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Extended Abstract

Background: One of the major issues in the poultry industry is the continuous increase in the
production of animal protein. In recent decades, the challenge of increasing the growth rate and
body weight of birds at an early age has been a focus for poultry husbandry. On the other hand,
the rising costs of poultry feed in recent years, especially the high price of soybean meal, the
most accessible and common protein source in poultry feed, have made this challenge even
more difficult. Advances in poultry diet formulation and the inefficiency of using crude protein
to balance broiler diets have led to the use of more precise criteria, such as ideal amino acids or
digestible amino acids in diet formulation, reducing feed costs and ensuring the necessary
nutrients for poultry. Providing essential amino acids, particularly limiting amino acids, along
with sufficient levels of crude protein, can enhance production efficiency and reduce
environmental risks from excess nitrogen excretion. This study aimed to determine the optimal
level of crude protein and the effects of various levels of amino acids (methionine, lysine,
valine, and arginine) on growth characteristics, blood biochemical indices, immune response,
and intestinal morphology in Arian broiler chickens.

Methods: This experiment was conducted using 540 one-day-old Arian broiler chickens in a
completely randomized design with a 3x3 factorial arrangement, comprising nine treatments,
five replicates, and 12 chicks per replicate. Digestible amino acid coefficients of feed
ingredients were evaluated based on theNRC tables. The experimental birds were fed diets with
the same metabolizable energy, three levels of crude protein (CP) (90, 95, and 100 percent), and
three levels of total amino acids (TAA) (90, 95, and 110 percent), based on the
recommendations of the Arian breeding guide, over 4 periods: starter (1-14 days), grower (15-
24 days), finisher 1 (25-35 days), and finisher 2 (36-42 days). On day 42, two chicks were
randomly selected from each replicate to collect blood samples from each, and then they were
slaughtered for carcass trait measurements. Serum and plasma samples were centrifuged,
transferred to sterile microtubes, stored at -20 °C, and sent to the laboratory for measuring
immune response and blood biochemical indices. The concentrations of cholesterol,
triglycerides, LDL, HDL, total protein, albumin, creatinine, uric acid, and activities of alanine
aminotransferase and aspartate aminotransferase were determined using biochemical kits and an
automatic spectrophotometer (Jason Chem 200). To examine intestinal morphology, a 1-cm
section of the jejunum was cut, washed with saline, and stored in 10 percent formalin for 24 h.
The formalin solution was then replaced, and the samples were sent to the laboratory for slide
preparation. Statistical analysis of the data was performed using SAS software, a general linear
model, and a 3*3 factorial design in a completely randomized design, with mean comparisons
based on Tukey's multiple range test at a significance level of 0.05.

Results: In all four rearing periods, the interaction of recommended protein levels (100 percent)
with AA levels, particularly at 100 percent amino acids, resulted in the highest body weight (P <
0.05). In the starter, finisher 1, and overall periods (0-42 days), daily body weight gain and feed
intake were affected by the experimental treatments (P < 0.05). The treatment containing 100
percent CP and 110 percent AA resulted in the highest body weight gain and feed intake during
the entire rearing period (0-42 days; P < 0.05). The 100 percent CP and 110 percent AA
treatment led to a reduction in the feed conversion ratio in the starter period (P < 0.05). The
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interactions of CP and amino acids significantly affected breast, thigh, and proventriculus
relative weights (P < 0.05). The experimental treatments significantly influenced albumin, total
protein, and triglyceride concentrations as compared to the control (P < 0.05). Reducing CP
levels and increasing amino acid levels led to an increase in the lengths of the duodenum,
jejunum, ileum, and cecum (P < 0.05). The interaction of protein and amino acid levels
significantly affected villus height, villus width, crypt depth, and the villus cross-sectional area
(P <0.05). The treatment containing 100 percent protein and 110 percent amino acids presented
the highest European Production Efficiency Factor (EPEF) throughout the rearing period (P <
0.05).

Conclusion: Based on the experimental results, the optimal protein level for Arian broiler
chickens is the recommended level (100 percent). However, reducing protein levels and
increasing amino acid levels improved some growth characteristics, blood biochemical indices,
and intestinal morphology. On the other hand, different protein and amino acid levels did not
affect the immune response.
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Table 1. components and chemical compositions of experimental diets

cialol goyn lond oS 5 g oaimd LS5 (glipl - g

(Grower ration) ., o >

(Starter ration) Ll oy

(Treatment)
e
T9 T8 T7 T6 T5 T4 T3 T2 T1 T9 T8 T7 T6 T5 T4 T3 T2 T1 s S 5 (%)
Feedstuff
70.27 67.16 68.40 63.90 63.20 64.51 59.78 58.34 58.11 67.54 64.78 66.07 63.13 61.25 60.84 56.65 63.86 57.82 (Corn)c >
22.87 26.74 24.88 29.10 30.60 28.94 33.11 34.82 34.86 21.19 25.64 24.2 26.9 29.0 30.77 35.61 18.56 29.42 203 F¥l g s
(Soybean meal)
- - - - - - - - - 5.0 5.63 5.0 5.0 5.83 4.24 3.17 13.38 7.5 &3 oy
(Corn gluten meal)
1.50 2.00 2.00 2.14 2.51 2.20 2.68 2.99 3.18 - - - - - - - - 1.0 (Soybean oil)
Lsw o)
1.31 1.30 1.30 1.29 1.29 1.29 1.28 1.28 1.28 1.13 1.14 1.13 1.12 1.42 1.11 1.09 1.28 1.43 (Calcium carbonate)
1.53 1.50 1.52 1.49 1.47 1.49 1.46 1.44 1.44 1.87 1.82 1.85 1.82 1.55 1.8 1.79 1.17 1.52 (DI-calcium phosphate)
Olaud S’ 63
0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.3 0.2 0.2 0.2 0.31 0.2 0.2 0.37 0.34 (Sodium 7hloride)
Ses
0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.3. 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.30 0.3 (Supplement vit and
min)
ey 9 (See JoSo
0.45 0.21 0.33 0.38 1.17 0.38 0.33 0.22 0.22 0.43 0.16 0.3 0.37 0.12 0.24 0.31 0.09 0.18 (DL- methionine)
oo _Jle>
0.37 0.11 0.24 0.27 0.05 0.27 0.20 0.08 0.08 0.36 0.06 0.21 0.27 - 0.12 0.17 - 0.06 (L- valin)
odls —J)
0.46 0.08 0.27 0.28 - 0.28 0.16 - - 0.45 - 0.22 0.27 0.04 - - 0.19 - (L- arginine)
i)
Ol
0.60 0.26 0.43 0.45 0.17 0.45 0.36 0.20 0.19 0.72 0.27 0.53 0.61 0.19 0.38 0.42 0.08 0.43 (L- lysin)
o J
(Calculated nutrients) oud dwsle (gdse dlge
3020 3020 3020 3020 3020 3020 3020 3020 3020 2988 2958 2960 2959 2920 2900 2900 2900 2900 (kcal/kg) (Metabolisable
energy)
Slog 9w (5550
18.00 18.00 18.00 19.00 19.00 19.00 20.00 20.00 20.00 19.98 19.98 19.98 21.09 21.09 21.09 2222 2222 22.22 (%) pb5 gy
(Crude protien)
0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 (Calcium)(%) wads’
0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.44 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 0.48 (Phosphorus)
() s> B s
1.01 0.82 0.92 1.01 0.82 0.92 1.01 0.82 0.92 1.1 0.9 1.0 1.1 0.9 1.0 1.1 0.90 1.0 (Methionine cysteine)
1.46 1.08 1.20 1.46 1.08 1.20 1.46 1.08 1.20 1.46 1.19 1.33 1.46 1.19 1.33 1.46 1.19 1.33 (L _iysin)
1.13 0.84 0.94 1.13 0.84 0.94 1.13 0.84 0.94 1.13 0.92 1.03 1.13 0.92 1.03 1.13 0.92 1.03 (L- vaalin)
5ol
1.55 1.15 1.28 1.55 1.15 1.28 1.55 1.15 1.28 1.55 1.26 1.41 1.55 1.26 1.41 1.55 1.26 1.41 (L-arginine)
S5 o))

