Development of Technology and Establishment
of Marketing System for High Quality Packaged
Hanwoo Beef for Competing with
Imported Chilled Beef
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SUMMARY

In order to compete with imported chilled beef in quality, chilled
storage of Harwoo beef, to which new processing and packaging
technologies are applied, would be prerequisite. However, the status of
domestic market for distribution of Hamoo beef as chilled iIs not yet
fully dewveloped and systemized as compared to developed foreign
countries. Therefore, these studies intended to develop the technologies
for fresh chilled beef in high quality and to establish the marketing

system iIn domestic market for competing with imported chilled beef.

Part 1. Development of processing technology of raw

meat for the distribution of chilled meat

1. Development of technologies for reducing the microbial counts
on carcass and cuts

Frank, top side and blade are the parts which have been served as
standard for contamination judgement of beef. The microbial numbers on
surface of meat samples (frank, top side or blade) obtained from
slaughter house equipped with modem facilities ranged from 104 to
10cm2, whereas those from traditional slaughter house were 105 to

106/cm2.  However, the numbers of 4 different pathogenic microbes
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including Salmonella were observed below 102 in meat samples obtained
from both slaughter houses. High-pressure washing of carcasses or
trimmed meat samples obtained from both slaughter houses equipped with
modermn facilities and traditional slaughter house affected to reduce the
numbers of microbes by 10¥/cm2 By steam spraying, the numbers of
microbes could be reduced by 101 10Zcm2. Compared to the control
(untreated meat samples), soaking of trimmed meat samples with soft
acidic water or organic acid was effective for decreasing the numbers of

microbes to less than 10Zcm2.

2. Maximization of meat surface treatment effects

The effects of meat surface treatments, such as high—-pressure
washing, soaking or the combination of high-pressure washing and soaking
were investigated to maximally reduce the numbers of microbes on surface
of meat samples. The effects of vacuum packaging of refrigerated meat
sanples on storage period were also studied. High-pressure washing,
followed by soaking of meat samples in organic acid caused to reduce the
numbers of microbes to below 10Zcm2. The total microbial numbers of top
side without any treatment were 104.4/cm2. The total microbial numbers of
top side after high-pressure (1,000 kPa) washing of hanging carcasses
were 10317cn2, whereas those of top side soaked in organic acid were
103%/cm2. High-pressure washing of meat surface followed by soaking in
organic acid retarded the growth of microbes in vacuum packed meat
samples. However, the microbes grew rapidly after day 10 if meat samples

were contaminated seriously.
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3. Development of deboning and cutting technologies to reduce drip
loss and to improve color properties

The effects of presence/absence of epidermis and storage temperature
on the total numbers of microbes and drip loss were investigated. Color
maintenance and development of meat samples exposed to the air for 15,
30 or 60 min at 150C were examined. The microbial numbers on vacuum
packed meat samples without epidermis removal were 101 103¥cm2 higher
than those with epidermis removal. The microbial numbers on meat samples
stored at 4@ were 101 102 /an2 higher than those stored at O
regardless of the package materials or methods. The drip loss of vacuum
packed meat samples with epidermis removal was 3 4% greater than those
without epidermis removal. Meat samples maintained red color when they
were stored at 15 and exposed to the air for 30 or 60 min. The Color

was not changed to dark brown or dark red during the storage of 15 days.

Part 2. Development of packaging technology for fresh

chilled beef to extend shelf-life and to maintain high

quality

1. Investigation on the shelf-life and quality changes of vacuum
packaged Hanwoo beef during chilled storage.

Microbiological and physico-chemical quality paraneters and
shelf-life of vacuum packaged Harmoo beef strip loins iIn 3rd grade
during storage at 0O were investigated. The initial total aerobic

colony counts on the samples from 1st, 2nd and 3rd experiments were
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245, 3.64 and 2.54 logCRU)/ , respectively. These counts were reached
to ca. 7 logCR)/  after 60, 35 and 50 storage days, respectively. From
those times off-odour occurred from the meat was detected even after
pack opened for 30 min. The microbial flora In vacuum packaged strip
loins were primarily composed of lactic acid bacteria. It appeared that
the growth of other microorganisms such as  Pseudomonas,
Enterobacteriaceae, E. coli and Clostridiumn was generally retarded on
the vacuum packaged strip loins during storage at 0 . However, the
population of Pseudomonas iIn the second experiment showed a gradual
increase to the level of ca. 5 logCFU/ , but it remained at this level
through the storage time. Before opening the vacuum packs, there were no

significant changes iIn Hunter "a®" value(redness) during the whole
storage period. However, it increased greatly within 1 hr and then
gradually between 5 and 10 hr after the pack opening. It was notable
that the increase of "a" value in the sample stored for 1 day was
insufficient after pack opening as compared to the others. After 1 day,
oxygen concentration in the vacuum packages decreased already to the
minimun level, while carbon dioxide concentration increased sharply.
After 1 day of storage, the values of hardness and water holding
capacity of vacuum packaged strip loins tended to be decreased, however
the latter increased slightly at the end of storage period. pH value was
declined to 5.4 5.7 at the Tirst day after slaughtered, however it

increased slightly after the prolonged storage.
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2. Quality changes of vacuum packaged chilled beef after freezing
followed by thawing

Assuming that frozen and thawed vacuum-packaged beef is sold as if
being inherently chilled when it"s quality got worse, changes of various
quality parareters were monitored during the whole storage period.
Harwoo beef strip loins were vacuum-packaged and stored at 3 for 3
weeks, and after that at -5 for 4 weeks as half-frozen state followed
by storage at 3 for 2 days after wrapping with PVC film. The initial
microbial count of vacuum-packaged beef was 4.97 logCHl/ , however it
increased to 7.30 logCR/  after 3 weeks. The flora was mainly composed
of lactic acid bacteria. The count of Enterobacteriaceae was increased
from 3.95 logCR)/ to 5.15 logCRU)/  after 3 weeks, whereas Pseudomonas
spp- count was slightly decreased. Stored vacuum-packaged beef at -5
for 1 week, the counts of total aerobes, lactic acid bacteria,
Enterobacteriaceae and Pseudomonas spp- were slightly decreased, however
no significant change in microbial count was observed during frozen
storage for 4 weeks. The counts of all investigated microbes became to
increase slightly after packaged with wrap film and stored for 2 days.
The redness value "a” of vacuum-packaged beef was maintained at the
level of 15 during cold storage and kept increasing until 2 hours after
opening the pack. However, it tended to decrease continuously in the
wrapped samples stored for 1 or 2 days, when they were allowed to bloom.
Hardness value was continuously decreased fron 2.18kg at the 1st day
throughout the storage. As assessed by sensory, the shelf-life of Harmoo

beef strip loin was estimated by 6 weeks for the sample stored at 3
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under vacuum folloved by storage at -5 for 3 weeks. When
vacuum-packaged beef was frozen and thawed and then stored at 3 after

wrap packaging, the shelf-life was not longer than 36 days.

3. Investigation on the actual status of temperature control in
the raw meat distributing chain for chilled beef

The actual state of temperature or relative humidity histories of
fresh meat product from carcass chill roon to retail shop and the
temperatures of chill and freezing rooms at local butcher shops were
monitored by means of data logger. The relative humidity and air
temperature in carcass chill room were between 86 and 98%, and -3 and
0 , respectively. The surface temperatures of boxed beef measured in
winter, when the outside air temperature was measured between -2 and -
5 , were recorded between 1 and 3 , although transport wehicle
switched off the chilling unit during transportation. However, the
inside temperatures of chill transport vehicle measured in summer, when
the transport time was extended up to 8 hrs, were raised to 10 to 15 ,
in worst case up to 25 . In that case, however, the inside temperature
of boxed beef was maintained generally loner than 5 as the loading and
unloading were finished within 30 min. The storage temperatures for meat
in the subfreezing room, at which the butcher shops in local market are
used to set to facilitate the thin slicing of meat, were measured
between -2 and -8 . Furthermore, the temperatures of storage room for
vacuum packaged meat in the chilled meat retail shops were maintained

generally between O and +2 .
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4_ Investigation on the some physical properties of packaging
materials for chilled meat obtained from domestic market

The awverage thicknesses of laminated PA/PE films and PVDC/EVA shrink
films were 8 and 66 , respectively. PVDC/EVA shrink film had a
little greater variation in thickness than PA/PE films. No significant
differences were found in the haze degree between PA/PE and PVDC/EVA
Tilms, whereas PVDC/EVA shrink film showved greater tensile strength
values than PA/PE. Between two types of vacuum packaging materials
tested iIn this study, no significant differences were found In the WP.
OP of PA/PE Tilms was 48.8 , whereas that of PVDC films was 13.3 on
an average. When PVDC films were shrunk unrestrained without contents,
the shrink rates were from 34.9 to 48.5% in machine direction and from
40.9 to 57.3% in transverse direction, respectively. Furthermore, the
thickness was iIncreased about two- to threefold, and accordingly tensile
strength, OP and WP were reduced after shrinkage has occurred. The area
reduction was however no more than 20% of the original area, when a film
shrinking round a meat product in practice occurred under tension by
packaged meat. The thicknesses of PV and linear low density
polyethylene(LLDPE) wrap films investigated were in the range of 11 13

and 9 12 , respectively. The average WP of PVC wrap films was 7869
which is considerably greater than that of LLDPE films, 99g. All wrap
packaging materials examined except two LLDPE samples had a OP more than
20,000 . The awverage values of tensile strength of PVC and LLDPE wrap
Tilms were 301 and 284kg in mechanical direction, and 201 and 221kg in

transverse direction, respectively. Tensile strength for wrap Tilms
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showed relatively great deviation depending upon manufacturer. In
general, as calculated in average, PVC wrap Tilms showed lower haze
values (1.1%), thus giving more transparent property, than LLDPE films
(2-1%), however two LLDPE films from manufacturer "Q° and °S® had an
equivalent haze value to PVC. Although physical properties of wrap Films
available iIn Korea are largely manufacturer-dependent, all vacuum and
wrap packaging materials tested in this study were not principally

objectionable for packaging fresh chilled meat.

5. Quality changes of Hanwoo beef packaged in modified atmosphere
Various microbiological, physico-chemical and sensory characteristics
of Harmoo beef strip loins during storage at 3  in modified atmosphere
(MA) packs containing 70% CO2 + 20% O2 + 10% N2 were examined. At the
commencement of MA storage (2 days post mortem) total aerobic counts
were 1.1x 104 CFU/ , but they increased from the 5th day and reached
to 2.8x 106 CR)/ . Lactic acid bacteria and Brochothrix thermosphacta
were the dominant bacteria on most MA samples following storage.
Pseudomonas spp- and Enterobacteriaceae were detected on all samples,
but were generally at levels 104 . After 8 days Hunter "a® value
decreased and hue value increased notably as a result of metmyoglobin
formation. Hardness of sample from initial day was 7.2kg and then
declined gradually with prolonged storage. Water holding capacity
decreased until 5th day, and thereafter, tended to increase. VBN value
was initially 4.72ng%, and then showed a gradual increase to 12.97mg%

after 14 days. In MAP the percentage of 02 decreased continuously during
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storage and this was accompanied by an increase in the relative
percentage of CO2 The sensory attributes on the color, off-odor and
weep of raw meat were most desirable at the initial day, but became
worse as the storage extended (p 0.05). With regard to the sensory
scores on Tflavor, tendermess and juiciness of cooked samples, the
samples from 5th storage day were most preferred by panelists. In
conclusion, the shelf-life of MA packaged Hamoo beef strip loins stored

at 3 was estimated to be shorter than 10 days.

6. Investigation on the consumer preference for vacuum-packaged
Hanwoo beef

In order to define the optimal ageing time of vacuum-packaged Hanwoo
beef, sensory attributes on odor, flavor, tendermess and juiciness were
evaluated and mechanical hardness was measured using Rheometer.
Vacuum-packaged beef cuts from loin, round and short plate in 1st, 2nd
and 3rd quality grades were stored at 0 or 4 for 30 days. Hardness
was the highest after 1 day, however it decreased with prolonged storage
regardless of quality grade, storage temperature and muscle part. With
regard to the sensory traits tested in this study, meat samples from 1st
grade were generally scored higher than those from 2nd grade and then
from 3rd grade. Higher scores of tendermess and flavor were noted on an
earlier storage day at 4 than at O . Odor and juiciness became worse
with prolonged storage iIn every treatments. Sensory assessment by
panelists indicated that the palatability of vacuum-packaged Hanwoo beef

regarding flavor intensity, juiciness and tendermess preference became
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worse, when storage was closing to 30 days. This result showved that the
prolonged aging is not necessarily correlated with the improvement of
meat sensory quality. Therefore, it is concluded that the most preferred
overall sensory quality of Harmoo beef could be obtained by aging for 7
to 20 days, although it was depending on storage temperature, muscle

part and quality grade.

7. Investigation on the shelf-life and quality changes of vacuum
packaged imported chilled beef

Twenty four chucks were obtained from U. S. Black Angus beef
carcasses grading U.S. Choice. Cuts were vacuum and shrink packaged with
Cryovac film and packed in carton box, which were then transported by
refrigerated ship to Korea. After custonm clearance, cuts were
transported to laboratory by refrigerated truck, of which temperature
was maintained at O+ 1 . Upon arrival at laboratory, the cuts were
assigned to storage coolers with temperature of 0 for 42 days and
analyzed at 7-day interval. Three randomly picked chucks were analyzed
the following day, i.e. at 38th day after being packaged. The initial
count of total aerobes was 4.79 logCRU// at 7 day, i.e. 45 days after
packaging, but it increased to 7.53 logCRU/ at 52 day and maintained
this level through the storage period. The microflora of samples stored
for 52 days or longer was dominated by lactic acid bacteria. Numbers of
Enterobacteriaceae increased from 4.62 logCFU/  after 38 days slightly
to 5.62 log CRU)/  after 42 days and showed no significant change during

the remaining storage time. Similar change in the growth of Pseudomonas
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was observed as that of Enterobacteriaceae. Clostridiun and Brochothrix
thermosphacta did not multiply over the level of detection limit, 2.00
logCRU/ , during the whole storage time. Hardness of imported beef
chuck was initially 1.16kg and then steadily decreased to 0.92kg after
76 days. The initial value of VBN was 10.9mg% and increased to 16.6mgh
after 76 days. Among the biogenic amines analyzed in this study only the
concentration of spermine was increased initially from 8.5ppm to 25ppm
after 76 days. The formation of other biogenic amines was not distinctly
observed through the storage time. At 76 days of storage, the weakening
of the increase of hunter "a” value and the increase of hue value were
pronounced after opening the vacuum pack as compared to other samples.
Coincidently with this observation, cuts stored for 76 days were
evaluated by panelists to have objectionable quality changes in color,
odor, flavour and juiciness, which meant a loss of their comercial

values.

