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Introduction: Buffers are frequently incorporated into high-concentrate diets to mitigate ruminal acidity and stabilize
ruminal pH. Their inclusion can augment the acetate-to-propionate ratio and enhance fiber digestibility, thereby
promoting dry matter intake. In parallel, plant extracts, owing to their antimicrobial, antioxidant, and biologically active
properties, have emerged as promising feed additives. Among these, thyme (Thymus vulgaris L.) extract has
demonstrated antimicrobial activity under in vitro conditions, evidenced by reduced methane production and altered
rumen fermentation characteristics. Garlic (Allium sativum L.) extract exhibits prebiotic-like effects and possesses
antioxidant, antimicrobial, anti-methanogenic, and anti-protozoal properties. Eucalyptus (Eucalyptus globulus Labill.)
extract contains a mixture of volatile essential oils such as 1, 8-cineole, limonene, and a-terpineol, along with non-
volatile phenolic compounds, which may modulate rumen fermentation and inhibit methanogenesis. Given the potential
benefits of both buffers and plant extracts, this study aimed to evaluate the effects of supplementing the diet with 2%
sodium bicarbonate and plant extracts (thyme, garlic, and eucalyptus) on gas production parameters, ruminal
degradability, and the apparent digestibility of nutrients.

Materials and Methods: This study was conducted to evaluate the effects of 2% sodium bicarbonate supplementation,
combined with various plant extracts, on in vitro gas production kinetics and the in sacco ruminal degradability of dry
matter (DM), crude protein (CP), and neutral detergent fiber (NDF). Additionally, the apparent nutrient digestibility of
the experimental diets was assessed. The treatments were structured as follows: 1) 2% sodium bicarbonate (control); 2)
Control + thyme extract (400 mg/kg DM of the diet); 3) Control + garlic extract (300 mg/kg DM); 4) Control +
eucalyptus extract (150 mg/kg DM). A fattening diet was formulated using the Small Ruminant Nutrition System
(SRNS) software and provided as a Total Mixed Ration (TMR) with a forage-to-concentrate ratio of 30:70 (DM basis).
Three 2-year-old Zel ewes (average body weight: 43+2 kg) were utilized to evaluate ruminal degradability parameters
following the approved animal welfare protocols. The animals were housed individually in semi-open, roofed metabolic
cages with free access to water. Following an adaptation period, the ewes were fed the experimental diets twice daily at
08:00 and 20:00 h. Rumen fluid was collected from the ruminally cannulated Zel ewes prior to the morning feeding to
determine gas production parameters. Apparent nutrient digestibility was determined using the acid-insoluble ash (AlA)
method as an internal marker. Twenty male Zel sheep (6—7 months old; 38+2 kg body weight) were assigned to four
dietary treatments (five lambs per treatment) and fed the experimental diets for 42 days. Data were analyzed using the
GLM procedure of SAS software, and means were compared using Duncan’s multiple range test at a significance level
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of P<0.05.

Results and Discussion: The results indicated that gas production potential (P = 0.0003) and gas production at 96 h (P
= 0.0002) were significantly higher in the treatment containing eucalyptus extract compared to the other experimental
treatments. Gas production at 24 and 48 h was significantly increased by eucalyptus extract supplementation compared
to the other treatments (P < 0.05). Organic matter digestibility (P = 0.0352), metabolizable energy (P = 0.0371), and the
concentration of short-chain fatty acids (P = 0.0482) were significantly higher in the eucalyptus extract and control
groups compared to the thyme extract treatment. The rapidly degradable fraction of DM was significantly increased in
the eucalyptus extract treatment compared to the thyme and garlic extract treatments (P = 0.0137). The slowly
degradable fraction and effective degradability of DM at outflow rates of 0.02, 0.05, and 0.08 tended to be higher in the
garlic extract group relative to the control (P = 0.0828). The degradation rate constant of DM was significantly higher in
the eucalyptus extract treatment compared to the other experimental groups (P = 0.0218). None of the ruminal
degradability parameters for CP were significantly affected by the experimental treatments (P > 0.05). The rapidly
degradable fraction of NDF was significantly reduced in all plant extract treatments compared to the control group (P =
0.0009), while no significant differences were observed among treatments for the other ruminal degradability
parameters of NDF (P > 0.05). Dietary supplementation with plant extracts significantly enhanced dry matter (P =
0.0155) and organic matter (P = 0.0041) digestibility compared to the control diet. The effect of treatments on crude
protein digestibility showed a trend toward significance (P = 0.0874). Neutral detergent fiber digestibility was
significantly higher in the thyme extract treatment compared to the other treatments (P = 0.0200). Finally, crude fat
digestibility was significantly increased in all plant extract treatments compared to the control group (P = 0.0406).

Conclusion: Supplementation with plant extracts distinctly modulated ruminal fermentation and nutrient digestibility
in Zel sheep. Eucalyptus extract exhibited the most pronounced positive effects on nutrient digestibility, the rapidly
degradable fraction of dry matter, and gas production parameters, whereas thyme and garlic extracts suppressed
fermentation due to their strong antimicrobial activity. Despite these differences, all plant extract treatments enhanced
apparent nutrient digestibility relative to the control. Overall, eucalyptus extract with sodium bicarbonate proved most
effective in enhancing ruminal fermentation efficiency and maintaining pH stability in concentrate-based diets.

Keywords: Eucalyptus extract, Garlic extract, Ruminal fermentation, Sodium bicarbonate, Thyme extract
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Table 1- Ingredients and chemical compounds of experimental diets (% DM or as stated)
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Diet Ingredients and chemical composition Treatment 1 Treatment 2 Treatment 3 Treatment 4
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Corn silage

pu5 o 10 10 10 10
Wheat straw

cp b 15 15 15 15
Corn grain

gab 25 25 25 25
Barley grain

by Ao 16.2 16.2 16.2 16.2
Soybean meal

PS5 g 10 10 10 10
Wheat bran

yone Ko 0.3 0.3 0.3 0.3
Common salt

> i 05 0.5 0.5 05
Animal primex

Sl s 1 1 1 1
Calcium carbonat

Sl is e 2 2 2 2
Sodium bicarbonate

(o0 Sz o3ke p,S5LS 3 )5 e) gl ol ] 400 - :
Thyme extract (mg/kg DM of diet)

(o3 Sid 03lo p)56kS" )3 £ 5 i)y 0)lae _ _ 300 _
Garlic extract (mg/kg DM of diet)

(o3 S o3be o S4LS 53 p5 Lus) (ogiedS) ol . . . 150
Eucalyptus extrac (mg/kg DM of diet)

(h03) (25 oz 12 Jplonali SUJI 36.18 36.18 36.18 36.18
Neutral detergent fiber (NDF, %)

(103) sl 0295 13 Jglonals S 22.25 22.25 22.25 22.25
Acid detergent fiber (ADF, %)

(o3) > (ol 14.02 14.02 14.02 14.02
Crude protein (%)

(i osle p 55k 53 6 JS) omndlyin (55,3 2.45 2.45 2.45 2.45

Metabolizable energy (Mcal/kg DM of diet)

98] oylas + 1als —F ¢ j 0)las +aals —F (pdugl o )las + anld —(V (18l5) Lo ys 5 i) o made =) dolefl slajlas ®
* Experimental treatments: 1- 2% sodium bicarbonate (control); 2- control + Thyme extract; 3- control + Garlic extract; 4- control +
Eucalyptus extract.
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Sy53 (Shhe ol 3o asda Culils

Sl eSlya s gdsedlgo oyl pin clblB £,505l0) caps
S ol (AIA) sl 55 Joborols 2uS 1y Sl o,
winlasl ol plssl jglaieas (Van Keulen & Young, 1977)
L (=55 &im Jobd o sleg) 315 5 dtdusS (ol Ve 2las
L 5oy ¥Y Caedy oo coan I jid o o YAEY (50 (nSlo
Lghzo.\ilnuﬁlg 5 £9d40 5l EpSdiged NAd aa u.wLo)T ooy
SLb 5o @i 2 oles yo (talejl slaply 4 bgyjo SThss
o3le e g daol 53 Jolomols S cpeani jolatods ool
a8l gy bl pL3 (i 5 P iy o odlo «SUis
oxiys 5 Jskmols BLJI 5 (AOAC, 2005) oblisasss 4y jos
§ Comwgusy A Sl 0dgd > Jlomels BLJI g 13
O jl ey 095 plsdl (Van Soest et al., 1991) S
b Codild cgadie 5 Slhsd sladiged duwl > Jobrol piusSE
WA duwloee ¥ dlales I odlitwl b o pd sy (ko Do (5 ,0lls

. : AlA feed N fecal

D =100 - {LUU . { AlA fecal N feed )} (V) 4holse
sobel gk

N5l 5 GLM g, 5l ool L Ltsloj] 51 Lol claosls
3535 50T (A asles) 455 eolol Jo b A/ a5ud SAS 2 L]
Y= u+ T, +ey (A) dolee

T cdnels 1S5l i odnliio ya lade Yij ¢l ,d &S
2z 905 b bapSile duslio i odoloj] (sllas i 5 balos
b ploal o0 0 gyl xe pdaw jd (SOl (glasels

$ide 9 9o (5 e 523

Seid odle 45 @y GiSu (V) Jodo s 4 asgi b
oyt (P=o/WWY) 8,8 )8 iolejl oo b cow
Made oy yieS o weindlS] ojlas (gol> jlaws ;5 domiwl B oyl Hlade
L;—"‘“i“")] ‘_th)Lw )Jl S ol lie W?i D)La.c d9l> )Lou..: P UT
csly gyl xe an led 5 s odlo 4 i ST sy
Lol oy 6yl ime gl 355 25 ol Dy Hlade (o yieS
O by osidST ojlac (gols jlas (P=+/+VYA) ol ol
ﬁ)l..ia Do )I..\._.a.a u-‘)—“’g Lgl)l.! e D)L.aa.c 69L.'> )L_o» 9
PN g [d e[ jeue Fa 0 S oole Phe (g plid g
cosly d)b o A J_»L;.s d)LAT ).L-u )'1 L;t.»)lﬁ)T Lgl.za)la,;' O
(P=+1+A)

318 aul 53 slaaaiond 5

Menke & ) Sl g oo hgy L gallas gadgi 518
23Shyes 5l 8 4 mlbe b (6503l (Steingass, 1988
04y SD (S i (Y giuad sy 50150 ela ine jl o
ool cladiges S odlo 5l p)5 +/Y Hlade 3,5 (¢yglaen
ele Ly asso) (oyaudbo Ve oSSy 51> ) onsobul
ol slad b ol plo 53 (V 40 ) G b) ogtamn (3l g 4naSid
slayle; o ade 55 w00 00l )8 o5 ole 4 o YA
Laosl g osd cud sl A5 5 VY OFA X5 YF AF A F Y jio
a5 o3l Y dslee leslanwl b
P=b(1—e™) (¥) aoles

J2B il easadg S5 D G g cd b Pl o oS
oo el 1 sl ba) 5 g5 85 i 10 il doe) o5
J=B 5 e ol (65 30e 8 5 (Celiw) (ygrlisSS
Menke et al., ) b awbxo ¥ adsles 5 soliil Uy pusdsslie
(1979

ME (M]/kg DM) = 2.20 + 0.1357GP +

0.0057CP + 0.0002859EE> () dsbe

3L £S5 53 Jo3Se) i JIB (5551 ME (o] 5 o5
el V¥ gl ol dpuoal (s dg jLS poe :GP ((Sis
p3S) P nSgn 1OP (i oole )5 e Ve il yid o)
o3le pS o kS )3 p)5) plo (2 EE o (S osle pSlS”
B adsles ) osliwl b T ole metn culls ppimmon ol (St

((Menke et al., 1979) wé duloe
OMD = 14.88 + 0.889GF + 0.045CP +

0.0651Ash (0) dskes

Lo p,55kS 15 £,5) JI o3le i culls :OMD ()] y> &
el V¥ gl sl b ad (s jLS pos :GP (Sis
pr5) Pl Oeign CP (Sid odlo p)S (o Vo v sljlay yid o)
o3l p )5S )3 p)5) yawSE ASN 5 (Sid o3l p)SolS
§$ adslee 5| 5505 05gS Ly (sl )9l (6l el (S
A edlazel (Getachew et al., 1998)
SCFA (mmeoel/200 mgDM) =

0.0239GP — 0.0601 (%) dslee

LS‘}“‘-.’ J’oul.m) 205 ol.':',f ey il SCFA ‘OT 5 &S
sipnal (gdsi JLS woes 1GP o (Kis oole p)S e Voo
sl (S5 o0lo )5 o Voo el s bie) cesls V¥ (el
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Shgs sike dlge s 2 (2l gleolas 5 3L 1-Y Joaa
Table 2- Effect of buffer and plant extracts on feed nutrient degradability

" talojl sl jlass

, : >kl (sllas gl
Kid oole (g iy o Experimental treatments! oL N
Degradability of DM Ve Y lag ¥ les f log ‘g‘;M S’ "T”
Treatment 1 Treatment 2 Treatment 3 Treatment 4 -value
(o) 520 e A5 11.01% 10.24° 10.35 11.80° 0.326 0.0137
Fast degradation fraction (%)
(hoy3) 2520 55 i _ 67.46 70.25% 71.38° 68.22% 1.104 0.0828
Potentially degradable fraction (%)
(3oy3) 4155 JIS ol s 78.47 80.49 81.73 80.02 1.067 0.2302
Slow degradation fraction (%)
(302) 0325 JBd i 2152 19.50 1826 19.97 1.067 0.2302
Non-degradable fraction (%)
(Sl 12 20,2) 4125 €5 b 2.38b 2.35 227" 2.82° 0.119 0.0218
Degradaition rate constant (%)
(cobo 3 80)d) joue 5 )0 e Gndyajes
Effective degradaition of pass rate (%/h)
0.02 66.89° 69.65% 70.74° 67.73%® 1.075 0.0830
0.05 66.07° 68.78% 69.80° 67.02% 1.033 0.0831
0.08 65.26° 67.93%® 68.89% 66.32% 0.993 0.0829
Pl g n Gndia s
Degradability of CP
(202) 4025 g 5 1128 1055 11.03 11.65 0311 0.1301
Fast degradation fraction (%)
(h02) 4025 45 i _ 72.13 73.14 73.38 72.70 0.476 0.3002
Potentially degradable fraction (%)
(n22) oo SIS o5l i 83.41 83.69 84.42 84.35 0.426 0.2950
Slow degradation fraction (%)
(303) 0528 Jod i 16.58 16.30 1557 15.64 0.426 0.2950
Non-degradable fraction (%)
(Sobs 2 03] 028 €5 334 353 331 339 0.083 03022
Degradaition rate constant (%)
(cebo 3 30)d) youe 5 )0 e Gniyajos
Effective degradaition of pass rate (%/h)
0.02 71.70 72.72 72.94 72.27 0.470 0.2896
0.05 71.06 72.11 72.29 71.64 0.460 0.2742
0.08 70.44 7151 71.65 71.02 0.452 0.2593
S okgd 5> Jslomal BUII gy 300
Degradability of NDF
(222) 4025 g 5 6.77" 5.43° 5.54° 5.60° 0.206 0.0009
Fast degradation fraction (%)
(h02) 425 45 i . 48.75 51.09 4953 49.23 1.049 0.4478
Potentially degradable fraction (%)
(23] 029 LB o5l i 55.52 56.53 55.07 54.84 1131 0.7301
Slow degradation fraction (%)
(boy3) 42525 Sy i 44.47 42.46 44.92 45.15 1131 0.7301
Non-degradable fraction (%)
(Sl 2 20y3) 025 €5 2.36 2.48 255 2.73 0.130 0.2873
Degradaition rate constant (%)
(cels > 1op) yoe 25 53 Fhe Gphiajos
Effective degradaition of pass rate (%/h)
0.02 48.33 50.68 49.13 48.87 1.022 0.4321
0.05 47.72 50.07 48.56 48.34 0.983 0.4076
0.08 47.13 49.47 47.99 47.82 0.946 0.3823

corgiadST o)lae + 48ls =¥ (o o)lac + 48l =Y (piugl o jlastanls =¥ (1ls) 1oy 93 SloyS o patw =) 1 adulejl (slaleg
(P<0.05) ol Jls gime gls ,5Ly ciyd) o yd Cigliio gy
T Experimental treatments: 1- 2% sodium bicarbonate (control); 2- Control + Thyme extract; 3- control + Garlic extract; 4- control + Eeucalyptus extract.
Means within same row with different superscripts differ (P<0.05).
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(IS yobay by ials o y5luiS duopd B g ddgle o pd Fr gl
B 9 0> £9 4w (B9 Snha S p (2 sl
ol oyl J(Khorrami et al., 2015) s )by St L ytungw g5 4
P 09 psdglio o (LS ol (51 pae 4 cul
L S (o) (g lulyd 3 (polhe cut) rasily
O D90 AaSih (29,500 Cumed ) el s yal ol &S
Lo St by bpslul JLd CluS 5 ) (S cosl (Ses

.(Busquet et al., 2005) 5445 & 55 40

S aal g8 sladaiul 8

Sty o ctolofl slaloss 31 (V) 9> mls & g b
(P lo8) 3l ime celw 88 3 g0y JLS 5 55 Wy
ol a8 5 sl o)las (gslo o 4 bgye i oty
Celio V¥ ) cuds LS g oyl o)lae (gl o 4y bgaye
oylas ol (sloylos ) (P=+/++5+) celus YA 4 (P=-/-FAY)
siloan gl o)liae (solo jlass dy s 2ald g gl
55 (P=+1+¥0Y) (Tl oslo it bl gy ()15 Sne
oS )y yn clbl il g (P=+/-TV)) pudplie L
bS8 —ilesl la s 5L cosg (P=+/FAY) yoo;
5 wosillS] ojlas (g5l Jlagi ) baomiwl ) ol jlade &g )jsbay
Do oYl aals

Od9381 a8” waly olis (Sallam et al., 2009) 4, Ken 5 oIl
s A g Caomdy |y (glaeSd ez Sl o ogialST bl
oSy ol S ol e A Jials g 58 G sl
=0 g Jokaw— VA wiile a1 Lol wleS 5 a8 wn S leis
0= 2 90k |y Bojglie jl (B bl O)ppods Wil i
e Sl ol s bods ) Sadglsle s S a8y Jbs
2255 068 518 oy gladeul 5 5 W5 il el canl (S
oizgl g g 0)luas 29581 (i )3 3l (estST leg 5
P o gt clile y pan colB GE Ay Jlals 4 o
4S5 3 SlySen iy lagt)lS b 4Bl cpl oAb o oligS
51 Al oo oojluae (ol )3 35290 el 9 (Jgtb DS 5
Jlews wigdn (Talebi et al., 2019) u sl sl (59,5000
s Casl 00 951,187 5 Jgasd s 3Vl (52000 L (gl
§ ;eSS AT 5D 5 09 b oS0 SlacgSee A8 e
L @lles (Castillejos et al., 2006) 4l 3505 1y 515 sdes
odd g I ke > alS o SKimgfy (B cpign ool @l

ol Jlass 4 bgye S o3le e (i (n e
Fels ofion rdips clhaxul b )l plSae uiomen A5
(P>e1+0) 33,55 55 (ialojl sl e il co g )lol s
Sdsine glds (B 0dgd 53 Jolorel SUI 4y jos o i
5O "j Mde oy iy a5 g ebds oP=</+++q) sy lis b jlos oy
5 Jsbul_: BLI gl Epiod i sladswld plo
2sl inlojl clayloss cpmr (65 ixe Coglds 5 od g
(P>-/-0)

oodlS] o)las (Sjedan ool L bl oo el
ol sl pilul jogasa) wendlST ojlas .asb azsly b))
0l didlid prosd ediiS padad S§ ey (Jotiow —VA Wil
e 1S @38 @y (50 g gl e o381 STl
25l A5l 29 Se 5T A b ol o slog So S 56
(Sallam et al., 2009) 28 o Jugs |) ypo50 adgl Loyl s a8
(el 25L) JLsb (53,555 SLiS 5 quio yists oo o)las
2SS |y e cdled WUles o 4 ST el oah ad Ll
Ol 5 g o o)las «wlillas (5 53 (Kekana et al., 2020)
Lo Son Su o0 5 illn slaea sl el 33l b 9,555
9 b LS 5 (gols gl (Linville, 2017) wlosis 3,135
Ol 9,5 slampl g g Ses b Al e o8 Cosl 5
9 38 bl Clhengr S (g 4 Jlail b ansl andh g le
.(Durmic et al., 2014) azad ialS |y o3l gl y
5995 gy ol Sl (B e 4 e col (Sae (
e ialS 1) 4o @ e (850 cnlple

