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Abstract
This research aims to check the impact of climatic variability of the THI index during the three main seasons of the
year in Egypt on growth traits and biochemical blood components in native bovine calves. Eighteen Egyptian bovine
calves after weaning were used in this study. The experimental design included three experimental groups according
to the year's seasons. In the 1st group, sex calves were rearing under winter conditions. In the 2nd group, sex calves
were kept during the spring season. In the 3rd group, sex calves were maintained during the summer season. Weekly
and monthly Temperature-humidity index (THI) was calculated for the three seasons. The daily body gain (DBG) the
feed intake (DMI), and water consumption (WC) were measured weekly for each calf. The highest THI value (85.5)
during summer resulted in a signi�cant (P<0.01) decrease in DBG, daily DMI, thyroid hormonal levels, total proteins,
and glucose and a signi�cant (P<0.01) increase in daily WC and levels of cortisol and urea. The rate of decline
increases with increasing THI values from low THI in winter (68.1) to moderate THI during spring (74.9) and high THI
(85.5) during the summer season. With increasing THI, the depression in DBG was more than the decline in daily
DMI; therefore, food conversion increases when the value of THI increases. THI has highly (P<0.01) signi�cant
negative correlations with DBG, DMI, thyroxin (T4), triiodothyronine (T3), total proteins, and glucose and has highly
signi�cant (P<0.01) positive correlations with water intake as well as cortisol and urea concentrations.

Introduction
In the year 2050, the population within the world extents to 9.6 billion and also the worldwide request for animal
products is anticipated to proliferate utilizing to 70 percentages (FAO, 2015). Most climatic regions encompass
tropical, subtropical, and temperate. The temperate region is considered the best condition for superior e�ciency in
farm animals. Animals could sustain a normal body temperature in a particular ecological temperature variety,
recognized as the thermoneutral zone (TNZ), and succeed in nominal physiological expenses and maximal
production (Kadzere et al., 2002). When the animals cannot disperse body heat adequately to stay thermal stable,
heat stress occurs because of a raised ambient temperature above TNZ and high moisture (Bernabucci et al., 2010).
Exceeding half stock is found within the tropics and subtropics regions, and these areas have high environmental
temperature with the high relative humidity reasons considered for commercial impairment in around more than 60
percentages of the farms of animals everywhere within the world (FAO, 2015). Heat stress affects important losses
($2.4 billion) in animal production, and therefore the total yearly commercial losses to livestock industries affected
amounted by 1.69-2.36 billion$ in the USA, of these losses, up to 1,500 million $ occur within the industry of dairy
product thus, heat stress condition is that the main restriction in animal performance (St-Pierre et al., 2003). The
�nancial harm due to the adversative result of temperature stress on the productivity of animal substitutes below
two years old was $48 million each year. The harshness of heat stress problems on animals will rise as worldwide
warming develops (St-Pierre et al., 2003).

Global warming has elevated the apparent temperature by approximately 0.7°C within the initial 20th century, and it's
predicted that the temperature increase is going to be 1.8- 4.0°C by 2100 (IPCC, 2014). Weather alteration is setting
out to effect discomfort concomitant with the proliferation of world glasshouse airs, and therefore the greatest
serious in�uences of weather alteration will occur exactly between animal producers with subsistence expensive in
hot areas of most developing countries (Herrero et al., 2010). By the progressively warming international weather and
also the magni�cation of hot periods, the stock is exposed to level of extra severe warmth stress, which threatens to
lessen production performance severely (Herbut and Angrecka, 2012). Both ambient temperature and relative
humidity are combined and titled Temperature-humidity index (THI) and are usually used as a valuable pointer for
the degree of stress on animals (Bohmanova et al., 2007). THI was measured using several equations and is sited
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into classes to clarify the status of heat stress (Habeeb et al., 2018c). Most research revealed that the high THI is
re�ected as harmfully impacting milk production (Brügemann et al., 2012 ; Prathap et al., 2017) and impacting
reproductive and fertility (Dash et al., 2016; El-Tarabany et al., 2017; Wang et al., 2020). It is vital to well recognize the
changes in physiological and metabolic rhythms in Egyptian native calves during different seasons to plan
approaches to ameliorate the adverse effects of some seasons within the year to avoid economic losses on animal
growth. Domestic animals in Egypt are exposed to a few different levels of THI, low THI during the months of the
winter season; moderate THI during the months of the spring season and high THI during the months of summer.
This research aims to check the impact of climatic variability of the THI index during the three main seasons of the
year in Egypt on daily body gain, feed intake, water intake, and a few biochemical blood components in native bovine
calves.

