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ABSTRACT : The combined effects of low voltage electrical stimulation (ES) and early short-term temperature conditioning on meat 
quality of Hanwoo beef (Korean native cattle) during storage were investigated. Shear force was influenced by ES and aging. 
Combination of ES and the 30°C conditioning resulted in higher myofibril fragmentation index and improved lightness. There was no 
substantial difference in drip loss among treatments but ES samples showed higher cooking loss than control. Negative effect on shelf
life was not found by early short-term high temperature conditioning. Therefore, the meat quality of Korean native cattle was effectively 
improved by the combination of ES and the 30°C conditioning. (Asian-Aust J. Anint Scl 2001. Vbl 14, No. 12:1763-1768)
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INTRODUCTION

Extensive studies have been done to elucidate factors 
affecting meat tenderness during past 50 years. Although it 
is not conclusive, extent of proteolysis and rigor shortening 
have been suggested as major factors influencing change of 
meat tenderness during postmortem (PM) storage (Taylor et 
al., 1995; Ko아】maraie et al., 1996).

Meat quality is a complex concept because it is 
influenced by a multivariate system of physicochemical 
parameters. Meat quality affects appearance, mouthfeel, 
color and finally consumer preference. For the improvement 
of meat quality, electrical stimulation (Cross, 1979), 
temperature conditioning (Whipple et al., 1990), H-bone 
suspending (Hostetler et al., 1972), calcium activated 
tenderization (Koohmaraie et al., 1988), and hydrodyne 
process (Solomon et al., 1997) have been developed. 
Although lots of studies regarding PM processing 
conditions have been conducted, the most effective type of 
treatment and its' optimal conditions remain to be 
elucidated. Furthermore, the effects of treatments on each 
quality trait are still controversial and variations likely exist 
among breeds.

The characteristics of Korean native cattle (Hanwoo) 
were described in a previous study (Rhee et al., 2000). The 
combination of electrical stimulation (ES) and short-term 
temperature treatments was used to create variation in rigor 

development and short-term conditioning was chosen to 
reduce risk of microbial contamination by long-term 
temperature treatment. The objective of this study was to 
examine the combined effects of low voltage ES and early 
short-term temperature conditioning on meat quality of 
Hanwoo beef during storage.

MATERIALS AND METHODS

Reagents
Glutaraldehyde was obtained from Fischer Scientific Co. 

(Springfield, NJ, U.S.A.) and plate count agar was supplied 
by Difco Laboratories (Detroit, MI, U.S.A.). The rest of the 
chemicals used fbr this study were ACS grade and obtained 
from Sigma Chemical Co. (St Louis, MO, U.S.A.).

Animals and treatments
Twelve Hanwoo bulls, 24 to 26 month old were 

randomly assigned to two groups. Six were treated with low 
voltage electrical stimulation (50 V 60 Hz, 20 s, impulse 
duration of 200 jis: ES) immediately after bleeding within 
3 min of death while the other six were non-treated (NS).

Longissimus muscles from loin and rib section were 
removed within 30 min of slaughter and cut into three 
pieces. In order to avoid positional bias in tenderness, the 
pieces were assigned in equal numbers to one of three 
temperature conditioning in ES and NS. Each piece was 
temperature conditioned until 3 h PM at 2, 16 and 30°C, 
respectively. The samples were stored fbr 24 h at 2°C, cut 
into 2.5 cm steaks, and vacuum packaged. The steaks were 
randomly assigned to one of five times PM and were stored 
either 1, 2, 3, 7 or 14 d at 2°C. One steak was assigned to 
meat color, cooking loss and shear force, and one was 
assigned to the other analyses. At the end of each aging 
period, the following traits were measured.
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Shear force
Wamer-Bratzler shear force was determined using an 

Instron Universal Testing Machine (1011, Instron, Canton, 
MA, U.S.A.) equipped with a Wamer-Bratzler shearing 
device (cross-head speed of 100 mm/min). The steaks 
(150±10 g) were placed in a polyethylene bag and cooked 
in a 75°C waterbath (1901W, Vision Scientific Co., Puchon, 
Korea) until the internal temperature of the steak reached 
70°C. The cooked samples were chilled in running tap 
water for 40 min. Six cores (1.27 cm diameter) were 
removed from each steak parallel to the longitudinal 
orientation of muscle fibers.

