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ABSTRACT

Due to the ban on the use of antibiotics as growth promoters and disease
controllers in poultry feed, there have been numerous problems leading to depressed growth
performance and to an increased incidence of disease. The supplementation of glutamine as an
alternative feed additive should be studied in broiler diets. This study composes 2 experiments:
experiment 1 was conducted to investigate the optimum levels of glutamine supplementation in
broiler diets and experiment 2 was conducted to evaluate the effect of glutamine supplementation
at various stages of growth performance, gastrointestinal tract development, and immune response
of broilers.

In experiment 1, a total of 32 one-day, male chicks with an initial average body
weight of 41.5 g were allotted into 4 groups (8 chicks per each) and subsequently distributed to
individual cages. Feed and water were provided ad libitum through 21 days of age. Four dietary
treatments were as follows: control and supplemented GIn at 1, 2 and 3%, respectively. In
experiment 2, 300 one-day, mixed sex chicks were randomly divided into 5 treatments of 3
replicates of 20 birds each. The treatment groups were comprised of control and supplemented 1%
Gln fed broilers for 7, 14, 21 and 28 days of age. The birds were raised for 42 days.

The results showed that the addition of Gln at 1% provided the highest efficacy
(experiment 1) without any negative effects on dry matter, organic matter and ash digestibility and
nitrogen retention. However, when Gln at a level of 1% was provided to determine the optimum
supplementation period in diets (experiment 2), no significant benefits were found in most
parameters studied: growth performance, serum and small intestine immunoglobulin and the
digestive and immune organs’ relative weights. However, chicks fed with 1% Gln for 7 and 14
days had significantly higher villi wide in duodenum than the control.

From the above studies it was concluded that the addition of Gln at 1% showed
the highest efficacy. The most advantageous time to add Gln to the diet of newborn chicks is from
age 0 to 14 days. Beyond that age the addition of GIn to the diet has little to no affect. The reason
for this is because most of their systems, especially the digestive and immune systems, are not
fully developed and the chicks are more vulnerable to disease or likely to be negatively impacted

by their environment.
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Regulation of cell functions

Precursor of purine and pyrimidine

Precursor of glutathione

Interferes with L-arginine and oxide metabolism

Regulates cell size by osmosignaling

Stimulates Hsp formation

Stimulates AMP-activated protein kinase pathway
Regulation of lymphocyte function

Stimulates Con-A- and PHA-induced proliferation

Activates the expression of CD25, CD71, CD45RO

Stimulates interferon OL secretion

Stimulates lymphokine-activated killer-cells

Inhibits apoptosis

Stimulates intestinal immunity (GALT)

Increases proportion of natural killer cells in spleen
Regulation of monocyte function

Stimulates RNA synthesis

Increases IL-1 secretion

Stimulates phagocytosis of opsonized E. coli and oxidized erythrocytes

Stimulates antigen presentation

Increases expression of surface antigens

Influences differentiation

Improves antioxidant defenses

1301: Roth (2008)
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M3197 2.2 Nﬂﬂlﬂ\iﬂ?ilﬁiﬂﬂgﬁ?ﬁﬂﬁﬂﬁi\lSiﬂuzﬂ”lililiillulﬁlﬂi@]sllﬂx‘illﬂmﬂ

Reference Age (days) Level Weight gain (g) FCR
Soltan (2009) 0-42 Control 2,099b 1.85
0.5% 2,162° 1.82
1.0% 2,273 1.75
1.5% 2,082° 1.83
2.0% 2,054° 1.83
Bartell and Batal (2007) 0-21 Control 706" 0.59
1% 771° 0.61
4% 634" 0.58
Bartell and Batal (2007)  0-21 Control 739° 0.63
1% Gln for 4 d 742" 0.63
1% Gln for 7 d 775" 0.65
1% Gln for 14 d 791° 0.67
1% Gln for 21 d 805" 0.65
Maiorka et al. (2000) 0-28 Control 1,069 1.42
1% 1,089 1.41
Murakami et al. (2007) 0-21 Control 832 1.37
1% (1-7 d) 843 1.37
1% (1-14 d) 824 1.39
Yi et al. (2005) 0-28 Control 1,041° 1.58"
1% 1,156° 1.61°
1% + vaccination 1,249° 1.55°

““ Means with different superscripts in a column in each references are significantly different

(P<0.05)
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~ A ~ 1 a o Y a3 v &
M1319N 2.3 Na"l]@ﬂﬂ13!ﬁ51|ﬂg@quu@]ﬂﬂ:}"mﬂﬂn']ﬂ]la11!@1]1ﬁlaﬂeu@\1]lﬂlu@

Reference Level Villi height (JAm)
Dudenum Jejunum Ileum
Soltan (2009) Control 890.7° 456.5° -
0.5% 992.7" 620.5" -
1.0% 1023.1° 730.4" -
1.5% 1047.1° 746.6" -
2.0% 1089.5" 785.4" -
Bartell and Batal (2007) Control 738.6° 447.0° -
1% 907.6" 749.6" -
4% 936.6" 783.7° -
Murakami et al. (2007) 10% vitamin E 888.4 552.1 339.9
1% Gln+10% vitamine E 919.7 527.2 369.4
500 % vitamine E 803.9 454.6 384.2
1%GIn+500% vitamine E 855.3 4932 382.5
Yi et al. (2005) Control 792.0 - -
1% Gln 724.0 - -
1% Gln+vaccination 709.0 - -

““ Means with different superscripts in a column in each references are significantly different

(P<0.05)



M13199 2.4 HAVBIM LT UNGATUABNITABIAUDIABYN

Y

ANNY
References Animal Level Serum IgA Serum IgG  Intestinal IgA
Bartell and Batal Chickens (ng/ml) (ng/ml) (ng/ml)
(2007) Day 7 0.63" 1.24" -
Control 0.99" 1.33° -
1%
Day 14 0.90 1.57° -
Control 1.25 1.89° -
1%
Day 21 1.29 2.29" 1.91°
Control 1.43 2.59" 2.83"
1%
Johnson et al. (2006) % of total cells
Day 35
Control 5 - 40
4.3% 4 - 42
IFN-Y IL-2 (pg/ml)  IFN-Y/IL-4
(pg/ml)
Johnson et al. (2006) Weaned Day 35 p
pigs' Control 364 735 1.4°
4.3% 587 532 55°

*® Means with different superscripts in a column in each references are significantly different

(P<0.05)
" weaned at 21 days old

? days after weaned



UNA 3

A utumsIdY

= A < A A =
ﬂ'liﬁﬂy']ﬂi\‘]uu‘llqﬂ13ﬂﬂaﬂ\1@@ﬂlﬂu 2 N1INAAvN AD N1TNAADIN 1 ANHIN
] Y 1
53@1]ﬂ'lﬁlﬁﬁuﬂg@I’]ﬁu%iﬁu']gﬁuclu@'lﬁ'ﬁvlﬂlﬁ@ Llazﬂ'ﬁcﬂﬂa@\‘]ﬁ 2 ﬂ1iﬁﬂy1maﬂ|@\1ﬂ15!ﬁﬁw
v kA
ﬂ@'ﬂ'lﬁu%?]ﬁgﬂgma']@l'mc] @I@ﬁuiiﬂugﬂ'ﬁmﬁiﬁlﬁﬂiﬂﬂl@\iulﬂ&ﬁf] ATTNANUINITUDITSUU

NMUAUBINIT HAZMIADVTUBIADYUANNY

3.1. M3nAaesh 1: MsAnBIMIszAUMsIE3NngmiuTiinsanlue s
' &
Inise
d’ = a = 1 tg d’ [ J J ]
ieAnymaveImstasungandiuluenns lndieNszauaes  aemsdos
Y 9 N ¥ o a 1
Tanazlsse Tomildves Iarus MINAUINTVOITTUUNIAUAUDINIT  LAZAITABLAUDIAD
ay o 1 Li’
piidunuveInile
3.1.1. ¥ainaaes
' g v d 4 4 4
14 I nilomadaenugnanismersiues omosd (Arbor Acres) 91
@ %‘ o d' 2 9 Y] 1 ) (J dg! ] 1 < 1
13U thwiinmaeEudu 41.5 a3y gulasuau 32 dvunss Teewislneendlu 4 nguq oy 8
4
%1 a1 AN lszeznamaass 21 1 Hunuaunaaeuy Completely Randomized Design

