1\-\& Asl,.hN-AI.ISTRA usﬂp’

q A

7.
t’4
Tion N
OF ANmaL proDUST

1895

Asian-Aust. J. Anim. Sci.
Vol. 20, No. 12 : 1895 - 1900
December 2007

www.ajas.info

Quality of Duck Breast and Leg Meat after Chilling Carcasses in
Water at 0, 10 or 20°C

Md. Shawkat Ali, Han-Sul Yang, Jin-Yeon Jeong, Sang-Hun Moon, Young-Hwa Hwang
Gu-Boo Park and Seon-Tea Joo*
Division of Applied Life Science. Graduate School. Gyveongsang National University
Jinju, Gyeongnam 660-701, Korea

ABSTRACT : An experiment was carried out to mvestigate the effects of different chilling temperature on duck breast and leg meat
quality. Duck carcasses were chilled for 30 minutes in water at either 0°C, 10°C or 20°C within 20 minutes of posr moriem with 6
carcasses per group. Results showed no sigiificant effects of chilling temperature on ultimate pH, protein solubility, sarcomere length
and shear force value for duck breast or leg meat (p=0.03). Leg meat had higher ultimate pH. redness and shear force value, lower
cooking loss, lightness, vellowness and protein solubility values than breast meat. The interaction of meat tvpe and chilling temperature
on cooking loss was significant (p<0.05). I'he effect of chilling temperature on cooking loss was more severe in leg meat than breast
meat and 20°C ¢hillmg resulted in significantly higher cooking losses than the other chilling temperatures. Results of this experiment
revealed that duck carcass can be chilled at 10°C without any harmful effect on meat quality mcluding toughness of meat. (Key Words :

Duck, Breast, Leg and Clulling Methods)

INTRODUCTION

Duck is still very popular in many areas of the world.
especially in Asia. However. duck meat has received little
attention by researchers compared to other poultry. More
recentlv. duck cuts such as breast and legs have become
more available. which offers more options for diet
conscious consumers. Normally. the duck slanghtering
procedure is like that for chickens. although duck muscle
has more red muscle fibers compared to chicken (Smith et
al., 1993). Muscle types vary in their potential to cold
shorter, with red being more susceptible than white
(Bendall. 1973). For beef and lamb, emploving chilling
parameters that minimize cold shortening is of the greatest
importance and can be best addressed by ensuring muscle
temperatures are not below 10°C before pH reaches 6.2. By
comparison in pork, because of the effects of high muscle
temperatures and low pH on the development of pale. soft
and exudative (PSE) pork. a more rapid chilling process is
needed to reduce PSE with the recommended internal
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muscle temperature of 10°C at 12 hand 2 to 4°C at 24 h
(Savell et al.. 2004). The relationship of cold shortening and
sarcomere length was first demonstrated clearly by Herring
et al. (1963) who showed the direct relationship of
sarcomere length to fiber diameter and toughness. Rigor
mortis in normal post mortent (PM) muscle develops at a
faster rate in red fibers than in white fiber muscles. but
chilling has a greater effect in slowing the rate of rigor
mortis development in red fibers compared with white
fibers (Sams and Janky. 1991).

Homkel et al. (1981) reported that when beef muscle
was exposed to temperatures above 25°C or below 4°C.
greater muscle shortening occurred and this was found to be
directly related to greater amounts of muscle drip loss. In
turkey thigh muscle. 0°C chilling resulted in greater drip
loss than chilling at 12°C. but the greatest drip losses were
observed at 30°C (Lesiak et al.. 1996). Again. these authors
stated that greater drip loss and lower homogenate cooking
vields were observed for turkey breast muscle held at 30°C
post-morten. whereas (0 and 12°C minimized water losses.

Therefore. the present study was undertaken to
investigate the effect of chilling temperature on duck breast
and leg meat toughness and other meat quality parameters.
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MATERIALS AND METHODS

Eighteen ducks (Chungdong ori. dnas platvrinnchos)
aged 48 davs were slaughtered in a processing plant
(Hadong, Korea) by a conventional neck cut and then
scalded and eviscerated on a convever belt. Duck carcasses
were harvested from the plant just before chilling at 20 min
post mortem. Six carcasses each were chilled for 30 minutes
in either ice water at 0°C. water at 10°C or water at 20°C.
After chilling. carcasses were placed in a plastic box with
ice and taken to the meat science laboratory of Gyveongsang
National University where they were stored in a cold
storage room at a temperature range of 2 to 4°C.

