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Functional analysis of heat-stress resistance gene in Cambodian native cattle
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Hot climate has negative effects on productivity in dairy cattle. The
present study aims to measure heat stress by evaluating heart rate variability (HRV) in Cambodian
dairy cattle under exposure to direct sunlight. Rectal temperatures and heart rates increased in all

animals under direct sunlight as compared to those in the shelter. The power spectral analysis of
HRV revealed that three out of the five cows showed a decrease in their parasympathetic nervous
activity and a tendency of increase in sympathetic nervous activity under direct sunlight, showing
that those three cows are likely to be more heat stressed. The other two cows did not show such
increase in sympathetic nervous activity under sunlight exposure. The present result suggests that
the latter two cows are likely to have higher heat tolerance. Results from the present study
demonstrate that the power spectral analysis of the HRV would prove to be a useful tool to evaluate
heat tolerance in individual dairy cows.
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With 1increase in world population,
demand for food derived from livestock
increases rapidly in both developed and
developing countries. Therefore, global
improvement of the domestic animal
productivity is necessary. Recently, in
Cambodia, the increase in consumption of
fresh milk and dairy products enlarges
year by year, however the domestic
production of fresh milk has not been well
developed. As a result, almost all dairy
products that are available in Cambodia
depend on imports from other countries.
Historically, dairy farming in Cambodia
was carried out at a relatively early date
from the 1960s within the Southeast Asian
countries, and there is a record that dairy
products were exported to the neighboring
countries, such as Thailand and Vietnam in
those days. However, through the civil war
that began in the 1970s and horrible
genocide under the Pol Pot regime, the
dairy husbandry in Cambodia has been
crushed and most knowledge about dairy
production has disappeared. The
reconstruction of the dairy farming is
considered as one of the big issues to meet
the increasing demand for dairy products
in Cambodia.

For the modern milking cows, which
produce large amount of milk yields after
genetic improvement like Holstein-
Friesian cows, the cool environment is
preferable to raise them. Therefore,
raising of dairy cows is full of difficulty
under the subtropical and tropical climate
in Southeast Asian countries including
Cambodia. Indeed, high environmental
temperature, also known as “ heat stress” ,
decreases in the productivity of milk or
reproductive performance in cattle.
Crossbred cows (local cows x Holstein-
Friesian cattle) were normally used for
dairy farming in tropical and subtropical
areas, because the local animals have
resistance to heat stress. Thus, it is
important to develop breeds of dairy cows
with resistance to hot environment, and
also to understand the mechanism affecting
physiological functions like reproduction
by heat stress in dairy cattle.

The present study aims to investigate
heat tolerance in dairy cows in newly
developed dairy farm in suburb area of
Cambodia using a physiological method to
contribute to the breeding of high-
performance dairy cows that can adapt to
tropical climates.

In the present study, we examined the
effect of tropical temperatures on the
autonomic nervous activities in crossbred
Cambodian dairy cattle by analyzing heart
rate variability (HRV). Holter-type
electrocardiograms were recorded in five
adult crossbred cows (Cambodian native x
Holstein-Friesian) either in a sheltered
area or under direct sunlight. Rectal
temperatures and heart rates increased in
all animals under direct sunlight as
compared to those in the shelter.

Heart rates were recorded using a
Holter-type electrocardiograph  with
apex-base (A-B) leads. Animals were kept
inside the shelter during the first 24-h
period beginning from 18:00 (Day 1). On Day
2, all cows were kept in the shelter for
12 h, exposed to direct sunlight for 12 h
as a heat-stress treatment and returned to
the shelter during last 24-h period (Day
3). Rectal and ambient temperatures were
recorded.

Ambient temperature and temperature-
humidity index (THI) during experiments
are shown in Fig. 1. The ambient
temperature and THI appeared to decrease
during nighttime and 1increase during
daytime. Both the ambient temperature and
THI tended to be higher when cows were
present under the sunlight (heat stress)
than inside the shelter. The rectal
temperature tended to increase during
daytime in cows kept under the sunlight,
whereas it appeared relatively stable
throughout the daytime on the day inside
the shelter.
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sunlight exposure by the frequency domain
parameters of HRV. The present result
suggests that the latter two cows are
likely to have higher heat tolerance.
Results from the present experiment,
therefore, demonstrate that the power
spectral analysis of the HRV would prove
to be a useful tool to evaluate heat
tolerance in individual dairy cows. The
data from the HRV analysis would guide
researchers and livestock farmers to breed
high-performance dairy cows adapted to the
tropical climate.
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Fig. 1. (A and B) Changes in ambient

temperature (A) and temperature-humidity
index (B) during 3-day experimental period
(n =4). (C) Changes in rectal temperature
of cows during daytime (06:00-18:00 hr) of
3-day experimental period (n = 5). Values
are means + SEM.

*on Day 2, P<0.05 vs Day 1 and Day 3.

The power spectral analysis of HRV
revealed that three out of the five cows
studied showed a decrease in their
parasympathetic nervous activity and a
tendency of increase 1in sympathetic
nervous activity under direct sunlight,
showing that those three cows are likely
to be more heat stressed. The other two
cows did not show such tendency of increase
in sympathetic nervous activity under

Fig. 2. Individual changes in rectal
temperature (A), heart rate (B), R-R
interval (C), SD (D) and CV (E) of R-R
interval, LF/HF ratio (F), and normalized
LF (G) and HF (H) powers in the five cows
on pre- (Day 1), heat- (Day 2), and post-
(Day 3) treatment days during daytime
(09:00-15:00 hr). HR, heart rate; SD,
standard deviation: CV, coefficient of
variation; LF, low frequency; HF, high
frequency; nu, normalized unit.
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