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Abstract
This study evaluated the impact of combined stressors (heat and nutritional stresses) on the growth and adaptive capabil-
ity of Sahiwal (SW) and Karan Fries (KF) calves during the summer season. Calves in each breed were randomly divided 
into four groups. In SW breed the groupings were as follows: SWC (n = 4; Sahiwal Control); SWHS (n = 4; Sahiwal Heat 
Stress); SWNS (n = 4; Sahiwal Nutritional Stress) and SWCS (n = 4; Sahiwal Combined Stresses). Likewise, in the KF breed, 
KFC (n = 4; Karan Fries Control); KFHS (n = 4; Karan Fries Heat Stress); KFNS (n = 4; Karan Fries Nutritional Stress), 
and KFCS (n = 4; Karan Fries Combined Stresses). Control (C) and Heat Stress (HS) calves were fed ad libitum while 
Nutritional Stress (NS) and Combined Stresses (CS) calves were fed restricted feed (50% of C calves of respective breed) 
to induce nutritional stress in both the breeds. SWHS, SWCS, KFHS, and KFCS were exposed to summer heat stress from 
1000 to 1600 h. All growth and adaptation variables were recorded at fortnightly intervals. Respiration rate, pulse rate, and 
rectal temperature during the afternoon were significantly (P < 0.01) higher in the CS group in both breeds. Further, CS had 
significantly (P < 0.05) higher plasma growth hormone and cortisol levels. Insulin-like growth factor-1, Triiodothyronine, 
and Thyroxine levels significantly decreased (P < 0.05) in the CS group in both breeds. Interestingly, heat stress didn’t affect 
SWHS and KFHS bodyweight, however, a significant (P < 0.05) decrease in body weight of SWCS and KFCS was observed 
when compared with C. Hepatic mRNA expression of growth hormone, insulin-like growth factor-1, and growth hormone 
receptor significantly (P < 0.05) varied when compared between C and CS groups in both the breeds. The overall magni-
tude of stress was more pronounced in KF compared to the SW breed. This study concludes that when two stressors occur 
concurrently, they may have a greater influence on the adaptive capability of calves. Further, SW had better tolerance levels 
than KF, confirming the indigenous breed's superiority over cross-bred.
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Introduction

By 2050, the world's population is projected to grow from 7.2 
billion to 9.6 billion (UN 2013). To fulfill the global food demand 
by 2050, few estimates anticipate an 50 to 70 percent increase in 

global food productivity (Ingram 2011). Likewise, global demand 
for agricultural products is also anticipated to increase dramati-
cally during the same period, by roughly 70% (FAO 2009a), 
owing primarily to an increase in living standards. Besides, the 
need for animal-based consumables to fulfill the global food 
demand necessitates an increase in animal production on a global 
scale over the next few decades. But, according to the intergov-
ernmental group of experts, an increase in global temperature 
will impact the present ecosystems, various agricultural animals, 
and lastly, global food security (Bernabucci 2019). We can there-
fore expect that all animal production systems, whether they are 
based on pasture, mixed farming, or industrialized methods, will 
be greatly impacted by climate change, especially global warming.

Cattle reared in a tropical environment, alongside heat 
stress, are also subjected to multiple environmental stresses 
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like nutrition stress, walking stress, overcrowding stress, 
and many more in an extensive rearing system (Sejian et al. 
2013). When animals are subjected to a single stressor, 
the effects can be dramatic, depending on its intensity, 
duration, and the state of the animals. It can overwhelm 
their ability to cope. However, if animals are subjected 
to multiple stressors, they are more likely to experience 
detrimental effects. Multiple environmental stresses deplete 
the stored animal reserve eventually, which are necessary 
for maintaining homeostasis, hence resulting in hindered 
growth and impaired adaptive capabilities in animals 
(Sejian et al. 2012).

With the current climate change scenario, temperature fluc-
tuations enhance the requirement for energy for sustenance and 
survival; yet, the insufficient supply and quality of fodder in 
grazing areas restricts the energy intake, causing an energy cri-
sis, and loss of productivity in livestock (Shilja et al. 2016). In 
addition, in plants, cellular damage and cell death can occur due 
to long-term exposure to high temperatures (Hu et al. 2020), 
which might hamper pasture availability including both the qual-
ity and quantity of available feed resources. Further, it also leads 
to an increase in lignin content in plants (Polley et al. 2013), 
which reduces the digestibility and degradation rate in cattle. 
This suggests that the decline in livestock productivity during 
extreme summers is due in part to nutritional stress in addi-
tion to heat stress. The crucial consideration here is that these 
two stressors do not occur separately but rather simultaneously, 
influencing an animal’s adaptive behavior (Shilja et al. 2016).