After 24 h breast and leg meat from 18 carcasses were
removed from the carcasses and pH. cooking loss. CIE*
color values. sarcomere length. shear force and protein
solubility were measured as described below.

pH measurement

Samples (3 g) were homogenized using a poly-tron
homogenizer (T25basic. KA. Malavsia) with distilled
water (27 ml) and pH then measured using a pH-meter
(MP230, Mettler Toledo. Swiss).

Cooking loss

Breast and leg meat samples were broiled to a water
bath temperature of 90°C for 30 min. surface dried and
weighed. The final internal temperature of breast meat was
around 73°C. Cooking loss was determined by expressing
cooked sample weight as a percentage of precooked
samples weight following the procedure of Yang et al
(2006).

Shear force

Shear force was measured using the Instron Universal
Testing Machine (Model 3343). From each cooked meat
sample. as close as practicable to a 5x30 mm
(approximately 2.0 cm®) cross section was cut for shear
force measurement. The meat samples were placed at right
angles to a plunger type blade. Crosshead speed was 100
mnymin and full scale load 50 kg. Ten samples were
measured from each muscle type for each chilling
temperature.

Color analysis

Immediately after deboning the surface color (CIE L*,
a*. b*) of duck breast and leg meat samples was measured
using a Minolta Chromameter (Minolta CR 301. Tokyvo,
Japan). Three random readings were taken from each meat
type.
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Sarcomere length

A sample of muscle (1-2 g) was placed in a vial with
solution A (0.1 M KCl, 0.39 M boric acid and 3 mM
ethylenediaminetetraacetic acid in 2.5% glutaraldehyde) for
2 h. The sample was transferred to a fresh vial containing
solution B (0.25 M KCL 0.29 M bori¢ acid and 5 mM
ethylenediaminetetraacetic acid in 2.5% glutaraldehyde) for
17-19 h. On the following day, individual fibers were teased
from the muscle bundle and placed on a microscope slide
with a drop of solution B. The slide was then placed
horizontally in the path of a vertically oriented laser beam
to give an array of diffraction bands on the screen that were
perpendicular to the long axis of the fibers as described by
Cross et al. (1981).

Sarcomere length (pm)
= ((632.8x10*xDxSQRT(T/D)"+1))/T)x 100

Where. D equals distance (mm) from the specimen-
holding device to the screen (D = 98 mm) and T equals the
separation (mum) between the zero and the first maximum
band.

Protein solubility

To determine the solubility of the sarcoplasmic and total
(sarcoplasmic+myofibrillar) proteins. tvo extractions were
conducted. Sarcoplasmic proteins were extracted with 10 ml
of ice-cold 0.025 M potassium phosphate buffer. pH 7.2
(Helander. 1961) which was added to each of the
quadruplicate muscle samples (1 g). The samples were cut
up with scissors. homogenized on ice with a Polytron
(T25basic. IKA. Malaysia) on the lowest setting (3x4
seconds burst to minimize protein denaturation through
heating). and then left on a shaker at 4°C overnight.
Samples were centrifuged at 1.500 g for 20 min and the
supernatant protein concentration was determined by the
biuret method (Gomall et al., 1949). Total protein was
extracted with 20 ml of ice-cold 1.1 M potassium iodide in
0.1 M phosphate buffer, pH 7.2 (Helander. 1961) which was
added to duplicate samples (1 g). The same procedures for
homogenization. shaking. centrifugation and protein
determination were used as described above. Myofibrillar
protein concentration was obtained by difference between
total protein and sarcoplasmic protein.

Statistical analysis

To test the temperature effect and meat type effect
simultaneously, the data were analvsed using a mixed
model. The model included the fixed effect of temperature.
meat type and their interaction and the random effect of
duck to account for the dependency of the measures from
the same duck. The analysis was carried out using SAS
MIXED procedure (SAS. 2002).
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Table 1. pH. cooking loss (%), sarcomere length (um) and shear force (ke/em?) of breast and leg meat of duck carcasses chilled at

different temperatures

Mzeat type (M) Chilling temperature (T)
Traits Lsmean Pooled SEM Lsmean Pooled SEM
Breast Leg 0°C 10°C 20°C ’
pH 3.95% 6.52% 0.03 6.26 6.24 6.20 0.05
Cooking loss! 35148 26.358 0.28 30.12% 28.75% 33.38% 0.27
Sarcomere length 1.83 1.97 0.03 1.89 1.95 1.90 0.08
Shear force 3168 3.49* 0.08 3.40 3.23 3.34 0.09

' Cooking loss had a significant mteraction (p=(.05) between meat type and chilling temperature. High chilling temperature in leg meat caused a severe

effect.
AB Lsmeans with different superscript are significantly different at p=0.03.

