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ABSTRACT

The objective of this study was to analyze the quality and nutritional
characteristics of Jeju black cattle. I expect the results of this study, can
be used for selecting breeding bulls and cows by analyzing the muscle
fiber characteristics and meat quality as an essential data set. It is
expected to enhance the quality of Jeju black cattle owing to the
development of mass technologies and secure the high—quality breeding
bulls and cows.

The overall quality status of Jeju black cattle, supplied to farmers, was
examined to analyze the overall quality of Jeju black cattle. Moreover, the
grade status was evaluated by using the grade classification data of Jeju
black cattle.

The color of meat, water holding capacity, texture, and shear force,
which were quality characteristics, were evaluated in order to identify the
quality status of Jeju black cattle. Moreover, the quality of Korean beef
and imported beef was examined and the quality was compared with that
of Jeju black cattle. The muscle histological characteristics were analyzed
and the obtained information was compared with those of Korean beef
and imported beef in order to confirm the muscle characteristics. The
unique characteristics of Korean beef were established using a muscle
fiber type analysis, and unique attributes and nutritional characteristics
(e.g., amino acids and fatty acids) of Korean beef were analyzed.

I analyzed the breeding condition and the number of heads of Jeju black
cattle per year, number of farms, the number of slaughtered cattle, and
the number of slaughtered cattle by gender. Moreover, the slaughtering
performance of castrated Jeju black cattle and Hanwoo and that of Jeju
black cattle and Hanwoo were compared.

The results showed that the number of Jeju black cattle in Jeju was

_Vi_



1,409 in 2017, which was 194 heads decrease from 2016. There were
632 heads of original breeds and 777 heads of practical breeds. The
number of Jeju Hanwoo yield was 5,071 heads in 2017, down by 205
from the previous year, while the number of Jeju black cattle yield was
237 heads in 2017, decreased by 105 from the previous year.

In 2017, 742,312 heads of Hanwoo were graded nationwide in 2017.
Among them, 5,308 were Jeju Hanwoo (including Jeju black cattle), which
is 0.7 % of the total number. Grade 1'B was the most abundant (17.8 %),
followed by grade 1'C. In the grade 1B or above, the proportion of Jeju
Hanwoo was generally high.

The slaughter performance of Hanwoo steers (13,722 heads), that of
black cattle steers (134 heads), that of castrated black Hanwood (448
heads), and that of black cattletblack Hanwoo (582 heads) were
compared. The back-fat thickness of black cattlet black Hanwoo was the
thickest (15.75 + 0.71 mm) and that of Hanwoo steers was the thinnest
(12.9 £ 2.14 um). The loin cross—sectional area of Hanwoo steers was
the largest (85.70 * 6.19 aif) and that of black cattle steers was the
smallest (76.80 £ 2.71 ). The dressed weight of Hanwoo steers was
the highest (406 * 16.73 kg) and that of black cattle steers was the
lowest (376.30 £ 12.98 kg). The abundance of grade A meat quantity was
the highest in Hanwoo steers (18.7 %) and the lowest in black cattle
steers (3.3 %). The proportion of meat grade 17 and above was 58.79 %
for Hanwoo steers, the highest, and 27.61 % for black cattle steers, the
lowest.

The slaughter performance of Jeju black cattle and that of Jeju Hanwoo
were compared. The results showed that the mean carcass weight of Jeju
black cattle (113 heads) was 376.40 £ 7.15 kg, which was 14.3 kg
heavier than that of black Hanwoo (380 heads). The back-fat thickness of
black Hanwoo (15.8 * 0.55 mm) was 1.1 mm thicker than that of black
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cattle 14.7 £ 0.55 mm. The loin cross—sectional area of black Hanwoo was
78.62+0.55¢cr, which was larger than that of black cattle (77.5 * 0.55
ar). However, the amount of meat index of black cattle was 63.24 =+
0.52, which was higher than black Hanwoo (62.21 £ 0.52).

In Chapter 4, Jeju black beef was divided into 19 parts (.e., flank,
chuck tender, brisket, shin and shank, chuck roll, top round cap off,
sirloin, neck chain, outside round flat, beef thin skirt, rump round, knee
cartilage, blade, eye of round, tenderloin, loin, top blade, beef attached to
the spleen, and brisket) and the texture of each part was analyzed. The
results showed that the hardness of chuck roll was the highest (7.33 £
3.53), followed by outside round flat (5.56 £ 1.76) and neck chain (5.29
+ 1.49). That of blade was the lowest (1.32 £ 2.48). The adhesiveness
of brisket was the highest (8.07 £ 4.29), followed by outside round flat
(7.77 £ 3.99) and neck chain (7.57 £ 3.79). The adhesiveness of blade
was the lowest (0.33 £ 3.45), similar with hardness measurement of it.
The chewiness of chuck roll was the highest (387.47 + 187.74), followed
by loin (302.03+£102.30) and top round cap off (301.87 + 102.14). The
chewiness of sirloin was the lowest (85.60 + 114.13) among all.

The moisture holding capacity of Jeju black cattle was measured by
cooking loss. The cooking loss was tenderloin (30.84 %), blade (29.83 %),
knee cartilage (28.77 %), and eye of round (28.11 %) in the order of
magnitude. The cooking loss of rump round was the lowest (7.38 %). The
results of shear force measurements showed that the shear force of
black cattle grade2 (5.54 * 0.47) was the highest, followed by black
cattle gradel™"(5.23 £ 0.59). That of Hanwoo gradel®(3.39 + 0.97) was
lower than all grades of black cattle.

Among texture measurements, the results of hardness showed that the
hardness of female black cattle grade 2 was the highest (3.15 * 0.79).

The hardness of black cattle grade 17" was the second highest(2.98 =+
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0.68) and that of Hanwoo grade 1" was the lowest. The adhesive of
black cattle steers grade2 was the highest(4.53 + 1.89), followed by
black cattle gradel”*(3.15 £ 1.48). That of female black cattle grade 2
was the lowest (1.27 £ 0.31). The springiness of black cattle grade 17"
was the highest(9.91 + 0.52), followed by Hanwoo grade 17(8.55 + 1.27).
That of female black cattle grade?2 was the lowest(7.41 = 1.81). In the
items measuring resilience, the valueof black cattle gradel®"(110.45 =+
24.25) and that of female black cattle grade2(129.03 + 65.69) were very
much higher than that of Hanwoo gradel’(68.98 + 18.03).

Carcass weight was positively correlated with quality score and Meat a*
(meat redness), and negatively correlated with cooking loss. The results
can be interpreted that higher carcass weight would increase the redness
of meat and quality score with better moisture holding capacity, indicated
by lower cooking loss. The quality score was positively correlated with
Meat a* and Fat L* (fat brightness), and negatively correlated with
hardness and gumminess. Additionally, Meat L* was positively correlated
with Meat b* (meat yellowness), and negatively correlated with shear
force. The results of Jeju black cattle’s general components showed that
there were no big differences in moisture content, crude fat, crude ash,
crude protein, NFE, and calories between breeds and genders. The
cholesterol content of Hanwoo (11.66 + 1.78) was significantly(” < 0.05)
higher than black cattle (3.00 + 1.97). The fatty acid contents of Jeju
black cattle and those of Hanwoo were compared. The results revealed
that palmitic acid, oleic acid, and linoleic acid were different between the
two breeds the most. Oleic acid accounted for 55.09 % of Jeju black
cattle’s total fatty acids and 47.36 % of Hanwoo's total fatty acids. When
compared among breeds and genders, the content of oleic acid was 72,
49.75, 56.34, and 53.95 % of female Hanwoo, Hanwoo steers, female Jeju

black cattle, Jeju black cattle steers, and female Jeju black cattle,
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respectively. The oleic acid content of female Jeju black cattle was the
highest. The results also showed that saturated fatty acid (SFA)
accounted for 35.33 % for Jeju black cattle and 42.44 % for Hanwoo.
Unsaturated fatty acids were also analyzed. Mono-unsaturated fatty acids
(MUFA) were 61.08 % of Jeju black cattle and 54.79 % of Hanwoo, while
poly—unsaturated fatty acids (PUFA) content of Jeju black cattle (3.29 %)
was also higher than that of Hanwoo (2.39 %).

When the content of fatty acid was analyzed by beef parts, the content
of palmitic acid was the highest in Jeju black cattle tenderloin (26.79 =+
2.47). The content of oleic acid was the highest in top round cap off
(50.20 £ 1.99) and the lowest in tenderloin (45.87 + 3.38). The content
of palmitic acid was the highest in Jeju black cattle grade 17" for loin,
Jeju black cattle grade2 for tender loin, Jeju black cattle gradel™ for
flank, and Jeju black cattle gradel™ " for top round cap off. Additionally,
the content of oleic acid was the highest in Jeju black cattle gradel® for
loin, Jeju black cattle gradel™ for tender loin, Jeju black cattle gradel”
for flank, and Jeju black cattle gradel™ for top round cap off.

