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INTRODUCTION 

 

Hanwoo, a Korean native cattle (Bos taurus coreanae), 

was used for draft purpose in farms in South Korea. It has 

been about 30 years since selection programs to genetically 

improve yield and quality of Hanwoo meat were 

implemented (Park et al., 2013). Body weight was 

considered to be the most important trait in beef cattle to 

evaluate production ability. However, Hanwoo has slow 

growth rate and light mature weight, compared with other 

western well-known beef cattle breeds. Therefore, faster 

growth is a top priority in Hanwoo industry, as well as good 

meat quality and heavy weight (Lee et al., 2003a).  

Biological characteristics of growth traits such as body 

structure or weight are measured at various ages. These 

records are considered as longitudinal data (Fitzhugh, 1976). 

Elucidation of growth characteristics has been a major 

interest in livestock research, because it would impact 

economic profit in Hanwoo industry (Lee et al., 2003a). 

Ulstrasound measurements such as longissimus dorsi 

muscle area (LMA), backfat thickness (BFT), and 

intramuscular fatness at early growth stage of Hanwoo 

individuals would provide optimal timing to sell in market 

or to keep for further feeding Hanwoo steers. Cow-calf 

producers can also use the techniques for reproduction or 

pregnancy determination.  
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ABSTRACT: The objective of this study was to estimate the parameters of Gompertz growth curves with the measurements of body 

conformation, real-time ultrasound longissimus dorsi muscle area (LMA) and backfat thickness (BFT) in Hanwoo cows. The Hanwoo 

cows (n = 3,373) were born in 97 Hanwoo commercial farms in the 17 cities or counties of Gyeongbuk province, Korea, between 2000 

and 2007. A total of 5,504 ultrasound measurements were collected for the cows at the age of 13 to 165 months in 2007 and 2008. 

Wither height (HW), rump height (HR), the horizontal distance between the top of the hips (WH), and girth of chest (GC) were also 

measured. Analysis of variance was conducted to investigate variables affecting LMA and BFT. The effect of farm nested in location 

was included in the statistical model, as well as the effects of HW, HR, WH, and GC as covariates. All of the effects were significant in 

the analysis of variance for LMA and BFT (p<0.01), except for the HR effect for LMA. The two ultrasound measures and the four body 

conformation traits were fitted to a Gompertz growth curve function to estimate parameters. Upper asymptotic weights were estimated 

as 54.0 cm2, 7.67 mm, 125.6 cm, 126.4 cm, 29.3 cm, and 184.1 cm, for LMA, BFT, HW, HR, WH, and GC, respectively. Results of 

ultrasound measurements showed that Hanwoo cows had smaller LMA and greater BFT than other western cattle breeds, suggesting that 

care must be taken to select for thick BFT rather than an increase of only beef yield. More ultrasound records per cow are needed to get 

accurate estimates of growth curve, which, thus, helps producers select animals with high accuracy. (Key Words: Hanwoo, Cows, 

Growth Curve, Ultrasound, Body Conformation) 
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Different methods were compared by Kim et al. (1996) 

to estimate growth curve parameters in Hanwoo. They 

reported that Gompertz and Richards models were better fit 

to real records. However, Gompertz model is easier to 

calculate than the Richards model that has one more 

parameter to be estimated and tends to overestimate time to 

reach >70% maturity (Beltrán et al., 1992). Also, it has been 

reported that the Gompertz growth model was fitted better 

than other models for Hanwoo cows (Cho et al., 2006). 

The objective of this study was to measure body 

conformation traits as well as ultrasound LMA and BFT in 

Hanwoo breeding stock (cows) in Gyeongbuk province, 

Korea, and to estimate the parameters of Gompertz growth 

curves.  

 

MATERIALS AND METHODS 

 

Animals and phenotypic data 

The Hanwoo cows (n = 3,373) were born in 97 Hanwoo 

commercial farms in the 17 cities or counties of Gyeongbuk 

province, Korea, between 2000 and 2007. A total of 5,504 

ultrasound measurements for LMA and BFT were collected 

mainly by one trained technician for the cows at the age of 

13 to 165 months in 2007 and 2008. Each animal had 1.63 

records on average due to limited labor and research 

environments. The LMA and BFT were measured between 

the 13th rib and 1st lumbar vertebrae with a Medicine (Ltd.) 

