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Table 1- The composition of nutrient of tomato pomace based hundred percentage of dry mater

omdglie (6551 ol . il 5 sle oylac "y B b pe o .
e R el o 0 R b A S I R o
PRSI IS5k ) Phosphorous e (a253) ’ ) Crude protein

Metabolizable Energy Calcium (%) Nitrogen free Ash (%) Crude Ether (%)
(Kcal/Kg) (%) extract (%) Fiber (%)  Extract (%)

2750 0.66 0.82 24.42 6.82 28.02 10.63 21.65
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Table 2- The ingredients and chemical composition of experimental diets contained tomato pomace (TP) and
turmeric powder (TRP)!

(539, 0-21) uslel oy (539 4-82) Lk oy

(%) 0y Izl Starter diet (0-21 days) Finisher diet (22-42 days)
Ingredients (%)

Dietl Diet2 Diet3 Diet4 Dietl Diet2 Diet3 Diet4
i 57.33 57.02 56.00 55.89 60.95 60.49 59.74 59.64
Corn
bgw dllous’ 30.23 30.15 29.57 29.35 28.31 28.38 27.65 27.58
Soybean meal
o9y 3.50 3.50 3.50 3.50 3.80 3.80 3.80 3.80
oil
ol 5o 2.00 2.00 2.00 2.00 0.00 0.00 0.00 0.00
Fish meal
S5 a8 Allis 3.00 3.00 5.00 5.00 3.00 3.00 5.00 5.00
Tomato Pomace (TP)
453355 08 0.40 0.80 0.40 0.80 0.40 0.80 0.40 0.80
Turmeric Powder
(TRP)
Dicalcium 1.23 1.23 1.23 1.19 1.25 1.24 1.21 1.20
Phosphate(DCP)
52 92 1.40 1.4 1.41 1.40 1.39 1.39 1.30 1.30
pyster shell
oaliy JoSo 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
}/ltamln Premix
e JoSa 2 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral Premix
opese =l g
DL -Methionine 0.07 0.07 0.07 0.07 0.07 0.07 0.08 0.07
é;ft 0.34 0.33 0.32 0.30 0.33 0.33 0.30 0.29
01 duobre (gixe dlgo polie
Calculated Nutrient composition
gl BB (55,
(p55kS » 555ks) 3050 3050 3040 3040 3100 3100 3100 3100
Metabolisable
Energy(kcal/kg)
0) ala -oss
) s . 20.25 20.23 20.24 20.23 18.65 18.65 18.65 18.64
Crude protein %
0 -,
) ¢z 1.14 115 113 1.14 1.00 0.99 0.98 0.97
Lysine (%)
Met +Cys (96) 0.79 0.78 0.78 0.79 0.71 0.71 0.71 0.71
)
() s 0.94 0.93 0.94 94 0.88 0.87 0.87 0.84
Calcium (%)
(08) o s BBy
Available 0.48 0.47 0.48 0.48 0.43 0.42 0.41 0.40
Phosphorous (%)
(%) ol yud
Crude Fiber (%) 4.06 4.05 4.49 4.47 4.18 4.17 452 453

TP 20535 3 TRP B g3 & oym TP 50535 5 TRP WO/ 556 3 oy TP 2533 3 TRP W08 535 2 oys (TP 5o 3 5 TRP WO/ g5 1L oy

Loy plos > allite (gdio dlga (el g (Syg Slgn o 53 (2 Sl 395 g 093 1 jLidyg0 (oulejl oy 03]l93 b 505 1Soten (3 3ul> 4y 5 YoilS g (sl
25 ko 8 Bl sl )5 ol K3 bty .5 25 E cpolizg p5 12/5 D uolizg Mol 3505 5000 A (yualeyy Mol a1y 25000 sl o pSohs pa°
255 (ko 80 omnlS” gy p)5 o 12/5 «SisS spasl p)5 o LT/5 «SIgdl p)5 o 01025 B12 opolisg p)5 oo 0/015 B pelig )5 o 3 B2 pelisg
oS e 0135 ik ) Lo 0115 iSie 8 o B0 s 5 oo 10 50
'Dietl: 0.4 %TRP & 3% TP; Diet 2: 0.8 %TRP & 3% TP; Diet 3: 0.4 %TRP & 5% TP; Diet 0.8 %TRP & 5% TP. The soybean , canola and
tallow oil were replaced together to provide all of 12 dietary treatments. To balance the same nutrient in diets, a small alteration in the
components was done.
“Supplied the following per kilogram of diet: Vit A, 25000 IU; Vit D, 5000 1U; Vit E, 12.5 IU; Vit K, 2.5 IU; Vit B1, 1mg; Vit B2, 8mg; Vit
B6, 3 mg; Vit B12, 0.015 mg; Folic acid, 0.025 mg; nicotinic acid, 17.5 mg; calcium pantothenate, 12.5 mg; Fe, 80 mg; Cu, 10 mg; Mn, 80 mg;
Se, 0.15 mg; 1, 0.35 mg.
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Table 3- Effect of turmeric powder, tomato pomace, and different oil sources (soybean, canola, and tallow oil) on body
weight gain (gram) of broiler chickens before and after heat stress

ol @l Sl o5 i Sl u
Main Effect Before Heat stress Heat Stress
539, 10-0 Sigy 21-11 59 28-22 539, 42-29