RESULTS AND DISCUSSION

pH of breast and leg meat

The chilling temperature did not affect the ultimate pH
of duck breast and leg meat. although meat types varied in
their ultimate pH values (Table 1). Absence of a significant
effect of chilling on ultimate pH may be due to the fact that
chilling affects pH mainly during the early post moriem
period (Long and Tament, 1990). The pH of leg meat was
significantly higher then breast meat. as shown by others
(Mazanowski et al.. 2003; Kisiel and Ksiazkiewicz, 2004).

Cooking loss

Results in Table 1 show that significant differences in
cooking loss were found for different chilling temperatures
and meat types (p<0.05). Again. the interaction of meat and
chilling temperature was also significant (p<(.03).
Although breast meat had a higher cooking loss than leg
meat. chilling temperature had a greater effect on leg meat
compared to breast meat and chilling at 20°C showed the
highest cooking loss for both meat tvpes. Significantly
higher cooking losses at 20°C may be related to the pH and
lightness of the two meats. although no significant
differences were found in ultimate pH for different chilling
methods. Petracci et al. (2004) determined that higher
lightness is associated with lower ultimate pH and poorer
water holding capacity in breast meat of broilers.

Alvarado and Sams (2004) found that cooking loss of
breast meat at 24 h post mortem was not affected when
broiler carcasses were chilled at 0. 10. 20 and 30°C for 45
min. However. our results which found significant
differences in cooking losses of meat chilled at 20°C may
be related to the muscle types of different species. Duck
breast meat is composed of 70 to 90% oxidative red fibers
(Tvpe IIA) (Baeza, 1993), whereas chicken breast meat is
almost entirely Type 1IB (white) (Smith and Flether. 1992).
In turkey thigh muscle. 0°C chilling resulted in greater drip
loss than chilling at 12°C. but the greatest drip losses were
observed at 30°C. Greater drip loss and lower homogenate
cooking vields were observed for turkey breast muscle held
at 30°C post mortem. whereas 0 and 12°C minimized water

losses (Lesiak et al.. 1996). These results indicate that
chilling affects leg meat more severely than breast meat in
different temperatures., which agrees with our results in
duck meat. However. the average cooking loss in this
experiment in duck breast meat was 35.14%, which was
similar to that found by Ali et al. (2007) who reported
34.5% cooking loss of duck breast 24 h post mortem.

Shear force and sarcomere length

The different chilling temperatures and meat types did
not affect the sarcomere length of meat samples (p>0.05).
As expected from these results. the shear force values did
not show significant differences for the three chilling
temperatures. However. significant differences were found
in shear force value between meat types and the shear force
value of leg meat was higher than breast meat (p<0.03).
This result revealed that shear force value of different meat
types did not relate only to sarcomere length. and might be
related to many factors like composition of meat. muscle
fiber type etc. However. Dunn et al. (2000) found a strong
negative correlation between shear force and sarcomere
length. emphasizing that sarcomere shortening was a major
contributor of toughness when carcasses were chilled at
-12°C and 0°C. Again in breast meat, no significant
differences were found in sarcomere length, although.
significant differences were found in shear force in another
experiment of Dunn et al. (1993) with chicken carcasses
chilled at 0°C for 23 h (A). 10°C for 10 h followed by 0°C
for 13 h (B) and 10°C for 23 h (C) and shear force value
was highest in C and lowest in A (p<0.001). They also
found a weak negative relationship between shear force and
sarcomere length. In our experiment. no significant
differences were found among meat samples at different
chilling temperatures in sarcomere length and shear force.
the higher sarcomere value and lower shear force value
which were found at 10°C in both breast and leg meat
samples indicates a negative correlation.

