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Simple Summary: Evaluation of Fogera cattle breed during the different seasons would help to
determine their response to heat stress. This would assist in designing intervention strategies for the
anticipated climate change. Therefore, this study aimed to determine physiological, hematological,
biochemical, and growth parameters of Fogera cattle calves to heat stress in different seasons. We
observed that the heart rate and respiration rate were increased by six beats per minute and four
breaths per minute when the temperature-humidity index increased from 66 to 78, respectively. The
positive relationship between the temperature-humidity index and physiological parameters further
confirms that calves were good at thermoregulation at a temperature-humidity index value of 66.
Thus, the temperature-humidity index value of 66 can be considered as optimum for high weight
gain and normal physiological response to heat stress in Fogera cattle calves under their current
production system. However, some more amelioration strategies such as better nutrition, availability
of shade, and routine health management practice will further strengthen the resilience of the breed
to heat stress in the future.

Abstract: Fogera cattle are among indigenous breeds of cattle in the northern part of Ethiopia.
However, their response to heat stress (HS) under different seasonal variations has not been well
investigated. This study was aimed to determine physiological, hematological, biochemical, and
growth parameters of Fogera cattle calves to HS during dry season, short rainy, and long rainy. A
total of 72 calves (24 for each season) that were 6 months of age with an equal number of males and
females were evaluated for physiological, hematological, biochemical, and growth parameters. Daily
ambient temperature (AT) and relative humidity (RH) were recorded two times per day during the
study periods from which the daily average temperature-humidity index (THI) was calculated. The
study revealed higher AT and THI during dry and short seasons while higher RH was observed
during the long rainy season. Physiological parameters except rectal temperature were affected
by the seasons. Hematological parameters were also affected by season except for packed cell
volume. Biochemical and growth parameters were also significantly affected by the seasons. THI was
positively related with physiological but negatively with growth parameters. Thus, the THI value of
66 can be considered as optimum for high weight gain and normal physiological response to HS in
Fogera cattle calves under their current production system.
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1. Introduction

Cattle are generally the livestock species most susceptible to water and nutritional
stresses engendered by climate change [1]. High ambient temperature (AT) in combination
with relative humidity (RH) compromises the animals’ ability to lose heat to the surround-
ings resulting in heat stress (HS). HS lowers the feed intake of an animal, which reduces
their productivity in terms of milk yield, body weight, and reproductive performance. Be-
sides, HS exerts a negative effect on the dry matter intake (DMI) and growth performance
of calves and heifers. It was reported that dairy calves born in summer tended to have a
lower average daily gain (ADG) than those born in winter [2].As calves consume agiven
volume of milk or milk replacer and starter ad libitum daily, the main effect of HS on
DMI for calves might lie in the starter [3]. Baccari et al. [4] reported that lower feed intake,
ADG, and feed efficiency of Holstein heifers under HS conditions (32.5-34 °C environment)
compared with cooler conditions (18-20 °C environment). Nonaka et al. [5] also found that
daily dry matter intake and ADG of prepubertal Holstein heifers at 33 °C environment
dropped by 9% and 22%, respectively, compared to those raised at 28 °C environment.
However, water intake increased by 23% due to additional evaporative water loss, such as
sweating. Neuwirth et al. [6] reported that bull calves responded with higher heart rate
(HR), arterial pressure, skin temperature, plasma cortisol, and thyroxine concentrations to
acute HS only above 32.2 °C at 60% relative humidity, which corresponds to a THI of 80.6.

The temperature-humidity index (THI) is the widely used index to measure the
magnitude of HS in animals [7]. However, some studies show that THI values only serve
as a rough measure of HS effect on production [8]; they call for necessary adjustments
because the environmental stimulus includes other factors such as wind speed and solar
radiation [9]. Moreover, the THI threshold for calves and heifers remains unknown because
of the very limited information available related to THI and HS on calves. Therefore,
more studies will help to quantify THI for calves and even explore new indices to indicate
the level of HS [3]. Under HS, the animals exhibit various behavioral, physiological,
hematological, biochemicals, and endocrine adjustments to reduce stress inflicted. HS
can be assessed by changes in physiological, hematological, and biochemical responses.
These are the values that help in determining the adaptation of the animal to the existing
environment [10-12]. Metekel ranch is located in northwestern Ethiopia characterized as a
sub humid environment, meaning very wet and dry seasons [13]. Thus, the young stock
population existing in this ranch was expected to undergo HS, particularly during the dry
season. Therefore, the hypothesis of the proposed study was based on the assumption that
seasonal changes in AT and RH induce heat stress in animals, which may be reflected by
alteration in physiological, hematological, biochemical, and growth responses.

Fogera cattle breed is among the indigenous breeds of cattle in the northern part of
Ethiopia and has been raised at Metekel ranch since 1986 for breed improvement and
conservation. Tesfa et al. [14] reported that the current population size of the breed is
about 55,646. However, it is declining through time due to its wide area distribution in
the region and genetic admixture. The same author also reported that the overall birth
and weaning weight of Fogera cattle breed at Andassa livestock research center (ALRC)
was 21.4 £ 0.09 kg and 102.2 £ 0.77 kg, respectively. Similar to livestock agriculture in our
world, Fogera cattle breed is expected to face climate change and variability in the future.
Hence, it is essential to evaluate HS effect on the breed, particularly, as young stock calves
are more susceptible to HS than adult ones. The study showed that the thermo neutral
zone (TNZ) of a 1-month-old calf is between 13 and 25 °C and the TNZ of a heifer with
0.8 kg daily gain is between 0 and 15 °C [15].Moreover, the mean rectal temperature(RT),
respiration, pulse, and heart rate (per minute) were significantly higher in young animals
than in adult cows and bulls [16]. However, the response of the Fogera cattle calves to
the HS under different seasonal variations has not been well investigated. Therefore, this
study was aimed to determine the degree of physiological, hematological, biochemical,
and growth responses of Fogera cattle calves during different seasons.
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2. Materials and Methods
2.1. Description of the Study Area

The study was carried out in Metekel ranch, located in Guangua district of Awi
zone in Amhara National Regional State and is situated at about 505 km North-west of
Addis Ababa, 200 km from the regional town Bahir Dar. Its altitude ranges from 1500
to 1680 m above sea level (m.a.s.]). Metekel ranch is located at 10°57'6.5232” N latitude
and 36°30'45.0864” E longitude.Theranch was established in 1986 for the Fogera cattle
conservation and improvement program. The vegetation is mostly composed of perennial
and annual grasses and a few scattered trees. According to Melak [17], Cynodondactylon,
Digitariaternata, Digitariavelutina, Brachiariadictyoneura, Commelinagenghalensis, and Panicum
maximum were the most palatable grass species while Schinusmolle, Casuarina equisetifolia, and
Eucaulyptus camaldulensis were the predominant tree species. The annual mean RH is 61.7%
and it reaches peak from June to October (76.7-83.8%). The ranch receives an average annual
rainfall of 1730 mm and the average temperature ranges from 13.7 to 29.5 °C [18].Rainfall
distribution is bimodal. According to Ababa [19], the study area has three seasons classified
as the dry season (October—January), short rainy season (February-May), and long rainy
season (June-September).