Myofibril fragmentation index
Myofibril fragmentation index (MFI) was determined 

according to the procedures of Culler et al. (1978) with 
slight modifications. Four-gram minced muscle samples 
were homogenized for 30 s in 10 volumes (v/w) of 2°C 
isolating medium (100 mM KC1, 20 mM K-phosphate, 1 
mM EDTA, 1 mM MgCl2, 1 mM NaN3). The homogenates 
were centrifuged for 15 min at 1,000 x g at 2°C, and the 
pellet was resuspended in the same volume of isolating 
medium as before by using a stirring rod. After the 
centrifuge step was repeated, the pellet was resuspended in 
2.5 volumes (v/w) of isolating medium by vortexing, and 
the suspension was filtered through a polyethylene strainer 
to remove connective tissue and debris. The strainer was 
rinsed with 2.5 volumes of isolating medium, and the 
protein concentration of the final suspension was 
determined by using the biuret method (Gomall et al., 1949). 
The myofibril suspension was diluted with isolating 
medium to a protein concentration of 0.5±0.05 mg/ml and 
the determination was repeated. The diluted myofibril 
suspensions were then vortexed, and absorbance was 
measured at 540 nm with a spectrophotometer (Du-64, 
Beckman Instruments, San Ramon, CA, U.S.A.). The 
absorbance was multiplied by 200 to give a MFI value.

Sarcomere length
Three muscle cubes (3X3X3 cm) were removed from 

the medial, central, and lateral positions of steaks and fixed 
by the procedure of Howard and Judge (1968). Sarcomere 
length of fiber in each cube was measured by an eyepiece 
micrometer using a phase-contrast microscope (BH-2, 
Olympus Camera Co., Tokyo, Japan) at a magnification of 
1,000. Average of 10 measurements was expressed.

Water holding capacity (WHC)
Drip loss was determined by two different methods, 

Honikel (1987) and vacuum packaging. Cooking loss was 
calculated by weight difference of samples before and after 
cooking. The cooking and chilling was done as described in 
Wamer-Bratzler shear force.

Meat。이아*

Color of muscle (CIE L*, a*, b*, chroma, and hue) was 
measured after exposing surface to the air for 30 min at 2°C. 
A Minolta 사upmameter (CR-300, Minolta Camera Co., 
Osaka, Japan) was used for measurement and average of 
triplicate measurements was recorded.

2-Thiobarbituric acid value (TBA)
2-Thiobarbituric acid value was determined by the 

method of Witte et al. (1970) with slight modifications. 
Samples (10 g) were homogenized at 5,000 rpm for 1 min 
in the solution containing 20% trichloroacetic acid (25 mL) 
and distilled water (20 mL). The homogenate was filtered 
through Whatman #1 (Whatman Instrument Ltd., 
Maidstone, England) at 2°C and the equal volume of 0.02 
M thiobarbituric acid was added to the filtrate. The resultant 
was mixed and allowed to stay for 24 h at 22°C. The 
absorbance of sample at 532 nm was measured using 
spectrophotometer (Du-64, Beckman Instruments, San 
Ramon, CA, U.S.A.). TBA values were expressed as mg of 
malonaldehyde/kg of meat.

Total plate count
Samples were prepared according to the core sample 

technique of Bala et al, (1977) and total plate count was 
carried out in accordance with the standard plate count 
method of AOAC (1990).

Statistical analysis
Data were analyzed by mixed model analysis of 

variance with PROC MIXED of SAS (Inst. Inc., Cary, NC) 
for a completely randomized design, with a split-plot 
treatment arrangement. The whole-plot treatments were ES 
and NS. Subplot treatment was temperature conditioning 
and sub-, subplot treatment was day of storage. Means were 
separated using the probability option (PDIFF; a pair-wise 
t-test) of the least squares means procedures (SAS Inst, Inc., 
Cary,NC).

