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Abstract

The present study was undertaken to investigate the quality characteristics of Korean Woori black pig (KWP) bellies and
loins by different slaughter weight (SW) groups. The loin and belly samples collected from KWPs with different body weights
(50, 75, 90, 105, and 120 kg) at 24 h post-mortem were used in the present investigation. The samples were analyzed for
quality traits, fatty acid profiles, and volatile flavor compounds. Results showed that the fat content of the loin (8.64%) and
belly samples (46.78%) was significantly higher in the 120 kg SW group compared to those of other SW groups (p<0.05).
However, a lower protein content (12.20-12.67%) was found in the belly cuts of the heavier SW groups (105-120 kg)
compared to those of the lighter SW groups (p<0.05). The lowest cooking loss (24.34%) was found in the loin cuts of the 120
kg SW group (p<0.05). Both the loin and belly cuts were observed to be redder in color with increasing SW (p<0.05). Higher
oleic acid (C18:1, n9) and total monounsaturated fatty acid content and lower linolenic acid(C18:3, n3) and total
polyunsaturated fatty acid content were observed in both cuts of the 120 kg SW group (p<0.05). Out of the flavor
compounds identified, 11 and 17 compounds in the loin and belly, respectively, were associated with the SW. An increase in
the SW resulted in increased concentrations of C18:1n9- and amino acid-derived flavor compounds. Overall, the meat
samples of the heavier SW groups (120 kg) exhibited better quality and higher concentrations of volatile compounds
associated with pleasant flavors. However, the meat of the 120 kg SW group also contained a much higher fat level (8.64 and
46.78% in the loin and belly, respectively) that may result in high trimming loss and hence a high rejection risk by consumers.
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. Introduction

Korean Woori black pig (KWP) is known as a synthetic
breed that was produced by crossbreeding between pure
Duroc with Korean native black pig (Kim et al. 2013). The
KWP is characterized by its distinctive short and black coat
color and low performance but stronger tolerance of disease
compared to modern and genetically-improved breeds (Jin et
al. 2001; RDA 2001). In recent years, the interest in
utilization of KWP breed has been significantly increasing
due to the sharply increased demand for its meat in the
country. In term of meat quality, the meat of KWP is reputed
for its superior quality; indicating by a more reddish in color,
whiter fat, higher marbling degree and better eating quality
than those from commercial Western pig breeds; (Jin et al.
2001; Cho et al. 2007a; Park et al. 2007; Kim et al. 2013;

Kim & Kim 2018). Therefore, the KWP meat is considered
as a premium and delicate variety regardless of their
approximately 30 to 40% more expensive price compared to
the other commercial pig breeds-derived meat (AHDB 2020).

In the Korean pork industry, to attain a better carcass
quality grade and market price, the commercial growing-pigs
(mainly commercial Western pig breeds) are usually finished
when they reach a targeted body weight of around 110 kg
(KAPE 2018). This slaughter weight (SW) is considered
lighter compared to those in other countries such as; United
Stated (120-130 kg), Italia (150-160 kg) and Germany (115-
125 kg) (Correa et al. 2006; Wu et al. 2017). The SW of pig
is an important factor affecting the economic profitability
and meat quality as well. Most studies on the commercial pig
breeds have shown that increasing SW leads to improved
technological (e.g., color and water holding capacity) and

*Corresponding author: Soo-Hyun Cho, Animal Products Utilization Division, National Institute of Animal Science, RDA, Wanju 55365, Korea
Tel: +82-63-238-7351  Fax: +82-63-238-7397 E-mail: shc0915@korea.kr



eating qualities (flavor and juiciness) of pork (Ba et al. 2019;
Hwang et al. 2020). However, the increase of SW (e.g., after
reaching 100 kg body weight) leads to a dramatically
increased fat deposition rate (Latorre et al. 2004; Serrano et
al. 2008).

As above-mentioned, a huge number of studies have been
conducted to investigate the meat quality characteristics for
almost all the commercial pig breeds by different SW in the
countries. Till now, little attention has been paid to the
investigation of quality characteristics of KWP meat by SW
(Cho et al. 2007b; Kim & Kim 2017). Thus, the consumers
and meat producers are not well aware of meat quality
differences between SW groups for KWP breed. Moreover,
only the longissimus dorsi muscle or loin cut was used in
these previous studies. Whereas, no research has been directed
in the KWP towards evaluating the meat quality characteristics
of the most valuable cuts such as belly among the slaughter
weights. Because, belly is considered one of the most
valuable cuts, its value usually exceeded the values of all
other remaining cuts in a pig carcass (Uttaro et al. 2020), and
its quality cannot be estimated from loin quality (Knecht et
al. 2018). Thus, the aim of this study was to investigate the
chemical composition, technological quality and flavor
compounds of KWP loin and belly by different slaughter
weights (50, 75, 90, 105 and 120 kg).

