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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 the initial diet
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Components Initial diet Amount (percent)
s e 19.47
Alfalfa hay
22 3 18.83
Corn silage
o 12.82
Barley straw
g 13.35
Barley grain
<y &l . 535
Corn grain
L .
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Soybean meal
o 3 s 6.61
Cotton seed meal
8 ity 6.81
Beet pulp
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Wheat bran
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Calcium carbonate
R 1.62
Fat powder
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Wheat bran
S50 dlge oS
Chemical Composition
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CP (%)
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NDF (%) ’
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ME (Mcal kg-1) ’
NFC (%)
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Ca (%)
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P (%)
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CF (%)
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Table 2- Effect of experimental diets on average feed intake and productivity Baluchi sheep.
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Experimental rations !
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) Control Probiotic Preibiotic Synbiotic P-Value
Parameter

group group group group

("{5,’1*'5) 0 30.50 3115 31.25 31.66
Initial weight
(S9k) lig) Syg Bpae 1.34 135 1.34 135 0313 0.1701
Daily feed intake (kg)
(p55k) 29 5 Bpan Sl 120.6 119.5 120.6 121.5 3.514 0.1822
Total feed intake (kg)
(5k5) @ 0l 50.80 52.85 50.71 50.94 2.321 0.8600
final weight
(pSk5) @l o ol 20.30 21.70 19.46 19.28 1.381 0.1901
final weight gain(kg)
(%) #l39) i el bawgie
Avrage Daily weight gain 231.15 24152 21625 21421 15.012 0.1982
(2)
Erae Shed b coys
(p55kS | pS5ks) 5.91 5.59 6.19 6.30 0.852 0.1709
Feed conversion ratio (kg /
kg)
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tExperimental diets including: 1- control group (initial diet) 2- probiotic group (initial diet + 0.5 gr probiotic) 3- preibiotic
group (initial diet + 2 gr peribiotic) 4- synbiotic group (initial diet + 0.5 gr Probiotic and 2 gr of peribiotic).
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Table 3 - Effect of experimental diets on plasma metabolites of Baluchi sheep.
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Experimental rations !

Lo doxil wliogS  Sdsmanog)S S spesS  Sism o 09 SEM

X Control Probiotic Preibiotic Synbiotic P-Value
Parameter

group group group group

(3 (2 2 5 ) JostelS 45 1g00 37,1300 37.950" 36.725 1.690 0.0001
Cholestrol (mg dl-1)
3205 ) S yelS 55
(5 21.182 15.130° 15.450° 14.225b 1.023 0.0001
Triglyceride (mg dl-1)
(5 o 2 5 oo ) S5 64.68 b¢ 68.12° 62.45¢ 67.25° 1.120 0.0001
Glucose (mg dl-1)
@ 2 p5) bwdly S50 IS
(5 7.435 7.110 7.575 7.582 0.096 0.1091
Total plasma protein (g dl-1)
() o 2 £.5) 0onge) 3.647 3.355 3.462 3.442 0.137 0.8960
Albumin (g dl-1)

09,5 —F (Ssmen £V + b o) Sise s 095 ¥ (Sisman p)5 /0 + b o) Sismgn 0955 =V (ah o) aald 095 =) 1ol (cilol (slaoy
(S p S Y+ Sigmgn p)5 0+ ko) Ko (e
(P</-0)5)5 )l xo coglis o b Cindy y )3 glite gy b dlael”
! Experimental diets including: 1- control group (initial diet) 2- probiotic group (initial diet + 0.5 gr probiotic) 3- preibiotic group
(initial diet + 2 gr peribiotic) 4- synbiotic group (initial diet + 0.5 gr Probiotic and 2 gr of peribiotic).
2Means within same row with different superscripts differ significantly (P<0.05).
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Table 4- Effect of experimental diets on volatile fatty acids and rumen fluid pH of Baluchi sheep.
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Experimental rations!

i wlbogS  SdpnenS  SdmneS  SwomenS oo
Control Probiotic Preibiotic Synbiotic P-Value
Parameter
group group group group

4S5 mb pH

= @ PE 5.44p 6.15° 6.122 0.034  0.0001
Rumen Fluid pH
o el JS
(1 o ol U Jgo Ve 50 Jso (e 67.72° 76.37° 74.61° 72.820 521 0.0001
Total Volatile fatty acids
(mmol/100 mmol total VFA)
b 38.44° 41.32° 41.15° 40.12* 0.634 0.0001
Acetate
"B""f?ﬁ 17.44% 22.122 21.25 20.33° 0.321 0.0001
Propionate
ey 8.84 9.15 9.12 0.434 0.7201
Butyrate
<l 1.41 1.13 1.36 0.134 0.2201
Valerta
<ss3! 1.59 1.93 1.89 0.231 0.3521
Isovalorate
Cligmgy 4 Olil Cannnd

o 2.204 1.936 1.973 0.191 0.4321

Acetate to propionate ratio
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(Sogmcsn p SV + Sman 05 10+ 4l o) Sgn
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! Experimental diets including: 1- control group (initial diet) 2- probiotic group (initial diet + 0.5 gr probiotic) 3- preibiotic group
(initial diet + 2 gr peribiotic) 4- synbiotic group (initial diet + 0.5 gr Probiotic and 2 gr of peribiotic).
2Means within same row with different superscripts differ significantly (P<0.05).
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Table 5- Effect of experimental diets on skeletal growth indices of Baluchi sheep.
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Experimental rations '

o ymsls wliogS  SdgmgnesS  SdsmanesS  SdmomesS  gpu

. Control Probiotic Preibiotic Synbiotic P-Value
Indicator

group group group group

(fn o) ASlss (sl
Structural growth Measurements(cm)
S 293 . 69.44° 73.322 72.35¢° 72.122 0.044 0.0001
Chest girt
ok 62.22 62.37 61.85 62.65 1.32 0.1740
Body Length
"’L:’S,)" &lj:,\. 61.18 62.15 60.62 60.58 0.33 0.066
Wither height
G Oyl g alols 19.48 19.63 19.20 19.12 0.212 0.1350

Rump height
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! Experimental diets including: 1- control group (initial diet) 2- probiotic group (initial diet + 0.5 gr probiotic) 3- preibiotic group
(initial diet + 2 gr peribiotic) 4- synbiotic group (initial diet + 0.5 gr Probiotic and 2 gr of peribiotic).
2Means within same row with different superscripts differ significantly (P<0.05).
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Introduction In recent years, the main policy in animal husbandry has been the use of livestock supplements
with high production efficiency. To achieve this, in addition to using new and optimal nutrition methods,
management can improve and accelerate efficiency-enhancing programs in livestock units by implementing
various and appropriate methods and strategies. Due to the advances that have been made in the sheep and goat
breeding industry, the need to use effective food additives to advance this goal and provide the nutrients needed
for livestock has increased. On the other hand, rumen microbial population imbalances can play a major role in
nutrient depletion. Several additives have been used to improve fermentation conditions in the rumen and
increase the production of ruminant animals. These compounds include methane inhibitors, antibiotics,
probiotics, growth factors and enzymes. The use of antibiotics in livestock has serious consequences such as
bacterial resistance and intestinal disturbances. Therefore, the use of antibiotics is now limited in many countries
and much effort is being made to find an alternative to antibiotics. Probiotics are live microbial feed supplements
which beneficially affect the host animal by improving its microbial balance. A stable rumen environment is a
key factor in achieving optimal milk production and animal health. Therefore, the use of additives that both
reduce metabolic diseases in livestock and are useful in improving the microbial function of the rumen, is very
necessary. Most of probiotic studies that were reported in the literatures used single or two strains probiotics
rather that multi strains bacteria. Prebiotics are non-digestible carbohydrates which are not metabolized in the
small intestine and fermented in large intestine. In this study, the effect of adding supplements on performance,
blood metabolites and ruminal volatile fatty acids were investigated.

Materials and methods Forty Baluchi male lambs were used in four completely randomized treatments for
90 days. Treatments included: control group (initial diet), probiotic group (initial diet + 0.5 gr probiotic),
prebiotic group (initial diet + 2 gr prebiotic) and symbiotic group (initial diet + 0.5 gr Probiotic and 2 gr of
prebiotic). The amount of feed consumed per sheep daily and weight gain was calculated and recorded during
the whole period. In order to determine the concentration of some blood parameters, blood samples were taken
from the cervical vertebrae at the end of the week. Blood samples were taken at nine o'clock in the morning (two
hours after the morning meal) on weekdays. To measure the concentration of metabolites, plasma samples were
melting at room temperature to determine the serum levels of serum cholesterol, glucose, albumin, triglyceride
and total protein plasma from a biosorbent kit and an autoanalyzer (model A15, France). Sampling from ruminal
fluid was done after four hours feeding in the morning and using an oral catheter on day 90 of the experiment.
Measurement of skeletal parameters including chest circumference by placing a tape measure around the chest
just behind the front legs and shoulder blade, body length (shoulder-to-shoulder position), height at the withers,
height at the hip or height at the hips, and the distance between the two hip bones was determined using
biometric calipers in the first and last weeks.

Results and discussion The results of this study showed that probiotic consumption had no significant effect
on functional parameters of Baluch sheep including final weight, daily gain, feed intake and dietary
intake. Plasma glucose concentration increased with increasing of probiotic content in the diets and there was a
significant difference (P <0.05) with the control group, but this difference was not significant between
supplemented probiotic diets and diets with significant prebiotic supplement. With the use of probiotic
supplements in all groups of consumption, the pH of ruminal fluid of Baluchi sheep increased and there was a
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significant difference (P <0.05) with the control group. The concentration of acetate and ruminal propionate of
sheep fed the probiotic supplement was higher than that of those who did not (P <0.05). Glucose and
triglycerides, total plasma protein concentrations and plasma albumin were not affected by probiotic and
prebiotic supplements in the diets and no significant differences were observed between diets.

Conclusion In general, results of this experiment indicated that using probiotic and prebiotic supplements
due to volatile fatty acids produced in this study improved ruminal fermentation, but supplementation could not
have a significant effect on performance and skeletal growth indices in Baluchi sheep.

Key words: Baluchi male lambs, Blood metabolites, Peribiotic, Probiotic, Symbiotic.
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Table 1- Ingredients and chemical composition of experimental diets

ialejl (glmo
Sho> oMl Experimental diets
Ingredients % Jali 2508 S o> £ 208 WS w3 VY
Control Sesame meal%6 Sesame meal%12
S azdg
Alfalfa 20 20 20
puiS olS
Wheat straw 10 10 10
P &by
Barley 20 20 20
<y by
Corn 25 25 25
PAS poge
Wheat bran 10 10 10
by dllws
Soybean meal 12 6 0
. )
S el 0 6 12
Sesame meal
oS iy S
CaCO; 1.5 1.5 1.5
et Ol Sy
Sodium bicarbonate 0.5 0.5 0.5
S
Salt 0.5 0.5 0.5
e gty oo 0.5 0.5 0.5
Mineral-vitamin premix
(Sid o0le a0 ) (plowds S 5
Chemical composition
Sid odlo
Dry mater (%) 94.06 94.97 95.05
P CeSan
Crude protein (%) 14.8 14.6 14.4
(K o3l pS5kS 5 (55 1K0) i 15 55,
Metabolizable Energy (Mcal/kg) 2.35 2.39 2.4
S5
Ash (%) 8.4 9.1 10.2
$plojlas
Ether extract (EE) (%) 177 2.18 2.84
ol
Calcium (%) 0.82 0.91 0.92
i
Phosphorus (%) 0.43 0.34 0.31
5 osng Jgoul .3
Neutral detergent fiber (%) 49.98 3378 5231
Sl 0z g Joloxal yod 12.97 11.50 12.56

Acid detergent fiber (%)

S 00005 5 Jaloeel pud doyd YA (ruS B o)/ (g5l oylas do)d Y ((pSgp Ao yd YA sl (550 p)5 5 (s S DVAD (gols -
£ A i) il oS e YO B g p S e Voo D psling Jall o aoly 3o Yoe A uoliyg lall G 05 i e n ool (me = iaelizg JoSo £ SokS e =Y
ol )5 o VY g 0y 25 e VY LS 2 S o Vet sy S ke Yot e p)S o Yo ol 25 ko Yo e 518 8 o Y+ ke ) YN
1-Contains 5184.92 calories / g crude energy, 39% protein, 24% ether extract, 7.9% ash, 29% neutral detergent fiber.
2- Each kg of vitamin-mineral supplement containing 600,000 international units of vitamin A, 200,000 international units of vitamin
D, 200 mg of vitamin E, 2500 mg of antioxidant, 80 g of phosphorus, 21 g of magnesium, 2200 mg of manganese, 3000 mg of iron,
300 mg of copper, 300 mg of zinc, 100 mg of cobalt, 120 mg of iodine and 1.1 mg of selenium.
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Table 2- Fatty acid composition of the sesame meal used
in the experiment (%)

oS oS G slasl

0,
Fatty acid of sesame meal ()
Cl12 0.25
Cl4 0.37
Cl6 12.54
Clé6:1 0.29
C18 8.59
C18:1 38.83
C18:2 35.05
C18:3 0.65
C20 0.16
SFA! 21.91
UFA? 74.82
MUFA? 39.12
PUFA* 35.7
M/S 1.78
u/S 3.41

'SFA= saturated fatty acid

2UFA= unsaturated fatty acid
3SMUFA= monounsaturated fatty acid
4PUFA= polyunsaturated fatty acid
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Table 3- The effect of sesame meal on the performance of fattening lambs and nutrient digestibility

stialejl (slaloss

Experimental treatments
5)lge sl JouS dlbuS Ao > £ 2o AlouS o yd VY SEM P-value
Items Control Sesame meal%6 Sesame meal%12
Shgs SGpae
Feed intake(g/d) 1569 1551 1594 15.69 0.16
sl 0j
Initial weight(kg) 30.47 31.8 27.9 1.23 0.49
= o
Final weight (kg) 45.48 44.42 44.81 2.04 0.9
ligy 01js LRl
Average daily gain (g/d)  250.23 210.47 251.90 23.81 0.39
S e
FCR%! 4.11 3.79 4.21 0.14 0.12
Nutrient digestibility (%)
OS9n
Protein 66.85 63.83 70.09 4.07 0.5
@
Fat 82.03 85.99 83.39 23 0.5
5 aing Jguls b
NDF 51.98 45 38.94 5.85 0.35

ool (P<O.05) s imo coglis S5ko ind,y o > diliio yui gy

Non-identical letters in each row indicated a significant difference (P <0.05)

1. Feed conversion ratio
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Table 4- Effect of different levels of sesame meal on the fatty acids in muscle

lnlojl (sl ylags
NEYEW ' Experimental diet SEM  p-Value
Fatty acid Al JouS dlouS oy £ 2008 AllouS o> VY
Control Sesame meal %6  Sesame meal %12

C10 0.35 0.32 0.31 0.01 0.12
C12 0.15 0.15 0.14 0.01 0.86
Cl4 3.36 2.99 2.93 0.23 0.43
Cl4 1 0.81 0.73 0.66 0.04 0.18
Cl15 0.77 0.71 0.66 0.03 0.16
Cl15 1 0.09 0.07 0.1 0.02 0.73
Cl16 31.082 30.01 28.73P 0.33 0.007
Cl6 1 1.662 1.31 1.18° 0.091 0.023
C17 2.25 2.07 2 0.11 0.33
C17 1 0.73 0.71 0.64 0.03 0.17
C18 18.062 17.56 16.64° 0.26 0.023
CI18 Inllt 1.55° 2.012 2.132 0.11 0.024
C18 1n9¢c 31.21¢ 32.88v 34.452 0.28  0.0006
C18 1nllc 0.17 0.17 0.18 0.01 0.84
C18 2n6c 3.53b 4.48v 6.012 0.23  0.0009
C18 3n3c 0.70 0.82 0.68 0.07 0.42
C20 0 0.17 0.16 0.16 0.007 0.47
C20 1 0.06 0.02 0.02 0.025 0.45
C22 0 0.09 0.08 0.08 0.01 0.88
C18:2 C9T11 CLA 036" 0.56° 0.68? 0.025 0.0003
CLA T10C12 0.04° 0.06* 0.07* 0.003  0.003
Total CLA 0.55° 0.72¢ 0.872 0.03 0.001
SFA! 56.312 54.07° 51.96¢ 0.38  0.0005
MUFA? 36.31¢ 37.93v 38.32 0.28  0.0008
PUFA3 4.79¢ 6.03v 7.57* 0.25  0.0007
SFA/PUFA 11.762 9.05b 6.83¢ 0.42  0.0005
DFA* 59.17¢ 61.52° 63.592 0.38  0.0006
AP 1.082 0.96° 0.86" 0.02  0.0033
PUFA/SFA 0.08" 0.11° 0.142 0.006 0.0016
MUFA/SFA 0.64¢ 0.70° 0.76* 0.01  0.0006

Casl (P20 o cime gy Sl sy j2 50 alin jué By,
Non-identical letters in each row indicated a significant difference (P <0.05)
1-SFA (saturated fatty acids)
2-MUFA (mono unsaturated fatty acids)
3- PUFA (poly unsaturated fatty acids)
4-Desirable Fatty Acids = MUFA+PUFA+C18:0
5-Atherogenicity index = [(C12:0 + (4 x C14:0) + C16:0))/MUFA + PUFA]
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Introduction Sesame with the scientific name ‘Sesamum Indicum’ belongs to the Pedaliaceae family.
Sesame seeds have high oil content (42-56%) and crude protein (20-25%), as well as a source of minerals,
especially calcium, phosphorus, potassium and iron. The main fatty acids in sesame include: linoleic acid (40.4
to 47.9%), oleic acid (35.9 to 42.3%), palmitic acid (7.9% to 12%) and stearic acid (6.1 to 4.8 %). Historically,
the purpose of agricultural research has been focused on increasing production efficiency so that less emphasis
has been on improving the profile of food products. Therefore, scientists and producers are interested in research
and agricultural activities that can improve the nutritional profile of food products. Changes in animal nutrition
can significantly increase the concentration of bioactive components (such as conjugated linoleic acid and
omega-3 fatty acids) in animal products. The most effective strategy is to supplement ruminants with different
oils or oils rich in linoleic acid or linolenic acid.

Materials and Methods In this study, 21 lambs with average initial weight of 30 3 kg were used. The
experiment was conducted in a completely randomized design with three treatments including 0, 6 and 12%
replacement of sesame meal with soybean meal with 7 replicates for 75 days (14 days adaptation). Experimental
diets were adjusted using the SRNS transcription software (NRC 2007). Feed was given daily at 8 am and 4 pm.
After slaughter of animals, samples of Longissimus dorsi muscle (ribs 12 and 13) were removed from the left
carcass and after packaging to measure fatty acids in Freezer-20 °C was maintained. The fatty acid composition
of sesame meal and muscle were measured. The internal marker was used to determine apparent digestibility of
nutrients.

