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Abstract
Objective: The objective of this study was to investigate the integration of cattle feeding technology, which was appropriate to transfer
to local farmers, to produce Thai native cattle with the characteristics of adaptable physiology and heat tolerance in response to global
warming in the rural communities of Sakon Nakhon province, Thailand. Methodology: The experiment was conducted by raising
16 castrated male Thai native cattle; their body weights were commensurate with their body condition scores and genetic characteristics
and they were allocated to a randomized complete block design. Blood samples were collected to analyze the hematocrit, hemoglobin,
blood glucose and blood urea nitrogen. Four experimental concentrate formulas, each containing 12% protein and 72% total digestible
nutrients (TDN), were used as follows: (1) Control feed concentrate, (2) 15% para rubber seed meal concentrate, (3) 15% palm kernel seed
meal concentrate and (4) 15% cotton seed meal concentrate. Data analysis were conducted using an analysis of variance (ANOVA) to
investigate the relation between the meteorological factors and the general physiological changes in Thai native cattle. Results: The
values for the temperature humidity index (THI) showed that the ambient temperature was significantly related to each of the
maximum, average and minimum temperatures and to the relative humidity, with a significant difference (p<0.01). The data analysis
showed that although the THI values increased, they did not affect the general physiological changes of Thai native cattle (p>0.05). The
general physiological parameters, welfare, behavior characteristics and hematological values of Thai native cattle were not significantly
different (p>0.05). The production performance of experimental Thai native cattle as shown by the intake of concentrate and roughage
feeds, initial body weight, final body weight and average daily growth rate or average daily gain (ADG), was significantly different (p>0.05).
Conclusion: Thai native cattle that received 4 different concentrate formulas could tolerate high-ambient-temperature environments and
the concentrate formulas had no effect on physiological changes and growth performance.
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balance were evaluated in a preliminary experimental period
of 2 weeks for their body adjustments and were then allocated
in a randomized complete block design (RCBD). During this
period, all cattle were arranged to obtain the factors of
interest. Blood samples were collected to analyze the
hematological values, namely, hematocrit (Hct), hemoglobin
(Hb), blood glucose (BG) and blood urea nitrogen (BUN). Four
experimental concentrate feed formulas with 12% protein and
72% total digestible nutrients (TDN) were used as follows: (1)
Control concentrate feed with 3% minerals, (2) 15% PSM
concentrate, (3) 15% PKSM meal concentrate and (4) 15% CSM
concentrate. The experimental roughage used was rice straw
and cattle mineral blocks from the Department of Livestock
Development were used for free choice licking. The cattle
houses in this study belonged to local farmers and were
covered with a single-slope shed roof of zinc mixed-metal
sheets with no ceiling. They were open houses under the
normal climatic conditions and normal ventilation. Inside the
houses, they were divided into individual lots with individual
waterers and feeders.
Data were collected on the meteorological factors and
general physiological changes, the respiration rate, rectal
temperature and pulse rate4, heat tolerance coefficient5,
sweating rate6, hematological values were obtained by the
micro-hematocrit method, the hemoglobin levels were
obtained by the acid hematin method7 and the cortisol levels
were obtained by the RIA method using the Amerlex Cortisol
RIA Kit Code IM. 2021 Kodak Clinical Diagnostics Ltd.,
Amersham UK8. Data on the production performance of
experimental cattle were collected, such as the weights of
concentrate and roughage intake and the body weights of the
cattle. Analysis of concentrate and roughage quality, such as
dry matter, crude protein, lipid, ash, calcium and phosphorous,
was conducted9. Analysis of roughage for the percentage of
acid detergent fiber (ADF) and neutral detergent fiber (NDF)10
was also performed.
The data were analyzed for the relation between the
meteorological factors and general physiological changes in
the experimental cattle through polynomial regression
analysis and an analysis of variance of general physiological
changes and cattle production performance11 was also
performed. The differences between the means of studied
factors were compared using least squares means. Analysis of
animal welfare and behavior of TN cattle was performed using
assessment tools that had been developed by the researchers
in this study.
The locations, houses and TN cattle evaluated in this
experiment belonged to the local farmers. Analyses of
hematological values (hematocrit, hemoglobin, blood glucose,