0-10 Days 11-21 days 22-28 days 29-42 days

59

Qil

b 218 374 417% 986

Soybean

i 219 380 431° 995°

Canola

Sy 4 218 365 400° 960°

Tallow

SEM 0.593 8.166 6.849 7.668

% L9r)) N
Turmeric Powder %

0.4 218 379 413 980
0.8 219 367 419 980
h (S g Al
Tomato pomace (%)
3 218 376 414 967"
5 219 371 481 993*
SEM 0.484 6.667 5.592 6.261
The least probability of significance (P<0.05) (¢ b ixs soy> sl
gli) 0.8399 0.4463 0.0151 0.0091
85 2% 0.4672  0.2172 0.4554 0.9535
Turmeric powder
N g i 0.4024  0.5765 0.6521 0.0080
Tomato pomace
xS Xaug2d);
Tomato pomacexTurmeric powder 0.8534 0.3145 0.2595 0.5584
X .
M2 "ot 0.4652  0.7958 0.2368 0.2300
oilxTurmeric powder
ey .
5 N5 . 0.1993 0.5457 0.9920 0.4900
Tomato pomacexoil
ey oo
2957 57 0%) 0.1924 0.8348 0.8969 0.3912

oil x Tomato pomacexTurmeric powder

(P<0/05) sialy o o sine BMS] gyls oy Gy b (ysis o cpSileo
YMeans with different letters in a row differ significantly (P<0.05).

a8 allay sl ole,S i sl s 0)ed 0 (g yids 059 oilidl 4 g8 Ali Loy O e b ok 40ii5 (slads g
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Table 4- Effect of turmeric powder, tomato pomace, and different oil sources (soybean, canola, and tallow oil) on
feed intake (gram) of broiler chickens before and after heat stress*

kol 1 Sl 5 ) e Sl o
Main Effect Before Heat stress Heat Stress
539, 10-0 Sigy21-11 39, 28-22 539, 42-29

0-10 Days 11-21 days 22-28 days 29-42 days

59

Oil

b 314 705 983" 1965

Soybean

et 315 708 965" 1084

Canola

o 4 314 718 1023° 1985

Tallow

SEM 1.403 9.144 6.849 27.556

% L9r)) N
Turmeric Powder %

0.4 316 716 996 1966
0.8 314 705 986 1991
(IS JEPNC P
Tomato pomace (%)

314 708 979 1977
5 315 713 1002 1979
SEM 1.145 7.466 8.740 22.499

The least probability of significance (P<0.05) (¢ )b ixs soy> Jsla>
gli) 0.8560 0.5946 0.0020 0.8382
L972) 2% 0.2550 0.2905 0.4144 0.4211
Turmeric powder
N g i 0.7861 0.6438 0.0743 0.9708
Tomato pomace
xS Xaug2d);
Tomato xTurmeric powder 0.5428 0.3151 0.8771 0.9185
pomace
X .
U TOT 0.8680 0.9818 0.2635 0.1178
oilxTurmeric powder
ey .

25 Ro%) . 0.6113 0.4150 0.5582 0.6872
Tomato pomacexoil
d95 Xayged) X 89,
Tomato xTurmeric powder 0.3958 0.9997 0.4685 0.8525
oil xpomace

(P< 0/05) sialy o o sine BMS] (elyls ailiio pub Gy b (ysis o Sileo
YMeans with different letters in a row differ significantly (P<0.05).
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Table 5- Effect of turmeric powder, tomato pomace, and different oil sources (soybean, canola, and tallow oil) on feed
conversion ratio of broiler chickens before and after heat stress

kol @yl Sl U5 3l e Sl oS
Main Effect Before Heat stress Heat Stress
539, 10-0 i 21-11 59, 28-22 539, 42-29
0-10 Days 11-21 days 22-28 days 29-42 days
59
Oil
b 1.440 1.736° 2.10® 2.01
Soybean
Yy 1.441 1.751° 2.041° 2.02
Canola
o> 4 1.438 1.8322 2.2312 2.06
Tallow
SEM 0.0066 0.0219 0.0525 0.0480
% L9r)) N
Turmeric Powder %
0.4 1.445 1.759 2.442 1.999
0.8 1.434 1.789 2.426 2.058
h (S g dlis
Tomato pomace (%)
3 1.441 1.755 2.377 2.035
5 1.439 1.794 2.490 2.022
SEM 0.0054 0.0179 0.0428 0.0392
The least probability of significance (P<0.05) (¢ )b ixs soy> sl
gli) 0.9483 0.0125 0.0186 0.7069
572) 2% 0.1235 0.2622 0.7862 0.2956
Turmeric powder
G s A 0.8184 0.1348 0.0753 0.8288
Tomato pomace
x i
5 s 0.6569 0.5603 0.1250 0.1973
Turmeric powderx Tomato pomace
wg23)j X e,
Turmeric powderx oil 0.7744 0.5877 0.0643 0.4770
cx.:
4?.’5 o9 0.1670 0.6338 0.6091 0.0730
oilx Tomato pomace
x oo
297 Y05, 0.0898 0.4698 0.2495 0.4358

Turmeric powderx Tomato pomace xoil

(P<0/05) sty go o gine YT (sl i i By b (5t o Sk

YMeans with different letters in a row differ significantly (P<0.05).



1395 (bl 2 0 jlocis 8 e (3l o ol pole Gloeian g 41 pi 320

Ol 2> (oS @ie (ke 9 Mliee 0d AB LS (clanses)lS
(28) 12b o (K58 a2 8 (lalS

Ly oasd andss sladsg )3 (uign 5 535l Spae (e
(oS i Jlost 51 ) (539,28 )3 Ligws 5 Y5l (sl
68U oty £55 oS G bl o g 5 4 ) 5L
Laazsl ool (P>0/05) coilss (ptigys g o5 Brae lol,
Jd3 a bgw 9 YolS (sl ((odifped Lulyd )3 s o L
Oledly dge VL @l ool 5 piin clMol g cuslidl e
o iela)S G5l o Jy il olen 1) gy 5 5551
o &l pmlignsS] &y bles 5 0> (clatig bl
i ol gy 9 851 ety g ol Eldld o sl
3l 58U cos G5 §) Gy 0B 9 5551 B lod
2 Iy (P0/09)cd S5 51,8 a0 g8 Alis b g wgpa)j o) Jlie
olesily 2 o9y 9 425 blite Sl (pla)S AT CoS o
Olebly g oml 4 sy bl 58b gy 5 (55l D pas
3 s 9 YIS ) Lo 45 sloaz g 53 303 (551 B e
L osd 445 sladage )3 o cn VL 5 (15/23) 208 dlis sy
a3l .05 salio (17/04) v 58 dlis o3 5 prdaw 9 Yol 1y,
Oy 3l 0dlail )50 13 0)lgen 398 oo St Bl (pl 4
3y Shos JS> oS o aplaaS] 25 bl 3 Ygls
03938l (SgrulinSIns ClaS 5 (1dsS shdrgr oy 4 plos
AT A o3bj ol YolS gldlyd Cpp gl 15 290
= Sibiine WU LS (a5 ulyd )3 4y g, )l
Bl e 9 5 S pas plesi