Results and Discussion Replacing sesame meal (SM) with soybean meal had no effect on nutrient
digestibility and performance (p> 0.05). The effects of added dietary fat on performance of ruminants are
reported to be varied. Such variability could be associated with differences between experiments in terms of
composition of the basal diet (i.e., energy density and level of grain), level of fat inclusion, fat type and
composition (i.e. contents of free and saturated fatty acids), and whether diets were formulated to be
isoenergetic. The fact that the rations with fat supplements were isoenergetic and isonitrogenous may explain the
absence of significant differences in animal performance. SM supplementation affected the composition of FA in
meat of lamb. The SM addition decreased SFA (p<0.01), SFA: PUFA (p<0.01) and AI (p<0.01) while increased
MUFA (p<0.001), PUFA (p<0.001), CLA and DFA (p<0.001). Palmitic acid (C16:0) reduced in SM treatment.
Since C16 fatty acid has been introduced as a hypercholesterolemic FA, its reduction in meat and adipose tissue
is beneficial to human health. Also, stearic acid (C18:0) (p<0.05) decreased. Endogenous synthesis of MUFA in
adipose tissues involves a reduction of C16:0 and C18:0 FA catalyzed by the A9 —desaturase activity. It is
reported that A9 —desaturase expression is influenced by polyphenolic compounds (46). Also, the increase in cis-
9 C18:1 proportion in meat of lambs fed SM diets can be explained by the high dietary cis-9 C18:1 level in SM
groups, probably combined with slow ruminal biohydrogenation. Oleic acid (cis-9 C18:1) with stearic acids
(C18:0) and palmitic (C16:0) to be the most abundant. Palmitic acid increases while oleic acid decreases blood
cholesterol, and stearic acid has no effect. The cis-9 C18:1 reduce human LDL-cholesterol and increase HDL-
cholesterol concentrations in blood, which result in lower risk of coronary problems. CLA nutrition has been
shown to have anti-cancer, anti-obesity, anti-inflammatory, and anti-atherogenic effects, as well as positive
effects on serum lipids.
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Conclusion The results of this study indicated that meat FA composition of lambs can be improved from a
human health perspective by inclusion of SM, as a rich source of PUFA. Addition of SM up to 12 % in lambs
diet, increased the proportion of CLA, MUFA, PUFA, MUFA: SFA and PUFA:SFA ratio and decreased SFA
and Al in meat. However, further investigation is needed to optimize the level of SM incorporation in animal
diet.

Key words: Digestibility, Fatty acids, Sesame meal.
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Table 1- Ingredients of experimental diets (% of DM)
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S Experimental diets !
Feedstuff T 5 3 ; - . -
Alfalfa hay 39 30 20 10 30 20 10
piiS oIS
Wheat straw 21 15 12 9 18 16 12
g 0 0 0 0 10 20 30
Mint pulp
S A5
Chicory pulp 0 10 20 30 0 0 0
s 13 14 15 16 14 14 13
Barley grain
&3 4l ) 16 16 15 15 14 14 15
Corn grain
PAS g
Wheat bran 8 12 13 12 11 11 13
bges b 0 0 5 0 0 ) .

Soybean meal

Oelig 9 (e Slge JoSe

Mineral and Vitamin 3 3 3 3 3 3 3
Supplement

Chemical composition

(o3 )" pmdilie 115 (555

Metabolizable energy 2 2.20 2.20 2.14 2.10 2.16 2.12 2.11
(M)
(Sid o0le 3l ao ) pB (g

12. 12. 12.4 12. 12.4 12.31 12.41
Crude protein (% of DM) 80 30 0 30 0 3
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! Experimental diets: 1- Basal diet (without mint pulp or chicory pulp), 2- Basal diet containing 10 % chicory pulp, 3- Basal

diet containing 20 % chicory pulp, 4- Basal diet containing 30 % chicory pulp, 5- Basal diet containing 10 % mint pulp, 6-
Basal diet containing 20 % mint pulp and 7- Basal diet containing 300 % mint pulp.

2 Mcal/kg DM.
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Table 2- Chemical composition of Mint pulp and Chicory pulp (g’kg DM)

lord oS s dlis S s
Chemical composition Mint pulp  Chicory pulp
DI\;I' b 180 222
g;\;u 920 830
ﬁB 80 170

S
P& (xS
cp 105 69.7
]‘;E ohas 20 165
§;me » Jyfels S 500 610
:g‘;‘ iest 2 Jgoeal S 345 460
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Table 3- Gas production parameters, N-ammonia concentration and total protozoa population of Mint pulp and Chicory pulp

fermentation
bl gl 5 SEM  P-Value
Parameters Mint pulp Chicory pulp
(St 0olo p S o Voo ol 2 lie) S5 g el 60.78 63.72 10.7 085
A (ml/200 mg of DM)
(cebo  pd o) B 2y IS s pos 001 003 0.01 0.06
B (ml/h)
(cebo p i o) S5 g5 s &5 0.12 0.04 0.02 0.08
C (ml/h)
(cesbo) 3b 36 127 0.48° 0.02 002
Lag time (h)
(dswd 2 05 (o) Slisel (g0 571 5.50 0.88 098
N-ammonia (mg/dl)
(owin dgo p)5 o slil Ve ayly o 02 )80) Tgje9,0 Camen JS 315 3.19 0.72 0.07

Total Protozoa population (log10/g digesta )

Different letters in each row indicates significant difference (P<0.05).
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Table 4 — Estimated metabolizable energy, short chain fatty acids and organic matter digestibility of Mint pulp and Chicory pulp

el gl s kS A SEM  P-Value
Parameters Mint pulp Chicory pulp

(F;?LS b J55L<‘°) MJ?L“’ J’La dj)ﬂ 7152 508 0.29 <0.01
ME (MJ/kg)

(S oolo p 5 00 Yor sl 4y Jgo dio) s olisS o sl 0282 0.16° 0.19 <0.01
SCFA (mmol/200 mg of DM)

(M)J) losle 504y 55)le5 31412 2581° 0.76 <0.01
OMD (%)

ol (P <0.05) o gize glis Sl cindy o )5 diliio e B>

Different letters in each row indicates significant difference (P<0.05).
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Introduction The world average yield of essential oil is around 50000 ton/year which means that large
amounts of apparently useless plant residues are produced. These residues do not have a specific commercial
use, so it would be a very interesting alternative to provide feed for livestock. Agro-industrial co-products, can
be effectively consumed by ruminant species. Since, many parts of Iran have arid and semi-arid climate, and
there is feed shortage during the year, hence agro-industrial co-products can be used as animal feed. This
experiment was aimed to study the chemical compositions and in vitro rumen fermentation of mint pulp and
chicory pulp and experimental diets containing different levels of mint pulp and chicory pulp.

Materials and Methods Fresh mint pulp and chicory pulp were collected from an agro industry processing
factory. Chemical compositions (dry matter, neutral detergent fiber, acid detergent fiber, crude protein and ash),
in vitro gas production parameters, total protozoa population and N-ammonia concentration of mint pulp and
chicory pulp were measured. Each pulp separately included at three levels (10, 20 and 30 % of DM) in a basal
diet. Experimental diets were: 1- Basal diet, 2- basal diet containing 10% chicory pulp, 3- basal diet containing
20% chicory pulp, 4- basal diet containing 30% chicory pulp, 5- basal diet containing 10% mint pulp, 6- basal
diet containing 20% mint pulp and 7- basal diet containing 30% mint pulp. Basal diet formulated for ewes and
contained 12.5 % CP and 2.20 Mcal metabolisable energy (ME) /Kg of diet. In vitro gas production parameters,
total protozoa population and N-ammonia concentration of diets were measured and ME, short chain fatty acids
(SCFA) and organic matter digestibility (OMD) were estimated. For in vitro gas production tests, the rumen
fluid was taken from two rumen fistulated Kurdish rams. For measuring kinetic parameters of gas production,
200 mg of samples were incubated with 40 ml of buffered-rumen fluid for 120 hours. The cumulative produced
gas was recorded at different times of incubation and gas production parameters were fitted to an exponential
equation. For estimating ME, OMD and total VFA, 40 ml buffered rumen fluid was added to 200 mg of diets and
incubated at 39 °C for 24 hours. After 24 hours of incubation, gas production recorded and ME, OMD and SCFA
were estimated. Rumen protozoa population were identified after 24 hours incubation. Five ml of buffered rumen
fluid was pipetted into a screw-capped test tube containing 5 ml of formalin. Thereafter, two drops of brilliant
green dye (2 g brilliant green and 2 ml glacial acetic diluted to 100 ml with distilled water) were added to the test
tube, mixed thoroughly and allowed to stand overnight at room temperature. Total and differential counts of
protozoa were made with five replications. All in vitro gas production trials were carried out in three runs. Data
were analyzed based on a completely randomized design using Proc GLM of SAS software. The differences
among treatments were evaluated using Tukey adjustment when the overall F-test was P < 0.05. Trends were
declared when 0.05 <P < 0.10. In addition, independent comparisons were done for diets containing mint pulp
vs. diets containing chicory pulp.

Results and Discussion The results showed that mint pulp contains 105, 500 and 345 g/kg of CP, NDF and
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ADF respectively and chicory pulp contains 69.7, 610 and 465 g/kg of CP, NDF and ADF respectively. Mint
pulp had greater lag phase than chicory pulp (P<0.05) and potential of gas production did not differ between two
pulps. Mint pulp had greater estimated ME, SCFA and OMD in compare to chicory pulp (P<0.01). Potential and
rate of gas production, N- ammonia concentration, total protozoa population, estimated ME, SCFA and OMD
were not different among all experimental diets (P>0.05). The constant rate of gas production when half the
potential of gas is produced was different among experimental diets (P=0.05), so that basal diet and diet
containing 30 % of mint pulp had the highest and lowest value, respectively.

Conclusion Considering the obtained data regarding the chemical compositions and gas production
parameters, it is concluded that mint pulp and chicory pulp could be used as a part of forage portion in ruminant
nutrition. More experiments are needed to study the inclusion of mint pulp and chicory pulp in diets of
productive ruminants.

Key words: Chicory pulp, Fermentation kinetics, Mint pulp.
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Table 1. Ingredients and chemical composition of starter diets fed to calves in experiment 1
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2SS e A
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'Lipogenic starter diet (Dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat soybean); Glugogenic starter diet
(corn and barley); Mix starter diet containing mixture of diets lipogenic and glugogenic.
2A by-product of the process of lubrication of corn germ, which after lubrication, corn germ meal remains and is used as animal feed
*Vitamin mineral mix contained per kilogram of supplement 15 000 000 IU of vitamin A, 250 000 IU of vitamin D, 10 000 IU of vitamin E, 6277
mg/kg Mn, 1250 mg/kg Fe, 1040 mg/kg Cu, 46 mg/kg Co, 1030 mg/kg Zn, 200 mg/kg I and 80 mg/kg Se.
“Neutral detergent fiber, *Acid detergent fiber, *Nonfiber carbohydrates, 'Calculated from NRC (2001), *Metabolic energy.
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Table 2- Effect of exprimental diets on performance of calves in experimental !

29
Item

T stlojl slvop

Exprimental Diets?

P- value

S olS

Gulocogenic

Siond
Lipogenic

Ll
Mix

SEM

Treat

Time

Treat x Time

Taligy Slhgd Bpae
(p555)

DMP (kg)
RARTS

Wk* 1-7

Ve b A azan

wk 8-10

Ve Y atin

wk 1-10

*alisy ois ol oSk
(p555)

ADG’ (kg)

YBY ase

wk 1-7

Ve b A azan

wk 8-10

Ve b Y azan

wk 1-10

(p55kS) Shgs 035k
(kg) Feed efficiency
VB ase

wk 1-7

Ve b A azan

wk 8-10

Ve Y atin

wk 1-10

(pS9S) o 035
Body Weight (kg)
(BY 58,) 55 e
Weaning (d 57)
(V- 59) Skt

At end (d 70)

0.57

2.08°

1.03

0.60

0.89

0.68

0.58

0.48

0.56

74.93

87.87

0.60

2.10°

1.05

0.56

0.89

0.66

0.53

0.47

0.53

72.70

85.43

0.63

2.28*

1.13

0.60

0.94

0.71

0.54

0.46

0.52

75.00

88.51

0.049

0.049

0.034

0.022

0.050

0.023

0.025

0.025

0.020

1.34

1.49

0.68

0.01

0.09

0.42

0.68

0.43

0.46

0.84

0.47

0.40

0.32

<0.001

<0.001

<0.001

<0.001

0.51

<0.001

<0.001

<0.001

<0.001

0.41

0.88

0.65

0.85

0.87

0.97

0.81

0.87

0.84

(P <o/+0) 3l oo I3 me BOMS] Glyls S o e g > b sy s (glayySilio’
Lol el o {53 9 ©)3) 585l (el oy (bigww 8 Jsd 5 (23 09 g dtngy )3 pya AloniS iS pogn hiByatin Suid i) Sijond cnjlel o

Siard 9 S5 0> Sl S5 Jels
u_é)m L_§\»u> oaln‘“

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

2Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat soybean);

Glugogenic starter diet (corn and barley); Mix starter diet containing mixture of diets lipogenic and glugogenic.
3Dry matter intake (kg / day)

4week

SAverage daily gain (kg / day)

iy i oIl el
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Table 3. Effect of exprimental diets on structural growth parameters (cm) of calves in experimental 1!

Toiglejl slooyx
Exprimental Diets’
S35l S92 byl

Gulocogenic Lipogenic Mix

(o) (534 slaojlul
Structural growth
parameters (cm)

SEM P value

g
Body height
At birth
S plin 90.9 91.0 912 0.32 0.724
at weaning
otk

at end

o% Jsb
Body length
At birth
St i 52.4 523 532 0.43 0.370
at weaning
otk

at end

e gl
Hip height
At birth
S5yl plin 924 915 92.5 0.36 0.173
at weaning
okl

at end

Gk 2y
Hip width
At birth
it plin 238 235 23.6 0.21 0.626
at weaning
otk

at end

A )90
Heart girth
At birth
S5l pliin 100.1 99.3 99.4 0.66 0.643
at weaning
okl

at end

N e
Body barrel
At birth
et plin 115.1 114.0 1147 1.29 0.820
at weaning
okl

at end

77.9 78.40 79.2 0.46 0.158

93.0 92.6 93.1 0.33 0.328

45.7 44.7 45.5 0. 46 0.321

55.6 555 55.6 0.38 0.985

80.7 80.8 81.0 0.46 0.862

94.5 942 94.4 0.38 0.875

19.2 18.7 19.2 0.23 0.378

24.7 244 24.8 0.25 0.580

80.8 80.4 81.0 0.48 0.715

103.4 103.7 104.3 0.61 0.552

81.9 81.4 81.7 0.51 0.787

123.4° 127.0° 124.0° 0.93 0.025

(P <ol 0) widly oyl ime SMST ghls S ot By b cid) o sl cSile’
ol bgle el g {2 9 ©)3) S5S6I8 il 0y ligw €8 Jsh g (0 2o digw Sogy 235 i WS S agu iByilin St i) Sfond 0l o2
S 5 S oy slaSlygs | 5 5

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

“Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat soybean); Glugogenic starter
diet (corn and barley); Mix starter diet containing mixture of diets lipogenic and glugogenic.
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Table 4- Effect of exprimental diets on some blood metabolites of calves in experimental 1!

¥ sialofl glmo yx
Exprimental Diets?
b colorlie _
Metabolites S5 l5 Seijond Lylse SEM P value
Gulocogeni Li S .
c 1pogenic Mix
(5 o 2 p S k) 55
Glucose, mg/dL
Za;s” 113.5¢ 103.0° 99,20 3.55 0.05
e 108.72 99,00 965" 2.61 0.02
(3 2 Jge o) "y (oS g mle
BHBA?, mmol/L
263}5” 0.21 0.21 0.027 0.904
2.7}0” 0.27° 0.42¢ 0.32° 0.030 0.022
(32 (s 5 25 lee) Tog!
BUN¢*, mg/dL
:1&3}5” 26.0 24.0 23 0.828
2'7}0” 29.7 34.00 36.7 3.77 0.450

(P <o) sl o s sne G| el S yitapé Gyps b o) o (sl pSile)
x> s 5 ©53) SIS el o g 28 Jsb 5 o Pt g gy <9 o S (35 g 8050 K25 ) Seid (8] 0y

Seisd 5 S55T5lS o SaS)s ) S5 Jold bglsce o]
Ol S 5)kn 1

. A w ¥
O8> oyl ()3

"Means within same row with different superscripts differ (P<0.05).
2Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat soybean);
Glugogenic starter diet (corn and barley); Mix starter diet containing mixture of diets lipogenic and glugogenic.

3Beta hydroxybutyrate
“Blood urea nitrogen

g $laeSE s pina o b cou By e 28 pl &S
oy disal sl ganlinald b g caneSis )3 Sigal I eslazal
Shgs Y By Aol > Sy p yude 8Ly x5 )3
4y oie AleS o NN g[j S g pdy 430 4 Og.)'l.éi
d9-5 LadllwgS )3 095 syl 03550 9 4eS Slogel (2al3dl

M)

sloysl 395 s 32 otalejl slaloss Byan 3 )5 Sglis

sdalte (—iolofl (slalass o 3 Gialofl Vo 5 YD gy 10 06>
e e GRIBIL Jgone sk 4 (F Jgaz) (P >+/:0) aii
ol ptleil ol 5 Lol alyoe Gl (58 ol gyt clale
O cble (S e b 4l (Il e GRIBIL clale

)3 g 3l exgl 29> 9 2959 O Hilge 4 (S 95 logl
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Table 5- Effect of exprimental diets on ruminal pH and VFA concentration in calves receiving different starter diets'

29
Item

T lel (sloe e
Exprimental Diets’

S

Gulocogenic

Siond
Lipogenic

Lglso
Mix

SEM

P value

A4S Al b
Rumen pH
ALBIY

d 35

ALBIY)

d70

(5 2 Jgo Jecdee) T8 o slossl JS

Total VFA?, mmol/L
ALBIY

d3s

ALBIY)

d70

(e ) i
Acetate, mM

YO 59,

d3s

ALBIY)

d70

(oo o) lgmon
Propionate, mM

YO 59,

d3s

ALBIY)

d70

(Jgo o) ©lysge
Butyrate, mM

O 59,

d3s

ALBIY)

d70

ligmgy 4 Olil Cannnd
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5.5°

5.7°

97.0

103.6

43.7°

50.0°

41.0°

40.0°

13.1

13.8°

1.0¢

1.2¢

6.0°

6.1*

92.7

107.0

48.17

56.7*

30.1¢

33.6¢

14.0

18.22

1.6*

1.7

5.68°

5.9%®

94.6

104.1

45.1%

52.2°

36.0°

37.1°

15.2%

1.2b

1.4b

0.064

0.076

1.56

1.62

1.10

1.21

1.30

0.872

0.583

1.00

0.036

0.041

0.0005

0.014

0.206

0.331

0.050

0.010

0.0008

0.002

0.594

0.034

<0.001

<0.001

"Means within same row with different superscripts differ (P<0.05).
2Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat soybean);

Glugogenic starter diet (corn and barley); Mix starter diet containing mixture of diets lipogenic and glugogenic.

