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Objective: The study sought to estimate the relationship between body surface temperature
(BST) and temperature humidity index (THI) and to present the validity of THI as a heat
stress index in the field.

Methods: Eight Hanwoo heifers (20 to 32 month) were examined in a field trial, with a space
allowance of 10 m” per head. The BST was measured using an infrared thermographic camera.
The BST of five body regions (eyes, hindquarters, nose, part of horns, and ears), ambient
temperature (AT), and relative humidity (RH) were measured 7 times daily (07, 09, 11, 13,
15,17, and 19 h) during each season with three replicates.

Results: The THI ranged 34.0 to 56.9 during spring (AT, -1.0°C to 13.4°C), 75.1 to 84.7
during summer (AT, 24.9°C to 33.6°C), 55.8 to 70.9 during autumn (AT, 13.0°C to 26.0°C)
and 17.5 to 39.2 during winter (AT, -10.4°C to 1.0°C). In the regression analysis, the coeffi-
cient of determination (R*) between THI and BST was 0.88, 0.72, 0.83, 0.86, and 0.85 for
the eyes, hindquarters, nose, part of horn, and ears area, respectively. This indicates that
BST has a strong correlation with AT and RH. Expression equations were estimated as Y
(THI) = 31.54+0.1085X (BST of eyes) and Y (THI) = 30.48+0.1147X (BST of hindquarters)
by simple linear regression analysis in this experiment.

Conclusion: Consequently, the upper bound for heat stress estimation can be specified
ranging from THI of 65 (eyes) to 70 (hindquarters). From this we can expect a precise feeding
system for Korean native cattle in the field.

Keywords: Temperature Humidity Index (THI); Body Surface Temperature; Hanwoo;
Animal Welfare; Heat Stress

INTRODUCTION

Precise monitoring of the physiological status of farm animals is one of the most important
issues in the livestock industry [1,2]. In general, animal health management animals is deter-
mined by body temperature, heart rate and blood analysis [3]. However, such measurements
are disadvantageous because they require physical contact [4], and it is also difficult to
measure the temperature of large animals. Schaefer et al [5] suggested that the infrared
thermographic (IRT) technique could be used effectively for non-invasive monitoring of
body surface temperature (BST) in the field. The IRT technique is fast and simple McManus
et al [4] and can be used for early diagnostic detection of diseases [6]. IRT can also be
applied to multiple animals at the same time. Colak et al [7] have reported that the IRT
technique can provide sensitive information concerning mammary changes for mastitis
diagnosis. According to a report using a thermal camera, BST measurement is a useful
method for detecting the health status of livestock. However, many studies have focused
on direct diagnosis of diseases. There is a continuing need for research on the impact of

www.ajas.info

Copyright © 2020 by Asian-Australasian Journal of Animal Sciences

This is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and repro-
duction in any medium, provided the original work is properly cited.

1691


http://crossmark.crossref.org/dialog/?doi=10.5713/ajas.19.0762&domain=pdf&date_stamp=2020-10-01

AJAS

environmental factors on livestock health. Korea has four
distinct seasons with a wide temperature range [8]. More
particularly, the summer in Korea is characterized by high
temperatures and humidity which have a large influence on
the livestock industry [9-11]. In principle, heat stress can de-
crease feed intake [12] and thus the productivity of animals
[13]. In addition, environmental determinants might have
different influences on different species. Hanwoo (Bos Taurus
coreanae), the native Korean cattle used in the current study
is the main breed for meat production in Korea. For feeding
standards, the upper bound critical temperature was deter-
mined to be 30°C [14], but there has been no definitive research
on the matter. This is compounded by the fact that the sen-
sible temperature can differ from the ambient temperature
(AT), because sensible temperature depends on a variety of
environmental factors such as air temperature, relative hu-
midity (RH), wind velocity, heat radiation, and rainfall [15].
Among them, the AT is the most dominant factor that in-
fluences the heat environment.

The current study used air temperature and humidity to
calculate the temperature humidity index (THI). The THI
can be used as an indicator of heat stress [16-18]. However,
further experiments are required, because little information
exists on the variation of THI and the relationship between
THI and BST. Depending on environmental factors, BST may
change, and an analysis of the correlation between animal-
based BST and the external factor THI is needed. This study
therefore investigates the relationship between BST and THI
and considers the validity of THI as a stress index in the field.
To support decision-making, five distinct areas will be com-
paratively analyzed using IRT.

MATERIALS AND METHODS

Animals and management

This experiment was implemented under the approval of the
Institutional Animal Care and Use Committee of Konkuk
University (IACUC No. Ku 12097).