¥ ] A
(CRD) Tagliomsuaz iy

3.1.2. 91115NA009
I 9 = a [ 4” = a
Wumsnadoumsldngativeduluemslnile  Taslimadsu
= tﬂ' [ 1 g’/ o Y 1% = [
nganiuluemsNszauag  91msneasanInuamuIulilssauved llsaumasnasnu
(Y ) o [ { H 1 3
MU MUAUZINUBY NRC (1994) dauandluasian 3.1 ommsnaassnlduiseoniy 4

1 vy
nqu sznaunly

2
=
=h.
—_

: gA3AUAN (Control)

o) Ja) I

S 1AINNGAINY 1%

2
=
=D
(S}

2
=
=D.
w

A UAGATIU 2%

Do oD

)
z
=h.
o

I UNGATIU 3%



16

M15199 3.1 A2UUTLNOUMUATYBIDINITNAADY (NTNABDIN 1)

Glutamine level

Item Control 1% 2% 3%

Ingredients, %

Corn 49.18 47.80 47.06 46.17
Soybean meal 28.65 28.72 28.72 28.84
Fish meal 9.00 9.00 9.00 9.00
Rice bran 5.00 5.00 5.00 5.00
Cassava starch 3.00 2.00 1.00 0.00
Soybean oil 3.10 3.86 4.60 5.36
Salt 0.25 0.25 0.25 0.25
DL-Methionine 0.26 0.27 0.27 0.28
Glutamine 0.00 1.00 2.00 3.00
Calcium carbonate 0.06 0.60 0.60 0.60
Dicalcium 1.00 1.00 1.00 1.00
phosphate

Premix’ 0.50 0.50 0.50 0.50

Calculated composition, %

AME, kcal/kg 3102 3102 3102 3102
Met + Cys 0.90 0.90 0.90 0.90
Lys 1.20 1.20 1.20 1.20
Ca 1.02 1.02 1.02 1.02
Available P 0.62 0.62 0.62 0.62

Analyzed composition, %

DM 92.06 92.29 92.22 92.51
CP 21.43 22.36 22.37 24.13
CF 291 2.80 2.84 2.90
EE 6.39 7.21 7.31 8.75

'Premix (0.5%) provided the following per kilogram of diet: vitamin A, 15,000 IU; vitamin D, 3,000 IU;
vitamin E, 25 IU; vitamin K, 5 mg; vitamin B , 2.5 mg; vitamin B,, 7 mg; vitamin B, 4.5 mg; vitamin B, ,, 25

[Lg; pantothenic acid, 35 mg; folic acid, 0.5 mg; biotin, 25 LLg; nicotinic acid, 35 mg; choline chloride, 250 mg;
Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; Cu, 1.6 mg; [, 0.4 mg; Se, 0.15 mg.
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Dietary treatments

Starter (0 to 21 d)

Finisher (22 to 42 d)

Item Control 1% GIn Control 1% GIn
Ingredients, %

Corn 48.64 47.80 52.04 51.17
Soybean meal 28.65 28.72 28.72 28.84
Fish meal 9.00 9.00 5.00 5.00
Rice bran 5.00 5.00 5.00 5.00
Cassava starch 3.00 2.00 3.00 2.00
Soybean oil 3.10 3.86 3.24 3.99
Salt 0.25 0.25 0.25 0.25
DL-Methionine 0.26 0.27 0.20 0.20
Glutamine 0.00 1.00 0.00 1.00
Calcium carbomate 0.60 0.60 0.60 0.60
Dicalcium phosphate 1.00 1.00 1.45 1.45
Premix’ 0.50 0.50 0.50 0.50
Calculated composition (%)

ME, kcal/kg 3102 3102 3102 3102
Met + Cys 0.90 0.90 0.78 0.78
Lys 1.20 1.20 1.03 1.03
Ca 1.02 1.02 0.90 0.90
Available P 0.62 0.62 0.57 0.57
Analyzed composition (%)

DM 93.34 93.55 93.52 93.29
CP 22.40 22.81 19.85 19.99
CF 2.70 2.95 2.57 3.47
EE 7.03 6.72 6.29 7.24

'Premix (0.5%) provided the following per kilogram of diet: vitamin A, 15,000 IU; vitamin D3, 3,000
IU; vitamin E, 25 IU; vitamin K3, 5 mg; vitamin B1, 2.5 mg; vitamin B2, 7 mg; vitamin B6, 4.5 mg;
vitamin B12, 25 uQ ; pantothenic acid, 35 mg; folic acid, 0.5 mg; biotin, 25 xQ ; nicotinic acid, 35
mg; choline chloride, 250 mg; Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; Cu, 1.6 mg; I, 0.4 mg; Se, 0.15

mg.
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v 4
M1 4.1 waveangaiiuaemides lauaz 1915y Teni ldves Insuz lu'lniile (Msnaaes

i
Glutamine level
Control 1% 2% 3% SEM P-value
DM (%) 74.01 72.60 72.55 68.83 25.4555 0.3754
Ash (%) 38.88 38.90 38.52 38.32 13.6744 0.9996
OM (%) 77.80 75.92 72.55 68.83 25.4555 0.3574
N retention (%) 67.52 66.70 66.07 64.40 23.3956 0.5965
"'Values for each parameter represent mean values of 8 observations
MR 4.2 wammﬂgmﬁu@iaﬁmﬁﬂaﬁ’mmmllfh{fa (2/100g BW) (M35naaodii 1)
Glutamine level

Control 1% 2% 3% SEM P-value
Spleen 0.12° 0.09° 0.11° 1.99" 0.0553 0.0001
Bursa 0.24 0.21 0.28 0.32 0.0541 0.5908
Duodenum 1.16 0.96 0.88 0.97 0.1131 0.4499
Jejunum 1.69 1.50 1.48 1.58 0.1422 0.7373
Ileum 1.33 1.27 1.24 1.22 0.0722 0.7203
Ceca 1.24 0.73 0.81 0.69 0.1855 0.2799

*® Means with different superscripts in a row are significantly different (P<0.05)

1 .
Values for each parameter represent mean values of 2 observations
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a A 1w a o N ¥ & v & A 1,2
M1319N 4.3 Waellﬂ\‘lﬂgﬁTNu@@aﬂBmgﬂ1\1i]aﬂjﬂjﬂjﬂiuajqﬁlaﬂm@qqﬂlu@ (MINaaoaIn 1)

Glutamine level

Item Control 1% 2% 3% SEM P-value
Villi height (um)
Duodenum 331 449 248 180 63.5418 0.1389
Jejunum 257 552 333 320 99.21 0.3024
Crypt depth (um)
Duodenum 125 132 124 102 17.9529 0.6868
Jejunum 93 107 97 98 16.6100 0.9280
Villi wide (um)
Duodenum 86" 92" 68° 51° 1.5116  0.0002
Jejunum 99 102 88 81 11.3400 0.5552

Villi height : Crypt depth

b a

Duodenum 2.7 34

C

2.0° 1.75 0.0075 0.3024
Jejunum 2.7 5.0 3.4 3.0 0.5408 0.1245

d Means with different superscripts in a row are significantly different (P<0.05)
"'Values for each parameter represent mean values of 2 observations

? Small intestine sample of each treatment was taken from chickens aged 21 days
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d’ = 1 a a 1 g d' 1
M13190 4.4 wammﬂgmuumammuzmmmgmﬂwum"lﬂma (MINeaoIn 2)

Glutamine supplemental period (days)

