
Advances in Animal and Veterinary Sciences

February 2025 | Volume 13 | Issue 2 | Page 329

Research Article

Abstract | Dark-coated cattle absorb more solar radiation than lighter-coated ones, increasing heat stress and reduc-
ing productivity. The present study aimed to select the best percentage of white vs. black skin coat color of Friesian 
dairy cows and its effect on their productive performance under Delta Egyptian conditions during the hot months. 
The study included 20 mid-lactating dairy cows, aged 3–8 years and with 2–5 parities, housed loosely in the same yard 
with semi-open sheds throughout the experimental periods from 1st June to 30th August 2022. Animals were split up 
into two similar groups (10 each) by related percentage of white (WH) vs. black (BK) area on the skin coat. The first 
group (G1) is called dark-colored cows because it had 25% WH and 75% BK, and the second group (G2) is called 
light-colored cows because it had 50% WH and 50% BK. The current results showed that over different experimental 
months, all analyzed thermoregulatory responses such as skin and rectal temperatures, pulse and respiration rates were 
considerably (P < 0.001) higher in G1 than in G2. Thyroid hormones (T3 and T4) and cortisol levels were considerably 
(P < 0.001) reduced, although prolactin was considerably elevated, while thyroid stimulating hormone was not affect-
ed in G2 compared to G1 under heat stress conditions. Serum urea and sodium concentrations were significantly (P 
< 0.001) increased, but potassium was significantly (P < 0.05) decreased, while serum phosphorus was not affected in 
dark-colored cows compared to light-colored cows. Daily milk yield, and percentages of total solid, solid not-fat, milk 
protein, and milk fat were significantly (P < 0.01) increased by 12.16%, 3.64, 4.67, 10.20%, and 1.41% in light-colored 
cows compared to dark-colored cows throughout the experimental months. It was concluded that there is a negative 
relationship between black fur-colored cows and physiological status, milk yield, and composition under thermal-stress 
conditions. Cows with a larger black surface area may be more susceptible to the harmful impacts of thermal stress due 
to greater absorption of solar radiation as heat.

Keywords �| Coat color, Friesian cows, Physiological status, Productive performance, Heat stress

Ashraf Ali Mehany1, Wael Mohamed Wafa1, Al-Moataz Bellah Mahfouz Shaarawy1, A. F. A. 
El-Hawary1, Mahmoud Sayed Sayah2,1, Adel Bakr3, Reda Abdel-Samee Ahmed Rezk4, Shimaa 
M. Ali1*

Effect of Friesian Dairy Cows’ Coat Color on Their Productive 
Performance under Heat Stress Conditions

Received | October 13, 2024; Accepted | December 05, 2024; Published | January 24, 2025	 	
*Correspondence | Shimaa M. Ali, Animal Production Research Institute, Agricultural Research Center, Nadi El Said, Dokki, Giza, Egypt; Email: dr.shimaa8582@
gmail.com 
Citation | Mehany AA, Wafa WM, Shaarawy AMBM, El-Hawary AFA, Sayah MS, Bakr A, Rezk RASA, Ali SM (2025). Effect of friesian dairy cows’ coat color 
on their productive performance under heat stress conditions. Adv. Anim. Vet. Sci. 13(2): 329-344. 
DOI | https://dx.doi.org/10.17582/journal.aavs/2025/13.2.329.344
ISSN (Online) | 2307-8316; ISSN (Print) | 2309-3331

Copyright:   2025 by the authors. Licensee ResearchersLinks Ltd, England, UK.
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.
org/licenses/by/4.0/).

1Animal Production Research Institute, Agricultural Research Center, Nadi El Said, Dokki, Giza, Egypt; 2Agriculture 
Department, Faculty of Sciences, King Abdulaziz University, Jeddah, Saudi Arabia; 3Regional Center for Food and 
Feed, Agricultural Research Center, Giza, Egypt; 4Animal Health Research Institute, Agricultural Research Center, 
Nadi El Said, Dokki, Giza, Egypt.

https://dx.doi.org/10.17582/journal.aavs/2025/13.2.329.344
crossmark.crossref.org/dialog/?doi=10.17582/journal.aavs/2025/13.2.329.344&domain=pdf&date_stamp=2008-08-14


Advances in Animal and Veterinary Sciences

February 2025 | Volume 13 | Issue 2 | Page 330

INTRODUCTION

Cattle coats possess characteristics that help them adapt 
to various environments and regulate body tempera-

ture. These characteristics include color, thickness, quality, 
and sheen of the coat and skin color. In hot climates, the 
density of the short, soft lower hair decreases, which re-
duces the volume of air trapped in the coat, as well as the 
long, coarse hair of distinct color in several places of the 
coat, which facilitates the loss of excess heat. In addition, 
the thickness of the animal’s skin is inversely related to 
heat gain from the surrounding environment, which makes 
cows with less skin thickness gain more heat than others. 
Cows in tropical regions are better adapted to hot climates. 
Cows with thicker skin have difficulty in circulating air and 
moisture, reducing water evaporation and increasing sus-
ceptibility to heat stress (HS). So, European cows also fail 
to adapt to hot regions due to the density of hair on their 
fur, which reduces the efficiency of regulating their body 
temperature, and thus reduces their production. The degree 
of sheen of the body coat has an important role in reducing 
the influence of thermal stress on cows. Moreover, coat of 
animals in hot regions is characterized by a higher degree 
of shine than others, reflecting the greatest amount of di-
rect sunlight due to the large secretion of fatty substances 
from the sebaceous glands in the skin. The dark color of 
the cows’ body cover is directly proportional to the ambient 
temperature (Ashmawy, 2014).

The productive performance of dairy cows is affected by 
coat color. Milking, which affects breeders’ selection of 
their animals according to the color of the outer coat as an 
attempt to achieve the highest productivity and the lowest 
costs (Leite et al., 2018), or dark cows produce lower milk 
without affecting the components of the milk (Ealy et al., 
1993; Anzures-Olvera et al., 2019), excess thermal energy 
is lost through the cow’s external surroundings (Berman, 
2005) to reach thermal balance between the external en-
vironment and the animal. Direct sunlight improved the 
ability of Holstein cows to regulate their internal temper-
ature and more productive than their black counterparts 
(Hansen et al., 1990; Dikmen et al., 2009). In addition, 
some animals have a comfort zone and become stressed if it 
is exceeded in an attempt to maintain their thermal balance 
(Nardone et al., 2006).

