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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 giel YT 10.0 10.0 10.0 10.0 0.002 0.002 0.002
ALT (U/L)*
ool 4als L 55590 10.0 10.0 10.0 10.0 0002  0.002 0.002

LDL (mol/L)°

(P<0.05) sl o )15 sine OIS gyls S jriio pui Gy b i) o gl (3o
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
“Alanine Aminotransferase
SLow density lipoprotein
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Table 1- The ingredients and chemical composition of experimental diets used for fattening lamb (% dry matter)

Shed Slge S5 hilojl oy
Feedstuff ingredients Experimental diets

Control 6% 12%

wriy gl 30 24 18
Alfalfa
Jujube leaf
b 34 34 34
Barley grain
epab 16 16 16
Corn grain

pAS (g 5 5 5
Wheat bran

g Al
Soybean meal
Cotton seed meal
Sy il

Beet molasses
O sy 0.5 0.5 0.5
Sodium bicarbonate

RN

Salt

e g aling JoSo' | | |
Vitamin and mineral premix!

eelS by 1 1 1

Calcium carbonate

0.5 0.5 0.5

Fae 100 100 100
Total

Chemical composition

(RGN

Dry matter

W“‘"‘Jyl"" J:Lé LS})" (“g"“‘,‘l> oo |>)§9l.5 » LS)JK&") 2.4 2.4 23
Metabolisable energy (Mcal kg 'DM)
P B (K28 ole 1)

Crude protein (% DM)

G odngh 3 Jylonali (K5 03le 202) 43.00 40.08 37.38
NDF (% DM)

Sl 000945 )3 Jaloeol LI (Sid 00lo ao y3)
ADF (% DM)

ol (Sid 00lo Asyd)

Calcium (% DM)

yud (Sid 0dlo duoyd)

Phosphous (% DM)

94.56 94.39 93.71

15.65 14.70 14.14

22.27 21.97 21.32

0.78 0.80 0.84

0.49 0.47 0.46

TN i 5 5+ S 138 Ve ool 05 ¥ s 15 ¥ 55in 135 VE oy o) sy Ve D) ey Mol 5l A ey el a5y B oy oSS o)

gl p)S ooV g uo )5 IV it p)S Yo (IS £S5 /N ind £)5 A S )5 WA by S
! Each kilogram of vitamin-mineral premix contained: Vitamin A (500,000 IU), Vitamin D (100,000 IU), Vitamin E (100), Iron (3 gr), Copper (0.3
gr), Manganese (2 gr), Zinc (3 gr), lodine (0.1 gr), Cobalt (0.1 gr), Phosphous (90 gr), Calcium (180 gr), Sodium (60 gr), Magnesium (20 gr).
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Table 2- The chemical composition of the jujube leaf and alfalfa (% dry matter)

S el S ool PSRN I ok 8,152 ol (9 ok 0l sl S “‘f’ i ojlas
Feedstuff Dry Crude Neutral detergent Folw Ash Organic Ether
Matter protein fiber Acid detergent fiber Matter Extract
Jujube 93.93 7.61 41.50 13.50 11.30 88.70 1.8
leaf
a5y
Alfalfa 93.56 14.57 40.81 3.40 9.97 90.03 1.1
(St oalo 20 3) gy g lie Sy oSte 56 5 S b Jgtb LS5 =Y Jgu
Table 3- The composition of total phenols, tannins and condensed tannins the jujube leaf (% dry matter)
S o U5 J5s 5 o oSl o
Feedstuff Total phenol Tannins Condensed tannin
e S 47 3.1 0.48
Jujube leaf
Vorsk 5 sleoy 3Skes s Sy il o b -£ Joao
Table4- Effect of different levels of jujube leaf on performance of Baluchi male lambs1
S8 Y u“,“’L"),‘ LTS
Parameters Experimental diets 2 SEM P-value
1 2 3
59y 9 p5) Bpae Shygs (Sibe 1475.89°  1377.98> 1344.72¢ 8.88 <0.0001
Average daily feed intake (g/day)
59y 3 £5) aligy i Lialsd! Sileo 184.8 171.1 166.8 0.01 0.78
Average daily weight gain (g/day)
Shed b oo 8 8.05 8.09 0.50 0.37
Feed Conversion Ratio
(#y59LS) gl 59 ko 31.45 32.35 32.79 1.17 0.71
Average of Initial Weight (kg)
LU ois xSiles 45.31 45.18 45.29 0.95 0.99

Average of Final Weight (kg)

(P< oJ-0) 3l 150354 b (g loiime S| allite 18 Ggy> b ciss) o (slagiba|
Lo W Glie Sy (Vo £ Glic Sy (Y by yio Llie S p) anld ops (V
! Means within same row with different superscripts differ (P<0.05).
21) control (jujube leaves 0 %), 2) jujube leaves 6 %, 3) jujube leaves12 %.
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' Means within same row with different superscripts differ (P<0.05).
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Introduction In most part of Iran, low rainfall and availability of water resources are the major limitations to the
farmer. Feed represents a major proportion of the overall production cost for livestock industry across the world. On
the other hand, availability of good quality and unadulterated conventional feed all year round is a major constraint
in livestock production. Thus, proper use of expensive agricultural by-products is important goal in livestock
production. Therefore, one way to overcome the limitation of forage resources and the high cost of livestock feed is
using agricultural by products such as plant leaves or other unconventional sources of the feed. Jujube is a short tree
with a height of 2 to 8 meters and sometimes up to 12 meters and is very resistant to drought. The cultivation area of
jujube in Iran is about 3,000 hectares, more than 95% of which (about 2850 ha) is in southern Khorasan and 4,200
tons of jujube is produced. The leaves are readily eaten by camels, cattle and goats and are considered nutritious.
Analyses has shown the following constituents (% dry weight): crude protein, 12.9-16.9; fat, 1.5-2.7; fiber, 13.5-
17.1; N-free extract, 55.3-56.7; ash, 10.2-11.7; calcium, 1.42-3.74; phosphorus, 0.17-0.33; magnesium, 0.46-0.83;
potassium, 0.47-1.57; sodium, 0.02-0.05; chlorine, 0.14-0.38; Sulphur, 0.13-0.33%. The goal of the experiment was
to investigate the effects of different levels of jujube leaves on yield, digestibility and fermentation characteristics of
Baluchi male lambs.

Materials and Methods Jujube leaves were analyzed for dry matter (DM), organic matter (OM), crude protein
(CP) and ether extract (EE) contents using standard procedures (AOAC, 2005). Neutral detergent fiber (NDF) was
analyzed according to Van Soest et al. (1991), total phenols (TP) and total tannins (TT). Twenty-four Baluchi male
lambs with the age of 140+10 days were assigned to a completely randomized design with 3 treatments and 8
replicates for 75 days 3 dietary treatments and 8 replications in a completely randomized design. Lambs were grouped
based on their age and weight. Weight and experimental trail lasted for 75 days. Diets were formulated based on
SRNS (1.9.6069) guidelines. Concentrate diet and dried alfalfa hay were used in the experiment. All lambs were fed
ad libitum twice daily at 08:00 and 20:00 h with a Total Mixed Ration (TMR) of 30% forage (Alfalfa) and 70%
concentrate. The dietary treatments were 1) control (without jujube leaves), 2) 6% jujube leaves, and 3) 12% jujube
leaves. An adaptation period of 15 days and an experimental period of 75 days were considered for this experiment.
During the experimental period, feed distributed to each animal and corresponding ort were recorded daily.
Representative samples of feed and ort were bulked for subsequent analyses. Animal BW was recorded at every 10
days of the experiment after 16 h fasting, to calculate weight gain. In order to directly measure the apparent
digestibility of nutrients during 10 days at the end of the experiment, samples were collected from the feeds and their
residues and the fecal was collected in the last 7 days. Sampling of rumen fluid was done on days 25th, 50th and 75th
of the experimental period, 2 hours after ingestion in the morning using an esophagus tube and its pH was determined
immediately. For determination of nutrients digestibility, the amount of feed intake, ort and fecal excretion were
recorded. On the 25th, 50th and 75th days of the experimental period, approximately 10 mL of blood was collected
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from the jugular vein of each. Blood was collected in a tube and directly centrifuged at 3000 rpm for 10 min at room
temperature. The supernatant (serum) was collected and frozen at —20 °C pending further analysis. Blood serum
metabolites, glucose, HDL, LDL, cholesterol and blood urea nitrogen were measured.

Results and Discussion The results of the experiment showed the amount of dry matter, organic matter, crude
protein, ash, ether extract, NDF and ADF of jujube leaves were 93.93,88.70, 7.61, 11.30, 1.8, 41.50 and 13.50%,
respectively. Also, total phenol, total tannin and condensed tannin were reported to be 4.7, 3.1 and 0.48%
respectively. The results of the experiment showed that the use of different levels of jujube leaves had no significant
effect on mean daily weight gain and feed conversion ratio, but in jujube leaves treatments, the average daily feed
intake was significantly decreased.The digestibility of crude protein in jujube leaves treatments significantly
decreased compared to control. The digestibility of dry matter, organic matter, NDF and ADF did not have a
significant effect on the treatments (P> 0.05), but the digestibility of crude protein in jujube leaves treatments
significantly decreased compared to control (P<0.05). The pH of the ruminal fluid decreased linearly with increasing
levels of jujube leaves, but did not have a significant effect on ruminal ammonia nitrogen concentration. Blood
glucose concentration, HDL, LDL, cholesterol and blood urea nitrogen were significantly affected by the treatments.

Conclusion According to results of this experiment, the use of jujube leaves in the diet due to the presence of

tannin reduced feed intake, digestibility of crude protein, blood glucose concentration and blood urea nitrogen and
did not have a negative effect on the pH of the rumen fluid.

Keywords: Chemical composition, Fattening lambs, Jujube leaves, Performance, Tannins.
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Table 1- Feed ingredients and chemical composition of experimental diets

\Lh)\oﬁj

RN Treatments'

. reatments
Ingredients (% DM) CON CS125 DC12.5
oy bl 15.0 15.0 15.0
Alfalfa hay
pAS ol 15.0 15.0 15.0
Wheat straw
€93 e 25.0 12.5 12.5
Corn silage
)5S )Mw 0.00 12.5 0.00
Conocarpus silage
oAb SdS yogy S 5S 0.00 0.00 12.5

Dried conocarpus

mab 7.50 7.50 7.50
Barley grain

<y sl

. , 13.0 13.0 13.0

orn grain

:;hs L‘t’f; 17.0 17.0 17.0
cat bran

by dloxs 6.50 6.50 6.50

Soybean meal ’ ’ ’

elingm Fame oS 0.60 0.60 0.60

Mineral-Vitamin premix?

ﬁ.t - 0.40 0.40 0.40
1te da.

Chemical compositions

IL\?;FA;; )]’)i/[’l’“’“ L 398.8 401.9 4112

bl g
:B*;‘ ;“1:“’ ]’)’ I\;IJ*""“ L 307.9 3288 339.1
bl g
I

E)JMJ[;/k . 921.8 912.6 907.2
9 g

Eid‘;ﬁﬁDM 1453 138.5 125.8
, g/kg

m;f; Jflfkdg'M 2.58 2.58 258
bl ca g

ok St o) 6 203 WD (g5l o DCI2.5 gy, 68 5w 203 WY/D (5gl> 0y LCS12.5 (o8 58 136) J,us CNT
kb 15 e Aol 5 Jon 800+ glan] ST 5 ke 0o+ ol 15 o Yo D3 eling Ml i sy Yoo e A iy s 25ly S ol oo 55k T
ol 2y o VN cty )5 oo W eS8 (oo Ve gy S o Voo cme S koo Yo econl 2 S e e 538 )8 s VY- i S heo Y0
! Control (CNT, diet without Conocarpus), Diet containing 12.5% Conocarpus silage (CS12.5), Diet containing 12.5% dried Conocarpus (DC12.5).
2 Composition per kg of premix: vitamin A, 600,000 IU; vitamin D3, 200,000 IU; Vitamin E, 200 mg; antioxidant, 2500 mg; Ca,195000 mg;
p,80000 mg; magnesium,21000mg; manganese,2200mg; iron, 300mg; copper,300mg; zinc,100mg; Co,100mg; ,12 mg; Se,1.1mg.
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Table 2- Chemical composition of conocarpus leaves and corn silage in the present experiment

losd S5 w59 Sy )3 s
Chemical composition (g’kg DM) Conocarpus leaves Corn silage
S ke 463 273
Dry matter
P oo 105 78.0
Crud protein
L?"> 0dizg 53 A.J?b“’b ‘—gu‘ 519 470
Neutral detergent fiber
Gl 055 3> Jslonels LI 297 788
Acid detergent fiber
$plojas 952 300
Ether extract
Pl L 261 243
Crud fiber
s 133 55.0
Ash

Mo
Jloste 867 945
Organic matter
o 40.0 36.0
Lignin
Foto 54.0 -
Total tannin

bl sloyix L o 485 o)l slaoy )3 (35 1 p55kS) Shss B =T Jogi
Table 3- Feed intake (kg/day) in fattening lambs fed experimental diets

Y ke . SEM P value
Intake, kg/da Treatments

’ Y Control  Conocarpus silage (CS12.5)  Dried conocarpus (DC12.5)
V0L slajs, 0.491 0.498 0.504 0.104 0.13
Days 0-15
YU sl 0.497 0.505 0.530 0.090 0.12
Days 16-30
FOUTY cslay) 0.633 0.629 0.676 0.147 0.13
Days 31-45
P BT sl 0.644 0.717 0.615 0.130 0.09
Days 46-60
Fe U ey oSS osle B pan S 0.566 0.587 0.582 0.197  0.21
Average feed intake, days 0-60
Pl ey Syt Spae J0 33.98 35.23 34.90 0526  0.15

Total feed intake, days 0-60

Sl it b (g o QLS 538 JoSe sl 20>
3 U 5l ool (VA) culss gl Sis oole (alKiule)] pada
o 85U pie (SiS ool man bl )38l el MihugS oy
O wad (il 5 S bt BUI(EE) (o )las puin
S ool Uy g (PF) U1 Casgy b 6y slbo s apiis (59) a5

0l St gyl 55 10)3 WD (g5l 0y DCI2.5 (g 568 55 10y3 WY/D (ggl> 02 CS12.5 (o) 55 286) Jyus CNT
! Control (CNT, diet without Conocarpus), Diet containing 12.5% Conocarpus silage (CS12.5), Diet containing 12.5% dried Conocarpus (DC12.5).
SEM: Standard error of means.

B9 T odle (Sts o3l (gyalls i llE g 5o

Ly 5 sS85 s5l> sLogi ,> ADF 4 NDF pL5
WU oo g cosls ggls als b s Sis g S8
oileil @l b gdlse (F Jga) 18,55 )15 oolojl (slao
WVl e85 b U ol s pmmne,S olS IRl oslizal 51>
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il dzily oy (gds0 dlge uan culils o

(S_id o3le Bpae Juie p syl (50) ol 5 o glpul b
oy g0 , K05 il il .ol piis,y s ADF NDF
2Ty Said ol pan cobl 1 (631 (V) ugylS S
31 eolatnl (B1) cusls (g pomn,S (la ol 5L ol &A% liidwsS
25 (oaa LSS 0350 dlgo 3 525 I slse olam & (iggles
Gramine or ) cpolin i Juiosd ~N-N- _uSgio Ly ol S
= &5 Loy 040> 5> (methoxy-N,N-dimethyltryptamine

el ooy bosd 4l 5)lsy sy 3 (pS5hS 3 £)5) ke dlse i il 5 (595 3 p5) Span—€ Jgu>
Table 4- Intake (g/day) and digestibility of (g/kg) in fattening lambs fed experimental diets

)l

s dge man ol 5 ST)53 byuae Treatment! SEM P-value
. . . vy ere reatment

Nutrient intake and digestibility CNT CS125 DCI12.5

(59/p5) gise o3lo b puae

Nutrient intake (g/d)

](;’5 ks " #) (dg/““:) Lo 644.5 7174 6153 58.68 0.09
ry matter
3 g i .

(C’)”/ p5)J :tt" o 5833 660.0 550.0 38.49 0.14
rganlc martter

s p5) 5 osizgd > gl S| 293.8 285.6 258.7 16.76 0.47

Neutral detergent fiber (g/d)

s/ £35) sl o295 )3 gl S 194.0 2116 195.0 9.62 0.65

Acid detergent fiber (g/d)

(C"”/S’S) f’\i %‘5‘"(’%) 100.5 103.4 99.40 3.60 0.10
rude protein (g

(39,/85) ol man collé

Apparent digestibility (g/kg)

](;’591*5/:5) (‘sg/““: )“l" 510.7 495.8 525.6 18.2 0.52
ry matter (g/kg

(5; sTe5) i' D?;/k ) 560.0 557.4 590.0 2.9 0.56
rganic matter (g/kg

(p55kSTp.5) (5 oagd > Jlorals SUI 4290 468.7 4715 29.6 0.49

Neutral detergent fiber (g/kg)

(5 5LSTp.5) s ougd )3 Jplonals S 359.9 4048 418.0 37.1 0.67

Acid detergent fiber (g/kg)

(C")Sfiwf’;z ",B(O’i”; 806.2 796.4 783.0 11.8 0.39
rude protein (g/kg

00h Suis o) 55 103 WD (g5l 0px IDCI2.5 gy, 658 5w 203 WY/D (g9l 0y CS12.5 ([ ugy, 58" 368) J,us CNT
! Control (CNT, diet without Conocarpus), Diet containing 12.5% Conocarpus silage (CS12.5), Diet containing 12.5% dried Conocarpus (DC12.5).

SEM: Standard error of means.
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Table 5- Growth performance of fattening lambs fed experimental diets

leaj LSLM).*.? b ods aydas d)‘j)ﬁ LSLM)f W) J)SIA—C_O JQ.\?

\ -
Ay 0,Sles T Lht)l%‘ " SEM P-value
Growth performance feaunen
CNT CS12.5 DCI2.5
(p 5545 5! 039 32.97 33.00 33.0 1.17 0.80
Initial body weight, kg
g)sd,gs )& ﬁt’ \(f 1"5‘0; 03 34.44 3424 345 1.18 0.17
ody weight, d 15, kg
g)sd,g) éﬁ: ‘;1' 3"00; s 36.01 35.77 36.04 1.19 0.18
ody weight, d 30, kg
g)?s) éﬁ: ‘Z’:Su; 03 37.58 37.24 37.53 1.21 0.42
ody weight, d 45, kg
g)sd,g) éﬁ: Z 6";)‘0:‘ i 39.52 38.93 39.21 1.21 022
ody weight, , Kg
(p5515) 539,10 6 + calis) Galifl e 98.00 82.00 100.0 5.40 0.09
Average daily gain, d 0to d 15, kg
(pSPS) Siay ¥o BV eailiy) (a8l oo 106.7 100.7 102.0 4.50 0.51
Average daily gain, d 16 to d 30, kg
(pS95) 539y YO LYY calliy) (a8l (oo 107.3 96.70 98.00 10.00 0.82
Average daily gain, d 31 to d 45, kg
(p5555) S35y 5+ b Y5 eailjy, bl ke 130.0 112.7 113.3 9.80 0.15
Average daily gain, d 46 to d 60, kg
(p55k5) Figp 7 U - calipy A3l (oiln 110.0 98.2 103.3 6.30 0.08
Average daily gain, d 0 to d 60, kg ’ ’ ’ ’ ’
(PSk5) 539y M0 B+ culidl JS 1.47 1.24 1.5 0.17 0.12
Total weight gain, d 0 to d 15, kg ’ ’ ’ ’ ’
(pS9h) (S5 T+ UV el IS 1.60 1.51 1.53 0.07 0.63
Total weight gain, d 16 tod 30, kg
(P55} Fi9) YO BTV 33l JS 161 1.45 1.47 0.15 0.74
Total weight gain, d 31 to d 45, kg ’ ’ ’ ’ ’
(pS9h5) sy 7+ 7 ol IS 1.95 1.69 1.7 0.10 0.11
Total weight gain, d 46 to d 60, kg
(p535S) Figy 7o U ol IS 6.63 5.89 6.20 0.18 0.07
Total weight gain, d 0 to d 60, kg
A et 5.01 6.02 5.05 0.19 0.12
Feed conversion ratio>, d 0 to d 15
ST B s s 4.66 5.02 5.2 0.24 0.18
Feed conversion ratio, d 16 to d 30
39 TOETY s oy 5.90 6.50 6.90 0.63 0.41
Feed conversion ratio, d 31 to d 45 ’ ’ ’ ’ ’
Si9)F bYS (Jas oo
4.96 6.36 5.14 0.63 0.84
Feed conversion ratio, d 46 to d 60
Y 5.15 5.98 5.63 0.20 0.32
Feed conversion ratio, d 0 to d 60
Sin Wb ST ok
0.20 0.17 0.20 0.064 0.09
Feed efficiency®, d 0 tod 15
S ¥V S il
0.21 0.20 0.19 0.094 0.24
Feed efficiency, d 16 to d 30
3oy TO BTN Shyss 0330 0.17 0.15 0.14 0.051 0.89
Feed efficiency, d 31 to d 45 ’ ’ ’ ’ ’
i B S ol 0.20 0.16 0.19 0.050 0.83
Feed efficiency, d 46 to d 60 ’ ’ ’ ’ ’
SinFe B She ol 0.19 0.17 0.18 0.040 0.41

Feed efficiency, d 0 to d 60

SEM: Standard error of means.

“Ratio of kg feed intake / kg live weight gain
*Ratio of kg live weight gain / kg feed intake

00h Suis o) S5iS 103 WD (g5l 02 IDCI2.5 (g )86 5o 103 WW/D (55l 0y CS12.5 ([ gy, 858" 36) J s CNT

05 (535 Gl p5 ShS & b pmo STy p F5hS s’
e Shsd p)S5S 40355 055 GRS p kS o
'Control (CNT, diet without Conocarpus), Diet containing 12.5% Conocarpus silage (CS12.5), Diet containing 12.5% dried Conocarpus (DC12.5).
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Table 6- Rumen ammonia nitrogen concentration (mg/dl), pH and protozoa population (x10°/ ml) in rumen liquor of fattening lambs
fed experimental diets

"y logs

SEM P-value
Treatment!
CNT CS12.5 DCI12.5
pH 6.57 6.58 6.76 0.14 0.14
S bigel 05 5.85 5.48 5.36 0.58 0.06
Ammonia-N, mg/100 ml
e 3.83 2.18 3.20 0.55 0.90
Entodinium
poeies! 0.17 0.85 0.70 0.43 0.50
Epidinium
poidshes 1.80 1.50 1.30 0.23 0.40
Diplodinium
igan 5.80 4.80 5.20 0.71 0.28

Total protozoa

o0 St oy 6 203 WD (g9l o DCI2.5 (g6 5w 203 WY/ (54l> 0y LCS12.5 (o8 58 a36) J,us CNT
! Control (CNT, diet without Conocarpus), Diet containing 12.5% Conocarpus silage (CS12.5), Diet containing 12.5% dried Conocarpus (DC12.5).

