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Abstract

Project Code: MRG5080213

Project Title: Effects of Tamarinds Seed Extract on Stress and Oxidative Stress of Red
Blood Cell in Broilers under High Environmental Temperature.

Investigator: 1) Assist. Prof. Dr. Worapol Aengwanich , Faculty of Veterinary Medicine
and Animal Science, Mahasarakham University, Maha Sarakham 44000, Thailand. 2)
Prof. Dr. Maitree Suttajit, School of Science and Technology, Naresuan University
Prayou, Muang District, Phayao 56000, Thailand

E-mail Address: Wara651@hotmail.com

Project Period: July 2007-July 2009

Abstract:

The aim of this experiment was to determine the effect of polyphenols extracted
from tamarind (Tamarindus indica L.) seed coat on physiological changes (body
temperature, respiratory rate, heterophil, lymphocyte, monocyte, basophile, eosinophil,
heterophil/ lymphocyte, red blood cell parameter, and bilirubin in serum and feces),
oxidative stress (glutathione peroxidase activity and malondialdehyde), body weight and
morphological observation of red blood cell by using SEM and TEM in male broilers
maintained at high environmental temperature. The results revealed the following
information: Body temperature and respiratory rate of broilers maintained at 38+2 °C
was higher than broilers maintained at 26+2 °C (P<0.05). Lymphocyte and basophil of
broilers maintained in the environmental temperature at 38+2 °C and received
polyphenols at 400 mg/kg in diet were increased (P<0.05). On the other hand,
heterophil and monocyte of broilers maintained in the environmental temperature at
38+2 °C and received polyphenols at 400 mg/kg in diet were decreased (P<0.05). On
day 1, the heterophil/ lymphocyte ratio of broilers that were maintained at 38+2 °C and
received polyphenols at 300 and 400 mg/kg in their diet was lower than broilers that
received polyphenols at 0 and 200 mg/kg in their diet (P<0.05). Glutathione peroxidase
activity of broilers that were maintained at 38+2 °C and received polyphenols was lower
than untreated group (P<0.05). On day 1 of experimental period, malondialdehyde of
broilers maintained at 38+2 °C and received polyphenols at 400 mg/ kg in diet was

lower than broilers that received polyphenols at 0 and 100 mg/kg in their diet (P<0.05).



On day 7, malondialdehyde of broilers maintained at 38+2 °C and received polyphenols
at 100 and 200 mg/ kg in their diet was higher than broilers that received polyphenols at
0, 400 and 500 mg/kg in their diet (P<0.05). At week 1, the body weight of broilers that
were maintained at 38+2 °C and received polyphenols at 100, 200, 300, 400 and 500
mg/ kg in their diets, and broilers maintained at 26+2 °C was higher than the control
group which had not been treated with a polyphenols diet (P<0.05). Polyphenols at 100
mg/kg in diet could reduce the effect of high environmental temperature on red blood
cell parameters (P<0.05). The bilirubin of the broilers maintained at 38+2 °C and
received polyphenols at 100 mg/kg in their diet was lower than other groups (P<0.05).
On the other hand, polyphenols at 400 mg/kg in diets increased red blood cell
destruction and bilirubin in broilers that were maintained at 38+2 °c (P<0.05).

This study indicated that polyphenols extracted from tamarind (Tamarindus
indica L.) seed coat could reduced heat stress oxidative stress of red blood cell and
improved growth rate in broilers. However, the high level of polyphenols caused red

blood cell abnormality.

Keywords: Heat stress, oxidative stress, broiler, tamarind, anthrocyanidins
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Table 1. Body temperature (BT) of broilers maintained at 26+2 OC,

and broilers maintained in the environmental temperature at 38+2 °C

and received polyphenols from tamarind seed coat extract at
0, 100, 200, 300, 400 and 500 mg/kg in diets.
Table 2. Respiratory rate (RR) of broilers maintained at 26+2 OC,
and broilers maintained in the environmental temperature
at 38+2 °C and received polyphenols from tamarind seed coat
extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.
Table 3. Heterophil/ lymphocyte ratio of broilers maintained at 26+2 OC,
and broilers maintained in the environmental temperature
at 38+2 °C and received polyphenols from tamarind seed coat
extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.
Table 4. Body weight of broilers maintained at 26+2 oC, and broilers
maintained in the environmental temperature at 38+2 °C
and received polyphenols from tamarind seed coat extract
at 0, 100, 200, 300, 400 and 500 mg/kg in diets.
Table 5. Malondialdehyde (MDA) of broilers were maintained at
thermoneutral (26+2 OC), and high environmental temperature
(38+2 oC) that received polyphenols at 0, 100, 200, 300, 400
and 500 mg/kg in their diets.
Table 6. Heterophil, lymphocyte, monocyte, basophil and eosinophil
of broilers maintained at 26+2 °C, and broilers maintained
in the environmental temperature at 38+2 °C and received
polyphenols from tamarind seed coat extract at 0, 100, 200,
300, 400 and 500 mg/kg in diets.
Table 7. Total red blood cell count (TRBC) of broilers maintained
at 26+2 OC, and broilers maintained in the environmental
temperature at 38+2 °C and received polyphenols from
tamarind seed coat extract at 0, 100, 200, 300, 400 and
500 mg/kg in diets.
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Table 8. Packed cell volume (PCV) of broilers maintained at
26+2 °C, and broilers maintained in the environmental
temperature at 38+2 °C and received polyphenols from
tamarind seed coat extract at 0, 100, 200, 300, 400 and
500 mg/kg in diets.

Table 9. Hemoglobin concentration (Hb) of broilers maintained at
26+2 °C, and broilers maintained in the environmental
temperature at 38+2 °C and received polyphenols from
tamarind seed coat extract at 0, 100, 200, 300, 400 and
500 mg/kg in diets.

Table 10. MCV of broilers maintained at 26+2 OC, and broilers
maintained in the environmental temperature at
38+2 °C and received polyphenols from tamarind seed
coat extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Table 11. MCH of broilers maintained at 26+2 0C, and broilers
maintained in the environmental temperature at
38+2 °C and received polyphenols from tamarind seed
coat extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Table 12. MCHC of broilers maintained at 26+2 c)C, and broilers
maintained in the environmental temperature at 38+2 °C and
received polyphenols from tamarind seed coat extract at 0, 100,
200, 300, 400 and 500 mg/kg in diets.

Table 13. Plasma bilirubin of broilers maintained at 26+2 0C, and
broilers maintained in the environmental temperature at
38+2 °C and received polyphenols from tamarind seed
coat extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Table 14. Bilirubin in feces of broilers maintained at 26+2 0C, and
broilers maintained in the environmental temperature at
38+2 °C and received polyphenols from tamarind seed

coat extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.
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Table 15. Glutathione peroxidase activity of broilers were maintained 29
at thermoneutral (26+2 OC), and high environmental temperature
(38+2 0C) that received polyphenols at 0, 100, 200, 300, 400
and 500 mg/kg in their diets.
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Figure 1. SEM micrograph of red blood cell in broilers were maintained 30
at thermoneutral (26+2 OC), and high environmental temperature
(38+2 0C) that received polyphenols at 0, 100, 200, 300, 400
and 500 mg/kg in their diets (A1-A2, SEM micrograph of red blood
cell of broiler maintained at 26+2 OC, on day1 of experimental
period; A3-A4, SEM micrograph of red blood cell of broiler
maintained at 26+2 0C, on day 14 of experimental period;

B1-B2, SEM micrograph of red blood cell of broiler maintained
at 38+2 0C, on day1 of experimental period; B3-B4, SEM
micrograph of red blood cell of broiler maintained at 38+2 c’C,
on day 14 of experimental period; C1-C2, SEM micrograph of red
blood cell of broiler maintained at 38+2 °C and received
polyphenols at 100 mg/kg diet, on day1 of experimental period;
C3-C4, SEM micrograph of red blood cell of broiler maintained at
38+2 °C and received polyphenols at 100 mg/kg diet, on day14
of experimental period; D1-D2, SEM micrograph of red blood
cell of broiler maintained at 38+2 °C and received polyphenols
at 200 mg/kg diet, on day1 of experimental period; D3-D4, SEM
micrograph of red blood cell of broiler maintained at 38+2 °c
and received polyphenols at 200 mg/kg diet, on day14 of
experimental period; E1-E2, SEM micrograph of red blood

cell of broiler maintained at 38+2 °C and received polyphenols
at 300 mg/kg diet, on day1 of experimental period; E3-E4, SEM
micrograph of red blood cell of broiler maintained at 38+2 °‘c
and received polyphenols at 300 mg/kg diet, on day14 of
experimental period; F1-F2, SEM micrograph of red blood

cell of broiler maintained at 38+2 °C and received polyphenols
at 400 mg/kg diet, on day1 of experimental period; F3-F4, SEM
micrograph of red blood cell of broiler maintained at 38+2 °c

and received polyphenols at 400 mg/kg diet, on day14 of
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experimental period; G1-G2, SEM micrograph of red blood

cell of broiler maintained at 38+2 °C and received polyphenols
at 500 mg/kg diet, on day1 of experimental period; G3-G4, SEM
micrograph of red blood cell of broiler maintained at 38+2 °c
and received polyphenols at 500 mg/kg diet, on day14 of

experimental period).

