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Introduction: Biochar is a solid product obtained from the thermal conversion of biomass under oxygen-free
conditions, which can be used as an additive in animal feed in addition to agricultural applications.

The purpose of this study was to use a natural mineral biochar in the diet of Holstein dairy cows and
investigate its effect on functional characteristics, blood parameters, milk production and composition.

Materials and Methods: This research was conducted using 24 lactating Holstein cows, whose average
weight at the beginning of the experiment was 618.25 + 79.27 kg, average daily milk production was 41.08 +
3.06 kg, and the number of lactation days was 89.1 + 19.1 days. On average, they were in their second-lactation.
The experiment was conducted in the form of a completely random design with three treatments, so that there
were eight cows in each group. The length of the experiment was 40 days, the first 21 days were adaptation and
the next 19 days was sample collection. Experimental treatments included 1) control group (base diet) 2) base
diet with 0.5% mineral biochar 3) base diet with 1% mineral biochar (all based on dry matter). Food
consumption and milk production were measured daily. Sampling was done on the 171" and 18" day to determine
the composition of milk. On the last day of the experiment, two blood samples 1) containing anticoagulant and
2) without anticoagulant were drawn from the tail vein of the cows to analyze biochemical parameters and count
blood cells.

Results and Discussion: Adding 0.5% and 1% mineral biochar to the diet had no significant effect on dry
matter consumption, body weight change and metabolic weight change, which showed that biochar did not have
an adverse effect on the palatability of the diet. The effect of experimental diets on the biochemical parameters
of the blood of cows showed that there is no significant difference between the treatments. The results showed
that application of 0.5% mineral biochar in the cow’s ration, decreased the ratio of non-fibrinogen proteins to
fibrinogen and platelets. Also, when 1% of mineral biochar was used in the ration, the average volume of
platelets increased (P<0. 05), but other parameters of blood cell count in cows were not affected by adding
biochar. Therefore, the antibacterial, anti-inflammatory and anti-stress properties of biochar may have caused the
reduction of platelets and the ratio of non-fibrinogen proteins to fibrinogen or increase the average volume of
platelets. The evaluation of the effect of experimental diets on milk production and milk composition of lactating
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Holstein cows showed that there is no significant difference between the treatments in the amount of milk
production, but the use of 0.5% mineral biochar increased the milk protein percentage, although other milk
composition was not affected by adding biochar. Considering that the origin of the metabolic biosynthesis
process of protein in milk is due to amino acids in the blood reaching the mammary tissue, and that the energy
needed for this metabolic pathway is provided by glucose (absorbed from the small intestine or derived from
propionic acid produced in the rumen), the amount of milk protein is determined by the total amount of casein
protein, albumins, and blood immunoglobulins secreted in milk. The evaluation of the amounts and ratios of
glucose, protein, and blood albumin showed that the highest levels of glucose, protein, and albumin in blood
plasma were observed in the treatment fed with a basic diet supplemented with 0.5% biochar. As a result, it has
caused the process of protein production in mammary tissue to be more than other treatments. As a result, due to
the mentioned reasons, it is possible to justify the increase of milk protein in the treatment fed with ration
containing 0.5% biochar.

Conclusion: The results of this research showed that the addition of 0.5% and 1% of biochar from Kohbanan
mine to the lactating Holstein cows diet, did not have a significant effect on the performance, blood biochemical
parameters. However, when 1% of mineral biochar was used in the diet, it caused an increase in the average
volume of platelets, and the use of 0.5% mineral biochar increased milk protein and decreased platelets and the
ratio of non-fibrinogenic proteins to fibrinogen.. It seems that the use of 0.5% mineral biochar as a feed additive
in the diet of lactating Holstein cows can improve the milk protein.

Keywords: Blood, Holstein dairy cows, Lactation performance, Milk composition, Mineral biochar
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Table 1- Components and chemical composition of the basic diet fed to lactating Holstein cows

oiad LS dlge (Kis 03bo) doyd
Feed ingredients (% DM)
2 e 25.0
Corn silage
S dosg)
092 125

Alfalfa
o Glow! >

Plwl 92 16.9
Ground barley

(AW uL...u’\ )

14.6
Ground corn
b Ao 10.5
Soybean meal
Ygls dllous
7o 38
Canola meal
535 Al 32
Whole cotton seed
Brewers grains
C‘)'J ()’9'@ 2.6
Corn gluten meal
Full-fat soybean
pAS g 1.4
Wheat bran
w2 P 13
Calcium salt of fatty acid
peie Sl 0.4
Magnesium oxide
N saling —(Gne dlge JuSto 1
Vitamin supplement*-Mineral
powibo 5 B Gualig JoSo 0.14
VitE & Se
PURWRCHTI o 1
Sodium bicarbonate
Calcium carbonate
lawd rv..mlf > 0 1
Dicalcium phosphate '
S 01
Salt
el e 0.06
Toxin binder
Chemical composition
(Ao ) Suis ool 5417
Dry matter (%)
(S5 oslo p 5L 5 5 1) udlio 16 555 251
Metabolizable energy (Mcal/kg DM)
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Crude protein (% DM)
(Sis 03lo o) 4roSils o 43505 BB gy 10.00
RDP (% DM) '
(Sis 0lo duo ) 4roSiis jd o5 BB pue gy 6.20
RUP (% DM)
(Sid o0l o ) B o> 540
Ether extract (EE) (% DM)
(Siid 00l o pd) (gl 03945 )d Joloeol yuid 18.90
Acid detergent fiber (ADF) (% DM)
(&B odlo .\..o).b) u,\p 849 ) J9l:>mb )..33 30.00
Neutral detergent fiber (NDF) (% DM)
(Sis 03lo duo3) oS 0.60
Calcium (% DM)
(Sis 03lo o) yawd 0.40

Phosphorus (% DM)
2000 Mg : (yuige 100 MG : ((ygm) H2 psobisy 6500 1U : E (pualiyy « 200000 1UD3 cyealiys 1000000 1U : s gy A pualivg 1 wolivg 5 (ins Sy JoSio S 5
* andS” 100 MQ 2 LS 100 MQ = 5, 100 MY ¢ pguiks 20000 MG : yand 500 MQ = 48l 2400 MQ : o 10000 MG : (9, 7000 MQ : ;50 45000 MY : 1 50
1000 Mg :luws’ 1 180000 mg
(2001) Lo lasion ool J) 8,5, *
1Complementary composition of minerals and vitamins: coated vitamin A: 2000000 IU, vitamin D3: 200000 IU, vitamin E: 6500 IU, vitamin H2
(biotin): 100 mg, monensin: 2000 mg, magnesium: 45000 mg, manganese: 7000 mg, zinc: 10000 mg, copper: 2400 mg, iron: 500 mg, phosphorus:

20000 mg, selenium: 100 mg, iodine: 100 mg, cobalt: 100 mg, calcium: 180000 mg, antioxidant : 1000 mg.
* Taken from National Research Association (2001).
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Table 2- Chemical compositions of the used mineral biochar
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Organic matter (%)

Organic carbon (%)

("\“D)J) Jf 09y 0.34

Total nitrogen (%)
(303) digal tpnol

. . 2.37
Amino acid (%)
(Mf) e e 0.62
Folic acid (%)
(Ao ) Siog dnol 16
Humic acid (%) '
(P! s )05 13.98
Arginine (ppm)
(P! st ) Skl s 9490
Aspartic acid (ppm)
(! st () SeobglS s 1455
Glutamic acid (ppm)
(! st ) Ot 126
Histidine (ppm)
(P! st ) o) 19567
Leucine (ppm)
(P st ) oo 0.9
Serine (ppm)
(029) IS s 0.06

Total phosphorus (%)
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Table 3- The effect of adding different levels of mineral biochar to the diet on the performance parameters of lactating
Holstein cows

(S=o )l?}u aliseo 59]4.4 Lgl)b L;Lbb).:?
Diets containing different levels of biochar

ke
clae 0% 0.5% 1% ol )
Parameters 3, l85ku! P-value
SEM
(p)5 S )zaleil sl )5 agls 3y 39
Body weight of the cows at the beginning of 586.50 635.50 632.75 28.07 0.40
experiment (kg)
(5 5hS) b3l slegs! o lagls oy 5
Body weight of the cows at the end of experiment 559.38 604.88 606.88 25.39 0.35
(kg)
(bS5 a8 Ko 055 114.89 121.86 122.09 3.83 0.34
Metabolic weight of the cows (kg)
(p551)02 0s 27.13 30.63 25.88 4.89 0.78
Body weight change (kg)
(p55k8) e S Lo JS 525.00 510.75 526.17 9.35 0.44
Total dry matter intake (kg)
(6551 59) (e St ool 27.63 26.88 27,69 0.49 0. 44
Daily dry matter intake (kg)
O ip [ Bpae S5 o cond 0.05 0.05 0.05 0.002 0.10
Daily dry matter intake /body weight
oyl iy B pae S5 odle o 0.24 0.22 0.23 0.01 0.07

Daily dry matter intake /metabolic weight

slaoys 95 ool (ig,ms clale oS cunl oad yi)l55 .(2019
I iy diy (258 Jgmaze g 93)5 Cungy g oS L
~Gyas sboy y3 5 sloygl (ks & Kz yp g dald oS
g 0SS pan slio i b duglie )3 Eye pn jloge oS
g 5bel il s byl Jolis (608 slam il 9 3 puadS 05
csalol ooy 4 g (39381 3U o jlhdudl 5 el (Y]
.(Mir Heydari et al., 2018) ¢35 ,l,8
S5 sladsl slawminlp ) (S p sdibof] slooye
2o > <[00 5 ealiwl a5 3l i gl ] osd 03,91 & Jgan y
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Table 4- The effect of adding different levels of mineral biochar to the diet on blood biochemical parameters of
lactating Holstein cows

3 Sine Sl il zolaw sl (slaoye
Parameter Diets containing different levels of biochar
slas (ke -
0% 0.5% 1% 51kl e )
SEM P-value
(5 (2 2 25 (o) 5915 67.17 71.13 73.00 1.63 0.07
Glucose (mg/dl)
(5 2 32 25 (loa) g2l 302.62 34350 327.25 19.18 0.34
Colestrol (mg/dl)
el 65 () (> )5 o)
Triglidrid (mg/dl) 14.63 15.57 15.88 1.03 0.67
(52 3 51 £S5 o)) 58.25 64.38 58.50 3.38 0.37
Urea (mg/dl) )
(5 3 2lg)slsel (il 3 ULl
Rspartatae transaminase (UIL) 80.75 87.43 95.75 6.54 0.27
(55 53 aolg)sliel il 5 oVl
Alanine transaminase (UIL) 37.25 38.63 37.88 2.63 0.93
(3 5 3515) L jBland ST — (a3l
Alkaline phosphatase (UIL) 187.50 171.43 213.75 24.83 0.49
(2 503 2 5 (o) Yo Atpudld b (545 250 186.75 213.71 194.75 11.35 0.26
High-density lipoprotein (mg/dl)
(i 32 Jso shn)sm o duis pionl 3o Gz (Sl
Non-esterified fatty acids (mmol/L) 0.41 0.39 0.31 0.05 0.35
(2 2 dse (o) S ST 1 e o
Total anti-oxidant capacity (mmol/L) 0.45 0.51 0.44 0.04 0.36
(3 32 Jso (oo sl S pir (oS yhem Ly
B-Hydroxybutyric acid (mmol/L) 0.35 0.47 0.39 0.04 0.07
() (g2 2 25 (o)l 10.04 10.74 10.59 0.29 0.22
Calcium (mg/dI)
(] (3 p P35 Shoo) piud
Phosphor (ma/dl) 8.49 8.78 8.16 0.36 0.48
(5 (2 2 25 (el siio 2.77 3.08 3.13 0.14 0.16
Magnesium (mg/dl)
(2 o 2 .5 s
Albumin (g/dl) 4.65 4.82 4.64 0.15 0.66
(5 3 32 p)5) S Cnbign
Total protein (g/dl_) 8.44 8.56 8.51 0.26 0.94
() (o3 2 25 amllisacglle 171 2.11 2.04 0.28 0.59

Malondialdehyde (g/dl)

Orped S8l Rl (29)She (g Fiuw 9 b B (1o

Sy (Saleem et al., 2018) sy Luis il 8l coiino

Sygs 5 Giliseo e gims 5 b W3ls 5938 dlga 5o stloj]
Orrinr JUd (S g A ey 03 gl el CaiS )
N SLaS 5 (S St ST p iy 9 oo RIS byl
0300l YU 0309 o lojen il L 1y o] s c Bt o3
J5 L L S 90T YLy (55 o 5 9,500 S8k oplas

.(Di Natale et al., 2009) szusls Lo yo S Kilog,l

Sl scigie & gl )3 gy S Jlad (2l Lagac
barye 15 eSS buogio o (il 1830 £y ol 23:a8
o b U o o g ol g ol e S (3ale) o5l 4
Solast 2529 0limd LS Wi e e ol (g2 o8 0L
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Table 5- The effect of adding different levels of mineral biochar to the diet on complete blood count (CBC) of lactating
Holstein cows

[ESE S Sxe lan il zolaw gl slao
Parameters Diets containing different levels of biochar
sl 5:Slks "
0% 0.5% 1% 3kl o o)
P-value
SEM
(5 o 2 f’_’s)i’*”‘"ﬂﬂ £ 8.66 8.63 8.50 0.20 0.84
Total protein (g/dl)
(3 oo 2 25 o) 342.86 437.50 400.00 39.28 0.26
Fibrinogen (mg/dl)
g 4 Gl ot SO Comd 23.10° 1676 2097 152 0.03
((TP-Fib)/Fib)
(1o 3)es 5 flon 26.77 24.99 26.25 111 0.52
Hematocrit (%)
(d9,S0) 8 308 slo ol
6.57 5.93 6.21 0.28 0.29
ul)/Red blood cells (x108
(o )rzmin 2 o2 J5dlS shag 14.91 14.95 14.54 0.30 0.57
Red cell distribution width (%)
(5 2 2 p5) ool gom 9.97 10.23 9.74 0.21 0.28
Hemoglobin (g/dl)
gl ge Lawgls o2 40.94 42.10 4233 0.92 0.55
Mean corpuscular volume (fL)
Ol gei Lawgie g _ 15.27 15.71 15.70 0.34 0.60
Mean corpuscular hemoglobin (pg)
(32 2 22 p)S) sl gan clile (:S0le
Mean corpuscular hemoglobin 37.24 37.36 37.11 0.18 0.60
concentration (g/dl)
();’J”S"A)@ sladsds 8.35 8.26 8.90 0.66 0.76
Total white blood cells ((*1000)/ul)
(2 3)ocsnglyls s 53.52 48.86 51.49 2.92 0.54
Granulocytes (%)
(52)3) 855 5] o 1.83 2.33 1.00 0.58 0.34
(%) Eosinophil
(12,2)ll cslo s i) ol 61.57 53.75 57.75 2.65 0.14
(%) adult Neutrophil
(0 3) i) ol 36.50 41.38 39.38 2.65 0.44
(%) Lymphocyte
il & lnJidg igh o 1.73 1.40 151 0.18 0.44
Neut/lym
(12 3)cpmgise ol 2.83 4.00 3.17 0.78 0.54
Monocyte (%)
(2 olylecsdh 379.602 303.14° 311.00 ® 20.25 0.05
Platelets (103/uL)
(=g Sealloc S, bawgie e 3.32b 3802 3.962 0.14 0.01
Mean platelet volume (fL)
(o2l 0.12 0.12 0.12 0.01 0.68