SEM: Standard error of means.
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Table 7- Blood parameters (mg/dl) in fattening lambs fed experimental diets

sl b R . SEM P-value
Treatment

Parameter (mg/dl) CNT Csi25 DC12.5

P 66.00 70.00 63.70 3.22 0.42

Glucose

a ol Ca 12.00 9.70 10.10 1.18 0.07

Blood urea nitrogen

N 61.75 61.00 57.00 3.49 0.90

Cholesterol

i el <2 19.50 20.50 17.45 3.04 0.60

Triglycerides

Oy b b g 15.75 16.50 14.75 1.45 0.84

Low-density lipoprotein (LDL)

YU s b (35 2 90 35.75 35.40 35.57 2.12 0.84

High-density lipoprotein (HDL)

00l St o5, 203 W/ (g9l 032 IDCT2.5 (us)l5 58 3w 303 WY/B (g9l 0y CS12.5 f gy )8 58" 286) Jyus :C
! Control (CNT, diet without Conocarpus), Diet containing 12.5% Conocarpus silage (CS12.5), Diet containing 12.5% dried Conocarpus (DC12.5).

SEM: Standard error of means.
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Introduction Utilization of all potential existing resources as animal feed, especially the resources that have
no use, can compensate the deficiency of forage and decrease the cost of livestock rations. Conocarpus erectus
tree grows on the tropical and subtropical coasts throughout the world. This plant was cultivated in Kuwait, since
it can grow on warm climate and salty water. Conocarpus erectus was considering for its resistance against heat;
due to its resistance and compatibility with warm climate condition, infertile soil, soil improper aeration and
drainage, air pollution, as well as compacted soils, its cultivation has been developed in such areas. This plant has
lower nutrient requirements, it is an evergreen shrub and highly resistant against salinity and drought, and if soil is
not humid, it will tolerate drought. The extension areas of this plant is in USA, Bahama, Caribbean, Central and
South America from Mexico to Brazil on the Atlantic coasts, from Mexico to Ecuador on the pacific coasts, and
west of Africa and Melanesia and Polynesia. This plant has widely been cultivated in Khuzestan, Bushehr, and
Hormozgan in Iran. Considering its very rapid growth, this plant is pruned daily by municipalities, and its
transportation out of cities and disposing is expensive as well as will cause the contamination of environment.
Therefore, application it in the ration of livestock would be a proper option to utilize this plant residues. The
present experiment was conducted for determining the appropriate amount and form of the Conocarpus leaves in
the diet of finishing lambs.

Materials and Methods The present experimental were conducted in Agricultural Sciences and Natural
Resources University of Khuzestan. The Conocarpus leaves was prepared from shrubs pruning by municipality in
spring season and transferred to the research station for ensiling or drying. To prepare Conocarpus silage, soft
branches containing leaves were chopped and ensiled after adding 2% sulfuric acid/kg dry matter (V/W). In order
to prepare the dried Conocarpus, the leaves were dried out by exposing to fresh air in the shade and then stored.
Twenty-four male Arabic lambs with an average weight of 33 + 3 kg were used in a completely randomized design
with 3 treatments and 8 replications. Experimental treatments were consisted of control diet (without Conocarpus)
and diets containing 50% silage or dried leaves of Conocarpus replaced with corn silage. For measuring the
nutrients digestibility during seven days, the feed orts and feces were daily weighted and about 10% of them were
kept in the plastic bags at -20°C. At the end of seventh day, the orts and feces samples were mixed and one
representative sample obtained. The samples were oven-dried and grounded using 1 mm mesh screen. The
chemical composition of Conocarpus leaves, rations, feed orts and feces, included: dry matter, acid detergent fibers,
ash, crude protein, neutral detergent fibers, lignin, and tannin of Conocarpus leaves were measured. The dry matter
intake, initial weight, every two weeks weight, final weight were recorded and feed conversion ratio and feed
efficiency were calculated. Ammonia nitrogen, pH, protozoa population of rumen fluid, blood parameters consisted
of glucose, cholesterol, triglyceride, high density lipoprotein (HDL), low density lipoprotein (LDL), and BUN,
were measured. The results data was analyzed using the GLM procedure of SAS (version 9.4). The differences
among treatments were evaluated using Duncan’s adjustment, when the overall F-test was < 0.05.
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Results and Discussion The use of Conocarpus leaves had no effect on the dry matter intake, the apparent
digestibility of dry matter, organic matter, protein, NDF, ADF, ammonia nitrogen concentration, rumen fluid
protozoa population, blood cholesterol, triglyceride and urea nitrogen. The final weight, average daily weight gain,
total weight gain of lambs, feed conversion ratio and total feed efficiency were not affected by experimental
treatments. The Conocarpus contains the compounds such as tannin, saponin, and other polyphenolic compounds,
which have caused the decline of the feed consumption. There are certain proteins in ruminant salvia, which are
capable to bind with these anti-nutrient compounds and decreasing their impact on feed consumption. The nutrients
digestibility were not affected by the experimental treatments. Diet containing tannin increased DM digestibility
but, had no effect on ether extract (EE), crude fiber, and ash digestibility and decreased protein digestion. The
growth performance and was not affected by the experimental treatments. Supplementing the ration of finishing
steers with the herbal mixture containing tannin had no effect on the final weight and average daily gain. The
concentration of rumen fluid ammonia in current experiment was in optimum range (8.5-30 mg/l). Rumen fluid pH
is biologically in the normal range of 6.1 — 6.9. The effect of the secondary metabolites on the rumen pH were
different in various studies, from no influence to incremental effects. The concentration of blood plasma glucose in
current experiment was in physiological range of 30 to 60 mg/dl. The feeding the finishing lambs with the extracted
tannin of the pomegranate peel, as the rich source of tannin, had no effect on the blood glucose concentration. The
concentration of blood urea nitrogen was not affected by the experimental diets.

Conclusion According to the results of present experiment, diets containing dried or ensiled Conocarpous
leaves had no adverse effects on digestion of nutrients, finishing performance, and blood and rumen parameters of
finishing lambs in this experiment. Therefore, it is possible to replace both silage and dried leaves of Conocarpus in
the diet of finishing lambs until 50% instead of corn silage.

Keywords: Blood parameters, Digestibility, Growth performance, Protozoa, Rumen parameters.
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Table 1- Ingredients and chemical composition of baseal diet (% DM)

Il Aol
Ingredient Control
Barley 61.93
»

Corn Silage

o & 15.13
Alfalfa hay

i 19.31
Wheat bran

oS g 1.42
Mineral and vitamin

Premix 0.69
e g ey JaSe

Salt

PR 0.28
Limestone

<a] i 1.24
Vitamin A 10000
Al (p)5skS )3 soly)

Vitamin D; 2000
D3 eling (p,S54S 5 215)

Vitamin E 100
E iolisg (5548 » 215)

(Sid odle o p3) pbonss S 55
Chemical composition DM(%)

CP
R 12.10
EE 29
P 2 ’
NDF
LS aliigd 5 Jsloesls L 31.60
NFC 48.80
Gy e Sydamgy S ’
Ash
S 7
NEI(Mcal/k;

(Mcalkg) 1.62

(S35 oo S | 5 SB35 sl s 53,




Ve Hle ) oslods AT Al il solo pole glidgfy 4 s vy

05 ) sl liesd OS5~V g
Table 2- Chemical composition of Carum copticum L essential oil
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Chemical composition Retention time (minutes) Percentage
2-phenyl 2-tuple snaptonen
il o ¥ ¥ 2.20 5.4
Alpha Flanders
% 2.42 0.21
Alpha Pinen 4.67 28.9
O &1
Delta - 3 Karen 483 07
oY =W : :
Sabi
o meen 521 0.1
o
2 - beta pinene
- 5.29 1.41
beta pinene 5.48 0.74
O
4 Karen
5.96 0.33
ol ¥
Thymol
o 6.26 35.37
Joess
DL-Limonen 632 12.49
oeed=Jl @ ’ ’
Gamma Terpinen 6.79 13.84
onp LB
Alpha Terpinolene
" 7.21 0.41
Oy 5 Wl
Carvacrol
10.12 0.15
JsS1,8
5-Methyl phenol
. 12.38 0.09
Jie -0 Jib
T K hyll
rans Baryopiytionen 13.66 0.06
o) il

ez Sl (g Soilul gl ad ()l gim slagile ]
B PlegsS 5 (VV) L g eyl (g @ areSid @l 3 )18
Jio um_am ()_MJ ‘_5—1»-4 \‘/Fx\/f-a) &) diad O L8

A eolatwl PU4410

sl b

VL pdd e XY 0ad 1S5 oY @ ik ol ptalel
5425 il 035 Lol 3 ) & s5) 2 stlejl 0093 ¥ 5 e
GLM a5l 5 SAS (g,Lal 58l oy 5l Lo ool (glel Juloos
odlatul adlllae oyl > 5 plel Juo Jio j1L(¥e) 23,5 edlil
ERW

Yiu = p+ Ti+ Cj + P + Eja

=Ci o)las 31 =T daosalie (1S5le = <pli sanlin =Y
oSilee . otlejl (slas Ei aiolojl 50593 51 =Pic g 51
5 dunlie 1o yd B aw (D S 905l bg,y 4 layless

b 5858 cil)S comosd] (650l g oA i s

09l e JoyilS o yudS 5 0l JEo b (1S9 paed o8 S
o33l ol s eSS edlial L S35 g pb g
3L UotoAnalisal 000 Jas) 5JUST g5 olSswd bawgs
sebaied s 5,5 6 805lul (Technicon Corporation ¢Sy
SRk ) 2 4SS mle suge laeSd sladomil b (s
g oy 5l o3l b oo (238165 5l L sl ¥ (ool
PH olSiwd jl oolazwl b aliolbM 4l olo pH .0 48,5 ¢ 50
obell joi8 csLo (Schott Titrator Titroline easy Jao) yio
Y ¥ dn bl eolatel b aesls mle (sladises 00,5 (6550 il
VL 2eSd el s td oo B diged ¥ g 0ad Sl Jlite
Aol B a0 ) Cod L do ) B0 S 5850 sl p ) Lo
I ez bl bligy s (ol aeSs mle 4 S5l
g 0dd by Lo (VA) phlswen o JLin) gy sbosl S
plosl U ol Sl san =V slod b allidpw j> alolBM



YY 2o gl 30 s0blew Loy (Sdgilio fwly g STyes Bpan p iy bl ST Kang (ool

oo (gl 4aSh @i g eSS g 0435 SUiS odlo Bpuas alS
ol Uy ol (lased |y cimd o )5 il co |y ]
(s 039 4 4eSb I (condd Dlge (S0 i el g oAb i
5l s 4 Sgib LS 5 (VL cble izan Ligd
)b 4SS (29)See e3S (9) 2 083k I gy (295500
5 &e o L 11 5l (LS sl il asds b
9 eSS o35 (59 2 (Folite Gl aom 53 ASglite b
sbajed (199331 L (F) phlSen g )l (¥) 8 ploe 3,Sdes
sbagls oy puilisl byl jg) ) 25V g p)5 (e VO
S OB)lpS g &lig) Suis odle Bpae ) (et g (e
Ol ¥ Jods 50 oS 65Silen 3905 salie Jlodle (g palls
g Voo ol oy 4 lsj (el (5,8 a8lsl cuwl o 6ol
oo gLl dn Cebl )P ine il gy 53 p)S (o Fo
098 L (F) OhlSen 5 jlox cutlis b ojx (ghe dlge 5 Suis
@ eged 9 oebly cJgess ( JoS g Jold (LS lagpuilil bylve
Sady ()l &S 80ls LS g ynd gloglS 0y 4 p S Y (e
L5 03l LS (RS 53 0,85 ol (gpm Pl (g 5 50ll
S pd oS pRals el Vb golaw 1 039 4 bl (3938l &S
=950 15 @l gl 3l b el cpl ail ol S s JT godle
ey b ade JgS19)S 9 Jgers ale SLS 5 polaid]
el L el Lials el Yiainl o CanlnpusiS g S 5
LS el bl 5 o3lizl (1Y) lods STyg5 a3 s
2,55 bl (d oAb gl > Jeloal SUI (6 pd (5155 )3 (6
Col (oo SThgs 3 (LS slauilid jl ookl sy (0 jlai 4
An> (ialS S| By (alS dauly |) 4 )5 0055 £
bsye aeSd ) 5yl wie b e ndy )5S il ol &5
g Lajless (n Shgd Spae B (nl )3 iz (1Y)
Shes Byae yalS L35 o> ol o5 cutlis waly (Jolis
doboe el o (S oangd p> Jslmal BUI g pdy b)lsS
9> Lol byl & w0l (LS gy S5 53 (pimen
ADF DM an <ol (55) 53392 (9o 5 Jgod sol> &5
Asb e pols iolejl gl b 38190 45 (1) cudlis OM g NDF
g Seid osle il (Bl bsll (YL glackile
o3lit ol ST (YY) hlSan 5 ol (1) ol yialS 1y Sais e
Onls o 53 ey s ) 2 |y Ll
A el @l S e il GBI 3 58 il
el yols gadlan ) ulol j1 molie s ) o3liol dus)

Al o (Bpae Suis 03l Hlude y 3L pae

Ol bl 180 4 Loy (glapSibe (samalis (V) Joi
)_EJ )I ol 0AD ua)l)f LS)Jon rwa.lb CA.\LLQ 9 ‘SQ)AM J])P »
Sy g (g b ime BMA] _ilojl slayless o (Bpae STys
ol )35 500 pdizne by ol gl (P<+/+0)cdily
Spas olise p s )bidne oy a4 glsj el (139381 &S ol
Coils Loy (gd o dlgo 5 Siisumsle (650l guan ol 4
3 alygst @ gl 398 @l p Jleinl e Jelgs 51 (V4)
oalawl 5yg0 jly3 LS 5 £ o5 o puilul oslaiwl 3)50 slajy Jud
A able s 5 (oS 5 (e S5l 55 oy
993 « S0 sjlas (gl (Bpae Siis odlo )8 0Ll 0 5luss
Jss D9 59y 0 5 S Ve geAANAL ply iy 4 aw
whe o Lol 4is 255 gl 5 Slas (F) S o
bgloea jl 59y 33 p)5 ¥ 5 ¥ Load JoSo (aslow sadsle sally
Osged 9 el (J9S e (Jges ol sl OS5 ()l
Olli8l s SLid odle Bpums oS 2l )l ol wdged (objyl )
I8 58U cov b bl bS5 bl (13505 a8l b ale) 459
£ e VO (sl (39331 1 )5 (B) (hlSen g oty 085S
J9S19)8 dpdllelicw) (if9) sl bl bslse o) 3 25V
Sd Sl (S0 A(2eS Bgp gl s Sy Jge
odle (gyalls pin Colild 5 &iljgy s 0dlo LB pns jd (g pusS
353815 15 IS (V) olfSad 5 il 3505 oanlis
s S 3 oS i Vo liee & U ST b gLl
033l by « SLis odlo Bpuas (e g sl P b sl
2l by Jb g sleoy 4y cuas g Gluogad ( lie
Gl bl jleslawl 3l ) ¥) o )LSer 5 Sy (gaalllas
odlo Gy me Joid LSy g Jool crmiloliow ¢ Jg,STg,l8
a ddele G oS Cul ol 5155 i e bl iolel Sis
oS el L_Jl_Jl9.\> 2 Seis ol Gyao S9) » o)IJLW’.f
(A) el Bge SIS0 5 Jgess
Splb pon CC LB gg) p iolojl slaoys S ocen
s bayye slaodls (P<:/+0) 355 )b —xe i 03lo
Js.)._} P qu\JLO)’I dLmo).A? POP-YY ol » wul.o)i lemo)fg
it CoilB Jlde i (gade LY el sdd 55 (V)
5 Ol bl 2SS 3 £ o o v Jlass 4 bguye I oole
O 91 S 9LS )3 o) e Fev o bguye o (2558
o)luas plS (159 pdt Cubl gg) p ialejl laoye
J}lmlj Ul 9 (K> (503 g O J}lmb Ul “_;ﬂ sodle ‘6)51
sedalio 5 LS slo pwolul des jI5 bxe (gaul (godled
Caw Cand (Sas 45 it gladl jue Gy slaswl (gols 4,055



Ve Hle ) oslouds AT Al il solo pole (Glidgfy 4 s v¥

(Kid o3lo o) (s3ho g 5l (S s Cll g B me (Kid o3loyy 5 il 1 edliml H56—¥ Jgua
Table 3 - Effect of Carum copticum L essential oil on dry mater intak and some nutrient digestability (% of dry mater)
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Nutrient s O3 bl PSS )3 S (i T+ O3 bl PSS 3 p)S o P+ SEM  P-value
300 mg/kg Carum copticum 600 mg/kg Carum copticum
Control
L.Essential oil L.Essential oil
(p 5545 2 e S5 o 1.08 0.98 1.00 0.03 021
DMI(Kg)
i oske 68.49 71.68 67.33 2.69 0.52
DM
‘_ﬂ o)la
2.92 4.30 0.64 3.3 0.74
oM 72.9 7 7 7 7
15 -85,
*’CPU*” R 66.89 68.38 65.95 3.58 0.86
PCBF&)% 73.77 76.02 71.66 3.11 0.63
5 oat o . Gl

S eizgd 3 sl A 55.98 56.67 53.26 3.92 0.81
NDF
v 04y 9 > J,bub Sl

47.5 49 .82 46.88 2.81 0.75
ADF 7.57 9 7

15 6yl ne glis (bl Llod 5l ind) pa y> il i gy boolael

"Mean with different superscripts in each row are statistically different (P <0.05)
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Table 4 - Effect of ajwan essential oil on rumen metabolites (VFA based on m.mol/ml)
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Experimental diets!

$laeSs slacgbo
Rumen metabolites

O35 il p)S oS )3 S ¥4+
300 mg/kg Carum copticum L.

S5 el p S kS )3 p )5 o 5o SEM P-value
600 mg/kg Carum copticum L.

Control Essential oil Essential oil
el Sy 3.2 238 26 0.2 03
Butyric acid
el Sl 108.4 112.76 101.4 9.71 0.74
Acetic acid
Sl S pigag pl + Sgg
Propionic +Isobutyric ~ 14.93 17.73 13.90 1.32 0.31
acid
el Sl sl 0.16 0.16 0.26 0.03 0.25
Iso Valeric acid
sl S5
1.1 1.33 1.56 0.43 0.

Valeric acid 77
W |
e 6.22 6.21 6.24 0.22 0.99
pH

5o |
I ol S5 134.01° 140.99 125.96° 0.03 <0.0001
Total VFA

(P<e100) )l (6l ime coglis g lol bl 1 i) yo > alliie pu g > b dlael'

"Means within same row with different superscripts are statistically different (P < 0.05).
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Table 5 - Effect of Carum copticum L essential oil on blood metabolites

! = la,'i dl.mo >
5 il g Experimental diets!
& g - < > >
Blood metabolite ia O35 ol )5 5kS )3 p)5 e Yo+ b5 ol pyS5kS )3 p)5 e e SEM P-value
300 mg/kg Carum copticum L. 600 mg/kg Carum copticum L.
Control
Essential oil Essential oil
(oo 2 15 o) s S b
135° 127.33 116.33¢ 1.6 0.0003

Cholesterol (mg/dl) 7 9
lpS k) o5 JB2 b o nond
(s 86.53 70.01° 47.9¢ 2.28 <0.0001
(mg/dl) LDL
T3 o) Yo (S5 b x99
(b 39.33¢ 48.66° 60.332 1.79 0.0001
(5w | £ o) HDL
U oo 5 k) 55585 46.16 45.83 48.33 1.6 0.51
Glucose (mg/dl)
(oo 5 oo Jog \

25.33¢ 2 29.50° 0.44 0.0005
BUN (mg/dl) 7 ?
Vs 105 ) S 3 28.66° 26.50° 22.83¢ 0.55 0.0002
Triglyceride (mg/dl) ’ ’ ’ ’ ’
U o2 5 k) ol 0.96° 1.13% 1.21° 0.022 0.0002
Creatinine (mg / dL) ’ ’ ’ ' ’
(oo | .5 ) onsd b :

4.23 4.36° 4.76 0.152 0.03
Albumin(g/dl) 7 ?
(s [ 25) IS oo

.61 73 8.55 0.84 0.5

Total Protein (g/dl) ? 97 7

(P<1o0) 1) (gl ime oglis (g ylol Llod 5y p y3 e yué gy bsliel

! Means within same row with different superscripts are statistically different (P < 0.05).
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Table 6 - Effect of Carum copticum L essential oils on milk production and composition

\‘_;.i'.ilaﬁ <£]'°‘°):-?
Experimental diets!
LS s ol p Sl [p 5 o 5+
b olS 5 g 2 g e SEM
i e ¢ .. i P-val
Milk production and composition aols o5 ol 25T 5 e ¥ ok value
300 mg/kg Carum 600 mg/kg Carum
Control . L :
copticum L. Essential oil copticum L.
Essential oil
(397 % P25 5kS) e Mg
1.05 1.19 1.18 0.0 0.3
Milk yield (Kg/d) 7 7
&)%M)A\"U»Lal)gc,\,ﬁa.gmaj)f:},\;,}
(395 5 P25 9kS) 0.94 1.02 1.03 0.1 0.78
Fat Corrected Milk 4% (kg/d)
5 Loyl
G OE 0.86 0.83 0.81 0.15 0.82
Lactation efficiency
) s
) 3.24 . . . .
Fat (%) 3.08 3.03 0.35 0.9
(%) o592
: 3.26 3.04 3.44 0.06 0.16
Protein (%)
) 5559
5.06 5 5.14 0.06 0.56
Lactose (%)
() 2ol dgo S
12.11 11.68 12.34 0.46 0.61
Total Solids (%)
() o ose al> Sse
’ . 9.26 10.22 11.04 0.69 0.25
Fat-free solids (%)

(P<e1o0) 1)l (o)l (ime glis (gylol bl 5l sy o > aliie pué gy b slael’

! Means within same row with different superscripts are statistically different (P < 0.05).
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Introduction One of the most important additives in the past years has been antibiotics. Despite the beneficial
effects of oral antibiotics on animal production and health, their use in animal nutrition for the production of bacteria
resistant to various drugs (which may be hazardous to human health) has been controversial. The use of antibiotics
has recently been banned due to bacterial resistance and chemical residues in meat and their side effects in humans
Therefore, alternatives to the use of growth-promoting antibiotics should be identified and introduced to livestock
breeders so that both efficiency and economic benefits are not diminished and consumer health concerns are
eliminated. Much research has recently been done on the effects of plant essential oils as natural additives to
improve rumen fermentation such as increased production of volatile fatty acids, reduced methane production,
improved protein metabolism and increased feed utilization efficiency. Humans have used plants and their extracts
for thousands of years . This experiment was conducted to investigate the effects of Carum copticum L. essential oil
supplementation on nutrient digestibility and some blood and ruminal metabolites, milk production and milk
compounds in Mahabadian goats.