C.) ol 5 Criagl (bl oymmiiga jlosliial 1 (imggy 5>
O M (eSS (s pdias o0 gladoniul,é y (cassia Presl
Cll 325 WS 15 g S e KBS 15 (g 3590
L 5 odigd ) Jolowol SUII S50 (g pdyarjod 9 429 5
s s 1y oyl amime gl Lol ecdly jimls Luiliol 3930
2 g pols idgh ol b 38lse a5 (Khorrami et al., 2015)
Benchaar ) a_s ()35 03, slagls > Sidolsls (slacs ySL
(Newbold et al., 2004) ,\LSen g 30 (et al., 2006
& (LS sbpulul byl ()b oS 5 & 635 ()18
I, (Glycine max L. Merr.) Lgw dllous’ s odle (g plods jo0s
o3 (s pinaps oyl Lol ol ialS iS4,
On—oren ASl (Brassica napus L) 1518 adlus” Sis
o> b 0dd S (lidsS 13 1) bigw AlouS (nign (s phiS



q

e 935 0ol (s iy i sbaziul g (BLS sleo las g 8L Ol STl Ken g b Sl

(Hojatpanah-Montazeri et al., 2014) s a0l oSSl el
Oliee ol38 (Ansari et al., 2012) 1, Ken ¢ (5 kail ¢ Jilis )
O3S e o3zl 1 )3 1) Lnges i ollB 5 555 5
» (Nooriyan & Rouzbehan, 2017) +Lassg, 9 oloyg 55,8
Slaw yialS Cow a1 bl 3g58] a8 wizdly > gy
oS s alRiylof] Lulys )3 e S5 ag Sl g algjsis
Pl ol 8 0y ials 5o (Kumar et al., 2022) ,\Sen 4
Hassan ) cay 5 g oy 233)S° (5155 osd ST gols (sl ylos
5 Suis odlo s cullild o ioli8l (& Abdel-Raheem, 2013
28 s Coud SLES e daoyd 93 (9l Hle 1y JT ool
WU et col ySon gliate guls IS jebas dly [il5S
55 «2laisl 2j9 il ke gl 0p> 5> gl wiile Jelge
Oz g 0dbd18)S)LS U (Bygn SuiSS ol Lie b il
B LSS 3 4SS mle Bl w2 g g ke )3 glis

205

odizgl o)las cilisee polas (99381 L ) (aBlofl Ll o
Xu') o) en 4 5 .(Talebzadeh et al., 2012) wlod)s™ 5,155
P S dee Voo sl oslatol 48" 058 olo img} o (et al, 2020
I3l aeSa PH g (palS' ) S8 g5 IS e (Jgew 2]
Nel et ) o)ySen 5 b cudls cilas jols o0 gl b a8 ol
Sl 3T b cuS 5 55 bl 5 oslizl Sl wyyp o (al., 2020
2Bl altalesl Ll 53 oo S Sl pslatody Sty
9 hols ey lie LS ialS’ 1 (e Sl Guilil (139381 &S
o958l 4 a0, 5158 55 (Pawar et al., 2014) )L
bolyd 53 0luis g paiS olS by b 4 s g po il
st b (ialS a2 g B jsba |y e S W)y pLL]
Conl 0 )35 b asly are Bl Il osle guan cubls p oSSl
5wl 3925 Jses s il 2l 5505 ol & 31l o5
A (9953 &5 03 ()15 oty 5 ol by didlges Sl
V5l o 39 5L Ol pialS oy il 5 e

I8 g slaeoriald (LS glaoojlas 5 )3l 5=V Josa
Table 3- Effect of buffer and plant extracts on gas production parameters

A} - N o
crislel] loyles skl glas Sl
| Experimental treatments! L. |
- - - - &b
P rs:nyt r ! Sl Yol e " LéMI?M P-)\/;:;
arameters Treatment 1 Treatment 2 Treatment 3 Treatment 4

(oke) 35 '\“J” Sty . 35.20° 31.07¢ 33.68 39.212 0.918 0.0003
Gas production potential (ml)
(el )ng) JLENP RS 0.063 0.056 0.57 0.50 0.004 0.2856
Gas production rate (ml/h)
(ko) sl Y_\c » sy 5 26.402 23.10° 25.00% 27.202 0.495 0.0482
Gas produced in 24 hours (ml)
(ko) sl \C_A » sy 5 33.302 28.00° 31.00%® 33.902 0.544 0.0060
Gas produced in 48 hours (ml)
(ko) el ‘\_; » sy 5 35.60° 31.50¢ 33.80% 38.702 0.882 0.0002
Gas produced in 96 hours (ml)
(122) S odle it ol 4515 42.22° 44.30% 46.16° 0.876 0.0352
Organic matter digestibility (%)
(5T Jy3l5a) e S o555 6.56° 6.11° 6.42% 6.70° 0.133 0.0371
Metabolizable energy (MJ/kg)
(Jpee) 525 U8 )12 o2 sl 0.58 0.50° 0.55% 0.592 0.002 0.0482

Short chain VFAs (mmol)

corgadST o)lae + 48ls =¥ (o o)lac + a8l =V (Cpiugl ojlas + mls =Y (18ld) Loyd 5 Gl o wate =Y 2 isle] (gl e
(P<0.05) coul Jls sime caglis [Sly ciudy yo 1> oglisie gy
L Experimental treatments: 1- 2% sodium bicarbonate (control); 2- control + Thyme extract; 3- control + Garlic extract; 4- control +

Eucalyptus extract.
Means within same row with different superscripts differ (P<0.05).

e psieS 5 woiadlSlojlac (g9l jlod 4 bayye Siis 02l
G sme glis T odle muan culild gy dals Jlos 4 bgyye o
3 o)) ylaie it 4 gygbas (P=+/++¥V) iy byl oy

ke 3l o 5 Al puda Culils
AU cos St osle pan bl (f) Sy @l & 25 L
i CoiB oy iy (P=+/V00) cé)5 )5 isle] ol Lo
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Hodjatpanah-Montazeri et ) 1S (¢S s> Sligel 4 (uiis
Ay dlgs oo b gdaw > werddlST Jlé S5 (al., 2014
A yoxie 4SS S0 (o b bis 1) Sadglsle slas St
odlo it Cubld yiul38l a3 5 pB BU sl s iul3el
e (Noorian Soroor & Roozbehan, 2014) 3 o Suis
o (Slglyd pld 4355 5> aoylas | eslatwl 4" ol L cldllas
gt g S Ly ped 3iile jud oaiiSan o5 sl S
Mg 4aSSs glo )3 |y uileaadi g6 )1 g gl 35550,
(Patra & Yu, 2015; Naseri et al., 2022) sl  yil; 8l
Orzuna-Orzuna, et al., ) ol)LSen g Ugjy-Uigj sl ¢ Jocpll
bS04y ()90 (slaguilil (39381 b (g 5 (2022
odnlidio (sdmol 0gid ;0 Joloeell BN it <ulild o (g)l> Gixe
Dorantes-Iturbide et al., ) -l)LSan g 3 yguh puilyed .25 S
0y 4y (§y9p—d sla il (3958l a S 4l s (2022
5P 59y o Jl odle «Sid o3lo main il ¢ BuiS lg5uis
ol Lol ol al3 1 1) ol g (5 odigd 5o Jgboeel iUl
oo @l L (38190 g aliio bl (g B (22 i
el o il (Yang et al., 2007) ) Kes ¢ SO ol
I3 o lal b oy 035 JoSlo b St o3le (claeSis

53,5 G55 e

o oo 5 gy i Cubl p tolofl slales 10
Hlos ) lade oy yide &S gysbay (P=+/+AVY) cuily (g)l> gne
Cabild jlage .0 odalie dald ) Jlads oy S g yw ojlas (g9l
slayles il coo 7 55 oaugd ,d Jglorel GBI pan
L odugl oyliac sols jlas (P=+/+Y+) cé )5 5 islej]
Sl golaid] s a1y Jlde oy i 3o )d B+ /YD puin ol
c(P='/'\c';) S )lbu_ku o Pl_.> > p—ad Colsl8 » )Lo.u
d‘)b KTy 9 (3 pia dl)b prew o,Liac d9l> sl 456)9]"4-3
SLag)lS Copmer o (e Ol (5900 ol (S

Dorantes-Iturbide et ) as,ls S adg b (ola oS g 4l
5 St odlo et culild 158l & e Wle5 e 48" (al., 2022
b LS 5 abawlgas gl Ngd 15 odngd j Joloel AL
 Lagjglie s Soadshal sl Sl | (B0 2y S5 558
s Sy b sl ySL g |y 9y ol g 035 e
Khorrami et al., ) sisu 590 1) yud poded dond )d dad
o5 53 otge G s )3 Sg90 Jlsb (53,555 @l 5 (2015
sl Sl 43 wilgi oo SLS 5 ol W15 4SS (295w Aol
Al e dn gl g ey lalpdl ) Sedged 9 Stdgg

Shygd (gdne dlgo (ool puan collb 5 2LS slaojlas o 30 S-£ JQ.\:-
Table 4- Effect of buffer and plant extracts on apparent nutrient digestibility of feed

\L;":J..L”}" sblos gl
(30y3) Co Experimental treatments! 5SSk 3kl glas L
Parameter (%) Ve Y e ¥ s ¥ s SEM ;5) JTM
Treatment 1 Treatment 2 Treatment 3 Treatment 4 -value
S odle 63.38° 67.182 68.00? 68.75? 1.044 0.0155
Dry matter
uﬂ ool b
. 66.77 69.972 71.38?2 69.98?2 0.708 0.0041
Organic matter
e i 69.39 72.82 73.70 72.87 0.574 0.0874
Crude protein
i o 3 Jobousls S 46.76b 50,25 45.825 46,055 0.938 0.0200
Neutral detergent fiber
] ol a . -
il 0293 13 Jolonali S 36.48 39.18 38.44 38.54 0.876 0.2070
Acid detergent fiber
P 80.59P 85.86° 83.522 82.67° 1.431 0.0406

Ether extract

cooiad1 ojlas + AmlE —F € 0)lac + aals —Y (gl oylas + dals =Y (uali) 1oy 93 SluyS o it =) 1 adnlojl (glayle
(P<0.05) sl s mo gl , ks cindy yo y> oglisie gy
! Experimental treatments: 1- 2% sodium bicarbonate (control); 2- control + Thyme extract; 3- control + Ggarlic extract; 4- control +

Eucalyptus extract.
Means within same row with different superscripts differ (P<0.05).
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o)las 31> (gise dlgs o Cll 5 6y 05T slaaodwl )
G G309 it Sl ]y e T 0y o)
(Jolie jd ccih LS ae sladou wlyd o Sid oolo 450
935 A5 olie o ine il Coge gyl (slaoylac
Coold ay Al o0 48T HAD (g e sladmi il Sy
bgrye S (slag Sl ade a5 ol Figsd (9Spesd
o (LS sloojlac (gol slojlos olod <ol 2929 L L,
o=l Bad (gdae dlae (ol puin ol dauy Cuw dald 4
oMoy yogislS] oylac 5 o3lisal &5 5 domits o oo ¢ ol
3l 8 gm0 sl e S lgisa Blg o Ol S o wates
» PH cblog (ials 5 2lis ()90 0 Gl Bl draSid ypo5s

39331 45 0l o5 (5,5 my | Sl s (s
Sz oole uin Sl 2 (5l sne 8T gl g LugilST g
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Introduction: One of the most important and costly infectious diseases in dairy herds is mastitis, which
annually imposes substantial economic losses to dairy farmers and the dairy industry. These losses include a
decrease in milk production along with an increase in discarded milk, treatment costs, a decrease in the
selling price of milk due to the high somatic cell count (SCC), culling of cows and a decrease in the market
value. Due to the high costs caused by mastitis, in recent years, resistance to this condition has been
considered as one of the major breeding objectives from economic and animal welfare aspects. Considering
the impact of mastitis and the increase in somatic cell count on the decrease in milk production and the
economic importance of this issue in the dairy industry, the present study aims to estimate reduction in milk
production associated with clinical mastitis in Holstein dairy cows in Isfahan, Iran.

Materials and Methods: The data used in this research included 233,499 records for daily milk production
belonging to 16,570 dairy cows collected from three herds in Isfahan Province, Iran from 2011 to 2014 to
estimate milk production loss associated with clinical mastitis. Data editing and preprocessing were
performed using FoxPro version 6.0. In this research, all analyses were performed using SAS software and
the PROC MIXED, PROC MEANS, and PROC UNIVARIATE. Then, based on the coefficient of
determination (R?), the model that described the data variation was selected better.

Results and Discussion: The results of this study were presented in different sections, including the
determination of the cut-off point and reduction of milk production due to clinical mastitis in two ways: field
data analysis and lactation curve modeling using the incomplete gamma function. The cut-off point was
estimated at 10,000 cells per milliliter of milk, which was in the range estimated in previous studies. Milk
production loss for 305 days caused by the occurrence of clinical mastitis by using field data analysis first,
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second and third-or-greater parity cows, respectively. These values correspond to 1.8%, 3.4%, and 2.5%

reductions in milk production. The results obtained from the incomplete gamma function output for
comparing two groups of healthy and diseased cows in the first parity showed that the average milk
production per month of lactation in diseased cows was 5.4%, equivalent to 54 kg less than healthy cows
(952.4 in compared to 1006.4 kg). Production loss due to clinical mastitis during different months of
lactation was estimated to be between 4.3% and 5.9%. The highest amount of production drop was estimated
at the peak of lactation, i.e. in the third month and equal to 70.8 kg. The results for the second calving cows
showed that each occurrence of clinical mastitis causes a 7.7% decrease in milk production, equivalent to 85
kg of the average month of lactation. The peak of the difference in milk production between the two groups
was related to the second to fifth months of lactation. Also, the results of the comparison of two groups of
healthy and diseased cows in the third and above calving periods showed that the average decrease in milk
production due to the occurrence of clinical mastitis was 10.9%, equivalent to 120 kg of the average lactation
month.

Conclusion: Based on the results of this study, the amount of milk production loss over a 305-day lactation
due to clinical mastitis was estimated to be between 195 and 406 kg using field data analysis and 539 to 1202
kg per lactation using the incomplete gamma function model. It was also found that with the increase in
parity, the decrease in milk production caused by clinical mastitis increases due to damage to the teat canal
during life and previous lactation periods. Despite the dependence of the field data analysis method on the
data structure, the incomplete gamma function is better described of the milk production curve and provides
a more accurate prediction of milk production decline. The findings of this study can be used to calculate the
economic loss caused by the decrease in milk production of cows affected by clinical mastitis and the
decision to keep or voluntary culling them.

Keywords: Health, Lactation Curve, Somatic Cell Count, Voluntary Culling
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Tablel- Mean age at record collection, daily milk yield, and somatic cell score by parity
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Parturiation Parity Variable Sample size Mean Standard deviation
(ole) 552,555 o0 1877586 30.18 463
Age at record collection (months)
First parity Daily milk yield (kg per day)
Soilaga sla ol Sl 1877586 2.44 188
Somatic cell score (log)
(ole) 5255 o 1363412 45.12 6.01
Age at record collection (months)
Second parity Daily milk yield (kg per day)
Seloge oyl i 1363412 3.08 1.97
Somatic cell score (log)
(sle) 553555 o
58.68 6.99
" Age at record collection (months) 876455
Py Ul < Dioy o e
; |
Third parity (s 2 £.55k5) &lig) 1ol 205 876455 41.60 11.23
Daily milk yield (kg per day)
Silaga sla ol o 876455 3.46 2,02
Somatic cell score (log)
(o) o205 o 525872 71.86 7.72
. Age at record collection (months)
plez ol (599 53 £S5k 4 5 e
Fourth parity 090 7T ) T Y 525872 41.04 11.41
Daily milk yield (kg per day)
Sl sl i 525872 3.73 2.05
Somatic cell score (log)
(ole) 5525 o 288920 84.88 8.41
- Age at record collection (months)
Fifth parity ()9)- 2 F;?LS) “‘)9) Pead "\2]5’ 288920 40.25 11.3
Daily milk yield (kg per day)
Soilaga slaglo e 288920 3.90 2,07

Somatic cell score (log)
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Table 2- Comparison of the least squares means of 305-day milk yield between healthy cows and cows with clinical mastitis in the
three herds studied
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J?l 11074.1+35 10879.1+35
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Fs? 11971.1+32 11565.1+32
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Y 4 pges 10985.5+35 10709.5+36

Third or higher

195+61.3" 1.8
406172.6™ 3.4
276+47.0™ 2.5
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Table 3- Estimated parameters of the incomplete gamma function, peak milk yield time, peak milk yield, lactation persistency, and
total milk yield over 150 days based on parity and animal type
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Parturiation  Animal a b c yiedime  Peskcmilk Lactation Total itk yield
Parit ist k
Y group (day) yield (kg) persistency (kg) over 150 days (kg)
e 1318 0329 0.00415 793 40.0 7.29 5449.4
1 Healthy
ow 1301 0315 0.00398 79.1 376 7.27 5140.4
Diseased
o 1455 0375 0.00570 65.8 48.0 7.10 6444.9
2 Healthy
ow 1441 0357 0.00560 63.7 444 7.03 5970.2
Diseased
o 1421 0394 0.00624 63.1 49.0 7.07 6532.7
>3 Healthy
o 1341 0379 0.00615 61.6 43.7 7.02 5831.1
Diseased
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Table 4- Comparison of monthly and total lactation milk yield for healthy cows and cows affected by clinical mastitis across
different parities

il o5 P35 VL4 pow oS5
First parity Second parity Third parity or higher
3y olo (pSokS) s Mg 35ke (pS9kS) 1 Mg (55ke (pS9kS) 1 Mg (5ke
Month of Mean milk yield (kg) (/)adgi_yials Mean milk yield (kg) g tals Mean milk yield (kg) _ (/) sy ials
lactation L, clagls Ve by Decrease in - olo sboglS  Mie slagls  Decreasein (4) ol sl oo slasl8 Decrease in
Healthy — Cows with yield (%) Healthy — Cows with yield (%) Healthy (\:/\(/)ims yield (%)
COWS mastitis COWS mastitis COWS .
mastitis

1 794.8 756.3 4.8 970.2 915.2 5.7 990.0 896.8 9.4

2 11435 1078.1 5.7 1400.2 1301.3 7.1 1434.6 1283.7 105
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10 777.4 743.9 4.3 715.0 658.3 7.9 666.7 592.9 11.1
SUM §405x0 10063.6 9524.4 5.4 11084.6 10235.5 7.7 10994.5 9792.5 11.0
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Figure 1- Comparison of milk production decline during the lactation period between two groups of cows, healthy and those affected
by clinical mastitis, in the first, second, and third or higher lactation periods based on the incomplete gamma function (Source:
research findings)
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Introduction: The utilization of natural feed additives to modulate rumen fermentation processes and
mitigate enteric methane emissions has garnered considerable attention as a sustainable nutritional strategy in
ruminant production systems. Plant-derived essential oils (EOs), with their complex bioactive profiles, offer
a promising alternative for shifting the rumen microbial ecosystem toward improved fermentation efficiency.
Hyssop (Hyssopus officinalis L.), a perennial herb belonging to the Lamiaceae family, is widely recognized
for its medicinal and aromatic properties. The essential oil extracted from this plant contains numerous
biologically active components, notably pinocamphone, B-pinene, and various sesquiterpenes, which
collectively exhibit potent antimicrobial, antifungal, and antioxidant activities. These multifaceted biological
properties suggest substantial potential for optimizing rumen fermentation dynamics and improving nutrient
utilization. The present study was therefore designed to systematically evaluate the effects of different
inclusion levels of whole Hyssop essential oil (HEO) on in vitro gas production kinetics, methane emission
patterns, key fermentation parameters, and microbial indices in ruminal fluid. The central hypothesis was
that, due to its antimicrobial properties, HEO could establish an optimal balance between suppressing
methane production and maintaining or even improving ruminal fermentation efficiency at a specific
concentration. Therefore, this investigation aimed to assess the impact of HEO on ruminal methane output,
volatile fatty acid profile, nutrient degradability, and microbial protein synthesis efficiency to identify its
optimal dietary inclusion level.