Control 7 14 21 28 SEM Contvs Gln®  P-value
BW gain (g)
Day 7 1329 1258 130.7 132.1 134.6 4.0260 NS’ 0.6175
Day 14 4183 4193 4240 426.0 453.7 8.1691 NS 0.0631
Day 21 917.7  921.6 9294 937.3 952.7  14.0788 NS 0.4607
Day 28 14343 14333 14479 14344 14344 37.7771 NS 0.9963
Day 35 1925.0 1949.3 2006.0 1898.7 1967.5 61.0944 NS 0.7716
Day 42  2350.0 24309 24024 2439.0 2372.8 62.7912 NS 0.8295
Feed cumulative (g/bird)
Day 7 153.5 155.8 153.7 159.6 160.2 1.4352 NS 0.1052
Day 14 436.0  468.1 479.7 4527 491.8 144611 NS 0.2757
Day 21 1071.3 11132 1130.7 1089.8 1156.3 27.6922 NS 0.2859
Day 28  2020.4 2081.9 2101.6 2021.1 2116.2 34.1748 NS 0.2182
Day 35 32419 34655 32793 3211.2 33323 97.8075 NS 0.4359
Day 42  4629.0 4651.8 44419 4416.0 45204 137.6652 NS 0.6583
FCR (g feed/g BW)
Day 7 1.16 1.24 1.16 1.21 1.19 0.0385 NS 0.5432
Day 14 1.04 1.12 1.13 1.06 1.08 0.0401 NS 0.4818
Day 21 1.23 1.28 1.28 1.23 1.28 0.0290 NS 0.4832
Day 28 1.41 1.45 1.45 1.39 1.48 0.0371 NS 0.4866
Day 35 1.69 1.78 1.63 1.7 1.7 0.0748 NS 0.7412
Day 42 1.97 1.92 1.85 1.81 1.91 0.0609 NS 0.4271

“*Means with different superscripts in a row are significantly different (P <0.05).

1 .
Value for each parameter represent mean values of 3 observations.

2Olr‘[hogonal polynomial contrast were used to evaluate treatment effects of control vs. mean of glutamine

supplementation period

*Not significant (P > 0.05).
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Glutamine supplemental period (days)

Control 7 14 21 28 SEM  ContvsGln®  P-value
Bursa (g/100 g BW)
Day 7 0.20 0.16 0.18 0.16 0.21 0.0179 NS’ 0.1136
Day 14 0.20 020 020 0.30 0.20 0.0237 NS 0.2033
Day 21 0.27 0.23  0.21 0.25 0.26 0.0236 NS 0.0918
Day 28 0.19 0.18 0.18 0.26 0.26 0.0229 NS 0.0699
Day 35 0.19 0.11 0.14 0.20 0.17 0.0259 NS 0.1770
Day 42 0.17 0.15 0.13 0.15 0.16 0.0347 NS 0.9597
Spleen (g/100 g BW)
Day 7 0.07 0.07  0.07 0.06 0.10 0.0089 NS 0.2354
Day 14 0.07 0.08 0.08 0.08 0.07 0.0104 NS 0.7386
Day 21 0.08 0.10 0.08 0.10 0.07 0.0115 NS 0.4727
Day 28 0.09 0.08 0.09 0.09 0.10 0.0071 NS 0.7128
Day 35 0.19 0.10 0.08 0.19 0.22 0.0696 NS 0.5532
Day 42 0.23 0.19 024 034 0.34 0.0761 NS 0.6470

““Means with different superscripts in a row are significantly different (P <0.05).

1 .
Value for each parameter represent mean values of 3 observations.

2Or‘[hogonal polynomial contrast were used to evaluate treatment effects of control vs. mean of glutamine

supplementation period.

*Not significant (P > 0.05).
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4 Y a o < v & o
ﬂ151\1ﬁ 4.6 Wﬂﬂl@ﬂﬂ@j@nﬁuﬁ@ﬂﬂi&lﬂ!gﬂNi]aﬂ183ﬂ1ﬂ1u61]1&}Lﬂﬂ"Ui’N]lﬂL‘l!i’J@”lq 0-42 23U (M3

nAaesi 2)

Glutamine supplemental period (days) SEM Contvs Gln®  P-value

Control 7 14 21 28

Villus height (um)
Day 7 284 301 333 382 267 41.3051 NS’ 0.3642
Day 14 420 395 358 421 483 56.0236 NS 0.6430
Day 21 425 439 435 480 458 60.4075 NS 0.9674
Day 28 607 674 630 789 601 42.1381 NS 0.1198
Day 35 681 656 722 705 777 68.2911 NS 0.7781
Day 42 838 775 684 674 687 58.7963 NS 0.2739
Crypt dept (um)
Day 7 75 89 79 61 79 12.4544 NS 0.6337
Day 14 75 75 101 73 94 16.2321 NS 0.6720
Day 21 105 119 91 88 97 9.8446 NS 0.2564
Day 28 87 100 90 98 83 10.3503 NS 0.8217
Day 35 86 114 89 70 74 17.6327 NS 0.4757
Day 42 100 120 104 99 101 6.1262 NS 0.1825
Villus wide (um)
Day 7 24° 66° 43" 50" 61° 8.6049 0.0091 0.0413
Day 14 35 61 63 63 67 8.6500 0.0138 0.1322
Day 21 37 59 56 59 56 12.1703 NS 0.7045
Day 28 53 66 78 56 78 10.1390 NS 0.2982
Day 35 76 83 61 70 7 10.9379 NS 0.6866
Day 42 89 89 68 64 63 9.0608 NS 0.1628
Villus height (um) : Crypt depth (um)
Day 7 3.96 3.51 4.59 6.70 4.02 0.8215 NS 0.1246
Day 14 7.06 6.51 3.66 5.80 6.45 1.8968 NS 0.7454
Day 21 4.16 3.76 4.76 6.41 6.32 1.1400 NS 0.3858
Day 28 7.21 7.22 7.05 8.54 8.46 1.2817 NS 0.8513
Day 35 8.66 6.23 8.12 8.54 8.57 1.7156 NS 0.8417
Day 42 8.49 6.63 6.61 7.30 6.97 0.8085 NS 0.5181

“*Means with different superscripts in a row are significantly different (P <0.05).
"Value for each parameter represent mean values of 3 observations.
2Olr‘[hogonal polynomial contrast were used to evaluate treatment effects of control vs. mean of glutamine
supplementation period

*Not significant (P > 0.05)
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4 1 a a ! ﬁ’
M5190 4.7 waveangaliusensnszqumsaeUauesveduy 1u TnayduvesIniieoig o-

42 Y (MINaanan 2)'

Cont vs Gln2

Glutamine supplemental period (days) SEM P-value
Control 7 14 21 28

Serum total immunoglobulin (g/dl)
Day 7 1.2420 1.0358 1.1879 1.1497  0.9420 0.0868 NS’ 0.8920
Day 14 0.7614 1.2005 1.2802 0.8068  0.7720 0.0773 NS 0.3222
Day 21 0.4641 0.5176 0.5388 0.2924  0.3362 0.0432 NS 0.7613
Day 28 0.7672 0.5811 0.6342 0.4826  0.1458 0.0679 NS 0.3328
Day 35 0.5422 0.5189 0.3340 0.4936  0.7398 0.0428 NS 0.5453
Day 42 0.1988 0.5645 0.2351 0.2030  0.1362 0.0237 NS 0.2177
Intestinal total immunoglobulin (g/dl)
Day 7 0.0087 0.0147 0.0150 0.0110  0.0093  0.000020 NS 0.4844
Day 14 0.0020 0.0053 0.0063 0.0043  0.0040  0.000006 NS 0.3967
Day 21 0.0093 0.0160 0.0157 0.0197  0.0157  0.000016 NS 0.2706
Day 28 0.0087 0.0037 0.0047 0.0127  0.0103  0.000016 NS 0.2623
Day 35 0.0137 0.0077 0.0200 0.0110 0.0157  0.000023 NS 0.2291
Day 42 0.0193 0.0220 0.0200 0.0100  0.0143  0.000046 NS 0.4959

““Means with different superscripts in a row are significantly different (P <0.05).