“8 B6 (slizg )5 oS ko WV g il £ o YO gty S 25 o A B2 (yralizg p)8 o V.0 K3 (raltyg 2 o Y/Y (B yalizg p5 oo V) DY ppnoliyg ldloyes 2015 Y0+ A palityg llalliye oly M-+ riggls STy8 10 (Gane JaSe 5 slizg JoSo p S5kS o

ol elty 2 o IV g 2 £ o < A ol 28 Lo VO (51800 £ Lo VO (59 p S e FB g p S Sheo £ BI2 (yralizg o) o 0V sl S 28 Lo
The vitamin and mineral premix supplied the following per kilogram of feed : vitamin A: 8800 IU; vitamin D3 : 2500 IU; vitamin E: 11 TU; vitamin K: 2.2 mg; vitamin B6 : 2.5 mg; vitamin B12: 0.01 mg; Niacin: 35 mg; Pantothenic acid:
8 mg; Folic acid: 0.5 mg; Choline: 50 mg. Mn: 75 mg; Fe: 75 mg; Zn: 65 mg; Cu: 6 mg; Se: 0.2 mg; Cu: 6 mg, lodine: 0.9 mg and Potasuim 0.3 mg
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Table 2. components and chemical compositions of experimental diets

csialol] (oo y> lond oS g 0aimd JSi5 glipl =Y o>

(Fnisher ration2) ¥ JLlL

(Fnisher rationl) Y bl

T9 T8 T7 Té6 T5 T4 T3 T2 T1 T9 T8 T7 Té6 T5 T4 T3 T2 Tl (Treatmem))l«:}

(%) Sygs oSy
Feedstuff
73.94 7131 72.59 7030 6823 6890 66.63 65.17 6564 6798 6581 66.87 6472 62.88  63.61 63.35 61.46 60.43 (Corn) &)
19.26 2239 20.87 2257 2526 2440 2627 28.10 2747 2223 2548 2392 2582 2870 27.51 29.02 29.90 31.00 (Soybean meal) s y> F¥l g s
- - - - - - - - - - - - - - - - - - (Corn gluten meal) <> gl
213 270 242 260 308 280 307 346 330 500 500 500 500 500 500 349 500 5.00 (Soybean oil) Lyw )
1.19 1.18 1.18 1.18 1.17 1.17 1.17 1.16 1.17 1.30 1.30 1.30 1.30 1.29 1.29 1.29 1.29 1.29 (Calcium carbonate) pawdS” lo,S
1.32 1.30 1.31 1.30 1.28 1.28 1.27 1.26 1.26 1.31 1.28 1.28 1.28 1.26 1.27 1.25 1.25 1.24 (DI-calcium phosphate) <lawdpendS' 53
0.35 0.35 0.35 0.35 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 (Sodium chloried) s
0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 (Supplement vit and min) _iselig 9 Jixe JoSo
0.38 0.17 0.27 0.34 0.14 0.23 0.30 0.10 0.20 0.39 0.23 0.28 0.34 0.13 0.23 0.30 0.12 019 (DL- methionine) (yige _ Jlg>
0.30 0.08 0.19 0.25 0.03 0.13 0.19 - 0.08 0.31 0.07 0.19 0.25 0.02 0.13 0.19 - 0.07 (L- valin) opls _J!
0.30 - 0.14 0.19 - 0.03 0.09 - - 0.38 0.03 0.20 0.27 - 0.90 1.17 0.29 - (L- arginine) u»))‘_‘_ﬂ
0.59 0.29 0.44 0.51 0.22 0.35 0.43 0.15 0.28 0.51 0.20 0.35 0.42 0.13 0.27 0.34 0.10 0.19 (L- lysin) opjd _J
(Calculated nutrients) 6. dwsbro (gixe dlgo
3100 3100 3100 3100 3100 3100 3100 3100 3100 3232 3202 3216 3206 3190 3190 3100 3168 3146 (keallkg) (Metabolisable cnergy) iy g g3,
15.75 15.75 15.75 16.62 16.62 16.62 17.50 17.50  17.50 16.65 16.65 16.65 17.57 17.57 17.57 18.50 18.50 18.50 (Crude protien) (/) P gy
0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 (Calcium) (/)m_wlf
0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 0.39 (Phosphorus) (/) oo yiawd ol yand
0.90 0.73 0.82 0.90 0.73 0.82 0.90 0.73 0.82 0.93 0.73 0.85 0.93 0.73 0.85 0.93 0.73 0.85 (Methionine cysteine) S + (i (pigsio
1.14 0.93 1.04 1.14 0.93 1.04 1.14 0.93 1.04 1.21 0.93 1.10 1.21 0.93 1.10 1.21 0.93 1.10 (L_iysin) JS oo
091 074 08 091 074 08 091 074 083 095 074 087 095 074 087 095 074 087 (L- vaalin) JS sy

1.23 1.00 1.12 1.23 1.00 1.12 1.23 1.00 1.12 1.29 1.00 1.18 1.29 1.00 1.18 1.29 1.00 1.18

(L-arginine) JS 3,1

S hn YO gty S 25 Jea A BZ (sl 5 e Y K5 (abing 5 ko VIV B (yolizg 5 ks WV DY by Ml 513 Y0+ A aling Ml
el 5 Lo 1V 330 28 o+ ] )5 s YO 55K 5 s YO s 5 o P8 s S s § B2 ol 5 oo +:0) kol S5 5 o 0 BO caling 135 s ke W 5 ol

The vitamin and mineral premix supplied the following per kilogram of feed : vitamin A: 8800 IU; vitamin D3 : 2500 IU; vitamin E: 11 IU; vitamin K: 2.2 mg; vitamin B6 : 2.5 mg; vitamin B12: 0.01 mg; Niacin: 35 mg;
Pantothenic acid: 8 mg; Folic acid: 0.5 mg; Choline: 50 mg. Mn: 75 mg; Fe: 75 mg; Zn: 65 mg; Cu: 6 mg; Se: 0.2 mg; Cu: 6 mg and Iodine: 0.9 mg
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Table 3. The effect of crude protein and amino acid levels on the body weight performance (grams) of Arian broilers

