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Abstract  9 

The objective of this study was to investigate the effects of quality grade (QG) on the 10 

physicochemical composition and eating quality attributes of pork belly and shoulder butt. 11 

Seventy-two growing-finishing crossbred pigs were slaughtered and their carcasses were 12 

graded according to the Korean pork carcass grading system. Based on the grading criteria, the 13 

carcasses were classified into: QG1+ (n=23), QG1 (n=23) and QG2 (n=26) groups. At 24 h 14 

postmortem, belly and shoulder butt cuts were collected from the QG groups and used for 15 

analysis of meat quality, flavor compounds and eating quality attributes. Results showed that 16 

the variation in fat content among QG was approximately 2% in the both cut types. The QG 17 

showed no effects on all the quality traits: cooking loss, pH and color of the belly or shoulder 18 

butt (p>0.05). Thirty-five flavor compounds comprising mainly fatty acids 19 

oxidation/degradation-derived products (e.g., aldehydes) and only few Maillard reaction-20 

derived products (e.g., sulfur-and nitrogen-containing compounds) were identified. However, 21 

the QG showed a minor effect on the flavor profiles in both the belly and shoulder butt. 22 

Regarding the sensory quality, no effects of the QG were found on all the eating quality 23 

attributes (color, flavor, juiciness, tenderness and acceptability) for both the belly and shoulder 24 

butt cuts (p>0.05). Thus, it may be concluded that the current pork carcass grading standards 25 

do not reflect the real quality and value of the belly and shoulder butt cuts.  26 

Keywords: Quality grade; pork; belly; shoulder butt; eating quality  27 

 28 
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Introduction 33 

Together with the economic growth, demand for meats has remarkably increased in recent 34 

decades in Korea (Ban and Olson, 2018). Like other Asian countries, pork meat is a staple in 35 

Korean traditional cuisine, with per capita consumption is ranked seventh in the world and third 36 

in Asia (Choe et al., 2015). Currently, each pork carcass is fabricated into 7 standard primal 37 

cuts (loin, belly, hind and fore legs, shoulder butt, tenderloin and shoulder rib) which are then 38 

made into 25 sub-primal cuts (eye-loin, tenderloin, top round, outside round, shanks, belly etc.) 39 

according to the Korean Pork Cutting Specification (2018). Out of them, belly (called 40 

Samgyeopsal) is considered as the most preferable part, followed by shoulder butt and rib (Oh 41 

and See, 2012). The belly and shoulder butt are usually used to make the grilled pork 42 

(Samgyeopsal-gui) that is the most popular pork dish in Korean cuisine. Consequently, there 43 

is a distinct difference among the cuts in market prices; the retail price per kilogram of belly 44 

generally costs 17,810 won while, the other remaining low-fat cuts are worth about 3,003 to 45 

4,111 won per kilogram depending on point in time (Ban and Olson, 2018; Kang, 2019). 46 

Although the belly cut only accounts for approximately 14-18 % by weight of each pork carcass, 47 

it represents a significant value (approximately 15–17%) (Choe et al., 2015; Pulkrabek et al., 48 

2006). Because of high demand and insufficient supply, a huge amount of belly and shoulder 49 

butt must be imported from other markets yearly (Clay, 2018). In 2017, Korea imported 50 

approximately 496,442 tons of pork (mainly belly and shoulder cuts) that valued about 51 

1.570,613 US$ from foreign countries (Ban and Olson, 2018). 52 

In Korea, after slaughter, the quality of pork carcasses is graded into different quality 53 

grades (QG) by the Korea Institute for Animal Products Quality Evaluation (KAPE). The 54 

current Korean pork quality grades consist of three main QGs (1+, 1 and 2) in which the QG1+ 55 

and QG2 are considered as the most desirable and undesirable grades, respectively. Based on 56 
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the grading criteria by the KAPE (2017), the QGs of pork are determined by warm carcass 57 

weight, back-fat thickness, and appearance and meat quality parameters. Of which, the meat 58 

quality (marbling, meat and fat color, and texture) is measured on exposed longissimus dorsi 59 

muscle at the last rib (13th) and the 1st lumbar vertebrae. Particularly, pigs with warm carcass 60 

weight of 83-93 kg, back-fat thickness of 17-25 mm, good marbling, meat color values of 3-5 61 

and fat color values of 2-3 etc. belong to the QG1+; pigs with warm carcass weight of 80-98 62 

kg, back-fat thickness of 15-28 mm, fine marbling, meat color values of 3-5 and fat color values 63 

of 1-3 etc. belong to the QG1; pigs with rest of warm carcass weight and back-fat thickness 64 

(excluded in the QG1+ and 1), poor marbling, meat color values of 2 and 6, fat color values of 65 

4-5 belong to the QG2. It should be noted that a pork carcass with good quality loin doesn’t 66 

mean to yield a high quality belly or other cuts, and thus withdrawing conclusion on bellies 67 

quality based on the loin quality is inappropriate and misleading [16,17]. 68 

It should be noted that the final market price of each pork carcass is mainly determined 69 

by its QG. According to the report of KAPE (2019), the price per kilogram of pork carcass was 70 

4,222, 4,134 and 3,960 won for the QG1+, 1 and 2, respectively. The carcass grading, therefore, 71 

is an important step and is the basis to determine the final market price for each finishing pig. 72 

Till now, there have been several studies assessing the effects of QG on the pork meat quality 73 

(Ba et al., 2019), however, these authors usually used the longissimus dorsi (LD) muscles as 74 

the representative samples in their studies. Though the belly and shoulder butt are considered 75 

as the most economically important and preferable pork cuts, no studies were conducted to 76 

investigate whether the QG affects their technological and eating qualities. This study was 77 

undertaken to evaluate the quality parameters, flavor compounds and eating quality of high-fat 78 

pork cuts (belly and shoulder butt) and, their associations with the Korean pork grading 79 

standards.  80 
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Materials and Methods  81 

Samples preparation 82 

Belly and shoulder butt cuts collected from crossbred ([Landrace × Yorkshire] ♀ × Duroc ♂) 83 