1. Materials and Methods

1. Samples

Loin (Longissimus thoracic et Ilumborum) and belly
samples collected from KWPs with different SW groups (50,
75, 90, 105, and 120 kg, n=5 per SW group) in a practical
plant (Jeonju, Korea) after 24 h post-mortem were used in
the present investigation. Before slaughter, all the pigs were
raised under identical condition and fed a same commercial
meal diet. The cuts were then skinned, deboned and trimmed
of external fats and connective tissues and prepared into sub-
sample sizes depending on the type of analysis as described
by Ba et al. (2021b). Analysis of proximate composition,
color and pH, cooking loss and water holding capacity were
performed on fresh samples (on the sampling day), while
vacuum-packed and frozen (-20°C) samples were used for
analysis of fatty acids and flavor compounds.

2. Proximate composition
The moisture, fat, protein and collagen contents were
determined according to the AOAC Official Methods
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2007.04 by using a Food Scan™ Lab 78810 (Foss Tecator
Co., Ltd.,, DK) as described by Anderson (2007). Each
sample was determined in duplicates.

3. pH measurement

The pH values of samples were measured using a pH*K
21 meter (NWK-Technology GmbH, Kaufering, Germany)
equipped with a stainless steel and solid-state probe. The pH
measurement was done by inserting the probe deeply into the
muscle tissues. Prior to use, the pH meter was calibrated with
pH 4.0 and 7.0 standard solutions (NWK Technology.,
Kaufering, Germany).

4. Meat color and cooking loss

The color and cooking loss were measured on a same
transverse section (3.0 cm-thick steak) of each the sample as
described by Ba et al. (2021b). After blooming for 30 min at
4°C, the color was measured on three different locations of
each the sample using a standardized Minolta Chroma Meter
CR-400 with a D65 illuminant*C and 2° observer (Minolta
Camera Co, Osaka, Japan). The color was measured under
white lighting and the results were reported as CIE L*
(lightness), CIE a* (redness), CIE b* (yellowness), Chroma
and hue angle (h°). Care was taken to avoid measuring on the
fat area. For the cooking loss measurement, after recording
their initial weights the samples were immediately placed
into individual plastic bags, sealed with double clip and
placed in a 72°C pre-heated water bath until the core
temperature reached 70°C. Immediately after cooking, the
cooked samples were cooled for 30 min under running water.
After absorbing to remove the surface water, their weights
were recorded. The cooking loss was calculated as the
weight loss percentage during cooking.

5. Fatty acid composition

The lipid content in the samples was extracted using a
solvent mixture containing chloroform: methanol (2:1, v/v)
as described by Folch et al. (1957). Briefly, after grinding
each the samples (Ca.10 g) was weighed and homogenized
with 150 mL of the solvent mixture at 300xg for 3 min using
a homogenizer (Polytron, PT-MRC 2100, Switzerland).
After filtration through Whatman filter paper, the filtrate was
added with approximately 20 g of Na,SO,, thoroughly mixed
for 1 min, and then the upper lipid layer was transferred into
an Erlenmeyer flask. After drying at 55°C using a rotary
evaporator, the lipids layer was reconstituted with 1 mL
tricosanoic acid and 1 mL of 0.5 N NaOH. Finally, the lipid
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was converted to fatty acid methyl esters following the
procedure of Morrison & Smith (1964). Approximately 1.0
mL of FAMEs was taken and placed into auto-sampler vials,
sealed and used for fatty acids analysis. The separation of
FAMEs was achieved using a gas chromatography/flame
ionization detector (GC-FID, Varian Technologies, Palo
Alto, CA, USA) equipped with an Omegawax capillary
column (30 mx0.25 mmx0.25 um film thickness; Supelco,
Bellefonte, PA, USA). The GC oven temperature was
maintained at 50°C for 1 min, and ramped at a rate of 25°C/
min to 200°C, and further raised at a rate of 5°C per min to
230°C. The injection port and detector temperatures were set
at 250 and 260°C respectively. Identification of fatty acids in
the samples were carried out by comparing their retention
times with those obtained from standard fatty acids.
Individual fatty acids were expressed as relative percent (%)
of total fatty acids.

6. Volatile flavor compounds analysis

Volatile flavor compounds in cooked meat samples were
analyzed using the protocol of Ba et al. (2010) with suitable
modifications. Briefly, prior to analysis, the samples were
cooked at around 180°C on an open tin-coated grill for about
2 min. Immediately after cooking, approximately 2.0 g was
weighed from each the cooked samples, and placed into 20-
mL headspace vial (Agilent, Santa Clara, CA, USA) and
tightly capped with PTFE-faced silicone septum. The
volatile compounds were extracted using solid-phase micro-
extraction (SPME) technique. The extraction of volatile
compounds was carried out by inserting a SPME device
containing carboxen-polydimethylsiloxane (75 um) fiber
(Supelco) into the sample vials, and the extraction was held
at 60°C for 45 min. All the extraction steps were performed
using an SPME auto-sampler (model: PAL RSI 85) connected
to a gas chromatography (model: 8890 GC system) with
mass spectrophotometry (5977B MSD, Agilent Technologies).
Following the extraction, the fiber was desorbed for 5 min at
250°C, and the compounds were separated on a DB-5MS
capillary column (30 m>0.25 mm i.d.x0.25 pm film thickness;
Agilent ] & W Scientific, Folcom, USA) using helium as a
carrier gas. The GC oven was programmed to 40°C for 5 min
and then increased to 250°C at a rate of 8°C/min and held at
this temperature for further 5 min. The MS conditions set
were: capillary direct interface temperature, 250°C, scanning
mass range of 30-500 amu and rate at 5.27 scans/s. The
separated peaks were identified by comparing their mass
spectra with those already present in the Wiley registry

