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Abstract 
Intramuscular fat (IMF) or marbling is commonly used for carcass quality. High IMF was already 

innate in Hanwoo cattle and was increased with the help of vitamin restriction or administration. 

Throughout the years, research focused on preadipocyte hyperplasia which helped in the proliferation of 

intramuscular adipocytes and genes that were responsible for preadipocyte proliferation were enhanced 

with the administration of vitamin A. Its supplementation in its early stages and restriction in the late stages 

increased the efficiency of IMF proliferation. When it comes to the supplementation of Vitamin C, the 

potential it has in improving the fatty acid profile of Hanwoo steers through different modes of 

administration. On the other hand, varying results regarding the administration of vitamin D suggested that 

more studies should be conducted before full implementation. Climate, age, dosage, risks, mode of 

administration, stage of life, efficacy when administered, and fusion with newer technologies should be 

considered when conducting further studies of these vitamins. Personal preferences, customs, tampering, 

and purchasing powers were some of the challenges that the Hanwoo cattle producers and consumers should 

surpass with the help of the improvement in marbling. 
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Introduction  
 Hanwoo beef cattle was initially used as a draft animal until it became meat-type cattle over some 

time due to genetic improvement that started in the 1970s for it to fit for meat consumption (Jo et al., 2012; 

Lee et al., 2014). It is a native cattle found in the Korean Peninsula since 2000 B.C. and maintained its pure 

bloodline (Dela Cruz et al., 2016). There are four types of Hanwoo beef which can be found in Korea: 

Brown (Major Hanwoo), Black Face (Heukwoo), Black (Jeju Heukwoo), and Tiger color (Chickso) (Jo et 

al., 2012). According to McTavish et al. (2013), the Asian cattle (Hanwoo and Japanese Black) originated 

from a hybrid of taurine-indicine type. The taurine-indicine types of cattle have better marbling which 

affects the tenderness of the meat, and their pure breeding has allowed manipulation of this meat trait. 

 Throughout the years, the Korean beef cattle breeding program focuses on improving carcass 

quality rather than quantity (Gajaweera et al., 2017). Tenderness is one of the markers for assessing the 

quality of beef carcasses and is associated with palatability. According to Hansen et al. (2012), the 

tenderness of the meat is the easiest trait to manipulate, creating high market demand. The tenderness of 

the meat is greatly affected by the amount of intramuscular fat across the carcass. Intramuscular fat (IMF) 

or marbling is commonly used for carcass quality determination in Korea, Japan, Australia, and the United 

States (Figure 1) (Park et al., 2018).  The high level of marbling is achieved through increasing levels of 

concentrated feed with an extended finishing period and generally use steers and heifers instead of bulls, 

combined with an intensive grain-based feeding system (Joo et al, 2017). 

 

 
                              (a)                                                                           (b) 

Fig 1. Development area of Hanwoo beef cattle (a), Hanwoo beef cattle (b) 

 IMF deposition occurs when there is hyperplasia (increase in cell number) and hypertrophy 

(increase in cell size) of intramuscular cells throughout their life (Cheng et al., 2015; Harris et al., 2018). 

Longissimus and semimembranosus muscles are often used in studies regarding intramuscular fat 

deposition since both comprise 90% muscle fibers and 10% connective tissues, adipose tissues, vascular, 

and nervous tissues (Harris et al., 2018; Chen et al., 2019). This depends on the breed and post-slaughter 

meat-processing technique (Herault et al., 2014; Listrat et al., 2014). Other parts that are used for studies 

include longissimus lumborum, biceps femoris, infraspinatus, supraspinatus, and semitendinosus, which 

are skeletal muscles (Harris et al., 2018; Chen et al., 2019).  

 There are several benefits in improving the IMF of the Hanwoo meat carcass. High IMF of 

Hanwoo beef is suited for the Goigui or the traditional barbecue method for meat in Korea. The preference 

for Hanwoo meat stems from the right amount of fat and meat across the carcass (Figure 2 and 3). The IMF 

content of beef varies depending on feeding time, finishing diet, and breed type etc. Moreover, the quality 

of IMF in carcasses determines the quality of the meat and is a primary purchasing factor for consumers 

