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Introduction

The climatic conditions are an important factor in providing
a comfortable environment, which is an essential factors for in-
creasing animal production, regardless of the system utilized for
the flock. Considering climatological conditions has a favorable
influence on the metabolic processes and homeostasis of the

Abstract

The study aimed to discover the effective influence of the
Temperature-Humidity Index (THI) during the fall and winter
on some clinical parameters, including body temperature,
heart rate, and breathing rate, and some serum minerals,
including calcium, sodium, and potassium, in Awassi sheep
south of Irag. Fifteen non-pregnant Awassi ewes were ran-
domly selected as specimens. The temperature and humid-
ity were measured to calculate the THI with recording of
date, and the clinical parameters were measured with the
obtaining of blood to measure the studied serum miner-
als. The results were divided according to the value of the
obtained THI, which were (THI 1=78.75), (THI 2=62.74), and
(THI 3=67.59). The results were compared with the refer-
ence value of each parameter as a control. The studied
parameter’s results showed a significant increase in body
temperature in THI 2 as compared with THI 3 without signifi-
cant change with control and THI 1. The heart rate increases
significantly in THI 3 when compared with other groups.
Respiratory rate showed significant decreases in all studied
groups as compared with the control value. The serum calci-
um and sodium decreased significantly in all studied groups
in comparison to control values, but the serum potassium
appeared to increase significantly in THI 1 in comparison to
the control and other studied groups. In conclusion, the THI
index has an effective influence on the studied parameters
of non-pregnant Awassi ewes that lived in Southern Iraqg and
these effects should be considered as indicators for the wel-
fare of animals.

animals’ bodies, leading to improved welfare of the animal. In
consequence, it can elevate the production degree of the flock
and can show qualities of animals’ genes. Therefore, climato-
logical studies are introduced as one of the designing activities
for cattle owners before the beginning of the breeding of ani-
mals [1-3].
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The effects of the main environmental situation on dairy
cattle production are humidity, ambient temperature, wind,
and solar radiation [4]. Most research on heat stress in animal
flocks has focused on the influence of temperature degree and
relative humidity [5,6]. Research on thermal effects discovered
many influences that have a relation with the physiological and
behavioral parameters of studied animals [7-9].

The Temperature-Humidity Index (THI) is generally utilized as
a guide for the degree of environmental stress on animals; it
was calculated that a THI of 72 and below is heat stress (cool),
73-77 is considered mild heat stress, 78-89 is moderate, and
above 90 is severe [10]. The elevation of climatic temperature
and humidity interferes with the ability of cattle to disperse the
heat accumulation of their bodies. This causes elevation of the
temperature of the body core and can lead to dysfunction of
body regulation, like differences in the action of enzymes. The
reactions of essential enzymes of metabolism of food, like the
digestion and absorption of nutrients, can be compromised un-
der heat stress conditions, causing a reduction in intake of food
and decreased efficiency in the conversion of food [11].

Heat stress is a dangerous cause of physiological deteriora-
tion on animals and so influences their production [12-15]. The
heat stress in animals has a negative influence on productivity
[16—20] and physiological activity of hormonal and immune re-
sponses [21-24]. As in dairy cattle, when milk yield raises, heat
production of metabolism increases with the large amounts of
metabolism of nutrients, making the high-yield cattle more sen-
sitive to high ambient temperatures and humidity than animals
that have less metabolism [12]. In addition, heat stress decreas-
es the production of small ruminants and raises the demand
for maintenance energy [25]. In the investigating of the influ-
ence of heat stress on animals, thermoregulatory action traits
like rectal temperature, respiratory rate, and cardiac rate were
estimated as physiological guides of heat stress [18].

Minerals leave the transport pool by secretion (e.g., di-
gestive juices, milk, and sweat) and excretion (e.g., feces and
urine), both of which may concentrate in hot climatic conditions
[26]. Many studies mentioned that mineral supplementation
can control oxidative stress from growth or external stressors
like a hot environment [26,27]. Thus, the supplementation of
minerals from pastures only is not enough for grazing ruminants
during some seasons of the year [28]. The excretion of essential
minerals should be traced through body matrices and can be
utilized as a need index of minerals.

Materials and methods
Study area

This study was carried out in the Al-Shatrah district in South

of Iraq, about 350 km south of Baghdad. This area is 4 m in al-
titude and lies al (31°24’35”N, 46°10’18”E). The climate is arid.
The temperature ranges from 492C in summer to 82C in the win-
ter night.