Materials and Methods: The experiment was conducted in a completely randomized design with five
treatments and four replicates. Treatments included different levels of HEO (0, 50, 100, 150, and 200 mg/L
of culture medium). The essential oil was obtained via hydrodistillation using a Clevenger apparatus from
the aerial parts of the plant collected at full flowering. Rumen fluid was collected from three fistulated male
sheep (30 £ 3.5 kg body weight) fed a diet consisting of wheat straw and concentrate. The in vitro gas
production technique was used, and samples were incubated at 39°C for 96 hours. Gas production was
measured at 3, 6, 9, 12, 24, 48, 72, and 96 hours. Methane production was assessed at 24 hours by absorbing
carbon dioxide with a 10 M NaOH solution. After 24 hours of incubation, additional fermentation and
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microbial parameters were evaluated. These post-incubation analyses included measurements of pH,
ammonia-nitrogen concentration, total volatile fatty acids (TVFA) concentration, and total protozoal count
using a Neubauer chamber. Additionally, degradability of dry matter (DM), organic matter (OM), and
neutral detergent fiber (NDF) were determined. Microbial biomass yield and microbial synthesis efficiency
were calculated based on truly degraded organic matter and gas production data.

Results and Discussion: The addition of HEO significantly and dose-dependently reduced in vitro methane
production. The effect was most pronounced at the highest dose, where methane production decreased by
31% at 200 mg/L compared with the control treatment (P < 0.05). This reduction is likely attributed to the
direct inhibitory effect of the HEO bioactive compounds, particularly pinocamphone, on methanogenic
archaea and protozoa. Cumulative gas production decreased significantly at all incubation time points
compared to the control (P<0.05). Total protozoal population declined linearly with increasing essential oil
levels, showing a substantial 33% reduction at 200 mg/L compared to the control (P<0.05), highlighting the
strong antiprotozoal activity of the essential oil. TVFA concentration showed a quadratic response (P<0.05),
increasing up to the 100 mg/L level and then decreasing at higher doses, indicating a dual stimulatory and
inhibitory effect on microbial fermentation. Notably, the 100 mg/L treatment significantly increased
microbial biomass yield and microbial synthesis efficiency by 19% and 20%, respectively (P<0.05),
indicating a more efficient allocation of digested nutrients to microbial biomass production. Conversely,
degradability of DM, OM, and NDF decreased linearly with increasing essential oil levels (P<0.05),
reflecting a general inhibitory effect on fibrolytic microbial activity at higher concentrations.

Conclusion: At an inclusion level of 100 mg/L, HEO achieved a significant methane reduction (14.3%)
while improving microbial protein synthesis efficiency and maintaining acceptable nutrient digestibility.
This specific level of HEO may therefore serve as an effective natural strategy for enhancing the efficiency
of rumen fermentation and reducing the environmental impact of ruminant production through lower
methane emissions. For practical application, further in vivo trials are recommended to validate these
promising in vitro findings and to determine the appropriate dietary inclusion rate.

Keywords: Digestibility, Gas production, Herbal essential oil, Microbial synthesis efficiency, Protozoa
population
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Alfalfa
Corn silage
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Ground barley
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Ground corn
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Cottonseed meal
PS5 oge 6
Wheat bran
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Dried beet pulp
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Soybean meal (44% CP)
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Wheat straw
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Vitamin-mineral premix
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Chemical composition (% of DM)
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Neutral detergent fiber
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P 35

Ether extract
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Crude protein
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Non-fiber carbohydrates
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Metabolizable energy (Mcal/kg DM)
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Calcium
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! Contains 100,000 IU of vitamin A, 10,000 IU of vitamin D3, 8,000 mg vitamin E, 8,000 mg of 10% monensin, 400 mg antioxidant,
74,000 mg calcium, 15,600 mg sodium, 1,000 mg manganese, 8 mg cobalt, 6 mg selenium, 2,000 mg zinc, 1,000 mg iron, 150 mg
copper, and 30 mg iodine.
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Table 2- The effect of different levels of hyssop (Hyssopus officinalis) essential oil on gas production kinetics and methane yield
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!Methane production was measured after a 24-hour incubation period.
Different letters in each column indicate significant differences between the means at the 5% level (P<0.05).
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Table 3- Effect of different levels of whole hyssop (Hyssopus officinalis) essential oil on total protozoa population and fermentation
parameters under in vitro conditions
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Different letters in each column indicate significant differences between the means at the 5% level (P<0.05).
All fermentation parameters presented in this table were measured following a 24-hour incubation.
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Table 4- The effect of different levels of whole hyssop plant (Hyssopus officinalis L.) on digestibility parameters and ruminal
microbial parameters
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Different letters in each column indicate significant differences between the means at the 5% level (P<0.05).
The parameters related to nutrient degradability were measured after a 24-hour incubation, whereas the remaining parameters were
determined after 96 hours of incubation.
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Introduction: Ruminants, among domesticated herbivorous animals, play a major role in providing food
resources and producing essential nutrients required by humans, thereby contributing to human health .

Nutrition is a key factor influencing livestock performance and production efficiency, accounting for almost
two-thirds of the total costs of raising domestic animals in various livestock farming units. Currently, due to
the increase in livestock population and the decrease in precipitation, we are facing a decrease in the
production of common food resources, and the need to provide cheap fodder resources highlights the
importance of fodder resources used in livestock nutrition. Sugarcane is a perennial plant that grows in
tropical and subtropical regions, including Khuzestan Province. Its by-products, such as bagasse, can be used
in animal feed. Due to the presence of lignin, cellulose, and hemicellulose, as well as the strong bonds found
in woody materials like bagasse, its digestion in the digestive tract is less affected. A study is needed to
investigate the processing of bagasse with urea and molasses and their interaction between the nutritional
value of bagasse. One of the factors that may affect the chemical processing of bagasse is the duration of
processing, which has not yet been investigated in this field. Therefore, this study was conducted to evaluate
the effects of diets containing sugarcane bagasse (SB) treated with urea and molasses for 30 or 45 days on
ruminal fermentation parameters and the in vitro degradability of dry matter (DM) and organic matter (OM).

Materials and Methods: Sugarcane bagasse (SB) samples were obtained from a sugarcane factory located
in Khuzestan Province. SB samples were oven-dried, ground in a mill, and passed through a 1 mm sieve. The
SB samples were mixed with 5% urea and 10% molasses solution and stored under anaerobic conditions for
30 or 45 d. Experimental diets included 1) diet containing untreated SB and stored for 30 d; 2) diet
containing SB treated with 10% molasses solution and stored for 30 d; 3) diet containing SB treated with 5%
urea solution and stored for 30 d; 4) diet containing SB treated with 10% molasses and 5% urea solution and
stored for 30 d; 5) diet containing untreated SB and stored for 45 d; 6) diet containing SB treated with 10%
molasses and stored for 45 d; 7) diet containing SB treated with 5% urea solution and stored for 45 d and 8)
diet containing SB treated with 10% molasses and 5% urea solution and stored for 45 d. After 30 or 45 d, the
samples were removed from the nylon bags, air-dried for 5 d, and stored until further analysis. The

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

4. https://doi.org/10.22067/1JASR.2025.94011.1250



https://ijasr.um.ac.ir/
https://ijasr.um.ac.ir/journal/about?lang=en
https://orcid.org/0009-0005-5615-6113
https://orcid.org/0009-0002-7818-3209
mailto:m.shamsolahi@ilam.ac.ir
https://doi.org/10.22067/IJASR.2025.94011.1250
https://doi.org/10.22067/IJASR.2025.94011.1250
https://doi.org/10.22067/IJASR.2025.94011.1250
mailto:ijasr@um.ac.ir
mailto:ijasr@um.ac.ir
https://ijasr.um.ac.ir/

Vo0 slar) oyl A Al ol ool pole slestagy 4pti YF

experimental diets were formulated using NRC (2007) software according to the nutrient requirements of
ewes. Then, the chemical compositions, gas production at 24 and 96 h, DM and OM degradability, and
methane gas production of the experimental diets were measured. The experiment was conducted under a
4x2 factorial randomized complete block design using the General Linear Model (GLM) procedure of SAS.

Results and Discussion: The lowest DM and NDF contents and the highest crude protein content were
observed in the diet containing bagasse treated with 10% molasses and 5% urea and ensiled for 30 or 45 d
(P<0.05). Among the processing methods, treatment with 10% molasses and 5% urea solution followed by
30 or 45 d of ensiling had the greatest effect on increasing cumulative gas production at 24 and 96 h, gas
production potential (A), and DM and OM degradability (P<0.05). The lowest cumulative gas production at
96 h was observed in the untreated bagasse ensiled for 30 d (P<0.05). The shortest lag time was found in diet
containing bagasse treated with 5% urea solution and ensiled for 30 or 45 d, as well as those treated with
10% molasses and 5% urea solution and ensiled for 30 or 45 d, whereas the longest lag time belonged to the
control diets (P<0.05). Methane production, partitioning factor, and efficiency of microbial mass production
were not affected by experimental diets (P>0.05). Urea and molasses solutions, by breaking down the
structure of feed fibers, reduce the lignin content of the feed and enhance the access of rumen
microorganisms to the lower layers of lignin, cellulose, and hemicellulose in the feed. As a result, they
increase fermentation and gas production, as well as improve the degradability of DM or OM.

Conclusion: Overall, chemical treatments, compared to the control treatments, effectively altered the
chemical composition of bagasse, increased the gas production rate, and enhanced DM and OM
degradability. Among the different processing methods, treating bagasse with 10% molasses and 5% urea
solution followed by 45 d of ensiling resulted in the highest gas production rate (A), and DM and OM
degradability. Therefore, the combination of 10% molasses and 5% urea solution is considered a more
suitable processing method for bagasse.

Keywords: Alkali processing, Dry and organic matter, Gas production, Ruminal disappearance, Sugarcane
byproduct
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Table 1- Feed ingredients of experimental diets containing bagasse processed by different methods? at different times

03y T yglb ol 059, Y0 ()51% oloj
30 days processing time 45 days processing time
(58 ool -M)b) U-S‘)? ot Y obey b s AT ¥ Ubs) d s ARSI ANS-Y) ¥ by
Eel\(jl(;smﬁ mgredlent (% of Method 1 Me;hod Method 3 Method 4 Me;hod Method 2 Method 3 Method 4
[t 1) o0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Bagasse (sugarcane bagasse)
i S S5le 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Alfalfa hay
\*;\;EM 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
eat straw
bk oo 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0
Oak acorn
E” S P32 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
ate kernel powder
é” “b 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
orn grain
s b . 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Barley grain
ot 3.80 3.60 3.80 3.70 3.80 3.60 3.80 3.80
Molasses
o 3.00 3.00 3.00 5.00 3.00 3.00 3.00 5.00
oybean meal
a9 2% 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Chicken powder
29 1.10 1.00 1.10 1.10 1.10 1.00 1.10 1.10
Urea
2 ol xS 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Corn gluten meal
E’?’L" 29 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
ish meal
BT) ds 8.00 8.00 8.20 8.00 8.00 8.00 8.00 8.20
ive pomace
mw*‘" 3.20 3.40 3.40 3.60 3.20 3.40 3.40 3.60
eat bran
Sl ke 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Sodium bicarbonate
salzg 9 ane dse JaSa 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
Mineral and vitamin* supplement
;Tt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
(Sis oolo 3l o yd) (oleowd oS 5
Chemical composition (% of DM)
pE Oon ) 9.44 9.41 12.8 12.6 9.21 9.30 12.2 12.0
Crude protein
Pb 4.12 4.08 4.00 4.38 4.07 4.02 3.98 4.29
Crude fat
S odagd SUI 493 488 48.4 48.1 49.1 48.9 48.2 483
Neutral detergent fiber
"“‘JS 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10
Calcium
s 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Phosphorus
St glacil)ing 34.6 345 34.3 34.2 34.6 345 34.3 34.2

Non-fibre carbohydrates

BT ol £S5 Y 5K )5 Y s )5 T o 25 W i £S5 O oS )5 VA8 E (ol S ke Ve r D3 bty el sy oo A peliyg alli 2y 00 e e Orelizg g (dns Slse JoSo Jl p)SokS a3
23 a1l o) o Fe g poitls S o V ey p)S ko Vo e IS p S o Vot sy 25 Y e
ygl 10,30 g udlo o3 Ve Jglowo a9l 8 (S ¥ 0yl 10y B Jglowo b o0 ,8 (ol A odlo o3 Ve Jglome L ais gl 5 o Y erdis gl p oL 1) b
1 Each kilogram of mineral and vitamin supplement contains 500,000 IU vitamin A, 100,000 IU vitamin D3, 100 mg of vitamin E, 196 g of calcium, 96 g of phosphorus, 19
g of magnesium, 46 g of sodium, 2 g of manganese, 3 g of iron, 3 g of copper, S_g oftzinc, 100 mg of cobalt, 100 mg of iodine, 1 mg of selenium, and 400 mg of
antioxidants.
2 Method 1: Unprocessed bagasse, 2: Bagasse processed with 10% molasses solution, 3: Bagasse processed with 5% urea solution, and 4: Bagasse processed with 10%
molasses solution and 5% urea.
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Introduction: Pelleting is the most common thermal process in the poultry feed industry. Pelleting aims to
compact smaller feed particles into larger ones to increase economic benefits through increased feed intake
and consequently improved growth performance, safety, and health of broiler chickens. Heat, moisture, and
mechanical pressure during pelleting induce chemical and physical changes that may affect feed
components, bird growth, and health, from a nutritional point of view, the partial denaturation of proteins
during pelleting improves their digestibility and allows easier access to proteases (Dozier, 2001).
Gelatinization is the irreversible loss of the crystalline form of starch granules, which makes the surface of
the starch molecule accessible to reagents, solvents and enzymes, which can then break down its glycosidic
bonds and increase the digestibility of the starch (Moritz et al., 2005). Therefore, this study aimed to evaluate
the effects of feed processing conditions in conditioners on pellet quality and growth performance, immune

response, and blood indices of broilers.

Materials and Methods: A total of 480 one-day-old Ross 308 broiler chicks were used in a completely
randomized design. Treatments were arranged in a 2x4 factorial arrangement with four temperature levels
(70, 76, 82, and 88 °C) and two conditioning time levels (45 and 65 seconds). The pellet durability index
(PDI) was calculated to determine pellet quality. The diets were fed for 42 days in diets with three periods of
starter (1-10 days), grower (11-24 days), and finisher (25-42 days). Growth performance involving body
weight gain, and feed intake, were measured at the end of each experimental period and the feed conversion
ratio was also calculated at the same. At the end of the experimental period, two birds of each replicate were
slaughtered and blood samples were collected from two birds of each replicate. After centrifuging the blood
at 2500 rpm, the plasma was stored at -20°C until biochemical indices until analyzing. The plasma protein,
cholesterol, triglyceride, LDLD, and HDL, and the enzyme activity of AST and ALT were determined by the
autoanalyzer spectrophotometry. At the end of the experimental period, two birds from each replicate were
slaughtered, and carcass weight and other internal organs were measured. Additionally, jejunal tissue
samples were also collected for morphological analysis and preserved in formalin.
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Results and Discussion: The results of this study showed that conditioning time and temperature did not
have a significant effect on pellet quality and strength. However, performance indices were affected by the
experimental treatments (P<0.05). Pellets produced at the highest temperature had the lowest daily weight
gain and higher feed conversion ratio throughout the growth, finisher, and overall rearing periods as
compared to the diets pelleted at 76°° and 65 second (P<0.001). The highest carcass efficiency (72.62) and
breast relative weight (25.66) and the blood concentration of total protein (6.44) and albumin (3.7) was
observed in broilers consuming diets pelleted at 82°C and 65 seconds (P<0.001) as compared to other
treatments. The treatments affected the concentrations of glucose, total protein, albumin, cholesterol,
triglycerides, HDL, LDL, and aspartate aminotransferase enzyme (P<0.001). The concentration of blood
glucose was higher in broiler fed with diets pelleted at 70° and 45 or 65 seconds as compared other
treatments. The concentration of blood cholesterol, triglyceride and HDL was higher in broiler fed with diets
pelleted at 70°° and 65 seconds as compared other treatments. Increasing the conditioning temperature
reduced the concentrations of glucose, cholesterol, triglycerides, and LDL and increased the concentration of
AST enzyme (P<0.001). Intestinal morphological indices such as villus height, villus height to crypt depth
ratio, and absorptive surface area were also affected by the experimental treatments (P<0.05). Broilers
consuming pellets processed at 76°C and 65 seconds had the highest villus length, villus height to crypt
depth ratio, and villus surface area compared to other treatments (P<0.05). The broilers fed diets pelleted at
88°¢ had the lowest performance indices and higher blood lipid (P<0.05).

Conclusion: The findings of the present study showed that a temperature of 76°C and time of 65 seconds
improved the growth performance, and intestinal histological indices of broilers, and a temperature of 82°C
and time of 65 seconds improved carcass efficiency. The diets pelleted at temperature of 88°C reduced
growth performance and histological and biochemical indices of blood. Therefore, for higher growth
performance and improving histological indices of the digestive tract of broilers, a temperature of 76°C and
time of 65 seconds is recommended, and to improve biochemical indices of blood and carcass efficiency, a
temperature of 82°C and a time of 45/65 seconds is recommended for pelleting feed for broilers.

Keywords: Cholesterol, Conditioning temperature and time, Glucose, Pellet durability index, Villus height
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1- Completely randomized design
2-General linear model (GLM)
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Table 1- Composition of feed items in experimental diets (g/kg)

Shgs oole (55900 -V) (5590 W\-YY) (539, YO-TY)
Ingrediant (1-10 days) (11-24 days) (25-42 days)
o 54.90 56.69 63.79
Corn
Lgw 0%9)
. 1.2 1.2 1.2
Soybean oil
(CP 7¥) Lgus dlloess
. 35.00 33.90 25.95
Soybean meal (44% CP)
€ 8l 0.99 0.00 0.00
Corn gluten
P g 2.00 254 4.16
Wheat bran ' ' '
Lo dd 1.10 1.19 112
Calcium carbonate
Ol o0ulS 22 155 123 0.58
Dicalcium phosphate
o~ 0.25 0.25 0.245
Salt
SlosS o e 0.071 0.073 0.074
NaHCO; ' ' '
Vo
e JoSo 0.25 0.25 0.25
Mineral premix
Yoo
by JoSa 0.25 0.25 0.25
Vitamin premix
oie =l 2 2 2 207
DL-methionine 0-296 0-280 020
oY =] 0331 0.294 0.240
L-lysine
O 0.091 0.088 0.06
Threonine
Sl S 0.05 0.05 0.05
Coccidostat
A 155 1.60 1.95
Bentonite
PobepmS ¢
Toxin binder 05 05 05
w5l e 0.005 0.005 0.005
Multi enzyme
b 0.00075 0.0075 0.0075
Phytase
c.\;i}d\,mlz,o d.\u J]y
Calculated nutrient
(P)fﬁl‘s » 6)“591‘25) Slogdguw (555l 2980 3080 3170
Metabolisable energy (kcal/kg)
(23) B o9 225 205 19.00
Crude protein
(32,3) el 1.05 0.98 0.93
Calcium
(3253) (o yiud BB jad 4 4
Available phosphorous 053 045 040
o 145 1.26 110
Lysine
Ot + gt 0.91 0.78 0.65
Met+Cys

oty S s I g ol )8 ua Ve (530 )5 s Yo (g9 S s VO e S e il Sgs p)S5lS 50 3 D Sdee jolis pdlie 018 i ine JuSto !
F)ful'*‘ Yy E u*‘bs F)fulfr‘v Dy uaﬂL)j UILJIO:{ .x>|3 Dee A u~°b9 JUA”W »150
Bo opeling p)5 52 p)5 e W g sl p 5 oo V0 gty oS p )5 oo ¥ B (psoling p 5 o V K el

il

1 Mineral premix supplied the following per kilogram of feed: Cu: 3 mg, Zn: 15 mg, Mn: 20 mg, Fe: 10 mg and K: 0.3 mg.
2 The vitamin premix supplied the following per kilogram of feed: vitamin A: 5000 IU, vitamin Ds: 500 1U, vitamin E: 3 mg, vitamin Ks: 3.2 mg,

vitamin B,: 1 mg, Pantothenic acid: 4 mg, Niacin: 15 mg, Pyridoxine:13 mg.