¥ el ol 058
Jlob o8 djio ¢ ulSOL w039y STy et (o g
039 320 B 5 7 Jghe) 18,5 )8 Lialejl slao e ,8b cow
ORI YRS (29 L o 435 sladrgs 2 & Loyge o
sl )3 Gl (o (s Gy U5 ) Ol lpd . cdl
RalS Ay o$9) A i g 5 YIS (8 Lo i
YL gsbs 1 5 an S i 5 wseo)j o (P<O/05)cdl,
09y j QR CoS sladage il (a0 doy
)i P 930 Al ) (il (02 Moy 4o 4 Cund YglS
Sl 1y ey oy doyd 014 4 s 205 018 o 1 35
2 S s dlis plaws o (s (2 2oy (P<O/O5)s1>
b lins dlas 313105 L5 (o)l sine ool L5 Co clmdagn
i 5L ] Ll L oS 35 4tY e hiwe 45Y b))
Sl sols idg) mlio btas Wl o ioll 45Y | cuigS
g Ao LS |y (il abgme 2 liee 3l 2

o s sl l’?“‘“’ 9 Y931§ Lgl.tbo.é” [PV IPTR Y Lgl.aadq}?

s YlS (29, 5 (S35, 21 Lk 0 st Slygs oas
o 093 )3 bl Ay 4y Cannd (559, 28 3 e L o b
Shyd fas cupd )b Coli (29) £95 (2lo)S G5
a5 o it bl ol slaaly (5 Jgn) ol
Sy Shos 390 el (b Lulyd 3 Y5 (89, b ay (030l
2 Ll P>0/05) 15,5 Syt s o g o g il
o byl s 15 i el mlt pl ol (i bylys
3 ¢y 49> Wgw dldad 3 Lyly Jdo & YailS 484y  2lo)S
9538 o gl Qgllasl Il g Wb o giilinnsT oyl (15520
daue ¢ b Slalllae 13 bles o Canilos VoilS oz il 3l yls
Foeme il )3 YgilS (489, L o 435 (sladr gz )3 3)Shos

G389 53 9 B3P Sy Glossly il g8 paald
9 NP s i dags)) gl edlatl SIS )
0=l o (g 4 5 Yol s o)) g, Ciliio plie
o9 oleasly o (EERY) (65,0l cyuma yloasly (P1) 2o
B Jsix 5 alesS (5 31 an 5 IS (235 slaasse 5 (PERY)
o9y L odd a3 dladr g )0 Mg (adld sl old 03]
o3l 55 SYL (PO/05)59 5YL, g L dunlie o YlS
Sy Gl Jds 4 Ygls 484y b odds 4,085 slads g o W)y
Ol yde Cuslodlpd pizman 9 3-8l 0 slasel (0,
29 gl (A7 5 15) bl oo ay 89y Ly dualio 3
TR ISP I I DU DU PPNy
iz, 51 s g g2y 09 o o (g (P>0/05) el
aS (gyskay A odblie glo)S il o slras gy (o) bxe
1o U4 L ons 405 slads g @ Bleie W55 (el o 5L
015 435 sladr g 13 5352 (3/63) e sS s 003 5 5 g
(3/20) sl asls o yieS Al aoyd 5 g aigedy; a0y 0/8 L,
o Vb zobaw oy ol L5 sl o) (P<O/05) a5 sanlioe
oRalS el g3l 392 (ke Sl Sl dr S I 5 g2
S onk daw b plS 2 (Vb o (J5 035 W a3 ls
(shlite 3 dugad)j g 09y Om 35 g5 aSLS dgu sl
byly s o YelS oy Lodds 4l slads g Jg i odalin
oL 05 0l G 425 503 B s > b 55
1y paLs (Vb s S s 0oy 5 e 1 5 (311) Al
953 olayS i bl )3 amd e lis ol axsls 1, (3/78)
YolS oy Liodd auin clads s oy & owlinsSTos
Ol 2 (b GalenSIad (05 (698 (noS Canl (908



321 s Shes iy g 9 T OygmlomnSTas @ilio &l S s

1T
wlo)S i ]

Sur g S g5 laargr g (asli g ey (il Span olodly p (o g g YIS digw (i29)) g, ciliss wlio g (K555 s A5 g )j g il -6 g

Table 6- Effect of turmeric powder, tomato pomace, and different oil sources (soybean, canola, and tallow oil) on energy and protein efficiency