Animals of the study

To nullify and negate the effect of age on studied param-
eters, fifteen non-pregnant Arabi ewes at age 1.5-2 years and
40-50 kg body weight in the field in the studied area were se-
lected to measure the effect of THI on some clinical (heart rate,
respiratory rate, and body temperature) parameters and some
mineral (calcium, sodium, and potassium) concentrations. Four
treatments were used in the study: Control, THI1 (THI=78.75),
THI2 (THI=62.74) and TH3 (THI=67.59) Animals were apparently
healthy and in good physical condition; they were allowed to
graze with their herd on the free outdoor graze in their natural
habitat.

Meteorological data

This study was carried out during the period extending from
20 November 2023 to 20 February 2024. Weather data was ob-
tained at the time of measuring of studied parameters, which
included ambient air temperature and relative humidity, by us-
ing digital devices (Singlian, Singapore). The Temperature (T) in
Celsius degrees (2C) and Relative Humidity (RH) were utilized
to calculate the Temperature-Humidity Index (THI) according to
the following formula; THI = (1.8xT+32) - (0.55-0.0055%RH) x
(1.8xT-26) [29].

Clinical and biochemical investigations and sampling

Standard methods were utilized for specific clinical investi-
gations, including measurement of rectal temperature using a
digital thermometer and measurement of respiratory rate and
heart rate by stethoscope. At the same time, blood was drawn
from ewes once monthly by jugular vein puncture (3 ml) and
saved in heparinized sterile vacuum tubes directly after clinical
examination. The serum obtained after centrifugation of blood
is used in serum minerals concentration estimation. Serum
freezes (-202C) to use in measurement of some serum minerals
(calcium, potassium, and sodium) by using a biochemical ana-
lyzer (CoBAS E411, China). This investigation was carried out at
9:00 AM on each 20t day of November, December, and Febru-
ary. January is excepted because there was no change in the
(THI) value as compared with December.

Statistical analysis

Statistical analysis done by use One-Way ANOVA method
(30).

Results

Table 1: Show the measurements of studied clinical parameters (Body temperature, Pulse rate and Respiratory rate) (n=15).

THI3 THI2 THI1 Control (Reference value) * Parameters
38.63+£0.91 39.700+0.75 39.10£0.71 39.20£0.56
Body temperature

B A AB AB

80.933+5.98 78.86+3.067 69.66+2.25 77.86%4.22
Pulse rate

A B B B
18.66+1.046 17.933£1.62 16.73+1.624 22.93+2.46 )

B BC c A Respiratory rate

*Clinical Examination of Farm Animals Peter G.G. Jackson, Peter D. Cockcroft Copyright © 2002 by Blackwell Science Ltd.
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In the present study, the findings showed that the measure-
ment of body temperature in the studied groups as compared
with the referenced body temperature which appeared to have
no significant (P>0.05) differences among all studied groups ex-
cept between the THI2 and THI3 groups, in which there was a
significant (P<0.05) increase in body temperature in THI2 group
animals (39.700+0.75) when compared with the THI3 group
(38.63%0.91) (Figure 1). Moreover, the pulse rate showed a sig-
nificant (P<0.05) elevation in the THI3 group only as compared
with the control and other studied groups (Table 1) (Figure 2).

Additionally, the estimation of the respiratory rate of the
studied groups, which are to have a significant (P<0.05) de-
crease in THI1(16.73%1.624) when compared with the control
(22.93%2.46) and THI3 groups (18.66+1.046) but there was no
significant change between the THI1 and THI2 groups or be-
tween the THI2 and THI3 group. At the same time, there was a
significant (P<0.05) decrease in respiratory rate in THI3 group as
compared with the control, and also, THI3 recorded a significant
(P<0.05) elevation in respiratory rate when compared to THI1.
The group THI2 showed non-significant (P>0.05) change in com-
parison to THI1 and THI3, but there was a significant decrease in
comparison to the control group (Table 1) (Figure 3).

Body Temperature

Cc T T2 T3

Groups

Figure 1: Show the measurement of body temperature.
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Figure 2: Show the measurement of pulse rate.
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Figure 3: Show the measurement of Respiratory rate.

Table 2: Show the concentrations of studied blood minerals
(Calium, Sodium and Potassium) (n=15).

Control
THI3 THI2 THI1 Parameters
(Reference value)*
0.510£0.01 = 0.57+0.04 2.030.13 2.34+0.17 ]
Calcium
C C B A
144.26+2.43 | 144.13+2.79  121.80+7.37 149.40+4.89 i
Sodium
B B C A
3.89+0.103 4.13+0.28  5.56 + 1.46 3.96 £ 0.26 i
B B A B Potassium

*COGA Giessen: Clinic for Obstetrics, Gynecology and Andrology of
Large and Small Animals with Veterinary Ambulance, Justus-Liebig-
University, Giessen, Hesse, Germany.