The amino acids of Jeju black cattle were analyzed. The results showed
that the content of glutamic acid, which determines umami The results of
the sensory evaluation, for analyzing the quality characteristics of Jeju
black cattle, revealed that Jeju black cattle 17" had the highest water
holding capacity and imported beef had the lowest (3.5 points). The
pre—ingestion marbling test indicated that black cattle grade 17" had the
highest score and Hanwoo grade?2 and imported beef had the lowest
score. When the fresh ness of beef was judged by bare eyes, black cattle
steers grade?2, Hanwoo gradel®™ and Hanwoo grade2 had the highest
score and imported beef had the lowest score. In terms of umami, Jeju
black cattle gradel™™, which is the top grade, and black cattle steers

grade?2 received between 7.0-7.9 points, while black cattle gradel® and



Hanwoo gradel® received between 6.0-6.9. Imported beef had the lowest
score (3.2 points). In terms of juiciness criteria, Jeju black cattle grade
17" and black cattle steers grade2 had the highest score. In terms of
chewiness and softness, black cattle gradel™ had the highest score. The
over all preference score was in the order of Jeju black cattle gradel™™
(8.1 points), Hanwoo gradel® (7 points), black cattle steers grade2, and
female gradeZ2 of beef, was 2.8 % for Jeju black cattle, which was lower
than that of Jeju Hanwoo (3.09 %). The contents of valine, leucine,
isoleucine, and methionine, which affect bitter taste, were significantly (P
<0.05) higher in Hanwoo than Jeju black cattle.

The flavor characteristics analysis (e-nose) using mechanical
measurement showed that flavor was different among black cattle grade.
Black cattle grade 1" was located at the center of the graph and grade 2
was at the right top. Distribution varied by breeds and grades. It was
confirmed that flavor differences by breeds could be classified by
mechanical measurements.

The results of flavor characteristics analysis using electronic
measurement (e—tongue) revealed that the flavor of Jeju black cattle
grade 17 was distinguished from other breeds in taste. It was confirmed
that flavor was different among different breeds using e-nose and
e-tongue. It is believed that the analysis results can be used for studying
the flavor substances and flavor precursors of beef.

The meat color and fat color of Jeju black cattle were analysis by the
days of aging. At the aging day 1, among 19 beef parts (i.e., flank, chuck
tender, brisket, shin and shank, chuck roll, top round cap off, sirloin,
neck chain, outside round flat, beef thin skirt, rump round, knee cartilage,
blade, eye of round, tenderloin, loin, top blade, beef attached to the
spleen, and brisket), tenderloin had the highest brightness (34.02 £+ 3.74)
and outside round flat had the highest redness (20.70 £ 1.15). At the

_Xi_



aging day 1, tenderloin had the highest brightness (35.32 £+ 3.20). At the
aging day 1, chuck roll had the highest fat brightness (73.24 £ 7.22). At
the aging day 16, the brightness of top blade fat was the highest (60.9 *
7.72).

The results showed that the cooking loss (the criterion of moisture
holding capacity) of Hanwoo did not vary by the duration of aging.
However, the cooking loss of Jeju black cattle decreased with a longer
aging period.

It was found that shear force decreased with aging but it increased
again after approximately 28" or 35" days after aging. The same pattern
was observed in Hanwoo. The shear force of Hanwoo decreased from the
first day (5.23 + 1.27) to 28" day, then it increased again. However, the
changes in the shear force of Jeju black cattle were not significantly (P <
0.05) different.

The changes in texture were evaluated by the aging days for Jeju black
cattle and Hanwoo. The hardness was not significantly (P < 0.05)
different between Jeju black cattle and Hanwoo. The mean hardness of
aging day 1 was 3.71 £ 0.69 on average and that of aging day 42 was
(2.94 £ 0.61). It was confirmed that hardness decreased as the beef was
aged longer.

The quality analysis of Jeju black cattle, Hanwoo, and Wagyu showed
that Hanwoo (39.15 + 5.55) and Jeju black cattle (36.38 £+ 4.28) had low
L#* (brightness) values, while the brightness of Australian Wagyu was
generally high (43.94 + 1.83). The L#* of fat was in the order of Jeju
black cattle (56.62 + 7.36), Hanwoo (58.98 =+ 5.29), and Australian
Wagyu (65.70 £ 2.17). There was no significant (7 <0.05) difference in
the cooking loss among the breeds.

The results of this study showed that the shear force of Australian

Wagyu was the lowest. The softness was not different between Hanwoo
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(3.32 £ 0.68) and Jeju black cattle (3.51 £ 0.31). The springiness of
Australian Wagyu (13.37 = 1.99) was higher than Hanwoo (10.52 + 1.93)
and Jeju black cattle (9.28 + 2.60).

This study provided baseline data of Jeju black cattle quality by
analyzing the quality and nutritional characteristics of Jeju black cattle.
The results of this study will be useful to improve the beef quality of

Jeju black cattle.
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CHAPTER 3.

ABSTRACT

I analyzed the breeding condition and the number of heads of Jeju black
cattle per year, number of farms, the number of slaughtered cattle, and
the number of slaughtered cattle by gender. Moreover, the slaughtering
performance of castrated Jeju black cattle and Hanwoo and that of Jeju
black cattle and Hanwoo were compared.

The results showed that the number of Jeju black cattle in Jeju was
1,409 in 2017, which was 194 heads decrease from 2016. There were
632 heads of original breeds and 777 heads of practical breeds. The
number of Jeju Hanwoo yield was 5,071 heads in 2017, down by 205
from the previous year, while the number of Jeju black cattle yield was
237 heads in 2017, decreased by 105 from the previous year.

In 2017, 742,312 heads of Hanwoo were graded nationwide in 2017.
Among them, 5,308 were Jeju Hanwoo (including Jeju black cattle), which
is 0.7 % of the total number. Grade 1B was the most abundant (17.8 %),
followed by grade 17C. In the grade 1B or above, the proportion of Jeju
Hanwoo was generally high.

The slaughter performance of Hanwoo steers (13,722 heads), that of
black cattle steers (134 heads), that of castrated black Hanwood (448
heads), and that of black cattle+black Hanwoo (582 heads) were
compared. The back—-fat thickness of black cattlet black Hanwoo was the
thickest (15.75 + 0.71 mm) and that of Hanwoo steers was the thinnest
(12.9 £ 2.14 mm). The loin cross—sectional area of Hanwoo steers was

the largest (85.70 £ 6.19 cr) and that of black cattle steers was the
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smallest (76.80 = 2.71 cr). The dressed weight of Hanwoo steers was
the highest (406 + 16.73 kg) and that of black cattle steers was the
lowest (376.30 £ 12.98 kg). The abundance of grade A meat quantity was
the highest in Hanwoo steers (18.7 %) and the lowest in black cattle
steers (3.3 %). The proportion of meat grade 1° and above was 58.79 %
for Hanwoo steers, the highest, and 27.61 % for black cattle steers, the
lowest.

The slaughter performance of Jeju black cattle and that of Jeju Hanwoo
were compared. The results showed that the mean carcass weight of Jeju
black cattle (113 heads) was 376.40 + 7.15 kg, which was 14.3 kg
heavier than that of black Hanwoo (380 heads). The back-fat thickness of
black Hanwoo (15.8 = 0.55 mm) was 1.1 mm thicker than that of black
cattle 14.7 = 0.55 mm. The loin cross—sectional area of black Hanwoo was
78.62%+0.55cn, which was larger than that of black cattle (77.5 * 0.55

crf). However, the amount of meat index of black cattle was 63.24 =+

0.52, which was higher than black Hanwoo (62.21 + 0.52).
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CHAPTER 4

AF 299 dPAE 54 B4 L FA54 BY
ABSTRACT

Jeju black beef was divided into 19 parts (i.e., flank, chuck tender,
brisket, shin and shank, chuck roll, top round cap off, sirloin, neck chain,
outside round flat, beef thin skirt, rump round, knee cartilage, blade, eye
of round, tenderloin, loin, top blade, beef attached to the spleen, and
brisket) and the texture of each part was analyzed. The results showed
that the hardness of chuck roll was the highest (7.33 £ 3.53), followed
by outside round flat (5.56 * 1.76) and neck chain (5.29 £ 1.49). That of
blade was the lowest (1.32 £ 2.48). The adhesiveness of brisket was the
highest (8.07 £ 4.29), followed by outside round flat (7.77 £ 3.99) and
neck chain (7.57 £ 3.79). The adhesiveness of blade was the lowest
(0.33 *+ 3.45), similar with hardness measurement of it. The chewiness of
chuck roll was the highest (387.47 + 187.74), followed by loin
(302.03£102.30) and top round cap off (301.87 * 102.14). The chewiness
of sirloin was the lowest (85.60 * 114.13) among all.

