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Introduction: Large quantities of household food waste have the potential to be used as livestock feed,
thereby supporting sustainable food production systems. Numerous studies have documented the effects of
food waste on animal performance; however, due to regional variations in the composition of household food
waste, its nutritional impacts must be evaluated under specific local conditions. This study was conducted to
investigate the nutritional effects of household waste in northern Iran on fattening performance, apparent
nutrient digestibility, rumen fermentation characteristics, and blood parameters in crossbred male Zel lambs.

Materials and Methods: Twenty crossbred male lambs (3—4 months old; mean body weight 25 + 1.5 kg)
were randomly assigned to a completely randomized design with four treatments and five replicates per
treatment for 70 days. The treatments consisted of dietary inclusion levels of household food waste at 0, 20,
40, and 60%. The total mixed ration (TMR) was formulated using SRNS software. The ratio of forage to
concentrate on experimental diets was 30:70, and different levels of household food waste replaced edible
items in the concentrate part of the diet. Household food waste, which was a mixture of pasta, rice, legumes,
eggs, fruit peels, chicken bones, mixed salad and various vegetables, was collected by school students. Daily
food waste samples were analyzed to determine chemical compositions during the collection period. Given
that chemical composition varied daily, their averages were used to formulate the diet. The lambs were fed
individually and had free access to clean water throughout the period. Dry matter intake (DMI), average
daily gain (ADG), and feed conversion ratio (FCR) were recorded. To determine the concentration of blood
parameters (glucose, triglyceride, cholesterol, blood urea nitrogen and total protein), blood sampling was
performed once at the end of the experimental period, one hour before the morning feeding. Rumen fluid
sampling was performed in the last week of the experimental period, 3 hours after morning feed consumption
using an esophageal catheter, and rumen volatile fatty acids (VFAs: acetic acid, propionic acid, butyric acid,
valeric acid and isovaleric acid) were measured. Nutrient digestibility was determined by the acid-insoluble
ash method. Data was analyzed using the GLM procedure of SAS software (version 9.1). Treatment means
were compared using Duncan’s multiple range test at a significance level of P < 0.05.

Results and Discussion: The chemical composition analysis of household food waste showed that the

Authors retain the copyright. This is an open access article distributed under Creative Commons
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average dry matter content was 89.4%. The mean crude protein (CP), ether extract (EE), neutral detergent
fiber (NDF), acid detergent fiber (ADF), ash, and non-fiber carbohydrates (NFC) were 19.56, 11.91, 25.96,
17.75, 11.43, and 27.14% of dry matter, respectively.With increasing level of food waste in the diet, final
body weight decreased (P < 0.0001), dry matter intake (P = 0.0004) and feed conversion ratio (P < 0.0001)
increased significantly. Also, with increasing level of household food waste in the diet, the apparent
digestibility of dry matter (P = 0.0020), organic matter (P = 0.0006), and ether extract (P = 0.0001) decreased
significantly compared to the control group. In contrast, increasing the dietary level of household food waste
significantly increased the digestibility of neutral detergent fiber (P < 0.0001) and acid detergent fiber (P =
0.0030) compared with the control group. Concentrations of glucose, blood urea nitrogen, total protein and
triglycerides were not affected by the treatments. Higher levels of food waste increased serum cholesterol
concentration (P = 0.0020). Dietary inclusion levels of 40 and 60 % household food waste significantly
decreased ruminal pH (P = 0.0470) and increased total volatile fatty acids (P = 0.0249) and total protozoa
populations (P = 0.0070). Also, the 60% dietary inclusion level of household waste caused a significant
increase in isovaleric acid in the rumen fluid (P = 0.0024).

Conclusion: The results showed that with increasing household food waste inclusion level, WG and FCR up
to a level of 20% were like the control, but higher levels were associated with a significant decrease in WG
(with significant linear and quadratic effects, P < 0.05) and an increase in feed intake. These results indicate
that excessive amounts of household waste in the diet can lead to negative consequences, while moderate
levels may have benefits. Among the evaluated blood parameters, only cholesterol showed significant linear
and quadratic increases, while the other parameters were not affected, indicating the metabolic safety of the
animals at the recommended inclusion levels. Economic analysis showed that partially replacing
conventional feed ingredients with household food waste reduced feed costs per lamb. Therefore, the use of
household food waste up to 20% of the diet, as a cheap and sustainable source, can be considered safe and
economical, while maintaining the performance and health of fattening lambs, but higher levels require
caution in dietary formulation.

Keywords: Blood metabolites, Digestibility, Household waste, Performance, Rumen parameter
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Table 1- Ingredients and chemical composition of the experimental diets

(o3 2 203)  ctlol (gl lows

|y95 oM3l
Ier)r}:diPent Percentage in diet (%)

9 1 2 3 4
2ol 21.0 14.0 7.0 2.0
Barley grain
epah 145 10.0 65 2.0
Corn grain
P g 172 13.0 5.0 1.0
Wheat bran
by oS 105 6.5 55 2.0
Soybean meal
8y Alis 25 25 25 25
Beet pulp
2l Slowy 0.0 200 400 60.0
Household waste
ShyS dS 1.0 0.8 05 0.0
Calcium carbonate
S 0.5 0.4 0.2 0.0
Salt
Sy 1.0 1.0 1.0 05
Bentonite
Y

B oSy 0.7 0.7 0.7 0.7
Livestock premix

Sl 1.0 1.0 1.0 05
Sodium bicarbonate

Pk S P 0.1 0.1 0.1 0.1
Toxin binder

i axdy 200 200 20.0 20.0
Alfalfa hay

pu5 o 100 100 100 100
Wheat straw

s oS5 (S o3lo s yd) lado

Chemical composition Amount (% dry matter)

(‘-S“b > ”L"’ f’)sil‘g 2 d)ﬂﬂi") W‘“:J?.'l:“’ J?b dj)j‘ 2.43 2.39 2.36 2.32
Metabolizable energy (Mcal/kg)

S ole 93.1 93.0 9285 9212
Dry matter (%)

P oty R 13.35 13.47 13.47 13.65
Crude protein

Gl ol 4.98 5.01 5.10 5.89
Ether extract

(S oizgd 3 Jgonels SU 4333 42.33 38.33 38.66
Neutral detergent fiber

el aagd > Jolorels L 29.04 29.70 30.01 30.24
Acid detergent fiber

FuSE 8.34 9.63 10.47 11.45
Ash

L . .

S glachumg s 28.89 29.45 31.72 29.26

Non-fiber carbohydrates

050 3 (SB Slaws 75 F e o0 5luiS (iSu 13 (5B Wlows ¥ N las 0 p5ladS (iSu 10 (SB Slew AV Y las { (SB Slowy y9) d0li o) o

Orelg el sl 0eee e ol JoSa 31 p)55kS 10 TA o s0lg )

c oolig (HMoliD3 (elig 5 /Y 9 B dujsio p)5 Ve pid p)S R ol 25 VA-
CiluSI il S ¥ e p)5 /Y pguidio o) [+ N WS p 51N w59y p)S ¥ o p)5 IV el 25 Y 55 £33 Y s )5 £
S clacdjung S'NFC=100-(NDF+CP+EE+Ash)
! Treatment 1: control (0% household waste), treatment 2: 20% household waste in concentrate, treatment 3: 40% household waste in
concentrate, treatment 4: 60% household waste in concentrate

2Every kg of supplement contained 500000 IU vitamin A, 100000 IU vitamin D3, 0.1 g vitamin E, every kg of supplement contained 180
gCa,90gP,20g Mn, 609 Na,2gMg,3gFe 03gCu,3gZn,0.1gCo, 0.0019Se,0.1g]l,3 g Antioxidant
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Table 2- Chemical composition of household food waste used in this experiment

whord <S5 ol
Chemical composition Average
)i oske 89.4+6.4
Dry matter (%)

(558 Lo 202) 5 (155 19.56 + 8.5
Crude protein (%DM)

(L—iﬁi&bJLoM)))d)jlb)La& 11.91 + 6.9
Ether extract (%DM)

(Sis odlo o yd) (5 odiygi 1 Jaloel LI 25.06+ 4.8
Neutral detergent fiber (%DM)

(St obo 1o y3) (gpusl 09 5> Jalorals B 1775453
Acid detergent fiber (%DM)

s oole doyd) S

,(Ash (%DM) Kt 11.43+3.6
("S‘“> oo M)D) SWled sl ang S 2714+ 10.4

Non-fiber carbohydrates (%DM)
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Table 3- The effect of different levels of household waste on the performance of lambs in the experimental

" alejl (slales

Solaio Gluglde (g)ld sine pdasw

R .))]Jil};ul L51.\a>
5,8des Experimental treatments Contrast P-value
oSSk
Performance 1 9 3 4 SE M kol ks b s
Treatment  Linear  Quadratic
HPHR . AR
(¢ s ) ‘“')’_’ 09 U 209.50°  205.50*  189.50°  181.00° 0.330 <.001 <.001 <.001
Daily weight gain (g)
(P’;.’l'“'f) e S ol 1.36° 1.42° 1.478 1.482 0.002 <.001 <.001 <.001
Daily feed intake (kg)
pSLS) S s oy
(035 8L 5kS 2 sln Shs g 5c 6.93° 7.780 8.18? 0.028 <.001 <.001 0.998
Feed conversion ratio (kg
Fee/kg weight gain)

(P 0) wan Iy gme MBIy ol 05 03l )lis cglisie (Y g b ayd) yo )3 oS pla oy Sile
0y5ludS St )3 (S Slown 75+ F jlo o yslaiS 25w 50 (S Slow ZF+ ¥ o 0,5luS st p3 (S Slowy AV Y o S5 Slowy 9) 2l 1) e’
" The averages shown in different latin letters in each row indicate statistically significant differences (P<0.05).

! Treatment 1: control (0% household waste), treatment 2: 20% household waste in concentrate, treatment 3: 40% household waste in
concentrate, treatment 4: 60% household waste in concentrate
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Table 4- The effect of different levels of household waste on the digestibility of feed nutrients

Y sinlojl gl los

Solxie Cluwldo (65 o pdaw

Ll cllas
(A2 )3) yeiie Experimental treatments > ‘/C Contrast P-value
Parameter (%) 1 ) 3 . géM L s e
Treatment  Linear  Quadratic
Sais odle
Dry matter 72212 70.82°  68.27" 65.00°  0.083 0002 <001  0.197
i osle
grg;nic ter 75100  73.30°  70.22° 68.16°  0.079 <001 <001  0.036
E%uﬁf;fotein 7055 7002 69.73  69.21  0.112 0050 0003  0.789
51 o,las
;t’;]er)e ract 55788 5508  5L.15° 50.15  0.050 <001 <001  0.091
XN o . X . 4 l
@tr:’;e;;r‘éﬁ: :.;: "rJ 51.02°  5340° 5385 57.02¢0  0.077 <00l <00l 0,049
il odngd 3 Joleab UL o0 g1 ap0sp 43697 0106 0003 <001  0.165

Acid detergent fiber

(P<e/+0) st s gxe BMA] ghyls ol 0ad o3ly i Sglite (5Y gy b cidy o 3 oS ol ), Sko
oy 75+ 26 o 105 i 33 (SOl Moy 76+ ¥ o 0,58 i 5 (SIS Wy 2 8 o o (S oy 09) 25 ) Lo
o iluiS iy yo (Sl
*The averages shown in different latin letters in each row indicate statistically significant differences (P<0.05).

1 Treatment 1: control (0% household waste), treatment 2: 20% household waste in concentrate, treatment 3: 40% household
waste in concentrate, treatment 4: 60% household waste in concentrate
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Table 5- The effect of different levels of household waste on the rumen parameters
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“The averages shown in different latin letters in each row indicate statistically significant differences (P<0.05).
! Treatment 1: control (0% household waste), treatment 2: 20% household waste in concentrate, treatment 3: 40% household
waste in concentrate, treatment 4: 60% household waste in concentrate
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Table 6- The effect of different levels of household waste on blood parameters
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*The averages shown in different latin letters in each row indicate statistically significant differences (P<0.05).
1 Treatment 1: control (0% household waste), treatment 2: 20% household waste in concentrate, treatment 3: 40%
household waste in concentrate, treatment 4: 60% household waste in concentrate
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Table 7- Economic analysis of experimental diets (Based on Toman)
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Introduction: Corn (Zea mays L.) ranks alongside wheat and rice as a major staple crop, essential for its
nutritional role and as a primary feed source for livestock. In Iran, forage corn production is pivotal to the
livestock sector, with annual silage demand reaching approximately 15 million tons (Bazri et al., 2021).
Domestic production covers this requirement, but the system faces persistent sustainability challenges.
Nitrogen use efficiency is low, around 29%, compared with a global mean of 33%, and this inefficiency
drives both economic loss and environmental damage through nitrate leaching and water contamination
(Kazemi et al., 2018). Heavy reliance on chemical fertilizers, particularly urea, exacerbates these issues by
endangering groundwater and raising health concerns, including methemoglobinemia and certain cancers
(World Health Organization, 2017; Sidana et al., 2023). Consequently, a transition toward sustainable
practices has been proposed, involving the partial replacement of chemical inputs with organic amendments
such as biochar and manure. These materials have been shown to enhance soil properties and reduce
ecological risks (Gliessman, 2014; Kizilkaya, 2008). Biochar, produced by pyrolyzing plant residues under
oxygen-limited conditions, is highly stable in soil, enhances fertility, and contributes to carbon sequestration
(Darby et al., 2024; Feng et al., 2012). The present study examined forage yield and quality responses when

biochar was combined with fertilizers and amendments, including cattle manure, slurry, and their mixtures.

Materials and Methods: The field experiment was conducted at the experimental station of Ferdowsi
University of Mashhad during the 2021 and 2022 growing seasons. The study site is located in a semi-arid
zone, with a mean annual temperature of 15.7°C and a mean yearly rainfall of 256 mm. A split-plot layout
based on a randomized Complete Block Desigh (RCBD) with three replications was used. Main plots were
biochar (applied or not), and subplots included seven fertilizer treatments: control (C), urea fertilizer (U),
cattle manure (M), slurry (S), and three mixtures (UM, US, MS). Biochar was applied only in the first season
at 20 t/ha, following earlier recommendations (Kabir et al., 2023; Qiu et al., 2024). Fertilizer rates were
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adjusted to nitrogen equivalence: 340 kg/ha urea fertilizer, 50 ton/ha cattle manure, 60.15 mdha slurry.
Slurry was prepared from cattle waste, fermented aerobically with Bacillus, and then sterilized with ozone.
Before sowing, soil, biochar, and slurry samples were analyzed for their physicochemical properties. Corn
was planted with pneumatic seeders at 143,000 plants/ha. Irrigation was applied via a drip tape to maintain a
60% depletion of field capacity. Urea treatments were split into equal applications at the 4-leaf, 6-leaf, and
tasseling stages. Weeds were removed manually, and no pest or disease incidence was recorded. The
indicators studied included corn forage yield and quality characteristics, such as neutral detergent insoluble
fiber (NDF) and acidic detergent insoluble fiber (ADF), which measure the amount of cell wall and
hemicellulose-free cell wall in the forage. Analysis of variance (ANOVA) was performed using SAS v9.1
software, and MS Excel 2019 was used for mathematical calculations and preparing figures. Mean
comparisons were performed using the least significant difference (LSD) test at P < 0.05. An initial

examination of the homogeneity of the error variances between the two years' data was performed using the
Bartlett test. It was found that many traits did not exhibit homogeneity, so the data for each year were
analyzed separately for variance.

Results and Discussion: Biochar combined with fertilizers significantly affected forage yield and quality.
Biochar-amended plots showed improved soil structure and nutrient retention, consistent with earlier
findings of enhanced water-holding capacity and microbial activity (Zhang et al., 2009; Yuniwati, 2018; Liu
et al., 2024). Mixtures of manure and chemical fertilizers, particularly UM and MS, produced higher yields
and improved forage quality traits: acid detergent fiber (ADF), neutral detergent fiber (NDF), total digestible
nutrients (TDN), dry matter intake (DMI), and net energy for lactation (NEL), all critical for livestock
feeding efficiency (Pedersen et al., 2017). Evidence also indicates that manure—slurry combinations support
microbial diversity and nutrient cycling (Zhang et al., 2024; Wang et al., 2024). Biochar’s role in carbon
stabilization and nitrogen retention is highly relevant in Iranian soils with low organic matter. Slurry
provided readily available nitrogen, complementing the slower release from manure, ensuring a steady
nutrient supply. Results indicated that biochar mitigated excess nitrogen, reducing the risk of nitrate
contamination and related health issues (World Health Organization, 2017; Sidana et al., 2023). Some
reports (Darby et al., 2024) noted limited yield effects from biochar alone, but in this experiment, its
integration with amendments clearly enhanced both yield and forage quality. Mixing biochar with fertilizers
thus improves forage corn output, decreases dependence on chemical inputs, and strengthens soil condition.

Conclusion: Integrating biochar with manure and chemical fertilizers improved forage yield and quality
parameters, including ADF, NDF, TDN, DMI, and NEL. Biochar combined with manure and slurry mixtures
reduced dependence on chemical fertilizers while enhancing soil properties. Therefore, integrated biochar
and fertilizer management can be recommended as a sustainable strategy for forage corn production in semi-
arid regions.

