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Abstract
Pork is known as one of the preferred part of meat worldwide. Especially, the belly, known as 
‘Samgyeopsal’in South Korea, has been preferred by consumers in South Korea. Pork belly 
contained various component muscles, intermuscular and subcutaneous fat. The high-fat bel-
ly cut (containing 50%–60% fat ratio) has a low preference in South Korea whereas, the stan-
dard belly cut (20%–40% fat ratio) of the consumer preference was different. In addition, the 
evaluation system focused on lean meat production, represented by loin eye area and back 
fat thickness. In this review, we discussed the pork belly structure, phenotypic correlation with 
lean meat production ability and meat quality, and genetic potential to confirm to possibility of 
application to pig breeding. Moreover, the confirmed possibilities considered that could be a 
base on the evaluation of standard for the pork belly as an economic trait.
Keywords: Pork belly, Economic trait, Breeding potential, Pig breeding

INTRODUCTION
Pork, one of the most consumed meats, has been preferred by consumers [1]. It has been particularly 
recognized as an essential source of animal protein [2]. According to that preference, meat consumption 
per person has been steadily increasing (Fig. 1). Among the many parts of meat in pork, the belly, 
known as high-fat cutting and, has been preferred by consumers in South Korea [3–5]. The price of the 
belly is the highest than the other pork meat (Fig. 2). This means that the belly is the most preferred cut 
of pork in South Korea. Pork belly is imported in South Korea because it cannot meet the demand with 
domestic production, and the import volume is increasing tendency (Fig. 3). Most belly is consumed via 
a roasting cooking in South Korea called ‘Samgyeopsal’ in Korean word. Moreover, in East Asia, pork 
belly is also a preferred part of meat as various cooking ingredient compared to the Western for bacon 
[6]. Therefore, the belly seems to be a large part of the pork market worldwide, and its marketability is 
expected to expand compared to the present.

Pork belly, which has copious flavor and taste, has known as a high-fat cut among primal pork cuts 
because of its high subcutaneous fat [4]. Nevertheless, too much subcutaneous fat composition derives a 
greasy taste, which makes it a non-preferable factor [5,7]. The high-fat belly (also known as ‘caky-fatty’), 
a non-preferred belly cut, appeared in the 5th lumbar vertebra and the 12th thoracic vertebra with high 
subcutaneous fat [7]. However, Koreans prefer the fat cut more than Europeans [3]. According to those 
reports, that is a fact pork belly is the favored meat in South Korea and other countries. Moreover, its 
marketability is a large scale to focus on by the swine industry, including South Korea. However, the 
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standard belly cut of the consumer preference was different. In addition, the pork evaluation system 
in South Korea has focused on lean meat production, represented by loin muscle traits and back 
fat thickness, except for the belly. In this study, we reviewed the previous reports to focus on the 
characteristics of pork belly for improving heading to consumer preference in many ways, including 
phenotypic and genetic approaches and the possibility of improving using animal breeding in South 
Korea.

THE CHARACTERISTICS OF PORK BELLY
The structure of the belly
Pork belly is officially defined that “The abdominal muscle from the fifth rib or sixth rib to the last 
lumbar spine (including the navel and dorsal oblique muscles) after separation from the fat mass of 

Writing - review & editing: Lee SH, Kim JM.

Ethics approval and consent to participate
This article does not require IRB/IACUC 
approval because there are no human and 
animal participants.

Fig. 1. Meat consumption per person in South Korea [8]. 

Fig. 2. The price by pork cuts in South Korea [9]. 
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the humerus at the hind leg along the thin membrane of the torso and abdominal muscles” in South 
Korea (Fig. 4) [11]. The pork belly contains some component muscle and fat, comprising 55%–60% 
adipose tissue [12]. The belly fat is divided into two layers: subcutaneous and intermuscular fat. The 
significant component muscles of the belly are designated as the cutaneous trunci muscle, latissimus 
dorsi muscle, pectorales profundi muscle, rectus abdominis muscle, external abdominal oblique muscle, 
serratus ventralis, diaphragm, intercostal externi, and obliquus abdominis interni, and the others.

Kim  reported that the pectorales profundi muscle showed a characteristic of a constant decrease in 
the thoracic vertebrae area of the belly and then disappearing within them [7]. The cutaneous trunci 
muscle, a significant component muscle of the belly, steadily increases from the thoracic vertebrae 
and is observed in the lumbar vertebrae area of the belly. The latissimus dorsi muscle, developed 
above the cutaneous trunci muscle, was majorly observed at the beginning of the thoracic vertebrae 
area of the belly. The rectus abdominis muscle is irregularly developed from the 5th–6th thoracic 
vertebrae, and its maximum area is majorly watched at the end of the thoracic vertebrae point of the 
belly. The external abdominal oblique muscle is also developed, like the rectus abdominis muscle, to the 
end of the thoracic vertebrae. It rapidly disappears at the beginning of the lumbar vertebrae area of 
the belly.

Fig. 3. The amount of pork belly imported in South Korea [10].

Fig. 4. The whole shape of pork belly.
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The measurement of the pork belly traits
The measurement method of the belly was previously introduced to a passive and an automatic 
methods. A passive method means directly measuring using a ruler and a scale. A grader of the 
Animal Products Grading Service (APGS) used that method for a long time [13]. However, as 
the slaughter amount of pork has increased, that method has become less efficient because of the 
required time for measurement [14]. The automatic measurement system (AMS) was developed 
because of these problems.Automatic Fat-O-Meat’er (AutoFOM), one of the AMS has been 
distributed in Europe since the 1990s, and after that, VCS2000, the visual analyzing system, was 
developed and distributed [14]. The information on the instrument is summarized in Table 1.

The FOM method classified automatic and manual systems [15]. The FOM measurement 
system measured lean meat percentage (LMP) and fat thickness of the carcass including belly 
region using ultrasonic instrument [16,17]. The AutoFOM system, based on the ultrasonic scanner, 
has 16 ultrasonic sensors, and it measures the carcass at an interval of 5 mm 200 times during the 
slaughter process [18]. The AutoFom reported that it showed a lower ratio of error than the other 
non-destructive automated inspection in the European standard [16]. UltraFOM, another FOM 
method system, handled manually as non-invasive ultrasound instrument unlike AutoFOM [15]. 
The FOM method is easy to measure the pork belly parameters, because of ultrasonic.