ratio and production index of broiler chickens before and after heat stress*

kel (539, 28-11) Gl 25 5) e (539, 42-29) il 5
Main Effect Before Heat stress (11-28 days) Heat Stress (29-42 days)
I ST
gty I s e, T e
Energy efficiency oI Production Energy efficiency oI Production
ratio _Protein Index ratio _Protein Index
efficiency ratio efficiency ratio
OF9)
Oil
b 15.13? 2.40° 2.05%® 16.16 2.67 3.42
Soybean
e 15.43° 2.45° 2.14° 16.14 2.66 3.45
Canola
Sy 4 14.33° 2.27° 1.89° 15.75 2.60 3.29
Tallow
SEM 0.223 0.0348 0.0621 0.388 0.0639 0.0916
% L9r)) PO
Turmeric Powder %
0.4 15.02 2.38 2.04 16.25 2.68 3.46
0.8 14.91 2.36 2.01 15.78 2.60 3.31
h (S g Al
Tomato pomace (%)
3 15.23 2.414 2.084 15.95 2.63 3.36
5 14.70 2.332 1.969 16.08 2.65 3.42
SEM 0.182 0.0284 0.0507 0.316 0.0521 0.0748
The least probability of significance (P<0.05) (¢ )b ixs soy> Jslas
gui) 0.0056 0.0053 0.0319 0.7049 0.7056 0.4170
“572) 2% 0.6629 0.6782 0.6801 0.3073 0.3073 0.1684
Turmeric powder
N g i 0.0531 0.0517 0.1236 0.7622 0.7641 0.6343
Tomato pomace
xS Xaug2d);
Turmeric powderx 0.4657 0.4467 0.5016 0.1540 0.1535 0.0138
Tomato pomace
Lg2)j X e,
Turmeric powderx oil 0.0578 0.0568 0.1017 0.4540 0.4540 0.4386
g5 X,
oilx Tomato pomace 0.6871 0.7057 0.7058 0.0462 0.0460 0.0012
do5 Xayged) X 89,
Turmeric powderx 0.2933 0.2863 0.3110 0.5710 0.5716 0.1573

Tomato pomace xoil

YMeans with different letters in a row differ significantly (P<0.05).

(83525 28) silye o] (< 5 Y o s S

(P<0/05) sty oo Joisine BT (gyls litio e g by (5 2 (Sls

T

) (2 (AR g (elgtdS oy (LB 419235 (egS )9S
12 8) w8 (il (o2 20 sl aus2) o s Sl 5
3 s A5 b ord 0I5 sladegr > o 2 pials (4L
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Table 7- Effect of natural antioxidants and oil sources on relative weight of carcass (gram/ percent of carcass) before heat stress*

bl iyl Y slial (Sig Moy
Main Effect relative weight of carcass
ob g hie oS 039, ] Jedb 8 oo @2
Thigh  Breast Gall Pancrease Intestine  Liver  Spleen  Heart Burs Abdominal
bladder fat
)
Oil
b 29.82 31.01 0.343 0.533 9.594 3.831 0.185 1.085  0.285° 2.26
Soybean
o 29.95  31.69 0.163 0.478 9.677 3.371 0.180 0.988 0.410° 2.31°
Canola
'LF;TI)o;; 30.83  30.83 0.158 0.501 9.110 3829 0.181 0.944  0.348% 2.59°
SEM 0.430 0.543  0.0921 0.0396 0.388 0.162 0.0181 0.0544 0.0269 0.0739
% 4235 592
Turmeric Powder (%)
0.4 29.92 31.10 0.181 0.487 9.419 3.732 0.185 1.008 0.314 2.55%
0.8 30,51  31.27 0.267 0.523 9.507 3.869 0.179  1.003 0.385 2.20°
h (S8 4258 Al
Tomato pomace (%)
3 30,34 3111 0.156 0.477 9.422 3.737  0.175 1.007 0.328 2.56°
5 30.06 31.24 0.287 0.530 9.499 3.857 0.189 1.004 0.368 2.21°
SEM
0.351 0.444  0.0752 0.0323 0.316 0.132 0.0148 0.0444 0.0219 0.0603
The least probability of significance (P<0.05) (¢ ls s sy il
09 0.2072 0.4929  0.2882 0.6080 0.5461 0.8840 0.9812 0.1955 0.0246 0.0092
Oil
45335 Y9 0.2660 0.7140 0.4628 0.4697 0.8046  0.4980 0.7744 0.9146 0.0544 0.0003
Turmeric powder
o e 0.6079 0.8153  0.2163 0.2370 0.8535 0.5502 0.5140 0.9576 0.2138 0.0003
S desS dlis
Tomato pomace
a5 Xeygnd)) 0.5280 0.6673  0.3793 0.5809 0.1599 0.0749 0.1395 0.5054 0.3600 0.7360
Turmeric powderx
Tomato pomace
a533y5 X kg, 0.7398 0.4857  0.3688 0.6754 0.1349 0.8575 0.6273 0.8201 0.1930 0.8728
Turmeric powderx
oil
a5 Xoég, 0.3977 0.6146  0.3436 0.3127 0.7862 0.9117 0.4830 0.9990 0.4721 0.3123
oilx Tomato
pomace
25 Xayged, X 4é9, 0.0701 0.2463  0.4593 0.2902 0.1714 0.7778 0.7272 0.4052 0.1278 0.4115

Turmeric powderx
Tomato pomace x
oil

YMeans with different letters in a row differ significantly (P<0.05).

(P<0/05) sty go o sine SHST sl i i By b 5t o (sloguSileo
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Table 8- Effect of natural antioxidants and oil sources on relative weight of carcass (gram/ percent of carcass) under heat stress

ol @l asY slial 559 doyd
Main Effect relative weight of carcass
o L io oSSk 039 &S Jodb s oo @2
Thigh  Breast  Gall Pancre Intestin  Liver  Spleen  Heart Burs  Abdom
bladder ase e inal fat
059
Oil
b3
Soybe 35.21 35.69 0.118 0.335 8.083 3.191 0.258 0.871 0.391% 3.29%
an
Yyl
Canol 35.75 35.82 0.136 0.349 7.863 3.239 0.259 0.898 0.460°% 3.09"
a
4y
'nge‘lﬁo 35.07 34.50 0.181 0.354 8.363 3.157 0.0155 0.929 0.375° 3.62°
w
SEM

0.769 0.471 0.0211  0.0160 0.283 0.123 0.235 0.0288 0.023 0.1251

h a5 135
Turmeric Powder (%)
0.4 34 35.45 0.141 0.345 8.171 3.222 0.250 0.920 0.386 3.52¢