Keywords: Acid detergent fiber, Forage quality, Net energy for lactation, Neutral detergent fiber
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Table 1- Physicochemical properties of the farm soil, cattle manure, and livestock leachate used in the experiment

S Jlde S Sl Shs Slde
Property Value Property Value Property Value
o8 0 S ons 0 RN
40 . 0.768 7.72
Sand % Organic carbon % pH
o) 0 Sal 0 S ySI colan 2.04
40 . 40.15
Sk Clay & Lime % EC dS/m
Soil o o s
2 % 0.
Silt %20 Phosphorus %03
2 % 0.08 e % 0.31
Nitrogen Pot:?ssmm
Gl % 1.2 e 162 el 6.91
Nitrogen % 1.25 Organic carbon pH
59l 298 JE % 0.83 S osle 27.92 S SIl cylun
Cattle manure Phosphorus o Organic matter mg/kg EC 9.4
" dS/m
- % 2.2 CN 12.96
Potassium mg/kg
, 0355 % 2.6 ot % 0.53 el 6.84
el iy Nitrogen Organic carbon pH
Slurry ool o Y o oS clan 21.2
Potassium %03 Phosphorus % 0.0393 EC dS/m
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Table 2- Amount of nitrogen in fertilizing amendments and amount used (calculated) of each in the experiment

Amount of use

35 &
Fertilizer type

I95 o)y
Nitrogen (%)

Description

33 46

340 kg/ha't
Urea
TS 1.25 50 ton/hal
Cattle manure
)l>9~ - 20 ton/ha’t
Biochar
o lpd 26 60.15 m3/hat
Slurry

(al., 2006
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year (Gale et al., 2006)

Fertilizer Analysis in Agriculture, University of Maine s
.http://anlab.umesci.maine.edu/soillab_files/forms/Manure.pdf
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environment/sites/ag.umass.edu/files/fact-
sheets/pdf/ManureasaNutrientResource(11-37).pdf
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The rate of nitrogen release from manure is 25% of its total nitrogen per s
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— 120
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NEL = (1.044 — (0119 x %ADF)) x 2.205 (¥)
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1- Neutral detergent fiber
2- Acid detergent fiber

3- Total digestible nutrients
4- Dry matter intake

5- Net energy for lactation
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Table 3- ANOVA of corn forage yield under different treatments during the experiment years

Olaye (155ke

Oy gt olil sy Mean of squares
Source of variation df (1400) agle 5,Slas (1401) agle 5,Slas

Forage yield (2021) Forage yield (2022)
ok 2 #080484906 87764164"
Block (B)
)b"”” 1 #4881119327 #122427724
Biochar (A)
el @5 sl 2 551736 56484151
BxA
¥ 6 +1761849703 *203727153
Fertilizing amendment (F)
395 % s 6 373771721 83099837
FxA
oo oF bt 24 44893855 44502970
Error
(1) s o 4.9 6.3
CV (%) ' '
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ns, *and **: indicate nonsignificant and significant at the one and five percent probability levels, respectively
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Figure 2- Main effects of biochar (top row) and fertilizer type on corn forage yield in 2021 and 2022
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The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C: for control, M: for Cattle
manure, MS: for dual combination of cattle manure and slurry, S: for slurry, U: for urea chemical fertilizer, UM: for dual
combination of urea and cattle manure, and US: for dual combination of urea and slurry.
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Table 4- ANOVA of corn forage quality characteristics under different treatments during the experiment years

2021 2022
Slaye (1:ke

o Mean of squares
UI)“""’ [acasd 4\>).)’ ] Total Net A Total
Sogrcgof wl Acid Neutral Digestible Dry Energy Acid Neutral Digestible Dry  Net Energy
variation df Deterge Detergent Ntrients Matter for Detergent  Detergen nuirients atter for

nt Fiber  Fiber Intake L . Fiber t Fiber Intake  Lactation

actation

Sk 2 4.6™  99.54" 4.6™ 99.5™  4.6™ 3.83™ 0.93™ 3.83™ 4.6 99.54"
Block (B)
Soe
Biochar 1 503" 135.25™ 501" 135M 504" *412 *200 *412 503"  135.25™
(A)
Q)f 6“95
bl 2 154 42.02 151 42 155 5.48 3.31 5.48 154 42.02
BxA
555
tFertilizer 6 220  ¢106.4  *219 *108  *221 +148 »78.2 =148 <220  *106.4
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SR 484 g2110 48T 82% 483" 345 <54 345 4g4¢  8211%
X
@S slas
e 24 739 43.11 73.83 43.01 73.9 6.13 3.08 6.13 73.9 43.11
Error
Oyt g o
) - 24.2 16.6 24.4 16.9 2.24 6.8 4.3 6.8 24.2 16.6
CV (%)
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ns, * and **: superscripts indicate nonsignificant and significant at the one and five percent probability levels, respectively
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Figure 3- ADF in treatments in 2021and biochar x fertilizer interaction in 2022
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The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C: for control, M: for Cattle
manure, MS: for dual combination of cattle manure and slurry, S: for slurry, U: for urea chemical fertilizer, UM: for dual
combination of urea and cattle manure, and US: for dual combination of urea and slurry.
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Figure 4- NDF in treatments in 2021and biochar x fertilizer interaction in 2022
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The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C for control, M for Cattle
manure, MS for dual combination of cattle manure and slurry, S for slurry, U for urea chemical fertilizer, UM for dual
combination of urea and cattle manure, and US for dual combination of urea and slurry.
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Figure 5- NDF in treatments in 2021and biochar x fertilizer interaction in 2022
355 U ‘uab 44.1),...:'3 S ‘uob 44.1),,.:'3 9 69‘5 .35§ Ajlfp v..f)J :MS ;d5l§ 355 M wels :C JoLu 9 ‘_5355 sbles C}]&» ‘uﬁé‘ 1970 (59) WIS uL““ g_é9).>
it ool lypd g 0p5l 69> (oS US55l 355 5 0)5] a5 S UM ol liars
The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C: for control, M: for Cattle manure,
MS: for dual combination of cattle manure and slurry, S: for slurry, U: for urea chemical fertilizer, UM: for dual combination of urea
and cattle manure, and US: for dual combination of urea and slurry.
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Figure 6- DMI in treatments in 2021and biochar x fertilizer interaction in 2022
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The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C: for control, M: for
Cattle manure, MS: for dual combination of cattle manure and slurry, S: for slurry, U: for urea chemical fertilizer, UM:
for dual combination of urea and cattle manure, and US: for dual combination of urea and slurry.
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The letters shown on the horizontal axis are the levels of fertilizer treatments, which include C: for control, M: for Cattle
manure, MS: for dual combination of cattle manure and slurry, S: for slurry, U: for urea chemical fertilizer, UM: for dual

combination of urea and cattle manure, and US: for dual combination of urea and slurry.
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Introduction: The long-term sustainability and profitability of dairy farms largely depend on the success of
calf and heifer rearing programs. Nutrition is one of the most important pillars of animal husbandry and a
key economic tool for optimizing production systems. Forage consumption by calves promotes rumen
muscular development, stimulates rumination, and increases saliva secretion. Non-forage fiber sources,
which are rich in cell wall components, can be considered alternatives to forages depending on their cost and
availability. Utilizing non-forage fiber sources can help meet the nutritional needs of livestock while also
reducing feed costs and maintaining rumen health. The aim of this study was to investigate the effects of
non-forage fiber sources, including wheat bran and sugar beet pulp, in a starter diet on the performance,
rumen fermentation, and blood parameters of Holstein heifer calves. This study may contribute to a better
understanding of the role of non-forage fiber sources in improving calf health and performance and provide
practical insights for optimizing nutritional strategies in dairy production systems.

Materials and Methods: The experiment was conducted using 24 Holstein heifer calves with an initial body
weight of 37 + 2 kg in a completely randomized design for a period of 90 days. The experimental diets
included: (1) a barley-based starter, (2) a starter containing 15% wheat bran (DM basis) replacing barley, and
(3) a starter containing 13.5% sugar beet pulp (DM basis) as a partial replacement for barley. The diets were
identical in terms of energy content and crude protein content. Daily feed intake was measured and changes
in calf weight were examined. Calves were weighed regularly every 15 days until the end of the
experimental period. Blood samples were taken three hours after feed consumption from the jugular vein at
ages 30, 60, and 90 days. Rumen fluid samples were collected three hours post-feeding using an esophageal
tube at the end of the study (90 days), and urine and fecal pH were measured at the end of the study. Fecal
consistency was evaluated daily throughout the experiment using a scoring scale from 1 to 5. Weaning age
was recorded as an indicator of treatment performance and was defined as the age at which starter intake
reached 900 g per day. Rumination was visually assessed, and the onset of rumination was defined as the age
at which each calf was observed ruminating for three consecutive days; this age was recorded at the end of
the third day.
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Results and Discussion: The results indicated that calves fed wheat bran had higher average daily feed
intake and daily weight gain compared with those fed sugar beet pulp. Incorporating non-forage fiber sources
with highly digestible fiber in the diet leads to improvements in intake, health, and productivity. Previous
studies on sugar beet pulp have reported both positive and negative effects on dry matter intake and
performance in cattle and sheep. The rumen pH was influenced by the experimental treatments, with calves
fed wheat bran exhibiting a higher rumen pH compared to the other treatments. Fiber consumption
stimulated rumination and increased saliva secretion, which helped maintain a higher rumen pH.The
treatments did not significantly affect the ruminal ammonia nitrogen concentration in the rumen fluid. The
concentrations of triglycerides and VLDL were significantly lower (P < 0.05) in calves fed the wheat bran
diet compared with the other treatments. were lower in calves fed the wheat bran diet compared with the
other treatments.An increased level of fiber in the diet reduces fat digestion, as these fibers form complexes
with bile salts, disrupting the VLDL reabsorption cycle, which consequently lowers VLDL levels in the
blood. The lower triglyceride concentration in calves fed wheat bran during the post-weaning period
compared to those fed sugar beet pulp may be attributed to higher starter intake during this period. The
differences in final weight among the experimental treatments were significant (P < 0.05), with calves fed
the barley-based starter showing the highest final weight.The differences in final weight among the
experimental treatments were significant. Although there was no significant difference in total feed intake
and feed efficiency among the treatments, the experimental diet containing sugar beet pulp resulted in a
significant reduction in final weight compared to the starter diet containing barley.

Conclusion: The results of this study indicate that the inclusion of wheat bran as a non forage fiber source in
the starter diet has beneficial effects on the health parameters of Holstein heifer calves compared with sugar
beet pulp. These effects include higher feed intake, greater average daily gain compared with calves fed the
sugar beet pulp diet, and improvements in ruminal pH as well as blood metabolites such as triglycerides and
very low density lipoproteins (VLDL).

Keywords: Dairy calves, Rumen fluid, Starter, Sugar beet pulp, Wheat bran
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Table 1- Feed ingredients and nutrient composition of the starter
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(32 3) Sy sl Experimental treatments®
Ingredients (percent) Vsl Y e Yol

Treatment 1 Treatment 2 Treatment 3
= 54.5 54.5 54.5
Corn
5 14 - -
Barley
pUS wgaw _ 15 _
Wheat Bran
S ] . - 13.5
Sugar beet pulp
b 285 275 29
Soybean
Yy .
Mineral supplement?
rﬁ_f.»%_ Ao JoSe 1 1 1
Vitamin supplement?
oS el 05 05 05
Calcium carbonate
S 0.5 0.5 0.5
Salt
(P)si"lf;/d)JKK‘) M?L‘*’ dj)ﬂ 3.35 3.28 3.27
ME (Mcal/kg)
(%) ¢ o3 18.8 18.9 18.8
Crude protein (%)
(%) > 0.6 0.6 0.7
Calcium (%)
() 0.6 0.7 0.5
Phosphorus (%)
() 5 osiagd > Jgnels S 12.4 154 15.7

Neutral detergent fiber (%)
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! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.
2 Values per kilogram of diet: 5290 parts per millions of copper, 67500 parts per millions of magnesium, 11760 parts per millions of
manganese, 20000 parts per millions of zinc, 100 parts per millions of cobalt, 220000 parts per millions of iodine.

3 Values per kilogram of diet: 3000 parts per million of Monensin, 40 parts per million of organic selenium, 5400 parts per million of
organic copper, 8400 parts per million of organic manganese, 1560 parts per million of organic zinc, 200 parts per million of biotin,
400 parts per million of antioxidants, 1500 international units of vitamin A, 10000 international units of vitamin E, 250000
international units of vitamin D3.
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3 (ALT) il ggisal 55¥T 5 (AST) 5l punil 5 giel sl
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8 atnlesl slao s il cov gyls dxe yebody LDl VLDL
0,99 & bgiye i ia) (Sie) e 950 i ) (P<e/00) cd )5
pAS g ol slow (Llalojl 0593 JS' g (6305 b 3l e
oy oddodalie puSle polie) Jb dxe i jay LialS Coge

GV IPY NEIYD 1nls 5 185k 4l oA Lugses (g3l
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cale h disy ;) Hed 00 bd i8S A el (piwst Sl mslo
Ot S e 8 ) illas eSS o (Slisel (30
[(Broderick & Kang, 1980) 15,5

Lo jlogs 0 Sas (2lj)l sl (silime Glgisds (6565508 51 o
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Table 2- The effect of non-forage fiber sources in the starter diet of Holstein calves on performance

N etalel slolos sl
i N Experimental treatments® 5,1kl oo gl
°)9 ) s
Parameter Period Vsl Y les Ve Sk p d)l
Treatment 1 Treatment 2 Treatment 3 SEM “vaiue
TR
SrSn ) U2 0.453 0.427 0.383 0.07 0.80
Before weaning
GofpsSoks) Sygs e SH0 I 2.79% 2.89° 2,420 0.13 0.04
. After weaning
Feed intake (kg/d)
0y93 JS
The whole 1.24 1.25 1.06 0.07 0.17
period
S5 e ) J"’ 0.520 0.533 0.503 0.04 0.84
s Before weaning
e G 1.122 1.10% 0.88° 0.04 0.0005
Usilp55k) After weaning
Weight gain oyg0 JS
)3
(kg/d) The whole 0.72° 0.72° 0.63" 0.03 0.04
period
Shes s s fj‘ b3 2 0.654 0.607 0.604 0.07 0.86
oS okT 55 6L p 5 5kS) Before weaning
(S o S35 8 5l S 0.412 0.301 0.365 0.14 0.39
Feed conversion ratio After weaning
(kg feed/kg weight 0yg> JS
gain) The whole 1.28 1.29 1.33 0.07 0.88
period

9 Al Sl KB juie Al Mo yd WO N Jlas g 4l p 0l S g oyd VO Yl g aib by 5kl 1) Sl

Al o I g oy gty g 53 ol Altio it g (l)ls S iy yn
! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp
replacing barley.
2Different letters in the rows indicate significance at the 5% level

(Mohsen et al., 2021; Belibasakis & cwl 43,5
.Tsirgogianni, 1996)
g 4eaS (Sligal (5950 alé @eSs PH 4 bgyjo ol
5 Gidiee Lo lo L oadayiss (sballugS godae o 5l,50pH
Oforte ebile o olef] gl S sl oad L)Y g
g5 I ine g)lel Jlai Sl gsao g )3l PH g a8l (Slise]
SYL S PH (s puiS pogew saiS il s slaallssS
b oy oSl callugs I (F/FY wals uly 0 £/20)
Pulaess PH il 8l (P<-/+0) 139 5> ash g5l
2l bl U cladole ué 1 mlio satiS'cdly s claallogs

il yoboas 5 bS5 s iy 0 VU 5o

(Wuetal, si oy 03> (il 5 0y o (il cely
1345 Cul oad 515 500 cllas 3 aolie slaaisl, 2024)
(o & Ol p i palS Ll b g
o=l (Zebeli et al., 2012) couwl oals il38l ) s padolio
S g 53 ogagas w53 Jobo Lot (sl (Slpbie eulais
Sl 38y 0, Slee 5 b W5 sl 22 2L pudgilio oS
ol U guen (WU et al., 2024) 1 5b o pto sbns ol
Cho 4 TG Glu cdale a8 wlod,S 4555 e < pols jimghs
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Pires, Susin, Mendes, Gentil, Araujo, Amaral et
al., 2011; Ferreira, Pires, Susin, Mendes, Queiroz,
Araujo, Gentil et al., 2011; Silva Vicente et al,

Jros S 28w ge b @lin Bpae ol pogsdl 2023)
AL Caold ()l 3l 23,5 o0 3l b 5 3B g sl
slopg bl (uli 8l 5k ) aaSs 4 ol 2955 5 039
(Ol S (o S8 Cgllae aials 13 PH ot 4 S o
Aile gladgle e o lie (AlnS 4 €8S aom i
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Table 3- The effect of non-forage fiber sources in the starter diet of Holstein calves on blood parameters

" silojl (slales sl e o

o 599 Experimental treatments? skl S ‘

Parameter Day Vsl Y e ¥ les Sl p d)lb
Treatment 1 Treatment 2 Treatment 3 SEM -value
) . 30 77.33 78.77 72.83 3.247 0.45
(dewd 2 pSke) 5595 60 61.33 57.37 51.16 3.816 0.19
Glucose (mg/dL) 90 69.47 67.98 62.08 2.743 0.17
) B ) 30 7431 70.93 68.58 3.715 0.54
(e 3 S ko) Jgyteld 60 65.02 58.08 59.77 3.590 0.40
Cholesterol (mg/dL) 90 69.68 64.87 64.02 2.895 0.33
. P . . 30 41.40 35.19 34.26 2.808 0.17
(e 9 pScdke) S elSis 3 60 29.33 24.25" 30.63¢ 1.826 0.04
Triglycerides (mg/dL) 90 35.36 29.70 32.49 1.695 0.08
B . . 30 10.56 12.42 10.55 0.895 0.25
(diemd 2 pScke) 05> g 03 60 9.19 10.26 9.39 0.514 0.32
Blood urea nitrogen (mg/dL) 90 9.90 11.35 9.95 0.621 0.20
3 e85 k) ol b JB b gy 30 8.28 6.80 6.86 0.535 0.11
) 60 5.86 4.85 5.69 0.334 0.09
()%Juwa a b ab

VLDL (mg/dL) 90 7.07 5.82 6.28 0.319 0.03
) o . 30 2.86 272 2.83 0.115 0.66
(e 2 £5) Ooegel 60 2.84 2.96 2.66 0.199 0.57
Albumin (g/dL) 90 2.85 2.84 2.74 0.106 0.73
) o 30 583 581 5.65 0.215 0.80
(e 2 £5) IS 0 60 5.52 5.64 5.56 0.229 0.93
Total protein (g/dL) 90 5.68 573 5.60 0.151 0.84
‘ o i 30 46.96 51.99 47.16 4.277 0.65
(Hallgn 2>1y) {"““”"”‘*"‘“l"L**“' 60 67.14 68.70 73.08 4.666 0.67
Aspartate aminotransferase (IU) 90 56.88 59.86 60.38 3.072 0.68
At 30 10.69 9.66 10.08 0.811 0.66
f&f;‘:i‘; : r;_)n’o)t";;n)s’ga:: U 60 19.04 17.23 19.56 1.205 0.39
i€ aml (V) 90 14.80 13.54 14.95 0.692 0.31

o dld ol A8y A Ao VY0 Xl g aily (3ol pAS Lugew 2o )3 VO Y jlaws con 4l by kil ) Hles

Al e Hlo e doyd gy g 5D Canl et B> (gl a8 Csdy ja
! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp
replacing barley.
2Different letters in the rows indicate significance at the 5% level
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Table 4- The effect of non-forage fiber sources on rumen pH, rumen ammonia nitrogen and urine and feces pH

‘@quj sl
Cdo Experimental treatments® Sibe 5kl (glas o3 gime grbans
Parameter Ve Y e Y s SEM P-value
Treatment 1 Treatment 2 Treatment 3

4eS5 pH

5P 6.43° 6.95% 6.84% 0.12 0.01
Rumen pH
(=) 2 Jyecdhe) a5 (Sligal 09y 16.73 15.07 15.29 0.98 0.45
Rumen ammonia nitrogen (mmol/L)
! PH 8.13 8.21 8.23 0.03 0.20
Urine pH
gs#se PH 6.92 7.09 7.10 0.15 0.64
Fecal pH

o a3l 1By Al Lo VWD T o asn s uSils piS s 303 1O Y Jlag esx 4l gl kel 1) o)

2l o I gime Mo yd iy prlaw 5 Gl Aliio pé gy gl 45 Cady o T
! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.
2 Different letters in the rows indicate significance at the 5% level

ol 5 o slge Gl g i S0 Cago (B)I5S slae 3l Jgia 3 cilizes (glojless L ondeniss gladllgS ggban plod

P Byman 9 (8155 o> Sl (eudn Slge jgue i
s YL el Mg g gl 551 g a8 b b 2 Sl
(Ireland-Perry & 55,5 o 0wl pla B 5Ll U g5d0 0 4
b sl pliwl L as sladlwsS s Stallings, 1993)
S 981 0 0y o didg ol dydsd Ay diwgy ddgle s

(Hill et al., 2009) cuw! ous sanlie

WU ilojl sl oy a5 0y lis Juols guls .cawl ond 431, 0
b calisee mlio 1 odlainl da ST 0Bl £4800 plgd (6> xe
Lajlass (s 400 Gze &bl Ml 4 e 0y 3D (glddgle e
oy b odia 15 sballugS godte plod (gdae s 5l Ll i
alS s jials 3o,k 1 4 ud il damp (09 U pud (g9
Sloul 3osb 5l emld g0 wlod pda s ol 8l w0dgy (5340

3ySdes gl pogdhe lul, b (giluenl b g 9o sbrasd
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Table 5- The effect of non-forage fiber sources in the starter diet of Holstein calves on feces scores

' ialojl gl jlogs

059 Experimental treatments® ke 3kl (slas S e g
Period Y e Y oles ¥ les SEM P-value

Treatment 1 Treatment 2 Treatment 3
S5t SIS 3.12 3.15 3.88 0.50 0.49
Before weaning
S5 3l 3.12 3.19 3.19 0.06 0.71
After weaning
292 S5 3.12 3.16 3.65 0.34 0.49

The whole period

o dld Sl By Al Ao VY0 Xl g aily (3ol pAS Lugew 2o )3 VO Y e con b by bl ) Hles
b &b )5 a3 50 i b D oo F cawgie ¥ (b Y (b (LS 1) el i 5 ggdde (2D 0y’
L3l ge I3 gme Moy gy prhas j3 3L oo byt By (lyls &S Cndy ya T
! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.