INTRODUCTION
The production of Thai native (TN) cattle, particularly Zebu
cattle (Bos taurus indicus), has been ongoing for many years
in Thailand. When they are young, they are raised as draught
animals for drawing a cart and plowing. When they become
old, they are removed from the herd for slaughter. TN cattle
propagation has increased widely and continuously. As shown
in the 2014 statistical record, there were more than 2 million
heads of TN cattle1. This type of cattle has a compact body and
is adaptable to the local environment. They have a high
tolerance for heat, high grazing ability, good reproductive
system and regular annual calving ability. Given the
aforementioned advantages, raising TN cattle is popular with
Thai farmers. However, research data and knowledge about
raising TN cattle efficiently and effectively are quite rare.
Global warming has affected the products of animal origin,
such as beef and meat. Even milk and dairy products have
been greatly affected, the high ambient temperature causes
heat stress in animals and interferes with the general
physiological function, hematological system function,
mechanisms of hormone production and secretion, animal
behavior and welfare and animal production/performance2.
Since the TN cattle that live in the tropical zone can adapt well
to the environment by reducing their food intake for body
thermoregulation, they can create a heat balance in their
bodies. Because TN cattle evolved long ago, their bodies are
so compact, jaunty and active that they can survive in
Thailandʼs climate3. In addition to these strengths, if they have
an opportunity to obtain some positive factors, such as
sufficient nutritional food supplements to meet the bodyʼs
needs, they will grow well and provide many benefits to the
farmers who raise them. The results of this study can be used
efficiently by farmers to earn their living, leading to an
improvement of their cattle production practices. Thus, this
study aimed to investigate a transfer of the appropriate
integrated technology to TN cattle farming practices. The goal
was to harmonize with TN cattle physiological adaptability
and heat tolerance in response to global warming in the rural
community conditions in Sakon Nakhon province by using
local feedstuff, such as para rubber seed meal (PSM), palm
kernel seed meal (PDSM) and cotton seed meal (CSM) at 15%
of the feed formula with 12% protein and 72% total digestible
nutrient (TDN).
MATERIALS AND METHODS
Sixteen castrated male TN cattle that had similar
body weights, body condition scores and a similar genetic
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drinking

blood urea nitrogen and cortisol levels) were conducted
at the Department of Animal Science, Faculty of
Agricultural Technology, Sakon Nakhon Rajabhat University.
Analysis of the composition of cattle feeds was done at the
Department of Animal Husbandry, Faculty of Agriculture,
Kasetsart University (Bangkhen campus, Bangkok) and at the
Science Center of Sakon Nakhon Rajabhat University. This
experiment started in October, 2008 and ended in September,
2009.

water

volumes

that were not significantly

different (p>0.05) (Table 4). The animal welfare and
behavior of the experimental cattle was not significantly
different (p>0.05) (Table 5) and there was no effect on
the

hematological

concentrations
which were

and
not

values

(Hct,

HG),

cortisol

blood urea nitrogen (BUN) levels,
significantly

different

(p>0.05)

(Table 6-10).
Comparison of nutrient compositions among
experimental feeds of treatments 1, 2, 3 and 4 including
nutrient composition in roughage was found that they were
not significantly different (p>0.05) (Table 11 and 12). Analysis
of effect of experimental feed (concentrate and roughage) on
production performance (final body weight, gain in weight
and ADG) of TN cattle was not significantly different (p>0.05)
(Table 13).