The moisture holding capacity of Jeju black cattle was measured by
cooking loss. The cooking loss was tenderloin (30.84 %), blade (29.83 %),
knee cartilage (28.77 %), and eye of round (28.11 %) in the order of
magnitude. The cooking loss of rump round was the lowest (7.38 %). The
results of shear force measurements showed that the shear force of
black cattle grade2 (5.54 %+ 0.47) was the highest, followed by black
cattle gradel™"(5.23 £ 0.59). That of Hanwoo gradel®(3.39 + 0.97) was

lower than all grades of black cattle.
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Among texture measurements, the results of hardness showed that the
hardness of female black cattle grade 2 was the highest (3.15 * 0.79).
The hardness of black cattle grade 17" was the second highest(2.98 +
0.68) and that of Hanwoo grade 1" was the lowest. The adhesive of
black cattle steers grade2 was the highest(4.53 £ 1.89), followed by
black cattle gradel”*(3.15 £ 1.48). That of female black cattle grade 2
was the lowest (1.27 £+ 0.31). The springiness of black cattle grade 177
was the highest(9.91 + 0.52), followed by Hanwoo grade 17(8.55 = 1.27).
That of female black cattle gradeZ2 was the lowest(7.41 £ 1.81). In the
items measuring resilience, the valueof black cattle gradel™ (110.45 =+
24.25) and that of female black cattle grade2(129.03 * 65.69) were very
much higher than that of Hanwoo gradel(68.98 + 18.03).

Carcass weight was positively correlated with quality score and Meat a*
(meat redness), and negatively correlated with cooking loss. The results
can be interpreted that higher carcass weight would increase the redness
of meat and quality score with better moisture holding capacity, indicated
by lower cooking loss. The quality score was positively correlated with
Meat a* and Fat L* (fat brightness), and negatively correlated with
hardness and gumminess. Additionally, Meat L* was positively correlated
with Meat b* (meat yellowness), and negatively correlated with shear
force. The results of Jeju black cattle’s general components showed that
there were no big differences in moisture content, crude fat, crude ash,
crude protein, NFE, and calories between breeds and genders. The
cholesterol content of Hanwoo (11.66 £ 1.78) was significantly(” < 0.05)
higher than black cattle (3.00 £ 1.97). The fatty acid contents of Jeju
black cattle and those of Hanwoo were compared. The results revealed
that palmitic acid, oleic acid, and linoleic acid were different between the
two breeds the most. Oleic acid accounted for 55.09 % of Jeju black

cattle’s total fatty acids and 47.36 % of Hanwoo's total fatty acids. When
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compared among breeds and genders, the content of oleic acid was 72,
49.75, 56.34, and 53.95 % of female Hanwoo, Hanwoo steers, female Jeju
black cattle, Jeju black cattle steers, and female Jeju black cattle,
respectively. The oleic acid content of female Jeju black cattle was the
highest. The results also showed that saturated fatty acid (SFA)
accounted for 35.33 % for Jeju black cattle and 42.44 % for Hanwoo.
Unsaturated fatty acids were also analyzed. Mono—unsaturated fatty acids
(MUFA) were 61.08 % of Jeju black cattle and 54.79 % of Hanwoo, while
poly-unsaturated fatty acids (PUFA) content of Jeju black cattle (3.29 %)
was also higher than that of Hanwoo (2.39 %).

When the content of fatty acid was analyzed by beef parts, the content
of palmitic acid was the highest in Jeju black cattle tenderloin (26.79 =+
2.47). The content of oleic acid was the highest in top round cap off
(50.20 £ 1.99) and the lowest in tenderloin (45.87 £ 3.38). The content
of palmitic acid was the highest in Jeju black cattle grade 17" for loin,
Jeju black cattle grade2 for tender loin, Jeju black cattle gradel™ for
flank, and Jeju black cattle gradel™™ for top round cap off. Additionally,
the content of oleic acid was the highest in Jeju black cattle gradel” for
loin, Jeju black cattle gradel™ for tender loin, Jeju black cattle gradel”
for flank, and Jeju black cattle gradel™™ for top round cap off.

The amino acids of Jeju black cattle were analyzed. The results showed
that the content of glutamic acid, which determines umami The results of
the sensory evaluation, for analyzing the quality characteristics of Jeju
black cattle, revealed that Jeju black cattle 17" had the highest water
holding capacity and imported beef had the lowest (3.5 points). The
pre—ingestion marbling test indicated that black cattle grade 17" had the
highest score and Hanwoo gradeZ and imported beef had the lowest
score. When the fresh ness of beef was judged by bare eyes, black cattle

steers grade?2, Hanwoo gradel®™ and Hanwoo grade2 had the highest
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score and imported beef had the lowest score. In terms of umami, Jeju
black cattle gradel™™, which is the top grade, and black cattle steers
grade? received between 7.0-7.9 points, while black cattle gradel® and
Hanwoo gradel” received between 6.0-6.9. Imported beef had the lowest
score (3.2 points). In terms of juiciness criteria, Jeju black cattle grade
1" and black cattle steers grade?2 had the highest score. In terms of
chewiness and softness, black cattle gradel™  had the highest score. The
over all preference score was in the order of Jeju black cattle gradel™
(8.1 points), Hanwoo gradel® (7 points), black cattle steers grade2, and
female grade?2 of beef, was 2.8 % for Jeju black cattle, which was lower
than that of Jeju Hanwoo (3.09 %). The contents of valine, leucine,
isoleucine, and methionine, which affect bitter taste, were significantly (P
<0.05) higher in Hanwoo than Jeju black cattle.

The flavor characteristics analysis (e-nose) wusing mechanical
measurement showed that flavor was different among black cattle grade.
Black cattle grade 17 was located at the center of the graph and grade 2
was at the right top. Distribution varied by breeds and grades. It was
confirmed that flavor differences by breeds could be classified by
mechanical measurements.

The results of flavor characteristics analysis wusing electronic
measurement (e-tongue) revealed that the flavor of Jeju black cattle
grade 1" was distinguished from other breeds in taste. It was confirmed
that flavor was different among different breeds using e-nose and
e—tongue. It is believed that the analysis results can be used for studying
the flavor substances and flavor precursors of beef.

The meat color and fat color of Jeju black cattle were analysis by the
days of aging. At the aging day 1, among 19 beef parts (i.e., flank, chuck
tender, brisket, shin and shank, chuck roll, top round cap off, sirloin,

neck chain, outside round flat, beef thin skirt, rump round, knee cartilage,
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blade, eye of round, tenderloin, loin, top blade, beef attached to the
spleen, and brisket), tenderloin had the highest brightness (34.02 + 3.74)
and outside round flat had the highest redness (20.70 * 1.15). At the
aging day 1, tenderloin had the highest brightness (35.32 = 3.20). At the
aging day 1, chuck roll had the highest fat brightness (73.24 * 7.22). At
the aging day 16, the brightness of top blade fat was the highest (60.9 *+
7.72).

The results showed that the cooking loss (the criterion of moisture
holding capacity) of Hanwoo did not vary by the duration of aging.
However, the cooking loss of Jeju black cattle decreased with a longer
aging period.

It was found that shear force decreased with aging but it increased
again after approximately 28™ or 35" days after aging. The same pattern
was observed in Hanwoo. The shear force of Hanwoo decreased from the
first day (5.23 + 1.27) to 28" day, then it increased again. However, the
changes in the shear force of Jeju black cattle were not significantly (P <
0.05) different.

The changes in texture were evaluated by the aging days for Jeju black
cattle and Hanwoo. The hardness was not significantly (P < 0.05)
different between Jeju black cattle and Hanwoo. The mean hardness of
aging day 1 was 3.71 = 0.69 on average and that of aging day 42 was
(2.94 £ 0.61). It was confirmed that hardness decreased as the beef was
aged longer.

The quality analysis of Jeju black cattle, Hanwoo, and Wagyu showed
that Hanwoo (39.15 £ 5.55) and Jeju black cattle (36.38 * 4.28) had low
L#* (brightness) values, while the brightness of Australian Wagyu was
generally high (43.94 £+ 1.83). The L* of fat was in the order of Jeju
black cattle (56.62 =+ 7.36), Hanwoo (58.98 % 5.29), and Australian
Wagyu (65.70 £ 2.17). There was no significant (P <0.05) difference in
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the cooking loss among the breeds.

The results of this study showed that the shear force of Australian
Wagyu was the lowest. The softness was not different between Hanwoo
(3.32 = 0.68) and Jeju black cattle (3.51 £ 0.31). The springiness of
Australian Wagyu (13.37 = 1.99) was higher than Hanwoo (10.52 + 1.93)
and Jeju black cattle (9.28 £ 2.60).
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Cooking loss(%) =
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Table 15. Ad¥ 54 a5
Hardness L3} Wy sl 9 HQes dor Flo] F4=E w
(F%) wslkal, o] Aers g
Cohesiveness | 247} & 229 FHE FAH= o= gho] =
=34 STF Al 9oy
Gumminess A& Fafslr] s Q% dor we fe UEldSE
(#4) AEE A e AE7EA Aed 288 duUATE =
Chewiness
A A AEE A e AHE e 3
HaA)
Springness AEs WYA7IE o] AAFHNS W HPHT] A AL
(B-54) 2 soprte A
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(-2140)
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Ak
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ZA AL JESAS 3emFAR AYsto] polyethylene bagell #7117} &
b4 R HEe & F2gzd Yo AF-2X7F 73T/HA 7hdste] Gt &
2= B Hd@EOmAIAT Bl 3 AlRE YA A7](2.5em x 2.5em x 2.5
A 7](Texture Analyzer CT3, US.A)E ]85}
A}t Cycle count= 23], Test speed™= 0.50mm/s ©]H A}-&% probe+=
3mm(TA-VBJ)7} AH&-8FAtH(Table 15).

