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AAERE 2020 £ 2021 FEEEMIENER (1 22 ) KR (6 2 8 B) IREDH - EREHEE/KA (Bubalus
bubalis) CHEERD) WYEMEUE - MUEERRIMNRELENFEE - (HMEERASE - ERER  KPEEINEERRE
F§% (temperature-humidity index, THI) FAZAZE G5 80.66 + 3.56 » SR B 64.17 + 5.46 » /K427 PO 3R K .
BESERERAS « BSR4 20.24 £ 4.63 70 / 4355 ~ 3836 0.55C R 30.58 + 10.42 7 / 4358 ~ 38.50 £ 0.56°C » A ~ £
FEZEEEE (P <0.05) - MUREMHIGERDALMEK - MESK - BREMERK - BEtEknN R BESZ SN AE (P
< 0.05) ; SHHALMERMATE & ~ FHALMBRIMAL Z0RE RIS P IREE - AIDBAEEEZE S RE (P < 0.05) -0
WAELERAGERDIRZ R ~ ILFEET R IREE N SR SRR (P < 0.05) 5 TlstERifgss - =R H A% - 71
DUREEEESNAE (P < 0.05) - ARHEE AT IVIRE TH HEZPEEE /K40y A HEE - taEi
BRI LI PR A e I

RE T« 2K~ MURER - MRA(EEE -

i

FHEIIREORE - BRI - ERIER R e B PCEAE R ENBEAE (Mazzullo er al., 2014) - B 5
TR E - MHBFTR IR R FF B (Kadzere ef al., 2002) o MR ESZIREDRE ~ KIGHES - AHENRE
FEZEA 2 HAIREDR S SR B2 IR ZE (Singh ef al, 2014) - HERE EEEEIVFEREE » oTDLH
SREFAL % BRIEHEYIN AR INAFIBIEE T AR REZEHEE (Silanikove, 2000) o 7KA=H A B 66 K7 [ R
R  EEERERCKZITRIZEEH 2L (Marai and Haeeb, 2010) - {H/KAFHYFRRE R E Ry S LAY N0 2 — (Vale,
2007) - PREAKAEE T EEMVRE T E - EHBREN REBR T g5 e — AV ARHRRENE - BfERaE
W~ 7Kor ~ EEEVE ~ SEENEYEFERYZREL - BEIMRIMR IR - R RAEIERE 5218 (Jasinski er
al.,2023) -

s # (temperature-humidity index, THI) 2 & #f Ryt & AR BB EEIZEHYF51E (Armstrong,
1994; Kadzere et al., 2002; Somparn et al., 2004 ) ° THI < 74 i A~ @ BEEEIYSEEE - THI 75 & 78 BEEHINEE
EHEATHRE E T N - THI 79 & 83 HfEbsiRRe » S SRS A N - B S0 Em s iR A
RS > AR g 2R ERE - THI > 84 REimikfE » FHEAIRHEIEEHE - AFFEHEF A REIRE: - AJ5E?
Z0ENYIFET” (Somparn et al., 2004; Vale, 2007 ) -
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B PEIEEMIZE IR 15 AR ' 8 AR EEIGPITR 60 AR~ T 40 AR slBaHAf R E e

R, -
(ii) 2020 B2 2021 42582 (1 £2 ) HEE (6 £ 8 H ) BEMEE—RI 14:00 - FLEREE /K4 EREK -
IR AR > A 2 BB R A LR SR B R A A EER B E S AR e

(iil) RIRTEL KB ERE EET B EARITRE T EESE (AR (TR EEEgTE
SESFTCEEEEIES ) NT > B2 6% - (AR ERASKRTER (R B G & o T
EHEHSEREYEHEZ B gUE 2 S (HUATACUC 10909 1 HUAIACUC 11008 ) Bt Gg-AE AIl#ETT -