library (Agilent Technologies) and/or by comparing their
retention times with those of external standards. The identified
compounds were quantified by comparison of their peak
areas with that of internal standard (1.0 uL of 2-methyl-3-
heptanone, 816 mg/mL. in methanol was added together with
the sample) obtained from the total ion chromatogram using
a response factor of 1.

7. Statistical analysis

All the obtained data was subjected to statistical analysis
using a Statistical Analysis System (SAS) Enterprise 7.1
package (SAS Institute, Cary, NC, USA, 2018). The data
was analyzed by using the ANOVA procedure of the SAS. In
the statistical model, the slaughter weight was considered as
the fixed effect while, the quality traits, fatty acids and flavor
compounds were considered as the dependent variables.
Means were compared using Duncan’s multiple range test.
Significance was defined at p<0.05.

I1l. Results and Discussion

1. Proximate composition of KWP loin and belly by SW
groups

The collagen, fat, moisture and protein contents in the loin
and belly samples in the SW groups are presented in <Table
1>. The SW significantly affected almost all the contents in
the loin and belly. In both cuts, the collagen content
increased with increased SW (p<0.05). The fat content in
loins did not increase as increasing SW up to 105 kg
(p>0.05), but it did increase after reaching 120 kg of body
weight (p<0.05). Compared with our data, those of Kim et al.
(2009) and Muhlisin et al. (2014) found lower fat level (3.06-
6.08%) in KWP loins slaughtered at around 95-103 kg body
weights. This contrasting result may be related to the differences
in feeding regime or rearing system between the studies. For
the bellies, the fat content increased linearly with increased
SW, but it did not differ among the 50, 75, and 90 kg SW
groups (p>0.05), and significant difference only was
observed between the 120 kg SW group (46.78%) with the
other remaining groups (29.71-40.15%) except the 105 kg
SW group (p<0.05). Compared to the fat levels (21-33%)
reported by Ba et al. (2021b) and Lowell et al. (2018) for
commercial pork belly slaughtered at 100 to 128 kg body
weight, the fat level of KWP bellies in the 105 to 120 kg SW
groups in the present study was almost two times greater.
Previous studies have reported that increasing fat level could
improve the meat quality, however, an overly increased fat
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<Table 1> Proximate composition of Korean Woori black pig loin and belly as affected by slaughter weight

Slaughter Loin Belly

weight (kg) Collagen Fat Moisture Protein Collagen Fat Moisture Protein
50 0.84+020" 445172  73.33+0.92"  22.03+0.89 1.854£0.10°  29.7143.24° 55244279  15.65+0.58"
75 0.78+0.26" 5.8242.15°  70.39+£1.19¢  22.45+0.82 1.74£0.19°  38.37+10.76 47.64+7.69°  13.98+2.54°
90 0.87+0.17°  6.13+1.31°  71.71£0.66°  21.95+0.65 1.98£021*  40.15£523%  47.04+4.34%  13.69+1.03%
105 0.79+0.07%  643+2.12°  70.74£1.47%  22.22+0.60 1.73£0.37°  43.92+1029" 43.04+8.56°  12.20+1.81°
120 1.01£0.30° 8.64+3.12*  68.74+191¢  21.84+1.05 201029  46.78+6.50°  4229+5719  12.67+1.20°

Means within a same row with different superscripts (a,b,c,d) are significantly different (p<0.0

content has been found to be associated with a high risk of
meat rejection and negatively affect the consumer’s buying
decision and be associated with high risk of rejection by
consumers (Fernandez et al. 1999; Fortin et al. 2005). It is
well recognized that slaughter of pigs at heavier weight
results in an advantage of reducing the overhead costs for
producers, slaughterers and processors by increasing carcass
and meat weights (Alvarez-Rodriguez & Teixeira 2019). For
the KWP breed, however, the increase of SW to 90-120 kg
led to an excessively deposited fat level (a significant
proportion of this fat is non-edible) in the belly. Because
belly is one of the biggest, most preferable and valuable cuts
(accounting for ca.16% of total carcass weight) in a pork
carcass (Oh & See 2012). Therefore, to balance the trade-offs
between carcasses and their non-edible compositional
outcomes, the KWPs should be harvested before reaching
120 kg body weight.