The current investigation sought to define the effect of 
color coat under the influence of Egyptian hot months on 
the productive performance of Friesian cows.

MATERIALS AND METHODS

Experimental Design and Feeding System
Twenty mid-lactating dairy cows aged 3–8 years and 2–5 
parities housed loose in the same yard with semi-open sheds 

throughout the experimental periods from 1st June to 30th 
August 2022. Every cow had good physiological and clini-
cal health. Animals were split up into 2 similar groups (10 
each) according to the related percentage of white (WH) 
vs. black (BK) area on the skin coat by photographic analy-
sis. The first group (G1) is called dark-colored cows because 
it had 25% WH and 75% BK, and the second group (G2) 
is called light-colored cows because it had 50% WH and 
50% BK. The total mixed ration provides 16.91 g/kg DM 
protein, 4.10 kg Total Digestible Nutrients (TDN), 14.40 
Mcal/kg DM metabolizable energy, 20g calcium, and 16g 
phosphorus. Weekly feed levels were modified accordance 
with body weight and milk output. Cows were permitted 
to drink water at all times. All cows were milked two times 
daily by automatic milking. Milk components were identi-
fied by the Milko-Scan® analyzer (USA).

Measurement of Temperature-Humidity Index 
(THI)
Although the weather conditions were standardized for 
all experimental animals, Daily readings of the ambient 
temperature (AT, °C) and relative humidity (RH, %) were 
made throughout the experiment. The wet bulb thermome-
ter and the dry bulb were posited inside the shadow area in 
yards 3 meters above the floor. THI value was determined 
using the AT and RH values by an equation of Mader et al. 
(2006) and Omran et al. (2019) as follows: 

THI= (0.8 × AT) + [(RH/100) × (AT-14.4)] + 46.4

Thermo-Regulatory Responses
Nine consecutive sunny days during hot months (from June 
to August 2022), the thermo-regulatory measurements 
were recorded for each cow at 7.00 a.m., 10.00 a.m., 1.00 
a.m., and 5.00 p.m daily. Skin temperature (ST) was deter-
mined by the infrared digital thermometer (Instrutherm 
TI-550) using the groin, scapula, forehead, and shank tem-
peratures. A digital clinical thermometer (TH-150 model 
G-Tech) was placed 5 cm into the rectum and left there 
for two minutes to measure the rectal temperature (RT). 
Respiratory rate (RR) was determined using the count-up 
timer by counting the motion numbers of the right flank 
at 15-second intervals and multiplying by four without 
annoying the cows. Pulse rate (PR) was determined using 
a stethoscope (Rappaport P.A Med.) by auscultating the 
heartbeats/min. between the 3rd and 5th intercostal space.

Blood Constituents
Blood was drawn biweekly from the jugular vein, as de-
scribed by Pugh (2002), and serum was collected after cen-
trifuging at 1.370 × g for 15 minutes and kept in dry and 
clean tubes at -20 °C till used in double samples monthly 
/ each animal. Thyroid stimulating hormone (TSH), tri-
iodothyronine (T3) and thyroxin (T4) were measured in 
serum by using an ELISA kit (Immunospec Corporation, 
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USA, catalog No PekinElmer-10304, PekinElmer-10301, 
and PekinElmer-10302, respectively). The prolactin assay 
is based on a solid phase enzyme-linked immunosorbent 
assay with sensitivity 0.2 μIU/ml, 0.25 ng/ml, and 0.5 μg/
dl, respectively. Cortisol was measured in serum by using 
ELISA kits (PekinElmer-10005; 00000; DBC, Canada; 
catalog No. CAN-C-270 and SinoGeneClon-SG-60105, 
with sensitivity 0.2 ng/ml; 0000; 0.4 μg/dl and 0.5 ng/ml, 
respectively). Levels of total protein (TP), urea, creatinine, 
sodium (Na), and potassium (K) were determined by Tietz 
(1986) methods using commercial kits. Serum phosphorus 
(P) was measured by the method reported by Young et al. 
(1975).

Statistical Analysis
Data were analyzed using a factorial experimental design 
(2 treatments, 4 months) using the GLM approach defined 
by SAS (2003) software. Before analysis, all percentages 
were logarithmically transformed to equalize data distribu-
tion. Duncan (1955) test was employed to identify signif-
icant variations between experimental groups. Chi-square 
analyses were used to calculate the conception rate as a per-
centage. The following statistical model was used: 

Yijk= μ + Ti + Mj + TMij + eijk

Where, Yij is the dependent valuable; μ is the overall mean, 
Ti is the effect of treatment (i= control, and treatment), Mj 
is the effect month post-treatment (j= 1st, 2nd, 3rd, and 4th 
month post-treatment); TMij is the effect of interaction 
between treatment and month post-treatment, eijk is the 
residual experimental error.

RESULTS AND DISCUSSION

Variations in Climatic Conditions
Data for AT, RH, and THI throughout the experimental 
period are presented in Table 1 and Figure 1. Table 1 shows 
that the high, low, and average values of AT were 38, 25 
and 27 °C, respectively, and RH were 75, 40 and 48.8%, 
respectively. Also, the recorded THI values monthly were 
74.1, 89.8, and 83.7, respectively during the experimental 
period. Figure 1 shows that June had the lowest values ​​of 
AT, RH, and THI during their four weeks, followed by Au-
gust, compared to July, which had the highest values.