(LYD) with body weights of 100 to 120 kg were used in the present investigation. The pigs 84 

were reared in commercial farms and finished around 180 days old. The day before slaughter, 85 

the animals were loaded onto a lorry, shipped to a slaughterhouse (Jeonju, Korea) with a 86 

transporting time of about 1 to 2 h and kept in lairage. All the pigs were fasted off feed but with 87 

full access to water. The next day, the pigs were humanely slaughtered according to Korean 88 

rules and regulations for animal care and standard procedures (Korea Institute of Animal 89 

Products Quality Evaluation, KAPE, 2013). During our investigation period, eight slaughter 90 

batches (10 pigs per batch and at 1-week intervals) were conducted at a same slaughterhouse. 91 

Just after slaughter, the warm carcass weight was recorded and the split carcasses were then 92 

chilled at 2°C. On the following day, the left sides of chilled carcasses were ribbed at the last 93 

rib (13th) and the 1st lumbar vertebrae to expose the longissimus dorsi (LD) muscle. The carcass 94 

QGs were evaluated by an official meat grader according to the Korean pork carcass grading 95 

system (KAPE, 2013) as described in our previous study (Ba et al., 2019). Based on the grading 96 

criteria obtained from the pre-chilling (e.g., warm carcass weight) and post-chilling 97 

measurements such as back-fat thickness (at the 11th – and 12th –rib, and between the last rib 98 

and first lumber vertebra), and marbling score, meat color and texture, fat color, and fat quality 99 

degrees etc. of the exposed LD muscle, the carcasses were categorized into three QG groups: 100 

QG 1+ (n=23), QG 1 (n=23) and QG 2 (n=26). The information regarding the live weight and 101 

carcass traits of the used pigs are summarized in Table 1. After grading and classification, the 102 

carcasses were transferred to a cutting room where the belly and shoulder butt were collected 103 

from the left sides and used for the meat quality analysis. The cuts were then skinned, deboned 104 
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and relatively trimmed of external fats according the instruction of Korean Pork Cutting 105 

Specification (2018). Thereafter, each the cut was prepared into sub-sample sizes (Fig. 1) 106 

depending on the type of analysis. Analysis of proximate composition, color and pH, were 107 

performed on fresh samples on the sampling day, while vacuum packed and storage frozen 108 

(−20°C) samples were used for analysis of flavor compounds and sensory attributes. 109 

Chemical composition 110 

The moisture, protein and fat contents were determined using a Food Scan™ Lab 78810 (Foss 111 

Tecator Co., Ltd, Hillerod, Denmark), as described in our previous study (Seong et al., 2016). 112 

Each sample was determined in triplicates. 113 

pH measurement 114 

The pH of the meat samples was measured in triplicate by inserting a calibrated stainless steel 115 

pH probe of a pH*K 21 meter (NWK-Technology GmbH, Kaufering, Germany) deeply into 116 

the meat. Three readings were carried out at random locations for each the sample.  117 

Instrumental color measurement  118 

Transversal sections of belly or shoulder butt were taken consecutively and bloomed for 30 119 

min before color measurement using a Minolta Chroma Meter CR-400 with a D65 illuminant*1 120 

and 2o observer (Minolta Camera Co, Osaka, Japan). Care was taken to avoid scanning of 121 

intermuscular fat areas in the samples. The color was expressed according to the Commission 122 

International de l’Eclairage (CIE) system and reported as CIE L*(lightness), CIE a*(redness) 123 

and CIE b*(yellowness). The color values were measured at three random locations on each 124 

the sample.  125 

Cooking loss determination  126 

The cooking loss was determined by subjecting approximately 150 g meat steak (2.54-cm in 127 

thickness) of each sample to heat treatment by cooking in a pre-heated water bath (72°C) until 128 
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the temperature reached 70℃ as described by Ba et al. (2019). Following the cooking process, 129 

the cooked samples were immediately cooled for 30 min under running water and then re-130 

weight to determine cooking loss. The cooking loss was calculated as the ratio of the cooked 131 

to the raw meat sample weight. 132 

Sensory evaluation 133 

The sensorial characteristics of both the pork samples were evaluated using a six-member well 134 

trained panels selected from the institution’s staffs as described in our previous study (Ba et al., 135 

2019). The sensory evaluation procedure was approved by the Institutional Review Board of 136 

National Institute of Animal Science (No.11-1390744-000007-01). To minimize the variation 137 

in eating quality caused by the sampling location, for each the belly, three fixed sub-samples 138 

(Fig. 1) were collected, separately evaluated and the mean score for each sensorial trait was the 139 

average of scores obtained from these three sub-samples. Prior to use, the frozen vacuum-140 

packed sub-samples were defrosted at 4°C for approximately 2 h, and they were then manually 141 

sliced into 7 representative slices (50 × 50 × 4 mm: W × L × D). Of which 1 strip was used for 142 

general sensorial color evaluation after 30 min cutting (blooming). The rests of strips (6 per 143 

sample) were cooked at approximately 180oC on an open tin-coated grill for about 2 min. 144 

Immediately after cooking, the samples were placed on individual dishes and served to the 145 

panelists. The panelists then handled the cooked samples with an approved odorless plastic 146 

fork and ranked on 7-point hedonic scale (7=extremely like; 6=like very much; 5=like 147 

moderately; 4=neither like nor dislike; 3=dislike moderately; 2=dislike very much and 148 

1=dislike extremely) for flavor, juiciness, tenderness and overall acceptability as described by 149 

Meilgaard et al. (1991). Between the samples, the panelists were asked to refresh their palate 150 

with drinking water and unsalted crackers.  151 

Volatile flavor compounds  152 
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The volatile flavor compounds in cooked pork samples were determined using the method 153 

standardized by Ba et al. (2010) with minor modifications. Briefly, immediately after cooking, 154 

2.0 g of each the cooked sample was taken and placed into a 20-mL headspace vial (Part No. 155 

5188-2753, Agilent, Santa Clara, CA, USA) and 1.0 µL of 2-methyl-3-heptanone (816mg /mL 156 

in methanol) as an internal standard (ISD) was also added. The vial containing sample was 157 

sealed with PTFE-faced silicone septum and was then extracted for volatile flavor compounds 158 

at 65oC for 60 min using the solid-phase micro-extraction technique. The extracted volatiles 159 

were then separated into a DB-5MS capillary column, 30 m×0.25 mm i.d.×0.25 μm film 160 

thickness (Agilent J & W Scientific, Folsom, CA, USA) connected to a Gas Chromatography 161 