2. Technological quality traits of KWP loin and belly by
SW groups

The mean values for the technological quality traits of loin
and belly among the SW groups are shown in <Table 2>.
Regarding pH, its values ranged among the SW groups from
5.51 to 5.61, and 5.71 to 5.86 in the loin and belly,
respectively. The pH decreased in the loin whereas, it

increased in the belly as increasing the SW (p<0.05). The
decrease of loin pH with increased SW may be related to
more abundance of glycogen source which then underwent
the postmortem glycolysis, resulting in higher lactic acid
concentration. However, these pH values fell within the
range (above 5.5 and below 6.0) for the normal post-rigor
pork meat (Adzitey & Nurul 2011). Compared with our
results, those of Kim & Kim (2018) found similar pH values
(5.59-5.6) for KWP loin. With respect to cooking loss,
increasing the SW reduced the cooking loss of loins
(p<0.05), which agrees with findings of Hwang et al. (2020)
and Ba et al. (2019), but no differences occurred among the
90, 105 and 120 kg SW groups (p>0.05). For the belly, the
SW showed no effect on the cooking loss, this may be
attributed to its similar moisture content and a relatively high
fat level <Table 1>. Bidner et al. (2004) reported that ultimate
loin pH plays the most important role in determination of
loin’s water holding capacity. In the present study, the higher
cooking loss observed in the loins of pigs slaughtered at 50
to 90 kg body weight cannot be explained by the pH values.
We assume that the decrease of loin’s cooking loss with
increased SW could be related to its increased fat and
decreased moisture contents <Table 1> because fat and
moisture contents in meat are inversely related with each
other (Kim & Lee 2003).

<Table 2> Technological quality traits of Korean native black pig loin and belly as affected by slaughter weight

. pH Cooking loss (%)
Slaughter weight (kg) : :
Loin Belly Loin Belly
50 5.59+0.05° 5.73+0.13 36.0142.19* 11.97+1.32
75 5.56+0.04% 5.71x0.10 32.13+1.50° 13.1442.97
90 5.61+0.09° 5.82+0.19% 31.05+1.11% 12.44+2.28
105 5.60+0.02° 5.85+0.13% 28.97+1.34% 11.14£2.73
120 5.51+0.11° 5.86+0.21° 24.34+10.82" 10.22+2.67

Means within a same row with different superscripts (a,b) are significantly different (p<0.05).

(-), not measured.
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<Table 3> Color traits of Korean Woori black pig loin and belly as affected by slaughter weight

Slaughter Loin Belly

Weight (kg)  CIE L* CIE a* CIE b*  Chroma Hue angle CIE L* CIE a* CIE b*  Chroma Hue angle
50 53.1943.13% 5.73+1.19° 426+£1.06° 7.16£1.51° 36.52+4.37 61.08£6.94° 8.78+225° 6.67+1.11% 11.10£2.13" 38.04+7.25
75 56.51+2.88% 6.52+1.25% 4.42+1.00° 7.89+149% 34.06:4.28 56.31+5.95° 10.57+2.53° 6.04+0.90° 12.60+2.81° 29.69+5.22%
90 55.1042.93% 7254143 5,03+£1.09® 8.85+1.68" 34.83+4.29 53.17+8.04™ 10.85+2.71° 6.12+1.46° 12.53+2.73° 29.87+6.89™

105 55.3443.64% 7494149 530+1.03* 9.13£1.66° 35.74+4.82 55.38+4.66™ 10.88+2.11" 6.71+1.04" 12.81+2.18" 32.08+4.40
120 55.844+3.57% 8.04+1.22° 5.44+091° 9.74+135 34.11#4.15 51.89+4.49¢ 13.2042.60° 7.02+1.37° 15.00+2.70* 28.31+4.67¢

Means within a same row with different superscripts (a,b,c) are significantly different (p<0.05).

3. Instrumental meat color of KWP loin and belly by SW
groups

Color, as an indicator of freshness and wholesomeness, is
an important aspect of quality that influences meat purchasing
decision by consumers (Purslow et al. 2020). The mean
values of color traits of KWP loin and belly among the SW
groups studied are presented in <Table 3>. We observed that
the SW affected all the color traits. With respect to L*
(lightness), its values in the loins increased to up to 75 kg
body weight and remained unchanged thereafter whereas, the
bellies decreased in the L* value as increasing SW (p<0.05).
Regarding the a* (redness), in both cuts its values significantly
(p<0.05) increased with increased SW, and a similar trend
was also observed for the b* (yellowness). In both cuts, the
Chroma values significantly (p<0.05) increased as increasing
the SW whereas, an opposite trend was observed for the hue
angle of belly. Furthermore, when compared to L* and a*
values reported by Kim et al. (2009) and Muhlisin et al.
(2014) for KWP loin slaughtered at 67-96 kg body weight,
all the loin samples in the similar SW groups had similar
values. However, compared to our data, those of Hwang et
al. (2020) reported lower L* (47.80-48.90) and a* values
(7.02-7.71) for loins of commercial pig breed slaughtered at
above 100 kg body weight. Ba et al. (2021b) also reported a
lower a* value for belly of commercial crossbred pigs
slaughtered at above 100 kg body weight. The present results
support the findings of Cho et al. (2007b), Jin et al. (2001)
and Park et al. (2007), who showed higher a* value in KWP
meat compared to that of commercial pig breeds. In the
present study, the meat samples were collected from different
body weights, which resulted in a wide variation in almost
all color traits. This may be attributed to the increased total
muscle pigments (e.g., myoglobin) and level of physical
activity, leading to a decrease in L* and an increase in a*
values of meat muscles (Monteiro et al. 2013; Florek et al.
2015).

