[ Downloaded from rap.sanru.ac.ir on 2026-06-24 ]

[ DOI: 10.61882/rap.2025.1492 |

Research on Animal Production, Vol. 16, Issue 4, 2025 p: 104-121

and Natural

Research Paper

Determination of Optimal Crude Protein and Amino Acid Levels and their
Effects on Growth Characteristics, Blood Biochemical Indices, Immune
Response, and Intestinal Morphology of Arian Broiler Chickens

Forough Shahsavani', Seyyed Javad Hosseini-Vashan'*2, Seyyed Homayoun Farhangfar?,
and Seyyed Ehsan Ghiasi*

1- Ph.D. Student, Department of Animal Science, University of Birjand, Birjand, Iran
2- Associate Professor, Department of Animal Science, University of Birjand, Birjand, Iran,
(Corresponding author: jhosseiniv@birjand.ac.ir)
3- Professor, Department of Animal Science, University of Birjand, Birjand, Iran
4- Associate Professor, Department of Animal Science, University of Birjand, Birjand, Iran

Received: 09 April, 2025 Revised: 25 July, 2025 Accepted: 18 August, 2025

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).
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