2l S 2SS 52 3 D Slogeling jpalhe 038 el (aliyg JoSe T
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5 oS il 5 ey g g SThgs 0y ojlal (e
Sloo S an ang L addllan ol 0 0,13 5T ey plSiocal
g el oS oy o) g Lod o walaid jd edlitwl 050 STye

il ey gylul pasls

(Cuietal, .28 suSsl> ‘_’j S N> g diwlids jad AV
&S cdby olg e S sbdas 2024; Salahshour et al., 2023).
Cdy S p NS B Jalgs 5l (S e Sty 88 slod 9 oo
Ay £95 5 S 0> oS (92p00 50 Jelgs 5 o

(Muoyd) ey cutS y STyss g .\.;\)s 2 St ls ploj g Loy il =Y J,.\e

Table 2- Effect of temperature and time conditioning in feed processing on PDI (%)

EFI)iWL“) o> (&85 ) oo ol Re:J) stk
(oe(,\:r;perature Time( minute) Starter Grower Finisher
” 45 97.24 98.48 98.18
65 97.29 98.58 98.22
26 45 97.23 98.57 98.17
65 97.32 98.59 98.24
6 45 97.21 98.55 98.24
65 97.22 98.55 98.17
. 45 97.29 98.64 98.26
65 97.13 98.57 98.16
08Sle e oliid 0.060 0.056 0.029
SEM
S (e o 0.472 0.700 0.182
P-value
RN P
Temperature (°C) Main effects
70 97.26 9853 98.20
76 97.27 98.58 98.20
82 97.21 98.55 98.20
88 97.21 98.60 98.21
0o e olizd 0.894 0.599 0.689
SEM
O (o s 0.606 0.596 0.954
P-value
(5 ) s 45 97.24 98.56 98.21
Time( minute) 65 97.24 98.57 98.20
0o e olizd 0571 0.773 0.772
SEM
O (o o 1.000 0.773 0.459
P-value

(P<0.05 ¢ S5 ) 53 50385 b (gl sime ool iz alien g > (g3 45 gty y9y0 sl
aValues within a column followed by different superscripts are significantly different. (P < 0.05;

Tukey's pairwise test).
Sbe jlxe olzsl :SEM
SEM: standard error of mean

Iy Slygs Byne jlade op 3V il ¥ loj b oS Sl a5y
Ay byuye slajles jl gyl mxe yobay Jlade cplas ol lis
dg pidw 4B RO lej Lol S lw asp VE 5 Ve slale
byoye Jide (a8 «Shss Jodsd oo ogad > (P<0.05)

olej g bz slales L ke claodly :wa}) D)SJAS«
Sdy oy Ses gl s li o aly Shygs 0y o Ko sls

Olie sy 3 Sl 0a B Y Joaa )3 1855 sladagn
M glos Lo ((Sigy Vo BY Sloj ol )5 ailjs) Shygs Bpae
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Table 6- Effect of temperature and time conditioning in pellet production on the jejunal morphology in broiler chickens

(um)
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Temperature (°C)  Time Villus height Villus width Crypt depth
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Villus height to crypt depth ratio; 2 Villus surface area (mm?)
SEM; Standard error of mean
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Introduction: Carotenoids, particularly lutein and -carotene, are natural pigments with strong antioxidant
properties, widely recognized for their role in improving yolk pigmentation and mitigating oxidative stress in
poultry. The growing consumer demand for natural feed additives has prompted the exploration of plant-
based sources rich in carotenoids. Alfalfa (Medicago sativa L.), a commonly cultivated forage crop, is a
particularly promising source due to its high xanthophyll content, including lutein and zeaxanthin, which
contribute to both pigmentation and antioxidant defense. While synthetic carotenoid products, such as
Lucantin®, are widely utilized in commercial poultry production for yolk pigmentation, there is increasing
interest in natural alternatives that can provide comparable efficacy while potentially enhancing consumer
acceptance and sustainability. The present study was designed to evaluate the effects of different inclusion
levels of alfalfa carotenoid extract in comparison with commercial Lucantin® on egg quality parameters and
oxidative stress indicators in laying hens.

Materials and Methods: A total of 128 laying hens were randomly assigned to four dietary treatments using
a completely randomized design, with four replicates of eight birds per replicate. The experimental
treatments were as follows: C) control diet based on corn-soybean, A20) control diet supplemented with 20
g/ton alfalfa extract, A30) control diet supplemented with 30 g/ton alfalfa extract, and L35) control diet
supplemented with 35 g/ton Lucantin®. Carotenoids were extracted from fresh alfalfa through a sequential
solvent extraction method using ethanol, ethyl acetate, and hexane at three different temperatures (25°C,
40°C, and 60°C). The extract was subsequently filtered, subjected to rotary evaporation, and saponified using
40% potassium hydroxide to remove lipids. Total carotenoid content was quantified using UV-Vis
spectrophotometry according to standard lutein protocols. Egg quality traits, including shell thickness,
specific gravity, yolk color (assessed using DSM YolkFan™), yolk diameter, yolk height, yolk index (ratio
of yolk height to diameter), and Haugh unit, were measured at weeks 2, 4, 6, and 8. Plasma samples collected
at week 8 were analyzed for oxidative stress markers, including malondialdehyde (MDA) as a lipid
peroxidation indicator, as well as the activities of antioxidant enzymes superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx), and total antioxidant capacity (TAC). Statistical analyses were
performed using the General Linear Model (GLM) procedure of SAS 9.4, and differences among treatment
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means were evaluated by Duncan’s multiple range test.

Results and Discussion: Dietary supplementation with both alfalfa carotenoid extract and Lucantin®
significantly improved yolk pigmentation compared to the control group (P<0.0001), with the Lucantin®-
supplemented group exhibiting the highest color index among all treatments. Malondialdehyde (MDA)
levels, representing the extent of lipid peroxidation and oxidative damage, were significantly lower in A20
and A30 compared to the control (P=0.0233), indicating enhanced systemic antioxidant status. Although no
statistically significant differences were observed in the activities of antioxidant enzymes (SOD, GPx, and
CAT) among the treatment groups (P>0.1), upward trends were evident in the carotenoid-supplemented
groups, suggesting potential improvements in enzymatic antioxidant defense. The yolk index, an important
indicator of internal yolk quality reflecting the ratio of yolk height to diameter, did not differ significantly
among treatments during the first two weeks of supplementation (P>0.2). However, by week six, both A30
and L35 treatments exhibited significantly higher yolk index values compared to the control and A20 groups
(P=0.016), with A30 achieving the highest yolk index overall. These findings indicate that both natural
alfalfa-derived carotenoids and synthetic Lucantin® can improve yolk structural integrity, likely due to the
antioxidant properties of lutein and zeaxanthin, which stabilize yolk microstructure and reduce lipid
oxidation. Shell thickness remained unaffected across all treatments during the experimental period (P>0.3),
and specific gravity, an indicator of internal egg quality and water-to-dry matter ratio, also showed no
significant differences among dietary groups (P>0.25). Similarly, yolk diameter was not significantly altered
by dietary supplementation (P>0.05), indicating that carotenoid addition primarily influenced yolk
pigmentation and consistency rather than gross yolk size.

Conclusion: The current study demonstrates that dietary supplementation with alfalfa-derived carotenoids at
a level of 30 g/ton effectively enhances egg yolk pigmentation and supports systemic antioxidant defense in
laying hens. These effects were comparable to, and in some parameters even superior to, those observed with
synthetic Lucantin®. The results highlight the potential of alfalfa as a sustainable, natural alternative to
synthetic carotenoids in poultry diets, providing both functional benefits in oxidative stress mitigation and
improvements in egg quality traits. Incorporating alfalfa carotenoid extract into layer diets represents a
promising strategy for producing high-quality eggs with enhanced consumer acceptance, supporting both
health-promoting and economically viable poultry production practices.

Keywords: Antioxidant status, Lipid peroxidation, Natural feed additives, Poultry nutrition, Xanthophylls
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1- Matrix

2- Malondialdehyde

3- Total antioxidant capacity
4- Superoxide Dismutase

5- Catalase

5,0 1, CJU‘},? SIS w4 Janl cobB g0dd Jo b oy
sl Slogtlls asio 1) ] caomign 5 aailasS) cpl (VL clale
sl 03,8 i ek SThsd 53 e guan bl S, iSls
aug sols sladlyss By ne 45 Limd o L b jo)l58
29995 £S5 0335 ) W)l clale ialjdl cage Ml
(Laudadio et al., s> Lyilj8l s jebas 1) 03)5 S5y cdzes
2014; Zheng et al., 2019; Englmaierova et al., 2019)
ay ol o5 L;}L\»—»Slwi 3)_§lo.c L Lm.).;»ﬁ”lf Oﬂ‘ e
.(Delgado-Vargas et al., 2000) szwn 511 la 5o,

dy50 (e (LSS, il oyl D)l Jid 4 55 00558 pas
g i L;lm:”i)é b obows Oliiie 5l oy 5> ool
OS] a0 YU Gl 5 290000 (uwj (6)l0L 5 B9 o0
2 el ST GLuS y LSis 4 oo Ll o gaudge (pl )b
Byae Dgb Hlusl olde oym0; a4 ol ()b b slaailass, o
Loyl b Wl e St cliSs, Y (slajed b e Yok
0335 oty CoshsS 13 s 5 Ly i Ol eoligu] 15
5 HBNS Gy im0 a8 350 ( 2ME oul 0B I &S WL ol o
e sasy Lrwb cbaliSs) sl 4,5 )3 5yl ool
Comd (2B al 9 () o) Hl5 Jl g5 05)See b alS
L olyen Ygono luS 5 ol 5l cumes )| Siin sbaaslaiss 4y
S by el 5 W g8 aisle ST T sla JsSUge plo
ity s 2 g 9810nST )l 5 s e 4
09 b (AU & 3980 el Sy nl )y 0
adox 5l 03)5 (S S Shg d9me e wwlptl Sl 5 bl
A Sl 5l alen ol 386 el St claaihiSS,
Sailys 5 2l Jeame codlw Ly 555w 5 55l
OISy mb milio ) odliiul yiman il EAS G e
5 ells Jsmame W el g o3l LialS 1y cls,lg 4 Sl
OIS b S e @8 ) GBS G pas juin (Spd 3590
slaslass, 5l eslawl (Chaves et al., 2022) -, Sen 5 jl>
Doy §02)5 S5y CulsS Blgi o0 pg5 hom Al lao e )3 (anb
St iS4 Cuws (555550 Oygods |y 00658 pas
L &repS 3 sl ol g ol il 63,509, Slgie
a3l YL Cons



YA g Eropss CandnS w00) Ky aigy dudeiig 5 cilise st il ooyl 1Ken 9 (Al o

ik cLacib 2bik 33 alp G285 (M 08 5 o
2 @b Bl oyl P lyisar S 353 aadysy)ls
2B lewgie cadad b Joibl )by Sldsnd (slaaseiss S &l sl
olysan 3 Sl ol 5 45 gl | i old S 5 el
bwgie Coelad Ly S 5 gl sl (sl o Copal L (>
zl 5wl (Bednarik, 2013 ;Jiang et al., 2024)  cuwl cuslio
A5 g ¥ VO laled o celw VW oi s ay lad gel
s 3,5 Soyie WolS JT &Y o8 05 bl oy b o5 sl
b 5l e 3l o adSses g JelS gl Sl saimd oy Lis a5
L ol)S ol dspa Yo slod 55 g Mo oot y9ySue +/FO (S
O]yl ol sdelCunddy ojlac WBad poud ()Us) oKiwd
(Rodriguez-Amaya & Kimura, >3 oy (slaswl b olyen

.2004; King & Wang, 2004)

54533 5l
L sk el oy bl (sl 5 S (e
wlod ;o el 93 Gie 4 TS g un ks Jo > Fe Jglne
GoatySlw 5 (A8 Ggilo ) )5 Csile Sl ead S
SLb e 3l e 257 ()l gy el g B b Sl ) 3
2 Y ol el Cass 4 JS 035508 sl gy Y gl
a0 =Ve glod o celn VY Glo a Jols Jobxo o > o155
S S 559 5 355 o S 5 b 2,5 5 315 sk
King &) s5us bis (can slo iUl g (6 puS0jl8l cas bl S
(Wang, 2004

Gaii gl 9 JS axd gl g s ClALE (aans
2V S yragidy ySol bowg cptig) g JS 1 5eg)l8 clale
b)l,&)'t:_m‘ W) Lg):fo)l,k_:l )...99)1_) Y¥. LYY z9 J}‘o LAPRE
Lrbd.n o) dl)_s (l_§.:)4o1 ‘Ala.i:_w ‘009_5 'J-*A‘)J ‘\0) L)"‘:"9J
(5,5 )58 oolil 350 S Mgtia)ls e amloe g 3,1l

b dpslone | dlas 4y d g5 b IS 459558 30

AxVE10® (\) ol

Total carotenoids (g/g) = AW

4- KOH

5- Saponification
6- Decanting

7- UV-Vis

8- Sigma-Aldrich
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1- Shaver White Strain
2- Shaver Poultry Breeding Farms
3- Mash
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Table 1-The ingredient and nutrient composition of basal diet
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Ingredients (%DM) 0>

= 51.00
Corn

(Juop> ¥F pls g ) Lgw dllous 30.00
Soybean meal (CP 44%)

PUS ugms 4.00
Wheat bran

Sal K j3g 9.00
Limestone powder

Olouwd ppundlS” (63 1.40
Di-calcium phosphate

P 5 325
Vegetable oil

ossseJl o 0.15
DL-methionine

Ll g (Y=l 0.10
L-lysine hydrochloride

NaCl

e Sl 0.20
Sodium bicarbonate

2L ol 0.10
Choline chloride (60%)

\45-:”[:?.9 J“’S“’ 0.25
Vitamin premix!

Tane JoSie 0.25
Mineral premix?

b oy olesd Sy

Chemical compounds of the Main diet

(p AT 5 JE IS e L6 (555 2750
Metabolizable Energy (ME) (kcal/kg)

('\‘4)3) r"l$ OH9R 16.50
Crude Protein (CP) (%)

(3233) wanls 4.10
Calcium (Ca) (%)

(duoy) o3lizol L8 yaud 0.40
Available Phosphorus (%)

Digestible lysine (%)

('\‘”))) O+ (ygale 0.65
Digestible methionine + cystine (%)

e 017
Sodium
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Lvitamin premix supplied the following, per kilogram of diet: Vitamin A, 11025 1U; vitamin D3, 3528 1U; vitamin E, 33 mg; vitamin K3, 0.91
mg; vitamin B;, 0.18 g; vitamin B,, 0.825 g; vitamin B, 1.00g; vitamin Bs, 3.00 g; vitamin Bs, 0.30g; vitamin By, 0.125g; vitamin By,, 0.15g;

choline chloride, 50g
2 Mineral premix supplied the following per kilogram of diet: | (calcium iodate), 1.25 g; Se (Sodium selenite), 0.3 mg.
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Figure 1- Effect of solvent type (ethyl acetate, ethanol, and hexane) and extraction temperature (25, 40, and 60 °C) on total
carotenoid content (g) extracted from alfalfa samples
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Table 2- Effects of different levels of Alfalfa-derived carotenoids and synthetic pigment (Lucantin®) on egg yolk color index during
the experimental period

ialojl (slmop>
sl acin Experimental diets P
Experimental week gy @wxig: 459395 9 20 g 55595 9 30 0599 35 P value
ct A 202 A30° L 35
pad dlin 4.19 +0.11¢ 475+ 0.12° 5.13+0.11b 10.19 £ 0.11» <0.0001
Week 2
Week 4
s Alhn 4.63 + 0.124 6.00 + 0.11¢ 7.50 +0.18° 11.44 +£0.10° <0.0001
Week 6
M Every 413 + Olld 588 + 015(. 656 + Olsb 1056 * 029d <00001
Week 8
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Values are expressed as mean + standard error (SE) based on four independent replicates. Mean comparisons were performed using
Duncan’s multiple range test at a 95% confidence level.
=d Means in each row with different superscript letters indicate statistically significant differences at P<0.05.
C*: Control (no supplemental carotenoid source). A20% Diet supplemented with 20 mg/kg alfalfa-derived carotenoid extract. .A30%: Diet
supplemented with 30 mg/kg alfalfa-derived carotenoid extract. L35* Diet supplemented with 35 mg/kg lucantin (commercial carotenoid source)
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Table 3 — Effects of dietary treatments containing Alfalfa carotenoid and commercial Lucantin on oxidative stress-related blood
parameters in laying hens at week 8 of the experiment
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MDA 1 TAC? SoD 3 GPx* CATS

Treatment (hmol/ml) (umol/L) (U/ml) (U/ml) (U/ml)
C 8.94%0.19 2 301.38%16.44 269.00£13.60 212.63%5.81 124.13+11.64
A 20 7.500.07 314.38+10.83 312.38+30.62 194.00£8.27 138.63£17.95
A30 7.84+0.34 1 286.00+5.72 315.88+18.76 189.38+8.67 161.13+12.22
L35 8.14+0.41 % 332.2549.72 319.38+13.56 208.13+9.38 129.50+5.33

P value 0.0233 0.0732 0.3063 0.1904 0.2244
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Values are expressed as mean + standard error (SE) based on four independent replicates. Mean comparisons were performed using
Duncan’s multiple range test at a 95% confidence level. *® Means in each column with different superscript letters indicate
statistically significant differences at P<0.05.