THI was classified in dairy cattle as reported by Omran et 
al. (2019) according to the respiration rate of the animals 
(breath/min) in the North of Delta (Kafer El-Sheakh Gov-
ernorate) as thermally neutral (≤67.12), mild HS (>67.12 
to 77.12), moderate HS (>77.12 to 86.68), and severe HS 
(>86.68 to 89.97). Accordingly, in the current study, June 
2022 was in the mild HS zone (HS), July was within the 
severe HS zone, and August was within the moderate HS 

zone (Table 1 and Figure 1). THI is considered one of the 
best indicators used to describe stress conditions in dairy 
cows, with different physiological effects (Dikmen et al., 
2009). The range of the thermal neutral zone for dairy 
cows is from 5 to 25 °C (68/THI<72), in order to maintain 
the cows body temperature physiologically between 38.4-
39.1°C (Yousef, 1985) despite the increase in the air tem-
perature surrounding the cow. Over 25-37°C in a tropical 
zone or, 20-25°C in a temperate zone, which increases heat 
gain above the rate of body heat loss and stimulates HS 
(Sunil et al., 2011). Dairy cattle breeders use temperature 
and humidity index to determine the stress range (Dimov 
et al., 2020) and it may rise up to 78% in reaction to the 
weather conditions (Gaughan et al., 2002).

Table 1: Variation in ambient temperature (AT, °C), relative 
humidity (RH, %) and temperature-humidity index (THI) 
during the experimental period.
Month AT (°C) RH (%) THI2

Min. Max. Avg.1 Min. Max. Avg.1

June, 2022 25 29 27.0 40 55 48.8 74.1
July 35 38 36.0 60 75 67.5 89.8
August 30 35 32.8 55 70 60.8 83.7

1 The average values of AT and RH were calculated using 
the month’s thirty-day readings; 2 THI = 0.8 × AT + [(% 
RH / 100) × (AT - 14.4)] + 46.4.

Figure 1: Variation in ambient temperature (AT, °C), 
relative humidity (RH, %) and temperature-humidity 
index (THI) during the experimental period.

Dairy cattle need more care to compensate for energy loss 
under the influence of HS ( Johnson et al., 1959), as the 
incidence of mastitis increases (P < 0.01) with a decrease 
in the productive performance of dairy cows ( Jingar et 
al., 2014), due to the existence of a positive relationship 
between Evaluate the AT and THI and mastitis or milk 
yield decreases with an increase in squamous cell carcino-
ma (Morse et al., 1988). During the hot summer months 
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above 24 °C, both the number of cancer stem cells and the 
number of bacteria increase with a decrease in dry matter 
intake, which causes energy imbalance, sero-negative and 
decreased immunity (Olde et al., 2007). High-producing 
dairy cows that produce more than ten liters of milk daily 
have more heat sensitivity to for than less-productive cows. 
Under HS conditions, Bos indicus cows are less tolerant 
than Bos taurus (Bajagai, 2011) and dry cows are more 
resistant than lactating cows, also cows in the middle of 
lactation are more affected by HS than cows in the early 
and late lactation stages. Multiparous cows are the most 
susceptible to HS. HS reactions have a detrimental impact 
on health, body temperature, and a variety of productive 
characteristics of dairy cows, such as increased RT, RR, 
decreased feed consumption, milk yield, milk composition, 
and reproduction (Atrian et al., 2012). Furthermore, dairy 
cattle may die amid the sweltering summer, and the deaths 
number increases dramatically as the THI main a degree of 
stress (Ha and Kim, 2013). 

Table 2: Effect of environmental condition on thermo-
regulatory responses of Friesian dairy cows under heat 
stress conditions.
Factors Thermal responses parameters

Skin temp  
(ºC)

Rectal temp 
(ºC)

Respira-
tion rate 
(B/min)

Pulse 
rate (P/
min)

Coat colour effect
25% white 37.14a 38.38a 40.13a 72.00a

50% white 35.81b 37.72b 35.67b 61.67b

±SEM 0.09 0.05 0.37 0.85
Month effect
June 36.11b 37.89b 34.20c 63.50c

July 36.96a 38.26a 41.50a 70.00a

August 36.36b 38.01b 38.00b 67.00b

±SEM 0.11 0.06 0.45 1.04
Interaction effect
25% white June 36.67b 38.17b 35.50c 68.00bc

July 37.77a 38.64a 44.40a 76.00a

August 36.97b 38.33b 40.50b 72.00ab

50% white June 35.54d 37.60d 32.90d 59.00e

July 36.14c 37.87c 38.60b 64.00cd

August 35.74cd  37.68cd 35.50c 62.00de

±SEM 0.16 0.09 0.64 1.48
P value:
Coat 
colour

<0.0001 <0.0001 <0.0001 <0.0001

Month <0.0001 0.0005 <0.0001 0.0002
Interac-
tion

<0.0001 0.0062 <0.0001 0.0015

Values with different superscripts within the same column 
are significantly different (P<0.05).

Thermos-Regulatory Measurements
Table 2 shows that mean values of ST, RT, RR, and PR 
were significantly (P < 0.001) lower on light-colored cows 
(G2) than the dark-colored cows (G1) during the hot 
summer months. The color, length, and condition of the 
animal’s hair all affect how much radiant heat the coat ab-
sorbs (Acharya et al., 1995). Physiological responses like 
RT, RR and PR were more frequently regarded as markers 
of HS tolerance (Sanusi et al., 2011; Al-Dawood, 2017). 
Dark-colored cows exhibited higher ST, RT, RR, and PR 
values compared to light-colored cows. These outcomes 
align with the findings of Okoruwa (2015) and Baenyi et 
al. (2020). This suggests that dark-colored cows’ highest 
RT was caused by their dark pigmentation absorbing solar 
radiation (Okoruwa 2015), while light-colored cows affect 
radiant heat loss, which affects body weight and other pro-
ductive adaptation aspects in cattle species (Peters et al., 
1982). According to Lefcourt et al. (1986), ST and RT are 
crucial signs of physiological status and a perfect way to de-
termine stress in animals. McDowell (1976) reported that 
most cattle species’ performance can be negatively impact-
ed by a rectal temperature increase of less than 1°C.

The ST and RT data were significant (P< 0.001) increased 
between groups. The 1st group recorded the highest values 
(37.77, and 38.64 °C, respectively) in July compared to the 
2nd group, which had the lowest values (35.54, and 37.60 
°C, respectively) in June. The difference between RT of 
cows for all shades of color is 0.6 ºC (Brody, 1948), as light 
cows absorb about 40–50% of the thermal radiation low-
er than dark cows. As well as Angus cows, they observed 
white individuals sweat more, with their body temperature 
being more stable than black ones (Gebremedhin et al., 
2008), and 70% have slightly lower body temperatures than 
those that are black. Light-colored cow’s RT and ST were 
lower and RR as an indication of acclimatization and ther-
moregulation compared to dark-colored cows in tropical 
countries (Anzures et al., 2019). The correlation coefficients 
between coat color, skin temperature, rectal temperature, 
and respiratory rate in British cattle are 0.580, 0.434, and 
0.300, respectively (all P < 0.01), and were lower when mix-
ing British cattle with zebu cattle (Schleger et al., 1960). 
Dark coat color can also adapt to the tropical environment 
through body temperature, respiratory and pulse rates (Pu-
tra et al., 2021).