VCS2000 is an instrument which automatically measured LMP from the half of carcass 
including belly region via video based image measurement [18,19]. Font et al. previously reported 
that the estimation accuracy of LMP via VCS2000 was lower than FOM and AutoFOM system 
[16]. However, an effort to decrease accuracy differences between FOM method and VCS2000 
was proceeded via correcting estimation equation [13]. Moreover, the differences were derived from 
the variation of evaluation system, hence it is necessary to identifying an equation which fitted an 
environment of evaluation.

CONSUMER PREFERENCE FOR THE PORK BELLY 
People consumed pork belly as bacon for roasting in the Western world. However, South Korea’s 
pork belly is consumed as a raw meat shape for roasting or steaming. In the early, the muscle 
composition occupied 22%–23% of the pork belly [20]. Consumers demand increasing meat 
composition for bacon [20]. Stiffler et al. [21] also reported that the muscle-fat ratio could affect 
consumer preference. According to this preference, the pork belly fat region decreases by around half 
[6,12]. However, it affects fat separation and other sensory issues [22]. The increased belly-muscle 
ratio has been derived from increasing the moisture content and polyunsaturated fatty acid (PUFA) 
[23,24]. As a result of the swine breeding to increasing muscle ratio, the product of the pork belly 
becomes soft and thin [24]. Hence, it has been challenging to handle the processors. Moreover, the soft 
and low-fat bellies may cause to reduce storage period and poor product quality [6].

There were three sights against the pork belly: producers, processors, and consumers. From the 
producer’s point of view, the quality of the belly is the same as its weight [6,25]. It is because why 

Table 1. Automated measurement method for carcass traits
Instrument Producer Measuring principle Reference

UltraFOM (UFOM, UltraFOM 300) SFK Technology Ultrasound 15–17

AutoFOM SFK Technology Ultrasound 15–17

CVT-2 AUS Ultrasound 15

Vision-Based Video Image Analyzer (VCS2000) E+V Technology GmbH Video image 12,13,17



https://doi.org/10.5187/jast.2022.e118 https://www.ejast.org  |  5

Lee and Kim

pork meat is priced by its weight. Furthermore, the viewpoint of meat processors prefers heavy belly 
weight and thick belly for processing [23]. Moreover, a thick belly is known to relate to firmness 
because of belly fat composition, including a low PUFA ratio [24]. However, the increased pork 
belly weight may cause a concomitant rise in fat composition. Therefore, it is important to find 
a suitable muscle-fat ratio. From the point of view of consumers, the nutritional and appearance 
parameters such as flavor, total fat, fatty acid composition, color, and thickness [12]. Person et al. 
additionally reported that consumers prefer to thin and average belly thickness as bacon slices [12]. 
However, since it is a perspective of consuming bacon, this preference may be different from that of 
Korea, which consumes grilled belly.

In South Korea, fat composition (53.4%), meat color (25.8%), wideness (14.5%), and fat color 
(4%) of the belly parameters were attractive traits by consumers [7]. In addition, another study 
reported as the numericalized data that the consumer preference of the belly for thickness was 
approximately 3.94 cm [26]. Vonada et al. also presented other belly parameters, including fat 
contents, lean color, and belly weight, which Korean consumers preferred. Korean consumers 
preferred a moderate amount of moderate fat contents (approximately 20%–40%) and 4.04 kg 
of the belly weight [26]. As it is the most consumed area in Korea, many preference surveys were 
expected to be conducted, but few showed the exact numericalized data. In addition, since the 
focus was only on meat color (lightness), fat ratio, and belly weight, it was difficult to investigate the 
detailed muscles that makeup pork belly and the characteristics of each muscle. However, based on 
previous studies, improvement should be carried out with the goal of breeding pork belly. 

THE DETERMINING FACTORS FOR THE BELLY IN THE 
GROWTH STAGE
The growth stage for the pork belly, which is made up of various muscles and fat, can be divided 
into three parts: myogenesis, fat deposition, and nutritional background. At first, myogenesis is well 
reported by previous studies. The myogenesis started at the embryo stage to post-natal [27–29]. 
During the embryonic development stage, mesoderm started myogenesis with the first muscle fiber 
construction, and the muscle fiber proliferated to the additional fibers [29,30]. The proliferation of 
the myogenic progenitors become active in the initial stage, whereas the activity decreases as the 
reaches a steady state of the number of myonuclei [31,32]. From the viewpoint of pork belly, lateral 
trunk and limb muscles are associated with pork belly muscle characteristics. The lateral trunk and 
limb muscles were reported to be derived from the hypaxial domains during embryo development 
[30]. 

Fat deposition is derived from adipogenesis. The adipocyte is divided into two central depots: 
subcutaneous adipose tissue and visceral adipose tissue in the human study [33]. These adipose 
tissues are similarly observed and measured in the livestock animals such as swine and cattle 
[34]. Pig adipose tissue developed during the cellular hyperplasia stage between 7 and 20 kg 
[35]. Moreover, some studies reported that the intermuscular fat, composed of pork belly, 
showed different growth patterns against their anatomical location [36,37].The growth rate of 
intermuscular fat in the belly is more rapid than subcutaneous fat, whereas the ham observed reverse 
growth [36,37].Another previous study backed up these observations that 18% of intermuscular 
adipose tissue develops in the pig growth stage due to 23 kg of body weight (from weaning to post 
weaning) [38]. It then decreases its ratio to 13% due to 114 kg body weight. The fat ratio presented 
66% at the 91 kg body weight based on 100% at the 114 kg [38]. Therefore, the identification of 
intermuscular fat regulation factors affecting the rate of development against subcutaneous fat in 
pre-finishing pigs is needed.
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The nutrition factor is another important point of pig growth and its belly site. Short chain 
fatty acid (SCFA), a product of bacteria fermentation, was reported that plays a role in providing 
energy for host cells as gut microbiota [39]. In the pig study, oral administration of SCFA could 
be affected to decrease fat deposition [40,41]. Another fat deposition study reported that the ratio 
of Archaeal species with methanogenesis abundance, deriving high-fat deposition, in high-fat pigs 
was higher than in low-fat pigs [42]. Moreover, butyrate-producing bacteria species, improving 
SCFAs, was identified in the low-fat pigs [42]. High fat diet could associate with abdominal fatty 
acid deposition in abdominal fat in pigs [43]. In addition, Duroc pigs had a resistant to fatty acid 
composition of the diet [43]. Therefore, low-fat diet could be affected to decrease abdominal fat 
deposition, whereas further study with pig microbiome which relate to fat deposition microbiota is 
needed to identify decreasing belly fat deposition to maintain firmness of pork belly.

