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Abstract

Introduction: In recent years, the poultry industry has encountered several challenges. One critical yet often
overlooked issue is the relationship between feed texture and litter quality, which significantly impacts locomotive
problems and carcass quality. Nutritional factors such as energy and protein levels, minerals, feed texture, and
dietary restrictions play a crucial role in influencing litter moisture, litter quality, carcass characteristics, and the
condition of bird feet. Litter serves as a conducive environment for microbial growth and ammonia production.
Effective management of litter moisture and ammonia emissions is vital for disease prevention and enhancing air
quality in poultry houses. Ammonia production is a major concern in enclosed poultry systems, originating from
the microbial breakdown of uric acid in excreta. The emission rate of ammonia gas from poultry litter is influenced
by pH, moisture content, temperature, ventilation, ammonia and uric acid levels in excreta, litter type, stocking
density, and bird age. Different feed processing methods and structural changes impact bird performance,
intestinal microbial diversity, intestinal health, digestion, intestinal content viscosity, enzyme activity, and pH
levels. In the first week post-hatching, the small intestine experiences rapid growth, with increased villi height
and crypt depth, enhancing nutrient digestion and absorption. This growth is accompanied by the stabilization of
gut microbiota. The balance between pathogenic and non-pathogenic bacteria is crucial in determining disease
occurrence. The type, structure, quality, and quantity of diet significantly influence intestinal cell growth, nutrient
utilization, and bacterial species composition, particularly at the digestive system's end. Over 640 microbiota
species in the digestive system contribute to digestive health and microflora balance. Research indicates that the
ileum's microbial profile in broiler chickens affects intestinal performance and, subsequently, nutrient digestion
and absorption. This study aimed to explore the effects of different feed textures (mash, crumble, pellet, and
extruded) on intestinal histology, microbiota, and litter quality in broiler chickens.

Materials and methods: In this study, 480 one-day-old male Ross 308 broiler chickens, each weighing
approximately 36 grams, were used. The chicks were sourced from Navaid Morgh Gilan Company in Rasht, Iran.
Before their arrival, experimental diets were prepared and placed in feeding trays, while water was provided using
siphon and nipple drinkers. The diets were offered in four physical forms: mash, crumble, pellet, and extruded,
formulated to meet the nutrient guidelines for Ross 308. At the experiment's conclusion, the chickens were
weighed, and their feed consumption was recorded. Body weight gain (BWG), feed intake (FI), feed conversion
ratio (FCR), and mortality rate were calculated at the end of the rearing period. The birds were slaughtered on day
42. To evaluate the impact of feed physical form on intestinal microbial flora, contents from the duodenum,
jejunum, and ileum were collected to count Escherichia coli, Lactobacillus, and total coliforms. On days 21 and
42, litter from all pens was examined. Samples were collected from five areas of each pen's litter (four corners
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and one center sample) and analyzed in the laboratory. For moisture measurement, approximately 50 grams of
litter were dried in an oven at 105 °C until a constant weight was achieved, determining moisture content through
weight loss. Post-slaughter, samples from the duodenum, jejunum, and ileum were preserved in a 10% formalin
solution. After 72 hours of tissue fixation, dehydration was performed using increasing concentrations of ethanol
followed by xylene treatment. Samples were then embedded in paraffin and sectioned into 5-6 um slices, stained
with hematoxylin and eosin (H&E). Villus length was measured from top to base, and width was recorded at the
midpoint. Crypt depth was measured from the villus base to the end of the mucous layer. The villus length to crypt
depth ratio and surface area were calculated, along with the thickness of the lamina propria and muscularis
mucosae. Statistical analysis was conducted using SAS software with the GLM procedure in a completely
randomized design.

Results and discussion: The study results indicated that growth performance was significantly affected by the
form of feed (P<0.01). Chicks fed with extruded feed throughout the rearing period demonstrated improved
performance compared to other treatments (P<0.05). The highest level of anaerobic bacteria in the litter at 35 days
was found in the pellet group (P<0.05). At 21 days, the greatest litter moisture was associated with crumbled feed
in the starter diet and pellets in the grower and finisher diets. The lowest weights of the ileum and jejunum were
observed in chicks fed extruded feed throughout the rearing period (P<0.05). The maximum villus height in the
jejunum was noted with crumbled feed in the starter diet and extruded feed in the grower and finisher diets, as
well as with pellets throughout the period. Additionally, using crumbled feed in the starter diet and pellets in the
grower diet resulted in the maximum villus width.

