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Introduction: Barley grain is the main feed for lamb fattening in Iran; However, its rapid starch degradation in
the rumen can lead to digestive problems, such as ruminal acidosis and bloat, which adversely affect livestock
performance. To address this, corn grain is often used as an alternative because it has a slower degradation rate and
reduces digestive problems. However, there is limited research on the effects of processing methods on the
performance and degradability of corn and barley when fed at high-level diets to fattening animals. Additionally,
studies comparing the performance and economic efficiency of these grains in ruminants under Iranian conditions
are scarce. This study aims to assess the effects of corn processing and high-level barley grain feeding on the
performance and economic outcomes for Baluchi lambs in vivo.

Materials and Methods: This study was conducted to evaluate and compare ruminal parameters, blood
metabolites, and economic efficiency in fattening lambs fed high-concentrate diets based on corn and barley. A total
of 20 male Baluchi lambs were randomly assigned to four experimental diets in a completely randomized design.
The dietary groups consisted of similar forage proportions and concentrate mixtures containing: (1) whole corn, (2)
wet corn, (3) ground corn, and (4) whole barley. The lambs were fed these completely mixed diets for 70 days, with
a concentrate-to-forage ratio of 75:25 maintained across all groups.

Results and Discussion: The average daily weight gain did not differ significantly among the groups; however,
lambs receiving the whole corn diet demonstrated the highest numerical average daily weight gain. In contrast,
lambs fed the wet corn diet exhibited significantly lower feed intake, along with improved feed conversion ratio and
feed efficiency, compared to the other dietary groups, especially whole barley and ground corn. The feed efficiency
for the wet corn group was notably higher than that of the other groups. Furthermore, experimental diets did not
significantly influence ruminal pH or ammonia nitrogen concentrations. There was also no significant effect of the
diets on total volatile fatty acid concentrations, the acetate-to-propionate ratio, or individual concentrations of
acetate, butyrate, isobutyrate, and isovalerate. However, the concentration of propionate was significantly elevated
in the ground corn group. Blood parameters remained largely unaffected by dietary groups. The highest net income
was recorded in the whole corn group, which showed no significant difference from the wet corn group.

Authors retain the copyright. This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0)
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Additionally, the wet corn diet was associated with the highest economic efficiency and the lowest cost per unit of
production when compared to the ground corn group.

Conclusion: These findings suggest that incorporating wet corn into the diets of Baluchi lamb can be an
effective strategy to improve animal performance and enhance economic returns under intensive fattening systems.

Keywords: Baluchi lamb, Barley grain, Ground corn, Wet corn, Whole corn
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Table 1- Feed ingredients and chemical compositions of the experimental diets (% of DM)

el (gloo e

15>
oy Sl . :
e Experimental diets

Diet ingredients

1 2 3 4

Alfalfa hay
FAS blf
Wheat straw
Jels @3 6
Whole corn

c.\w”:l) u).) 64
Coarsely ground corn

gbye @) 64
Moisturized corn

Pes alby 64
Barley grain
g oS
Soybean meal
LS el 05 05 05 05
Calcium carbonate

J'“"L-’5 9 L_?""“’ J‘s“’ 1 1 1 1
Mineral and vitamin premix

[EON]

Salt

LS o 0.25 0.25 0.25 0.25
Sodium bicarbonate

20 20 20 18

0.25 0.25 0.25 0.25

adsle w0 il 25:75 25175 25175 26:74
Forage: concentrate

Chemical composition
S odle Lo yd
Dry matter

Sl osle 94.30 94.30 94.20 94.45
Organlc matter

92.96 80.08 93.06 92.96

PE oon 13.50 13.50 13.61 14.10
Crude protein

i 3.60 3.60 3.50 2.80
Ether extract

(S ol PSS 3 S JE) pud e JE (5551 274 274 274 263
Metabolizable energy

sl b S 55.70 55.80 55.69 55.95
Non-fiber carbohydrates

S odgd > Jylonels SU 21.50 21.40 21.40 21.60
Neutral detergent fiber ' ' ' '

sl 0z 53 Jolorols SUI 11.40 11.65 11.50 11.80
Acid detergent fiber ' ' ' '

e 0.55 0.55 0.56 0.53
Calcium

St 0.31 031 0.30 0.34
Phosphorus

(ols) 9> aily (g9l 0 F 5 0ddyoals > Wby (gol> 0y Woddigh yo )3 by (gol> oy IV JolS )5 dils (ggl> 0y 2
1: Diet containing whole corn grain 2: diet containing wetted whole corn grain, 3: diet containing coarsely ground corn grain 4: diet containing barley
grain (the control).
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Table 2- Effect of experimental diet on performance of the experimental lambs

oo 3,Slos il st R PR
Experimental diets oSbe

Lamb performance P-value
1 2 3 4 SEM

(p)S5kS) 0390 JS &ilig; STyss GBrao (2:S0Lo

Average daily feed intake over the entire 1.39% 1.25° 1.49° 1.35 0.050 0.036

period (kg)

(35, £5) 0353 IS 0135 ol eSlee

Average weight gain over the entire period 287 286 223 236 0.019 0.119

(g/day)

(p55%S) 0393 IS it o pd (0o

Average conversion rate over the entire 4.84° 4.37° 6.68° 5.722 0.205 0.041

period (kg)

(2253) 0353 IS pleily (5:50ke

Average efficiency over the entire period 0.20% 0.232 0.18° 0.17° 0.013 0.009

%)(

(P<e720) 303 5929 I cime M) wglitie g b (slopwSSlo Cp Cindy y2 3
(..\.Q;Li‘)) P d31> o):;jL..S duLv » ddlaio J9|J.Lo (s LS)IB):I oy ¥ 9 o..\Af)”ilg C_v):} &l 691> SV W) 5;9]9).4 C;):B aily L591> oy Y Jalf C_»)S &l 695 o> 1)
In each row, there is a significant difference between the means with different letters (P<0.05).
Diet containing whole corn grain, 2: Diet containing wetted whole corn grain, 3: Diet containing coarsely ground corn grain, 4: 1:
Diet containing barley grain (the control).
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Table 3- Effect of experimental diets on ruminal fermentation parameters

14aSs yra3S sladoriul b eiolojl (clao Slulnl glas Jlexsl lude
Ruminal parameters Experimental diets Sibe P-value
1 2 3 4 SEM

4aSipH 6.35 6.45 6.13 6.27 0.167 0.610
Rumen pH

; s ool e i 13.30
(o 2 5 ) S igel 0392 1256 14.15 14.04 1.492 0.862
Ammonia nitrogen (mg/dl)
(2 > Jyecshe) )18 o slosel JS 83.22 85.34 86.40 83.85 0.832 0.158
Total volatile fatty acids (mMol/L)
(3 5 Jgoishe) bl 54.04 56.02 53.07 53.95 0.746 0.174
Acetate (mmol/L)
(= » Jseisle) SUsag 23.24b 25,042 26.86° 25.32% 0.781 0.134
Propionate (mmol/L)
Sligmgn & Sl Cnd 2.31 2.24 1.97 2.13 0.083 0.177
Acetate to proplonate ration
(33 Jsele) lyigy 14.77 12.81 14.62 14.09 0.761 0.370
Butyrate (mmol/L)
(2 > Jyecse) i 53 2.09 0.93 1.74 1.59 0.459 0.439
Isobutyrate (mmol/L)
(2 2 Jgeishe) ol lg 3.04 1.96 1.88 1.94 0.435 0.247
Valerate (mmol/L)
(2 5> Jyecshe) Sl 3] 2.81 3.47 2.28 3.59 0.803 0.659

Isovalerate (mmol/L)

(P<-140) 5,03 3¢5 () ime NS cciglize g yn b (slacySibo cym iy ya 5D
(1l5) o (g9l 05luiS Qb p dilaie Jgliie s (glgp 0> F 5 0l yarls )3 Ay (gol> 0y ¥ odbgb po yd Aild (gols 0y iV JolS @)D &l (g5l 0 1)
In each row, there is a significant difference between the means with different letters (P<0.05).
Diet containing whole corn grain, 2: Diet containing wetted whole corn grain, 3: Diet containing coarsely ground corn grain, 4: 1:
Diet containing barley grain (the control).
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Table 4- Effect of experimental diet on blood metabolites of fattening lambs

O ezl Lrwul\h)" oy 3l glas

. . loss! o

Blood metabolites Experimental diets Sile Jomol oo
P-value
1 2 3 4 SEM

(i 2 5 ko) 3515 65.60 69.20 67.80 68 1.238 0.261
Glucose (mg/dl)
s e 40 37.66 45.80 38 3.412 0.335
Cholesterol (mg/dl)
(i 2 5 ) el 55 32.20 33.80 30.20 26.40 2.801 0.308
Triglyceride (mg/dl)
(e 12 p S ske) gl 000 18.40 14.80 18% 21.80° 1.461 0.030

Blood urea nitrogen (mg/dl)

(P<-140) 503 3935 () ime BMS] cciglize gy b (slaySibo (o iy y1 5D
(..\toLb) P L55l> o).‘.‘.SLu.Jf Gl adis J9I.\Lo (s LS)IB):’, oy ¥y o..\..is)?ilg &)y &ily 65L> oy 1Y m,\..ﬁg,r}la).a Oy b d5[> oy 1Y ‘Ja\.{ (SR L59|.> oy 1)
In each row, there is a significant difference between the means with different letters (P<0.05).
Diet containing whole corn grain, 2: Diet containing wetted whole corn grain, 3: Diet containing coarsely ground corn grain, 4: Diet 1:
containing barley grain (the control).
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Table 5- The effect of experimental diets on economic indicators throughout the entire period (Rial)

d:ba.:::é\ e u‘“’l“’)l dlﬁﬁ)ﬁ% ))JJ[LJ dUa$ Jlo.b\ L
Economic variable Experimental diets OSke P-val)ue
1 2 3 4 SEM

i | |
(Jbo) ol o2 sl ool > _ 6400000 6384000 5012000 5296000 1.413 0.119
Incomes for each head (Rial)
(W) ol o2 sl 092 IS 4o 1619044  1458031°  1739850° 1654009 0.632 0.041
Total costs per head (Rials)
(J) palls 290 4780956 4775969 3272150 3641991 1.354 0.052
Net incomes (Rial)
ol “fm).l" 3.06% 4.252 2.88¢ 3.19 0.262 0.006
Economic return
g doly o diyse Sl 0.253b 0.241b 0.369? 0.318% 0.031 0.037

Minimum cost per unit of production

(P<-140) 503 3935 () sime BWS] cciglite gy b (slapSibo (o iy 5D
(2ls) g (g9l 0y5luiS Gl p dilaie Jgltie s (5lgp 0 p> F 5 0ddyerly )3 s (gl 0y ¥ 0digb po yd &ild (gol 0y iV JolS @)D &by gl 0 )
(a3 =0l ) Lalls saly
(a3 [aal,) (olasdl 2l
(1,5l aiz50) 15 o1y o o ol
In each row, there is a significant difference between the means with different letters (P<0.05).
Diet containing whole corn grain, 2: Diet containing wetted whole corn grain, 3: Diet containing coarsely ground corn grain, 4: 1:
Diet containing barley grain (the control).

Net incomes (Income -cost),

Economicreturn (Income/cost),

Minimum cost per unit of production (Cost/income)
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Introduction: The identification and utilization of regionally available feed resources are essential, particularly
given the substantial influence of environmental and climatic factors on the quality and nutritional composition of
forage crops. Under conditions of increasing water scarcity and the limited availability of conventional forages, the
use of drought- and salinity-tolerant plant species such as camelthorn (Alhagi maurorum) has attracted growing
interest. Camelthorn is considered a promising alternative forage owing to its relatively high concentration of
digestible protein and a wide array of essential nutrients, contributing to its classification as a functional feed
ingredient. Previous research has demonstrated that the partial substitution of traditional forages with camelthorn,
particularly during their vegetative or flowering stages, does not adversely affect ruminal fermentation, nutrient
digestibility, or overall animal performance. Although camelthorn hay is widely available in arid and semi-arid
regions of Iran and has the potential to meet the nutritional demands of grazing livestock, its comprehensive
nutritional profile remains insufficiently studied. Moreover, information regarding the use and nutritive value of
halophytic plants in ruminant nutrition is generally scarce. Accordingly, the present study aimed to investigate the
effects of replacing alfalfa hay with graded levels of camelthorn hay on apparent nutrient digestibility, ruminal
fermentation characteristics, microbial protein synthesis, and ruminal papillae morphology in fattening lambs.

Materials and Methods: This experiment was conducted using 20 male Arabian lambs, aged 3-4 months, with
an average initial body weight of 22.4 + 1.5 kg. The study lasted 84 days, comprising a 14-day adaptation period
followed by 70 days of experimental feeding. Lambs were individually housed and randomly assigned to one of four
dietary groups in a completely randomized design, with five lambs per group. The experimental groups were as
follows: 1) Control diet containing alfalfa hay without camelthorn hay; 2) diet with 33.3% replacement of alfalfa
hay with camelthorn hay; 3) diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4) diet with 100%
replacement of alfalfa hay with camelthorn hay. All diets were formulated using the Small Ruminant Nutrition
System (SRNS) software and offered as total mixed rations (TMR) with a forage-to-concentrate ratio of 30:70,
designed to meet the nutritional requirements of fattening lambs. Apparent nutrient digestibility was assessed using
acid-insoluble ash as an internal marker. On day 84 of the study, rumen fluid samples were collected three hours
after the morning feeding to analyze protozoal populations and volatile fatty acid (VFA) profiles. During the final
week of the trial, urine was collected to estimate microbial protein synthesis using the purine derivatives excretion
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method. At the end of the trial, after slaughter, samples were taken from the rumen wall to evaluate the
morphological characteristics of the rumen epithelium.

Results and Discussion: Apparent dry matter digestibility was significantly higher in the group receiving 33.3%
replacement of alfalfa hay with camelthorn hay compared to the 66.6% and 100% replacement groups (P < 0.05).
Apparent digestibility of acid detergent fiber (ADF) also differed significantly among groups (P < 0.05), with the
highest value recorded in the control group (100% alfalfa; 45.67%) and the lowest in the 100% camelthorn group
(32.63%). The apparent digestibility of non-fiber carbohydrates (NFC) was significantly higher in the group
receiving 33.3% replacement of alfalfa hay with camelthorn hay and control groups compared to the other
experimental groups (P < 0.05). Total volatile fatty acid (VFA) and acetate proportionwere significantly elevated in
all camelthorn-containing diets relative to the control (P < 0.05). Conversely, the molar proportion of ruminal
propionate was significantly greater in the control and 33.3% replacement groups compared to the 66.6% and 100%
camelthorn groups (P < 0.05). Protozoal populations in the rumen fluid were significantly higher in lambs fed the
diets with 66.6% and 100% camelthorn substitution (P < 0.05). Furthermore, urinary excretion of allantoin, total
purine derivatives, and estimated microbial protein synthesis were significantly increased in all camelthorn-
supplemented groups compared to the control (P < 0.05). With respect to rumen morphology, papillae height was
significantly greater in the 66.6% and 100% camelthorn groups than in the 33.3% and control groups (P < 0.05).
Papillae density also significantly increased in all camelthorn groups relative to the control diet (P < 0.05).

Conclusion: The results of this study indicate that the graded substitution of alfalfa hay with camelthorn hay
significantly influenced nutrient digestibility parameters, rumnial fermentation characteristics, and microbial protein
synthesis in fattening lambs. Notably, the 33.3% replacement level preserved favorable digestibility while enhancing
specific fermentation indices, suggesting it may be the optimal inclusion level. Given the increasing global demand
for alfalfa, camelthorn offers a viable, cost-effective alternative forage in fattening lamb diets, warranting its
consideration as a sustainable feed resource.

Keywords: Camelthorn hay, Fermentation, Microbial protein, Rumen papillae, Volatile fatty acids
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Table 1- Ingredients and chemical compaosition of experimental diets (% DM or as stated)

ialojl sl 0y
Experimental diets

o> (o oS 5 5132 | v ¥ ¥
Ingredients and chemical composition 1 2 3 4
g 30.00 20.00 10.00 0.00
Alfalfa hay

e 0.00 10.00 20.00 30.00
Camelthorn

2 ab 23.00 23.00 22.00 22.00
Barley grain

cpab 21.00 21.00 2050 19.25
Corn grain

PS5 ogees 12.00 10.50 10.00 10.00
Wheat bran ' ' ' '
by oS 10.00 11.50 13.50 1475
Soybean meal

PURWICH . g 1.00 1.00 1.00 1.00
Sodium bicarbonate ' ' ' '
el LS 1.00 1.00 1.00 1.00
Calcium carbonate

plb S 0.50 0.50 0.50 0.50
Common salt

3\

o oseen 0.50 0.50 0.50 0.50
Livestock premix*

S 1.00 1.00 1.00 1.00
Bentonite

i odle 9251 92.49 92.44 92.65
Dry matter (DM)

P otan 15.29 14.28 15.40 15,53
Crude protein (CP)

(S okagd )3 Jolorels S 4250 4450 4550 4550
Neutral detergent fiber (NDF)

Sl 03295 )3 Jolorals S 34.15 33.86 35.80 36.27
Acid detergent fiber (ADF) ' ' ' '
<l ojlas 511 4.27 5.12 5.26
Ether extract (EE)

Pl St 8.09 8.54 8.03 7.66
Ash

Bt Sl S 29.00 28.40 2

. . . 5.94 26.04

Non-fiber carbohydrate (NFC)

(PS5 1 5IB) pudlio LB (555 256 254 255 254

Metabolizable energy (Mcal/kg)

Lo 3 FEIS ol oy =Y tdomigy absle b i35 adsle | 13Sla 00> VYV (ol 0 =Y 155 abgle oy 5 donigy (Sl abgle (gols dald o =) jlat s Jold tylejl glalo
iy dgle b ib)ls dgle (ol dopd Ver gl 0pr = g oy adsle b i) adsle SOl
Yo i ) e el 25 WA ol JoSio S0k 50 B uabig 235 Ve 5 D3 oling Mallgpr 3515 Ve e A ueling Mallie 35y 00 e Jol oo 1 S5LS 0
i1 5l 25 s ety 5 M+ il p )5 Ve IS 2SN+ 59y £ e p S 1Y ol p)S s (K pF 6 s p5 Fe o 5
* Experimental treatments: 1- control diet containing alfalfa hay without camelthorn; 2- diet with 33.3% replacement of alfalfa hay
with camelthorn hay; 3- diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4- diet with 100% replacement of
alfalfa hay with camelthorn hay.
L Every kg of supplement contained 500000 IU vitamin A, 100000 IU vitamin Ds, 1.0 U vitamin E, every Kg of supplement
contained 180 g Ca, 90 g P, 20 g Mn, 60 g Na, 2g Mg, 3 g Fe, 0.3g Cu, 3 g Zn, 1.0 Co, 1.0 Se, 1.0 g I, 3 g Antioxidant.
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Table 2- Chemical composition of camelthorn and alfalfa hay used in the experimental diets (%, DM basis)

ot oS
Chemical Composition

St pl S odle pl gy (5 oansd ) Jobel SUI gl oangd )3 Jolowel S sl ojlas pl S (SUle Clpamg S
Feed ingredients DM CP NDF ADF EE Ash NFC
i iy 88.48+0.50 16.98+0.20 51.08+1.28 28.97+0.52 2.68+0.52 12.10+1.30 17.16+1.69
Alfalfa hay

A 93.29+0.17 9.39+0.21 48.50+1.50 42.00+1.00 4.75+0.25 10.10+0.06  27.27+1.47
Camelthorn

DM: Dry matter; CP: Crude protein; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; EE: Ether extract; NFC: Non-fiber

carbohydrate.
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Table 3- Effect of experimental treatments on apparent digestibility of dietary nutrients

' talesl slalos

136kl cllas ol
(2 o Experimental treatments! > /.i | 7 .
Parameter (%) y Y v ¥ ‘g; M s) JT"
-value
1 2 3 4
D bt 72.46% 74918 69.10° 70.90° 0.602 0.0279
ry matter
J’l odle
. 74.16 72.13 70.52 71.42 0.881 0.1533
Organic matter
P ofon 53.66 52.77 51.83 51.52 1.007 0.1019
Crude protein
S 0izgh 13 Joloxall S 39.16 38.61 36.79 36.90 0.876 0.1552
Neutral detergent fiber
el oiagd 53 Joonsli U 45,672 36.89° 38,53 32,63 0.886 0.0278
Acid detergent fiber
Bl Slyans,S 77.468 79.312 74.10° 75.90° 0.805 0.0279

Non-fiber carbohydrate

oy Y taigy absle L bl adsle (23Rl a0 YYIY (gsls 00> =V 1205 adgle g 5 aoiy SiS adsle (ool sald 0y =) i e b lag
oy adgle b 185 dgle (50l 20> Ve (gglo 0y —F g a5y ddgle b 1) ddgle (0 JSUle w0 FEIF (ool
(P<e/+0) aisl oo jlo sme B! (gl)ls ol o 00l )lis oglite 5Y By > b cindy yo 3 oS o, Sl ®
! Experimental treatments: 1- control diet containing alfalfa hay without camelthorn; 2- diet with 33.3% replacement of
alfalfa hay with camelthorn hay; 3- diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4- diet with 100%

replacement of alfalfa hay with camelthorn hay.
*The averages shown in different Latin letters in each row indicate statistically significant differences (P<0.05).
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Table 4- Effect of experimental treatments on fermentation characteristics of rumen fluid

' talesl slajlos

( 3t (sllas el
Juiie Experimental treatments! L. N
Variable \ ¥ v \= U*;’M IL:) °T‘“’
1 2 3 4 S -value

4355 5| U8 % glo PH 6.48 6.43 6.51 6.46 0.021 0.6978
pH (before feeding)
45 ] g sl s 4055 e PH 5.58 5.60 5.61 5.60 0.018 0.9358
pH (3 h post-feeding)
(gl 5 o) 385 1 I8 (Sigel 050 3.52 3.41 3.50 3.29 0.032 0.1963
NH:-N before feeding (mg/dl)
5l g ol du (Sligel 50 3.61 3.65 3.54 3.60 0.064 0.9416
NH:-N (3 h post-feeding, mg/dl)
(ke y2 53 30451 1) Igjging Como 5,560 5,880 6.242 6.432 0.11 0.010
Protozoa (x10* mIt rumen fluid)
4kl o ol a8 oz loeul S 83.13" 92.022 90.03 92.08¢ 258 0.031
T-VFA (3 h post-feeding, mMol/L)
(223) )% @2 glassl
Volatile fatty acids (%)
Ssulipd 56.01° 63.85 64.57° 66.512 2.06 0.010
Acetic acid
“if"ff’”’_*‘”‘ . 18.782 19.502 16.10° 15.94b 0.72 0.023
Propionic acid
“&)ﬁ‘"?*‘“'_ 6.39 6.68 7.22 7.38 0.35 0.246
Butyric acid
“&)'5?*“" _ 1.32 1.35 1.48 1.52 0.07 0.659
Valeric acid

W
2 Ml el 0.62 0.63 0.66 0.73 0.04 0.830

Isovaleric acid

Syl ddgle Rl 8o 3 FEIF gols 0y Y oSy ddsle b )l digle 0 3S0le 3o)d YYIY (gsls o =Y 1518 dbsle gl g dosigy Sis absle gols Ll opn =) iy by log”
oy dgle b byl adgle 3le 20> Ve e (ol 0y (T g gy adgle L
(P<-140) a3l o o ime M) (lyls cansl 0ab 030> Lt ciglite (p5Y Cgys b cndy s 5 oS SlauSike ®
! Experimental treatments: 1- control diet containing alfalfa hay without camelthorn; 2- diet with 33.3% replacement of alfalfa hay with
camelthorn hay; 3- diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4- diet with 100% replacement of alfalfa hay with

camelthorn hay.
*The averages shown in different Latin letters in each row indicate statistically significant differences (P<0.05).
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Table 5- Effect of experimental treatments on the excretion of purine derivatives and Microbial Protein Production

\ B g “

criales] slolos >yl (sllas <l
5)lge Experimental treatments! “L -
Parameters \ Y v ¥ B T

1 2 3 4 SEM P-value

(s J"ffl“) sy 8.12b 11.10° 11.242 11.452 0.98 0.032
Allantoin (mMol/d)
(39 Jgeioe) gl 0.43 0.55 0.58 0.56 0.06 0.236
Uric acid (mMol/d)
(9 Jyecske) 0S5 + (03155 2.10 211 2.38 243 0.74 0.530
Xanthine+Hypoxanthine (mMol/d)
(i3 Jyoso) e3> sy lizie JS 10.66° 13752 14.200 14.458 0.80 0.022
Excreted purine derivatives (mMol/d)
(9/p)5) 95 0653 5 60.59° 67.412 69.442 71.45° 2.19 0.010

Microbial protein (g/d)
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P<+/+0) 13l o o me B! (glyls ol o 03l i cglie (piY gy b sy o 13 &S olapSike®
1Experimental treatments: 1- control diet containing alfalfa hay without camelthorn; 2- diet with 33.3% replacement of alfalfa hay with
camelthorn hay; 3- diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4- diet with 100% replacement of alfalfa hay with

camelthorn

hay.

