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Abstract
Recently, summer temperatures have frequently been abnormal in Korea owing to global 
warming. In summer, a decrease in feed intake rate and biological activity were observed in 
Hanwoo (Korean Native Cattle), leading to lower production rates in the industry. However, 
the precise scale of damage was not reported as with other animals of economic value. This 
study was conducted to investigate the effects of birth season on birth weight in Hanwoo. 
Data were collected from 100 local breeding farms from 2016 to 2019. A total of 41,081 
Hanwoo calves were classified and analyzed by sex, year, month, and season (March–May, 
spring; June–August, summer; September–November, fall; and December–February, winter) 
of birth. The birth weight of Hanwoo calves differed according to birth month. The average 
birth weight of male calves was 30.47 kg and that of female calves was 28.16 kg. Hanwoo 
birth weight was the highest in March-born calves and the lowest in July-born calves. The 
birth weights of calves born in February, March, April, November, and December were signifi-
cantly larger than those of calves born in July. In addition, the birth weight of Hanwoo calves 
from the summer was significantly lower than that of calves born in other seasons. Further-
more, Hanwoo steer slaughter age showed a negative correlation, whereas carcass weight 
had a positive correlation with birth weight. In the beef cattle industry, birth weight is a very 
important economic characteristic that is related to growth rate. These data will contribute 
toward planning the reproduction of Hanwoo and analysis of changes in characteristics of 
economic value owing to high temperatures.
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INTRODUCTION
Hanwoo are Korean native cattle that have been raised traditionally in the natural environment of 
Korea. Until the last decade, Hanwoo were used for farming and transportation; however, the purpose 
of raising Hanwoo was recently changed to good quality meat production with the development of the 
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economy of Korea. In 2020, according to statistical data from the Korean Statistical Information 
Service, 3,226,029 Hanwoo were raised in Korea [1]. Since the enactment of the Animal Products 
Traceability law, carcass character data of each Hanwoo have been recorded in the database of the 
Korea Institute for Animal Products Quality Evaluation. However, carcass characteristics alone are 
not sufficient for the analysis of economic characteristics. For the scientific production of Hanwoo, 
analysis of the changes in economic characteristics should also consider environmental effects 
including birth weight, feed intake rate, daily weight gain, and reproductive efficiency. 

A recent study has highlighted that global climate is changing [2]. In addition to the increase 
in temperature, there has been an increase in the frequency of extreme events such as the number 
of hot days and heat waves. In recent years, world warming was a serious challenge to various 
production systems including livestock production [3]. Especially, in Korea, the increase in summer 
temperature was considerably more than that in other countries. During summer season weather 
conditions in Korea are hot (maximum temperature 28.4℃) and humid (maximum humidity 
91.4%) as evidenced by the average climate data [4]. High temperature and humidity reduces the 
production rate of livestock and increases their mortality. 

Birth weight is a very good economic indicator in the beef cattle industry. The birth weight is 
reported to be positively correlated with daily weight gain [5] and weight at maturity [6]. Other 
studies have reported that increased birth weight is associated with dystocia, stillbirths, and calf 
mortality, which are further associated with lower calf performance, and can lead to economic 
losses [7,8]. These differing opinions continue to be debated. Therefore, the aim of the present study 
was to investigate the effect of birth season on Hanwoo birth weight and other characteristics of 
economic value. For this purpose, we analyzed the birth weight of Hanwoo calves born during 
2016–2019 and verified the correlation between birth weight, birth season, and carcass weight. 

