[ Downloaded from rap.sanru.ac.ir on 2026-02-03 ]

[ DOI: 10.61882/rap.2025.1504 |

Research on Animal Production, Vol. 16, Issue 3, 2025 p: 153-171

Sari Agriculture Sciences and Natural
Resources University

Research Paper

The Effects of Dietary Wheat and Poultry By-Product Meal on Physical
Pellet Quality, Production Performance, Carcass Characteristics, and
Cecal Microbial Population in Broilers

Omid Ahmadali', Mohsen Daneshyar?, Sina Payvastegan®, Amir Attar?,
Gholamreza Najafi’, and Mohammad Reza Abdollahi®

1- Department of Animal Science, Faculty of Agriculture, Urmia University, Urmia, Iran
2- Department of Animal Science, Faculty of Agriculture, Urmia University, Urmia, Iran,
(Corresponding author: m.daneshyar@urmia.ac.ir)
3- Department of Animal Science, Faculty of Agriculture, Urmia University, Urmia, [ran
4- Khorak Pardaz Hezareh Novin Co, Mashhad, Iran
5- Department of Basic Sciences, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran
6- Monogastric Research Centre, School of Agriculture and Environment, Massey University, Palmerston North
4442, New Zealand

Received: 6 February, 2025 Revised: 15 April, 2025 Accepted: 19 May, 2025

Extended Abstract

Background: One of the main challenges to poultry production is the high cost of feedstuffs in
Iran. On the one hand, the dependence of the poultry production on corn, especially soybean meal
as a source of protein, creates a demand for cheap alternative products. Therefore, the use of non-
consumable by-products of poultry slaughterhouses in human nutrition is an important approach
to reduce production costs. Studies have proven that this by-product is a rich source of energy,
amino acids, minerals, calcium, phosphorus, unsaturated fatty acids, and vitamin B12, and it is
used as a protein source in the diet of monogastric animals in many countries. Moreover, the use
of these production wastes in poultry feed will play an important role in reducing environmental
pollution. With the expansion of the poultry industry, therefore, the use of poultry by-product
meal (PBM) as a potentially effective substitute for other protein sources, such as soybean meal,
can be used in feeding broilers. However, the defatting process of PBM is rarely carried out in
the country's poultry slaughterhouses, resulting in a high fat content; despite this, PBM has a high
fat content. Therefore, the use of this by-product in the diet of broilers will negatively affect the
physical pellet quality (PPQ) of feed. Among the feedstuffs used in the diets, wheat, with the
ability to absorb water and denature a part of its protein (gluten), may have an effective role in
the quality of pellet feed. However, no study has evaluated the effect of wheat and PBM on the
quality of pelleted feed and the performance of broiler chickens; hence, this experiment was
conducted for this purpose.

Methods: To evaluate the PPQ in the present research, a first experiment was conducted in a
Holmen Pellet Tester for the Pellet durability index (PDI) and the Pellet hardness (as kg) using a
Kahl device (AMANDUS Kahl), respectively. In a second experiment, 450 one-day-old male
broilers (Ross 308 strain) were obtained from a commercial hatchery and then weighed and
distributed at the beginning of the trial, with random placement in 45-floor pens (10 birds/pen;
0.10 m2/bird). The research was conducted as a 3 x 3 factorial experiment with three levels of
wheat and three levels of poultry meat powder in a completely randomized design with five
replications, each containing 10 chicken pieces. To prevent the spoilage of PBM, 200 g of a
synthetic antioxidant (containing butylhydroxytoluene and butylhydroxyanisole) and 5 kg of a
disinfectant (brand name Formafide based on slow-release formaldehyde) for each ton after
drying were added to the mixer to prevent secondary contamination and mixed for 5 min. Pen and
feed weights were recorded to determine Feed Intake, Body Weight Gain, and Feed Conversion
Ratio (FCR) on a pen basis at the end of each period. Intestinal morphology and cecal microbial
population were measured as well. The data obtained from the present study were calculated using
SAS statistical software and the GLM procedure for statistical analysis.

Results: The treatments could affect the PDI and hardness (P < 0.05). The use of PBM
significantly reduced the PDI in the starter and grower diets (P < 0.001). The interaction effects
of wheat with PBM significantly increased the PDI in starter and grower diets (P < 0.05). The
main effect of different PBM levels did not affect the average daily feed consumption in the whole
period (P < 0.05). The inclusion of 20% wheat treatment significantly increased feed intake (P <
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0.05) compared to the control. The interaction effects of PBM and wheat were significant on the
average daily feed consumption during the period (P < 0.05). The inclusion of different PBM
levels and wheat during the period showed no significant difference in weight gain (P < 0.05).
The different levels of PBM did not affect the FCR in the whole period compared to the control
treatment (P < 0.05), while the level of 2% improved the FCR (P < 0.05) compared to 4%. The
wheat had a significant positive effect on the villus height (P < 0.05). On the other hand, the
microbial population of Escherichia coli bacteria decreased significantly with the increase in
wheat levels (P < 0.05).

