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Abstract 

Environmental factors play an important role in livestock life. An unsuitable environment 

can cause disturbances to the growth of animal and cannot produce properly. The purpose of this 

study was to determine changes in respiratory frequency, heart rate and body temperature of 

cows and goats at rest, when given running training, and when a rest one hour after being rushed, 

to find out the stamina of the animals. The results showed that exercise treatment had a very 

significant effect on respiratory rate, body temperature, and heart rate. The respiratory rate after 

exercise was significantly different from the respiratory frequency before exercise and after 

resting for one hour, but quickly returned to normal after one hour rest which indicates that the 

stamina of these two animals is very good. 
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INTRODUCTION 

 Environmental changes can affect directly or indirectly the lives of livestock (Rojas-

Downing et. al., 2017; Lacetera, 2019). Environmental factors such as temperature, humidity, 

radiation, exercise, feed can affect livestock life. Cows and goats can be directly affected by their 

environment by responding to these effects by carrying out a homeostatic process (Indrissou et. 

al., 2020; Bova et. al., 2014). The response of each animal will be different, some are able to 

adapt and others are less able to adapt. Only well-adapted animals will thrive.  

 The heart is an involuntary blood pumping organ that stimulates the heart to perform 

systole and diastole. The heart beats automatically because the network of muscle weave was 

able to generate an action potential spontaneously (Monfredi et. al., 2013). Goats have a higher 

heart rate than cows or other large animals. This is due to the high metabolic activity of small 

animals (Miwa et. al., 2015). When the ambient temperature increases or due to exercise, the 

heart rate of the animals will also increase (Lopedote et. al., 2020; Seijin et. al., 2018). When the 

ambient temperature increases, the animal's heart rate will also increase. An increase in animal 

body temperature can also occur due to exercise. The size of the animal is also related to the 

function of the heart in pumping blood throughout the body, as well as the need for body heat 

Open Access 
Hasanuddin J. Anim. Sci. 

Vol. 3, No. 1:1-7 May 2021 

pISSN 2621-9182 eISSN 2621-9190 

DOI: 10.20956/hajas.v3i1.14130 



2 Prahesti et al./Hasanuddin J. Anim. Sci.3(1): 1-7  
 
 

dissipation and removal and the exchange of gases (oxygen and carbon dioxide) in respiration. 

Increased body temperature can improve blood circulation to tissues and help the process of heat 

dissipation on to the body surface by conduction, convection and evaporation. An increase in 

ambient temperature or exercise causes an increase of heart contractions followed by a heart rate 

(Fletcher et. al., 2001). 

 Breathing is a metabolic exchange process, from oxygenic acid gas taken from the air by 

the lungs that have undergone biochemical process in the body, released back as carbon dioxide 

gas (Hsia et. al., 2013). Regulating the respiratory frequency is one way to maintain a stable 

body temperature, especially in high temperature environment (McKindley et. al., 2017). 

Another way to dissipate heat loads; in both animals (cows and goats) the main route is via sweat 

glands and evaporation from the skin. 

 Related to the effect of exercise on animals, this study examines and compares the 

stamina of cattle and goats by measuring body temperature, respiratory frequency, and heart rate. 

MATERIALS AND METHODS 

Experimental Conditions 

This research was conducted in a tropical environment, temperatures between 28-31oC, 

with sunny weather conditions, in an open pasture area. Cows and goats were given training to 

run by the animal handlers at a running speed for cows in general about 7.5 km/h, walking speed 

4.5 km/h; and goats with walking speed 4.6 km/h and running speed at 9.5 km/h during 30 min 

and rest 60 min. 

Experimental Animals 

 This study used 6 Bali Cattle and 10 Indonesian local goats. The cows used in this study 

were a mixture of males and females, aged between 3-5 years. The sheep used are also a mixture 

of males and females aged between 1-2 years. Both types of cows and female goats are not in a 

state of pregnancy with healthy physical and physiological conditions. 

 Each animal was measured for body temperature, respiratory rate and heart rate. The 

body animal’s body temperature can be determined by using a rectal temperature using a 

thermometer. Heart rate was checked using a stethoscope placed on the chest (Grais, 2013).  