MATERIALS AND METHODS
Data collection 
Data on birth weight was collected from 100 local breeding farms from 2016 to 2019 according 
to the National Agricultural Cooperative Federation Hanwoo Genetic Improvement Center 
program. The 41,081 Hanwoo calves (male: 20,978, female: 20,016, Freemartin: 87) enumerated 
were classified and analyzed by sex, year, month, and seasons. Seasons were classified as spring: 
March–May, summer: June–August, fall: September–November, and winter: December–February. 
Slaughter age and carcass weight data were collected from 8,868 Hanwoo castrated steers born 
between 2016 and 2017. Slaughter age was divided into six groups: < 28 months, 28 months, 29 
months, 30 months, 31 months, and ≥ 32 months. Carcass weight divided three groups: < 435 kg, 
435 kg ≤ carcass weight ≤ 486 kg, and > 486 kg. 

Statistical analysis 
One-way analysis of variance (ANOVA) was performed for the compare average birth weight data 
using Statistical Analysis System (SAS) 9.4 software (SAS, Cary, USA); the Duncan’s multiple 
comparison test was used for making comparisons among groups. All data are expressed as mean ± 
SD. The null hypothesis was rejected when the probability was p < 0.05. 

The general linear model procedure of the SAS software was used to test the significance of 
birth weight traits. The linear model for birth weight was as follows:

yijke = μ + Mi + SAj + Cark + eijke
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where, 
yijke represents Hanwoo birth weight 
μ is the total mean
Mi is the ith fixed effect of calving month (1 to 12) 
SAj is the jth fixed effect of slaughter age group (1 to 6)
Cark is the kth fixed effect of carcass weight group (1 to 3)
eijke is the residual error.

The least squares method was used to estimate the environmental effects on calving month, 
season, and carcass traits. The linear model was analyzed using the SAS 9.4 package and variance 
analysis was performed using a Type III squared fit for unbalanced data among the four squares 
presented in the SAS/general linear model analysis. The statistical significance of the differences 
between the least squares averages of the treatments was tested with the following null hypothesis 
at a significance level of 1%: Ho: least squares means (LSM) (i) = LSM (j), where LSM (i (j)) is the 
least squares average of the I (j) effects (I ≠ j).

RESULTS AND DISCUSSION
Effect of birth month on birth weight
To determine the correlation between birth month and birth weight in Hanwoo calves, a total of 
20,978 male and 20,016 female calves were analyzed. The average birth weight of male calves was 
30.47 kg and that of female calves was 28.16 kg (Table 1). The birth weight of male calves was 
significantly more than that of female calves. Many factors influence the growth of a developing 
fetus, including sex. Previous reports have shown that female calves, twins, and calves born to first-
parity cows had lower birth weight than male calves, single births, or calves born to multiparous 
cows, respectively [9]. Another report described that male calves were heavier than their 
contemporary females throughout the pre-weaning growth period [10]. Commonly, bull carcasses 
showed higher yield but lower quality than those of cows and steers. According to data from 1970 
to 2006, Hanwoo birth weight was 24.35 kg which is lower than in the present study [11]. Another 
research group also described a lower birth weight of Hanwoo calves, 23.02 kg (1974–1995) [12]. 
National Hanwoo genetic evaluations are implemented by recording birth weight, weaning weight, 

Table 1. The monthly average of Hanwoo calf’s birth weight in 2016–2019 period

Month
Male Female

Numbers of calf Mean of birth weight (kg ± SD) Numbers of calf Mean of birth weight (kg ± SD)
1 85 29.48 ± 4.19d 80 27.80 ± 4.57bc