Phenotype correlation with lean meat production ability
For a long time, an effort for improving production ability has been continuously conducted 
as a goal of pig breeding. The production trait was traditionally classified as loin eye area, as a 
representative skeletal muscle, growth performance, and back fat thickness. In addition, a carcass 
weight and live weight is known to use to estimate carcass composition and its related muscle and 
fat composition [44]. The skeletal muscle has been known to one of the major factor of the carcass 
[45]. Especially, muscle fiber characteristics consist of the skeletal muscle such as total number 
of fiber, size of muscle fiber were reported that related to lean meat production ability [45–48]. 
Moreover, the dimensional pork parameters including size, thickness, and weight were recognized 
by meat processors as the pork belly production ability [23]. However, the lack of study for pork 
belly component muscle as a lean meat production ability. Pork belly consist various muscles, which 
are composed of muscle fiber characteristics. Therefore, it is necessary to identify its characteristics 
in the pork bellies.

Some studies reported the phenotypic correlations between pork belly components and lean meat 
production traits. Hermesch  reported that the fat percentage of the belly had a negative correlation 
with the rib bone-muscle area (−0.34) and had a positive correlation with the intermuscular 
and subcutaneous fat area (0.63 and 0.66, respectively) [49]. Moreover, the other phenotypic 
correlations between the rib bone-muscle area and other belly traits were slightly positive. Miar 
et al.  also performed the phenotypic correlation between carcass and meat quality traits in 
commercial crossbred pigs [50]. The relationships with untrimmed belly weight against hot carcass 
weight, back fat depth, loin depth and loin eye area were estimated (0.58, 0.31, 0.12 and 0.39, 
respectively). Another phenotypic correlation between carcass traits and pork belly components 
has been reported: the seventh slice of the belly components positively correlated with whole belly 
traits [51]. However, these correlation studies did not estimate using all component traits of the 
belly. Therefore, further study is needed to estimate the phenotypic correlation among parameters, 
including pork belly components. 

Phenotype correlation with meat quality
Meat quality traits was roughly categorized to sensory quality (i.e. visual texture and flavor), 
technological quality (i.e. water holding capacity and pH), and nutritional quality (i.e. protein 
contents, vitamins and minerals) [52]. In addition, the sensory qualities such as tenderness, juiciness 
and flavor was importantly recognized by the consumers [53]. Intramuscular fat level was also 
positively recognized as a factor for negotiation of eating quality (i.e. juiciness, tenderness, flavor 
intensity and oily mouth feel) [54,55]. As the biochemical constitution of muscle, muscle fiber 
characteristics reported to affecting meat qualities such as meat color and pH [56–58]. In the 
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pork belly, belly firmness has been known to the quality parameter for processors [23]. Therefore, 
sustaining the meat quality and improving pork belly quality is important for consumers.

Some researchers have reported the phenotypic correlation between belly parameters and meat 
quality. A previous study reported that the estimated correlation between belly yield and meat 
quality did not show significance [59]. Another study presented that the phenotypic correlation 
between pork belly and meat quality showed weak correlation coefficients [49]. Miar et al. estimated 
the phenotypic correlation between belly weight and meat quality [50]. The trimmed belly weight 
obtained a weakly negative correlation with cooking loss, shear force and pH (−0.08, −0.12 and 
0.08, respectively). In addition, untrimmed belly weight significantly correlated with loin muscle 
lightness (0.13). The other meat quality traits did not show significance. The phenotypic correlation 
among the belly weight, yield and meat quality traits had a weak relationship. Moreover, other belly 
traits, including component parameters, did not estimate. It is necessary to estimate between belly 
components and meat quality traits.

THE GENETIC POTENTIAL FOR IMPROVING PORK BELLY 
TRAITS
The genetic factors
Estimating genetic parameters are needed to use pork belly parameters to improve swine breeding. 
In addition, since the impact on the industry may vary depending on the difference in breeding 
goals, it is necessary to set the correct target traits. Do  reported that part meats’ weight, such as 
Boston cut and bellies associated with plant age [60]. Moreover, it was also suggested that which 
traits selected for the goal of swine breeding could affect the pork industry. If the goal were focused 
on the weight of the belly, the pig would be changed bigger, whereas focusing on the meat cut 
percentage will change the body shape of the pigs. Therefore, genetic parameters such as heritability 
and genetic correlation were estimated by some studies. 

Hermesch et al.  reported that the heritability of pork belly for lean meat was 0.23 (intermuscular 
fat area) to 0.34 (fat percentage) [49]. The heritability of the belly weight was presented as 0.27 to 
0.31 in another study [61]. Willson et al. reported estimated genetic parameters for pork quality 
traits, including belly width and weight [62]. Those studies were width, fat area, and total muscle 
area of the specific parts of the belly. The reported heritabilities appeared moderate. Therefore, 
improving pork bellies for consumer preference, heading to less fat and increasing muscle ratio, 
could be possible via swine breeding. However, the reported heritabilities of belly traits did not 
vary. Therefore, further estimation of heritabilities for detail traits such as the area or volume of 
component muscle and muscle and fat ratio is needed. Kang et al. [63] reported heritabilities using 
detailed belly traits; it showed moderate to high (0.27 to 0.49), but its population size was small; 
thus, a more extensive population study is needed to improve accuracy.

