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Abstract

The aim of this research was to evaluate: 1) the fatty acid profile of ten muscles from high marbled (HM, quality grade 1) and low
marbled (LM, quality grade 2) Hanwoo carcass, 2) the relationship between the fatty acid profile and sensory traits. There were signifi-
cant (p<0.001) differences in fat content and fatty acid composition among the 10 muscles obtained from HM and LM Hanwoo steers.
The proportions of SFA (saturated fatty acid), MUFA (monounsaturated fatty acid) and PUFA (polyunsaturated fatty acid) were signifi-
cantly (p<0.001) different among the 10 muscles due to differences in all fatty acids except eicosapentaenoic acid (EPA, C20:5n-3). The
high-fat muscles had a lower #n-6/n-3 ratio compared to the low-fat muscles (p<0.001). LM muscles had a significantly (p<0.05) higher
proportion of SFA than HM muscles due to a higher proportion of stearic acid (C18:0). On the contrary, HM muscles had a significantly
(p<0.01) higher proportion of MUFA than LM muscles due to higher oleic acid (C18:1#n-9) proportion. SFA had a significant correlation
with CIE a* (r=0.281; p<0.01) and drip loss (%) (r=-0.233; p<0.001). Cooking loss (%) had a significantly (p<0.05) negative correlation
with PUFA (r=-0.233; p<0.05). Overall palatability was positively correlated with SFA (r=0.262; p<0.01), but negatively correlated with

PUFA (r=-0.567; p<0.001). There was no significant correlation between oleic acid and any of the sensory traits (p>0.05).
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Introduction

As total and individual fatty acids in the diet have an
impact on human health, interest in meat fat and fatty
acids has been increasing, especially in the 21st century.
Because the consumption of fat and cholesterol has been
reported to be linked to cardiovascular disease, obesity
and cancer (Micha et al., 2010; Pan et al., 2012), the
reduction of total fatty acid intake and replacement of sat-
urated fatty acids (SFA) with polyunsaturated fatty acids
(PUFA) have been recommended. However, not all SFA
are linked to hyper-cholesterol or obesity. Stearic acid
(C18:0) has been shown to have no effect on plasma cho-
lesterol level (Ulbricht and Southgate, 1991), although
myristic (C14:0) and palmitic acids (C16:0) have a cho-
lesterol raising effect. Oleic acid (C18:1) has a similar
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effect as PUFA in lowering serum cholesterol (Ulbricht
and Southgate, 1991). Additionally, the consumption of
high-oleic acid ground beef increases HDL-cholesterol
concentration (Gilmore et al., 2011). Therefore, a higher
proportion of oleic acid in beef is desirable (Pavan and
Duckett, 2013). In this regard, it is essential to obtain the
fatty acid profile of all major beef muscles to make con-
clusive and comprehensive statements regarding the role
of beef fat in health.

Intramuscular fat (IMF) plays an important role in meat
quality due to its positive effects on the sensory palatabil-
ity of beef (Joo et al., 2013). In Korea, as well as in
Japan, highly marbled beef is preferred by beef the mar-
ket, and Hanwoo producers continue to develop effective
production and feeding systems to increase marbling
level in loin muscles. In general, Hanwoo cattle are fat-
tened indoors with high energy diets. It has been reported
that animals fed a high-grain diet had muscles containing
higher concentrations of #-6 PUFA while those fed grass
diets had muscles with increased n-3 PUFA concentra-
tions (Daley ef al., 2010; Wood et al., 2008). The fatty acid
profile of IMF affects the overall palatability of beef bec-
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ause it determines meat quality and sensory traits (Joo et
al., 2013; Wood et al., 2008). According to Smith (2016),
the fatty acid that contributes to the softness of the fat in
Korean cattle is oleic acid.

In our previous study, we reported the chemical compo-
sition and meat quality traits of ten primal cuts from Han-
woo steer (Jung et al., 2005; Jung et al., 2006). The results
indicated that chemical components including fat con-
tents are significantly different among individual Hanwoo
cuts. Needless to say, the fatty acid profile varies for indi-
vidual muscle cuts, and the fatty acid profiles for individ-
ual muscle cuts are needed for researchers to accurately
evaluate health and palatability. However, most studies
have evaluated the beef fatty acid profile by focusing on
the longissimus muscle. Therefore, the objective of this
study was to evaluate the fatty acid profile of ten major
muscles from high and low marbled Hanwoo carcasses.
Also, the relationship between the fatty acid profile and
sensory traits was investigated.

