
INTRODUCTION

Currently, the Hanwoo cattle (Korean cattle) industry is 

improving by selecting superior sires and distributing se-

men to farms for artificial insemination. This method is 

highly effective at the national level and has significantly 

contributed to the development of the Hanwoo industry 

(Kim et al., 2010). The Hanwoo Improvement Main Cen-

ter provides information on the major genetic abilities of 

certified sires (carcass weight, eye muscle area, backfat 

thickness, and intramuscular fat), as well as conformation 

traits and the genetic abilities of the top 10 primal cuts 

through its website and brochures.

Consumers’ meat consumption patterns are continu-

ously changing, and the Hanwoo industry must produce 

products that meet consumer demand. Recently, the con-

sumption of preferred meat cuts has intensified, resulting 

in a wider price gap between different meat cuts (Jeong et 
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ABSTRACT    
Background: The Hanwoo industry must develop technologies that can increase 
the production of preferred cuts to match changing consumer trends. In this study, 
we aimed to estimate the genetic parameters for carcass traits (carcass weight, eye 
muscle area, back fat thickness, and intramuscular fat) and primal cut traits (tenderloin, 
loin, strip loin, neck, clod, top round, bottom round, brisket, shank, and rib) in a 
Hanwoo population to obtain basic data for improving primal cut productivity.
Methods: Data from 1,905 Hanwoo steers, including carcass traits and primal cut 
weights, were collected. Genetic parameters were estimated using REMLF90 in a 
multi-trait analysis.
Results: High heritability was found for carcass weight (0.52) and strip loin yield (0.63). 
Genetic correlations between carcass weight and primal cut weights ranged from 0.52 
to 0.93.
Conclusions: This study demonstrates the significant potential for genetic improvement 
in Hanwoo cattle through selective breeding, particularly for traits with high heritability 
and genetic correlations. These findings provide crucial insights into optimizing breeding 
programs to improve Hanwoo cattle production efficiency.
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al., 2020). Cuts for grilling, such as tenderloins, loins, and 

strip loins, command high prices, whereas cuts not used 

for grilling have significantly lower prices. This wider 

price gap is closely related to consumer preferences (Kim, 

2011).

Therefore, the Hanwoo industry must develop technolo-

gies to increase the production of preferred cuts to match 

changing consumer trends. Improvement technologies 

that consider both meat quality and yield, as well as 

cut-specific production, are required. Lee et al. (2013) 

analyzed the relationship between conformational traits 

measured in Hanwoo steers and primary cut yield and 

found significant differences. Developing technologies to 

increase the yield of preferred cuts is expected to play a 

crucial role in increasing farmers’ incomes and enhanc-

ing the efficiency of the consumer-oriented Hanwoo 

industry. However, obtaining information on the yield of 

specific cuts during processing at a production site re-

mains challenging, and collecting and distributing related 

information is difficult. Thus, this study aimed to estimate 

the genetic parameters for carcass traits (carcass weight, 

eye muscle area, back fat thickness, and intramuscular 

fat) and primal cut traits (tenderloin, loin, strip loin, neck, 

clod, top round, bottom round, brisket, shank, and rib) in 

a Hanwoo population to secure basic data for improving 

primal cut productivity.

MATERIALS AND METHODS

Materials
The materials used in this study were obtained from 

1,905 Hanwoo steers slaughtered and processed at the 

Livestock Cooperative Federation (Jeonju, Gimje, and 

Wanju) Meat Processing Plant in the Jeollabuk-do region 

between 2018 and 2021. carcass traits (carcass weight, 

eye muscle area, back fat thickness, and intramuscular 

fat) of the analyzed group were collected from the Korea 

Institute for Animal Products Quality Evaluation website. 

Information on the yield of specific cuts of Hanwoo car-

casses was provided by the Livestock Cooperative Federa-

tion (Jeonju, Gimje, and Wanju) Meat Processing Plant. 

Pedigree information and individual data were obtained 

from the Korea Animal Improvement Association.