Materials and Methods Treatments included: control diet (basal diet without essential oil), basal diet + 300
mg/kg of Carum copticum L. essential oil in the ration dry matter and basal diet + 600 mg / kg Carum copticum L.
essential oil in the dietary dry matter. Treatments were provided by TMR. During the experimental period, the
animals were kept individually and healthy. Each livestock had a separate mug and manger. The cages were
thoroughly cleaned and washed before the animals were deployed. Goats always had access to fresh water all day
long. Drinkers were also thoroughly cleaned once every two days. The study was conducted in three 21-day trial
periods including 14 days of habituation and 7 days of vector record. All measurements taken are in the record
stage. Experimental rations adjusted to dry matter, based on NRC recommendations with SRNS software version
1.9.4468. During the trial period, the amount of feed poured into the manger and the daily residue was recorded to
calculate the dry matter intake. It was calculated on a daily basis, so that the amount of feed given was weighed
daily, and the remainder of the feed was collected, weighed, and sampled twice a week. Daily milk production was
recorded in goat milk production. Milk samples were collected weekly for two consecutive days to determine the
composition of the milk produced, and its composition including the percentage of fat, protein, lactose and total
solids was measured using (MilcoscanTMS50 model number 75610 Was taken). Blood samples were taken at 4 h
after the morning meal to determine blood parameters. The blood samples were immediately transferred to the
laboratory and centrifuged at 6,000 rpm for 7 minutes, and serum was stored in 1.5 ml microtubes in a freezer at -20
°C. Isolated serum for determination of albumin, creatinine, low-density lipoprotein, high-density lipoprotein,
triglyceride, cholesterol, urea, total protein and glucose.

Results and Discussion Feed intake was not significantly different between treatments. Effect of
experimental treatments on dry matter digestibility was not significant (P <0.05). Numerically, the highest
digestibility was related to treatment of 300 mg/kg of Carum copticum L. essential oil and the lowest was related to
600 mg/kg treatment, and the effect of experimental diets on digestibility of crude protein, ether extract, organic
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matter, neutral detergent fiber and acid detergent fiber was not significant (P<0.05). The effect of the experimental
treatments on the amount of volatile fatty acids was not significant (P<0.05) but the total amount of volatile fatty
acids showed a significant decrease compared to the control. The effect of the experimental treatments on the
amount of milk produced was not significant (P<0.05). Effect of experimental treatments on milk fat and protein
content was not significant (P<0.05). As shown in the table, the experimental treatments had a significant effect on
some blood parameters such as cholesterol, HDL, LDL, triglyceride, albumin, urea and creatinine (P<0.05). Blood
cholesterol significantly decreased with increasing dosage of essential oil Blood LDL concentration decreases with
increasing dosage of essential oil in the diet. Blood HDL increased significantly with increasing essential oil
content.

Conclusion In general, the results of this study showed that the addition of Carum copticum L. essential oil to
Mahabadian goat’s diet did not have a significant effect on milk yield, production and composition but it decreased
total rumen volatile fatty acids, serum cholesterol, triglyceride and LDL concentrations. However, further research is
needed.

Keywords: Dry matter intake, Female Essential Oil, Mahabadian Goat, Nutrient Digestibility.
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Figure 1- Different corn varieties (A: Iranian single cross 702 corn; B: Russia corn; C: Ukraine corn; D: Brazil corn)
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Table 1- Physical and chemical properties of Iranian corn grain (single crass 702) in comparison with different types of imported
1

corm

whosd § (N3 Sluogad

Oyd alisee (gl )lg

Different types of corn

P-Value
Physical and chemical properties Yoy wlyS IR 4wl ")) ol Joip SEM
Single crass 702 Russia Ukraine Brazil

(5 2 p55k5) 5,2l s 0.713¢ 0.789°  0.712°¢ 0.817¢ 001  <0.001
Apparent density (kg/L)
() i osle 90.94 90.89  90.86 9084 002  0.483
Dry Matter (%)
) ole 98.64 98.78 98.73 98.84  0.03 0.120
Organic Matter (%)
(%) ¢ ox532 7.37% 7300 7.458 740% 002 0.048
Crude Protein (%)
() (525 eatagh 5> Jolonel b 9.81° 11.78%  10.33" 13.42° 049  0.008
Neutral Detergent Fiber (NDF) (%)
() sl oz 3 Jolonal b 3.58° 3.48° 3.59° 5300 027  0.014
Acid Detergent Fiber (ADF) (%)
) w2 3.91 3.35 3.39 3.57 0.13 0.459
Eater Extract (%)
() anlizs b b b

69.03 71.04%  70.36° 7149 035 0.039
Starch (%)
(%) S b g S 77.54% 76.34%  77.54% 74.44° 041 0.001
Non-Fiber Carbohydrate (NFC) (%) 2
) i JB e Slye JS 81.27¢ 81.32®  81.29® 79.96° 0.1 0.015
Total Digestible Nutrient (TDN) (%) 3
(PSS 2 s Ja) 2308 LA 5551 1.87¢ 1.87° 1.87° 183 005  0.017
Net Energy of Lactation (NEI) (Mcal’kg)*
(PSS 2 5 B150) g A oAl 53 1.34° 134 134 130° 006  0.006

Net Energy of gain (NEg) (Mcal/kg) 3

! Means with different superscript letters in each row indicate significant different (P<0.05).

2NFC = 100 - (CP + NDF + Fat + Ash)

STDN = (81.38+ (CP x 0.36) — (ADF x 0.77))
NEI = ((0.0245 x TDN) — 0.12)

SNEg = ((0.029 x TDN) — 1.01)
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Table 2- Gas production fermentation parameters of Iranian corn grain (single crass 702) in comparison with different types of imported corn'

O lisee glaay g

B g (g pmess sladoel Different types of corn
i . — SEM  P-Value
Gas production fermentation parameters V¥ LolyS IR atylg o09) oS! Jin
Single crass 702 Russia Ukraine Brazil
(3 (o) S5 el ey 347.30 341.07 335.60 366.70 5.40 0.193

A=asymptote gas production (mL)

n= value determining 1.56 1.71 1.45 1.70 0.05 0.145
the shape of the curve

(cebo) sl 5 Jpuily ol M55 e

K= time to 11.69¢ 1206% 1246 1297* 015  0.002

produce half of A (h)

((‘;‘;“ag;l(‘r;l’/s ”bﬁf;‘) Opelyl el FA B 0 )3 8l 6 oo 312.96% 309.54% 29586 331.24° 461  0.023
g

(G‘—iu»P :.(24:;[2 r:]); xD»Mm;;I ) ) ool oo VB o a)gy (85 55 e 262.28% 25580  245.40° 271.94° 360  0.031
g

(G“(P“""('l 2?2 r‘;); ’*D"‘““;X{ ) S el WV B 003 2y 81y S e 177.24 16485 16720 17120 245  0.330
g

(S 0l 25 2 k) CipenlipS ol 7 B0 g o8l S e 90.39 7773 8924 7717 267  0.169

GP (6) (ml/g DM)
celu YE 4lej ,» PH

PH 24h 6.37% 6.34° 6.46° 6.41%°  0.02 0.058
?Nﬁjzz E)S("l“” " )d;‘“ VF olej 5> Sbisel 0oyt 19.13 18.65 2248 2047 074 0276
- 3 m;
(T)‘“J‘L""~t~i &i’;ﬁ)ﬁ‘l‘}:ﬂ?l‘} PR e sl IS 70.08 73.61 68.15 6841 092  0.107
ota mo
E:J"t A;’);Lh“(}; ;; 01;‘5 » e 6014 5820°  59.34%  62.94°  0.60  0.007
cetate (] 0
(ge 03) caslo VF gloj > Sligers, 26.95% 2892% 2522  2324° 074  0.013
Propionate 24h (% Mol)
(ge 0p3) sl V¥ oloj 53 Sy ] 0.87° 0.79" 1.20° 0.66°  0.06  0.001
Is butyrate 24h (% Mol)
(Jge 0y3) sl ¥F gloj > &y 8.88° 8.77° 10.49°  9.02° 024  0.008
Butyrate 24h (% Mol) ’ ’ ’ ’ ’ ’
(5o 20y2) sl VF gloj )3 Sl 3 1.50® 1.16° 2.16* 1.98%  0.15  0.031
Iso valerate 24h (% Mol)
(ge 0y3) sl V¥ gloj > &)y 1.16 2.15 1.57 214 013 0212
Valerate 24h (% Mol)
Cobo V¥ gloj > gy 4 Slil ol 223 2.01° 236" 2.72° 009 0012
Acetic to propionic ratio 24h
b &) i chal o o) ol 6 My 2 0.067 0.066 0060  0.066 001  0.269
c= Degradation rate at half-life
0O Y TP U e
0.989 0.989 0980 0989 0.0l  0.125
MDR= Maximal degradation rate *
(Sbo) Lty 22,0 WD o3 sl gloj 5.79% 567°  6.50®  6.8° 016  0.003
Time to ferment 25% of the substrate (h)
(Sl g 1 303 VD yoa sl ol 23.60 25.67 2446 2451 034 0372
Time to ferment 75% of the substrate (h)
8“1\;[’35/')"’:‘ an CllB 62.98 6157 5974 6503  0.72  0.031
0
; . LG e
&’E’(j‘l\;)’ iﬁ?f‘) redalie JE 3 9.98% 9.42®  9.09® 1004 0.13  0.033
cal/kg

(P<0.05) s2ily o )b mo BB (gl s,y 4> ey g b sl (SSLee’
! Means with different superscript letters in each row indicate significant different (P<0.05).
2GP= AX(T"/(T**K"))
*Degradation rate at half-life (c)=n/(2xK)
“Maximal degradation rate (MDR)= (n-1){®1/m&
Time to ferment X% of the substrate= Kx ((X/1-X)"™, where X = 25, 75.
®Organic Matter Digestibility= (14.88+(0.889xGP24)+((0.45xCP)/100)+((0.065xAsh)/100)
"Metabilisable Energy= (1.06+(0.157xGP24)+(0.008xCP)+(0.022xEE)-(0.0081xAsh)
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Figure 2- Extent and rate of gas production of Iranian corn grain (single crass 702) in comparison with different types of imported

corn
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Figure 3- Rumen, intestine and total tract digestibility of DM, CP and starch in Iranian corn grain (single crass 702) in comparison
with different types of imported corn
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Continiuation of Figure 3- Rumen, intestine and total tract digestibility of DM, CP and starch in Iranian corn grain (single crass
702) in comparison with different types of imported corn
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Table 3- Starch damage parameters of Iranian corn grain (single crass 702) in comparison with different types of imported corn !
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"Means with different superscript letters in each row indicate significant different (P<0.05).

2Al: absorption of iodine,
3UCD: damaged starch content- Chopin units,

4UCDc - damaged starch content chopin units on protein basis matter,
SGelatinization: Measured by Megazyme Starch Damage Kit (76-31.01 and 06/18)
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Figure 4- Scanning electron microscopy of starch granules and protein matrix of Iranian corn grain (single crass 702) in

comparison with different types of imported corn with 2500x magnification (A: Iranian single cross 702 corn; B: Russia corn; C:
Ukraine corn; D: Brazil corn)
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Introduction Corn grain represents the most important energy source in ruminant diets. In high-producing dairy
cows, the diets contain high levels of corn in order to meet their energy requirements. Corn has a complex structure
where a range of nutrients interact with each other or physically associations. Ultimately, the quantity and
availability of these nutrients determines the nutritional value of this grain. In corn nutrients and energy utilization is
influenced by both intrinsic (e.g. starch granules and protein matrix structure) and extrinsic (e.g. growing and
storage conditions, climate and agronomy conditions and grain drying process) factors. Corn endosperm represents
more than 80% of total grain and is composed of starch granules that are imbedded in a protein matrix and
surrounded by plant cell walls. Starch granules size, starch composition (amylose/amylopectin ratio), starch
encapsulation (by endosperm cell walls and protein bodies) are among the factors with the most influence on
digestion of starch. The structure and distribution of starch and protein matrix network of grains vary in different
corn varieties. The Objectives of this study were to evaluate physical and chemical properties, gas fermentation
parameters, starch digestibility and starch granules structure in Iranian corn grain Single cross 702 in comparison
with different kind of imported corn grains (Russia, Ukraine and Brazil).

Materials and methods Corn grain samples (Single cross 702, Russia, Ukraine and Brazil) were obtained from
Khorasan Razavi Agricultural and Natural Resources Research Center, Mashhad, Iran. The apparent density was
measured and the samples were analyzed for DM, OM, CP, EE, NDF, ADF, starch. Gas production was conducted
in a 125 ml amber flask with three series of incubation. Gas production parameters were calculated. Also, rumen,
intestine and total tract digestibility of DM, starch and CP were determined by using the in situ mobile bag
procedure. Different parameters of damaged starch (the absorption of iodine, Ai%; damaged starch content in UCD,
Chopin units; UCDc, Chopin units on protein basis matter) were determined using the amperometry method
(Chopin, ZI Val de Sein, 92390 VLG, France). Starch gelatinization was determined according to the enzymatic
procedure (AACC Method 76-31.01; K-SDAM, 09/2018). Scanning electron microscope (LEO 1450 VP, USA), at
an accelerating voltage of 25 kV, and under 2500x magnification to study the grain structure was done. Data were
analyzed by GLM procedure of SAS with a completely randomized design.

Results and discussion Apparent shape of Single cross 702 was smaller than other corn varieties. Apparent
density was higher in Brazil corn than other corn varieties. DM, OM and EE were not shown significantly difference
between corn varieties; however, CP, ADF, NDF, starch, NFC, TDN, NE, and NE; were significantly affected by
different corn varieties. Starch in Single cross 702 corn (69.03%) was significantly lower than Russia (71.04%),
Ukraine (70.36%) and Brazil (71.49%) corns. Asymptote gas production (A) was not influenced by different corn
varieties; however, the real gas production in time 24 and 48 h incubation in Brazil, Russia and Single cross 702
corns was greater than Ukraine corn. The instant rate of gas production until 8 h incubation in Single cross 702 and
Russia corns was greater than Ukraine and Brazil corns. The time for fermentation of 25 and 75% of substrate in
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Single cross 702 and Russia corns were significantly reduced than other corn varieties. The PH, NH3-N and total
VFA of bath culture in 24 h didn’t influence by corn varieties, however acetate to propionate ratio in Brazil corn
was greater than other corns. In spite of that the rumen starch digestibility of Single cross 702 (61.59%) and Russia
(59.51%) was increased than Ukraine (45.31%) and Brazil (40.51%) corns; however, Ukraine (97/.06%) and Brazil
(98.39%) corns showed the intestine starch digestibility greater than Single cross 702 (93.79%) and Russia (93.87
%) corns. The starch gelatinization in both of Single cross 702 (4.24%) and Russia (4.17%) was greater than
Ukraine (3.78%) and Brazil (3.32%) corns. The scanning electron microscopy showed that the starch granules size
was not uniform in the Single cross 702 corn and the number of small starch granules was greater than other corn
varieties. Also, the thin protein matrix was observed in the Single cross 702 corn. In contrast, the starch granules
size in the Russia and Ukraine corns were larger and uniform. In Brazil corn, the starch granules were arranged with
greater density and a non-smooth surface was observed on the granules. Many studies were done on nutrient value
of different corn varieties. Numerous factors can affect the grain chemical composition, physical properties and
starch availability on corn grain that include cell wall structure, type of endosperm (floury or vitreous), starch
granules and protein matrix, genetic and environment. Corns contain higher floury to horny starch ratio showed
greater starch gelatinization and greater starch digestibility in the rumen and total tract. Findings of this study
represent the Single cross 702 and Russia corns showed higher gas production, rate of gas production, starch
gelatinization and rumen digestibility of starch than Brazil corn.

Conclusion It is concluded that the Single cross 702 corn in terms of flurry endosperm, gas production, gas
production rate, starch gelatinization and rumen digestibility of starch was similar to Russia corn, although the
structure of starch granules was different. Brazil corn had a horny endosperm and showed lower rate of gas
production in initial hours of incubation, lower starch gelatinization and higher intestine digestibility of starch than
other corns. It generally seems that the result of this study and similar studies can offer useful information about
corn grain for farmers and the animal feed manufactures for processing of corn.

Key words: Imported corn grain, Gas production, Single Cross 702, Starch digestibility, Starch gelatinization,
Starch granules structure.
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Table 1-The chemical composition and components of the starter (%)

Shs o0 aop
Feed ingredients %
<y by . 45
Corn, grain

b 12.0
Barley, grain

P g 5.0
Wheat bran

by Al 37.6
Soybean meal

S 0.4
Salt

XY 11
Opyster shell ’

| e e JoSa 0.5
Mineral supplement! ’
Tomelizg JaSio 0.4
Vitamin supplement?

O U9 0.5
Bicarbonate sodium

() sleows a5 Aoy
Chemical composition (%) %
Sis odlo 89.7
Dry matter

PeoSen 18.7
Crude Protein

(FB Lf)%) &yl ojlas 23
Ether extract (Crude fat)

(S odingd )d Jsloeal B 16.3
Neutral detergent fiber ’
Sl sstigd 53 Jgouls U 75
Acid detergent fiber '
7S 6.3
Ash

el 0.54
Calcium

S 0.22
Phosphorus

Vgl 251N IS 10,5 < IYA o tp.5 Y iS00 1,5 IV ol .5 ¥ by 1.5 0 s 5 0 ke 25 A s (25 VD oS giane JaSo S
25 1% a5l )5 Lo
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"Mineral supplement composition: 195 g calcium, phosphorus 90g; magnesium 90 g; sodium 55g, zinc 3g; 0.3g iron, manganese 2 g

copper 0.28g, cobalt 0.1g, selenium 1 mg; 0.4 g of antioxidants.
2Vitamins supplement composition: Vitamin A, 500000 IU per kg, vitamin E, 0.1g per kg, vitamin D3 100000 IU per kg.
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Table 2- Effect of vitamin C supplement on growth performance of Holstein suckling calves!

winlefl sla oy
MBI Experimental diets
Items sl & opelig SEM P-value
Control Vitamin ¢
(pSS) o s
Body Weight (kg)
& 36.33 36.83 1.33 0.62
Initial
@LP‘; 64.13 70.33 0.83 0.04
Final

(392 0% £5) &gy 039 LRI
Average Daily gain (g/day)

"J," ole 383.33 408.38 26.60 0.52
First month

Py ole 725.01 843.67 24.85 0.07
Second month

o9 S . 433.35° 528.22° 12.89 0.04
Total period

(59 2 £5) Shss Sis o3lo b e

Starter dry matter Intake (g/day)

"J," ole 206.18 204.17 25.04 0.95
First month

Py ole 609.50P 743.63 28.01 0.04
Second month

o . 325.98° 408.10° 24.21 0.03
Total period

(395 2 £55) b Sid o3lo By

Milk dry matter Intake (g/day)

"J," ole 608.40 608.60 0.45 0.76
First month

3o ole 750.80 750.20 0.66 0.54
Second month

09 S ) 656.20 656.40 1.18 0.90
Total period

Shgs 035k

Feed Efficiency

J;‘ olo 0.47 0.50 0.03 0.81
First month
|>53 olo

0.53 0.56 0.03 0.61
Second month

o S 0.44 0.50 0.01 0.06
Total period

(P <o [00) 5y 30 b (gl e BB o i g b cod, o sloySile !

"Means within the same row with different superscripts differ (P<0.05).
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Table 3- Effect of vitamin ¢ supplement on blood metabolites of Holstein suckling calves !

alojl (sloo
Pl Experimental diets SEM
Items Aol & oyolisg
Control Vitamin ¢

P-value

(3 (o3 2 p)5 o) S5
Glucose (mg/dL)

F9° 39) 81.60 84.20 56 0.81
Day 2 . . 7. .

a2 j9) 80.00 86.20 7.01 0.54
Day 7

YV 59 8.60 5.40 23 081
bt 78. 75. 37 .
Y0 59,

Day 45

(2 3 2 p )5 (o) Jg S
Cholesterol (mg/dL)

P9 39) 83.60 81.42 4.06 0.97
Day 2

i j9) 82.60 81.80 3.01 0.85
Day 7

YV Js) 92.40 89.80 6.34 0.96
Day 21 : : : :
Y0 59,

Day 45

(3 o> 2 p)S o) 2ol (65
Triglycerides (mg/dL)

F9° J9) 25.40 27.80 5.11 0.74
Day 2

A2 53) 22.80 24.72 577 0.99
Day 7

YV 59 20.80 22.20 122 0.20
Day 21

Y0 59,

Day 45

(2 3 2 pS) S5 g
Total protein (g/dL)

£9° 39 6.42 0 0.73 0.53
Do . 7.09 7 .

42 53) 6.95 6.72 0.59 0.19
Day 7

Vi 48 62 0.26 0.72
e 7. 7. . 7
Y0 59,

Day 45

(i w3 3 5) negd]
Albumin (g/dL)

P92 39) 2.64 2.72 0.10 0.60
Day 2

42 53) 2.52 2.62 0.11 0.43
P . . . .

YV 59 2.90 3.10 0.15 03
bt 9 . . 39
Y0 59,
Day 45

77.40 74.60 2.03 0.68

88.00 84.80 5.42 0.82

19.00 20.20 0.72 0.27

7.07 7.84 0.27 0.08

3.23 3.58 0.19 0.52

(P <o [00) Byl 50085 b (s sime NS ailiio ot gy b sy b (sl SSle
'Means within same row with different superscripts differ (P<0.05).
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Table 4- Effect of vitamin ¢ supplement on serum concentrations of Superoxide dismutase , glutathione peroxidase and Vitamin C

Holstein suckling calves!

ialejl (gloo
a3 Experimental diets

Parameter Aol
Control

SEM P-value
& el

Vitamin ¢

(P55 5 2219) Bgows puSTy 500

Superoxide dismutase (U/g)

£9° 39 38.68
Day 2

A 40.04
Day 7

" s 39.02°
Day 21

¥0 j9)

Day 45

(P53 25) jlomsSTy 055b5S
Glutathione Peroxidase (U/g)

46.01

F5 39) 440.01
Day 2

2 J9) 442.03
Day 7

s 438.78
Day 21

¥0 55,

Day 45

(5 3 3 25 hee) & pomeling
Vitamin C (mg/dl)

£9° 39) 0.32
Day 2

Day 7

405.01°

ANl )9 0.29
Day 21 '

\CBIY
Day 45

0.30°

42.92 4.12 0.58

43.12 3.20 0.90

48.72% 1.99 0.01

52.51 5.54 0.09

446.12 19.28 0.97

466.41 27.45 0.71

468.42 17.67 0.26

456.207 16.58 0.05

0.34 0.08 0.81

0.30 0.03 0.79

0.42 0.05 0.09

0.47% 0.05 0.05

"Means within same row with different superscripts differ (P<0.05).
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Introduction It has been documented many times in various articles that the plasma vitamin C concentrations
have been severely reduced during stress and disease in calves. Another report shows that the production of
endogenous vitamin C was not apparently observed in dairy calves up to 4 months of age, and therefore the suckling
calf depended on relatively low concentrations of vitamin C in consumed milk. Therefore, suckling calves are
exposed to various pathogens that cause various diseases and consequently economic loss. One of the most
important causes of mortality in suckling calves is their susceptibility to infections, since calves are more susceptible
to intestinal and respiratory infections resulting in high mortality during this period. Therefore, use of dietary
supplements and vitamins can improve the immune system and growth performance. Vitamin C is a water-soluble
vitamin that has antioxidant properties and can kill free radicals produced in cells. The amount of vitamin C in the
animal is reduced during stress and exposure to the disease. Therefore, providing it through starter rations can
improve animal performance. There is limited research about the effects of vitamin C on the immune system and its
beneficial effects in suckling calves. Hence, this study was aimed to evaluate the supplementation of vitamin C on
growth performance and immune system of Holstein suckling calves.