g
fru
2
(i
ol
2
_Ile

|%

g

off
-

Ao wEYE F AFARE A4 Basglon, 24 dAE wE7] fste] Al
A2 tl2~39] O.C.T(Opimal Cutting Temperature) Compund(Tissue-Tek
4583, Sakura Finetek, Ltd., Toyko, Japan)& ©]-&3}% biopsydlZ<S 7[I=2=
a Aol w A A (CM1950, Leica co., Mannheim, Germany)E A}R&3}o]
10m FAZ dAste] &elol= Fglolx FAsle] o] o] &ttt ZAH

o

A A2 myofibrillar adenosine triphosphatase staing methods(Brooke &

Kaiser, 1970)%Ho] wz} RHgPFdeoew, A 5 u 4 (DM2500, Leica,

Germany)S A}&3te] #9319},

AFEWAA AAEE AZ Sk AF FE AYH BHS Aol A7

A EQ, Asaud, =9 A9 SdA AREAL Toete] 494 A

a
sglom, EAE AAde F 37 ARe 2me FE stk 14%
BF3-Methanol&9%-& ©]-83}o methylationd} 3+ ¥ Isooctan 1mlol] &]2] 35}
Ao, GCol AH8-¥ Column 100m#*0.25mm*0.20um(Supelco TMSP-2560,
Sigma-Aldrich, USA)¢]™, Carrier gasi= Nitrogen2 = 0.8ml/minl =,

injector=5X+ 240C, A&7 €& 285C=E 3lo Ad3 Y} split rations
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o

100:1¢] Hl&E=2 AYslen, At #sd &9 A ¥aE v "ol 2~ B (37
Z)(SUPELCOTM 37Component FAME MIx , USA)Z Iscooctan®] 3]4]3&}e]

AHE-3 T (Table 15), (Figure 19). (5% 0.1g= Iscooctan 100mg/ml)
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Figure 19. AWt #5534 GC Peak
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Table 16. AHWAF 35+52 2] Retention time

NO A ¥k RT
1 C4:0 Butyric acid 13.980
2 C6:0 Caproic acid 15.990
3 C8:0 Caprylic acid 19.301
4 C10:0 Capric acid 23.774
5 C11:0 Undecanoic acid 26.305
6 C12:0 Lauric acid 28.719
7 C13:0 Tridecanoic acid 31.214
8 C14:0 Myristic acid 33.580
9 Cl4:1 Myristoleic acid 35.554
10 C15:0 Pentadecanoic acid 35.904
11 C15:1 Cis—-10-Pentadecenoic acid 37.804
12 C16:0 Palmitic acid 38.167
13 C16:1 Palmitoleic acid 39.679
14 C17:0 Heptadecanoic acid 40.271
15 C1l7:1 Cis—10-Heptadecenoic acid 41.757
16 C18:0 Stearic acid 42.385
17 C18:1n-9,trans Elaidic acid 43.238
18 C18:1n-9,cis Oleic acid 43.634
19 C18:2n-6,trans Linolelaidic acid 44.610
20 C18:2n-6,cis Linoleic acid 45.499
21 C20:0 Arachidic acid 46.308
22 C18:3n-6 y-Linolenic acid 46.918
23 C20:1 Cis—11-Eicosenoic acid 47.395
24 C18:3n-3 Linolenic acid 47.661
25 C21:0 Heneicosanoic acid 48.120
26 C20:2 Cis—11,14-Eicosadienoic acid 49.157
27 C20:2 Behenic acid 49.982
28 C20:3n-6 Cis—-8,11,14-Eicosatrienoic acid 50.469
29 C20:1n-9 Erucis Acid 50.970
30 C20:3n-3 Cis—-11,14,17-Eicosatrienoic acid 51.178
31 C20:4n-6 Arachidonic acid 51.502
32 C23:0 Tricosanoic acid 51.675
33 C22:2 Cis—13,16-Docosadienoic acid 52.638
34 C24:0 Lignoceric acid 53.518
35 C20:50-3 Cis—5,8,11,14,IZ;%icosapentaenoic 53.682
36 C24:1 Nervonic acid 54.522
37 C22:6n-3 Cis—4,7,10,13,ilcfi,lgc—igocosahexaeno 58.740
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Aol o] g MEL AW SAHY T Yoz MIF Fon, fo}
HeAl SAS A8 ARE FEA A BT AR dAE gL
A& 200mge] 6N HCL 30mE vailoll €al 130TCelA 24417+ &<t 7F¢E-3) 3}
At olF TR S0m7F HESE 3Aste] 0.45ms&4 syringe filter®
HY 3tk o] F shgEa ® A820u9 diluent 20uE 42> $ GC-FIDE
o] 83l =AY, AFHEE columne 10m*0.25mm(ZB-AAA, Phenomenex,

Torrance, CA, U.S.A)o|t}. Carrier gas¥ Nitrogen, 1.5ml/min® % 3}l
injector=5%+ 2507C, detector=X=+ 320C= 3t oH, split ratiox= 5:1H| &

I L N A

£
AN
O

b =AF 8918 Amino acid analysis

kits(Phenomenex. Inc Germany)& ©]& 3} tHTable 16), (Figure 20).
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Table 17. 8ol =2t =52 2] Retention Time

NO ofo[ =&t RT

1 Alanine 1.703
2 Sarcosine 1.765
3 Glycine 1.808
4 a-Aminobutyric acid 1.905
5 Valine 1.998
6 b-Aminobutyric acid 2.077
7 Noral ine 2.120
8 Leucine 2.198
9 allo-Isoleucine 2.229
10 Isolucine 2.254
11 Threonine 2.457
12 Serine 2.499
13 Proline 2.572
14 Asparagine 2.656
15 Thioproline 2.998
16 Aspartic acid 3.164
17 Methionine 3.199
18 4-Hydroxyprol ine 3.335
19 Glutamic acid 3.494
20 Phenylalanine 3.536
21 a-Aminoadipic acid 3.779
22 a-Aminopimelic acid 4.023
23 Glutamine 4.105
24 Ornithine 4.456
25 Glycine-proline 4.514
26 Lysine 4.696
27 Histidine 4.879
28 Hydroxylysine 5.055
29 Tyrosine 5.141
30 Proline-hydroxyproline 5.342
31 Tryptophan 5.431
32 Cystathionine 5.855
33 Cystine 6.066
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Table 18.
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A ApaL

A8 2gS 10mL €392 headspace® vial(O.D. 23xheight 46mm)el| Y i,
PTFE/rubber septa®} &4FnlyF 7oz AE3 & 2% A7) (HS 100, Alpha
MOS, Toulose, France)ol 2¢l&] 40T o4 500 rpmOl. = nwWkspHA 180% &
F 7] AEE FF silon, olF Aw F47Y A™AUST)E F =T o

2~ 7 2 25mLE B S 12719 metal oxide sensor’} AEE A} F(FOX

3000, Alpha MOS, Toulouse, France)o] =35t} o]l A4 &5 ZH7F 11

A

% air ¥ 150mL/mine]$loH, F 2tEd A5s FAE 4 (Principalcom
ponent analysis; Alpha soft version 8.01 software, Alpha MOS, Toulouse,

France)ol ol&] FA13}%

A}

Alge] ok B4 A5E b 84 3 & o #X](Whatman NO.5, Whatman
International Ltd., UK)E °]&3}4], 20mL vialdl Z}Z} 7mLA 2i1 A x}3](GC
type E Tongue Heracles II, Alpha Mos, France)E &-&3e] Table ¥ #&

rHAoE AT

Table 19. Analysis conditions of Electronic Tongue

[tems Condition

Acquisition duration 120 s

Stirring rate 1

SRS(sourness), BRS(bitterness)

Sensor
SWS(sweetness), STS(saltiness), (UMS(umami)
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F A2 (statistical analysis)

7 BAYgEEE AL A SAS(SAS, 2002) EZI1e] General linear
model(GLM) o= FA38k3la, A7+ H41k ¥ u= Duncan® B4
(multiple range test) 28 TP FFFS 5% o|H=E et omn, zh 74

8

Avgre BRg BEe

u
-
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AT 599 B T 2AE FA5] sk, 19/, 18, F

2, ARla, A2, b, BAL =Y, A7 S5,
. Ay & Table. 209
Uetda A5 599 9l 247 54 23 TR @A (Resilience),
5 37d(Cohesiveness), ©=4(Springness), A4 (Gumminess)?] ezt 27
A gkol F-opH R A qto] fAbetta debE k. ASS AdF Sels u st
© W] =gt v 283 IS vell= d=(Hardness)®l 54 A3 54
(7.33+3.53)°] 7F¢ & kel yebwth. 1e]lar A21(5.56+1.76), AlH]F¢
(5.29%+1.49)9] Fo = yetton, d7H1.32+2.48)0] 7P v s yEdl
o Ao o] HA YEhd F-9v= tiFE AWo] AHal Aol g F9E
el th H2A (Adhesiveness)2 2153 AUS Wl Holo A wojA = IS
54 FdFolth. M A vEd Fee FAB.07+4.29)01H, A
(7.77£3.99), AMF2|(7.57+£3.79)°] &A= £ o] Yebwth 7HE @2 g
& A740.33£3.45) 0.2 A= AR AR o2 YEkTh A e
AEE A 7 v dEHE ves IS Uehdle A4 (Chewiness)e] 544 %