2 Stool scoring was considered as follows: 1: very loose, 2: loose, 3: moderate, 4: hard, 5: very hard.
3 Different letters in the rows indicate significance at the 5% level
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(Rymer & Armstrong, 1989; Rouzbehan et al., 1994;
.Bodas et al., 2007; Kargar et al., 2025)

S 5 sanlie bl e (o) ine Cslis 5 )5 )3

G S olag 59 3, bl yd B juis Al ol 0 s oS
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Table 6- The effect of non-forage fiber sources in the starter diet of Holstein calves on average birth body weight, time to start
rumination, weaning, and final

ool (glo Lo
030 Experimental treatments? Sbe dyluilinl slas (o) ine prbaws
Period Vsl Y o ¥ lew SEM P-value
Treatment 1 Treatment 2 Treatment 3

(Pfs’l"s) AJ?’ o3 38.64 35.18 36.87 1.18 0.15
Birth weight (kg)

e laSes P R
(p53hS) i £9,3 cloj 0i 42.04 42.46 40.87 0.82 0.34
Weight at the start of rumination (kg)
(p5345) 55 31 i 65.03 65.90 65.30 1.35 0.90
Weaning weight (kg)

SolS) b o
(59k) Sl 039 105.592 102.25%® 94.37° 2.97 0.03

Final weight (kg)

0 Al ol A e B Lo VYD Nl g a3l pAS Lugew 203 VO Y e cor b aby 5bial ) Hlegs

2l o I gme doyd gy o 5D Canl Altio gt gy (sl a8 Crdy ya
! Treatment 1: barley-based starter, Treatment 2: 15% wheat bran replacing barley, Treatment 3: 13.5% sugar beet pulp replacing
barley.
2Different letters in the rows indicate significance at the 5% level
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Introduction: The health and integrity of the poultry digestive tract play a vital role in improving
performance, growth rate, and reducing mortality in broiler and layer flocks. A healthy digestive system
improves nutrient digestion and absorption, thereby enhancing overall feed efficiency. The gut immune
system serves as the first line of defense against pathogens. Any impairment of gut function can lead to
weight loss, reduced egg production, and increased susceptibility to disease. Additionally, unfavorable farm
conditions, such as high stocking density or inadequate ventilation, cause stress that weakens the gut immune
response. Intestinal health is widely recognized as a key determinant of overall flock performance.
Therefore, prioritizing digestive tract health is essential not only for maintaining bird welfare but also as an
economic strategy to improve production efficiency.

Materials and Methods: In this study, the effects of a drinking water supplement containing an avian-
derived cytokine (commercially known as CytoGard) were evaluated in broiler chickens for the first time.
There were six treatments: three concentrations of CytoGard including 10, 20, and 80 nanograms of the
active ingredient per liter of drinking water and three control groups were included: non-supplemented
drinking water (Control group), CytoGard without the active cytokine (Cyto0), and a commercial probiotic
PrimaLAC at the recommended dose. The trial was conducted over a 42-day rearing period using 360 Ross
broiler chicks in a completely randomized design consisting of six replicates in each group and 10 chickens
per replicate. Body weight and feed intake were recorded on days 10, 24, and 42. On day 30, blood samples
were collected from the experimental groups for hematological analysis and hemagglutination inhibition (HI)
assays against influenza and Newcastle disease. For sampling, two birds were randomly selected from four
cages per group (a total of 8 birds per group) and humanely euthanized on day 42. lleal and cecal digesta
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were collected for microbial population analysis, and tissue samples from the duodenum, ileum, and jejunum
were obtained for intestinal histopathology.

Results and Discussion: Our results showed that 20 ng/L of the cytokine acted as the optimal dose, reducing
the feed conversion ratio (FCR) by 0.10 during the starter and grower phases and by up to 0.14 during the
finisher phase. During the rearing period, the difference in FCR between this group and the control reached
0.19. Daily weight gain in this group in the starter phase increased by 0.57 g per bird. The weight gain
differences during the grower and finisher phases were 2.94 g and 2.44 g, respectively. Across the entire trial
period, this group exhibited a significant weight increase (4.13 g) compared to the control. Moreover, this
group showed a 2% reduction in mortality during the rearing period compared to the control group. The
concentration of 10 ng/L also resulted in improved FCR, and weight gain relative to the control. However,
the 80 ng/L concentration showed no significant difference from the control in any measured parameter.
Microbiological analysis of ileal and cecal digesta revealed that supplementation with CytoGard at 20 ng/L
significantly reduced the population of the pathogenic bacterium Escherichia coli compared to other
CytoGard-treated and control groups. Furthermore, the count of beneficial Lactobacillus bacteria
significantly increased compared to both the control and the CytoO groups. CytoGard treatment did not cause
any significant changes in hematological parameters or hemagglutination inhibition (HI) antibody titers for
Newcastle and influenza viruses compared to the control group. Histopathological evaluations indicated that
20 ng/L of the cytokine positively affected the intestinal microvilli and increased muscular thickness in the
duodenum, jejunum, and ileum. Villus length and muscular layer thickness in the 20 ng/L group were
significantly increased in the jejunum section compared to the control and CytoO groups.

Conclusion: In conclusion, regular administration of CytoGard as a drinking water supplement at the
optimal concentration during the rearing period led to increased body weight and reduced FCR in broiler
chickens. This supplement also had a significant impact on modulating gut microbial balance and enhancing
villus height and muscular layer thickness. Therefore, CytoGard may serve as a promising approach for
improving gastrointestinal health and reducing production costs in the poultry industry.

Keywords: Cytokine, Gastrointestinal health, Gut microbiota, Histopathology
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Table 1- List of experimental treatments

09,5 bt O Jles
Group Treatment of drinking water
Cyto0 0y5%0 odlo e 3B g0 lw
CytoGard without active ingredient

CytOlO bﬁ%b)bjl)y{ﬁ)f-}ib\' -

10 ng/L of the active ingredient
Cyt020 o)i"ywl,o)‘l)lﬁj{ru)f?}l}\“ -

20 ng/L of the active ingredient
Cyto80 0,330 odbo I );;,,J{ro)f?}lj/\~ -

80 ng/L of the active ingredient
PrO et 35 b SV (55l Sgng g

' Commercial probiotic PrimaLac at the recommended dose

Cont. (Jgore ) a2ls

Cont. (regular water)

Vbl 3lha ' b)) 15 abls 5 I b5 cop iy,
(Huff et al., 2015; Seighalani et al., 43 4 wbxe & !
2025; Huff et al., 2013)

1- European production efficiency factor
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Table 2- Components and chemical compositions of the diet (percentage)

oy sl (5390 V=V 0) cnjléld (5390 W-VF) s, (539, YO-¥Y) L
Diet components Starter (1-10 days)  Grower (11-24 days)  Finisher (25-42 days)
by dlbos 35.92 36.24 33.4
Soybean
o 55 53.12 55.58
Corn
o=9) 3 5 5.7
QOil
i orlf (52 1.64 145 1.38
Di-calcium phosphate
o 0.32 0.34 0.13
L-lysin
Sal S 155 1.28 127
Limestone
S 0.42 0.42 0.42
Salt
Vo
e JoSa 0.25 0.25 0.25
Mineral premix
Y,. -
Soolig oo 0.25 0.25 0.25
Vitamin premix
e~ ~ > 0.15 0.15 0.12
D-L- methionine
IS ogen
Wheat bran 15 15 15
oy slosd OS5
Chemical compounds of the diet
(F;&u )’ d)”si’i:s) M‘tjy'“" ngs dj)"l 2900 3024 3090
Metabolic Energy, (kcal/kg)
("")3) FB P9 R 2
9% 11 20.95 19.8
Crude protein (%)
(105) P& 2 5.42 7.35 8.12
Crude fat (%) ' ' '
(20,3) P15 b
Crude fiber (%) 389 381 87
(2052) el 0.99 0.86 0.83
Calcium (%)
(509) (5> 6 e 0
A7 0.43 0.41
Available phosphorus (%)
(32,9) s 0.18 0.18 0.18
Sodium (%)
(22y3) Y
1.37 1.39 1.37
Lysine (%)
(2 ordgeie 0.47 0.47 0.43
Methlonlng (%)
(03) 035! 1.47 1.48 1.39
Arginine (%)
(3e253) dwnl Sidgid
Linolenic acid (%) 144 504 56
OEPS 0.84 0.84 0.79
Threonine

P )5 o VO orndS sy p 5 o YO (e Slilgus p )5 oo VIV (59 3081 0 5 Jio VYO 0] lilgus e 5 o YFA 580 lilgus Jolis e JoSo p SkS o
p5 s YO (w1 sl )5 oo FYO (S e )5 e O puils
B1 cimeliog cmaling (Mlolliy 3519 ¥0 B (pnoling cpmeling (Jallo 3519 00 v+ D3 ppualing ool Mollopm a0l YW« A aling Jalis disoling JoSa 5 oS o ¥
05 oo VIV S 939y op )5 oo VI (ol ¢S (Slio V1O S gd sl ¢ 5 (o VY Sl il p )5 oo +/¥ B2 (sling o5 (e i K oling 5 (e Slaz
pS ke /¥ g
! Mineral premix supplied the following, per kilogram of diet: Manganese sulfate 248 mg, ferrous sulfate 125 mg, zinc oxide 211 mg,
copper sulfate 25 mg, calcium iodate 25 mg, selenium 5 mg, choline 625 mg, antioxidant 25 mg
2 Vitamin premix supplied the following, per kilogram of diet: Vitamin A 22500 1U, vitamin D3 5000 IU, vitamin E 45 IU, vitamin

B1 4 mg, vitamin K 5 mg, vitamin B12 0.4 mg, pantothenic acid 24 mg, folic acid 2.5 mg, niacin 74 mg, pyridoxine 7.3 mg, biotin
0.04 mg



YYY S sbaz g 4h)lg5 olwd Cuodlw 9 (29,50 JOlei iy 0 ySos Sgute ¢y )50 g 60LT (x>

= =9 Swe S A edliiwl cuiS” laue 5l Lactobacillus
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b S (e 9oy i (69) E3) pa I i e
Gaody 0y 5 ol ax YV sl ;0 EMB slacals amolsSS
byl, 5y Lactobacillus e wleSSl a8 slodl celw VY
plosl celo WVl I S (sled 9 €85 © )90 (Slon 0
(Snijder & 155,54 wlbxe dsges p)5 ja 0 o IS e ai
Meulenberg, 1998; Zhang et al., 2021)
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(Vertiprakhov et al., 2021)
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ges Chn 235 ploml ol bl 5 (09,800 S (6
A5 )8 9ySse 903l 2)90 09,5 3l e3g) senian lygime
csS gly g EMB agar cuis s | Ll i/ cusS can

1- Hemagglutination inhibition
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Figure 1- Survival rate of broiler chickens under various treatments during 42 days
odlo jl jullp 59 Ae CYtO80 w0 550 oole 3l /o Sl ¥+ :CYL020 w0550 o3lo 5l il p Sl Vo :CYLO10 w0550 odle 9 3,5 gslw :CYIO0 ¢ Jgaxo ol :CONL.
ol 005 0391 (1520 52 13 SD L elyan (ke (ooloiy 0 b SVlay y (5,15 Sgmg PTO. 0550
Cont.: regular water, Cyto0: CytoGard without active ingredient, Cyto10: 10 ng/L of the active ingredient, Cyto20: 20 ng/L of the

active ingredient, Cyto80: 80 ng/L of the active ingredient, Pro: Commercial probiotic PrimaLac at the recommended dose. The
meanz SD is given in each column
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1- interferon gamma (ifn-y)
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Table 3- Effects of the experimental treatments on feed intake, body weight gain and feed conversion ratio in broiler chickens during

1-42 days
ol g 059 - Bgle AroBsle Ve oBgmle A aBsule Sy SEM P value
Cont. Cyto0 Cytol10 Cyto20 Cyto80 Prob.
(p55) alis) Shgs B pae
(9) Feed intake
ol 92 22.87 5821 85.22 7021 09.23 4122 126  0.345
Starter
) 0092 64.78 39.64 66.65 85.63 1166 57.63 2.90 0.438
Grower
@bb 229> 127.61 80.128 37.127 16.123 50.129 78124 578 0.316
Finisher
29> JS . 97.94 2397 88.96 4095 86.96 66.95 3.15 0.221
Total period
(£)5) %l38) 0js Lial38!
Body weight gain(g)
el g 18.05 16.69 18.51 18.62 17.75 17.74 1.58 0.421
Starter
) 009 46.50°  45.87° 48.552 49.442 45.47° 49.44%  1.48 0.041
Grower
“{L“l.“w 62.05 62.98 63.13 64.49 61.60 64.05 2.18 0.315
Finisher
°”°“JS_ 51.78°  52.00P 53.202 55.912 51.37° 55.23¢ 1.61 0.021
Total period
(ST p55kST 39 @Lal p SobS ) Sy Joas oy
FCR(kg weight gain/ kg feed)
N 1.27% 1.29% 1.24% 1.178 1.31P 1.27%  0.04 0.045
Starter
-2 0292 1.39 1.37 1.35 1.29 1.39 1.29 005 0.215
Grower
@_’l"%"w 2.05%® 2.05% 2.02@ 1.912 2.10° 1.952 0.05 0.031
Finisher
°)5>J5_ 1.90° 1.82® 1.82® 1.712 1.89° 1.732 0.04 0.022
Total period
bo)l Wy pasli
EPEF
29 S5 . 252.3>  285.8° 298.27° 333.122 25454 325,01 13.91 0.031
Total period

(P<0.05) wiloxs (5,138 5 e lgicds 2oy iy ) jiaS Jlain] grbaus 13 b uSilee gl aidlyso I ine gl (611> alita et gy b Ly Silio &P
odlo jl jullp 59 Ae CYt080 w0 550 oole 3l yid/p Sl ¥+ :CYL020 w0550 o3lo 5l il p Sl Vo :CYLO10 w0550 odle 9 3,5 gslo :CYIO0 ¢ Jgaxo ol :CONL.

ety 3 b SVl ()b Sgmg s PrO. 0550
wSike 3,5l slas=SEM

ab Means within a row with different superscripts differ significantly (P<0.05). Differences in means were reported as significant at a

probability level of less than 5 percent (p<0.05)

Cont.: regular water, Cyto0: CytoGard without active ingredient, Cyto10: 10 ng/L of the active ingredient, Cyto20: 20 ng/L of the
active ingredient, Cyto80: 80 ng/L of the active ingredient, Pro: commercial probiotic PrimaLac at the recommended dose

SEM =Standard Error of Means
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Figure 2- Changes in daily weight gain and feed conversion ratio FCR during 1-42 days
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Cont.: regular water, Cyto20: 20 ng/L of the active ingredient, Pro: commercial probiotic PrimaLac at the recommended dose

= (Mountzouris et al., 2010; Apajalahti et al., 2004).
poSaw g poill oudn Clgixe > Lactobacillius sl i,leds
oS 3y i guls sl oad 03l (lii (D § C cusnd) ¥ JS5 )
4 Caus Cyt020 04,5 > Lactobacillius sl poSis 5 poils] 5
ol (P <0.05) 35 45 ixe Cy080 4 Cyto0 o5, 5 calis
59r ¥V 0393 3 3,8 gk jl i Sl Ve clale dtwgn Syas
05,5 ;> Lactobacillius sluss .o 039y 29,50 558 Jols caww
ol 3ald 4 Cuwd b gre Linlidl paSs g poili] 45 50 Prob.
Lactobacilliu S 5gus5m duoyd S 5l ookl o idgh 50 0l
5 Lactobacillius g5 iol58l cow Sasels] Ol 4> caseis
(Zhang et al., ._i edg) (omdn Slsgime 3 E. Ol tals
oS 4l S 59 Lactobacilliu lactis ¢ jing S 45 .2021)
e g (pl b BLSl e g2 (N w5y 4 (0 9V sy
(Lietal., .5 Lactobacillius 338 g E. coli s gxe ials
Comed p S Sgmgp a5 6ob L 0 (6,5 Gl .2025)
ORIl oo 5 513 o it 1L 039 (950
(Song et al., w155 . Bifidobacterium 4 Lactobacillius
Ay eelS i glackle o) anle oplpls 2014)
o5 315 b atesg Sl S Gl 5 ) ot slaes Sl
S5 0 eyl SPU A B3 B snle clale il
Sem L 5l , 1S Lactobacillius slas Ll s E. coli slas
o3bo 5l b el slaguol 3,85l b slojs ,> Yazsl
395 oS o 35y ol by (nlS el V=S gyl 03
Slallas 53 45 peboilon 35 gn S lews 42 51 S5l sy
o] s Cand el 039y ool bal b el 00 0Ll LS
by sy lalid el ol a5 008 b S le b dalge 5 039,

(Kogut & Arsenault, 2016) sl o wal,3 b 3 Lo

293y (9580 Curan aaldid 59 318 gl

035y 3 Lok ysbody &5 Cal Lo o5 (6,51 K E. coli
5 15065 l0m 4 blgi oo o saiga By bl o)l jeis Cllgs
IS g b (doul g Codls )y 3)Shos 2 ol e
il o 8L ol sl ialS el Cao jd pie CBlan]
(Kathayat et al., 2021)

Gl 039 porbl o Slygizes (9)See S (oo
ly syld —imo LinlS Cyt020 64,5 15 E. cOli (5,58 slass 48" 5l
ol (A Cand ¥ S3) (P <0.05) ol ol ol dy s
Hlge 33 09,5 oyl 50 ookl 350 Hlows Cute Yl oims L5 il
639, HLN sad gz ) .abb e 156 lows dhd);fb. BW3)
leylos b 4o cuwdog, 5 opl D E. cOli 580 slaas 50
(P <0.05) s> luis walid &y Conns 1y (610 re SidlS 3,8 g5l
Sl Sl Ar b o) Banle clale 3l (B cuowd ¥ S)
poSw g poibl 039y somdn Clygize  E. Ol i) ials
09,5 P E. coli xS sliw .ol salls 09,5 4 Cuud
Cad S gurgp 5 E. €Ol (6 58L dlaw (P <0.05) 595 )3 o
S I3 gine il 33l ol Ll ol olis ialjl Cyto20 4

