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Introduction: Dietary supplementation with oilseeds is a widely recognized strategy for enhancing body
condition in sheep around the mating period to improve reproductive performance. Rapeseed is the second most
prevalent source of oilseeds globally and is known for its favorable profile of unsaturated fatty acids, including
high levels of oleic acid, linoleic acid, and alpha-linolenic acid. These fatty acids contribute to improved
production and reproductive outcomes in animals. The high energy and protein content of rapeseed and its
desirable amino acids profile make rapeseed an excellent feed source for ruminants, and there is renewed interest
in using it in the rations of high producing animal as a feed supplement. Micronization as a heat process has the
potential of protecting fatty acid from ruminal biohydrogenation and reducing ruminal degradability of protein.
We hypothesized that rapeseed supplementation around mating can improve productive and reproductive
performance of ewes by supplying the energy and protein. In addition, an increase in unsaturated fatty acid and
protein bypass can induce estrus and increase reproduction performance. Therefore, this study was conducted to
investigate the reproductive performance of mature Kurdish ewes to the flushing diets containing whole flaked
raw and micronized rapeseed.

Materials and Methods: In this experiment, full-fat rapeseed was micronized at 2.8 micron. The micronized
and non-micronized rapeseeds separately flaked by passing between two rotating rollers with a 0.50 mm distance
gap. To this end, 55 mature Kurdish ewes were randomly allocated into three treatments: 1) control (the
receivers of basal flushing diet with no rapeseed), 2) basal diet plus supplementation with 0.18 kg/day/ewe raw
flaked rapeseed, and 3) basal diet plus supplementation with 0.18 kg/day/ewe micronized flaked rapeseed in
completely randomized design. Ewes live weight and body condition score measured at the beginning of the
experiment and at lambing. The lamb birth weight was also measured. The number and diameter of follicles
were determined on days of mating and 9 days after mating. Pregnancy was diagnosed at 30 days after mating.
Blood samples were taken on days of mating, 9 and 30 days after mating. The data obtained from weight and
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BCS of ewes, lambs birth weight and blood hormones and metabolites were analyzed using GLM procedures of
SAS software (9.4 version, SAS Institute Inc.). The data obtained from reproductive performance of ewes were
analyzed using chi-square model and Proc Genmod procedures of SAS software. For all results, Least-square
means for each treatment are reported in the tables and were compared using adjusted Tukey tests. Statistical
significance was accepted at P< 0.05.

Results and discussion: The results of this study showed that the weight and body condition score of ewes
as well as the lambs birth weight were significantly increased by dietary supplementation with raw and
micronized whole flaked rapeseed.

Plasma glucose and triglycerides were significantly increased by supplemental flaked rapeseed. Lower BUN
concentration was observed for ewes fed diets contained raw and micronized rapeseeds. Plasma estradiol levels
at day of mating and progesterone levels at 9 and 30 days after mating were significantly higher in ewes on
micronized and raw flaked rapeseed diets, respectively. Plasma insulin also were significantly increased in ewes
fed micronized and raw flaked rapeseed, respectively. Dietary treatments had no significant effect on number of
small and total follicles as well as the average size of small and medium follicles at the day of mating. The
number of medium follicles on the day of mating as well as the carpus luteum size at 9 days after mating, were
significantly higher for the ewes fed diets contained raw and micronized flaked rapeseeds. The average number
and size of large follicles at the day of mating were significantly higher in ewes on micronized and raw flaked
rapeseed diets, respectively. The fertility rate and female lamb rate were significantly increased by dietary
supplementation with raw and micronized flaked rapeseed. Lambing intervals significantly decreased by dietary
supplementation with micronized flaked rapeseed. The lambing rate was significant for both ewes on micronized
and raw rapeseed diets. Supplementation diet with micronized rapeseed significantly increased twining rate.

Conclusion: Overall, dietary inclusion of rapeseed especially micronized rapeseed around the mating can be
an effective nutritional strategy to improve productive and reproductive performance of ewes in traditional sheep
production systems.

Keywords: Flushing, Mature Kurdish ewe, Micronization, Reproductive performance, Whole flaked rapeseed
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oo W wals) seg)y ald ety KMo 4l o (V 1l dw
S asily Sid oale p)S6lS +/VA oMoy by 0yux (¥ ino
ol p Sl VA ogdleasy anly opex (1 5 (e ], VA) 6
L bl olass] (e (oly YA) 050 ,Sue (51518 ails St
Uine Slalasl (FEY/V+/)) as5us 'SRNS I3 3la 5 5 oalizul
Py Veoe ailiy) A5 b gl p)SolS YAB- ()59 4 Suts
2 @SS YV lgie Al oy I (<Kis oole bl
3 5y P (g 2op3 YA 5 mudplio BB (6551 £S5k
Olabs ©y904 2095 () Jgi) A8 el o sl )15
pla Ldl ) +Vie e colo )3 &lljgy 93,5 spte 8l i U jlea
o il dw (Jl 93 olal & 05 3 bawgi paiS oS .85 )8
ey 3l 3oy ¥V 51 ey s &) Laply 4 Vi v cel 3 90,5
5 0 09,5 Lo yiwe 4 1S &by aylss ‘@:\ilpﬂ slo s 44
L Leog S pla sl stie (tals oloj b ol 51 g 5 iBsio pgws
5 e 3 Al sl (S 5 00D A alde Gl oy
sl 0dd (1Y 9> 53 0539 Swe
Oily P 53 5 (e 35 51 J8) piulesl g9, 5o b yte
25 S 3585 50 ol o] (BCS) i il 5 35
Db G P13 ( Caly Cans )3 (5505 Sl je (0555 s
Copmi (il pogMe b (S0l 5 g plin & oy ()9
c Glodls PGB 4 ey (il 0 Slass g 0ad Agie (gl
otelajl gl ) (b S5 o g8 B Jlos pglatess b
A0 5l e At dw WA (eSS e 1 g0 MolS lag g8
)l @58 o) 92 905 13 09,5 o b otilejl (slooyer L Lo i
oLl )3 b siun olyo 4y (63T 0903 9 10 0)93 (LL B g 43,5
by Gie)ald by (b plolid 5 paseds Lad )l
sl JsSdgh ojlail g olaws .l plosil b IS 53 sl 5 LU 9
305 iz 0Jl g (o 4 2 gl o)) opScui o) ) lesS
S g ) e ) & (ol QS b o 482 ot ) 52
Piemedical, ) 8,5 54w ol5iws bwg —islojl (slaog)S |
58 culid gy 4 jeome JUS, il (Falco100; Holland
o yins odnlie wlwly twol (eusis b e edliw] clls )
L oS ein 5l g oy Vo 0wt 9 J5S98 mle 9 S (o3

1- Small Ruminant Nutrition System
2- Body Condition Score
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Table 1- Ingredients and chemical compositions of the experimental basal diet

(&Mo odlo .Lo).)) 0y LS‘P‘
Dietary components (% dry matter)

$is 4oy
e 55.3

Alfalfa hay

paiS ol 137

Wheat straw

Pes &l 28.3

Barley

Tne dlge g (eling JoSe 27

Mineral-vitamin premix

o 8371 9 shse dlgo

Chemical composition of rations

(P;?LS 2 LS)JK&") rV"'“J%'L"‘ J‘b d))"l 1.91

Metabolizable energy (Mcal/kg)

PB oea (7) 13.30

Crude protein (%)

Fat (%)

Lf'o °"\"9“° 2 J9l>u:b )Ms (Z) 48.10

Neutral detergent fiber (%)

Sl 0339 4 Jsloeol b (%) 26.60

Acid detergent fiber (%) '

el (7) 0.64

Calcium (%)

s (%) 0.3

Phosphorus (%)

st oS (1) 3310

Non-fibrous carbohydrates (%)

YO+ D3 ppebig (Mollim sy 52 Voo A ey (Mallog 4y e 000 (g5l (Same dge g ey JaSo p )5S 0!
Voo sy PS5 s I3 d Sis p3S es 5 93 e S e Yo o8l 25 e 3 VB (sl (Jlollon 5y
p5 ke 32 A it p5 oo 52 VA (ST T £ 5 e 00+ pgiilis p)5 (e Sy ety p)S e Voo LS 5 e

ol e )5 (o )i P oS 0,5 o jlin VAL (jhud
! Mineral-vitamin premix contained per kg: 500000 IU of vitamin A, 100000 IU of vitamin D3, 250
IU of vitamin E, 3000 mg of Fe, 300 mg of Cu, 2000 mg of Mg, 3000 mg of Zn, 100 mg of Co, 100
mg of I, 1 mg of Se, 500 mg of Antioxidant, 19000 mg of Mn, 90000 mg of P, 180000 mg of Ca,
60000 mg of Na.

(7 =155 o) 05,8 5 p1 SIS 4> (o o5 5 =¥ Jgoa
Table 2- Chemical composition of raw and micronized rapeseeds (n=3)
sl IS wls 0j09,5we (gl &by

Raw rapeseed Micronized rapeseed

(s 00l p,55LS" 33 p5) S o3lo

950 959
Dry matter (g/kg DM)
(25 o2l )5S 53 £.5) pls 222 223
Crude protein (g/kg DM)
(Sis odbo pSokS 135 )5) Pl 2 375 401
Fat (g/kg DM)
(Szs odle p S5kS )3 p)5) uusls 47 53

Ash (g/kg DM)
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U duolie ) 05159,500 (sl3dS &b b s apdss (sla e yidiy
Jihsess g5 e Lol 5208 BCS pls (318 ls 05,5 sla e
O39S »51 )5 Sl 039y 4y (639)5 Segl sl 2038
Silo (g5, 033 o Jl > ol 35 4 (Zarnegar et al., 2024)
Bl 00 oy il > KM oyl ol
U5 0jg isme il ) (S ol Slejl 5l Jolb mls
(P=</-¥) 5 g (P=+/-¥) ol slooy g5 (59 5 (P= +/+)) Laoyy
205895 9 Pl IS Ay (ool 0y Lol 445 (slaog S 5
9 o g Cuedl e cpl (1 Jgdo) sl dals 09 | duslie
ol Lagl gl g ojg = olals olej 1) o iee BCS
390 s 5 551 el & ol (Sae St 55Tl amd o
S slajls bds (imen g o (Olg) 48) ¢l b
ol ldllas ((Raheem et al., 2022) 54 031> Cannad ylge

059 o8l p el o 0 gy slaaly I solatwl cute il 3l 4y
(El-ghousein, 2010; Jalilian et al., wlosges o)Ll oy Wg5
2013)
Vs 3 0 claaoiuld clale p tolejl slajles 36
A Lol 435 gl yiwe jd (o3 S clale .l oad 558
39N 9 P efeeN) ey i o) 3 0jigySen L b Sl
sy 2ald 095 (gl ie b dunlio 3 (P<o/ov o)) 5l ug
G &S sl o Sl g dlox IS 09 YL ()b sne
sy LS )b jl s (JteaJgi sy Shoe 31 (ote
JLl .(HESS et al., 2005) JJLQJL;O LO.:I Ry —)..39@ —u,\:}a\/b}u.h
Lo yino 0y > 4 0359,500 b plb (318 ails 19438l pols adlllen
Iy s $ol8 cbale ol (1 San 0y () pdaw Lil58l L
Hessetal., ) ol)lSon g jubd bawg a5 jobjlod 2 yiol58l
P =2 ey il ol Jg S el a4l (2008
Al )bl a8 09800 s Clgngn 4 389y ol
rlyesde 33,50 05 S e (Il Coge 35555555
L d3 I8 asly el g Sue dlawlgdy 0y RUP daws 3058
Sy d g el Aol lad ol Slodgy Lo g onld ilsal
woleg 2 g Sloyn Wb S5 65 dpwsl 4352 5l el
odalis yiul3 8l (Lindsay, 1980) 23,5 » 55 g i3l
o395 b pl IS s (gols slajlas 5 95 clale )3 ons
w=ljme 9 (Ababakri et al., 2021) ) Sen 5 5, S ls b
ceillas (Mirzaei-Alamouti et al., 2018) )L Sen 5 (g0l

23,

o> Cygeody 0 Glo o yaxio b ol (gabail (glayusio
Er liodle £« 2lisl 93 25 alion £55 w9l 5 dex ]
Proc Genmod «s, 5 sl 515 5051 b lodly Aol 5 o155
3 So5 ogesl 5l ookl b pSke duslio .bus Julow g 4350
S plol Uas o/ 4 e

4l p, 55 LS VA 39580 a5 ol LS sl adllles gl
Poisine s ol o sive oy 4 Sub 0jsig Koo b ol SIS
Lagiee (P= /) (G Camdg slitel 5 (P= o1+ 0)) o 0 2
g3 8551 el alanlgay ISl (1 Jgz) 08 lesls 51 e
33,5 oo pl> 3y Slas 390 e Gla Sl 2)9—0 »d 5
P &S ol iue ;3 0594 el opl (Chmielewska et al., 2021)
g il b gbaoya Ll g iy I & s &l
(Njoya et al., 2005) cuwl patws y b 0 15 S gy
Raheem et al., ) ol)LSen 5 pa>) pol> addllas gl b 5ilkas
Oh i Olg e oy s IS &ly 04381 48" Waly L (2022
Oyl ybasy alp o ey (ulibl aae BB jeba |y b ik
3 e 45353 (2 Cud g Canl 453 (02 085 (sl Codlyl
; Negussie et al., 2003) cowl olisl o 5 swa ) 20>
SySoill e a S0l 4 4595 L (Yagoubi and Atti, 2020
el y oS lroygo b jo dliae 5 oy p1BY 4l BCS
5yt Colye 4 asuie BCS U jbasy sladlp o oy 0pdd
5 Bam aS sl il BCS flan b ass e sbasl
3 cles (el ontd igangn ool el (00 )3 (o 08
sladlps p YL ply S8 Curdy liel unl Jroddgs 5 Sas
PYOL ply S Cundg sl b ol 5,Sas Sl o jbads
V1B Jl) el S 000938 ecnlply sl ansly 1) 4> (e sbadli
S o b ) (00l sl (glniss angzm oolal s ) (V0 &
YL gohaw s9la (Shes @lie Bpan oz il pogdle
Syl sl 33,5 () Cle G e Bl Sl e
albog 5l Al Ly o) (yg0p9p gl S0 25 g i pogdle
03 (655 liee walal )3 (IS A Wl 0 55 e (90y98
(Obici et al., 2002; Pérez- sl Lyl oy cdl o 0ai
Joe (Bl ss gey9m S lgicds i) Pérez et al., 2015)
oz ©8b 3 5l alile 0383 Sl Sl g oS Wleie
033 pacls oyl (Tam et al., 2011) 33,5 o (s
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Table 3- Effect of experimental treatments on the blood metabolites of mature Kurdish ewes and lambs birth weight

lo)lo.5
, Treatments
Performance ; s S @ 259 Sen i b
el Pl sl b Micronized SEM! P value
Control Raw rapeseed
rapeseed
(pSskS) oo 039
Ewes weight (kg)
sl 039 _ 37.18 37.92 37.75 123 0.34
Initial body weight
oleeli o 42.14¢ 44325 45,958 0.07 0.001
After lambing
S Candg el
Body condition score
] i Comdy Sl 1.79 1.95 1.83 0.88 0.81
Initial body condition score
oleeli o 2.49° 2.81¢ 2.66° 0.04 0.03
After lambing
(pSkS) o g 35
Lambs birth wight (kg)
ey 0l 3.52b 4,272 4,32 0.21 0.01
Lambs wight
Lo slaoy 3.43b 4,042 4192 0.21 0.04
Female lambs
F sleoy 3.60 4,502 4.43 0.31 0.02
Male lambs

(P < -0) wdl o o ime SN (s Sniad By b oSk i3y 2 5
a.b,¢ Means with different superscripts within a row differ (P <0.05).
! Standard Error of treatments.

