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LoDy (sleidgulie oialojl sl oy
Plasma metabolites Experimental diets P-value

Alfalfa 5% BP! 20%BP SEM treat time Treat x time
S5 10.0 10.0 10.0 10.0 0.002 0.002 0.002
Glucose (mg/dl)
o5 sl osgl gt 10.0 10.0 10.0 10.0 0002  0.002 0.002
BUN (%)?
3yl 5 giral b5 ylunod 10.0 10.0 10.0 10.0 0.002 0.002 0.002
AST (U/L)?
3yl gial YT 10.0 10.0 10.0 10.0 0.002 0.002 0.002
ALT (U/L)*
ool dals L 55590 10.0 10.0 10.0 10.0 0002  0.002 0.002

LDL (mol/L)®

(P<0.05) sl oo )b (ine B3] 4l Syt put By b cndy o sln (pSiboo
Means within same row with different superscripts differ (P<0.05).
!By-Products were used instead of alfalfa in 5 and 10 % based on dry matter intake.
2Blood urea nitrogen
3Aspartate Aminotransferase
4Alanine Aminotransferase
SLow density lipoprotein
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Figure 1- Effects of different levels of by-productsin dietary on extent of gas production in vitro
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Figure 1- Effects of different levels of by-productsin dietary on rumen digestibility of nutrients
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Introduction: The present study was conducted to investigate the efficacy of adding Oregano L.onites and
Althaea offieinalis essential oil into milk on performance, some blood parameters, skeletal growth, and metabolic
responses of Holstein dairy calves. Higher milk consumption improves growth performance due to the increase in
nutrients available to calves. In this experiment, it is assumed that high consumption of milk with better availability
of nutrients and plant essential oils by eliminating pathogens and stabilizing the natural flora of the gastrointestinal
tract improves calf function, reduces diarrhea and adequate growth during weaning.

Materials and Methods: A total of 60 Holstein dairy calves (30 females and 30 males; 7 days) with 42 + 8 kg
of average birth weight were used in a Factorial design (2 x 3) in which calves were randomly assigned to one of
six different dietary treatments including 1) 6 L/d milk control without inclusion of any essential oil
supplementation, 2) 6 L/d milk with Oregano L.onites essential oil, 3) 6 L/d milk with Althaea offieinalis essential
oil, 4) 9 L/d milk control without inclusion of any essential oil supplementation, 5) 9 L/d milk with Oregano
L.onites essential oil and 6) 9 L/d milk with Althaea offieinalis essential oil. Calves were individually housed and
bedded with straw that was replaced every day. Feed and water were available ad libitum throughout the
experiment. Calves were fed colostrum for 3 days and then fed high levels milk with 10% and 20% of their birth
weight until 70 days of age. The rations were iso-energetic. Ruminal fluid samples were collected by esophagus
tube after morning feeding at the end of study. Starter intake was recorded individually and daily. The amount of
feed consumed daily was calculated throughout the experiment from the difference between the feed poured and
the remaining feed. The experimental data were analyzed under the SAS 9.1 statistical program with general linear
models (GLM). Comparisons of mean was done using Duncan test at a significance level of 5%.

Results and Discussion: In this study results showed that starter intake was affected by the experimental
treatments (p > 0.05). Diet containing Oregano L.onites essential oil reduced feed intake in the period 56 to 70
and in the whole period with using 6 liters of milk (p < 0.05). Dry matter intake (feed dry matter with milk dry
matter) in the period of 7 to 56, 56 to 70 days and in the whole period between the group receiving 6 liters and 9
liters of milk was not shown significant difference. Calves consuming 9 L/d milk in control group without inclusion
of any essential oil supplementation had higher daily weight gain than other treatments (p < 0.05). The results
indicated that calves fed milk without any additives had a higher feed efficiency (p < 0.05). Consuming 9 L/d milk
in control group without inclusion of any essential oil supplementation had higher skeletal growth than other
treatments (p < 0.05). Hip width, heart girth, body barrel and wither height were affected by the addition of
essential oils supplementation (p>0.05). Rumen parameters were not affected by essential oils (p > 0.05). Ruminal
pH value was affected by the experimental treatments and in group of 6 L/d milk with Oregano L.onites essential
oil had higher than other treatments (p < 0.05). Addition of Oregano L.onites essential oils to milk of Holstein
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calves had no detectable effect on the mean concentration of glucose, aloumin, urea, aspartate-aminotransferase
and alanine-aminotransferase (p > 0.05). The results showed that Feed behavior was affected by the experimental
treatments (p > 0.05). Calves consuming Oregano L.onites essential oil supplementation had lowest ruminant and
feed consume than other treatments (p > 0.05).

Conclusion: The results of this study showed that the addition of plant essential oils, especially oregano
essential oil in high amounts of milk of Holstein calves did not lead to increased feed intake, weight gain and
increased skeletal growth compared to the control group. However, the effect of oregano essential oil on feed
efficiency was significant. Therefore, increasing the quantitative and qualitative growth of calves per unit time and
expressing their genetic predisposition by using plant essential oils as done in this study did not lead to better
performance of Holstein calves. In contrast, increasing the amount of milk consumed in infant Holstein calves

improved growth performance, although the feed efficiency of the 9-liter milk group was lower than the 6-liter
milk group.

Keywords: Herbal essential oils, Initial diet, Rumen fermentation, Sucking calf
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Table 1- Ingredients and chemical composition of basal diet for Holstein dairy calves

03> S )5 (n_fw.o ol ;| ..\.\o).)) Jade
Diet composition Value (%DM)
> . 30
Barley grain

Oy - 20
Corn grain

pAUS g 18
Wheat bran

b s 25
Soybean meal

Ay o595 Al 5
Cotton seed meal

el b3 05
Calcium carbonate

T ane Slge g (dualing JoSio 15
Mineral-vitamin supplement*

Gdse dlgo oS 5

Chemical composition (%)

Siid oole 91
DM, % as fed

Crude protein

Pe 45
Fat

Li"‘" b"\‘“f“’ ) J?b“’l’ )""3 21
Neutral detergent fiber

(pS5kS 2 S JBI) pudgilio LB (5551 291
Metabolizable energy (Mcal/kg)?

(PSS 2 5 JB1K) jg iall Lalls (6551 197

Net gain energy (Mcal/kg)®

89> P VIV oS £ SVY+ (iS00 £ S VOIY B opoliyg 121910+ D pyoliyg aolg 00 v e A bty sy YO- oo+ siggls (aling g ino JaSio p 5ol o)
L p S sk 0F e o 5 YOI LS 25 (o V¥ 0,555 .5 ¥ 000l .5 YOI ies 25 VAP o )5 DY+ i 5 Y-

1 Every kilogram of minaral and vitamin supplement containing: 250,000 IU vitamin A, 50,000 IU vitamin D, 1,500

IU vitamin E, 2.25 g Mn, 120 g Ca, 7.7 g Zn, 20 g P, 20.5 g Mg, 186 g Na, 1.25g Fe, 39 S, 14 mg Co, 1.25 g Cu, 56

mg I

2 l?/IE =1.1 X Digestible energy (Mcal/kg) — 0.45

3 NEg = -0.003340 + 0.4979 BW/bw0.75
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Table 2- Feed intake, dry matter intake, average daily gain and feed efficiency of Holstein dairy calves fed high levels milk with
or without essential oils

\dlof] sl loss
i H 1
: : Experimental diets : p-value®
b 1 b e S
6 liter milk 9 liter milk
aoxiwl B 2 b S
8 . . SEM?2 DL g
Parameter o9 o o3 e < Jie
bl B Sy o= bl B9 Ny o> 6 liter ol )
Without ~ Origanum Althaea Without ~ Origanum Althaea milk Essential t_)“’L"l
essential L.onites officinalis essential L.onites officinalis VS 9 oil Milk VS
oil il liter Essential
milk oil
(392 22 £5) Shys Spae
Feed intake (g/d)
\7/ h ;(: é” 866.48% 772.42% 756.35° 768.64% 738.63° 734.88° 13.27 0.0659 0.0750 0.4624
5 - Y- ;
26 \7/0 a’) 939.19° 813.40° 842.52° 898.88% 829.61° 845.73° 11.89 0.7722 0.0068 0.6030
0,99 JS
Total 635.312 447.06° 491.61% 492.72% 461.22° 472.81° 7.10 0.2783 0.0078 0.2795
period
(39 2 p.5) St o3lo By
dry matter intake (g/d)
\7, 7:;653) 863.80% 777.89% 763.28° 811.96% 784.64% 781.23% 12.07 0.7112 0.0749 0.4595
5 -V ;
26 \/70)3) 929.66° 815.19° 841.69° 930.47% 867.44%® 883.48%® 10.88 0.1589 0.0072 0.6011
29> S ) 562.12% 481.82° 522.26% 560.87% 532.20° 542.75% 6.46 0.0850 0.0078 0.2796
Total period
(p555) #1355 1js 133!
Daily weight gain (kg)
\7/ h gg é” 0.835% 0.660¢ 0.820° 0.990? 0.886" 0.901° 0.0096 <0001 <0001 0.0178
22_ \7’0 i;’ 0.684° 0.665° 0.704* 0.683% 0.740° 0.741* 0.0119  0.0030 0.0006 0.0263
29 . 0.797%® 0.771° 0.811% 0.817¢ 0.870% 0.851%® 0.0087 <0001 0.0001 0.0382
Total period
(395 2 £25) Sy o3k
Feed efficiency (g/d)
\7/ h :g é” 0.981° 0.858¢ 1.07% 1.22% 1.12% 1.14% 0.0166 <0001 0.0118 0.0465
gz_ \7/0 é’) 0.761%® 0.696° 0.878% 0.868* 0.810%® 0.820%® 0.0185  0.1599 0.1233 0.1229
29> S ) 1.45P 1.40° 1.52% 1.66% 1.59%® 1.57% 0.0248  0.0043 0.5846 0.3737
Total period

Ot e 3 & B (F e S5 Guilolohan 4y b i) (b Bpas (1 oomsS digy uilisl oo 4y jod 1) (1 GBpas (Y cpilis) s b 2 b B () ilolas
o 5 bl olpen &y yuds i) & Gpuan (5 g (RS digy bl olye &y yud i) & Bpaan (B ¢ il
.))I.Bt;u\ L5Ua$ u*i’Lﬁ v
P="-/.0 R )‘.!L;Lus qu.bl CJ“" v
! Treatment consisted 1) 6 L/d milk control without inclusion of any essential oil supplementation, 2) 6 L/d milk with Oregano essential oil, 3) 6
L/d milk with Althaea offieinalis essential oil, 4) 9 L/d milk control without inclusion of any essential oil supplementation, 5) 9 L/d milk with
Oregano essential oil and 6) 9 L/d milk with Althaea offieinalis essential oil.
2 Standard error of mean
% Probability value p= 0.05
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Table 3- Body measurements of Holstein dairy calves fed with the experimental diets high levels milk with or without essential oils

" ialol slayles
Experimental diets!

P-value®
s 5l i U
6 liter milk 9 liter milk
FESTIE o9 B Sy o 09 By B S N 2 b
Parameter N Origanum Althaea owlel  Origanum  Althaea & i ' e
Without L.onites officinalis Without L.onites  officinalis 6 liter u.,u.\ w
essential essential milk ~ Essential o
oil oil VS 9 oil Milk VS
liter Essential
milk oil
(ebe) o b
Body length (cm)
V7_ “5;65;) 730 70° 72.25® 7766 74.83° 7491 03791 <0001 00149  0.4424
65;67 ‘/7'053’ 80.08° 79.08° 79.16° 83.41°2 81.08% 81.16% 0.3327 0.0011 0.0901 0.6452
(e lo) cun glis)]
Hip height (cm)
V7_ %;6}(;) 90.66% 86.75¢ 89.91¢ 94.16° 91.5% 91.91° 0.1258 <0001 <0001 0.0007
b =Y o) 95,334 93.16° 94.,25% 99.16% 96.41% 96.58° 0.1527 <0001 <0001 0.1509
56 -70d
(e slo) G U2ye
Hip width (cm)
V77 %Fﬁ}é) 22.16° 20.75°¢ 22.08° 24,082 22.33° 22.5° 0.1737  0.0009 0.0040 0.2010
05;67 \/7'0’.;’ 23.83% 21.58¢ 23.5¢ 26.15° 245 24.5° 0.1225 <0001 <0001 0.0454
(st ) Az 50
Heart girth (cm)
V7_ 05;6)21) 93.66% 91.25° 93.58% 96.33° 942> 94.41° 0.4010 0.0155 0.0709 0.5522
AS;G_ \/7‘0"3’ 96.83? 92.91° 96.66% 100.082 97.082 97.66° 0.4625 0.0056 0.0177 0.3703
(e s5ls) oS5 Bae
Body barrel (cm)
V7_ 05;6).(;) 94.83%® 91.58¢ 94,08 96.08% 93 94 0.2011 0.0423 <0001 0.2672
=V s
N 97.5% 94.33¢ 96.5¢ 100.332 97.5b¢ 98.66° 0.1856 <0001 <0001 0.5425
56 -70d
(Reisl) o 18]
Withers height (cm)
‘;’ gg é” 86" 835 85.41° 9025  86.25°  87.41% 04990 00060 00444  0.6494
ALY
N 88.41%® 85.33° 88.25%® 92.25° 89.08% 89.41% 0.5459 0.0131 0.0845 0.5343
56-70d

Ot e ) 6 B (F e S5 Guilololan & b i (i Bpas (VoosS digy pilis oo 4y 30d 32 (G5 s (¥ bl gt jod 2 S Bpas (V iyl
o 5 bl olyen &4y il & Cpuan (5 g (BS digy bl olpe &y yud i) & Gpaan (B ¢ il
Sylsbl las Sk ¥
P=-/.0 R )‘.!L;Lus qu.bl CJ“" v
! Treatment consisted 1) 6 L/d milk control without inclusion of any essential oil supplementation, 2) 6 L/d milk with Oregano essential oil, 3) 6
L/d milk with Althaea offieinalis essential oil, 4) 9 L/d milk control without inclusion of any essential oil supplementation, 5) 9 L/d milk with
Oregano essential oil and 6) 9 L/d milk with Althaea offieinalis essential oil.
2 Standard error of mean
% Probability value p= 0.05
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Table 4- pH and ruminal fluid fatty acid of Holstein dairy calves fed with the experimental diets high levels milk with or without essential oils

' alol (slasless
i iotst
— Experimental diets - p-value®
6 liter milk 9 liter milk
il b ol g BS Ly w5 o9 B dg B S N P o
Parameter Without Origanum Althaea oolol  Origanum  Althaea & il e
essential oil L.onites officinalis Without L.onites officinalis 6 liter ool :
essential milk  Essential u_)‘*’w
oil VS 9 oil Milk VS
liter Essential
milk oil
(3 2 Jsoslee) 4085 o pH
Ruminal pH fluid (mmol/l)
;; );) 5.17% 5.24% 5.21° 5.01¢ 5.12% 5.06% 0.0149 <0001 0.0209 0.7118
2’; ij” 5.36% 5.41° 5.33° 5.12° 5.16° 5.13° 0.0110 <0001  0.0277 0.4289
\7/0 5;’ 5.95 6.08° 5.922 5.35° 5.54° 5.31° 0.0552 <0001 0.1506 0.9335
(52 3 Jsosle) 4eSis mlo
Ruminal fluid fatty acid (mmol/I)
ol 26.62% 25.99¢ 25.78° 28.53% 27.25%% 27.94%® 0.2722  0.0010 0.1580 0.6408
Acetate
C’U’ﬁ;"’*f 28.14% 27.20° 27.07° 30.052 28.96% 29.33® 0.3017  0.0009 0.1541 0.8907
Propionate
Ehzsi! 0.740° 0.746% 0.746% 0.760% 0.760% 0.760* 0.0026  0.0019 0.7082 0.7082
Isobutyrate
ey 3.08% 2.99° 3.02° 3.232 3.15% 3.16%® 0.0217  0.0006 0.1275 0.9756
Butyrate
<sa! 0.726% 0.713% 0.710¢ 0743 0733  0740° 00038 00021 02139  0.5955
Isovalerate
bl 1.26% 1.22° 1.23° 1.322 1.3 1.29° 0.0107 0.0012 0.1932 0.7629
Valerate
el IS
Total fatty 60.61% 58.89¢ 58.59¢ 64.67° 62.19% 63.23% 0.6067  0.0009 0.1529 0.8185
acid
g583e gl
Facal 2.56° 2.13¢ 2.67° 3.56% 3.29° 3.3° 0.0336 <0001 0.0007 0.0112
score
Ml sl
Jleesl 2.66% 1.87¢ 2.83% 4.16% 3.66% 45° 0.1281 <0001 0.0205 0.8692
Days of
diarrhea

-\

e (B el (3 s ) &5 s (F s JS bl hyad & 5o ) i Gy (F (oS i ool oo &0 o 52 (i e (Y bl (9 ) (i o () o
oo 05 ol e 4 3 20 8 oy (5 5 s 5 il oo s )
3kl (ol 4 Sike ¥