*The averages shown in different Latin letters in each row indicate statistically significant differences (P<0.05).

SLojp o515 (P=2/+7) 390 jiiar ()3 sine y5boas 3l 09,5
iy ddgle Uy byl ddole 0l polaw olod 0 Sl
(P=+1+Y) c8l (molidl (gylo ime jaloas ald 69,5 4 o
o 53 G 4eSl loj o515 CnpeS 9 Oyl wiped
AINY) domigy adsle 320 abole 235ls o> 5518 gols ¥

Wl 3929 (e pio gSlo VAN +) 20l 09,5 o (20 pto 5o

4eSd sl wlidcsy) Sluogad 5

draSil Gl (uliitdy ) Gilus guad
(F) Jga 2 aeSd sl (lidcsn) Cluogad bl
aaSd sy o515 5 W)l Hlai I gyl g oglis a8 ol L
slajp el (P<e/+0) cily d459 (ivlejl (cla)loas e
adgle il dop Voo 9 585 gols slaslas o awss
9 ) ddgle (3ol Mo d YIYY (g9l Hlod 4 cud )5

iilefl glojlog b =1 Jgda

Table 6- Effect of experimental treatments on the morphological features of rumen papillae

AN A .

ilef] slales 3l (gl eyl
3,lge Experimental treatments® L. N
Parameters Y ¥ " oSk Sobine

1 2 3 4 SEM P-value

(Racske) 4055 s 5 4.02° 4.66° 5.58° 5.79° 0.26 0.025
Papillae height (mm)
(’wuu) N b slan s 2.42 2.55 2.75 2.72 0.15 0.123
Papillae diameter (mm)
(@22 a il 1) Lo 51,2 76.10° 85.23 88.12 86.66° 2.89 0.013

Papillae density (number/cm?)
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L Experimental treatments: 1- control diet containing alfalfa hay without camelthorn; 2- diet with 33.3% replacement of alfalfa hay with
camelthorn hay; 3- diet with 66.6% replacement of alfalfa hay with camelthorn hay; and 4- diet with 100% replacement of alfalfa hay
with camelthorn hay.

*The averages shown in different Latin letters in each row

indicate statistically significant differences (P<0.05).
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Introduction: The widespread use of growth-promoting antibiotic compounds (antibiotics) in the past two
decades has caused antibiotic resistance in different bacterial strains in poultry and humans, resulting in reduced
response rates to group. Non-antibiotic compounds such as organic acids, enzymes, and phytobiotics are considered
effective alternatives to antibiotics. Phytobiotics are incorporated into livestock diets to enhance growth and
reproductive performance by improving nutrient utilization and thereby increasing the quality of animal-derived

product. Capparis Spinosa L. is a drought-resistant plant from the Capparis genus of the Capparidaceae family.
Flower buds, roots, fresh leaves, and mature fruits are used for medicinal purposes. Dietary inclusion of dried leaf
powder of Capparis Spinosa L .at a level of 15 g/kg in the diet without any adverse effects on performance in laying

hens. Predicting broiler performance using mathematical growth models and resulting curves is essential in breeding
fast-growing broiler chickens. The purpose of this study was to compare two statistical models: nonlinear support
vector regression and cubic linear regression model in evaluating growth performance, carcass traits, and blood
biochemical indices of broiler chickens fed diets containing different levels of Capparis Spinosa L. fruit powder.

Materials and Methods: In this study, 300 one-day-old Ross broiler chicks (Ross 308) were used with six
experimental groups including different levels of 0, 3, 6, 9, 12, and 15% Capparis Spinosa L. fruit powder in five
replications (each replication consisted of 10 chicks) in a completely randomized design. During the rearing period,
the chicks had ad libitum access to feed and water. Body weight of the chicks and feed residues were recorded at the
starter, grower, and finisher periods. Then the average daily weight gain, daily feed consumption, and feed
conversion ratio were calculated. Two birds from each replicate were weighed and slaughtered on day 42 for carcass
traits evaluation. The yield and ratio of carcass components to live weight were calculated. Blood biochemical
parameters (glucose, cholesterol, and triglycerides) were determined using a spectrophotometric autoanalyzer
(Biosystem 15A autoanalyzer, Biosystem Company) and commercial biochemical kits (Zistchemi Co., Iran). The
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growth performance, carcass traits, and blood biochemical indices were fitted with a nonlinear support vector
regression (SVR) model and linear cubic regression. The coefficient of determination (R and mean square error
(MSE) were used to select the most appropriate model.

Results and Discussion: The results showed that with increasing levels of Capparis Spinosa L. fruit powder, no
significant changes were observed in growth performance, carcass traits and blood biochemical parameters of
broiler chickens. Feed intake was highest during the grower, finisher, and total periods in broilers fed diets
containing 6% Capparis spinosa L. fruit powder, whereas during the starter period, the highest feed intake was
observed at the 9% inclusion level. The body weight of broilers decreased during the initial and growth periods.
During the starter and overall growth periods, body weight increased up to inclusion levels of 6% and 3% Capparis
spinosa L. fruit powder, respectively, and then declined at higher inclusion rates. The weight gain of broilers was
observed in the early periods at a level of 6 and in the growth and final periods at 3% Capparis Spinosa L. fruit
powder. Feed conversion ratio in the final period and total broilers fed diets containing Capparis Spinosa L. fruit
powder at levels of 3 and 9% had the lowest feed conversion ratio. Among carcass components, the highest
coefficient of determination was observed for breast yield using the nonlinear support vector regression (SVR)
model (R? = 0.94). In biochemical indices of broiler chicken blood, the highest coefficient of determination between
the two studied models related to cholesterol and LDL variables was obtained with (R?= 0.98). The results of
comparing the goodness-of-fit indices of the models showed that the nonlinear support vector regression model,
with a higher coefficient of determination, lower mean square error, and lower sum of squares of the nonlinear
support vector regression model, had a better estimate of growth performance, carcass percentage, and blood
biochemical indices of broiler chickens compared to the cubic linear model. In a study, linear and nonlinear models
(Gompertz, three-parameter logistic, and Richards) were compared to describe the growth patterns of broiler
chickens, and it was reported that the Richards model had higher efficiency in predicting and fitting the growth
performance of broiler chickens. Stated that machine learning (SVR) models effectively predict carcass
characteristics based on body weight measurements. Using a regression model to predict breast muscle relative
weight and abdominal fat is non-destructive and inexpensive, so this method has the potential for generalization.

Conclusion: The results of the present study indicate that nonlinear support vector regression models are
effective approaches for predicting growth performance, carcass traits , and blood biochemical parameters of broiler
chickens.

Keywords: Carcass quality, Cholesterol, Feed conversion ratio, Glucose, Regression model



Olpl oo pole sledrgyy &yl

Homepage: http://ijasr.um.ac.ir jaex
ACE A

YAQ=¥ A . o AP F Ol s F ol (VY s

b ls b, 5 Shes bl sl Sl b Oluidy Sl sl Jua 51 esliz
(Capparis spinosa L.) ;S osm ;390 b eddagdis i35S slaam s sl 5 095 oleond g
oo 453 o Jde b O gl
TSt plidazms F1OLELY 3 g (ko 0,25

VRNV 8L 55 G b

\F'f/'f/'/\uﬁj‘-:\.; cv‘)l:

LXVCCS

Slodzsr (95 lerdsn lapadls 5 asY s, 5Ske  (CAPPAIS SPIN0SA L) ;5 ogse 35 sk Bpae Sl gyt pglaions islojl (]
05905 YA Ll G158 dx g dolad Yoo ] gy ol 10 28,8 plovil pgus 2o o Jue g et oty Sy g Sy Ao bausgi 0085 ) 105
9oLa MolS b B o (azge adad Ve Lol 1,5 o) )85 gy )3 458 ogee )39 20330 5 WY A F Y e ilieo grslan Jold o] e G L
Pyt g Sy Jie b 8 lasdon sl padls 5 adY ) 3 Slas Slio zdly ST s Shgs 5 ol 4 drsx (g 059 Jobo 3 4 eolitul
S5 Sl iy ooy b laspe (1555 slaazrsy STyss G ity o o L @l 60 (3l ey 42 (S Jue 5 (SVR) (s i oy
093 53 catls S gy a5 Sl 0y90 13 235 sladrg (o i 231 255 o y3gp o> & s 53 (2T 039 53 5 o3 G s 53 00
lmoygd 5 (b8 slbangr o (jg GRIPI 0,5 (el ol Sl am g (Bl5E1 45 egre )30 o> e g S ke U 5o By 0090 JS 9 0]
iy 0y 1S9 SLL sloeysd > Shss Lt o pd b osnliio 65 0500 )35 S0y s e 1> (Sl 5 2 slooygd )3 5 (b g 5 (k]
o Sy Jho 53 0 (2395 Sz 4BV izl )3 (uash cupd e 0 5Vl 339y (50 oy &5 g s a3 155 gme g b 0AIAS 23S
Slasgr G35 obendgn clapasls 3 29 platdy oy ooy Jis (RPZ 0.94%) dw juite 4 Ladpe (s pgu 423 Jae g (s ooty
oy bt e 5955 b asls dulie gl el cass 4 R?= 0.98% L LDL 5 Jgyiuds slapito 4 bgsye «Jde 93 (o oo copd o 5V (ibgS
dlie )3 1o (b o Gl Yo Ggm)S) Jde Slaye ggeome g s Slaye (6S0ke VL Gl i D b (oS pd ety S (g S5 Jae &S
ol S 5 el @l b Sl )b (555 Slargr (8 (lerdan looasls 5 Al wop w3 Skes Sl gyt gl pg 420 (S Jao b
a2 bt Joo b duslie )3 (e L G pberdon (slopadld g 48V o)Sles sl Gy 0)9> JS 03 (it Gty s (g )S) Je oS 0
55 &l pg

SowSy Jho ST has Cops S5l asY cuiS (Jo S 1 gunls’ saojly

sk g ol oy 3 1) (Seism ] LS5l oalil 5 gy lisee
(Rahimi et ol 63405 gginn (loyd Lass g Ay S oo lgicay
oluS s al, 2012; Gholami-Ahangaran et al., 2021)

05l (LS st 9 Lol (I olgo ale (Sigm 3l é
Sgw 51 lp s 550 ooy Sols (Deminicis et al., 2021)
Cuugj Moo (Ghasemian et al., 2022) w4 0 48,5 4l 1o b
Ossle 9 ol daaldegM) (L8 CleS 5 ol Signgid Jlb
N3 3929 QLS | (g degaron; > (LS slaguilul 5 (b
it b sloo > 4 loSigngid JoSo (Yadav etal., 2016) (Email: jhosseiniv@birjand.ac.ir

doddo

LS 5l dgy o g poime 03l wl AL 515 4_ad g3 40
&S ord sl g y0ubo > byl Ciliee sladyg & (SSgm 5
SlyeiS o Sl B 1 Lol ool el 1y loyd 4y gl e

Oyl iy cdin o oSl ¢(g5)sliS 0aSLiSly ¢ old pole 09,5 —)
Oyl iy s o ol oLl 5 by pols 0usisly Sl 09,5—Y

J}f‘wo LRV —'/.s-)

https://doi.org/10.22067/1JASR.2025.91876.1234


http://ijasr.um.ac.ir/
mailto:jhosseiniv@birjand.ac.ir
https://doi.org/10.22067/IJASR.2025.91876.1234

VPoF oyl B oslods IV aler oyl ) oolo pole slotumghy 4o WAY

90 ;2 30 louodly gy unlS o cllale ials & e obo
Byan jl i oy e (> sLabge ) (izmen b 0g)S
.(Eddouks et al., 2004) c8l jialsS o 59 <l 0yluas
P35 V0 ghaw )3 (93938 Sy plgis s )8 SuiS Sy 39 Spas
23y Shes 1o (ogllaels 1Sl ASeS e (gl 0 3 p)SokS
Ot e (Ssed 503 (gl g 4 o3lisl 3055 gl e
5 hyl35 codlawl 350 558 pdaw 9 STyss od5L b STyed (8 pune
2 35S sgea 3l edlitiw] pdaw oy Pewslie (Sterling et al., 2003)
Veogdao U ad) 3 Sles p (ite Sl g (055 (Sladag 0y
.(Choudhary et al., 2005) cul oss 5,155 dus )y

Ly sla e 5l eolawl b abeS sladsgn 3 Slas o o
iz Goyan 0 oote S8 ol Jol (glaiio 5 )
B> (sl e Wilgs ol Jdo (pl 0)10 mo e By b ubeS
do Mgy g e B8, bl a8 wnles ) w5 Slas
2 by oSl Guog o by sbb Jie (Feitas, 2005) cul
Akinsola et al., Aggrey, 2002;) siws pto b joub
Gy (a9 dsle olaedls (2021; Pinzon et al., 2022
s Jas 5l (S s Jlej s slaodld ABY (y5g g A
U9y A (g (§)9p ddlllae (BT Sliid ) adlllas 390
o )90 (g5 g )3 Oy Olalllas 3 ol ol
5l =95 ¢ 9w ,S, (Sahragard et al., 2025) cowl 43 5 41,3
Jtine g dily yiio (o dlasly (o) sy Gmoie Siled e
ablee U adayly cpypsine o580 g diusly 9 Jaiwe (sl puxio
3 s sS) Sadie 595U ol (it S gmesS)
4 le oo Lmoi alor a8 Cuwl ol owyp alike glaais
8 yrahbaos g eyl abuiy (ot (Sgw)S) sl i
5)La44¥>] a aJlo u_J‘ » ..)9_4;3 D)Lul g (RS d.g.uw ‘L)")'L‘“"
= e Gl )l gy F dyd (b (g S5 slas,
U°9) 9 wl)_.o Ao S )_91;\1 w‘)_w )I odlaiwl 9 le..\:ﬁ
ul)l_<.o.lb 9 L;cM_wI L)L’) é’l—’ L)"’l—"‘")’ ‘)L.u_w.: )I.)).g )‘ ook
i Anled o Lsl (Islami et al., 2021)

423 S Slgi e oo Gl laodly (S (B
D)l pgd x> b (s 50w )55 b dglio )3 (55 el dlal g
alaly a8 oloosly (ot Sl e 4203 gmesS) e
595 395 pom 423 (g )S ) 9 3980 odlitnl iyl s it
mJie 5l g oty e )3 cal (Jhegi k) BN (905
bl L oasy 3 Slas (dniie 9 (il clp GomsSy sl
sl Jis &S cul osds oolaiwl w2 Slos Doty 0 S50 sl 5
@hLS 3)lse 3l (mdm )3 pos g pgd 42y it g S
Bani Saadat et al., Emraegi et al., 2017;) wlazsb ¢ 5YUL

ol slabi)l dgme Bk ) reddgi g (sl 0 Sdas il
odlawl d)g0 L;ol.) C)Y}Aa}m u...a.S U’“")‘ﬂ 9 f‘.) ..\.Jy c-w)‘ dl)a
(Gholami-Ahangaran et al., 2021) x,.5 . ,|,3

Jedccs; OS5 5l (man Sl T joles deng
il Ol Ul 9 (IS slag T b ss0 b LS
Yadav et al., ) sl oo dto Jlgs &Y game ()laS cutS
wle pL L 5L 8" .(; Mohammadi & Kim, 20182016
O & Blate g SWiS & polie alS LCapparis spinosa L.
5 sl aLS «wwl Capparidaceae odlgls ;| Capparis
LJg Cuonl (Isagaliev et al., 2022) )l jlisl (5 yue S dous
il il g (S 2ie mlio 45 o] 5l eslatul p 8
ool il S 55S (Glanguzzi et al., 2019) ¢l g, »
Abdel-) 55 b o il aslinie dses > &S Cunl Hlare lalS
LIl 5 Lol sl 4l ipte o9 40,51 (Razek et al., 2023
i ol BB plo g olnl 538y ol (ol dip 31 Jlad
4565y Seke 5 cp e Capparis Spinosa L. 5 155 o A,
oy (JS slaaslys (Zarei et al., 2021) cewl o ¢l
N8 ol 3y90 (29,03 S 5 (lgisds )55 0gun 5 0L S
(Sunetal., 2023) % ,5 .-

I g aaly (ol (gl oS S (lsisdny 55 e
Aoy 5688 o ST ades 5 ) Sl olowss (sloog,S
9 mgle daclng S oy sl ceh 56 i dail
Benzidane et ) Ca] uL..of )AaL.C 9 L;)J.xa .)]91: )l (W9 ;D..Jo
155 oLS calisee (slacuend gl (SawsShl cJls (al., 2020
(Bonina et al., 2002; Cao et al., 2010; cwl oass i35
Aliyazicioglu et al., 2013; Mazandarani et al., 2014;
b Jsse 5l ate zaie 555 slaaily Kalantari et al., 2018)
)I )l_w).w |)_,) c.\.»_wl.)L;c d)l.w9)|.) 9 u.,lJ& é)LJ.O dl).» DJ.A.u.S‘.)lJ
oy o i oYL Sashl culld 5 sn L6 ol
3ol (09500 B)las 5od e 51 (Tlili et al., 2015)
IS an SaS el aad by 4oS olS (slys (5590 ¥V 3905)
Lyl 65 5 JgydS clale zals (Cronquist, 1981) cubs
by j950 LialS (Matthaus & Ozcan, 2002) 55
oAuS' ey o5 o Eddouks et al., 2005Petanidou et al., 1996;)
{Castro Ramos& Nosti Vega., 1987) u el dlelw
Obesd B9 5 (=B Gloaslon (Lo (55 i oaals
Caol olS cpl (29)h 9 Slep Loled dax 51 S

oS (=l o)las (S Bpas & )8 )15 o S,
9 ol g 53 (i 0jg PSS 0 ppS e Ve jladedy o8



TAY ol asls iy 0 hos (5,1 sl (b e oy 51051 (08l ) Juko 31 o0liun! )y 1500 9 (gt

2 )bl (slabgy L Billae yo8 ogua oliansd Sl 5 ¢ ol
ol ) Jgdes 5 abgs e gl 5 s,505l (AOAC, 2005)
cu))Lrj sloyey LL o ‘quo)i sl (bl odds 00l
5 3 plogl Slygs ouile Bl g argr (LiS0j5 SbL 5 A5
oy g i) Shygs Spas @liy) (s Gl xSke
350 2 S o jlediyy addab 93 dlaei 35 dle STy s
il o 8,5 )18 aBY 55 )90 9 S (B9 YV
Ois Ol 905 (g b g (Jlod () i Jols 48

W0,5 e 0055 yjg 4 AdY slin] Cund g Y 003 g L

S slagedls ‘5J“.;Sa_3|..\.'||

SS9 odsnglS comosll p s (uBign Cale (spSejlul ol
¥¥) 0393 ook 2 9 LDL g HDL (JopadS ey pulS 5
Aoy o jloddy aslid g3 ((igS sladag Uhyen (59
Pl (alad jboas o o | skl Cu Egame )3 5 olol
Gl Bl los jo el id U Hles ieds (8 (sladiges A
Obes ol €eB3S lam 5 03)5 () IS wsd Sl oy (0 L
2 9l Lowdly cddBd Vo Cotody g YO+ 90 40 Fouiy sl I
)‘ uL».mjo‘ d‘)_: a&wloj 3D e M A u9.».55)5wo J>|.)
Clale i A Gout yBle Lawdly jo o3 disd aile 8L pas
gyl (655 5 55 g glS < mag ] ep s iy
53U ol SaS s 355 pyms LDL g HDL ¢ Jg s
5 (g &858 ABA plusgn ) YUIgI) (6 stogidy Sl
RUE g R 0 VI SV S S S IDVG- POV B YOV 3
.(Yaghobfar et al., 2011)

5 )l cdallan 3)50 Clao (sl quslio Jio 5510 yolateds
2 b bl pgw d)d (e g plasiy Jop (S5 Je
Loyl o OT p&i=12,..n ‘(Xi, Yi) sl s o Jio oy
Sl aslis @l o,Sles aSle dtusly) (98 B0kl gl piio
PN sk (Jdie) (53955 sl jite 1oXT yiite g (g (S5
Ose=)Sy Jae g pyw 2> (b (ygp)S) Jio sl i 558
Vo) adle ©jgon (oS Jie calis Sl gty Sl
A5 ool

(2024
Slgisdn 45 ('SVM) glusciy Sy cwile cpsl slaJlo 5
S 055 50 o oo Al Cunlio diwa (il e SSS

ah ity 6,Saly plgisas o 5l gl 03,8 1y Cangeme | il
Faridi et al., ) 55 o0 0L (yomw )5y sd )5 5 ganaads ¢ly
3 (sesSy a5 Sy "SVR) ity o 505, (2012
abde 5 28l oo dBbdagi (gm0)S) @l (eS (1p SVM
Nandi et al., ) ol s e Pluw > 4 26 SVR 3 SVM
N2AY Lo 55 TSy bawss bl sl 45 piysS ol (2004
Sy SilodiceS” Juol olaly golSosls i b9y S plyisas
03 ywS yobd &5 (Vapnik et al., 1996) i slpiuiny (6Ll
ladicej plo 5 (i G2)lp oS Gl Samels 655k 5
Sl o o (s e d by Ulg 0 SVM 044 o oolitl
st J ol) S g (ol By odgue 3 1) (293 9 5399
o3l il aS gl s a1y (698 et bl 5 Sl
i i) (ol 5 Bl pols owiige 3 |y SVM jl 3,25
S99 pic s dag b (Chenetal., 2023) Ll o w2lyd oo
sl e sbad S 5 58 gyl olS 5l ae; ,5 B CleMb
Jis 53 duglis cddlas ol (ela] jl Ban gk psle ;5 SVR
Po 423 Ooge)S ) Jdo 9 (dad e Glusdy o ge)S) (5L
slogasls g adY wd) 5y Sles oLl > (Sss) (s
il golaw Ly oddands (2395 ladr g (19 (olerdyn

85 B o0 2,95 565 om0 92 Sl

L g 9 2lge
2 ol g 039380 w9 sy askad Yo taloil ol >
ange ashd Ve g SO i ol i b Bolai MalS )b LB
Sl b Ll o) BV oy Galojl g 85 i S5y 5
Vo U Y) opslel (laniss (clads o dw daliy jl lnan gy 4dis
oLl (559, YV b YO) (bl o (559, V¥ B )Y) 0y (S,
l_g 9 L)"‘) ;,S)d» ]a_wy oJ..wdw.oy C)l>l.~.’>‘ u»l.wl).s Lbb).».’> S
Lgﬁi&g:? BN )95 0ge0 N pulas UFFDA )|}§|P).3 51 oolazul
S90S w5 Lndsge i agd o] g 9 SuiS alo
loasly > Bala jgbasy wlie (295 ()jg (ke (ulul
A F X o polaw Jols iulejl slaoys a8,5 J15 il
Lgl_ho).ﬁ.'? WA_]a.u )I J_.B ATY, )9_§ 090 )39 Joyd VD ¢ VY

1- Support Vector Machine
2- Machine Learning

3- Support Vector Regression
4- Vapink



VFoF oyl B oslods OV ol (4l pal (oolo pale cloidgly a0 YAYF

255 050 351 (p)S ko) (Fxe Jse g 1)) (2liend oS 5 =Y Jgd>
Table 2- the chemical composition (%) and mineral (mg/kg) in Capparis Spinosa L. fruit powder

(PS5 o) iame Slse 5 a0 3) (aliond oS 5
Chemical composition (%) and mineral (mg/kg)

25 o9 $i5 ool Pl oo Pl Bl b an S i s
Capparis Crude Crude Grous Ether .
- Dry matter - . Ash Phosphorus Calcium
Spinosa protein fiber energy extract
L. fruit 56.88 31.29 18.5 3669.65 16 12.1 856.23 5000
E()] dolso 1)) doleo

i=1,2;::n

Wi =Wy —Wix; <e+te¢€;
wo+wix;—y <e+ €

5t s A ol (SlodiiS a5 ke :C o o oS
S o 3l ol Jte slla g jlodiveS 5 auils

=Vl 352y (Bs) 99 3gd Mo (siludinge Allus > gl
5 51,5V U 5l eslital Y o3 bl 5 51 odlit ol Uy g ol
S5 oS Sl eslial 5 (65 Bde 1SV (59

sloatslas ;3 48,54 58 b jl cusdS sl 4 g L
b9y Sz SYM 5l slisal L layo il (slallas. 5 wl80
D9t cheog ¥ ables llas el (2055 ol 000
{5) dsles

x! = (xillxiQ-""xip)‘ .
Vi =Wy +E?:1“’}Kh (xj' xa‘){ b=
X; = (xn-xiv--n ~Xin

0391 jlurylgen Coli th g (wsS 5,8 bl :Kh (X], Xi) () ,» &5
Cawd &y (gl 33)5 (o0 dpwloe blie (2b5)l by ) esliswl L &5
odlaiul ¥ alsles I edliiwl b (gjluwdigy atue 5l oyl )b 3,40
oS o
(V) abslso
lIwll” . n

m{ ) +Czj=1p.s.}-'(y:'_ a'=1W!'Kh(x:'-xj))

A adleo ©ygod) 4Bl ol g b @ P ol oS

!