(£5) o 0iis oR153) (£55) o™ s
Body weight gain Body weight
ly weight gain (g) y weight (g) Treatments s o
YO-¥Y  YF-YD VE-YE
S\ VY S35, ¥Y S39) YD S35, V¥ $59) \¥F 59)
Sin Sin Sin Sio Sin Sio 39 SS9 Sis
678.40 465.13 460.20 310.9 ® 1947.5° 1272.3° 807.21° 347.0 % 36.10 90%
(FY
o9
653.36 549.67 457.07 300.92° 2000.3° 1343.7° 794.09° 337.022 36.10 95% Crude z
rotein
734.08 546.54 516.12 331.332 2164.12 1430.1 2 883.53* 367.40° 36.07 100% P g
o
=2
0.1631 0.0320 0.0153 0.0077 0.0001 0.0001 0.0021 0.0078 0.9403 P-value g,
690.49 528.75 473.89 304.91 2069.4 1343.69 814.93 341.04 36.12 90% Aol ck:
3
679.70 537.84 478.73 327.06 2043.3 1379.76 841.92 363.19 36.12 100% T;Ltfal e
amino
695.72 494.75 480.78 311.17 1999.3 1322.72 827.98 347.20 36.02 110% acid
0.9283 0.4351 0.9482 0.0607 0.2841 0.2327 0.5680 0.0605 0.3127 P.value
0.9128 24.6112 15.3141 0.5567 31.0143 23.4122 17.8015 0.5615 0.0558 SEM

TAA S aiel slosgul x CPpls yui5g

66024  592.09°  509.00  335.90°  21333®  1473.1°  86433°  372.00° 36.10 100 100
ab 5
72698  530.96° 51031 341690 21461 1419.1%  §88.13*  377.82° 36.13 90 100 | 2 ;
S £
81502  516.58° 52906  316.40°  2213.1°  1398®  881.46"  352.40° 35.99 110 100 | & .
g
649.07 5263 50026 33247° 20442 1395.1%  868.8°  368.56° 36.08 100 95 | ew
e
729.77 5252 444.94 248.41°  1984.4% 12547 729.46° 248.51° 36.10 90 95 &%
Zy
50073 597.52° 42600  321.88°  19722%  1381.5®  784.0®  358.00° 36.10 110 95 ;;%
(o}=
681.42  495.1°% 42692 312.82°  1952.5%  1271.1%  775.94%  349.02° 36.02 100 90 |2
a =
72027 BOIT 4e641 324650 207760 1357 $272%  360.80° 36.15 90 90 |Z
62401  370.16° 47827 2052 1812.6¢  1188.6¢  795.14® 33127 35.95 110 90
0.1334 0.0361 0.0635 0.0001  0.0003 0.003 0.0022  0.0001  0.7539 P.value
518105 426270 265249 113565 537184 405512 251783 113649  0.0967 SEM
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Means with different superscripts within each column differ significantly (p < 0.05).
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Table 4. The effect of crude protein and amino acid levels on feed consumption (g), feed conversion ratio, and the production index (%) in Arian broilers

AW

oy F¥=+ aJgs Lasls (p51p,5) Shys> oss s (ps5) &li5) Shys G puae
i feed conversion ratio (g/) Daily feed consumption (g) .
Production index ¥y ¥5opY Yoo \a-v¥ Y ¥y ¥eopY Yo \a-vE f Treatments Lo o5
0-42 days
229.66° 1.83 T.47 2.50 230 1.26° 35145° 952.1° 11253° 1043.6° 392.9 90% 25 e
224.55° 1.81 1.59 2.23 236 127¢ 3657.4° 1012.9 ® 11905 ° 1071.6° 3822 95% Crode
253.00 1.77 1.47 2.23 2.19 1.19° 3829.7° 1057.6° 1251.8° 1127.9° 392.5 100% protein z
0.0001 0.305 0.516 0.186 0.103 0.004 0.0001 0.0027 0.0001 0.0001 0.347 P-value RS
238.11 1.78 1.43 234 229 1.24 3701.4 1031.7 1211.9° 1083.6 374.3° 90% it oo
100% JS diela =R
239.00 1.81 1.55 2.28 229 1.24 3705.4 992.1 1216.7 1092.1 404.6° sy Total g
229.99 1.80 1.55 2.48 227 1.25 3594.8 998.76 1139.7° 1067.4 388.84 110% amino acid “
0.4060 0.717 0.523 0.508 0.972 0.917 0.1224 0.335 0.0030 0.5000 0.003 P-value
5.2231 0.027 0.087 0.122 0.056 0.015 42,0459 19.984 16.427 14.906 5.785 SEM
TAA JS 2ol sl x CP pl5 5555
255.00™ .79 159 217 221 T17™ 3832.3° 1027.8° 1278.6° 1123.0 393.9° 100 100 —
242 77%¢ 1.80 1.49 2.46 222 1.11° 3868.8° 1078.72 1278.6* 1133.1 378.4% 90 100 2 f
260.44° 1.71 1.31 2.38 2.14 1.28%® 3788.2° 1066.3* 1189.2% 11275 40520 110 100 g -
230.77 ¢ 1.83 1.60 232 224 1.24° 3733.6° 980.5 1217 1121.9 414.1° 100 95 £2
216.66™ 1.77 1.36 2.29 2.35 137 3530.2¢® 987.5% 1157 2be 1044.7 340.9° 90 95 gg ., &b
226.33 % 1.88 1.82 2.06 2.49 1.21% 3708.5° 1070.7® 1197 1048.3 391.7 110 95 > £ %
230.77° 1.82 1.46 235 2.41 1.30% 3550.2® 967.9%® 11450 10.31.4 405.7° 100 90 =T O
255.00% 1.78 1.43 2.28 231 1.24° 3705.3° 1029.0® 1199 1073.0 403.5® 90 90 g B
203.11¢ 1.82 1.5 3.01 2.19 1.25%® 3287.8° 859.3° 1032°¢ 1026.5 369.5% 110 90 Z ¢
0.0005 0.4905 0.4703 0.1745 0.2426 0.0001 0.0001 0.0019 0.0001 0.2000 0.002 P-value S &
9.0472 0.046 0.151 0.213 0.097 0.026 72.825 34.613 28.453 25.819 10.029 SEM =

[P # sorbeq (or

<

&

(D < 10) 3505 (o)l gine ST (i o )3 e i B> b s (:Sike
Means with different superscripts within each column differ significantly (p < 0.05).
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Table 5. Effects of crude protein and amino acids levels on blood indices and immune response against sheep red
blood cells in Arian broilers