P=eled iyl gxe Jloxs! pdaw”
! Treatment consisted 1) 6 L/d milk control without inclusion of any essential oil supplementation, 2) 6 L/d milk with Oregano essential oil, 3) 6 L/d milk with
Althaea offieinalis essential oil, 4) 9 L/d milk control without inclusion of any essential oil supplementation, 5) 9 L/d milk with Oregano essential oil and 6) 9
L/d milk with Althaea offieinalis essential oil.
2 Standard error of mean
% Probability value p= 0.05
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Table 5- Blood metabolites of Holstein dairy calves fed with the experimental diets high levels milk with or without essential oils

" etlefl (sl los
: o
: _ Experimental diets : P-value?
b b b b il 4
woxial 6 liter milk 9 liter milk
N : K . . 2 - -
Parameter o5 S sy o B RS w5 SEM o i s i JHlie 53 b
ol Origanum Althaea Without Origanum Althaea 6 I:ter)m'LI)I;w il bl
- L.onites officinalis essential L.onites officinalis ! ! :
Without oil VS 9 liter Essential oil Milk VS
essential milk essential
oil oil
() o3 2 S k) 3595
Glucose (mg/dl)
\; ii” 69.66% 68.00° 69.00% 69.00% 70.00% 69.33° 0.1825 0.0569 0.5905 0.0057
;,g ij” 83.00° 82.00° 82.66° 90.66* 88.00% 90.00? 0.5431 <0001 0.1821 0.6563
\;0 ij” 86.00° 84.00¢ 85.66% 96.00% 94.00° 95.33% 0.3162 <0001 0.0115 0.9408
(4 3 2 p5) wosd]
Albumin (g/dl)
\; i;) 3.17° 2.78° 3.15° 3.37° 3.28% 3.347 0.0286 <0001 0.0013 0.0154
;; ij” 3.43° 3.13¢ 3.35° 3.58° 3.46° 3.54° 0.0133 <0001 <0001 0.0077
\7/0 ij” 3.54° 3.36° 3.50 3.93 3.847 3.857 0.0264 <0001 0.0433 0.3735
(3 o 2 P ke) 093 009l 0395
Blood urea nitrogen (mg/dl)
\7/ é” 15.30% 15.332 15.22% 15.56% 15.50% 15.592 0.0739 0.0289 0.9826 0.7439
;,g ij” 19.50° 17.53° 19.10° 22.03 20.96* 21.66% 0.1925 <0001 0.0028 0.3493
\;O ij” 17.76° 15.93¢ 17.48° 19.132 18.86% 18.96% 0.1227 <0001 0.0014 0.0071
(213 d2lg) 51yl 5 stzal S Lol
Aspartate Aminotransferase (1U/1)
\; ii” 44.00° 43.46% 43.80% 43.70% 43.86% 44.16% 0.2094 0.6108 0.6906 0.5712
;; ij” 66.00° 65.50° 65.83° 67.80% 67.60% 67.60° 0.2728 0.0006 0.7655 0.9278
;0 ij” 71.36° 71.16° 71.16° 76.70% 76.30% 76.53? 0.1880 <0001 0.9612 0.9282
(21,0 d2l) Syl 5 sizel 1
Alanine aminotransferase (1U/l)
\7/ é” 7.83% 7.16° 7.53® 8.40° 7.36° 8.337 0.1623 0.0461 0.0302 0.5780
;; ij” 9.63° 7.86° 9.66° 11.93% 9.53° 11.432 0.1566 <0001 <0001 0.4814
\7/0 ij” 23.20° 16.36° 22.96° 24.23° 18.66° 23.90? 0.2603 0.0031 <0001 0.2849
(30 o3 2 5 k) gl
Insulin (mg/dl)
\7/ é” 8.16% 8.36% 7.60° 8.33%® 8.86° 8.40% 0.1712 0.0711 0.1629 0.5826
;; ij” 7.46° 5.43° 7.06%® 9.632 8.33%® 8.83%® 0.3501 0.0010 0.0567 0.6504
\7/0 ij” 6.20° 4.60¢ 5.50° 8.36% 7.23 7.70* 0.1433 <0001 0.0009 0.5937

ot 4 3 ) & Byaan (0 cpolol g0 e 52 & By (F i IS ool oy a0 e 5 b By (1«25 i3, ool ot & o y2d G Byens (¥ ool s b ) b By () sl

o5 J5 il olyan ) 0l 2 & Bpae (F g (255 Ay il
5kl (slbas pSilo "

P= e/t 1 yad 371 gxe Jlois] C.!a..:v

! Treatment consisted 1) 6 L/d milk control without inclusion of any essential oil supplementation, 2) 6 L/d milk with Oregano essential oil, 3) 6 L/d milk with Althaea offieinalis
essential oil, 4) 9 L/d milk control without inclusion of any essential oil supplementation, 5) 9 L/d milk with Oregano essential oil and 6) 9 L/d milk with Althaea offieinalis essential

oil.
2 Standard error of mean
3 Probability value p= 0.05
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Table 6- Feed behavior of Holstein dairy calves fed with the experimental diets high levels milk with or without essential oils

' alol (sl ylas
Experimental diets! p-value®
b ) B b ) &
6 liter milk 9 liter milk
worial g 09 a5 e 09 4y e , P b P
Parameter ool s Althaca ol a5 Althaca  SEM & bl oo
Without  Origanu ~ Officinali Without  Origanu  Officinal 6 liter ol bl
essentia m $ essentia m 1S milk  Essential ik
1 oil L.onites 1 oil L.onites VS 9 oil VS
liter essentia
milk | oil
(48,55) S5 )L,
Feed behavior
;:L“;‘ 188.53  170.93°  183.34® 179.35»  169.53°¢  177.35° 0.8395 0.0030 <0001 0.1854
an
;rﬁl? 196.99¢  243.63%  201.58¢ 216.11° 242.32 221.6° 0.5399 <0001 <0001 <0001
eep
Shgd Bpan
Feed 27.992 20.45° 27.312 26.782 20.56° 26.452 0.4987 0.7737 0.0078 0.9169
consume
)]N 34.662 13.37¢ 36.002 21.99° 13.30°¢ 20.82° 0.6236 <0001 <0001 <0001
Ruminant
i e ks,
Non_' . 31.81° 31.57° 31.76° 35.752 34.482 33.75% 0.3138 <0001 0.3987 0.4583
nutritional
behavior

(B bl g3y 32 &8 Ban (F o33 IS uibil olyom & 5o 320 G Bps (Vo o iy puiliol oo & 5o ) Gt pme (Y euilsl g 08 ) G B () slajlos

5 JS el oy 4 35 5 & By (5 5 oS gy bl o & o 1) & e
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P= /o000 s e Jlon] pedaws ™

! Treatment consisted 1) 6 L/d milk control without inclusion of any essential oil supplementation, 2) 6 L/d milk with Oregano essential
oil, 3) 6 L/d milk with Althaea offieinalis essential oil, 4) 9 L/d milk control without inclusion of any essential oil supplementation, 5)
9 L/d milk with Oregano essential oil and 6) 9 L/d milk with Althaea offieinalis essential oil.

2 Standard error of mean
3 Probability value p= 0.05
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Introduction: Stall-fed lambs, which account for the bulk of mutton production, are one of the main sources
of red meat supply in the country. In order to achieve optimal and economical production, sheep breeders must
take into account the nutritional needs, food quality and dietary intake time in the diet plan of livestock. However,
due to the shortage of forage and pastures in Iran, stockbreeders are forced to include more concentrate in the
animals’ diet, while trying to carefully observe the concentrate proportions as well as the necessary points
associated with concentrate feeding. Therefore, the purpose of this project is to evaluate the effects of alfalfa
removal and reducing forage on the profitability of Afshari fattening lambs.

Materials and Methods: In order to investigate the effects of reducing the amount of forage and also removing
alfalfa on performance of Afshari breeding lambs, based on a factorial experiment with a completely randomized
design, was done on 36 Afshari male lambs, with a mean live weight of 32.53 + 1.9 kg and a mean age of 93 +
6.63 days for 90 days. Experimental diets included: 1) 80 Percentage concentrate and 20 Percentage forage (10
Percentage wheat straw and 10 Percentage dry alfalfa), 2) 80 Percentage concentrate and 20 Percentage forage (20
Percentage wheat straw, 0 Percentage dry alfalfa), 3) 90 Percentage concentrate and 10 Percentage forage (5
Percentage wheat straw and 5 Percentage dry alfalfa), and 4) 90 Percentage concentrate and 10 Percentage forage
(10 Percentage wheat straw and 0 Percentage dry alfalfa). Experimental diets were adjusted according to NRC
(2007) standard diet tables and the constituents of the diets and their nutritional value were similar. The data were
analyzed using SPSS21.

Results and Discussion: The chemical composition of diets was changed with altering of the forage to
concentrate ratio, and with increasing the concentrate in the diet, the amount of NFC increased and the percentage
of NDF decreased. Increasing the concentrate and removing of alfalfa increased feed intake and daily weight gain
throughout the period (P <0.05). Increasing of feed consumption seeks higher concentrate intake is due to faster

consumption by animal compared to forage intake. On the other hand, the retention time of the concentrate in the
abdominal area is less than the fodder. Therefore, the effect of filling after using of forage, limits the consumption
of feed. Result indicated no significant differences in digestibility and feed conversion ratio between experimental
treatments. The results of this study showed that the dry matter consumption and daily weight gain for treatment
four was significantly higher than other treatments. The fourth treatment had a numerically lower food conversion
coefficient (6.1) compared to the other three treatments. Accordingly, increasing the concentrate and removing of
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alfalfa has caused a significant increase in weight throughout the period. Regarding the interaction effects of
concentrate and forage on daily weight gain, it also was shown that the most of the daily weight gain obtained
followed by increasing of the concentrate level and then the removal of alfalfa. The most important factor affecting
daily weight gain is feed consumption. Regarding to the effect of alfalfa reduction on feed intake, it can be stated
that by reducing alfalfa, despite not reducing dietary fiber (treatments two and four), other dietary nutrients
supplied through alfalfa were supplied through concentrate, which itself increased the digestibility of the ration.
The feed conversion ratio of the four treatments was in the same range. The results of economic comparison
showed that lambs fed with 90% concentrate, 10% wheat straw and 0% alfalfa had higher yields compared to other
groups.

Conclusion: The results of the present study showed that with increasing the percentage of concentrate and
removal of alfalfa from the feed, feed intake increases accordingly. Concentrate is palatable and contains more
energy and nutrients than forage. Therefore, lambs fed with diets containing higher concentrate levels and no
alfalfa experienced faster growth and higher growth efficiency and produced heavier carcasses. Thanks to this diet,
stock breeders can save feeding and breeding costs during seasons when feed is more expensive or insufficient.
According to the results, diets containing 90% concentrate, 10% wheat straw and no alfalfa can be suggested for
optimal yield in stall-fed lambs.

Keywords: Afshari lamb, Alfalfa removal, Diet, Fattening, Profitability.
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Table 1- Feed Ingredients and chemical composition of experimental diets

\u“"il"}i sllos
_ _ Experimental treatments®
(S8 03le p)S5kS )3 p5) Loy sl . Y li Y s Y s
I ient of diets (g/kg DM - - j j
ngredient of diets (g/kg ) Treatment 1 Treatment 2 Treatment 3 Treatment 4
N1
10 20 5 10
Wheat straw
Ay
10 0 5 0
Alfalfa
30.5
7 30.5 36.5 36.3
Barley
= 30.5 30.5 35.4 35
Corn
L AlliS
: . 7 7 7 8
Soybean meal
1 s 2 18 18 1.7
Rapeseed meal
ot PR 2.8 2.8 2.7 2.7
Fat powder
oy
9 1.4 1.4 1.3 1.3
Urea
peeld S8 18 1.8 22 18
Calcium carbonate
Ser 1 1 0.9 0.9
Bentonite
S O
. . 1 1.7 0.9 0.9
Sodium bicarbonate
e 05 05 0.4 05
Salt
e g by oS 15 1 0.9 0.9
2Vitamin and mineral premix ' ' '
(%) stbeossds a8 5
Chemical composition (%)
s oole (Z)
91.22 90.66 90.28 92.91
Dry matter (%)
B oS (4)
. 18.04 18.28 18.13 18.39
Crude protein (%)
286 (/
#SE () 10.93 8.89 9.82 7.95
Ash (%)
15
P> 1.97 1.95 2.11 2.12
EE
¥ 5 ok N
S oy Jaloeals L, 25.36 23.85 24.11 22.76
NDF? (%)
¥ el 0005 ]
Sl oizpd > Jglonels Sl 14.09 12.38 13.54 11.39
ADF* (%)
SU s alysng S 43.7 47.03 45.83 48.78
NFC® (%)
wlS(%0) 1.9 2.2 25 2.8

Calcium (%)
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(%)

Phosphorus (%) 0.5 0.5 0.5 0.5
redgilie JB (5551 (p)S0S 5> 5))1%)

Metabolic energy (Megacalories per 2.82 2.89 2.86 2.98
kilogram)
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! Treatment 1. Concentrate 80%+ alfalfa hay 10%-+wheat straw 10%; Treatment 2. Concentrate 80%-+ alfalfa hay 0%-+wheat straw

20%; Treatment 3. Concentrate 90%+ alfalfa hay 5%+wheat straw 5%; Treatment 4. Concentrate 90%-+ alfalfa hay 0%-+wheat straw
10%.

2 Contained per kilogram of supplement: 1,300,000 IU of vitamin A, 360,000 IU of vitamin D, 1,200 IU of vitamin E, 16 g of Zn,
10 g of Mn, 0.8 g of Fe, 0.12 g of Co, 0.15 g of I, and 0.08 g of Se.

3 Natural Detergent Fiber
4 Acid Detergent Fiber

5Non Fiber Carbohydrate = 100 — (%ash +% ether extract +% NDF + %crude protein)
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Table 2- The effect of feed type on growth performance of fattening lambs (kg)

\ - 1 -
_gw..l‘)' sl wlas u.i,L.a
Yo 3,SLos Experimental treatments! i S sixe il
Fattening Ve Ve ¥ o ¥ s éEM P.Value?
performance Treatment 1 Treatment 2 Treatment 3 Treatment 4
adol 03} 45
£9 0 32.57+3.09 32.67+3.21 33.17+2.1 1.58+31.75 157 NS
Early live weight
& 055 0ss 5120£2.13°  57.95:4.41%  54.9+4.61% 58.9+0.89° 173 *
Final live weight
Nigs ois ol
99 03 SRS 0.240.01° 0.28+0.012 0.24+0.02° 0.3+ 0.0052 0.007 o
Daily weight gain
aljs) (Spas Sy
Daily food 1.476+0.05° 1.720+0.082° 1.638+0.06° 1.830+0.092 0.05 *
consumption
@l Jodd e
Food conversion 7.3810 6.15+0 6.821+0 6.1+0 0 NS3

ratio

 y3luniS Juo )3 A tpgu Hloss (Sl do5g) Juo )3 Hho g pASElS Lo 3 Ve w0 5ludS Mo Ar 1o Hloss (SuiS domigy Lo pd Ve g paS ol Mo 3 Ve g 0y5luS Mo A 1l

WSS dotigy Mo yd yauo g pAS olS Mo yd Vr g 0, BluiS Moy A ip )l e 5 KB dodigy Ao yd g g pAS oS Mo > iy

el P40 a3 Iy ine OS] il o pé Y Ggps b sy o (gl Siles DAY

! Treatment 1. Concentrate 80%+ alfalfa hay 10%+wheat straw 10%; Treatment 2. Concentrate 80%-+ alfalfa hay 0%-+wheat straw
20%; Treatment 3. Concentrate 90%+ alfalfa hay 5%-+wheat straw 5%; Treatment 4. Concentrate 90%+ alfalfa hay 0%-+wheat straw

10%.

2abew/alues with different superscripts in every row differ significantly at P<0.05.

