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Abstract

Introduction: Many variables must be considered in broiler production to achieve maximum profits. The
selection of an appropriate broiler strain and optimal stocking density are among the key factors for maximizing
economic returns. Today, several strains such as Ross, Arian, Cobb, and Arbor Acres are available in the Iranian
market, each with specific rearing guidelines based on their genetic modifications. Maintaining an optimal
stocking density throughout the production cycle is economically important. The study therefore compared the
Iranian Arian strain and the Ross strain with different stocking densities (12 and 16 birds per square metre,
respectively). Higher density can lead to stress, and arginine plays a critical role in the urea cycle and protein
synthesis. It serves as a precursor for the production of polyamines, creatine, and especially nitric oxide (NO). In
conditions of environmental stress, such as heat or oxidative stress, the role of arginine is even more important
because of its role in the formation of NO. Therefore, in addition to broiler strain and stocking density, the study
included the use of arginine.

Materials and methods: A total of 448 one-day-old chicks (224 Arian and 224 Ross) of both sexes were used in
a 42-day feeding trial. The experiment was conducted in a completely randomized design in a 2x2x2 factorial
arrangement with two broiler strains (Arian and Ross), two stocking densities (12 and 16 birds/ square metre),
and two levels of dietary arginine (100 and 130% of the Arian catalog recommendation). There were eight
treatments with five replicates. Experimental diets were formulated for four phases: starter, grower, finisher 1,
and finisher 2. Feed intake and body weight gain were recorded during the starter, grower, finisher 1, and finisher
2 periods. The feed conversion ratio (FCR) was calculated. At the end of the experiment (42 days), two birds were
randomly selected from each replicate for blood sampling from the wing vein to measure blood parameters. To
evaluate intestinal morphology, two birds from each pen were slaughtered at 42 days. A 4-cm section was taken
from the jejunum (10 cm before Meckel's diverticulum) and fixed in 10% formalin after washing with
physiological saline. To measure meat quality traits including water holding capacity (WHC), pH, drip loss (DL),
and cooking loss (CL), two birds were randomly selected from each replicate at 42 days, and the left thigh muscle
was collected. Data were analyzed using MiniTab 16 software. Data were analyzed using the general linear model
(GLM), and treatment means were compared using Tukey's test at P<0.05.

Results and discussion: The results showed that the Ross strain had a higher feed intake than the Arian strain
(P<0.05). High stocking density significantly reduced feed intake throughout the entire period (P<0.05). In the
starter phase, the use of 130% of the recommended arginine level increased feed intake compared to the 100%
level (P<0.05). Ross strain chicks receiving 130% arginine also had a higher feed intake. The average daily weight
gain of the Ross strain was significantly higher than that of the Arian strain during the grower phase and over the
entire period (P<0.05). Stocking density reduced the average daily weight gain in the finisher 1, finisher 2, and
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entire periods (P<0.05). The use of 130% arginine improved daily weight gain in these phases (P<0.05). Ross
broilers reared at a density of 12 birds per square meter exhibited the highest daily weight gain during the finisher
2 phase compared to the Ross and Arian strains at 16 birds per square meter (P<0.05). Ross chicks receiving 130%
arginine had higher daily weight gains than those receiving 100% arginine (P<0.05). In the finisher 2 and overall
periods, broilers raised at a density of 16 birds per square meter and fed 100% arginine had the lowest daily weight
gain compared to other treatments (P<0.05). Both Ross and Arian broilers reared at high stocking density and fed
100% arginine had the lowest daily weight gain. The FCR of the Arian strain in the starter phase was lower than
that of the Ross strain. High stocking density improved FCR in the starter phase, but it increased FCR in the
finisher 2 and overall periods (P<0.05). The use of 130% arginine significantly improved FCR in broilers
(P<0.05). In the finisher 1 and overall periods, Arian broilers reared at low stocking density had better FCR than
those at high density. In the finisher 2 phase, Ross broilers reared at low stocking density had better FCR than
those at high density. The results indicated that rearing both Ross and Arian strains at low stocking density
improved FCR. In the finisher 1 phase, the lowest FCR was observed in the Ross strain fed 100% arginine and
the Arian strain fed 130% arginine. Over the entire period, Arian broilers fed 100% arginine had the highest FCR
compared to other levels. The interaction of stocking density x arginine showed that the highest FCR was observed
in birds reared at 16 birds per square meter and fed 100% arginine. The interaction of strain x stocking density x
arginine had a significant effect on FCR in the finisher 1 phase (P<0.05), with the lowest FCR observed in the
Arian strain, reared at 12 birds per square meter, and fed 130% arginine. Increased stocking density reduced
albumin and total protein concentrations and increased blood glucose concentration (P<0.05). Higher stocking
density significantly reduced albumin concentration in both Ross and Arian strains compared to Arian birds reared
at lower density. The interaction of strain % stocking density % arginine significantly affected total protein
concentration (P<0.05), with the highest level observed in the Ross strain reared at 12 birds per square meter and
fed 130% arginine. High stocking density increased cholesterol concentration (P<0.05). The 130% arginine level
reduced cholesterol concentration compared to 100% arginine (P<0.05). Increased stocking density also raised
AST concentration (P<0.05). Ross broilers had greater villus width and absorption surface area (P<0.05). High
stocking density reduced villus length, width, and absorption surface area (P<0.05). The highest absorption
surface area was observed in the Ross strain reared at 12 birds per square meter and fed 100% arginine, while the
lowest was in the Arian strain reared at 16 birds per square meter and fed 100% arginine (P<0.05). Higher stocking
density reduced water-holding capacity and increased cooking loss (P<0.05). Increased arginine levels improved
water-holding capacity and reduced cooking loss (P<0.05).