Figure 2. TEM micrograph of red blood cell in broilers were maintained

at thermoneutral (26+2 OC), and high environmental temperature
(38+2 0C) that received polyphenols at 0, 100, 200, 300, 400
and 500 mg/kg in their diets (A1-A2, TEM micrograph of red blood
cell of broiler maintained at 26+2 OC, on day1 of experimental
period; A3-A4, TEM micrograph of red blood cell of broiler
maintained at 26+2 OC, on day 14 of experimental period;

B1-B2, TEM micrograph of red blood cell of broiler maintained

at 38+2 0C, on day1 of experimental period; B3-B4, TEM
micrograph of red blood cell of broiler maintained at 38+2 c’C,

on day 14 of experimental period; C1-C2, TEM micrograph of red
blood cell of broiler maintained at 38+2 °C and received
polyphenols at 100 mg/kg diet, on day1 of experimental period;
C3-C4, TEM micrograph of red blood cell of broiler maintained at
38+2 °C and received polyphenols at 100 mg/kg diet, on day14
of experimental period; D1-D2, TEM micrograph of red blood

cell of broiler maintained at 38+2 °C and received polyphenols
at 200 mg/kg diet, on day1 of experimental period; D3-D4, TEM
micrograph of red blood cell of broiler maintained at 38+2 °c
and received polyphenols at 200 mg/kg diet, on day14 of
experimental period; E1-E2, TEM micrograph of red blood

cell of broiler maintained at 38+2 °C and received polyphenols

at 300 mg/kg diet, on day1 of experimental period; E3-E4, TEM

34
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micrograph of red blood cell of broiler maintained at 38+2 °c
and received polyphenols at 300 mg/kg diet, on day14 of
experimental period; F1-F2, TEM micrograph of red blood

cell of broiler maintained at 38+2 °C and received polyphenols
at 400 mg/kg diet, on day1 of experimental period; F3-F4, TEM
micrograph of red blood cell of broiler maintained at 38+2 °c
and received polyphenols at 400 mg/kg diet, on day14 of
experimental period; G1-G2, TEM micrograph of red blood

cell of broiler maintained at 38+2 °C and received polyphenols
at 500 mg/kg diet, on day1 of experimental period; G3-G4, TEM
micrograph of red blood cell of broiler maintained at 38+2 °c
and received polyphenols at 500 mg/kg diet, on day14 of

experimental period).
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%’nmné’ungiﬂaﬁmﬁmf’ﬁaaﬁ'uaaﬁuuawgﬁu naAnau uazAnidlaaniin (Horton et al.,
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aanan sanarhliianmoifianizdugiuluifondn (Devries and Housh, 1994; Esmay et al.,
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Wa'ldiianziaSoaszauvedlaiasiaasonluiionvadlnaziindy (Puvadolpirod  and
Thaxton, 2000)
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c.l' dv d' = A a & [ d' c.l' v o [ A
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Stillbon et al. (1988), McFalane et al. (1989), May and Lott (1992), Michell and
carlisle (1992), Teerter et al. (1992), Kutlu and Forbes (1993), Mckee and Harrison (1995),
Mckee et al. (1997), Belucio et al. (1999), Mehta and Singari (1999), Yuming et al. (1999),
Oliveira et al. (2000), Deed and Cahaner (2001) LLaz Xin et al. (2002) wui’nﬁavl,ria%ﬂum’sz
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al. (1988), Mcfalane et al. (1989), Cahaner and Leenstra (1992), Michell and carlisle (1992),
Kutlu and Forbes (1993), Eberhart and Washburn (1993), Yahav et al. (1997), Mckee et al.
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VL@T%‘ummi"augdLLazﬂéju‘ﬁl%‘uqmﬁgﬁﬂﬂa"l,ajl,mn@mﬁ‘u &% Sahin et al. (2001) ¥i1n13AN®N
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seavdafiuslumameldgunpiigs Snarldansenladadlad (malondialdehyde, MDA)
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Luavl,ﬂaglumumaawmqmﬁ{]uga ANAAINOANITULRLNIADUIWAINNRITING
é o v a a a Y L Q 1 t:il ‘3’ . .
2849 T9azdinarihlvmsiasydulaanas ﬂ@gwqmuuazamwmsmwaovl,ﬂmegwu (Mujahid
g AN a A ) ) oA o
et al., 2005) uaﬂmﬂumm:wvlﬂagluma:mimLuaoﬁnﬂmﬂmamwmwaa"lml:umimw
=) = ; 1 a 1 ¥ 1 v Aa a QI/ g; 1 ¥
a%aamzmmumnmnﬂﬂ@LLazT,aJLaqammﬁﬁ]:nal‘ﬁm@m’nzLﬂ%maaﬂmwuwﬂﬂﬂLﬁa
1Alauazunnszn (Lin et al., 2008) wannitAMzaINaNHIRNaTIN A FDIUMAINYBINTFH
a 1 v  6A A d' n' J a < a
a%aam:mﬂlmwmwaaamﬂmaﬂ"l,ﬂ LHa9NMILNN T UD IO UNADESE lasnaldnsiia
an 6 a < - . . A & A = o v Aa a '
e AawdaseanFiatu (lipid peroxidation) ludTuuaziitaiiia AnariliiiaanuiFuniude
A A < & & Y & a a A a o A L.
‘quLaqamﬂuaoﬂﬂszﬂamawﬁaa aawalmsmamﬂm'mLaﬁwmmagfyLawmw"l,ﬁ (Maini
et al., 2007) nMmzta3gaaanBlaTwiunundian lunesiineusznenFIingmaglsems
& A v a 6 & A .
TUNINA I lAAaA Iz ANV TARLTALRBALAS (aging process of red blood cells)
A« A o o o A ~ ° v A o & & A a A
msmmLaa@LLmawwaﬂuawaammmwamlmﬂaﬂmsﬁaamaameaammwmmﬂar_mLLﬂaa
i nsiiadtailaseandiatu mwmmsnlumimgﬂiﬁwaaLﬁmﬁammaa@aa n13
A ' [ 1 A . A a _ Aan [ 4 a <
wasuulasglsnvvesass uazilaioauanan (hemolysis) ainmstiealatlasoansiasis
uwazeandatuvaslisfuiibeduimasidaiioauas wians 2 nazuaunaiduna lndrdavinleg
\NaLIaLRaALAILAN (Zou et al., 2001).
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Gu et al. (2003) Fm3dnsasilsznavaasssianaldanlanusauzaunying
procyanidin oligomers 29.32 nsudaflansy uay high molecular weight tannins LYiNN1U101.89
nfudanlansy @uGD wenanil Sudjaroen et al. (2005) §9laTBamasRUsznauveIms
safildnisenwianzauindsznausy  procyanidins  iunan  lassulnaandu
oligomeric procyanidin tetramer (30.2%), procyanidin hexamer (23.8%), procyanidin trimer
(18.1%), procyanidin pentamer (17.6%), TRERY procyanidin B, (5.5%) LWz (-)-epicatechin
(4.8%) Lanviag G'fiamiﬂi:ﬂaumjwﬂuaﬁﬂ (phenolic compound) LAENHIaNEN9TANeNTL
mafufuayyadazniuaandias  (ROS) samInalftAnenudsmefianannizasand
LA (Sudjaroen et al., 2005) wazaamainnzatlaafaendiasunilunasanaed
(Tsuda et al., 1993) LRLEATNARDY (Martinello et al., 2006).