2.2. Experimental Design and Animal Management

A total of 72 calves, 6 months of age were randomly selected and used in this study.
The calves were grouped into three of 24 animals with an equal number of males and
females. Then, they were subjected to three different seasons such as dry season (January),
short rainy season (April), and the long rainy season (July) for 30 days each. These months
were selected since they are assumed to be representatives of the three seasons in the study
area. The calves were fed as per the National Research Council [20] feeding standards
with concentrate supplement in the simple shade. Additionally, they were also allowed
to graze from 09:30 to 12:30 hours throughout the study period [21]. About 55, 26, 17, 1,
and 1% maize, nougseedcake, wheat bran, salt, and ruminant premixes (minerals and
vitamins) mixtures, respectively, were used as concentrate supplements. Before the study’s
commencement, calves were treated with Ivermectin (Hebei Hope Harmony Pharmaceu-
tical Co., Ltd., Hebei Province, China) and Albendazole (Ashish life science Pvt., Ltd.,
Maharashtra, India) for external and internal parasite treatments, respectively. All animal
handling practices were followed the international guiding principles listed by the council
for international organizations of medical sciences and the international council for labo-
ratory animal science [22]. Meteorological parameters such as AT (°C) and RH (%) were
collected two times per day, during morning and afternoon to get maximum and minimum
values inall the experimental periods using a Hygrothermometer. Then, average daily THI
was calculated from AT and RH using the equation; THI = (1.8 x AT + 32) — [(0.55 — 0.0055
x RH) x (1.8 x AT — 26)] developed by the National Research Council [20] for ruminant
animals. Where, THI= temperature-humidity index, AT = ambient temperature (°C), and
RH = relative humidity (%).This equation was used for calves in this study because the
THI threshold for calves and heifers remains unknown due to minimal information about
THI and HS [3].For the same reason, the classification reported by Habeeb et al. [23] was
also adopted to quantify the intensity of HS in calves. Thus, calves were assumed to
be in comfort zone if (THI < 68), mild discomfort zone if (68 < THI < 72), discomfort if
(72 < THI < 75), alert (75 < THI < 79), danger (79 < THI < 84), and emergency (THI > 84).

2.3. Data Collection
2.3.1. Physiological Parameters

Rectal temperature (RT) was measured using a clinical veterinary thermometer in-
serted at the animal’s rectum wall at a depth of approximately 3.0 inch for 3 min. Heart
rate (HR) expressed in the number of beats per minute and respiratory rate (RR) expressed
in breaths per minute were measured using a stethoscope and a stopwatch for the 30 s and
multiplying the results by two to obtain the counts per minute.
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2.3.2. Blood Sample Collection and Analysis

In each season, three times, blood samples were collected for each hematological and
biochemical analysis on days 1, 15, and 30 following the procedure of Nikhil et al. [21].
A total of 432 blood samples were collected from the jugular vein of calves. Out of these,
about 216 blood samples were collected in tubes containing ethylene diamine tetraacetic
acid (EDTA)as an anticoagulant for hematological analysis while 216 blood samples were
collected in serum separator tubes(SST)for biochemical analysis. Hematological study was
performed within 24 h after blood collection. Whole blood was collected between 10:00
and 11:00 h. Then, the collected blood sample was analyzed by Hematology analyzer
Germany version 2.5 to determine the value of white blood cell (WBC), red blood cell
(RBC), hemoglobin (HGB), packed cell volume (PCV), mean corpuscular volume (MCYV),
mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration
(MCHC).The plasma was separated from 216 blood samples by centrifugation at 3500 rpm
for 10 min at 24 °C and stored at 4 °C for estimation of biochemical parameters until further
analysis. Moreover, the blood serum analysis method is shown in Table 1.

Table 1. Serum sample and analysis method.

Parameters Method of Analysis Instrument Used
Total protein Biuret method A25 biochemistry analyzer
An enzymatic method (Wreck and Mended enterprise,
Urea (GLDH method) Thane West, Thane,
Photometric colorimetric test for Maharashtra, India) by using
Creatine kinetic measurements the reagents developed for each
(Jaffe’-reaction) parameter test

An enzymatic colorimetric test
(GOD-PAP method)
An enzymatic colorimetric
Total cholesterol method with lipid clearing factor
(CHOD-PAP method)

Glucose

2.3.3. Growth Parameters

The calves were weighed at the beginning of the study and every 15 days thereafter
using the weighing balance in each season for 30 days. All measurements were taken after
overnight withdrawal of feed and water. Total gain (TG) was calculated as the difference
between final body weight (FBW) and initial body weight (IBW). Then, average daily gain
(ADG) was determined by dividing the differences of the FBW and IBW by the number of
experimental periods (30 days for each season).

2.4. Statistical Analysis

The average of days 1, 15, and 30 in each season for all parameters were obtained and
comparisons were made among seasons [21]. The data obtained on various parameters
were statistically analyzed using a two-way analysis of variance. The data were analyzed
by the general linear model (PROC GLM) using SAS software version 9.4. Sex of the
calves and season were fitted as independent variables while physiological, hematological,
biochemical, and growth parameters were fitted as response variables. When the GLM
showed the presence of a significant difference between the parameters, the Tukey Kramer
test was used for mean comparison. Moreover, the Pearson correlation test was performed
to check the strength of the relationship between physiological parameters and THI as well
as growth parameters and THI.

The general linear model used for the analysis of physiological parameters was

Y = u+Si+Kj+ (S x K)ij + eijk )
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where; Yjj = the response variables (HR, RR, RT); u = overall mean; S; = effect of sex
(female, male); k; = effect of season (dry season, short rainy season, long rainy season);
(§ x K);; = interaction between sex and season; ¢ = random error.

The general linear model used for the analysis of hematological parameters was

Y = u+Si+Kj+ (S x K)ij +eijk @)

where; Yijk = the response variables (WBC, RBC, HGB, PCV, MCV, MCH, MCHC); i = over-

all mean; S; = effect of sex (female, male); k; = effect of season (dry season, short rainy season,

long rainy season); (S x K),-]- = interaction between sex and season; €ijk = random error.
The general linear model used for the analysis of biochemical parameters was

Y =pu+Si+Kj+ (S x K)ij +eijk (3)

where; Y = the response variables (total protein, urea, creatine, glucose, total choles-
terol); u = overall mean; S;= effect of sex (female, male); k; = effect of season (dry season,
short rainy season, long rainy season); (S x K);; = interaction between sex and season;
¢jjk = random error.

The general linear model used for the analysis of growth parameters was

Y =pu+Si+Kj+ (S x K)ij +eijk 4)

where; Yijk = the response variables (IBW, FBW, TG, ADG); u = overall mean; S; = effect of
sex (female, male); k; = effect of season (dry season, short rainy season, long rainy season);
(§ x K);; = interaction between sex and season; ¢;j = random error.

