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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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Introduction: Before weaning, dairy calves are susceptible to many pathogens and nutritional problems. For
several years antibiotics have been used to overcome these problems also to obtain economic benefits in terms of
improved calves performance and reduced medication costs. However, the use of antibiotics in animal husbandry
is in question because of antibiotic resistance of microorganisms. In an effort to replace antibiotics from animal
feeds, many additives have been proposed. Probiotic, prebiotics and Organic and inorganic mineral salts are
examples of these additives. Prebiotics are non-digestible carbohydrates which are not metabolized in the small
intestine and fermented in large intestine. Mannan oligosaccharides and B-glucan are prebiotics which derived
from saccharomyeces cereviciae cell wall and are able to block fimbriae of patho genic bacteria, and thus prevent
their adhesion to the mucous epithelium. The administration of prebiotic to calves can decrease coliform
population of large intestine and colon of calves. More recently, prebiotics have been shown to have immune-
enhancing characteristics Also, Copper is a microelement that is present in many important processes in the body
and plays a vital role. Copper deficiency in some parts of the world is a major problem in ruminants. For this
reason, dietary supplements are commonly used to regulate the diet of calf to compensate for copper deficiency.
Therefore, the purpose of this study was to investigate the effects of copper nanoxide and prebiotics on blood cell
count and growth performance in Holstein suckling calves.

Materials and methods Twenty-eight Holstein calves with an average age of 1 to 8 days and an average
weight of 39+1 kg were used in a factorial experiment as a completely randomized design with 4 treatments and
7 replications. Experimental treatments include: 1) Basal diet without additives, 2) Basic diet with 4 gr of prebiotic
per day, 3) Basic diet with 15 ppm nanoparticles of copper per day, 4) Basic diet + 4 gr of prebiotic + 15 ppm
nanoparticles of copper per day. The diet containing feed and milk was given two times a day i.e. in the morning
(8:00 am) and evening (18:00 pm). Water was offered adlibitum. Whole blood samples were collected from jugular
veins on d 60, approximately 3 h after the morning feeding. Samples were sent to the laboratory under refrigeration
(4°C) till analyzed for WBC count, neutrophil, lymphocyte and monocyte concentration.

Results: The results showed that the copper nanoxide, prebiotics and the interaction of copper nanoxide and
prebiotics could not affect the final weight of suckling calves. The results showed that feed intake, daily weight
gain and feed conversion ratio of suckling calves were not significantly affected by supplementation of prebiotic
and copper nanoxide in the diet during the first, second month and experimental period. Also, Body length, Wither
height and Heart girth of Holstein suckling calves were not affected by copper nanoparticles and prebiotics
supplementation. Prebiotic, copper nanoxide and their interaction had no significant effect on white blood cells,
red blood cells, hemoglobin and hematocrit. In contrast, copper nanoxide and prebiotics significantly increased
the neutrophil percentage (P <0.05).

Research has shown that probiotic consumption had no significant effect on functional parameters of Baluch
sheep including final weight, daily gain, feed intake and dietary intake. However the result of the other study
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suggests that prebiotic can be supplemented to the calves for better performance. In contrary to the results of

the present study, other researchers have indicated that copper nanoparticles could improve growth
performance and modulate intestinal microflora and intestinalmucosal morphology in weaned piglets. In the study
addition of pro- prebiotic and symbiotic to the whole milk of dairy female calves increased average daily gain but
dry matter intake and blood parameters related to immune system and cell-mediated immune response were not
affected. However, when a combination of probiotic and prebiotic added to the milk a better improvement in
average daily gain was observed. A study reported that haematological traits (WBC count, neutrophil, monocyte,
lymphocyte and hemoglobin) were unaffected by prebiotic and synbiotic in weaned pigs. However, the other study
showed that immune parameters such as lymphocytes, leukocyte and neutrophils tended to increase in
supplementation of symbiotic.

Conclusion In general, results of this experiment indicated that using prebiotics and copper nanoxide did not
improve growth performance and blood cell count except neutrophil percentage.

Keywords: Copper nanoxide, Growth performance, Prebiotics, Suckling calves.
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Tablel- Basal diet and chemical composition of diet+

Shgs el (%) S ool whond OluS 5 (%) S ool
Feed ingredients Dry matter (%) Chemical composition Dry matter (%)
O 405 (Sis 00le 3l gauo ) Siiis oo 90.7
Corn Dry matter (%DM)
» 14.0 (‘—i“‘A> osle )I LSJ‘.’)J) PB P9 19.8
Barley Crude protein (%DM)
e Gl oiygd 3 Jslorels LI
pAS g
4.0 i oole 15.7
Wheat bran ( e Jl s02)
ADF (%DM)
S 00 o (Nl
by dlxs 38.6 «:“:"“:“iu‘bl’“ . 29.4
Soybean meal ' (i oile 5l g0 2) '
NDF (%DM)
Sos 0.4 (A_§m> oolo )" LSM)')) Ls)b‘l o)La.r— 29
Salt EE (%DM)
XY 10 (Sis Dbl:n 5l (o)) panndS 0.94
Shelf powder Calcium (%DM)
} dae bglsee 05 (Sizd odle 3l (g0 ) Hhund 0.78
Mineral premix! Phosphor (%DM)
Vitamin premix? Copper (mg/kg)

Sodium bicarbonate

Iron (mg/kg)

T oal S e T 53y S e B0+ s i SR

e 5 koo Ao i 5,5 o V0 S ik slo oS

Sk T a1 10,5 s Vol 105 s Vo LS S e Voo 1K 5 e
2SS > el 35l Voo e e DB gueling trySkS 53 oS ke Vo B vy 10,5 okS 5 ollis 513 00+ e e A sy sy JoS©
Mineral supplements: Calcium 195,000 mg; Phosphorus 90,000 mg; Magnesium 90,000 mg ¢Sodium 55000 mg; Zinc

3000 mg Iron 300 mg; Manganese 2000 mg; Cobalt 100 mg; Selenium 1 mg; Antioxidant 400 mg.
2Vitamin supplement: Vitamin A, 500,000 1U/ kg; Vitamin E, 100 mg/ kg; Vitamin D3 100,000 U/ kg.

(Aliarabi et al., 2011) 5,55 sbxg! &iljgy 58 iul8l > (6w
2 e ©lyl gy b (Mattioli et al., 2018) 4, Ken § Jogilo
039 2 S Syt o B2y 4 200> (U5 lo5 pd (laellogS
Bahari, ) o)Kea g (6)le opeizmen bl ai b ballweS o
(Luginbuhl et al., 2000) ) Ken g Jos (05 o) oy )5 (2012
5 I e 5l ool a8 woly ylss ond 43,5 il sladlle sy
@l (o0 bbb b b as ) 5 Slos (6586 Canilgis Sae
3 009 ool Spgo 3 a8 Caw ot 03l b5 seie Slllas
1y 3,lSee iz b LSl e b o (505 JoSo il
3 e Ol caw 30 3o 51 i eoliin] Cunl (e g s ll

Sl B (g il Sume oo ylu

09380 &S Caw L odds 5,155 pld 13 e jl eolitw 1L alayly yo

ooy a3y 380es  (68h o Gxo g sl Jo S
sbdlle o (Chashnidel et al., 2019 Aliarabi et al., 2011;)
ohar o Sl5 505 (Zhang et al., 2008) oo 48,5 i |
2 e Slalgw p)8 Lo Yo 0438l b (Zhang et al., 2008)
odaliie gy ailjs) (g Gl ) |y (iste I Sid olo oS5l
Uiyl58 (Garcia-Diaz et al., 2017) o, Sen 5 5b> kw5 58
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Table 2- Effects of prebiotics and copper nano oxide on performance of Holstein calves

glbas (1 Sile

iabojl sl loss &b ize il
Experimental treatments 3, l85kul P value
deST 9l x5 KW 3 xS
s R et e 98 SEM gy T S [P
e e e S5
Control PBC  NCU  PBC&NCU PBC NCU PBCXNCU
(p2S4S) O™ s
Body weight (kg)
U5 ois 35.16 36.33  36.66 36.83 1.36 047 063 071
Birth weight
o obboiy 64.66 6750  67.66 67.98 1.30 041 048 0.15
End of period weight
(395 2 £55) Shys> Spas
Feed intake (g/d)
i) A 621.2 6161  619.9 62.6 14.61 091  0.84 0.88
1-15d
i) VT 940.1 9290 9509 948.3 4707 075  0.88 0.92
16-30 d
oy T =¥ 1288.8 1197.7 12673 1298.4 56.85 049  0.60 0.29
31-45d
féé} ;’ B 1110.4 11125  1095.6 1176.1 59.91 064 043 0.45
(395 % £35) 1395 139 el
Daily weight gain (g/d)
1551555)(;“" 273.80 267.75 23810 250.00 22.14 024  0.89 0.69
o V7 ¥ 45555 48331 42221 47778 54.38 072 045 0.80
16-30 d
oy T =¥ 68891 73335  722.23 721.22 53.40 083 068 0.68
31-45d
fég;’ B 58333 62332  626.65 596.66 25.28 0.74 084 0.18
ehe bas cupe
Feed conversion ratio
i) T8 2.35 2.33 2.77 2.58 0.24 018  0.68 0.71
1-15d
S in V7V 2.17 2.30 2.48 2.01 0.36 098 065 0.41
16-30 d
sy T ¥ 1.94 1.68 1.78 1.80 0.13 090 038 0.31
31-45d
987 1.92 1.79 1.76 1.96 0.09 096 073 0.10
1-50 d
oo ST gl :NCU SSgms :PBC ..»Ls :Control
A B9y 0y93 JS 3 o g el g als y93 (o Jobo gl widy g Slas

as” oy oyl (Heinrichs et al., 2003) ), 5 go i .05 b
356 g allwgS oy 53 sy S LweSYl ble (j3458]
Wb 6 S (oye g Jsbo b iz 93 (sl el )l (g5 (5P xe
0>y L_g.us.ud).o ul)_»‘ w oy L» (Bahari, 2012) LS)LQ). Caw |
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ol 05 0303 Ligles ¥ Jgdr 3 g (cloallingS ilSnl 13,
9 oo ST G (35 JoSo 39 (o oanldie oS joboslen
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2555 0bnl gt o Aol g s Jobo g Sl el
OBl L e ST 5 g Sgnisyy Sy—an (0 izl
2 o U (29500 Camar Jhin |9 65 b j1 (o5 b sl i
J._»J.S) ))S.Lo.& 9 oM u.u_acs S92 9 Lm‘;)Lo.u U@K 4 09,
9 SSgnisn 0o w5 o8 @ dog b Bl o) te b dllugs
2 Sl a iy g dldio iy 0,Slos e A ST S
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(oh Jsb 653l Canslgn S gy il oolawl a8 sly L oy
a il S oy 9 S Job e dundB os o5 gl 5l glas)|
Azimzadeh et al., ) ,Ken g 03l; paae  gladdlles ;o 5L
Sl ladls oS 0y 50 g | oolatw! a8 W55 5,135 (2016
Ol g alael puizean o Bl IS wl oSy p (g xe
Gladls o5 oy 0,8 JoSo sl ol s (Azami et al, 2017)
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Table 3- Effects of prebiotics and copper nanoxide on growth skeleton of Holstein calves

slbs :She

iolojl ol yless &P gixe @l il
Experimental treatments 3 )5kl P value
2SS ol x5 daST el gl xS
el &J}ud/v % ¥ * b d 925N SEM &.45,%5); % b b4 925 2
e e e e S5
Control PBC NCU  PBC&NCU PBC NCU PBCXNCU

(59 ySee 53 l38) dbr JoulS
White blood cell (1000/pul)
(=g Sen 13 ehs) 0.8 JglS 87.60 8540 88.20 85.00 0.88 094 041 0.12
Red Blood Cell (1000000/ul)
(=g )3 £5) omslSgon 9466 9316 93.17 93.14 1.32 010 011 0.10
Hemoglobin (g/dl)
(2y3) o S ilon
Hematocrit (%)
(=gied) 093 3o SlodselS bawgie 2> 6050 a8y 6320 63.60 0.42 031 065 0.77
Mean corpuscular volume (fl)
(5550) S35 plSgnn bowgie 7816 7683  75.66 74.66 136 040 0.0 0.90
Mean corpuscular hemoglobin (pg)
(g )Sas 3 )l38) Jubg g5
Neutrophil (1000/ul)
(g S 13 Jlj2) oo 80.20  77.40  79.80 79.20 0.71 0.65 0.78 0.88
Lymphocyte (1000/pl)
(=g S 13 Jlj0) e JoelS 9250  89.00 89.16 90.83 2.03 065 071 0.21

White blood cell (1000/ul)

030> Gl 8l 6y gime psbodr ) Jidg s Mo > Signcsn 9 e
P g Signsn Jole b 95 Cow 98 (30 iimen (P</-0)
am slajgy p dadllingS )3 09 (55l sine 42 hlod o S
036 ol 555 caw ot 5aid 5| ji i B9 59 o )3 g5
SET g g5 & s yioS Caagild L 1) 093 Sl 015 Wgio
Wb oo ioli8l e il slaws i | dm pod atan I Lol caiiS 0
10 S 5> Cagid g JBg g5 S 45 (5 )5k,

oo 3] 6l :NCU (Sguc  PBC wanls :Control
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Dar ) o)Ken ¢ ,l> (Masanetz, 2011) sl> yil38l sal i 0,5
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£ V10 5 (35 LsSl ole) Sigcs e 5 F o oshdsl
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oW (Abdel-Fattah and Fararh, 2009) ,1,6 5 Flallue (6,555
F)f <10 9 (b)yu_».w)) &uy.sd).s P)f e )‘ oala_wl 45" Wols
Po—bso molSgen Olie il cu— (Ul SSY) Signgn
uyl35 (Roodposhti and Dabiri, 2012) (g,0 5 (iududg,
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2R3 ool 33,50 3bnl Jidg g8 g s ige o 9l jlade o
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(Heinrichs et al., 2003) wad oo olis 395 31 Liulj8l & Jles

oS Jdg g g Coumagil] plie (s (RIPIL My s o0
2 bee b S99 Sl o i) o 53 (limen (Jg 09 o
Hozhabri et al., ) 4,Ken 5 sp3a (Schalm et al., 1975)
256 Cov Cuwgit) g by el s 4 13,5 3,155 (2018
Ao ST b ialoT )3 pmizmed 3,15 443 e e ST b JoSo
2 AR i (453 xe yebody Cilei |y o S gilen do)d e
2 oo Sdxe g J JeSe jloola ol a5 65,87 3155 (laslllas
{(Chashnidel et al., 2019) eIy ¢, oy Sgilon 4wy
—w,y L (Dezfoulian et al., 2012) LSen 4 oLJs8,3
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Table 4- Effects of prebiotics and copper nanoxide on blood cell count of Holstein calves

eolojl el jlos slas 5:SSLe & e il 1
Experimental treatments 3kl P value
EWIR N 3 xS daST ol el xSs
Bl Sy L 59208 3 SEM  Sosesy LA S92 5
o e S5 o e S|
Control PBC NCU PBC & NCU PBC NCU PBCXNCU

W oS 8.32 8.48 9.51 10.36 1.79 0.68 0.21 0.74
White blood cell (1000/pl)
sl 658 625 627 6.19 0.76 033 032 0.32
Red Blood Cell (1000000/pl)
St . 8.40 8.19 7.62 8.00 0.81 0.90 0.21 0.32
Hemoglobin (g/dI)
ufylen . 28.12 26.68  25.26 26.36 2.88 0.87 0.25 0.28
Hematocrit (%)
05> 328 SaelS busio o2 4211 426 405 425 430 049 061 0.68
Mean corpuscular volume (fl)
5T OmplSgen Laugie _ 1300 1328 123 13.00 118 036 034 0.32
Mean corpuscular hemoglobin (pg)
Jory 050 053 047 0.60 0.04 009 066 0.01
Neutrophil (1000/ul)
Sogid 0.62 0.65 0.58 0.62 0.04 0.54 0.37 0.09
Lymphocyte (1000/pl)

oo 3] 6l :NCU «Sgu5 0 PBC wanls :Control
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Introduction To date, there is not any accurate estimation of calf mortality in the world; however, annual
pre-weaning calves’ mortality was estimated to be around 7.8, 6.5, 5.5, and 2.6% in the United States, Iran,
China, and Sweden, respectively. Raboisson et al. (2013) represented that most neonatal calf mortality happens
at age under one month. Hill et al. (2011) reported that nutritional factors could modulate the calf immune
system's functions. Studies on non-ruminants confirm that the consumption of polyunsaturated fatty acids
(PUFA) relating to the n-3 FA can affect the immune response. In calves’ nutrition, using PUFA in milk or milk
replacer (MR) had a pleasant effect on immune responses and antioxidant status. Supplementation n-3 FA,
especially EPA and DHA, would increase the proportion of PUFA in the membrane phospholipids, which might
change the performance of the immune system. The n-3 PUFA plays a critical role in influencing the immune
system through various mechanisms described in detail by Calder (2012). Previous studies showed that adding n-
3 PUFA to milk or MR decreases the symptoms of diarrhea and inflammatory diseases caused by viral or
bacterial infections. So far, there are not enough reports regarding dietary n-3 PUFA on the APR in neonatal
calves. Nevertheless, most research regarding FO supplementation and its anti-inflammatory effects on neonatal
calves' health has been done on long-term consumption. As earlier mentioned, most calf mortality occurs at the
first 30 days of age; consequently, long-term (more than one month) consumption of FO might not provide clear
evidence to evaluate the anti-inflammatory effect of FO on the status of neonatal calves’ health. Therefore, the
purpose of this study was the first evaluation of short-term supplementation of n-3 PUFA on the APR of
neonatal calves.

Materials and Methods Twenty-four bull calves, with a mean age of 34.5 & 3.7 days, were housed outdoors

in individual pens bedded with wheat straw at the dairy farm facilities of Astan Quds Razavi Animal Husbandry
and Agriculture Co. (Mashhad, Iran) in February 2019. The criteria for calf selection were, namely, the type of
calf delivery (without any difficulty) and no history of disease or diarrhea. To achieve a quantitative similarity
between calves, we used age and body weight as further criteria. The experiment's duration was 11 days (a week
before LPS challenge and three days after LPS challenge) with an adaptation period (seven days). After the
adaptation period, calves were weighed (57.5 + 4.4 kg) and randomly assigned to 1 of 4 groups (six
calves/group). Randomized calves received treatments during the study period according to the group they were
already allocated: 1. negative control group (NC), 2. Positive control group (LPS challenge, PC), 3. Tallow 350
mg/kg BW group + LPS (TA), 4. Fish oil 350 mg/kg BW group + LPS (FO). All calves were fed the same diet, 5
L/d of whole milk, and had free access to freshwater during the experiment. The PC, FO, and TA groups were
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intravenously challenged with 0.5 pg/kg BW ultrapure LPS from E. coli serotype O111:B4 (Sigma—Aldrich:
registered; product NO. L2630) on day eight. Treatments FO and TA were mixed with whole milk and were
offered two times a day (at 0800 and 1700). FO and TA groups were isocaloric to compare the effect of
manipulating fatty acid intake in the same level of energy intake on the APR of neonatal calves. The blood
samples were collected at 1, 2, 3, 4, 6, 12, 24, 48, 72 h, post LPS challenge (p.c.) to evaluate inflammatory
condition. The clinical signs (RT, RR, and HR) were recorded at 0.5, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 12, 18, 24 h p.c.
According to Plessers et al.'s (2015) model, the appearance of behavioral phases (respiratory, depression, and
recovery phase) was assessed. Data were analyzed as a completely randomized design by using JMP (13.2)
software.

Results and Discussion The results of this study confirm previous experiments that showed a significant
increase of cytokines level by the LPS administration (26, 29). As expected, the IL-6 increased when the TNF-a
decreased (Maximal level at 3 and 1 h p.c., respectively). There was no significant difference in cytokines and
APPs between PC, FO, and TA, while the FO had the minimum level. The typical sickness behavior of LPS-
challenged calves was distinguished as respiratory, depression, and recovery phases according to Plessers et al.'s
(2015) model. In this study, there was no significant effect of decreasing n-6/n-3 FA ratio on sickness behavior.
Besides, the level of inflammatory cytokines and acute-phase proteins were not affected by experimental groups.
These results were in line with McDonnell et al., (2019) reported no FO effect on immune function during the
pre-weaning period. Although the level of DHA + EPA requirement for calves has not been well known, studies
represented that their highest level in humans is 5 g/d. Stanley et al. (2007) concluded that the n-6/n-3 FA ratio
might not be a helpful concept and distracts attention from increasing absolute intakes of long-chain n-3 FA. In
this regard, Flaga et al. (2019) represented that DHA-rich algae supplementation in milk replacer could decrease
cytokines' mRNA expression. They suggested that 3 g/d DHA might be the maximum level in neonatal calves’
diet with an appropriate effect on the immune system. In the current study, NC, PC, and TA received 2 mg/d,
and FO received 3 g/d DHA. It might be worthwhile considering the amount of DHA + EPA when FO is used as
an n-3 PUFA source in calves’ diet.

Conclusion The results showed that decreasing the n6/n3 FA ratio in diets by supplementing FO could not
affect acute phase response in calves. Besides, short-term supplementation of FO could not improve calves'
immune systems as no differences in cytokines and APP between PC and FO were observed. Although sickness
behavior in FO finished sooner than PC, there was no significant difference between them. In this study,
increasing MUFA intake could not affect APR in calve. It seems that more studies are needed to evaluate the
effect of EPA and DHA on the performance and health status of calves.

