EFFECT OF STORAGE TEMPERATURE ON MEAT QUALITY OF
MUSCLE WITH DIFFERENT FIBER TYPE COMPOSITION FROM
KOREAN NATIVE CATTLE (HANWOO)

S.J. HUR, G.B. PARK and S.T. JOO'

Division of Animal Science and Technology
Gyeongsang National University
Jinju, Gyeongnam 660-701, Korea Republic

Received for Publication August 15, 2007
Accepted for Publication May 22, 2008

ABSTRACT

Three kinds of Hanwoo (Korean native cattle) muscles (Loin, strip loin
and inside round) were obtained from a local farm and then divided into two
storage temperatures (0 and 5C), respectively. In meat color, redness (a*) was
significantly higher in 5C storage samples compared with OC storage samples
in all muscle samples after 7 days of storage. Loin had significantly lower
purge loss than other muscle samples, whereas inside round was significantly
higher in purge loss. Strip loin showed lower shear force values compared
with those of other muscle samples. 5C storage samples had significantly
higher thiobarbituric acid reactive substances value than 0C storage samples
in all muscle samples. In sensory evaluation, overall acceptability was sig-
nificantly higher at 14 or 21 days of storage in all muscle samples, and 5C
storage samples showed higher overall acceptability compared with 0C
storage samples.

PRACTICAL APPLICATIONS

This result will obtain information to help understand the meat quality
in Hanwoo for the foreign scientists. The results of the present study showed
that meat qualities of Hanwoo were much higher in 5C storage sample com-
pared with OC samples in all muscle samples until 35 days of storage, and
loin sample showed higher sensory score than strip loin and inside round
samples.
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INTRODUCTION

The native beef cattle in Korea are known as Hanwoo. It is a hybrid of Bos
Taurus X Bos zebu that was transmitted and settled in the Korean Peninsula in
4000 Bc (Rhee and Kim 2001). The average 20-month-old Hanwoo bull
weighs 500 kg and the average 20-month-old female weights 450 kg (Jeong
et al. 2004). Earlier studies found that meat qualities are closely related with
muscle type and storage conditions such as storage temperature or packaging
methods. Bruce and Ball (1990) reported that a high muscle temperature
postmortem accelerates the rate of pH decline in muscle, presumably because
such physiological temperature conditions permit enzymatic activity to con-
tinue. A more rapid decrease in pH at higher temperatures may rupture the
lysosomal membrane in which some cathepsins could hydrolyze specific myo-
fibrillar proteins (Whipple et al. 1990). Koh et al. (1987) also reported that
high-temperature conditioning of muscles and carcasses also affected meat
tenderness adversely. Higher carcass temperatures early in the postmortem
period speed the aging process and result ultimately in increased tenderness
(Whipple et al. 1990). Kirchofer et al. (2002) reported that not only do indi-
vidual muscles differ in fiber-type composition but muscle fiber type within a
specific muscle may be affected by breed, sex, feeding time and maturity. A
number of studies have been conducted to investigate the effect of storage
conditions on meat qualities. However, the effect of storage conditions on beef
quality in different muscle types of Hanwoo during storage is still largely
unknown. Thus, the purpose of this study is to investigate the effect of storage
temperatures on meat qualities in muscle with different fiber-type composition
from Hanwoo.

