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Abstract

Objective: This study aimed to examine the effect of drinking-water temperature on physiological changes under heat
stress in four non-pregnant Sap PSU.1 breed female goats.

Materials and Methods: The trial lasted two weeks: in week 1 (control), goats received ambient-temperature water
(26+2°C), and in week 2 they received cold water (21+2°C). Animals were turned out to an outdoor paddock for 6 hours
per day. Drinking behavior, respiratory rate, heart rate, pulse rate, rectal temperature, and hematological variables—
packed cell volume (PCV), red blood cell count (RBC), white blood cell count (WBC), and neutrophil-to-lymphocyte
ratio (N/LR)—were recorded.

Results: Body weight increased over the study. The temperature-humidity index (THI) indicated mild and moderate
heat stress, and goats consumed more water in the evening. Providing cold water significantly reduced respiratory
rate, heart rate, pulse rate, and rectal temperature during the period of peak heat exposure (14:00-22:00 h). PCV, RBC,
and WBC did not differ significantly, whereas the N/L ratio was significantly higher than in the control (p < 0.0001).

Conclusion: These findings indicate that providing cold water is an effective approach to alleviating heat stress in Sap
PSU.1 female goats, modulating physiological responses without significantly affecting hematological indices.
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Table 1. Weekly changes in the body weight (kg) of goats.

Number goats

Variable Mean + SE P-value
6064 6083 6099 6909

Initial BW (kg) 20.60 20.51 21.37 22.20 21.17 + 0.36° <0.0001

Week 1 BW (kg) 21.25 21.12 21.92 22.82 21.78 £ 0.38°

Week 2 BW (kg) 21.84 21.73 22.54 23.42 22.38 +0.38°

Data are shown as Mean + SE. Means in the same column with different superscripts are significantly different (p < 0.0001). BW; Body

weight (kg)
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Fig. 1. Temperature and Relative humidity over time: Week 1 vs. Week 2. Temp; Temperature, RH; Relative Humidity
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Fig. 3. Water Intake of Goats during Two Experimental Weeks.
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Fig. 4. Physiological response: Respiratory rate, Heart rate, Pulse rate and Rectal Temperature.

Data are shown as Means in the asterisk bar graph with different superscripts are significantly different.
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Table 2. Effect of heat stress and drinking water temperature on complete blood count in goats.

P-value
Variable Treatment 8 A.M. 2 P.M. 4 P.M. SE
trt time trt*time
PCV W1 Control 15.92 15.00 14.41
0.741 0.0982 0.4483 0.7584
W2 Cold water 14.25 14.08 13.83
WBC (cell/ul) W1 Control 3.54 3.21 3.67
0.520 0.2632 0.7734 0.8859
W2 Cold water 2.78 2.96 3.20
RBC (x10°cells/pl) W1 Control 8.11 8.16 8.41
1.255 0.8998 0.7922 0.7599
W2 Cold water 7.48 9.11 7.70
N/LR W1 Control 0.51° 0.98" 0.75°
0.086 <0.0001 <0.0001 0.8780
W2 Cold water 0.89° 1.43° 1.13°

Data are shown as Means in the same column with different superscripts are significantly different (p < 0.0001).

nanenssNUsEnA

YBUBLAM UNIAUNZUNY A1 AT ERIAN AR
DUATIVARTNARBIUNEAUENINE 1D, 1 A unsfinu
WeedfiRnisniedniauazasTina lunisngaatinsziien
TafRINen 39uNelNMANE1YINT @121 TNERIANERT MDY

-

INEAIAART NuAnendauLiy Alinisatiuayusi

] o '

21749 TalldaudAtyAanNNd1Faasnul

https://kku.world/vcaws3

Supplementary file

LANAITAINDY

dniinwalulafidesiuef@nd 2558, amsg ARy Fes nns
nagauANANTsndpTulsaLnuay whilen dwsu
Tansvde une ung (Potency test of FMD vaccine for cat-
tle), SOP-QCF-045. dhenagan Annndatulsalinuas
wintes wi 1-5

Alam M, Hashem M, Rahman M, Hossain M, Haque M, Sobhan Z,
Islam M, 2011. Effect of heat stress on behavior, physi-
ological and blood parameters of goat. Prog Agric 22,
37-45.

Aleena J, Sejian V, Bagath M, Krishnan G, Beena V, Bhatta R, 2018.
Resilience of three indigenous goat breeds to heat stress
based on phenotypic traits and PBMC HSP70 expres-
sion. Int J Biometeorol 62, 1995-2005.

Attia NES, 2016. Physiological, hematological and biochemical al-
terations in heat stressed goats. Benha Vet Med J 31,
56-62.