(Abd El-Hamid et al., 2016) /| ,)LSen 5 s ordlie b o
Clablre gl dusl 03354 oy o oS &Il &S Wdgas oyl
LyalS o cdale liel ecel gpScts jlam g L8 o
D9 50

4l Sols oy Lhosds Qs sl ive o> dlo”l o)l
Jor a5 (P efoeeh) opSetn 5y o 0jig)Sen b pls (S
oialS el jialS gyl e yobas (P< /o)) ol 5] e
L pls l3 s sy 199581 L sas odmliio (gloygl oyl clale
Sl 50 LS ails 13l oy ol (San pols asdllan )3 0j5,Sue
Sl gy Bymae (23l Sl g 4aSS (clyigign Cumex
St el gludl e O slaswl Li)380 (Petit et al., 2002)
d._,...,oT sl uﬁ*—“’l“"’T «©> O]}_,,a u...ml_f ‘PIJ L;j).il Camdyg
235 o o5 log) ) o lS g (6551 el (sl 8L

u%)l;5 (Daghigh Kia et al., 2012) )L 5 LS 58>
0> 33 gy aob il sla oo | oalaiwl 4 S 3505
s adlls 3 23,8 o Loy g udS ulj8l g Si3
oaiS el elog)S y Jgymals clale bl el L2lS
A5 odalie (P=+/+Y) ol 5 u 59, 4 9 (P=
o)) xSedn jg) 2 0 Glewdh L yedlSoy clale
P98 L o)laigine yoboas (P efee o) G5l G gy 9 (P
s Gtal33l el 58 o 4 0339 Sen b ol (I35 wly
clale )y oad sdaliie uwl)_el Jds el u_i.o.a 0> (20>
L 338l 5 0l jeSde slajles )3 (93 slowdly b yundS )5
5 Sllys o (Petit et al., 2002) ;)LSen 5 csy Lo gl
gdaw 45 1505 onliie (Khorasani et al., 1992) | )LSon
lil oy o 13I8 aly (39381 L (193 (slowdly 2 pudS (5



VN L IS il gl oD o ma il oy g 555

(s 5 pSske) 63,5 Al sloine slawdly clodomiolyd  oislojl (slojlags 5B € Joda

Table 4- Effect of experimental treatments on the plasma metabolites in mature Kurdish ewes (mg/dL)

L31P%]

LSy (sladonil @ Treatments
Plasma metabolites wls 5 il sl 259 5 I3 s

Control R;Wfaiseed Micronized SEM! P value

P rapeseed
S g,
Day of mating
55 68.63° 78.60?2 79.242 0.97 <0.0001
Gl
ucose

Jads 67.45 73.12 73.61 3.10 0.08
Cholesterol
s 34,830 41,932 42122 0.66 <0.0001
Triglycerides
LBS‘LQJ)Iﬁ\]I < 14.472 12.26° 11.97° 0.66 <0.0001
S il e jgy A
9 days after mating
glﬁ:ose 64.40° 73.272 75.312 1.22 <0.0001
Jads 59.19 62.61 64.82 2.97 0.07
Cholesterol
'b)msdf 37.520 43,522 44,582 0.86 <0.0001
Triglycerides
;'Ji; < 19.92 16.21° 16.09 0.60 <0.0001

Lo Lo s it slas- !

(P < -0) wdl o o ime SN (s Sniad By b sk i3y 2 5

a.b, ¢ Means with different superscripts within a row differ (P <0.05)
1 Standard Error of treatments.

("NAD(P)H) 6.5 Ls| 5ot @lind 4558595 65 pwinl sl
45 33,5 0 ((ROS) et Jsb sloaseS LS5 eely
Sl (GSIS) 55 Loy (gl e 5 S0, oo 085 o5
(Morgan et al., 2007; Graciano et al., 2011; Santos et

Lo sl Jslw (50 S 5ue > ROS s g il;dl al., 2011)
Morgan et al., ) 355 oo gl ey )38l coge Ll SO
L o 4005 (sl iee )3 gl ke 2 ccul b (2009
ol Gl Gl 4 Wl o pSls adlllae )3 039,500 (SIS il
(Zarnegar et al., 2024) g wljg,Sho 4ol )3 (6508 S
g (P<efeve)) opSciis joy 50 gyl cdale o il biye
5 P el o) apScin o 59y 3 gpion S Groren
U s (gl ime yobdy (P<+/ee ) ol 5l s 59, ¥+

2- Nicotinamide Adenine Dinucleotide Phosphate
3- Reactive Oxygen Species
4- Glucose Stimulated Insulin Secretion

45 iz g (P /oo )) oS o) ) gl clale

slaoye b cos ()l gne ygbas (P< /oo N) G151 L o)
S 3l e KM (slmoye (0 Jgiz) €8S 8 odulojl
slaggersn g i 2LS —jdgm — 9oV Uiged s9me 5o )b
e )8 5815 o5 ) g yifen 5 Ofgrd (ol
sleyles o S 5 e lale (o158l (Scaramuzzi et al., 2006)
ol odaldie Lyiuldl (gl Joize JJo G Wlgs o 1S wly (g9l
Eltl s Gy sl il ol adlas )3 dgudl e
sbié (i Bl 93y Shoe 05 cge Wil 0 205 ik
csl )b (pio g Wb ISSL o Lo Gl she (olewly
0232 31 (GLUT2)Y 90l S5 baungs 38515 Jlaml il 8
ol enle ) 5 (ol sLis Gs oLy Jobo slis
0555 by sl sl (Burns, 2011) 65,5 oyl gudl puis 5

1- Glucose Transporter
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(VYD) 305 05,5 5 (VOV) pls 318 ails b o0 4,35 la e
15 S i 000l Uy el JgSlgd plad (P< +/++ 1) w5 sanlise
(roishes BIY+) 0559,50e (s3I a5l (g5l 0y &5 2lo s
O/¥D) pla (515315 05,5 (sla yiwe b duslio j3 Mgy 23,5 bl )y
a3 (P el V) 25 sy (ko FIVF) sl  (siebe
Al oy L dounlie )3 059)See b plS (I3 4l (g5l 0y
(P efee ) 23S )5S 5 0jlail Ly )5 e JSt el
Ababakri et ) o,Lsan 5 ;S0 il adlas gl b silas
oy sl mlie (gols 0y a5 a5 wzaly sl (al., 2021
chagie (sla JsSgs dlas (uljdl eel jomy il gludl o
P9 §pS i j9) > Sy S JeSdgd Jhad g sl il
5o i ol bl 025 53 JlS oty Syl ) e 5]
AL sl hee a5 5 53 sl J5Sdgh ohass il ¥
ol Lilisl o Syl st 115 10l e 151 Wil b o
ety O Shos gl 45) lesS gla sl slis slasgind
IS dasgs 5 45y S5 o o8 151 o] (ol (5355 Joko
09009 & (JoSd ok (Fl) Colus Rl 3ok 51,
callw ioli8l (Zeron et al., 2002) sas ili8l LH 5 FSH
S |y (J5Sded g aigd sy Wles o shie YOLS g b slie
i DA ga s U cunl (S oS (Zeron et al., 2002 sz
Al opgdn 13I8 il b o 4dw gl yiuo (flhest sla JoSJ g8
2 Sojm JeSdg b (lilams mesg ) 05g)See SIS
Qi U Conl Sao 031595800 (sl3IS Al b s s sla e
b o 15 9 030 s ol (glowdly (gl 5V clale
sl 5 LH (clooki S sliss wb 5 olih judgun 008 5 LH
295 g 4 a5 b G 8 Sl el @ gl > ligdglS
Rosenfeld et al., ) s e JoSgd iy Cogi sl Wilgs oo
A3 gl yiae )3 D)) e 011 )D o odalie il3l (2001
SLnJsS55 S5 & lgicn o5 b ogsSom SI3S &l L o
sl JsSded 5l (T SKess g 00y Cuws ;38,5 ojluil L
g ol ol 45 3980 FS)5 0y e Sl el 555
& ol el 2 g s (g pian B g Mg el 05

.(Mattos et al., 2000) 33,5 oo iun]

Oty ol adllas 530 Joiz) €85 )15 atalojl sloles
SIS Al L oad i85 lagiee )3 gpwion 5 (gl clals
Col 0 00l lis cladllas 1 (g5l 5o 0 odaliie 0559,500
YLl g Joob b lroddgh wlums (b (3902308 )3 (] &S
SIl) oS — b0 = 9o Vgud jg2xe gohaw plod )3 oy
2 035k slacdlad o dgun 5 (weeWbgnn )3 oSSy o5
bLs) czge ot el ple bl o Bl 1) (goge 285 (l1e5s
Michalakis et ) 53,5 o JiedJg j5m0 b oudglio Cundg
b paitns jobods i y50,00 .(; Tessier et al., 2013al., 2013
daslgdy sy y5bods g (geVlgmn )3 395 03,5 4 Jla
51 GNRH g5 )3 gy 90 (195 5 Mosmgly s 5 Covlapms
1 pesMe pid (Yamada et al., 2007) 35,5 o (wse¥Uoun
509 o s 5L5 Ly page Vbt o )3 018,
Jin ) 33,5 o "FSH 5 "LH Liliio s GNRH 3 5 9o ali3
13 SIS 25 (ol U i) oys0p0 (et al., 1999
5 O3l Ldlaia g FSH 3 LH i3 o el Lngg ipalss
Syl sl b gl )5k & psblen 2980 (19 e

gy 13l 4 006 ¢t (90,9 s 1 ptane 5T progMe
clalé il gl b (ObicH et al., 2002) coul 5o (ygay9n

IS sl L oad a0 (slayion 53 0093 9 sd9 9 (5955
ci iy 38 asls Sl sl (slgimme 1l sty ol (oo
0939 9 (39 rl ClE I3 dne (Al A8l (pid (90590
L duslie 53 0559, S aib b osds 4385 slayive 10 (5>
ol )3 0458 uSxin 30,8 il ys pB IS Wby &S Sl e
3l Sen dlaslyis ol 039 )3 Syl dd 31 VU b
slayseyen clale yili ol (Zarnegar et al., 2024) ¢l
P18 Al sl lajles > g piwisn 9 Oisrel (g
Mirzaei-Alamouti et ) - )LSen 5 Jgall olj e ol b 38y
lawl ol oy Byins niz il bl &S cul (al., 2018
295ie clagigersn Cllé Gl cage il fldlnd o
23,5 (o0 e 5
5 i35 slaJsSdgh fab 5 3biss py il lajless b
Pl IS b b odds 44im (gl yiuo )0 (gpS i gy 40 lawgie
39 s (5 e sgoin 305 09,5 b aslis 13 03005 S b
sbagiee ) S)im slaJgSdgd Sl oy (P<+/+ v )
2l id w5 (VAF) 0585,500 (g3 1S ash L ol 4

1- Gonadotropin-Releasing Hormone
2- Luteinizing Hormone
3- Follicle-Stimulating Hormone
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Table 5- Effect of experimental treatments on the plasma hormones in mature Kurdish ewes

jlas
- Treatments

%)
Plasma metabolites wls pls l3IS wils o ”S\M ‘5!)]5 b 1

Micronized SEM P value

Control Raw rapeseed
rapeseed

S5 jo,
Day of mating
(3disbs 5 oll 0t 22y) ol 9.16¢ 11.23° 12,667 0.65 <0.0001
Insulin (IU/mL)
()‘JL;L"" 2 PS5 9Sw) O3l 30.61¢ 55.78b 59.892 0.83 <0.0001
Estradiol (pg/mL)
(ke 2 p550) Corwion 1.17 1.25 1.29 0.54 0.48
Progesterone (ng/mL)
Sl oy joy &
9 days after mating
(e 5> ol g 5215) ol 10.31¢ 12.65° 14.73° 0.72 <0.0001
Insulin (IU/mIL)
(ke 52 p595) 0o 2024 2121 21.49 0.69 0.27
Estradiol (pg/mL)
(ke 2 £59) o9 5teion 453¢ 6.04 7.46° 0.66 <0.0001
Progesterone (ng/mL)
SxScd il ey ¥
30 days after mating
(ke 2 p550) Lormeion 711¢ 10.39b 12.002 0.46 <0.0001

Progesterone (ng/mL)

(P < -0) wdl o o ime ST (s Sniod By b oSk i3y 2 5

Lo Lo 5 il glas
Means with different superscripts within a row differ (P <0.05).
! Standard Error of treatments.

0l odmlidie yiul38l 1 (6,500 o wilg o pols ddlllas jo 15K
ol o> 53 03559, £S5 51 oolizl ABL £y,l £ 50
(P<efee o)y Srals (o)lyine yoboans 1) Lo e (i
e Lagsd By | B atin aw I (a9, sladils Bpas
PSS b sl yine 2 il g (b @)e Gg 0 il 34l
—£s0ke Jls opl b .(Ben-Khlil et al., 2017) 53,5 o jsg0l5
LilS cgjllzsd 5| L wim aw 1S &l gols cglao e &)
Sl o, U odd aiw sla jine 50 L (yleulj alold o sixe
Syt i il 81 & ol (S 03,5 (SIS
Zarnegar et al., ) o5, Ko dond 3 4aSd jl (g)5e

3l b po o oxd (giluglojen 5 <ldll 2 o b 5 (2024

AL slagine (lea g 3, Sloe 1o iolojl (slajloss b

L pls i dS asly (0g58] .l oo 431l Y Jods 0 (60,8
LX) 3> Gl )l sime psbodr |y 6390l €5 0 4 0359,
gl —euSeln (sl adlas j Job mbs 4ol 55 (P=
43 4 S U iges saml e (Somchit-Assavacheep, 2011)
alio ol Sidd oy b s (S Cundg shb sl e
9 a5 i oo Mo 450 Carge i Wi (sl (555
w5 slogive ) S5l 5Vl pga 335 e sk £ IS
D9k DJ._a.b.)ul_mJ C9_Aa94) D)-a)9)§a.4 LJ Fl> dl)l.{ &l l) X%
lec&éwl@d;l9hwﬁyww9
Habibizad et al., ) a3l ails Loyl (659, baes 5 Jroddgs
A L ol 435 slaine 3 g iian clale il (2015
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Table 6- Effect of experimental treatments on the mean number and diameter follicles and carpus luteum diameter in mature Kurdish

ewes
o)los
Treatments
).i_luﬂ
Indi . e 059 S (158" il
P rapeseed

S Cdx g,
Day of mating
JoSdgs dlas
Follicle number
(ocs | jiSass) S8 4.54 478 4.98 0.76 0.15
Small (<3 mm)
(aske T-F) bosie 2.84b 3.68° 3.910 0.68 <0.0001
Medium (3-4 mm)
(oo sz 3l 5S)3) )3 1.25¢ 1.57° 1.86° 0.09 <0.0001
Large (> 4 mm)
'ital 8.63 10.03 10.75 1.29 0.20
JsSdgh s
Follicle diameter
(e 4 j| 5i5595) S8 2.46 2.54 2.64 0.60 0.43
Small (<3 mm)
()h“’.\"‘ YY) oy 3.52 3.68 3.70 0.85 0.37
Medium (3-4 mm)
(Rocs oz J| 55)7) S5 4.26° 5.350 5.70° 0.07 <0.0001
Large (> 4mm)
S jl puy jgy &
9 days after mating
(oo ko) 3y5 s> lab 6.32b 7.742 8.432 0.44 <0.0001

Carpus luteum diameter (mm)

(P < +/e0) wdl o sl dine BB (s S yiio i By b (slouSibio i3y oy
Lo Lo 5 il glas
b, ¢ Means with different superscripts within a row differ (P <0.05).
1 Standard Error of treatments.