e RITE B 81575
() B E R FENE R & R EUEE 537 2020 2 2021 45 0 5@ 52 5 BRI R DR FE 40 8%
(https:/e-service.cwb.gov.tw/HistoryDataQuery/index jsp) > 1 G & 12 A& S THI E2L 1 B &
& HRRHE LI mmE%AE T H o ZFENE (Bl 1) -1 22 A¥E9RER 18812.7C » 5
RIS Fs 772 17.5% » 3 THI{E s 64.9 143 » SEARHEEEHE 6 HE 8 HRE kK 28.9
T1.1°C » RS R 78.2 £ 5.89% » 3245 THI {H £ 80.9 + 1.1 » 6-8 H4&F 44 THI [E &S 80 » T ALK
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Fig.1. The mean temperature, relative humidity (RH), and THI value curve from January to December 2020 and 2021.
The individual average temperatures and THI values for the hot season (June, July, and August) are significantly
higher than those for the cool season (January and February).

(i) ERBOM BT PUKEEIN BB RS © SR A E 2 BRI R E BURIE - WA Y THI (Kendall
and Webster, 2009 ) -

(iii) Rl SR E TIERIETIRER - N2 ERGR S BIR 1 AR - IR R 7 & DT R4S 51T
HEAIIREEET 1 058N 2 MIRERER S - WY 2020 8L 2021 47 2 A8 8 Afxiz—#H » Haligd
ELEEFARIMIM 3 mL & EDTA $Hi4tE (BD Vacutainer® Lithium Heparin) - 3£ B 17 Bl A B2 B EZ B2 [
Y2 o0 > DL ProCyte Dx fUREE 73 A7 (IDEXX) #ETT/KA 2 IMANAEET # (complete blood
count, CBC) fak » fl&4LIMEK (red blood cell, RBC) ~ [fNZEL (packed cell volume, PCV ) ~ [fI4[ 2

(Hemoglobin, Hb) ~ FH4[MEKZFE (mean corpusclular volume, MCV ) ~ SEE41 MERIMAL Z & (mean
corpuscular haemoglobin, MCH ) ~ 541 I ERIM 4L Z )2 & (mean corpuscular hemoglobin concentration,
MCHC) - [fivME (platelet, PLT ) ~ [HiER4&E; (white blood cell, WBC ) ~ EE{4EL (neutrophils) -
SHREEER (lymphocytes) ~ BEfZER (monocytes) ~ BEREM:ER (eosinophils ) KIEf@EEk (basophils) 2 13
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(iv) K42 s A AL ERCH > ZEd T NE B e AT DL TBA™-c16000 B PR L5 5 857 4T (TOSHIBA )
WITRIRE M HEHE SR Z % (blood urea nitrogen » BUN) ~ HLE& KT (creatinine » Cre) ~ FREE
(uric acid » UA) ~ #8&E H'E (total protein > TP) ~ HEZ&EH (albumin > Alb) -~ fig{EEEERS (alkaline
phosphatase » Alp) -~ 48 & [&E i (total cholesterol » TC) ~ =& M A5 (Triglyceride » TG) % 8 {{ 1
H o S55METTEZERE (cortisol ) FELEMM » (4 EEn5%74H Bovine Cortisol (COR) ELISA Kit
( Shanghai Coon Koon Biotech Co., Ltd; Shanghai, China) -

ML 4515747
EBFTIS &R DL SPSS 4755T##8 (SPSS ver. 22) (IBM Corp., 2013) 434f » DAREIEEAR t i ERHNE ~ 248
Bg 2 PR R EEE SR REIEAR t ERRIA ~ BEKANE ~ BES0E 2 Bt R e S E
ZEMEFERE S D) p < 0.05 AIREE RIS A

e R

L 5 BAFmRS EHEEKEERRE - BRAE R R R AR 2

ReERaiat 2020 2 2021 F05ZE (1 22 F) EFE (6 28 A) AK4-ZIRERE - BER THIE (F1)
=HEUBEEZENE (P <0.05) ;5 sS4 Bn AR PP R B RN S E SRR (P <
0.05) (F1-%2) -Singheral (2014) WIEENEEIZR A mAH5TMT (National Dairy Research Institute, NDRI) ]
B ZERIKA (Murrah buffalo)  (Bubalus bubalis ) SEFEFNHFRHEETE i 0C £ 45°C ) BIE [ 2 s EREL
HRE » BEEHE SEEE SRS (P < 0.05) - Haque ef al. (2012) HEEEHIKA: (12 GEIFAEL 6 BERGAE) 7
22°C~40°C -~ 42° C fi1 45" C NRIEZE 53 ISR EE 4 /N BRI RS R FERINPIR 285% » B MR (22°C)
FHEE - ZREEHL 407 C ~ 42° C F145° C 4 /NEHE » (F/K AR K AR AP SRANT B R R S B 820 i (P < 0.001) -
AR B B ZRIREE T 2 HRE - SRS RS HEBE NS R RE T - SRR AR K E GRS
SRR TEREDRS » BT AR 4E AR L > BUR /KA DRI R R S 8 v 1 B4 TRt o R R

