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Introduction: Diarrhea is the main cause of calf mortality in the first two weeks after birth. Even when

calves recover from diarrhea, they may subsequently show impaired growth. Considering this fact and especially
following the ban of antibiotics in many countries, it is very important to identify effective anti-diarrheal
supplements for use in suckling calves. Zinc is an effective anti-inflammatory and anti-diarrheal substance that
improves the function of the immune system, reduces the number of pathogenic bacteria and increases the
relative abundance of beneficial microbes in the digestive system. It is thought that the mechanisms of anti-
diarrheal effect of zinc element are due to regulation of intestinal fluid transfer and mucosal integrity,
strengthening of immunity and modulation of oxidative stress. The purpose of this experiment is to investigate
the use of different proportions of organic (methionine-zinc) and inorganic (zinc oxide) sources of zinc to
prevent diarrhea, improve the condition of the immune system and performance indicators of suckling calves.

Materials and Methods: A total of 50 suckling Holstein calves were used over 70 days in a completely
randomized design with 5 treatments and 10 replications. The experimental treatments were different proportions
of organic and inorganic zinc supplements, including 1) zinc supplementation, 100% Methionine-zinc 2)
combination of 75% methionine-zinc and 25% zinc oxide, 3) combination of 50% methionine-zinc and 50% zinc
oxide, 4) combination of 25% methionine-zinc and 75% zinc oxide, and 5) 100% zinc oxide. All treatments
received 1.96 mg of zinc supplementation per kilogram of body weight. Zinc supplements mixed with milk were
fed to the calves from day one to day 14, and performance monitoring continued for 70 days. The stool score
was evaluated on a scale of 1 to 4. Diarrhea was defined as the presence of grade 3 or 4 stools for 2 consecutive
days. Data were analyzed in a completely randomized design using the GLM procedure of SAS. For variables
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International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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measured over time (average daily gain, dry matter intake, and feed conversion ratio), time was added to the
model as a repeated factor.

Results and Discussion: The results showed that experimental treatments did not significantly effect the
average daily gain, dry matter intake, and feed conversion ratio of the calves fed with Different ratios of mineral
(zinc oxide) and organic (methionine-zinc) sources of zinc. In addition, the average of fecal consistency score
did not differ significantly among the treatments. The results blood analysis demonstrated that treatment 100%
methionine-zinc had higher level of concentration alkaline phosphatase. However, among the treatments
contained methionine-zinc, a decrease in the ratio of methionine-zinc resulted in a decrease in Alkaline
phosphatase concentration. Higher ratios of zinc oxide caused a significant decrease in the concentration of
superoxide dismutase in the blood on the 14th and 70th day of the experiment. Also, on the 70th day of the test,
the antioxidant capacity of whole blood was significantly higher in treatments containing methionine-zinc than
in treatment %100 zinc oxide. The results showed that other blood parameters were not significantly influenced
by the treatments in this study. In general, production performance did not change in different ratios of organic
and mineral sources, the lack of effect of replacing zinc oxide with methionine-zinc on the performance of the
present calves may be due to the provision of sufficient levels of zinc for all calves. So that the zinc supplement,
taking into account its purity percentage, reached the same amount (1.96 mg of zinc supplement per kilogram of
body weight) in all treatments.

Conclusion: In the present study, overall production performance and blood parameter concentrations did
not change with different ratios of organic and mineral sources. However, the activity of antioxidant enzymes
was higher with higher ratios of the organic supplement (methionine-zinc) compared to the mineral source (zinc
oxide). The lack of positive effect of replacing zinc oxide with methionine-zinc on the performance of the
present calves may be due to the provision of sufficient levels of zinc for all calves. And it can be said that when
a mineral is supplied at a sufficient level, the chemical form and bioavailability of resources are less important
on performance.

Keywords: Diarrhea, Immune system, Newborn calf, Zinc methionine, Zinc oxide
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Nutrient composition of the starter diet (% DM)
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CP EE
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Each kilogram of mineral supplement contains 167 mg of iodine, 67 mg of cobalt, 20,000 mg of zinc, 18,000 mg of manganese, 67
mg of selenium, 7,000 mg of copper.

2Each kilogram of vitamin supplements contains 933,000 1U of vitamin A, 293,000 IU of vitamin D3 and 8,000 IU of vitamin E.
3 Each kilogram of starter contains 31 ppm of zinc element
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Table 2- Effects of treatments on average feed intake, weight gain and feed conversion ratio

inlejl sl o
5 las Experimental treatments
Performance 75% ZnMET50% ZnMET25% ZnMET
0, 0, -
100% ZnMET +25% ZnO  +50% ZnO  +75% ZnO 100% ZnO SEM P-value
(“f’l’{)_%‘ ‘””_ 37.37 37.71 37.42 37.77 3760 0.78 0.98
Initial weight (kg)
(390 % £5) Brae )kl
Starter intake(g/d)
1-14 days 19.67 21.56 25.67 27.22 2233 238 0.17
14-70 days 600.56 654.33 628.44 630.78 620.89 43.19 0.93
1-70 days 484.22 527.78 507.78 510.00 501.22 34.56 0.93
(391 2 p5) P pae St o3le
Dry matter intake(g/d)
1-14 days 679.67 681.55 685.67 687.22 682.33 2.38 0.17
14-70 days 1308.56 1362.33  13336.44  1338.78  1328.89 43.19 0.93
1-70 days 1182.67 1206.22 1206.22 1208.33  1199.56 34.56 0.93
(590 2 p5) 395 (139 ol
Daily gain(g/d)
1-14 days 146.67 147.22 146.22 151.00 14533 2.14 0.40
14-70 days 672.67 655.44 656.33 747.56 638.67 36.07 0.25
1-70 days 528.67 514.78 515.78 587.89 501.89 28.99 0.26
Shgs s cupo
Feed conversion ratio (g DMI/g gain)
1-14 days 4.55 4.78 4.78 4.67 489 0.15 0.59
14-70 days 1.97 2.10 2.10 1.88 213 0.13 0.63
1-70 days 2.27 2.43 2.40 2.15 243 0.15 0.45

PRV AT
1 Zinc-methionine (ZnMET)
2 Zinc oxide (ZnO)
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Table 3- Effects of experimental treatments on stool consistency and the number of days of diarrhea

58 plgs bl (slalos
Stool consistency Experimental treatments
75% ZnMET 50% ZnMET 25% ZnMET
0, 0, -
100% ZnMET 125% 7n0 +50% ZnO  +75% ZnO 100% ZnO SEM P-value
Egbde plgd
Stool consistency
1-14 days 2.60 2.41 2.31 2.30 224 011 0.5
14-70 days 2.38 2.44 2.40 2.31 218 011 0.44
1-70 days 241 2.44 2.38 2.30 219 0.09 0.24
el 4 Mo sl
The number of days of diarrhea
1-14 days 3.44 4.78 4.22 3.22 455 018 0.53
14-70 days 2.78 2.67 3.00 2.55 278 021 098
1-70 days 6.22 7.44 7.22 5.78 7.33 0.20 0.83
$9y~Cgste
9y .\...MS‘ v

1 Zinc-methionine (ZnMET)
2 Zinc oxide (ZnO)
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Table 4- The concentrations of Blood parameters and micronutrients in serum of Holstein dairy calves fed with different ratios of

methionine-zinc and ZnO

sinlol sl

S ol b Experimental treatments
Blood parameters 0 1 75% ZnMet 50% ZnMet 25% ZnMet 0

100% ZnMet +2506 ZnO2 +50% ZnO +75% Zn0O 100% zZnO  SEM  P-value
owesd]
Albumin (g/dl)
First day 3.00 2.83 2.93 2.80 2.53 0.11 0.09
Day 14 2.80 2.47 2.57 2.70 2.83 0.16 0.46
Day 70 3.023 3.17 3.17 3.33 3.37 0.11 0.58
S oS
Total protein (mg/dl)
First day 6.43 6.70 6.53 6.70 6.33 0.20 0.65
Day 14 5.87 5.90 5.90 6.00 5.87 0.10 0.88
Day 70 6.13 5.93 6.00 6.00 5.90 0.11 0.64
OdslS
Globulin (mg/dl)
First day 3.43 3.86 3.60 3.90 3.80 0.20 0.44
Day 14 3.07 3.43 3.33 3.30 3.03 0.19 0.51
Day 70 2.90 2.77 2.83 2.67 2.53 0.15 0.52
ol
Fe (ug/dL)
First day 69.67 67.11 67.00 63. 08 61.67 11.02 0.12
Day 14 123.33 117.33 109.33 119.00 96.67 26.90 0.61
Day 70 159.33 110.33 123.33 98.00 92.33 41.92 0.10
W
Copper (ng/dL)
First day 89.33 103.00 89.00 89.00 89.00 10.51 0.43
Day 14 89.33 89.00 87.33 88.00 87.67 8.28 0.15
Day 70 70.00 75.67 77.33 70.00 70.00 9.59 0.28
g9
Zinc (ug/dL)
First day 224.00 145.33 151.67 264.33 246.33 36.43 0.13
Day 14 166.00 90.00 106.33 103.33 83.33 2474 0.21
Day 70 93.67 81.00 123.33 64.67 101.33 18.10 0.28

595 2081 59y~ prigrta ' (P<0.05) atily oyl ine MBI (glyls S jte 2 g b Lind, o (slaSilie
Means within same row with different superscripts differ (P<0.05).
! Zinc-methionine (ZnMET)
2 Zinc oxide (ZnO)
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Table 5- Zinc-dependent enzymes and antioxidant indicators in the serum of Holstein dairy calves fed with different ratios of
methionine-zinc and ZnO

L;wJLA)" Lth)lo.u

Experimental treatments

b toxiol 100%  75% ZNnMET  50% ZnMET  25% ZnMET ,
Parameters ZOMET: 4250 Zn0?  +50%Zn0  +75%zno  +00%Zn0 SEM P-value
$6land I

Alp (U/L)

First day 601.67 505.67 476.33 543.67 471.33 57.66 0.51
Day 14 684.00° 678.008 617.67% 464.67% 410.33° 68.59 0.05
Day 70 288.33 265.33% 216.67™ 191.67¢ 172.67¢ 21.50 0.02
JS s sl cud b

TAC (uM)

First day 1.96 1.38 1.85 1.60 1.76 0.18 0.28
Day 14 1.76 1.42 1.80 0.88 1.05 0.27 0.14
Day 70 1.842 1.83 1.73%c 1.69% 1.64° 0.04 0.03
SOD (U/ml)

First day 11.27 8.00 10.61 11.21 10.00 0.80 0.20
Day 14 11.70 11.05 10.75 11.46 3.19° 0.64 0.01
Day 70 14.012 14,53 11.76 11.62 10.86° 0.32 0.01
STy a5

GPx (mU/ml)

First day 6.85 7.78 8.26 7.75 7.81 1.43 0.097
Day 14 10.97 11.09 13.07 11.89 12.17 2.01 0.94
Day 70 5.83 6.39 6.11 6.39 8.03 0.47 0.06

95 ST g9y ~cssie | (P<0.05) aisl o I ine M| ()l S o pi Bgp b i) b (slouSilo
Means within same row with different superscripts differ (P<0.05).
1 Zinc-methionine (ZnMET)
2 Zinc oxide (ZnO)
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Introduction: Currently, trace elements are provided to livestock with the aim of achieving optimal growth
and enhancing performance in the majority of farm animals. Zinc (Zn) is one of these elements. It has been
found that Zn is present within the structure of numerous enzymes and plays a crucial role in various essential
physiological functions within the body. Regarding a low concentration of Zn in surface soils in Iran (less than

0.8 mg/kg), resulting in Zn deficiency in plants grown in these soils. Consequently, the consumption of these
plants as animal feed can lead to Zn deficiency in the animals' bodies. Therefore, it is imperative to include Zn in
the diet of all animals. However, one of the basic problems regarding for addition of Zn to the livestock diets in
Iran is the lack of accurate knowledge of the livestock requirement for Zn (according to the country's
geographical conditions). The present study was carried out to determine the optimal requirement of Zn in
Holstein suckling calves using some models.

Materials and Methods: In this experiment, a total of 30 Holstein suckling calves (5 treatments, n=6
calves/treatment) aged from 4 (42.75 + 3.26 kg mean body weight) to 70 days (93.52 + 3.97 kg mean body
weight) were used in a completely random design. The experimental treatments consisted of zero (control), 15,
30, 45 and 60 mg Zn/kg DM of diet (in the form of zinc sulfate). The calves were fed with whole milk
(approximately 10% of birth weight) in two equal meals daily at 08:00 and 19:00 and each calf's specific Zn
requirement was supplemented to the evening meal milk in the form of zinc sulphate solution. Starter and fresh
water were freely available for the calves throughout the experiment. The starter feed, provided in pellet form,

consisted of a blend of corn grain, soybean meal, corn gluten, barley grain, wheat bran, sodium bicarbonate, and
mineral and vitamin supplements. Additionally, chopped wheat straw (5%) and alfalfa hay (5%) incorporated
into the starter feed from the 15th day of age until the weaning stage. During the experimental period, the calves'
performance (including dry matter intake, average daily weight gain, feed conversion ratio and weaning weight)
was systematically assessed. lood samples were taken from the jugular vein at the end of the trial (day 70) before
the morning feeding for measurement of blood zinc and some parameters (glucose, urea, albumin and total
protein) concentration.The performance of calves was assessed using simple broken line, quadratic broken line,
and quadratic regression models. Subsequently, the Zn requirements for calves were estimated based on the
optimal performance of calves as determined by these models.

Results and Discussion: Results showed that the including Zn to the diet of calves had no significant effect
on dry matter intake and feed conversion ratio. Also, no significant differences were observed among treatments
for the concentration of glucose, urea, albumin and total protein in blood serum. But it significantly increased the
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average daily weight, blood zinc concentration and weaning weight of the calves (p<0.05). According to the
analysis using a simple linear model, there was no statistically significant correlation between the Zn
requirement and dry matter intake or daily weight gain. However, a significant correlation (p<0.05) was
observed between the Zn requirement and weaning weight, as well as feed conversion ratio. Consequently, the
Zn requirement for calves to achieve weaning weight and feed conversion ratio was determined to be 76.43 and
74.87 mg Zn/ kg DM in the diet, respectively. Based on the quadratic broken line model fitting, there was no
statistically significant association between the Zn requirement for calves and their dry matter intake. However, a
significant correlation was observed between the Zn requirement and other measured attributes (p<0.05).
Consequently, the Zn requirement for daily weight gain, weaning weight, and feed conversion ratio was
determined to be 83.96, 89.18, and 89.53 mg Zn/kg DM in the diet, respectively. Based on the quadratic
regression model analysis, it was found that there was no statistically significant relationship between the Zn
requirement and dry matter intake. However, a significant correlation was observed between the Zn requirement
and other measured variables (p<0.05). Specifically, the Zn requirement for daily weight gain, weaning weight,
and feed conversion ratio was determined to be 86.99, 79.50, and 86.99 mg Zn/kg DM in the diet, respectively.
Fulfilling the Zn needs of calves resulted in optimal performance in terms of daily weight gain, weaning weight,
and feed conversion ratio, with values of 759.2 g/d, 97.25 kg, and 2.21, respectively.

Conclusion: Overall, these results showed that the optimal dietary Zn requirement for Holstein suckling

calves falls within the range of 74.89-89.53 mg Zn/kg DM of diet. Furthermore, providing this level of Zn in the
diet resulted in the highest performance in calves.

Keywords: Performance, Suckling calf, Zinc
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Table 1- Chemical composition of feed-stuffs
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ADF (%)
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ME? (Mcal/kg)

(e dlgo

Minerals

S’ 0.925 1.69 0.40
Ca (%)
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P (%)

“9) 30.98 23.01 6.48
Zn (Mg/kg DM)

e 14.00 11.47 3.84
Cu (Mg/kg DM)

ol 95.40 377.0 156.6

Fe (Mg/kg DM)
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! Metabolizable Energy was calculated based on NRC (2001).
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Table 2- Effect of different levels of zinc on performance of Holstein suckling calves

3 ltel clas s
ool B Vb Y sles v ols ¥ Lo 0 Hles ’ < gl

Sle
Parameters Treatmentl  Treatment2  Treatment3  Treatment4  Treatment 5 SEM p-value
) & S odle
Z’: P dyae S 1532.83 1657.51 1649.43 1658.03 1692.41 77.92 0.2970
J9)
Dry matter intake
(g/day)
g\ &l .. )8
(’f P 5) Sl s A1 628.29 b 71250 72429 750.36 2 765.00 2 43.93 0.0413
)9
Average daily gain (g)
(P)S5LS) o5 w5 3l 09 87.10" 93.00 @ 94.00 % 96.252 97.252 4.00 0.0260
Weaning weight (kg)
Jas olie coypo 2.46 2.33 2.29 221 221 0.11 0.1774

Feed conversion ratio
o3lo p,S5LS 12 3 g5y pais p)S ke VO + (3T 0p2) ¥ slas oy St oo 2SS 1 15 (59 peis S o YUSA (sl (3T oy canli) Ve s ol ctolol (sla o
2 9y paie p)S ke Y0+ il o)) ¥ lag sy Slilgs Golo 1o Sits 0o p)SHS 10 )3 59y pte £ oo ¥o 4 el 0p2) ¥ le gg) Slilgs oo Sl 0 SiS
(9 Mg G oy S o3lo p Sk’ 10 53 (55 yate S ko P+ (3lel 032) 0 Jlad 9 (59) Slilgs Gojb jlopr St o3lo SIS 0
Al o (P +/0) o ime (g lal BB 3929 odimd s s b 4> Coglisie by
Treatments included: Treatment 1 (Control, basal diet with 29.68 mg Zn/kg DM), treatment 2 (basal diet + 15 mg Zn/kg DM as a
zinc sulphate), treatment 3 (basal diet + 30 mg Zn/kg DM as a zinc sulphate), treatment 4 (basal diet + 45 mg Zn/kg DM as a zinc

sulphate) and treatment 5 (basal diet + 60 mg Zn/kg DM as a zinc sulphate).
Means with different superscript letters in rows are significantly different (p<0.05).
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Table 3- Effect of different levels of zinc on blood zinc concentration and some blood parameters in Holstein suckling calves

el Ve ¥ oles ¥ oles ¥oloss 0 slos R
Parameters Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 SEM p-value
(3 2 pSee) 9y s 0.93° 1.12° 1.18¢ 1172 1.17¢ 0.10 <0001
Zinc (mg/l)

(s y p S o) S48 81.92 83.83 75.42 78.00 78.75 4.62 0.7245
Glucose (mg/dl)

(dismd 2 p S o) 050! 26.67 22.48 23.17 25.83 22.98 2.93 0.8638
Urea (mg/dl)

(sl 32 235) el 3.22 3.18 3.22 3.18 3.21 0.09 0.9913
Albumin (g/dl)

(sdesd 2 p)5) JS ooy 6.07 5.67 571 5.85 5.92 0.15 0.3254

Total protein (g/dl)

o3lo £ S5LS 12 )3 (g5, pais p)S ke VO + (3T 0p2) ¥ slas oy S ele p SlS 12 15 (59 peaie p S o YUSA (sl (3leT oy canli) Vet ol ctolojl (slales
2 &5y pais 05 ke Y0 + il 02) ¥ sl g5 Slilgs Goslo oy S 0ole S5l 2 13 (9 pais S ke e el 2) ¥ les sy Slilgs Gojbo Sl 0 SiS
(53 SMges 30 00 S aslo p TS 50 13 (555 pie pS o P + (03T 022) 0 o 9 53y Mg 3o J 0 SuiS o3lo oSS 0
Al oo (P10 3 dne (gylol BMS] 3gmg osimd yLis cindy y2 y3 Coglite gy
Treatments included: Treatment 1 (Control, basal diet with 29.68 mg Zn/kg DM), treatment 2 (basal diet + 15 mg Zn/kg DM as a zinc sulphate),
treatment 3 (basal diet + 30 mg Zn/kg DM as a zinc sulphate), treatment 4 (basal diet + 45 mg Zn/kg DM as a zinc sulphate) and treatment 5 (basal

diet + 60 mg Zn/kg DM as a zinc sulphate).
Means with different superscript letters in rows are significantly different (p<0.05).
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Table 4- Effect of different levels of zinc on digestibility percentage in Holstein suckling calves
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Parameters Treatmentl  Treatment2  Treatment3  Treatment4  Treatment5 SEM p-value

Sid o3lo puady bl 76.75 75.45 77.30 77.90 4.87 0.8103

Dry matter digestibility

Sl osle puan culils 76.74 78.26 77.67 78.64 5.15 0.8863

Organic matter
digestibility
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Treatments included: Treatment 1 (Control, basal diet with 29.68 mg Zn/kg DM), treatment 2 (basal diet + 15 mg Zn/kg DM as a
zinc sulphate), treatment 3 (basal diet + 30 mg Zn/kg DM as a zinc sulphate), treatment 4 (basal diet + 45 mg Zn/kg DM as a zinc
sulphate) and treatment 5 (basal diet + 60 mg Zn/kg DM as a zinc sulphate).