Materials and Methods

Carcass selection and sample preparation

Ten Hanwoo steer carcasses were selected from com-
mercial plants and fabricated into 10 primal cuts. The ten
carcasses consisted of five carcasses with two quality
grades, quality grade 1™ (high marbled: HM) and 2 (low
marbled: LM), which were primarily determined accord-
ing to the degree of marbling using the Korean Beef Mar-
bling Standard (BMS). The 10 primal cuts consisted of
Ansim (tenderloin), Dungsim (loin), Chaekeut (sirloin),
Moksim (neck), Abdari (chuck), Udun (outside round),
Suldo (inside round), Yangjee (brisket, plate, flank), Satae
(shank), and Kalbi (rib). The 10 muscles were sampled
from 10 sub-primal cuts dissected from each of the 10
primal cuts. The 10 muscles are PM (Psoas major), LT
(Longissimus thoracis), LL (Longissimus lumborum), SS

Table 1. Sub-primal cuts and muscles used in this experiment

(Semisponals), TB (Triceps brachii), SM (Semimembra-
nosus), GM (Gluteus medius), RA (Rectus abdominis), SF
(Superficialis flexor), and IC (Internal and external inter-
costal). The 10 muscles, sub-primal cuts and primal cuts
are shown in Table 1.

Fat content and fatty acid composition

Fat content was determined using the modified method
described by Folch et al. (1957). Lipid was extracted
from 3 g homogenized meat sample with 30 mL of Folch
solution I (chloroform:methanol = 2:1, v/v). The homog-
enate was filtered with Whatman no. 1 filter paper. The
filtered solution was stirred with 0.88% of NaCl and
allowed to separate into two layers. After washing the
wall of the measuring cylinder with 10 mL of Folch solu-
tion II (chloroform:methanol:H,0 = 3:47:50), the final
volume of the lower layer was recorded. The upper layer
(methanol and water layer) was removed using an aspira-
tor, while 10 mL of the lower layer (chloroform contain-
ing lipid extracts) was transferred to a dish to dry at 50°C.
The weight of the dish was measured before and after
drying. Fat content was computed from the weight differ-
ence for the dish.

After the extraction of intramuscular lipids, lipid methyl
esters were prepared via saponification with 1.0 N meth-
anolic NaOH and subsequently methylated with boron
trifluoride in methanol. Fatty acid methyl esters (FAME)
were analyzed using a HP6890N (Hewlett-Packard, USA)
gas chromatograph equipped with a HP7683 (Hewlett-
Packard) automatic sampler. FAME separations were ac-
complished using a 100 m SP2560 (Supelco, USA) capil-
lary column (0.25 mm i.d. and 0.20 um film thickness).
For the separation of FAME from the samples, the fol-
lowing temperature program was applied with nitrogen as
a carrier gas at a flow rate of 1 mL per min. Column oven
temperature increased from 50 to 180°C at 10°C per min,
from 180 to 220°C at 5°C per min, 220 to 240°C at 2°C

Primal cuts Sub-primal cuts Muscles Abbreviation

Ansim Ansimsal Psoas major PM
Dungsim Kotdungsimsal Longissimus thoracis LT
Chaekeut Chaekeutsal Longissimus lumborum LL
Moksim Moksimsal Semisponals SS
Abdari Abdarisal Triceps brachii TB
Udun Udunsal Semimembranosus SM
Suldo Boseopsal Gluteus medius GM
Yangjee Upjinsal Rectus abdominis RA
Satae Arongsatae Superficialis flexor SF
Kalbi Kalbisal Internal and external intercostal IC




Fatty Acid Profiles of Ten Muscles from High and Low Marbled (Quality Grade 1++ and 2) Hanwoo Steers 681

per min, and then held at 240°C for 20 min. The injector
and detector were maintained at 250°C. Sample injection
volume was 1 pL and the analysis was performed in dup-
licate. Individual fatty acids were identified by compari-
son of the retention times with standards (Supelco 37 com-
ponents FAME Mix, USA). Results were expressed as the
percentage of the total fatty acid detected based on the
total peak area.

Meat quality analysis

Meat color (CIE L*, a* and b*) was measured on the
muscle surface using a Minolta Chromameter (CR-300,
Minolta Co., Japan) that was standardized with a white
plate (Y=93.5, x=0.3132, y=0.3198). The average value
from five random locations on the sample surface was
used for statistical analysis.

Drip loss was measured as the weight loss during the
suspension of a standardized (2 cm diameter X 2 cm thick-
ness) sample in a plastic box (18 x 15 x 10 cm) at 4°C for
24 h (Joo et al., 2002). Drip loss was computed from the
weight of the drip and that of the sample, then expressed
as percentage loss based on the initial sample weight. The
cooking loss was determined by the weight loss during
cooking. The sample (2 cm diameter X 2 cm thickness)
was placed in a plastic bag and broiled in a water bath at
a temperature of 90°C for 30 min. Samples were then sur-
face dried and weighed. The cooking loss was calculated
using the following equation:

Cooking loss (%) = I%X 100

Sarcomere length was determined using the method
described by Cross et al. (1981). Briefly, samples were
placed in solution A (0.1 M KClI, 0.39 M boric acid, and
5 mM ethylenediaminetetra acetic acid in 2.5% glutaral-
dehyde) for 2 h, and then transferred to solution B (0.25
M KCl, 0.29 M boric acid, and 5 mM ethylenediaminetetra
acetic acid in 2.5% glutaraldehyde) for 17-19 h. Individ-
ual fibers were torn into pieces and placed onto micro-
scope slides with a drop of solution B. The slide was then
placed horizontally in the path of a vertically oriented laser
beam, yielding an array of diffraction bands on a screen.
These bands were perpendicular to the long axis of the
fibers, and an average of 10 sarcomere lengths was obtained
for each meat sample. Sarcomere length (um) was calcu-
lated using the standard formula (Cross et al., 1981).