BER; > AEIMERIZ 28K EIPRREIEHE SR (P < 0.05) » EEBREE - PR RE
EFEH o Abera et al. (2021) S A\ LLECRR LR 4E R 2 (@84 FL4F (Fogera cattle) A3 (S THI {H 72.7
+0.5) ~ WPKHE (35 THI{H 72.0 £ 0.4) KefpiZ (235 THI {E 69.6 £ 0.3 ) 7 FPURARAEL E 5 RS - 45 56
o BRGNP EHER > SHILLARSEER TS 3.4 f13.8 U/ 7788 0 MABRERFEEE SR - A
BaoN ~ BKAER 2 HERERINE - B R RBEEEE  HGRARGEEEEERAN SR AREKE - BF
REGEFE - /KR EGERE > o ZH e N REEE S KRR - R gERE AT S RrEsE - M
AFEE - BUFZEAEL > EAERITU R IR A5 2 A A AR AT B R N AR TR SKER IFTE (Singh et al.,
2014) o B TRVD/KAFREVEOE A AR B2 nIERHUEE ERE IS - B/KABREER RSN THYHEE
B (B - &82%) R EMErK KR LS TR a2 BIKE - EEH A RNsHET L 1=
SERAEACH ~ JEETFEROR » BUERELACH ~ JESTHUKAFTE « SSE B ERER R KR TH - DUEREE
R LETRE A% (Sompam ef al., 2004) - {EEVENA N - 4HRRFREN RS EGRE Y N > FYEREFRIIPT
EImlE (4R C) FIEME » VA BINGE 7 Z2020aR/KA S (LB ] (Kumar ef al., 2010) -

1 BB ~ BGR Z WRR AR B E A0 R HL P B 2 P S - RRRE B THI {E LR
Table 1. The respiration rate and rectal temperature of Taiwan swamp buffaloes during the cool and hot seasons, and average
environmental temperature, humidity, and THI.

Seasons Ambient Ambient THI Respiration Rectal
temperature (C ) Humidity(96 ) value rate temperature ('C )

Cool 18.31 £3.50° 79.96 £9.21° 64.17 +5.46° 20.30 £4.74° 38.34+0.55"

Hot 28.77 £2.88* 78.78 £ 8.54° 80.66 £ 3.56" 31.56 £11.41° 38.48 £ 0.53°

“® Means within the same column with different superscripts differ significantly (P < 0.05).
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Table 2. The mean rectal temperature and respiration rate of male and female Taiwan swamp buffaloes in the cool and hot

seasons.
seasons Male (n=5) Female (n=15)
Respiration Rectal Respiration Rectal
rate/min temperature (‘C ) rate/min temperature (‘C )
Cool 20.86+4.22° 38311£0.54 19.73 £5.17° 38.38 £0.57
Hot 30.21£10.95° 38.441+0.44 34.25%11.89° 38.54+0.68

“® Means within the same column with different superscripts differ significantly (P < 0.05).