Phenotype data collection
The cut-specific data used in the analysis were mea-

sured based on the following detailed standards of live-

stock grading: carcass weight, eye muscle area, back fat 

thickness, and intramuscular fat. The carcasses were 

quartered, and the weight of each part was measured at 

the meat processing plant. The cuts were classified into 

10 primary cuts, namely tenderloin, loin, strip loin, neck, 

clod, top round, bottom round, brisket, shank, and rib.

Estimation of genetic parameters
The relationship matrix of individuals was constructed 

using PreGSF90 and the genetic parameters were esti-

mated using REMLF90, both from the BLUPF90 family 

program. Genetic parameters for carcass traits (carcass 

weight, eye muscle area, back fat thickness, and intra-

muscular fat) and 10 primal cuts (tenderloin, loin, strip 

loin, neck, clod, top round, bottom round, brisket, shank, 

and rib) were estimated by performing a multi-trait analy-

sis using the relationship matrix. The additive genetic and 

environmental variances for each trait were estimated, 

and the matrix for the linear model used for the estima-

tion was as follows:

where:

Yp: Observations of carcass traits (carcass traits, weights, 

and yields of 10 primary cuts).

X: Incidence matrix for fixed effects (birth year, birth 

month, slaughter year, slaughter month, and slaughter 

age).

β: Vector of fixed effects estimates.

Z: Incidence matrix for genetic effects.

u: Vector for additive genetic effects.

e: Vector of residual effects.

A: Relationship matrix among individuals.

I: Identity matrix with diagonal elements equal to 1.

Where, Yp represents the observed values for carcass 

traits, X is the incidence matrix for fixed effects, and Z is 

the incidence matrix for genetic effects. u represents the 

additive genetic effects, e represents the random residual 

effects, I is the relationship matrix among individuals, 

and I is the identity matrix with diagonal elements equal 

to one.     and     are the genetic variance and residual 

variance, respectively. The genetic correlation between 

carcass traits was estimated based on the variance and 

covariance estimates obtained during the analysis pro-
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cess. The phenotypic correlation between carcass traits 

was analyzed using the Pearson correlation method.

where,      and     are the genetic variance and pheno-

typic variance, respectively. Covα and Covp represent the 

genetic covariance and phenotypic covariance between 

carcass traits, respectively. rG is the genetic correlation, 

and rP is the phenotypic correlation.

Estimation of heritability
 Heritability was estimated using REMLF90, and the 

calculated heritability was derived from the genetic and 

residual variance using the following formula:

where,

h2 is the heritability,

     is the phenotypic variance,

     is the genetic variance,

     is the residual variance.

RESULTS

Basic statistics of phenotypic traits
Table 1 presents the basic statistics for the phenotypic 

traits. We analyzed 1,905 Hanwoo steers raised in Jeol-

labuk-do. The mean and standard deviation of carcass 

traits—carcass weight, eye muscle area, backfat thickness, 

and marbling score—were 446.43 ± 44.38 kg, 93.39 ± 

10.20 cm2, 12.95 ± 5.11 mm, and 6.10 ± 1.94, respec-

tively.

For the weights of the 10 primal cuts, the mean and 

standard deviation were as follows: tenderloin (6.02 ± 0.71 

kg), loin (36.63 ± 4.42 kg), strip loin (9.12 ± 1.15 kg), 

neck (15.30 ± 2.22 kg), clod (24.54 ± 3.45 kg), top round 

(21.51 ± 4.99 kg), bottom round (35.45 ± 3.94 kg), brisket 

(29.81 ± 3.96 kg), shank (16.18 ± 1.73 kg), and rib (54.09 

± 6.09 kg).

Table 1. Basic statistics for reference population in four major traits, primal cut weight, and percentage

Trait Min Max Mean S.D.