Conclusion: Overall, the results showed that the inclusion of PBM as a protein source, especially
soybean meal, can be a suitable alternative up to 4% considering the economic conditions and the
high price of vegetable protein sources. Furthermore, the inclusion of wheat in the diet not only
acted as a suitable pellet binder but also significantly increased the villus height and the ratio of
the villus height to the depth of the crypt in the first two parts of the small intestine. On the other
hand, it can play an effective role in improving the intestinal health of broiler chickens by reducing
the population of harmful bacteria such as E. coli.

Keywords: Animal protein sources, diet, Escherichia coli bacteria, Intestinal willi,
Pellet durability index, Pellet binder, Soybean meal
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Table 2. Ingredients and nutrient composition of the Starter

A ey A es Vols # s O e ¥l Yl Yol Vs (12y3) (STye> eI
T9 T8 T7 T6 T5 T4 T3 T2 Tl Ingredients
36.34 36.07 35.81 46.04 45.77 45.51 57.74 55.47 55.20 < &l
Corn grain
34.50 36.27 38.05 35.04 36.82 38.59 35.58 37.36 39.13 g s
Soybean meal
20 20 20 10 10 10 s = - Wheat p.i5
4 2 . 4 2 _ 4 2 _ 25k (BB HS C S oy
Poultry by-product meal
0.91 1.27 1.64 0.68 1.04 1.40 0.46 0.81 1.18 b 059
Soybean oil
0.23 0.26 0.29 0.23 0.26 0.29 0.23 0.27 0.29 DL-Methionine :ysgsie— i~ 6>
031 031 031 0.30 0.30 0.30 0.29 0.29 0.29 L-Lysine &gw 5=l
Sulfate
0.06 0.07 0.07 0.06 0.06 0.07 0.04 0.06 0.07 oer —Jl
L-Threonine
0.04 0.05 0.05 0.0.04 0.0.05 0.05 0.05 0.0.05 0.05 odls =l
L-Valine
1.90 1.97 2.03 1.91 1.98 2.04 1.92 1.99 2.05 (Olind S (6
Dicalcium phosphate
0.58 0.59 0.60 0.57 0.58 0.59 0.57 0.58 0.59 prelS” iy S
Limestone
0.21 0.22 0.23 0.22 0.23 0.23 0.25 0.23 0.24 2 22,18
Sodium chloride
0.20 0.20 0.20 0.19 0.19 0.19 0.18 0.18 0.18 pas S
Sodium bicarbonate
0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 JgrpeS oS A5
Coccidiostat
0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 SEEHIEE
Vitamin premix
0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 0.30 < v
Mineral premix
0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 LLIS s
Coline chloride
pedgilie BB (5]
2826 2826 2826 2826 2826 2826 2826 2826 2826 (p 5 5kST s JS'5LS)
Metabolizable energy,
keal/kg
(O
22.39 22.08 21.77 2228 21.97 21.65 218 2187 21.56 o o CR8
(%) Crude protein
0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 o
(%) Ca
o rd BB jaud
0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 0.46 .
(/) Av.p
LG
1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18 van LB o5

(%) " Dig. Lys
wad BB Ot + (igte
(%) Dig. Met + Cis
wan JB gy
(/) Dig. Thr
0,5 o YI¥ Ks polig ¢ Moty 30l YEIVO E ol ¢ Jadlipn anlg 0+ e D cpolig ¢ Mallipn anly Ve ve A uoling 1 ol38 0y p,55LS o (dljla |
60,5 duo VY «SJgd duwl 49,5 Lo YIAY Bs (yeoling £p)5 oo VO« puuwlis 0,5 oo V10 oS5l Sl 0,5 oo DIYD B2 yeolisg 0,5 Lo VAA B yoling
.{a)ful:n AR don ff)fL;l.:.o +[+Y¥ B J.ALJ5
S| 58l 12,5 o 1Y pogilis 2.5 Juo MYty 2.5 (o WY o 12,5 o 00 00T 50,5 oo Vo sy ¢ p)S e VY e 53S0 s IS oy p SokS ym il