Coul (S 059,50 (318 by b o 4385 (sl yie 10 S5
5 =lior £ RS Se3u | 8 e JsSugs slas i3l L
bodd 035 09)5 ) (2l59l8 95 ydin £ am Gl (25989
s LH Gla gl al 381 Jdsan a0l oo 059 5o (1315 s
(De Fries et al., 1998) s_il Lo JoSUgd ,1nd yils él Lo
g Lacdglio jl (5 davlye o) 4 (289, ladily (3958
Algie edin 5o GNRH @iy )3 & (Sdplie slayge)90
5 i=lion £ Rl aaled 3 9 b JoSilgh dnngi 9 005 cage

(Daghigh Kiaetal., 2012) 55,5 ;135693

o jobody ¢ Jroddgs (S 9l S b Syl sl

o B 4 40,5 oo Sibged Sl (g iedlS gy el cge
38 oy el sl ogaVUgen 5 Slos I Jits chus)
adox jl Jeads )5 Joi mre slogigeson @by ol b
Hightshoe) 25,5 _Jlod 5Me 590 ial3dl coge Llg5 oo 5 LH
slayles 18U cow gyl xe yobay 2o &5 (et al., 1991
i lagiee 0 g 9 &5 (P=+/0)) €85 15 Lnlel
Ly o dydi sl ime b duglie )3 3:55,Se sl &ils | o3
9y 5P ysbd il op g Pl (LIS Al (ol 0y
ol asllas > ljoy ) odd sdalie yili8l (P= +/+¥)
Loy pl 5 3y g Mes 3 Sdos a3l Jidse Yiei]
wle JsSsd sles ;81 (Daghigh Kia et al., 2012) ¢l
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Table 7- Effect of experimental treatments on the reproductive parameters in mature Kurdish ewes (%)

o )los
. Treatments
oasls
Traits aals R S i
Micronized P value
Control Raw rapeseed
rapeseed
ot & 68.42° 83.33? 88.89° 0.03
Fertility rate
(i22) ety o2 el 53 500 36" <0.0001
Lambing interval (day)
wlen &y 73.68° 94.44 11667 0.01
Lambing rate
sk 92 &5 7.60b 1333 31,250 0.04
Twining rate
ol ke &5 35,71 52.94° 61.90° 0.02
Female lamb rate
wlp s 64.292 47.06° 38.10° 0.02

Male lamb rate

(P < +1-0) witlign Joisine ST Sy S i By b clonSilie i) 0 3
ab,¢ Means with different superscripts within a row differ (P <0.05).

il 4l eole (glro y duoyd il 8l 50 (glodlS s i
o39,5en b pls (SIS &l (sl slasloss 5B 5 IS g
VS 0 008 Jb slagine Lieddg g sy Clio S
o o woS e (i i 53 Cawl odd odly LS
o35l Ldlais 9 43y oy sl sl JoSe Sl o3lizal pus
) el allos | ol ol & 4255 b ol oy liosds
L pls Gl asly (39380 alawlgas (559 9 (555 yt golaw
Bl L) eadys 9 g 3,8oe Sl oo 0 4 0523950
Ol 5 LS55 o wgy 4 S ja b lon o inli 8l a i in
gl 39 ,Sue Al )3 b 3,155 (Zarnegar et al., 2024)
Sl ofaga gldlnd o pr sladl jl clablore cage Sl o
SUlge> )3 cnlplis 258 4reSid (oulfodungn pln 3 Syl
Loyl 4ess o (Slyes @lyd () Busle b cie a5 Bpuaoy
3953 £t Cyn el el 18l i) sl a8
SISl ol o sod b 1 g Aaled b amdjld 4
adllas > Joady sloasls Sl (B g aigersn p ojigSue
P15 Ssbedg) 4 (639)9 Syl sl Il @ Wl pSl

D9 031D S ygmml 9, Suo

Cosl 0jig e b pls SIS 4l (ool 0 b Lo yine 4455

oyd b pxe ialS g (P=+/+Y) oljeale duoyd b bze i3l
ladwl) oad Brme (mp JoSo g b (P=+/0Y) ()5
ol 5 (il elilpe oy clas wl g bl oy o
G358 S (Sl 0438 s Lol ol s (spS i
sl gloyps JoSo (Green et al., 2008) ool ouss aslis
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; Green et al., 2008; Rosenfeld Clayton et al., 2016) s>
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Figure 1- The effect of diets containing raw and micronized rapeseeds on production and reproduction performance of mature
Kurdish ewes
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Introduction: The lack of water resources and the high water requirements of common forage plants have
created significant limitations in the production of good quality forage in the country. Therefore, it is very important
to identify and properly use new forage sources for inclusion in ruminant nutrition. A new fodder source must not
only be fast-growing and resistant to hot and drought conditions, but also have acceptable nutritional value. Plants of
the Paulowniaceae family in China and East Asia are a notable source of fodder in this regard. Several types of
Paulownia are known in the world. These plants are known for their high growth rate and intense photosynthesis,
which are specific to C4 plants, and with wide leaves with a diameter of about 90 cm. The commercial production of
Paulownia wood produces a large mass of leaves, which are usually used as natural fertilizers. At the age of about 6
to 8 years, the leaf production of each Paulownia tree reaches about 100 kg. When the leaves have a favorable
nutritional value, they can be used as fodder in feeding ruminants. In Iran, about 20 million tons of wheat straw
(WS) are produced annually, a large part of which is used as the main source of animal feed. However, the
nutritional value of these by-products is very low. Wheat straw is deficient in crude protein (CP), mineral elements,
and digestible energy, and has low palatability. Considering the large amount of WS produced in the country, and in
order to optimize the dry matter (DM) content of silage and prevent wastes from it, it seems that silage with
appropriate characteristics and nutritional value can be produced using a mixture of fresh Paulownia leaves (PL) and
WS. Therefore, the purpose of the present study was to determine the nutritional value of PL and then to investigate
the effects of adding different levels of WS to PL silage on chemical composition, gas production parameters,
digestibility and fermentation parameters in vitro.

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
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Material and Methods: Paulownia leaves (Tebjoo hybrid variety) and wheat straw (WS) were first collected
and analyzed for their chemical composition using standard methods. Subsequently, both forages were chopped into
2-4 cm pieces using a hand chopper to prepare them for silage. Experimental treatments included adding WS at
levels 0 (PL silage only), 6, 12, 18, and 24% to PL on DM basis. The materials were compacted in the plastic
containers and the silage period lasted two months. Determination of chemical composition of fresh fodders and the
nutritional value of experimental silages including chemical composition, in vitro gas production and fermentation
parameters, digestibility and enzyme activity were carried out.

Results and Discussion: Results showed that DM, organic matter (OM), CP, neutral detergent fiber (NDF), acid
detergent fiber (ADF), ether extract (EE), lignin and non-fibrer carbohydrates (NFC) content of fresh PL were 266,
911, 173, 402, 201, 35.5, 75.5 and 301 g/kg DM, respectively. The mentioned chemical composition in PL silage
were 273, 896, 168, 394, 191, 36.8, 74.6 and 297 g/kg DM, respectively. With increasing the level of WS in PL
silage content of DM, NDF, ADF, lignin and pH increased linearly (P<0.05), although CP and NFC content and
ammonia-N concentration of silage decreased linearly (P<0.05). The OM and ether extract content of the
experimental silages were not affected (P<0.05). With increasing the level of WS in PL silage, gas production at all
investigated times, gas production potential (coefficient b), short-chain volatile fatty acids, DM and OM
digestibility, estimated metabolizable energy, ammonia-N and microbial protein synthesis decreased linearly
(P<0.05), but the gas production rate (coefficient ¢) was not affected (P<0.05). With increasing WS to PL silage, the
activities of carboxymethyl cellulase, filter paper degradation activity, alpha-amylase and protease activity the
culture medium decreased linearly (P<0.05), although microcrystalline cellulase enzymes activity was not affected
(P<0.05).

Conclusion: The current study indicated that fresh or ensiled Paulownia leaves (Tebjoo hybrid variety) has a
significant nutritional value as a new forage source for use in ruminant nutrition. Moreover, adding different levels
of wheat straw to paulownia leaf silage is recommended as a method of enrichment and improving the palatability
and nutritional value of wheat straw.

Keywords: Fermentation, Gas production, Nutritive value, Paulownia leaf, Ruminants
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Figure 1- A view of a Paulownia tree
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s (Tecator, 1020 Hot Extraction, Flawil, Switzerland
Syl a polie Mol W 3l 5 Cudlgur e ) ookl g
eSS 55 Jges8 3l ool b ladiges NFC glgize b oslituwl
:{(McDonald et al., 2011) . o35

NFC (%) = 100 — [NDF %) + CP (%) + EE (%) + Ash
(%)]

NDF (Sl lw e slacliung S aoyd NFC (o j5 o
EE s 389y Moy CP c 5 odiad 40 Jolowel BUI do )y
Oiaw e Cal pbB yiwSE duo > ASh g (5,5 0 )las ds )y
Sl sun o Jotb (slacyue jl oalisl Ly lanasges (SLiise]
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Slawd Bl 1l e Sy Jold (ST Lol sl W1 (glasy 3l
A ¥ glod 0 dS dgy doyd SO aiwlis Joloee il oo
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Syg0 slam 3l 51 SO pa cldld 5l s oadalj] 3565 s LiBgie
A 0dj yeess (Miller, 1959) , Lo gy yolwly 09—“’)'1
o )y e o el o 3 S Jgog Sn S )5
b oy sl )8 Al oyl i STy bl blyi
Sliwd (8L ) e SO ol STy bgls st (<5540
0dlo 4wSs mle i Lo +/YO ((FIA L ply pH L) ;Yge </
$Lod 245 33 (sl en 2 25 oo V1B) 535 o 1Y 5
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5L olie lal (Vercoe et al., 2010) (5 wlsSSl el V¥
744 Jao) yiopH alpwgs PH g 35 < Jlg 2 595
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:(Menke and Steingass, 1988) 1 03; (ywosd

IVOMD (g/kg OM) = 148.8 + 8.89 (F) adslo
51 XA.GAS +4.50 CP + 6
ME (MJ/kg DM) = 2.2 + 0.136GP + (0) atsles

0.0157CP + 0.00002859CP?

GAS ( I ools (s 555 e IVOMD dal j> &8
VY 5 e g )5 e Voo sl sy A5 8 e
Ol :CP (Menke and Steingass, 1988) bl el
FawSB XA (Sis odle p)5 Voo 3 )5 Gygody pl pgp
medplio W8 (5551 ME 5 S5 oo )5 Ve 3 5 Cpgoty
ASb g

1255 dplons & dolas &0 (MPS) (5,50 (555, 55
:(Blimmel et al., 1997)
MPS (mg/g DM) = mg ADS - (ml gas (7) adoleo
x 2.2 mg/ml)

el V¥ 5l o (6ol osdpudn (gl ymsgw ADS ()] (> a8
aielo V¥ amolisSSl 5l Gy (s0d5 55 oo :ml 08S ¢ 50l 5SS]
9 O3B (1S PrS (shee s (5 tegeS il Jole VIV 4
sl i3 oligS g ol St (gl Sl 3y90 (5enS]

Al V dlslee 5l oolitwl b o0 obsS oy (sladwl clale
:(Getachew et al., 2002) .
SCFA (mmol/200 mg DM) = (V) aJsles
0.0222GP - 0.0042

5 Ay 29jeisS )b o ladwl SCRA () o oS



VPeF lasli ¥ oslods AV ol oyl oold pole Gleipgs & pis VY
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Sl &z

bl Sy plesd oS5 4 bgje slaodly (uib)ly 455
429 31 odlisl b ] 51 Jools (alojl (slogdws 5 paS oS ol
ol MolS 7 b 5 5 (SAS, 2005) 38ls 5 Lauwgs 3 GLM
35 5 Jhe sty otilofl b (gylel Juo 285 plox

Yi= Lt Ti+ g )

u»i’LA wolboaline 3)95) i i) g Ti Y ‘Ol P
ol (talojl gl 5 g ol (talofl jled el 31 S
3 9 oS (slasely w903l 5l o3kl b otelcundas (sla Sl
W05 Ao o yd gy (g0 pxe pdaw

Ay s pdS)lsS S Wi Jols osls plu (bl 55
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Table 1- Chemical composition of fresh Paulownia leaves and wheat straw (g/kg DM)

Wgle g9
G Forage type o Sl 3,85kl (llas S xe Jlosl
Parameter pAS olS Ligy Sy SEM P-value
Wheat straw Paulownia leaf
Siid oole 925a 266b 6.72 <0.01
Dry matter
o o3l 923 911 6.81 0.26
Organic matter
Crude protein
S okizgd 3 Jalousli U a b
737 402 12.7 <0.01
Neutral detergent fiber 3 0
&l ol gud 43 J}bub Ul a b
12.2 <0.01
Acid detergent fiber 486 201
f:gn'*{n 815 755 2.45 0.13
igni
il ojlas b a
. ) 1.53 <0.01
Ether extract 165 355
Sletlops laclung S 136° 3012 115 <0.01

Non-fiber carbohydrates

bl oo Ao yd iy w5 gime M biad L () > gliie gy Ly lael -
- Means with different letters in a row differ (P<0.05).

I e )i yoor gl S )3 Sydpd slolibng S
o3lo (glgizma Sl 3l STyss odlo 93y 40 (P<<+/+0) 24 puiS ol
(P>1+0) w5 oamlie (o)l gxo cigles i ¢

Bl g 5 odngs 40 Joloels LI «Sis odlo (glgiro
Syl e )3 gme pbodr pAS oS (gl 0agd 5> Jolowal
il oslas LS s e iz (P<-1-0) 33 Ll
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5 ) Jgiz) og: y ol o absle I (g ludo Ligly Sy 53w
2 M ;0 S ool (glg iz il 8l sl g 05l adsle
Cugh) I (i g5 5l (AL & Canl (San o) dgle L anlie
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OIY Jain 3 pasS oS 5 gl 5y cilieo (el gsl>
VE oo U5 3o boglen 15 paiS ol Comns il b sl 003
Bl ¢ x5 oda b Joleels BLI Sk 03le 500 cduoyd
Bl (Il (ad psboas PH 5 S ccgipul 0458 5> Jolorol
L5 i s lie S El Jis 3 5l (P<+/-0)
s Mo (Sligel (59555 ChlE g gyt S )ang S
sl oylas g I osle (glgime (P<-/-D) cly il s

S olS 5 Ligll 1 Cilisn (slacs sl (5la5 s (025,85 asly b Kis o3l p,SshS 53 p)5) aboond oS 5 =¥ Jgio

Table 2- Chemical composition (g/kg DM or as stated) of silages containing different proportion of Paulownia leaf (PL) and wheat
straw (WS)

(Siid 00lo o)) Wiglly 5w (glody puiS ol pedawe Jolaio Sl lie
Level of WS instead of PL (% DM) 3kl (gllas Contrast
Céo (L"jcl’ ]““:) JI)“K 5 \Y A ¥ L;‘ET\’A ke s s
Parameter ontro 6 12 18 24 Linear Quadratic
(only PL)
i ke 2738 305¢ 344¢ 384P 4222 8.34 <0.01 0.74
Dry matter
1o
el 896 911 913 913 914 5.66 009 0.8
Organic matter
P OBz . 1682 1612 154b¢ 147% 1414 3.42 <0.01 0.91
Crude protein
£ oy 9 RN
S 2l > Jyoal S 3949 421° 441 463D 479 8.06 <001  0.49
Neutral detergent fiber
el insd 2 Jsbeal S 1919 219°  237° 253 2720 5.95 <001 041
Acid detergent fiber
"WS’J 74.6° 77.2%¢ 77.7% 78.5°  83.1° 1.07 <0.01 0.32
Lignin
s3] oslas 36.8 35.8 35.5 34.8 34.5 1.22 0.08 0.18
Ether extract
“’)qu e Saclinn s 2972 293%® 282°¢ 269  260° 4.33 <0.01 0.58
Non-fiber carbohydrates
pH 3.81b 3.94% 4.14% 424 468 0.178 0.01 0.56
PSS 3 p)5) Sbisel ois s
(03958 S 58.32 55.9%  B54.1%c 533 5] ¢ 1.39 <0.01 0.75
Ammonia-N (g/kg total
N)

WSl ge doyd iy pdaw ) gixe M oxim LS d)y o Cglite gy b olael -
- Means with different letters in a row differ (P<0.05).
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ey Ylasl as by s alid) bglses (clajdlows 5 puiS
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W
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sl gl ol 0aiS a0l (F Jgds) 5w 3 Liglh Sy
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Lol e 53] odimo )l o 3gy yieS a5 ol 1 angs L
Ol 1) ol pls 43555 lebgle min S e gl 4295
L Slyas s odbad )0 Jaloeal GBI lade oS sl oais 00l
(McDonald et al., 2011) 3,5 wsSae alasly ] B pan 50
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5 YOR) e | (S bauogs o85S ol 1y s
e alie Lol ((Huang et al., 2022) 54, (Siis o3lo p,55LS )
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e «65593 Linlajl j> 54 (Stewart et al., 2018) ]S
PSS 3 £y ¥ Liglh 5y 5 sstyg > Jgorols U
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L @il (V 5 ) Jga) ol ojLs absle L dnlio )5 Liglly 5w
=l o=l > (Rezaei et al., 2009) cowl Gladss plo gl
> Loy Sae clleb 151 53 sk can 5 Jobo 355 Vlas|
Rezaei ) asb o 53 (gdul PH pd byl 35 0m 55 g s
1 oS lgmme gy ULl LB &S b len (et al., 2009
YEI5) gl Dl 5 (S asle p Sk 2.5 VOIB) ofb o5
o3lo £S5k 53 )5 AVB) puiS ol 5l (Sizs o3le p)SolS” )5 )5
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Table 3- In vitro gas production parameters (ml/250 mg substrate or as stated) of silages containing different proportion of

Paulownia leaf (PL) and wheat straw (WS)

(Sid 00lo iz ) gl Mo (slady puS oS rlanw Solxio Sluolio
Level of WS instead of PL (% DM) 3l (gllas Contrast
o g";’j bt J‘T) J”f 5 A vy “SOET\"A e bt b e
Parameter on LOL)(On y 6 12 18 24 Linear Quadratic
aielo V5 55 1y
o 20.1% 262° 255" 248 236" 0.917 <0.01 0.35

