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Introduction: By-products from the dairy industry, particularly whey (the liquid residue remaining after
cheese production), are often considered waste despite their high nutritional value. However, its dried
powder form can be used in poultry nutrition. Whey powder improves protein and fat digestibility in
monogastric animals, thereby enhancing feed efficiency. Therefore, due to its high biological value, balanced
protein quality, bioactive components, and prebiotic properties, whey powder may help mitigate the negative
effects of stocking density stress. As a result, it can contribute to improved bird performance. Additionally,
corn gluten, due to its affordability, favorable nutritional value, and easy accessibility, can reduce feeding
costs while supplying part of the energy and protein requirements of poultry. Increasing stocking density is
considered a management strategy to enhance production and efficiency in poultry farming. However,
despite its advantages, high stocking density may lead to reduced performance, increased mortality rates, leg
disorders, and decreased bird welfare. Based on previous research and reviews, there is currently no
information regarding optimal levels of whey powder and corn gluten under varying stocking densities for
the Arian strain, specifically concerning growth performance and blood metabolites. Considering the critical
role of gastrointestinal health in broiler growth and efficiency, evaluating the combined effects of these two
feed sources (whey powder and corn gluten) in broiler diets under both standard and high stocking densities
represents a scientifically and economically grounded nutritional and management decision. The goal is to
optimize growth performance, essential amino acid profile of the diet, biological value of consumed protein
(improved absorption), and blood metabolites by reducing stocking density-induced stress. Accordingly, the
present study aims to investigate the effects of different levels of whey powder and corn gluten under
varying flock stocking densities on the growth performance and blood metabolites of Arian broiler chickens.

Materials and Methods: A total of 600 one-day-old male Arian broiler chicks were used in this study. The
study was conducted as a completely randomized design with a 2x2x2 factorial arrangement, involving 8
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treatments, 5 replicates per treatment, and 13 chicks per replicate under standard stocking density conditions,
and 17 chicks per replicate under high stocking density conditions, starting from one day of age. A total of
40 experimental units (pens), each measuring 100 x 100 cm with a height of 80 cm (1 m2 floor area), were
used. The experimental treatments included: 1. Zero percent whey powder and zero percent corn gluten at 13
chicks per replicate (control group) 2. Zero percent whey powder and zero percent corn gluten at 17 chicks
per replicate 3. 6% whey powder at 13 chicks per replicate 4. 6% whey powder at 17 chicks per replicate 5.
3% corn gluten at 13 chicks per replicate 6. 3% corn gluten at 17 chicks per replicate 7. 6% whey powder
combined with 3% corn gluten at 13 chicks per replicate 8. 6% whey powder combined with 3% corn gluten
at 17 chicks per replicate. The diets for the starter, grower, and finisher phases were formulated based on
corn and soybean meal according to the nutritional requirements of the Arian strain. Feed intake and body
weight gain were recorded weekly, and feed conversion ratio was calculated using the data on feed intake
and weight gain. To evaluate blood metabolites, blood samples were collected from the jugular vein at
slaughter and analyzed using a centrifuge and an autoanalyzer device. Statistical analysis of the data was
performed using SAS software.

Results and Discussion: The interaction effects of whey powder, corn gluten, and stocking density over the
entire period significantly increased feed intake in broiler chickens compared to the control, with the highest
feed intake observed in the treatment containing 6% whey powder, 3% corn gluten, and 17 chicks per square
meter (P < 0.05). Other performance indicators, including feed conversion ratio, average weight gain, and
final body weight, were not affected by the interaction effects of the experimental treatments. The main
effects of whey powder and corn gluten did not have a significant impact on the blood metabolites of broiler
chickens (P > 0.05). Blood metabolites were not affected by the interaction effects of whey powder, corn
gluten, and stocking density (P > 0.05). The simultaneous use of whey powder and corn gluten, particularly
under varying stocking densities, may contribute to improved growth performance in broiler chickens.
Managing stocking density along with the use of nutritional additives can help improve the lipid profile of
broiler chickens, but the direct effects of whey powder and corn gluten on blood metabolites require further
investigation.