Multiple stressors cause dairy cattle to adapt metaboli-
cally by modulating physiological variables, behavioral reac-
tions, and genotypic variables; however, this reduces produc-
tivity. Unfortunately, most of the research on dairy cattle is 
concentrated only on heat stress rather than multiple stresses. 
Particularly in tropical countries, it is imperative that the 
animals are commonly exposed to multiple environmental 
stressors, and therefore it is vital to quantify the cumula-
tive impacts of these stressors together on dairy cattle. Very 
limited information is available on the influence of multiple 
stressors on growth and adaptive responses in calves because 
it is very difficult to manage conventional experiments cov-
ering multiple stressors. Further, little information available 
on this line was restricted to small ruminants (Sejian et al. 
2012, 2015). Therefore, it is essential to design a study in 
dairy cattle to generate baseline information on the multiple 
stressors concept as this could play a vital role in determin-
ing the intervening points for amelioration. Such an effort 
would be very valuable for defining future policies for dairy 
cattle. With this background, a study was designed with the 
primary objective to quantify the cumulative impacts of heat 
and nutritional stress on growth performance and adaptive 
capabilities in dairy calves. Efforts were also made to com-
paratively assess the response mechanisms of indigenous 
and crossbred animals for these cumulative stress impacts.

Materials and methods

Study site

The study was conducted at the Climate Resilient Livestock 
Research Centre (CRLRC), ICAR-NDRI, Haryana, India, 
which is located in the arid to semi-arid region of the coun-
try with a latitude and longitude of 29° 41' N and 76° 59' 
E and, at an elevation of 243 m above mean sea level. The 
annual average maximum and minimum ambient tempera-
ture range between 0 °C and 45 °C. Relative humidity in the 
region ranges between 31 and 82%. The annual rainfall in 
this area is around 600-750 mm.

Animals and accommodation

The study was conducted on healthy Sahiwal (SW) (Indig-
enous breed) (n = 16) and Karan Fries (KF) (Holstein Frie-
sian X Tharparkar) (n = 16) female calves of 10–12 months 
of age, weighing between 91 and 95 kg. The animals were 
acclimatized for 30 days before the actual experiment in the 
study area (NICRA modern state of art shelter shed). The 
animals were housed in a well-ventilated shed (east-to-west 
orientation) of insulated roofing at a height of 7.62 m at the 
center and 3.81 m at the sides and partly open from the side 
and maintained under proper hygienic conditions. The side 
openings were covered with wet gunny bags to prevent entry 
of hot air in the shed. Further, ceiling fans were installed in 
shed to improve air circulation and reduce the heat load on 
animals. The animals were housed in head to head housing 
system arranged with the sand beds. The experimental ani-
mals had ad libitum access to good-quality drinking water. 
Before the study, prophylactic measures against cattle dis-
eases were carried out as prescribed by the health calendar 
of the CRLRC, ICAR-NDRI, Karnal to ensure that the ani-
mals were in a healthy condition throughout the study.

Technical details

The study was conducted for a period of 90 days during the 
summer season (May–July). Calves in each breed were ran-
domly distributed into four groups. In SW breed the group-
ings were as follows: SWC (n = 4; Sahiwal Control); SWHS 
(n = 4; Sahiwal Heat Stress); SWNS (n = 4; Sahiwal Nutri-
tional Stress) and SWCS (n = 4; Sahiwal Combined Stresses) 
(Thermal and Nutritional Stress). Likewise, in the KF breed, 
the groupings were as follows: KFC (n = 4; Karan Fries Con-
trol); KFHS (n = 4; Karan Fries Heat Stress); KFNS (n = 4; 
Karan Fries Nutritional Stress), and KFCS (n = 4; Karan 
Fries Combined Stresses) (Thermal and Nutritional Stress). 
The calves were stall-fed individually with a diet consisting 
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of roughage (maize) and concentrate mixture in the ratio 
60:40 as per routine practices. Table 1 describes the feed 
ingredients and the chemical composition of the feed offered 
to the animals. SWC, SWHS, KFC, and KFHS groups were 
fed with ad libitum feeding while SWNS, SWCS, KFNS, 
and KFCS groups were provided with restricted feed (fifty 
percent of intake of C calves in each breed) to induce nutri-
tional stress. The SWHS, SWCS, KFHS, and KFCS groups 
were exposed to outside summer heat stress between 1000 
to 1600 h, whereas the SWC, SWNS, KFC, and KFNS 
groups were maintained under the shed. All animals were 
fed and watered individually throughout the study period. 
All growth and adaptation variables were recorded at fort-
nightly intervals.

