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Abstract

The effects of quality grade and storage time on physicochemical, sensory properties and microbial population of Hanwoo striploin
beef were investigated. After a total of 30 Hanwoo beef were slaughtered, the cold carcasses were graded by official meat grader at 24
h postmortem. The carcasses were categorized into five groups (quality grade 1++, 1+, 1, 2, and 3) and were vacuum-packaged and
stored. The samples were kept for 1, 4, 6, 8, 11, 13, 15, 18, 20, 22 and 25 d for analyses. As the quality grade was increased, moisture,
protein and ash contents decreased (p<0.05). Higher quality grade corresponded with higher fat contents. The shear force values
decreased with increasing quality grade and showed decreases sharply during the first 4 d (p<0.05). pH, water holding capacity, cooking
loss, and volatile basic nitrogen for grade 1++ groups were lower than for grade 3 (p<0.05). CIE L* and b* values increased as increased
quality grade (p<0.05). Meat color decreased until 13 d and fluctuated after 15 d of storage (p<0.05). Regarding the sensory scores,
higher quality grade corresponded with higher juiciness, tenderness, flavor, fatty and palatability scores (p<0.05). Generally, increased
storage time for 15 d improved sensory scores attributes. Results indicate that a high quality grade could positively influence physico-

chemical and sensory properties.
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Introduction

The Korean native cattle, Hanwoo, is a hybrid of Bos
TaurusxBos zebu. Korean consumers demand high qual-
ity grade of beef and they prefer Hanwoo beef to impor-
ted beef because they believe sensory properties, such as
juiciness and flavor, and Hanwoo beef is better than that
of imported beef (Hwang et al., 2010). Therefore, Han-
woo beef regards as the most expensive and high quality
meat in Korea (Kim and Lee, 2003). Presently, the prime
Hanwoo striploin received a more than 40 US dollars pre-
mium per kilogram compared to top round received 20
dollars for an average quality.

Beef quality is primarily determined by the marbling
score and consequently breeders and producers have for-
ced on improving of marbling (Park et al., 2002). In Kor-
ean beef industry, marbling is a prime factor to Hanwoo
beef palatability, as consumer judge meat quality on the
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basis of the degree of marbling, and they are willing to
pay premium for highly marbled meat (Savell et al., 1986).
Better quality grades have a heavier carcass weight with a
higher marbling score, redder meat colour and whiter fat
colour (Moon et al., 2006). Korean beef carcass grading
specification has been introduced to be evaluated by beef
quality since 1992. The beef carcasses are graded by
Korea Institute for Animal Products Quality Evaluation
(KAPE) both in meat quality and quantity terms before
distribution in accordance with the Livestock Production
Act (KAPE report, 2013). The quality grade has five pos-
sible values (1++, 1+, 1, 2, and 3), and the yield grade
(YGQ) has three possible values (A, B, C) for the evalua-
tion of beef quality in Korean beef carcass grade system
(KAPE, 2013). The quality of beef carcasses is graded
into “Grade 1++”, “Grade 1+”, “Grade 17, “Grade 2” and
“Grade 3”. Quality grade in beef carcass is mainly deter-
mined by the marbling score and additionally determined
by color of lean meat and fat, texture and firmness of lean
meat, and maturity of the exposed longissimus dorsi (LD)
muscle at the 13th rib interface (Moon ef al., 2006; NLCF,
1998). A marbling score of Beef Marbling Standard (BMS;
1=devoid, 9=very abundant) No. 8 or 9 is the marbling

@ This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licences/
by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



450 Korean J. Food Sci. An., Vol. 35, No. 4 (2015)

degree for grade 1++; 6 or 7 is the marbling degree for
grade 1+; 4 or 5 is the marbling degree for grade 1; 2 or
3 is the marbling degree for grade 2; and 1 is the mar-
bling degree for grade 3. A quality grade 1++ is the high-
est or most desirable grade and grade 3 indicates the low-
est degree of quality (Kim and Lee, 2003). While Korean
consumers preferred the high quality graded beef, there is
few data on the effect of storage time and marbling score
on the palatability, physicochemical and microbial quality
of Hanwoo beef according to Korean carcass quality grade
system. Therefore, the aim of this research was to inves-
tigate the effect of quality grade (which reflects relative
marbling) on the physicochemical, and microbial traits of
M. longissimus lumborum (striploin) of Hanwoo beef
during storage.

