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A Study on the Effect of Temperature-Humidity Index on the
Respiration Rate, Rectal Temperature and Rumination Time of
Lactating Holstein Cow in Summer Season
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Ak ZF gAE 2FE=A= 1DATD7E 70~75, 227(T2)7F 76~81, 3RA(T3)7t 82~872 FEEUch A2},
£T SEF /e T1o04 58.600 & Uetston, T20)4= 66.12, T304 84.05%2 Uettor A& A%

(C)= T1e0A 38.41, T20141 38.69, T304l 39.052 UEtt & A& BF 2-FERF7} F7Hgo]| et gho] f-5H
Z7V8FATHP € 0.05). AEH 2&(T)= T1oA 36.41, T2914 36.51, T34 37.392 vehgtew T1-T3 7+ 895
2015 BATHP € 0.05). BFEEEHE/L)S T19A 473.10, T2001A 454.76, T3°1A 399.60% eI} 2-5EX]5
7} FoA S E WEEE AR HASHE AS FRISHATHP € 0.05). AT 7|F2dst2 QIst YisAtl o] a7t Xl+
2 Aog Ayl wt 5 R4 BEX] FR 12 AEHA Thh B S gt &40 A7 28T Ao
2 ®Holch

Abstract This study investigated the effects of environmental temperature and humidity on the
physiological indicators such as respiratory rate, rectal temperature, and rumination time in cows.
Twenty lactating Holstein cows were used for this study. The temperature/humidity index, which can be
measured by the temperature and humidity of barns, was divided into three stages to distinguish the heat
stress level of cows. The temperature and humidity indexes of each stage were classified into 70 ~ 75
for T1, 76 ~ 81 for T2, and 82 ~ 87 for T3, respectively. The respiratory rates per minute were 58.60
at T1, 66.12 at T2, and 84.05 at T3, respectively (P < 0.05), and the average rectal temperatures (C) of
the cows were 38.41 in T1, 38.69 in T2 and 39.05 in T3, respectively (P < 0.05). The body surface
temperatures (C) were 36.41 in T1, 36.51 in T2, and 37.39 in T3, respectively. The rumination times
(minutes/day) were 473.10 in T1, 454.76 in T2, and 399.60 in T3, respectively (P < 0.05). As global
warming continues to damage the dairy industry, further research is needed to improve the welfare of
dairy cows and reduce their heat stress.
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127 2ETAGTE FAERIF Fh FR99] 35S, A U uRgE Az wE 4T 9+
1. M2 o oJotH 40] 1.2 AEFA NRHEAN TF E A
259 37}, ArHEE €83 4= Qlokal BaE v gl
AAhe F25E(homeotherm)ZA A4 HMAE . tH14]. 12340 &2 4¢ 49 v5gsd E3
ofifs 2Eo A= Al RAE AT F7HEQ oflvA7E Aste] AHEE A7 AN AW B WeE
AmEch gRkEQl A Z[-L9 HAY ARg2Es F7HAIXITHISL
5~25 ColH[1] -0.5~20 €9 2k HAE d&3549 A AA0] 12 AEFHAR QIS HA-AIAA w5
(Thermoneutral zone, TNZ), & AXFAE A3t = 7} 7Kk Qlo] o] At T™ A9 9840l g
7t A7 ARER] = WSt STH2). =2 3 HA Qlth &9, =W o] A 1 AEHA AT
2L & QIef A|l2o] F7IHHA AUolA d AR ¥ & HSo] BER Aol ol £ At U 249
3 7t oHAE ARS] ARols 258 AA 112 AEHA ATE mofsly| 98 SAEE HAE
T(upper critical temperature)2til sh=t|[3], i< o]g35la] 54 AL HkSh= A|7F HIE BA
o= Qlsf AVt AEHAE W] o= HI JARE  SiGich
= 25~26 TE A glom 11 o9 2&of &4
AL AAE 1L AEFHAE HH=T}{4],
RA0] 12 AEHAE & £ ofU FEolE U 2. Mz 2 g
Ak Aol Utk EAERIF A= 29 TY 25, 40
%] FHEES] SN f7F0] oF 3 % Taste 2.1 BAIES U AR
Zol| vlsl, &2 2%=(29 C)olA A7t 90 % = B 7L 2HYT 2ok ARjo] Ze=alulelyl &
S S7PRA 9ol 31 % ALATD. 1T S g0 o 20104 s8R 109714 AAISHCE BA
wtgsto] 2A0] 12 AEHA AL E 7o T 7}2e BAEIZ(Holstein) 2A2A 290 2052
AxE2A 2-FEA(Temperature-Humidity Index) o= stglon, thiEKmultiparous) 24 125, =
S FEY P AT TSRATE T WA EER s primiparous) B4 858 BATAL. BAES
HImE Wgstel Zi%0] Wiz A AEHAS AFAX guro) gl 9ajel AgHGOH AY NBYS N1E
A0 Z[0] AFe EFRAFL} FARE Qu|E 7RIt 2 o8 W HQALEL 160+63UR, T W SO
wEAE Thom(1958)°] 222 715 31& 2EAS 3604 1o /qgirt. A= ZaolAE WY 24 10:00]
AEZ Fg3lPom[7], 715 BE i‘i%(:l: he Livestoc‘k TMR AHES 25197 TMR A2 22 24934 of
Conser;vatlon Inst1£ute1°ﬂ/‘1 SHEAT AR 7S gom wemias =9 64 kS AgkEol st =
o AEEA WIS WIISHL AEAS WAS ATz Folsk TMR Aot iRAIRS) UuhgE B
(89 42 Slste] AOAC WPHIlIGle] weh AlRo] Zgu,