RESULTS
The result showed that the housing characteristics
influenced the inside environment surrounding the cattle.
The observed value for the temperature humidity index
(THI) was 88.74±3.46 and it was affected by ambient
temperature environments (Table 1). The analysis of the
relation between THI and ambient temperature showed a
significant difference (p<0.01) (Table 2), additionally, the
influence of solar radiation on TN cattle housing affected
the ambient temperature environments, which showed a
THI of 80.03±2.48 (Table 3). From polynomial regression
analysis, the relation between the ambient environmental
values for THI and general physiological changes of
experimental cattle was significantly different (p>0.05)
(Table 4).
The experimental cattle fed different concentrates for
treatments 1, 2, 3 and 4 showed general physiological
changes, heat tolerance coefficients, sweating rates and

Table 1: Factors of ambient temperature environments affecting environmental
conditions during the experimental session
Ambient environments

Mean±S.E.

Maximum temperature (EC)
Average temperature (EC)

35.02±0.41
29.68±0.28

Minimum temperature (EC)
Different temperature (EC)
Relative humidity (%)
Black globe temperature (EC)*
Temperature of dry bulb thermometer (EC)
Solar radiation (EC)
Temperature-humidity index (THI)

24.34±0.16
10.68±0.26
80.78±1.20
48.78±0.94
37.26±0.49
11.52±0.62
88.74±3.46

*Temperature which was measured from the middle of brass bulb of
thermometer that sprayed with black color, this figure was temperature and
added with heat from solar radiation

Table 2: Analysis of relation between temperature humidity index (THI) and ambient environment (maximum, average, minimum and different temperatures)

Ambient environments

Ambient temperature
-------------------------------------------------------------------------------------------------------------------------------------------------------------THI
Maximum
Average
Minimum
Different

THI
Maximum temperature
Average temperature
Minimum temperature
Different temperature

1.00**
0.74**
0.51**
0.72**
0.58**

0.72**
1.00**
0.64**
0.92**
0.90**

0.54**
0.62**
1.00**
0.78**
0.30**

0.72**
0.96**
0.78**
1.00**
0.76**

0.62**
0.90**
0.30**
0.80**
1.00**

**Means a highly significant difference (p<0.01)
Table 3: Effects of influence of solar radiation on ambient environments
Environment factors

Average parameters

Black globe temperature (EC)
Temperature of dry bulb thermometer (EC)
Solar radiation (EC)
Normal temp. in the house (mercury bulb) (EC)
Temperature in cattle house

37.42±0.62
34.63±0.58
2.79±0.34
32.86±0.24

Maximum temperature (EC)
Average temperature (EC)
Minimum temperature (EC)
Different temperature (EC)
THI

33.28±0.41
28.31± 0.19
23.34±0.16
9.94±0.24
80.03±2.48
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Table 4: Means of general physiological items of TNC in each feed formula
Feed formula
-----------------------------------------------------------------------------------------------------------------------------------------------General physiological

1

Rectal temperature (EC)

2

39.34±0.03

39.30±0.03

3

4

39.32±0.03

39.24±0.03

Pulse rate (BPM)

70.24±4.76

68.86±3.62

68.20±3.89

67.98±3.84

Respiration rate (times secG1)

70.34±5.68

72.00±6.73

72.00±6.73

70.34±3.51

Heat tolerant co-efficient (%)

80.95±4.60

82.65±5.14

82.74±4.20

83.96±2.47

Sweating rate(mL mG2 hG1)

924.12±26.83

938.42±20.48

942.86±21.74

940.49±18.68

Water consumption (L/day)

22.23±2.54

21.74±2.38

23.48±2.62

24.30±2.71

Means within the same row did not differ significantly (p>0.05)
Table 5: Means of animal welfares and behaviors of Thai native cattle in this experiment
Feed formula
---------------------------------------------------------------------------------------------------------------------------------------------------------------1

2

3

----------------------------------

---------------------------------

--------------------------------

4
--------------------------------

Behaviors

Mean±S.D.

INTPN*

Mean±S.D.