The genetic correlation among the pork belly parameters such as rib bone-muscle area, fat ratio of 
the belly, intermuscular fat area and subcutaneous fat area has been reported to −0.24 to 0.84 [49]. 
Do et al. [64] reported that the genetic correlation showed moderate to high correlation coefficient 
among carcass traits including belly weight (0.88 for carcass weight, 0.46 for back fat thickness and 
0.80 for LMP). In the commercial cross bred study, trimmed belly weight genetically correlated 
with weaning weight, average daily gain, back fat thickness and intramuscular fat [50]. The previous 
study indicated that fat-associated traits had genetically high relatedness. However, the traits did 
not divide to detail for instance, pork belly component muscle area hence, it is necessary to the 
further study among the belly component. 
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The candidate genes for pork belly
The associated genes for pork belly presented in Table 2. There were some candidate genes reported 
to associate with pork belly parameters. Moreover, the abdominal site, which is the same as the 
pork belly region, is recognized as a key for obesity studies in humans. Therefore, obesity-associated 
genes were reported to cause fat deposition in the swine. With the availability of genetic analysis at 
the DNA level, RYR1 (also known as halothane gene) has been reported to the relationship with 
carcass composition traits, including fat tissue development in pigs [65,66]. Fat mass and obesity-
associated (FTO) gene, a representative obesity-associated gene in the human study, reported 
that related to pork abdominal fatness in Meishan × Pietrain F2 pigs, including abdominal fat 
weight (AFW) and backfat thickness, whereas its average daily gain did not significant among the 
genotypes [67]. Other studies using other breeds supported that the FTO affected AFW [68–70]. 
High mobility group AT-hook 1 (HMGA1) and melanocortin 4 receptor (MC4R) were reported 

Table 2. Associated genes with fat deposition and pork belly
Gene Trait Species Reference

ADCY8 Abdominal visceral fat Human 85

ALDH Fat deposition, abdominal fat contents Human 26,82

ATXN1 Adipocyte development Human 83,84

BBS9 Abdominal visceral fat Human 85

CRTC3 Intermuscular fat thickness, fat ratio Pig 77,78

DNAJC1 Abdominal subcutaneous adipose tissue Human 85

EBF1 Adipocyte development Human 83,84

EBLN1 Adipocyte development Human 83,84

ELOVL6 Fat deposition Pig 75

ENSA Adipocyte development Human 83,84

FASN Fat deposition Pig 75

FTO Abdominal fat weight Pig 67–70

GRAMD3 Adipocyte development Human 83,84

GSDMB Voumetric subcutaneous fat Human 83,84

HMG1A Abdominal fat contents Broiler 71,72,80,82

IRS1 Abdominal subcutaneous adipose tissue, WHR Human 87,88

ITPR2 Abdominal subcutaneous adipose tissue, WHR Human 87,88

KCNK9 Abdominal visceral fat Human 85

MC4R Fat deposition Pig 71–74

miR-130a Suppressing PPARG Pig 76

MLLT10 Abdominal subcutaneous adipose tissue Human 85

PPARG Fat deposition, abdominal fat contents Pig, broiler, human, mice 26,80,82

RREB1 Adipocyte development Human 83,84

RSPO3 Abdominal subcutaneous adipose tissue, WHR Human 87,88

RYR1 Fat deposition Pig 71,73

SCD Fat deposition Pig 75

SPARC Subcutaneous adipocyte deposition Cattle 76

STAB1 Abdominal subcutaneous adipose tissue, WHR Human 87,88

TBX156 Abdominal subcutaneous adipose tissue, WHR Human 87,88

UBE2E2 Adipocyte development Human 83,84

WARS2 Abdominal subcutaneous adipose tissue, WHR Human 87,88

WNT family Myogenesis, adipogenesis Broiler 79
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to associate with a fat deposition measurement in pigs [71,72]. However, other studies reported that 
MC4R was insignificant [73,74]. The genome-wide association studies (GWAS) result previously 
presented that ELOVL6, SCD, and FASN affected fat deposition traits [75]. miR-130a reported 
suppressing Peroxisome proliferator-activated receptor gamma (PPARG) gene expression; hence, 
the preadipocytes were inhibited. The inhibited preadipocytes made a difference in fat deposition 
between intramuscular and subcutaneous fat [76]. cAMP-responsive element-binding protein 
(CREB)-regulated transcriptional coactivator 3 (CRTC3), well known to be related to obesity in 
humans, has been reported to associate with intermuscular fat thickness, total muscle area and total 
fat ratio in pork belly [77,78]. However, the study of genes with component muscles in pork belly 
did not report yet. Therefore, it is necessary to use a genetic approach, including GWAS and Omics 
analysis for pork belly component muscles.

The fat deposition-associated genes in the other species
The overall genes were presented in Table 2. In other livestock, bellies did not consume part meat. 
Therefore, the genetic approach against belly meat was not enough. However, in the myogenesis 
described above, belly muscles were developed by hypaxial domains during embryo development 
[30]. In addition, adipogenesis, associated with fat deposition, is also a crucial factor for the quality 
of bellies, and previous studies knew its associated genes well. Wnt gene groups were reported 
to relate to cell fate and development as the associated factor with myogenesis and adipogenesis 
[79]. PPARG and HMG1A were reported to relate abdominal fat contents in a broiler study [80]. 
The beef cattle study reported that SPARC gene in subcutaneous adipose tissues overexpressed to 
compare with intramuscular adipose tissues [81]. Of the gene expression profiling analysis between 
subcutaneous and intramuscular fat, 7,526 genes were commonly expressed, whereas only 12 
genes were specifically expressed in subcutaneous fat [34]. The differently expressed gene network 
between subcutaneous and intramuscular fat reported that PPARG and ALDH were observed as 
key genes [34,82].

In the human study, a previous study reported that ATXN1, UBE2E2, EBF1, RREB1, GSDMB, 
GRAMD3 and ENSA related to adipocyte development using GWAS meta-analysis [83,84]. 
Moreover, the GSDMB is related to volumetric subcutaneous fat. Another GWAS presented that 
BBS9, ADCY8 and KCNK9 were associated with abdominal visceral fat, and MLLT10, DNAJC1 
and EBLN1 near SNPs related to abdominal subcutaneous adipose tissue [85]. In a race family-
based study, a previous Genome-wide linkage scan presented that several loci, such as 2q22.1 and 
2q33.2-q36.3 region (IRS1 locus), obtained significance [86]. The functional studies reported 
that fat deposition-related genes such as RSPO3, TBX156, ITPR2, WARS2 and STAB1, which 
are known to be associated with waist-hip ratio differently expressed in abdominal subcutaneous 
adipose tissue [87,88]. Based on these GWAS results, it is necessary to apply swine breeding for the 
pork belly component.