MATERIALS AND METHODS

Animal and Samples

A total of 48 male Hanwoo (25 months old and averaging 500 kg in
weight) were obtained from a local cattle farm. Meat (longissimus dorsi
muscle at the 13th rib interface) grade were estimated by the Korean carcass
grading system (Animal Products Grading Service, 1995). A marbling score of
beef marbling standard (BMS, 7 = very abundant; 1 = devoid) No. 7 or 6 is
marbling degree for grade 1+; 5 or 4 is requirement for grade 1; BMS No. 3 or
2 comprise grade 2; and 1 is the marbling degree for grade 3. Quality grade 1+
is the highest or most desirable grade whereas grade 3 is the lowest quality
degree. Yield grades are determined on the basis of estimated retail cut per-
centage, which was a function of back-fat thickness, rib eye area and cold
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carcass weight (A = higher than standard; B = standard; C = lower than stan-
dard). After meat is graded, the 1 (quality) and B (yield) grade of loin, strip
loin and inside round were removed from the right side of the carcass at 24 h
postmortem in commercial slaughter house and then transferred to the labo-
ratory. Three kinds of muscle samples (loin, strip loin and inside round) were
cut to 5-cm thick steaks and divided into two storage temperature (0 and 5C).
After 48 h postmortem (1 day of storage), a total of six groups (three kinds of
muscle samples X two kinds of temperatures) samples were vacuum-packaged
and stored for 35 days for subsequent analysis.

pH

pH was measured using a digital pH meter (model 420A, Orion, Boston,
MA). Five grams of sample were cut into small pieces to which 45 mL of
distilled water was added and slurry was made using a blender and the pH was
recorded.

Color

Commission Internationale de I’Eclairage (CIE 1995) L*(lightness), a*
(redness) and b* (yellowness) were measured by using a Minolta colorimeter
(CR-400, Tokyo, Japan), with measurements standardized with respect to the
white calibration plate. Five readings were made from the surface of samples.

Purge Loss

Purge loss (package loss) was calculated at storage period by differences
in before and after storage weight of meat. Calculation was: purge loss
% = (before storage weight — after storage weight)/(before storage weight)
% 100.

Cooking Loss

The samples were placed in a polyethylene bag (4 x 6, 2-mil, Associated
Bag Company, Milwaukee, WI) and cooked in a 100C water bath until an
internal temperature of 75C was achieved. Cooking loss was calculated from
differences in the weight of uncooked and cooked samples, expressed as
percentage of initial weight: cooking loss % = (before cooking weight — after
cooking weight)/(before cooking weight) x 100.

Shear Force

The samples (1.8 cm in diameter) were placed in polyethylene bags and
cooked in 80C water bath until an internal temperature of 75C. Cooked
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samples were cut along the fiber direction of the muscle and then cut
perpendicular to the fiber direction with the Warner Bratzler triangular device
and measured for peak shear force in an Instron 3343 (US/MX50, A&D Co.,
Norwood, MA) equipped with a Warner Bratzler shearing device and cross-
head speed set at 100 mm/min.

Myofibril Fragmentation Index (MFT)

Two-gram samples were homogenized for 30 s in 20 volumes of MFI
buffer (100 mM KCl; 20 mM K-phosphate, pH 7.1; 1 mM ethylene glycol
tetraacetic acid; 1 mM MgCl,; 1 mM NaNjs) at 4C. The homogenates were
centrifuged for 15 min at 1,000x g at 2C, and the pellet was resuspended in the
same volume of MFI buffer as before by using a magnetic stirrer. The cen-
trifugation step was repeated, the pellet was resuspended in five volumes of
MFI buffer by vortexing, and the suspension was filtered through a nylon mesh
(45 wm diameter). The mesh was rinsed with five volumes of MFI buffer, and
the protein concentration of the final suspension was determined by using
biuret method. The myofibril suspension was diluted to 0.5 mg myofibrillar
protein/mL in a final volume of 8 mL, then the samples were vortexed, and the
absorbance of the vortexed suspension was measured at 540 nm with spectro-
photometer (Genesys, Spectronic Instruments, Inc., Rochester, NY). The
absorbance was multiplied by 200 to give a MFI value.