Results showed that the measurement of blood calcium
concentration in studied groups showed significant (P<0.05) de-
creasing in THI2 (0.57+0.04) and THI3 (0.510+0.01) when com-
pared with THI1 (2.03+0.13) and control (2.34+0.17) groups. At
the same time, the THI1 has a significant (P<0.05) decrease in
comparison to the control group (Table 2), (Figure 4). Moreover,
all studied groups have a significant (P<0.05) decrease in se-
rum sodium level as compared with control (149.40+4.89) Also,
the THI1 (121.80+7.37) groups showed a significant (P <0.05)
decrease when compared to THI2 (144.13+2.79) and THI3
(144.26+2.43) groups, as illustrated in (Table 2) (Figure 5).

Finally, the concentration of potassium in blood measured
in all studied group sowed the significant (P<0.05) elevation in
the THI1 group as compared with all treated and control groups
with non-significance (P>0.05) among them (Table 2) (Figure 6).

Discussion

Extensively managed animals, like Awassi ewes, often live in
harsh and unfavorable environments where they need to be ca-
pable to coping with variable weather conditions and availabili-
ty of forage and lack of supervision [31]. The rectal temperature
may be utilized as an indicator of weather stress to estimate the
negative influence of hot climate on growth, reproduction, and
lactation [32,33]. The rectal temperature in current research
did not mention significant change between the reference val-
ue and studied groups, and these results agree with [34], who
mentioned in his study that when the THI was 65.62+2.43 in the
spring season, it was characterized by a removal of heat stress
situations.
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Figure 4: Show the serum calcium concentration (mmol/I).
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Figure 5: Show the serum sodium concentration (mmol/I).
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Figure 6: Show the serum potassium concentration (mmol/l).

The heat stress in cows causes thermal regulatory actions to
attempt to preserve heat balance [35]. These reactions involve
elevated respiratory rate and heart rate, decreased dry matter
intake elevated milk production, and plasma vitamin C level via
elevation of body temperature.

Respiration rate in this study decreased significantly in all
studied groups as compared with the reference value as the
control group. Knowingly, the respiration rates elevated with
increasing temperatures from 14 to 34°C, and the starting of
sweating and elevation of saliva production. Increased water
intake [36]. The respiration rate increased with the rising of rec-
tal temperature and was highly correlated with THI. Whereas
the rectal temperature is less responsive to THI, the respiration
rate is a better and sensitive indicator for thermal stress than
rectal temperature. So, the decreasing of respiratory rate in the
current study indicated that the breeds of research were well
adapted to heat stress and overcame the cited THI [10].

The heart rate measurement revealed that the THI3 (67.59)
in which the climate temperature was 252C and relative humid-
ity was 10%, this THI recorded the highest value significantly as
compared with the control, THI1, and TH2. These results con-
sistent with [37], who suggest that all of the heart rate variabil-
ity parameters decreased with elevation of THI. However, it is
noticed that the relation between THI and heart rate variability
was important but considerably weak, which might be caused
by the presence of a thermoneutral range for the studied ani-
mals during the experimental times. In the same context, [38]
mentions that the ewe has better high temperature tolerance
than the ram, and heat stress can change physiological and
behavioral patterns, including respiratory rate and heart rate,
in Small-tail Han sheep housed indoors. These alterations may
permit the sheep to acclimate better to the ambient tempera-
ture.

The interpretation of biochemical parameters is complex be-
cause the mechanisms that control the blood mineral concen-
trations of different metabolites [39]. The health and immunity
of animals depend mainly on minerals, and deficiencies of min-
erals can inhibit the resistance of animals’ bodies to diseases
[40,41]. Sodium and potassium have important roles as elec-
trolytes in maintaining acid-base balance and osmotic pressure
[42]. Grazing animals like sheep take the main portion of miner-
als from pasture forage and grasses, so their mineral contents
can be changed as a result of seasonal changes, climatic factors,
rainy seasons, and hot or cold stress [43]. The study of some
blood minerals (calcium, sodium, and potassium) revealed that
there was a significant decrease in serum calcium and sodium
concentrations in all studied groups as compared to the nor-
mal reference value (control) group, but there was a significant
increase of serum potassium in THI1 when compared with the
control and other studied groups. These results pointed to the
fact that the correlation coefficient denoted that THI was posi-
tively correlated with plasma sodium and negatively correlated
with plasma potassium concentrations, as mentioned by [10].
Also, the results agreed with [44], who recorded an increasing
in plasma potassium concentration and a decreasing in serum
calcium concentration in sheep. Current study concluded that
weather members such as air temperature and humidity have
important effect on general health anf specific parameters in
animals. So, these effectros should be studied accurately.