5A41(387.47+£187.74)0]  7FE =4 YESoew, 541(302.03£102.30), S
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(301.87£102.14)¢] =4 =2 YEeRSTE AE(85.60+114.13)2 7H¢ w*2 k&
ERf2dth ©](2018)8] AT AF} o E Aa7]e B Al gE Ae &2

A7olst FebAlel FFel Aol JFL Wirhn WE Sk

Honikel &-& 1981dol ZAl= AFS7F2 o] Al&tatdH A9 Aol7t A
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Table 20. Al =59 9 =27 54 23

hagcslne adhesive Resilien Cohesiv springin gug;rgin cheeS\xSJin

(kg) ness ce eness eSS (kg) (mJ)

g 1.59 1.47 0.10 0.46 7.94 0.44 157.97
A= 4221 +2.31 +0.01 +0.03 +1.16 +1.42 £41.76
72 3.76 3.13 0.13 0.52 6.89 1.56 178.53
A +0.04 +0.65 +0.02 +0.03 +2.21 +0.30 +£21.20
oFx] 5.05 8.07 0.12 0.49 10.15 2.49 248.63
© +1.25 +4.29 +0.01 +0.00 +1.05 +0.63 +48.90
A} 3.74 4.47 0.11 0.47 11.45 1.75 190.87
+0.06 +0.69 +0.00 +0.02 +2.35 +0.11 +8.86

A 7.33 2.20 0.17 0.55 9.96 3.91 387.47
B +3.53 +1.58 +0.06 +0.06 +0.86 +2.05 £187.74
o= 4.65 5.10 0.12 0.58 10.31 2.97 301.87
A +0.85 +1.32 +0.01 +0.09 +1.21 +1.11 +£102.14
Qe 2.52 5.20 0.09 0.39 9.44 0.99 85.60
= +1.28 +1.42 +0.02 +0.10 +0.34 +0.87 +£114.13
A4 5.29 7.57 0.10 0.48 10.92 2.44 262.67
>4 +1.49 +3.79 +0.01 +0.01 +1.82 +0.58 +62.94
23 7) 5.56 7.77 0.11 0.50 9.30 2.79 254.20
=N 4+1.76 +3.99 +0.00 +0.01 +0.20 +0.93 +54.47
o} 2.95 2.07 0.12 0.37 9.50 1.09 173.77
= +0.85 +1.71 +0.01 +0.12 +0.40 +0.77 +£25.96
1 A 4.34 4.90 0.14 0.55 8.98 2.40 209.37
+0.54 +1.12 +0.03 +0.06 +0.12 +0.54 +9.64

=R 4.07 2.33 0.13 0.50 7.08 2.00 174.80
+0.27 +1.45 +0.02 +0.01 +2.02 +0.14 +24.93

7 1.32 0.33 0.10 0.43 7.00 0.57 139.30
= +2.48 +3.45 +0.01 +0.06 +2.10 +1.29 +60.43
35 4.73 3.50 0.10 0.48 7.03 2.27 157.60
°© +0.93 +0.28 +0.01 +0.01 +2.07 +0.41 +42.13
LAl 3.41 3.10 0.10 0.40 10.02 1.37 134.43
i +0.39 +0.68 +0.01 +0.09 +0.92 +0.49 +65.30
= A 4.21 5.10 0.09 0.65 10.95 2.67 302.03
°H +0.41 +1.32 +0.02 +0.16 +1.85 +0.81 £102.30
v 2.41 1.43 0.09 0.49 11.57 1.18 132.40
= 41.39 +2.35 +0.02 +0.00 +2.47 +0.68 +67.33
T4 2.8 1.57 0.12 0.48 B5.77 1.37 145.77
+1.00 +2.21 +0.01 +0.01 +3.33 +0.49 +53.96

= 2.5 3.87 0.12 0.44 3.80 1.06 157.67
= +1.30 +0.09 +0.01 +0.05 +0.30 +0.80 £42.06

Means = standard deviation.
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Cooking loss(zE€7#H) ¥ = HF(-)eo AAAAE YeERUL. olgst dye =

A5 (Meat ax), A4 (Fat L=)¢} A(+)
o] FAPAE el o, H=(Hardness), A (Gumminess)oH= H(-)9] 4
HAAE HEbEY. S8 "HEMeat Lot 54 G E(Meat bx)ob= A (+)9]
FHBAE e o, o]et w2 A dE(Shear force)9b= F(-)9] G
£ w3t

H

i)
‘Lz
B
I'D)
[oS)
=
=
<
05}
(@]
o
=
@,
_1:10
1=

_89_



IOmuI

B Be BT & RBE 2 bRE & £8 bR bk Ll 12 200

1000 > d#* ‘100 > d** ‘GO0 > f+ ‘JUBDLIUSIS JOU=GN :90URIIUSIS JO [9AS]

SSo
710 3
. . SS9
620 ¢ro wBuuds
. q SSo
220 mww x0€°0- TOABN00
80°0- 080~ | #xx970 020 ST
XXX X . . ‘A .
S e ST'0 010 80°0 0£°0 ssaup.ey
d&h | w90 | 0T S wo- | 110~ | 8€0 Teous
210 70'0 0T'0 LT0- 800- | 200- | 800 | 70°0- e
70'0 LT0 2r0- 20°0- 920- | ST0- | ¥T0 | 900- | TT°0 «1 18]
500~ 80°0 VT0- ro- 7Z0- | €U0- | TU0 | L20- | 900~ | g8 <8 18d
N o . N . . g . . N
80°0 120 £0°0 100 €80 | W00 | [ | ET0 | SO0 | R e <1 %8d
o~ " . o~ . . ¥ | s o 4 . o
520 2670 600 520 600 20 | g | gpb= | €U0~ | 900 | 20 | 10 «0 e
8T°0- SZ0- €10 ro- 600- | 600 | gl | TE0- | VOO~ | VOO | 610 | 020~ | o RO
*
N o . - . N 6 ; N . . . . .
LT0 ¥2'0 0T'0 520 020 | W00- | g0 | pelo- | €00~ | €00 | 00 | 00 [ dEa 20 <1 189N
o % . o . . «9 . " s - . . . o 21009
120 e 520 L0°0 ST'0 020 [ gion| 800 | 080~ |[pdb el | V€0 | 920 | 42E0 | 600 P S
. . . . . . G . . . . . . . . y3ie,
90°0 610 £2°0 60°0 220 €20 | po_ | 00 | 4FE0=| 910~ | 6T°0- | 920 | 8T'0 | +680| L20- | &Fb | Sporm
SSo[
SO SO 3010 B e 10D
SOUMAD | SSUIING | SSATFIIAS | SOUSAISUQO | SOOI | e | upaey ao:m %wou mm Ted mw umuz 18N “mwz E%.mo




= 0 |
AF Z9 Qo AdMAREMN A= Table. 220 YUE Ut dud i
e T, A, 23)E, 2dd JMeEALE(NFE), 949 35

%_
W o] wE Aol A vhehiA: ggvh ZelsHBe) g 5 B
0

(11.66°+ 1.78)7F &9-(3.00°%+ 1.97)°] vl =& stakS e tH(P <

e N Q. g ﬂ
R . = TS EUR o
N RS g EE

AT 59.34 19.89 18.87 0.68 1.19 3048.67 3.002
s 9 +6.28 +8.33 +2.68 +0.09 +0.81 05496  £1.97
AT 61.82 15.79 20.54 0.82 1.02 2772.62 11.66°
5F-9- +4.68 +6.26 +1.77 +0.10 £0.45 453990 £1.78
signifi
cance NS NS NS NS NS NS *

@b means with different superscripts in the same row differ significantly(2 < 0.05).
Level of significance: NS=not significant, */~ < 0.05.
U Means + standard deviation.
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Table 23. AlF =9-9} 399 Wik A Ay}