Tenderness was measured as the Warner-Bratzler shear
force (WBSF, kg/cm?) using Instron Universal Testing
Machine Model 3343 with a V-shaped shear blade. From

each of six samples, cross sectional areas as close as pos-
sible to 0.5 cm x 4.0 cm (approximately 2.0 cm?) were cut
across the fibers to measure cutting force. Samples were
placed at right angles to the blade. The crosshead speed
was set to 100 mm/min. The full scale load was 50 kg.

Sensory evaluation

Samples from each treatment were evaluated by an 8-
member trained expert descriptive attribute sensory panel
in the Meat Science Laboratory at Gyeongsang National
University. Panelists evaluated the samples for tender-
ness, juiciness, flavor, and overall palatability using a 9-
point hedonic scale. Evaluation was performed on a sin-
gle sheet, and four lines for sensory traits were marked
with the following parameters: tenderness = very tough (0)
to very tender (9); juiciness = very dry (0) to very juicy (9);
flavor = dislike extremely (0) to like extremely (9); over-
all palatability = very bad (0) to very good (9).

Statistical analysis

Data from three replicates were analyzed by analysis of
variance (ANOVA) using statistical analysis systems (SAS,
2002). ANOVA was for the mathematical model using
SAS 9.2 (SAS Institute, Inc., USA). Duncan’s multiple
range tests were used to determine significance among
means. Correlation analysis was performed using the CORR
procedure of SAS to evaluate the correlation between
individual fatty acids and the sensory panel traits or the
meat quality traits.

Results

There were significant (p<0.001) differences in fat con-
tent among the 10 muscles from HM (quality grade 1++)
and LM (quality grade 2) Hanwoo carcasses (Fig. 1). The
fat content of muscles from the HM carcass was signifi-
cantly (»<0.001) higher compared to muscles from the
LM carcass. Among the muscles from HM carcass, the
highest fat content was found in RA, followed by LT, IC,
LL, PM, TB, SS, SF, GM, and SM. However, among the
muscles from LM carcass, IC had higher fat content than
LT. From these results, RA, IC, LT, LL, and PM were
classified as high-fat muscles, while TB, SS, SF, GM, and
SM were categorized as low-fat muscles.

The fatty acid profiles of the 10 muscles from Hanwoo
steers are summarized in Table 2. The proportions of SFA,
MUFA and PUFA were significantly (p<0.001) different
among the 10 muscles due to differences in all fatty acids
except EPA. The highest SFA proportion was found in
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Fig. 1. Differences in intramuscular fat contents between high-marbled (HM) and low-marbled (LM) muscles from 10 Hanwoo
muscles.

B SM GM RA SF IC

Table 2. Fatty acid profiles of 10 muscles from Hanwoo steers

Fatty acids PM LT LL SS TB SM GM RA SF IC RMSE!
C12:0 0.13° 0.14° 0.08° 0.08° 0.09° 0.07° 0.07° 0.08° 0.08° 0.08°  0.038 %
C14:0 3.60°  3.37° 3.32° 2.79° 2.53% 2.64° 2.56° 3.39° 2.74° 3.28 0444 xx
Cl4:1 0.62°  0.86<  120°  0.81%%  0.84% 099  0.67%  1.43*  0.81° 136® 0205  ***
C16:0 28.13* 2779 26.93%  24.40° 2428° 2591° 2538 2429° 2548 24.82% (0973  k¥*
Cl16:1 3200 3781 500 466> 454 486>  4.11% 598 504"  515° 0.579  k¥x
C18:0 15.69°  13.73*® 1049  10.63* 11.25¢ 11.13¢  1227%  9.65¢ 10359 11.359¢ 2351  kxx

Cl18:11n-9  41.89° 4455 46.46™ 48.08° 4829° 46.69° 4696 48.15° 4828 4838  3.006  ***
Cl82m-6  2.74%4  238% 249 3440 3.37* 3.7 334% 229%  2098%®  219° (537 @ k¥
C183n-6  0.18° 0.14%  0.14*  0.17°*  0.19*  0.16™ 0.17®  0.12°  0.17®  0.15*  0.045 *
C183n-3 012 012 0104  0.12®  0.10°  0.10%  0.11%¢ .11 0.10¢  0.10%¢  0.018 *
C20:0 0.15° 0.12°  0.10% 0.0  0.11%  0.09*  0.11°  0.10*  0.09¢  0.12°  0.025 = ***
C20:1 n-9 0.15¢ 0.16°  0.19*  0.23% 029  0.16° 0.16°  025% 0.21%  031°  0.116 *
C20:2n-6  0.06™  0.06™  0.06™ 0.07° 0.07° 0.07* 0.07% 0.06*  0.08  0.05  0.020 *
C20:3 n-6 0.15° 0.14° 0.14° 0.32° 0.27° 0.33° 0.27° 0.13° 0.18° 0.12°  0.094  *¥x
C20:4 n-6 033> 025 032> 078  0.70°  0.87°  0.68  0.16> 034>  0.15° 0314  *xx*