Journal of Veterinary Medicine and Animal Sciences



MedDocs Publishers

Author declarations
Acknowledgement

I would like to express my deepest gratitude to everyone
who contribute to the success of this research.

References

1. Al-Ghareebawi AMA, Almansor KIA, Muhammad MJ. Effect of
some minerals in soil and forage on same minerals in cattle plas-
ma at three sites in Thi-Qar. Kufa J Vet Med Sci. 2016; 7: 55-60.

2. Amaral BC, Connor EE, Tao S, Hayen MJ, Bubolz JW, Dahl GE.
Heat stress abatement during the dry period influences meta-
bolic gene expression and immune status in dairy cows. J Dairy
Sci. 2011; 94: 86-96.

3. Ben Younes R, Ayadi M, Najar T, Caccamo M, Iris S, Ben M’Rad
M. Effect of thermal stress, cistern size and milking frequency on
plasma mineral concentrations in Holstein cows. J Life Sci. 2011;
5:739-46.

4. Bernabucci U, Biffani S, Buggiotti L, Vitali A, Lacetera N, Nardone
A. Effect of heat stress in Italian Holstein dairy cattle. J Dairy Sci.
2014; 97: 471-86.

5. Bhanderi BM, Goswami A, Garg MR, Samanta S. Mineral status
of dairy cows and supplementation in Jharkhand. J Anim Sci
Technol. 2016; 58: 42-50.

6. Bouraoui R, Lahmar M, Majdoub A, Djemali M, Belyea R. Tem-
perature-humidity index and milk production in dairy cows.
Anim Res. 2002; 51: 479-91.

7. Bouraoui R, Lahmar M, Majdoub A, Djemali M, Belyea RX.
Temperature-humidity index and milk production in dairy cows.
Anim Res. 2004; 51: 479-91.

8. Correa-Calderon A, Armstrong D, Ray D, Denise S, Enns M, Howi-
son C. Thermoregulatory responses of dairy cows to cooling sys-
tems. Int J Biometeorol. 2004; 48: 142-8.

9. da Silva JAR, de Andrade Pantoja MH, da Silva WC, de Almeida
JCF, Noronha RDP, Barbosa AVC, et al. Thermoregulation in buf-
faloes under sun and shade. Front Vet Sci. 2022; 9: 998544.

10. Dahl GE, Tao S, Laporta J. Heat stress impacts immune status in
cows. Front Vet Sci. 2020; 7: 116-34.

11. de Lima Santos GC, Cabral AMD. Bioclimatic indices and
thermal comfort models in animals. Res Soc Dev. 2021; 10:
€20910313328.

12.  Dos Santos MM, Souza-Junior JBF, Dantas MRT, de Macedo Cos-
ta LL. Review on cattle thermoregulation. Environ Sci Pollut Res.
2021; 28: 30471-85.

13. Dwyer M, Lawrence AB. Adaptation of sheep breeds favoring
lamb survival. Appl Anim Behav Sci. 2005; 92: 235-60.

14. Fahey GC. Forage quality, evaluation, and utilization. Madison
(WI1): ASA, CSSA, SSSA. 1994.

15. Fan Q, Wang Z, Chang S, Peng Z, Wanapat M, Bowatte S, et al.
Mineral elements in sheep grazing systems. Asian-Australas J
Anim Sci. 2020; 33: 44-52.

16.  Finocchiaro R, van Kaam JBCHM, Portolano B, Misztal I. Effect
of heat stress on dairy sheep production. J Dairy Sci. 2005; 88:
1855-64.

17. Garcia AB, Angeli N, Machado L, de Cardoso FC, Gonzalez F.
Heat stress and metabolic parameters in dairy cows. Trop Anim
Health Prod. 2015; 47: 889-94.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

Habeeb AA, Gad AE, El-Tarabany AA, Atta MAA. Negative ef-
fects of heat stress on farm animals. J Anim Husbandry Dairy Sci.
2018; 2: 1-12.

Habeeb AA, Gad AE, Atta MA. Temperature-humidity indices
and heat stress in farm animals. Int J Recent Adv. 2018; 1: 35-50.