Banerjee D, Upadhyay RC, Chaudhary UB, Kumar R, Singh S,
Ashutosh MJG, Polley S, Mukherjee A, Das TK, De S,
2014. Seasonal variation in the expression pattern of
genes under HSP70 family in heat- and cold-adapted
goats (Capra hircus). Cell Stress Chaperones 19, 401-
408.

Berihulay H, Abied A, He X, Jiang L, Ma Y, 2019. Adaptation mech-
anisms of small ruminants to environmental heat stress.
Animals (Basel) 9, 75.

Bhateshwar V, Rai DC, Datt M, 2023. Heat stress responses in small
ruminants under arid and semiarid regions of western In-
dia: A review. Agric Rev 44, 164-172.

Cooper RA, Hill B, Kirk JA, 1991. Effect of water temperature on
water consumption in female angora goats. Proc Br Soc
Anim Prod; 1991. p. 163-163.

Danso F, Iddrisu L, Lungu SE, Zhou G, Ju X, 2024. Effects of heat
stress on goat production and mitigating strategies: a re-
view. Animals (Basel) 14, 1793.

Dunshea FR, Leury BJ, Fahri F, DiGiacomo K, Hung A, Chauhan
S, Clarke IJ, Collier R, Little S, Baumgard L, Gaughan
JB, 2013. Amelioration of thermal stress impacts in dairy
cows. Anim Prod Sci 53, 965-975.

Facanha DAE, Ferreira J, Silveira RMF, Nunes TL, de Oliveira MG,
de Sousa JE, de Paula VV, 2020. Are locally adapted
goats able to recover homeothermy, acid-base and elec-
trolyte equilibrium in a semi-arid region. J Therm Biol 90,
102593.

Ferreira J, Silveira RMF, de Sousa JER, Guilhermino MM, Vasconce-

Volume 35 | Issue 1 | 2025

29



KKU Veterinary Journal

los AM, Facanha DAE, 2021. Evaluation of homeothermyQisson K, Hydbring E, 1996. The preference for warm drinking
acid-base and electrolytic balance of black goats and water induces hyperhydration in heat-stressed lactating
ewes in an equatorial semi-arid environment. J Therm goats. Acta Physiol Scand 157, 109-114.

Biol 100, 103027.
Phulia SK, Upadhyay RC, Jindal SK, Misra RP, 2010. Alteration in

Gupta M, Mondal T, 2019. Heat stress and thermoregulatory re- surface body temperature and physiological responses
sponses of goats: a review. Biol Rhythm Res, 1-27. in Sirohi goats during day time in summer season. Indian

Gupta M, Kumar S, Dangi SS, Jangir BL, 2013. Physiological, bio- J Anim Sci 80, 340.

chemical and molecular responses to thermal stress iPugh DG, Baird N, 2012. Handbook of Sheep and Goat Medicine.

goats. Int J Livest Res 3, 27-38. 2nd edn. Maryland Heights: Elsevier Saunders.

Habeeb AAM, Gad AE, El-Tarabany AA, Atta MAA, 2018. NegativRibeiro NL, Costa RG, Pimenta Filho EC, Ribeiro MN, Bozzi R, 2018.
effects of heat stress on growth and milk production of Effects of the dry and the rainy season on endocrine and
farm animals. J Anim Husb Dairy Sci 2, 1-12. physiologic profiles of goats in the Brazilian semi-arid re-

Hobby Farms, 2021. Goat Health How To: Injection And Drenching gion. ltal J Anim Sci 17, 454-461.

[internet]. [Cited 2024 Dec 12]. Available from: https:galama AAK, Caja G, Hamzaoui S, Badaoui B, Castro-Costa A,
www.oie.int/fileadmin/Home/eng/Animal_Health_in_the_ Facanha DAE, Guilhermino MM, Bozzi R, 2014. Different
World/docs/ levels of response to heat stress in dairy goats. Small Ru-

pdf/Disease_cards/FOOT_AND_MOUTH_DISEASE. pdf min Res 121, 73-79.

Jackson ML, 2013. Handbook of Veterinary Clinical Pathology: a%avage DB, Nolan JV, Godwin IR, Mayer DG, Acetpah A, Nguyen T,
Bailliea ND, Rheinberger TE, Lawlor C, 2008. Water and

feed intake responses of sheep to drinking water temper-
Jadhav SN, Nayyar S, Honparkhe M, Kumar BV, Singla M, Patod- ature in hot conditions. Aust J Exp Agric 48, 1044-1047.

kar VR, 2024. Effect of seasonal stress on growth perfor-
mance, blood hemato-biochemical, antioxidant, thyroi§e“an V. Kumar D, Gaughan JB, Naqvi SMK, 2017. Effect of mul-
tiple environmental stressors on the adaptive capability

introduction. Ames: John Wiley & Sons.

hormones and HSP 70 gene expression profile of Beetal

does and goat kids. UP J Zool 45, 143-155. of Malpura rams based on physiological responses in a

semi-arid tropical environment. J Vet Behav 17, 6-13.