RR values increased clearly in the dark Friesian cows over 
light Friesian but throughout the trial term, coinciding 
with the THI values ranged from 74.1 to 89.8 as an in-
dication of the adaptation of Friesian cows to the high 
temperature during the hot months in the region. The Nile 
Delta, in which the environmental temperature exceeds 
the ideal temperature for dairy cows, becoming from 25 to 
38 degrees, where direct environmental stimulation on the 
sensory receptors in the lid is transmitted to nerve signals 
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in the hypothalamic temperature center because a slow, 
linear rise in RR due to increase breathing. To get rid of 
carbon dioxide gas, which causes a rise blood’s alkaline re-
serve and subsequently more perspiration, the temperature 
of the cows rises. The animal loses about 60% of the total 
excess heat when exposed to an environmental temperature 
higher than 37 degrees. When the temperature of the sur-
rounding environment is greater than or equal to the body 
temperature, the animal resorts to increasing its breathing 
rate and then increasing its sweating rate through the evap-
orative cooling system to get rid of the largest amount of 
burden. RR is a convenient indicator of heat load in dairy 
cows (Gaughan et al., 2000) because it is closely related to 
AT (Campos Maia et al., 2005). It rises in the afternoon 
to raise the tissues’ need for oxygen, so the energy lost rises 
with the rise in AT during that period (Garner et al., 2016). 
The respiratory rate in non-stressed Holstein cows reaches 
about 60 breaths/minute at THI = 68 (Kendall et al., 2007), 
but it increases to 83 breaths per minute during that period 
in arid and hot places (Da Silva et al., 2012), and RR higher 
than 100 breaths/min have also been recorded under the 
shade for Holstein cows under hot climates (Anzures-Ol-
vera et al., 2015). To regulate heat, the volume of plasma 
and extracellular fluid increases (Kadzere et al., 2002).

It is known that the PR indicates the stability of blood cir-
culation at its normal level for metabolic processes. With 
an increase in ambient environmental temperatures, blood 
flow to the surface of the body increases to get rid of excess 
heat without a change in PR. The pulse rate values were 
significantly (P < 0.05) higher in the 1st group (72 P/min) 
than in the 2nd group (61.67 P/min). This may be due to the 
increased ability of Friesian cows with light colors to dark, 
as they recorded the lowest values (59, 64, and 62 P/min) 
compared to dark-colored cows that recorded the highest 
values (86, 76, and 72 P/min) in June, July, and August, 
respectively. Okoruwa (2015) also noted that the PR ac-
cording to the animal’s coat characteristics was increased 
in sheep with black coat color (87.49 beats/min) compared 
to light-brown sheep (79 beats/min). This rise in PR could 
be attributed to vasodilatation of the skin capillaries, which 
would enhance blood flow to body surface places to aid 
the amelioration of HS (Wojtas et al., 2014). The higher 
PR noted in dark-colored cows is likely due to the higher 
RT related to black coats, which may exceed the comfort 
zone, leading to blood redistribution to peripheral tissues 
throughout heat exposure (Al-Haidary et al., 2012).

The findings are in agreement with Sofi et al. (2019). As 
Ellison et al. (2017) showed the local Ngoni black cows 
in South Africa are particularly vulnerable to the negative 
consequences of HS by absorbing a greater amount of en-
vironmental heat, which makes them more mobile to get 
rid of the heat burden (Campos Maia et al., 2005) while 
reducing their intake (Mader et al., 2002). Furthermore, I 

suggest, Purwanto et al. (1990) found that the color of the 
lid affects the amount of food eaten to control the excess 
heat produced. Black Holstein cows are less able to cope 
with HS compared to white cows, and the average differ-
ence in AT between black and white were about 0.1 °C 
(Dalcin et al., 2016).

Table 3: Changes in serum TSH, T4, T3, cortisol and 
prolactin hormones concentration of Friesian dairy cows 
under heat stress conditions.
Factors Hormonal profile

TSH
(µIU/
ml)

T3 
(ng/ml)

T4 
(μg/dl)

Corti-
sol (µg/
dl)

Prolac-
tin (ng/
ml)

Coat colour effect
25% white 0.83 2.47a 9.12a 15.21a 203.83b

50% white 0.82 1.66b 5.85b 12.90b 351.00a

±SEM 0.02 0.05 0.34 0.23 19.06
Month effect
June 0.89b 2.71a 8.63a 10.92c 357.50a

July 0.75a 1.57c 5.95b 12.74b 299.75b

August 0.84b 1.92b 7.88b 18.63a 245.00b

±SEM 0.02 0.06 0.41 0.28 23.35
Interaction effect
25% white June 0.84ab 3.22a 10.20a 12.25d 334.00a

July 0.78bc 1.84c 7.10b 13.43c 152.00b

August 0.87ab 2.34b 10.05a 19.95a 125.50b

50% white June 0.93a 2.20b 7.05b 9.59e 381.00a

July 0.72c 1.30d 4.80c 12.05d 307.50a

August 0.81bc 1.49d 5.70bc 17.30b 364.50a

±SEM 0.03 0.08 0.58 0.40 33.02
P value:
Coat 
colour

0.7642 <0.0001 <0.0001 <0.0001 <0.0001

Month 0.0015 <0.0001 0.0016 <0.0001 0.0007
Interac-
tion

0.0011 0.0009 0.0014 <0.0001 <0.0001

Values with different superscripts within the same column 
are significantly different (P<0.05); TSH: Thyroid 
stimulating hormone; T3: Triiodothyronine; T4: Thyroxine.