3Volatile fatty acid
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"Data averaged across n = 19 female Holstein calves/test.
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Diet A = Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and full fat

soybean); Diet B= Glugogenic starter diet (corn and barley).

3Calculated as DMI of mixture A/(DMI of mixture A + DMI of mixture B).

4Tests whether preference ratio differs from 0.5.
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"Preference was determined as significant using t-tests for each pairwise preference. For each pairwise
comparison where the preference ratio differed from 0.5, the preferred feed was assigned 1 and the

nonpreferred feed was assigned —1.

2Lipogenic starter diet (dried sugar beet pulp, wheat bran, corn germ meal, soybean hulls, vegetable oil and
full fat soybean); Glugogenic starter diet (corn and barley).
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Introduction Ingestion of solid feed is necessary to stimulate rumen development in the young calf and
facilitate the transition from a pre-ruminant to a functioning ruminant. Lipogenic nutrients in ruminants originate
from fermentation of fiber to acetate and butyrate, dietary fat or are derived from body reserves. Glucogenic
nutrients originate from starch that has escaped rumen degradation or gluconeogenesis. The use of low-starch
starters is prevalent in dairy calf industry worldwide. These starters differ greatly in their composition of both
fiber and fat. The NRC (2001) suggested that adequate digestible fiber should be included in starter diets but
limited data exist to substantiate this statement. Digestible fiber sources such as sugar beet pulp, soybean hulls,
and wheat bran have a lower ME value than corn and barley grains which are starch rich. A meta-analysis of 6
studies showed positive linear relationships between starch concentration of starter feed with ADG. However
meta-regression analysis indicated that growth responses to starch concentration were influenced by ME
concentration in dry feed fed to the calves. One possible way to enhance energy intake is to increase the energy
density of the diet with fat. Convenient starter diets are typically low in fat. Most previous studies have either
compared high-starch to high-fiber starter diets or investigated effects of fat supplementation on rumen
environment and growth performance whereas our interest is in growth responses to diets differing in starch,
NDF, and fat in calves. We hypothesize that a low-starch starter feed in which starch is substituted by fiber and
fat will support growth performance similar to a traditional high-starch starter concentrate and high-fiber, high-
fat diet might also improve ruminal environment in calves. We also hypothesized that preference for certain type
of starter would become apparent, providing an indication of which type of energy sources may be considered
more palatable for calves and therefore recommended to formulate starter feed mixture. The objectives of our
study was to investigate the effects of lipogenic starter (low-starch with high-fiber and high-fat content) in
comparison with a glucogenic (high-starch) or mixture of glucogenic and lipogenic starters on growth
performance, ruminal fermentation, as well as blood metabolites of dairy calves during the first 70 d of life.

Materials and Methods In first experiment, thirty Holstein female calves (4 d of age; 41.0 + 4.0 kg of BW),
randomly assigned by BW to one of the three dietary treatments. Treatments consisted of (1) a high starch starter
feed containing corn and barley grain (glucogenic); (2) a high fiber and fat starter feed containing soybean hulls,
corn germ meal, sugar beet pulp, wheat bran, full fat soybean, and vegetable oil (lipogenic); and (3) a starter feed
containing mixture of diets 1 and 2 (MIX). Starter intakes were measured daily and all the calves were weighed
at birth and subsequently every 7 d until the end of the experiment. Feed efficiency was calculated as the weight
gain to feed intake ratio (kg/kg). In addition, the structural growth indices were measured on d 4, at weaning and
at the end of the study. Blood samples from each calf were collected at 35 and 70 d to determine glucose, BUN,
and B-hydroxybutyrate. Ruminal fluid was obtained 2 h after offering the morning feed at 35 and 70 d to
determine the rumen pH and concentration of volatile fatty acids. Data were analyzed as a completely
randomized design using a repeated-measures mixed model (PROC MIXED) of SAS software. In second
experiment, 20 Holstein female calves fed a standard ration until 70 days of age. Three days after weaning, each
calf was involved in a pairwise preference test between glucogenic and lipogenic diets. For each calf in each
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pairwise preference test, preference ratio was calculated as the consumption of one feed as a percentage of the
consumption of both feeds in the test. Preference ratios were compared for a difference from 0.5 (lack of
preference) using t-tests. The feed type was assigned +1 if it was preferred, —1 if it was not preferred, and 0 if the
preference ratio in a pairwise preference test did not differ from 0.5. Total preference scores were used as an
indicator of overall preference rank of individual feed type.

Results and Discussion Results of the first experiment showed that dry matter intake was higher in the MIX
diet group in the post weaning period than the other groups and a tendency to increase dry matter intake was
observed throughout the study period. Average daily gain, feed efficiency, body weight, and skeletal growth
were not different between treatments. Blood glucose (day 35 and 70) and plasma PB-hydroxybutyric acid
concentration (day 70) were higher in calves fed the glucogenic and lipogenic diet, respectively, compared to the
other treatments. Rumen fluid pH and acetate concentration in calves fed the lipogenic diet were higher than
those fed the glucogenic and MIX diets. The second experiment showed that calves preferred the lipogenic diet
over the glucogenic diet.

Conclusion The results from this study showed that providing MIX diet rather than glucogenic and lipogenic
diets increased post weaning intakes of starter without improving ADG and final BW. The results of the
preference test clearly indicate that lipogenic diet is a highly palatable feed for recently weaned dairy calves,
whereas glucogenic diet is less preferred. Given the positive trend observed in MIX feed diet, this diet seems to
be recommendable for farm application. Whether the effects of energy source in early life could have long-term
consequences on growth and milk yield are not known and warrant further research.

Key words: Energy sources, Growth performance, Starch concentration, Starter feed.
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5- mean square error

6 - coeficion of determination

7 - residual mean absolute deviation
8 - mean percentage error
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1 - Exponential model (y = A. (1-e -(c.t) ))
2 - Logistic model

3 - Gompertz model

4 - Fitzhugh model
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Table 1- Chemical composition (based on DM %) of corn silage at different ensiling times
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Day 60

! Dry matter (DM)

2 Organic matter (OM)

3 Crude protein (CP)

#Neutral detergent fiber (NDF)
3 Acid detergent fiber (ADF)
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Table 2- Description of candidate nonlinear mathematical models used in this study
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!'y: volume of gas at time t, A: asymptotic gas volume, c: rate parameter, b: shape parameter, t: incubation time and e: Napier’s constant
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Table 3- Comparison of the ruminal fermentation kinetic parameters estimated by the studied models

RS sl 3l a ole sl @l o 935 Je FresS Jre Sy Joo P sl
Times after ensiling Parameters!  Exponential Fitzhugh Gompertz Logistic p-value 2
S0 i3y A 96.16 97.64 98.37 97.10 0.2594
Day 0 c 0.057°¢ 0.064® 0.053 ¢ 0.075°® <0.0001
b - -2.031 1.465 1.048 -
ACBTY A 87.19 87.73 88.28 87.27 0.6519
Day 30 c 0.059°¢ 0.074° 0.062°¢ 0.088 * <0.0001
b - -2.174 1.568 1.164 -
£ 39y A 77.18 76.65 77.23 76.09 0.7806
Day 60 c 0.115 0.075 0.062 0.093 0.7074
b - -2.512 1.812 1.402 -
Slee A 86.84 87.34 87.96 86.82 0.4313
Mean c 0.077 0.071 0.059 0.085 0.4012
b - -2.239 1.615 1.205 -

(el p ynd ) 8 A5 ey 1€ ogykis Lo yaalyl 1 b (Kis o3bo p )8 oo Yoo i o) 55 a5 Jomsily 1 A
zes S5 Osasl el (P<0700) s me sl 6lls Jsir 5l ciny o s coslite Gy = gl b Sls |

! A: asymptotic gas volume (ml/200mg DM), b: shape parameter, c: rate parameter (ml.h™").
2 Mean within rows followed by different superscripts are statistically different (P<0.05) by the test of Turkey’s.
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Table 4- Comparison of the models based on their goodness of fit parameters
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! Mean within rows followed by different superscripts are statistically different (P<0.05) by the test of Turkey’s.

2 MSE: mean squares errors

# R2: coefficient of determination

3 RMAD: residual mean absolute deviation
4 MPE: mean percentage error
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Table 5- Durbin Watson (DW) test results in the studied models'
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"Ho: There is not a significant autocorrelation among the errors (residual values).
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Table 6- Run test results after fitting the models
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! Ho : The distribution of data are random.

If |Z| > Zi.a2, accept Ho; otherwise, reject Ho Test statistic: Z =2.6938
Critical value (upper tail): Zi.o2=1.96 Critical region: Reject Ho if |Z| > 1.96
Since the test statistic (Z) is greater than the critical value, we conclude that the data are not random at the 0.05 significance level.

Significance level: o= 0.05
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Table 7- Regression parameters between observed (in X-axis) versus predicted (in Y -axis) gas volumes after fitting the models.
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Introduction In vitro gas production technique is one of the methods used for evaluating ruminal
fermentation kinetic of feedstuffs. In this method, the volume of gas produced during the incubation is presented
as a curve. The mathematical description of gas production profile is performed by fitting data set to a nonlinear
model. Recently, several non-linear models have been developed to estimate gas production profile however,
some of these models are not accurate enough. Therefore, the aim of this study was to investigate the accuracy of
some nonlinear models for predicting ruminal fermentation kinetic of a forage feed.

Materials and methods In this experiment, corn silages (samples on 0, 30 and 60 days after ensiling) were
used as fermentation substrates. Dry matter and chemical composition (organic matter, crude protein, NDF and
ADF) of the samples were determined using standard methods. The rumen fluid was obtained from three
fistulated rams before the morning feeding. The collected ruminal fluids were pooled and transferred into a flask
to the laboratory. The rumen fluid was filtered through four layers cheesecloth, flushed continuously with CO;
and maintained at 39°C before incubation. The rumen fluid was then mixed with buffered mineral solution at the
ratio of 1:2 (V/V). Gas production technique was completed in three separate runs on three different days (each
run lasted 6 days). In each run, the samples were incubated in triplicate and two vials (without the substrate)
were considered as the blanks. The volume of gas produced was measured at 0, 2, 4, 6, 8, 12, 16, 20, 24, 48, 72,
96,120 and 144 hours of incubation. The prediction of the gas volume at different times of incubation was
compared by four nonlinear models and results were expressed in ml per 200 mg of DM incubated. The selected
models (experimental treatments) included Exponential (EXP), Fitzhugh (FZH), logistic (LOG) and Gompertz
(GOM). The goodness of fit of the models were evaluated using mean square error (MSE), coefficient of
determination (R?), residual mean absolute deviation (RMAD) and mean percentage error (MPE). In addition,
Durbin-Watson test (DW), run test and linear regression analysis (between observed and predicted values of the
gas volume at different incubation times) were used to assess the accuracy of the models in fitting the data. The
estimated ruminal fermentation parameters (the asymptotic gas volume and gas production rate) and goodness of
fit parameters obtained from each model (MSE, R?, RMAD and MPE statistics) were analyzed using completely
randomized design.

Results The studied models had no difference in terms of predicting asymptotic gas volume (A) on 0, 30 and
60 days after ensiling and the value of parameter A predicted by the models were in the range of 98.37 (for
GOM model on day 0) to 76.09 (for LOG model on day 60) ml per 200 mg DM. The EXP and LOG models had
the highest and lowest MSE and R? values, respectively, indicating their lower accuracy compared with GOM
and FZH models. The RMAD value was lowest in GOM and FZH models (2.591 and 2.879, respectively) and
was highest in EXP model (3.807). The RMAD value is used as an indicator for evaluating the goodness of fit of
models. the lower values of RMAD (closer to zero), represents a better ability of the model in fitting data. Based
on these results, GOM and FZH models had a higher accuracy than EXP model in fitting data. The MPE value in
the EXP model (5.527) was significantly higher than the other models (p<0.05). In other words, the predicted
values (the volume of gas produced at different times of incubation) by the EXP model were lower than the
observed values (it was underestimated). Based on Durbin Watson (DW) test results, the DW statistics in the
EXP, FZH, GOM and LOG models were 0.392, 0.691, 0.705 and 0.675, respectively, indicating that EXP and
GOM models had the lowest and highest accuracy, respectively, in predicting the rumen fermentation kinetic of
corn silage .According to the run test, all the curves in EXP model had the lowest run (3 >) implying a poor
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performance of EXP model in predicting the results. The linear regression between the observed versus predicted
values (regression parameters) showed a significant difference between intercept with 0; and slope with 1 in all
the studied models (p<0.05). However, based on the goodness of fit parameters obtained from the linear
regression, FZH and GOM models had a better prediction of the gas production profile.

Conclusion The EXP model had lower accuracy in predicting the rumen fermentation kinetic of corn silage
compared with the other studied models. It is recommended that other nonlinear models be used in addition to
the EXP model for investigating the ruminal fermentation kinetics of corn silage.

Key words: Goodness of fit, /n vitro method, Nonlinear models, Ruminal fermentation kinetic.
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2- Apparent Metabolizable Energy corrected for zero
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3- Nitrogen Retention
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Table 1- Ingredients and chemical composition of diets in different periods (percent, air dry basis)

Shss o3l ((Kalo 2 b 1) cpjlel i (Salo 4 52) o slel (Solo 6 1 4) 1,
Ingredient Prestarter Starter Grower
1! 2 3 4 5 | 1 2 3 4 5 | 1 2 3 4 5
PS5 pogaes
0.00 0.00 0.00 8.00 14.52 0.00 0.00 0.00 12.68  14.48 0.00 0.00 0.00 13.58 16.18
Wheat bran
A8y Al
§ 0.00 7.87 22.69 0.00 0.00 0.00 9.17 19.63 0.00 0.00 0.00 8.11 18.19 0.00 0.00
Sugar beet pulp
s 9.51 3.00 2.00 7.62 10.03 2826 2277 1832 1957 29.88 5149 4439 3962  40.87 49.75
Alfalfa
:)A 13'8 18.97 3338 11.73 6.5 2484 2679  31.65 1438 1258 2239 2124 2521 10.85 8.39
orn
}’; \ 346  32.52 4.46 39.89 3563 21.74 1489 3.14 2975 1849 1441 14.7 4.43 25.52 15.79
arley
(CP=10.48) L g s’ 27.4
30.14 2754 2236 22.4 19.73 2135  22.03 1832 17.74 7.44 7.59 8.53 4.86 4.14
Soybean meal 6
LB
i 3.63 1.89 5.55 5.99 5.01 0.69 0.00 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fish meal
bgw Pl (F9) 0.00 0.00 0.00 0.00 1.4 0.00 0.00 0.00 0.00 2.08 0.49 0.00 0.00 0.08 1.98
Soybean oil
Gl S
DCP Gl 1.89 2.18 1.73 1.31 1.33 2.03 22 22 1.8 1.82 1.83 1.84 1.90 1.45 1.44
§ ULJ; 1.73 1.9 1.39 1.74 1.80 1.3 1.34 1.25 1.81 1.46 0.56 0.63 0.59 1.11 0.82
Calcium carbonate
Y . §
"ef\u . 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Mineral premix?
T eling JoSo
I s 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin premix
Ses
Salt 0.25 0.23 0.07 0.23 0.23 0.27 0.23 0.16 0.3 0.27 0.26 0.22 0.16 0.29 0.26
a
ciae |l
it 0.12 0.16 0.16 0.13 0.15 0.14 0.17 0.2 0.21 0.19 0.13 0.16 0.18 0.19 0.18

DL-Methionin

| widJ
,\i)_\gs)',\:_a,uir:U 0.00 0.13 0.03 0.00 0.00 0.00 0.09 0.14 0.18 0.01 0.00 0.12 0.19 0.2 0.06
L-Lysine HCL

b 2oy AIYD ( Salo ¥ 5 Y) o5l (5093 )3 Jgloeol yuud duoyd Yo g Jolmo b duoyd VIS o (Snlo ¥ BY) (58l st (50)99 )3 Jglomal yod 103 V8 g Jglme yuud 0oy VIO (glyb caalis Jlos 1) Jlo
sk Jolore yed 1o)d ¥ gl o jlas ¢ sloee pud pute (laic 4 A8 i allis) sald jla 4y Cond yids Jebe pud 0o 3 ¥ gl 1Vl (( (Sale £ 6 F) 0y 0)9 )3 Jobrol b dops YO/D g Jsle
ety el b 2ioys ¥ (gl B s o ol b e (i & PS5 (pogn) 285 o & o s Jpna b oy ¥ D 3 o Jpbre e e (g oy 43 iy A1) 1al5 o &y Con
{Jsloreel jud e (Jyis 41 puS oges) dald jlocs & Cond
P35 e VF+ o 18 o F00 by 438 o VE+ s p Sk VYoo sy 15 o VYoo ol )5 o O i 25 o Wo - i S o Vo oo ol ikeo Julo p 55k 0 7
ol a1 5 oo N0 5 IS IS S o+ 3 S o Vo S
Veooo Bigrolig p)Sbee ¥eooo Ks uolig p5 oo Teve B oolyg p5 oo Vev e e D3 geoliyg Ml oy Fooeeee A poliy (el ol VFeeeenn Jols oy JoSo pSokS 0 27
P25 e Y+ Ha ety 25 o Yoo Bz ey oS isko Vo By ol o5 o T+ B g 5 ko 0+ + <Bs (g S s Ao (B i Sk Yoo (Ba by 8 o
el ST 3 oo VB o g )8l p )5 Lo VB4 + + (C ol
'Treatment 1: control (In prestarter’ 1-2 months’ period contained 7.5% soluble fiber and 16% insoluble fiber; In starter period *2-4months’ contained 7.6% soluble fiber
and 20% insoluble fiber; In grower period ’4-6months’ contained 8.25% soluble fiber and 25.5% insoluble fiber; Treatment 2: contained 2% soluble fiber higher than
control (Sugar beet pulp as soluble fiber); Treatment 3: contained 4% soluble fiber higher than control (Sugar beet pulp as soluble fiber); Treatment 4: contained 2%
insoluble fiber higher than control (Sugar beet pulp as soluble fiber); Treatment 5: contained 4% insoluble fiber higher than control (Sugar beet pulp as soluble fiber).
2 Bach 5 Kg of mineral premix provided the following: Mg 7000 mg, Mn 170000 mg, Fe 50000 Mg, Zn 126000 mg, Cu 21000 mg, I 1400 mg, Se 450 mg, Co 140 mg,
S 20000 mg, Choline chloride 500000 mg , Anti oxidan 1500 mg.
* Each 5 Kg of vitamin premix provided the following: vitamin A 14000000 IU, vitamin D3 4000000 IU, vitamin E 100000 mg, vitamin K3 4000 mg, vitamin B 4000
mg, vitamin B> 10000 mg, vitamin B3 20000 mg, vitamin Bs 80000 mg, vitamin B¢ 5000 mg, vitamin By 4000 mg, vitamin Bi> 100 mg, vitamin H> 300 mg, vitamin C
25000 mg, L- Carnitine 165000 mg, Antioxidant 1500 mg.
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Table 2- The chemical composition of diets in different periods (percent, air dry basis)