Materials and Methods

Sample preparation

A total of 30 Hanwoo (28 to 30 mon old) were randomly
selected from a local cattle farm, South Korea, slaugh-
tered without electrical stimulation, and then immediately
cooled at 0°C for 24 h in a chilling room. The carcass
weight was ranged 213 to 477 kg (average 409 kg). The
cold carcasses were graded by official meat grader at 24
h postmortem with the loin surface according to the Ko-
rean carcass grading procedure (NLCF, 1998). Based on
their Korean quality grade, five quality grade groups of
carcasses were classified: grade 1++, grade 1+, grade 1,
grade 2 and grade 3. Immediately after grading, striploin
(M. longissimus lumborum) ribbed between the 13" rib
and the 1* lumbar vertebrae were removed. After 24 h of
chilling the carcasses, the samples were transported 1 h to
laboratory at university in fresh state at 5+1°C, South
Korea. Immediately on arrival the samples were removed
from vacuum packages. All subcutaneous fat and visible
connective tissue of muscles were trimmed and revacuum
packaged using vacuum package system (TAEVAC, 600L,
Korea). Packaged samples were stored in refrigerator
(CAH17DZ, LG, Korea) in which temperatures were con-
trolled within 1+1°C of designated storage temperature.
The samples from each treatment were kept for 1, 4, 6, 8,
11, 13, 15, 18, 20, 22 and 25 d and examined for physic-
ochemical, sensory evaluation and microbiological analy-
ses.

Proximate composition
Immediately before keeping in a chilling room at 1+1°C,
samples from each treatment were analyzed for proximate

composition. All determinations were carried out on the
homogenized samples, in triplicate. Moisture, fat, protein
and ash were determined on samples using with a slightly
modified method of AOAC (2000).

Physicochemical analyses

The pH of samples was determined with a pH meter
(PHM201, Radiometer, France). The pH values of sam-
ples were measured by blending a 10 g sample with 90
mL distilled water for 1 min in a homogenizer (Ultra-tur-
rax, T25-S1, Germany). Color measurements were taken
using a Minolta chromameter (CR-410, Minolta Co. Ltd.,
Japan). CIE L*, a* and b* values were determined with
measurements standardized with respect to a white cali-
bration plate (L*=94.4, a*=0.313, b*=0.319) after 30 min
blooming at room temperature. Color measurements for
each of three replicates, always trying to avoid area with
excess fat were taken and the value was recorded. WHC
was conducted by a modification of the procedure of Grau
and Hamm (1953). Briefly, a 300 mg sample of muscle
was placed in a filter-press device and compressed for 2
min. WHC was calculated from duplicate samples as a
ratio of the meat film area to the total area; hence, a larger
value suggests a higher WHC. WHC (%) was calculated
as follows: WHC (%) = 100 — (total meat area / meat film
area X 100). For cooking loss, after the samples were tha-
wed at 4°C overnight before analyses and sliced with a
thickness of 2 cm. The samples were weighed and cooked
in an electric grill (EMG-533, AIJIA electric appliance,
China) until they reached a final internal temperature of
70°C. Cooking loss was determined by the ratio of the
difference between raw weight and final cooked weight
as follows: Cooking loss (%) = 100 X (raw weight — final
cooked weight) / raw weight.

Shear force values were measured by the method descri-
bed by the procedure of Bourne (1978). The samples were
prepared a cubic form (30 x 30 X 20 mm) and six cores
of 1.27 cm in diameter were drilled parallel to the muscle
fiber from each sample. Each core was sheared once with
a Warner-Bratzler shear attachment using a texture ana-
lyzer (TA-XT2, Stable Micro System Ltd., U.K.). The ma-
ximum shear force value (kg) was recorded for each sam-
ple. Test and post-test speeds were set at 1.0 mm/s. The
TBARS of samples were analyzed by the modification
method described by the procedure of Witte (1970). Rea-
dings were made on a spectrophotometer (X-MA 3000,
Human Ltd., Korea) at 530 nm. A micro-diffusion method
described by Conway (1950) was modified for the deter-
mination of VBN values in samples. Each sample (10 g)
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was homogenized (Ultra-turrax, T25-S1, IKA, Germany)
for 1 min with 90 ml of distilled water. The supernatant
solution was filtered using a filter paper (No. 4, What-
man). A 0.01 N of boric acid was placed in the inner sec-
tion of a Conway micro-diffusion cell (Sibata Ltd., Jap-
an). A 1 mL sample solution and 1 mL of saturated K,CO,
were also placed into the outer section of the same cell,
and the lid was immediately closed. The cell was incu-
bated at 25°C for 60 min, and it was then titrated against
0.02 N H,SO,. The VBN value was reported as mg%.