Respiratory rate was calculated by calculating the frequency of breaths per minute using 

a stop-watch (Takayama et. al., 2019; Adedeji, 2012). 

Research Design 

 This study used a completely randomized design (Tavares et. al., 2016) with the 

followingfactors: 

A = before exercise 

B = after exercise 

C = after resting for 1 hour 

Data analyzed using analysis of variance, followed by the least significant difference test 

(Bewick et. al., 2004). 
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RESULTS AND DISCUSSION 

Respiratory Frequency 

 Table 1 shows that the respiratory frequency of cows and goats varies in each treatment. 

After being exercised, the cows respiratory frequency was higher than before and after resting 

for one hour.  

Table 1. The respiratory frequency, heart rate and body temperature of cattle 

Treatments 

Respiratory 

frequency 

(breath/minute) 

Heart rate (beat/minute) 
Body temperature 

(℃) 

Before exercise 21±1a 70±5a 37.66±0.4a 

After exercise 26±2b 96.66±6a 39.66±0.5b 

After resting for 1 h  21.33±0.67a 68.66±5.14a 39.00±0.5c 

Note: Data in the same column with different signs indicate significant differences between 

treatments 

 The analysis of variance showed that the treatment had a significant effect (P<0.05) on 

the respiratory frequency cattle. The result indicated that in cows that were given a fairly 

strenuous job, the respiratory rate increased drastically, then return to normal after being rested 

for 1 hour. Animals try to adapt to their environment through gas exchange in their metabolic 

processes (Maina, 2002). The smallest significant difference test showed a significant difference 

between animals at rest and after exercised. In addition, there was no significant difference 

between the respiratory frequency of cattle before exercise and after resting for one hour.  

 The increase in the respiratory rate after exercise was caused by physiological response 

of the heart to pump blood rapidly throughout the body (Burton et. al. 2004). The condition is a 

result of the metabolism of ATP release due to exercise, and the response to release the heat from 

the body through the exchange of oxygen and carbon dioxide through the respiratory mechanism 

(Cummins et. al., 2020).  The process of respiration is a very important mechanism for the 

release of body heat (Robertshaw, 2006). Different environmental conditions and animal species 

can cause difference in respiratory rate. 

 Respiration is a metabolic exchange process, from oxygenic acid gas taken from the air 

by the lungs, undergone a biochemical process in the body, and then released again in the form 

of carbon dioxide (Hsia et. al., 2013). The exchange of gases, oxygen and CO2, in the air with 

those in the blood capillaries is called external respiration and the exchange in the tissues is 

called tissue respiration (internal respiration). The transfer of O2 and CO2 from the air contained 

in the alveoli of the lungs into the blood, and between the blood capillaries and the cells of the 

lung tissue takes place by diffusion. Respiratory frequency is one way to maintain body 

temperature stability (Kolettas et. al., 2014). Normal goat resting respiration rate is between 12-

20breath per minute (Texas A & M Agrilife Extension, 2009), 16-34 breath per minute (McGee 

Equine Veterinary Clinic, 2021) and in cows 30breath per minute (Texas A & M Agrilife 

Extension, 2009), 26-50 breath per minute (McGee Equine Veterinary Clinic, 2021). 

 Related to body heat production, ventilation of the lung is also important in regulating 

body temperature. At a critical temperature, the animal will start to sweat; the respiration rate 

increases rapidly with increasing ambient temperature or body temperature, the breathing will be 
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shallower to maintain high ventilation (Tsuji et. al., 2016). During calm and normal breathing, 

only 2-3 total energy is expended by the body to activate the ventilation process of the lungs. 

During vigorous exercise such as running, the absolute amount of energy required to ventilate 

the lungs can be increased by up to twentyfold. This is caused by chemical changes in body 

fluids during exercise, which include an increase in oxidant carbon and hydrogen ions and a 

decrease in oxygen. Another thing is that during exercise, there are impulses to the cerebral 

cortex of the contracting muscles, which send collateral impulses to stimulate the respiratory 

center. 

