&6% Journal of Animal Biology, ----- 2026; 0(0): 000-000
? ﬁ ISSN: 1735-9724

Research Article

Evaluation of the effects of feed physical form and bird density per
unit area on performance, blood indices, and intestinal morphology of
Arian broiler chickens

Behboud Ghafari', Seyed Mohammad Hosseini**, Seyed Homayoun Farhangfar?,
Ahmad Hasanabadi®

1- Department of Animal Science, Faculty of Agriculture, Birjand University, Birjand, Iran
2- Department of Animal Science, Faculty of Agriculture, Ferdowsi Uiversity of Mashhad, , Mashhad,
Iran
*Corresponding author: shosseini@birjand.ac.ir
Received: 28 August 2025 Accepted: 28 November 2025

DOI: 10.60833/ascij.2026.1216189

Abstract

This study investigated the interactive effects of feed form (pellet vs. meal) and stocking
density on performance, carcass traits, blood metabolites, liver enzymes, and intestinal
morphology in Aryan broiler chickens. Results showed that pellet feed significantly
improved feed conversion ratio (FCR). Carcass analysis revealed that breast percentage
was significantly higher in pellet-fed groups (p < 0.05). Relative bursa of Fabricius
weight increased with higher density, likely linked to immune system stimulation.
Blood parameters indicated higher serum glucose in meal-fed birds (p < 0.05), while
HDL was strongly influenced by density (p < 0.05). GPT enzyme activity increased
with higher density (p < 0.05), though GOT showed no significant difference. Intestinal
morphology assessment demonstrated that pellet feed increased villus length and villus-
to-crypt ratio (p < 0.05), while high density negatively impacted some tissue indices.
Pellet feed consistently improved FCR, weight gain, and intestinal characteristics,
indicating enhanced nutrient absorption. Moderate density (15 birds/m?) yielded better
growth performance, while higher density (18 birds/m?) positively affected traits like
breast percentage and bursa weight but increased GPT, suggesting metabolic stress.
Overall, pellet feed mitigated some negative effects of high density.

Keywords: Arian broilers, feed physical form, stocking density, carcass traits, Blood indices,
intestinal morphology.
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Table 1. Percentage of components and nutrient composition (basal diet)

Diet components (percentage)

Starter (1-11 days old)

Grower (11-24 days old) Final (25-42 days old)

Corn 45.93 49.24 54.50
Soybean meal (protein=42%) 44.09 40.13 34.36
Soybean oil (metabolizable energy=8367) 454 5.66 6.47
Dicalcium phosphate 1.77 157 1.38
Calcium carbonate 1.26 1.15 1.08
Table salt 0.30 0.30 0.30
D-L-methionine 0.37 3.20 0.30
L-lysine-hydrochloride 0.27 0.22 0.22
L-threonine 0.1 0.05 0.03
Vitamin supplement 1 0.25 0.25 0.25
Mineral supplement 2 0.25 0.25 0.25
Sand 0.87 0.87 0.87
Nutrient composition of experimental diets based on NIR analysis of major feed ingredients

Metabolizable energy (kcal.kg) 3000 3100 3200
Crude protein (%) 23.00 21.500 19.50
Calcium (%) 0.96 0.87 0.79
Auvailable phosphorus (%) 0.48 0.44 0.40
Sodium (%) 0.16 0.16 0.16
Potassium (%) 0.90 0.84 0.76
Chlorine (%) 0.20 0.20 0.21
Digestible methionine (%) 0.67 0.61 0.57
Digestible methionine + cysteine (%) 0.95 0.87 0.80
Digestible lysine (%) 1.28 1.15 1.03
Digestible threonine (%) 0.86 0.77 0.69

1. The vitamin premix supplied the following amounts per kilogram of diet: 12,500 IU vitamin A (retinol), 5,000 IU vitamin D3
(cholecalciferol), 80 mg vitamin E (dl-a-tocopheryl acetate), 2.3 mg vitamin K3 (menadione), 18.3 mg vitamin B1 (thiamine),
6.8 mg vitamin B2 (riboflavin), 5.62 mg vitamin B3 (niacin), 5.18 mg vitamin B5 (pantothenic acid), 8.4 mg vitamin B6
(pyridoxine), 2.2 mg vitamin B9 (folic acid), 0.02 mg vitamin B12 (cyanocobalamin), 0.25 mg vitamin H2 (biotin), and 1,000

mg antioxidant.