Key Words: Calf, Fatty acids, Fish oil, Inflammation, Lipopolysaccharide, Tallow



Ol (015 pole sleid gy 4 i

Homepage: https://ijasr.um.ac.ir/

»..Cz"b;u’,cz»

;9':;’“3}3: Jlas
EVA-EA o N Oty & oylos VE W=

BL AB-JU 'cw\g:ﬁﬂb'\f}: .U”:JJ.?:-‘_;‘J‘:H-:B <2 ‘5\.5.\,..«»‘ Q.Meujs s_ﬁfmjﬂ WSy,

pladda g3 8 sladls 5

Tl ol e Tosly g Loy I ansf oS
VEC /Y 3l 5 b

AMERVARVA RN g}:').'."".’. @)U

LRV

OIls b 31 oass Ll slos 35 s gl 4 (otlo 29, Lo b N3 oy (slitans] toolisS b yuma ol 3] s ctalllan ol 5 o
oz 4 530l SlS gy g, VE/D £ YIV s s Sikio b (sl i allngS ol VF 5l .3 cplitle s (cloallungS )3 by s LLiged
G0F) Sste aals 09,5 (V) (NC ( S1)s5 Lo aSo €8l (g 2,8l hgadd (325 pas) (hie Al 095 (V) 1545 ol 2] 09,5
(F) (TA) 2,8 bod 35+ 0% 039 £ 1 £S5 ke Y0+ s (22 0955 (1) (PC Sy slaoSe cdly> (g )8 Lo Jygedd
T 9 O (Shd o b lodllogS talojl 0)93 Jobo )3 (FO) o diged 52y55 + o ig 59k 1o p)5 o Y0+ c(ale 9, 098
PC (slaog)S Galsjl w2t jo) 33 2 5 phle 0j)cin 0)90 Sy oMoy joy WV Slale] 093 Jgb 505 4335 g, 13 0jugily s 2
sbaosls (b > coledl Lailyd byl can 03,8 @dlyd 38 (ised 4 03 SIS 2 S90S /0 g )5 e FO 5 TA
lomody cale (o Jlivay ad (g ySoflusl (ol plpd 5 ekl 55 psS 5 slod 9 55 05> S Lohsnd 0Pl o 2l S
slaonSsolo 195 e 4 oo Wlgi o (ple (E9) G0l Bpan ol LS gl oAb (6 pSojlul Bl 5 Sy n 5 bl oS gl
2 &y GLajl o losime b alo gy CedlisS e ciioman 255 18l g 15 4 gl 3 2 B slauBan 5 e
e 3 Lt (alejl ol enlply A8 (699l 5 (28l JB Sy bl 4 oie S pa Cudlis )8 Lo hgnd (b cod sladllogs
Lagl 2 3o jLb gl (6556 )l b (sladllogS (i 0y 3 M-8 416 o (slatuad] s 28 slin 53 (o (39 CodaoligS
RYIRY

)8 Lohged logs ple (89 (2 Sl 1S Sl

b sl Cato cnl Syi Gl 9 3980 03,0 lagls 9
Ol 2 )30 lodllogS jrog S ye £33 5l (88> (oS gl
o eOlpl Byl slaygdS )3 padls cul Jb cal L)l 3924
03j e Jlaw ;3 Ao )3 VIF o /0 FIO NIA 5 iy Bgw o
; Azizzadeh et al., 2012; Olsson et al., 1993) ccuwl oai
2 len e sladllwsS oS ye oy sty (Zhang et al., 2019
VAV Jlo 3 &Sgpgbas sl ond (A5 (Sigyeem 5l S o
3oy s 3 308 G b 53 ed ladllusS oS yo 25 (3o
Sl 0 (5155 Jlaw 10 0oy 1Y dgas 55 awslyd g)l5e 4o
09 S o il S gl wly 5 (Raboisson et al., 2013)
U555 (Hill et al., 2011) Lson o Jub Jlss 50 claallusS
Olgd e SladlngS (238 0y CudS GRIPIL (g5 o0 13,8

-

Aol

0a3LS S lyisds 0l Wgio ofl SlodllugS oS pe £
dgid aslis Sy 5[5 dLhAlf 50 oM C.‘aw o.xMSM
sledluwsS 4 055, » dlw ya (Ortiz-Pelaez et al., 2008)

(09358 OB ((5)yglisS 0aStly ¢ ol pole 09,5 (638> Juamall )6 -
Ol e
8 oy (S juely 008l plie citel g ogas cuilig 09,5 —F
Sk
O] edptio (w9348 oISl ¢ 65yliS” 0uSiily ¢ ol pole 04,5 Sl =Y
(Email: Naserian@um.ac.ir 2 e 0 g3 — )
DOI: 10.22067/ijasr.2022.69822.1016



https://ijasr.um.ac.ir/
https://doi.org/10.22067/ijasr.2022.69822.1016

1F) Lo oF ojlods IF al ] ol (0l pale Glocidrgy 4 s FV¥

oS ol pyaren 4l slacuS sl silulay oy Llss
JB Gl g sls 5L Gl Lt sbul 4 s (IL-6) 2
TNF-a 5555 o Lo sl il (plowsdls s 5 (25
5 s sy la STy a5 )3 IL6 5 (IL-1) S S oyl
WYNS, ) Sgd g0 &5 jop & ok 5 81> (28 ()4 (glod e
S Sy n Jhw daiS gile 28 90 w0gMlee (2014
oialS Ly g Giulidl 4 oo Jale cpl o B S )15 486 cow
dg-bise Loy 53 ol L8 (slagnfig s | (a2 S clale
; Gruys et al., 2004; Wyns, Baumann and Gauldie, 1994)
(2014
3 gy 5 (slons S 2 28 Loidsd (sl b oty le
o 4o )3 (o8 Slalllas ool U les o ladllugS )3 2l
e bl glie (e Cldl ws (b ClS 5 Ol
2 3l ) (il cooo N-3 a8y wgn tix oyl gl
OhESen 5 2)LS iy (20> )1 3929 g s sladllogS
sole 24y (9,5 JoSo dl lis (Karcher et al., 2014)
0F Ol palS A yoxie b )3 0> Aio)d 93 ljedn
2 o by ialS 4 los 5 ead ledl Gty sl
I .l ouis Pasteurella suolinsly (ills cod sladllsS
e (59) Joyd 93 (139381 L (Ballou et al., 2008) |, Ko 4
530y G g5 315 g e adllugS o 4 (S pw yobost)
sbacdplio (B g (SeilS oMo lg e le -89,
oo dbaoly cl 53 Sy dg0 1y ol 56 gl 13 350 obonsdon
g phalS 4 e (B (Sl op 53 (ale 89y 25
TINF-0 a2 5L cbile als y ool Gy oS sl
15 S g il Ll o uodlygin 53 1L-6 5 dL-1P
oo 9 o .(; Sadeghi et al., 1999Billiar et al., 1988)
LacS's5 0y 4y alo (489, 3,5 48lsl L (Liu et al., 2003)
L o5 el iy oS sl 15 ials & bles
thw o 6l ol atilyn (SThes oy 4 N-3 PUFA 5,8
Thies et al.,) ail azily il )0 ol oo S sl (slewdl
Calder, ) ;a8 dLwly o) > .(; Wallace et al., 20032001
DHA |55, 35 £,5 53 5l ieS o JoSo Cuwl 20ly yLis (2013
ey ol as @l il ol BT maw Ylas! + EPA
GaoolsS By une ol ws Glly ae (ganlad 4> 3]
Bjarkkijeer et ) 5,15 5539 oul Fwly » N-3 PUFA L > il
L .(; Madland et al., 2006; Brunborg et al., 2008al., 2004
oy 0 2le 589y 35 JeSo b ke Clalllae il (b ()
el 035 bl Saasily Gloj o3l 53 Jlgs e slaallugS (Shos

SUlgs L clallae ap it 30 |y bl ios] pitanw 3,8ec
sl jf Gy sladw] Cpas cunl odly lis 0aLS ) lg5uis i
(Polyunsaturated fatty acids; PUFA) a0 9> sign x> (gl,l
; Bjorkkijeer et al., 2004) cowl odgs 330 (os] s el
» PUFA jl eslaz ! .(Brunborg et al., 2008; Calder, 2013
Canidy g (ol ol o (ke OISl b (L b g g
Garcia et al., ) couwl 4ty )lgd s slaalugS >  JlawsT sl
b, e (; Hill et al., 2011; Karcher et al., 20142006
Sl S5 lal3sS) 598y 18 gLl 8 Cya (slatel
el S_34l135al5455 4 (Eicosapentaenoic  acid)
Camund ol 331 4y >0 wilgs . (DOCOSAhexaenoic acid)
> sl (Calder, 2012) 54 salgs o i 3 Slos
AU ol s 2 (Eotie (SlapousilSe 32)b 503 gludl i
Lol g wisd o o] 5,Slos g0 41 e g ar3lS
old ()35 g (mpp S b 0 slaseul (2l 58T cow
Jae el 03ly L 458 wldlllae L(Calder, 2012) cusl
N-3 ) N-3 asl8ed Wign din shyb gladl e G slaswl (0,8
5 Jhl ad)le yials an yoxie LaallwgS i > (PUFA
dgdi e licigie lacs S g lagwgpg 5l (56 Ll lags)lon
; Hill et al., 2011; Karcher et al., Ballou et al., 2008)
N-3 PUFA ol 511G aaly o ool cleMbl ¢ Jbs ol L (2014
Ballou et al., ) 5,5 3935 )l i sladllwsS 3 b 516 Fwly
.; Karcher et al., 20142008
B slis oniad LS ol odlo lgieds by, 8l Lo
; Plessers et al., 2015) couwl ouds adlis b0 p)5 slo g uSL
2,5 s dadllusS slacs)low 5o (Ulevitch et al., 1999
el oS gl 15be oo (SdS Mo 5 S lows o Jols
.(; Olson et al., 1995; Plessers et al., 2015Cullor, 1992)

o (20AIS G55 (325550 5l (S (b Sk )l g
; Wyns, Seydel et al., 2003) 59, o jlowias llailiay ) ool
g o il 25 slise )l bond &5 LKin (2014
(I ol s gl Jlad b g il o J VA ad (i
Van Amersfoort ) 545 0 sl> 56 5 oleddl Fewl sbol 4 yoxie
Al e SO als 58 Al o)l 5 (et al., 2003
el cogae bl 5l g Sl oo 55 oS canl (lossKinlon
Mol ¢ oladl glaalawly glosl Lisl g alg5 el g 25 oo
Baumann and ) s o (Sdalio &ly s 5 (Byye ¢ Jolo
sls L8 Fwl b yo . (; Gruys et al., 2004Gauldie, 1994
3lolny oy 31l (8L Sl Slo b 5 o slocugigs
5 (TNF-0) Ll (¢ )5ag5 35,55 )5i516 gmom eyl slag sl



VO sz slosm] ©awoliss & pan I (owyy oyl Kod g JolS

L el 1 oy sl 3 5 VD XY XYY Jols gLl e
Wl 9> Wgm s> (lyls glidl e Oy lasunl 4 A8 gd Wign S
Gladwl 4 n-6 Gy slaswl 9 V0 9V /0 SV EIVY ol
Shyss clalasi g e 11, /¥ g O/A A A Jolsn3 ys
allae o) 5 (Y Jpi) 60,5 s (4 o 9 ol 9
oolsl o pdigal 5 (L8 il )y b 56 SN g,
gl JolS ¢ (Plessers et al., 2015) ), IKan 5yl clislo]
Lyl Wyee (Kamel Oroumieh et al., 2020) ,\Ken 4
&= Oliedes el Mg Sl 5l g picnle 0)95 slol )
£58 Jais! 6,5l sl o2 s S 5 sl o5 o
Gl 25 0P Soser Ghilojl 090 Jobo )3 (5525 slacigis
38 Lobsed 35 33 b smienle 0,59 st 510 ol
ol oy ggie oSl o 3} nallsS oDl Capnsy 4l
b 3855 8 i) 3,90 gl (g yalb cdlls 5 e Slass
595) Gialol ey93 Jsbo crizman 5 (V 1=V jg5) ompeale o590
i 3 i ol (&law b o Jlow] 4 e S gd (V) JI )
AsS (15 Logliged 355 ) 5 53 S) ielafl piin
(198) 6 5usls coSyil o 5 (5215 2 1) 0xd (38 o
4259 3 09 ) paiges 9 ) le hgnd 32)5 50 Jared S
PC slaog,S inled]  giin joy 55 cE,5 )3 adlusS i
= prS 955 10 liedny (539 GyF Cpgmon FO 3 TA

E. coli ) palls w5 Lo by (s coo o g pySokS
serotype 0111:B4, Sigma—Aldrich®; product NO.

5235 NC 635 & (S5 pyw ailie (ljpndy )5 5 (L2630
I8 ) 3p9e Lndlo I8 ol 5 255 lod 5l
ol oy ol o, ol 4o )3 YA/D pgiSy slod jl.cd S
5y Shes el leg s ool b I allussS Bl cg
whjle BLS o)l (2by> CYgame €855 LS (129)) (2o
392 Molrl el olalow Mol (429, <5 18) an (22 9 (0]
2 e L S 5 Spgoas (W I Sg)) ptale] ol 59y 6 Ul
s S oLyl e 085 )18 aadllugS )Ll 3 oasg 9
sladlog 3 ols B &b p (Shs eldl o 0 bl

L0 a5 a5 ) S )55 TA 9 FO 05,5 63 g e

oS 3 s Aol sagS o 5 o S o
ple (fg) aeril Byae cplplis wmde 85 (Sigy ¥+
s a3l ol lp (B aalsds cusl (Sen (ol S 51 i)
a2 1) )l s sladlogS coodlo aw  (ale (189, (el
N-3 ol as @l oy islesl opl 5l G oplplo i
byly & cod aeolisS B pan 0y9d S 50 ob)d xie L PUFA

bl e cpliiln Jlgsud cladllug )3 sl 56 )

W yg; 9 dlge

Lajlass 9 plule)] 2k
VIV o oe0bio b ol 5 allgS o, VF (iolol ol 5
WAY oloyorg ) Gislejl cpl .85 )15 ooliul 590 59, Y¥/D £
5 LadllngS ) pbol 4 gy wiB bl ac )30 dcgosms 5
paS olS yidgr L ool al sl 3 (6,550 I B Wg5 o
u».’l_p)] SodllusS o caluds Sl dbol cas Lud )leS
(i ogh g (Jlwl jon g Golew pie oo (2l)lme
Job e85 5158 okl 390 ladlliogs” Sl (sl o 5 0139
Coan Sdedy (¢ plocle 0,93 G ogdeds j9, VY ivlejl 0,9
0539 igenle 6399 bl 5l am oallusS A5 485 L5 )3 5y,
s 15 09,5 Yoz 4 (Bolai MalS” joboas 5 (OV/0 £ ¥/¥) o
5 Shs lajlesi 09,5 (2 3) (e dald 09,5 (V) 1isd
5 La g Sl 0t 03) e )b biged 32,5 owionen
) ) e 2015 095 (1) (NC o) 48,5 5 (S5 o0 30,5
G o9 Laid g Cowl oais odlawl (Sys 5 (sl ylos 04,5
£ ke T+ ey o 5,5 (1) {PC bl )5 1,3 3 5L Jused
0593 0955 () (TA) 2,80 (sed 32055 + 04 Gig pS0kS 2
P odsdm (i g P oS )3 23S (e YO+ als
o bl Gy oyl LallusS plos L(FO) 1y, Lo Lliged
4385 151 o yiand Sygos (VW) NRC j3 0sds (3 jme cilslis]
odsg 93 ) yd yiud iy (ljeds ljg) Loallugs () Joaa) 58
syt Galojl 0y93 Jgbo 53 g 48)5 )15 415 3)90 puas g o
2 UmLa &9) 9 )MA, e ‘_gl.tb.\.:.w‘ J)L‘)ﬁ)) sl O)Lv u] LY .)I)T
TA PC NC (cLaos,5 sialojl ol 5> 355 o oanlive ¥ Joi
Oy Gl & bl O el sloans e FO 5



VP (ylmo o F oylods IF o ol ! (olo pole leipgy a5 pii  YVF

Bl & o 4355 3l 0y olowd GluS 5 5 oaimd S5 dlge =Y Jgda
Table 1- Ingredients and chemical composition of starter fed to calves

Shgs slge (St 03l 5l ausyd) e
Ingredients Value (%DM)
g 10
Alfalfa hay
< 45
Corn
z 9
Barley
g albss ”
Soybean meal
Corn gluten meal
pAS (g 6.5
Wheat bran
| nedlge g opaling Sl 0.9
Vitamins and minerals premix*

Sodium bicarbonate

Lo ols 0.9
Calcium carbonate

S 05

Bentonite
(RN 05
Salt
Nutrient composition
S oole 90
DM, % as fed
Crude protein
S 0l g 5D Jeleels BN 17
Neutral detergent fiber (NDF)

Sl 0339 55 Jaloeel LI 91
Acid detergent fiber (ADF) '
P 3
Fat
elS 0.7
Ca
s 05
P
(PSS ) 6 JIK) jluged g B (55l 315

Calculated ME (Mcal/kg of DM)?

0+ gl omeling o SokS 5o Jlalli 251y 00 - - -

> uolig S > Jlli 2513 Y01+ T ol JoSo 55k 52 "

P S W i @S5S 3 p)S VD e p Sk 53 p)S Ve jid p)S5lS )3 5 W S e SolST 53 Jlalli 51
VLS 5o LS )3 55 ¥ 3,555 0 5o LS )3 2,5 VYD al p SskS 13 £)5 YIVO 550 o SobS )3 £)5 VIV (59 cp Ssks
255k 3 S e Ve powib p)S5kS )3 5 (e OF % p)S5LS 53 £ 1S e VYD s < S9kS )3 5 e

W A.uul?u (Y"\) NRC )‘)S‘ln).\ )I osliiwl Lr

! Contained per kilogram of supplement: 250,000 1U of vitamin A, 50,000 IU of vitamin D, 1,500 IU of
vitamin E, 120 g of Ca, 20 g of P, 20.5 g of Mg, 186 g of Na, 7.7 g of Zn, 2.25 g of Mn, 1.25 g of Fe, 3
g of S, 14 mg of Co, 1.25 g of Cu, 56 mg of |, and 10 mg of Se.

2 Metabolizable energy using NRC (2001) equations.
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Table 2- Fatty acids concentrations in milk, fish oil, and tallow

H(1053) @2 dl ggarmo P 2l of) ey
Fatty acids (%)* Milk Fish oil Tallow
el slasd 65.3 28 424
Saturated fatty acids?

[ g S b gldl oz o 24.2 36.6 413
Monounsaturated fatty acids®

N-6 459> wg > )b gldl e Gy slasul 32 21 21
n-6 Polyunsaturated fatty acids? ' ' '
°n-3 d&lfg.) Lgm L L;l)b EL.wl )._c uyes L;Lm.\*wl 0.4 24 05

n-3 Polyunsaturated fatty acids®

b 5 g 22 9 2l o) St sldeSe | e b posdle TA §FO (slaog S 5 5l o (PC) o ol 5 (NC) (it aalis (oiolol (slaeg S
C4:0 + C6:0 + C8:0 + C10:0 + C11:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0 + C24:0. :0 > (claspul Jolis ™

Cl14:1+C16:1 + C17:1 + C18:1 + C20:1. :j> (glail Jols ™

C18:2 n-6 + C18:3 n-6 + C20:2 n-6 + C20:3 n-6 + C20:4 n-6. :y> (clasnwl Jols
C18:3 n-3 + C20:3 n-3 + C20:4 n-3 + C20:5 n-3 + C22:5 n-3 + C22:6 n-3. 10> (slasul Jols ®
L Experimental groups including negative control (NC), and positive control (PC) were only fed by milk and the groups FO and TA were

fed with milk supplemented with fish oil and tallow, respectively.

2 Saturated fatty acids: C4:0 + C6:0 + C8:0 + C10:0 + C11:0 + C12:0 + C14:0 + C15:0 + C16:0 + C17:0 + C18:0 + C20:0 + C22:0 +

C24:0.

3 Monounsaturated fatty acids: C14:1 + C16:1 + C17:1 + C18:1 + C20:1.
4 n-6 Polyunsaturated fatty acids: C18:2 n-6 + C18:3 n-6 + C20:2 n-6 + C20:3 n-6 + C20:4 n-6.
% n-3 Polyunsaturated fatty acids: C18:3 n-3 + C20:3 n-3 + C20:4 n-3 + C20:5 n-3 + C22:5 n-3 + C22:6 n-3.
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Table 3- Effect of short-term consumption of fish oil and tallow in response to the LPS challenge on the
area under the curve

\leaj dlmag)f

ey Experimental groups! SEM P-Value
Item Cute Sald Bl 029 W@

PC TA
Al £ T
s‘ :Ay;»»‘ P 19 18 2.10 0.64
A é .
ﬁ;ﬁwlﬁ 11.4 13.8 1.86 0.61
fe .
Iiéj:fﬂ)%‘ 57 58 6.13 0.90
ol sl -l s
Wil gl g 23 25 2.82 0.63
TNF-ab
5 e s
Ru;“;“ o 336.8 3328 334.6 19.7 0.98
Vo e
$ okr & 2364 2424 2680 92.8 0.06
A
Rfrf )l 937.42 936.12 943.7b 1.27 <0.01
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+ O )9 PSS 5 dn £S5 YO (TA) 4y (02 09)5 S Lo isnd G205 + % s S5 3 (e 9y 5 ke YO+ H(FO) (ale

(TA) 2,8l bgd G0y

(el o 1l o oS s) 1,8 Lo hignd 32,5 5l o ol YV Il jiio loj 51T agheol s iomio 25 cdans ™

(eelo il ey p S i) 2,8 Lo diged 32y5 5 g €l YV jio oo 5l mglSgila oo 2 o ¥

(el o sl ey p S 90) )8 Lo dignd 3205 5 e ol Ghd ) jio oloj 315 (S il omia o5 o T

(eelo il oy p)Sob) 2y Lo Jignd )55 5l o el Slaz I jho loj 1T Gl ) 5 ioxto 5 e ®

(el o 4>y 5> uiis A1) 1) o iged 3205 51 o Celos G ) yio o 31 S E55 oo 2 lams”

(el 53 aiBs 55 B s 2has) ) Jsed 32)5 5l o Celo Y 1 o floj 5 B by ¢ gt o pdaw ¥

(eelo 3 318 o 42 3) 1) lo iged 32y5 5 el YF Jl jio o 5l 38y (slod ixia o bans
1Groups: PC = positive control; FO = fish 0il 350 mg.kg™* BW + LPS; TA = tallow 350 mg.kg™ BW + LPS.

2SAA = serum amyloid A, AUCq_ 7, (mg/mL x h).
3Hp = haptoglobin, AUC,_ 72, (mg/mL x h).

41L-6 = interleukin-6, AUC, e (ng/mL x h).
STNF-o = TNF-a, AUCq_4n (ng/mL x h).

°RR = respiratory rate, AUCq_ g (bpm x h).