C20:5 n-3 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 - ns
C21:0 0.38¢ 044 053 0414 048c 040 0.41¢ 0.59* 0.40¢ 0.58"  0.064  *¥*
C22:0 0.05%  0.04%  0.04¢  0.07°  0.05*  0.09° 0.06™  0.02°  0.05*  0.03%  0.021  kx*

C22:6 n-3 0.06°  0.07*  0.07¢ 0.08%  0.09° 0.08< 0.08"¢ 0.08° 009" 007 0010 ***
SFA? 48.13*  45.63°  41.47° 3847% 38789 40.33% 40.86% 38.12¢ 39.18% 40.24% 2716  *¥*

MUFA? 4595¢  4935°  52.84®™ 53.77% 5397 5270 51.89% 5581° 5434 5521%® 3288  kk*
PUFA* 3.65%  3.16% 3339 4990 479" 4770  471® 296  3.94%  283¢  (0.889 k¥
MUFA/SFA  0.96° 1.09¢ 1.28° 1.40%  1.41®  131® 128 147¢  1.39%  1.40®  0.165  *¥*
PUFA/SFA  0.07¢  0.07¢ 0.08¢  0.13° 0.13*  0.12®  0.12®®  0.08¢ 0.10*  0.07¢  0.005  ***
n-6/n-3 18.32%¢  15.45%  17.78%¢ 23.96™ 23.73%  24.64* 23.94® 1522 19.81%* 14.67° 4.816  ***

**Mean values in the same row with different superscripts differ significantly (*p<0.05, **p<0.01, ***p<0.001, ns: not significant).
'RMSE, Root mean square error; > SFA, Saturated fatty acids; > MUFA, Monounsaturated fatty acids; * PUFA, Polyunsaturated fatty acids

PM (48.1%) and the lowest was in SS (38.5%) and RA 18:0), and arachidic (C20:0) acids, but the lowest propor-
(38.1%) (p<0.001). PM had the highest proportion of lau- tion of myristoleic (C14:1), palmitoleic (16:1), oleic (C18:
ric (C12:0), myristic (C14:0), palmitic (C16:0), stearic (C 17-9), and eicosenoic (C20:17-9) acids (p<0.001). Oleic
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acid comprised the majority of MUFA, and the proportion
was significantly (»p<0.001) higher in IC, TB, SF, RA, and
SS than in other muscles. Total PUFA proportion in SS
did not differ from proportions in TB, SM, and GM, but
was greater than in PM, LT, LL, RA, SF, and IC (p<
0.001). SS also had the greatest proportions of linoleic
(C18:2n-6), eicosatrienoic (C20:3n-6), and arachidonic
(C20:4n-6) acids. The proportion of linoleic acid, the
majority of n-6 fatty acid, was significantly (P<0.001)
lower in the high-fat muscles (IC, LT, and LL). However,
the proportions of linolenic (C18:3x-3), eicosapentaenoic
(C20:5n-3, EPA), and docosahexaenoic (C22:6n-3, DHA)
acids were negligible and not significantly different
among high-fat and low-fat muscles. Consequently, the
high-fat muscles had lower n-6/n-3 ratios compared to the
low-fat muscles (p<0.001).

The comparison of fatty acid composition between
high-fat muscles from HM and LM Hanwoo carcasses is
shown in Table 3. Among all fatty acids, only oleic acid
was significantly (p<0.05) different between HM and LM
for all 5 high-fat muscles, and HM muscle had a higher

proportion of oleic acid than LM muscle. There were no
significant differences in the proportions of palmitic acid,
EPA, and DHA between HM and LM for all 5 high-fat
muscles (p>0.05). LM muscles had a significantly (»<0.05)
higher proportion of SFA than HM muscles due to the
higher proportion of stearic acid. On the contrary, HM
muscles had a significantly (p<0.01) higher proportion of
MUFA than LM muscles due to the higher proportion of
oleic acid. However, there were no significant differences
in n-6/n-3 ratio between HM and LM for all 5 high-fat
muscles (p>0.05).