Procalcitonin (%)

(P<0. 05) 123l oo sl sine ST (chls S it By b cios, ya sl
& Means within same row with different superscripts differ (P<0.05).
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Table 6- The effect of adding different levels of mineral biochar to the diet on milk production and composition in lactating Holstein cows

Lméz....‘:‘)s (Pxe )l>9..4 calisee C?j““" dbb L;Lmn)._.?
Parameters Diets containing different levels of biochar
sl (:Ske e
0% 0/5% 1% 3yl ot o)
P-value
SEM
(F).S#))*& "\Jy 40.98 41.39 41.01 1.32 0.97
Milk production (kg)
(o)estz 3.61 3.80 3.35 0.17 0.22
Fat (%)
(122)0n%32 2.98° 3.15° 3.10% 0.05 0.05
Protein (%)
O & 7 Cond 113 1.20 1.09 0.05 0.32
Fat/protein
(2,3);55Y 475 470 4,66 0.05 0.54
Lactose (%)
(122)25t> 3lpe 1155 11.86 11.60 0.20 0.53
Solids (%)
(203) stz g ol Slge
i 8.73 8.70 8.65 0.08 0.76
Solids non fat (%)
(= "AM)M P Slage sladsho s 40.81 108.25 219.68 57.34 0.11
Somatic cell count (k cell/ml)
(510 25 ko) ol oyl 0320 15.98 16,51 15.61 0.40 0.31
Milk urea nitrogen (mg/100g)
(32)3)3952 22 slosl i 22,91 22.74 22.84 0.66 0.98

Denovo fatty acids? relative (%)

(Loplsbio o slasl Cons 40.28 41.13 40.31 0.98 0.79
Mixed fatty acids? relative (%)

(2oyd)es b i 02 (gladunl o

Preformed fatty acids® relative (%) 3761 36.13 3685 107 063
iz 5 Ve 2 My 51 bl o sl 7.47 7.75 7.11 0.28 0.31
Free fatty acids (meq/100g fat)

(2 2 OYly ST bty ol 5 0 sloed 643.81 645.45 584.76 34.59 0.38
Non esterified fatty acids ( peg/l)

(102)eledl oz losenl Eond 60.91 60.44 60.56 0.58 0.84
fatty acids (%) Saturated

(o)eled! b o Sl o 24.25 24.53 24.17 0.46 0.85
Unsaturated fatty acids (%)

(o) s 3 bl & 02 slased 22.14 22.47 2217 0.40 0.82
unsaturated fatty acids (%) Mono

(bo)isizn L2 elbdl & 02 slasd 1.99 2.00 2.00 0.11 0.99
unsaturated fatty acids (%) Poly

(F;T;:)I;‘C“;t?;l) 31.96 3225 3177 051 0.80
éﬁéﬁﬁfﬁ ;3" 11.26 10.12 11.3 0.73 0.46
(122) S5 30 20.32 20.91 20.78 0.32 0.41

Oleic acid (%)

(2 3 Jge )iy (o ghen b 0.16 0.15 0.14 0.00 0.06
Beta-hydroxybutyrate (mmol/l)

(3 2 oo (o) o 0.27 0.27 0.29 0.01 0.10
Acetone (mmol/l)

oy sl = C16 aglae a sl ¢ <C16:990d yo (sladl' . (P<O. 05) sl so I cime M3 (gl S iyt By b cindy o (o Silo
>C16 :adlo iy
3 Means within same row with different superscripts differ (P<0.05).
1 Denovo fatty acids : <C16
2 Mixed fatty acids : = C16
3 Preformed fatty acids : >C16
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Introduction: Pelleting is one of the most common methods of thermal processing for poultry feed. The
primary goal of pelleting is to agglomerate smaller feed particles using mechanical pressure, moisture, and heat.
Previous studies have shown that pelleted feeds enhance production economics by improving feed efficiency and
growth performance. A key step in the pelleting process is conditioning the mash prior to pelleting, which
reduces the electrical energy usage (EEU) of pellet mill motors by facilitating the smooth passage of materials
through the die press, playing a crucial role in forming high-quality pellets. Additionally, effect on productive
performance, reported conditioning temperature is the main factor affect it. Moderate thermal processing of
broiler diets causes the separation of protein matrix, starch and fat, gelatinization of starch, destruction of anti-
nutritional sensitive to heat and destruction of cell walls, and are considered positive chemical and physical
changes in the process of pelleting with steam heat. Thermal processing improves the nutrient value of broiler
diets, which usually has beneficial effects on performance. The use of high conditioning temperatures can
damage the nutrients in the feed, leading to reduced nutrient intake and decreased bird performance. However,
the better physical quality of pellets obtained at higher conditioning temperatures may affect broiler performance
depending on the extent of negative effects of conditioner temperature on nutrient availability. Feed form affects
the metabolizable energy of broiler pelleting and increases the apparent metabolizable energy of grains. The
objective of the current study was to evaluate the influence of conditioning temperature on EEU of the pellet mill
motors, feed pellet quality, apparent metabolizable energy corrected for nitrogen (AME,), and apparent nutrients
digestibility in the broiler chickens.

Materials and Methods: A diet were formulated on the broiler Ross 308 strain recommendations bases for
grower period. The diet was prepared according to the experimental design, using a completely randomized
design (CRD) with 11 treatments and 5 replicates per treatment. The treatments included mash feed, cold
pelleting (unconditioned), and pelleting following conditioning at three different temperatures (55, 70, and
85°C), with feed samples collected at three different stages during feed preparation. The diet conditioning was
done by conditioner manufactured by Feedtech at steam mixture for 30s and two bar steam pressure and then
were pelleted through 2.5 mm die using a pellet mill. The desired temperatures of the conditioner were applied
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by increasing the volume of steam and continuously measured during the passage of the feed using a digital
thermometer. The electrical energy usage (EEU) of the pellet mill motors during the pellet diets predation were
recorded. All pellet diets were sampled after production to test for pellet quality. Pellet quality was determined as
a function of pellet durability index (PDI), fine percentage and pellet hardness. Durability was determined using
a Holmen Pellet Tester (NHP200). The pellet hardness was determined by using a hardness tester. A total of 200
one-day-old male chicks (Ross 308) were purchased from a commercial hatchery, reared on floor covered with
wood shavings and the Ross 308 guideline up to 11-day-old. To determine the apparent nutrients digestibility
and apparent metabolizable energy corrected for nitrogen (AME,), two birds were transferred to individual cages
(replicate) on day 15 to adapt to cage conditions for 4 days. On d19, birds were subjected to eight hours’
starvation following which collection trays were installed under each cage for excreta collection. Feed intake of
the birds in each cage was recorded during the experimental period (19-21d). Total excreta were collected twice
daily between 18-21d. Daily collections were immediately dried, pooled within a replicate, mixed, weighed and
representative samples ground (0.5 mm sieve), and stored in airtight plastic containers (=20°C) until to analysis.
Excreta and diet samples were analyzed for dry matter (DM; method 934.01), crude protein (CP; method
976.06), ether extract (EE; 954.02) according to the standard procedures of the Association of Official Analytical
Chemists (AOAC, 2016). Apparent total tract retention coefficient of nutrients for diets were calculated. In
addition, the gross energy of feeds and excreta samples were measured using adiabatic bomb calorimeter (Model
1266, PARR) and the apparent metabolizable energy was calculated. The data obtained from the experiment
were analyzed in the form of a completely randomized design using SAS software version 9.1 (2003) with the
general linear model (GLM) procedure. The respective means were compared with Tukey's test at the probability
level (P <0.05).

Results and Discussion: The effects of processing temperature on EEU of the pellet mill motors, and pellet
quality were significant. So that the amount of electricity usage decreased (quadratic, p< 0.001), and increased
pellet PDI (quadratic, p<0.001) and pellet hardness (linear, p<0.002) by increasing in conditioning temperature.
The highest electricity usage was observed in the treatment without conditioning (cold pellet) and the lowest
amount of electricity usage was observed in the 70, and 85C° treatments (P<0.05). The diet dry matter, crude
protein and crude fat digestibility and AME, were affected by processing (P>0.05) so that the highest
digestibility rate and AME, was observed in 70°C heat thermal treatment, which were significantly higher than
mash diet. By increasing conditioning temperature, the AME, and crude fat digestibility improved by quadratic
trend (p < 0.05). The heat processing at 70°C and pelleting diet lead to 6.8% and 3.59% improving apparent fat
digestibility and 96 kcal/kg (3.46%) and 74 kcal/kg (2.64%) improving in AME, values than non-processed diet
(mash diet) and cold pellet diet, respectively.

Conclusion: Based on the findings of this study, it is recommended to prepare feed in pellet form and apply
a conditioning temperature of 70°C. This approach reduces the electrical energy consumption during feed
preparation, improves pellet quality, and enhances nutrient digestibility and the apparent metabolizable energy
(AMERN) of the diet.

Keywords: Apparent metabolizable energy, Conditioning, Nutrients digestibility, Pellet quality
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Table 1- The ingredient and nutrient composition of experimental diets
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Provides per kg of diet: vitamin A (retinol), 10000 1U; vitamin D3 (cholecalciferol), 4500 1U; vitamin E (DL-o-tocopheryl acetate),
65 IU; vitamin K3 (menadione), 3.0 mg; vitamin B1 (thiamin), 2.53 mg; vitamin B2 (riboflavin), 2.5 mg; vitamin B3 (niacin), 18 mg;
vitamin Bs (pantothenic acid), 6.5 mg; vitamin B6 (pyridoxine), 60.0 mg; vitamin Bog (folic acid), 1.9 mg; vitamin B12

(cyanocobalamin), 0.017 mg; vitamin Hz (biotin), 3.2 mg.

2Provides (mg/kg of diet): Mn (manganese oxide) 120, Fe (iron sulphate) 20, Zn (zinc oxide) 110, Cu (copper sulphate) 16, Se

(sodium selenite) 0.3.
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A5 e Sy Sl bg) illae SV 908 5 ilol sl
Y28 |5 5 s diges plaie 5ol 4 (AOAC, 2016)
«Seid ol s (gl s (Fed g Oluwl udd a4 bgye
VY oy 3,5 lo a3 )3 £e slod jd 9l olSwd 315 ladiges
b owg pls oy (Fayaz et al., 2023) sais ooy jl, 8 celw
O Slogsl oS olfiwd bawgs il 5 (twd dluS gu olSiwd
ooy jl Y g8 5 lojl Loy Pl (g5l e sl 0
15 oslizl (Model, PARR 1261) yzey IS

&bl U1

L oolas WolS ol B 55 islejl 5l ool cawdey b
Jie as, b (SAS, 2003)8/Y iulyss SAS I3l oy 5l ooz
dw Sl 4 ey bl bl 4555 (GLM) (s segee
sl ls olai ly ilocsSlys lp (b pSuse ol
6ogly8 slass 4y byrye gl bl it )13 ino aalllas )50
Ve Do ¥ & slayles) oS ol an )0 00 slod o Syl
A clajlos) 31,8 5lo 43,3 A0 5 (A 5 ¥ & el o) 3,5 iles
LS b By ialafl g pleol oo Ly ey (M 5 )
Loop ey 5 03)] S (slalos) slos iy b Jolaiel ool
AD g Ve 00 Siuta bl Jlisay ey Shgs slayloss g 51,5 iy
L by sl ppSolee 50 3T (1,55 10 b 5,5 siluds o
by Jie 2545 dugli (P< +/-0) o] s )3 (S5 9051
D9 7 Al 235 4 )bl 25k

Yi=p +T; + g

(%)

ST S 065 i1 e )a) 350 Citio Hlade 1Y g‘_ﬂ » s
Bl e oanliie o 53 alojl sllad 1 €; g lo

Sl olSiuan (o8 pas (S S 530 Ol 0
Ol 33315 Slusda 0 AD o Ve DO Koo 8 sled il il
(Y Jgi) 25 sl e jlwcdy olRiws (Bpas (S SUl 55
=S9S5S el Kiiiu sl glos il
Syan Gliwe Gy (P<ee ) A (glucdy olKiwd (Byas
OtyeS g SLLBLE (9 S 02 4t sl (S (55
Jbsan el oy ad sl (Sl 51 S mae (3o
2wl D)8 5liw an d AD 5 Ve sl cled o Sl
U9yl ol adllae ) otel Cundty gl b llae (p<+/++Y)