"HR = heart rate, AUCq_ s (bpm x h).

8RT = rectal temperature, AUC_ 24, (°C x h).

Pogsino w1y Sl osed GHlle o 05,5 a9, 033 (5 ySo3lul
Plessers et al., ) -l)LSad g pudy zuls jozmen .(p< 0.05) 54
‘QJM.C Jel d)bu—;"" U9l._°a %;Ca.b WLO)] 092 G]o Jel ‘(2015
))M‘HbWJMLBMDMwNCDB)j)D‘M
G5 5 ol YF 51 Gy Lo Jused il o5 (cloeg S
3 208 liged (il o5 slaogS 5 NC 05,5 s o5 oloyd
aaldl 5,5 5l e el YA B g 5kl o 5,5 5 e el 90

(B 9 A=Y JS5) (p< 0.01) cusls
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P a8le Lo 50,5 3ok lols 5L <Ll 31 .g (bpm)
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2 aS (Vo) sl JSs) ab ssalie (b 51 slaguiay 5 2ol
Golleo g (Plessers et al., 2015) o) Sen 5 yuuds oo sl
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Figure 1- Effect of short-term consumption of fish oil and tallow

in response to the LPS challenge on the rectal temperature, heart

and respiratory rate
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Figure 2- Effect of short-term consumption of fish oil and tallow in response to the LPS challenge on the sickness behavior
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Figure 3- Effect of short-term consumption of fish oil and tallow in response to the LPS challenge on the cytokines and acute phase
proteins
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Introduction Fodder sorghum is one of the most important forage plants in arid and semi-arid regions of the
world. Maize production is low in arid and high salinity regions around the world, and sorghum due to its
adaptation to arid and low water conditions, high water use efficiency, C4 photosynthetic system, high clawing
power, high production capacity as wet forage, dry and Silos are a good option in these areas. In the past,
sorghum was generally grown in areas that were unfavorable for growing corn, but today, with the advent of
hybrid fodder sorghums, it produces under ideal conditions corn-like crops, and where moisture is a limiting
factor and may have a higher yield than corn. Recently, frequent droughts in Iran have attracted the attention of
farmers and livestock breeders to other forages such as sorghum, and due to the limited growing season of this
forage, its use as a silo is common. Stage of growth is one of the most important factors influencing nutritional
quality of fodder silages .As the fodder matures, the cytoplasmic portion of the cell reduces and the quantity of

protein, lipids, soluble carbohydrates and soluble minerals decrease. Due to the drought occurrence on large
parts of Iran and the adaptation of sorghum to drought conditions, a very few studies have been done on its
chemical composition and nutritional value. Therefore, the aim of the present study was to investigate the effect
of plant growth stage and mixing of corn and sorghum on chemical composition and degradability of corn and
sorghum silage.

Materials and Methods In order to evaluate the effects of harvesting steps and the ratio of forage sorghum
blending on nutritional value and its degradability compared to corn silage, this experiment were performed
using 45 experimental silos in a factorial experiment based on a completely randomize design with 15 treatments
and 3 replications. Experimental groups consist of: sorghum harvest time (first factor) including: 1) before
flowering (emergence of flag leaf), 2) about 10-15 percent flowering, and 3) soft seed soils. Sorghum harvested
at each of the above time with forage corn with ratios of corn fodder to sorghum (second factor): 100%: 0%,
75%: 25%, 50: 50%, 25%: 75% and % 0: 100% was mixed. Silage samples were analyzed for Dry matter, crude
protein, Ash and crude fat according to AOAC (2005) methods. In situ ruminal degradation kinetics parameters
of DM, CP and NDF of experiment treatments were estimated using the nylon bag technique. Degradation of dry
matter at times zero, 2, 4, 8, 16, 24, 48 and 72 9 hours was determined.

Results and Discussion The results of this experiment indicated dry matter, crude protein had an upward
trend with growth progression. While, the amount of crude fat, soluble sugar decreased significantly with plant
growth. Ash content fluctuated during the growth stages, so that its amount was the lowest in flowering stage
and was the highest during the vegetative stage (before flowering). The highest pH was observed in the soft
dough stages and the mixing ratio of 25% corn and 75% sorghum, which indicates more proteolysis of silage.
The lowest amount of ammonia nitrogen was observed in the soft dough phase treatment with 50% corn and
50% sorghum ratio and the highest amount of lactic acid was observed in the soft dough stage treatment with
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100% sorghum, which may be due to increased soluble carbohydrate intake and convert it to lactic acid. Rapidly
soluble fraction, degradation rate constant and effective degradability of dry matter, crude protein and cell wall
at all passage rates increased significantly with increasing plant growth.

Conclusion In general, it can be concluded that harvesting corn and sorghum forage in the soft dough stage
with a mixing ratio of 25% corn and 75% sorghum improves the pH of silage. Rumen degradability of silage dry
matter in the soft dough stage with different levels of corn and sorghum composition can increase feed intake in
livestock. Rumen degradability of silage dry matter was also higher in the soft dough stage with different levels
of corn and sorghum composition than other stages, and this can reduced feed retention in the rumen and
increased feed consumption in livestock. However, more research is needed to investigate the effect of feeding a
mixture of corn silage and sorghum in ruminants on voluntary feed intake and production performance.

Key words: Chemical composition, Degradability, Silage, Sorghum
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Table 1- Effect of experimental treatments on the chemical composition of silage (%DM)

o3
Treatments

(Mo yd) Siis 00l
Dry matter (%)

(3253) pB 55
Crude protein
(%)

(10) S
Ash (%)

(109) P& o2
Crude fat (%)

Lol el

Main effects

oS 1)
Growth stage

2305 5| J o ye
before bloom stage
23S 2oy g dloyo

5 Percent bloom stage
PP 9 e Al

Soft dough stage
p-value

17.93% 4.66P 2.30° 8.952

19.12 4.26° 2.41° 8.00°

16.54° 5.192 2.662 8.852
0.001 <0.0001

0.0009 0.01

ols LM ! 3l
Mixing effect

200 YO poS ) qurtdus > YO (gladgle )
Fodder corn 25% + sorghum 75%
2o B poS qurtdus)d B (gladgle )
Fodder corn 50% + sorghum 50%
o )3 YO poSjqutduo )3 YO (gladole )
Fodder corn 75% + sorghum 25%
oy Voo sladgle @)

Fodder corn 100%

Loy3 Ve r poSyom

Sorghum 100%

s llia Jlaial

p-value

0.003 <0.0001

20.152 4.952 2.812 9.292

17.59b¢ 4.962 2.555 8.83%®

17.56b¢ 5.042 2.20¢ 8.65%

15.82¢ 3.95¢ 2.27« 8.00°

18.15° 4.61° 2.46" 8.21°

<0.0001 0.05
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Loy Ver gldole @3 x 23S 1 LS ds e 16,600 2.7 2.3d 7.8b
before bloom stage + fodder corn 100%
202V 59 XS Sl LB eloye 2220 3.2k 2.4 7.9°
before bloom stage + Sorghum 100%
2o )0 YO poS y0uw + Lo yd YO (gladgle )3 x (23 I8 duo pd iy dl>yo
Fodder corn 25% + sorghum + 5 percent bloom stage 22.1¢ 4.3" 2.2 9.1%
75%
Jopd B+ poS youw + doyd O+ gladgle )3 x (23 I8 Mo pd iy dlsye
5 Percent bloom stage + Fodder corn 50% + sorghum 18.7d 4.3" 2.5% 7.9°
50%
2o )d YO poS youw + Lo yd YO (sladgle )3 x 23 I8 duo pd gy dlsyo
5 Percent bloom stage + fodder corn 75% + sorghum 17.80 4.1 2.60d 7.5
25%
B V0 sledsle xS o g e 14.6° 3.9 1.79 7.7
5 Percent bloom stage + fodder corn 100%
102 V1 pFog XS o gk eye 2218 459 2.9% 7.6°
5 Percent bloom stage + sorghum 100%
L0yd YO o5 g + 2o )> YO (gledgle ©)3 X p 35 g (6 e al> o 18.7bcd 5.1¢ 3.8 9.02b
soft dough stage+ fodder corn 25% + sorghum 75%
Lo pd B poSyow + Joyd O+ sladgle )3 X p g (e dls o 19.8% 4.9f 2 gbe 8.8%
soft dough stage+ fodder corn 50% + sorghum 50%
103 YO po5 j9u + 20 )3 VO (gladsle ©)3 X £33 g (6ymed al> 0 17.8bcd 4.79 2 5ed 8.8
soft dough stage+ fodder corn 75% + Sorghum 25%
Loy Voo gldole 03 oy g (e dlsye 16.1% 5.1¢ 2.7be 8.4
soft dough stage+ fodder corn 100%
2o)d Vet poSygm X p g (S et Al g
soft dough stage+ sorghum 100% 10.1f 6.0° 1.9% 9.0%
3,5kl Bl ol
SEM
& fobine oz 0.53 0.142 0.078 0.162
P-Value <0.0001 <0.0001 <0.0001 <0.0001

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

slachams)S VL cble Jdsa P )3 pH ST ] 55
5 oIS (Gul et al., 2008) g, o ,LLsl T 53 Joloa
pH jlaie o s el (Klicalp et al., 2018) -, Sen
k> yo 5l olS Eoby iyt b pgSygm 9 )3 jlond ang slaghew
SIS 5 cpadly 53,5 GBS (s e Aoyo sy (23S Ly

(p<0.05) szl o jla stne BT (gl igtas 2 5 Ao 1t B9 b (sla Sl

WS G g 0lS 0y als yo (lojo ol 31 L ¢ IS 5k

P aSgbay el jials pH adlas (ol 13 psSyem 5 )3
De s habole 3 duoy> B S 5 Cornsd b 20 S 31 b oo
dop Voo L (20 5 dopd gy dlspo )3 F/VA oS 0w oy
VIEY g5 sgm 3oy Vev Lup i g (sped dlspo o Y/PY oS 00



1P lawno oF olols NF wls (ol oIS pole (leiirgsy &y i ¥a¥

Oisris 5 Joloee il Jlade wlS o liSI L oS 05,8
ol il LS 5] 5y oS pgmn slmsl Sligel
(Khan etal., 2011) c.aly )58l SaSY sl jlide

2 P agw 5 0 S KB 03l (£ o5 colps @l
Py g (e My dldye 138 (s Cawl 0ad 02l (LS ¥ Jgus
YO g &yd Ao )d YB) oS jomw g yd bIET calisee (glacuus 4
93 3| i (pgr9w 2o yd Voo 9 033 22> Vev ipoS g oy
Seod gy Ay b (5l ine glis ol e (g g2 505 Ao ye
o cabab oy cil oo Ve Caws b 2 5
G doyd Vv S bp g (g A5y dlsye )3 55 (C) 4o
29 500 lojloss § yide

Al pide eSS odle oS @ SIS A2 e
ol oL J‘»& s sy g )«5 C)l%"’ eSS o lie g Bule
Foe s e b Gl ST By ol )3 4
S Ly py g Gmed slass 53 pose s 5 pled 3 Sis 03l
Foe Gpidn 5 29 l0)55 5 jlade (il 1 )3 aopd Ve
ok 0)lgd hal3l g oS (s Gl L nadsle Suis osle
g0 Sid odlo puin CublB ialS sy oo a5 4 b o EalS
oS pegmadan (ol alead GLS 5 4 S 0w s (ke
F b 2 55 ddgle cudly (loj 42)S 33,5y sl 5> Jglonal
2 sl e win bl g (S Ao)d oo (olend ClaS
5135 olsS iy Al yo g a5 p9 9 )3 Pl (yp b (sladlllas
el e 5 a3 Sis o3l Jhe (gl & K3y
Klicalp et al., ) 55 &3 5| y5aS poSy0uw oLS jd +/+A g +/+0
AL Shed pdiajos Jeily 9 Jobre isu 4> » (2018
mdd e oyl Casl i 30 ol b € il
999 b k>0 )3 poSyo )3 <[00 yous 550 e s pdy
L psSh9—e 3 St odle 435 £ 5 Cull g o0 @ S0
5 5Ls (Klicalp et al., 2018) il sl sl o po iy
als o cdy g 45 ab Las (Khan et al., 2007) S
9 S e i3 1) iy SiS oole s ol adgle ity
2 YL b Mg 5l Wl e 09l psboay alsye pl )3 gl g5
T el as K0S B1S (dladllae > a8 Slatdy (650 o5
bl @55 g cdl ials ol Eoly oyt b poSygm 53 4j20
ey yides 92 pg5 yge b dunlie ) 425 w0 iS5V
P peSas 3 2 yeme E55 > Sid ol fhe s b
5 oiaselS’ (Klicalp et al., 2018) 5 oanliia (5 4l
)5 s 45 53> 55 3 ( 2010CIoImbini et al.) o, Kan
A4S sl S pm $Moms &y Gl (G 4125 gy S (S
Ol @) M ) SISV sl (g2 SYL ) G WY 51 (S

PH a8l cows (olde zls 4 56 (BRafiuddin et al., 201)
SxS ol (Son e OJor ClaS S A oSon has il owl
boo ol 3Bl M gy ookl (m3jl dom ) wlas oo
9O o3 VB L ey g 6y al>ye slas 13 VL pH b
bLs)l 3w ol 53 5L (Slogel (59,50 4 p3S p9m 2oy VO
Gy ol i > absle jload wdle ok PH 31>
Joloee (glan s o Sl be 4y Cunl S opl 5 Wb 0 Lials
W g 4555 51 6y Sligal aes 13 3¢ 031> o 39390
Sbigel 3950 lade oy yieS . (Khan et al., 2011)59 o0 15
Br 90 a0 Cas Lypy g ped Al yo jloi & by
S8 Sl Jlade i 9V OYY (g3ae Hlds b psS ew o yd
sdanldo pgSj9 2o)d Vev L b p g (et dlopo lo )
Gymo ialidl 5 il sl (ySon tal33l ol &S (VYY) 03
il SV el @ o 05 s 5 Jylore socfasngs
PH Lials cow pne (ol 5l oy SSY sl 4S5 y5boas
ol o a5 jalailad .Cuol 0l £35S 0w Juopd Voo Cand b §Mow
Jsloee slodid (o9t )3 pyi g (e alsye sbajlos )3 3980
bgipo lade oy i g b oddliie (o) izo gldy W jlos s
392 P95 yg—w moyd Vo v Sl g (S Sl J ads e 4y
Made dgs S Jdods Vil als o ol j> 501581 (p<0.05)
1325 bloige (235 51 U5 Aoy > ol Do Jsbo o150
bier Gl Jsloe 0 mhe (5pmd i (A= a8 Lo
lachims S) plals ol 5 oid s aLS o sl
anog sl 3l Gl Sy o D900 A sgandly Lo (Jsloxe
9y ledy Silwglew gl e )3 SV sl slas ST
(Tabacco et al., 2004) l,Sen 5 sSLgs .(McDonald, 1981)
Jade as un S o)l58 (Khan et al., 2007) f,Ken 5 15 4
i b i)l 5 ©53 psS g ) 2l > Jobe ol i S
)8l (3 b gge bbor (ol amelis geod Jdsa E5h
ClydpgrS lpisdn 3 Llg o b Ngd oo 4jo0 dlwlis jl &S
Sl Adgr ioli 8l g PH ials a4 oS Wgd oolitnl peasd @ puo
McDonald et ) 1S o S8 (3,8 ghow a3 b 3 SSY
23,8 5,58 (Zhang et al., 2015) |, Kea 4 I3 .(2002al.,
P bglses 3 003 Vev I jaio jl oSy 0m Camd (Aalj81 b &S
e a8 Jb s (il (Slogel (595 9 PH caxigs 5 ps5 j9
loass a1l ecsl il sl glaid o S sl
Jole clau s Jolas (gladole slacuS 5 cpl &8 aad o olis
5 (Zhang et al., 2015) a8 o el |y 3o peoss sl 3
Ol iloshes 3013 52 ol 0d) Sl L 55 6,500 salllas
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Table 2- Effect of experimental treatments on water soluble carbohydrates, ammonia nitrogen and lactic acid
Sligel ppois SRS
ol .
b Lo G r eSSk - ))Jfl’“ Sy sl
)R
Treatments pH Ammonia (P 2 p25 k) (2)
nitrogen Water soluble | 5ctic acid (%)
(mg/L) carbohydrates
(mg/g)
bl 3l
Main effects
bL_S Ay
Growth stage
(225 S e 3.65 109.60 173.222 1.59°
before bloom stage
(225 202 g e 3.68 109.53 166.820 1.79°
5 Percent bloom stage
PP 9 Sped Aoy
Soft dough stage 3.73 108.53 152.43¢ 1.852
dJ‘JL.\M Jlaial
p-value 0.269 <0.0001 <0.0001 <0.0001
olS LMl il
Mixing effect
2072 VB 55 gt 20,3 VO (slebgle 2 3.78° 107.881 162.35¢ 1.49¢
Fodder corn 25% + sorghum 75%
20,3 07psS gurtio B sledgle & 3.65" 108.00° 163.85° 152¢
Fodder corn 50% + sorghum 50%
20,3 V0 35 jgurt o 3 VB (slebgle 0 3,60 100.88% 167.39° 1.89%
Fodder corn 75% + sorghum 25%
2op )1 sladgle 03 3.65 110.772 156.09¢ 2.03
Fodder corn 100%
2oyd Ve r poSygm
Sorghum 100% 3.65° 109.552 171.122 1.81b
& obliae b
p-value 0.182 <0.0001 <0.0001 <0.0001

bpy g s oy jlosd 93 50 yue (Sag 5 don )3 pl (g
Lo Voe Coud g psS o uoyd YO 5 €D dopd YO Sy
= Foe Jolss et S35 JI0y55 e (i Sl psS g
2R3 sdse dlge b Jlite 31 ongn g5 4eeSd )3 (w9 4325
J51 clygie 5 (Slhgs Slye )3 35290 Slacaung, S o)
e Shss 55 & atanly) e 09)Se (glaCuren 5 (4SS
Nagaraja and) 4l o (S PH 5 slaweS i 5
(Titgemeyer, 2007

X o=y ol 04 odld uL.w ¥ J5A> 0 as )Sbulalb

S G 9 )5 g (Syed Ao o 3 b (g o
d9-t y5ud sbajlass 5L (g xe jgbds pgS ygu dopd Vet
Slisel 059y 9= st cledy Cul (Ses oS (p<0.05)
a9 08 4355 @ 4SSy Se bawgs 45T ASL e
J(Rafiuddin et al., 2016) cul odd & 5505 @y 5w op8y YU
T 5 40jps A8 GiSe b )l x5l poS 5 oy
P Gt 25 D9 500 Glaledd & Cund (g3 Sl S
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Continuation of Table 2
- Lol
N PP

. _ g‘ ) J}lm ey S
o oy Gl r eSSk ed (o)
Treatments pH Ammonia (65 2 £ oo o

nitrogen Water soluble Lactic acid
(mg/L) carbohydrates (%)
(mg/g)
Dl il 3l
Interactions
o ) vo r°9§)5“’ + o) V0 dld‘é?l“ ‘:’)5 XL;MJf }‘ J‘“S 4'l>)"" 3.72b 108.3¢e 168.1¢d 1.5¢f
Before bloom stage + fodder corn 25% + sorghum 75%
200 pifipt Aoy 0r lige 05 xS Sl JE e 3.5¢ 108.3¢% 173.2¢ 141
Before bloom stage + fodder corn 50% + sorghum 50%
2o )d YO £S5 0m + duoyd VO (sladgle )3 x 2 IS 51 L8 al> o 3 6 106.6¢° 178,15 14f
Before bloom stage + fodder corn 75% + sorghum 25%
2o Ve lible xS Sl S doye 3.5¢ 109.3 163.3' 1.7
Before bloom stage + fodder corn 100%
20 Ve piFsp X238 Sl B doye 3.7% 110.0° 183.12 1.7¢d
Before bloom stage + sorghum 100%
200 YO poS50u + Mo yd YO (cladale )3 x 23 |5 2o )3 0 dlsyo 3.6¢ 108.6¢% 169 3¢ 1750
Fodder corn 25% + sorghum 75% + 5 percent bloom stage
2o > B poS o+ Mo yd B+ (cladale )3 x 20 IS Moy 0 dlsye 3 6 110.3¢ 165.8°F 1.9
5 Percent bloom stage + fodder corn 50% + sorghum 50%
2o )d YO poS youw + doyd YO (gladgle )3 x (23 I8 duo pd iy dl>yo 3 6cd 111.6% 168.6% 1.9
5 Percent bloom stage + fodder corn 75% + sorghum 25%
2o Ve sledsle 9 xS o g oo 3.7% 110.0° 158.29 1.9
5 Percent bloom stage + fodder corn 100%
202V pSigm KBS o g dbnye 3.6 107.3¢ 172.1% 1.3
5 Percent bloom stage + sorghum 100%
o> YO poS jouw + Juoyd YO (sladgle )3 X p g (e dls o 3.8° 106.6¢" 149 5i 1.1h
Soft dough stage+ fodder corn 25% + sorghum 75%
Lo yd B F?f)?" + o) O Lﬁ]‘\éﬁk‘ SR X py 9 Syt d>yo 3.7% 105.3f 152.4hi 1.19n
Soft dough stage+ fodder corn 50% + sorghum 50%
2o )d YO poSj0u + Mo yd VO (cladgle )3 X p 5 g (g pmad dls o 374 111.3% 155.3¢h 2 0b
Soft dough stage+ fodder corn 75% + sorghum 25%
B Ve libe 90 £ 5 e elye 3.6% 113.0° 146.61 2.3
Soft dough stage+ fodder corn 100%
2o)d Ver poSygm X p g (S et dl>ye
f‘ﬁgﬂﬂ} ji?“ sorghum 100% 3.0 111.3%® 158.19 2,30
B
EM

iﬁm il 0.02 0.74 1.56 0.10
P-Value <%f° <0.0001 <0.0001 <0.0001

(P<0.05) wslgo o grme MBI 4yls g2y p3 atliie 12 By > b slapSibe
Means within same column with different superscripts differ (P<0.05).
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Table 3- Effect of experimental treatments on effective degradability of dry matter