Shss o2l ((Zobo 2 B 1) ojlel i (Solo 452) o5l (Xalo 6 b 4) 1,
Ingredient Prestarter Starter Grower
1! 2 3 4 5 1 2 3 4 5 | 1 2 3 4 5
pedsibio BB 551
(55 »sJ85ks) 3100 3100 3100 3100 3100 2900 2900 2900 2900 2900 2700 2700 2700 2700 2700
AMEn (Kcal/Kg)
/ 15 055,
“)e w”‘: 22.71 231 2253 2247 2266 1945 195 195 196 195 16 15.82 16 15.79 1544
Crude protein (%)
(") 1.84 1.82 223 2.01 3.44 2.05 211 225 223 426 2.68 2.23 2.35 249 436
Crude fat (%)
(%) p1
; 6.55 594 594 6.96 7.8 1029 9.79 941 9.69 11.6 1532 14.69 1426 1449 1621
Crude fiber (%)
(1) & 235 255 275 25.5 27.5 27.6 296 31.6 296 31.6 3375 3575 3775 3575 37.75
Total fiber (%)
() Jgoxe )“3 7.5 9.5 11.5 7.5 7.5 7.6 9.6 11.6 7.6 7.6 825 1025 1225 8.25 8.25
Soluble fiber (%)
(/) g 8
Insoluble fiber 16 16 16 18 20 20 20 20 22 24 25.5 255 255 27.5 29.5
(%)
) i 1.6 1.6 1.6 1.6 1.6 1.5 1.5 1.5 1.5 1.5 1.4 1.4 1.4 1.4 1.4
Calcium (%)
(/) 3 i
Available 0.7 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.5 0.5
phosphorus (%)
() 2o
i 0.16 0.16 0.16 0.16 0.16 0.18 0.18 0.18 0.18 0.18 0.2 0.2 0.2 0.2 0.2
Sodium (%)
AR
) o35 1.34 1.33 1.37 1.33 1.33 1.06 1.06 1.07 1.05 1.06 0.76 0.74 0.75 0.74 0.75
Arginine (%)
) ua,»:J 1.33 1.32 1.33 1.33 1.33 1.25 1.25 125 125 1.25 1.24 1.25 1.25 1.24 1.24
Lysine (%)
) u:-’?‘*‘ 049 049 052 0.5 0.5 045 046 046 047 046 0.4 0.41 0.42 0.43 0.42
Methionine (%)
() oo + (igste
Methionine + 078 0.78 0.78 0.78 0.78 0.75 075 0.75 075 0.75 0.7 0.7 0.7 0.7 0.7

Cystine (%)

3 Jolowob yud aoyd Yo g Jolomo yud doyd VIS  (Salo ¥ 5Y) el i (60,95 53 Jolomal pud o )3 V8 g Jglome yud 3o )3 VD (el caals Jlaws o) jlos™
Slows 4 Cams yidin Jgloe pud 203 ¥ b 1 ¥l { (Salo £ 5F) 0y 0)90 )3 Jolomel pud soyd YO/D g Jolomo puid duoyd NYD ( Salo ¥ 5 ¥) op5lel (60,9
Y il ¥ jlew ((Jolxe pud aio loie a4 A8 jaize i) dald Hlow 4 Cad gl Jolomo yud doyd ¥ (gl ¥ jlaws { Joloxe b aio oloie 4 A juizs dlis) aals
@ PS agens) 2aL5 sled & Cond ity Jlorali o8 203 ¥ (I8 le ((Jolowall b gte (lgie 4 pAS gen) JaLS oS &) s i Jslonel jud o>
(Jlorals b e i
!:Treatment 1: control (In prestarter’1-2 months’ period contained 7.5% soluble fiber and 16% insoluble fiber; In starter period *2-
4months’ contained 7.6% soluble fiber and 20% insoluble fiber; In grower period *4-6months’ contained 8.25% soluble fiber and

25.5% insoluble fiber; Treatment 2: contained 2% soluble fiber higher than control (Sugar beet pulp as soluble fiber); Treatment 3:
contained 4% soluble fiber higher than control (Sugar beet pulp as soluble fiber); Treatment 4: contained 2% insoluble fiber higher

than control (Sugar beet pulp as soluble fiber); Treatment 5: contained 4% insoluble fiber higher than control (Sugar beet pulp as

soluble fiber).

2l g (V) 005 slmpgSaw 37 i wlip Y6 s S35 5400,

2- Ruminococcus flavefaciens
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1- Fibrobacter succinogenes
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Table 3- Chemical composition of sugar beet pulp and wheat bran'" (percent, air dry basis)

S e B I s s 6 s
Shygs sale AMEn (%) e ) (%) (%) ) ) %) el () o yiod
ingredient  (KealKg) ~ Crude 0 Crude  Total o e CAleum Available
protein o (%) fiber fiber fiber (%)  fiber (%) (%) phosphorus
(%) (%) (%) (%)
ERRVEEIry)
Sugar beet 2798 10.23 2.6 14.92 67.64 34.18 33.46 0.8 0.06
pulp
P g 2799. 8 16.63 4.8 104 4184 084 41 0.1 0.65
Wheat bran

P (gm 9 25y A (g330 dlge oo & bguye il g (Vo) el g (yguad 51 43,5 S ugaas (oytand B 5ind g oeadS” & bgyye slasl 1Y), 500

Cowl 04 d)jo)‘.b‘ F‘J FREY o\iwlnj 5 ulf.\wy ]a.wy

“The AMEn of sugar beet pulp were taken from Ayaz et al., (2), AMEn of wheat bran were taken from Ciliers (6), percentages of
calcium and phosphorus of sugar beet pulp were taken from Fade et al., (12), percentages of calcium and available phosphorus of
wheat bran were taken from Leeson and Summers (20). The percentages of other nutrients of sugar beet pulp and wheat bran were

obtained from laboratory measurements by authors.
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Table 4- Effect of soluble and insoluble fiber levels on nutrients digestibility in ostrich chicks

L yo,leS
» GRS P NS BCIP A Y PR
e () () o rdab)lss y . . -
Treatment Protein Fat digestibility ) Jgxe () Jgoxs o
digestibility (%) (%) .Solujbl.e.flber I.nsohtlb.le. fiber Ash digestibility
digestibility (%) digestibility (%) (%)
12 81.17+0.7572! 88.01+ 1.1386 65.09+ 1.7868 51.48+0.7022 44.03+1.7033
2 79.52+0.7572 86.71+ 1.1386 66.37+ 1.7868 51.24+0.7022 39.29+1.7033
3 81.56+ 0.7579 83.92+ 1.1386 63.01= 1.7868 51.72+ 0.7022 42.82+1.7033
4 81.45+ 0.7579 86.76+ 1.1386 61.77+ 1.7868 52.4+0.7022 40.92+1.7033
5 80.18+ 0.7579 86.78+ 1.1386 60.37+ 1.7868 53.59+ 0.7022 41.42+1.7033
Pvalue 0.2641 0.1685 0.1424 0.1575 0.3626
(o) ¢
Age (month)
2 71.8+0.9292 74.11°+ 1.4335 46.65°+ 2.3322 46.34°+ (0..4605 33.16°+ 0.871
4 87.25*+ 0.2602 94,132+ (0.3438 68°+0.5791 53.38+ 0.2308 42.67°+ 1.7956
6 83.26+ 0.3421 91.07%+ 0.2269 75.26°+ 0.8975 56.54*+ 0.7904 49.24°+ 1.5558
Pvalue <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Age* Treatment
1 71.38+2.0778 76.49+ 3.2055 49.19+ 5.2151 45.944+ 1.0297 34.96+ 1.9477
70.44+ 2.0778 74.51£3.2055 53.43+ 5.2151 46.19+ 1.0297 32.50+ 1.9477
2 73.18+£2.0778 67.59+ 3.2055 40.47+ 5.2151 45.44+ 1.0297 33.50+ 1.9477
73.85£2.0778 76.29+ 3.2055 46.16+ 5.2151 47.74+ 1.0297 30.98+ 1.9477
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70.17+ 2.0778
88.61+£ 0.5819
87.23+0.5819

75.66+ 3.2055
95.81+0.7689
94.63+0.7689

44.02+ 5.2151
69.84+ 1.2949
70.98+ 1.2949

46.40+ 1.0297
53.19+£0.5161
52.46+0.5161

33.87+1.9477
45.51+4.0151
40.10+ 4.0151

87.59+ 0.5819 93.86+ 0.7689 70.35+ 1.2949 53.53+0.5161 4443+ 4.0151
86.76+ 0.5819 93.50+ 0.7689 64.78+ 1.2949 52.97+0.5161 40.78+ 4.0151
86.08+ 0.5819 92.82+0.7689 64.04+ 1.2949 54.74+ 0.5161 42.54+ 4.0151

83.51£0.7650

91.72+ 0.5074

76.25+ 1.7855

55.32+1.7674

51.61£3.4789

80.89+ 0.7650 90.98+ 0.5074 74.69+ 1.7855 55.07+ 1.7674 45.25+ 3.4789

6 84.01+ 0.7650 90.29+ 0.5074 78.22+ 1.7855 56.20+ 1.7674 50.52+3.4789

83.74+ 0.7650 90.49+ 0.5074 74.36+ 1.7855 56.49+ 1.7674 50.98+ 3.4789

5 84.28+ 0.7650 91.86+ 0.5074 72.76+ 1.7855 59.63+1.7674 47.84+ 3.4789
Pvalue 0.0895 0.1677 0.4515 0.6844 0.9834

(P<eT+0) sisb o Hbine glis (gyls Syniia pé By b gty (lo 3, Sile®®
xSole 3,0kl (sllas £ Sleo *!
3 Jolowob yud do )3 Yo g Jolomo yud doyd VIS (Salo ¥ 5Y) 3l i (50595 53 Jolomel pud 0o )3 V8 g Jolome yud b0 )3 VIO (gl csals Jlas o) o™
o 4 Cams yidin Jgloe pud 2o 3 ¥ b 1 ¥ Lo { Sale £ 5 F) 0y 0)90 )3 Jolomol pud 2oyd YO/D g Jglomo puid duoyd AYD ( Slo ¥ 5 ¥) op5lel (60,9
Y il ¥ jlew f(Jolxe pud aio loie a4 A8 juize i) dald Hlow 4 Cad i Jolomo pud o yd ¥ (gl ¥ Jlaws { Joloxe b aio oloie 4 A juizs dlis) aals
@ PS5 (ge) LS et & Gyt Jglonel yud 303 ¥ (gls D jled (Jlowel yud e lgis & puiS ogen) 38LS JlosS & Sl i Jolonal b 20>
(Jlorals b e i
*bMeans within same column with different superscripts differ (P<0.05).
I Mean + Standard of mean
>Treatment 1: control (In prestarter’1-2 months’ period contained 7.5% soluble fiber and 16% insoluble fiber; In starter period *2-
4months’ contained 7.6% soluble fiber and 20% insoluble fiber; In grower period *4-6months’ contained 8.25% soluble fiber and
25.5% insoluble fiber; Treatment 2: contained 2% soluble fiber higher than control (Sugar beet pulp as soluble fiber); Treatment 3:
contained 4% soluble fiber higher than control (Sugar beet pulp as soluble fiber); Treatment 4: contained 2% insoluble fiber higher

than control (Sugar beet pulp as soluble fiber); Treatment 5: contained 4% insoluble fiber higher than control (Sugar beet pulp as
soluble fiber).
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Table 5- Effect of levels of soluble and insoluble fibers on AME and AME, in ostrich chick

&3 ledly o

o AME (kcal/kg) AMERn (kcal/kg) Energy efficiency ratio
Treatment
(g/kcal)
12 3483.22°+ 24.2946! 3247.85°+ 25.5875 12.828%+ 0.4225
2 3385.54°+ 24.2946 3090.07°+ 25.5875 13.58%+ 0.4225
3 3427.87°+ 24.2946 3088.81°+ 25.5875 13.41%+ 0.4225
4 3653.83%+ 24.2946 3332.73%+ 25.5875 12.0820+ 0.4225
5 3775.67°+ 24.2946 3328.17°+ 25.5875 11.9220+ 0.4225
Pvalue <0.0001 <0.0001 0.03052
(o) ¢
Age (month)
2 3266.93°+ 22.0468 2966.29°+ 30.7468 19.13%+ 0.5918
4 3719.36+ 8.5341 3297.25%+ 7.6906 13.4°+0.3429
6 3649.38+ 12.4186 3389.03°+ 15.8292 5.75%0.0943
Pvalue <0.0001 <0.0001 <0.0001
Age * Treatment
3117.34% 49.2982 2877.94°+ 68.752 19.79+ 1.3233
3006.43%+ 49.2982 2729.59°+ 68.7520 20.41+1.3233
2 3024.71%+ 49.2982 2788.10°+ 68.752 20.06=+ 1.3233
3497.07°+ 49.2982 3224.83%¢d1 68,752 18.42+1.3233
3689.11%+ 49.2982 3210.97%4+ 68.752 17+ 1.3233
3856.21°+ 19.0827 3424.03%+ 17.1968 12.87+ 0.8667
3576.34°+ 19.0827 3142.19%+ 17.1968 14.63+ 0.8667
3591.06%+ 19.0827 3165.16%+ 17.1968 14.31+ 0.8667

N
DR W~ WK = 0 A WK —

3751.72%¢+ 19.0827
3821.46%+ 19.0827

3359.49%4+ 17.1968
3395.38%+ 17.1968

12.13£ 0.8667
13.06=+ 0.8667

3476.1%%+ 27.7688 3441.57°+ 35.3952 5.78+0.211
3573.84%+ 27.7688 3398.42%+ 35.3952 5.70=0.211
6 3667.83%+ 27.7688 3313.16%4+ 35,3952 5.87+0.211
3712.68%+ 27.7688 3413.86%+ 35.3952 5.7£0.211
3816.44%°+ 27.7688 3378.15%+ 35.3952 5.7£0.211
Pvalue <0.0001 <0.0001 0.3587

(P<e/0) 33l o > ine glis gyl S yita pé Ggpn b giw ya (slaonSilatd
Sle 3kl (gl ke
3 Jolomel b bo )3 Yo g Jglome puid o yd V/E o Salo ¥ V) 58] i (60,93 p3 Jolomols pud doyd VS g Jolmo yud 2o Y/ (chb aali jlos 1) jlo™
o 4 G by Joloe yud 200 ¥ gl 1 Y e {((Kale £ 5 F) 15 0)9d 10 Jolowol yud 2o p> YO/ g Joloe pud doyd AIVD o Sale ¥ 5 Y) 5kl (60,90
Y shb oF Jles ((Jobxo pud puio lois 4 48 juiie d5) sald jlog & Cows yid Jalowe ud 1o 3 ¥ (gl & jlos { Jalome yud e lgis 4 A8 jaiis ) sals
4 pAS (ge) SalS e & G il Jslowl b 20> ¥ (b D jles olonel b ke plpie 4 puS (eges) SalS Jled &) Gyt Jgloual 20>
(Jlorals b e i
a1 05 omlie bl 6 sine gl 5005 b oo duglie plSin SAS bl 355 5 Ll il <[+ 1 oS Cannd el 5 Jloin] g 45,517
S5 K05 b syl stme sl Inylags 45 39500 (65

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

!" Mean + Standard of mean

ZTreatment 1: control (In prestarter’1-2 months’ period contained 7.5% soluble fiber and 16% insoluble fiber; In starter period *2-4
months’ contained 7.6% soluble fiber and 20% insoluble fiber; In grower period ’4-6months’ contained 8.25% soluble fiber and
25.5% insoluble fiber; Treatment 2: contained 2% soluble fiber higher than control (Sugar beet pulp as soluble fiber); Treatment 3:
contained 4% soluble fiber higher than control (Sugar beet pulp as soluble fiber); Treatment 4: contained 2% insoluble fiber higher

than control (Sugar beet pulp as soluble fiber); Treatment 5: contained 4% insoluble fiber higher than control (Sugar beet pulp as
soluble fiber).

3 Although probability is less than 0.05 but when treatments compared each other the P-values were more than 0.05, therefore we
concluded treatments had no significant difference.
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Table 6- Volatile fatty acid energy yield (kJ/ day) from the hindgut of ostrich chicks at different live masses

o%5 139 R B op sl 5l gads 55
Live mass range (kg) VFA production (mol/day) Total VFA yield (kj/day)
5-9 3.622 3753
20-22 5.408 5604
43-50 8.220 8518
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Introduction Like to broiler chickens most of the ostrich breeding cost is related to the price of nutrition.
Given the higher ability of ostriches to using the dietary fiber, it is expected that the using of cheaper feeds may
be provide diet with lower prices. Agricultural by-products such as sugar beet pulp and various types of brans are
rich sources of fibers, each with different percentages of soluble and insoluble fibers. Ostrich (Struthio camelus)
has a long rectum (about 8 meters) that occupies about 57 % of the length of its gastrointestinal tract, but in the
broiler chicken the rectum is only about 3 % of gut tract. The microorganisms in the ostrich's large intestine can
digest 38% of cellulose and 68% of hemicellulose. The dietary fiber is divided into two types of water-soluble
and water-insoluble. The water-insoluble fibers are including cellulose, lignin and a part of hemicellulose. Due
to the higher passage rate of the digestive tract, they are less fermentable than soluble fibers. Water-soluble
fibers are mainly including pectin, gum, and mucilage. Soluble fibers reduce the contact of enzymes with
digesta, due to increase viscosity, thereby reducing digestion and absorption of nutrients in the gastrointestinal
tract. Due to the fact that the effect of soluble and insoluble fibers in the digestive tract is different from each
other and so far no research has been done on the effect of fiber source in ostriches. This study was aimed to
determine the nutritional value and digestibility of nutrients of diets containing two fiber sources soluble and
insoluble in ostrich chicks.

Materials and Methods In order to evaluate the feasibility of using the higher levels of soluble and insoluble
fibers in ostrich’s diet, this experiment was undertaken using 30 ostrich chicks in a completely randomize design
with 5 treatments and 6 replicates in each treatments (one bird in each replicate) in three periods; prestarter (1- 2
months), starter (2- 4 months) and grower (4-6 months). The experimental treatments were as follows: 1-Control
diet with standard fiber level, 2- Treatment contains 2% more soluble fiber than control (sugar beet pulp as the
source of soluble fiber), 3- Treatment contains 4% more soluble fiber than control (Sugar beet pulp as a source
of soluble fiber), 4- Treatment contains 2% more insoluble fiber than control (wheat bran as a source of insoluble
fiber) and 5- Treatment contains 4% more insoluble fiber than control (wheat bran as a source of insoluble
fiber). A total 30 ostrich chicks were reared at an average weight of 3082+ 202.37 grams in cages. In order to
determine the digestibility of nutrients, AME and AMEn, the total excreta were collected. Nutrients contents of
feed and excreta were measured according to AOAC (1997) methods. The raw energy of feed and excreta was
measured by the calorimeter bomb apparatus. Megazim kit was used to measure the total dietary fiber (AOAC
Official Method 991.43). The amount of soluble fiber was calculated by subtracting the insoluble fiber from total
dietary fiber. Data were analyzed using SAS software (2002) using mixed procedure for repeated measurements
with a significance level of 0.05 by Tukey Cramer method.