2. The mineral premix supplied the following amounts per kilogram of diet: 120 mg manganese (manganese sulfate), 220 mg
iron (ferrous sulfate), 110 mg zinc (zinc sulfate), 16 mg copper (copper sulfate), 1.25 mg iodine, and 0.30 mg selenium (sodium

selenite).
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Table 2- Effect of feed physical form and surface density on feed intake of Arian broiler chickens

Feed intake
Treatment 1-10 days 11-24 days 25-42 days 1-42 days
Interaction
Control treatment 4124 a 106.03 168.77 105.35
Mash feed treatment with a density of 15 chicks per square meter 37.73¢c 109.95 166.39 104.69
Mash feed treatment with a density of 18 chicks per square meter 39.06 b 105.15 171.76 105.32
Pellet feed treatment with a density of 12 chicks per square meter 38.90b 108.61 150.21 99.24
Pellet feed treatment with a density of 15 chicks per square meter 38.58 ch 111.71 158.95 103.08
Pellet feed treatment with a density of 18 chicks per square meter 38.68 cb 110.16 160.10 102.98
SEM 0.256 2.155 3.17 1.630
P-Value <.0001 0.2537 0.7999 0.1062
Main effect of physical form of feed
Mash feed 39.3417 a 107.043 76.035 105.118 a
Pellet feed 38.7194 b 110.160 74.082 101.767 b
SEM 0.148 1.244 1.833 0.941
P-Value 0.0058 0.0867 0.4571 0.0174
Main effect of density
Density of 12 chicks per square meter 40.0700 a 107.321 75.728 102.293
Density of 15 chicks per square meter 38.1558 ¢ 110.830 73.53 103.885
Density of 18 chicks per square meter 38.8658 b 107.653 75.910 104.150
SEM 0.1814 1.524 2.245 1.153
P-Value <.0001 0.2157 0.7103 0.4772

¢ Different letters above each column number indicate statistical differences between means (p <0.05).
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Table 3- Effect of feed physical form and surface density on weight gain of Arian broiler chickens

Weight gain
Treatment 1-10 days 11-24 days  25-42days  1-42 days
Interaction
Control treatment 21.38a 53.51 75.08 ab 49.99
Mash feed treatment with a density of 15 chicks per square meter 18.93¢c 58.62 76.16 ab 51.24
Mash feed treatment with a density of 18 chicks per square meter 20.27b 57.56 76.86 a 51.56
Pellet feed treatment with a density of 12 chicks per square meter 21.18b 60.23 76.37b 52.59
Pellet feed treatment with a density of 15 chicks per square meter 21.38cb 64.76 70.91 ab 52.35
Pellet feed treatment with a density of 18 chicks per square meter 22.33 ¢cb 62.60 74.96 ab 53.30
SEM 0.25 2.15 4.72 1.63
P-Value <.0001 0.2537 0.0358 0.1062
Main effect of physical form of feed
Mash feed 32.341a 82.043 168.97 a 94.453 a
Pellet feed 31.7194 b 85.160 156.422 b 91.099 b
SEM 0.1481 1.244 2.72 0.94
P-Value 0.0058 0.0867 0.0028 0.0174
Main effect of density
Density of 12 chicks per square meter 33.0700 a 82.321 159.492 91.627
Density of 15 chicks per square meter 31.1558 ¢ 85.830 162.670 93.220
Density of 18 chicks per square meter 31.8658 b 82.653 165.930 93.482
SEM 0.18146 1.52423 3.341 1.15331
P-Value <.0001 0.2157 0.4064 0.4774
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Table 4- Effect of feed physical form and surface density on feed conversion ratio of Arian broiler chickens

Feed conversion ratio

Treatment 1-10 days 11-24 days 25-42 days  1-42 days
Interaction

Control treatment 1.93 ab 199a 2.27 212a
Mash feed treatment with a density of 15 chicks per square meter 200a 1.88 ab 2.19 2.05ab
Mash feed treatment with a density of 18 chicks per square meter 1.93 ab 1.83ab 224 2.04 ab
Pellet feed treatment with a density of 12 chicks per square meter 1.84 cb 181ab 1.98 1.89b
Pellet feed treatment with a density of 15 chicks per square meter 1.81¢ch 1.73b 2.26 1.97 ab
Pellet feed treatment with a density of 18 chicks per square meter 1.73¢ 1.76 ab 2.16 1.93b
SEM 0.0355 0.0571 0.09 0.041
P-Value 0.0002 0.0399 0.2841 0.0059