(Cho et al., 2010). Korean consumers are willing to pay for higher-quality Hanwoo meat which the IMF 

score influences (Gotoh and Joo, 2016; Motoyama et al., 2016). Hanwoo meat ranks second highest when 

it comes to its IMF content, second to Wagyu (Nguyen et al., 2021). Consequently, the overall increase of 

fatty tissue in the carcass would be a waste, which is why there is a need to discover strategies that will 

improve the quality of IMF.  
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Fig 2. The scores of Hanwoo marbled meat (Jo et al, 2012; Chung et al, 2018) 

  

 Processes like adipogenesis which enhances the deposition of IMF are important in improving 

beef carcass marbling. In the process of adipogenesis, it is unlikely possible to develop IMF tissue during 

the fetal stage since brown adipose tissue development happens. Instead, IMF multiplies during the mature 

stage of the cattle (Peng et al., 2021). The nutrigenomic regulation study made by Wang et al., (2016) 

suggested that during the prenatal stage or late pregnancy and postnatal stage (about 250 days), hyperplasia 

occurs among the preadipocytes. Maximizing the ability of adipogenesis in improving carcass quality 

through different methods is important. However, among all the methods of enhancing the IMF deposition 

through the help of adipogenesis, the use of vitamins in feeding trials in vivo & in vitro (Nguyen et al., 

2021) is the easiest to manipulate.  

 In this review article, the author would like to discuss the use of vitamins A, C, and D, and their 

potential in improving the carcass quality of the Hanwoo beef through the increase in IMF. Some of these 

vitamins naturally occur inside the body of the animal or can be found in the feed that it consumes. 

Improvement in the quality and quantity of IMF through restriction or supplementation of vitamins and the 

possible risks involved will be discussed in this review article. Furthermore, the challenges that the Hanwoo 

beef cattle face in the market, and how they could be surpassed will also be tackled. Overall, the author 

would like to know which methods are advantageous and safe, and further suggestions regarding the 

betterment of Hanwoo beef cattle will be made. 

 

Effect of Vitamin A 
Vitamin A (retinol) is a fat-soluble vitamin that belongs to the carotenoid family, and cannot be 

synthesized by animals. The supplementation of vitamin A (retinol) is required in the diets of ruminants 

(NRC, 2016) since they cannot synthesize enough vitamin A for their bodies. However, they can get it 

through their diet (plant source) and feed additives (retinol or preformed vitamin A) (Chen and Chen, 2014). 

Primary physiological factors of the animal (Wang et al., 2016; Peng et al., 2021) such as growth, vision, 

and metabolism (glucose synthesis and adipogenesis) are enhanced through the supplementation of vitamin 

A. Among these necessities, many researchers found how it can influence IMF deposition through the help 

of adipogenesis. On the other hand, deficiencies may lead to blindness, skeletal deformation, and 

reproductive failures (Freking and Lalman, 2018). Retinoic acid, which is a metabolite of vitamin A, plays 

a significant role in adipogenesis wherein it plays a part in preadipocyte commitment and differentiation of 

adipocytes (Wang et al., 2016). In addition, the use of vitamin A is one of the most studied when it comes 

to supplementation for the enhancement of IMF in beef cattle. However, it is also known in the countries 

of Japan and Korea that restriction or lowering of the retinoic acid content on the early stages may help in 

the marbling of beef cattle when administered during the fattening stage. 
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Supplementation of Vitamin A 
Adipogenic commitment can commence when vitamin A supplementation is done on dams, and 

this is important for the increase in adipogenesis during the early development of the offspring (Ladeira et 

al., 2018). This is supported by the study conducted by Jo et al. (2020) which in vivo administration of 

vitamin A orally with a dosage of 78,000 IU/d during the late stage of the pregnancy suggested that it can 

help in the development of the mRNA expression in relation to preadipocyte (Krüppel-like factor 2 or 

KLF2) development. According to Wei (2012), epigenetic changes in adipogenic genes and regulation of 

adipocyte formation can be a result of retinoic supplementation. On the other hand, retinoic acid plays a 

part in the development of preadipocyte hyperplasia through gene activation (Peng et al., 2021). However, 

during adipogenic differentiation, it inhibits adipocyte accumulation and restricts hyperplasia (Berry et al., 

2012), and this is similar to the study made by Hocquette et al. (2010). It should be noted that hypertrophy 

and preadipocyte proliferation are found to be more active during the early fetal stage and early growth 

stages in calves (Yang et al., 2013). In addition, hyperplasia instead of hypertrophy occurs when there is 

supplementation of vitamin A since the number of flecks increases as the number of adipocytes per fleck 

also increases (Kruk et al., 2018). Thus, supplementation of vitamin A during the early stages of gestation 

can promote hyperplasia of preadipocytes. There is a huge impact on the preadipocytes rather than the 

mature IMF adipocytes when it comes to vitamin A supplementation (Kruk et al., 2018). However, the 

varying results in the supplementation of retinoic acid will be resolved later when compared to restricting 

it. 