RESULTS AND DISCUSSION

Shear force, myofibrillar fragmentation index and 
sarcomere length

ES treated samples had lower shear force than those of 
NS at 1 (p<0.01), 2 and 7 d (p<0.05) PM, respectively 
(table 1). The lowered shear force consistently found in ES 
suggests that ES applied in this experiment improved 
tenderness. Simmons et al. (1997) and Koh et al. (1987) 
also reported that beef tenderness was increased by the 
application of low voltage ES. Significant difference was 
found in MFI only at 1 d (p<0.01) PM (table 2). Although 
substantial differences in MFI were not observed by ES 
except 1 d during storage, the combination of ES and the
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Table 1. Effects of electrical stimulation and aging time on 
shear force (kg) of M. longissimus
Postmortem 
time (day)

Shear for 
ES1

ce (kg) 
NS2

-Standard error

1 7.40av 9.27bv 0.28
2 7.89av 9.04bv 0.28
3 6.99 거w 7.91avw 0.33
7 5.63 은阪 6.81bwx 0.35

14 4.61 건* 5.21 宓 0.34
1 Electrical stimulation after bleeding.
2Non-electrical stimulation.
히1 Least-square means in the same row lacking a common 
superscript differ (p<0.05).
v,w,x Least-square means in the same column lacking a common 
superscript differ (p<0.05).
Means of standard error for each treatment were 0.43 and 0.46, 
respectively.

Table 3. Two-way interaction between electrical 
stimulation treatment and temperature conditioning on 
myofibril fragmentation index fbr whole aging times

Temperature 
conditioning -

Myofibril fragmentation 
index1 Standard error

ES2 NS3
2°C4 59.27ab 66.0 lac 2.02

16°C5 61.24abc 57.15b
30°C6 66.87° 59.50ab

myofibril fragmentation index ofM. longissimus
Table 2. Effects of electrical stimulation and aging time on

Postmortem 
time (day)-

Myofibril fragmentation 
index1 Standard error

ES2 NS3
1 49.64av 44.44bv 1.58
2 49.96av 49.05avw 1.63
3 53.67av 58.00aw 1.98
7 72.59aw 71.42见 2.51

14 88.12见 83.08ay 3.38
1 Absorbance at 540 nm x 200.
고 Electrical stimulation after bleeding.
3 Non-electrical stimulation.
侦 Least-square means in the same row lacking a common 
superscript differ (p<0.05).
v.w.x.y Least-square means in the same column lacking a common 
superscript differ (p<0.05).
Means of standard error fbr each treatment were 3.50 and 2.91,
respectively.

30°C conditioning (ES-30°C) showed higher MFI than ES- 
2°C, NS-16°C and NS-30°C (table 3). As expected, shear 
force and MFI of longissimus decreased as storage time 
increased (tables 1 and 2). This tenderization continued 
through 14 d of aging but there was no significant 
difference in shear force between 7 and 14 d.

The mechanism of meat tenderization is highly 
complicated and various intricate factors are interacted each 
other. Olsson et al, (1994) reported that low voltage ES 
could not prevent cold-shortening when the meat was 
placed at low temperature during the rigor mortis. They 
suggested that shear force of longissimus dorsi was mainly 
affected by PM temperature.

Temperature conditioning during early PM influences 
glycolytic metabolism as reflected by a more rapid drop in 
pH (Koohmaraie et al., 1988). Tenderization is also closely 

1 Absorbance at 540 nm x 200.
고 Electrical stimulation after bleeding.
3 Non-electrical stimulation.
4 Storage at 2°C.
5 Temperature conditioning at 16°C until 3 h postmortem.
6 Temperature conditioning at 30°C until 3 h postmortem.
a*15’。Least-square means lacking a common superscript differ 

(p<0.05).

related to the pH of muscle during aging since calpains 
activity and autolysis is dependent upon pH of the system. 
Thus, Tomberg (1996) suggested that the extent of 
tenderization is decided by the net proteolysis from the 
calpain activity and inactivation of calpains, especially g- 
calpain. The previous report of Rhee and Kim (2000) 
demonstrated that lower pH and activated 卩-calpain and 
calpastatin were obtained by ES-30°C compared to other 
treatments. Therefore, faster glycolysis and improved 
enzyme activity of the samples resulted in fester proteolysis 
and increased tenderness during storage.