C = Control (no supplemental carotenoid source). A20 = Diet supplemented with 20 mg/kg alfalfa-derived carotenoid extract. .A30 = Diet
supplemented with 30 mg/kg alfalfa-derived carotenoid extract. L35 = Diet supplemented with 35 mg/kg lucantin (commercial carotenoid source)
IMDA: malondialdehyde; 2TAC: total antioxidant capacity; 3SOD: superoxide dismutase; “GPx: glutathione peroxidase; SCAT:
catalase.
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Table 4 — The effect of different dietary treatments containing Alfalfa carotenoid and commercial Lucantin on
egg quality traits during the experimental period

03, gl 03)5 Jlab (ke

sloss . : 03,5 pasld wPyae (s . sl 4y
treatment Yolk ?&'ggt Yolk(glni;neter Yolk index Specific gravity Shell(tl?rlrf)kness Haugh unit
inlesl ¥ aian
Experimental Week 2
ct 19.49 + 0.589 41.51+£0.798 0.47 £0.013 1.093 + 0.002 463.25 + 2.926 98.42 + 1.030?
A 20?2 19.19 £ 0.515 41.64 +0.203 0.46 £0.012 1.094 £ 0.002 461.5 + 3.663 98.84 £ 0.3772
A308 19.35+0.125 43.16 + 0.565 0.45 + 0.006 1.092 £ 0.002 468.25 + 2.562 94.43 +1.106°
L35% 19.09 £ 0.274 43.54 + 0.699 0.44 +0.010 1.092 + 0.002 456.5 + 6.384 94.15 + 1.627°
P value 0.9161 0.0793 0.2231 0.8626 0.3025 0.0179
EAIS{R V1N
Experimental Week 4
C 18.45 £ 0.290 42.74 £0.570 0.43 £0.003 1.096 + 0.003 426.92 +17.100 95.45 +1.240
A20 19.15 £ 0.480 42.11 £ 0.440 0.46 £0.015 1.092 + 0.004 448.08 +17.820 97.19 + 1.440
A 30 17.83+0.410 41.72 £0.530 0.43 £0.010 1.092 + 0.001 455.08 +11.040 95.39 +£0.810
L 35 18.57 +0.310 42.81 +0.490 0.43 £0.010 1.091 + 0.002 437.58 +17.140 96.50 + 1.050
P value 0.1638 0.4082 0.252 0.5871 0.6321 0.6496
Uinlejl & azan
Experimental Week 6
o 16.74+0.170°  43.97 £0.240 0.38 +0.005° 1.093 + 0.002 434.50 £ 5.430 90.71 £+ 1.880
A20 16.71+£0.320°  43.28 +£0.500 0.39 +0.004° 1.093 £+ 0.001 427.83 +11.860 90.07 + 1.950
A 30 18.22 £0.330*  43.89 +£0.470 0.41 £ 0.0102 1.095 + 0.001 444.50 = 7.780 86.71+2.180
L 35 17.74 £0.380®  43.03 + 0.630 0.41 £+ 0.0082 1.096 + 0.002 435.83 + 13.130 88.20 £ 2.710
P value 0.0313 0.4636 0.016 0.5565 0.7117 0.5803
eolojl A azin
Experimental Week 8
C 14.47 £0.390 45.30 £ 0.830 0.32+£0.010 1.10 £ 0.000 431.25+2230  76.96 +1.510%
A20 14.95 + 0.600 45.65 + 1.040 0.33+£0.020 1.10 + 0.000 42150 £+11.870  80.83 +0.980?
A 30 15.19 + 0.650 45.91 £ 0.300 0.33+£0.020 1.10 + 0.000 433.42+5360  79.14 +1.1902
L 35 14.51 +0.350 46.42 £0.170 0.31+0.010 1.09 + 0.000 430.42 £10.000 72.82 +2.670°
P value 0.713 0.7099 0.7727 0.2539 0.7544 0.0329
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Values are expressed as mean + standard error (n = 4). #® Means in each column with different superscript letters indicate

significant differences at P < 0.05.

C! = Control (no supplemental carotenoid source). A202 = Diet supplemented with 20 mg/kg alfalfa-derived carotenoid
extract. .A30° = Diet supplemented with 30 mg/kg alfalfa-derived carotenoid extract. L35* = Diet supplemented with 35

mg/kg lucantin (commercial carotenoid source)
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2- Redox balance
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Introduction: Cereal grains are the primary source of energy in poultry diets. Energy from cereal
grains is primarily derived from highly digestible carbohydrates, with a small contribution from the
fat they contain. Therefore, depending on dietary energy requirements, cereal grains constitute a substantial
proportion of poultry rations and play a major role in overall feed costs. On the other hand, among cereal
grains, corn is more widely used in poultry nutrition than other cereal grains due to its high energy
content and digestibility. Due to human consumption and the limitations of corn cultivation in Iran,
such as water supply, climatic conditions, and soil type, it seems necessary to replace corn with
other feedstuffs in order to provide energy in poultry diets. One of these grains is triticale, which
can be used as an alternative cereal in poultry diets. Triticale is a hybrid of wheat and rye. The
combination of wheat-like nutritional attributes and the robustness of rye make triticale adaptable to poor
soils and highly tolerant to drought and cold stress. Furthermore, triticale is a suitable source of energy
(3200 Kcal of metabolizable energy) and has a higher protein percentage than corn (14% compared to
9%). This makes it a suitable alternative for a major portion of corn and soybean meal in poultry
diet composition. Therefore, the aim of this study was to investigate the effects of replacing corn grain with
triticale in the diet on the performance, egg quality traits, and some biochemical parameters of blood serum
in breeder Japanese quail.

Materials and Methods: A total of 288 mature breeder Japanese quails (Coturnix coturnix japonica) were
obtained at 6 weeks of age and transferred to the research farm. The breeder quails with the same average
weight (240 birds) were placed in 12 groups (3 males and 9 females) in each experimental unit (cages
measuring 35x70 cm). The experimental period was 7 weeks, with the first 2 weeks dedicated to habituation
and the remaining 5 weeks focused on collecting experimental data. The experiment was conducted using a
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completely randomized design with 5 treatments, 4 replicates and 12 birds in each experimental unit (3 males
and 9 females). The treatments were as follows: 1) control group based on corn and soybean meal (without
triticale grains), 2) replacing 25% of corn grains with triticale, 3) replacing 50% of corn grains with triticale,
4) replacing 75% of corn grains with triticale, and 5) replacing 100% of corn grains with triticale.
Performance parameters, egg quality traits, hatchability, and fertility of eggs were evaluated throughout the
experimental period. At the end of the experimental period (13 weeks) blood samples were taken from two
birds from each experimental unit and serum lipid concentrations were measured.

Results and Discussion: The results indicated that replacing corn with triticale up to 50% had no significant
effects on egg production, feed conversion ratio, egg mass, or the production cost per kilogram of eggs.
However, higher levels of replacement significantly reduced egg production and egg mass while increasing
the cost of egg production (P < 0.01). Previous studies have reported a clear relationship between albumen
content and overall egg weight. Triticale has also been reported to contain a relatively high protein level
(ranging from10.5 to 14.6%). Therefore, the increase in egg weight with the progressive inclusion of triticale
might be attributed to the high protein levels of triticale compared to other cereal grains. In the present study,
the control group and the group with 100% replacement of corn grain by triticale showed the highest and
lowest yolk color index, respectively (P < 0.01).Given the role of pigments in corn grain and the decrease in
their levels in diets containing high levels of triticale, the decrease in yolk color index is expected. Replacing
corn grain with triticale up to 75% did not have a significant effect on total hatchability. In the current study,
replacing corn grain with different levels of triticale did not have a significant effect on serum lipid
parameters of breeder quails at 13 weeks of age.

Conclusion: In the present study, replacing corn grain with triticale up to 50% did not significantly affect
egg production, feed intake, egg mass, the production cost per kilogram of quail eggs, fertility, hatchability,
or most egg quality parameters. Therefore, replacing triticale grain up to 50% in balanced diets of breeder
quails, even without the inclusion of exogenous enzymes, is feasible and recommended.

Keywords: Egg mass, Feed conversion ratio, Hatchability, Lipid profile parameters, Yolk color index
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o 09,5 (lod (S5 (oSS (02 (g 2 4ligy (e
(Agah et al., 2019) s

aipsn e b ) bl (slaoyr (ool LS s
oobol cnl B bl (M5 eyl 055 oSy (Sjla ST
Cooid bawgio g oy )3 03lod ya (Bpae dopd (85 i oL
Sl (Bras op p)55kS Anje wign 2l 09 Job 53 o3l
(Shakeri, 2010; 4 4wl ¥ ddsleo 53, 5 (CFj) b po
Kay, 1991)
(V) doleo

CF; = (Pe;; X Pr;;) + -~ + (Pe,; X Pr,;)

obasi - it (e oy p)55kS auje CFj ol o oS
Coosd bowgio Prij o, 01 (Slysd 0oled U pas duo > :PEj;
2 Bymae pMEI ol in, .21 =1 g0 0 (Slyes ool
plosl gloj lacnsd (olsly 45 4o duloxs) Cusl o)
(sl WeN 500068 )3 (g

= Adgi Ay (v) dbslso

agrpe 0k sl dues
sobaie dlaly cpl jo ol Cawdds ¥ doles S e3S is oo

Sy g doped ALl el oS don ol 055 S s ]

(Agah et al., 2019) ¢l

(¥) dblso

cemihail eg Sl s B S

Ry o T ok e g e
SWSL5l anly yo (ly 0)95 o lp (Spae Shhgs luide
S S Lroygd pa shil )3 oadodls pavass Shes (o
Lwdsy y o ailisy 8y Slss (800 i duule sube
50 sloalsles j1 ozl | 5o, fotiplp)S oluly 5 Slil Gluss]

.(Agah et al., 2019) 45 duwlxo #
(@) abslso

X 0y99 y 31 53 0455 045 olasi) = inlojl aoly yn g a2 g
2 oid Gl glaosy & olajg) ggeane) + (0993 cslajy) dlaws
(1592 055 095 | Jobo
(%) doles

|- i _—
Ace Cpdep il piu D

0y9> (G add o> STygd 25— 09 Ll 3 ediledl STph 2 5

. = e S
Saf ey

bgw dlouS 5 )b by (ET-84-17 (1Y) eidle o8, A8 5 slowd oS 5 =Y Joo>
Table 1- Chemical composition of Hashemi variety triticale (ET-84-17), corn grain and soybean meal

bJLo ~ P
s ROt B g0 bl Jolbela e
5 (+25) (+25) (+25) (22y) &l (+25) 2 IES)
8
) (Aoy2) () . (222) . c
Variet Crude Crude Ether Nitrogen . Auvailable (p)S ks
y Dry - . Ash Calcium
i protein fiber %) extract  free extract (%) phosphorus ME
m(%/o )er (%) (%) (%) (%) (%) (kcallkg)

ol
(ET-84-
) Y17 95.12 12.00 3.20 1.82 1.59 75.50 0.05 0.1 3201
Hashemi
(ET-84-17)
‘o »
Yellow 89.00 8.50 2.20 - 3.80 - 0.02 0.08 3350
corn!
Vg allous
Soybean 89.00 44.00 7.00 - 0.80 - 0.29 0.27 2230
meall

ol 01 033 L5 V gy 48 jobaslem i) il (gl oadpns polie 9 VA4F NRC L gllas )
1 According to NRC, 1994 and determined values for corn grains as shown in Table 1.
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iilofl g 4l sloo e hosd CLS 5 g il =Y Jgua
Table 2- Ingredient and chemical composition of basal and experimental diets

sialejl sloo >
. . Experimental diets
(S o3lo dopd) (STyes sl
Ingredients (% DM) el A 5 1o > YO A 5 o> B A 5 o> VO PSRV RWS R B
Control 25% 50% 75% 100%
triticale triticale Triticale triticale

o2 57.00 43.82 29.33 16.02 0
Corn

‘d&“’) 0 14.30 29.33 44.46 62.34
Triticale

(08392 20,3 ¥F) L oS 20.91 28.65 27.88 25.94 23.90
Soybean meal (44% CP)

<P oIS 2.76 2.70 2,63 2.66 2.70
Corn gluten

(S o) Sal S 5.5 5.5 5.5 5.59 5.5
Limestone (calcium carbonate)

Dl ppls 52 1.20 1.20 1.20 1.20 1.20
Di-calcium phosphate

Sl 0.26 0.28 0.29 0.30 0.30
Common salt

St o e 011 011 011 011 0.11
Sodium bicarbonate

o9y =) 0.06 0.07 0.08 0.10 0.13
L-threonine

LS o =l 0.09 0.10 011 0.14 0.17
L-lysine HCI

odgse -l 013 0.13 0.13 013 0.13
DL-methionine

bsw 0E9) . 2.39 2.55 2.82 2.85 2.93
Soybean oil

Vo . ) §

‘-i’"\“ 4 et - i 0.50 0.50 0.50 0.50 0.50
Vitamin and Mineral premix*

o..\;f}A,ml?u uLS))

Calculated compositions

(P35 2 5 S3S) ol udylie JB 55 2900 2900 2900 2900 2900
Apparent metabolizable energy (kcal/kg)

(o) Pl x5 20 20 20 20 20
Crude protein (%)

(222) el 2.50 2.50 2.50 2.50 250
Calcium (%)

(23] > S8 538 0.35 0.35 0.35 035 0.35
Auvailable phosphorus (%)

(22) JS oy 0.45 0.45 0.45 0.45 0.45
Total methionine (%)

(302) J5 (bt + inite. 0.70 0.70 0.70 0.70 0.70
Total methionine + cysteine (%)

(+02) J5 o34 1.00 1.00 1.00 1.00 1.00
Total lysine (%)

(o) I 0igs 074 0.74 0.74 074 074
Total threonine (%)

(10)3) e 0.15 0.15 0.15 0.15 0.15

Sodium (%)

0,5 ke +1oF By el 1,5 e ¥ Ka by f ol a5y VWY B el £ lalli a5y YY e+ g aedS alsS f Mol asly Vev o oA alig ziggls 0y p SshS
Sl 12,5 s N0 (58 (S 55,5 oo ¥+ IS 58 1,5 o ¥ e 535 0.5 e +1F i 5 ko | Sl 2.5 o ¥ tis Mg 52,5 e ¥ el

92 )5 shee B el tp)S o Ve v e Sl t2) en N s tp S e /Y b ) poiln tp)S (es V¢ 5
1 Per kilogram of diet contains: Vitamin A: 11000 IU; vitamin Ds: 2300 IU; vitamin E: 121 1U; vitamin Ks: 2 mg; vitamin Bi,: 0.02 mg; thiamine: 4
mg; riboflavin: 4 mg; folic acid: 1 mg; biotin: 0.03 mg; vitamin Bs: 4 mg; choline chloride: 840 mg; etoxyquin: 0.125 mg; manganese (lI) sulfate: 100
mg; Se (sodium selenite): 0.2 mg; lodine: 1 mg; copper (I1) sulfate: 100 mg and Fe: 50 mg.



AV g o S Olho o Sae yp Aoty )7 b @yd aild (g 3Rl Ol Tl 5o g 05T

o 3 Joo Ll 35 S el o 6ol

(TESA Cal, IP65, SWISS) JLiors (oS dligdy |, 555
ol 5l iy 55 JSL asls oy g 03,8 (5 p:Sosl
T Ve 0 (Heihe) 035 Job @ (o) 1558 s
.(Abdel Wahed et al., 2010; Baylan et al., 2024) Lol cowd

CRTIREL N A

590 00 0 ok GlapSS (x5l g £y dmlxe sl
B0 e g pholed (pglaen Ulilejl BT atin 4 g
T Sl g )less 0955 il 035 due Ve v Dl &S i 5
g Soslaen o )id o35 20 B0 A pyae )3 slog
4 059y W (st 0)93 ()38 5l g 9 Jiie (254252 0l
Cud Opgody JS (6p5l 3 52 dopd i Jiite o ol
2 00 BaislS clapss S olasd g oy ;05 slads gy Sl oy
G &gty 45l SlopsS | 5pglpasn 10)3 5 s olSisd
sl a0 dlaxi ay sd bz 85 clad oo dli sl
(Ozkan et al., 2024) 15,5 duslbro 04yl sSSl

09 slawul olile
((Xaan V) 0)95 (bl ) oo o) clalé o jglatony
3 g A 4B (g5 ge 0aiy 93 5l (lojl aoly s ]
Odody 4853 )3 )93 YO+ +) Soudy yilo S8 &y (193 pyw (5Ll
lod 1 UL Lo b o +/0 (slaigsis Sae p (488> V0
oo o8 iulojl )3 03,5 (6)lig S5 3,5 il dmyd Yo bk
N rm 4590 )2 %S 6,5 g HDL LDL LS Jgpds
s poggSe ol Il lgl o b LS
Canj 6)b5 <S5l oxlizl L o (BIOSYSTEM A15, Spain)
& =Sojlasl (Ziest Chem Diagnostic, Tehran, Iran) e

Ssbol Judoi g &y 30

oy s IMP 153l 5 1y s o 51 dmy Lmodls ol
SAS, )SAS (gylal l3blay il oslisul b oselcwmsd gubs .5ub
b «JB ;> One Way ANOVA o, il solazwl b 4 (2008
Sl dulio 23S 18 o g 355 3,90 (B3lar ShelS
zio Jlel maw 3 oSSl (laiely dix g0l 51 ookl b laosls
Sygodns inlaesl ol 4> oadeslinl (gyl] Jao .0d plsl o)
Dy A dalso
Yik=p+ Ai + €jj (A) abslso

1A el 1o i oanlie ya Hlade Yijk ()] 3 &S

o Ui adli g do)d 0)) o yd 0dstu Juo)d diwgy
5 wllw) @55 3ds a9y 2 Shb Ais ) (03)) S5y pa3LS
W o 50 inlojl daly po 5l lawgio ojl0l b (53,6355 s
logione Ll g ()5 e Sl 8 (S0l ((Saan
St gl celo YA Gae @) bding g9 00l jaed ST dluvgy
L lmo] 039 ¢y S 5l aw Las (o )haS éb’l sl O
(Sartorius, TE153S, £,5 +/++) cdo U Jluowd (95l
5l o (Yilmaz et al., 2011) s 5 (5,50 3la Germany)
p35) 055 S 039 4t O ol 5 (p5) Aoy (19 Aplne
Oloisds (p il 055 dlgy Jopd g 0dd 0p Ve ol Jols
(Yilmaz et al,, 8,5 )58 obj)l )90 diwgy iS5l (55lne
5 diwgy Caolus 1l gy Cuolus (g 550jl0l (4l 2011)
olee) c8a by (FE20 Jas) Jbomsd sy 51 odlisl b oy paly
S o310l Syl o g by ¢ypy g Al dus )3 yio o
a5 5 5 dg (aleg Cels glyea ool (:S0ke 9 405
OsSlee 9 92055 bl (2 paly 036 340 Y7 o (6l )15l S
claasly 5l Sy jo el 056 g 2o oo plyied; g
uasie ¢l (Baylan et al., 2024) 1 4,5 L > dioles]
hLE VD oy oyl o el T il sy 5l ey5 Sy 53,8
Al e SOy o s LS o g st (ol ©jg0d (K,
G5y o 335 3 Sy aiels 395 o (£,:S0jl0l asi ysbods oS
5 (Wu et al., 2005) w3l g V0 oy 4 Jle (2,6 b ) o)lad
Voo el ol )5 il 059 (i 42 03)5 (9
St | rlame ploisdn iyl 055 03)5 doyd g oAb s
05 oS L (Yilmaz et al., 2011) 8,5 )8 b5l 3 50 03);
PrS i odsi (g 935 JS (g Sl diwgr (39 9 0255 0
(P35) otk 055 (g9 4 o ()] el Sl s 3 druloro
Olgiedn iy 058 odis dopd Vev > ol ol s
(Yilmaz et al., <8,5 )18 Sbj)l 5)50 odstw cutsS il (6)bixe
ot S ) Ll i i) gl sl (puesd (<l 2011)
(TESA zooglis) o5z 5l oolizol oo alos (lyy o
sla 1oy A aoles 5l odlizul | 5 (¢ ,5ojlul Cal, IP65, SWISS)
Sl iy o CapdS Bl 5S 5 gl doly dxpn D dnsle
(Baylan et al., 2024)
HU = 100 log (H + 7.57 — 1.7 W37 (A) dsleo
039 W g (o o) ostu glas)l (H gla sslg :HU ol S
sl (p)5) @59

1- Haugh unit
2- Rhosh
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Padln i Lodl pass 0ls as ob L HliS s
cU)) 9 fA_S l_: d_wl.(bo 2 ‘é_‘)ls 2 .‘)9_»)‘;0 WDU ..\Jy 9 t_ﬂ)?
b B9 Jire sl Mligiol)l ool palie sl iS5
ol a5l i o8beS plpls wal (dlalis pe oy Sl
Ebrahimi et al., 2017;) o> il S 1) 005y 5, Slas
g A slgllue yimgi, ,o .(Bakhtiyari Moez et al., 2020
b 3Sls 30 (Abdel Wahed et al., 2010) . )LSen
—o55 e al oy 0 Gy &b b ds)d Fr e U A 5
U dwslio o 1y (eobaidl 0ol oy YL g 3 Sos o yino < ulf IS
w25 A e sl polde o YL 35,500 (sladllas jo sl sali
slao il oy 3 (Spas Sl plesily 5 055 (g (2
V) oy JS dopd ¥rprdaw U iy 5 ails 1 aolazal 1) )38 50
el 235l PSS )3 £y o L olya ()3 il s oy
S dop Fe paw U Al 5 ald 5l oolawl an (ST i S 45,158
w23 PSS 325 S Lolyon ()5 il o o) Vo) 0y
L a5 asils doys ¥l onlizl Ll gy pda Sl 55 ol
5 (Guclu, 2003) 39 5 pse iy 5,Slas 390 sly oo 3!
D zolhw ;o dIn 5 ab b oyl ab 3l 55 K b
3y Slos o 83U IS 050 LY JVRIVES S5 dod Ve g Ve
»Lo (Limetal, 2021) cosly Jlisess slag,s iy
P doyd Ve mdaw U dlSoy p aiby il o5 ol ol liises
5 055 W «Shgd Bpas p )b e Sl ()55 )93 052
(Hermes & Johnson, »)las jJiS w50 slag o 1 055 (i
oy d IS 5 aild 3938] 4" 65,8 by )], Sideg s .2004)
Olyedn a9 4ol (5 aie ploieas o IS5 sl s
"9 5 Sar ey JB UM ple i S iRl
(Jamroz et )l w5 155 0395 «Sygd i o b (5 I8
(Hashemi et al., J,LSea ¢ oila yimgss ,>.al, 2001)
b duslio o 5 b ayd dil ao ) YO (055500 56 2016)
2 S e D9l S5 (sog Sl ye 03 53 aald 0g)S
P OV) Ere 055 (19 (203 OFIA ply )3 0+) (6)l5655 (e
f)j V¥[8 )_Jl).) JLl \'Y/\c) ;ﬂ)}) d)_«m ‘(f)_?a/\/F )_JI)J
Plop W aew U Ao g alb b ayd ab Kb cplply
b dpogi (og NSRS Sagye o