Variables studied

Meteorological data

Micro and macro environment climatic data viz., dry and 
wet bulb temperature in degrees Celsius (ºC) was measured 
at 0730 h and 1430 h by analog hygrometer (Zeal, UK) 
throughout the experimental period both outside and inside 
the shed. Temperature-Humidity Index (THI) was calculated 
from the dry bulb and wet bulb temperature using the fol-
lowing formula (McDowell 1972):

where  Tdb = Dry bulb temperature (ºC) and  Twb = Wet bulb 
temperature (ºC).

Physiological variables

All physiological variables were recorded at fortnightly 
intervals during both morning and afternoon. The respira-
tion rates (RR) of each animal were recorded by counting 
the inward and outward movement of the flank while all 
the calves were in a standing position. Immediately after 
RR, pulse rates (PR) of the calves were measured by palpat-
ing the pulsation of the middle coccygeal artery at the base 
of the tail head. The rectal temperature (RT) was recorded 
using a clinical digital thermometer by keeping the ther-
mometer in contact with the rectal mucosa for almost a 
minute.

Plasma variables

Blood samples were collected at fortnightly intervals from 
all the groups at 0800 h (before offering feed) in sterile hep-
arinized vacutainer tubes (BD, Franklin Lakes NJ, USA) 
through jugular vein puncture, posing minimal disturbance 
to the animal. Blood samples were immediately centrifuged 
at 2,500 rpm for 25 min to separate the plasma, which was 
stored at -20 °C for further analysis of plasma hormonal 
parameters.

Plasma variables like Growth hormone (GH), Insulin-
like Growth Factor-1 (IGF-1), Cortisol, Triiodothyronine 
 (T3), and Thyroxine  (T4) were estimated by enzyme-linked 
immunosorbent assay (ELISA) using a microplate reader 
(Thermo Scientific, Finland) by ELISA kits (Bioassay Tech-
nology Laboratory, Shanghai, China). The analytical sensi-
tivity of the kits were; GH-0.026 ng/ml; IGF1-0.53 ng/ml; 
Cortisol-0.02 ng/ml;  T3- 0.01 ng/ml and  T4- 2.61 ng/ml. The 
intra-assay and inter-assay coefficients of variations of all the 
ELISA kits were < 8% and < 10%.

Body weight and measurements

Body weights (BW) and body measurements of experi-
mental animals were recorded at fortnightly intervals 
using a computerized weighing bridge (Leotronic Scales 
Pvt. Ltd) and measuring tape during the morning before 
offering feed. Body measurements like body length (BL) 
were measured considering the oblique distance from 
the point of shoulder to pin bone; heart girth (HG) was 
measured considering the circumference of the thorax just 
behind the point of the elbow; Height at withers (HW) was 
measured considering the vertical distance from the point 
of the hoof of the foreleg to the top of the withers (highest 

THI = 0.72
(

Tdb + Twb

)

+ 40.6

Table 1  Ingredients and chemical composition of the diet offered 
during the study period

Kg/100 kg Kilogram per Hundred Kilogram, % Percentage

Attributes Concentrate mixture 
(kg/100 kg)

Maize  
fodder

Ingredients
Maize 34 -
Groundnut cake 18 -
Mustard oil cake 9 -
Cottonseed cake 4 -
Bajra 21 -
Wheat bran 7 -
De-oiled rice bran 4 -
Mineral mixture 2 -
Common salt 1 -
Composition (%)
Dry matter 91.32 24.85
Organic matter 93.14 90.07
Crude protein 17.98 9.17
Ether extract 4.64 3.01
Total ash 6.86 6.93
Neutral detergent fiber 13.92 65.10
Acid detergent fiber 30.32 41.11
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point of withers) and height at rump (HR) was measured 
considering the vertical distance from the hoof of the hind 
leg to the pelvis tuber sacrale.

Liver biopsy

Liver biopsies were performed on all calves at end of the 
experiment with a 14G × 6″ disposable Clear needle ™ 
biopsy needle (NewTech Medical devices, New Delhi, India) 
according to the surgical and post-surgical procedures men-
tioned by Singh et al. (2019). Liver biopsies samples were 
rinsed in saline and transferred to a micro-centrifuge tube 
containing 3 mL of Trizol reagent (Invitrogen, Corp., CA, 
USA), frozen in liquid nitrogen and stored at -80 °C pending 
mRNA extraction and analysis.