Materials and Methods For this experiment, 40 newborn Holstein calves with an average age of 1-10 days, and
about 36+1 kg weight, were used in a completely randomized design with 2 treatments and 20 replications. The
treatments included: 1) Control (starter and whole milk) 2) Control + daily 600 mg vitamin C. Average daily gain
and feed intake were measured and feed efficiency was determined. Blood samples from each calf were taken 4
times, including 48 h immediately after birth, 7, 21, and 45 days after birth. Total protein, albumin, triglyceride,
cholesterol levels were measured by commercial kits (made by Pars Test Co.). Serum concentrations of vitamin C,
super oxide dismutase and glutathione peroxidase were measured by commercial kits.

Results and Discussion Results showed that using 600 mg vitamin C in the diets of suckling calves had
significant effect on final weight. Supplementation of vitamin C in calf starter diet increased dry mater intake in
second months and total period (P < 0.05). Vitamin C supplementation had no significant effect on feed efficiency
in the first, second months and the total period. Feed intake decreased with increasing vitamin C content in feeds but
improved feed conversion ratio. These researchers also reported that that vitamin C use had no effect on final
weight. Vitamin C supplementation in suckling calves diet had no effect on serum concentrations of glucose,
cholesterol, triglyceride, albumin, and total protein at 48 hours postpartum, days 7, 21 and 45 after birth compared
with the control group (P>0.05). The effects of ascorbic acid at levels of 0, 10 and 15 g in Buffalo decreased glucose
concentrations, these researchers stated that as the amount of ascorbic acid increased, glucose concentration
decreased. Vitamin C supplementation had no significant effect on blood concentration of superoxide dismutase
except 21 days after birth and glutathione peroxidase concentration except for 45 days after birth compared to the
control group. Calves received ascorbic acid had the highest amount of superoxide dismutase in the first week after
birth and the lowest in the fifth week. Glutathione peroxidase also reached its lowest level 45 days after birth.
Furthermore, serum vitamin C concentration in suckling calves received vitamin C containing diet increased
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significantly at 45 days after birth compared with the control group. This may be due to the intake of vitamin C as
an agent for the control of oxidative stress.

Conclusion By studying the effects of vitamin C on growth performance, blood parameters and bioavailability
in suckling calves, it can be concluded that using this vitamin increased dry mater intake and average daily gain,
glutathione peroxidase concentration and serum vitamin C bioavailability throughout the period. In general,
supplementation of the diet of suckling calves with vitamin C had beneficial effects on the performance. It is
concluded that vitamin C as supplementation of the diet (milk replacer or starter diet) may enhance immunity and
resistance in Holstein suckling calves.

Keywords: Antioxidant activity, Blood parameters Suckling calves, Vitamin C.






Iranian Journal of Animal Science Research
Vol. 13, No. 1, Spring 2021, p. 77-90

i

Olnl (ools pole (leaidg iy 4 i
YY-e .o AFee slag o oylons Y ul

6..‘:‘.&‘9}3:— ‘;‘J.F Jke
Sl 5 58 A5 sl gl S 5 p (b 5l A b eee) Sadls 5 Ol 450

23 e ko gy Sk DT (ladd e

Ve ol Loy 5 e, a1y 3 Tl S Ol sl e 5SS auSw
WAN A8 23 s fo )b

2>

sladbgle muan bl 5 I 1y cladominld (plasd oS 5 0 (5 31 dn blis )3 o) bl loj 8T ) glaie 4 (sladllas
S a5 5VL yio Blo VB O Loy (MAie ) 3o jlam g (4510 ) o Cugi 93 )3 92 5 phud gy ddgle b ploxl g2 5 )aud @Sy
J)IAJL_M:I dmej) )l oaléstw! L: Lmduw L;JLW..» k_A.AS)J R W) L)“’U uL.Q" 2y u.))f S ‘5‘): %) C.Ia.w el Lmu’l )l w&o W) wl.)f

Oy A CutS gy 5l 0oLl b Wadiges (595 medd Cubild b 0dlitwl 5 sgs y9ei 51 5 adgs sladminl b 550y solateds by

) 32 sl 3,50 9 23 APS]) Culls 1t g iy lbdige (plomsd S5 3 st i Eadby olog o o UL gl 03
2 Joloeel B 5 25 0iyad )d Jolorol LIl cuus 13 osds cudld r (sladigas b dunlio )5 ols jlax )0 oud cubbyy ddgle g0 )b jixe 30
s 3l J 3w sy gl 1S A5 (a1 2l (6 5V 5 s ©ytngn 5 b e 5 208 (sl oizgd
0 Jolie ,3 55) Kits o3le mad cubls 1 (6l gime pil sl clo; 48 3 (L ol g 6 VL 5B Mg Jusls sl ()5 sine pui
San Mo g s ine p3b iy log (P<o/+0) cusls oo b ol 5l e 55 0 cudb g (1> BAD Jlie )3 F) JTo3lo ¢ (a0
0395 Wg «SS&5 Jole Jlade ¢ Jls ol L. (P>+/20) cuslys g g )b cdomgy Kuid ddgle S Jole g (09)Sun 159 W5 035U ¢ 29,500
S Joge &S 5 1 Gy Ly 53 o5 g gn g oy oo o by g 5V by ) <S5l 53 g Sam 0395 255 03] 5 S

S dgu0 |y ddgle el i b3yl Wlgr o b 5l s & g 5l s oy Il p8 T 4 wdgle LliE 55 9 cuiS

it Cabld G5 uJe sladomiul B plond (oS5 iy oloj 1 galS gWaajlg

ogns (539 peld 0418 dgaomo Jabe I ble el 53 3925
Ligd e
Giso dlg o iy Cuwd jl cel deye 0 dodig ()0, Sis
323,5 e 39S smlinnsS] 5 Sy (Sujid ol by
Slacling S seg abaly 4 a5 s gas S0 A
Ve shb ol ol IS O] YL 8L caoldg bl
JLSe e YAY/A clime ol 5l cal (215 (o) JiSR (50lee
ObalS e 3 |y o (i o ol A5y S 5 e
byl iy calises Jound 53 sl 03 olaidl 095 4y (gladsle
Sedyss g9 BB dygly 9 Sl g Sl a2y oiga alsmy
Lo S g5 ol 1 ol (S ol ] 5 1S o o
25 30 31 oy Sl (el 5 lozil)
g 30 am 8 sl cou |y S wg hds byl culys
Ol )3T )3 azigy sl & 605 Go)l (1) olylSen

.

CYRTTY

0315 Caodl jl ddgle 5 Slae iulidl ¢ gldole lalS cely; )

oo as 00 S el oS 2 )Slas Lol Ll Jayed (4
&y CJ@" (Y0) 2y (g iy Coodl ddgle CuaS 5 Cund adsle
Vo gds Loy a5 ol o 3,90 S yaukie Qe 3ga 3 4euiS
Sl oo e gl e (pl A8 oo g5 Jlo )3 ddgle (5 (9o
Oosee 0F &S Jlo 15 .S el |y ol asly yoie V5 STyen
Mo Lily oyl 50 st (S @lye oyl adsle 4y old Ay

I (gl S oSl ¢ oy pole 09,5 il wlis)lS assgel Lty

el sl

28 oy ¢ rb e g (g5)9liS 0uSiily ¢ o> pole 05,5 yLoliwkY

Ol oggls 45 (pogsls

(Email:javad_bayat@yahoo.com s e 0N 55 — %)
Doi:10.22067/ijasr.v1311.84019



VFee Hle ) oslouds AT al il solo pole Glidgfy 4 s YA

(Y) 21 s by 4 o (6 508 (gl 000 53 Jolowels
LB ool Hlade 0 xen cel bl am o digle cuiby
sle o G b jlan cutby ddgle ol b)) 5 55 0
(bond e 5 (b 5 o) ciby lej 8L
N osle g Sis o3le poin <l ¢ 55 Wy (claascn

L (9, 9 3190
digas s jlwonlel 9 (s, 5Tpan

29 @A il g ped e 3yl g iy sladdgle
Cebi objlin g (+5i00) Colo o Cagi 93 55 (S yed Al o
Faglo V5 0 Ly 35 (i) i gy 5 ol Aloogas (VAce )
laisie Ly 4 oliwped Shbl gl 5l S adaws 51 5V
488315 gax VY g (Byd Job 42y VY g ax )0 00 (oLl
lo o3 (Sl bawgie > gaw jl el 1o ¥0 5 (Jlod (20
ol S le dad Ve Yl glod 1:SKko g yio Lo O+ 2905
Or) g )3 Cog )3 oad Culbyy laddsle g Wb oie
5D 00 iy ddgle b iso ol ) 0 0,8 Suis ce
dB e 9y 9 ) b Sl 6 pSolr 5 (13,5 St L as)je
= B2l ool pled )3 5 00iS g o) Y0 (sl Jes
hlas)se kg as)io Ll )3 & el e Jas o g
S Bbai job a4 (2)5 Sl g 25 pll 9o plov
Lind S gas A diged (69l @en 4 plidl cae )50 Calizeo (laciond
A Jitte olSylof] 4 lalllas plosl cgz g bglss ob b e
ool 43 00 slod  celw YA Gas 4 diged uw
VI 5 (sslomnct Sl 5) costaislen ) 655 3l ookl L 5 S
233,85 Ol (a2 b 5 55 25 slagtalojl) (s to e

(Sl 0y95" 53 (il plo Jus o Suid o3lo ke
Tecator &y ¢ JUlxS) pls (g g (dhaSg (B9)) pb- (22
S5 s (V) AOAC 35kl (slo gy b (Sgm 58 —
el 09 )3 Joloeal BU g (3 oagd 5 Jolowels SU
(FV) ohlSar 5 Csguryy b9y b (el 51 oolisl (50)
Oh9) ol Ol Jolxe (slaclamg S de 005 s
sdse dlys J5 ke (HC) Jobscon (V) yu )39 9 g
il bl (23308 (Al (551 ) Al G5l wdn LB
DP9y bl s jlade 5 (V) (o liiod (yeomil (oolaiiy
5 plog] (FF) plosulios 5 lablogsl

AEle 3T Lol pud 53 518 wal 65 sladaiond (5 o 31l

Ogedsg 0515 Ll Bl & o (gt Slaidlos Slyamg, S
Ay S el L Gl 8 308 B (FA) oliSen 5
Bgay ol)S Bluys (S g (25 0diagd ) Jglomel SUI i
St oals dopd 4 S WS lo (YY) o) Sen 5 WbgaSe i
cilize s ud) Jolye iss wle (o) Jolse 4 plalS
OlelS olend a5 )l (St (SH)L g S cogh; ol
oloj e B ges alan alge 5T ot nubo Lyl 0 (ledsle
oS 05 al> po 85,5 (oo )8 (2lsm 9 T Ll g oz 9 oy
G )b (A) Conl le iS50 ole (o Cutlyp oo
g ol yuin ddgle 0] Cundts cly oge Jole asigy il
al> po Gl L3l olS 43 1 tame o ol 1L o e
9 PLS nSon slie 5 (ol daw soly > Sas osle e Eoly
L s 238 8] (3l (VF) Ml ialS oS puam chlé
Jobe slachamg S clale (als Jdsa ud) dsjpe iy
2 085 5 Sl le sbcliing S wrew (Rl @l 51590 9
SIS 1555 S () oS 5 iy (F5) o LS
G533 o 3 e o Sl ol
ol cglate yobs jlam g uuo ) ddole cudby il o
2504l lislope cclung S 5 blS wljy, wolis
Uieli] el Ulgia s 5 dm y3lgl 4 abgle sl sl
Ve N D) sgb ddaleyd (o)l wpe L acln ag S
3R B g e Cuiby ddgle o Al e (NS loeis
oty Ly dalie 3 1) ol 5l e iy ddgle bl g 5,
8 i Jpbnn slaclyiage,S (V) 8,58 0n i oo
S5 59y Job  OlalS jiwsd aliwg 4 580 o 4S5
cbale > palls Giali8l o jiwsd Goy Job ) Sad e
o b aath oyl b g )3 s 3580 1Sy Jglors (slods
Slosly oyl caliseo (gl yimg sy Ngui o B puas olS lawes (0L
sbopgSl g Lagls ) Sladlopé cbclumg S cblé o
bly e o catbyp b auglio 3 ol jlam j3 oad cutlyy
() ol i o) Job )3 Jolone slacliiengn S 2o )3 olS
AL )3 a5y Cullyyy a5 W8S aoes (FA) ()Sen 5 )L
P lanis i)l se e el o cciby Ly awlis o
Sl 95 Syl S f g MhagS G5 2980 NS loeis
W0h s by ddole b duglis o pls jlamy Cuiby ddsle
oo Cuily p adsle 4y 1) b las clddy ddgle 0,5 cllge
sy iy 8 S 55 IS (10) o5 {VF) asie s
byl MolS 0> )3 ol 0 2o )3 ¥ojladocy ol 51wy 55 00
W 03y (sl 5, Slos gy el
YL i L5 (sl e e bifin by dige
Sl g (3 otgd 5> Joboals SUI Lol eglite pls- (g



Y ol e 5 (e b o) el o il eyl U0 g 598 (5 55

8 aemlisSSl s el YF Cto &y waaadis 430 ¥4 glod
ol plos | laind glaJbs «yumbisSSl oso LL 53 .ad 00l
B o5 Ol g (29,50 b us Jlb iz g )5 25
cbale oy Soilsl ely b gy So il adiges pH g w505 o0l
Lo g a8 )5 40K o 1y oo 0 e ( Slogel (5595
Lo pj08 0 9 el o Jloy oY Spa )5 sl (g5lune ke
SLoigel (59 Chle 0 (oS pograbs 425 =Y+ (slod
Blo 51w (V) A5 o pSoilul collSgun — Ji8 gy b aneSls
3 oyl > celin YA e a oale Bb oS Shgime 3403
S oolo s Clbild woyd g S wguadw 4y Fr glod
Sz oolo ¢ JI odle pain cubbld anwlxe (¢ly i e Lo
g 0l )l 8 yogmudis ax 3 00+ glod jo (S xSl 068 o aliols
slacelo ;o giw,lid jloolitul b 55 jLid .o duwlbre jruSs
ST asbl, xaz LS g ol amilisSSIVE 5 Y e A S XY
Sl 0ad Adgi S5 pos o ygue 4y (GP2g) 515 adgi 0jL .y )
(pr5) (85 oad 4o o3le e oS (yguenlipSl csleo VY
5loslatwl b odud ddgi (99)Se 0355 duslors (VA) i A duasloro
125 ol (F) ollSen 5 ol 53l A

0395 = (ably 005 4 355 ool s +( S5 Jole — Y/Y)
(S5 a3le .5l & 5 o) 02 055 0,5
AL LS o e 0 i s ] e3be 5 L
C9y5se 0395 mumdi b (09)Su0 0395 jlade 03l Adb 0 (s 095
obes oLk 3 yess LB s (T odlo ylaie 0 L)y
woy b Jobs claosh 1L 03,5 dulxe (el V) ) gubsSS]
MWlS g5l B 53 5 (F+) A/) a5eus SAS ()bl lssl yGLM

G (o s L is) Sl Gl 580
2 9 piadi dad gy S ddgle biands
(s 5 Ly o) by oloj 585 4 bgype s
V Jsin 3 g2 g phed oS Suid Ol ddgle Slond oS
o LaSils dumlis §| uols gl 5ub el 005 03l 5L
MI))} 4_991.C 9 gu—o 3O AW wl.)): Kis uL..‘Bi AUy 4591.9
lrord oS5 4 barpe Olao I (S jlai I el 5w 3 0
Coiby dAssg dbgle (P</+0) il d93g (g0 gme NS
s5-bds s )3 ol Cubld y ddgle b dunlio (0 bl de o onds
S5y man BB clie dlge JS pls g p o JT odle (g b ixe
o (P<elon) catly 5V 0y (I (555l 5 (adyd eI

ale (17) oSl § Sio oty 3k S5 5 g0l sl
059 Sl b (slaeSs (oY giund (gl)h tidwsS ¥ oliw I anasls
o, b ()l paw o cllges .o d)siéo.? p)SeksS Yoty
Yo g (olus Cons 0 )3 s 5 doigy) dsle so > Vo (gl>
Db 4385 (JoSo g (g iy 558 dllouS cgn) 0,0kuiS o yd
51 Sss oole p)S ao Voo e il wymws ablil O @ g
PV Y ) 4SS mlo 5,80 balswe ) doo Ve b ladigol
g Sl odlid L Lagl ) g o aisu, (gt (sl s
2 ¥ gla y3 g 4 SolS (ngsinndl gy 5 (St
B uuad jalaie dy S0 amol oSSl el AF o 4 gl
Shss Gge g laind Jbg 0 anSs @lo Lite b osd aJg
4 o Saian Gl g aeSi ple bl i Lo Y gy g
235 Gilre bl bl (gl b a)5 s )5 el s
plas )3 ()35 g 5 30 5 315 aJley S 4 S 3]
i 5B ,Lid 5 o3l )8 wgmades a3 3 YA clad b a5
celw 45 9 YW FANESY W AS KN U’JLQ) Jobﬂ ) 0l
CobB polia ns S5 L dw ialefl b €S (yamlSl 5l an
[ d[b..\»_wl ‘(Y‘Y‘) w&w] 9 Ko U"’?) dAJo u.ﬂ odlo p.a.m
Gk 35 padgalie BB (55550 (V) JBe (g Bl o) obsS
SwlS U jLS el v 0l dsule (V) o) Kes 5 Ss
ool 5505 (s sl Jog 5 S53k sla JLy (525 5 (Sl
WUgaSe 5 BgSuwyl alasly baygi 55 aJg5 (clmasminl b 59l .
()

P=b (1-e)

aaily ol

o5 )90 4t gloj 3§ A5 e P

B adg gy culicc

oo BB iz ledd ade b

il oo 5oelisSSl yloj oo it

odlizl b g  Skai MolS )b B )3 00 (g yglaen (slaosh
5 il g 42325 3,90 AN Gal (F+) SAS (5 LT Jljdlp 5 5l

095 Ll iy pudd Culils (5 S0 5l
3 Al odle 5 Sid o3le (60l pudn culild wa dlsyo 4
dy90 slaJgloe (FV) i plovl (atms cuiS) L alKiolej] L)y
L aaSod alped A0 g 55 g8 gy Wl (egae 33 5L
PH 5 01 by Lo (35— Jolone) ¥ ay (45 @le) V o
oxilusy FIA &y 9 J S (Seig S o PH olSiwd bawgs bylove
Sol> o s la by @]y bobe Iyl e 00 jlade
2 e ol ples )3 g 4ty 35 ladiges Sits ool p)S Lo O



VFee Hle ) oslouds AT al il solo pole Glidgfy 4 s A

ailon alye 13U cood b Ll 5 o gladgle LS
oles 5 o %) 2l 9 ol bulyd (FY) (S ns slaShy
oS 5 Ol o ey gloj w5l 0 L5 (0 9 A) cudlby
> s g 39y Jgb )3 s Snld 4 Gl |y ilerd
g ol dyss e (550 5 ealiiwl L oS s yss gollo L
oala ol awlis 9 Jodore (sload udgs (gl 1) op S auSl oo
oS Sy s oYL claciouwd ) Y gass pl adgi g0,S Jales
abe Slals o dBlu Lol slacwund 5 laads, b dwlis )
Jg) e Jobo 5> doms )3 Al ge Fr g (Hpe OLS g 4y
PSIs dn LacSy 3 ogasdas b jlde oLl 5o, 30l 15 g
Jlachamg S g s JUsl 4 olS wud Job > ey o 355
o=l iz 5 i plosl (gly g 0o ol baiy ) 4 S
sradole )5 s aSol ol dons LS o odlatl ol jaungs S
S5 Jlde Bl ) s gl ) (ldBls § S y) oad cuily
ohbas)ie g bl Sl (B sl G Sl cul g 5> )3
Oid S s mgo 5oy Blol > ddgle il y Ladies oS Adl
Sy Lagl (g is 5 9 e bl Csday cland
bLod jl join g8 0 cilby sladsle oLS S o (ol
a3l ealar wl g 093 pdplio 4y 5 Canl 0855 (S50l 348
g5 g LEalS cge g oS Cughy oS (Sloj B and e el Joloxe
LSy piday Ol & joxio b Jobo )3 S Dgas )il
22U a0 L oS 290 (NSC) Slasblo é clachying, S
5,5 ol 1y O ol lgs o 59y gl 4 sy loj s l]
Olyamg S clale ddgle dw y o > cslllas ol o (FY FA)
2 eabiitly laddsle 1> (o dre pé jobar O y3 Jolxa
52 PV g > o0budlsyy dbole b duglia 5 s on

Cosly 1B 5l an ) aomigy cudby a8 1S (YY) csle
g i Olalllas p3 09 b o dtwlis g a8 alasMe BB 5l58l
JSeale (90 YU (VF) 5 g (9eils (V0 9 WY ollSen
o Cutly y SlapsS) g Lo plyS 3 Sleidlo b lacl)img S
jor dsb > sl Slacliamg S JSis s 4 9l jlam
2 dode Cadldy &S Wb 0oy Ll (gladllas (o b s bag e
sy an glackle ;3 o) VY 5 VA B il wb 5l as
s B s g IS 5 s ol 55 Jsbro Shings 5
(B) casly Jws o

e j15 5l 0l jlam g o 3 0ad cuthy adgle 93 (>
3929 (6l sime BMB! Jolus ok g (25 090 )0 Jaloxol LI
Gl 0395y Jglomals LI, Las 5l Lol 4(P>+/+0) il
Mo ol L Ty gao d AD ials wbs 5lam )0 dode il y
3w by aomg adgle 1> aalis g Ol [ Jele Sl yaung S
(P>e/0) sl plis Sl ol gme gy jgbots ol

ibord oS5 o (3o i b o) by oy b
AL Sl 53 a8 adsle il g b gee s S Ssle
2 Jelorel GBLI Jlde pls S jialS cely ()b pxe joboas
P FS] PP W IR UE R PR L Kt PR A I X W VP
O o(Pel0) w5 b o g (2303 (AlS (g5l ) RIS
BL Hlage Jlas 51 als 5w g grus 5o o Cubby jaud ddgle
gl Jodome (slachimg S ke (15 0dipd )3 Jslowels
g dlwlds Hlade (b ol b by 0939 (gl e BB atwlis
AL 3l 3 b by adgle 1o O 3 Jglre slachnimg S
D9 FYL o cdby dbgle 4y s (glalasMo LB jsboay
Aga S5 e o phed g w5 St ddgle il 5
b cciby by w8l cod gyl pxe yob 4 pean LB gdse
SYINF duaa/‘\ jl@o)) oS Cuﬁl.))._‘ AUy 4\9919 dl)). 9 pd)f
e 5 0ad ey jud adgle gl g ol 5l an )3 oy
b eso) cuily loj ity b 3l dn pd o> £4/AY & OF/VY
) U aia 5 St ddgle o oS 5 (0 ) 42
oA 501 b 3l am pd e cuib y ddgle iy oyl sl
2 ol cuilyy ddgle il o YL ady (alld g5yl 5 (B
9 (HB odgd > Joloral SUI I 6l gtnn jod sober oo 5l am
Jalore lyaumes S jlade 5 5yl (gl 0aigga )d Jaloxel B!
(P>21-0) 5 )30 s 5V

g oy gle dw o by I Jols mls (S jsboay
S5 e 8L iy s 48 3l L 1
S 5 e ol ol jad g dods diesS) dbgle olend
wls 8,55 5,8 ciby flej il cov g ddgle slaws
2 4zl g (£ 90) Ghlsem g 522 (YY) 555 5 osSln
Slachims S mrew JialS g Mo BB ol iagh
2 aiwlis g ol jd Jodore glaclung S yiliél 5 Sl le
2 ddele cldby b duglio o pls 5l ae o ddgle cuibyy dons
2 B 5w 3 paed g dodg ddgle cutbyy Glai cpl Sl og e
OIYD g MO sy & LialS el (o) ixe jobdy pro b duslis
OiblS pl g wd (gl 0diygii 50 Jaloeels BLII Hlds > (gasys
orleon s LS 5 050 41 dxe 45 D4y LoD YIVD g2 ddgle )