Sk Ve
'Supplied per kg diet: vitamin A, 11 000 IU; vitamin D3, 5000 IU; vitamin E, 36.75 IU; vitamin K3, 3.4 mg; vitamin B1,1.98 mg; vitamin B2, 5.25 mg;
gantothemc acid, 10.5 mg; niacin, 31.5 mg; vitamin B6, 2.87 mg; folic acid, i2 mg; vitamin B12, 0.024 mg; biotin, 0. 105 mg;
Supplied per kg diet: manganese, 120 mg; zinc, 100 mg; iron, 50 mg; copper, 12 mg; iodine, 1.3 mg; selenium, 0. 3 mg; antioxidant, 100 mg.
3Digestible

0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85

0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74 0.74
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Table 3. Ingredients and nutrient composition of the Grower

)l Ao Ve # e 0 ke ¥l ¥ oles Y ke Ve (22,3) Syg> Ml
T9 T8 T7 T6 T5 T4 T3 T2 T1 Ingredients
38.30 38.03 37.78 47.99 41.73 47.47 57.69 5742 57.16 € b,
Corn grain
W
3243 3421 35.98 32.98 34.75 36.52 35.52 35.29 37.07
Soybean meal
A5
- - - (A
20 20 20 10 10 10 Wheat
4 2 - 4 2 R 4 B R 25k (P B S g
Poultry by-product meal
1.59 1.86 222 1.28 1.63 1.99 1.05 1.41 1.77 b ‘}é”A
Soybean oil
ossse=Je
0.22 0.25 0.28 0.23 0.25 0.28 0.23 0.26 0.28 DL-Methionine
0.28 0.28 0.28 0.27 0.27 0.27 0.25 026 026 Slilg 5!
L-Lysine Sulfate
0.06 0.07 0.07 0.06 0.06 0.06 0.05 0.06 0.06 N e Af‘ll
L-Threonine
oJy-J
0.03 0.04 0.04 0.03 0.04 0.04 0.03 0.04 0.04 R
L-Valine
1.52 1.60 1.65 1.53 1.60 1.66 1.54 1.60 1.67 . um D S5
Dicalcium phosphate
0.47 0.48 0.49 0.47 0.48 0.49 0.47 0.48 0.49 "““K ey
Limestone
0.21 0.22 0.23 0.22 0.25 0.23 0.22 0.23 0.24 e ol .
Sodium chloride
0.22 0.22 0.22 0.21 0.21 0.21 0.21 0.21 0.21 s ULJ)S o
Sodium bicarbonate
0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 )9;,\%5,5 e
Coccidiostat
0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 M i & )
Vitamin premix
0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 Mf;h\m < oy
ineral premix
0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 LS oy

Coline chloride

28975 28975  2897.5 28975  2897.5 28975 28975  2897.5 28975  (PSSIGISSS) pudsiie JE 5
Metabolizable energy, kcal’kg

(FO)
21.61 213 20.99 21.51 21.19 20.88 21.4 21.09 2078 N
(%) Crude protein
0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80 =
(%) Ca
) s
0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 > S
(%) Av. p
e BB oyl
112 112 112 112 112 112 112 112 112 0)" Dig. Tys
i BB G + (st
0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.83 /) Dig. Mot + Cis
mn LB )5
0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72 /) Dig. Thr

0,5 o YI¥ &K (ol g ¢ Madl iy 35lg YE/VO E puolisg ¢ Mall iy o lg 0 v e D3 poling ¢ Madlip anlg VYo v v A oy 1 olde opn p,50lS o glilay =)
0,5 duo VY g8 ol €045 Lo YIAY Bs (yeoling £p)5 oo YV/O < pualis 0,5 oo V10 oS5l dpunl 0,5 Lo DIYD B2 yeolig 0,5 Lo VAA B yoling
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S|l 10,5 o /oY posibis 19,5 oo VT g 12,5 (o WY g 25 o 00 (0l 2 )5 oo Ve e gy ¢ p S o VYo iK1 ol oy p)S5S o il =Y
Pk Ve

'Supplied per kg diet: vitamin A, 11 000 IU; vitamin D3, 5000 IU; vitamin E, 36.75 IU; vitamin K3, 3.4 mg; vitamin B1,1.98 mg; vitamin B2, 5.25 mg;
antothenic acid, 10.5 mg; niacin, 31.5 mg; vitamin B6, 2.87 mg; folic acid, i2 mg; vitamin B12, 0.024 mg; biotin, 0. 105 mg;