Microbiological analysis

Ten grams of samples from each treatment was also
weighed and then homogenized with 90 mL distilled wa-
ter using a stomacher (STOMACHER® 400 CIRCULA-
TOR, Seward, Ltd., UK) for 2 min. Total aerobic plate
counts were analyzed according to the Standards for Pro-
cessing and Ingredients Specifications of Livestock Prod-
ucts, Animal, Plant and Fisheries Quarantine and Inspec-
tion Agency Notification (QIA, 2014). Homogenized mi-
crobial extracts were serially diluted with distilled water
by 10-fold. Portions of the samples (0.1 mL) were plated
separately on each plate and spread thoroughly. TACs
were enumerated on plate count agar (DifcoTM, Labora-
tories, USA) and colonies were counted after incubation
at 35+1°C for 48 h. Pseudomonas spp. were assessed by
spread technique on Pseudomonas Agar (DifcoTM, Lab-
oratories, USA), incubation at 30+£1°C for 48 h. All anal-
yses were performed in duplicate, and results expressed
as logarithm colony-forming units per gram of samples
(Log CFU/g).

Sensory evaluations

Each steak was cooked on pre-heated grilling units
(Tefal, TG-60051, France) at approximately 150°C to an
internal temperature of 35°C, turned, and removed when
they reached 70°C internally. Temperature was monitored
with a digital thermometer (Testo-925, Germany) placed
in the geometric center of the steak. Steaks were wrapped
in aluminum foil and placed in a preheated oven (65°C)

until served to panelists. After cooking, steaks were cooled
for 2 min and were cut into 20 X 10 X 10 mm thickness.
All cooked steaks were evaluated by 10 panelists for ran-
dom cubes of each sample using an eight-point hedonic
scale descriptive method. Samples were rated on numeri-
cal scale ranging from 1 to 8 for juiciness (1 = extremely
dry, 8 = extremely juicy), tenderness (1 = extremely tough,
8 =extremely tender), flavour intensity (1 = extremely
bland, 8 = extremely intense), fatty (1 =none, 8 = abund-
ant), and overall acceptability (1 = extremely unaccepta-
ble, 8 = extremely acceptable). Each panel member was
supplied natural water to rinse in mouth.

Statistical methods

Two-way analysis of variance was performed on all the
variables measured using the General Linear Model (GLM)
procedure of the SAS statistical package (SAS Inst., 2002).
The Duncan’s multiple range test (p<0.05) was used to
determine differences among the treatment means. The
mean values and the standard errors of the means (SEM)
were reported.

Results and Discussion

Proximate composition

The proximate composition of M. longissimus lumbo-
rum (striploin) from five different quality grades is com-
pared in Table 1. The differences among the quality grades
on proximate composition were significant (p<0.05).
Moisture, protein and ash contents significantly decreased
with increasing quality grade from grade 3 to grade 1++
(p<0.05). Grade 1++ muscles had the highest fat contents
(26.01%)), followed by grade 1+ (19.00%), 1 (15.25%), 2
(11.47%), and 3 (6.05%) which is understandable because
the most predominating parameter to determine the qual-
ity grade is intramuscular fat content (marbling) in Korean
beef carcass grade system (KAPE, 2013). The relation-
ship between quality grade and the protein content of beef
cuts has been well documented in previous studies, with
the protein content of beef cuts decreasing as quality grade

Table 1. Proximate composition of M. longissimus lumborum of Hanwoo beef from different quality grades

Quality grade Moisture (%) Fat (%) Protein (%) Ash (%)
1++ 55.00+4.19¢ 26.01+4.18" 17.71+0.48¢ 0.76+0.08°
1+ 60.57+2.63° 19.00+3.72° 19.48+0.47° 0.85+0.09"
1 63.44+0.64° 15.25+1.30° 19.33+0.38° 0.87+0.05"
2 65.38+1.58" 11.47+3.66¢ 20.46+0.64° 0.98+0.05°
3 71.29+1.58 6.05+1.18°¢ 21.29+0.63° 0.99+0.02°

Values are Mean+SE (n=6)

**Figures with different letters within a same column differ significantly (»<0.05).
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(intramuscular fat) increases (Smith et al., 2011). Moon et
al. (2006) demonstrated that crude fat content was closely
related to marbling score and fat contents were higher in
high marbling group. Similar finding was reported by
Kim et al. (2008), who found that fat contents in Hanwoo
loin muscles were higher in high quality grade group. On
the other hand, grade 3 contained the highest moisture
(71.29%) and crude protein (21.29%) and crude ash
(0.99%) (p<0.05). Generally, intramuscular fat and mois-
ture in bovine muscles are inversely related (Kim and
Lee, 2003; Savell et al., 1986). This result agreed to the
previous studies (Cho et al., 2010; Lee et al., 2010) rep-
orted that moisture and protein contents in Hanwoo sig-
nificantly decreased with increasing quality grade, whereas
the fat content increased. This is also confirmed an earlier
report by Luchak ef al. (1998) who mentioned the higher
marbling scores in US beef, the more fat and less mois-
ture and ash content.