Conclusions: Overall, the results of this study indicated that the Ross strain had higher feed intake and daily
weight gain compared to the Arian strain, though their feed conversion ratios did not significantly differ. Stocking
density harmed performance indices during the late and overall phases of the trial. The Ross strain showed a better
response to arginine supplementation at high stocking densities than the Arian strain. The use of arginine
supplementation can mitigate the negative effects of high stocking density and improve broiler performance.
Keywords: Arginine, Stocking density, Broiler, Growth performance, Intestinal morphology
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Table 1. Ingredients and nutrient composition of experimental diets

Period

Starter Grower Finisher 1 Finisher 2

(1-14 d) (15-24 d) (25-35d) (36-42 d)
Arginine Level (%) 100% 130%  100%  130% 100% 130% 100% 130%
Ingredients
Corn 57.36 56.48 6272 64.10 6691 66.73 67.60 68.41
Soybean meal 38.22 38.62 3272  31.10 2823 28.06 26.17 25.12
Soybean oil 0.20 0.28 0.59 0.33 1.02 1.00 2.53 2.36
CaCo3 1.01 1.01 0.93 0.93 0.85 0.85 0.85 0.85
DCP 1.92 1.92 1.72 1.74 1.52 1.52 1.54 1.55
NaCl 0.26 0.26 0.30 0.30 0.30 0.30 0.30 0.30
NaHCO3 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Vit and Min permix! 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
DL-Met 0.22 0.22 0.19 0.20 0.17 0.17 0.16 0.17
L-Lys HCL 0.12 0.09 0.13 0.18 0.30 0.30 0.15 0.18
Choline chloride 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
L- Arginine 0 0.42 0 0.42 0 0.37 0 0.36
Calculated composition (%)
Metabolizable energy 2870 2870 2950 2950 3025 3025 3125 3125
(kcal/kg)
Crude protein 21.50 22.03 19.5 19.78 18.00 18.63  17.00 17.36
Arginine (%) 1.37 1.78 1.20 1.56 1.09 1.42 1.03 1.34
Lysine (%) 1.18 1.18 1.07 1.07 1.10 1.10 0.93 0.93
Methionine + Cystine (%) 0.59 0.59 0.55 0.53 0.51 0.51 0.49 0.48
Threonine (%) 0.72 0.72 0.65 0.63 0.59 0.59 0.56 0.55
Tryptophan (%) 0.25 0.25 0.22 0.21 0.19 0.19 0.18 0.18
Ca (%) 0.96 0.96 0.87 0.87 0.78 0.78 0.78 0.78
Available phosphorus (%) 0.48 0.48 0.44 0.44 0.39 0.39 0.39 0.39

' Each kilogram of the mineral supplement contained 39,680 mg of manganese, 20,000 mg of iron, 33,880 mg of zinc, 4,000
mg of copper, 396 mg of iodine, and 80 mg of selenium. Additionally, each kilogram of the vitamin supplement contained
3,600,000 IU of vitamin A, 800,000 IU of vitamin D3, 14,400 IU of vitamin E, 700 mg of vitamin B1, 2,640 mg of vitamin Ba,
3,920 mg of vitamin B3, 1,176 mg of vitamin Be, 400 mg of vitamin By, 6 mg of vitamin Bi2, 40 mg of biotin, and 400 mg of
BHT.
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Table 2. Effect of stocking density and arginine on growth performance of Arian and Ross broiler chickens