12
= ada o
suiiguisioy
nsdnan Il aunaaad

1. Tsaﬁawnmaaavlfiﬁagﬂum’;zm%ﬂﬂLﬁaamnmw%'au

- L‘TJ%INL%aumaaqmagmnﬁﬂmmﬂﬁmi’uaaﬂ — AZIUAN

- uiInuEasTIIa 70 AU, A PR R TR HI IR E LY
ECRITRI

- @eWaaugaa e 2 f1%9R 819U Digital  Thermostate W&z Timer relay
Lﬁ'amuquqmﬂgﬁmﬂuﬁm

- @@ Hygrometer LﬁaqumugﬁLLa:mm%uﬁuﬁﬂf

- laglanuseulasld Heater 2u1@ 3,000 Tad Aruguamngiilay Digital
Thermostat

- qmmjuﬁﬁlﬁ'gm"l,ﬁauﬂml,umasau (cyclic) wal#laiTonawnin
21M1ILABATIRIUL LR TANNTTTNTNG T2 MR TezagITRIN

a

26+t 2-38+t2-26%2 aammms‘fmaI@ﬂ"lfiﬁ]zéf&lﬁaﬁ'umaqmunu

U

38 * 2 adeLTaLTUR 1WA 5 T2 LU

2. ls9i5aunaaasinnaglunitzamnnilng
u 9 u

A

dq/ 1 v e Qtﬂl I3 v o
LﬂUGVLﬂITL%ﬂGl]iiJQM%ﬂ&l‘YlLﬂ%‘ViﬂGﬂiUﬂ’]ﬂ’]ﬂ I@Umm!uqm%nu

U u

lum29 26 £ 2 avasaldor

NIIATAINARDINI IRUILNAADY

NMIIINILEABNTIINAADI
aanLtuuNIINAa|ay

MILHWNITNARBILUY Split plot in time in CRD & 6 NIALUUA bawA NENAILAY (I

amnnil 26 I 2 IFLTALTE®) bR LS URNTENANNHINAANZVIN 0, 100, 200, 300, 400 LA

500 HARNTNGANLANTUAINIT NNEIGL UeasnIaNwan 3 91 laalTinitanilanaaadas 7

a

a1



13
a ¢ v
NIILAITHYDNA

Aeneddayalasllisuniu SAS (SAS, 1990) Aiamzianauandrsvasdadolanld
39 Duncan Multiple Range Test (DMRT) (Duncan, 1955) LRZNRUBAANNLT oUW IZAL
P<0.05
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I@]EJLLUdeﬂﬂi(ﬂLﬂJu@]LLiﬂ (ﬂﬂﬂJﬂ’J‘]Jﬂ?J Lamlumu’maamwamﬂnﬁ 2612 0C LS aummu@l

U

72,3, 4,5u82 6 Lamluismaumamwqmwgmau (3812 °C)

3. LNUABENILRBANLEWLREA Cervical vein (Ritchie et al., 1994) uudRanaanidu 2
g snusn WldastlosnwmsudsdrvaadoaiansndsudmnsuaTiasn TBARS suiigas
laznsilasnunsudeaivaaiaasiia EDTA (Campbell, 1995) wididanaaniduaadain aau
wIn ﬁﬂ"l,ﬂf[um'i'mL‘ﬁameﬁ@Lﬁa@ﬁm%‘uﬁﬂﬂ@mﬁ]mﬁﬁmiwLﬂ%ﬂﬁﬁﬁﬂg@ﬂﬂi%Lﬂﬁﬂ@ﬂ%
AR dauwmamﬁﬂﬂmwmszé’umaaﬁagﬁulmﬁm wazdwfigad ihlamamdriiwinde
Baauassnue Wafifudidadoauassauin anududuuasdlulnadu 1 MCV, MCH,

MCHC uazhuuanshalialiaaun I@sJLﬁmﬁazhaLﬁa@‘l,u‘*ﬁ’mnmﬁiﬁagﬂuﬁmnmﬁawﬁﬁ

aunnd 3812 asriaiBuaual 2 ks (lwIun 1, 7, 14 uaz 21 V89ININARDY)

9 U



14

4. shagnadeafAulniud 1 usy 14 seaminasss i ldnmenuiialnfvasioes
LLa:L‘E'iaﬁwLsﬁaﬂ@ylﬁﬂﬁadqamwﬁ%Laﬂmau‘*ﬁﬁ@ SEM uaz TEM

5, Lﬁu*’ﬁayaqmﬂgﬁinmﬂLLﬂ:é’@mmimUlamao"lﬁlu’s’uﬁ 1,7, 14 uag 21 VaINT
NARD4

6. fnmiuyavedliniianasedaz 5 @TaLﬁ'aﬁﬁvlﬂmwmszé‘waaﬁﬁgﬁﬂugahfuﬁ
1,7, 14 Wag 21 VAININARS

7. Lﬁu*’ﬂ’a%lm{mﬁfné”maﬂﬁlué’ﬂmﬁﬁ 1,2, 3 AT 4 VBINNINAADS

o K 3
8. U%Vlﬂ"ﬂ@}ilﬂ
AAINIINA]DI

1. WnNAI9N8 (Body temperature) (LAULAULEY)

AU 1, 7 uaz 21 YeaMINaned guniiTimevasinilefigunnll 38+2 °C gandla
iaNamangll 26+2 °C adiliudAyneaia (P<0.05) luFiuiadenngmngil 38+2 °C
aanniiamovadiniftenldsulndAuesnanaanifenwiauzanafiszay 0, 100, 200,

300, 400 W&z 500 Aadnsudailaniiamsenms lduand1anunsada (P>0.05) (Table 1)

Table 1. Body temperature (BT) of broilers maintained at 26+2 OC, and broilers maintained in
the environmental temperature at 38+2 °C and received polyphenols from tamarind seed coat

extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg  mg/kg mg/kg

BT ('C) 1 40.64° 42717 43.00" 4293° 43.02° 4371° 4305 027
7 4053° 4263° 42770 42.82° 4337° 43.16° 4243 0.29

14 40.86  42.02 4241 4216 4261 4237  41.87 0.22

21 30.95° 41377 4179 4196° 41717 41917 4177 0.16

Mean  4050° 42.18° 4249° 4247° 4268° 42.79° 4227 0.24

aand® within row, mean with no common superscript differ significantly (P< 0.05);

BT=body temperature; SEM = standard error of the mean.
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2. aasnmInala (Respiratory rate) (\ALLRNLAN)

Twiui 1 é’m’mﬁmzflﬁmaavlril,f':aﬁqmun“ﬁ 38+2 °C gaﬂjflé'@mmimmlwaavlﬁﬁ
gunnil 26+2 °C agalivpddyniada (P<0.05) luéaLLaﬂﬁawﬁqmﬁgﬁ 38+2 °C 80313
welaasliielésuasindfuosiianaandanwiauzanufissdu 0, 100, 200, 300 uas
400 fsdnsudailansuanmisamis luandreiunesda (P>0.05) uddnidannmmsla
“11aavl,ﬂ'Lframjuﬁvlﬁ%'umﬂwﬁﬂuaaﬁaﬁ'@mﬂLﬂﬁamuﬁ@mm’mﬁs:ﬁu 5008aansNdanlaniy
2113073 adNARBEANNED@ (P<0.05) Twiui 7, 14 uaz 21 VEIN1INARSI BATINS
msflﬁmaavlril,f:aﬁqm%gﬁ 38+2 °C ganhé’mwmsmUlamaavlﬁﬁqm%{]ﬁ 26+2 °C a9l
WA NNENa (P<0.05) LLazluéaLLaﬂﬁauﬁﬁqmﬂgﬁ 38+2 °C é’mwmsmmlwaa"l,mf:amju
AlasuasInafueafisnaanidonudanzanaflszdy 0, 100, 200, 300, 400 Was 500
faansudailanivermisenmis luand19nungda (P>0.05) (Table 2)