N4

s a’ BT o Sy sphaps®  Phe spbaps” S gphaies
)
- o o[y >34 o[-0 B o[+A N
Treatments 5 ) (pS5 re)) (celo ) ETY TP ¥ TP
(5 22 ’ EDo.02 EDo.o5 EDo.os
el alyl
Main effects
o[,.f .L.Z)
Growth stage
235 51 8 el e 0.25° 0.59° 0.028° 0.79° 0.74° 0.70°
Before bloom stage
25 20 gy Aoy 0260  0.60°  0.032° 0.822 0.772 0.73
5 Percent bloom stage
Soft dough stages S als
SIS 9 s Lo 0260  0.60°  0.034° 0.822 0.772 0.722
& ohlise Jlozs!
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
olS LM il
Mixing effect
. Lo
202 V0 poS gt 10,3 YO slebgle 5 0.25¢ 058  0.024° 0.78¢ 0.72¢ 0.67¢
Fodder corn 25% + sorghum 75%
O+ 05 Do glddgle ¢y
202 Br pofyputao; B sledgle )5 0.25¢ 058  0.026° 0.78¢ 0.72¢ 0.67¢
Fodder corn 50% + sorghum 50%
2072 Y psf o p VB slebgle <2 0272 0.60®  0.036° 0.832 0.78 0.752
Fodder corn 75% + sorghum 25%
e i o
o \rr lsle @ 0272 0612 0.040° 0.842 0.812 0.772
Fodder corn 100%
2oyd Voo poS o
Sorghum 100% 0.26b 0.59°  0.031° 0.81b 0.76° 0.72b
& lixe Jlezs!
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

s 9 Mia o2k b a8 ele )l b lalS (s piymain
md ol (S D929 0, GLalS (ol o)lpd (s
o) S 5 4SS 53 05290 Jdlge s o S5k
L dulis o 0l oals (Costa et al., 2016) 3yl 2955 a0
it CllB o > 5 30 5y i) Sl obigS ol
Sy a0y als o 10 odds Cublbyy lalS ;o 9 dimd o ialS 1,
S b wad Cebl (650 IS (O g (et Al po ) Cud
2 S oole xesd (ot g (§yped Alspo )d exg cpl byl
S ol 1y a8l Sis odle pand Cobl ials Wlgs e il
oy Jolpo ay et o |y M -l (Costa et al., 2016)
Cupd 035 gl Saly 9 S gy Bl S 9 s )3 po5 590

WAl

0 Jsi 2 psSi5 9 ©p3 s NDF (cppinay o8 gl

Ly g oo adoyo jlowd 93 38 s Canl 0dd ()15
£S5 s Juoyd YO 4 )d Loy d VO g yd doyd Vo v slacuns
alsyo jlogi )5 a5 by (p<0.05) 59,505 (slajles Iyt
Sdsne ypbody poS 5w duoyd Vev Cuns b (2O S o> gty
S et (Gby Al yo > 4o S (Y150 g byjless b I S
Lo YO g G Lo VO« dop Ver slacaws bpy g
Mo (i )3 o> Vo Cand )3 435 £ Sl g S g
skl b i 6t e (s (PRO.05) 33: b,
S Ao po jlosd 4 bgrpo soie gy pled )3 (25 saugd )
auly Gislisl ol la s o aS 0e D Moy Ver Caws bipy g
090 JolS b ol G jlad ol 50 4350 @y Lisu 090 YL
ok pzen Sleblo l)ams S Cond I3l 5 olS L3,
= Losiis 45 005 yiy oSy duoy (S 5 ko o0
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Continuation of Table 3

Sndhaps®  Gphaps” cplajes”

A A ¥ .. as .. as . as
b jlows a ’b ¢ I ER P S e E5 0 S e 5 5 e
Treatments (25 wpS) (£S5 2p5) (celo ) R e A
EDo.02 EDo.os EDo.os
Haze <

Interactions
2o )3 YO oS yow + Juoyd YO (gladgle )3 x 235 5| b als po
Before bloom stage + fodder corn 25% + sorghum 75%
Mo )3 O+ oS yow + duoyd B (gladgle )3 x 235 3| b als po

0.25¢% 0.589"  0.0259" 0.78 0.73f 0.68f
Before bloom stage fodder corn 50% + sorghum 50%
2o )3 YO 65 yow + Juoyd YO (gladgle )3 x 255 3| b al> po

0.25¢ 0.58%"  0.025¢" 0.782 0.73f 0.68f

0.24¢f 0.58%"  0.021N 0.76 0.70¢f 0.669
Before bloom stage + fodder corn 75% + sorghum 25%
o Voo gladgle @b x 2> IS 5l b als e

0.26° 0.59%  0.032¢f 0.81 0.77% 0.73¢
Before bloom stage + fodder corn 100%

Voo poS $ 5l s als

2o V1 psFoge Ko S | B el 0.26°  0.60° 0.034%  0.82 0.78¢ 0.74%
Before bloom stage + sorghum 100%
202V 55yt 22 VO (slile 25 (22 J5 10,2 g eloye 0.26° 059% 00290  0.81 0.76° 0.72¢

Fodder corn 25%+Sorghum 75%-5 percent bloom stage
2o )3 O+ poS youw + Juoyd O+ (gldole 3 X 2O S Juoyd iy dls ye

0.27° 0.61%¢  0.039« 0.85 0.81°¢ 0.770¢
5 Percent bloom stage + fodder corn 50% + sorghum 50%
203 YO o5 youw + Juoyd VO (gladole &) X 23S Suoyd iy dls yo

0.27° 0.61¢¢  0.042bc 0.85 0.81¢ 0.78bc
5 Percent bloom stage + fodder corn 75% + sorghum 25%
Lo Ve libge L xS o g oo 0.27° 061 0036%  0.84 0.80° 0.76
5 Percent bloom stage + fodder corn 100%
Yoo oS 3 L oals ) .
2002 1 pSogm XSS 100 g e 0238 056 00181  0.73 0.66" 0.61"
5 Percent bloom stage + sorghum 100%
2o )d YO poS youw + Mo yd YO (slddgle )3 X p 5 g (6 ymed dlsyo .
0.244 0.579 0.017Y 0.75 0.681 0.62"
Soft dough stage+ fodder corn 25% + sorghum 75%
Lo )d B+ oS youw + Mo yd O+ (slddgle 3 X p g (6 ymed dlsye ) } .
0.23¢ 0.56 0.013 0.71 0.63" 0.57!
Soft dough stage+ fodder corn 50% + sorghum 50%
2o )d YO poS yomw + Mo yd YO (cladgle )3 X p 35 g (6 ymed dlsyo
0.282 0.628  0.047% 0.87 0.842 0.802
Soft dough stage+ fodder corn 75% + sorghum 25%
doyd Voo L;l:té}l.c Sy X py 5 (S ypo> a> o
0.282 0.632 0.0502 0.88 0.852 0.822
Soft dough stage+ fodder corn 100%
2oyd Vet pgSygu X pyi g (S et dloye
Soft dough stage+ sorghum 100% 0.282 0.628  (.043bc 0.87 0.83° 0.802
55kl Gl
SEM
& fokiee Jles! 0.003 0.003 0.002 0.005 0.004 0.005
P-Value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
(P<0.05) sidly oo Jlogime MBI (glyl> (5200 po 13 atlite i By b sloyeSibe
L g i
aps S s
e g e’

! Means within same column with different superscripts differ (P<0.05).
2 Rapidly soluble fraction

3 Potentially degradable insoluble fraction

4 Degradation rate constant

56.7 Effective degradability in passage rates of 0.02, 0.05 and 0.08 /h.
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Table 4- Effect of experimental treatments on effective degradability of crude protein

s A b o P phapst e phas” P cpbaps’
)
e e o[y 25040 o[-0 >34 o[+A >34
Treatments S pes) (p5 2pS) (celop) T 7T T
(¢5 2 25) EDo.o2 EDo.os EDo.os

el al gl
Main effects
ol.:f Juﬁ)
Growth stage

s
B35 S el e 0.25b 0.50° 0.022° 0.70° 0.65° 0.61°
Before bloom stage
25 2oy gy Ao e 0272 0518  0.0272 0.74 0.69% 0.66
5 Percent bloom stage
PP 9 (S yed Aoy
Soft dough stage 0.272 0.522 0.0272 0.742 0.69?2 0.652
d)\ﬁl_'\u d\.«ﬁ;\
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
olS L3 1
Mixing effect

YO poS YO (gladole @3
202 V0 poS ygrt 10,3 VO slebgle 5 0249  049°  0.020° 0.68° 063" 0.57°
Fodder corn 25% + sorghum 75%
o B pofyputanp b slidle 02 025¢ 050  0.023 0.70° 0.65 0.61°
Fodder corn 50% + sorghum 50%
2072 Y psf gurto p VB slebgle <2 027° 0522  0.028° 0.76° 0.712 0.67°
Fodder corn 75% + sorghum 25%

Voo cladele o)
o Ve lsle @ 0280 053  0.030° 0.77° 0.73 0.69°
Fodder corn 100%
2oyd Voo poS o
Sorghum 100% 0.26¢ 051°  0.025° 0.72b 0.67° 0.64°
& blixe Jlazs!
p-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
DAL lgi e yal cpl g 092 1503 Jolpe 5l e pgS s9m IS (G S ol

oo bgdse 4335 136 oy 2 (sl sy ik ¢ Jl> ol
95 Shed )il Gy j (US55l )3 o559 9 )3
el 5U5 b g 5 Slas

ol Ol =0 ol 3l ool Cusdey @l Sl (S gy

k> ye )3 pgS y9m 9 ©)3 ddgle by 48,8 bl i
£ s duoyd YO 9 yd Ao > YO b Al caws b p 5 (6 ymes
Seid olo (laraSiS (g5 33,5 (o0 e PH 92
9 055 S ke il b g 5 s Abye 5 P
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Continuation of Table 4

Srdhaps®  phaps” gpbaps’

Y Y ¥ .. ae . . ae . . se

bl a /b ¢ 29 EP P P e €5 S s T P
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Before bloom stage + fodder corn 75% + sorghum 25%
2o Ve slsle 0,0 a5 Sl S e 026/ 052 00260  0.74° 0.69° 0.65¢
Before bloom stage + fodder corn 100%
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5 Percent bloom stage + fodder corn 50% + sorghum 50%
2o V0 pSyge + 20 VO Slisle C2x ST wep gl g gt gopgt 075 0.70¢ 0.66°
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2o Ve Shgle 03X pa T o g dlye 029° 053¢ 0030¢ 078 0.74° 0.70°
5 Percent bloom stage + fodder corn 100%
202 )1 5 XS o> iy oo 023"  047% 0015'  0.64° 0.58¢ 0.53"
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202 VB 55y ¥ 222 VO (Glsle 0,32 23 5 (S e oo 0221 047 0013'  0.62° 0.55" 0.519
Soft dough stage+ fodder corn 25% + sorghum 75%
20200 gt hop2 br Glgle L2 )7 g Sn eye 0.23%  0.46% 0016  0.63¢ 0.58¢ 0.53
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25%
2oy V1 sledle 02 )0 g st e 029" 053¢ 0.034° 0.79 0.75% 0.71%¢
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2o)d Vet poSygm X p g (S et Al ye
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3wkl Gl ol
SEM
o folon Jlacs! 0.004 0.005 0.001 0.002 0.004 0.004
P-Value <0.0001 <0.0001<0.0001 <0.0001 <0.0001 <0.0001
{P<0.05) il oo Josine BN (glyls 5t o 55 alite i By b slo Sk’
@ e o5
450 A8 i
@50 ¢y ol

! Means within same column with different superscripts differ (P<0.05).
2 Rapidly soluble fraction

% Potentially degradable insoluble fraction

“ Degradation rate constant

567 Effective degradability in passage rates of 0.02, 0.05 and 0.08 /h.



O Pl b gladale 555 0w oS 5 Comui g Cbls  alo yo 1) g gLk

(s oxigd ) Joboali b S50 (s plas oy otalef] slayless ;3B -0 Jgaa

Table 5- Effect of experimental treatments on effective degradability of neutral detergent fiber
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0.29°
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0.312
<0.0001

0.59P

0.602

0.612
<0.0001

0.013°

0.0142

0.0152
<0.0001

0.45°

0.52

0.522
<0.0001

0.36°

0.38°

0.42
<0.0001

0.32°

0.362

0.362
<0.0001

o )3 YO poSjqurtduo > YO (gladole )
Fodder corn 25% + sorghum 75%
Jopd B poSyaurtduo)d B (gladole )
Fodder corn 50% + sorghum 50%
o )3 YO poS jqutduo )3 YO (gladole )
Fodder corn 75% + sorghum 25%
Jopd Voo gladgle @)

Fodder corn 100%

2oy3 Ve v poSygm

Sorghum 100%

& hline Jlozsl

p-value

0.28°

0.29b¢

0.312

0.322

0.30°

<0.0001

0.57¢

0.59P

0.622

0.622

0.59°

<0.0001

0.012¢

0.012¢

0.015°

0.0172

0.014°

<0.0001

0.43¢

0.47¢

0.532

0.532

0.50°

<0.0001

0.33¢

0.37¢

0.40°

0.432

0.37¢

<0.0001

0.30¢

0.33°

0.30¢

0.372

0.372

<0.0001
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5 Percent bloom stage + sorghum 100%
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1 Means within same column with different superscripts differ (P<0.05).

2 Rapidly soluble fraction
3 Potentially degradable insoluble fraction
4 Degradation rate constant

56,7 Effective degradability in passage rates of 0.02, 0.05 and 0.08 /h
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Introduction Ruminants require roughage in their diets to maximize production and to maintain health by
sustaining a stable environment in the rumen. There is a need to identify local plants that can offer high quality
forage to local ruminants. P. ferulacea (family: Umbelliferae) is a valuable forage grass found in high mountain
areas of South-east Iran. Local farmers cut and wilt the plant, prior to feeding it to sheep.

Sheep are selective and spend a lot of time selecting and sorting feed materials. Domestic livestock are
herbivores that evolved to eat a wide array of vegetal species and typically select a diverse diet even when their
nutritional requirements can be met by ingesting a single feed. A free-choice feeding method partially mimics
nature and facilitates selection based on nutrient requirements that fluctuate along with feed quality and
availability. Also, this method requires less use of manpower and equipment.

The information available regarding the effects of ad libitum supply of concentrate and the possibility of free-
choice provision of forage in lambs is very limited. Also, limited data is available concerning nutritional behaviors
of lambs fed high-concentrate diets, and this information is even more limited in terms of providing feed-choice.
The aim of this study was to investigate the effect of free-choice provision of two forage sources including alfalfa
and P. ferulacea in addition to concentrate on digestibility and behavior of Arabian lambs.

Materials and Methods A total of 18 male lambs of Arabic breed with an average of 90 + 8 (SD) days of age
and body weight of 19 + 3 (SD) kg were used in the study in a completely randomized design for 45 days. Lambs
were housed individually in pens (1.3 mx1.5 m) in an open shed building. Cages were separated by a metal fence
with a bar design that allowed contact between animals. The animals were randomly assigned to one of the three
experimental diets including free choice between; 1- alfalfa hay and concentrate, 2- P. ferulacea and concentrate,
and 3- alfalfa, P. ferulacea and concentrate. The lambs were fed the total mixed rations ad libitum once daily at
0800 h and had free access to fresh water at all times.

Essential oils of P. ferulacea were identified using gas chromatography—mass spectrometry. Samples taken for
DM and chemical analysis were oven-dried at 55 °C for 48 h and then ground to pass through a 1- mm screen.
Chemical analyses were performed in duplicate. Feed offered and refusal of each lamb were recorded daily.
Digestibility was measured by total collection of feces during a 5-d period. The behavior of lambs was recorded
with nine video cameras that were connected to a digital video recorder. Video recordings continuously observed
visually for each lamb over a 48-h period. Recorded activities were registered together with their beginning and
ending times. Data for each activity are reported as the total time, expressed in minutes, in which the lamb
maintained this specific activity. Chewing behavior was divided into eating and ruminating.
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Intake and digestibility data were analyzed using a GLM procedure of SAS 9.2. Multiple mean comparison
were carried out using Tukey's test. Animal behavior from video recordings was analyzed using a GLIMMIX
procedure of SAS. Comparison. For the different statistical tests, significance was declared at P<0.05.

Results and Discussion The compounds of a-bisabolol, B-Pinene, a-Pinene and 6-3-carene had the highest
amounts among P. ferulacea essential oils. Free-choice provision of two forages increased dry matter intake and
the proportion of consumed forage compared to other treatments. Forbes and Provenza (22) reported that in free-
choice provision between forage and concentrate, ruminants allocate about 20% of the dry matter intake to forage.
This finding is in an agreement with observed ratio of forage consumption in treatments with one forage source
but is less than the observed value in the treatment with free access to two forages (36.2%). Among the mechanisms
that may be involved in this increase is the greater diversity of forages that act as a stimulus for its consumption.
Lambs consumed P. ferulacea as the only forage source showed higher digestibility of dry matter, organic matter,
NDF and ADF compared to other treatments. Low lignin content of P. ferulacea compared to alfalfa is one of the
main reasons for its higher digestibility. Lambs receiving P. ferulacea as the only source of forage had the lowest
time spent eating per day compared to the other treatments. When animals were given a choice between alfalfa
and P. ferulacea, the time spent eating increased significantly compared to P. ferulacea alone. Lambs that had
access to two sources of forage had the lowest feeding time per gram of NDF and ADF compared to other
treatments. This decrease could be due to the higher consumption of dry matter as well as NDF and ADF in this
treatment compared to other treatments. Lambs that had access to two forage sources spent more time ruminating
compared to the alfalfa recipient treatment. The highest duration of rumination per gram of NDF and ADF was
observed in P. ferulacea treatment as the only source of forage. It has been shown that the chewing per gram of
forage NDF is higher in animals with lower NDF intake (4). In this regard, Grant (24) suggested that there is an
adaptive mechanism when consuming low-forage diets by increasing chewing per gram of forage NDF. Non-
nutritional behaviors including self grooming, licking and biting fixed objects and laying time were not affected
by treatments.

Conclusion Providing two forage sources instead of one source, led to an increase in dry matter intake. The
higher digestibility of dry matter, organic matter, NDF and ADF in the treatment of P. ferulacea compared to
alfalfa indicates the high nutritional value of this forage. Due to the limited information available on free
concentrate supply and the lack of examination of rumen and liver health indicators in the present study, any
practical conclusion regarding ad libitum concentrate intake requires further research.

Keywords: Digestibility, Feeding behavior, Free choice, Medicinal forage.
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Table 2- Essential oils composition of Prangos ferulacea
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Table 3- The effect of treatments on nutrient intake (g/day)
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ferulacea ferulacea
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Means within same row with different superscripts differ (P<0.05).
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Table 4- Effect of dietary treatments on nutrients apparent digestibility
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P ey BB Ll e Gpae floj e b odly yuils
2 4@8 VYAl 3 WAV ol ol olisay yudls b duslis
i ey il o sz GllpalS lages Jal cllge (5,
Wilgy oS By (> Jgese y5bd g Ny |y (aLS lawisS
LS Sl Shed g9 o 0053 L1 398 slads slajls
(Provenza, 1996) .S’ o Clowl |y gaiio (STyed 0 S o
255 saaliie (Johnston and DeVries, 2015) Ly 90 g (yomil>
Suid ool Hlade 5 STysd Byne loj e o ke b3l &S
Siid 00lo «STygd Bpuan loj do (ialS b g0yl 0959 (8 pas
osle yiaS G pnn b 35 3 il (ol 85 Ao 0lS 35 (s
A8l oo dsle mio LS ey edle oS8l Hlog > St
ol (Irairaetal., 2012) o, 1Saa o 1ys] ) adlllas )5 ¢ Joldo )
6,55 )18 15t cov 1ie Gpae oy Gt «Sid 03lo & puan
b dunlio p adgle auie 93 o djl Gl saiSedl ) Hlos

)y ADF 5 NDF 5 cljla (13,55 (loj o (508 by los ;503
9 NDF 35 g Sis oole ity Bpne Jubday idlS oyl .cudl

wn CblE LIS sla S alon § dbsle plhost S 5
103 YI0) a56g 4y o il S Jlade p3gr yieS .l
bl (g0 YL (ol LYo alox 5V Jgda) 2o pd AV iy 5o
b $yeS HMie w9 b awolie ) yudly il ol e
03lo dopd B+ b dunlio jd duo > YY/A) 25 odigd ;o Joloeels
b duslio ;3 2o > YY) il 0d9d )0 Jolorol jud o (Siis
PV (g yudyus Slyaamg S LS 5> a3y (Sis o3le o )3 YV/Y
Ao 5l Bl o (S o3l 13 Mo yd YVF ply 0 dopy ¥4/3)
e il oMy o 55 wian CollB g it JYo
A3l ddgle mito Lo

SlasiRd jad g (sldadad sla,lad
o> L5 0 Jpin 3138 Gpae )by palef] slo o il
slddsle xio s lasd il sauSCdl  Ollge (Cal ol
9 b aualie )3 1) joy > ()95 18 (sl 0ad Bpo loj (S
a5y o bl el e 4 By (P= o)) aidly )50 jless



1P Glno F oylols AF oo (ol ol (olo pole leclunrgly 4 pio V¥

oilefl 5> Sy pe i b B cpan gl slaple;
Sy oo Ja5 4y (g 8,55 )18 b o 1iE Bpae oy il
g e LSS o9 1 Jdoas a8 b awslis 3 judle gl
e Gpas loj o il By 51 1) 1 Gy (680 (b
23 5 A8 V¥ ply 3 V+) wil ool i b o L pa

(552 5 yil> Jlas

5 owed il byles S0 b awlis » Jles opl ;> ADF
230> 1,8 0 )Ll 550 1y 4SS -yl (Davis and Smith, 1988) o.ou!
Jde die B pume ladd 5 oy yuuss B, 51 13E  S1yed oS &S
Olen g Wy ams o 53 4l cov 1) Bpas Suid odbo
0y 5 Jlaze LS 5 09 45 Wases oyl (Villalba et al., 2011)

Table 5- Effect of dietary treatments on eating behavior of lambs

L jlows

s Treatments

Prad

e i JN ils g doigy SEM P-value

Al fal%a Prangos Alfalfa and
ferulacea Prangos ferulacea

i b o

Eating

;\7;’/;‘” 189.2¢ 141.9° 186.78 252 0.01

|

irae NDF ¢35 (dlle, 4iSo 0.613° 0.626¢ 0.494 0.066 0.04
Min/g NDF intake

Fras ADF 25 Slilay aiss 1.208 1.412 0.840 0.22 0.05
Min/g ADF intake

(p5) 2 > Brae S 8.51 753 10.42 1.74 073
Intake per visit (g)

(4883) )l 52 3 136 By e 1.40° 1.03b 1.23% 0213 0034
Time spent per visit (min)

(4883 3 St o3lo p.5) Hé Bao s 5.80 7.12 8.30 2.32 0.64

Eating rate (g DM/min)

(P<-1-0) bl o o ine BN gyl ity By b o) oy o3 Silie

Means within same row with different superscripts differ (P<0.05).
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Table 6- Effect of dietary treatments on ruminating and chewing behavior of lambs
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Table 7- Effect of dietary treatments on non-nutritional behavior of lambs
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Introduction The in vitro gas production test is used as a laboratory method for studying the ruminal
fermentation of feed-stuffs. This method is an ideal technique, because it allows to record gas production at
different hours an incubation time. In this technique, the parameters of fermentation Kinetic are predicted using
nonlinear models. The Exponential Model (EXP) is the easiest nonlinear model which is applied for this regard.
However, it has been reported that some nonlinear models predict the parameters of gas production kinetic more
accurately than the EXP model. In this study, different forages were used as feed samples and the accuracy of
some nonlinear models for predicting the parameters of gas production kinetic has been studied and compared.