208 FA5t
] o]= AW oHA
STPOE ojojx] AitFoZ {5 AR FJgt oA
7t BESHA "oH10-111. A AlAC AASEHs 24 5
ok 50 %7t iR GolA ARSE AL glom o2 <l A
A 57t 5 % 60 %ollA] A9 12 AEFAR QT
A AAA foig d3 Uk BISITHI2).
7159 112 AEFHAE o] Yoii= AEHA
£ A#3felal AEFHA @A TE AR Het At
Ho] Fgsir}. R0 1 AEHAE HFH o @It
s7] 9ol &8 5= ol ARE= A2, 5F & 50l
ALt 49 A2 12 AEHAS] HH AHEA T
2x]o] 22 ([13] Bandaranayaka®t Holmes(1976)
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Table 1. Chemical composition of the basal diets

% DM)

Item TMR Concentrate
Moisture 4632 11.81
Crude Protein 8.09 19.79
Crude Fat 2.99 5.62
Crude Fiber 10.84 6.36
Crude Ash 3.43 6.82
NDF 21.78 22.15
ADF 12.75 9.94
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THI = (0.8 x 2%(0)) + WHEE(%) x (L%(0)
- 14.4)] + 46.4 [17]
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(TH7F 70~75, 292A(T2)7F 76~81, 32A(T3)7}
82~872 F-EE| It
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of NBEE H= ¥ oo Y 25T 2PaA oF
S/ A7 5 AF2E 2 SF5E F 88 &4
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2.5 SHEA

B oA AojA A= SAS program (version
9.2)& o]-&sto] HAMEA(ANOVA)S AAIS+H o, /\}
SEHL Duncang o8t Fo4F 0.058 7|&
2 A5kt

3. &y & nF

3.1 28k, A2 ¥ 35

AlF717E B9t 7E en 9 £ ¥5E 25T X|5
O] Wsh= Figure 13} 29} Attt AA| A|g7|7ke] 2%

I4AE 71802 SAF Y S0 9
35.15 C= Uetgton Jdigee] ®Moe 26.45 ~

95.20 %= Ut $4E 2% 9 558 Ed= &
SEATE Al A3 I 89 64 ~ 88% UERTE
o ¥ & AToIM A4 G 2k WoE 244 ~
34.84 T om s W= 55 ~ 91.9 %= 7]
S o 29 FEE EYE AL 255

A9 WY 70 ~ 867 At oH 24 F 2%
TA47E 70 g Hol= 347t £ 43, 80 thE HQl
347t & 439]2 YHQI

Temperature  —— Relative humidity

TEMPERATURE, °C
RELATIVE HUMIDITY, %

DATE

Fig. 1. Daily pattern of air temperature and relative
humidity at 14:00 during experimental period.

TEMPERATURE-HUMIDITY INDEX

DATE

Fig. 2. Daily pattern of temperature-humidity index
at 14:00 during experimental period.
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St-Pierre 5(2003)9] Aol st A9 A
T} EAof| 112 o] PR It BaEglom
AEHAY P FHORE dFo] JpssittaE: &
A QUTH19l. 249 A9 112 AEHAS HFHoZ
motsly] YoM dEHoZ SgEE A ER B 55
o} Q2w gy E8E Sk §9-9 A=
V2304 555t IR 7 ATIAE wets
£ Zo] Aol E4dojzta g vh ltH20].
£39] 7159 AA2mt Sk Aok dARER
o 35571 S7Foks YA EE Wrkal B aEo] glo
[20-21] 212 AEHA £ w24 mofslr] fJgt 7]
H2A BISZ7 S8 Qirt £ AFoA S44
AEEY B9 B 555, G2} ARH 255
Table 20 Yetitt. £ B+ 5859 4% Ti+ol
A 58.600.2 UEREoH, T2 A& 66.12, T3 7oA
84.053]2 Uelt 252X 47t S et £ 5
F57t S AT 7 BAIR SR R Ao
£ UEHITHP € 0.05). ol € Fole @2 249 &
Tt SAHeR FURITAL Had =9 A7y
(2219} Lot AEet g4 £ F 2032 LE
Ud 35571 32 € ol koA oF 1003714
T 37koks ACoR vehdtty Hugh A At
[23]9}% YAZHt. Berman(2005)°0 2Jstd Z4o] &
g SF57F 70 ~ 803 Alo|2 YERGH 1.2 AEHA
A7 g AA7F stk AXEE E 4 et
[24], £ 959 T3 AldTolA 557t 84.0582 54
Elo] A[gHo] 2 AEHAE v QIrke oulE o
A3 £ it