Hormonal Profiles
Thyroid function: T3 and T4 are recognized as having 
a major role in the control of metabolic and physiological 
mechanisms associated with heat resistance (Campos et al., 
2004). TSH, T3, and T4 hormones are presented in Table 
3. There were significant (P< 0.001) decreases in thyroid 
hormones (T3 and T4) in light-colored cows compared to 
black-colored cows. However, the TSH hormone did not 
significantly (P > 0.05) differ. These hormones achieved the 
highest values in July compared to June, and August had the 
lowest values. The results showed that light-colored cows 
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were significantly (P < 0.001) better adapted to HS than 
black-colored cows. The current findings are in agreement 
with those of Zia-Ur-Rehman et al. (1982), who reported 
that dairy cows try to adapt to hot climate conditions by 
reducing the amount of heat produced by reducing dry 
matter intake in an attempt to reduce metabolism and heat 
production, which results in a decrease in the productive 
performance of dairy cows. According to Magdub et 
al. (1982), studying thyroid function may help explain 
how animals adapt to HS. Some studies have associated 
thyroid hormones with various nutrition and management 
situations (Valle, 2002). Thyroid gland hypofunction results 
from heat-stressed cows reducing their feed intake and 
slowing down their basal metabolism to avoid producing 
more metabolic heat (McManus et al., 2009). According 
to Magdub et al. (1982), studying thyroid function may 
help explain how animals adapt to HS. Some studies 
have associated thyroid hormones with various nutrition 
and management situations (Valle, 2002). Thyroid gland 
hypofunction results from heat-stressed cows reducing 
their feed intake and slowing down their basal metabolism 
to avoid producing more metabolic heat (McManus et al., 
2009). In the present investigation, there were significant 
variations in serum T3 and T4 concentrations between both 
experimental groups, probably suggesting the effect of solar 
radiation on light-coated cows was lower than on dark-
coated cows. Bovines that were adapted or introduced into 
tropical environments (Velásquez et al., 1999) had lower 
serum T3 levels than bovines from temperate regions. This 
could be a sign that the hot environment causes the thyroid 
to secrete fewer thyroid hormones as a way to reduce body 
heat. The regulation of body temperature is significantly 
influenced by thyroid hormones. Animal basal metabolism 
rises in colder climates in order to produce more heat 
through the rise in T3 secretion. The opposite happens at 
high temperatures (Guyton, 1989).

Cortisol and prolactin hormones concentrations:  
It is clear in Table 3 that the data of dark-colored cows 
(G1) were affected by HS to a significant (P < 0.001) 
degree more than the light-colored cows (G2). Cortisol 
hormone concentration increased significantly (P< 0.001) 
in the G1 group with high temperatures in the summer, 
which indicates their HS because it is one of the most 
important physiological indicators for determining the 
state of HS (Abilay et al., 1975). This is to participate in 
various functions of the body, such as the immune response 
and metabolism of fats, carbohydrates, and proteins 
(Podder et al., 2022). According to a prior investigation 
on Holstein cows and heifers, coat color can substantially 
impact HS levels. For example, black-coated cows had 
higher hair cortisol levels than white-coated cows (Peric 
et al., 2013). In high-heat environments, stressed cows 
tended to have lower serum cortisol levels, which could be 
due to a reduction of rate of metabolism and heat output 

to prevent tissue injure (Lu et al., 2021). These results are 
in agreement with those of Ghassemi, Nejad et al. (2017), 
who found that white dairy Holstein cows have a lower 
concentration of cortisol than black cows, making them 
more susceptible to HS under direct sunlight. Under long 
periods of HS, cortisol synthesis is affected as a result 
of changing the activity of the peripheral hypothalamic 
pituitary adrenal (HPA) axis (Bennett et al., 2010). 
Cortisol is produced by the hair follicle from the hair shaft. 
Black cows have hair follicles that produce cortisol with 
higher differences than white cows (Ghassemi, Nejad et 
al., 2017). Abnormal animal behavior like anxiousness and 
sensitivity has been demonstrated to be closely associated 
with elevated blood cortisol levels (Möstl and Palme, 2002; 
Bristow and Holmes, 2007). One way to gauge stress levels 
is by looking at decreased animal productivity (Cooke  et 
al., 2012; Bova et al., 2014). Moreover, elevated peripheral 
hypertension has been linked to a higher heart rate (Reule 
and Drawz, 2012).