4. Fatty acid composition in KWP loin and belly by SW
groups

The fatty acid composition of KWP loin and belly among
the SW groups is presented in <Table 4>. Palmitic acid
(C16:0) and stearic acid (C18:0) were two the most
predominant saturated fatty acids (SFA) in both cuts studied.
These two fatty acids have also been found to be the main
SFAs in commercial pork meat (Rentfrow et al. 2003; Wood
et al. 2008; Soladoye et al. 2017; Ba et al. 2021a). No
differences in C16:0 content were found among the SW
groups but the level of C18:0 decreased in both the loin and
belly as increasing the SW (p<0.05). Our results are
generally in accordance with those of Wood et al. (2008) and
Jayasena et al. (2015): C18:0 content decreased with
increased SW. However, the decrease in C18:0 level did not
cause differences in the total SFA contents among the SW
groups (p>0.05). Oleic acid (C18:1, n9) was the main
monounsaturated fatty (MUFA) we found in both the loin
and belly samples. Unlike the SFA, the MUFAs such as
C18:1 (n9) level significantly increased, which resulted in an
increase in the total MUFA content as well as MUFA/SFA
ratio in both cuts as increasing the SW (p<0.05). This results
agree well with that of Rentfrow et al. (2003) and Wood et
al. (2008), who reported an increase in C18:1(n9) and total
MUFA content in commercial pork meat with increased SW.
Linoleic acid (C18:2, n6) and linolenic acid (C18:3, n3) were
the main polyunsaturated fatty acids (PUFA) we found in
both the cuts of all the SW groups. The SW did not affect the
C18:2 (n6) content in belly, which resulted in a similar total
PUFA contents for all the SW groups (p>0.05). Whereas, the
C18:2 (n6) content in loin decreased, which resulted in
decreased total n6 fatty acids, PUFA and PUFA/SFA ratio in
this muscle as increasing SW (p<0.05). It is assumed that the
concentration of structural lipids (e.g., fatty acids present in
cellular membrane) in muscle tissues is not affected by
animal age and diet (Benz et al. 2010). It means that the
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<Table 4> Relative percentage (%) of fatty acids in Korean Woori black pig belly and loin as affected by slaughter weight

Slaughter Weight (kg)

Slaughter Weight (kg)

Items 50 kg 75kg 90 kg 105 kg 120 kg 50kg 75kg 90 kg 105 kg 120 kg
Belly Loin
Myristic acid (C14:0) 141 137 132 138 138 013 148 151 148 157 138 0.1
Palmitic acid (C16:0) 2776 2731 2743 2818 2766 198 2841 29.13 2823 3032 2706 226
Palmitoleic acid (C16:1, n7) 195 185 158 165 169 047 200 274 270 241 242 067
Stearic acid (C18:0) 1497° 1494° 13.00° 1446® 11.89™ 125 14.60® 15.61° 1340° 14.76® 1254 195
Oleic acid (C18:1, n9) 37.95% 3836° 41.96® 39.58% 43.13* 269 38.60° 41.77° 4426 43.15° 4607 332
Cis-vaccenic acid (C18:1, n7) 007 004 005 006 005 0001 004 006 009 006 008 002
Linoleic acid (C18:2, n6) 1410 1433 1320 13.03 1274 170 1259° 7.67° 809° 657° 9.12° 218
Gamma linoleic acid(C18:3,n6) 001 0.007° 0.02®° 002° 003 007 003 001 002 00l 001 001
Linolenic acid (C18:3, n3) 0.77°  081* 070 0.68® 059 010 057 041 033* 031° 046" 0.1
Eicosenoic acid (C20:1, n9) 0.69° 0744 051 073 069 010 053 067 062 051 064 0.1
Arachidonic acid (C20:4, n6) 022 0.07° 0.17° 016" 012° 0.03 093 032° 065 026" 016 027
Eicosapentaenoic acid (C20:5, n3) 001 001 001 001 ) 0.001 004 001 002 001 001 001
Adrenic acid (C22:4, n6) 0.08° 005 0.05* 0.06® 0.04° 0001 016" 007 0.10° 0.06° 005 0.03
Docosahexanoic acid (C22:6, n3) 0.02 0.01 ND ND ND  0.001 0.03 0.02 ND ND ND 0.01
SFA 4415 4362 4175 4402 4093 228 4449 4625 4312 4665 4098  3.79
UFA 5585 5638 5825 5598 59.07 228 5551 5375 5688 5335 59.02  3.79
MUFA 4065° 41.00° 4411 4202 4556° 244 41.16° 4524 4767 46.14° 4921 321
PUFA 1520 1538 14.14 1396 1351 1.68 1435 851° 921° 722° 981® 255
n3 0.79° 083" 0.71b 068 059 010 063 043* 035° 032° 047° 0.2
n6 1440 1455 1343 1328 1292 172 13.71° 807" 886" 689" 934> 245
n6/n3 18.15°  17.64° 19.44° 1943° 22.19° 154 2148% 1838 25.60° 21.54* 2088 251
MUFA/SFA 093> 094 1.06° 096 1.12* 010 093> 098" 1.15° 1.00® 120° 0.16
PUFA/SFA 034 035 034 032 033 005 033 019" 023" 016" 024® 0.8