3. Results
3.1. Meteorological Variables during the Study Periods

Higher daily mean AT was observed during the dry and short rainy seasons compared
to the long rainy season (Table 2) (p < 0.05). Moreover, a higher mean daily THI was noticed
during the dry and short rainy seasons (p < 0.05). Whereas, higher mean daily RH was
observed during the long rainy season (p < 0.05). The maximum AT in dry and short
rainy seasons was greater than the long rainy seasons. However, there was no statistically
significant difference among the three seasons in minimum AT during the experimental
periods. On the other hand, maximum RH increased by 40.95 and 47% during the long
rainy season over the dry and short rainy seasons, respectively. Moreover, the minimum
RH increased by 49.18 and 51.71% during the long rainy season over the dry and short
rainy seasons, respectively.

Table 2. Daily meteorological variables during the study period (mean + SE).

Me\t,‘;‘;ir:é‘l’egs“al DS (January) SR (April) LR (July)

. Maximum 3314052 3294062 231+03P

Ambient .. a a a
temperature (°C) Minimum 213+ 0.6 : 21.0 +£0.7 : 20.7 £0.2

Mean 27.0 + 0.4 269 + 0.4 21.8+0.22

Maximum 476+112 415+19P 88.6 + 0.6 ¢

Relative humidity (%) Minimum 309 +0.82 283 +0.82 80.0 £1.2°

Mean 392+0.82 349 +1.2°P 8434+ 0.8¢

Maximum 81.7+£0.62 80.7 092 725+ 060

THI Minimum 65.6 £0.72 65.0 £0.8P 67.9+0.2P

Mean 72.7 £052 720 +£042 69.6 + 03P

2= Rows with different superscripts for same parameter are significantly different at p < 0.05, THI = temperature—
humidity index, DS = dry season, SR = short rainy season, LR = long rainy season.
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3.2. Physiological Parameters

Physiological parameters of calves were significantly affected by season except for RT
(Table 3). HR was increased by 5.7 and 4.1 beats per minute during the dry season over long
and short rainy seasons, respectively. Moreover, RR was increased by 3.8 and 3.4 breaths
per minute during the dry season over the long and short rainy seasons, respectively. The
calves” HR was significantly affected by sex (Table 3) (p = 0.007). Moreover, RR of the calves
were significantly affected by the sex of the calves (p = 0.046). Male calves had consistently
higher HR and RR than female calves. However, RT of the calves were not significantly
affected by the sex of the calves (p = 0.165). On the other hand, physiological parameters
were affected by season and sex interaction effect except for RT of the calves.

Table 3. Effects of season on physiological parameters of male and female calves (mean =+ SE).

-Val
Parameters DS Season Sex p-yate
SR LR Female Male Season Sex Season x Sex
HR 86.0+0.72 81.94+0.83 803+11P 81.54+09P 84.0+072  0.0001 0.0070 0.0030
RR 31.8+ 042 2844+05P 28.04+04P 289+05P 2994042 0.0001 0.0460 0.0470
RT 39.140.1 39.0 + 0.1 3894009 39.1+0.1 39.0 + 0.1 02680  0.1650 0.9450

ab Rows with different superscripts for same parameter are significantly different, DS = dry season, SR = short rainy season, LR = long rainy season,
HR = heart rate (beats per minute), RR = respiration rate (breaths per minute), RT (°C) = rectal temperature (degree centigrade).

3.3. Hematological Parameters

Hematological parameters were significantly affected by season variation except for
PCV (Table 4). A significantly lower WBC value was observed in the dry season compared
to short and long rainy seasons (p = 0.011). Moreover, considerably lower values of HGB
were observed in the dry and long rainy seasons than short rainy seasons (p = 0.000).
Appreciably, the concentration of RBC was higher in the short rainy season followed by dry
and long rainy seasons, respectively (p = 0.000).The concentration of MCV was significantly
affected by the variation in season (p = 0.000). Lower mean MCV was observed in the
short rainy season compared to dry and long rainy seasons. MCH was significantly lower
during the short rainy season than dry and long rainy seasons. Considerably, lower MCHC
values were observed in the dry season than short and long rainy seasons (p = 0.000). The
interaction effect of sex and season did not affect all hematological parameters (Table 4).
Almost all of the hematological parameters were not significantly affected by the sex of
the calves except PCV (Table 4) (Figure 1).It was noticed that higher PCV was observed in
females than male calves (Figure 1) (p = 0.028).

Table 4. Effect of season on hematological parameters (mean =+ SE).

Parameters DS Seasons Sex p-Value
SR LR Female Male Season Sex Season X Sex

WBC(x10 uL~3) 103 £ 0.6 122 +£0.7 136+ 1.0 10.2 £0.7 105+ 1.0 0.011 0.106 0.211
RBC(x10 uL~%) 52+ 0.3 83+03 29+0.1 52402 53405 0.000 0.290 0.318
HGB (g dLb 8.0+£0.2 10.1£0.2 85+03 8.0+0.3 81+0.2 0.000 0.333 0.378
PCV (%) 26.3 + 0.5 27.3 4+ 0.8 26.0 £ 0.4 272 4+ 0.8 25.3 + 0.6 0.275 0.028 0.609
MCV (fL) 505+ 1.2 33.7 £ 0.9 92.8 0.8 514+ 1.3 495+ 2.1 0.000 0.275 0.084
MCH (pg) 15.7 £ 0.6 128 £ 0.9 311 +1.1 157+ 1.0 157 £ 0.8 0.000 0.622 0.615
MCHC (g dL-1) 31.1 £ 0.9 375+ 0.5 332411 30.6 1.5 31.6 = 0.9 0.000 0.614 0.135

DS = dry season, SR = short rainy season, LR = long rainy season, WBC (%10 uL~3) = white blood cell in micro liter, RBC(x 10 pL—°) = red
blood cell in micro liter, HGB (g dL~!) = hemoglobin in gram per deciliter, PCV (%) = packed cell volume in percentage, MCV (fL) = mean
corpuscular volume in femtoliter, MCHC (g dL~!) = mean corpuscular hemoglobin in gram per deciliter, MCHC(g dL~') = mean
corpuscular hemoglobin concentration in gram per deciliter.
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Figure 1. Effect of sex on hematological parameters. WBC (x10 uL~3) = white blood cell in micro liter, RBC (x 10 uL.~¢) = red

blood cell in micro liter, HGB (g dL.~!) = hemoglobin in gram per deciliter, PCV (%) = packed cell volume in percentage,

MCV (fL) = mean corpuscular volume in femtoliter, MCHC (g dL~1) = mean corpuscular hemoglobin in gram per deciliter,

MCHC (g dL.~!) = mean corpuscular hemoglobin concentration in gram per deciliter.

3.4. Biochemical Parameters

The least-square mean value of total protein, cholesterol, and glucose concentra-
tion was lower in the dry season than short and long rainy seasons (Table 5) (p = 0.000).
Conversely, creatine, and urea concentration were higher in dry and short rainy seasons
compared to the long rainy season (p = 0.000). Our result indicated that most of the
biochemical parameters were not affected by sex and season interaction effect except for
creatine, and urea (Table 5). Significantly, female calves had higher creatine during the
short rainy season than males. However, there was no significant difference in creatine
during the dry and long rainy seasons. Female calves had higher blood urea than males in
the short rainy seasons, but male calves had higher blood urea than females during long

rainy seasons.

Table 5. Biochemical parameters for Fogera cattle calves as affected by seasons (mean =+ SE).