Gas producion at 16 h

el V¥ 55 Mg
e WIS Ay 42,62 413 203  398® 378 118 <001 085
Gas producion at 24 h
welo YA 25 56.3% 528°  521°  51.1%  484° 0.967 <0.01 0.70
Gas producion at 48 h

el VY 55 g

S TP ey 60.8% 5012 583 568" 555° 1.16 <0.01 0.95
Gas producion at 72 h

welo A7 5 2y 61.3% 5030  585%C 531 556 0.965 <001 089
Gas producion at 96 h

welo VYo g 5 S
Total gas production 62.12 505 592 5880  56.1° 1.07 <0.01 0.92
(120 h)

b) 55 sJgs Jawls

)35 5 Joits . 63.7% 615° 599 508% 568" 1.35 <0.01 0.95
Gas production potential

(celo 1 doyd €) 55 Wy &)

Rate of gas production 0.033 0.032 0.031 0.03 0.03 0.002 0.21 0.55

(c; %/h)

bl oo Ao yd iy e 5 gme OS] simd i () o > glie Ligys L slael -
- Means with different letters in a row differ (P<0.05).

sBan Ol ol 012 3l (ol 5 Az AT
Al @l ol S an s Wlgiee 35 (0 Joia) yS (slavesis
2 gl Cuaglio g Liglly Sy 5 puS oS Ly Sluogas
il 48l 31 o) il > Canl (SSon o (SlsoSid sTigs
OSea &S Casl (Jgid OLS 5 g BB polie (s Ligh S
Gk ) dneSd ) (i S jos Kg) (25 WS L
gle » ol cble (il o (29,800 gy 4 N Ligel s
P (g m lgizme Jddany jols adllas )3 Lol g 4eSi
5N )3 Lighy Sy 2 o8 o (il 31 L o i M dons Cgllas
naS Sy ool oy g g 3 45 lazs)
S iblS sl oddd b LS 5 e Il ad oy I wile
il (Sae s 3 05 Gline GRIBIL (29)See (389
siato byl 5 dl 035 a8l )3 (sadgp Sligel g talS
Sl 015 (51 (29)Sem 0395 Jiw 5 dsaSud Sligel clale oy
J=B (655 s ials (Azizi-Shotorkhoft et al., 2013)
2 Ly Sy ol s (al3l L alol sl Mons unelgelic
sl (Al odle (spin)lss (il Jbas Yiws!
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pnidalio B (55501 a5 (T sl 5 S 03le 4 dy 5155
ks gy (s19)See (g s g CulS lame (Slisel )39 %
Cod S by oa PH (0 45 dizja oP<e/-0) 8L ralS
sdos Ay LS s e85 1,5 tlegl (sl 5T
L sl adllas )3 (g2 590 SRt 9 o35 sla el
@B 55 prals ddvan Yhaos! M 1 oS o i3l
95 Cradps SLOhAg S 5 ol 19y (Slyoee (ialS) o
09l L (Y 92 Cosl 0392 (065 9 b (Slgiome (il
P S oo (Slisel (g clle (oialojl s Mow don
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D92 (295w sty 35y S () 3 p)S e
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(Ozelcam et al., 2012) 54 ldixe pl 3 yeS ol imgs )0 edelcandds padplie JB (6550 (slgixe

by (S_is odle p )5 kS )3 Jo3Ke V+/A) odalcamsas golis

P olS 5 Liglly Sy cilises (glacums (5ol (sla5Mes (sdko dlgo (2Ll (620s 355 5 55 (slmaciial b~ € Jgua
Table 4- Fermentation parameters and in vitro nutrient digestibility of silages containing different proportion of Paulownia leaf (PL)
and wheat straw (WS)
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Table 5- Rumen activity of hydrolytic enzymes (U/h/ml or as stated) of silages containing different proportion of Paulownia leaf
(PL) and wheat straw (WS)
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Introduction: The physiological transition of dairy cows from late pregnhancy to early lactation is accompanied
by major changes in the utilization of carbohydrates, amino acids, and lipids by adipose tissue, liver, and skeletal
muscle, which are in response to the energy deficit of early lactation, resulting from abundant milk production
without adequate compensation in feed intake. On the other hand, increased inflammation, oxidative stress, adipose
tissue mobilization, and metabolic disorders occur during the transition period. Inflammation is an evolutionarily
conserved response that underlies many physiological and pathological processes; in response to stimuli associated
with infection and tissue damage, immune components initiate a response and cause inflammation. Among the
essential micronutrients, antioxidant supplements such as minerals and vitamins are of particular importance.
Minerals and vitamins, which play an important role in the immune system, help fight infections and diseases, and
are in a way a modulator of the inflammatory process, play a role in the antioxidant system through their presence in
several significant proteins. Considering the importance of a successful transition from the transition period to the
lactation period and its effects on animal performance and health, a study was conducted to investigate the effect of
vitamin and mineral supplement injections during the transition period on inflammatory and antioxidant indices of
dairy cows.

Materials and Methods: For this purpose, 32 cows with an average milk production of 19 + 2.7 kg, multiple
calving (second calving) and a body condition score of 3.5 + 0.25 were divided into 4 treatments and 8 replications
in a completely randomized design at the end of the gestation period. The experimental treatments included: 1)
control group (no vitamin and mineral supplement injection), 2) treatment receiving injectable vitamin supplement,
3) treatment receiving injectable mineral supplement, and 4) treatment receiving both injectable vitamin and mineral
supplements. Supplements were injected subcutaneously 28 days before calving. The vitamin supplement contained
50,000 IU of vitamin A (palmitate), 25,000 IU of vitamin D3, 21 mg of vitamin E (acetate), 6 mg of vitamin B1, 2
mg of vitamin B2, 5 mg of vitamin B6, 12.5 mg of vitamin B3 (nicotinamide), 3 pg of vitamin B12, 6 mg of di-
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panthenol, and 2 mg of vitamin C, and its injection dose was 20 ml per cow as recommended by the manufacturer,
and the mineral supplement contained 400 mg of calcium bromide gluconate, 22 mg of magnesium hypophosphite,
and 2 mg of copper per ml, and its injection dose was 100 ml per cow as recommended by the manufacturer. The
cows were examined for health and multiple births before grouping; all animals were healthy and monogamous. To
measure blood biochemical metabolites, inflammatory markers, and antioxidant status, blood samples were
collected from 6 replicates of each treatment on days 21 before parturition, the day of parturition, and 21 days after
parturition.

Results and Discussion: Albumin, globulin and albumin:globulin ratio were affected by the experimental
treatments; so that the injection of minerals, vitamins and minerals and vitamins together caused a decrease in
albumin and albumin:globulin ratio and an increase in globulin in the blood of cows. The injection of minerals and
vitamins had no effect on the parameters of glucose, cholesterol, triglycerides, total protein and urea. On the other
hand, time also affected the parameters of glucose, cholesterol, triglycerides, total protein, albumin, globulin and
albumin:globulin ratio. Insulin, catalase, cortisol, glutathione peroxidase, malondialdehyde, superoxide dismutase
and total antioxidant status were affected by the experimental treatments; So that by injecting minerals, vitamins and
minerals and vitamins together, insulin increased and total antioxidant status, catalase, cortisol, glutathione
peroxidase, malondialdehyde and superoxide dismutase decreased, and the lowest amount of glutathione peroxidase
was for the group receiving minerals and vitamins simultaneously. All hormonal parameters and antioxidant indices
were also affected by time. Haptoglobin, serum amyloid A, ceruloplasmin and vitamin D concentrations were
affected by the experimental treatments, such that minerals and vitamins decreased the concentrations of
haptoglobin, serum amyloid A and ceruloplasmin and increased vitamin D, and the lowest serum amyloid A and
ceruloplasmin levels were for the group receiving minerals and vitamins simultaneously. All inflammatory indices
were also affected by time. Alkaline phosphatase enzyme activity was affected by the experimental treatments, and
minerals and vitamins decreased the activity of this enzyme. Aspartate transaminase and alanine aminotransferase
enzymes were not affected by the experimental treatments. Time affected alkaline phosphatase enzyme activity, but
other parameters were not affected by time.

Conclusion: Injection of minerals and vitamins in late pregnancy to dairy cows caused a significant effect on the
parameters of albumin, globulin, albumin:globulin ratio, insulin, catalase, cortisol, glutathione peroxidase,
malondialdehyde, superoxide dismutase, total antioxidant status, haptoglobin, ceruloplasmin, serum amyloid A,
vitamin D and alkaline phosphatase in the blood of cows receiving minerals and vitamins compared to the control
group. Considering the greater improvement of co-injection of minerals and vitamins on albumin, glutathione
peroxidase, serum amyloid A and ceruloplasmin in the blood of the treated cows, simultaneous injection of minerals
and vitamins is recommended for cows in late pregnancy.

Keywords: Antioxidant status, Dairy cows, Inflammatory indices, Transition period, Vitamin and mineral
supplements
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3- Non-esterified fatty acids
4- Beta-hydroxybutyrate
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Table 1- Diet components and chemical compositions
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Diet Ingredient of Pre-partum (percentage of

(k.§.~M> odlo .Lo))) L)”‘") )'l ULE Lm$l§ o> :lkl

Diet Ingredient of Post-partum (percentage

dry matter) of dry matter)
=0 Pl 2131 PP 47.50
Corn silage Corn silage
4y 59

17.04 12.75
Alfalfa Alfalfa
2Byl 974 5> b . 10.08
Sugar beet pulp Barley grain
Jol8” ibagy 8.86 <y Al . 11.49
Whole cottonseed Corn grain
wab 1176 209 3.04
Barley grain Soybean meal
ereh 1434 <0 1.55
Corn grain Fish powder
@y (FelS Ao 58" alews

1.58 5.42
Corn gluten meal Canola meal
by xS go7 XU 155
Soybean meal Corn gluten meal
s2le g JelS” abas,

. 1.73 2.39

Fish powder Whole cottonseed
e 052  SHmei 0.71
Bentonite Magnesium sulphate
e 508 076 SRS et 1.36
Calcium carbonate Calcium carbonate
S edS” 0,18

0..50 . . 0.61
Salt Calcium chloride
aa 025 o 0.25
Monensin Monensin
yome 025 0.25
yeast yeast
g it oS ey i oo

. L 1.64 ) L 1.21
Mineral-vitamin supplement * Mineral-vitamin supplement *
Chemical composition Chemical composition
. . N i
0> (§dxo alya )lA.o.a 0 > (§dxo J|9A Amou
Nutrients diet Amount  Nutrients diet nt
3 _ o Suis odle p,S el s )5 PSR
(55 ool 55T I6150) 28 53,5 172 (Cow I;ct;)t?jrf efl);r )(T\;/Tc);ﬂf” 161
Cow lactation energy (Mcal/kg DM) ' DM) 9y g '
(229) Pl g0 (229) pL g0
. 16.10 . 13.67

Crude protein (%) Crude protein (%)
(A‘D)J) u—i"> °A"9—“} » ngub )““5 3220 (J“D)')) L_s—"‘> OA“’P » J9l>ul.: )"‘3 3460
Neutral detergent fiber (%) Neutral detergent fiber (%)

Ethereal extract (%)

Ash (%)
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Calcium (%) 09
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Phosphorus (%)
DCAD (meq/kg) 288

Calcium (%) 134
(303) yaud
Phosphorus (%) 039
(30)3) o2 350
Magnesium (%) 068
DCAD (meq/kg) -57
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The mineral and vitamin premix contained (1 kg premix): 140 g Ca, 20 g P, 359 Mg, 40 g Cr, 40 g S, 1200 mg Mn, 1000 mg Zn,
800 mg Cu, 8 mg Co, 10 mg lodine, 400 mg Fe, 15 mg Se, 20000 mg vitamin NA, 350000 IU vitamin A, 60000 IU vitamin Ds, 4000
IU vitamin E
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Table 2- The effect of mineral and vitamin injections in late pregnancy on Biochemical parameters

iolejl (slalos Jlazs ! rbaus
hosdon (slodoinl b Exprimental treatments 3kl olas P-value
i i | e oo [
Control  Minerals  Vitamins i Treatment  Time reatmentx
Min+vit time
(lp S k) 3595 70.04 69.58 70.82 68.16 1.097 0.405 <0.001 0.006
Glucose (mg/dL)
Josds’
(i sl p S Lsa) 52.00 51.20 50.86 52.30 0.575 0.286 <0.001 0.748
Cholesterol (mg/dL)
L oS 6 5
(d owdlp S o) 27.39 27.17 28.15 27.97 0.486 0.549 <0.001 0.032
Triglyceride (mg/dL)
" g 0y
(dimlp S ) 039 29.64 30.57 27.97 30.84 0.614 0.486 0.749 0.848
Urea (mg/dL)
(dilp.5) IS iy 7.52 7.59 7.57 7.55 0.055 0.841  <0.001 0.535
Total Protein (g/dL)
(il p.5) Cansd] 4,572 4,35 4.34 4.28¢ 0.029 <0.001  <0.001 <0.001
Albumin (g/dL)
(’ywb{";) Nl 2.94b 3.232 3.232 3.262 0.050 0.001 <0.001 0.076
Globulin (g/dL)
e el 1.562 1.35P 1.35P 1.32b 0.025 <0.001 0.008 0.001

Albumin:globulin
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Means in rows with different superscripts differ significantly (P<0/05)
SEM: Standard error of means
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Table 3- The effect of mineral and vitamin injections in late pregnancy on hormonal parameters and antioxidant indices
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Table 4- The effect of mineral and vitamin injections in late pregnancy on hormonal parameters and inflammatory indices
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Table 5- The effect of mineral and vitamin injections in late pregnancy on liver enzymes activity
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Introduction: Natural feed additives, particularly plant essential oils (PEOs)—derived from leaves, flowers,
bark, and other plant parts and rich in bioactive compounds like terpenes, phenolics, and aldehydes—have gained
increasing attention in ruminant nutrition. These compounds exert antimicrobial, antioxidant, anti-inflammatory, and
digestive stimulant effects, which make them attractive candidates for improving health, productivity, and metabolic
efficiency in dairy cows, especially during the critical early lactation period. Early lactation is a challenging phase
for high-yielding dairy cows, characterized by negative energy balance, reduced dry matter intake (DMI),
mobilization of body reserves, and increased risk of oxidative stress and metabolic disorders. Supplementing diets
with natural additives such as PEOs is a strategy to improve nutrient utilization, reduce stress, and support milk
production and immune function. Although PEOs modulate ruminal fermentation, inhibit undesirable microbes, and
promote volatile fatty acid (VFA) production, their high volatility and rapid degradation in the rumen can limit their
effectiveness. Encapsulation technology, using protective coatings (e.g., lipids, polysaccharides), addresses this
issue by improving stability, controlled release, and targeted delivery of active ingredients to the lower gut, thereby
enhancing their bioavailability and physiological effects. Therefore, this study aimed to evaluate the effects of free
vs. encapsulated mixtures of carvacrol, thymol, and eucalyptol on feed intake, nutrient digestibility, milk yield and
composition, and blood metabolites in Holstein dairy cows during early lactation.

Material and Methods: A total of 21 Holstein multiparous cows (average parity of 2.16 + 1.7, mean body
weight of 620 + 43 kg, average daily milk yield of 33.6 £ 3.4 kg, and 30 + 12 days in milk) were enrolled in a
completely randomized design with three dietary treatments (n = 7 per treatment). Cows were housed in individual
tie stalls with free access to water and fed twice daily (08:00 and 17:00). A total of 21 Holstein multiparous cows
(average parity of 2.16 + 1.7, mean body weight of 620 + 43 kg, average daily milk yield of 33.6 + 3.4 kg, and 30 =
12 days in milk) were enrolled in a completely randomized design with three dietary treatments (n = 7 per
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treatment). Cows were housed in individual tie stalls with free access to water and fed twice daily (08:00 and 17:00).
The experimental treatments were: Control: Basal TMR diet without additive; Free PEOs: Basal diet + 80 mg/kg
DM of free essential oil mixture (carvacrol, thymol, eucalyptol); Encapsulated PEOs: Basal diet + 40 mg/kg DM of
encapsulated essential oil mixture (same compounds). The trial lasted 56 days, comprising 14 days of adaptation and
42 days of data collection. Feed intake was recorded daily. Milk production was measured during three daily
milkings (05:00, 12:00, 18:00), and milk composition was analyzed on days 54-55. Fecal samples were collected for
digestibility analysis using internal markers. Blood samples were drawn on days 40 and 55 to evaluate glucose, urea
nitrogen, cholesterol, NEFA, BHB, and total antioxidant capacity (TAC).