SIS A (29,500 S 5 welall g (sdae dlge Ol 53 potl]
SaSY il Wg b Ceonnd (p) 53 died g sla g 5SL jauls )0
e 90 S o slocs Sl 13y glo PH sl ol
Jlalia] sl Jsb e Jiail (sl S losy e b s 5T
DI (s sladrse 3 IS sty N0 A (ulsislS el
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Figure 3- Counts of Escherichia coli in ileal (A) and cecal (B) contents, and Lactobacillus counts in ileal (C) and cecal (D) contents
Cont.: regular water, Cyto0: CytoGard without active ingredient, Cyto10: 10 ng/L of the active ingredient, Cyto20: 20 ng/L of the
active ingredient, Cyto80: 80 ng/L of the active ingredient, Pro: commercial probiotic PrimaLac at the recommended dose. The
Statistical significance differences are indicated by *p < 0.05..meanx SD is given in each column
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Figure 4- Effects of CytoGard on villus length in the duodenum (A), ileum (B), and jejunum (C), and on muscular layer thickness in
the duodenum (E), ileum (F), and jejunum (G) on day 42

odlo jl jullp 59 Ae CYt080 w0550 oole 3l yid/p S5l ¥+ :CYL020 w0550 o3lo 5l il p Sl Vo :CYLO10 w0550 odle 9 3,5 5ol :CYIO0 ¢ Jgaxo ol :CONL.
*xkn Fxp < 0.01 Fp <0.05 b oylol (oyld ine olis sl 015 0351 ygiar 2 3 SD ol yen pSilis solgiitig 35 b SYley pr (555 Sigmgp PrO. 0530

ol 00 03> ULM; ****p <0.0001 ,<0.001

Cont.: Regular water, Cyto0: CytoGard without active ingredient, Cyto10: 10 ng/L of the active ingredient, Cyt020: 20 ng/L of the
active ingredient, Cyto80: 80 ng/L of the active ingredient, Pro: Commercial probiotic PrimalLac at the recommended dose. The
The meanz SD is given in each column. Statistical significance differences are indicated by .mean with SD is given in each column

#p < 0.05, **p < 0.01 and ****p < 0.0001
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Introduction: Wheat bran contains crude fiber, protein, fat, carbohydrates, and minerals (Souci and
Kirchhoff, 2000). The direct inclusion of wheat bran in monogastric diets is limited due to its high fiber
content and anti-nutritional factors such as phytic acid and hemicelluloses (e.g., xylan) (Zhang et al., 2022).
Similarly, the high fiber content and low digestibility of rice bran have restricted its inclusion in poultry diets
(Kras et al., 2013). Microbial fermentation leads to an increase in lactic acid bacteria, a decrease in pH, and
an increase in the organic acid concentration (Canibe and Jensen, 2012). Additionally, these brans contain
anti-nutritional factors such as beta-glucans, trypsin inhibitors, and anti-thiamine factors, which, when
consumed by poultry, reduce nutrient availability and consequently decrease production performance
(Haryati et al., 2015). These anti-nutritional compounds increase digesta viscosity, interfere with the
digestion and absorption of nutrients, and inhibit digestive enzymes such as trypsin, leading to reduced
growth, immunity, and reproductive performance in poultry. Trypsin inhibitors particularly reduce protein
digestion, while beta-glucans increase the viscosity of intestinal contents, impairing nutrient absorption.
Therefore, the presence of these anti-nutritional factors in bran can negatively affect poultry production
performance. It was hypothesized that subjecting wheat bran and rice bran to different fermentation methods
would improve performance, nutrient digestibility, and gastrointestinal tract characteristics of broiler
chickens. Therefore, the main objective of this research was to compare the effects of different fermentation
methods of wheat bran and rice bran on the performance, nutrient digestibility, and gastrointestinal tract of
broiler chickens.

Materials and Methods: This experiment aimed to investigate the effects of different fermentation methods
(Bacillus subtilis, Aspergillus niger, and rumen fluid) on wheat and rice brans and their subsequent impact
on performance and nutrient digestibility of broiler chickens. Fermentation with B. subtilis and A. niger was
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conducted for 6 days at room temperature, while fermentation with rumen fluid was carried out for 6 hours
under anaerobic conditions. A completely randomized design with a 4x2 factorial arrangement was used,
consisting of 8 treatments (unfermented and fermented rice and wheat bran by the three methods), 5
replicates, and 10 birds per replicate for 42 days. Feed intake (FI), body weight gain (BWG), feed conversion
ratio (FCR), and weights of carcass components and different segments of the gastrointestinal tract (GIT)
were measured on day 42. To determine apparent ileal nutrient digestibility, the birds were fed a diet
containing 3 g/kg chromium oxide (Cr203) as an indigestible marker from days 21 to 26. On day 26, the
ileal digesta from 2 birds per replicate were collected and stored at -20°C for subsequent chemical analysis.
Subsequently, the dry matter (DM), crude fat, and crude protein (CP) of the feed sample and ileal were
measured (AOAC, 2000). The digestibility of dry matter, crude fat, and crude protein was calculated (Hafeez
et al., 2016). Data were analyzed using SAS software and the GLM procedure. Duncan’s multiple range test
at 5% significance was used for mean comparisons.

Results and Discussion: Fermentation of brans significantly increased feed intake (FI) and body weight gain
(BWG) in broilers compared to those fed raw bran. Specifically, Wheat bran fermented with Aspergillus
Niger showed the most pronounced improvement in feed conversion ratio (FCR). Dietary inclusion of
fermented brans increased apparent ileal crude protein digestibility compared to that of the unfermented
treatments. Fermentation with rumen fluid or Bacillus subtilis also exerted positive effects although A. niger
proved to be more effective. Furthermore, fermentation with Aspergillus Niger or rumen fluid improved fat
digestibility. Broilers fed diets containing bran fermented with fungus had the highest relative weights of
carcass, breast, thigh, and digestive tract. Fermentation can increase villus height and thus broiler weight by
reducing anti-nutritional factors (Jazi et al., 2017). Our findings regarding protein digestibility align with
those of Widodo et al. (2013), who reported that the dietary inclusion of fermented bran could improve crude
protein digestibility. This enhancement is likely due to microbial enzymatic activity, which improves feed
quality and liberates bound protein fractions. Fermented feeds have been shown to promote growth in
broilers by increasing intestinal length indices, maintaining a normal gut microbial ecosystem, and
improving gut morphology such as villus height. In addition, bran fermentation typically increases crude
protein content and reduces fiber content (Sugiharto & Ranjitkar, 2019). Previous studies have shown that
fermented feed contains proteases, amylases, and lipases. These proteases break down proteins to produce
short peptides (Sun et al., 2022), thereby increasing the digestion and absorption by the host. Additionally,
supplementing fermented feed can significantly improve nutrient metabolism and enhance digestion due to
the microorganisms involved in fermentation (Gungor et al., 2021).

Conclusion: According to the results, fermentation of wheat bran and rice bran, especially with Aspergillus
niger, is an effective method for improving their nutritional value and enhancing broiler performance and
can be used as a practical strategy in the poultry industry for optimal use of agricultural by-products.

Keywords: Body Weight, Breast, Feed Intake, Microbial Fermentation, Villus Height
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P oy2 2oyd Vo IVE (s g Mo > WY pls yiuST8 1o ys VBV «Sitis o0le o )> AF/0V:pl iy g LT T
Oalizg 5 e VIV (s (aling p S oo 93 E ppseling ol 1513 00 D cyaling Mol ol Yoo A ppnaling lallopnr dlg Vev oo 2038 o iynals |y o5 p3lin 0 )5 oS s slilay iy oS
B12 (pelig )5 Jee /o)) «Sgd dpunl p)5 oo VB (yiam p)5 (Juo < /N0 Bo oyoling p )5 oo VIV «Sii5giily Sl p )5 oo VO ¢yl p )5 oo ¥O B2 puslivg p,5 oo ¥/A By
P S e /¥ 032 25 o VYD i 5 ko Vs S skn Vo 15in 5 o Mo 0l 28 o P 1035 o el |y o 3l o S 5S 5 (cllar (idee JuSe
Lanalysis of raw wheat bran: 93.88% dry matter, 6.53% crude ash, 17.58% crude protein,; 5.4% crude fat
2 Analysis of raw rice bran: 94.51% dry matter, 11.67% crude ash, 11.11% crude protein, 10.24% crude fat
" Vitamin premix provided per kilogram of diet10000 IU vitamin A, 3000 1U vitamin D3, 55 1U vitamin E, 2 mg vitamin K3, 2.2 mg vitamin vitamin B, 4.8 mg vitamin

B2, 45 mg niacin, 15 mg pantothenic acid, 2.2 mg Bs, 0.15 mg biotin, 1.60 mg folic acid, 0.011 mg B12. Mineral premix provided per kilogram of diet: 60 mg Fe, 120 mg
Mn, 100 mg Zn, 16 mg Cu, 1.25 mg I, 0.30 mg Se.
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Table 4 - Effects of different processing methods of rice bran and wheat bran on nutrient digestibility in 26-day-old broiler chickens (%).

ke Sl e (o) Sz o3le (o) P 2 (2053) & g
Parameter Processing type Dry matter (%) Crude fat (%) Crude protein (%)
Org EP
Bran type
P 64.26 65.00 64.42
Raw
St 74.79 71.78 74.37
» Bacteria
Rice ot 70.15 70.92 71.94
Fungus
w55 gtle 65.72 71.69 68.44
Rumen liquor
P 71.38 68.17 64.07
Raw
) St 68.04 68.73 73.02
,nALS Bacteria
Wheat e 72.90 74.82 8161
Fungus
555 grle 7178 78.69 81.55
Rumen liquor
05l e (sl 2.70 2.40 3.37
SEM
o9 EP
Bran type
e 68.73 72.60 69.790
Rice
pas 71.02 69.84 75.06°
Wheat
05l e (sl 1.35 1.20 1.68
SEM
Syl ey
Processing type
P 67.82 66.58b 64.25b
Raw
©St 71.41 70.26% 73.69°
Bacteria
e 7152 72872 76.772
fungus
55 gle 68.75 75.192 74.99:
Rumen liquor
s e ot 191 1.69 2.38
SEM
Jloisl s
p-value
e 89 0.24 0.11 0.03
Bran type
w9l s 0.42 0.01 0.005
Processing type
Sl S 0.66 0.23 0.10

Interaction

(P <</+0) x)l> (gyls xo OS] Lg)LoT blod 4y wglate Bgy b (gla 0 Kbo iy 0% €
&¢ \Within each column, means with different letters are significantly different (P < 0.05).
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Table 5- Effect of different processing methods of rice bran and wheat bran on carcass components (percentage of live weight) of broiler chickens at
42 days of age

oKwd 5 Gl
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Raw
“5"5\’ 12.30 62.35 20.26 17.70 1.30 0.53 2.87 1.72 0.20
oy Bacteria
Rice et 12.88 69.95 2392 1899 152 0.52 258 1.82 0.19
fungus
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Rumen liquor
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pAS Bacteria
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Rumen liquor
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Bran type
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Table 6- Effect of different rice bran and wheat bran processing methods on the length of different parts of the digestive tract of broiler chickens (cm)

at 42 days of age
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Introduction: The increasing global demand for antibiotic-free poultry products has accelerated research
into natural alternatives that can enhance growth performance, health, and welfare of broiler chickens.
Among these alternatives, propolis a resinous substance produced by honeybees is rich in bioactive
compounds such as flavonoids, phenolic acids, and aromatic esters, which exhibit antimicrobial, antioxidant,
and immunomodulatory properties. Probiotics are also widely used for their beneficial effects on gut
microbiota modulation, nutrient absorption, and immune function. Therefore, this study aimed to evaluate
the effects of different dietary levels of ethanolic propolis extract (300, 600, and 900 mg/kg), compared with
a commercial probiotic, on growth performance, humoral immune response, cecal microbial populations, and
antioxidant status in broiler chickens under standard rearing conditions.

Materials and Methods: A total of 240 one-day-old Cobb 500 broiler chicks were allocated to five dietary
treatments, with four replicates per treatment and 15 birds per replicate. The experimental treatments
consisted of: (1) a control diet without additives; (2) the control diet supplemented with 300 mg/kg ethanolic
propolis extract; (3) the control diet supplemented with 600 mg/kg ethanolic propolis extract; (4) the control
diet supplemented with 900 mg/kg ethanolic propolis extract; and (5) the control diet supplemented with a
commercial probiotic.Birds were reared for 42 days with ad libitum access to feed and water. The
experimental diets were formulated to meet nutrient requirements according to the Ross 500 guidelines.
Growth performance parameters, including daily weight gain (DWG), feed intake (FI), and feed conversion
ratio (FCR), were recorded during starter, grower, finisher, and overall periods. At the end of the experiment,
cecal contents were aseptically collected to enumerate Lactobacillus spp. and Escherichia coli using selective
culture media. Blood samples were collected from the wing vein to determine serum immunoglobulin G
(IgG) and total immunoglobulin (Total 1g) concentrations using a hemagglutination assay. Antioxidant status
was evaluated by measuring serum activities of glutathione peroxidase (GPx) and superoxide dismutase
(SOD), as well as malondialdehyde (MDA) concentration, a marker of lipid peroxidation and oxidative
stress. Data were analyzed by ANOVA, and treatment means were compared using the appropriate post hoc
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test when significant differences were detected. Statistical significance was declared at P < 0.05.

Results and Discussion: Dietary supplementation improved overall daily weight gain compared with the
control group, with the highest DWG observed in birds receiving 900 mg/kg propolis (P < 0.05). Across
production phases, the 900 mg/kg dose increased FI during the grower and finisher periods (P<0.005),
consistent with enhanced appetite and/or palatability. Despite higher feed intake at the highest inclusion
level, the overall feed conversion ratio (FCR) decreased in the supplemented groups (P=0.002), indicating
improved feed efficiency at the flock level. These findings suggest that propolis and the probiotic can
support growth by enhancing digestive and absorptive functions, although dose-response patterns may
diverge between growth stimulation (pronounced at 900 mg/kg) and feed efficiency (often optimized at
moderate inclusion). Both propolis and probiotic treatments increased Lactobacillus counts and decreased
Escherichia coli (P<0.05). The dual pattern expansion of beneficial lactic acid bacteria alongside suppression
of E. coli supports the concept that these additives can stabilize gut ecology in favor of commensal
populations. Such modulation is mechanistically compatible with the observed performance benefits, given
the recognized roles of Lactobacillus in competitive exclusion, pH reduction via organic acid production, and
enhancement of epithelial barrier function. Propolis supplementation decreased MDA (P<0.05; reported
P=0.02), consistent with lower lipid peroxidation. In parallel, activities of GPx and SOD increased in the
supplemented groups (P<0.05; GPx P=0.04; SOD P=0.002), pointing to strengthened endogenous
antioxidant defenses. This biochemical profile plausibly contributes to improved nutrient utilization and
growth by mitigating oxidative stress in rapidly growing broilers. No significant differences were detected
among treatments for IgG or total immunoglobulins (P>0.05). While null effects on these humoral markers
were observed under the present conditions, the performance and antioxidant advantages indicate that
propolis and probiotics may act primarily through gut and metabolic pathways rather than by amplifying
systemic antibody titers in non-challenged birds. Collectively, the integrated outcomes (performance,
microbiota, and antioxidant indices) point to complementary mechanisms microbiota modulation and redox
homeostasis as proximate drivers of the observed benefits.

Conclusions: Dietary supplementation with ethanolic propolis extract and a multi-strain probiotic improved
several key outcomes in broiler chickens. Overall, daily weight gain increased with supplementation, with
the 900 mg/kg propolis level yielding the highest growth, while the feed conversion ratio over the entire
experimental period decreased in the supplemented groups. Cecal Lactobacillus counts increased, whereas
Escherichia coli populations decreased (P < 0.05), indicating a healthier intestinal microbial balance.
Antioxidant capacity improved, as evidenced by decreased malondialdehyde (MDA) concenterations and
increased activities of glutathione peroxidase (GPx) and superoxide dismutase (SOD). Humoral immune
indices (including serum I1gG and total immunoglobulin levels, were not significantly affected. These
findings position propolis and probiotics as practical, natural additives to support growth performance, gut
health, and oxidative resilience. Further work should delineate dose optimization and the molecular pathways
underlying redox and microbiome shifts, and assess long-term impacts under diverse rearing conditions or
pathogenic challenges.

Keywords: Antioxidant enzyme, Cecal microbiota, Feed additive, Humoral immunity, Oxidative stress
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Feed ingredient Starter (1-10 days) Grower (11-24 days) Finisher (25-42 days)
=2 55.0 60.0 65.0
Corn

by s 38.0 33.0 28.0
Soybean meal

P OE 35 4.0 45

Vegetable oil

S ol 1.2 1.0 0.9
Calcium carbonate

SAind el 52 1.0 0.9 0.8
Dicalcium phosphate

e g ety JoSo _ 1.0 1.0 1.0
Vitamin and mineral premix

S 0.3 0.3 0.3
Salt

Chemical composition

Metabolizable energy (kcal/kg)

(h02) P iz 225 20.0 18.0
Crude protein (%)

(822) el 1.0 0.9 0.8
Calcium (%)

(2022) s J6 ot 0.45 0.40 0.35
Available phosphorus (%)

(o.2) Ot + (e 0.90 0.80 0.75
Methionine + cysteine (%)

(o) oo 1.35 1.15 1.00
Lysine (%)
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Ten grams of premix contains 0.24 mg of vitamin A (500,000 IU per gram), 0.6 mg of vitamin D3 (100,000 IU per gram), 0.60 mg of
vitamin E (500 IU per gram), 6.6 mg of vitamin K3 (pure 22.7%), 100.0 mg of vitamin B12 (pure 0.1%), 2000.0 mg of biotin (pure
0.01%), 1100.0 mg of choline chloride (pure 50%), 1.1 mg of folic acid (pure 90%), 2.65 mg of nicotinic acid (pure 100%), 3.16 mg
of dipantothenate (pure 92%), 4.5 mg of vitamin B6 (pure 100%), 5.12 mg of riboflavin (pure 80%), 2.5 mg of vitamin B1 (100%
pure), 32.00 mg of copper sulfate (CuSO,-5H,0), 333.20 mg of ferrous sulfate (FeSO,-H,0), 166.8 mg of manganese oxide (MnO),
0.1 mg of sodium selenite (Na,SeOs-5H,0), 220.00 mg of zinc sulfate (ZnSO,-H,0), 4.80 mg of cobalt sulfate (CoSO,-7H,0), 0.56
mg of potassium iodide (KI), 100.00 mg of ethoxyquin (an antioxidant), and 5742.94 mg of corn flour as a carrier.
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Table 3- Effects of experimental treatments on cecal microbial population in broiler chickens (log CFU/g)

BN E. coli 8L slass Lactobacillus (¢ xSU slas
Treatment Total E. coli Bacteria Total Lactobacillus Bacteria
CON 5.387b 9.232b
PRO300 6.007a 10.230a
PRO600 4.917¢c 9.400b
PRO900 6.037a 9.357b
PB 4.807c 10.235a
Ef"’;’ . 0.004 0.013
-valu
g;\;‘ sl sl 0.145 0.194