INTPN

Mean±S.D.

INTPN

Mean±S.D.

INTPN

Rumination

4.16±0.12

High

4.20±0.16

High

4.24±0.14

High

4.16±0.15

High

Respiration

2.46±0.20

MOD.

2.36±0.24

MOD.

2.42±0.28

MOD.

2.34±0.26

MOD.

Standing and walking for drinking

2.36±0.32

MOD.

2.38±0.28

MOD.

2.38±0.26

MOD.

2.30±0.24

MOD.

Rest and lying

2.42±0.20

MOD

2.38±0.24

MOD.

2.32±0.25

MOD.

2.48±0.24

MOD.

Gasping

Means within the same row with different superscript differed significantly (p<0.05), INTPN: Interpretation, MOD.: Moderate

Table 6: Means of

hematocrit of experimental cattle in preliminary-experiment, during experiment, post-experiment and whole period of this

experiment
Hematocrit (%)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Feed

Pre-

During

Post-

Whole period

formulas

experiment

experiment

experiment

of experiment

1

29.34±0.32

32.46±0.41

34.26±0.39

32.02±0.37

2

29.72±0.30

34.04±0.34

36.86±0.42

33.54±0.35

3

29.38±0.34

35.72±0.46

37.02±0.37

34.04±0.39

4

30.40±0.43

33.24±0.32

36.14±0.40

33.26±0.38

Means within the same column did not differ significantly (p>0.05)
Table 7: Means of hemoglobin of experimental cattle in preliminary-experiment, during experiment, post-experiment and whole period of this
experiment
Hemoglobin (%)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Feed

Pre-

During

Post-

Whole period

formulas

experiment

experiment

experiment

of experiment

1

30.14±0.42

34.64±0.44

36.00±0.60

33.59±0.49

2

32.50±0.39

34.18±0.48

38.48±0.72

35.05±0.53

3

31.25±0.36

34.78±0.64

36.25±0.60

34.09±0.53

4

32.34±0.32

35.86±0.53

38.30±0.64

35.50±0.50

Means within the same column did not differ significantly (p>0.05)
Table 8: Means of cortisol hormone concentration in preliminary-experiment, during experiment, post-experiment and whole period of this experiment
Cortisol hormone (ηg mLG1)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Feed