& Slos loatl zls » lagles &8 ws S lo o ldise
Ol glosl > pud calisee polaw bolidy Slgy o JiSTe50 (slag pe
L a5 oS 5l s> Elgsl g el il (8 pune Al 5

Dy u....;Lo)T sl 5l 9 slows

PR3 al g oS Cilis

S Aoyd g (B Sl Slico jadn (iagh ol
Lyl y9 63 Shos Clivo 4y ced 9 Sibatog 2yl
55 0395 (2l had o pd o3 Mg Aoyd 035 g Jul
V) stalel oy9 bl 53 (535 059 p)TelS S dje g sy
(P<+/+V) a3 )S 3 iolojl slojlos 3l cou (Swan WY U
VB s U5 ISt 5 b 3 s (3ol 45 s by (T J52)
S w5 g 38l 4 janie dald 09,5 L dualie ) o)
o Voo sl Bl as (5,5 WY il )3 WIF G )
- xS & e dald 05,5 b duslie o i L @y wb
(P<e/eN) 0 (p)5 VYA plye 0 VVAA) cpzyals (o055 o459 4l
sl Cilisee ol dimym 4 S Wl L (olbllie p> oliEce
syt Sl d Span o Oglite slaag L S 5
AU s @35 g bl el )b gine 31 056 g5 5 STos
4SSy (85 118 0y S 5 0 A Al iliseo gsla
033 3 VS5 803 Ot (e (Ssan &5 332 o] ) S ol
(Poaty Ditengou et cily 34 ,li5550 s yo )d § popsd
1l 3) omasdl oo 45 23,8 ol liiee (pioeen -al, 2024)
(Silversides & by 3939 (usly dlayly w595 (459 5 (856 g
YL b sl (gols 4l 4Sblj) Budgell, 2004)
(Dennett et al., 2013)¢ cwl (1o)d VF/F BV /D (40) uSap
a5 4l (a5 (aSbeS L 055 gy Rl ol e
s Jhas ol (S iS55 Sy Sy e S 5
(Poaty sl Sl M b duglie ,3 Al )3 gy Vb
.Ditengou et al., 2024)

upd 9 IS5 o) las 3)50 3 F o> bl Billas
Sy g a5 byl eolawl o Codgazme pl o olie bag
Ol 35ils clboys b oadayiss claog,S o ¢ sbds ccusly
2Ld oy b (g bze Golds doyd B o b Al 5 b )
Voo 9 V0) A5 b oy a3l YL palaw bl il
@i Lilidl g yli8 0 55 oy b ae LialS cel (1)
S e g My 035 098 P/ V) ad olie s o s
oo U alSn 5 4l (30l L 5o sl il o059 p,55kS
oSl Lel ol lis aals oy b gyl pme Golas duoy> O+
Mo (pyieS @l 5 dilb Loy yd dild phus (gduopd Vo
Ay el e cn e 9 (p)5 V) GME sk 059 0395
> gl 1y (plegs BOYVY) (a5 (e pals 056 )5 5kS” S
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S5 § e 5 SoodiiS Culas oo agligiy) A 5
(Vieira et al., 1995; 15,8 lois )3 il b awslie p (S
et Sl olde yiul3dl yises Zarghi & Golian, 2009)
U sl b duslis (o (co)d il ayly ) dali o (sl (ol
4 Ay g )gle paiS e Jre (U (VL ol (3Kl
Al 5855 S ol Sligiee 42 oSy Gl >
XN 9 mad Culils AL lea ‘S}L»JI)‘T u@lf celb L‘ul).w u;]
(Bakhtiyari Moez et 543 o 615, 3,Slas ialS doui 3 4

al., 2020; Lim et al., 2021)

= 9 3y Sloe wa 45 Klosd 03l (B9 ¢3S SladsnS Jelse
ALim et al, 2021) st e 30 ], o g )
o elo oyan > saol sl imsiy 551 lS gy
Lo opd il glody dlSa 5 4l (oo Ve v) Jol8 0>
ool §) oohin U Sy ials oy |y oy alé pes
RS o s s | Rmggy A8 (0 oy (63 Sles
2 a0 b by o b oddaydss SwbsS sladsgs lie
O omls ieS gdae dla e Ly byl o 1) cuyd aibs b auslis
ol > gladss phe dlge (9 YL L g (ae dlge wan Ll

(S VY LY) wziuj 0y93 Jsb ) oy (golaidl @f\)lf a)jiﬁ 5 2)es Clas (:Ske w:.iuj slales 5l =Y J,.\?
Table 3- Effect of experimental treatments on average performance traits, and estimation of economic efficiency of diets during the
experimental period (7 to 13 weeks)

L;@.L")"‘ sbjles
Experimental treatments ulas gl

o, s ls A 55kl N
I"‘» L Sz, 5 YO, Iz 5 7 V0 o J
tems A 2506 > 75% A 5 ke S

Control triticale 50% triticale 100% SEM P-value

triticale triticale
(p%) 5 039 12130 12,367 12230 12.40° 1188 0017 0.001
Egg weight (gr)
(4) 585735 ‘f’l}"’a 90.592 89.172 88.612 80.84P 80.78° 0.443 0.001
Egg production (%)
(X) 4l oe.%)—\lf 3
Qua” eggs without shell 0.39 0.22 0.68 0.45 0.073 0.145
(%)
(/)_d}b e "P"\L g 0.20 0.55 0.53 0.23 0.078 0.185
Thin shell quail eggs (%)
(9 foxx/p,5) Shgs e 25.42 25.28 25.33 25.12 0.075 0.797
Feed intake (g/bird/d)
He s i 3.16b 3.13b 3.50% 3.652 0.022 0.001
Feed conversion ratio
(9,/e501p55) "x 29 10.992 11.032 10.842 10.03° 9.60¢ 0.057 0.001
Egg mass (g/bird/d)
#5925 ohS G M5 aje
Holegd) oyl
49597b 48876 490280 541732 557712 344.824 0.001

*The cost of producing
one kilogram of quail
eggs (toman)

OSlee 3wl gllas SEM
P<0.05) 1)l (sl sine M| livo e gy (sl (sl Siloo i, s o A€

sl VFV yo0 00 30 g plonil loj (slaciasd wloly 43155 aly o duwloee *
SEM: Standard error of the mean
a¢;: Means with different superscript within the same row differ significantly (P<0.05).
*The cost of nutrition was calculated based on prices at the time of the research in August 2022.
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L g5 gy 035 02,5 ) Lol a8 S5 1,5 ooy o Al 5
goly S gl 3 2Bl Sl e S5 > iS5 b 3950
Sl 399 Laop > a5 any 03,5 S5 1 pdalS s
3= (Hashemi et al., 2016) l)LSen 5 ol imgh illas
N0 yo o) i golaw 0 D 5 Al b ey ab ik
2 Gz glds IS 55 e e 0y ;3 (Aoyd £ o ¥O N
odsiw gLl g gl doly gy plSodial ol (A4S slaasls
sl ks a1, S5 sbol aals b uisle] sl o oy
0L b e Lo @b &ils o Vo s b Al 5
lmops L oaiaiss g e o bl il §p0 156 035 S5,
ssbdn 02)5 Sy sl Wl 5 4l Ao VO o £ (g5l
P e 35 Fomly Byled plo 5 dald 4 Caund (5)1xe
Tl 18T Co8 §pe 055 03,5 ) o wb asete bl S,
s Ll L oS by ol S )5 Al 5 cilises
A s pials (dad ©)god 03)5 Ky (Shgd o 3 A 5

(Poaty Ditengou et al., 2024)

O3l pAS Aus Gldeo

~op ik 055 (A8 lio 5:ibe p otalejl sl less b
2 S WY ey dolojl slae s b oddd i Wee o
aS ol lis y sl et puls (sl odd odly L ¥ Jgus
gy o gl dnly Jold 2yl 056 (45 slappadls
AU o JSb (ablb g Aty Cualius 03] 5 pdshes S
iRl L 035 S, padls bW, )15 ilesl (sl los
—iolojl slao s 5 )3 aily cloay A 5 aily Calise zglaws
YL b (3ol oS s oty (P1)) 285 15 o oo
oalS cceloy i 0 @ ab slbd ds 5 b wsyn YO
5 3 i i Jald 09,5 b dunlie )3 03,5 K5y (adli b sxe
=09, S 4 bayyo (PN 9 O/FY ol ) 035 S5y (sl oy yieS
Lopaibuspy Ve 03K Ll 5 sals b eddads sla
Dy w5

s (Lim et al., 2021) 4, Sen 5 oud Lidgi :llas
Wiy S5)) Ere 055 CudeS byl 4 baye (ol slayadls
AU o5 (A (39 9 dmgy Coldd ola 151y el ¢lis)

S o 53 ge (sl yil 035 S Olio (Sl oinlof] slroype 1€ Jos
Table 4- Effect of experimental diets on the average quality traits of breeder quail eggs at 13 weeks of age

L;@.Lﬁ)"‘ sl
Experimental treatments sl g

a3l Y YA 15wl (NN
| o= L A 5 YO/ I 57 Y0 D)’\: J
tems A 2506 L 759 S 5 R S sine

Control triticale 50% triticale 100% SEM P-value

triticale triticale
|

sla>ly 84.59 87.92 86.94 86.25 86.72 0.005 0.6546
Haugh unit
() stogy e 8.60 8.24 8.38 8.52 8.19 0.077 0.4572
Eggshell ratio (%)
(7) o oo 58.14 57.57 59.51 59.84 57.81 0.285 0.1140
Albumen ratio (%)
() 035 s 33.26 34.20 32.11 33.64 34 0.279 0.1546
Yolk ratio (%)
(oishs) gy Caslins 0.272 0.261 0.270 0.272 0.244 0.004 0.0710
Eggshell thickness (mm)
(2) g3 pasls 75.14 7750 78.73 77.60 77.65 0331 00823
Shape index (%)
(3) 02,5 59, pals 5.632 5.628 5.05b 4.65¢ 4.199 0.050  0.0001

Yolk color index (Rhosh)

oSole 3kl (s :SEM
(P<0.05) 55,5 (5l sine BMS] dilite i gy (gl (slaysSoloe o) yo 55 2
SEM: Standard error of the mean
ad: Means with different superscript within the same row differ significantly (P<0.05)
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Aoyd oy yieS oS gygbas (P<o/o0) ol ol isles] (ol ylos
L oasbandss (slaguz )il |y (o) AF/0) JS (o9l oans
Lol iy opn 3 Sy 5 &y b pd &b do s Vov L uiSols
oy P o VO e w U a5 ailb b ey aib 3555
bl JS pglpegr 2y p syl e 3B ge (sl
Wy Galiste pgla L > asily 3Kls b a8 Limgh 5o
WS HlyB (o 3p9e |y Mg sl sl op 5> S 5
aag deo)d g sy 3 Sles laadld (gl plie (VL
oy JS oyd Fo b St 5 &l eolinal b 59k 9 59l
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Table 5- Effect of experimental treatments on the hatchability of total eggs, hatchability of fertile eggs, and fertility of breeder quail
eggs at 13 weeks of age
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Table 6- The average serum lipid parameters of breeder quails fed experimental diets were measured at 13 weeks of age
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Introduction: The most important and widely used plant-based protein sources in poultry nutrition are
soybean meal, rapeseed meal, and canola meal. However, due to limited production and competition between
humans and animals for the consumption of common protein sources, the prices of these items are
increasing. Therefore, finding an alternative protein source is important (Tacon & Metian, 2008). Typically,
animal-derived protein sources contain all the essential amino acids required by poultry. Insects grow and
reproduce rapidly and have a good feed conversion ratio because they are cold-blooded. They are also able to
convert agricultural waste into valuable biomass with high levels of energy and protein (Collavo et al.,
2005). Insects are also highly efficient protein sources, with nearly their entire biomass being edible.
Mealworms are the larvae of a species of nocturnal beetle, Tenebrio molitor, from the family Tenebrionidae,
found worldwide and are known as Mealworms because they are a pest of grains, flour, and stored food
(Ramos et al., 2002). This larva is commercially reared worldwide and is available in live, canned, dried, and
powdered forms as feed for pets, birds, and fish. The crude protein content of the dried powder of this larva
is reported to be between 31 and 50 percent, crude fiber is 10 to 15 percent, ash is 3 to 5 percent, ether
extract is 31 to 43 percent, and its gross energy is between 5890 and 6520 kcal/kg (Makkar et al., 2014). It
has also been reported that the presence of chitin in these larvae, due to its prebiotic properties, can have
beneficial effects on the consumer's immune system (Bovera et al., 2015). The nutritional composition of
mealworms depends strongly on their developmental stage, diet, and environmental conditions
(Siemianowaska et al., 2013). In general, considering the price of common protein sources and the possibility
of less access to them in the future, the use of animal protein, including insects and their larvae, could be one
of the proposed solutions (Huis et al., 2013).

Materials and Methods: An experiment was designed to investigate the effects of different dietary levels of
mealworm powder on the performance and immune response of laying hens. This experiment was conducted
at the Department of Animal Husbandry of Agricultural and Natural Resources University of Khuzestan. The
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experiment was conducted for 8 weeks (two weeks of adaptation and 6 weeks of data collection) using 120
Leghorn laying hens of the Hy-Line W-80 strain, in a completely randomized design with four levels of
mealworm powder (0, 1, 2, and 3%) with 4 treatments, 5 replications, and 6 chickens per replication with
corn-soybean based diets. Propagation, rearing, and preparation of mealworm larvae for use in diets were
carried out at Sarzamin Salamat Company. Records were taken throughout the experiment. At the end of the
experiment, blood and egg samples were collected for hematological, immunological, and egg quality
analyses.

Results and Discussion: Chemical analysis of mealworm powder revealed 97% dry matter, 40% crude
protein and 28% extract. The results showed that dietary inclusion of mealworm powder significantly
improved the overall performance of laying hens compared with the control group during the experimental
period. During weeks 1-2 of the experiment, performance was not affected by the experimental treatments.
During weeks 3-4, feed conversion ratio decreased under the influence of mealworm consumption. During
weeks 5-6, percentage production and egg mass increased under the influence of 1 and 2% mealworm
consumption, and feed conversion ratio decreased with 1% mealworm consumption. Throughout the entire
experimental period, chickens fed diets containing mealworm powder produced more egg mass and had
better feed conversion ratios compared to the control group. The egg production efficiency index increased
significantly with the inclusion of mealworm powder in the diet. Chickens fed with 1% of mealworm powder
significantly reduced LDL levels compared to other groups. Alanine aminotransferase (ALT) activity
increased significantly with increasing mealworm powder levels. Glucose, triglycerides, cholesterol, and
aminotransferase enzyme were not affected by the experimental treatments. The highest secondary antibody
titer against sheep red blood cells (SRBC) was observed in the groups fed diets containing mealworm
powder.

Conclusion: Overall, the findings of this study demonstrate that dietary supplementation with 1% mealworm
powder effectively improves feed conversion ratio, enhances the egg production efficiency index (EPEI), and
positively influences egg quality, hematological parameters, and immune response in laying hens.

Keywords: Hy-line W80, Immune response, Liver enzyme, Perpormance
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Table 1- The ingredient and nutrient composition of experimental diets

(u.{..?.& odle ..\.o)J) 0 > g,\..S)_v Jals H}l.,,n%\ ,e)#zv f)?l-:ﬁz‘ﬂ
Ingredients (%DM) Control Mealworm 1 % Mealworm 2% Mealworm 3%
=2 55.65 55.80 56.00 56.15
Corn

by Al 245 235 225 215
Soybean meal

poske 0 1 2 3
Mealworm

PS5 g 3 3 3 3
Wheat bran

2l oby) 35 3.35 3.15 3
Vegetable oil ' ' '

Blo

2 2 2 2

shl 5.25 5.25 5.25 5.25
i el 2 17 17 17 17
Di-calcium phosphate

sl S 5 5 5 5
Limestone

Ot e 0.22 0.22 0.22 0.22
Bicarbonate

Sl 0.23 0.23 0.23 0.23
Salt

osge ~Jls> 0.3 0.3 03 0.3
DL-methionine

R 0.08 0.08 0.08 0.08
L-lysine

PP 0.07 0.07 0.07 0.07
Threonine

Vo

e JoSe 0.25 0.25 0.25 0.25
Mineral-permix*

Yo "

el JoSo ) 0.25 0.25 0.25 0.25
Vitamin-permix

Chemical compounds

(pS55T IS5k omdlstlio 53,1 2778 2782 2784 2789
Metabolizable energy (kcal/kg)

(7) ¢ o5 16.39 16.36 16.34 16.31
Crude protein

() el 4.36 4.36 4.36 436
Cat) . . : .
() s 3 s 0.44 0.44 0.44 0.44
Auvailable P (%)

(A) Ot + oinete 0.83 0.83 0.83 0.83
Methionine + cystein (%) ' ' ' '
() orige 0.56 056 0.56 0.56
Methionine (%)

(%) oo 0.9 0.9 0.9 0.9
Lysine

(%) e 0.17 0.17 0.17 0.17
Na 06 . . . .
(%) A5 0.17 0.17 0.17 0.17
Cl (%) ' ' ‘ '
ol 5 oo V¥ o 59,5 Lo +I¥Y et 55 olso VVID ¢ o 59,5 o SYIB 55y 5 aleo VIVIB 5iSie 55 oo Y0+ dp S s 2l oy pSliS o 13 oo dlge JoSa!