{(P<0.05) sl o o sime IS sy Sidio o By L s o (sloSilie
938 PROYOD w0 p,SkS s (slildy pgooy JSU o)las o5 Lo £+ v 39351 PROBOO w0 p> p,SolS o (clily poooy S o )lac )5 Lo Yoo 1338 PRO300 cmls :CON
Sismgn 02938 PB oy p59kS 0 (il poeoyy Ml ojlas ) e A0
Control+300 : Control, PRO300:Means within the same column with different superscripts are significantly different (P < 0.05) CON
Control+ probiotic: Control+900 mg/kg propolis, PB: Control+600 mg/kg propolis, PRO900:mg/kg propolis, PRO600
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Table 4- Effect of experimental treatments on antioxidant status in broiler chickens

e (5 (o 2 359) jUgemodsnnST ygu (5 (e 2 20lg) 3]y (05655 (5 (ke 2 Jge $b) 383leo9lle
Treatment SOD (U/mL)1 GPx (U/mL)2 MDA (nmol/mL)3
CON 308.75a 154.00a 9.450a
PRO300 282.25b 164.25b 8.475b
PRO600 318.75a 166.75b 8.450b
PRO900 324.00a 175.75b 8.225b

PB 290.01b 155.00a 9.120a
5P 0.002 0.04 0.02
P-value

0rSin 3, sl 6.403 5.701 0.491

SEM

{(P<0.05) siily o o gime SIS (shls Syidio o By L st o (slaSilee
O)”‘é‘ PRO900 0 yu> F)f9Lf » d‘}“‘% £ 900y ‘_JS.” D)LAC F)fu‘lm S 035}5‘ PRO600 © y> ra)§91.5 » dljl@ £ 900y L;KJI o)La.c P)fulﬁ.n Yoo obs}él PRO300 uals :CON
Sismgn 02938 PB oy o598 0 (il poeoyy (M ojlas )5 e A0
Means within the same column with different superscripts are significantly different (P < 0.05). CON: Control, PRO300: Control+300
mg/kg propolis, PRO600: Control+600 mg/kg propolis, PRO900: Control+900 mg/kg propolis, PB: Control+ probiotic
! Superoxide dismutase
2 Glutation peroxidase
3 malondialdehyde
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Table 5- Effect of experimental treatments on humoral immune response in broiler chickens

fos IS odgslS g sl el

. Total 1g (log2) 19G (log2)
Treatment Day 26 Day 33 Day 26 Day 33
CON 7.250 9.250 4.500 7.750
PRO300 5.750 7.750 3.750 6.000
PRO600 5.500 8.500 3.750 7.250
PRO900 6.250 8.250 4,500 6.000
PB 6.200 8.750 4,500 6.500
5’5'7 0.46 0.39 0.742 0.237
-value
;‘ES’I\;" sl sl 0.806 0.599 0.669 0.699

0391'3‘ :PRO900 0 pu> ln)§9l.5 » Lﬁ‘j‘df £ 900y JK'” a)La: F)fu’t“" Fee d.}j}é\ :PRO600 © > P/f}l.f » dl)'ld.g 9002 u’K" o)La.c P;J...a Yoo Qba}él :PRO300 «als :CON

SSigngn (2958 PB w0y p)SokS 55 il pgeoyy (S o)lac £ o A0+
CON: Control, PRO300: Control+300 mg/kg propolis, PRO600: Control+600 mg/kg propolis, PRO900: Control+900 mg/kg
propolis, PB: Control+ probiotic
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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 m?2 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)

Shgs el \jlows Yo ¥iloss ¥ jloss 0l # o Yless Ao

. . Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 Treatment 6 Treatment 7 Treatment 8
Feed ingredients

Comer o515 - + - + - + - +
Stock density

Y g 0 0 6 6 0 0 6 6
Whey powder*

oy opels 0 0 0 0 3 3 3 3
Corn gluten?

Y 52.72 52.72 45.89 45.89 53.24 53.24 46.36 46.36
Comn

Lgw allous’ 2.7 2.7 42.52 42.52 39.69 39.69 39.51 39.51
Soybean meal

Lgw 059, 0.69 0.69 1.94 1.94 0.25 0.25 1.49 1.49
Soybean oil

SlyS S’ 0.91 091 0.89 0.89 1.01 1.01 0.99 0.99
Calcium carbonat

Sl S 3 1.59 1.59 1.45 1.45 1.46 1.46 1.32 1.32
Di-Ca- phosphate
Sas

Salt

Sl S prit 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Sodium

bicarbonate

Ty e JoSe 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Min-vit-premix®

ogsie Jlsd 0.26 0.26 0.29 0.29 0.29 0.29 0.31 0.31
DL-methionine

KOS PRV 0.12 0.12 0.10 0.10 0.06 0.06 0.09 0.09
LysineHydrochloride

LS s 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Choline chloride

0.25 0.25 0.18 0.18 0.25 0.25 0.18 0.18

hord Sy
Chemical composition

# SHEGS) st S5 535 2870 2870 2870 2870 2870 2870 2870 2870
(pSoks

Metabolizable

energy(kcal/kg)

(Ao ) P& (g 22 22 22 22 22 22 22 22
Crude protein (%)

(203) cp3d 12 12 1.18 1.18 1.18 118 118 118
Lysine (%)

(Ae0)3) (paktomes + yigaie 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Methionine + Cysteine (%)

(o) g 0.77 0.77 0.75 0.75 0.73 0.73 071 0.71
Threonine (%)

(2op3) g 5 0.27 0.27 0.26 0.26 0.25 0.25 0.25 0.25
Tryptophan (%)

L)) S 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.85
Calcium (%)

(Lo)3) youd 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42
Phosphorus (%)

o) o sl 5 0pslS gl

(P59 2 O Yss)

Dietary Cation Anion
Difference (meg/kg) 278.30 278.30 293.63 293.63 262.90 262.90 276.88 276.88

2 PV IS 5SS )3 )5 VD e p)SolS 3 p)S Ve wughy ko3 ¥ e oyz 2od VO (S S o3 A yiad Moy +/B S Mo )> + IV s i p o )3 Vo ol p S kSl Bran pn] g
292 logcd g BB G55 oSS 2 IS VY e g maieio p)S9hS )3 5 WY sl p S kS
- R . PRSP s . R PPN
Adbge logcd g BB (6530 IS YV e g pl g Ao 3 Fe ggls 0 p)S0S o (sl (Bpae )5 (SIS
il pghe oS o A g s oS ke YO (g p S o ¥ e sy )5 okea YYAA: il 5 o Vo oo e 5 oo TOPA 2ol oz p)55bS 10 (slley (htas Jae T
YAY+ B2 pualig p S o YSF+ B pmoling o8 oo Vo v B pmoling Mol iy a5l VFF+ o D3 pnoling lodlioy dlg Aevvee A Cpaliyg Mol 1o lg Yo vt sl o g 2,5 olS ol naling uSaeyy "
ROMP u,mb S 51 o5 o Fov g B maling p)5 o T B2 pueling p,5 oo & Bo cpaling o5 oo ¥r v Bo paelbing p )5 oo VIVE B3 poolig p )5 o
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 1U vitamin D3, 14400 IU vitamin E, 700 mg vitamin B1, 2640 mg vitamin Bz, 3920 mg vitamin Bz, 1176 mg

vitamin Bs, 400 mg vitamin Bo, 6 mg vitamin B1, 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)
Shss M8l Vless Yiles ¥ oless ¥loss 05l s Voo Ao
Ingredients Treatmentl Treatment2 Treatment3 Treatment4 Treatment5 Treatment6 Treatment?7 Treatment8
Caxes (S| - + - + - + - +
Stock density
Y e 0 0 6 6 0 0 6 6
Whey powder*
ey opels 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
Comn
g dllus’ 36.73 36.73 36.55 36.55 33.73 33.73 33.55 33.55
Soybean meal
Lgw o5, 113 113 2.38 2.38 0.69 0.69 1.93 1.93
Soybean oil
Sl S pads’ 0.91 0.91 0.89 0.89 1.01 1.01 0.99 0.99
Calcium carbonate
Sl S 3 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 S prit 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Sodium bicarbonate
Taialing e JoSe 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Mineral-vitamine-premix®
owgse J g 0.31 031 0.33 0.33 0.35 0.35 0.36 0.36
DL-methionine
L1 g, op 3l 0.15 0.15 0.18 0.18 0.33 0.33 0.26 0.26
LysineHydrochloride
LS s 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Choline chloride
hord Sy
Chemical composition
(;; ;ﬁi 5S) puddsilio BB (555 2950 2950 2950 2950 2950 2950 2950 2950
Metabolizable energy (kcal/kg)
(dop) B Sy 20 20 20 20 20 20 20 20
Crude protein (%)
(03) o 118 118 1.18 1.18 1.18 118 118 118
Lysine (%)
(A0)3) (paktomes + yigaio 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Met + Cys (%)
(o)) g5 0.69 0.69 0.67 0.67 0.66 0.66 0.64 0.64
Threonine (%)
(2o 3) gz 5 0.24 0.24 0.23 0.23 0.22 0.22 0.22 0.22
Tryptophan (%)
(Sa0y) oS’ 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75
Calcium (%)
(Ao 3) yhusd 0.38 0.38 0.38 0.38 0.38 0.38 0.38 0.38
Phosphorus (%)
o gl 5 s8lS oglis
(5o 2 Vg STk 243.51 243.51 257.48 257.48 226.70 226.70 240.67 240.67
Dietary Cation Anion
Difference (meg/kg)

V0 IS p)SolS 13 )5 VD cuader pySshS 13 2,8 Vo Cughy Mo Y yp 2o )d VD 6 jinS Lo )d A piadd 1o )d /0 cpomndlS o> IV (pls g p o yd Vo 2ol p SolS ya clilas B pan pn] 509
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ibin pats S o A 5 3 S e T s )5 o B+ sy S ks YIMS cml S n Yoo i 5 o YRPAS 2ol o 2 S5LS a (sllt (sne oo™
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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,

Ooling )5 oo YO+ B yuolig p)S oo Voo E fpoling (Maliye 1519 V¥ o D3 foling (lodl oy aslg A

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 B1, 2640 mg vitamin Bz, 3920 mg vitamin Bs, 1176

mg vitamin Be, 400 mg vitamin By, 6 mg vitamin Bi2, 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)
S el Vless Yiles ¥ oless ¥loss 05l s Voo Ao
Ingredients Treatmentl Treatment2 Treatment3 Treatment4 Treatment5 Treatment6 Treatment?7 Treatment8
Cauxes (S| - + - + - + - +
Stock density
el yog 0 0 6 6 0 0 6 6
Whey powder*
Ty opels 0 0 0 0 3 3 3 3
Corn gluten?
& 63.49 63.49 56.60 56.60 63.86 63.86 56.97 56.97
Comn
Lgw allous’ 30.74 30.74 30.56 30.56 27.74 27.74 27.55 27.55
Soybean meal
Lgw %9, 1.48 1.48 273 273 1.03 1.03 2.28 2.28
Soybean oil
Sl S pands’ 091 091 0.89 0.89 1.01 1.01 0.99 0.99
Calcium carbonate
Slid pondS' 65 1.69 1.69 156 156 1.56 156 1.43 1.43
Di-calcium phosphate
Sos 0.25 0.25 0.18 0.18 0.25 0.25 0.18 0.18
Salt
Sl S prib 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Sodium bicarbonate
Taialiyg e JoSe 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Mineral-vitamine-premix®
ogsie Jlsd 0.36 0.36 0.38 0.38 0.38 0.38 0.41 0.41
DL-Methionine
LIS g, op 3l 0.33 0.33 0.35 0.35 0.42 0.42 0.52 0.52
Lysine- Hydrochloride
LS s 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Choline chloride
lord oS 5
Chemical composition
2 EH5) eyl JB 53 3025 3025 3025 3025 3025 3025 3025 3025
(pSoks
Metabolizable energy
(kcal/kg)
(3053) P15 559 18 18 18 18 18 18 18 18
Crude protein (%)
(03) o 118 118 1.18 1.18 1.18 118 118 118
Lysine (%)
(A0)3) (paktomes + yigaio 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88
Met + Cys (%)
(deoy) Cyigh 5 0.62 0.62 0.60 0.60 0.58 0.58 0.56 0.56
Threonine (%)
(2op3) gt 5 0.21 0.21 0.20 0.20 0.19 0.19 0.18 0.18
Tryptophan (%)
(Aeo59) S’ 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70
Calcium (%)
(Ao)3) youd 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Phosphorus (%)
oy sl g s Jols
(psSkS 2 V1 SIks)
B:‘f*ftgrrg’n%gt('ﬁ]’; (']“,E'g‘;“ 207.25 207.25 22121 22121 190.45 190.45 204.40 204.40

V0 IS p)SolS 13 5,5 VD cuader pySshS 13 2, Ve ughy Mo Y ryp 2o )d VD 6 S Mo > A pidd 10> /0 cpomadlS o> YV pls g p o yd Vo 2ol p SolS ya Gty B pan pn] g
21 logcd g JB 51 p S okS 2 IS VY e g poujie S okS )3 2 )5 VIV cuanliy p)S5kS 53 25
oo SlagtSgu BB (635 SIS TV 5 plo gy 103 B (gglo oy p 5SS b (slilay e )3 yiglS T
b pghe oS ko A g dr pS ke YU (s p S o ¥ sy )5 okea YYAA: 0l 5 o Yoo e 5 oo TRPA 2 el o 558 50 (slley (Jhtes Jae T
Ooling )5 oo YO+ B yuolig p)S o Voo B fpoling (Maliye 15lg V¥ o D3 fpoling oty dslgAevevs
sl 018 el ST 5T 28 oo Fe v g BT Cpaling o8 o ¥ o Bz cpseling )5 o £ Bo poling p )5 s ¥r v Bo (pusling o5 ho VWVE B meling p)5 o YAY+ B2
1 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 IU vitamin E, 700 mg vitamin B1, 2640 mg vitamin B2, 3920 mg vitamin Bs,
1176 mg vitamin Be, 400 mg vitamin Bo, 6 mg vitamin B12, 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

) Erae S (1Ske ‘ . < Oy ke _ il e
<l e Sh s o il (os93/ 02 )3) i35 a1 (pSilee
(a)sj/a.\a).;/hf) (o)gb/o.b),;/p;)

Average feed intake Feed conversion Average final weight Average weight gain

Effects (g/period/bird) ratio (g/period/bird) (g/period/bird)

JRREY

Whey powder

Pg deyd o
!

0% whey
powder

Py hoyd (b
iz

6% whey
powder

one olizdl
Ol

SEM

S sie gaw
P-value

4167.50°

4229.00?

10.668

0.0003

1.992

1.77°

0.030

0.0001

2149.45°

2439.75%

34.499

0.0001

2105.45°

2395.75%

34.499

0.0001

3 S

Corn gluten

OIS oyd o
S

0% corn
gluten

S Lo dw
S

3% corn
gluten

s olizl
ol

SEM

S sie aw
P-value

4194.00

4202.50

10.668

0.557

1.95%

1.81°

0.040

0.002

2213.60°

2375.60?

34.499

0.002

2169.60°

2331.60°

34.499

0.002

Caxed STy

Stock density

oy a.\i)i 0
&r

13 bird/m?
Fo D odiy IXCY
&

17 bird/m?
Hbxe olzl
oSSbe

SEM

S sie gdaw
P-value

4171.25°

4225.25°

10.668

0.0001

1.922

1.83°

0.030

0.042

2232.70°

2356.50?

34.499

0.016

2188.70°

2312.50°

34.499

0.016

ol (P<e/ o) o gze glds 0aimd )i (gt o 55 dlie e g *C

&¢ Means within the same column indicated by different letters are significantly different (p<0.05)
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bl ao cod (Sofedn b (~iSly plyiedan Nlg oyl 0l
o 515 oaima Lt 5 355 (A il slagS15 )3 (g
byl sy p0 bl ey (Sdailio cuwdlw o515 Co pie
EalS dan yodie Copmen (oS5 9 )3 (g5 S e < Jlits
1 &5 8L oy s 55 (3 JyoelS) LDL b i
RBoy d9m0 3 1y (aoe bl 9 435 (o Jol Comal e
» Bl (i Wy LDL (als e o Lt (98 (s
by gy 15 codle il s (Sdplie sl sslons iy
Py Mlite Sl b cos S@ (lapasls ple Jonll il
Gl (Koo 48 028 S5 )15 Cmex o515 9 @)D 5glS ]
ol « IS yebds bl Hla loj ao b 590 slacydgase Juda
1 03l L ol yad cman w515 o 45 sl ol j1 S
Sz G Candy dge @ Mg o (05 Sl 53959
003 IS g il gy it Sl Lol S S8 g8
OblSer 5 e el (il Sl gz Majls oS sl jeite
= S ol 3 a S uisl > (Mehri et al., 2004)
N ol @l (poyp b rizmed ol 418l (S sladoxinl 3
Y0 35 Lo g e drgr (S gladominl b (g uSojlul
= o] )39y il zolaw I ooliwl 3l 4SS saalie S,
395 Joisine Iaeirgy 53 HDL 5 LDL (Jgls’ clilé 5
bl 9 (Swpidpme s SlySen polb Giagh wls b &S
09> S o5 adaw iul3al (Mirfendereski & Jahanian, 2015)
Lol cainges 55155 STyt Ll 5 4Bl g slagm o )
o dng Lo S5 oS5 8t cov o hd slapasls
9235 (52 )8 QT S odiy oS Tite e laalyd 5 oS4
wS1y 5 b Mo g Ll g o aumdS ] ey) ol
IS 9 nol)dg 99581 Alo 0 S5 )3 s Sml L1, YLy
OHlSar g plg dalllas ;0 du isw Dy o 0, > 4y )
oilidl el b ope yal oYL 1S5 (Boontiam et al., 2019)
NU pfl)_s aS el O—l] o yLids PUERW O )59,@ clale
e 3l i 5 b il 45 o b |y 55515 i
zdaw 4 5| (Hasanabadi & Porabri, 2009) (¢ ,l,)e ¢ sdUl
Jols gl g 10,8 oolitwl mpeyie ;0 odiy VA 9 V8 Y (ST
cble 1y o) eyl a4l (ST iolsel a8 ol olis
2 O il Gl (clmlasd e ) 9 Jg S
7 (@pesie 2 53 020 YA V7 OF) oS15 GRaljal 05 (cding
(Dozier et al., culy b 2565 slodser Jo> slbasls
HDL g il clale 550 ezt 38 b 5555, s 2005)