Pre-

During

Post-

Whole period

formulas

experiment

experiment

experiment

of experiment

1

13.02±0.04

12.62±0.04

10.24±0.04

11.96±0.03

2

14.72±0.03

13.48±0.02

10.76±0.04

12.99±0.03

3

13.28±0.04

12.14±0.04

9.82±0.03

11.75±0.04

4

12.54±0.05

12.02±0.04

10.04±0.02

11.53±0.05

Means within the same column did not differ significantly (p>0.05)
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Table 9: Means of blood glucose concentration in preliminary-experiment, during experiment, post-experiment and whole period of this experiment
Blood Glucose (mg/100 mL)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Feed
PreDuring
PostWhole period
formulas
experiment
experiment
experiment
of experiment
1
42.20±0.48
42.40±0.68
44.36±0.70
42.99±0.62
2
42.14±0.74
42.65±0.69
42.45±0.64
42.41±0.69
3
44.50±0.64
45.29±0.72
45.47±0.62
45.09±0.66
4
43.26±0.68
43.40±0.48
44.36±0.72
43.67±0.63
Means within the same column did not differ significantly (p>0.05)
Table 10: Means of blood urea nitrogen concentration in preliminary-experiment, during experiment, post-experiment and whole period of this experiment
Blood urea nitrogen (mg/100 mL)
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Feed
PreDuring
PostWhole period
formulas
experiment
experiment
experiment
of experiment
1
14.04±0.25
15.17±0.41
15.66±0.32
15.66±0.32
2
14.06±0.27
15.09±0.51
16.12±0.14
16.12±0.14
3
14.06±0.09
14.97±0.36
16.11±0.37
16.11±0.37
4
14.10±0.06
15.24±0.20
16.08±0.24
16.14±0.20
Means within the same column did not differ significantly (p>0.05)
Table 11: Composition of experimental feed (concentrate) in each treatment
Feed formula
----------------------------------------------------------------------------------------------------------------------------------------------------------Feed composition
1
2
3
4
Moisture (%)
8.36±0.20
8.84±0.32
8.68±0.34
8.74±0.36
Dry matter (%)
91.48±2.76
90.96±3.04
91.36±3.10
91.08±3.24
Crude protein (%)
12.32±0.18
12.48±0.14
12.24±0.16
12.34±0.12
Lipid (%)
5.72±0.04
6.20±0.04
6.28±0.03
6.34±0.04
NDF (%)
26.48±0.84
27.64±0.74
29.76±0.76
28.04±0.58
Lignocellulose (%)
22.68±0.64
24.84±0.72
24.06±0.64
24.72±0.70
Ash (%)
9.14±0.14
9.38±0.16
9.76±0.12
9.94±0.16
Calcium (%)
1.48±0.02
1.64±0.03
1.62±0.02
1.76±0.03
Phosphorous (%)
0.58±0.04
0.62±0.02
0.70±0.02
0.74±0.03
Energy (Kcal kgG1)
4.28±0.03
4.38±0.06
4.40±0.04
4.69±0.02
Means within the same row did not differ significantly (p>0.05)
Table 12: Composition of experimental feed (roughage)
Items
Moisture (%)
Dry matter (%)
Crude protein (%)
Lipid (%)
NDF (%)
Lignocellulose (%)
Ash (%)
Calcium (%)
Phosphorous (%)
Energy (kcal kgG1)

Means±S.E.
74.86±1.48
25.14±0.32
7.24±0.26
2.24±0.02
70.96±2.86
40.84±1.86
7.84±0.30
0.48±0.04
0.26±0.02
3.42±0.03

Table13: Production performance of TNC

Items
Feed intake
Concentrate (kg)
Roughage (kg)
Production performance

Treatment (feed formulas)
----------------------------------------------------------------------------------------------------------------------------------------------------------1
2
3
4
4.80
4.64±0.28

Initial body weight (kg)
220.64±3.86
Final body weight (kg)
270.20±3.62
ADG (kg)
0.42±0.01
Means within the same row did not differ significantly (p>0.05)

4.80
4.48±0.34

4.80
4.72±0.38

4.80
4.48±0.32

218.36±3.28
268.40±3.44
0.42±0.02

226.40±3.82
277.80±3.56
0.43±0.01

220.62±3.24
271.60±3.42
0.43±0.02
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as a higher rectal temperature, higher pulse rate, higher
respiration rate and higher sweating rate, which is their
mechanism for maintaining a higher balance of normal body
temperature by transferring heat to cooling evaporation18.
More energy is usually needed to make this process work. The
study also revealed that TN cattle faced heat stress, which
impacted the energy available for maintaining life12, thereby
reducing the hematocrit and hemoglobin levels19. Due to the
animal thermoregulatory processes of sweat expulsion and
evaporation, TN cattle unavoidably needed more water
consumption20. The plasma level was thus increased, which
increased the number of broken red blood cells and thereby
reduced the hematocrit and hemoglobin levels21. This finding
was congruent with the study of Umpapol et al.18, who
revealed that beef cattle raised in single-roof houses had
lower hematocrit and hemoglobin levels than did those raised
in double-roof houses.
The body heat production of TN cattle under a high
ambient temperature for a long time decreased due to their
low food intake and low net energy, which was caused by
high ambient temperature environment, which directly
impacted the function of the hypothalamus and the anterior
pituitary gland22 and increased the secretion of cortisol from
the adrenal cortex. However as the cattle were under
continuous heat stress for a long time, the cortisol
concentration declined23. The mechanism of body adjustment
might decrease the body heat production from food
metabolism due to excess cortisol, to an adjustment of cortisol
metabolism that suppresses the function of 17-Hydroxylase in
the adrenal cortex or to a threshold sensitivity evaluation or
set point sensitivity evaluation of the adrenal cortex24.
At this point, it was revealed that TN cattle had faced heat
stress throughout the experimental period with high THI,
which caused the decline of the heat tolerance coefficient25
and affected the functions of the endocrine glands, especially
the increase in cortisol levels, which decreased the body heat
production due to a food intake reduction26. Later, the cattleʼs
bodies could decrease their cortisol levels to the body heat
balance level. The TN cattle could finally self-adjust well to the
normal body temperature level because they had a positive
characteristic of high heat tolerance27.
The influence of high air temperature and high relative
humidity could cause heat stress in TN cattle but their bodies
had general physiological changes for reducing such stress by
ventilating heat out of their bodies. This ventilation was
accomplished through respiratory regulation centered in the
hypothalamus, which was sensitive to blood temperature
changes. When the blood temperature increased, this
respiratory regulation center would increase the rate of