CONCLUSION
Pork belly, constructed with many muscles and fat, is a highly consumed part of meat in South 
Korea as a roasting cooking. In addition, the price is maintained high because of high demand. 
Most of the swine for breeding in South Korea was imported from the Western world, where the 
established evaluation standard focused on the loin muscle. Nevertheless, the pig breeding and 
pork evaluation system in South Korea was only focused on the loin muscle area, the same with 
the Western world. The belly consists of intermuscular and subcutaneous fat and various muscles. 
However, the genetic parameters of pork belly have yet to be estimated, such as its component 
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parameters. To use to available in swine breeding, it is necessary that the estimation of genetic 
parameters and phenotypic correlations against whole belly components. Moreover, a genome-wide 
approach is required to identify associated genes against belly parameters to use genomic selection. 
Based on available data in public domain, pork belly, the highest consumption as a grilled of other 
pork cuts in South Korea, could be available to use for breeding as an economic trait via genomic 
approaches.

REFERENCES
1. USDA [U.S. Department of Agriculture]/ERS [Economic Research Service]. Livestock & 

meat international trade data: Annual and cumulative year-to-Date U.S. Livestock and Meat 
Trade by Country [Internet]. 2017 [cited 2022 Sep 10]. https://www.ers.usda.gov/data-
products/livestock-and-meat-international-trade-data/livestock-and-meat-international-trade-
data/#Annual%20and%20Cumulative%20Year-to-Date%20U.S.%20Livestock%20and%20
Meat%20Trade%20by%20Country

2. Nam KC, Jo C, Lee M. Meat products and consumption culture in the East. Meat Sci. 
2010;86:95-102. https://doi.org/10.1016/j.meatsci.2010.04.026

3. Cho S, Park B, Ngapo T, Kim J, Dransfield E, Hwang I, et al. Effect of meat appearance on 
South Korean consumers’ choice of pork chops determined by image methodology. J Sens 
Stud. 2007;22:99-114. https://doi.org/10.1111/j.1745-459X.2007.00098.x

4. Choe JH, Yang HS, Lee SH, Go GW. Characteristics of pork belly consumption in South 
Korea and their health implication. J Anim Sci Technol. 2015;57:22. https://doi.org/10.1186/
s40781-015-0057-1

5. Oh SH, See MT. Pork preference for consumers in China, Japan and South Korea. Asian-
Australas J Anim Sci. 2012;25:143-50. https://doi.org/10.5713/ajas.2011.11368

6. Soladoye PO, Shand PJ, Aalhus JL, Gariépy C, Juárez M. Review: pork belly quality, bacon 
properties and recent consumer trends. Can J Anim Sci. 2015;95:325-40. https://doi.
org/10.4141/cjas-2014-121

7. Kim H. Shape and characteristics of Korean’s favorite pork belly. Food Sci Anim Resour Ind. 
2015;4:30-44.

8. KMTA [Korea Meat Trade Association]. Meat consumption per person in South Korea 
[Internet]. 2021 [cited 2022 Sep 10]. http://kmta.or.kr/kr/data/stats_spend.php

9. KIAPQE [Korea Institute for Animal Products Quality Evaluation]. Price by pork cuts 
[Internet]. 2022 [cited 2022 Sep 10]. https://www.ekapepia.com/priceComparison/
producerPrice/retail/prdlstPrice.do

10. KMTA [Korea Meat Trade Association]. The amount of pork belly imported [Internet]. 2021 
[cited 2022 Sep 10]. http://kmta.or.kr/kr/data/stats_import_pork_parts.php

11. MFDS [Ministry of Food and Drug Safety].  Labeling method of bovine and pork meat and 
criteria for classification of parts, Law Notice No. 2019-113 (Nov. 27, 2019).

12. Person RC, McKenna DR, Griffin DB, McKeith FK, Scanga JA, Belk KE, et al. Benchmarking 
value in the pork supply chain: processing characteristics and consumer evaluations of pork 
bellies of different thicknesses when manufactured into bacon. Meat Sci. 2005;70:121-31. 
https://doi.org/10.1016/j.meatsci.2004.12.012

13. Lim SW, Hwang D, Kim S, Kim JM. Relationship between porcine carcass grades and 
estimated traits based on conventional and non-destructive inspection methods. J Anim Sci 
Technol. 2022;64:155-65. https://doi.org/10.5187/jast.2021.e133

14. Kim GT, Kang SJ, Yoon YG, Kim HS, Lee WY, Yoon SH. Introduction of automatic 



https://doi.org/10.5187/jast.2022.e118 https://www.ejast.org  |  11

Lee and Kim

grading and classification machine and operation status in Korea. Food Sci Anim Resour Ind. 
2017;6:34-45.

15. Olsen EV, Candek-Potokar M, Oksama M, Kien S, Lisiak D, Busk H. On-line measurements 
in pig carcass classification: repeatability and variation caused by the operator and the copy of 
instrument. Meat Sci. 2007;75:29-38. https://doi.org/10.1016/j.meatsci.2006.06.011

16. Font, i Font M  Gispert M. Comparison of different devices for predicting the lean 
meat percentage of pig carcasses. Meat Sci. 2009;83:443-6. https://doi.org/10.1016/
j.meatsci.2009.06.018

17. Lohumi S, Wakholi C, Baek JH, Kim BD, Kang SJ, Kim HS, et al. Nondestructive estimation 
of lean meat yield of South Korean pig carcasses using machine vision technique. Korean J 
Food Sci Anim Resour. 2018;38:1109-19. https://doi.org/10.5851/kosfa.2018.e44

18. Choi JS, Kwon KM, Lee YK, Joeng JU, Lee KO, Jin SK, et al. Application of AutoFom III 
equipment for prediction of primal and commercial cut weight of Korean pig carcasses. Asian-
Australas J Anim Sci. 2018;31:1670-6. https://doi.org/10.5713/ajas.18.0240

19. Daumas G, Causeur D. Tests d’homologation des appareils automatiques de classement des 
carcasses de porc. J Rech Porcine. 2008;40:91-2.