Materials And Methods

1- Experimental location:
The experimental work was carried out in Bovine Farm, Biological Application Department, Radioisotopes
Applications Division, Nuclear Research Centre, Atomic Energy Authority, Inshas, Cairo, Egypt (latitude 31º12' N to
22º 2'N, longitude 25º53' E to 35º53'E).

2. Experimental ethics:
Experimental animals were carried using husbandry guidelines derived from the Egyptian Atomic Energy Authority
standard operating procedures. The experimental work was reviewed and approved by the Animal Care and Welfare
Committee of the Egyptian Atomic Energy Authority.

3. Animals feeding:
This research used eighteen healthy Egyptian male bovine calves after weaning with nearly same age and an
average live body weight of 200.0±5.4 kg. The calves were provided for the ration contained concentrate feed
mixture (CFM) plus rice hay (RH). CFM ration including crushed yellow maize, wheat bran, un-decorticated
cottonseed meal, �axseed gain, Di-calcium phosphate, iodized salt, trace mineral mixture and vitamin AD3E at the
rate of 40, 25, 25, 7.0, 1.0, 1.0, 0.50 and 0.50%, respectively. Each kg of CFM contains 0.8% calcium, 0.6%
phosphorus, 0.07% magnesium and 0.65% potassium. Each kg of vitamins and mineral mixture (premix) consists of
12000, 000 IU Vit A; 2000, 000 IU Vit D3; 10g Vit. E; 2 g Vit k3; 1000 mg Vit B1; 49g Vit B2; 105 g Vit B6; 10 mg Vit B12;
10 g Pantothenic acid; 20 g Niacin; 1000 mg Folic acid; 50 g Biotin; 500 mg Choline Chloride, 30 g Fe; 40 g Mn; 3 g
Cu; 200 mg Co; 100 mg Si and 45 g Zn.

The chemical composition of the CFM (on a dry matter basis %) used in the feeding of the experimental groups
during the experimental period was passed by AOAC (1990) and the values were 15.2, 3.0, 20.5, and 13.5% for the
crude protein, crude fat, NDF and ADF respectively. CFM is offered in the morning once daily at the rate of 2.5 kg
CFM /100 kg according to body weight and daily gain (NRC, 1981). RH was presented ad libitum. Fresh drinking
water was available spontaneously all-time to the experimental calves.

4. Meteorological data during the three experiments:
Under the natural conditions of the farm at mid-day, environmental temperature (AT, °C), relative humidity (RH %),
values were recorded weekly and monthly using a digital Thermo-hygrograph (Italy). THI values using AT and RH
values were estimated by the equation of Kendall and Webster (2009) as following:
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THI = (1.8*AT + 32) - [(0.55-0.0055*RH) x (1.8*AT-26)], where AT = air temperature (°C), and RH = relative humidity (%)
and then THI thresholds for heat stress in cattle as following: comfort (THI<68), mild discomfort (68<THI<72),
discomfort (72<THI<75), alert (75<THI<79), danger (severe heat stress) (79<THI<84), and emergency (very severe
heat stress) (THI > 84) and emergency (THI > 84).

5. Experimental procedure:
The research was conducted on eighteen Egyptian male bovine calves after weaning at 8.0±0.5 months with nearly
an average live body weight of 200.0±5.4 kg. The three trials of the three seasons sustained for nine months
(January to September). The experimental design was including three experimental groups according to the season
of the year. In the 1st group, sex calves reared under the winter season from the beginning of January to 31 of
March. In the 2nd group, sex calves were kept under the spring season from the 1st of April to the end of June. In the
3rd group, sex calves were maintained during the summer season from the 1st of July to the end of September. The
calves in three groups were managed similarly and conducted with similar protocols. The experimental groups were
tied with troughs during experimental months in one isolated yard (40 x 60 meters) enclosed by a wire fence (2-meter
height), and one-third of the surface area was roofed with a concrete shading in the middle (3-meter height). The
yard was divided into ten parts by hardwood, and each calf was in a separate part provided a container for fresh
drinking water. The calves in each experiment were weighed before the morning feeding by pen on a platform scale
at the initial and �nal day of each month and dividing by days of each month to obtain monthly and then seasonally
body weight gain of each calf.

Feedstuff intake (FI) was measured individually for each calf four times monthly by subtracting the residual of feed
from that offered for the calf in the previous day and averaged to obtain monthly and then seasonally FI. Dry matter
intake (DMI) was determined from the weight difference before and after oven drying overnight at 105°C for 24 hours
in each of samples from CFM or BH. DMI was calculated by multiplying fresh feed intake with the DM percentages
(92.0 and 88.5%, respectively) and then monthly and seasonally DMI was obtained. Water consumption (WC) was
measured individually for each calf four times monthly during the experimental period by subtracting the residual of
water in the container from that offered for each calf in the previous day and seasonally water intake for each calf
was calculated.