58S gy Ay dskd Yoo sl skt ] 4y (et al., 2011
bulyd g oy b (Si9) V0 oo U g 4 VoA (ol 45w 059y Sy
L dz g aslad 1)+ 3l ((S9) V0 (o ) 8L (hy9 0 LSy
(aedad 2 (slilas )5 FV-20 59 (1S0ko) g (BI9iSe VL
F KA )P (Splie (i 00 (o (Bolal j5bdy 5 Ol
Y0 5 Gos poglo ¥r (Job yio il Yo sl (Sgilio (i
S99 6)93 ol 58 (Sl gyl 4 g gl ol
saeme ©Y 988 (5slaar pogatke o3l (u9dS s g (G
aS 605 4uds  —dolojl slao s b g, dw Seds lads g g
Jo) 4w g SphEnle 0)93 yolateds ((Sj9) V0 —VA) sl 59, e
Gosleez 9 STe3 2055 0)93 lsisans (59, VA-TY) dmy
3 g Y52 (g glaan 0)93 y0 b AT a5 Y b
gl osasce sl i 136 Cuog e ol 1Y Jlos!
Jol8 59 dw Cdedy baas g a8 )5 )8 Lo udd 45 50 Y guld
W lee! 5l o 9 800 4335 inlojl clnopun b Sl oy guos
Al y Y gab (6glaen slb duw dig ) Cung e casli
L oialajl jg) 4w 3 (uid y sladoge (Bpme oy i 250
9> Yo b A s 0l 03D 0 3l odile Bl 6 yuS
03> )58 sl VY ooty 3,5 b dnyd £ (slod p3 9l S5
2l gy el e Tl ey ed K2d NS b ws
b e B o 02 @85 Y98 S ()jg 9290 Cluls
o3ls) (gdse dlgo (g alls nin culils (Zarghi et al., 2011)
§ doleo b 5l talef] slaoy (Pl 2y g Pl i oSS
3 ptaleil slaoye (AME) (gLl 5l g g BB (555l
D asles Gy b 5 Lisloj] cclmoyer AMEn o ¥ asles 5y )b
Dilger and Adeola, 2006; Adeola et al., 2001) . apwl>es

(Harjo and Teeter, 1994; Toghyani et al., 2014

Total nutrient ingested — Total nutrient excreted
X

A= Total nutrient ingested 100
(v)
_ [(FI x GEd) - (Excreta x GEe)
AME (kkc—;]ofdiet) - FI (\c)
8.22 x (Ni — Ne)
AMEn = AME — —MM ™ —

Fi )
iz dgo gyl oan e LB ANR ‘La:"j ) as
6l Sl g cosw B (55 AME (tbol glao
Pl i Pl GEd (Shs Brmo jlade F p)55LS ) (5 J5kS)
Cogw BB g5 AMER  wVaab b o550 :GEe «S1)es
NI (p )59 53 SIS kS) @l gl ordmonar ol 5l
e (15) 4 85 ) ol NE 3 (05) pme 5] i



FAY g B (6550 ey (oK 8 oSy Sl wilS slod il ()0 5 591 ol

ooy 59y p wlie Gilejl 3 598 S @l 5 Ll
$9y 48> jlaz 9 93 slaplej o G sre ©gli )5 4l 5
Attar etal.,) L ssalie jlwcdy o&iws (3 pas (S5 usdl 5,50l

(2019

Sl (e g plsatanl) 538 cuis

2 B 5 PDI ol ey cdeS iomin 4 bgyyo ol
il glod inlidl an Awl .l oad (55T Jois
e b e 0l Ll 05 93 a0 Wy L PDI a3l
dl Giliel es & ygody S ils sled

(31,5 ol a3 YA 4 50 slalod) oo b SiaduslS canl onds
oS (5,3l Gl cam HL5u ety Sidp a4 cud
o Ko S 41,8 (Skoch et al., 1981) 3945 oo (b o
a3 e Slol jials «SThes ld L5l 4 cagb, Sgis
Eran S0yl g5y prals 4 rie o (g 3l L S)es
sy LS U oy s Ll o Lol g o jlocdy olSiwd
&8 o il oy M5 9 b claghgw S| S 29>
Blbao 253 0 oy olSd (5551 B il el Sy
dl_tbc).g &9y S il Jlo.cl quo)] 5 W Cawddy @Lu L
Cod 488> oz oy 35 Bl a2 3 Ve glod )3 paiS 4
Slwcdy oBiwd (e (S pSUl (5551 4d5d 93 loj ke 4
o=l s b Jilee j> (Abbasi Pour et al., 2021) cél sals

Sy (S5 S gl olSid (B ae (Sl (51 2 i nils glod ST Jgua
Table 2- Effect of heat processing on pellet quality and electrical usage pellet meal

by " glod Lgas dlaws

e 2 Conditionin Number o e e pliod e 5
Physical form g Hardness Pellet durability index Electrical usage
temperature sample
LSJ)I _ 5 _ _ _
Mash
25 5 1.26¢ (0.058) 57.06¢ (0.267) 20.922 (0.119)
oy 55 15 1.81¢ (0.033) 91.39¢ (0.154) 10.76° (0.069)
Pellet 70 15 2.82¢  (0.033) 93,530 (0.154) 9.21¢ (0.069)
85 15 2.66° (0.033) 94,552 (0.154) 8.86°¢ (0.069)
Sbore Jlois! pdaw
P-value
o3l 50! <0.001 <0.001 <0.001
ANOVA
ks 0.002 <0.001 <0.001
Linear
P92 420> 0.239 <0.001 <0.001
Quadratic

3l S50 5Sie (alod sl lad 5 S5 iy (S0l 3 i 5 (53] (sl slad 1(P<0.05) szl oo jlagime IS (slls alio By b (slapSibis gy 3 2P
.53)1 0 > Ay S ul.: dLam),? P s w.bls dgue ® Mbt_;o SEM )a.)‘){v J&b
ad Values in a column with no common superscript letter are significantly different (P < .05); The mash and cold pellet data are the
mean of 5 and 15 observations, respectively; The value in bracket is SEM. "Improving fat digestibility for pellet diets in compared
with mash diet.

oy L aiwslie o cly Slygd PDI dg ceel oL, Sl a5y
53 (Skoch et al., 1981) ais (5> (65913 Jlosl pas) sl
ris Cisin £S5 LS )3 5 VIO sl (slao e g9y ale]
w9 PDI ca g8 95 Ciody dajd Ve (glod ;0 osd yuip Sl
ey 5w g PDI dgq  Attar et al., 2019) cély i3l el
Sty B gty pS9kS 2 p)5 V0 (ol A8 (sloop
= slmoys ) 4By ¢ oy 3,8 Blw dn 0 Ve glod j0 0uds
aJlxs 4 (Abbasi Pour et al., 2021) Ly aJlbuS—paS 4l
Sglyd Jlosl el o 3,155 (Attar et al., 2019) L gus —c)

oy cillas L3 ldllas b Lisles] oyl 5l odel cwdats guls

“Slhps > el (Suib kS les G Cute 5 455 y5ba
; Abbasi Pour et al., 2021) Ly aJlbxS—paS asl 4 o
; Abdollahi et al., 2011; Abdollahi et al., 2010a
Abdollahi et al., ) ps5 5 —c)3 ((Abdollahi et al., 2010a
ol o )35 (Attar et al., 2019) bgw —<)3 4 (20100
VO Gdods 3y 5 il d s e g Vehe Fo e slaley Jlas!
Teixeira Netto et al.,) ai ¢y 5w o PDI (il58 cels agl
YA 550 slod 3 Slhad Siuio Sl canl o 5,35 (2019
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ol 0 o)l Y Jodo > bsS (slads e

rge o5 odd Shygd b 4 (gyin Cagb) By el Sl
Cdy Slhgd i 290 9 Shgd il o (Siker (Rl
(Abdollahi et al., 2010a) >4 .0

02> Sk 3l 9o pauda bl

S5 ladrsn )3 (s3ie dlse (6 ,all i CullB oy )l gl 1T Jgsa
Table 3- Effect of heat processing on apparent nutrient digestibility in the broiler chicken

(Mo yd)gdne dlgo (ool puin ol

Seieb pb et slod wiges dlass Apparent digestebility (%)
Physical Conditioning Number T b 5 =
form temperature sample ° FEohR P> w2
Dry matter Crude protein Crude fat
Mash - 5 7307° (0539) - 67.25° (L039) -  86.33% (0.315) -
25 5 7525 (0.539) 2.98" 6871% (1.039) 2.17° 89.00° (0.315) 3.10°
pellet 55 15 7570°  (0.311) 3.60° 68.83% (0.600) 2.35° 90.95° (0.297) 5.35°
70 15 76218 (0.311) 4.30° 71.022 (0.600) 5.61° 9220° (0.297) 6.80"
85 15 76.04¢ (0.311) 4.06° 69.86® (0.600) 3.88" 9133 (0.297) 5.79"°
S sime Jlois] o
P-value
ob)ls U <0.001 0.018 <0.001
ANOVA
Cae 0.460 0.511 0.017
Linear
P92 2 0.627 0.703 0.064
Quadratic

WO (ke (2lod (slaled 5 )85 gty (30ln 3 g (3] (sl e {P<0.05) sl oo )13 sinn MBI gyl Al pé By b (sl cpSibio (pgis y 3 *P
260y] oy 4y G s slbo > 5> i CublB dgugy ¥ L03L 0 SEM il 31 polie toal S5
&d values in a column with no common superscript letter are significantly different (P < .05); The mash and cold pellet data are the
mean of 5 and 15 observations, respectively; The value in bracket is SEM. *IM = Improving digestibility for pellet diets in compared

with mash diet.

Cuto pil cpols adllas )3 odel Cundds ol b Gillas cuils 3l
el glooyr ) (o pdp bl 1 il lales Jlesl
Abdollahi et al., ) cul o (5,135 it b oss (591,
L .(; Attar et al., 2019; Naderinejad et al., 20162013b
Cpgmods Ty 9 )3 $hae dlge g Sutd ole s bl (L))
CrblB 3oy el Kl e (gysl b 45 L5 eoly Lt dky g pls
L .(Gonza'lez-Alvarado et al., 2007) 39 (gise dlgo puin
A0 A A VO Y £ i uls G iz glales o)l
slooyr (sdie dlgo an Cubl § oy Sluogas (3 Sske
sbed Gali8l 4 ad (SIS S slp pgSppw 4l (2lie
ol g awlis g Lacuiay (e ASgn JSts el to S
d9dise Sy (B Gl g (g CalMs Sl epglie atlis
A g VO slalod 3 (sd s dlgo muad culilB polde oy iy I 4
(Wang et al., 2019) ol oy 3|5 ko ax
Ve slod jd ok (g)ygl,0 Slygs a8 ol oLis imgh oyl gl
Sid odle puan cubls (63,1 SThgd b dunlie ,5 5,5 ko an )
Cowddy guls o 090 Jo > O/FY 9 ¥/V+ iy Iy g o

(Staiap 5 Jlioay €y 5 0 i)y p oty STysi ags

02 9 P 0iSgn «Sutd odle wan Cubll ) dre dgu0 sl
Cwddy gl b 38lg5 )3 .(p<-/0) 15 (03,] Shygs & s
R L e e B Y
L e b VO cdoay (3,5 Sl as )3 Ae g Ve lhe £v D4 o
9 Sid odlo gyl pan e LB ol gl isl5 sl
s (Teixeira Netto et al., 2019) ccdly so o pls 1S9 p
S jebas Sis odle puan CublB a8 ol i 0 500 adlee
ey )] (slmoye b duglia ) o1 ey slaoy (ol a2y
; Teixeira Netto et al., Massuquetto et al., 2018) ool suis
SaS (io dlgo maid &) S Kity S glos Liyl33l (2019
» .(Selle et al., 2013) 5535 o0 5y Shas 39180 Cuw g 03503
bl g9y o Seig S e slales Jlosl ol ingl,
g dP<+1+0) 1B o gime pgd 423 didlae Cjgoy (32 man
(P> +1+0) 355 Yl ine (359 9 Sid 03lo pocn blS
s ey Shgs an pb 02 man Cebl (Sl (p 5L
3y 8 lawds > Vo slod j (SiinSlS) 5l (6y918 Jlae
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.(Abdollahi et al., 2010a) sy il (s s gxe

5 )) D Ak yope (S p 3 90 Al L lilojl
OialS (4ol Vo aody o, 5 Sl dn 0 Ve glod yd ol s
ey STygs b osd 45 5555 3 1y eligps Loosil] weid bl
sl (590,8 ey STye5 (Naderinejad et al., 2016) sl )l
) 63y STyad b auglio )5 4il cin Gdeds 4> A clod pd
Selle ) a3 gy et Cubll Sl gine (iR s (559w 4L
J(etal., 2013

&)l (8 g o il (5 AWl § A geu BB (55,03
claasgs 3 ibejl claSTyss AME, g AME (yuss mols
cly) ey pdey Shss ans Cusl 0ad (5,15 F oo )0 oS
J=B g5l g ime 29 sl (Supnata 8T Jloday <y g 35w
@l b @il )3 (p<e/+0) 13 (chilof] clacST)ss sl 5 cS 5
0y Sl g Chow BB (650 (iulidl sl addllae ) onel Cauwday
sladzg 435 gl 5l (S plgisar SYL pan cull ey
; Zelenka,. 2003) ol oas 5155 cdy slaon b oubsS
Zang et al., 2009; Naderinejad et al., 2016; Massuquetto

(etal., 2018

; Attar et al. Zang et al., 2009 3,35 L (iolejl ol 51 ol
a9l 5L pas o Sl (S a2 51 )5 cdillas (2019)
42)S S de vy pdn B, (Sl
; Abdollahi et al., Teymouriand Hassanabadi, 2021)
giio dlge o ytuod Sl )l (y9l8 25w 51.(2013D
led «Kip iyl le; e Jud ) LLely o 45l coso
Sy ya S5 5 (52 553 <) A 5 Sty ilS
(Sl 4z poles sla 5l ecslapdss a dlgo g5 5 (l30) o
J(; Abdollahi et al., 2013bSantos et al., 2020) .l z8ly
Shss on man bl p il glos CIIL day
aS ol ol o)l38 ades 5l g ng uablie sl )5S
o8 4l Ve Saedy 3,5 Slo a3 Ae clod 13 Gl (659l
Zangetal., ) s e o il 8l gyl e jobas |y pigy puin
oslrd ey Sy s Uy (55 slaayr i ospen (2009
el a b £r ey 3,5 Bl a0 AV i8S glod o o
dulie L;)‘s) VO [y 3 (B (oot pan bl ol
g, Ll (Massuquetto et al., 2018) xi (¢3,] Syes L
etz 9 99) il glagle; 53 03 (55l ey dunlie S0
Oxg s pad Sl gy (g)ld e glas (a3 Ve (glod jd ddBd
o8l il oad 3,138 oS Jls > (Attar et al., 2019) cusly
2 48l Ve Gaedy a5 5l ax A 4 £e o Sl led

S sl )3 0y Sl (el 0ad sl (6,8l o g S g BB 5551 0 )l gl p 1€ Jgse
Table 4- Effect of heat processing on apparent metabolizable energy corrected for nitrogen diets in broiler chicken