(Model: 7890B GC) and Mass Spectrophotometry (Model: 5977B MSD, Agilent Technologies, 162 

USA). Conditions used for the separation and analysis of the volatiles were same as those 163 

described in the above-cited reference (Ba et al., 2010). The volatiles were identified by (i) 164 

comparing their mass spectra with those already present in the Wiley registry of mass spectral 165 

data (Agilent Technologies, USA) and (ii) by comparing their retention times with those of 166 

external standards. The final concentration (µg/g meat) of each identified was calculated by 167 

comparing its peak area with the peak area of known-concentration internal standard. 168 

Statistical analysis. 169 

The obtained data was statistically analyzed using a Statistic Analysis System (SAS) package 170 

(SAS Institute, Cary, NC, USA, 2007). Means and standard errors were calculated for the 171 

variables (meat quality traits etc.). The data were analyzed by using the ANOVA procedure 172 

considering QG as the main effect. Means were compared using Duncan’s multiple range test. 173 

Significance was defined at p<0.05. Pearson correlation coefficients between the QG with meat 174 

quality traits were also determined using the same statistical analysis software.  175 

Results and Discussion 176 



 

10 

 

Effect of QG on the chemical composition and technological quality  177 

The proximate composition and technological quality traits of the belly and shoulder butt cuts 178 

as affected by the QG are presented in Table 2. It was observed that the QG significantly 179 

affected the chemical composition such as; moisture, fat and protein contents in the both cuts. 180 

The moisture content among the QG groups ranged from 52% to 54% and from 61% to 63% 181 

in the belly and shoulder butt, respectively. We observed that the bellies in the higher QG group 182 

contained lower moisture whereas, the shoulder butt in the higher QG group contained higher 183 

moisture content (p<0.05). For the fat content (subcutaneous and intermuscular fat), a same 184 

trend was observed for the both cuts; increasing the QG increased the fat content. In general, 185 

both of cut types contained a relatively high fat level (27-31% and 17-20% for belly and 186 

shoulder butt, respectively). Our results align with those of Ba et al. (2019) and Lee et al. (2019), 187 

who reported similar trends for the fat content in pork and beef LD muscles from different QG 188 

groups. Compared with our data, those of Lowell et al. (2019) and Soladoye et al. (2017) found 189 

higher fat content (33-46%) and lower moisture (41-49%) in belly cut of Duroc and Peitrain 190 

breeds finished at heavier weight (130-135 kg). These contrasting results are probably due to 191 

the differences in the sampling position, slaughter weight and breed used between the studies. 192 

Additionally, the fat and moisture results obtained on the belly cut agree with the general rule 193 

that fat content is inversely related to moisture content in meat (Kim and Lee, 2003). The 194 

protein content among the QG groups ranged from 16.0 to 16.95% and from 17% to 18% in 195 

the belly and shoulder butt, respectively. A higher protein content was found in the bellies from 196 

the lower QG group (p<0.05). 197 

Previous studies have indicated that the color, cooking loss, pH and water holding capacity 198 

could be considered as the main technological quality parameters using for segregation of raw 199 
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meat (Knecht et al., 2018). In both the cut types, all of the technological quality traits (cooking 200 

loss, pH and color) were not affected by the QG (p>0.05). The cooking loss level among the 201 

QG groups ranged from 17.29% to 17.25% and from 24% to 25% in the belly and shoulder 202 

butt, respectively. Similar to our results, those of Ba et al. (19) showed that cooking loss of 203 

pork LD muscles was not affected by the QG. Compared with our data, however, those of 204 

Knecht et al. (2018) found higher cooking loss (22-30%) for pork belly finished at older age 205 

(210 days). In fact, the fat content has been proven to strongly affect technological quality traits 206 

such as; cooking loss and instrumental color etc. of pork and beef (Lee et al., 2019; Skubina et 207 

al., 2010). In the present study, however, this effect was not observed in both the cut types, 208 

probably because: (i), the fat levels were relatively higher in all the QG groups and (ii), a small 209 

variation in fat content (approximately 2% among the QG groups) that might not cause some 210 

effects on the quality traits examined.  211 

Effects of QG on the volatile flavor compounds 212 

The concentrations of the identified volatile flavor compounds in the cooked belly and shoulder 213 

butt cuts as affected by the QG are presented in Table 3. The outcome of our analysis displayed 214 

a broad range of flavor compounds (over forty compounds) comprising of 17 aldehydes, 6 215 

alcohols, 2 ketones, 6 hydrocarbons, 2 furans and 4 nitrogen-and sulfur-containing compounds. 216 

Based on the formation pathways of flavor compounds in cooked meats (Ba et al., 2013; 217 

Mottram,1998), it appears likely that most of the identified compounds were derived from the 218 

lipid oxidation/degradation, and only few were formed via the Maillard reaction between amino 219 

acids with reducing sugars. In general, both cut types had the volatile flavor profile 220 

characteristic of high fat content meats, being indicated by a greatly predominant number and 221 

amount of the fatty acids-derived compounds such as aldehydes, alcohols and hydrocarbons 222 

(Elmore et al., 2005).  223 
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Regarding aldehydes, which were the most predominant flavor class found in the both 224 

cut types with a total of 15 and 17 compounds in the belly and shoulder butt, respectively.  225 

Each of the identified aldehydes was present at a level of at least 0.01 µg per 1.0 g of sample 226 

in each the QG group. Of these compounds, however, only few were influenced by the QG 227 

when examined by analysis of variance. For the belly, only 3 compounds namely 3-methyl-228 

butanal, 2-methyl-butanal and hexanal showed statistical difference among the QGs. The 3-229 

methyl-butanal and 2-methyl-butanal possessing cheese, nutty and salty notes in cooked pork 230 

(Dos Santos et al., 2015), were significantly higher in the QG2 compared to the other remaining 231 