6- Blood sampling and biochemical and hormonal analysis:
At the end of each experiment, one blood sample had taken from the write Jugular vein of each calf before the
morning feed using disposable syringes without anticoagulants substance. Blood samples were placed immediately
on the ice-box and were transferred to the laboratory. Blood samples were centrifuged at the rate of 2000x g for 30
min and then transferred to a tube and saved at –20°C. By the Radioimmunoassay method (RIA), thyroxin (T4),
triiodothyronine (T3), and cortisol hormones were determined using the commercial kits and antibody-coated tubes

were labeled with 125I (Diagnostic Product Corporation, Los Angeles, USA). After the period of incubation, the liquid
contents in the tubes are aspirated, and the radioactivity is counted in a Computerized Gamma Counter.

Glucose, total protein and urea levels were determined by Biochemical Reagent Kits purchased from Diamond
Diagnostic Company, Egypt.

7- Statistical analysis:
According to the analysis of variance in SAS software (SAS 2003), data were analyzed. The effect of the
independent variable (THI; categorized into three levels; low, moderate and high) on the dependent variables (DBG,
DMI, WC, T4, T3, cortisol, total protein, glucose, and urea) was studied. Duncan's new multiple ranges test con�rmed
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the signi�cance of the difference among the means (Duncan 1955). Pearson correlation coe�cients between THI
values during the experimental months and different factors were designed by the CORR facility in SAS.

Results

1. THI values with relation to the three main seasons of the year in
Egypt:
Environmental variables were recorded and used to represent monthly climatological variations during the period of
the study during the three seasons; winter, spring and summer. In this study, the experimental calves were exposed to
the three different levels of THI, the �rst group (6 calves) exposed to lower THI (68.1) value during the months of the
winter season; and the second group (6 calves) exposed to moderate THI (74.9) value in spring season and the third
group (6 calves) exposed to higher THI value (85.5) during the months of the summer season of Egypt. Conferring to
Kendall and Webster (2009) that low: THI < 70 comforts; moderate: THI greater than 70 and less than 75
(discomfort) and high: THI greater than 80 (severe or very severe heat stress or emergency).

In this study the calves are exposed to comfort (group 1), discomfort (group 2) and severe heat stress (group3)
during winter, spring and summer seasons, respectively. In spring and summer, the THI indices were signi�cantly
higher than in winter, with the highest value in summer, followed by spring (Table 1).

Table 1
Monthly averages of ambient temperature (AT, °C), relative humidity (RH %) and THI values

recorded for the experimental months at the Inshas district, Sharkia Government, Egypt.
Experimental months Environmental parameters THI thresholds

for heat stressAmbient

Temperature

(AT, o C)

Relative

Humidity

(RH %)

Temperature

humidity

index (THI)*

January 20.5 ± 0.29 67.2±2.2 66.94 Comfortable

February 21.0 ± 0.41 62.7±2.2 67.38 Comfortable

March 23.0 ± 0.29 58.0±1.8 69.84 Comfortable

Winter season 68.1 (<70)

April 25.5±0.33 56.0±2.4 73.12 Discomfort

May 27.0±0.25 55.5±2.0 75.18 Discomfort

June 28.0 ± 0.41 55.0±1.44 76.30 Discomfort

Spring season 74.9 (>70 - >80)

July 35.5 ±0.25 54.0± 0.58 86.42 Very severe heat stress

August 36.5 ± 0.29 55.5±0.48 88.17 Very severe heat stress

September 33.0 ± 0.29 52.0±0.48 82.05 Very severe heat stress

Summer season 85.5 (80<) Very severe heat stress
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Each value from air temperature and relative humidity was the average of four times recorded each month in natural
conditions of the Farm at mid-day.

2. THI values with relation to daily gain, feed intake and water
consumption:
A highly signi�cant (P<0.01) decrease in DBG and daily DMI in the calves due to higher THI was detected. The
amount of deterioration in DBG increases with increasing THI. DBG decreased signi�cantly (P<0.01) by 18.6% at THI
of 74.9 (spring season) and by 41.1% at THI of 85.5 during the summer season compared to THI of 68.1 (winter
season). Moreover, DBG decreased signi�cantly (P<0.01) by 27.6% at THI of 85.5 during the summer season
compared to THI of 74.9 during the spring season (Table 2).