S by S glos Wged dlaxy ol g cigw LB g5,
Ph si';:él form Conditioning Number Apparent metabolizable energy
Y temperature sample AME (kcal/kg DM) AMEn (kcal/kg DM)
) - 5 29570 (23.629) - 2774P (21.265) -
Mash
25 5 2983% (23.629) 0.88" 2796% (21.265) 0.79"
e 55 15 30312 (13.642) 2.50" 28432 (12.277) 2.49"
Pellet 70 15 30632 (13.642) 3.58" 28702 (12.277) 3.46"
85 15 30342 (13.642) 2.60" 28442 (12.277) 2.52"
Sobgime Jlois] pdaw
P-value
ooy s 0.002 0.004
ANOVA
"1.05 A 0.033 0.022
Linear
P9 42 0.067 0.046
Quadratic

3l sl 15510 Silee alod (sl 5 1,55 iy (Sl 30 i g 53] (slo ke 1(P<0.05) il go jl3gine IS (chls alito s gy b (slaySilee cpgi yn 53 2P

83 oy 4 s s slno s 3 AMEN 5400 * 3L 0 SEM 331y, 3

&d values in a column with no common superscript letter are significantly different (P < .05); The mash and cold pellet data are the
mean of 5 and 15 observations, respectively; The value in bracket is SEM. “Improving AMEn for pellet diets in compared with mash

diet.
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Introduction: Tomato is a valuable vegetable that is rich in vitamins such as vitamin A, E, C, B and K, and
also some of minerals such as phosphorus, iron, calcium, which are important for metabolic activities. Tomato
pomace is a byproduct that produce in the tomato paste production. The composition of tomato pomace in terms
of percentage of crude protein, crude fat, lycopene, beta-carotene, ascorbic acid, alpha-tocopherol, lycopene and
beta-carotene are: 11%, 4.5%, 0.8 mg, 13. 0 mg, 1.73 mg, 0.07 mg and 281 and 24.3 mg per kg of dry matter
respectively. The antioxidant capacity of tomato pomace is related to the substances in it, especially lycopene,
which reduces the effect of reactive oxygen species and the destructive effects of these compounds on the cell
membrane and mitochondrial structure. Tomato pomace has a high fiber content, which may have undesirable
effects on broiler performance. This meta-analysis is a systematic review based on previous studies. The aim of
this meta-analysis was to examine the effects of tomato pomace on growth performance and selected blood
indices in broiler chickens.

Material and Methods: In order to collect the required information, a comprehensive search was conducted
among articles and thesis through Persian and Latin databases using keywords, tomato pomace, carcass
efficiency, cholesterol, heterogeneity test. Studies (available data) in the field of using tomato pomace in Farsi
and English were collected and categorized. The search was done in various databases, including PubMed, ISI
Web of Science, Irandoc, etc. In the next step, the most frequently reported data from the reviewed articles that
aligned with the research objectives were selected. The study area was refined by identifying the influencing
factors and attributes relevant to the meta-analysis. The data were then coded, and after an initial review and
removal of duplicates, a total of 12 studies were included in this meta-analysis. Among these, 9 comparisons
were conducted for feed conversion ratio, 10 for feed consumption and body weight gain, and 4 for carcass
characteristics and efficiency. Additionally, comparisons were made for the percentages of heart and liver, blood
lipid levels, blood glucose levels, and total protein concentrations. Then the statistical analysis of the data was
done in the CMI (CMA) software. Both fixed and random effects models were used to combine the effect size.
To evaluate the publication basis, funnel plot and statistical tests on Tomato pomace were used.

Results and Discussion: The abdominal fat percentage (-0.354+1.44), heart percentage (-0.353+0.294),
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pancreas percentage (-0.504+ 0.316), gall bladder percentage (-0.027+ 0.961), glucose (-0.091+ 0.331), LDL (-
1.942+0.644), total protein (-1.505+ 0.003), cholesterol concentration (-0.290+0.04), feed intake in starter
(0.072+ 0.531) were lowered when tomato pomace were added to the broiler diet. The effect of inclusion of
tomato pomace on weight gain during the growth period, feed intake in all periods and FCR in the starter,
grower, and finisher period, the blood concentration of triglyceride, glucose, and the percentage of abdominal
fat, liver, heart, pancreas and gall bladder, also breast was not significantly affected by tomato pomace. Some
researcher also reported that inclusion of tomato pomace to broiler diet did not effect on broiler performance
however in the high levels of tomato pomace in broiler diet observed undesirable effects. Tomato pomace has
some bioactive components such as alpha-tocopherol, lycopene, phenolic, organic acids, essential fatty acids,
amino acid and vitamins. However, there is a higher concentration of crude fiber in tomato pomace.

Conclusion: Therefore, the findings of the present study show that application of tomato pomace has a
significant effect on weight gain in the starter, total and finisher periods, FCR in the total and finisher period,
total protein, cholesterol, HDL, LDL concentration. It is recommended that tomato pomace can be replaced the
part to broiler diet.

Keywords: Cholesterol, Growth performance, Heterogeneity test, Meta-analysis, Tomato
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»Lw ,» (Rajabzadeh Nasvan et al., 2019) a5,8 i is5
oil38 e 03y pielS el 08y 5 Slae 2alS 55 o stmgy
423 loj 3 (1S dxgr Shd hiS cops 9 Sl Spas
Gl 0ad yo)l35 (5,84 265 Ay doyd gy 1 YL e b
pie o Slalas 3l soliws > (Al-Betawi et al., 2005)
OIS GBS Ang a3y 3 Skes  (SpansS Al 5)liS 5]
(Ghazi and Derkhshan, 2012; Ayhan and <l sis
Aktan, 2004)

1 -Low density lipoprotein
2-High density lipoprotein
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Borenstein et al., ) 555 so poands YU g bawgio oyl (Kenl
(2005

LI gl

o 48 398 o3kl (5 )95 5l Uil (o)l (o) ]2
aS Sldlbe b pasess | lasl glas ol e ol K8
o905 Oy )3 0318 pobody Ll (o) sl S5 wige ol
S5 g bged sV Casuws jd 5555 dged 13 Lol gl o 0uiSTy
AL vy g pllad KSan &S Siaw 50 .l Pl 1Sle
Lad 3929 ©jgo )3 g ol (uSe o 4 b Jlog0 Bl
.(Borenstein et al., 2005) 5,5 o JSKi& y,latel & yguody

RS oyl g Shhgd Ban jy QI 4 bgye gl
o1b )Y Jgdor 3 IS 9 bl by el 090 Yo > STgs
2193 3 3y WRIB 2 6)P e S (K jpensS A (p3958] el
et (P<e/o0) il 0)9 IS jg Bl 5 S (nilé]
0)93 > Sl By 1 (5)ne S (Kj3eS Al (3958
PR panss i (3958 el 575 (Sbl ) onjlél
il SLb g S 0)90 > Sligd fas copd p )dne
5 039 ORI Gyl pas diej > (eldie @3 L(P<-/+0)
I L ol sy (b5 glaangy Slig s Jas coyo
ol 0as ()15 (55 xS

(Hosseini-Vashan et al., 2014; Rao et al., 2018
SadeghiMojarad et al., 2008)

P-value jliie (gl 5 ot Sl o5l jasli as (3,l50 5o
2 (Ny8angS all maw il a8 dad o il ] o e
g Cowl oAb S dvgr ,Slas > (asls o LalS el ops
Dyl3 3939 Cagte dlayly i il oMo W88 1 ojlu5l aS” (63 )l0 1
IS 5 Sl el slooygd 3 (g Sl &S s 0 L 4,
0)9> J5 5 SLeb slaoygs 13 Shgd bl s SialS 5 0)90
L L 5 B iy 35y ety S i A5 938 1 5
St o 45 10l (SipansS J 3 Jy S5 s 5 LS
odd (JBgS dag )3 (g iuliAl At ) (D)l sl

!

pLool (Borenstein et al., 2005) (CMA") ol —w 5l,8lp 5

W

S 0 3u3 dacalas
Oired (ol dzol> )3 0ddy joas sdiad L Sl ojll
)_»‘ o)‘J_:I ).O_.o M)B Jw;l.:tgo )w M)S ALY Lle DM)ULU»J
dwbxo 51,5 g Hedges's asli jlaallas (pl )3 .l yauo

5 ealawl 3l ol
Xs—Xn

19 =, (1) 4sles

opSolae XN ¢ inlojl 09,5 1uSile XS 3l 0303l i ()] ;5 &S
93 Sl gual cupis g sl Hlae lyoul SPaals og,5
9 30Ld 09)5 93 sl Jlme Slpul & Sliios )3 abl oo 095
Iy SEM o lados 5 o ¥ dles jl cowl aillis jgboay  oiislojl
S e 03kl e Gyl dpuolis gy ¥ dslas I a3l 1)
.(Borenstein et al., 2005)

-1)sds2 +(nN—1)5DN2
Sp= \'{m J (¥) doles

Sl NN ¢ inlojl 09,5 93 aiulojl asly slaw s ()] ;5 o
185 09,5 JLuxo Bl, 50l :SDS g dalis 09,5 g3 (dulejl aly
.(Borenstein et al., 2005) Ll
Sp=SEM*, /np (V) dslso
9 L2055 dad 4y bgyye ke Hlme oliisl :SEM ()] j> &5
ol (il g alis 09,5 g5 dulojl dnly dlax ggee (NP
.(Borenstein et al., 2005)

3

=1-
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Sl NN 5 iolojl 09,5 10 iulejl dnlg dlusws NS oy 45 oS

[(Borenstein et al., 2005) ol 1ol 09,5 1 dolojl 15l

J (F) asles

Wodld 23039
Slodliwl b 3ados o 5l iy 51 oolaiwl b ciladss

Ly )15 9 5SasS Guib)ly jl ool adllas cudeS sl
Dgd o (23055 O Ablre I edlatl

(@) dslso

1

Wi=——
.(Borenstein et al., 2005) !
- —(k-1
I =% « 1000% ) dles
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1-Comprehensive meta-analysis
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Table 1- Summary of articles used for meta-analysis of tomato pomace

Alis polas
adlas 5)50 Clao o R) b tJ‘tAx wg’. 3(‘;5 N ol ingy
. . epetition Ir Tomato
Studied traits Sex number number pomace Researchers
levels
‘,»Bg_él,,JlJf;,@»éw‘fl&@)%‘;du‘,al&oﬁm‘&&uu Ql)lia.m,)%_;u)
P 55l gl g 15 058 ) Jolorels LI b?l"“ 6 180 50/(‘)"100/“’" (\YAY)
Dry matter, crude protein, ash, crude fat, calcium, Mixed 15%-20% Rezaeipour et al.,
phosphors, crude fiber, NDF ADF, gross energy 2009
(2HE ds cupl g BLlSlyoh S pan cjlug cd g LB 5]
asY dal o ting 5 655 e L 4 72 3%-9%-  (YWAY) olySen 5 S
ME, FI, WG, FCR, energy and protein efficiency, carcass Mixed 12% Chakraei et al., 2009
components
BJICONS o
ol 9 R
039 DBl (B S|y byl 4 480 2%-4%- (\YAQ)
FI, WG Mixed 6%-8% Safamehr et al.,
2010
c . R s e .. 3K g 0315 co
(55 il 55 S i e iy P S Bpme PR 9 2 )
O sed o ypelS Mixed 3 324 506-10% ("¥W)
590080 ixe .
FI, WG, FCR, glucose, cholesterol, triglyceride, lipoprotein Rajabz;gfg etal,
Spae «Shod s cupd (Gjg ORIBl iSan 9 S5 Spae plod) ohen 5 litly s
Slys Lot 4 792 3%-5% (¥ay)
Efficiency of energy and protein consumption, WG, FCR, Mixed Hosseini-Vashan et
Fl al., 2014
W en g oylily
UhSed 5 GLly (S
o Sl gy o JE g BT Syt Srae ey GBI byl 4 396 506-10% (y¥ay)
WG, FI, Breast, Thigh, Heart, Liver, Gallbladder Mixed Hosseini-Vashan et
al., 2013
OV
b 9o0P >
LDL, HDL, TP, wtels (55 1 J3yiels sl fl g bgocs 4 WA 8%-16% (¥--9)
albumin, triglyceride Mixed Rahmatnejad et al.,
2009
DOV
b 9P >
Shgs hds cups Slhgs Bpas (09 Gl bl 4 128 8%-16% (¥+\y)
WG, FI, FCR Mixed Rahmatnejad et al.,
2009
039y 1S) AY sl (STisd Bad caps o il Sygs yme
Syl 65 e Jg plS Gl (22 (g (Jlrb B SOl ]"?l’-“’ 4 80 506-10% (bF- ')_ ObfSes 5 ol
HDL, LDL, FI, WG, FCR, liver, intestine, pancreas, heart, Mixed Lotfi etal., 2021
spleen, bursa, abdominal fat, triglyceride, HDL, LDL
Sy Dl cu i «Slygs Bpan oyjg il byl 6 9% 5%-10%- : h;ﬁ ::; ;;L;'
WG, FI, FCR Mixed 15% 4 '
2004
Relio g ooy (pued
Shed bas cops «Slgd B pas oyjg 8l bl 4 480 2%-4%- (V1Y)
WG, FI, FCR Mixed 6%-8% Shams Borhan and
Safamehr 2012
. . . L. ol . YY) glisy g 0B
Shygs b cupd «Shysd B pas o il Lglsee 4 128 5%-10% | ();;azi ; ng =
WG, FI, FCR Mixed 15%

Derakhshan, 2012

cew o Giolialas as S 518 (Ve e ) o) Ken g lgls i S5g (SoyansS alay o as YU jub sgng Cledy puicen
b b slad sy yjs yiblS el (S5ydd oS (4o V) YU zobow o Slyss i cops inlisl cels o)l
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Table 2- Estimation of the effect size of tomato pomace on growth performance indicators

Variable

R u»hi)
Hedges’s g *

S il
SE

S (gne o
P-value

Q**

2 P- )b e daw
valug****

(p)5 023) 05 o2el33
Body weight gain (starter
gram)

Fixed

sodlas

Random

(5 55) 05 Ll
Body weight gain
(grower, gram)

Fixed

ol

Random

(P ¢ Sbb) ©is ol#
Body weight gain
(finisher, gram)

ol

Fixed

wsdlay

Random

(P <JS) 03y !l
Body weight gain (total,
gram)

Fixed

wsdlay

Random

(PS5 i) STygs Byme
Feed intake (starter, gram)
Fixed

wstdlay

Random

(p)5 ) S Spae
Feed intake (grower,
gram)

oy

Fixed

wstdlay

Random

()5 ) STyss Bae
Feed intake (finisher,
gram)