QG groups. These two compounds are originated from the degradation of isoleucine and 232 

leucine, respectively (Aaslyng and Meinert, 2017). Hexanal is known to arise from the 233 

degradation/oxidation of linoleic acid (Hoa et al., 2013; Martın et al., 2001), our results depict 234 

that its amount was greater in the QG1+ than in the QG2. Hexanal has been reported to 235 

contribute positively to the cooked meat flavor (e.g., fatty odor), but may produce undesirable 236 

flavors at higher concentrations (Calkins and Hodgen, 2007). For the shoulder butt, three 237 

aldehydes showing the statistical difference (p<0.05) among the QGs were 2-ethylhexanal, 238 

benzaldehyde and nonanal. Of them, 2-ethylhexanal appears likely to be formed from the 239 

Strecker degradation of amino acid, and its concentration was significantly higher in the QG1+ 240 

than those in the QG1 and QG2 (p<0.05). While, benzaldehyde and nonanal are the products 241 

derived from the oxidation/degradation process of linolenic and oleic acid, respectively (Ba et 242 

al., 2013; Elmore et al., 2002). The concentrations of these compounds also were higher in the 243 

QG1+ than those in the QG1 and QG2 (p<0.05). The benzaldehyde has been reported to possess 244 

unpleasant flavors (e.g., almond oil, bitter almond and fishy odors) whereas, the nonanal was 245 

reported to possess pleasant flavors (e.g., roasted, sweet and fatty odors) in cooked meat 246 

(Aaslyng and Schäfer, 2008; Calkins and Hodgen, 2007). Thus, the results indicating the 247 
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differences in amounts of these aldehydes is likely related to the variations in levels of 248 

precursors (e.g., amino acids and fatty acids) among the QGs studied because the content and 249 

nature of the precursors determine the flavors generated during cooking (Aaslyng and Meinert, 250 

2017).  251 

Regarding the alcohols, they partly contribute to the cooked meat flavors due to their 252 

low odor-detection threshold (Sabio et al., 1998). However, except 1-pentanol, all of the 253 

identified alcohols showed no significant differences among the QG groups for both the belly 254 

and shoulder butt cuts (p>0.05). The 1-pentanol associated with fruity and oily odors (Calkins 255 

and Hodgen, 2007), is known as the linoleic acid oxidation-derived product in meat during 256 

cooking (Ba et al., 2013; Elmore et al., 2002). Our result depicts that the amount of this 257 

compound was higher in the QG1+ bellies (0.16 µg/g) compared to those in the other remaining 258 

QG groups. Similarly, a research conducted to examine the effect of QG on volatile flavor 259 

profiles in pork LD muscles has also shown that the QG had a minor effect on the quality and 260 

quantity of alcohol class (Ba et al., 2019).  261 

Out of the identified hydrocarbons, toluene, and 1,3-dimethylbenzene and xylene were 262 

the compounds showing significant (p<0.05) differences among the QG groups in the belly and 263 

shoulder butt, respectively. Of which, toluene and 1,3-dimethylbenzene were likely derived 264 

from the Strecker degradation of amino acids (Olivares et al., 2011). In general, hydrocarbons 265 

are known as the lipid oxidation/or amino acids Strecker degradation-derived products which 266 

apparently have a minor contribution to the cooked meat flavors because of their high odor-267 

detection thresholds (Mottram 1998). No differences occurred in the identified furans among 268 

the QG groups for the bellies (p>0.05). For the shoulder butt, both of the furans (2-pentylfuran 269 

and 2-octylfuran) showed differences among the QG groups, with significantly higher amounts 270 

in the QG2 (p<0.05). The 2-pentylfuran and 2-octylfuran are the products derived from the 271 
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oxidation of C18:2n-6 and C18:1n-6, respectively (Ba et al., 2013). The furan class seems to 272 

little contribute to the flavor of cooked meat due to their high odor-detection thresholds.  273 

Nitrogen-and sulfur-containing compounds are produced in the Maillard reaction 274 

between amino acids and a reducing carbohydrate in meat during cooking/heating (Mottram, 275 

1998; Thomas et al., 2014). In which, the sulfur-containing amino acids such as cysteine are 276 

the main precursors for the formation of the sulfur-containing compounds which are associated 277 

with pleasant odors such as meaty and onion of cooked meats (Mottram, 1998). The other 278 

amino acids are such as; glycine and valine favor the formation of nitrogen-containing flavor 279 

compounds such as pyrazines and thiazoles which are associated with roasted and grilled 280 

flavors of cooked meats (Mottram, 1998). With respect to these Maillard compounds, the QG 281 

only affected the 2,5-dimethylpyrazine whose amount was significantly higher in the QG2 282 

bellies compared to those in the other QG groups (p<0.05). For the shoulder butt, the QG also 283 

did affect two compounds (4-methylpyrazole and 2-ethyl-3,5-dimethyl-pyrazine) whose 284 

amounts also were higher in the QG2 than those in the QG1+ or the QG1 (p<0.05). Almost all 285 

of these compounds have also been reported in cooked pork and beef in literatures (Ba et al., 286 

2020; Cho et al., 2020). It appears that both the belly and shoulder butt cuts in the lower QG 287 

group (e.g., QG2) presented higher amounts of the Maillard reaction-derived flavor compounds 288 

which are associated with meaty, roasted and grilled flavors whereas, those from the higher 289 

QG groups (e.g., QG1+) presented higher amounts of the fatty acids-derived compounds which 290 

are associated with the fatty and oily flavors. This could be related to the differences among 291 

the QG groups in the content and nature of precursors present in the cuts. 292 

Effect of QG on the eating quality traits 293 

Mean scores for the eating quality traits of the belly and shoulder butt among the quality grade 294 

groups are shown in Table 4. On a 7-point hedonic scale, the panelists gave relatively high 295 
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scores approximately 5.0~5.7 for all the eating quality traits such as fresh meat color, flavor, 296 

juiciness, tenderness and overall acceptability for the both cut types. Thus, it may be said that 297 

the bellies and shoulder butts were rated as flavorful, juicy, tender and highly acceptable cuts. 298 