Results and Discussion: Dry matter intake (DMI) was slightly increased in cows fed encapsulated PEOs
compared to the control. This may be attributed to improved palatability and reduced negative sensory impacts due
to microencapsulation, which masks the pungent odor and bitter taste of free essential oils. Cows receiving
encapsulated PEOs showed significantly higher apparent crude protein digestibility, suggesting a more efficient
bypass of ruminal degradation and improved absorption in the small intestine. This finding is consistent with
Calsamiglia et al. (2007), who reported that certain EO compounds can inhibit ruminal proteolysis, leading to
increased rumen-undegraded protein (RUP) flow. Notably, the milk protein percentage and yield were higher in the
encapsulated group. This is likely linked to the increased availability of absorbable amino acids, supporting
enhanced milk protein synthesis in the mammary gland. Furthermore, blood analysis showed elevated total
antioxidant capacity (TAC) and blood glucose in the encapsulated PEO group. The improved TAC suggests a
reduction in oxidative stress, which is crucial during early lactation when metabolic demands are high. Elevated
glucose also reflects improved energy status due to better nutrient digestion and possible shifts in VFA profiles
toward more glucogenic propionate (Patra & Yu, 2012). In contrast, cows fed free PEOs demonstrated moderate
improvements in intake and digestibility but less pronounced than the encapsulated group. This supports the concept
that encapsulation enhances the functional delivery of EOs beyond the rumen. The somatic cell count (SCC),
although not statistically significant, tended to be lower in EO-fed cows, particularly in the encapsulated group. This
may reflect better mammary health or immune-modulating effects of PEOs. These results collectively highlight the
advantages of encapsulated over free essential oils in enhancing performance, digestion, and metabolic health in
dairy cows.

Conclusion: Results of this study showed that incorporating encapsulated plant essential oil mixtures
(KaroGut™) into the diet positively impacts feed intake, protein digestibility, and performance in early-lactation
dairy cows. Notably, the encapsulated form increased blood glucose and antioxidant capacity while reducing milk
somatic cell counts, crucial for mitigating oxidative stress and sustaining milk production during early lactation.

Keywords: Plant essential oils, encapsulation, digestibility, blood metabolites, dairy cow performance
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Chemical composition
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Each kilogram of vitamin-mineral premix contained: Vitamin A (500,000 1U), Vitamin D (100,000 1U), Vitamin
E (100), Iron (3 g), Manganese (2 g), Zinc (3 g), lodine (0.1 g), Cobalt (0.1 g), Phosphorus (90 g), Calcium
(180 g), Sodium (60 g), Magnesium (20 g), Copper (0.3g), Selenium (0.001g).
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Table 2- Effect of adding a blend of free or encapsulated essential oils to diet on dry matter intake and nutrient digestibility in dairy
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Dry matter intake (kg/d)
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Digestibility (%)
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Dry matter
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Crude protein
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Neutral Detergent Fiber
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The experimental diets consisted of diet 1: a basal diet (control diet with no additives), diet 2: the basal diet + 80 mg of free plant
essential oils mixture per kg of diet dry matter, and diet 3: the basal diet + 40 mg of encapsulated plant essential oils mixture per kg

of DM.

Means of each row with different letters are significantly different at P < 0.05.
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Table 3- Effect of adding a blend of free or encapsulated essential oils to diet on milk yield and composition in dairy cows
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The experimental diets consisted of diet 1: a basal diet (control diet with no additives), diet 2: the basal diet + 80 mg of free plant
essential oils mixture per kg of diet dry matter, and diet 3: the basal diet + 40 mg of encapsulated plant essential oils mixture per kg

of DM.

4% fat corrected milk = (0.4 x raw milk) + (15 x milk fat)
Means of each row with different letters are significantly different at P < 0.05.
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Table 4- Effect of adding a blend of free or encapsulated essential oils to diet on blood metabolites in dairy cows
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Blood metabolites Basal Basal diet + 80 mg free Basal diet + 40 mg S)EM value!

diet essential oils/kg encapsulated essential oils /kg
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Glucose (mg/dl)
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Total protein (g/dl))
p i ol e
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Non-esterifies fatty
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capacity (mmol/L)
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The experimental diets consisted of diet 1: a basal diet (control diet with no additives), diet 2: the basal diet + 80 mg of free plant
essential oils mixture per kg of diet dry matter, and diet 3: the basal diet + 40 mg of encapsulated plant essential oils mixture per kg
of DM.

Means of each row with different letters are significantly different at P < 0.05.
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Introduction: In recent years, feed shortages have become a serious concern in animal nutrition, especially in
developing countries. As a result, alternative feed resources have gained increasing attention. Among these, crop
residues and fruit or vegetable processing by-products are widely considered. Using these materials can significantly
reduce feed costs and improve overall economic efficiency. Additionally, their use helps address environmental
concerns by reducing the accumulation of organic waste. Tomato pomace is a by-product of tomato paste and sauce
production. It serves as a valuable protein supplement due to its suitable protein content and can also be used as an
energy source in ruminant diets. Studies show that dry tomato pomace contains 20-25% crude protein, 9-12% crude
fat, and 57-67% neutral detergent fiber. It also provides essential vitamins such as B1, B2, and A. Moreover, tomato
pomace is rich in carotenoids, particularly lycopene, as well as vitamins C and E, which contribute to its antioxidant
properties when used in animal feed. Enzyme supplement preparations, which contain Taninase enzyme is
commonly employed in the food industry. These enzyme can be used in research to enhance the digestibility of feed
ingredients, including tomato pomace, by addressing its nutritional limitations.

Materials and Methods: To conduct this experiment, 30 Moghani male lambs with an average age of 5 months
and an average body weight of 24 + 0.6 kg were used. The animals were randomly assigned to five treatment groups,
each with six replicates. Dry matter intake was calculated based on the difference between the offered and refused
feed. The dry matter content of both the distributed and residual feed was taken into account. Lambs in each group
were individually weighed every two weeks using a digital scale. Body weight gain was calculated based on the
difference between the initial and final weights recorded during each weighing period. The feed conversion ratio
(FCR) was calculated periodically by dividing feed intake (kg) by body weight gain (kg). Blood samples were
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collected on days 30 and 60 to measure biochemical and enzymatic parameters. These included glucose, cholesterol,
triglycerides, total protein, HDL, BUN, and MDA, as well as liver enzymes such as alanine aminotransferase (ALT),
alkaline phosphatase (ALP), and aspartate aminotransferase (AST), along with total antioxidant capacity (TAS). All
measurements were performed using an automated biochemical analyzer andstatistical analysis of the experimental
data was performed using SAS software (version 9.1)

Results and Discussion:The treatments had no significant effect on weight gain, feed intake, or feed conversion
ratio, although the highest FCR was observed in Treatment 4 (7.5% tomato pomace + enzyme). However, the
sampling period significantly influenced all performance traits measured. The improved feed conversion ratio in
Treatment 4 (7.5% tomato pomace + enzyme) is likely due to enzymatic breakdown of the cell wall, enhancing
nutrient availability, including protein. Tomato cell walls contain cellulose, hemicellulose, and pectin, which can
reduce digestibility and increase feed intake while limiting weight gain. Nutrient digestibility was influenced by the
experimental treatments. Variations in the reported nutritional value of tomato pomace across studies may be
attributed to differences in its chemical composition, processing methods, and incubation techniques. Feeding
varying levels of tomato pomace, with or without enzyme supplementation, had no significant effect on serum
glucose, cholesterol, triglycerides, HDL, BUN, or malondialdehyde (MDA) concentrations. Overall, limited studies
have investigated the effects of tomato pomace, alone or in combination with enzymes, on blood parameters in
animals. The lack of significant differences in blood indices may be attributed to increased ruminal ammonia and
reduced microbial protein synthesis following higher tomato pomace intake, which can lead to elevated blood urea
nitrogen (BUN) and potential weight loss. Tomato pomace, with or without enzyme supplementation, had no
significant effect on liver enzymes (ALT, ALP, AST), although a slight increase in ALP activity was observed in
response to enzyme-treated diets. The lack of significant effects on liver enzyme activity following the consumption
of tomato pomace, with or without enzyme, likely indicates the absence of anti-nutritional factors in tomato pomace.
This suggests that liver function remained unaffected, with enzyme levels comparable to those of the control group.

Conclusion: The results of this study indicate that feeding tomato pomace at the experimental levels did not
negatively affect the parameters measured in fattening lambs. Furthermore, the addition of enzymes to the diet
improved certain functional parameters, such as feed conversion ratio and weight gain.

Keywords: Animal Performance, Fattening Lamb Nutrition, Tomato Pomac
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Table 1- The ingredients of experimental diets (percentage of dry matter)

M jlos
i Treatments®
Ingredients (wals) ¥ Hlow Y ks Yl ¥l NP
Treatment 1 (control) Treatment2 Treatment3 Treatment4 Treatment 5

iy, edgle 45 375 30 375 30
Alfalfa fodder
# 27 27 27 27 27
Barley

3 &l
pais 4o 10 10 10 10 10
Wheat
b s 15 1.5 15 15 1.5
Soybean meal
Vegetable oil
= 8 8 8 8 8
Corn
P g 5 5 5 5 5
Wheat bran
Lo ol 05 05 05 05 0.5
Calcium carbonate
e JoSo 0.5 05 05 0.5 0.5
Mineral supplement
S 05 05 0.5 0.5 05
salt
Fpers g 0 75 15 75 15

Tomato pomace powder

54065 Al 0o )d VIO (g9ls ¥ 0y (365 dlif 0o pd VO (ggl> ¥ 0 (584055 A5 o )3 VIO (ggl> Y o> calis 1) o

r‘,;)j Joyd oY+ (Nyban6S ey o )3 VO (o> :0 o ‘W‘)‘] oy /Y
! Treatment 1: control, Treatment 2: containing of 7.5 percent tomato pomace, Treatment 3: containing of 15

percent tomato pomace, treatment 4: containing of 7.5 percent tomato pomace + 0.2 percent enzyme and
Treatment 5: containing of 15 percent tomato pomace + 0.2 percent enzyme.

Sk Yo oy p)S e OB e s p S ko Yoo e it o) oo VD= v+ S o(p S kS )3 5 ue) (ame JoSo oS 5T

ke Ve pasl pyS oo Voo SIS p)S (e Voo o oS Slia Voo 5iS0e
2 Mineral supplement composition: Calcium: 195000 mg, Magnesium: 20000 mg, Sodium:55000 mg, Zinc:3000 mg,

Manganese:2000mg, Copper: 700 mg Cobalt:100 mg, Selenium:20 mg
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L Lagl ekl 5 plogl ulajl £+ 9 ¥ slajs, 3 (TACY)
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A ol (gade Cyguody oy

ol alis) Slhg s Brae (5l paigel 0)93 (bl 5
AU e 5)50 ol ) (s has s 5 alig) 0
S Spas olie VL Sygbar P<+/-0) ety (g5 sine
gy gig LIPS Gig QI ligy S Bpan (St
2l Ol oYL pod 0j5) Yo 0093 )3 (ld b cupo
= les 5090 blie 1 piomed ol LS adllas 5yg90 (slapls
D95 I3 gine oy )90 Clio

2 039 ORI L ohen (218 L5 cupd gm0 S 0yl
ol 53351 b ol o $N,045 65 S Ao VIO ol &S ¥ Lo
9 0 Sdsgn b S g Jgbow 0)lgd iuss & byye
Lol 3o 3153 (89 dlea 5l s350 Blge (o pod a8l
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(Awawdeh, 2011 )ccw! S 5 Jolow ot Jolow oSy
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1- Glucose

2- Cholesterol

3- Triglyceride

4- Total Protein

5- High density lipoprotein

6- Blood urea nitrogen

7- Malone de aldehyde

8- Alanine amino transferase
9- Alanine phosphatase

10- Aspartate amino transferase
11- Total antioxidant capacity
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Table 2- Effects of experimental treatments on the performance of fattening lambs

Uiy o3l 039 ol e s
s o Lot aljs) SThes b pan Erae Sl S alj, Js |;0~0d. s
Characteristics Treatment! Daily feed Total feed Daily Total conversion
consumption (kg)  consumption (kg)  weight gain  weight gain ratio
(@n (kg)
1 1.259 37.73 218.01 6.541 6.377
1.217 36.55 237.22 7.116 6.805
3 1.183 35.48 214.22 6.425 5.917
o les 51 4 1.165 34.80 246.94 7.408 5.444
Treatment effect
5 1.155 34.67 223.89 6.716 6.263
SEM 0.071 2.317 17.143 0.514 0.973
p-value 0.8150 0.8309 0.6397 0.6367 0.8904
NEBITAN
The first 30 1.576P 32.09° 162.250 4.867° 7.522
days
252 ) rnt 32 39.60 293.86 8.8 80P
1.328 .60?2 .864 .815¢2 4.
Period effect The second
30 days
SEM 0.034 1.036 11.25 0.337 0.581
p -value <0.0001 <0.0001 <0.0001 <0.0001 <0.0016
093 9 jlowd hlie 5
Interaction between 0.9449 0.9743 0.4653 0.4653 0.5149

treatment and period

EAIYVES ‘r‘,.u).ul dioyd ¢V g dogS Ali Loy V/D (g9l> i 0y (5,00 55 Al 1oy VO (gols Y 0y o (S5,040 65 AliS Lo yd VIO (gol Y 0pn cdald ) oy’
w2l oy /Y + (K jhan S i Lo yd VD (ool>
! Treatment 1: control, Treatment 2: containing of 7.5 percent tomato pomace, Treatment 3: containing of 15 percent tomato pomace,

Treatment 4: containing of 7.5 percent tomato pomace+0.2 percent enzyme and Treatment 5: containing of 15 percent tomato
pomace + 0.2 percent enzyme.

P a8 Jeyd iy jl8 o n VL dajles plo b duslie
6olisime M (ol i oanlite (6 a8 o o yloss pylus
Gl o Lol 3105 010 55 ol 51 F 5 ¥ Y elayles o
By ¥ ald slajloss 48 5yobds g I ine 35 (232 mad
b s Gl (i ()5S ¥ o ¥ slajlos g oyt
I8 Loyl 18 cos 5 pb oy pedad B ialy L
S ¥ gV sbasles g cpyidn 0 )las aSligSay 10)S
A a2 V)Y jlew g dald ey cpiomen b 1) lade
390 33 e odnliie ()l ime BB (3] (igs (S0 35S
e (SitnS A il ol S uin ol
il ()l inn 13 @l b olen 4 g oo 4 il
I8 e (VL jless plo & cus sals > ADF ks
D5 ¥ slayles ;5 ADF poan i o jieS a8 Jlos ccudls
s mime 15U oo NDF s el cesls 5 .03 onlioe

2 (NS Al eolaiwl @l gl cladllas (ol 5l (S 50
YO Gaody p)SolS YYEY adol 459 b (ghlop sroy olie 0y
il oSl o 3l oL gl 5 438 15 Llesl 3,90 39)
3 S s bl wd)S5 51,8 jles b cos ooy alj) o
(Hordeum ) g asly b an oS Siid s 030l oS cunl
= e 1 (Triticum aestivum) pu8 uguw ¢ Vulgare)
gl bans A (0jSole 5 iy g)lyn looy 3)Skes
b ise Sy ol imen 5 ST ]) S| 4 e (5
(Rashidi et al., 2013) 15 wnles ol ddgle 39008 Jouad
Lo leses cciliseo o )5 (Sjparss A5 5l oalinal 530
015 LI iz )3 (siie dlgo muin Sl T L olyon
2 e ysbany (dlofl slayles &S 3l Lt gl .l
2 Sis odle puin Cuild Llodgy SIS 51 sdne dlge puin culild
5 nls g (w3l b olyon (S5 8dn oS dli o200 (gols) O Hloss
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Table 3- Effects of experimental treatments on nutrient digestibility of Fattening Lambs

s Vol Sis ool s s P i 09 ) Jfl.mb Ul oXiygd 4 J}l?‘ml.} W]
Characteristics ~ Treatment Dry Ash Fat Crude o> S
matter protein NDF! ADF?2
1 59.83% 57.12 46.732 55.98P 46.1 76.922
2 49.96° 69.83 38.93° 47.07°¢ 43.93 66.33P
Lo 3l
Treatment 3 5538b 57.47 45962 5693b 45.6 47.93¢
effect
4 49.73° 63.80 38.53° 47.50¢ 44.63 60.9°
5 63.832 68.33  42.86% 65.82 50.23 48.26¢
SEM 6.03 8.23 1.22 0.45 2.37 1.05
p-value 0.0139 0.7247 0.0017 0.0001 0.4082 0.0001

ol D oy (il 2o yd /Y g angS Al 1o yd V/D (ool F oy ( S ,han S AE 1o yd 1D (gols ¥ 0 pn o Ky sS Al Ao yd VIO (ool Y o> mli 1) op

(P /+0) 33l o I gxe BMS] Iy S e pue gy chyls (ela 1Sk (5w y2 33 ea T o> /Y + (S b g5 i o y> VO
Treatment 1: control, Treatment 2: containing of 7.5 percent tomato pomace, Treatment 3: containing of 15 percent tomato pomace,
Treatment 4: containing of 7.5 percent tomato pomace + 0.2 percent enzyme and Treatment 5: containing of 15 percent tomato
pomace + 0.2 percent enzyme.