8. Effect of packaging material and - method on the quality
changes of vacuum-packaged beef

It is expected that packaging material and method can affect the
shelf-life and quality of vacuum-packaged meat. In this study,
therefore, Hanwoo beef loin cuts were either vacuum-packaged with PA/PE
FilmQW’) or vacuum and shrink packaged with EVA/PVDC copolymer(VSP), and
their quality changes were determined during storage at 2 for 5 weeks.
In the sawple fronmn VSP, Jlower counts of Pseudomonas and

Enteriabacteriaceae were observed than in that from VP. Furthermore, the
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sample from VSP showed lower TBA and VBN values than that from VP during
the whole storage period. However, there were no significant differences
in purge loss, pH, and color retaining and blooming capacities between
two different packaging methods. Despite of these differences in above
mentioned quality parameters, it could not be ascertained that the VSP
method is definitely superior tO the VP method in respects of quality
improvement and shelf-life extension for the beef loin stored for 5

weeks at 2

Part 3. Establishment of marketing system and strategy

for Korean chilled beef

1. Objective and significance

The taste of customers and state of butcher shops can be examined to
establish the marketing strategy on Korean chilled beef against the
import chilled beef through the analysis of the supply and demand
structure of Korean beef. The solution must be presented recognizing the
state and problem of Korean brand beef iIndustry. After the foreign
chilled beef is imported, the spread effect on domestic beef market have
to be evaluated through the analysis of the case of Japan in which the
foreign chilled beef has been selling. The marketing strategy on high
quality Korean chilled beef is needed to be established to compare the

beef market between Korea and Japan by means of enquéte.
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2. The content and scope of the study

The analysis of enquéte was carried out to analyze the taste of
costumers and state of butcher shops. With the enquéte data, the factors
on the buying and selling Korean chilled beef was analyzed using the
Probit model. The solution of problems iIn present Korean brand beef
industry was suggested after having examined all Korean brand beef
companies in Kangwon-Do. The strategy of Japan against the foreign
imported beef was analyzed through the case analysis of Japan where a

foreign chilled beef has been selling.

3. The result of the study

The marketing strategy of Korean chilled beef are the quality and
safety. The domestic customers prefer beef quality to price, taste and
storage period of beef. One of the solutions to improve beef quality
would be an establishment of Koran brand beef industry. The enquéte
showed that the beef quality was most important factor for the customer
to purchase brand beef. If the quality of brand beef is guaranteed and
the consumers can be confident about Korean brand beef, Korean chilled
beef can be compete with foreign imported beef. The customer who prefer
beef quality tend to purchase small portion of beef in the butcher shop
compared to other customer groups. Small portion package has to be
developed to meet customer™s desire, and butcher shop has to provide the
custorer with confidence about the quality and safety of Korean chilled
beef through the improvement of sanitation. Finally, safety problems can

hinder customers from purchasing imported chilled beef. Thus, aggressive

- 30 -



marketing strategy is necessary for the fact that Korean chilled beef is

superior to the imported chilled beef with regard to beef safety.
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PVC
o, 5, 10,
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20, 30, 40 , 0,1, 2,3,4,5

, PH, , TBA , VBN 1 2
3
1.
24 , 3
, PA/PE film
Cryovac film
2.
PA/PE fTilm
, Cryovac film 85
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1
1.
1000kPa , .
1 2.1x 106 1.3x 105 ]
, 3.8x 106 6.0x 104 , 5.5x 106 CFU/
1.4x 105 CRU/ (Fig. 1). ,
1.1x 104  3.0x 103, 1.0x 104  3.0x 103 ,
2.0x 104  9.6x 103 (Fig. 2). Salmorella
102 102 ] E.coli,

Staphylococcus aureus, Listeria monocytogenes 102

(Table 1).
( 4.4x 104 7.3x 103 , (
1.2x 105 3.6x 103 , ( 1.3x 105 1.0x 104
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(Fig. 1). ¢
1.3x 104) 5.6x 103, 102
( 9.6x 103 3.0x 103 ; Salmonella, E.coli,

Staphylococcus aureus, Listeria monocytogenes 102 -

. 90
2.1x 106 2.2x 105 ,
3.8x 106 3.2x 104 , 5.5x 106 7.7x 104
(Fig- 1). 6.0x 103 ( 1.1x
109, 6.0x 103 ( 1.0x 109, 7.7% 103 (
2.0x 109 (Fig. 2). Salmorella,

E.coli, Staphylococcus aureus, Listeria monocytogenes 102

( 4.4x 104) , 6.9x 103, ( 1.2
x 105) 6.8x 103, ( 1.3x 105) 8.6x 103 (Fig.
1). ( 1.3x 104) 7.0x 103,
102 ( 9.6x 103 2.0x 103
(Fig- 1). Salmonella, E.coli, Staphylococcus aureus,
Listeria monocytogenes 102 (Table 1).
, 7.2x 105 .
4_1x 104, 24 2.2x 105
(Fig. 1). , 24

- B8 -



, 5.6x 106, 6.0x 105 9.0x 105 ’

3.1x 106, 2.1x 105, 8.3x 105 ) (Colifrm)
3.8x 104 , 7.2x 103, 24
1.7x 104 (Fig. 2).
, 24 2.7x 105, 4.6x 104, 6.0x
103, 2.7x 105, 4.5x 104, 3.6x 104 )

E. coli, Staphylococcus aureus, Salmonella, Listeria monocytogenes

102 (Table 1).
» 101 102
» pH
(¢ 7.2x 105)
3.3x 104, 24 1.3x 105 ,
( 2.7x 105 3.5x 105 CRUW/
, 3.2x 106 CR)/ ( 3.1x 106) 1.5x 105, 5.1x 104
(Fig. 1). (3.8x 109
, 2.3x 103, 24 2.7x 104
) (2.7 105 , 24
2.8x 104, 5.2x 103 , ( 2.7x 105)
3.2x 104, 5.0x 104 (Fig. 2). E.coli, Salmonella,
Staphylococcus aureus, Listeria monocytogenes 102
(Table 1).
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pH 6.7
24
6.5

5.6, 5.1

pH 6.9,

pH pH 6.2 5.7, pH 6.1, 5.7, pH 6.7,

pH 6.7)

pH 5.2, 5.4, pH 5.2, 5.1, pH

pH
(Fig. 3).
pH , (
pH 6.8) (¢ pH 6.8,
’ pH
(Fig- 3).
L a
24
24
a b
(Table 2).
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(Table 3).

metmyoglobin
(Table 3).
2
1.
2 1000kPa
(Fig- 9. , 104.%/cn2
) 1032 /a2  1031/cm2
102
, 104.13/cm2, 102%/cn2, 1029/cm2
» 102 (Fig. 4).
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» 1015

102 ,
(coliform) , ,
10453¥cn2, 1038/an2, 103%/cm2
(Fig. 4. , 102
- pH
, , pH 6.28, 6.24, 6.35
, pH 5.43, 5.54, 5.45 )
, , pH 6.28, 6.26, 6.31
pH , pH
5.42, 5.49, 5.44 (Fig. 5). 24 ,
, pH 5.5, 5.49, 5.51 ,

5.40, 5.41, 5.35 -

, , pH 5.62, 5.54, 5.55 5.51, 5.48,
5.53 (Fig- 5). , , 24
pH pH -
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pH )

pH
¢ , ,
) , @ ), @ ), G )
a , »
, L b
, L,a, b
(Table 4). 1 ,
(Table 4).
24 ,
2.
2 1000kPa
104.4/cm2 103D /cm2, 102.8/cm2
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(Fig, 4. 102

, , . 1043
/o2, 102%/an2, 1023¥cm2 ,
(Fig. 4).
, 102 ; , ,
1013, 1018 ,
102 (Fig.
4).
Coliiform , 1043¥cm2,
1038/cm2, 103%/cn2
102 (Fig. 4). ,
, Coliform (Fig. 4).
- pH
, , , pH
, , , pH 6.28,
6.24, 6.35 , 5.43, 5.54, 5.45
(Fig. 5). , , pH 6.25, 6.26, 6.29
pH ,
, , pH 5.41, 5.51, 5.41
(Fig. 5). 24 , . ,
pH
pH
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D

1060/cm2

(Table 4).

(Table 4).

24

1pH ’

1074¥/cm2

(Fig. 6).
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, 103 4/cm2 (Fig. 6). »

(Fig. 6). Coliform

(Fig. 6).
2) pH
» » pH
, , pH
, 24 pH
, pH
Fig. 7). pH
» 24
3)
» a
(Table 5). a »
b - pH
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4) VBN TBA

(Fig. 9).
1
20
Coliform
(Table 6).
2) pH

(Fig. 8),

(Table 6).
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(Fig. 10).

3

4) VBN

pH

TBA

VBN

pH

172

(Table 7).

VBN ’

(Fig. 11).

(Fig. 12).
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1056 CFU/g

25 1036 CFU/g,

(Fig. 3-1, A

1012 CRU/g

(Fig. 13).

1012 CAU/g

(Fig. 14).

- TBA

0 1023 CRU/g

0]
0] 1013 CRUJ/g 25
(Fig- 13, A and B).
(Fig- 13, B)
PA/PE film Cryovac Film
1013 CRU/g
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hydroperoxide
aldehyde, alcohol, ketone 2

25 0.40 wMA/ ((Fig. 15).
0.10 wmA/
1.30 M/ -
marbling
, , 0 4 25
(Fig. 15, A and B).
. VBN
VBN - , ,
24 /1009 , VBN
(30 /100g ) , 0 4
25 (Fig. 16).
0 8 9 /100g 25 19 22
/100g , (Fig.
16). , 25
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18 19 /1009 19 22 /1009

18 19 /100g 19 20 /100g, 17

18 /100g 18 19 /1009 ’

(Fig. 16, A and B).

- PA/PE film

Cryovac film 0 4

VBN (Fig. 16, A
and B).
- pH
pH , 0 25 pH
6.0 (Table 8). ,
pH ,
TBA, VBN,
, pH

(Table 8).
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25 0.8

2.1% 3 5.6% 3 4%
, 25
(Fig. 17). )
pH
’ pH ’ pH
pH
, , pH 6.0 ,
7
(Fig- 17).
’ ’ ’ L
(lightness) 1 »
(Table
9. (oxygenation)
(myoglobin)

- a (redness)
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(Table 9).

(Table 9), 25
(Table 10 and 11). b

25 )

0 4

PA/PE film cryovac film

pH
((Table 9-11).

(Table 12-14). , , ,
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Table 1. Effects of various surface treatments of beef carcass including
soaking In soft acidic water or organic acid solution, high pressure
-spray washing or steam-spray washing on various pathogenic bacteria
at conventional abattoir.

Staphylococcus Literia
aureus monocytogenes

Salmonella| E.coli

Soft acidic water - - + -

Organic acid solution - - - -
Treatment

High pressure + - - -

Steam - - - -

- hegative + positive
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Fig-1. Comparison of total plate counts on various parts of beef by
soaking iIn soft acidic water or organic acid solution, high
pressure-spray washing or steam-spray washing at conventional
abattoir.

Soaking Spray washing
o Organic acid
Soft acidic water } High
Control solution Control Steam
ohr 24hr Ohr 24hr pressure
a b c d e Li g h
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Fig.2. Comparison of coliform counts on various parts of beef by
soaking iIn soft acidic water or organic acid solution, high
pressure-spray washing or steam-spray washing at conventional
abattoir.

Soaking Spray washing
o Organic acid _
Soft acidic water i} High
Control solution Control Steam
Ohr 24hr Ohr 24hr pr re
a b c d e Li g h
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Fig-3. Comparison of pH on various parts of beef at Ohr and 24hr
storage by soaking iIn soft acidic water or organic acid solution,
high pressure-spray washing or steam-spray washing at conventional
abattoir.

Soaking Spray washing
o Organic acid
Control |Soft acidic water] Iuti High
sofution Control Steam
pressure
Ohr | 24hr| Ohr 24hr Ohr 24hr
a b c d e Li g h i
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Table 2. Comparison of color index on various parts of beef at Ohr
and 24hr storage by soaking in soft acidic water or organic acid
solution, high pressure-spray washing or steam-spray washing at
conventional abattoir.

Saaking Spray washing

Scft acidic | Croanic acid )

Control water solution | contral prgégﬂre Steam
Chr | 24hr | Chr | 24hr

L| 39.25 45.43 | 46.45 | 40.34 | 45.63 39.25 40.73 46.76
Loin| a| 15.41 | 12.32| 17.18 | 17.97 | 16.34 | 15.41 10.89 | 17.09
b 1.56 2.23 6.61 | 8.71 6.14 1.56 0.02 3.86
L| 39.54 43.84 | 45.86 | 42.83 | 49.94 44.71 49.31 48.26
Round| a| 11.33 | 13.64 | 15.48 | 12.52 | 14.54 | 12.16 14.07 | 11.26
b 0.84 258 | 6.31 | 2.24 | 6.45 0.86 2.03 1.43
L| 45.93 46.36 | 50.26 | 45.01 | 51.65 39.54 41.56 43.68
Flank| a| 20.49 13.72 | 20.13 | 13.8 | 15.36 11.33 10.99 0.89
b 4.05 1.47 | 7.68 2.6 6.38 0.84 0.89 0.9

* L : lightness, a : redness, b - yellowness
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Table 3. Comparison of cclor and off-flavor on various parts of beef
at 0 hr and 24 hr storage by scaking In soft acidic water or arganic
acid solution, high pressure-spray washing or steam-spray washing at
conventional abattair.

Saaking

Organicfacid

Control Scft acidic water ;
solution
off- of f- off-
calor)) colar color
flavarz) flavor flavaor
Ohr |24hr| Ohr | 24hr| Chr | 24hr| Ohr | 24hr| Ohr |24hr| Ohr | 24hr
Loin 5.0/5.0/5.0/5.0/3.8/2.6|3.4/3.0/3.8/3.4|3.0]2.2
Round 50/5.046/46|46|3.0/3.0/26|4.6(3.4|3.0]3.0
Flank 5.0/5.0/5.0/5.0/4.2/3.8/2.6/3.0/4.6|2.6|3.4|2.2
Steam
Control High pressure Steam
off- of f- off-
calor calor calor
flavor flavor flavar
Loin 5.0 3.4 4.2 3.0 5.0 3.0
Round 5.0 3.4 4.6 3.0 5.0 2.6
Flank 5.0 3.4 4.6 3.4 3.8 3.0

ﬁ)475-07Veryrgood7color 1-07Very7poor7color
2) 5.0 Very goad flavor

- 79 -
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Fig. 4. Camparison of total plate counts and colifaorm counts an various

parts of beef by socaking iIn oarganic acid scolution and high
pressure-spray washing at madern abattoir (n=3).
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Fig. 5. Camparison of pH on various parts of beef at Chr and 24hr
storage by socaking in organic acid solution and high pressure-spray
washing at rodern abattcir (n=3).