1,2,...n

(A) dslo
0 0<|e|l<e
(le] — €)? e<lel <e+y,

Per O 2(el = )= )

L duglie > cilien (2]l (2955 lajlae ololp Jie 0

o2 9 ptehbiaess (el fslatonsiz) slo el by
oxlazwl ((Asadolahi et al., 2021) cuol jloy95 5 (5500 3 Sas
Gy bl olie o Juo U cusl oids el (S b5 20U )
Iy Jice (Ao e el (Jde )0 jluylgen cobb ojlil slay lgil
oialS el 23l &' (Shge a4 Jae Kg) 9 25 o0 a3 ) o2

le] =e+y

i e (T

ot adal) (s Jae ol o tegew a2 yd (S S
ol 0 a8 (S jlas 1D 45 Cyaods Xi, Vi sl yusie
Yi=B.+ BuXi+ BoXi*+ BaXiP+e (Y) dslee

S5 183 3y50 cul s i g Bolay slalles :lag ‘Oi P
OO AeS L (gm L Slayjpo (a8 B jl ooliial s Lagi o5
Do o dnolee i yolwl

D (Yi- B BiXit BoXH BX)? — (¥) dskee

o) 2 1Yl s (e sy Iy Je
&S (o pS o s lyi= 12,0 i = wy + wy X Joe
ovlwly Lol aygly Jlosds oS e ads polie Wy 9 Wy

i=12,....n

=59y Olpedn olsndy 3y (gm)S) g2 algd Gl )l
el b g ) Jao o slojiabl 33910 Blos J> sl
oo (SilwdineS slrdy gy cul 3 el sty o omile
aS Cowl lails asman pl o edly 5l JWisa dlas Gl ye
O Sy Jde 0 0,8 oy ladils slaodls sl b g iSlas
>0 bwgi sddyasuie diald ;3 oy 457 eblo ¢ ylusiy Hoy
Szl p loals (31 Ll el didyody aodls (glyy Jao oyl cdii
Sl oo > il 0olidlyed odly bMawl b 5,5 )1)8 alels oy
g e 48,5 L5 s

LW Sl sl piel)ly (e colistaty Yo Jio (g5 5
Lt i (1) o o i o ble gy J o2
¥ ploable ©)gon Bum ables (8 (250 5 595 P90 4 dr g
(Suykens et al., 2002; Izenman, 2008) a5 0 i 25 & 4

O gty Slm el )l 39l 5 je Bum ddlas oM by
Do e 4iB)S a3 )3
() aboleo

Wo2 +w;2
ol

..*,WiW ( )

mingwl

n
+ cZ(ei +€7)s,t

i=1



TAQ Ll asli iy o hos (5,1 sl (b pa bl 51050 (08l ) Juko 31 o0liun! )y 1500 9 (gt

290 )9 22> b g (Gl 032 ) (STt Bpae
b s 1 g Gl g0ty K9y doy> (b e B 390 )58
O 0 Jleoplb b gl coll a8 g dals B9y da 4 o yd
)y () (ubsS g S Bpao i 2yl 090 sl
Sl Spae adld )3 Gl cupe YL o)9d IS 9 (5L
35 ey 3,8 otnlii (R2= 0.98%) 05 S
Oy H3 ) (g )y Jae 93 2 )3 0)93 JS Slyo By
M2y93 5 YL ylade I (FI 0-42) pow a2p> (s g (s d
D9

S sladre b 0js ORIFl g o iy slapasls
495 395 0ge 39 oy i e B Sygd B pane ailia
2 Jloalh () JS2d) aoms oo (Lt |y (il s g (ol
0adld @ Bl Gl o pd PVl b 0y lapadld (e
0is ol slaasls 3 5 (RP= 94%) (S50, ¥Y (o s
W1 (59, ¥V 5 (S39) V¥ o 0y ol a3 ls 93 oo
ol S5 Y Y Jgin) 5591 (RP= 0.97%) YU cymess sy
Moy g5y Jame (5855 sladag G 0y a3 oS
a2)d (ot Jhe a Cond (VL e G pd (RS g plaidy
> abide jabany ol GLE 1) i 0 slapadls ples 1 pgw
(bt et Glatdy )l e )S) Je 58 b iy DRl o3l
b g 42> (dad Jae 5 (Jg s (VL (S oyl
sy 5 (TN VS <IAR) 3l 0)93 )3 ofgas (6 by o (s
059 Oy 45T o Lt ol ol lis 1y (+/20 vs +/aY)
4o bgrye bajlo 3 (555 slada g (o (g oIl 9 N
e do dngi Ly ddbia 565 ogme )39 o) i g 4w Zobaw
e cisS sbdrgr (o (g Gl pasls > e cops
Syl po a2 )3 (- Jo (oS e Gty S g5
3y

2 ialofl Gilises (slooygd > Shgs i cops pasls
ialS gy )5S vy se y2g Chlizee ok b sAS41E 5N,
s anlis aS L o ol bedly Juloo (Y JSS) el
YY) 0)93 IS5 (5595 YO-YY) SLab 0)93 1> Slygs Joas
A L i
2 S b Jlde Wdg B ) ke 1y jieS o pd & g dw
s BLaadld gl (s et il S (g Sy Je
duglio 3V Jgi2) adllae 3)90 il (slooygd )3 Shgs s
0L sl +/AD VS +/AA) 390 yYLs pows dnys (s e b
oy 3L sl e oy slano ol el ol (FCR 24
2 S pcmlie (Bilp (b pe pleidy oy Jae 35 S Jas
WLlos o &)l pow axd e b auglds

byt o A d> (Jaden JSie 298 03 Juo (Bl )lue]
el il g (Sgw Sy culpd (uilly Sl el oS Jits
L Jie ol gizpan 305 Capsdse Jao cul 3 ogbien Joa
28 Jae Gl o (M5 5 cuwl [l 10 65 e b glaodly
03wl A alsleo i oy 5l 3590 i s (sl coleg
Rg _ E{[:J_':_;;-'_Pi]z ) dsbe
n
ot O lee €8 a5 5kl g5y slaS riomen
NB ilp 290 sl (g Sy Lulgy CB5 (pyp (sl 292 i
Lsiloze sli8le 5 5l Somm Sy s Jde ilwdie slp 285
b e Sy Jde il (gl 9 b edlael (Matematica 13)
(Minitab 13) VW 5o jl38lp 5 5l Laddl,S a5 pows 4oy
9 O s Lo (B3l (29SS (mp sl 05 ool
85 58 oy y90 b Sluje (5:0Le

st ol by Jse 3l Gisle] opl o iy 3 Sdes
sLaodls bl (st (CRMY) pgma 25 s Jie 5 (SVR)
5 o3l 55 osbasdgn b adli 5 45 sl i, 3,Slas
1o gy ) csla o 53 (gl (5,538 polao dmas |
2 035 yobody pow dyd (ad Juo g Gluidy )l sbymile
CBd Cowl (- Soo &S 1laid )3 1,5 eolatnl 350 alisee (sladine;
b o lesisn agadld g adY dlipl ) 5 Sles opin
Olyisdn s diwn (oluly (Sgw)S) Slaby) Al dgme
L) colud ololy o9y cnl (SVR) ol Jlp ggee)S) Sl
sl dl).g Al @Iy 2 gbz’cj owww dl.m):.,&.;’ﬁ (chu.u pis
Gianola ) uuS' o 4S5 Gua lialie le > il jlgss jlsle
Gianola & van Kaam, 2008; De los et al., 2006;
lroyed (gl iy 5, Slae la yuxi0 .(Campos et al., 2010
FY =¥0) Lk (Si9y YE2)Y) a5, (5595 Vo= V) o]
9 b et Olastdy jp Jae bawgs ((S9) YY) 0095 IS 9 (559,
plod ;o Wloads Sl Y Jodo 5V UK 10 pow anpd Jad Jao
5 Ot 03 ol (i g Sy Bpas) talejl slaegd
Jie g s e ity Sy Jae 93 2 53 (Shed b oy
AU Eo8 imen g ALl ol gl g 4 (S
S5 )58 alegl 0)9d (b y )5S egie 19y okans i3l
o0 gobaw 13U g 1855 (Slade g Sgs Spae jadls
Oy 093 S SLL ) slioyes 13 .85 18 568

1- Cubic Regression Model
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Table 2- Estimating the effect of Capparis Spinosa L. friuit powder on growth performance indicators

P 42> (dad Jao b plidy oGSy Je
Cubic method SVR method e
e o . S N s
Variables Models Clayyo Segome 0 Eoeze i e Eeze sl
5 oS Ol bdclupe e olue Povalue
MSE1
R26 TSS? MSE> R? TSS
s )+ Shys 225.5 + 13.44 x-
9 )5? yae 2.940 x**2 + 356.58 0.89 3260.0 176.05 0.94 3260.0 0.0138
FI 0-10 day (g) 0.0961 x**3
iy WYY Sl Bpae 756.5 + 227.2 x-
FI 11-24 day (g) 77.77 x**2 + 7.180 1934.69 0.97 67470 1542.10 0.97 67470 0.0001
539 YO-¥Y STyss Gpume X**3
FI 25-42 day (g) 2566 + 311.1 x-
- D 107.9 x**2 + 10.15 23498.28 0.88 196121 1300156 0.93 196121 0.0256
ey oYY Jl)? O o X**3
Fl 0-42 day (g) 3548 + 551.8 x-
- R 188.6 x**2 + 17.42 8812.85 0.97 396449 7883.69 0.98 396449  0.0011
3T TR RSN T) X**3
BW 0-10 day (g)? 182.3 + 77.62 x-
.. . 23.37 x**2 + 2.026 459.37 0.86 3495.1 268.25 0.92 3495.1 0.0022
us)ﬁ) =YY R 09 X**3
S YAV iy 94.27 x**2 + 8.327 10501.39 0.88 90085 6367.97 0.92 90085 0.1832
uS)9) oM U9 X**3
BW 25-42 day (g) 1722 + 879.9 x-
TN e sl 268.1 x**2 + 23.93 23460.75 0.92 291101  15390.28 0.94 291101 0.0148
u5)9) 0% Qg uwly® X**3
BWG 0-10 day (g)? 142.7 + 73.35 x-
_ L 21.97 x**2 + 1.892 546.28 0.84 3455.0 347.28 0.89 3455.0 0.0022
9 WY o s u“il)sl X**3
e YO-FY -y e )il 72.29 x**2 + 6.435 2192.34 0.95 67934 2061.48 0.97 67934 0.4291
&9 ON iy e X**3
BWG 25-42 day (g) 1022 +578.6 x-
Ve S had cups 173.8 x**2 + 15.60 4826.89 0.97 181693 4500.72 0.97 181693  0.6351
S X**3
FCR 0-10 day (9)* 1.445 - 0.3391 x+
N=YY SThgs bl o ps 0.1076 x**2 - 0.01472 0.87 0.11 0.0292 0.75 0.11 0.0154
5392 0.01009 x**3
FCR 11- 24 day 1.300 - 0.0434 x+
YO-¥Y Sk s cupd 0.00578 x**2 - 0.006 0.95 0.14 0.016 0.98 0.14 0.8610
Sis) 0.000139 x**3
FCR 25-42 day 1.919 - 0.3373 x+
Y S s o 0.09382 x**2 - 0.015 0.87 0.12 0.002 0.97 0.12 0.9688
Sios 0.008104 x**3
2.289 - 0.4826 x+
FCR 0- 42 day 0.1345 x**2 - 0.025 0.91 0.30 0.007 0.97 0.30 0.6846
0.01170 x**3

! Feed intake (FI), 2Body weight (BW), 3 Body weight gain (BWG), * Feed conversion ratio (FCR), > Mean squared error (MSE), ¢ R-
squared, ’ Total sum of squares (TSS)
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Figure 1- The effect of Capparis Spinosa L. fruit powder level on feed intake, body weight and feed conversion ratio at different
ages based on cubic method and support vector method (SVR Method)
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Table 3- Estimating the effect of Capparis Spinosa L. friuit powder on carcass components

pow 42> (Jad Jue b bty o GgsS) Je
W ) Cubic method SVR method P-value
e - g i Sile  carl L Sile o o
Variables Models ):‘:& ’ e I gome U:&Lu e I gome b
O TSl Sme o TSSelyy e
MSE1! R? MSE2 R?
s 3.209 - 1.120 x+
N 0.3608 x**2 - 0.52 0.91 5.60 0.86 0.85 5.60 0.0564
liver 0.03006 X**3
e 19.43 + 3.253 x-
B 0.9930 x**2 + 6.65 0.85 4524 2.54 0.94 45.24 0.2783
Breast 0.08260 x**3
y 22.78 - 5.556 x+
o) 1.713 x**2 - 1.83 0.93 28.35 2.42 0.91 28.35 0.1205
Thigh 0.1516 x**3
it oolgég il 0.03970
g %9 + 0003108 0.04 0.88 0.38 0.03 0.91 0.38 0.0615
Bursa X**3
0.03039 +
Jxb 0.09890 x-
Spleen 0.02129 x**2 + 0.04 0.87 0.37 0.03 0.91 0.37 0.0010
0.001418 x**3
! Mean squared error (MSE), 2 R-squared, 2 Total sum of squares (TSS)
09 herdon slooasls 2 568 0gma g 31 0ylp ~€ Jgu
Table 4- Estimating the effect of Capparis Spinosa L. friuit powder on blood biochemical indices
pows dyd Jad e kS Oy g g Sy S C‘im
Cubic method SVR method il
o yio oo P-value
Variables Models Sl pSibe . . < . JS egemme
- J5 g90 Slaye (1S5ke o
L Rzej;s TSSEZZ; Mgi RZ:.: e
MSE;® ' TSS
Jg s’
Cholesterol o 12_%404;‘;*%5'“ 270.19 96.18 114793 236.83 098 114793  0.0070
(un
el 1258 +46.99 x- 22.29 3025.99 0.86 21795.8 1561.58 092 217958  0.0634
TG (UI)! X**2 + 2.479 x**3
<okl 2455 + 8.00 x- 12.89
- 0+ 3. X- .
5yl 3 gisel % + 1,611 x**3 4355.30 0.86 32512 1942.46 0.94 32512 0.0009
AST (UI)?
gty b (5259 5090
31.42 +116.4 x- 36.68
ol s + 3447 3 529.25 0.96 16715.8 529.25 0.96 16715.8 0.1104
LDL (UI)®

Ay b (589 090 198.8 - 59.90 x+ 9.03

8- X X+ 9.
VL! 1985 -59.90x+ ¢ 1850.11 0.92 26414.5 465.91 0.98 26414.5 0.0014
HDL (UD)*

1 Triglyceride (TG), 2 Aspartate aminotransferase (AST), * Low density Lipoprotein (LDL), * High density Lipoprotein (HDL), ® Mean squared error
(MSE), ®R-squared, ” Total sum of squares (TSS)
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Figure 2- Relationship between different levels of Capparis Spinosa L. fruit powder and carcass components for the cubic method
and the support vector method (SVR Method)
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Figure 3- Relationship between different levels of Capparis Spinosa L. fruit powder and blood biochemical indices for
the Cubic Method and support vector (SVR Method)
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Introduction: Poultry meat is one of the most widely consumed sources of animal protein worldwide and plays

a key role in meeting human dietary protein requirements. The consumption of poultry meat is essential in providing
the body with the necessary amino acids and protein for its various functions, particularly in growth and tissue
repair. In poultry farming, the growth and development of broiler chickens are significantly influenced by the
quality of their diet, especially the availability of essential amino acids such as lysine, methionine, and threonine.
These amino acids play vital roles in protein synthesis, enzymatic activity, and overall metabolic functions in
chickens. Supplementing poultry diets with amino acids can substantially enhance their growth rate and feed
conversion efficiency. However, during passage through the upper gastrointestinal tract, the absorption of free
amino acids can be affected by factors such as pH, thereby reducing their bioavailability. Encapsulation involves
enclosing amino acids within a protective coating that minimizes their degradation in the acidic gastric environment
and facilitates their controlled release and absorption in the intestine. This process significantly enhances the health
and performance of broiler chickens by improving their nutrient uptake. In broiler nutrition, encapsulated amino

acids have been shown to improve feed quality, optimize nutrient absorption, and increase overall animal health .

Furthermore, encapsulated amino acids are particularly beneficial when high—quality protein sources are limited or

expensive, as they improve the gastrointestinal absorption of amino acids, thereby enhancing the quality of the
ingested protein. Their use in poultry diets can also improve liver function, enhance enzymatic activity, increase
blood protein levels, and support healthy metabolic processes. Additionally, encapsulated amino acids have been
associated with reduced metabolic stress and improved immune function in chickens, which are critical factors for
overall health, disease resistance, and performance. Considering these benefits, encapsulating amino acids presents a
promising strategy for enhancing the efficiency of poultry production systems. Therefore, the present study aimed to
evaluate the effects of encapsulated amino acids on growth performance, blood biochemical parameters, liver
function, and immune-related indices of broiler chickens, and to compare these effects with those of free amino
acids.
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Materials and Methods: In this study, a total of 1440 Arian broiler chickens were randomly assigned to six

dietary group groups: AR (free amino acids), AP (a combination of four encapsulated amino acids), TP
(encapsulated threonine), LP (encapsulated lysine), MP (encapsulated methionine), and CP (encapsulated choline
chloride). All birds were vaccinated according to a standard vaccination program, which included vaccines for
Newcastle disease and avian influenza. After a 42—day feeding trial, blood samples were collected from all groups
to measure biochemical parameters such as total protein, glucose, lipid profile, and liver enzyme activities. These
parameters were analyzed using an autoanalyzer to assess the effects of the different groups on the health and
metabolic functions of the broiler chickens.

Results and Discussion: The results demonstrated that different dietary groups had varying effects on antibody
titers, growth indices, biochemical blood parameters, and feed efficiency in broiler chickens. The influenza antibody
titer was significantly higher in the TP group compared to other groups (P<0.05), suggesting enhanced immunity in
this group. In contrast, no significant differences were observed in Newcastle disease antibody titers among the
groups (P>0.05.)

Weight gain did not differ significantly among the TP, CP, LP, and AR groups; however, the MP and AP groups
exhibited the lowest weight gain (P<0.0001) in some periods, indicating the limited effectiveness of these diets in
supporting growth. The reduced growth performance in the AP group was likely due to an imbalanced amino acid
composition or reduced bioavailability of certain amino acids. Feed intake was generally similar across groups
(P>0.05); however, during certain periods, the MP, AP, and LP groups consumed significantly less feed, while the
CP group had the highest intake. Regarding feed conversion ratio (FCR), the LP group demonstrated the most
efficient feed utilization in most periods (P<0.05), whereas the AP group had the highest FCR and the lowest feed
efficiency in certain periods. Blood biochemical analyses revealed that the AR group had the highest levels of
glucose, triglycerides, cholesterol, and LDL, while these parameters were significantly lower in the TP, CP, and LP
groups(P<0.05). Additionally, total protein levels were higher in the LP group compared to AR group, and the TP
and LP groups exhibited the highest globulin concentrations. Moreover, HDL levels were higher in all groups
compared to AR, with the TP group showing the highest values. Overall, the TP and LP groups demonstrated
superior performance in terms of blood parameters and immune response. The LP group exhibited better efficiency,
whereas the TP group not only improved blood indices but also provided the highest immune response. Conversely,
the MP and AP groups, due to reduced weight gain and lower feed efficiency, require reformulation to enhance their
nutritional adequacy. These findings highlight the importance of precise dietary formulation to optimize broiler
growth performance and health.

Conclusion: Based on the findings of this study, the use of encapsulated amino acids had positive effects on

improving nutritional performance, blood parameters, and immune response in broiler chickens. The results
indicated that encapsulating amino acids such as lysine and methionine enhanced nutrient utilization, increased
absorption and stability of nutrients, and consequently improved feed conversion ratio in broilers .Notably, the LP
and TP groups, which benefited from this technology, exhibited the best results in blood parameters, including total
protein, triglycerides, cholesterol, and immune response. These findings suggest that amino acid encapsulation can
serve as an effective strategy to enhance feed efficiency, broiler health, and productivity under various economic
and nutritional conditions. Given these results, further research is warranted to confirm the beneficial effects of

these amino acids and to gain a deeper understanding of their mechanisms of action.