ES and temperature conditioning did not significantly 
vary in sarcomere length. This result indicated that 
significant cold-shortening had not occurred even in the 
2°C treatment (figure 1), and the improved tenderness 
might be occurred by activation of calpain system. This 
hypothesis was supported by faster degradation of nebulin, 
desmin, titin and troponin-T by ES-30°C (Rhee et al., 2000).

Water-holding capacity
There were no significant differences in drip loss 

measured by Honikel (1987) (data not shown) but 
significant difference were found in vacuum packaging 
between ES and NS at 3 d PM (table 4). Offer and Knight 
(1988) suggested that drip loss occurs by the migration of 
fluid from intracellular space to extracellular space and 
meat surface. This fluid migration was induced by the 
shrinkage of myofibrils. Therefore, this result suggests that 
substantial differences were not produced in terms of 
protein denaturation and structural damage that related to 
extent of myofibril shrinkage.

Application of ES showed higher cooking loss than NS 
at 1 (p<0.01) and 14 d (p<0.05), respectively (table 5). This 
result was consistent with Geesink et al. (1994) that 
cooking loss of ES was higher than that of NS at 2 and 14 d
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Table 4. Effects of electrical stimulation and aging time on 
drip loss (%) fbr vacuum package of M. longissimus

Postmortem 
time (day)

Drip loss (%)
Standard error

ES1 NS2

2 0.76av 0.73av 0.06
3 0.78" 0.99bv 0.06
7 1.45 叫 1.77aw 0.14

14 2.3‘严 2.55 어x 0.20
1 Electrical stimulation after bleeding.
2 Non-electrical stim니 ation.
시1 Least-square means in the same row lacking a common

superscript differ (p<0.05).
v,w,x Least-square means in the same column lacking a common

superscript differ (p<0.05).
Means of standard error for each treatment were 0.12 and 0.15, 
respectively.

Table 5. Effects of electrical stimulation and aging time on 
cooking loss (%) of M. longissimus
Postmortem Cooking loss (%) -Standard error
time (day) ES1 NS2

1 26.14av 23.19bv 0.43
2 26.43av 26.10avw 0.76
3 26.47av 25.94^ 0.42
7 27.78avw 27.07"“ 0.51

14 29.40aw 27.34bw 0.57
Electrical stimulation after bleeding.

2 Non-electrical stimulation.
Least-square means in the same row lacking a common 
superscript differ (p<0.05).

v,w Least-square means in the same column lacking a common 
superscript differ (p<0.05).

Means of standard error fbr each treatment were 0.73 and 0.76, 
respectively.

Table 6. Two-way interaction between electrical 
stimulation treatment and temperature conditioning on CIE 
L* of M. longissimus fbr whole aging times
Temperature 
conditioning

CIE L* 
ES1 NS2

一 Standard error

2°C3 33.35a 33.2V 0.24
16°C4 33.39a 33.19a
30°C5 34.50b 33.15a

1 Electrical stimulation after bleeding.
2 Non-electrical stimulation.
3 Storage at 2°C.
4 Temperature conditioning at 16°C until 3 h postmortem.
5 Temperature conditioning at 30°C until 3 h postmortem.
미1 Least-square means lacking a common superscript differ 

(p<0.05).

PM. Although the exact mechanisms fbr cooking loss is still 
uncertain, denaturation and solubilization of collagenous 
system by heating was postulated as a main factor (Purslow,
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Figure 1. Effect of temperature conditioning on sarcomere 
length (pm) of M. longissimus during postmortem time.

1989). The subtle structural changes that were not 
differentiated by the measurement of drip loss could be 
detected by cooking loss since heating provide much higher 
driving force to cause shrinkage of endomysium.