Table 2
Daily body gain (DBG), dry matter intake (DMI) and water intake (WI) in growing bovine calves with the

response of various THI values.
Traits Temperature-humidity index (THI)

Low THI
(67.3±0.97)

(Winter season)

Moderate
THI

(72.8±2.7)

(Spring
season)

1Change

due to
moderate THI

High THI

(85.8±1.3)

(Summer
season)

2Change

due to high

THI

DBG
(g/day)

587a±10.2 478b±35.6 - 18.60 (P<0.01) 346c±7.52 - 41.10(P<0.01)

DMI
(kg/day)

3.98a±0.09 3.62b±0.02 -9.05 (P<0.05) 3.13c±0.04 - 21.40(P<0.01)

WI
(l/day)

19.10c±0.5 24.60b±1.1 +28.80
(P<0.01)

31.20a±0.72 +63.40(P<0.01)

a, b ...Means in the same column having different superscripts differ signi�cantly.

1Change= [(spring value- winter value)/ winter value) x100].

2Change = [(summer value-winter value)/ winter value) x100].

The degree of decline in daily DMI also increases with increasing THI values. Daily DMI decreased signi�cantly
(P<0.05) by 9.05% at THI 74.9 (spring season) and by 21.4% (P<0.01) at THI 85.5 during the summer season
compared to THI 68.1 (winter season). DBG decreased signi�cantly by 13.5% at THI 85.5 during the summer season,
when compared to DBG at THI 74.9 during the spring season. DMI was decreased daily by 36.0 g and 85 g during the
spring and summer seasons, respectively, compared to winter. These results designate that the extreme deteriorating
effect of heat stress on both DBG and daily DMI was detected in the summer season.

The degree of decline in daily DMI also increases with increasing THI values. Daily DMI decreased signi�cantly by
9.05% at THI 74.9 (spring season) and by 21.4% at THI 85.5 during the summer season compared to THI 68.1 (winter
season). DBG decreased signi�cantly by 13.5% at THI 85.5 during the summer season, when compared to DBG at
THI 74.9 during the spring season. DMI was decreased daily by 36.0 g and 85 g during the spring and summer
seasons, respectively, compared to winter.



Page 7/17

Water consumption (L/day) signi�cantly increased (P<0.01) by 28.8% at THI 74.9 during the spring season and by
63.4% at greater THI (85.5) during the summer season compared to those at low THI 68.1 in winter (Table 2).

3-THI values with relation to DMI /DBG, DMI/WI and gain/WI
ratios:
The effectiveness of conversion of DMI to DBG ratio was improved signi�cantly (P<0.05) by 13.1% at THI 74.9
during the spring season and by 33.6% (P<0.01) at THI 85.5 during the summer season compared to those in winter
68.1. With increasing THI, the depression in DBG was more than the decline in daily DMI; therefore, food conversion
(DMI/DBG) increases when the value of THI increases. The percentage decline in DMI was less than the percentage
increase in WI; therefore DMI/WI ratio (g/100ml) decreased signi�cantly with increasing THI values. DMI/WI ratio
decreased during the spring season by 27.8% and during the summer season by 51.7% (P<0.01) compared to the
winter season (Table 3).

Table 3
DMI /DBG, DMI/WI and gain/WI ratios in growing bovine calves with the response of various THI values

Traits Temperature-humidity index (THI)

Low THI
(67.3±0.97)

(Winter season)

Moderate
THI

(72.8±2.7)

(Spring
season)

1Change

due to moderate
THI

High THI

(85.8±1.3)

(Summer
season)

2Change

due to high

THI

DMI/DBG

ratio (FC)

6.78c±0.04 7.67b±0.14 +13.10(P<0.05) 9.06a±0.11 +33.6(P<0.01)

DMI/WI ratio (g/l00
ml)

2.09a±0.01 1.51b±0.01 -27.80(P<0.01) 1.01c±0.01 -51.7(P<0.01)

Gain/WI ratio
(g/100 ml)

3.08a±0.01 2.01b±0.01 - 34.70(P<0.01) 1.11c±0.01 - 64.0(P<0.01)

a, b ...Means in the same column having different superscripts differ signi�cantly.

1Change= [(spring value- winter value)/ winter value) x100].

2Change = [(summer value-winter value)/ winter value) x100].

4. THI values with relation to T4, T3 and cortisol levels:
At THI 74.9 during the spring season, T4 and T3 levels were signi�cantly (P<0.01) decreased by 8.22 and 13.2%,
respectively, compared with those values at low THI 68.1 during the winter season. At greater THI (85.5) during the
summer season, T4 and T3 levels were signi�cantly decreased (P<0.01) by 24.2 and 33.8%, respectively, compared
with those values at low THI (68.1) during the winter season. Furthermore, at greater THI (85.5) during the summer
season, T4 and T3 levels were signi�cantly (P<0.01) decreased by 17.5 and 23.7%, respectively, compared with those
values at THI 74.9 during the spring season (Table 4).
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Table 4
Hormonal levels in growing bovine calves with the response of various THI values.