K 12 JplS e o

i i e . e &b ] r oo i
Anibodyagainstsheepred 6 g5 wgl  ods T Gadls T el
Triglyceride Urea iLeo] ISPyl Creatinine Total Albumin Treatments o
(log2) b GOT ota;
(mg/d1) (e/d1) GPT ) (mg/dl) protein (e/d1)
IGG  IGM  SRBC un) (g/d1)
c b o .
2.60 3.40 6.00 74.16 8.22 333 265.39 0.260 4.27 1.16 90% e
2.16 3.53 5.70 71.01 9.11 3.21 260.87 0.282 451> 1.22b 95% b
Crude
2.00 3.60 5.60 78.42 9.16 341 283.39 0.270 4.61° 1.65* 100% protein k<
B
g
0.1196 0.797 1.30 0.0733 0.416 0.412 0.1685 0.2708 0.0001 0.0001 P-value 9_}3
a
(<}
ol 2
2.23 3.40 5.63 72.68 8.36 3.24 259.94 0.281 4.41° 1.30 90% o Ct
K 6
1.96 3.66 5.63 78.83 9.24 3.24 265.92 0.262 4.52° 1.42 100% Total \E—
amino -
2.56 3.42 6.03 72.83 8.90 3.35 283.81 0.280 4.46% 1.30 110% acid
0.1348  0.6569 0.482 0.0957 0.5331  0.7166 0.1448 0.0921 0.0065 1.2832 P-value
20.97 0.2135 0.242 2.2585 0.5610  0.1088 8.8280 .0069 0.0237 0.0600 SEM
TAA JS aiel spwlx CPpl oigy
1.90 3.50 5.40 54.58° 10.44 3.32 271.38 0.269 4.63° 1.614® 100 100
2.30 3.10 5.40 75.06° 8.37 3.65 296.71 0.285 4.60* 1.672%® 90 100
1.80 4.20 6.00 65.17% 8.69 3.26 282.08 0.269 4.59* 1.675* 110 100 % E
2.10 3.70 5.80 75.09* 9.22 3.22 270.75 0.271 4.60* 1.216%¢ 100 95 E:Q,A E
.
1.80 3.90 5.70 67.83% 8.88 3.15 235.94 0.282 4.40 1.206% 90 95 a:
@G
2.60 3.00 5.60 78.76* 9.23 3.25 275.94 0.295 4.55%® 1.252 8¢ 110 95 & 3
o
1.90 3.80 5.70 72.96® 8.06 3.19 255.62 0.246 4.33°¢ 1.444 ¢ 100 90 5(‘_——
2.60 3.20 5.80 73.30%® 7.83 3.25 247.16 0.277 4.24°¢ 1.041°¢ 90 90 E_ E—
>\
3.30 3.20 6.50 76.21° 8.78 3.55 239.40 0.277 4.24°¢ 0.996°¢ 110 90 > =
0.0686  0.2809  0.7446 0.0092 0.752 0.596 0.927 0.2643 0.0001 0.0001 P-value
0.3632 0.369 0.420 4.4697 0.975 0.188 15.2905 0.0120 0.0410 0.1039 SEM

(p < 140) By (gl gime WS gt o jd il pé By by gl 1Sk
Means with different superscripts within each column differ significantly (p < 0.05).
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Table 6. The effect of crude protein levels and amino acids on carcass yield and relative weight of carcass
components (percentage of carcass weight) in Arian broilers

O S B ) s
ool e ql“‘s‘“" ““5 b Abdominal L'J.‘) Az 4y Treatments b jlo.
Bursa Gall Gizzard Liver Heart fat Thigh Breast Carcass
fabricius bladder
0.31 0.16 2.64 3.57 0.96 3.76* 42.16 34.91 59.48 90%
P OnSon
0.30 0.16 2.57 3.40 0.96 3.65% 41.29 35.55 60.51 95% Crude
protein
0.30 0.16 2.59 3.56 0.90 3.02° 41.83 35.40 60.44 100% §
2
0.7488 0.9286 0.5707 0.3516 0.2332 0.0054 0.1053 0.4617 0.1196 P-value %
(o]
0.32 0.17 2.63 3.29 0.94 3.51 41.29 35.86 60.45 90% Ct
JS el i
0.31 0.15 2.58 3.60 0.92 3.50 41.78 38.19 60.21 100% Total amino \E—
acid =
0.27 0.15 2.58 3.63 0.96 3.42 40.20 34.80 59.77 110%
0.286 0.3693 0.7308 0.073 0.5179 0.9132 0.0891 0.1442 0.4638 P-value
0.0140 0.0127 0.0527 0.959 0.0276 0.1705 0.2896 0.3782 0.3903 SEM
TAAJS aiel swlx CPpls 355,
0.29 0.13 2.46 3.85 0.87 3.12 42.68%® 34.74% 59.91 100 100
0.32 0.18 2.79 3.31 0.91 3.06 41.18 36.10% 60.37 90 100
0.28 0.17 2.50 3.51 0.92 2.86 41.61 % 35.36® 61.04 110 100 ?T, g
o
0.32 0.15 2.64 3.36 0.92 3.50 40.24° 36.27%® 60.79 100 95 §‘ g
=
0.32 0.19 2.62 3.12 1.00 3.63 42.2] % 34.76® 60.60 90 95 o«
7
0.25 0.15 2.45 3.71 0.95 3.38 41.4] % 35.60% 60.14 110 95 RS
o it
0.34 0.18 2.65 3.58 0.97 3.87 42.4] ¢ 34.56® 59.92 100 90 S
< g
0.31 0.16 2.49 3.46 0.90 3.85 40.48 36.71% 60.38 90 90 §_ g
>
0.27 0.14 2.80 3.68 1.1 3.56 43.59° 33.45° 58.14 110 90 >\<._
0.2241 0.6299 0.0375 0.0784 0.4507 0.1350 0.0001 0.0227 0.1523 P-value
0.0242 0.0220 0.0914 0.1662 0.0479 0.2954 0.5017 0.6551 0.6760 SEM

(p < 140) 1)y (gl gme BMB) gt o yd il pé By by gl 1Sk

Means with different superscripts within each column differ significantly (p < 0.05).
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Table 7. The effect of crude protein levels and amino acids on the relative length of the intestine (cm/k"g) and the
morphology of the intestinal tissue (um) in Arian broilers