VFer 5l ) oylods IY Al oyl cold pale slesirgfy 4 i A

< = (e e 4 <6 5% e 4 Bsvis” jece (1 fer (040> )

"SOIRIPAYOqIE)) S[qN[OS IAJeAN | “OSON[[2OIWAH , (-5 [Po) uonede Jo AS1ouy
10N, ﬁ.m« [0V uten) A310ug 10N, 91eIpAY0qIEd 19qIJ-UON , ‘SiuaLnN 91qnsa3i( €10, L, ‘U101 prI), “10q1] JuasIoe JennaN, “1aqrg Juas101o( POV “10NeN oEwwHON INEIN 39
(50°0>d) 18 JueoyIUSIS 1R s)drrosiodns JUSISIIIP YIIM MOI B UT SUBIJN

. . . . . . . . . . . . (AQ B/5w)
LTLO YLl 70°L8E 7S €8¢ §S0'0 6'1¢ 9¢'CI¢ €8P T 11¢€0 89'C1 ce0s¢e S6'vCE (oIS
9¢1°0 L9°E 00°69 99°'19 111°0 s GG'8¢ ol'LY 1110 8TS £9'89 LO'8S nISM
L9L0 SLEO STET 0s'ce §200 e ¢00°CC qSL'LL 190°0 [4N4 0s6l STSI o INdH
900 SLY'0 q1€1 9T 200 S0°0 e LET qLT1 ¥000°0 600 071 qCC'l 6 AN
9100 €00 £89°0 q¢9°0 6100 90°0 eSL0 q¢€9°0 §000°0 oro e S6L°0 15850 ¢SAN
9990 0S€0 06'8¢C 06'8¢C ¢se0 SI'1 (4% 74 90°CC 60°0 16'1 S0'1¢T CTLL DAN
0500 (UR! 06°8S 8C'9¢ €200 01'c ¢ C6°09 qIL9¢ S000°0 LS€ 9179 q10°SS oNAL
S8Y°0 o LEOT 80°01 9LT'0 (4] 1911 9"l 1000°0> G800 S191 N4ad! «dD
S8C°0 1 00°SS 00°LS €90 0S0 00°vS 00°SS 6900 [44 00°CS ST9¢ »AAN
190°0 SLE'L SL'IE 0S'v¢e §200 [4°N4 400°C¢ e SCTLE 6000°0 STy q05°C¢ :00°1¥ AdV
0820 0L¥0 ¥S06 8’16 6600 0r'e 9¢6°C6 9¢'88 1000°0> ¥9°0 e [L°06 qCv'68 JNO
0820 0L¥0 S¥'6 16°8 1000°0> 780 4958 C01 1000°0> 790 1606 8501 Usy
0180 7150 IS 8¢€°¢€S 00 44 q55°9¢ 90 1Y LS00 14! :09'8C 91'9¢ JANd

anppa-d INAS UOOUIYY  SUIUIOIA anppa-d NAS UOOUIY Y SuruwIoy anppa-d NAS UOOUIYY  SUILIOA
Kajreg I0A0[) BJ[eIY

(A %) so8e10J A3[1eq PUR ISAO[D “BJ[BJ[B SUIAIP-UNS JO UONISOdWOD [BIIWAYD Y} UO (UOOUIdY. "SA SUILIOUL) dWI) SUNSIAIRY JO 199)J - [J[qe L
6 (- 9 7 K (eR A pmifep() K o 5 e oA e e e #odp g€ € <6 (cfor o0 wr)



VFee Hle ) oslouds AT Al il solo pole Glidgfy 4 s AY

p-value
0.001
0.129
0.001

SEM
0.061
0.12
2.44

Barley
Afternoon
467.6+8.23
0.032+0.0013
1.002°
5.32
55.13a

Morning
452.6+12.08
0.027+0.0016
0.88b
5.08
50.24b

(P<0.05) sl gn o ine S5S1 (oo 5 o gy b cisy o slocsileo

p-value
0.255
0.083
0.267

02
0.2
1

0.

SEM

293.8+6.83
0.041+0.0025
0.73
8.85
44.94

Clover
Afternoon

Morning
296.3+8.31
0.69
9.26
42.94

0.039+ 0.0028

p-value
0.963
0.002
0.917

SEM

0.005
0.45
0.11

5 9 ied cotigy Suis Ol claadgle S5 0y slaasciald p (palihm ke ) o) cudldy oloj 4l -Y Jgu

Table 2- Effect of harvest time (morning vs. afternoon) on gas production parameters of sun-drying alfalfa, clover and barley forages.

Alfalfa
Afternoon
340.3+4.9
0.0416x 0.0015
0.88
11.91*
50.51

Morning
339.4+5.79
0.0429+0.0019
0.87
11.01°
50.29

!Gas production potential, >Gas production rate, *Short chain fatty acid, “Metabolizable energy, *Organic matter digestibility.

Means in a row with different superscripts are significant at (P<0.05)

(a+b)
(ml/gDM)
C
(ml/gbM)?
SCFA
(mmol)®
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Figure 1- Gas production curves of sun-drying alfalfa, clover and barley forages harvested at morning versus afternoon

g g 3 0dd Cubp g g )Aed oSy ddgle (3 ()
(P> /+0) sl gy (g)b e BB b
25 slaeomialp p ity oloj b 4 aalllas ol gl
S oy 9= (F) OhlSen 5 )b @ls b 3ly5 > j5
il slr lobe) ciml S e @ B W era eSS
oSy g9 Sl UL Wlgiee g sl oad b SThos
Slacling S wan blsa Bies IS adg (VF 5 A 09) asl
S gdaw 5 5VL (B sela 9 (VF) Cusl Jolre 5 Joloxe
Shigal 4 (1 fas et 4aSs wlo )3 39290 g See
VA) il auals S5 adgs 4 3 9 a3 g ()l 31 Wl e
cide G IRIL &S00S (BIS (VF) )0 5 ol (VY
IRl g pB (g e (RS b1 4 5 g5 Jeusily l,S
I 103 3 i 4 o il IS L sl hagS
ol o) 5o el ay yid (Lo VIO jlde & 55 g5 g sk

slaaaial 8 o (6 st b o) cudilan gl 580
5> 5 il caad gy SA dgle IS g
5 39 2 (B dx b o) cutlyy oo b 4 by gl
VJgh 2 g g phed oSy Sis dgle S5 A5 (slaaoniul b
2 ol ine yib iy loj ol Lt ol .ol oad oob L
s )t i gl LS s 5 S5 s il
2B A 3 ead culhyy s ke (s oyl
reelsilie JoB (65,50 5 o )3 0 il ddgle Ly dnglie
A b oo 53 phed dgle cuily (P</00) 351 51,55 5 53V
o35 sLayially 5 35 2y il 2 (655b g b )
dwolio ) s 3l s 3 odd ciby g adgle (P>-+/-0) cusly
03le pidd CublB (o )b xe jobody s jd odd Cudly y ddgle L
(P<e/-0) cutls gVl o obsS o sladpnd clile 5 ]
JS8) GpmlisSl 5l ey ilizee glaplej o 55 a5 g L Sl



VFee Hle ) oslouds AT al il solo pole Glidgfy 4 s AY

sloaid g (SUI b lacliing S ials coge gl 5 (25
I g5 g s g > JialS el Cold 3 9 03 Jgloxe
dagly Dyl > g b ) Jsb &5 Sl 1) 25
Logas (sdia dlye geo8 3 by 5 2ys j55 Gl
Fomw 9 Joloee slacliing S o s)liblw clacl)ipg S
7Rl dn 3 oy il I (YF) ol S50 0l ) aciy
Jsloxe sloaid 58l 4y e oS oo 5 o by b duglio 5
Foe Lapusl)lg Sm ilad g a5 (5] 0 ol il

b

Pt ColilS 5 (45 3 9 b o) Casdla s oo 4G
2 9 o gy ddple (5 padd sladanwl ¥

5 Il ool 5 Sits odlo puan cubls p cuiby loj il
Y g )0 2 g e cdomigy SUiS dgle (6 et slaascil )
caiby ploy as ol L gl IS jebody .l odds oo LS
25 033l 9,50 g W qwdn Sl (o sie 55
Ll aody Sois adgle SSE Jale g (09,500 iy
2355 55 033l 5 (29,50 937 S5 SKSi e ke Jbo
Ofgri bl g SYL cutlyy ol jlam @S 53 (295
sy Sl am p 00 ey 4oy abgle > (Sligal
(P<e/40) 350 5YL (gl iz

it CublB (653 (ol 5l am Blis 53 o) il o
Bl Hd ddgle (¢ et (glaastiuly g Jlodle 5 i o3l
P b gre yob a4 pboibia 3 ead iy g adgle (P>4/00)
Siid 0lo it CublB s 3 il cudly y o> ddgle b duglas
sz yn (P<e/+0) 39 Joy05 0 65Vl I o3le pie Ll
AP g 9 SeSE Jele PH sile (650055 (slaaoeil )
035y (P>+/+0) a8 S5 8 iy loj il o 29,500
sk o e ) 0dd Lty g gle 13 (09)See (nBigy My
(P<e/+0) 392 YL ()b ine

AoSg 9 b abgle SiS oole puan Coll adlas oyl )
S osime yobos 2 adgle Lol 8,55 )15 il oloj 8B oS
3 ond ey i CublB 285 )5 iy loj ybicos
gl 29 e S 5 oo JE Olw> ool 3)90 &5 S])os
Pl Blisie Saiss n pan CallB b s plaes ol
S 23l ol (aliasd oS 5 3 gl 51 L Wl e
2 9 (Jslore dlge) Jobo Sl (line bawg Jol a2y> ) dgle
(YA) 39800 pes (Jgho 0)lwd (e 9 )lS Lo Lawgi pg> 42>

sl yials

5 pin ol Lol el age il K 5 Wy
g o adglolyo Sl (g )Sue (B9 Lo 5 (Al e
S5t 55 0 039 YU (FY) 0o 400K clapansilSly e
9 ye35 JoB (k8 wioned 5 pedlie BB (5551 (29 Y
505 (eLmoalS)lg So b el p3Y (giio dlgo pls
Gy LS poe aS Wb Lis (V) GBSyl g Josl sl o
o5 oy gl wl Ae 4 (SThed dlge yrest 008 wuSio
Al gyl puin el 63)91)-.’ Slgs o oy opl sl olisS
56 Slgr g Slil Cuns g )lie b @35 5 Glie (385 y5b
‘ul)»9_) 9 ol L u{l)P odlo )M 1258 ‘).:) ‘J..wl)gra bd))ﬁ
Laoyd B dgds S o b 5 a3 g (0SS o0 WJgS
a5 ool JoSis (ke g 0p)S wSliod |y 0 slajlS o
S eBogn bl 53 5 g5 Kb oo (8 30055l waiitene 5l
sl Jyazme bl (iSTy g (mains) (29,50 meudalio gite 93
L (V) 25 oo Juols (paiiamno puf) CuiiS lagro j3 oS’ o b
ol b e Liuli8l 35 Sis oole pan cullB (sader 55 iliél
5 SanY Lisu SO S g oS cul ol ssimd Ui ggsge
it ol Y g mme (YA) cowl (Slha s dlg o yud yess
Oy bl (oo 55 5 ()5 2uSTied bises) 15 o glanesis
IS e Sepl @ 05 L (V1) bl (29050 50355 9518
3 elge aibion (Shod sosle (pliond oS 5 4 diunly (M5
sbagbyy 70 9 oLS gols (st po g by loj g ale
U g LS e 5 lend S5 1 6y9ldes il
W38 .

S S b 0diygd > Jelorel LI 5 487 SThed mlio
s il 38 b e ol YU ol 55 05 Jawily i)
48 )5 jgo yieS pasd ol (b (Jolw 0)lesd (glaie iy
SNumsad 3939 Judods (VY) 29 0 55 Ader o ialS & i g
05 0 53 Jalorol GBI 5 5 000 50 Jalorel CBLI oy ale
SL gliee > ol (V+) o 5LS oo 9 £ b s
o=l b 3 LS il cel gl (sougd )3 ol
Jadads Lo awilS)lg ,So e Jlad inlisl (gdomisys ol (S
et O orpen (YY) Aol Jslome Sliamg S bl <l
g Jlite S35 Mg SaiS ly (590 e g Slyhag S
P Giar 5 ke S Crka s on Slos e 42 )b
CaySee o b Feaslize Sliamg S a4 ()50 Comd 3 g AL
Sl BB 5w iolssl g bause )3 pess a0l B 50 dgu0 il
odiyos 3 Joloeels GUI g b o)lssd lie Ltalsél (1)) el



o) Cebld oyl g U oo 9 591 (5 S

by

gl S 5 (b 3

AD

urejoxd opnud [erqoorr Kouaroyja, ‘utalord apnid [BIqOdIA, 1030y Suruonnted, ‘AN[IqusaSIp sopew o1ueSIQ o4 Uy, ‘AN[IqQUsdSIp Jopew AI(T o414 u,
(50°0>d) 1& JueolyIUSIS e S)dLIosIadnS JUAISJJIP YIM MOI B UT SUBIA

AN ol (o i Lo ol o 9 jece T T (607 0>d)”

8170 10°0 8570 19°0 s9°0 L00°0 Sv9°0 0€9°0 LLOO 110°0 L8970 45990 dOWd
89¢°0 0L°€ L9yl LTSET SLEO 0s°¢ S6'791 Y6'LST RAN0 8C¢ S6'L81 8CLLY wwz_\“
890 L9T LT 66'191 80 8¢'1 €8yl 09°Lv1 qa 89°¢ €0°sCl 6¢Cel Feplolk sep
L9Y°0 81°0 9T’ ¢ ¢ 8¢S°0 <o 09 96°¢ Lro €0 SO°L 8¢9 EE%M:M
S0 10°0 6L9 189 660°0 €00 689 $6'9 8290 200°0 $6'9 769 Hd
S6°0 10°0 IS¢ LST 81¢°0 S0°0 8L'1 881 100°0 170 2 CC'T q08°L M__.__um.:m
¢e0°0 wc 20079 qSL'8S 699°0 Se0 ST9¢ S Scro 00 08°0S SL0S mﬁw\mmu\mw
100 0s°€ 0099 400°6S L6L°0 STo 00°LS S'LS 6LL0 ST0 00°CS SIS D__Mm,%\om,w
anjea-4 WAS uoouldyy  SullIo anJeA-g NAS uoouIdyy  SullIo anjeA-4 NAS uoouldyy  SuluIoj
Kolleg I9A0[D BJ[BJ[V

4= e 7 Koo (R A b () K g av vy oo 57 € e o A srbr o Bolew el 6 56

s93el10J Aaj1eq pue
I9A0[0 ‘ejrej[e Surkip-uns jo uononpoid ssewolq [BIqOIDIW PUB SOTISLISOBIBYO UOT)BIUSULIS) ANIqIISASIP UO (UOOUI)E "SA SUTUIOWN) dWIT} JSAIRY JO 109JJH -€ I[qEL



VFee Hle ) oslouds AT al il solo pole Glidgfy 4 s AP

p9d eudl e Slgmgn 2 del 5l SYL (Jge s Mg dsine
A5 g (29,50 sl 2)ly 0ad & 15 edle ISy (o yide oSG
O Fime 03jle ;500 (Filed gl 0035 (09,840 0358
Il d\_gsul Po—w Dy Cy> axlllzs L)Jl 5 &S ol 0dgs \Jl) ‘_5_)9)5\,.::
03 B yame S il tme ] &y YU SSB ol |y able
oz Jl g5 JB ke )l 9 392 mlos SV pld lawgs St
Aaled ol 5 LmL'J 2 50l Bl a3 g 035 Jpub ol
dumlio )0 b5 5l ae o odd Cublyy adsle (IS job 4y (V) g
950 (Sgn Mg g i el g )3 cudlyy ddgle L
il o LmOT sludss i)l g gYL 5l lis oS Wag YL
oS 2l () S B tssSen s, 25 e 330 YL
5l oslatl g Cunl 428 )F G yan  gollan JSWbdy (650058 (slas] )

Gl 48,8 G yan 6 5YL LIS L (gdke dlgo

S (G 5 i

by aS ol gl Gilejl cpl 5l ol gl « JS e
o pomie gy ddgle Sty b duolie )3 jebbjlaa )3 dgle
wolde > glatenMe JB il g (Jobow o)ly> als
oA 5l o Jlis g aalis 9 O 5 Jolore ol S
an B i dlye S 55 9 0y palls (G5l g (a0
ol g Ol Jsloxe slaclamg S polie (30 Y 29
oo 8L dualia Jlai 5108 oS pu055 2] 5 29000 2 Wl 0
(92) Laainel g (13 9 ign) LapgSd oalgsls- adgle py cutls
5 liord oS 5 Ol 2 86 o) o8 3,8 bzl iz i
0392 yidi ydeid g 45590 )3 gle (Dbl b Lasipe Dluogiad b
adgle ludss i)l 0 (S Olpss g MBS b I b el
A St oLl S b ol 1 g e > odd cutly
B (Jb pa b ssalie pan ol o 55 Ay sladodl b
9SS oo Joloe adS )l 5l LSy Laulpd )3 o e oo
e & o ) ety loj sl pa b o cadgle i 35))
i a1 dbgle (glandss (b)) Slgi e 10l

P e 3 odd by g2 g e oSy dgle aalllas pl )
Jaloeel BLI clale I jals 5l amy 45 odd Cubldy adsle b duglis
Al esle g el sy )3 Jslowels BLI 5 115 alysd 5
NS5 Jsle S e culpl g )80 s 50mk
o ly by yols jlam dsle 3 pan Sl 9Vl Gy
JoB e ol 5o asul b s bl Jsbio o)ld (clgixe
b duglis o o> digle puan CublB o )29 $YL sl alasds
Nl > glis @ plsiien |y o S o 292 a5y 5y adgle
Caoml Cald ddgle Ko b LapsS oolgils ddole 1o Jolo o)y
L i > 305 i 25Le s 5 262,55 (FY) (ol 5
~45e5 el )0 g W)y glay (ol o)led Hlis b Hlas jlasele Koo
@YU (Siaror oo 0)lnd st 9 (S Gl o Lo
5D 5t (F) ol 5 o] adllas 53 ol l 005 55
(Sieron 2y o] (Bl s el g o8 jad o0l
ol oyla 0 Lo pwly S 1 duslie (5 bapsS) Yaars b 239
b 553 plosd GuS IS 3 &S pshailen ) (658 e
dlge xid (63b5 polie ()Ad ge> el oL jlan yd adgle il
Gl g el odiygd o Joloeali GLI 2nlS 5 pin 6 (siko
(F+) 39300 5 a8l 41 o 55 g3 Jplol
0395 jiow Gleash) jl (adld plyiedn 48 SSE Jale
Shinmg 31 G () 23l o (2T bl )3 09,5
My LS e 4 p S (e cus g (A Ojgo 4 0dd o0
0 YUy S ol 950 iy 50l ke Jgb > 03
a0 a5 odle oyt JT odle o &Sl me oy
Bylaie glacSlysd 581 gl ccunl ol d)ly (9)Su0 0355 31
il 0 UaliS oS o ¥150 B YIVE oy SSB5 Lole aeb
ol ddgle (olyy SS& Jole lade jlade cadllas oyl y> (F)
SYU oo 53 0dd Cubldy adsle b dunlie jo yols jlaxy j3 ol
0395 355 S Jole cul g 5Vl 45 45 S glalen o5
b (295500 0395 A5 Jluda caalllas ol 3 Ao Ji (29,50
2 Bl 3 eand ey adole 3 (09,50 (g0 MWy
0=l 092 PYL g 5VL oo 5 ol Cully ddgle b dulie
oy aS0) Jgl 03b s Capoguad K Jdowy Gl o 1y Claw

&l

1-  AOAC (Association of Official Analytical Chemists). 2000. Official methods of analysis, 17® ed. Association of

Official Analytical Chemists. Washington, DC.

2-  Beuvink, J. M. W, and S. F. Spoelstra. 1992. Interactions between substrate, fermentation end products, buffering
systems and gas production upon fermentation of different carbohydrates by mixed rumen microorganisms in
vitro. Applied Microbiology and Biotechnology, 37: 505-509

3- Blummel, M., and E. R. Orskov. 1993. Comparison of gas production and nylon bag degradability of roughages in



AY

o o o 5 (oD 3l am b o) ulilo  loj 5l (ol ) ad 9 e (55

10-

11-

12-
13-
14-

15-

16-
17-

18-

20-

21-

22-

23-
24-
25-

26-

prediction feed intake in cattle. Animal Feed Science Technology, 40:109-119.

Bliimmel, M., H. Steingass., and K. Becker. 1997. The relationship between in vitro gas production, in vitro
microbial biomass yield and N incorporation and its implications for the prediction of voluntary feed intake of
roughages. British Journal of Nutrition, 77: 911-921.

Brito, A. F., G. F. Tremblay., A. Bertrand., Y. Castonguay., G. Bélanger., R. Michaud., and R. Berthiaume. 2008.
Alfalfa cut at sundown and harvested as baleage improves milk yield of late-lactation dairy cows. Journal of Dairy
Science, 91: 3968-3982.

Brito, A. F., G. F. Tremblay., H. Lapierre., A. Bertrand., Y. Castonguay., G. Bélanger., R. Michaud., C. Benchaar.,
D. R. Ouellet., and R. Berthiaume. 2009. Alfalfa cut at sundown and harvested as baleage increases bacterial
protein synthesis in late-lactation dairy cows. Journal of Dairy Science, 92: 1092-1107.

Broderick, G. A., and J. H. Kang. 1980. Automated simultaneous determination of ammonia and total amino acids
in ruminal fluid and in vitro media. Journal of Animal Science, 63: 64—75.

Burns, J. C., D. S. Fisher, and H. F. Mayland. 2007. Diurnal shifts in nutritive value of alfalfa harvested as hay and
evaluated by animal intake and digestion. Crop Science, 47: 2190-2197.

Burns, J. C., H. F. Mayland, and D. S. Fisher. 2005. Dry matter intake and digestion of alfalfa harvested at sunset
and sunrise. Journal of Animal Science, 83: 262-270.

Dahmardeh, M., A. Ghanbari, B. A. Syahsar, and M. Ramrodi. 2010. The role of intercropping maize (Zea mays
L.) and Cowpea (Vigna unguiculata L.) on yield and soil chemical properties. African Journal of Agricultural
Research, 5: 631-636.

Dryhurst, N. and C. D. Wood. 1998. The effect of nitrogen source and concentration on in vitro gas production
using rumen micro-organisms. Animal Feed Science Technology, 71: 131-143.