Carcass traits CWT (kg) 314.0 597.0 446.43 44.38

EMA (cm2) 53.0 135.0 93.39 10.20

BFT (mm) 2.0 39.0 12.95 5.11

MSC (score) 1.0 9.0 6.10 1.94

Weight of primal cut TDL (kg) 3.9 8.8 6.02 0.71

LN (kg) 21.1 54.6 36.63 4.42

STL (kg) 5.8 14.0 9.12 1.15

NK (kg) 8.4 26.4 15.30 2.22

CL (kg) 13.2 36.0 24.54 3.45

TR (kg) 12.3 39.7 21.51 4.99

BR (kg) 20.6 52.8 35.45 3.94

BK (kg) 16.2 46.6 29.81 3.96

SK (kg) 10.1 23.7 16.18 1.73

RIB (kg) 34.9 79.6 54.09 6.09

Percentage of primal cut TDL (%) 1.0 1.9 1.35 0.13

LN (%) 5.7 11.1 8.22 0.73

STL (%) 1.4 2.8 2.05 0.18

NK (%) 2.3 5.4 3.43 0.39

CL (%) 2.9 7.9 5.51 0.64

TR (%) 2.7 8.3 4.85 1.16

BR (%) 6.0 11.4 7.95 0.60

BK (%) 4.4 8.8 6.67 0.56

SK (%) 2.8 5.0 3.63 0.28

RIB (%) 10.0 18.5 12.11 0.62

CWT, carcass weight; EMA, eye muscle area; BFT, back fat thickness; MS, marbling score; TDL, tender loin; LN, loin; STL, strip loin; NK, neck; CL, clod; TR, 

top round; BR, bottom round; BK, brisket; SK, shank; RIB, rib; S.D., standard deviation.
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Lee (2016) reported the mean and standard deviation of 

the weights of the same primal cuts in Hanwoo steers as 

5.86 ± 0.71 kg, 35.16 ± 3.98 kg, 7.15 ± 0.90 kg, 12.47 ± 

2.68 kg, 22.74 ± 2.48 kg, 19.55 ± 2.10 kg, 31.81 ± 3.35 

kg, 28.26 ± 4.20 kg, 14.09 ± 1.50 kg, and 56.09 ± 7.04 

kg, respectively. Compared to these results, the weights of 

all primal cuts in this study were higher. This discrepancy 

is attributed to the age differences at the time of slaugh-

ter. In the study by Lee (2016), the steers were slaughtered 

at 24 months for progeny testing, whereas the steers in 

this study were slaughtered at an older age, which is typi-

cal of commercial farms.

Genetic parameters of carcass traits and primal cuts
The estimated genetic parameters (genetic variance, re-

sidual variance, and heritability) for carcass traits (carcass 

weight, eye muscle area, backfat thickness, and marbling 

score) and primal cut weights (tenderloin, loin, strip loin, 

neck, clod, top round, bottom round, brisket, shank, and 

rib) are summarized in Table 2. The genetic variances 

of carcass weight, eye muscle area, back fat thickness, 

and marbling score were 970.20, 43.90, 6.52, and 1.64, 

respectively. The corresponding residual variances were 

906.70, 55.75, 18.93, and 2.16, and the heritability values 

were 0.52, 0.44, 0.26, and 0.43, respectively.

For the weights of primal cuts (tenderloin, loin, strip 

loin, neck, clod, top round, bottom round, brisket, shank, 

and rib) the genetic variances were 0.23, 0.23, 7.25, 0.81, 

1.67, 3.58, 0.99, 8.18, 6.73, and 1.48, respectively. The re-

sidual variances were 0.24, 10.41, 0.45, 2.73, 7.02, 15.50, 

7.10, 7.17, 1.48, and 14.51, respectively. The heritability 

ranged from 0.06 to 0.64, with strip loin exhibiting the 

highest heritability. Lee et al. (2014) reported heritability 

of 0.53, 0.50, 0.57, 0.17, 0.78, 0.69, 0.75, 0.18, 0.49, and 

0.14 for these cuts in Hanwoo steers slaughtered at 24 

months. This study found a notably lower heritability for 

the top round, unlike the low heritability reported for the 

neck, brisket, and ribs in previous studies.