3 Not significant
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Table 3- Economic calculations of experimental treatments based on a lamb (Rials)

S 3,les Experimental treatments® b

Fattening performance Ve Y s ¥ les ¥ los o va)l L2
Treatment 1 Treatment 2 Treatment 3 Treatment 4

op ol S (Brae I3 o

(p53k5) Ll b

Diet consumed by one 132840+10.8° 154800+12.61% 147420+11.52° 164700+13.562 0.04

lamb during the

experiment (kg)

HE 0y p S8 S an e

(Jb) 27405453.622 25198+36.85° 24309+30.18% 23585+24.67¢ 0.0002

Cost of one kilogram of
ration (Rials)

S (Brae N o dija
(Jby) oialesl (b o2 ol
Cost of ration for a lamb

consumed during the
experiment (Rials)

oielol b gl 0155 ()5 Ll

(ps55ks) 18.63+0.87¢ 25.28+1.56"

Live weight gain during
the experiment (kg)
S g sl S anje

(Jl) o> 0355 01y S okS
Cost of feed to produce
one kilogram of live
weight of livestock (Rials)

o3 ooy S sl LG el

3640480+29.932 3900650+13.3°

3583632+12.82°¢ 3884449+38.82¢ 0.0001

21.73+1.38¢ 27.15+0.812 0.0001

1954095+2607.12 1542978+2842.5¢ 1649163+2280.4° 1430736+2235.4¢ 0.0001

(b)) 9315000+1865.7¢  12640000+1465.49  10865000+1257.9°  13575000+1989.72 0.0003

Gross income per lamb
(Rials)
oy u.:;\) ;i: 6‘}‘4{ )‘*"" D g

(Ju) 5674520+368.1¢  8739350+277.1b

Variable profit per lamb
(Rials)

7281368+796.2° 9690551+493.032 0.0002

@ y5lasS o )3 A tpgus sl «Sid doigy o yd Hho g paSolS duo )3 Yoo 0y5ludS o yd Ae 1pd Jlad «Suid dotigy Ao yd Vo g pdiS ol doyd Ve g o luiS Ao Ar 1S e

(Sdid gy Moy yruo g S ol Mo )0V v g 0 yluiS Mo pd Ar ip)len Hlas 5 S Assy Mo gy g pAS 0l Mo yd iy

Wl P s 3yl i GMS] S0y bl pib (35 gy b cisdy p (slaysSilye PR
! Treatment 1. Concentrate 80%+ alfalfa hay 10%+wheat straw 10%; Treatment 2. Concentrate 80%-+ alfalfa hay 0%+wheat straw
20%; Treatment 3. Concentrate 90%-+ alfalfa hay 5%+wheat straw 5%; Treatment 4. Concentrate 90%+ alfalfa hay 0%-+wheat

straw 10%.

2abey/alyes with different superscripts in every row differ significantly at P<0.05.
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Introduction: The use of radiation has become a way of life in most countries around the globe. The utilization
of nuclear techniques in the area of agriculture, defense, and power generation has increased over the last few
decades. Radiation technology is widely used to produce changes in product characteristics leading to the
development of new products. Radiation-mediated morphological, structural and/or functional changes in a plant
are governed by the intensity and duration of the gamma irradiation. Gamma irradiation was found to increase
plant productivity. Gamma rays represent one of the important physical agents used to improve the characters and
productivity of many plants (e.g. rice, maize, bean, cowpea, and potato). Gamma irradiation also has been found
to be very useful for both sterilization and for the preservation of food and cereal grain in nutrition and agriculture.
Gamma rays were also found to cause modulation in protein patterns by inducing the appearance and/or
disappearance of some protein bands. It has been shown that large DNA strands were broken into small strands at
low irradiation doses but small and large DNA strands were broken at higher irradiation doses. Also it has reported
that germination of seeds can be influenced in both positive and negative directions by gamma radiation exposure
as a result of mutation inductions depending on cellular abnormalities or stimulatory modifications triggered by
radiation doses. In several studies, lethal and stimulatory effects of gamma irradiation on germination percentage,
emergence, and survival of seedlings of different plant species have been reported. The present work has been
intended to investigate the response of corn seeds exposed to gamma irradiation (25 Gys) in terms of the nutritional
performance of its forage and silage compared with control non-exposed seeds.

Materials and Methods: Corn seeds were obtained from the Vegetable Crop Seed Production and Technology
section, Ghezlagh Farm, College of Abouraihan, university of Tehran, Iran. Four kg corn seeds (single cross 704)
were divided into 2 groups. The first group did not have any treatment to serve as a control, while the second group
was irradiated with Gamma rays (25 Gray) using Gamma cell — cobalt- 60 instruction and with the rate of 0.55 Gr/
min at the Nuclear Agricultural Research School, Nuclear Science and Technology Research Institute, Karaj, Iran.
Field experiments were conducted during the summer seasons at Ghezlal farm Research Station located at the
southwest of Tehran province, Varamin, to study the effect of gamma irradiation (25 Gray) on the performance of
corn forage and silage. After irradiation, control and irradiated seeds were cultivated in 2000 m2. Agricultural
practices such as: irrigation, weeding, fertilization, and pest control were carried out as recommended. Samples of
corn plants were obtained at the late stage of growth and amounts of proline, soluble carbohydrate, and protein
were determined. Performance chrematistics of experimental groups were also recorded. After harvesting, the corn
forage was chopped and transferred to an experimental silo made of polyethylene pipe. DM, ash, CP, NDF, and
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ADF of experimental silages were determined according to standards procedures. The pH of silage also was
determined using pH meters. For the determination of gas production parameters, 200 mg of dry samples were
incubated at gas production environment and the amount and rate of gas production were recorded at a different
time of incubation (0, 2, 4, 6, 8, 12, 24, 48, 72 and 96 h). Using gas production parameters, the amount of OM
digestibility, ME, NEL, and SCFA were also determined. Data were analyzed using the t-student test of SAS
software (ver. 9.1). Duncan’s multiple range test was used to detect statistical significance between treatments
using a significance level of 0.05.

Results and discussion: Irradiation of corn seeds increased corn performance (wet and dry weight of seed and
forage), amount of soluble carbohydrates and protein, and concentration of proline (P<0.05). The exposed
treatment showed the highest increase in seed weight, seed humber, and weight of 1000 seeds as compared to the
control (P < 0.05). Amount of gas, and b and ¢ fractions of gas production, the concentration of short-chain fatty
acids (SCFAs), metabolizable (ME) and net energy for lactation (NEL), and organic matter digestibility (OMD)
were higher for treated corn forage and silage compared to the control group (P < 0.05). Also, exposed corn silage
had a lower level of pH and higher amount of dry matter (DM) and crude protein (CP) than control (P < 0.05).

Conclusion: The results of this study show that exposing irradiation of corn seeds to 25 gray gamma-ray
improves fermentation parameters and nutrition values of corn forage and silage.

Keywords: Chemical composition, Forage corn, Gamma-ray, Gas production
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Table 1- The effect of gamma irradiation on performance and chemical composition of forage corn
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Parameter Control Treatment P value
N % s

(532 2 2) Iy Sl 0.77b 1.00a 0.05 0.0110
Number of ears (per plant)
(52 2 2 p5) ol 5 s 546.7b 729.2a 26.5 0.0112
Fresh weight (g/plant)
(3 52 3 £.5) S5 0 225.2b 314.8a 113 0.0111
Dry weight (g/plant)
(5 2 2 £.5) &b s 24.44h 72.26a 3.43 0.01101
Seed weight (g/plant)
(52 2 3) &> 3l 3407b 5447a 17.6 0.0104
Seed number (per plant)
(652 2 53 p5) al> 32 5 727b 1144a 7.28 0.0104
Weight of 1000 seeds (g/plant)
(5 039 pSTp S o) Jolme Slyamgy S

449.6b 616.0 21.54 0.0101
Soluble carbohydrate (mg/gfw) a

“ . // g . s

L 0 23107 ) Jsbne 02 12.25b 14.43a 0.73 0.0410
Soluble protein (mg/gfw)
(p5 2 JomssSe) ol 37.6b 52.4a 3.21 0.01

Proline (umol/g)
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- Means with different letters in a row differ (P < 0.05).
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Table 2- The effect of gamma irradiation on gas production of corn forage at different time of
incubation (ml/200 g DM)

Ol el Sals o SE! P e
Incubation time Control Treatment P value
2 10.4b 12.2a 0.4 0.0101
4 17.6b 19.6a 0.61 0.0200
6 23.9b 26.0a 0.87 0.0114
8 29.6b 31.9a 0.91 0.0501
12 37.2b 41.4a 1.0 0.0104
24 44.9b 51.5a 1.3 0.0114
36 55.7b 62.3a 1.4 0.0154
48 69.7b 76.3a 15 0.0110
72 77.1b 84.9a 1.7 0.0141
96 81.2b 88.7a 1.7 0.0101

5 kol gkt SE )

ol P10 o p3 4l xe (gylol 33 osimd L Ly 55 glio cbgys b slael =
- Means with different letters in a row differ (P < 0.05)
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Table 3- The effect of gamma irradiation on gas production parameters of forage corn

docil b ol o SEL P lude
Parameter Control  Treatment P value
(ke D) JI5 A5 el 79.5b 865a 17 0.0101
Potential of gas production (b; ml)
(celo p yd e €) ;\5_ My gy 0.053 0.057 0.01 0.0610
Rate of gas production (c; ml/h)
(2 2 Jgeishe) 1235 o055 o slose 1.23b 1.39a  0.03 0.0101
SCFA (mmol/l)

Mo o o8
(423) Jloske o L8 69.5b 76.2a 13 0.0110
OM digestibility (%)
(i odle 59k 5y Jy3l5e) pomdgtie (5351 1041b  1142a 020 0.0195
ME (Mj/kg DM)
(i3 odle )35k 2 JjiSe) (2068 LA 5 g gy 6.05a 010 0.0104

NEL (Mj/kg DM)

3ylabil (slas SE®

ool P /0 s )3 5l ime (gLl B3 osimd L lavciydy )3 coglisie g b slael -
- Means with different letters in a row differ (P < 0.05)

015 (o)l o seds (2B Jl e 6 e58 baome PH 5> talS
Iy PH (50 50 (ials 35 ddses opl (Wahyono, 2018) ¢!
SlidengS (Vb Gliee 35 9 (e 3 )3 Clhdeng S g4 5l (o8 L
I 93 p2 )3 PH jluie a2 510300357 (2155 Lame )3 Jole
Sl 58 )3 e sl 02l (515 cailio 03930 5
M Jols s 3w Jb ol b (McDonald et al., 1991)
@ olge |y E90 9o ol > e 1> 650l PH ol (25
sl ol @55 ddgle 3 Jglome Sliungy S ke (391 it
(N Jga) 3 e 35 b JI 8 0 2Ugin
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U85 993 j Jeols )3 s glond Slaogad § oS 5

M oo Gl 5 cal odd (515 F Jodo 10 dals g ol
Daws gl 045 G355 sbons SluS 5 uSikie o390 )3 5
5 gy «Suis odle oy (McDonald et al., 1991) 54 <y
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Table 4- Chemical composition of experimental corn silage
dociuwl b Sl s SEL P e
Parameter Control Treatment P value
() St oske 26.1b 29.4a 0.09 0.0030
Dry matter (%)
(7) yuss 7.19 7.46 0.4 0.6501
Ash (%)
(%) p& oS 11.2b 13.3a 018  0.0210
Crude protein (%)
(4) (g5 osizgs 5> Jgonels 1 29.9 26.9 2.2 0.0710
Nuetral Detergent Fiber (%)
(4) sl oz 5> Jylonels s 18.1 16.5 1.8 0.1210
Acid Detergent Fiber (%)
pH 4.1a 3.8b 0.02 0.0114

5l ellas SE

ol P[00 a3 Iy xe (lal M5 oaimd L Wi, 55 glize gy b slael -

- Means with different letters in a row differ (P < 0.05
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Table 5- The effect of gamma irradiation on gas production parameters of corn silage (ml/200 mg DM)

OoawlbisSSl sl ale e SEL P e
Incubation time Control Treatment P value
2 10.05 7.35 0.91 0.0701
4 13.7b 21.5a 1.8 0.0100
6 18.6b 26.9a 2.3 0.0304
8 26.6b 40.04a 3.05 0.0110
12 35.4b 52.6a 3.77 0.0114
24 54.0b 75.3a 5.6 0.0247
36 63.2b 87.2a 5.5 0.0142
48 85.2 93.9 12.6 0.5245
72 86.7b 98.6a 8.12 0.0304
96 101.0 104.2 9.3 0.3647
5kl slas :SE

ool P<e /0 e )3 s gixe (g lol G3ME3] o 5L Wi, 4> coglie gy b dlael —

- Means with different letters in a row differ (P < 0.05).
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Table 6- The effect of gamma irradiation on gas production parameters of corn silage

donil B Jals s SE! P lsde
Parameter Control Treatment P value
(e ) Ji5 g el 65.7b 76.7a 75 0.0202
Potential of gas production (b; ml)
(el 2 s 1€) J5 i &5 0.04 0.05 001 01211
Rate of gas production (c; ml/h)
() 2 Jnishe) iy o8 o sl 0.56b 0.79a 0.05 0.0374
SCFA (mmol/l)
(103) ( o3ke e bl 67.7b 86.6a 4.9 0.0374
OM digestibility (%)
(_( i °"L° P)S?'LS x J5)K‘°) g_s"“‘“‘" 9’L“° Lﬁ))"l 75b 84a 07 00035
ME (mj/kg DM)
(i osle 558 2 JgjlSa) 2o, Gl (53 4.6b 5.5a 010  0.0241
NEL (mj/kg DM)

3 kil (slas SE"

ol P<e /00 s 3l ne (gylel BB (g oimd Lt i, 5> oglite gy b dlac] -

- Means with different letters in a row differ (P < 0.05).
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Introduction: Over the last half century, the shortage of animal feed in many parts of the world, including
Iran, has increased the feed costs of animal husbandry and it also has affected revenues from the production of
livestock products. Therefore, any improvement in nutritional management and increasing the feed use efficiency
in this sector will increase productivity and production. Adding water to ruminant diets is inexpensive physical
processing method that has had a positive effect on efficiency of ruminant production. Traditionally, adding water
to total mixed diets has been a useful management practice to reduce feed selection behavior by livestock. It has
been shown that adding water to the feed of adult cows (decreasing dietary dry matter (DM) from 81% to 64%)
reduced the choice of fine components over long particles and also to reduce the preferential consumption of
concentrate components (Leonardi et al., 2005). Recent studies have shown that adding water to the starter diet of
suckling calves up to 25% during the winter has improved their growth performance (Beiranvand et al., 2018).
These positive responses are probably due to the increased adhesion of feed particles, which has led to a reduction
of diet dust, condensation of fine particles and increased palatability and consumption.

Materials and Methods: This experiment was conducted in animal house and laboratories of Lorestan
University. Twenty-eight Lori male-fattening lambs with120 + 6 days old and 33.4 + 3.4 kg of live weight were
used in completely randomized design experiment with 4 treatments and 7 lambs per treatment. Dietary treatments
in which water was used at levels 10 (control), 20, 30 and 40 % were fed to the lambs for 56 days. Blood and
ruminal samples were taken from all of lambs at day 45 and 50 respectively 3 h after morning feeding. A
completely randomised design was used to determine the effect of different levels of water on the measured traits.
All data were analyzed using the GLM procedure in SAS. Linear (L) and quadratic (Q) contrast statements were
included in the model to test the effect of increasing amounts of water. Differences among means were tested using
Duncan method.

Results and Discussion: Results showed that increasing the level of dietary moisture up to 30% linearly
increased (P<0.05) ruminal ammonia-N, propionate and total VFA concentration, while pH and concentration of
other individual VFAs were unchanged among dietary treatments (P>0.05). Increasing the level of dietary moisture
up to 30% linearly increased (P<0.05) activity of carboxymethyl cellulase and a-amylase, while activity of
microcrystalline cellulase and filter paper degrading activity and blood metabolites (including glucose, total
protein and blood urea nitrogen) were similar among treatments (P>0.05). Intake of dry matter (DM) and average
daily gain increased linealrly (P<0.05) with elevating dietary water level up to 30%, while NDF and ADF intake
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and final body weight and feed conversion ratio was unchanged by the level of dietary moisture (P>0.05).
Conclusion: Results of present study showed that adding water to the total mixed ration of fattening lambs up
to 30% improved ruminal parameters, feed intake and growth performance.

Keywords: Dietary moisture, Enzyme activity, Fermentative parameters, Lamb
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Table 1- Ingredients and chemical composition of experimental diet (% DM or as stated)

Shs pel oy 53 e
Ingredients Amount
g 20.0
Alfalfa, ground
pAS olS 50
Wheat straw
Sid juise dl 50
Beet pulp, dried '
X uLM)T Oyd 23.0
Ground corn '
25 ol g2 23.0
Ground barley
by Al 11.0
Soybean meal
PAS g 10.0
Wheat bran
bolse i 2.80
Premix!
o9 0.20
Urea
S3Al g sdae dlge Sy
Chemical composition and energy
Siid oole 90.2
Dry matter ’
Slosle 931
Organic matter
PEoen 16.2
Crude protein
S 0izsd > Jgonels S| 299
Neutral detergent fiber
&l ol gud 43 Jabmb Ul 15.8
Acid detergent fiber '
Ether extract ’

§ 0.80
Ca
- 0.40
P

ME (Mcal/kg DM)
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L Vitamin-mineral premix contained per kg: vitamin A 250,000 1U; vitamin D3 500,000 1U;
vitamin E 1000 IU; Mn 1250 mg; Zn 2500 mg; Cu 375 mg; Se 25 mg; Ca 140000 mg; P 2500
mg; Co 20 mg; | 25 mg; Mg 25000 mg; Na 25000 mg as NaCl; Na 25000 mg as NaHCOs3 and

1000 mg antioxidant.
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Table 2- Effect of different dietary moisture content on rumen fermentation parameters of fattening lambs

(3253) o302 ) Cugl s doleie Sl lie
i Level of moisture in the diet (%) 3kl (gllas Jlez Contrast
Jxs ke &> e . ..
Parameter
Control 20 30 40 SEM P-value “b o =
(10%) Linear Quadratic
pH 6.26 6.20 6.14 6.19 0.039 0.35 0.17 0.15
2P ) (Sbigel ()39
(s > 1915 201" 2158 207® 0.46 0.04 0.02 0.21
NHs-N (mg/dI)
IR o glasl JS
() s 3> Jsnies) 90.1°  931®  969* 933P 211 0.03 0.04 0.18
Total VFA (mmol/l)
(s 2 Do) Sl g 56.5 58.9 57.6 2.07 0.31 0.41 0.65
Acetate (mmol/l)
» Jsacse) Sligngn
(s > 172° 185  199%  189% 0.64 0.03 0.04 0.23
Propionate (mmol/l)
(e Jpocda) Sy 9 5 124 128 116 0.49 0.43 0.57 0.19
Butyrate (mmol/l)
» Joeishes) Slysggil
(s o> 2.42 2.48 2.53 2.31 0.13 0.54 0.63 0.31
Isobutyrate (mmaol/l)
(e 12 Jyocshe) <1 1.32 1.34 1.29 1.27 0.04 0.28 0.31 0.62
Valerate (mmol/l)
2 Jsacshe) g !
(52 s> 1.06 1.14 1.10 1.04 0.08 0.61 0.76 0.35
Isovalerate (mmol/l)
gty & Sl o 3.24 3.06 2.97 3.05 0.15 0.67 0.34 0.47

Acetet:propionate
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Table 3- Effect of different dietary moisture content on rumen microbial enzyme activity of fattening lambs (U/min/ml)

(2253) 0302 ) Cugl s dolsie Sl lie
i Level of moisture in the diet (%) 3kl (gllas Jlezl Contrast
Js oSobe S e ) .