Fisher, D. S., H. F. Mayland, and J. C. Burns. 2002. Variation in ruminant preference for alfalfa hays cut at sunup
and sundown. Crop Science, 42:231-237.

Fisher, D. S., H. F. Mayland and, J. C. Burns. 1999. Variation in ruminants' preference for tall fescue hays cut
either at sundown or at sunup. Journal of Animal Science. 77: 762-768.

Fisher, D. S., J. C. Burns and H. F. Mayland. 2005. Ruminant selection among switch grass hays cut at either
sundown or sunup. Crop Science, 45:1394-1402.

Fisher, D. S., J. C. Burns. K. R. Pond, R. D. Mochrie, and D. H. Timothy. 1991. Effects of grass species on
grazing steers: 1. Diet composition and ingestive mastication. Journal of animal science, 69: 1188-1198.

Fisher. D. S., J. C. Bums and H. F. Mayland. 1998. Ruminant preference for alfalfa hay harvested in the afternoon.
Journal of Animal Science, 76:194 (Abstract).

Getachew, G., E. J. Depiters, and P. H. Robinson. 2002. In vitro gas production provides effective method for
assessing ruminant feeds. California Agriculture, 58: 54-58.

Getachew, G., M. Blu'mmel, H. P. S. Makkar, and K. Becker. 1998. In vitro gas measuring techniques for
assessment of nutritional quality of feeds: a review. Animal Feed Science Technology, 72: 261-281.

Haddi, M. L., S. Filacorda, K. Meniai, F. Rollin, and P. Susmel. 2003. In vitro fermentation kinetics of some
halophyte shrubs sampled at three stage maturity. Animal Feed Science and Technology, 104: 215-225.

Hedge, J. E. and B. T. Hofreiter. 1962. In: Carbohydrate Chemistry 17 (Eds Whistel RL and Be Miller, JN)
Acadmic Press, New York.

Huntingdon, J. A. and D. L. Givens. 1995. The in situ technique for studying the rumen degradation of feeds: A
review of the procedure. Nutrition Abstracts and Reviews. Series B, Livestock Feeds and Feeding (United
Kingdom).

Hun%ington, G. B. and J. C. Burns. 2007. Afternoon harvest increases readily fermentable carbohydrate
concentration and voluntary intake of gamagrass and switch grass baleage by beef steers. Journal of Animal
Science, 85:276-284.

John, J. W. and A. H. van Gelder. 1999. Influence of protein fermentation on gas production profiles. Animal Feed
Science and Technology, 76: 251-264.

Kim, D.1995. Effect of plant maturity, Cutting, growth stage and harvesting time on forage quality. Ph.D. Diss.
USU, Logan, UT.

Lamb, J. F., C. C. Sheaffer, and D. A. Samac. 2003. Population density and harvest maturity effects on leaf and
stem yield in alfalfa. Agronomy Journal, 95:635-641.

Liponi, G. B., L. Casini, S. De Vincenzi, and D. Gatta. 2009. Digestibility and nitrogen balance of diets based on
faba bean, pea seeds and soybean meal in sheep. Italian Journal of Animal Science, 8(2): 353-360.

Makkar, H. P. S. 2005. In vitro gas methods for evaluation of feeds containing phytochemicals. Animal Feed
Science and Techmology, 123: 291-302.



VFee Hle ) oslouds AT al il solo pole Glidgfy 4 s AA

28-

29-

30-

31-

32-

33-

34-

35-

36-

37-

38-

39-

40-

41-
42-

43-

44-

45-

48-
49-

50-

51-

Mansuri, H. A. Nikkhah, M. Rezacian, M. Moradi Shahrbaback, and S. A. Mirhadi. 2003. Determination of
roughages degradability through in vitro gas production and nylon bag techniques. Journal of Agricultural Science
and Technology, 34: 495-507.

Mayland, H. F., G. E. Shewmaker, P. A. Harrison, and N. J. Chatterton. 2000. Nonstructural carbohydrates in tall
fescue cultivars: Relationship to animal preference. Agronomy Journal, 92: 1203-1206.

Mayland, H. F., J. C. Burns, D. S. Fisher, and G. E. Shewmaker. 2001. Near infra-red measurement of
nonstructural carbohydrates in alfalfa hay. International Grassland Congress, pp: 404-405.

McDonald, P., A. R. Henderson, and S. J. E. Heron. 1991. The Biochemistry of Silage 2" ed. Chalcombe
Publications. Marlow, UK.

Melvin, J. F. 1965. Variation in the carbohydrate content of Lucerne and the effect on ensilage. Australasian
Journal of Agriculture, 16: 951-959.

Menke K. H. and H. H. Steingass. 1988. Estimation of the energetic feed value obtained from chemical analysis
and in vitro gas production using rumen fluid. Journal of Animal Research and Development, 28: 7-55.

Menke, K. H., L. Raab, A. Salewski, H. Steingass, D. Fritz, and W. Schneider.1979. The estimation of the
digestibility and metabolizable energy content of ruminant feeding stuffs from the gas production when they are
incubated with rumen liquor in vitro. The Journal of Agricultural Science, 93: 217-222.

Miller, L. A., J. M. Moorby, D. R., Davies, M. O. Humphreys, N. D. Scollan, J. C. MacRae, and M. K. Theodorou.
2001. Increased concentration of water-soluble carbohydrate in perennial ryegrass (Lolium perenne L.): milk
production from late-lactation dairy cows. Grass and Forage Science, 56: 383-394.

Mirlohi, A., N. Bozorgvar, and M. Bassiri. 2000. Effect of nitrogen rate on growth, forage yield and silage quality
of three sorghum hybrids. Journal of Water and Soil Science, 4: 105-116. (In Persian).

NRC. 2001. Nutrient Requirement of Dairy Cattle. 2001. Seventh revised edition; National Research
Council;National Academy Press; Washington, D.C., USA.

Orr, R. J., P. D. Penning, A. Harvey, and R. A. Champion. 1997. Diurnal patterns of intake rate by sheep grazing
monocultures of ryegrass or white clover. Applied Animal Behaviour Science, 52: 65-77.

Orskov, E. R. and 1. McDonald. 1979. The estimation of protein degradability in the rumen from incubation
measurements according to rate of passage. Journal of Agricultural Science, 92: 499-503.

Putnam, D. H., S. Mueller, D. Marcum, C. Frate, C. Lamb, M. Canevari, and F. Dension. 1998. Diurnal changes in
alfalfa forage quality. In Proceedings, 28th California/ NV Alfalfa Symposium. December (pp. 3-4).

SAS. 2003. SAS User’s Guide: Statistics, Version 9.1 Edition. SAS Institute, Cary, NC, USA.

Shewmaker, G. E., H. F. Mayland, C. A. Roberts, P. A. Harrison, N. J. Chatterton, and D. A. Sleper. 2006. Daily
carbohydrate accumulations in eight tall fescue cultivars. Grass and Forage Science, 61: 413—421

Smith, R. H. and M. H. Bass. 1972. Relationship of artificial pod removal to soybean yields. Journal of Economic
Entomology, 65: 606-608.

Sommart, K., D. S. Parker, P. Rowlinson, and M. Wanapat. 2000. Fermentation characteristics and microbial
protein synthesis in an in vitro system using cassava, rice straw and dried ruzi grass as substrates. Asian-
Australasian Journal of Animal Sciences, 13: 1084-1093.

Tefera, S. 2008. Chemical composition and in vitro ruminal fermentation of common tree forages in the semi- arid
rangelands of Swaziland. Animal Feed Science and Technology, 142: 99-110.

Thayumanavan, B. and S. Sadasivam, 1984. Physicohemical basis for the preferential uses of certain rice varieties.
Plant Foods for Human Nutrition, 34: 253-259.

Theodore, M. K., B. A. Williams, M. S. Dhanoa, A. B. McAllan, and J. France. 1994. A simple gas production
method using a pressure transducer to determine the fermentation kinetics of ruminant feeds. Animal of Feed
Science Technology, 48: 185-197.

Van Soest, P. J. 1994. Nutritional ecology of the ruminant. Cornell University Press.

Van Soest, P. V., J. B. Robertson, and B. A. Lewis. 1991. Methods for dietary fiber, neutral detergent fiber, and
non-starch polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74: 3583-3597.

Wilson, J. R., H. Denium, and E. M. Engels. 1991 Temperature effects on anatomy and digestibility of leaf and
stem of tropical and temperate forage species. Netherlands Journal of Agricultural Science, 39: 31-48.

Yari, M., R. Valizadeh, A. A. Naserian, G. R. Ghorbani, P. R. Moghaddam, A. Jonker, and P. Yu. 2012. Botanical
traits, protein and carbohydrate fractions, ruminal degradability and energy contents of alfalfa hay harvested at

three stages of maturity and in the afternoon and morning. Animal Feed Science and Technology, 172: 162-170.



Iranian Journal of Animal Science Research oln! oold pole Sling sy 4yl
Vol. 13, No. 1, Spring 2021, p. 77-90 N YV-2¢ .0 AFee 5l ) oylods Y ol

The effect of harvesting time (morning vs. afternoon) on the chemical
composition and nutritional value of sun-drying alfalfa, clover and barley
forages
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Introduction Forages are grown mainly for feeding livestock, especially in dairy cows, because adequate
roughage is needed in diets to provide good rumen function. However, as more roughage is fed, the energy density
of the diet is reduced. So, the production of high quality forage is very important for dairy producers. High quality
forage has direct effects on animal production efficiency, including weight gain, milk production, and reproductive
success. Producing and conserving of high quality forage is a challenge because several factors can be affected
forage quality including plant species, soil fertility, maturity at harvest, and harvesting (mowing, field curing, baling
or chopping) and storage methods and other factors (weeds, insects and diseases). Fiber and energy contents are the
most important in forage quality measures. As the fiber level increases, the energy content generally decreases.
Therefore, improving forage quality can be achieved by managing forage carbohydrate content. Carbohydrates are
the primary source for ruminants and contribute 60 to 70% of the net energy used for milk production and are
classified as structural and non-structural. As usual, structural carbohydrates defined as neutral detergent fiber
(cellulose, hemicellulose, lignin and portion of the pectin) and non-structural carbohydrates consist of the sugars,
starches and pectin. Non-structural carbohydrates are a highly digestible energy source and together with degraded
protein, are needed by the rumen for microbial growth and digestion. Plants accumulate sugars during the day via
photosynthesis, but incur a net loss at night via dark respiration. This diurnal cycling reflects the concentration of
total nonstructural carbohydrates in forages. The aim of this study was to evaluate the effect of morning versus
afternoon cutting time on chemical composition, gas production parameters and digestibility of sun-drying alfalfa,
clover and barley forages.

Materials and Methods About 5-7 cm above the soil stage, alfalfa, clover and barley were harvested in two
times, at 06:00 AM and 18:00 PM. Whole Alfalfa and clover plants were harvested at the first bud stage of
development and whole barley plant at the medium dough stage of maturity used. Their nutritive value was
evaluated through the determination of chemical compositions and in vitro gas production techniques. Samples were
tested in an in vitro gas production method (96 h incubation) and batch rumen culture system (24 h incubation).
Rumen fluid was collected before the morning feed from three fistulated Dalagh male sheep (45 + 1.5 kg live weight
fed on a forage diet at a concentration of 40:60). In vitro gas production was measured in triplicate and for each
replicate; a sample of 200 mg DM was used. The bottles were then filled with 30 ml of incubation medium that
consisted of 10 ml of rumen fluid plus 20 ml of buffer solution and placed in a water bath at 39 °C. Gas production
was recorded at 2, 4, 8, 16, 24, 48, 72 and 96 h. Total gas values corrected for blank incubation and gas values
expressed in ml g'! of DM. The asymptotic gas production system (A) and rate of gas production (c), organic matter
digestibility (OMD), metabolizable energy (ME) and short chain fatty acids (SCFA). A medium similar to one
developed for gas production was used for batch rumen culture system to measure pH, and NH3-N and in vitro
digestibility. The pH of the media was measured after 24 h incubation. After 24 h incubation, the contents of each
glass bottle were empty, strained through four layers of cheesecloth and then 10 ml of strained rumen fluid was
acidified by 10 ml of 0.2 N HCI for determination of NH3-N using the distillation method. Finally, all contents
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Kavous Universty, Iran.
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remaining in the bottles were filtered through nylon bags, oven dried at 60 °C for 48 h and analyzed for IVDMD and
IVOMD.

Results and Discussion Results showed that cutting time affected chemical composition of alfalfa and clover
forages significantly (P<0.05), but had not effect on barley forage. Afternoon cutting forages had lower content of
NDF and ADF and higher levels of starch and WSC compared to morning cutting forages. There were no significant
differences between afternoon and morning cutting forages on gas production parameters (P > 0.05). However,
Afternoon cut forages had higher gas production potential than morning cutting forages. Results showed that harvest
time had significant effect on DMD (66 vs 59) and OMD (64 vs 58.5) of barley forage. Although, time harvesting
had no effect on MCP, EMCP and PF (P>0.05), but Afternoon cut forages had higher MCP, EMCP and PF than
morning cutting forages.

Conclusion Generally, it was concluded that with considered all factors that affected quality and nutritive value
of forages, delaying forage harvest until late afternoon could result in improve nutritive value of forage.

Keywords: Alfalfa, Chemical composition, Clover, Barley, Harvest time, Nutritional value.
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1- Hydrolyzable Tannins (HT)
2- Condensed Tannins (CT)
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1- Least Significant Difference (LSD)
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Table 1- Determination of chemical composition of several tree species'

Y N -

Treatments o oSy
oy los Chemical compodition’

) DM OM Ash CP ADF NDF Hem TDN NEL NE,
30! 56.00° 99.07¢ 093° 17.002 28.60¢ 51.66° 23.06% 6547° 1.48° 0.89°
Siberian Elm
Lexandrian 38.30F 99422 0.584 11.10¢ 35.06° 49.66¢ 14.60°¢ 58374 1314 0.684
Laurel
el 45.80° 98.96° 1.04° 18.00? 20.40¢ 33.00¢ 12.65¢ 72.15% 1.64? 1.082
Linden
oh 52.104 99.24b 0.76¢ 17.162 45.06° 66.732 21.76% 52.85¢ 1.17¢ 0.52¢
Beech
Lel 44.60° 98.734 1272 14.50° 29.734 39.334 9.604 63.75¢ 1.44¢ 0.83¢
Maple Tree
Lot 61.602 99482 0.524 8.00¢ 3246° 50.06¢ 17.60° 59.264 1.334 0.714
Caucasian oak
e 54.00¢ 99.442 0.56¢ 7.00¢ 3193¢ 56.13% 24202 59314 1.334 0.714
Hornbean
SEM 0.577 0.038 0.038 0.503 0417 1.200 1.240 0435 0011 0012
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
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! Means within same column with different superscripts are differ (P<0.05).

2 DM: Dry matter; OM: Oeganic matter; CP: Crude protein; ADF: Acid detergent fiber; NDF: Nutral detergent fiber; Hem:
Hemycellolode; TDN: Total digestible nutrients; NEI: Net energy for laction; NEg: Net energy for growth.
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Table 2- Determination of Minerals and anti-nutrition Factors in Leaves of Several Tree Species (mg/kg DM)!

sludsas Jelse g (Sixe dlge

Treatments Minerals and anti-nutrition Factors

Lo Na K P Ca Tannin Phenol
2 eolly b edS o Js

B 339.46' 25000 3.69° 21.00° 0.044b 0.46°

Siberian Elm

ol 596.45b 25.84b 2.992 16.00% 0.042° 0.55°

Lexandrian Laurel

Jlos 515.65¢ 5.15¢ 0.68° 15.00° 0.044° 0.384

Linden

) 377.76° 11.054 3.502 14.00° 0.063?2 0.374

Beech

L 406411 2879 1.19b 15.000 0.028% 0.56)

Maple Tree

bsh 25171¢ 1191¢ 0.62¢ 16.00% 0018¢ 0772

Caucasian oak

e 842.48* 1745¢ 1.73b 18.33% 0.037% 0.742

Hornbean

SEM 0577 0.577 0317 1.720 0.004 0.021

P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

.(P<~/~A) A )b@m Ml b AJLL.A).._C gy L O s dmeiL.n !
! Means within same column with different superscripts are differ (P<0.05).
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Figure 1- In vitro gas production leaves of the studied trees without and with the addition of polyethylene glycol at different times of

incubation.

Treatments: T1: Siberian Elm, T2: Lexandrian Laurel, T3: Linden, T4: Beech, TS: Maple Tree, T6: Caucasian oak, T7: Hornbean
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Table 3- Gas Production Parameters of Leaves of Trees with and without Adding Polyethylene Glycol!

B My glaasewld
Gas Production Parameters

ME
Eriitmems (ml) (ml/h) (mmol/200 mg DM) f}b di)‘ O(I(\;H)) time
5 .l € los s - RT3
st W desly 5 Mg ¢y 2255 8655 0 (sl e ol p‘; s (h)
Y PRk sleSake Yo 3 e o) e - 2B s
. . " 2 Jo5 1K) (30) cely
(k) (el (s ’ (o)
(55ks
JsS sl g
B 142.55¢ 0.011¢ 0.11¢ 2.91¢ 19.60¢ 4,850
Siberian Elm
NES
Lexandrian 208.45° 0.039° 0350 438 29318 3.92
Laurel
)L?N‘ 162.50° 0.026° 031° 4.15° 27.84* 2.01¢
Linden
o 75.18¢ 0.020° 0.12¢ 2¢95 19.90°¢ 3.240
Beech
L3 93.844 0.023% 0.17° 3.29b 22.13b 3.53%
Maple Tree
bl d b be b b b
. 88.34° 0.025 0.15 3.15% 21.20°¢ 3.32
Caucasian oak
e 150.34° 0.025° 0.18° 3.38° 22.70° 1.79¢
Hornbean
SEM 3.42 0.0019 0016 0.104 0.687 0.340
P-value <0.001 <0.005 <0.001 <0.001 <0.001 <0.001
5SS A5l o3l b
B 161.1¢ 0.0231¢ 0300 409 27390 2.00°
Siberian Elm
NES
Lexandrian 210.90° 0.031° 046° 5.08% 3395 3.35
Laurel
s 177.95b 0.037* 046" 506° 33.84¢ 0.62¢
Linden
b 87.94¢ 0.027b 0.18° 3.34¢° 2244¢ 1.14b°
Beech
Lel 122.954 0.024° 0.24¢ 3.74¢ 25.13¢ 1.42b°
Maple Tree
bl d d d
. 110.65° 0.024¢ 021 3.56 2390 3.51°
Caucasian oak
e 101.75F 0.025¢ 0.177¢ 331¢ 2225¢ 3.02°
Hornbean
SEM 2.39 0.001 0.008 0.052 0.348 0.275
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.004

.(P<~/~A) VY )b@m M gl A:LL.A).._C gy L Oy dhwislya\
"Means within same column with different superscripts are differ (P<0.05).
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Figure 2- Comparison of the effect of polyethylene glycol on in vitro gas production leaves of different trees
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Introduction Lack of nutritional resources, especially in harsh conditions, is one of the major problems in the
livestock and poultry industry. North of Iran due to its rich natural resources of native tree species and shrubs (50
tree and 80 shrubs) and annually significant amount of afforestation in cities, public places and natural areas, if they
managed for animal feeding, can be an appropriate option for preparing a ration to feed the animals. Despite this
capability, there is little information on the nutritional value of many tree and shrub species in the northern of the
country. By targeting this approach in the researches, it is possible to manage natural resources and direct forestry to
specific species. In this case, an effective step will be taken to manage the country's multifunctional forestry and it is
also possible to diversify the countries livestock nutrition. The aim of this study was to determine the chemical
composition, gas production parameters and detestability characteristics of leaves from several tree species used in
livestock feeding in a Completely Randomized Design (7 treatments and 3 replicates).

Materials and Methods Samples of commonly available seven species of forest tree leaves (Siberian Elm,
Lexandrian Laurel, Linden, Beech, Maple Tree, Caucasian oak and Hornbean) were collected from different
locations of Shast-Klateh Forest of Golestan province, Gorgan. Gorgan is located in 36° 45" N, 54° 21" E. The mean
annual rainfall is 649 mm. Samples were taken and air dried at 60 °C for 48 h and milled to pass a 1 and 1.5 mm
screen. In this study, effects of adding polyethylene powder glycol (twice the weight of the sample, Merck, MW=-
6000) was evaluated. Their nutritional value was evaluated through determination of chemical compositions and in
vitro gas production techniques. Samples were tested in an in vitro gas production method (96 h incubation) and
batch rumen culture system (24 h incubation). Rumen fluid was collected before the morning feed from three
fistulated Dalagh male sheep (43 + 1.5 kg live weight fed on a forage diet at a concentration of 40:60). In vitro gas
production was measured in triplicate and for each replicate, a sample of 200 mg DM were used. The bottles were
then filled with 30 ml of incubation medium that consisted of 10 ml of rumen fluid plus 20 ml of buffer solution and
placed in a water bath at 39 °C. Gas production was recorded at 2, 4, 8, 16, 24, 48, 72 and 96 h. Total gas values
corrected for blank incubation and gas values expressed in ml g'! of DM. The asymptotic gas production system (A)
and rate of gas production (c), organic matter digestibility (OMD), metabolizable energy (ME) and short chain fatty
acids (SCFA). A medium similar to one developed for gas production was used for batch rumen culture system to
measure pH, and NH3-N and in vitro digestibility. The pH of the media was measured after 24 h incubation. After
24 h incubation, the contents of each glass bottle were empty, strained through four layers of cheesecloth and then
10 ml of strained rumen fluid was acidified by 10 ml of 0.2 N HCI for determination of NH3-N using the distillation
method. Finally, all contents remaining in the bottles were filtered through nylon bags, oven dried at 60 °C for 48 h
and analyzed for IVDMD and IVOMD.
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Results and Discussion The results showed that the chemical composition of leaves of trees varied significantly
among species. Maple tree had highest (1.27%) and Caucasian oak, Hornbean and Lexandrian Laurel had lowest
(0.52, 0.56 and 0.58 respectively) of crude Ash content. The crude protein content of the tree leaves ranged from 7
to 18%. The highest and lowest tannin content were related to Beach tree (0.063 g/kg DM) and Caucasian oak
(0.018 g/kg DM) respectively. There were significantly differences among several leaves of trees species on OMD,
ME and SCFA. Addition of Poly Ethylene Glycol (PEG) increased potential gas production compared without PEG.
The highest gas production and rate of gas production was related to Lexandrian Laurel tree without PEG (214/9 ml
and 4.34 ml/h respectively). Portioning factor, Microbial crude protein and Gas yield decreased when used PEG.

Conclusion Generally, obtained results showed that some of the leaves of trees can be fed as supplements to low
protein forage, and can alleviate feed shortage for ruminants in dry season.