On the contrary, prolactin concentration decreased sig-
nificantly (P< 0.001) in dark-colored cows compared to 
light-colored cows, especially in July, which achieved the 
highest THI degree. HS is considered to harm productive 
and physiological reproduction performance, as it raises the 
body temperature, which causes the animal to reduce its 
daily feed intake to reduce the heat produced by metabo-
lism, but in consequence, it reduces dairy production and 
reproduction performance by reducing fertility rates and 
general health by lowering immunity, which makes it vul-
nerable to diseases such as mastitis. The color of cows’ outer 
coats is considered an important factor in the susceptibility 
of dairy cows to HS, as black absorbs solar radiation to a 
greater extent than white (Rhoads et al., 2009). The endo-
crine alterations are essential to the metabolic reaction to 
HS during both glandular and neuronal hormone release 
for dairy cattle, like concentrations of prolactin increasing 
(Alvarez et al., 1973). One of prolactin’s actions is inhibit-
ing hair development (Littlejohn et al., 2014; Davis, 2019; 
Sosa et al., 2022). Therefore, the slick phenotype seems to 
improve this prolactin signaling feature. Cattle with one 
or two copies of the PRLR SLICK1 mutation have short 
hair, which is due to prolactin’s increased ability to sup-
press hair development (Littlejohn et al., 2014). A possi-
ble effect is that during HS, animals with the mutation’s 
slick phenotype are better at controlling their body tem-
perature (Landaeta-Hernández et al., 2011; Dikmen et al., 
2014; Landaeta-Hernández et al., 2021). Moreover, Davis 
(2019) reported that higher body weights and lower hair 
coat grades (slicker hair covers) have been associated with 
elevated prolactin levels. Animals in the “low prolactin” 
category showed a higher degree of hairiness throughout. 
The cows classified as having low prolactin consequently 
weighed less than those in the moderate and greater prol-
actin categories.
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There is enough evidence to show how higher AT and RH 
affect dairy cattle’s hormonal responses to HS, particularly 
alterations in cortisol and prolactin levels, indicating the 
likely impact on the immune system (Gupta et al., 2022). 
Additionally, cows exposed to HS have endocrine changes, 
particularly in cortisol and prolactin levels. The necessity to 
enhance heat loss is accommodated by this increase (Col-
lier et al., 2008a). It is recognized that both hormones have 
an impact on the immune system. Cortisol (Vijayan et al., 
2003), and prolactin (Stocco et al., 2001) have an impact 
on genes involved in immunological responses, particularly 
the heat shock proteins (HSPs), molecular chaperons that 
shield cells from the harm resulted from elevated temper-
atures. Also, everyone agrees that heat stress leads to ex-
cessive prolactin release, and it has been shown that higher 
heat stress gradients are positively correlated with increased 
prolactin release. (Ronchi et al., 2001; Scharf et al., 2011). 
For instance, when the ambient temperature rose from 21 
°C to 32 °C, prolactin levels raised fourfold, according to 
Tucker and Wetteman (1976). When comparing heat-
stressed dry dairy cows to non-stressed cows, Do Amaral et 
al. (2011) discovered that the former had noticeably higher 
prolactin levels. According to other research, heat-stressed 
cows through the dry season have higher levels of prolactin 
and lower levels of estrogen (E2) than cows kept in cool 
or thermoneutral environments (Collier et al., 1982a; Do 
Amaral et al., 2010). In contrast to thermoneutral settings, 
Ouellet et al. (2021) reported that HS through the dry sea-
son modifies the prolactin expression and E2 receptors in 
cows’ udders. This suggests that HS through the dry sea-
son modulates the mammary cells’ responsiveness to pro-
lactin and E2. It is unclear exactly why HS alters E2 and 
prolactin. High prolactin levels have been suggested to aid 
in the synthesis of HSPs and encourage perspiration and 
hair molting, all of which work together to enhance heat 
abatement (Baumgard et al., 2013). However, Djelailia et 
al. (2021) found a positive correlation between rectal tem-
perature and both prolactin and cortisol. 

Renal Function
In the current investigation, there were increments (P< 
0.001) in serum urea in dark-colored cows (Table 4), and 
these increases were higher in dark-colored cows than in 
light-colored cows. In general, the highest values ​​of kid-
ney enzyme concentrations were observed in the dark 
group, especially in July, compared to the light group in 
the remaining experimental months. For dairy cows in HS, 
many investigations (Wheelock et al., 2010; Obitsu et al., 
2011; Zhang et al., 2014) have also reported elevated blood 
urea-N levels. On the contrary, Cows cooled throughout 
the dry months had blood urea-N levels identical to un-
cooled ones (Do Amaral et al., 2009; 2011). According to 
Bernabucci et al. (2010), heat-stressed cows and heifers 
also had higher blood urea-N concentrations  than un-
heat-stressed cows. Various reasons cause elevated blood 

urea levels, such as increased hepatic urea synthesis and 
decreased renal clearance due to impaired renal blood flow. 
Impaired kidney perfusion under chronic HS is caused by 
abrupt temperature-induced vasodilation in the peripheral 
body surfaces and increased evaporative water loss, which 
decreases blood pressure (Silanikove et al., 1994) and thus 
increases water retention (Silanikove et al., 1992).

Table 4: Renal function of Friesian dairy cows under heat 
stress conditions.
Factors Renal function

Creatinine (mg/dl) Urea (mg/dl)
Coat colour effect
25% white 1.08 21.98a

50% white 1.11 19.19b

±SEM 0.02 0.52
Month effect
June 1.02b 20.05b

July 1.07b 22.19a

August 1.19a 19.53b

±SEM 0.02 0.64
Interaction effect
25% white June 0.94c 20.64bc

July 1.09b 24.15a

August 1.20a 21.16b

50% white June 1.09b 19.46bc

July 1.05b 20.23bc

August 1.18a 17.89c

±SEM 0.03 0.91
P value
Coat colour 0.2083 0.0004
Month <0.0001 0.0115
Interaction 0.0101 0.0005

Values with different superscripts within the same column 
are significantly different (P<0.05).

Creatinine (CRT) concentrations did not differ signifi-
cantly (P> 0.05) by different colored of experimental cows. 
They were not significantly associated with color-coated 
cows and there were not any notable distinctions between 
dark- and light- colored cows. The difference was insignifi-
cant in eliminating the heat burden due to the convergence 
of the concentrations of metabolic products in their blood. 
These outcomes could be explained by a reduction in ru-
men ammonia-N, offset by a rise in urea-N absorption in 
the rumen, which lowers blood urea and raises nitrogen ex-
cretion in the urine. These findings are in accordance with 
those of Fike et al., (2005). Elevated serum creatinine may 
be another indicator of skeletal muscle breakdown and may 
be primarily due to decreased renal clearance and only par-
tially due to a rise in severe muscle catabolism (Windisch 
et al., 1995), which may be due to HS (Abeni et al., 2007). 
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The serum CRT and urea concentrations in July was great-
er compared to June and August (Table 4). The impact of 
HS may be explained by compensation of reduced energy 
expenditure in hyperthermic firms by muscle protein deg-
radation helping to raise the CRT for energy supply (Lamp 
et al., 2015), but independent of diet (Asai et al., 2005). In 
addition, HS increases peripheral vasodilation to increase 
heat loss and decreases blood flow to interior organs (Sri-
kandakumar et al., 2003), and the rate of CRT excretion 
is impacted by kidney perfusion and the rate of glomer-
ular filtration. The blood flow of the kidney was reduced 
through HS, which may increase the plasma CRT concen-
tration. The results in this study were consistent with those 
of Gaafar et al., (2021). The heat load of dairy cows experi-
encing adequate supply of carbohydrate precursors via tis-
sue protein catabolism is reflected in a CRT concentration 
response coinciding with adipose tissue fusion to lipolytic 
signals (Lamp et al., 2015). In the same line, Ronchi et al. 
(1999) reported that HS resulted in a decline in blood glu-
cose (P< 0.001), as well as an increase in CRT (P< 0.001) 
as a result of muscle catabolism for energy supply. 