Materials and Methods For this experiment, alfalfa forage (first, second and third cutting), sainfoin hay,
wheat straw, barley straw and corn silage were used as feed samples. Feed samples were analyzed for Dry
matter, ash, crude protein, neutral detergent fiber and acid detergent fiber according using standard methods.
Rumen fluid was collected from three ruminally fistulated mature Mehraban rams before the morning feeding.
Obtained rumen fluids were pooled and strained into a pre-warmed (38 to 39 °C) insulated flask and immediately
transported to the laboratory. In laboratory, ruminal fluid was filtered through four layers of cheese cloth and
then mixed continuously with CO, and maintained near 39° C before usage. To evaluate the ruminal
fermentation Kinetic of feeds, the in vitro gas production test was carried out during 144 h incubation time for 3
run. For this purpose, 200 mg of dried and milled feeds with 30 ml of buffered rumen fluid were poured into
glass vials (in 3 replicates). Two glass vials containing 30 ml of buffered rumen fluid without substrate were
considered as blanks. After capping (plus tow glass vials as blanks), all glass vials were incubated at 39 ° C. The
volume of gas produced was recorded at 2, 4, 6, 8, 10, 12, 16, 20, 24, 36, 48, 72, 96, 120, 144 h after incubation.
The obtained results (volume of gas produced at each incubation time) were fitted to four nonlinear models
included the exponential (EXP), Gompertz (GOM), Richard (RCH) and France (FRC) models. The mean square
error (MSE), coefficient of determination (R?), residual mean absolute deviation (RMAD) and mean percentage
error (MPE) statistics were used as goodness of fit parameters. The run test, accuracy factor (AF), Akaike
information criterion (AIC) and Bayesian information criterion (BIC) were used to compare the accuracy of the
models for predicting the gas production kinetic.

Results and Discussion The results showed that the asymptotic gas volume (A) predicted by the FRC model
(104.68 ml per 200 mg dry matter) was significantly different from the EXP (100.18 ml per 200 mg dry matter)
model (p <0.05). But the value of A predicted by the EXP, GOM and RCH models did not show a significantly
difference. The rate of gas production (c) predicted by the studied models were significantly different and the
lowest value was observed in the FRC model (p<0.05). The highest and lowest values for MSE (15.11) and R?
(0.984) were observed in the EXP model, respectively. Which indicated the EXP model goodness of fit was
weak compared to the other models. The RMAD statistic in the studied models had significantly difference
(p<0.05) and the highest (2.88) and lowest (0.85) values were observed in the EXP and FRC models,
respectively. So, the FRC and EXP models had the highest and lowest goodness of fit, respectively. The MPE
statistic in the FRC and RCH models were closer to zero (0.32 and 0.48, respectively) compared to the other
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models (EXP and GOM models), which indicated better goodness of fit in these models. The run test was
significant in the EXP and GOM models (p<0.05). So, these models were less accurate for predicting the gas
production Kinetic. The value of AF, AIC and BIC statistics (2.85, 15.87 and 10.04, respectively) showed that
the FRC model had the highest accuracy for predicting the gas production kinetic among the studied models.
Conclusion The results showed that the EXP model had the lowest accuracy for predicting ruminal
fermentation kinetic of feeds, among the studied models. However, the FRC model had the highest accuracy.

Keywords: Forage, Gas production test, Goodness of fit, Non-linear models
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6- Coefficient of determination

7- Residual mean absolute deviation
8- Mean percentage error

9- Run test

10- Accuracy factor

11- Akaike information criterion
12- Bayesian information criterion
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Dry matter (DM), organic matter (OM), crude protein (CP), neutral detergent fiber (NDF) and acid detergent
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Table 3- Comparison of the ruminal fermentation kinetic parameters estimated by the studied models
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Parameters EXP GOM RCH FRC p-value
A 100.18° 99.50 ® 102.90 ® 104.68¢ 0.0007
c 0.053° 0.066 @ 0.036 ¢ 0.017¢ <.0001
b - -1.87 1.36 0.22 -
L - - - 0.41 -
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Models were EXP: Exponential, GOM: Gompertz, RCH: Richards and FRC: France.
A: asymptotic gas volume (ml/200mg DM), b: shape parameter, c: rate of gas production (ml.h™) and L: lag time (h).
Mean within rows followed by different superscripts are statistically different (P<0.05) by the test of Turkey’s.
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Table 4- Comparison of goodness of fit parameters in the studied models

[EYCIm JuiibgpusT Joo FyesS e )by Jse oilyd e p e
Parameters EXP GOM RCH FRC p-value
s Slje e 15.112 9.98b 3.02°¢ 151¢ <.0001
MSE
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MSE: mean squares errors, R?: coefficient of determination, RMAD: residual mean absolute deviation, MPE: mean percentage error.
Mean within rows followed by different superscripts are statistically different (P<0.05) by the test of Turkey’s.
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Figure 1- Residual dispersion during incubation period after fitting the models (Models were Exponential (EXP), Gompertz (GOM),
Richards (RCH) and France (FRC))
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Table 5- Run test results and distribution of gas production curves based on numbers of run in the studied models
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Table 6- Accuracy factor, Akaike information criterion and Bayesian information criterion statistics
after fitting the studied
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Introduction The most important effect of using emulsifiers and I-carnitine in the diet is to help the process
of digestion and absorption of fats. Improving the efficiency of metabolizable energy consumption and crude
protein when emulsifier and I-carnitine supplements used in the diet indicates the positive effect of emulsifiers
on the digestion and absorption of fats and other nutrients. Considering the different metabolic activities I-
carnitine and emulsifier (lipidol) in broiler chickens, it seems that the use of these compounds together in low-
energy diets can significantly improve the performance of broiler chickens. Therefore, the present research

investigated the role of lipidol and I-carnitine supplements in reducing the negative effects of low-energy diets
on growth performance, carcass characteristics, nutrient digestibility, blood biochemical parameters and meat
oxidative stability of broiler chickens.

Materials and Methods The experiment was carried out in a completely randomized design with five
treatments in four replicates and 12 chickens in each replicate. Broiler chickens were fed with diets including: 1.
control diet 2. Low energy diet (150 kcal/kg less than the control diet) 3. Low energy diet + 100 ppm I-carnitine
4. Low energy diet + 1 g / kg lipidol 5. Low energy diet + 100 ppm I-carnitine + 1 g / kg lipidol for 42 days.
Then, the growth performance of chickens, carcass characteristics, blood biochemical indicators (total
antioxidant capacity, triglyceride, cholesterol, LDL and HDL concentrations), nutrient digestibility (dry matter,
protein, fat and organic matter) in starter and grower periods and meat oxidative stability of broiler chickens
were measured and recorded. Finally, the analysis of data was performed using GLM method by SAS software.
The means were compared using Tukey's multiple range tests.

Results and Discussion The results showed that there was no difference in feed intake between the birds
receiving the control diet and the other diets. Weight gain and feed conversion ratio of birds were significantly
improved by control diet than other treatments (P<0.05). However, birds receiving low-energy diets containing
lipidol + I-carnitine had the same feed conversion ratio (1.79) as birds receiving the control diet (1.75). Birds fed
with low-energy diets containing lipidol and lipidol + I-carnitine had better weight gain and feed conversion ratio
than birds fed with low-energy diets containing I-carnitine and without additives (P<0.05). Compared to the
control treatment, the birds that were fed with low-energy diets containing lipidol and I-carnitine separately and
together had a lower abdominal fat percentage (0.4%) (P<0.05). Also, birds fed with the control diet showed a
tendency to increase the heart percentage compared to other experimental treatments (P=0.06). Birds fed with
low energy diets containing lipidol and lipidol + I-carnitine had higher dry matter (3.6%), protein (7.8%) and fat
(6.6%) digestibility in the starter period and higher digestibility of dry matter (6.9%) in the grower period
compared to other treatments (P<0.05). In general, in the starter period, the birds fed with control diet showed
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lower digestibility of protein (P=0.06) and fat (P<0.05), and in the growth period, the digestibility of dry matter
was lower than the birds fed with other diets. Birds that were fed with low energy diets containing lipidol and I-
carnitine separately or together had higher total antioxidant capacity compared to birds fed with control diet and
low energy diet without additives (P<0.05). Also, birds that were fed with low-energy diets containing I-carnitine
and lipidol + I-carnitine had lower blood triglyceride (P=0.05) cholesterol and LDL concentrations compared to
birds fed with control diet and low-energy diet without additives (P<0.05). Birds fed with low energy diet
containing lipidol + I-carnitine increased blood HDL level compared to birds receiving low energy diet without
additives (P<0.05). Birds that were fed with low-energy diets containing lipidol and I-carnitine separately and
together had lower concentrations of malondialdehyde in thigh and breast meats on days 3, 6 and 9 after
slaughter and kept in a refrigerator (4C) compared to birds fed with low energy diets without additives and
control diet (P<0.01).

Conclusion Finally, the simultaneous utilization of 100 ppm I-carnitine and 1 g / kg lipidol in low-energy
diet showed similar growth performance when compared with control diet and led to improved carcass quality,
fat, protein and dry matter digestibility, blood lipid parameters and meat shelf life of broiler chickens.

Keywords: Emulsifier, L-carnitine, Broiler chickens, Blood lipid parameters, Fat digestibility, Meat shelf
life
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Table 1- Basal and low energy diets at different periods including starter (1 to 10 days), grower (11 to 24 days) and finisher (25 to 42

days)
ol ) b
Starter Grower Finisher
(A..o)a)nﬂgdl)‘el . .. - .
; 0 SileS o UiSene il eSene LS e widleS e JiS ey
Ingredients (%)
Low energy Control Low energy Control Low energy Control
diet diet diet diet diet diet

e 51.73 56.00 58.93 63.10 64.23 67.50
Corn

el 0.7 35 0.6 2.8 0 25
Corn gluten

by oS 40.2 355 32.0 28.3 28.0 24.5
Soybean meal

\ N

BLA oS 25 2.0 25 25 25 20
Concentrate A or B!
bow o) 0.3 0.4 0.5 0.7 0.5 0.9
Soybean oil
ke 0 0 13 0 1.0 0
Sand
Sal S 18 0.68 14 0.68 13 0.68
Limestone
SAind porlS 52 16 0.8 16 0.8 13 0.8
DiCalcium phosphate
Kai

0.35 0.30 0.35 0.30 0.35 0.30

Salt
o __J‘ 0.07 0.07 0.07 0.07 0.07 0.07
L-lysine
oge = T 0.25 0.25 0.25 0.25 0.25 0.25
DL- methionine
Y. .

%Lﬁ’_“}"s‘n . 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin premix
Yo

“f_"\m Jose . 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix
(04 dploee) (olions LSy
Nutrient Composition (calculated)

<4 . a K3 .]

(P55 2 5 J65kS) udylio B 555 2850 3000 2900 3050 2950 3100
Metabolizable energy (kcal/kg)
(2) P 0552 23.0 23.0 20.0 20.0 183 18.3
Crude protein (%)
(o) o 2.30 2.50 2.30 2.60 2.64 2.79
Fat (%)
(M)D_) - 1.06 0.90 1.09 1.1 0.85 0.70
Calcium (%)
(3073) 3 S8 i 0.55 0.48 0.52 0.48 0.44 0.40
Available phosphorus (%)
(303) e 0.15 0.17 0.18 0.17 0.19 0.17
Sodium (%)
(32,3) Onigeie 0.65 0.68 0.55 0.56 0.51 0.52
Methionine (%)
(305) 034 1.20 1.34 1.10 1.05 0.90 0.90

Lysine (%)



oyy

w15 o 50y ldgol g Cpind ) I5- I il 3T ] ) on g g0 oLl

(o)t (3t 0.90 0.92 0.81 0.79 0.75 0.74
Methionine + cysteine (%)

b 30 )3 WY/ ol 203 VAIS 33555 1103 YIE coyigio 2o yd Vo I¥D e 5d 2o ¥IV omd ilio B (5551 (6 JT6lS Voo 0 3luS p)SolS S p0 WA o j5luS
Soyd 45 oy 3o )3 OIY cpmndgilio B (5,0 (6 JS°6LS VIV 0yl p )SoliS” S )3 1B 0 yiluciS (595 Y U V) HS 0o )0 ¥IY g mades o> ¥/ oy LB
(58 FY L YD) JIS 0o )3 YIA § s 2o )d ¥/ Ly yisd BB jiuad 0o )3 WWIY (ol 0o )3 VY (43855 2o )3 YIA ((yiigio

elizg S o MV B (eelizg <05 i 59 K paalizg dU VA E aliyg AU Yoo+ D cpaaliyg dU S e MA ysling 2390 (ol 5 eolie oy p)S5kS o 57
35 e Voo rilanS1 il p S e S 0 S e Ve i SisEl el )8 Slio Yo tsls 55,540 V0 Bz cpselizg p 5 e 4o B pslizg p S e 15 B
25 M ipssibes cp 5 o OY 1 p S Shoo Vo 2 cp S (o AD 1059y 05 o 0 soml S (o Voo 100

! Concentrate A= in 1 kg of concentrate, 1300 kcal of metabolizable energy, 4.7% lysine, 10.35% methionine, 2.6% threonine, 19.6%

calcium, 12.8% available phosphorus, 2.9 % sodium and 4.2% chlorine (1 to 24 days). Concentrate B=in 1 kg of concentrate, 1170 kcal
of metabolizable energy, 5.2% lysine, 9% methionine, 2.8% threonine, 21% calcium, 12.2% available phosphorus, 2.6% sodium and 3.8%

chlorine (25 to 42 days).

2 The following values are provided per kg of diet: vitamin A: 900 IU, vitamin D3: 2000 IU, vitamin E: 18 IU, vitamin K3: 2 mg, vitamin
B;: 8.1 mg, vitamin B;: 6.6 mg, vitamin Be: 3 mg. vitamin By,: 15 pg, niacin: 30 mg, pantothenic acid: 10 mg, biotin: 1 mg, antioxidants:

100 mg, manganese: 100 mg, iron: 50 mg, zinc: 85 mg, copper: 10 mg, iodine: 5.1 mg, selenium: 2mg
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Table 3- Effect of lipidol and L-carnitine in low energy diets on carcass characteristics (% live body weight) of broiler chicken at 42

day
oS oy TileS e il o oy ~JH 5l oS o oSl gl
Parameters Corlltr Low Lowenergy oy energy  lOWenergy diet+ Jubd  P-value Bl nbe
of emergy  L-wdiet ol diet L- SEM Vsto
diet carnitine carnitine+lipidol control
(Jf’”) S 2.24 231 2.19 2.15 2.08 0.066 0.18 0.42
Liver (%)
(303) 8 0543 0511 0.480 0.489 0.541 0.017 0.06 0.06
Heart (%)
(o) Job 0112 0117 0.121 0.095 0.103 0009 025 0.75
Spleen (%)
(22)3) w92
Bursa of fabricius 0.171  0.182 0.169 0.199 0.190 0.011 0.33 0.27
(%)
(3o) 3Y 033k 66.3 62.8 65.4 65.2 65.7 1.37 0.47 0.34
Carcass yield (%)
(+22) = ~ e 1.852 1.77% 1.42bc 1.45% 1.37¢ 0.08 0.002 0.002
Abdominal fat (%)
(303) i 26.3 22.9 258 26.1 26.6 1.07 0.15 0.44
Breast (%)
(“{°) ob 185 19.6 18.8 19.1 19.2 0.63 0.78 0.35
Thigh (%)
(Ao p3) o,lsS olSws
tract (%)

(P<-10) sitad I ixe BB I s iglite g yo b iydy por (slonySilio 20
abeMeans within same row with different superscripts differ (P < 0.05).

oS tlojl sloo e plo b odd 445 BN, 4 Cons als
dL"“’)ﬁ? Lj 45 Lg’lf‘b‘)" L_i«.h& D.)‘.A w.aa_h Qu..l).l.é c..\.o.}) 0)9.5 ).) ..)91'
A5dg 0dd s (it 8=+ Joded 9 o) (s9l> (6550 o5
=~ ssls (6500 pS slo > bodds 3% B0 b dunlde
B3 5 (Sold (P<e/+0) 39y aald g (53938 g ¢yt
S99 L;u.uLc)l ‘_ng)Lo.y O ‘_5” odlo 9 ‘d““Jﬁ)J W‘M u.:.US
i Bas,y (P</+0) SCis odlo i <8 IS )5 sl
Slroye pluw L odd 40l (805 4 Cows aald oy L oAl

(F Jgi) 292 358" ol

=J+ Jodmd 9 Jgamd sl 551 o5 ooy L &S SBW
moyn Lodd s B0y b awslie o Ldgy odds ayds i )5
S ydr Mol g (99381 (y9 <ot ) 8=l g9l (6550 o8 sl
Losd 4ol BuSy oy man cllB o Jb pl b .(P<~/~a)
Si oS oy L acnlie 5 (s, 8= ) (o9l (6550 o5 0>
o3le wan bl )l I S5l (P<+/+0) 390 i (33938 (y9
i Gl S 5y ecsli seag bl slaylew oy I
oy Lodd adss 80, (P<+/40) (o2 9 (P=+/+F) g p
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Table 4- Effect of lipidol and L-carnitine in low energy diets on nutrient digestibility (%) of broiler chicken at starter and grower

periods
59l ° _
oo T “’1’0‘ 83 a8 e il oS o ol b 1ol alie
o 2ol s <5 L I Jstsasbt i 5 el Jesl bl b
Parameters Control ér?:;,gy diet+%¥ Low energy Low energy diet + 5l P-value  vsto
diet camitine diet + lipidol | - carnitine+lipidol  SEM control
‘)J)lﬁi 0,9
Starter period
o ) S odlo
Dry matter 72.1%¢ 69.5¢  705° 74.3% 75.28 0.66 <0.0001 0.75
(%)
(o) ofon g g 67.9°  68.4° 73.52 73.8 1.14 0.002 0.06
Protein (%)
() o2 72.9¢ 712¢  75.8% 77.32 78.12 0.89 0.0003 0.02
Fat (%)
(303) JT o3l
Organic 714 70.1 715 70.6 72.8 0.85 0.26 0.86
matter (%)
Ay 0)90
Grower period
(03) Suis o3Le 78.2° 77.5° 78.4° 82.72 84.52 0.78 <0.0001 0.01
Dry matter (%)
(22,3) 053 659 643 658 66.5 66.9 0.83 0.28 0.97
Protein (%)
() o2 80.5 79.8 83.4 84.2 82.7 1.32 0.14 0.19
Fat (%)
(323) T oslo
Organic matter 725 72.3 73.8 71.7 72.6 0.96 0.66 0.94
(%)

abe¢ Means within same row with different superscripts differ (P < 0.05).