Keywords: Chemical composition, Disability, Gas production, Leaves of trees, Polyethylene Glycol (PEG).
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Table 1- Ingredient and chemical composition of basal diet (% dry matter) (NRC, 2007)
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"Each kilogram of vitamin and mineral supplement contains 99.2 mg manganese, 50 mg iron, 84.7 mg zinc, 10 mg copper, 0.2 mg
selenium, 900 TU of vitamin A, 2000 IU units of vitamin D and 18 IU of vitamin E
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Table 2- Concentration of different type of Aflatoxin in produced culture
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Table 3- Effect of egg shell powder as Aflatoxin (AF) binder on gas production (GP) and gas production rate (GPR), DMD and
OMD in vitro'
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without with SEM p-value
level 1 level 2 level 3
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(%)
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DM degradability
(%)
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(Shss 5o Vo 2 fm 035 dhogy 5 oo 10+ 450 536)
! Means within the same row with different superscripts differ (P< 0.05).
2 Treatments consist of, control with methanol, control without methanol, Aflatoxin (800 ng/mg of rumen fluid), egg
shell powder level 1 (Aflatoxint 7mg egg shell powder /200 mg of diet), egg shell level 2 (Aflatoxin +75mg egg shell
powder /200 mg of diet), egg shell level 3 (Aflatoxin + 150 mg egg shell powder /200 mg of diet).
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Figure 1- Gas production carves of diets contaminated with aflatoxin and contain of different levels of egg shell powder as toxin
bander during ancubation times. Treatments were control with methanol, control without methanol, Aflatoxin (800 ng/mg of rumen

fluid without aflatoxin binder), contaminated treatments with Aflatoxin and consist of 7.5, 75 and 150 mg aflatoxin binder as level 1,
level 2 and level 3, respectively.
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Table 4- Effect of egg shell powder as Aflatoxin binder on fermentation parameters of diets contaminated with aflatoxin B in vitro'

T etalojl sl yloss
Experimental treatments?
Case Ciitrol ci’;trol y 9:3'1.5‘ & e & e & . Gobdgme
- . Aflatoxin Egg shell Egg shell Egg shell 3kl
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(10,3) M sle it ol 57.26° 59.65 50.62° 49.48" 56.01° 49.16" 2512 0.001
DOM (%)
255 b 0 sl
(Sazs o3lo p,37 Jgo o) 1.044° 1.09* 0.89° 0.88° 1.026? 0.83° 0.052 0.001
SCFA (mmol g!' of DM)
o 15 ) S 5
() 19.022 20.72° 23.57¢ 21.03° 20.312 20.53° 0.42 0.001

N-NH3 (mg/ di)
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! Means within the same row with different superscripts differ (P< 0.05).

2 Treatments consist of, control with methanol, control without methanol, Aflatoxin (800 ng/mg of rumen fluid), egg
shell powder level 1 (Aflatoxin+ 7mg egg shell powder /200 mg of diet), egg shell level 2 (Aflatoxin +75mg egg shell
powder /200 mg of diet), egg shell level 3 (Aflatoxin + 150 mg egg shell powder /200 mg of diet).
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Table 5- Effect of different levels of egg shell as toxin binder in the rations containing aflatoxin on partitioning factor
and microbial mass of ruminal microorganisms of sheep in vitro!

T salol (sl oy
Experimental treatments?
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without with level 1 level 2 level 3 SEM p-value
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AJLA C;}») &.._.<LT JAL&
G8 & e 55 JT 3.49%® 3.28% 2.35¢ 2.96° 3.622 3.12% 0.162 0.001
PF (mg of OM ml ™ of Gas)
SM5 2550 035
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Microbial mass (mg)
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! Means within the same row with different superscripts differ (P< 0.05).

2 Treatments consist of, control with methanol, control without methanol, Aflatoxin (800 ng/mg of rumen fluid), egg
shell powder level 1 (Aflatoxin+ 7mg egg shell powder /200 mg of diet), egg shell level 2 (Aflatoxin +75mg egg shell
powder /200 mg of diet), egg shell level 3 (Aflatoxin + 150 mg egg shell powder /200 mg of diet).
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Introduction Mycotoxins are secondary metabolites of fungi that are produced under stress condition. Aflatoxin
is one of several extremely toxic, mutagenic and carcinogenic compounds produced by Aspergillus Flavus and
Aspergillus Parasiticus. Numerous agricultural commodities such as Forages, cereal grains, oilseeds, and cotton
seeds are potential sources of aflatoxins in ruminant diets. Many studies indicate that ruminants, like other animals,
are affected by aflatoxins. Aflatoxin B reduces ruminal digestion, animal production, and in high doses causes liver
damage and death in ruminants. Several chemical, biological, and physical strategies developed in order to,
detoxification of aflatoxins or minimizing the production of aflatoxins and inhibiting the absorption of them in the
gastrointestinal tract. Recently, many researchers are focused on aflatoxin adsorbents to reduce the bioavailability of
aflatoxins in the diet. Eggshell has a porous structure and on the other hand has significant amounts of pure calcium
carbonate, which has the ability to absorb toxins. Due to limit information on the ability of egg shell powder to
absorb aflatoxin, the present study was designed to investigate the effect of adding egg shell powder as toxin binder
in diets containing aflatoxin B on fermentation parameters and ruminal digestibility and gas production in vitro.

Materials and Methods To produce the aflatoxin required for the experiment, a standard strain of Aspergillus
Parasiticus NRLL 2999 used and cultured on potato dextrose agar. In other to obtain proper amount of Aflatoxin, 2
ml of spore suspension with a concentration of 6.5x 10° grown fungi was prepared and added to a flask containing
sterile culture medium. After 5 days, the culture medium was dried in an oven. Culture medium contained of 250.9
mg/kg aflatoxin Bi. This experiment was performed in a completely randomized design with 5 treatments and 4
replications in each treatment. Experimental treatments consist of , control with methanol, control without methanol,
Aflatoxin (800 ng/mg of rumen fluid), Aflatoxin+ level 1 egg shell powder (7 mg per 200 mg of diet), Aflatoxin
+level 2 egg shell powder(75 mg per 200 mg of diet), Aflatoxin +level 3 egg shell powder(150 mg per 200 mg of
diet). Rumen fluid was collected before the morning feed from three fistulated Moghani male sheep with 46 + 3 kg
live weight. Sheep fed with basal diet used in this experiment at a concentration of 50:50 forage to concentrate for
15 days before rumen fluid collection. In vitro gas production was measured in 4 replicates with 200 mg DM for
each. The bottles were filled with 30 ml of incubation medium that consisted of 10 ml of rumen fluid plus 20 ml of
buffer solution and placed in a water bath at 39 °C. Gas production was recorded at 2, 4, 8, 16, 24, 48, 72 and 96 h.
Gas values corrected for blank incubation. The gas production and rate of gas production measured through 96 h
incubation. A procedure similar to gas production with 4 replicates for each treatment was used for rumen batch
culture system to measure NH3-N and in vitro digestibility after 24 h incubation. Contents of each glass bottle were
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filtered through three layers of cheesecloth and rumen fluid used to determination of NH3-N using the distillation
method. Finally, all remaining contents oven dried at 60 °C for 48 h and analyzed for IVDMD and IVOMD.
Metabolizable energy (ME), net energy for lactation (NEr), short chain fatty acids (SCFA), partitioning factor (PF),
Microbial mass and Efficiency of microbial synthesis calculate throughout 24h incubation.

Results and Discussion Results indicate a significant decrease in GP in aflatoxin treatment compared to
treatments without aflatoxin, so that the amount of gas production decreased from 295.05 and 294.38 in control with
methanol and control without methanol to 228.48 ml/g of DM. This change in GP was associated with significant
reduction in IVDMD and IVOMD, ME, NE., SCFA, PF, microbial mass and Efficiency of microbial synthesis.
Addition of different levels of egg shell powder as aflatoxin binder improved fermentation conditions which was
significant in level 2 treatment compare to aflatoxin treatment. There was no significant difference in GP, IVDMD
and IVOMD, ME, NE;, SCFA, PF, microbial mass and efficiency of microbial synthesis between control treatments
and level 2 egg shell powder as toxin binder.

Conclusion Considering all the results of experiment, egg shell could be considered as an adsorbent of aflatoxin
in ruminal conditions. Egg shell powder suggested as toxin binder to reduce the negative effects of aflatoxin B1 on

microbial activity and degradability in ruminal conditions.

Keywords: Aflatoxin, Digestibility, Egg Shell, Gas production, Partitioning Factor.
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Table 1- Ingredients and chemical composition of grower diets (15-28 d)

. o &by (Shigw 4 Lgus LS Cond
(2253) Sh g
Soybean meal : Roasted Soy

Ingredients (%)

100:0 75:25 50:50 25:75
i 51.75 53.92 56.05 54.24
Corn
[P ol cpig ) bgw alous’
A 38.26 28.69 19.13 9.56
Soybean meal (CP, 44%)
\ A e n
o by g 0.00 9.57 19.13 28.7
Roasted soy'
b, Kolb] e
PN o) 5.18 3.32 1.72 1.76
Sunflower oil
i el 53 1.74 1.75 1.77 1.81
Di calcium phosphate
Sal Kiw
) 1.07 1.07 1.07 1.07
Limestone
b S
b Ko 0.32 0.33 0.30 0.40
Salt
Y o. e e
e dge g panliny JoSo 0.50 0.50 0.50 0.50
Vitamin and mineral premixes’
At — ]
e 0.29 0.26 0.24 0.28
DL-methionine
S an x5 = 0.07 0.09 0.09 0.09
L-lysine HCI
awlo
0.82 0.50 0.00 1.59
sand
o0l duuwloee (gixe dlgo
Calculated composition (%)
keal/kg) jlog g o6 (s3]
(keal/kg) slug g LB 555 3150 3150 3150 3150
Metabolizable energy (kcal/kg)
15 -85,
Fosn 21.50 21.40 21.00 20.80
Crude protein
P 3.40 3.68 3.50 3.29
Crude fiber
e 0.90 0.90 0.90 0.90
Calcium
o> S it 0.45 0.45 0.45 0.45
Available phosphorus
Syl sl
e 3.20 3.22 3.50 3.98
Acid linoleic
“”J 1.20 1.17 1.18 1.19
Lysine
Odge 0.60 0.60 0.60 0.60
Methionine
O ¥ Ol 0.95 0.95 0.95 0.95

Methionine + Cystine

D92 wedglio LB (6550 p)SohS (6 JEGLS Y-+ g S VE/D (g 5l oylas ZNOIY ol gy Z¥A chb s lga ol 4ty (slgw 4’
opaling ¢ el IV (B ol ¢ Mol g aolg¥B -+ ¢ JgpinnlS dlgS g Mol dly AMe e A pualing )5 o poli oy 1 p)SokS a3 1) 5 dlge (Sina dlge g diselig JuSa
VIO S 939y 255 o 1V (s )5 oo 110 «Sdgd dwsl )5 Lluo YO (ol $p)5 oo ¥ (opgMgn ) )5 eo VO (el (2,5 o +/0N B2 poliyg 40,5 LeV/Y K3
VO (ol p 5 oo £ guo 105 oo/ ey 195 oo Y pgiibis 2.5 oo VO (iS00 2.5 o SO (59 12,5 o\ A el 5 o B0 IS 58 5 (o A S5y dplip S e

25 ke
'As fed roasted soy contained: CP, 39%; Ether extract, 15.3%; Ash, 4.5% and ME, 3900 Kca/kg.
2 Supplied per kg of diet: vitamin A as acetate, 8800 IU; Cholecalciferol, 2500 IU; vitamin E (as dl-a tocopherol) 11 TU, vitaminK3, 2.2 mg; Vitamin

B12, 0.01 mg, thiamine, 1.5 mg; Riboflavin, 4 mg; Niacin 35mg, folic acid 0.5 mg; Biotin, 0.15 mg; pyridoxine 2.5 mg; pantothenate, 8mg; choline
chloride, 50 mg; Betaine 190 mg; Zinc, 65 mg; Magnesium, 75 mg; selenium, 0.2 mg; iodide, 0.9 mg; Copper, 6 mg; Iron, 75 mg.
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Table 2- Ingredients and chemical composition of finisher diets (29-42 d)

. x4y g & b oS o
(2253) Sh g g .
Soybean meal : Roasted Soy ratio

M 0,
Ingredients (%) 100:0 75:25 50:50 25175
= 60.53 65.67 65.67 65.69
Corn
LFE ol cpig ) bgw alous’
(2 ¥Y s o5iy) by oo 30.75 23.06 1537 7.70
Soybean meal (CP, 44%)
\ A e n L'
oM 2w 0.00 7.70 15.37 23.06
Roasted soy'
PSET oky) 2.88 0.03 0.00 0.00
Sunflower oil
Olawd S
e s 82 1.20 118 1.22 1.23
Di calcium phosphate
‘5,‘"" S 1.23 1.20 1.21 1.20
Limestone
b S
Pl Ko 0.30 0.30 0.30 0.30
Salt
¥ e Slge g Liweling JoSe
e S g ety 0.50 0.50 0.50 0.50
Vitamin and mineral premixes’
cSeie — |
oy —J 0.28 0.24 0.23 02
DL-methionine
wid =
Aa)lfs{» o= 0.10 0.12 0.13 0.12
L-lysine HC1
ke 2.23 0.00 0.00 0.00
sand
ol duuwloee (gixe dlgo
Calculated composition (%)
(keal/kg) jlo g cége 15 5, 3050 3050 3070 3100
Metabolizable energy (kcal/kg)
15 -85,
o 19.00 19.00 1875 18.60
Crude protein
P 3.50 3.70 3.60 3.70
Crude fiber
. 0.81 0.80 0.80 0.80
Calcium
T
o JB it 0.40 0.40 0.40 0.40
Available phosphorus
Slgd sl
3.50 3.60 3.70 3.70
Acid linoleic
”’J 1.02 1.02 1.02 1.02
Lysine
ode 0.40 0.40 0.40 0.40
Methionine
O TOwigete 0.82 0.82 0.82 0.82

Methionine + Cystine

39 pmdgrlio BB (g5l p)TolS p (LS YR e 5 2S5 LD (gl o lac TNO/Y (b (g p AYR (gl St Ign olol py iy (gl guo &l
opeling S llallgo 1510 Y B peoling ¢ el anl5Y0« (g yinnlS algS ¢ el dnly Mo A fpualing 23,5 o ol 0 51 kS 2 13 1y 15 dlge (Sdae dlge g ataliy JoSo”
VIO S 939y 255 o 1N (s )5 oo 110 «Sdgd dwsl )5 Lluo YO (il $p)5 oo ¥ (opgMgn ) )5 oo VO (el (2,5 o +/0) B2 poliyg 42,5 LeV/Y K3
VO (ol p5 oo & guo 10,5 oo/ ety 105 oo Y pgiibis 2.5 oo VO (iS00 2.5 o SO (59 12,5 oA el 5 o B0 IS 58 5 (o A S5y dpwlip S e

S ke
'As fed roasted soy contained: CP, 39%; Ether extract, 15.3%; Ash, 4.5% and ME, 3900 Kca/kg.
2 Supplied per kg of diet: vitamin A as acetate, 8800 IU; Cholecalciferol, 2500 IU; vitamin E (as dl-a tocopherol) 11 IU, vitaminK3, 2.2 mg; Vitamin

B12, 0.01 mg, thiamine, 1.5 mg; Riboflavin, 4 mg; Niacin 35mg, folic acid 0.5 mg; Biotin, 0.15 mg; pyridoxine 2.5 mg; pantothenate, 8mg; choline
chloride, 50 mg; Betaine 190 mg; Zinc, 65 mg; Magnesium, 75 mg; selenium, 0.2 mg; iodide, 0.9 mg; Copper, 6 mg; Iron, 75 mg.
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Table 3- The effect of different levels (%) of roasted whole soybeans substitution for soybean meal in male broiler chicken diets on
growth performance!

045 aldy (Slgw 4 bgw AlbuS o

adlllae 3)90 Clao

Soybean meal : Roasted Soy ratio

Variables 100:0

(Control sals) 75:25

SEM? P-value
50:50 25:75

Whigy 0ig ORIl il
(r,51o52)
Weight gain (g/bird)

i 5;’8\3 YA 43.07° 40370

Ei ’i’;z—ﬂ 76.61° 73.01°

40.91* 33.57 1.22 0.01

71.40° 55.93° 2.49 0.01

(ps5T03 ) 0355 139
Body weight (g/bird)
390 YA

28 d

i Y

42d

887.52* 809.38:

1979.2* 18372

848.25%% 763.27° 20.14 0.015

1854.0% 1553.0° 53.85 0.02

(ps5T03 ) &ligy (Syae STy

Daily feed intake (g/bird)

g O -TA 83.93°
15-28 d
39 VATV
29-42 d

78.512®

149.10* 149.26

81.42° 70.59° 1.82 0.03

147.08* 119.16° 4.18 0.01

Shes Jas cupo
Feed conversion ratio

i ";’8\3 YA 1.95 1.96

Ei ’i’;z—ﬂ 1,920 2.13®

1.99 2.11 0.04 0.38

2.04% 2.19 0.04 0.03

(P<e/0) s ) ine M (glyls aisl o5 wlie By )b & iy pa sl Sibe

! Means within same row with different superscripts differ significantly (P<0.05).

2 Standard error of the means
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Table 4- The effect of different levels (%) of roasted whole soybeans replacement for soybean meal in male broiler chicken diets on
carcass parts (%of live body weight) at 42 d!

045 aldy (glgw 4 bgw AlbuS o

(055 (1jg 20> o ) aY (sli]

Soybean meal : Roasted Soy ratio

c s (Y%of live bod (o 100:0 SEM? P-value
arcass parts (%of live body weight) O 7525 50:50 2575
(Control tals)
Yasy D.))'L.
63.44 62.67 6173.0 61.50 0.64 0.68

Carcass®
e . 22.83 23.66 22.31 22.13 0.58 0.78
Breast yield
Lm‘.)," 20.27 19.43 19.30 19.20 0.33 0.64
Thighs
A b b b a

;i 2.35 2.38 2.32 2.85 0.06 0.01
Liver
o °’j>, w2 1.38° 1.48:® 1.57%® 1.69? 0.4 0.04
Abdominal fat pad
bk 0.22 0.22 0.20 0.20 0.007 0.53
Pancreas

(P<e/0) st ) ine M (glyls aisl o5 wlie By )b & iy pa sl Sibe !

b dglire Cawgy 9k Wy g disw ABY oy

! Means within same row with different superscripts differ significantly (P<0.05).

?Standard error of the means
*Carcass, breast and thighs percentages were calculated without skin.
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Table 5- The effect of different levels (%) of roasted whole soybeans replacement for soybean meal in male broiler chicken diets on
blood metabolites at 42 d!

005 aldy (glgu 4 bgw AlloxS Cons

T syl Soybean meal : Roasted Soy ratio
Blood metabolites? 100:0 . . .

(Control 1s13) 75:25 50:50 25:75 SEM?  P-Value
(ME/dl) 325l (55 12120 122.20 128.50 121.50 5.18 0.89
Triglyceride (mg/dl)
(mg/dl) Jy s 139.200 151.00° 154.50° 148.50° 1.34 0.01
Cholesterol (mg/dl)
(mg/dD Y JI5 b (sloes s 31.25 34.70° 36.00° 36.50° 0.37 0.01
HDL (mg/dl)
R 86.50 87.70 88.75 87.00 2.65 0.07
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(UIL) g 31,5 8299.80b 8406.70° 8481.10° 8594.80° 62.70 0.03
CPK (UL)
(UIL) G503 <bSY 42147 4259.0 4137.7 4275.5 31.83 0.47
LDH (U/L)
(IU/L) jll (ol izl (Y] 63.20 77.20 68.50 75.50 3.09 0.36
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(IU/L) o el (sl o] 265.20° 237.80% 254.00° 212.00° 6.41 0.05
AST (IU/L)

(P<e/0) s ) ine BT (glyls aisl o5 wlie By gl & iy pa sl Sike !
! Means within same row with different superscripts differ significantly (P<0.05).
’HDL, High density lipoproteins; LDL, Low density lipoproteins; CPK, Creatine phosphokinase; LDH, Lactate dehydrogenase; ALT, Alanine
transaminase; AST, aspartate transaminase.
*Standard error of the means
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Introduction Soybean meal (SBM) is the main source of protein in broiler diets. Interest has been increased in the
use of roasted full-fat soybean (RFFS) as a replacement of soybean meal and fat in broiler diets. The use of full-fat
soybean can eliminate the high cost of oil usage and allows the use of a protein supplement in the broiler diets. Full-
fat soybeans could provide both protein and energy in one feed ingredient. Use of raw soybeans in poultry diets is
not efficient due to presence of anti-nutrient factors like trypsin inhibitor factors. One method of raw soybeans heat
processing is roasting the beans by a rotating chamber in which they are directly exposed to a flame. It has been
reported similar weight gains by broiler chicks fed heat treated full-fat soybeans or SBM. Heat-treated full-fat
soybeans have been included in broiler diets at the level of 15% and reported that body weight at 6 weeks of age
were not significantly affected. In contrast, heat-treated full-fat soybeans in starter and finisher diets at the level of
30% reduced growth performance during the starter period. However, the adverse effects became less severe as bird
age increases. In some cases weight gain significantly decreased by full-fat soybeans compare to SBM containing
diets. When 100% of the soybean meal was replaced by roasted full-fat soybeans, body weight was significantly
decreased at 3weeks of age. The high energy of full-fat soybeans may change carcass composition. It has been
shown that carcass yield of broiler chickens improved 3% when soybeans were included 10% of the diet.
Information about full-fat soybeans for broilers is limited. Therefore, the aim of this experiment was to examine the
effects of substituting different levels of roasted full-fat soybean for soybean meal in diets of broiler chickens on
performance and blood metabolites.

Materials and Methods In order to evaluate the effects of roasted whole soybeans replacement for soybean
meal in male broiler chicken diets on growth performance, carcass characteristics and blood parameters, a
completely randomized design with four treatments and four replicates was carried out with 192 day-old Ross 308
male broiler chicks up 42 days. In this experiment, RFFS was roasted in 130 centigrade degrees for 30 minutes. All
groups were fed with a standard starter diet during 1-14 d. RFFS was substituted in 4 dietary levels of zero, 25, 50
and 75 percent for soybean meal during growing (15-28 d) and finisher (29-42 d) periods. Diets were formulated to
be isocaloric and isonitrogenous. Feed and water were provided ad libitum throughout the experiment. Body weight
gain, feed intake, and feed conversion ratio (FCR) were measured during grower and finisher periods. Birds were
reared on litter floor pens and a lighting program with 23:1 h light and darkness was used from 1-42 d. At day 42
after 3 h fasting, one bird from each replicate close to group mean weight was selected to determine carcass
characteristics and blood parameters. Blood samples were taken from the wing vein and serum was separated by
centrifugation at 3000xg for five min. The serum samples were kept in -20°C until analysis.

Results and Discussion Results showed that 75% level of RFFS replaced with SBM significantly decreased
weight gain, body weight at the end of each period and feed intake in grower period. In finisher period the
replacement of 75% of SBM with RFFS, resulted lower body weight, daily weight gain and feed consumption in
compare to other replacement levels (P<0.05). FCR in grower period was not significantly affected by treatments
but control group in finisher period had better feed conversion ratio compared to other treatments (P<0.05). Carcass
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parts including breast, thighs and pancreas were not significantly affected by the treatments. But, liver and
abdominal fat pad weights were increased when the FFSM level was increased to 75% substituting level (P<0.05).
RFFS had no significant effects on blood serum triglycerides, low density lipoproteins, lactate dehydrogenase and
alanine transaminase concentrations. But, blood serum cholesterol and high density lipoproteins (HDL)
concentrations in control group were significantly lower than other treatments. Serum aspartate transaminase
concentration in 75% replacement level of RFFS for SBM was significantly lower than other treatments (P<0.05).
Serum creatine phosphokinase concentration in control group was significantly (P<0.05) lower than other groups.