Physicochemical traits

Changes of physicochemical traits of M. longissimus
lumborum (striploin) from different quality grades during
storage were shown in Table 2. The pH values of muscles
were different in all quality groups (all mean values were
5.23 and 5.47 during storage), and generally pH value of
the grade 3 muscles was the highest (»<0.05). Previous
studies (Cho et al., 2010; Kim and Lee, 2003; Kim et al.,
2008) showed that pH values among the quality grade
groups from Hanwoo muscles were not statistically dif-
ferent. The pH values of samples fluctuated slightly dur-
ing the 25 d and showed higher at 13 d compared to other
storage periods (»<0.05). A similar trend has been reported
by previous studies (Aksu et al., 2005; Kim et al., 2007).
Proteolysis may have produced nitrogenous compounds
which may have caused increase in the pH values (Aksu
et al., 2005).

As shown in Table 2, WHC of the grade 3 muscles was
significantly higher than those of other grades (p<0.05).
Many studies (Cho et al., 2010; Kim and Lee, 2003; Lee
et al., 2010) indicated that WHC among the quality grade
groups did not differ. WHC showed higher during the 8 to
11 d of storage compared to other storage periods (p<
0.05). Low WHC could be explained by exhibiting mois-
ture release due to excessive protein denaturation (Bar-
but, 2010). The cooking loss of samples were only higher
in grade 3 than in other quality grades (p<0.05), but stor-
age had no effect on cooking loss (p>0.05). Ozawa et al.
(2000) reported that cooking loss of Japanese black steer
meat was significantly lower for samples with the highest

marbling score. This is also demonstrated by the findings
that the high marbling score had lower cooking loss (Moon
et al., 2006). Previous reports have indicated that beef
grades did not differ in cooking losses (Cho et al., 2010;
Kim and Lee, 2003; Kim et al., 2008). The cooking loss
is a combination of liquid and soluble matters lost from
the meat and the water is lost due to heat induced protein
denaturation during cooking of the meat, which causes
less water to be entrapped within the protein structures
(Aaslying et al., 2003).

The shear force values significantly decreased with inc-
reasing quality grade from grade 3 to grade 1++ (p<0.05).
Grade 3 muscles had the highest shear force values. The
higher intramuscular fat in grade 1++ could be a crucial
factor for the lower shear force values. This is in agree-
ment with previous studies (Cho et al., 2010; Kim et al.,
2008; Moon et al., 2006) have indicated shear force val-
ues of LD muscles were lower for the high quality grade
group compared with low ones. Shear force values were
negatively related to intramuscular fat content in numer-
ous studies (Fiems et al., 2000; Park et al., 2000). Wulf
and Page (2000) also reported that fat content of beef
muscle had a correlation with shear force values. The
shear force values of samples showed initial rapid dec-
reases during the first 4 d, with subsequent slowly decrea-
sing or steady. A sharp decrease response could be expec-
ted if the myofibrillar component underwent structural
disruption with increasing time (Kim and Lee, 2003). Kim
et al. (2007) mentioned shear force values of LD muscles
decreased with ageing time.

Total VBN concentration is an important indicator for
estimation of meat freshness, because it is increased by the
levels of microbial contamination (Lee and Joo, 1999).
The VBN values of grade 1++ sample was significantly
lower than that of grade 3 (p<0.05). The VBN contents in
all grades significantly increased throughout storage from
1 to 25 d (p<0.05). However, it remained up to 25 d at
values less than 20 mg/%, considered as serious spoilage.
The higher VBN of meat is explained by bacterial activity
and accelerated enzymatic degradation of protein (Egan
et al., 1981).

As shown in Table 2, TBARS values of grade 3 sample
had lower than that of grade 1++ and 1+ throughout stor-
age from 1 to 25 d (p<0.05). This could be explained by
differences in lipid stability as the result of higher fat con-
tent in high quality grade groups (1++ and 1+). The
TBARS values of samples continuously increased during
storage (p<0.05). In day 4 and 6, TBARS values of grade
1 sample showed higher compared to other grades (p<