RNA isolation, cDNA synthesis, and qPCR from liver 
samples

Total RNA was isolated from liver samples (n = 4 in each 
group) using Trizol reagent according to the manufacturer’s 
instructions (Invitrogen, Corp., CA, USA). RNA concentra-
tion and purity were checked using a NanoDrop ND-1000 
spectrophotometer (Thermo Scientific, USA) and Experion 
Bio-analyzer (Bio-Rad, USA). The OD 260/280 absorption 
ratio for different samples range was 1.92 to 2.10. Further, 
cDNA was synthesized using the Revertaid First strand 
cDNA synthesis kit (Thermo Scientific, CA, USA), using 
a total of 200 ng RNA for each sample. The primers for 
gene expression analysis were designed using Primer 3.0 
software. The details of the primer sequences are provided 
in Table 2. Before using them as templates for qPCR, each 
of the cDNA samples was diluted 1:5 (v:v) with DNase/
RNase-free water. The qPCR reactions were performed 
with a total reaction volume of 10 µL consisting of 4 µL 
of diluted cDNA, 5 µL (2X) Maxima SYBR Green/ROX 
qPCR Master Mix (Fermentas, Thermo Fisher Scientific), 
0.4 µL each of forward and reverse primers (10 µM) and 0.2 
µL DNase/RNase-free water. The reactions were performed 

in duplicates and qPCR amplification reaction conditions 
were: 10 min at 95ºC, 40 cycles of 15 s at 95ºC (denatura-
tion), and 1 min at 60ºC (annealing + extension). The relative 
gene expression data was analyzed using the  2−ΔΔCT method 
(Livak and Schmittgen 2001).

Statistical analysis

The data were analyzed by the general linear model (GLM) 
repeated measurement analysis of variance (SPSS 20.0). 
The effect of fixed factors, namely breed (SW and KF) and 
treatments (C, HS, NF, and CS), was considered as between-
subjects factors and days (day 0, 15, 30, 45, 60, 75, and 
90) were considered as within-subjects factor and also the 
interaction between breed, treatments and days was analyzed 
on various parameters studied. Comparison of means of the 
different subgroups was made by Duncan's multiple range 
tests as described by Kramer (1957). The changes in the 
relative expression of hepatic GH, IGF-1, and GHR mRNA 
to GAPDH were analyzed by Two-way analysis of variance 
(ANOVA). The results are shown as mean ± standard error 
(SE). The significant level was set at P < 0.05.

Results

Meteorological data

Figure 1 presents the average THI values during the study 
period. Experimental calves were exposed around mean val-
ues of 84.88 and 77.65 units outside and inside the installa-
tion during the afternoon, indicating severe stress load out-
side the shed. Whereas, in the morning, THI values were 
77.82 and 71.09 units, outside and inside the installation, 
respectively, indicating no stress or mild stress. The great-
est THI was recorded during the month of June, with 79.39 
and 86.04 units during morning and afternoon outside the 
installation, respectively. According to McDowell (1972), 
THI exceeding 78 is considered as severe stress in cattle.

Table 2  Primer sequences, 
lengths, and accession numbers 
in bovine

GAPDH Glyceraldehyde 3-phosphate dehydrogenase, GH Growth hormone; GHR Growth hormone receptor, 
IGF-1 Insulin like growth factor-1, Tm Melting temperature, °C Degree celsius, F Forward, R Reverse

Gene Primer Sequences Accession Number Tm (°C) Product Size

GAPDH F- AAG GCC ATC ACC ATC TTC CA NM_001034034.2 60ο C 113
R- CCA GCC TTC TCC ATG GTA GT

GH F- AAC TAC GGT CTG CTC TCC TG M27325.1 60ο C 118
R- AGA TGG CTG GCA ACT AGA AG

GHR F- GCT GTC CAT ACA CAG CTC AG NM_176608.1 60ο C 129
R- GGG GTT CCC AGT CTT ATT CT

IGF-1 F- AGG AGG CTG GAG ATG TAC TG NM_001077828.1 60ο C 134
R- CCT GCA CTC CCT CTA CTT GT
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Physiological responses

The physiological responses across the experimental 
groups during both morning and afternoon are described 
in Table 3. All factors namely breed, treatment, and experi-
mental days significantly (P < 0.01) influenced respiration 
rate morning (RRM), respiration rate afternoon (RRA), 
pulse rate morning (PRM), pulse rate afternoon (PRA), 
and rectal temperature afternoon (RTA), during the study 
period. During the afternoon, there was a significant 
(P < 0.05) difference in the RR between groups of the same 
treatment; the values were highest in HS, followed by CS, 
C, and NS. At a cursory look, both PRM and PRA had a 
significant (P < 0.05) difference in values between groups 
of the same treatment; further, a similar (P < 0.05) trend 
like RR was observed in PR (HS > CS > C > NS). RTM in 
SWNS was significantly (P < 0.05) lower than the rest of 
the groups. However, during the afternoon HS group of 
both breeds had significantly (P < 0.05) higher RT. The 
breed x treatment x days (BxTxD) interaction did not 
influence RRM, RRA, PRA, and rectal temperature morn-
ing (RTM). However, PRM and RTA were significantly 
(P < 0.05) influenced by BxTxD interaction. To conclude 
the magnitude of the impact of the stressors on physiologi-
cal responses was higher in KF compared to SW calves.