The estimated genetic variances for primal cut yields 

(tenderloin, loin, strip loin, neck, clod, top round, bottom 

Table 2. Estimated genetic parameters for the four major traits, primal cut weight, and percentage

 Trait Genetic variance(s) Residual variance(s) Heritability

Carcass traits CWT 970.20 906.70 0.52

EMA 43.90 55.75 0.44

BFT 6.52 18.93 0.26

MSC 1.64 2.16 0.43

Weight of primal cut TDL 0.23 0.24 0.49

LN 7.25 10.41 0.41

STL 0.81 0.45 0.64

NK 1.67 2.73 0.38

CL 3.58 7.02 0.34

TR 0.99 15.50 0.06

BR 8.18 7.10 0.54

BK 6.73 7.17 0.48

SK 1.48 1.48 0.50

RIB 19.92 14.51 0.58

Percentage of primal cut TDL 0.005 0.009 0.34

LN 0.100 0.310 0.24

STL 0.020 0.012 0.63

NK 0.023 0.098 0.19

CL 0.061 0.258 0.19

TR 0.121 0.727 0.14

BR 0.144 0.193 0.43

BK 0.107 0.146 0.42

SK 0.021 0.052 0.28

RIB 0.166 0.164 0.50

CWT, carcass weight; EMA, eye muscle area; BFT, back fat thickness; MS, marbling score; TDL, tender loin; LN, loin; STL, strip loin; NK, neck; CL, clod; TR, 

top round; BR, bottom round; BK, brisket; SK, shank; RIB: rib.
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round, brisket, shank, and rib) were 0.005, 0.100, 0.020, 

0.023, 0.061, 0.121, 0.144, 0.107, 0.021, and 0.166, and 

the residual variances were 0.009, 0.310, 0.012, 0.098, 

0.258, 0.727, 0.193, 0.146, 0.052, and 0.164, respectively. 

Heritability values were 0.34, 0.24, 0.63, 0.19, 0.19, 0.14, 

0.43, 0.42, 0.28, and 0.50, respectively, with strip loin 

yield showing the highest heritability. Lee (2016) reported 

heritability values for primal cut yields as 0.53, 0.58, 0.65, 

0.28, 0.78, 0.60, 0.66, 0.22, 0.57, and 0.43, respectively. 

This study showed notable differences, particularly in the 

heritability of clod and top ound yields.

Phenotypic and genetic correlations
Table 3 and 4 present the results of the phenotypic and 

Table 3. Phenotypic correlations (above the diagonal) and genetic correlations (below the diagonal) between the four major traits and primal 
cut weight 