0.855

0.336

0.607

0.993

-0.072

0.197

0.105

0.195

0.251

0.209

0.223

0.137

0.214

0.174

0.174

0.183

0.292

0.170

0.221

0.000

0.000

0.107

0.118

0.000

0.001

0.000

0.000

0.693

0.531

0.539

0.791

16.386

7.919

50.042

12.625

27.319

11.208

26.756

38.97 0.089

11.605 0.340

58.035 0.000

0.361 0.361

59.735 0.004

1.859 0.426

40.201 0.044
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Fixed
wstdlay
Random
(65 J5) S e 0.045 36.947 51.281 0.005
Feed intake (total, gram)
Fixed

ol

Random

(NS Jasss oy
Feed conversation rtio 0.228 0.771 0.000 0.999
(starter)

Fixed

stdlay

Random

(15)) Shgd has cops
Feed conversation rtio 0.256 10.672 25.036 0.221
(grower)

Fixed

wstdlay

Random

(L) Shgs Jors cups
Feed conversation ratio 0.349 16.463 2.815 0.421
(finisher)

Fixed

sodlas

Random

(JS) Shgs s oo
Feed conversation ratio 1.396 31.904 68.656 0.000
(total)

b

0.170 0.539

0.221 0.791

0.154 0.722

0.223 0.625

0.196 0.245

0.196 0.245

0.198 0.196

0.229 0.251

0.149 0.016

0.151 0.016

K 0.235 0.000
Fixed

sodlas
Random

0.462 0.000

ol 5 3590 6l piite (S5 5 oS Al oyl 5l oaimd )Lis Cute (sl il o)l g ol 31 ssiaa Ui ite (gl il o5lul *
ol Sllas Kanl jl Sl P-value ;b jlis 5 Q (VL s (iKanl oygoil ¢85S o905l **
D9 gn i g s Yo g bawgio el (Kenl lyieds ol ity 3k o> VO 9 B+ YO byl 17 olis ST12 iSeal (0] ¥4
2bbige Q (IS5 sesl 4 byype P-value *¢
The size of the negative effects indicates the reducing effect and the size of the positive effects indicates the increasing effect of
tomato pomace on the desired indices.
** Cochran's test, heterogeneity test, high Q value and low P-value indicate the heterogeneity of studies.
*%* The 12 heterogeneity test, if the 12 values are equal to 25, 50, and 75%, it is interpreted as low, medium, and high heterogeneity,
respectively.
**** p-value is based on Cochran's Q test.
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Table 3- Estimation of the effect of tomato pomace on blood biochemical indices
e T el Sime Sl S (e Q** [2 P- o)y (e
Variable Hedges’s g * SE P-value valug****
(mg/dl) j55is -0.091 1.240 152.23 0.743
Glucose(mg/dl)
<ol
Fixed
3olay
Random
YU J& b 359590
(mg/dl)
High Density Lipoprotein
(mo/dl)) 4(HDL
Fixed
olay
Random
onb S5 b o0

(mgidl) o a1.942 68.521 91.244 0.00
Low Density Lipoprotein

(LDL, (mg/dI)

ool

Fixed

ol 4.838

Random

(MG/l)-e el 55 0.382 48.744 85.639 0.000

Triglyceride(mg/dl)
cols

Fixed

2ol

Random

(Mg/d)eb oy

Total protein (mg/dl)

0.331 0.784

0.331 0.784
2.715 22.975 69.533 0.002

0.329 0

0.644 0

0.596 0.001

0.00

0.313 0.222
1.172 0.121

-1.505 0.180 0.00 0.672

ol
Fixed
olay
Random

0.511 0.003
0.511 0.003

(mg/dl) Jg pds -0.290 54.787 97.223 0.000
Cholesterol (mg/dl)

s
Fixed
(2ol
Random

0.327 0.375

0.264 0.04

ol a3 5500 sladomiwlyd (S5 y3an 65 Al o8l Sl saimd lis Cote (sla Sl ojll 5 oaialS Sl saims lis ke (sl 3l o3l
ol Sladlae  oKenl 5l Sl P-value ol jliie 3 Q (oYL jlide Kenl O?A).] oSS Q}aj ETS
g oy 5 oy YU g Lawgio (ol Kenl lyicds s pa 13k Ao 3 YO 9 8+ YO L 1250k (5112 Kanl ygejl s
23l Q (IS5 ysesl 4 by e P-value *
The size of the negative effects indicates the reducing effect and the size of the positive effects indicates the increasing effect of
tomato pomace on the desired indices.
** Cochran's test, heterogeneity test, high Q value and low P-value indicate the heterogeneity of studies.
*** The 12 heterogeneity test, if the 12 values are equal to 25, 50, and 75%, it is interpreted as low, medium, and high heterogeneity,
respectively.
**** p-value is based on Cochran’s Q test.
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Table 4- Estimation of the effect of tomato pomace on carcass components

Variable

Hedges’s g *

Jlire Sl
SE

Lﬁ)b T ZSJ"“‘ Q *x

P-value

|2

S (gne o
P-value****

(%) &Y 2
Carcass fat (%)
Fixed
solay
Random
(/)5
Heart(%)
Fixed
solay
Random
()5
Liver(%)
Fixed
olay
Random
(Z)asy
Carcass(%)
Fixed
olay
Random
(7)ol
Pancreas(%)
ol

Fixed
siolas
Random
() o
Gallbladder(%)
ol

Fixed
2ol
Random
(7)o
Breast(%)
Fixed
olay
Random

-0.354

-0.0353

0.275

0.102

-0.504

-0.027

0.027

0.311

1.144

0.294

0.294

0.294

0.294

0.238

0.238

0.316

0.316

0.357

0.961

0.308

0.672

0.256

0.789

0.169

0.169

0.166

0.166

0.688

0.688

0.111

0.111

0.941

0.463

0.930

1.109

48.194

1.319

1.39

4.907

1.205

16.414

48.031

87.550

81.722

87.508

0

0.933

0.933

0.556

0.795

0.002

ol 425 5550 (sladcinl ) 4 (S5,8d5 65 dlas oan]38l 51 sims il Cute sla il o3lul g sialS BT sims lis bie (sl Sl 6l
Ll Slalllas Senl 51 Sl P- value ol Hlde g QYL Hlsdo sSanl O?A).] oSS Q}aj £33

D95 g0y 5y YU g bawgio ol (Kenl lgicds Coi it il 2o YO 9 0+ YO b ply 12 polie (STI2 Kanl gl s
A3k Q oSS (905l 4 bg e P-value seseses

The size of the negative effects indicates the reducing effect and the size of the positive effects indicates the increasing effect of
tomato pomace on the desired indices.
** Cochran's test, heterogeneity test, high Q value and low P-value indicate the heterogeneity of studies.
*** The 12 heterogeneity test, if the 12 values are equal to 25, 50, and 75%, it is interpreted as low, medium, and high heterogeneity,
respectively. **** p-value is based on Cochran's Q test.
**%* P_value is based on Cochran's Q test.
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Introduction: In broilers, dietary fiber stimulates the production of hydrochloric acid and bile acids and
improves amylase activity, leading to better nutrient utilization (Hetland et al., 2002). A well-developed gizzard
also enhances reverse peristalsis, which churns food back up the digestive tract. A reduced-crude protein (CP)
diet are typically formulated by decreasing soybean meal and increasing feed grains (such as maize or wheat),
along with higher inclusions of non-bound (crystalline and synthetic) amino acids to meet nutritional
requirements. Studies (Van Harn et al., 2017) have shown that CP reductions (20-30 g/kg) in Ross 308 broiler
diets can be achieved without compromising live weight gain or feed intake. Notably, these diets even show a
significant improvement in feed conversion ratio (FCR) with a 3.5% decrease. Dietary fiber with increased
particle size may enhance foregut development more effectively in poultry fed diets moderately low in crude
protein. This study investigates the performance of broilers fed on low-density crude protein diets with
increasing particle size of sunflower (Helianthus annus L.) hulls.

Materials and Methods: This experiment aimed to examine the effect of sunflower hull particle size on the
performance and physiological response of broiler chickens fed with different protein levels. A completely
randomized design based on a 3 x 2 factorial arrangement, comprising 6 treatments (6 replicates per treatment,
10 birds per replicate). The treatments included 3 types of dietary sunflower hull types (without hulls, 4% with 1
mm particle size, and 4% with 5 mm particle size) and 2 crude protein (CP) levels (normal and a 10% reduction).
Feed intake (FI) and body weight gain (BWG) were recorded, and the feed conversion ratio (FCR) was
calculated. To determine ideal nutrient digestibility, chickens were fed 3 g/kg of chromium oxide from days 21
to 25. On day 25, ileum contents from 2 birds per replicate were collected and stored at -20°C. The cecal
microbial population was assessed at 42 days of age. Data were analyzed using SAS software and the GLM
procedure. Duncan's multiple range test was used for mean comparison at a 5% significance level.

Results and Discussion: The results indicated that incorporating sunflower hulls (SFH) in the diet increased
FI1, except during the starter period, and improved FCR in both the starter and grower periods. The high amount

©2023 The author(s). This is an open access article distributed under Creative Commons
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B distribution and reproduction in any medium or format, as long as you give appropriate credit to
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of FlI in the treatments containing SFH may be related to the high level of lignin and cellulose, because it
increases the rate of passage of digestive juice through the digestive tract and ultimately increases FI (Gonzélez-
Alvarado et al., 2010). Broilers fed coarse SFH showed increased relative weights of the carcass, gastrointestinal
tract, gizzard. The use of a rich source of insoluble fiber in the diet can increase the growth of the digestive
system, especially provetriculus and gizzard (Jimenez-Moreno et al., 2013). The apparent digestibility of crude
protein improved by coarse SFH with low crude protein. The positive effect of fiber on the digestibility of raw
protein can be attributed to the increase in pepsin activity and the increase in hydrochloric acid production
(Gabriel et al., 2003). Both fine and coarse SFH in the diet enhanced the Lactobacillus population. Similarly,
other researchers also reported that feeding broiler chickens with dietary lignocellulose leads to an increase in
the presence of Lactobacillus species (Bogustawska-Tryk et al., 2015).

Conclusion: Overall, the study results indicate that adding coarse sunflower hulls to the diet can enhance
broiler growth performance. This improvement is achieved by increasing the digestibility of crude protein, as
well as boosting the Lactobacillus population. Additionally, using coarse sunflower hulls led to an increase in the
relative weight of the carcass and thighs.

Keywords: Apparent ileal digestibility, Broiler Chickens, Insoluble fiber, Performance
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Table 1- Particle size distribution and chemical composition (%) of the sunflower hulls

. . %
Chemical composition
Siid odlo 94.74
Dry matter
e 6.51
Crude protein
s olas 1.45
Ether extract
@55°-\3-.'.9-3)>J912013‘.—9u| 74.44
Neutral Detergent Fiber
(sl osizgd 3 Jonali AL 52 87
Acid Detergent Fiber
Non Fiber Carbohydrates
Jf QI)%—“%); 84.74
Total Carbohydrates
039)‘“’ )l LS)Lc °)L4; 40.91
Nitrogen Free Extract
s 2.04
Ash
(y2e9,550) 1y o5l Cudyd 2
Particle size (um) Coarse Fine
>2000 0.52 0.56
1000-2000 5.82 3.43
500-1000 84.24 72.56
250-500 7.5 18.06
75-250 1.87 5.16
<75 0.05 0.23
(GMD! + GSD?) 675.447+1.477 574.363+1.735

! Geometric mean diameter (GMD)
2 Geometric standard deviation (GSD)
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Table 2- Ingredients and chemical composition of broiler diets (%)

(S50 V 7 b)) cnlel o9 (V¥ B VY) ) 09 ((5595 TY B YD) SLL 0y9
Starter (1- 10 days) Grower (11- 24 days) Finisher (25- 42 days)
gy Loy YV ey oy VeIV Oap Mo YVO piigy o 2 )AUYD ey oy YA/ ey oy WY/
(522) S A o ” ” e e P
Ingredients (%) 23% CP!? 20.7% CP 21.5% CP 19.35% CP 19.5% CP 17.5% CP
9 /¥ o9 7¥ o9 7¥ o9 7¥ o9 7¥ 9 7¥

No 4% No 4% No 4%  No 4%  No 4%  No 4%
SFH2 SFH SFH SFH SFH SFH SFH SFH SFH SFH  SFH  SFH

;J/I);ize 4420 4420 52,63 52.63 4820 48.20 5445 54.45 52.4 52.4 56.82 56.82
(5e) @5 s

Corn gluten (%60) 5 5 35 35 5.22 5.22 2.3 2.3 4 4 0.40 0.40
(7¥Y) g dloss

Soybean meal (% 37.80 37.80 31 31 32.33 3233 29.9 29.9 29.73  29.73 28.5 28.5
42)

el SL)8 085 08 08 08 074 074 075 075 074 074 074 074
Calcium carbonate

Olad oS’ (60

Dicalcium 15 15 1.58 1.58 1.3 1.3 1.3 1.3 1.04 1.04 1.05 1.05
phosphate

by 0555 . 4,73 4,73 3.53 3.53 55 55 5 5 6.5 6.5 6.5 6.5
Soybean oil

;‘I’i 0.28 0.28 0.22 0.22 0.28 0.28 0.28 0.28 0.23 0.23 0.21 0.21
"‘"“” “;’?. 0.23 0.23 0.33 0.33 0.23 0.23 0.23 0.23 0.20 0.20 0.23 0.23
Sodium bicarbonate

SloyS prly

Potassium 0 0 0.2 0.2 0 0 0 0 0 0 0 0
carbonate

T owelny JoSo

oy . 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin premix

¥ .

e JI"’J‘&T’ 4 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral premix

S J“f° . 0.32 0.32 0.38 0.38 0.27 0.27 0.36 0.36 0.26 0.26 0.33 0.33
DL- methionine