1 d
Value for each parameter represent mean values of 3 observations.

2OI“[hogonal polynomial contrast were used to evaluate treatment effects of control vs. mean of glutamine

supplementation period.

*Not significant (P > 0.05).



35

Nan133013al
= ) P a A v & '
nAnsAnImMszAUMsEsuagatiuiinganluens lndie wudims
A A A @ = A a ~ ~ v W 1 A
aFungailiuisyay 1% Hlseaninmgega (Minaaesil 1) Tashiszaudsnanamisomy

a ° I v o ' @ y
anunivesialaludr lddanaiugTodivveslnerg 21 Tu'lagege (p<0.05) ionfSouiion

'
[ IS}

v Y 1
nugasomsaugui lulinsasy Fawanisnaaeslidenndodny Maiorka et al. (2000) 9

1 = A A o = 1 A a o Y I U =Y
FYNUNNTATUNGAINUNTEAD 1% nwammamummqna"la“lum"lmaﬂmuﬂiaﬂuu

'
IS [

9
Hagyuy 9n114 Bartell and Batal (2007) 518\11u31ﬂ15lﬁ5uﬂ@ﬁ1uuﬁ‘i$ﬂﬂ 1 uag 4% 9101390

Yy 9
a 2

A o 93 A o o ~ 9 A A A g
imuanugevesia lalud Iddnaiug Todiiu iy uaz Toden 1d Natliiiosninnganiwilu

@ J A o

a A o A @ o Y I 1 [ o v g’/ Y
ﬂiﬂ’azuTu‘wmﬂmﬂumwaawauwmm"lﬁ Taautvasnasnuing m}uazwﬂummmu

o

[

[ A aa % I a P o 1 4
Tumsdunsizdniiu uaz Insiau Fuiluasiong e Inaniinihddn lumsseunsuyag
! A 1 1 <
AAAMTITONANIN (Krebs, 1980; Windmueller and Spaeth, 1980; Miller, 1999) 8814 13na13 1
Y Y v
MINARIATIH NUNMsETUNgaliufiszay 2 uag 3% Lwanenisaanunilvesiala
= o [I~1 ~ ] [ v ] < a A A o
(P<0.05) Feerunads liifluinswededanu uasgrelsnmsiadsungailiufiszau 1, 2, uaz
T [ 1 r'd g .
3% ludanansznuaemsges lauas lalsy Teand ldvea Invus Hona1nil Soltan (2009) #4ld
MMsANEIMINaveIMSEsuNgAuNTZAL 0.5, 1.0, 1.5 18z 2.0% Lagwingaiuiseay

1% Tlszaninmgagademsmuaussouzmsesyanla nagnszdumsnaneionzaie

o

Tuszuumaduens nazmsaovauesasgiguny Tuvazinsdsuiszaounni 1%
9

danansznu B uAanHAULA19 NNaITINAY

d‘ o = d‘ % d‘ = =Y d'
WaUINYMINUNTEAY 1% llﬂSUEJTEJNE‘]L‘W’E]ﬂﬂH1ﬂ1§$8$L3ﬁ1ﬂT§LﬁﬁJVI

[

a I o ' { 1
mungau Aotdsuiuszezina 7,14, 21 uaz 28 u Tu'lneg 0-42 7u (M3naaeed 2) WU

a = 1 1 Y 1 1 [ 1 =
msmiuﬂamuuimmazmumﬂwNallml,mnmmuamm

Y

oAy NNADA INouNn
Y

9
[ o

wsdmes MmsAne fe aussouzmansgaule msadugliduiu uaziminveseiong
A @ ] a @ 1 a3 1 @ a
nneMesnuMsgosomstazadugiigunu ed1elsnawludiuvesdnsuznsganisinig
o ¥ ' a = A Y a oY
youd1 1ddn wunmsaSungmluawsamiuanuniweddalaludlddnain gle
A v A [ Y v v 1 I v R A
Auuony 7 uaz 14 Tl (P<0.05) ua ldwuanuuanaainalulngisergou vinns
' 1A @ Jd 3
59U32U0NA15 Bartell and Batal (2007) 5189171 Tu'lnfida lalimswann Idauysaisalu
] aa 1 9 4 Y 1 =\ a A =\
FusnUesTIa Invzawnsaldilss Teminnaisems ldedndidsz@nsaw nazlinalums

[

A a a Y dy .. 1 [T o A
LWNﬁNﬁﬁﬂugﬂWiL‘ﬂiﬂJMUIﬂqﬂ UONINU Lija (1983) 31891UN Gluﬁ@]’]ﬂﬂﬁWﬂWHﬁVlll A3

-

=)

a a < 1 @ { A (% 1 . . o
ﬂﬁlﬁ]ii‘gl@rﬂjmi’] WU’JW@?EI’Jgﬁ!ﬁEITﬁ}’E)QﬂUﬂ1§8®8@1ﬁ13 (digestive organ) LUAZHAU WNIT

v
=

o ' <3 ' Aa o o a a 3 = o
W@lu'lﬂﬂ'l\‘]ﬁ?ﬂlﬁ'lﬁlu%j\ulﬁﬂéll@\isb"m Iﬂﬂﬁﬂ?ﬂﬂﬂu@ﬂﬁ’lﬂ'ﬁmﬁﬂuﬂﬁﬂiﬁ!ij PZUNITHAN

<} Ia 1 ' . = dy Y I Y a a
L@uqcﬁuﬂ%ﬂﬂﬂﬂﬂﬂ'lﬁ'ﬁaluﬂaiu'lﬂqu] (Nistan et al., 1991) “ﬁqcﬁﬁlﬁlﬁuﬂ']@@li']ﬂ'limimulﬁﬂiﬁell@\j



36

) o w o @ A 1% ]
daitinluszezusn azgniina lagmswannuese sz NNerdeenUN1560801%13 HINT WD
J o @ @ 1 9 a a 31 A A 49! ] <
suszozna lumMIiauIoieIzaIna1ad 14 aussougmsniagau Tanifegiuiu 0g191sn
dy = Y a =\ = A 9 a é 1 =
awlumsnaaesil Dadnmsesungatiuezlinalumsmuanunevesdala Faieziing
DA = A a A A X A ~ = D)
ADINDIDITUITOULMIDTYAD TANAITILINVUY 11910 UNITQAT NI ITHas 19
N Y A 49! 1 [l [ 1 1 [} A v o W aa
Uz Tewul ldvosd1so I aiuiy ua lunuradsnauanaedeiiisdagnieanaluns
y X X A a A 9 A Aa A v A
naaodnsell uinmadsungativeziun Wy lumsmvaussouzmsasyay Taveslnile
<] = J 2 4 ¥ v o oad X (S a Aa a
A TaslinesiFudvesihvindrmiuay YSnanisnueimisanas azlsgd@nsnimms
' Y H P
THo1nanuIumae 2,61, 2.67 18 4.95% ANEINU FIFOANTDINUNITIIOIIUUDI Bartell
A ' A = o = Y A a '
and Batal (2007) N5191msta5ungatiuluszay 4% nadaziinalumsimiuanugadala ua
% a a % I J A a
Tuneassnudwilinaasdussougmsniy@u Ia deerviull 1dmsmuanugaialass
o & A o Y Y N ¥ a a A dy
Tusuiunezvildmsl9dse Tesd ldves Invue uazaussouzmsns apan Ty
dy d' = 9 a a [ Li’ d‘
woNIINT MINHAMIANYINAIUANTTOUTMTTAD Taves Inile 7