Weight of primal cut

Trait CWT EMA BFT MSC TDL LN STL NK CL TR BR BK SK RIB

CWT 0.48 0.30 0.17 0.63 0.69 0.70 0.62 0.56 0.16 0.75 0.78 0.72 0.89

EMA 0.61 -0.02 0.35 0.45 0.50 0.67 0.45 0.33 0.08 0.52 0.50 0.48 0.43

BFT 0.30 -0.11 0.03 0.01 0.08 0.08 0.01 0.01 0.01 -0.02 0.10 -0.01 0.19

MSC 0.34 0.55 -0.07 0.08 0.23 0.33 0.08 0.12 -0.01 0.07 0.19 0.01 0.23

TDL 0.78 0.70 0.15 0.35 0.65 0.64 0.54 0.62 0.34 0.80 0.70 0.76 0.61

LN 0.88 0.83 0.06 0.56 0.79 0.67 0.47 0.60 0.37 0.69 0.67 0.65 0.70

STL 0.72 0.88 0.10 0.54 0.70 0.86 0.55 0.53 0.19 0.70 0.72 0.63 0.66

NK 0.87 0.82 0.01 0.32 0.84 0.92 0.79 0.43 0.10 0.61 0.54 0.60 0.51

CL 0.84 0.72 0.01 0.41 0.89 0.87 0.72 0.92 0.35 0.67 0.59 0.67 0.51

TR 0.52 0.54 -0.14 0.35 0.76 0.61 0.47 0.67 0.82 0.29 0.23 0.29 0.18

BR 0.82 0.67 0.05 0.33 0.89 0.82 0.74 0.86 0.91 0.83 0.75 0.87 0.68

BK 0.84 0.75 0.00 0.35 0.81 0.92 0.82 0.93 0.87 0.65 0.86 0.71 0.76

SK 0.87 0.68 0.07 0.21 0.89 0.83 0.72 0.87 0.88 0.67 0.94 0.84 0.65

RIB 0.93 0.65 0.18 0.48 0.68 0.88 0.71 0.82 0.82 0.52 0.75 0.77 0.79

CWT, carcass weight; EMA, eye muscle area; BFT, back fat thickness; MS, marbling score; TDL, tender loin; LN, loin; STL, strip loin; NK, neck; CL, clod; TR, 

top round; BR, bottom round; BK, brisket; SK, shank; RIB, rib.

Table 4. Phenotypic correlations (above the diagonal) and genetic correlations (below the diagonal) between the four major traits and primal 
cut percentage 

Percentage of primal cut

Trait CWT EMA BFT MSC TDL LN STL NK CL TR BR BK SK RIB

CWT 0.48 0.30 0.17 -0.27 -0.18 -0.12 -0.08 -0.18 -0.26 -0.22 0.05 -0.30 0.02

EMA 0.61 -0.02 0.35 0.06 0.15 0.42 0.16 -0.01 -0.13 0.13 0.24 0.05 0.01

BFT 0.29 -0.09 0.03 -0.30 -0.22 -0.21 -0.24 -0.23 -0.11 -0.42 -0.19 -0.39 -0.15

MSC 0.35 0.56 -0.05 -0.08 0.13 0.27 -0.05 0.00 -0.08 -0.12 0.11 -0.21 0.17

TDL -0.19 0.21 -0.18 0.05 0.40 0.37 0.26 0.44 0.37 0.66 0.39 0.60 0.10

LN -0.14 0.50 -0.44 0.47 0.31 0.38 0.09 0.37 0.39 0.38 0.28 0.34 0.27

STL 0.03 0.66 -0.15 0.44 0.30 0.67 0.22 0.25 0.14 0.39 0.38 0.29 0.10

NK 0.10 0.57 -0.42 0.08 0.41 0.54 0.43 0.15 0.02 0.29 0.10 0.29 -0.12

CL -0.13 0.28 -0.42 0.17 0.66 0.46 0.32 0.54 0.35 0.49 0.27 0.49 0.02

TR -0.67 -0.23 -0.38 -0.12 0.52 0.36 0.12 0.18 0.58 0.31 0.15 0.31 0.08

BR -0.10 0.22 -0.34 0.03 0.70 0.30 0.36 0.39 0.69 0.55 0.38 0.74 0.03

BK 0.05 0.48 -0.40 0.13 0.43 0.61 0.56 0.66 0.50 0.28 0.53 0.30 0.25

SK -0.14 0.18 -0.36 -0.22 0.68 0.20 0.25 0.36 0.58 0.41 0.80 0.40 0.01

RIB 0.23 0.34 -0.21 0.50 -0.24 0.33 0.16 0.08 0.08 -0.10 -0.11 -0.02 -0.15

CWT, carcass weight; EMA, eye muscle area; BFT, back fat thickness; MS, marbling score; TDL, tender loin; LN, loin; STL, strip loin; NK, neck; CL, clod; TR, 

top round; BR, bottom round; BK, brisket; SK, shank; RIB, rib.
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genetic correlation analyses. The genetic correlations be-

tween carcass weight and primal cut weights ranged from 

0.52 to 0.93, with the highest correlation observed for the 

rib (0.93). The genetic correlations between eye muscle 

area and primal cut weights were high for the loin, strip 

loin, and neck (0.83, 0.88, and 0.82, respectively), likely 

because these cuts were derived from the same muscle 

group. The genetic correlations between backfat thick-

ness and primal cut weights were low (0.00-0.18), with 

neck, clod, and brisket showing nearly zero correlation 

(0.01, 0.01, and 0.00, respectively). Marbling score had 

genetic correlations of 0.21-0.56 with primal cut weights, 

with the highest correlation observed for the loin (0.56).