Endocrine responses

The endocrine responses across the experimental groups 
during the study period are summarized in Table 4. The 
breed, treatment, and experimental days factors significantly 
(P < 0.01) influenced plasma GH, plasma IGF-1, plasma 
cortisol, plasma  T3, and plasma  T4 levels in experimental 
animals. When compared between groups of the same treat-
ment, plasma GH levels were significantly (P < 0.05) higher 
in KF, particularly in the CS group, whereas SWC had the 
lowest plasma GH value. Parallelly, plasma IGF-1 in all the 
groups differed significantly (P < 0.05) within breeds and 
between breeds of the same treatment. Especially C group 

had the highest plasma IGF-1 levels followed by HS, NS, 
and CS in declining order in both the breeds. Both individual 
stresses (HS & NS) as well as cumulative stressors (CS) 
up-surged the plasma cortisol levels in KF when compared 
with SW. A significant (P < 0.01) trend of plasma cortisol 
levels was observed in the CS group with lowering levels 
of plasma cortisol recorded in KF after the  45th day while 
in SW the plasma cortisol levels kept increasing during the 
experimental days. Further, to compare between groups of 
the same treatment, all the experimental groups of SW had 
significantly (P < 0.05) higher plasma  T3 and  T4 levels than 
the KF groups. However, NS did not influence the plasma 
 T4 levels in the SW and KF breeds. BxTxD interaction was 
significantly (P < 0.01) evident in plasma IGF-1, cortisol, 
and  T3, respectively.

Body weight and measurements

The impact of stressors on body weight and body meas-
urements during the study period is described in Table 5. 
The breed, treatment, and experimental day factors signifi-
cantly (P < 0.01) influenced the BW of animals. Among the 
individual stresses, HS did not influence BW in both breeds 
while NS, followed by CS significantly (P < 0.05) decreased 
BW in both breeds. Treatment (P < 0.01), experimental days 
(P < 0.01), and interaction between BxTxD (P < 0.05) fac-
tors significantly influenced HG. SWNS had significantly 
(P < 0.05) lower HG compared to SWC. Likewise, the CS 
significantly (P < 0.05) decreased HG in both breeds when 
compared with controls of the respective breed. Similar to 
HG, a significant (P < 0.01) influence of the HS, NS, and 
CS on BL was observed in both the breeds in factors like 
treatment and experimental days. A major (P < 0.05) impact 
of CS on BL was observed only in KFCS when compared 
to KFC. Both individuals as well as cumulative stressors 
significantly (P < 0.05) lowered HW when compared to C 
in KF while the HW remained intact in all SW groups. In 
addition, the experimental days also significantly (P < 0.01) 
influenced the HW during the study period. The breed and 
experimental days factors significantly (P < 0.01) influenced 
HR in both breeds. The HR remained intact in both the 
breeds across all the individual as well as combined stressors 
groups. With the numerically higher in SW compared to KF.

Molecular parameters

Figure 2 presents the impact of individual stresses (HS and 
NS) and cumulative stressors (HS + NS) on hepatic mRNA 
expression during the study period. A significant difference 
(P < 0.01) was observed in the hepatic mRNA expression 
pattern of Growth hormone (GH), Insulin-like growth fac-
tor-1 (IGF-1), and Growth hormone receptor (GHR) between 
group and breed factors however, there was no significant 
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Fig. 1  The Temperature-humidity index (THI) values for both inside 
and outside the shed
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difference between the breed and group interactions. There 
was a significant down regulation of GH, IGF-1, and GHR 
genes in the CS group in both breeds compared to C, 
respectively.

Discussion

Climate change has a direct effect on the reliability of food 
supply networks, both locally and internationally. Particu-
larly in a tropical environment, climate change is a com-
mon cause of multiple stresses that impair the performance 
of livestock. However, better comprehension of the inter-
play between livestock and multiple stressors is required to 
enhance the resilience of livestock (Shashank et al. 2021). 
The present experiment establishes the impact of combined 
stresses on the growth and adaptive capability of Karan Fries 
and Sahiwal calves in the tropical environment.