Results and Discussion Data showed that fiber source had no effect on nutrient digestibility. Ostrich rectum
is longer than its small intestine (the rectum occupies 57% of the digestive tract and small intestine occupies
29% of the digestive tract) and a good place to ferment the plant fibers. Fiber digestive bacteria such as
fibrobacter succinogenes and ruminococcus flavafaciens in ostrich's ceca and other fermenter bacteria in the
ostrich's rectum enable it to have the proper ability to utilize fiber sources. Since the beginning of the experiment
was from the age of one month, ostrich chicks had sufficient ability to use different fiber sources. The difference
in the rate of digestive contents through the consumption of soluble or insoluble fiber sources had no significant
effect on digestibility of nutrients. Soluble and insoluble fibers digestibility and ash digestibility increased with
ageing (P<0.0001). As birds age increase the bacterial activity increase in the rectum and ceca. There was no
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significant difference in AME in treatments that had more soluble fiber compared with the control group, but
AME and AMEn increased significantly with increasing insoluble fiber compared to treatments that had more
soluble fiber (P<0.0001). Which is probably related to the effect of insoluble fiber in the small intestine.
Insoluble fiber diets improve the efficiency of nutrients utilization due to increasing the villi height to crypt
depth ratio, therefore increased AME and AMEn. The differences in AME and AMEn with consumption of
insoluble fiber source in comparison with other treatments are related to the greater effect of different fiber
sources on the small intestine. Insoluble fiber decreases the viscosity of digestive contents and increases the
effect of digestive enzymes secreted from intestinal cells (such as alpha amylase) and improve the digestion of
starch and other nutrients and increase the energy obtaining from the diet by the ostriches. AMEn significantly
increased with aging that may due to the increase of the activity of older birds, increase the energy required for
maintenance and activity and hence more consumption of energy by the bird. The microbial population of the
cecum and colon of the ostrich (from 3 weeks onwards) is similar to the rumen, which has the ability to ferment
the fiber and produce volatile fatty acids, which these volatile fatty acids provide part of the metabolizable
energy.

Conclusion According to the results of this study, a suitable range for soluble and insoluble fibers in
ostriches diets from one to two months old were suggested to be 7.5 to 11.5 percent and 16 to 20 percent, at the
age of 2 to 4 months 7.6 to 11.6 percent and 20 to 24 percent and at the age of 4 to 6 months 8.25 to 12.25
percent and 25.5 to 29.5 percent, respectively.

Key words: Fermentation, Large intestine, Ostrich, Protein, Volatile fatty acid.
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Table 1- Chemical composition of dietary fiber sources and particle size distribution (g kg' DM)

o e

o drilys Fiber sources?
Parameter! 1,30l3] g S 8L pAS pogms

SFH SB WB
[EGES
Dry matter 923 548 891
S5
Ash 30.3 45.4 63
P Oean

48 14.5 14
Crude protein 5
wrlelas 46 4 45
Ether extract
Pl b

484 4 1
Crude fiber 87 50
LSS 0gd 4 Jelowel AL

6 8 4
NDF 93 30 46
oizsds 5 Jobxal 3L
Sl 468 630 155
ADF
Srb iy Sl )ing,S

18 106 1
NFC 3 0 30
alyd ol Cudyd 59) Cudiyd 59) Sy 55)
Screen size (um) Coarse? Fine* Coarse Fine Coarse Fine
3000 0.63 0 0.79 0 0.99 0
2000 3.24 0.05 6.25 0 6.53 0.156
1000 12.69 36 28.32 7.75 51.6 9.012
500 74.18 36.75 28.65 31.51 22.49 31.13
212 5.25 19.05 11.85 17.48 11.25 16.356
125 1.57 5.23 17.47 25.6 4.11 24.13
75 2.44 2.92 6.67 17.66 3.03 19.216
GMD? + GSD ¢ 729.72+1.73  684.57£1.25 587.97£1.52  314.88+1.38  914.7241.30  318.14+1.41

INDF; Neutral Detergent Fiber, ADF; Acid Detergent fiber, Non-Fiber-Carbohydrate (NFC)= 100-(CP + Ash + EE + NDF),
2 SB; Sugarcane bagasse, SFH; Sunflower hulls, WB; Wheat bran.
3Fiber source ground through a 3.0-mm screen.
“Fiber source ground through a 1.0-mm screen.
> GMD: Geometric mean diameter

¢ GSD: Geometric standard deviation
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Table 2- Ingredients and Chemical composition of the experimental diets (g kg DM).

oy 213 p301 SW'L"' . 5
. . tarter TOwWer
Feeds ingredients dlto 20 I 042
é, 3 248 2957
orn
}’; . 300 300
arley
P (g 20 TF b g oS 302.7 256
Soybean meal (44% CP) ’
ey Moy £el0 L ale g 30 20
Fish meal (60.5% CP)
u"‘l:f d-é?) 50 65
Vegetable oil
Sl 13.5 14
Limestone ’
Olawd w......JS~ <2 12 8.5
Dicalcium phosphate ’
DS 3 2
Sodium chloride
S (o mde
- S 1.8 1.8
Sodium bicarbonate
ey 9 (Faxe dlge JoSe 25 25
Mineral and Vitamin premix’
osie Jl e 25 12
DL-methionine
o = J 1.5 0.8
L-lysine HCI
&b awle
Sand? 30 30
whows OS5
Chemical composition
edylie LB 53 2021 3061
AME (kcal kg™")
E‘;wax 210.2 191.5
gg‘ ol 70.1 85.6
EBF e 422 399
§ 10.2 90
Calcium
DR ) yhud 45 35
Available phosphorus
o 2 1.5
Sodi_um ’
o) 14.4 12.6
Arginine
o 14 116
Lysine
Orisee 5.8 42
Methionine
Ot + (gt 9.3 7.3

Methionine + Cysteine

S ke YAV dtp S Lo ¥ev e Cutp S Lo YA Zn 45 Juo Yoo v Fe (p)5 Lo YAPA- MD 153405 00 ol 0y p S okS sa (lil ]y 15 polie woling g (Stne dlgo JoSo

pScdee Voo Bi poling 0,5 oo Are K3 uolig p)5 Juo VFFre B ool ¢ Madlipy doly Avevss D3 poliyg fMadlip doly YForren A yeliyg S dee Ar Se )5
£S5 dee ¥ om0 )8 (oo YAV + (gl mandS 60 )5 oo MV (sl 405 Lo & Bz fuebing )5 oo ¥ o Bo Cpuoling 0,5 o VWYE B puolig 0,5 oo YFF+ Bo yuolig
e e S S

1 (0l dwle o 5Sole wglite (b3l 5 pud ilisee o’
'Provided the following (per kg of diet): Mn: 39,680 mg; Fe: 20,000 mg; Zn: 33,880 mg; Cu: 4,000 mg; I: 397 mg; Se: 80 mg, 3,600,000 IU Vitamin
A; 800,000 IU Vitamin Ds; 14,400 mg Vitamin E; 700 mg vitamin Bi; 800 mg vitamin K3; 2,640 mg vitamin B>; 1,176 mg vitamin Bs; 400 mg
vitamin Bo; 6 mg vitamin B12; 11,880 mg Niacin; 3,920 mg Calcium pantothenate; 40 mg Biotin; Choline chloride: 100,000 mg.
2 Sand was replaced by 30 g/kg sugarcane bagasse, sunflower hulls, or wheat bran (1 and 3 mm particle sizes) in starter, and grower phases of
experiment.
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Table 3- Effect of particle size (fine' and coarse?) of different sources of insoluble fiber on growth performance of broiler chickens at

1-42d.

o (P5) 0% 035 LB (p5) Brae Shys> Shey b cups
Treatment Body weight gain (g) Feed intake (g) Feed conversion ratio

1-42 d 1-42 d 1-42 d
J=s 2326.31¢ 4643.1 2.00?
CTL?
s L
SB*
2 2433.423bc 4701.4 1.932
fine
b 2401.46 4501.0 1.87
coarse
PAS poge
WB?
}i) 2542.19%b 4588.7 1.80¢
fine
b 2460.29b¢ 4609.3 1.88b
coarse
O, RobsT digy
SFH®
2 2548.1220 4638.7 1.82°¢
fine
S 2590.012 4595.4 1.78°
Coarse
0o line ol 23.49 27.44 0.01
SEM’
S e e 0.01 0.67 0.001
P-value
Sl b glie Slolie 0.004 0.65 0.0005
Control vs. fiber
02 9 5y S lie 0.56 0.24 0.70

fine vs. coarse

(P< ~/~b) Lk S350 b gyl pixe glas (gl alial By (> (sl 1 Sl (g o 3 a-c
OS] gy ™ paiS agaas ® Sid BT (2l o) J5ES T e e ¥ 0l o1 b ke o e ) b ejlail b b gite’
*¢ Means with different letters within the same column differ significantly (P<0.05).
'Fiber source ground through a 1.0-mm screen.?Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.
’SEM = Standard Error of Mean.

ol byl 53 A8l oo w3l Gialesl L 38l 5 45 09 00 2 Jsloeels jd a5 0,8 ()1 (1Y) phlSen 5 ol L
Po) Jaloeels yud dmd £ LY g58] a8 W0 )ST )15 s 4 o bl ) Shygd Gpas lise g 608l 2865 (sladsgs
St Esl paS a0l o (almope )3 ey (g 9 w8y S sladag o (g ORIl g S s s dene
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Table 4- Effect of particle size (fine! and coarse?) of different sources of insoluble fiber on energy (Cal /g weight gain) and protein
efficiency ratios of broiler chickens.

(575 )8) 551 o33k OBgn o3k

o el 09 A5 090 0399 JS BRSPS 35y 0y93 093 JS
Treatment Starter period  Grower period  Total period Starter period ~ Grower period  Total period

121d 22424 1-42d 121d 22424 1-42d
Jrs 4455.9 6727.8 5970.9* 3.12 2.39¢ 2.50¢
CTL3
s L
SB*
2 4658.7 6329.6° 5787.2e 2.99 2.54° 2.58¢b
fine
Ry 4632.8 6077.4b 5607.2b 3.00 2.65% 2.66%
coarse
PAS poge
WBS
2 4309.2 5929.0¢ 5397.8¢ 3.23 2.712 2,772
fine
by 4378.9 6198.7% 5616.0% 3.18 2.60% 2.67
coarse
O, oLl digy
SFH®
2 43873 5954.5¢ 5444.6¢ 3.17 2.70° 2.74
fine
by 42382 5957.9¢ 5406.4¢ 3.28 2.70° 2.76
coarse
e line ol 50.28 62.75 50.54 0.03 0.02 0.02
SEM?
S e 0.22 0.0002 0.003 0.22 0.0002 0.002
P-value
S ed o Sluslie 0.88 <0.0001 0.0005 0.85 <0.0001 0.0006
Control vs. fiber
a9 ey S duslie 0.76 0.65 0.70 0.75 0.58 0.63

fine vs. coarse

c

(P< ~/~b) L S350 b gyl pixe glas (gl alial g > (> (sl 1Sl (g o a
OS] gy ™ oS g Sits LT (0 o) S8 e T e (o Y OID 05L1 Ly ke ke o ) 5 a3l L b !
*¢ Means with different letters within the same column differ significantly (P<0.05).
'Fiber source ground through a 1.0-mm screen.?Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.
’SEM = Standard Error of Mean.

(59 TY=Y o) g 093 IS 9 (595 TY-VY () bdrg> (95 9 <551 033l Cud r Blizee glajlags

b obine )5l e s sladagr Tgn 5 50 035k Capes 15y 093 3 (etalejl (slaylass Conl 0 &I T Jodo )3 (b8
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Figure 1- Effect of particle size (fine! and coarse?) of insoluble fiber on European Efficiency Factor (EEF) of broiler chickens.
5 30 Sl 0jlul 3) pAS s Moy duw olyed 4 Sl 0y WB (i g 35y ©l)d ojlul j0) ;Sis Wl o )d dw olyen &y sald o :SB wali oy :CTL

g (b g 32y D3 0301 53) (1, KL dtungs Mo yd duw oy 4y 8l 0y :SFH g (cuiyd
Basal diet (control, CTL), Sunflower hulls (SFH), Sugarcane bagasse (SB), and Wheat bran (WB) ground through a 1.0 (fine) or 3.0
mm (coarse) screen that were added to the control diet at 3.0%.
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Table 5- Effect of particle size (fine! and coarse?) of insoluble fiber on villous height (um) , crypt depth (um) and villous
height /crypt depth of the duodenum and jejunum of broiler chickens at 42 days of age

o5 (um) ;5 elis)| (Hm) cop S 3os S Gos 4 iy )
Treatment Villus height (um) Crypt depth (pm) Villous height /Crypt depth
Duodenum  Jejunum Duodenum  Jejunum Duodenum Jejunum

é{;; 1518.04¢ 1504.56 208.44 222.77 7.02¢ 6.76

Suis L

SB#

- 153588« 1525.86 200.92 229.21 7.66< 6.66

fine

29 1653.97° 1574.66 201.35 224.66 8.22 7.06

coarse

PAS poge

WB?

t}f) 1596.46®  1522.34 198.84 213.16 8.04 7.04

ine

2 1628.89  1514.02 192.43 216.28 8.472 7.11

coarse

O1,SosT dgy

SFH®

- 1576.16>¢  1519.89 193.62 215.95 8.14%® 7.05

fine

2 1614.892  1544.93 201.35 214.15 8.02® 7.21

coarse

Sile e oLz

g}’;\;{; T 10.69 12.77 1.95 2.52 0.10 0.08
‘ .

;’V’ail‘; g 0.0003 0.85 0.38 0.58 0.02 0.64
55| b qolio duslis

S e e 0.0004 046 0.07 0.60 0.002 031

Control vs. fiber
Sy g joy ©lyd dulie

0.0004 0.46 0.89 0.84 0.115 0.28
fine vs. coarse

-c

(P</40) sin 50385 b (6l gime glis syl aslitli g (lyls (6l Silio g oo p3 ¥
OS] gy ™ paiS aguas ® oSitd BT (ko) J5ES 0T e e ¥ o1 b e et e ) b ejlail b b gite’
*¢ Means with different letters within the same column differ significantly (P<0.05).
'Fiber source ground through a 1.0-mm screen.?Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.
’SEM = Standard Error of Mean



0+

.9 ‘Sj)ﬂ 00 3L G ¥ J,J:ub J.«.d alizeo égLi.o Wlyd ojladl f‘ .dl)l.im 9 ‘Sélﬂ %

FY G 3 idsS sladngs 039y (45 9 dandjled bl (gla Jolu s g (idgy bl ¢y Cuolbes p Jalonel pud calisee mlio l)3 ojll 31- Jgan
9
Table 6- Effect of particle size (fine' and coarse?) of insoluble fiber on villus thickness (um), epithelial thickness (um) and
goblet cell number (per 100 m villus height) of the duodenum and jejunum of broiler chickens at 42 days of age

Sows i Cuelus poslin Colus a5 slo sl dlass

Treatment Villus thickness Epithelial thickness Goblet cell number
Duodenum Jejunum Duodenum Jejunum Duodenum Jejunum

Js 231.38 166.01 37.06 33.76 16.00 21.16

CTL?

Suis L

SB*

2 224.04 173.10 37.09 33.64 16.17 19.83

fine

by 217.59 161.24 34.21 33.61 15.16 19.33

coarse

PAS poge

WB?

2 211.73 165.09 36.21 34.17 15.25 19.66

fine

by 217.17 160.21 38.03 34.83 1591 18.50

coarse

O, L8] dgy

SFH¢

2 217.88 174.17 36.06 33.63 15.50 19.66

fine

Ry 210.85 166.36 36.26 32.82 15.58 18.50

coarse

e e oliz 3.61 2.19 0.89 0.50 0.20 0.32

SEM’

)b e gl 0.80 0.56 0.96 0.98 0.85 0.36

P-value

Jys 0.19 0.91 0.79 0.98 0.53 0.04

Control vs. fiber

€553 5 oy )3 Al 0.74 0.10 0.89 0.95 0.86 0.88

fine vs. coarse

1, gy ” (paiS pogew ® St WL Tl opn) JyiS ope "yt oo ¥l 0501 b b aie yie o V ) o)l b pud auie!
IFiber source ground through a 1.0-mm screen. 2Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.

7SEM = Standard Error of Mean
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Table 7- Effect of particle size (fine! and coarse?) of insoluble fiber on litter moisture content of broiler chickens at d 35 and 42.
oS (5595 YO () s Cugho) (slyine (592 YY () s Cugho) (slyiee
Treatment Litter moisture content % (35 d) Litter moisture content % (42 d)

é’;}i 50.14 60.58*

Sk 5L

SB*

f;’ 44.43b 54.16°
me

b 4381 54.13b

coarse

PS5 Lpages

WBS

f...) 43.66° 53.77°
me

Cbyd

44.58° 54.74%
coarse

s ST gy

SFH®

f;’ 44.13b 54.66°
me
b 43875 54.10°

coarse

SSke o oLzl
SEM?

S e gl 0.001 0.02

P-value

S L b e anlie <0.0001 0.0004
Control vs. fiber

0.52 0.62

2 5 Jy oy duglis 0.98 0.91
fine vs. coarse ] .

(P< +/00) aien ,SuiSy b o)l siee glas sl alial By glls (sl Solin oy 2 3 7P

S gy T S g Sitih oL T (s o) J5S 0yt (oo ¥ 3 oLl b b i ™ gt e V ) e5ll L yd e’
b Means with different letters within the same column differ significantly (P<0.05).
'Fiber source ground through a 1.0-mm screen. 2Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.
7SEM = Standard Error of Mean
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Table 8- Effect of particle size (fine' and coarse?) of insoluble fiber on hock burn, footpad dermatitis and breast
burn of broiler chickens at 42d.