Conclusions Results of this experiment revealed that replacement of 50% of diet SBM with RFFS during 15-42
days of age has no adverse effect on broiler chickens growth performance and increases blood HDL.

Keywords: Blood Metabolites, Broiler Chickens, Carcass Components, Performance, Roasted Soybean.
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Table 1- Ingredients and nutrients composition of the experimental diet!

oy 13 2>
Diet ingredients Percentage
=2 63.00
Corn
(P& s 72 ¥¥) bges oS 5140
Soybean meal (44% crude protein) '
Sal Kiw
" 5.50
Limostone
[ECRW=) )3% 510
Opyster shell
uh'l; &9) ) 250
Vegetable oil
SOlind paadS” (00 1.50
Dicalcium Phosphate(DCP) ’
Seos
0.37
Salt
' Galisg JoSe 0.25
Vitamin Premix 1 '
A
e JoSe . 0.25
Mineral Premix2
oiste JI— 0.13
DL-Methionine
Chemical composition
(5555 32 GBS ) pdgalio LB (55 5841
Metabolizable energy (kcal/ kg)
(%) P& oo n
. 15.03
Crude protein (%)
(%) S
Calcium (%) 442
(7) o> 1B jaud 0.38
Available phosphorus (%) )
) e 0.17
Sodium (%)
) e 0.80
Lysine (%)
(%) oseie
Methionine (%) 0.37
() oo + (g 0.65

Methionine + Cysteine (%)

£S5 o VIFYY K el g p)S Lo Y/O E ool g (llodl g aslg) ) D3 oreling (Mol oy aslg YO - A owolig (I o dslg AD gl 0y p)S5lS 2 (gl 4-:-:-‘]5-13;}6-“

2B aling 2,5 o /0N B iy g oS s /NN B puating p)8 s VIEEF B sty o5 Lo Y50 B3 by p,5 Lo VIAF IB oty o5 e ¥ B uelisg

pob 25 oV oy )5 oAV (o p5 i 5 ocnl 2,5 ke VD (9 5 oo PVIOFY (iS5 (oo YEIT si59lo 0 p S 5S 5 (sl s (Samo JoSo™

! Vitamin premix provides per kg diet: vitamin A, 8500 IU; vitamin D3, 2500 IU; vitamin E, 111U; vitamin K3, 2.2 mg; vitamin B1, 1.477 mg;

vitamin B2, 4.0 mg; vitamin B3, 7.84 mg; vitamin B5, 34.65 mg; vitamin B6, 2.464 mg; vitamin B9, 0.11 mg; vitamin B12, 0.01pug.
> Mineral premix provides per kg diet: Mn, 74.4; Fe, 75.0; Zn, 67.564; Cu, 6.0 and Se, 2 mg.



Voo slog Y oylocs IY sl ol ol pole Glestimgls aspis  V¥o

72 e 19 Sluogiad (6 pSojlil g oy solate

O LIS g QL] Eye dalad Sy (Bolal Gy 4 1SS
Sl gl (e alas 5 oS 050 Slgizme g 03,5 b Iy Ay
OPesS ()9 9 ES gl gy MBS )3 oy 3)90 L J9SIs8
il hass sloJ5Ssh o sobile & 5 g (5550}l
Ol 4 g0 (s ad (55031 (el oS g 41 Lo J5SJgh JLad
g yie oo Vo 5l BYL p B clily a8 la JoSlgd I atws
355 JsSdsh gl (g9 & Wgdioe ool Si 3)5 slaJeSdgd
sl a8 b gSob 3l aws o] i (¢ pSojlul lngyl sliws 5 S5
5 o osal S8 5,5 Sla sl isg sioea 1+ U0 b
B s Liolaejl 5l Jools slamodly L(¥F) M dnwlxe byl sl
AUY Lislps SAS ()bl 53l gy 5l ealazul b dslas WlS g5l
sl 2z g0l b oSl dumlio g 118,85 3JUT 3,90 (YA)

b pdy g oy B (g Gxe pdaw pd (SO (]

€ 2 3oy il p (S lawmiul allas jlato 4
g 32 gt Bged 9 $ xS 2509 Il (oo B )i Pl
oy b 4RSS VO Gode g duy 0l (6,50l olKts ol
SSul a3 =Y+ (slad 3 g L (5] s 5 5oy 5l YO+ w1pM
Jornls 5915 ol S8 sloaminld o1 5l 5 5SS
bl g5 YUl ol&iws lawgs LDL g HDL o puudS g 5
A5 (S0l ygeil il S b gl jleolazul LAY

hl > (el s o Sfgd JoSe S gy sl
oS Ggmilomgwr il dee <10 (Gialojl wiin 5 wuid sladidn
4 (PBS) wlawsd ol ,8L 13 (SRBC) o ys Ve (gdiawsS o8
sladzin (Ll )5 9 ud 3,5 S 8 jl g0 S diws
Sodaiwl L g ael Jos ay (665595 Jlinyg o) Sl yo8'de
[P L;”T@.? Py (4885 VO do 4y VO++ X 8) Fauty il
Gl s (6)g S oS o a3 =Fe los 3 ilejl plol
S oslal Ly 0ah (55l een slap s SRBC & (ol gl geuly
(YY) 258,58 oy 2 3)90 (HA) (ygmliiglSlon (g,

(Szie VY=A-) Galojl 0,93 Jbo 5 saddgs 3,Skas 1 iS58 olige 03 ) Kb JoSo 51-F oo
Table 2—-Effect of dietary phytogenic feed additive on productive performance of laying hens during the
experiment (73-80 weeks)'

Sjgid JoSo s (323) Erop53 M55 (p55) EronS i

(PSS 1 p5ke) Egg production (%) Egg weight (g)

Phytogenic additive : W75- W77-  W79- W73-  W75-  W77- W79-

level (me ke) W73-74 76 78 30 Total 74 76 78 30 Total
0 83.92 83.03 83.62  82.14  83.70° 51.56  53.61 54.12 51.74 52.76°
50 85.41 84.82 85.41 84.22 84",45 55.59 5494 5522 5391 54.912
100 88.99 90.48 90.18  86.31  88.98 57.54  59.21 57.78  55.54 57.522
150 83.03 83.33 85.41 81.24  83.26" 51.65 57.89 5513 5347 54,532
200 82.73 84.52 8244 7559  81.32% 54.05 54.21 5292  50.05 52.81°
SEM 2.55 3.07 2.94 4.03 2.83 2.57 2.44 1.79 2.10 1.94
P-value 0.347 0.053 0.239  0.110  0.046 0.069 0.062 0.460 0.248 0.048
Linear 0.526 0.791 0.756  0.077  0.258 0.834 0382 0.674 0.490 0.937
Quadratic 0.152 0.049 0.048 0.039 0.019 0.076  0.011  0.105 0.034 0.005

(P < f00) sbe (s 3 gine OS] gyl o)lel blod &) alio i Cgys L gt ya slaySila
"Means within column with different superscripts differ significantly (P<0.05).
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Table 3- Effect of dietary phytogenic feed additive on feed intake and feed conversion ratio of laying hens during the experiment
(73-80 weeks)

St JoSo o (39sl 035l p 5) (B ye Shys> LR
(pS5LS ) o5 dus) Feed intake (g /hen/d) Feed conversion ratio
Phytogenic
id()i]itti\%e level (mg W73-74  W75-76  W77-78  W79-80 Total W7743_ W7765_ “;787_ “2709_ Total
g
0 117.74 112.33 109.91 110.26 112.56 2.73 2.52 2.44 2.61 2.58
50 115.36 115.38 114.49 116.13 115.34 2.43 2.49 2.44 2.56 2.49
100 114.12 117.04 110.98 113.89 114.01 2.23 2.18 2.14 2.39 2.23
150 115.62 115.06 121.71 116.89 117.32 2.70 2.39 2.60 2.70 2.60
500 114.13 109.43 107.08 105.72 109.09 2.62 2.39 2.49 2.83 2.58
SEM 1.98 3.51 3.55 2.75 2.36 0.210  0.139  0.172  0.160 0.152
P-value 0.699 0.590 0.086 0.064 0.197 0.163 0473  0.423  0.386 0.223
Linear 0.286 0.590 0.891 0.355 0.516 0.927 0.405 0.633  0.251 0.746
Quad 0.554 0.132 0.089 0.013 0.068 0.068 0315 0412 0.169 0.107
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Table 4-Effects of dietary phytogenic feed additive on the egg quality traits of laying hens the experiment (73—-80 weeks)

(-5 58 12 5 i) K555 Joio o

o aian . .. . Quadra
Phytogenic additive level (mg/ k; SEM  P-Value Linear .
Traits Weeks yios (mg/ke) tic
0 50 100 150 200
73 and 75 79.87 81.12 85.86  86.32 82.01 2.50 0.300 0.249 0.120
77 and 79 83.97 85.83 89.39  84.19 88.88 1.80 0.146 0.172 0.654
ol sl 0y95 IS 81.92 83.47 87.62  85.25 85.44 1.77 0.258 0.136 0.184
Haugh unit Whole period
73 and 75 7.68 7.62 7.81 7.75 7.62 0.149 0.875 1.00 0.513
05 53, 77 and 79 7.56 7.68 7.81 7.68 7.56 0.143 0.714 1.00 0.182
Yolk color 0y95 IS 7.62 7.66 7.81 7.42 7.59 0.110 0.660 0.988 0.193
Whole period
gy Caaglio 73 and 75 1.81 1.87 2.01 1.99 1.92 0.080 0.870 0.490 0.454
o e S 77 and 79 1.84 2.00 2.14 2.05 2.02 0.110 0.862 0.522 0.408
sia sl p 5 kS )
( 0y95 IS 1.82 1.93 2.07 2.01 1.97 0.093 0.635 0.329 0.255
&
Eggshell
strength Whole period
(kg/em?)
gy Caalses 73 and 75 32.81 33.25 3512 34.18 32.17 0.011 0.720 0.862 0.002
(sincles) 77 and 79 30.50° 3249  36.12¢  35.65*  34.68"%  0.005 0.023 0.0001 0.003
- c be a a b
Eggshell 0y95 IS 31.65 32.87 35.62*  34.92 33.44 0.002 0.015 0.001 0.000
thickness (mm) .
Whole period
73 and 75 10.83 10.69 1129  10.88 11.27 0.237 0.305 0.172 0.951
EyopSS diwgs (39 77 and 79 10.95 11.17 11.14  11.12 11.58 0.200 0.302 0.079 0.530
) 0y95 IS 10.89 10.93 11.22  11.00 11.42 0.162 0.157 0.041 0.672
Weight of
eggshell (%) Whole period
73 and 75 29.07 28.16 28.78  29.13 28.25 0.485 0.503 0.670 0.906
Exon3S 03, ()9 77 and 79 29.38 29.24 28.87  29.66 28.86 0.468 0.711 0.681 0.928
VA 0y95 IS 29.22 28.70 28.83  29.39 28.55 0.390 0.524 0.610 0.899
)
Weight of
eggyolk (%) Whole period

(P <+/+0) b (s gime MBI gy ()bl blod 4y ailita pue Bygyn b i)y b (sl Sl ™ ©
*¢ Means within same row with different superscripts differ significantly (P<0.05).
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Table S- Effect of dietary phytogenic feed additive on microbial population of laying hens at the end of the experiment (log

CFU/g)

(oS 5 5 ) S oo o oy 55l ook
Phytogenic additive level (mg/ kg) Coliform Escherichia coli Lactobacilli
0 7.22 7.34 8.330
50 7.13 7.27 8.97°
100 7.09 7.24 9.18°
150 6.83 7.07 9.18
200 6.57 6.74 9.242
SEM 0.938 0.885 0.148
P-value 0.243 0.887 0.036
Linear 0.033 0.321 0.010
Quad 0.472 0.681 0.089

P < 140) asbie (sl ine SHSI shls (sylel Blod & e & By b g 2 (slapSile |
! Means within column with different superscripts differ significantly (P<0.05).
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Table 6- Effect of dietary phytogenic feed additive on serum metabolites of laying hens at the end of the experiment (mg/ dl)

(S5 9 15 o) S Joo o o5 il SpelS s HDL DL
Phytogenic additive level (mg/ kg) Glucose Cholesterol Triglyceride

0 241.25 185.25 2291.75 34.45 48.50
50 232.00 183.25 2249.50 34.37 47.00
100 212.50 169.25 2257.57 35.87 45.50
150 237.25 152.00 2284.25 39.25 45.00
200 230.50 147.50 2277.75 40.95 43.25
SEM 3.61 18.30 42.52 6.49 5.63
P-value 0.648 0.419 0.946 0.929 0.971
Linear 0.716 0.092 0.960 0.398 0.494
Quad 0.358 0.908 0.581 0.826 0.981

(Log2) )iSess (fépo 5 (ssidunsS 3053 Jgls asle oo (8 125 2 oy 1o S5t JoSo 51 =V gu>
Table 7- Effect of dietary phytogenic feed additive on antibody titre against sheep red blood cell in laying hens (Log2)

(PSS 53 2.5 ) S35 Joo gl RIS TIPS
Phytogenic additive level (mg/ kg) Primary antibody response Secondary antibody response
0 4.75 5.50

50 5.50 6.75

100 4.50 6.50

150 5.25 7.00

200 5.00 6.00
SEM 0.289 0.423
P-value 0.201 0.142
Linear 0.797 0.365
Quad 0.828 0.031

Olaleil 0393 (bl )3 iS58 Gl pe lioag sladorinld o > Sjed JoSo S1-A Jgoa
Table 8- Effect of dietary phytogenic feed additive on reproductive parameters of laying hens at the end of experiment

. . (PSS 3 p 5 o) Sijgd JoSo e

oy (sladseid ,
el laelol Phytogenic additive level (mg/ kg) SEM P-value Linear  Quad
Reproductive parameters 0 50 100 150 200
() e 035 5250 4695 5027 4415 4766 381  0.600 0317 0551
Ovarian weight (g)
(F;) <l ‘.I)}j 57.99 63.64 65.45 69.95 60.30 2.81 0.698 0.237 0.018
Oviduct weight (g)
S5 25 JoSelg dlas 475 475 450 475 425 0364  0.822 0400 0719
Large yellow follicle numbers
(p5) I3 25502 039 1557 1524 1443 1460 1538 0359 0892 0744 0387
Weight of largest follicle (g)
S8 22) ladysp 975 800 750 975 850 103 059  0.82 0571

Small yellow follicles numbers
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Introduction New alternatives for feed supplementation in poultry production are considered to improve animal
health and quantitative and qualitative productivity by the phytogenic feed additives. Essential oils are a mixture of
several compounds of herbal origin that can be used for animal feeding to improve its performance and health.
Essential oils can act as stimulant agents of the immune system during acute or chronic inflammatory processes that
can be characterized by an increase on the levels of serum globulins, which can express the metabolic and
nutritional status of the animal. Moreover, essential oils may improve nutrient digestion and absorption by
enzymatic stimulation and they also may exert positive effects when used in laying hens. The use of natural
capsaicin extracted from red pepper has preventive effects on salmonella infection in laying hens. Cinnamaldehyde
and carvacrol have also been shown to stimulate mucin secretion, thereby preventing the establishment of
pathogens. These compounds in marjoram, pepper, thyme are antimicrobial agent against Clostridium spores. The
purpose of this study was to evaluate the combination of essential oils of carvacrol, cinnamaldehyde, capsaicin on
performance, egg quality, microbial population, blood parameters, immunity and reproductive parameters of laying
hens.

Materials and Methods This experiment was done with 120 laying hens (Hy-line W-36) at 70 weeks of age for
10 weeks including 2 weeks of habituation and 8 weeks of sampling in a completely randomized design with 5
treatments, 4 replicates and 6 birds per replicate. Experimental treatments included control diet without additives
and diets containing 50, 100, 150 and 200 mg/kg phytogenic supplement containing carvacrol 5%, capsaicin 2% and
cinemaldehyde 3% (made by Pancosma, France). Egg weight (gr), egg production (%) and egg mass (gr/hen/day)
were recorded daily. Feed consumption was measured weekly and feed conversion ratio (FCR) was calculated
weekly too. At the end of weeks 2, 4, 6, and 8 of the experiment, two eggs from each replicate were randomly
selected for measurement the egg qualitative traits. To investigate the effect of phytogenic supplementation on the
immune system, at the beginning of 6 and 8 weeks of the experiment, 0.5 ml of 20% sheep red blood cell suspension
(SRBC) in saline phosphate buffer (PBS) was injected into the breast muscle of one bird from each replicate. After 7
days of injection, blood samples was analyzed for SRBC titer. At the end of the study, one birds per replicate were
killed by cervical dislocation and blood was drawn from the jugular vein. Serum was separated after centrifugation
at 4500 g and 4°C for 10 min, and frozen at —20°C until further analysis was conducted for blood biochemical
parameters. Serum samples were analyzed for concentrations of low-density lipoprotein (LDL) and high-density
lipoprotein (HDL), cholesterol, glucose and triglycerides using standard kits (Zist Shimi, Tehran, Iran) with an
autoanalyser (Autolab PM 4000; Medical System, Rome, Italy). Then, caecal digesta (1 g) from each bird were
aseptically transferred into 9 ml of sterile saline solution and serially diluted. Lactobacilli, Coliforms, and E.Coli
were grown on Rogosa—Sharpe agar, MacConkey Agar, and Eosin Methylene Blue Agar, respectively. Plates for
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Lactobacillus were incubated anaerobically for 48 h at 37 °C. Microbial populations for E. coli and Coliforms were
counted after aerobic incubation at 37°C for 24 hours. All samples were plated in duplicate.

Results and Discussion The results of these experiments showed Feed intake and feed conversion ratio of the
laying hens were not affected by dietary inclusion of different levels of phytogenic supplement. During the whole
period of experiment, 100 mg/kg phytogenic supplement significantly increased egg weight and egg production.
Egg quality traits including egg unit, yolk color, shell strength, shell weight, yolk weight, were not affected by
phytogenic supplement but eggshell thickness of birds fed on 100 mg/kg of phytogenic feed additive increased
significantly (P < 0.05). Cecal population of Lactobacillus was increased (P < 0.05) in birds fed various levels of
phytogenic feed additive compared to control (P < 0.05). Blood parameters of glucose, cholesterol, triglycerides,
HDL and LDL were not affected by the treatments. Different levels of phytogenic supplementation did not show
significant effect on primary and secondary antibody response and reproductive parameters of laying hens. The
results showed that not only the addition of 100 ppm of phytogenic additive to the diet of laying hens improves egg
production percentage, egg weight and egg shell thickness, but also, increased cecal population of Lactobacillus.

Keywords: Egg quality traits, Laying hens, Performance, Phytogenic supplement.
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Table 1- Summary of the Iranian Bactrian camels’ genome assembly
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Table 2- Results of the identification of SSRs in Iranian Bactrian camels and seven other mammal species
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Figure 1-Quality of reads related to one of the Iranian Bactrian camels before (A) and after (B) of quality trimming
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Figure 2- Distribution of different SSR motifs in Iranian Bactrian camel’s genome
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Table 3-Ten microsatellites with most frequency in Iranian Bactrian camel and other seven mammalian genome
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Table 3- Distribution pattern of microsatellites in Iranian Bactrian camel and other seven mammalian genome
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Introduction Bactrian camels are known as one of the resistant species to harsh environmental conditions. The
camel’s body temperature may vary from 34 to 41 °C throughout the day. They can survive if they lose body water
greater than 25% of total body weight, while, in non-desert mammals, losses of greater than 15% are deadly. Since,
Iran is located in one of the most arid regions of the world and water resources shortage, also special capabilities of
camels, this species can be a valuable source of protein in the country. The study of genetic diversity is one of the
most widely studies in domestic animals and microsatellites are widely used in this field. Microsatellite sequences
contain useful information and are widely used to assess genetic diversity within and between populations, as well
as to investigate the evolution process between species. The main aim of the present study was to identify the total
microsatellites in the genome of Iranian Bactrian camels using whole genome sequencing data and compare them
with other mammalians.

Materials and Methods This study was carried out to identify genome wide microsatellites on six Bactrian
camels from Ardabil province. Blood samples were collected from the jugular vein using 4 ml vacutainer tubes and
stored at -20C° until use. [llumina HiSeq 2000 technology (Illumina, USA) was used for whole genome sequencing
of samples. Sequencing was performed using the paired-end method with 100 bp at both ends of the reads. The
quality control of raw sequence reads was performed using FastQC software. The SLIDINGWINDOW (4:20)
algorithm of Trimmomatic v0.36 program was used to quality filter of raw reads. After filtration of reads with low
quality, reads shorter than 40 bp were discarded. The de novo assembly of trimmed reads from Bactrian camels was
done using CLC Genomics Workbench 11 software (CLC Bio, Aarhus, Denmark). The parameters used in this
study for de novo assembly of trimmed reads were: 3 for mismatch cost, 3 for deletion and insertion cost, 0.5 for
length fraction, and 0.8 for similarity fraction. Assembled genomes were searched for identifying the microsatellites
using MISA with motif size ranging from mono-nucleotide to octo-nucleotide. The minimum repeat numbers were
defined as 12 for mono-, 6 for di-, 5 for tri- and tetra, 4 for penta- and hexa-, and 3 for hepta- and octo-nucleotide
repeat SSRs. Microsatellite motifs that interrupted by 100 nucleotides were considered as compound microsatellites.
Also, several mammalians assembled genomes were downloaded and searched for microsatellite loci, including
Arabian dromedary camel, Bactrian camel, alpaca, horse, cattle, sheep, and human.

Results and Discussion The assembled genome size for the Bactrian camels were ranged from 1.90 for sample
one to 1.97 for sample three. Also, the N50 length for the assembled contigs of Iranian Bactrian camels were ranged
from 19.1 kb for sample one to 51.5 kb for sample five. The contig N50 length is one of the qualitative measurement
parameters of genome assembly and a larger size means better assembly. The total microsatellites loci identified for
Iranian Bactrian camels ranged from 136028 for sample two to 539555 for sample three. The results show that the
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genome of samples one, two, three, four, five and six contained 3.13 Mb, 2.35 Mb, 9.26 Mb, 7.1 Mb, 8.99 Mb and
8.86 Mb microsatellites, respectively. It should be noted that the difference in the microsatellites of SSRs in the
Iranian Bactrian camel genomes is due to their different qualities in assembly. In mammals examined in this study,
humans with 25.7 Mb and horses with 7.81 Mb had the highest and lowest total size of microsatellites, respectively.
The results revealed that the number of microsatellites decreases with increasing in them, repeats, so that, one and
two repeats sequences are the most frequent motifs. More than 74% of the identified microsatellites belong to the
ten microsatellites with the highest number in all seven species. The motif T is the most frequent motif in the
samples one and six Iranian Bactrian camels, Iranian dromedary camels, Bactrian camel, cattle, sheep, horses and
humans. In samples two, three, four, five, the non-Iranian dromedary camel and alpaca motif A is the most abundant
motif. The finding of this study will be applied as a valuable resource for further studies on camel breeding,
especially on Iranian Bactrian camels. A large number of camel’s SSR markers developed in this study established a
valuable resource for the investigation of genetic diversity and may improve the development of breeding programs
in Iranian Bactrian camels in the future.
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