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Abstract

In this study, we evaluated the physicochemical and sensorial properties of frozen Hanwoo beef patties prepared from pre-
rigor and post-rigor muscle with soybean sauce or sodium chloride. The pH of the soybean sauce treatments was lower than
the sodium chloride treatments (p<0.05); however, the Hanwoo patty prepared from pre-rigor muscle with soybean sauce
had a lower cooking loss and smaller diameter than the Hanwoo patty prepared under the same conditions from post-rigor
muscle (p<0.05). The addition of the soybean sauce inhibited lipid oxidation due to the antioxidative materials in soybean
sauce such as melanoidin. The hardness of patties prepared from pre-rigor treatment was lower relative to those prepared
from post-rigor muscle (p<0.05); however, there was no significant difference between springiness, cohesiveness, and
chewiness (p>0.05). In the sensory evaluation, patties prepared from pre-rigor muscle with soybean sauce had a signifi-
cantly high score in all traits (p<0.05); thus, pre-rigor muscle with soybean had the highest overall acceptability. Further-
more, the addition of soybean sauce to pre-rigor muscle produced similar effects as those observed for the addition of
sodium chloride in regards to psychochemical properties. Moreover, meat products produced from pre-rigor muscle will

have better antioxidative and sensorial properties.
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Introduction

Pre-rigor muscles, which are muscles immediately re-
moved from a post-slaughter carcass, were demonstrated
to have several economical advantages and superior pro-
cessing qualities in many countries. These benefits can be
summarized as follows: 1) The economical advantages
include a reduction in the need for refrigerator facilities
and/or frugality of labor and transport costs (Pisula and
Tyburcy, 1996), and 2) pre-rigor muscle have a higher
level of salt-soluble proteins, emulsifying capacity (Jones
et al., 1986), and water holding capacity (Bernthal et al.,
1989; Plimpton et al., 1991) due to the higher pH value
and ATP (adenosine tri-phosphate) concentration, all of
which are beneficial processing properties.

Unfortunately, these beneficial properties decrease with
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the elapsed time after the slaughter because pre-rigor
muscle will eventually convert to the post-rigor phase due
to biochemical reactions such as the formation of lactic
acid (by glycolysis in anaerobic condition) and depletion
of ATP (Hamm, 1977; Pisula and Tyburcy, 1996). Fur-
thermore, inappropriate or postponed processing of pre-
rigor muscle will result in the formation of meat with
substandard qualities due to cold-shortening, thaw rigor,
as well as normal rigor (Lawrie, 1998). Many researchers
have attempted to develop methods to maintain the bene-
ficial processing properties of pre-rigor muscle, espe-
cially in regards to retaining the tenderness and water
holding capacity. These techniques include the addition
of sodium chloride, phosphate, and/or glucose (Boles and
Swan, 1997; Young et al., 1988), calcium infusion (Rees
et al., 2002), electrical stimulation (Jeremiah et al., 1985;
Rashid et al., 1983), and curing condition (Choi et al.,
2009). Hamm (1981) reported that the addition of sodium
chloride (approximately 2-4% concentration) to pre-rigor
muscles inhibited actin and myosin (rigor mortis) from
combining and forming actomyosin. In addition, Young
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et al. (1988) demonstrated that both sugar and salt can
inhibit the pH from decreasing, which is caused by post-
mortem glycolysis.

Soybean sauce is a traditional fermented food used in
Korea, together with gochojang, doenjang (fermented
soybean paste), and chungkukjang, all of which contain a
high salt concentration. This soybean sauce contains salt
(approximately 15-20% of salt concentration), water (ap-
proximately 50-70%), peptides, isoflavon, free sugar, and
organic acids that are derived from the soybeans during
the fermentation period (Jeon e al., 2002; Kim et al.,
2002; Shim et al., 2008). In addition, the color properties
of the soybean sauce are influenced by melanoidins,
which are formed when carbonyl compounds and amino
compounds combine (maillard reaction). The melanoidins
in soybean sauce are important to the antioxidative prop-
erties of different types of food (Choi ef al., 1990). Moon
and Cheigh (1986) demonstrated that soybean sauce in
cooked beef plays an important role as an antioxidant. If
salt in soybean sauce (an aspect of meat product process-
ing) has a similar effect as the addition of sodium chlo-
ride, it may be possible to produce superior meat products
by adding soybean sauce to pre-rigor muscle.