Traits Temperature-humidity index (THI)

Low THI
(67.3±0.97)

(Winter season)

Moderate
THI

(72.8±2.7)

(Spring
season)

1Change due to
moderate THI

High THI

(85.8±1.3)

(Summer
season)

2Change due to
high THI

T4

(nmol/l)

98.60a±1.5 90.50b±2.5 -8.22 (P<0.05) 74.70c±2.6 -24.20 (P<0.01)

T3

(nmol/l)

6.80a±0.10 5.90b±0.20 -13.20 (P<0.01) 4.50c±0.20 -33.80 (P<0.01)

T4/T3

ratio

14.50c±0.14 15.30b±0.03 +5.51 (P>0.05) 16.60a±0.06 +14.50 (P<0.05)

Cortisol
(nmol/l)

41.70c±1.2 53.60b±1.2 +28.5(P<0.01) 67.30a±1.30 +61.40 (P<0.01)

a, b ...Means in the same column having different superscripts differ signi�cantly.

1Change= [(spring value- winter value)/ winter value) x100].

2Change = [(summer value-winter value)/ winter value) x100].

At THI 74.9 during the spring season, cortisol level was signi�cantly (P<0.01) increased by 28.5% compared with that
value at low THI 68.1 during the winter season. At greater THI (85.5) during the summer season, cortisol level was
signi�cantly increased (P<0.01) by 61.4% compared with that value at low THI (68.1) during the winter season.
Furthermore, at greater THI (85.5) during the summer season, cortisol level was signi�cantly (P<0.01) increased by
25.56% compared with that value at THI 74.9 during the spring season (Table 4).

5. THI values with relation to blood biochemical components:
At THI 74.9 during the spring season, total proteins and glucose concentrations were insigni�cantly decreased by
4.06 and 4.8%, respectively, compared with those values at low THI (68.1) during the winter season. At greater THI
(85.5) during the summer season, total proteins and glucose concentrations were signi�cantly decreased by 15.1
and 15.7%, respectively, compared with those values at low THI (68.1) during the winter season (Table 5).

At greater THI (85.5) during the summer season, total proteins and glucose concentrations were signi�cantly
decreased by 11.5 and 9.8% compared with those values at THI 74.9 during the spring season. At THI 74.9 during the
spring season, urea level was signi�cantly increased by 18.3% compared with those values at low THI (68.1) during
the winter season. At greater THI (85.5) during the summer season, urea level was signi�cantly increased by 64.2%
compared with those values at low THI (68.1) during the winter season. At greater THI (85.5) during the summer
season, urea level was signi�cantly increased by 38.8% compared with those values at THI of 74.9 during the spring
season (Table 5).
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Table 5
Blood biochemical components in growing calves with the response of various THI values

Traits Temperature-humidity index (THI)

Low THI
(67.3±0.97)

(Winter season)

Moderate
THI

(72.8±2.7)

(Spring
season)

1Change

due to moderate
THI

High THI

(85.8±1.3)

(Summer
season)

2Change due to high
THI

Total
proteins

(g/dl)

8.13a±0.09 7.80a±0.06 - 4.06 (P>0.05) 6.90b±0.06 - 15.1(P<0.05)

Glucose

(mg/dl)

87.20a±2.0 83.00a±1.4 - 4.80 (P>0.05) 74.90b±0.8 - 15.7(P<0.05)

Urea-N

(mg/dl)

36.60c±0.8 43.30b±1.9 +18.30 (P<0.05) 60.10a±1.3 + 64.2(P<0.01)

a, b ...Means in the same column having different superscripts differ signi�cantly.

1Change= [(spring value- winter value)/ winter value) x100].

2Change = [(summer value-winter value)/ winter value) x100].

6. Correlations coe�cient between THI with different parameters:
THI has highly signi�cant negative correlations with DBG, DMI, T4, T3, total proteins, and glucose and has highly
signi�cant positive correlations with water intake as well as cortisol and urea concentrations. DBG has highly
signi�cant positive correlations with DMI, T4, T3, total proteins and glucose and has highly signi�cant negative
correlations with water intake, cortisol and urea concentrations.