Daily feed intake (g/bird) Daily body weight gain (g/bird) Feed conversion ratio

1-14 15-24 25-35 36-42 1-42 1-14 15-24 25-35 36-42 1-42 1-14 15-24 25-35 3642 1-42
Strain
Arian 21.55» 82.26>  108.6 155.6  81.85» | 15.71 54.33>  64.79 78.65  48.46% | 1.384°  1.506 1.690 1.969 1.699
Ross 23542 87712 1109 156.9  83.902 | 16.04 59.13 66.15 80.24 49.872 | 14712  1.487 1.678 1.966 1.683
SEM 0.353 1.716 2.377 4.647 0.690 0.200 1.288 1.149 1.969 0.347 0.019 0.017 0.020 0.036 0.010
Stock density
(bird/m?)
12 22.70 86.81 111.2 1616 84592 | 15.63 58.03 67422 84.622  50.542 | 14672  1.499 1.660 1.897>  1.674°
16 22.39 83.16 108.3 1509  81.16° | 16.12 55.43 63.52b 7427 4779t | 1.388> = 1.495 1.708 2.038a  1.707a
SEM 0.353 1.716 2.377 4.647 0.690 0.200 1.288 1.149 1.969 0.347 0.019 0.017 0.020 0.036 0.010
Arginine (%)
100 22.00>  84.36 106.7 155.1 82.00 | 1549  56.20 63.74b 7578  47.86% | 1.423 1.504 1.689 2.0602  1.722a
130 23.092  85.62 112.7 1574 83.75 | 16.262  57.26 67202 83.11=  50.462 | 1.432 1.498 1.679 1.875>  1.660°
SEM 0.353 1.716 2.377 4.647 0.690 0.200 1.288 1.149 1.969 0.347 0.019 0.017 0.020 0.036 0.010
Strain x
Stock density
x Arginine
Arian 12 100  20.62 77.33 111.0 167.7 83.31 15.09 52.71 65.72 8524 4880 | 1.371 1.466 1.7352 1.977 1.708
Arian 12 130  22.50 88.23 108.1 153.9 82.48 15.81 57.85 70.28 75.59 50.922 1.470 1.528 1.528b  1.958 1.620
Arian 16 100  21.10 82.14 104.6 153.7 81.50 15.68 53.34 59.66 72.01 45.55b 1.344 1.241 1.753a 2.148 1.816
Arian 16 130  21.96 81.34 110.5 147.0 80.12 16.27 53.43 63.49 81.76 4855 | 1.352 1.491 1.744a 1.795 1.651
Ross 12 100  22.78 91.69 108.3 164.8 85.47 14.85 61.20 67.53 88.10 51.20a 1.539 1.509  1.608>  1.872 1.670
Ross 12 130  24.90 90.00 117.2 160.2 87.11 16.76 60.38 66.16 89.55 51.25a 1.487 1.493 1.771a 1.781 1.700
Ross 16 100  23.50 86.27 103.0 1344 77.73 16.34 57.56 62.03 57.78 45.90° 1.439 1.502  1.663> 2245 1.693
Ross 16 130  22.98 82.89 1152 168.6 85.31 16.19 57.38 68.89 85.54 51.13a 1.417 1446  1.6722>  1.966 1.668
SEM 0.705 3.341 4.754 9.294 1.380 0.400 2.575 2.298 3.939 0.695 0.038 0.034 0.039 0.072 0.020
P-value
Strain 0.001 0.034 0.495 0.835 0.046 0.268 0.015 0.409 0.573 0.008 0.004 0.439 0.683 0.948 0.268
Stock density ~ 0.537 0.145 0.406 0.114 0.002 0.095 0.165 0.024 0.001 0.001 0.009 0.872 0.103 0.010 0.027
Arginine 0.040 0.608 0.85 0.738 0.085 0.012 0.568 0.043 0.015 0.001 0.763 0.538 0.703 0.001 0.001
Strain x
Stock density ~ 0.424 0.313 0.691 0.242 0.110 0.105 0.442 0.180 0.542 0.038 0.274 0.458 0.004 0.475 0.691
x Arginine

a¢ Different letters within each column indicate significant differences(P<0.05). SEM: Standard error of the means
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Table 3. Effect of stocking density and arginine on blood indices of Arian and Ross broiler chickens at 42 days