9 w

lasvermsasungmiuliwa binanarsnueg1eiiied1an(P>0.05) e1uiipsninminaans
9

Y
v A

Yy Y = a Aa ' v dy ya
ﬂiiuhlﬂumﬁmuﬂuﬁmwumaﬂu UNITFUINUIANA Llazhlﬂ!,mazﬂﬂﬂgmamﬁlﬁumm
vy o ¥ = o q Yy 1 a A Ay A a o X
HUMUHUUDY muumﬁmwaﬂﬂw"lﬂmﬂmmmiﬂﬂﬂu%ﬂ’nmmlﬁEl“lJma‘Uﬂ‘Uﬂﬁ!,aENufoU
gad NI 11 aeandenun1sIIe9IUved Yi et al. (2005) Adnyimsiasungailiulu

' PRI ¢ v a ' = = 1 A
mmiﬂlmqmﬁmuuﬂLaﬂﬂuﬁﬂnzuma@uﬂﬂ@l W‘UﬂﬂgmuuuluuNaﬂﬂmimuﬁmiauz

a a 1 A = v U A Y Yo tg
mansyaulavesgns  wowumlonSeufoununguairunu uaieIvgns 1asuire E. coli

=

[ 1 [ A a { A o < [
K88 1i1g319me nungnsd lasungaiiiv ennsamuanugevesia lanusnud ldidnaiu

S o @ =) 9 A = @ oA Yo j‘ . + A 1 =)
A oAy Y LlﬂxllﬂmEJEJ"I,ﬂLlJE]L‘lFﬁEJ‘LImEJ‘]Jﬂ‘].IﬂQiJ‘V]]lﬂTLIL"]fﬂ E. coli K88 IWgIDy1NLAYD

U U

] =3 [ a a LY Yo &’ . + 1 1 d' Yo j‘
L‘]ﬂ!mEJ’Jﬂ‘]JﬁEJi'iE]leﬂ”l’iﬁ]'iiymﬁiﬁ‘ﬂadiﬂﬂhlﬂi‘]JL‘Ifﬂ E. coli K88 W‘]_I’ﬂfjﬂi‘luﬂquﬂllﬂﬁﬂ%@

a A %’ v o a A 3 1 = {a
E. coli K88 fioasimansaanInanad 50% uazimindilimuiuaelsuaeimsnny

]
= I~

] 1 Yo j‘ . + 1 o = = 1 g 9
afAaN 49% LL@1UﬂQNW1ﬂ§UL%@ E. coli K88 IIUNUNGATIU W‘].I'J13Jﬂ”li@]ﬂllﬁuﬂ\1@]@l,‘]f@]1ﬂﬂ

3 o a a 1 1 1 { j‘ v ?X‘l
yu TasfidasimsniadnTaliuandannnguaiuguiidsnsinge auiue1ndlullla

9

NANUITUAAINAADNITNAIUITZ VUM UAUDINST tazanssauzmsnsyaulaldedia
% g1 A " Yo X Aa X ' 1 1 it
Farunasdio Inldsums@esluannziinms@esedianunin sy Tuszuuns@eauy

é (= d‘ 1 a i‘ Y i‘ d' d’ 9 (%
gadmnssu 3 lnlinnudssdonmsaaie lsalaieun Tasmwizde lspiinertesnusz i
MUAUDIMIT (Yi et al., 2005; Bartell and Batal, 2007)

ag o J

AMTUMIADVAUBINOYNANAY WUNIMIEITUNGMTUTEAVY (3%) NWa

U q

2 o a { 1 1 1 1 4 4
GluﬂﬁlWiJﬂﬁWGMUWﬂTﬁ!EﬂﬁfUU‘UENﬂ}UJ (ﬂTi“V]ﬂﬁ’ENﬁ 1) LL@]VIJJﬁﬂﬁ@l@ﬂﬁﬁ%}%‘i@]@um@ﬁ%ﬁ taeg

a'ldar1uaan Faaoandnant Sakamoto et al. (2006), Bartell and Batal (2007) 518911431013



37

4 1 90’ 7 7 a a e
rsungaiu 1% awnsamumsiann ludruvenhmingdweas Inda'la ewilnagiig
1 [ 49! 1 U 9 o a L
yoegn Inluszezilnazgnitanniuundiunou Tasausuiinvousadluszyy

Jd Y

1 v 1 4 2 l 1 [
(Primary organs) A9 AON INTALALADUUDINS UNITWAILIYUNDU 1A Secondary organs 19414
ry org ry org

Y

1 a { o 1 ¥ a o o ' G4 . .
iy deunoudan@ny uazaeuiwraseusnud 1ddaimu Tiauysel (Dibner and Richards,

& a & ' o 0 w v ¥ 9 A g P {
2004) mﬂgmumﬂmmaQ‘waNmmﬂaﬂumﬂmﬂumsmmmwaﬁsnmaamam (Soltan,

= [ A A o Y Fl a a
2009) Tumsanylugnswun agariudunumdngylumsnszqumsaieouy Tulnayau

g q

1 0

A A o o nyd o q ¥ = a & .9 3y .
%umawwmaﬂmaﬂ ‘V]ﬂ‘l’iﬁ”liJ”IiﬂﬂﬂﬂWiE]ﬂ"]ﬁJﬁTﬁWHﬁ]"lﬂlﬁ]fﬂ E. coli lfll”lﬁﬂ”lblﬁ (Kitt el al.,

Y

2002; Zou et al., 2006) IFUABINUNTNAADIVDI Yu et al. (2002) N1FvimsAnuINeINUNT

= = 1 v a = L 1 1 1 <] dy 1
Lﬁillﬂ@,@nlluijllﬂﬂu]ﬂaiﬂll‘ﬂﬂ(luﬁmi‘ﬁfﬂull LW’]@EJNlliﬂ@niJGLuﬂTS‘V]ﬂaﬂ\iuthWllNa“Uﬂﬂ

Y
k) o v

= [ Y a A o o Y I Y dy A v j‘ dy
nNAAINUABNIINISAUHURY uwﬂu%suLLazaﬂﬁLaﬂ mummummmﬂ"lmuag]maElﬂu

[T =] Y

anmmmssamsiaegiad 319 lunuanuuanan lumswannvesszvugiquiuioneuiou

u

@ 1 =S g’/ dyc:\' v A a o 9! 1 ] dy
NUNQUAIUANY aﬂmalumimammﬂumimawiuiﬂayjaumm mwﬂﬂummmm%

v =\ Y 1A
mmauauamaﬂ’gmuu"lﬂﬂmmmi



UNAN 5

unagy

asilwamsIde
= a ~ v A = '
nnmsanumadsunganiiuluomslnde  Tesfnuinadeaussauzms
a a 1 9 9 N Y 1 ay o v
wianIa msdoslauaz 1915z Toni ldveslnrus msneuauesregliquiu wazmswemn
a Y v ¢
Yoe5zUUNuALe IS a1l ldasi
v oA ~ a ' g A = Y
1. szaungaiiuimmnzauiaisasuluens Inile fie Nszay 1%
o J a U
2. ngeliuasanszqumsnanrad luszuumuaue s Tudiunny
a a o < 1 ] ' 3 [
nhadalavsnud 1ddndiug Tediiuvesnitieary 7 uaz 14 3u 14

a9 [}

A A @ [ A A Y @ 9 1 [l
3. ngafiudiunumlumswannedvizinerdesnunmsadagiguny ua b
) a a ¥ Ao ° Y 3
wuralumsnszqumsaouauesvesduy TuTnayaunaludsuuazd 1dan
a 1 &’ [ [ [
4. marasungarfiulueimisiniie lidenansenuaonisdoslduay 14
s Y =3 = Y 1 g v o a2 Aa 1 @
Usz Towil ldvesInrug soudengarliuldwanoiiming Usuimemisinuaedu was

a a 9 1 &' % ] 1 U Lﬂ' a2 U U
‘IJ5$ﬁ“lfl‘ﬁﬂTWﬂﬁal“lffﬂﬁﬁsllﬂx‘lhlﬂluﬂfﬂfg 0-42 U UlNLL@Iﬂ@]NﬂHLNfJLIﬁ'El‘UmEl‘]Jﬂ‘UﬂQNﬂ’J‘Uﬂll