Means with different superscript letters in rows are significantly different (p<0.05).
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Table 5- Determination of zinc requirement in suckling calves and the estimated parameters based on the straight broken line

P e g 00 3015 (slo el

e (S35 02 55 2 27 ) s pte Estimated parameters of the model* b gl
Measured traits Zinc required (mg/kg DM) R U L p-value

Goy 32 £55) B pae Sis ol 78.72 78.72 -2.62 1692.40 0.1620
Dry matter intake (g/day)
(3ay 22 £5) wli9y 0r39 Lial5él 76.01 76.01 -2.60. 765.00 0.0896
Average daily gain (g)
()5 9uS) 5 s 3l 019 76.43 76.43 -0.19 97.25 0.0314
Weaning weight (kg)
D olie copo 74.87 74.87 0.01 2.21 0.0385

Feed conversion ratio

5 slie b cusls ahis Job iR ope 55 (g9 pate cbale X @llogS gl b o sanlie 5,Shee yiol)l Y (o 15 a5 3 Y = L+ U(R — X) & 90 ool 4t s Jao *
0Ad imyi 0,8das Sl b mie 4zl abai (o L g oS dais B bs b U (gg) pate 4 allugS ond )9l
* The straight broken line model was Y = L + U(R — X), where Y: observed performance parameter or response of calves, X: the
concentration of zinc in the diet, R: the abscissa of the breakpoint in the curve or the estimated zinc requirement of calves, U: the
slope of the line before the breakpoint and L: the ordinate of the breakpoint in the curve or the maximum predicted response of

calves.
—ojlasl Glas uloly (69) paie dipe 5L e ¢ lin] adllas 4o aie 5Lyt Ao 5D e SO S aS Cawl S5 4 p3Y
Oles jabody cg0 dnyd anSs bas o 5l edlitnl by 5 0ud (6,8 Slasl 0 4y baye a5 90 doyd 4l bas ol odlatwl b (g9,
dool Ceuwdasy Slygs 5l )5 elS 1 )3 (go) pais p)5 Lo YY/YA (Mayer et al., 2019) ¢.3,5 |1, 8 Lo (o yiwd p g bgS

(Mayer et al., 2019) 5 pSelS sm 55 coy pis piS o VoI5 BAAY pobu ol
S9) ymais L e pplaiedn |y (dgS Slaal £re )3 S)es
D013 515 gy 2)90 EpeeSS 4 bgrye (93 )Sdes Clao bl

93 4oy aaSis kb Jae (bl 003 000 slajial)l 5 )l55 et ladllogS 13 (69 paie S s =1 Jgua
Table 6- Determination of zinc requirement in suckling calves and the estimated parameters based on quadratic broken line model
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Estimated parameters of the model*

Measured traits Zinc required (mg/kg DM) R U L p-value

(59y 2 £)5) (b yae Suis o3l 49.48 49.48 0.38 1665.30 0.0896

Dry matter intake (g/day)

(oy 3 p55) aligy cr3s Limlsl 83.96 83.96 -0.04 759.2 0.0070

Average daily gain (g)

(PsS5LS) 635 s 3l 0139 89.18 89.18 -0.003 97.01 0.0261

Weaning weight (kg)

s olie Cops 89.53 89.53 0.69x10 2.21 0.0375

Feed conversion ratio
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* The quadratic broken line model was Y = L + U(R — X)?, where Y = observed performance parameter or response of calves, X= the
concentration of zinc in the diet, R= the abscissa of the breakpoint in the curve or the estimated zinc requirement of calves, U= the
slope of the line before the breakpoint and L= the ordinate of the breakpoint in the curve or the maximum predicted response of
calves.
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Table 7- Determination of zinc requirement in suckling calves and the estimated parameters based on the quadratic polynomial
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. Zinc required Estimated parameters of the model* Maximum predicted
Measured traits
(mg/kg DM) a c performance
(ay 2 £55) LB pae Suis ol 79.85 1342.80 8.46 -0.05 1700.66 0.1201
Dry matter intake
(g/day)
oy 2 £55) aliey 03 Lialsél 86.99 468.00 6.79 -0.04 756.15 0.0070
Average daily gain (gr)
(PsS5LS) 635 s 3l 0139 79.50 75.70 0.48 -0.003 94.90 0.0261
Weaning weight (kg)
Jis i oo 86.99 2.76 -0.01 0.69x10* 2.40 0.0375

Feed conversion ratio
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* The quadratic regression model was Y = a + bX + ¢cX?, where Y: dependent variable (performance parameter or response of
calves), X: zinc concentration in the diet and a, b and c: estimated parameters of the model (constant models).
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Figure 1- Dependence of dietary zinc level and body weight gain in Holstein suckling calves based on fitting by quadratic broken
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Figure 2- Dependence of dietary zinc level and weaning weight in Holstein suckling calves based on fitting by straight broken line,

quadratic broken line and quadratic polynomial models
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Figure 3- Dependence of dietary zinc level and feed conversion ratio in Holstein suckling calves based on fitting by straight broken
line, quadratic broken line and quadratic polynomial models
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Introduction: The limitation of animal feed resources has increased the tendency to use agricultural residues
such as straws in feeding ruminants. It has been reported that livestock production decreases when using low-
quality crop residues due to the low palatability, energy level and protein of these feed materials. In other hand,
high consumption of straws decreases ruminant's performance because of feed intake restriction, low
digestibility and the presence of anti-nutritional factors such as silica, tannin and lignin in straws. The use of
fibrolytic enzymes of foreign origin increases the usability of forage, which results in increased production. One
of the most important methods of processing wooden materials is the use of chemicals, especially alkaline
materials, especially urea. Adding molasses as an energy-generating part and urea as a non-protein nitrogen
source simultaneously provides the rumen microorganisms with a source of energy and protein. In general, the
addition of enzymes to the diet is used for the purpose of supplementing and compensating the defects of the
enzyme system of the ruminant’s digestive system, removing anti-nutritional substances and increasing the
availability of nutrients in the animal body. The purpose of this research was to investigate the effect of
processing chickpea straw with urea, molasses and enzymes on chemical composition, ruminal and intestinal
digestibility, gas production and disappearance under laboratory conditions. So that the results of this research

can be optimally used in animal nutrition.

Materials and Methods: This research was conducted on processed chickpea straw with urea, molasses and,
enzyme source of fungal cellulase and rumen liquid. The tested feed material was chickpea straw, which was
processed with urea, molasses and enzymes. Enzymes included fungal cellulase and rumen liquid. The tested
feed ingredients were ground using a special mill with a sieve with 2 ml pores and then sieved using a 50
micrometer sieve to remove particles smaller than 50 micrometers.

To perform the gas test, first, the sample of the tested feed (chickpea straw enriched with urea, molasses and
enzyme) was ground with a 1 mm grid. Measurements of chemical composition and gas production were carried
out by standard methods and the determination of the digestibility of samples was done with Daisy ' device and
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Gargalo's three-step method. After performing the initial calculations and collecting all the data, statistical
analysis of the data was done using the SAS statistical software in the form of a completely random design and a
4x4 factorial experiment with the GLM procedure.

Results and Discussion: According to the results, processing chickpea straw with urea, molasses, and
enzymes increased the percentage of dry matter and the amount of crude protein in the treatments. However, it
decreased the percentage of cell wall and cell wall without hemicellulose. The processing of chickpea straw with
urea, rumen liquid and a mixture of two enzymes and the combination of all three enzymes with a level of 4%
molasses increases the digestibility of dry matter in the total digestive system, and the addition of molasses and
the combination of rumen liquid and a mixture of two enzymes with different levels of molasses were increased
the digestibility of crude protein in the rumen (P<0.05). Adding all three enzymes to chickpea straw at 2, 4, 6,
and 8 hours, but with rumen juice from 12 to 96 hours, has led to an increase in gas production. The combination
of molasses levels of 2 and 4% with a mixture of two enzymes increased gas production in all hours of
incubation (P<0.05). The average constant rate of disappearance and gas production potential of chickpea straw
was significantly different among all treatments (P < 0.05). The results showed that molasses and enzyme
increased the constant rate of disappearance and 4% molasses and enzyme increased the gas production
potential. The combination of molasses with fungal cellulase and the mixture of two enzymes decreased the
constant rate of disappearance and gas production potential. The average laboratory digestibility of organic
matter, metabolizable energy, lactation energy and short chain fatty acids were significant in all chickpea straw
treatments (P < 0.05).

Conclusion: In general, based on the obtained results, the use of urea, molasses, and enzyme sources
including fungal cellulase and rumen liquid has successfully increased the nutritional value, gas production
parameters, and digestibility of chickpea straw. Among the experimental treatments, processing chickpea straw
with 3.5% urea, 4% molasses, and fungal cellulase enzyme improved the nutritional value the most. Further
animal experiments are needed to confirm these results. More research is required in the field of using
agricultural waste in animal nutrition.

Keywords: Digestibility, Metabolizable energy, Nutritional parameters, Nutritional value
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Table 1- Chemical composition of chickpea straw processed with urea, molasses and enzyme (7 in dry matter)

S b U K]
b los Sis ool PB (nligy sl ojlas - ” Lbb“ . d ” Jﬁb‘“ Ad:
Treatments DM cP EE > 0dg Sl 0055
Ash NDF ADF
s
298 O 295 o8 95.25 450 1.01 12.35 54.65 42.30
Unprocessed chickpea straw
LMOEO 94.27% 12.06 1.15" 15.55¢fon 53.67% 32.80
LMOCA 95.94% 12.63 113" 26.78 51,2020 36.20
S
LMOL 96.31% 12.63 1.28' 19.89% 50,5300 35.13
r
EMOL + ECA 95.35% 13.12h 1.20 16.26%0 53.20% 31.87
r S
ﬁJMZO/ " 94.83% 15.33 1.10" 18.22b 50,4705 34.93
(]
;
94.62% 13.21" 1.27% 15.490on 47.60° 31.13
UM2%ECAS
ZJMZO/ el 95.74% 13.439 212 14,6750 48.67% 35.27
(1] r
A 96.50% 13.60" 1.55¢ 15.11°0 49.40 34.67
UM2%Lr + ECAs
EJM4°/ " 94.15 14.71° 2.23 20.33° 50,670 36.27
(]
L’MW . 95.11% 12.95 1.95° 16.44%f 52.00%¢ 36.67
(] S
L‘MW L 96.40% 15.87° 1.92¢ 19.78% 49.07% 33.40
0
N 96.30% 15.16° 2170 17.00%¢ 52,7300 34.40
UMA4%Lr + ECAs
SMW " 94.29% 15.95° 1552 12.71" 53.272 33.73
(]
L‘GM SUECA 95.99% 13.51% 1120 13.891" 51,602 33.63
(] S
L"MW . 96.75° 13.98° 115" 13.6710" 50,600 32.67
oLr
ke 96.07% 15.95° 1.65¢ 13.220h 52.87%¢ 31.87
UM6%Lr + ECAs
o ol L
;‘"’T‘“‘ Jlosa e 0.04 0.01 0.01 0.01 0.01 0.39
-value
el s S5
sl glos o Sile 1.43 0.043 0.019 1.30 117 3.84

SEM
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—Experimental treatments include: 1- Chickpea straw containing urea, without molasses and without enzyme (UMOEQ), 2- Chickpea straw containing urea, without

molasses and with fungal cellulase enzyme (UMOCAs), 3- Chickpea straw containing urea, without molasses and with rumen liquid (UMOLY), 4- Chickpea straw
containing urea, without molasses and with an equal ratio of cellulase enzyme and rumen liquid (UMOLr + ECAs), 5- Chickpea straw containing urea, with two percent
molasses and without enzyme (UM2%EO), 6 - Chickpea straw containing urea, with two percent molasses and with fungal cellulase enzyme (UM2%ECAs), 7-

Chickpea straw containing urea, with two percent molasses and rumen liquid (UM2%ELYT), 8- Chickpea straw containing urea, with Two percent molasses and with an
equal ratio of cellulase enzyme and rumen liquid (UM2%Lr + ECAs), 9- Chickpea straw containing urea, with four percent molasses and no enzyme (UM4%EO0), 10-

Chickpea straw containing urea, with four percent molasses and with fungal cellulase enzyme (UM4%ECAs), 11- Chickpea straw containing urea, with four percent

molasses and rumen liquid (UM4%Lr), 12- Chickpea straw containing urea, with four percent molasses and with an equal proportion of cellulase enzyme and rumen
liquid (UM4%Lr + ECAs), 13- Chickpea straw containing urea, with six percent molasses and without enzyme (UM6%EQ), 14- Chickpea straw containing urea, with

six percent molasses and with fungal cellulase enzyme (UM6% ECAs), 15- Chickpea straw containing urea, with six percent molasses and rumen liquid (UM6%Lr),

16- Chickpea straw containing urea, with six percent molasses and with an equal ratio of cellulase enzyme and rumen liquid (UM6%Lr + ECAS).
b: English letters in each line indicate a significant difference between the means at the probability level (P<0.05).
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Table 2- Ruminal and post-ruminal digestibility of dry matter of chickpea straw processed with urea, molasses and enzymes
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Treatments (ruminal) (post-ruminal) (total tract)
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—Experimental treatments include: 1- Chickpea straw containing urea, without molasses and without enzyme (UMOEO), 2- Chickpea straw containing urea, without
molasses and with fungal cellulase enzyme (UMOCAS), 3- Chickpea straw containing urea, without molasses and with rumen liquid (UMOLT), 4- Chickpea straw
containing urea, without molasses and with an equal ratio of cellulase enzyme and rumen liquid (UMOLr + ECAs), 5- Chickpea straw containing urea, with two percent
molasses and without enzyme (UM2%EQ), 6 - Chickpea straw containing urea, with two percent molasses and with fungal cellulase enzyme (UM2%ECAs), 7- Chickpea
straw containing urea, with two percent molasses and rumen liquid (UM2%ELT), 8- Chickpea straw containing urea, with Two percent molasses and with an equal ratio of
cellulase enzyme and rumen liquid (UM2%Lr + ECAs), 9- Chickpea straw containing urea, with four percent molasses and no enzyme (UM4%EQ), 10- Chickpea straw
containing urea, with four percent molasses and with fungal cellulase enzyme (UM4%ECAs), 11- Chickpea straw containing urea, with four percent molasses and rumen
liquid (UM4%Lr), 12- Chickpea straw containing urea, with four percent molasses and with an equal proportion of cellulase enzyme and rumen liquid (UM4%Lr + ECAs),
13- Chickpea straw containing urea, with six percent molasses and without enzyme (UM6%EO), 14- Chickpea straw containing urea, with six percent molasses and with
fungal cellulase enzyme (UM6% ECAs), 15- Chickpea straw containing urea, with six percent molasses and rumen liquid (UM6%Lr), 16- Chickpea straw containing urea,
with six percent molasses and with an equal ratio of cellulase enzyme and rumen liquid (UM6%Lr + ECAS).

a.b: English letters in each line indicate a significant difference between the means at the probability level (P<0.05).
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Table 3- Ruminal and post-ruminal digestibility of raw chickpea straw protein processed with urea, molasses and enzymes (% in dry

matter)
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—-Experimental treatments include: 1- Chickpea straw containing urea, without molasses and without enzyme (UMOEOQ), 2- Chickpea straw containing urea, without

molasses and with fungal cellulase enzyme (UMOCAS), 3- Chickpea straw containing urea, without molasses and with rumen liquid (UMOLY), 4- Chickpea straw

containing urea, without molasses and with an equal ratio of cellulase enzyme and rumen liquid (UMOLTr + ECAs), 5- Chickpea straw containing urea, with two percent

molasses and without enzyme (UM2%EQ), 6 - Chickpea straw containing urea, with two percent molasses and with fungal cellulase enzyme (UM2%ECAS), 7- Chickpea
straw containing urea, with two percent molasses and rumen liquid (UM2%ELT), 8- Chickpea straw containing urea, with Two percent molasses and with an equal ratio of

cellulase enzyme and rumen liquid (UM2%Lr + ECAs), 9- Chickpea straw containing urea, with four percent molasses and no enzyme (UM4%EQ), 10- Chickpea straw
containing urea, with four percent molasses and with fungal cellulase enzyme (UM4%ECAs), 11- Chickpea straw containing urea, with four percent molasses and rumen
liquid (UM4%Lr), 12- Chickpea straw containing urea, with four percent molasses and with an equal proportion of cellulase enzyme and rumen liquid (UM4%Lr + ECAs),

13- Chickpea straw containing urea, with six percent molasses and without enzyme (UM6%EQ), 14- Chickpea straw containing urea, with six percent molasses and with
fungal cellulase enzyme (UM6% ECAs), 15- Chickpea straw containing urea, with six percent molasses and rumen liquid (UM6%Lr), 16- Chickpea straw containing urea,

with six percent molasses and with an equal ratio of cellulase enzyme and rumen liquid (UM6%Lr + ECAS).
ab: English letters in each line indicate a significant difference between the means at the probability level (P<0.05).
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Table 5- Average disappearance parameters for chickpea straw processed with urea, molasses and enzyme
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c A(ath)
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—-Experimental treatments include: 1- Chickpea straw containing urea, without molasses and without enzyme (UMOEO), 2- Chickpea straw containing urea, without
molasses and with fungal cellulase enzyme (UMOCAS), 3- Chickpea straw containing urea, without molasses and with rumen liquid (UMOLY), 4- Chickpea straw

containing urea, without molasses and with an equal ratio of cellulase enzyme and rumen liquid (UMOLr + ECAs), 5- Chickpea straw containing urea, with two percent
molasses and without enzyme (UM2%EQ), 6 - Chickpea straw containing urea, with two percent molasses and with fungal cellulase enzyme (UM2%ECAs), 7- Chickpea
straw containing urea, with two percent molasses and rumen liquid (UM2%ELT), 8- Chickpea straw containing urea, with Two percent molasses and with an equal ratio of

cellulase enzyme and rumen liquid (UM2%Lr + ECAs), 9- Chickpea straw containing urea, with four percent molasses and no enzyme (UM4%EQ), 10- Chickpea straw

containing urea, with four percent molasses and with fungal cellulase enzyme (UM4%ECAs), 11- Chickpea straw containing urea, with four percent molasses and rumen
liquid (UM4%Lr), 12- Chickpea straw containing urea, with four percent molasses and with an equal proportion of cellulase enzyme and rumen liquid (UM4%Lr + ECAS),