s caile gaw

el s p el o iz 02 ))\J}ﬂ&lL:s)l 5039y ekl peil; andjly> b5
e . Gos @ Crypt Vlu.us widh heigh Cecum Ileum  Jejunum  Duodenum Treatments
Cross-section S fiepth yiogySue Jiog Ko )
of 1r;tiei?it1nal VHED o ySus
420.21 33.41 54.13 74.13 1805.33 14.92* 59.10* 52.13® 13.98° 90% CxSen
440.80 33.59 53.06 78.93 1779.46 14.44* 56.13* 50.51° 14.32* 95% pls
482.62 33.92 50.93 89.46 1771.86 13.02° 51.71° 45.66° 12.76° 100% Ig‘gl:gﬁl §
22
0.0001 0.7712 0.0170 0.0001 0.0001 0.0001 0.0005 0.0006 0.0003 P-value %
S
447.51 33.00 53.46 81.06 1760.13 14.19 57.04%  49.84°® 13.84%® 90% PRI KW CE_
449.64 33.30 53.06 81.33 1763.33 13.59 52.51° 46.40° 13.06° 100% Total \g
446.49 34.62 51.60 80.13 1779.20 14.60 57.40° 51.98? 14.16°* 110% a;‘;l;liléo
0.8640 0.0619 0.2038 0.4860 0.0002 0.0651 0.0141 0.0006 0.0185 P-value
4.1927 0.4990 0.7620 0.7343 3.0729 0.3045 1.2873 0.1855 0.2750 SEM
TAA JS aiel dusl x CP pls 5590
467.48%¢ 32.75 52.40% 86.80% 1714.80¢ 12.77% 51.09° 44.60° 12.31° 100 100
482.17% 33.51 51.60® 89.20 % 1721.60°¢ 13902 54.89° 48.72° 13.57° 90 100
498.22% 35.49 48.80° 92.40° 1717.20¢ 12.38¢ 49.16° 43.65° 13.39° 110 100 g g
464.21% 32.97 53.60® 84.00% 1760.00¢ 14.612%¢ 54.67° 49.25° 13.81 100 95 g E
438.11¢¢ 33.54 52.80 78.80%¢ 1770.40% 13.91% 51.76 50.59° 14.11° 90 95 i\:
420.09¢ 34.27 52.80%® 74.00¢ 1808.00% 14.81%® 57.62%® 51.69® 14.02 110 95 ::33
417.22¢ 34.18 53.20% 73.20¢ 1815.20° 13.83% 51.76 45.60° 13.07° 100 90 E;\Ci_
422.25¢ 31.94 56.00* 75.20¢ 1788.40% 14.75¢%¢ 58.62: 50.19° 13.83 90 90 §_ g
421.17¢ 34.11 53.20% 74.00¢ 1812.40% 16.61° 66.93% 60.61* 16.07° 110 90 DD:\(':
0.0001 0.2221 0.0664 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001 P-value
7.2619 0.8643 1.3199 1.2719 0.3224 0.5274 2.2298 2.0535 0.4763 SEM

(p < 140) 1)y (gl gime BMiB) gt o yd Al pé By by gl 1Sk

Means with different superscripts within each column differ significantly (p < 0.05).

(1o Vo) eddtrog gho o)l dsw 2135 e
Owlidl g a0y A0 U s piigy pdaw u@lf o -l
9 O (159 dexde A e duoyd VYo U dlel (glaiwl o
9 0F Sy clile Jals e o)y il
A5 039y Jobo yialj3)
108 g S5

eradd Wiy olRih gSer I dwgcpl
5 pyome Mlul (gpmeld iso b als oKkl
Tk 5ixe 9 o3l Sigsl 45 b pole 09,5 lgemiily
Ded e (J19)48 5 ST Loy

References

5 55 et
‘uu)a).: 0)9.) )LQ‘> )ﬁ ).) 45 J.}.)].) UL“) mel)
b (20> Ver aw) (1S9 odbdnog ghaw (iSeay
aool gladuwl Mo Voo maw (ogadds diel laswl
sleeygd > (P < eed) el 1) a0 O
039 RlBl ((S39) ¥V=+) 0)9> IS 9 o (b cnjle]
bl sl ),)qu Shes Bpas 5 G4 4l
0y9 JS 53 doypd WV diel (sladow! pdaw 5 dopd Voo
) (EPEF) obg)l Mg ol padls cp i b)ep

Abbasi, M., Mahdavi, A., Samie, A., & Jahanian, R. (2014). Effects of different levels of dietary crude
protein and threonine on performance, humoral immune responses and intestinal morphology of
broiler chicks. Brazilian Journal of Poultry Science, 16, 35-44. https://doi.org/10.1590/S1516-

635X2014000100005


https://doi.org/10.1590/S1516-635X2014000100005
https://doi.org/10.1590/S1516-635X2014000100005
http://dx.doi.org/10.61882/rap.2025.1492
https://rap.sanru.ac.ir/article-1-1492-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-02 ]

[ DOI: 10.61882/rap.2025.1492 |

S plest b 5 Sin 8 alen o (lily (s Do b Sguld 95
WA VEF /¥ o)l [pmd 3l Jlo (ools Slides sla yings

Abdel-Moneim, A.-M. E., Selim, D. A., Basuony, H. A., Sabic, E. M., Saleh, A. A., & Ebeid, T. A.
(2020). Effect of dietary supplementation of Bacillus subtilis spores on growth performance, oxidative
status, and digestive enzyme activities in Japanese quail birds. Tropical Animal Health and
Production, 52, 671-680 https://doi.org/10.1007/s11250-019-02055-1

Adabi, S. G., Ceylan, N., Ciftci, L., & Ceylan, A. (2019). Response of growing chicks to supplementation
of low protein diets with leucine, valine and glycine-glutamic acid. South African Journal of Animal
Science, 49(6), 1047-1062. https://doi.org/10.4314/sajas.v49i6.9

Ajao, A. M., Liu, G., Taylor, J., Ball, M. E. E., Mercier, Y., Applegate, T. J., Selvaraj, R., Kyriazakis, I.,
Kim, W. K., & Olukosi, O. A. (2024). Phase-specific outcmes of arginine or branched-chain amino
acids supplementation in low crude protein diets on performance, nutrient digestibility, and expression
of tissue protein synthesis and degradation in broiler chickens infected with mixed Eimeria spp.
Poultry Science, 103(7), 103811. https://doi.org/10.1016/j.psj.2024.103811

Alagawany, M., El-Hindawy, M. M., El-Hack, M. E. A., Arif, M., & El-Sayed, S. A. (2020). Influence of
low-protein diet with different levels of amino acids on laying hen performance, quality and egg
composition.  Anais da  Academia  Brasileira de  Ciéncias, 92(01), ¢20180230.
https://doi.org/10.1590/0001-3765202020180230

Aletor, V. A., Hamid, 1. 1., Niess, E., & Pfeffer, E. (2000). Low-protein amino acid-supplemented diets in
broiler chickens: effects on performance, carcass characteristics, whole-body composition and
efficiencies of nutrient utilisation. Journal of the Science of Food and Agriculture, 80(5), 547-554.
https://doi.org/10.1002/(SICI)1097-0010(200004)80:5<547::AID-JSFA531>3.0.CO;2-C

Attia, Y. A., Bovera, F., Wang, J., Al-Harthi, M. A., & Kim, W. K. (2020). Multiple amino acid
supplementations to low-protein diets: Effect on performance, carcass yield, meat quality and nitrogen
excretion of finishing broilers under hot climate conditions. Animals, 10(6), 973.
https://doi.org/10.3390/ani10060973

Awad, E. A., Zulkifli, I., Farjam, A. S., & Chwen, L. T. (2014). Amino acids fortification of low-protein
diet for broilers under tropical climate. 2. Nonessential amino acids and increasing essential amino
acids. [talian Journal of Animal Science, 13(3), 3297. https://doi.org/10.4081/ijas.2014.3297

Awad, E., Zulkifli, I., Soleimani, A., Law, F., Ramiah, S., Mohamed-Yousif, I., Hussein, E., & Khalil, E.
(2019). Response of broilers to reduced-protein diets under heat stress conditions. World's Poultry
Science Journal, 75(4), 583-598. https://doi.org/10.1017/S0043933919000576

Ball, R. O., Urschel, K. L., & Pencharz, P. B. (2007). Nutritional consequences of interspecies differences
in arginine and lysine metabolism. The Journal of Nutrition, 137(6), 1626S-1641S.
https://doi.org/10.1093/jn/137.6.1626S.