2l g Ot (gomen (ola plicadgal (139381 03L o0 (]S
OBl (Ao dlye pia ol oo 02 ) basndgindg s
Oamad (09380 3l 4lis wligss (Jansen et al., 2015) e .
PLE (22 9 o2 bl wan bl (2565 sladr g o) 4
5 Aol Spl e bl dp ST iS00 dg (oS f jsb |,
Hertrampf, ) c3,55 51,8 bgw cpivad 18l cos pb opigy
Sy 565 sy 43355 5 ety LS— 1 5] o0l (2001
lamisl by (il g 1S 48 g ¢ oodd (slappiases
=1V PPM (3958] Bl it 53 398 o0 sdsalliyl (win
0399 0 plB (2 i Sl (55l oS slropx )3 ()8
i, L= a8 55,8 o )I55 gl ol U gillas ol Sgige o]
ad Cebl (g JB jsbods 0y )3 (pS9kS 13 )5 e VVO)
Rejabzadeh et al., ) sly Lilsall, SCis odls g pls oy
sgte b 1) S o sy Bl oo oyt S— ) clylis (2013

(P<-/+0) il ixe BT clls cuglie gy b Cindy por (sl Sl 2P

hemd S Ol ek ) (22 (Sl an culils

Sgap (orwg JSibay (Saan YO U VD 5l Jg el abl dawes
o o liadgel el 9y = (olomr Sllllan Il A8 g
uiyliS (Ge et al., 2019) Sloads S yele ()2 b Dok sy
o5 lnoy e > IV Jg ] o oo 45 3,8
0l dloul e il 3l ials 5wy 0,Sles douy Cge (5]
el (Wang et al., 2016) 555 o 0> (555 (ialS bawes
oy Ly odd 4l plor sbdrgr > Sis oo g ()2 i
Jansen et ) s, JoSo 5 cslooser 31 5V dedginssi) (5ol
S el clillan imgh ol s b ol ) (al., 2015
an Cebl (55l o5 0 4 ot £)55kS 3 )5 G 0958
o3o e Cubls g njlel oy93 10 1) (2 g Ofig oSS 00l
el doue p iudoawd 31 Ld ld dguy Ay 0y90 o 1) Sis
ol )3 Juue S g o] (SASgudgel Cools (12
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Zhang et ) aas o yidlS |y 55 S 65 lide o5 s o
VD+ 5 VO e zolaus) iy 5=l oS e ooy o al., 2010
Ol b L2l (dS sladegr oy 4 (p)SkS )3 p)S (e
st 3 5| ol o 53,5 B ol Sy
Slieagglle il a9 cuils g3 oy Sl ! cudils
Hosseintabar ) a—s ;g pyw b SlaS] ] cud b ial8l
.(Ghasemabad et al., 2017

05—l s Jgded o> 551 05 gloopr L &S B
CbsS Bl o gl clale Loy odd A8 pa b g lia Cjsoay
5 iS5l ey oy 45 5 GBS e slajgy )3 (58 A 5 Oy
OB L aglie )3 ((grade 4253 jlaz) Jbe 53 ()l
Ll a2l o 9 (3938 (g 551 08 sl L odd 4
&S ool e plSin S 2 (eelinuS) [ Jgiz) (P<-11)
5= 23 pie s el g am oo )8 b o |y s S
ot 35lsa0glle 9 0 2NE 55§ S5y Bl oo
45 Sl o a8l glannST ol g (22 STy (a3LS
Ganetal., ) aad o L |y Joho 4 cowl pabitane gt joboas
4 bS5 LacSle s ad (slgies GgpulinnST ljee (2009
S o] () leS5 bl g 02 sl oS 5 2 e
Ehdlpd o lan ol a gl g wlinsT 31 )b
e Ol L GRSy ol a8 055 e S8t a0y le
298 s plonl (i CpeS g Sy boj ()2 Cusliil
e J= ¥ des jl azale slacadl oy sl amelis]
Ssmlgs polie bl e god il dn CubsS S G G
el plyied agd e ol Al gle e sy oS
Bou et al., ) 54 o0 Cgmmme CulieS oumlians] o pd o Can
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oy Lt damlio 3 jUgaund b0 (l33l g 254l 0 glle
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(2017

— A ol i 3)l55 (eladllas )3 il ol yon et Cll3
P S (o need (a9 b Clld hlEl cage s S
> b CublB sams ol by (Zhang et al., 2010) 25 o
28 Sl clld il cdeay Sl oo

08—l s Ut o> 551 o8 slooyer b &S S
JS Sl T s )b dgr o0 4455w b b s & jgu0as
S50 oS oy g Jald oy b odds 4l BN A Cond (g
oy L &S SBW,, uomen (P<+/+0) wizdly 33938 o
01l oty LS =l + Jgdend 9 0t )51 sl 5551 o5
555 LDL 5 5 il (P=1-0) sty 5,5 ke gy
551 05 0 g 3ald 0y b odd A5 (B 4 Cund (%S
4 5y s HDL grhaus (P<+/+0) wizisly 35938 o
4o S 0 S =1+ g sl (651 05 0 Lo
d9m yindi (32958 (y93 (65, @S 0y oSl (N
(8 Jgi2) (P<+/-0)

5 S ymetlS 65 Jg S Sl &S 03 )15 alel o
S9b oy b odd iS5 (1395 sladag> (19 slewdhy 3 LDL
g ls BXy 0 65k LSy cdale | S cpid Jop> V/E
clale oS Jb pd a8l o cpiond oy /Y Lol i BNy
Banikamal et al., ) 5o sl 3| iy Basy ol o HDL
5 5 Jasielf o 1535 o alef] () ol U s (2015
oSl il sy S pealS) solinadgol Lo 0,57 JoSe L LDL
o> 5l cow TAC g HDL pizean g by [ialS (ol giums,
San Jra 5 S0 2,5 iy oo el plisulyl
09> 5l Sty Gy b layg Smsled 4 A8k 5 s o
Zhao and Lgd oo g 5 553 53 (gyieS sy b b g odd S
4 00,8 35S e ol el b illas (Kim, 2017)
oy du pS kS )3 ppS (e 00 aw )3 i) =1 958
oyl g %yl 655 o gime (BRI el (1395 slodrg>
= gladlas ) ¢ pioxen (Shirali et al., 2016) ub o5 p o
O LS= 5l oola il a8 0 ooly lis beS (slads g (59,
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Introduction The increase in the cost of the diet, especially the protein part, has caused the desire of
producer and researchers to use by-products. The use of animal waste not only reduces the cost of feed but also
reduces the entry of contaminants into the environment. Hydrolyzed feathers, meat meal, bone meal, poultry by-
product meal (PBM) and fish oil are some of the by-products used in poultry, dairy cattle and other livestock
diet. Also, the use of pelleted feed in broiler chicken is increasing, because it produces less dust, improves
digestibility, reduces transportation costs, and improves performance indicators such as feed consumption and
decrease feed conversion ratio. Sodium bentonite (SB) is one of the substances that has been used as pellet
binder in feed. Several studies have evaluated the effects of the addition of SB and had beneficial results on
pelleting physical properties such as pellet durability index (PDI) and pellet hardness. Addition of active SB as a
pellet binder in wheat-soybean meal-based diets has increased the relative electrical energy usage (REEU) and
decreased the feed conversion ratio. However, studies on the use of different levels of PBM and SB as a pellet
binder in broiler chicken diets are very limited, the aim of the present study was to investigate the effects of
pellet binder levels of SB in diets containing different amounts of PBM on performance, carcass traits and blood
metabolites of Ross 308 broiler chickens in finisher period.

Materials and Methods Treatments were assigned in a completely randomized design based on a factorial
arrangement of 3 levels of SB conditioning time (0, 1.5 and 3%) x 3 levels of PBM (0, 5 and 10%).
Experimental diets were balanced based on Ross 308 recommendations for finisher period (24-42 d) by using
UFFDA software. In the present experiment PBM and pellet binder of SB samples were prepared from
MegaFaravar Co., Iran. Ingredients of diets were ground through a 2-mm screen size in a hammer mill. All diets
mixed in a double-shaft mixer and transferred to super conditioner with 82°C for 10s, and then pelleted through a
3-mm die. After pelleting of feed produced, 3 replications of each treatment with 3-minute intervals were
sampled from the cooler part of the pellet machine. The PDI, hardness test and REEU related to experimental
diets was measured. Also, a total of 360 24-day-old male chicks were individually weighted and allocated to 9
treatments of 4 replicates (10 birds in each replication). Feed intake (FI), average daily gain (ADG) and feed
conversion ratio (FCR) were recorded. On 42 day, 2 birds per pen were randomly euthanized by cervical
dislocation. Carcass characteristics and relative weight of small intestinal segments were measured. Total
protein, glucose, albumin, lipoproteins (HDL, LDL) were determined by using autoanalyzer device and
commercial Kits.

Results and Discussion Addition of 1.5% SB improved and the use of PBM due to its high fat content
reduced the quality characteristics of the pellet that due to their strong colloidal properties and giving rise to a
thixotropic gelatinous substance. Likewise, different levels of SB as a pellet binder and PBM did not change the
ADG and FCR (P <0.05). However, the use of different levels of PBM with and without SB reduced FI
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(P<0.05). Also, the relative weight of carcass, breast and thigh was not affected by experimental treatments (P
<0.05). Abdominal fat increased significantly in the groups receiving PBM (P <0.05). Amino acid imbalances in
PBM probably increase deamination and conversion of amino acids to fat. Significant reduction in duodenum
and ileum length was observed in the group containing 3% SB and 10% PBM (P <0.05). Also, the level of 10%
PBM with and without SB increased the concentration of blood lipids. Blood lipids concentration have a positive
correlation with weight and feed as an environmental factor affects its amount.

Conclusion In general, the results of this experiment showed that application of PBM as a source of protein
with adequate nutritional value up to 5% without negative effects on performance for use in pelleted diet of
broilers at high levels when soybean meal is expensive and or not available, it is possible and useable. Also,
commercial sodium bentonite can be used as a pellet binder to increase the quality of pellets up to 1.5%. The
need for further studies on the simultaneous use of sodium bentonite as a pellet binder and PBM are
recommended to ensure the results obtained in other broiler chicken breeding periods.

Keywords: By-products, Cholesterol, lleum, Intestinal morphology, Sodium bentonite
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o & o 559)] 3959 iblS s 4l admd oo LialS |y STy
P9 CbsS 9o Jd I GV game (98T 29 o0 f Cuns
P9 s9b (2B Sluls 0ad (g 5 9 (olyeal
Sl 428,51, 8 odlatwl 3590 by Sy 3 (alo 89 5 (2o
.(Meeker and Meisinger, 2015)
Poultry by-product meal; ) ;o b 25,k Cluls js
(o lio polie g dagi BB (S50 (39 1> Jba (PBM
Lisl gk Syg3 (5051 5 cnBian el 1o 5590 i oo
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Ao
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SUlgs (sl Vg name Wl o 45 295 0 3] &Y pile
88 Joas YU (ol (55,1 b oS e (slmodjgl 8 d oliandsSesd
Sl = oSy 5 (Meeker and Meisinger, 2015)
a el Jlas i L clols b (animal by-product meals)
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Attar et ) cowl ol plis osle has oy ials 5 (REEU)
» oldlas ( JLs -l L (; Abbasi Pour et al., 2021al., 2018
2 i Sy Gluacdy g PBM calisee zolaw 5l ooliiwl die
ol dalllas 5l Bun g Cuwl dgdze Hlows (WB5S sladrgr oy
e (s5ls slaopaloo e 13 pluacdy golaw SISl o)
g a4y slial oy Slas 1 joib 2B, is Glyls i lise

D9 VoA ol 05 35 sz S gl

W yg; 9 dlge

Hule gk g 93 (s

JolS b a2 XY 58 b B 3 0l ]
(2203 V+ 50 io) b (PE)IS Cluls daw aw b (Bolas
pLosl (30> ¥ 9 VO o) mdw Cigiy Glmacdy pdaw 4w
S 4 o5 iS5 el kS Slols e ol Lol 3 .48
Obsoih €8 50 5l gl ey Glasaigenaises 5 sob (26
sl 3 by 9 )5 a0l 1 Lo i (gaad 5l 3L
N3leys 5l odlil Ly g () (6)Lo dagmas y9. 4 Jodljgiand
5 el | ooy o3 Syl {1 Jyia) 20,5 Job UFFDA
olKwd an S bl 5l oolitwl b yio Juo 93 o3Il b SJI I joue
A0 AY glod pa b Ve Cuedn g e iyl g
) o Ll S lnSTygs g5 e 5,5 15 1,5 5l
o o5 Juolgh L S5 s o o 5l (36 5 ¢l S5 il
o>l asbdl 3 ad a8 )8 cdiges oKiwd Yo Cuond I sladds
o San 5 Ao 5y ol ;s (PDI) ey sy
MEGA pellet oK jl oalizwl b o(Abdollahi et al., 2013)
03wl b (e (yg05] L0 plosl ()] ] cé L) tester-MPT110
(vihas et al., 2004) ;\,LSen o jolegy bws ol S5 og, 5l
Ly (S 5] (md e ey 0y 133 5 ionen
(Payne etal., 1994) 15 auslxe V dhslas | olitl

(V) Wsleo

REEU (kWh/ton) = (Ax V x \3xPF)/1000

oy PF g 5Ly 2V ol olKiws jgige pal A (o] )3 &S

Gl <AV g5

olallas . (Hicks and Verbeek, 2016) .45, o sl 4 zuo

ly b5 joubo 0y 13 PBM jl snla sl diodgw 3l (gl
; Cenesiz et al., Cordova-Noboa et al., 2018) s> o i
5 Shysd Brae 5 sld 39 i3l (2020; park et al., 2020
2 S8l (JBS ladagx 1 s ol dge (s
frempong et ) cwl sl (5,55 ol ;04 b auslés ,> PBM
.(al,. 2019

ladog 3,8es )3 (m PBM L Lgws (L5500 (e
frempong et al,. ) cowl 03,55 bl Jiyap 0)93 Jsbo jd ideS
5 CbsS ey L dwwlio 0 PBM lie i)l , L 51.(2019
o) S (2 o> YA g yide (nigy o) Tl
Leiva et ) 48 o b youo 335 13 diadjyl (33958l @ 1) )
.(@al., 2018

ey yob g oo STes opgldos gy Loy, 3 S
cladsgs oy 3 oas cdy Sl oolil .l o (g0
ap LS s CablB g 28 Jlé 535 b i8S
Sras Jod 5l 0, Shos sloadld 350 j 9 JB 5 oo
Loar and Corzo, ) cewl islsslas 5y Jad cups 5 Sy
L awlie j0 oad oy Slyss 5l eolaiwl caipoj opl 55 (2011
o Sty 5 9 035 2lad 039 BRIl e 3)] STy
o= b .(Toroghian and Vakili, 2015) cul ssis S1yes bas
Cooboy «yly s (6l 8 51 s L calisee Slalllas ol ol
ol 3j90 lwarcdy g4 9 (22 £95 02 B9 £ sl
(Netto et al., 2019; coul ey (So5d cutS p (y9l Jos Cas
.Saleh et al., 2021)

R S
poeelS 5 03latol L (y)135° (3o 390 slad 4y oy LaST)o5
s Ol Sy lpiedr i Cigty g SlgdlgwsiSd 4l
s slacSlyss asle g ials g el (ilul pasla g
oM e, (Attar et al., 2019; Saleh et al., 2021) 55 0 0.
29k 0 53 o Cgiy ey Sl osliil cuze Il
; Abbasi Pour et Attar et al., 2018) .ol o (5,155 subsS
2 L8 mdw Sty plemacdy £,5V0 (3938l (al., 2021
OBl o by = a5 a0l 1 (Sliopa o> 3 25 6lLS
S SY (55 31 b Bpan I3 (PDI) ek )l pasla
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Table 1- Ingredients and chemical composition of experimental diets (% of dry matter)

o Szl T1 T2 T3 T4 T5 T6 T7 T8 T9
Diet ingredients

a))’r :" 60.75 6149 6406 6142 6024 6097 6099 6095 59.94
by Albws 2735 2095 1470 2819 2166 1528 2896 2251 15.98
Soybean meal

PiS Ly 5.15 6.58 652 222 511 651 000 214 507
Wheat bran

byw 09 3.00 2.50 150 300 300 254 328 300 3.00
Soybean oil

\ A - .

Jre s e 000 500 1000 000 500 1000 000 500 1000
S 0.00 0.00 000 150 150 150 300 3.00  3.00
Bentonite

o el 2 1.44 1.31 119 149 134 120 153 139 124
Di-calcium phosphate

pedS LS 1.08 0.92 076 105 091 075 103 088 073
Calcium carbonate

ke OLyySe 0.15 0.15 015 015 015 015 015 015 0.15
Sodium bicarbonate

g‘:rt“g"" 025 021 016 018 021 016 026 021 016
o =l 0.28 0.33 038 026 032 037 026 021 016
L-Lysin

odse ~Js> 0.18 0.18 018 018 018 018 018 0.18 0.18
D-L-methionine

s —J 0.12 0.13 015 011 013 015 011 013 0.4
L-threonine

Yy . 4 ™

e —dlaliyg JoSe 0.25 0.25 025 025 025 025 025 025 025

Vitamin-mineral supplementl?
04 A.:.wl?m ul.uf).:
Calculated compositions

(5551 5 JISS) oddlic 153, 3000 3000 3000 3000 3000 3000 3000 3000 3000
Metabolism energy (kcal/kg)

Pl oS . 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18.00 18.00
Crude protein

"’”‘J 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16 1.16
Lysine

e 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76
Methionine + cystine

"’”“K 0.77 0.75 0.73 0.77 0.75 0.73 0.77 0.75 0.73
Calcium

sl 0.22 0.19 0.17 0.22 0.19 0.17 0.22 0.19 0.17
Phosphor

*b’*"s_ 3.58 3.41 3.14 3.35 3.29 3.13 3.18 3.07 3.00
Crude fiber

g Suid odle p,55LS 1 (£ JSLS YABD/YY gl uSE o3 A oA (pl yn o3 VWY ¢(uBg duo )3 OVIYY (g5ls a8 )leis wlals g
S gl p)F 1Y (SIS 25 oI o p S e Ve a5 e B0 (59 .5 e AD (3350 £ e Vo gl 0y SIS b 3 Sine —alpelig JoSe T
pSGke /N B3 sling o5 e Vo B2 (elig £ o 15 BL (aling )5 oo VA A pppoling Jlallogs a2l e -+ a5l £ )5 e S s 25 e
E oeelig Medlops a5ls Y8 B12 fpelig p)5 Juo «/<30 B )5 Lo VO B5 yoliyg p,5 Lo ¥ B4 polisg
1 PBM contained 52.24% protein, 21.73% crude fat, 8.08% crude ash and 3855.71 kcal/kg dry matter.
2 Vitamin-mineral supplement containing: manganese, 100 mg; zinc, 85 mg; iron, 50 mg; copper, 10 mg; cobalt, 0.1 g; selenium, 0.2

g; iodine, 1 mg; antioxidants, 1 mg; vitamin A, 9000 IU; vitamin B1, 1.8 mg; vitamin B2, 6.6 mg; vitamin B3, 10 mg; vitamin B4,
0.1 mg; vitamin B5, 30 mg; Vitamin B9, 75 mg; vitamin B12, 0.015 mg; vitamin E, 36 1U per kg diet.
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Ol o ¥ 9 V0 (g9l (slaopaleo us ;5 (REEU)
= okl g PBM flite il 31 ) .0 sdalie modw Cudgis
2g0 by xe REEU
Cobgiy Aoy VB 35581 a8 ol lis adlles oyl (slaasdly
5 B eyl 2gd o0 Sy (S5 CudsS dge e e
CutS ply Glecds Hlaisds i Cugiy ool Cuze &l il
Amd e gL ©)) g paS anl poad ey S (o pd

(Abdollahi et al., 2013; attar et al., 2017; Abbasi Pour et
al., 2021)

AhlSan 5 yo b adllbs o jols olosl @l b 3815 )
ol Cudgiis o> VO 3l eolauel (Abbasi Pour et al., 2021)
e 3 ¥) ey e Gl ead ey slaopaliop > Sl
P REEU ials oy iomen .l atily ol poi 4 1) (p,55LS #/A
o g b dusliio )> Cugin do)> VO (ol (slao ez lao
.(Abbasi Pour et al., 2021) cwl oass [iyli5 Hlowacdy ol
; Attar et Attar et al., 2018) |)Ken g jllac ¢ Jod zuls alie
2 04 (5518 adess Cgigiiy p)5 V0 (99381 Ly (al., 2019
sanlitio |y 00 ol STyes s 5 PDI Souts oy p,SshS
SHaSS YL cd b g sty (698 (G455l Cools Lin S
390 ety plsisay (axe odle oyl 0d s Loyl )3 O
2 Sy nie o QI g )95 e 1 905158 oolitl
ol Sugfgnss (Y] losle Mg g 2980 Jazea oy
Abdollahi) ,Ken 5 tllue yisen (Pasha et al., 2008)
4o 0f9) 9 o 0298l A5 S e (et al, 2013
ke 50 Sl (59,0 Lials Jdow saiscdy (slae o lio y
oL ialS Ylaisl a5 i o ey CodS il Co
YU jlade 5l (86 PBM dops Ve e )3 ey (o5 5 g)luky
Ll Jyazme oyl > 22

Sl g1 5 Sewirly ciliso b Sl 4 byyye ol
2 Shed has cops 9 Gpas iliy) (1 (Il p (218
Y o V0 o zlan) il ) odlitl ol 0n @1, ¥ g
ks oo 5 Shgd Spae dilis) Gig Gl ) s (1)
Py duoyd Vo 958l Sl pl b L(P>4/0) 5,5 sl olie
oyt Sy s Cbrmo l ine Ll o oS Elals
ol 93 9035 Jpmans oyl 450 g5 b duglie 5 e i
29k (PBLS Sluls g g pluercd (o Jlite ST adlas
Oy 45 ()9 boany (P<e/+0) 39 )l gne STy Spae
B8 Glals g Gl 336 09,5 > Shgd Spas
A5 sanlie (33, 3 p,S VAV/SY)

dg—) 039S (155 g y> dxgn axkd TF4 sl sl
Ly (mitalejl Jlass 4551 (o p)5 YV (g 0o L (V04 )
YF )0 s gs b 03l ol (yuid o 3 askd V) 1SS les
2 $a Oygmodn (nje | ey alie (s (6o b (S,
sk (2ELIS Clulis )39 b (bl opr Wb @je Lo puid
by (303 ¥ 5 V0 i) luacdy 5 (30,3 Ve 50 o)
ligy 0ig ol Jed 3l 0 Slee Sl (inlejl ul 3 4
B B oy y9e ShgS S oyl S| S pa
(oncdd) stalofl aoly yo 5l oy 63 (talofl LY 5, 53 imen
3y 802 S 055 g ol ey 5 Sl (olad jeboa
) A gy (g 48Y (g (o Sl alid g (S
B by Jliond s9jl5 g odne (i 9 005 9 ey 9 JL
3)90 0355 (g Amopd e boplil (g (g D S </
hs 3 LS o 53 385 05> SsRigendises (85 JL8 (o)
Geasan ) ,5YUlgl ol ;1 oslatul b aslsl y3.03,5 381 3,5
o)) eobass] elacS 5§ oslizl L 4 (chem 200, Italy
5 omesdl 5505 pL5 iy e 5l g slacdsilie (095
RERWEI SRR PN

3yly (gdudiwd g cud johaieds iulol ol 5l Jeols (slaodly
N3dle 5l eolazwl b beedly oo g 4y 50 .0us EXCEL lj8le 5
L Lol (GLM) ogas s ayg) 5l oolizl | § SAS (5,Lof
adlac) ol S= S5 opgeil 5 oolitl b oy Solie dglie (yrizmon
28,5 sl [0 Jlazs] eaus 3 (¥
Yijk = u + Ai + Bj + (AB)jj + eijk (V) dsleo

A S xSl 1 a5 390 o ks Vi o) 5 &S
Wl ey ghaw 1B ool (2B)liS Cluls g 1 gdaw
9 Ol cd g 5k (2B,lIS Cluls 39 Jlite S1:(AB);
Sl uu)lA)T s ).»\ Bijk