Effect of Marbling Score on Beef Quality Properties during Storage 453
Table 2. Changes of physicochemical traits of M. longissimus lumborum from different quality grades during storage
Quality Days a
grade 1 4 6 8 11 13 15 18 20 22 25 SEM
1++  5.30°° 5.24F 527PEb 530ABbc 5 40ABD 5 37BCT 5340 54140 540485 537BC0 5330 001
1+ 5275 523F¢ 536 5404 5370 5414 5414 5404 53104 5388 5414 001
- 1 5307 52650 52760 537Pc  539Cab 5 4pAbe 5 34Eb 5 40BCb 54180 534B¢  5408¢ 001
b 2 537% 5278 5379 5370 536 5434 54181 540B% 533D 538%b 53306 ]
3 5370 520 536F 54280 542BC 5478 54pBCa 5 43Ba 5 47h8 5408C 5419 0.01
SEM 0.0l 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
1++  54.198%® 50.04PFc 534780 5920Ab 58 1Ab 50 91CPEc 49 475 48.86F° 49.42F¢ 514 54,098 253
1+ 52.59BCb 54 048% 57394 5943Ab 59724 50.41C 51.465C¢ 50.98C 571742 53 9580 53748 2 08
WHC 1 52.54°P° 50.26PE¢ 53,520 56,998 60.414% 53,97 52.67P° 51.02P® 49.84F¢ 51.76°PEL 50.76PF¢  1.63
(%) 2 54,188 53918 53.878b 54308 57.724% 53.71B% 4926% 52.81%° 53.815° 47.51% 53,008 1.77
3 57.10P* 60.08% 59.21B¢% 64.774% 59208C2 60.4282 5544P 59 76BC* 56,07 58.895C 57.665P2 2,19
SEM 249 1.13 3.17 2.93 231 2.23 1.58 1.51 2.64 1.97 2.45
1++  20.90° 21.20° 21.20° 21.50° 21.20° 21.20° 21.20° 21.60° 21.50° 21.20° 21.20° 0.01
1+ 21.00° 20.30° 2030° 21.30° 21.90° 21.70° 20.30° 20.70° 20.30° 22.30° 22.70®  0.01
Cooking 1 21.20° 20.20° 2020° 20.20° 21.30° 2020° 20.20° 21.30° 20.20° 2220° 22.50° 0.01
loss (%) 2 21.50° 21.50° 21.50° 21.70® 21.10° 21.80° 21.50° 21.10° 21.30° 21.50° 22.10° 0.01
3 23.70°  23.10° 23.20° 23.00*° 23.50° 23.40% 23.10° 23.60° 2320 23.10° 23.90*° 0.01
SEM 0.0l 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
I++  21.79% 343D 466 6.47% 435% 3.78%¢ 3.50P7 360P7 3.98PT 2.93F¢ 39507 001
1+ 22158 524% 6258 61284 4.78D¢ 488D 4.87°¢  4.77P°  4.39Pc  4.48P4  4.61%  0.02
Shear 1 26.07"° 526"  6.70%  6.14°¢  534Pc 5550 4.90F 4,687 439Mc  519Pc 4379 0.01
force (kg) 2 24.65% 589P%° 7008 7328% 599P° 612 559D 5 14E0  523Db 56800 469 (.01
3 2947 7.89% 9685 9598 65D 6.88D% 6107  543% 5928 638”676 0.01
SEM  0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
I++  6.58%°  6.63%° 6.80F%° 639% 7.085% 7.48PFc 904>  7.697° 868 10.58%° 11.31%°  0.06
1+ 8.18¢* 7.38Pb 758D 762D 75000 774Dbc g 34Cc g23Ch  9408° 11.774% 11.824°  0.06
VBN 1 8.17PF  7.091F>  7.68%  7.89F gO0IPEr 847°* 958 959 10228 938° 11.81"° 0.09
(mg/kg) 2 8.18Pr  7.38Fb  7.58Fa  76pEb  7.50Eb 7 74DEbe g 34Cc g 23CDb 94080 11774 11.82*°  0.09
3 830°*  8.52P%  g.06* 823P* 842D g.18P® 9320 936“ 1036 11.27%* 13.29%  0.07
SEM  0.03 0.11 0.11 0.03 0.06 0.12 0.06 0.11 0.06 0.11 0.05
I++  047™  0.63% 0.74® 0.80° 0.725%  0.70™ 0.94°® 0.93% 131 1338 286  0.01
TBA 1+ 047" 0.71™  0.697 0.89% 0.54"™ 060 1.68%* 093P 1.39% 142¢ 2384 (.02
(mg malo- 1 0.44™ 0799  0.86™ 0.69" 025" 0.8 0827 090 096% 0835 1.22%  0.02
naldehyde/ 2 0.36"  0.52F4 04299  0.83P% 036" 036" 089 0.64% 1.17% 1.01%¢ 1.18*  0.01
kg) 3 0.316M 0465 0417 0367 020"  0.50% 0524 0.62%  0.74B¢  1.10%  0.73B¢  0.01
SEM  0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

Means in the same row with different letters (A-J) are significantly different (»p<0.05).
Means in the same column with different letters (a-e) are significantly different (p<0.05).
*SEM: standard error of the means (n=6 for each treatment).