Therefore, we investigated the physicochemical proper-
ties and quality characteristics of frozen Hanwoo patties
prepared from pre-rigor or post-rigor beef muscles with
soybean sauce or sodium chloride at identical salt con-
centration.

Materials and Methods

Patty preparation

Twelve Hanwoo cows (24 mon of age; live weights:
774.2 kg; slaughter weights: 470.0 kg) were slaughtered
at a local municipal slaughterhouse. After splitting and
bleeding, the carcasses were transferred to the cutting
room. Semimembranosus muscles (SM) were removed
immediately, and trimmed of visible fat and connective
tissue. SMs were placed in polyethylene bags and trans-
ported to the Meat Science laboratory at Konkuk Univer-
sity, Korea. SMs were initially ground through an 8 mm
plate (PM-100, Mainca, Spain) within 1 h post-mortem,
and then randomly assigned to either a two phase sample
of pre-rigor and post-rigor muscles. Half of the SM was
used immediately as material for pre-rigor treatments and
the other half meat was used after being stored in poly-
ethylene bags at 4°C for 48 h as material for post-rigor
treatments. Commercial soybean sauce (Fermented soy-
bean sauce, Sempio Foods Co., Korea) was purchased

from the local market. Soybean sauce showed pH 4.8 and
16% salt concentration. Soybean sauce solution and
sodium chloride solution, which were diluted with ice
water for adding same salt and water contents, were made
at 2% salt concentration and these solutions were added
into pre- and post-rigor ground Hanwoo muscles. All
samples were composed by 80% raw meat, 20% water,
and 2% total salt concentration (Table 1).

All samples were mixed by hand for 5 min, before the
patties were formed, the batches were held at 4°C for 12
h. The each sample were processed into 100+1 g patties
with 100 mm in diameter and 15 mm in thickness using
patty presses (Small round press, Spikomat Ltd., UK),
and the samples were packaged with Nylon/PE film, and
stored at -20°C for 3 mon.

Thawing and cooking methods

The frozen Hanwoo patties were thawed in the 4°C
refrigerator until the core temperature of patties were
reached at 4+1°C. All thawed patties were cooked on a
electric grill (CG20, Hobart, USA) at a grill surface tem-
perature of 150°C. The patties were cooked for 3 min on
one side and for 3 min on the opposite side, and thereafter
flipped over every 2 min until the targeted core tempera-
ture reached at 71°C. All temperature changes were mon-
itored with a digital thermometer (Tes-1305, Tes Electrical
Corp., Taiwan) equipped with a data logger (RS-232, Tes
Electrical Corp., Taiwan) by inserting an iron constantan
thermocouple. The cooked patties were cooled down to
4°C, and then analyzed rapidly.

pH
The pH sample was determined with a pH meter (Model
340, Mettler-Toledo GmbH, Switzerland). The pH values

Table 1. Formulation of Hanwoo patties

Soybean sauce  Sodium chloride

Ingredient (%) Pre- Post- Pre- Post-
rigor rigor rigor rigor

Pre-rigor Hanwoo muscle 80 - 80 -
Post-rigor Hanwoo muscle - 80 - 80
Soybean sauce solution" 20 20 - -
Sodium chloride solution - - 20 20
Total 100 100 100 100

Total salt concentration 2.0 2.0 2.0 2.0

All values are mean+SD.
DSoybean sauce solution: liquid soybean sauce diluted by ice
water
ACMeans in the same row with different letters are significantly
different (p<0.05).
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of raw and cooked Hanwoo patties were measured by
blending a 5 g sample with 20 mL distilled water for 60 s
in a homogenizer (Ultra-Turrax SK15, Janke & Kunkel,
Germany).

Instrumental color evaluations

The instrumental color analysis of raw and cooked
Hanwoo patties was conducted. Color measurements were
taken with colorimeter (Chroma meter CR-210, Minolta,
Japan; illuminate C, calibrated with white standard plate
CIE L'=97.83, CIE a'=-0.43, CIE b"=+1.98), consisted
of an 8 mm diameter measuring area and a 50 mm diam-
eter illumination area. Color values (CIE L, a*, and b")
were measured on the surface of samples and results were
taken in triplicate for each sample.

Cooking rate

The initial core temperature of the patties was mea-
sured, and the patties were cooked the final core temper-
ature reached at 71°C. Also, the average cooking times of
the patties were measured. The cooking rates were calcu-
lated using the following expression.