Keywords : Feed efficiency, Humoral immunity, Lipid metabolism, Liver enzymes (ALT, AST), Nutrient
bioavailability



alnl ools pale sletunghy 4 i

Homepage: http://ijasr.um.ac.ir jaex
ACE A

f.4-FYD N AFe¥ Q\L...A) Ad A)L;..j: AN% .ll>-

il p S 9 ddy 5 Shes a3l 5 jla i g atel ladew! T (Glamslis ow )

o) S sam sz s JulS 58 5 15V 8T slaal S 25 5 05 ol

YW ﬂ&‘u\.:.ﬁu\:ﬂ c.:*\.-\.'-o.éjé At g‘d)’ﬁ)) W NS 8 eVt
\f""/\\/\f‘&\.‘bﬁ c_JU

VECF/ S/ L5 Gl

LXVCCS

(AST 5 ALT) 18 (slamsl Jolis (o aleanbon Cumdy  disel (slasanl (3,5 Joiibgr) (bt 56 (wy 2 epslo iy 5 oan
2 ool ol g 31T atpel gl b ol duglio g (2365 slode g Splio sloazsinl b b g (a2 pmalSis 5 Jgds’ LDL HDL) sad Lo
Jols Lajloss a5 ol 5o, FY utoas (asad VFF+ ggame 32) )l (2395 g adad Yo 1S5 50 )3 5 )5S0 i ylod 2 b (ol SIS 70
(AP: Al s jicsg 30118 S L olyon ls e (opigsio g iy onind) dimeliuwl 4w bgla (AR: Free amino acids) sfjf el (claa!
LP: ) cpjd Shuiose 4l ol 4 three encapsulated amino acids —Met, Lys, Thr- & (Encapsulated choline chloride
oicse w1 s s (MP: Encapsulated methionine) se:. { TP: Encapsulated threonine) .., (Encapsulated lysine
Wby )93 S 3 48 sl Lt gl . plool )R YUTEI b os  oliowdion jJUT 5 (35 559 L -39 (CP: Encapsulated choline chloride)
U,A)J\Jl_: LP )LM .(P<~/~~~\) Ldg) )lau;u Lm«:;slé.}' Q,:"l aS asls l) 099 uwl)sl Ql},,n u,a).of AP 9 MP dle)Lo.aS 9 (P<~/~~()) Oy pudn LP )lm;
2 985 (i cuizmen (P<1/20) 592 a8 (53 gine st LP o 4 cns AR Jlas 15 IS (389 ofjee (P</00) sy |y ol a5 oy
s oanlie LP g AR clajlas frs o) ime cglés ¢oy55 cpmogdl gaw 33 (P</20) 55 TP g LP (elajlos ) iy gl sime yobts AR jlos
1y de oy yid AR Lo o punedS 65 a0 (P</24Y) 590 AR [l 51 i ()b sime yobas TP Jles )3 (468 pyw oWlerslS (s L(P</-0)
Ol y b 3l Laylas s (P>+/-0) sl Ol bjlos oo 1y (gl e BB g yalS” o puion .(P<./.0) ¢l LP 9Tp sbylos 4 Cons
AR Les wwoly po (P>+/-0) s oanlie ()l e (s )lal cglas (AST) )yl pginal bylusl g (ALT) 5100l sginel opi¥T caS (clnges 3l
25 AR Jles 4o cacus [) LDL jlaso 5,28 CP 5 TP el jlos g (P<4/40) 3> s TP 4 LP slo)los 0 s |y HDL o oy 208
ol 9 953 (olosdon aasuin (glais 3, Sles sla et (S Sy ) Gl Ko b idgy diel (gladuul a5 a3 e ol mls oyl .(P<~/~ -Y)
] (6 iy Sligind Aol g Cunl Cglite awyy dyg0 (Sl &) diuy cl),,j‘ls ol Gl il pPhe bsS sladsgs el

Sod e glie «STygd LS g3s0 dlge anl B} ¢ Jyg05n o) ‘(AST, ALT) 8 dlam{}fl :‘_;.xz.lf dl.mjl,

Sl oolaiwl g Ayl 0d Sy dx el 5 Ad) O ebe LD b pisp
08955 9 Ot (on i Wile (6y9 00 disel (slatel (sl JoSa
A3 390 |y (LbeS sladr 9> 435 9 3Shes (550 j5bas Al
Caio 3] sl Il o ¢ JLs il (Moosavi et al., 2011)
RIS il ol 5l (S5 el dalge guo cla il b ado
Olys dJgl dlg o caid Gllog Jdody olie o sladlia
ot 38l b el Slae Glaiign slp Lol a8l g erldl
g 9 4l e po (6pslag g Mg (ke <yl e o
el 295 yoxie il 5 iy il 4 e pac &

LV R

09y ool aie Glgisdn joib i S 3l ol

48,5 31, 8 eolaiuwl 0y50 sl 4385 )0 (glod S jebdy Sloo
u~°l—’ cdli_é sleoys > clbsS 51 eolaz ‘_A_.ol Ban ol
.(Shekarforosh et al., 2013) couwl a0 LS 3)50 (piig

Ol s o9 el olKily (pwlidcans j 09,5 =

Olrl 5l @5 098 (ol ple Dliind dusge =¥

(Email: s.farahmand@pnu.ac.ir = :Jstue odiw g —)
https://doi.org/10.22067/1JASR.2025.91973.1235


http://ijasr.um.ac.ir/
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Shekarforosh
mailto:s.farahmand@pnu.ac.ir
https://doi.org/10.22067/IJASR.2025.91973.1235
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Moosavi

VPef bl B oylois Y sl ol (0l pole sleidgly a9 ot YV Y

S bS5 » ptalesl Ll el a8 S 18 o]
M5 aues 51 300.1401.REC.PNULIR a_wlis Ly s3]
@i‘ehji $lao yua Gladiise
) )L.o.u A oola ! 0 yu> &y uAMAJ )1 ‘L)"’)f)’ 0y9d Jslo »
il o JaL2) AP ¥ s 5 > o el slousl) AR
¥ oles (buide owgy Lid) TP ¥ jlas (boide JeSo 5
bt (e L) MP o oy o3 1) LP
do)ld S b 5l A dg (Ho b LIS sS JoSe) CP F Loy
olod (slym odliiwl 3y50 Slyed 0 agg byl ST g0

() Jg) 292 &l

G393 9 SIgSS ol ph
el YW ()95 asbn L yiw 59y 0 (5095 Sladrg>
o3l b ooy sl 131 o yiand 136 g OT ay gy 5 (oliidg,
0593 Jobo 55 505 ags (UFFDA, 1992) o gio p> ,l58le 5 5|
I 5 Sy ame byl Sl talejl (sloog S don ol
S Jol by sl oS il a3 YY (slod Ladg
a2 Ve 4 (Sio) YV U ylias g 00 Sebsl (355 lade >
cogb, (Howlider & Rose, 1987) coél, jials 5 sl
b s bads doyd Ve B0+ 03gd5we )0 5 0l S & ygody lases
Feotigrm Job o 48 S8 (395 sz gz Codl g 43 4
3o ol acim 3 acd oslatul (y950] 5 (955D g9 90
o3l sl 05, Sy A (6y556b (sla i 5 G5 gy
0392 Gk U gl slacygsel g lacsymsls 1ol 5l m - 220,8
byl L)) ¢ g (sladrge (o G L cunlita g o0 o2lizl
Jlas gyl atalogl oly 0009, oo el 0y Culy pras |

ety 18 ol ) aalefl slmoyr 4 39 395 & o guasie

Og3usbinnsly ol

OprlianSly 4ol ot Galojl 2)50 (2865 (glaang>
STy 9)9:05 o JulSs A5V siil iy )3 g W8S )18 el
plodl 5l s i Iy sl eyl asliy gt )90 oyl jo .00
5 S Siey (LS sladese (Saeldl b 4 (smelinasTy
sgbdar g @y |y ruSly U b oo 0> (St sl 93 U o
Aoled G pns Jol8

Y basje oS Jalyd ) dsS gladrgr glais clajls
Silwaise L Loy cowlio (2l sl S (il 9
Sl STies ()90 (halj3l L Wl oo e gdie 3o oS 5
g adgi clad e ials 4 @l cudS g ceodl dgup g LA
(Sedghi et al.,, 2018) >4 yoxie (b ygp dySlos d9uts
5 mliol (5158 Lyl oy sl (Sae 3T atiel (glas
Ol 035 uide 6yld eds Ol (pgba b 43) Cuwd
2 Gy Ced Sl g ke IS Slge oS 39l o pal)d 1) (IS
Gl g oud 053 layr )y peites jsbor o D)lsS slaanlé
Slapab b (30 dlge (3933 (Sl o9yl (imen g (0
(Lollo et al., 38 o aaly3 13 mab 23l o |y auligsl
ot oo by, ol Libey disal (cloyl jl odlizal 2017)
o853 5 L 00t LS Liulm, 5 (60l e bslis il
918 .(Shakoori et al., 2020) >4 o gz (yo)lg-S
sladoel, j (S (50 oladio )3 (23,0b5) (Sjlsd S il
5 e dlgo (g (o yiwd Cobld S5t yslaiods & Cunl (pg
(Lollo et al., 34, o Sau iylgS alyd )5 byl M1 als
el 3l e il (gladel g olie 5 Ladids 2017)
29 039) 53 e dgat 9 G5 oS 3 bl oluly Ll
5 TS ysbasy aal (slas il 4 Smd e o3lal ()5l )
UielS g g 5, Slas 390 4 45 Wigs Sl s S
(Siddiqui et al., 2022) x5 o SeS 45 (gladizja

e 59 3l Al o Yo iy disel (slatl &Sol 4 425 L
5 dge 4y Uhyy ol g clible 5155 clagy ;]
099y ol e A8 (o0 S (li 0 LS Rl
4om 3 g odd oy (JS (B 4 Sl (Ll 4 e Wl
bt ) y5gm0 B &S] reud wad Lials 1) s slaas o
(Shakoori et 355 o baés Canj baro Codls g a8l ials
» oo sba)aly 4ol 5 bl 4 42471 al, 2020)
Sl Sl duolio diej )3 5k laiooh gk Coio
duolie e yimgiy oyl 5l Bam 0yl g s o b g 5] dle]
Slav 5 S sasinld p ol o b jide auel ool b
cl (1555 gladr g sy

gy 9 3190
2 ploml oyl dge (2355 4292 VFE g5 1 ol ol
inlosl anly FA o 1S5 o LB 3 dolas MolS' &gy oS
helojl g9yd )3 g2 dxgr adad Vo fold )15 2 35 Sk
oS (Siey TV L Sa Sl g 0dd (5 0y Su slade g


../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Sedghi
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Lollo
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Lollo
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Shakoori
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Lollo
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Lollo
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Sedghi
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Shakoori
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Shakoori
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول_1
../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#Howlider

FAY Lo ySlas pol3T g ylo gy diuol (il 51 glamlio oy y ol )50 (653998 (S

wl @l ooy alard oS g onmd S5 2l =) Joda
Table 1- Ingredients and chemical composition of basae diets
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(per 100 kg) (0-21 days) Diet (21-42 days) Diet

(g/100KQg) (9/100Kg)
=2 3.589 5.642
Corn
\f’;; t 353 303
ea

o9, 16 16
Qil
DLt s 9.6 6.6
Calcium carbonate
Ao el 5.20 4.18
Dicalcium phosphate ’ ’
O3 3 8.2
Methionine
0o 9.0 7.0
Threonine
o2 - 1.7
Lysine ’

Bt ool Jose 5.1 5.1
Vitamin premix ' ’
e Saae JoSo 5.1 5.1
Mineral premix ' ’
LIS s 1 7.0
Choline chloride )

S 5.2 1.2
Salt

Oes 09> 12 5.2
Sodium bicarbonate

IS hS) pudgilio LB (55 2004 2006
Metabolizable energyAMERN" (kcal)

(%) ¢ 052 34.20 52.18
(%)Crude protein ' )
(%0) i 8 o5 111 1
(%)Digestible lysine ’

(%) wan JB gy 743.0 666.0
(%)Digestible threonine ' ’
(%) pan LB g5 21.0 19.0
(%)Digestible tryptophan ' ’
(70) i JE i 56.0 53.0
(%)Digestible methionine ' ’
(%0 e J8 s i 839.0 784.0
(%) cysteine +Digestible methionine ' '
(%) wan BB o)l 251 111
(%)Digestible arginine ’ ’

% 5 B -l
(%0) i JE ool 839.0 764.0

(%)Digestible valine

1- Apparent Metabolizable Energy corrected for Nitrogen
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(%)Available phosphorus
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(%)Sodium
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(%)Potassium

(%) )5

(%)Chloride

(%) 5 Kol L Sy dpmol
(%)6 Pantothenic acid or omega

886.0 69.0
88.0 8.0

44.0 4.0

13.0 165.0
82.0 74.0
23.0 21.0
28.1 341
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* Each kilogram of the vitamin premix contained: 850000 IU vitamin A, 25000000 IU vitamin D3, 110000 IU vitamin E, 2200 mg
vitamin K3, 1477 mg vitamin B, 4000 mg vitamin B, 7840 mg vitamin Bs, 34650 mg vitamin Bs, 2464 mg vitamin B¢, 110 mg

vitamin By, 10 mg vitamin B;,, and 400000 mg choline chloride.

** Each kilogram of the mineral premix contained: 74400 mg manganese, 75000 mg iron, 564675 mg zinc, 6000 mg copper, 867 mg

iodine, and 200 mg selenium.

*** AMER: nitrogen-corrected apparent metabolizable energy; nitrogen correction was applied to eliminate the effect of nitrogen

excretion on measured energy values.
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Table 2— Antibody titers against Newcastle disease virus (NDV) and avian influenza virus (AlIV) (Units: log,)

e JwlS 90 153 51
Treatment Newcastle Influenza
AR!? 75.6 5eb 7
AP2 75.6 5¢5
TP3 7 672.8
LP4 5.7 3307
MP? 5.7 75,6
(o 75.6 7abe
SEM 789.0 709.0
value-P 839.0 019.0

(P < +/-0) 0yl 50380 b (3 sime OS] it S yitia pé gy gl & ol Sl
b 3:55ks 3,5kl sl = SEM
Sl sl anel apl?
s 8 s b olyen b (Oisite 5 i (i) 4ol a bglo
08P Pids diel sl
Crid s g aiel (clanl®
Cxgnie IS Gibg dieel (glasl®
s IS s
Different letters in each row indicate significant difference between groups (P<0.05).
SEM = Standard Error of Means

! Free amino acids

2 All three encapsulated amino acids & encapsulated choline chloride
8 Encapsulated threonine

4 Only encapsulated lysine

5 Only encapsulated methionine

6 Encapsulated choline chloride

Sy Alide glasyga yo i gSslada s (I3E Jaasl cu b
(FCRY) (ot Joas copmd @ Joi slaodls ol
Oy plaglds Ay i lise (slaoygs 3 (deS Sladrgr
SYY ONNF Y V=Y elmeygn (o ol ol dolej] (sl less
S il [, FCR e ppteS LP Lo (S39) O-YA 4 YA
AU ol ol Hlows cpl o slads U.gj)lf ORyihe o) ylis
2 AP Los o Julis 5 (P<+/+0) 350 3 ine 5 lal , L ;]
s s YL 559, I-VA 5 VE-YY -1 clao e
es ol 3 Fomly glnis QLK ) Sl o cab ) glie
33 Cpiomads (P /o 0) 34 I3 dme (gylol Jlas 5l MBI oyl ]
i odabiio Lo jlo (e ()3 ime gl o S YOV 053
(P>+1-0)

1- Feed Conversion Ratio

L s LP g AP MP (slajlos ¢ S59, VI=VA 093 5
Shysd io cppioS pyS WO 5 VFADY ASYSIF o
WY-/5) AR Jlag dy s 3 ppdlie oyl 48 izl |y by
£35S MY Bpae Ly CP L 093 (e ) 392 yiaS (p)5
opugar (olol Slaciglis 9 Cudly |y (Byumo ke oy iy «S1yss
(P <+/+0) 29 asuie MP 5 CP 4y

Shgs liwe i CP jla )93 95 cnl 3 (IS jobay
Shgs slde (208 AP 9 MP (slajlos 5 3> (i | (B yae
Sl 1y (B aae

bazg (i (19 Sl b ojgd 53 (Bpae Shgs i
039 crrziar Laoygd ol 3 a8 LP jlas o)l (o355 bL)|
LS L Ll ey AR Hlow b (aolie STygs G yan by lis
23S s |y Gyt A5y (o 0js 4 S bS5 e
Olie (oS Looygd (30 )3 45 MP 9 AP (lo o Jide
2503 slalogd o Sl (5)kaS A5y i |y (Spas STyt
NN UL»;


../../../../keshavarzi/dami/17-4/New%20folder/4-1235.docx%20123.doc#جدول5

YIV Lo ySles yol3T g 1o gy diuol (sdumsl 51 glamlio oy y ol )50 § (653990 (S

(p35 oy plia) Cilisen (o 33 5 (39 2 oS g el (sloeas] Ol dulia =V Jgu>
Table 3- Comparison of the effects of amino acids on body weight at different ages (Units: gram)
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Different letters in each row indicate significant difference between groups (P<0.05).

SEM = Standard Error of Means
1 Amino acids reference

2 All three encapsulated amino acids & encapsulated choline chloride

3 Encapsulated threonine

4 Only encapsulated lysine

5 Only encapsulated methionine
6 Encapsulated choline chloride
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Table 4- Feed intake in different periods (units: gram)
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Different letters in each row indicate significant difference between groups (P<0.05).

SEM =Standard Error of Means
1 Free amino acids

2 All Three encapsulated amino acids & encapsulated choline chloride

3 Encapsulated threonine

4 Only encapsulated lysine

5 Only encapsulated methionine
6 Encapsulated choline chloride
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Table 5- Feed conversion ratio
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Different letters in each row indicate significant difference between groups (P<0.05).

SEM =Standard Error of Means
1 Free amino acids

2 All Three encapsulated amino acids & Encapsulated choline chloride

3 Encapsulated threonine

4 Only encapsulated lysine

5 Only encapsulated methionine
6 Encapsulated choline chloride
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Table 6- Survival rate percentage and production index
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Different letters in each row indicate significant difference between groups (P<0.05).

SEM =Standard Error of Means
! Free amino acids

2 All Three encapsulated amino acids & Encapsulated choline chloride

3 Encapsulated threonine

4 Only encapsulated lysine

5 Only encapsulated methionine
6 Encapsulated choline chloride.
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Introduction: Compared to corn, wheat offers less energy but provides more nutrients. Non-starch
polysaccharides in wheat can be challenging for broiler chickens to digest. These complex carbohydrates can
increase the viscosity of the intestinal contents, slowing down the digestive process and nutrient absorption. This can
lead to reduced growth performance in broilers fed wheat-based diets compared to those fed corn-based diets.
Ajwain (Trachyspermum ammi), a member of the Apiaceae family, produces an essential oil that is rich in thymol
(35-60%), known for its antibacterial properties. Other significant compounds include para-cymene, y-terpinene, and
carvacrol. These components inhibit both pathogenic and non-pathogenic intestinal species. This antibacterial action
helps in maintaining gut health, reducing the load of harmful bacteria, and potentially improving nutrient absorption
and growth performance in broilers. While essential oils present a promising alternative to antibiotics, their direct
inclusion in animal diets faces limitations due to their hydrophobic, reactive, and volatile nature. Encapsulation
techniques, especially those involving nanotechnology, can protect these oils from degradation, improve their
stability, and enhance their bioavailability, thereby improving feed consumption and antimicrobial efficacy.
Nanotechnology enhances essential oil availability in livestock by increasing surface area. Encapsulated plant
essential oils in polymers protect them and improve their antimicrobial properties. Despite the potential benefits,
there is a lack of comprehensive research on the effects of encapsulated ajwain essential oil on broiler performance.
Therefore, the present study aimed to evaluate growth performance and selected blood biochemical parameters in
broiler chickens fed wheat-based diets supplemented with different forms and concentrations of ajwain essential oil.

Materials and Methods: A total of 1500 one-day-old male broiler chickens were randomly allocated to 12
experimental groups, with five replicates per group and 25 broiler chickens per replicate, following a 2x3x2
factorial arrangement. The factors considered were diet types (corn and corn-wheat), levels of ajwain essential oil
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(0, 150, and 300 mg/kg of diet), and forms of ajwain essential oil (conventional and encapsulated). Various
parameters were measured and recorded, including growth performance, carcass characteristics, and blood
biochemical indicators (such as triglyceride, cholesterol, low-density lipoprotein, aspartate aminotransferase,
alkaline phosphatase, and alanine aminotransferase) in broiler chickens. Data analysis was performed using the
General Linear Model (GLM) procedure of SAS software. Mean separation among treatments was performed using
Tukey’s multiple range test.

Results and Discussion: This study investigated the effects of dietary formulation and supplementation with
ajwain essential oil (AEQ) both free and encapsulated on broiler performance, carcass traits, and metabolic health.
The results demonstrate that dietary composition and the method and level of AEO supplementation significantly
influenced growth performance, feed efficiency, carcass yield, and health markers in broiler chickens. Broilers fed a
corn-wheat-based diet consistently exhibited higher feed intake than those on a corn-only diet throughout all
production phases, suggesting improved palatability and enhanced nutrient utilization associated with the mixed-
grain formulation. Supplementation of the corn-wheat diet with 300 ppm AEO further increased feed intake during
the finisher period, implying a stimulatory effect of higher AEO concentrations on older birds. Body weight gain
(BWG) was significantly enhanced by both AEO supplementation and mixed grain feeding, particularly during the
starter phase. Notably, AEO at either 150 or 300 ppm improved early BWG, and encapsulated AEO appeared to
outperform free oil, likely due to improved stability and targeted release in the gastrointestinal tract. However,
during the finisher period, unsupplemented corn-wheat diets resulted in lower BWG compared to any AEO-
supplemented or corn-based diet, indicating the necessity of AEO inclusion in late-stage growth for optimal
performance. Over the entire trial, AEO supplementation significantly improved overall BWG in corn-wheat fed
birds. Feed conversion ratio (FCR) was affected by both diet and AEO level, with the poorest FCR observed in
broilers fed the unsupplemented corn-wheat diet during the finisher phase. Optimal FCR was achieved in groups
receiving corn plus 300 ppm AEO and corn-wheat plus 150 ppm AEO, highlighting the importance of synergy
between base diet and AEO dose. Mortality was, however, higher in the corn—wheat diet supplemented with 300
ppm AEO, suggesting a potential adverse effect associated with this higher inclusion level. The European
Production Efficiency Factor (EPEF) was highest in the corn-wheat + 150 ppm AEO group, indicating 150 ppm as
the optimal dose in the corn-wheat matrix. Carcass analysis revealed that the corn-wheat diet improved relative
carcass and breast weights, while corn diets increased relative weights of the liver, spleen, and gizzard, possibly
reflecting metabolic strain. Thigh weight was higher in unsupplemented diets at day 42. Biochemical analysis
indicated that encapsulated AEO was more effective than free oil in reducing serum low density lipoprotein (LDL)
cholesterol and mitigating elevations in liver enzymes (aspartate aminotransferase, alanine aminotransferase),
suggesting improved lipid metabolism and hepatoprotection. Serum triglycerides were lowest in broilers fed corn-
wheat + 300 ppm encapsulated AEO. In summary, encapsulation of AEO provided metabolic and hepatic health
benefits, and 150 ppm was identified as an optimal supplementation level for performance and health when included
in a corn-wheat diet.