0.05). The samples had TBA values lower than 1 mg mal- ity group 3 to 1++ (p<0.05). Quality grade 1++ showed a

onaldehyde/kg up to 13 d, which is considered the limit
of acceptability for rancidity for fresh meat (Ockerman,
1976). TBARS was influenced by lipid content or storage
periods in this study.

Meat color

Changes of meat color of Hanwoo striploin muscles
among quality grades during storage are presented in Table
3. CIE L* (lightness) and b* (yellowness) value signifi-
cantly increased with increasing quality grade from qual-

higher CIE L* and b* value when compared to the other
grades (p<0.05). Similar findings were obtained by Kim
and Lee (2003) who observed high quality grade loin
muscles had higher b* value than low quality grade.
Other studies have shown CIE L*, a* and b* values were
higher in the high quality grade loin muscles than in the
low ones (Kim et al., 2008). Lee et al. (2010) also showed
that L* values were significantly higher in quality grade
1++ compared to the other grades. Quality grade 3 showed
the lowest L* and b* values regardless of storage (p<0.05).
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Table 3. Changes of meat color of M. longissimus lumborum from different quality grades during storage

Quality

Days

grade 1 4 6 8 11 13 15 18 20 22 25 SEM
1++  50.00% 47.25% 44.60% 47917 46.26P* 47.52°° 48755 47.28% 46.37°* 4720 4731%  0.13
1+ 46.00%° 429309 44440 4514P% 43530 43,647 45007 4637 43517 44.67% 44.44%  0.03
L 1 45205 44.79%°  4323F¢ 451880 4327% 43.67°% 4597 46.15%° 43.07°% 45.02%° 44955 0.05
2 44.10°0 44365 44.22P° 43.66% 4325 43.93F0 44.854¢ 43.76"Cc 43.70F% 44.57°% 43.91FF¢¢ (.02
3 41.70" 42357 40.89" 42.70%¢ 41.72%¢  40.93 444389 43.46P¢ 42.495F¢ 4415 42.09%  0.02
SEM 0.25 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.02 0.04 0.03
1++  19.53% 19.83% 18217 20.31% 17.70™ 15.78™ 16.34™ 16.6997 19.38%* 19.51% 18708  0.02
1+ 19.338%  19.90% 17.03"® 20.01%* 15.71%¢ 16.75% 16.88F% 18.24P* 18.78® 17.71%¢ 19.89**  0.02
" 1 18.06°°¢ 17.80P¢ 17.93P+ 18.984% 16.94™ 15.06% 19.03%* 17465 17.37% 18.245% 18455  0.04
2 18.92%°  19.00%° 17.27°® 18.19° 15485 13787 19.07%* 1823 18.19% 18.50® 19.97%  0.05
3 17.45%¢  17.53PF 16.63" 16.76"™ 14.979 15279 18.54B% 17.87°° 17.65PF 17.83P¢ 19034 0.03
SEM 0.04 0.03 0.03 0.04 0.02 0.02 0.03 0.03 0.02 0.03 0.05
I++  7.24%  720%  583%  7.64% 6725 5997 586" 626"  637%%  6.88%F  5.94%  0.02
1+ 6.57%° 6368  5.43P° 7024 511Fc  502F0  5.83F 63282 593 580 5.69P°  0.03
b 1 6.05% 571 5340 643Ac 537" 450 579% 550" 5017 578 5559 0.02
2 5.965¢  6.17°%  4.98Fc 573D g4 80fc 4560 5078 554D 590 550BCc 4950 001
3 476 4965 3928 477%  4.08P¢ 3.60f¢ 5184 5284 476% 5234 4812 0.01
SEM 0.01 0.02 0.02 0.02 0.03 0.02 0.01 0.02 0.01 0.01 0.01

Means in the same row with different letters (A-J) are significantly different (p<0.05).
Means in the same column with different letters (a-e) are significantly different (p<0.05).

*SEM: standard error of the means (n=6 for each treatment).

The darker lean (low L* values) may be attributed to inc-
reased myoglobin, decreased muscle glycogen, or both,
and the yellow fat (Priolo et al., 2001). L*, a* and b*
value of samples decreased very slightly during the first
13 d and fluctuated after 15 d of storage (p<0.05). The
decrease in a* values of samples may be due to the for-
mation of the metmyoglobin (Getterup et al., 2008). Pre-
vious studies have shown CIE L* values did not appear to
be influenced by duration of storage, but b* values dec-
reased with storage time (Jeremiah and Gibson, 2001).