Physiological responses are significantly exhibited pri-
marily in response to increased core body temperature in 
heat-stressed animals as an attempt to re-establish homeo-
stasis (Indu and Pareek 2015). In the present study, RR was 

considerably higher in both the breeds' of HS and CS groups, 
especially during the afternoon. It is consistent with the find-
ings of Kovács et al. (2018), where RR peaked at noon as 
opposed to the morning in calves. Further, when ewes were 
exposed to multiple stressors, Sejian et al. (2012) observed 
a similar elevation in RR. Resting RR in calves is approxi-
mately 30 breaths per minute, as reported by Jackson and 
Cockcroft (2002). However, our data shows that RR in calves 
had up surged to 2–3 times the typical RR, except for SWNS. 
Notably, the KFHS's RR (101.92 ± 11.99) is far higher than 
that of comparable groups. However, in contrast to KF, SW 
calves were able to maintain the RR, demonstrating their 
superiority in heat dissipation. Further, the HS group had 
higher RR than the CS group in both breeds, which might 
be due to increased metabolic heat production as HS groups 
were fed ad libitum, coupled with the environmental heat 
load. The amount of metabolic heat production in animals 
is determined by the volume of feed intake (Ando et al. 
1997). Conversely, the NS group in both breeds had lower 
RR than other groups might be due to less metabolic heat 
production. Bharti et al. (2018) recorded similar RR results 
in restricted-fed cows. The PR reflects the homeostasis of 

C HS NS CS C HS NS CS
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GH- Growth hormone; IGF-1- Insulin-like growth factor-1 and GHR- Growth hormone receptor; C- Control; 
HS- Heat Stress; NS- Nutrition Stress; CS- Combined Stresses; SW- Sahiwal; KF- Karan Fries
** P < 0.01; * P <0.05

Fig. 2  Effect of heat stress, nutritional stress, and combined stresses (heat and nutritional) on relative hepatic GH, IGF-1, and GHR mRNA 
expression in Sahiwal and Karan Fries calves
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general circulation and metabolic status (Sejian et al. 2010a). 
PR positively correlates with RT, per Mishra et al. (1995). 
HS and CS groups in both breeds exhibited higher PR, 
especially in the afternoon, suggesting heat load dissipa-
tion by augmented peripheral circulation. Similar results 
were observed by Shilja et al. (2016) in Osmanabadi goats 
subjected to combined (heat and nutritional stressors). The 
average PR of KF heifers in the thermal comfort zone ranges 
between 69.90 to 85.71 beats/min (Banerjee and Ashutosh 
2011). In contrast, our results indicated a higher PR, vali-
dating the Karan Fries calves' poor response to the ther-
mal environment by boosting circulation to dissipate more 
heat. This mechanism proposes the commitment of heat loss 
mechanism for poorly adapted breeds (Gaughan et al. 1999). 
The NS group had lower PR. Similar results were observed 
by Samad et al. (2014) when animals were fed a 50% limited 
concentrate diet.

The core body temperature results from all thermal regu-
lation processes in animals and RT is an excellent thermal 
regulation index (Yousef 1985). Theurer et al. (2014) con-
firm a significant positive correlation between RT and THI 
in heifers. The average rectal temperature in calves ranges 
between 38.5–39.5ºC (101.3–103.1ºF) (Jackson and Cock-
croft 2002). Compared to that reference, KFHS and KFCS 
survived 41.66–42.22ºC, whereas SWHS and SWCS main-
tained 39.44–40.00ºC, validating the efficiency of indige-
nous animals thriving in tropical environments. This might 
be due to differences in sweat glands' number (and activity) 
and hair coat characteristics (Olson et al. 2006). Further-
more, according to Gaughan et al. (1999), genetic adaptation 
enables Bos indicus cattle to have less RT than Bos taurus 
undergoing heat stress. Based on physiological results, fluc-
tuations in RR, RT, and PR may indicate the calves' meta-
bolic condition when subjected to multiple stressors.

Reduced feed intake is thought to be the primary mech-
anism by which heat stress affects production in animals 
(Collier and Beede 1985). Hyperthermically induced physi-
ological and endocrine responses and elevated maintenance 
requirements in animals (Collier et al. 2005) may divert 
energy from growth to maintaining homeostasis. Animal 
metabolism and physiology are regulated by homeorhetic 
hormones like GH and IGF-1. When an animal's biological 
reserves are depleted during various physiological processes, 
uncoupling of somatotropic axis hormones (GH and IGF-1) 
facilitates homeorhetic modifications to maintain homeo-
stasis (Bauman and Vernon 1993). In our study, plasma GH 
concentrations in the CS groups have increased significantly; 
conversely, plasma IGF-1 concentrations were reduced. NS 
groups tailed the CS groups. This uncoupling mechanism 
might be due to reduced hepatic GH receptors or reduced 
binding of GH to its receptors (Pulina et al. 2012). Accord-
ing to Schams et al. (1989), the normal concentration of 
plasma GH in cattle ranges around 3 to 30 ng/ml, depending 

upon age sex, and lactation stage. Parallelly, plasma IGF-1 
concentrations of heifers in our study are in accordance with 
the range recorded by Kerr et al. (1991) in heifers from birth 
to 18 months. In our studies, though the plasma GH and 
IGF-1 concentration are in the vicinity of the normal range, 
elevated plasma GH and decreased IGF-1 concentrations 
can be appreciated in KFNS and KFCS when compared with 
SWNS and SWCS indicating lipolysis and energy mobili-
zation towards combating severe negative energy balance.