SEM: Standard error of the means.

Means within a same row in each cut with different superscripts (a,b,c) are significantly different (p<0.05).
SFA: Saturated fatty acids; UFA: Unsaturated fatty acids; MUFA: Mono unsaturated fatty acids; PUFA: Poly unsaturated fatty acids.

ND: not detectable

differences in the fatty acid composition observed on the loin
and belly samples among the SW groups is mainly caused by
the fatty acid composition of the intermuscular and
intramuscular fat layers. Researchers reported that the
intermuscular and intramuscular fat contents are usually
developed at the later growing phase of pig (from 5™ month
of age) through the hypertrophic pathway meanwhile, the
activity of enzymes such as hexokinase and phospho-
fructokinase for lipids synthesis also increases the most
(Hauser et al. 1997). Additionally, it was reported that animal
age affects the activity of stearoyl-CoA desaturase that is
mainly responsible for catalyzing the de novo synthesis of
fatty acids and the conversion of stearic into oleic acid as
well as the other enzymes (e.g., heart fatty acid-binding
proteins) that is responsible in the uptake of dietary fatty
acids (Renaville et al. 2018).

On the other hand, the fatty acid composition in meat is of
importance both from technological and eating quality point
of view. Studies have reported that the higher the proportion
of C18:1n9 in meat the greater the acceptability of the meat
(Smith 2016), and this fatty acid is the most important
component for development of cooked meat flavor (Ba et al.
2013; Lee et al. 2017). With respect to technological level,
fatty acid composition largely influences the firmness/
softness of pork belly. According to Pork Composition and
Quality Assessment Procedures (Soladoye et al. 2017),
quality pork fat must have <15% PUFA and <14% CI18:2
(n6); pork fat containing >15% PUFA and >14% C18:2 (n6)
is associated with belly sofiness. Also, the SFA content has
been reported to affect the overall pliability of pork bellies
since it is positively correlated with belly firmness (Trusell et
al. 2011). However, in the present study, no differences in the
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<Table 5> Concentration (ug/g) of volatile flavor compounds in cooked Korean Woori black pig belly and loin by slaughter weights

Slaughter Weight (kg)

Slaughter Weight (kg)