DMI has highly signi�cant positive correlations with T4, T3, total proteins, and glucose and has highly signi�cant
negative correlations with water intake, cortisol, and urea concentrations. WC has highly signi�cant negative
correlations with T4, T3, total protein, and glucose and has highly signi�cant positive correlations with cortisol and
urea concentrations.
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Table 6
Correlations coe�cient between THI and each of DBG, DMI, WI, T4, T3, cortisol, total proteins, glucose and urea-N in

growing bovine calves
Items DBG

(g/day)

DMI

(g/day)

WI

(l/day)

T4

(nmol/l)

T3

(nmol/l)

Cortisol

(nmol/l)

T. P

(g/dl)

Glucose

(mg/dl)

Urea-N

(mg/dl)

THI values -0.952 -0.953 0.960 -0.988 -0.985 0.958 -0.966 -0.940 0.974

DBG (g/day)   0.977 -0.996 0.967 0.983 -0.993 0.908 0.949 -0.949

DMI (g/day)     -0.969 0.972 0.969 -0.957 0.923 0.956 -0.909

WI (l/day)       -0.977 -0.991 0.998 -0.914 -0.947 0.957

T4 (nmol/l)         0.992 -0.969 0.949 0.957 -0.956

T3 (nmol/l)           -0.989 0.956 0.950 -0.971

Cortisol
(nmol/l)

            -0.915 -0.937 0.966

T.
proteins(g/dl)

              0.874 -0.927

Glucose
(mg/dl)

                -0.928

All correlation coe�cient values are signi�cant at P<0.01.

T4 has a highly signi�cant positive correlation with T3, total protein, and glucose and has a highly signi�cant
negative correlation with cortisol and urea concentrations. T3 has a highly signi�cant positive correlation with total
protein and glucose and has a highly signi�cant negative correlation with cortisol and urea concentrations.

Cortisol has highly signi�cant negative correlations with total protein and glucose and has a highly signi�cant
positive correlation with urea concentration. Total protein has a highly signi�cant positive correlation with glucose
concentration and has a highly signi�cant negative correlation with urea concentration. Glucose concentration has a
highly signi�cant negative correlation with urea concentration (Table 6).

Discussion

1-Effect of varying THI on DBG and DMI:
The results indicated that the rate of decline in DBG and DMI increases with increasing THI values. DBG in native
bovine calves decreased signi�cantly by 18.6% at THI 74.9 during the spring season and by 41.1% at THI 85.5 during
the summer season compared to THI 68.1 during the winter season. These results indicate that the most
deteriorating effect of warmth stress on both DBG and DMI was observed in the summer season. Nardone et al.
(1993) found that 86 THI from 10.00 to 18.00 hours for ten weeks determined a decrease in DMI (7.9%) and a
reduction in DBG (26.1%) in Holstein Friesian calves. West (1993) reported that the range of THI values from 71 to 81
caused signi�cant decreases in the consumption of TDN of protein in cattle. A decrease of 0.57, 0.51, 0.48, 0.42 and
0.29 kg DMI daily for every unit rise in THI for Asia, South America, Oceania, Europe and North America, respectively
(Chang-Fung-Martel et al., 2021). West et al. (2003) found that THI deleteriously affected feed intake, where a
THI>72.1 resulted in an exceedingly decrease in the feed intake of Holstein and Jersey cows by 0.51 kg and 0.47 kg,



Page 11/17

respectively, for every unit of increase in THI within the range of 72 to 84. Bouraoui et al. (2002) found that the
average DMI reduced signi�cantly by 9.6% (1.73 kg) from 18.0 to 16.27 kg/day in lactating Friesian-Holstein cows
when THI increased from 68 in spring to 78 in summer. Calves suffering a mean THI <50 gained more (0.67 kg/d)
than calves suffering an average THI from 50 to 69 (0.62 kg/d), or ≥70 (0.59 kg/d) (Shivley et al., 2018). Higher
mean THI was related to a lower DBG at the calf market, and the DBG values at THI of >75 were signi�cantly below
those at THI of ≤50 or THIs starting from 56 to 60 (Nabenishi and Yamazaki, 2017). Xue et al. (2010) con�rmed that
the DMI values increased from 18.5 to 19.8 kg daily when THI increased from 42 to 68% and then decreased from
19.8 to 15.8 kg daily when the THI increased from 68 to 80%. The authors concluded that DMI increases slowly with
the rise in THI until the critical point and decreases severely with the rise THI. Habeeb et al. (2018 a, b) reported that
the important effect of warmth stress on livestock is the decrease of feed intake to provide less metabolic heat and
eventually reduced growth by quite 10-20% (Habeeb et al., 2018 a, b). The DMI of animals generally begins to
decrease when the ambient temperature reaches 25°C and severely decreases when the environmental temperature
exceeds 40°C, after which DMI is around 20–40% less than the regular intake (Habeeb et al., 2018c).

The depression in DMI and growth performance of animals during heat stress may be due to redistributing energy to
heat regulation through a series of physiological and metabolic responses, like elevated blood insulin and protein
catabolism, enhanced respiration rate, and panting accelerate the loss of CO2, leading to altered blood acid-base
chemistry and alkalosis (Wang et al., 2020). Besides, the high THI prompted some alterations in rumen motility and
microbiota which affects feed digestibility and rumen fermentation, causing the change of feed digestibility and
rumen fermentation (Wang et al., 2020). Under high ambient temperatures, livestock is predicted to decrease DMI to
cut back their metabolic heat production. Reduced internal secretion concentration in heat-stressed animals may
result in reduced feed intakes which results in deleterious energy balance making energy levels not adequate for
normal growth synthesis (Habeeb et al., 2020).