Microbiological analyses

Changes of microbial populations of M. longissimus
lumborum (striploin) from different quality grades during
the 25 d of storage period are shown in Fig. 1. The popu-
lation of total aerobic and Pseudomonas increased slowly
regardless of quality grade during storage (»p<0.05). The
populations of total aerobic and Pseudomonas of grade 1
samples showed higher than that of other grades through-
out storage from 1 to 25 d (»p<0.05). It is assumed that
these differences might be due to contamination of beef
carcass in quality grade 1 samples during slaughtering,
which cause the higher population of grade 1. Total aero-
bic counts closely paralleled the Pseudomonas bacteria
counts (Fig. 1). The growth of Pseudomonas followed
closely sensory changes during storage and thus a growth

model for this group could be used for predicting spoilage
of stored meat (Koutsoumanis et al., 2006). Total aerobic
and Pseudomonas counts during storage were similar to
those reported by authors in beef (Lorenzo and Gomez,
2012). Except quality grade 1, the samples remained below
the microbiological guidelines for meat maximum limit
(below 7 Log CFU/g) (MFDS, 2011) up until 15 d. How-
ever, they exceeded the criteria as recommended after 18
d. In reviewing the literature, vacuum packaging provides
a means for extending the storage life of meat during pro-
longed periods of distribution and merchandising (Seide-
man and Durland, 1983). Vacuum packaging retards mic-
robiological growth, and delays the development of spoil-
age due to slow proliferation of bacteria capable of toler-
ating anaerobic conditions (Gill, 1992). Maximum bacte-
rial numbers are reached after 5 wk of vacuum packaged
storage (Johnson, 1974). The bacterial counts of 7 Log
CFU/g is the approximate point at which meat would be
considered to be spoiled or unacceptable (Dainty and Ma-
ckey, 1992). The maximum acceptable counts for packed
meat, not matured, are below 10 for total counts as rec-
ommended (MFDS, 2011). In the present work, vacuum-
packaged beefs during the cold storage period for 15 d re-
mained within the acceptable limits established by Korea
MEFDS. Therefore, the shelf-life of beef samples stored at
1°C under vacuum conditions would be 15 d. Bacteria
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Fig. 1. Changes of total plate counts and Pseudomonas of M. longissimus lumborum from different quality grades during storage.

counts of samples appeared to be not related to marbling
in this study.

Sensory evaluation

Changes of sensory evaluations of M. longissimus [um-
borum (striploin) from different quality grades during sto-
rage were indicated in Table 4. As expected, the sensory
scores significantly increased with increasing quality grade
from quality group 3 to 1++ (p<0.05). The juiciness, ten-
derness, flavor, fatty and palatability of grade 1++ sample
had highest scores, whereas those of quality grade 3 sho-
wed the lowest during storage (p<0.05). These results are
in agreement with previous findings high quality grade
steaks had higher tenderness and juiciness score than low
ones (Kim and Lee, 2003). Juiciness, tenderness, flavour
was slightly positively related to intramuscular fat content
in most studies (Fiems et al., 2000; Renand et al., 2001;
Wheeler et al., 1996) and a similar trend has been rep-
orted in our studies. This supported the findings of Hilton

et al. (1998), who increased marbling was associated with
greater tenderness and juiciness. These data support the
findings of previous research (Moon ef al., 2006), which
suggested that high marbling group was rated the highest
in tenderness, juiciness, flavour and overall acceptability.
Jost et al. (1983) mentioned correlations between marb-
ling and palatability were usually positive and significant,
but low in magnitude and the relationship of marbling to
flavor attributes was variable and marbling more strongly
related to juiciness than tenderness. Long aging periods
may be related to more tender meat with a less amount of
fibrous and residue (Campo et al., 1999). In our studies,
sensory panelists reported aging beef for 15 d improved
tenderness in grade 1++, 1+ and 2 (p<0.05). Similar find-
ing was reported by Miller et al. (1997) noting that aging
beef for 14 d could improve the consistency of beef ten-
derness. On the other hand, a tendency of the sensory
scores decreased from 18 to 25 d. Our results agree with
those of Monson et al. (2005). Same authors postulated
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Table 4. Changes in sensory characteristics of M. longissimus lumborum from different quality grades during storage