In the studies conducted by Harris et al. (2018), Nguyen et al. (2018), and Peng et al. (2020), the 

supplementation of 45,000 IU/day of vitamin A was used for growth performance and serum vitamin A 

which was administered from its birth up to two months of age. When cattle are supplemented with vitamin 

A from birth until weaning, there could be intramuscular pre-adipocytes for lipid storage until the fattening 

stage due to the accumulation of intramuscular adipocytes during its early years. Therefore, this can increase 

the IMF without increasing the fat of other parts of the beef which then increases meat quality (Knutson et 

al., 2017). This result was supported by the review made by Wang et al. (2016) wherein that 

supplementation during the neonatal stage promotes preadipocyte hyperplasia in the early stages of 

development. Interestingly, the results of Peng et al. (2021) are similar to the ones conducted by Berry et 

al. (2012) and Harris et al. (2018) wherein an increase in the gene Zfp423 (Zinc finger protein 43) by 70%, 

which is responsible for maintaining the preadipocyte differentiation in the early stages, was found after 

administration of oral vitamin A. Thus, supplementation of vitamin A in the early stages of the cattle could 

help genes responsible for preadipocyte differentiation to proliferate which could help in the latter years of 

the beef (Ladeira et al., 2018). 

However, Bryant et al. (2010) contradicted that there was no carcass improvement observed and 

showed negative effects such as vitamin A deficiency (Pickworth et al., 2012a; Ward et al., 2012) even 

after feeding the finishing steers four times the National Research Council (NRC) recommended vitamin 

A ration requirement. In addition, vitamin A supplementation does not affect the increase of the marbling 

score of the longissimus thoracis (Krone et al., 2015). This is contraindicated by the studies made by Ward 

et al. (2012) as there was an increase in the marbling score. In addition, vitamin A supplementation in 

another study did not cause an increase in the marbling score of the longissimus thoracis (Krone et al., 

2015). 

However, vitamin A supplementation may not be commercially logical to do since it needs strict 

monitoring of individual animals to prevent deficiency. However, its effectivity towards marbling is 

positive (Kruk et al., 2018). Moreover, if the consumers are willing to pay for higher quality, doing so may 

still be suggested. Since the dosage of vitamin A varies per study, further studies regarding its 

supplementation need careful evaluation. 

Restrictions of Vitamin A 

Retinol restricts hyperplasia of adipocytes which occurs during IMF deposition (Kruk et al., 2018). 

Its restriction can increase IMF instead of subcutaneous fat deposition. The decrease in retinoic acid 

concentration upregulates adipogenic differentiation of 3T3-L1 cells, a preadipocyte from a mouse that can 

be used for in vitro studies, for adipocyte cells and adipogenic genes (Dela Cruz et al., 2017). In the earlier 

studies made by Dela Cruz et al. (2015), the decrease in the level of retinoic acid promoted the increase of 

triglyceride in the adipose tissue of stromal vascular cells when done in vitro. 

Oral supplementation of vitamin A in Korean native (Hanwoo) calves increased their growth 

performance and preadipocyte factor 1(Pref-1) according to Peng et al. (2020). The Pref-1 gene is 

responsible for the inhibition of adipogenesis and prevents the excessive deposition of fat inside the body 

which could lead to obesity (Hudak and Sul, 2013). When cattle reach their fattening stages, the restriction 
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of vitamin A increases the accumulation of lipids through hypertrophy. On the other hand, Pickworth et al. 

(2012a) found that restriction of vitamin A can increase hyperplasia of IMF although IMF adipocytes per 

gram did not change in terms of size and density after the restriction of Vitamin A. The restriction of vitamin 

A supplementation has a great effect on IMF without manipulating muscle size (Kruk et al., 2018). It should 

be noted that fat hyperplasia is more significant in the development of cattle IMF (Yang et al., 2006; Kern 

et al., 2014). 