ULIGETGIE
= a = ' Li’ 9y '

nnmsanuimaasungaiinluemis lnitieudaaldiviug vanmsnaaes
1 L} 1 1 1 g QU o a 1 QU U ‘91}1 a
dlvgazdwwanae InilondsnnlasumsaSungaiiulugiseig 0-14 Ju aniumsasu

= 1 i‘ d‘ Y a a A = a a 1 [ 1 é

ngantiuluenis Initlete liinatllsz@nsaingaga nsnasaeiulugiseigaanan o
3 AN 1o A o ' ' 1 P Yo
Wuszegh Indalimaianszuuaieg veesene luauysel uazlasumansznuainms

nasumlasiiedunadonaies 18 Tannhga



UIFAUNIN

a 4 [ o =) EY 1 a
nszdus uniauluas. (2551). wavesayulnsihmareTesuaz Inaneaussouznisnan
[ 1 a a Jd a [} a
nmsdoe ldvesTnruz nazgunmlugngnsvaun. InentinusdSygmniiuda
UNFAIEAS. WHIINATVOULNU,
[R= an aa 4 1 SQAa a 4 o = A A 4 3};
%3 Yoyds, lsule ei3dasyasal, gua oo tazila §avad. (2551). drFuall. HUHAT
d' 1 U
N 5. ypuunu: Aalya.

o 7 a @ o @ 7 A A
TUBY WIAITTYINA. (2529). aNIYINIAMAATNINTAAILNNY (YaauasiluoLEYn). AN

Faunnemans: UnInauNEAIMaaS.

a d A A o J 4

a o ¢ wa 4 @ [ 4
gNFHUT a1szaniia, Iyades RUaWUS, UNET IUFY, Vetd glnga, 513155 515104,

a q

s &

fuaild imuzaad nasd3gny 33l (2542). BuyTuine. Auasai 4. ngumna;
fieaanoimaiina.
Alpers, D.H. (2006). Glutamine: do the data support the cause of glutamine supplementation in
humans? Gastroenterology: 106-116.
AOAC. (1990). Official methods of analysis (15th ed.). Association of Analytical Chemists.

Washington, DC.

Bartell, S.M. and Batal, A.B. (2007). The effect of supplemental glutamine on growth
performance, development of the gastrointestinal tract, and humoral immune response of
broiler. J. Poult. Sci. 86: 1940-1947.

Calder, P.C. and Yaqoob, P. (1999). Glutamine and the immune system. J. Amino Acids. 17:
227-241.

Carstensen, L., Annette, K.E., Karin, H.J. and Jens, P.N. (2005). Escherichia coli post-weaning
diarrhea occurrence in piglets with monitored exposure to creep feed. Vet. Micro. 110: 113-
123.

Dharmananda, S. (2008). Amino acid supplement I: Glutamine [Online]. Available: www.
itmonline.org/arts/glutamine.html

Dibner, J.J. and Richards, J.D. (2004). The digestive system: challenges and opportunities. J. Appl.
Poult. Res. 13: 86-93.

Engle, T.E., Spears, J.JW., Brown Jr, T.T., and Lloyd, K.E. (1999). Effect of breed (Angus vs.
Simmental) on immune function and response to a disease challenge in stressed steers and

preweaned calves. J. Anim. Sci. 77: 516-521.



40

Fischer da Silva, A.V., Maiorka, A., Borges, S.A., Santin, E., Boleli, I.C. and Macari, M. (2007).
Surface area of the tip of the enterocytes in small intestine mucosa of broilers submitted to
early feed restriction and supplemented with glutamine. Int. J. Poult. Sci. 6: 31-35.

Frederick, H., Martini, E. and Bartholomew, F. (1997). Essentials of anatomy and physiology.

U.S.A: Prentice-Hall Inc.

Hartke, J.L., Monaco, M.H., Wheeler, M.B. and Donovan, S. M. (2005). Effect of a short-term fast
on intestinal disaccharidase activity and villus morphology of piglets suckling insulin-like
growth factor-I transgenic sows. J. Anim. Sci. 83: 2404-2413.

Hedemann, M.S., Mikkelsen, L.L., Naughton, P.G. and Jensen, B.B. (2006). Effect of feed particle
size and feed processing on morphological characteristics in the small and large intestine of
pigs and on adhesion of Salmonella enterica serovar Typhimurium DT12 in the ileum in vitro.
J. Anim Sci. 83: 1554-1562.

Izat, A.L., Thomas, R.A. and Adams, M.H. (1989). Effects of dietary antibiotic treatment on yield
of commercial broilers. Poult. Sci. 68: 651-655.

Johnson, L.R., Ball, R.O., Baracos, V.E. and Field, C.J. (2006). Glutamine supplementation
influences immune development in the newly weaned piglet. Dev. Comp. Immunol. 30:
1191-1202.

Lija, C. (1983). A comparative study of postnatal growth and organ development in some species
of birds. Growth, 47: 317-339.

Kandil, H.L., Argenzio, R.A., Chen, W., Berschneider, H.M., Stiles, A.D., Westwich, J.K., Rippe,
R.A., Brenner, D.A. and Rhods, J.M. (1995). L-glutamine and L-asparagine stimulate ODC
activity and proliferation in a porcine jejunum enterocyte line. Physiol. 269: 591-599.

Kitt, S.J., Miller, P.S., Lewis, A.J. and Fischer, R.L. (2002). Effects of glutamine on growth
performance and small intestine villus height in weanling pigs. Lincoln: University Nebraska.

Krebs, H. (1980). Glutamine metabolism in the animal body. In Glutamine: metabolism

enzymology, and regulation. New York, Academic Press.

Maiorka, A., Slila, A.V.F., Santin, E., Borges, S.A., Boleli, I.C. and Macari, M. (2000). Influence
da suplementacao de glutamine sobre o desempenho ¢ o desenvolvimento de vilos e criptas

do intestine delgado de frangos. Arq. Bras. Med. Vet. Zoot. 52: 487-490.

Miller, A.L. (1999). Therapeutic considerations of L-glutamine: a review of the literature. Altern.

Med. Rev. 4: 239-248.



41

Morse, R. (1999). Biochemistry [Online]. Available: www.library.csi.cuny.edu/.../lect23/
lect23.html

Murakami, A.E., Sakamoto, M.I., Natali, L.M.G., Souza, L.M.G. and Farnco, JR.G. 2007.
Supplementation of glutamine and vitamin E on the morphometry of the intestinal mucosa in
broiler chickens. Poult. Sci. 86: 488-495.

Nitsan, Z.G., Avraham, B., Zoref, Z. and Nir, 1. (1991). Organ growth and digestive enzymes
levels to fifteen days of age in lines of chickens differing in body weight. Poult. Sci. 70:
2040-2048.

SAS Institute. (1996). SAS User’s Guide : Statistics". SAS Institute Inc. Cary, NC.

National Research Council. 1994. Nutrient Requirement of Poultry. 9" rev. ed. National Academy
Press. Washington, DC.

Roth, E. (2008). Nonnutritive effects of glutamine. J. Nutr. 138(10): 2025-2030.

Reeds, P. J. and Burrin, D. G. (2001). Glutamine and the bowel. J. Nutr. 131: 2505-2508.

Sakamoto, M.F., Murakami, A.E., Silveira, T.G.V., Fernandes, J.I.LM and de Oliveira, C.A.L.
(2007). Influence of glutamine and vitamine E on the performance and the immune responses
of broiler chickens. Brazilian J. Poult. Sci. 8: 243-249.

Soltan, M.A. (2009). Influence of dietary glutamine supplementation on growth performance,
small intestinal morphology, immune response and some blood parameters of broiler
chickens. Int. J. Poult. Sci. 8: 60-68.