IGF-1 synthesis relies on the number of GH receptor 
binding sites in the liver. During feed restriction, the liver 
has refractory effects on GH, resulting in reduced IGF-1 
levels and conversely increased GH production due to IGF-
1's negative feedback on hypothalamic growth production 
(Breier and Gluckman 1991). Additionally, the drop in 
plasma IGF-1 levels may be attributable to decreased GH 
receptors through which STAST-5 signaling occurs, result-
ing in reduced hepatic IGF-1 mRNA synthesis (Bernabucci 
et al. 2010). Further, negative energy balance promotes GH 
production, subsequently increasing lipolysis in response to 
β-adrenergic receptors in adipocytes and inhibiting insulin-
mediated lipogenesis and glucose utilization by enhancing 
free fatty acid generation from adipose tissue (Baumgard 
and Rhoads 2013). The degree of negative energy balance 
and lipid mobilization in calves exposed to CS may account 
for weight loss. Particularly in KF, the production of GH 
was greater than that of SW, especially in CS groups repre-
senting the state of severe negative energy balance and the 
process of energy utilization leading to mobilization of body 
reserves to maintain survival functions.

CS had a considerable decrease in metabolic hormones 
such as  T3 and  T4 compared to C due to reduced metabolic 
activity to reduce heat production during cumulative stresses. 
Calves are likely adapting to cumulative stress by reducing 
their thyroid function, which minimizes metabolic heat 
output (Sejian et al. 2010a, b). The thyroid gland regulates 
protein and energy metabolism along with the production 
of hormones (Sejian et al. 2010a, b). Thus, thyroid hormone 
concentrations reflect the animal's metabolic and nutritional 
state and are positively correlated with growth (Aleena et al. 
2016). Glucocorticoid levels can increase in part because of 
a reduction in thyroid hormones in calves. Particularly in the 
KF breed,  T3 and  T4 concentrations in the CS group were 
significantly lower than SWCS. According to Doornenbal 
et al. (1988), the normal  T3 and  T4 levels of young cattle 
around 12.5  months were 2.3  ng/ml and 87.94  ng/ml, 
respectively. On comparing these values with our results, it 
validates KFCS had very less  T3 and  T4 values; however, 
these values are subjected to breed variation. Additionally, 
this explains the superior adaptive capability of SW even 
on exposure to cumulative stresses the animals were able to 
sustain metabolic hormones production.  T3 was drastically 
reduced in KFNS on about the  45th day, but in SWNS it 



1448 International Journal of Biometeorology (2023) 67:1435–1450

1 3

decreased gradually. According to Cassar-Malek et al. (2001) 
maintaining the concentrations of  T3 during feed restriction 
could be metabolically necessary for growing steers. This 
is consistent with our findings that SWNS attempted to 
maintain  T3 levels throughout the trial, indicating that 
even on feed restriction, SW can sustain metabolism. SW 
outperformed KF in thyroid hormones even in HS groups, 
along with NS. SW's heat dissipation mechanism may allow 
metabolic activity to remain unaffected by heat stress. It also 
confirms that an optimal diet for indigenous animals may 
maintain growth and metabolism even during heat stress.

Cortisol is considered one of the primary stress hormones 
in ruminants which provokes physiological modifications in 
animals to tolerate stress. During stress, cortisol works on 
tissues to ensure they have a steady source of energy. Cortisol 
stimulates adipose tissue to produce fatty acids, which serve 
as energy for the tissues. The importance of these metabolic 
changes is to restore the blood glucose level and improve 
glycogen stores to combat stress in animals. This mechanism 
was evident in SWCS. KFCS had a reduction in plasma 
cortisol levels after the  45th-day exposure, whereas, this 
pattern was not observed in SWCS. This portrays the superior 
adaptability of SW to multiple stressors. SW calves were 
able to regulate plasma cortisol levels even when exposed 
to combined stresses, whereas KFCS started undermining 
cortisol's basic function, depicting the impact of multiple 
stressors on them. These findings contradict the results 
of Sejian et al. (2010ab); however, this may be attributed to 
the species' adaptability. In our study calves produced plasma 
cortisol to provide energy to tissues, while sheep in the CS 
group lowered plasma cortisol to regulate body temperature. 
According to Henricks et al. (1984), the normal ranges of 
cortisol in heifers of 7 to 12 months were between 2.9 to 
6.0 ng/ml. This coincides with the control values in our 
study. However, on comparing SWC and KFC with SWCS 
and KFCS, we can appreciate a significant (P < 0.05) variation 
depicting stress load on CS groups. Feed-restricted calves 
also showed a progressive increase in plasma cortisol levels. 
This is per the results of Ronchi et al. (2001), where thermal 
comfort calves fed a restricted diet showed greater plasma 
cortisol levels than thermal comfort ad libitum calves. As 
noted, NS groups were maintained under the shed, thus they 
did not need the energy to cope with heat stress, unlike HS 
and CS groups. Compared to SWNS, KFNS showed greater 
plasma cortisol levels, depicting the impact of feed restriction.