0:8 35:89 35.22 0.148 0.348 8.035 3.170 0.179 0.879 0.432 3.15

h (Sp aass dlis

Tomato pomace (%)

3 35.42 35.31 0.159 0.344 8.080 3.191 0.228 0.891 0.400 3.37

5 35.22 35.36 0.130 0.348 8.125 3.200 0.256 0.908 0.418 3.31
SEM

0.628 0.385 0.0172  0.0130 0.231 0.1004  0.0127  0.0235 0.0182 0.1022

The least probability of significance (P<0.05) (¢ )b ixs soy> Jsla>

Oy 0.7797  0.1016  0.1024  0.6917 0.4605 0.8954  0.0430 0.3760 0.0217 0.0149
Oil

4533, 5 0.1400 0.6691  0.7772 0.8702 0.6799 0.7141  0.4183 0.2144 0.0775 0.0139
Turmeric powder

_ 0.8207 0.9236  0.2358  0.8163 0.8903 0.9557  0.1258  0.5972 0.4911 0.6782
(5o oS i

Tomato pomace

S Xaygnd ) 0.4115 0.2687 0.1316  0.2875 0.5209 0.5499  0.4807  0.8705 0.5074 0.2958

Turmeric powderx

Tomato pomace
w5055 X il 0.5165 0.6398 0.6774 0.4260 0.7349  0.2679 0.4261 0.8033  0.3427 0.7316

Turmeric powderx

ill; X ok, 0.5479 0.7386  0.5363  0.5571 0.5077 0.8423  0.0927 0.2181 0.2899 0.9031
oilx Tomato
pomace

S X)X )
Turmeric powderx
Tomato pomace x
oil

0.3457 0.0575 0.2724  0.8630 0.9375 0.5920 0.1278  0.1608 0.3078 0.8825

(P<0/05) sialy o o sime BMS] gyls ailio pu Gy b (ysis o cSileo
YMeans with different letters in a row differ significantly (P<0.05).
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Table 9- Effect of natural antioxidants and oil sources on bone parameters of heat stressed broilers!

bl iyl Sesud sladsinlyd
Main Effect bone parameters
04933 Colus 04lgsd ol
o3lo s Jobo . 3 )9 )92
Sl o 58L0 Jlad 5 SBb
%) Sz % % o 6 Li ; i ild
( OI)D&» ) c(:")lf’:““l’ () 9T JW ks Diaphysis External Internal
ry alcium  Phosphorous Bone ; i
matter Ash (%) (%) length mm L. dimeter layer layer
(%) (%) (cm) (cm) thickness thickness
(mm) (mm)
3
Oil
b 65.87 56.85°  40.03% 16.82 6.91% 7.97 1.45b 2.88a 0.917
Soybean
oS 67.65 56.37° 41.59% 16.79 7.02% 8.24 1.51a 2.63a 1.004
Canola
%}I’O;; 67.73  55.54°  38.70° 16.84 6.81° 8.89 1.39¢ 1.3% 1.003
SEM 0.783 0.594 0.593 0.113 0.0440 0.3273 0.0140 0.0214 0.0364
% 293355 O
Turmeric Powder (%)
0.4 67.19 55.79° 38.96° 16.83 6.89 8.28 1.45 2.291 0.961
0.8 66.98 58.05% 41.25% 16.80 6.89 8.45 1.44 2.028 0.989
h (555 4055 Alis
Tomato pomace (%)
3 66.95 56.30 39.43 16.87 6.88 8.45 1.44 1.956 0.961
5 67.22 57.55 40.87 16.77 6.95 8.28 1.46 2.634 0.989
SEM 0.640 0.485 0.484 0.093 0.036 0.0267 0.0114 0.0891 0.0298
The least probability of significance (P<0.05) (¢ ls s sy Jila>
‘gﬁ 0.1732 0.0054  0.0044 0.9440 0.0051 0.1325 0.0001 0.0015 0.1554
293355 %
Turmeric 0.8194 0.0016 0.0014 0.8351 0.3574 0.6398 0.7194 0.5558 0.5118
powder
G s i 0.7667 0.0535  0.0535 0.4447 0.1489 0.6608 0.1006 0.3630 0.5119
Tomato pomace
S Xaged);
Turmeric 05662 0.6588  0.6588 0.3696 09827 00756  0.7974 0.1447 0.6395
powderx ' ' ' ' ' ' ' ' '
Tomato pomace
LA BEROY
Turmeric 0.5704 0.9936  0.9963 0.5769 0.9843 0.3236 0.3012 0.3836 0.6406
powderx oil
oF Xoty)
oilx Tomato 0.3498 0.3893  0.3893 0.6936 0.5912 0.9374 0.0574 0.5479 0.3943
pomace
Qg5 Xayg,X e,
Turmeric
powderx 0.1480 0.6805  0.5727 0.6445 0.0494 0.9469 0.0572 0.5792 0.7610
Tomato
pomace xoil

YMeans with different letters in a row differ significantly (P<0.05).

sladeg ) il sladld sou (P>0/05) )55 1,8
23S o glasenl 15 4 bgpe Yol g, L ord s
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Slagigs » orizpen (27) Bl sg0 (5o dme solar g5t
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Al sladaii )b
Cuolseis g 380 jlad ¢ lostin] Jobs 5 muudS g jiuSE dsyd

1oy Jolis Sl (sladzminl b plo (9 Jgiz) il s
o9y £55 8l Cov 31 0l cusls 5 gl Jgb b



325

w8 Sloe p oy2 a0 9 (I (gmmlinsTos @lo Ol 1 s

a3 LS (omen 40055 4n & Sl Sy b oyl g o
Yl 529y 2 G5 5l Dl 0eS9n 9 51 Bpae plesly 5 Mg
e 0js S YgLS (19) L o i (gladr > 8L S5
09 2539 6 PVL Slogial gladxinld g o5lad) slaplal
2 S50 a5 Py aw ol el gla opaey Vel
5 35 Span Gloaly ( his Gy «Shgd Bpae (Sh 0y
9 O]y (o (2 bopd 520)) dgr .l e g (g
K I SUVIVE. CI PNV PR PE= W B0 4 LUV | VR
Ll (s oy (18NS 5 dagr e 0y O8N el s
Ol golaw olyon 4 V5l (29, 5l (lejon odlisul ggezme )3 0