The comparison of fatty acid composition between
low-fat muscles is shown in Table 4. No significant dif-
ferences in SFA proportion between HM and LM muscles
were observed in SS and SF muscles (»p>0.05). There were
also no significant differences in palmitic acid between
HM and LM for all low-fat muscles except the SS muscle
(p>0.05). However, all 5 low-fat muscles showed signifi-
cant (p<0.01) differences in MUFA proportion between
HM and LM due to significant (p<0.01) differences in the
proportion of oleic acid. Among the 5 low-fat muscles,

Table 3. Comparison of fatty acid composition (%) between high-marbled (HM) and low-marbled (LM) muscles from 5 high-fat

Hanwoo muscles

Fatty acids LT LL IC RA PM
ty HM LM HM LM HM LM HM LM HM LM
C12:0 0.06° 0.21* *** 005> 0.100 * 0.06° 0.11* * 0.05° 0.11* * 0.11 0.15 ns
C14:0 3.16° 359+ 307 356 ns 2.77° 378 o+ 278  4.01* o+  337° 3.8 %
Cl4:1 1.00°  0.71>  * 120 120 =ns 142 131 =ns 126 1.60 ns 0.75* 049> *
C16:0 2799 2759 ns 2690 2696 ns 2427 2537 ns 23.57 2501 ns 28.17 28.09 ns
Cl6:1 379 378 ns 478> 523*  x 566" 4.65° *** 570 626 ns 3.60° 298  *
C18:0 11.65° 15.80* ** 951> 11.46* * 848 1421* *** 962 968 ns 13.01° 18.36* **
C18:1 79 46.96* 42.14% **  4939* 43.52° *%k  5130° 45.46° **  49.92° 46.37° ¢ 4430° 39.48° ek
C18:2 n-6 218 257 % 224 275 ns 225 213 ns 224 235 ns 2.63% 285 %
C18:3 n-6 0.15 013 ns 0.14 014 ns 013 017 ns 0.13 011 ns 0.166 020* *
C18:3 n-3 0.13 0.12 ns 0.09 010 ns 009 012* * 011 010 ns 0.13 0.11 ns
C20:0 0.10 0.13 ns 0.09 011 ns 0.09° 0.15 ** 009 0.10 ns 0.11> 0.18 ***
C20:1 n-9 0.15 0.17 ns 0.19 0.18 ns 045 0.17° ** 019 031 ns 0.19° 0.12° **
C20:2 n-6 0.04°* 0.08* *** 004 0.07* * 004 005 ns 0.04* 0.07° * 0.05> 0.07° k*x
C20:3 n-6 0.11°  0.17* *** 010 018 ns 012 012 ns 0.3 0.4 ns 0.16* 0.14> *xx*
C20:4 n-6 0.13*  037* ** 013 050 ns 0.18 0.12® *** 015 018 ns 033 032 ns
C20:5 n-3 0.01 0.01 ns 001 001 ns 001 001 ns 001 001 =ns 001 001 ns
C21:0 045 043 ns 049 056 ns 060 056 ns 053 064 * 035 041 ns
C22:0 0.02°  0.06° *** 0.03* 0.05* *** 003 003 ns 002 002 ns 0.04° 0.06° *
C22:6 n-3 0.07 0.06 ns 0.07 007 ns 008 006 ns 007 009 ns 006 006 ns
SFA! 43.45% 47.81* **  40.14> 42.80° **  3629° 44.19* *** 36.67° 39.57* ¢ 45.17° 51.08* ***
MUFA 51.90° 46.80° ** 5556% 50.12° *** 5883% 51.59° k% 5708 54.54 ns 48.85% 43.06 ***
PUFA 2.82° 351 ** 283 38 ns 290 276 ns 286 3.05 ns 3.53% 377 %
MUFA/SFA 1.20°  0.98> **  139% 1170 *xx 163 1170  k* 156 138" o 1.08° (0.84P xxx
PUFA/SFA 0.07 0.07 ns 0.07 009 ns 008 006 ns 008 008 ns 008 007 ns
n-6/n-3 13.53 1736 ns 1520 2035 ns 1571 13.62 ns 15.84 1459 ns 16.55° 20.09° *

“bMean values within a row with different superscripts differ significantly (*p<0.05, **p<0.01, ***p<0.001, ns: not significant).
'SFA, Saturated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids
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Table 4. Comparison of fatty acid composition (%) between high-marbled (HM) and low-marbled (LM) muscles from 5 low-fat
Hanwoo muscles