20. Smith GC, West RL, Carpenter ZL. Factors affecting desirability of bacon and commercially-
processed pork bellies. J Anim Sci. 1975;41:54-65. https://doi.org/10.2527/jas1975.41154x

21. Stiffler DM, Chant JL, Kinsman DM, Kotula AW. Indices of leanness in commercial bacons. J 
Anim Sci. 1975;41:1611-7. https://doi.org/10.2527/jas1975.4161611x

22. Shackelford SD, Miller MF, Haydon KD, Lovegren NV, Lyon CE, Reagan JO. Acceptability 
of bacon as influenced by the feeding of elevated levels of monounsaturated fats to growing-
finishing swine. J Food Sci. 1990;55:621-4. https://doi.org/10.1111/j.1365-2621.1990.
tb05191.x

23. Trusell KA, Apple JK, Yancey JWS, Johnson TM, Galloway DL, Stackhouse RJ. 
Compositional and instrumental firmness variations within fresh pork bellies. Meat Sci. 
2011;88:472-80. https://doi.org/10.1016/j.meatsci.2011.01.029

24. Sather AP, Jones SDM, Robertson WM, Zawadski S. Sex effects on fat hardness meter 
readings of market weight pigs. Can J Anim Sci. 1995;75:509-15. https://doi.org/10.4141/
cjas95-077

25. Mandigo R. A new look at belly and bacon values [Internet]. National Hog Farmer. 2002 [cited 
2022 Sep 10]. https://www.nationalhogfarmer.com/mag/farming_new_look_belly

26. Vonada ML, Bidner BS, Belk KE, McKeith FK, Lloyd WR, O’Connor ME, et al. 
Quantification of pork belly and boston butt quality attribute preferences of South Korean 
customers. J Anim Sci. 2000;78:2608-14. https://doi.org/10.2527/2000.78102608x

27. Kuang S, Gillespie MA, Rudnicki MA. Niche regulation of muscle satellite cell self-renewal 
and differentiation. Cell Stem Cell. 2008;2:22-31. https://doi.org/10.1016/j.stem.2007.12.012

28. Bentzinger CF, von Maltzahn J, Rudnicki MA. Extrinsic regulation of satellite cell 
specification. Stem Cell Res Ther. 2010;1:27. https://doi.org/10.1186/scrt27

29. Bentzinger CF, Wang YX, Rudnicki MA. Building muscle: molecular regulation of myogenesis. 
Cold Spring Harb Perspect Biol. 2012;4:a008342. https://doi.org/10.1101/cshperspect.
a008342

30. Parker MH, Seale P, Rudnicki MA. Looking back to the embryo: defining transcriptional 
networks in adult myogenesis. Nat Rev Genet. 2003;4:497-507. https://doi.org/10.1038/
nrg1109

31. Schultz E. Satellite cell proliferative compartments in growing skeletal muscles. Dev Biol. 
1996;175:84-94. https://doi.org/10.1006/dbio.1996.0097



Breeding potential for pork belly to the novel economic trait

12  |  https://www.ejast.org https://doi.org/10.5187/jast.2022.e118

32. Davis TA, Fiorotto ML. Regulation of muscle growth in neonates. Curr Opin Clin Nutr 
Metab Care. 2009;12:78-85. https://doi.org/10.1097/MCO.0b013e32831cef9f

33. Campos CF, Duarte MS, Guimarães SEF, Verardo LL, Wei S, Du M, et al. Review: animal 
model and the current understanding of molecule dynamics of adipogenesis. Animal. 
2016;10:927-32. https://doi.org/10.1017/S1751731115002992

34. Komolka K, Albrecht E, Wimmers K, Michal JJ, Maak S. Molecular heterogeneities of adipose 
depots - potential effects on adipose-muscle cross-talk in humans, mice and farm animals. J 
Genomics. 2014;2:31-44. https://doi.org/10.7150/jgen.5260

35. Anderson DB, Kauffman RG. Cellular and enzymatic changes in porcine adipose tissue during 
growth. J Lipid Res. 1973;14:160-8. https://doi.org/10.1016/S0022-2275(20)36903-0

36. Fisher AV, Green DM, Whittemore CT, Wood JD, Schofield CP. Growth of carcass 
components and its relation with conformation in pigs of three types. Meat Sci. 2003;65:639-
50. https://doi.org/10.1016/S0309-1740(02)00266-8

37. Kouba M, Bonneau M. Compared development of intermuscular and subcutaneous fat in 
carcass and primal cuts of growing pigs from 30 to 140 kg body weight. Meat Sci. 2009;81:270-
4. https://doi.org/10.1016/j.meatsci.2008.08.001

38. Richmond RJ, Berg RT. Tissue development in swine as influenced by liveweight, breed, sex 
and ration. Can J Anim Sci. 1971;51:31-9. https://doi.org/10.4141/cjas71-004

39. Ríos-Covián D, Ruas-Madiedo P, Margolles A, Gueimonde M, de Los Reyes-Gavilán CG, 
Salazar N. Intestinal short chain fatty acids and their link with diet and human health. Front 
Microbiol. 2016;7:185. https://doi.org/10.3389/fmicb.2016.00185

40. Jiao AR, Diao H, Yu B, He J, Yu J, Zheng P, et al. Oral administration of short chain fatty 
acids could attenuate fat deposition of pigs. PLOS ONE. 2018;13:e0196867. https://doi.
org/10.1371/journal.pone.0196867

41. Jiao A, Yu B, He J, Yu J, Zheng P, Luo Y, et al. Short chain fatty acids could prevent fat 
deposition in pigs via regulating related hormones and genes. Food Funct. 2020;11:1845-55. 
https://doi.org/10.1039/C9FO02585E

42. Zhao G, Xiang Y, Wang X, Dai B, Zhang X, Ma L, et al. Exploring the possible link between 
the gut microbiome and fat deposition in pigs. Oxid Med Cell Longev. 2022;2022:1098892. 
https://doi.org/10.1155/2022/1098892

43. Pascual JV, Rafecas M, Canela MA, Boatella J, Bou R, Barroeta AC, et al. Effect of increasing 
amounts of a linoleic-rich dietary fat on the fat composition of four pig breeds. Part II: fatty 
acid composition in muscle and fat tissues. Food Chem. 2007;100:1639-48. https://doi.
org/10.1016/j.foodchem.2005.12.045

44. National Research Council. Live animal and carcass composition measurement. In: Designing 
foods: animal product options in the marketplace. Washington, DC: National Academies Press; 
1988.