Thiobarbituric Acid Reactive Substances (TBARS)

TBARS was determined by the modified method of Buege and Aust
(1978). Five grams of meat was weighed into a 50-mL test tube and homog-
enized with 15 mL of deionized distilled water using the Polytron homog-
enizer (IKA Labortechnik T25-B, Selangor, Malaysia) for 10 s at the highest
speed. One milliliter of meat homogenate was transferred to a disposable test
tube (3 X 100 mm), and butylated hydroxyanisole (50 uL, 10%) and thiobar-
bituric acid/trichloroacetic acid (TBA/TCA) (2 mL) were added. The mixture
was vortexed and then incubated in a boiling water bath for 15 min to develop
color. The sample was cooled in cold water for 10 min, vortexed again and
centrifuged for 15 min at 2,000x g. The absorbance of the resulting superna-
tant solution was determined at 531 nm against a blank containing 1 mL of
deionized distilled water (DDW) and 2 mL of TBA/TCA solution. The
amounts of TBARS were expressed as milligrams of malondialdehyde per
kilogram of meat.

Sensory Evaluation

Sensory evaluation was performed by a panel of 15 semi-trained tasters.
Panel development followed the prescreening, screening, training and perfor-
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mance evaluated phases proposed by Cross ef al. (1978). The panel evaluated
each treatment within each replication in quintuplicate, and the evaluation was
performed with the samples at room temperature. Quintuplicate responses
were taken to monitor the inherent texture variability associated with this
sample. The samples were placed in polyethylene bags and cooked in 100C
water bath until an internal temperature of 75C. One slice, 1 cm thick and 3 cm
in diameter, was cut into rectangle-shaped and presented to each panelist. The
panelists chose three of the most characteristic sample in order to avoid a
sample containing large pieces of connective tissue. The flavor, color, tender-
ness and overall acceptability were evaluated using 9-point scale.

Statistical Analysis

The data was analyzed using SAS software (SAS Institute Inc., Cary,
NC). The Duncan’s multiple range tests was used to compare the differences
among means. Significant differences (P <0.05) between mean values of
octuple samples were determined for pH, color, purge loss, cooking loss, shear
force, MFI, TBARS and sensory evaluation.

RESULTS AND DISCUSSION

pH

pH result is presented in Table 1. pH steadily increased until 21 or 28
days of storage thereafter it significantly decreased in all muscle samples.
When pH between temperatures was compared, 5C storage samples were
significantly higher than OC storage samples in all muscle samples. However,
pH was not significantly different among the three muscle samples. In general,
high pH is closely related to the high water-holding capacity, tenderness and
low shear force in meats. Honikel (1987) also reported that pH has a profound
effect on the physical properties such as water-holding capacity, tenderness
and color in meat. In this study, pH was significantly higher in 5C storage
samples than OC storage samples in all muscle types. Thus, Hanwoo meat
quality should be affected by difference in pH observed in this study.

Color

Color result is presented in Table 2. In meat color, lightness (L*) steadily
increased until 14 or 21 days of storage thereafter it decreased with storage
periods in all muscle samples. L* was significantly lower in OC storage
samples than 5C storage samples in all muscle samples afterl4 days of
storage. After 7 days of storage, redness (a*) in 5C storage samples was
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significantly higher compared with OC storage samples in all muscle samples.
Yellowness (b*) was significantly lower in loin but it did not significantly
change during storage periods. However, strip loin and inside round steadily
decreased yellowness with storage periods in both 0 and 5C storage samples.
When yellowness was compared between 0C and 5C storage temperature, 0C
storage samples were significantly lower compared with 5C storage samples in
all muscle samples. The consumer associates the bright red color caused by
oxygenation from the myoglobin pigment (oxymyoglobin) with freshness and
good quality (Taylor et al. 1990). The decreases in a* and the increase in b*
values have frequently been associated with the gradual formation of metmyo-
globin and consequently with a meat discoloration result. In this study, meat
color not only had higher a* value but also higher »* value in all muscle
samples when stored at 5C compared with OC during storage periods. Thus,
Hanwoo meat color may be less different among the samples, which was not
much significantly different in color score between 0 and 5C storage samples
in all muscle samples, agreed with sensory evaluation, although mechanical
color was different between temperatures.