Fatty acids SS TB SM GM SF
HM LM HM LM HM LM HM LM HM LM
C12:0 0.06° 0.10° ** 0.06° 0.11* * 0.05° 0.08 * 0.06° 0.099 * 007 009 ns
C14:0 246> 312 o+ 223® 283 o 250 275 o+ 230" 281° * 265 283 ns
Cl4:1 0.93* 0.68 *  1.00* 0.68 * 095 102 ns 070 064 ns 081 080 ns
C16:0 24.86° 23.94> * 2389 2466 ns 2610 2573 ns 2570 2506 ns 2587 2510 ns
Cl6:1 479 452 ns 469 440 ns 504 468 ns 441 380 ns 520 489 ns
C18:0 9.87 1139 ns 9.52° 1298 * 941> 12.84% **+ 10.03* 14.52° * 928> 11.41* *
C18:1 n-9 50.43% 4573 #%% 51338 4526° *%% 4980 43.49° *¥k 49 00% 44,020 *¥* 5027 4620 k*
C18:2 n-6 311 378 ns 3.0 373 * 263* 371 ¥ 325 343 ns 239° 358 %
C18:3 n-6 0.14 020 =ns 016 021* * 0.4 017 =ns 016 019 =ns 0.15 020 ns
C18:3 n-3 0.12 011 ns 009 0.10* * 009 0.11* * 010 012 ns 009 0.10* *
C20:0 0.09° 0.11* * 009 0.2 ns 0.08 0.11* ** 008 0.14* ** 008 0.10 ns
C20:1 n-9 021 025 ns 044* 014> * 017 015 ns 0.11° 022° ** 023 0.8 ns
C20:2 n-6 0.06 008 ns 006 008 * 005 009 * 006 007 ns 005> 0.11° k¥x
C20:3 n-6 024 040 ns 020 034 ns 018 048 ** 026 027 ns 020 0.16"° *
C20:4 n-6 0.49° 1.07* * 045 095 ns 040° 133 * 068 068 ns 036 032 ns
C20:5 n-3 0.01 0.01 ns 0.01 0.01 ns 0.01 0.01 ns 0.01 0.01 ns 0.01 0.01 ns
C21:0 041 042 ns 050 046 ns 040 041 ns 038 045 ns 036> 044% *x
C22:0 0.04° 0.09° **  0.05° 0.06° * 0.04° 0.13* *** 004> 007° *  0.05° 006 **
C22:6 n-3 008 009 ns 009 009 =ns 008 008 ns 008 008 ns 0.08 009 ns
SFA! 3778 39.16 ns 36.33" 41.24° ¥ 38.60° 42.05° *** 3859° 43.12° ** 3834 40.03 ns
MUFA 56.37% 51.17° **  57.46° 50.48° **  56.07° 49.34° *¥* 557128 48.66° *** 5652 52.16° **
PUFA 425 573 ns 406> 552 % 357° 597 k% 450 483 ns 332 4.56° ¢
MUFA/SFA  1.50° 1.31° *  1.59% 123°% % 145 1.17° %% 143% 113> #%  147° 131> kxx
PUFA/SFA 011 015 ns 012 013 ns 009" 014 * 012 011 ns 009 011 ns
n-6/n-3 2099 2692 ns 2137 2608 ns 20.04" 2924* * 2532 2256 ns 1736 2226 ns

“bMean values within a row with different superscripts differ significantly (*p<0.05, **p<0.01, ***p<0.001, ns: not significant).

'SFA, Saturated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids

only the SM muscle had significant differences in n-6/n-3
ratio between HM and LM due to significantly (p<0.05)
lower proportions of linoleic, eicosadienoic (C20:2n-6),
eicosatrienoic, and arachidonic acids in HM muscle.

The correlations between fatty acid proportion and
meat quality traits are shown in Table 5. The saturated
fatty acids such as lauric, myristic, and palmitic acids were
positively correlated with CIE a* (redness), but nega-
tively correlated with drip loss (%). In particular, lauric
and myristic acids had strong correlations with drip loss
(%) (r=-0.224; p<0.05 and r=-0.277; p<0.01, respectively)
while palmitic acid had a strong correlation with CIE a*
(r=0.356; p<0.001). Consequently, SFA had significant cor-
relation with CIE a* (r=0.281; p<0.01) and drip loss (%)
(r=-0.233; p<0.001). The CIE a* was negatively correlated
with DHA (r=-0.214; p<0.05) and n-6/n-3 ratio (r=-0.241;
p<0.05). Cooking loss (%) had a significantly (p<0.05)
negative correlation with linoleic, eicosadienoic, and eico-
satrienoic acids, resulting in significant correlation with
PUFA (r=-0.233; p<0.05) and n-6/n-3 ratio (r=-0.209; p<

0.05).

The correlations between fatty acid proportion and sen-
sory panel scores are presented in Table 6. Tenderness
was positively correlated with saturated fatty acids but
negatively correlated with polyunsaturated fatty acids. A
strong correlation was observed between tenderness and
SFA (r=0.389; p<0.001) and PUFA (r=-0.572; p<0.001).
There were no significant correlations between all sen-
sory panel traits and oleic acid, resulting in no significant
correlation with MUFA (p>0.05). Contrarily, all sensory
panel scores had significant (»<0.001) correlations with
polyunsaturated fatty acids including linoleic, eicosadien-
oic, eicosatrienoic, arachidonic, and DHA, resulting in
strong correlations between sensory panel scores and #-6/
n-3 ratio (»p<0.001). Finally, overall palatability was posi-
tively correlated with SFA (r=0.262; p<0.01), but nega-
tively correlated with PUFA (r=-0.567; p<0.001) and n-6/
n-3 ratio (r=-0.487; p<0.001). However, overall palatability
had no significant correlation with oleic acid and MUFA
(p>0.05).
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Table S. Correlation coefficients between fatty acids and meat quality traits