13- Chickpea straw containing urea, with six percent molasses and without enzyme (UM6%EO), 14- Chickpea straw containing urea, with six percent molasses and with
fungal cellulase enzyme (UM6% ECAs), 15- Chickpea straw containing urea, with six percent molasses and rumen liquid (UM6%Lr), 16- Chickpea straw containing urea,

with six percent molasses and with an equal ratio of cellulase enzyme and rumen liquid (UM6%Lr + ECAS).
a.b: English letters in each line indicate a significant difference between the means at the probability level (P<0.05).
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Table 6- Nutritional parameters for chickpea straw processed with urea, molasses and enzyme
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—-Experimental treatments include: 1- Chickpea straw containing urea, without molasses and without enzyme (UMOEOQ), 2- Chickpea straw containing urea, without

molasses and with fungal cellulase enzyme (UMOCAS), 3- Chickpea straw containing urea, without molasses and with rumen liquid (UMOLY), 4- Chickpea straw

containing urea, without molasses and with an equal ratio of cellulase enzyme and rumen liquid (UMOLTr + ECAs), 5- Chickpea straw containing urea, with two percent

molasses and without enzyme (UM2%EQ), 6 - Chickpea straw containing urea, with two percent molasses and with fungal cellulase enzyme (UM2%ECAs), 7- Chickpea
straw containing urea, with two percent molasses and rumen liquid (UM2%ELT), 8- Chickpea straw containing urea, with Two percent molasses and with an equal ratio of

cellulase enzyme and rumen liquid (UM2%Lr + ECAs), 9- Chickpea straw containing urea, with four percent molasses and no enzyme (UM4%EQ), 10- Chickpea straw

containing urea, with four percent molasses and with fungal cellulase enzyme (UM4%ECAs), 11- Chickpea straw containing urea, with four percent molasses and rumen
liquid (UM4%Lr), 12- Chickpea straw containing urea, with four percent molasses and with an equal proportion of cellulase enzyme and rumen liquid (UM4%Lr + ECAS),

13- Chickpea straw containing urea, with six percent molasses and without enzyme (UM6%EQ), 14- Chickpea straw containing urea, with six percent molasses and with
fungal cellulase enzyme (UM6% ECAs), 15- Chickpea straw containing urea, with six percent molasses and rumen liquid (UM6%Lr), 16- Chickpea straw containing urea,

with six percent molasses and with an equal ratio of cellulase enzyme and rumen liquid (UM6%Lr + ECAS).
ab: English letters in each line indicate a significant difference between the means at the probability level (P<0.05).
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Introduction: Corn grain is one of the main sources of energy in the dairy cow diets; about 70% of corn's
weight is due to starch. The starch granule is the basic unit of starch in corn endosperm and is a part of the
starch—protein matrix. Its digestibility is influenced by the starch-protein matrix, granule morphology and size, as
well as the degree of granule crystallinity and extent of granule damage. Cereal starch digestibility in ruminants
is improved by an average of 10% by the application of heat, moisture and pressure during the steam flaking
process. Depending on the processing method, the digestion site shifts from the rumen to the intestine, which is a
significant factor in determining the rate of nutrient absorption that influences animal performance. Surface-
active, foam-forming properties can increase water penetration and, consequently, the digestibility of processed
grain. The most significant physicochemical property of surfactants is their ability to reduce surface tension,
which is known as their interface activity. Low surface tension in rumen fluid may expedite food absorption and
digestion. The main aim of this study was to evaluate the effect of various surfactants on nutrients content and
appearance specification of steam-flacked corn grain.

Materials and Methods: In the present study, a steamed-flaked (SF) method was applied to processed corn
grains. During the steaming, grains did not treated with the surfactants (CON) or treated with 1% Tween 80
(TW80),1% sodium dodecyl sulfate (SD), 1% Alum (AL), and 1% extract of Laurus nobilis (LN) as surfactants.
The ethanolic extract of Laurus nobilis (Ln) was provided by dissolving 100 g of dried and ground Ln in 500 mL
of 96% v/v ethanol/water and shaking for 72 hours, then, the plant extract was prepared using evaporating
method. Non-treated or treated corn grains were then steamed for approximately 35 minutes at 96 °C. Scanning
electron microscopy (SEM) to achieve the best scanning quality of starch granule structure and surface in
processed corn grain with the surfactants through steam-flaked were taken. The samples were assayed at 25 kV
accelerating voltage and 2500x magnification. Physical properties (Giger-Reverdin, 2000) and chemical
composition (AOAC, 2012) were then examined. The Robertson and Eastwood, (1998) method was used to
calculate water holding capacity. According to Aghajani et al. (2012), the grain density was calculated as the
ratio of the grain's mass to the sample's particle volume. Crude protein and carbohydrate fractionations were
carried out (Higgs et al., 2015). Protein fractions reported as NH3 (A1), soluble protein (A2), insoluble true

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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protein (B1), fiber-bound protein (B2) and indigestible protein (C). Carbohydrates were divided into five
fractions including A4 (water soluble carbohydrates or sugar), B1 (starch), B2 (soluble fiber), B3 (digestible
fiber), and CC (ingestible fiber).

Results and Discussion: Scanning electron microscopy (SEM) analysis displayed that the processed corn
grain using surfactants had larger surface starch granules than the SFC. All physical properties of the processed
corn grain were significantly influenced by the chemically and physically procedures applied (P< 0.05). The
highest bulk density was shown in LN (P< 0.05). Flaked corn grain treated with Tween 80 (TW80) had
significantly (P< 0.05) higher volume compared with those of the others. The CP content of LN was higher than
those of SD, TW80 and AL. Furthermore, the NDF content in SD was higher than that of LN and AL (P< 0.05).
The total carbohydrates, non-fiber carbohydrates, digestible fiber and Indigestible fiber fractions of the processed
corn grain were affected by the surfactant (P<0.05). The total carbohydrates and non-fiber carbohydrates

fractions in LN were lower than that of the TW80, SD and AL. Digestible fiber and Indigestible fiber fractions
were greater (P< 0.05) in AL than SD.

Conclusion: All processed grains showed a different starch granule structure and surface compared with that
of CON. Our findings illustrated that treating corn grain with the surfactants, applied in the present study during
the steaming, improved the physically and chemically properties of the grain. Various alterations in carbohydrate
fractions were traced in processed corn grain with the surfactants through steam-flaked procedure. The grain
treated with extract of Laurus nobilis showed a reduction in both non fiber carbohydrates and soluble fiber
concentration.

Keywords: Bulk density, Carbohydrate, Steamed, Surfactant, Tween 80
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Table 1- The effect of steamed and/or steamed-flaked on percentage of starch granule types of processed corn grain used various
surfactants

@y dzolis Jgil,S glgl
Type of corn starch granule
A g awmlis oldy,  Begawls olyy,  C e awls oldy,
A- starch granules  B- starch granules  C- starch granules

* talojl sl los
Experimental treatments

(> 15 um) (5-15 pm) (<5 pm)
CON 8.9 90.7 0.4
LN 9.0 915 0.5
TW80 8.5 91.1 0.4
SD 9.1 90.6 0.3
AL 8.8 90.9 0.3
Steamed CON 9.3 90.4 0.3
Steamed LN 8.7 90.6 0.7
Steamed TW80 8.7 90.9 0.4
Steamed SD 8.9 90.7 0.4
Steamed AL 8.6 91.0 0.4

SD A+ 585 bosd gyl Jos Sy 0,3 ails ;TWBO g S 0ylac b osds 6yl Joe (Ko )3 ails (LN pls 00 gy 5,5 ails :CON : iulojl (ol los™
il :Steamed LN <ons 5,50 )3 ails :Steamed CON gll b o (659l Jos (Sor )5 il :AL cligur Juwdgd maduo b osd ¢yl Jos (Sgg )3 ails
odd 3o o)) 4ils :Steamed SD ¢A- 5565 b ok (6ol Jos o w3 &ils :Steamed TWB0 «yy 555 obS Sy o5lac b ot (6 y9] Jos 0 oyl )
2ol bodd (gyol Jos oad 3yl o) aily :Steamed AL «olilguw Juwdgd motw b ok (659l Jos
Experimental treatments were: CON: Steam-flaking of corn grain, LN: Steam-flaking of corn grain treated with extract of Laurus
nobilis, TW80: Steam-flaking of corn grain treated with Tween80, SD: steam flaking of corn grain treated with sodium dodecyl
sulfate, AL: steam flaking of corn grain treated with Alum, Steamed CON: Steamed corn grain, Steamed LN: Steamed corn grain

treated with extract of Laurus nobilis Steamed TW80: Steamed corn grain treated with Tween 80, Steamed SD: Steamed corn grain
treated with sodium dodecyl sulfate, Steamed AL: Steamed corn grain treated with Alum
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Figure 1- The effect of steamed and/or steamed- flaked on starch granule appearance (SEM images- 5000x) of processed corn grain
used various surfactants.
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Experimental treatments were) A: Steam-flaking of corn grain, B: Steam-flaking of corn grain treated with extract of Laurus nobilis, C: Steam-flaking
of corn grain treated with Tween80, D: steam flaking of corn grain treated with sodium dodecyl sulfate, E: steam flaking of corn grain treated with

Alum, Al: Steamed corn grain, B1: Steamed corn grain treated with extract of Laurus nobilis C1: Steamed corn grain treated with Tween 80, D1:
Steamed corn grain treated with sodium dodecyl sulfate, E1: Steamed corn grain treated with Alum
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Introduction: Exposure of poultry to various environmental stressors, such as vaccination, heat stress, high
stocking density, and direct contact with excrement in the litter, can stimulate the stress response, disrupt the
body's immunity, and external pathogenic factors introduce to a healthy animal. Therefore, they affect natural
growth and production. High stocking density can be stressful and have harmful effects on the performance and
safety of broiler chickens. Among the environmental factors, stocking density is an important factor in the
production of broiler chickens due to its effects on health, well-being, and performance. Stocking density is
defined based on the number of birds per surface unit or the amount of surface for each bird and based on the
kilogram of poultry weight per surface unit. Yeasts and yeast products can act as an alternative to antibiotics to
promote growth and disease resistance in poultry. Autolyzed yeast consists of ruptured or lysed cells and
includes both intracellular and cell wall parts. Autolyzed yeast is usually concentrated or dried by liquid
fermentation of Saccharomyces cerevisiae, and after autolysis or hydrolysis catalyzed by exogenous enzymes. In
broiler chickens, the effects of prebiotics are partially dependent on the blocking of pathogen-adherent receptor
sites, regulation of the immune system, production of antimicrobial molecules by the intestinal microbial
community, and changes in the intestinal microbial structure.

Materials and Methods: This experiment was carried for 37 days in 3 periods including starter (1-10 days
old), grower (11-24 days old) and finisher (37-25 days old) using 520 one-day-old broiler chickens of Ross 308
commercial strain in a completely randomized design based on factorial arrangement 4 x 2 with 5 replicates.
Experimental treatments included different levels of autolyzed yeast (0, 0.1, 0.2 and 0.3%) and 2 density levels
(10 (normal density) and 16 (high density) bird per square meter). The basal diet used was adjusted based on the
requirements of broiler chickens (Ross, 2019). Food and water were provided ad-libitum. Feed intake (FI) and
body weight gain (BWG) of birds were recorded and feed conversion ratio (FCR) was calculated. On the 37%
day of the experiment, two birds from each replicate were randomly selected and the weight of different parts of
the carcass including the weight of gastrointestinal tract, breast, thigh, gizzard, liver, pancreas, and spleen (as a
percentage of live body weight) were recorded. Also, at this time, caecal digesta (1 g) from each bird were
aseptically transferred into 9 ml of sterile saline solution and serially diluted. Lactobacilli, Coliforms, and E.Coli
were grown on Rogosa—Sharpe agar, MacConkey Agar, and Eosin Methylene Blue Agar, respectively. Plates for
Lactobacillus were incubated anaerobically for 48 h at 37 °C. Microbial populations for E. coli and Coliforms
were counted after aerobic incubation at 37°C for 24 hours. All samples were plated in duplicate. The obtained
data were statistically analyzed using SAS statistical software, GLM procedure. Also, comparison of averages

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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was done by Duncan's multi-range test at 5% probability level.

Results and Discussion: The results of the experiment showed that feed intake, body weight gain and feed
conversion ratio were not affected by the interaction of yeast and density (P>0.05). However, the use of
autolyzed yeast significantly reduced the feed intake in the finisher period as well as the whole period of the
experiment (P<0.05). Also, birds reared in high density showed significantly less feed intake and weight gain
compared to birds reared in normal density in the finisher period and the whole period of the experiment
(P<0.05). The feed conversion ratio in birds fed with autolyzed yeast improved significantly compared to the
control treatment in the starter period as well as the entire experimental period (P<0.05). Carcass components
and cecum microbial population of broilers were not affected by the interaction of yeast and density (P>0.05).
Also, birds reared in high density showed less Lactobacillus population in cecum compared to birds reared in
normal density (P<0.05). Using levels of 0.2 and 0.3% of autolyzed yeast in the diet caused a significant
decrease in the cecum E. coli population compared to the control treatment.

Conclusion: The results of the present study showed that although the use of autolyzed yeast in high density
conditions could not affect the functional and physiological parameters of the animal, the use of autolyzed yeast
improved the feed conversion ratio and reduced the population of E. coli of cecum.

Keywords: Carcass parts, Cecum, Feed intake, Physiological parameters, Stock density
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Table 1- Diet ingredients and nutrient composition of basal diet at different period of experiment

(%) oy sz el A3, S
Ingredients (%) Starter Grower Finisher
=2 46.83 51.46 55.50
Corn
(P& x50 7FY) g i 39.06 35.00 3156
Soybean meal (44% CP)
(P& o3 172) €05 (59l oS 5.00 4.00 2.50
Corn gluten meal (60% CP)
OB g, 4.50 5.30 6.50
Sunflower oil
ug.hl S 1.17 1.12 1.00
Limestone
SAind orlS 52 1.85 1.60 1.48
Dicalcium phosphate
2 g 0.30 0.30 0.30
Sodium chloride
O O5Y 0.18 0.18 0.18
Sodium bicarbonate
Y9\ . . .-

e Slge g alig JuSe 0.50 0.50 0.50
Mineral and vitamin premix*2
odge =l 2 0.31 0.28 0.28
DL-methionine
252 il 0.30 0.26 0.20
L-lysin HCI
() 0 dsuloro 3JUT
Calculated analysis (%)
AMEh (kcal/ kg)
Pl ofan 23.07 2150 1951
Crude protein

o 0.95 0.87 0.79
Calcium
002 G sl 0.48 0.43 0.40
Available phosphorus
ri 0.20 0.16 0.16
Sodium
o 1.44 1.30 1.16
Lysine
Oy 0.70 0.64 0.61
Methionine
O T Ogeie 1.08 0.99 0.91

Methionine + cysteine

s YAV d 5 Lo ¥ e CU )8 Lo YYAA: ZN 0,8 Lo Yovv v FE 05 Lo YAFAY IMIN 1853505 (prol 0p0n oS5k p lily |y 5 polie inolig 5 Sidne dlge JoSia ™
0,5 ko Voo B opoling 6,5 o A+ K3 pmoling 0,5 oo YFF e+ (B psling ¢ Modlopm dlg Aveees D3 olisg ¢ Ml dnlg Y5 e eees A eolisg )5 Juo Ae SE )5
¥ oism 15 e YAY ¢ gty S 15 (o VM- ool 105 oo (5 B2 (reliyg tp 5 (i Fo v B (olisg )5 (o VWVF B (ol 195 Lo P+ B2 ppslig

PR Ve Sl s g oS ke
12 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 1U Vitamin A; 800,000 IU Vitamin Ds; 14,400 mg Vitamin E; 700 mg vitamin B1; 800 mg vitamin Ks; 2,640 mg vitamin

B2; 1,176 mg vitamin Bs; 400 mg vitamin Bg; 6 mg vitamin B12; 11,880 mg Niacin; 3,920 mg Calcium pantothenate; 40 mg Biotin;
Choline chloride: 100,000 mg.



VFeY 5wl ¥ oyled 8wl ol gl oold pole ldmg)y syt Y4

(0355l 8 b bansgs 0 &1))) Liolojl )3 ealisl 390 0ad3 gl yeseo JJUT =Y Jgda
Table 2- Analysis of autolyzed yeast used in the experiment (Provided by the manufacturer)

odiad S sl Soly e
Components Unit Amount
Siid odlo % 95
Dry matter
S5 oo % 48
Total protein
J§ QI)'\:‘:‘”%’)'{ % 39
Total carbohydrates
RUALAPC A IRNER % 10
Mannan oligosaccharides
RLP % 15
B-glucans
2555 % 5
Nucleotide
B1 el mg/100g 6
Vitamin B
B2 (el

2. “MLJ? mg/100g 8
Vitamin B2
B3 onelizg mg/100g 30
Vitamin B3
Bs onelizg mg/100g 55
Vitamin Bs

YV L)) 0)93 575 ((535) YV B YD) (b 0jgs 3 08,55 1,8
(P =e/+0) cudls d2g (5l e gl e pobaw (e (S0
04 393l yosto (gols 0y Ly odd adss By oS g yobay
2N St g 0y b duslie )3 (5 yieS STy Bpas
Yo g Jlop 0515 0m )i gl g 0)93 U5 9 L 0j9
S oty (PZ1-0) 55 asaliin iy Sl 5 S e
Sy Bras ) dre yobods Vb o515 55 adly ()9 (X
oS 53 a8l e (BN b dwalie )3 (658 1)y LRl
oo L oas andas 5us p oopilel oyg0 50 ol ol Jloy
a2 BTy b dwlie 3 gk Slygd Jods o pd 0 gl
0)90 J5 53 cyimon (P<e/+0) il yosee oy 0 b ol
B P A INARTT T T
(P <+/+0) 0ol )l gy Shysd Jad copd ol b duwlio
OhlSon g iabon (gl ol laadl L 3315

osio b L) Sogn s mdaw 93 (Houshmand et al., 2012)
o 9y @pepie 33 08 VP 9 Ve SlagS1 g (S
SIS 515 5 S e 1o 58 ol 5 s 3
B oy g iy Lol s Byme p (gloigne b
o=l sleddl L olss o el dislas oubsS slads g STyes
ew aw ) b (Karar et al., 2023) 4, San 5 5,8 ¢ ings
gaw) SSgncsp ghaw 93 9 (@perte 2 025 V0 9 AT V1) o515

(VA29) SAS ¢,lal l38la 5 5l oolitul b osel Cawsey (slmodls
LYY e Gzl b 8slas Ml g )b B 53 9 GLM a4,
S 8 gLl o g a8 9,00 )85 i 9 e (i
29 oS glaciels dix (g0l Lawgs by (:Slee dunlio (pioren
Gl gy b (g)lol Jio 088 00 do > oty Jlaio] s
g 5 ddles
Yijk = u + Ai + Bj + (AB}ij + sijk (V) doles

Al laaline 1S5e (1 winlin o ke (YijK ()] o
551 B o g oo s gl ) A il 51T s
)98 5> Jlite 31 (AB)i] (o815 gdaw f1) B Jols 5l ] daws
53 11K (51,5 g 5 0x 535 yosko o o ) A 5B
53 155515 g aw ¥) g y555 e i salef] sl
el (1S5 ) S5 ol 1K g (aw 93)

tshrman Shg Clie o515 g o Cilisie ol il

P e S slarer Sl L cars 9 0js Ll
Ao golo ay ang b cowl oad ooy (Lis 8 9 ¥ & Jolus
Sligs Grae STy g yese oy Jlize ol dbosly (5, Sike
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Morales-Lopez et ) o|,LSen 5 5350 udlyg0 addllas )3 ¢ ingy
O3 SRl s)lacsime b 0 42 jaske (39381 al., 2009
(Zhang et al., 2005) l,Sen § Sl .cubls bgS sladsss
e (Joho 0)]923 b oad A5 (X 3 1) oyt 0y LRl
Gglay an ST asn,S 55 0 U+ amas jl sals 09,5 b duslde )
OhlSen 9y Koy ol sdalidie Shg s Byan )3 (5)1ixe
039 URl38l g o (59 48" sl L (Reisinger et al., 2012)
dunlis 1 poste Gliide duoyd o) saiScdl,d (Bl ) wljs,
3O g o YO U Y clajoy g YO U VY (clajg, j0 aald 095 L
Yalgmn et al., ) o) )\Ken g peandls o idg5 opl (sladidl b 3dlgs
LS VY LY S had oo a5 05,5 Lo (2013
PESeES p ST ol VO ol y3 0l gl yesie ool
RS SS9 e (8L dgup (UGS sr >
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Dl s