ISupphed per kg diet: manganese, 120 mg; zinc, 100 mg; iron, 50 mg; copper, 12 mg; iodine, 1.3 mg; selenium, 0. 3 mg; antioxidant, 100 mg.
Digestible
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Table 4. Ingredients and nutrient composition of the Finisher

)l A s Y les 2 s O e ¥l Yol Yol Vs (d2y3) STyss el
T9 T8 17 T6 T5 T4 T3 T2 Tl Ingredients
43.81 43.13 42.45 53.57 52.68 52.20 63.31 62.64 61.95 @5 &b
Corn grain
27.94 30.11 32.28 28.43 30.60 32.77 28.92 31.09 33.26 g dllos
Soybean meal
20 20 20 10 10 10 ; ; ; el
Wheat
4 P - 4 2 - 4 2 R sk (RS CulsS o0
Poultry by-product meal
1.08 1.50 1.93 0.85 127 1.69 0.61 1.03 1.45 b 5255
Soybean oil
0.18 0.20 0.23 0.18 0.21 0.24 0.18 0.21 0.24 OB Jh
DL-Methionine
0.22 0.21 0.19 0.21 0.2 1.0.18 0.20 0.19 0.17 il
L-Lysine Sulfate
0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 0.03 ey —J!
L-Threonine
B B B B B B B B B ol =JI
L-Valine
1.14 1.20 1.26 1.15 121 127 115 1.22 1.28 (Sl plS 5>
Dicalcium phosphate
0.38 0.39 0.40 0.38 0.40 0.40 0.38 0.39 0.40 et 2l
Limestone
0.21 0.22 0.23 0.22 0.22 0.23 0.22 0.22 0.24 o 32,08
Sodium chloride
0.23 0.23 0.23 0.23 0.23 0.24 0.22 0.22 0.22 s Sl
Sodium bicarbonate
0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 IS 1S
Coccidiostat
0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 RO
Vitamin premix
0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 < y
Mineral premix
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 LIS S
Coline chloride
pedgalie JB (5551
2945 2945 2945 2945 2945 2945 2945 2945 2945 (PSS s ) kS
Metabolizable energy,
kcal/kg
B s
20.08 19.90 19.71 19.97 19.78 19.59 19.85 19.66 19.47 o e G0
(%) Crude protein
0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 o
(%) Ca
wd B e
0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33 S N aa
(%) Av.p
n LB s
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 wan S o

(%) " Dig. Lys
(%) Dig. Met + Cis
wap BB 59
(%) Dig. Thr

0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76

0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.66
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!Supplied per kg diet: vitamin A, 11 000 IU; vitamin D3, 5000 IU; vitamin E, 36.75 IU; vitamin K3, 3.4 mg; vitamin B1,1.98 mg; vitamin B2, 5.25 mg;
antothenic acid, 10.5 mg; niacin, 31.5 mg; vitamin B6, 2.87 mg; folic acid, 1.2 mg; vitamin B12, 0.024 mg; biotin, 0.105 mg;

;Supplied per kg diet: manganese, 120 mg; zinc, 100 mg; iron, 50 mg; copper, 12 mg; iodine, 1.3 mg; selenium, 0.3 mg; antioxidant, 100 mg.

“Digestible
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Table 5. Influences of PBM and wheat levels on the pellet-durability index (PDI, %) and pellet hardness (kg)

)los oi 5
Pellet hardness PDI Treatment
arrangement
| el )3l
Finisher Grower Starter Finisher Grower Starter )55;()/&.;; e
Main eff)ects PBM
4.66 3.78 3.81 69.95 73.50° 85.41* 0
4,52 3.38 3.62 69.70 69.50° 84.11° 2
3.76° 3.59 4.03 69.08 66.79¢ 83.50° 4
e glas
0.25 0.14 0.15 0.45 0.32 0.18 SEM
o5 ) Lol
Main effects
Wheat
3.88 3.26° 4.14* 65.57¢ 55.65¢ 81.97° 0
3.40 3.50% 3.70° 68.94° 74.96° 85.27* 10
a a a a 20
4.65 3.98 3.63° 74.23 78.73 85.77 Jlre sllas
SEM
1.92 1.51 1.48 0.25 0.14 0.15 ) Jlie <l
(pa5 g cuiss
Interaction effects
(PBMxWheat)
PS5 PBM cisf
Wheat ® 29
3.96%® 3.76® 3.64 59.40¢ 63.77" 84.89%® 0 0
4.08% 2.88° 3.30 61.23¢ 55.67¢ 82.15¢ 0 2
3.62° 3.16° 3.94 70.64¢ 47.53" 78.88¢ 0 4
5.58%® 3.82% 3.78 76.08° 75.18% 85.31%® 10 0
3.64° 2.86° 3.38 75.26° 76.95¢ 84.34° 10 2
4.00% 3.82% 3.94 60.90¢ 72.74% 86.16" 10 4
4.44% 3.76% 4.02 79.81° 80.20° 86.03% 10 0
5.84* 4.40° 4.20 72.60% 84.01* 85.83% 20 2
4
3.68° 3.80% 4.22 70.27¢ 71.97¢ 85.45% 20 s (sl
0.43 0.25 0.26 0.79 0.56 0.32 SEM
P-value
0.034 0.169 0.177 0.395 0.0001 0.0001 PBM g8 39
0.100 0.004 0.042 0.0001 0.0001 0.0001 Wheat pa5
0.005 0.008 0.710 0.0001 0.0001 0.0001 Jilito o