Pico v103 instrument (cm, 3.5 MHz linear array probe). 

Wither height (HW), rump height (HR), the horizontal 

distance between the top of the hips (WH), and girth of 

chest (GC) were also measured. The body conformation 

measurements were defined as in Choi et al. (2008). 

 

Statistical analyses 

Basic statistics such as mean, standard deviation were 

analyzed using SAS 9.2 (SAS Institute, Cary, NC, USA). 

Analysis of variance was conducted to investigate variables 

affecting LMA and BFT. The statistical model is shown in 

(1). 

 

Yijk = μ+LFij+b1HWijk+b2HRijk+b3WHijk 

       +b4GCijk+b5AGEijk+eijk                  (1) 

 

Where Yijk is LMA and BFT of the kth cow at the jth 

farm within ith location, LFij is the fixed effect of jth farm 

within ith location, and HW, HR, WH, GC, and AGE are 

the covariate terms for height, rump height, the horizontal 

distance between the top of the hips, chest girth, and age at 

test, respectively. All of the effects of farm nested in 

location, HW, HR, HD, and GC were significant in the 

analysis of variance for LMA and BFT (p<0.01), except for 

the HR effect for LMA (results not shown). 

It has been reported that the Gompertz growth model 

was fitted better or computationally easier than other 

models for Hanwoo cows (Kim et al., 1996; Cho et al., 

2006). Therefore, LMA, BFT, HW, HR, HD, and GC were 

fitted to a Gompertz growth curve function using SAS 9.2 

(SAS Institute, USA) to estimate parameters as noted below 

(Tzeng and Becker, 1981); 

 

)1)((

0

tDe
D

m

t eWW


  

 

where W0 is the initial weight, Wt
 
is the weight at time, t, 

m is the slope of growth curve when t = 0 or the initial 

specific growth rate, and D is the rate of exponential decay 

of the initial specific growth rate m, which measures rate of 

growth decline. Upper asymptotic weight (A) when age t 

approaches infinity is 
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RESULTS AND DISCUSSION 

 

Basic statistics are summarized in Table 1. The average 

age in months at which the measurements of ultrasound and 

body length were taken was 41.7±18.6. The overall means 

of LMA, BFT, HW, HR, WH, and GC were 51.2±7.7 cm
2
, 

5.13±2.64 mm, 124.1±4.6 cm, 125.3±4.3 cm, 28.2±2.7 cm, 

and 179.2±10.3 cm, respectively. Lee et al. (2008) reported 

greater LMA (59.1 cm
2
) and thicker BFT (5.32 mm) than 

the values in this study, but similar GC value (178.7 cm), 

when measured at 41.4±17.0 months of age in the Hanwoo 

cows. Choy et al. (2011) reported greater LMA (54.1±9.1 

cm
2
) and thinner BFT (3.57 mm) in a sample of Hanwoo 

cows than the results of this study. The differences between 

the results of the studies may be due to different ages at 

measurement or different feeding strategies among farms or 

regions. 

 Lee et al. (2003b) reported that Hanwoo cows had 

lower mature weight and later mature age than other breeds. 

Crews et al. (2004) reported that LMA and BFT in yearling 

Table 1. Means, standard deviations (SD), minimum, maximum, 

and coefficients of variation (CV) of ultrasound measures and 

body conformation traits 

Trait Mean±SD Minimum Maximum CV 

LMA 51.2 ±7.7 29.4 95.4 15.0 

BFT 5.1 ±2.6 1.0 23.0 51.5 

HW 124.1 ±4.6 102.0 144.0 3.7 

HR 125.3 ±4.3 109.0 141.0 3.4 

WH 28.2 ±2.7 12.4 44.0 9.5 

GC 179.2 ±10.3 148.0 219.0 5.7 

LMA, longissimus dorsi muscle area (cm2); BFT, backfat thickness (mm); 

HW, height at wither (cm); HR, height at rump (cm); WH, horizontal 

distance between top of hips (cm); GC, girth of chest (cm). 
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Simmental cows were 66.1 cm
2
 and 3.94 mm, respectively. 