Main effect of physical form of feed
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Mash feed 1.95167 a 1.90228 a 2.2364 2.068 a
Pellet feed 1.79550 b 1.76628 b 2131 1.930b
SEM 0.020 0.0329 0.0553 0.0240
P-Value <.0001 0.0066 0.1910 0.0003
Main effect of density

Density of 12 chicks per square meter 1.885 1.899 2.126 2.00
Density of 15 chicks per square meter 1.904 1.806 2.223 2.00
Density of 18 chicks per square meter 1.831 1.797 2.202 1.988
SEM 1.885 0.040 0.0678 0.029
P-Value 0.1226 0.1585 0.5691 0.8979
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Table 5- Effect of feed physical form and surface density on carcass traits of Arian broiler chickens

Treatment Breast  thigh pancreas liver  spleen bursa  gizzard  heart
Interaction

Control treatment 28.328ab 27.293 0.175ab 2.246 0.106 0.089ab  1.593 0.521
Mash feed treatment with a density of 15

chicks per square meter 26.829ab 26.058 0.168ab 2.525 0.103 0.115ab  1.539 0.429
Mash feed treatment with a density of 18

chicks per square meter 24858b 25309 0.146b 2.845 0.109 0.062b  1.558 0.487
Pellet feed treatment with a density of 12

chicks per square meter 26.975ab 24.605 0.198ab 2.254 0.094 0.082ab  1.505 0.434
Pellet feed treatment with a density of 15

chicks per square meter 31.883a 29498 0.238a 2299 0.098 0.074b  1.407 0.425
Pellet feed treatment with a density of 18

chicks per square meter 27.868ab 24585 0.171ab 2431 0.087 0.166a 1.361 0.400
SEM 1.30 1.62 0.02 0.21 0.01 0.0210 0.10 0.04
P-Value 0.0086  0.1691 0.0634 0.2762 0.8933  0.023 04747 0.3688
Main effect of physical form of feed

Mash feed 26.5667 b 24.834b 0.17167 2.3278 0.09389 0.07278b 1.42444 0.41944
Pellet feed 29.0133a 27.616a 0.19389 2.5394 0.10667 0.12222a 1.56333 0.48000
SEM 0.6901 0.844  0.0118 0.1149 0.0080 0.0120  0.054  0.0247
P-Value 0.0178  0.0268 0.1944 0.2029 0.2681 0.0070  0.0808 0.0935
Main effect of density

Density of 12 chicks per square meter 27.652  26.302 0.16083 2.2492 0.10167 0.07583 1.54833 0.47667
Density of 15 chicks per square meter 27.348 25.332 0.18250 2.4125 0.10083 0.09750 1.47333 0.42750
Density of 18 chicks per square meter 28.370 27.043 0.20500 2.6392 0.09833 0.11917 1.46000 0.44500
SEM 0.8451  1.0347 0.0144 0.1408 0.0098 0.0147 0.0665 0.0302
P-Value 0.6835  0.5106 0.1156 0.1621 0.9692 0.1345 0.6046 0.5154
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Table 6- Effect of feed physical form and surface density on blood indices of Arian broiler chickens

Treatment Glucose total protein albumin cholesterol triglycerides  HDL LDL

Interaction

Control treatment 253.24 3.02 3.07 159.53 125.42 44.83cb  69.50
Mash feed treatment with a density of 15 chicks 222.43 3.02 3.12 134.67 112.21 42.07c  58.33
per square meter

Mash feed treatment with a density of 18 chicks 226.75 3.06 3.05 122.75 100.33 50.19a 53.33
per square meter

Pellet feed treatment with a density of 12 chicks 203.54 297 2.94 145.10 125.78 44.75¢h  59.67
per square meter

Pellet feed treatment with a density of 15 chicks 211.80 3.04 2.92 133.87 76.10 44.87ch  57.00
per square meter