; ; Steam High press Steam
Crganic |High-pressure
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Table 4. Corparison of color index an various parts of beef by soaking
in organic acid solution, high pressure-spray washing, arganic acid
solution and high pressure-spray washing at modern abattoir (n=3).

Round Blade Flank
Part
L a b L a b L a b
control 40.71+ |12.18+ | 2.86+ |46.09+ |14.32+ |1.06+ |41.89+ | 7.66+ | 1.17+
1.27 151 | 0.62 | 1.27 | 1.51 | 0.62 | 1.27 | 1.51 | 0.62

.. |43.26+ | 8.92+ | 451+ |48.27+ | Q.57+ |2.41+ |47.25+ | 5.4%+ | 2.17+
Organic acid | "1"4p | 089 | 1.21 | 2.35 | 1.27 | .94 | 2.15 | 1.42 | 0.93

High-pressure|41.09+ |11.94+ | 3.02+ |46.27+ |14.05+ |1.43+ |41.57+ | 8.04+ | 1.19+
spray 1.89 214 | 1.21 | 2.31 | 1.85 | 0.97 | 1.87 | 1.55 | 0.49

4541+ |10.09+ | 3.73+ |48.42+ |12.49+ |1.58+ |43.57+ | 6.21+ | 2.05+
Stear-spray | "5 o9 |"1.32 | 0.35 | 1.43 | 1.22 | 0.44 | 2.12 | 0.73 | 0.42

E&ghogge? 4449+ |11.41+ | 2.88+ |48.81+ |12.03+ |2.65+ |48.34+ | 5.74+ | 2.27+
a acida IC) 245 |"212 | 087 | 3.19 | 2.02 | 1.07 | 2.54 | 1.11 | 1.02

Steam and |46.32+ | 9.87+ |3.89+ |49.65+ |11.57+ |2.05+ [44.23+ |5.97+ | 2.27+
Organic acid | 1-48 0.52 1.12 | 0.87 0.67 | 0.39 1.55 0.74 0.39

* L : lightness, a : redness, b - yellowness
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Fig. 6. Camparison of total plate counts and coliform counts an various
parts of beef wrapped with plasticized PVC film at 4 for 5 days
storage by soaking iIn organic acid soluticnand highpressure-spray or
steam-spray .

C1: Control(TPC) C2: Contral(Coliform)
T1: Crganic acid/High-pressure(TPC) T2: Organic acid/High-pressure(Coliform)
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T3: Crganic acid/Stear-spray(TPC) T4: Organic acid/Steam-spray(Coliform)
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Fig. 7. Comparison of pH on various parts of beef wrapped with
plasticized PVC film at 4 for 5 days storage by soaking in arganic acid
solution and high pressure-spray or steam-spray washing (n=3).
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Table 5. Camparison of colar index on beef wrapped with plasticized
PVC film at 4 for 5 days starage by soaking in arganic acid soclution
and high pressure-spray ar steam-spray washing (n=3).

Round Blade Flank
Treatment Storage
(Day)
L a b L a b L a b
Cantral
0 42.76/13.46| 3.35|39.80/10.78| 0.79|47.89|13.23/1.95
1 45.22113.44| 4.87|44.83|13.06| 4.02 |48.26|16.25/4.89
2 46.25/15.07| 5.16|44.48|16.00| 6.06 |48.71|16.32|5.44
3 43.35/14.30| 3.56|40.15/14.20| 2.63 |47.38|16.00| 3.98
4 43.00]13.28| 4.07|43.27|13.92| 2.90(49.13|21.30/6.54
5 |44.75/14.30| 4.96|42.62|14.11| 4.98 |50.25|14.97|5.64
Crganic acid/| 0 47.36/10.32| 4.21 46.30|11.97| 5.02 |50.21|14.09| 3.69
High/Steam 1 |46.65/11.63 5.63|46.84|12.21| 6.00|51.94|15.18| 5.84
2 49.02| 13.10| 6.40|50.03|12.54| 5.50 |52.63|14.99/5.81
3 44.27/10.10| 5.00|47.06| 9.49 | 4.64|53.98|11.81/5.74
4 47.16/11.05| 5.95|50.67|10.94| 6.26 |51.87|14.58|5.76
5 46.06/10.04| 5.69|50.82|10.44|6.11|51.85| 8.88 | 7.34

* L, Lightness; a, Redness; b, Yellowness
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Fig. 8. Camparison of TBA on varicus parts of beef wrapped with
plasticized PVC film at 4 for 5 days storage by soaking in organic acid
solution and high pressure-spray or steam-spray washing (n=3).
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Fig. 9. Comparison of VBN on various parts of beef wrapped with
plasticized PVC film at 4 for 5 days storage by soaking in arganic acid
solution and high pressure-spray or steam-spray washing (n=3).
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Table 6. Camparison of total plate counts and coliform counts on
various parts of vacuum packaged beef at 2 for 40 days storage by
soaking in arganic acid solution and high pressure-spray or steam-spray
washing (n=3).

Round Blade Flank
Storage
Treatment
(Bay) _ i i
TPC |Coliform| TPC |Caolifaorm| TPC |Coliform
Cantrol 0 2.88 2.18 4.10 3.53 2.30 102
5 3.58 3.52 5.37 5.11 102 102
10 4.10 2.18 7.07 7.09 102 102

20 5.59 5.68 | 7.44| 7.39 3.34 2.74
30 6.32 7.32 | 7.87| 8.33 5.27 3.27
40 6.44 7.45 | 8.89| 8.62 6.36 4.39

Crganic acid/ 0] 102 102 102 102 | 2.18 102
High-pressure 5 102 102 | 2.48 102 | 2.48 102
10 3.16 102 | 3.97 | 3.34 2.30 102
20 5.29 102 | 6.28 | 2.81 3.27 102
30 5.37 2.11 |6.98| 3.27 4.89 102

40 6.05 297 | 7.25| 3.89 5.21 2.12

Crganic acid/ 0 102 102 102 102 102 102
Steam-spray 5 102 102 | 2.40 102 102 102
10 4.11 102 | 2.88 102 102 102

20 5.04 102 | 4.04 102 | 3.32 102

30 5.52 102 | 4.88 102 | 4.29 102

40 5.97 2.22 | 5.27r| 2.05 5.12 102

- 88 -



Round
g
7 |
T 3 | ——Control
5 s | —#— High/steam|
3
[: i = 1]
B kde
g
! Gonto|
T . ~ ——on
= 5 —n o . —=—H gh/steam
3
i 30 an
Fank
g9
7
e —+—Contol
= 5 :b‘ﬁl‘lw"—‘——_:::‘ . —=—H ph/sieam
3
il 1 2 an [}

Fig. 10. Camparison of pH on various parts of vacuum packaged beef at
2 for 40 days starage by soaking in arganic acid solution and high
pressure-spray or stean-spray washing (n=3).
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Table 7. Caomparison of color index using colarmeter on various parts of
vacuum packaged beef at 2
acid solution and high pressure-spray or steam-spray washing (n=3).

for 40 days storage by soaking In organic

Round Blade Flank
Storage
Treatment Day)
(Cay L a b L a b L a b
Control 0 40.18/10.96|0.63|45.69|13.84|-0.16|47.10| 15.24| 1.39
5 |39.56|13.32|1.81 |46.55|15.63| 2.68 |46.87| 16.72| 3.66
10  |42.08|14.15|3.47 |48.92|15.16| 3.11 |45.85| 15.50 | 3.11
20 |40.23|15.27|3.07 42.5113.91| 1.42 | 45.94| 16.68| 2.51
30 |42.53|16.01|3.22|48.39|15.42| 2.34 | 46.27| 16.37| 3.27
40 |43.27/16.49|3.94|49.22|16.05| 3.01 |46.89| 16.93| 3.42
0 |45.12/10.52|2.3545.04|11.35| 2.93 |51.02| 11.64 | 1.39
Crganic acid/ 5 |45.62/13.19|3.29 48.58|13.98| 1.50 |50.75| 15.74 | 2.68
High-pressure | 10 |45.34/13.20|3.85|45.97|15.54| 2.85 |49.91| 11.10| 4.65
20 |47.33|13.17|1.74|48.97|14.47| 3.05 |52.41| 21.00| 7.19
30 |47.5513.29|3.27|48.07|15.27| 3.26 | 52.55| 17.42| 3.57
40 |47.92/13.95|3.25|19.45|15.83| 3.15 |54.17| 17.33| 4.93

* L, Lightness; a, Redness; b, Yellowness
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Fig. 11. Camparison of TBA on various parts of vacuum packaged beef at
2 for 40 days storage by soaking in arganic acid solution and high
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Fia. 15. Chanoes of TBA values iIn vacuum packaged beef with or without
epimysium removal over a 25 day storage period at 0 or 4 .

A:zepimvsium removal;
T-1 : PA/PE film. 0 ;
T-3 : Cryovac film, 0 ;

B : without epimvsium removal;
T-2 - PA/PE film. 4 ;
T-4 : Cryovac film, 4 .
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Fia. 16. Chances of VBN in vacuum packaced beef with or without
epimysium removal over a 25 day storage period at O or 4 .

A - epimvsium removal: B - without epimvsium removal;
T-1 : PA/PE filn. O ; T-2 - PA/PFE film. 4 ;
T-3 : Cryovac film, 0 ; T-4: Cryovac film, 4 .



Table 8. Changes of

epimysium removal over

pH in vacuum packaged beef with or without
a 25 day storage period at O or 4 (n=3).

Treatment
Storage Skin muscle treatment

days PA/PE film Cryovac film

0 4 0 4
0 6.01+ 0.03* 6.00+ 0.03 5.96+ 0.01 5.96+ 0.02
1 5.97+ 0.02 6.00+ 0.01 6.02+ 0.01 5.98+ 0.01
4 5.88+ 0.02 6.01+ 0.01 5.92+ 0.01 5.92+ 0.01
- - 7 6.03+ 0.03 6.07+ 0.02 5.94+ 0.04 5.99+ 0.03
Striploin 10 5.91+ 0.02 5.93+ 0.02 5.94+ 0.01 5.99+ 0.01
15 5.96+ 0.02 6.00+ 0.08 6.03+ 0.05 5.98+ 0.01
20 5.91+ 0.03 6.02+ 0.00 6.01+ 0.01 5.83+ 0.04
25 5.87+ 0.01 6.04+ 0.01 5.99+ 0.01 5.84+ 0.01
0 6.06+ 0.04 6.13+ 0.00 6.21+ 0.04 6.21+ 0.04
1 6.06+ 0.05 6.16+ 0.01 6.09+ 0.02 6.10+ 0.02
} 4 6.14+ 0.04 6.08+ 0.00 6.00+ 0.03 6.21+ 0.04
Thick 7 5.98+ 0.00 6.06+ 0.00 5.97+ 0.02 5.97+ 0.03
flank 10 6.02+ 0.02 6.00+ 0.05 5.97+ 0.01 6.04+ 0.02
15 6.00+ 0.02 5.93+ 0.00 5.99+ 0.02 6.02+ 0.01
20 6.07+ 0.03 6.06+ 0.05 6.07+ 0.02 6.03+ 0.03
25 6.09+ 0.01 6.04+ 0.00 6.12+ 0.01 5.98+ 0.03
0 6.22+ 0.02 5.98+ 0.03 6.08+ 0.01 6.11+ 0.02
1 6.01+ 0.02 6.03+ 0.05 6.15+ 0.02 6.15+ 0.01
Chuck 4 6.20+ 0.03 6.05+ 0.02 6.23+ 0.00 6.17+ 0.03
7 6.17+ 0.01 6.13+ 0.00 6.17+ 0.04 6.18+ 0.00
_ 10 6.26+ 0.06 6.10+ 0.02 6.18+ 0.02 6.24+ 0.01
tenderloin 15 6.19+ 0.02 6.13+ 0.C0 6.21+ 0.01 6.31+ 0.01
20 6.17+ 0.06 6.17+ 0.03 6.18+ 0.03 6.26+ 0.01
25 6.18+ 0.01 6.22+ 0.01 6.13+ 0.01 6.22+ 0.01

Skin muscle non-treatment

PA/PE film Cryovac film

0 4 0 4
0 5.99+ 0.02 6.08+ 0.01 5.99+ 0.01 6.05+ 0.01
1 5.99+ 0.03 5.99+ 0.00 5.98+ 0.01 6.03+ 0.01
4 5.92+ 0.01 5.94+ 0.02 5.94+ 0.01 5.98+ 0.00
- - 7 6.05+ 0.01 6.09+ 0.01 6.02+ 0.02 5.98+ 0.01
Striploin 10 6.C4+ 0.02 6.09+ 0.02 5.99+ 0.01 5.08+ 0.01
15 5.97+ 0.01 6.09+ 0.00 6.01+ 0.00 6.06+ 0.00
20 5.96+ 0.01 6.07+ 0.01 6.03+ 0.01 6.07+ 0.01
25 6.05+ 0.01 6.08+ 0.03 6.05+ 0.01 6.08+ 0.00
0 6.48+ 0.03 6.49+ 0.02 6.43+ 0.04 6.33+ 0.03
1 6.07+ 0.00 6.14+ 0.00 6.09+ 0.01 6.07+ 0.01
} 4 6.05+ 0.02 6.07+ 0.01 6.10+ 0.03 6.01+ 0.02
Thick 7 5.93+ 0.00 6.02+ 0.01 5.98+ 0.00 5.97+ 0.03
flank 10 6.02+ 0.03 6.03+ 0.02 6.03+ 0.02 6.03+ 0.02
15 6.01+ 0.00 5.98+ 0.01 5.95+ 0.00 6.02+ 0.02
20 6.01+ 0.00 6.01+ 0.01 6.04+ 0.00 6.03+ 0.02
25 6.07+ 0.03 6.04+ 0.02 6.06+ 0.01 6.03+ 0.01
0 6.20+ 0.00 6.07+ 0.01 6.35+ 0.02 6.10+ 0.01
1 6.13+ 0.00 6.13+ 0.00 6.14+ 0.01 6.15+ 0.01
Chuck 4 6.17+ 0.00 6.18+ 0.01 6.12+ 0.00 6.14+ 0.06
7 6.11+ 0.01 6.09+ 0.01 6.12+ 0.01 6.13+ 0.02
_ 10 6.14+ 0.01 6.14+ 0.01 6.15+ 0.00 6.24+ 0.00
tenderloin 15 6.17+ 0.01 6.13+ 0.01 6.20+ 0.01 6.25+ 0.02
20 6.21+ 0.00 6.10+ 0.00 6.16+ 0.01 6.16+ 0.01
25 6.21+ 0.01 5.99+ 0.00 6.11+ 0.01 6.19+ 0.01

* Value represent meant

standard error
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Fio. 9. Chances of purge loss in vacuum-packaced beef with or without
epimysium removal over a 25 day storage period at 0 or 4 .