Kojo I, 2014. Effect of coat colour, ecotype, location and sex on hair

density of West African Dwarf (WAD) goats in Nor’[herr?e“an V, Silpa MV, Reshma Nair MR, Devaraj C, Krishnan G, Bag-
ath M, Chauhan SS, Suganthi RU, Fonseca VF, Konig S,

Ghana. Sky J Agric Res 3, 25-30.
Gaughan JB, 2021. Heat stress and goat welfare: Adap-

Kumar M, Jindal R, Nayyar S, 2011. Influence of heat stress on an- tation and production considerations. Animals (Basel) 11,

tioxidant status in Beetal goats. Indian J Small Rumin 17, 1021.
178-181.
Shilja S, Sejian V, Bagath M, Mech A, David CG, Kurien EK, Varma

Mader TL, Davis MS, Brown-Brand! T, 2006. Environmental factors G, Bhatta R, 2016. Adaptive capability as indicated by

influencing heat stress in feedlot cattle. J Anim Sci 84, behavioral and physiological responses, plasma HSP70

712-719. level, and PBMC HSP70 MRNA expression in Osmanaba-
Marai IFM, El-Darawany AA, Fadiel A, Abdel-Hafez MAM, 2007. di goats subjected to combined (heat and nutritional)

Physiological traits as affected by heat stress in sheep— stressors. Int J Biometeorol 60, 1311-1323.

a review. Small Rumin Res 71, 1-12. Silanikove N, 2000. Effects of heat stress on the welfare of exten-

Mirabad MM, Mokhber Dezfouli MR, Rezakhani A, Sadeghian sively managed domestic ruminants. Livest Prod Sci 67,
Chaleshtori S, Akbarein H, 2017. The prevalence of ir- 1-18.

regularity in rhythm and heart sound in apparently healthg;janikove N, Koluman N, 2015. Impact of climate change on the

small ruminants. Iran J Rumin Health Res 2, 75-92. dairy industry in temperate zones: predications on the

Noach YR, Handayani HT, 2019. Physiological response of etawah overall negative impact and on the positive role of dairy
crossbred pregnant goat on supplementation of katuk goats in adaptation to earth warming. Small Rumin Res
leave meal (sauropus androgynus) and zn biocomplex. 123, 27-34.
J Trop Anim Sci Technol 1, 1-6. Sivakumar AVN, Singh G, Varshney VP, 2010. Antioxidants supple-
Okoruwa MI, 2014. Effect of heat stress on thermoregulatory, live mentation on acid base balance during heat stress in
bodyweight and physiological responses of dwarf goats goats. Asian-Australas J Anim Sci 23, 1462-1468.
in southern Nigeria. Eur Sci J 10. Syafiga NN, Zulkifli I, Zuki ABM, Goh YM, Kaka U, 2023. Physio-

30

Volume 35 | Issue 1 | 2025



logical, haematological and electroencephalographic re-
sponses to heat stress in Katjang and Boer goats. Saudi
J Biol Sci 30, 103836.

Techangamsuwan S, Pirarat N, 2013. Handbook of Veterinary Clini-
cal Pathology.

Thrall MA, Weiser G, Allison RW, Campbell TW (Eds.), 2012. Vet-
erinary hematology and clinical chemistry. Ames: John
Wiley and Sons.

Thom EC, 1959. The discomfort index. Weatherwise 12, 57-61.

Villaguiran M, Gipson TA, Merkel RC, Goetsch AL, Sahlu T, 2004.
Body condition scores in goats. American Institute for
Goat Research, Langston University. pp. 1-8.

Wang X, Liu J, Zhou G, Guo J, Yan H, Niu Y, Li Y, Yuan C, Geng
R, Lan X, An X, Tian X, Zhou H, Song J, Jiang Y, Chen Y,
2016. Whole-genome sequencing of eight goat popula-
tions for the detection of selection signatures underlying
production and adaptive traits. Sci Rep 6, 38932.

Wongnhor M, Yawongsa A, Rukkwamsuk T, Arunvipas P, 2019.
Environmental and water management to reduce heat
stress in dairy cows raised in tropical areas. J Kasetsart
Veterinarians 29, 100-120.

Wu D, Yin X, Jiang B, Jiang M, Li Z, Song H, 2020. Detection of the
respiratory rate of standing cows by combining the Dee-
plab V3+ semantic segmentation model with the phase-
based video magnification algorithm. Biosyst En

KKU Veterinary Journal

Volume 35 | Issue 1 | 2025

31