Parameter

Control 20 30 40 SEM P-value L;i;r Qi;rggc

(10%)
Yoo o (uS9r)S b b b
Carboxymethyl 22.8 24.7% 2862  26.5% 1.44 0.03 0.04 0.36
cellulase
Y sk iy S Sn
Microcrystalline 5.13 5.16 5.68 5.73 0.36 0.43 0.14 0.96
cellulase
GBlo 26 40 el 19.1 20.2 246 21.2 171 0.15 0.13 0.21
Filter paper degrading
el 601> 612 7287 682 3.14 0.02 0.03 0.34

a-amylase
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Table 4- Effect of different dietary moisture content on blood metabolites of fattening lambs

(Ao ) 030> ) Cugloy s Solsio il lio
i Level of moisture in the diet (%) 3kl (gllas Jlezl Contrast
J S ke S ~ o

Parameter

Control 20 30 SEM P-value LT:(;I‘ Qi;;rgzc

(10%)
(o 2 5 ) 5555 773 717 785 779 0.46 0.34 0.22 0.29
Glucose (mg/dl)
(s 3 £)5) PV g0
cellulase
2P S ) s> Sloysl 039rs
(i g 3.68 3.79 3.83 3.77 0.16 0.61 0.67 0.59
Blood urea nitrogen (mg/dl)
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Table 5- Effect of different dietary moisture content on growth performance of fattening lambs
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Introduction : Intestinal function in nutrient uptake depends on its morphology, and any change in villi
structure, as well as changes in the differentiation and development of absorbent cells, can alter digestion and
absorption capacity and thus function. Increasing the height and surface of Villus in the gastrointestinal tract of
animals consuming high concentrates increases the absorption capacity and in turn, protects the animal from the
accumulation of volatile fatty acids and a noticeable decrease in pH. In fact, it helps the lining of the gastrointestinal
tract absorb volatile fatty acids faster and stabilize the pH. High starch in diets, followed by a decrease in pH,
affects the morphology of the rumen and intestine. Any change in this morphology may predispose the intestines
to dysfunction. Megasphaera elsdenii prevents a sharp decrease in ruminal pH due to lactic acid accumulation by
consuming lactic acid, and in cases of subacute acidosis by converting lactic acid to propionic acid may provide
an opportunity to reduce inflammation and improve energy balance in livestock. Saccharomyces cerevisiae also
contributes to the growth and activity of cellulose-degrading bacteria, lactate consuming bacteria, and rumen
protozoa and the concomitant use of lactate consuming bacteria with Saccharomyces cerevisiae has been
confirmed. Therefore, the aim of this study was to investigate the effect of chemical and microbial buffer additives
on histomorphometry and histopathology of the small intestine and large intestine during high concentrate feeding.

Materials and Methods: Twelve Arabi male sheep at 9 + 1 months old and initial body weight of 35.95+3.55
kg were used in a completely randomized design with three treatments and four replicates, and the duration of the
experiment was 35 days. The experimental treatments consisted of a 1- control diet, 2- control diet + sodium
bicarbonate buffer, 3- control diet + Megasphaera elsdenii, and Saccharomyces cerevisiae (bacterial-yeast), which
fed ad libitum. At the end of the experiment, the lambs were slaughtered and the small and large intestines were
sampled for histomorphometry and histopathology studies. Each sample was placed separately in closed-sealed
containers containing 10% formalin, and tissue changes were examined microscopically.

Results and Discussion: No significant difference was observed between the experimental treatments for the
tissue indices studied in the duodenum and jejunum. However, the ratio of villus height to crypt depth in the
bacterium-yeast recipient treatment was numerically higher than other treatments. In ileum section, villi height,
crypt depth and villi area in control treatment 653.33; 506.67; 258.42 compared to buffer treatment 430.00; 328.33;
161.40 and treatment containing bacterial-yeast 445.00; 365.00; 178.04 respectively were significantly higher (P
<0.05). In the present experiment, due to the consumption of a diet with high concentrate and possibly increased
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production of volatile fatty acids in the rumen and their transfer to later parts of the gastrointestinal tract, increased
villi height, crypt depth, and villi area in different parts Intestine was observed especially in control treatment; In
fact, one of the reasons for increasing the villi height and Villus surface in acidosis, is increased the absorption
capacity of volatile fatty acids and help maintain pH of the rumen, Therefore, reducing these indices in chemical
buffer and bacterial-yeast treatments can be the result of the positive effects of buffer and microbial additives such
as improving the pH of ruminal fluid transferred to different parts of the intestine, as a result of increased activity
of cellulolytic bacteria and more acetate production, which has caused relative control of acidosis in the control
treatment. Improving the Villus height to crypt depth ratio in the duodenum and jejunum in treatments receiving
chemical or microbial additives can be considered as positive results of using pH-adjusting additives in the present
experiment. In different parts of the small intestine, in all three treatments, inflammation of the intestinal mucosa
was observed in the form of infiltration of mononuclear inflammatory cells, including lymphocytes, plasma cells
with different degrees of eosinophils. In the large intestine in the control treatment, hyperemia, the infiltration of
inflammatory cells of lymphocytes, plasma cells, and eosinophils in small numbers in Lamina propria and
labyrinth of Lieberkohen glands as well as necrosis of the villi was observed. In general, changes in intestinal
tissues are to counteract the inflammation caused by acidosis.

Conclusion: In general, although the use of chemical buffering or microbial additives had a positive effect on
the histomorphometry of the ileum, but did not have a positive effect on the histopathology of the small and large
intestine. It is suggested that the present experiment be examined in the early stages of livestock growth when the
microbial flora is not fully established.

Keywords: Acidosis, Buffer, Megasphaera elsdenii, Saccharomyces cerevisiae, Tissue.
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Table 1- Feed ingredients and chemical composition of the experimental basal diet fed to lambs

o 3] (Kt ooke S 53 p ) Shite
Components of diet Amounts (g/kg DM)
s 201
Alfalfa

P15 olS 99
Wheat straw

b 300
Barley grain

) 4y 210
Corn grain

by Ao 1235
Soybeans meal

PS5 pogm 55
Wheat bran

S Sl S 4
Calcium carbonate

Ko 25
Salt

(e dlse 5 eling JoSo 5
Vitamin and mineral supplements*

Chemical composition

S ool 891
Dry matter

Uﬂ ool 948
Organic matter

FuS 51.7
Ash

Crude protein

d)’l a)LAc 27
Ether extract

Uu>o.).u9.3).> J9l>mb dU‘ 290
NDFom?

dJ‘:‘"l A..\L')'yf: » J9l>mb L_BU‘ 165
ADFom?®

(S5 a3le p 598 > 5 J515) 55 iyl 265
ME*(Mcal/kg DM)

S Sl 4703

Non-fiber carbohydrates®
@5 o )3 P+ ipadS WA E uoling )5 (Ve Dy cpling Mallie 351y 3+ A uoling Al 351y Jl30 04+ ol ine Slge — (el JoSa S5k ya |
P ke S pgS oS e Voo e S e Yo iS00 S e 150N o0l 5 i Jlim s sy £ oS3 A caito S e )N s £S5 ke e P s
eSI il p S (o ¥ee ity p S e Ve gl
S 90 NDFY
S5 90 ADFT
uﬂ”& odlo o S 5 uuLu‘ PR E™] d\,ubu\‘
1 Premix contained (per kg): Vitamin A, 500,000 IU/mg; vitamin D3, 100000 IU/mg; vitamin E, 100 mg/kg; Ca, 180 g/kg; P, 60000 mg/kg; Na,
60000 mg/kg; Mg, 19000 mg/kg; Zn, 3000 mg/kg; Fe, 3000 mg/kg; Mn, 19000 mg/kg; Cu, 300 mg/kg; Co, 100 mg/kg; Se, 1 mg/kg; I, 100 mg/kg;
antioxidant, 400 mg/kg; carrier, up to 1000 g.
2 NDFom, ash-free neutral detergent fibre.
3 ADFom, ash-free acid detergent fibre.

4 Calculated from each feed ingredients.
® Calculated as: NFC=1000 — (NDFom g/kg + crude protein g/kg + ether extract g/kg + ash g/kg).
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Table 2- The effect of experimental diets on histomorphometry of small intestinal tissues of lambs

Ly st L‘”)L’:ﬁj

V:r:;bl o Treatments SEM P-value
Control* Buffer? Me+Sc?

(L955%) poigdgd

Duodenum (um)

on €5 560.00 562.50 482.50 20.616 0.2074

Villus height

S S Ges 485.00 470.00 385.00 20.683 0.0916

Crypt depth

noPE 120.00 125.00 155.00 8.558 0.2054

Villus width

Phas oY el . 262.50 247,50 270.00 18.600 0.3786

Thichness of tunica muscularis

St s & g o . 1.16211 1.19741 1.25695 0.027 0.3721

Villus height to crypt depth ratio

(g1m20ske) s Lo 208.65 222.78 234.48 14.375 0.7974

Villus surface (mm?)

(0955%4) P393

Jejunum (um)

on ) 575.00 705.00 600.00 31571 0.2113

Villus height

Cop S s 486.67 561.67 486.67 32.472 0.5815

Crypt depth

IR 106.67 90.00 103.33 5.941 0.5077

Villus width

hae &Y cabed _ 268.33 253.33 286.67 11.950 0.5683

Thichness of tunica muscularis

S5 ok & i )] o _ 1.1859 1.2783 1.3060 0.046 0.5638

Villus height to crypt depth ratio

(20 2niske) 50 e 194.05 198.87 196.04 15.049 0.9924

Villus surface (mm?)

(5,5%0) pocl]

lleum (um)

on €S 653.332 430.00° 445.00P 29.841 0.0002

Villus height

S Gos 506.672 328.330 365.00° 27.547 0.0101

Crypt depth

RO 126.67 121.67 126.67 5.378 0.9183

Villus width

hae &Y cald _ 223.33 188.33 191.67 13.709 0.0703

Thichness of tunica muscularis

St s & g o _ 1.3390 1.3670 1.2307 0.063 0.6782

Villus height to crypt depth ratio

(g2 cske) sz e 258,422 161.40° 178.04° 13.782 0.0023

Villus surface (mm?)

(P<el-0) sl I ine MBI (Sl S o gy b 3, yo (cloeSibs 2P
P93 4565 1 1316 =amls
[CRENWS R @ R G PNTWE ST
(pls 32 Sblar 255 59) deagrs ramrlogp 5Tt (o1 yo (sl 2 o ) ] il
ab Means within same row with different superscripts differ (P<0.05).
! Control= without any supplementation

2 Buffer= sodium bicarbonate supplementation (One percent daily ration)
3 Me + Sc= Megasphaera elsdenii (Three milliliters per animal) + Saccharomyces cerevisiae (Two grams per animal)
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ol 030 Y Jgan p3 28l5 09,5 b dunlie jd Ko oS

o a3t ey alofl elajlos o)l ine S
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2lo 4 Cond aals )3 5y Colue g C)S Bos o p )] potl]
(P<e/+0) 390 jir 5 )b sine yobts bajloss

Sl sy g e iS5 e 1 oy sl | i
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Bl 3 o BB G5 iy b ol 5 S Gos
Strusinska ) 1, (5,155 o&iwd jl (sdae slgo Cln 5 puin ol
yudiw 5 ol 4> ya #8lg 5> (et al., 2009; Wang et al., 2009
2l @y e Gl sl 929 S a8 L 5 sk 5 4
y9a> o 3,k 3l (Attaix and Meslin, 1991) ub o yiol38 )]
Silme Bl dxwg (Lol WIS 8 O slanwl Cla
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Sl (5185 ol sdny (el i 4 s o] Js! 5 (2020
039y chlizee (glo (i )3 jp Colme 5 Cun)S Bos Gy EW)
eyl iolel bYs 5l (S5 adls 5o ol osalin sald o (panda
Sl Cla cud)ls liEl el bl b )3 50 a9 50
Mashayekhi et al., ) cwl pH (g)lub & S g )13 o>
3l osiS el ol > b asls ol Lials (ol ks (2020
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Vo g digle Aoyd Vo s 4 (TMR) Liglses Mol &g —oay
@ sl as ) (Ve g A
0 Jyi) 8,5 )5 oy sl 3 o 4y ] (s oo

CSyb ol Ghmggy )3 ool |3)90 mades SluyS (o 3L
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il (olnl =jlgal = SUMe) Gl job (b @lio 5 (5)5liS
dw 4SS xle (Mohammadabadi et al., 2018) i ags o
Cuz 0y93 Job 5l pleg aidn )3 o (23ST)95 Sl celw
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oS dbgore o B 2 I ey 00 HLES jlagi ya glaoy
A5 B gl el Ll U spe anl 5l ()l o s g 5L
S)p 039y Slae Ui g S S 039y peibl g P peidpd
sgbds Baiged | Sy 2 Wad b e il Sy Jgbay (Slidab
L 03l Jly8 o3 Ve ylloyd ol iy > Byl o S8l
;| o ((Garcia Diaz et al., 2018; Khorasani et al., 2021)
S—53al> S5l S pe 4 (Bl Sy g (69905
5 osliwl b 8L cladiges oBiulejl > as Jaie olgél
g 65 B 0l 3 (0 oy Sl 5P sl S
il SRM 200 CW Jio) Sakura .1 > pgig,Sie oS
Sloolawl b g s yiogySn gy Cuolie b &y ablie (o
Wang et al., 2009; ) B33 (el S5y 32598 —pabenS gilon
—yp e (28l wlu.ai 4 (Khorasani et al., 2021
3 aallas )50 glo (a3l (65 o)l 85 18 (9Swg S
Joe) NIKON gSasgySino ) ooliiusl b calises (gl k3 S5
15 plool ons 5,8 5 zpke cla w2 b (0l cle YS100
Gir R g Bl Gy Wses o 5l g Wged d 09)S 0 )
(85 pSoll 5 islass 5K 5550 e Sl JShas (3l
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o 5o )3 (poibl g piS paigaga) e39) cilie (sla iz >
latan S5 el glaJsho 3985 JSd4y 039, blbre Cledl jlos
odnliio Judgi gl Ciglaio il pd by fuw Lows My s 52 1 !
39555 s o St o3P Ot sy A
Sl sladsls 3985 5 Cledl 5l (U Wy e ot 5 B2
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9 PP 0 CnyS Boe 4 g5 Cuud dgut0 ocul iy (2013
e b g oo Sl dg33l S sl s slajles )3 pgss
P PH ousS oo gla 33938 1 eoliiwl oo gl I lg3 oo )
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(DFM) 55 ostons G pne b 2555 (slaogs b o Kiimgs,
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Figure 1- Duodenum (D)- D1, D2 & D3: Sticking the heads of villuse together, Infiltration of mononuclear inflammatory cells
and eosinophils in mucosa and submucosa. D1& D2: X40 and D3: X100. Hematoxylin-Eosin staining
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Figure 2- Jejunum (J): J1, J2 & J3: Infiltration of mononuclear inflammatory cells and eosinophils in mucosa and submucosa.
J1& J2: X40 and J3: X100. Hematoxylin-Eosin staining
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Figure 3- lleum (1): 11& 12: Sticking villuse together, Infiltration of mononuclear inflammatory cells and eosinophils in mucosa,
X40. 13: Abundant presence of eosinophils, Arrows: Existence of coccidial oocysts, X400. Hematoxylin-Eosin staining
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Figure 4- Colon: C1: Complete cross section of the large intestine, X40. C2: Villi necrosis and infiltration of mononuclear
inflammatory cells in the mucosa and among of the lieberkuhn glands, X100. Infiltration of mononuclear inflammatory cells in
the mucosa and among of the lieberkuhn glands, X400. Hematoxylin-Eosin staining
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Tables 3- Rumen fluid pH of lambs fed with diets

.. o )los

CM iabl Treatment SEM P-value
anable Control! Buffer? Me + S¢?

pH* 6.540 6.872 6.80% 0.0654 0.0257

AP /v o) aiilpe o sine BB gl S it Bgys b i) o (slopSike 2P
9l w68 ym 1316 =aals!
(355 002 0> o) Sp)S (g2 oaos =317
(P> 2 Sljlar 35 99) dasrgor pupmrlog)5Tlot (ol o Slilar y2d e a) (! [l
ab Means within same row with different superscripts differ (P<0.05).
L Control= without any supplementation
2 Buffer= sodium bicarbonate supplementation (one percent daily ration)
3 Me + Sc= Megasphaera elsdenii (three milliliters per animal)+ Saccharomyces cerevisiae (two grams per animal)
43 hours after morning feeding
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Introduction: Maternal stimuli, such as nutrition, result in developmental adaptations by the fetus which
changes physiology and metabolism of offspring. In ewe energy level and source during gestation have been shown
to impact lamb performance. Supplementation of fatty acids during gestation has been shown to affect offspring

in dairy cattle and sheep. The omega-3 (n-3) fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) are particularly bioactive and can alter physiology and metabolism by increasing the transcription of
lipolytic genes and decreasing the transcription of lipogenic genes, potentially increasing the utilization of fatty
acids for energy, which yields more energy than other metabolizable nutrients. The bioactive properties of EPA

and DHA allow them to affect offspring development through changes in metabolism in non-ruminant species.
Therefore, we hypothesized that supplementation of EPA and DHA will alter metabolism of pregnant ewes, which
in turn will modulate growth and metabolism of the offspring.