039 = |y bl jase oo ol 5 0815 56 5 Jgue
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Y Glial il (59 oumitred (Gl 0d i Iy ime 4 BY
oo 5 g 51,5 ool 31 18U s S e g
6,55 )5 ord gl

Karar et ) ol,LSan 5 1,8 ¢ yingh ol slaadl b 58l )
1303553 30 5 W ) e) w515 saas ds syt b 3 (al., 2023
9 SSomism 9 iyl ) SSigmisn daw 93 5 (@t
2 oSSl 5, S S/ 5 33,5 lusSl (blo o) SVID 15 gaws
w50 Sigmism 5 o515 ol 5168 2008 ol (T 1) o
ol 42310 asgn adY glinl p (o)l bxe

9 2 LwgSl (lle p,5 FV/0 pgd aw 9 SSgmisn o sl
oS5 blise 5o 2555 ol oo 2 o 3 ISSIST .5 SV
Ois oieli8l g Shhes Bras (o3 ine psbody SSsnisn 5
o=l commoman ol 0315 39 inlojl 0,93 Jgbo 53 1y 5%
S5y S 9 omle o515 Lol 45 00,8 ol (psdiee
ol 03ly s 1y Slyed o copd o iy

9 39595039) LS)ly Sl (lmgiy slaasdl L alas
V5V sleeSly (Vargas-Rodriguez et al., 2013) S
Ol S 03,8 (ol g 315 4118 (yp 3y90 1) @ipeie 53 0y
Shed Jass s 9 Slygd Srae )b ine b o515
g oleg ol Glmgiy by 38157 )0 )00 (Ld6S sladr g
sleasg o Wby )55 5.5 (Thomas et al., 2004) 1,
Comd 9 35503 (6 Ty 18y @ayeyio 3 035y gy w5155 b (UbgS
rpeyie ol Ve LN O (oS Ly (68 sladag 4
Jley 1515 4 Camad 0)93 579 (bl 0)93 3 STy By
ol 0ald L bl Lials 0,5 VFO/-F 5 0,5 YWV i jay
e AD 3D g 0Ly 4 o> d)l.\.ﬁ.} cel YU wfl); &S cwl
Emmans and Charles, ) 355 0 Slys5 3, a0 jialS 4
oS5 il 3 Shyes Gyme ialS ¢ 3L 51 (1977
595003 (sLudd Ay Liosiy (o yiwd Glise 28 4 (i ye 2
L 3-8l ,> (Nahashon et al., 2011) cewl oas odld Coud
Ol 5 o jironw dslllas )3 oy Sl yimgiy (claa sl
YL slanSl s abeS slaas s> (Simitzis et al., 2012)
Spgbds A (658 (3 2l G S SeSTS & s
SVL 515 59 ot ol g3 9 p5 ¥ b Gials Sk
O 5 925205 (gl 5> b odmliie 1o 1515 &) s
ey yio y BAS, sl li8l L s (Kryeziu et al., 2018)
Gl pSae STy iali8lcdly gals (Ba,, ol oij 59
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Table 3- The effect of different levels of autolyzed yeast and density level on feed intake of broilers during the experimental period

(g/b)
s Ve BY) cnjlél 09 (539 YEBIY) L) 09 (S3oYYEYD) Sbloyys (L Sje, YY) oy JS
Tréatment (5395 Grower period (11-24 Finisher period (25-37 Whole period (1-37
Starter period (1-7 d) d) d) d)

Density Yeast

(%)

0 230.300 1077.20 2126.46 3434.0

Joy 0.1 210.60 1079.40 1986.49 3276.4
Normal 0.2 211.56 1045.98 1986.59 3244.1

0.3 219.77 1075.13 193252 3227.4

0 217.36 1080.17 1918.48 3216.0

N 0.1 216.24 1035.25 1723.94 2975.4
High 0.2 220.22 1064.37 1732.18 3016.8

0.3 223.43 1037.19 1731.83 29935
lopilie bl sl 5.92 35.47 64.10 86.84
SEM
(%) e

Yeast (%)
0 223.83 1078.68 2022.47 3324.98 2
0.1 213.42 1057.33 1855.17 b 312591
0.2 215.89 1055.18 1859.38 b 3130461
0.3 221.60 1056.16 183267 Y 3110.44 b
lopSile 3 bl (sl 4.18 25.08 4533 61.40
SEM
51y
Density
Js 218.06 1069.43 2007.99 2 3295.48 2
Normal
:_‘* X 219.31 1054.25 1776.86 3050.42
ig

oSl 3 il (sl 2.96 17.73 32.05 43.42
SEM
P-value
oo 0.278 0.894 0.021 0.059
Yeast
- 0.766 0.549 <0.001 <0.0001
Density
9 yoso Jolite il
WS 0.280 0.773 0.945 0.962

Yeast x density

(P<e10) w)ls ma b s lo sine M g, Lal L 3l aglicte By y> syl sl puSilin ygis o 030
&b |n each column, the means with different superscripts have a significant difference (P < 0.05)



ey

BRESJC QP TYCIE K I N P PIRE-JEII PEP PP L ROp RSN BUE PR s WP [ PO

(o2 sl p)5) inlel 090 Jsbo 13 58 (sladersz (33 Sal33l 2 o515 o 5 0153581 e hlies gokans 53T ~€ Jga
Table 4- The effect of different levels of autolyzed yeast and density level on weight gain of broilers during the experimental period

(g/b)

u)l;’\ 099 _ ) _ 0y93 JS
o ( i i~b’\) (S35 VP B NY) a3 0)90 (S35 YY L YD) Sk o9 (),‘ W)
i i)t 5 Grower period (11-24  Finisher period (25-37 5TV S
Treatment Starter period (1-7 d d) Whole period (1-37
d) d)
Z .
. Yeast
Density (%)
Jby 0 179.80 721.00 1262.40 2163.20
Normal
0.1 172.60 746.20 1228.30 2147.10
0.2 175.90 730.91 1237.27 214408
0.3 190.16 757.93 1235.62 2183.71
Ylf 0 174.05 719.17 1174.92 2068.14
High
0.1 182.72 708.78 1101.53 1993.03
0.2 194.78 754.27 1167.50 2116.56
0.3 194.80 739.70 1141.70 2076.20
lopilie bl sl 6.99 23.08 46.55 52.39
SEM
(7)o
Yeast (%)
0 176.92 720.08 1218.66 2115.67
0.1 177.66 727.49 1164.92 2070.07
0.2 185.34 742.59 1202.39 2130.32
0.3 192.48 748.81 1188.66 2129.95
oo 3)bulend (sl 4.94 16.32 3291 37.05
SEM
oSl
Density
Jly 179.61 739.01 1240.90 @ 2159.522
Normal
YL‘_’ 186.58 730.48 1146.41° 2063.48 ©
High
ile 3l (st 3.49 1154 23.27 26.19
SEM
P-value
o 0.108 0.583 0.700 0.626
Yeast
ol 0.168 0.604 0.007 0.014
Density
9 e Jlite I
Sl 0.369 0.605 0.941 0.686

Yeast x density

(P<e/0) syl mo b sl cime M (Ll ks 51 &glicte Bgy> syl sl puSilin g o ,0 3P

b |n each column, the means with different superscripts have a significant difference (P < 0.05)
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Table 5- The effect of different levels of autolyzed yeast and density level on feed conversion ratio of broilers during the
experimental period

o (5390 V0 BY) il opgs  ((S3g) YE L W) adyop90 (559, YV B YB) (b oy9
i’ Starter period Grower period Finisher period
(1-7 d) (11-24 d) (25-37d)

(S50 YY BY) 0y9 JS

Treatment Whole period (1-37 d)

o513 () o0
Density Yeast (%)
g 0 1.28 1.49 1.69 1.59
> 0.1 1.22 1.44 161 152
Normal 0.2 1.20 1.43 1.60 1.51
0.3 1.16 1.42 1.56 1.47
0 1.25 1.50 1.64 1.56
: 0.1 1.18 1.46 1.56 1.49
High 0.2 1.13 1.41 1.49 1.42

0.3 1.14 1.40 1.54 1.44

Yu

byl 3 sl gllas
SEM

0.031 0.041 0.070 0.040

(%) oo

Yeast (%)

0 1272 149 1.67 1572
0.1 1.20° 145 1.59 1,50 ®
0.2 1.16° 142 1.55 1.47°b

0.3 1.15% 1.41 1.55 1.46°

byl 3 sl gllas
SEM

0.022 0.029 0.049 0.028

E

Density

by 1.21 1.45 1.62 152
Normal

YU

; 1.18 1.44 1.56 1.48
High

b Sl 3 sl gllas
SEM

0.015 0.020 0.035 0.020

P-value

o 0.0041 0.177 0.290 0.031
Yeast

o7 . 0.107 0.919 0.248 0.134
Density

w515 9 yaze Jlite 51 0.830 0.962 0.931 0.876
Yeast x density

(P<er-0) wls oo b (s ls dme M (o )Lel i 51 cglicie gy (sl,lo (slo il cygims 5o 50 ab

&b |n each column, the means with different superscripts have a significant difference (P<0.05)
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Table 6- The effect of different levels of autolyzed yeast and density level on the relative weight of the carcass
characteristics of broiler chickens at the age of 37 days (percentage of live body weight)

o SIS s SR e
) " Gastrointestinal . .
Treatment Pancreas  Gizzard tract Spleen Liver  Thigh Breast
o515 (%) yozo
Density Yeast (%)
0 0.27 2.52 12.56 0.07 206 1924 25093
Joy 0.1 0.26 2.59 12.80 0.06 204 1922 2563
Normal 0.2 0.25 2.32 12.14 0.07 202 1904 2617
0.3 0.25 2.39 12.62 0.06 211 1923 2564
0 0.27 2.46 12.27 0.06 213 1925  26.15
YU 0.1 0.24 2.37 12.34 0.06 201 1901 2566
High 0.2 0.25 2.53 12.56 0.06 200 1924 2592
0.3 0.26 2.49 1214 0.06 197 1916 2533
banSile bl s 0.0108 0.05 0.24 0.005 0.06 0.11 0.08
SEM
(%) o0
Yeast (%)
0 0.26 2.56 12.68 0.06 207 1923 2578
0.1 0.25 2.35 12.38 0.06 205 1913 2591
0.2 0.25 2.41 12.31 0.05 206 1913 2590
0.3 0.25 2.51 12.38 0.06 207 1920 2562
anilie il sl 0.0076 0.04 0.17 0.0035 003  0.07 0.06
SEM
w1y
Density
Jby 0.26 2.46 12.49 0.065 207 1913  26.04
Normal
b 0.25 2.46 12.38 0.059 203 1921 2556
High
ol 3 il (sl 0.0054 0.02 0.12 0.0025  0.03 0.05 0.04
SEM
P-value
s 0.837 0.303 0.808 0560 0943 0983  0.873
Yeast
- 0.615 0.980 0.695 0169 0416 0718  0.093
Density
w515 5 yae Jlie Sl 0.532 0.856 0.779 0617 0433 0946  0.985

Yeast x density

A8 Jloys o515 L dualio )3 98" 039) JewliptS Y Cipmon )l sine
(P<-1-0)

Cengiz ) o) Sen 5 1Kz (piagh cnl sloasil b 38l 5
PS5LS 2 53 )5 ) g /0 Ssmgy daw 9o (et al, 2015
B n 9oy @ipte 2 o8 Ve g Ve slanS1y5 g alop
S otne 36 (515 5 Sigmgn Blite 5148 638 ol g w0l
039) heolsSY 9 Migallww (3 slasyiSLy JS ol 1
ol €318 2565 cladrgs

Lagl blite 5 g oad gl yoste o515 slaylass 51V gt

(sl g feaolisSY s 8 ) )55 039y (29,540 Cume p
i )51 ams e LS 1) (Si9) YV cpw ) (65 s>
039) (9350 Cowma 1 (5l sine 3l 0aB g yase 5 o515
oo Ay I g ¥ poa §) odlial (P>+/+0) cublis S
039y IS5 Commo 3 gine (il el Cudlys oS 00l 3]
S9-b yeie (g sl 9 doyd /) e Ly dcglie 13 598
lS el Y (515 ol Sll (g > pizmen (P<+/+0)
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Table 7- The effect of different levels of autolyzed yeast and density level on the microbial population of the cecum of broiler
chickens at the age of 37 days (Log CFU.g?)

o Y55 Y s
Treatment E. coli Lactobacillus Coliform
SOy (/) yoo
Density Yeast (%)
0 8.84 8.97 8.74
oy 0.1 8.87 9.03 8.65
> 0.2 8.74 9.12 8.54
Normal 0.3 8.68 9.15 8.58
0 9.10 8.78 8.84
YU 0.1 8.84 8.87 8.68
High 0.2 8.76 8.91 8.66
03 8.73 8.94 8.61
Lapnsile il sl 0.06 0.014 0.02
SEM
(%) oo
Yeast (%)
0 8.972 8.88 8.79
0.1 8.81® 8.95 8.67
0.2 8.74 " 9.02 8.60
0.3 8.70°" 9.05 8.60
LapnSile il sl 0.043 0.01 0.018
SEM
15
Density
by 8.75 9.012 8.63
Normal
b 8.86 8.88" 8.70
High
LapnSile il sl 0.03 0.007 0.013
SEM
P-value
o 0.0416 0.1426 0.1926
Yeast
s 0.1396 0.0013 0.318
Density
w515 5 oo Jlite 51 05787 0.9808 0.9521

Yeast x density

(P< 1:0) 8515 oo b (5,0 gime M (g,lel Hhai 51 oglicte g, syl (slonSilea (ygimw o )aa'b
&b |n each column, the means with different superscripts have a significant difference (P < 0.05)
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Table 8- Economic estimation of experimental treatments in the entire period (Toman)

sloss Shygs 4 ja TYCRRS oAl 29w
Treatment Feed cost Income Net profit
o515 () 050
Density Yeast (%)
0 41208 75712 34504
oy 0.1 39086 75043 35957
4 0.2 38901 72385 33484
Normal 03 36636 74078 37442
0 39317 75150 35833
YU 0.1 35823 76430 37545
High 0.2 35991 69756 33765
0.3 36354 72667 36313
lagnSilie il sl 415 534 309
SEM
() yora
Yeast (%)
0 402622 75431 35169
0.1 389852 75736 36751
0.2 37446 71070 33624
0.3 36495° 73373 36878
anSilie il sl 207 267 195
SEM
oSy
Density
by 38975 74304 35347
Normal
YU
: 37636 73501 35864
High
agnsilie il sl 103 133 97
SEM
P-value
e 0.0109 0.0759 0.2340
Yeast
. _ 0.1068 0.5593 0.6823
Density
w515 5 o Jilise 05701 0.7650 0.8658

Yeast x density
(P< -y sjlspa s Sl s WS (5ol i 5l glite gy shyls slay Silie (ygi o 0¥
&¢ In each column, the means with different superscripts have a significant difference (P < 0.05)
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Introduction: Manganese is an essential trace element that acts as an activating component of many crucial enzymes
such as alginase and pyruvate carboxylase. It is involved in carbohydrate, lipid, and protein metabolism, as well as in
vital biochemical reactions (Hassan et al., 2020). Additionally, manganese serves as a cofactor in the synthesis of
chondroitin sulfate and plays a significant role in bone formation in broiler chickens (Mwangi et al., 2019). Moreover,
manganese is vital for the antioxidant and immune systems of animals (Patra and Lalhriatpuii, 2020; Wang et al., 2018).
In the production of broiler chickens, manganese sources commonly used include inorganic Mn (Mn sulfate, Mn
carbonate and Mn oxide) and organic Mn (Mn chelated with amino acid and protein). Inorganic sources of manganese
are cheaper, although they have low digestibility (Tufarelli and Laudadio, 2017; Yenice et al., 2015). Organic sources
have excellent chemical stability and high absorption efficiency. They have not been widely used in poultry diet due to
different quality levels of manufactured products, unpredictable effects and high cost (Tufarelli and Laudadio, 2017;
Brooks et al., 2012). Therefore, it is important to assess new sources of manganese that have higher digestibility and
lower cost. Manganese hydroxychloride is a group of minerals which solubility in water is minimal, but it becomes
more soluble in acidic conditions in intestine (Wang et al., 2011). The purpose of this experiment was to investigate the
different levels and sources of manganese in the diet of broiler chickens by investigating their effects on growth
performance, immunity, the digestibility of different sources in different solvents, and the digestibility using the
technique of Everted Gut Sacs.

Materials and Methods: Manganese sulfate, organic manganese, and manganese Hydroxychloride were obtained
from Ariana company. In order to measurement of the amount of dry matter and ash, one gram in four repetitions was
sampled from each of the sources. They were dried at 105°C for 12 hours and dry matter was calculated through
subtraction. Then samples were transferred to the oven at 550°C for 16 hours and their ash content was determined.
Finally, they were digested in hydrochloric acid and passed through Whatman filter paper No. 42. After making up to
volume with mili-Q water, they were read by an atomic absorption device at a wavelength of 520 to 560 nm (AOAC,
1995; Williams, 1972). In order to evaluate the solubility, three samples (0.1 g) were prepared and dissolved in 100 ml

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
E any medium or format, as long as you give appropriate credit to the original author(s) and the source.
http://doi.org/10.22067/ijasr.2023.84906.1177



https://ijasr.um.ac.ir/
https://orcid.org/0009-0005-6775-3941
https://orcid.org/0000-0001-6969-6286
https://orcid.org/0000-0001-6016-5905
https://orcid.org/0000-0003-1948-9734
mailto:kermansh@um.ac.ir
http://doi.org/10.22067/ijasr.2023.84906.1177
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://doi.org/10.22067/ijasr.2023.84906.1177

VPeF 5l ¥ oyl OF alo ol ! (oold pole letngh aspis ¥ ¥

of 2% citric acid, 0.4% hydrochloric acid and deionized water (Watson et al., 1970). For assessment ability to absorb
minerals by the technique of Everted Gut Sacs, 180 one-day-old broilers of the Ross 308 commercial strain were fed
from one to twenty-one days old with corn and soybean based (2018). On the 22nd day to the 28th day, they were fed
with a diet free of manganese and on 29th day, they were starved for one day and night. Chickens were grouped into
three treatments with Hydroxychloride, organic and manganese sulfate sources with 6 replications and 10 pieces per
replication. Three parts were selected from each replication for the test steps (Feng et al., 2006). Samples prepared from
jejunum and ileum in two buffers, Mis-Krebs and Tris-Krebs. In order to determine the relative bioavailability of
different manganese sources, an experiment was conducted with 12 treatments included four different levels of
manganese (35, 70, 105 and 140 mg/kg) with three different sources including Hydroxychloride, organic and sulfate.