Conclusion: The present study demonstrated that the inclusion of whey powder and corn gluten in the diet,

combined with appropriate stocking density management, can positively affect growth performance and
certain metabolic indices in Arian broiler chickens. Specifically, whey powder and stocking density
significantly improved feed intake and growth parameters, while the combination of corn gluten with
stocking density reduced blood LDL levels, which may indicate improved metabolic health. Although some
blood metabolites were not affected by the treatments, the overall results suggest that simultaneous
adjustment of dietary composition and environmental conditions can enhance productivity and health in
broiler chickens. These findings may provide valuable insights for optimizing feeding and rearing strategies
in the poultry industry. Overall, the results indicate that incorporating 6% whey powder and 3% corn gluten
into the diet at a stocking density of 17 birds per square meter can improve the performance of Arian broiler
chickens.

Keywords: Arian strain, Convertion ratio, Corn gluten, Feed intake, Whey powder
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Table 1- Ingredients and chemical composition of experimental diets for Arian strain broiler chickens in the initial period (1 to 14

days)
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1 Whey powder per kg of diet 10% crude protein, 0.7% calcium, 0.5% phosphorus, 1.5% fat, 7% moisture, 20 g sodium, 15 g chlorine, 15 g potassium, 1.2 g magnesium, 2200

kcal metabolizable energy.
2 Corn gluten per kg of diet 40% crude protein and 3100 kcal metabolizable energy.

3 Mineral supplement per kilogram of diet contains: Manganese: 39680 mg, Iron: 20000 mg, Zinc: 33880 mg, Copper: 4000 mg, lodine: 396 mg and Selenium: 80 mg.
3 Vitamin premix per kg of diet 3600000 1U of vitamin A, 800000 IU vitamin D3, 14400 IU vitamin E, 700 mg vitamin By, 2640 mg vitamin B, 3920 mg vitamin B, 1176 mg
vitamin Bs, 400 mg vitamin By, 6 mg vitamin B1z, 40 mg vitamin B7 and 400 mg antioxidants.
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Table 2- Ingredients and chemical composition of experimental diets for Arian strain broiler chickens in the growth period (15 to 24

days)
Shs el Voless Yloss ¥loss ¥oloss 0)loss oo Volos Mo
Ingredients Treatmentl Treatment2 Treatment3 Treatment4 Treatment5 Treatment6 Treatment? Treatment8
Cmox o515 - + - + N T N T
Stock density
'] (o9 0 0 6 6 0 0 6 6
Whey powder*
T pals 0 0 0 0 3 3 3 3
Corn gluten?
&) 58.12 58.12 51.24 51.24 58.49 58.49 51.61 51.61
Corn
bgw Allus’ 36.73 36.73 36.55 36.55 33.73 33.73 33.55 33.55
Soybean meal
Lgw 9, 1.13 1.13 2.38 2.38 0.69 0.69 1.93 1.93
Soybean oil
SlyyS S 0.91 0.91 0.89 0.89 1.01 1.01 0.99 0.99
Calcium carbonate
Olaud panndS 60 1.64 1.64 1.50 1.50 151 151 1.38 1.38
Di-calcium phosphate
Sos 0.25 0.25 0.18 0.18 0.25 0.25 0.18 0.18
Salt
Sl ySa pote 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Sodium bicarbonate
Taipelisg Sdae JoSo 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Mineral-vitamine-premix®
owese s> 0.31 0.31 0.33 0.33 0.35 0.35 0.36 0.36
DL-methionine
KRN COSRWNRNEN| 0.15 0.15 0.18 0.18 0.33 0.33 0.26 0.26
LysineHydrochloride
LIS S 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Choline chloride
Chemical composition
E; ;i?‘ ) pedlylie JE 5 2950 2950 2950 2950 2950 2950 2950 2950
Metabolizable energy (kcal/kg)
(2a2y3) P15 iy 20 20 20 20 20 20 20 20
Crude protein (%)
(30y) 23 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18
Lysine (%)
(10)3) (pstammsus + yigato 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Met + Cys (%)
(32)3) (s 0.69 0.69 0.67 0.67 0.66 0.66 0.64 0.64
Threonine (%)
(323) Hlogin 5 0.24 0.24 0.23 0.23 0.22 0.22 0.22 0.22
Tryptophan (%)
(10)3) poaandS” 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Calcium (%)
(30y3) yhud 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38
Phosphorus (%)
oy 98l 9 (e Cgls
(P;}J&;)‘. u”_”suﬂu!-:ﬁ) 24351 24351 257.48 257.48 226.70 226.70 240.67 240.67
Dietary Cation Anion
Difference (meg/kg)
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1 Whey powder per kg of diet 10% crude protein, 0.7% calcium, 0.5% phosphorus, 1.5% fat, 7% moisture, 20 g sodium, 15 g chlorine, 15 g potassium, 1.2 g magnesium,

2200 kcal metabolizable energy.