Cooking rate (°C/min)

= (final core temperature (°C)
— initial core temperature (°C))
/cooking time (min)

Cooking loss

All patties were weighted before cooking, and were
cooked until the core temperature reached at 71°C. After
cooling at room temperature for 1 h, cooked Hanwoo pat-
ties were weighed and a percentage cooking loss was cal-
culated from the weights.

Cooking loss (%)
= ((weight of patty before cooking (g)
— weight of after cooking (g))
/weight of patty before cooking (g)) x 100

Reduction in diameter

To measure the diameter of the same locations before
and after a cooking, two points per patty were marked.
After each patty was cooked, it was cooled down at
room temperature. The diameter of the raw and cooked
patties was recorded using Vernier calipers (530-122,
Mitutoyo, Japan) and calculated using the following
expression.

Reduction in diameter (%)

= ((diameter of raw patty (cm)
— diameter of cooked patty (cm))
/diameter of raw patty (cm)) x 100

2-Thiobarbituric acid (TBA) values

Lipid oxidation was assessed in triplicate by the 2-
thiobarbituric acid (TBA) method of Tarladgis et al.
(1960) with minor modifications. A 10 g sample was
blended with 50 mL distilled water for 2 min and then
transferred to a distillation tube. The cup used for blend-
ing was washed with an additional 47.5 mL of distilled
water, which was added to the same distillation flask with
2.5 mL 4 N HCI and a few drops of an antifoam agent,
silicone o/w (KMK-73, Shin-Etsu Silicone Co., Ltd.,
Korea). The mixture was distilled and 50 mL distillate
was collected. 5 mL of 0.02 M 2-thiobarbituric acid in
90% acetic acid (TBA reagent) was added to a vial con-
taining 5 mL of the distillate and mixed well. The vials
were capped and heated in a boiling water bath for 30
min to develop the chromogen and cooled to room tem-
perature. The absorbance was measured at 538 nm,
against a blank prepared with 5 mL distilled water and 5
mL TBA-reagent, using a UV/VIS spectrophotometer
(Optizen 2120 UV plus, Mecasys Co. Ltd., Korea). Thio-
barbituric acid-reactive substances (TBARS) were calcu-
lated from a standard curve (8-50 nmol) of malondialde-
hyde (MDA), freshly prepared by acidification of TEP
(1,1,3,3-tetraecthoxy propane, Sigma, UK). The TBA lev-
els were calculated as mg MDA/kg meat.

Texture profile analysis (TPA)

The profile analysis was performed in duplicate on
each Hanwoo patty. Samples were cooked as previously
described (electrical grill cooking method). The cooked
Hanwoo patties were cooled to at room temperature for 1
h to determine texture properties. The textural properties
of each patty were measured by a 0.25 @ spherical probe,
set attached to a Texture Analyzer (TA-XT2i, Stable Micro
System Ltd., UK). The test conditions were as follow :
stroke, 20 g; test speed, 2.0 mm/s; distance, 10.0 mm.
Data were collected and analyzed from the hardness (kg),
springiness, cohesiveness, gumminess (kg), and chewi-
ness (kg) values.

Sensory evaluations

The cooked Hanwoo patties were evaluated for color,
flavor, juiciness, tenderness, and overall acceptability.
The cooked Hanwoo patties as previously described were
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cooled to room temperature at 25+1°C and cut and served
to the panelists in random order. The sensory evaluations
were performed by the panelists under fluorescence light-
ing. Panelists were instructed to cleanse their palates
between samples using water. The color, flavor, and over-
all acceptability (1 = extremely undesirable, 10 = extremely
desirable), tenderness (1 = extremely tough, 10 = extremely
tender), juiciness (1 = extremely dry, 10 = extremely juicy)
of the cooked samples were evaluated using a 10-point
descriptive scale. The panel consisted of 10 members
from the department of food sciences and biotechnology
of animal resources at Konkuk University in Korea.

Statistical analysis

An analysis of variance were performed on all the vari-
ables measured using the General Linear Model (GLM)
procedure of the SAS statistical package (SAS Institute,
Inc., 1999). Duncan’s multiple range test (p<0.05) was
used to determine differences between treatment means.