Results and Discussion: The highest amount of dry matter of manganese was related to manganese sulfate
(99.23%). The lowest was manganese hydroxychloride (92.58%). The highest ash percentage was related to manganese
hydroxychloride with 86.14% and the lowest was related to organic manganese with 21.56%. The amount of manganese
calculated after testing organic sources, hydroxychloride and sulfate was 5.64, 34.64 and 34.47% respectively. The
organic form of manganese had the highest solubility in 2% citric acid and the lowest in deionized water with 96.12 and
34.14%, respectively. Manganese hydroxychloride also had the highest solubility in 2% citric acid solution. Manganese
sulfate had the highest solubility in hydrochloric acid and the lowest solubility in deionized water. In general,
manganese sulfate had the highest solubility in deionized water compared to the other two sources. Also, the highest
solubility of organic manganese in 2% citric acid was 96.12% in the whole experiment. It has been reported in studies
that binding minerals with proteins will be a weak chelate and when they are placed in solvents, their chelate breaks
easily and dissolve (Cao et al., 2000). The results related to performance traits and primary and secondary response of
antibody titer against sheep red blood cells (SRBC) showed that experimental treatments had no significant effect on
them.

Conclusion: The results showed that the highest solubility of the organic form of manganese was in citric acid
(96.12%) and the lowest was in deionized water (34.13%). Manganese hydroxychloride had the highest solubility in 2%
citric acid, while manganese sulfate had the highest solubility in 0.4% hydrochloric acid. Overall, manganese exhibited
the highest solubility in hydrochloric acid and the lowest in deionized water. The results of the technique of inverted
intestinal segments showed that the most absorption of manganese occurs in the ileum, and these results were in line
with the results of other researchers who had performed this experiment in vitro and in vivo Among the experimental
treatments, the highest absorption in the technique of inverted intestinal segments was related to the organic source of
manganese, and the lowest was related to the form of sulfate, 3.25% and 1.99%, respectively. At the end, the use of
organic manganese in broiler diet is recommended due to its high absorption level.

Keywords: Bioavailability, Broiler chicken, Everted Gut Sacs, Organic manganese, Performance traits
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Table 1- The ingredient and nutrient composition of basal diet to broiler chickens(1-37 days)

e ol A5 Skt
(1253) (STye> ol $: )\_\. S5 \:—\’\‘ S59,Y0-YY
Ingredients (Percentage) <39 9 e
Starter 1-10 days Grower 11-24 days Finisher 25-37 days

2 53.20 55.88 57.25
Corn
b LS (IFF P (155) 38.41 34.90 33.31
Soybean meal (CP 44%)
P 2.02 2,02 2.02
Wheat
B oty 2.08 3.60 4.10
Vegetable oil
eeds Sbo)g 1.30 1.10 1.04
Calcium carbonate
Sand oS (22 1.65 140 131
Di-calcium phosphate
plab S 0.42 0.42 0.40
Common salt
odgse DL 015 0.10 0.07
DL-methionine
oY oL 021 0.08 0.00
L-lysine
e 0.06 0.00 0.00
Threonine
aislng JoSo

o . 0.25 0.25 0.25
Vitamin- premix
Y.z, . .
o g e JoSe 0.25 0.25 0.25

Mineral- premix without manganese

oy (obowd bS5
Chemical compounds of the diet

(PS54 2 B ohS) muddglio LB (555 2850 2970 3020
ME (kcal/kg)

(+29) pB B9 2.1 20.7 19.8
CP (%)

e 1.00 0.85 0.80
Ca (%)

5> JE il 0.47 0.42 0.39
Available P (%)

(Aa_oﬁ) a2 JB oY 1.35 1.17 1.03
Digestible Lys (%)

(A@) i JB oo 0.48 0.42 0.39
Digestible Met (%)

(w) e FB Oyt + oo 1.01 0.90 0.81
Digestible Met + Cyc (%)

(10)3) e B (g5 0.89 0.78 0.70

Digestible Thr (%)

B pelivg o5 1A K3 oy p)5 o /Y E el (all s 31y ¥F D3 ey (Mol s d3lg YOVA A (ppoling odl s oy VY70 2 ol disoliyy Joo p)SokS
ool WS S )5 0+ 5 B12 peling p)5 <0 B9 pualisg p)5 < 1AV0 B6 psling o5 /Y B5 poling p,5 ¥ B3 pslig p,5 Y B2 (ol p)5 /AYD
g 5500 g 5 pole p SV 500 )5V i 5 5 53y £ V) ccnl 25 Be il e JoSa p SkS n 2
Lvitamin permix Supplied the following, per kilogram of diet: vitamin A, 11025 IU; vitamin D3, 3528 1U; vitamin E, 33 mg; vitamin
Kz, 0.91 mg; Vitamin By, 0.18 g; Vitamin Bz, 0.825 g; Vitamin Bs, 1.00g; Vitamin Bs, 3.00g; Vitamin Bs, 0.30g; Vitamin Bo, 0.125g;
Vitamin Biz, 0.15g; choline chloride, 50g;
2 Mineral permix Supplied the following per kilogram of diet: Fe (Fe-sulfate), 50g; Zn (Zn-sulfate), 11g; 110 mg; Cu (Cu-sulfate),
69; | (calcum iodate), 1g; Se (sodum selenite), 0.2 g.without Mn.
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Table 2- The order of the experimental treatments

sloss

1 2 3 4 6 7 8 9 10 11 12
Treatment
e S 55 5520 BS S g 0em 350 g
Source Organic manganese Manganese hydroxychloride Manganese sulfate
P ;f 2SSk 35 70 105 140 70 105 140 35 70 105 140
mg/kg

(PSS 3 £S5 ko) Sb g 10 i (slooyex )3 osd 3JUT g osd BLsl jiSke line -V Jou
Table 3- The amount of manganese added and analyzed in the starter, grower and finisher diets (mg/kg)

sl Ay iy
Starter Grower Finisher
)Ai.n ég[}.p o adls! W) )JLJ W) )JLJ IR W) )Jlﬂ
Source manganese Added Analyzed Analyzed Analyzed
35 59.14 58.63 58.91
PRIt 70 82.43 80.14 78.69
Organic manganese 105 124.72 123.68 116.38
140 153.66 150.29 149.62
35 48.41 47.58 48.96
e L) S g)am 70 78.63 79.36 83.15
Manganese hydroxychloride 105 119.16 121.20 120.28
140 148.36 147.92 151.28
35 37.65 39.63 38.91
e Ol gu 70 79.61 81.21 80.28
Manganese sulfate 105 121.13 118.63 120.25
140 147.71 151.27 150.28

BIFF L oy i pan oldgaw g LIS wSg,am  J pbo )
Dy doyd YF/YY o YE/5F
Obgy S il sla M > (Sase dlye M o)
o e ol eml i) ngtn ¢l (2Bl sl
e ol j s Mo bl g ol Sl
Loy (Ledoux et al., 1991) cowl dwyin bB 55 ol
o) il gla Mo 3 jiSie ciliseo glio 51 plaS,m colMls
2 (Ao /sl G950 5 Ao yd 93 Sl SO w0920
Ly codMs oy 53800 JI S0 cowl oas ols L5 & Jods
L i 03900 ol )3 1) (58 5 003 93 dsl S 5
Oy 0 3&ie WIS S g pd (sl Lo yd YF/VY 4 A5/VY
Slilg Lol ecdly dyal Sy 8053 93 Joloes 13 1) el
O oS g bl dpasl S S 500 )3 1) Mo oy K
ly caldle oty 58 Slilgu (IS g g2 05535 Ol )3 5
Oty (e (Sl 5503 aie 93 4y Camd 03> Ol
Vol St > (AN 558 bgrje ptalojl IS5 <M
2L aS el oads )55 clddllas 13 5gr Ao yd AP/ L dsyd
45 Sloj g 092wl (ghunds OUS oy b (Sdne dlge (5

O Jade g b Q] adiy 93 )15 a5l (Sig) VY oy 52

YA e ) 5 4S B2)5 ol a4 SRBC (ygpuiliwges yid o
/2 a5 a5 plosl (6,5 055 ol 5oy <t 3l e s
2Lk 9 15 32,5 e aww 4 SRBC (jgmusbusgus il oo
015 (5yglaen slapys O Oy Sl xS0 (Sigy YV
SLaoaslS gsenl pn sl e (g3l g Sas Sl I ey
.(Allahdo et al., 2018) x>5,5 Jate olKislejl & S 9 G ¢ M

SaS lgige Gialasl )90 dlse (bord sla Sy 5]

Clisee (giee dlpe Sfslen )] (ot 4k ) lews
Blio 1580 doyd g juS B diopd «Sis 0lo o yd bl dLil
o1b U355 Yoz Jsin 1o 3550 LIS uSg)am o Slilgu I
e Olaw dy by e 35K00 Suid odlo Hlude oy yidiy Gl
AV/BA) 5550 LLIS uSgym 4 bgrpo (e85 (10,3 /YY)
S 9d 4 bgye S do)d (i (ioned g2 (o)
L 1 5550 4 Lo i 5 s AFIY L 550
plaS ya iolos] 5 L o duwlne 3i5ie a0 D92 o yd YV/OF
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ohlSen g Sb &8 ladllas 4> (Cao et al.,2000) K¢ o >
dlge ClMo yn a5 153l ol ol plosil (Black et al., 1984)

(LI etal., 2011) 350 owol)of A"?’u“’ u.JM> 3939 A_Ja.;l) o 95 5 ‘.m:t_>9> » ‘.bu] L;«b‘)BW) 5 e

550 il e ol iS5 £ Yo
Table 4- Chemical compositions of different manganese sources

FSie ilizeo gl
lhosd SlS 5 Different Manganese Sources
Chemical compositions ~ JI ;% 350 WIS S syun 35 @l gus
Organic manganese Manganese hydroxychloride ~ Manganese sulfate
i ool 202 95.06 92.58 99.23
Dry matter (%)
Sl 22y 2156 86.14 82.88
Ash (%)
F5 dop2 5.64 34.63 34.47

Manganese (%)

(3053 +1¥) dpuol S50 9300 5 (30D 93) dsusl S w0300 ol 53 3%ie cilises wlio s 2o )3 =0 Joua
Table 5- Solubility percentage (%) of different sources of manganese in deionized water, 2% citric acid and 0.4% hydrochloric acid

[N ENRWES
Solubility percentage (%)

Different Manganese Sources

Loy o[ sl SIS0
0.4% hydrochloric acid

b)'.:.;%.l u’l
Deionized water

o3 93 duwl S yins
2% citric acid

5 85.82
Organic manganese
e w1yl uSg ) 64.35

Manganese hydroxychloride

$e My 82.46
Manganese sulfate

96.12 34.13
83.02 34.07
74.99 39.31

1 e Gl gobio s Colll 45 oy L5 b b adllas
O iins 45 (S ysbts 290 o na poll )3 Lol 295 o e poiss
L 6yl aine M1 &S 35 3500 T st 45 bogyyo ol bl
O Syl me M ¢ cuily Gldgw 9 WIS S 0un muiio 40
3529 Clilgw 9 LIS (g )en gite 93 50 5o x> bl
ssi) 550 JI o 45 1o IS5 oliSe 5 > iy
2 e ) sVl Gl Sl (55is sl ginel 5 3150
(ietal., 2006) cewlls bsS slad g 039y Cooud dw
L as I JSsa Sixe dlge a8 wilodly oylis (eoamie clalllas
bl aloals LSS aSgn iy p g by wisel (clawl
I; dLietal., 2005) )y Jaxe JSbl & Cans (55 YU pui
Sl Jsloels sl S8 oS5 J il o] oss St S

350 955 polis plo b (Saxe
{Nollet et al., 2007; Rubio Zapata, 2016)

Sl pebl o 58 Qo il oS 0l (LS s Ll ond
byly s )0 a8 3g0 lbize plo o b gued gls oyl ¢ 28l 0
@9y 3= 2006 Jlo o) Sen 5 Sliie a5 gladllae ,> (2008
2 2K ol e 45 A ()55 el pll b ybge
D Sie Ly aS W08 )15 LT sl e 3lis) amdjlg
po=kl 9 ps335 Jl it 3o)d W 9 MY e b slge anajly
slai)l8 o oylas (Moshtaghie et al,, 2006) ¢l
9 dgw gy 0latul )90 Cllge (o Jdsa lyiee 1) (Slisios
Gl ool Jome 48 sy o0 55 4 0 byl ptalesl 0y Jobo
o au B pol) bawgs g5y wds a8 ol L cdls plool

s, (Yuetal, 2008) cowl pgsss 9 peidgsd > ol Ll I ke
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Table 6- Uptake percentage (%) of Mn as each source in the everted sacs of jejunum and ileum of broilers at 29 days of age in 45

minutes
ol Loy
e calizes gl Uptake percentage (%)
Different Manganese Sources (30)) poibl (12,3) p9333
lleum (%) Jejunum (%)
o 5 3.252 0.702
Organic manganese
75 LS (Sgpn 230° 0.665
Manganese hydroxychloride
e Mg 1.99° 0.560
Manganese sulfate
5 lsliwl ollas 0.1514 0.0526
SEM
S gme Jlon s 0.0001 0.1754
P-value

Wt do ) gy e )3 JB pme BB clyly (gt G o Cgliie By b ola 1 Sle ab
&b Means within a row with different superscripts are significantly different at the p-value indicated for ANOVA.

o8l o gl 48 cul osh plonl 155 cladrse 515
PSS 5 5 e YD) ey o 3> 5 fSan 5 LIS
NEENSELNNE N SUISE WAL EL R
S oty 133 Slae y 55in Sl by (sla bl
5 olw 45 (glaslls ,> (Conly et al., 2012) >9 ablie
ok (0938l 4 wioly L cold plosl V¥V Jlo jo oS
3y Sas Slino ()l gne 3500 LIS 89y il
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Table 7- Effect of different sources and levels of manganese on performance traits in Ross 308 broilers
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Performance traits

aligy Cig o3l

@l has o

Slos Daily feed intake Daily weight gain Feed conversion ratio
treatment 110 1%-.23 2z}-.35 L35 110 11;23 2zfi35 135 110 11;23 ZfSS L3t

9 L;rs(;\sz/;e flén:;e 99 39 Grs(;\xe ﬂén)liae 99 39 U:é\’;e l;fr;i?;he 9

starter ? . total starter ? . Total starter ? ; Total
1 2607 8136 13247 8362 2470 4888 7060 4855 106  1.66® 1.88 173
2 2595 8197 14200 87.88 2576 4858 8050 5377 101  1.69® 176 1.63
3 2629 8414 13951 8696 2519 5280 7559 51.88 104 159 1.85 1.68
4 2641 8376 13346 8661 2584 5029 7433 5004 102 167 1.80 1.73
5 2647 8688 13239 8479 2679 4593  69.77 4894 099  1.89°  1.90 1.73
6 2780 8521 137.43 8814 27.60 5254 7258 5285 101  1.62° 1.89 1.67
7 26.89 8150 137.82 8534 27.04 5034 7066 49.82 099  1.62° 195 171
8 2694 8489 13548 8697 2560 4684 7637 5169 1.05  1.81® 177 1.68
9 2617 8219 139.84 8792 2641 4613 7807 5174 099  1.78® 179 1.70
10 2499 8190 13492 8576 2591 4752 6603 4796 096  1.72® 204 1.79
11 2780 8445 133.38 8452 2582 4724 7058 4823 108  1.79® 1.89 1.75
12 2521 8115 13146 8483 2603 4919 7803 5195 097 165 168 1.63
;’I'E’;\:‘”' o> 0749 1541 2830 1001 0639 1645 3308 185 0015 0027 0042 0027
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Source 3 0 0 5 3 9
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Level 8 9 3 3 0 8
gaw X giie
Level X sourc 0'2543 0.1075 0.1359 0";28 0'3;37 0.1438  0.0480 0'1186 0'1765 0.0195  0.2607 0'3241
e
b 0763 hoap oasay 0925 0046 (1679 o700 0949 0046 54497 (1519 0427
Linear 2 1 1 0 2 8
P92 420> 0349 431 00473 092 0790 oap5 3319 0804 0291 5491 g3z 0898
Quadratic 5 1 5 0 0 0
Py 422 0244 07573 07636 0212 0890 (9951 gso70 0297 0207 47614 ge1sa 0444
Cubic 4 1 8 9 1 3
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abMeans within a row with different superscripts are significantly different at the p-value indicated for ANOVA.
Treatments 1 to 4: containing 35, 70, 105 and 140 mg/kg of manganese with an organic source, respectively.

Treatment 5 to 8: including 35, 70, 105 and 140 mg/1 manganese with hydroxy chloride source, respectively.
Treatment 9 to 12: including 35, 70, 105 and 140 mg of manganese oil with sulfate source, respectively.
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Table 8- The effect of different sources and levels of manganese on the primary and secondary response of antibody titers against
sheep red blood cells (SRBC) of broilers (29 and35 days age)

5550 Gilize ggla 5 olie

Different sources and levels of manganese

Slesd
Treatment ol 305 o Fo2 S0
First injection (mg/dl) Second injection (mg/dl)
IgM1 1gG1 Total Igl IgM2 1gG2 Total Ig2
1 3.6 3.4 7.0 3.4 3.6 7.0
2 3.2 4.0 7.2 2.8 3.2 6.0
3 4.6 4.0 8.6 3.0 2.2 5.2
4 4.0 44 8.4 2.8 4.0 6.8
5 2.6 5.2 7.8 4.0 2.6 6.6
6 4.0 3.6 7.6 2.2 2.2 4.4
7 4.4 5.0 9.4 1.8 34 5.2
8 3.8 42 8.0 2.4 24 4.8
9 3.4 5.2 8.6 2.8 3.0 5.8
10 3.8 4.6 8.4 2.4 3.8 6.2
11 3.6 3.8 7.4 2.0 2.0 4.0
12 3.6 3.8 7.4 2.6 2.2 4.8
sl (sl 0.7036 0.8236 0.551 0.6610 0.8631 0.8935
SEM
S sime paw Jlois]
P-value
o 0.8472 0.8502 0.2821 0.6017 0.7607 0.3322
Total
& 0.8802 0.6238 0.2160 0.4823 0.5778 0.6859
Source
IEJMI 0.3876 0.8617 0.6779 0.1801 0.8574 0.0468
eve
10X
g e 0.8213 0.6160 0.1954 0.8447 0.4940 0.7354
Source X level
‘E;Z ; 0.2051 0.5752 0.6750 0.1341 0.6134 0.1269
P92 <22 0.2914 0.6759 0.2546 0.1034 0.7395 0.2255
Quadratic
E’“ b%ﬂ 0.5745 0.6182 0.8887 0.9072 0.5329 0.1808
ubic
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Treatments 1 to 4: containing 35, 70, 105 and 140 mg/kg of manganese with an organic source, respectively.
Treatment 5 to 8: including 35, 70, 105 and 40 mg/1 manganese with hydroxy chloride source, respectively.
Treatment 9 to 12: including 35, 70, 105 and 140 mg of manganese oil with sulfate source, respectively.
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Introduction: Today, livestock and poultry health in the advanced production system is the main challenge
affecting human health and the global economy. For years, antibiotics have been widely used as growth
promoters to stabilize the microbial population of the digestive tract and improve performance. However,
scientific evidence suggests that the massive use of these compounds has led to increased problem of antibiotic
resistance and presence of antibiotics residues in feed and compromises human and animal health. Hence, there
is a growing need to find effective alternatives to control infectious diseases and limit the spread of resistant
bacteria.

Organic acids are an alternative to antibiotics in poultry diets. These are improving the immune system of
broilers by acidifying the gastrointestinal tract and improving the intestinal microflora. Coating of organic acids
prevents their dissociation and digestion in the stomach so that the biological effect of organic acids reaches the
distal parts of the gastrointestinal tract and is effective in intestinal microflora and mucosal morphology. Also,
Essential oils are volatile oil compounds that are produced as secondary metabolites by plants. Essential oils
extracted from plants have anti-bacterial, anti-viral, anti-fungal, antioxidant activities as well as immune-
modulating effects, reducing blood fat and stimulating the digestive system of poultry. Organic acids can
complete the effect of essential oils through synergism antibacterial and bactericidal activities. Therefore, the
present study was designed to investigate the effect of different levels of butyric acid glycerides and clove oil on
growth performance, blood parameters and tibia bone characteristics of broiler chickens.