Flavor compounds RT M 75 90 105 120 SEM 75 90 105 120
(min) - SEM
Belly Loin

Aldehydes
2-methylpentanal 1.6608  MS,STD  0.008” 0.030™ 0.034° 0.033* 0014 0040 0.040 0019 0038 0013
2-methylpropanal 1.8778  MS,STD 0.001 0004 0.009 0.004 0003 0004 0007 0003 0.005 0.003
Butanal 20634  MS,STD ND 0002 0.002 0003 000l ND 0002 0001 0003 0.000
3-methylbutanal 25926  MS,STD ND ND 0014 0016 0011 0005 0011 0004 0006 0003
2-methylbutanal 27039  MS,STD ND 0004 0014 0024 0013 0007 0020 0008 0016 0.005
Pentanal 3.154  MS,STD 0128 0263* 0245 0307° 0.086 0.194° 0.171° 0.163° 0.330° 0.082
Hexanal 58122  MS,STD 2045 395 3922 3728 0304 3.654® 2310° 2229 4.577* 0.885
Heptanal 89842 MS,STD  0.113° 0.183® 0203 0201° 0.048 0.192° 0.154° 0.150° 0264* 0.067
4-Heptenal 104616 MS,STD  0.008" 0.032* 0.025 0.034° 0011 0022 0016 0029 0038 0015
Benzaldehyde 10541  MS,STD  0.027° 0.056* 0.058 0.059° 0013 0074 0071 0066 0.093 0.033
Octanal 11.6266  MS,STD  0.107° 0.146° 0268 0296 0.057 0290° 0305 0336 0.509° 0.117
Benzeneacetaldehyde 12.5696  MS,STD ND ND 0.008 0007 0003 0007 0010 0005 0010 0003
E,2-Octenal 12.8868 MS,STD  0.013° 0.023® 0.034° 0.035* 0009 0.024° 0.019° 0018 0.044* 0.012
Nonanal 138771  MS,STD  0.136° 0205° 0.340° 0417*° 0063 0292° 0301° 0.382° 0.532* 0.150
E,2-nonenal 149997  MS,STD 0.034 0.028 0.037 0051 0022 0.025° 0.040® 0039 0078 0.035
Decanal 15.8893  MS,STD 0.006 0.003 0.006 0.008 0004 0010 0021 0.035 0031 0.023
E,E, 2,4-nonadienal 16.0483  MS,STD 0.002 0004 0004 0012 0004 0003 0003 ND 0006 0.002
E,2-decenal 169166 MS,STD  0.018 0.015° 0.034° 0.044° 0.000 0035 0048 0.058 0.070 0.033
E,E, 2,4-decadienal 174938  MS,STD 0.012 0.004 0.009 0.008 0005 0.005 0013 0010 0014 0.007
2-undecenal 1869  MS,STD  0.007° 0.005° 0018 0.024° 0006 0021 0042 0052 0060 0.030
Alcohols
1-Butanol 2699  MS,STD ND 0006 0006 0007 000l ND ND ND 0007 0.002
2-propen-1-ol 2932 MS ND 0004 0004 0005 0002 ND ND ND 0003 0.000
1-Pentanol 47849  MS,STD 0.088 0.145 0.196 0.105 0075 0.123 0076 0.039 0.107 0.049
1-Hexanol 80627 MS,STD  0.025° 0.033" 0.081° 0.080* 0.002 0.054 0.063 0058 0.069 0.002
1-Heptanol 10.827  MS,STD 0.013 0012 0.024 0018 0008 0012 0028 0.048 0.040 0.031
1-Octen-3-ol 11097 MSSTD  0.032° 0.061® 0.081* 0.073* 0.007 0048 0.051 0031 0071 0.024
2-ethyl-1-hexanol 12.2408 MS 0.037 0.012 0019 0017 0015 0019 0031 0020 0044 0.005
1-Octanol 13.1569 MS,STD  0.013" 0.015" 0.028 0.029° 0008 0016 0021 0.028 0.041 0.016
Hydrocarbons
2-Butanone 20896 MS,STD  0.005° 0.007° 0.012® 0.015* 0.005 0.009° 0.020® 0.012*® 0.017* 0.006
Toluene 47161 MSSTD  0.009° 0.043® 0.098° 0068 0.034 0.007 0.046 0020 0.046 0.014
Ethylbenzene 77503  MS,STD  0.019° 0.017° 0214 0.570° 0.018 0.023" 0.081° 0.093* 0.121* 0.027
Xylene 79939  MS,STD  0.028 0.033° 0226 0249° 0.064 0.049° 0.124® 0.156* 0.161* 0.050
2,3-octanedione 11.1817 MS,STD 0.048 0.147 0.195 0.183 0.070 0.063® 0.040° 0.041> 0.092* 0.027
5-ethyl-2-methyloctane 123414 MS 0.025 0.040 0.023 0020 0002 0042 0076 0.028 0056 0.017
2,6-dimethyloctane 12.7915 MS 0.008 0008 0011 0.009 0006 0017 0030 0017 0024 0.012
2,5,9-trimethyldecane 13.0034 MS 0.004 0006 0.010 0.007 0003 0012 0017 0008 0014 0.006
4,8-dimethyldecane 13.2628 MS 0.005 0.008 0.009 0.006 0.003 0.008 0012 0.008 0010 0.005
Octanoic acid 15.148  MS,STD 0.009 0.008 0013 0.003 0005 0.008 0034 0021 0008 0.014
Dodecane 157622  MS,STD 0.011 0007 0010 0.009 0005 0015 0007 0017 0016 0.013
Tetredecane 19262  MS,STD 0.008 0.007 0009 0010 0002 0009 0011 0010 0014 0.004
Sulfur-and nitrogen-containing compounds
Methanethiol 15234  MS,STD ND ND 0004 0009 0004 ND 0004 0002 0002 0.000
1-propanethiol 1.5658 MS ND ND 0007 0010 0004 0074 0021 0009 0021 0.029
Carbon disulfide 1.8036  MS,STD 0.005 0.004 0.008 0.004 0003 0007 0007 0004 0.006 0.003
2,5-dimethylpyrazine 9.1856  MS,STD ND ND ND ND NM ND ND 0113 0179 0015
3-ethyl-2,5-dimethylpyrazine 13.3741  MS,STD ND ND 0011 0008 0006 0006 0012 0007 0012 0.004

DIM: Identification method: The compounds were identified by mass spectra (MS) from library or external standards (STD).
Means within a same row in each cut with different superscripts (a,b,c) are significantly different (p<0.05).
SEM: Standard error of the means.

ND: not detectable; NM: Not measured.