(Fallah, 2016) sls als aali b duylis 5 1, LDL 4

Uiy il oy San il slaiglofl ol oy 28l
Lod e 5 s 53 oabpmlyp lao Loyl ile Liliseo lolgs
2)9> Jo-bo cgmyayio )3 0dsp U 0 S gl Cugh
2 3l @S1)5 (S 4 (85 el ) b B 5 U
PodSp Ve g WAL V) oSS o e jlaS (—ingh
P oadp Ve gy o odlitel (565 drgx (Sy9n 5 (et
podin W g ey olyon |y 03y &35 (s cyoio 2
(Gholami et al., b ylis |y golambl od3ly oy @2y0 e
5ol sl syt slee (gl Wy L (a3 ls 2020)
ol delbre gl | ol (1355 cloan g ooluaiil ol
9 Ugn gy s (ol has oyl g ad) 3 Sles pogdle
ilejl )3 Al 4 dogi b g oo )5 HlaS 3 5 Ol s
Laloss aan sl SLals i 2 50 Jolge el Loy 5l
o Ceio iyl 53 55 (6l ime M) el 035 s
4S5 Ao 3 2log)l sy L) pals s saalie bnles
W g gl ao s dw pl o9 o3 (b s (55>
sl sl & o 1y Hlade s e pyeyie 1D o> dalad
9 sdsedlge S 5 Cuonl p ol Giagl (Slaadl (S 5bas
S ladz gy 1b) 3y Slas 3900 50 Cumer 1515 Cupde
Loyly 5 g auds gjlwaing gl o oleidl, Slgs o 9 3)b 48T
M3l (6ylE e Caxiao 3 yiyg g
w5155 5 055 35S il g ol Sl 4 bgyye b
F Joiz 3 Fot e 9 JSnBgn S5 chale e
WU @b S 9 il e ool 3] el oas osly L
Bl (BgS g J9d badtld o ) ixe
oo 38 sl Ceman 51,5 ol 1 L (P>+/ )
G bgipe b (P</49) 13 265 clads gy oes HDL
Cble e oS1,5 5 03 (IS a3 e 5l
Sl ons GV Jgaz 53 S sbsaed 9 IS uign SS9
LDL jb ine yialS cosl copmar 051,59 )3 (535lS hliie
(S9> laaswld pls (P</40) 1 sals 4 cuws 5>
w515 5 53 598 ] g S e sl e ,5b cow
(P>+/9) .5 5 Camon
5 ool g ol Sl a8 sl L Limgi opl slaassl
9 S onBin 9IS clale Jold gt slapadls p )3 (igls
g oo A 39 I3 ine (B85 sbardz g (93 e
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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 ko) JodS e S) IS gn k) YU IR b onBionad (b)) oml JBe b oBigng) (o) S 5 2eS) Sk

(2 (w3 2 [ (o () o 3PS (2 > 3PS (2 o 2 P55 (ad (o3
CHOL TP HDL LDL TG GLU (g/dl)
(mg/di) (g/dl) (mg/dl) (mg/dl) (mg/di) 9

algl

Effect

s s
Whey

powder

29 deyd o
]

0% whey
powder

29 Moyd (i
]

6% whey
powder

s olizd
oSk

SEM 2.96 0.133 2.136 2.225 2.388 3.023
&b ine o

P-value 0.59 0.895 0.405 0.825 0.482 0.618

130.75 4.10 56.10 51.00 90.70 123.30

133.00 4.08 58.65 50.30 88.30 125.45

)3 s
Corn gluten
O 22> o
Hd
0% corn
gluten
oS Aoy dw
Hd
3% corn
gluten
o olizdl
oSke
SEM 2.96 0.133 2.136 2.225 2.388 3.022
S e gl

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

Stock density

2 oAi),i 03 jaww

&re pe

13 bird/m? 129.00 4,13 53.00P 52.85 90.85 124.35
B oAJ);; PRUTY

Ty o

17 bird/m? 134.75 4.05 61.752 48.45 88.15 124.40
Yoo olizl

oSike

SEM 2.96 0.133 2.136 2.225 2.388 3.022
d)bu;"“ C.Icw

P-value 0.17 0.656 0.006 0.171 0.430 0.990

ol (P00 Jls gime gl odind )ils (ygian o )d dililio s By &C
&¢ 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

P ko) JordS 2 5) JS sz Vb (J&e b i 90) onb IS b S nend () S 55 pF ko) 55

Jelize ) i "
(3 oo » (3 o3 2 (5 w3 2 £ (o) (5 3 3 £ () (2 w3 325 (2 (o3 2

Interaction effects CHOL (mg/dl) (;JF/ZI) HDL (mg/dl) LDL (mg/dl) TG (mg/dl) GLU (mg/dl)
)3 elS g il g
Whey powder and corn gluten
9IS M3 yiuo g sl )39 Lo > sheo
@y

0, 0,
g|ﬁ]t:r’1hey powder and 0% corn 133.20 3.99 56.80 51.20 92.20 122500
Sl 8o dw g i 39 o) o
@y

0, 0,
g|ﬁ]t:r’1hey powder and 3% corn 128.30 422 55.40 50.80 89.20 124.100
O 20p3 ko g i g do > S
@y

() 0,
glﬁ’t;hey powder and 0% corn 133.20 406 61.50 48.20 89.00 126.200
9IS Lo s g i g oy i
<

() 0,
glﬁ’t;hey powder and 3% corn 132.80 410 55.80 52.40 87.60 124.700
Ok Yo olizil
SEM 4.190 0.189 3.021 3.147 3.378 4.273
S e daw
P-value 0.59 0.619 0.481 0.470 0.814 0.719
Camar o515 5 &5 (g
Corn gluten and stock density
2D ok 035w 9 ) WiglS Moy yho
&2 e
0% corn gluten and 13 bird/m? 129.00 4.25 50.60 57.00% 91.70 123.500
Fo 30Xy 0din 5 ©)3 (gl Aoy jho
&r
0% corn gluten and 17 bird/m? 132.50 3.96 61.60 45.00° 89.70 123.100
o yd oy 005 9 )3 (el Moy du
&r
3% corn gluten and 13 bird/m? 129.00 4.02 55.40 48.70® 90.00 125.200
o yd oy 0ddd g G)d (el Mo dw
&r
3% corn gluten and 17 bird/m? 137.00 414 61.90 51.90% 86.60 125.700
Ok e ol
SEM 4.190 0.189 3.021 3.147 3.378 4.273
S daw
P-value 0.59 0.287 0.462 0.021 0.837 0.916
Cumoz (S5 g il 3
Whey powder and flock density
330y 05 9 ] )3g0 Juo ) sho
&y
0% whey powder and 13 bird/m? 126.40 4.04 53.10 49.40 92.40 122.100
3 ok o g pbl (390 duo ) sho
&y pe
0% whey powder and 17 bird/m? 140.00 401 65.20 50.00 88.80 126.600
2 0L 0350 9 el g hopd
&y pe
6% whey powder and 13 bird/m? 131.60 423 52.90 56.30 89.50 126.600
3 oky odin gyl g Moy i
&y pe
6% whey powder and 17 bird/m? 129.50 4.09 58.30 46.90 87.50 122.200
Oke e ol
SEM 4.190 0.189 3.021 3.147 3.378 4.273
2 g5 gxe gl

P-value 0.07 0.773 0.275 0.122 0.791 0.305
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Whey powder and corn gluten and
stock density

SelSaoyd o (ol g do )y e
&yo e 33 03y 03} 9 &)

0% whey powder and 0% corn
gluten and 13 bird/m?

OIS oy yio sl gy 20> yio

130.00 412

&y yia y3 0Xiy a9 )
0% whey powder and 0% corn
gluten and 17 bird/m?

D Lo o il g do i

136.40 3.86

&iyo e 33 03y 03jp 9 &)
6% whey powder and 0% corn
gluten and 13 bird/m?

D Lo o il g do (i

122.80 3.96

&y yio y3 0kiy 0di 9 )

6% whey powder and 0% corn
gluten and 17 bird/m?

P dopd dus ol )39 o)y Jho
&y e ) 0Ny 03jmw 5 D)

0% whey powder and 3% corn
gluten and 13 bird/m?

P do )y dus ol )39 Aoy Jho
& S g3 0Ny 0dim 9 &)

0% whey powder and 3% corn
gluten and 17 bird/m?

O oy dw ] g dop i
&iyo e 33 0k 03jm 9 &)

6% whey powder and 3% corn
gluten and 13 bird/m?

5ol Moy dw ] g Aoy i

143.60 4.16

128.00 4.38

128.00 4.06

135.20 4.08

&y oy odiy 0 9 &)

6% whey powder and 3% corn
gluten and 17 bird/m?

Ok Jlre ol

SEM 5.925 0.267
Sb e g

P-value 0.24 0.895

130.40 4.12

50.00 55.20 94.20 120.40
63.60 47.20 90.20 124.60
56.20 43.60 90.60 123.80
66.80 52.80 87.40 128.60
51.20 58.80 89.20 126.60
59.60 42.80 89.20 121.60
54.60 53.80 89.40 126.60
57.00 57.00 58.80 122.80
0.273 4.451 4.777 6.044
0.805 0.752 0.746 0.972

ol (P<e/0) s ize @5 0imd)Lis g o > dliio pué g ¥©
&€ Means within the same column indicated by different letters are significantly different (p<0.05).

B o (gl sme yboasy ad5 051,55 ol o figas il
S 5 A o> it gt |y 2iby (slaails 5 Slgs
48 4b 993 LDL gaw ialS el dlS o515 L o) o5gls
S S ol 18l Sdplia oMl i) oimslis Wy e
e bl b g glands oS 5 plojen mulats o cunl il
A S8 (55 sladr g Sl g ()90 500 gat 4 Sl
slagby) silwdie gl (ol gloial) Slgi o sl
Ol SladiBl « JSyobay Al (6)1A po Cuxiio 3 ()9 9 435
dw g o] g doyd i zobaw | edlil a5 oly LS img
SNy e gy yie 3 aslaB WV (S5 Laylpd 5 03 (55l w0y

25 o)l dyges (L3S slode g 5 Slas S0 el

ol&iwd 53 25350 Gyl s,y 48 W08 Ly o Sk}

M3 e ilio )90 15 0395 53 39250 JoyialS” Ay o ¢ 0)ls5
Sl o LS JgyiwdS Jlite Cds adaw cdon jd ¢ dimd
s 4 S aad e ol Wadl ol (Taherpour et al., 2009)
Oyt Mg oo Il (93953 dlge Ll 5 Coner o515 dinge
oy 3Shos 5 (SIplite oMl 39 Sl 5 5l
dogf Cundl &yl (pl a8 5,8 1,8 odlitnl 0y50 bsS (sladn g

2ST e g 50 i 5 Jame olse o oMl 4y
S e

S G S o

Sy 5ol g ol gl oalil a5 ol i pols gk
5 by 3 ySles p Jute ul).ul) Slgs o AlS 5S40 Co e b ol yon
A o)l g 2565 cladrer Sdplie gl asls Sy
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Introduction: The search for effective alternatives to in-feed growth-promoting antibiotics in broiler
production has increasingly focused on natural bioactive compounds, including probiotics, prebiotics,
organic acids, essential oils, and plant-derived extracts. Rosa canina (rose hip), a perennial shrub of the
Rosaceae family, is widely distributed in wild habitats such as forest margins, water sources, rocky dry areas,
and scrublands. Its fruits are rich in flavonoids, essential oils, pectin, carotenoids, polyphenols, and vanillin.
Recognized as a valuable medicinal plant, R. canina has been traditionally used in many countries for the
treatment of various ailments, including kidney and urinary tract disorders, arthritis, gout, fever, colds, and
vitamin C deficiency. The fruit, both with and without seeds, has been documented for its therapeutic
properties. In European traditional medicine, its extracts are employed as diuretics and laxatives.
Pharmacologically, R.  canina exhibits multiple biological activities, including anti-inflammatory,
antioxidant, and anticancer effects. Its vitamin C content ranges from 0.3% to 1.5%, depending on
geographical and climatic conditions. Polyphenols, as major bioactive constituents, contribute to
organoleptic properties and exert potent antioxidant effects, which are associated with the prevention of
chronic diseases such as cancer, cardiovascular disorders, Parkinson’s disease, and Alzheimer’s disease. The
total phenolic content of R. canina fruit has been reported at up to 98 mg gallic acid equivalents per gram, a
remarkably high level compared to many commonly consumed fruits. Given these properties, this study was
designed to evaluate the effects of aqueous and alcoholic extracts of Rosa canina fruit (RCF) on growth
performance, blood biochemical parameters, antioxidant status, and immune function in broiler chickens.

Materials and Methods: A total of 280 one-day-old Ross 308 broiler chicks with an average initial body
weight of 45 £ 5 g were randomly assigned to seven dietary treatments in a completely randomized design.
Each treatment consisted of four replicates with 10 chicks per replicate, ensuring uniform average pen body
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weights with no significant initial differences among groups. The experimental diets included a control
(basal diet without supplementation) and basal diets supplemented with 150, 300, or 450 mg/kg of agueous
RCF extract, or 150, 300, or 450 mg/kg of alcoholic RCF extract. Feed intake, body weight gain, and feed
conversion ratio were recorded throughout the rearing period (0-42 days). At the end of the experiment, two
birds per replicate with body weights closest to the replicate mean were selected, weighed, and euthanized by
cervical dislocation. After evisceration, the relative weights of carcass, breast, thighs, and wings were
determined. Humoral immune response was assessed by measuring total anti-sheep red blood cell (SRBC)
antibody titers. Blood samples were collected at day 42 via jugular vein cutting for biochemical and
antioxidant analyses.

Results and Discussion: At 42 days of age, birds fed the diet containing 450 mg/kg aqueous RCF extract exhibited
the highest final body weight (2735 g), which was significantly greater than that of the control group (P < 0.05).
During the grower phase, both aqueous and alcoholic extract supplementation significantly increased feed intake
compared to the control (P < 0.05). Most experimental treatments showed a significantly lower feed conversion ratio
relative to the control group (P < 0.05). The highest serum cholesterol concentration was observed in the control
group, while the lowest levels were recorded in the 300 mg/kg aqueous and 300 mg/kg alcoholic extract treatments (P
< 0.05). Serum uric acid levels were highest in the control group and lowest in the 450 mg/kg alcoholic extract group
(P < 0.05). Dietary inclusion of both extracts generally reduced plasma malondialdehyde (MDA) levels compared to
the control, with significant effects observed for all treatments except the 150 and 300 mg/kg aqueous extract groups
(P < 0.05). The total anti-SRBC antibody response was significantly enhanced in birds receiving the 450 mg/kg
alcoholic extract compared to the control (P < 0.05), whereas no significant differences were detected in
immunoglobulin M (IgM) or immunoglobulin G (1gG) levels among treatments.

Conclusion: The findings of this study demonstrate that dietary supplementation with 300 and 450 mg/kg
aqueous extract, as well as 450 mg/kg alcoholic extract of Rosa canina fruit, can effectively improve growth
performance, carcass traits, serum biochemical profiles, and immune responses in broiler chickens. These
results support the potential application of R. canina extracts as natural feed additives in poultry production.

Keywords: Cholesterol, Feed conversion ratio, Humoral immunity, Rosa canina
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Olosi y2 )3 dge dashad Cutin pgaonme ) dg aabab 93 )1,
728 JlS Ggmailpmg Sl (oo (0 S 0y 4y g 05 U]
Ao gy S 9 38 30)55 Jb dyg S5 4 (SRBC) (sxiduss
FerS0s3 i ¥V 970 sbajoy 1 (Him e »2
9 sladsged jlordlix pyw (S3b jle g sl Joo 4 iz >
S9) 75 305 ped adope a5 Sl SH 4 iV A (g S0l
(Nelson & Reginald, s plos! Jol adsyo sloadsss lon

1995)

Sylel Il
Sl i plogl iolas Mol g3l @ygomay islol ol
sy 5 (V++D) SAS (gl i 3le 5 Lnosls o 4o
Sloslinl U 5 cdulej] (sl b (ke .193,5 o3lizw] GLM
85 8 duglie 390 20> iy 4)b e e )3 (S 9]
adolee & ja0d ools 430 gz oolatwl 0,50 (5 lel Joe
0 ¥
Yij = p + Tj +Eij (V) Wbsleo
T wwlnbie (Sl @dllbae 3550 Cuiuo :Yij )] j> o
Al e Liolesl slas Eij ¢ jles ]

G Slae Glds

WU o 5 (IS g T oylac dalise gobaw I oslizul
b 9 Shgd Gras (g Gl (2l N 0js 2 S
Sy )9y 0095 S5 3 (b sladn g Shps Jas
sbales 3 iy oiali8l g (lad o B9 (7 g P<-/-0)
2 st AL 09,5 Ay S (5,0 gme ygbods o)l saiS il )0
4 by 0jg ol 5 28 o 0jg 0meS (P=0.0001) cdl,
Oy a8 Jls > (2 )5 YEVA/NY 4 YOV /N (i i) gy Sl
PS 2 S e Vo ol Jlas 3 padld 9 (nl polie
(p =S YEAYIVD 5 YVYO/+ o o5 pasy) 4 oanlie (o o5lae
e 910-) (A (A o)las gshw plus sl slajles
39385 )18 e 6yl 09,8 )3 loges (p 55k 3 .5 oo
Jlows alitio b Siesml Jg 00l ) e <00jy ol g o 0 sl
2539y o oylas )5 Lo Yo e

el slalass

V) el oy ol glals po s dsbiyy Sl lndr g 4,35 (4l
(59> YV L5 V0) (SLob 5 ((S39) YW L5 VY) 4y ((Shg)V+ &
SIS Lo 01 bt og Olalinl Loluly oy .1 o2lizl
UFFDA 38l 5l esliz_l L 5 (Aviagen, 2014) L, 440
Lodg o Sior | ejlas and jl () J9i2) 20355 e
I8 Lol ols )5 (Boluad jsbas (LSl (55 (5ke ulusl
byl plSin ) ooy 4 (8L Jglome ©)g0a) laojlas 4285
aboye =) sl g le Lislojl slajlons il d8lS] 3505
2 Gy o5 =l ojlas £)5 (e N0+ + 4l opx -V i)
s 30 ol o)las p S e Yoo + Al opn Y oy p S olS
s90 (=l ojluas )5 e YO+ + b op> —F 02 p)SlS
S ojlac )5 (oo N0+ + b oy =B w0y 25 5lS 53 (ks
o)luas oS (oo Voo + 4l 02 =5 w0 p)S9lS )5 (s 090
PrScshen ¥0r + b0 =V g0y p)S5lS )3 (s 0gee S
0362 )59k 13 ()yts ogee S 05las

oS gan 9 LS (5 159 88

s pd g 0jg Q1PN (S pas Sl az g 3 Slee
29> Jo-bo 3 185 5118 (S 0jlail 5)50 (Side & )g0dy (ST)e5
29 b e ol 0o 5 (S9y TV By Jl) lils sl (talo]]
oo b= 838 elaie Shs s has oy o
{5591 ¥Y) malesl 0)93 kL 1 (o8 (oo slopadls
sslatody o ub (65 g g bl tlofl sy 5l ey 9
e olSiolejl an aloliMy (o sadiges dowdly g p w4
0l Ay ) baguig e 53 bowdly g pyus c(gilolin 31 Ly )3
oSl 4z 3=V glad Ly jimid o ptalejl plodl o b
5 PL5 iz o pmedlS 65 SIS (ppogdl Clale s (o)l
8 b R slaeeS S eslinl b Y JS> b (55500
Neo oz glu) YUl olSios 5 (olnl calo) goil ok
IS L efigned Cle 235 15 (558l 50 (L)
Y adslee wgy 55 (Low density lipoprotein, LDL) b,
.(Dansethakul et al., 2015) 1 duwl>e
LDL (mg/dl) = Total cholesterol/1.19 + (V) Wslo
Triglyceride x1.9— HDLx1.3

S aS g ashd 93 1S5 o 5l e hlojl (ol )3 ian
(039 3 omp g Bl ingy S35 S5 o Silke @ S5
S g ik Sgima (3,5 M g (3 J) g 9 S0 leisS

1- Gesan chem 200, Italy
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Table 1- Feed ingredients and chemical composition of broiler basic diet