AF2ee= A @ +3 s & & U 58T
AR F shteA 7o) 18 Aedal e Wt
she) Aglel, ALEA 1 TR ASololE kY

of 2 T F= A= LA ATH25]. & AFolA
4" AF2=(C)= TIOIAM 38.41, T2904 38.69,
T3914 39.052 YEhu 2-F=A57 S7Hel et
Ag2E B3 SUbeke ghe vERleH Al Al 3
Ag2ee SARCE FAHQ Aolg HATHP (
0.05). ARl AHe] a7t 802 H 2FEAS
M 2= 383 ~ 38.7 TE 2361 A&
e A Eoh e AEFHAS AL Qlt=
2e ulsk=dl20] & AFEY 2-F=AF7F 82 ~
874 wW|(T3) FA-=2&7t 39.05 TZ Heht A|8F0] 1L
< 2EHA Ao Asf3leS skt olgx &
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Table 2. Body temperature and respiration rate of
dairy cows exposed to heat stress

Variable’ T1 T T3 SEM
RR,
imes/min | 5860° | 66.12° | 805" | 1782
RT, © 3841 | 3860° | 3005% | 053
ST, © 36.41b 36,51b 3739% 0.4

RR = Respiration rate, RT = Rectal temperature, ST = Surface
temperature

a, b, c
""" “within rows means bearing different superscripts differ at

P<0.05
*'T1 = THI 70~75, T2 = THI 76~81, T3 = THI 82~87

2 Uegow A7t AMgEE 39 2-F5EAFT
EOHSE g A7 Haoks AL ERlskh
gk A7kl gt BAEA 23t T1 9 T2 2kl
94 ztol7t gldont T3} T1-T2+ o+ #
o)7} I JTHP € 0.05). -FEA4 Hlel gt
BT MY BAE gotr] {5 #sRS Figure 33
Zo] Yehfdet. T19of vehd ke o] 2-FEAS
FHRl 7, 84| 7ESE S5yt 99
O|2HA TAsIPoH 1Y & W5EE Al 7, 8¥
o 7l=A Zastar 99e] Hat sk i YE
Wk Bl 59 15897} 5FF 5 gl Eule
AZE 9F 340 ~ 540202 HIEFo] 9J=H|[29-31]
2 AEY A AT Bt §EEE AR BF o] i
9l Woll =]k BgEd 49 AEHA 17}
T Aol Utk dEFor F4 AEHAR2], AW
(33], BAMARS(34] 3 o] Stk B¢ A Qo
Kadzere 5(2002)9] A+2FA = 12 AEHA &
3t B gEsgat #Rio] Sl Ao R YEA(35] & AT
A}t A5

1

g

L
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Table 3. Rumination time of dairy cow exposed to
different temperature-humidity index

Variable’ Tl T2 T3 SEM

RT, min/day 53.61

473.10% | 45476 | 399.60°

RT = Rumination time

a,b
"“within rows means bearing different superscripts differ at

P<0.05
" 'T1 = THI 70~75, T2 = THI 76~81, T3 = THI 82~87

—R —a-THI

Rumination time, minutesfday
.
Temperature-humidity index

2019-05-01 2019-06-01

2019-07-01

Date

2019-08-01

2019-09-01

Fig. 3. Changes in rumination time and temperature-
humidity index during experimental period.
*

R = Rumination time (minutes / day),
THI = Temperature-Humidity Index

9.
&L A4 (Temperature-Humidity Index) ©AS Al
AR Weolth 24 9AE 252 4 194
(TH7F 70~75, 29A(T2)7t 76~81, 32A(T3)7h
82~87% FEEQITE. ATAT £ Bt TFH(E/B)
o] AL TI1FolA 58.60082 Yehgon, T2 o=
66.12, T37-llA 84.052 Vet 2-FEA|47} 5715
of wet 9 557 ST AIET 7 BAHL
2 RF9FQl Aolg YEFHTHP € 0.05). AldZ9] A%
2L(C)= T170A 38.41, T270llA] 38.69, T3OlA]
39.052 UEh 2-5EX5et o] AHAAE UERY
o Al AT 7 AL e BAXHCE §o4 &
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o]Z HtHP € 0.05). 40l A& B Bojoi 2=
AEH 2%(C)= TIFoIA 3641, T27lA 36.51,
T34 373982 Yetwtor FAEA 23 T1- T2+
ZH R4 Zjoli= HolA] kANt T37ek= Xpol& H
EPATHP € 0.05). W53/ D) FS T170A
473.10, T27oA 454.76, T37014 399.60% LFEh
o APt AR EE B9 2FEAGT} woHdse
= R8s AR fache AL ERISHHCHP <
0.05).
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