P Seasons Sex p
arameters
DS SR LR F M Season Sex Season X Sex
Total protein (g dL™1) 6.6 +0.12  794+02P 8.0+ 03P 75402  75+£02 0000 0.728 0.107
Total chol. (mgdL™1) 96.9+1.12 987+14% 1037411 1009+£10 987+11 0.000 0.098 0.29
Glucose (mgdL~!)  704+09¢ 843409 902+10% 8l4+16 81.8+16 0000 0.731 0.073
Creatine (mg dL~!) ~ 0.8+0.0? 0.6+00P 0.6+00P 0.7+0.0 0.6+00 0.000 0.068 0.035
Urea(mg dL 1) 321+14% 2994+1.02 266+15P 300+12 29.01+11 0.012 0.506 0.005

27¢ Rows with different superscripts for same parameter are significantly different, DS = dry season, SR = short rainy season, LR = long
rainy season, F = female, M= male, Total chol. = total cholesterol, gdL.~! = gram per deciliter, mg dL~! = milligram per deciliter.
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3.5. Growth Parameters

All growth parameters considered in our study were significantly affected by the
seasons (Table 6). In the long and short rainy seasons, IBW was increased by 15.8 and
14.5 kg compared to the dry season, respectively. Moreover, in the long and short rainy
seasons, the FBW was increased by 22 and 10.6 kg compared to the dry season, respectively.
Total gain (TG) was increased by 10.3 and 4 kg in the long and dry seasons, respectively,
over the short rainy season. Similarly, ADG was increased by 300 and 100 g/day in the long
and dry seasons, respectively, over the short rainy season. All growth parameters were not
significantly affected by the sex of the calves. However, TG and ADG were significantly
affected by sex and season interaction. TG of female calves was higher in dry and short
rainy seasons whereas male calves were 9 kg higher than females in the long rainy season.
Moreover, significantly higher ADG was observed in females in the dry and short rainy
seasons while higher ADG was observed in males in the long rainy season (Table 6).

Table 6. Bodyweight of Fogera cattle calves under different seasons (mean + SE).

P Season Sex p-Value
arameters
DS SR LR F M Season Sex Season x Sex
IBW (kg) 49.04+25¢ 63.5+23b 64.8+2.72 592 +2.8 59.1 £ 1.8 0.0001 0.9688 0.0907
FBW (kg) 67.0£28¢ 776+ 25Pb 89.0+2472 78.6 2.7 772 +25 0.0001 0.6560 0.3800
TG (kg) 180+21Pb 14.0£22°¢ 243 4+232 194+ 18 181 +2.0 0.0038 0.6080 0.0127
ADG (g/d) 600.0 +0.07P 500.04+0.1¢ 800.0+0.072 0.7 +0.1 0.6 £0.1 0.0036 0.6122 0.0126

2=¢ Rows with different superscripts for same parameter are significantly different, DS = dry season, SR = short rainy season, LR = long
rainy season, SEM= standard error mean, F = female, M = male, S = season. IBW (kg) = initial body weight in kilogram, FBW (kg) = final
body weight in kilogram, TG (kg) = total gain in kilogram, ADG (g/d) = average daily gain in gram per day.

3.6. Relationship between THI and Physiological Parameters

The study revealed that THI was positively correlated with HR and RR. The HR
increased by six beats per minute and RR increased by four breaths per minute when the
THI increased from 66 to 78 (Figure 2). Moreover, the Pearson correlation test showed
that there was a relationship between THI and HR (r = 0.395, p = 0.001) and THI and RR
(r=0.331, p = 0.005). The result also showed a positive relationship between HR and RR as
illustrated in Figure 2. Thus, from this study, it can be noticed that the THI value of 66 is
a critical value for all physiological parameters considered in this particular breed under
the current situation. Up to this critical value, animals could perform well since there was
a minimal effect of HS. However, as THI advances calves may lose their performance to
maintain their constant body temperature.
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Figure 2. Relationship between the temperature-humidity index and physiological parameters of calves.THI, HR, RR, and
RT (°C) are temperature-humidity index, heart rate (beats per minute), respiration rate (breaths per minute), and rectal
temperature in degree centigrade, respectively.

3.7. Relationship between THI and Growth Parameters

Growth parameters such as IBW, FBW, and TG were negatively associated with the
increase in THI (Figure 3). The Pearson correlation test also confirmed that there was a
negative relationship between THI and IBW (r = —0.274, p = 0.02); THI and FBW (r = —0.397,
p = 0.001) (Figure 3a,b). Furthermore, there was a negative relationship between THI and
TG (r = —0.205, p = 0.042) as indicated in Figure 3c. From Figure 3a—c, it can be generalized
that all the growth parameters were declining after the THI value of 66. However, up to this
value, all the growth parameters were slightly increasing. This result further justifies that
THI plays a significant role in determining young calves’ performance, especially during
dry and short rainy seasons. Thus, greater attention should be given to environmental
factors such as AT and RH when designing any management interventions for improving
their performance.
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Figure 3. Relationship between THI and IBW (a), THI and FBW (b), and THI and TG (c) THI, IBW, FBW, and TG, are
temperature-humidity index, initial body weight, final body weight, and total gain, respectively.

4. Discussions
4.1. Meteorological Variables during the Study Periods

The AT and RH were the commonly used measure of HS in animals until THI was
derived [21,24]. THI accounts for AT and RH’s combined effect and is considered one of
the best methods to evaluate HS in animals [25]. However, previous studies showed that
THI values only serve as a rough measure of HS effect on production [8]; they call for
necessary adjustments because the environmental stimulus includes other factors such as
wind speed and solar radiation [9]. The result showed that AT values were higher than
the critical values reported by Hahn [15] for TNZ for a heifer with 0.8 kg daily gain in
all the seasons while AT values were within TNZforl-month-old calves reported by the
same author during the long rainy season. Conversely, RH values in dry and short rainy
seasons were lower than the critical values reported by Neuwirth et al. [6] for bull calves
whereas higher than the report of Neuwirth et al. [6] during the long rainy season. Based
on the assumption by Habeeb et al. [23] calves were in a discomfort zone during the dry
and short rainy seasons while in mild discomfort during the long rainy season. However,
the THI value was relatively lower during all seasons than reported by Neuwirth et al. [6]
for bull calves. This difference might be due to breed, location, and management practices.
Therefore, it can be concluded that under the current situation the overall meteorological
data indicated that the animals were heat-stressed in all three seasons as confirmed by
upper critical AT, RH, and THI. However, the impact of HS was high in the dry season
and short rainy seasons compared to the long rainy season evidenced by eminent AT and
THI in the dry season and short rainy season compared to the long rainy season. This
discomfort zone for calves observed during the dry season and short rainy seasons in this
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study indicated the need to implement further amelioration strategies in the anticipated
climate change in the future.

4.2. Physiological Parameters

No difference in RT under different seasons indicates a better adaptive capacity of
Fogera cattle calves to their current production environment under different conditions.
The HR of the calves was significantly affected by seasons (p = 0.0001). This might be
because there was high AT and THI during the dry season compared to both short and
long rainy seasons. The mean RR noticed in the dry season was comparable with Hariana
breed’s value during the summer [26]. Moreover, the mean RR observed in the short and
long rainy seasons was higher than the value reported for Hariana, and Sahiwal breeds,
respectively [26]. Thus, it can be suggested that Fogera cattle calves are good at heat
tolerance under tropical climate of THI less than or equal to 66.