A - epimvsium removal: B : without enimvsium removal;
T-1 - PA/FE filr. O ; T-2 - PA/PE film. 4 ;
T-3 : cryavac film, 0 ; T-4 : cryovac film, 4 .



Table 9. Changes of meat color in vacuum packaged beef (Striploin)
with or without epimysium reroval cver a 25 day storage period at O
or 4 (n=3).

Treatment
Storage  skin muscle treatment  Skin muscle non-treatment
days _ PA/PE film  Cryovac film PA/PE film  Cryovac film
0 4 0 4 0 4 0 4
L 40.07+ 40.71+ 41.96x 40.28+ 38.21+ 43.44+ 42.30+ 40.32+
0.11*  0.30 0.98 0.15 0.25 1.05 1.33 1.09

0 a 17.41+ 14 .29+ 17.95+ 16.47+ 14 .95+ 14 .95+ 17.69+ 16.20+
0.54 0.41 0.63 1.03 0.31 0.67 0.49 0.86

b 4.34+ 3.00+ 4.79+ 3.94+ 3.13+ 4.57+ 5.27+ 3.94+
0.33 0.11 0.52 0.50 0.16 0.22 0.19 0.51

L 41.47+ 42 .22+ 43.72+ 41.61+ 43.10+ 41 .59+ 40.94+ 43.52+
0.10 0.31 0.69 1.21 0.82 0.50 0.98 3.27

1 a 16.24+ 15.25+ 16.68+ 16.12+ 15.28+ 15.50+ 15.29+ 15.86+
1.53 0.42 0.53 1.17 0.77 0.48 0.27 0.15

b 4.75+ 4.32+ 5.54+ 4.67+ 4 .55+ 4.39+ 4 .36+ 5.19+
0.84 0.22 0.68 0.90 0.36 0.33 0.09 0.58

L 46.05+ 42.86x 45.77+ 42.73+ 43.20x 44.17+ 46.36x 45.47*

2.26 0.57 0.60 0.39 0.30 1.47 1.29 1.98
4 @ 17.36+ 15.95+ 18.11+ 17.99+ 18.19+ 17.74+ 17.19+ 15.93%
0.45 0.66 0.87 0.39 0.41 0.74 0.26 0.15

b 6.09+ 4.78+ 5.60+ 6.08+ 6.33+ 6.56+ 6.90+ 5.63+
0.54 0.26 0.92 0.11 0.24 0.15 0.09 0.58

L 44.49+ 43.05+ 43.47+ 44.60+ 42.38+ 42.31+ 43.06x 42.36+
1.30 1.08 1.21 1.36 0.23 0.31 0.48 1.20

7 a 18.68+ 16.28+ 16.49+ 17.81+ 1577 15.13+ 16.51+ 15.73+
0.36 0.39 0.31 0.37 0.19 0.65 0.20 0.17

b 6.80+ 5.21+ 5.13+ 6.38+ 4.91+ 4_53+ 5.50+ 4.61+
0.43 0.23 0.21 0.55 0.23 0.08 0.29 0.31

L 47.51+x 42.45+ 43.25+ 44.34+ 43.88+x 42.50+x 43.52+ 42.54+

1.70 1.29 0.48 0.54 2.41 1.00 1.00 0.20

10 @ 16.46+ 14.66x 16.71+ 16.50+ 16.01+x 15.70+ 16.97+ 16.79%
0.45 0.68 0.71 0.43 0.54 0.83 0.53 0.37

6.51+ 3.88+ 5.11+ 5.35+ 5.54+ 4 .53+ 5.75+ 5.45+

0.20 0.42 0.58 0.85 0.26 0.51 0.30 0.33

L 42.39+ 42.97+ 43.97+ 45.79+ 43.46x 44.49+ 43.81+ 43.37%

0.17 0.49 1.64 1.59 0.37 0.14 0.99 0.64

15 2 15.87+ 15.70+ 17.45+ 17.34+ 17.07+ 14.99+ 18.01+ 18.37+
0.10 0.39 0.40 0.53 1.32 0.47 0.29 0.30

b 4.71+ 5.02+ 5.73+ 6.42+ 5.91+ 4 .60+ 5.95+ 6.13+

0.13 0.26 0.30 0.67 0.69 0.28 0.20 0.20

L 44.42+ 42.95+ 43.88+ 46.56+x 43.13+ 44.83+ 44.72+ 42.94+

1.07 1.52 0.76 0.97 0.16 1.07 1.91 0.98

20 @ 16.30+ 16.00+ 17.66+x 17.26x 16.56x 14.76x 17.52+ 16.23%
0.01 0.56 0.87 1.29 0.37 0.31 1.16 0.41

b 5.72+ 4.81+ 5.90+ 6.16+ 5.61+ 4.51+ 6.10+ 4_94+

0.29 0.37 0.45 0.83 0.39 0.39 0.88 0.03

L 42.80+ 41.30x 41.94+ 44.32+ 41.07x 4421+ 42.30x 42.23%

2.00 1.55 0.82 1.46 0.59 0.24 0.79 1.11

o5 2 15.05+ 14.05+ 15.85+ 16.67+ 15.20+ 16.56+x 16.11+ 16.08%
0.04 0.18 0.64 0.61 0.59 0.32 0.06 0.79

4.82+ 3.01+ 4.52+ 5.37+ 4.41+ 5.44+ 4.99+ 4.74+
0.36 0.25 0.64 0.84 0.54 0.12 0.21 0.54

Standard : L(lightness) = 94.40, a(redness) = 0.3131, b(yellowness) = 0.319%4
* Value represent meant standard error

oy




Table 10. Changes of meat color iIn vacuum packaged beef(Thick flank)
with or without epimysium removal over a 25 day storage period at O
or 4 (n=3).

B - Treatment - -~

Storage  Skin muscle treatment Skin muscle non-treatment

days - PA/PE film  Cryovac film  PA/PE film  Cryovac film
0] 4 0] 4 0] 4 0] 4

L 40.81+ 41.36+x 40.53+ 40.56+ 39.73+ 40.22+ 40.75+ 42.54+
0.64* 0.49 0.51 0.49 0.13 0.46 0.84 0.50

0 a 13.20+ 13.74+x 15.43x 13.74+x 14.22+ 14.99+ 14.57+ 14.60%
0.06 0.19 0.47 0.44 0.15 0.36 0.63 0.37

2.44+ 3.08+ 3.25+ 2.82+ 2.77+ 2.85% 2.75+ 2.70x

0.20 0.18 0.07 0.15 0.21 0.18 0.33 0.26

L 40.88+ 41.03+ 40.12+ 40.27+ 41.24+ 40.81x 39.33+ 40.91+
0.68 0.43 0.86 0.50 2.08 0.86 0.89 0.59

1 a 15.20x 13.14+x 12.42+ 13.40x 12.52+ 14.59+ 12.41+ 13.41%
2.05 0.11 1.78 0.43 1.05 0.38 1.11 0.66

b 3.62+ 2.87+ 2.61+ 2.79+ 1.97+ 3.65+ 2.15+ 3.04+
0.57 0.13 0.58 0.33 0.38 0.77 0.18 0.34

L 42.06+ 42.19+ 40.19+ 43.89+ 40.91x 40.70+ 40.72+ 41.53%
1.13 0.74 0.50 1.25 0.93 1.56 0.62 0.42

a a 15.68+ 14.36x 15.43+x 15.81+ 16.20+ 16.67+ 15.45+ 16.93%
0.74 0.36 0.36 0.85 0.14 1.09 0.36 0.56

b 4.41+ 3.58+ 3.76x 4.32+ 411+ 4.17+ 3.84+ 4_66+
0.50 0.42 0.23 0.45 0.28 1.00 0.11 0.18

L 44.79+ 45.43+ 42.90+ 44.60+ 43.59+ 43.39+ 41.60+ 43.82+
0.71 0.65 1.01 1.52 1.26 1.34 0.87 0.64

7 a 18.90+ 19.34+x 17.00x 17.43+x 16.93+ 15.49+ 17.82+ 18.24+
0.60 0.26 0.32 2.19 0.80 0.23 1.04 0.59

b 6.79+ 7.25% 5.58+ 5.35+ 5.29+ 3.54+ 5.45+ 5.82+
0.21 0.11 0.56 2.20 0.99 0.48 0.79 0.31

L 42.09+ 42.52+ 40.35+ 41.46+ 41.07+ 44.18+ 40.27+ 42.01%

1.14 0.88 1.40 1.89 1.09 2.13 0.55 1.53
10 @ 16.57+ 17.05+ 15.51+x 16.16+ 17.12+ 16.95+ 15.78+ 16.16+
0.17 0.35 0.96 0.54 1.01 2.60 0.42 0.80

b 4.72« 5.48+ 4.16+ 4.54+ 5.22+ 5.40+ 4.46+ 4.64+
0.06 0.48 0.63 0.34 0.69 1.26 0.25 0.47

L 44.79+ 46 .33 42.73+ 4577+ 43.56+ 43.26% 42 .59+ 43.25+

1.23 0.66 2.29 1.85 0.48 0.89 1.20 0.13

15 @ 18.20+ 18.22+ 16.53+ 19.34+ 18.14+ 17.84+ 16.84+ 18.30%
1.50 0.18 1.17 0.72 1.04 1.13 0.76 0.54

b 6.25+ 7.01+ 5.01+ 7 .26+ 6.18+ 5.64+ 5.36+ 6.14+

1.02 0.61 0.84 0.70 0.40 1.18 0.47 0.27

L 43.85+ 43.16+ 41.89+ 44.83+ 42.36x 42.83+ 40.82+ 42.57+

0.78 0.16 1.04 0.03 0.61 1.38 0.16 0.67

20 @ 18.43+ 18.32+ 17.04+ 19.07+ 17.72+ 18.72+ 16.24+ 17.83%
0.78 0.33 0.39 0.41 0.77 0.44 0.54 0.73

b 6.30+ 6.29+ 5.40+ 6.96+ 5.88+ 6.48+ 4.89+ 5.56+

0.50 0.35 0.16 0.13 0.57 0.38 0.20 0.95

L 40.31+ 41.68+ 40.11+ 40.20+ 39.08+ 39.85% 39.3+ 40.14+

0.83 1.59 1.44 1.21 1.33 0.09 0.84 1.27
o5 @ 18.38+ 18.17+ 17.54+ 17.84+ 16.22+ 17.95+ 16.15+ 17.07%
0.53 0.91 0.47 0.30 0.43 0.35 0.99 0.82

oy

4.63+ 5.08+ 4.44+ 4.54+ 3.49+ 4.51+ 3.39+ 3.88+
0.26 0.50 0.34 0.31 0.27 0.25 0.36 0.99

Standard : L(lightness) = 94.40, a(redness) = 0.3131, b(yellowness) = 0.319%4
* Value represent meant standard error
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Table 11. Changes of meat color in vacuum packaged beef (Chuck
tenderloin) with or without epimysium removal over a 25 day storage
pericd at 0 or 4 (n=3).

Treatment
Storage__ Skin muscle treatment Skin muscle non-treatment
days  PA/PE film Cryovac film PA/PE film  Cryovac film
0 4 0 4 0 4 0 4
L 42.19+ 41.61x 42.40+ 41.51x 42.77+ 41.90+ 42.97+ 42.07+
0.50  1.18 0.05 0.48 0.42 0.70 0.31 1.22

0 a 15.96x 14.95+ 15.13+ 14.13+x 15.61+ 13.88+ 16.23+ 14.06+%
0.25 0.64 0.15 0.59 0.21 0.49 0.30 0.41

b 3.77+ 3.69+ 3.09+ 2.78+ 3.84+ 2.70+ 4._37+ 3.03+
0.12 0.46 0.20 0.11 0.05 0.27 0.08 0.11

L 44.43+ 42 .12+ 43.31+ 41.67+ 41.67+ 41.69+ 41.28+ 39.76+

1.58 1.01 0.66 0.04 0.65 1.45 0.62 1.24
1 a 17.01+ 15.72+ 15.91+ 14 .50+ 15.62+ 15.06+ 16.13+ 15.72+
0.62 0.18 0.91 0.67 0.48 0.66 0.42 0.74

b 4.75+ 4.08+ 3.80+ 3.49+ 4.52+ 4.23+ 4.01+ 4.7+
0.62 0.15 0.84 0.46 0.19 0.67 0.17 0.80

L 43.70+ 46.54+ 42.86x 40.95+ 42.99+ 42.85+ 40.15+ 41.93%

0.87 1.11 1.92 1.12 2.75 1.08 1.14 0.59
a a 16.57+ 16.72+ 15.26x 14.73+ 15.88+ 16.51+ 15.13+ 16.09+
0.01 2.11 0.14 0.47 0.92 0.17 0.49 0.14

b 4.95+ 6.89+ 3.85+ 3.33% 4._24+ 4 .30+ 3.48+ 4_44+
0.09 0.33 0.49 0.87 1.28 0.31 0.71 0.07

L 44.36+ 47.18+ 42.58+ 44.10+ 42.46x 41.21+ 42.66x 42.15%

0.57 0.14 0.41 1.70 1.66 0.80 1.04 1.64
7 a 17.93+ 19.45x 17.18+ 17.43x 17.76+ 14.91+ 18.27+ 15.97%
1.05 0.39 0.43 0.82 0.34 0.29 0.41 2.27

b 5.73+ 7.39% 5.30+ 5.83+ 5.88+ 2.81+ 5.86+ 4_29+
0.97 0.16 0.05 0.61 0.04 0.42 0.34 1.79

L 41.84+ 40.04+ 41.66+ 40.13+ 40.88+ 40.05+ 39.97+ 39.56%

0.97 0.59 0.58 0.33 0.40 0.371 0.38 0.95

10 a 18.70+ 16.54+ 17.32+ 17 .48+ 17.76% 7 .24+ 17.93+ 17 .09+
0.32 1.38 0.23 0.26 0.73 0.35 0.86 0.49

b 4.78+ 2.96+ 4.13+ 4.16+ 4.53+ 3.90+ 4.36+ 3.91+

0.39 0.80 0.22 0.24 0.42 0.13 0.25 0.68

L 43.75+ 45.35+ 43.20+ 42.51+ 43.43+ 42.23+ 42.31+ 41.65%

0.87 0.63 1.26 1.43 0.16 0.98 0.59 1.26

15 @ 16.22+ 17.52+ 17.17+ 15.75+ 16.98+ 16.35+ 16.44+ 15.78%
0.66 0.07 0.69 0.34 0.27 0.11 0.26 0.32

b 4.82+ 6.17+ 5.69+ 4 .33+ 5.50+ 4.72+ 5.15+ 4_57+

0.45 0.20 0.26 0.29 0.17 0.38 0.14 0.21

L 43.46+ 44.41+ 41.72+ 41.50+ 42.75+ 43.94+x 42.26x 41.34+

1.69 1.16 1.95 0.44 1.89 0.76 1.67 0.66
20 a 16.85+ 18.08+ 17.20+ 16.87+ 15.33+ 17.09+ 15.87+ 16.90+
0.24 0.49 2.29 0.06 0.67 0.09 1.05 0.64

b 5.05+ 5.94+ 6.05+ 5.35+ 4.39+ 5.53+ 4.79+ 4.65+
0.38 0.81 0.17 0.09 1.12 0.06 0.45 0.38

L 45.39+ 46.39+ 42 .41+ 41 .47+ 43.14+ 42 67+ 4211+ 40.91+

0.70 2.20 0.15 0.69 0.71 0.73 1.01 1.50

25 a 17.17« 18.42+ 17.14+ 15.79+ 15.97+ 16.26+ 16.53+ 15.38+
0.59 0.29 0.11 0.19 0.24 1.18 0.36 0.12

5.50+ 6.35+ 5.21+ 3.96+ 4 .55+ 4.99+ 4 .55+ 3.44+
0.22 0.62 0.27 0.26 0.50 0.68 0.45 0.14

oy

Standard : L(lightness) = 94.40, a(redness) = 0.3131, b(yellowness) = 0.319%4
* Value represent meant standard error
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Table 12. Changes of sensory scores in vacuum packaged beef
(Striploin) with or without epimysium removal over a 25 day storage
pericd at 0 or 4 .