Material and Methods: A total of 300 male and female broilers (Ross 308) with a completely randomized
design with a 2 x 3 factorial arrangement, two levels of butyric acid glycerides (0 and 0.2 %) and three levels of
clove oil (0, 500 and 1000 mg/kg) were used. Each of the six dietary treatments was fed to five replicate pens of
10 birds each from 0 to 42 days of age. Body weight gain, feed intake, feed conversion ratio, weights of immune
organs, plasma lipids and physical and mineral characteristics of the tibia were recorded. The collected data were
analyzed using SAS software (2003) and using the general linear model (GLM) procedure. The equation of the
statistical model of the experiment was according to the relation Yijk = pu + Ai + Bj + (AB)ij + eijk, where Yijk
represents the numerical value of each observation, p is the population mean, Ai is the effect of butyric acid
glycerides (0 and 0.2%), Bj was the effect of clove oil (0, 500 and 1000 mg/kg), ij (AB) was the interaction
effect of butyric acid glycerides and clove oil, and eijk was the experimental error.
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Results and Discussion: The results showed that the addition of 0.2% butyric acid glycerides in the diet of
broiler chickens reduced feed intake, body weight and daily weight gain compared to the control group (P<0.05).
Addition of 1000 mg/kg of clove oil in the diet reduced feed intake, body weight, daily weight gain and european
production index compared to the control group (P<0.05). Body weight, feed efecioncy, european efficiency
factor and feed conversion ratio of broiler chickens were affected by the interaction effect of butyric acid
glycerides and clove oil (P<0.05). The addition of different levels of clove oil with and without butyric acid
glycerides in the broiler diet reduced cholesterol and LDL concentration compared to the control group (P<0.05).
But the concentration of triglyceride, HDL and VLDL were not affected by the experimental treatments. The
interaction effect of clove oil and butyric acid glycerides did not affect the weight of bursa of fabricius, thymus
and spleen of broiler chickens. The amount of calcium, phosphorus and ash of tibia bone was significantly
affected by butyric acid glycerides. Also, the length of the tibia of broiler chickens was affected by the clove oil
and the interaction effect of butyric acid glycerides and clove oil (p<0.05).

Conclusion: In general, no synergistic effect was observed between butyric acid glycerides and clove oil on
growth performance of chickens. Although the use of 0.2% butyric acid glycerides and 1000 mg/kg clove oil led
to a decrease in the weight gain of chickens by reducing feed intake, but the addition of butyric acid glycerides
caused an increase in the concentration of phosphorus, calcium and ash in the tibia bone of broiler chickens.

Keywords: Butyric acid glycerides, Broilers, Clove oil, Tibia bone
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Table 1- The ingredients and chemical composition of experimental diets during different periods

(109) Shs sl
Diet ingredients (percent)

D89 sloygd
Breeding periods

(5390 VoY) cnjle]
Starter (1-10 d)

(S35 YF)Y) 2,
Grower (11-24 d)

(539, TY-Y0) L
Finisher (25-42 d)

2 52.83 56.40 60.28
corn

by dbxs 39.02 35.54 31.67
Soybean meal

S Ok 3.46 3.88 3.98
Vegetable oil

B2 g 1.27 1.06 1.07
Oyster powder

Slisd ool 53 1.87 1.69 1.68
Dicalcium phosphate

Sl 0.41 0.41 0.38
salt

A -

holizg JaSe 0.25 0.25 0.25
Vitamin premix!

Yy o

ine dge JoSu 0.25 0.25 0.25
Mineral premix?

Ogie *J‘_Lsf 0.36 0.27 0.25
D, L-methionine

A9 3 =) 0.28 0.25 0.19
L- lysine HCI

Gxodlge oS )5
Nutrient composition

(P 5kST 5 JELS) (somllio (535l 2975 3050 3100
ME (kcal/kg)

(2252) PB 59 2212 20.81 1937
CP (%)

() o234 141 1.30 1.16
Lysine (%)

(%) oigsie 0.69 0.59 0.55
Methionine (%)

(4) o + it 105 093 087
Methionine + cysteine (%)

(%) 095 142 0.32 1.22
Arginine (%)

(*) o 1.04 0.91 0.90
Calcium (%)

() o yiasd )3 nsd 0.49 0.45 0.44
Auvailable P (%)

(%) s 0.18 0.18 0.17

Sodium (%)
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P e o nS1 5l 5 p S o Y105 )18 0 5 Lo /N0

pSike IV S8 5 oS e /Al p S e Vo U 5 o Or @ S Lo ATV 1 ZN )5 Lo QY MIN 10> S5LS o (clley ol ¥

! Supplied per kg of diet: vitamin A (9000 IU), vitamin D3 (2000 1U), vitamin E (36 mg), vitamin K3 (2 mg), vitamin B; (1.75 mg), vitamin B, (6.6
mg), calcium pantothenate (9.8 mg), niacin 29.65 mg; vitamin Bg (2.94 mg), vitamin B, (1 mg), vitamin By, (0.015 mg), choline chloride (250 mg)
and antioxidant (1 mg)

2 Supplied per kg of diet: Mn (manganese, 99.2 mg), Zn (zinc, 84.7 mg), Fe (iron, 50 mg), Cu (copper, 10 mg), (iodate, 0.99 mg), Se (selenium 0.2

mg)
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Table 2- Effect of different levels of butyric acid glycerides (%) and clove oil (mg/kg) on growth performance of broiler chickens

I6,5) Sygs G pao alisy 0ijy LRl o i’” Shgs 035k . e J:'u :"")‘0

o Lo (o555 (ol 39y 1p5) () (e51255) ol padls (p5e5)
Treatments Feed intake Daily V_Ve'ght Bqd%/t Fe:\ed Europe?n tefflcuancy Feed cogversmn

(g/day/bird) gain welg efecioncy actor ratio

g (g/day/bird) ) (9/9) (9/9)

Sy ol (sl S
Butyric acid glycerides
BAGO 82.3628 45.26072 1946.082 0.549 245221 1.82
BAGO0.2 78.474° 43.3107° 1864.09° 0.550 235.283 181
SEM 0.7340 0.4561 19.1730 0.0049 5.7240 0.015
SSue oE9)
Clove oil
CO0 81.1202 44.71802 1923.25% 0.551 240.544% 181
CO500 82.5042 46.1430° 1983.252 0.559 253.685? 1.79
C01000 77.630° 41.9960° 1808.76° 0.540 226.527° 1.85
SEM 0.8989 0.5586 23.4826 0.0060 7.0105 0.018
SS9 dpmol (Sl pundlS X Sue 89,
Butyric acid glycerides % clove oil
BAGO x CO0 82.468 43.404 1868.18b¢ 0.526° 225.14° 1.902
BAGO x CO500 85.086 48.820 2095.732 0.5742 274972 1.74b
BAGO x bc ab ab ab
C01000 79.532 43.558 1874.33 0.548 235.55 1.82
BAGO0.2 x CO0 79.772 46.032 1978.31% 0.5762 255.95% 1.73b
BAGO.2 X b b b b
CO500 79.922 43.466 1870.78 0.544% 232.407 1.83%
BAGO.2 x 5 b b .
CO1000 75.728 40.434 1743.18 0.532 217.50 1.87
SEM 1.2713 0.7900 33.2095 0.0085 9.9143 0.026
S e o
P-value

BAG 0.0010 0.0059 0.0059 0.8507 0.2315 0.6644
CcO 0.0024 <.0001 <.0001 0.1058 0.0382 0.0841
BAG x CO 0.6290 0.0001 0.0001 0.0002 0.0038 0.0001

bl o daoyd iy a3 (6B e I L gt ) Ciglite g >

Different letters in the columns indicate significance at the 5% level

Sylsbinl glad 4 Ske

SEM: Standard Error of Mean
Sue (s 9y S g Al (Sl yunlS

BAG = Butyric acid glycerides, CO= Clove oil
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Table 3- Effect of different levels of butyric acid glycerides (%) and clove oil (mg/kg) on some blood parameter of broiler chickens
on day 42
J5 Jgpls L pendlS 6 5 b 09000 Jg el Wipndld b (g p0ed JoytadS  atauild b (g g Jg e
o Lo sl Side) b p)S o) Vb azils o=l omb
Treatments (3 (% (ol p )5 o) (ol p )5 o) (ol p )5 o)
TCHO TG HDL-c VLDL-c LDL-c
(mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl)
So g Sl (sl pundS
Butyric acid glycerides
BAGO 111.442 62.186 59.922b 12.437 39.083¢?
BAGO0.2 108.114° 60.765 64.9222 12.153 31.036°
SEM 1.1647 1.5104 1.0013 0.3021 1.1351
S (19,
Clove oil
CO0 114.713¢2 63.721 60.126° 12.744 41.84082
CO500 106.902° 60.195 62.228% 12.038 32.632°
C01000 107.722° 60.511 64.911° 12.103 30.707°
SEM 1.4265 1.8499 1.2264 0.3700 1.3903
S 52 gl Sy pundlS X Se (49,
Butyric acid glyceridesx clove oil
BAGO x CO0 119.4222 64.353 57.674 11.871 48.8752
BAGO x CO500 106.046° 60.511 58.995 12.101 34.947°
BAGO x CO1000 108.863° 61.694 63.096 12.340 33.427°
BAGO0.2 x CO0 110.003° 63.088 62.578 12.617 34.805°
BAGO.2 x b b
CO500 107.757 59.880 65.461 11.975 30.318
BAGO0.2 x b b
C01000 105.581 59.323 66.726 11.867 27.986
SEM 2.0174 2.6161 1.7344 0.5233 1.9662
S sire gaw
P-value
BAG 0.0482 0.747 0.0009 0.5086 0.0001
Cco 0.0004 0.208 0.0280 0.3366 0.0001
BAG x CO 0.0261 0.770 0.7166 0.9454 0.0359

bl o duoyd iy a3 (6B e I L by gt p> Ciglite B >
Different letters in the columns indicate significance at the 5% level

3l glas (ke
SEM: Standard Error of Mean
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BAG= Butyric acid glycerides, CO=Clove oil, TCHO= Total Cholesterol, TG= Triglyceride
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Table 4- Effect of different levels of butyric acid glycerides (%) and clove oil (mg/kg) on weights of immune organs (% BW) of

9902 ¥ 595 50 (0% 0j9

broiler chickens on day 42

Lo (30,3) (ogrms 2 092 (0,3) (ogesd (103) Jldo

Treatments Bursa of fabricius Thymus spleen
S pig Sl slady pulS
Butyric acid glycerides
BAGO 0.137° 0.551 1.146
BAGO0.2 0.1572 0.601 1.263
SEM 0.0058 0.0238 0.0460
Soe 9,
Clove oil
CO0 0.143 0.456¢ 1.193
CO500 0.153 0.7032 1.244
C01000 0.146 0.568° 1.175
SEM 0.0072 0.0292 0.0563
Syl (sl S X Sore (42,
Butyric acid glyceridesx clove oil
BAGO x CO0 0.123 0.403 1.055
BAGO x CO500 0.149 0.733 1.232
BAGO x CO1000 0.139 0.516 1.150
BAGO0.2 x CO0 0.162 0.510 1.331
BAGO0.2 x CO500 0.156 0.674 1.257
BAG0.2 x CO1000 0.153 0.620 1.200
SEM 0.102 0.0413 0.0796
S gaw
P-value

BAG 0.0171 0.1105 0.0833
CO0 0.5527 0.0001 0.6346
BAG x CO 0.2240 0.1013 0.2181

5ylsbl sld Sile
SEM: Standard Error of Mean
SSue (sE9) S yigr Al (Sl yunlS

bl o uoyd iy a3 (g )b e I L by gt pd Ciglite B >
Different letters in the columns indicate significance at the 5% level

BAG= Butyric acid glycerides, CO= Clove oil
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Table 5- Effect of different levels of butyric acid glycerides (%) and clove oil (mg/kg) on physical and chemical characteristics of
the tibia of broiler chickens on day 42

o Lo (r55) 0is (yroisheo) Jobo (sro ko) ylab (30,3) yuSls (10,) yaud (10 33) omndS’
y Weight Length Diameter Ash Phosphorus Calcium
Treatments (© (mm) (mm) (%) (%) (%)
BAGO 5.325 128.546 7.496 42.660° 5.729° 20.192P
BAGO0.2 5.954 129.564 7.488 45.3312 7.0722 21.6912
SEM 0.2259 0.7405 0.2399 0.6476 0.1920 0.3585
Soue (69,
Clove oil
CO0 6.106 130.2552 7.862 43.518 6.355 20.291
CO500 5.289 125.148° 7.364 43.595 6.309 21.047
C0O1000 5.525 131.7622 7.251 44.875 6.538 21.487
SEM 0.2767 0.9069 0.2938 0.7932 0.2352 0.4391

Ssst Aol (Sl jurdS X SSue 84,
Butyric acid glycerides x clove oil

BAGO x CO0 5.544 127.940 7.862 41.378 5.626 19.290
BAGO x CO500 4.848 124.948 7.292 42.654 5.594 20.662
BAGO x CO1000 5.584 132.750 7.336 43.950 5.968 20.624
BAGO0.2 x CO0 6.668 132.570 7.862 45.658 7.084 21.292
BAGO0.2 x CO500 5.730 125.348 7.436 44,536 7.024 21.432
BAGO0.2 x CO1000 5.466 130.774 7.166 45.800 7.108 22.350
SEM 0.3914 1.2826 0.4156 1.121 0.3327 0.6210
S me
P-value
BAG 0.0606 0.3407 0.9798 0.0076 0.0001 0.0069
Cco 0.1212 0.0001 0.3119 0.4109 0.7693 0.1718
BAG x CO 0.2625 0.0500 0.9312 0.4733 0.8700 0.5886

bl o duoyd iy a3 (6B e 1 L by gt pd Ciglite B >
Different letters in the columns indicate significance at the 5% level
5 bl (slas Sl
SEM: Standard Error of Mean
Sore 19y « Sy dpl Sy S
BAG= Butyric acid glycerides, CO= Clove oil
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Introduction: Ascites is one of the most common metabolic syndromes in today's fast-growing broilers and
is associated with rapidly growing and characterized by accumulation of fluid in the abdominal spaces. Effective
factors in the occurrence of ascites syndrome, can mention free radicals in the body such as superoxide,
hydroxide and hydrogen peroxide. By reducing the capacity of the body's antioxidant systems, free radicals
make the bird susceptible to various diseases. Free radicals produced in the body by damaging the cell
membrane lead to cell death and ultimately tissue damage. Therefore, by increasing cell protection from such
injuries, one of the common causes of ascites and heart failure abnormalities can be prevented. In addition, free
radicals from oxygen derivatives reduce the half-life of nitric oxide (vasodilating agent), causing a decrease in
the ability of vasodilation and providing the basis for the occurrence of ascites. Therefore, it is suggested that
antioxidants can prevent ascites and improve performance in broilers. Medicinal plants are among the rich
sources of natural antioxidants that do not have the harmful effects of antibiotics and synthetic antioxidants. For
this reason, the use of medicinal plant extracts is an important step in animal nutrition to increase the immunity
of poultry. The mentioned extracts have strong antioxidant, antibacterial and digestive properties. Probably, the
positive effects of medicinal plants are due to the active compounds found in plant extracts such as menthol,
thymol, carvacrol. In order to investigate the effects of aqueous ethanol extract of Vinifera Vitis (V.V) on the
performance, antioxidant status and blood parameters of broiler chickens under induced ascites.

Materials and Methods: A total 300 one-day-old chickens (Ross, 308) were done in the form of a
completely randomized design with 4 treatments and 5 replications (15 chickens in each replication).
Experimental treatments include: 1- positive control group (without inducing ascites and fed with basal diet), 2-
negative control group (inducing ascites and fed with basal diet), 3 and 4- Vinifera Vitis groups (ascites
induction with 1000 and 2000 ppm of Vinifera Vitis extract). To induce ascites, water containing 1200 mg of
sodium (3 grams per liter of salt) was provided to the chickens from the 15th day of the experiment. Growth
performance parameters including feed intake, weight gain and feed conversion ratio were calculated for the

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
E-f any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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total period. On the last day of the experiment (42 d), two birds were randomly selected from each cage and after
sampling from the wing vein, killed and the ascites index was calculated as the ratio of the weight of the right
ventricle to the total ventricles. The mortalities were collected as soon as they were observed and after weighing
to correct the feed conversion ratio, were necropsied to investigate the cause of death. Serum triglyceride and
cholesterol levels, as well as serum antioxidant parameters including the level of malondialdehyde and the
activity of antioxidant enzymes including glutathione peroxidase, superoxide dismutase and catalase. In addition,
liver enzymes present in the serum including alanine aminotransferase (ALT), aspartate aminotransferase (AST)
and gamma-glutamyl transferase (GGT), and alkaline phosphatase (ALP) were also measured.

Results and Discussion: The results showed that induction of ascites increased the ratio of right ventricle to
total ventricles, mortalities due to ascites, feed intake, feed conversion ratio and body weight (P <0.05) . The
administration of Vinifera Vitis extract improved the growth performance index and reduced the ratio of the
right ventricle to the total ventricles and mortalities (P <0.05) . Vinifera Vitis extract moderated the increasing
effects of ascites induction on triglyceride and cholesterol compared to the negative control treatment (P
<0.05) . In addition, the induction of ascites caused a decrease in the activity of glutathione peroxidase,
superoxide dismutase and catalase enzymes and an increase in serum malondialdehyde, the experimental
treatments improved the antioxidant status compared to the negative control treatment (P <0.05) . Also,
induction of ascites increased the serum levels of aspartate aminotransferase, alanine aminotransferase,
gammaglutaryl transferase and alkaline phosphatase enzymes. The supplementation of the experimental
supplements decreased the serum level of the mentioned enzymes (P <0.05) . The results of this research
showed that the use of ethanolic extract of Vinifera Vitis has positive results on the performance and stress
reduction of broiler chickens affected by ascites and it can be effectively used from the level of 2000 ppm of
the ethanol extract Vinifera Vitis was used in the diet of broiler chickens to reduce stress and improve
performance.