An increase in RR was able to eliminate excess heat and maintain a constant deep
body temperature [27]. It is generally true that in matured animals due to physiological
differences, males are better at thermoregulation than females. Likewise, our finding also
confirmed that higher HR and RR were observed in male calves than females, showing that
male calves are relatively better at heat tolerance than females. These differences might
be emanated from increased HR and RR in male calves at elevated environmental AT and
RH. Neuwirth et al. [6] also reported that bull calves responded with HR, arterial pressure,
skin temperature, plasma cortisol, and thyroxine concentrations to acute HS only above
32.2 °C at 60% RH which is consistent with our findings. In contrary to our findings, it has
been reported that heifers experience an increased heart rate during HS [28,29].This helps
maintain blood pressure as a response to the elevated vasodilatation and increased blood
flow caused by HS [28]. Another study also showed that heifers were reported to deposit
more fat than steers [30], which might affect their thermoregulation at higher AT, RH and
THI than young bulls.

4.3. Hematological Parameters

Significantly higher PCV values were noticed in females than male calves. The differ-
ence in PCV between females and male calves in this study might be due to sex differences
which are further linked with differences in cortisol hormone production in response to HS.
Contrary to this result, Kubkomawa et al. [31] reported males having higher mean PCV
than female cattle.

However, there was no significant difference in WBC, RBC, HGB, MCV, MCH, and
MCHC between male and female calves. According to Celik et al. [32], HGB and MCH
levels were not statistically different between the sex of the calves, which is concordant
with our findings. Moreover, Camargo et al. [33] also did not find a significant difference
between males and females in MCHC, which is also in line with our result.

The lower WBC counts noticed in the dry season might be due to the body system’s
response to stress stimuli compared to the long rainy season. During the study periods,
irrespective of the seasons, calves were given similar routine health management such
as deworming and continuous follow-up of the health condition. Moreover, they were
given feed with good nutrient content in addition to shade from the extreme sunlight. This
suggested that more amelioration strategies need to be devised for calves to face severe
climate change anticipated in the future. Likewise, Mirzadeh et al. [34] conducted a study
and reported lower WBC in summer as compared to spring, autumn, and winter seasons
in all age groups of Iranian cattle which is in line with our result.

The mean value of total RBC was significantly lower in the long rainy season than
short and dry seasons (p = 0.000). Moreover, Naik et al. [16] did a similar study and found
significantly higher RBC values in summer compared to winter and monsoon in different
age groups in Punganur cattle. Aengwanich et al. [35] did not find any significant changes
in RBC among summer, rainy, and winter seasons in beef cattle. The higher number of RBC
in dry and short rainy seasons might be associated with relatively higher stress in the body,
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requiring more oxygen transport throughout the body. Furthermore, the lower RBC during
the long rainy season could be due to increased water intake through the lush grasses that
were available in that season [36] or high RH observed in the long rainy as compared to
other seasons would have compromised evaporative heat loss mechanisms resulting in HS
and, therefore, animals would have ingested more water and subsequent hemodilution
and hence decreased RBC [37].

The lower HGB observed in the dry and long rainy seasons may be because of smaller
RBC counts observed in these seasons (Table 4).The lower MCV and MCH in the short rainy
season and MCHC in the dry season in this study might be due to a low amount of HGB
present per RBC. However, the effect of season was not significantly affected PCV (p > 0.05).
Similar findings were reported by Aengwanichet al. [35] who reported that season did not
affect hematological parameters of heifers in the northeastern part of Thailand. Contrary
to this finding, significantly lower PCV was noticed in summer as compared to winter in
all age groups of cattle [34]. Despite upper critical values of AT, RH, and THI in all three
seasons and the absence of variation in PCV indicates once again the adaptive potential of
Fogera cattle calves to their current production environment.

4.4. Biochemical Parameters

The lower total protein observed in this study might be due to the higher AT and THI
observed in the dry season. Similarly, Dar et al. [38] reported significantly lower serum
protein levels during the summer season in >1 year of age than in the winter season in Badri
cattle. Contrary to this result, Nikhil et al. [21] did not find a significant change in total
protein concentration among summer, rainy, and winter seasons in crossbred female calves
of 6-12 months age in hot and humid tropics. Our study showed that total cholesterol
concentration was higher in the long rainy season followed by short rainy and dry seasons
(p = 0.000). Farooq et al. [39] also showed significantly lower cholesterol during the hot
season compared to cool dry winter in adult Cholistani bulls. Considerably, low plasma
cholesterol concentration during dry, and short rainy seasons may be due to HS-induced
accelerated fat catabolism [40] or increased lipid mobilization by peripheral tissues [41] or
may be due to reduced liver capacity [42] under HS in these seasons.

The decreased glucose concentration in dry and short rainy seasons compared to
long rainy seasons could be due to more energy requirement to the animal to disperse
more heat to maintain the body temperature at a normal level or could be due to heat
stress-induced depressed dry matter intake [43]. Similarly, Nikhil et al. [21] also reported
significantly lower glucose in pre-monsoon followed by monsoon and post-monsoon in
crossbred female calves in hot and humid tropics. The higher serum creatine concentration
during dry and short rainy seasons might be because of excess muscular catabolism for
energy supply as voluntary feed intake is reduced due to these seasons [39]. The serum
creatine concentration was smaller than values reported for Gir, Sahiwal, Kangayam, and
Tharparkar but higher than Rathi cattle. However, the result is comparable with DeoniZebu
cattle breeds of India during early summer [44]. A higher concentration of creatine during
summer stress was also reported by Dar et al. [38].

Blood urea concentration was significantly higher during the dry season, followed by
short and long rainy seasons (Table 5). Likewise, a higher blood urea concentration was
reported during summer compared to winter in >1 year age of Badri cattle [38]. Our results
were also in agreement with Rasouliet al. [11], who reported higher blood urea nitrogen
during the summer season. This increase may be due to the utilization of amino acids
for energy. The other reason may be due to protein mobilization from muscle tissue and
stress-related cortisol elevation, which increases catabolism of body proteins [38].

4.5. Growth Parameters

The increase in IBW and FBW of calves in the long and short rainy season was
attributed to natural pasture availability and decrease in maximum temperature compared
to the dry season. The increment in IBW and FBW of calves further attributed to the increase
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in TG by 10.3 kg and ADG 300 g/day in the long rainy season as compared to dry and short
rainy seasons. Despite the change in IBW and FBW in different seasons in the current study;,
the result was slightly smaller than the value reported by Tesfa et al. [14] in the dry and
long rainy seasons, respectively, for the same breed at ALRC. This difference might be due
to the difference in availability of forage at these locations and environmental temperature
which further inhibits feed intake and growth of calves at Metekel ranch as it is hotter than
ALRC.A previous study conducted by Pereira et al. [45] also showed that feed intake was
reduced by 11.4% in Limousine calves under thermal stressful conditions, consistent with
our finding. However, the ADG in this result was slightly higher than reported for the same
breed in dry and long rainy seasons [14], respectively. The difference could be because of
the short time experiment and the small number of observations used in this study. The
increase in TG and ADG in females over the males during dry and short rainy seasons may
be due to female calves’ special care rendered to them as a replacement and distribution to
the surrounding farmers. However, all growth parameters were not significantly affected
by sex differences (Table 6). The result is in line with Mekuriaw et al. [46] for Ogaden breed
and [14,47] for Fogera cattle breed.