DISCUSSION
TN cattle have developed and adapted through evolution
in the tropical zone. Therefore, they have become wrinkled
and have evolved big ears, such as Zebu cattle (Bos taurus
indicus). Their wrinkly skin, which increases the skin surface
area can dissipate body heat to maintain a normal body
temperature and can alleviate heat stress better than tight
skin. According to the theory of heat transfer, a wide surface
area can ventilate heat more effectively than can a narrow
surface area in the same period of time, regardless of whether
the heat is convention.
Stefanʼs law of radiation states that the rate of heat
transfer by radiation from the body to the surroundings is
related to the energy density of the radiation in a volume of
space. Additionally, the increase in body temperature will
depend on the temperature of the surroundings. The body
both emits and absorbs radiation from its surroundings.
Newtonʼs law of cooling states that the rate of heat loss of a
body is proportional to the difference in temperatures
between the body and surroundings. One interesting fact
about algebra claims that the change in surface area is
equivalent to the power square of 2/3 of the body weight for
a similar body shape and the same gravity12. However, animals
of the same bred might have different body shapes and
different gravities13. Under high ambient temperature, TN
cattle reduced feed intake, but the quantity and weight of
feed intake were still higher than those of European cattle
(Bos taurus). Zebu cattle had higher critical temperatures,
whereas, European cattle had lower ones. The upper critical
temperature in Zebu cattle then had a greater influence on
the bodyʼs thermoregulation and low temperature than did
the lower critical temperature in European cattle14,15. The
efficiency of growth was determined as the ratio of tissue
production to metabolism and was expressed as energy. The
difference between the two values of energy appeared to
become heat energy16. The heat energy balance was an
effective factor that caused the close relation between
thermoregulation and the growth rate. Thus, TN cattle under
heat stress would be affected by general physiological
changes, hematological value changes and the function of
endocrine glands that reduce roughage intake17. Animal
bodies require energy for transferring body heat to the
surroundings, which can lead to general physiological
changes, hematological mechanisms and endocrine gland
functions in response to normal body temperature regulation.
That is why heat affects animal lipid metabolism.
The study found that TN cattle under local normal housing
conditions showed changes in their general physiology, such
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cattle respiration for heat evaporation28 and body
thermoregulation24. The TN cattle under a high ambient
temperature that faced heat stress could increase their body
heat via the fermentation of fiber in the rumen3.
An increasing body heat can exhaust the cattle with
normal body temperature regulation and these cattle reduce
their rumination activities to keep their body heat balanced29.
TN cattle under high ambient temperature drink much more
water for body heat regulation and water which has a high
specific heat value can accommodate more temperature
changes by not allowing a rapid body temperature
alteration30. Usually, the volume of water used in sweat
expulsion is an efficient mechanism of cattle body heat
transfer. At the same time, the cattle tried to perform gasping
respiration to regulate their body heat, although it was not an
efficient way for them to adjust their normal body
temperature balance without any water consumption.
Therefore, they required a large amount of water for
normal body temperature regulation31, which was normally
accompanied by frequent standing up and walking to drink
water in high-ambient-temperature environments.
TN cattle housed in high-ambient-temperature
environments had general physiological changes that caused
gasping respiration as well as muscle and diaphragm function
that required more metabolizable energy from lipid
metabolism of ingested food32. If the cattle bodies had less
metabolizable energy, this could affect production
performance, such as growth and carcass quality3. TN cattle
must adapt themselves to high ambient temperatures by
reducing body movements, keeping still for rest and lying31 to
reduce the utilization of energy for body maintenance33.
The situation of heat stress was related to a low heat
tolerance co-efficient that was derived from the impact of
endocrine gland functions, in particular, the cortisol hormone
level was increased34 to maintain a normal body heat balance
by reducing the food intake to regulate the body to such an
extent that the cortisol hormone level declined and the animal
body heat became normal. This adjustment function of TN
cattle required energy to maintain life by reducing both the
average daily gain25 and the feed digestibility of the cattle.
Therefore, the high-ambient-temperature environment was
one factor that stimulated the cattle bodies to regulate a
normal body temperature by reducing their feed intake, which
is useful for animals under heat stress. Although they relied on
energy for thermoregulation, the hormone level changes
among the TN cattle could also affect their growth
performance. The results of using PSM, PKSM and CSM
supplements in feed formulas as good sources of energy
that caused changes in the general physiology, hematological