Results and Discussion

pH and color

Table 2 presents the pH value and color of raw and
cooked Hanwoo patties prepared from pre-rigor or post-
rigor muscles with soy sauce or sodium chloride. The pH
values of raw meats were 6.67 (pre-rigor muscle) and
5.82 (post-rigor muscle), respectively. The pH values for
all treatments decreased after the addition of soybean
sauce and sodium chloride; however, owing to the low
pH values of the soybean sauce, the soybean sauce treat-
ment had a lower pH than sodium chloride treatment
(p<0.05). After cooking, the pH values under all treatments
increased, which closely mirrored the results observed for
the raw meat. Generally, pre-rigor muscle has been shown

to have a higher pH value compared with that of post-
rigor muscle and this result was observed for all samples
examined in this study (p<0.05). In our study, the soy-
bean sauce as well as sodium chloride resulted in a
decrease in the pH value. Torres et al. (1988) reported
that the addition of sodium chloride to pre-rigor muscle
decreased the pH value. In the addition of soybean sauce,
it had a lower pH value (4.80), Jeon et al. (2002) reported
that the low pH value of the soybean sauce was caused by
the proliferation of lactic acid bacteria during the fermen-
tation period.

Generally, the color of slaughtered muscle changes
from dark red to bright red due to the oxidation of myo-
globin to oxymyoglobin on the surface of the muscle
(Seideman, 1987). For the CIE L" values (lightness), we
found that the type of salts and muscle rigor states did not
affect the color of the raw meat at all treatment conditions
(p>0.05); however, after cooking, the patties prepared
from pre-rigor muscle with sodium chloride had a signif-
icantly higher lightness (p<0.05). In this study, patties
prepared from pre-rigor muscle with sodium chloride had
the highest CIE a" value (redness) in both the raw and
cooked states. In the CIE b values (yellowness) of cooked
samples, the patties prepared from pre-rigor muscle with
sodium chloride had the highest values among the all
samples (p<0.05). Farouk and Swan (1997) reported that
lipid oxidation associated with protein denaturation influ-
enced the lightness, Farouk and Swan (1998) also re-
ported that changes in ionic strength due to the addition
of salts did not influence the redness value of meat. How-
ever, in this study, significant differences between the
addition of soybean sauce and sodium chloride were
expected due to the unique color properties of soybean
sauce. Andersen et al. (1990) reported that the addition of
1.0% sodium chloride to minced meat tended to increase

Table 2. The pH and instrumental color values of the raw or cooked Hanwoo patties prepared from pre- and post-rigor muscles

with soybean sauce or sodium chloride

Soybean sauce

Sodium chloride

Type Traits -
Pre-rigor Post-rigor Pre-rigor Post-rigor
pH 5.96+0.028 5.62+0.02° 6.02+0.02* 5.68+0.03¢
Raw CIEL’ 40.26+1.18 39.76+2.84 42.214+0.93 41.86+1.33
CIEa’ 5.57+0.438 5.5440.858 7.86+0.66* 6.96+0.40"B
CIEb’ 4.07+0.428 4.31+0.738 4.23+0.298 5.29+0.554
pH 6.19+0.02°8 5.89+0.03° 6.32+0.02* 5.94+0.03¢
CIEL' 45.45+0.27¢ 44.27+0.42° 47.88+0.51* 46.63+0.34%
Cooked . c b A B
CIE a 4.31+0.22 4.05+0.08 5.15+0.19 4.72+0.11
CIEb' 4.82+0.37* 4.1240.308 5.01£0.424 4.90+0.14"

All values are meantSD.

APMeans in the same row with different letters are significantly different (p<0.05).
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discoloration. In our study, the addition of soybean sauce
also did not affect the color stability of pre-rigor Hanwoo
muscle.

Cooking rate, cooking loss, and reduction in diam-

eter

Cross et al. (1979) reported that freezing pre-rigor mus-
cle could potential produce thaw rigor; therefore, to pre-
vent thaw rigor, all pre-rigor treatments had holding time
of 12 h before freezing. The cooking rate, cooking loss,
and reduction in diameter of frozen Hanwoo patties are
shown in Table 3. There were no significant differences
in cooking rates according to the rigor states for both soy-
bean sauce and sodium chloride treatment (p>0.05). The
cooking rates for sodium chloride treatments were higher
than soybean sauce treatments (p<0.05). In contrast to
these results, Berry et al. (1999) previously reported that
hot-boned ground beef had a longer cooking time than
chilled ground beef. The reason for these differences in
cooking time may have been because of differences in
cooking methods and handling of pre-rigor muscle. Cook-
ing loss and reduction in diameter of frozen Hanwoo
patty prepared from pre-rigor muscle with sodium chlo-
ride were the lowest among all the samples, and all sam-
ples prepared pre-rigor muscle had a lower cooking loss
and reduction in diameter than those prepared with post-
rigor muscle (p<0.05). Cooking loss is affected by the
water holding capacity and extractable protein of raw
meat (Plimpton et al., 1991; Trout, 1988). Bernthal et al.
(1989) reported that ground beef muscle had a high water
holding capacity and extractable protein content in the
initial phase of post-mortem (pre-rigor state), In addition,
Cross et al. (1979) noted that hot-boned ground beef had
a lower cooking loss and change in diameter due to a
lower water loss during cooking. For these reasons, Silva
et al. (1993) suggested that the high water binding capac-
ity of pre-rigor muscle resulted from a high pH and ATP
content. Thus, differences in pH values between the pre-
rigor and the post-rigor muscle could lead to the disparity