Olie 033 (1) 4 G (lo 29y (ol 0y L ol 44
sl o 21z (A2 55) by Gl gl Sna dlge
b @l 3555 ol pe 1 gl CudsS p 3-8l 4 6-Kel 2
o) 29 S U pae 5 (21 52) el (6,8 Al (sl
3 Gl 0l oyl oolaiwl dyge B L g Db LB 4 Cldllas
doyd dugady e daoyd 018 o U oo 4355 (cloasgs
slaaxiowlp o (Hy <8l Gl sl puls 5 sk
AU a5 gaw izmen €855 15 b cos s
Jlite 15 gem s Syl sLaassialyd ()l sine

(P>0/05) 15,5 sanlio (¢l size

Do e Jleztiwl slrdascwl b

IS (S5 Aol

039 d9ke el YgilS (e 9) dmd o L5 bl opl ol

&bo

1-  AL-Sultan, S.I. 2003. The Effect of Curcuma longa (Tumeric) on overall performance of Broiler Chickens.
International Journal of Poultry Science, 2(5): 351- 353.

2-  Ayhan, V. and S. Aktan. 2004. Using possibilities of dried tomato pomace in broiler chicken diets. Hayvansal
Uretim, 45(1): 19-22.

3- Baird, H. T., D. L. Eggett., and S. Fullmer. 2008. Varying ratios of omega-6: omega-3 fatty acids on the preand
postmortem bone mineral density, bone ash, and bone breaking strength of laying chickens. Poultry Science, 87:
323-328.

4-  Baucells, M. D., N. Crespo, A.C. Barroeta, S. Lopez-Ferrer, and M.A. Grashornt. 2000. Incorporation of different
polyun-saturated fatty acid into eggs. Poultry Science, 79: 51-59.

5-  Bhattacharya, A., M. Rahman., D. Sun., and G. Fernandes. 2007. Effect of fish oil on bone mineral density in
aging C57BL/6 female mice. Journal of Nutrition Biochemistry, 18(6): 372-379.

6- Biely, J., and B. March. 1957. Fat studies in poultry. 7. Fat and nitrogen retention in chicks fed diets containing
different levels of fat and protein. Poultry Science, 36:1235-1240.

7-  Carew, L. B.,, M. C. Nesheim., and F. W. Hill. 1961. An in vitro method for determine the availability of soybean
oil in unextracted soybean products for the chicks. Poultry Science, 41: 188-193.

8-  Chattopadhyay, I., K. Biswas., U. Bandyopadhyay., and R. K. Banerjee. 2004. Turmeric and curcumin: Biological
actions and medicinal applications. Current Science, 87(1): 44-53.

9- Dewitt, F. H.,, S. P. Els., H. J. Vander Merwe., A. Hugo., and M. P. Fair. 2009. Effect of dietary lipid ources on
production performance of broiler. South African Journal of Animal Science (suppl 1): 45-48.

10- Durrani, F. R., M. Ismail., A. Sultan., S. M. Suhail., N. Chand., and Z. Durrani. 2006. Effect of different levels of
fed added turmeric (Curcuma longa) on the performance of broiler chicks. Journal Agricultural and Biological
Science, 1: 9-11.

11- Emadi, M., and H. Kermanshahi. 2006. Effect of turmeric rhizome powder on performance and carcass
characteristics of broiler chickens. International Journal of Poultry Science, 5(11): 1069-1072.

12- Emadi, M., and H. Kermanshahi. 2007. Effect of turmeric rhizome powder on immunity responses of broiler
chickens. Journal of Animal and Veterinary Advances, 6(7): 833-836.

13- Fe'bel, H., M. Me"zes, Td. Pa’lfy., A. Herma’'n., J. Gundel., A. Lugasi., K. Balogh., I. Kocsis., and A. Bla zovics.
2008. Effect of dietary fatty acid pattern on growth, body fat composition and antioxidant parameters in broilers.
Journal of Animal Physiology and Animal Nutrition, 92: 369-376.

14- Fedde, M. R., P. E. Waibel, and R. E. Burger. 1960. Factors affecting the absorbability of certain dietary fats in the
chick. Journal of Nutrition, 70:447-452.

15- Fouladi, P., R. Salamat Doust Nobar, A. Ahmadzade., H. Aghdam Shariar., and A. Noshadi. 2008. Effect of canola
oil on the internal and carcass weight of broilers chickens. Journal of Animal Veterinary and Advances, 6(9):
1160- 1163.

16-

Garrett, R. L., and R. J. Young. 1975. Effect of micelle formation on the absorption of neutral fat and fatty acids
by the chicken. Journal of Nutrition, 105:827-838.



1395 (bl 2 0 jlocis 8 e (3l o ol pole Gloeian g 41 pi 326

17-

18-

19-

20-

22-

23-

25-

26-
27-

29-

30-

31-

32-

33-

34-

35-

36-

37-

38-

39-

40-

41-

Geraert, P. A., J. C. F. Padilha., and S. Guillaumin. 1996. Metabolic and endocrine changes induced by chronic
heat exposure in broiler chickens: growth performance, body composition and energy retention. British Journal of
Nutrition, 75: 195-204.

Gholamnejad, S., A. M. Tahmasbi., Gh. Moghadam., and S. Alijani. 2005. Effect of diferent sources of fat on
performance of two commercial strains of broiler chickens. Journal of Agricultural sciences, 15(2): 107-117.
Hosseini-Vashan, S. J., N. Afzali., A. Golian., A. Allahressani., M. A. Nasseri., and M. Mallakene. 2011.
Comparison of yolk fatty acid content, blood and egg cholesterol of hens fed diets containing palm olein oil and
kilka fish oil. African Journal of Biotechnology, 10(51): 10484-10490.