Pellet feed treatment with a density of 18 chicks 220.42 3.06 3.09 136.68 80.49 46.69b  59.33
per square meter

SEM 12.271 0.1799 0.1614  9.2689 15.746 0.6912 4.5416
P-Value 0.1218 0.9993 0.9360 0.1431 0.1258 <.0001 0.2481
Main effect of physical form of feed

Mash feed 234.14a  3.0322 3.0767 138.983 112.65 45.6972 60.389
Pellet feed 211.92b 3.0239 29817  138.550 94.12 45.4344 58.667
SEM 7.085 0.103 0.093 5.351 9.091 0399 2.622
P-Value 0.0343 0.9551 0.4768  0.9547 0.1599 0.6449 0.6457

Main effect of density
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Density of 12 chicks per square meter
Density of 15 chicks per square meter
Density of 18 chicks per square meter
SEM

P-Value

228.39
21711
223.59
8.677
0.6573

2.9942
3.0308
3.0592
0.127
0.9366

3.0017  152.317 125.60
3.0208  134.267 94.15
3.0650 129.717 90.41
0.114 6.554 11.134
0.9225  0.0496 0.0642

43.4692c 64.583
45.7600b 57.667
47.4683a 56.333
0.488 3.211
<.0001 0.1669
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Table 7- Effect of feed physical form and surface density on liver enzymes of Arian broiler chickens

Treatment GPT GOT
Interaction

Control treatment 9.89%ab 134.49
Mash feed treatment with a density of 15 chicks per square meter 10.91ab 154.89
Mash feed treatment with a density of 18 chicks per square meter 12.12a 164.81
Pellet feed treatment with a density of 12 chicks per square meter 8.48b 140.62
Pellet feed treatment with a density of 15 chicks per square meter 8.78b 158.54
Pellet feed treatment with a density of 18 chicks per square meter 9.95ab 155.41
SEM 0.577 17.632
P-Value 0.0011 0.8274
Main effect of physical form of feed

Mash feed 10.2650 151.40
Pellet feed 9.7778 151.53
SEM 0.333 10.180
P-Value 0.3101 0.9929
Main effect of density

Density of 12 chicks per square meter 9.9200b 137.56
Density of 15 chicks per square meter 8.6283b 156.72
Density of 18 chicks per square meter 11.5158a 160.11
SEM 0.408 12.468
P-Value 0.0001 0.3976
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Table 8- Effect of feed physical form and surface density on intestinal morphology of Arian broiler chickens

Treatment Villus Villus Crypt Thickness Villus length/Crypt

length (um) width depth Villus (pum) depth
(um) (um)

Interaction

Control treatment 801.60ch 158.40ab 96.00a 142.80c 8.35hc

Mash feed treatment with a density of 15 602.40cd 140.40d 69.20bc 176.40ab 6.96ab

chicks per square meter

Mash feed treatment with a density of 18 655.20e 124.40cd 83.20c 134.80b 7.88c

chicks per square meter

Pellet feed treatment with a density of 12 880.80a 124.40bc 95.60a 134.80b 9.22a

chicks per square meter

Pellet feed treatment with a density of 15 602.40ab 167.60a 69.20ab 181.60ab 6.96a

chicks per square meter

Pellet feed treatment with a density of 18 692.00de 163.20ab 83.60c 192.40a 8.28bc

chicks per square meter

SEM 16.806 2.742 1.375 5.050 0.176

P-Value <.0001 <.0001 <.0001 <.0001 <.0001

Main effect of physical form of feed

Mash feed 703.07b 148.133b 84.933b 162.267b 8.2758b

Pellet feed 840.93a 162.000a 94.533a 180.133a 8.9014a

SEM 9.703 1.583 0.794 2.915 0.101

P-Value <.0001 <.0001 <.0001 0.0002 0.0002

Main effect of density

Density of 12 chicks per square meter 781.80 154.000 89.600ab 179.000a 8.5055

Density of 15 chicks per square meter 786.40 156.800 87.600b 180.000a 8.7512

Density of 18 chicks per square meter 747.80 154.400 92.000a 154.600b 8.5091

SEM 11.884 1.939 0.972 3571 0.124

P-Value 0.0611 0.5516 0.0140 <.0001 0.2986
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