Treatment

] Skin muscle
Skin muscle treatment

Storage non-treatment

days  pasPE Film Cryovac PAZPE film  _YOvac

film film

0 4 0 4 0 4 0 4
0 5.00t 5.00t 5.00t 5.00t  5.00+ 4.50+ 4.50+ 5.00+
0.00~ 0.00 0.00 0.00 0.00 0.57 0.57  0.00
1 5.00+ 4.75+ 4.25+ 4.75+  4.75+ A4.50+ 5.00+ 4.75+
0.00 0.50  0.50 0.50 0.50 0.57 0.00 0.50
4 4.50+ 4.50+ 4.50+ 4.50+  4.50+ 4.50+ 4.50+ 4.75+
0.57 0.57  0.57 0.57 0.57 0.57 0.57  0.50
7 4.25+ 4.50+ 4.00+ 3.75+  4.00+ 4.50+ 4.25+ 4.25+
ol 0.95 0.57 0.8l 0.95 0.81 0.57 0.50  0.50
OlOr 1o 3.75:+ 3.50+ 3.00+ 3.25¢+  4.00+ 3.75+ 3.75+ 3.75t
0.50 0.57  0.00 0.50 0.00 0.50 0.50  0.50
15 3.00+ 3.00+ 2.50+ 3.00+  3.00+ 3.50+ 3.00+ 3.00+
0.00 0.00  0.57 0.00 0.00 0.57 0.00 0.00
20 2.50+ 2.50+ 3.00+ 3.00+  2.50+ 2.50+ 2.50+ 3.50%
0.57 0.57  0.00 0.00 0.57 0.57 0.57 0.57
25 2.00+ 2.00+ 2.50+ 2.50+  2.50+ 2.00+ 2.00+ 2.50%
0.00 0.00  0.57 0.57 0.57 0.00 0.00 0.57
0 5.00t 5.00t 5.00t 5.00t  5.00+ 4.25+ 4.75+ 5.00+
0.00 0.00  0.00 0.00 0.00 0.50 0.50  0.00
1 4.75+ 5.00+ 4.75+ 5.00+  4.75+ 4.75+ 5.00+ 5.00+
0.50 0.00  0.50 0.00 0.50 0.50 0.00 0.00
4 425+ 4.25¢ 4.25+ 3.50+  4.50+ 4.50+ 4.50+ 4.75+
0.95 0.57  0.95 1.00 0.57 0.57 0.57 0.50
7 4.25+ 4.75+  4.50+ 4.00+  4.50+ 4.50+ 4.25+ A4.25+
0.95 0.50  0.57 0.8l 0.57 0.57 0.81 0.50
Gdor 15 4.006 4.006 3.75:+ 3.75¢  4.00+ 3.75: 4.00¢+ 4.00%
0.00 0.00  0.50 0.50 0.81 0.50 0.57 0.81
15 2.00+ 3.00+ 3.00+ 2.50+  3.50+ 3.00+ 3.50+ 3.00+
0.00 0.00  0.00 0.57 0.57 1.15 0.57 1.15
20 3.00+ 3.00+ 3.00+ 2.50+  2.50+ 2.50+ 2.50+ 2.50%
0.00 0.00  0.00 0.57 0.57 0.57 0.57 0.57
25 2.50+ 1.50+ 2.50+ 1.50+  2.00+ 1.50+ 2.50+ 1.50%
0.57 0.57  0.57 0.57 0.00 0.57 0.57 0.57

Standard scores were assessed on 5 point hedonic scale where 5 = very
goad calor and adar, 1 = very poor color or odor
* Value represent meant standard errar
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Table 13. Changes of sensory scores in vacuum packaged beef (Thick
flank) with or without epimysium reroval over a 25 day storage pericd
at0 ord4 .

Treatment
Storage Skin muscle treatment Skin muscle non-treatment
days PA/PE film Cryovac film PA/PE film Cryovac film
0 4 0 4 0 4 0 4
0 5.00+ 5.00+ 5.00+ 5.00+ 3.75+ 3.75+ 4.50+ 4.50+
0.00* 0.00 0.00 0.00 0.50 0.50 0.57 0.57
1 4.00+ 4.00+ 4.00+ 4.25+ 3.50+ 3.75+ 4.00+ 3.75+
1.15 1.15 1.15 0.95 1.00 0.50 1.15 0.50
4 4.50+ 4.50+ 4.00+ 4.50+ 4.00+ 4.00+ 4.00+ 4.00+
0.57 0.57 0.00 0.57 0.81 0.81 0.00 0.81
7 3.50+ 3.50+ 3.50+ 2.50+ 3.50+ 3.00% 3.50+ 3.50+
I 0.57 0.57 0.57 0.57 0.57 0.00 0.57 0.57
Color 5 350+ 4.00+ 3.50¢ 3.50+ 3.50+ 3.50+ 4.00+ 3.50%
0.57 0.00 0.57 0.57 0.57 0.57 0.00 0.57
15 3.50+ 3.75+ 3.75+ 3.75+ 3.75+ 3.75+ 3.75+ 4.00x
0.50 0.50 0.95 0.50 0.50 0.50 0.95 0.81
20 3.50+ 3.00% 3.50+ 3.25+ 3.00+ 3.25+ 3.50+ 3.50+
0.57 0.81 0.57 0.50 0.81 0.50 01.00 0.57
25 3.00+ 3.00% 3.00+ 3.00+ 3.00+ 3.00% 3.00+ 2.50+
1.15 1.15 1.15 1.15 1.15 1.15 1.15 1.29
0 4.75+ 5.00+ 4.75+ 5.00+ 5.00+ 4.50+ 5.00+ 5.00+
0.50 0.00 0.50 0.00 0.00 0.57 0.00 0.00
1 4.75+ 4.75+ 4.25+ 4.50+ 3.75+ 4.50+ 4.50+ 4.25+
0.50 0.50 0.95 0.57 0.95 0.57 0.57 0.50
4 4.50+ 3.50+ 4.50+ 4.00+ 4.50+ 3.50+ 4.00+ 4.00+
0.57 0.57 0.57 0.00 0.57 0.57 0.81 0.00
7 3.50+ 3.50+ 3.50+ 3.50+ 3.50+ 3.50+ 3.50+ 3.50+
d 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57
Gdor 15 400+ 3.50+ 4.006 3.50+ 3.50+ 3.50+ 3.50+ 3.50+
0.81 0.57 0.81 0.57 0.95 0.57 0.57 0.50
15 3.75+ 3.25+ 4.00+ 3.75+ 3.50+ 3.75+ 4.00+ 3.75+
0.50 0.95 0.81 0.50 0.57 0.50 0.81 0.95
20 3.25+ 3.25% 2.75+ 3.00x 3.50+ 3.25+ 2.50+ 3.25+
0.50 0.50 0.95 0.81 0.57 0.50 1.00 0.50
25 3.50+ 3.50% 3.00+ 2.50+ 2.50+ 3.00% 3.00+ 2.50+
0.57 0.57 0.81 1.29 1.29 0.00 1.41 1.29

Standard scores were assessed on 5 point hedonic scale where 5 = very
goad calor and adar, 1 = very poor color or odor
* Value represent meant standard errar
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Table 14. Changes of sensory scores in vacuum packaged beef (Chuck
tenderloin) with ar without epimysium reroval over a 25 day storage
pericd at 0 or 4 .

Treatment
Storage Skin muscle treatment Skin muscle non-treatment
days _PA/PE film  Cryovac film  PA/PE film  Cryovac film
0 4 0 4 0 4 0 4
0 4.50+ 4.50+ 4.00+ 4.25% 4.25+ 4.50+ 4.50+ 4.25+
0.57* 0.57 0.81 0.50 0.50 0.57 0.57 0.50
1 4.00+ 4.00+ 4.00+ 4.00+ 4.75+ A4.25+ A.75+ 4.75+
0.00 0.00 0.00 0.00 0.50 0.95 0.50 0.50
4  3.50+ 3.00+ 3.50+ 3.00% 4.00+ 3.00+ 4.00+ 3.50%
0.57 0.00 0.57 0.00 0.00 0.00 0.00 0.57
7 3.50+ 2.75+ 3.75+ 3.25% 3.50+ 3.50+ 3.50+ 3.50+
I 0.57 0.50 0.50 0.95 0.57 0.57 0.57 0.57
Color 14 400+ 4.006 2.75: 3.75¢  3.50+ 3.75: 3.75:+ 4.00%
0.00 0.00 0.50 0.50 0.57 0.50 0.50 0.00
15 2.25+ 2.00+ 2.75+ 2.25+ 3.00+ 3.00+ 3.25+ 3.25+
0.50 0.00 0.50 0.50 0.00 0.00 0.50 0.50
20 3.00+ 2.50+ 2.25+ 2.75+ 3.50+ 3.00+ 3.25+ 3.50+
0.81 0.57 0.95 0.95 0.57 0.81 0.50 0.57
25 2.50+ 1.50+ 1.50+ 2.50+ 2.50+ 2.50+ 3.00+ 2.50+
0.57 0.57 0.57 0.57 0.57 0.57 0.00 0.57
0 5.00+ 4.50+ 4.50+ 4.25% 4.50+ 4.50+ 5.00+ 4.75+
0.00 0.57 0.57 0.50 0.57 0.57 0.00 0.50
1 4.50+ 3.50+ 4.25+ 4.00+ 4.25+ 3.75+ 4.50+ 4.25+
0.57 0.57 0.50 0.81 0.95 0.50 0.57 0.50
4  3.50+ 4.50+ 4.00x 4.00% 4.00+ 4.50+ 4.00+ 4.25+
0.57 0.57 0.00 0.00 0.81 0.57 0.81 0.50
7 3.75+ 3.25+ 3.00+ 3.25% 4.00+ 3.25+ 3.50+ 3.50%
d 0.50 0.95 0.81 0.95 0.00 0.50 0.57 0.57
Gdor 15 375+ 3.0+ 3.25: 3.50+  3.25: 3.50+ 3.50+ 3.50%
0.50 0.57 0.95 0.57 0.50 1.00 1.00 0.57
15 3.25+ 2.75+ 3.00+ 3.25+ 2.75+ 3.25+ 3.25+ 3.25%
0.50 0.50 0.81 0.95 0.95 0.95 0.95 0.50
20 2.25+ 2.25+ 2.25+ 2.25+ 2.25+ 2.00+ 2.00+ 1.50+
0.95 0.95 0.95 0.95 0.95 0.81 0.81 0.57
25 2.50+ 1.50+ 2.50+ 2.50+ 2.00+ 2.00+ 2.50+ 1.50+
0.57 0.57 0.57 0.57 0.81 0.81 0.57 0.57

Standard scares were assessed on 5point hedonic scale where 5 = very
goad calor and adar, 1 = very poor calor or odor
* Value represent meant standard errar
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1
1.
500 6CCkg, 18 24 3
(Strip lcin) -
1.5 2 kg - 3
Cryovac film(BB4L, Crace, U.S.A.)
2 10
(Experiment I).
Cryovac film ice box
(Experiment 11).
4 0
(Experiment 111). 0
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70 %
, 0.5 cm 10 cm2
- Stamacher bag 2 Stamacher (Stomacher
80, Seward Medical, U.K.) ,
- Standard-1 agar(Merck),
CHL agar(Merck), E. coli  MacConkey agar(Difco) ,
VRS agar(Merck) anaerchic jar anaerocult C (Merck)
- Clostridiur 0.85%
80 10 SPS agar(Merck)

anaerccult C anaercbic jar

calony  counting -

PVC
o) 72 blcoming
Color Difference Neter (Minolta CR-300, Japan)

- L +02.82, a +0.08, b +1.97

calibration plate calibration a -
72
water bath 30 Rheareter(Fudoh ,
NRM-2010J, Japan)  adapter 7 hardness
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- pH
5¢ 45 ml bic-mixer(Nissei, Japan) 5

digital pH meter(Crion , 720 A, U.S.A.) pH -

- (water holding capacity)

plexi-glass (Hauptner , Germany) 300
mg .
KCI desiccator -
5
planimeter (cm) (cm2)
70 %
100 ml -
30 -

gas-tight syringe
(Abiss , Pak

12P, France)

- Biogenic amine

Hwang  Chang(9) -
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1cm
- 59

20ml 6%-trichloroacetic acid

50ml

Ultra turrax

3 - (12,00Crpr/ 10 /7 4 ) Whatman
No. 2 . 50ml 50ml
2ml benzayl chloride -
HPLC(Shimadzu. 10A, Japan) - HPLC column
Nuclecsil 120-7 Clt uw 254nr . CGradient
elution methancl/water (60/40, v/v) 1.2rl/min
2
1.
550 kg 5 .
ice hox
. 10 0]
. 500g PA/PE
. 3 3
. -5 4 +5
10Cg
PVC wrap filr 3 2 -
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( , Pseudomonas, , ), pH, , »
. 1