Table 2. Respiratory rate (RR) of broilers maintained at 26+2 oC, and broilers maintained in
the environmental temperature at 38+2 °C and received polyphenols from tamarind seed coat

extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

RR (B/M) 1 46.80° 109.53° 103.53° 133.73° 111.87° 109.73° 189.00"  5.55
7 3813 201470 196.67° 206.80° 206.27° 199.60° 202.00°  2.02

14 5220° 199.87° 203.60° 202.00° 201.73" 198.00° 198.00°  1.98

21 5050° 184.76° 190.46° 192.38° 195.39° 199.97° 180.10°  6.06

Mean 4691 173917 17357° 183.73° 178.82° 176.83° 192.28°  3.90

aendb within row, mean with no common superscript differ significantly (P< 0.05); RR= respiratory rate; B/M=breath/minute;

SEM = standard error of the mean.
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3. aATEINTERILlasiFudL Al aauTRalaNina lsNadaan LW lad

(Heterophil/ lymphocyte ratio)

Twiud 1 va9misnanas samdmsnitoasifudiiasaauriaanmalsladasy
W ot maﬂﬁﬁqmwgﬁ 38+2 °C uaslesumslnafinoafisnaaniasnwieuzanufiszeu
300 wae 400 faaniudenlaniuemsenms dninsansnrinlesfudiiaionn
mﬁﬂLa’mmai‘sﬂa@iaﬁﬂwvlsﬁﬁmaavlﬁﬂﬁjuﬁ"lﬁ%'umﬂw‘é‘ﬂuaaﬁaﬁwmmﬂﬁamwﬁmmmmﬁ
320U 0 uaz 200 Fadniudanlaniuamisenns LLazﬂﬁjuﬁqmﬁQﬁ 26+2 °C adydlnp&eny
magia (P<0.05) luiudl 7, 14 uaz 21 va9mInasas sandinrinlesidudidaiansn
siaanmalsiadodn I lod maa"l,ﬁﬁqm%{]ﬁ 38+2 °C Lmzﬁqmugﬁ 26+2 °C lauandnanu
n19sn@ (P>0.05) (Table 3)

Table 3. Heterophil/ lymphocyte ratio of broilers maintained at 26+2 0C, and broilers
maintained in the environmental temperature at 38+2 °C and received polyphenols from

tamarind seed coat extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C

Parameter Days 0 100 200 300 400 500 SEM
mg/kg mg/kg mg/kg mg/kg mgkg mg/kg

HIL ratio 1 014> 047" 008" 0.12° 006° 006 007" 0.018
7 012 011 013 018 021 014 012 0.026

14 012 021 018 020 007 009 015 0.035

21 015 043 014 010 014 011 009 0.028

Mean 013 016 013 015 012 010 041 0.017

abande within row, mean with no common superscript differ significantly (P< 0.05); H/L ratio=heterophil/ lymphocyte ratio;

SEM = standard error of the mean.
4. 1IN (Body weight) (LALLNNLAN)

ludaf 1 veamnanas shwinavaslnifieNomni 38+2 °C uazldiuanslnad
waafanaanlfeniuiauzanun 100, 200, 300, 400 uaz 500 Aadnsudailanine1nis
2y uazlridtefigannil 26+2 °C ganiilAenldTumslndiueananaanilfeniudae

Yzaufszau 0 Aadansudailaniuonwitenwns adliusdmanneai@ (P<0.05) luind
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fUan#n 2, 3 uaz 4 2a9mInases mindrvedlingunnil 26+2 °C wazlifiguwnil 38+2
°c wazlasumsindlueananaannifeniudanzauis=ay 0, 100, 200, 300, 400 and 500

faansudailanivainisenmis luand1anunzda (P>0.05) (Table 4)

Table 4. Body weight of broilers maintained at 26+2 0C, and broilers maintained in the
environmental temperature at 38+2 °C and received polyphenols from tamarind seed coat

extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Weeks 0 mg/kg 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg mg/kg

BW (g) 1 922.78" 800.67° 883.67° 92067° 912.67° 94367° 934.00° 26.54
2 142222 1398.00 1406.79 1419.33 1405.83 1413.68 1390.96 19.41
3 190556 1867.17 1820.70 1867.17 1926.49 1941.27 1879.53 31.11
4 2364.44 2367.36 2381.81 2377.04 2421.44 245543 237232 24.70
Mean 1653.75 1608.30 1623.24 1648.30 1666.61 1688.51 1644.20 19.08

aendb within row, mean with no common superscript differ significantly (P< 0.05); BW= body weight; SEM = standard error of

the mean.

5. 35AUANRBWIASaA bae (Malondialdehyde, MDA)

U 1 vaamImanes Ngunnil 38+2 "C nasnfliifialdsumslndiuaaanifaen
=3 = < [ [ o A 6 ] ‘ﬂq’ 1 1 dl Qs
WAANZNNLTWIAY 6 TN TeAUTEAUNROU LADRA baa maovl,ﬂmamaa"l,ﬂﬂqulmu ity
A A =} =3 d' L a a a 1 a a oI 1 1 1
duaanAenwiauzaufiszay 400 HadnTudeilaniueims dndnguaiuquuasln
& v AN ve PP A = ~ o A a @ 4 oA @
vadlingunlatuaslndiuesanifeniufauzaiiszay 100 Tadniudaflanina1nns
adIUREEIATINIIEDA (P<0.05)
o A A a [o) o o A & ' ]
T 7 veanInasasNamnni 38+2 °C wauinaenladad laduasnguaiuguuaz i
LN e UaTT WA N was NRaNIUAANSINNATEAL 200, 300, 400 Ua: 500 NaANIU6e
Alanfuany wazliifleNgunndl 26+2 °C dndlddienguildsuansinaiuasanilaen
WwiauzawNzay 100 Hadniudailaniuenms (P<0.05) szduwaeuladad laduainga
muquLLazvl,ﬂ'Lﬁaﬁvlﬁ%'umﬂwﬁﬂuaammﬂﬁamuﬁmm‘nwﬁizﬁu 400 WRz 500 UaanIN@a
Alansuairs @‘i’mdﬁvl,riﬂq'uﬁvlﬁ%‘umﬂwﬁﬂuam’mLﬂﬁamuﬁ@mwmﬁizﬁu 200 AadnTuda
Alansnews (P<0.05) (Table 5)
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Table 5. Malondialdehyde (MDA) of broilers were maintained at thermoneutral (26+2 OC), and
high environmental temperature (38+2 oC) that received polyphenols at 0, 100, 200, 300, 400
and 500 mg/kg in their diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

MDA 1 78.62° 11353" 112.77" 94.88"° 86.05° 65.84° 100.86" 10.76
(umol) 7 105.13°  92.08° 201.68° 144.93° 100.49° 77.49° 80.97° 1594
14 68.47 7049 7890 7087  67.48 68.86 7750  7.24
21 40.94 4253 3400 4242 3935 4722 5912  10.67

Average 7329° 7966  106.84° 88.28" 7334 6485 79.61°  7.76

abande within row, mean with no common superscript differ significantly (P< 0.05); SEM = standard error of the mean.