According to the NRC, restriction or inhibition of vitamin A treatments during the fattening period 

increased the marbling of carcasses which was similar to the reports made by Pickworth et al. (2012a), 

Knutson et al. (2017), and Peng et al. (2019). This was attributed to the reduction of adipogenesis in mature 

adipocytes therefore lipid accumulation and adipocyte hypertrophy decreases (Amengual et al., 2012). The 

increase in the marbling of the carcass through restriction of vitamin A during the finishing stage can only 

be seen among breeds with high-marbling potential (Siebert et al., 2006; Gorocica-Buenfil et al., 2007b; 

Ward et al., 2012; Knutson et al., 2020). Since Hanwoo beef has high marbling ability, this restriction 

technique can be used to increase marbling scores. 

There are studies suggesting that vitamin A restriction does not affect marbling and lipid 

metabolism (Pickworth et al., 2012a, 2012b). The restriction process decreases glycerol-3-phosphate 

dehydrogenase which is an important metabolite during adipogenesis (Oh et al., 2005). Restriction can 

affect the later stages of the growth rate of the animal which can lead to blindness, arthritis, edema, and 

muscular edema. On the other hand, continuous supplementation of the normal level of vitamin A during 

the later stages of life may still result in poor marbling and IMF deposition. However, it is suggested that 

supplementation of 30 IU/dL of vitamin A would be sufficient, and this should not go lower so that the 

enhancement of carcass marbling and the overall health of the animal will be maintained (Park et al, 2018). 

Adipogenesis can still commence when there are low levels of vitamin A. The extracellular use of calcium 

and retinoic acid in low concentrations can increase adipogenic differentiation. In the study conducted by 

Peng et al. (2021), most of the vitamin restriction studies made before did not realize that pro-vitamin A or 

carotenoids might have a large amount of vitamin A which should be noted when conducting further 

vitamin A restriction. 

Effect of Vitamin C 
Ascorbic acid is naturally synthesized in bodies of ruminants particularly in the liver or kidneys 

(Matsui, 2012). Forms of vitamin C such as ascorbate which is the active form of vitamin C will be 

discussed in this section. Vitamin C or L-ascorbic acid may not be given to cattle since they can synthesize 

it, but supplementing them is essential since it is easily degraded in the rumen. Hence, ruminants have a 

hard time synthesizing it alone which results in low plasma vitamin C and/or deficiencies such as scurvy 

(hemorrhage and teeth loss are one of the clinical signs of scurvy) in calves (Matsui, 2012). The 

administration of vitamin C should be rumen-protected such as the use of fat-coated vitamin C, since it can 

be degraded easily (Matsui, 2012; Mwangi et al., 2018; Park et al., 2018; Mwangi et al., 2019). 

Modes of administration of Vitamin C 

The levels of plasma vitamin C drop below its normal range (2.4-4.7 mg/ml) during its fattening 

period. This was explained by Matsui (2012) where cattle fattening can cause oxidative stress and it 

decreases the plasma vitamin C concentration. The plasma vitamin C in the body is a biomarker of vitamin 

C obtained from the ration hence, it is important to supply this in fattener cattle. Administration of vitamin 

C helps in IMF deposition by promoting adipocyte differentiation (Mwangi et al., 2019), and it is necessary 

during the fattening stage to ensure adipogenesis (Kawachi, 2006). The Hanwoo steers used by Pogge et 

al. (2015) showed an improvement in carcass quality in terms of marbling score, texture, and quality grade 

after supplementation of vitamin C. However, vitamin C is easily degraded by the rumen due to its highly 

acidic environment, which is why in the study conducted by Jang et al. (2016), a palm oil-coated vitamin 

C supplement was administered to Hanwoo steers which showed an increase in marbling. Other 

preparations for vitamin C such as powdered, silicone-coated ethyl cellulose-coated, and hydrogenated oil-

coated were also evaluated. The use of silicone and the use of hydrogenated oil showed better efficacy 

(Matsui, 2012). However, supplementation of it may not be useful especially when the plasma 

concentration of vitamin C is high in fattening cattle. It was suggested that the use of vitamin C for the 

enhancement of marbling may be conditional (Matsui, 2012) since environmental factors may play along 

when it is administered to calves, as well as the levels of plasma vitamin C in cattle. Further studies 

regarding the use of different preparations of a rumen-protected vitamin C should be explored to determine 
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the best practice to increase the marbling of the carcasses with inconsideration of different growth stages 

and vitamin dosages. 