in cooking shrinkage (Shin et al., 1999). As a result of the
superior processing qualities of pre-rigor muscle, all sam-
ples prepared with pre-rigor muscle had a lower cooking
loss. Jacobs and Sebranek (1980) reported similar results
on frozen ground beef patties. Generally, the addition of
salt leads to an increase in the water holding capacity and
cooking yield due to an increase in the ionic strength
(Lamkey et al., 1986). Meanwhile, in pre-rigor muscle,
we found that samples prepared with pre-rigor muscle
and soybean sauce had a higher cooking loss than sam-
ples prepared with post-rigor and sodium chloride. A
potential reason for this result was that the soybean sauce
contains other chemical entities such as amino acids and
minerals (Choi et al., 2000). These additional compounds
may have negatively influenced the effect of adding salt,
even if soybean treatment contained the same salt con-
centration compared with the sodium chloride treatment.
Therefore, the salting effects of soybean sauce on pre-
rigor were slightly lower than the addition of only sodium
chloride.

TBA values

The TBA values of cooked Hanwoo patties prepared
from pre-rigor or post-rigor muscles and soybean sauce
or sodium chloride are shown in Fig. 1. Patties prepared
from pre-rigor muscle had significantly lower TBA val-
ues than those prepared from post-rigor muscle (p<0.05).
In addition, patties prepared from pre-rigor muscle and
soybean sauce had the lowest TBA values. Generally,
post-mortem muscle undergoes lipid oxidation. Drerup et
al. (1981) reported that the TBA wvalues of pre-rigor
ground muscle were lower than those of post-rigor mus-
cle. Our results are in agreement with these previous find-
ings. Many other studies have reported that sodium
chloride affected lipid oxidation due to the release of iron
ions from heme pigments (Buckley et al., 1989; Lee et
al., 1997). Meanwhile, Moon and Cheigh (1986) reported
that the addition of soybean sauce had an obvious antiox-
idative effect on the lipid oxidation of beef meat, and

Table 3. Cooking rate, cooking loss, and reduction in diameter of the cooked Hanwoo patties prepared from pre- and post-rigor

muscles with soybean sauce or sodium chloride

Soybean sauce

Sodium chloride

Traits
Pre-rigor Post-rigor Pre-rigor Post-rigor
Cooking rate (°C/min) 7.75+0.788 7.79+0.338 8.73+0.40% 8.82+0.49"
Cooking loss (%) 17.47+0.738 31.85+0.79* 13.8120.74¢ 32.23+1.88*
Reduction in diameter (%) 16.81+0.66" 21.30+0.98* 14.65+0.74¢ 22.48+1.20%

All values are mean+SD.

*CMeans in the same row with different letters are significantly different (p<0.05).
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TBA values (mg MDA/meat kg)

Soybean sauce Sodium chloride

Treatments

I B Prerigor OPost-rigor |

Fig. 1. The effect of soybean sauce and sodium chloride on
TBA (2-thiobarbituric acid) values of the cooked Han-
woo patties prepared from pre- and post-rigor mus-
cles with soybean sauce or sodium chloride. “"Means
in the samples with different letters are significantly dif-
ferent (»p<0.05).

Jeon et al. (2002) indicated that the antioxidative proper-
ties of soybean sauce was related to melanoidin, which is
formed by the maillard reaction. In this study, the reason
for the lower TBA values in the soybean sauce treatments
was most likely due to the presence of antioxidative com-
pounds in the adding soybean sauce such as melanoidin,
even at increased salt concentrations.