25 e YYID

S5 oo VIV <ol ¢ Lol oy g YV/O bl Jg 55 55 00 ¢ Jodl iy 5lg ¥0+ + ¢ g pianndS” algS ¢ Lol dnlg Voo oo clianl Juissy 1 olAE 0y p,SokS o 53 noling JoSo ™
5 o +1oYD (o VUsS 50,5 Lo YVIB coysS 85 o FIEY haliosiss t)5 Lo O K ppoling 8,8 o Vo oSl $p,5 Lo +/0 (Sl gl $p,5 oo YAIYD cppunlys
 Mineral-permix (kg/diet): Choline chloride, 150 mg; manganese, 112.5 mg; zinc, 62.5 mg; copper, 12.5 mg; selenium, 0.31 mg; iodine, 1.4 mg; iron,
32.5 mg.
2Vitamin-permix (kg/diet): Retinyl acetate, 10000 IU; cholecalciferol, 4500 iu; a-tocopherol acetate, 37.5 iu; thiamine, 1.25 mg; niacin, 39.25 mg;
folic acid, 0.5 mg; pantothenic acid, 10 mg; vitamin K, 5 mg; nicotinamide, 4.63 mg; choline, 37.5 mg; cobalamin, 0.025 mg.
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Table 4- Effect of using different levels of mealworm powder in egg production efficiency index (EPEI)

Jol win g po> didn 93 pow 4idn 93 0)9> JS

e The first two weeks The second two weeks The third two weeks The whole course
Treatment 900 pASLS 890 paSLS Sr90 e paSLS 2908 pASLS

EPEI EPEI EPEI EPEI
aald 387.27 384.11° 348.65P 360.01°
Control
pagke Py 2o S 421.64 435,56 422.722 416.842
Mealworm 1%
Pagkee 23 202 9 392.40 42156 398.69° 394,232
Mealworm 2%
poolee g Lo yd dw
Mealworm 3% 386.74 429.332 395.962 396.502
OSlee 3 lusliul (8l =l
SEM 14.15 10.69 15.64 10.62
Jlis] pdaus

0.283 0.016 0.029 0.013
value—P

P 1+0) w5yl (g )by gime (g lo] glis cilisee gy gl (slonSilio ¢yt yo j
0.05).<In each column, means with different letters are statistically significantly different (P

NI 055 (slog o § o036 S Dliao oy 13 pyghee g ilisre sk jl odlitl b -€ Jga
Table 5- Effect of using different levels of mealworm powder in the diet on the egg quality traits of laying hens

s (p5) éron> 0139 odss M2 )d 03) do)yd Llwgy o yd sl 2ol Pl
fl'féatment Egg weight Albumen Yolk Egg shell Hough Aogy
(9) percentage percentage percentage unit (kg m/s?)
?“t | 65.87 60.03 26.74 13.22 65.42 2.10
ontro
Pigh 139, 202 S 65.42 56.46 30.24° 13.29 65.87 2.82

Mealworm 1%

poghee 39 013 93 63.62 61.04 26.69b 12.26 63.62 2.50
Mealworm 2%

pogke g do > dw
Mealworm 3%

. 64.42 56.78 29.612@ 13.60 64.42 2.62
3,85kl Bl ol
oSke
SEM 0.86 0.77 0.57 0.35 0.96 0.22
Lo s
J 0.87 0.06 0.02 0.60 0.87 0.74
value-P

(PS40 w3 g sine (glof Sglis Cilisn gy gyl (gl il (pgis 2 5

0.05).<In each column, means with different letters are statistically significantly different (P
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Table 6- Effect of using different levels of mealworm powder in the diet on the blood parameters of laying hens

S5 S puelS 5 ol b Jypals ol UL il ol
Treatment Glucose Triglyceride Cholesterol (mg/dl)  AST (WL)jkel  (U/L) jll
(mg/dl) (mg/dl) (mg/dl) LDL* ALT
261.00 1583.6 139.40 71.80? 177.60 8.80b°
Control
P doyd S
252.60 1255.6 121.20 47.80° 162.60 8.00¢

Mealworm 1%

Pishs 2 22 92 278.60 1979.4 199.00 71.60° 166.60 10.20%
Mealworm 2%

paolee )9 Loyd dw
Mealworm 3%

e 1 al e 269.80 1619.4 174.40 67.40% 162.80 11.002
5kl 3l ool
4.74 117.10 13.41 3.28 4.25 0.36
Jlois! s
0.25 0.19 0.16 0.01 0.59 0.004
value—P

(PS‘/'&) Byl gy ize LS)L"’] Gglay caliseo gy (glyly (olo (:Sleo ¢ygiw yo )
In each column, means with different letters are statistically significantly different (P<0.05).
*Low-Density Lipoprotein, Aspartate Transaminase, Alanine Transaminase.

(Y slive 53 o)) 35055 slagpo )3 (sthussS o8 sloselS aile (52l Yo 2 032 )3 pishe yo5y Cilieo o 3l odlitul ;36 =T Jgd
Table 7- Effect of using different levels of mealworm powder in the diet on the immune response of laying hens (Log 2)

e adg) gy 456 gl
Treatment Primary response Secondary response
:“t | 6.25 7.25b

ontro
piske 9 202 S 6.85 8.428

Mealworm 1%

pogkee )92 4o)d 93 7.20 8.372
Mealworm 2%

pasle 392 Moyd A

Mealworm 3% 7.37 8.52

5k 3kl Gl ol

SEM 0.18 0.21
Lois] xdas

J 0.08 0.03

value—P

)9 pygtee (lend OLLS 5 (ySojlasl (imgin onl

(P10 )l (o losine slel oglis ilizeo gy (glyls (6layiSiles pgio yo 5

0.05).<In each column, means with different letters are statistically significantly different (P

(P<-/-0) i 1o olojl slaylos U ) Jobs mls & Jgis
adgl b jlus pliue md oo Ui 1) S50 slag e e
s gl Jle 0 (P>+/+0) 8,55 JE iolojl syl il cow
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(Islam & Yang, 2017) 5l 5 pMus! .(Bovera et al., 2015)
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Introduction: Domestic sheep (Ovis aries), one of the earliest domesticated animal species, have played a
major role in human nutrition and clothing and have expanded to nearly all regions of the world through
human migrations. The genetic diversity of domestic sheep is crucial for understanding their domestication
history and evolutionary relationships. This study was conducted to investigate the genetic diversity and
phylogenetic structure, with particular emphasis on indigenous lIranian breeds.

Materials and Methods: In the present study, a total of 933 mitochondrial genome nucleotide sequences of
domestic sheep, representing 202 breeds from 49 countries, were retrieved from the NCBI Genome
Database. The dataset was classified into 14 geographical regions. The sequences were aligned using
MAFFT v7.526 on the Galaxy v25.0.2 platform with the FFT-NS-2 algorithm. Nucleotide composition,
genetic distance, and the number of transition and transversion mutations were calculated using MEGA12
software. Genetic diversity parameters, including nucleotide diversity (i), mean number of nucleotide
differences (k), number of haplotypes, polymorphic sites, and total number of mutations, were estimated
using DnaSP 6. A phylogenetic tree for the entire dataset was constructed in MEGA12 using the Neighbor-
Joining algorithm, the resulting tree was visualized using iTOL v7.Molecular variance analysis was
performed using Arlequin 3.5.Neutrality tests to assess nucleotide diversity deviations from the neutral
evolution hypothesis and to detect signatures of natural selection (Tajima’s D and Fu’s Fs) were conducted
in DnaSP 6. The obtained haplotypes were matched against the reference genome in the National Center for
Biotechnology Information (NCBI) using BLAST. Haplotype networks for Iranian breeds were constructed
using POpART1.7, while NETWORK 4.1was used for the entire dataset.

Results and Discussion: The results revealed significant haplotype diversity across different regions and
Iranian breeds, highlighting patterns of genetic differentiation within and between populations. The mean
nucleotide composition indicated an AT-rich sequence. The level of conserved sequences across all samples
was 0.861. A total of 686 haplotypes were identified globally, including 57 haplotypes in Iran. The haplotype
network, with over 500 unique haplotypes and the predominance of haplogroup B in Europe and Africa,
haplogroup A in Asia, confirmed the Fertile Crescent origin and global dispersal. Haplogroup B, with a
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frequency of 528, was the most prevalent across geographical regions, while haplogroup D, with only 3
occurrences, was the least frequent. The highest haplogroup diversity was observed in geographical regions
2, 3, and 5 (West Asia, Central Asia and East Asia). Haplogroup E was detected in Georgia, China,
Afghanistan, and Palestine, while haplogroup D was observed in Turkey and Georgia. Haplogroups A and B
were present in all geographical regions. In Iran, the frequencies of haplogroups were 52% for A, 30% for B,
and 18% for C. Out of 72 samples, 57 haplotypes were identified, of which 80% were unique. Mitochondrial
genome sequences from Iranian local breeds exhibited haplogroups A, B, and C. Haplogroups A and B were
observed in Moghani and Maku breeds, A and C in Baluchi and Shirazi Gray breeds, A in Shal breed, and A,
B, and C in Afshari and Qaregol breeds. Tajima’s D and Fu’s Fs statistics were negative in 13 geographical
regions, indicating population expansion, particularly in regions with ancient domestication histories. The
phylogenetic tree revealed evolutionary relationships between Iranian breeds and global populations. Most
studied breeds clustered in closely related branches, suggesting gene flow between different geographical
regions and historical admixture. Asian populations exhibited higher haplotype diversity compared to
European populations. Molecular variance analysis revealed that the majority of genetic variance (71.53%)
occurred within populations, indicating high genetic diversity at the local level. However, 23.68% of the
variation was observed among four continental groups, reflecting significant genetic differentiation across
continents (Asia, Europe, Africa, and South America). The high statistical significance of these indices
confirms the presence of a robust genetic structure and significant differentiation between continents and
populations, likely reflecting the influence of geographical, historical, or ecological factors on genetic
dispersal.

Conclusion: This study demonstrated that the mitochondrial genetic diversity of domestic sheep has been
shaped by the intertwined processes of domestication, human migrations, and subsequent gene flow. A
significant genetic structure was observed among geographical regions, with high local diversity primarily
attributed to within-population differences. Haplogroup patterns, particularly the predominance of
haplogroup B and the geographical distribution of haplogroups A and C, indicate rapid expansion following
domestication and the influence of ancient trade routes. These findings underscore the importance of
conserving high genetic diversity, particularly in regions like Iran with unexplored genetic potential, and
highlight the need for more advanced genomic studies. To preserve the genetic diversity of domestic sheep
and sustainably utilize their genetic potential, conservation strategies focused on local populations with high
diversity, especially in regions like Iran, should be designed and implemented.

Keyword: Evolution, Genetic diversity, Gene flow, Phylogenetics
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Al ¥oadolo U 3illae isbla ¢4 (Rozas et al., 2017)
H=—of1-)'X?
n-1

n
i=1
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Aol 5905 Jao gy ol Sl 5 ca5gST5 i jSol
ALl 0 3Sls 4 baye sadotalin polie oYU ol oid
9 Fonly b (5Rle 255 9 bcndse s b baor)n o
Gy R 9 K, Ky )g..bLliA 3 o lie doyd NINARIARY O
pis g R (YL Gl el cand 4 YE/Y-A 4 OV/¥AY 0F/V\S
i ©llyoul wsle  Jolge 008 wSain oS0l F 5 40 o)
cod) s (Slalyd il Clsal [Lis b peil muey 55k
g YO/R- SVIYS (YY/5F i ias oyly S 5 omjgiw conosd
Aoy £N-Y )gl).g ngly J9]o 2 A+T cos WAdg .\w).)\\”/’/\
L e O_l‘ o] )l_’ 99 O_g.] 0= Je oM)QLﬁJ FLY Sy
(Hu & Gao, 2016; cesly coilas Lz j 5 slaaisly
Qiao et al., 2020)

MIDNA o gis) 5,255 Ji]y3 )3 (D-loop) J,us asb
dg-b e 4Bl 5 AT Sl 8 4l lyteds 5 > (ol 15
AFT s s Yomomo did 4 Cond (ol )aiS 5iue pos
2 PYL oL g LelSS laylid Jdvas ool .ol g5V
GC jl (e Jly sl (bl se pif (cmagig) 5 silorilon
yd ()Mol o AT iy Cons Conl yigs Mo b
.(Vinogradov & Anatskaya, 2017) >4 .o DNA

JolSS Job j0 &5 st poi5 5l olayise wascblas sl
L purifying selection) sauSam i olswl o8 ,Luis cod
aS cwline ol a ol oplslazils 48 (negative selection
slagien L (Gaepd pé slagine ohigd) 63, Mes baiea
(gbiso iz Lo 05 958es yudd el & ol ouiiSorlas
13 9 039 ol yon (fitness) Susjly asg Job ials b Yaens
Slodds Bl Comon | aub CLol bawgs S5e jobods deis
(Wanjala et al., 2021)

Ay o 43l 1) DNA 5l e o cuanl wblis g
o0 3l 593 obaisS  (swlul (slad Shos L b g oausss” sblie
L aal FF snscbls sl 4500 5 Jolbs mols Sload Lass
adllis gl DNA o S iis j Comer Suij olawascis
Lacases (e 9 090 pld gladiss Lailg) o (oBly S5y s Lo
sleol Sl slass (Wanjala et al., 2021) slos S oalaz !
EMlS 55 9 sl yd 1A ol diged Slaw & diunly JSibais
Job 4 48 395 o0 o2latl A5gilS 9 paw )3 (wssSiligin b

w2055 (silwpaal 5 s5lwsl (Letunic & Bork, 2024) ITOL7

1 saesls o 38 il s 33 NI 2551
308 OlaSse by Ghgy ol el €S0 IS gl s
Sliop NJ 5,651 .8 )3 Jas > (glalols glaodly o Sgoww,b
LSS slacis s (gilog sy pasutie )lel (JolSG (slagS]
ol Laas i IS Jols & (Q) Lyl 51 ooy ol 53 sl
calod e YU 5l Glis a5 jlade (keSS g 29 0 03wl
A Siedd s il Clads! S§ po g Wl oo bl yly as L
Ky )
Qap=(r-2)daj-=dan-Zdg.m) (¥) doleo

AT 3Ls T (T gjd aslis oy alsldod (i) ‘Cj D as
Jol laadli oose jlido:Qqj) o asls S slasy i s
(Asghari & Dashab, 2018) sswa

T 5 hgels Jas 5 TS 5 aleicyy yiSIas (g,
4 wlxe ¢l (Tamura et al., 2004; Kumar et al., 2024)
b ool MEGAL2 )38l 5 )5 bagstlS s oosSols oo
byl lp (B g el glalols Jao LT JsSUse il 430
Excoffier ) Arlequin 3.5 )l38ls 5 b bacuzes (4950 5 o 2lod
=2 Sl (e (5 Jubo .0 ) plodl (& Lischer, 2010
oS5 s 45,8 51 Gyl 5 clanlio ) Jols 155855 55
(Fu’s Fs 5 D® Lap b ) (omubs Clsasl ol 51 oLl 5 5
b plool £ asws DNASP >

plod caalllas 3,50 ol (laidusS Cumes 09 S ol (o sl
olSSL ;o BLASTN Il il eolatwl b odelcuwdds (slrog Ssbola
OViS ) b dideosS 20 6,55 gien i Jo5 i | NCBI
o=l ad ooy gulay NC_001941.1 oy 58 gyl (aries
sboogSobla e sl Slae Syllil plysa @ pe Jlgs
Sllllas 5 g o0 4 ydy (E 9 D C B A) widwsS b )diSsise
Slo y» 09,5 5bla .l 43 )3 1,8 oolatwl 3y90 55 (pasdis dixie
(D-100p) J S dibate )5 oadaslis sl yias cbsS olulyy
s 5 4235 e @20 P3S4 G 0SS gl
NETWORK l58ls 5 Lausgs e S gl ooy S sl a5
N5l 5 53 % aslam Ll &8s ] Capman gl 5 4.1 dens
b vy (Leigh et al., 2015) PopART1.7

1- Neighbor joining tree

2- Maximum composite likelihood
3- Tamura-nei

4- AMOVA

5- Tajima's D

6- Median-joining
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DNA (b JIg o (st gloanlis 3 oSl o )3 (sa9ilS'ss
.(De Jong et al., 2011) 595 o0 iy

&95 .(Asghari & Dashab, 2018) cul oll> o > (sa552lS'es

oimd L (398 e 4Bl 55 (5] £95 Olgisas &) (ishle
ol (33las 0a gyls pasges ST g3 39 cgliite Jloss|

‘51_&’&:91.65 Sl u,i’l_m Q]9§$4_g LS—\—J}ny E55 4_§L'J1>)>

(ol hidsgs cilises sl ) (b )aS giue o3 3 aadgilSys (oSl (S8 -V S
Table 2- Maximum composite likelihood estimate of the pattern of nucleotide substitution in different breeds of domestic sheep

A T Cc G
A - 0.46 0.44 12.49
T 0.57 - 25.28 0.22
C 0.57 26.71 - 0.22
G 32.13 0.46 0.44 -

23Rl s e 03 s Jpems oty GblB e 5 meed Cpgots Jl St 2oy S ) 3 sl K03 gt & Ciod) S J 399 0 sl Jlen!
(e (316 gy i oo ] sl sy 4 G g C T A) s 9l (oS 5 olescam)s iShis (bl g, 5l ookl b g (5-1y90l Jio o
The probability of substitution is of each entry from one row to another column. In this table, the percentage of transitional subsitution is shown in
bold and transversional subsitution in italic text. The substitution pattern was estimated under the Tamura-Netti model using the combined maximum
likelihood statistical method. (A, T, C and G are the Adenine, Thymine, Cytosine and Guanine bases, respectively)

9 Aoy £ ikl £ot b (Lt (SBai> ol WVY
oY A i A oeilS e sl sl 1Sl
Rafia & Tarang, ) sas (5,35 YOIYY g «/« ooV £ o/oYVY
(2016
Fuand gFuand Li’s F D Leab clagygejl s Judoo
350 slacures ;3 egiie (JolST (slagSl onias ylis Li’s D
Py oy pls sy D ksl chﬂ (¥ Joiz) ol aslllas
JoolSs g ool coss a8 Sl s s JelSs Jls
9 G lsasl samdlis (aie polie e o lis classl
Cosman 000 LzalS Ly oaiS Jolete Clsal (Sl o pyolie
S8 Jlo 3 535805 ool Jlgl3 5l psesl ol Atz
polie oS oy ol ol (Wanjala et al., 2021) xS o ooliiuw!
A Slgi oo g Cunl Gglite gl BB jsbay calises bl )0 D
D palia)) gV oF anb p3 .8 o)l bl g (LSS (slaas] b
OSew 45 (P< 0.05) adgy jlo ime duo > gty g ) g (oo
olsal) cate wlswl sl ures bl s Lis ¢l
o=l «(DeJong et al., 2011) sl oLl Cg)s b o jhcas
Ly o555 e Ly Cpma o]l 3] g sl oS
Pl5 B > iopan Bl 3blis (ol > s ae Ll
5l sy a 48 Dgy b ixe Ao S e D
sl gy an Yiais] g aay o flis |y LSS ol 5 Calyocl
De) 35 o)kl (S5 o5 olS b (otmer cllay iile gy JLolSS
Lol «cito D Jlacie L VY 4l ¢ Jolis 4 ((Jong et al., 2011
Syg odimd il Wlgs o 48wl sdaline (P>0.05) lo jxeyu

1- Selective Sweep

csbla FAS 5 oL VWY Dli s ( S bbin w52
Ea5 aS wad o (LS Y Jods o ol sl plelis
d9 g by a5 WS o ek +/AAF B +/AAY 039050 40 uisble
£33 45 o3 el Lncumss ols 3t B (S5 95
ol £ 0ama gl e[+ 0FF b fe 01 o0 Aty )5 suigilss
90 ol a sl o oy Cowl Ga5silSy Oy
oaalS 5l bl il Sas oS 0 odnline VF asl o oy eSS
S U () ) adlaie L3l b sl jLid b S5 g5
gl &5 (H=57) csishla (S=360) LIS _ius Loyl Se
(HA=0.994) YL, csshla g5 o (K=62.353) (s igils's
Sl gls gl a8 oLl Vb (S5 55 b gladate lgisas
2 555 95 S-S (ol 5 pldlyir Jslse 5L
Ll ay col oy San gl ) ol addllas 390 (slacumes
cidizes (oLl 3blie ) (S5 (gl L ©pplae (b
L3l b ye

bily) S ly 2byiS s pg) J5US 4l £95 oy 5
YWY ol bl WS ol cladlp cwlidcunes g (Sinfold
slaolls dlaws o 45155 5,84 pamie 3y50 VoV b cuishla
o pat) 8 G515 Yl shle 5 sa5lS' 5 g5 KDy
Wanjala et al, )(:/--YZ +/22Y g +/+-\Y £ +/YOF YAF
(2021

o5t s Sl Sk o 5 4028 3 5
AR ishle g3 (2L )M ske pgi) SlaJlgs elulyy 4w,
Koshkina et al., )as (5,35 +/++YVA i 54il59 £5-5 4
g bl V¥ Sl laiansS 5ol Ve (gq) a5 (2023
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(Jong etal., 2011