Addition of a high sulfur diet was added in the experiment conducted by Pogge and Hansen (2013) 

to 21 maximize the ability of starch to contribute to the marbling of the carcass along with vitamin C. The 

addition of vitamin C in high sulfur diet given in the first 90 days of the study improved the marbling score 

due to the sufficient amount of ascorbate concentrations utilized during lipid metabolism. Nguyen et al. 

(2019) suggested that more research should be made on the supplementation of vitamin C along with other 

minerals found in food for better utilization. 

On the other hand, an increase in polyunsaturated fatty acid (PUFA) in the muscle is evident when 

vitamin C was administered in the diet and was hypothesized that this is due to an increase in the proportion 

of cell membrane lipids in the samples used in the study (Pogge et al., 2014). The tenderness of the final 

meat products and their quality is said to be improved by 1.25% to 2.25% when vitamin C is supplied 

(Pogge et al., 2013). This indicates that supplementation may be used to improve the lipid profile of beef. 

Furthermore, it decreased the amount of C16:0 (Palmitic acid) and C18:0 (Stearic acid) which are saturated 

fatty acids (SFAs) (Chiu et al., 2017). Saturated fatty acid (SFAs), which is associated with coronary heart 

disease, is abundant in ruminant meat (French et al., 2000; Scollan et al., 2006). However, its association 

with coronary heart disease is still controversial (Dehghan et al., 2017; Astrup et al., 2019). Lessening the 

amount of saturated fatty acid in the intramuscular fat of the carcass is gaining more focus in various studies 

(Scollan et al., 2006; Troy et al., 2016). 

Further studies regarding the effect of vitamin C in the improvement of the fatty acid profile should 

be conducted since this can be potential in the market. This is supported by Troy et al. (2016) in which 

consumption of healthy fats, such as those found in the carcass of Hanwoo beef, can benefit the well-being 

of humans (Troy et al., 2016). Purchasing a highly marbled Hanwoo beef product while ensuring its 

healthiness through a better fatty acid profile may gain the trust of the consumers (Półtorak et al., 2017). 

Moreover, the addition of vitamin C in diets and meat processing can stabilize the lipid in the carcass since 

it can prevent reactive oxygen from damaging the cellular components such as lipids (Harris et al., 2001; 

Pogge et al., 2014). 

Effect of Vitamin D 
Vitamin D or known as 1,25-dihydroxy vitamin D3 is an active form of vitamin D which is known 

for its calcium homeostasis and bone metabolism role inside the body. It is normally synthesized inside the 

body through activation from the sun’s ultraviolet rays. Cattle in general can also get vitamin D from plants, 

called ergosterol, which is converted to vitamin D2 once the plant is exposed (cured) to sunlight. Rickets 

is the weakening of bones to prolonged deficiency of vitamin D, while osteomalacia is the inefficiency to 

absorb calcium in the diet in which vitamin D aids in homeostasis (Uhl, 2018). Supplementation can also 

manage obesity which is associated with the lack of vitamin D (Ladeira et al., 2018). On the other hand, 

excessive supplementation of vitamin D could lead to toxicity which could result in anorexia, acetonemia, 

and even death (Grünberg, 2022). Moreover, different stages in the life of cattle require different levels of 

vitamin D, and these risks should be noted when supplementing or restricting vitamin D. 

Supplementation of Vitamin D 

Young cattle have a higher demand for the supplementation of vitamin D. They obtain a proper 

amount of vitamin D if administered or fed approximately 300 IU of vitamin D per 100 pounds of its body 

weight 25 (Bailey, 2017). According to Park et al. (2018), the 1,25- dihydroxy vitamin D3 produced in 

calcium homeostasis downregulates preadipocyte differentiation. Thus, a low dosage of calcium increases 

the level of 1,25- dihydroxy vitamin D3. This action reduces the marbling in the carcass of the beef since 

it inhibits the differentiation of preadipocytes (Hida et al., 1998). The downregulation of preadipocyte 

differentiation results in a poor intramuscular fat deposition which is associated with the supplementation 

of Vitamin D as an important regulator for adipogenesis (Berry et al., 2012). Thus, vitamin D3 

supplementation is used to increase the tenderness of meat through the help of 1,25-dihydroxy-vitamin-D3 

by increasing IMF deposition. Additionally, enhancement of the visual aspects of the meat such as marbling 

can be done with the use of vitamin D3. During calcium homeostasis, the mobilization of calcium which is 

important for the content of connective tissue and the mechanism of muscle contraction is due to vitamin 

D (Półtorak et al., 2017).  