6. WatRaau M Thadulnlod (Lymphocyte) ((AULANLAN)

U 1 veaminanss Waiearriedulnled vedlifieNaanmnl 38+2 “C uaz
1asuasinaiuaananaanilfonuaanze1uNI=au 100, 200, 300, 400 LAz 500 IAANTNGD
A o \ Vo A v A A o A = ~ I
Alanfuamnremns  gandlinguitldsuaslndiuesnanannilfenwiauzanunsezdy o
=Y =) Q [ a = 1 = o Q aaAa =1 = a a 6
fadnudailaniuansemy adlnedauneada (P<0.05) aiiaarrhadulnlod
PadiianlasurnTinaluwasnifaniuaauzaanizay 400  Uadnsudafilaniuanniy
2113 gantliilleNiassngaunni 26+2 °C adnalisdAYN19aia (P<0.05) Tun 7 v8am3
naaad Waiiaarnziedulnlod vasliillengunnll 2642 °c uazlrifleNgunnil 38+2 °C
uazlasusslnainaaanilfanuaauzaunszau 0 JadnIudanlansua1nizanniy GRIEY
Trmenlasusslnaluaaanidfaniuaauzanunszayu 200 waz 300 IaanTudanlanivains
8113 (P<0.05) wa lijuandaneadidanulitiengunldiumlnafuasanilfanuiauzany
1328 100, 400 LAz 500 AadnsNdAaRlansne1I31M3(P>0.05) Lazlwiui 14 uaz 21 289
minasay, alRaavnsiadulnled vesldiienamnnll 26+2 °C uaz 38+2 °C luuane

aa

AUNWNRDA (P>0.05) (Table 6)
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7. \laRaaunshaianinelsla (Heterophil) (ALLANLAN)

S 1 289MINanes Lﬁ(ﬂLﬁa@m’mﬁmaﬂmakﬂamaﬂmﬁaﬁqmugﬁ 38+2 °C uaz
lasussinafnaannidanwaausanufissedu 100, 300, 400 uaz 500 Haansudanlaniy
01930113 s i lasuasinaiueanifenwianzanufiszau 0 uaz 200 Hadnsude
Alansuamnsams uazlniled 26+2 ‘C gl aia (P<0.05) Suft 14 a9
Naaed Vl,ﬁl,f:aﬁqm%gﬁ 38+2 °C wazlasulnafnasnnilsanwiavzuuiiszau 0 Sasnsude
Alansuanrsenrng gdﬂdﬁvlﬂ'Lf:aﬂ@;uﬁiﬁ%'umﬂwﬁﬂuaamﬂLﬂﬁamuﬁmmmuﬁi:ﬁu 300
WAz 400 Aaansudailaniuawienws adelvedAauneada (P<0.05) Twiudl 7 uaz 21
YoamInesad iadaarnaiaannalsia vesldilans 2 Faunedanliuandreiumasia
(P>0.05) (Table 6)

8. WatRaaushalululod (Monocyte) (\ALLANLAY)

un 1 vasmInasaddaifeasnsialululod vadlniliafigunni 38+2 °C uazldiu

A A A =3 d' R Aa A [ 1 a g 1 |d°l‘ d'

slwaiuasnilfenwiauzanafiszay 0 Sadnudeilaniuemisems gaind lridted

lesuaslnaduasanifaniuaauzununiszay 100, 200, 300, 400 wa: 500 NAANIN6D

Alanfuamnrams uazlriiilefgunnil 26+2 °C adwiidumdnmaadia (P<0.05). luiun 7,

[ =} a 6 1 d%’ g; n' U 1 1 [

14 48z 21 VaININARY LaRaarshalulnlad vadlnianigasrataaadlunandrany
NN&NG (P>0.05) (Table 6)

9. iaidanvshaiulofa (Basophil) ((AULRNLGN)

WA 7 289mMInased ialfearadaiulaflavedlin 38+2 °C uazlasuanslnad
wanNLRBNIUAANZINUNTEAL 200 Lz 300 AaanTudaflansuaIrisanns gdﬂdﬁ"lmﬁaﬁ
v PP A = A o A a © . a o A
1ovu aslnaRnaaanRonuAauzINuNTZaU 0 JadnTudanlanTuaIn1Ia1nIY was bntie
7 26+2 °C addinefmagneaia (P<0.05) lwinh 1, 14 Uaz 21 VaINMINARDI LTALHEAY?
sRaulolavasting 2 Fuesen lduandrsnunieaiia (P>0.05) (Table 6)

10. atiaaanviadladluila (Eosinophil) (\ALLANLAN)

un 1 daiResrnviiedlefluiavesliiftefigunni  38+2 °C uazldTuaslwdil
waaNLRBNINAANZINUNTEAL 100 FaAnINdanlansua1rITanIT gaﬂ’h"l,ril,ﬁaﬁ"l,ﬁ%'u ar]
TnaAwasnfaniuaauzwuNIzau 0, 200, 300, 400 WA:500 NaRNTUGaNlanINaIws

217 uazliiian 26+2 °C adelinudmayneaia (P<0.05) iaifaausiadladlulaves
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Table 6. Heterophil, lymphocyte, monocyte, basophil and eosinophil of broilers maintained at
26+2 °C, and broilers maintained in the environmental temperature at 38+2 °C and received

polyphenols from tamarind seed coat extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C

Parameter Days 0 100 200 300 400 500 SEM
mg/kg  mg/kg mg/kg mg/kg mg/kg mg/kg

Heterophil 1  10.74° 11.28° 571° 933" 495  4.06 5.28" 1.14
(%) 7 945 857 948 1228 1371  10.06 8.19 1.52
14 767 1359° 1204 1271 484  6.44b° 1057"°  1.95

21 1041 924 995 744 907 8.09 6.24 1.51

Lymphocyte 1 7413 65.34° 7586 7514 8229 8446°  8047" = 297
(%) 7 7637 7585 74.08" 67.67° 6580° 71.62"° 6851"° 245

14  66.05 6540 67.85 66.66 7527 7696 7195  3.95

21 69.83 68.80 67.96 73.00 6898 73.04 7176  3.83

Monocyte 1 11.66° 2015 1210° 12.05° 943"  800° 1143  2.09
(%) 7 1195 1271 1305 1467 1543 1425 1976  1.69
14 2144 1680 17.01 1656 1596 1317 1352  2.81

21 1589 1654 17.38 1485 1843 1627 1800  3.00

Basophil 1 238 220 257 186 253 3.01 2.38 0.38
(%) 7 141" 248" 2577 436" 424 325" 300" 052

14 352 307 243 291 335 2.26 3.33 0.57

21 322 373 308 387 278 1.72 3.38 0.44

Eosinophil 1 1.09° 1.03° 376" 162° 081"  047° 0.33° 0.33
(%) 7 082 038 071 103 0.81 0.81 0.44 0.24

14 130 115 068 115  0.58 118 0.62 0.39

21 094 169 168 084 075 0.88 0.62 0.28

abic andd within row, mean with no common superscript differ significantly (P< 0.05); SEM = standard error of the mean.
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Tnitaflesy mslnafiuosnndenwianzanuiissey 200 Sadnsudeflaniuomnsanms
gaﬂdﬁvlril,f:aﬁ"lﬁ%‘u sIlnarnes Ao nuEaNzwNNzay 400 uaz 500 Haaniuede
Alanfuamiionms adlnedAayneaia (P<0.05) wazluiudl 7, 14 usz 21 209m3
naaed Wadearnrfiasledluila vasliiiens 2 Fuedanliuandsiumeaia (P>0.05)
(Table 6)

11. WIWLAALROAUAINIRUG (Total red blood cell, TRBC)

Tun 7 ShrwndiaiRoauainivue vadliifefigunni 38+2 °C uazldTumlnadiuea

A =3 A L Aa A [ A [ 1 1 g A (o] 1 A
nnuAenuwdauzuiiszay 0 Hadndudailaninannisennis gandaliiiien 26+2 °C atnedl
WOFIANIRDG (P<0.05) S1manilalfaauasninue vadlnitan 38+2 °C uazlasumslnail

A =3 tﬂl Qs = =) U 1 a % 1 1 tﬂq‘ tﬂl s

wosniAanwiauznafiszdy 100 dadniuden lansuormsenms gand lndlefldiuas
Inaduaaanidfeniudansanunszau 0, 300, 400 was 500 AaAnsu@anlanIna1wITeINT
uazlniftaf 26+2 °C addinafamnieaia (P<0.05) 1w 14 S1IULTALRDALAININUA BB

(2 ]

lTAfienamnadl 38+2 °C uazldsy sslndAueannifenudauzwuiszay 100 waz 200

9 U

[ ) o '

AanTuAeN lansueIMITaNN3 gdm']"l,riﬁ"l,@i”%'umﬂw‘é‘ﬂuaaﬁnﬂLﬂﬁamwﬁ@mmmﬁszﬁu 400

Z)

UaANTUABN 1aNTUOIMITEINT adIUREAAINIIETA (P<0.05) mdaldanuadnsnua
vaslriitedl 26+2 °C gaﬂ’h"l,ril,f':aﬁ 38+2 °C uazldsumilnafluesanidenudanzanai
32AU 300, 400 WAz 500 Fadniudanlaniwaimizenwis adndinudmaynesia (P<0.05)
(Table 7)