Heart Rate 

 Table 1 showed an increase in the heart rates in cattle after exercise, although statistically 

there was no significant effect after being given treatment. This can happen because Bali cattle 

have been able to adapt to their environment both to temperature, humidity and handling of these 

cows. 

Table 2. The respiratory frequency, heart rate and body temperature of goat 

Treatments 
Respiratory rate 

(breath/minute) 

Heart rate 

(beat/minute) 

Body temperature 

(℃) 

Before exercise 37±3.0a 83.67±3.5a 40.53±3.1a 

After exercise 46.33±0.5b 155.33±6.1b 42.4±3.5a 

After resting for 1 h 36.67±0.7a 85.67±3.2a 41.56±2.5a 

Note: Data in the same column with different signs indicate significant differences between       

treatments 

 Analysis of variance showed that the treatment had a significant effect (P<0.05) on the 

goat’s heart rate. Increase in ambient temperature will cause the heart to contract, so that the 

heart rate also increases. The least significant difference test showed that the heart rate increased 

sharply after the flight but immediately returned to normal after resting for one hour. This is in 

line with the respiratory rate. The increase in heart rate occurs due to body activity that causes 

metabolism so that the heart needs to pump blood faster. Even so, cows and goats quickly adjust 

back to normal after resting for 1 hour. 

 Goats have a higher heart rate than cattle or other large animals because the metabolic 

activity of smaller animals is greater than that of large animals. The size of the animal also 

related to the function of the heart in pumping blood throughout the body. Body temperature is 

closely related to heart rate. An increased in body temperature can increase blood circulation 

tissues and help the process of heat dissipation the body surface either by conduction, convection 

and evaporation. 

 From various studies, it turns out that the pulse frequency of goats ranges from 70-80 

times/minute; 70-140 times/minute. In young goat, the highest heart rate is 95 beats/minute. 

While, the cow’s heart rate is 40-58 beats/minute. Myocardial systole and diastole occur due to 

contraction and relaxation of the myocardium and the opening and closing of its valves in order 

to allow flow from the left atrium to the right ventricle and from the ventricle to the artery. This 

is called the heart rate when a stethoscope is used. 
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Body Temperature 

 Table 1 showed that treatment had a very significant effect (P<0.05) on the temperature 

of the cows, while Table 2 shows that treatments A, B, and C have no significant effect on body 

temperature of goats. The increase in body temperature is caused by the body's metabolic activity 

which causes the burning of energy in the body, which causes blood to be pumped by the heart 

throughout the body. In goats, there is no difference in temperature between the 3 treatments, 

because goats were able to regulate their body temperature by regulating the balance between 

their body heat and the heat of their environment (Maia et. al, 2016). Normal body temperature 

of cattle is between 38.1-39.1°C (Wenz et. al., 2011). 

 Cows and goat are homoioterm animals that can restore their body temperature to a stable 

temperature in the concept of homeostatic. Homeostatic is a physiological mechanism by which 

the animal maintains its body temperature. Cattle have a body temperature between 38-39°C 

(average 38.6°C), and goats have a body temperature of 38.5-40°C (average 39.4°C). In exercise 

conditions, there is an increase in muscle work, thereby increasing heat production, as a result 

there will be an increase in body temperature, but will soon return to normal by increasing blood 

flow to the body surface and increasing evaporation water from the body surface. As a result, the 

loss of body heat in small animal is greater than that of large animal. 

 In a healthy state, the temperature of the goat will have a relatively constant temperature 

even though it is exercising, the changes only shift in a narrow variation. Oral temperature 

measurements are generally 1°C higher than rectal temperature, so rectal temperature 

measurements are considered more precise. 

CONCLUSION 

Giving activity to animals increases the respiratory frequency, heart rate and body 

temperature of the cows and goats, but returns to normal after resting. In cattle, heart rate was not 

significantly different after being given exercises, while in goat body temperature was not 

significantly different after being given exercises. The exercise treatment had a very significant 

effect on respiratory rate, body temperature, and heart rate. The respiratory rate after exercise 

was significantly different from the respiratory frequency before exercise and after resting for 

one hour, but quickly returned to normal after one hour rest which indicates that the stamina of 

these two animals is very good. 