Homikel et al. (1981) reported that when beef muscle
was exposed to temperatures above 25°C. or below 4°C.
greater muscle shortening occurred and was found to be
directly related to greater amounts of muscle drip loss.
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Table 2. CIE* color (L*, a*, b*) values of breast and leg meat of duck carcasses chilled at different temperatures

Meat type (M) Chilling temperature (T
Traits Lsmean . Lsmean .
y— Toe Pooled SEM oc T0°C SoC Pooled SEM
Lightness 44.52% 42.77° 0.63 40.68% 43.68° 46.57° 0.93
Redness 12,508 15.12% 0.77 15354 13178 12.91° 0.69
Yellowness 6.30* 4398 0.36 3.62 4.32 6.10 0.89

AB Lsmeans with different superscript are significantly ditferent at p=0.05.

Table 3. Ditferent protein solubility (mg/g) values of breast and leg meat of duck carcasses chilled at different temperatures

Meat type (M) Chilling temperature (T)
Traits Lsmean Lsmean
Pooled SEM Pooled SEM
Breast Leg oot 0°C 10°C 20°C o0
Sarcoplasmic protein 70.61° 62.27° 1.37 64.90 69.63 64.77 1.98
My ofibrillar protein 113.72% 103.998 1.39 109.51 107.10 109.96 1.67
Total protein 184.32%4 166.26° 1.14 174.41 176.75 174.72 1.49

A Lameans with different superscript are significantly different at p=0.05.

Duck carcass is covered with thick skin and enough fat
lavers under the skin. therefore. might be responsible for
reducing the chilling effect at 0°C and 20°C on muscle
shortening. as fat thickness can play a significant role in the
reduction of cold shortening during the chilling process of
beef (Dolezal et al.. 1982) and lamb (Smith et al.. 1976).
Again, cold shortening was caused by water chilling
excised strips of chicken breast muscle at 0°C (Dunn et al..
1993a,b) but did not appear to occur in the breast muscles
of whole bird carcasses chilled under similar conditions
(Dunn et al., 19935). The explanation might be that muscles
in whole bird carcasses are restrained by their skeletal
attachment and are. therefore. effectively prevented from
excessive shortening. Furthermore, the whole bird carcasses
cool much more slowly in water than excised strips of
breast meat (Dunn et al.. 1993). However. in our experiment
the whole duck carcasses were chilled. which might protect
the carcasses from cold shortening in leg and breast meat.

Color value

The results of CIE* (L*. a* and b*) color values are
presented in Table 2. Significant differences for different
chilling temperatures and meat tvpes were found in
lightness (L*). although no significant effect was found for
the interaction of chilling temperature and tvpe of meat. It
was shown that with increasing chilling water temperature
the lightness decreased. The L* value of duck breast was
significantly higher than leg meat. Redness (a*) value also
showed significant differences for different chilling
temperatures and meat types. although their interaction was
not significant. The a* value decreased with increasing
chilling water temperature and leg meat had a higher a*
value than breast meat. The vellowness (b*) value did not
show significant differences for chilling temperature
although significant differences were found for meat types.
The vellowness value was higher in breast meat compared
to leg meat.

McKee and Sams (1998) reported increased L* values
for turkey breast meat held at 40°C for 2 h compared to
samples held at lower temperatures (20 and 0°C). Rathgeber
et al. (1999) stated that turkey breast meat from delayed
chilled carcasses was significantly lighter (higher L*).
redder (higher a*) and more yvellow (higher b*) than
comparable samples from carcasses chilled immediately. In
our results. a significantly higher L* value was found in
slow chilled breast meat (20°C). Again, b* value did not
show significant differences (p>0.05) at different chilling
temperature. however. the value was higher at 20°C.
Contradictory to the previous results. the a* value was
significantly lower in our experiment than other treatments
(0°C and 10°C). Reasons for these changes in color with
different chilling temperatures are unclear. However. Gigiel
et al. (1989) and van der Wal et al. (1993) studied various
chilling systems operating at different temperatures and
failed to note any effects on meat color or water holding
capacity in pork.