SFA content occurred among the SW groups (p>0.05)
<Table 3>. Besides the fatty acids, moisture content also
contributes to belly softness; the higher the moisture content
in meat the softer the meat (Soladoye et al. 2017). From a
human nutritional point of view, a high dietary total n-3
PUFA content and a low n6/n3 ratio play an important role
in the immune response and prevention of cardiovascular
disease (USDA 1994). In the present study, a decrease in the
n3 PUFAs and an increase in the n3/n6 ratio in all the meat
samples as increasing the SW was observed. Thus, apart
from the nutritional value, increasing SW led to increased
total MUFA content, and decreased total PUFA and moisture
contents, which may improve the flavor characteristics and
technological firmness of the KWP belly.

5. Volatile flavor compounds of KWP loin and belly by SW
groups

Consumer studies have shown that flavor is a very
important trait for the eating quality of cooked meat
(Mottram 1998; Maughanet al. 2012). Odors, as a part of
meat flavor, detected by odor epithelium in the nose are
developed by volatile flavor compounds which are produced
through a variety of chemical processes during cooking of
meat (Mottram 1998). A total of 45 compounds comprising
20 aldehydes, 8 alcohols, 12 hydrocarbons and 5 sulfur-and
nitrogen-containing compounds, were detected from the
cooked KWP belly and loin <Table 5>. Thus, aldehydes
represented the most predominant class, followed by
hydrocarbon, alcohol, and sulfur-and nitrogen-containing
compound classes in both belly and loin samples. In general,
a majority of these compounds has been reported in cooked
pork of commercial breeds (Ba et al. 2019; Yang et al. 2018).
The statistical analysis revealed that 11 and 17 flavor
compounds in the loin and belly, respectively were
associated with SW (p<0.05). Based on the formation origin
(Ba et al. 2013; Mottram 1998), all of these compounds were
likely arisen from thermal degradation of fatty acids and
Strecker degradation of amino acids. We observed that the
most noticeable differences in the flavor profiles in both cuts
among the SW groups were the oleic acid and amino acids-
derived compounds. Of which, almost all the oleic acid-
derived compounds such as octanal, nonanal, decanal and
E,2-decenal significantly (p<0.05) increased in both cuts as
increasing the SW to 105 or 120 kg. This is likely to be
associated with the increased level of oleic acid with
increased SW as above-mentioned <Table 4>. These oleic
acid-derived aldehydes (octanal, nonanal, decanal and E,2-
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decenal) with low odor-detection thresholds and possessing
pleasant odor notes (e.g., fruity, fatty, sweet and oily flavors)
are very important for cooked meat flavor (Machiels et al.
2004; Rochat &Chaintreau 2005). With respect to the amino
acids-derived compounds, we observed that the levels of 2-
methylpentanal, toluene and ethylbenzene in the belly
significantly increased with increased SW (p<0.05). Also, 3-
methylbutanal and 2-methylbutanal were not detectable in
the belly samples of 75 and 90 kg SW groups. A similar
phenomenon was also observed for the sulfur-and nitrogen-
containing compounds; almost all of them such as
methanethiol associated with sweet odor (Machiels et al.
2004), 2,5-dimethylpyrazine and 3-ethyl-2,5-dimethylpyrazine
associated with roasty odor (Mottram 1998) were not found
in the belly or loin samples of 75 and 90 kg SW groups. It
is well recognized that these sulfur-and nitrogen-containing
compounds are derived from the Maillard reaction between
amino acids and reducing sugars (Mottram 1998). Thus, the
results indicating the absences of these Maillard compounds
in the belly and loin samples may be attributed to a low level
of free amino acids in these samples when slaughtering at
lighter body weights (70 to 90kg). Overall, the SW
considerably affected the volatile flavor profiles in cooked
belly and loins, and increasing the SW may result in
enhanced flavor characteristics of the KWP meat.

Conclusion

Summing up, increasing SW up to 120 kg resulted in an
excessively increased fat content in the loin (8.64%) and
belly (46.78%), these fat levels were almost two times
greater compared to those reported for the same cuts of
commercial pig breeds in literature. In term of meat quality,
a lower cooking loss and a redder color were found in the
meat of pigs slaughtered at heavier weights (120 kg). The
120 kg SW group had higher C18:1 (n9) and total MUFA
contents whereas, it had lower the C18:3 (n3) and total
PUFA contents compared to those in the lighter SW groups.
Eleven and 17 flavor compounds in loin and belly,
respectively were associated with the SW. Increasing the SW
resulted in the increased concentrations of C18:1n9- and
amino acids-derived volatile compounds. Overall, meat of
heavier SW groups exhibited a better technological quality
and contained higher concentrations of flavor compounds
associated with pleasant flavors. However, the meat of
120 kg SW group contained much high fat level that may
cause a high trimming loss and being associated with high
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rejection risk by consumers. Further study should be
conducted to investigate the taste-active compounds such as
free amino acids and eating quality the KWP meat among
the SW groups.
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