S3sne pie Az i il b (S g9 b mer oS
ol £95 L dgame (613 pabiaes Jubsds ccl o San (5l
e DL oY gV & & AY N sles il a5y
5] L8 Sgng pas oaimd lis Ylainl &S 3gy dnlge 5 jine

bs il bl 3blo o )3 sa39ilSs Jgp (S5 £95 slapadls =Y oo
Table 3- Nucleotide sequence genetic diversity indices among different geographical regions of the world

il gl s JIg (S5 ee5 sl el
Region Nucleotide sequence genetic diversity indicest
S H Hd Pi Eta K
1 360 57 0.994 0.00406 0.00488 62.353
2 381 28 0.998 0.00546 0.00623 85.229
3 311 31 0.990 0.00402 0.00473 63.104
4 430 92 0.994 0.00185 0.00516 28.974
5 646 146 0.997 0.00389 0.00726 61.050
6 267 35 0.982 0.00126 0.00360 20.462
7 223 27 0.990 0.00169 0.00352 26.651
8 286 59 0.985 0.00105 0.00350 16.436
9 286 40 0.985 0.00264 0.00383 42.634
10 397 74 0.996 0.00110 0.00487 17.642
11 125 26 0.983 0.00084 0.00189 13.559
12 585 95 0.998 0.00342 0.00704 54.624
13 116 6 1.000 0.00377 0.00311 61.533
14 41 10 0.982 0.00079 0.00085 12.945

Cane o B 1568 5 gl (K dla g slaw ElA (o5 58S'9 £95 P oaishla £95 HA casshla slaw :H ( ISixs olls sluws :S
1'S: Number of polymorphic loci, H: Number of haplotypes, Hd: Haplotypic diversity, Pi: Nucleotide diversity, Eta: Total number of
‘mutations, K: Nucleotide difference between populations

oyl yogMe il bodly g (BL L ol s ylis wisles
scwsbla iy Cures a5 ud o Ui 4> g5 b Lale polde
De Jong et al., ) cewl 3 cdls po Uanl s 1 iy b
L g o5 b o35 il smaplis of cute yolie (2011
ol Cozen  JolSS 70,6 Jobo p> 008 Jolaie ol 3

2 bl i Gagy S lgiean Jolge il ly 459
090 2La¥ Ol 5 Lot L3l o (S5 95 awle
olwly gls (Shariat et al., 2019) 295 o s guro Cuzor
2 (NVLIDY) (S5 ool 51 88 amd o i i VY
ghw ) (Se55 SV g9 )y o5 00y &) lacumer (5 gdaw
09,5 ez Ol £95 Mo VYA (Jlnll (B Jgia) canl (e
Loyl dowl) oo )5 lo dngs bl (S5 oglds oimdyLis o Lol
el cal (Vb ()l ()laline sl (g (51550l 5 iy 8
oline lad g (598 (S Hliblu 3g3g 0Suoli (P< 0.001)
Aslos 1 008 uSate Ylais] 45 ol acunas o Woyl5 oy
.(Sharma et al., 2020)

5 ik §9b guls saiSanl wa FU'S FS slaygesl ubs
S35 LS cumen plos 5 Lanli D dggy ol laihusS
JolSS amd o L 48 g 2l o)lel il g a0 4
Koshkina et al., ) coul 639 ol s (gy3le (sl yladgd
3=V 0VY) e Fu’s Fs oYL polde (JLs Il (2023
O paS 00 i as A ui‘:)l)’f 09,5 [pdix (M -AAAY
2 (shelio ol ((Koshkina et al.,, 2023) cuwl czon
SYFY =Fu’s Fs &—+/AY <Y/) =D Laab) goin laia weS
Lo b) (oL, olaiawsS s o (Sharma et al., 2020)(-Ya/s#
A5 GBS (F)+/\YS Y¥/+ oY =Fu’s Fs /10 —-/aY\ =D
Sl how (oo liiwsS )y p (Wanjala et al., 2021)
Salimet ) oy ol |y gyl dze ato pdlae Fu’s Fs 5 D lasls
g JB ite plie (15 MdwsS slp (izzen o (@l 2023
(Liuetal., 2018) 15,5 3,35 Syx s
oaimd i Lol yaejl 5 oddodnlio csSIl (IS sbay
ol Gl gblis )3 liassS clacyses 5 LSS g9
Clowl by men blus! 4 cl Sen b Gxe (i polds
o Poiined o b o polie &5 Jlos S 051 s
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Table 4- Fus F test and Tajima D test in geographical regions of world

ailate 1> il pldlie 3ble 3 D leb ygeil o F slogses]
Region FuandLi'sD (FLD) Fuand Li's F(FLF) Tajima's D
1 -2.02 -1.72 -0.58
2 -0.78 -0.81 -0.48
3 -1.08 -1.07 -0.56
4 -2.93* -3.07** -2.13*
5 -5.97** -4.51%* -1.50
6 -3.88** -3.93** -2.33**
7 -1.61 -2.07 -1.99*
8 -2.72* -3.06** -2.34%**
9 -1.12 -1.34 -1.11
10 -3.94** -4.06** -2.64**
11 -2.22 -2.58* -2.06*
12 -3.89** -3.50** -1.73
13 0.95 1.14 1.36
14 -0.90 -0.86 -0.35

oy S e ) (gl e

o) gy daw > (gl pxe F

“Significant at the 5% level, Significant at the 1% level

Lacumar 09,3 303 YOI+ 5 lnog,S (s (S35 uibly 2oy
2 oS g5 wypm ,d (Wanjala et al., 2021) b5 5,158
oyl (epgm ddwgS Bl Ve ol uiSgie peij D- l00p 4l
O 93 E95 jl e YINY a5 ol plis (JgSdge (illy Julos
Rafia ) us cdl bures J315 )3 55 2o yd> AF/OV 5 iCares

(& Tarang, 2016

oiloly S ST g gagm latinssS sl adllas >

290 Sumen (o Gl g (302 VWIAY) laog S (493 (S
» ((Koshkina et al., 2023) . i ()35 4o d YY/IY asllles
OPidwsS 53 (bl gine o) (ST E95 9 skl (pyp
OO 3B oy daoyd o ol (99,0 £95 203 AV (! (o
OF/SA (oL 3l ol clasls ,> (Moradi et al., 2017) as
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Table 5- Analysis of molecular variance of nucleotide sequences of mitochondrial genomes of intercontinental domestic sheep

ol e il a2 Slayye ggecee bl adlge Olyess duo)d S Ao yd
(Source of Varyance) df Sum of squares  Variance componeents  Percentage of varation  Fixation indices
23,5 O 3 5521.86 8.88 Va 23.68 Fcr=0.23684***
Among groups

Among populations 10 1429.24 1.79 Vb 4.79 Fsc=0.06372***
Cuma b S0y S 55

Subgroups of each population 919 24659.55 26.83 Vc 71.53

£ 932 31610.66 37.51 100 Fst=0.28471***

Total

eleeN waw jd (gl gre Jekex
“*Significant at the 0.001 level.
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Figure 1- Haplogroup distribution of different mitochondrial genomes in different breeds of domestic sheep of world
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Figure 2- Continuous network resulting from 686 haplotypes related to the nucleotide sequence of the mitochondrial genome in

different breeds of domestic sheep (numbers include haplotype number and the size of the circles is proportional to the frequency of
each haplotype)
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Introduction: The growing prevalence of antibiotic resistance in the poultry industry has created a critical
demand for safe, effective, and natural alternatives to conventional antimicrobials. Antimicrobial peptides
(AMPs) are key components of the innate immune system, functioning as the first line of defense against
invading pathogens. These molecules possess broad-spectrum activity against bacteria, viruses, and fungi,
while also modulating immune responses. Consequently, they are considered promising alternatives to
antibiotics in poultry production. Understanding the transcriptional regulation of AMPs in response to
immune challenges is essential for evaluating their potential application. Lipopolysaccharide (LPS), a
component of Gram-negative bacterial cell walls, is widely used as an immune stimulant because it activates
inflammatory pathways via pattern recognition receptors (PRRs). Studying LPS-induced immune responses
provides valuable insights into host defense mechanisms even in the absence of active infection. This study
aimed to investigate the transcriptomic response of the liver of broiler chickens (Gallus gallus) to LPS
stimulation, with a particular focus on the expression of AMP-related genes. By identifying differentially
expressed genes (DEGS), enriched pathways, and regulatory factors, we sought to provide a comprehensive
overview of how AMPs are transcriptionally and post-transcriptionally modulated under inflammatory stress.

Materials and Methods: RNA-seq data were obtained from an experiment in which broiler chickens were
injected intraperitoneally with 1 mg/kg of LPS derived from Escherichia coli. Control animals received no
treatment. Liver samples were collected 24 h post-injection to capture acute immune responses. Total RNA
was extracted and sequenced using Illumina sequencing platform, producing high-quality paired-end reads.
The raw reads underwent quality control (QC) steps to remove low-quality bases and adapters. Clean reads
were then aligned to the Gallus gallus reference genome (version Galgal7) to ensure accurate transcript
alignment. Gene expression levels were quantified, and differential expression analysis was performed
between LPS-treated and control groups. DEGs were identified using adjusted p-values and |log2 fold
change| thresholds. Functional enrichment analysis was conducted using Gene Ontology (GO) categories and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. Additionally, transcription factors (TFs) and
microRNAs (miRNAs) predicted to regulate DEGs were analyzed to reveal upstream and post-
transcriptional regulatory mechanisms.
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Results and Discussion: Transcriptomic profiling revealed a total of 2,949 DEGs in broiler chicken liver
following LPS stimulation, including 1,552 upregulated and 1,397 downregulated genes. This extensive
transcriptional reprogramming highlights the strong impact of LPS on the hepatic immune landscape.
Among the most notable findings was the upregulation of AMP-related genes such as AvBD13, AvBD9,
AvBD8, and CATH3. These peptides, belonging to the avian B-defensin and cathelicidin families, are crucial
for direct antimicrobial defense and immune modulation. Their induction demonstrates that LPS alone,
without the presence of live pathogens, is sufficient to trigger innate host defense responses. Enrichment
analyses identified several innate immune signaling pathways as significantly enriched, including the Toll-
like receptor (TLR), NOD-like receptor (NLR), and MAPK signaling cascades. These pathways are central
to pathogen recognition and cytokine-mediated immune responses. Activation of the TLR4 pathway reflects
canonical LPS sensing by hepatocytes and immune cells in the liver. Further investigation revealed that
transcription factors such as IRF1, NF-xB, and ICSBP play central roles in orchestrating this immune
response. These TFs regulate downstream AMP expression and cytokine production, thereby bridging
pathogen recognition with effector functions. In parallel, miRNAs, including gga-miR-130a-3p and gga-
miR-16-5p, were predicted to modulate post-transcriptional regulation of immune-related genes. This
highlights the layered regulatory mechanisms by which chickens fine-tune their immune responses. The
observed transcriptomic signature of LPS-stimulated livers closely resembles the immune activation patterns
associated with necrotic enteritis, a major poultry disease caused by Clostridium perfringens. This suggests
that the LPS model is a valuable experimental system to study inflammatory responses relevant to disease
conditions, even in the absence of infection. Importantly, the activation of AMPs under these conditions
reinforces their potential as natural alternatives to antibiotics for maintaining poultry health and reducing
reliance on conventional antimicrobials.

Conclusion: This study demonstrates that intraperitoneal LPS challenge induces extensive transcriptional
reprogramming in the liver of broiler chickens. AMP-related genes, including AvBD13, AvBD9, AvBDS, and
CATH3, were significantly upregulated, reflecting their role in innate immune defense. Key signaling
pathways such as TLR, NLR, and MAPK were activated, with transcription factors IRF1, NF-xB, and
ICSBP identified as master regulators. Moreover, miRNAs such as gga-miR-130a-3p and gga-miR-16-5p
were implicated in fine-tuning these immune responses. Together, these results underscore the importance of
AMPs in poultry immunity and highlight LPS stimulation as an effective experimental model for studying
host defense mechanisms. The findings provide valuable insights for the development of AMP-based
strategies as sustainable alternatives to antibiotics in the poultry industry.

Keywords: Differentially expressed genes, Endogenous antimicrobial peptides, Innate immune response in
poultry, LPS-induced immune stimulation, Transcriptomic gene expression analysis
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Figure 1- Differential gene expression analysis between LPS-treated and control groups using volcano plot
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Figure 3- Gene Ontology (GO) classification of upregulated differentially expressed genes
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Figure 4- Gene Ontology (GO) classification of downregulated differentially expressed genes
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Figure 7- Protein—protein interaction (PPI) network of genes associated with the immune system and antimicrobial peptides
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Table 3- Key nodes in the protein—protein interaction (PPI) network with the highest topological centrality values (Degree,
Betweenness, and Closeness)

o3 ) Sle oS e TS
Gene Degree  Betweenness centrality ~ Closeness centrality
CAMP 45 1234.67 0.468
DEFB7 43 1290.22 0.459
CXCL8L1 41 1180.35 0.456
IL1B 39 1123.88 0.447
CATH3 37 1075.94 0.441
1L18 36 1040.71 0.437
CCL5 34 980.13 0.432
NFKB1 33 955.40 0.429
IRF7 32 921.68 0.426
RIPK2 30 875.23 0.421
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Introduction: Many flowering plants rely on honey bees (Apis mellifera L.) for pollination. Any human or
natural factor that threatens the survival of a honey bee colony can have a major impact on plant production.
Various threats and factors affect honey bee colonies and beekeeping success, including genotype, internal
hive factors (such as the queen, bee pests and diseases), and external hive factors (such as hive type, weather
conditions, temperature, humidity, etc.). One of the factors that has a great impact on the success of
beekeeping and increasing the performance of honey bee colonies is the type of hive. Open-bottom hives
have been used in European countries including Germany for decades, but the use of open-bottom hives in
Iran is new. There is not much information available to beekeepers about the use of open-bottom hives in
Iran. For this reason, beekeepers do not routinely use these hives. The limited number of beekeepers who use
these hives are always concerned about hive losses, especially during the cold seasons. Few studies have
been conducted in Iran on the type of hive, especially open-bottom and closed-bottom wooden Langstroth
hives, hives made of different materials, and the effect of hive type on the performance of honeybee
colonies. Therefore, the present study aimed to compare the performance of honey bee colonies (Apis
mellifera L.) housed in open-bottom and closed-bottom Langstroth wooden hives in the climatic conditions
of Kurdistan province, Iran during 2019-2021.

Material and Methods: The present study was conducted in a completely randomized design with two
treatments (the first treatment was open-bottomed Langstroth wooden hives, and the second treatment was
closed-bottomed Langstroth wooden hives) and seven replications. In May 2019, a colony with a modified
Iranian honey bee (Apis mellifera meda) queen was purchased from the Animal Science Research Institute of
Iran, and 20 sister queens were raised from this hive in the climatic conditions of Sanandaj county, Kurdistan
province. At the same time, seven open-bottomed Langstroth wooden colonies and seven closed-bottomed
Langstroth wooden colonies were prepared for the introduction of reared queens. Four frames of bees
(preferably frames containing larvae and pupae) were transferred from the supporting colonies into open and
closed-bottom hives for the implementation of the project four days before the birth of virgin queens. Then,
the hives were placed one meter apart inside the Gerizeh Research Station of the Kurdistan Agricultural and
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Natural Resources Research and Education Center. One day before the queens were born, queen cells were
removed from the studied hives, and then virgin queens were simultaneously introduced into open-bottom
and closed-bottom hives. After 10 days and observing egg laying to ensure successful mating of the queens,
the hives were simultaneously homogenized in terms of population (adults and brood) according to the
instructions of Delaplane et al. (2013). The colonies were maintained in the pastures of the Kurdistan
Agricultural and Natural Resources Research and Education Center until the following year, and then the
studied traits were measured. In the present study, honey production, pollen collection, brood population,
adult population, overwintering ability, and Varroa mite infestation traits were investigated in the studied
colonies. In the present study, temperature and humidity inside the colonies were also measured during the
project implementation.

Results and Discussion: The results of analysis of variance showed that the effect of treatment on the
studied traits was significant (p<0.01) in the present study. The results of comparing the means based on
Tukey's method at a probability level of 1% showed that the highest mean of honey production, pollen
collection, overwintering performance, brood population, and adult population were related to open-
bottomed Langstroth wooden hives, and the lowest of these traits were related to closed-bottomed Langstroth
wooden hives. Also, the highest average Varroa mite infestation with an average of 165 mites was associated
with closed-bottom Langstroth wooden hives, and the lowest with an average of 105 mites was associated
with open-bottom Langstroth wooden hives.

Conclusion: Our findings show that the open-bottomed Langstroth wooden hives performed better than
closed-bottomed Langstroth wooden colonies in terms of the traits studied in the present study. Therefore,
considering the significant superiority of all studied traits in open-bottom Langstroth wooden hives, the use
of open-bottom Langstroth wooden hives can be recommended to improve the functional traits of colonies
and increase the productivity of apiaries in the climatic conditions of Kurdistan province and other
neighboring provinces with similar climatic conditions.

Keywords: Apis mellifera meda, Functional traits, Hive type, Kurdistan, Langstroth
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Table 1- Geographical coordinates, annual rainfall and average temperature of research stations in the present study
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Figure 1- Setting up and preparing open-bottom and closed-bottom Langstroth wooden hives in the climatic conditions of Kurdistan
province in the present study
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Figure 2- Evaluation of remaining honey in the hive by a specially framed frame
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Figure 3- a: installation of thermal sensors inside the hive, b: humidity sensor used inside the hive, ¢: automation system for
recording temperature and humidity inside and outside the hives, d: setting up of open and closed-bottom hives at the project site
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Table 2- Variance analysis results of honey production trait of honey bee colonies maintained in open-bottom and closed-bottom
Langstroth wooden hives in the present study
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Figure 4- Mean comparison of honey production trait of honey production trait of honey bee colonies maintained in open-bottom
and closed-bottom Langstroth wooden hives in the present study by Tukey's test (Mean + SE)
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Table 3- Variance analysis results of overwintering performance trait of honey bee colonies maintained in open-bottom and closed-
bottom Langstroth wooden hives in the present study
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*: significance at the 5 percent probability level, **: significance at the 1 percent probability level, n.s: not-significant
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Figure 5- Mean comparison of overwintering performance trait of honey production trait of honey bee colonies maintained in open-
bottom and closed-bottom Langstroth wooden hives in the present study by Tukey's test (Mean + SE)
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Table 4- Variance analysis results of pollen collection trait of honey bee colonies maintained in open-bottom and closed-bottom
Langstroth wooden hives in the present study
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Figure 6- Mean comparison of pollen collection trait of honey production trait of honey bee colonies maintained in open-bottom and
closed-bottom Langstroth wooden hives in the present study by Tukey's test (Mean + SE)
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Table 5- Variance analysis results of adults population trait of honey bee colonies maintained in open-bottom and closed-bottom
Langstroth wooden hives in the present study
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Figure 7- Mean comparison of adults population trait of honey production trait of honey bee colonies maintained in open-bottom and
closed-bottom Langstroth wooden hives in the present study by Tukey's test (Mean + SE)
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Table 6- Variance analysis results of brood population trait of honey bee colonies maintained in open-bottom and closed-bottom
Langstroth wooden hives in the present study
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Figure 8- Mean comparison of brood population trait of honey production trait of honey bee colonies maintained in open-bottom and
closed-bottom Langstroth wooden hives in the present study by Tukey's test (Mean + SE)
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Table 7- Variance analysis results of Varroa mite infestation trait of honey bee colonies maintained in open-bottom and closed-
bottom Langstroth wooden hives in the present study
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Figure 9- Mean comparison of Varroa mite infestation trait of honey production trait of honey bee colonies maintained in open-
bottom and closed-bottom Langstroth wooden hives in the present study by Tukey's test (Mean + SE)
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Table 8- Variance analysis results of temperture of honey bee colonies maintained in open-bottom and closed-bottom Langstroth
wooden hives in the present study
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Figure 10- Mean comparison of temperture of honey production trait of honey bee colonies maintained in open-bottom and closed-
bottom Langstroth wooden hives in the present study by Tukey's test (Mean + SE)
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Table 9- Variance analysis results of humidity of honey bee colonies maintained in open-bottom and closed-bottom Langstroth
wooden hives in the present study
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Figure 11- Mean comparison of humidity of honey production trait of honey bee colonies maintained in open-bottom and closed-

bottom Langstroth wooden hives in the present study by Tukey's test (Mean + SE)
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