Antioxidants protect the body against free radicals that are responsible for causing more than 100 diseases.
Among the most important natural antioxidants are retinol (vitamin A), carotenoids, tocopherol (vitamin E),
ascorbic acid, butyric acid, EPA and DHA. Long-chain unsaturated fatty acids have high antioxidant power, as it
is reported that EPA and DHA have the same antioxidant capacity as vitamins. It has also been reported that
supplementation of EPA, DHA in the diet of dairy cows has increased the concentration of antioxidants in milk.

Materials and Methods: 45 ewes were selected while were in the last two months of pregnancy and randomly
assigned to three treatments, including control (first treatment) second treatment which received EPA and DHA
supplement and third treatment received a basal diet with one percent calcium fat supplement. Plasma samples
were collected to measure glucose, triglycerides, cholesterol, total protein, albumin, globulin, urea nitrogen, non-
esterified fatty acids, beta-hydroxybutyrate and antioxidants. The amount of milk production and milk composition
were also determined.

Results and Discussion: There was a significant difference in birth weight between different treatments. In a
study conducted on dairy cows in the last weeks of gestation with long-chain unsaturated fatty acids, the birth
weight of calves born on long-chain unsaturated fatty acid supplementation was significantly different compared
to other treatments. In another study, the birth weight of lambs whose mothers received fat supplement was not
significantly different from the control group. Plasma concentrations of glucose, non-esterified fatty acids and
beta-hydroxybutyrate were significantly different between treatments. Supplementation of ewes in the last two
months of pregnancy with eicosapentaenoic acid and docosahexaenoic acid fatty acids increased glucose and
decreased non-esterified fatty acids and beta-hydroxybutyrate compared to other treatments, which releases fatty
acids from the tissue to reduce energy balance to provide the energy needed for breastfeeding. In a study it was
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found that addition of trans fats to the diets of pregnant cows reduced glucose levels and increased NEFA, possibly
due to increased circulating fat. There was no significant difference in the amount of blood metabolites such as
triglycerides, cholesterol, total protein and urea between treatments.

Milk production in 3 hours showed a significant difference between treatments, as EPA and DHA
supplemented group produced more milk than other groups, which can be attributed to the higher amount of blood
glucose in this treatment. Experimental diets had no effect on the amount of protein, fat and total SNF of milk. It
was also observed that consumption of 18 mg per kg metabolic body weight during pregnancy did not show any
change in milk parameter.

The use of EPA and DHA supplements in the diet of pregnant ewes increased the total antioxidant capacity of
milk and colostrum. Omega-3 fatty acids reduce the effect of free radicals. In this way, omega-3 fatty acids may
increase the level of catalase in the peroxisomes and cytoplasm and, thus, improve the defense against free radicals.

Conclusion: The use of EPA and DHA supplementation in pregnant ewes caused significant changes in the
birth weight of lambs, milk production and the amount of antioxidant production in milk and colostrum. It also
altered glucose, non-esterified fatty acids and beta-hydroxybutyrate in the plasma metabolite on lambing in ewes.

Keywords: Beta-hydroxy butyrate, Calcium fats, Non-esterified fatty acids
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Table 1- Ingredients and chemical composition of feeds in the basal diet

0 yu> LSI)>|
Diet components
o ab o
o piS oS o als piiS g Basal
Wheat straw Barley Wheat bran diet
Alfalfa (25%) (21%) (16%)
(38%)
(h02) S5 osle 92 92.3 89 90.2 91.15
Dry matter (percentage)
(S 3lo 2,3) J osle 91.6 93.6 94.9 934 93.08
Organic matter (percentage of dry matter)
(i o2le 223) P iy 14.91 4.61 105 16 11.58
Crude protein (percentage of dry matter)
(S ole 20,3) (sl o e 1.78 1.8 1.6 1.82 1.75
Ethere extract (percentage of dry matter)
(S ke 203) S 50.4 57.8 20.7 49.3 4583
NDF (dry matter percentage)
(S 0o 20) s> 36 50.23 7 1153 29.55
ADF (dry matter percentage)
(i osle 2.03) oS 8.4 7.02 5.1 6.6 7.07
Ash (percentage of dry matter)
(e 5 5kS > s JE150) puidgilio LB (5551
Metabolizable energy (megacaloriey per kilogram) 21 15 3 2.5 2.20
1
(i o2ls 2.2 1.88 0.05 0.05 0.13 0.75
Calcium (percentage of dry matter)
(S 3lo 22,3) 28 0.29 0.06 0.32 0.7 0.31

Phosphorus (percentage of dry matter)

1 Metabolizable energy was calculated according to NRC (2007)
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Fatty acid profile (%)
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20:0 0.24 0.13
20:5n-3 4.69 0.05
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22:6 n-3 4.201 0.1
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Table 3- Effect of fat supplementation on lamb birth
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Experimental treatments 3kl (sl Jlaial) laia
ald 5 ) S il 5 S0 JaSa > S b yeSilee
sl S 53 380 558 50 alS SEM P-Valu
control EPA and DHA Fat calcium

V5 ok 3.88 5,042 3.87b 0.0409 <0.0001
Birth weight
[ W) ..\J9~o oy Sy
Number of lambs 16 15 15 - -
born
ol Waie 4 0y Al
Number of male 8 8 7 - _
lambs
(R ,\J9~o odlo oy dlass
Number of female 8 7 8 - -
lambs
2j9l8ed olus 1 0 0 ) ]

Number of twins
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! Means with different superscript letters in each row indicate significant difference (P<0.05).
21- Control treatment 2- EPA, DHA supplemented group from last two months of pregnancy 3- Fat supplemented group in the last

two months of pregnancy.
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Table 4- Effect of fat supplementation on ewes Plasma metabolites on parturation
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! Means with different superscript letters in each row indicate significant difference (P<0.05).
21- Control treatment 2- EPA, DHA supplemented group from last two months of pregnancy 3- Fat supplemented group in the last

two months of pregnancy.
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Table 5- The effect of fat supplementation on milk production and composition
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hours(gr)
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Milk protein,
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! Means with different superscript letters in each row indicate significant difference (P<0.05).
21 -Control treatment 2- EPA, DHA supplemented group from last two months of pregnancy 3- Fat supplemented group in the last
two months of pregnancy.
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Table6- The effect of fat supplementation on the antioxidant activity (umol Fe2* / L) of milk and colostrum
" oinbel slales
Experimental treatments

Pl el , 5 i) St i) 55 JeSe LosSbe bl o e
Antioxidant activity KIS "re 'U';-;‘ S50 edS o a SEM
Control ~ = TEEISIS Calcium fat
EPA and DHA

39! 2057.63° 2389.38?2 2012.92° 49.74 <0.0001
Colostrum

)l\';lj?lk 2061.63° 2394.432 2023.74b 57.04 0.0002

[
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! Means with different superscript letters in each row indicate significant difference (P<0.05).
21- Control treatment 2- EPA, DHA supplemented group from last two months of pregnancy 3- Fat supplemented group in the last
two months of pregnancy.
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Introduction: Today, livestock and poultry health in an advanced production system is a major challenge
affecting human health and the global economy. Antibiotics have been used in poultry nutrition for many years.
Chickens are raised with the assistance of the regular use of antibiotics, not only for the prevention and treatment
of diseases but, also, for body growth. Overuse and misuse of antibiotics in animals are contributing to the rising
threat of antibiotic resistance. In recent years, as a result of increasing concerns about the possibility of developing
antibiotic-resistant strains, as well as the fact that they remain in animal tissues and eventually ban their use, the
use of compounds such as organic acids, probiotics, prebiotics, enzymes, etc. as safe alternatives have been widely
considered in poultry nutrition. Organic acids are a good alternative to antibiotics in poultry diets. These are
improving the immune system of broilers by acidifying the gastrointestinal tract and improving the intestinal
microflora. Organic acids cross the bacterial membrane; inside the bacterial cell, it produces hydrogen ions and
bicarbonate, which eventually increases the acidity. Therefore, they force the bacteria to consume energy in order
to keep the acidity constant, which leads to their death. Coating of organic acids prevents its dissociation and
digestion in the stomach so that the biological effect of organic acids reaches the distal parts of the gastrointestinal
tract and is effective in intestinal microflora and mucosal morphology. This study was performed to investigate
the effect of encapsulated organic acids on microbial population, intestinal acidity, blood indices, nutrient
digestibility, and viscosity of digestive contents, carcass characteristics and performance of broilers.

Material and Methods: 150 male broiler chickens of Ross 308 commercial strain as one-day-old were
allocated in a completely randomized design with 5 treatments, 3 replications and 10 chickens per replicate.
Experimental treatments included: 1. Basal diet 2. Basal diet + commercial Organic acid 3. Basal diet + Non-
encapsulated organic acid 4. Basal diet + Encapsulated organic acid 5. Basal diet + encapsulated organic acid +
Non-encapsulated organic acid. On day 42 of the experiment, one chickens from each experimental unit, which
were close to the weight average of that unit, were selected and blood samples were taken from their wing veins.
AT 42d, from each replication, a chick with the same weight as the average weight of the experimental unit was
taken and their live weight was recorded and slaughtered. Also, from each replication, a chick with a weight similar
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to the average weight of the experimental unit was selected and their live weight was recorded and slaughtered.
Then, different parts of the carcass were weighed by peeling and emptying the viscera. In order to evaluate the
microbial population of the intestines of the tested broilers, at the age of 42 days, one chick from each experimental
unit was selected with conditions close to the weight average of the relevant unit and after weighing, it was
slaughtered. The microbial population of Lactobacillus and gram-positive and gram-negative bacteria were
studied.The data were statistically analyzed by statistical software using GLM procedure. The means were
compared by Duncan method at the significance level of 0.05%.

Results and Discussion: The result showed that in growth cycle, weight gain during the growth period and the
whole period in the treatments containing encapsulated organic acid showed improvement and a significant
difference with the control treatment. The addition of organic acids to the diet during the growth period reduced
the conversion coefficient compared to the control group. Feed intake in the treatments containing capsular organic
acid showed a significant decrease compare to the control group. The acidity of the duodenum and jejunum showed
a significant decrease compared to the control group. The addition of encapsulated organic acids significantly
reduced the total number of coliforms in the ileum and duodenum and increased the number of lactobacilli in the
ileum. Also, experimental treatments increased the apparent digestibility of crude fat compared to the control
group. The weight of the lymph nodes (bursa and spleen) also showed a significant increase under the influence
of organic acids.

Conclusion: The results of current experimental study showed that the usage of encapsulated organic acids in
broiler chicken diets, reduces the acidity of the digestive tract, reduces the intestinal microbial contamination,
creates favorable conditions in the digestive system, improves digestibility of the nutrients, and performance of
the bird's growing birds.

Keywords: Broiler chickens, Digestibility, Encapsulation, Microbial population, Organic Acid
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Table 1- Ingredients and chemical composition of experimental diets (percentage)

oy slil (539, YO -X¥Y) SbL (5595 V) YY) 1) (Sior A=) enslel (5590 ) V) onjtel
Components of diet Finisher (42-25 d) Grower (11-24 d) Starter (8-10 d) Starter (1-7 d)
)5 4> 61.62 56.61 51.79 51.79
Corn

b oS 3111 36.32 40.40 40.40
Soya bean meal

bow ) 321 2.7 3 3
Soybean oil

i el (53 1.40 1.56 1.76 1.76
DiCalcium phosphate

oS LS 1.02 1.11 1.2 12
Carbonate calcium

Vo .

by JoSa 0.25 0.25 0.25 0.25
Vitamin premix!

Yy .

e deSa 0.25 0.25 0.25 0.25
Mineral premix?

oz J-o>. 0.29 0.32 0.37 0.37
DL- methionine

o = 0.23 0.24 0.30 0.30
L- lysine (%)

osgs =J! 0.07 0.09 0.13 0.13
L- threonine (%)

S 0.25 0.25 0.25 0.25
Salt

Ot S 0.15 0.15 0.15 0.15
Nahco3

Pl S5 y 0.15 0.15 015

Organic acid composition -
ke 0.15
Sand - - -

odd dpwloee oS

Calculated analysis

(P51 J55LS) puddiio JI8 5 3093 2096 2900 2900
Metabolizable energy (Kcal/kg)

(0,3) P& xS0 18.85 20.78 22.23 22.23
Crude protein (%)

(12)3) o 0.79 0.87 0.96 0.96
Calcium (%)

(o3) 3 B o 0.39 043 0.48 0.48
Available phosphorus (%)

(o3) g 0.15 0.15 0.5 0.5
Sodium (%)

(o) 025 1.03 1.15 1.28 1.28
Lysine (%)

(+223) 03] 111 1.24 1.34 134
Arginine (%)

(2)3) Ot + Origeie 0.80 0.87 0.95 0.95
Methionine + cysteine (%)

(+20%) 05 0.69 0.77 0.86 0.86

Threonine (%)
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VD g p S e S S ol e S o W Sy sl S (o YD sl 5 S e /) BL2 (eling oS o gy oS e S sl i (s Mooy p S e
P35 e

g1 p S ke IV SIS 905 o S d S e ok Sl Ve o S e 0 sy S Voo 500 p S £ ol oS (b o p SkS 50 50 (e JoSo
YEach kg vitamin premix was contained: 10000 IU vitamin A; 3500 IU vitamin D3; 60 mg vitamin E; 3 mg vitamin K; 3 mg vitamin B1; 6 mg
vitamin B2; 5 mg vitamin B6; 0.01 mg vitamin B12; 45 mg vitamin B3; 1 mg Folate
ZEach kg mineral premix was contained: 60 mg Fe; 100 mg Mn; 60 mg Zn=; 10 g Cu; 1mg I; 0.2 mg Co
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Table 3- Effects of different levels of autolyzed yeast on the egg quality traits of laying hens during the experiment

o axin (1 yd Voo 30 (s o) 02 3551 oo prdas SEM
Traits Weeks Autolyzed yeas level (CC/1000L) P-Value
Control (0) 250 500 750
Py i 71.60 80.16 77.91 80.10 3.52 0.282
sl sy 4 week
Haugh unit
ol dian 81.85 84.00 82.90 81.50 1.84 0.770
8t week
2225 %) Pl swin 6.79% 7050 6540 6046 0257 0015
Yolk color 41 week
i < 6.632 6.27% 5.91bc 5.58¢ 0.149 <0.0001
8t week
gy Canglin
(e ool p )3 5ks) f”tﬁ*: ke 2.01 200 170 198 0197  0.71
(kg/cm3) strength Eggshell 4" week
ol i 1.29 1.63 1.40 1.24 0.158 0.316
8t week
(H“Lm) Pl i 0.371 0.372 0.354 0.378 0.007 0.620
(mm) thickness Eggshell 4t week
ik i 0.355 0.358 0.350 0.008 0.840
8t week

(P <1+ w3lgo (g o stne BT gl ()l Bl 4y aslitepé gy b s, 5 (slagseSiba
significantly (P<0.05). #¢ Means within same row with different superscripts differ
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Table 4- The effect experimental treatments on blood parameters in day 42-day (mg/dl)

(sl S o) (595 ¥V 52 58 slaeomiual 3
blood parameters in day 42-day (mg/dl)

iale j sbyles 9;,,{\ &g\fl ol )L,,J IS b i
Experimental diets il Syl el Hi gﬁ w9 e 45
Alanine Aspartate Density. Choles Triglycerid Glucose
aminotransfer  aminotransa Linonrotein -c terol
ase (U/L) minase (U/L) Pop
298 g 2ald 3.33 264 78.69 152.67 60.67 211.67
Control
&S u” KW
Commercial Organic 3.33 228.67 72.03 132 62.33 186.67
acid
g o J g
Non-encap5u|ated 3.66 376 71.75 133.67 51 177.33
organic acid
guS I al
Encap5u|ated Organic 4 234 78.28 143.33 56 186
acid
sl + g
guS e
Encapsulated organic 3.66 213.67 76.68 132.33 55 196
acid+ Non-
encapsulated organic
acid
SEM! 0.6 39.6 2.27 12.1 7.64 13.74
P-value 0.92 0.06 0.14 0.7 0.83 0.48

(P<T0) wail ooyl sine SIS s S ey gy b (ysiw o (s uSle 2P

xSobe 31 3llil sllas 1

b Means within same column with different superscripts differ (P < 0.05).