In both the cut types, however, no differences occurred in all the eating quality traits among 299 

the QG groups (p>0.05). In fact, a positive effect of fat level on the eating quality attributes of 300 

pork LD muscles has been shown in a large number of studies (Brewer et al., 2001; Fernandez 301 

et al., 1999; Wood et al., 2004). Increasing fat level (intramuscular fat) in pork LD muscles 302 

resulted in improved flavor, juiciness and tenderness (Fortin et al., 2005; Fernandez et al., 1999; 303 

Ngapo and Gariepy, 2008). This study for the first time, evaluated the eating quality of high-304 

fat cuts like belly and shoulder butt as affected by the Korean pork carcass grading system. 305 

And the results indicating no statistical differences among the QG groups in all the sensory 306 

attributes is likely due to the fact that the panelist could not visually detect the variations in the 307 

fat levels among the QG groups because all the cuts in all the QG groups owned a quite high 308 

fat level (27-31% and 17-20% for belly and shoulder butt, respectively). Supporting the present 309 

findings, Fernandez et al. (1999) showed that an increase in fat level (intramuscular fat) in pork 310 

LD muscles resulted in increased flavor and taste but further increases did not intensify the 311 

flavor. On the other hand, researches conducted to examine the effect of fat content on 312 

consumer’s acceptability of pork LD muscles has also shown that increasing fat level could 313 

increase the acceptability, but this increase may be associated with a high risk of meat rejection 314 

due to visible fat (Fernandez et al., 1999; Fortin et al., 2005). This implies that increasing QG 315 

did not result in improved eating quality of belly and shoulder butt cuts. In other words, the 316 

current pork carcass grading system does not reflect the real eating quality as well as economic 317 

value of these two cuts. Moreover, it is well known that the belly and shoulder butt are the most 318 

preferable cuts by consumers worldwide (Oh and See, 2012), and they account for the most 319 
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important economic value in a pork carcass. By using the criterial parameters (e.g., marbling 320 

degree and color etc.) measured on the LD muscle when carcass grading, it is not possible to 321 

discriminate the real eating quality of these two cut types among the QG groups accurately. 322 

Regarding this, Arkfeld et al. (2016) also stated that a pork carcass with good quality loin 323 

doesn’t mean to yield a high quality belly or other cuts, and thus withdrawing conclusion on 324 

bellies quality based on the loin quality is inappropriate and misleading. Contrastingly, the 325 

current carcass grading system is partly based on the marbling score (fat content), therefore, 326 

attempts (e.g., through feeding diet) made to increase pork carcass QG may result in 327 

excessively deposited fat tissues (e.g., subcutaneous and intermuscular) which may be 328 

associated with a high trimmed loss or high risk of meat rejection by consumers in some 329 

markets (Fernandez et al., 1999).  330 

Furthermore, the relationships between QG and chemical composition, technological 331 

quality and eating quality attributes in the belly and shoulder butt were also determined as 332 

shown in Table 5. It was observed that in both the cut types studied there was no (p>0.05) 333 

correlations between the QG and all the quality traits examined except for the fat and moisture 334 

content.  335 

Conclusion  336 

Summing up, the QG only affected the chemical composition such as moisture, fat and protein 337 

whereas, did not affect all the technological quality traits examined such as cooking loss, pH 338 

and color of the belly and shoulder butt. A large number of volatile flavor compounds 339 

comprising mainly fatty acids oxidation/degradation-derived products such as aldehydes and 340 

only few Maillard reaction products such as sulfur-and nitrogen-containing compounds at trace 341 

quantities was identified. Both cut types from all the QG groups exhibited the volatile flavor 342 

profile characteristic of high fat content meats. However, the QG apparently showed a minor 343 
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effect on the volatile flavor profiles of the belly and shoulder butt. Noticeably, no effects of 344 

QG were found on all the eating quality attributes in the both cut types. Considering all the 345 

technological quality and eating quality traits examined in the present study, it may be said that 346 

the current pork carcass grading system does not reflect the real quality as well as value of the 347 

belly and shoulder butt. Therefore, it is necessary to develop a novel pork carcass grading 348 

system or the currently-used grading system should be at least modified to guarantee the real 349 

quality and value for each pork carcass in each the grade. Additionally, further study is 350 

necessary to determine whether the QG affect the nutritional constituents such as fatty acid 351 

profile, vitamins and minerals etc. of these two cuts.  352 

Acknowledgment  353 

This study was supported by 2020-Postdoctoral Fellowship Program of National Institute of 354 

Animal Science (Project No. PJ01212502), Rural Development Administration, Republic of 355 

Korea.  356 

References  357 

Aaslyng MD, Meinert L. 2017. Meat flavor in pork and beef – From animal to meal. Meat Sci 358 

132: 112–117.  359 

Aaslyng MD, Schäfer A. 2008. The effect of free fatty acids on the odor of pork investigated 360 

by sensory profiling and GC-O-MS. Eur Food Res Technol 226: 937–948.  361 

Arkfeld EK, Wilson KB, Overholt MF, Harsh BN, Lowell JE, Hogan EK, Klehm BJ, Bohrer 362 

BM, Mohrhauser DA, King DA, Wheeler TL, Dilger AC, Shackelford SD, Boler DD. 2016. 363 

Pork loin quality is not indicative of fresh belly or fresh and cured ham quality. J Anim Sci 364 

94:5155–5167.  365 

Ba HV, Amna T, Hwang IH. 2013. Significant influence of particular unsaturated fatty acids 366 



 

18 

 

and pH on the volatile compounds in meat-like model systems. Meat Sci 94:480-8.  367 

Ba HV, Oliveros MC, Ryu KS, Hwang IH. 2010. Development of analysis condition and 368 

detection of volatile compounds from cooked Hanwoo beef by SPME-GC/MS analysis. 369 

Food Sci Anim Resour 30:73-86.  370 

Ba HV, Seong PN, Cho SH, Kang SM, Kim YS, Moon SS, Choi YM, Kim JH, Seol KH. 2019. 371 

Quality characteristics and flavor compounds of pork meat as a function of carcass quality 372 

grade. Asian-Australas J Anim Sci 32:1448-1457.  373 

Ba HV, Seong PN, Cho SH, Kang SM, Kim YS, Moon SS, Choi YM, Kim JH, Seol KH. 2020. 374 