Purge Loss

Purge loss result is presented in Table 3. Purge loss was significantly
higher in OC storage samples than 5C storage samples after 14 days of
storage in all muscle samples. Purge loss was significantly higher in 0C
storage inside round sample than those of other muscle samples. Loin sig-
nificantly increased purge loss until 28 days of storage thereafter it signifi-
cantly decreased in both OC and 5C storage samples. However, strip loin did
not have a significantly different purge loss during the storage periods in 5C
storage samples. To the meat industry, low water-holding capacity implies
increased economical losses, and consequently there is a strong interest in
optimizing this parameter (Schafer efal. 2002). In the present study, we
found that water-holding capacity was higher in 5C storage samples than 0C
storage samples in all muscle samples. This difference of water-holding
capacity may be influenced by pH. Schafer et al. (2002) reported that physi-
cal factors of importance to water-holding capacity are mainly thought to be
temperature postmortem, shrinkage of the myofilament lattice postmortem
because of pH fall and actomyosin cross-bridges, myosin denaturation,
structural changes at the fiber and fiber bundle level that lead to an increase
of the extracellular space. In this study, high final pH in 5C storage samples
should increase the water-holding capacity. In general, meat with a high
purge loss has an unattractive appearance and therefore has a low consumer
acceptance, which leads to loss of sales (Otto ef al. 2004). Thus, 5C storage
samples and loin samples would be better from the point of view of water-
holding capacity in Hanwoo.
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Cooking Loss

Cooking loss result is presented in Table 4. Cooking loss significantly
decreased with storage periods in all muscle samples. This decrease may be
caused by the increase of water-holding capacity. Paradoxically, increase of
purge loss with storage periods can reduce cooking loss because free water in
meat is already exuded with storage periods when meat conditions are same.
Thus, cooking loss should be decreased with storage periods in all muscle
samples. In the present study, cooking loss was significantly lower in loin
sample than other muscle samples both 0 and 5C storage samples during
storage periods. This result may be influenced by fat content in muscle because
fat content was higher in loin than other muscle samples in this study (data are
not shown). In general, intramuscular fat content is closely related to the
water-holding capacity because water content should be lower in meat con-
taining higher intramuscular fat than lean meat (Joo et al. 2000). Thus,
cooking loss of Hanwoo should be lower in loin sample than other muscle
samples.

Shear Force

Shear force result is presented in Table 5. Shear force value steadily
decreased with storage periods in all muscle samples. Shear force of 5C
storage samples was significantly lower compared with 0C storage samples
in all muscle samples. Shear force of strip loin sample was significantly
lower than other muscle samples, whereas inside round was significantly
higher in shear force during storage periods. Bruce and Ball (1990) reported
that aging muscles at a high temperature had the most dramatic effect
on muscle characteristics by decreasing pH, sarcomere length and protein
solubility, and increasing fragmentation index, shear force and color
reflectance compared with the low temperature. Koohmaraie et al. (1987)
also reported that high temperature promotes would lower pH below the
realm of calcium dependent protease activity, reducing the substantial
contribution of these proteases to the progression of tenderness. In the
present study, shear force was significantly lower in 5C storage samples
than OC sample in all muscle samples, and strip loin had lower shear
force compared with other muscle samples. The significant interaction
between extension and temperature for shear force indicated that muscle
extension for a short period of time early postmortem affected meat tender-
ness. Extended muscles had lower shear forces when aged at the low tem-
perature than when aged at the high temperature (Bruce and Ball 1990).
Thus, meat tenderness of Hanwoo should be higher in 5SC storage samples
than OC storage samples.
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MFI