Hosseini-Vashan, S. J., N. Afzali., M. Malekaneh., M. A. Nasseri., and A. Ressani. 2009. Effect of different levels
of linseed and safflower seed on modifying yolk fatty acids content and antibody titter of laying hens. Iranian
Journal of Animal Science Researchers, 1(2): 87-98. [In Persian].

Johnston, N. P., L. L. Nash., E. Maceda., R. T. Davidson., and A. Armstrong. 2006. Effect of feeding diets
enriched with either omega-3 or omega-6 polyunsaturated fatty acids on bone characteristics of turkey breeder
hens. World’s Poultry Science, 62 (Suppl. 1): 342.

Jorhem, L. 2000. Determination of metals in foods by atomic absorption spectrometry after dry ashing: NMKL
Collaborative Study. Journal of AOAC International, 83(5):1204-1211.

Kavitha, P., J. V. Ramana., J. Rama Prasad., P.V.V.S. Reddy., and P. S. Reddy. 2007. Effect of dried tomato
(Lycopersicon esculentum) pomace inclusion in broiler diets on serum and muscle cholesterol content. Indian
Journal of Animal Science, 77(4): 338-343.

King, A., and G. Zeidler. 2003. Tomato pomace may be a good source of vitamin E in broiler diets. California
Agriculture, 58:59-62.

Kumar, P. G., S. Sudheesh., B. Ushakumari., V. A. K. Kumar., S. S. Vijaykumar., and N. R. Vijayalakshmi. 1997.
A comparative study on the hypolipidemic activity of eleven different pectins. Journal of Food Science and
Technology, 34(2): 103-107.

Leeson, S., and J. D. Summers. 2001. Nutrition of the Chicken. 4th Edn., University Books, Ontario, pp: 413.
Liu, D., H. P. Veit., J. H. Wilson., and D. M. Denbow. 2003. Longterm supplementation of various dietary lipids
alters bone mineral content, mechanical properties and histological characteristics of Japanese quail. Poultry
Science, 82:831-839.

Low, G. M., L.A. Bath., A. J. Young., and R. F. Bilton. 1999. Lycopene and B-carotene protect against oxidative
damage in HT2 cells at low concentration but rapidly lose this capacity at higher doses. Free Radical Research,
30(2): 141-151.

Osterlie, M., and J. Lerfall. 2005. Lycopene from tomato products added minced meat: Effect on storage quality
and colour. Food Research International, 38: 925-929.

Rahimi, S., S. Kamran Azad., and M. A. Karimi Torshizi, 2011. Omega-3 enrichment of broiler meat by using
two oil seeds. Journal of Agriculture Science Technology, 13: 353-365.

Rahmatnejad, E., H. Roshanfekr., O. Ashayerizadeh., M. Mamooee., and A. Ashayerizadeh. 2009. Evaluation the
effect of several non-antiobiotic additiveson growth per-formance of broiler chickens. Journal of Animal
Veterinary Advances, 8: 1757-1760.

Renner, R., and F. W. Hill. 1961. Factors affecting the absorbability of saturated fatty acids in the chick. Journal of
Nutrition, 74: 254-258.

Rezaeipour, V., F. Boldaji., B. Dastar., A.Yaghobfar., and A. Ghaisari. 2009. Determination of Apparent Nutrients
Digestibility and Metabolizable Energy of Diets with Different Inclusion of Dried Tomato Pomace in broiler
chickens. Journal of Agricultural Science and Natural Resources, 16(1): 90-102. [In Persian].

Rosa, P. S., D .E. Faria Filho., F. Dahlke., B. S. Vieira., M. Macar.i, and R. L. Furlan. 2007. Performance and
carcass characteristics of broiler chickens with different growth potential and submitted to heat stress. Brazilian
Journal of Poultry Science, 9(7): 181-186.

Ross Broiler management Manual. 2009. Website: www.aviagen.com.

Sahin, N., C. Orhan., M. Tuzcu., K. Sahin., and O. Kucuk. 2008. The Effects of Tomato Powder Supplementation
on Performance and Lipid Peroxidation in Quail. Poultry Science, 87 (2): 276-283.

SAS Institute. 2002. SAS Stat User's Guide. Version 9.1 ed. SAS Inst. Inc., Cary, NC.

Shahyar, H. A., R. Salamatdoust-nobar., A. Lakand., and A. R. Lotfi, 2011. Effect of dietary supplanted canola oil
and poultry fat on the performance and carcasscharacterozes of broiler chickens. Current Research Journal of
Biological Science, 3: 388-392.

Sonaiya, E. B. 1988. Fatty acid composition of broiler abdominal fat as influenced by temperature, diet, age and
sex. British Poultry Science, 29:589-595.

Spolare, P., C. Joannis-Cassan., and E. Duran. 2005. Commercial applications of microalgae. Journal of
Bioscience and Bioengineering, 101(2): 87-96.

Sugiharto, 1., E. Widiastuti., and N. S. Prabowo. 2011. Effect of turmeric extract on blood parameters, feed
efficiency and abdominal fat content in broilers. Journal of Indonesian Tropical Animal and Agriculture, 36(1):




327

w8 Sloe p oy2 a0 9 (I (gmmlinsTos @lo Ol 1 s

43-

44-

45-

46-

48-

49-

21-26.

Sun, D., A. Krishnan., K. Zaman., R. Lawrence., A. Bhattacharya., and G. Fernandes. 2003. Dietary n—3 fatty
acids decrease osteoclastogenesis and loss of bone mass in ovariectomized mice. Journal of Bone Mineral
Research, 18:1206-1216.

Wideman, R. F., B. C. Ford., J. D. May., and B. D. Lott. 1994. Acute heat acclimation and kidney function in
broilers. Poultry Science, 73: 75-88.