2-Effect of varying THI values on water consumption (WC):
The increase in water consumption (WC) increases with increasing THI values. WC signi�cantly in native bovine
calves increased by 28.8% at THI 74.9 during the spring season and by 63.4% at greater THI 85.5 during the summer
season compared to those at low THI 68.1 in winter.

Nardone et al. (1993) found that 86 THI from 10.00 to 18.00 hours for ten weeks determined an increase in WC
(29.1%) in Holstein Friesian calves. Kadzere et al. (2002) observed that WC augmented by 3.3 liters per day when THI
elevated from 70.01 to 87.72%. In a controlled chamber for seven days on Korean calves, Kim et al. (2018) observed
that WC was signi�cantly increased at THI 82.92 to 84.05 compared to that at THI 74.22. Habeeb et al. (2018a)
found that WC was increased by 30% or more during heat stress conditions compared to that in the absence of heat
stress conditions.

The most effective way of heat dissipation when animals are exposed to high-temperature is increasing the rate of
evaporative heat exchange. The loss of water by sweating and stimulates water consumption (Kadzere et al., 2002).

3-Effect of varying THI on food conversion (DMI/DBG), DMI/WI
and DBG/WI:
The e�cacy of conversion of DMI to DBG was increased signi�cantly by 13.1% during the spring season and by
33.6% during the summer season compared to those in winter. With increasing THI, the depression in DBG was more
than the decline in daily DMI; therefore, food conversion (DMI/DBG) increases when the value of THI increases.



Page 12/17

DMI/WC ratio decreased during the spring season by 27.8% and during the summer season by 51.7% compared to
the winter season. The percentage decline in DMI was less than the percentages increase in WI; therefore, the
DMI/WC ratio decreased signi�cantly with increasing THI values.

The Gain/WC ratio decreased signi�cantly with increasing THI levels. Gain/WC ratio decreased signi�cantly by 34.7
and 64.0% during the spring and summer seasons, respectively, compared to during the winter season. The share
decline in WC was less than the odds increase in gain; therefore, the Gain/WI ratio decreased signi�cantly with
increasing THI values. The results of the DMI/WI ratio indicates that at low THI (THI <70) in the winter season, each
2.09 g DMI need to 100 ml drinking water while at THI (70< - >80) in the spring season, each 1.51 g DMI need 100 ml
water while at greater THI (80<) in the summer season, each 1.01 g only need 100 ml drinking water.

The Gain/WI ratio also decreased signi�cantly with increasing THI levels. Gain/WI ratio decreased signi�cantly by
34.7 and 64.0% during the spring and summer seasons, respectively, compared to during the winter season. Each
3.08 g gain at low THI (THI <70) needs 100 ml drinking water while at THI 74.9, each 2.01 g gain needs 100 ml water,
and at greater THI 85.5, each 1.11 g only need 100 ml drinking water.

The utilization of feed e�ciency indexes aims to spot and choose animals with a signi�cant economic amount, and
feed e�ciency would vary with an index of THI (Veerkamp, 1998). The regression of y on x indicates that when the
worth of THI increases the food e�ciency per kg food increases (Könyves et al. 2017). An animal's e�ciency in
converting feed into products is in�uenced by environmental factors that lead to individual variation in energy
expenditure (Habeeb et al., 2018a).