Conclusion: This study demonstrates that supplementing corn-wheat-based diets with AEO, particularly in
encapsulated form, significantly enhances broiler performance and metabolic health. The corn-wheat combination
itself promoted higher feed intake and weight gain compared to corn-based diets. Crucially, AEO supplementation
at 150 ppm emerged as the optimal level, synergistically improving weight gain, optimizing the FCR, elevating the
European Production Efficiency Factor, and reducing serum LDL cholesterol and key liver enzymes (aspartate
aminotransferase, alanine aminotransferase), indicative of better hepatic health. While encapsulated AEO further
improved lipid profiles and reduced liver enzyme markers compared to free oil, higher supplementation (300 ppm)
increased mortality and elevated liver enzymes. Significant interactions between diet type and AEO levels were
evident, particularly for FCR and organ weights. Overall, the integration of corn-wheat diets with 150 ppm
encapsulated AEO offers a promising strategy to enhance growth efficiency, carcass yield, and metabolic status in
broilers, though higher doses warrant caution due to potential negative impacts on mortality and liver stress markers.

Key words: Ajwain essential oil, Broiler chickens, Encapsulated form, Performance, Physiological response
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Figure 1- Scanning electron microscope image of chitosan nanoparticles
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Table 2- Composition of the experimental diets at different periods including starter (1 to 10 days), grower (11 to 24 days) and
finisher (25 to 42 days) for broiler chickens

oy &9
Type of Diet
(M)J) oy sl u;)l.c] Ay bl
Ingredients (%) Starter Grower Finisher
pAS—yd &y pAS-yd &y pAS-yd &y
Wheat-corn Corn Wheat-corn Corn Wheat-corn Corn
= 51.5 55.7 43.1 57.2 40.1 63.3
Corn
pio 5.00 0.00 15.0 0.00 25.0 0.00
Wheat
(g > FF) L oS 38.1 389 35.8 37.0 28.6 310
Soybean meal (44 % CP) ' ' ' ' ’ '
bow ) 1.30 1.30 230 2.00 2.40 1.80
Soybean oil
prolS LS 1.10 1.10 120 120 115 115
Calcium carbonate
UM v S 1.90 1.90 1.68 1.68 1.83 1.83
Dicalcium phosphate
e 0.25 0.25 0.20 0.20 0.20 0.20
Salt
o iJl 0.08 0.08 0.06 0.06 0.05 0.05
L-lysine
i 0.27 0.27 0.19 0.19 0.17 0.17
DL- methionine
AP
Seolig Joa 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin premix
Vo
e JoSo 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix
A.\J}A,ml?u d‘:\’.“ le clale
Calculated nutrient concentration
(P55 2 J951s) udlgbio 1B (5551 12.14 12.14 12.39 12.39 12,56 12.56
Metabolizable energy (MJ/kg) ' ' ' ’ ' ’
(23) P 092 22.0 22,0 213 213 10.1 19.1
Crude protein (%) ' ' ’ ’ ’ '
(10) pandS 7 7
Calcium (%) 0.90 0.90 0.8 0.8 0.85 0.85
(322) 2B o 0.45 0.45 043 043 0.40 0.40
Auvailable phosphorus (%) ' ' ' ' ' '
("“)3) o2 0
.19 0.19 0.16 0.16 0.16 0.16
Sodium (%)
(123) 5 2 2 24 24 2 2
Chiorine (%) 0.28 0.28 0. 0. 0.23 0.23
(32)3) (xigte
Methionine (%) 0.60 0.60 0.54 0.54 0.47 0.47
(202) 023 127 1.27 1.1 1.1 1 1
Lysine (%) . . 19 19 .00 .00
(oot Oioein 091 091 0.84 0.84 0.75 0.75
Methionine + cysteine (%)
(42)3) o5 1 1 77 77
Threonine (%) 0.8 0.8 0. 0. 0.68 0.68
(129) o35,]
Arginine (%) 1.45 1.45 1.40 1.40 1.23 1.23
(p 595 2 VlsiSiske) L5550l Jols 245 245 235 235 214 214

Anion-cation balance (mEg/kg)

£15 Ba cpolig op )5 oo AN :B1 (ol 0 )5 Lo 53 (Ks (puolisg dU VA E poliyg dU Yoo o D3 pioling dU Qe e A ol g 23945 o0 u:‘l’ 325 2o oy p)SolS a )
S ke Voo 380 0 o Vo il 5T e S e S o S oo V0 Sl ol 05 o Yo 2l p 59,50 V0 Bz ppselig p 5 e o B ppselig ep S e
25 e My ipgeibis oS oo Y 1y oS oo Vo 2o 05 o AD 209, S eo B 10
2 The following values are provided per kg of diet: vitamin A: 900 1U, vitamin Ds: 2000 IU, vitamin E: 18 IU, vitamin Kj: 2 mg, vitamin B;: 8.1 mg,
vitamin B,: 6.6 mg, vitamin Bg: 3 mg. vitamin Bi,: 15 pg, niacin: 30 mg, pantothenic acid: 10 mg, biotin: 1 mg, antioxidants: 100 mg, manganese:
100 mg, iron: 50 mg, zinc: 85 mg, copper: 10 mg, iodine: 5.1 mg, selenium: 2 mg
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,Trachyspermum ammi, Foeniculum vulgare, Trigonella
foenum-graecum, Brassica spp., Ferula assa-foetida
2-Myrtus communis

1- Curcumin, Capsaicin, Piperine, Allium sativum,
Allium cepa, Zingiber officinale, Mentha spp,
Coriandrum sativum, Cuminum cyminum
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Table 5- Effects of diet type, contents and forms of Ajwain essential oil on carcass characteristics (% live body weight) of broiler
chickens at 42 days of age

s (fyasvoly (e (b (Bl (o (el (F) oS (1) pe

Parameters Carcass yield Breast Thigh Heart Liver Spleen Gizzard Cecum
(%) (%) (%) (%) (%) (%) (%) (%)

oy £

Diet type

< 73.8° 25.9P 19.5 0.42 2.60° 0.17° 3.56° 0.51

Corn

psm e 74.9° 26.7° 19.3 0.41 2.40° 0.14° 3.25 0.53

Corn — wheat

Sl sllad (e 0.37 0.27 0.14 0.01 0.06 0.009 0.07 0.02

Standard error of the mean

(PSS 2 p S ke) (s il o

AEO! content (mg/kg)

0 74.2 26.1 19.8° 0.42 2.49 0.15 3.44 0.54

150 74.2 26.3 19.1° 0.41 2.44 0.15 3.49 0.53

300 74.7 265 19.2% 0.41 2.57 0.17 3.29 0.49

Sl sllad (e 0.45 0.33 0.17 0.01 0.07 0.01 0.08 0.03

Standard error of the mean

o5 il S

AEO form

ol sl 743 26.1 19.4 0.42 2.50 0.16 3.37 0.53

AEO

g i pilel 74.4 26.5 19.3 0.41 2.50 0.16 3.44 0.51

E-AEO?

Sl s (Sle 0.37 0.27 0.14 0.01 0.06 0.009 0.07 0.03

Standard error of the mean

Sbze Jlois! pdas

P-value

o &5 0.03 0.04 0.37 0.60 0.03 0.02 0.005 0.46

Diet type

o5 il s 0.66 0.62 0.02 0.64 0.49 0.32 0.26 051

AEO content

ol ol g 0.88 0.26 0.61 0.44 0.96 0.95 0.49 0.71

AEO form

5 il s X 0> 5 0.68 0.33 0.83 0.26 0.81 0.49 031 0.15

Diet type x AEO content

ol el J53 X 0 5 0.47 0.39 0.18 0.09 0.84 0.22 0.98 0.60

Diet type x AEO form

ol bl 58 2l sl gl 0.56 021 0.25 0.85 0.70 0.95 0.84 0.96

AEOQ content x AEO form

L}S\‘uxub)whﬁ@l&ux%&&y

o5 il 0.87 0.43 0.05 0.20 0.78 0.51 0.99 0.84

Diet type x AEO content x AEO

form

(P<e/-0) dizads yls ixe B3] (gl Soglie gy b ygias o (sl Sl 2PC
dgusS ;) il E-AEOY g ¢lsj Lyuill AEO"
abc Means in each column with different superscripts are different (P < 0.05).
IAEO: Ajwain essential oil, and 2E-AEO: Encapsulated Ajwain essential oil.
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Table 6- Effects of diet type, contents and forms of Ajwain essential oil on blood biochemistry metabolites of broiler
chickens at 42 days of age

O sladplie
Blood
metabolite
i Jo s — ]
e ogsll . . el i ol
el O DLk S cbifd o s
- Sk ) g T
Parameters o PP P PS5k ) o bl il Saie
b (= (s (w205 0T (sl 2
: e Cholesterol = S (5
Albumin  LDL-  Triglyceride 0/ AST ALT
(mg/dl) cholester{)l (mg/dl) (U/L)? (U/L)? (UIL)*
(mg/dl)
JS8 5 olsj bl o X 0y g5
ol ol
Diet type x AEO® content x
AEO form
Oy bl X 0 x @) " . .
Corn x 0 x AEO 3.38 124.3 127.7 165.0 221.3 71.7 2847
g o) il x e x @) " . .
Corn x 0 x E-AEOS 3.38 123.3 126.7 164.7 220.3 71.8 2846
o oeolel X VA x @) . . N
Corn x 150 x AEO 3.43 119.7 142.3 164.3 210.0 83.3 2695
Ay ol bl x V0 x & . i b
Corn x 150 x E-AEO 3.43 119.0 125.7 160.3 200.7 75.3 1761
G T e 3.40 1257 128.0% 166.7 2113 640 2983
Corn x 300 x AEO ’ : : . . .
oS L5 bl X Yoo x yd " X .
Corn x 300 x E-AEO 3.43 120.0 125.0 164.0 211.3 67.7 3108
Oy omlel X ¢ X paS— ) . X N
Corn-wheat x 0 x AEO 3.47 126.0 147.7 161.7 229.3 74.0 2243
g o) il x - x pas=e)d . . N
Corn-wheat x 0 x E-AEO 3.47 125.8 146.7 161.7 229.3 74.0 2244
oW oeolel X N0+ x paS=cu)d 0 . N
Corn-wheat x 150 x AEO 3.43 123.3 131.7 164.7 224.7 80.3 2466
WguS 35 el X 10+ X paB=—cs)d " . .
Corn-wheat x 150 x E-AEO 3.50 114.3 125.0 162.7 202.3 71.3 3106
Ol pelul X Yoo x pais=c) . . ]
Corn-wheat x 300 x AEO 3.50 125.0 143.7 161.3 295.3 840 3111
S L5 uilel X Yoo X puiS=)3
Corn-wheat x 300 x E-AEO 3.40 118.0 118.0° 163.0 193.0° 76.7 31752
sl b e 0.04 2.31 4.48 2.44 7.70 2.43 201
Standard error of the mean
o5 lol JKB x5 uiles] daws
AEOQ content x AEO form
55 il -
6);):&0 : 3.42 125.2 137.7 163.3 225.3® 72.8° 2545
L5 bl x VO
150 AEO 3.45 125.3 135.8 164.0 2533  74.0° 3047
o) bl X Yoo 3.43 1215 137.0 164.5 217.3» 81.82 2580
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300 x AEO
UgunS 5 uibaol x -+ b b
0 EARO 3.47 116.7 125.3 161.5 201.5 73.3 2434
4J9"""5 ulu) U“‘"L“’I x\o- ab b
150 « EAEO 3.42 125.0 136.0 162.3 225.3 72.0 2544
g o5 bl x Yo b b
300« EAEO 3.42 119.0 125.5 163.5 202.2 72.2 3142
sl sl (5len 0.03 1.63 3.17 1.73 5.44 1.72 142
Standard error of the mean
O milel UK X 0> g4
Diet type x AEO form
ULJ) u“‘u x ‘-‘)‘> b a
o AEO 3.40 123.2 132.7 165.3 214.2 73.0 2842
o« E-AEO 3.42 121.1 126.1 163.1 211.1 716 2572
UL:’) u‘“L"" x FAS—C")S b
Corm . wheat x AEO 3.47 124.8 141.0 162.6 249.82 79.4 2607
guS o5 bl x pais—0)> b
o wheat x E-AEO 3.45 119.4 130.2 162.4 208.2 74.0 28422
sl sl (5len 0.02 1.33 259 1.41 4.44 1.40 116
Standard error of the mean
Oy el s X 0> 53
Diet type x AEO content
xen 3.38 124.3 127.7° 165.0 22130  71.7%  2847%
Cornx 0
19 X2y 3.43 119.3 134.0% 162.3 205.3° 79.3 22080
Corn x 150
Yoo x &) b b b a
Cormn % 300 3.42 122.8 126.5 165.3 211.3 65.8 3046
X paSTEp 3.47 126.0 147.72 161.7 229.3% 7400 2243
Corn — wheat x 0
VO X paiS—yd b b a ab
Com wheat x 150 3.47 118.8 128.3 163.7 213.5 75.8 2786
Yoo X paS=0)) ab a a a
o wheat x 300 3.45 121.5 130.8 162.2 244.2 80.3 3143
sl sla oSike 0.03 1.63 3.17 1.73 5.44 1.72 142
Standard error of the mean
oy 9
Diet type
=2 3.41 122.2 129.4° 164.2 212.7° 72.3b 2707
Corn
P.\Lf—c::):)

3.46 122.1 135.62 162.5 229.0 7670 2724
Corn — wheat
sl (sl (5len 0.01 0.94 1.83 0.99 3.14 099 820
Standard error of the mean
(PSS 2 S o) ls; il o
AEOQ content (mg/kg)
0 3.42 125.22 137.72 163.3 22532 728>  2545P
150 3.45 119.1° 131.22 163.0 209.4° 776  2507°
300 3.43 122,22 128.7° 163.75 227.82 73.1° 3094
il sl Sike 0.02 1.15 2.24 1.22 3.85 1.21 100

Standard error of the mean
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b5 bl IS5

AEO form

by el

AEO 3.44
JguS (4l35 el

E-AEO 3.44
3yl slas 5Kl

Standard error of the mean

124.0%
120.3°

0.01 0.94

136.8%

128.2°

163.9 232.0% 76.2% 2724

162.8 209.7° 72.8° 2707

1.83 0.99 3.14 0.99 82.0

Gboze Jlois! o
P-value
oy €9

i 0.08 0.96
Diet type
Olb5 ilel s
AEO content 0.75
Ol olel S

1. .01

AEO form 00 00
Olj ilil o X 0> 95

- . .64
Diet type x AEO content 069 06
o) el S5 X 0y 95
Diet type x AEO form 068 0.23
Obj bl JSS x ol ilsl s
AEO content x AEO form 061 0.15
Ol gesll JS8 ¢ 55 (puiliol s
X ox &9 0.33 0.40
Diet type x AEO content x

AEO form

0.004

0.002 0.41

0.001 0.32 0.04

0.02 0.23 0.001 0.004 0.88

0.02 0.91 0.004 0.01 0.0005

<0.0001 0.02 0.88
<0.0001 0.001
0.42 0.46 0.0002 0.16 0.03

0.07 0.65 0.0003 0.05 0.69

0.04 0.82 0.0001 0.23 0.01

DO, [ 0) st o ginn M (gl Ooglise g o b ygis y (slaepSila P

LDLY (o8 IS b sbigmnd AST 4l ial sl b ol ALTT il gteal V1 ALP? it T AEO? 5 ool sl E-AEO sl :

S 35

abc Means in each column with different superscripts are different (P < 0.05).
LDL: low density lipoprotein, 2AST: aspartate aminotransferase, 3ALT: alanine aminotransferase, “ALP: alkaline

phosphatase.

SAEO: Ajwain essential oil, and SE-AEQ: Encapsulated Ajwain essential oil.
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Introduction: Flaxseed oil contains a variety of unsaturated fatty acids such as linolenic acid, linoleic acid, and
oleic acid. The linolenic acid content can be up to 53%, which leads to increased nutritional value. However, the
oxidative sensitivity of these polyunsaturated fatty acids is a major concern. Diets supplemented with
polyunsaturated fatty acids have been shown to increase cellular oxidative damage. Therefore, the use of
antioxidants in diets containing flaxseed oil seems to be crucial. Spirulina platensis is rich in bioactive compounds
that provide various health benefits. Phycocyanin, a pigment-protein complex found in spirulina, has strong

antioxidant properties that help neutralize free radicals, thereby protecting cells from oxidative damage. The present
study was conducted to investigate the effect of Spirulina algae supplementation in diets containing different levels
of flaxseed oil on performance, blood and liver antioxidant parameters, and serum and egg yolk lipid parameters in
laying hens.

Materials and Methods: For this purpose, 288 laying hens (Hy-line-W36, 70 weeks of age) were used in a 2 x
3 factorial design with 6 replications and 8 birds per replication. The experimental treatments included diets
containing 3 levels of flaxseed oil (0, 1.5, and 3% of the diet) and 2 levels of Spirulina platensis microalgae (0 and 5
g/kg of the diet). To evaluate performance indices, eggs were collected twice a day and the number and total weight
of eggs were recorded at the end of each day. Egg mass, feed intake and feed conversion ratio were calculated
weekly. To evaluate blood parameters, two serum samples from each replicate (12 samples per treatment) were
prepared at the end of the experimental period. All data from this experiment were statistically analyzed in a 2x3
factorial test using SAS software and the Mixed procedure.

Results and Discussion: The results showed that hens treated with 3% flaxseed oil with or without spirulina had
the highest percentage of egg production, weight and mass, which were significantly higher than those treated
without flaxseed oil. The use of 3% flaxseed oil with 5 g of spirulina reduced feed conversion ratio compared to
other experimental treatments. Levels of 1.5 and 3% flaxseed oil with 5 g of spirulina significantly reduced
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triglyceride and VLDL concentrations. The main effects of flaxseed oil showed that 3% flaxseed oil reduced egg
yolk cholesterol. The interaction effect of 5 grams of spirulina and 3% flaxseed oil reduced egg yolk triglyceride
levels compared to the control treatment. Diets containing 1.5 and 3% flaxseed oil reduced total antioxidant capacity
and liver superoxide dismutase and total serum antioxidant capacity, while the use of 5 g of spirulina increased the
aforementioned parameters. Also, serum malondialdehyde levels increased in chickens fed diets containing 1.5 and
3% flaxseed oil without Spirulina, and the addition of Spirulina was able to compensate for this increase caused by

flaxseed oil. Laying hens have a very strong body fat metabolism, especially during the peak egg production period.

Oils, as one of the essential nutrients for animal growth and one of the main components of egg yolk, play an
important role in regulating the production performance of laying hens and egg weight. Therefore, the production
performance and egg weight of laying hens may be improved by supplementing the diet with various oils. The
reduction in yolk lipid profile in the present study could be due to the reduction of triglycerides in the blood
circulation of the birds due to the increased omega-3 intake in the flaxseed oil-containing diet, potentially limiting
the availability of lipids for yolk formation. Spirulina contains y-linoleic acid, which binds to cholesterol metabolites
in bile and prevents their accumulation. The researchers also stated that the reduction in cholesterol levels may be
related to the inhibitory effects of spirulina on the activity of HMG-CoA reductase, an allosteric enzyme required for
cholesterol synthesis in the liver. The present results showed that the increase in hepatic malondialdehyde, which is
an indicator of oxidative stress, was reduced again by the addition of Spirulina to the flaxseed oil-containing diets,
while glutathione peroxidase activity and total antioxidant capacity were increased by Spirulina treatment. The
capacity of Spirulina to restore redox balance in flaxseed oil-containing diets can be attributed to its bioactive
antioxidant compounds such as flavonoids and polyphenols and other free radical antagonists such as a-tocopherol,
ascorbic acid, p-carotene and selenium.

Conclusion: In general, the present researchers recommend using 3% flaxseed oil in the diet of laying hens to
benefit from the positive effects of flaxseed oil on performance and blood lipid parameters. However, based on the
present results, if 1.5 or 3% flaxseed oil is added to the diet, the use of Spirulina platensis algae as a natural

antioxidant is vital to prevent lipid peroxidation.

Keywords: Cholesterol, Egg yolk, Fatty acids, Malondialdehyde, Omega-3
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Table 1- The ingredients and nutrients composition of experimental diets

(0 y2 2o yd) sl Sl o OLS gy duoyd VO O gy o ¥
Ingredients (% of the diet) Control diet 1.5% Flaxseed oil 3% Flaxseed oil
o 60.48 57.55 53.36
Corn

(P g 72¥F) g allows

25.36 25.23 26.14

(44% CP) Soybean meal
PS5 g ; 1.00 2.00
Wheat bran
bow 055 03 03 03
Soybean oil
o ot ; 1.50 3.00
Flaxseed oil
o el 03 2.16 2.27 2.48
Dicalcium phosphate
eels Sbe$ 10.88 11.33 11.90
Calcium carbonate
pLb S 0.32 0.32 0.32
Common salt
O S 0.10 0.10 0.10
Sodium bicarbonate
el > 0.10 0.10 0.10
DL- methionine
\ e e

ooy Josa 0.30 0.30 0.30
Vitamin premix
A

e dge JoSo 0.30 0.30 0.30

Mineral premix

Nutrient composition

Metabolizable energy (kcal/kg)

(7) & o3 15.50 15.50 15.50
Crude protein (%)

() s 475 475 475
Calcium (%)

(2) s> JB i 0.39 0.39 0.39
Available phosphorus (%)

() o 0.17 0.17 0.17
Sodium (%)

(") % 0.26 0.26 0.26
Chloride (%)

(A) iz 0.36 0.36 0.36
Methionine (%)

(A) Ot + isite 0.64 0.64 0.64
Methionine + cysteine (%)

(%) o2 0.79 0.79 0.79

Lysine (%)
By (el 0,5 oo o By (el 0,5 Joo YY By yeoling Ve U E oty ¥0+ IU Dy yoling Ve e IU A yoling :STy58 0, 55lS ya 2ljlay jlae"
P ke Vo S 1S e 4100 By ol .5 s <105 By pusbig 105 o 93 By el tp S sk e
S ke 1Y s mades 25 o VY e 05 o £o g9 15 oo B0 el 95 o Ar 51500 1S58 £ S kS o slilay jyalae”
! Supplied per kilogram of diet: vitamin A, 10000 IU; vitamin D3, 2500 1U; vitamin E, 10 1U; vitamin B1, 22 mg; vitamin B2, 4 mg;

vitamin B3, 8 mg; vitamin B6, 2 mg; vitamin B9, 0.56 mg; vitamin B12, 0.015 mg; choline, 200 mg.
2 Supplied per kg of diet: manganese, 80 mg; Iron, 50 mg; zinc, 60 mg; copper, 12 mg; sodium selenite, 0.3 mg.
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Table 2- Effects of using spirulina platensis in diets containing different levels of flaxseed oil on the performance of laying hens

Variable
Jole W o . . Shed has caps  pIS 2 ulla v
Factor "E o &S 0js & oSS 0398 Shgs B yas ” ;J;' :c; i i ‘).,
prodt?c?tion Egg Egg mass Feed intake conversion Cost &;rx f
weight /d/bird /d/bird . ost per kilogram o
(%) ght(g)  (g/dibird) (¢/dbird) i s (T
(%) S o295
Flaxseed oil (%)
75.58° 58.76¢ 44.41° 98.85 2.232 40921.35°
15 78.262 59.76° 46.23° 99.10 2.13b 42254712
3 78.412 61.26° 47.81 98.95 2.06° 44038.212
;)I]E’\;\L;Iw‘ ol 0.68 0.29 0.37 1.13 0.02 439.64
Ef"’;l*‘: Jool g 0.005 0.01 0.02 0.4 0.01 0.01
-valu
(pSS5kS 13 p)5) Ly
Spirulina (g/kg)
0 76.64° 59.500 45.33P 98.86 2.192 41631.67°
5 78.192 60.362 46.972 99.06 2.090 43177.262
;"E’;\L;I“" ol 0.39 0.23 0.30 1.11 0.02 415.81
If)\l;gﬁ; Jleo! gl 0.01 0.02 0.01 0.21 0.005 0.02
Ly punl x GBS 9,
Flaxseed oil x
Spirulina platensis
0x0 75.480 58.67° 44.28¢ 98.90 2.322 40611.24b
0x5 75.69° 58.86° 44 55 98.80 2.222 41231.47°
1.5x0 76.93% 59.22% 45.2]bc 98.90 2.18% 41160.56°
1.5x5 79.58% 60.292 47.24bc 99.30 2.10% 43348.80°
3x0 77.522 60.592 46.50° 98.80 2.12% 43123.662
3x5 79.312 61.928 49,122 99.10 2.020 44953.502
;)Il;&m‘ slas 0.72 0.41 0.53 1.19 0.05 628.37
s, & N
I;” °;“: Jlool g 0.02 0.003 0.008 0.40 0.01 0.001
-valu

(P <0.05) sl oo (s )b sime M) gl Cglite By > (gl) (slo 1 Sikeo ¢ i o 1> (st jb 3 &€
&¢Means within each column of each section with different superscripts are significantly different (P < 0.05).