2 Corn gluten per kg of diet 40% crude protein and 3100 kcal metabolizable energy.

3 Mineral supplement per kilogram of diet contains: Manganese: 39680 mg, Iron: 20000 mg, Zinc: 33880 mg, Copper: 4000 mg, lodine: 396 mg and Selenium: 80 mg.
3 Vitamin premix per kg of diet 3600000 IU of vitamin A, 800000 IU vitamin D3, 14400 IU vitamin E, 700 mg vitamin B, 2640 mg vitamin Bz, 3920 mg vitamin Bs, 1176

oling pS ke T+ Bi oy S ko Voo E by (Mlalliye sy VFE-+ D3 cyualiny (ol 455 A

mg vitamin Bs, 400 mg vitamin By, 6 mg vitamin By, 40 mg vitamin B7 and 400 mg antioxidants.
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Table 3- Ingredients and chemical composition of experimental diets for Arian strain broiler chickens in the final period +(25 to 45

days)
Shgs el Vloss YVoless ¥ oloss ¥oloss 0,k 7o Vles Aless
Ingredients Treatmentl Treatment2 Treatment3 Treatment4 Treatment5 Treatment6 Treatment? Treatment8
Cymer o513 - + - + N T N T
Stock density
Yyl o9 0 0 6 6 0 0 6 6
Whey powder*
ey opgls 0 0 0 0 3 3 3 3
Corn gluten?
&y 63.49 63.49 56.60 56.60 63.86 63.86 56.97 56.97
Corn
Lgw dloss’ 30.74 30.74 30.56 30.56 27.74 27.74 27.55 27.55
Soybean meal
Lgw 6, 1.48 1.48 2.73 2.73 1.03 1.03 2.28 2.28
Soybean oil
Sly S pudS 0.91 0.91 0.89 0.89 1.01 1.01 0.99 0.99
Calcium carbonate
Slind oundS 63 1.69 1.69 1.56 1.56 1.56 1.56 1.43 1.43
Di-calcium phosphate
Sl 0.25 0.25 0.18 0.18 0.25 0.25 0.18 0.18
Salt
Sl Sy oo 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Sodium bicarbonate
Taialiyg i JoSo 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Mineral-vitamine-premix®
Osgsie Jld 0.36 0.36 0.38 0.38 0.38 0.38 0.41 0.41
DL-Methionine
LS g0 o3l 0.33 0.33 0.35 0.35 0.42 0.42 0.52 0.52
Lysine- Hydrochloride
IS odeS 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Choline chloride
tbord G
Chemical composition
7 SJESS) gl S8 531 3025 3025 3025 3025 3025 3025 3025 3025
(p55ks
Metabolizable energy
(kcal/kg)
(M22) plocuiig 18 18 18 18 18 18 18 18
Crude protein (%)
(duoy3) cpzd 1.18 1.18 1.18 1.18 1.18 1.18 1.18 1.18
Lysine (%)
(Ma2)3) Cptiomses + Cpguie 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Met + Cys (%)
(22y3) (i 0.62 0.62 0.60 0.60 0.58 0.58 0.56 0.56
Threonine (%)
(10)3) lbgig 5 0.21 0.21 0.20 0.20 0.19 0.19 0.18 0.18
Tryptophan (%)
(103) oadS’ 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Calcium (%)
(10)3) yausd 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Phosphorus (%)
oy Ol 9 08 ol
(5355 2 V15 S 1ke)
Dietary Cation Anion 207.25 207.25 22121 22121 190.45 190.45 204.40 204.40

Difference (meg/kg)
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* Whey pouder per kgr of diet 10% crude protein, 0.7% calcium, 0.5% phosphorus, 1.5% fat, 7% moisture, 20 gr sodium, 15 gr chlorine, 15 gr potassium, 1.2 gr

magnesium, 2200 kcal metabolizable energy.

2 Corn gluten per kg of diet 40% crude protein and 3100 kcal metabolizable energy.

3 Mineral supplement per kilogram of diet contains: Manganese: 39680 mg, Iron: 20000 mg, Zinc: 33880 mg, Copper: 4000 mg, lodine: 396 mg and Selenium: 80 mg.