Bahrampour, K., Afzali, N. & Hosseini-Vashan, S.J. (2025). Arginine amino acid, nano particles of zinc
oxide, and stock density: Effect on growth performance, intestinal morphology, blood indices, and
meat quality in broiler chickens. Poultry Science, 10.1016/j.psj.2025.106148.

Barekatain, R., Nattrass, G., Tilbrook, A., Chousalkar, K., & Gilani, S. (2019). Reduced protein diet and
amino acid concentration alter intestinal barrier function and performance of broiler chickens with or
without synthetic glucocorticoid. Poultry Science, 98(9), 3662-3675.
https://doi.org/10.3382/ps/pey563

Bartell, S., & Batal, A. (2007). The effect of supplemental glutamine on growth performance,
development of the gastrointestinal tract, and humoral immune response of broilers. Poultry Science,
86(9), 1940-1947. https://doi.org/10.1093/ps/86.9.1940

Benahmed, S., Askri, A., de Rauglaudre, T., Létourneau-Montminy, M.-P., & Alnahhas, N. (2023).
Effect of reduced crude protein diets supplemented with free limiting amino acids on body weight,
carcass yield, and breast meat quality in broiler chickens. Poultry Science, 102(11), 103041.
https://doi.org/10.1016/j.psj.2023.103041

Berres, J., Vieira, S., Kidd, M., Taschetto, D., Freitas, D., Barros, R., & Nogueira, E. (2010).
Supplementing L-valine and L-isoleucine in low-protein corn and soybean meal all-vegetable diets for
broilers. Journal of Applied Poultry Research, 19(4), 373-379. https://doi.org/10.3382/japr.2009-
00093

Bezerra, R., Costa, F., Givisiez, P., Freitas, E., Goulart, C., Santos, R., Souza, J., Brandao, P., Lima, M.,
& Melo, M. (2016). Effect of I-glutamic acid supplementation on performance and nitrogen balance of
broilers fed low protein diets. Journal of Animal Physiology and Animal Nutrition, 100(3), 590-600.
https://doi.org/10.1111/jpn.12405

Bregendahl, K., Sell, J., & Zimmerman, D. (2002). Effect of low-protein diets on growth performance
and body composition of broiler chicks. Poultry  Science, 81(8), 1156-1167.
https://doi.org/10.1093/ps/81.8.1156

Brudnicki, A., Brudnicki, W., Szymeczko, R., Bednarczyk, M., Pietruszynska, D., & Kirkillo-Stacewicz,
K. (2017). Histo-morphometric adaptation in the small intestine of broiler chicken, after embryonic
exposure to galactosides. Journal of Animal & Plant Sciences, 27(4). 1075-1082.

Cabel, M. C., & Walderoup, P. W. (1991). Effect of dietary protein level and length of feeding on
performance and abdominal fat content of broiler chickens. Poultry Science, 70(7), 1550-1558.
https://doi.org/10.3382/ps.0701550


https://doi.org/10.1007/s11250-019-02055-1
https://doi.org/10.4314/sajas.v49i6.9
https://doi.org/10.1016/j.psj.2024.103811
https://doi.org/10.1590/0001-3765202020180230
https://doi.org/10.1002/\(SICI\)1097-0010\(200004\)80:5%3c547::AID-JSFA531%3e3.0.CO;2-C
https://doi.org/10.3390/ani10060973
https://doi.org/10.4081/ijas.2014.3297
https://doi.org/10.1017/S0043933919000576
https://doi.org/10.1093/jn/137.6.1626S
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=gD4p95UAAAAJ&cstart=20&pagesize=80&citation_for_view=gD4p95UAAAAJ:eflP2zaiRacC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=gD4p95UAAAAJ&cstart=20&pagesize=80&citation_for_view=gD4p95UAAAAJ:eflP2zaiRacC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=gD4p95UAAAAJ&cstart=20&pagesize=80&citation_for_view=gD4p95UAAAAJ:eflP2zaiRacC
https://doi.org/10.3382/ps/pey563
https://doi.org/10.1093/ps/86.9.1940
https://doi.org/10.1016/j.psj.2023.103041
https://doi.org/10.3382/japr.2009-00093
https://doi.org/10.3382/japr.2009-00093
https://doi.org/10.1111/jpn.12405
https://doi.org/10.1093/ps/81.8.1156
https://doi.org/10.3382/ps.0701550
http://dx.doi.org/10.61882/rap.2025.1492
https://rap.sanru.ac.ir/article-1-1492-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-02 ]

[ DOI: 10.61882/rap.2025.1492 |

St ol Jw 9 880053 alen S (Lily s dlgx o ¢ Sgunld gy

AAN) Ly Slaogad p bl 3l g el lasesl g pl (3159 zolaw o uslio s

Castro, F. L., Teng, P.-Y., Yadav, S., Gould, R. L., Craig, S., Pazdro, R., & Kim, W. K. (2020). The
effects of L-Arginine supplementation on growth performance and intestinal health of broiler chickens
challenged with Eimeria Spp. Poultry Science, 99(11), 5844-5857.
https://doi.org/10.1016/j.psj.2020.08.017

Castro, F., Su, S., Choi, H., Koo, E., & Kim, W. (2019). L-Arginine supplementation enhances growth
performance, lean muscle, and bone density but not fat in broiler chickens. Poultry Science, 98(4),
1716-1722. https://doi.org/10.3382/ps/pey504

Chrystal, P. V., Moss, A. F., Khoddami, A., Naranjo, V. D., Selle, P. H., & Liu, S. Y. (2020). Effects of
reduced crude protein levels, dietary electrolyte balance, and energy density on the performance of
broiler chickens offered maize-based diets with evaluations of starch, protein, and amino acid
metabolism. Poultry Science, 99(3), 1421-1431. https://doi.org/10.1016/j.psj.2019.10.060

Council, N. R., & Nutrition, S. O. P. (1994). Nutrient Requirements of Poultry: 1994. National
Academies Press.