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

L NDF: Neutral Detergent Fiber; 2 ADF: Acid Detergent Fiber

2315 (MDA) sl (55 oglle (HDL) Yl IS5 L 555505
ok dunlio 329 (pl b (¥ Jouz) cutls (BUN) (g5 (sloy
Oiali 8l an s e (S5 y840 65 Al eolawl aS” ol oyl calisee
29,5 3 Yyl (5 g Jg S (jan D95 00 9IS (line 5320
A& g9l slajlos 3 Vb (JB& b g nond Olise 2 ol
L oBgnsed i ol 3l b oo (S5 b0 s dlis o oS
Ly s celoysl &5l oo s 1y coaie Liulpdl YL J&s
Sl 4l 390 (slapls oy 53 ((SiptnsS A5 s 2150
b olis

8 bl sl 18U cos (o8 U5 nSig ol
A 4o V0 ol &S Y Jlog oS slasgSay (P<+/+0) b5
Jloi &80 5lass 9 (9> S5 ean Ol VL g (K j3easS
1y 5o (oS 39 w3l L olyon (S5 84065 Allis 1o ) 10
= 0)92 9 )L.o.u J_:B.w ul)_:‘ 90)9d )_sl ¢M_JLQf 2 Wy uLA-vJ
D95 lasine (o) 390 slapld )3 (S slaasdinl b
olle CBIE 3 (55 ma 5ipab slen b olaiiey Syt sS
Siloys slwoys 55 u;lwlu_»T oasli ey sl «©>d
e VL 233l 5 a2 a5 103 VID Jlog o 5 cuils
sladsiuls r:l.)._fem = P pdigel 0yed 1S saalie

bz Glallas ) (S,8a 55 olie 5l @olate s

Bl (gl g (K842 e5 A lend CuS 5 5 g5 e
Olallas gl )> Gglds.Cunl o g (igmbsSSl o9, 9 6yl 2
d990 sl Jsid ¢ Jls a4 (Valenti et al., 2018) wil L e

e 336 Sy oyl pan bl 5 (St i gy 5 ol
s 0leS 48 Ulosls lis bl §) 5 bl 5
AU S 036 2 gl g JatdnsS IS 0y )3 S psS
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Wi 40310 gols 450 Jlesd 3 (S5 mad Cubld doe
Ly a8 cadls bgrpo W6 w3l 5l oo ) conl sl 5 4258
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Table 4- Effects of experimental treatments on blood parameters of fattening lambs ((mg/dl)

Slasuie b Lo S Jo s’ L pondlS 6 5 J5 o9 HDL BUN MDA
Characteristics ~ Treatment® Glucose  Cholesterol ~ Triglyceride Total protein ~ (mg/dl) ~ (mg/dl)  (Nmol/ml)
81 66.62 27.12 6.6 30.31 30 1.66
2 75 54.62 21.87 6.53% 24.94 30.50 2.31
)los ol 31
Treatment 3 82.37 57.62 19.12 6.81% 28.47 32.75 1.60
effect
4 80.5 55.75 25 6.13° 38.50 28.25 2.34
5 79.5 61.00 22.62 5.81¢ 33.52 33.37 1.60
SEM 2.49 4.486 3.47 0.174 2.977 2.450 0.312
p-value 0.3774 0.3657 0.5585 0.0075 0.4097 0.5858 0.247
30 days 79.73 58.10 24 6.37 29.27 30.850 2.05
292 7 30 days 79.75 60.15 22.30 6.38 29.11  31.100 1.75
Period effect
SEM 1.414 2.228 2.04 0.089 1.56 1.40 1.77
p-value 1 0.3018 0.5317 0.9111 0.8733 0.8885 0.2013
2)93 9 )losd Jilde gl
Interaction
between 0.7182 0.8089 0.5760 0.9091 0.3976  0.7984 0.700
treatment and
period

EAPSVCS ‘r‘,.u).al doyd oY g dogS Ali Loy VD (ggls ¥ 0y (5,540 55 Al 1oy VO (gols Y 0y (5,040 o5 Wi Mo yd VB (gols Y 0pn cald ) oy’
2P 2> <Y + (K5 oS A5 doyd VD (gl

(P</40) siily (oo Jo gixe BB (gl)ls S yiiio e By > (gyly (sl (1Slo ¢y5i 2 4
! Treatment 1: control, Treatment 2: containing of 7.5 percent tomato pomace, Treatment 3: containing of 15 percent tomato pomace,
Treatment 4: containing of 7.5 percent tomato pomace + 0.2 percent enzyme and Treatment 5: containing of 15 percent tomato
pomace + 0.2 percent enzyme.
In each column, means with different letters are significantly different (P<0.05).

5o ol adlllas )3 a8 gl gty S oy
ol ol Lajlos 1500 51 YL aald 09)5 10 (495 Jopiwls
SLas jd yols alllbe b (Awawdeh , 2011) odlgl asllas gl

odlaiuwl 45 1ol L (Awawdeh., 2011) o, e ¢ odlgl
0592 S9) S me 3l BeS B 0y 3 (S5 harsS A ]
Jgymds” ol ar oo Lol ol LS pyws (233 9 omegdl e
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5l esliz wl Ly aS” ol (Abdollahzadeh et al., 2010) 1S
0ol i Mo )0 Ve e U 3550 (sl gy 0 50 (50,845 65 dlas
g ynlS o ynelS (655 53y (5 olime b S pengS i 45
adllas gl Ly gllas )3 48 2)85 55 sloysl (1j9yis 9 595
S (Spaass A )3 35290 S & b))l 3

09 g JU Sl oo san] (2 53 Sl g Subidgd S 5
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Table 5- Effects of experimental treatments on liver enzymes (IU/L) of fattening lambs

o s oYl b ] oYl EE e POV
L Blawd | sl el H{JEI RSO
Characteristics Treatment! ’ ))M)Ji“ S g Jf\
(ALP") (AST') (ALT") (TAS')
1 557.50 21.12 131.38 0.353
2 521.25 21.87 133.50 0.350
3 577.50 25.62 133.38 0.323
o 4 592.50 215 123.63 0.336
Treatment effect
5 605.00 20.37 118.37 0.306
SEM 53.16 10.755 7.91 0.0302
p-value 0.8117 0.4226 118.37 0.7886
30 Days 545.08 21.25 129.10 0.334
5% 7| 30 Days 596.50 30.95 127 0.323
Period effect
SEM 51.29 711 4,08 0.015
p-value 0.0226 0.3691 0.6134 0.1293
0,99 9 jlos Jilize I
Interaction between treatment and 0.2578 0.4784 0.9482 0.9360

period

S9b 0 o> ‘w.:).:’\ dioyd fY g dngS Ala do > V/D (ggls i 0y ¢ 55,8065 A5 o yd VD (ggls Y 0y (5,040 65 Al Mo yd VIO (gols Y 0jun cdalid i) o
ol doyd Y+ ([55,84565 Al do )3 VO

(P<e/+0) sl o Yo ime BB ghls S yiiio e Bgy (gl slo 1 Sbo gy )

! Treatment 1: control, Treatment 2: containing of 7.5 percent tomato pomace, Treatment 3: containing of 15 percent tomato pomace,
Treatment 4: containing of 7.5 percent tomato pomace+0.2 percent enzyme and Treatment 5: containing of 15 percent tomato
pomace + 0.2 percent enzyme.

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

1- Total Antioxidant Capacity
2- Alanine Amino Transferase
3-Aspartate Amino Transferase
4- Alanine Phosphatase
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Introduction: The poultry industry is a crucial source of protein for human consumption, but nitrogen
disposal, a major cause of environmental pollution, has been a significant concern in recent decades (Fasina et
al., 2010). Various solutions have been proposed to mitigate environmental pollution from poultry manure, with
one of the most practical being the use of diets with lower protein levels. It has been demonstrated that low-
energy and protein diets can save costs and reduce nitrogen excretion (Gholami et al., 2015). Phase, intermittent,
and selective feeding are among the feeding methods, each offering distinct benefits. These rations not only
reduce feed costs but also decrease nitrogen excretion into the environment and minimize metabolic disorders
such as ascites. They are particularly recommended for maintaining birds under heat stress conditions (Pope et
al., 2004). Recent studies have shown that sequential feeding effectively reduces chick mortality. Intermittent
feed restriction in young broilers modifies hormonal status and contributes to a metabolic state that can enhance
immune capacity (Sauvant et al., 2002). This study aims to investigate the effect of alternating low-energy and
protein diets with standard diets in broilers, focusing on growth performance, blood metabolites, and small
intestine morphology.

Materials and Methods: A total of 360 one-day-old Ross 308 male broilers were divided into six treatment
groups, with five replicates per group and 12 birds per replicate. The treatments were as follow: 1) Control Diet:
Formulated according to Ross 308 nutrient recommendations and fed throughout the experiment. 2) 5% Reduced
Crude Protein (CP) Diet: Fed from day one to the end of the experiment. 3)7.5 % Reduced CP Diet: Fed from
day one to the end of the experiment. 4) 10% Reduced CP Diet: Fed from day one to the end of the experiment.
5) .Alternating Diets 1 and 3: Switched every other day. 6) Alternating Diets 1 and 4: Switched every other day.
Chickens had ad libitum access to water and feed. They were provided with 23 hours of light and 1 hour of
darkness daily. The initial room temperature was set at 32°C and was gradually reduced by 0.5°C per day until it
reached 21°C by day 21, after which it remained constant. The amount of feed consumed in periods (1-10, 11-
24, 1-24 days) was measured in each replicate pen. At the age of 24 days, one bird from each pen was
slaughtered and dissected to determine the length of the duodenum, jejunum, and ileum. Subsequently, an
intestinal section was separated from the jejunum midpoint and histology was performed on it. At the age of 24
days, one bird from each experimental unit was randomly selected and blood was collected from the wing vein.
The resulting blood was transferred to test tubes. The samples were kept at room temperature for 30 minutes,
then centrifuged at 3000 rpm for 15 minutes, and the serum was separated from the blood. Serum samples were
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poured into microtubes and kept at -20°C until analysis by an auto analyzer (Bio Systems S.A. — Costa Brava
30,08030 Barcelona, Spain). Serum contents were measured in terms of cholesterol, triglyceride, LDL-C, HDL-
C, and blood uric acid by auto analyzer. The data obtained from this experiment were analyzed using SAS
statistical software and the General Linear Models (GLM) procedure, and the treatment means were compared
using Duncan's new multiple range test at p < 0.05.

Results and Discussion: The results showed no significant differences between treatments in feed
conversion ratio and daily feed intake (P > 0.05). Weight gain from days 1 to 24 also showed no significant
differences (P > 0.05). Treatments did not significantly affect carcass traits, jejunum villi width, or crypt depth
(P > 0.05). However, villus height in treatment 3 was higher than in other treatments and significantly higher
than control. Muscle layer thickness in treatment 2 was significantly greater than in other treatments and the
control (P < 0.05). Blood biochemical parameters were not significantly different among treatments.

Conclusion: Overall, the treatment with 5% reduced crude protein, improved small intestine morphology.
Reducing crude protein by up to 10% and alternating it with the control diet did not negatively affect growth,
blood metabolites, or jejunum morphology. Since growth performance was unaffected, all treatments are viable
options.

Keywords: Blood metabolites, Broiler, Low energy and protein diets, Performance
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Table 1- Ingredients and nutrient composition of experimental diets in the starter phase (1 to 10 d)
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Ingredients (%) Control 5% protein reduction 7.5% protein reduction 10% protein reduction

©» 49.72 57.91 58.07 56.50
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Soybean meal (CP, 44%)
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Soy oil
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Limestone
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Dicalcium phosphate
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Common salt
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L-lysine hydrochloride
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L-threonine

ke 0.10 0.27 1.82 444

Sand

(/) ol :Lf.wbm d;\.;w .\ly:
Calculated nutrients (%)

(keallkg) puddlie JE 53 3000 2850 2775 2700
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Sodium
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Methionine
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1 The vitamin and mineral supplement provided the followings per kilogram of diet: vitamin A, 8800 international units; calciferol bag, 2500
international units; vitamin E, 11 international units; vitamin K3, 2.2 mg; vitamin B12, 0.01 mg; thiamine, 1.5 mg; riboflavin; 4 milligrams; niacin, 35

mg; Folic acid, 0.5 mg; Biotin, 0.15 mg; pyridoxine, 2.5 mg; pantothenic acid, 8 mg; choline chloride, 50 mg; betaine, 190 mg; zinc, 65 mg;
manganese, 75 mg; selenium, 0.2 mg; iodine, 0.9 mg; copper, 6 mg; iron, 75 mg.
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Table 2- Ingredients and nutrient composition of experimental diets in the grower phase (11 to 24 d)

Ingredients (%) Control 5% protein reduction 7.5% protein reduction 10% protein reduction
<2 33.87 37.23 30.62 24.29
Corn

(4¥F) bgws s 40.33 36.65 35.94 35.23
Soybean meal (CP, 44%)

PS5 15.0 18.49 26.64 34.78
Wheat

by v‘ 9 7.0 3.67 2.78 1.78
Soy oil

Sal S 1.26 127 1.29 132
Limestone

Slid oS (3 1.26 1.26 1.24 1.20
Dicalcium phosphate

pb S 0.29 0.29 0.29 0.28
Common salt

SloSir s 0.10 0.10 0.10 0.10
Sodium bicarbonate

Ve | .

Conliy 9 (e JoSo 05 05 05 05
Mineral-vitamin premix*

25 o3 =J 0.08 0.18 0.17 0.16
L-lysine hydrochloride

osse ~Jl 8> 0.31 0.34 0.33 0.33
DL-methionine

oif5 = . 0.02 0.10 0.03

L-threonine

(%) o dunslxo (dao dlgo
Calculated nutrients (%)

(keal/kg) gl 16 535! 3100 2945 2868 2790
Metabolizable energy (kcal/kg)

P oBon 215 20.43 19.89 19.35
Crude protein

ol 0.87 0.87 0.87 0.87
Calcium

7> S S 0.435 0.435 0.435 0.435
Auvailable phosphorus

o2l 0.16 0.16 0.16 0.16
Sodium

OPgte 0.65 0.66 0.66 0.65
Methionine

s T gt 0.99 0.99 0.99 0.99
Methionine + cystine

w‘J 1.29 1.29 1.29 1.29
Lysine

Nl 0.89 0.88 0.88 0.88
Threonine

Onalizg tllallog 251y A B g ¢ Ml 415YD% + S inads” g8 ¢ ol 1515 M-+ A by 23,8 o (b 00 31 )k y )3 1y 25 2lge idne lge g Atsalizg JaSa
V1D S y35 0 5 e <10 e 105 o <10 S e .5 s YO el 1.5 oo ¥ 109 .5 s VIO el 105 o +/ ) Btz slig tp 5 ko VIV (K
Sk LS et S e 1A et e +IY il fp 5 Lo VO (S £ )5 (e O g9 fp S e VR el ) slio B ST (oS 0 S e i« SBgiy sl fp S e
pS sk VO cpnl
! Supplied per kg of diet: vitamin A as acetate, 8800 1U; cholecalciferol, 2500 1U; vitamin E (as dl-a tocopherol) 80 IU, vitamin K3, 2.2 mg; Vitamin

B12, 0.01 mg, thiamine, 1.5 mg; Riboflavin, 4 mg; Niacin 35 mg, folic acid 0.5 mg; Biotin, 0.15 mg; pyridoxine 2.5 mg; pantothenate, 8 mg; choline
chloride, 50 mg; Betaine 190 mg; Zinc, 65 mg; magnesium, 75 mg; selenium, 0.2 mg; iodide, 0.9 mg; Copper, 6 mg; Iron, 75 mg
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Table 3- The effect of daily switching of low energy and protein and standard diets on the growth performance of
broiler chicks during 1-10 d

S Ve oM Ol

839, 359« olsl Shyes &b : 5 :
ol (o5 .5) 09> 09 o= V> Spae Shygs Joas ey
. 595/ 035 y 59,/ 085 Feed conversion
Treatments 10-da b)(;dF weight o/ osinlp)S e d cor
- Weight gain (g/bir Feed intake (g/bir
Y body welg ight gain (g/bird/d d intake (g/bird/d ratio
(g/bird)
sl 1485 11.9 15.9 1.34
Control
CP _inls o7 162.7 13.6 15.8 1.16
5% reduced CP
CP aals VID 1492 12.1 17.4 1.44
7.5% reduced CP
CP ials /Y- 163.5 13.7 17.5 1.28
10% reduced CP
RS V1D g anls slaoye (e 3 j9) So 448
cp i 158.2 13.2 16.5 1.25
Daily switching of control diet and 7.5%
reduced CP
RS 7N g wald slaoyx (e 5 59y Sy 38
Cp 155.8 12.7 15.7 1.24
Daily alternate feeding of control and 10% CP
reduction diets
LanSibe e sl 7.90 177 1.10 0.83
SEM
Sl Jlo>] 061 053 0.38 0.42