Conclusions: The study indicated that the physical form of diets significantly influences growth performance,
digestive efficiency, nutrient absorption, intestinal histology, litter pH and moisture, and intestinal bacterial
populations. Birds fed extruded feed throughout the rearing period achieved the highest BWG. The lowest FCR
was observed in chicks that consumed crumbled feed during the starter phase and extruded feed during the grower
and finisher phases; however, these differences were not significant compared to birds consistently fed extruded
feed. Pellet and extruded diets negatively impacted bedding moisture compared to mash diets, potentially
increasing the risk of hock joint burns and lameness in broiler chickens. Therefore, careful attention must be given
to litter management, considering the type of feed used.
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Table 1. Ingredients composition and calculated chemical analysis

Rearing period (age in days)

Ingredients (kg per ton) Starter (1-10 d) Growth (11-24 d) Finisher (25-42 d)
Corn 500 540 585
Wheat 25 34.5 34.50
Soybean meal (44%) 330 310 300
Corn gluten meal (62%) 44.5 25 0
Fish meal (64%) 25 12.50 0
Soybean oil 20 25 30
Calcium carbonate 11.50 11.50 11.50
Monocalcium phosphate 14 13.50 13
Vitamin supplement 10% for chicken ! 1.25 1.15 1
Mineral supplement 25% for chicken 2 3 2.75 2.50
Table salt 2.50 2.5 2
Molasses 2.20 2.20 2.20
DL-methionine 3.30 3.10 3.10
L-lysine hydrochloride 3 2.70 2.30
L-threonine 1.30 1.10 1.10
L-arginine 0.60 0.40 0.30
Choline chloride 60% 0.80 0.65 0.45
Emulsifier 0.50 0.50 0.50
Coccidiostat 1 1 0
Toxin binder 1.50 1.50 1.50
Prebiotic 1.50 1 1
Acidifier 1.50 1 1
Bentonite 6.05 6.35 7.05
Total 1000 1000 1000
Chemical analysis (%)

Dry matter 89.37 89.24 89.05
Metabolizable energy, kcal/kg 2950 3050 3120
Crude protein 22.5 20.60 18.50
Ether extract 4.60 5.10 5.60
Crude fiber 1.85 1.83 1.83
Total ash 6.60 6.20 5.90
Calcium 0.95 0.87 0.78
Available phosphorus 0.48 043 0.61
Potassium 0.88 0.85 0.82
Sodium 0.16 0.16 0.16
Chloride 0.24 0.24 0.21
Digestible methionine 0.68 0.62 0.55
Digestible methionine + cysteine 0.96 0..87 0.79
Digestible lysine 1.28 1.15 1.03
Digestible threonine 0.87 0.77 0.69
Digestible arginine 1.37 1.23 1.13

! Each kilogram contains 10,000,000 IU Vitamin A, 4,000,000 IU Vitamin D3, 65,000 mg Vitamin E, 3,000 mg Vitamin K3,
3,500 mg Vitamin B1, 7,000 mg Vitamin B2, 55,000 mg Niacin, 22,000 mg Calcium Pantothenate, 4,500 mg Vitamin Be, 2,000
mg Vitamin By, 20 mg Vitamin B12, 270 mg Biotin, and 150,000 mg Antioxidant.

2 Each kg contains 48,000 mg Manganese, 48,000 mg Zinc, 12,000 mg Iron, 6,460 mg Copper, 502 mg lodine, and 140 mg

Selenium.
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Table 2. Effect of physical feed form on feed intake (FI), body weight gain (BWG), and feed conversion ratio
(FCR) of Ross 308 broiler chicks at the end of the experimental period

Treatments FI(g) BWG (g) FCR
Mash feed throughout rearing period 4402.19¢ 2223.00¢ 1.98
Crumble throughout rearing period 4555.88° 2663.09° 1.74b¢
Extruded throughout rearing period 4524.81° 2810.44* 1.61°
Pellet throughout the rearing period 4501.23° 2663.45° 1.69
Crumble (starter) and pellet (grower and finisher) 4560.49° 2781.40° 1.64¢
Crumble (starter) and extruded (grower and finisher) 4403.88° 2751.88* 1.60°
Pellet (starter and grower) and mash (finisher) 4696.1* 2563.72° 1.83°
Extruded (starter and grower) and mash (finisher) 717.65 2592.12b 1.82°
SEM 37.04 36.75 0.035
P-value 0.013 0.0001 0.0001

=d Different letters within each column indicate significant differences among means (P<0.05). SEM: Standard error of the

means
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Table 3. Effect of physical feed form on relative weight and length of intestinal segments (duodenum, jejunum,
and ileum) of Ross 308 broiler chicks

Relative weight Relative length
Treatments Duodenum Jejunum Ileum Duodenum Jejunum  Ileum
Mash throughout rearing period 0.791 1.552%¢  1.502° 15.69 39.45%  45.86°
Crumble throughout rearing period 0.603 1.416% 1238 15.59 39.98% 44 42bde
Extruded throughout rearing period 0.590 1.30°  1.060° 16.41 38.66b  43.92%
Pellet throughout rearing period 0.819 1.612%  1.125° 15.16 39.44%  4539%
Crumble (starter) and pellet (grower and 0.636 1.630°  1.190° 16.01 38.84% 44,140

finisher)

Crumble (starter) and extruded (grower 0.663 1.339%  1.081° 16.42 38.84%  43.06¢
and finisher)

Pellet (starter and grower) and mash 0.588 1.511%%¢  1.217° 15.66 39.49% 44 83%b¢
(finisher)

Extruded (starter and grower) and mash 0.676 1.470%¢ 1278 15.27 40.958  43.76%
(finisher)