CIE a* Drip loss Cooking loss Sarcomere length Shear force
C12:0 0.170 -0.224* -0.071 -0.002 0.069
C14:0 0.083 -0.277** -0.062 0.002 0.035
C16:0 0.356%** -0.158 0.058 0.032 0.014
C18:1 n-9 -0.209* 0.225% 0.099 0.109 -0.152
C18:2 n-6 -0.255* 0.190 -0.247* -0.171 0.074
C20:2 n-6 -0.131 -0.023 -0.218* -0.220%* 0.146
C20:3 n-6 -0.127 0.134 -0.232* -0.161 0.088
C21:0 -0.228 -0.150 -0.073 -0.171 0.045
C22:0 0.032 0.039 -0.144 -0.125 0.234*
C22:6 n-3 -0.214* 0.074 -0.059 -0.009 -0.058
SFA! 0.281%* -0.233* -0.057 0.029 0.051
MUFA -0.237* 0.164 0.108 0.052 -0.099
PUFA -0.200* 0.169 -0.245* -0.167 0.087
MUFA/SFA -0.260** 0.193 0.078 0.022 -0.088
PUFA/SFA -0.274** 0.242* -0.209* -0.162 0.041
n-6/n-3 -0.241%* 0.195 -0.209* -0.194 0.077

*p<0.05, **p<0.01, ***p<0.001.
'SFA, Saturated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids

Table 6. Correlation coefficients between fatty acids and sensory traits

Tenderness Juiciness Flavor Overall palatability
C12:0 0.142 0.119 0.079 0.102
C14:0 0.384%%** 0.335%** 0.314** 0.373%*%*
Cl4:1 0.214* 0.36]%** 0.239* 0.337%%%
Cl16:0 0.473%%% 0.126 0.283** 0.343%%%*
Cle6:1 -0.226* 0.042 -0.111 -0.072
C18:0 0.198* 0.053 0.099 0.090
C18:1 n-9 -0.141 0.011 0.001 -0.048
C18:2 n-6 -0.575%** -0.508*** -0.528*** -0.557%*x*
C18:3 n-6 -0.181 -0.160 -0.289%* -0.223*
C18:3 n-3 0.117 0.143 0.168 0.069
C20:0 0.228* 0.203* 0.178 0.143
C20:1 n-9 -0.009 0.127 0.069 0.066
C20:2 n-6 -0.512%** -0.439%** -0.503*** -0.464%**
C20:3 n-6 -0.518*** -0.493*** -0.528%** -0.509%**
C20:4 n-6 -0.476%** -0.460%** -0.481%*** -0.488***
C21:0 0.189 0.447%** 0.258** 0.305%*
C22:0 -0.459%** -0.533%** -0.474%** -0.523%***
C22:6 n-3 -0.508*** -0.255* -0.342%** -0.441%**
SFA' 0.389%%** 0.149 0.234* 0.262%*
MUFA -0.149 0.050 -0.003 -0.028
PUFA -0.572%** -0.52]*** -0.549%** -0.567***
MUFA/SFA -0.250* -0.028 -0.094 -0.120
PUFA/SFA -0.629%** -0.517*** -0.565%** -0.585%**
n-6/n-3 -0.506*** -0.511%%* -0.519%** -0.487%**

*p<0.05, **p<0.01, ***p<0.001.
'SFA, Saturated fatty acids; MUFA, Monounsaturated fatty acids; PUFA, Polyunsaturated fatty acids

Discussion those obtained in a previous study (Jung et al., 2015),

with the exception of the highest fat content (36.07%) for

The fat contents of 10 muscles from HM and LM Han- RA. In the previous study, the fat content of the Yangjee
Wwoo carcasses obtained in the present study are similar to primal cut, which consisted of 7 sub-primal cuts including
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RA, was 15.85%. The fatty acid profile of RA was expec-
ted to be different from that of the Yangjee primal cut due
to the higher fat content. According to Wood et al. (2008),
a major factor affecting the fatty acid composition of ani-
mal muscles is the total amount of fat. In this regard, our
results suggest that the differences in fatty acid composi-
tion among the 10 muscles from HM and LM Hanwoo
steers (Table 2) were attributable to the differences in the
intramuscular fat content of the 10 muscles (Fig. 1).

When the 10 muscles were classified as high-fat and
low-fat muscles, larger differences in IMF content bet-
ween HM and LM were observed in high-fat muscles
compared to low-fat muscles (Fig. 1). This implies that
the IMF content of longissimus muscle (i.e., marbling of
loin) has a stronger influence on the IMF contents of high-
fat muscles such as RA (Upjinsal), LT (Kotdungsimsal), IC
(Kalbisal), LL. (Chaekeutsal), and PM (Ansimsal) com-
pared to those of low-fat muscles such as SS (Moksimsal),
TB (Abdarisal), SM (Udunsal), GM (Boseopsal), and SF
(Arongsatae). The results also suggest that the fatty acid
profiles for HM and LM differ within individual muscles
due to differences in fat contents (Table 3 and 4). This is
consistent with the previous reports that increasing the
total lipid content in muscle increased the content of indi-
vidual fatty acids (Dinh et al., 2010; Wood et al., 2008).
Pavan and Duckett (2013) reported that the proportion of
the neutral lipid fraction (SFA and MUFA) was higher
with increasing total lipid content in muscle. Our data also
showed that total PUFA proportion was higher in low-fat
muscles, but lower in high-fat muscles (Table 2).