12. Wesidudiiaiiaauaiaaiin (Packed cell volume, PCV)

a

o A f & &€& A ) ' VA o
U 1 veamimeses wWeiidudidaiiaauaidauiu vaslifigunmnil 38+2 °C uaz
va AA A & A Y A a o 1 a o ] '
IdFusnslwaiuasanilfeniwdauzanafiszdy 0 Haaniudenlaniuemniaams ganiald
e ngufldsumslwafuasannilfeniudauzanafiszay 100, 200, 300, 400 and 500
Haansuaen lansuem1sennns daansuaen laniue1misanms (P<0.05) 1 7 wasidudiia
\Raauasdauiu vatlnifiefigumni 38+2 °C uazldiumslwaiuasanilfeniudanzanui
AU 400 Hadnsudaflaninennisenmis gandnlridien 38+2 °C uazldtumslndiueaan
WRenwAauzuNszau 0, 200 waz 500 Jaansuaen lansue misanrisuas bilien 26+2 °C
(P<0.05) Jufl 14 wWesifudilafeauasdauin vaslilieNamngll 26+2 °C uazlrifiaf
gunnil 38+2 “C uazlatumslndiueannilfaniudauzanunszau 100 uaz 200 adniuda
Alanfuanremns gendilnen 38+2 °C wazldTumslwifiueannilfenudauzaun

J¥AU 400 Uz 500 Naansuaen lansue1risenms (P<0.05) lwiud 21 wWasidudidaiian
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uasdauun vadlnifien Ngunnil 26+2 °C uazlriianganni 38+2 °C uazldtumslndil

A =3 dl > a A U T A [ 1 |t3‘ d' o]
#ARNNLUFANNRAULVINNIZAU 0 UAANTUADN 1anFuDINITAINNT gamﬂmuaw 38+2 °C
uazlasussinalnaaanilfanuaauzanunszay 500  Aaaniudafilansuaiwisanns

(P<0.05) (Table 8)

Table 7. Total red blood cell count (TRBC) of broilers maintained at 26+2 OC, and broilers
maintained in the environmental temperature at 38+2 °C and received polyphenols from

tamarind seed coat extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2°C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg  mg/kg mg/kg

TRBC 1 172 1.78 1.77 1.85 1.92 1.85 2.01 0.10
(x10 cell/ul) 7 224" 3.02° 387 3360 3117 282" 292" 022
14 273 249"  241™ 237 200° 187 213" 0.14

21 231 238 2.59 2.20 2.45 265  1.07 0.14

Mean 225 242° 266" 245° 237" 230" 226 0.07

& bende within row, mean with no common superscript differ significantly (P< 0.05); TRBC=total red blood cell; SEM =

standard error of the mean.
13. anudutuuesdlulnadn (Hemoglobin concentration, Hb)

un 1 enududusesdlulnadu vasliile Noanmnd 38+2 °C uazldTuaslndiiuen
NNURDNNAANZINNTZAY 100 Uaaniuaen lansue1r1sannig gandwmjuﬁu HRREY

woAIANIRNG  (P<0.05) anuduTuwvasdlulnain vadslndie Nlasuaslnafluesan

[ 1A

A = A o A a o ! VAN va aa
WRaNLUAANZINNTZAY 0 Naaﬂiﬂ@ﬂﬂiaﬂiﬂﬂhlw'ﬁﬂqﬂqs gﬂﬂ'}']vlaﬂ‘ﬂvl,@ill a']SIwawuaﬂ"inﬂ

%

Whenwiauzufiszdy 400 Tadnsudonlaniueniizems  etnefitbdanyeaa
(P<0.05) lwiudl 14 anudutuvesdlulnain vasliited 26+2 °c gaﬂdﬁvlriﬂéjuﬁ 38+2 °C
ataliddnesda (P<0.05) lwiufl 21 anududuvesdlulnaiu vasliile ﬁqmﬁgﬁ
26+2 °C gdﬂdﬁvlmf':aﬁ 38+2 °C uazlaSusslndfiuossnidonudanzanaiiszay 500

a a w

faansudanlaniue1wnIenms (P<0.05) (Table 9)
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Table 8. Packed cell volume (PCV) of broilers maintained at 26+2 OC, and broilers
maintained in the environmental temperature at 38+2 °C and received polyphenols from

tamarind seed coat extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

PCV (%) 1 2742 3119 2486  2529° 2433  2476° 2585  1.36
7 32200 3276°  34.93° 3301  3476"  37.37° 3319  1.07
14 30.30°  28.62" 2038°  30.19°  27.20™ 2457 2338° 138
21 2876°  2567°  27.33° 26317 2714  28.01" 2295  0.80

Mean 29.67° 2056° 2912  28.70°  28.38° 28.68"  26.34°  0.62

abande within row, mean with no common superscript differ significantly (P< 0.05); PCV=packed cell volume; SEM = standard

error of the mean.

14. dafuUsunasidaiiaauas (Mean corpuscular volume, MCV)

¥ ]
A =y

wh 1 duadsdsunesdafeauas vadliiian 26+2 °C uazliiten 38+2 °C uaz
v aa A = A o A A > . A Y . '
lasumsInadueannidfenwiauzeuiszay 0 Saansudeilanivannizennis lduandns
AWNEda (P>0.05) AnadsdSunasilialfeauas vadlaiien 38+2 °C uazlasu aslna#l
wosnAanwiauznafiszdy 0 Nadniuden laniuemsamis gandlinduau el
a o a aa d' a A s R ai 1 d' a ~ A 1 d? d'
wodAYN19aia (P<0.05) Namngiiideaniu Tun 7 duadoUiunasidaifaauas vedliiien
26+2 °C uatlAfien 38+2 °C uazldsuanslwddueadnilfeniudansanunseay 400

A Aa v '

faansudanlaniuarnisenms LiLanaanunegia (P>0.05) anadsdSunasiliaifeaunas

aadliiten 38+2 °C uazlasuaslwdaueannifeniuiauzanaunszay 400 daaniude

a

A lansue1MI50IM3 gdﬂdﬂvlﬁﬁvlﬁ%'u RIINARBaa NI FanuAaNzNNNT=AL 100 LAz 200

[ 1 o @ a

UaaNSUADN 1anTuD1MITEINT 88 INRLAIATYNIIRDR (P<0.05) (Table 10)
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Table 9. Hemoglobin concentration (Hb) of broilers maintained at 26+2 0C, and broilers
maintained in the environmental temperature at 38+2 °C and received polyphenols from

tamarind seed coat extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Hemoglobin 1 577°  6.12° 680"  570° 588°  5.49° 592°  0.16
(mg/dL) 7 664 6.29 6.59 6.91 6.72 6.98 6.51 0.21
14 660"  4.80° 495 443" 447 4.28° 411° 036

21 654 580 6457 546" 592" 596" 520° 025

Mean 6.39° 577°  6.12° 563°  567° 5.68° 546° 0.2

abande within row, mean with no common superscript differ significantly (P< 0.05); Hb=hemoglobin; SEM = standard error of

the mean.

15. anadsanuududlalnadn (Mean corpuscular hemoglobin, MCH)

un 7 duadsanudududlulnadn vailifn 26+2 °c genilinamngdl 38+2 °c
pENINREEA N IEDG (P<0.05) daduanudududlalnadn vadlnn 38+2 °C uazldsy
sslwaduasnilfenuiauzanafiszay 400 waz 500 Hadniudefilaninamniemns g
' LAY va aa A = A [ A a o . . a o
Al lasussinaluesnnifenudanzanuiszay 100 Jadnsudeilaniuawisennis

a8 IUEEATINIIEDA (P<0.05) (Table 11)
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Table 10. MCV of broilers maintained at 26+2 °C, and broilers maintained in the
environmental temperature at 38+2 °C and received polyphenols from tamarind seed coat

extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

MCV 1 189.43° 177.56"  141.87° 142.72° 131.66° 139.36° 133.78°  10.00
(fL) 7 148017 111.96° 9594° 104.59° 11539 137.29" 110.02° 8.39
14 11971 12231 127.62 12626 13716 13342 12297  10.27
21 12763 11016 10524 12446 11575 107.05 12154  7.80

Mean  146.20° 130500 117.67° 12451° 12590 120.28° 124.33" 3.20

apande within row, mean with no common superscript differ significantly (P< 0.05); MCV=mean corpuscular

volume; SEM = standard error of the mean.