C 이 or
A significant (p<0.05) interaction was found in 

lightness between ES and the temperature treatment 
(table 6). ES-30°C resulted in significantly brighter color 
compared with other treatments. The reason fbr this result 
might be related to the accelerated metabolic rate. The 
chance fbr denaturation of myofibrillar proteins could be 
increased by hastened glycolysis and higher denaturation of 
myoglobin by low pH and high temperature might result in 
lighter appearance. However, there was no critical 
difference in other color characteristics during storage (data 
not shown).

2-Thiobarbituric acid value and total plate count
Temperature conditioning resulted significant 

differences in TBA value until 3 d PM (p<0.05; figure 2). 
Although the 30°C treatment showed higher TBA value 
than that of 2°C treatment, the differences disappeared after 
3 d PM storage.

Brewer et al. (1992) reported that rancid flavor for 
inedible meat was not detected when TBA value was above 
4.0 mg MA/kg in beef. The highest TBA value in this study 
was less than 1.45 at 14 d suggesting it was below the 
sensory threshold fbr recognizing rancidity.
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2°C: Storage at 2°C.
16°C: Temp, conditioning at 16°C until 3 h postmortem. 
30°C: Temp, conditioning at 30°C until 3 h postmortem. 
Figure 2. Effect of temperature conditioning on 2- 
thiobarbituric acid value of M, longissimus during storage.

There was no difference in total plate count by 
temperature treatments and the total plate count in 30°C 
treatment was less than 4.0 x 104 at 14 d storage (figure 3). 
These results suggest that the application of short-term 
temperature treatment used in this study (about 2 h 15 min) 
did not produce any undesirable effect on flavor and 
microbiological safety of the meat.

As it was considered with our previous results of protein 
degradation (Rhee et aL, 2000) and changes in glycolysis 
and calpains (Rhee and Kim, 2001), ES*30°C for 3 h PM 
was the best treatment to improve the meat quality. ES・ 
30°C caused faster degradation of calpain substrates 
including nebulin, desmin, titin and troponin-T (Rhee et al., 
2000), and lower shear force, which resulted in shortening 
of aging period by more than 7 d. Although ES resulted in 
the increased cooking loss, it improved lightness and meat 
tenderness. Furthermore, early short-term temperature 
treatment did not produce a negative effect on rancidity and 
total plate count. Thus, it is suggested that meat quality was 
affected more by metabolic rate like pH decline, ATP and 
glycogen depletion than by any other factor.

CONCLUSIONS

ES and aging were effective on shear force but MFI and 
meat color were further improved by the combination of ES 
and 30°C conditioning. Therefore, Electrical stimulation 
combined with 30°C conditioning was optimal to improve 
meat quality of Hanwoo (Korean native cattle).

ACKNOWLEDGEMENTS

This work was supported by KOSEF grant program #

2°C: Storage at2°C.
16°C: Temp, conditioning at 16°C until 3 h postmortem.
30°C: Temp, conditioning at 30°C until 3 h postmortem.
Figure 3. Effect of temperature conditioning on total plate 
count of M. longissimus during storage

951-0609-043-2.

REFERENCES

AO AC. 1990. Official Methods of Analysis. 15th edn. Association 
of Official Analytical Chemists, Arlington, VA.

Bala, K., W. C. Stringer and H. D. Naumann. 1977. Effect of spray 
sanitation treatment and gaseous atmospheres on the stability 
of repackaged fresh beef. J. Food Sci. 42:743-746.

Brewer, M. S., W. G. Ikins and C. A. Z. Harbers. 1992. TBA 
values, sensory characteristics and volatiles in ground pork 
during long-term frozen storage: Effects of packaging. J. Food 
Sci. 57:558-563.

Cross, H. R. 1979. Effects of electrical stimulation of meat tissue 
and muscle properties. J. Food Sci. 44:509-514.

Culler, R. D., F. C. Parrish, G. C. Smith and H. R. Cross, 1978. 
Relationship of myofbrill fragmentation index to palatability 
and carcass attributes. J. Food Sci. 43:1177-1180.

Geesink, G. H., R. L. J. M. Laack, V. M. H. Barnier and F. J. M. 
Smulders. 1994. Does electrical stimulation affect the speed of 
ageing or response? Sci. Aliments 14:409-422.