Dairo, F., Adesehinwa, A., Oluwasola, T., & Oluyemi, J. (2010). High and low dietary energy and protein
levels for broiler chickens. African Journal of Agricultural Research, 5(15), 2030-2038.
https://doi.org/10.5897/AJAR10.254

De Cesare, A., do Valle, 1. F., Sala, C., Sirri, F., Astolfi, A., Castellani, G., & Manfreda, G. (2019). Effect
of a low protein diet on chicken ceca microbiome and productive performances. Poultry Science,
98(9), 3963-3976. https://doi.org/10.3382/ps/pez132

D'Mello, J. (2003). Adverse effects of amino acids. In Amino Acids in Animal Nutrition (pp. 125-142).
CABI Publishing Wallingford UK. https://doi.org/10.1079/9780851996547.0125

Dozier W.A., Kidd, M., & Corzo, A. (2008). Dietary amino acid responses of broiler chickens. Journal of
Applied Poultry Research, 17(1), 157-167. https://doi.org/10.3382/japr.2007-00071

Fernandez, S. R., Aoyagi, S., Han, Y., Parsons, C., & Baker, D. H. (1994). Limiting order of amino acids
in corn and soybean meal for growth of the chick. Poultry Science, 73(12), 1887-1896.
https://doi.org/10.3382/ps.0731887

Fiala, N. (2008). Meeting the demand: an estimation of potential future greenhouse gas emissions from
meat production. Ecological Economics, 67(3), 412-419.
https://doi.org/10.1016/j.ecolecon.2007.12.021

Gholami, M., Hassanabadi, A. N., & Golian, A. (2015). fects of different levels of digestible arginine and
protein in starter diets containing ideal amino acids ratio on Eperformance, carcass traits and serum
parameters in broiler chickens. [ranian Journal of Animal Science Research, 7(2), 314-352.
https://doi.org/10.22067/ijasr.v7i2.51524

Havenstein, G., Ferket, P., Scheideler, S., & Rives, D. (1994). Carcass composition and yield of 1991 vs
1957 broilers when fed “typical” 1957 and 1991 broiler diets. Poultry Science, 73(12), 1795-1804.
https://doi.org/10.3382/ps.0731795

Hernandez-Huesca, A., Cortes-Cuevas, A., Juarez-Ramirez, M., Menocal-Arce, J., Margarito-Romero,
M., & Avila-Gonzalez, E. (2024). Effect of low protein diets supplemented with amino acids on
productive performance, carcass yield and intestinal integrity on broilers. Tropical and Subtropical
Agroecosystems, 27(2). http://doi.org/10.56369/tsaes.4905

Hilliar, M., & Swick, R. (2019). Nutritional implications of feeding reduced-protein diets to meat
chickens. Animal Production Science, 59(11), 2069-2081. https://doi.org/10.1071/AN19221

Hilliar, M., Hargreave, G., Girish, C., Barekatain, R., Wu, S.-B., & Swick, R. (2020). Using crystalline
amino acids to supplement broiler chicken requirements in reduced protein diets. Poultry Science,
99(3), 1551-1563. https://doi.org/10.1016/j.psj.2019.12.005.

Hosseini-Vashan, S.J., & Piray, A.H. (2021). Effect of dietary saffron (Crocus sativus) petal extract on
growth performance, blood biochemical indices, antioxidant balance, and immune responses of broiler
chickens reared under heat stress conditions. [talian Journal of Animal Science, 20, 1338-1347.
10.1080/1828051X.2021.1921628.

Isakov, N., Feldman, M., & Segal, S. (2005). The mechanism of modulation of humoral immune
responses after infection of mice with lactic dehydrogenase virus. Journal of immunology (Baltimore,
Md.: 1950), 128(2), 969-975.

Kamran, Z., & Mirza, M. A. (2004). Effect of decreasing dietary protein levels with optimal aminoacids
profile on the performance of broilers. Pakistan Veterinary Journal (Pakistan), 24(4).

Kidd, M., Kerr, B., England, J., & Waldroup, P. (1997). Performance and carcass composition of large
white toms as affected by dietary crude protein and threonine supplements. Poultry Science, 76(10),
1392-1397. https://doi.org/10.1093/ps/76.10.1392

Kriseldi, R., Tillman, P., Jiang, Z., & Dozier, W. A. (2018). Effects of feeding reduced crude protein diets
on growth performance, nitrogen excretion, and plasma uric acid concentration of broiler chicks
during the starter period. Poultry Science, 97(5), 1614-1626. https://doi.org/10.3382/ps/pex395

Liang, Y., Zheng, X., Wang, J., Yang, H., & Wang, Z. (2023). Different amino acid supplementation
patterns in low-protein diets on growth performance and nitrogen metabolism of goslings from 1 to 28
days of age. Poultry Science, 102(2), 102395. https://doi.org/10.1016/].psj.2022.102395


https://doi.org/10.1016/j.psj.2020.08.017
https://doi.org/10.3382/ps/pey504
https://doi.org/10.1016/j.psj.2019.10.060
https://doi.org/10.5897/AJAR10.254
https://doi.org/10.3382/ps/pez132
https://doi.org/10.1079/9780851996547.0125
https://doi.org/10.3382/japr.2007-00071
https://doi.org/10.3382/ps.0731887
https://doi.org/10.1016/j.ecolecon.2007.12.021
https://doi.org/10.22067/ijasr.v7i2.51524
https://doi.org/10.3382/ps.0731795
http://doi.org/10.56369/tsaes.4905
https://doi.org/10.1071/AN19221
https://doi.org/10.1016/j.psj.2019.12.005
https://scholar.google.com/scholar?oi=bibs&cluster=10761785047651048642&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=10761785047651048642&btnI=1&hl=en
https://scholar.google.com/scholar?oi=bibs&cluster=10761785047651048642&btnI=1&hl=en
https://doi.org/10.1093/ps/76.10.1392
https://doi.org/10.3382/ps/pex395
https://doi.org/10.1016/j.psj.2022.102395
http://dx.doi.org/10.61882/rap.2025.1492
https://rap.sanru.ac.ir/article-1-1492-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-02 ]

[ DOI: 10.61882/rap.2025.1492 |

St plasl 1w 9 3 Kin )8 Gaaled dpw (Lily pes dlom S o Sgunld 9,8

W VEF /¥ o)l [pmd 3l Jlo (ools Slides sla yings

Macelline, S. P., Wickramasuriya, S. S., Cho, H. M., Kim, E., Shin, T. K., Hong, J. S., Kim, J. C., Pluske,
J. R., Choi, H. J., & Hong, Y. G. (2020). Broilers fed a low protein diet supplemented with synthetic
amino acidsmaintained growth performance and retained intestinal integrity while reducing nitrogen
excretion when raised under poor sanitary conditions. Poultry Science, 99(2), 949-958.
https://doi.org/10.1016/j.psj.2019.10.035

Mavromati, E., Sena, L., Gjeta, Z., & Mavromati, J. (2018). Assessing the economic efficiency in some
broiler farms through the European production efficiency factor (EPEF). European Academic
Research, 6(9), 5354-5362. https://euacademic.org

Mottet, A., & Tempio, G. (2017). Global poultry production: current state and future outlook and
challenges. World's Poultry Science Journal, 73(2), 245-256.
https://doi.org/10.1017/S0043933917000071

Nelson, N., Lakshmanan, N., & Lamont, S. (1995). Sheep red blood cell and Brucella abortus antibody
responses in chickens selected for multitrait immunocompetence. Poultry Science, 74(10), 1603-1609.
https://doi.org/10.3382/ps.0741603