P cos (PDI) ey gl pasls ¥ Jgio slasdl 5.b

Dl 3 3 SIS Salis 35y Gl ol (395
o) e Coigiy jl ool oS (g psbody (P</+0) <85 1,8
pase Geozed 43,5 (a3lS (ul Gl G (30,3 ¥ VD
Caw o by STygd 0 alss Gluls jog jl ealatwl 45" L
525530 (a3Ld e g-Sae aal) Sy 5 99850 PDI yialS
o) dw gokaw (1938] (inen )53 (o waiz 4 PBM lade
Iy ey s Lials a8kl Gluls soyd Vo g mdw Codgily
S iSI gl by e inLS oMoy bl o o 4
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Table 2- Effect of addition sodium bentonite and PBM on the characteristics of pelleted feed

o (o) b olul pa5ls (sep) ek e REEU
Level PDI (%) Hardness (%)  (KWh/ton)
] 0 55.05P 2.48 15.87a
= B ohezsd 15 60.04° 2.820 13.22°
3 % Pellet binder 3 61.052 2.61b 12.98P
= e 1 0 69.642 2.982 14.46
+ g b SBEE bl 5 62.37° 2.820 13.21
PBM 10 44.13¢ 2.11° 14.09
Sk sl 1.994 0.042 0.223
SEM
Ol ls
Olmercds 5 s
Pellet binder =)
PBM
0 0 62.96%¢ 2,730 12.77
15 0 68.13% 3.06 13.39
_ o 3 0 77.83 3.168 12.83
38 0 5 57.73%¢ 2.63% 1378
38 15 5 63.932 2.93be 12.86
= 3 5 65.46% 290 12.77
= 0 10 44 46% 2.10¢ 13.35
15 10 48.06¢0 2.46¢ 12.92
3 10 39.86¢ 1.76¢ 12.26
St sl 3.454 0.072 0.426
SEM
S 5)
P-value
Ol 0.0152 0.0001 0.0451
Pellet binder
s (PRI Sl g 0.0001 0. 0001 0.0874
PBM
Slwacd x| a8, Gluls o
ORI SR TR 0.0001 0. 0001 0.3441

PBM x pellet binder

(P<-1-0) bl o o sine B (gl el o By b (g o sl :Sikee
1 Means within same column with different superscripts differ (P<0.05).

oy )b il (Geshlog-Olyayee et al., 2011) cowl Lo o
@S ¢yobay .cd)5 L EPBM juie b cov ju olie s
D9 PBM o yd K Dn\ugwb).) 09; Jel Cho u)‘ )‘JM u))ws
A3l i 5 s ialS Lol
4 Ylasl PBM saiiScil s 55y 5,8k 3 colis cls
2 0390 oo (B9 9 (351 M (Siodam )]
Il pae imed o (Ebrahimi et al.,, 2019) (TVN) 5
693> b g 03 (053] oszmed (50900 Aol slodsl I (S5
CatS picred (Hasan Zadeh et al., 2014) cuol basyo ylogi 5
N e Y gghaw )3 Jgae (il o5 (Shsd b 5 ol
ol 0ads )85 (2565 sladngn 3, Sles 5y PBM gw il il 51 500

oy PPBM UL Lgw 3o p VB oSl o 5,155 S5 j0

03,55 3Lonl JB8y 0855 ()5 1 Sy (1B slaaxgr SLL
P i olad 059 PBM saiSeosl o slads gy Jg cul
frempong et al,. ) 258y _alo y35 oSl )d 09,5 b duslis
Geshlog-Olyayee et al., ) | )Len 5 olde 3Mi8.(2019
Clag e g0yu> > PBM gaw ili8l b s S ol 35 (2011
adllas gl L oS b oo pialS ailiy) SThgs Bpae )iS050
55 ladzg > Shgh Bpas frmen ) Cilas ol
Vo (s> 555 L dullie 53 (355 59 £)5 1+A) Lges oSl
Sl oad (B35 Gl (59) 2 p)5 V+Y) PBM s>
ple a Sy Bpne uals NN .(frempong et al,. 2019)
PBM (YU polio (ggls (slao pnlio pn )3 aisal (slaval Jolss



1F) Lo oF oylods F als ol o (0l pale Glocidgy & pid dOF

9 Sl Grae wilis) (jg GRIB > 6w 203 VB o - /YD
Wl hygn bl 0ygd ) (b5 sladegr oliE a5 cups
MO 39580 addllas S j0 ¢l ol L L(Attar et al., 2018) ¢!
0ud (ol b oy SRl a0y 4 pade Cuigily o
05 Aoy + /¥l ealawl s (Attar et al., 2019) ¢!
2 Shed Bpae (il cuw pluacdy Glyisd s SLgdlge
Ao VO e a8 Jlspd ciwl 00 dali 09,5 b dunlis
Gl asly ol yom a1 STy s b copo Lials fluacds

.(Saleh et al., 2021)

.(Sahraei et al., 2012)
Syl g (s s 0y 3 g lua iy eslatul abe o
5 yllee o flgieds )b 0939 Iglaie guli odiy 5, Sles p OT
VO 9 N7 4)5_@ @a.w dw (owyy l.» (Attar et al., 2019) ul)&o.lb
O3y i3l 5 6y JLsb cigiy pluarcdy pS5lS 3 p)8
ol 5dind ol a8 W SO sdalidie S1yed B yas g 4iljg,
S slad s b)_ﬂc.c (e R ui‘:)l)’f "):{‘ oJ.,.SA»L
Cwl 00 uis)l)'_? ub.&; e Codgly luacds b oodds PUReY

ol e ol islejl mli &5« (Abbasi Pour et al., 2021)
o zobaw 3l o3lil wslcwnd gl b 3815 55 Cpioren

T bl oy 3 (855 slaargr 38las gl ey 5 ok (RIS Clols g il ol JI-T Jgaa
Table 3- The effect of different levels of PBM and pellet binder on the performance of broilers in the final period*

o (o e)S) g ol (apS) Shes Gpae had cups
Level Weight gain (g/day) Feed intake (g/day) FCR
] 0 85.42 168.29 1.97
= B Oler 15 85.55 162.16 1.90
3 & Pellet binder 3 85.90 162.75 1.89
3 c o 0 86.08 170.01° 1.972
3 g b eBRE kil 5 87.09 162.82° 1.92%
PBM 10 83.70 160.37b 1.87
il (sllat 1.649 1.968 0.029
SEM
Olmaedy 2 B)kis wluls
Pellet binder PBM
0 0 86.91 181.64° 2.09
15 0 85.73 163.82 1.92
" 3 0 85.61 164.55" 1.92
Z)* S 0 5 87.62 164.03° 1.87
4 8 15 5 88.49 163.43 1.85
= 3 5 85.16 161.01° 1.89
=
= 0 10 81.74 159.19° 1.95
15 10 82.43 159.22° 1.93
3 10 86.94 162.70b 1.88
> il ol 2.857 3.409 0.050
SEM
P sme 35)]
P-value
ol 0.9775 0.0693 0.1628
Pellet binder
sor (25,8 Cluls 35 0.3431 0.0051 0.0584
PBM
Slwacd x| a5,k Oluls o
OFFTR RS o0 0.7458 0.0033 0.1055

PBM x Pellet binder

(P<e/+0) il po ylo i BB gyl aliio 2 By by 5 o sl Sk’
1 Means within same column with different superscripts differ (P<0.05).
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Table 4- The effect of different levels of PBM and pellet binder on the efficiency of carcass traits
(percentage of live weight) of broiler chickens in the final period?

Level Carcass Breast Thigh
AP
= B ) . . . .
3 g Pellet binder 3 62.96 24.24 18.71
£ . . 0 64.62 24.40 18.07
% s s ABES Sl 3y, 5 63.00 24.25 18.65°
PBM 10 63.45 25.70 19.642
St sl 0.282 0.523 0.516
SEM
Olmecds 2Bkas oluls
Pellet binder PBM
0 0 64.26 24.56 17.96
15 0 65.04 2451 18.01
" 3 0 64.57 24.12 18.25
> S 0 5 63.63 24.41 19.21
4 8 15 5 63.46 24.46 18,52
=R 3 5 61.92 23.87 18.23
= 0 10 64.17 26.14 19.80
15 10 63.80 26.24 19.48
3 10 62.39 24.72 19.64
N 0.894 0.906 0.849
SEM
ol e b5
P-value
oberch 0.2246 04519  0.6846
Pellet binder
PR Sl g 0.0807 0.1055 0.0009
PBM
Ol “;l;)l\t/l'““s Slol g 0.2816 0.5628 0.3319

(P<elo0) aidly o o sine BT (gl ailiio pd By b gt o (gl Sl
1 Means within same column with different superscripts differ (P<0.05).

9 PBM jl ool ! , 31 5 asY (gli ol gloa Iy a_wslde
ol o3l L ¥ Jgds 50 L;wLo)T slopalroye o Gluecd
WU s diw ¢ 48Y dod sdelcwndd ol oluly ol
(P>+1+0) €8,55 )5 PBM 5 plmacdy cilies gl 53938
.uﬁb L)“Ul)s‘ Jya}u U’I )‘ Lo yd o g ).O.ao L591> 0 yu> L
Hasan ) o ,)LSen 5 00l50puwe pols i zolo b 38l )
2 bsS slad e oy 59 Lilj-8l (Zadeh et al., 2014
YoLS s g5l gy bols b Lgws albus 1oy YO 5 0-

Sl 4 s Ggiagll ) S et gt
Slaoey plow dm Comid g ol s JB slagesls
Gldllas ST 50 5 0l G Gla 0 (gpuiny cud )b S s gl
e Sy 3| LS g > i gy 4385 sl
5 gl 9 485 )18 0ol 390 S §9S4ll 5 S 5G]
SeMbl Jb -l L (Pasha et al., 2008) cusl 635 0458 )lg 0l
ol slaoyalac, o> o S () opl 5l eolaiwl die 4
YU slachle )5 Saes ool ol )51 Ylais] 5 5,55 3539 PBM
055 LS s sl (S 295 03938 iy (clmo yrlmo s 4
JUail g layelig g (Gime dlge il oS Jsar Shgs olis
Nadziakiewicza ) 53,5 cblgs (clais Jobs pis g w0 byl
J(etal., 2019



1F) Lo oF oylods F als ol o (0l pale Glocidgy & pid DOA

a e Sl Galesl ol 5> 0eBig 9 5 e o9 Ol
Jleiol 5 (iilofl slilass (s o iz Sglis 3929 pis
Cuws PBM so 3 Vo o 33 ol (oo (g GRl81 3 99,
ool s g aizel (slosl Ggmolipols Jguamo ol 086 05,5 4,
dae 1y bole cn et Olyedr i Omopen 3L 02 4
Zampiga et al., ) cowl ol 555 565 (clads g )3 digw
5 5391 Joleto ) 15 5 Wmopes ales carlllas ol )3 &S (2018
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Table 5- The effect of experimental diets on the relative weight of different segments of the small intestine in broiler chicken (g/kg
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Figure 1 - The effect of experimental treatments on the abdominal cavity test of broilers
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PBM and without pellet binder, T4 group receiving 1.5% pellet binder and without PBM, T5 group receiving 1.5% pellet binder and
5% PBM, T6 group receiving 1.5% pellet binder and 10% PBM, T7 group receiving 3% pellet binder and without PBM, T8 group
receiving 3% pellet binder and 5% PBM and T9 group receiving 3% pellet binder and 10% PBM.
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Table 6- The effect of pellet binder and PBM on serum fats of broiler chickens (mg/dl)*
Level Cholesterol Triglyceride
; 0 55.87 34.04 16.95 30.50°
5. B ohezsd 15 6737 3958 1850  47.32°
9 £ Pellet binder 3 6983 4004 1995 5333
E= e L 0 55.29P 33.79° 15520 35.41°
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PBM 10 93542  5508% 25372 64.12
Sl sl 4.565 3.318 1.330 4.871
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'_—5 % 3 5 56.25b¢ 31.25° 16.38tc 44.88bc
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! Means within same column with different superscripts differ (P<0.05).
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Introduction Feed cost has gradually increased in poultry production worldwide. One approach to
minimizing production cost is dietary manipulation of nutrient supplies through improved feed efficiency. The
inclusion of lipids in broiler diets is essential to meet metabolisable energy requirement. Great amounts of
animal fats and vegetable oils are usually added to broiler diets to increase their energy content. However,
several factors can affect lipids digestion, both related to the animal characteristics such as bird age, genetic
strain, secretion and activity of digestive enzymes, and to the diet composition such as type of fat used as lipid
supplement, ratio of unsaturated to saturated fatty acids in the diet, presence of pentosans and dietary fiber.
Within this reality, researches have been conducted to study the increased digestibility of oils and fats by
emulsifying substances, such as bile salts and phospholipids. Lysophospholipid (LPL) is a more effective
biosurfactant in emulsifying properties than bile salts and soy lecithin because one molecule in the hydrophobic
tail is removed, indicating more stability in the aqueous environment of the gastrointestinal tract. Another action
of lysophospholipids is related to the antibacterial effect. They may modify the biological structure of bacteria
causing changes in membrane permeability, raising the speculation of a combined effect with organic acids on
poultry gut health. The changes in membrane permeability by lysophospholipids may facilitate the ion
dissociation of the organic acids inside the bacteria. In turn, the control of the intestinal microbiota through these
additives could preserve the integrity of endogenous, consequently, the present study was designed to investigate
the effects of dietary LPL supplementation in diets differing in fat on blood parameters, intestinal morphology,
ceca microbiome and performance in broiler chicks.

Materials and Methods This experiment was performed in a completely randomized design based on
factorial arrangement to evaluate the effect of lysophospholipid supplementation (0 and 0.25g/kg) in corn-
soybean meal diets containing three fat sources (soybean oil, tallow and their blend 50: 50%) and each at two
levels (1.5 and 3%) with 12 isocaleric and isonitrogenous starter diets. Each diet was fed to six replicates of 10
chicks each during 1 to 14 days of age. Performance traits, jejunal morphology, serum lipid composition, cecal
microbial population of one chick from each replicate were measured at day 14.

Results and Discussion the interaction effects of lysophospholipid supplementation, fat source and fat level
were not significant on broiler performance during 1 to 14 days of age, except for the lysophospholipid
supplementation and fat level that was significant on feed intake in the starter period. Among the main effects
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only fat levels had a significant effect on body weight, body weight gain in the starter period, and 3% fat level
compared to 1.5% improved body weight and body weight gain. These results are in agreement with zampiga et
al, (2016) that demonstrated the addition of the lysophospholipid did not statistically improve final body weight
and daily weight gain of broilers in the whole period of trial (0—42 d). These observations are partially in contrast
with Melegy et al. (2010) who reported that the use of an emulsifier based on lysolecithin at the dosage of 0.25
or 0.5 kg/ton of feed significantly improved these productive parameters. Other factors may be affect on broiler
performance such as inappropriate dose of lysophospholipid in diet, low energy levels of the experimental diets,
use of 3 factors in the experimental design, and low bird population in each treatment that combined the effects.
The Interaction effects of lysophospholipid supplementation, fat source and fat level were not significant on
jejunal villus height, villus width, diameter of epithelium layer, crypt depth and villus height to crypt depth ratio.
The interaction effects of lysophospholipid supplementation and fat levels in diet showed a significant effect on
villus width. The effect of fat levels was significant for villus height and it increased by the use of 3% levels. The
Interaction effect of lysophospholipid supplementation, fat source and fat level was not significant on the
concentration of triglyceride, cholesterol, HDL and LDL in serum of broiler chicks. The interaction effect of
lysophospholipid supplementation and fat level in diet was significant on the concentration of triglyceride level,
and the interaction effect of lysophospholipid supplementation and fat source in diet was significant on LDL in
serum lipid level of broiler chicks. The main effect of lysophospholipid supplementation was significant on the
concentration of triglyceride, and also the effect of fat source was significant on cholesterol and HDL in serum
of broiler chicks. The Interaction effects of lysophospholipid supplementation, fat source and fat level was not
significant for lactobacillus and E-coli population in ceca. The main effect of lysophospholipid supplementation
was significant increase on the lactobacillus population in ceca, and the effect of fat level in diet was significant
decrease on the E-coli population in ceca.

Conclusion It can be concluded in this study that of lysophospholipids supplementation did not have a
significant effect on performance in broiler chickens during the starter period.

Keywords: Interaction, level, Source, Soybean oil and Tallow
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Corn
1002 T g ni8 3767 3854 3744 3808 3749 3816
Soybean meal (44%)
by 0f9) 15 3.00 - - 0.75 15
Soy oil
4 _ - 15 3.00 0.75 15
Tallow
SAid orelS (53 1.82 183 182 182 182 182
Dicalcium phosphate
Sl S 1.102 1102 1103 1102 1103 1102
Limestone
(s 20,15 plibo o3 0.27 028 026 027 026 028
Salt
oige- s 035 035 035 035 035 035
DL- methionine
lspm -l 027 026 028 027 028 027
L- lysine hydrochloride
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Calculated composition%
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Metabolisable energy (kcal/kg)
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Calcium (%)
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Tryptophan (%)
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Sodium (%)
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' Each of the six diets was divided into two equal portions, with 0.025% lysophospholipid added to one portion, and mixed to make 12 diets.

2 Amounts per kilogram diet: vitamin A (Trans Retinyl Acetate), 12500 International units; vitamin D3 (Cholecalciferol), 5000 International units;
vitamin E (tocopheryl acetate), 80 mg; vitamin Ks, 3.2 mg; thiamine, 3.2 mg; riboflavin, 8.6 mg; panthothenic acid, 8.6 mg; pyridoxine, 4.86 mg;

B;, Cyanocobalamin, 0.02 mg; niacin, 62.51 mg; biotin, 0.25 mg; folic acid, 2.2 mg; Antioxidant 2.5 mg. *Mineral premix supplied per kilogram
diet: Fe ,20.23 mg; Mn, 120 mg; Zn, 110 mg; Cu ,16 mg; |, 1.252mg; Se, 0.3 mg. Choline chloride, 300 mg (Vitamin and mineral supplements).
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Table 2- Effect of lysophospholipid supplementation on the performance of broilers in diets containing different levels and sources
of fat in the starter period (1-14 days of age)

o O Oy oSl O Ojs oI eSSl Shes Span (:5ile (p51p55) s bidsd ey
T) j (o5.0/p53) (o35 5) (035 p5) Feed conversion ratio
reatments A . . .

Body weight (g/b) Weight gain (g/b) Feed intake (g/b) (9/9)
"l ghndgsd ylisal gal
Emulsifier lysophosphlipid
. 32833 2059 2870 139
- 336.64 20.19 29.44 139
2 eSilie one (sl 434 030 034 001
SEM
T e
Source of fat
bow 0555 33401 21.00 2001 139
Soy oil
S5 4 33312 2093 2046 141
Tallow
50:50 byl 33033 2073 28.76 129
Soy oil +tallow (50: 50)
o eSbe Jlore sl 531 037 042 001
SEM
Yoy oy Moy
Fat diet%
15 326.11° 2043 2878 141
3 338.862 21342 2928 138
o oeSilie ene (sl 434 030 034 001
SEM

P-value

(A) lidsel 0.18 017 013 0.94
Emulsifier
(B) oz oo 087 087 050 066
Fat source
(C)or 2 2o 0.04 0.04 0.40 0.08
Fat diet %
AxB 082 082 053 009
AXC 017 016 004 088
BxC 045 046 0.78 020
AXBXC 013 012 019 044

(P<140) ditn s sine SIS (l)ls il s S e By ghls 45 51 2 el g s (slaySole P
3l o s1mlia Y5 5l ols 5 Ske )
b o oanlie YF 5l Juols (p55ke ,a
Al o oanliie Y5 5l Juols pSibio a7
b Means in each column for many effect with uncommon superscrip are significantly different (P <0.05).
Each mean is the average of 18 observations.
2Each mean is the average of 12 observations.
3Each mean is the average of 18 Observations.
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Figure 1- Interactions between lysophospholipid supplementation and dietary fat percent on broiler feed intake during 1-14 days

b Column with uncommon superscrip ars significantly different (P <0.05).

Error bars were plotted based on standard error.
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Table 3- Effect of lysophospholipid supplementation, source and level of fat in diet on morphological variables in jejunum of

broiler chick at 14 day of age

o Lo in Es) in P by 4 kS S Gos Ca)S Gos 1in E8))
Tﬁee;tments Villus height  Willie width Thickness of cover Crypt depth Villus height:

(Hm) (pm) layer (pum) (pm) crypt depth
" ghndgsd ylial gal
Emulsifier lysophosphlipi
N 839.13 16033 4744 22600 3.96
- 89433 155.11 50555 20922 438
2 eSle ene (sl 26.36 8.20 1.94 9.88 023
SEM
T e
Source of fat
by 0f9) 936.18 15833 52,66 21933 442
Soy oil
S 4 84500 15550 49.16 21883 397
Tallow
50:50 byl 826.00 15933 4516 214,64 419
Soy oil +tallow (50: 50)
Sl slore sl 3424 1004 238 1211 030
SEM
Yoy (2 oy
Fat diet%
15 812.94b 15878 46.44 21156 392
3 923767 15667 5155 22363 445
LSl Jlore sl 2744 8.20 1.94 188 024
SEM

P- value

(A) liedse 0.14 065 026 024 022
Emulsifier
(B) oz e 007 096 0.10 095 0.66
Fat source
(Closer (20 0.02 085 007 039 0.14
Fat diet %
AxB 0.18 084 0.36 008 036
AXC 033 004 0.08 068 068
BxC 027 058 098 055 092
Ax BXC 028 037 0.77 032 026

3 Means in each column for many effect with uncommon superscrip are significantly different (P <0.05).

'Each mean is the average of 18 observations.
2Each mean is the average of 12 observations.
3Each mean is the average of 18 observations.
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Figure 2- Interactions between lysophospholipid supplementation and dietary fat percent on jejunal villus width in broiler

chicks at 14 d of age
b Column with uncommon superscrip ars significantly different (P <0.05).