Gomall, A. G., C. J. Bardawill and M. M. David. 1949. 
Determination of serum proteins by means of the Biuret 
reaction. J. Biol. Chem. 177:751-766.

Honikel, K. O. 1987. Wasserbindungsvermogen von fleisch. 
Fleischwirtwsch 67:418-421.

Hostetler, R. L., B. A. Link, W. A. Landmann and Jr. H. A. 
Fitzhugh. 1972. Effect of carcass suspension on sarcomere 
length and shear force of some major bovine muscles. J. Food 
Sci. 37:132-138.

Howard, R. D. and M. D. Judge. 1968. Comparison of sarcomere 
length to other predictors of beef tenderness. J. Food Sci. 
33:456-461.

Koh, K. C., T. D. Binder, K. W. McMillan and G. M. Hill. 1987. 
Effects of electrical stimulation and temperature on beef 
quality and tenderness. Meat Sci. 21:189-194.

Koohmaraie, M., A. S. Barbiker, A. L. Schroeder, R. A. Merkel 



1768 KIM ETAL.

and T. R. Dutson. 1988. Acceleration of postmortem 
tenderization in ovine carcasses through activation of Ca- 
dependent proteases. J. Food Sci. 53:1638-1641.

Koohmaraie, M., S. D. Schakelford and T. L. Wheeler. 1996. Meat 
toughening does not occur when rigor shortening is prevented. 
J. Anim. Sci. 74:2935-2942.

Offer, G. and P. Knight. 1988. The structural basis of water
holding in meat. General principles and water uptake in meat 
processing. In: Developments in Meat Science-4 (Ed. R. A. 
Lawrie). Elsevier Applied Science, London, p. 63.

Olsson, U., C. Hertzman and E. Tomberg. 1994. The influence of 
low temperature, type of muscle and electrical stimulation on 
the course of rigor mortis, ageing and tenderness of beef 
muscles. Meat Sci. 37:115-131.

Purslow, P. P. 1989. Strain-induced reorientation of an 
intramuscular connective tissue network: implications for 
passive muscle elasticity. J. Biomech. 22:21-31.

Rhee, M. S. and B. C. Kim. 2001. Effect of low voltage electrical 
stimulation and temperature conditioning on postmortem 
changes in glycolysis and cal pains activities of Korean native 
cattle (Hanwoo). Meat Sci. 58:231-237.

Rhee, M. S., Y. C. Ryu, J. Y. Imm and B. C. Kim. 2000. 
Combination of low voltage electrical stimulation and early 

postmortem temperature conditioning on degradation of 
myofibrillar proteins in Korean native cattle (Hanwoo). Meat 
Sci. 55:391-396.

Simmons, N. J., K. V. Gilbert and J. M. Caimey. 1997. The effect 
of low voltage stimulation on pH fall and meat tenderness in 
lambs. In Proceedings 43rd international congress of meat 
science and technology, Auckland, New Zealand, pp. 610-611.

Solomon, M. B., J. B. Long and J. S. Eastridge. 1997. The 
hydrodyne: A new process to improve beef tenderness. J. 
Anim. Sci. 75:1534-1537.

Taylor, R. G., G. H. Geesink, V. F. Thomson, M. Koohmaraie and 
D. E. Goll. 1995. Is Z-disk degradation responsible for 
postmortem tenderization? J. Anim. Sci. 73:1351-1367.

Tomberg, E. 1996. Biophysical aspects of meat tenderness. Meat 
Sci. 43(S):S175-S191.

Whipple, G., M. Koohmaraie, M. E. Dikeman and J. D. Crouse. 
1990. Effects of high-temperature conditioning on enzymatic 
activity and tenderness of Bos indicus longissimus muscle. J. 
Anim. Sci. 68:3654-3662.

Witte, V. C., G. F. Krause and M. E. Bailey. 1970. A new 
extraction method for determining 2-thiobarbituric acid values 
of pork and beef during storage. J. Food Sci. 35:582-585.