REFERENCES 

Adedeji, T. A. 2012.  Effect of Some Qualitative traits and non-genetic factors on heat tolerance 

attributes of extensively reared West African Dwarf (WAD) Goats. IJAAAR 8(1):68-81.  

Bewick, V., L. Cheek, and J. Ball.  2004.  Statistical review 9: One-way analysis of variance.  

Crit. Care8(2):130-136. doi: 10.1186/cc2836 

Bova, T. L., L. Chiavaccini, G. F. Cline, C. G. Hart, K. Matheny, A. M. Muth, B. E. Voelz, D. 

Kesler, and E. Memili. 2014.  Environmental stressors influencing hormones and systems 

physiology in cattle.  Reprod. Biol. Endocrinol.12(1):58. 

https://dx.doi.org/10.1186%2Fcc2836


6 Prahesti et al./Hasanuddin J. Anim. Sci.3(1): 1-7  
 
 

Burton, D. A., K. Stokes, and G. H. Hall. 2004. Physiological effects of exercise. Continuing 

Education in Anaethesia Critical Care & Pain 4(6):185-188.  

https://doi.org/10.1093/bjaceaccp/mkh050 

Cummins, E. P., M. J, Strowitzki, and C. T. Taylor. 2020. Mechanisms and consequences of 

oxygen and carbon dioxide sensing in mammals. Physiol. Rev. 100(1):463-488. 

https://doi.org/10.1152/physrev.00003.2019 

Fletcher, G. F., G. J. Balady, E. A. Amsterdam, B. Chaitman, R. Eckel, J. Fleg, V. F. Froelicher, 

A. S. Leon, I. L. Pina, R. Rodney, D. A. Simons-Morton, M. A. Williams, and T. 

Bazzarre. 2001. Exercise standarts for testing and training. Circulation 104(14):1694-

1740.  https://doi.org/10.1161/hc3901.095960 

Grais, I. M. 2013. Proper use of the stethoscope. Tex. Heart Inst. J. 40(2):120-122. 

Hsia, C. C. W., A. Schmitz, M. Lamvertz, S. F. Perry, and J. N. Maina. 2013. Evolution of air 

breathing: oxygen homeostasis and the transition from water to land and sky. Compr. 

Physiol. 3(2):849-915.  doi: 10.1002/cphy.c120003 

Indrissou, Y, A. S. Assani, M. N. Baco, A. J. Yabi, and I. A. Traore. 2020. Adaptation strategies 

of cattle farmers in the dry and sub-humit tropical zones of Benin in the context of 

climate change. Heliyon 6(7):e4373.  https://doi.org/10.1016/j.heliyon.2020.e04373 

Kolettas, A., V. Grosomanidis, V. Kolettas, P. Zarogoulidis, K. Tsakiridis, N. Katsikogiannis, T. 

Tsiouda, I. Kiougioumtzi, N. Machairiotis, G, Drylis, G. Kesisis, T. Beleveslis, and K. 

Zarogoulidis. 2014. Influence of apnoeic oxygenation in respiratory and ciculatory 

system under general anaesthesia. J. Thorac. Dis. 6(Suppl 1):S116-S146.  

doi: 10.3978/j.issn.2072-1439.2014.01.17 

Lacetera, N. 2019. Impact of climate change on animal health and welfare. Animal Frontier, 

9(1):26-31.  https://doi.org/10.1093/af/vfy030 

Lopedote, M., S. Valentini, V. Musella, J. M. Vilar, and G. Spinelle. 2020. Changes in pulse rate, 

respiratory rate and rectal temperature in working dogs before and after three different 

field trials. Animals (Basel) 10(4):733(1-8).  doi: 10.3390/ani10040733 

Maia, A. S., S. T. Nascimento, C. C. N. Nascimento, and K. G. Gebremedhin. 2016. Thermal 

equilibrium of goats.  J. Therm. Biol. 58:43-49. doi: 10.1016/j.jtherbio.2016.03.012  

Maina, J. N. 2002. Structure, function and evolution the gas exchangers: comparative 

perspective. J. Anat. 201:281-304. doi: 10.1046/j.1469-7580.2002.00099.x 

McGee Equine Veterinary Clinic. 2021. Normal Vital Parameter. Doctor Multimedia.  