During the period of HS, the level of creatinine in plas-
ma increases as a result of the mobilization of proteins 
in the muscles to produce creatinine (Abeni et al., 2007) 
and similarly the level of glucocorticoids increases (Col-
lier et al., 1982a), as the binding of glucocorticoids with-
in the blood circulation and the activity of proteins in the 
digestive system leads to an increase in the secretion of 
nitrogen and creatinine. Gaafar et al. (2021) indicated a 
noticeable decrease in total protein in the blood of cows 
under the influence of high temperatures surrounding the 
animal. explained by changes in the availability of metab-
olized proteins and reduced blood flow, which limits the 
absorption of amino acids (Scharf et al., 2010) and reduc-
es the contribution of amino acids to blood sugar synthe-
sis (Ronchi et al., 1999) because ruminants It prefers to 
catabolize proteins to provide less heat-producing energy 
for their vital functions in the body, under the influence of 
cortisol (Sejian et al., 2015). The HSPs synthesis leads to a 
decrease in the availability of total protein concentrations 
(Gao et al., 2017). The concentration of CRT increases may 
be due to the increase in metabolic activity in the liver and 
muscles (Temizel et al., 2009), which reduces feed intake 
as a result of protein metabolism and decreases thyroid 
hormones (Table 3), which reduces created blood proteins 
and increases the end products of catabolism of proteins 
as blood Urea-N and creatinine (Habeeb et al., 1992). Se-
rum CRT is an indicator of muscle mass, and through HS, 
the change in CRT may be associated with muscle protein 
mobilization (Bell, 1995).

Serum Electrolyte Contents
Table 5 revealed that the concentrations of the sodium 
(Na) element increased significantly (P< 0.001), while the 

potassium (K) concentrations decreased significantly (P< 
0.05) in serum dark cows compared to light cows. Howev-
er, phosphorus (P) levels did not change significantly (P> 
0.05). These findings may be due to the increasing frequent 
sweat production during hot weather and decreasing min-
eral intake (Collier et al., 1982a). The increase in respiration 
will cause excessive water loss due to reduced mineral con-
centrations (Nayyar and Jindal, 2010). The mechanism of 
removing excess heat from the body leads to getting rid of 
the thermal burden on the animal, but it causes the loss of a 
lot of body electrolytes such as potassium, etc., thus causing 
an imbalance in the acid-base balance in the body.

Table 5: Serum electrolytic concentrations of Friesian dairy 
cows under heat stress conditions.
Factors Serum electrolytic

Sodium
(Na; mEq/l)

Potassium
(K; mEq/l)

Phosphorus
(P; mg/dl)

Coat colour effect
25% white 108.93a 3.79b 5.68
50% white 93.46b 4.10a 5.65
±SEM 1.52 0.09 0.16
Month effect
June 87.54c 3.63b 6.35a

July 117.53a 4.21a 5.41b

August 98.52b 4.01a 5.25b

±SEM 1.86 0.11 0.20
Interaction effect
25% white June 90.72cd 3.51c 6.37a

July 133.83a 4.03ab 5.51b

August 102.25b 3.84bc 5.16b

50% white June 84.36d 3.75bc 6.32a

July 101.22b 4.38a 5.30b

August 94.79bc 4.18ab 5.33b

±SEM 2.63 0.15 0.28
P value:
Coat colour <0.0001 0.0146 0.8945
Month 0.0006 0.0012 0.0003
Interaction 0.0043 0.0029 0.0050

Values with different superscripts within the same column 
are significantly different (P<0.05).

The sweating mechanism was also increased by eliminat-
ing water, sodium, potassium, and chlorine through sweat 
(El-Nouty et al., 1980) by secreting antidiuretic hormone 
(ADH) to preserve body water during periods of HS 
through transpiration and evaporative cooling, which acti-
vate hypothalamic baroreceptors and osmotic receptors to 
prevent dehydration by causing the release of ADH (La 
Salles et al., 2017). Furthermore, Dehydration through-
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out HS causes hypovolemia, which also stimulates the re-
nin-angiotensin-aldosterone system, closely correlated to 
electrolyte balance maintenance. Decreased blood supply 
to the kidneys causes renin to be secreted, which raises the 
synthesis and secretion of angiotensin and, consequently, 
aldosterone (Balamurugan et al., 2017). To maintain fluid 
balance, Schneider (1990) found that dehydration through-
out HS causes water to be redistributed to tissues, which 
lowers plasma volume by raising the release of cortisol and 
aldosterone (ALD). To prevent electrolyte loss, high ALD 
levels help the kidneys reabsorb water and ions, particularly 
Na (Kim et al., 2022).

The prolactin level could be involved in the turnover of K 
and Na during HS. It has been observed that high concen-
trations of prolactin cause Na and K balance during hot 
AT (Collier et al., 1982b). As the AT rises, the amount of 
water consumed rises significantly along with the volume 
of urine, and heavy water drinking leads to heavy urination. 
Significant electrolyte loss: at high AT, the main mecha-
nism for heat loss is evaporative heat loss from perspiration 
and panting. 

Cattle lose a lot of K through perspiration, and the more 
they sweat, the more they lose ( Jenkinson et al., 1973). 
Heat-stressed cows’ higher sweating rate can raise their K 
needs by up to 12% since cow sweat contains more K and 
less Na (Collier et al., 2006). Minerals are thought to have 
a role in preserving animals’ regular physiological processes, 
especially dairy cows (Min et al., 2019). In animals, Na is 
a major extracellular cation that is essential for maintain-
ing acid balance, osmotic pressure, and bodily fluid balance. 
Additionally, it is essential for the active passage of glucose 
across plasma membranes, a significant molecule associated 
with energy metabolism (Garcia et al., 2015). A lack of Na 
has been correlated to decreased milk production and ap-
petite (Thiangtum et al., 2011). Dairy cows are more prone 
to various metabolic disorders to reduce cations. Increasing 
water intake due to loss of electrolytes as loss of potassium 
from the skin increased by 500% and increased urinary ex-
cretion rates of sodium (Habeeb, 2020). Aldosterone stim-
ulates K+ excretion and Na+ retention by the kidney (Ver-
lander et al., 2020), however, heat-stressed cows, secreting 
K+ in sweat, have reduced aldosterone levels (El-Nouty et 
al., 1980). Milk reduction, HSPs, cortisol, and K+ content 
are the most commonly utilized markers as indicators for 
monitoring heat tolerance (Mandal et al., 2021).