45. Handel SE, Stickland NC. Catch-up growth in pigs: a relationship with muscle cellularity. 
Anim Sci. 1988;47:291-5. https://doi.org/10.1017/S000335610000338X

46. Lee SH, Kim JM, Ryu YC, Ko KS. Effects of morphological characteristics of muscle fibers 
on porcine growth performance and pork quality. Korean J Food Sci Anim. 2016;36:583-93. 
https://doi.org/10.5851/kosfa.2016.36.5.583

47. Dwyer CM, Fletcher JM, Stickland NC. Muscle cellularity and postnatal growth in the pig. J 
Anim Sci. 1993;71:3339-43. https://doi.org/10.2527/1993.71123339x

48. Fiedler I, Ender K, Wicke M, Maak S, Lengerken G, Meyer W. Structural and functional 
characteristics of muscle fibres in pigs with different malignant hyperthermia susceptibility 
(MHS) and different meat quality. Meat Sci. 1999;53:9-15. https://doi.org/10.1016/S0309-



https://doi.org/10.5187/jast.2022.e118 https://www.ejast.org  |  13

Lee and Kim

1740(99)00030-3
49. Hermesch S. Genetic relationships between composition of pork bellies and performance, 

carcase and meat quality traits. Animal. 2008;2:1178-85. https://doi.org/10.1017/S17517 
31108002334

50. Miar Y, Plastow GS, Moore SS, Manafiazar G, Charagu P, Kemp RA, et al. Genetic and 
phenotypic parameters for carcass and meat quality traits in commercial crossbred pigs. J Anim 
Sci. 2014;92:2869-84. https://doi.org/10.2527/jas.2014-7685

51. Lee EA, Kang JH, Cheong JH, Koh KC, Jeon WM, Choe JH, et al. Evaluation of whole pork 
belly qualitative and quantitative properties using selective belly muscle parameters. Meat Sci. 
2018;137:92-7. https://doi.org/10.1016/j.meatsci.2017.11.012

52. Przybylski W, Hopkins D. Meat quality: genetic and environmental factors. Boca Raton, FL: 
CRC Press; 2015.

53. Bredahl L, Grunert KG, Fertin C. Relating consumer perceptions of pork quality to physical 
product characteristics. Food Qual Prefer. 1998;9:273-81. https://doi.org/10.1016/S0950-
3293(98)00007-X

54. Bejerholm C, Barton-Gade P. Effect of intramuscular fat level on eating quality of pig meat. 
In: Proceedings of the 32nd European Meeting of Meat Research Workers; 1986; Ghent, 
Belgium. p. 38-91.

55. Brewer MS, Zhu LG, McKeith FK. Marbling effects on quality characteristics of pork loin 
chops: consumer purchase intent, visual and sensory characteristics. Meat Sci. 2001;59:153-63. 
https://doi.org/10.1016/S0309-1740(01)00065-1

56. Joo ST, Kim GD, Hwang YH, Ryu YC. Control of fresh meat quality through manipulation 
of muscle fiber characteristics. Meat Sci. 2013;95:828-36. https://doi.org/10.1016/
j.meatsci.2013.04.044

57. Picard B, Gagaoua M. Muscle fiber properties in cattle and their relationships with meat 
qualities: an overview. J Agric Food Chem. 2020;68:6021-39. https://doi.org/10.1021/acs.
jafc.0c02086

58. Larzul C, Lefaucheur L, Ecolan P, Gogué J, Talmant A, Sellier P, et al. Phenotypic and 
genetic parameters for longissimus muscle fiber characteristics in relation to growth, carcass, 
and meat quality traits in large white pigs. J Anim Sci. 1997;75:3126-37. https://doi.
org/10.2527/1997.75123126x

59. Khanal P, Maltecca C, Schwab C, Gray K, Tiezzi F. Genetic parameters of meat quality, carcass 
composition, and growth traits in commercial swine. J Anim Sci. 2019;97:3669-83. https://doi.
org/10.1093/jas/skz247

60. Do CH. Estimation of carcass cut traits in live pigs. J Anim Sci Technol. 2007;49:203-12. 
https://doi.org/10.5187/JAST.2007.49.2.203

61. Tholen E Brandt H, Henne H, Stork FJ, Schellander K. Genetische fundierung von 
AutoFOM-merkmalen. Arch Anim Breed. 2001;44:167-80. https://doi.org/10.5194/aab-44-
167-2001

62. Willson HE, Rojas de Oliveira H, Schinckel AP, Grossi D, Brito LF. Estimation of genetic 
parameters for pork quality, novel carcass, primal-cut and growth traits in Duroc pigs. Animals. 
2020;10:779. https://doi.org/10.3390/ani10050779

63. Kang HS, Lopez BM, Kim TH, Kim HS, Kim SH, Nam KC, et al. Estimation of genetic 
parameters for pork belly components in Yorkshire pigs. Asian-Australas J Anim Sci. 
2015;28:922-5. https://doi.org/10.5713/ajas.14.0678

64. Do CH, Park CH, Wasana N, Choi JG, Park SB, Kin SD, et al. Genetic and phenotypic 
relationships of live body measurement traits and carcass traits in crossbred pigs of Korea. 



Breeding potential for pork belly to the novel economic trait

14  |  https://www.ejast.org https://doi.org/10.5187/jast.2022.e118

Korean J Agric Sci. 2014;41:229-36. https://doi.org/10.7744/cnujas.2014.41.3.229
65. Larzul C, Le Roy P, Guéblez R, Talmant A, Gogué J, Sellier P, et al. Effect of halothane 

genotype (NN, Nn, nn) on growth, carcass and meat quality traits of pigs slaughtered at 95 kg 
or 125 kg live weight. J Anim Breed Genet. 1997;114:309-20. https://doi.org/10.1111/j.1439-
0388.1997.tb00516.x

66. Thaller G, Dempfle L, Schlecht A, Wiedemann S, Eichinger H, Fries R. Effects of the MHS 
locus on growth, carcass and meat quality traits in F2 crosses between Mangalitza and Piétrain 
breeds. Arch Anim Breed. 2000;43:263-76. https://doi.org/10.5194/aab-43-263-2000

67. Dvořáková V, Bartenschlager H, Stratil A, Horák P, Stupka R, Čítek J, et al. Association 
between polymorphism in the FTO gene and growth and carcass traits in pig crosses. Genet 
Sel Evol. 2012;44:13. https://doi.org/10.1186/1297-9686-44-13