Townsend. 

McKinley, M., D. Trevaks, F. Weissenborn, and R. McAllen. 2017. Interaction between 

thermoregulation and osmoregulation in domestic animals. R. Bras. Zootec. 46(9):783-

790.  https://doi.org/10.1590/S1806-92902017000900011 

Miwa, M., K. Oishi, Y. Nakagawa, H. Maeno, H. Anzai, H. Kuagai, K. Okano, H. Tobioka, and 

H. Hirooka. 2015. Application of overall dynamic body acceleration as a proxy for 

estimating the energy expenditure of grazing farm animals: relationship with heart rate.  

PLoS ONE e0128042. https://doi.org/10.1371/journal.pone.0128042. 

Monfredi, O., V. A. Maltsev, and E. G. Lakatta. 2013. Modern concepts concerning the origin of 

the heartbeat. Physiology (Bathesda) 28(2):74-92. doi: 10.1152/physiol.00054.2012 

Rojas-Downing, M. M., A. P. Nejadhashemi, T. Harrigan, and S. A. Woznicki. 2017. Climate 

change and livestock: Impact, adaptation, and mitigation. Climate Risk Management 

16:145-163.  https://doi.org/10.1016/j.crm.2017.02.001 

https://doi.org/10.1093/bjaceaccp/mkh050
https://doi.org/10.1152/physrev.00003.2019
https://doi.org/10.1161/hc3901.095960
https://dx.doi.org/10.1002%2Fcphy.c120003
https://doi.org/10.1016/j.heliyon.2020.e04373
https://dx.doi.org/10.3978%2Fj.issn.2072-1439.2014.01.17
https://doi.org/10.1093/af/vfy030
https://dx.doi.org/10.3390%2Fani10040733
https://doi.org/10.1016/j.jtherbio.2016.03.012
https://dx.doi.org/10.1046%2Fj.1469-7580.2002.00099.x
https://doi.org/10.1590/S1806-92902017000900011
https://doi.org/10.1371/journal.pone.0128042
https://dx.doi.org/10.1152%2Fphysiol.00054.2012
https://doi.org/10.1016/j.crm.2017.02.001


Stamina Prediction of Cows and Goats 

 

Prahesti et al./Hasanuddin J. Anim. Sci.3(1): 1-7                                                 7 

 
 

Robertshaw, D. 2006. Mechanisms for the control of respiratory evaporative heat loss in panting 

animals. J. Appl. Physiol. 101:664-668.  https://doi.org/10.1152/japplphysiol.01380.2005 

Seijin, V, R. Bhatta, J. B. Gaughan, F. R. Dunshea, and N. Lacetera. 2018. Review: Adaptation 

of animal to heat stress. Animal, 12 (suplement 2): s431-s444.  

https://doi.org/10.1017/S1751731118001945 

Texas A & M Agrilife Extension. 2009. Normal Physiological Values for Select Animals. The 

Texas A & M University System. US. 

Tsuji, B., K. Hayashi, N. Kondo, and T. Nishiyasu. 2016. Characteristics of hyperthermia-

induced hyperventilation in human. Temperature 3(1):146-160.  

doi: 10.1080/23328940.2016.1143760 

Takayama, A., T. Takeshima, Y. Nakashima, T. Yoshidomi, T Nagamine, and K. Kotani. 2019. 

A comparison of methods to count breathing frequency. Respiratory care 64(5):555-563. 

Tavares, L. D. F., A. M. X. de Carvalho, and L. G. Machado. 2016. An Evaluation of the use of 

statistical procedures in soil science. Rev. Bras. Cienc. Solo 40:e0150246.  

Wenz, J. R., D. A. Moore, and R. Kasimanickam. 2011. Factors associated with the rectal 

temperature of Holstein dairy cows during the first 10 days in milk. J. Dairy Sci. 

94:1864-1872.  doi: 10.3168/jds.2010-3924 
 

 

] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.1152/japplphysiol.01380.2005
https://doi.org/10.1017/S1751731118001945
https://dx.doi.org/10.1080%2F23328940.2016.1143760

