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Physiological responses to heat stress on differential genotypes of
HSP70-2 in dairy cattle
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ABSTRACT: HSP70-2 is well accepted as an indicator of heat stress. The purpose of this study was to investigate the
physiological responses to heat stress of differential genotypes of HSP70-2 in dairy cattle. Thirty two female Holstein
Friesian (HF) crossbred heifers, 2-3 years of age, 266 + 5.6 kg body weight were placed outdoor with partial roof.
Blood samples were collected to do genotyping of HSP70-2 using polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) technique. Ambient temperature, relative humidity and physiological responses,
including rectal temperature, respiration rate, sweating rate, pulse rate, skin temperature, and N/L ratio were examined
at 06.00, 14.00, 18.00 and 22.00. Genotyping revealed that there were 14 and 18 heifers with genotypes AA and AB,
respectively. Physiological responses of both genotype AA and AB heifers were increased according to the increase
of THI. However, the changes in rectal temperature, respiration rate, sweating rate, heart rate, skin temperature and
N / L ratio at each point of THI between heifers of genotype AA and AB were not different (P> 0.05). However, at
22.00h when THI reduced from the previously elevated, the rectal temperature of heifers with genotype AA went
down (P<0.05) while heifers with genotype AB did not. In conclusion, this study could not confirm the different
in physiological responses between heifers of two genotype of HSP70-2 but there was tendency that heifers with
AA genotypes recovering from the impact of heat stress on rectal temperature better than those with genotype AB.
Keywords: heat tolerant, genotypes, genetic variation, Hsp70-2
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Figure 1 The PCR-RFLP patterns of Hp3 genefor
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Table 1 Means of Temperature Humidity Index (THI) during experimental period

Time
06.00 14.00 18.00 22.00 SEM
Dry bulb (C°) 21.95° 39.48° 35° 30.15° 0.13
Wet bulb 25.54° 25.67° 23.69° 24.53° 0.12
"THI 74.2° 87.16° 85.12° 79.24° 0.13

"THI = 0.72 (Tdb+Twb) + 40 (McDowell, 1972)

*¢“\Means with different superscripts in row are significantly different (P<0.01)
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Figure 2 Rectal temperature (a), respiration rate (b), sweating rate(c), and skin temperature (d) according
to the changes in THI in cattle genotype AA and genotype AB. Value with different letter on the

same line showed significantly different (P<0.01)



24

Ja150i

nIRALAUBINNNETIINenveiaatilnd AA
waz AB luwsay THI LR AL manFnai (P>0.05)
r;mmﬂmaﬁﬂwwmqﬁﬂ LAZADLY (2548)1’71'wud1
TAnuFauiin1sneaueneassInemneannialy
nuFau aeelsninn launalulni AA Laz ST AB
Hgtluuunismeuauesaas RT, RR Laz sad1 THI
YRIANTNUIAABNFNGTI

TraTulni AALAZAB RaLAUeIRaAN THI Tige

%
== %

Fu Faennaliin RT (Figure 2a) T ANAA
gauunintgludienialagnIuniuf sty
g nuandeniiiniy wiiluiuigauladnla
atulnid AA amnsnacuAngannseniataenis
an RT@\ﬂé’mwﬁqmm%tyﬁmmmﬁ?ﬂmLﬁ@\‘i
anAnFer asdlaonudluldlsdnlaalulni AA
ananufaunnndnlaalulng AB Liasannlafia
AINANNITNTUNNTAIL AN UUY RN TUNNE
uﬁamm%mﬁmmauﬂ?ﬁmfimmnmm?@ulﬁ
ndudhgandnilfiiadeddulafinuteul#and,
Tafidngaumgisrenianduunlddanda(Muller
and Botha, 1993)

ANafiNERIINAnela (RR) flunalniidas
izmﬂmﬂﬁﬂu@@ﬂmnéwmfﬁm(Hahn, 1999)
nsAnEaaimudnlaalulng AA uay AB e
A1B9FADAN THI ﬁLﬂ?ﬂlﬂuLLﬂmé’qmgﬂ WLL299 RR 7
wansneiy eAn THI Aanandsanniann 18.00
Taisin 1% dmsnselasaslaiialuln AA anas
wanslsisiudnlaalulng AA flandldnnamnelaiiie
fr:‘mﬂmmu’é@uﬁmmu@gimﬂluéwmﬂ (Gaughan
et al., 2000) ufiazlsignivilemidaugamniianin
wanaaNNeuendanald RT vealaalulnid AA
anasdne Tuaneiilaatulngd AB Guifluunliu RR

WAKNERT 42 arTUNLAL 1 : (2557).

anad Bnlin1ssrunganufeulusienielud
ﬂa‘zam%mwmﬁ'@zm"ﬂﬁ’@qmuqﬁﬂﬁuL‘ﬁﬁzjqu
Un@l# (Figure 2b)

grunnARaumila(ST) aa4laalulnil AA uaz AB
fAnfngetuiienn THI M uazdmediAngatu
W91 THI azanasludnifiy (Figure 2d) wangls
SiudensiunislvaBeurea@enuaynnstinaaiy
Xauannununanasranieldgandnaiiamis (Cun-
ningham, 2002) u’aﬂmﬂﬁ Srikandakumar and
Johnson (2004) mmmdwqmuqﬁﬁwﬁqﬁmm
AuRusiuNN9ITLNEANFRUeaNaAININNYANY
MAREAIINN IR LAZERTINNMTLIMe Lang
IHAUTIIANNENEINAAGIANYRINN 8RNI
NNNNTILLNILANNFAUAENITZLNE