Protein solubility

Sarcoplasmic. myofibrillar and total protein solubility
did not show significant differences for the three chilling
temperatures.  however, significant  differences in
sarcoplasmic. myofibrillar and total protein solubility were
found between breast and leg meat of ducks (p<0.03). Inall
cases, higher protein solubility values were found in breast
meat. Although increasing the rate of chilling leads to a
more rapid temperature decline in the carcass and often to a
slower pH decline (Jones et al., 1993: Milligan et al., 1998).
chilling does not necessarily induce a significant decrease in
protein denaturation. This may be due to the fact that
chilling affects pH mainly in the early post morfem period
(Long and Tarrent. 1990). Jones et al. (1993) reported that
blast-chilling did not decrease protein denaturation.
Rathgeber et al. (1999) found a positive correlation between
ultimate pH and sarcoplasmic and myofibrillar protein
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extractability in turkey breast meat. No significant
differences in ultimate pH were found in our experiment.
therefore. protein solubility did not show any differences
with chilling temperature. Again the higher protein
solubility in breast meat may be related to the higher protein
content of duck breast meat compared to leg meat. Isgurer
et al. (2002) and Mazanowski et al. (2003) found a higher
protein content in breast meat compared to leg meat in
ducks.

CONCLUSION

Results from this research indicate that duck chilling
during processing is possible at 10°C without any problem
of toughening the meat. The chilling temperature severely
affects the color values of meat with higher temperatures
causing increased lightness and decreased redness. Cooking
loss was significantly higher at 0°C and 20°C compared to
10°C. These results suggested that it is possible to chill
duck carcasses in processing plants at 10°C,

ACKNOWLEDGEMENT

The authors would like to thank the ministry of
education for the financial support of this project (BK-21)
in Korea. Also, the 1* author is grateful to the Korea
Research Foundation (KRF) for giving a scholarship for his
Ph D study.

REFERENCES

Al M. 8., G H. Kang. H. 8. Yang. I. Y. Jeong. Y. H. Hwang, G. B.
Park and S. T. Joo. 2007. A Comparison of Meat
Characteristics between Duck and Chicken Breast. Asian-Aust.
J.Anim. Sci. 20:1002-1006.

Alvarado, C. Z. and A. R. Sams. 20(4. Turkey carcass chullmg and
protein denaturation in the development of pale, soft and
exudative meat. Poult. Sci. 83:1039-1046.

Baeza, E. 1993.The meat of duck: production and mam
characteristics. INRA Prod. Anim. 8:117-123.

Bendall, J. R. 1975, Cold-contracture and ATP-turmover in the red
and white musculature of the pig, pest mortem. I. Sci. Food
Agric. 26:35-71.

Cross, H. R., R. L. West and T. R. Dutson. 1981, Comparison of
methods for measuring sarcomere length in  beef
semitendinosus muscle, Meat Sci. 5:261-266,

Dolezal, H. G, G. C. Smith, J. W, Savell and Z. L. Carpenter. 1982,

Comparison of subcutaneous fat thickness, marbling and
quality grade for predicting palatability of beet. I. Food Sci.
47:397-401,

Dunn, A. A, D. J. Kilpatrick and N. F. S. Gault. 1993a. Effect of
post-mortem temperatuire on chicken AL pectoralis mafor:
Isometric tension and pH profiles. Br. Poult. Sc1. 34:677-688,

Dunn, A. A., D. J. Kilpatrick and N. F. 8. Gault. 1993b. Effect of
post-mortem temperatuire on chicken AL pectoralis mafor:

1899

Muscle shortening and cooked meat tendemess. Br. Poult. Sci.
34:689-697.

Dumn, A. A., D. I Kilpatrick and N. F. 8. Gault. 1993
Contribution of rigor shortening and cold shorteming to
variability in the texture of Pecroralis major muscle from
comumnercially-processed broilers. Br. Poult. Sci. 36:401-413.

Dunn. A, A.,E. L. C. Tolland, D. J. Kilpatrick and N. F. 8. Gault.
2000. Relationship between early post-mortem muscle pH and
shortening-induced toughness in the Pectoralis major muscle
of processed broilers air-chilled at 0°C and -12°C. Br. Poult.
Sci. 41:53-60.

Gigiel, A, | Butler and B. Hudson. 1989. Alternative methods of
pig chulling. Meat Sci. 26:67-83.

Gomall, A. G, C. J Bardwill and M. M. David. 1949.
Determination of serum proteins by means of the biuret
reaction. I. Biol. Chem. 177:731-766.

Helander, E. 1961. Influence of exercise and restricted acuvity on
the protein composition of skeletal muscle. Biochem. J.
78:478-482.