. . Antioxidant
Blood lipids Liver enzymes indices
Alb TP Glu Chol TG HDL LDL AST ALT SOD GPx

(mg/dl) (mg/dl) (mg/dl) (mg/d]) (mg/dl) (mg/dl) (mg/dl) (U/D) (U/n) (U/ml) (U/ml)
Strain
Arian 2.319 3.564 179.2 133.9 68.62 44.16 76.31 280.1 4.401 131.9 227.8
Ross 2.412 3.544 177.8 125.1 72.75 45.66 67.50 269.1 4.715 128.4 251.6
SEM 0.042 0.033 4.503 3.065 3.213 2.430 3.321 8.145 0.236 5.581 13.61
Stock density (bird/m?)
12 2.539°* 3.671° 168.1° 123.1° 66.96 45.71 68.72 259.3% 4414 129.3 239.0
16 2.192° 3.437° 188.9° 135.8° 74.40 44.11 75.09 289.9* 4702 131.1 240.5
SEM 0.042 0.033 4.503 3.065 3.213 2.430 3.321 8.145 0.236 5.581 13.61
Arginine (%)
100 2.324 3.548 183.4 134.5° 69.86 47.75 75.55 281.6 4.703 137.7 134.8
130 2.407 3.560 173.6 124.5° 71.50 42.07 68.26 289.9 4413 122.6 244.6
SEM 2.042 0.033 4.503 3.065 3.213 2.480 3.321 8.145 0.236 5.581 13.61
Strain x Stock
density x
Arginine
Arian 12 100 2.600 3.760° 164.2 132.6%¢ 60.14 46.20 76.87% 279.4 4.042 138.4 227.7
Arian 12 130 2.553 3.678%® 174.6 117.7% 66.10 35.10 77.31%® 255.1 4.523 118.1 250.9
Arian 16 100 1.982 3.308°¢ 199.2 148.6° 79.92 49.75 73.45® 197.6 4.882 146.3 206.6
Arian 16 130 2.140 3.510%¢ 178.8 136.9 % 68.31 45.60 77.61% 288.3 4.157 124.8 226.1
Ross 12 100 2.483 3445% 169.0 110.9¢ 71.83 50.68 59.11° 256.3 4.747 140.9 203.5
Ross 12 130 2.520 3.803° 164.7 131.48c 69.78 50.85 61.59° 246.4 4.343 119.6 273.9
Ross 16 100 2.230 3.680% 201.3 145.8 67.56 44.38 92.77* 292.8 5.140 125.2 301.6
Ross 16 130 2414 3.250¢ 176.2 112.1¢ 81.81 36.73 56.51° 280.7 4.630 128.0 227.6
SEM 0.084 0.067 9.006 6.130 6.427 4.959 6.929 16.29 0.473 11.16 27.21
P-value
Strain 0.132 0.685 0.830 0.052 0.373 0.674 0.073 0.347 0.358 0.663 0.228
Stock density 0.001 0.001 0.003 0.007 0.115 0.654 0.188 0.014 0.396 0.819 0.940
Arginine 0.176 0.803 0.134 0.031 0.722 0.118 0.133 0.239 0.394 0.069 0.615
Strain x Stock
density x 0.807 0.001 0.698 0.003 0.075 0.303 0.033 0.713 0.419 0.432 0.080
Arginine

&< Different letters within each column indicate significant differences (P<0.05). SEM: Standard error of the means
Alb: Albumin, TP: Total protein, Glu: Glucose, Chol: Cholesterol, TG: Triglyceride, HDL: High density lipoprotein, LDL:
Low density lipoprotein, AST: Aspartate Aminotransferase, ALT: Alanine aminotransferase, SOD: Superoxide dismutase.

GPx: Glutathione peroxidase.
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Table 4. Effect of stocking density and arginine on the morphology of the jejunum of Arian and Ross broiler
chickens at 42 days