68. Polasik D, Kamionka EM, Tyra M, Żak G, Terman A. Analysis of FTO and PLIN2 
polymorphisms in relation to carcass and meat quality traits in pigs. Ann Anim Sci. 2019; 
19:71-83. https://doi.org/10.2478/aoas-2018-0053

69. Szydlowski M, Salamon S, Grzes M, Switonski M. SNP in the 5′ flanking region of the pig 
FTO gene is associated with fatness in Polish Landrace. Livest Sci. 2012;150:397-400. https://
doi.org/10.1016/j.livsci.2012.09.001

70. Huang J, Liu G, Liu Y, Yao Y, Wu K, Fang M. Splice variant identification and expression 
analysis of the fat mass and obesity-associated (FTO) gene in intact and castrated male pigs. 
DNA Cell Biol. 2010;29:729-33. https://doi.org/10.1089/dna.2009.1004

71. Kim KS, Thomsen H, Bastiaansen J, Nguyen NT, Dekkers JCM, Plastow GS, et al. 
Investigation of obesity candidate genes on porcine fat deposition quantitative trait loci regions. 
Obes Res. 2004;12:1981-94. https://doi.org/10.1038/oby.2004.249

72. Kim KS, Lee JJ, Shin HY, Choi BH, Lee CK, Kim JJ, et al. Association of melanocortin 4 
receptor (MC4R) and high mobility group AT-hook 1 (HMGA1) polymorphisms with pig 
growth and fat deposition traits. Anim Genet. 2006;37:419-21. https://doi.org/10.1111/j.1365-
2052.2006.01482.x

73. Park HB, Carlborg Ö, Marklund S, Andersson L. Melanocortin-4 receptor (MC4R) genotypes 
have no major effect on fatness in a Large White × Wild Boar intercross. Anim Genet. 
2002;33:155-7. https://doi.org/10.1046/j.1365-2052.2002.00824.x

74. Stachowiak M, Szydlowski M, Obarzanek-Fojt M, Switonski M. An effect of a missense 
mutation in the porcine melanocortin-4 receptor (MC4R) gene on production traits in 
Polish pig breeds is doubtful. Anim Genet. 2006;37:55-7. https://doi.org/10.1111/j.1365-
2052.2005.01373.x

75. Zhang Y, Zhang J, Gong H, Cui L, Zhang W, Ma J, et al. Genetic correlation of fatty 
acid composition with growth, carcass, fat deposition and meat quality traits based on 
GWAS data in six pig populations. Meat Sci. 2019;150:47-55. https://doi.org/10.1016/
j.meatsci.2018.12.008

76. Wei W, Sun W, Han H, Chu W, Zhang L, Chen J. miR-130a regulates differential lipid 
accumulation between intramuscular and subcutaneous adipose tissues of pigs via suppressing 
PPARG expression. Gene. 2017;636:23-9. https://doi.org/10.1016/j.gene.2017.08.036

77. Lee SH, Hur MH, Lee EA, Hong KC, Kim JM, et al. Genomic characterization of the porcine 
CRTC3 and the effects of a non-synonymous mutation p.V515F on lean meat production and 
belly fat. Meat Sci. 2018;137:211-5. https://doi.org/10.1016/j.meatsci.2017.11.019

78. Liu J, Nong Q, Wang J, Chen W, Xu Z, You W, et al. Breed difference and regulatory role 
of CRTC3 in porcine intramuscular adipocyte. Anim Genet. 2020;51:521-30. https://doi.
org/10.1111/age.12945



https://doi.org/10.5187/jast.2022.e118 https://www.ejast.org  |  15

Lee and Kim

79. Ali AT, Hochfeld WE, Myburgh R, Pepper MS. Adipocyte and adipogenesis. Eur J Cell Biol. 
2013;92:229-36. https://doi.org/10.1016/j.ejcb.2013.06.001

80. Larkina TA, Sazanova AL, Fomichev KA, Barkova OY, Malewski T, Jaszczak K, et al. 
HMG1A and PPARG are differently expressed in the liver of fat and lean broilers. J Appl 
Genet. 2011;52:225-8. https://doi.org/10.1007/s13353-010-0023-z

81. Bong JJ, Cho KK, Baik M. Comparison of gene expression profiling between bovine 
subcutaneous and intramuscular adipose tissues by serial analysis of gene expression. Cell Biol 
Int. 2010;34:125-33. https://doi.org/10.1042/CBI20090046

82. Albrecht E, Gotoh T, Viergutz T, Ponsuksili S, Wimmers K, Wegner J, et al., Gene expression 
profile of intramuscular and subcutaneous fat in Japanese Black and Holstein steers. In: 
Proceedings of the 9th World Congress on Genetics Applied to Livestock Production 
(WCGALP); 2010; Leipzig, Germany.

83. Chu AY, Deng X, Fisher VA, Drong A, Zhang Y, Feitosa MF, et al. Multiethnic genome-wide 
meta-analysis of ectopic fat depots identifies loci associated with adipocyte development and 
differentiation. Nat Genet. 2017;49:125-30. https://doi.org/10.1038/ng.3738

84. Camilleri G, Kiani AK, Herbst KL, Kaftalli J, Bernini A, Dhuli K, et al. Genetics of fat 
deposition. Eur Rev Med Pharmacol Sci. 2021;25:14-22.

85. Sung YJ, Pérusse L, Sarzynski MA, Fornage M, Sidney S, Sternfeld B, et al. Genome-wide 
association studies suggest sex-specific loci associated with abdominal and visceral fat. Int J 
Obes. 2016;40:662-74. https://doi.org/10.1038/ijo.2015.217

86. Rice T, Chagnon YC, Pérusse L, Borecki IB, Ukkola O, Rankinen T, et al. A genomewide 
linkage scan for abdominal subcutaneous and visceral fat in black and white families: 
the HERITAGE Family Study. Diabetes. 2002;51:848-55. https://doi.org/10.2337/
diabetes.51.3.848

87. Schleinitz D, Klöting N, Lindgren CM, Breitfeld J, Dietrich A, Schön MR, et al. Fat 
depot-specific mRNA expression of novel loci associated with waist–hip ratio. Int J Obes. 
2014;38:120-5. https://doi.org/10.1038/ijo.2013.56

88. Schleinitz D, Böttcher Y, Blüher M, Kovacs P. The genetics of fat distribution. Diabetologia. 
2014;57:1276-86. https://doi.org/10.1007/s00125-014-3214-z