Hemming, H. K., R. G Cassens and E. J. Briskev. 1963, Further
studies on bovine muscle tendemess as influence by carcass
position, sarcomere length, and fiber diameter. J. Food Sci.
30:1049-1034,

Homnikel, K. O., C. Fischer. A. Hamid and R. Hamm. 1981.
Influence of post mortem changes in bovine muscle on the
water-holding capacity of beef: Post-mortem storage of muscle
at 20°C. 1. Food Sci. 46:1-6.

Isguzar, E., C. Kocak and H. Pingel. 2002. Growth, carcass traits
and meat quality of ditferent local ducks and Turkis Pekins.
Arch. Tierz., Dummerstort. 45:413-418,

Jones, S. D. M., L. E. Jeremiah and W. M. Robertson. 1993, The
effects of spray and blast chilling on carcass shrinkage and
pork muscle quality. Meat Sci. 34:351-362.

Kisiel, T. and . M. Ksigzkiewicz. 2004, Comparison of physical
and qualitative traits of meat of two Polish conservative flocks
of ducks. Arch. Tierz.. Dummerstort, 47: 367-373.

Lesiak. M. T, D. G Olson, C. A. Lesiak and D. U. Ahn. 1996.
Effect of post-mortem muscle temperature and storage time on
the water-holding capacity of turkey breast and thigh muscles.
Meat Sci. 43:31-60.

Long, V. P. and P. V. Tarrant. 1990. The effect of pre-slaughter
showering and post-slaughter rapid chilling on meat quality in
intact pork sides. Meat Sci. 27:181-1935.

Mazanowski., A.. T. Kisiel and E. Gomowicz. 2003, Carcass
quality, meat traits and chemical composition of meat in ducks
of patenal strains A44 and A33. Animal Science Papers and
Reports, Insutute of Genetics and Animal Breeding, Poland,
21:251-263.

McKee, S. R. and A. R. Sams. 1998. The effect of seasonal heat
stress on nigor development and the mcidence of pale
exudative turkey meat charactenstics. Poult. Sci. 77.169-174.

Milligan, S. D, C. B. Ramsey, M. F. Miller, C. S. Kasterand L. D.
Thompson. 1998. Resting pigs and hot-fat trimming and
accelerated chilling of carcasses to improve pork quality. J.
Anim. Sci. 76:74-86.

Petracci, M., M. Betti, M. Bianchi and C. Cavani. 2004. Color
variation and characterization of broiler breast meat during
processing in Italy, Poult. Sci. 83:2086-2092,

Rathgeber, B. M., J. A. Boles and P. J. Shand. 1999. Rapid



1900

postmortem pH decline and delaved chilling reduce qualitv of
turkey breast meat, Poult, Sci. 78:477-484.

Sams, A. R. and D. M. Janky, 1991. Characterization of riger
mortis development in four broilers muscles. Poult. Sci.
70:1003-1009.

SAS, 2002. SAS Software for PC. SAS Institude Inc., Cary, NC,
USA.

Savell, I. W, 8. L. Mueller and B. E. Baird. 2004, The chilling of
carcasses. Proc. 50th International Congress of Meat Science
and Technology, Helsinki, Finland. pp. 324-337.

Smith, G. C.. T. R. Dutson, R. L. Hostetler and Z. L. Carpenter.
1976. Fatness, rate of chilling and tenderness of lamb. I. Food
Sci. 41:748-756.

Al et al (2007} Asian-Adust. J. dnim. Sci. 20012):1893-1900

Smith, D. P. and D. L. Fletcher. 1992. Post-mortem biochemistry
of Pekin ducklings and broiler chicken pectoralis muscle. Poult.
Scl. 71:1768-1772.

Smith, D. P, D. L. Fletcher, R. J. Buhr and R. 8. Bever. 1993.
Pekin ducklings and broiler chicken pectoralis muscle
structure and composition. Poult. Sci. 72:202-208.

van der Wal, P. G, B. Engel, C. van Beek and C. H. Veerkamp.
1993, Chulling of pig carcasses: Effect on temperature, weight
loss and ultimate meat quality. Meat Sci. 40:193-202.

Yang, H. S., §. 8 Moon, J. Y. Jeong, §. G. Choi, §. T. Joo and G. B.
Park. 2006. Effect of sodiun bicarbonate injection in pre-rigor
porcine A/, Longissimus tunmborunt on pork quality, Asian-Aust.
J. Anim. Sci. 19:898-904.