Quality characteristics, fatty acid profiles, flavor compounds and eating quality of cull sow 375 

meat in comparison with commercial pork. Asian-Australas J Anim Sci 33:640-650.  376 

Ban YK, Olson PJ. 2018. Livestock and products semi-annual of Korea. Gain report number: 377 

KS1810. [cited on 2020. Jun. 16th]. Available at: 378 

https://apps.fas.usda.gov/newgainapi/api/report/downloadreportbyfilenamw?filename=livestock379 

%20Products%20Semi-annual_Seoul+Korea%20-%20Republic%20of+3-14-2018.pdf.    380 

Brewer MS, Zhu LG, McKeith FK. 2001. Marbling effects on quality characteristics of pork loin 381 

chops: consumer purchase intent, visual and sensory characteristics. Meat Sci 59:153–163.  382 

Calkins CR, Hodgen JM. 2007. A fresh look at meat flavor. Meat Sci 77:63-80.  383 

Cho S, Lee W, Seol K, Kim Y, Kang S, Seo H, Jung Y, Kim J, Ba H. 2020. Comparison of 384 

storage stability, volatile compounds and sensory properties between coarsely-and finely-385 

marbled 1+ grade Hanwoo beef loins. Food Sci. Anim. Resour 40:497-511.  386 

Choe JH, Yang HS, Lee SH, Go GW. 2015. Characteristics of pork belly consumption in South 387 

Korea and their health implication. J Anim Sci Technol 57:22.  388 

Clay E. 2018. South Korea: A right spot for US pork exports. [cited on 2020. Jun. 5th]. 389 

Available at: https://www.pork.org/content/uploads/2018/08/EASTWOOD_Clay.jpg.  390 



 

19 

 

Czarniecka-Skubina E, Przybylski W, Jaworska D, Kajak-Siemaszko K, Wachowicz I. 2010. 391 

Effect of pH24 and intramuscular fat content on technological and sensory quality of pork. 392 

Pol J Food Nutr 60:43-49. 393 

Dos Santos BA, Campagnol PCB, Fagundes MB, Wagner R, Pollonio MAR. 2015. Generation 394 

of volatile compounds in Brazilian low-sodium dry fermented sausages containing blends 395 

of NaC1, KC1, and CaC1 2 during processing and storage. Food Res Int 74:306–314.  396 

Elmore JS, Campo M M, Enser M, Mottram DS. 2002. Effect of lipid composition on meat-397 

like model systems containing cystein, ribose and polyunsaturated fatty acids. J Agr. Food 398 

chem 50;1126–1132.  399 

Elmore JS, Cooper SL, Enser M, Mottram DS, Sinclair LA, Wilkinson RG, Wood JD. 2005. 400 

Dietary manipulation of fatty acid composition in lamb meat and its effect on the volatile 401 

aroma compounds of grilled lamb. Meat Sci 69:233–242.  402 

Fernandez X, Monin G, Talmant A, Mourot J, Lebret B. 1999. Influence of intramuscular fat 403 

content on the quality of pig meat - 2. Consumer acceptability of m. longissimus lumborum. 404 

Meat Sci 53:67-72.  405 

Fortin A, Robertson WM, Tong AKW. 2005. The eating quality of Canadian pork and its 406 

relationship with intramuscular fat. Meat Sci 69:297–305.  407 

Kang YS. 2019. Pork prices in South Korea on wane amid African swine fever outbreaks. 408 

YONHAP News Agency. [cited on 2020. Jun. 19th]. Available at 409 

https://en.yna.co.kr/view/AEN20191018004600320. 410 

KAPE. 2013. Korea Institute of Animal Products Quality Evaluation. [cited 2020, July, 20]. 411 

Available at http://www.law.go.kr/admrulLsifoP.do?admRulSeq=2100000174924.  412 

Korea Institute for Animal Products Quality Evaluation [KAPE]. 2019. Animal products 413 

grading statistical yearbook. 14th ed. KAPE, Sejong, Korea. 414 



 

20 

 

Kim CJ, Lee ES. 2003. Effects of quality grade on the chemical, physical and sensory 415 

characteristics of Hanwoo (Korean native cattle) beef. Meat Sci 63:397-405.  416 

Knecht D, Duzinski K, Jankowska-Makosa A. 2018. Pork ham and belly quality can be 417 

estimated from loin quality measurement? Meat Sci 145:144-149.  418 

Korean Pork Cutting Specification. 2018. National Institute of Animal Science, Rural 419 

Development Administration, Wanju-gun, Republic of Korea, pp.9-29. 420 

Lee B Yoon S, Choi YM. 2019.  Comparison of marbling fleck characteristics between beef 421 

marbling grades and its effect on sensory quality characteristics in high-marbled Hanwoo 422 

steer. Meat Sci 152:109–115.  423 

Lowell JE, Schunke ED, Harsh BN, Bryan EE, Stahl CA, Dilger AC, Boler DD. 2019. Growth 424 

performance, carcass characteristics, fresh belly quality, and commercial bacon slicing 425 

yields of growing-finishing pigs from sire lines intended for different industry applications. 426 

Meat Sci 154:96-108. 427 

Martın L, Antequera T, Ventanas J, Benıtez-Donoso R, Córdoba JJ. 2001. Free amino acids 428 

and other non-volatile compounds formed during processing of Iberian ham. Meat Sci 429 

59:363–368.  430 

Meilgaard M, Civille G, Carr B. 1991. Sensory evaluation techniques. 2nd edition. Boca Raton, 431 

FL, USA: CRC Press. 432 

Mottram DS. 1998. Flavor formation in meat and meat products: A review. Food Chem 62: 433 

415–424. 434 

Ngapo TM, Gariepy C. 2008. Factors affecting the eating quality of pork. Crit Rev Food Sci 435 

Nutr 48:599–633.  436 

Oh SH, See MT. 2012. Pork preference for consumers in China, Japan and South Korea. Asian-437 

Australas J Anim Sci 25:143–50.  438 



 

21 

 