Sornsuvit, C. (2007). Parenteral glutamine peptide supplementation in acute myeloid leukemia
patients receiving chemotherapy: effects on neutrophil function, prevention of chemotherapy-
induced side-effects and impact on cost effectiveness. Ph.D. Thesis (Nutrition). Mahidol
University.

Tapiero, H., Mathe, G., Couvreur, P., Tew, K.D. (2002). II. glutamine and glutamate. Biomed
Pharmacother 56: 446-457.

Windmueller, H.G. and Spaeth, A.E. (1980). Respiratory fuels and nitrogen metabolism in vivo in
small intestine of fed rats: Quantitative importance of glutamine, glutamate, and aspartate. J.
Biol. Chem. 255: 107-112.

Wu, G., Thompson, J.R. and Baracos, V.E. (1991). Glutamine metabolism in skeletal muscles
from the broiler chick (Gallus domesticus) and the laboratory rat (Rattus norvegicus).

Biochem. J. 274: 769-774.



42

Yi, G.F., Carroll, J.A., Allee, G.L., Gaines, A.M., Kendall, D.C., Usry, J.L., Toride, Y. and Izuru,
S. (2005). Effect of glutamine and spray-dried plasma on growth performance, small
intestinal morphology, and immune responses of Escherichia coli K88+. challenged weaned
pigs. J. Anim Sci. 83: 634-643.

Yi, G.F., Allee, G.L., Frank, J.W., Spencer, J.D and Touchette, K.J. (2001). Impact of glutamine,
menhaden fish meal, and spray-dried plasma on the growth and intestinal morphology of
broilers. Poult. Sci. 80(Suppl. 1): 201. (Abstr.)

Yu, I.T., Wu, I.F.,, Yang, P.C., Liu, C.Y., Lee, D.N. and Yen, H.T. (2002). Roles of glutamine and
nucleotides in combination in growth, immune responses and FMD antibody titers of
weaned pigs. Br. J. Anim Sci. 75: 379-385.

Zou, X.T., Zheng, G.H., Fang, X.J. and Jiang, J.F. (2006). Effects of glutamine on growth

performance of weanling piglets. Czech. J. Anim. Sci. 51: 444-448.



43

MANUHIN



World Academy of Science, Engineering and Technology 80 2011

Influence of Supplemental Glutamine on
Nutrient Digestibility and Utilization, Small
Intestinal Morphology and Gastrointestinal
Tract and Immune Organ Developments of

Broiler Chickens

Sutisa Khempaka, Supattra Okrathok, Laddawan Hokking, Buntita Thukhanon and Wittawat Molee

Abstract—This study was conducted to investigate the optimum
levels of glutamine (GIn) supplementation in broiler diets. A total of
32 one-day-old male chicks with initial body weight 41.5 g were
segregated into 4 groups (8 chicks per group) and subsequently
distributed to individual cages. Feed and water were provided ad
libitum for 21 days. Four dietary treatments were as follows: control
and supplemented GlIn at 1, 2 and 3%, respectively. The results found
that the addition GIn had no negative effects on dry matter, organic
matter, ash digestibility or nitrogen retention. Birds fed with 1% GIn
had significantly higher villi wide and villi height : crypt depth ratio
in duodenum than the control chicks and 2 and 3% Gin chicks. It is
suggested that the addition of GIn at 1% indicated a beneficial effect
on improving small intestinal morphology, in addition GIn may
stimulate immune organ development of broiler chickens.

Keywords—broiler chicken, digestibility, gastrointestinal tract

glutamine, glutamine
Dpromoters to improve growth performance and to control
diseases in poultry feed, there have been numerous
problems leading to depressed growth performance and an
increased the incidence of disease. The supplementation of
glutamine (GlIn) is an alternative feed additive that should be
studied in broiler diets. Glutamine is the most prevalent amino
acid in the bloodstream, accounting for 30-35% of the amino
acid N in the plasma and in the free amino acid pool in the
body [1].

I. INTRODUCTION
UE to the ban on the use of antibiotics as growth
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Numerous literatures reported that GIn is the principle
metabolic fuel for small intestine enterocytes, lymphocytes,
macrophages and fibroblasts and is considered an essential
amino acid in some species under inflammatory conditions
[2], [3]. Many benefits have been observed due to GIn
supplementation in the diet of humans and rats, however, little
research has been done with poultry. Therefore, this study was
aimed to investigate the effect of GIn supplementation on
nutrient  digestibility and retention, small intestinal
morphology and gastrointestinal tract and immune organ
developments of broiler chickens.

II.MATERIALS AND METHODS

A total of 32 one-day-old male chicks with initial body
weight 41.5 g were segregated into 4 groups (8 chicks per
group) and subsequently distributed to individual cages. Feed
and water were provided ad libitum for 21 days. Four dietary
treatments were as follows: control and supplemented GlIn at
1, 2 and 3%, respectively (Table 1). All nutrients were
formulated to meet or exceed the minimum NRC [4]
requirements for broiler chickens.

Excreta were collected on 18 to 21 days of age. The excreta
were sprayed with 5% HCI and dried at 55°C. Dried excreta
were stored at -20°C for later analyses. DM, organic matter
and N in the diets and excreta were measured to assess their
digestibilities and retention according to standard methods [5].
At the end of the experiment, the birds were weighed and
killed by cervical dislocation and then the abdominal cavity
was open. The thymus and spleen were removed and weighed.
For intestinal weight measurements, the small intestine was
removed and divided into 3 segments: duodenum, jejunum and
ileum. The ileum was flushed with 10 to 20 ml of deionized
water and the empty weight was recorded. While duodenum
and jejunum were flushed with 20 ml saline solution and the
empty weigh was recorded. Organ weights were expressed on
a weight relative to live body weight (g/100g of BW). For
morphologic analysis, approximately 5 cm of the middle
portion of the duodenum and jejunum was excised and fixed
with 10% formalin. The cross sections of 70% ethanol-
preserved segments for each duodenal and jejuna sample were
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TABLEI
COMPOSITION OF THE EXPERIMENTAL DIETS (AS FED BASIS)

Glutamine levels (%)

Item Control 1 2 3
Ingredients, %

Corn 48.64 47.06 47.06 46.17
Soybean meal 28.65 28.72 28.72 28.84
Fish meal 9.00 9.00 9.00 9.00
Rice bran 5.00 5.00 5.00 5.00
Cassava starch 3.00 2.00 1.00 0.00
Soybean oil 3.10 3.86 4.60 5.36
Salt 0.25 0.25 0.25 0.25
DL-Methionine 0.26 0.27 0.27 0.28
Glutamine 0.00 1.00 2.00 3.00
Calcium carbonate 0.06 0.60 0.60 0.60
Dicalcium phosphate 1.00 1.00 1.00 1.00
Premix* 0.50 0.50 0.50 0.50
Calculated composition, %

AME, kcal/kg 3102 3102 3102 3102
Met + Cys 0.90 0.90 0.90 0.90
Lys 1.20 1.20 1.20 1.20
Ca 1.02 1.02 1.02 1.02
Available P 0.62 0.62 0.62 0.62
Analyzed composition, %

DM 92.06 92.29 92.22 92.51
CP 21.43 22.36 22.37 24.13
CF 291 2.80 2.84 2.90
EE 6.39 7.21 7.31 8.75

*Premix (0.5%) provided the following per kilogram of diet: vitamin A, 15,000
1U; vitamin Dj, 3,000 IU; vitamin E, 25 IU; vitamin K3, 5 mg; vitamin By, 2.5
mg; vitamin B,, 7 mg; vitamin Bs, 4.5 mg; vitamin By, 25 pg; pantothenic
acid, 35 mg; folic acid, 0.5 mg; biotin, 25 pg; nicotinic acid, 35 mg; choline
chloride, 250 mg; Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; Cu, 1.6 mg; I, 0.4 mg; Se,
0.15 mg.

then prepared for staining with hematoxylin and eosin using
standard paraffin embedding procedures [6].