-5 AF & -
Female CMP Female oM Sefican
(n=11) (n=16) (n=8) (n=17)
C14:0 3.44 350 | 235 2.38 NS
(Myristic Acid) +0.69” +091 §  +0.25 +0.56
Cl4:1 0.91 099 i 106 0.93 NS
(Myristoleic Acid) +0.47 +042 | +061 +0.04
C15:0 0.25 020 i 0.0 0.22 NS
(Pentadecanoic Acid) +0.05 +0.08 i  =£0.00 +0.10
C16:0 28.74° 26.83° 1 2223 23.52° .
(Palmitic Acid) +2.29 +18 | +187 +1.41
C16:1 5.10 537 i 6.07 5.45 NS
(Palmitoleic Acid) +0.49 +0.85 i +2.16 +1.07
C17:0 0.66 081 072 0.39 NS
(Heptadecanoic Acid) +0.18 +0.25 i £0.42 +0.20
C17:1 0.59 082 i 094 0.64 NS
Heptadecenoic Acid) +0.06 +0.08 : £0.12 +0.07
C18:0 11.13 1037 ¢ 9.32 9.92 NS
(Stearic Acid) +0.66 +£0.99 {1  £173 +1.79
C18:1n-9,Cis 47.20° 49.75% 1 56.34% 53.95° «
(Oleic Acid) +4.03 +314 | +566 +4.48
C18:2n-6,Cis 1.95° 194 i 256 2.66° "
(Linoleic Acid) +0.48 +0.39 §  +0.46 +0.49
C20:0 0.04 0.02 i 0.0 0.00 NS
(Arachidic Acid) +0.00 +£0.00 i %0.00 +0.00
C18:3n-6 0.05 0.03 i 0.0 0.03 NS
y-Linolenic acid +0.01 +0.01 : =*=0.00 +0.01
C18:3n-3 0.10 009 i 0.0 0.13 NS
Linolenic acid +0.03 +0.01 +0.00 +0.05
C20:1 5
, : , 0.36 041 i 047 0.61
(Cis-11-Eicosenoic 4593 +011 | +0.07 +0.29 NS
Acid) 5
e iaTn 0.00 000 i 000 0.65 NS
Ficosadiencic. Acid) +0.00 +0.00 +0.00 +1.46
(c?sg-%:?ﬁ_&- 0.15 013 037 0.28 NS
C20:4n-6 0.47 025 i 045 0.71 NS
(Arachidonic Acid) +0.32 +0.23 +0.40 +0.68
SFA 43.90° 41220 © 33.36° 35.66° -
+3.23 £311 | +417 +3.76
53.52° 56.44° i 63.50° 60.50°
MUFA +3.16 +285 | +379 +398 -
2.58° 232 ¢ 313 3.83°
PUFA +0.66 067 | +068 +115 :

¢ means with different superscripts in the same row differ significantly(Z” < 0.05).
Level of significance: NS=not significant, */~ < 0.05, *xF < 0.01.

UCM; Castrated male.

YMeans * standard deviation.
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Table 24. A7 =99 558 AWik =24
E9 1n5E  E 5E F925F w9 b
Ca%ﬁl%:gdd 0.07 + 002 000 + 000 000 + 000  0.00 + 0.00
Laucfifg:gdd 0.10 = 009 010 + 008 008 + 001  0.07 + 0.01
Myfics’l{ﬁoadd 333 + 175 276 +095 279 + 015 271 «+ 0.87
myfisgollff acid 097 + 077 085 + 010 068 + 007  0.65 + 0.07
Pentadecandic acld 092 + 021 032 + 001 025 = 001 023 = 0.05
Pamg}igoadd 98.72 + 2.95 2460 + 087 2532 + 111 2759 + 321
Palmitc"llg?f acid 594 4+ 010 405 + 014 495 + 056 347 + 0.01
Heptadecanoic acid 101 + 001 135 + 0.01 124 + 006 132 + 0.04
Margaroleic acld 052 = 009 059 = 0.01  0.67 + 0.0  0.53 + 0.47
Ste%rliE:gCid 1075 + 334 1359 + 214 913 + 008 1410 = 111
Octadecenoic acid
Clidecebole 20d 103 + 007 182 % 007 072 % 005 0.00 + 0.00
oleic acid
e acid. 4529 + 222 4526 + 311 49.98 + 454 4245 + 158
Octadecadienoic
acid 040 + 001 047 + 001 042 + 0.17 249 + 0.44
C18:2n-6,trans
Linoleic acid
Gihofeic,aqd 144 + 087 266 + 077 240 + 090 298 + 0.75
Afacgizdgfo acid 0.06 = 001 009 + 001 006 = 001  0.07 + 0.01
Blcoseic acld 026 + 001 030 + 0.0 0.8 + 001 029 + 001
Linolenic acid
olenic a 005 + 002 011 + 002 013 + 007 010 + 001
Heneicosanic acid 35 + 075 049 = 001 039 = 0.06  0.27 + 0.07
Ficosatrienoic acid
aenoic 016 + 001 023 + 002 022 + 007 024 + 0.02
Tricosgg?f{ioc acid o4 + 001 036 + 010 041 + 009 045 + 0.01

Means * standard deviation.
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Table 25. Al 552 F-o8 At =4
To T o Awy  E7 T = o
Capric acid 01 + 0.03 0.00 + 0.00 0.00 £ 0.00 0.00 % 0.00
Laurle acid 008 + 0.04 0.00 £ 0.00 0.03 £ 0.05 0.00 £ 0.00
Myristic acid 587 + 054 3.01 £0.32 276 + 0.34 2.99 + 0.35
myristoleic acid .75 + 020 0.88 £ 0.41 1.03 + 0.21 0.64 + 0.12
Pentadecanoic
acid 0.26 £ 0.04 0.12 £ 0.15 0.13 £ 0.11 0.26 * 0.03
C15:0
Palmitic acid 9577 £ 331 24.76 + 1.81 24.83 £ 0.29 26.79 & 2.47
Palmitoleic acid 4 83 $0.95 5.77 + 1.92 645 + 140 4.78 + 0.78
Heptadecanoic
eptadecancic 192 £ 0.14 0.57 + 0.03 0.80 £ 0.21 0.73 % 0.03
Margaroleic acid 063 £ 0,09 0.66 + 0.21 0.67 £ 0.03 0.65 % 0.19
Stearic acid 1014 520 1012 £2.87 866 £ 1.82 11.90 + 2,03
Octadecenoic
acid 0.95 £ 1.20 0.69 £ 0.50 0.29 £ 0.50 0.95 * 0.22
C18:1n-9,trans
oleic acid
COEIC AL 4841 £ 318 4959 + 112 50.20 £ 199 4587 + 3.38
Octadecadienoic
acid 0.42 £ 0.16 0.11 £ 0.13 0.11 £ 0.09 0.00 % 0.00
C18:2n-6,trans
Linoleic acid
Crolsic aeld 2,28 + 048 256 £ 0.37 262 £ 1.25 2.99 + 0.90
Arachidic acld 006 + 0.03 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
Bicosenic acid 021 + 0.13 038 + 0.09 0.24 + 0.13 0.17 £ 0.15
Linolenic acid 11 + 0,07 0.00 £ 0.00 0.04 = 0.07 0.00 % 0.00
C18:3n-3
Heneicosanic acid 038 + 0.10 0.18 + 0.22 0.17 £ 0.15 0.29 + 0.05
Eicosatrienoic acid
saienoic acid 021 £ 0.04 0.07 + 0.13 0.24 £ 0.01 0.37 % 0.08
Arachidonic acid
chidonic acid 500 £ 0.00 0.53 + 0.12 0.17 £ 0.03 0.27 * 0.04
Tricosanoie acid 937 £ 0.15 0.00 + 0.00 0.56 £ 0.05 0.36 + 0.03

Means * standard deviation.
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Table 26. AF &9} 3+$-9] ofnit 4 Ay

W+ AT 25
Female CM1) Female CM significance
(n=11) (n=16) (n=8) (n=17)
) 14.97P 22.54° 22.41° 23.71°
Alanine +1.27 +2.08 +3.49 +3.98 *
. 2.05 1.32 1.42 1.50
Asparagine g3 +0.37 +0.07 +0.51 NS
Aspartic 1.76 1.642 0.00 1.25 .
acid +0.06 +0.11 +0.00 +0.31
vstoin 0.98" 0.46" 1.87° 0.58" .
y +0.03 +0.03 +0.14 +0.01
Glutamic 4.01° 2.39" 1.68P 2.08" .
acid +1.16 +0.42 +0.09 +0.95
. 11.70" 93.76° 33.86° 95.47°
Glutamine +1.50 +2.62 +8.41 +7.34 *
. 5.81 5.30 5.05 6.26
Glycine +0.20 +1.07 +0.40 +1.64 NS
. 9.14 2.59 3.53 3.34
Histidine +0.45 +0.52 +1.20 +1.49 NS
. 5.16% 2.96° 2.20P 2.72P
Isoleucine +0.43 +0.74 +0.38 +0.73 o
. 11.07° 6.22b 4.55" 5.59°
Leucine +0.72 +1.36 +0.65 161 o
. 1.64 1.64 2.68" 9.18%
Lysine +0.17 +0.31 +0.37 +0.89 *
. 5.90° 3.80" 9.47¢ 3.29b¢
Methionine 1559 +0.45 +0.30 +0.93 o
. 1.48 0.78 1.87 0.93
Ornithine +0.44 +0.18 +1.15 +0.39 NS
Phenylalani 7.27° 4.64° 3.65° 4.30° s
he +0.39 +0.75 +0.62 +1.00
. 1.95 2.61° 9.49% 2.65°
Proline +0.04 +0.23 +0.33 +0.33 *
. 6.05° 3.94" 2.62" 3.81°
Serine +0.07 +0.60 +0.01 +1.39 o
. 4.98° 9.82b 1.95 974"
Threonine +0.17 +0.68 +0.28 +1.00 o
. 0.54" 2.66° 9.39 1.91°
Tyrosine +0.13 +0.63 +0.06 +0.64 o
. 6.32° 4.50% 3.14 3.93"
Valine +0.82 +0.92 +0.65 +1.42 *

¢ means with different superscripts in the same row differ significantly(Z” < 0.05).
Level of significance: NS=not significant, */~ < 0.05, *xF < 0.01.

UCM; Castrated male.