FannIAnE AT i A1aNT0TFAR9AILLAN
finglunnsmeLaURIAaANNLATALTa I INAYNY
Savmadlava 2 Alulni eeindlsfid annisiiamiy
@ma‘ﬁuﬁmmmﬂﬁ?ﬂmam:mummmm%"@u
Auaan 22.00 Wu3guunenIagasla
alulntl AA fiAnanasannTasAREALaIRINANY
fau Tuaniedilaalulni] AB fidaananfanfusisd]
grunRTaNege wansliiiug Taalulnid AA §
s nEanITUTaIAINL el ERNINEsena
Antuitasannantealiln AA Snnsssingnany
¥aupananninanie (heat dissipation) léandnla
alulni] AB aenglafd wanisAnmdaluanunsn
aqUléilesannuazes RR uaz SR ladumnsineiu
szwinala 2 ngu Tusuzidieaiu Tralulnd AB 7
ﬁmLf;mL'ﬁmﬁuqmmﬁéwmﬂﬁqmzﬁq@fﬁu WARY
W diudnfalinnsazanmnuFanlusienie (heat
load) Faanarinlslaatuld AB lé5unansznLan
AnuFaudunaiuundnlaalulng AA



KHON KAEN AGR. J. 42 SUPPL. 1 : (2014).

ANIBLAN

mu%%ﬁiﬁ?ummﬁumwunu%“ﬂmﬂ
dinauimunIneAanfuaznalulatiuieni
(d9n4.) ﬂm:;ﬁﬁmﬂmmﬁ:@mmmmﬁwmm
LATHNAUTNINEATNITNFRELEA NU1ANLAE
AU ﬁwmmzﬁﬁm‘m@mLmzﬁmﬂﬁﬁﬁmi
maluladFanmunanandeaeuniuildaay
arAfanudl uazgnanfluniaids

LANAIFDN9DY

AiTle danAng, givu wnge, widung wadneray, was 4ns
nAHL.2555. ma‘nﬁauLﬁﬂuﬁﬁﬁuﬁf;ﬂﬁiﬂhﬁﬁu
HSP70-2 szudnalaituileding uaslaaalmimEide.
LAMNHATRTLWLAY 2 : 381-386.

g9 lARTAN, g9 NAWAN, gaus Au1iny, wusdde
ANNAAT, LATEAU NNGY. 2548, NIANEILLBLLAEL
nalnneadsinenfifeadesiunmuieuszuinada
WAFRULALIALANUNG. WALINSAT. 34(4):347-354.

Cunningham, J.G. 2002. Textbook of Veterinary
Physiology 3™ed. Elsevier Science Philadelphia,
Pennsylavania. USA.

Gaughan, J.B., S.M. Holt, G.L. Hahn, T.L. Mader and
R. Eigenberg. 2000. Respiration rate-Is it a good
measure of heat stress in cattle? J. Anim.Sci. 13:
329-332.

Gebremedhin, K., and B. Wu. 2001. A model of
evaporative cooling of wet skin surface and fur
layer. J. Thermal Biol. 26: 537-545.

25

Hafez, E. S. E. 1968. Behavioral adaptation.In: E. S. E.
Hafez, ed., Adaptation of Domestic Animals. Lea
and Febiger, Baltimore.

Hahn, G.L. 1999. Dynamic respones of cattle to thermal
heat loads. J. Anim.Sci.77(suppl.2): 10-20

Hansen, P.J. 2004. Physiological and cellular adaptations
of zebu cattle to thermal stress. Anim.Prod. Sci. 82:
349-360.

Kregel, K.C. 2002. Molecular biology of thermotolerant
invited review: heat shock proteins: modifying
factors in physiological stress responses and
acquired thermotolerance. J. Appl. Physiol. 92:
12177-12186.

Ravagnolo, O., I. Miszal, and G. Hoogenboomt. 2000.
Genetic component of heat stress in dairy cattle,
development of heat index function. J. Dairy Sci.
83:2120-2125.

Sartori, R., J.M. Haughian, R.D.Shaver, G.J. Rosa, and
M.C. Wiltbank. 2004. Comparison of ovarian function
and circulating steroids in estrous cycles of Holstein
heifers and lactating cows. J Dairy Sci. 87:905-20.

Schkeger, A.V., and H.G. Turner.1965. Sweating rate of
cattle in the field and their reaction to diurnal and
seasonal changes. Aust.J. Agric.Res.16:92-106.

Srikandakumar, A., and E.H. Johnson. 2004. Effect of
heat stress on milk production, rectal temperature,
respiratory rate and blood chemistry in Holstein,
Jersey and Australian Milking Zebu cows. Trop.
Anim. Health Prod.36: 685-692.

Stull, C. L., and S. P. McDonough. 1994. Multidisciplinary
approach to evaluating welfare of veal calves in
commercial facilities. J..Anim. Sci. 72:2518 - 2524.