P-value
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Table 4- The effect of daily switching of low energy and protein and standard diets on the growth performance of
broiler chicks during 11-24 d

S0V oM 0j9 aljoy ojs peljél Slygs b pas Shigs o oy
+ - - _ o> S o
loles (3/¢.5) (33255 4/¢.9) (33255 4/¢.5) Feed conversion
Treatments 24-d body weight Weight gain Feed intake ratio
(g/bird) (g/bird/d) (g/bird/d)

Sals 635.1 31.9 52.7 1.65
Control
CP _ials o7 696.9 35.3 51.8 1.47
5% reduced CP
CP Jials V21D 642.8 32.4 58.1 1.79
7.5% reduced CP
CP Jtals 71 680.9 34.1 51.4 151
10% reduced CP
YA ) Al dl.m).,? uL..o 2 39y [E TR
CP Ll 657.4 32.8 52.8 1.61
Daily switching of control diet and 7.5%
reduced CP
CP il 669.0 33.8 52.0 1.54
Daily switching of control diet and 10%
reduced CP
opSSle Hlre (slas

457 2.10 4,96 0.11
SEM

15, o N

b Joi 0.90 0.90 0.15 0.29
P-value

390 VYYE o 3 (85 sladge 3y 3,8kee 00 g g g sipl o8 ooy Oglite 435 5l -0 Jgua
Table 5- The effect of daily switching of low energy and protein and standard diets on the growth performance of
broiler chicks during 1-24 d

las (a0 /p)5) wlisy 0139 Gl (3950 plp)5) Slygs Bpuae Shsd b copo
Treatments Weight gain (g/bird/d) Feed intake (g/bird/d)  Feed conversion ratio
aals 2357 37.37 1.59

Control

CP ials 07, 26.26 36.80 1.40

5% reduced CP

CP ials V20 23.94 41.14 1.72

7.5% reduced CP

CP Lals 7 25.60 37.28 1.46

10% reduced CP

CP uﬂ.mK YA 9 sl ooy ul~° 2 59y S s

Daily switching of control diet and 7.5% reduced 24.63 37.68 1.53
CP

CP Laals 7V g anls (slaop> (lo 3 jg) o 4038

Daily switching of control diet and 10% reduced 25.01 36.88 147
CP

oSl s (sllat
SEM
S Jloz>! 0.900 0.850 0.193

P-value

1.85 4.88 0.15
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Table 6- The effect of daily switching of low energy and protein and standard diets on the carcass parts (% of live
weight) of broiler chicks at d 24

o Lo Ko e iy b s aS sy
Treatments Breast Thighs Back Wings Heart Liver Carcass
aals 2348 1804 1514 985 0688 294 66.51
Control

CP tals 07, 2011 1526 1366 880 0548  2.70 65.85
5% reduced CP

CP Lials VAID 2341  17.00 1506 1038 0573  3.39 65.83
7.5% reduced CP

CP als /- 2451 1676 1544 823 0653 287 64.95
10% reduced CP

CP Lials 72V/0 5 aals (slowex oloe 3 gy o 435 2098 1573 1393 869 0603 2855  59.37
Daily switching of control diet and 7.5% reduced CP

CP als 7)+ 5 0l slooyez oo )2 jg) S 45 2132 1642 1549 906 0643 317 62.28
Daily switching of control diet and 10% reduced CP

;“’Eﬁ“@‘ sene sl 0453 0275 0756  0.402 0550  0.385 0.145
Sbge Jle! 1.25 0.85 1.08 0.77 005  0.08 0.37
P-value

Cogy g 0 g ABY

Icarcasses without feathers and skin

Shasasls by, el s 5l aald b gl bxe ciglds (pb piigp
L slooyn «Sas8 039 poijs b Slaomale 4Y culses jlai
Lol o5 amls b dulie 3 clale 40Y culses (P < +/+0)
o Ve g VB glaoys U dald oy b p0 59y SO 4ds

d&lj Aoy N7 9 Aals L;Lbb)» (JL"° PN )5) Lga 4;.3:) 9 Pl>
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P3535 S )S o 9 53 0205 2 S Sl bjless el
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Loy S Gos @ jp €] Cums nyie8 oiilel onl o
slooye L e 10 jg) SO Ojgot adr gy &S cunl (5)losd &
g 4l ialsS uo) Y/ O] Pl ugp S Lloyps 5 dals
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Table 7- The effect of daily switching of low energy and protein and standard diets on jejunum morphology
of broiler chicks at d 24

‘ 4 cobs @ 5 E] s
s in €W) Sn o8 S Gos ol e
T:eé'tmems Villus height Villus width Crypt depth M ;CI;"Iayer c “:’j O‘t‘; .
m m m rypt depth to
(Hm) (um) (Hm) thickness (Um)  villus height ratio
sl 1003.7°¢ 475.5 258.5 370.2° 3.56°P
Control
CP  jals &7, 1196.72 399.5 287.2 458.0° 4.26°
5% reduced CP
CP Lials VZID 125572 485.5 277.2 44552 4.262
7.5% reduced CP
CP ials 720 1132.5 2 4235 266 4537+ 4.26°
10% reduced CP
e 53 59y S A
g ald glao
CP _ials Y/ 1036.7 be 421.2 293.5 405.7 @® 3.27°¢
Daily switching of
control diet and
7.5% reduced CP
e 53 59y S A
AR 9 Jals Lgl.mo)ﬁ;
CP Lials 1160.52 398.7 301.5 395.0% 3.86%
Daily switching of
control diet and
10% reduced CP
:’E;\‘AS”L‘ S sl 0.003 0.267 0.281 0.022 0.025
P-value

(P<40) ditan ls gxe M3 (lyls bl o5 S yiie By (ghyls 45 gt oy b, Sike @€
&¢ Means with different letters within a column are significantly different (P < 0.05).
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Table 8- The effect of daily alternate feeding of low energy and protein and standard diets on blood serum metabolites
in broiler chicks on 24 d

S Jgads

_ o2l B b slo s o) Y JBs b slogSg s

e U uslefioaenl L adeS) () ol S ) (5 ol F )
Treat| t | 4 ° § N

reatments Urea (mg/dl) Total cholesterol LDL-C (mg/dl) HDL-C (mg/dl)

(mg/dlI)

aals 5.84 167.2 71.17 68.11
Control
CP ials 07, 5.28 179.3 80.12 68.33
5% reduced CP
CP il VZID 438 153.2 74.33 59.05
7.5% reduced CP
CP a5 7+ 5.11 160.2 73.31 65.66
10% reduced CP
e 52 59y S A

WY AT L5 clao
gf 9 S 4.45 173.3 77.33 72.83
Daily switching of control
diet and 7.5% reduced CP
Obe 23 59y SO 4dE

LA L5 ¢clao
g: 9 e 4.86 167.2 79.83 64.66
Daily switching of control
diet and 10% reduced CP
Lol slore sl 0.466 0.539 0.902 0.287
SEM
Sl Jloo! 0.38 10.21 0.17 3.89
P-value
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Introduction: Today, the tendency to find healthy and safe additives in livestock and poultry has increased.
Plants and their products include plant extracts, essential oils or their ingredients, including alternative growth
stimuli, which are due to their antimicrobial properties in the animal feed industry and in the field of testing.
Cinnamon is a plant from the Lauraceae family and has different species, the most famous of which are two species:
species, Cinnamomumorum, known as the Cinnamon, Cinnamon Market, is one of the most desirable types of
cinnamon, and the species, Cinnamomum Cassia, which is mainly in China, Vietnam and Indonesia, is called
Cinnamon China and Saigon. These two types of cinnamon are not the same in quality, but due to their many
similarities in terms of properties and perfumes, in most parts of the world they do not differentiate for these two
types of cinnamon. Cinnamon is commonly used in the animal feed and poultry because of its specific fragrance
cinnamon essential oil is the only important part of cinnamon that contains 1 % in the plant. The main ingredients of
cinnamon cinnamaloids, hydroxy cinnamaldehy, eugenol, safrol, cinnamil acetate, cinnamyl alcohol, carvacrol,
cumarin, terminoids, phenylprophanoids, and karyophylline can be used to treat insulin-like activity. Cinnamon
essential oils are responsible for the taste, the expansion of anti-inflammatory, antimicrobial and antioxidant
activity. The researchers consider the antioxidant effect of cinnamon to be more related to the two compounds of
eugenol and methyl hydroxy chalkon. Eughansol improves the activity of glutathione peroxidase and enhances
resuscitated glutathione. It has shown that cinnamon extract prevents the growth of some bacteria, such as
Helicobacter Pillari, E. Coli, Entreococcus, Sinodomonas, Staphylococcus and Salmonella, thereby increasing the
relative population of the lactobacillus. It is guessing that terminoids and phenyropopanoids in cinnamon oil are
penetrated into the membrane membrane of the bacteria and thus destroy them. In another study, cinnamon
antimicrobial properties attributed to the contents of cinnamady, eugenol and carvacrol. In spite of the enormous
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impact of cinnamon compounds, limited absorption, rapid metabolism, high solubility and the rapid elimination of
the biological systemic system is extremely limited and thus strictly limited its medicinal role. One of the suggested
ways is to use cinnamon in the form of nanoparticles that can enhance the absorption, solubility and protection of its
compounds against hydrolysis. Therefore, the main purpose of this study was to evaluate nanocinomon
(nanoparticles of dry cinnamon extract) on the function of the meat chickens.

Materials and Methods: A study was conducted to investigate the effects of cinnamon nanoparticles on growth
performance, digestive enzyme activity, thyroid hormone levels, and ileum bacterial population in broiler chickens.
A total 500 of broiler chickens ROSS 308 in a completely random design to five treatments, each treatment was
assigned in five repetitions with 20 one -day -old chickens. Five experimental treatments included: 1- control (fed
with basal diet) and 2, 3, 4 and 5 treatments were the basal diet plus 150, 300, 450 and 600 mg of cinnamon
nanoparticles per kg of feed, respectively. Ultrasonic method was used to synthesize synthesis.

Results and Discussion: The results showed that the supplementation of cinnamon nanoparticles significantly
increased feed consumption, increased weight gain, and reduced feed conversion ratio and mortality (P <0.05). The
best growth performance was found in 450 mg of cinnamon nanoparticles group. The results of the effect of
cinnamon nanoparticles of the digestive enzymes also showed that cinnamon nanoparticles had a significant effect
on increased secretion of gastrointestinal enzymes, and the highest levels of digestive enzymes in the serum was
found in 450 mg nanoparticles cinemaon group (P <0.05). The results for thyroid hormones indicated that cinnamon
nanoparticles did not significantly affect serum TSH levels. However, they significantly reduced serum T3 levels
and increased T4 levels (P < 0.05). Additionally, analysis of the intestinal microbiota in broiler chickens showed
that cinnamon supplementation reduced the population of E. coli and significantly increased the population of
Lactobacillus bacteria (P < 0.05).

Conclusion: Generally, the results of this study showed that the use of cinnamon nanoparticles at 450 mg can
improve performance by increasing feed consumption, increased digestive enzyme secretion and improved the
intestinal microbial population and improved performance.

Keywords: Bacterial population, Cinnamon nanoparticles, Chickens, Digestive enzymes, Growth, Thyroid
hormones
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Table 1- The ingredients and composition of the basal diet

ol ) iy
(123) oy 52! (539 )-)°) (5390 W-YY) (539, YO-¥Y)
Ingredients (%) Starter Grower Finisher

(0-10 d) (11-24 d) (25-42 d)

(Pl 03 202 4) &5 55.88 58.96 62.67
Corn (8% CP)
(059 22,2 FF) Ly oS 37.16 34.06 29.73
Soybean meal (44%CP)
bgw 059 . 2.22 2.95 3.75
Soybean oil
Syt e 131 1.07 1.06
Calcium carbonate
Sland ol 53 1.79 1.55 1.49
Di-calcium phosphate
sy oo 0.25 0.25 0.25
Vitamin premix*
e JoSa 0.25 0.25 0.25
Mineral premix?
L 0.50 0.50 0.43
NaCl
(022 ) gl 2 0.35 0.27 0.24
DL-methionine (99%)
(222 VA) 2, g 20 (5=l 0.29 0.14 0.13
L-lysine HCL (78%)
odddule (gdxe dlgo S
Nutrient composition (calculated)
(f;?l"'{ » d)n§9l‘$§) W&JL" J"u 65)5‘ 2900 3000 3100
Metabolizable energy (kcal/kg)
(v03) & xSz 21.10 20.00 18.41
Crude protein, %
(8053) el 1.00 0.86 0.82
Calcium (Ca), (%)
(3053) e 0.21 0.21 0.19
Sodium (Na), (%)
(22)3) (o> JB yhund 0.48 0.43 0.41
Available phosphorus, (%)
(022) oizie 0.68 0.57 0.52
Methionine, %
Qo ) gl + po gk
(b033) Cues + Ol 1.02 0.90 0.83
Methionine + cysteine, %
(x25) o234 1.37 1.18 1.05
Lysine, %

@S YIS0 B2 polig )5 VY B polig )5 /A K3 puoling 0 )5 VIV B ppoling heeve 1U D3 uolipg 5

S ke s B2 freling 0,3 +/F B ueling 0,5 VM B pelig )5 VWA B3 elig

poes oAy p 5 VA o 5 (0l 5V g9 5 YFIM (1S ) 5520 p,5 YUSA cyl)IS oS p)5 Ve gl Sma Slgo JoSa p SlS o7

L Every kilogram vitamin supplement containing: vitamin A: 3600000 IU, vitamin Da: 1U800000, vitamin E: 7.2 g, vitamin K3: 0.8g,
vitamin B1: 1.7 g, vitamin B2: 2.65 g, vitamin Bs: 11.88 g, vitamin Be: 1.88 mg, vitamin B9: 0.4g, Vitamin B12: 6 mg,

2 Every kilogram mineral supplement containing: chloride chlorine: 100 g, manganese (oxide): 39.68 g, Zn: 34.88 g, Fe: 20 g, Cu:

4g, iodine: 0.396 mg and Se: 0.08 g.
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Table 2- Growth performance of broiler chicks as affected by dietary supplementation of cinnamon
nanoparticles (CNPs) at 6 wk of age.
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el

ltems CNPs level (mg/kg diet) SEM  P-value
0 150 300 450 600

(p5) 2 roe S 3037.00 385050  3867.6° 37422¢ 43524° 3166  0.016

Feed Intake [g]

(p5) abol> 35 612 2540.0¢  2490.0°  2930.0°  2970°  2790® 7543  0.006

Body weight gain [g]

(s #.5) 43355 03 L1 60.47°  59.28° 69.761 70718  66.42° 103  0.001

Daily weight gain [g/d]

(039 pSTSL £55) Sy Jodd o

Feed conversion ratio 1550 1,550 1.32b 1.26° 1568 0027  0.033

[g feed/g gain]

(1o) S &5 4,002 0.02 0.02° 0.00¢ 000 003  0.010

Mortality rate (%)

(P>e/+0) asb oo doyd et gdans ) I3 xe M suimd il indy yo )3 aliiop gy gl sla ko
L)AiJLuQ )'l >)|.x5l:wl s :SEM
Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means
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Table 3- Digestive enzymes of broiler chicks as affected by dietary supplementation of cinnamon
nanoparticles (CNPs) at 6 wk of age.

el

(s oy pS5lS 1 p )5 k) ol )30 pebans

ltems CNPs level (mg/kg diet) SEM  P-value
0 150 300 450 600
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Amylase (U/L)
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Lipase (U/L)
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Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means
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Table 4- lleal bacterial population of broiler chicks as affected by dietary cinnamon nanoparticles (CNPs) at 6 wk of

age.
SomerSee led (b oy p55kS 52 p)5 shie) golis i35l s
Microbiological count CNPs level (mg/kg diet)
SEM P-value
(Log 10 CFU/qg fresh digesta) 0 150 300 450 600
E. coli 4.89 4.80 4.32 4.50 4.41 0.68 0.42
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Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means. CFU: Colony Forming Unit.
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Table 5- Thyroid hormones profile of broiler chicks as affected by dietary supplementation of cinnamon
nanoparticles (CNPs) at 6 wk of age

(2he oy pSolS 1 p)S i) gl 3950 s

‘I‘:;”T']’; CNPs level (mg/kg diet) SEM  P-Value
0 150 300 450 600
T3 (ng/d)) 0.70% 0.68% 0.61° 055° 0419 003 0201
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Means in rows with different superscripts differ significantly (P<0/05).
SEM: Standard error of means
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Introduction: Ducks are more resilient to unfavorable environmental conditions than other poultry, making
them less susceptible to disease. They are easy to raise and exhibit rapid growth. To meet the needs of industrial
duck production, it is essential to develop meat, egg, and dual-purpose strains. This will help determine breeding
costs and ensure the productivity required by the industry. High weight gain, a lower food conversion ratio, more
eggs, and high egg fertility are the four main ways that the breeding population and herds should be taken into
consideration, in accordance with the significance of the economic coefficients of breeding and the relative selection
of the product. Designing breeding programs for ducks requires first identifying the genomic region linked to
economic traits in duck populations. The management and breeding sciences should pay attention to the negative
correlation coefficient with the egg production trait because a rise in one trait will result in a fall in the values of
another trait. Molecular biology and biotechnology have made significant strides in recent years, giving researchers
a potent tool for studying animal genetics. Decoding the genome information of this species has been made possible
by powerful tools like next-generation sequencing technology. Following one another is known as a run of
homozygosity (ROH). In light of this research, the current study sought to use whole genome sequencing data to
identify the loci linked to the duck's egg production trait by performing an inbreeding coefficient, identifying the
ROH Islands, and performing a functional analysis based on gene-set enrichment analysis.