The stimulation of calcium by vitamin D3 increases the calcium content and this can affect the 

muscles, specifically skeletal muscles. According to Carnagey et al., (2008), the administration of high 

doses of vitamin D3 in vivo during the last phase of the fattening period can improve the tenderness of the 
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carcass. There is an improvement in the tenderness, juiciness, and flavor of the carcass when cattle 

underwent high supplementation of Vitamin D3 before slaughter (Rafalska, 2016). This is similar to the 

ones conducted by Karges et al. (2001) and Montgomery et al. (2004) in which high supplementation of 

vitamin D with a rate of more than or equal to 1 million IU/d for the finishing cattle in the last week is 

suggested to improve the tenderness. The latissimus dorsi improved its tenderness when cattle were 

supplemented with high doses of vitamin D3 at pre-slaughter (Swanek et al., 1999).  

The minimum requirement given by the NRC for vitamin D is 300 IU/kg to avoid any risks 

involving vitamin D deficiency. Furthermore, Półtorak et al. (2017) observed an increase in calcium 

concentration in the muscle when vitamin D3 was supplemented in the last stages of its fattening stage. 

However, the supplementation of vitamin D and improvement of tenderness is not the same in the studies 

conducted by Scanga et al. (2001) and Reiling and Johnson (2003) wherein no improvement in the 

tenderness of the carcass was observed. In colder climates, supplementation of vitamin D in cattle is 

important due to the limited source of sunlight (Cashman, 2020; Kiely and Black, 2012). The use of high 

doses of vitamin D3 in the improvement of its quality through intramuscular fat deposition can be 

economically helpful in way that it can reduce the amount of unsold meat being returned from retailers to 

meat processing facilities (Półtorak et al., 2017). 

Restriction of Vitamin D 

Restriction of the 1,25-dihydroxy vitamin D receptor, which activates 1,25-dihydroxy vitamin D, 

regulates adipogenesis by suppressing it (Lu et al., 2018; Miao et al., 2020). Additionally, restriction before 

slaughter positively affects the calcium levels in meat, particularly in the post-mortem proteolysis and 

tenderization process. In the study conducted by Lee et al. (2003) in which Hanwoo steers received low 

calcium in the ratio, led to high levels of plasma 1,25-dihydroxy vitamin D3 and resulted in high marbling 

scores during the finishing stage of rearing. Feeds can be used as an alternative tool in supplementing the 

cattle vitamin D ration to improve the fatty acid profile or lipid stability (Castillo et al., 2013; Półtorak et 

al., 2021). The restriction of adipocyte differentiation and promotion of fat accumulation in adipocytes will 

depend on the cattle’s stage of life (Kawachi, 2006). 

Unfortunately, there are only a few studies regarding the effects of vitamin D on bovines. 

Contradicting results regarding supplementation and restrictions of vitamin D resulted in different farm 

practices regarding the use of vitamin D restriction. Some farmers are following full vitamin D restriction 

during the fattening stage, while others practice partial or intermittent restriction. Thus, further studies 

regarding the effects of Vitamin D should be done in order to fully understand its effects on bovine and 

marbling. 

General Acceptance of Hanwoo Beef 
Marketability 

Beef is the third most consumed meat around the world at 6.4 kg. per capita (OECD, 2022). It is 

expected that beef consumption will rise by 8-12% higher than the current status for developing countries 

and developed countries, such as Korea (OECD, 2022). Generally, consumers base the quality of the carcass 

on the quality of the product which satisfies them, and tenderness is one of these factors for quality. Healthy 

nutritional attributes and overall sensory characteristics are the other factors for consumers to act on their 

willingness-to-pay decision (Mwangi et al., 2019; Khamikoeva et al., 2021). 