I 35 - IR LK MRS

KA~ BT ST BT - W PIERR © TIAT MPRIMAT 28 R T A4 MUBR AT 22 S0 By L
ERHRE (P < 005) - CCIBRAS - - R RSB MERILUR B ETINE (P < 005) (%
3) AEEEKATE RGN T PIERIS R S B (P < 0.05)  BUSIREDE IR AR -
AT AR KA AENERBEE BN RIS (P < 005) - HBMERUBEIEER (R4 -

v o PR B SR R A (R 3) AT AR O Pereira e al. (2020) J#tef3ig7KF (Mediterranean
buffaloes ) B 5 FHRE SR RLIRER S (1 - SH5I0E IR BURIRBDRRE LI LFHESS R BREIRR -
Omram et al. (2011 ) &I KFMIEFIEBREMELE 42°C Nt 25°C » MREEERANMESZ - Debbarma et al. (2020) #F5T
IR B R AL AT R G ISE D L2 BHUKA AT » B - B (THI 5751 59.27  70.97 & 84)
2Rl R E RO MR AR AR N FAS » A RN AT -
Dayal et al. (2017) $EHHATMERAEBRLIATZAT T » TTAEGRENN B MBI R R - HETT BT Bk
BB/ « AEREIEIIR > K SRR S BB - KRR RIS 4K A
B GETTEBAF LTI - (R KA TR BN (Chaiyabutr er al., 1997) » A3tk 2w L8
MAFEHRBGTABERA (£3) - HARRBIEEEEE VRIS BRI (k4T RAETR
A KK ESE » T SRR - Park er al. (2021) HEBEHREZ S48 4-7ER E] THI (& F e
(> SEMASUBMAER THI (A (79.13) B » BEEMREUERISREESRIME THI (£ (64.92) -
R AR R B SRR AHERTE R R OB IR YRR SRR SR L
SR - ANFE S R MR R B B URBRE R (B RVBRAE A 2 BB © Morar e
al. (2018) BRI FEMZ G0 3 e » FAURHEA 2 A MERA - AT - DERRYERRA THES: -
BRI 2 0 - BERIISERE - TSRO RS R RS TR TR
MU R APERE AN R PTG T SRR 2 L TR e 9

3 BB - BERIMUR AL
Table 3. Analysis of the hematological parameters of Taiwan swamp buffaloes in the cool and hot season.

Parameters' Unit Cool (n = 10) Hot (n = 10)
RBC 106/ 1L 6.1410.61° 5.78+£0.53"
PCV % 34.6713.24 33.4313.54
Hb g/dL 11.57£0.80 11.97%1.34
MCV fL 57911292 57.451+3.30
MCH pe 19.36 £ 1.29" 20.62 +1.27°
MCHC g/dL 33.64+0.90° 3536+ 1.16°
PLT 103/ L 195.80 £ 43.74 211.84 £57.44
WBC 103/ L 10.99 £ 1.67 11.02+1.73
Neutrophils % 45.68 + 8.66° 59.43 £ 6.94°
Lymphocytes % 35.09 £ 5.58° 25.09 +5.25°
Monocytes % 2.731£0.82 2.56£0.99
Eosinophils % 12.04 + 4.86° 9.83+3.72°
Basophils % 3.73+5.56" 0.3710.22°

“® Means within the same row with different superscripts differ significantly (P < 0.05)
'RBC, PCV, Hb, MCV, MCH, MCHC, PLT, and WBC mean red blood cell, packed cell volume, hemoglobin, mean corpuscular
volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, platelet, and white blood cell.
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Table 4. Analysis of the hematological parameters of different genders of Taiwan swamp buffaloes in the cool and hot season.

season Cool Hot

Parameters' Unit Male (n=15) Female (n=15) Male (n=5) Female (n=15)
RBC 106/ L 6.18£0.52 6.11£0.71 5.81+0.29 5.75+0.74
PCV % 34.71£3.35 34.63 £3.31 33.621+2.74 33.21+4.43
Hb g/dL 11.53£0.67 11.60 £ 0.96 11.98 £0.95 11.96 £1.70
MCV fL 57.59+£3.12 58.20+£2.87 57.86+£3.19 57.00£3.54
MCH pg 19.31£1.32 19.41+1.32 20.62+1.22 20.61 +1.40
MCHC g/dL 33.78 £ 1.06 33.51+0.75 35.66 £ 1.26 35.05+1.03
PLT 103/ L 204.00 £43.10 187.60 £ 45.07 202.90 £ 63.62 221.78 £51.56
WBC 103/ L 11.69 + 1.66" 1021 £1.39° 11.33+£1.55 10.68 £ 1.93
Neutrophils % 5.81£0.99° 426+ 1.17° 6.86 1 1.31 6.09+1.92
Lymphocytes % 3.87£0.50 3.92£1.05 3.0710.58" 2.3810.67°
Monocytes % 0.2510.04° 0.34 £ 0.06° 0.27+£0.07 0.28£0.09
Eosinophils % 1.19£0.61 1.38£0.49 1.11+£0.57 1.03£0.39
Basophils % 0.03+0.01° 0.7510.66" 0.03£0.01 0.31£0.58