Materials and Methods: There were 581 purebred Peking ducks used in this study. The animals hatched from
the same batch and are of the same strain. Pronase was used to extract genomic DNA. A wavelength of 260 nm was
used to measure the amount and concentration of DNA, and a wavelength ratio of 260/280 was used to assess the
purity and quality of the extracted DNA. All of this information was obtained using a spectrophotometer. On the
DNBSEQ-T7 platform, this DNA sample was subjected to whole-genome resequencing using a 150 bp paired-end
read strategy and an average sequencing depth of 2.06x. To conduct additional analysis, the acquired reads were

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
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compared to the reference genome of the mallard duck. Using VCFtools (--min-alleles 2, --max-alleles 2) and
PLINK (--geno 0.05 --maf 0.01 --mind 0.05), we implemented quality control to guarantee data quality. 581
individuals and 1,111,649 SNPs were retained for additional analysis following quality control. Run of
homozygosity (FROH) was used to compute the inbreeding coefficient using the PLINK 1.9 program. A ROH
Island was defined as one percent of the SNPs with the highest frequency in ROH. Assigning SNPs to genes,
assigning genes to functional categories, and then analyzing the relationships between each functional category and
the desired phenotype comprise the three main steps of gene set analysis analysis. To assign the genes to functions, a
gene enrichment analysis was finally carried out using the DAVID software.

Results and Discussion: Based on FROH, the average pekin duck inbreeding coefficient was 0.204. There were
82,253 ROH segments found in all, with an average of 141 point 50 segments per person. ROH that consisted
primarily of shorter segments (1-2 Mb) made up roughly 77-85% of all ROH. The larger ROH (>2 Mb) class, on
the other hand, only made up 22-15% of all ROH segments. Chromosome 1 exhibited the highest ROH (Runs of
Homozygosity) value, while chromosome 31 showed the lowest. The 91 identified ROH islands covered less than
1% of the sheep genome, with lengths ranging from 1.60 to 13 Mb. These ROH islands were located across nine
genomic regions on chromosomes 1, 2, 3, 4, 5, 8, 13, 29, and 35. In this study, we discovered several sets of
candidate genes associated with the duck egg production trait: COL1A2, FCHSD2, DAZAP1, and NSG1. Pathway
analysis revealed that the egg production trait was linked to ten biological and gene ontology pathways. Certain
genes were discovered to be involved in biological pathways linked to skeletal muscle growth and development,
positive regulation of skeletal muscle fiber development, negative regulation of negative chemotaxis, release of
sequestered calcium ions into the cytosol, and cellular response to hormone stimulus. These findings are in line with
some earlier research. taking into account that the economic coefficient of duck egg production is very significant
and more significant than the weight increase of breeding ducks and economic activity.

Conclusion: The findings of this study showed that the Pekin duck breed's selection processes for economic
traits over a number of years have resulted in the formation of numerous ROH islands in the duck genome. As a
result, scanning these regions at the genome level may be an alternate method of identifying genes and related loci
with economic traits. Additionally, our findings aid in the design and implementation of breeding and conservation
strategies for study ducks, as well as the understanding of genetic diversity and population demography.

Keywords: Candidate gene, Genomic data, GO Analysis, Pekin duck, Selection sweeps
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Table 1- Summary of Mean minor allele frequency and estimation of inbreeding coefficients with ROH in duck breed
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Figure 1- Distribution of the total number of ROHs and the percentage of coverage of each chromosome in the population of Pekin
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Table 4- Gene set enrichment analysis significantly associated with egg production trait in duck (P < 0.05)

LSL"‘O}" Sliss
ol st i el p i o 3 D930 by b odbguonai—P
GO ID Term GO No. genes in Related genes! P-adjust
the GO term
RGP R
Biological process
Positive regulation of LAMA2, LAMC2, ITGB3, ITGA2B,
G0:0090277 peptide hormone 14 LAMB4, GP1BA, ITGBS8, LAMAL, 0.039
secretion LAMB2, CSMD1
. . GAB2, FOXO1, COL1A2, VEGFA,
G0:0019221 gf‘ﬁ;‘l’;\em:tmfd MYC, ZC3H15 0.036
gnaling pathway NOX3, FOXOL, FTO
Regulation of calcium LOC101803633, AKR1D1, SRD5A3,
. . HSD11B2 FCHSD2, SRD5A1,
G0:1901019 ion transmemprape 16 LOC101795569, LOC101803865, 0.048
transporter activity LOC101790812 THYNA
EHHADH, ACOX3, SCD, ACSBG1,
. . ACADS8, OXSM, ACSBG2, ACSL1,
G0:0030241 ang?:xlirfr?grf;g;gf 26 ACOX1, TECR, ACSL5, ACAT2, 0.017
9 HACD1, FADS1, FADS2, SCD5,
ELOVL2, DAZAP1,
Positive regulation of LOC101790524, ALDOB, ALDH7A1,
. . ALDH18A1, ASL, MAT2B, ASS1,
G0:0051592 skelgtee\tllerlwéusrf]léznlzlber 36 MPP5, CTH, PEKM, PFKL, AADAT, 0.021
P GAPDH, CPS1
NSG1, PRKAB2, G6PC2, PRKAR2A,
. Response to a peptide PDE3B SH2B2, GYS2, SOCS4, TSC1,
GO: 0043434 hormone stimulus 18 IKBKB, GSK3B, SORBS1, INSR, SOS1, 0.023
PYGL, SHC4, MAP2K1
Glucose import in
. X . PLA2G3, ENPP2, LA2G1B, PLB1,
G0:0044381 response to insulin 37 ENPP6, PLA2G4F, PLD4, PLA2G4B 0.0209
stimulus
ok sl
Cellular component
AVPR1B, CDH11, SVIL, CAMK1G,
PRKCH, ANO4, GAB2, NOX3, PKP4,
. PDCD10, PCDH1, CPNE4, CDHS,
G0:0005886 Plasma membrane 43 DLGAPL, PRKGL, MARKL, NLK, 0.045
NKAIN4, PIP4K2A,
SHROOMZ2, MYH10, CLDN2
J5Uge 3,Slas
Molecular Function
CPNE4, ETS1, PRKCH, INTS4, NR4A2,
MSI2, EBF1, EPHA10, RTEL1, BICD2,
G0:0005515 Protein binding 95 TJAP1, NMUR2, EXOCS5, GLRAL, 0.023
CCDC174, PTPRG, ARHGAP32,
PRLHR, CMTM6, CMTM7
DNA-binding
G0:0003700 transcription factor 13 TGIF2, BMPR1A, BAMBI 0.049
activity

ilodds ool olis Syp Gygpody Chwo Llagye ‘_;l..o‘ du’dj\
1 Main genes associated with trait are shown in bold.
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Introduction: The Varroa mite (Varroa destructor Anderson and Trueman) is one of the most important and
destructive parasites of the honey bee (Apis mellifera L.), which causes irreparable damage to the beekeeping
industry. The reduction of protein concentration and hemolymph volume depends on the number of mites feeding on
the pupa. The mite is also a vector of some honey bee viruses such as Kashmir honey bee virus (KBV), Sac-brood
virus (SBV), acute bee paralysis virus (ABPV), acute paralysis virus Israeli (IAPV) and Deformed wing virus
(DWV). Using chemical drugs is the most common way to fight against ticks. Today, it is known that these drugs
have not only created a kind of resistance in the mite, which accumulates in honey, beeswax, and other beehive
products and enters the human food cycle besides reducing the quality and nutritional value of honey, but they also
harm the human body.

Materials and Methods: This research is aimed at controlling the Varroa mite population by comparing the
effectiveness of fluvalinate chemical substance and paper towels impregnated with oxalic acid on the percentage of
mites, the number of pupae, the number of total births, the amount of pollen and honey production in the form of a
replication plan in time with three treatment and four repetitions were performed. The treatments included: a control
group (no mite control), paper towels impregnated with oxalic acid and glycerin, and mite control tape containing
fluvalinate. The study was conducted over three 26-day periods to assess the number of pupae, total births, and the
amounts of pollen and honey production. Additionally, four 18-day periods were used to evaluate the percentage of
aphid infestation. For assessment, two to three frames were initially selected where the pupae were either about to
emerge or had just emerged from the cells. Then we shake the frame on a pan and pour a glass with a capacity of
300 bees from inside the pan into a plastic bottle that contains 100 cc or more of alcohol and immediately close the
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lid of the bottle. Then, the fallen mites were counted. Finally, the number of counted mites is divided by the number
of bees to get the contamination percentage. Suppose there is no infestation in the colony. In that case, the mite
should be given artificially along with the frame from the hive whose percentage of mite is known to the mite-free
colony. Then, a sample was taken from the colony after a week for better mite distribution inside the colony.

Results and discussion: The treatments were evaluated over three time periods, each separated by 26 days. The
results showed no significant differences in mite counts among treatments across the periods. However, in the third
period, the oxalic acid treatment had the highest percentage of mites, which was significantly different from the
control (P < 0.05). There were no significant differences among treatments in terms of the number of pupae, total
births, or honey production. However, these parameters did differ significantly across time periods (P < 0.05), with
the highest values observed in the first period, followed by a decline in the subsequent periods. On August 17th and
September 14th, the highest pollen reserves were observed; on July 22nd, the lowest pollen reserves were observed,
significantly different (P<0.05). The oxalic acid strip may help to maintain sufficient acid concentration inside the
colonies for a long time. In addition, combining glycerin with oxalic acid can help keep the drug longer in the hive
and thus the mites (including those emerging from the brood cells). The significance of the difference between the
treatments at different times is because the bee genotype, temperature changes, the amount of nectar, and the amount
and composition of pollen are very important factors that affect the amount of pupa. The birth rate of fluvalinate
anti-mite strip treatment compared to the control treatment led to a 9.7% decrease in the birth rate. One of the
reasons for the difference in reproduction within the treatment in different periods can be pointed to the empty cells
for the queen to lay eggs. Considering that the normal temperature range of the colony is 33 to 36 Celsius degrees
and the outside temperature of the colony was 36 to 42 Celsius degrees in August, we can point to the role of heat
stress in the birth rate.

Conclusion: From this experiment, it can be concluded that natural mite killers such as oxalic acid can be a
suitable substitute for chemical substances that do not negatively affect the amount of pupa, pollen and honey.
Considering that the mite-repelling property of paper towels containing glycerine and acid oxalic has been
increasing compared to fluvalinate tape. On the other hand, glycerin maintains the mite-repelling properties of paper
towels for up to three months; so paper towels containing glycerin and acid oxalic can be used for severe mite
killing if paper towel is kept in the honey bee hive.

Key Words: Fluvalinate, Varva mite, Toxicity, Pupa
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Table 1- The least-square means (+ standard error) of Varva mite rate as percentage
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Period of experiment Control Fluvalinate Oxalic acid Average of periods
fo

atesss 45+1.43 45+1.43 454143 45+0.82

First period

£22 0022 7.25+1.43 55+143 5.75 +1.43 6.16 +0.82

Second period

£ 005 45+143 3.75+1.43 475+ 1.43% 4.23+0.82
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Pl 05 _ 45+143A 5.0+1.43A 1.0 £1.4308B 458 +0.82

Fourth period

Lo et efile 6.0 +0.71~ 4.68 +0.7148 4.0+0.718

Average of treatments
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ab Different superscripts in each column indicate a significant difference in different periods (P<0.05).
AB Different superscripts in each row indicate a significant difference between different treatments (P<0.05).
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Table 2- The least-square means (+ standard error) of pupa as number of cell

Period of experiment Control Fluvalinate Oxalic acid Average of periods
‘ o
Jolesss 5778.5 £522.03% 8193.7 £522.032 8491.5 +522.03%  8472.9 +301.39%
First period
920052 b b b b
) 5500.0 £522.03° 6462.5+£522.03° 5468.7 +522.03 5810.4 + 301.39
Second period
e 3981.2 £522.03° 4156.2 +522.03° 3468.7 +522.03°  3868.7 + 301.39°
Third period
Lol Sk
G 6889.6 +301.39 6270.8 +301.39 5791.7 £301.39

Average of treatments

(P<0.05) xiws ciliseo slvoygo 10 ls ime M ooims ylid (ygiw ,8 40 iglite g > &P
ab Different superscripts in each column indicate a significant difference in different periods (P<0.05).
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Table 3- The least-square means (+ standard error) of larva production as the number of cells

silesT 090 aals olidlgels g S ansl o 95 (uSiles
Period of experiment Control Fluvalinate Oxalic acid Average of periods

o
d_’ o ) 18031.0 £ 946.02¢  17569.0 + 946.02¢  18406.0 + 946.02¢  18002.0 + 546.19°
First period
(220052 10431.0 £946.02> 11475.0 £946.02> 9375.0 + 946.02°  10427.0 + 546.19°
Second period
£ 0022 10444.0 +946.02° 10808.0 +946.02°  9093.0 + 946.02°  10115.0 + 546.19
Third period
bl Sk

12969.0 £ 546.19  13284.0 £546.19  12292.0 + 546.19

Average of treatments

(P<0.05) xiwn cilizes sloo,go 10 ls cime OS] oaimsylid (giw ,o 40 glite g > P
ab Different superscripts in each column indicate a significant difference in different periods (P<0.05).
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Table 4- The least-square means (+ standard error) of pollen storage as gram

ialesT o0 sals ollgsls lgs ST Lo ,58 puSilos
Period of experiment Control Fluvalinate Oxalic acid Average of periods
‘ o
J_’ 0 21.7 +12.45 19.7 £ 12.450 20.2+ 12.45¢ 20.6 £7.19°
First period
£22 0052 90.2 £12.4508  87.7+12.45%8  130.7 +12.45%A 102.9 +7.19°
Second period
fo s> 1065+ 12.45%A  77.7+12.45%A8 690 + 12 4508 84.4+7.19°
Third period
bsles 5Kl
ol o 72.8+7.19 61.7+7.19 733+7.19

Average of treatments

(P<0.05) siiws cilizs sloo,gs 10 lo sime OS] oaias Lis fgiw ;o 40 glite g ,> P

(P<0.05) axiwa iolejl slalass o lo sine B oazmoylis cass ) ;o 0 Siglise by, A

B

ab Different superscripts in each column indicate a significant difference in different periods (P<0.05).
AB Different superscripts in each row indicate a significant difference between different treatments (P<0.05).
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Table 5- The least-square means (+ standard error) of honey production as gram

Cialejl 093 wls lilggls Jlos SJI551 sl oo, Sk
Period of experiment Control Fluvalinate Oxalic acid Average of periods
[

d_’ 7 3177.2+1165.37°  3016.1+ 1165.37°  3157.3+1165.37°  3116.9 + 672.83°
First period
£22 0052 13318.0 + 1165.37° 11506.0 + 1165.37° 13948.0 + 1165.37%  12924.0 + 672.832
Second period
£ 002 9488.3 +1165.37°  9657.5+1165.37° 11528.0+ 1165.37°  10225.0 + 672.83"
Third period
bl ke

ol ok 8661.1 + 672.83 8059.9 + 672.83 9544.9 + 672.83

Average of treatments
(P<0.05) wis Ciliseo slnoyd 5 4l sine 3MES] odimd yLis gy 50 Cglisie gy 2P
ab Different superscripts in each column indicate a significant difference in different periods (P<0.05).
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