Vi!lus Vi.llus Crypt depth Villus height: Absorption surface
height width (um) Crvpt denth (square
(um) (um) Hm yptdep micrometer)
Strain
Arian 1332 141.9° 158.0 8.56 593.5°
Ross 1349 153.22 172.2 8.18 650.9°
SEM 19.35 2.725 7.221 0.382 15.76
Stock density
(bird/m?)
12 1377° 152.6* 173.6 8.10 660.8*
16 1304° 142.5° 156.6 8.64 583.6°
SEM 16.35 2.725 7.221 0.382 15.76
Arginine (%)
100 1332 145.5 158.4 8.68 610.0
130 1349 149.7 171.7 8.05 634.4
SEM 19.35 2.725 7.22 0.382 15.76
Strain x Stock
density x Arginine
Arian 12 100 1338 139.7 159.4 8.43 586.4®
Arian 12 130 1381 156.5 157.5 8.85 676.5%®
Arian 16 100 1293 136.6 141.9 9.13 554.1°
Arian 16 130 1315 134.9 173.1 7.82 557.1°
Ross 12 100 1438 158.8 187.5 7.81 718.7*
Ross 12 130 1350 155.6 190.0 7.30 661.5%®
Ross 16 100 1258 146.9 145.0 9.36 580.6%
Ross 16 130 1349 151.7 166.3 8.24 642.7%
SEM 38.70 5.45 14.44 0.765 31.53
P-value
Strain 0.538 0.007 0.177 0.495 0.017
Stock density 0.013 0.015 0.108 0.328 0.002
Arginine 0.536 0.287 0.206 0.255 0.283
Strain x Stock 0.081 0.099 0.728 0.612 0.030

density x Arginine

b Different letters within each column indicate significant differences (P<0.05). SEM: Standard error of the means
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Table 5. Effect of stocking density and arginine on meat quality of Arian and Ross broiler chickens

Water holding pH pH Cooking loss Dripping loss
capacity 30 min 24 h (%) (%)

Strain
Arian 61.24 6.08 5.70 31.59 110.97
Ross 60.87 6.09 5.71 31.32 11.44
SEM 0.406 0.019 0.021 0.272 0.270
Stock density (bird/m?)
12 61.80° 6.08 5.72 30.12° 10.92
16 60.31° 6.10 5.69 32.79° 11.49
SEM 0.406 0.019 0.021 0.272 0.270
Arginine (%)
100 60.41° 6.09 5.70 32.08° 11.48
130 61.70° 6.08 5.71 30.83° 10.93
SEM 0.406 0.019 0.021 0.272 0.270
Strain x Stock density X
Arginine
Arian 12 100 61.32 6.05 5.74 30.04 10.37
Arian 12 130 64.20 6.06 5.70 30.06 10.96
Arian 16 100 60.02 6.13 5.64 34.19 12.50
Arian 16 130 59.41 6.08 5.71 32.06 10.02
Ross 12 100 60.20 6.14 5.70 30.32 10.87
Ross 12 130 61.48 6.06 5.72 30.05 11.47
Ross 16 100 60.10 6.06 5.70 33.75 12.17
Ross 16 130 61.70 6.12 5.71 31.14 11.26
SEM 0.813 0.039 0.042 0.544 0.540
P-value
Strain 0.528 0.609 0.834 0.487 0.222
Stock density 0.016 0.520 0.454 0.001 0.148
Arginine 0.035 0.609 0.707 0.003 0.161
Strain x Stock density 0.112 0.123 0320 0.904 0.320

Arginine
b Different letters within each column indicate significant differences (P<0.05). SEM: Standard error of the means
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Fig. 1. Survival rate of Arian and Ross broilers

oy 9 oyl sigS sleazgx (5 B aike sy -) S

o 5 ol S ez sy ) Bale woje 5 2l oy IS ey ()T 5 Cmez (S5 S1-F Jpux
Table 6. Effect of stocking density and arginine on European Production Efficiency Factor (EPEF) and Survival
Rate (%) of Arian and Ross broiler chickens

European Production Efficiency Factor Survival Rate (%)
Strain
Arian 239.8° 89.45°
Ross 282.9¢ 95.44+°
SEM 5.279 1.939
Stock density (bird/m?
12 269.62 91.15
16 253.2° 93.75
SEM 5.279 1.939
Arginine (%)
100 258.7 92.58
130 264.1 92.32
SEM 5.279 1.939
Strain x Stock density x Arginine
Arian 12 100 246.5 87.50
Arian 12 130 244.4 87.50
Arian 16 100 232.9 93.75
Arian 16 130 235.5 89.6
Ross 12 100 301.0 93.75
Ross 12 130 286.4 95.83
Ross 16 100 254.3 95.31
Ross 16 130 290.0 96.88
SEM 10.558 3.877
P-value
Strain 0.001 0.039
Stock density 0.038 0.352
Arginine 0.477 0.925
Strain x Stock density x Arginine 0.140 0.707

b Different letters within each column indicate significant differences (P<0.05). SEM: Standard error of the means
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Scatterplot of stocking density vs EPEF
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