3 Vitamin premix per kg of diet 3600000 IU of vitamin A, 800000 IU vitamin D3, 14400 1U vitamin E, 700 mg vitamin B1, 2640 mg vitamin Bz, 3920 mg vitamin Bs,

1176 mg vitamin Bs, 400 mg vitamin Bg, 6 mg vitamin Bi2, 40 mg vitamin B7 and 400 mg antioxidants.
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Table 4- Main effects of whey powder, corn gluten and density on the performance of arian strain broiler chickens

. Bras Shgs (1 Sile o sl 05 Nl
ol . Shed s cupe .
(es93/0 /5 5) (os95/035/p5)
Average feed intake Feed conversion Average final weight Average weight gain
(9/period/bird) ratio (9/period/bird) (9/period/bird)

(0393035 32 )5) (339 el 33l pSile

Effects

ol g

Whey powder

29 o) jho
pres)

0% whey
powder

P9 Moy b
ey

6% whey
powder

Sme oLzl
ke

SEM
Sosiae gaw
P-value

4167.50°

4229.00°

10.668

0.0003

1.992

1.77°

0.030

0.0001

2149.45b

2439.75%

34.499

0.0001

2105.45°

2395.752

34.499

0.0001

)3 igls

Corn gluten

DS Loy yho
s

0% corn
gluten

OIS Lo)d du
<y

3% corn
gluten

o oLzl
Ooke

SEM
S gaw
P-value

4194.00

4202.50

10.668

0.557

1.952

1.81°

0.040

0.002

2213.60°

2375.602

34.499

0.002

2169.60°

2331.602

34.499

0.002

Cunox oS5

Stock density

o yd °"\';)f« 0 jaws

&P
13 bird/m?

oy °"\';)f« olen

&P

17 bird/m?
o olesl
oSk

SEM
S e daw
P-value

4171.25°

4225.252

10.668

0.0001

1.922

1.83°

0.030

0.042

2232.70°

2356.502

34.499

0.016

2188.70°

2312.502

34.499

0.016

ol (P Jlo ro i oimd )Lis g s 53 diliiop gy &€

&¢ Means within the same column indicated by different letters are significantly different (p<0.05)
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Table 6- Main effects of whey powder, corn gluten and stock density on blood parameters of Arian strain broiler chickens

P k) JoslS e S) S on ) Y IS b onBonend ) omb JBo LonSonsd e ) S 5 RS ) S

(3 o0 2 (5 o (3 oo 2 pS (3 o> 2 e (3 oo 2 e (3 o
CHOL TP HDL LDL TG GLU (g/dl)
(mg/dl) (g/dl) (mg/dl) (mg/dl) (mg/dl)

ol

Effect

sl g
Whey
powder

)\)93 Loy )M
g

0% whey
powder 130.75 4.10 56.10 51.00 90.70 123.30

Pghe)d ls
oo

6% whey
powder

Smo olizil
0SSl

SEM 2.96 0.133 2.136 2.225 2.388 3.023
S)igine o

P-value 0.59 0.895 0.405 0.825 0.482 0.618

133.00 4.08 58.65 50.30 88.30 125.45

S0 PeS

Corn gluten
D > jho
&)
0% corn
gluten
S o> dw
&)
3% corn
gluten
Sme ol
oSke
SEM 2.96 0.133 2.136 2.225 2.388 3.022
S)igine o

P-value 0.53 0.481 0.248 0.550 0.519 0.990

133.20 4.02 59.136 49.70 90.60 124.35

130.55 4.16 55.60 51.60 88.40 124.40

Camer o515

Stock density

2 o.\.})._f_ 0D juuws

& re

13 bird/m? 129.00 4,13 53.00° 52.85 90.85 124.35
3 A..\J)i odan

&2 P

17 bird/m? 134.75 4.05 61.75% 48.45 88.15 124.40
Yo ozl

oSke

SEM 2.96 0.133 2.136 2.225 2.388 3.022
&b sime o

P-value 0.17 0.656 0.006 0.171 0.430 0.990

C
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&¢ Means within the same column indicated by different letters are significantly different (p<0.05).
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Table 7- The interaction effects of whey powder, corn gluten and stock density on blood parameters of Arian strain broiler chickens
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Cumaz 1515 9 0,0 9IS g el gy
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