*® Means within the same line with different superscripts differ significantly (P < 0.05).
'"RBC, PCV, Hb, MCV, MCH, MCHC, PLT, and WBC mean red blood cell, packed cell volume, hemoglobin, mean corpuscular
volume, mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, platelet, and white blood cell.

IL 5 - BAERIRS LR E 8K MR AE R EPE

o BFMURAECES TSRS > SHEMEE RMRECBENEETS S EEREN (£5) > i
=P HHAE - WM 0 MRS 2 8E S IE R A2 E S - M sE R AR 2 IEH A2 E R4
ZHIE RictE - A oA A EE R - AREKEEEAERE - FREEEE SN EEKS (P <0.05) » &E
EKA PR Z BB BRI N RS SN AZEKA (P <0.05) » REEAKEREZ AR (£6) - Mahmoud
etal. (2019) WFEBURNEIIR A (BB R IR ER B S 4y > ST 8UE B DL A/KA- BB S A BEK A

PRZE ~ FLERET S PR BRI AR Z S ZE (P < 0.05) - Chaudhary er al. (2015) JR&83H Surti /K4 (Surti
buffaloes) FIFRZER - HUEEHE AR THI EFHmm EFavkEss o datmieis s =R H HiE AR E SR EE (P <
0.05) ° Lieral. (2021) #5 - fE4FAVlREREELEEME THI B E7Hm&EE TR (P < 0.001) - HAE{KELS THI{H
RS G EPIAIETT - EEf - SURIVIREE TR el B EFR (S Tl e R ELRG B RO AT BB S e (S - EEEE
ERHFIA b E L FEARA (Abeni ef al., 2007) -« Joo et al. (2021) I 4RI MAEN =/ Hliisg
BEZE THI {E_FFHf R o BASRERSE AR, » Slimen ef al. (2016) f5H » SZENEGAN SN BAT F AR B F1RT
=R H AR RETTRE ST > MR =R H AR RS (EEMEERE RS THI HIRE KPR ol sE R B e M
A R Rm = F H AR EE 2 BT -

A4 EN - AFETEREERFEENEER (R5) » HERAEMHPEESTIEE  EEYRes 2B RE
(Christison and Johnson, 1972) = TIEEM R & MR T - B FHEHS - B AR S B il 2 B4 FF BTy oAt P 43 R
REFVERETTER (Gudev eral., 2007) - /A RE SRR S EAN MRS - G156 O HEE SR HENE - AURATHE - 2955 -
8~ AlE - B -~ BE S MR OVEEI SRR o BEEREH KPR EEENE AT g
HYTE #5258 (L (Borghese, 2005) - Bristow and Holmes (2007) /9844 4% fr 4+ 7 B g 2230 & B BE 8 17 Ry HYAH B
Ve SRR RIS S AR SIS © Grasso eral. (1999) 3 » &5 TS & VGBI ZZ MK
H Al R/ NP RN ZE AR B AUHFKA o AstBnta PR o4 B £ P AR R (5 80Ry 0.49 > Ry FEIEARRE -
Yadav ez al. (2019) FFEERIKA-ET 42°C 81 25°C I P REE2 21 K> RS 1~ 6~ 11~ 16 J5 21 REMIFIE
W HRE RERRE > SN 42°C BBUEIBIET - /KA TR - HRRE KB ERE S S 25C
IZ5 - Haque eral. (2012) Wf9ef5d @ FPEEDREAEIREORE FFA- M EFAVHEES (P < 0.05) » BIRAEEER K4
FHEL » EERLF/KA0Y E B B BRI BT - AiE S o i B R 5 2 B EVEAI 2 - AstBai 2020
7 2021 FFHTHIZ SR BERR R /K A fE RS (36.00 vs. 64.00 ng/dL) EfEfERIZE (P> 0.05) 752 » [HERY
Himm 2 B2 AT ERTsOR (Haque er al., 2012; Yadav et al., 2019) fitfs - FZE RS REREDRE FFA-IN
FEEEmit -
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Table 5. Analysis of the blood biochemical parameters of Taiwan swamp buffaloes in the cool and hot season.