SEM 0.026 0.033 0.029 0.167 0.214 0.17
P-value 0.212 0.026 0.001 0.42 0.0147  0.0006

4 Different letters within each column indicate significant differences among means (P<0.05). SEM: Standard error of the

means
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Table 4. Effect of physical feed form on intestinal microbiota of Ross 308 broiler chicks
In cecum (CFU) In ileum (CFU)

Experimental treatments Lactobacillus Coliform E. coli Lactobacillus Coliform E. coli
Mash throughout 7.088¢ 9.682° 8.737¢ 9.40° 9312 8.759¢
rearing period
Crumbled throughout 8.5774 8.986" 8.879° 9.59¢ 9.598" 8.712¢
rearing period
Extruded throughout 9.077¢ 9278 9.301% 9.74¢ 9.629" 8.764¢
rearing period
Pellet throughout 8.321¢ 9.217% 9.758* 10.05° 9.612° 8.828°
rearing period
Crumbled (starter) and 9.273% 9.512° 9.399% 10.08* 9.868° 8.857¢
pellet (grower and finisher)
Crumbled (starter) and
extruded (grower and 9.571° 9.391% 9.398% 10.00% 9.5320¢ 9.348°
finisher)
Pellet (starter and . . b . . .
arower) and mash (finisher) 9.810 9.682 9.597 9.83 9.871 9.728
Extruded (starter and | 9.600% 8.942° 8.693¢ 9.74¢ 9.712% 9.020°
grower) and mash (finisher)
SEM 0.10 0.061 0.049 0.039 0.032 0.051
P-value 0.001 0.005 0.001 0.001 0.001 0.0001

a¢ Different letters within each column indicate significant differences among means (P<0.05). SEM: Standard error of the means; CFU:

Colony-forming unit
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Table 5. Effect of physical feed form on bacterial populations present in the litter

Treatments CFU/day 35 CFU/day 42
Mash throughout entire rearing period 11.522 11.33
Crumble throughout entire rearing period 11.15% 11.18
Extruded throughout entire rearing period 11.03¢ 11.32
Pellet throughout entire rearing period 11.37% 11.11
Crumble (starter) and pellet (growth and finisher) 11.15b% 11.23
Crumble (starter) and extruded (growth and finisher) 11.08¢ 10.98
Pellet (starter and growth) and mash (finisher) 11.39% 11.15
Extruded feed (starter and growth) and mash (finisher) 11.32%® 11.22
SEM 0.002 0.038
P-value 0.042 0.51

#¢ Different letters within each column indicate significant differences among means (£<0.05). SEM: Standard error of the

means; CFU: Colony-forming unit
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Table 6. Effect of physical feed form on the litter quality

Litter pH Litter moisture (%)
Treatments Day 21 Day 42 Day 21 Day 42
Mash throughout entire rearing period 6.990° 7.398% 39.082° 39.84
Crumble throughout entire rearing period 7.3902 7.240P 49.600° 39.37
Extruded feed throughout entire rearing period 7.616 8.128° 44,550 33.76
Pellet throughout entire rearing period 7.212% 7.466% 47.280% 32.50
Crumble (starter) and pellet (growth and finisher) 7.626° 7.664% 50.598° 40.64
Crumble (starter) and extruded (growth and 7.830? 7.7822 46.294%® 33.58
finisher)
Pellet (starter and growth) and mash (finisher) 7.766° 7.850% 44.586% 31.57
Extruded (starter and growth) and mash (finisher) 6.916° 7.366% 46.814% 44.59
SEM 0.080 0.094 1.03 1.51
P-value 0.0098 0.027 0.0158 0.289

&b Different letters within each column indicate significant differences among means (P<0.05). SEM: Standard error of the

means
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Table 7. Effect of physical feed form on histology of different intestinal parts (um) of Ross 308 broiler chicks

Duodenum Jejunum Ileum

Treatments Height  Width Depth

(H) (W) (D) H W D H W D
Mash throughout rearing period 1366 192 266 875° 154° 222 543> 224 200
lf;;‘ir;‘;le throughout rearing 1397 164 240 1029%  178% 196  566® 197 154
E:rtir(‘)l(;led throughout rearing 1478 182 201 1031%  173® 166 634 147 164
Pellet throughout rearing period 1524 164.7 237 12892 202 235 620? 214 196
Crumble (starter) and pellet 1486 212 257 1079  214* 224 592¢ 205 125
(growth and finisher)
Crumble (starter) and extruded 1645 203 246 1284°  195® 194  550® 192.67 138
(growth and finisher)
Pellet (starter and growth) and 1357 172 206 1093 167 211 5540 152 197
mash (finisher)
Extruded (starter and growth) 1306 186 246  967® 169 215 556 180 154
and mash (finisher)
SEM 46.18 557 839  13.08 17.61 2781 27.14 849 7.05
P-value 0.692 0262  0.643 0021 00448 0.5753 0.037 0265 0.175

*b Different letters within each column indicate significant differences among means (P<0.05). SEM: Standard error of the

means
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