, nucleotides, hexose amines, the nitric oxide precursor arginine (Arg), and the major antioxidant-
glutathione. It plays a central role in nitrogen transport between tissues, specifically from muscle to gut, kidney,
and liver. In addition to its role as a gluconeogenic substrate in the liver, kidney, and intestine, Gln is involved in
the renal handling of ammonia, serving as a regulator of acid base homeostasis. So the aim of this study was to
evaluate the effect of nutrient dilution and L- glutamine (Gln) supplementation on growth performance, intestine
morphology and immune response of broilers during starter (0 to 10 days), growth (11 to 24 days) and finisher
(25 to 42 days) periods.

Materials and methods A total of 320 one-day-old male Ross 308 broiler chicks were randomly assigned to
eight treatments with 4 replicates and 10 chicks per each. In this study two levels of nutrient dilution (Ross 308
broiler nutrition recommendation and 5% diluted) and 4 levels of GIn supplementation (0, 0.5, 1 and 1.5%) were
used in a completely randomized design as factorial arrangement 2x4. Growth performance was measured

periodically. In order to investigate jejenual histomorphology such as villus height, depth of crypt, villus height
to depth of crypt ratio, villus width, muscle layer thickness and epithelium thickness, on day 42 after 4 h fasting,
one bird per each replicate was randomly selected, slaughtered and 1 cm of middle section of jejenum was cut.
Cellular immune response was assessed in 40-d-old chick using the in vivo cutaneous basophilic hypersensitivity
response lectin phytohaemagglutinin (PHA-P) and humoral immune response was evaluated by injection of 1 ml
of 10 % suspension of sheep red blood cell (SRBC) on day 18. Primary immune response was measured after 6
(24 —day-old chick) and 12 (30 —day-old chick) days of the injection and secondary immune response was
assessed on day 36 and 42 experiment.

Results and Discussion The results indicated that nutrient dilution and Gln supplementation significantly
improved feed conversion ratio (FCR) in grower and finisher periods. Gln supplementation increased relative
weights of jejunum, small intestine, thymus and bursa of fabricius. The nutrient dilution and Gln significantly
affected villi height and crypt depth of jejunum. Gln is an important oxidative fuel for rapidly proliferating cells
such as those of the gastrointestinal tract and immune system, reticulocytes, fibroblast. To study humoral
immunity, the highest primary and secondary antibody response against Sheep red blood cell (SRBC) was seen
in diets containing 1.5% GIn and the lowest was seen in control (without Gln supplementation). In cellular
immunity determination, 24 h after subcutaneous injection of Phytohemagglutinin-P (PHA-P) revealed that Gln
supplementation increased toe web thickness. Gln is known to modulate immune function. Glutamine is utilized
at a high rate by cells of the immune system in culture and is required to support optimal lymphocyte
proliferation and production of cytokines by lymphocytes and macrophages. More recently, Gln has also been
shown to have anti-inflammatory effects, modulating cytokine production, both in vitro and in vivo, possibly
through decreasing a major transcription factor regulating immune and inflammatory responses. In addition, it
has been demonstrated that glutamine can modulate immune response by T cell activation. Therefore the
increased toe web thickness after PHA-P injection can be explained by increasing T cell proliferation.

Conclusion The results of present study revealed that formulation of diets with Ross 308 nutrient
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recommendation and 0.5% Gln supplementation improved growth performance and enhancement of immune
system function was observed in chicks fed diet with 1% GIn supplementation and Ross 308 nutrient
recommendation.
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