values, hormone levels and animal welfare behavior, were not
significantly different from the results obtained by using
control feed. In addition, all feed formulas were composed of
essential nutrients for body growth, namely, protein, vitamins
and minerals, which were sufficient for the growth
requirements of TN cattle35.
Therefore, the TN cattle that received PSM, PKSM and CSM
supplements in feed formulas could improve their efficiency
of heat transfer to the extent that they were able to maintain
a normal body heat balance efficiently, further, all of the feed
formulas could increase energy for TN cattle growth36. The
mechanism of body heat balance of the experimental cattle
caused them to consume more roughage and obtain
enough high energy from the concentrate to provide relief
from heat stress. Although the animals obtained more body
maintenance energy, especially for the heat transfer process34,
they still retained normal body temperatures and increased
their net energy for high yield production24. For PSM, PKSM
and CSM supplementation in feed formulas, the study
revealed that the supplements were sources of high-quality
nutrients such as energy, good protein and useful fiber for TN
cattle3. The supplementation of PSM, PKSM and CSM at 5, 10
and 15%, respectively, would be beneficial in feed formulas for
body thermoregulation, thus increasing the levels of utilizable
nutrients for body maintenance the yield production of
cattle23 and leading directly to the improved growth
performance and carcass quality of TN cattle 23.
CONCLUSION AND FUTURE RECOMMENDATION
The THI values showed that the ambient temperature was
highly related to maximum, average, minimum temperatures
and high relative humidity. The data analysis found that THI
was high but did not affect general physiological changes in
TN cattle.
TN cattle that received 4 different concentrate formulas
could tolerate high-ambient-temperature environments and
the concentrate formulas had no effect on physiological
changes, such as rectal temperature, pulse rate, respiration
rate, heat tolerance coefficient, sweating rate and drinking
water volumes and the hematological values, namely,
hematocrit, hemoglobin, blood glucose, blood urea nitrogen
and cortisol levels, including animal welfare behaviors such as
rumination, gasping respiration, standing up, walking to drink
water, rest and lying down.
TN cattle under high-ambient-temperature environments
could be fed well with local feedstuffs such as PSM, PKSM and
CSM at 15% in feed formulas and there was no effect on
growth performance compared to control concentrate in this
experiment.
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