§ xSyl 5 in oman i S olSd Lol 4iby
Syan G5l Olie 103 YO Ly o5 o4 & [ low Jolge 585
Jlebsl (Hamard et al., 2010) uad o (oluaidl sgs 4 1) onds
oo youe oy ialS oy o oy @l jl eolatul &8 Al
aciod U (giiie dlys wiin 5 g 41,5 dslsl 5 S]o5
Sr9b ey Shdwl | (B pegadar 5 5l ed9) sl
o3 4 5 03,5 oal)d 1) 035) slaciend plad gla sl jl 3)90

2 Sl Jdads cowl o Sen o h)l55 ol oy (28L

olej ©e 5 Q55 G OB () e ilesl 03 S5
i Loy Slee 0 pige 48 Cowl odd (4)]58 sl 4 i
glio ol 58Ul 36 Bl5 o (LS oty sl slooy
0288 pan (Slyo dlge ) BNle Il g 039, Bl 9o (2
s g b (ili8l Coge bylyd cpl a8 1 (il 0dg) lasre )

4 o)Ll b las>s (Shahryari et al., 2021) Lgd o (six0 lgo



VPef bl B oyloss Y sl oyl 0l0 pale sluindgly 4 pis YOF

by eeel g 03,8 S 2 1) Laglaess cunl (S upanti
m o5 S 1 el ohads 4 Al odd 55 claSass
o)l Lol el (sl §rop5s ojlil ial3l Jlioes o 5
ol Lo iz ol
J5 P Eren Y 25 kS s il S Al e b
Lo Y g VO L olyon Ldy sl p)S gty 3l oolazwl &S oly L
el Llppl i G 89y 2oy Yimizmen 5 (IS (%9,
(Pe/0) 54 £ o055 )5k o (il SThgs asa il
—Jl S pgban o)y SlySen e )5 L ezl ol
aS 35S gLy (El-Zenary et al., 2023) -, S 5 5,U;
oy 3 QLS o (89, 45l PUFA I (8 wlie (asloniS
Lol ams yial3al |y STyos ansip 0l o 4 )ST i8035 clag ye
o aSbuljl g5 e §yopd (SIS CudS Sgu0 4 i
oyt 6 o6 o2l 2o b EyensS p)SolS a (slilay STss
Sl Ul JB 8 iz e 0 1B Sy Joss
gt By gy nl (ol Bun oS iy args b (Jlnll
slag e84 (aliws 4Sh ol 0395 My slaadls
o bl oglhe gy g yieS Jgyds L atedgul 3
o by wlie glaal ol odgr ya do (Y=IK! o33l 05 9a)
O=59y o958l &S e yo)l53 5.5 (Lee et al., 2021) Ko 4
Eren5 2 [ VLSl o sladl (Slgiome oy 4 (US4
Amd o s 1) o claudss 55,0 g ol il (o)l dme yoboas
ol bl el al3dl bnjless (3 )3 STygs i )51 ke
I8 Lo penss Mg g Jparme lds CodS o)l b ot
Wl plie mlio g BauS By ine A sy 3)50 45 V-5

Dy dnlgs pian o

E0pR5 0955 9 093 p s suaal gladail 8
Sob> sboy > s Ly ] ) oLl 1 ¥ oo
03)) 9 5> Py S Sl d LS )9y Blie gslaw
s g s jor s e (Lt |y S 058 slag pe 53 ErenSS
O 9y § prmadi D iyl (S oy 45 0> (U5 (5)Le]
5 <udly g3 pyw VLDL g sy pulis i clals yy pljdlen I3l
PS5 o) i Lol (IS (489, 203 ¥ 9 VD ol
) os3 pyme VLDL g sy lS 5 clale oDl Ly
OF9) 22 ¥ g VO gslaw (picren il (Lol ()l e y5boas
(P<el0) $ab g5 pyw JypndS clale Jials el (S
OLS €9y Loyd dw Bpuao &S b L LS e, Lol &l 3]
e 31 (Pe/+0) 9035 & pop5 035 Jg pialS” S sy
ofelS eel LS gy Mo Vg st Ly pgcd 05 iy

A (o0 S ()9S oliwd iy 3y Sdas g (Sofotg 5
S50 clagyo 5 (gow jl.(SChweitzer et al., 2015)
=55 A5 sl 009 )3 0394 o 3 (998 sl (22 Sy e
by sl 908 sse dge Sl (o plgis s sy, )15 E e
el )3 (et A popS 035 (ol ljal 5l (o g Ulge
Ol )l Epae 5 (g 9 US55 slag e Mg 5)Sles
L Cl (S IS 055 (slo o 13 EponS (g 9 M5 2, Shes
Mg 0y93 Job ) hb dgue e slaeg) b oy (sl JeSta
932k ORlBl o ) ded jlogldgw ©Ad LS5 Slag e
Loae5 3)ly g laess sk 1 it Sligs )3 35290 slasés,
= (BUS sy ohgh «Shs ) ey, Wgd e
s A &89 Wgn cpai> b glidlue Gy slanwl
M35 Slag e g5 2os b (sote datly i ol
oA Sllgdal g Slgidaul (ol jsboas dims o (L
Sakai et al., ) a5l )i w0 slag e Jroadgi jd (slodissS” s
b Eren5 i «Sllgidiral ol (21 (o JoSe (2017
aS oK o pl pegMe (Vlaicu et al., 2021) xas o yiul3dl
S e 0390 |y Slgidasl 4 jLs 3055 oo oy
soodn ) Erew S (jg (kg S8 sgbar gy JeSe (3938
g0y lwgidgw BB (555l p 4l o amd e (Il St
(Aguillon-Paez et al., 2020) 3,li%, ;5L Sllgidapul s
9y o ¥ g VD zola w3l edlil ol islejl y3 ol plo
035 alyd dsas Vel oy jho g b dugli 5 S
ol yo 4 ool Silgid-l o1 sty 5 (5551 31 (s pogllan s
Al Bk ) (s3%e dlge Qo g a5 03g) (bl dee
SLag e 3y Slas d9ur czrge (Sl 039) )3 330 e Co yuo
b IS 455
Jd G Ly o] JoSo o2y o ) &S 5k lon
ol g sl oS e b alitled @l ¢ laws] 1l coles
Sl gl b 38lge LD EraeST 0395 5 ()jg WMy Lop> il
P Eren3S 35 9 (g «Shss b cupd dgme (e
i M ey el 3o )> 93 (g9l 0y b oddaydss slag ye
Ldy pwwl Cio 31 oyl (Panaite et al., 2023) x5S 5,158
el gl g (YU e 392 4 e |y D
S92 e § ol )3 9250 Sdme dlgo g oyelig «6y9 05
5 Sl Sllgd =y 5 )l P il g Jlb LS 5 S
Anvar & NOWrUZi, ) s> cauws Sids oy ol 5 laylans 51
slag o (Salahuddin et al., 2024) a,lie g} ) (2021
PP p i Lyl 50 5 YO b 01b0, 35 S 055
Ol iy ol S gy Epen5S Mg g 0y <S>
Lo pusol Sila 32y 33 35290 (o Dlgo 45 0535 5135



YOO . sbo e &y Dl Loy prs] Sl 33 5 (559381 O 31 o510 9,15 L (Sgil8

Sepehret ) 4, Sen g oo .(Kristensen et al., 2013) 4 a>
i S i L &S B, 0 S Loy S wil s (al., 2021
aay JoB QLB aS 0g 1S a2y BB sk K39 005
oy olyan 1S )3 (gl 032940) Y- Kl Gy (slotpus
9 o5 (lyome S 035 48l Jlgs Gl 3 gy e
B lasd ls il g ok b Cov oS dbpre (1 L
(Zitaetal., 2022) 5,.5 .~
by pe p 5548 33 )5 oy 1 odlail gladlas 5>
golaw pialS el IS 29y (g b b sloop 53 D
Uy yol (oodg sl g 151 iz b VLDL g 2y pulS 5
El-) alitlejl slagige o (8 olalllas )5 ™y
Ol beS slbdze> p b ysbay 4 (Moataaz et al., 2019
Deng & ) > 5 S (Mirzaie et al., 2017) cowl oais ool
gl 59 iV Lyl 45 3l 3,135 (Chow, 2010
s3bgn o Ly 3 Jp dS Sln gl o 4 Caul Sl
S W08 ol oo Cien S (0 £S5l o e 1
bl 215355 31 Ly el 5 Som g ndlS s 2lS
o250 S 48 5LiS 93, HMG-COA 35l cdled s pumaantid
3l Lagye el 155 Jg S s (sl 55 3,90 S g
w2351 5lae 45 055k opl p oiixe (Mousavi et al., 2017)
Sl 45 i Ly o] g A @ 3leS” Jotsl 018 5

o dpelS e Gl el Cunl (908 ©pp Sbadpl g
(Jing et al., 2017) >4

sl 5T cunid g
Tl S9b> broya ) LM Lyl 5 o3l )
033 oy 5 35 ST Bl slaaminl B GBS o8y, il
Jlie phccwlons B)ESF Joio )3 15055 slagye
slooy a5l (Lis (LS 8 o g s Ly ]
STl byl ialS el IS g, 200 ¥ 5 VD (59l
P S5 M1l b s 5 1S Sgannd duS 0 o JS
i Loyl £ 5518 )3 p)5 iy il odlil § 5l (5
oo (P<a/40) oy i)l o s ol (0 1) 55 R0 (sl sl
ooy b odbay i oo > ss ppw 283l e30gle e
OBl st Ly ] 900 JUST GE9) 203 ¥ 9 VO (55>
86 Gal3 8l Conslys iDLy sl (13938] oS 8Ly
1ol 5l a8 > silleapglle liee 9 88 o 1) GBS o)
L as S8y S s asill eopglle jlade iolssl (P<-/-0) i
a0l Jlanl s s 435 LS 24, Moyd dw (59l 0>
oS il ooy ol gl o el SYL il 3g2g

P20)5 LS ) Cod E oS 035 S 65 (e
04 bdg ST LS &ild calisee Zolaw adsd )0 lie jobay
S yeelS 655 g JolS Ra L (kg JB by 203 WY b
—09Me (Gheorghe et al., 2020) 1oy bad o (53 (slowdly
uo)l35 (Batkowska et al., 2021) )LSen 5 KudgSSL ¢y
Oy L dulie ) dald oy b )15 055 (lagye 41435 &8 4035
J=B ysban [, VDL 5 S JgpndS e julS 6 55 o (1S
Gaoetal., ) o,lSen 5 5L5 (sl juogdle by il 8l pag8
JoyiwdS o oy IS rdaw guydiay dian V) Caedy IS w50 o
Iy 08> Sloawdls gan) cdale ials oy (ials 1y e (lowdl

5 pold Cobl o LS b aie Sl sas Wiy e a8 (2025
Ay W3S ()1 oulliee 45 g ygbay Wil A jlogcgu
s wl YU C.\a.m <l zle L§91> oo us oS U.M.); s
LDL g by ualS 635 ¢ JgpidS can,S cdl o 1) Y=Ll iy
oS &S (Long et al., 2020) woly oLis ed pyw 3 1y (%S
9 d el 655 098y Byl 1y o nand 9 oS s 5
){05)49 .(At“a et al., 2022) ..\SL;O m.\a.ﬁ B wf)afgu.laj o
(oied (LONg et al., 2018) 4 S ¢85 sty JopwalS s,
S 4 aS V=0 0 Ol Wl o0 T-IRel 2 sl
O g9y mbaS sl DNA 4 Jate (sugig) slaygs
s Iy X el (6 )T o Og.l).ngg RV C IR WPV S SoS
.(Schweitzer et al., 2015) .S’ »

48 3 G E e 03)) o (5Kl 4 bgyje b
g oy, wdS oy cbble ialS el S ey, calis golaw
9 VLSl yiol58l asm asaly L gols ol s JS Jgpds
@l oy GLS gy Spae b &S gt o sl
5 09 Sl sued 6581 2 (ol Sl idg: Las o by
38 edy; laa) bl i A6l u’w’ 03y (2> ‘_;9§J|
e 03)5 S8l (gl (oSt Gl g b g 0 i
g oy, S oy cbale ualS (Attia et al., 2016) wg o
P dpealSsy clale ol 5l (U Slgs e 03)5 53 JS Jgpids
Sl oy O V-Kal Gpan Liulidl Ldoay By o5 53,5
bt (o bl (93,5 29000 0l yobody § (S (489,
el wlie i)l a8 canl o o3l lis Bl 035 Sl (gl
S e 8L g3 9,5 0 Jgaliel o 2l 0 ¥
-0 ol ) o gyl pan ol 4 (Fabro et al., 2021)



VPef bl B oyloss Y sl oyl 0l0 pale slindgly 4 pis YOF

Gl g o ity gmolienSTyy dstiane Cdday

NS035 slag e 1 Eron38 035 5 5 p oy Sl slaaminld IS (B9 ilisio golaws (g5l slo e 3 st L]l o3l 1Y Jgar
Table 3- Effect of using spirulina platensis in diets containing different levels of flaxseed oil on blood serum and egg yolk lipid

parameters in laying hens

0P &S 03]
Jls Blood Egg yolk
Factor J‘)““‘Kd)’ J?)‘““K VLDL! A’)‘““Kcﬁ)‘ LJ5)““JS
Triglyceride Cholesterol (mg/dI) Triglyceride Cholesterol

(mg/dl) (mg/dl) (mg/dl) (mg/dl)
(%) S o2 9)
Flaxseed oil (%)
0 3043.232 214.612 602.822 170.982 19.292
15 2842.57° 210.53P 564.46° 165.50° 18.76°
3 2637.54¢ 201.54¢ 516.78¢ 163.90° 18.16°¢
Skl (sllas 51.22 7.26 13.16 1.08 0.15
SEM
S bie Jloia] o 0.01 0.02 0.01 0.01 0.01
P-value
(PSS )2 p)5) puasiiMy Ly !
Spirulina platensis (g9/kg)
0 2929.342 208.5 583.75? 169.232 18.77
5 2752.61° 209.3 538.82° 164.41° 18.71
Skl sllas 47.77 8.03 12.77 0.88 0.12
SEM
P Jlool o 0.01 0.60 0.03 0.03 0.68
P-value
iy Lyl (S e,
Flaxseed oil x Spirulina platensis
0x0 3120.192 215.61 624.132 172.472 19.34
0x5 2966.422 214.23 581.67° 169.532 19.24
1.5x0 2921.75% 209.17 576.65° 167.49% 18.79
1.5x5 2764.28° 212.05 552.22b 163.62% 18.74
3x0 2747.06° 201.64 550.61° 167.86% 18.20
3x5 2528.92¢ 201.52 482.76° 160.14° 18.12
Sl (sl 4132 11.79 13.06 2.52 0.94
SEM
P Jlool o 0.002 0.55 0.006 0.24 0.21
P-value
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o5 ks JBo L e’
&¢Means within each column of each section with different superscripts are significantly different (P < 0.05).
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Table 4- Effects of using spirulina platensis in diets containing different levels of flaxseed oil on antioxidant parameters of liver and
blood serum of laying hens

o A8
Blood Liver
S| i ol S| i gl e
. . T Pl el o
Jo 5 sgall 5 sl Py Fgoms>
Factor TAC MDA TAC MDA (mmolidi) SoD
(mmol/ml) (mmol/1) (mmol/ml) (mmol/l) (ug/ml)
(%) oS o5
Flaxseed oil (%)
0 1.39 2.22 1.30 0.310 4.95 15.61
15 1.30 2.37 1.06 0.35% 5.18 16.01
3 1.29 2.50 1.17 0.38 5.17 15.12
it gl 0.04 0.10 0.07 0.02 0.17 0.40
SEM
5 ine Jloio] gl 0.62 0.52 0.11 0.03 0.30 0.27
P-value
2 £ ) i Ly ]
(P oks
Spirulina platensis (g/kg)
0 1.18 2.78 1.01° 0.37 4770 14.42
5 1.312 1.89 1.310 0.33 5.46° 17.32
>hiled sllat 0.01 0.04 0.03 0.01 0.13 0.21
SEM
S Pusine Jloo] gl 0.01 0.02 0.01 0.07 0.02 0.01
P-value
el Ly ol (S (584,
Flaxseed oil x Spirulina
platensis
0%0 1.33% 2.36% 1.18% 0.33 450 14.29
0x5 1.472 1.94 1.412 0.29 5.30 17.98°
1.5x0 1.21° 2.722 0.96° 0.34 4.87 13.02
1.5%5 1.36° 1.97° 1172 0.35 5.48 14.77
3%0 1.16° 3.247 0.98° 0.41 4.95 13.72
3x5 1.38° 1.77° 1.37° 0.36 5.58 16.712
st bt 0.06 0.09 0.05 0.02 0.24 0.33
SEM
$Pine Jloiol gl 0.03 0.03 0.01 0.16 0.20 0.04
P-value
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<Ugeud ST g :SOD ¢ lanslyy 50566l :GPx ol e3:gle MDA ¢ IS JlanS| il eud s :TAC
&b Means within each column of each section with different superscripts are significantly different (P < 0.05).
ITAC: total antioxidant capacity; MDA: malondialdehyde; GPX: glutathione peroxidase; SOD: superoxide dismutase.
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Introduction: Garlic (Allium sativum) is a well-known aromatic herb that has been used for centuries for its
therapeutic properties, largely attributed to its bioactive compounds such as allicin. These compounds have been
shown to support immune function, mitigate oxidative stress, and improve overall health status in poultry. Similarly,
fennel (Foeniculum vulgare), an aromatic perennial herb from the Apiaceae family, is valued for its seeds containing
antioxidants and phytoestrogens that may positively influence ovarian morphology and reproductive efficiency. The
poultry industry is increasingly turning to medicinal plants as natural alternatives to synthetic additives, aiming to
boost productivity and promote bird health. Previous studies have demonstrated that supplementation with garlic
and fennel extracts can significantly improve productive parameters, including egg production and reproductive
performance. However, the specific mechanisms and effects on ovarian histomorphology require more study. The
main aim of this study is to evaluate the effects of garlic and fennel extracts administered separately on the
performance traits and ovarian morphology of layer breeder hens, with the goal of understanding how these natural
supplements can enhance reproductive health and egg production. The findings of this research may support the use
of medicinal plants as natural alternatives for improving reproductive functions and productivity in poultry,
contributing to more sustainable and welfare-oriented poultry production systems.

Materials and Methods: In this study, sixty-layer breeders of the Hy-Line W80 strain in Sixty-five weeks of
age were allocated into three groups, with five replicates and four hens per replicate. The dietary treatments were as
follows: (1) control diet based on corn and soybean meals; (2) control diet supplemented with 400 mg/kg of dried
fennel extract; and (3) control diet supplemented with 400 mg/kg of dried garlic extract. The experimental groups

were managed for 10 weeks, and performance traits such as feed intake, egg mass, feed conversion ratio, egg weight

were evaluated weekly. The experimental diets were formulated using UFFDA software. At the end of the
experimental period at 75 weeks of age, one hen per replicate, totaling five hens per group were euthanized and the
ovarian and magnum tissues were fixed in formalin for histological examination. In this study, large ovarian follicles
defined as those with a diameter exceeding 10 mm were counted, the weight and diameter of each follicle were
measured individually. The performance data and follicle characteristics were analyzed by SAS software version 8.9

Authors retain the copyright. This is an open access article distributed under Creative Commons
EY Attribution 4.0 International License (CC BY 4.0)

4 https://doi.org/10.22067/ijasr.2025.93284.1246



https://ijasr.um.ac.ir/journal/about?lang=en
https://orcid.org/0000-0003-4327-4450
https://orcid.org/0000-0002-6789-1288
https://orcid.org/0000-0001-6590-0753
https://orcid.org/0000-0001-7654-8943
mailto:asaki@basu.ac.ir
https://doi.org/10.22067/ijasr.2025.93284.1246
https://doi.org/10.22067/ijasr.2025.93284.1246
https://doi.org/10.22067/ijasr.2025.93284.1246
https://ijasr.um.ac.ir/

VPef bl B oyloss Y sl oyl 0l0 pale slinngly 4 pis  ¥FY

using the GLM procedure and microscopic data were analyzed by GraphPad Prism software.

Results and Discussion: The results indicated that dietary supplementation with garlic and fennel extracts had
no significant effect on the performance of layer breeder hens (P> 0.05). These findings are not consistent with
multiple prior studies, which have reported positive impacts of these phytogenic additives on poultry performance.
This discrepancy may stem from differences in experimental design, supplementation levels, or the specific strains
of poultry used in different studies, highlighting the complexity of integrating herbal supplements into poultry
nutrition programs. Despite the lack of significant effect on overall performance, noteworthy observations were
made regarding the reproductive parameters of the hens. The number of growing ovarian follicles in the fennel
group increased compared to the control (P<0.05). This increase in follicular development may be attributed to the
bioactive compounds present in fennel, which are known to modulate hormonal activities and ovarian function in
poultry. Enhanced follicular growth is crucial for improving egg production potential, suggesting that fennel may
play a beneficial role in reproductive health. Additionally, the thickness of the granulosa layer in the ovaries of hens
that received garlic and fennel groups was significantly higher compared to the control group (P<0.05), indicating
potential enhancements in reproductive health status. The granulosa cell layer is vital for the proper development
and maturation of oocytes, as it provides necessary support and nutrients. An increase in granulosa layer thickness
may contribute to better egg quality parameters.

Conclusion: The overall findings of the present study suggest for slowing down the process of reducing
antioxidant capacity and consequently reducing fertility by using fennel and garlic extracts in the diet of laying hens.
Further studies are required to clarify the effects of these extracts on laying hens. Also, a more detailed study of the
molecular mechanisms and evaluation of the effects of these compounds on other fertility indicators can provide
new insights for increasing reproductive performance in laying hens.