4.6. Relationship between THI and Physiological Parameters

As THI increased from 66 to 78, the HR of the calves was increasing from 80 to 90 beats
per minute (Figure 2) (p < 0.05). Moreover, there was an increase in RR of the calves as
THI advances from 66 to 78. This might be due to the increase in THI affecting internal
physiological activities such as the calves’ metabolic rate, further increasing the HR and
RR to respond against HS. The current result is in line with the findings of Aziz et al. [24]
who reported that THI exhibited a positive correlation with the respiratory rate and
pulse rate in crossbred cattle calves in Indian. Constant RT and increased HR and RR
when calves are exposed to a THI from 66 to 78, indicated that the calves had a high
heat tolerance level. They maintained thermal balance by removing excess heat through
enhanced respiratory rate and pulse rate [24]. Moreover, the positive relationship between
physiological parameters (HR and RR) justifies that calves were well adaptive to their
production environment by maintaining their homeostasis through elevated HR and RR.
Bianca [48] also found a positive correlation between HR and RR at severe HS in Ayrshire
bull calves.

4.7. Relationship between THI and Growth Parameters

The decline in the growth parameters might be because calves dissipate heat from
their body to adapt to the increase in THI, especially during the dry season. Moreover, the
decrease in growth rate with the increase in THI might be because animals used most of
the energy to maintain their homeothermy instead of growth [24]. Therefore, to maintain
the growth rate and sustain this breed’s adaptability under increased THI, appropriate
feeding, shade provision, and frequent watering may be suggested for the coming climate
change. A similar study conducted in Japanese black calves indicated that body weight
gain with THI of >75 was significantly lower than that with THI ranging from 56 to 60 [49].
Moreover, Broucek et al. [50] showed that calves under HS conditions (74.8 of THI) had
reduced starter intake compared with those raised under moderate conditions (59.7 of
THI).Colditz and Kellaway [51] also reported that heifers raised under HS condition (38 °C
environment) had reduced feed intake and ADG compared to those maintained under cool
ambient conditions (17 °C environment) which is corroborated with this result.

5. Conclusions and Recommendations

Our study revealed that the existence of upper critical AT, RH, and THI in all three
seasons indicated the HS reality in all the animals in the study area. There was a change in
growth parameters such as IBW, FBW, TG, ADG, but no change in physiological (RT) and
hematological (PCV) parameters with varying seasons. From the finding, it is possible to say
animals adapted to the existing stress by similar physiological and hematological responses.
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There was also a positive relationship between THI and physiological parameters. This
implies that as THI gets advanced, Fogera cattle calves adjust their body temperature
by increasing their HR and RR. Thus, Fogera cattle calves are good at thermoregulation
under the tropical climate of THI less or equal to 66. Therefore, the THI value of 66
can be considered optimum for high weight gain and normal physiological responses to
HS in Fogera cattle calves under their current production system. However, some more
amelioration strategies such as better nutrition, availability of shade, and implementation
of routine health management practice should be considered for the resilience of the breed
to HS in the future. Future research should be done in a similar environment by including
different indigenous breeds to select the best-performing animals at higher THI values.

Author Contributions: M.A. generated the idea, methodology, data collection, formal analysis, and
wrote the original draft of the manuscript. Y.YM., M.E., EP. and Z.W. supervised the experiment,
read, revised and shape the manuscript to the present form. All authors have read and agreed to the
published version of the manuscript.

Funding: The work was funded by Africa Center of Excellence for Climate Smart Agriculture and
Biodiversity Conservation and Debre Markos University as part of the first author’s PhD study.
Funders of this study had no input into the study design, or the collection, analysis and interpretation
of data, the writing of the report, or the decision to submit the article for publication in the Journal of
Animals. The work in this paper is solely that of the listed authors.

Institutional Review Board Statement: Animal experiments were carried out in strict accordance
with the recommendations in the Guide for the Care and Use of Laboratory Animals. The protocol
was approved by the research and ethics committee of school of animal and range sciences, Haramaya
University, Ethiopia (SARS 47 /050 and dated on September 09/2019).

Data Availability Statement: This is not applicable to this article since no data sets were generated.

Acknowledgments: The authors are grateful to Amhara National Regional State, Livestock Agency for
permitting calves, and Metekel ranch for the facilitation of the study, respectively. The livestock experts
at Metekel ranch who participated in the data collection are highly appreciated and acknowledged.

Conflicts of Interest: The authors declare that they have no competing interests.

References

1.

10.

11.

Bati, B.M. Climate Change, Cattle Herd Vulnerability and Food Insecurity: Adaptation through Livestock Diversification in
the Borana Pastoral System of Ethiopia. Ph.D. Thesis, Kommunikations-, Informations-und Medienzentrum der Universitat
Hohenheim, Stuttgart, Germany, 2014.

Place, N.T.; Heinrichs, A.J.; Ertb, H.N. The effects of disease, management, and nutrition on average daily gain of dairy heifers
from birth to four months. J. Dairy Sci. 1998, 81, 1004-1009. [CrossRef]

Wang, J.; Li, J.; Wang, F; Xiao, J.; Wang, Y.; Yang, H,; Li, S.; Cao, Z. Heat stress on calves and heifers: A review. J. Anim. Sci.
Biotechnol. 2020, 11, 79. [CrossRef]

Baccari, E, Jr.; Johnson, H.D.; Hahn, G.L. Environmental heat effects on growth, plasma T3, and post heat compensatory effects
on Holstein calves. Proc. Soc. Exp. Biol. Med. 1983, 173, 312-318. [CrossRef]

Nonaka, I.; Takusari, N.; Tajima, K.; Suzuki, T.; Higuchi, K.; Kurihara, M. Effects of high environmental temperatures on
physiological and nutritional status of prepubertal Holstein heifers. Livest. Sci. 2008, 113, 14-23. [CrossRef]

Neuwirth, ].G.; Norton, J.K.; Rawlings, C.A.; Thompson, EN.; Ware, G.O. Physiological responses of dairy calves to environmental
heat stress. Int. |. Biometeorol. 1979, 23, 243-254. [CrossRef] [PubMed]

Dash, S.; Chakravarty, A.K,; Singh, A.; Upadhyay, A.; Singh, M.; Yousulf, S. Effect of heat stress on reproductive performances of
dairy cattle and buffaloes: A review. Vet. World 2016, 9, 235. [CrossRef] [PubMed]

Polsky, L.; von Keyserlingk, M.A. Invited review: Effects of heat stress on dairy cattle welfare. J. Dairy Sci. 2017, 100, 8645-8657.
[CrossRef]