Keywords: Antioxidant, Broiler chickens, Vinifera Viti extract, Performance, Pulmonary hypertension
syndrome
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Table 1- The chemical of ethanolic extract of grape leaves (Vinifera Vitis)

Chemical constituents
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okl L) St
(2,3) 22 2! (Siss V=) (S35 YE-1Y) (S5, FY-V0)
Ingredients (%) Starter Grower Finisher

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

(Pl 05z 203 uta) &3 47.53 51.63 57.56
Corn 8% CP
(092 30,3 ¥F) by oS 42.35 37.99 32.35
Soybean meal, 44% CP
bow o9y 554 6.24 6.29
Soybean oil
(el 20,3 YA) Sl S 1.20 112 1.05
Limestone, 38% Ca
(oS 20)3 ¥V ) Sl S’ (6 1.79 1.56 1.34
Di-calcium phosphate, 21% Ca
ety oS 025 0.25 0.25
Vitamin premix?
gre e 025 025 0.25
Mineral premix’
e LK 0.40 0.40 0.40
NaCl
(o2 ) odia =l 03 0.37 0.32 0.28
DL- methionine, 99%
(‘\")5 VA) -’i‘)‘lgﬁ)*t“’ ui)J _J‘ 0.28 0.22 0.22
L- lysine HCL, 78%
(0,2 W) (3gis 5 0.05 0.02 0.00
Threonine, 98.5%
0.5 duwls (gde dlgo oS 5
Nutrient composition (calculated)
(r’)f?[:s » d)ll§9l:§) Ms"u’ Joé d)‘):“ 2990 3082 3218
Metabolizable energy (kcal/kg)
(o) pB x5 23 21.3 19.3
Crude protein, %
(222) sl 0.96 0.87 0.79
Calcium (Ca), %
(h23) 23 S ot 0.456 0.409 0.361
Available phosphorus, %
(30,3) e 0.16 0.16 0.16
Sodium (Na), %
(-2,2) sigia 071 0.64 0.58
Methionine, %
(102) ot oo 1.07 0.89 0.89
Methionine + cysteine, %
(re5) o234 1.46 1.30 1.17
Lysine, %
(o) 5l 1.56 1.45 1.30
Arginine, %
(o) g5 0.96 0.87 0.78
Threonine, %
(r22) g 3 035 0.32 0.29

Tryptophan, %
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S ke 1Y (e cuiles 5)) S€ 2,8 o 15 (punlS Sl ) 1 4p,8 o YOI+ + (59,
2Vitamin concentration per kilogram of diet: retinol, 13.50 mg; cholecalciferol, 4.15 mg; tocopherol acetate, 32.00 mg; vitamin Ks, 2.00 mg; thiamin, 2 mg; riboflavin,
6.00 mg; biotin, 0.1 mg; cobalamin, 0.015 mg; pyroxidine, 3.00 mg; niacin, 11.00 mg; d-pantothenic acid, 25.00; menadione sodium bisulphate, 1.10; folic acid, 1.02;
choline chloride, 250 mg; nicotinamide, 5 mg.
® Mineral concentrations per kilogram of diet: calcium pantothenate, 25.00 mg; Fe (from ferrous sulphate), 35.00 mg; Cu (from copper sulphate), 3.50 mg; Mn (from
manganese sulphate), 60 mg; Zn (from zinc sulphate), 35.00 mg; | (from calcium iodate), 0.60 mg; Se (from sodium selenite), 0.30 mg.
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Table 3- The effect of different experimental treatments on the performance and ascites index of broiler chickens

Gl 5| 5L Slals

ol oy s

b Lo ED N0y S EraeShe Shes b e e S < (42,9
Treatments BWG Y(g) FI%(g) FCR® RVITV® Mortality due to
ascites (%)

oo aald 24867 3878 1.56b 0.22¢ 2.66¢
PC

;‘Z’ aald 21000 3885 1.858 0.30° 14.66°
Voo PPM S 0jbas 5o 21700 3450° 1,50 0.21¢ 4.00¢
VV-1

Yoo PPM Sy o)las 5o 21900 3460° 1.58 0.21¢ 4.00°
VV-2

Sile 5kl elas

SEM 95 189 0.07 0.03 2.05
i <0.02 <0.03 <0.01 <0.01 <0.01
P-value

Orthogonal contrasts P-value

VV vs. NC 0.37 0.04 0.01 0.01 0.01

(P<0.05) 555 (5l Line gl wn b (gylol jas 51 5,1 aulial gy a8 (oolae] (Silo g po0 o
{RVITV) lalas JS & cesly by 333 i (FCR) Syt s s (F1) STyss 8o (BWG) o 35
“5)-3 A.J?jl;l °)l‘4“ F‘&.-@,- Voo ghees C?I"‘*’ 9 (NC) odd 455 4iL~§ t_ﬂl'.“" )9 &LSJI ‘:‘f“‘" L e ol ‘(PC) “il-i (_du"‘ £39) b ads 9 ts!l:‘” “““"I O o ol
(VV-2,VV-1) Cosins 5
In each column, mean of non-identical alphanumeric characters are statistically significant (P <0.05).

PC: Positive control (without induction ascites and fed basal diet); NC: Negative control (with induction ascites and fed basal
diet); VV-1 and VVV-2: indicate the supplementation Vinifera Vitis ethanolic extract at the rate of 1000 and 2000 ppm,
respectively.
1:BWG: body weight; 2:FI: feed intake; 3:FCR: feed conversion ratio; 4:RV/TV: right ventricle/total ventricle.
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Table 4- The effect of different experimental treatments on serum biochemical parameters

o s Jo el Joolis 5 Jssinls
Phasy = =
Treatments (o) (oo 52 5 ) Gred (o 59 5 k)
Triglyceride (mg/dl) Cholesterol (mg/dl)
;‘g’“ — 31.73° 79.20¢
L5a'.'"° J'mL“’ a a
NC 62.78 153.5
yo S polas PPMA - - 36,810 97.50¢
VV-1
g Spojlac PPMY: - 31.72¢ 80.72¢
VV-2
u.._iaL.,o _»)Iast;,.,l 6Ua>'
SEM 7.21
Jlei! mdas <001
P-value
Orthogonal contrasts P-value
VV vs. NC 0.03

.(P<0.05) w)ls (6> (imo gl war b (Lol a3 31 26,1 aulisali Gg o 48" (ool (Silo ¢y po0 3
ok 5 (NC) ors 415 4l 21 05, 5 B Coml L it 10ls (PC) aly 2l 05, b a3 5 ) ol (g0 e 10l
(VV-2 3 VV-1) s o Sy bl o)las plig g Yoor g Ve
In each column, mean of non-identical alphanumeric characters are statistically significant
(P<0.05).
IPC: Positive control (without induction ascites and fed basal diet); NC: Negative control (with
induction ascites and fed basal diet); VV-1 and VV-2: indicate the supplementation Vinifera vitis
ethanolic extract at the rate of 1000 and 2000 ppm, respectively.

Sadeghi Afrakati and ) cewl o) JSlgym g ol o)liac
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b eslas sy o J5 4 o 39 ety ) 5 (598 e
Sadeghi ) wib o) Jgilke g o JIK31 1 5aied 08 Jlows 90 Sy
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Table 5- The effect of different experimental treatments on serum antioxidant function of broiler chickens

STy (gbolS $g0mmd 1S g0 3 50 4By 3 Jgegil) 5YBI w4l oo oyl
l)lec5 (ke o 2lg) (ke > s1g) (ke (ke ) Jel)
Treatments GPx! SOD? CAT? MDA?

(Ulml) (Ulml) nmol/min/mi (n mol/ml)
;‘E" aald 1490.0° 301.70° 71.80° 10.44°
K‘Ié" wald 1121.9° 270.50¢ 26.60° 14.85°
g Sy ojlas PPM Y-+ 1110.9° 276.28¢ 43.61° 11.10°
VV-1
92 Sy obas PPMY: - 1298.3° 285.14b 42,63 11.81°
VV-2
Silo 3kl cllas
SEM 98.6 9.20 7.3 1.12
s
e 0.03 0.02 0.04 0.01
P-value
Orthogonal contrasts P-value
VV vs. NC 0.04 0.04 0.01 0.01

(P<0.05) 555 o)l (sine glis wn by o )lol jLas j1 25l aslieli By > &8 galisl (Silyo eygins oy 2P
90 Sy Jolilojlas pl o Verr g Vere ol g ‘(NC) ol s aly ol 5, 9 QW Gl b (s Jali ‘(PC) al ol p5 L ais , LB Caguol 09 Cato Sl
(V-2 5 WV-1) s
In each column, mean of non-identical alphanumeric characters are statistically significant (P<0.05).
PC: Positive control (without induction ascites and fed basal diet); NC: Negative control (with induction ascites and fed basal diet);
VV-1 and VV-2: indicate the supplementation Vinifera vitis ethanolic extract at the rate of 1000 and 2000 ppm respectively;
1:GPx: Glutathione peroxidase; 2:SOD: Superoxide dismutase; 3:CAT: Catalase; 4:MDA: Malondialdehyde.

ALP g ALT AST (Lol opw pdaw ialS (pizran
013 )l NS 5 sladgn 3 aye)ls o3 jl o3lizl 51 )3
aS 10508 sl yldie (ol ()Gharahveysi, 2018 ¢l
) ole 595 SauSeblis ol L alS clojlas Yies]
e ol g oad a8 sladsle (s slis (gplipnsTy
Aledd 95 eges Loy 4o 08 Glam il by 5l gle
G pro Lawgi ALTy ASTALP clagy 5T lowdl pdaw il
; Kumanda et Adel-Wahab et al., 2018) ,5 5! 4w o )lac
o)luac 4 (Ordouny et al., 2017) awwy 5, o,lac (al., 2019
UnliS ideS sladases o (Agah etal, 2019) ygu; Sy
2LS (sloo lae Ylis] a8 165,8 slpiiny ylaisee oyl .Canl ol
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lamil syl ) Ble i cnl 4 g 005 505 clash
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25 50 Sy o3l (P<-/-0) 15 (ALP) jUlaus T 5 (GGT)
LS o st o (VV-2 5 VV-L) a5 50
s (P<1+0) 15 ALP 4 AST ALT (clogy 51 oo yes gsbas
255 SeSo 13l v (gl e ooty GBT w3l oy
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; Arab et al., 2006) aob o iol5331 AST g ALT clag 3l
ALT oo s sixo inlS oo Mé (Fathi et al., 2016, 2022
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Table 6- The effect of different experimental treatments on the activity of liver enzymes in serum

iyl JuoligSLels 3 lg) 5blawd I

o Lo (5 53 32lg) Syl pgial (T (52 53 5l el ginal b l] ) ]
1 2 (5 2 2sly) ()
Treatments ALT! (U/L) AST 4(U/L)
GGT 3(U/L) ALP 4(U/L)

Sate dald 4.10° 151.0% 14.87° 354.7¢
PC
size aald 7.808 195.92 23.502 708.62
NC

g0 Sy ojlac PpMA - - 5.21¢ 163.72° 18.26% 431.9¢
VV-1

g Sy ojlac PPMY- - 6.350 173.12° 19.02% 569.3°
VV-2
oeSils o il gllas
SEM 0.79 19.1 1.41 29.2

o
Juo! s 0.02 0.04 0.03 0.01
P-value
Orthogonal contrasts P-value
VV vs. NC 0.01 0.01 0.06 0.02

(P<0.05) 5,15 (gyls (ize oglis ot b (g ybol s 515,15 aslisali g > a5 golel (Sl ¢pgiw o
iyt 30 Sy ol ojlas Pl Yoor 9 )0 e sk 5 (NC)ond i il (2l w5) 5 i) ol b it 1013 (PC) iy ()i 25, b d 5 ] ol s et aals
(VV-2 4 VV-1)
In each column, mean of non-identical alphanumeric characters are statistically significant (P<0.05).
PC: Positive control (without induction ascites and fed basal diet); NC: Negative control (with induction ascites and fed basal diet);
VV-1 and VV-2: indicate the supplementation Vinifera vitis ethanolic extract at the rate of 1000 and 2000 ppm respectively;
1: ALT: Alanine transaminase; 2:AST: Aspartate transaminase; 3:GGT: Gamma-glutamy! transferase; 4:ALP: Alkaline phosphatase.
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Introduction: Commercial silkworm hybrids result from the controlled crossing of the Japanese-shaped
parent with the Chinese-shaped parent (direct cross) and vice versa (reverse cross). Suppose the silkworm
hybrids resulting from direct and reverse crossing have a large difference in the performance of the important
productive, reproductive, and viability characteristics. In that case, they are not suitable for supply to the farmers.
In this research, to identify the hybrid pairs with the least differences, the traits of 72 reciprocal hybrids (36
mating pairs) were tested by statistical methods. These results will be used for the final selection of commercial
hybrids. Also, the genetic analysis of reciprocal hybrids and the estimation of genetic parameters in each of the
mating programs were done separately using line x tester analysis.

Materials and Methods: The current research was done at the Iran Silk Research Center by carrying out two
mating programs in the form of line-tester crosses between six Chinese lines (IRA2, IRA4, IRAB, IRA8, IRA10,
and IRA12) with six Japanese lines (IRAL, IRA3, IRA5, IRA7, IRA9, and IRA11). Six lines with dumbbell-
shaped cocoons (Japanese) and six lines with oval-shaped cocoons (Chinese) were crossed bilaterally. All lines
(12 genotypes) and 72 hybrids (36+36) were reared in a completely randomized design with 4 replications. All
stages of hatching and rearing of silkworm lines and hybrids in this project were done in the same way based on
standard methods. The studied traits including the number of cocoons per liter, cocoon weight per liter, best
cocoons percentage, middle cocoons percentage, cocoon weight per 10,000 larvae, hatchability percentage,
cocoon weight, cocoon shell weight, cocoon shell percentage, and pupation rate were recorded and analyzed by
applying of GLM procedure of SAS software. Linextester analysis was applied to study the reciprocal crossing
effect and estimate genetic parameters. Gene effects, heritability, o’gca/c®sca, and Baker’s ratio were
investigated by applying of IML procedure of SAS software.

Results and Discussion: The results of the comparison of reciprocal hybrids based on the total difference
(3>.D) showed that this parameter was more than the total average in 14 pairs of hybrids. Therefore they could not
be selected for commercial level. In the other 22 pairs, either none of the traits or at most one trait had a
significant difference (P<0.05). The results showed that the characteristics of cocoon weight and cocoon shell
weight were more affected by reciprocal crossing. On the other hand, the number of cocoons per liter, the

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
E any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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hatchability percentage and the middle cocoon percentage were higher in Chinese mother hybrids than in
Japanese mothers. For other traits (weight per liter, cocoon weight per 10,000 larvae, pupation percentage, good
cocoon percentage and pupation percentage), Japanese mother hybrids were almost superior. The comparison of
crosses effect in Japanese-shape lines and Chinese-shape testers with Chinese-shape lines and Japanese-shape
testers showed that four traits (cocoon weight, cocoon shell weight, cocoon shell percentage and cocoon weight
per 10 thousand larvae) and for the interaction effect (line x tester), three Traits (cocoon weight, cocoon shell
percentage and pupation rate) were most affected by the substitution of parents. The values of additive genetic
variance, Baker's coefficient, ratio 62gca/c2sca and heritability in four studied traits including cocoon weight,
cocoon shell weight, cocoon shell percentage and number of cocoons per liter showed that these traits are under
additive genetic effect. Moreover, they had a higher value in Chinese mothers than the Japanese mother crosses.
The trait of cocoon weight per 10,000 larvae was also controlled by non-additive genetic effects, and the
substitution of parents did not affect their genetic parameters. The pupation rate in the direct crosses was due to
additive genetic effects, but in the reverse crosses was affected by non-additive genetic effects. In general, the
narrow sense heritability for all traits was higher in Chinese-shape than in Japanese-shape mothers.

Conclusions: In the present study, similar and close performances of the Chinese mother and Japanese
mother hybrids were determined except for cocoon weight and cocoon shell weight which was different in
almost 33% of reciprocal hybrids. The crosses effect in the line x tester ANOVA supported the result of mean
comparison for reciprocal hybrids evaluation. Further field investigations can be carried out to select the hybrids
suitable for different geographical conditions.

Keywords: Heritability, Hybrid selection, Line x tester analysis, Reciprocal crossing, Silkworm
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Table 1- Mean comparisons between Japanese mother and Chinese mother silkworm hybrids for economic important traits

Veooo) ay g ol 1oy Glaaly 2o .
Al (A iy Sekbrep (oY o bogia s e eAMasSon  desdiaen
sl Cocoon Cocoon Pupation Yeild/ bt Middle H:tt;abi)lit g Cocoon shell Cocoon shell
Hybrids number weight rate 10,000 Best cocoon cocoon o Y CO(?OO” weight percentage
Niter Niter (g) (%) Larvae perc(g/n)tage percentage ) We('%ht (@) (%)
(Kg) 5 (%) ‘