Keywords: Egg production, Fennel, Garlic, Layer hen, Ovary
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Figure 1- Histologlcal anaIyS|s of ovarian tissue from the control group and treatments with fennel and garlic extracts, observed at
magnifications of 4x (A), 10x (B) and 40x (C)
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Table 1- The effect of fennel and garlic extracts in the diet on the performance of layer breeders

Variable
oSke 7 Slilas Shgs aje m
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Experimental ras =o2 e o2 e (2o) (%) &5 (o) B 35
treatments (b"\")i/).”/(’)s) (55)/°‘\‘)i/(’)5) FeEd_ E Egg Feed t K Egg
Feed intake Egg mass conversion o dL?Cgti on weight ee C]?S PErXg  production
(g/day/hen)  (g/day’hen) ratio proct average of egg efficiency
(%) production -
(9) index
(Toman)
sl 110.40 43.05 2.69 75.83 58.47 31848 164.14
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abjly ojlas
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Fennel extract
L) b).L” 110.18 41.49 2.74 71.35 59.58 31656 161.68
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3l sllas
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SEM?
Sl e
value-P
s 0.3242 0.8385 0.7732 0.6373 0.6056 0.9385 0.8517
Treatment
;\:ek <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
ain X o
Treatment 0.9875 0.6197 0.4237 0.4822 0.6916 0.2891 0.6417
xweek

o 3Silo 3,5kl cllas SEM?

1SEM: standard error of means
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Table 2- The effect of fennel and garlic extracts in the diet on large yellow follicles in layer breeders

Variable
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treatments Number of large . Average weight of Average diameter of Weight of the Diameter of the
arg large yellow follicles large yellow follicles largest follicle largest follicle
yellow follicles
(©) (mm) (¥) (mm)
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o
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Figure 2- The effect of garlic and fennel extracts on the number of growing ovarian follicles
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Figure 3- The effect of garlic and fennel extracts on the number of atrophied ovarian follicles
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Figure 4- The effect of garlic and fennel extracts on the diameter of the ovarian granulosa
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Introduction: In recent years, the emphasis on improving growth traits and increasing body weight in broiler
lines has led to a significant decline in reproductive performance in broiler breeder flocks (Blesbas et al., 2004).
Reduced fertility has become a major challenge in broiler breeder management. Although roosters account for only
10% of the flock population, their role in fertility is estimated to be as high as 50% (Cerolini et al., 2006; Akhlaghi
et al., 2014). Among the main factors contributing to declining fertility, age and nutrition are of particular
importance. Fertility reduction is often attributed to obesity, lower semen quality, decreased libido, and reduced
mating efficiency (Romero et al., 2008). Peak reproductive performance in male chickens and turkeys is observed
between 30 and 40 weeks of age and gradually declines, nearly ceasing by 75 weeks (Noiraud & Brillard, 1999).
Sperm count and fertilizing capacity increase from 24 weeks to a peak at 39 weeks, then decline by 72 weeks of age
(Kelso et al., 1997). Enhancing the reproductive potential of aging broiler breeder males is therefore essential
(Fouad et al., 2020). Serine, a traditionally non-essential amino acid, plays critical roles in protein synthesis and
cellular signaling (Metcalf et al., 2008; Hunter, 2012). Choline is an essential nutrient with key metabolic functions,
including as a membrane phospholipid component, in hepatic lipid metabolism, and as a precursor of acetylcholine
(Dudley, 1929). Choline is a methyl donor involved in methionine synthesis and indirectly functions in protein
synthesis. In addition, it constitutes about 39% of the phospholipids in the plasma membrane and plays a role in cell
maintenance and repair by synthesizing very low-density lipoproteins and providing phosphatidylcholine (Del

Vesco et al, 2013). Despite numerous studies on the effects of unsaturated fatty acids, antioxidants, and some amino

acids on sperm quality, no comprehensive study has been conducted on the interaction effects of the amino acid L-
serine and choline supplementation in the nutrition of older broiler breeder roosters. This study investigated the
effects of the amino acid serine and choline supplementation on sperm quality of older broiler roosters.

Materials and Methods: This experiment was conducted using 36 Ross 308 broiler breeder roosters at
45 weeks of age. Birds were randomly assigned to six groups of six individuals each and housed under controlled
environmental conditions in a standard poultry house. The study was designed as a factorial arrangement in a
completely randomized design with three levels of L-serine and two levels of choline. Birds were adapted to semen
collection through abdominal massage for two weeks before the experiment. Semen volume was measured using a
graduated collection tube (Zamiri et al., 2010). Sperm concentration was determined using modified Blaise-Tweel
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extender with a pH of 7.4 and osmolality of 310 mOsm/kg (Amini et al., 2015). Forward progressive motility was
assessed by diluting semen samples in NaCl (1:20), placing a drop on a slide, covering it with a coverslip, and
examining under a light microscope at 400x magnification (Akhlaghi et al., 2014). Plasma membrane functionality
and integrity were assessed using the hypo-osmotic swelling test, while sperm viability and morphological
abnormalities were determined by eosin-nigrosine staining (Tapeh et al., 2017).

Results and Discussion: Results showed that sperm concentration was significantly affected by different levels
of serine and choline (P < 0.05). In the interaction of experimental groups, the highest sperm concentration was
observed in the group receiving 0.3% serine and 470 mg choline, indicating a positive effect of these compounds on
spermatogenesis and increased sperm production. The highest sperm concentration (4.08) occurred in the group
containing 0.3% serine, while the control group had the lowest concentration (3.46). Consistent with this finding,
Ansari et al. (2016) reported that oral supplementation of the non-essential amino acid aspartate in the diets of aging
broiler breeder roosters significantly increased sperm concentration with rising intake levels. The combined effect of
L-serine and choline supplementation also increased the percentage of progressive sperm motility during the trial
weeks; this synergistic effect was significant in weeks 4, 5, 8, and 9 (P < 0.05). The highest progressive motility
(50.75%) was recorded in week 8, whereas the lowest value (35.00%) was observed in the control group. In
agreement with these results, adding serine to rooster semen as a diluent has been shown to improve sperm quality
and fertility (Chankitisakul et al., 2022). The interaction of serine and choline significantly enhanced total sperm
motility from week 5 to week 9. The highest total motility (88.75%) was obtained in the group with 0.15% serine
and 470 mg kg™' choline in weeks 8 and 9, whereas the control diet yielded the lowest motility (70.00%), showing a
significant difference from the combined group (P < 0.05). Analysis of sperm viability indicated that diets
containing L-serine and choline had a significant effect on this trait (P < 0.05). The best viability was observed in
the group receiving 0.3% serine with 470 mg kg™ choline, reaching 88.75% in weeks 8 and 9, which was
significantly higher than the group lacking serine and choline (P < 0.05). The lowest sperm viability (68.25%)
occurred in the control group. L-serine, through its antioxidant properties and the regulation of genes involved in
glutathione synthesis, increases glutathione concentration and reduces oxidative reactions (Zhou et al., 2018; Sim et
al., 2015).The combined use of serine and choline significantly improved sperm membrane integrity and health
compared with the control, with this increase becoming significant from week 6 to week 9 (P < 0.05). The highest
membrane integrity (88.00%) was observed in week 9 with 0.3% serine, while the lowest value (68.75%) belonged
to the group without serine and choline. Evaluation of sperm abnormalities revealed that dietary supplementation
with serine significantly affected this parameter (P <0.05). Supplementation with L-serine at 0.15% and 0.3%
reduced abnormal sperm percentages, with significant decreases observed in weeks 5 and 7. The lowest percentage
of abnormal sperm (13.62%) occurred in the 0.3% serine group, which differed significantly from the diet lacking
serine (P < 0.05). The effect of choline supplementation and the combined effect of serine and choline on abnormal
sperm percentage were not significant (P > 0.05). These results agree with the findings of Long and Conn (2012),
who reported that adding choline phosphate to duck semen extenders reduced acrosome head abnormalities.

Conclusion: The results of this study demonstrated that dietary supplementation with L-serine and choline

significantly increased sperm concentration, sperm membrane integrity, total sperm motility, sperm viability, and
progressive sperm motility, while reducing the percentage of sperm abnormalities during most weeks of the
experimental period, indicating a synergistic effect of these two compounds on sperm quality in older broiler
breeder roosters. Consequently, the combined supplementation of L-serine and choline may contribute to improved
fertility potential and reproductive efficiency of older broiler breeder roosters under commercial poultry production
conditions.

Keywords: Broiler breeder roosters, Choline, Fertility, L-serine, Membrane integrity, Sperm quality
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455'][))') “‘\)9“"(_5"’ )A)B 9 Db; u» I) &) slas Jel uam J.«J.)A)
. (Andraszek et al., 15,5 o 395 4 1) S5 w0 slap
2018)
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Table 2- The effect of L-serine amino acid and choline supplementation on sperm concentration (billion per milliliter) of aged broiler

roosters
R

Lo week
Treatments o o)l ey PO olin JERS ot

Third Fourth Five Six Seventh Eight Nine
s
0 3,50 3.67° 3.65 3.69° 3.66° 3.64° 3.625
0.15 3.69° 3.78 3.78 3792 3.78 3.90° 3.972
0.3 3.64% 377 3.822 381 3.822 4012 4.042
oSbe bl Sl o) 0.019 0.017 0.022 0.012 0.026 0.045
SEM
**C
0 3.61° 3.74 3.71° 3.75 3,720 3.795 3.825
470 3.67° 3.74 3.80° 3.78 3.80° 3918 3.942
;’*;’ML*‘ bl Sl 019 0.015 0.014 0.018 0.015 0.022 0.037
C x S
0 x 0 3.55 3.62° 3.56° 3.61° 3.59 3.47° 3.46°
470 x 0 3.62 3722 3.75 3.76° 3.74 3.80° 3.78b
0 x 015 3.67 3.80° 3.76 3.81 3.76 3.89° 3.92%
470 x 015 3.70 3.75° 3.79% 377 3.80 3.91% 4.03
0 x 03 3.60 3.79° 3.79% 3.842 3.80 4012 4.08°
470 x 03 3.68 3.75° 3.85° 3.822 3.85 4.022 4.00°
;"‘"E"M‘*‘ bl Sl 39 0.026 0.025 0.031 0.026 0.037 0.064
S ine Jlois] maw
P-value
s 0.0192 0.0019 <0.0001 0.0006 <0.0001 <0.0001 <0.0001
c 0.0371 0.8791 0.0002 0.2289 0.0016 0.0011 0.0345
SxC 0.6673 0.0185 0.0111 0.0134 0.1062 0.0005 0.0206

PSS 53 28 e 0 4 015039381 3eS 1CT oy 4 0AB03938] o yw Lo yd $SF
(P<0.05) a3l (gl gme AMA] (ghyls glisio By > b sl 1Sl (g 2y
myg in kg of choline added to the diet.:Percentage of serine added to the diet C*
.In each columns mean with different letters are significantly different (P<0.05)

A5 g 0 s p el <S> L(Chankitisakul et al., 2022)
oLy Slind (6,5 il Mg 4 Sl S pou bis (gl g ol
Ol (2! eyl (Sloo aabad 13 39290 (6)AiS 5o S j olusi )l
ol b ol ply (Guthrie et al., 2008) 3,5l o w2l,8 1, (555!
b g 33,5 oo @ald oyl &8> Caz p3Y (G55l NS g Slas
(S e o Jolow Lt JLale )3 (dsS 5 (pyw 929 4 a2
9 Ot (P98 doms )3 p iyl S 25 g 0digy e (2l () VL

o sl 4 (e pole Jb ddlllae )3 0y 4 (S

dL&bo)_z? 4 S ol o L)J‘ o‘; Y J?’\? 5 oxbdl)| e‘.u

wlhis o blad a1y ()b bxe ciglds (oS 5 (g9
Joab L La JoSo ol 18 05,5 dy Cond oyl 059, 4
(9S JoSo g oyl (sinlojl o3lo g5 Jilize el I .(P<+/+0)
5 e g oo 5 oo sbain )3 sl 53 alidlen (ol 4 ol
aan ) (04/V0) olin 3oy p YL (P</40) 29y 4 Gizo wo0
10l 4 by ye gy sing (liz Lo (oS el Cusd 4 plia
il G 0 4 S oS 5 e (3938 g2 (YO - )
u—" L Q..Blya Ay ulf.b); P)M»] i (ho ) VD Do
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Table 3- The effect of L-Serine amino acid and choline supplementation on forward motility sperm (percentage) of old broiler

roosters

loloss Week
Treatments pow ok e o peet NS NS

Third Fourth Five Six Seventh Eight Nine
5
0 42.87 39.50 40.25b 40.87 39.62 38.75 39.37>
0.15 41.12 40.25 42.12% 42.12b 45508 48.25 48.75
03 41.25 41.75 44 507 45,622 46.25% 49122 4987
05be 3 ikl Sl ol 0.754 0.709 0.888 1.109 1.258 0.823 0.959
SEM
o
0 42.33 39.75 42.33 42.25 42.41 44,25 45.00
470 41.17 41.25 42.25 43.50 4517 46.50° 47.00
0k 3 ] Sl 0.616 0.579 0.725 0.905 1.027 0.672 0.783
SEM
C x S
0 x 0 4450 37.00° 37.50° 40.00 36.25 35.00¢ 35.00¢
470 x 0 41.25 42.00? 43.00% 41.75 43.00 42.50° 43,75
0 x 015 41.25 4050 43.00% 41.75 44.75 47.000 50.00°
470 x 015 41.00 40.00? 41.25b 42.50 46.25 49.50% 47.50%
0 x 03 41.25 4175 4650 45.00 46.25 50.752 50.00°
470 x 03 41.25 41,75 42.50% 46.25 46.25 47.50% 49,75
ke 3 ikl S ol 1.067 1.003 1.257 1.569 1.778 1.165 1.356
SEM
Posine Jlazs! g
P-value
S 0.2154 0.1013 0.0118 0.0197 0.0028 <0.0001 <0.0001
C 0.1973 0.0837 0.9362 0.3421 0.0744 0.0295 0.0877
SxC 0.2639 0.0245 0.0036 0.9506 0.1662 0.0009 0.0014

F)f}l‘f 5 F)fcfl“" ©p> & m.;‘sa.s”‘él U‘J9§ ou © > & b.,\J)b.\”'él g uoyd S*
(P<0.05) sl o gyl gme W3] (gl)ls Cglite gy b (sl Sileo (5w yo )
S™: Percentage of serine added to the diet, C**: mg in kg of choline added to the diet.
.In each columns mean with different letters are significantly different (P<0.05)

Pyl Sloods Ao yd 4 bayye slrodly Juoo a8 D Jgus jo
JeoSo g oy ) aiselial (ool clajloss a5 ol Lis el
Syl 5 (P<e/+0) a5)b jasls ol 1 (ool ne 15U osS
sbaylos 5 p iyl (loodss d9me o inlajl Lo 9> Jolite
= S e ¥V bolyen oy disoligl doyd + /Y sauSedl )
5155 slenssy s oVl g3 osalin (S JoSa o,
S 15 osnlite g 5 it 45in 53 (MIVO) oS 5 iy Wl
(P<eo0) cily e S g oy 4B 69,5 by (g)d pixe VS
oo 29 (FAIVO) sl &y bgypo 0155 (lap puasl o pd (43 0mly
b oyl (Sloodij (a0 VY (o) (ol o ()5S 9 (o
S0 J5e5) 5130 i ) ol e sl Y pane
Cely g Mt oo Jlou ol (gl 4 A3 0 S5 1) S
(Wishart, 1984) 8553 o p ! Slood 55 a0y ial s

JoSo g I ¥ Jgia 3 oyl JS S 25 oy bt

S35 ol sine Gl ) core S 0y 3 43), 54 (sS
PP /+0) asly GLis (g g cpw BB Jlod & S JS
b p el S5 53 6yl dne Gl Bl el oS g g ke
S 25 dod o 5YL g wid diin U poriy aiie 1 iol8l pl a8
FVe g ooy dopd N0 (ol Hlows & bgyye (M/VD) il IS
Ao (S g1 oS g i i D (oS p S oS e S e
AWM 4 S (Ve/ve) dgm dalids 0y d by yo pywl Syo0
Jlosi 93 Jlite g1 (P=+/-0) cudls jlas 9 blie S1L (g5 sine
0,90 Jobo A ] IS S50 10 o3 VA dgis iolj8l el
.(Durape, 2007) 1l g V0 Loty gy 1> 5jgile e
asin 93 )3 doxiwlp ol eilof] slales Jlaine U pae
Ao 355l el JolS 0095 S eSS pas Jdoar ptalesl
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9955 S8 el 2liS adidshud (18 o 5l S5l 4
a5 Sl 85 15 alicsyd sloililgind b ol iman
Jdos el U puoyi 1y (Joboo gilinns] 25 5 56 sadcal
Long & ) 393 e p iyl sltid cads ol 33l 5 poja ST 5000]
Kb oo o e 55 yols islesl ol 5 (Conn, 2012

Sabd Caols JIda el Sl T b b oS bl
“col plp 3 DS ) Sl 5 oyl slasd gl
O3S Jlub kiS5 3Ll (sla SIS0, 51 (6 gilinS s sl
o 9l ool Jds Y g pdpcanl ol g ol 5y
== Gl Pl ()bl Gl i ply 0 bewlS cladle
.(Surai et al., 2001) s.sL

oS Sl olpen (olid ladsind (S b and (gralinns]y

(Jones & Mann, il o Jlas a1y iyl 5,Sles 5 loods;
1976; Fujihara & Hawarth, 1978; Aitken, 1994; Kelso et
9 O,,ab’;)\ 9 Ww L;L‘bJafw 5l a8 sladlae o .al., 1996)

o3l sl Szl gy (o 0uiS 33 lgisr o ) Aol
RS el (o d (ppw (2958 & 3 At g 00
Pl Glooki g odig)piar (i «S 25 Gl g (geelinnS]y
o L aadlas o) slaassl a5 (Tananurak et al., 2020) .
slic & Jate (ladudotwd a5 Cuol o 00l lis )b cillas
ltalol bul s )3 (glonydd Job 5 (odsS Jadilinsd ofsgas
; Douard et Bleshois et al., 1999) uSg) ooy jl youbo pypul
oS ol S 55l oyl 43 5 dud selinnsTyy (al., 2000
Douard et al., ) 54 o0 p ol Sloods; LialS 5 o @ilo (55l
o ole 05,1855 1 eSS 2938l elelllas 3 (2005

g5 Lo e (sl g 3 p el (10,0) S S 28 2 S JaSio g e ) dislisl 3-8 Jg
Table 4- The effect of L-serine amino acid and choline supplementation on sperm total motility (percentage) of old broiler roosters

EWCT-

Loy los Week
Treatments o o)l ey e TS JERS %

Third Fourth Five Six Seventh Eight Nine
s
0 76.62 76.25 76.125 75375 73.75b 75.37b 77.00°
0.15 76.25 78.25 81.372 81.872 83.75% 86.12 88.372
0.3 76.37 78.25 81.88° 83.75% 85.00 88.122 88.00°
S°‘~ES‘ML~" 3sbil 31,23 1.035 0.970 0.958 0.988 1178 0.890 0.767
**C
0 75.25 76.75 78.67 79.17 78.33b 80.670 82.17°
470 7758 78.41 80.91 81.50 83.33 85,75 86.75°
gES‘Mk" 3sbil 31,23 0.845 0.792 0.782 0.806 0.962 0.727 0.626
C x S
0 x 0 75.00 75.00 71.25 71.25¢ 67.50° 68.25¢ 70.00°
470 x 0 78.25 7750 81.00% 79.500 80.00° 82.500 84.00°
0 x 015 75.00 77.75 82.25° 81.25% 83.75% 85.00% 88.00°
470 x 015 77.50 78.75 80.50° 82.50% 83.75% 87.25° 88.75°
0 x 03 75.75 7750 82.50° 85.00° 83.75% 88.75% 88.50°
470 x 03 77.00 79.00 81.25% 82.50% 86.25% 87.502 87.50°
gg’&*‘ 2 bl 31,23 1.464 1371 1.355 1.397 1677 1.260 1.084
Mize Jlois!| pdaw
P-value
s 0.9667 0.2682 0.0007 <0.0001 <0.0001 <0.0001 <0.0001
c 0.0668 0.1541 0.0570 0.0557 0.0017 0.0001 <0.0001
SxC 0.7907 0.8576 0.0006 0.0040 0.0035 <0.0001 <0.0001

PSS 53 28 e 0 p 4 0103938l (3JgS T o 4 013039 33] o duoy $SF
(P<0.05) sl oo yla ne MS) (gl)ls glite Bgyn b (sl Sileo (5w y2 )
S*: Percentage of serine added to the diet, C*": mg in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05)
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Table 5- The effect of L-Serine amino acid and choline supplementation on sperm viability (percentage) of old broiler roosters

i

Loy Loy Week

Treatments pow o)l pesy ol P PRI oY
Third Fourth Five Six Seventh Eight Nine

5

0 73.12 76.50 74.37° 75.25" 76.50° 74.75¢ 74.87°

0.15 74.62 76.62 80.37 81.50° 82.50° 83.37° 86.12

0.3 74.37 78.62 82.50° 82.50° 83.122 88.62 87.75¢

Ok 3 il 3> 1.201 0.901 0.937 0.740 0.902 0.799 0.853

SEM

o

0 72.75 76.41 78.92 77,670 79.17 80.58" 80.83

470 75.33 78.08 79.25 81.83 82.25¢ 83.92 85.002

. & ol ‘ - .‘

gg\;‘ Sl Sl 1.054 0.735 0.765 0.604 0.737 0.652 0.697

C X S

0 x 0 71.25 74.75 71.75¢ 70.50° 71.25 70.25¢ 68.25¢

470 x 0 75.00 78.25 77.00° 80.00° 81.75 79.25¢ 81.50°

0 x 015 73.25 76.25 82.50° 80.00° 82.50° 83.00° 85.50°

470 x 015 76.00 77.00 78.25% 83.00° 82,50 83.75b 86.75

0 x 03 73.75 78.25 82.50° 82.50° 83.75 88.50° 88.75

470 x 03 75.00 79.00 82.50 82,50 82.50 88.75¢ 86.75

gg\;‘ bl B> 1.827 1.274 1.325 1.047 1.276 1.130 1.208

)‘JU:J.A Jlexs] a.\aw

P-Value

S 0.6845 0.2021 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

C 0.1004 0.1267 0.7631 0.0001 0.0084 0.0020 0.0005

SxC 0.7912 0.4752 0.0077 0.0008 0.0004 0.0016 <0.0001

255LS 13 0,5 oo 0> 4 0ddodg 38l oS ICFF (o a4 003938l oy ysduo p> :SF
(P<0.05) sisb o o sme M3 (gl ciglite gy b (cla ke (ygiw yo
S*: Percentage of serine added to the diet, C™ ™ in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05).