Hulme PH. Adapting to climate change. J Appl Ecol. 2005; 42:
784-94.

Joy A, Dunshea FR, Leury BJ, Clarke I, DiGiacomo K, Chauhan SS.
Resilience of small ruminants to climate change. Animals. 2020;
10: 867.

Kadzere CT, Murphy MR, Silanikove N, Maltz E. Heat stress in
lactating dairy cows. Livest Prod Sci. 2002; 77: 59-91.

Kaho K, Oishi K, Miwa M, Anzai H, Setoguchi A, Yasunaka Y, et al.
Heat stress and heart rate variability in sheep and goats. Front
Vet Sci. 2021; 8: 658763.

Li FK, Yang Y, Jenna K, Xia CH, Lv SJ, Wei WH. Heat stress on
sheep behavior and physiology. Trop Anim Health Prod. 2018;
50: 1893-901.

Li M, Liang X, Tang Z, Hassan FU, Li L, Guo Y, et al. Thermal com-
fort index for buffaloes. Animals. 2021; 11: 2067.

Marai IFM, El-Darawany AA, Fadiel A, Abdel-Hafez MAM. Heat
stress in sheep. Small Rumin Res. 2007; 71: 1-12.

Masters DG, Norman HC, Thomas DT. Minerals in pastures and
livestock needs. Crop Pasture Sci. 2019; 70: 1184-95.

McManus CM, Lucci CM, Maranhdo AQ, Pimentel D, Paiva SR.
Heat stress response in small ruminants. Livest Sci. 2022; 263:
105028.

Mota-Rojas D, Broom DM, Orihuela A, Velarde A, Napolitano F,
Alonso-Spilsbury M. Human-animal relationship and productiv-
ity. J Anim Behav Biometeorol. 2020; 8: 196-205.

Nejad JG, Lee BH, Kim JY, Park KH, Kim WS, Sung KI, et al. Water
scarcity and mineral footprint in sheep. Asian-Australas J Anim
Sci. 2020; 33: 1-8.

Nwobodo CE, Nwokolo B, Iwuchukwu JC, Ohagwu VA, Ozioko RI.
Climate adaptation in ruminant farming. Front Vet Sci. 2022; 9:
735139.

Ravagnolo O, Misztal |. Heat stress on nonreturn rate in Hol-
steins. J Dairy Sci. 2002; 85: 3101-6.

Rejeb M, Sadraoui R, Najar T, Ben M’Rad M. Rectal temperature
and dairy cow performance. Open J Anim Sci. 2016; 6: 24-30.

Rhoads ML, Rhoads RP, VanBaale MJ, Collier RJ, Sanders SR, We-
ber WJ, et al. Heat stress and metabolism in dairy cows. J Dairy
Sci. 2009; 92: 1986-97.

Saleh MA, El-Mileegy IM, El-Ela AA. THI and health parameters
in sheep. Assiut Vet Med J. 2006; 52: 63-86.

SAS. SAS/STAT user’s guide. Cary (NC): SAS Institute Inc. 2010.

Sevi A, Annicchiarico G, Albenzio M, Taibi L, Muscio A, Dell’Aquila
S. Effects of solar radiation on lactating ewes. J Dairy Sci. 2001;
84: 629-40.

Silanikove N. Heat stress and welfare of ruminants. Livest Prod
Sci. 2000; 67: 1-18.

Spears JW, Weiss WP. Antioxidants and trace elements in dairy
cows. Vet J. 2008; 176: 70-76.

Stevanovi¢ O, Stojilikovic M, Nedi¢ D, Radoja D, Nikoli¢ V,
Prodanovi¢ RS, et al. Blood biochemical parameters in sheep.

Journal of Veterinary Medicine and Animal Sciences



MedDocs Publishers

Biotechnol Anim Husbandry. 2015; 31: 55-62.

41.  West JW. Nutritional strategies for heat-stressed dairy cows. J
Anim Sci. 1999; 77: 21-35.

42.  West JW. Effects of heat stress on dairy production. J Dairy Sci.
2003; 86: 2131-44.

43,

44,

Wheelock JB, Rhoads RP, VanBaale MJ, Sanders SR, Baumgard
LH. Heat stress and energy metabolism. J Dairy Sci. 2010; 93:
644-55.

Wojtas K, Cwynar P, Kotacz R. Thermal stress and blood param-
eters in sheep. Bull Vet Inst Pulawy. 2014; 58: 283-8.

Journal of Veterinary Medicine and Animal Sciences