2 3,524 30.65 ± 4.36b 3,778 28.27 ± 3.88abc

3 4,572 30.84 ± 4.46a 4,515 28.50 ± 3.84a

4 2,488 30.63 ± 4.36ab 2,120 28.19 ± 3.78abc

5 640 29.94 ± 4.12bc 548 27.72 ± 3.61bc

6 284 29.48 ± 4.09cd 243 27.89 ± 3.44abc

7 180 29.11 ± 4.48d 178 27.59 ± 4.08c

8 4,662 30.09 ± 4.03bc 4,576 27.71 ± 3.69bc

9 2,821 30.56 ± 4.42ab 2,466 28.34 ± 3.82ab

10 1,272 30.23 ± 4.17ab 1,124 28.13 ± 3.70abc

11 269 30.59 ± 4.50ab 251 28.31 ± 4.06ab

12 181 30.57 ± 4.05ab 137 27.93 ± 4.20abc
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yearling weight, carcass weight, eye muscle area, backfat thickness, and marbling score. The yearling 
weight was 315.54 kg in 1998, and had increased to 355.06 kg in 2011. Yearling weight and carcass 
weight have improved remarkably over the past 15 years [13]. In recent years, breeding of Hanwoo 
has been aimed at increasing carcass weight that related with increasing economic benefit of farm. 

The male calves born in March were the largest, weighing 30.84 kg. The July-born male calves 
weighing 29.11 kg were the smallest. Male calves born in February, March, April, September, 
October, November, and December were significantly larger than the calves born in January, June, 
and July. The female calves born in March were the largest in comparison to those born in the other 
months and weighed 28.5 kg. The July-born female calves weighed 27.59 kg and were smaller than 
those born in the other months. Female calves born in March, September, and November were 
significantly larger than the July-born calves. In Korea, the climate in July is very hot and humid. 
During this period, the feed intake rate and growth gain is reduced in domestic animals. Typically, 
fetus growth is substantial during the last period of the pregnancy. Pregnant cows cannot consume 
enough feed in July and this influences the growth of the fetus. 

Effect of birth season on birth weight
To analyze the correlation between birth season and birth weight in Hanwoo calves, the seasons 
were divided as spring (March–May), summer ( June–August), autumn (September–November), 
and winter (December–February). The birth weights of male calves were 30.69 ± 4.41, 30.03 ± 4.05, 
30.46 ± 4.35, and 30.62 ± 4.35 kg in spring, summer, autumn, and winter, respectively (Table 2). 
Male Hanwoo calves born in spring were the largest and the smallest were summer-born. Spring 
born calves were significantly larger than summer- and autumn-born calves. In addition, male 
Hanwoo calves from summer were significantly smaller than those born in the other seasons. The 
birth weights of female calves were 28.35 ± 3.81, 27.72 ± 3.69, 28.28 ± 3.80, and 28.24 ± 3.90 kg 
in spring, summer, autumn, and winter, respectively. Female Hanwoo calves born in spring were 
the largest and the smallest were summer born. Female Hanwoo calves born in the summer were 
significantly smaller than those born in the other seasons. The birth weight of spring-, autumn-, 
and winter-born calves were not significantly different from each other. A previous study from 
Brazil showed that the mean birth weight of the calves did not differ among the seasons of the year 
at birth and calf sexes; however, cows with below average lengths of gestation calved lighter calves 
[14]. A study conducted in Texas reported that year, calf sex, dam age, stocking rate, birth season, 
birth weight, and weaning age were significant factors affecting weaning weight. Fall-born calves 
were heavier at weaning (267.6 kg) than either winter- (252.0 kg) or spring-born calves (240.9 kg) 
[15]. However, the climate of Korea is very different from that of these countries. The temperature 
on the Korean peninsula is increasing continuously, and hot and humid summers and cold and dry 
winter are expected. According to these climatic conditions in Korea, the effects of birth seasons on 
Hanwoo birth weight will be different from those observed in cattle in other countries. 