1 Standard error of the means
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(Hu and g oo 3950 039, (29y5we Cunen yuis ) byl Lids
0l 0,3 JI sladuwl a5 sisls s ldi~e .GUO, 2007)
Ngd s i g ojdglie yorlo (B)lS olwd (ol slaciend )
25,8 slegiy yaie 13| (Thampson and Hinton, 1997)
a2 gl Jis] o 2 by by JI glaswl Gligs, «
1y o5l el Indpus] ) 45 355 o 5l olsd ool (glacaand



AA

93 4 i

£y

VoY 5l o) 0ylods M8 alr oyl 1l ol poke (6

| T A A

g AN 0 4 L ol 0 2 jece =T e (04> d)

SUBAW Y} JO JOLID PIEPUBIS |

(S0°0 > d) Joyy1p S1dLIDSIAANS JUIIYIP YHIM UWIN[OD JUILS UILRIM SUBN .,

LY0 2000 76200 601T°0  ¥90L°0 S0 S00°0 660 €870 991°0 anjea-d
61°0 ¥0°0 800 Te00 S1°0 YTl cre PI'L L60°0 960°0 | NES
pioe o1uesio pajensdeoud
LTE oL1°9 q08°S S0'9 86°L PI'8L  .SL'E9 vhes SS'l w ~UON +PI9E dluesio paje[nsdeouy
e |7 S + e 7 7% s
) ) ] ) ) ) ) ) ] ) p1oe o1uedio pajensdesuy
S qlT9 eST9 €59 LoEL’L 0€'1S e$9°9¢ €6'¥S 4| 81l e (0 s
) ) ) ) ) ) ) ) ] ) p1oe o1uesio pajejnsdesua-uoN
st q601'9 q06°S 66°S LE96'L €6'1L e16S 99°¢¢ Lyl 06°1 e | 5 sy
) ) ) ) ) ) ) ] ) ) pIoB O1UBSIO [BIQIQWIWO))
L9¢ qC9 20T9 €L'S €€96'L YO°LS v’ 19 €69 8¢°1 LET e | s
(uonippe ou) jonuo)
€9°¢ 2959 q00'9 09 €770'8 6¥'LS ql9°CY LO8S Sl 091 e 60 gf6e

1eZZ1 wnuapon(  wnunfof  wWNJ[[  WNO Sy Jej pni e ol oty L
pezzin P 3 el 9 4 S0 £1q JOSIUAUOD Y} JO SIUAUO) s101p [eyudwLIAdXE
e cbfcaw ((kd 6 b AsE KE gl PR ki (69 ek (8¢ (@9 (o)™

N A LR 2T faad (£} ¢ Ll
(%) syuaLnu (do) K31s00s1A
mES:oos_M“_.mmBEobmmwMM Hd Jo Apiqusagip juareddy ™ #)
IQ A CrIg|e Mm_ “ Mm—«nﬂ{}..kmu vm_n. q.).MJ A_.NA:.?.J nNQA.V m,_p!‘“m«.muv Shum.JJ adla,vJ AMNA:JL.

sjuuod [eunsajuronsed jo Hd pue (do) K1sodsiA (o) syuarnnu jo A1j1qnsasip juaredde uo sjusuwean fejuawiniadxa Jo 19919 Y] -S d[qe L
6 0 € FAN (77 K (KD g oxy) (s o Ermshing enchiye e commgo (o7 (K e () € pd ey cmmgio (o0



v g 3y I ol jleoliiwl qw) ol Kon g Lslo

A4

SUBAW A} JO JOLID pIEpuL)S

I

(5070 > d) JopyIp $1dLI9SIAANS JUIIJFIP YA UWN[OD SWES UIYIM SUBDA . .,

;T e [ st
oo TESTNT o€ 0y Ll S ol i pece = e (04> d)

80°0 0S°0 100°0 ¥8°0 900°0 100 L0°0 88°0 90°0 on[eA-4
v1°0 L1°0 00 1€°0 LT0 01°0 110 LT0 $T0 | WAS
proe
o1uesio pajernsdesud
-UON +pr1oe
€9y 0r's @99t 8ty €09 o LL'Y 8'9 659 €0°S oruesio pajensdeous
o
oy i S
proe
wy s 2y 10°S 2009 g LEY £€9°9 LS9 LIy e
Ll ol i
p1oe o1ue3Io
88y 66t o V8 TS 09V 0 67 €69 0809 90°S PRIBASHEIER-TO0K,
[ gl
proy
8LV v8't - 14NS QLY 2 187 0L'9 0¥'9 9 OIUESIQ [ERISWWO)
I | 25
[onuo)
€S 69t 2 067 €S 8L 2 767 88'9 $9'9 20°S —
BLIDIOR( BLID)ORQ BLID)OR(
— Sn[[IoeqOIdORT  WIOJI[0)) - SN[[I0BqOIdORT]  UWLIOJI[0D) — sn[[oeqoIdRT  WLIOJI[0D) sya1p [epudwLIdXy
; &< , L : L (S (o™
54 o RsSa{ S Qs o RS s 5P o RsEasf s i [
wnuapon(] wnodI wnad))
NI Gl séd

S19[101q JO (3/N1D307) uonendod [e1qOIdIW [BUIISAIUI UO SJUIWILAI) [BIUSWILIAXD JO 1991J2 Y], -9 J[qB L
Seb[ - € TS ((oip K Sori 56 Chco (G g0 Fo) H<vey? e



VE4) kg o) oylasd 00 s oyl ools pole Gloslidoly 4y A0

IS (8 5 4o

Claawl Slig sy Cusl (Sew wddd o oyl Guis ol s

ol ol slaciaud (5 s wl v dn jl Sl b
ol ool slacioud )3 )] s cullad Lais ¢ )lgS
UilS g b JesbgiSY Cuman Uil g PH inlS oo LblsS
o555 oglla Lyl sl b T (slndol 23955 Lop 3 IS annos
Sge o (5350 ge gy > 9 SR BS LRIF g W)l
5 Vbl (5bsS Sdrgr (ol Gl Gl 5 4y 5 Shes
elie (0l Wedgld (DS (53953 G plgis s Al
bl eS slads g 0y (D Ad) S oo dmﬁ“yu‘j &l

oy ol sl Il sl fige olb vl S
03)325 & G 155 0bS JI (slntaol oS il oyl s S,
Y L 3]s o o] 15 g 5551 ko
PH (il corge 9 418 (o0 g5 (J95n (o2 ok 515
2 IS o ool 35250 (lagygl izpn D9—de Jsl
g oo (Jolw g cils » MBS ;5 s DNA sl
PH o2 )3 (65l Bymo b sl jgome Jobow Cunidg ] 5
PH Lials 8g) dae 09 (gilsn o cleay bl il asly b
Crespo et ) d5i oo 658k Syo &y yoxin Coles j0 5 00 Sydils
(al., 2002

References

1.

10.
11.

12.

13.

14.

15.

16.

Abdelli. N., Pérez., J., Vilarrasa, E., Duran, D., Cabeza Luna, I., Karimirad, R., & Sola-Oriol, D. (2019).
Microencapsulation improved fumaric acid and thymol effects on broiler chickens challenged with a short-term
fasting period. Frontiers in Veterinary Science, 15, 1-14.https://doi.org/10.3389/fvets.2021.686143.

Abudabos, A. M., Alyemni, A. H., Dafalla, Y. M., & Khan, R. U. (2017). Effect of organic acid blend and Bacillus
subtilis alone or in combination on growth traits, blood biochemical and antioxidant status in broilers exposed to
Salmonella typhimurium challenge during the starter phase. Journal of Applied Animal Research, 45(1), 538-542.
https://doi.org/10.1080/09712119.2016.1219665.

Adil, S., Banday, T., Bhat, G. A., Mir, M. S., & Rehman, M. (2010). Effect of dietary supplementation of organic
acids on performance, intestinal histomorphology, and serum biochemistry of broiler chicken. Veterinary Medicine
International, . https://doi.org/10.4061/2010/479485

Alp, M., Kocabagli, N., Kahraman, R., & Boston, K. (1999). Effects of dietary supplementation with organic acids
and zinc bacitracin on ileal microflora, pH and performance in broilers. Turkish Journal of Veterinary and Animal
Sciences, 23(5), 451-456.

AOAC International. (2006). Official methods of analysis of AOAC International. 18" ed. AOAC Int.,
Gaithersburg, MD.

Ashayerizadeh, O., Dastar, B., Shams Shargh, M., & Khomeiri, M. (2008). Effect of several growth promoter
additives on performance, carcass characteristics and hematological values of broiler chicks. Journal of Agricultural
Sciences and Natural Resources, 15(5). (In persian).

Bartov, I. (1983). Effects of propionic acid and of copper sulfate on the nutritional value of diets containing moldy
corn for broiler chicks. Poultry Science, 62(11), 2195-2200.

Bolton, W., & Dewar, W. A. (1965). The digestibility of acetic, propionic and butyric acids by the fowl. British
Poultry Science, 6(2), 103-105.

Bosi, P. (1999). Feeding strategies to produce high quality pork-Review. Asian-Australasian Journal of Animal
Sciences, 12(2), 271-281.

Cave, N. A. G. (1984). Effect of dietary propionic and lactic acids on feed intake by chicks. Poultry Science, 63(1),
131-134.

Crespo, N. P., Puyalto, M., Carro, M. D., Ranilla, M. J., & Mesia, J. (2002). Acidos orgénicos en dietas para
rumiantes. Albéitar, 57, 48-50.

Chichlowski, M., Croom, W., Edens, F. W., McBride, B. W., Qiu, R., Chiang, C. C., & Koci, M. D. (2007).
Microarchitecture and spatial relationship between bacteria and ileal, cecal, and colonic epithelium in chicks fed a
direct-fed microbial, PrimaLac, and salinomycin. Poultry Science, 86(6), 1121-1132.

Cinar, M., Cath, A. U., Kiiciikyilmaz, K., & Bozkurt, M. (2009). The effect of single or combined dietary
supplementation of prebiotics, organic acid and probiotics on performance and slaughter characteristics of
broilers. South African Journal of Animal Science, 39(3). https://doi.org/10.4314/sajas.v39i3.49152.

Dibner, J. J., Vazquez-Afdn, M., Parker, D., Gonzalez-Esquerra, R., Yi, G., & Knight, C. D. (2004). Use of Alimet
feed supplement (2-hydroxy-4-(methylthio) butanoic acid, HMTBA) for broiler production. The Journal of Poultry
Science, 41(3), 213-222. https://doi.org/10.2141/jpsa.41.213.

Dibner, J. J., & Buttin, P. (2002). Use of organic acids as a model to study the impact of gut microflora on nutrition
and metabolism. Journal of Applied Poultry Research, 11(4), 453-463.

Dorman, H. J. D., & Deans, S. G. (2000). Antimicrobial agents from plants: Antibacterial activity of plant volatile


https://www.frontiersin.org/people/u/1326972
https://www.frontiersin.org/people/u/1269540
https://www.frontiersin.org/people/u/1490951
https://www.frontiersin.org/people/u/1492361
https://www.frontiersin.org/people/u/1350734
https://www.frontiersin.org/people/u/718661
https://doi.org/10.3389/fvets.2021.686143
https://doi.org/10.1080/09712119.2016.1219665
https://doi.org/10.4061/2010/479485
https://doi.org/10.4314/sajas.v39i3.49152.
https://doi.org/10.2141/jpsa.41.213.

1)

v S 3y sﬁ ol 3l oolisiw! (cwy oyl ) op g oy LBsLo

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

oils. Journal of Applied Microbiology, 88(2), 308-316.

Fenton, T. W., & Fenton, M. (1979). An improved procedure for the determination of chromic oxid in feed and
feces. Canadian Journal of Animal Science, 59, 631-634.

Garcia, V., Catala-Gregori, P., Hernandez, F., Megias, M. D., & Madrid, J. (2007). Effect of formic acid and plant
extracts on growth, nutrient digestibility, intestine mucosa morphology, and meat yield of broilers. Journal of
Applied Poultry Research, 16(4), 555-562.

Gauthier, R., Grill, E., & Piva, A. (2007). A microencapsulated blend of organic acids and natural identical flavours
reduces necrotic enteritis-associated damages in broiler chickens. In Proc. 16" Eur. Symp. Poultry Nutrition,
Strasbourg, France. 515-518.

Ghazalah, A. A., Atta, A. M., Elkloub, K., Moustafa, M. E. L., & Riry, F. S. (2011). Effect of dietary
supplementation of organic acids on performance, nutrients digestibility and health of broiler chicks. International
Journal of Poultry Science, 10(3), 176-184.

Gunal, M., Yayli, G., Kaya, O., Karahan, N., & Sulak, O. (2006). The effects of antibiotic growth promoter,
probiotic or organic acid supplementation on performance, intestinal microflora and tissue of broilers. International
Journal of Poultry Science, 5(2), 149-155.

Hassan, H. M. A., Mohamed, M. A., Youssef, A. W., & Hassan, E. R. (2010). Effect of using organic acids to
substitute antibiotic growth promoters on performance and intestinal microflora of broilers. Asian-Australasian
Journal of Animal Sciences, 23(10), 1348-1353.

Hernandez, F., Garcia, V., Madrid, J., Orengo, J., Catala, P., & Megias, M. D. (2006). Effect of formic acid on
performance, digestibility, intestinal histomorphology and plasma metabolite levels of broiler chickens. British
Poultry Science, 47(1), 50-56. https://doi.org/10.1080/00071660500475574.

Hu, Z., & Guo, Y. (2007). Effects of dietary sodium butyrate supplementation on the intestinal morphological
structure, absorptive function and gut flora in chickens. Animal Feed Science and Technology, 132(3-4), 240-249.
Huyghebaert, G., Ducatelle, R., & Van Immerseel, F. (2011). An update on alternatives to antimicrobial growth
promoters for broilers. The Veterinary Journal, 187(2), 182-188.

Izat, A. L., Adams, M. H., Cabel, M. C., Colberg, M., Reiber, M. A., Skinner, J. T., & Waldroup, P. W. (1990).
Effects of formic acid or calcium formate in feed on performance and microbiological characteristics of
broilers. Poultry Science, 69(11), 1876-1882.

Jang, I.S.,Ko, Y. H.,Kang, S. Y., & Lee, C. Y. (2007). Effect of a commercial essential oil on growth performance,
digestive enzyme activity and intestinal microflora population in broiler chickens. Animal Feed Science and
Technology, 134(3-4), 304-315.

Jeroncic, L. O., Cabal, M. P., Danishefsky, S. J., & Shulte, G. M. (1991). On the diastereofacial selectivity of Lewis
acid-catalyzed carbon-carbon bond forming reactions of conjugated cyclic enones bearing electron-withdrawing
substituents at the. Gamma.-position. The Journal of Organic Chemistry, 56(1), 387-395.
https://doi.org/10.1021/jo00001a070.

Khosravi, A., Beldachi, F., Dastar, B., & Hasani, S. (2009). Investigation the possibility of using nettle extract and
propionic acid as suitable alternatives to antibiotic growth promoters in broiler chickens diets. Animal Sciences
Journal.

Kreuzer, M., Kirchgel3ner, M., & Steinhart, H. (1988). Effect of the level of energy and protein and protein supply,
respectively of age on the amino acid composition of broiler chicks. Archiv fur Geflugelkunde, 52(4), 133-141.
Langhout, P. (2000). New additives for broiler chickens. World Poultry, 16(3), 22-27.

Leeson, S., Namkung, H., Antongiovanni, M., & Lee, E. H. (2005). Effect of butyric acid on the performance and
carcass yield of broiler chickens. Poultry Science, 84(9), 1418-1422.

Mellor, J. M., Mittoo, S., Parkes, R., & Millar, R. W. (2000). Improved nitrations using metal nitrate—sulfuric acid
systems. Tetrahedron, 56(40), 8019-8024.