"‘*”K”T\*b o J 0.32 0.32 0.5 0.5 0.3 0.3 0.41 0.41 0.27 0.27 0.32 0.32
L- lysine HCI

odgy Jl . 0.14 0.14 0.23 0.23 0.1 0.1 0.17 0.17 0.08 0.08 0.14 0.14
L- threonine

L-valine 0.05 0.05 0.16 0.16 0 0 0.10 0.10 0 0 0.08 0.08
O"’.”}]”?'I J.I 0.03 0.03 0.14 0.14 0 0 0.09 0.09 0.01 0.01 0.08 0.08
L-isoleucine

oisl J 006 006 024 024 004 004 015 015 003 003 009 009
L-arginine

é’fytase 0.005 0.005 0.005 0.005 0.005 0.005 0.005 0005 0.005 0.005 0.005 0.005
&b e 4 0 4 0 4 0 4 0 4 0 4 0
Sand

b ySolidl 4y 0 4 0 4 0 4 0 4 0 4 0 4

Sunflower hulls

(Mo 048 dnwlxe (gdre dlgo oS )5
Calculated nutrient composition (%)



https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/helianthus

1F-¥ Gl ¥ oylods A8 a4l ! oolo pole sledidgsy 4 yid O'A

edgilie BB (6551

(554515 )15 k)
Metabolisable
energy
(kcal/kg)

(3o ) P15 59

Crude protein (%) 23 23 207 20.7
(Mo ) 55l ojlas
Ether extract (%)
(1053) o B (25
Digestible lysine 1.25 1.25 124 124 1.14
(%)

('”_’P) . 0.63 0.63 0.62 0.62 0.5
Digestible

methionine (%)

3004

7.20 7.20 6.15 6.15 7.57

3004 2998 2998 3104

19.37

3104 3104 3104 3204 3204 3203 3203

19.37 2153 2153 1755 1755 1954 1954

7.57 8.04 8.04 9.01 9.01 9.05 9.05

1.14 1.14 1.14 1.03 1.03 1.03 1.03

0.5 0.5 0.5 0.43 0.43 0.43 0.43

(10)2) e
Digestible 0.93 0.93 0.92 0.92 0.86 0.86 0.87 0.87 0.8 0.8 0.79 0.79
methionine +
cystine (%)
00 E cyueliyg t Mallin a5l ¥ v e D3 uolig t ol solgVe v o A ppueling gaiicn cels |y 25 530in 0 pySolS pm (gliley nelitg JoSa ol Sl dtagy ¥ pls 55

(s 5 e VIY BB rols 5 Lo VD Stisanl £,5 s ¥0 oyl 5,5 Lo ¥IA B2 aliys 10,5 Lo VIV B eling ep 5 e 59 1K aliyy f Mol sy
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ke 1Y gl tp 5 oo VYD £ 5 oo VF o tp S sbie Voo ecsg 1 5 e VY e 58e £ S o S el 350 o ol |y o palie 0 £ S5lS 0 (clilay Sme JoSa T
1 Crude protein, 2 Sunflower hulls, 3Vitamin premix provided per kilogram of diet: A, 10000 1U; D3 3000 IU; E 55 IU; K3 2 mg; Bz
2.2 mg; B2 4.8 mg; Niacin 45 mg; Pantothenic Acid 15 mg; Bs 2.2 mg, Biotin 0.15 mg; Folic Acid 1.60 mg; B12 0.011 mg.
provided per kilogram of diet: Fe, 60 mg; Mn, 120 mg; Zn, 100 mg; Cu, 16 mg; I, 1.25 mg; Se, 0.30 mg. * Mineral premix
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Table 4- The effect of sunflower hulls with different particle size and crude protein level on apparent ileal digestibility of nutrients
(%) in broiler chickens on d 25

o los ] . P o
Treatments (b2 p3) Sz o3l (12)3) P& (g (o)
- . Dry matter Crude protein
ol 38l g P (Bigy maw y(%) (0/2) Crude fat
Sunflower hulls protein Levels of crude (%)
r\fgz 69.32 0 74.84 73.24
Aogy (9
1 -
No SFH I‘_)‘g’; 68.60 472,64 64.14
) iy 69.90 be 77,40 73.51
0, 1 .
4% fine SFH fgp‘s 71.39 4 74.96 81.10
, iy 72,55 b 80.50 83.40
&.\Zp dlwgy VAR NCP
0, .
coarse SFH 4% ngK 75.49 287.46 77.89
g;\;‘ bl Syl 1.140 1.128 2728
;5)“;“; Jlul g 0.43 0.007 0.056
-valu
3R] Aigy 5]
Sunflower hulls effect
:“9’;;’: b 68.96 ©73.74 b 68.69
0
51y Sy 1¥ b 70.64 b76.18 278.80
4% fine SFH
Cub 3 diogy 1 2 74.02 28398 280,64
4% coarse SFH
g";\;‘ bl Syl 0.993 0.797 1.929
s)'*lf'” N a 0.006 0.0001 0.0007
-value
P (g pdaw
Levels of crude protein
Jbr ofion 70.59 7758 77.72
Normal protein
Bl phals o 71.83 78.35 74.38
Reduced protein
g‘E“'\;" bl Syl 0.811 0.651 1.575
s)bti"’“’ N a 0.29 0.41 0.15
-value

P</-0) w5l (gl gime M wglite Ggym b gty 53 Jolo o (claSile *0C
sl Gl pB (i T Jloys s g ool Sl azgy !
ab-¢ Means within the same column with uncommon superscript differ significantly (P<0.05).
1 Sunflower hulls, 2 Normak crude protein,  Low crude protein
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Table 5- The effect of sunflower hulls with different particle size and crude protein level on carcass components (percentage of live
body weight) of broiler chickens at d 42

Lo
Treatmeni — Y " g, 2 U5 o 2 S s
ST dngy PL oo g Carcass  Breast  Thighs  Gastrointestinal tract ~ Gizzard ~ Abdominal fat
Levels of crude
Sunflower hull .
protein
s 7382 2597  19.69 10.34 2.01 0.90
1 .
No SFH ol 7424 2491 2048 1053 2.07 0.99
LcP?
. oy 76.88 2605 2048 10.97 2.33 1.01
v
4% fine SFH ol 7673 2941  ©20.12 10.57 211 110
LCP
. o 8156 2711 22305 11.64 2.72 1.24
Cudyd dlwgy VAT NCP
0
SFH coarse 4% Sl 7747 2871 ©20.89 11.13 2.34 113
LCP
xSk 3kl Bl 1.138 1.010 0.525 0.172 0.111 0.077
SEM
Sobge Jlo) g 0.08 0.18 0.02 0.10 0.15 0.31
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Introduction: Pulmonary hypertension syndrome (ascites) is one of the most common metabolic syndromes
in today's fast-growing broilers. It is associated with rapid growth and is characterized by the accumulation of
fluid in the abdominal spaces. Effective factors in the occurrence of ascites syndrome included 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 are produced in the
body by damaging the cell membrane leading 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, reactive oxygen species (ROS) 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. B-
blockers (or b-adrenergic antagonists) are a group of drugs widely used in the treatment of cardiovascular
diseases, namely arterial hypertension, cardiac arrhythmias, and angina pectoris as well as other types of
pathologies such as anxiety or glaucoma. Part of the beneficial cardiovascular effects shown by this group of
compounds has already been associated with the antioxidant properties that some of them seem to possess. It
demonstrated a concentration-dependent membrane anti-peroxidative activity for propranolol, pindolol,
metoprolol, atenolol, and sotalol. Of the five b-blockers examined, propranolol was the most potent agent, and
the activities seemed to correlate with the drugs’ hydrophobicity. Further studies indicated that the antioxidant
activity of propranolol was independent of its pharmacological activity and was related to its intrinsic chemical
properties rather than to its quinidine-like membrane stabilization effect. The antioxidant properties of
propranolol were later corroborated using membrane and cellular models. More recently, propranolol’s
antioxidant-related cardioprotective effects were studied in rats, showing that the chronic treatment with this b-
blocker was found able to protect against ischemia-reperfusion injury. Thus, it is now accepted that propranolol
is an important therapeutic tool against oxidative stress by stabilizing membranes, including lysosomes, inducing
the activity of antioxidant and other beneficial enzymes, increasing endothelial nitric oxide production, and
directly protecting isolated membranes, cardiovascular cells, and tissues against oxidative injury. So far, there
have been few studies on the effects of propranolol in broilers. Therefore, the current research was designed to
evaluate the propranolol on the growth performance, antioxidant status, and the status of some hematological and
biochemical parameters of broiler chickens under induced ascites.
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Materials and Methods: The experiment was carried out in a completely randomized design with four
treatments in four replicates and 10 chickens in each replicate. Experimental treatments included: 1- positive
control group (no induce ascites, basal diet), 2- negative control group (inducing ascites and fed with basic diet),
3 and 4- propranolol groups (inducing ascites, supplemented with 50 and 100 ppm propranolol). To induce
ascites, water containing 7 g per liter of salt was provided to the chickens from day 15 of age. Growth
performance parameters including feed intake, weight gain, and feed conversion ratio were calculated for the
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, they were killed and the ascites index was calculated as the ratio of the weight of
the right ventricle to the weight of total ventricles (RV/TV). 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 antioxidant parameters include the level of malondialdehyde and the activity of antioxidant
enzymes including glutathione peroxidase, superoxide dismutase, and catalase were determined. In addition, the
serum enzymes including alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline
phosphatase (ALP) were measured.

Results and Discussion: The results showed that induction of ascites increased RV/TV, mortality due to
ascites, and feed conversion ratio; while it decreased feed intake, and live weight (P<0.05). Additionally, ascites
induction increased the number of white and red blood cells, hematocrit, hemoglobin, heterophile, and decreased
lymphocytes (P<0.05). The levels of glutathione peroxidase, superoxide dismutase, and catalase enzymes were
decreased in ascites-induced broiler chickens. At the same time, it decreased the level of serum
malondialdehyde, aspartate aminotransferase, alanine aminotransferase, and alkaline phosphatase enzymes
(P<0.05). Inclusion of propranolol had no significant effect on growth performance (P>0.05), but it significantly
decreased the ratio of right ventricle to total ventricles and ascites related-mortalities (P<0.05). Moreover,
inclusion of propranolol reduced the number of white and red blood cells, hematocrit, hemoglobin, heterophile
and increased lymphocytes compared to the negative control birds (P<0.05). In addition, propranolol enhanced
the levels of glutathione peroxidase, superoxide dismutase and catalase enzymes and reduced the levels of
malondialdehyde, aspartate aminotransferase, alanine aminotransferase, and alkaline phosphatase in serum
(P<0.05).

Conclusion: In conclusion, propranolol inclusion at 100 ppm may be used to alleviation the physiological
responses of broilers exposed to ascites.

Keywords: Antioxidant, Ascites, Broiler chickens, Propranolol, Pulmonary hypertension syndrome, Salt
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Table 1- Ingredients and chemical compositions of experimental diets

el L) S
(323) 0 132 (5595 V=V (5395 VN-YF)(S 595 YO-XY)
Ingredients (%) Starter ~ Grower  Finisher
(0-10d) (11-24d) (25-42d)
(P OBy 302 A) €5 4753 5163 5756

Corn (8% CP)

(050 203 ¥¥) Lgw dlloxss
Soybean meal (44%CP)
by ) 554 6.24 6.29
Soybean oil

(oS 20> YA) Sl Ko
Limestone (38% Ca)

(s 20,3 7Y ) Sl S’ 03 179 156 1.34
Di-calcium phosphate (21%Ca)

42.35 37.99 32.35

1.20 112 1.05

ez JoSe 025 0.25 0.25
Vitamin premix?
e Jofe 0.25 0.25 0.25
Mineral premix®
s Ll

0.40 0.40 0.40
NaCl
(122 ) gl o2 0.37 0.32 0.28
DL-methionine (99%)
(12,2 VARRLE 02 023 0.28 0.22 0.22
L-lysine HCL (78%)
(22,2 W) i 0.05 0.02 0.00

Threonine (98.5%)
odd dule (gdio dlgo oS 3
Nutrient composition (calculated)

Metabolizable energy (kcal/kg)
(32,3) pB iz 23 213 19.3
Crude protein, %
(223) s 0.96 0.87 0.79
Calcium (Ca), %
(h03) 3 B o 0456 0409  0.361
Auvailable phosphorus, %
(053) s 0.16 0.16 0.16
Sodium (Na), %
(03) onlgeie 0.71 0.64 0.58
Methionine, %
(3033) gt Oidgiite
Methionine+cysteine, % 107 089 089
(203) 025 1.46 1.30 117
Lysine, %
(o3) 035 1.56 1.45 1.30
Arginine, %
(o) 05 0.96 0.87 0.78
Threonine, %
Ay 035 0.32 0.29
Tryptophan, %

B2 opelig 5 VY B1 ey 0,5 /A K3 polisg o5 VIVE oling heeeee IU D3 polig 88 veee U A Cpolig gl uolig JoSo p,55lS ya°

)5 e i B2 prelisg op)S I :Bo paoling op )5 VAN Be eling )5 VYA B3 ueliyg 0 )5 V/FD

gk /oAy p)S YA (o p)5 ¥ nl 35 Y+ g9y £)5 YEIM (3051) 50 £33 YUPA )8 (58 25 Ve e ggl> (Sne Slge oS £S5k o
L Every kilogram vitamin supplement containing: vitamin A: 3600000 IU, vitamin Ds: 1U800000, vitamin E: 7.2 g, vitamin K3: 0.8g,
vitamin B1: 1.7 g, vitamin Ba: 2.65 g, vitamin Bs: 11.88 g, vitamin Be: 1.88 mg, vitamin B9: 0.4g, Vitamin B12: 6 mg,
2 Every kilogram mineral supplement containing: chloride chlorine: 100 g, manganese (oxide): 39.68 g, Zn: 34.88 g, Fe: 20 g, Cu:
4q, iodine: 0.396 mg and Se: 0.08 g.
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6- Catalase
7- Malondialdehyde )
8- Right ventricle/total ventricle
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1- Aspartate transaminase
2- Alanine transaminase
3- Alkaline phosphatase
4- Glutathione peroxidase
5- Superoxide dismutase
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Table 2- The effect of different experimental treatments on the performance and ascites index of broiler chickens

] 5 36 olals

_ _ ) . . C*‘-“-") uja-' S
b Lo ED N0y () Brae Sl Slys> s e s S & (%oy9)
Treatments BWG (g) FI (g) FCR : : Mortality due to
RVITV !
ascites (%)
e dald 2510 3881° 1.54° 0.22b 0.25P
PC
e aals 2115° 3682° 1740 0.30° 15.00°
NC
Jolslsn eSSl 0 2110° 3600° 1.70°% 0.21° 0.25°
PP-1
Joslnsn e ke Ve 21200 36100 1.70° 0.22° 0.25b
PP-2
Ol 3 bl (slla> 15.20 2521 0.02 0.01 0.09
SEM
Juo o <001 <001 <001 <001 <0.01
P-value
Orthogonal contrasts P-value
PP vs. NC 0.19 0.35 0.41 <0.01 <0.01