. 10 panelists ,

data logger(TR-71, T and D, Japan; Agent
HT-1, Switzerland) -

, 32 60 -
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] top x x C )

4160x 1780x 1630cr  2.5ton -18 +10
2 - ’ )
’ carton box
plastic container
-1 0
sensor
sensar
- , , , show case
10 -
4
1.
- 20
10 -
2.
KS M 3088 (Permatran-W TWN,
Mocon, U.S.A.) IR-sensor 381 , 100%
1 1 24 @
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- KS A 1027

(CX-TRAN 100 A, Mocon, U.S.A) 22+ 2 (dry state)
1 1 24 ) )
KS M 3001-96 (Instron 4204, Instron,
U.S.A) (ka/ ) ) (Haze ) KS A
1510-95 (Direct reading haze neter,
Toyoseiki Seisakusha Ltd., Japan) haze %)

- (Elcometer 136, Elcaveter Instrurents Ltd.,
England) -

di-octyl sulfosuccinate 1%

- KS B 5207
(Toyoseiki, Japan) -
80 water bath 1 2 (machine
direction) (transverse direction)
5 M.A.
1.
18 24 500 550kg 3 6
3 - 2
pH 5.5 5.6 -
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70:20:10 -

4 5cm 500g PET/EVCH/PE(antifog

)] C 120cmi/mz-  24hr- atm)

PE/EVCH/foared PP C 2. 1cni/me 24hr
atm) (Tiromat Powerpack 420, Krarer &

Grebe, Germany)

0, 2, 5, 8, 1C

’ pH1 ’
50g
2.
1 2.
Pseudcmonas(GSP

- 371
14 - > ’
, VBN - VBN
-18
(Standard-1  agar), (OHL  agar).
agar), (MRS agar), Clostridiur(SPS agar)

Brochothrix thermasphacta(SIN agar) -

Japan)

Calor Difference Meter (Minoclta CR-300,

- Hunter L~ 95.91, “‘a” (0.09, ‘b’

2.02 calibration plate calibration Hunter “L”, “a’, ‘b’

hue tan-1 b/a .
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, , 10x 8% 5cm 80
water bath 1 1 , »
4x4x0.5cm Rheometer(Fudoh, Nodel NRM 20103,

Japan) hardness - adapter 32

- pH
Digital pH meter (Crion , 720 A, U.S.A.)

spear type electrode pH -

- (water holding capacity)

Crau Hamm(10) filter paper press method -

30

(Abiss, Pak 12P, France)

- VBN

VBN Conway
1) -

10 12 , panel
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Smm
180 cocking pan(GP-500M, Samsung) 2,
2 , , , S
(preference) (absolute tenderness) -
6
1.
550kg 30 ) 1,
2,3 ( ), ( ) ( )
- +0 +4 -
, Cryovac (B4 L, Grace, U.S.A)
+Q +4 1, 4, 7, 10, 15, 20, 25,
30 -
Smm
180 setting cooking pan(CP-500V, Samsung)
- 2 2
30 -

grill pan(SCM-100F, Samsung, Korea)
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- 70 setting (RHB-110S, Rinnai,

Karea)
2.
- : 12
» » 5 G : , 1 =
) )
- : Rheameter (Fudch Rheareter
20103, Japan) hardness

- s. adj 0.5, s. range 1mr, peak reader T, meter

sensibility 10 K, stroke 60mm, base line 50mm, stop adj 10, t, speed

6cm/min - Adapter No. 32
7mm -
7
1.
Black Angus choice 12
Cryaovac
- 0 -
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38 0

38, 45, 52, 59, 66 76 - VBN 50g
-18
2.
’ ’ ’ pH1 ’ ’
VBN (volatile basic nitrogen) biogenic arine
8
1.
550 kg 3 6 -
2 5
PA/PE larinated film EVA/PVDC
copoclymer .
2.
- - Total aerabes, Pseudomonas, Entercbacteriacese, Lactic
acid bacteria, Brochothrix thermosphacta 1 5
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IpH, (Hunter L, a, b hue ), gas , VBN
5 .
TBA Turner .

- 10-14 panelists
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1
1.
Fig- 1 -
Exp- D lcrz 2.8x 102 CFU/
40 60
x 106 CFU/ a0 1.9x 108 CFU/

) Exp. 1)
4.4 x 104 CFU/ )

107 CFU/ ; (Exp- 111

3.5x 102 CFUW/

40
107 CFU/ -
, , 60 , 35 , &0

30 (off-adour)
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7.6



Fig. 2 3 ) 102
CFU/ 30
102 CFU/ 40
(Fig. 2). , Clostridiunr,
Pseudamonas, E. coli 10.2 CFU/
- 0 E. coli
Pseudamonas 1.0x 10:, 6.45x 10¢  4.0x 102 CFU/
- 104 CFU/
, Pseudamonas, E. coli
(Fig. 3). Pseudomonas o)
107 CFU/
35 105
CFU/ - Lee(12)
- Pseudomonas
(13-14). E. cali
. Clostridium 60
102 CFU/ o)
Clostridium .
3 -
2
102 CFU/
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o)
50
2.
oxyryoglobin
Fig- 4
12
PVC

Ca 1

72

metmyoglobin

Newton
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103 CFU/

Rigg(16)

metmyoglobin reduction activity(VRA)

10

(15).
Hunter' a

90

MRA



24
- Ca
10 80
1
1
metryoglobin -
MRA(metmyoglabin
deoxymryaglobin .
oxygenation
3.
100 cc

gas analyzer
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102
¢ g
metmyoglobin
reducing activity)
2 4
- Fig. 5
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30 0.1 : 9.7 90

- Seideman  (18-19)

0 2%
70 80% -
4. Hardness, , pH VBN
Table 1 o) hardness, , pH VBN
hardness 1 2.05kg
a0 0.%g
( 4
) hardness 1.46kg 1.99%g
(P<0.05). 1
hardness
) hardness
Table 1 pH acidic protease
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ATP
Z-disk, actin , myosin
connectin(tinin)  filamnets
fragmentatian
endamysiur perimysium

collagen fibril

collagen fibres

0.37

- 131 -

. Watanake (20)

pH

Takahashi(21)

myofibrils ,
rigor linkage ,

filavents

nebulin

proteoglycans

10

0.58

14



(P<0.05). 1,
40 50 Q.37
(P<0.05).
Z-disk protease
2).
pH 6.2

pH (P<0.05)
pH
VBN » >
4.76, 6.30, 1.40mg%

(P<0.05). VBN

60 31.50mg%

5. Biogenic amine

Biogenic amine

Sppm

1 23ppm

73ppm
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Fig. 1. Comparison of total aerobic bacterial counts on vacuum
packaged Hanwoo beef stored at O in the experiments , and
The times, at which off-odor was detected even 30 mins after
opening the pack are indicated on the curves by an arrow.

- 133 -



10

a

FU/ ey
%

.|

Microbial counts (log €
o

=

u L 1
0 10 20 30 40 S0 60 70 80 o0

- tl..

=
L e

Il

Storage time (days)

Fig. 2. Microbial counts on the vacuum packaged Hanwoo beef stored
at 0 in the experiment .
Total aerobes ( ) Lactic acid bacteria (m ) E. coli ( Ao )

Entrobacteriaceae ( © ) Pseudomonas (O ) Clostridium (e )
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Microbial counts (log CFU/crid

0 10 20 H) 40 50 &l

Storage time (days)

Fig. 3. Microbial counts on the vacuum packaged Hanwoo beef stored
at 0 in the experiment .

Total aerobes ( ) Lactic acid bacteria (m ) E. coli ( Ao )
Entrobacteriaceae ( © ) Pseudomonas (O ) Clostridium (e )
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3'] -

Hunter 'a' value

5 1 1 1 1 1 1 1 1 I
1 20 30 40 S0 o 70 80 9%

Storage time (days)
Fig. 4. Hunter "a" value of vacuum packaged Hanwoo beef stored at
0 in the experiment .

Color was measured immediately after opening the pack ( m ) and after
exposure to air for 1 hr( O ), 5hr( A ) and 10hr( e ), respectively.

- 136 -



16

6

Relative gas concentration ratios (%)
e
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Storage time (days)

-m - CO2Exp. -O0- 0O2Exp.

-e - CO2Exp. -o- 02Exp.
Fig. 5. Relative gas concentration ratios for oxygen and carbon
dioxide 1in vacuum packaged Hanwoo beef stored at O in the
experiments and .

- 137 -



)

i

&0

Biogenic aming contents(sg/a)

Storage time(days)

Fig. 6. Biogenic amine contents of vacuum packaged Hanwoo beef
stored at O in the experiment .

putrecine cadaverine [] tryptamine O 2-Phenylethylamine
tyramine

m  sperrmidine spermine histamine
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Table 1. Hardeness, water holding capacity (WHC), pH and

volatile nitrogen values(VBN) of vacuum packaged beef stored

at 0 in experiments and .

Storage Hardness WHC pH VBN

period (kg) (Mmg%)

(days) )
0 1.46f 0.58a 6.17a 1.40i
1 2.05¢Z) 2.00a 1.99a 0.48a 0.33e 0.37e 5.67a 543 5.44tc 4.76h 6.30i 1.40i
3 1.90b 0.38e 5.39d 2.80h
5 1.76¢ 0.35e 5.43kc 3.50g
7 1.72b 1.68d 0.33e 0.34e 5.47 5.41kd 7.70h  4.20f
10 1.81b 1.55e 0.43kc 0.34e 5.52b 5.42kd 5.88ig 5.60e
14 140c 1.37g 0.38cce 0.40ce 5.49 5.42kd 9.80g 5.60e
20 1.74b 1.23h 0.43kc 0.44cd 5.49b 5.36d 5.60g 7.70d
21 1.24d 0.34ce 5.48 16.10f
28 1.15e 0.40cd 5.46 19.60e
30 1.60c 1.12i 0.43kc 0.46kc 5.45b 5.39cd 5.60g 8.40c
35 1.07f 0.40cd 5.44 21.00d
40 1.49d 1.18+ 0.38d 0.51b 5.47b 5.46kc 6.16¢f 9.80b
42 0.98g 0.47zb 541 23.10c
50 1.37ce 0.92ch 0.98 0.37d 0.43tc 0.50b 5.46b 5.47 5.47b 6.44e 26.60b 11.20a
60 1.24¢f  0.88h 0.41cd 0.50a 5.49b 5.46 7.28d 31.50a
70 1.18f 0.43kc 5.50b 7.84c
80 1.01g 0.46b 5.50b 10.64b
90 0.90g 0.49a 5.71a 12.99a

71) , and representfthefnurrbe rsfoffexperiment -

2) Neans with the same letter are not significantly different(P<0.05).
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1.
Fig. 7 -
. 9.3x 104 CFUW/
1 3 2.0x 107 CFU/
8.9x 103 CFU/ 3
1.4x 105 CFU/ Pseudaomonas
. Pseudomanas
(13,14). -5 1 »
Pseudomonas 4
2
2.

(24-25). Fig. 8

15 2
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- 1
Hue metmyoglabin
(25). Fig- 9 hue 16.45
6 7
18.61 . 30
3. Hardness, pH
. Fig. 10 1 2.18
5
- Fig. 11 0.62
0.39 3 0.43
- - 2
- Fennema(26)
. Fig. 12 pH
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n

Vacwun packaged and Chilled Frozen - Thvwed - Wrap pockaged sed Chillesd

Microbial counts(log CFU/ ar)

L] 7 14 1 IR 35 41 40

Storage time{days)

Fig. 7. Changes in microbial counts of striploin beef with time
after vacuum packaged and chilled stored at 3 for 3 weeks
followed by frozen storage at -5 for 4 weeks and chilled storage
at 3 for 2 days after thawing and wrapping with PVC film.
Total aerobes «@-) Lactic acid bacteria (-m -)
Enterobacteriaceae (-aA-) Pseudomonas spp- (-¢ -)
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Vacuum pack aged and Chilled bFrozen - Thavwed - Wrap pack aped and Chilled

i

E
= &
w ,;f; H 2
L i 1 1 N, -
5 P d:J""c.J 435\‘? T, 8%
S AP A ALY VA A
= g s # | | W Lz
o f f I | [ %)
T | i i —a
15 1 P ff""-—h____q__‘,\l' ' f_fj‘ e e sl e
— R
10
t T 14 21 b s i i

Storage time (days)

Fig. 8. Changes in hunter "a" value of striploin beef with time
after vacuum packaged and chilled stored at 3 for 3 weeks
followed by frozen storage at -5 for 4 weeks and chilled storage
at 3 for 2 days after thawing and wrapping with PVC film.
e - Immediately after opening the vacuum pack
> 1/2 hr after opening the vacuum pack
: 1 hr after opening the vacuum pack
O : 2 hr after opening the vacuum pack
o : After wrapping with PVC film
A © 1/2 hr after wrapping with PVC film
= 1 hr after wrapping with PVC film
m : 2 hr after wrapping with PVC film
* The numbers 1 and 2 indicate the display time after
thawing and wrapping with PVC film.
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Vacuum pack aged and Chilled Fregen - Thawed - Wrap packaged and Chilled

an

] i o &
' 5 LA e L e
I S s sl Y T
AU A D S
|

20 || I ! | | | | |

| | o
S .

Hue angle value {Ian'] bfa)

Storage time (days)

Fig. 9. Changes in hue angle value of striploin beef with time
after vacuum packaged and chilled stored at 3 for 3 weeks
followed by frogen storage at -5 for 4 weeks and chilled storage
at 3 for 2 days after thawing and wrapping with PVC film.
e - Immediately after opening the vacuum pack
: 1/2 hr after opening the vacuum pack
: 1 hr after opening the vacuum pack
O : 2 hr after opening the vacuum pack
= After wrapping with PVC film
A © 1/2 hr after wrapping with PVC film
= 1 hr after wrapping with PVC film
m : 2 hr after wrapping with PVC film
* The numbers 1 and 2 indicate the display time after thawing

(¢]

and wrapping with PVC film.

- 145 -



Vacuum gk aped and chil led Frowen - Thawed - Wrap peckaged and Chilled

Hardness(log)

ny ¢ A
\A_

T -

*

[LE]
0 7 14 1 218 3= 41 49

Storage time(days)

Fig. 10. Changes in hardness of striploin beef with time
after vacuum packaged and chilled stored at 3 for 3 weeks
followed by frozen storage at -5 for 4 weeks and chilled
storage at 3 for 2 days after thawing and wrapping with PVC
film.
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Vacuunm gk aged and Chilled Frozen - Thawed - Wrap pack aged and Chilled

.50 |

0435 ||

WHC

.44

0,35

.30

025
i 7 14 21 8 as 42 40

Storage time(days)
Fig. 11. Changes in water holding capacity of striploin beef with
time after vacuum packaged and chilled stored at 3  for 3 weeks

followed by frogen storage at -5 for 4 weeks and chilled storage
at 3 for 2 days after thawing and wrapping with PVC film.
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Vacuum meokagedand Chilled
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Fig. 12. Changes in pH of striploin beef with time after vacuum
packaged and chilled stored at 3

storage at -5

Storage time (days)

after thawing and wrapping with PVC film.