(309) (STyss dlge el eyg A5) 0)9 bk oy
Feed ingredients (%) (S50 V-V) (539, VV-YY) (539, YO-¥Y)
= 45.87 50.71 51.83
Corn

O 222 ¥ g oS 46.14 41.36 37.39
Soybean meal, 44% protein

AT ) 35 4,09 3.18
Sunflower oil

Kol S 1.29 1.07 1.05
Limestone

Aad elS” 03 1.95 1.70 1.56
Dicalcium phosphate

(8 i) S5 0.30 0.30 0.30
Salt (sodium chloride)

origeia - Jl 2 033 0.26 0.20
DL-methionine

o - J 0.11 0.01 -
L-lysine

Yoo e

ety oS 025 0.25 0.25
Vitamin supplement

A

e Joo 0.25 0.25 0.25
Mineral supplement

S3s0 dlgo

Nutrients

Energy (kilocalorie/kg)

(o) P& Cx2 21 20 185
Crude protein (percentage)

R 4 &P ; ) 145 156 1
Energy to protein ratio

(122) ¢l 35 35 35
Crude fiber (percentage)

(o) i S5 o 115 1.07 0.96
Digestible lysine (percentage)

(12) s JB (pinsanr + (g

Digestible methionine + cysteine 0.9 08 0.76
(percentage)

Digestible tryptophan (percentage)

(303) o> JB o 0.48 0.45 0.44
Available phosphorus (percent)

(123) o 1.00 0.95 0.90

Calcium (percentage)

E Cnelizg tllalli 015 YO+« o Jgyaeds” d5S) Dy (ol £ Mol doly Voo o (bl iy — (il 5) A elizg o pSkS y (slilar oppalizg i’
bty .5 e 25 S g 125 e G2 ey Mgy 5 e s ol 105 e s 3ie) K abig tp,5 ke B il iS5 WT - Jl (63)
(0o YlgS 9ilew) Biy
to )5 ko <V IS 105 ko Y b 105 ko Ve e S e B sy tp S ke Ve (i S e B el s S5 5o (sl tne Slge e
,a)fu,lm AT ‘P%J.L»
tVitamins per kg of diet: Vitamin A (trans-retinyl acetate), 10,000 1U; Vitamin D (cholecalciferol), 3,500 1U; Vitamin E (dl-alpha-
tocopheryl acetate), 60 mg; Vitamin K (menadione), 3 mg; Thiamine, 3 mg; Riboflavin, 6 mg; Pyridoxine, 5 mg; Vitamin B12
(cyanocobalamin)

2 Minerals per kg of diet: Iron, 60 mg; Manganese, 100 mg; Zinc, 60 mg; Copper, 10 mg; lodine, 1 mg; Cobalt, 0.2 mg; Selenium,
0.15mg



YA (i S g T 0slas Cilizio ok STyl Ko g iy

ol ¢ blie > .l Slygs 5l eolitw] ylams 1) saims lis
L5 V/VY 2ga s dlold) Wings dalds & Cond (6 5aidldgus 9 50l
@l (IS pgoan )5 158 09,8 S 3 )lel Sl Sl g (VA
3 opgds wps dn Sy Sl claojlas 3933l a5 sl L
Moize S5mste e2ge o 0)las p)T5LS ) 2 i Yoo
P 55 glarsr Shss b cups 9 Gis GBI o 05

A5 dald o g b duslio

CdyS )y les b o i 090 Jobo )3 Shgs B puas

ool ol 4 Slys s Gyme o oy 5e8 (P=0.0147)
Yoo ol lajlos 3 polie oy yid o (p)5 FPF-/0+) cuily
) 2 o> (S0 las 5 e V0 g o ol 5 e
lao) e golo (sl o ¢ 1S ysboas (5,5 FSAVIVD o FSAV/SY
M| Lz Azl 1l &y o (6 52y Ssd e S
seban 55 (FCR) Slys s b cups 25 Sos8 20e s
(P=0.0001) 3,5 1,8 baoyluas 3953l 5l cow (gyls sine
45 (VAY) 39 anls 09,5 dsy by po b cun s 0 3YL

aolllae 0)55 S )3 (2355 slargx w3y 3 )Shes (slaadls (5 Sike =V Jgua
Table 2- Means of growth performance parameters of broilers over the study

oo ES)ovon S oo () Sl dpae (S STy 4l pSAS ) St s ey
Treatments Body weight (g) Weight gain(g)  Feed intake (g)  Feed conversion ratio (kg feed/kg weight gain))
aald 2530.11¢ 2479.11¢ 4640.00° 1.87
Control

To g g V0.
ol ojbas p5okS )3 p S ke 10 2640.00° 2590.50° 4680.13% 1.80°
150 mg/kg water extract

i g g .o
i obas pSAS 3 pS ke ¥ 2735.00° 2683.258 4687.63 1.74p
300 mg/kg water extract

i g g .
il obas pSHS 3 p)5 ke YO 2700.00% 2648.75% 468213 1.76°
450 mg/kg water extract
GSUojlas p55kS 2 p5dka V00 ogy e 2611.75% 4687.75 1.79°
150 mg/kg alcoholic extract
Iojlas p55kS 2 pSidka ¥or oags s 2622.75% 4683.00° 1.78°
300 mg/kg alcoholic extract
Uojlas p55kS 2 pSka ¥0: oeer oo 2618.00% 4675.75% 1.79°
450 mg/kg alcoholic extract
S gl 0.0001 0.0001 0.0147 0.0001
P-value
ieilejl sl 18.19 18.29 8.91 0.01
SEM

(P<+/0) 3,15 50385 b gyl sime B3] ailitia e By o b ygiaw yoo (slay Sleo
Means within same column with different superscripts differ (P<0.05).

Sl i Slogas Sy o5 4 |y (s A pin ol
(Windisch & Kroismayr, 2006) soad o Comd (g9,5wedud
5l okas sl slayles Cov (B STy Bras Sl
el Ll el ol HlalS bl 5 sk Vil IS
@hlS i ol to ugSs0 5 )5 ol 29381 L e
FmSoda 55 5 il dge ((—)ls5 i § 0dne cuslio
=3l owizmen (Hallett, 2014) wib o ! 9 (glodg, socisee
Lo 53958l Ulgs 45 5,8 L (E2z El-Arab, 2008) «l)- |
ol 2 Yzl (2855 loargr sloasl Gl )3 (b (SThos
o 53938l ol 5l (—dso lgieds g lals & cwl s

090 0)luac oMIS B pan (SXy 53 Md) 0y93 3 1)y Liul !

)5S oliisd oM Jdsa Ylais] calld &y Cond (s
o)las )3 39290 (29)Suednd CluS 5l (AU (185 ladx s>
2918 35t (yomd 48 Al oo L S9i9eME 5 Ly igige il
sl LaS s il A len (5)ly S olS3 3 25250 (9,50
g o 03y yiyle S ol Kiwd e g (eul ol gl
aS 15,8 Ly (Hernandez et al., 2004) ,LSen 5 jub,a
sl s (Salvia officinalis) IS s yo (2515 LS o )las
039 ORlj3l g oS w3 e dgn0 (D95 sz g ) ke
@9l QLS Cute Sl Gliiee 5 baloss b &) Cond Ji



VFed bl ¥ oylosds IA aler ol ool pole slaturgy 4yt Y42

ad¥ Gluos gad
Bl (252 9 Y Gl (o (039 9 4dY plenil,
0 4y Gy oge M 5 ol o)las ilisee gl ¢p2933]
aiges oy ol o] ol lipl g 48Y o (g 2 )l (sx0
STV o 2 GBS Gt (oS5 02 9 05 9 Sy
398 O Al (glajlond )3 dies (e Gy (Y J5in) cutl
Y0u Lo 3 jlide ouyidar «8)5 )18 (4 ()jg 20 Y LYY
Voo sl )3 e (508 g (30> VIITY) (Ul o)lae o5 e
JLass] sz o s sanliiie (o) YY) o ojlas p)5 Lo
3 3o S slin) plo & Caws (P=+/+YAY) diows (sly (5515 sizo
i g 5 50 LA ol bl ol oo bt 1y yusii & oS
Pirmohammadi, ) ;l)LSes 5 (sdomep B0is )b dxe oy
(st (133 Ot e Sgls5 cadlllan (] s 4o (2015
b oadadss (sladrgr pgijes) 9 peidghd ol SOl S (Jbxbo
(Amad et al., 2011) )}, Kan ¢ slol 355,55 sanlie a9y yuilul
38 Jlorb e 1515 (slaplul s (i & 25,5 IS 3
3 alS lite b (SThes sla gdg38 51 oslial 3t cos B
RS

L laadgn 5 dex 5l 496 lacdplio I glos s b (gl
L oluS 5 o) s S| ol el 5 g Spois il
i sl ¢ ol Sl Cares Jodsd 4)l65 olKiwd Codls dgu
Iy Slygd Bpuae 508y Cwodlw JolS d5ups 5 03liuol ¢ gise lgo
$393b 9 o—ila .(Triantaphyllou, 2001) s> o yiul3-3l
(=o)h plals as 1o S L, (Hashemi & Davoodi, 2010)
=9 el & Sl cnl b o) |y b Sgn 5l Cluogas
OSer 5 (ghezmo g 1) 65Vl Cujo S (1 4 Cad
=S 9 ()9 Liwl-8l D9z (Pirmohammadi et al., 2015)
55l 53,5 5155 digy el 1 olil b 1, S1yes s
s iy St sy b 1 ol bl el
gl 48,50 )90 Olais ) Al goiie Yl Shss
9550 )9l dgmt b (ol gla o938l &S oad jasude (liie
©39) oLl 3y 5 Oljee om (sdke dlge sl By RalS g 039
Jlos! (@l ot o 350 5 04 09 G121y 055 530
Cdlad S 2 3ok Vleinl s ojlas (plple S o
5 90 e Sl (Rl ¢ 515 olSisd (x5 slaee 3l
Ao Sgrte |y Shgd has caymd 039y sl il 9 22

(Anderson et al., 1997)

5390 ¥V 0 03 (0 039 S s )3) (2865 glasagr s (il i 39 =Y Jgoa
Table 3- Relative weight of carcass parts of broiler chickens (as a percent of BW) at 42" day

L3O asy o Ao S g Sy o op
Treatments Carcass Thigh  Breast Back and neck Abdominal fat
aald 62.00 2187 21.88 18.33 0.92
Control

o obas PSS eS0T g 08 2100 21.85 19.02 0.99
150 mg/kg water extract

o obas pSAS eSS Y a0 2009 2143 17.49 0.89
300 mg/kg water extract

o ofbas eSS p ST s 208 23.06 18.14 0.99
450 mg/kg water extract

hojlas p55kS 2 pSka V00059 2437 2175 16.16 0.95
150 mg/kg alcoholic extract

S olas ¢35k ’°f"53*" Y 6634 2218 2355 20.84 0.95
300 mg/kg alcoholic extract

Sholas pSsks 2 pSka¥0 oo g0 1089 24.34 19.30 1.01
450 mg/kg alcoholic extract

S e ghaw 0.2260 0.1783 0.0781 0.4490 0.8319
P-value

il gl 143 106 077 1.47 0.16
SEM

(P<-/0) 3,15 50380 b gyl gime M) ailiia e By b ygias yoo (slaySlio
Means within same column with different superscripts differ (P<0.05).
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o) Ao ABY s (9 2 (S0 3B 10T sladge
(Abazari et al., cosly jbygys 0y90 JS 0 iy oyas oy
yKen g Sl pimon 2012; Hamadiyeh et al., 2013)

P b ulul 5l (gl jl edlanwl L (Algicek et al., 2004)

5 b a8 165,55 sanlie 43Y (linl nd (1o p )P ine wb
el cillhs adlae oyl

il glaphasl s 59
Sloplasl s (59 5 51 (ale] Giliee slalass
Olalllas )5 (F Jods) sis sanlio (gl o BMS] 59
3l mime glis 0 pun p3 (Thymes) cpiagl 5l osliiul walisc
(Hernandez et al., 2004; Rahimi et al., >, skl dolojl
4 Cowl ol )35 cpazmen 2011, Sarica et al., 2005)

390 ¥V 0 5 (0% 039 3 Gho ) 1385 sladr g S5 glapliil i 059 € Jgaa
Table 4- Relative weight of internal organs of broiler chickens (as a percent of BW) at 42 day

o, los s A8 oSSk g b )5 Jeb S 0z yhuy
Treatments Heart  Liver Pancreas Burs of fabricus Spleen Gizzard Proventriculus
sl 046 241 0.20 0.09 016 221 0.38
Control

wloas eSS p oS s oas o2 0.08 014 216 0.34
150 mg/kg water extract

wloas eSS peSba Y a0 948 020 0.10 019 224 0.38
300 mg/kg water extract

lofas pSdS peSke ¥ g 941 022 0.11 015  2.34 0.35
450 mg/kg water extract

Mlojlas p Sk 2 p S ka0 07 941 019 0.10 019 220 0.34
150 mg/kg alcoholic extract

Mlojlas p S 2 pS ke ¥ 5 93 20 0.11 015 205 0.29
300 mg/kg alcoholic extract

Moo p Sk 2 pSka ¥ ) 940 019 0.11 018 223 0.34
450 mg/kg alcoholic extract

S ghaw 0.9468 0.9988 0.2959 0.7480 0.7441 0.3289 0.2388
P-value

el ol 0.03 0.17 0.01 0.02 0.02 0.23 0.03
SEM

(P</+0) sl lis s ine LiolS (i) owd
LS Jld oS 5 as cowl oy s olidss

ol olvgad &y l_mcj slaoylias 4 u-.’.9)|> ols el
olad>s ) (Dorman & Deans, 2000) s g yiulS 0.5l
WJol S lss LS 5 alisee glgil a5 o asie odal Josay
e (S gphp b il el Jogn o Jlpte (Jotiaw
s 1S 3] &S 20 g5, (HMG-COA) 168 iy bsl5
aliolel o (Yu et al., 1994) 595 o bl oo JgpindS jiim

(Garyetal., 1995) sL .~

poms sabaasd gy slaaaial 8
2 Ay ol clmoylas 99380 48 Bl L5 O Jgas gl
il 5l 3 (69 sl ine LS i ise e
YO g Ve slajlos aS gysbay il bas gy o5 olowdsn
AV oo g WEIYD polie b i s ol o)las p,5olS 13 0,5 Lo
Joyuals’ g (18l s )3 e yobds il 0> 2 p )5 e
Aol o (ppiman 0D A8l 09,5 &) Cand pyw bl 65
YIVO) (o o)lae p S LS 10 25 o ¥+ Jlas )3 p s Sl
Cdld (P<e/+0) Bl gyl Hme palS (o> 3 p )5 e
PS5 sbea Y0+ slos 13 35 (ALT) Sliuasl gginal VT (548 023
20l | a8 (gl stme yoboay (3219 WW/O+) (ol 0 las p Sk )
0955 13 p s o9l € ble (] jogde (P</-0) 25
Pk VoY) (IS ojlas 259l 53 p )5 (oo YO+ oariScdly
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Table 5- Serum concentration of biochemical blood indicators of broiler chickens at 42® day (mg/dl)

b 0 o
oS S5
LDL

o Josuds SpedlS i

Treatments Cholesterol  Triglyceride

Albumin

b opts )
row S Sorl g i
Glucose Uric - :

protein Acid AST ALT

bl RN

Sl

Control

PP she V0

o ojlas pSokS
150 mg/kg water
extract

P eSSk Yo

o oskas pSoks
300 mg/kg water
extract

2P ke Y0

o oslas o SokS
450 mg/kg water
extract

P pS ke V0
S olas o SokS
150 mg/kg
alcoholic extract

PeSike Yoo
S olas o SokS
300 mg/kg
alcoholic extract

2 Pk Y0
S olas o SokS
450 mg/kg
alcoholic extract

$iPune gl 0.0008  0.0029  0.1490
P-value
el slas
SEM

139.532 124,752 64.00

124.25® 120.25? 72.00

116.25°

118.252 64.00

126.50% 87.00° 68.00

128.25%

117.002 69.50

124.00% 96.00% 65.25

108.00° 102.00% 61.75

4.44 6.47 2.69

1.31%®

1.20%®

1.25%

1.30%

2.10 21425  4.022 297.00 15.502

2.17 22025  3.87* 304.25 12.00%

1.90 231.00 3.30%® 294.75 11.75%

2.25 219.25 2.8 302.75 11.50°

2.10 22300 3.07® 306.50 13.50%

2.20 22275 275 307.00 12.00%

1.87 21225  3.62% 301.50 12.50%

0.0262  0.2977 0.5418 0.0013 0.0648 0.0357

0.12 6.69 0.21 18.05 0.83

(P<+/0) 3,15 50385 b gyl sime B3] ailiia e By o b ygiaw yoo (sloypSileo
Means within same column with different superscripts differ (P<0.05).