(P<0.05). izt I sxe S| (l)ls S ytiio ot By b (sloenSilePC
ab olie w5, b ads g oWl cawl e wute 1als( RVITV) gl S 4 canly b (439 Comss (FCR) Sy has o i (FI) Slygs Bpne (BWG) 8 039

(PP'Z 9 PP'l) (VY J9J9J|)19).4 d”b P‘L_?’@ Voo 9 I\l c)‘aw 9 s(NC) (X% AJ.A:u AJL ‘j‘A.C Mj) 9 u.gl.aj] WT L ‘L_;a.m Jald ‘(PC)
=dMeans with different superscripts in the same columns are significantly different (P <0.05).
BW: body weight; FI: feed intake; FCR: feed conversion ratio; RV/TV: right ventricle/total ventricle; PC: positive control (without induction
ascites and fed basal diet); NC: negative control (with induction ascites and fed basal diet); PP-1 and PP-2: indicate the supplementation

propranolol at the rate of 50 and 100 ppm respectively
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Table 3- The effect of different experimental treatments on blood parameters of broiler chickens
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Treatments Gls S (g (= (=) Lym[;j]ocyte Heterophil (%) Lymphocyte
WBC RBC HGB HCT (%) (%) (%)

(x10%l)  (x10%/ul) (g/d)

;g" sels 17.62° 267" 12.80° 32,07 0.79° 0.16" 0.20°

;:‘ sels 19.86° 2,942 16.40° 41.70° 051° 0.38° 0.74°

PJ;Jf'f*’ﬁ Pk O 18,78 2,610 14.00° 36.725 0.81° 0.15° 0.18"

Pf;'m”f Pk 18.87° 2,65 13.91° 33.42¢ 0.80° 0.14° 0.17"

oeilee o il sl 0.55 0.13 0.85 0.26 0.02 0.02 0.03

SEM

Juoo! g 0.01 <0.01 0.01 0.02 <001 <001 <0.01

P-value

Orthogonal contrasts P-value

PP vs. NC 0.01 0.01 0.02 <001 <001 <001 0.02

.(P<0.05) i I sne 33| (l)l> S yiio it By b slaonSilo *0°

9 PP-1) cuspas Jdoilpgn sosl> pligie Voo 900 zobaw g (NC) osd 403is apb (olié w3 9 2@ Caml b ite 18L3 (PC) al ol5é 05, b s 5 ol ol (90 custo sl

=d Means with different superscripts in the same columns are significantly different (P<0.05).
PC: Positive control (without induction ascites and fed basal diet); NC: negative control (with induction ascites and fed basal diet); PP-1 and PP-2:
indicate the supplementation of propranolol at the rate of 50 and 100 ppm respectively.WBC: white blood cell; RBC: red blood cell; HGB: hemoglobin;

HCT: hematocrit.
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Table 4- The effect of different experimental treatments on the serum antioxidant function of broiler chickens

Pl 05l lgeas wpaSThge 55 akSs 55 Jeagil) VLIS a3l 68 oglle
o lecs Gidshes 0921 (rdles 0 a2) Gidishes o Gdishen 52 gosil)
Treatments GPx SOD CAT MDA

(U/ml) (U/ml) nmol/min/ml (n mol/ml)

e aall 8328.0° 364.7° 81.80P 11.87¢
PC
e 2ol 646.9¢ 322.5° 75.60° 18.212
NC
Jelsilnen o5 ke O 905.9¢ 327.9° 97.8 16.72b
PP-1
Jlasn ooV 2334.8 457.22 97.5° 14.64°
PP-2
oeiles 3 bl (sl 96.2 3.32 1.09 0.73
SEM
Jbool gl <0.01 <0.01 <0.01 <001
P-value
Orthogonal contrasts P value
PP vs. NC 0.01 0.02 0.01 0.01

(P<0.05) e jls gime BT gl S yitio e By > by (gl Sole 2OC
w54 Jdelnan ol pliac Vor 900 ggbaw 9 (NC)ors 035 b olie 05 9 W cunl L e it aals (PC) al olie 05, b 445 5 Ll cunl (190 st sl
(PP-2 4 PP-1)
ad Means with different superscripts in the same columns are significantly different (P<0.05).
PC: Positive control (without induction ascites and fed basal diet); NC: Negative control (with induction ascites and fed basal diet);
PP-1 and PP-2: indicate the supplementation of Propranolol at the rate of 50 and 100 ppm respectively; GPx: glutathione
peroxidase; SOD: superoxide dismutase; CAT: catalase; MDA: malondialdehyde
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Table 5- The effect of different experimental treatments on the activity of liver enzymes in the serum of broiler chickens

Lo (5 5 22lg) Sl ynsl pgisal (V] (5 53 42lg) 5l yinsl i gisal by ld (3 5 2oly) Sblansd WIS
Treatments ALT (U/L) AST (U/L) ALP (U/L)
Do ald 14.88¢ 10.36° 359.7¢
PC

el 22.66° 55.042 394.6¢
NC

Jnsn pF e 8 20.49° 14.83° 324.8°
PP-1

Josl s o5 ke Vo - 18.18 22.49° 328.10
PP-2

Oeibee 3 bt sl 0.24 353 8.39
SEM

Juo o <0.01 <0.01 <0.01
P-value

Orthogonal contrasts P value

PP vs. NC 0.02 0.01 0.01

(P<0.05) s Jls e SMS] yls S o i Gy > b (gl yuSileo BPC

PP-) ciipa Jdlslngn ool Pl 1o+ 90+ zsbo 5 (NC)ond i by (e )y 5 ) ol b i 10l (PC) sy (2l 5, b 05 5 8] ol (93 e sl

(PP-2,1

=d Means with different superscripts in the same columns are significantly different (P<0.05).

PC: Positive control (without induction ascites and fed basal diet); NC: negative control (with induction ascites and fed basal diet);
PP-1 and PP-2: indicate the supplementation Propranolol at the rate of 50 and 100 ppm respectively; ALT: alanine transaminase;
AST: aspartate transaminase; GGT: GAMMA-GLUTAMYL TRANSFERASE; ALP: alkaline phosphatase.
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Introduction: Development of a predictive model using machine learning can help livestock farmers to
increase their understanding of the performance potential of their livestock. It can assist in decision-making
processes related to livestock management, elimination and replacement selection, nutrition, reproduction and
other matters of livestock management. Predicting insemination outcomes provides valuable insights to improve
reproductive performance, breeding processes, milk production and overall livestock efficiency. The integration
of predicting models in the existing systems in animal husbandry increases its practical application as a decision
support tool for animal farmers. By developing a tool that can determine the reproductive success of livestock,
ranchers can optimize their production and breeding strategies and improve overall livestock management
practices to increase reproductive efficiency and profitability. In this study

Material and Methods: This study utilized data from the Helal Agro-Industry Co., a commercial dairy farm
associated with the Iranian Red Crescent Investment Company. The commercial dairy herds in this region
primarily consist of Holstein-Friesian cattle. In terms of record-keeping and efficient data management, the
agricultural enterprise utilizes the Modiran Farmer software. This software leverages the Microsoft SQL Server
database infrastructure to facilitate the storage of pertinent information. The dataset encompasses a diverse array
of tables containing entries spanning various aspects such as reproduction, milking, health profiles, genetic
insights, and broader characteristic attributes. The temporal scope of the database spans from January 1994
through May 2023, encapsulating a substantial historical period. We executed a SQL query against the database
to generate a dataset of insemination records and their corresponding features. For each insemination record, we
retrieved 25 features encompassing covariates related to milking, reproduction, management factors, health, and
insemination result. The data underwent further pre-processing after the extraction process to make it suitable for
the proposed models. We proposed three different models of Long Short-Term Memory, Multi-Layer
perceptron, and XGBoost. A distinct set of cow IDs was acquired, and then, it was partitioned into three subsets:
70% for training, 10% for validation, and 20% for testing. In order to work with LSTM model, by identifying the
temporal dependencies relations between a cow’s insemination cycles, we stacked these cycles to form
sequences that can then be processed by LSTM model. So, the sets of unique cow I1Ds were then used to generate
the sequences for each cow. A data augmentation method was used to generate all possible sub-sequences of
cows’ insemination. Then, the sequences were aligned and stacked to achieve a constant length of 20. In total,
about 168,000 training sequences, 23,000 validation sequences, and about 46,000 test sequences were generated.
We tuned the parameters and hyperparameters of each model and upon finalizing the optimal architectures for
our models, we initiated training experiments by fitting the models to the prepared datasets.

Results and Discussion: Our experimental findings reveal that the proposed LSTM model significantly
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improved prediction accuracy compared to the MLP and XGBoost models. The LSTM model, with its
architecture of three consecutive LSTM layers, was able to demonstrate the best performance across all
evaluation metrics on average over the 10 training runs. LSTM networks are designed to handle long time
dependencies well. These networks use memory cells to hold important information over time, which makes
them suitable for ordinal data such as time series. In contrast, XGBoost and MLP are not specifically designed to
handle temporal dependencies and their performance is more limited on this type of data. Also, LSTM network
can learn complex dependencies between ordinal data well. This ability is attributed to the unique structure of
LSTM and its gate mechanisms, which enable the network to filter out irrelevant information while retaining
essential information. In contrast, models based on XGBoost and MLP are less effective in this area, as they
primarily focus on direct interactions between features and struggle to capture temporal dependencies. LSTM-
based models excel in extracting higher-level features from data due to their deep learning capabilities. These
features provide richer information for classification tasks, ultimately improving classification accuracy.
Although XGBoost-based models are known for their precision, they are less adept at extracting high-level
features. Additionally, the memory structure of LSTM allows it to handle fluctuations and unexpected variations
in sequential data, effectively distinguishing critical information from noise. This feature helps LSTM perform
better in situations where the data contains a lot of noise and fluctuations.

Conclusion: Overall, we presented and tested the performance of different models for predicting the results
of artificial insemination of livestock. This prediction can help livestock farmers improve performance, increase
fertility, and reduce livestock costs. In the problem of predicting the results of artificial insemination of
livestock, the presented LSTM neural network model shows the best performance based on the stated
evaluation criteria, and then the XGBoost-based classifier has better performance than MLP.

Keywords: Artificial insemination, Deep learning, Livestock production, Machine learning, Prediction
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Table 1- Extracted features used to train models

Sheeb Sbe Sme Bl aieS Al
Feature name Mean Std Min Max
g s 0.0 0.0 0.0 1.0
Pregnant

o Sl 3.0 0.0 2.0 40
MostRecentBodyScore

Skl 2.0 1.0 1.0 5.0
MostRecentMotionScore

SR S 3.0 5.0 0.0 28.0
InbreedingCoefficient

fole) plesls 44.0 22.0 24.0 113.0
AgeAtCalvingInMonths(month)

(p,59kS) 2 Ol 11658 2060 1122 23969
Milk (kilogram)

O 327.0 36.0 150.0 556.0
MilkDays (day)

(p55k5)0 2 117.0 89.0 0.0 650.0
MilkFat(kilogram)

(PS5h) 35 oz 117.0 85.0 0.0 623.0
MilkProtein (kilogram)

L)k Sl sy, 129.0 71.0 60.0 559.0
PreviousDaysOpen (day)

s 030 0.0 0.0 0.0 10
StillBirth

O b 0.0 0.0 0.0 10
Abortion

e 0.0 0.0 0.0 1.0
MultiBirth

oS 0.0 0.0 0.0 10
Lameness

cls 239 0.0 0.0 0.0 10
Mastities

S 0.0 0.0 0.0 1.0
Ketosis

oslecdl e 0.0 0.0 0.0 10
RetainedPlacentra

g L) 0.0 0.0 0.0 1.0
DisplacedAbomasum

Obe; 3 ol 0.0 0.0 0.0 10
Winter

e > ol 0.0 0.0 0.0 10
Spring

okl glarl 0.0 0.0 0.0 10
Summer

2k ol 0.0 0.0 0.0 10
Fall

2 oSle 360 5.0 6.0 65.0
AverageMilk

(p53hS) 5551 b 00 gromaad o 9578 1446 589 22442

ECM (kilogram)

o % 2 TF 1.0 0.0 0.0 20
FatProteinRatio
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Figure 1- A LSTM cell (Jiang et al., 2019)
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Figure 2- Final architecture of LSTM and MLP models
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Table 2- Average of prediction results for 10 training runs

PR LSTM J MLP Js XGBoost s
Predictions Results LSTM Model MLP model XGBoost model
S %28 %18 %22

True Positive

e %7 %17 %13
False Positive

St %55 %40 %38

True Negative

W &

0 ot %10 %25 %27

False Negative
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Table 3- Average of evaluation metrics for 10 training runs

Uil sbse LSTM Jw MLP Js. XGBoost J.
Evaluation metric  LSTM model MLP model XGBoost model
e 0.83 0.58 0.6
Accuracy
- 0.73 0.42 0.45
Precision
sk 0.80 0.51 0.63
Recall
F1 jle

e 0.76 0.46 0.53
F1 score
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Introduction: Understanding the genomic features of livestock is essential for successful breeding programs
and conservation. Avrtificial selection is one of the major forces modifying the genetic composition of livestock
populations. The identification of selection targeted genomic regions is one of the main aims of biological
research. Domestication and selection have significantly changed the behavioral and phenotypic traits in modern
domestic animals. The selection of animals by humans left detectable signatures on the genome of modern goat.
Understanding the genomic features of livestock is essential for successful breeding programs and conservation.
Acrtificial selection is one of the major forces modifying the genetic composition of livestock populations.
Identifying genes under selection could be useful to elucidate their impact on phenotypic variation. Over the last
decade, interest in the detection of genes or genomic regions that are targeted by selection has been growing.
Identifying signatures of selection can provide valuable insights about the genes or genomic regions that are or
have been under selection pressure, which in turn leads to a better understanding of genotype-phenotype
relationships. This study aimed to identify effective genes and genomic regions on positive signature of selection
in Murciano-Granadina and Barki goats using selection signature method.