Milk Yield
It was shown that light-colored Friesian cows produced 
12.16% more milk daily than dark-colored cows, with a 
significant difference (P<0.001) during all experimental 
months. Generally, June had the highest values of milk 
yield/day, followed by August compared to July, which had 
the lowest values. 

Regarding milk composition, there were significant (P< 
0.05) increased in the percentages of total solids, solids 
not-fat total, total protein, and fat of light-colored cows 
compared to dark-colored cows, while lactose didn’t differ 
significantly (P> 0.05). Ash% in milk increased significant-
ly (P< 0.001) as a result of HS in dark cows than light cows 
as an indication of the higher nutritional value of milk 
from light than dark cows. Light Friesian cows increased 
milk total solids, solids not-fat, protein, and fat by 3.64, 
4.67, 10.20, and 1.41% vs. dark cows, and the concentration 
of milk lactose did not significantly differ, but the ash was 
affected significantly by 7.46% to higher THI values than 
dark to light cows. 

The superiority of G2 compared to G1 might be due to 
that level of TDN intake as reported by Abdou (2011), 
found a tendency for milk yield to rise with energy lev-
els. Additionally, Bar-Peled et al. (1997) revealed that the 
TDMI of dairy cows was positively correlated with their 
milk production. Moreover, the thyroid hormones’ galac-
topoietic action (Table 3) results from their direct and in-
direct effects on the metabolism of the mammary glands, 
which alter the rate of mammary production, nutritional 
partitioning, and breast blood flow (Davis et al., 1988). 
Additionally, Bar-Peled et al. (1995) found that increased 
prolactin was correlated to high milk yield. According to 
the current investigation, higher milk output (Table 6) was 
related to higher prolactin levels (Table 3). Holstein light 
cows exposed to mostly direct solar radiation performed 
better at controlling body temperature and sustaining milk 
production than black cows exposed to mostly radiation 
(Hansen et al., 1990; Laible et al., 2021). The coat color 
lightening could help lessen these effects and give dairy 
animals a head start on becoming more acclimated. Con-
sequently, dairy cows are no longer adequately suited to the 
anticipated realities of longer and more frequent hotter 
summer temperatures (Seneviratne et al., 2014). Bouraoui 
et al. (2002) found that THI exceeding 69 resulted in a 
0.41 kg/cow drop in daily milk production. The maximum 
essential temperature for the Holstein breed during hot 
months is between 25 and 26 degrees.

Several authors have reported that Holstein white cows 
outperform mostly black Holsteins in terms of productivi-
ty in warm areas (Hansen et al., 1990; Becerril et al., 1993). 
The regression of milk yield on percentage white was 1.91 
kg (P < 0.01), and the regression of days open on percent-
age white tended to be favorable for cows being rebred 
during the warm season (Becerril et al., 1993). There is a 
negative correlation between the degree of darkness coat 
color and milk yield. Hair density had a positive impact on 
milk yield. Lower-density dairy cattle had increased milk 
production compared to higher-density cattle (Schleger et 
al., 1960). Gaughan et al. (2000) reported that White cows 
produced 394 kg more milk in 305 days than black cows, 
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Table 6: Milk yield and its composition of Friesian dairy cows under heat stress conditions.
Factors Milk yield

(kg/d)
Milk composition (%)
TS SNF Protein Fat Lactose Ash

Coat colour effect
25% white 15.13b 11.26b 7.71b 3.43b 3.55b 3.62 0.67a

50% white 16.97a 11.67a 8.07a 3.78a 3.60a 3.67 0.62b

±SEM 0.30 0.09 0.09 0.07 0.02 0.04 0.01
Month effect
June 17.87a 11.62a 8.06a 3.76a 3.56 3.66 0.64b

July 14.87b 11.28b 7.69b 3.45b 3.59 3.58 0.67a

August 15.41b 11.49ab 7.92ab 3.60ab 3.58 3.69 0.63b

±SEM 0.37 0.11 0.11 0.09 0.02 0.05 0.01
Interaction effect
25% white June 16.22bc 11.30bc 7.75b 3.41b 3.55 3.68 0.65b

July 14.68cd 11.27bc 7.70b 3.40b 3.57 3.58 0.72a

August 14.48d 11.23c 7.69b 3.47b 3.54 3.59 0.63b

50% white June 19.52a 11.95a 8.37a 4.11a 3.58 3.64 0.62b

July 15.06bcd 11.29bc 7.68b 3.49b 3.61 3.57 0.62b

August 16.33b 11.76ab 8.14ab 3.74b 3.62 3.78 0.63b

±SEM 0.52 0.16 0.15 0.13 0.03 0.08 0.01
P value:
Coat colour <0.0001 0.0031 0.0062 0.0015 0.0285 0.4480 <0.0001
Month <0.0001 0.0147 0.0495 0.0485 0.6601 0.3082 0.0002
Interaction 0.0081 0.0054 0.0052 0.0014 0.5392 0.2760 <0.0001

Values with different superscripts within the same column are significantly different (P<0.05); TS: Total solid; SNF: 
Solid not-fat.

even though dark cattle are more susceptible to HS than 
light cattle. Lee et al. (2016) reported that the rise in milk 
output is comparable to the 414 kg higher in 305-day lac-
tations in Hawaii, despite the difference being negligible. 

CONCLUSIONS AND 
RECOMMENDATIONS

It can be concluded that the dark-colored cows were 
more affected by the rise of heat and relative humidity in-
dex. Thus, they were more stressed than the light-colored 
cows, which quickly got rid of the heat burden on them. 
Light-colored cows were more efficient in adapting to 
HS conditions compared to dark-colored cows. They can 
modulate thermoregulatory responses, increasing thyroid 
hormones, prolactin, and milk production, and decreasing 
stress hormones such as cortisol. According to the findings, 
coat color can be used as a criterion to choose animals that 
are durable and adaptable to hot temperatures, and it can 
also enhance the knowledge of breeders to have the best 
performance under HS conditions.
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