YMeans =+ standard deviation.
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Table 27. %< 3 52 A7 A #dsH7F 234
43 A
ERi e F5A i
T omme amy T gusy
A% 3] NAE
SN 6.52 7.36 5.48 7.38 4,64 471
ltsmm 1223 4155 4258 +9.18 +1.46 +1.90
o A
=5 6.40 5.85 5.16 6.67 450 6.14
lhzo 269 +1.73 +9.90 +9.48 +1.82 +9.75
S O
=T
= 6.29 471 453 5.79 5.10 3.35
o +1.00 +1.80 +9.65 +9.63 +1.70 +9.06
I
olke)
=T
== 6.40 6.68 6.80 7.75 6.28 7.45
S +1.47 +1.40 +9.40 +2.10 +1.35 +1.47
AA
iy 6.05 7.38 6.81 7.02 5.42 7.84
o= +153 +1.32 +9.05 +9.48 +1.30 +1.31
o B
o 6.45 955 8.09 8.05 591 7.14
. +1.10 +1.06 +1.48 +1.70 +1.19 +1.39
JR 3,59 3.32 341 6.64 2,23 2,68
T Hog +0.99 +9.17 +9.50 +1.54 +1.49

Means *+ standard deviation.
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Table 28.

pind Oad Add dx

_, r_l_,

M‘i
1—ru>4

8.0 6.60 7.30 7.60 7.95 8.65 8.60
+0.61 £2.23 £1.66 *£1.70 *+1.23 £0.81 =£0.88

8.16
+1.17

o A
H

774 710 643 6.10 7.02 693 7.14
+1.19 £2.10 £1.93 =*£1.51 147 £1.28 =£1.37

6.39
+1.81

6.19 6.39 579  5.83
+2.24 £2.24 £2.05 £2.01

6.07 6.04 6.10
+2.15 £1.93 =%2.06

5.61
+2.00

N

785 735 720 7.05 7.24 6.68 493
+1.31 £2.18 =£1.51 =*£1.28 #+1.70 £1.09 =£1.49

6.84
+1.30

700 758 6.81 690 6.86 6.86 6.33
+1.27 £1.80 £1.45 =*£1.41 =+£1.65 £1.65 =£1.34

7.05
+1.24

6.86 814 6.00 641 591 6.18 5.77
+1.556 £1.13 *1.83 =£1.30 *1.41 =£1.30 *1.85

6.91
+1.23

3.36 500 3.09 327 3.00 3.59 4.50
+1.43 £2.86 *£1.93 *£1.91 #1.66 £1.71 =£1.74

3.18
+1.74

Means = standard deviation.
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Table 29. A LAYl WE A5 Z5-of 4 5 A 54 23

=S4 14
= A A 1 A
L= ax* b * L= a* b*
Qe 9154 17.70 4.21 56.78 4.86 2.32
~E +1.26  +1.85 +1.75  +9.24  +1.10  +3.14
R 33.36 20.43 5.33 65.4 2.67 3.35
x +3.08  +0.88  +0.63  +0.62 *+1.09  +2.11
oF =) 30.90 18.89 6.66 73.03 0.40 4.64
° +0.64  +0.66  +0.70 @ £7.01 +3.36  +0.82
A} 27.45 19.17 4.55 66.35 2.56 3.35
+2.83  +0.38  +1.41 +0.33  +1.20 *2.11
" A 25.58 17.90 3.94 73.24 1.80 7.14
7 +4.70  +1.65  £2.02 = *£7.22  +1.96 +1.68
o 27.26 19.99 6.39 63.71 12.44 11.49
R +3.02  +0.44  +0.43 = £2.31 +8.68  +6.03
S 29.36 21.32 8.11 65.90 2.56 6.60
= +0.92  +1.77  £2.15  +0.12  +1.20 +1.14
Al H] 32.67 19.65 6.95 78.30 0.85 5.47
) +2.39  £0.10  £0.99 @ +12.28 £2091 +0.01
JEg. 31.19 20.70 7.68 62.14 1.46 3.78
= A +0.91 +1.15  +1.72  +3.88 +£2.30 +£1.68
oF 3 34.01 17.65 3.06 64.25 4.28 4.47
v +3.73  +1.90 #£2.90  *1.77  +0.52  +0.99
b 27.71 18.03 4.86 68.93 2.23 5.08
H +2.57  +1.52  #1.10 #2091 +1.53  +£0.38
= 7 27.73 19.92 5.23 68.37 0.37 2.03
- +2.55  +0.37  +0.73 = £2.35  +3.39  +3.43
o 29.8 21.85 8.76 59.40 5.03 4.40
CL +0.48  +2.30 +280 +6.62  +1.27  +1.06
s 31.61 20.82 8.29 63.07 2.38 2.77
o +1.33  +1.27 4233  £295  +1.38  +2.69
oL Al 34.02 20.57 8.09 58.73 13.59 11.44
U +3.74  +£1.02  £2.13  £7.29  +9.83  £5.98
= A 31.17 20.63 7.29 69.01 2.94 6.68
o ™ +0.89  +1.08 +1.33  £299  +0.82  +1.22
naar 50.93 19.77 3.93 68.94 2.33 4.45
TS +0.65  +0.22  +2.03  +£292  +143  +1.01
E A 26.77 17.65 2.81 67.16 7.49 9.02
+3.51 +1.90  +3.15  +1.14  £3.73  £3.56
3 = 32.28 18.89 7.10 61.72 1.17 5.29
= +£2.00 £0.66  *£1.14  £4.30 £2.59  £0.17

Means * standard deviation.
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Table 30. A4 A(16D)ol W& AlF 599 &

e
% 4
L= a* b *

=) 5rA} 29.91 20.64 7.43
A= +2.21 +0.31 +0.18

33.49 2132  7.80
2]
TR Y137 %037 +0.19

o} % 32.88 20.68 7.67
+0.76 +0.27 +0.06

30.05  17.37  4.95
APE 907 1358 +£266

= A 31.4 19.32 5.83
oo +0.72 +1.63 +1.78

31.14 22.58 8.78
+0.98 +1.63 +1.17

32.68 22.54 8.21

_[
i

A e Y056 +159 +0.60
Al A 31.34 19.81 5.75
= g +0.78 +1.14 +1.86
JE. 33.62 22.08 8.34
= A +1.50 +1.13 +0.73
oF % 33.75 19.13 6.61
i +1.63 +1.82 +1.00
B 31.77 21.00 8.04

+0.35 +0.05 +0.43

30.92  19.49  6.37
=7 5790 +146 0 +1.94

4 2 3215 2025  7.25
49 £0.03  £0.70  +0.36

o 3247  21.03  8.64
A 035 1008 +1.03

oF Al 35.32 24.51 10.60
Il +3.20 +3.56 +2.99

= A 31.71 20.93 7.91
° = +0.41 +0.02 +0.30

. 3217 2095  7.29
FAL f005 1000 +0.32

30.84 21.95 7.88
+1.28 +1.00 +0.27

32.75 22.51 9.26

2 =
+0.63 +1.56 +1.65
+ standard deviation.
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Table 31. AT =59} 3t9-2o] SAdof| & S 3}
=713k
Meat Signi
Color 1 7 14 21 28 35 42 fican
ce
T 00 3247 3300% 3292 3330 3427 3485
F1.180 338 4346 £2.02 19.27 4959 +1.70
ge  SL33 3335 3368 3301 3416 3489 3538 g
L @ 1058 395 +2.65 1224 4227 +2.77  +149
A 2967 3157 3242 3246 3245 3239 3269 o
so. Y104 4995 417 +2.10 12314 +117 +2.98
Sogificace NS 20NS 0ONS NS 0ONS NS NS
o 1894 2052 2098 2089 2133 2056 2058 o
+118 1075 +132 +090 4223 +2.03 +1.78
. 1875 2083 2039 2102 2169 1994 20.32
a Y 1050 1097 1122 +094 1223 1395 <1186 NS
A 1899 20217 2147 20217 2102 2243 21.84%
Fo. 4134 4102 +1.29 +L10 +0.94 +1.11 +2.14
Soificace NS 0NS 0ONS NS 0ONS NS NS
T 089 TATS TTe 7680 82 768" 8T,
+177 4093 4092 +057 4206 +2.32 +1.30
. 574 813 776 787 878 746  T.68
be @ 1069 4080 4116 4038 4208 4980 +i37 NS
AF 593 681 773 6750 776 833 876 g
Fo 4902 4048 4078 +1.66 +1.16 £211 4145
Signcigca“ NS NS NS . NS NS NS

“dmeans with different superscripts in the same row differ significantly.
ABmeans with  different

significantly.