Phenotypic and genetic correlations among primary 

cut weights were generally positive. The genetic correla-

tions for tenderloin weight with other primal cut weights 

ranged from 0.68 to 0.89, with high correlations for neck, 

clod, bottom round, brisket, and shank (0.84, 0.89, 0.89, 

0.81, and 0.89, respectively). The loin weight had genetic 

correlations of 0.61-0.92 with other primal cuts, with 

relatively lower correlations for loin (0.79) and top round 

(0.61). The genetic correlations for strip loin weight with 

other cuts ranged from 0.47 to 0.86, with higher correla-

tions for loin and brisket (0.86 and 0.82, respectively). The 

genetic correlations for top round weight with strip loin 

and rib were lower (0.47 and 0.52), while loin weight had 

high genetic correlations with neck and brisket (0.92 and 

0.92), and neck weight had high correlations with clod 

and brisket (0.92 and 0.93). The bottom-round weight had 

high genetic correlations with clod and shank (0.93 and 

0.94, respectively).

Genetic correlations among primary cut yields showed a 

range of values. The genetic correlations with other yields 

ranged from -0.24 to 0.70 for tenderloin yield, with high 

correlations observed for clod, top round, bottom round, 

and shank yields (0.66, 0.52, 0.70, and 0.68, respectively). 

Loin yield had genetic correlations of 0.20-0.67 with oth-

er yields, with high correlations noted for strip loin, neck, 

and brisket yields (0.67, 0.54, and 0.61, respectively). Strip 

loin yield had genetic correlations of 0.12-0.67 with other 

yields, with a relatively high correlation with loin yield 

(0.67). The genetic correlations of clod yield with top-

round, bottom-round, brisket, and shank yields were 0.58, 

0.69, 0.50, and 0.58, respectively. In contrast, the bottom-

round yield had genetic correlations of 0.55 and 0.80 with 

top-round and shank yields, respectively.

DISCUSSION

In the present study, the heritability estimates for car-

cass weight, eye muscle area, back-fat thickness, and 

marbling score were 0.52, 0.44, 0.26, and 0.43, respec-

tively. Different studies have reported varying heritability 

for these traits. Lee and Yoon (2021) reported heritability 

values of 0.52, 0.39, 0.39, and 0.47 for carcass weight, 

eye muscle area, backfat thickness, and marbling score, 

respectively, in Hanwoo steers slaughtered at 30 months 

in the Jeongeup region of Jeollabuk-do. Sun (2021) re-

ported heritability values of 0.34, 0.26, 0.32, and 0.57 in 

steers raised in Gyeongnam. Dang et al. (2013) reported 

heritability values of 0.30, 0.21, 0.42, and 0.42 in Hanwoo 

steers slaughtered in Pyeongchang, Gangwon-do. These 

differences in heritability values highlight the influence 

of region, environment, and herd size on heritability es-

timates. This study’s focus on primal cut traits is particu-

larly relevant given the changing consumer preferences 

and the economic implications of producing high-value 

cuts. The high heritability observed for strip loin (0.63) 

and other primal cuts suggests that these traits should be 

effectively targeted in breeding programs to enhance the 

overall value of Hanwoo carcasses.

 However, this study also highlighted the challenges of 

collecting and distributing information on the yield of 

specific cuts during processing. Improving data collection 

methods and enhancing the accuracy of genetic evalua-

tions at production sites could further optimize breeding 

programs. Additionally, integrating advanced technologies 

such as genomic selection and precision livestock farming 

could enhance the efficiency and effectiveness of genetic 

improvement. 

CONCLUSION

This study provides a comprehensive framework for 

understanding the genetic parameters of economically 

important Hanwoo cattle traits. The Hanwoo industry can 

implement more targeted and effective breeding programs 

by leveraging the identified high heritability and genetic 

correlations. These efforts are crucial for adapting to 

consumer trends, increasing profitability, and ensuring 

the sustainable development of the Hanwoo industry.
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