Wuthi-udomler, M., W. Grisanapan., O. Luanratana., and W. Caichompoo. 2000. Anti-fungal activities of plant
extracts. South East Asian Journal of Tropical Medicine Public Health. 31 (Suppl 1): 178-182.

Young, R. J., and R. L. Garrett. 1963. Effect of oleic and linoleic acid on the absorption of saturated fatty acids in
the chick. Journal of Nutrition, 81:321-329.

Zainali, A., A. Riasi., H. Kermanshahi., H. Farhangfar., and H. Ziaie. 2009. Effect of sodium selenite and turmeric
powder on growth performance, carcass quality and blood antioxidant metabolites of heat stressed broiler
chickens. Journal of Animal Science Researchers, 19.1 (2): 69-75.

Zanini, S. F., G. L. Colnago., B. M. S. Pessotti., M. R. Bastos., F. P. Casagrande., and V. R. Lima. 2006. Body fat
of broiler chickens fed diets with two fat sources and conjugated linoleic acid. International Journal of Poultry
Science, 5: 241-246.

Zhao, J. P., J. L. Chen., G. P. Zhao., M. Q. Zheng., R. R. Jiang., and J. Wen. 2009. Live performance, carcass
composition, and blood metabolite responses to dietary nutrient density in two distinct broiler breeds of male
chickens. Poultry Science, 88: 2575-2584.

Zulkifli, 1., N. N. Htin., A. R. Alimon., T. C. Loh., and M. Hair-Bejo. 2007. Dietary Selection of Fat by Heat-
Stressed Broiler Chickens. Asian-Australian Journal of Animal Science, 20: 245-251.



Iranian Journal of Animal Science Research Ol oold pole (leiiuds sy & i
Vol. 8, No. 2, Summer 2016, p. 313-328 i 313-328 . p 1395 il 2 olas B al

Determination of the effects of organic antioxidants and fat sources on
performance, carcass and bone characteristics of broilers under heat stress

S. J. Hosseini-Vashan'*- A. Yaghobfar’- A. Golian®
Received: 19-12-2013
Accepted: 12-04-2015

Introduction Heat stress is one of the major environmental stressors that negatively influence feed intake,
body weight gain, feed conversion ratio, nutrient digestion, absorption, and retention in the poultry production.
In the two last decades, several researches were done to find approaches for decreasing the undesirable effects of
high ambient temperatures. Supplementation of powder, extract and essence of some medicinal plants were
proposed that could be used in poultry production to improve the performance, immune system and antioxidant
status in heat stress condition. Turmeric powder is known as a natural antioxidant, because it has several
antioxidant component specially curcumin that prevent the oxidative reaction and the free radicals production in
the live body. On the other hand, some of by-products in food industry may also be used in heat stressed birds.
Tomato pomace is a reachable source of vit E, C and A and several carotenoids specially lycopene that has
antimutagenic, anticancer and antioxidant properties. Therefore the objective of this research was to investigate
the effects of organic antioxidants including turmeric powder and tomato pomace and fat sources including
soybean oil, canola oil and tallow on performance, carcass and bone characteristics of broilers under heat stress.

Materials and Methods An experiment with factorial arrangement 3x 2x 2 (3 oils involved: canola,
soybean, tallow, 2 turmeric powder (TRP) levels involved 0.4, 0.8% and 2 tomato pomace (TP) levels 3, 5 of
TP%) in a completely randomized design in heat stressed birds was done. Five hundred four one-d-old male
Ross broilers were randomly allocated to 36 experimental units with 12 dietary treatments (3 replicates with 12
birds in each). The feed and water were supplied ad libitum. All diets were balanced to meet the nutrient
requirement proposed by the Ross committee. A daily heat stressed (HS) schedule (33°C for 5 h) was applied
from 29 to 42d of experiment. The photoperiod schedule, vaccination, ventilation and humidity were applied
according to the recommendation of Ross management catalog. At 28 d. (before heat stress PHS) and 42 d. (after
heat stress AHS) of age, two chicks per replicate were bled and slaughtered. The relative weight of carcass,
intestine, thigh, liver, spleen, intestine, pancreases, gall bladder and abdominal fat were determined. The bone
characteristics including dry matter, ash, calcium, phosphorous, bone length, diaphysis diameter were studied.
The data were analyzed by GLM procedure of SAS software and the differences among mean were investigated
by tukey test.

Results and discussions The results indicated that body weight gain enhanced when chicks fed diets
containing canola oil or 5% TP. Canola oil including diet decreased the FCR at 28d (P<0.05). The animal
production index, energy efficiency and protein efficiency ratio were higher in birds fed canola oil at PHS
(P<0.05). The relative weight of burs at PHS and burs and spleen at AHS increased when birds fed canola oil as
compared to tallow. The percentage of abdominal fat decreased by dietary treatments (P<0.05). The abdominal
fat is an undesirable factors that negatively affect poultry meat palatability. Thus reduction of abdominal fat and
cholesterol could improve the meat quality of broiler. Canola oil is a source of omega-3 fatty acid that affects the
fat absorption and retention in broilers body. Previous studies also revealed that inclusion of canola oil to broiler
diets decreased the abdominal fat, cholesterol. The other relative weights of organs were not influenced by
dietary treatments at PHS and AHS. The diet containing canola oil improved the percentage of Ash, Ca, and
length of bone, diaphysis diameter and thickness. The percentage of Ca and Ash were higher at 0.8 % of TRP
(P<0.05). The diets containing tomato pomace did not significantly influence bone parameters such as
percentage of Ash, Ca, and length of bone, diaphysis diameter and thickness. There is an interaction between oil
and TP about energy efficiency and protein efficiency ratio.

Conclusion Therefore, inclusion of canola oil with lower levels of TRP and TP to diets may improve the
performance, bone characteristics, and abdominal fat of broiler under heat stress.
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