Texture properties

Table 4 compares the textures properties of cooked
Hanwoo patties prepared from pre-rigor or post-rigor mus-
cles and soybean sauce or sodium chloride. The hardness
of patties prepared from post-rigor muscle was higher
than those prepared from pre-rigor muscle and there was
no significant difference between the addition of soybean
sauce and sodium chloride (p>0.05). Pisula and Tyburcy
(1996) reported that there were no differences in the bind-
ing properties of restructured beef products prepared from

hot-boning or cold-boning meat. Similarly, in this study,
there were no significant differences of springiness, cohe-
siveness, and chewiness by the rigor state (p>0.05). In
contrast, the gumminess of patties prepared from pre-
rigor muscle and sodium chloride was the highest (p<
0.05). Thomas ef al. (2008) noted that sausage made from
hot-boned pork had a significant difference in textural
properties (hardness, gumminess, and chewiness) com-
pared with the sausage prepared from cold-boned pork
meat. The quality properties of pre-rigor muscle greatly
changes depending on the storage conditions and process-
ing methods, therefore, methods to maintain the pre-rigor
quality are required. The utilization of functional addi-
tives was previously shown not to improve the properties
of pre-rigor muscle (Pisula and Tyburcy, 1996). For the
addition of soybean sauce, the various additional com-
pounds in the soybean sauce also did not specially influ-
ence the textural properties of the Hanwoo patty due to
the decrease of ionic strength. Therefore, the effects of
adding soybean sauce to frozen Hanwoo patties prepared
from pre- or post-rigor muscle were generally similar to
the addition of sodium chloride in regards to the textural
properties excluding gumminess.

Sensory properties

The results of the sensory evaluation are shown in
Table 5. The Hanwoo patty prepared from pre-rigor mus-
cle and soybean sauce had the highest color and flavor
scores among all the samples (p<0.05). Under these con-
ditions, the pre-rigor muscle had a dark red color of,
which became brown after the addition of the soybean
sauce. Choi er al. (2000) reported that soybean sauce
could improve the flavor of meat products, which incre-
ased the sweetness (by a free sugar), sourness (by organic
acids), and savory flavor (by nitrogenous compounds) in
addition the saltiness, and thus the addition of soybean
sauce could contribute to increasing the overall flavor of
meat. All patties prepared using pre-rigor muscle had a

Table 4. Comparisons on texture properties of the cooked Hanwoo patties prepared from pre- and post-rigor muscles with soy-

bean sauce or sodium chloride

Soybean sauce

Sodium chloride

Traits
Pre-rigor Post-rigor Pre-rigor Post-rigor
Hardness (kg) 1.16+0.08" 1.39+0.06" 1.11£0.08" 1.30+0.11%4
Springiness 0.79+0.04 0.77+0.05 0.77+0.03 0.79+0.04
Cohesiveness 0.55+0.03 0.56+0.03 0.54+0.03 0.53+0.02
Gumminess (kg) 0.63+0.05"¢ 0.72+0.08"" 0.62+0.10¢ 0.75+0.10%
Chewiness (kg) 0.48+0.06 0.53+0.08 0.48+0.04 0.53+0.10

All values are mean+SD.

ACMeans in the same row with different letters are significantly different (p<0.05).
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Table S. Comparisons on sensory properties of the cooked Hanwoo patties prepared from pre- and post-rigor muscles with soy-

bean sauce or sodium chloride

Soybean sauce

Sodium chloride

Traits
Pre-rigor Post-rigor Pre-rigor Post-rigor
Color 8.40+0.224 7.90+0.238 7.80+0.178 7.80+0.278
Flavor 8.30+0.32% 8.10+0.27" 7.00+0.47¢ 7.60+0.265¢
Tenderness 8.10+0.18* 7.60+0.248 8.20+0.59" 7.70+0.148
Juiciness 8.20+0.234 7.52+0.28"% 8.30+0.274 7.55+0.368
Overall acceptability 8.50+0.214 7.85+0.34€ 8.10+0.138 7.85+0.23¢

All values are mean+SD.

ACMeans in the same row with different letters are significantly different (p<0.05).

higher tenderness, juiciness, and overall acceptability score
than those prepared using post-rigor muscle (p<0.05).
Hot-boned meat (pre-rigor muscle) was previously shown
to having excellent sensory properties excluding flavor,
especially in terms of tenderness and juiciness (Cross et
al., 1979; Jacobs and Sebranek, 1980).

Therefore, the addition of soybean sauce to the Hanwoo
patty prepared from pre-rigor muscle partially produced
the beneficial effects of adding salt while simultaneously
improving the sensory properties of the meat. The incre-
ase in cooking loss and reduction in diameter due to the
higher tenderness and juiciness was not an issue in the
sensory evaluation.
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