This study was performed at the experimental farm in
Gyeonggi-do, South Korea, from January through December
2014. Heifers were managed according to the guidelines set
by the Hanwoo Feeding Standard [19]. Eight Hanwoo (Bos
taurus coreanae, 20 to 32 month) heifers were individually
housed in a pen that provided a 10 m, of -space per head. The
pen was covered with a 4.5-m roof that induced ventilation
and included a winch curtain, that prevented the entry of cold
wind in the winter. The curtain was mostly open, save when
there was a strong cold winter wind. Each heifer was offered
total mixed ration (TMR), per the Hanwoo feeding standard
(Table 1). The animals had free access to feed and water.

Sampling of body surface temperature thermography

1692 www.ajas.info

Kim et al (2020) Asian-Australas J Anim Sci 33:1691-1698

Table 1. Ingredient composition of experimental diet

Ingredient Composition (% of dry matter)
Perennial ryegrass 6.0
Annual ryegrass 3.0
Alfalfa hay 2.0
Klein grass 1.0
Corn, flaked 15.0
Wheat meal 26.5
Soybean meal 15.0
Corn gluten meal 8.0
Coconut meal 9.1
Lupin, flaked 2.0
Whole cottonseed 2.0
Molasses 5.0
Yeast culture 2.0
Limestone 2.5
Salt 0.6
Mineral 0.3

and temperature humidity index

Data collection for thermal images was initiated at 07:00 a.m.
Before temperature measurement, all heifers were held at a
head control bar for short distance. An infrared thermal im-
aging camera CX-320U (COX, Taejeon, Korea) was used for
BST measurements. Samples of BST that were collected from
a distance greater than 3 m from the camera were excluded
due to the sensitivity of the camera, which works precisely
within the 3-m range. Five distinct areas were measured to
evaluate BST, the eyes, nose, part of horns, ears and hind-
quarters (Figure 1 for sample images). The IRT images were
collected 7 times daily at 07, 09, 11, 13, 15, 17, and 19 hours.
Core body temperature (CBT) was recorded by digital ther-
mometer inserted into the rectum. AT and RH were recorded
at the same time as IRT sampling. The THI was calculated
using the following equation: THI = (1.8 temperature °C+ 32)
—(0.55-0.0055xhumidity)x(1.8 temperature °C-26) following
[18].

Statistical analysis

Data were expressed as means and standard deviation and
were statistically analyzed with Tukey multiple range tests
using the SPSS package (ver. 23) general linear models pro-
cedure. Regression analysis was performed between the BST
and THI. This is based on an assumption that the core tem-
perature of the animal is not varying significantly. The BST
areas were used for the dependent variable and THI was used
the independent variable. Regression coefficients were esti-
mated for changes of THI. Regression equations were assumed
for THI and BST (eyes, hindquarters, nose, part of horn, and
ears).

RESULTS
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(a) Eyes

(c) Nose

(b) Ears

(d) Part of horns

51.65° €

(e) Hindquarters

Figure 1. Infrared thermal image samples according to the five areas. (a) Body temperature around the eyes, (b) body temperature around the ear, () body temperature
around the nose, (d) body temperature around the part of horns, (e) body temperature around the hindquarters. The blue area is at low temperature and the red area is at

high temperatures.

Variation of body temperature according to seasonal
changes

The BST and CBT of changes are shown in Figure 2. The AT
in spring was variable, ranging from -1°C to 13.4°C. The tem-
perature changes in the eyes and hindquarter areas were stable
on the whole. There was a definite change from 11 to 13 hour
in the nose, part of horns and ears areas. At this time, THI

increased from 51.4 to 56.1. The temperature varied from
24.9°C to 33.6°C in summer. The AT reached a record high
(33.6°C) at 15 h. Characteristically, the BST level was higher
than CBT at 11 h in all areas. The highest BST recorded was
41.73°C at 13 h for the eyes area. The THI ranged from 78.9
to 82.6 between the hours of 9 and 11. At the same time, the
BST was remained higher than CBT. The AT varied from

www.ajas.info 1693



AJAS

----- o+ gyes @ hindquarters --a--nose --%- partof horns -o- ears —e— Core-tem

38.60 3855 38.66 38.61

3776
38 4 o

36.15

38.42

37.84 37132

w
[§]
L

temperature of a body (°C)
o ow
508

24 A

22 A

20

hour(air temperature(°C)/relative humidity(%)/temperature-humidity index)

(a) Spring

-+ gyes - hindquarters --&--nose --%- partof horns --o--ears —e—Core-tem
40

389
3845 /51 3825 By

temperature of a body (°C)

26

7(-1.0/75/34.0)  9(2.0/55/41.1)  11(8.8/36/51.4) 13(12.7/27/56.1) 15(13.4/25/56.9) 17(11.3/24/54.7) 19(7.7/23/51.0)

temperature of a body (°C)