Body weight and measurements are positively correlated 
(Ozkaya and Bozkurt 2009). Combined stressors signifi-
cantly impacted experimental calves’ body weight and meas-
urements. Interestingly, in both breeds, there was no signifi-
cant difference between the C and HS groups. These findings 
are consistent with Nonaka et al. (2008), where body weight 
was not affected by heat stress. Similar results were obtained 
by Sejian et al. (2010ab), where there was no significant 

difference between the control and heat stress groups of 
Maplura ewes. It might be attributed to the reduction in 
the passage rate in the gastrointestinal tract as the environ-
mental temperature increases (Christopherson 1985; Beede 
and Collier 1986). In addition, during heat stress, contrac-
tion amplitude, and frequency decreases leading to reduced 
rumen motility (Bernabucci 2012). Further HS groups were 
not exposed to the consumption of straw unlike NS and CS 
groups, which reduces the palatability and digestibility. This 
is in line with the results of Mathers et al. (1989), where dry 
matter digestibility in Ayrshire cattle was similar at 33ºC 
and 20ºC, providing a good quality diet. On the other hand, 
body weights in restricted groups were either maintained or 
reduced. This might be mediated by an increase in growth 
hormone in cattle (Bauman and Currie 1980), which is evi-
dent in our study. However, the mechanism(s) by which body 
weight is reduced in growing ruminants exposed to thermal 
load has not been established clearly (O’Brien et al. 2010).

The liver carries outs various vital roles in the body such 
as the expression of genes encoding plasma proteins, clotting 
factors, enzymes involved in detoxification, gluconeogenesis, 
glycogen synthesis, and the metabolism of glucose, lipids, 
and cholesterol (Jungermann and Katz 1989). Narrowing 
down to growth, in cattle and other livestock species, genes 
encoding GH, IGF-1, and GHR have been associated with 
physiological growth pathways (Angel et al. 2018). In this 
line, the results of this study might provide some essential 
preliminary data on the expression of various genes related 
to growth in calves subjected to combined stressors. As men-
tioned previously, the number of GHR binding sites in the 
liver available is critically essential for the production of 
hepatic IGF-1. According to Collier et al. (2008), heat stress 
decreased the abundance of GHR in the liver, further due to 
a reduction in GH signaling through the STAT-5 pathway, 
hepatic IGF-1 mRNA abundance was found to be reduced in 
animals exposed to heat stress and underfed thermo neutral 
animals. Similar results were validated in our study, where 
CS and NS groups in both the breed had reduced GH mRNA 
production further leading to a reduction in GHR mRNA 
abundance which resulted in reduced IGF-1 mRNA produc-
tion. To further validate, Rhoads et al. (2010) observed a pos-
itive relationship between GHR and IGF-1 gene expression in 
animals exposed to heat stress, where all the gene expressions 
had reduced to a similar extent. In the same experiment, they 
observed a reduction in intracellular GH signaling through 
a reduction in both GHR mRNA and protein abundance. 
The mechanism(s) for the fluctuations in GHR gene expres-
sion during heat stress and nutritional deficiency has been 
not properly resolved. However, one possibility might be 
related to increased levels of stress hormones (e.g., cortisol) 
observed during heat stress and the nutritional deficiency 
(Collier and Beede 1985), which are in accordance with our 
results. We witnessed a slight reduction in GHR, IGF-1, and 
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GH gene expressions in HS groups, as they were well-fed; 
however, the magnitude was higher in NS and CS groups. 
Further studies might help in solving the mysteries behind 
the GHR, IGF-1, and GH gene expressions and associated 
genes during heat stress and nutritional deficiency in calves.

Conclusion

The study established that calves subjected to CS had a more 
detrimental effect on growth and adaptive capability com-
pared to other stresses. Hence, it is very appropriate to con-
clude that when two stressors occur simultaneously, the total 
impact on biological functions necessary to adapt to stress-
ful conditions may be severe. Various studies validate the 
heat tolerance (individual stress) superiority of indigenous 
animals over crossbred or exotic animals; additionally, this 
study confirms the ability of indigenous animals to coun-
ter multiple stressors with minimal production losses over 
cross bred animals. This study also suggests an alternative to 
counter the heat stress in calves by providing optimum nutri-
tion so that growth can be achieved, thus reducing farmers' 
financial losses during heat stress conditions.
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