Level of significance: NS=not significant, */” < 0.05.
"Means + standard deviation.

superscripts

n

the

same

Abbreviations: L#, lightness; a*, redness; b*, yellowness.
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Table 32. A5 599 3% el & A st

Fat

Color Significa
nce

—
J
—
W
A}
—
[\}
Co
w
1
N
A}

Total 6308 6L 557 BB BT MM R
otal o’ M4 M3 63 673 H013 HSR

ksk

L« sto 0614 6l6 8RB 65 7 B2 5406 NS
ST 408 #6230 H21 4619 673 T® AU

AE 6218 6215 3177 HA° BB 4180 4746" e
59 453 498 4262 4314 214 HA8 826

Signific NS NS N NS N NS NS

ance

Total B0 6L8™ 557 GBI BB17 5434 5205
otal w7 #1437 B3 73 H013 S8

sksk

a* 50 06614 6L6 BB 5653 5B 58852 5406 NS
T 408 4623 H21 4619 4673 R 14
AF 6218 6157 5817 5060 BBP 4180 47467 e
59 453 4HRB 2672 B4 24 HR 26
Signific
e NS NS * NS NS NS NS

Total 58 671> 12500 1268 1280 1491 1213
otal - 4529 900 2 w0 243 B0 1SS

skkosk

b+ sro 292 70 1212° 12567 1L 147 120
STTo4202 0 4381 #£357 H51 4243 1697 204

of

6.66 6.22 1282 1340 13&% 1537 1271 NS
74 241 180 150 X6l X297 X277

ot 2,
RA

Signific. g g N 0N 0N N NS

ance

°means with different superscripts in the same row differ significantly.
ABmeans with different superscripts in the same column differ
significantly.

Level of significance: NS=not significant, *F < 0.05, #xP < 0.01, *xxpP <
0.001.
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|
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Table 33. #l=+ =%-<}

= k-] S U wE st g
%4717k
Cooking
|
0SS Significa
1 7 14 21 28 35 42 oo
Total 2162 2014 1950 1850 1941 203  20.97 NS
+1048" +2.33 +£2.50 £2.06 +3.02 +3.47 +£3.62
st 15.57° 18.87 19.44 18.00 19.16 21.46 21.43 NS
o +0.42 +1.89 +2.63 +1.85 +£3.02 +3.15 =+3.85
AF 33724 21.42° 1956 21.01° 19.66° 16.8" 18.63°
%k
=9 4645 +2.26 +2.64 +2.22 +2.34 +1.23 +2.45
Sgnificance *

NS NS NS NS NS NS

“dmeans with different superscripts in the same row differ significantly.
ABmeans with different superscripts in the same column differ
significantly.

Level of significance: NS=not significant, */” < 0.05.
"Means * standard deviation.
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ks

2F (5.23£1.27)014 28L7pA] A etk o]

Q]
=

Fhgtel wepA 1

)

u}

o

]

A] 0O

3

T A<
- 5

A

A AT Z50

S

J= Aoz Lpebst,

7}E

e Wl foldo® yEhA] Zkth(P < 0.05).
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Table 34. A5 &9-9F §-9-9] Sdde] wE ddks W
%A 713)
Shear
force(kg) Significa
1 7 14 21 28 35 42 Lo
Total 579 4.83 3.64" 3.31° 2.70° 3.03° 3.45" .
ota +127Y +£1.84 =£1.14 +0.64 £0.07 £0.52 =£0.66
510 5.23* 3.31"® 3.36" 3.13> 2.70° 2.81" 3.48° .

=T 4127 +£051 £1.25 +0.54 £0.07 £0.32 £0.74

AT 6.36 5.36" 3.88 4.18 4.07 3.72 3.28 NS

59 +£1.11 £1.24 +1.10 £1.15 £1.09 +0.54 =*1.11

Sgificnee NS * NS NS NS NS NS

“means with different superscripts in the same row differ significantly.
ABmeans with different superscripts in the same column differ
significantly.
Level of significance: NS=not significant, */ < 0.05.
UMeans + standard deviation.
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27k W3l= Table 350 WERWTH &
Ade 1Y, 79, 149, 21Y, 28Y, 354Y, 4292 A3 TE. 4 E(hardness)
o] Z4An AF Z$9 3o Folxi= YA ti(P < 0.05). 47
T WEhe A4 19A Hadk 3.71+0.69)2  AlFske], w4 427

61)= el Sd713ke] Auztel] whel Awe] gre] wolxls <l
& 4= 9ot &34 (Cohesiveness)e] S4A 4713k 7 Ao AT 5971
(0.45%+0.05), &4-7H0.35+0.03) % WEht AT Z47F thh F290S HER
Atk AT Wae 4 194 (0.43£0.0DF A F38H, %4 4294
(0.40+0.05)2] < Yehdeh. <43717F 21, 28Y, 35494 7247} (0.3840.06),
(0.37+0.03), (0.38+£0.01)9] #tom SolAth7l /4 4294 WA grol Eobd

N
ok
o
1o
ok
o
1o
s
oX.
ne,
2,
=
il
BN

S Fol & 4 9ldth = A (Springiness)d A F AAITY Foxt= #9l
sk gl m(P < 0.05), 5473k uet gL yol s skl 3 4 9l
Atk AA(Gumminess), %A (Chewiness)?d] A$o% F /A Hox+=

UEREA] @9k (P < 0.05), 5748717ko] Aol et gho] stopAl= Ae &
041;]__

r
i
s
b4
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Table 35. A5 5-5-9F g9 AL W& =43+ W3}
%

Texture Sionifi
gnifi
1 7 14 21 28 35 42 el
371 306 282 276 236 307 294
Total jogg0 4103 4063 +0.75 4061 4027 4061 N°
Hard 5o 356 328 270 287 242 307 310 g
ness O 4060 4130 4078 4078 4061 4033 4052
A% 386 284 293 221 231 308 212 o
2o 4071 4090 4080 4069 071 4045 +0.77

Significance NS NS NS NS NS NS NS

043 040 044 038 037 038 040

Total 4001 006 007 +006 +003 001 005 °

%?Vhee so 042 0357 041 038 038 038 04l g

She T 4001 003 £005 007 +003 001 +006
AF 045 045" 045 036 036 038 040 g
59 4005 005 £008 005 4005 001 =£0.02

Significance NS * NS NS NS NS NS

1085 1200 933 955 994 1033 10.22

Total 1005 4963 4183 +4.13 4089 +135 +244 O
Spring 5o 1086 1327 822 1048 976 1006 1078 o
ness X 4006 1295 +168 +386 +089 +153 +2.27

A% 1084 1074 1025 490 1012 1112 744 o

o 1942 1272 +149 +012 +123 4215 +0.25

Significance NS NS NS NS NS NS NS

- 125 -



1.45 1.25 .18 097 091 1.12 1.21

Total 4035 2052 044 2031 022 004 027

Gummi g 1.47 1.17 1.00 101 092 1.10  1.27

o)

ness U 4035 4052 4049 +034 4022 4004 026 O
AF 144 134 133 079 091 117 091 NS
59 4058 4061 037 005 005 005 004

Significance NS NS NS NS NS NS NS

15739 ML72 13127 1218 BAl 11210 12415

Total  jady 1A15 HI 0% 4B 3B Hher O

Chewi 13606 14613 1672 1186 &8 1100 13H52

B NS
ness IRE H306 #3010 H3IW 4B £H661 =048
A 1RW73 13731 1BL73 13707 6D 11633 11843 NS
59 B8 M9 M6l Hh12 HOL 45012 HR3P

Significance NS NS NS NS NS NS NS

“means with different superscripts in the same row differ significantly.
APBmeans with different superscripts in the same column differ
significantly.

Level of significance: NS=not significant, */ < 0.05.

UMeans + standard deviation.
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Table 36. AT &5 g2 55 5 AJHol mE S4 AgA 5 7kad
Hanwoo Jeju Black
Wagyu (N=10) Significance
(N=35) Cattle (N=27)
Meat 39.15° 36.38° 43.94° e
L* +5.55" +4.28 +1.83
21.25 22.65 18.62
Meat a* +157 +9.10 +3.02 NS
Meat 8.281 9.67" 8.502 .
b +1.34 +1.41 +2.05
58.98" 56.62° 65.70°
Fat L+ +5.29 +7.36 +9.17 o
14.07 16.72 10.92
Fat ax +1.44 +2.56 +2.01 NS
11.03 11.57 10.11
Fat bx +9.86 +138 4275 NS
Cooking 23.64 25.50 21.14 NS
+3.11 +4.28 +2.14

loss(%)
admeans with different superscripts in the same row differ significantly
level of significance: NS=not significant, */ < 0.05, *x/ < 0.01.

"Means * standard deviation.
Abbreviations: L#, lightness; a*, redness; b*, yellowness.
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Table 37. A 5%, &% % 354 shite] F5ol e Aue ¥ 247 34 23
Jeju Black
Hanwoo Wagyu Significance
Cattle
Shear force 3398 3512 1.69°
£ 0 ey £0.31 +0.216 "
(kg)
Hardness 2.93 2.61 2.61 NS
+0.43 +0.67 +0.46
(kg)
Adhesiveness 6.30 5.65 4.26 NS
- +3.29 +2.36 +2.01
Resilience 1900081 J_rooogg 1900(392 NS
Cohesiveness £O485 4_903(?1 £03§4 NS
Springiness 10.522 9.28b 13.37¢
+1.93 +2.60 +1.99 )
(mm)
Gumminess 1.91 1.04 1.01
+0.21 +0.18 +0.23 "
(kg)
Chewiness 126.2 91.8 124.7 NS
) +34.2 +34.6 +28.1

1)Means * standard deviation.

2)*° means with different superscripts in the same row differ
significantly(2” < 0.05).

Level of significance: NS=not significant, */ < 0.05, *+x/ < 0.01.
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