7(13.0/73/55.8)  9(16.0/72/60.4) 11(24.0/41/69.6) 13(26.0/31/70.9) 15(25.0/34/70.1) 17(22.0/35/66.7) 19(20.0/52/65.4)
hour(air temperature(°C)/relative humidity(%)/Temperature-humidity index)

() Autumn

Kim et al (2020) Asian-Australas J Anim Sci 33:1691-1698

----- +- eyes - hindquarters -4 nose - partofhorns --e- ears —e—Core-tem

42 4157

41
840
>
)
2
<30
o
o
o
EES
54
=
37
o
2

36

35 %

2506
34 T T T T T T |
7(Q4.9/84/75.1)  9(27.9/75/78.9) 11(31.2/66/82.6) 13(31.5/67/83.1) 15(33.6/59/84.7) 17(31.8/64/83.0) 19(30.4/80/83.5)
hour(air temperature(°C)/relative humidity(%o)/Temperature-humidity index)
(b) Summer

-« gyes -#- hindquarters -4 nose - partof horns --e- ears —e—Core-tem

43
2029 4061
38.76 38.49 38.81 38.93
! \ -

38
33
28
23
18
13
8

7(-104/83/17.5) 9(-8.0/82/21.6) 11(-3.5/67/31.6) 13(-2.0/41/38.0) 15(-10/41/39.2) 17(-14/39/39.0) 19(-2.0/47/37.0)
hour(air temperature(°C)/relative humidity(%)/Temperature-humidity index)

(d) Winter

Figure 2. Seasonal daily body surface temperature changes in Hanwoo heifers. (a) Spring, (b) summer, (c) autumn, (d) winter. Eyes, body temperature around the eyes;
hindquarters, body temperature around the hindquarters; nose, body temperature around the nose; part of horns, body temperature around the part of horns; ears, body
temperature around the ear; core-tem, core body temperature was recorded by digital thermometer inserted into the rectum.

13.0°C to 26.0°C in autumn. The BST of the eyes was higher
than CBT at 13 hour and the THI level was 70.9. After 13 h,
the BST of the eyes consistently showed higher measurements
than CBT. There were stable changes in the eyes and hind-
quarter areas. The temperature varied from -1.0°C to -10.4°C
in winter. Overall, the BST was lower than in the other seasons.
The temperature changes in the eyes and hindquarter areas
were stable on the whole and were similar to CBT changes.
There were dramatic changes in BST in the part of horns and
ears areas.

The comparison for the BST is presented in Figure 2. The
data were analyzed for each hour. There were significant (p<
0.05) differences among BST measurements in spring. The
BST was variable, ranging from 35.07°C to 37.98°C (eyes) or
35.66°C to 38.13°C (hindquarters) on average. Compared with

1694 www.ajas.info

CBT, there was an average difference of 2 degrees between
CBT and BST for the eyes and hindquarter areas. The BST
of the eyes and hindquarter was higher than other areas, and
there was a variable gap between the other areas. There were
significant (p<0.05) differences among the BST measure-
ments, but BST was very irregular in all areas. There was no
difference at 11 hour among all areas. There were significant
(p<0.05) differences among the BST in autumn. The BST was
variable ranging from 35.57°C to 38.95°C (eyes) or 36.50°C
to 38.60°C (hindquarters) on average. Depending on THI,
there was large changes in some areas, up to 8.44°C (nose),
7.16 (part of horns), and 9.02°C (ears). There were significant
(p<0.05) differences among the BST in winter. The BST of
the eyes and hindquarter areas were higher than other areas
throughout. The part of horns showed the lowest tempera-
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ture (10.32°C) at 07 hour.

Prediction model for relationship between temperature
humidity index and body surface temperature of eyes
Figure 3 shows a summary of the basic statistics of the regres-
sion analysis data set. We used statistical analysis to perform
simple regression to evaluate the effect of THI on the BST of
all scanned body areas. For all areas, THI significantly affected
the BST (p<0.05), and the higher the THI, the greater the
BST of the body area in question. For regression related to
the BST of the eyes, the expression equations were estimated
as Y (THI) = 31.54+0.1085X (BST of eyes), the BST of the
eyes was explained by THI R* = 88.5%. For the hindquarters,
the expression equations were estimated as Y (THI) = 30.48+
0.1147X (BST of hindquarters), and BST of the hindquarters
was explained by THI R* = 71.7%. For the nose, the expres-
sion equations were estimated as Y (THI) = 17.24+0.2709X
(BST of nose), and the BST of the nose was explained by THI
R? = 83.2%. For the part of horns, the expression equations
were estimated as Y (THI) = 12.31+0.34X (BST of part of
horns), and the BST of the part of horns was explained by
THI R? = 86.1%. For the ears, the expression equations were
estimated as Y (THI) = 6.46+0.4149X (BST of ears), and the
BST of the ears was explained by THI R’ = 85.4%.