Materials and Methods: In this study, data from 923 Murciano-Granadina and 68 Barki goats genotyped
using Caprine 50 K Bead Chip were used to identify genomic regions under selection associated with important
traits. Quality control measures were performed in Plink by setting an animal call rate of 0.90, SNP call rate of
0.95, and SNPs with minor allele frequencies (MAF) lower than 0.05 or that do not conform to the Hardy—
Weinberg expectation (P value < 0.000001) and unknown position. After quality control of the initial data using
Plink software (v1.90; http://pngu.mgh.harvard.edu/purcell/plink), 43,170 SNP markers were finally entered for
further analysis. To identify the signatures of selection, the statistical method Fsr was used under R software
packages. Candidate genes were identified by SNPs located at 1% upper range of Fst using Plink v1.9 software
and the gene list of lllumina in R. Additionally, the latest published version of animal genome database was used
for defining QTLs associated with economically important traits in identified locations. GeneCards
(http://www.genecards.org) and UniProtkKB (http://www.uniprot.org) databases were also used to interpret the
function of the obtained genes.

©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,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
9 http://doi.org/10.22067/ijasr.2024.87463.1196
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Results and Discussion: Using Fsr approach, we identified seven genomic regions on chromosomes 4, 6, 14,
15 (two regions per chromosome), 17, and 23 chromosomes. Candidate genes were detected. Some of the genes
located in identified regions under selection were associated with milk yield, fat yield and fat metabolism, milk
protein percentage and cholesterol milk content. Some of the genes under selection were found to be consistent
with some previous studies.Results of gene ontology analysis identified two biological pathways namely skeletal

system development and calcium channel complex with two important KEGG pathways including glucagon
signaling pathway and AMPK signaling pathway which play an important role in glucose metabolism and
homeostasis and skeletal system development.

Conclusion: Various genes identified within these regions can be considered potential candidates under
selection based on their functions. Many of these genes were found to align with previous studies and are
involved in processes such as milk yield and metabolic pathways. Additionally, an analysis of the extracted
QTLs revealed their association with economically important traits in goats, including milk yield and
composition traits. However, further association and functional studies are necessary to confirm the roles of
these genes and to investigate QTLs related to the selected regions. These studies will be crucial to fully
understand the implications of the genes identified through association analyses. Using these findings can
accelerate the genetic progress in the breeding programs and can be used to understand the genetic mechanism
controlling this trait. The results of our research can be used to understand the genetic mechanism controlling
milk and composition traits and considering, this study supported previous results from genome scan of
production traits, also revealed additional regions, using these findings could potentially be useful for genetic
selection in goat for better milk yield.

Keywords: Candidate gene, Fsr statistics, Goat, Milk performance, Selection footprint
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Table 1- Genomic regions containing selection signatures related to milk and composition traits, and genes (QTL) reported in these
genomic regions
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Introduction: Fungal toxins are also of considerable importance and are always placed next to plant pesticides
and heavy metals. Mycotoxins are small molecules that are produced as secondary metabolites by filamentous fungi
and yeasts. Aflatoxins, secondary metabolites of various Aspergillus spp, commonly contaminate a wide variety of
tropical and subtropical food/feedstuffs. Chemically, aflatoxins are difuranocoumarin compounds and include B1,
B2, G1, G2, M1, and M2. The removal of aflatoxins from contaminated food is a major problem in livestock and
poultry nutrition and the pollution removal methods are based on the decomposition, destruction, inactivation, or
removal of aflatoxins through biological, chemical, or physical methods. In recent years, the study of the effect of
plants and their extracts and compounds on things such as reducing microbial growth and the effect on

microorganisms has increased dramatically. The aim of this research is to investigate the effect of the combination

of garlic and turmeric extract on the amount of plasma aspartate aminotransferase, alanine aminotransferase,
alkaline phosphatase, the amount of triiodothyronine, thyroxine, total antioxidant capacity, and malondialdehyde in
rats intoxicated with aflatoxin B1.

Materials and Methods: In this research, 64 male Wistar rats with an average body weight of 250-300 g
were used to evaluate the synergistic effect of garlic and turmeric extract against the damage caused by aflatoxin
B1 in the form of a completely randomized design as a factorial experiment (2x2x2). Eight groups were tested
for 28 days in the animal dissection laboratory of the Faculty of Agriculture of Birjand University, observing all
ethical considerations. This study aimed to determine the synergistic effect of garlic and turmeric extracts for
possible protection against injury induced by aflatoxin B; (AFB;). Rats were divided into eight groups and
treated for 28 days including control (0.2 ml sterile distilled water orally), AFB; (100 pg/kg BW orally), garlic
extract (GE) (50 mg/kg BW orally), Turmeric extract (TE) (100 mg/kg BW orally), GE plus TE, AFB; plus GE,
AFB; plus TE, AFB; plus GE and TE. At the end of the treatment period, blood samples were collected for
biochemical study.

Results and Discussion: Daily administration of aflatoxin B1 at a dose of 100 mg/kg body weight for 28
days resulted in increased levels of AST, ALT, ALP, total bilirubin, and malondialdehyde, along with decreased
total antioxidant capacity, T3 (triiodothyronine), and T4 (thyroxine). The use of garlic extract (GE), turmeric
extract (TE), and their combination showed a positive effect in mitigating aflatoxin B1-induced toxicity. These
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treatments significantly reduced AST, ALP, total bilirubin, and malondialdehyde levels while significantly
increasing total antioxidant capacity and T3 levels.Although GE and TE individually did not show significant
effects on the measured parameters, their combination was more effective. Notably, the combination of GE and
TE led to a significant increase in T4 levels and a significant decrease in ALT levels compared to the aflatoxin
B1 control group. These findings suggest that the combination of garlic and turmeric extracts may have a
synergistic protective effect against aflatoxin B1 toxicity. In examining the ALP factor, there was a statistically

significant difference between the treatments of garlic or turmeric extract and the combination of these two
extracts. One of the possible protective mechanisms of these plants is their antioxidant property, which prevents

the activity of free radicals produced by aflatoxin B1.

Conclusion: The results of the present study indicate that the use of garlic extract at the rate of 50 mg/kg of
body weight, turmeric extract at the rate of 100 mg/kg of body weight, and their combination reduces the level of
toxicity caused by aflatoxin B1. The use of garlic, turmeric extract, and their combination improves liver
function indicators and reduces liver enzymes such as AST, ALT, ALP, and total bilirubin. These results show
that the extract of garlic, turmeric, and their combination have a protective effect on the liver. The use of
turmeric extract, garlic, and the combination of garlic and turmeric extract in the absence of aflatoxin Bl
intoxication did not affect the measured variables. In general, the combination of GE and TE may have a
synergistic effect in reducing the adverse effects of AFB1.

Key words: Aflatoxin B, Garlic, Malondialdehyde, Thyroid hormones, Turmeric
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5 ool iled ST oxiad L5 a1l G381 ol ogMe
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(ol 59055 5 (= Wilg o ALT jil33l (Lawhorn, 1978
Shidl) Lo 83,5 UMy 5 oo sl (g pdudeis 55 s
el cl, 31 (Pozzi et al., 2001) il (g9l oo (s5lome
S0t B (5SS Canons 2 )3 419235 9y o lae
U515 (el 3T s §) Conlas g sk slié clablbrs oty col
e > k95 BB el (Thabrew et al., 1987) wib ol
slaog )3 o (0S8 sl Jolw wul 9,5 i oxiaslis ALT
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WS o gm0 (S rda Oljmeds
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Table 2- Statistical comparison of average combined levels of aflatoxin B, turmeric extract and garlic extract on liver enzymes and

total bilirubin
ilof] slales ol 5
Experimental treatments Parameters
oY bylpd Blas IS £U s
O 039 0755 2 7 ke S igiel Sy 5] )LLQ:LLI;ZM Total
mg/kg body weight ALT* ASTS un Bilirubin
un (un (maydl)
4,k 93 Jlie <l )
Two-way interactions
) Bl ny)@l X d9>)) o)La.c
Aflatoxin B Turmeric extract
0 0 84.57 142.67° 502.93°¢ 0.34
0 100 82.00 135.96°P 421.25¢ 0.33
100 0 107.31 183.612 958.562 0.38
100 100 92.33 145.05°P 592.37b 0.33
SEM? 3.61 6.50 22.15 0.01
P-value? 0.0917 0.0174 0.0001 0.0865
B1 (peS g5l x o 0)las
Aflatoxin B Turmeric extract
0 0 83.16° 138.45° 440.06 ¢ 0.34
0 50 83.41° 140.19 b 484.12°¢ 0.33
100 0 107.502 181.582 981.56° 0.38
100 50 92.14° 147.08 b 569.36 ° 0.33
SEM 3.61 6.50 22.15 0.01
P-value 0.0352 0.0072 0.0001 0.2233
s 0ybas x A9z, o las
Garlic extract Turmeric extract
0 0 100.16 179.02 2 860.562 0.38
0 100 90.50 141.01° 561.06 ¢ 0.33
50 0 91.72 147.27° 600.93 0.33
50 100 83.83 140.00 P 452564 0.32
SEM 3.61 6.50 22.15 0.01
P-value 0.8076 0.0216 0.0012 0.1293
a3 b 4 Jlite ol 3l
Three -way interactions
B1 oS 55301 x Garlic . o)lae 7)) olas
Aflatoxin B: extract " Turmeric
extract
0 0 0 84.32°b 140.07° 456.624 0.34°
0 0 100 82.00°P 134.82° 423504 0.340
0 50 0 84.82°b 143.28° 549,25 ¢ 0.33°
0 50 100 82.00°P 137.11° 419.004 0.32°
100 0 0 116.002 215972 126452 0.422
100 0 100 99.00% 147.20° 698.62 P 0.33°
100 50 0 98.62% 151.26° 652.62 b 0.34°
100 50 100 85.66°P 142.90° 486.124 0.33°
SEM 5.11 9.19 31.33 0.01
P-value 0.0001 0.0001 0.0001 0.0040

(P<elo0) Kyls s dize olds pi b (g yo pd glite CBgps L alasl?

skl (sl Sika”
oAb b re Jlaas! mdan

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

4, Alanine aminotransferase
5. Aspartate aminotransferase
6, Alkaline phosphatase
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Table3- Statistical comparison of the average combined levels of aflatoxin B, turmeric extract and garlic extract on the amount of
malondialdehyde and total plasma antioxidant capacity

@Zil"}’l sloles
Experimental treatments

ladoriwl 8
Parameters

O s 1755 2 m-féﬁ M;ﬁﬁljijlzj:hi:e Total ;Il;si::i:;‘d;:ﬁ;pacity
mg/kg body weight (umol/ly (umol/l)
4,k 93 Jlize <l )
Two-way interactions
B S Ml y L9335 0)lac
Aflatoxin B1 Turmeric extract
0 0 6.88° 409.37
0 100 6.28° 429.75
100 0 9.992 339.57
100 100 7.28° 396.19
SEM? 0.48 11.65
P-value? 0.0324 0.1255
Bi oS 5] y oo ojlas
Aflatoxin B1 Garlic extract
0 0 6.90° 414,152
0 50 6.26° 424972
100 0 9.962 336.26"
100 50 7.31° 399.502
SEM 0.48 11.65
P-value 0.0412 0.0285
o 0l a5z9,5 ojlas
Garlic extract Turmeric extract
0 0 9.852 344.38
0 100 7.01° 406.06
50 0 7.03° 404.56
50 100 6.55 P 419.90
SEM 0.48 11.65
P-value 0.0172 0.0517
4 b Jlite ol 3l
Three -way interactions
By “’““S ] Garlic extract o o)lac  x  TUrMeric extractag>s,; o lac
Aflatoxin B
0 0 0 7.27% 400.552
0 0 100 6.532 427.252
0 50 0 6.502 418.202
0 50 100 6.032 431.752
100 0 0 12.42°b 288.21°P
100 0 100 7.502 384.322
100 50 0 7.562 390.93%
100 50 100 7.07% 408.062
SEM 0.67 16.47
P-value 0.0001 0.0001

(P<T40) 85,15 ) gime glis wb by gt jb p> Ciglite gy by dlasl

3kl gllas 4 SSle ¥
O b e Jlein] e’

1 Means within same column with different superscripts differ significantly (P<0.05).
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Table 4- Statistical comparison of the average combined levels of aflatoxin B1, turmeric extract and garlic extract on the amount of
thyroid hormones

b3l (slalos LSS
Experimental treatments Parameters
ON 08 PSS R eSSk T3 Thyroxine
mg/kg body weight (ng/dl) (Hg/dI)
a5yl 93 Jlize il il
Two-way interactions
. B1 w..SyMsl % Ag>d)) o)La.c
Aflatoxin By Turmeric extract
0 0 112.66° 10.522
0 100 111.132 10.492
100 0 100.17° 7.90°
100 100 114.10% 10.092
SEM?! 2.79 0.36
P-value? 0.0076 0.0034
B1 ny)@l « o o)La.c
Aflatoxin B1 Garlic extract
0 0 115.012 10.85°2
0 50 108.78 10.172
100 0 99.01° 8.10°
100 50 115.262 9.892
SEM 2.79 0.36
P-value 0.0002 0.0012
Jow 0ylac " Qg2d)) o)las
Garlic extract Turmeric extract
0 0 103.52 9.12
0 100 110.50 9.83
50 0 109.31 9.30
50 100 114.72 10.75
SEM 2.79 0.36
P-value 0.7794 0.3158
Three -way interactions «s,b a. iz ol 3l
B1 wa)M . . )
Aflatoxin B x  GarlicextraCt s ojlas  x  TUrmMeric extractags,; ojlas
0 0 0 118.022 11.232
0 0 100 112.012 10.48%
0 50 0 107.318 9.82%
0 50 100 110.252 10.51%
100 0 0 89.03° 7.02¢
100 0 100 109.002 9.19ac
100 50 0 111.322 8.79¢
100 50 100 119.20%  10.99%®
SEM 3.94 0.51
P-value 0.0001 0.0001

(P<T40) $5)l5 o gime Cglis wb b gt jo )> Ciglite gy by dlasl
3yt glad 5 Sl ¥
OA P Jais! s
! Means within same column with different superscripts differ significantly (P<0.05) .

Aald 09y 5 Ly duglie ;> T4 s ine ioljdl comgo dgad); — ojlas L Br S Ml L oddh pgoune (slagsbge oo
oy ac S 5 5l oolaiwl cgdly ,3 .(P< +/+0) 15 By yenS M aS ol Lusliel ]y lawdl T4 liee ;w & ojlas g a5 I

L aalie 3 Sloyd Sl aljdlen coly o olpon 4 419235 9 o 5 0 0kae oS5 b loyd Sl Ll g5 o giae (5lel 4l ]
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