Olivares A, Navarro JL, Flores M. 2011. Effect of fat content on aroma generation during 439 

processing of dry fermented sausages. Meat Sci 87:264–273.  440 

Pulkrabek B, Pavlik J, Vitek M. 2006. Pig carcass quality in relation to carcass lean meat 441 

proportion. Czech J Anim Sci 51:18. 442 

Sabio E, Vidal-Aragon MC, Bernalte MJ, Gata JL. 1998. Volatile compounds present in sex types of 443 

dry-cured ham from south European countries. Food Chem 61: 493-503. 444 

Seong PN, Park KM, Kang GH, et al. 2016. The differences in chemical composition, physical 445 

quality traits and nutritional values of horse meat as affected by various retail cut types. 446 

Asian-Australas J Anim Sci 29:89-99.  447 

Soladoye OP, Uttaro B, Zawadski S, Dugan MER, Gariepy C, Aalhus CG, Shand P, Juarez M. 448 

2017. Compositional and dimensional factors influencing pork belly firmness. Meat Sci 449 

129:54-61.  450 

Thomas C, Mercier F, Tournayre P, Martin JL, Berdagué JL. 2014. Identification and origin of 451 

odorous sulfur compounds in cooked ham. Food Chem 155:207–213.  452 

Wood JD, Nute GR, Richardson RI, Whittington FM, Southwood O, Plastow G, Mansbridge 453 

R, Da Costa N, Chang KC. 2004. Effects of breed, diet and muscle on fat deposition and 454 

eating quality in pigs. Meat Sci 67:651–667. 455 

 456 



 

22 

 

 457 

Fig 1: The representative diagram showing the sampling locations on the belly and shoulder 458 

butt for the analyses.  459 

 460 

 461 

 462 

 463 

 464 
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Table 1. Live weight, carcass traits and yields of belly and shoulder butt among the three 465 

quality grade groups  466 

Grade 

group 

Live weight 

(kg) 

Warm carcass 

weight 

(kg) 

Cold carcass 

weight 

(kg) 

Back-fat 

thickness 

(mm) 

Shoulder 

butt weight 

(kg) 

Belly 

weight 

(kg) 

1+ 114.48±3.71 92.23±3.69 89.39±2.77 20.50±1.66 2.50±0.20 7.04±0.39

1 115.61±5.90 92.68±4.41 90.17±4.50 21.64±4.15 2.46±0.24 7.10±0.55

2 116.26±13.82 92.86±11.06 90.71±10.81 22.86±6.09 2.58±0.37 7.03±0.94

 467 

 468 
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Table 2. The proximate composition and technological quality traits of belly and shoulder butt among the quality grades  

Items  
Belly  Shoulder butt 

QG1+ QG1 QG2 QG1+ QG1 QG2

Proximate composition 

Moisture (%) 52.20±8.81b 55.50±8.65a 54.47±8.29a 63.78±3.90a 63.16±5.58b 61.47±5.27b 

Fat (%) 31.95±11.46a 27.72±11.29b 28.96±11.14b 20.47±7.47a 18.04±8.47ab 17.13±6.20b 

Protein (%) 16.00±3.04b 16.95±3.04a 16.77±3.22a 18.86±3.19 18.54±3.95 17.95±2.74 

Collagen (%) 2.80±1.65 2.82±1.86 2.65±1.57 2.50±1.43 2.61±1.54 2.54±1.52 

Technological quality traits 

Cooking loss (%) 17.50±4.05 17.47±3.83 17.29±3.56 25.33±4.16 24.40±3.14 24.82±3.33 

pH 5.83±0.16 5.81±0.45 5.79±0.18 5.92±0.43 5.87±0.28 5.81±0.19 

CIE L* (lightness) 59.81±9.38 60.31±9.78 58.58±9.89 50.78±4.29 51.99±4.86 50.82±4.12 

CIE a* (redness) 11.21±4.45 11.24±4.19 11.22±5.39 14.72±2.19 14.43±2.26 14.38±2.64 

CIE b* (yellowness) 7.27±1.74 7.19±1.66 7.39±3.86 7.53±1.59 7.52±1.63 7.46±1.74 

Means within a row in each cut with different superscripts (a,b) are different at p<0.05 

QG: Quality grade. 
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Table 3. Volatile aroma profiles in cooked belly and shoulder butt among the quality grades 

  Belly  Shoulder butt Identification 
method1) 

 Retention
Time (min) 

QG1+ QG1 QG2 QG1+ QG1 QG2 

Aldehydes         

Propanal 1.723 0.03±0.01 0.04±0.01 0.05±0.02 0.03±0.01 0.03±0.01 0.03±0.01 MS+STD 

2-ethylhexanal 2.167 0.01±0.01 0.02±0.01 0.03±0.01 0.02±0.01a 0.01±0.01b 0.01±0.01b MS+STD 

3-methylbutanal  2.72 0.02±0.01b 0.02±0.01b 0.04±0.02a 0.02±0.02 0.01±0.01 0.02±0.01 MS+STD 

2-methylbutanal  2.829 0.02±0.02b 0.03±0.02b 0.08±0.04a 0.04±0.03 0.02±0.02 0.03±0.02 MS+STD 

Hexanal 6.121 3.06±0.19a 2.82±0.14ab 2.72±0.26b 2.50±0.46 2.56±0.33 2.95±0.23 MS+STD 

2-methyl-4-pentenal 7.815 0.00±0.01 ND ND ND 0.01±0.01 0.01±0.01 MS 

Heptanal 9.261 0.17±0.05 0.16±0.05 0.16±0.03 0.23±0.05 0.25±0.05 0.27±0.04 MS+STD 

E, 2-heptenal 10.755 0.04±0.02 0.04±0.02 0.04±0.02 0.07±0.02 0.06±0.02 0.06±0.02 MS+STD 

Benzaldehyde 10.873 0.04±0.01 0.04±0.01 0.06±0.02 0.08±0.01a 0.05±0.01b 0.05±0.02b MS+STD 

Octanal 11.915 0.18±0.11 0.21±0.03 0.21±0.09 0.24±0.06 0.26±0.04 0.27±0.06 MS+STD 

Benzenacetaldehyde 12.874 0.01±0.01 0.01±0.01 0.02±0.01 0.02±0.02 0.01±0.01 0.01±0.00 MS+STD 