DISCUSSION

Body temperature is one of the most common indicators used
for the diagnosis of illness in livestock and has been used in
the measurement of the physiological status of animals [20].
As can be seen in Figure 2, the BST was lower than the CBT
in all seasons except for summer. Normally, the BST should
be less than the CBT as a result of heat transfer and blood
flow [21]. In general, the core temperature averages 38.5°C
for Hanwoo cattle [22]. Because cows are homeothermic, they
should be kept in a condition of homeostasis [23]. THI and
BST are not statistically clearly related, but because the core
temperature of livestock is constant, BST is independently
affected by THI. In the current study, the BST was higher than
the CBT only in summer, and the average CBT was 38.6°C.
Conditions in which the BST was higher than CBT are an
abnormal observation. Recent findings indicate that CBT can
be used as an indicator of stress when the values of the BST
are higher than CBT [24], and the abnormal values indicate
that only summer is especially worthy of notice to estimate
specific THL

Previous studies have indicated that THI is generally used
to estimate the effect of climatic conditions [18,25]. The value
for the THI can also be used to estimate the stress situation,
for example, Ravagnolo et al [18] reported that milking fre-
quency declines when THI exceeds 72. Allen et al [16] reported
that standing behavior relates to heat stress and is affected
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when THI reaches 68. Bernabucci et al [26] reported that
milk yield declined when THI ranged from 65 to 76. From
these reports and the findings of the present study, it appears
that the THI could be useful for estimating of heat stress
situations.

In the regression analysis, the coeflicients of determina-
tion (R*) between THI and BST were 0.88, 0.72, 0.83, 0.86
and 0.85 for eyes, hindquarter, nose, part of horns, and ears
areas, respectively (p<0.05). These results agreed with those
of Salles et al [24], who reported that IRT is strongly corre-
lated with BST, suggesting that BST has a strong correlation
with environmental factors.

Expected values are dependent on the measurement areas.
Researchers need to determine which body measurements
are significant in estimating the physiological status of an
animal [3]. In the current study, the BST data collected at
different parts of the body are available for comparison, and
the data showed that the BST values were significantly dif-
ferent (p<0.05) at each area (Figure 2), with the temperature
range being rather large. However, the eyes and hindquarter
areas, as well as other areas, remain meaningful for the mea-
surement. In previous studies, other researchers [3,27] reported
that eyes region of steers is the most suitable part for measure-
ment. In the current study, the temperature measurements at
the eyes and hindquarter areas were higher than other areas
and the temperature changes at the eyes and hindquarters had
greater stability throughout the year.

The THI can be presented as an indicator to contribute to
the stress suggestion in the field through the estimation of
regression equations. As mentioned above, the expression
equations were estimated as Y (THI) = 31.54+0.1085X (BST
of eyes) and Y (THI) = 30.48+0.1147X (BST of hindquar-
ters) through simple linear regression. The upper bound for
heat stress estimation can be specified for the range from
THI 65 (eyes) to 70 (hindquarters, Figure 2). Similar results
were obtained in other studies [16,18,26].

Inserting a thermometer directly into the rectum is an in-
efficient method of measuring temperature in livestock, and
the IRT technique is both more efficient and easier. IRT can
also allow the comparison of many cows at the same time
and abnormal livestock can be quickly identified [20,28].
IRT therefore has many potential advantages, but it should
be noted that IRT can be influenced by a multiplicity of dif-
ferent factors, including room temperature based on camera
position. This should be kept in mind as feeding environ-
ments are irregular and the housing systems for livestock
are diverse [21]. The results of this investigation may, how-
ever, still provide a better understanding of the associations
between BST measured at different points on the animal,
as well as the relationship between these areas and envi-
ronmental variables.
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CONCLUSION

The BST measurements using IRT may be one of the most
effective tools for precision heifer farming when sufficient
information concerning the characteristics of BST and en-
vironmental factors have been collected. Among the body
regions studied, IRT temperature showed the highest correla-
tion with surface temperature, and the eyes and hindquarter
regions of heifers were identified as the most stable areas for
IRT measurements. In hot climates, farm managers should
consider weather conditions to reduce heat stress in the field.
Based on the results of this study the upper bound for heat
stress estimation appears to be within the range of THI 65
(eyes) to 70 (hindquarters). Based on these finding, more
precise feeding and care systems for Korean native cattle in
the field can be expected.
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