Lo .. e o) by S o5 5 S0 )) s v
’" (100) & (3555 Joaie (S5 5 AN fbor) w3
Treatment Footpad dermatitis Breast burn
Hock burn
Score Score Score  Score Score Score  Score Score Score  Score Score Score

0 1 2 3 0 1 2 3 0 1 2 3
Jrs 0 7.14 33.33 100 8.11 26.32 0 0 0 25.00 50 100
CTL?
Sis L
SB*
2 0 14.29 16.67 0 16.22 10.53 0 0 14.71 18.75 0 0
fine
Ry 0 19.05 0 0 21.62 0 0 0 23.53 0 0 0
coarse
PAS poge
WB?
2 0 11.90 25.00 0 10.81 21.05 0 0 17.65 12.50 0 0
fine
0 100 11.90 16.67 0 13.51 15.79 0 0 14.71 12.50 25 0
coarse
g
b,k
SFH¢
f) 0 16.67 8.33 0 13.51 15.79 0 0 14.71 18.75 0 0
Fine
by 0 19.05 0 0 16.22 10.53 0 0 14.71 12.50 25 0
coarse
e g <0.00  <0.00 <0.00  <0.00 <0.00 <000 oo
b . 01 01 . 01 01 . . 01 01 : .
P-value
;éw‘ <t - 253’0 48.00 - 222.0 95.00 - - 17(())’0 80.00 8.00 -

I, R8] g T paiS ogew ® (s WBL T (Wb opn) J5S 0" gme e ¥ 05l b pud giie " ie oo ) ) o)l b yud e’
'Fiber source ground through a 1.0-mm screen. 2Fiber source ground through a 3.0-mm screen.
3Control diet (basal diet),*Sugarcane bagasse,’Wheat bran, *Sunflower hulls.
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Introduction Barley is one of the cereal grains that used to supply energy in broiler diets, but high content of
non-starch polysaccharides (NSP) such as -glucans, has limited the application of it in poultry diets. It has been
shown that NSP can increase intestinal viscosity, reduce litter quality, compromising the access of digestive
enzymes to dietary components by protecting lipids, starch, and protein, and cause poor productive performance.
Recent studies have shown the inclusion of moderate amounts of insoluble fiber or coarse particles in the diet
increases the retention time of the digesta in the upper part of the gastrointestinal tract (GIT) (i.e., from crop to
gizzard), improves the development and function of the gizzard, and increase the secretion of HCl in the
proventriculus in broilers. The objective of this study was to determine the influence of supplementing insoluble
fiber sources in different particle sizes on energy and protein efficiency ratios, intestinal morphology and welfare
indices in broiler chickens fed barley based-diets.

Materials and Methods Ross 308 (n=308) were used in a completely randomized design with 7 treatments,
4 replicates and 11 chickens per replicate for 42 days. The dietary treatments included: a barley based- diet
(control, CTL) or Sunflower hulls (SFH), Sugarcane bagasse (SB), and Wheat bran (WB) ground through a 1.0
(fine) or 3.0 mm (coarse) screen that were added to the control diet at 3.0%. The CTL diet included 3.0% fine
silica sand as filler that was replaced by the same amount of insoluble fiber sources in the corresponding diets.
The dry sieving method was used to determine the particle size distribution of diets. Body weight gain (BWG)
and feed intake (FI) of each pen were recorded. Feed conversion ratio (FCR) adjusted for mortality and it was
calculated by dividing FI with BWG for each period of the experiment (1-21 d and 22-42 d) in total period (1-42
d). The welfare indices were examined at 42 days of age. Litter moisture was measured on days 35 and 42 of the
rearing period. For the purpose of small intestinal morphological studies, the digestive tract of slaughtered birds
(two birds of each replicate) was removed at 42 days of age and from two small intestine sections including
duodenum and Jejunum, two centimeter-long Isolated.

Results and Discussion The results showed that different sources of insoluble fiber showed significant effect
(P< 0.05) on energy and protein efficiency ratios during growth period (22-42 days of age) and whole
experimental period (1-42 days of age). During the entire experimental period (1-42 d), dietary inclusion of SFH
(coarse and fine) and WB (fine particle size) improved BWG as compared to the CTL diet (P < 0.05). Dietary
inclusion of WB and SFH in both particle sizes (coarse and fine) and SB (coarse particle size) improved FCR as
compared to the CTL diet from 1-42 d (P < 0.05). The villus height and villus height to crypt depth ratio in
duodenum of treatments fed insoluble fiber with the exception of sugarcane bagasse with particle size of 1 mm
showed significant increase (P<0.05) in comparison to control diet. The number of goblet cells in jejunum of
treatments fed insoluble fiber significantly decreased (P<0.05) when compared to control group. The relative
frequency of score two welfare indices was higher in control treatment. Reports have indicated that soluble and
insoluble non-starch polysaccharides (NSP) affect digestive organs and intestinal morphology of broilers. Coarse
fiber and large particles may increase villi length in gastrointestinal tract. Therefore, increased villi length
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resulted in increased surface area for more absorption of nutrients. Currently, the control of litter moisture is a
priority in the broiler industry to reduce productivity losses and minimize bird welfare issues due to footpad
dermatitis (FPD), hock burn (HB), and ammonia production. Wet litter was found to increase FDP, HB, and
breast irritations and reduce broiler performance. The inclusion of 3% fiber in the diet resulted in lower litter
moisture content.

Conclusion Overall, the results showed that dietary inclusion of three percent of different insoluble fiber
sources improved energy and protein efficiency ratios, intestinal morphology, litter moisture and welfare
parameters of broilers fed barley-based diet.

Key words: Intestinal morphology, Particle size, Sugarcane bagasse, Sunflower hulls, Wheat bran.
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Table 1- Composition and nutrient content of the basal diet
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Diet ingredients A
& 63.94
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gy 2o Y gw dllus 32.02
Soybean meal (CP 44%)

Slind el g3 1.56
Dicalcium phosphate

Sal S 0.93
Limestone

(w2 21,15) b S 0.26
Salt

s = Jis> 0.28
DL- Methionine

g0 o - 0.22
L- lysine Hydrochloride

o955 = 0.08
L-Threonine

Tl JoSo 0.25
Vitamin premix?

T e Slge JaSSo 0.25
Mineral premix?

Sl 0.12
NaHCo;

Seakid 0.05
Choline chloride

(Me253) 045 duuwlime (plawss luS
Calculated composition %

(P kST s JEAS) adplio S (5551 2876
Metabolisable Energy (kcal/kg)

Crude protein

i 0.80
Calcium

0> JB jhud 0.40
Available phosphorous

N3 1.19
Lysine

Ogee 0.59
Methionine

Ot T (peigete 0.91
Methionine + Cysteine

B3y 0.81
Threonine

O 0.32
Cysetine

g 5 270
Tryptophan

e 15.0
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1 24 experimental diets were obtained from substitutes and mixed soybean oil, tallow and their mixture (50:50) to 0, 3, 6 and 9% in
basal diet with and without lysophospholipid supplementation.

2 Vitamin premix supplied per kilogram diet: vitamin A (Trans Retinyl Acetate), 12500 International units; vitamin Dj

(Cholecalciferol), 5000 International units; vitamin E (tocopheryl acetate), 80 mg; vitamin K3, 32 mg; thiamine, 3.2 mg; riboflavin,

8.6 mg; panthothenic acid, 8.6 mg; pyridoxine, 4.86 mg; B> Cyanocobalamin, 0.02 mg; niacin, 62.51 mg; biotin, 0.25 mg; folic acid,

22 mg; Antioxidant 2.5 mg.

3Mineral premix supplied per kilogram diet: Fe ,20.23 mg; Mn, 120 mg; Zn, 110 mg; Cu,16 mg; I, 1252mg; Se, 0.3 mg.
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Table 2- Analysis of main fatty acids in soybean oil and tallow (/)
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Fatty acids' Isomer Tallow Soybean oil
St sl

S Cis: 0 29.29 3.79
Stearic acid
el sl Ci:0 27.34 11.54
Palmitic acid
Lauric acid 14' 3.04 0.5
Syl gl
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Oleic acid 18 28.51 23.51
Stlgi) g

e Cis:2
Linoleic acid a 381 5278
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T Cis:3 51 6.
Linolenic acid . 05 93
SFA : UFA 60:33 16 : 84
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Table 3- Effect of supplementation lysophospholipids on metabolizable Energy (kilocalories per kg of fat) of soybean oil,
tallow and their mixture (50:50 soybean oil and tallow) in broiler chickens (17-21 days)

kol 3! Slanlio slias A
ME (kcal/k

The main effects Number of observation (keal/kg)
JoSo
Supplementation
laadgel a0 .
Without emulsifier 72 7891
slinadgol L

2 4872
With emulsifier 7 8487
SEM 131.87
@ @ Sl
Effect of fat source
b 59, .
Soybean oil 48 9283
sy .
Tallow 48 7485
Vi 48 77990
Mixture
SEM 161.51
w2 gaw S
Effect of fat level
; 36 9060¢
6 36 8439b
’ 36 7069
SEM 161.51

[EAYINN|
p-value!

oS 1 ;
Supplement effect 0.00
@y @e Sl
Effect of fat source 0.0001
w2 gaw S |
Effect of fat level 0.000
@ g X JoSe 084
fat sourcexSupplement effect .
i g X JoSe 070
fat levelxSupplement effect .
Wy T X ae 0.5
fat levelx Effect of fat source .
iz e X o X JoSo 0.1

fat levelx fat source xSupplement effect

Gl 0055 (5,135 33905 I3 ixe oS Jilize <l 3l 4y bgsye sledl’

'Interactions were not significant, there for data have not been reported.
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Table 4- Effect of supplement lysophospholipid, source and fat replacement level on metabolizable energy (kilo calorie per kg),
digestibility of dry matter and crude fat (%) of corn-soybean meal in broiler chickens (17-21 days)

el el odalio sy $plo pudglio LB ¢35l T Sis osle ‘15)3\ oylas

The main effects Number of observations AME'! DM? EE3
JoSo
Supplement
Jes 72 3098 71.39 81.81
250 72 3113 71.82 79.56
SEM 10.15 0.28 1.15
O e
Effect of fat source
Lu?“’ O’é‘ﬁ) a a ab
Soybean oil 48 3164 72.72 80.36
oS 48 3062° 70.74° 76.77°
Tallow
¥ .
Lo 48 3088" 71.37° 83.70°
Mixture
SEM 12.43 0.35 1.41
D e
Fat level replacement
0 36 2888¢ 70.962 75.89°
3 36 30620 71.33% 81.78»
6 36 32132 71.982 80.19%
9 36 32572 72.172 83.512
SEM 14.34 0.86 1.63

eVl
p- value

Joa 5 270 140 340
Supplement Effect
w2 g 0001.0 0001.0 0061.0
Effect of fat source
s g S 0001.0 0170 0092.0
Effect of fat level

(3B 5 by g, 00 10 bglo T ol 12 it CllB T St 03lo e CollB T uiliplio BB (5551
! Apparent metabolizable Energy. * Digestibility of dry matter. * Digestibility of crude fat. * Mix (50:50 soybean oil and tallow).
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1- Digestibility of lipid
2- Apparent digestibility of nitrogen-corrected gross
energy
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Table 5- Interaction of source and fat replacement level on metabolizable energy (kcal / kg), digestibility of dry matter (%) and crude
fat (%) of corn-soybean meal in broiler chickens (17-21 days)

e X w2 g 62l pualplio B (55 s ol Tl oas
Effect of fat source x Fat level AME'! DM? EE?
Lgw ) £
. 0 2909 71.3 74.2
Soybean oil
Lgw ) d
3 3101¢® 72.1 81.2
Soybean oil
Lgw ) b
. 6 3263 73.1 81.4
Soybean oil
Lgw )
9 33832 74.2 85.6
Soybean oil
$S4y £
0 2865 70.4 76.6
Tallow
«sbay
3 3036° 70.2 77.7
Tallow
«sbay
6 3169bed 70.8 73.6
Tallow
«sbay
9 3179be 71.1 79.1
Tallow
bl
91.7“ 0 2889f 70.7 76.8
Mixture
bste 3 3049+ 71.6 86.6
Mixture
buls
9].m 6 3208 71.9 85.6
Mixture
Luls
91.7“ 9 3207b° 71.9 85.7
Mixture
SEM 28.69 0.70 2.82
LEAVICN]
p- value’
i e X JoSe
fat sourcexSupplement effect 0-91 0-36 0-78
w2 gaw X JoSe
fat levelxSupplement effect 0.98 046 0.37
w2 T Xy e
fat levelx Effect of fat source 0.017 0.13 0.36
27 B X e oo 0.99 0.97 0.82

fat levelx fat source xSupplement effect

{584 5 bsw 09, 07 100) ble T ol (02 e BT K28 03l s b T pdsibie LB (5551
! Apparent metabolizable Energy. * Digestibility of dry matter. * Digestibility of crude fat. * Mix (50:50 soybean oil and tallow).
anl 00 )5S g I sme &S Julite Il 4y bgspe (slmodls)
'Interactions were not significant, there for data have not been reported.
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Table 6- Amuonts of metabolizable energy of different fat sources with and without additive supplementation of
lysophospholipid estimated by regression equations (Kcal / Kg)

J“s" W & uﬁ*—“’)f P bl R2 ME
Supplement Effect of fat source Regression equation
bgw %95 . 49x +2901.y = 5465 98.0 3.8367
Soybean oil
slaadgel g SSes 2.7x +2913y =3221 850 9.6134
Tallow
. . Ll _
Without emulsifier . 4x +2911.9.y =3635 89.0 3.6547
Mixture
b &5’. y=15609.5x +2914.3 0.98 8.8523
Soybean oil
il b a4 y=3257.7x +2919.9 0.88 6.6177
Tallow
. . Ll
With emulsifier ] y=3837.6x +2920.2 0.90 6758.5
Mixture
R G 2
R-squared
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Introduction The digestion and absorption of dietary fats involve processing of insoluble triglycerides in water,

which is done by bile activity to emulsify the fats and then to hydrolyze them by lipase. Lipid digestion is not optimal,
especially in young birds and it is improved with increasing age; this is due to the low capacity of the digestive system
in the secretion of lipase and bile acids, so that the lipase function in one-day-old chickens is one percent of its activity
in 21 days of age. Emulsifiers can distribute fat droplets in the emulsion, which is required for the digestion and
absorption of fats. Lysophospholipids increase the ability of the emulsion of the fat in the diet and facilitate the
development of the chylomicron and, as a result, it increases the digestive capacity and absorption of lipids, such as
essential fatty acids and lipid soluble vitamins in the small intestine. The purpose of this study was to estimate the added
value of lysophospholipid supplement in corn-soybean diets and its added effect on metabolizable energy (ME) of
different types of fat during the growth period of broiler chicks.

Materials and methods Three hundred and fifty day-old male Ross 308 broiler chicks were obtained from a
commercial hatchery unit. First, the whole chicks were kept in the pan for up to 14 days of age and fed with standard
starter (1-10 days) and grower (11-14 days) diets. At 15 d of age, 288 chicks were divided into 144 two-part groups,
then they were transferred randomly to metabolic cages and fed with experimental diets. The trial was conducted in a
completely randomized design with factorial arrangement of two lysophospholipid (0 and 250 g/ton) levels, three fat
sources (soybean oil, tallow and their mix) and four levels of fat (0, 3, 6 and 9 % replaced in diet) with 6 replicates of 2
male birds each. Twelve experimental diets were prepared by replacing and mixing four levels of soy oil, tallow and/or
their mixture (50:50) in the basal diet. Then, each diet was divided into two equal parts; one part was mixed with 0.25
g/kg of supplemental lysophospholipid and the other one was kept intact to make 24 diets.

Results and Discussion According to the different ratio of saturated fatty acids to unsaturated fatty acids (SFA:
UFA) between tallow (33:60) and soybean oil (16:84), it is known that saturated fatty acids are less digestible in animal
fats compared with fatty acids of vegetable oils. Addition of supplemental lysophospholipid did not have any significant
effects on dietary ME, digestibility of dry matter (DM) and crude fat (CF). The interaction effect of the replacement
level and the sources of fat was significant for the ME of diet, in which the basal diet with 9 percent soybean oil
replacement had the highest ME compared to the other levels and the other fat sources. Two and three way interactions
were not significant for ME and digestibility of dietary DM and CF. No significant effect of lysophospholipids on the
digestibility of dietary nutrients using 1 and 1.5 g/kg of diet. The effects of lysophospholipids on the digestibility of
nutrients depend on factors such as the difference in the base diet, especially in ingredient, the composition and ratio of
fat in the diet and the emulsifier (lysophospholipid), which can lead to different responses. Soybean oil had the most
ME among the sources of fat. The ME of soybean oil, tallow and their mixture was determined using replacement
method to be 8367, 6134 and 6547 kcal/kg, respectively. Studies have shown that the degree of saturation, the amount
of free fatty acids, and the position of fatty acids on the glycerol basis affect utilization of fat by the bird. Possibly, the
effect of lipophospholipids on the digestibility of crude fat from diets containing tallow can complete the function of
bile salts. In normal conditions, there is little effect on high amounts of saturated fatty acids. The lysophospholipid
supplementation improved the ME of various sources of fat about 596.4 kcal/kg. The estimated added value (matrix) of
lysophospholipid supplement for ME in each kilogram of soybean oil, tallow and their mixture, were 157, 43 and 211
kcal/kg, respectively.
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Iran.
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Conclusion The results of this study showed that the lysophospholipid supplementation increased the ME of
supplemental fats but had no significant effect on the ME, digestibility of DM and CF in diet.