Mader, T.L.; Davis, M.S.; Brown-Brandl, T. Environmental factors influencing heat stress in feed lot cattle. . Anim. Sci. 2006, 84,
712-719. [CrossRef] [PubMed]

Anderson, B.H.; Watson, D.L.; Colditz, I.G. The effect of dexamethasone on some immunological parameters in cattle. Vet. Res.
Commun. 1999, 23, 399-413. [CrossRef] [PubMed]

Rasouli, A. The Influences of Seasonal Variations on Thyroid Activity and Some Biochemical Parameters of Cattle. Iran. |. Vet.
Res. 2004, 5, 55-62.


http://doi.org/10.3168/jds.S0022-0302(98)75661-9
http://doi.org/10.1186/s40104-020-00485-8
http://doi.org/10.3181/00379727-173-41648
http://doi.org/10.1016/j.livsci.2007.02.010
http://doi.org/10.1007/BF01553775
http://www.ncbi.nlm.nih.gov/pubmed/536051
http://doi.org/10.14202/vetworld.2016.235-244
http://www.ncbi.nlm.nih.gov/pubmed/27057105
http://doi.org/10.3168/jds.2017-12651
http://doi.org/10.2527/2006.843712x
http://www.ncbi.nlm.nih.gov/pubmed/16478964
http://doi.org/10.1023/A:1006365324335
http://www.ncbi.nlm.nih.gov/pubmed/10598072

Animals 2021, 11, 1062 15 of 16

12.

13.

14.

15.
16.

17.

18.
19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kumar, M; Jindal, R.; Nayyar, S.; Singla, M. Physiological and Biochemical Responses in Beetal Goats during Summer Season.
Indian J. Small Rum. 2011, 16, 255-257.

Melak, Y.; Ayana, A.; Aster, A. Effects of Grazing Intensity to Water Source on Grassland Condition, Yield and Nutritional Content
of Selected Grass Species in Northwest Ethiopia. Ecol. Process. 2019, 8, 12. [CrossRef]

Tesfa, A.; Dilip, K.; Solomon, A.; Getinet, M.; Tewodross, B.; Adebabay, K.; Addisu, B.; Yeshewas, F.; Hailu, M.; Mekonnen, T.
Growth and Reproductive Performance of Fogera Cattle Breed at Andassa Livestock Research Center. Development 2016, 28, 1.
Hahn, G. Dynamic responses of cattle to thermal heat loads. J. Anim. Sci. 1997, 77, 10-20. [CrossRef]

Naik, B.; Kumar, A.; Ravi, A.; Bramhaiah, K.; Chakravarthi, V. Effect of Seasons on Physiological and Hematological Values in
Punganur Cattle. Int. . Pharma Biol. Sci. 2013, 4, 4.

Melak, Y. Effects of Distance from Water Points on Grassland Condition, Biomass Production and Nutritional Quality of Grasses
in Chagni Ranch, North West Ethiopia. Master’s Thesis, Hawassa University, Hawassa, Ethiopia, 2017.

ENMA. Ethiopian National Meteorological Agency. In Annual Report; ENMA: Addis Ababa, Ethiopia, 2010.

Ababa, A. Climate Change National Adaptation Programme of Action (Napa) of Ethiopia; National Meteorological Services Agency,
Ministry of Water Resources, Federal Democratic Republic of Ethiopia: Addis Ababa, Ethiopia, 2007.

NRC. A Guide to Environmental Research on Animals; NRC: Washington, DC, USA, 1971.

Nikhil, K.; Girish, V.; Abhina, M.; Adarsh, N.; Karthiayini, K.; Gleeja, V. Impact of Season on Haematological and Biochemical
Parameters of Crossbred Female Calves in Hot and Humid Tropics. Biol. Rhythm Res. 2018, 49, 267-275. [CrossRef]

ICLAS. Council for International Organizations of Medical Sciences and the International Council for Laboratory Animal Science.
International Guiding Principles for Biomedical Research Involving Animals. 2012. Available online: http://Grants.Nih.Gov/
Grants/Olaw /Guiding_Principles_2012.Pdf (accessed on 4 August 2019).

Habeeb, A.A; Gad, A.E.; Atta, M.A. Temperature-humidity indices as indicators to heat stress of climatic conditions with relation
to production and reproduction of farm animals. Int. J. Biotechnol. Recent Adv. 2018, 1, 35-50. [CrossRef]

Aziz, 7.; Varma, G.; Raji, K.; Gleeja, V. Influence of temperature-humidity index on the physiological parameters and growth rate
of crossbred cattle calves. Int. J. Appl. Pure Sci. Agric. 2016, 2, 187-189.

Marai, L.E,; Haeeb, A.A.M. Buffaloes’ reproductive and productive traits as affected by heat stress. Trop. Subtrop. Agroecosyst. 2010,
12,193-217.

Kumar, J.; Kumar, M.; Madan, A ; Singh, Y.; Yadav, B.; Anand, M. Effect of Seasonon Physiological Parameters and Production
Profile of Hariana and Sahiwal Cattle. |. Haryana Vet. 2017, 56, 69-71.

Silva, J.; Aratjo, A.; Junior, J.; Dos, N.; Garcia, A.; Oliveira, R. Thermal Comfort Indices of Female Murrah Buffaloes Reared in the
Eastern Amazon. Int. |. Biometeorol. 2015, 59, 1261-1267. [CrossRef]

Purwanto, B.; Nakamasu, F.; Yamamoto, S. Effect of environmental temperatures on heat production in dairy heifers differing in
feed intake level. Asian Australas. . Anim. Sci. 1993, 6, 275-279.

Pandey, P; Hooda, O.; Kumar, S. Impact of heat stress and hypercapnia on physiological, hematological, and behavioral profile of
Tharparkar and Karan fries heifers. Vet. World 2017, 10, 1146-1155. [CrossRef]

VenkataReddy, B.; Sivakumar, A.S.; Jeong, D.W.; Woo, Y.B.; Park, S.J.; Lee, S.Y.; Byun, J.Y.; Kim, C.H.; Cho, S.H.; Hwang, I. Beef
quality traits of heifer in comparison with steer, bull and cow at various feeding environments. Anim. Sci. J. 2015, 86, 1-16.
[CrossRef] [PubMed]

Kubkomawa, I.H.; Ogundu, M.A.; Okoli, I.C.; Udedibie, A.B.I. Seasonal hematological characterization of pastoral cattle in the
Guinea Savannah zone of North-Eastern Nigeria. Glob. |. Anim. Sci. Livest. Prod. Anim. Breed. 2016, 4, 274-290.

Celik, O.Y,; Kivanc, LR.A K.; Akgul, G. Effect of Sex on Some Biochemical and Hematological Parameters in Healthy Boer X Hair
Goat Crossbreed. Kocatepe Vet. Derg. 2019, 12, 45-51.