Table 2.
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1.
Bailley(27) 9o5Y
0.5%
90%
30
;
1.45 2.31%

accelerated chilling

220kg 42
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- James
80% 0 18
. Fig. 13
86 98%
48
@nN.
24
-15 -70
- 7
100kg 25.6
(29).



Fig. 14 15

- Gunvig(29)
6
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Fig. 15

22 30
, 17
30 5
0
5 -
-3 -1
Fig. 16
24 29 -
15 2
20
7.5
5 -
- Gunvig(29) 7% 5
10 15 -

Gill  Jones(30)
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Heiss(32)
6

- ATP (Agreerent on Transport cf Perishables)

7 33).
Fig. 17
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. 0 3
Fig. 18
s . 12
30 4 , 5 9 7
2 8 50 60%
80 95% .
Bailey(34) 2 6
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- gpen cabinet

10
(@35).
(36). Murrmann  Hager(37) 51 chill cabinet
44 4% 7
Fig. 19
- M.AL
%)
- 1 2
10 12 7
- 24 4
3 4 .
(air off the coil) -4
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10 12
3 (36).
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Fig. 14. Temperature of vacuum packaged boxed beef during
distribution from factory to retail shop in winter.
. Inside temperature of carton box
. Outside temperature of carton box
(@ Chill room at factory ® Loading ® Transportation
@® Unloading/Loading Transportation Unloading

Chill room at retail shop
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Fig. 15. Temperature of vacuum packaged boxed beef during
distribution from factory to retail shop in summer(Delivery
to one shop).
. Inside temperature of carton box
. Outside temperature of carton box
Chill room at factory Loading () Transportation
@® Unloading Chill room at retail shop
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Fig. 16. Temperature of vacuum packaged boxed beef during
distribution from factory to retail shop in summer(Delivery
to two shops) .-
. Inside temperature of carton box
. Outside temperature of carton box
Chill room at factory Loading (3 Transportation
@® Unloading Chill room at retail shop
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Fig. 17. Temperature measured iIn the refrigerator at a

retail shop for chilled meat.
. Inside temperature of carton box
. Outside temperature of carton box
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Fig. 18. Temperature and relative humidity measured in the
refrigerator at a retail shop for chilled meat.
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Fig. 19. Temperature measured in the aging room at a retail
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Fig. 20. Temperature in the half-freezing room at a local
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1.
nylon(PA) PE
ethylene vinyl acetate(EVA) palyvinylidene
chloride(PVCC) . PA  ONY( ) CNY
(C ) ONY
PE  lamination - CNY  PE resin

ethylene vinyl alcohal(EVCH)

- nylon
charber type
EVA/PVDC packer -
nylan

Table

3 - laminated film 7

0 100 - PA/FE laminated film 89

66 - PA/PE 101
- Nylon
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nylan EVCH -
laminated film
nylan
FA/PE laminated Tilm 5.6 14.5¢/ - 24hr- atm(
8.49) 4.0 8.0g( 5.50)
5.5 6.0g( 5.79)
- PA/PE laminated film PE
- PA/PE
laminated film 457kg
410kg PE PA 314kg  284kg
653kg 561kg nylan
7.7 18.0% 10.9%
FA/PE laminated film
40.9 89.3 48.8 -
Nylan 25.0 52.2
EVOH 1.8
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10.2 15.4

- 2
2 /dry state
- Eustace(39) nylon PVDC
3.5 25
1/10 - nylan EVOH
PVDC
5% 98% nylon
2 PVDC
(39).
. Rigg (40) 25 100%
0, 200, 300, 500, 800, 1000 cc/m2.24hr.atr -
Pseudomonas
Pseudomonas 1g 106
Occ  200cc 9
200cc Occ
11
, 10 150cc pH 5.5
5.8 -
metryoglabin
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41).

10 100cc
- lcc
30 50cc nylan
(off-odar)
42).
- Table 4
34.9
47.7%, 40.8 54.8%
- 1-J-K
2 3
Eustace(39) PVDC/EVA
47% 60 140
25 46% -

Rigg Mawson(43)
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45).

PVEC

nylan

80 85

nylan
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(44).

, nylon



2.
NieB ner (46)
5,000 /d. .atr , 10 ¢/ .24hr.atm

memory effect,

(plasticized palyvinyl chloride),
(polyvinylidene chlaoride) (polyethylene)

(ethylene vinyl acetate) -

oxymyoglahin
“@n.
5,000cm3/n2. day. atm Landrack
Wallace(48)
10,000cm3/m2. day. atm
(49). ,
10 15
(PVO)
(FB) (EVA)
di-actyl phthalate
(50).
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PVC PE

- PVC
PE lincar low density
palyethylene(LLDPE) PVC
Table 5 - PVC 11 13
LLDPE 9 12
LLDPE PVC -
PVC 7869 LLDPE
99
- 2
LLDPE 20,000 7/ .Z4hr.atm
- Niel3 ner (46)
12 polyclefin 22,000
16 PVC 10,000 , 14 PW\C 12,000
PVC LLDPE
301/201kg  284/221kg -
PVC LLDPE
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PVC LLDPE

356/252kg(Q ) 208/180kg (U ) ;
PVC 1.1%
LLDPE 2.1% P\VC LLCPE
; W PVC 0.6%
. LLDPE ‘R’ T PVC
‘U’ ‘v’ 3.7%
3.0% ;

- NieR ner (46) palyolefin
memory effect, ,
PVC -

PVC ‘M PVC

- LLDPE

‘R’

oy ,
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Table 3. Physical properties of various vacuum packaging materials
obtained from local market”).

Film Water vapor Oxygen Tensile Fin-
transmission ermeabilit h | Haze Manu-
Type o Thickness P Y| strengt hole
Composition (1 rate (1 - 24 |MD/TDD)| (%) facturer
(¢ - 24hream)| - atm) (kg/ )
FA/ FE 70+ 1.9 71 89.3 479/419| 8.8 X A
FA/FE 80+ 2.9 145 42.3 460/443| 130 | x A
FA/ FE 100+ 2.5 5.6 40.9 457/400| 10.7 | x A
Lamin FA/FE 85+ 1.6 9.1 479 555/501| 9.9 X B
ated FA/ FE 85+ 1.1 7.3 42.2 492/405| 126 | x C
) FA/ FE 90+ 2.3 6.3 441 434/404| 113 | x D
Rilm FA/FE 90+ 1.0 140 412 |428/388| 82 | x | E
FA/ FE 90+ 15 7.7 42.2 443/378| 8.8 X E
FA/ FE 100+ 1.4 7.0 46.8 410/394| 138 | x F
FA/ FE 100+ 2.2 57 51.3 416/366| 114 | x G
Mean 89+ 1.8 8.4 48.8 457/410| 109 | x
PF/tie/ PA/tie/ PE | 100+ 1.5 8.0 40.0 380/320| 7.7 | x G
Co- | partie/ PA/tie/ FE| 170+ 1.5 6.0 25.0 350/300| 115 | x G
extru | PA/tie/ E9/tie/ FE | 100+ 1.5 438 18 211/209| 125 | x H
ded | FE/tie/ FA/tie/PE| 75+ 1.5 57 52.2 212/195| 112 | x H
Film | PF/tie/ PA/tie/ PE | 100z 1.5 4.0 335 345/310| 180 | x H
PA/tie/EZ)/tie/ FE| 60+ 1.5 4.7 1.8 386/371| 7.8 X H
Mean 101+ 15 55 25.7 314/284| 115 | x
EVA/ PVDC/
70+ 3.6 6.0 10.2 508/505| 15.7 | x |
copolymer
EVA/ PVDC/
74+ 2.0 55 15.3 546/407| 7.8 X |
i copolymer
Shri- " EA/PVDC/
nk 62+ 45 55 12.2 826/780| 7.8 X J
) copolymer
Film
EVA/ PVDC/
58+ 35 5.6 155 732/551| 9.1 X K
copolymer
Mean 66+ 3.4 57 13.3 653/561| 10.1 | x
Total mean 88+ 2.1 7.0 34.9 454/402| 109 | x

) Each value represents the mean of six to ten replicates.
D Mean = S.D. 2) Machine direction / transverse direction J) EVCH
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Table 4. Changes 1in various physical parameters of vacuum
packaging materials(EVA/PVDC copolymer) obtained from local market
before and after shrinking*)

Manufacturer
I J K
Parameter Beforel) | Afterz) | Before After Before After
Thickness
() 74+ 13 | 259+ 36 | 62+ 25 | 174+ 96 | 58+ 6.7 | 166+ 7.6
Water vapor

transmission 5.5+ 0.002|1.2+ 0.001|5.5+ 0.006|3.9+ 0.001

5.6+ 0.001|4.8+ 0.003
ratey - 24hr.atm)
Oxygen permeabilty
153+ 33| 58+ 18 | 122+ 1.3 | 134+ 22 | 155+ 1.3 | 58+ 04
( / - 24hr- atm)
Tensile strength | 546+ 10.9

333+ 5.9 | 826+ 26.5| 650+ 335

732+ 495|391+ 874
MD/TDé)(kg/ ) 1407+ 5.0| /328 8.6

/ 780+ 47.0//623+ 39.9|/551+ 31.8

/255+ 35.4
Haze (%) 78+ 08 | 37.7+ 34| 78+ 03 | 67.7+ 1.0 | 9.1+ 08 | 17.3+ 2.1
Pin- hole e e e e be be
Shrink rate | MD?) - 485 - 427 - 349
(%) TDY) - 57.3 - 465 - 40.9

”) Each value represents the mean of six to ten replicates.
D Not shrunk 2) Shrunk, unrestrained I) Machine direction
£) Transverse direction
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Table 5. Physical properties of wrap packaging materials obtained
from local market?*)

Film Water vapor Oxygen Tensile Manu.
Thick ; transmission | nermeaility | Strength | Haze | Fin- factu
Type icknessT) rate (1 - 24 MD/TD2) | (%) | hole
( ) (9/ - 24hr « atm) atm) (kg/ ) rer
PVC 11+ 0.8 980 >20,000 257/191 | 1.0 X L
PVC 11+ 05 760 >20,000 350/186 | 0.6 X M
PVC 12+ 05 710 >20,000 276/198 11 X (@)
PVC 12+ 04 870 >20,000 268/176 11 X P
PVC 13+ 0.6 610 >20,000 356/ 252 15 X Q
Mean 12+ 0.6 786 >20,000 301/201 | 1.1 X
LLDPE 9+ 0.7 160 >20,000 340/ 244 1.0 X R
LLDPE/LDPE| 10+ 05 76 >20,000 258/219 16 X S
LLDPE 11+ 05 88 17,000 277/233 11 X T
LLDPE 12+ 0.6 110 15,400 208/180 3.7 X U
LLDPE 11+ 1.0 63 >20,000 336/230 | 3.3 X \
Mean 11+ 0.7 99 >20,000 284/221 2.1 X
Total mean| 11+ 0.6 443 - 293/211 | 16 z

) Each value represents the mean of six to ten replicates.
D Mean £ S.D. 2) Machine direction / transverse directiaon
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5
2.6x 106 CFU/crz

102 CFU/cmz 5

1.1x 104 CFU/cm:
14
(Fig- 22). Brochothrix thermosphacta  3.7x

14 6.2x

105 CFU/cmz - 1.0x 102 CFU/cm2
Brachothrix therrasphacta 14
1.8x 105 CFU/cn: Brochothrix thermosphacta VA
- MA Brochothrix thermosphatca
(52-54).
Taylor(55) 8 12 MA Brochothrix thermosphacta
Pseudomonas
Pseudoronas o) 3.2x 102 CFU/cmz 10
3.2x 103 CFU/cmz
- MA Pseudomonas

20%
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(56).

103 CFU/crrz

Fig. 23

23 8

14 15.52

red(hue angle=0 )

metmyaglobin
Fig. 2 hue
8
14 34.50

metmyoglobin

. Clostridium 14

pure yellon(hue angle=90 )

6.3x 102 CFU/crrz 8

14 6.2x
102 CFU/cn2

3 Clostidium

6 7mm Taylor (57)

Hunter "a* 0]

8 ‘a”
- Hunter “L* ok
- , hue color space pure
angle
hue
(59).
24.27

. Hunter "a* hue
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8 - Ledward(59)

0 30mmHg
metmyoglaobin 6+ 3mmHg metmyoglaobin
- , MAP
metmyaglobin

3.

2 Table 6

7.2kg 2
5.8kg -
14 5.2 - ,
Takahashi (60) mycfibril ,

myasin rigor linkage , connectin filament

nebulin filaments fragrentation -

4. (P
Tole 6 VA pH 14 5.48 5.55

(p 0.05).

pH (61),
pH (62).
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pH 7.0

pH

(€4,

0.41

pH

5.5

pH

(65,66)
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pH

14

. Table 6

5

14

pH

0.36

0.40

(p 0.05). Hamm(63)

CD)

(66) .

20%

70%



(Table 6).

2 22.1% 68.5%

0.05).

MA

(75 80%)

Daherty  (58)

50%

head space

head space

lactic acid bacteria

VBN

(€9),

14

27.5%

(20 25%)

Taylor

Brachothrix thermosphacta

(VBN)

VBN

VBN  10mg%
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20mgh

10

63.5%

14

(P

(64,65).

head space

MacDougall1(64)

heterofermentative

(53).

20mg%

20



30mg¥ , 30mgh
MA
14 12_97rg¥%
0.05).
MA
8.
MA
14
3.0
, 14
3.0
3
14

VBN

14 VBN

Table 7

3.0

10
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3.0

(11). Table 6

4_72mok

(p<0.05).

10

3.5
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10



0.05).

0.05).