Table 11. MCH of broilers maintained at 26+2 °C, and broilers maintained in the
environmental temperature at 38+2 °C and received polyphenols from tamarind seed coat

extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

MCH 1 3299 3472 38.90  26.04 27.88 3040 3044  2.61
(pg) 7 3017° 2169  18.02° 2155° 2218° 2572° 2313° 137
14 2590  20.05 2128 1888 2108 2317 2065  2.03
21 2924  24.85 2430 2587 2521 2223 2847  1.79

Mean 29.58° 2533°  2563° 23.09° 24.09° 2503° 2560° 0.83

apande within row, mean with no common superscript differ significantly (P< 0.05); MCH=mean corpuscular hemoglobin; SEM

= standard error of the mean.
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16. dAnaduanuduiudlulnadudaisasidaifieaunad (Mean corpuscular hemoglobin

concentration, MCHC)

o A | A v o A A . ¢ & A & A o
WA 1 anaduanudutuilulnadudarasidoiioauad vadlaiien 38+2 °C uas
L a A A =3 ai L a Aa o 1T A 3 1 1
130 aslwdiueannufeniudauzauiszay 100 Jaaniuden laniuemsemisganinld
Wan lasuansinaiueannidfeniudauzunseay 0, 200, 400 waz 500 Aaansudanlansy
819132 1%15 wazlniiten 26+2 °C (P<0.05) 1uf 14 dAnaduanudutuwilulnadudeisasiia
\Raauas vadlniiiaf 26+2 °C gandnlriiiaf 38+2 °C (P<0.05) (Table 12)

Table 12. MCHC of broilers maintained at 26+2 0C, and broilers maintained in the
environmental temperature at 38+2 °C and received polyphenols from tamarind seed coat

extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

C C C

MCHC 1 2165° 19.49° 27.77°  23.01° 2447° 2250° 2334  1.10

(g/dL) 7 20.53 1942 18.74 21.05 19.35 16.99 18.16 0.61

14 2197 16.73° 16.22°  14.42° 15.43°  1879° 19.39° 124

21 22.68  23.77 2414 20.48 21.80 21.09 23.68 1.22

a b

Mean 21.71° 19.85° 21.72° 1974 208" 19.84°  21.15° 0.49

abande within row, mean with no common superscript differ significantly (P< 0.05); MCHC=mean corpuscular hemoglobin

concentration; SEM = standard error of the mean.
17. wanguIagdn (Plasma bilirubin)

wh 1 wanaandasiu veslaen 38+2 °c uazldsuaslndiuaannilfanuda

U

[ 1

V2AWNIZAU 300 ﬁaﬁﬂsmeﬁTaﬂé”aJmmigaﬂdﬂﬁLﬁaﬁvlﬁ%‘umﬂwﬁﬂuaaﬁnmﬂﬁaﬂmﬁ@
UZTINNTTAL 0, 100, 200 Uaz 500 Aadnsudailanine1ms uazliiian 26+2 °C (P<0.05)
(Table 13)
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Table 13. Plasma bilirubin of broilers maintained at 26+2 0C, and broilers maintained in the
environmental temperature at 38+2 °C and received polyphenols from tamarind seed coat

extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Plasma 7 0203° 0233° 0223° 02670 04577 0333 0307 004
bilirubin 14 0025 0347 0407 0367 0390 0377 0433 012
(mg/d) 21 0870 0657 0830 0635 0807 0833 0703  0.10

Mean 0.327 0.413 0.360 0.403 0.550 0.517 0.483 0.06

aendb within row, mean with no common superscript differ significantly (P< 0.05); SEM = standard error of the mean.

18. Iaziuluya (Bilirubin in feces)

Fufi 1 ﬁagﬁulu;&amadvlﬁﬁ 38+2 °C wazldsy sslwdAuasnifenwdanzanad
YL 100, 200, 300, 400 uaz 500 faanfudenlaniuems dninliileflasusmslnaiues
nnaenianznufissdy 0 Dsansusdenlaniuoms usrliflen 26+2 °C sl
WFAANIRDA (P<0.05) ﬁﬁgﬁulugamaa"lﬁﬁ 26+2 °C gaﬂ'j’]vl,ﬁﬁ 38+2 °C aghefingdan

a

nwadid (P<0.05) Tun 14 DazDuluyaveslin 38+2 °C wazldsu sslwdluasanilfen
= A o A a o 1 a o o ' & AN e AaA A
WRANZNUNIEAL 100 TadnSuaenlansuenins dnililenlasuasindiuasnnidien
WaANZINNIZAY 400 Faansusen lansue1ms wazlniian 26+2 °C adrefivsdmangnasda
(P<0.05) fazDuluyazaslin 26+2 °C gandlrlien 38+2 °C uazldsumslndduaaan
waanwaauzanuNszay 0, 100 waz 200 Jadnudailaniuewis agdinsfmaynisia
(P<0.05) Tuh 21 Dazduluyavatlifn 38+2 °C uaz ldsumslwaiuasanilfanuiauzany
~ @ A a o 1 a o o ' & AN e AaA A & A
f3zau 100 Haansusenlansuems dninladedn lasumslndfluaannifenwiauzun
AU 200, 300 uaz 400 Aadniudanlaniuens adnalipdaynieada (P<0.05) Taziu

luyavaslin 38+2 °C uaz ldsuaslwdluesnnilfanwieuzauiiszay 400 iadniudo



28

nlansue1¥1s gandn Trmenlasu sslnainaaanilfaniuaauzanunszau 0, 100, 200 WAz

500 fadnsudanlansuams uasliiiiadl 26+2 °C (P<0.05) (Table 14)

Table 14. Bilirubin in feces of broilers maintained at 26+2 0C, and broilers maintained in the
environmental temperature at 38+2 °C and received polyphenols from tamarind seed coat

extract at 0, 100, 200, 300, 400 and 500 mg/kg in diets.

Environmental temperature

26+2 °C 38+2 °C
Parameter Days 0 100 200 300 400 500 SEM

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Bilirubin 1 5.00° 3.70° 1.00° 1.00° 1.00° 1.33° 1.70°  0.20
in feces 7 5.33 4.33 3.33 3.00 3.67 3.00 400 030
x10° mg%) 14 433" 267°  200° 267° 333 4000 333" 030
21 233 3.00°°  200° 367" 400" 433" 267" 030

a ab c bc ab ab ab
Mean  4.20 3.40 210°  2.60 3.00 3.20 2.90 0.30

abeandd within row, mean with no common superscript differ significantly (P< 0.05); SEM = standard error of the mean.

19. fanvsuvasiaulainganinleuiateandias (Glutathione peroxidase activity)

o A a 6 6 a A A
AN 1 WBININARD mm'iimaaLau"l,ﬁlmﬂg]mvlmiamﬂasaamjma ?lﬂdvlﬂl,uﬂ‘ﬂ

A

annd 38+2 "C uazlasumslwdNuesnnidfenwiauzeunszau 0 Jadnsudailansy

q U
213 gendlrilangunnil 26+2 °C adliiudAyneaiia (P<0.05) vasauladnganin
lauilosaandias vaslriieNamngdl 38+2 °C uazldiuamslndiuesanilfenianzaiad
wau 0 [sdniudeflansvemns ganiilddenlaiusslndiueannidfanudauzaun
3¥@U 100, 200, 300, 400 Laz 500 AaanIuAanlaniNea1ms (P<0.05).
o A a & & a A A
Tun 7 veimIneass  fansiuvedeunlminganlnlewdaseandias  vaslriiied
a [o] Qs A A A =3 A o a A [ ]
aunndl 38+2 °C uazlatumslndiueannidfaniudauzaunzau 200 uaz 400 fadnuda

Alansuaniy gan'jwvlmﬁaﬁvlﬁ%'u fIlwaR ke NIURANINAANZAINNTZAL 100 WaANITNGa

¥ ]
A =y

Alanfuamns  (P<0.05) Aanvswvasienlodngainlauilesoandies vaslriftafigunnd
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38+2 °C uazlasuasinaiuaaannidfeniuianzanunszay 0, 100, 300 Uz 500 Haansude
Alansuamny uazlriileNamngdl 26+2 °C lduandninunisaiia (P>0.05).

o A a 6 6 a 1 ‘ﬂq’ A

Tuh 14 vaimIneasy fanvinvedenlminganlnlewaseandias vaslrified
gunnil 38+2 °C uaz ldsuaslwaiuasaniUfanuiauzananszey 200, 300, 400 uaz 500
A a v 4 A o ' & A v A A = A )
fadnsudaflaniuems gandlridenldiu sslndfueannidfeniudauzanuniszay 100
faansuaanlansua1ns (P<0.05).