Mroz, Z., Koopmans, S. J., Bannink, A., Partanen, K., Krasucki, W., @verland, M., & Radcliffe, S. (2006).
Carboxylic acids as bioregulators and gut growth promoters in nonruminants. In Biology of Growing Animals, 4,
81-133.

National Research Council. (1994). Nutrient Requirements of Poultry. 9" rev. ed. Natl. Acad. Press, Washington,
DC.

Nguyen. D. N., Nguyen, K. Y., Mohammadigheysar, M., & Kim, I. H. (2018). Evaluation of the blend of organic

acids and medium-chain fatty acids in matrix coating as antibiotic growth promoter alternative on growth
performance, nutrient digestibility, blood profiles, excreta microflora, and carcass quality in broilers. Poultry
Science, 7, 4351-4358

Ndelekwute, E. K., & Enyenihi, G. E. (2017). Lime juice as a source of organic acids for growth and apparent
nutrient digestibility of Broiler chickens. Journal of Veterinary Medicine and Surgery, 1, 1.

Nourmohammadi, R., Hosseini, S. M., Saraee, H., & Arab, A. (2011). Plasma thyroid hormone concentrations and
pH values of some Gl-tract segments of broilers fed on different dietary citric acid and microbial phytase
levels. American Journal of Animal and Veterinary Sciences, 6, 1-6.


https://doi.org/10.1080/00071660500475574.
https://doi.org/10.1021/jo00001a070.

VFoY b o o)lod N0 wl ol gl ool pole leirgh a9 ot AY

39.

40.
41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Ozek, K., Wellmann, K. T., Ertekin, B., & Tarim, B. (2011). Effects of dietary herbal essential oil mixture and
organic acid preparation on laying traits, gastrointestinal tract characteristics, blood parameters and immune
response of laying hens in a hot summer season. Journal of Animal and Feed Sciences, 20(4), 575-586.
https://doi.org/10.22358/jafs/66216/2011.

Padmaja, G., & Jyothi, A. N. (2012). Roots and tubers.Valorization of Food Processing By-Products, 377.

Panda, A. K., Rao, S. V., Raju, M. V. L. N., & Sunder, G. S. (2009). Effect of butyric acid on performance,
gastrointestinal tract health and carcass characteristics in broiler chickens. Asian-Australasian Journal of Animal
Sciences, 22(7), 1026-1031. https://doi.org/10.5713/ajas.2009.80298.

Paul, S. K., Halder, G., Mondal, M. K., & Samanta, G. (2007). Effect of organic acid salt on the performance and
gut health of broiler chicken. Journal of Poultry Science, 44(4), 389-395. https://doi.org/10.2141/jpsa.44.389.
Papatsiros, V. G., Christodoulopoulos, G., & Filippopoulos, L. C. (2012).The use of organic acids in monogastric
animals. Journal of Cell and Animal Biology, 6(10), 154-159.

Roy, R. D., Edens, F. W., Parkhurst, C. R., Qureshi, M. A., & Havenstein, G. B. (2002). Influence of a propionic
acid feed additive on performance of turkey poults with experimentally induced poult enteritis and mortality
syndrome. Poultry Science, 81(7), 951-7

Samanta, S., Haldar, S., & Ghosh, T. K. (2008). Production and carcase traits in broiler chickens given diets
supplemented with inorganic trivalent chromium and an organic acid blend. British Poultry Science, 49(2), 155-
163. https://doi.org/10.1080/00071660801946950.

SAS Institute. (2002).nSAS/STAT User’s guide: Statistics. Version 9.1.4" ed. SAS Inst.Inc.

Talebi, E., Zarei, A.,, & Abolfathi, M. E. (2010). Influence of three different organic acids on broiler
performance. Asian Journal of Poultry Science, 4(1), 7-11.

Thompson, J. L., & Hinton, M. (1997). Antibacterial activity of formic and propionic acids in the diet of hens on
Salmonellas in the crop. British poultry science, 38(1), 59-65.

Van der Wielen, P. W., Biesterveld, S., Notermans, S., Hofstra, H., Urlings, B. A., & Van Knapen, F. (2000). Role
of volatile fatty acids in development of the cecal microflora in broiler chickens during growth. Applied and
Environmental Microbiology, 66(6), 2536-2540

Vieira, S. L., Oyarzabal, O. A., Freitas, D. M., Berres, J., Pena, J. E. M., Torres, C. A., & Coneglian, J. L. B. (2008).
Performance of broilers fed diets supplemented with sanguinarine-like alkaloids and organic acids. Journal of
Applied Poultry Research, 17(1), 128-133

Wang, J. P., Lee, J. H., Y00, J. S., Cho, J. H., Kim, H. J., & Kim, I. H. (2010). Effects of phenyllactic acid on growth
performance, intestinal microbiota, relative organ weight, blood characteristics, and meat quality of broiler
chicks. Poultry Science, 89(7), 1549-1555.

Yu-Yun, G., Xing-Li, Z., Li-Hui, X., Hui, P., Chang-Kang, W., & Ying-Zuo, B. (2019). .Encapsulated blends of

essential oils and organic acids improved performance, intestinal morphology, cecal microflora, and jejunal enzyme
activity of broilers. Czech Journal of Animal Science, 64(5): 189-198. https://doi.org/10.17221/172/2018-CJAS.


https://doi.org/10.22358/jafs/66216/2011.
https://doi.org/10.5713/ajas.2009.80298.
https://doi.org/10.2141/jpsa.44.389.
https://doi.org/10.1080/00071660801946950.
https://doi.org/10.17221/172/2018-CJAS.

Iranian Journal of Animal Science Research
Homepage: http://ijasr.um.ac.ir R

® Research Paper
Vol. 15, No. 1, Spring 2023, p. 93-106

Effect of Autolyzed Yeast on Performance, Egg Quality, Microbial Population
and Intestinal Morphology of Laying Hens

Somayyeh Salari®!", Karim Javidaneh?

How to cite this article:

Salari, S., & Javidaneh, K. (2023). Effect of autolyzed yeast on performance, egg
quality, microbial population and intestinal morphology of laying hens. Iranian
Journal of Animal Science Research, 15(1), 93-106.

DOI: 10.22067/ijasr.2022.73976.1056

Received: 02-09-2021
Revised: 22-01-2022
Accepted: 24-01-2022
Available Online: 24-01-2022

Introduction: Antibiotics have been routinely supplemented in diets of poultry to maintain their health, reduce
stress, and enhance productivity. However, due to the development of resistance of bacteria to antibiotics and the
possibility of these pathogens to be zoonotic, the use of various antibiotic products in livestock and poultry
production is gradually being banned around the world. With the possibility of further ban in more regions of the
world, research interest into alternatives to in-feed antibiotics has increased. One alternative to in-feed antibiotics
that has gained research interest for use in poultry is yeast (Saccharomyces cerevisiae). Yeast in both probiotic
(live) and prebiotic (dead) forms has been reported to provide several benefits to both healthy of animals, including
poultry. The ability of yeast and its components to act as growth promoter could be associated with different
mechanisms that it exhibits individually or synergistically. For instance, yeasts have been reported to favor the
proliferation of beneficial microbes by serving as substrates for these microbes in the gut. These beneficial
microbes, such as Lactobacillus, have been reported to improve gut health as well as exhibit growth-promoting
effects in broiler chickens. Specifically, yeast cell wall that is extracted from whole yeast consists mainly of a-
mannans and -1-3-glucans, which are reported to prevent or eliminate bacterial infections.

Materials and Methods: In order to study various levels of autolyzed yeast (Privita) on performance, quality
characteristics of egg, cecal microbiology and intestinal histomorphology of laying hens (Hy-line W-36) (64
weeks), an experiment was done with 192 birds for 10 weeks. Treatments were various levels of autolyzed yeast
(control, 250 ml/10001, 500 ml/1000l, and 750 ml/1000l) that conducted in completely randomized design with 8
replications. Egg production (EP) and egg weight (EW) were recorded daily and feed intake (FI) and feed
conversion ratio (FCR) were evaluated weekly. Quality characteristics of eggs were evaluated 2 times per period.
lintestinal histomorphology was determined at the end of experiment. At the end of the study, one birds per
replicate were killed by cervical dislocation and blood was drawn from the jugular vein. Serum was separated after
centrifugation at 4500 g and 4°C for 10 min, and frozen at —20°C until further analysis was conducted for blood
biochemical parameters. Serum samples were analysed for concentrations of low-density lipoprotein (LDL),
cholesterol, and triglycerides using standard kits (Zist Shimi, Tehran, Iran) with an autoanalyser (Autolab PM
4000; Medical System, Rome, Italy). Then, caecal digesta (1 g) from each bird were aseptically transferred into 9
ml of sterile saline solution and serially diluted. Lactobacilli, Coliforms, and E.Coli were grown on Rogosa—Sharpe
agar, MacConkey Agar, and Eosin Methylene Blue Agar, respectively. Plates for Lactobacillus were incubated
anaerobically for 48 h at 37 °C. Microbial populations for E. coli and Coliforms were counted after aerobic
incubation at 37°C for 24 hours. All samples were plated in duplicate.

Results and Discussion: This study results showed that addition of autolyzed yeast could not change
performance parameters. Yolk color was highest at 250 ml/10001 which had a significant difference with 750
ml/1000I (P <0.05). Addition of autolyzes yeast at levels of 500 and 750 ml/1000I significantly increased cecal
Lactobacillus and decreased Coliforms of cecum (P < 0.05). Addition of autolyzed yeast at level of 750 ml/1000I
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significantly decreased cecal Ecoli compared to the other treatments (P < 0.05). The possible reason for the
observed response could be the ability of the yeast to maintenance of normal gut microflora as well as preventing
the proliferation of pathogenic microbes. This action may partly contribute to increased nutrient digestibility,
reduced competition for nutrients, increased nutrient utilization as well as absorption. Villus height of the e
duodenum increased in layers fed on 750 ml/10001 compared to the birds fed 250 ml/1000I (P < 0.05). While crypt
depth and villus height-to-crypt depth ratios of the duodenum in birds fed 750 m1/10001 compared to the birds 250
ml/1000I decreased and increased, respectively. Crypt depth of jejunum significantly decreased in birds fed highest
level of autolyzed yeast compared to the other treatments.

Conclusion: Results of this experiment showed that supplementation of autholyzed yeast could not significant
change in qualitative and quantitative parameters. But, levels of 500 and 750 mI/1000I autholyzed yeast increased
cecal microbial of Lactobacillus and decreased Coliform and the level of 750 ml/1000I decreased Ecoli of cecum
and increased villus height and villus height-to-crypt depth ratios of the duodenum.

Keywords: Microbial population, Histomorphometry, Laying hen, Yeast
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Table 1- Ingredients and chemical composition of experimental diet during the experiment
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i 0.70

Methionine + cysteine
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L2 vitamin premix provides per kg diet: vitamin A, 8500 1U; vitamin D3, 2500 IU; vitamin E, 111U; vitamin K3, 2.5 mg; vitamin
B1, 1.477 mg; vitamin B2, 4.0 mg; vitamin B3, 7.84 mg; vitamin B5, 34.65 mg; vitamin B6, 2.464 mg; vitamin B9, 0.11 mg; vitamin
B12, 0.01pg. Mineral premix provides per kg diet: Mn, 74.4; Fe, 75.0; Zn, 67.564; Cu, 6.0 and Se, 2 mg.
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Table 2- Effect of different levels of autolyzed yeast on productive performance of laying hens during the experiment
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Item Feed intake (g) Egg production (%) Egg weight (g) Feed conversion ratio
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Autolyzed yeast level (CC/1000L)

0 109.96 79.70 63.7 2.13

250 112.97 80.60 64.3 2.18

500 114.15 81.43 64.2 217

750 112.02 76.08 64.1 2.29

SEM!? 3.19 2.05 0.646 0.095

P- Value 0.819 0.290 0.899 0.681

1 Standard error of the means
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Table 3- Effects of different levels of autolyzed yeast on the egg quality traits of laying hens during the experiment

(2 Ve re )3 o) o 5] oo s

;r:;ts Wd::ks Autolyzed yeas level (CC/1000L) SEM!  P-Value
0 250 500 750
plhe s 2160 8016 7791 8000 352 0282
sl sl 4t week
Haugh unit b S o185 8400 8290 8150  1.84 0.770
8t week
) Pl s g g 705 p54b  604b 0257 0015
0345 K,y 41 week
Yolk color e didn 6.63 6.27% 591 558 0.149 <0.0001
8t week
) Pl a4 2.01 170 198  0.197 0.171
(@ sto il p 5 9hS) dtnogy Cenglie 4" week
Eggshell strength (kg/cm?) PR ARy 59 163 140 124 0158 0316
8t week
‘ plhesia o990 0372 0354 0378 0.007 0.620
(e o) dimgy ceolbes 4 week
Eggshell thickness (mm) il ddn 0355 0358 0350  0.008 0.840
8t week

Sle 313,15kl (gllas

(P < e10) aile (s oigine B gyl ()lal blod @ alie s By o b s o slanSole ™

1 Standard error of the means

&¢ Means within same row with different superscripts differ significantly (P<0.05).
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Table 4- Effect of different levels of autolyzed yeast on cacal microbial population of laying hens at the end of the experiment

(log CFU/g)
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Autolyzed yeas level (CC/1000L) Coliform Escherichia coli Lactobacilli
0 5.09% 5.092 4.86°
250 5.342 5.232 4.89°
500 4.82b 5.132 5.128
750 4.77° 4,63 5.262
SEM 0.163 0.076 0.075
P-value 0.085 0.0002 0.004
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1 Standard error of the means

&b Means within column with different superscripts differ significantly (P<0.05).
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Table 5- Effect of different levels of autolyzed yeast on serum metabolites of laying hens at the end of the experiment (mg/dl)

(UI):"J Voo » U“"Lr“’) ol )Jy‘).o)mé.‘am '\”)““KLS); J?)““‘ls LDL
Autolyzed yeas level (CC/1000L) Triglyceride Cholesterol

0 1083.67 91.66 41.66
250 1031.00 105.33 51.00
500 1064.33 109.33 47.00
750 907.67 94.66 51.00
SEM? 72.28 11.86 3.60
P-value 0.371 0.689 0.286

1 Standard error of the means
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Table 6- Effect of different levels of autolyzed yeast on some morphological parameters of intestine of laying hens at the end of
the experiment (um)

20 (2 Voee )3 o) 0 358 joco s

Itgmﬂ Autolyzed yeas level (CC/1000L) SEM! p-Value
P35 0 250 500 750

Duodenum

)f ew) . 1197.540 1047.61° 1315.982 1516.65% 96.19 0.022
Villus height

)f wbw 114.04 133.31 130.69 130.70 10.58 0.566
Villus thickness

S Gos 150.332 146.192 134.56% 117.06° 8.97 0.076
Crypt depth

St Bee i £ 7.97° 7.16° 9.78 12.95 0.822 0.0006
Villus height/crypt depth

233

Jejunum

)f ew) . 980.46 1010.32 862.53 774.67 87.62 0.241
Villus height

)ﬁ wa 115.66 126.72 129.41 143.37 9.93 0.304
Villus thickness

S 5o 108.94? 98.552 100.622 77.40° 4.93 0.002
Crypt depth

S et 4 i ) 9.00 10.25 8.57 10.00 0.967 0.573
Villus height/crypt depth

poikl

lleum

”J e . 594.68 664.08 522.40 565.45 62.03 0.453
Villus height

))J ww 107.52 109.77 106.78 114.24 13.27 0.978
Villus thickness

S e 87.56% 88.41% 108.112 64.77° 9.35 0.037
Crypt depth

S e 4 jp gl 6.79 7.51 4.83 8.73 1.06 0.118

Villus height/crypt depth

Sike 51 3wkl (gllas )

(P < e10) wilign oylsiime MBI sl sylel Bl & it g b vy 10 (sloSibs P

1 Standard error of the means

&b Means within same row with different superscripts differ significantly (P<0.05).
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Introduction: Due to the high importance of egg shell quality in terms of hardness, extensive transportation
with high volume of this product between different countries, the importance of shell quality in terms of protecting
the internal content from extra-shell contamination and also one of the ways to improve traits, relying on The
genetic structure of a trait is the application of genetic selection. Therefore, the aim this study is to use
transcriptome data obtained from uterine tissue of two groups of laying hens with hard and weak eggshell, in each
of the three stages of the calcification period (initiation, growth and termination). Gene expression profile was
determined and differential expression of genes is analyzed so that different index genes can be expressed and
their ontology can be studied to help the results. As a result, the genetic structure of the trait and the list of index
genes have been regularly completed, and with the information obtained from the present study, the correct and
practical genetic selection can be made in laying hen breeds.