Fatty acid profile of Hanwoo beef 

Fat is classified as both substrate and reservoir of flavor compounds which contributes to the 

marbling of the carcass (Frank et al., 2016). The fatty acid profile manipulation in beef carcasses and human 

health has been an issue over the years. The fatty acid profile of Hanwoo beef is different from the meat 

from the USA or Australia (Kwon and Choi, 2015; Hwang and Joo, 2017) in a way that it has higher 

monounsaturated fatty acids (MUFAs), particularly oleic acid (Kwon and Choi, 2015). According to 

(Guasch-Ferré et al., 2019), MUFAs can lower mortality rates. However, the association between MUFAs 

and mortality does not match the report of Dehghan et al. (2017). Higher IMF in Hanwoo carcasses shows 

a higher amount of oleic acid which defines the meat flavor component of the carcass, and it is genetically 

innate among Hanwoo cattle to predispose oleic acid inside their bodies (Smith, 2016).  

A study made by Bhuiyan et al. (2017) showed that fatty acids, carcass, and meat quality traits 

may be improved simultaneously which can lead to an increase in fatty acid meat profile. In the study 

conducted by Smith et al. (2018), the current production population of Hanwoo cattle is around 2.6 million 

head, and the per capita consumption increased by 11.6 kg in 2015. However, the decline in demand for 
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Hanwoo beef is due to animal and saturated fat phobia. Korean consumers are leaning toward a leaner type 

of beef, which the Korean government took initiative through a traceability system. The system aims to 

provide the consumers with the beef’s information such as its breed, herd, etc. The encouragement of public 

health authorities regarding the reduction of saturated fat and red meat consumption also contributes to the 

decline in demand. Evidence regarding mortality linked to CVD and obesity due to the consumption of red 

meat is found in the study conducted by Pan et al. (2012). However, a contradicting study was made by 

Oostindjer et al. (2014) in which no strong relationship was observed between the consumption of red meat 

and CVD and obesity. 

The association between saturated fat and beef carcass, and negative effects on health of humans, 

particularly cardiovascular health created the fear of fat in foods. The real culprit for the development of 

cardiovascular disorder (CVD) and obesity is linked to the consumption of processed meat. It is important 

to make further studies regarding the effects of consumption of processed meat, and to what degree it is 

already harmful to the overall health of humans. Thus, improvement and regulation of lipid metabolism 

which can be affected by MUFAs, as well as maintaining the balance of cardiac muscle (Lahey et al., 2014) 

with improvement of fatty acid profile in Hanwoo beef.  

According to Webb and O’Neill (2008), consuming beef fat will aid in transporting fat-soluble 

vitamins and enhance immune response. Consumption of healthy fats, such as those found in the carcass of 

Hanwoo beef, can benefit the well-being of humans (Troy et al., 2016). A 33 lower risk of heart failure can 

be attributed to the APOA1 gene which is related to the high-density lipoprotein (HDL) found in the liver 

and intestine (Sacks and Jensen, 2018). High-density lipoprotein (HDL) is known as the “good cholesterol” 

which is good for human health in a way that it lowers the risk of cardiovascular disease and obesity 

(Centers for Disease Control and Prevention, 2022). Hanwoo beef carcasses have lower cholesterol levels 

compared to other beef carcasses in the market and have higher omega-3 fatty acids (Cho et al., 2010). 

Demand for Higher Quality Hanwoo Beef Consumers are shifting from high marbling quantity to high 

marbling quality. Specifically, consumers in Japan and Korea prefer evenly distributed marbling in beef 

which is priced much higher than coarsely marbled beef and these countries are willing to purchase high- 

quality beef (Lee et al., 2019).  

Furthermore, increasing the quality of the product with the concept of its origin must be guaranteed 

by the producers to attract the public to consume the product. Chung et al. (2018) suggested that farmers 

need to be smart in solving the current challenges in imported feed costs, increasing calf prices, increasing 

land costs, and cheaper imported beef. Another challenge that the Hanwoo beef industry faces is false 

labeling, and this poses a threat to the Hanwoo meat market. Some carcasses are intentionally mislabeled 

as Hanwoo due to their higher price in the market which they take advantage of. 

 

Conclusion  

The implementation of only a single procedure may not be efficient when it comes to increasing 

the IMF but it is already a leap. Further studies regarding the IMF promoting effects of vitamins A, C, and 

D may be conducted in relation with different feeding strategies to further clarify their mechanism of action. 

Other vitamins may also be considered in conducting further studies with regards to marbling. Despite 

personal preferences, and culture, beef is one of the popular meats consumed globally. Further studies with 

these vitamins and fusing them with other procedures may bring out the hidden potentials of Hanwoo beef 

that are yet to be discovered. 
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