Data were analyzed by ANOVA and using SPSS version
13.0 [7]. Significant differences among treatment were
assessed by Duncan’s new multiple range-test.

Ill. RESULTS

Nutrient digestibility and retention of broiler chickens fed
with Gln is presented in Table 2. The results found that Gin
had no negative effects on dry matter, organic matter and ash
digestibility and N retention. Although these values were
numerically decreased with increasing Gln in diets but there
were not statistically differences (P>0.05). The percentages of
dry matter (DM), ash and organic matter digestibility and N
retention were 74.01, 72.60, 72.55 and 69.83%; 38.88, 38.90,
38.52 and 38.32; 77.80, 75.92, 72.55 and 67.52, 66.70, 66.07
and 64.40% in broilers fed control and supplemented with 1, 2
and 3% GIn, respectively.

TABLE Il
EFFECT OF GLUTAMINE SUPPLEMENTATION ON NUTRIENT
DIGESTIBILITY AND RETENTION!

Glutamine levels (%)

Control 1 2 3
DM (%) 74.01 72.60 72.55 68.83
Ash (%) 38.88 38.90 38.52 38.32
OM (%) 77.80 75.92 72.55 68.83
N retention (%) 67.52 66.70 66.07 64.40

Values for each parameter represent mean values of 8 observations

The effect of GIn on digestive and immune organ relative
weights of broilers is summarized in Table 3. The data
revealed that GIn supplementation had no effect on bursa,
small intestine and cecum relative weights of broilers
(P>0.05). While the spleen relative weight was significantly
heavier with the addition of 3% GIn compared with the control
and 1 to 2% GlIn diets. The weights of spleen (g/100g BW)
were 0.12, 0.09, 0.11 and 1.99 in broilers fed with control and
supplemented with 1, 2 and 3% GIn, respectively.

TABLE Il
EFFECT OF GLUTAMINE SUPPLEMENTATION ON DIGESTIVE AND
IMMUNE ORGAIN WEIGHTS OF BROILERS (G/100G BW)*

Glutamine levels (%)

Control 1 2 3 SEM
Spleen 0.12° 0.09° 0.11° 1.99* 0.0553
Bursa 0.24 0.21 0.28 0.32 0.0541
Duodenum 1.16 0.96 0.88 0.97 0.1131
Jejunum 1.69 1.50 1.48 1.58 0.1422
lleum 1.33 1.27 1.24 1.22 0.0722
Ceca 1.24 0.73 0.81 0.69 0.1855

%P Means with different superscripts in a row are significantly different
(P<0.05)
YValues for each parameter represent mean values of 2 observations

Glutamine supplementation in diets did not affect the villi
height and crypt dept both in duodenum and jejunum of
broilers (P>0.05) (Table 4). The values of villi height in the
duodenum and jejunum were 331, 449, 248, 180 um and 257,
552, 333 and 320 um in broilers fed control and supplemented
with 1, 2 and 3% GIn, respectively. The values of crypt dept in
duodenum and jejunum were 125, 132, 124 and 102 pm, and
93, 107, 97 and 98 umin broilers fed control and
supplemented with 1, 2 and 3% GIn, respectively. While the
birds fed diets supplemented with 1% GlIn had significantly
higher villi width in the duodenum than control and 2 to 3%
GlIn birds. The values of villi width in the duodenum were 86,
92, 68 and 51 um in broilers fed control and supplemented
with 1, 2 and 3% GIn respectively, in which the addition of 2
and 3% GIn resulted in decreased villi width (P<0.05).
However, the addition of GIn had no negative effect on
decreased villi width in jejunum. The ratio of villi height :
crypt dept in duodenum were increased according with the
villi width. These ratios increased in 1% GIn but decreased in
2 and 3% GIn when compared to control birds (P<0.05).
However, the ratios of villi height : crypt dept were not
significantly in jejunum. The values of villi height : crypt dept
ratio in the duodenum and jejunum were 2.7, 3.4, 2.0, 1.8 and
2.7,5.0, 3.4, 3.0 in broilers fed control and supplemented with
1, 2 and 3% GIn, respectively.

I\VV. DISCUSSION

This study found that the addition of GlIn at 1% showed the
highest efficacy without any negative effects on dry matter,
organic matter, ash digestibility or nitrogen retention. Birds
fed with 1% GIn had significantly higher villi width and villi
height : crypt depth ratio in duodenum than the control chicks.
This finding according to many previous studies indicated the
same effect of GIn supplementation in broiler chick diets on
increased villi height in small intestine [8]-[10]. In addition,
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TABLE IV
EFFECT OF GLUTAMINE SUPPLEMENTATION ON SMALL
INTESTINAL MORPHOLOGY*?

Glutamine levels (%)

Item Control 1 2 3 SEM
Villi height (um)

Duodenum 331 449 248 180 63.5418
Jejunum 257 552 333 320 99.21
Crypt depth (um)

Duodenum 125 132 124 102 17.9529
Jejunum 93 107 97 98 16.6100
Villi wide (um)

Duodenum 86" 92* 68 51 1.5116
Jejunum 99 102 88 81 11.3400
Villi height : Crypt depth

Duodenum 2.7° 3.4° 2.0° 1.8° 0.0075
Jejunum 2.7 5.0 34 3.0 0.5408
*@ Means with different superscripts in a row are significantly different
(P<0.05)

T Values for each parameter represent mean values of 2 observations
2 small intestine sample of each treatment was taken from chickens aged 21
days

Bartell and Batal [11] also reported a beneficial effect of Gin
on increased intestinal villi height when GIn was added to
diets at 1 and 4%. Because GlIn is an amino acid important for
utilization as energy source for the development of mucosa
and stimulate intestinal cell proliferation, thus it increasing the
absorptive surface of gastrointestinal mucosa and the
utilization of nutrients [11]. However, broilers fed diets
supplemented with 2 and 3% GIn had a significantly lower
intestinal villi width than the broilers fed control and 1% GlIn
diets. This phenomenon is still not clear. Soltan [10]
investigated the effect of GIn supplementation at 0.5, 1.0, 1.5
and 2% in broiler diets and concluded that the addition of 1%
GlIn can be improved growth performance and may stimulate
the development of gastrointestinal tract and immune
response, while higher level had negative effects. Normally, if
the intestinal villi height can be increased early in the chick’s
life, then the chick may be able to utilize nutrients more
efficiently earlier in life and thus have improved growth
performance [11]. In addition, Nitsan et al. [12] also stated
that birds with a faster growth rate have a high capability to
secrete high levels of enzymes, implying that initial growth is
only limited by the early development of the digestive organs,
therefore, reducing the time for development of digestive
organs, growth improvements could be achieved. Even though
the birds fed with 1% GlIn has increased villi width in
comparison with the control or 2 and 3% Gln, nutrient
digestibility and retention were not significantly different
among treatments. This may be due to the fact that all dietary
nutrients are balance and are sufficient for broiler
requirements, or it could also suggest that increased villi width
does not necessarily lead to increased nutrient utilization.
Immune tissue development is the basis of immune
functionality. The supplementation of Gln at levels of 3%
significantly promoted the growth of the spleen but had no
effect on the bursa weight. These findings are in agreement
with the previous studies which reported the improvement of
spleen and thymus weights in broiler chicks fed on diets
supplemented with GIn [10], [11], [13]. Glutamine is also the
precursor for the net synthesis of arginine, which has been
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shown to increase thymus and spleen size in mice [14]
increase cytokine production and enhance lymphocyte
proliferation [15].

Based on the above studies it is suggested that the addition
of GIn 1% indicated the most advantageous on improving
small intestine morphology. In addition GIn may stimulate
immune organ development of broiler chickens. This finding
may be useful for newborn chicks, since their system,
especially digestive and immune system is not fully developed
and the chicks are more susceptible to disease or likely to be
negatively impacted by their environment.
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