Roberts et al. (2007) reported that the averages of LMA and 

BFT for yearling crossbred cows (50% Red Angus, 25% 

Charolaise, and 25% Tarentaise) were 58.8 cm
2
 and 3.96 

mm, respectively. Pinheiro et al. (2011) reported that the 

average values of LMA and BFT in Nelore cattle were 

48.98 cm
2
 and 1.94 mm at 20 months of age. Our results 

showed that the Hanwoo cows had smaller LMA and 

thicker BFT than other cattle breeds, although there was 

variability for the traits between individuals depending on 

genetics and feeding management, as would be expected. 

The estimates of parameters in Gompertz growth curves 

for each ultrasound and body conformation traits were 

summarized in Table 2. Upper asymptotic weights were 

estimated as 54.0 cm
2
, 7.67 mm, 125.6 cm, 126.4 cm, 29.3 

cm, and 184.1 cm, for LMA, BFT, HW, HR, WH, and GC, 

respectively. The estimates for 12 months of age were 47.3 

cm
2
, 3.93 mm, 111.7 cm, 114.3 cm, 23.6 cm, and 159.4 cm, 

respectively. Lee et al. (2008) reported that the estimates for 

asymptotic mature size of ultrasound LMA, BFT, and GC 

were 62.3±0.3 cm
2
, 7.31±0.27 mm, and 180.7±0.12 cm with 

Von Bertalanffy’s growth function in a sample of Hanwoo 

cows for which the traits were measured between 2002 and 

2007.  

In this study, the upper asymptotic mature sizes (A) of 

HW and HR related to born growth reached at 35 to 40 

months of cow age, while the A reached at later ages for 

other traits (Figure 1). The GC and WH that are related to 

reproductive performance had slower growth than HW and 

HR (Lee, 2011). The GC and WH also showed high Pearson 

Table 2. Estimates of parameters in Gompertz growth curves of ultrasound measures and body conformation traits 

 LMA BFT HW HR WH GC 

W0 43.8 ±1.5 3.3 ±0.2 85.8 ±3.2 73.2 ±6.9 17.8 ±0.9 133.9 ±3.3 

m 0.008 ±0.002 0.02 ±0.004 0.04 ±0.01 0.1 ±0.02 0.04 ±0.01 0.02 ±0.002 

D 0.04 ±0.009 0.02 ±0.005 0.10 ±0.01 0.1 ±0.01 0.07 ±0.01 0.07 ±0.004 

LMA, longissimus dorsi muscle area (cm2); BFT, backfat thickness (mm); HW, height at wither (cm); HR, height at rump (cm); WH, horizontal distance 

between top of hips (cm); GC, girth of chest (cm); W0, initial weight; m, the slope of growth curve at the initial specific growth rate; D, the rate of 

exponential decay of the initial specific growth rate m, which measures rate of growth decline. 

   

   

   
Figure 1. Gompertz curve for longissimus dorsi muscle area (LMA), backfat thickness (BFT), height at wither (HW), height at rump 

(HR), horizontal distance between top of hips (WH), girth of chest (GC). 
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correlation (0.66; p<0.001) and reached A at approximately 

60 months of age (Figure 1). Growth of LMA and BFT was 

much slower than HW, HR, GC, and WH, but the time to 

reach A of LMA was faster than for BFT. The LMA and GC 

also showed high correlation (0.63; p<0.001), which means 

that GC may be used to estimate LMA.  

Data should be measured repeatedly from an individual 

to estimate accurate parameters for growth curves in 

Hanwoo cows. However, 1.63 records per individual are 

fairly low, but no study to estimate growth curve was 

reported with repeated ultrasound records in Hanwoo cows. 

Further studies should be done with records from 3 months 

to 24 months old before parturition having relatively 

smaller environmental effects. 

Selection objectives in Hanwoo have been focused on 

growth or body shape, mainly due to small body size. 

Genetic improvements of beef yield haven been made by 

choosing individuals with heavier weights at a specific age, 

or even at earlier ages proper to a market standard weight 

(Cho et al., 2006). Both LMA size and BFT can be tracked 

easily using ultrasound measures, allowing for selection of 

breeding stock with optimal genetic improvement (Williams, 

2002). However, more ultrasound records per cow are 

needed to get accurate estimates of growth curve, which, 

thus, helps producers select animals with high accuracy 
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