> p.{' a 6 6 a 1 dw =}
IUN 21 VININARAI ﬂfﬂnﬁrmjaaLauvl,émﬂgmvlwiamﬂamaﬂsﬁma Qa9 lntian

gUnNH 38+2 'C uaz 26+2 °C laluandariun1saiid (P<0.05) (Table 15)

u

Table 15. Glutathione peroxidase activity of broilers were maintained at thermoneutral (26+2

0C), and high environmental temperature (38+2 0C) that received polyphenols at 0, 100, 200,
300, 400 and 500 mg/kg in their diets.

Environmental temperature

26+2 °C 38+2 °C

Parameter Days 0 100 200 300 400 500 SEM
mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg

Glutathione 1 18.20° 81.67° 37.28° 39.60° 3427° 39.87° 3816  34.89
peroxidase 7 17.13° 2041™° 1538° 26.37° 17.00°0 2551 19.97°°  6.60
activity 14 16.91° 1574 11.39° 2135 2077° 2165 2281°  6.18

(mUnit/gHb) 21 18.49 23.16 15.84 22.54 13.72 16.83 20.23 7.22
Mean 17.68 35.25 19.97 27.46 23.65 25.97 25.29 50.15

abande within row, mean with no common superscript differ significantly (P< 0.05); SEM = standard error of the mean.

20. mmﬁ@ﬂﬂamauﬁmﬁammuﬁaﬁﬂmﬁayﬂﬁadﬁ;amsﬂﬁuuuéaomﬂ@LLa:daamu
(SEM uaz TEM)

ﬁ]’mmsﬁﬂmﬁ'ﬂmmzma@am HIN1AVBILTALRALAIA Uﬂ§ﬂx‘]‘i}ﬂﬂ‘i‘iﬂﬁLLﬁJU GONARYA

]
1 =y

vaduliaiRaauaslniitenindunamnnil 26+2 °C uazlriiaNamnndl 38+2 °C uazldiy asln

9

AAwasNRaNLNEANZUNNAIZAY 0, 100, 200, 300, 400 LAz 500 AadnsudailanInaInis

[

TUuA 1 Uaz 14 a9N1INAaaY NANIANEITAIT
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20.1 MIANMEIENABI9aNTIANBLANAATAULLLEINTIA (SEM)

gﬂiﬂm:ﬁ;ﬂﬂ’] HINAN%ANY auﬁmﬁammﬁﬁﬂmﬁa Uﬂﬁaagam‘mﬁ&aﬂmammu

gaanma lulrilangunnil 26+2 °C uazlnifianganmni 38+2 °C uazldTumslnafluaaan
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Figure 1. SEM micrograph of of red blood cell in broilers were maintained at thermoneutral (26+2 OC), and high
environmental temperature (38+2 oC) that received polyphenols at 0, 100, 200, 300, 400 and 500 mg/kg in their diets ((A1-
A2, SEM micrograph of red blood cell of broiler maintained at 26+2 UC, on day1 of experimental period; A3-A4, SEM
micrograph of red blood cell of broiler maintained at 26+2 OC, on day 14 of experimental period; B1-B2, SEM micrograph of
red blood cell of broiler maintained at 38+2 UC, on day1 of experimental period; B3-B4, SEM micrograph of red blood cell of
broiler maintained at 38+2 oC, on day 14 of experimental period; C1-C2, SEM micrograph of red blood cell of broiler
maintained at 38+2 °C and received polyphenols at 100 mg/kg in diet, on day1 of experimental period; C3-C4, SEM
micrograph of red blood cell of broiler maintained at 38+2 °C and received polyphenols at 100 mg/kg in diet, on day14 of
experimental period; D1-D2, SEM micrograph of red blood cell of broiler maintained at 38+2 °C and received polyphenols at
200 mg/kg in diet, on day1 of experimental period; D3-D4, SEM micrograph of red blood cell of broiler maintained at 38+2
°C and received polyphenols at 200 mg/kg in diet, on day14 of experimental period; E1-E2, SEM micrograph of red blood
cell of broiler maintained at 38+2 °C and received polyphenols at 300 mg/kg in diet, on day1 of experimental period; E3-E4,
SEM micrograph of red blood cell of broiler maintained at 38+2 °C and received polyphenols at 300 mg/kg in diet, on day14
of experimental period; F1-F2, SEM micrograph of red blood cell of broiler maintained at 38+2 °C and received polyphenols
at 400 mg/kg in diet, on day1 of experimental period; F3-F4, SEM micrograph of red blood cell of broiler maintained at 38+2
°C and received polyphenols at 400 mg/kg in diet, on day14 of experimental period; G1-G2, SEM micrograph of red blood
cell of broiler maintained at 38+2 °C and received polyphenols at 500 mg/kg in diet, on day1 of experimental period; G3-G4,
SEM micrograph of red blood cell of broiler maintained at 38+2 °C and received polyphenols at 500 mg/kg in diet, on day14

of experimental period).

WRaNLNAANZAINNTZAU 0, 100, 200, 300, 400 LAz 500 VAANITNGANLANTNANWIT b IUN 1
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Figure 2. TEM micrograph of red blood cell in broilers were maintained at thermoneutral (26+2 OC), and high environmental
temperature (38+2 oC) that received polyphenols at 0, 100, 200, 300, 400 and 500 mg/kg in their diets (A1-A2, TEM
micrograph of red blood cell of broiler maintained at 26+2 OC, on day1 of experimental period; A3-A4, TEM micrograph of
red blood cell of broiler maintained at 26+2 OC, on day 14 of experimental period; B1-B2, TEM micrograph of red blood cell
of broiler maintained at 38+2 OC, on day1 of experimental period; B3-B4, TEM micrograph of red blood cell of broiler
maintained at 38+2 0C, on day 14 of experimental period; C1-C2, TEM micrograph of red blood cell of broiler maintained at
38+2 °C and received polyphenols at 100 mg/kg in diet, on day1 of experimental period; C3-C4, TEM micrograph of red
blood cell of broiler maintained at 38+2 °C and received polyphenols at 100 mg/kg in diet, on day14 of experimental period;
D1-D2, TEM micrograph of red blood cell of broiler maintained at 38+2 °C and received polyphenols at 200 mg/kg in diet, on
day1 of experimental period; D3-D4, TEM micrograph of red blood cell of broiler maintained at 38+2 °C and received
polyphenols at 200 mg/kg in diet, on day14 of experimental period; E1-E2, TEM micrograph of red blood cell of broiler
maintained at 38+2 °C and received polyphenols at 300 mg/kg in diet, on day1 of experimental period; E3-E4, TEM
micrograph of red blood cell of broiler maintained at 38+2 °C and received polyphenols at 300 mg/kg in diet, on day14 of
experimental period; F1-F2, TEM micrograph of red blood cell of broiler maintained at 38+2 °C and received polyphenols at
400 mg/kg in diet, on day1 of experimental period; F3-F4, TEM micrograph of red blood cell of broiler maintained at 38+2 °c
and received polyphenols at 400 mg/kg in diet, on day14 of experimental period; G1-G2, TEM micrograph of red blood cell
of broiler maintained at 38+2 °C and received polyphenols at 500 mg/kg in diet, on day1 of experimental period; G3-G4,
TEM micrograph of red blood cell of broiler maintained at 38+2 °C and received polyphenols at 500 mg/kg in diet, on day14

of experimental period).
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