Camargo, C.; Duarte, J.; Fagliari, J.J.; Santana, A.M.; Simplicio, K.M.; Santana, A.E. Effect of sex and seasons of the year on
hematological and serum biochemical variables of captive brown brocket deer (Mazama gouazoubira). Pesqui. Vet. Bras. 2013, 33,
1364-1370. [CrossRef]

Mirzadeh, K.H.; Tabatabaei, S.; Bojarpour, M.; Mamoei, M. Comparative Study of Hematological Parameters According Strain,
Age, Sex, Physiological Status and Season in Iranian Cattle. |. Anim. Vet. Adv. 2010, 9, 2123-2127. [CrossRef]

Aengwanich, W.; Watee, K.; Thongchai, B. Effects of Shade on Physiological Changes, Oxidative Stress, and Total Antioxidant
Power in Thai Brahman Cattle. Int. |. Biometeorol. 2011, 55, 741-748. [CrossRef]

Tibbo, M.; Jibril, Y.; Woldemeskel, M.; Dawo, F.; Aragaw, K.; Rege, J.E.O. Factors Affecting Hematological Profiles in Three
Ethiopian Indigenous Goat Breeds. J. Appl. Res. Vet. Med. 2004, 2, 297-309.

El-Nouty, ED.; Al-Haidary, A.A.; Salah, M.S. Seasonal variation in hematological values of high- and average yielding Holstein
cattle in semi-arid environment. J. King Saud Univ. 1990, 2, 173-182.

Dar, A.H.; Kumar, S.; Singh, D.V.; Sodhi, M.; Sharma, R.K.; Ghosh, A.K.; Singh, B.; Rahman, J.U. Seasonal variation in blood
biochemical characteristics of Badri cattle. Pharma. Innov. 2019, 8, 147-150.

Farooq, U.; Ahmad, N.; Ahmad, I.; Mahmood, S.A.; Andrabi, S.M.H.; Idris, M. Effect of seasonal variations on the haemato
chemical profile of Cholistani service bulls. J. Appl. Anim. Res. 2017, 45, 85-89. [CrossRef]

Alameen, A.O.; Abdalla, A.M. Metabolic and Endocrine Responses of Crossbred Dairy Cows in Relation to Pregnancy and Season
under Tropical Conditions. Am. Eurasian J. Agric. Environ. Sci. 2012, 12, 1065-1074.


http://doi.org/10.1186/s13717-019-0162-z
http://doi.org/10.2527/1997.77suppl_210x
http://doi.org/10.1080/09291016.2017.1354486
http://Grants.Nih.Gov/Grants/Olaw/Guiding_Principles_2012.Pdf
http://Grants.Nih.Gov/Grants/Olaw/Guiding_Principles_2012.Pdf
http://doi.org/10.18689/ijbr-1000107
http://doi.org/10.1007/s00484-014-0937-y
http://doi.org/10.14202/vetworld.2017.1149-1155
http://doi.org/10.1111/asj.12266
http://www.ncbi.nlm.nih.gov/pubmed/25236779
http://doi.org/10.1590/S0100-736X2013001100013
http://doi.org/10.3923/javaa.2010.2123.2127
http://doi.org/10.1007/s00484-010-0389-y
http://doi.org/10.1080/09712119.2015.1125351

Animals 2021, 11, 1062 16 of 16

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Abeni, F; Luigi, C.; Luigi, S. Metabolic Conditions of Lactating Friesian Cows during the Hot Season in the PoValley.1. Blood
Indicators of Heat Stress. Int. |. Biometeorol. 2007, 52, 87-96. [CrossRef]

Ronchi, B.; Lacetera, N.; Bernabucci, U.; Nardone, A.; Verini, S. Distinct and Common Effects of Heat Stress and Restricted
Feeding on Metabolic Status of Holstein Heifers. Zootec. Nutr. Anim. 1999, 25, 11-20.

Bhatta, M.; Das, D.; Ghosh, P.R. The effect of ambient temperature on some biochemical profiles of Black Bengal goats (Capra
aegagrus hircus) in two different agro-climatic zones in West Bengal, India. IOSR J. Pharma. Biol. Sci. 2014, 9, 32-36.

Kalyani, P.; Aswani, K.K.; Haritha, Y.; Srinivas, B.; Kanaka, D.A. Comparative blood haemato-biochemical variations in Indian
Zebu cattle breeds during early summer. Biol. Rhythm Res. 2018, 49, 811-818. [CrossRef]

Pereira, A.M.; Baccari, F; Titto, E.A.; Almeida, J.A. Effect of thermal stress on physiological parameters, feed intake and plasma
thyroid hormones concentration in Alentejana, Mertolenga, Frisianand Limousine cattle breeds. Int. ]. Biometeorol. 2008, 52,
199-208. [CrossRef]

Mekuriaw, G.; Workneh, A.; Hegde, P.B. Growth and Reproductive Performance of Ogaden Cattle at Haramaya University,
Ethiopia. Ethiop. . Anim. Prod. 2009, 9, 13.

Almaz, B. Genetic Parameter Estimation of Growth and Reproduction Traits of Fogera Cattle at Metekel Ranch, Amhara Region,
Ethiopia. Master’s Thesis, Bahir Dar University, College of Agriculture and Natural Resource, Bahir Dar, Ethiopia, 2012.
Bianca, W. The Relation between Respiratory Rate and Heart Rate in the Calf Subjected to Severe Heat Stress. J. Agric. Sci. 1958,
51, 321-324. [CrossRef]

Nabenishi, H.; Atusi, Y. Effects of Temperature-Humidity Index on Health and Growth Performance in Japanese Black Calves.
Trop. Anim. Health Prod. 2017, 49, 397-402. [CrossRef] [PubMed]

Broucek, J.; Kisac, P.; Uhrincat, M. Effect of hot temperatures on the hematological parameters, health and performance of calves.
Int. ]. Biometeorol. 2009, 53, 201-208. [CrossRef] [PubMed]

Colditz, PJ.; Kellaway, R.C. The effect of diet and heat stress on feed intake, growth, and nitrogen metabolism in Friesian, F1
Brahman x Friesian, and Brahman heifers. Aust. |. Agric. Res. 1972, 23, 717-725. [CrossRef]


http://doi.org/10.1007/s00484-007-0098-3
http://doi.org/10.1080/09291016.2018.1424772
http://doi.org/10.1007/s00484-007-0111-x
http://doi.org/10.1017/S0021859600035139
http://doi.org/10.1007/s11250-016-1207-2
http://www.ncbi.nlm.nih.gov/pubmed/27943126
http://doi.org/10.1007/s00484-008-0204-1
http://www.ncbi.nlm.nih.gov/pubmed/19184122
http://doi.org/10.1071/AR9720717

	Introduction 
	Materials and Methods 
	Description of the Study Area 
	Experimental Design and Animal Management 
	Data Collection 
	Physiological Parameters 
	Blood Sample Collection and Analysis 
	Growth Parameters 

	Statistical Analysis 

	Results 
	Meteorological Variables during the Study Periods 
	Physiological Parameters 
	Hematological Parameters 
	Biochemical Parameters 
	Growth Parameters 
	Relationship between THI and Physiological Parameters 
	Relationship between THI and Growth Parameters 

	Discussions 
	Meteorological Variables during the Study Periods 
	Physiological Parameters 
	Hematological Parameters 
	Biochemical Parameters 
	Growth Parameters 
	Relationship between THI and Physiological Parameters 
	Relationship between THI and Growth Parameters 

	Conclusions and Recommendations 
	References