Parameters' Unit Cool (n=10) Hot (n = 10)

BUN mg/dL 12.41 £7.01° 17.62£2.27°
Cre mg/dL 1.72£0.22° 1.9410.18"
UA mg/dL 0.50£0.19 0.6110.15
TP g/dL 6.29 £ 0.65 6.5910.87

Alb g/dL 3.2410.30 3.1410.30

Alp IU/L 99.47 £26.13" 81.00+27.36°
TC mg/dL 63.63 + 8.49 61.05%10.09
TG mg/dL 41.79 £ 13.64° 33.65+17.38°
Cortisol ng/dL 36.00 +0.00 64.00 +43.27

" Means within the same row with different superscripts differ significantly (P < 0.05)
'BUN, Cre, UA, TP, Alb, Alp, TC and TG mean blood urea nitrogen, creatinine, uric acid, total protein, albumin, alkaline
phosphatase, total cholesterol, and triglyceride.
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Table 6. Analysis of the blood biochemical parameters of different genders of Taiwan swamp buffaloes in the cool and hot

season.

Season Cool Hot

Parameters' Unit Male Female Male Female
BUN mg/dL 7.40 £4.02° 17.97 £5.14° 17.15%£1.58 18.20£2.93
Cre mg/dL 1.85£0.12° 1.57+022° 1.99+£0.17 1.88£0.18
UA mg/dL 0.5910.15° 0.4010.18" 0.65+0.14 0.56 £0.16
TP g/dL 6.3210.58 6.25%0.75 6.25%0.88 6.93£0.75
Alb g/dL 3.28%£0.29 3.20£0.32 32110.28 3.08+0.32
Alp 1U/L 103.80 £ 28.54 94.67 +23.89 81.80 £26.05 80.11 £30.31
TC mg/dL 59.33 £8.35° 67.50 £ 6.85° 61.00 £ 11.56 61.11 £8.87
TG mg/dL 39.50£16.83 44.33 £9.27 36.20116.51 31.10£18.72
Cortisol ng/ml 0.03£0.00 0.04£0.01 0.070.05 0.08 £0.08

" Means within the same line with different superscripts differ significantly (P < 0.05)
'BUN, Cre, UA, TP, Alb, Alp, TC and TG mean blood urea nitrogen, creatinine, uric acid, total protein, albumin, alkaline

phosphatase, total cholesterol, and triglyceride.
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Abstract

This study was to investigate the changes in physiological, hematological, and blood biochemical parameters of Taiwan
swamp buffaloes during the different seasons (cool and hot seasons). The experimental results showed significant differences (P
< 0.05) in ambient temperature, relative humidity, and THI (Temperature-Humidity Index) between the cool and hot seasons.
Taiwan swamp buffaloes had significantly higher respiration rates and rectal temperatures (30.58 = 10.42 breaths/min and
38.50 £ 0.56°C ) in the hot seasons, in contrast to the cool season (20.24 * 4.63 breaths/min and 38.36 + 0.55°C ) (P < 0.05).
From the hematological assay, the values of RBC, lymphocytes, eosinophils, and basophils were significantly higher in the
cool season than in the hot season (P < 0.05). On the contrary, the values of neutrophils, MCH, and MCHC were significantly
higher in the hot season compared to the cool season (P < 0.05). In terms of blood biochemical analysis, the values of BUN,
CRE, and UA were significantly higher in the hot season compared to the cool season (P < 0.05), while the ALP and TG were
significantly higher in the cool season compared to the hot season (P < 0.05). This survey shows that the higher environmental
temperature-humidity index (THI) during the hot season significantly affects the physiological values of Taiwan swamp

buffaloes. Farm managers can plan responsive measwes according to climate change.
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