Quality

Days

grade 1 4 6 8 11 13 15 18 20 22 25 SEM
1++ 5577 6377 6.67%%  6.80" 633D 650 6.13F  6.10% 5577 564 5479 0.01
1+ 55302 4677 5630 56784 56780 553D g 0% 5738 473F 510"  513F 001
Tuiciness 1 4.87%¢  5.17%  507% 617 6.19%° 570 6.03% 570 5.13PF 4907 4.17%°  0.01
2 5177 510 5505 590% 5714 5530 5508 4,03% 520PF0 4507 3.809  0.01
3 3.77°P4 38094  3.53E¢ 390 3.62DEd 4108 4474 3538 4108 3287 2936 (.01
SEM  0.01 0.01 0.01 0.01 0.01 0.01 0.08 0.0l 0.01 0.01 0.01
I++ 590" 6.17°PF 6.40%8%  6.57%% 6.245P% 6.40AB* 6.57%%  6.335%% 6.07°FF 6.04FF° 5937 (.01
1+ 5307 4239 560PF 573CPc 509Fc 5508 6004 5.93°B 581 576 58B%  0.01
Tenderness 1 4739 507 4809 617 6434 593 6268 593 57300 528F¢ 4809 .01
2 480 4.93P¢  523C 5808 5818 5808 6.234° 540% 5635 4892 487  0.02
3 2,938 3.80fc 3430 4075 4105 4.43°D4 4778 4.60B 5032 431°¢ 4.50°  0.01
SEM  0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.02  0.02
I++  5.50% 5778 5535 6.00% 5545 57758 5708 540D 4.43F 3685 3937 (.01
I+ 4.97PP  4.43Fc 507Pb 54780 5 10Pb 5230 5708 4.83F0 41300 37pMa 387 002
Flavour 1 5.03%° 4577 500 55740 5528 5 7B 53740 5508 400 3079 3737 0.02
2 5.07%°  4.80P° 4.87P% 5574Bb 490D 5607 53380 4278 4007 33980 32390 0,02
3 3.77°¢ 3.87°P4 4.075% 4138 3.67P¢ 4578 4278 4,075 3730 317 3208 0.02
SEM  0.02  0.01 0.03 0.01 0.01 0.01 0.02 001 0.04 001 0.02
1++  4.80% 580% 5579 50938Ba 535008 600% 5577 5.12P% 490  4.96% 4.80%  0.01
1+ 477P* 3630 4830 5138 46700 490 5434 4870 4309 4555 4407 001
1 433 457 4530 54340 5434 5908 5078 5078 457 434%  343P¢  0.02
Fatty 2 423PF0 437P0 4908° 5137 4908 4938 463°¢ 3509  4.17% 386" 3.23%  0.01
3 2.77%¢ 3208 2979 34744 3108 3508 3474 3,03B¢ 3478 3,075C 260 0.01
SEM  0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02
I++ 5207 6.03°B2 5905 620% 5.76% 6.07°B* 5709 570 4277 3.86™ 3.67°%  0.02
1+ 5.07%  4.03%° 5338 570%  510% 53780 5.73M8  547ABb 333Fc 3 g3DEa 333E6 g 0p
Palatability 1 4.83%°  467°  470°  6.00°° 5.95% 5408 5538 520%  377% 2629 330™  0.03
2 4.67°° 463 497%  560° 53380 543ABb 5570 4 37Ed 3 40Fc 3079 2.83MC (.02
3 3.03% 34784 3.13% 3908 3528 387 3874 3934 3,00% 2.79P¢ 2.93Pc 001
SEM  0.01 0.03 0.02 0.01 0.02 0.05 0.02 0.0l 0.02 0.01 0.03

Juiciness (1=extremely dry, 8=extremely juicy), tenderness (1=extremely tough, 8=extremely tender), flavour intensity (1=extremely bland,
8=extremely intense), fatty (1=none, 8=abundant), and overall acceptability (1=extremely unacceptable, 8=extremely acceptable).

Means in the same row with different letters (A-J) are significantly different (p<0.05).

Means in the same column with different letters (a-e) are significantly different (p <0.05).

*SEM: standard error of the means (n=6 for each treatment).

that the decrease in juiciness values could be partly exp-
lained by the weakening of muscle structure, which could
produce higher losses of water. Especially, long ageing
time could cause a gradual decline in the beef flavor due
to increase of the undesirable aromatic bitter flavor (Mon-
son et al., 2005). For all quality grades, the samples at
day 1 had the lowest tenderness.

Conclusions

Quality grade and storage periods affect palatability and
physicochemical characteristics of Hanwoo beef. Espe-
cially, a low quality grade group based on Korean grading
system could negatively influence sensory traits of Han-

woo striploin beef. As a result of the physicochemical
traits and sensory evaluation, we assume that a clear dif-
ference of Hanwoo striploin muscles was observed among
the quality grade groups. Taking into account the results
obtained, the consumption of Hanwoo striploin may be
recommended within 15 d to obtain an optimum accep-
tance by the consumer. The results of this study will give
information to help answer questions on the objective
comparison of the quality depending on the beef quality
grade. And this result could be used to determine the opti-
mum quality grade group of Hanwoo beef to provide in-
formation for consumers. Further research should be done
to develop a better beef quality grade system in the aspects
of functional, sensory, economic and health benefits.
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