Interaction effects

Shed p eolojl slayleg I3l (P < o/+0) 5,8 lay
092 S5 BE b ups g 0y ORI (Bpas
Job 33 (B pae STyes Llosds 02> lis & Jodo pd yiolel
oy 5 (o) Ve g Ve ) paiS Oxbdfb‘wigbj] 0)9d
cod dliey (jg ol (oren (Bl yiuliEl g ol
s 1S (P> +1-0) 8,55 5 i (sl o 5
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Table 6. Influences of PBM and wheat levels on average feed intake (FI) (g), average daily gain (ADG) (g), and feed
conversion ratio (FCR) in broilers during the whole experimental (d 1-42) periods

o loss i 5
Treatment arrangement
bS5 coyo Rl Sl Shss ke
Shes 059 Erae
Feed conversion Average daily Average feed
ratio gain intake
(/o cssS ydg) ol il il
Main effects PBM
1.62% 59.53 96.39 0
1.58° 59.80 94.36 2
1.66* 57.70 95.93 4
(SEM) )bz (sl
0.0009 0.0008 0.0009
(% puS ) Lol il gl
Main effects
Wheat
1.62 58.07 94.52 0
1.63 59.02 96.49 10
1.59 59.94 95.67 20
(SEM) )l (gl
0.014 0.0008 0.0009 5 CuboS pgy) Jlie il il
(P25
Interaction effects
(PBMxWheat)
Wheat . -
e PBMcuisoS o9
1.61 57.72 93.26° 0 0
1.58 55.58 92.91° 0 2
1.68 57.92 97 .39%® 0 4
1.61 61.48 99.36° 10 0
1.59 59.60 95.12%® 10 2
1.67 56.00 94.99% 10 4
1.62 59.40 96.56% 20 0
1.55 61.24 95.05% 20 2
1.61 59.20 95.41%® 20 4
0.025 0.001 0.001 (SEM) Lo (slls
P-value
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Table 7. The effects of different PMB and wheat levels on the intestinal morphology of broiler chickens at the age of 42 days

o )los s )5
PDﬂﬁ‘ [E3)] Treatment
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SxS Gos by b S ae s S Gos 4 by s S S Bas by Job Il
Villus hg;%ﬂ‘l / Crypt Crypt depth Villus height Villus height / Crypt depth Crypt depth Villus height »2 )/Lfl" <l
() (ogSen) (agSan) (agySar) (ogsSn) (ag,Se) g
Main efgects PBM
0
8.71 88.26 763.53 5.84 183,20 1068.4* 0
8.42 93.46 775.53 5.56 183.33 1005.50° 2
8.78 91.33 802.40 5.51 183.53 1009.90°
0.300 3.05 17.25 0.129 275 15.95 (SEM) jlire (gllas
(7 p5 ) Lol gl
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Wheat
8.20 88.06 707.66* 5.36° 182.66 975.87° 0
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0.300 3.05 17.25 0.129 2.75 17.40 (SEM) oo (glls
) Mz <51
(P55 cudss
Interaction effects
(PBMxWheat)
Wheat p5 PBM cuissS jog
8.69 83.20%° 715.00° 5.43* 189.60%° 1026.60 0 0
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8.73 102.00% 888.00* 5.62% 196.20% 1101.80% 10 2
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0.52 5.28 29.88 0.22 4.77 27.64 SEM
P-value
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Table 8. The effects of different PMB and wheat levels on the number of microbial flora in broiler caeca at the age of

42 days (logiocfu/g)

bo)loss i
Treatment arrangement
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ool
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48 10.02
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523 10.44
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