MEFI result is presented in Table 6. MFI significantly increased with
storage periods in all muscle samples, and approximately seven- to 10-folds
higher MFI showed in all muscle samples after 35 days of storage. MFI was
significantly higher in 5C storage sample compared with OC storage sample in
all muscle samples. Especially, MFI was higher in strip loin sample when
stored at 5C. Higher storage temperatures accelerated myofibril fragmentation
(Olson et al. 1976). Moeller et al. (1976) also suggested that higher tempera-
ture and lower pH may disrupt the lysosome, thus releasing cathepsins. Thus,
high temperature condition marginally improved tenderness of meat (Whipple
et al. 1990). Koohmaraie et al. (1987) reported that tenderness often is related
to the amount of muscle fiber fragmentation, as indicated by MFI values. As a
result of this study, MFI value was higher in 5C storage samples compared
with OC in all muscle samples. Thus, tenderness of Hanwoo should be higher
in 5C storage samples in all muscle samples. MFI value was also a good
matched with shear force value.

TBARS

TBARS result is presented in Table 7. TBARS value steadily increased
with storage periods in all muscle samples. Storage samples at 5C were
significantly higher TBARS value than OC storage samples in all muscle
samples. Inside round was significantly lower TBARS compared with loin
and strip loin samples. Lipid oxidation is a leading cause of quality dete-
rioration in meat and meat products. Because the oxidation greatly reduces
consumer acceptability because of associated rancid flavors (Cross et al.
1987). In this study, lower TBARS values were found in OC storage samples
in all muscle samples. Thus, lower temperature would be better from the
point of view of meat deterioration because lower temperature can reduce
lipid oxidation during storage. The relationship between oxidation of lipids
and myoglobin is of considerable interest in fresh meat because it relates
development of rancidity to meat discoloration during storage. Berruga et al.
(2005) suggested that lipid oxidation promotes oxymyoglobin oxidation, it is
indicated that myoglobins are able to initiate lipid oxidation. In this study,
redness (a*) was significantly higher in 5C storage samples than OC storage
samples in all muscle samples. This finding indicates that lipid oxidation
levels are less influenced redness because TBARS value was higher in 5C
storage samples in this study. It may be, because all muscle samples were
fresh until 35 days of storage, and vacuum condition also influenced meat
color and TBARS.
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Sensory Evaluation

Sensory evaluation result is presented in Table 8. Most sensory evaluation
items were higher at 21 and 28 days of storage in the strip loin and inside round
samples regardless of storage temperature. However, sensory scores of loin
samples did not much change during the storage periods when storage was at
0C. Color was not much different between OC and 5C storage samples in all
muscle samples although instrumental meat color was significantly different
among the samples. In sensory evaluation, we found that meat color may not
be influenced much with storage periods and storage temperature in all
Hanwoo muscles until 35 days of storage periods. It may be, because muscle
samples should be fresh until 35 days of storage under the vacuum condition.
Overall acceptability was significantly higher at 14 or 21 days of storage in all
muscle samples, and 5C storage samples showed higher overall acceptability
compared with OC storage samples in all muscle samples. Thus, optimal days
of consumption of Hanwoo may be at 14 to 21 days of storage in 5C storage
samples regardless of muscle samples. Different muscles in different part of an
animal have different ratio of muscle fibers, connective tissues and fats. There-
fore, sensory scores also differed between muscle samples. In the present
study, significantly higher overall acceptability was seen in loins compared
with strip loin and inside round sample. Thus, Hanwoo meat quality should be
higher in loin sample than strip loin and inside round samples.

CONCLUSION

As result of this study, we assume that the meat qualities of Hanwoo were
much higher in 5C storage sample compared with OC samples in all muscle
samples until 35 days of storage regardless of spoil. When sensory score
among the muscle samples were compared, loin sample showed higher
sensory score than strip loin and inside round samples. However, it does not
mean that these results may be a good match in all Hanwoo muscles and meat
grades. Thus, more research is needed to determine the effects of storage
condition on quality of different muscle types of Hanwoo.
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