Table 2. The seasonal average of Hanwoo calf’s birth weight in 2016–2019 period

Season
Male Female

Numbers of calf Mean of birth weight (kg ± SD) Numbers of calf Mean of birth weight (kg ± SD) 
Spring 7,700 30.69 ± 4.41a 7,183 28.35 ± 3.81a

Summer 5,126 30.03 ± 4.05c 4,997 27.72 ± 3.69b

Autumn 4,362 30.46 ± 4.35b 3,841 28.28 ± 3.80a

Winter 3,790 30.62 ± 4.35ab 3,995 28.24 ± 3.90a
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Correlation of birth weight with carcass characteristics in Hanwoo steers
To determine the correlation of birth weight with carcass month and weight, 8,868 Hanwoo steers 
born in 2016–2017 were analyzed. The results of the linear model for BW showed that the June-
born male Hanwoo calves were the smallest (Table 3). In addition, the slaughter age had a negative 
correlation with birth weight (Table 3). This data indicates that slaughter age was increased to 
ensure adequate carcass weight which in turn was related to the period in which cattle were raised. 
Furthermore, carcass weight had a positive correlation with birth weight (Table 3). The group with 
small carcass weight (< 435 kg) had a birth weight of 28.94 ± 0.11 kg, and the medium (435–486 
kg) and large (> 486 kg) carcass weight groups had a birth weight of 30.41 ± 0.11 kg and 32.29 ± 
0.12 kg, respectively. 

Climatic conditions affect animal performance. Thermal stress lead to energy maintenance 
requirements increase and growth rates reduce can result in sizable economic losses to producers of 
beef cattle. However, very little information is available on seasonal effects in Hanwoo production 
traits including quality and yield grade in Korea. A previous report described that both marbling 
score and quality grade of Hanwoo steer carcasses were generally the best in autumn and the worst 
in spring. In addition, yield grade of Hanwoo steer carcasses was the lowest in winter (November to 
January) and the highest in spring and summer (May to September) [4]. 

The temperature-humidity index (THI) can be used to determine the influence of heat stress on 
the productivity of farm animals. THI is divided into categories that potentially indicate the level 
of heat stress. A previous study identified a THI < 71 as the thermal comfort zone, 72 to 79 as mild 
heat stress, 80 to 90 as moderate heat stress, and > 90 as severe heat stress [16]. Weather conditions 
in the Korean peninsula are hot and humid during summer, and THI values are between 73 and 80 

Table 3. The correlation between birth weight and carcass character of Hanwoo steer in 2016–2017 
period 

Group LSMean of birth weight (kg ± SE)
Calving month 1 30.4386 ± 0.63635

2 30.8405 ± 0.10844

3 31.0923 ± 0.09425

4 30.8508 ± 0.12395

5 30.3337 ± 0.21621

6 29.6589 ± 0.32284

7 30.0370 ± 0.45547

8 30.2804 ± 0.09523

9 30.9490 ± 0.11635

10 30.5441 ± 0.17592

11 30.2572 ± 0.36281

12 31.2719 ± 0.38769

Slaughter age (month) < 28 31.1488 ± 0.18447

28 31.1395 ± 0.15929

29 30.6864 ± 0.13033

30 30.3510 ± 0.11915

31 30.1654 ± 0.11995

> 32 29.7860 ± 0.11762

Carcass weight (kg) < 435 28.9396 ± 0.10737

435–486 30.4118 ± 0.10561

> 486 32.2872 ± 0.11517
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in summer [4]. According to Armstrong’s classification, the summer season resulted in moderate 
stress to Hanwoo. Therefore, the heat stress during late gestation is related to lower birth weight 
of calves, which suggests compromised fetal growth [17]. Furthermore, the heat stress has negative 
affect on Hanwoo industry including reduction of reproductive pergormance and fetal development 
[18]. However, in this study we focused correlation of birth weight and other economic characters 
during seasonal changing.

In conclusion, our study investigated the birth weight pattern in Hanwoo during different 
months and seasons and evaluated the seasonal effect of heat stress on characteristics of economic 
value. Specifically, the birth weight of Hanwoo calves in the summer season was significantly 
reduced thereby influencing growth rate after weaning. In addition, birth weight had a negative 
correlation with slaughter age and a positive correlation with carcass weight. This report contributes 
toward evaluating the effect of high temperature on performance characteristics and improving 
breeding strategies and production management systems of Hanwoo for overall superior 
performance.
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