Key words: Added value, fat levels, Fat sources, Performance, Tallow and Soybean oil.
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5 - Attificial Neural Network (ANN)

6 - Multilayer perceptron
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Figure 1- Positioning of Variables in MicMac Analysis
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Tablel- Factors affecting the poultry industry in the north of the country

b asls
Index

Sliis iS5 Ul sl (V2) 5ygl5 5l a8 Coles SUlle (slacdles (V1) b 58 S 5 g b sl 5L 5 (o0l (S sl
2 d‘4§)> d)'t>\ 9 6)5195 .._i‘_m)s ‘(V6) Y Z9y> 9399 d)\ﬂ «_:Lm)..w ‘(VS) Y 95 9 8299 dLmdé);u" Cublee ‘(V4) d)ﬁ cuSle )" Coles ‘(V3) Cwo 5
sy sl s pdss (V) 15 pine claolEils )3 s (clroaSiils duwgs (V8) 158 Liluil wlio dnugi 5 e il (593 (el {(V7) dnsls
Slgal 5 &Y ppile (555l5 8] 5 anwgi (V12) 5)lSalo o dnwgi J ol (V1) J5azSulsi 5 alsi jidyse sl ) s Slugals (V10) Ll deuys
cSby g (BuSs 5 coles (V16) jobo g o eV game glyil dan (V15) ol g pb bk (V14) jeb cuo claodyl s g &Y game clplo (V13)
Cotel g glaidai)B g (rdlge balgs (V19) o (150 50 (o)l alog g )l ansgs (Slox closlil 4 3955 V18) pls (slaod gl 3 cuadls 5 culigg (V17) o)l
@l il (V21) cogly Simgd Ghogn e (oBigel ol {V20) (Moll (g (o) (o> sloonyglyd g b Jal 5 Ji5 5 955 9 2959 sl (st
5 5 o5 {V23) Hll g 5 LD (slaslegn 3 (5 G5 i 4 K (V22) duls floss 5 sady Slaios dlaio Bl 580 5 i
ool (V27 opds Sany dungy {(V26) 0,315 Kimyp {(V25) ¥ guammo 3 (65l Simyp (V24) alKisils ailyglis claoniaily p e o)l 315 0059

(V29) Jbo plio 5 laply (V28) cliiss Jlo xlio
Macroeconomic and trade policies tailored to the development and formation of market (V1), Tax breaks supporting innovation (V2),
Tax breaks for research companies in the industry (V3), Intellectual property protection (V4), Exemptions for import and export
tariffs (V5), Import and export formalities (V6), Innovation culture and professional ethics in society (V7), Providing professional
human resources and developing national human resources (V8), Establishing specialized schools in reputable universities (V9),
Setting up and implementing sustainable development programs (V10), Facilities and infrastructure required by production and
producers (V11), Supporting investment development (V12), Development and promotion of machinery and equipment technology
(V13), Products export development (V14), Livestock and poultry marketing (V15), Insurance of various livestock and poultry
products (V16), Supporting producers and paying compensation (V17), Health of livestock products (V18), Access to global markets,
sustainable development and investment in livestock sectors (V19), Health, quarantine and biosecurity regulations for importing,
exporting and transport of livestock and livestock products (national and international) (V20), An education system based on
innovation culture (V21), Commercialization of research results and realization of the relationship between research, production and
service sectors of the community (V22), Contributing to attracting technical knowledge and domestic and international capital (V23),

Commercializing and completing a value creation chain based on academic technological capabilities (V24), Innovation culture in
products (V25), Entrepreneurship culture (V26), Risk-taking (V27), Research funding (V28), Loans and funds (V29)
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Figure 2- Accuracy of effective factors in poultry industry
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Table 2- Matrix of direct and indirect effects of factors affecting poultry industry development in the north of Iran

itae Sl oina yoi Ol 3l
Direct effects Indirect effects
o jasLd Egoxe Eoxe Eoxe E9oxe
Index oy gaw lacisd, Loy gias lacayd,
Total Total Total Total

columns TOWS columns TOWS
I IS5 g b it S5k 5 sobet] S slncenlo
Macroeconomic and trade policies tailored to the development and formation of 0 63 0 589392
market
olg Jl oS cules Sl lacsiles 3 2 0 209331
Tax breaks supporting innovation
Coke 2 S slacsyd Sl glacele 3 23 0 211009
Tax breaks for research companies in the industry

5 coSle jl o
658 celle jl oles . 2 13 0 112577
Intellectual property protection
VB (295 9 53959 Sy Cublre | 17 0 144902
Exemptions for import and export tariffs
Y6 295 525 b il 2 20 0 164874
Import and export formalities
aele )3 sl BTy 5,y Sinsd 7 25 39846 244069
Innovation culture and professional ethics in society
2988 (Glil glie dasgs 5 yaasite Gluidl gy el
Providing professional human resources and developing national human 12 29 101279 249406
resources
99uS puime (Lol j3 puast (bosSuld dxwgl 3 23 53694 250588
Establishing specialized schools in reputable universities
J gt lacaliyy lply ol 56 40 566366 380542
Setting up and implementing sustainable development programs
OB 5 a5 lsge slacSlo nyp Sl 48 17 448891 167530
Facilities and infrastructure required by production and producers
5193 ise 3 6 liSalke ey
SIS % 2 S ler dngf Coleo 44 24 400484 213520
Supporting investment development
. - A u]* A F “

SiphiS i losl 5 SVlptle (69l A 5t , 57 11 512227 106637
Development and promotion of machinery and equipment technology
i o (sla02,518 5 N pamo ol 62 10 616451 112918
Products export development
s9eb g pb Clejite g 0o g ol 2L )1L 27 11 296512 108620
Livestock and poultry marketing
29 9 b SV pae glgl 4o 3 1 2630 99921
Insurance of various livestock and poultry products
Syl c3by 5 OB cle , 7 21 26770 178258
Supporting producers and paying compensation
P2 slaodygl b casdls 5 cudlie 18 10 278693 113116
Health of livestock products
P> Uiz > (Lo s 5 jluly dags (Slea sla)lil 4 35
Access to global markets, sustainable development and investment in livestock 69 29 691291 272676
sectors
b sloeayglyd g pls Jsl 5 55 5 z9)5 5 9929 Sl (st Catel 5 skl B g (il Llss
(Mellos 9 (o) 4 13 80541 116805

Health, quarantine and biosecurity regulations for importing, exporting and
transport of livestock and livestock products (national and international)
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An education system based on innovation culture
anelr Sloss g g (Sliis sl ise bl 3id g Cliios gl g les, b
Commercialization of research results and realization of the relationship 29 18 235335 170999
between research, production and service sectors of the community
lleflon 5 (LB slaaslopw 5 (35 (i oo 4 S
Contributing to attracting technical knowledge and domestic and international 46 25 477243 222830
capital
(Pl ailyglid sl sriadlys p (diee (551 B 0285 oSS g s ilcs )b
Commercializing and completing a value creation chain based on academic 32 18 255524 170999
technological capabilities
e 2 sigly Sin g 27 25 241975 241883
Innovation culture in products
A Kb 20 14 117263 140622
Entrepreneurship culture
Sn dw; 49, 17 4 57639 47120
Risk-taking
it o gl el 16 27 233236 238105
Research funding
o e ol 5 34 53694 290396
Loans and funds
JS aen 631 631
oo - 9 wafitins g0 4 Jolos (6035 9 (65138580 Ll =¥ Jgan
Table 3- Scores of influence and impressible factors directly and indirectly
) Slas e 0 Slas et ey R 0 sles oine o Slas yﬂPotential/w
Rank Label DUt pape  Direct oy Indireet oyl ndireet  Labael  Direct
Influence Dependence Influence Indirect N
Dependence Influence
1 V1 998 V19 1093 V1 1002 V19 1175 V1 0
2 V10 633 V14 982 V10 647 V14 1048 V2 0
3 V21 538 V13 903 V21 526 V10 963 V3 0
4 V29 538 V10 887 V29 493 V13 871 \Z 0
5 A\ 459 V11 760 V19 463 V23 811 V5 0
6 V19 459 V23 729 \& 426 Vi1l 763 Vo6 0
7 V28 427 V12 697 \% 424 V12 681 V7 0
8 V7 396 V24 507 V7 415 V15 504 V8 0
9 V23 396 V22 459 V25 411 V18 474 Vo9 0
10 V25 396 V15 427 V28 404 V24 734 V10 0
11 V12 380 V25 427 V23 378 V25 411 V11 0
12 V3 364 V26 316 V12 363 V22 400 V12 0
13 \& 364 VI8 285 V3 358 V28 396 V13 0
14 V2 348 V27 269 V2 356 V26 199 V14 0
15 V17 332 V28 253 V17 303 V8 172 V15 0
16 V6 316 V8 190 V22 290 V21 156 V16 0
17 V22 285 V21 174 V24 290 V20 136 V17 0
18 V24 285 V7 110 V11 284 V27 98 VI8 0
19 V5 269 V17 110 V6 280 Vo9 91 V19 0
20 V11 269 V29 79 V5 246 V29 91 V20 0
21 V26 221 V20 63 V26 239 V7 67 V21 0
22 V4 206 V2 47 V20 198 V17 45 V22 0
23 V20 206 V3 47 VI8 192 V16 4 V23 0
24 V13 174 Vo9 47 V14 192 V1 0 V24 0
25 V15 174 V16 47 V4 191 V2 0 V25 0
26 V16 174 \Z 31 V15 184 V3 0 V26 0
27 V14 158 Vo6 31 V13 181 \Z 0 V27 0
28 V18 158 V5 15 V16 169 V5 0 V28 0
29 V27 63 Vi 0 V27 80 Vo6 0 V29 0
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Continuation of Table 3- Scores of influence and impressible factors directly and indirectly

Sl e - il Sy
les 09illy udtne sles ogill sles 098l adino ;o
Labael Potential Labael Potential Labael Potential
irect Indirect Indirect
Dependence Influence Dependence
Vi 0 V1 0 V1 0
V2 0 V2 0 V2 0
V3 0 V3 0 V3 0
V4 0 V4 0 V4 0
V5 0 V5 0 A 0
V6 0 V6 0 V6 0
V7 0 V7 0 V7 0
A% 0 A% 0 A% 0
V9 0 V9 0 V9 0
V10 0 V10 0 V10 0
Vi1 0 Vil 0 Vil 0
V12 0 V12 0 V12 0
V13 0 V13 0 V13 0
V14 0 Vi4 0 Vi4 0
V15 0 V15 0 V15 0
V16 0 V16 0 V16 0
V17 0 V17 0 V17 0
V18 0 V18 0 V18 0
V19 0 V19 0 V19 0
V20 0 V20 0 V20 0
V21 0 V21 0 V21 0
V22 0 V22 0 V22 0
V23 0 V23 0 V23 0
V24 0 V24 0 V24 0
V25 0 V25 0 V25 0
V26 0 V26 0 V26 0
V27 0 V27 0 V27 0
V28 0 V28 0 V28 0
V29 0 V29 0 V29 0

olyear (V29) Jlo lio 5 laly (V21) 55l55 Simjd (ay9
ao Jelse plow a8 )9S Jlod joub Canio drgs slag iy
ity e ol as (il ST o8 s 5 ilies S50
o bgye 0jg> 93 oS 3905 (la (lFoe Bly > NS alulid
Jelse 00535 185 sl oo jgel pllas 5 (ool (glaunlins
29 g (6, B50an] (lyp dn dlsye b sl Houbs Caxtio dxwgs )
Cowl p3¥ Jole dw ool 4 dogil joub o Joiore (slogy L
2,5 pasudie M5 Jelse 1 Sym (ol Gl glacinsg oS
o 435 @35 OB S O 53 S pae e Lo 1U(0 J5i2)
omile Spgods ond (5)5laer slaguly (eSike sl ee |

.35 o3Lel ScenarioWizard Jljle 5 4 39,9 (sly Conlab pic

sbapsio e Jelos (6:5)0)8 0955 5 358 yl905 4 a5l

g anwog Uy clize 555k 5 oolal oM elacusls) V1
Soimp Ghygim = e el plas) V21 ()l (6,8 IS
2 5o 518 Jalge plyie 4 (Jlo wlio g apl) V29 5 (s )9l
o ashl j wad aslid ja S Jod joub Coiio dawgs
ol B ¥ oo &y 4y ilass S 1,8 OT P by & i

Jlad jgls Cumiin (59 )y ouusl yu age sLao)sa
fuiselas 4 gulis

Jole YA o 5lob las MicMac o gulis a8 4565 Lo

S5k g dlail NS slaculbuw Jol Jole dw (galS

i e 5ol U5 V1) b (55 IS5 5 s b i



BYA . 5l ooliid b ypubs Conivo dmmnsy (s0alS (slaglpoy, ol oy l502 5 (63,915 tllloes

UIrect InTiuence R

vz} «

9
q
V17|

V.
a L
o@

d

4 4
Vig)
a vis <

Jependence

map
V10
a4
@
.
V12
9
Vi3 2
V14] 3
a H
B
=
e n B

lo o Camdg oludy )98 Jloud oo Carbior dnogs 1> (8" Jolge Consbge =Y S50
Figure 3- Position of key factors in poultry industry development in the north of the country based on their status
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Table 4- Status of each variable based on analysis in MicMac software

wo £ oadls
Variable Index
b e s Lapls (V21) (gl S oygn 1 (em (sisel plai (V1) Sl S US55 dmsgs L canlize (530 5 abal oM slacenlis
L\s 5ty (V29) Jb
; dﬁ dent Macroeconomic and trade policies tailored to the development and formation of market (V1), An education system
ndependent based on innovation culture (V21), Loans and funds (V29)
43[?53 L g (VIO) )\_gg LEWEY L;Lmd.auﬁ d‘)?‘ 9 p,..lau
Linkage Setting up and implementing sustainable development programs (V10)
298 o)) g dny (V12) (65,08 Lise 3 )i alog dmmgs I ol (V1) (SaSalys 5 05 slidjge slacdlog g Slumuls
9 Il drwg (Sl slaylib @ 3gy9 (V14) job cato slaodygl g &¥game clple (V13) (g50liS Lisw clgal g oY puile
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Introduction In recent years, the poultry industry has been able to provide an opportunity to meet the
challenge of food security due to the provision of high quality protein to consumers as well as the possibility of
rapid capital return for producers. Research shows that there are opportunities for improving the poultry industry
in the business sector, but a future-oriented plan is needed to achieve commercial success. The country's poultry
industry, having one of the largest volumes of manpower, is one of the country's most important economic
resources. The growth and development of this industry is very important due to the current sensitive conditions
of the country in the region and globally. The country's poultry industry has the relative advantage of being able
to gain regional markets by systematically planning and creating the right platforms. Therefore, the need for
long-term and future-oriented planning in this industry has become an undeniable necessity.

Materials and Methods The purpose of this study was to analyze the key drivers of poultry industry
development by using an autobiographical approach that were studied in three provinces of Guilan, Mazandaran
and Golestan in Iran. The present study was applied in terms of nature, applied research, and descriptive-survey
in terms of method, because it describes and interprets what is, and focuses on existing conditions or
relationships, current beliefs, and current processes. From the data type point of view, this study was a
quantitative-qualitative one. The statistical population of this study was poultry industry experts in the country.
The statistical population of this study consisted of: 1- Managers and Industrial Entrepreneurs of Guilan,
Mazandaran and Golestan Provinces active in poultry industry (32 production units); 2- Researchers and
Academic Members of Guilan, Mazandaran and Golestan Provinces active in Poultry Industry (Guilan,
Mazandaran and Golestan Universities); 3- Policymakers and Managers of Guilan, Mazandaran and Golestan
Provinces are active in the process of policy development and planning of technology development, especially in
the poultry industry sector (Agricultural Jihad, Livestock Support, Science and Technology Park). In addition to
using library resources, a researcher-made questionnaire and interview were used to collect data. Sampling
method was non-probable and snowball technique was used. In the snowball technique, the interviewee is asked
to introduce the next person to the researcher. This method continued until the interviewees identified the
previous interviewees. In this study, to identify effective factors in poultry industry, we interviewed 5 experts.
Then, 32 experts were provided with a researcher-made questionnaire to validate the identified factors in order to
evaluate the importance of each factor. In this study, face-content validity was used to estimate and validate the
research instrument and the questionnaire, so that the questionnaire was provided to several experts including
supervisor and asked to evaluate the questionnaire and comment on whether the tool is suitable for measuring
research variables or not. Cronbach's alpha method and composite reliability coefficient were used to assess the
internal consistency of the questionnaire and standard constructs of the questionnaire. Cronbach's alpha for the
variables was 0.944 and CR was 0.947. Two matrices were used for the foreseeability of the northern poultry
industry, and 5 poultry experts were provided with the first matrix examining the interactions of the northern
poultry industry. This matrix was designed to be 29%29. The second matrix examined the uncertainty of poultry
industry indices in the north of the country. This matrix was designed as 6x6. Data analysis was performed using
SPSS, MicMac and ScenarioWizard software.

Results and Discussion In this study, three key drivers were identified for the future development of poultry
industry, which included macroeconomic and business policies tailored to the development and formation of an
innovation-based market, an education system based on the culture of innovation, and loans and financial

1-Former PhD student, Department of Public Administration, Rasht Branch, Islamic Azad University, Rasht, Iran.
2- Assistant Professor, Department of Public Administration, Rasht Branch, Islamic Azad University, Rasht, Iran.
3- Professor, Department of Animal Science, Rasht Branch, Islamic Azad University, Rasht, Iran.
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resources. Also, the foreign investment development, entrepreneurship promotion and investment risk mitigation
can be considered as macroeconomic policies affecting poultry industry development. Also emphasize that the
effectiveness of the training system and training courses for poultry industry activists can lead to the
development of this industry. Forecasting analysis also predicted two scenarios for the future of the poultry
industry, which include economic and educational areas, which can be optimistic given the scale and
sustainability of the scenarios that the poultry industry is moving towards the first scenario, namely appropriate
market development policies, an appropriate education system. Move forward with a culture of innovation and
increased lending and funding. Researchers have also pointed to the impact of economic and educational
domains on industry development in their research.

Conclusion Future poultry industry policies need to be implemented in line with these areas. It is therefore
recommended that policymakers adopt policies such as long-term and low-cost loans to support the development
of poultry industry investment, enter global markets and facilitate foreign investment in poultry industry,
develop specialized poultry-related colleges at prestigious universities in the country, and support student risk-
taking. Follow up with innovative designs.