1 IRALXIRA2 102.5 &M 181.225 %1 91.00 ©9 16.480 &° 89.72721 46120 93.1727% 1.779° 0.337 b 19.23%
IRA2xIRAL 105.3 2 188.757 *¢ 92.452 ¢ 16.637 &° 90.677 9 4.645¢" 96.805 1.688"M 0.336%1 19.82 #m
2 IRALXIRA4 105.5 2 178.595 = 90.620 49 15.272 24 89.907 " 2475 95,557 2¢ 1.747°9 0.342% 19.772"
IRA4xIRAL 103.5 175.017 P 91.855 °f 16,122 24 85.442 &k 11.175 2¢ 97.070 1.684 " 0.342 i 20.36 ¢
3 IRALXIRA6 100.8¢™ 173.210 b» 80.970 16.792%¢ 90.38729 4,075 93,658 @ 1.784 0.342 i 19.58 0
IRAGXIRAL 110.8 2¢ 173.862 ¢ 88.642¢" 15.752 =4 93.115 %9 4.062¢" 98.3732 1.638%Y 0.318 9" 19.65%°
4 IRALXIRA8 108.3 2" 191.985 92.600 ©© 16.542¢ 93.597 & 2732 97.310 ® 1.82829 0.350 19.36%4
IRA8XIRAL 103.5 170.427 P 80.047 1577224 78.525 16.292 2 95,1522 1.656 ™V 0.329" 20.01%
5 IRA1XIRAL0 1072 185.895 ¢ 79.865 15.245 >4 89,855 5.032¢" 93,7752 1.748°4 0.3370% 19.62%°
IRAL0XIRAL 105 173.712 ¢ 93,525 b4 16.180 >4 85.865 ok 9.230 %9 97.740 1.629%Y 0.316"" 19.50°P
6 IRALXIRAL2 93.8M" 174.467 20 86.627 16.822 *° 90.270%" 4.027¢h 96.270% 1.869% 0311 20.06%"
IRA12xIRAL 103.3 =™ 168.505 ¢ 94.5052¢ 16.465 &° 87.960 &1 8.487 b 95,535 2¢ 1.656 ™V 0.322"" 19.7720
7 IRA3XIRA2 90.8 km 161.352 k» 95.0952¢ 17.205%¢ 90.185" 6.042 ¢ 93,442 1.7712m 0.346 29 19.69%°
IRA2xIRA3 102.5 #* 164.040 94.342 2¢ 16.395 *° 89.185 * 6.412 ¢h 94.880 2 1.656mw 0.312" 19.22%4
8 IRA3XIRA4 92 kem 166.330 9° 95.717% 17.242°% 9153029 5.070¢" 94,0022 1.771%™m 0.346 *9 19.78"
IRA4xIRA3 100.3 & 167.522 P 93,192 ¢ 14.920 © 86.050 “* 8.775h 94,1352 1.656™w 0.325°" 19.991
9 IRA3XIRAG 105.3 #k 179.107% 93,085 ¢ 16.687 &° 93.4922* 4.320¢" 92,252 1.728 ¢4 0.342 i 20.02%
IRAGXIRA3 110.5 ¢ 168.170 &P 82.167 " 14.965 90.300 " 6.830°" 98.430 2 1.519Y 0.289 ™ 19.16M4
10 IRA3XIRA8 103.8 *' 178.917 95.137%¢ 16.912 *° 93.18529 4.717¢h 95,022 2¢ 1.744¢" 0.344 20.1329
IRA8XIRA3 99.3 &m 164.677 M 89.717¢h 15.800 #¢ 90.462 29 6.332 ¢ 97.180% 1.564"Y 0.343% 20.05%"
11 IRA3XIRAL0 103.8 178.707 % 95,085 16.730 &° 94.630 ¢ 3417 92.147 3¢ 1.7349 0.319 29 20.24 2
IRAL0XIRA3 99.8 ¢m 162.730 I® 92.495 © 15.827 =4 86.657 K 9.517 29 98.300° 1.648 % 0.350%" 19.27¢4
12 IRA3XIRAL2 88.8 ™M 157.240 ™° 90.997 ¢ 16.220 >4 93.465%" 412790 97.505% 1.724°¢ 0.331°" 20.49
IRA12xIRA3 95.8 Fm 156.745 ° 88.437¢ 16.260 ¢ 88.610 21 8.155 b 97.585 1.635%Y 0.332¢m 20502
13 IRA5XIRA2 92.3Fm 156.342 P 93.3800¢ 16.035 ¢ 94.895 @ 2.085 9" 95,6522 1.704 0.3370% 20.06%"
IRA2xIRA5 102.5¢™m 167.437 &P 95.560% 16.360 >4 89.437 = 7.607 " 96.410 1.657mw 0.321 19.51°P
14 IRA5XIRA4 98.8 ¢m 169.060 ¢° 96.947 2 17415 91.87729 4.622¢h 94,257 ¢ 1.7089 0.331°" 19.85%!
IRA4XIRAS 95.3 Fm 171.582 P 94.262¢ 16.790 &° 87.162 b 8.025 b 97.272% 1.735 ¢ 0.331°" 19.2194
15 IRASXIRAG 100.8 ™ 174.585 *P 93.830 ¢ 16.462 *° 93.902 4,745 92.4152¢ 1.690 0.305 %" 19.100
IRABXIRAS 111.8%¢ 172.405 P 92.100 © 15.280 29 94.717 ¢ 3.965¢" 97.907 1.565%Y 0.333¢™ 19.60%°
16 IRA5XIRA8 103.3 ! 172.530 P 90.100 %9 15.785 ¢ 93.502f 3.005¢" 94.867 2x 1.684 W 0.3336m 19.99#
IRABXIRAS 100.3 ™ 166.882 90.885°9 16.017 ¢ 90.747 %9 5.930 ¢" 96.170% 1.668 k- 0.3370% 20.34 %4
17 IRA5XIRAL0 99.8 ™ 170.820 P 96.610 2 16.932 *° 90.93229 6.480 ¢" 97.650% 1.740°% 0.332f 19.24%4
IRAL0XIRA5 105.3 #* 168.300 &P 89.155¢" 16.090 ¢ 84.562 ok 12.907 =@ 97.835 % 1.656™w 0.312" 18.96 k"
18 IRASXIRAL2 98.3 ¢m 170.780 P 95.015%¢ 16.465 ¢ 93.867 *¢ 3.815%" 98.017° 1.7149v 0.341 2 19.93%
IRA12xIRAS 101 ™ 168.700 % 82352 15.285 "4 80.555 14.425 *° 97.522% 1.618Y 0.306 1" 19.13"a
19 IRA7XIRA2 99.3 ¢m 178.065 *! 92.827 ¢ 17.630 ® 95272 1.417" 90.617% 1.790% 0.345 " 19.42%4
IRA2xIRAT7 109.8>f 175.262 *° 91.585 o 15.755 89.220 *i 4.855¢" 98.067 1.664w 0.318 9" 19.35¢
20 IRA7XIRA4 98.3 ¢m 176.542M 94.1202¢ 17.107 &° 93.547 2 4.380°" 96.950% 1.873 % 0.3722 20.20
IRA4XIRAT 99 dm 165.800 9° 90.432%9 16.055 ¢ 80.947 15.540 2 96.702 1.656™ 0.326°" 19.78°"
21 IRA7XIRAG 92.81m 185.172 91.452 ¢ 17.895° 96.135° 2.867" 98.002° 1.857%¢ 0.3107" 19.38%4
IRAGXIRAT7 11652 180.087 K 89.610°" 14.095 ¢ 94.277 2 3.832¢h 97.095% 1.6215Y 0.356 >4 19.2094
22 IRA7xIRA8 94.3 9m 183.86729 92.262 ©® 17.390 @ 93.902 *¢ 3.762¢" 91.337 2 1.849%¢ 0.333¢m 19.44¢-4
IRA8XIRAT7 101.5 bm 168.925 ¢° 90.570%9 16.295 ¢ 88.540 *1 5.582 ¢h 94.3752¢ 1.671 0.333°m 20.15 %9
23 IRA7xIRAL0 95.3 Fm 177.150 & 94.405 ¢ 17.285 &° 90.217%h 6.715¢h 94,057 2¢ 1.8872 0.369 >4 19.70%°
IRALOXIRA7 105.8 *! 176.385 ™ 92.485 e 16.487 =4 90.657 =9 6.105%h 97.737% 1.694 0.329 41 19.60%°
24 IRA7XIRAL2 90.5'm 177.302 & 90.122 16.272 24 92,4929 3.470¢" 97.315% 1.847 ¢ 0.369 *° 20.36 ¢
IRA12xIRAT7 113 @ 170.620 P 81.407 14.885 87.522 %1 9.022%9 98.280 2 1.659"Y 0.316"" 19.35 ¢4
25 IRA9XIRA2 95.8 fm 177.887 = 96.602 17.412°% 90.76729 6.117 ¢h 95.697 2x 1.82450 0.354 2¢ 19.70%°
IRA2xIRA9 100.3¢™ 167.290 &P 90.975°¢ 15.510 29 91.75229 4387 &0 97.427 % 1.672w 0.325°%" 19.812™m
26 IRA9XIRA4 98.3 ¢m 175.407 *° 96.6622 17.560 90.0052" 6.085°" 97.270% 1.789%" 0.345 2" 19.70%°
IRA4xIRA9 103.3 170.522 P 89.882¢" 14,562 86.905 ** 8.755 " 96.910 1.623™ 0.310*" 19.25%
27 IRA9XIRAB 1143 2¢ 184.24729 94.145 4 17.022 &¢ 88.390% 8.937 *h 96.342 1.638%Y 0.308 1" 19.04 4
IRAG6XIRA9 110.8 *¢ 166.795 89.195¢" 14.737 94.9572 3.967¢h 96.902% 1.528 ¥ 0.283" 18.56 o
28 IRA9XIRA8 100 &M 166.550 96.0502 16.285 ¢ 92.52029 4.152¢" 91.540 2 1.699 0.317 9" 19.88%
IRA8XIRA9 100.3 & 161,115 88,507 ¢ 16.010 "4 89.222 21 5.175 4" 96.552 1.607 Y 0.331°" 19.961
29 IRA9XIRAL0 104.8 ** 187.052 ¢ 94.815 ¢ 17.085 &° 89.19227 7.722%f 93.7752%¢ 1.767 0.345 h 19.82%
IRAL0XIRA9 108 & 172.157 P 92.385 ¢ 15.980 b9 85.722¢ 10.070 *f 98.4272 1.629%Y 0.3081" 19.04149
30 IRA9XIRAL2 101.8 ™ 181.050 *1 92.992 b4 16.830%¢ 87.892%3 8.730%" 92,5302 1.761>° 0.341 2 19.47°P
IRA12xIRA9 101.5 bm 157.997 ™P 90.800 9 15,952 b4 93.527 4.057¢" 97.672% 1.770%" 0.315"" 19.92%%
31 IRAL1XIRA2 98.5 hm 179.647 2 93.930 29 17.392°% 95.075 2 4.027¢h 94.462 3¢ 1.788% 0371 19.792"
IRA2xIRALL 100.8 ™ 169.790 ¢° 92.965 9 16.410 >4 90.790 9 6.385 ¢h 97.165 1.686™ 0.316"" 19.01 i
32 IRAL1xIRA4 101.3 M 193.0822 94.760 #© 17.762 91,7729 5.707 4 88.667° 1.8362f 0.340 2k 18.51 ¢
IRA4xIRALL 101¢™m 183.920%9 91.045¢9 16.617 &° 87.807 & 7.170¢h 97.070 1.771%m 0.329 ¢ 18.83 "
33 IRAL1XIRAG 100.8 ™ 174.95220 87.305 1 17.552 % 95.297 2.345 % 97.022% 1.762b° 0.329 41 18.90 '
IRA6XIRALL 110.8 *¢ 174.610%0 63.482 15.215 ¢ 89.737 & 8.462 0 97.360 1.640%Y 0.296 ' 18.39 "
34 IRA11xIRA8 98.3e™ 180.007 % 92.342¢¢ 17.9472 94.465 ¢ 3.922¢0 95.682 2 1.760° 0.332°" 18.97 K
IRA8XIRALL 108.5 ** 182.007 * 88.532¢ 17.635° 92.700 9 4.075¢" 96.460 * 1.7099 0.326 " 19.25%
35 IRA11xIRA10 106 181.782 94.812 ¢ 16.280 ¢ 93.120 9 2.140 ¢ 96.040 2 1.728%t 0.329 41 19.26%4
IRAL0XIRA1L 116 183.345 2" 83.0209% 15.065 ¢ 86.780 ¥ 8.087 1 98.515° 1.650 ™ 0.305%" 18.81 "
36 IRA11xIRA12 933 169.137 ¢° 96.300 2 16.570 *° 93.560 *f 4.107¢" 95.407 ¢ 1.788%1 0.331°" 18.77 P*
IRA12xIRA11 105.5 & 175.672" 90.452 %9 16.855 *° 81,547 15.402 2 97.482 % 1.636%Y 0.311" 19.2094

Mean 101.99 173.64 90.99 16.35 90.35 6.18 95.9 1.71 0.33 19.56

cV 4.785 3.622 7.452 6.692 3.252 41.135 2.594 2.367 1.608 1.69
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Table 2- Comparison of 36 pairs of new hybrids of Iranian silkworms based on the differences of reciprocal hybrids

A by o aly sy ISR gloaly o) aly 128 g
. P 3 g ol () S b 2oy (559 Verev) - 4 bsie s doys (+5) e i ) e 8 0mp
bl Cocoon Cocoon Pupation Yeild/ B t"’ Middle Hatcha- Cocoon Cocoon Cocoon shell  JS <l
Hybrids number weight rate 10,000 es co;:oon cocoon bility weight shell percentage >D
Niter Niter (%) Larvae perc(s/r;)age percentage (%) () weight (%)
g (kg) (%) g
1 IRALXIRA2 -2.75™ -7.53™ -1.457 -0.15™ -0.95™ -0.03™ -3.63™ 0.09™ 0.00™ -0.60™
IRA2xIRAL D=12 D=10 D=5 D=5 D=6 D=4 D=27 D=29 D=4 D=28 130
2 IRALXIRA4 2.00™ 3.58™ -1.23™ -0.85™ 4470 -8.70™ -1.51"™ 0.06™ 0.00™ -0.59"
IRA4xIRAL D=9 D=10 D=4 D=14 D=22 D=62 D=11 D=19 D=2 D=24 177
3 IRALXIRAG -10.00™ -0.65™ -7.67™ 1.04m -2.73m™ 0.01™ 571 0.15™ 0.02" -0.07"™
IRABXIRAL D=33 D=2 D=12 D=17 D=10 D=2 D=59 D=35 D=21 D=3 194
4 IRALXIRA8 4.75™ 21.56" 12.55" 0.77m 15.07" -13.56 " 2.16™ 0.18" 0.02m -0.64"
IRA8XIRAL D=25 D=45 D=41 D=16 D=58 D=63 D=57 D=46 D=31 D=31 413
5 IRALXIRAL0 2.00™ 12.18"™ -13.66" -0.94m 3.99™ -4.20™ -3.96™ 0.12" 0.02" 0.12"
IRAL0xIRAL D=8 D=48 D=46 D=12 D=18 D=30 D=28 D=33 D=30 D=5 258
6 IRALXIRA12 -10.00™ 5.96™ -7.88™ 0.36™ 2.31™ -4.46™ 0.73™ 0.21" 0.01 "™ 0.29™
IRA12xIRAL D=36 D=19 D=23 D=12 D=15 D=31 D=6 D=48 D=9 D=17 216
7 IRA3XIRA2 -11.75" -2.69™ 0.75™ 0.81™ 1.00™ -0.37"™ -1.44m 0.12" 0.03" 0.47"
IRA2xIRA3 D=38 D=2 D=2 D=14 D=8 D=8 D=10 D=32 D=45 D=21 180
8 IRA3XIRA4 -8.25™ -1.19m 2.52m 232" 5.48™ -3.71™ -0.13™ 0.12" 0.02" -0.22"
IRA4XIRA3 D=26 D=14 D=11 D=55 D=26 D=27 D=2 D=31 D=29 D=12 233
9 IRA3XIRA6 -5.25™ 10.94M 10.92" 1.72m 3.20™ -2.51™ -6.18™ 0.21" 0.05" 0.86
IRA6XIRA3 D=22 D=36 D=50 D=41 D=49 D=17 D=65 D=52 D=49 D=41 422
10 IRA3XIRA8 450 1424 5.42m 1.12m 2.72 -1.62"™ -2.16™ 0.18" 0.01 ™ 0.08™
IRA8XIRA3 D=17 D=61 D=19 D=17 D=17 D=11 D=16 D=45 D=10 D=3 216
11 IRA3XIRAL0 4.00™ 15.98" 2.59™ 0.90™ 7.98™ -6.10" -6.16™ 0.09™ 0.03" 0.97
IRAL0xIRA3 D=24 D=63 D=13 D=25 D=49 D=55 D=63 D=26 D=39 D=43 400
12 IRA3xIRA12 -7.00™ 0.50™ 2.56™ -0.04m 4.85" -4.03™ -0.08™ 0.09™ 0.02" -0.01™
IRA12xIRA3 D=12 D=1 D=15 D=4 D=26 D=30 D=1 D=28 D=23 D=2 142
13 IRA5XIRA2 -8.00™ -11.10m -2.18™ -0.32m 5.46™ -5.52" -0.76™ 0.05™ 0.02" 0.56"™
IRA2xIRA5 D=21 D=16 D=12 D=3 D=32 D=26 D=6 D=17 D=26 D=27 186
14 IRA5XIRA4 3.50™ -2.52m 2.68™ 0.62™ 471" -3.40™ -3.02™ -0.03m™ 0.00™ 0.64
IRA4XIRA5 D=8 D=13 D=10 D=10 D=24 D=21 D=23 D=7 D=1 D=30 147
15 IRA5XIRAG -11.00 ™ 2.18"™ 1.73™ 1.18™ -0.82" 0.78™ -5.49 " 0.13m 0.01™ -0.50"
IRA6XIRA5 D=34 D=6 D=8 D=19 D=6 D=7 D=55 D=31 D=3 D=21 190
16 IRA5XIRA8 3.00m 5.65"™ -0.78" -0.23™ 2.75™ -2.92" -1.30™ 0.02" 0.00 -0.35™
IRA8XIRA5 D=16 D=18 D=3 D=8 D=15 D=24 D=14 D=12 D=5 D=11 126
17 IRA5XIRAL0 -5.50™ 2,521 7.46™ 0.84" 6.37™ -6.43" -0.18" 0.09™ 0.02m 0.29™
IRA10xIRA5 D=47 D=9 D=23 D=15 D=37 D=20 D=3 D=25 D=28 D=16 233
18 IRA5xIRA12 -2.25™ 2.08M™ 12.66" 1.18" 13317 -10.61" 0.50™ 0.10™ 0.03" 0.81"
IRA12xIRAS D=10 D=8 D=54 D=19 D=58 D=54 D=19 D=32 D=32 D=56 342
19 IRA7XIRA2 -10.50"™ 2.80™ 1.24™ 1.88" 6.06" -3.44 -7.45 0.13" 0.03" 0.07m™
IRA2xIRA7 D=19 D=8 D=18 D=53 D=35 D=36 D=64 D=36 D=27 D=3 299
20 IRA7xIRA4 -0.75™ 10.74" 3.69™ 1.05" 12.60" -11.16" 0.25™ 0.22" 0.05" 0.42"
IRA4xIRAT D=16 D=35 D=18 D=17 D=54 D=45 D=5 D=48 D=40 D=19 297
21 IRA7XIRA6 -23.75" 5.09™ 1.84m™ 380" 1.86™ -0.97™ 0.91™ 0.24" 0.05" 0.18™
IRABXIRAT D=66 D=9 D=9 D=70 D=13 D=19 D=13 D=59 D=57 D=10 325
22 IRA7XIRA8 -7.25m™ 14.94™ 1.69™ 1.10™ 5.37™ -1.82" -3.04™ 0.18" 0.02" -0.71"
IRA8BXIRAT D=28 D=43 D=14 D=21 D=34 D=15 D=25 D=39 D=31 D=34 284
23 IRA7XIRAL0 -10.50"™ 0.76" 1.92" 0.80™ -0.44" 0.61" -3.68" 0.19" 0.04" 0.10™
IRAL0XIRA7 D=45 D=2 D=11 D=16 D=5 D=6 D=30 D=46 D=40 D=5 206
24 IRA7xIRA12 -22.50" 6.68" 8.72™ 1.39™ 4.97m -5.55" -0.97™ 0.19" 0.05" 1.01"
IRAL2xIRA7 D=67 D=21 D=25 D=26 D=32 D=51 D=17 D=40 D=51 D=43 373
25 IRA9XIRA2 -4.50™ 10.60™ 5.63™ 1.90" -0.98m™ 1.73m -1.85™ 0.15™ 0.02 -0.12"™
IRA2xIRA9 D=14 D=24 D=21 D=50 D=7 D=12 D=18 D=30 D=16 D=4 196
26 IRA9XIRA4 -5.00™ 4.89" 6.78™ 3.00" 3.10™ -2.67™ 0.36™ 017" 0.03" 0.46 "
IRA4XIRA9 D=29 D=18 D=24 D=65 D=19 D=23 D=4 D=42 D=47 D=20 291
27 IRA9XIRAG 3.50™ 17.45"™ 495" 228" -6.57™ 497" -0.56™ 0.11" 0.02 0.48™
IRA6XIRA9 D=3 D=42 D=18 D=53 D=40 D=41 D=6 D=15 D=7 D=22 233
28 IRA9XIRA8 -0.25™ 5.44" 7.55m 0.27" 3.30™ -1.02" -5.01" 0.09" 0.02" -0.08"
IRA8BXIRA9 D=4 D=8 D=24 D=5 D=22 D=12 D=31 D=27 D=17 D=15 165
29 IRA9XIRAL0 -3.25™ 14.90™ 2.43m 1.10™ 3.47m -2.35™ -5.78" 0.14" 0.04" 0.78 "
IRA10xIRA9 D=10 D=38 D=17 D=18 D=20 D=22 D=52 D=42 D=59 D=38 316
30 IRA9XIRAL2 0.25m 23.05" 2.19™ 0.88" -5.64" 467" -5.14" 0.01" 0.01" -0.45"
IRA12xIRA9 D=1 D=56 D=19 D=13 D=34 D=38 D=49 D=4 D=12 D=16 242
31 IRA11xIRA2 -2.25™ 9.86" 0.97™ 0.98" 4.28™ -2.91m -2.70™ 0.08" 0.05" 0.78"
IRA2xIRA11 D=13 D=27 D=10 D=15 D=27 D=20 D=16 D=27 D=53 D=37 245
32 IRAL1xIRA4 0.25" 9.16™ 3.72™ 1.14m 3.97™ -1.46"™ -8.40" 0.07™ 0.01™ -0.33™
IRA4xIRALL D=2 D=25 D=16 D=21 D=21 D=19 D=43 D=24 D=15 D=10 196
33 IRA11xIRA6 -10.00™ 0.34™ 13.82"™ 234" 5.56™ -6.12" -0.33™ 0.12" 0.03™ 0.51"
IRABXIRALL D=54 D=1 D=10 D=57 D=33 D=53 D=13 D=38 D=33 D=6 295
34 IRA11xIRA8 -10.25™ -2.00"™ 3.81™ 0.32™ 177 -0.15™ -0.78"™ 0.05™ 0.01™ -0.29™
IRA8XIRALL D=46 D=3 D=14 D=9 D=13 D=4 D=8 D=20 D=14 D=19 140
35 IRAL1xIRA10 -10.00 ™ -1.56"™ 1.79" 1.21" 6.34" -5.95" -2.47"™ 0.08" 0.02" 0.46 "
IRAL0XIRA11 D=13 D=5 D=6 D=24 D=39 D=52 D=15 D=28 D=25 D=21 228
36 IRA11xIRA12 -12.25m™ -6.54" 5.85™ 0.29™ 12.02" -11.30" -2.08™ 0.15" 0.02™ -0.43™
IRAL2xIRA11 D=47 D=9 D=33 D=6 D=54 D=50 D=13 D=46 D=31 D=17 308
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