Neto, M. G., Pesti, G., & Bakalli, R. (2000). Influence of dietary protein level on the broiler chicken's
response to methionine and betaine supplements. Poultry Science, 79(10), 1478-1484.
https://doi.org/10.1093/ps/79.10.1478

Ospina-Rojas, 1., Murakami, A., Eyng, C., Nunes, R., Duarte, C., & Vargas, M. (2012). Commercially
available amino acid supplementation of low-protein diets for broiler chickens with different ratios of
digestible glycine+ serine: lysine. Poultry Science, 91(12), 3148-3155.
https://doi.org/10.3382/ps.2012-02470

Panda, A., Rao, S., Raju, M., Lavanya, G., Reddy, E., & Sunder, G. S. (2011). Early growth response of
broilers to dietary lysine at fixed ratio to crude protein and essential amino acids. Asian-Australasian
Journal of Animal sciences, 24(11), 1623-1628. https://doi.org/10.5713/ajas.2011.11080

Parsacimehr, K., Daneshyar, M., Farhoumand, P., Janmohammadi, H., Oliyaei, M., & Javanmard, A.
(2022). The effect of adding different levels of valine in low protein diets on performance, blood
parameters and tibial bone properties of ross-308 broiler chickens from 8-21 days. Research on
Animal Production, 13(37), 32-39. https://doi.org/10.52547/rap.13.37.32

Prakatur, 1., Miskulin, M., Pavic, M., Marjanovic, K., Blazicevic, V., Miskulin, 1., & Domacinovic, M.
(2019). Intestinal morphology in broiler chickens supplemented with propolis and bee pollen.
Animals, 9(6), 301. https://doi.org/10.3390/ani9060301

Salahi Moghaddam, R., & Shahir, M. (2021). Response of broiler chicks to different levels of dietary
ideal protein and digestible valine to lysine ratios in the starter period. Livestock Products, 23(4), 535-
548. https://doi.org/10.22059/jap.2021.323616.623617

Saleh, A. A., Amber, K. A., Soliman, M. M., Soliman, M. Y., Morsy, W. A., Shukry, M., & Alzawqari,
M. H. (2021). Effect of low protein diets with amino acids supplementation on growth performance,
carcass traits, blood parameters and muscle amino acids profile in broiler chickens under high ambient
temperature. Agriculture, 11(2), 185. https://doi.org/10.3390/agriculture11020185

Selle, P. H., Dorigam, J. C., Lemme, A., Chrystal, P. V., & Liu, S. Y. (2020). Synthetic and crystalline
amino acids: alternatives to soybean meal in chicken-meat production. Animals, 10(4), 729.
https://doi.org/10.3390/ani10040729

Teng, P.-Y., Choi, J., Yadav, S., Tompkins, Y., & Kim, W. K. (2021). Effects of low-crude protein diets
supplemented with arginine, glutamine, threonine, and methionine on regulating nutrient absorption,
intestinal health, and growth performance of Eimeria-infected chickens. Poultry Science, 100(11),
101427. https://doi.org/10.1016/j.psj.2021.101427

Toprak, N., Yavas, L., Cenesiz, A., Ceylan, N., & Ciftci, I. (2021). Effects of digestible amino acidbased
formulation of low protein broiler diets supplemented with valine, isoleucine and arginine on
performance and protein efficiency. Czech Journal of Animal Science, 66(5).
https://doi.org/10.17221/293/2020-cjas

Uyanga, V. A., Xin, Q., Sun, M., Zhao, J., Wang, X., Jiao, H., Onagbesan, O. M., & Lin, H. (2022).
Research Note: Effects of dietary L-arginine on the production performance and gene expression of
reproductive hormones in laying hens fed low crude protein diets. Poultry Science, 101(5), 101816.
https://doi.org/10.1016/j.psj.2022.101816

Van Harn, J., Dijkslag, M., & Van Krimpen, M. (2019). Effect of low protein diets supplemented with
free amino acids on growth performance, slaughter yield, litter quality, and footpad lesions of male
broilers. Poultry Science, 98(10), 4868-4877. https://doi.org/10.3382/ps/pez229

Waguespack, A., Powell, S., Bidner, T., Payne, R., & Southern, L. (2009). Effect of incremental levels of
L-lysine and determination of the limiting amino acids in low crude protein corn-soybean meal diets
for broilers. Poultry Science, 88(6), 1216-1226. https://doi.org/10.3382/ps.2008-00452

Wilkinson, D. J., Brook, M. S., & Smith, K. (2021). Principles of stable isotope research—with special
reference to protein metabolism. Clinical  Nutrition Open Science, 36, 111-125.
https://doi.org/10.1016/j.nutos.2021.02.005


https://doi.org/10.1016/j.psj.2019.10.035
https://euacademic.org/
https://doi.org/10.1017/S0043933917000071
https://doi.org/10.3382/ps.0741603
https://doi.org/10.1093/ps/79.10.1478
https://doi.org/10.3382/ps.2012-02470
https://doi.org/10.5713/ajas.2011.11080
https://doi.org/10.52547/rap.13.37.32
https://doi.org/10.3390/ani9060301
https://doi.org/10.22059/jap.2021.323616.623617
https://doi.org/10.3390/agriculture11020185
https://doi.org/10.3390/ani10040729
https://doi.org/10.1016/j.psj.2021.101427
https://doi.org/10.17221/293/2020-cjas
https://doi.org/10.1016/j.psj.2022.101816
https://doi.org/10.3382/ps/pez229
https://doi.org/10.3382/ps.2008-00452
https://doi.org/10.1016/j.nutos.2021.02.005
http://dx.doi.org/10.61882/rap.2025.1492
https://rap.sanru.ac.ir/article-1-1492-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-02 ]

[ DOI: 10.61882/rap.2025.1492 |

Sk el s g 5 Sin 8 Galen i o Uily (o Slg i  Sguld 95

WY Ay Sluogas ol g duel losgl g ol gy sl o Fowlio (s

Yussefi Kelarikolaei, K., Moraveg, H., Hosseini, S.A., & Pakdel, A. (2015). Amino acid density and
feeding methods on performance and carcass parameters of Arian broiler chicken. Animal Science
Journal (Pajouhesh & Sazandegi), 28(107), 147-160. https://doi.org/10.22092/asj.2015.102422

Zeng XiaoGe, Z. X., Li XiaoFei, L. X., Hu YiXin, H. Y., Wen Qian, W. Q., Zhao LuLu, Z. L., Zhang
LiYang, Z. L., Li SuFen, L. S., & Luo XuGang, L. X. (2015). Dietary crude protein requirement of
broilers from 22 to 42 days of age. Chinese Association of Animal Science and Veterinary Medicine,
27(8), 2534-2543. https://doi.org/full/10.5555/20153331689


https://doi.org/10.22092/asj.2015.102422
https://doi.org/full/10.5555/20153331689
http://dx.doi.org/10.61882/rap.2025.1492
https://rap.sanru.ac.ir/article-1-1492-fa.html
http://www.tcpdf.org