The results for the fatty acid profile in high-fat and low-
fat muscles are consistent with those found in an earlier
study that compared the fatty acid profiles and sensory
properties of LD, TB, and SM muscles from Hanwoo and
Angus beef (Cho et al., 2005). The three muscles differed
significantly in SFA, and oleic and linoleic acids were
higher in TB than in LD. Cho ef al. (2005) also reported
that low-fat TB had lower proportions of saturated fatty
acids such as stearic acid and higher proportions of n-6
and n-3 polyunsaturated fatty acids such as linolenic and
arachidonic acids compared to high-fat LD. Contrarily,
LD had a higher proportion of SFA and a lower propor-
tion of PUFA. Our data also showed that high-fat muscles
had lower n-6/n-3 ratios than low-fat muscles. The higher
proportion of SFA and lower proportion of PUFA in high-
fat muscles in the present study confirmed the conclusion
by Wood et al. (2008) that the total amount of fat is a
major factor affecting the fatty acid composition of ani-
mal muscles.

In this study, the fatty acid profile varied by IMF con-
tent within individual muscles (Table 3 and 4). The propor-
tion of oleic acid was higher in HM muscles while LM
muscles had a higher proportion of SAF. It was presumed
that the high proportion of oleic acid was due to the feed-
ing of Hanwoo cattle with high-concentrated diets. The
amount of marbling and the concentration of MUFA inc-
rease dramatically with time on feed in grain-fed cattle in
relation to the activity of stearoyl-CoA desaturase (SCD)
(Smith et al., 2016). According to Ntambi (1999), a key
enzyme involved in the cellular synthesis of MUFA from
SFA is the membrane-bound SCD, which inserts a cis-
double bond in the A-9 position of fatty acid substrates.
Because the accumulation of oleic acid and MUFA is
related to higher SCD activity (Wang et al., 2005), high-
concentrate diets for Hanwoo cattle certainly stimulated
the activity of adipose tissue SCD. Consequently, our
results suggest that the high proportion of oleic acid and
MUFA and the lower proportion of SFA in HM muscles
were due to the enhancement of A-9 desaturation with
high-concentrate diets.

Previously, our study showed that Hanwoo muscles dif-
fered in the amount of IMF and meat quality traits as well
as sensory properties (Jung et al., 2015). Consequently, it
was suggested that Hanwoo beef palatability could be
improved by increasing fat content in muscles due to the
resulting increase in the tenderness, flavor, and juiciness
of the meat (Jung et al., 2016). In this study, differences
in fatty acid composition between muscles and correla-
tions between fatty acids and meat quality traits were
observed (Table 5). It is possible that variations in the
amount of marbling fat and fatty acid composition exp-
lain the differences in meat quality traits. It is well known
that muscles differ in the amount and fatty acid composi-
tion of the main lipid fraction, neutral lipid (triacylglyc-
erol) and phospholipid, resulting in differences in meat
quality such as shelf-life and flavor (Wood et al., 2004).
In addition, our results clearly showed that saturated fatty
acids such as lauric, myristic, and palmitic acids had pos-
itive correlations with CIE a* but negative correlation with
drip loss (%). The results showed that 10 muscles from
quality grade 17" cuts had less red color and better water-
holding capacity compared to same muscles from quality
grade 2 cuts.

Finally, SFA was positively correlated with tenderness
and overall palatability, but PUFA was negatively correla-
ted with all sensory traits in this study (Table 6). These
results were similar to those from Cho et al. (2005), who
reported the positive correlations between saturated fatty
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acids and all sensory traits, but negative correlation between
unsaturated fatty acids and all sensory traits. However,
there was no significant correlation between oleic acid
and all sensory traits, resulting in no correlation between
MUFA and all sensory traits. This result was unexpected
because an increased level of IMF was reported to have a
positive influence on sensory qualities (Fernandez et al.,
1999). Larick and Turner (1990) also reported a positive
correlation between cooked beef fat flavor and oleic acid,
which is the main fatty acid in the IMF in cattle and sheep.
Although the correlations between the oleic acid content
and sensory properties are generally accepted, our results
clearly showed that the proportion of oleic acid was not
correlated with all sensory traits. Cho et al. (2005) also
did not report a significant correlation between oleic acid
and any sensory traits. As Hanwoo beef has a high pro-
portion of oleic acid with a high level of marbling, further
investigations are necessary to identify the relationship
between oleic acid content and sensory traits. Addition-
ally, the negative correlation observed between n-6/n-3
ratio and all sensory traits suggests that total #-6 contents
have a negative influence on all sensory traits including
tenderness, juiciness, flavor, and overall palatability.
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