Materials and Methods: The aim of this study was to investigate the gene expression profile between two
groups of chickens with hard and weak eggshells in three stages of calcification period (initiation, growth and
termination), to identify significant index genes with different expression and analysis. Ontology and the paths
involved are related to them. Therefore, in this study, transcripts (total mMRNA sequences) of 18 samples of uterine
tissue including three replicates in each stage of each group were prepared. The process of converting the initial
format of readings was done using SRAtoolkit software, measuring the quality of readings with fastQC software,
editing readings with Trimmomatic software and re-measuring the quality of readings after editing with fastQC
software; Also, the alignment and mapping of the readings were done using Hisat2 software and format conversion
and sorting of results was performed using Samtools software. Finally, the differential expression analysis of genes
was performed using Cufflinks software package (Cufflink, Cuffmerge and Cuffdiff software) and Then,
considering p-value <0.00025 and the criterion for comparing the value of differential gene expression, log2
(fold_change) less than -4 and greater than +4 were identified as the most significant genes with different and
significant expression. Histogram of the results was performed using CummeRbund package in R software
environment and ontological analysis was performed using DAVID and Ensembl databases.

Results and Discussion: According to the results of gene expression profile, 28833 genes were identified on
the transcript of the samples. Finally, by analyzing the differential expression of genes, 1338 genes at the initiation
stage, 81 genes at the growth stage and 190 genes at the termination stage were identified with significantly
different expressions, that Considering log2(fold_change) > +4 and log2(fold_change) < -4, 51 genes at the
initiation stage, two genes at the growth stage and four genes at the termination stage had different and significant
expression. The largest difference in gene expression between the two groups at the initiation stage,
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ENSGALG0000000044418 gene with log2 (fold change) equal to 8/63 and at the growth stage,
ENSGALG0000000049618 gene with log2 (fold_change) equal to 6/82 and at the termination stage,
ENSGALG0000000049618 gene with log2 (fold_change) equal to 5/14 was observed. Ontological analysis of
index genes showed that they are mainly involved in protein binding activities (ENSGAL000000444418,
NMRAL1, SLITRK4, CHL1, ENSGAL00000009041, PHACTR3 and CORIN genes), DNA transcription
regulation (LHX1, TFAP2A, RUNX3, ETV1, NR4A3 and RUNX1 genes), immune response
(ENSGAL0000000043996, TMEM117, AvBD9, GCNT3, ENSGAL00000046947 and ENSGAL00000051617
genes), fat metabolism (PNPLA3, NR4A3, CD36, FFAR4 and DGKB genes) and calcium ion binding (ANXA10,
CAPNS8, CDH18 and DGKB genes), respectively.

Conclusion: In the differential expression analysis of genes, considering log2 (fold_change) more than +4 and
less than -4, in the initial stage, 51 genes, in the growth stage, two genes and in the termination stage, four genes
were identified. The highest differences in gene expression between the two groups were observed in the initial
stage, ENSGALGO00000044418 and PDZK1IP1 genes, in the growth stage, ENSGALG00000049618,
ENSGALGO00000048945 and TMEMG63C genes and in the termination stage, ENSGALGO000000004400 and
ENSG26 genes; The results of ontological analysis of index genes showed that they are mainly involved in protein
binding, DNA transcription regulation, immune response, lipid metabolism and calcium ion binding, respectively.

Keywords: Calcification, Differential gene expression, Eggshell, Gene ontology, Transcriptome
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Table 1- Identifier, name or code, position and p-value of indicator genes differentially expressed in the initiation stage of the

calcification period

O awlis BEAT oKl P
Gene_id Name or gene code Locus p_value
XLOC_022317 ENSGALG00000044418 5:14892237-14898052 0.00005

ENSGALG00000043996

ENSGALG00000044755

ENSGALG00000045876
XLOC_021085 ENSGALG00000047967 4:85657237-85900720 0.00005

ENSGALG00000048572

ENSGALG00000052476
XLOC_016325 ENSGALG00000052817 3:69232233-69353759 0.00005
XLOC_009120 LHX1 19:8535713-8540691 0.00005
XLOC_019526 ANXA10 4:24919747-24946202 0.00005
XLOC_002605 PNPLA3 1:69011399-69090996 0.00005
XLOC_013171 ENSGALG00000049241 22:76807-89630 0.00005
XLOC_002772 UPK1B 1:81562062-81573670 0.00005
XLOC_000247 TMEM117 1:30224568-30431209 0.00005

ENSGALG00000015234
XLOC_010329 ENSGALG00000053346 2:108071663-108150364 0.00005
XLOC_010003 TFAP2A 2:63284964-63301149 0.00005
XLOC_002039 CD36 1:11331665-11404784 0.00005
XLOC_004693 GCNT3 10:5852886-5887192 0.00005
XLOC_016354 - 3:73133293-73138023 0.00005
XLOC_012502 MMP9 20:10572273-10576665 0.00005
XLOC_016106 - 3:46416828-46464624 0.00005
XLOC_019359 SLITRK4 4:9895861-9908452 0.00005
XLOC_003777 - 1:32040296-32044590 0.00005
XLOC_005715 CHL1 12:17603135-17708756 0.00005
XLOC_017188 ZC3H12D 3:48201990-48215042 0.00005
XLOC_011706 - 2:120693001-120714502 0.00005
XLOC_010601 ADCY8 2:140875169-140995082 0.00005
XLOC_000699 PNPLA3 1:69011399-69090996 0.00005
XLOC_015702 ENSGALG00000009041 3:8772208-8777996 0.00005
XLOC_002973 RUNX1 1:107353573-107513309 0.00005
XLOC_012404 PHACTR3 20:6735474-6830610 0.00005
XLOC_021710 ENSGALG00000008599 5:24851725-24885341 0.00005
XLOC_018319 ENSGALG00000046947 31:2413209-2413512 0.00005
XLOC_010948 DGKB 2:27385425-27720368 0.00005
XLOC_012126 - 2:79230058-79235013 0.00005
XLOC_018508 ENSGALG00000051617 31:2422484-2443234 0.00005
XLOC_011589 OPN5L1 2:106222092-106258854 0.00005
XLOC_011878 ADCY8 2:140875169-140995082 0.00005
XLOC_013499 RUNX3 23:2591780-2635428 0.00005
XLOC_012132 - 2:79639930-79644453 0.00005
XLOC_007199 NMRAL1 14:13089511-13149359 0.00005
XLOC_015815 CAPN8 3:17803815-17833098 0.00005
XLOC_025365 PAPPA2 8:7156618-7232054 0.00005
XLOC_010947 ETV1 2:27271071-27337505 0.00005
XLOC_013760 ENSGALG00000051964 23:5829851-5834748 0.00005
XLOC_003775 - 1:32027118-32032886 0.00005
XLOC_011450 NR4A3 2:89336025-89389150 0.00005
XLOC_025534 PDZK1IP1 8:22247457-22251895 0.0001
XLOC_010076 CDH18 2:74189948-74446617 0.0001
XLOC_016657 AvBD9 3:107430691-107459717 0.0001
XLOC_019907 CORIN 4:66638160-66761091 0.00015
XLOC_007726 KREMEN1 15:8089944-8111256 0.0002
XLOC_007047 CYP3A5 14:4322582-4332428 0.0002
XLOC_021886 - 5:41926379-42116783 0.00025
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Table 2- Identifier, name or code, position and p-value of indicator genes differentially expressed in the growth stage of
the calcification period

O) awlid DR oSl P )l
Gene_id Name or gene code Locus P_value
XLOC_008910 ENSGALG00000049618 18:11326495-11332858 0.00005
XLOC_021869 ENSGALG00000048945 5:39323944-39354365 0.00005
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Table 3- Identifier, name or code, position and p-value of indicator genes differentially expressed in the termination stage
of the calcification period

of aks DA KR

P sl

Gene_id Name or gene code Locus p_value
XLOC_008910 ENSGALG00000049618 18:11326495-11332858 0.00005
XLOC_007996 ENSGALG00000054226 16:1702927-1709590 0.00005
XLOC_014979 HSPB9 27:7654019-7655569 0.00005
XLOC_013278 MIR12247-1 22:5177338-5230538 0.00005
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Figure 3- Histogram plot of differential indicator genes expression in the initiation stage of the calcification period between two
groups
(ini_high: initiation stage with high eggshell, ini_low: initiation stage with low eggshell)
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Figure 4- Histogram plot (Right) & Heatmap plot (Left) of differential indicator genes expression in the growth stage of the

calcification period between two groups
(gro_high: growth stage with high eggshell, gro_low: growth stage with low eggshell)
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Figure 5- Histogram plot of differential indicator genes expression in the termination stage of the calcification period between two

groups

(ter_high: termination stage with high eggshell, ter_low: termination stage with low eggshell)
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Table 4- Gene ontology analysis of indicator genes differentially expressed in the initiation stage of the calcification period
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Table 5- Gene ontology analysis of indicator genes differentially

expressed in the growth stage of the calcification period
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Table6- Gene ontology analysis of indicator genes differentially expressed in the termination stage of the calcification period
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Introduction: Estrus synchronization is a valuable management tool that has been employed in enhancing
reproductive efficiency in ewes. Synchronization of estrus and ovulation for fixed-time artificial insemination in
sheep is mostly based on the insertion of intravaginal devices containing either progesterone CIDR (Controlled
Internal Drug Release) inserts or progestagens (sponges impregnated with fluorogestone acetate (FGA) or
medroxyprogesterone acetate (MAP)). Intravaginal sponges are usually inserted over periods of 12 to 14 day and
used together with eCG, particularly out of season, administered at the time of sponge withdrawal or 48 hours
prior to sponge removal. It has now been indicated that shortening the duration of progesterone treatment with
intravaginal instruments, while being effective in inducing estrus and ovulation, reduces the incidence of vaginal
infections and consequently improves fertility. On the other hands, it has been reported that pregnancy rates of
progestagen-synchronized ewes were lower during anestrus than during the breeding season. Therefore, this study
was conducted to investigate the reproductive performance of indigenous ewes in Khanmirza city with short-term
and long-term estrous synchronization programs accompanied by eCG during breeding and anestrous season.
Moreover, efficacy of estradiol injection instead of gonadotropin during short-term progesterone treatment was
evaluated in both seasons.

Materials and Methods: The experiment was performed at two periods, during the breeding and the anestrus
seasons on 2 different groups of 400 ewes. During each season, ewes (2 to 5 years of age and average body weight
of 45+2.5 kg) were allocated to 4 groups of 100, in the way that each experimental group contained an equal
number of ewes of a particular age. Experimental groups were: Control (without any synchronization program),
Short term-estradiol group (ewes received 12 days progesterone treatment and intramuscular injection of 1mg
estradiol benzoate at the time of sponge removal), Short term-eCG group (ewes received 12 days progesterone
treatment and intramuscular injection of 400 1U eCG at the time of sponge removal) and Long term-eCG group
(ewes received 14 days progesterone treatment and intramuscular injection of 400 IU eCG at the time of sponge
removal). The progesterone treatment consisted on a vaginal sponge which contained 60 mg Medroxyprogesterone
Acetate. Then, the ewes were placed in pens and one healthy ram was introduced for every 5 ewes, in order to
detect heat and mating. Estrus signs were detected and recorded every hour for 5 days. The percentages of ewes
that showed overt signs of estrus during a period of five days (estrus rate), estrus onset (the time elapsed between
sponge removal and the first accepted mating) and pregnancy rate (The number of ewes without showing signs of
estrous after 42 days of mating/total number of ewesx100) were recorded. Fecundity and prolificacy rate was
calculated based on the number of lambs born. Lambs were monitored for 30 days after birth and deaths among
them during this period were recorded against the ewes which were their mothers, and the survival rate was
determined. The multiple birth rate was calculated by combining the twin and triplet birth rates.

Results and Discussion: The results showed that reducing the duration of treatment with progesterone sponge
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in both trial period (autumn and spring) led to a significant reduction in estrus rate (P < 0.05), but had no significant
effect on other reproductive parameters (P > 0.05). Regardless of the season, injection of estradiol instead of eCG
on sponge removal day, while increasing the estrus rate of ewes, led to a sharp increase in the rate of return to
estrus (P < 0.05) and caused decreases in the percentage of pregnant ewes, percentage of parturition ewes and
lambing rate (P > 0.05). In the breeding season, the mortality rate of lambs born from progesterone-synchronized
ewes decreased and fecundity increased numerically compared to the corresponding group in breeding season
group. Lack of possible effect of the anestrus season during synchronization programs on estrous rate and fertility
of ewes can be attributed to optimal nutritional conditions of ewes in this season.

Conclusion: Short term progesterone treatment (12 day) as well as injection of estradiol benzoate instead of
eCG is not recommended to synchronize the estrous of ewes during both reproductive and anestrus seasons. In
other words, short-term progesterone treatment (12 days) was not effective to synchronize estrus in breeding and
anestrous sheep which can be attributed to follicular dynamics.

Keywords: Estrus synchronization, Progesterone sponge, Reproductive performance, Sheep
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Table 1- Effect of progesterone treatment duration and the type of hormone (estradiol or eCG) injected at the time of sponge removal
on reproductive performance of sheep in anestrus season

siabojl (sloog S
ndseiul Experimental groups oovalle
Parameters ol Jsolnl = (35, V) @aeeliss’ BCG — (35, 1Y) cosmebiss 8CG — (35 VF) coanily
Control Short term (12 d)- Short term (12 d)- Long term (12 d)-
ontro Estradiol eCG eCG
(o) b 25 30 (30/200)" 100 (100/100f 75 (75/100)° 95 (95/100)° 0.0001
Estrus rate (%)
(cebe) o g9, - 47.6+1.38 37.6+1.0 37.1+16 -
Estrus onset (h)¥
(Ao ) (loxd &y iS5l &y
Rate Of return to estrus 667 (2/30)&1 5000 (50/100)b 1467 (11/75)3 842 (8/95)23 00001
(%)
(30) eyt Slofee 93.33 (28/30) 5.00 (50/100)° 85.35 (64/75) 91.58 (87/95) 0.0001
Pregnancy rate
(1059) 22,5 plorl; slacsive (28/28) 80.00 (40/50)° 100.00 (64/64) 100.00 87/87F 00001
Parturition rate (%) 100.00
(3059) (2l S5 (28/28) 100 (40/40)? 93.75 (60/64 ) 87.36 (76/87)° 0.022
Single birth (%) 100.00
(x2,) 2ljsh 52 0.00 (0/28) 0.00 (0/40) 4.39 (3/64) 8.05 (7/87) 0.1286
Twin birth rate (%)
(32,) 2ljsls 0.00 (0/28) 0.00 (0/40) 1.56 (1/64) 4.60 (4/87) 0.2808
Triple bith rate (%)
(v2)) ljsho 0.00 (0/28f 0.00 (0/40F 6.25 (4/64) 12.64 (11/87) 0.022
Multiple birth rate (%)
ol Wote (glaoy olus
28 40 69 102 -

Number of born lambs
(303) oy oo 5 S e 7.14 (2/28f 25.00 (10/40)° 10.15 (7/69) 2.94 (3/102f 0.0007
Death of lambs (%)
() coljo 93.33 (28/30)° 40.00 (40/100)° 92.00 (69/75)* 107.37 (102/95F  0.0001
Fecundity %)

IKE b
(225 291 (28/28) 100.00 (40/40)° 107.81 (69/64)® 117.24 (102/87F  0.0295
Prolificacy (%) 100.00

(P<-1-0) 3l o Jb e NS oximd yLis ldia i Bgy> Cirdy yb p
ol 0b 03l 3)lulil glad pSobo F (Siho o pg0 4 (Cuclo) Jloxd 6905 ¥

In each row, different letters indicate a significant difference (P<0.05).

¥ Estrus onset hour is given as mean £ SEM
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Table 2- Effect of progesterone treatment duration and the type of hormone (estradiol or eCG) injected at the time of sponge removal
on reproductive performance of sheep in reproductive season

sialel slvog S
il Experimental groups ol
Parameters s oyl — (59, V) @aeeliss  €CG — (59, VY) cotasligs  €CG — (54, 1¥) csosily -value
Control Short term (12 d)- Short term (12 d)- Long term (12 d)-
ontro Estradiol eCG eCG

(o) 8 25 60 (60/100)° 100 (100/100 80 (80/100)° 95 (95/100)° 0.0001
Estrus rate (%)

- L\d A -
(cebe) ol £, - 471517 36.9+15 36.4+1.3 -
Estrus onset (h)¥
() b 4 €35 5
Rate of return o estrus  16.67 (10/60)< 30.00 (30/100} 10.00 (8/80}* 5.26 (5/95)° 0.0001
(%)
(3059) gl (slo e 83.33 (50/60) 70.00 (70/100)" 90.00 (72/80) 9474 (90/959  0.0001
Pregnancy rate
(o) 025 oletli sl 76 00 (38150 85.71 (60/70)° 91.67 (66/72)° 94.44 (85/90)" 0.007
Parturition rate (%)
(v03) (lilé S3 100 (38/38) 100 (60/60) 98.44 (65/66) 96.47 (82/85) 0.309
Single birth (%)
(3253) 2l 52 0 (0/38) 0 (0/60) 151 (1/66) 235 (2/85) 0.534
Twin birth rate (%)
(32,3) (ool o 0 (0/38) 0 (0/60) 0 (0/66) 1.18 (1/85) 0.585
Triple bith rate (%)
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In each row, different letters indicate a significant difference (P<0.05).

¥ Estrus onset hour is given as mean + SEM
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