& u»;‘)_el el J.o|9.c Q.,I b 50y L;La:.\.w.] clale u.u.mlf
O35 s Nyl (65 g Syl lale s )3 g 008 |jao
&3S jiw LialS dba wlga  alS sla Sog38l b e ials
250 o6 |y s glads S (o5 cdale Ml e Oy (slad]
=958l 555 51 (Emadi & Kermanshahi, 2006) xas 1,3
Ol b ) Vil cgs b8 05 il 53 LS la
@ ol s o oS a8l (Bge Sl oigngd b g (e
bty yadlS (65 gy g 00D w38 (S Bgpe Sl S
Kohnsal Vajargah et al., ) 395 o lwdl p3 ] LiolS Caw

5 JoriodS 1y (BLS sloojlae 15 pac (6,503 oliine

(Demir et a35)S" (5)155 (2855 slodass (o Lyl <5
OhSer 5 J99,5 < Jlie ,> al., 2008; Sarica et al., 2005)
4 LS sbaojlac 3938l 45 0587 5,155 (Crowell, 1999)
=5 03,5 9 09 JoyedS clale als el jobo (o3 0y
SiScesiles glaly s ol cle liise ) gl o § o
L g JgsulS 9 2 clo 0l slaml o (2LS (slaolae
dprg 3 Comd aoylac il 13 39350 (olowd SluS S (6)luL

2 Nlge o) GLS 1 dexse U 5 a3 LS 5
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51081 51y olie cland omwlinSTy onims Lis il o
ol 4 W5 o g Mg 3151 cla JIGal, (ST 1,5 sl
oiblS (S8 pabbay amd yuiSTly 9 03,8 dles ol slie gluilye
o oyluas o3 o e Gl 4 gl 50 331 (glle s
D9 )9.) LY cb...wu]g O ygo

Gl b jledas yoba o piws Sl ol cols
SIS s 255 o ©yg0 (39 rkem 1emS1y 9 3] (sl SIS0,
Sl (Seislpos] Sl il (555 5 (255 (SlnrS55)S
Ol ol liedr SLS 5 cpl (gl (HE 02 & A8 (o
A8 o clad 0y om ) 0aiS Lo LSl lgean UL 1
b CpgmmliansTy 1 olil sla J03l) (o5l b aagss s
Ao w5355 sl 1 o Jpho il | 5 8 o (55
(Ghazghazi et al., 2010) &S o (505 ol > ol s

el by

iinn 236 L slojl slales F Jgi uls bl
095 1 pL5 3k Oliee (P= /e - 0A) 2l ppus (30l o o
P 31 355 53 bty (s 12 5 e FIT0) 20l
Ao ‘Lr‘“i"ul‘}] Ssles o )0 29 ojlac saiSCdl ) sla o
(abseo gglaws o Sl u;’] il pel) o)las saiS el s (slaeg,S
olel sy Las oyl 51 g assls s pb ool yd (gyls sixe
8,55 )8 b jlad I gixe 15U v G 2915 g

FerSole blod an (al dge 52k (b9 Corivo
pie J ) 2o Jolse 2l ) s isie (slocs oy
Byman g (Heal 035 oS il Jddar Cugie (gl
cplplo g el 1) el pat By o SSgm b a5l L
5 (=) g slaoly 51 (SO e i s S o 1 oalatwl
S bg)h kS Wbl e Jste slb glow 4 Cuwlus Lials
oo i 3 ySlos plplly 5 48 o Jos QIW]GUT Olgied
(Acamovic & Brooker, 2005) xiisu o dgu 1)

Bgdioo O 355 s )l ol 1w b LS 5 (2015
Ayt 3 p o Sl Clablone s 53 0 ol e SRl
OmyssS E peling (Manach et al., 2004) 544 oo (ygmolipus]
3 LDL (ppmalins] olize 1S op (G5 S 5 S et
L) ol (558 5L oo 31 ] Jas 5926 23,5 o p s HDL
!yl (Melinda et al., 2007) s_sb o L8 clacuS 5L
Slgie (3 LS 5l (8 @le gl o)y ogse o)las
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Table 6- Effect of experimental treatments on the amount of malondialdehyde in the blood plasma of broilers (nmol/ml) at 42" day

(o2 £S5 59 5 (o) s 030 (ol o)l

Water extract (mg/kg)

(o3 PSS )3 )5 ) 0 yid 0gen Sl 0)lae
Alcoholic extract (mg/kg)

Al
Control

150 300

450 150 300 450

.\:hﬂdj O9JLo
MDA

0.722 0.69%® 0.68%

0.67% 0.63% 0.62¢ 0.60¢

(P<e/+0) situns (bl Hls gxo coglis (lyls s, o 53 Cglie By b (sloyuSileo
Means within same row with different superscripts differ (P<0.05).
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Table 7- Effect of experimental treatments on IgM and IgG titers and total antibody against sheep red blood cell suspension in
broilers (mg/dl)

Treatments Total antibody
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&l °)L"‘° P)fﬁ"l‘s ) F)fu‘“"’ Yoo 5.50% 2.75 2.75
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&l °)L"" F)fﬁ“l"s ) F)fu‘“"’ ¥o. 5.752 2.75 3.00
450 mg/kg water extract

L;K'” °)L"" F)fﬁ‘l"s ) F)fu“"" Vo 5.752 2.78 297
150 mg/kg alcoholic extract

L;&” °)L"° F)fﬁ‘l‘s ) F)fu‘*‘ Yoo 5.752 2.75 3.00
300 mg/kg alcoholic extract

L;&” °)L"° F)fﬁ‘l‘s ) F)fu‘*‘ ¥o. 6.002 2.90 3.10
450 mg/kg alcoholic extract

S dcsne gl 0.0058 0.4318 0.1866
P-value
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Means within same column with different superscripts differ (P<0.05).
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Introduction: Nutritional manipulation of reproduction is a practical management strategy to increase
lambing rates in extensive sheep production systems, especially in semi-arid regions such as Iran. Nutrition
influences reproductive performance by providing essential nutrients required for oocyte development,
ovulation, fertilization, and embryo survival. Follicular development in ewes is highly sensitive to nutritional
status, and folliculogenesis and ovulation rate can be enhanced through nutritional manipulation. Improved
nutrient supply can affect the pituitary-hypothalamic axis and consequently alter the secretion of
gonadotropins, progesterone, estrogen, insulin and growth hormone secretion leading to increased ovulation
rate and oocyte quality. The most important nutritional factors affecting reproduction in ruminants include
energy, protein, minerals and vitamins. Deficiencies of minerals and vitamins in the diet impair health status
and reduce ovulation rate. B-complex vitamins are water-soluble compounds that include thiamine (B1),
riboflavin (B2), niacin (B3), pantothenic acid (B5), pyridoxine (B6), biotin (B7), folic acid (B9), and
cobalamin (B12). B vitamins, as biochemical cofactors, are essential for various biological processes
including maintaining cellular homeostasis, e.g., genomic stability, mitochondrial function, energy
metabolism (e.g., in the Krebs cycle in mitochondria and the folate, glutathione, and methionine cycles in the
cytosol), and redox homeostasis. All B vitamins required for growth are also required for reproduction and
fetal development. Deficiencies of folic acid, riboflavin, pantothenic acid, choline, and cobalamin (vitamin
Bi12) can impair reproductive performance. Therefore, the objective of the present study was to investigate
the effect of injecting different levels of B-complex vitamins (BCV) before mating on body condition score
(BCS), plasma metabolite concentrations, and reproductive performance in Afshari ewes.

Materials and Methods: A total of 75 mature Afshari ewes were divided into three equal groups based on
age (2-3 years) and body condition score (BCS; average = 3.25) and randomly allocated to experimental
treatments (n = 25 ewes per group). Experimental treatments consisted of (1) control group (C; no BCV
injection), (2) ewes received subcutaneous 5 mL injection of BCV (BCV-5) and (3) ewes received
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subcutaneous 10 mL injection of BCV (BCV-10). The BCV solution was injected subcutaneously at the
beginning of estrous synchronization, 7 days later and at the day of sponge removal. Estrous of all ewes were
synchronized by 12-day intravaginal sponge and intramuscular injection of 2.5 mL of vetaroline at the day of
sponge removal. Animals also received an intramuscular injection of 5 mL of a solution contained vitamin A
(50000 IU/mL), vitamin D3 (10000 IU/mL) and vitamin E (20 mg/mL; 3VitADE, Nasr Fariman Co,
Fariman, Iran) and 5 mL of a solution contained vitamin E (50 mg/mL) and Se (0.5 mg/mL; SelojectE,
Razak Co, Tehran, Iran) at the day of sponge insertion and removal, respectively. All ewes were mated with
Afshari rams for 3 consecutive days (1 ram per 5 ewes). Pregnancy diagnosis was performed for 30 days
post-mating using plasma progesterone assay by an ELISA reader (STAT-FAX 3200, USA) and a
commercial kit (Monobind Inc. USA, ELISA kit). Blood samples were collected at the beginning of
experiment, on the day of sponge withdrawal and at the day of estrous.

Results and Discussion: Results showed that plasma glucose concentration on the day of sponge removal
tended to be higher in BCV-10 group than other groups (P=0.09). However, plasma glucose concentration of
glucose on the day of estrous did not influence by level of BCV injection before mating. Injection of
different levels of BCV before mating had no effect on plasma concentrations of total cholesterol and total
protein at the day of sponge removal and at the day of estrous (P>0.05). Ewes received BCV solution had
lower plasma urea nitrogen concentrations at the day of sponge removal (P<0.05). However, experimental
treatments had no effect on plasma concentration of urea nitrogen at the day of estrus (P>0.05). The body
condition score (BCS) of ewes was similar among all groups (P>0.05). The highest plasma vitamin B
concentration at the day of estrous and at the day of sponge removal was observed in BCV-10 group
compared to other groups (P<0.05). Higher lambing rate and fertility rate were observed in BCV-10 group
than other groups (P<0.05. Whereas twining rate was not influenced by experimental treatments (P>0.05).

Conclusion: The results of this experiment showed that injection of a solution containing BCV (especially
10 ml) before mating by increasing plasma glucose and vitamin Bi, concentrations and decreasing urea
nitrogen concentration improved fertility and lambing rates in Afshari ewes. Therefore, it can be used as a
strategy to improve the reproductive performance of ewes. However, this effect should be confirmed in
future studies.

Keywords: Afshari ewe, B complex vitamin, Estrus, Fertility rate, Plasma metabolites
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Table 1- Effect of injection of different amounts of solution containing B complex vitamins around mating on plasma parameter

concentrations in Afshari ewes

oSS B ralisg a3 slaie
Vitamin B complex injection dosage

2ol )b
bl
: o - y.
Parameter 0 ’“; f[n“l’ ’”i B‘l’;ﬂ SEM P-value
(g 3 p5 he) 55915
Glucose (mg/dL)

oAbl g0 . 67.23 67.07 65.87 2.48 0.1
Beginning of experiment
gl 292 jo) 63.18 67.72 69.13 1.85 0.09
Day of CIDR removal
b 59, _ 62.53 66.30 67.50 1.82 0.17
Day of estrous and mating

(s 2 p S k) S5 Jgsids

Total cholesterol (mg/dL)

u‘”u’l &_”‘Z . 71.52 70.59 69.30 2.42 0.81
Beginning of experiment
gl 292 jo) 64.40 63.22 61.93 2.81 0.83
Day of CIDR removal
> 59) . 58.05 63.27 66.53 2.72 0.12
Day of estrous and mating

(ydismd 2 p 5 ko) (sloygl (39550

Blood urea nitrogen (mg/dL)
u‘”u’l &_”‘Z . 12.80 10.30 13.10 1.07 0.19
Beginning of experiment
gl 292 jo) 11.09 8.69 7.90 0.77 0.03
Day of CIDR removal
> 59, . 10.09 8.09 8.48 1.01 0.32
Day of estrous and mating

(s 2 p5) IS g
Total protein (g/dL)

ileil g5t _ 6.97 7.28 7.03 0.14 0.77
Beginning of experiment
gl 29 5o 6.60 7.06 6.93 0.21 0.30
Day of CIDR removal
> 59, 6.34 6.55 6.55 0.16 0.59

Day of estrous and mating
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Means within same row with different superscripts differ (P<0.05).
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Table 2- Effect of injection of different amounts of B complex vitamin solution around mating on plasma B12 concentration and body
condition score of Afshari ewes

DSLeS B poling 3255 5l

r
il Vitamin B complex injection dosage
)b " N :
Paramete ) Pk D A e ) SEM P-value
0 5ml 10 ml
PN Candg 000
Body condition score
oieleil g8 _ 3.30 3.15 3.20 0.07 0.31
Beginning of experiment
gl g5 59, 3.03 3.04 3.19 0.08 0.41
Day of CIDR removal
> 59) . 3.25 3.20 3.18 0.07 0.75
Day of estrous and mating
(sl 2 p)555w) Brz celiss
Vitamin Bi2 (pg/mL)
"‘“’L"’] ‘i_”:’ . 124471 1257.51 1232.14 48.96 0.93
Beginning of experiment
el 295 5o 1266.03° 1472.28° 1621.06° 52.67 <0.01
Day of CIDR removal
> 59, . 926.64°¢ 1564.40P 1879.05? 49.38 <0.01
Day of estrous and mating
(P<-1+0) 323b o o sine MBI (gl S yita i By b o3, yo (sbouSilee
Means within same row with different superscripts differ (P<0.05).
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Table 3- Effect of injection of different amounts of solution B complex vitamins around mating on reproductive performance of
Afshari ewes
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Vitamin B complex injection dosage

sl - -

Parameter 0 Al )‘*i‘g[;; ’ SEM P-value
(10 2o &5 120.0° 116.0° 152.0° 10.06 0.05
Lambing rate (%)

(o) ol 25 76.00 100.0° - 0.01
Fertility rate (%)

(o) 2lishs 25 57.89 47.62 52.0 - 0.81

Twining rate (%)

(P<e/+0) wislioo o me WS (sl S ytio s By b d) 0 (sloSilis
Means within same row with different superscripts differ (P<0.05).
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Introduction: Aquaculture is currently considered as one of the fastest-growing global fish industry.
However, this sector is facing with fishmeal shortage as the main source of protein in their diets. Therefore,
considerable studies have been carried out to find other protein sources instead fishmeal for aquaculture
feeding. Protein sources such as vegetable by-products (oil seed meals), animal by-products, biodegradable
organic wastes, fermented organic wastes (Ayan, 2018), and insect meal (Gasco et al., 2021; Zarantoniello et
al., 2021) have been used in aquatic nutrition. Oilseed by-products such as fermented sesame meal are
considered as the best alternative protein sources instead fishmeal. In the sesame oil industry, oil extraction
is done either using organic solvents or by mechanical pressing and the by-products is known as sesame
meal. Oil extraction leads to an increase of protein content of sesame seed meal (Onsaard et al., 2010) which
can be used as a protein source in nutrition of fish culture industry (Onsaard, 2012). Sesame seed meal has
been represented as a protein source in agua feeds replacing soybean meal for reducing the feed costs
(Tacon, 1993). The aim of this study was to evaluate the effect of fishmeal substitution levels with fermented
sesame seed meal on growth performance, blood biochemical indices, and digestive enzymes activities of
Rainbow Trout (Oncorhynchus mykiss).

Materials and Methods: This study was run at one of the rainbow trout production farms in Ortekand, Kalat
of Khorasan Razavi Province, Iran. Three hundred sixty rainbow trout fingerlings (= 2.30g) were stocked in
the 18 tanks for 63 days. Water physicochemical parameters of rearing unit were measured weekly. Diets
were formulated according to NRC standards by the using of UFFDA software. Sesame seed meal was
fermented (FSM) by the Neurospora intermedia fungus with inoculation level of 10° CFU g*. For sampling
and analysis, three fish were chosen randomly from each tank and their plasma samples were preserved at -
80°C for next steps. Data analysis was performed using of SPSS version 22, using ANOVA test and mean
comparisons was conducted by Duncan’s multiple range. The Broken line regression was done for further
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analysis. Blood biochemistry was measured by the usage of common Kkits (Zist Azma Chemical Co.) via
ELISA method. Immune responses were measured according to methods described by Neissi et al. (2013).
Chemical analysis was done according to protocols described in AOAC and glucosamine by methods
described by Zheng and Shetty, 1998. Growth performance and nutritional efficiency indices calculated
according to models were used in order to determine the optimum inclusion level of dietary FSM.

Results and Discussion: After 63 days of feeding trial, the highest values of final weight (54.26 g), specific
growth rate (SGR; 4.95 % body weight day™), protein efficiency ratio (PER; 2.86), and protein productive
value (PPV; 49.23%) and the best feed conversion ratio (FCR; 1.11) were observed in the rainbow trout fed
the diet containing 50% fishmeal substituted level with FSM (p<0.05). With an increment in the fishmeal
substitution with FSM from 10 to 100%, the activities of total immunoglobulin, complement, and lysozyme
showed increasing trends (p<0.05). The lowest contents of total cholesterol, low-density lipoprotein, and
triglyceride were measured in the plasma of fish fed the diet containing 100 % fishmeal substituted with
FSM (p<0.05). Based on the broken line regression model, the dietary fishmeal substitution level (%) with
FSM for maximum growth (SGR) and weight gain values and the best FCR value of rainbow trout were
estimated to be 66.64%, 72.78%, and 71.84%, respectively. These results may be due to the effects of
fermentation process on sesame meal and improvement in its palatability, increase of bioactive peptides
contents, enhancing apparent digestibility coefficients of nutrients, and reduction of anti-nutritional factors
contents. The fermentation process enhanced nutritional and functional properties of original product. Also,
the presence of sesamin, one of sesame lignan may has played a role in reducing plasma cholesterol and LDL
levels. Furthermore, increase in bioactive peptides after fermentation could act as antimicrobial agents by
stimulating or suppressing some immune responses or by interacting with microbial host invaders.

Conclusion: In general, the results of the present study indicated that replacing 50% of fermented sesame
meal instead of fishmeal in the diet of rainbow trout fingerlings (= 2.30 g) lead to further improvement of
growth performance indices and feeding efficiency such as final weight, specific growth rate, feed
conversion ratio, survival rate, and protein production value, etc. In the investigation of plamsa biochemical
and immunity indices, in most cases the replacement level in the range of 50-100% has shown favorable
results compared to that of fed the control diet. Finally, based on the obtained results, it is recommended to
replace 50% of fishmeal with fermented sesame meal in the diet of this fish.

Keywords: Blood parameters, Feed conversion ratio, Feed efficiency, Processed sesame meal, Rainbow
trout
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0y 30 3568 (G ypess AbuS b (alo ydg (3l Moy

2B oy M Cc;\;troul)jiet Substitution (%) of fish meal with fermented sesame meal in diet
Feed ingredient 10% 20% 30% 50% 100%
\
Bl s 56 50.4 44.8 39.2 28 0
Fishmeal
S 8 e oS 0 5.43 10.87 16.3 27.17 54.34
Fermented sesame meal
A} .
by s 12 12 12 12 12 12
Soybean meal
Ve e |E
PS5 IS 11.21 11.21 11.21 11.21 11.21 11.21
Wheat gluten
Nblal:
PS5 ) 7 7 7 7 7 7
Wheat flour
\ 2
w2l Of5) 4 4 4 4 4 4
Fish oil
Vbogw o9, 4 4 4 4 4 4
Soybean oil
A
Cxied 05 05 05 05 05 05
Lecitine
Yo oA
Sl S 53 05 05 05 05 05 05
Dicalcium phosphate
Y . . .
ey bybee 15 15 15 15 15 15
Vitamin premix
Y . .
(e Slge bsle 15 15 15 15 15 15
Mineral premix
Y w . .
Pl S 9 0.25 0.25 0.25 0.25 0.25 0.25
Toxin binder
(RIS
= 0.03 0.03 0.03 0.03 0.03 0.03
Antioxidant (BHT)
Ve Jeio S50, 15 167 1.83 2 233 3.16
Carboxymethyl cellulose
¥ -
poual 2l 0.01 0.01 0.01 0.01 0.01 0.01
Ytterium oxide
Chemical composition
Kz ool
(hoy3) S o2 9057 90.62 90.67 90.65 90.58 90.62
Dry matter (%)
(e
(03) #0552 47.92 47.92 47.92 47.92 47.92 47.92
Crude protein (%)
(2)) P& o>
Ether extract (%) 11.61 11.61 11.73 11.8 11.92 12.23
(Mo )3) P b
Crude fiber (%) 1.72 1.85 1.92 213 2.42 2.89
(32)) (1395 3l sle ojlas
NFE (%) 20.9 20.76 20.53 20.02 19.49 18.55
(82)) S 8.42 8.48 8.57 8.78 8.83 9.03
Ash (%)
(25) s
1.02 1.11 1.19 1.34 1.43 1.89
P (%)
(1o?) St 0.12 0.23 0.36 0.45 0.71 1.24
Phytate (%)
(M2)3) o9
0.01 0.02 0.05 0.07 0.10 0.27
Tannin (%)
(5 22 S ske) 0oels55lS 0 0.96 2.11 3.14 5.34 10.54
Glucosamine (mg/g)
(p5 2 J5ishs) oalSL 55 15.88 15.83 15.86 15.87 15.84 15.85

Gross energy (kj/g)

OldSS! Sigma Aldrich < s ¥ Ol (g ol (ST eS0Tl (gad) lolp (uwSS el SThgs 8 ps T ol (o ol udleST el s 845"
!Saramad Aquafeed Co., Khorasan Razavi, 2Negin Animal Feed Co., Iran. 3Fartak Co., Iran, 4Sigma Aldrich, England
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Figurel- Estimation of broken line regression analysis for feed conversion ratio (a) specific growth rate (b) and final weight (c) in

the rainbow trout diets containing different substitution level of fish meal with fermented sesame meal (%) (g) (n=3; p<0.05)
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