Key words: Forecasting, Key proponents, Poultry industry
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Table 1- Composition of basal diet of broiler chickens at starter, grower and finisher phase (%)

Shes gl sy N iy WYY SRS
Ingredients 1-10 days of age 11-24 days of age 25-41 days of age
=2 50.47 56.02 59.63
Corn
e 39.15 34.77 30.67
Soybean Meal (44% CP)
Lo 0Fs) 5.43 5.0 5.87
Soybean Oil
i ol 52 2.08 1.77 1.67
Di-calcium Phosphate
St 133 0.99 0.97
Calcium Carbonate
e JoSe 0.25 0.25 0.25
Mineral Premix
by JoSo 025 0.25 0.25
Vitamin Premix
Pl Ko 037 0.35 0.37
Salt
ossie = JI= 037 0.34 0.23
DL-Methionine
2LiSg)0m cpid -l

0.3 0.26 0.09
L-Lysine Hydrochloride
st o S 5
Chemical composition
redplie J 5 3000 3100 3200
Metabolizable energy (Kcal/kg)
PE osn 22.0 20.49 18.78
CP (%)
poselS 1.05 0.88 0.81
Ca (%)
o> BB i 0.5 0.44 0.41
Available Phpsphorus (%)
o3l 1.52 1.37 1.26
Arginine (%)
e 0.97 0.88 0.81
Threonine (%)
o 1.40 1.27 1.05
Lysine (%)
Osfste 0.68 0.63 0.50
Methionine
O ¥ g 1.05 0.98 0.83

Methionine + Cystine (%)

55 e T I3 ealins 5 o & B iy Malls sy A D3 robing Mollms VAT A el el sl 11 e+ 1l aiobing JoSo p,55LS o
SV BI2 iy o5 koo 1Y S5 ol 5 o VR (S50 5 o FIT sl 5 e B0 Sligisiiy 5 oo W asdlise, 5 o AD wipmnls
T ke T o 5 S VF a5 a1+ sy S o )+ 55 5 e 1T+ 1ol e o 550 5 IS el 05 oo 1P+ i 05 oo

ek Vg il
Each kilogram vitamin supplement contains: 11000 IU Vitamin A, 1800 IU Vitamin D3, 80 IU Vitamin E, 5 mg Vitamin K3 /3 mg Thiamine, 8.5 mg
Riboflavin, 17 mg Pentotonate, 55 mg Niacin, 4.3 mg pyridoxine, 1.90 mg folic acid, 0.017 mg of vitamin B12, 0.25 mg of biotin, 1600 mg of choline
chlorid, and one kilogram of mineral supplement containing: 120 mg manganese, 110 mg of zinc, 20 mg Iron, 16 mg of copper, 30 mg of selenium
and 20 mg of iodine.
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Table 2- Specific gene primers used in the study

Sy g cdy sl S
Forward and reverse primers, 5' — 3'

5-AAAGTTTAAGACCATTGTCTCCCT-3
5-ATGTGCACCGCAATATTATCAG-3
5-TATTCTCAGTCTCCAGCCAGC-3
5-GCAGCCTGGGCAACAACA-3
5-TTCCCTGCACCAACCACAG-3
5-CGGTTCTTCCTGCATAGCATT-3
5-TGTTTCCTGGTATGACAATGAGTT-3

(s 3 0)led Jlasl sle o3
NCBI accession number At (°C) Gene
NM_204365.1 57 °C PepTl1
NM 001319028.1 57 °C PepT2
NM _001001606.1 59 °C LEAP2
NC_006088.5 57 °C GAPDH

S aw b pls” ya g s CDNA S g pgd S epylan S o
b edlatwl 5kl potie pey 9 STy oyledily duslore g
ABI 7300 68w b JSuaw ¥0 )0 ¥ Jgao b 3slles PCR oy
5> e Sl iSS (gr (elatd] (s sl g 285 plsl
5l plosl p iS5 ya p3 JSaw (py3] 5l am PCR @Y gae
S99 pis b pLdS Cgr (CDNA (93 diges) (ke J 8
13,5 oslitul i yd) olsie 4 GAPDH 5 5l s odlizul S]]
TAACY g8 3l ooliel b wllu aals jless 4 o bnjlass )l

LA dwle ¥

LEAP2 PepT2 PepT1 sl (45 Hls teud CsaS (jaaad
Real Time-PCR i 9, 4
ploul wei b ¢Sl eslawwl L Real time PCR STy
» CDNA cuaS 5 oS Jodlygiwd olwl j [iiSTy Joloes s
HSe /¥ Jold (2Sly (slipl ad asles pdg s VO oo
Al S oY o Ol g Ko YIA ity g 28) (sl S K]
Slpls y a4 55 SYBR , g, Y/ g Rox dye
oLl yd 9 ub sy Real Time-PCR ogasce (slo (o Sue
= CDNA 6505 2 00,5 adlsl g o 4 cDNA (g So ¥
SO sl ccdy j(0) as plol JSSea b (Slo 5 jluiliwl ol

Real Time PCR )5 o3l 550 dobiy =¥ Joua
Table3- The program used in Real Time PCR

51y plol Jolse S 2l (1 o ey3) L oles
Steps of reaction Number of cycles Temperature (°C) time
adol 4 3o .
=9 .4.’.)’.‘4 ) 1 95 5 min

Initial denaturation

wEo 45 95 45 min

Denaturation

Just 45 57 30 min

Annealing

g 45 72 30 min

Extension

Sl iy 1 72 5 min

Final extension

D > OV b 5 wlo (sl g 4, 08 LEAP2 45 ol Jlasl sled

The annealing temperature of LEAP2 gene was 59 and other temperatures were 57°C.

5 onlaul L Laodly 3JUT .0 5JUT _olas MalS' & )b 51 el
5 (YA) GLM 4,4, L (SAS Institute, 2008) SAS 9.2 I3l 5
2o B pdaw )3 (S yge5l 5l eolimul b s ool (pSSbe luslio

WP

Solol Julod g @y 35
o 18 (g Sam e 8 S35,V G o slnesy
VXY byoSe g, 5l (29ySwe il jlam g (Bolad MalS )b
L dilise glo JoSeo ohaw b (illy (90 9 (il 5518 90 L



VAR lowoy Foylods Y b ( olo pole Glpid gy 4 s fala) g

23 0adld 93 3)50 )3 45 45 Shd SGpae il
sdalie b jlowi plu g (LS JoSo jlas (o (Joli5 pol> adlllae
P @ b co o s Shs Bras lls 095 3 (Jy ais
L llae (gl amis &S g o jlo pla I eS8 aLS JoSo o
JoSo 5l gousio sla gy (VY TV A) 2g ylaiee ol gl
033 )13 (cwyp 2y90 1y I Sigmgpy pogad 4 (29,500 225 sl
d9-¢ 9 Shed B pae Gl ilig) iy pialidl ol 5T )5l
o0 4o Sl ol 4l (¥ XY V) 05,8 ol s bl
4 ek 3)b bLg,l (Sosmgp JoSo 53 0aid odlitwl (sl dyguw
Sl S augp jledla wl ol i L Sen 5 (5)5—s
055 & S |y s e (S, FY B YF 5 poglealygis
51 oolazul a8 w0y Lis (gl dalllao j5 (Y+) dad o ialS aalis
2l 85 gy 38 b atulys plsinnl b g Sgm e
Sl o ol (V) sy daue Y eSOl Cogre b (600550 byl
ol ushaolsSY g (Y50l 35l Hlee (Ul o o

O—A:"?) ol odletwl axllas L)’I )2 LY uu}))/}J/.w uu}Lw[J}.‘.{y$
(VY V) ol o3

Sgmgp JoSo 3l ookl 45 amd o s ialej] ol gl
slelos a o (g glayl o gyl me iuli 8l Cuw
Cpxen 03,8 S g Sgm bl alS JoSo sauSdl )
Szl g (2LS JoSo 04l Bpas (glo 02y > (g ¢l
L sla JoSo jloslawl ((P< +/+0) 35 dald 09,5 ;1 YL
ilef] slaless 3 g 2y Slie 2 Solbime L (29,50
G olime )0 (gl ime LialS .ccsl aals 05,5 blds jo
e b anliogn alS oS sauScdl ) jlog )0 S
9 &)94)9)) ))I &S LSIA:JUQA Jel (P< ‘/‘a) 45 odnlie &)94)9))
o1t 232 039) &3958r90 5 0 Sas sl 9 Ko 5]
ol D)9 &4)94)9)) )l 4.:9? EvS FLERW) um A.,d)f )1)5
TV g V) 5 dald & o poibl g pgif5 52 50 E65)] (halél can
(V)25 5o

b o s cligy Gy Gl 55 ojlil 4 by e gl
Hlccwl oddodh Lis 8 5 ¥ Jogdo )0 Slygd Cpuas o STyes
$lig) 0jg oRIB (Sle 2 JoSo Bpan y il Jloel Jilite
Byuns a5 gladng aSob (L (Si5o) YF LYY 090
09,5 b (o) xe (g ylol glas ills Laylpd (> aiily Sdgmgp
039 o3l eSle Lol cails ailig) (9 Ralidl 5> wlls el
o o dogr 4 Cus (LS JoSo oaiS' il sla)les
2 Jolie ;51 wyp 2 (P <+/00) ab lis ials e el
Lojloss 5 Sl Bpae pliwe )3 i 0393 22 50 b)logs
C8)S 8 JoSe goi il o Syed Bas il sdaline
TE LYY )50 10 (SSgugpn JoSo jl oalaiwl 4S5 jglay (P <+/+0)
4S5 0 Shgd Bpae e > )b re Gl esl (S,
Copd (LS JoSo Lol (B Jgu2) 392 J)S 095 i ljee (]
2 JoSo By 5 ally Jloel Jliso 5l gyt 33 235 S,
39 VE LY 0)93 53 Siigmgy oS €Ly 09)5 o0 (g
oS sl > slaylog j0 g (P <o/+0) cuily (gytin b (s
M (e LS S slowd 4 Cod (9 (]9 Sigm (5]
P oils 5l JoSe ol il oy g3 (P <+/+0) ol sl
S edaliie 4 (39 g (68l (65051851 550 yinw plos
Jole Ly 5550 bl 5 LS oS 5 Siigman o
Ladag (o (g oo 9 (9 GBI 48 corge (2L S
A0l sl (SS9 YF-0Y) 05550 090 50 Wl sl b glas
Slod Hlee |y (gylow muie (66550 bl yii 3 U atuilysy 950 Tract
5 sl Sg (5 4 Konp 90, Slas JoSo g3 ol 40 ks
s gy 3 Slas p ) 2LS sla oS 51 &S gouaie lalllas
(¥Y) eyl By imo 45 o 00l L il S cawy p (SbeS
035 Oil3El 5 el Al jokay (YY) oyl g (A) ol Jals
s L alie (5 (g 4Suyghar 29800 (U35 (sl g
JeoSo ol G pane (SHI 599 Slalllas 45 055 sl Kigw 51

b5 oo dibe (60, Sdas la Q”L”JW L,Qyou.ml;dl.m



BBD ... 5039y 6599980 @, 5dos p (9955w0 Wb sb oo i (ol 5o g 0015 Crme

2 0% 0jg 9 Shss Bras Shsd b capd 5 i BRIl 2 s G s 9 Gl k) S (5T 5 S alS JoSe 6 -€ Jg>
s sl
Table 4- Influence of herbal supplement, probiotic and antibiotic on gain, feed conversation, feed intake and body weight of broiler

chickens in microbial challenge and safe condition.

ol safe 5 »Challeng
Sgml < ' Loz
oo des SO Tl s U S Habal S g SO
Antibioti L o L probability
Age  Control c Supplemen Probiotic ~ Control Antibiotic Supplemen Probiotic level
t t
()0 LI#!
Weight gain (g)

1-10 16.61 17.21 17.41 16.17 16.49
11-24  79.35% 71.54% 67.80° 70.57%  72.62%°
25-42 6450  72.33 69.43 68.82 69.52

b o
Feed conversion ratio
1-10 1.14 1.07 1.10 1.18

11-24 1.17 1.17 1.13 1.20
25-42 1.72 1.61 1.67 1.70
()5 Span
Feed intake (g)

1-10 18.81 18.36 19.32 19.10 18.33
11-24 9422  86.22 79.57 84.61 89.40
25-42 11076 11589 115.16 11645 111.45

(#5) o™ o
Body weight (g)

10 201.30 207.76  209.54  196.60 199.90
1003.27  1009.04

g4 109802 104898 ()¢ ., 1003

42 2456.00 2574.09 2567.00 2452.01

16.04 16.50 16.13 0.6963 0.80
69.66%  71.07%  76.81%®  2.581 0.03
67.17 67.74 74.06 4.802 0.63

1.14 1.20 1.13 0.040 0.19
1.19 1.13 1.19 0.040 0.86
1.73 1.67 1.59 0.046 0.06

18.27 19.89 18.25 0.827 0.85
85.91 80.94 93.93 3.537 0.26
116.74 112.22 117.66 5.574 0.98

196.95 200.70 196.50 6.860 0.82
991.66° 1057.46%® 1101.39* 32.761 0.02

2456.33 2386.28  2516.10  2665.65 122.50 0.43

553 )b e glds Candy o )3 Syl il Bgys b dlacla-b
SEMas,lsteal (gl Sileo

a-b the numbers with non-common letter in the row indicates significant different.

SEM: standard error mean
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Table 5- The main effect of antimicrobial supplements on gain, feed conversation, feed intake and body weight of
broiler chickens

e i w3 51
Supplements effect challenge effect
s o] RS JeSe . Loz . Loz
o IR Sl GO s ; b b'CIJ'at“ el 2 e b b'CIJ'at“
Age Control Antibiotic eroa Probiotic propabitty Challenge propabitity
Supplement level level
(0039 ol
Weight gain (g)
1-10 16.55 16.63 16.95 16.15 0.492 0.71 16.85 16.29 0.348 0.26
11-24 75.15 70.60 69.62 7291 1.825 0.07 72.21 71.77 1.290 0.98
25-42 67.01 68.58 71.44 67.01 3.395 0.82 68.77 69.62 2.401 0.80
B
Feed conversion ratio
1-10 1.12 1.10 1.15 1.15 0.028 0.57 1.12 1.14 0.02 0.41
11-24 1.20 1.18 1.13 1.19 0.028 0.34 1.17 1.18 0.020 0.50
25-42 1.67 1.68 1.67 1.65 0.033 0.94 1.67 1.65 0.023 0.48
(0S5 Syae
Feed intake (g)
1-10 18.57 18.31 19.60 18.67 0.585 0.43 18.90 18.68 0.413 0.72
11-24 91.81*  86.07% 80.26° 89.27¢ 2.501 0.016 86.15 87.55 1.768 0.58
25-42 11111 116.31 113.69 117.05 3.941 0.70 114.56 114.52 2.787 990
(CERNERSY)
Body weight (g)
10 200.60  202.35 205.12 196.55 4.850 0.65 203.80 198.51 3.430 0.28
24 1053.53 1020.32  1041.30  1052.33  23.166 0.72 1043.85  1039.39 16.380 0.86
42 2448.16  2480.19  2541.55  2558.83  86.624 0.78 2508.27  2506.09 61.252 0.98

553 )b e Sgld g o )d S yidie e g Loliela-b
ol slas 5 Ssle SEM
a-b the numbers with non-common letter in the row indicates significant different.
SEM: standard error mean
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Table 6-The effect of antimicrobial supplements on histological components of intestine in gegenum region of broiler chickens in 21

days of age
Jis Sl Bl JoSo S sk Jlens! s
control  antibiotic Herbal supplement  probiotic probability level
L%”, &w),‘ 425.75¢  542.00° 554.00° 711.63*  19.36 0.0001
villi Height(Mm)
JJ’ "é’s 124.75 158.5 187.00 136.75  17.86 0.12
villi width(Mm)
Caf Ges 130.25%  119.00% 101.25° 143.000  8.67 0.03
crypt depth
w)s/“;bj g% 3.41° 4.65% 5.46° 497 0.33 0.005
Villi Heights / Crypt

15,15 gixe gl gt b )3 S jude pé gy b dlacla-b
(:)L\Jt..:l d'.b& u:i":‘ SEM
a-b the numbers with non-common letter in the column indicates significant different.
SEM: standard error mean
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Figure 1- The extracted RNA from liver and jejunum (right) and the PCR product from cDNA samples (left)
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Figure 2- Interaction effects of the antimicrobial supplements and microbial challenge on PepT1 gene expression in jejenum tissue of
14 days old chicks
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Figure 3- Interaction effects of the antimicrobial supplements and microbial challenge on PepT2 gene expression in jejenum tissue of
14 days old chicks
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Figure 4- Interaction effects of the antimicrobial supplements and microbial challenge on LEAP2 gene expression in liver tissue of

14 days old chicks
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Introduction Unlike antibiotics, probiotic shows not only positive effects on microbiota in digestive tract but also

helps in digestion process. Probiotic affects the commensal and pathogen bacterial balance in intestine and make
changes in benefit of useful bacteria. On the other hand, the biological activity of herbal essential oils is discovered
since many years ago. Herbal essential oils were suggested as the newest growth promoter replaced with traditional
growth promoters such as antibiotics in animal production. It was showed that the use of probiotic can impact the
expression of peptide carriers in the cytoplasmic membrane cells. On the cell membrane, the carrier proteins transfer the
peptides as tri or di-peptides into the cell. The potential of carrier proteins in material transfer and other remedy activity
attracted the attentions to use them as drug precursors. Some carrier proteins that shows the main role in peptide transfer
included: Peptl (intestinal oligopeptide transporter), PepT2 (Renal oligopeptide transporter) and LEAP2 (Liver
expressed antimicrobial peptide 2). This study conducted to determine the effect of using antimicrobial supplements on
the transcription of intestinal peptide carriers, the performance of broiler chickens and the histological components of
intestine in condition of Escherichia coli K99 contamination.

Materials and Methods The experiment was designed on 400 Ross 308 broiler chicks with 8 experimental
treatments including 5 replications and 20 birds per replicate. At 7 days of age, 10 pieces of each broiler chickens were
isolated and inoculated with 107 Escherichia coli K99 pathogenic bacteria in a 2-times with interval of 3 days.
Following the inoculation, the treatments were divided into two groups: challenged with Escherichia coli K99 and no
challenge. The treatments were: 1- Basal diet (control), 2- Basal diet and probiotics (Lactobacillus salivarius and
Lactobacillus plantarum, 10° cfu / kg) 3- Basal diet and herbal supplement with X-Tract (Pancosma LTD, Geneva,
Switzerland) (a mixture of 2% thyme extract, 2% pepper and 5% cinnamon) 100 grams per ton in granular powder 4 -
Basal diet and Oxytetracycline antibiotic 200-400 g per ton fed for 2 weeks. Body weight, feed intake, FCR and daily
body weight gain was recorded at 10, 24 and 42 days. Chickens were slaughtered at 14 days and 21 days and jejunum
and liver tissues sampled for gene expression and histomorphological evaluation respectively. Expression of PepTland
PepT2 in the jejunum and LEAP2 in the liver were measured and GAPDH was used as reference gene. Real time PCR
reactions were done by ABI 7300 instrument. The chickens were brood based on Ross 308 manual (2014) and
performance of birds include of body weight, average daily gain, feed intake and feed conversion ratio (FCR) were
measured after end of each breeding period. The experiment was performed by completely random design in 8
treatments and analyzed by a 2*4 factorial method including challenge (2 levels) and supplement (4 levels) factors. The
data was analyzed using SAS 9.2 with GLM procedure and the means compare by Tukey test.

Results and discussion The results of this study showed that the average daily gain in the probiotic group increased
significantly in the challenge condition during the period of 11 to 24 days. In 25-42 period, the chickens were fed the
diet contained probiotic showed the highest average daily gain although, there was no significant difference between the
treatments in this period. In addition, the use of probiotic supplementation in challenge condition during the period of
11 to 24 days showed an increase in feed intake, which was similar to that of the control group in healthy group. The
herbal supplement reduced daily intake in period of 11 to 24 days compared to other treatments. The use of probiotic in
the feed under challenge induced a significant increase in the villi's height in jejunum. The supplementation of
Lactobacillus plantarum and Lactobacillus salivariuos increased the width of villi on intestinal epithelium more than
the other treatments. Depth of crypt of lieberkuhn was the least in the chickens feed by herbal supplement of X-tract.
The expression levels of PepT1 and PepT2 transcripts in the intestinal tract and the LEAP2 transcript in the liver, it was
shown that challenge in the chickens fed by supplements reduced the PepT1 expression whereas expression of this gene
increased in control treatment. Similar interaction was observed in PepT2 expression except for chicken fed by herbal
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supplement that showed an effect similar to control. Expression of LEAP2 reduced in all treatments under challenge
with the E .coli, in comparison to healthy groups but reduction was minimum in the chickens fed by diet contained with

probiotic.
Conclusion The results of this study suggested that the use of probiotic supplement can decrease the risk effects of

microbial challenge and recovery period was probably shortened using probiotic in the diet.

Key words: Broiler chicken, Gene expression, Probiotic, PepT, LEAP2, X-Tract.
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