E,2-octenal 13.19 0.02±0.02 0.03±0.01 0.02±0.01 0.03±0.02 0.03±0.01 0.02±0.00 MS+STD 

Nonanal 14.198 0.21±0.08 0.20±0.05 0.18±0.05 0.53±0.14a 0.26±0.05b 0.25±0.04b MS+STD 

E,2-nonenal 15.33 0.10±0.06 0.06±0.03 0.14±0.13 0.05±0.04 0.10±0.06 0.10±0.07 MS+STD 

E,E-2,4-decadienal  16.229 ND ND ND 0.01±0.00 0.01±0.00 0.01±0.01 MS+STD 

2-undecenal 17.277 ND ND ND 0.01±0.00 0.01±0.00 0.00±0.00 MS+STD 

2-methylundecanal 17.471 ND ND ND 0.02±0.01 0.01±0.00 0.01±0.00 MS 

Alcohols         
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1-penten-3-ol 3.067 0.01±0.00 0.01±0.00 0.01±0.00 0.01±0.00 0.01±0.00 0.01±0.00 MS+STD 

4-amino-1-hexanol 3.302 0.15±0.09 0.20±0.05 0.20±0.05 0.22±0.04 0.14±0.08 0.17±0.02 MS 

1-pentanol 5.026 0.16±0.02a 0.13±0.02b 0.12±0.02b 0.12±0.01 0.12±0.02 0.14±0.02 MS+STD 

1-Heptanol 11.112 0.02±0.01 0.01±0.01 0.01±0.01 0.04±0.01 0.02±0.01 0.03±0.01 MS+STD 

1-Octen-3-ol 11.356 0.11±0.06 0.08±0.06 0.09±0.04 0.12±0.04 0.12±0.05 0.07±0.03 MS+STD 

2-ethyl-1-hexanol  12.588 0.03±0.01 0.03±0.00 0.03±0.00 0.08±0.08 0.03±0.02 0.03±0.01 MS 

Hydrocarbons         

Toluene 4.929 0.01±0.00 0.01±0.00 0.01±0.00 0.02±0.00a 0.01±0.00b 0.01±0.00b MS+STD 

1,3-dimethyl benzene 7.982 0.01±0.01b 0.01±0.01b 0.02±0.00a 0.00±0.00 0.01±0.01 0.01±0.00 MS 

Xylene 8.915 0.08±0.02 0.07±0.03 0.07±0.04 0.03±0.00b 0.06±0.03b 0.06±0.02a MS 

2,4-dimethylhexane 13.029 0.03±0.01 0.02±0.01 0.03±0.01 0.03±0.01 0.03±0.00 0.03±0.01 MS 

Benzoic acid 15.433 0.06±0.01 0.05±0.01 0.05±0.04 ND ND ND MS+STD 

Tridecane 16.101 ND ND ND 0.03±0.01 0.01±0.01 0.01±0.00 MS 

Furans          

2-pentylfuran 11.581 0.27±0.08 0.27±0.03 0.21±0.08 0.14±0.05b 0.19±0.05ab 0.25±0.05a MS+STD 

2-octylfuran 15.965 0.04±0.01 0.03±0.00 0.02±0.01 0.02±0.01b 0.03±0.01a 0.03±0.01a MS+STD 

Nitrogen and sulfur 
containing compounds        

 

4-methylthiazole 11.475 0.19±0.09 0.20±0.01 0.17±0.03 0.11±0.03b 0.15±0.04ab 0.16±0.03a MS+STD 

2,5-dimethyl-pyrazine  9.558 0.01±0.01b 0.01±0.01b 0.04±0.03a 0.02±0.02 0.02±0.01 0.01±0.01 MS+STD 

Carbon disulfide 1.862 ND 0.01±0.00 0.01±0.01 0.01±0.00 0.01±0.00 0.01±0.00 MS+STD 

2-ethyl-3,5-dimethyl-pyrazine 13.575 0.02±0.01 0.02±0.00 0.02±0.01 0.04±0.02a 0.02±0.00b 0.02±0.00b MS 

Means within a row in each cut with different superscripts (a,b) are different at p<0.05; QG: Quality grade; ND: Not detectable. 
1)Identification method: the compounds were identified by mass spectra (MS) from library or external standard (STD). 
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Table 4. Mean scores (7-point scale) of sensory traits of belly and shoulder butt among the quality grades 

Items  
Belly  Shoulder butt 

QG1+ QG1 QG2 QG1+ QG1 QG2

Sensorial fresh color 5.16±0.83 5.14±0.77 5.10±0.81 5.00±0.76 4.95±0.77 4.92±0.79 

Flavor 5.63±0.82 5.59±0.84 5.58±0.92 5.24±1.00 5.30±0.96 5.22±1.05 

Juiciness 5.59±0.75 5.59±0.78 5.55±0.80 5.29±0.83 5.27±0.87 5.29±0.77 

Tenderness 5.34±0.88 5.35±0.87 5.23±0.91 5.18±0.85 5.23±0.83 5.31±0.80 

Overall Acceptance 5.71±0.73 5.72±0.78 5.66±0.87 5.38±0.79 5.53±0.79 5.44±0.82 

Means within a row in each cut with different superscripts (a,b) are different at p<0.05; QG: Quality grade. 

The mean values were calculated using 7-point scale (7=extremely like; 6=like very much; 5=like moderately; 4=neither like nor dislike; 

3=dislike moderately; 2=dislike very much and 1=dislike extremely).  
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Table 5. Correlation coefficients (r) between quality grade and meat quality traits in belly and 1 

shoulder butt 2 

*, p<0.05. 3 

 4 

 5 

 6 

Items  
Quality grade

Belly Shoulder butt 

Moisture -0.467* 0.35* 

Fat 0.678* 0.522* 

Protein 0.267 0.215 

Collagen 0.251 0.254 

Cooking loss (%) 0.225 0.251 

pH 0.125 0.254 

CIE L* (lightness) 0.205 0.215 

CIE a* (redness) 0.244 0.125 

CIE b* (yellowness) 0.295 0.255 

Sensorial fresh color 0.214 0.229 

Flavor 0.256 0.257 

Juiciness 0.264 0.253 

Tenderness 0.214 0.244 

Overall Acceptance 0.251 0.252 