Error bars were plotted based on standard error.
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Table 4- Effect of lysophospholipid supplementation, source and level of fat in diet on serum lipid composition in broiler chicks at

14 day of age
o Lo syl Jo s’ Yo JBe b pfigmend  Omb JB b 0eSg e
Treatments Triglyceride (mg/dl) Cholesterol HDL LDL
(mg/dl) (mg/dl) (mg/dl)
"o ghudys) pladgel
Emulsifier lysophosphlipid
+ 85.17° 153.89 79.22 62.94
- 111.392 161.39 76.05 57.66
Lol Jlne sl 7,60 873 487 544
SEM
T e
Source of fat
bow 0555 98.25 172672 90.75° 6225
Soy oil
<55 4 9958 132.00° 62.50° 4958
Tallow
50:50 byl 97.00 168.25¢ 79.66% 69.08
Soy oil +tallow (50: 50)
o eSbe Jlore sl 9.42 1069 596 6.42
SEM
Yo oy Loy
Fat diet%
15 9244 158.67 80.11 60.05
3 104.11 156.61 75.16 60.55
b eSbe Jlore sllad 7,69 8.73 487 524
SEM
P- Value
(A) by 0.02 054 065 0.48
Emulsifier
(B) 2 &e 0.98 0.02 0.009 011
Fat source
C)orz oz 2o 029 086 048 094
Fat diet %
AxB 0.22 0.12 0.58 0.04
AxC 001 0.36 0.67 0.06
BxC 0.34 0.09 0.34 0.13
AxBxC 0.99 0.83 093 0.65

(P10 o > i ST gyl 1Bl od S jin iy syl & 5l o (sl 5 cogi o cSloeSila P
b e oaalie VA I Jols 1 S5ke 4o
At o 01nlio VY I Juols Sl "
5o oanlie VA J) Sl 5Solie a7

b Means in each column for many effect with uncommon superscrip are significantly different (P <0.05).
'Each mean is the average of 18 observations.
2Each mean is the average of 12 observations.
SEach mean is the average of 18 observations.
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Figure 3- Interaction between lysophospholipid supplementation and dietary fat percent on serum triglyceride levels in broiler chicks
at 14 d of age

&b Column with uncommon superscrip ars significantly different (P <0.05).
Error bars were plotted based on standard error.
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Figure 4- Interaction between lysophospholipid supplementation and dietary fat source on serum LDL levels of broiler chicks at 14 d
of age

abe Column with uncommon superscrip ars significantly different (P <0.05).
Error bars were plotted based on standard error.
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Table 5- Effect of lysophospholipid supplementation source and level of fat in diet on the microbial population in
broiler ceca at 14 day of age

L henligiSY o e il

ol Lactobacillus E-coli
Treatments (Log10cfu/gr) (Log10cfu/gr)
"dginndgi plial gol
Emulsifier lysophosphlipidT
+ 7.952 457
_ 7530 420
ke jlre (sllas 011 0.15
SEM
3o
¥ Source of fat
Lo O49) 7.73 441
Soy ail
LR 787 417
Tallow
50:50 byt 761 457
Soy oil +tallow (50: 50)
ke jlre (sllas 0.13 0.19
SEM
ro)._.? s Loy
Fat diet%
1.5 7.69 4672
3 7.79 4.10°
ke jlne (sllas 011 0.15
SEM

P- value

A) il 001 0.10
Emulsifier
(B) st & 042 035
Fat source
(C)b).._s s Lo yd 052 001
Fat diet %
AxB 047 031
AxC 0.24 0.96
BxC 043 0.86
AxBxC 081 017

(P<e1+0) dtuds o gme WS (glls il o S yidio By gy &S 51 a4l g ot o dLmC)ﬁijl:.oa’b
A3l e oamlio VA 5l Jols ke j!
Ao oanlio VY 5l Jols :Sike o7
Ao oaalie VA 5 Jols ke 2 "
aMeans in each column for many effect with uncommon superscrip are significantly different (P <0.05).
'Each mean is the average of 18 observations
2Each mean is the average of 12 observations
3Each mean is the average of 18 Observations
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Introduction Rooster’s reproductive performance is an indispensable component of breeder production
because it plays a vital role in the maximum production of fertilized eggs. Existence feed supplement in the
poultry industry, intermediary metabolites have been including in the diet to improve fertility and reproductive
outcomes. Carnitine (B-hydroxy-y-trimethylaminobutyrate), vitamin-like-amino acid, is a quaternary ammonium
compound, that has multifunctional roles in reproduction. High concentrations of L-carnitine (LC) are present in
epididymal lumen, where it participates in sperm energy balance and the maturation of spermatozoa. In light of
previously reported breeder birds supplemented with dietary LC have shown improvements in semen traits and
fertility parameters. The present study is an attempt to investigate the effects of several levels of dietary LC
supplementation on semen quality parameters and gonadosomatic and hepatosomatic indexes at maturity and
production peak.

Materials and Methods For the present experiment, thirty-six Ross (12-week-old) breeder broilers were
used for 22 weeks in a completely randomized design with three treatments (0, 250 and 500 mg L-carnitine in kg
of diet) and twelve replications. All roosters were fed standard isocaloric (2754 kcal/kg) and isonitrogenous diet
(12 % protein). The birds for 22 weeks in a completely randomized design with three treatments (0, 250 and 500
mg / kg of LC in the diet) and six replications were used. During the adaptation period (21-24 weeks of age), the
roosters were trained by abdominal massage for semen collection. After the experimental period was
commenced (24 weeks of age), semen samples were collected and evaluated for seminal attributes every two
weeks (from week 24 to week 34). The following parameters were determined immediately after the semen
collection; to measure the semen samples were collected weekly to evaluate semen volume, total motility,
membrane functionality, mitochondria activity parameters. Also, to determine gonadosomatic and hepatosomatic
indexes at 24 and 34 weeks of age, six birds in each treatment weighing then were slaughtered and immediately
the testes and liver were removed and weighed.

Results and Discussion The highest sperm motility (96.60%) was observed in birds fed 250 mg LC (P
<0.04). By increasing the level of LC in the diet, sperm membrane functionality improved linearly (6.8%
increase compared to control) (P <0.04). A linear trend (P = 0.06) was observed in mitochondrial activity with
increasing levels of LC in the diet (69.31, 72.00 and 76.25). LC plays an essential role in energy metabolism by
carrying over fatty acids in the mitochondria matrix for f-oxidation producing energy. Therefore, it provides a
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better supply of energy for spermatogenesis and normal physiology of sperm, are presumably improved by an
optimum level of LC, as a result, sperm concentration and live. These data provide evidence that LC can be
effectively used in diets up to 500 mg/kg of diet or 30 mg/kg of body weight /day for semen improvements of
rooster’s breeder. At 24 weeks of age, the changes in gonadosomatic index (0.55, 0.68 and 0.64) were affected
by different levels of LC (P <0.01). During testis development in the chicken (from 2 to 15 weeks of age), there
is no significant increase in testicular weight, however, the early stage is the most important period for testicular
development. The mature testis has seminiferous tubules with a multilayered epithelium representing the
different stages of spermatogenesis. Sexual maturity is associated with the highest testes weight and
consequently with the highest plasma concentration of reproductive hormones. Gonads of the mature male
broiler breeder are organized into separate, comfortably discernible cellular correlations and functional
compartments. It has been accepted that steroid hormones biosynthesis and generation of spermatozoa are two
major actions that the testicles fundamentally carry out. The improvements in gonadosomatic Index of roosters
observed in this study in response to dietary LC may be attributed, at least partly, due to improved utilization of
dietary nitrogen, achieved through more efficient fat oxidation by LC. Testicles contain the seminiferous tubules
and the interstitial space. Seminiferous tubules are the functional elements of the testis and sertoli cells are the
principal structural basis of the seminiferous epithelium, inhabiting on the substratum membrane.

Conclusion The addition of 250 and 500 mg of L-carnitine to the diet due to the increase in gonad index led
to an improvement in sperm quality parameters at the beginning of the production period (puberty).

Keywords: Gonad Index, L-carnitine, Rooster, Sexual Maturity, Sperm
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Ingredients (%) Edible material
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Soybean meal '
P s 19.19
Wheat bran

Olawd le > 1.40
Dicalcium phosphate

s 0.32
Salt

Gl 0.8
Shell '
osgste=Jl 6 0.11
DL Methionine

gtne JoSe 0.25
Mineral supplements?

Yo |-

d“-t‘L?ﬁ- JeSe 0.25
Vitamin Supplement?

0l duwlre (g320 dlgo

Calculated nutrients

(pySokS 1 IS pudgilio LB (555! 2754
Metabolizable energy (kcal/kg)

(M0)) (92 12
Crude protein (%)

(340)2) S 0.7
Calcium (%)

(303) yaud 0.35
Available phosphorus (%)

(323 e 0.15
Sodium (%)

(M)b) ppY=Jl 0.45
Lysine (%)

(03) oigee= I 63 0.29
DL-Methionine (%)

(30 )3) psitasr + pigaio 0.49

Methionine+ cysteine (%)
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! Supplied per kg of diet: Fe, 60 mg; Mn, 6 mg; Zn, 100 mg; |, 2 mg; cu,10 mg; and Se, 0.2 mg.
2 Supplied per kg of diet: vitamin A, 120001U; vitamin E, 100 IU; vitamin K3, 5 mg, B1, 3 mg; riboflavin, 12
mg; niacin, 15 mg; vitamin B12, 0.04 mg; vitamin D, 3,000 IU;;; pantothenic acid, 55 mg; pyridoxine, 4 mg;

biotin, 0.25 mg and Choline chloride, 1 g.
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Table 2- The effect of dietary L-carnitine supplementation on semen quality parameters in broiler breeder roosters

(PSS 3 P25 ko) w5 ) Jls! jlade

Slhs L-Carnitin (mg/kg) "5 Ikl (glas . SSke Probability value

Traits 0 250 500 Standard error of mean e s £gd d> )y
Trt Linear Quadratic

(i) (e o> 0362 0460  0.475 0.082 013 008 0.44

Sperm volume (ml)

(22) F""“_I @‘” 88.25° 96.602 95.00? 3.48 0.018 0.02 0.04

Sperm motility (%)

(12,2) 55 g Sllod 6931 7200 76.25 3.11 025  0.06 0.78

Mitochondrial activity (%)

(o) plawdl slis cdlo 0y g0 gg00  79.70 2.99 008  0.04 0.17

Plasma membrane health (%)

!Standard error of means.
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Table 3- The effects of dietary L-carnitine supplementation on GSI and HIS in-broiler breeder roosters

i 5= |
0 J O’]M (atin) o &S asls S padla
(P S5k 2 .5 k) Age (week) Gonadosomatic index Hepatosomatic index
Levels of LC (mg/kg)
0 24 0.562 1.10
34 0.69 1.15
24 0.681 1.19
250 34 0.79 1.24
24 0.650 1.28
500 34 0.77 1.33
3 )lkil slos Sl 0.051 0.132
Standard error of means. ' )
Jles! e
o 0.08 0.15
Treat
o}n)‘ <0.0001 <0.0001
Time
X L
Slosd ul")_ 0.259 0.932
TreatX Time
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In each row, means with non-similar letters are different (P<0.05).
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Introduction The main aim of dairy farms is to increase the economic milk production of each cow in each
lactation period. Therefore, the effective genetic and environmental factors should be identified and evaluated.
Today, the main cause of economic losses to dairy herds is low reproductive efficiency. Any factor that causes
delay or non-pregnancy of dairy cows leads to reduced milk production and calf birth. Stress is known as a major
factor in reducing of fertility of dairy farms. Therefore, it is necessary to find managementsolutions that can reduce
the side effects of this factor. The objective of this study was to evaluate the effect of insemination in pre- and
post-milking time on pregnancy rate of Holstein Cows in Isfahan province.

Materials and Methods This research was conducted in the winter season between 2015 and 2020 in two
large industrial herds in Isfahan. 2340 Holstein cows with 1 to 5 lactations were studied. The cows were randomly
divided into two equal groups. According to the time of estrus observation and calculation of insemination time,
half of the cows (1170 heads) were inseminated during 2 hours after milking and the other half during 2 hours
before milking. Statistical analyzes were done using SAS software version 9.4. Descriptive statistics were estimated
for enumerated data with frequency procedure (Proc FREQ) and for continuous data with mean procedure (Proc
MEANS). Logistic regression method (Proc GLIMMIX) was used to analyze the results of insemination (1 = lead
to pregnancy and 0 = no lead to pregnancy). The final model was including the fix effects of herd-year-season,
insemination time compared to milking (pre- and post-milking), age at insemination time (2 levels including less
equal and more than 40 months), MIM (nine levels), interaction effect of insemination time and age, interaction
effect of insemination time and milk yield level (low and high producing) and the random effect of semen as bulls.

Results and Discussion Odds of pregnancy of inseminated cows in the post-milking time was more than
inseminated cows in the pre-milking time (1.5 times). Also, in the group of high producing cows (with a milk
average yield of more than 51 kg) and low aging cows group (less equal 40 months), the odds ratio of pregnancy
of post-milking insemination was estimated higher than pre-milking insemination (1.6 and 1.85, respectively).
Comparison of least squares mean (LS Means) of pregnancy rate in cows based on the time of insemination showed
that in generally there is a 0.09 pregnancy difference between insemination time in pre- and post-milking. The
mean of pregnancy rate in pre- and post-milking insemination was 0.31 and 0.40, respectively. Due to be
significant of the odds ratio in the group of high producing cows (with a milk average yield of more than 51 kg),
comparison of least squares mean of pregnancy rate in insemination times showed a difference of 0.1 in this group.
The mean of pregnancy rate of high producing cows in pre- and post-milking insemination was 0.30 and 0.40,
respectively. Also, due to be significant of the odds ratio in the group of low aging cows (less than equal to 40
months), the difference of least squares mean of pregnancy rate at insemination times was estimated 0.15. In other
words, the mean of pregnancy rate of low aging cows in pre- and post-milking insemination was 0.34 and 0.49,
respectively. For low producing (less than 51 kg) and high aging cows (more than 40 months), although the mean
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of pregnancy rate at insemination time of post-milking was numerically higher than pre-milking, no significant
difference was observed. Although there is a little information for the physiological factors of higher pregnancy
in cows that have been inseminated in post-milking, it seems that reducing stress and consequently lower cortisol
concentrations due to discharging milk of udder can be an effective factor.

Conclusion The results of this study showed that the time of insemination based on milking time makes a
significant difference in the pregnancy rate of Holstein cows. It was also found that high producing cows with a
milk average yield of more than 51 kg and low aging cows with age of less than equal to 40 months had the
maximum chance of pregnancy at the time of insemination of post-milking due to reduced effect of milking stress
at insemination time. Although the physiological reasons need to be carefully investigated, the findings of this
study can be recommended as a suitable solution for insemination of low aging and high producing cows to
increase herd fertility.

Keywords: Dairy cow, Fertility, Odds ratio, Stress.
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Table 1- Distribution of cows in different groups of production and age based on the time of
insemination in pre- and post-milking
laglS” 09,5
Group of cows

Timeof Value Production Age
insemination
Mg oS RPY oS Yy
Low producing  High producing? Low age®  High age*
AR
. <90 702 468 608 562
iigd | frequency
Pre- milking ww 0.3 0.2 0.26 0.24
proportion
AR
N 9P 538 632 585 585
iigd | e frequency
Post- milking ww 0.23 0.27 0.25 0.25
proportion

1.51kg>,2. 51 kg <, 3. 40 months >, 4. 40 months <
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Table 2- Days in milk and milk yield of low and high producing cows based on the time of
insemination in pre- and post-milking (mean+ standard deviation)

&l ol g5 09,5 P 9 b g5 2)65
Time of insemination Group of cows Days in milk Milk yield
S 136 +80.1 42+6.2
Low producing*
R e 101 + 44.4 59 + 6.0
Pre- milking High producing?
£ 122 +69.9 49 +10.5
Total
HgeS 108 +58.1 42+6.4
Low producing
Vs ) o e 87 £30.5 61+6.1
Post- milking High producing
o 97 +46.7 52 +11.0
Total

151 kg>,2.51 kg<
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Table 3- Distribution of services to pregnancy and non-pregnancy in different groups of production and age of cows based on the
time of insemination in pre- and post- milking (frequency: proportion)

Lﬁb9l§ b;)f
Group of cows
el e &l ol Mg o 5
Service outcome Time of insemination Production Age Total
WS Mg oS Y
Low producing! High producing? Low age® High age*
92 ?l "M 228:0.33 138:0.29 213:0.35 153:0.27 366:0.31
Pre- milking
o 52 ’:I o 237:0.43 231:0.37 282:0.49 186:0.31  468:0.40
Pregnant Post- milking
£ 465: 0.38 369:0.34 495:0.42 339:0.29 834:0.36
Total
92 ?l "M 465: 0.67 339:0.71 399:0.65 405:0.73 804:0.69
Pre- milking
Ol g2 J 309: 0.57 393:0.63 294:051 408:0.69  702:0.60
Non-pregnant Post- milking
Tgtsal 774:0.62 732:0.66 693:0.58 813:0.71 1506:0.64

1.51kg>,2. 51 kg <, 3. 40 months >, 4. 40 months <
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Table 4- Comparison of pregnancy odds of different groups of cows at the time of insemination post-
milking compared to pre- milking

laglS 09,5 il Capus 20320 liab] Aol t )l P i
Group of cows OR® 95% CI° t value P-value
S 15 1.1-2.0 2.57 0.01
Total
e . 1.43 0.92-2.2 1.61 0.11
Low producing!
5 _ 1.6 1.0-25 1.95 0.04
High producing?
o 1.85 1.2-2.8 2.84 0.006
Low age®
Yy

K 1.21 0.76-1.9 141 0.16
High age*

1.51kg>,2. 51 kg <, 3. 40 months >, 4. 40 months <, 5. Odds ratio, 6. Confidence interval
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Table 5- Prediction of pregnancy probability in different groups of production and age of cows based on the time of insemination in
pre- and post- milking (Least squares means + standard deviation)

g | e

gl5 0g,5 Post- milking

Dby 3l i
Pre- milking

Group of cows

(5,15l Gl il &) Slagye Bl uSile 30> A8 ligabl alols (3,)5kl Gl ol ) clagye il 5 Siladio s A0 ligels] alols

Lsmeans® (+sd®) 95% CI’ Lsmeans (+sd) 95% ClI
£ 0.40 (£0.03) 0.35-0.45 0.31 (20.02) 0.26-0.36
Total
Hped 0.39 (£0.04) 0.32-0.47 0.32 (£0.03) 0.25-0.38
Low producing*

52 _ 0.40 (+0.04) 0.33-0.48 0.30 (£0.04) 0.23-0.38
High producing?

oS 0.49 (£0.04) 0.41-0.57 0.34 (£0.03) 0.28-0.42
Low age®

P 0.31 (£0.03) 0.25-0.38 0.27 (£0.03) 0.21-0.34
High age*

1.51kg>,2.51 kg <, 3. 40 months >, 4. 40 months <, 5. Least squares means, 6. standard deviation, 7. Confidence Interval
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Introduction To characterize the affection of tempo and temperature with chill and without chill, as storeroom
status for fecund eggs formerly to their incubation, you have to resort to a series of processes. What starts as a

fertile egg on the breeder farm must end up being a healthy chick on the broiler farm. After the hen lays the egg,
its quality can only worsen, it will never be the same, so we must pay attention to the transit between the laying of
the hatching egg and the start of the incubation. Most of the causes that can influence the variability of hatchability
or quality losses of the chick are caused by inadequate management of the egg handling processes before being
hatched. Inadequate temperature and humidity control generally produce poor results. Inadequate control means
that the temperature or humidity is too high or too low for long enough to interfere with the normal growth and
development of the embryo. Poor results are also given due to inadequate ventilation, the inappropriate egg turns,
and poor sanitation of machines or eggs. Obtain the best hatching by maintaining the temperature at 37.7 °C
throughout the incubation period when using a forced-air incubator. Minor temperature fluctuations (less than Y2
degree) above or below 37.7 C are tolerated but do not allow temperatures to vary more than one degree.
Prolonged periods of high or low temperatures will alter hatching success. High temperatures are especially
dangerous. A forced-air incubator that is too hot tends to hatch early. One that is kept constantly cold tends to
produce late hatching. In both cases the number of chicks that hatch will be reduced. Keep the air incubator still
at 38.8 oC to compensate for temperature stratification within the incubator. Obtain the proper temperature reading
by raising the thermometer bulb to the same height as the top of the eggs, when the eggs are placed horizontally.
If the eggs are placed upright, raise the thermometer bulb to a point that is 0.6 to 1.2 cm and below the top of the
eggs. Temperature is measured at the level where the embryos develop (at the top of the egg). Do not allow the
thermometer bulb to touch the eggs or the incubator.

Materials and Methods A total of 720 eggs were taken at accidental from one-day operation. . There were
also questions about the health and management of laying hens, including nutrition, disease and vaccination. In
llam province, there is no hatchery and laying hen factory for hatching purposes. Behind having been chosen by
their exterior characteristic and weight, the eggs were divided into 2 cures, previously the storeroom: In each cure,
there were organized three groups of 120 eggs each, with 4, 7 and 10 days of storeroom respectively.

Results and Discussion The biological control took away: 1st inspection, at 6 days and 2nd inspection at 11
days (embryonic fatality, embryos with patulous, allantoides and embryos with shut allantoides) incubation
ultimate, consequences. The consequences exhibit, that as for the embryonic fatality, the best conduct was made
at the 4 days of the storeroom with the chill. The higher values communicated, to 10 days of storeroom without
the chill. The best consequences for the prime category, chicks and whole born were in group one. Improper
management in the use of incubators was another factor that contributed to the decline in the birth of first-class
chicks. These defects in the work management of the incubator reflected high mortality between the ages of five
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and 18 days. In this case, as shown in table (3), fetal mortality rates on the 11th day were significantly lower and
no significant differences were observed between them.

Conclusion It was concluded that storeroom without chill during 4 days touch to 5.5% the prime category,
chicks taking. The eggs storeroom during 7 and 10 days without chill borne victims for the significance of
embryonic fatality, of 20.5% and 75.8% respectively. Keeping fertilized eggs at normal room temperature during
the first four days that caused fetal mortality in the first stage of incubation was up to five and a half percent
effective in obtaining first-class chicks. We can use various techniques to make a “clean” egg look like, but what
we do is risk making things worse. Sandpaper, sponges, damp cloths are used on farms to make them look clean
but quickly contaminated. So we just make them look clean In addition to contaminating them, we cover pores,
making the incubation process more difficult for the embryo. Laying or dirty eggs that are washed present hatch
rates of up to 20% less than those that are clean and up to 7 times more chick mortality at the end of the first week.

Keywords: Group, Incubator, Keeping, Temperature eggs.
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