4-Effect of varying THI values on hormonal levels:
Thyroid hormones decreased signi�cantly and cortisol increased signi�cantly with increasing THI. T4 and T3 levels in
native bovine calves were signi�cantly decreased by 8.22 and 13.2% during the spring season and were signi�cantly
decreased by 24.2 and 33.8%, respectively, during summer compared with those values during the winter season.
The results showed that with increasing THI, the decrease in T3 was over the decline in T4; therefore, the T4/T3 ratio
increases signi�cantly when the worth of THI rises. The cortisol hormone levels were increased signi�cantly by 28.5
and 61.4 during the spring and summer seasons, respectively, compared with the winter season. These results
indicate that the foremost deteriorating effect of warmth stress on hormonal levels was observed within the summer
season. During the warmth stress conditions, O’Brien et al. (2010) found that T4 and T3 levels in growing cattle are
decreasing signi�cantly compared with THN conditions. Silanikove (2000) found that T3 and T4 concentrations in
domestic ruminants decreased by 25% due to heat stress conditions. When the THI was higher, the thyroid hormones
levels in blood serum were below the conventional range and when the THI was in comfort, the T3 and T4 levels in
body �uid were increased (Kohli et al., 2014). The study of Wankar et al. (2019) was conducted on adult buffaloes
and found that thyroid hormones declined and glucocorticoids increased at 35°C and 40°C. Kim et al. (2018) found
that at THI of 84.05 to 87.72, serum cortisol level was signi�cantly higher than at THI of 70.01 to 82.92. The decline
in T4 and T3 levels at THI is consistent with the decline in metabolic rate, feed intake, growth and milk production
(Agarwal and Upadhay, 2013). Exposure of the Indian goats to high environmental temperature adversely affects the
endocrine activity because of its high sensitivity to environmental heat variations, consequently resulting in declined
T3 and T4 levels (Sejian and Srivastava 2010). The decline in thyroid activity is combined with a decrease in
hormone to scale back metabolic activity and body heat increment. The hypothalamus-pituitary-adrenal axis
stimulation results in the rise within the secretion of corticotropin from the pituitary and consequently starts the
synthesis and secretion of cortisol hormone (Lakhani et al., 2018; Li et al., 2020).
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5- Effect of varying THI values on blood biochemical components:
The concentrations of total protein and glucose within the calves decreased signi�cantly with increasing THI. During
the summer season, the concentrations of total protein and glucose were signi�cantly lower by 15.1 and 15.7%,
respectively than those values during the winter season. Levels of plasma glucose and total proteins in the blood of
Egyptian native calves at low and moderated THI levels were maintained relatively stable, while a signi�cant
reduction was observed at high THI.

The urea concentration decreased signi�cantly with increasing THI. Under the spring season, urea levels in bovine
calves increased signi�cantly by 18.3%, while under the summer season, urea levels increased signi�cantly by 64.2%
compared with under the winter season.

The serum glucose level at THI of 82.92 was signi�cantly higher than at THI of 70.01 to 76.51(Kim et al. 2018). The
reduced energy intake as a result of reduced feed intake and increased cost for the thermoregulation process may be
caused by the decrease in serum glucose level at high THI. The negative effect of the energy at high THI may be
increased gluconeogenesis as an endocrine acclimation to hot conditions (Abeni et al. (2007). In Egyptian goats, El-
Tarabany et al. (2017) found the same reduction in glucose and total protein concentrations at high THI levels as
compared with low and moderate THI levels and clari�ed that decline to the augmentation in the plasma volume as
a sequel of warmth shock which ends in decreased protein concentration.

6. Correlations coe�cient between THI with different parameters:
THI has highly signi�cant negative correlations with DBG, DMI, T4, T3, total proteins, and glucose and has highly
signi�cant positive correlations with water intake also as cortisol and urea concentrations. DBG has highly
signi�cant positive correlations with DMI, T4, T3, total proteins and glucose and has highly signi�cant negative
correlations with water intake, cortisol and urea concentrations. DMI has highly signi�cant positive correlations with
T4, T3, total proteins, and glucose and has highly signi�cant negative correlations with water intake, cortisol, and urea
concentrations. THI had a signi�cant negative correlation with the DMI of cows in the south-eastern of the US (Holter
et al., 1997).

THI had a signi�cant negative correlation (r = - 0.82) with the DMI of cows (Chang-Fung-Martel et al., 2021). Davina
and Eileen (2017) reported that THI had negative effects on daily DMI, daily CP intake, daily ME intake and feed
e�ciency. THI had a positive correlation with WC in lactating dairy cows (Ammer et al., 2018). The same authors
mentioned that WC increased between 0.96 and 1.08 liter per rising THI one unit. El-Tarabany et al. (2017) found that
THI values were negatively correlated with serum glucose and total protein. Li et al. (2020) found that negative
signi�cant correlations of THI with cortisol 0.624 and located also that cortisol was positively signi�cantly correlated
with T4 (0.814). Kim et al. (2018) found a signi�cantly positive association between THI and cortisol. THI had a
positively correlation with cortisol and thyroxin hormonal levels (Bouraoui et al., 2002).

Conclusion
High THI in the spring and summer season affects physiological body functions, affecting the DMI and feed
e�ciency, blood biochemistry components, blood hormones, and eventually leading to decreasing Egyptian male
bovine calves performance. This indicates that stress starts when the THI is above 68.1 and becomes serious above
74.9 lastly. In conclusion, summer was the season with the highest hazard native calves, and the summer heat stress
negatively affects DBG, DMI, and concentrations of blood biochemical components and hormonal levels in Egyptian
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native calves. Therefore, management plans are necessary to decrease the effects of warmth stress conditions,
especially, during the hot summer season to succeed in optimal growth of calves under the climate of Egypt.
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