5 S5 L g Mo (I3 S0l igbslS w3l a2y B
.(Wang et al., 2016) 595 0 (559, iul38l el ppal 5olos
Jaielal g b daSe (2938 & €85 ad (lgiee o
Sl e plo Sy og s o 4 SlST Bl Caols b o
B o 908 el 82 bl > il ul I oS sl
)R
by Gl £ Jgds 30 oyl slie Coodls ayp jl Juolbs s
5 S 2320 Ll g 5 oty Jlite 15
Cosldy inli8l gy dald 09)5 4 Comd 5 b el slie Cod
oo don U pulid dtam 1 p ol sl Coodaw duoyd yiul3dl opl &S
2 eyl sl CoMlw do)d (p YL (PSe/40) Wi o ime
O Fomb g wao 4idn )3 (M) cpps doyd Y (sl (slayles
Do (PAMYD) oS g oy A8l 05,5 &y bgsyo sliie Codls oy
p ool 2L oM (61moy> VY il s Jlos 93 (aliilon

Moo |y (a5l s (53" (sLadilfo 29008

b5 sy bl 5l (B cod gyo)l G (L plsiea
“ Bl lom il Gl g asdy 8 sl » Jke sl
e 0Bl Vel Gl (e 3 Sl (asUglS Slas]
o ola | oS 5l edlauwl oyl by ¢(Kelso et al., 1997) b
Loy o )3 (lenSly (osbols (y902 <32) poriho pais
5 oitli8l (o (Slowdly g op sl dmaiay )3 ) w3l (ol clleb
(Surai etal., sy jials |y s ooy & p ol Coulues

basye a1 Bl (slo Shy 4 429 b o]l JoSo 1998)
bsye lags olo S8 Gk ) gilanst sl 28y SRals' L
(Zhou et 548 o (yailigls clale (iulidl cely a5lislS i b
Jie LinlS s (30 iz al., 2018; Sim et al, 2015)
(Zhou et ;YU o= g jlamSTpow Lol 5 el o> oyolle
Ol predes oy ) el b ol G yime a5 )3 2945 o al., 2018)
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e 035,85 lgisds (g3 (o ol 4 gy (13938] &S
g sLié (So)lse p g 0ad deomio (o > DNA (So LS, b
e glle Jasls (ials (S ghe slid Jruilty cpgis ST
2 el CosiS lopaslid plod 4o )3 9 oyl &35 il
—aazie p el 2l QU 50 Cle 0 5 alatlesl bl
.(Santiago-Moreno et al., 2019) 35 $5-0 oud oliSe
Oil38l cuw Wlg5 o Sloods; g p oyl sl CooMo Moy i3l
U eSansl b o ppwl Sleods; Linlidl o ¢8> 10 Cue yu
oS obsljl (Cerolini et al., 2006) 34 oo 18 oo s o
Nsod oyl o didgtnd Sl (s ©jgody (o Jisiland
VY ol (2 Jodiland (ppioman 9 )0 (5)9,b cublB b (st
Iy el 4 a5 Wb e L 1) o sl £ 59 2oy
, -(Surai et al., 1998) cuwl ladougiund glyl ;55,3 ol ke
Sl sl )l 1o iyl sliie Coodlw o bze Lisl58l aseis
5 2 it aal 09,5 4y s (g8 JoSo g (s aipeliges
ey (0

S 3l Gl Y Jgao sl (slas,buial dio)d lie (g
15 sl ol o a8 e sl Lo
g 1O o 93 )3 Gyl 39581 45 (55l (P</-0)
2 phalS pl a8 0 lbupal slap yol doys ialS el do
SRl p iyl dooyd (3508 035 )l dne i g @ociy diin
Gglas 4 S ud sdmliiio (g doyd < /Y (ggls Jles 0 (VW/FY)
09 JoSo 31 L(P<e/+0) ol Ly 2818 0y by (61> sizo
el slop sl 20) 2 0dsS g (o dielil iz 1
ohbSer 5 SOV ()l55 L gl ol (P>+/+0) 395 )l dxa
5l aeliey e (g5lwo, s (gl &S (Long & Conn, 2012)
p59>S1 slais)brial o> (ialS g ooliti] Slind (JsS” JoSe
PR (o > )y cdillas wing: 03,8 (3135 1) oyl o
Pl (303D Cpr @aiS 38) Blsisdr (e J) ipelie
odlawl Celw VW Jobo p3 ol )8 5l x> pd gy (slod j3 g >
5 2l gie 3 Sles g (Slooksj 0lig) sy S0 Gl g A3
0 S 38, (gols (slwog,S o jloupol slap ! by ials
(Kheawkanha et al., s_i )55 aals 09,5 4 Caud oy
bl oo 3855 (pl @l b guen 45 2023)

L &S (Long & Conn, 2012) 45 g SV (gaios p> o0 Bl
L¥ J galigs oadopdd (o 3)Slas p (g JoSio Sl oaliu]
e st oo 5 pS ileo Y/0 51 odlissl as plool cslis YE
595 4y e | 00D oyl el oMo ciyalgS L Alins
s e @yl Gl ol ol b 4 s sy Sl
IS ppl st GgemslinnSly )5 Sloden 0 3 (udsS
Guthrie et al., ) 1ib o p ol s JialS 5 wae sl Jolse
L) E B s bl i p el Jsho Lié claand (2008
&i9,b6 Lol JYs 3l S (Masoudi et al., 2016) 15,05yl
»abun eldld rn gladul (YL gz daog s
Asl et ) 15 o o pmashionsSTy dntao |y o] 5" sl Loy
Bl ol @) el SheS|ml cd b p sl (al., 2018
Pyl 5l 38T Jlb sladisS oo b (o slowsdy (sl
Slgme b 8855, pyswl (Zhao et al., 2011) wis' o cladlre
bois (gl a8 ail oyomj gldlpd dix g ol (YL
P (S (ogmelipnS]y s A (65905 sl S 25
Conl (oo S Qgmlinslyy J1  odi)y 28Ty slaeisS
Jieilty g 0silisy sl L] S50 g el sl 5 Sl &,
51 L83 ccplplty aimy (LS s slogug S 3 1y 59k
Surai etal., ) 5, o mlo cuasS bas 5 S (s Sl
Goos Sl 43 Jalge s otes 1 oS elié oMo (2006
Soadlos g Sl Jsk S sy pppsl clid 15l
S Lagl oo & o G381 5 (555 (slaadgsile ol )
cL s ol )15 (00l peans Ltal33l o))y sl 4
g oMl g Cl it (A dngjgile il (ol
bié Ly (condiinme LS a5 ppsl Jobho S 25 5 (6 pdySlasi]
et g (o Gl (8 YU ) (e A )l Jobow
B Jsks oyl (Steele et al., 1994) 1y (¢y5,b slass]ys
st Slos Ly p3 5 (Sls asad g (g5 Jolis o pla worday
ol 5 lamodly HLié 45 lbidpi b A5l o lime
ol )5 wimy oo S ) p sl o dnb agis ST
it 48) Lalié glisal 115 4y by po cilie Seolipd
(3315 955 5 p sl G250l 9 099,51 S8y )3 (SlosisS s
9 ol O 45 Am3 00 (5, (A (s0959,ST (iSTg ) 18
5 bdlowe idy J9Slge lial 235 Jolbs pwlos Sess
sboossiyS Ly (colaisl joba (0B85 » osbing i 4Y)
e Br Jlal oyl oo (lowdly sliS )3 39290 0529 (g
Cmsj gy S oy oplplo {Ashizawa et al., 2006) sus
5l eadb jilidl s L (Slhes 53938l S5 asle 5 5Le
Sl J e B joban Slgie o lowdly (Slaus]
0l Laside . (Nemati et al., 2022)u_8 ¢ labloe by g >
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Table 6- The effect of L-serine amino acid and choline supplementation on sperm membrane health (percentage) of old broiler
breeder roosters

=
Lo week
Treatments pow el oy i in i "
Third Fourth Five Six Seventh Eight Nine
s
0 77.62 75.87b 75.00 75,625 76.88b 76.000 74,375
0.15 76.25 77.50% 81.372 82.122 83.13° 86.75% 86.25°
0.3 76.00 79.372 81.87% 82.75° 82,502 86.50° 87.758
05k 3 ikl S ol 0.929 0.951 0.892 0.848 0.945 0.722 0.974
SEM
**C
0 75.75 76.67 78.67 78.08" 79.33° 81.33° 80.58"
470 77.50 78.50 80.17 82.25° 82.33¢ 84.83¢ 85.00°
;’*;’ML*‘ S Sl 0.758 0.777 0.728 0.692 0.771 0.589 0.796
C x S
0 x 0 76.50 73.50 72,50 70.00° 71.75 71.00° 68.75°
470 x 0 78.75 78.25 77.50 81.25° 82.002 81.00° 80.00°
0 x 015 75.00 7750 81.00 81.75° 83.75% 86.75° 85.00°
470 x 015 77.50 7750 81.75 82.50° 82,502 86.75° 87.50°
0 x 03 75.75 79.00 82.50 82.50° 82,502 86.25% 88.00°
470 x 03 76.25 79.75 81.25 83.00° 82.50° 86.75° 87.50°
;"‘"EX’M"" bl Sl 1313 1.364 1.261 1.199 1.336 1.021 1.378
)bu:m Jles! hw
P-value
s 0.4290 0.0565 <0.0001 <0.0001 0.0003 <0.0001 <0.0001
c 0.1201 0.1127 0.1624 0.0005 0.0132 0.0005 0.0010
SxC 0.7134 0.1940 0.0646 0.0003 0.0007 0.0001 0.0013

PSS 33 2,5 e 0 p> 003938l (dgS LT w0y 4y 0iB039 38l 2y yd :SF
.(P<0.05) sl o o sme BMB] (gl glite g y> b (sla 1Sl gt 2 4
S*: Percentage of serine added to the diet, C** mg in kg of choline added to the diet.
.In each columns mean with different letters are significantly different (P<0.05)
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Table 7- The effect of L-Serine amino acid and choline supplementation on abnormal sperm (percentage) of old broiler roosters

bl win
Treatments Week
Py ol peSe s et ) R0

Third Fourth Five Six Seventh Eight Nine
S
0 14.75 14.62 14.622 14.25 14.372 14.37 14.12
0.15 14.50 14.50 14.25% 14.12 14.25% 13.75 13.87
0.3 14.50 14.37 13.75° 14.37 13.620 13.87 13.87
55ke 5lwkiwl sl 0.186 0.177 0.200 0.195 0.212 0.257 0.253
SEM
**C
. 14.50 14.58 14.42 14.25 14.08 14.00 14.17
470 14.67 14.42 14.00 14.25 14.08 14.00 13.75
RV <IIRR RV I oS 0.152 0.144 0.163 0.159 0.173 0.210 0.207
SEM
C x S
0 x 0 14.75 15.00 14.75 14.50 14.25 14.50 14.50
470 x 0 14.75 14.25 14.50 14.00 14.50 14.25 13.75
0 x 0.15 14.25 14.50 14.50 14.00 14.50 13.50 14.00
470 x 0.15 14.75 14.50 14.00 14.25 14.00 14.00 13.75
0 x 0.3 14.50 14.25 14.00 14.25 13.50 14.00 14.00
470 x 0.3 14.50 14.50 13.50 14.50 13.75 13.75 13.75
xSl 5ylusbl bl 0.263 0.250 0.282 0.276 0.300 0.363 0.358
SEM
ogize Jloxs! pdas
P-value
S 0.5594 0.6147 0.0210 0.6703 0.0492 0.2183 0.7272
C 0.4486 0.4249 0.0877 1.0000 1.0000 1.0000 0.1716
SxC 0.5594 0.1435 0.8885 0.3165 0.3743 0.5047 0.7272

F)f}l.f 5 F)fcfl“" ©p> & m.;‘sa.s”‘él U‘J9§ €™ o> & o.,\.f}o)a)'é‘ Oy Juo)d :S*
.(P<0.05) 2l oo I gime BB gl Cglate By b sl (1 Siho (gt 2 50
S*: Percentage of serine added to the diet C*™" mg in kg of choline added to the diet.
In each columns mean with different letters are significantly different (P<0.05).
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Introduction: Mineral supplements are an important component of the diet of laying hens to improve
biochemical processes, embryonic development, and bone structure (Leeson, 2005). Micronutrients are involved in
the structure of numerous proteins and hormones as intermediates in metabolism (Tom Dieck et al., 2003). In
current commercial practice, micronutrients are added to the diet in inorganic form at levels much higher than those
recommended by the National Research Council (NRC) (Leeson, 2005; Bao et al., 2007).Research shows that the
addition of micronutrients of organic origin increases the bioavailability of the elements and improves performance
due to their insoluble nature and organic complexation (Mézes et al., 2012). Consequently, formulating laying hen
diets with trace elements from organic sources due to their higher bioavailability is considered a strategy to reduce
the excretion of minerals in the animal’s feces. However, these sources are significantly more expensive, making
them difficult to access for general use and increasing the cost of the feed. Trace minerals in hydroxychloride form
possess several advantages resulting from their unique crystalline structure, such as increased stability and reduced
reactivity in feed formulations (Hawthorne & Sokolova, 2002).

Materials and Methods: This experiment was conducted with 240 laying hens of the Hy-Line strain (W-36)
from 40 to 50 weeks of age for 10 weeks in a completely randomized design with 8 groups in 5 replications and 6
birds per experimental unit. The experimental groups included: Group 1- negative control (without zinc
supplementation), groups 2, 3 and 4, respectively, included the negative control diet with 80, 120 and 160 mg/kg
zinc sulfate with a purity of 34%, and groups 5, 6 and 7, respectively, included the negative control diet with 50, 75
and 100 mg/kg zinc hydroxychloride with the chemical formula CI2.H20 (Zn5 (OH8) with a purity of 55%, and
group 8 included the negative control diet with 124 mg/kg zinc-methionine complex with a purity of 22%. The
chickens were allocated to 40 metal cages (6 birds per cage) in a completely random manner within the weight
range of 1590 + 25 g. The composition of the basal diet was adjusted based on the guidelines for the (W-36) strain
and the age of 40 to 50 weeks according to Table 1. The temperature range of the house was 24 + 2 °C and the
lighting schedule was set to 16 hours of light and 8 hours of darkness throughout the day according to the

recommendations of the breeding guideline. Throughout the experimental period, egg mass production, laying rate,
percentage of defective eggs, and survival rate were recorded and calculated for each replicate. Serum

concentrations of zinc, copper, and manganese were determined using an atomic absorption spectrophotometer
according to the method described by Dozier et al. (2003). To determine the bioavailability (retention) of zinc,
copper and manganese, one bird from each replicate was randomly selected and slaughtered at the end of the
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experiment. Tissue samples, including breast muscle, liver, and tibia, were collected for mineral analysis. The
results were analyzed in a completely randomized design. For this purpose, the GLM procedure of SAS software
version 9.4 (2015) was employed, and Duncan’s test at a significant level of 0.05 was used to compare the means.

Results and Discussion: The results presented in Table 2 indicate that zinc accumulation in the pectoral muscle
increased linearly with increasing dietary zinc supplementation levels. These changes were influenced by both the
bioavailability and the dietary levels of the zinc sources used. Similarly, the storage of zinc in the tibia is strongly
affected by the levels and type of its source. Therefore, the zinc storage index in the tibia is a better criterion for
measuring its bioavailability. An inverse relationship was observed between dietary zinc concentration and copper
accumulation in the pectoral muscle. Specifically, supplementation with 160 mg/kg zinc sulfate and 100 mg/kg zinc
hydroxychloride resulted in a significant reduction (P <0.05) in copper deposition in muscle tissue. The results of
this study agree with the findings that state the level of zinc in the pectoral and tibia muscles depends on the type of
source and its levels in the diet, so with increasing it in the diet, its storage in the tissue increases. This increase in
the organic form is due to the specific absorption mechanism of the element chelated with the organic peptide
(Afshar Bakeshlo et al., 2024; Hu et al., 2022). The results of Table 3 show that the survival rate in the flock was not
affected by the source and level of zinc in the diet (P> 0.05). Egg mass was not significantly affected by dietary
treatments (Table 3). However, a numerically lower laying rate was observed in the negative control group, which
may reflect a compensatory physiological response to zinc deficiency. Also, the increase in egg mass, due to the
biological limitations of the bird, is more affected by the amount of energy and protein in the diet than by the zinc
element. In confirmation of these findings, it has been reported that different sources and levels of zinc, copper and
manganese do not affect the production rate and egg weight in laying hens (Chen et al., 2022; Domel et al., 2024).

Conclusion: The use of mineral sources with higher bioavailability and longer tissue retention represents an
effective strategy for enhancing the nutritional quality of animal products. Increasing the amount of zinc with
conventional inorganic forms, such as zinc sulfate, can reduce copper absorption and lead to negative biological
consequences. On the other hand, the use of an organic source, despite retention, is associated with increased
production costs and difficulty in supply. Therefore, it is recommended to use a level of 75 mg/kg of zinc
hydroxychloride to improve the zinc storage index in eggs, while also enhancing the biological response of the hens.

Keywords: Hydroxychloride, Metabolism, Minerals, Poultry, Supplementation
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1 Vitamin supplement composition for each kilogram of ration includes 3,000,000 international units of vitamin A, 1,300,000 international units of
vitamin Ds, 750 international units of vitamin E, 980 mg of B,,, 5 mg of vitamin K, 2000 mg riboflavin, 3000 mg niacin, 4 g choline chloride, 250 mg
biotin, 3 mg thiamine, and 4 mg pyridoxine.
2 Mineral supplement composition for each kilogram of basic ration includes 75 mg of manganese, 75 mg of iron, 5 mg of copper, 0.76 mg of iodine,
and 0.1 mg of selenium.
Zinc supplement in different forms (organic and inorganic) was added to the diet of the control group in the amounts tested.

The net zinc levels in the diet were as follows: T1 (30 mg/kg diet), T2, T5, and T8 contained 57.2 mg/kg, T3 and T6 contained 70.8 mg/kg, and T4
and T7 contained 84.4 mg/kg.
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Table 2- The effect of different sources and levels of zinc on the quantitative performance of laying hens

P - anad
Variable
EropS 0395 S8 5 Core EponSS Sloss; 5
Vs (35, 1&5ele5) (2op) (222) (222)

1 Egg mass Laying rate Broken eggs Durabilit
Treatment (ghhenlday) Yo o) o)
T1 56.25 87.22° 1.56° 91
T2 55.17 91.232 0.84 94
T3 56.58 92.64° 0.79° 97
T4 56.48 90.50? 1.39° 94
T5 56.93 91.718 0.76° 97
T6 58.69 92.392 0572 94
T7 57.28 92.612 0.622 97
T8 56.87 91.742 0.65% 97
SEM 0.726 0.24 0.039 0.35
P-value 0.0576 0.0082 0.0357 0.7684

CEFaY 55 Dl « Slilgus p SRS 13 p 5 o V5 5 WY e+ ido sald opr Jold i ¥ oYY Jle (sg) JaSeo oign) (site ol —Y ol ailol (sla e’
23 sl igte =59y Sl )55k )3 )5 e WWF sl 0 Jol A Jlow 9 (59) 2l (S'gyden 2 )50k 3 p)S (e Vet 5 VO D0+ ke sl oy — Juld
(P>0.05) w5l (sl gine coglis S yuie gy b o uSilio g0

5:Ske 3kl gls SEM

1The experimental treatments included: T1- negative control (without zinc supplementation), treatments T2, T3 and T4, respectively, included
negative control diet + 80, 120 and 160 mg/kg zinc sulfate, and treatments T5, T6 and T7, respectively, included negative control diet + 50, 75 and
100 mg/kg hydroxychloride, and T8, including negative control diet + 124 mg/kg zinc-methionine complex.

a,b,c: Within columns, mean values with common superscript (s) are not different (P>0.05).

Standard error of the mean (SEM).
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Figure 1 - Regression equation for defective and broken eggs
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Table 3- The effect of different sources and levels of zinc on the retention of zinc, copper, and manganese in laying hens

Variable
o (59> p)5 o) iz aliae (S 9kS ) 5 ko) 45 O e
Treatment Breast (mg/kg) _ Liver (mg/kg) _ Blood serum _
89 e Pl &9 e Pl &9 e e
Zn Cu Mn Zn Cu Mn Zn Cu Mn
T1 24.54¢ 1.992 0.11 49,68  6.54® 2.43 1.52¢  30.65 3.914
T2 2858 1.64%  0.08 57.47° 5.93® 211 1.95° 3248 4.084
T3 31.62%  1.42®  0.07 61.26°  4.61° 1.34 1.96° 3497 4.072
T4 30.59%  1.17b 0.06 55.11°  7.28® 3.02 1.90° 3818 5.117
T5 20.68% 1.85%  0.07 74.94%  8.26% 2.86 1.99 4046 4.125
T6 3423 173  0.09 69.37%  7.76% 267 2318 4273 4127
T7 35.85*  1.69%  0.10 76.182  9.272 3.35 2.34% 3928 4.128
T8 3394 1.82%  0.09 72542  8.842 3.66 224 3843 5.130
SEM 0.487 0.032  0.004 2.17 0.485 0.091 0058 0146 0.124
P-vaiue 0.03254 0.0057 0.0781 0.0029 0.0063 0.0712 0.0442 0.0914 0.999
Variable
(PSS 3 £33 k) 5 e (pS5LS 2 p5 ko) 035 (PS5 545 2905 (o) & o5 gy
Hlows Tibia (mg/kg) Yolk (mg/kg) Eggshell (mg/kg)
Treatment (s, o e $9) o FSe 9 o FSe
Zn Cu Mn Zn Cu Mn Zn Cu Mn
T1 125¢ 2.82% 491  2793°  3.46° 0.797 2.56 2.87 1.420
T2 136 2.61° 475 3153 3.01° 0.845 3.24 2.42 1.638
T3 150 2.54b¢ 413  30.00¢ 2.84% 0.784 3.03 2.53 1.334
T4 1630 2.39¢ 548  29.60° 2.57° 0.813 3.14 2.04 1.236
T5 186° 2.97% 573 30.73¢  3.25° 0.852 3.17 2.67 1.543
T6 2772 2.99% 6.92 4147  3.347 0.911 3.56 2.49 1.841
T7 2992 3.022 6.07 49.33*  3.42° 0.849 4.36 2.78 1.645
T8 2752 3.012 573  41.20> 3.172 0.833 3.28 2.36 1.746
SEM 3.52 0.142 0.093 0938 0.164 0.064 0.203 0.112 0.017
P-vaiue 0.001 0.0491 0.990 0.0001 0.0258 0.9612 0.9665 0.7512 0.8892

Y 58 D sles « Olilgw p,59lS )3 25 o V5 g \Ve Ae + it aald oy Jold cigar ¥ g ¥ ¥ o 59y oS gs) (ke dald =) ol inlej] (sla o
Omgste =59y ShiaS )5 9lS )5 25 Lo WWE + sald 0y Jold A Lo g (59, 221 uiSTgy0um p Sl 53 25 Lo Voo g VO e + e dald oy — Jold o

ol
(P>0.05) 5555 (5o ino 5l S i By s IneSilen (gt 52 53
uﬁi;lm .))L\.St.w‘ s SEM

The experimental treatments included: T1- negative control (without zinc supplementation), treatments T2, T3 and T4, respectively,

included negative control diet + 80, 120 and 160 mg/kg zinc sulfate, and treatments T5, T6 and T7, respectively, included negative

control diet + 50, 75 and 100 mg/kg hydroxychloride, and T8, including negative control diet + 124 mg/kg zinc-methionine complex.
a,b,c: Within columns, mean values with common superscript (s) are not different (P>0.05).

Standard error of the mean (SEM)
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The experimental treatments included: 1- negative control (without zinc supplementation), treatments 2, 3 and 4, respectively,

included negative control diet + 80, 120 and 160 mg/kg zinc sulfate, and treatments 5, 6 and 7, respectively, included negative
control diet + 50, 75 and 100 mg/kg hydroxychloride, and treatment 8, including negative control diet + 124 mg/kg zinc-methionine

complex.
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Figure 3 - Regression equation of zinc storage in eggs in the eighth week
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