4.0

14
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—+— Tuotal aerobes

% —8— Enterobacteriaceas

—k— Brochotfric thermosphacta
—8— Poeudomonas

—a— Lactic acid bacteria

—a— Clomiridiom

Microbial counts {log CFU/cii

0 2 4 & & 10 12 14
Storage time (davs)

Fig. 22. Changes in microbial counts of Hanwoo beef packaged
in modifided atmosphere during storage at 3
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£ e
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5 | 1 1 Il
/(] 2z 4 ] H 10 12 14

Storage time (days)

Fig. 23. Changes in color (Hunter -L*, "a", "b" and hue
angle values) of Hanwoo beef packaged in modifided
atmosphere during storage at 3 .
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Table 6. Changes iIn hardness, pH, WHC, gas concentration
and VBN values of Hanwoo beef packaged in modified
atmosphere during storage at 3

Storage Gas

period Hardness oH WHC _ concentration(%) VBN

(days) (k) 02 cop  (Mg%)
0 7.2a 5.50 0.41 69.6a 21.0b 4.72¢c
2 5.8¢zb 5.52 0.38 68.5a 22.1b 5.19tc
5 5.7eb 5.48 0.36 67.8a 23.0b 8.31ekc
8 5.5¢b 5.50 0.37 66.5¢b 23.5b 9.71ekc
10 5.3b 5.55 0.38 65.7¢h 24.5eb 11.57¢b
14 5.2b 5.55 0.40 63.5b 27.5a 12.97a

é&-C - Means with the same letter are not significant different (p 0.05).
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Table 7. Changes in sensory evaluation scores of Hanwoo beef
packaged iIn modified atmosphere during storage at 3

Raw meat Cooked meat

Storage

period Texture

(days)  Colorl) Off-odors) Weep?) Off-odor?) Flavors) Juiciness?)

Preferences) Tendernesst)

0 4.6a 5.0a 5.0a 43a 4.0eb 34 31c 3.8a
2 4.2¢h 4.3tb 4.4b 4.1a 3.9¢b 3.7 3.6b 3.7a
5 3.7eke 4.0b 39c 4.1a 4.1a 4.0 3.8eb 3.9a
8 3.4kc 3.5kc 3.4d 4.0a 3.6eb 3.6 3.9¢b 3.4
10 3.0d 2.8cd 2.9e 3.5b 3.5kc 3.6 4.1 3.2kc
14 2.2d 2.1d 2.2f 3.2b 3.0c 34 4.2a 3.0c

&-F - Means with the sare letter are not significant different (p 0.05).

1 Means based on a 5-pcint scale (1 : extremely dark brawn, 5 : bright purple red).

2) Means based on a 5-paint scale (1 : abundant off-odor, 5 : no off-odar).

?) Means based on a 5-paint scale (1 : extremrely much, 5 : none).

£) Means based on a 5-point scale (1 : extrerely undesirable, 5 : extrenely desirable).

F) Means based on a 5-paint scale (1 : extrerely tough, 5 : extremely tender).
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Table 8 -
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Table 9 O 4

1
10
3
2
0
1
1-25 4.0

Table 10 O 4

1, 2, 3

- 188 -

1, 2, 3
1 4.3, 4.1, 3.9
4.1, 3.9, 3.5
7-15 , 10
4.0
4
1, 2, 3
0 1, 2
3 10-15 3.9
30 4.0
4 0
1 5
1, 2, 3



0] 10-15
1
2, 3
Table 11 0]
20 10
3
1 2

10-15

20

4.0

3.8, 3.7, 3.5

1

4.1

4.0

3.9

4.2(10-20

20 3.9
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Fig. 24 0
] 4.79 1ogCFU/ 52

7.53 logCFuU/

76 7. 7410gCFU/ -
4.39 logCFU/ 45 52 6.47
logCFU/ 7.07 logCFu/
- 38
4.62 logCFU/ 59
5.48 logCFu/
- Pseudomanas

Pseudamonas 38 4.27 logCRU/ 52

4.00 logCFU/

- Clostridium

Brochothrix therrosphacta 76 2.0 logCFu/
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Fig. 25 0 Hunter "a”
- ‘a" 15-16
- ‘a” 66
10
76 ’a"
(69).
myaglobin ,
. Lawrie(69)
myaglobin
’ pH
Fig-26 hue - 38
22.1 1 48 27-28
- 66
76 24
metmyoglabin .
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- gas analyzer
. Fig. 27

38 0.1 :14.2

59 0.0 - 17.3 , 76
0.0 : 24.2 . Seideman (18, 19)
a 2
70 80%
- 38
4_ Hardness, , pH VBN
Table 12 o) hardress, , PpH
VBN -
hardness 38 1.16kg
76 0.92kg )
hardness -
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0.33-0.34

. Pearson  (70) pH
» pH myosin  actomyosin pH5.0
, Wi (71)
pH 5.7 5.8
- VBN 10.9mg¥%
76 16.6mg% ,

20mg% -

5. Biogenic amine
, aldehyde ketone

arine

, Pseudamonas, Clostridiur, Lactobacillus Streptocaccus
(72,73).
spermine  cadaverine
- Spermine 1 8.5ppr
76 25ppm (Fig- 28). Edwards (74)

1 cadaverine, histamine, spermidine 1
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2ppm
40ppm

cadaverine

putrescine

6.

Table 13

- C

52

putrescine cadaverine 20

tyramine 106 CFU/g Sppr
Slemr (75) putrescine
» ) .
76 cadaverine
spermine  cadaverine
66 3.0
76 1.6
. 76
- ‘a” hue
- 66 3.0
76
1
76
38
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L

-

L 3

Microbial counts {log CFU/cm #)

L 3

—a—Total aerobes

—tr— Pseudomonas

5 =]

Storgae time (days)

=0~ Latic acid bacteria

—a— Clostridium

—&— Entercbacieriacean

—— 8. thermosphacta

Fig. 24. Microbial counts on the vacuum packaged imported
beef chuck transported by ship and stored at O
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Hunter 'a' value

b1
a0 |
-y
25 Fo \f ', l?\ "'lq,,__
I * ] -
[ ® \ q P 5
'F'lh\\_.) ! I| \ £
2 | ] \
et \
15 % & M e U
10
s . . . .
38 45 b2 55 (=] Fi+] BD

Storage timel{days)

Fig. 25. Hunter "a® value of vacuum packaged imported beef
chuck transported by ship and stored at 0 .

Color was measured immediately after opening the pack ( m ) and
after exposure to air for 1 hr( O ), 5hr( ), 10hr( ), 24hr( e )
and 48hr( o ), respectively.
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Hue angle value (tan ' b/fa)

a5t
m -

uﬁb"H -0 I-'w'- G
- B g Tf r_,,

[ B

a
vy
< b il
e T i S8
—— '\-\.___\_H\-.___‘___.

=T o
10 . .

38 45 s 2] [ Fis )

Storage timel(days)

Fig. 26. Hue angle value of vacuum packaged imported beef
chuck transported by ship and stored at 0 .

Color was measured immediately after opening the pack (m) and
after exposure to air for 1 hr(@), 5hr(C ) 10hr( ), 24hr(e ) and
48hr( o ), respectively.
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Relative gas concentration ratios{%)

——07

dr —.— 02

g}-

15

0+

b-

':}" Fa Fa T -~ a
45 52 54 53] 7a

Starage lime(days)

Fig. 27. Relative gas concentration ratios for oxygen and
carbon dioxide in vacuum packaged imported beef chuck
transported by ship and stored at 0 .
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2h § -

Biogenic amine contents{m/g)

Storage time(days)

Fig. 28. Changes in biogenic amine contents of vacuum packaged
imported beef chuck transported by ship and stored at O

Putrecine Cadaverine [] Tryptamine O 2-Phenylethylamine
Tyrarine

m  Sperridine Spermine Histamine
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Table 12. Hardeness, water holding capacity(WHC), pH, volatile
basic nitrogen values(VBN) of vacuum packaged imported beef
chuck transported by ship and stored at 0 .

Storage time Hardness VBN
WHC pH
(days) (kg) (mg %)
38 1.16 0.333 5.7 10.9
45 1.13 0.338 5.7 1.1
52 0.96 0.338 5.7 11.7
59 1.01 0.333 5.7 13.5
66 0.94 0.325 5.8 16.2
76 0.92 0.330 5.8 16.6
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1.
Fig. 29 30 EVA/PVDC  copolymer vsSP)
PA/PE laminated film(VP) 2
- 4.09
logCFU/cm2  4.19 logCFU/cm2 -
5 log, 3 6 log, 4
7 lag . Pseudamonas VSP
0 2.59 log 5 4 log
VP 3 4.38 log - G 2.3 2.4 log
6 4 log
VSP 4 VP 3 -
0 3.3 log 6 7.5
lag - Brochothrix thermosphacta o) 3.2
log
VSP VP . Clostridium
2 lag -
VSP
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Fig. 31

Fig. 33

myaglabin

VP Pseudomonas

32 VSP W 2
VSP 6 15
VP 13 VSP
o)
- 12
3
34 (hue) . Hue
metmyaglobin
30 hue
6 - Hue
1-3

metmyoglobin
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3.

Fig- 35 VSP WP
1.5%  1.4%
6 VSP
4. , pH, TBA, VBN

Table 14 VSP W
- VSP VWP

40 6

pH
. VBN 0]

42 VSP

VP

VSP VP

200g

6.6mg%

VP

- 208 -

VSP
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VP

VP

5.

Table 15

VSP

0.573 0.654
VSP WP 2
5.0
W 5 2.9
VP
VP 4
4
VP

VBN VP

TBA 0

- TBA

(discaloration)

VSP 6

VSP

3.0

VSP
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Fig. 29. Microbial counts on Hanwoo beef loin vacuum-and shrink
packaged with EVA/PVDC copolymer and stored at 2

Total aerobes (-e -)
Pseudomonas (-0 -)

Entrobacteriaceae (-o -)

Lactic acid bacteria (-aA-)
Brocothrix thermosphacta (-
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Fig. 30. Microbial counts on Hanwoo beef loin vacuum-packaged
with PA/PE film and stored at 2

Total aercobes (-e -) Lactic acid bacteria (-aA-)
Pseudomonas (-0 -) Brocothrix thermosphacta (- -)
Entrobacteriaceae (-0 -) Clostridium (-m -)
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Hunter 'a' value

a5

30

i L i L

7 14 21 2B 5 42 40

Storage time {days)

Fig. 31. Hunter "a“value of Hanwoo beef loin vacuum- and
shrink- packaged with EVA/PVDC copolymer and stored at 2 .

Color was measured immediately after opening the pack(m )
and after exposure to air for 1/2hr (@), 1hr ( ), 3hr
( ), 6hr (o), 12hr (o), 24hr (A), 48hr ( ) and 72hr

(— ), respectively.
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Hunter 'a’ value

0 il 14 £ 2B 35 43 a4

Storage time (days)

Fig. 32. Hunter "a“value of Hanwoo beef loin vacuum-packaged
with PA/PE film and stored at 2
Color was measured immediately after opening the pack (m )
and after exposure to air for 1/2hr (@), 1hr (C ), 3hr

( ),6hr (o) 12hr (o), 24hr (A), 48hr ( ) and 72hr
(— ), respectively.
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a0

340

' hia)

Hue angle value (tan

m

b

[t} T 14 21 #a Fi 4 43

Slorage times (days)

Fig. 33. Hue angle value of Hanwoo beef loin vacuum- and

shrink- packaged with EVA/PVDC copolymer and stored at 2 .
Color was measured immediately after opening the pack
(m ) and after exposure to air for 1/2hr (O ), 1hr ( ),
3hr ( ), 6hr (¢ ) 12hr (o), 24hr (a), 48hr ( ) and
72hr (— ), respectively.
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Hue angle value (tan ' bfa)

a6+

a0 r

Suaweal

W] T 14 2 28 a5 42 44

Storaps lire (days)

Fig. 34. Hue angle value of Hanwoo beef loin vacuum-packaged
with PA/PE film and stored at 2 .
Color was measured iImmediately after opening the pack
(m ) and after exposure to air for 1/2hr (@), 1hr ( ),
3hr ( ),6hr (e ), 12hr (o ), 24hr (A), 48hr ( ) and 72hr
(— ), respectively.
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Storage time (days)

Fig. 35. Purge loss of Hanwoo beef loins, which werw either
vacuum- packaged with PA/PE film or vacuum-and shrink-
packaged with EVA/PVDC copolymer and stored at 2

O Vacuum-and shrink- packaged with EVA/PVDC copolymer

m  Vacuum-packaged with PA/PE film
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Table 15. Sensory evaluation scores of Hanwoo beef loins which were
either vacuum- packaged with PA/PE film or vacuum- and shrink- packaged
with EVA/PVDC copolymer and stored at 2

Storge time (days)
0 7 14 21 28 35 42
EVA/PVDC 5.0a 42b 3.7d 3.4ce 32e 2.7f 2.8f

Parameter Film

Before* W eep))
PA/PE 48a 4.0kc 3.8 3.3e 29f 2.7t 2.7f

EVA/PVDC b5.0a 4.6b 4.1cd 3.9d 3.6ef 3.3g 29h

Imm. after Discolorationd oy pE 504 46b  42c 3.9ce 35fg 2.9h  2.4i
opening

the pack EVA/PVDC 5.0a 45b 4.0c 38c 3.4d 2.8e 24f
Off- odor?)
PA/PE 5,0a 45b 3.9c 3.8c 34d 2.7 2.3f

EVA/PVDC 5.0a 48b 4.1c 39d 3.6e 34e 2.9f

1hr after ~ Discoloration  paype 504 47b 4.2c 40d 35e 3.0f 25g
opening

the pack EVA/PVDC 5.0a 4.6¢eb 4.1d 4.0d 3.5 3.0 2.5
Off- odor

PA/PE 5.0a 4.5tc 4.0d 3.9ce 3.5¢f 2.8¢ch 2.3i

* Before opening the pack

eiMeans with the same letter are not significantly (p<0.05) different.

1) Means based on a 5 - point scale ( 1 : extremely much, 5 : none)

2) Means based on a 5 - point scale ( 1 : total discoloration, 5 : no discoloration )
3 Means based on a 5 - point scale ( 1 : aboundant off-odor, 5: no off- odor )
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322 ( 55.0) ( 1.3)

192 ( 32.8) C 1.3)

23 ( 3.9)

45 ( 7.7) C 1.3)
39 ( 6.7) ( 19.7)1

585 ( 100.0 ) ( 100.0 )

1994.8
1-9 >
, %

(1997.8) ( 1994.8 )1

490 ( 31.9) ( 44.0)

) 439 ( 28.6) ( 47.0)
11 ( 7.2) ( 15)

178 ( 11.6) C 2.8)

271 ( 17.6) ( 2.4)

48 ( 3.1) ( 23)

1537 ( 100.0 ) ( 100.0 )

1994.8
% 95
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1994

“ " (44.0%), < () (47.0%)
“ " (B9, “ () (28.6%), * 7 QA7-6%), ¢ 7 (7-20)
< 1-8 >
< 1-10 >
: , %
(1997.8) (1994.8 )
104 ( 18.0) | 138 ( 24.6) ( 8.3)
220 ( 38.0) | 306 ( 54.4) ( 17.9)1
48 ( 83)| 14 ( 2.5) ( 14.9)
32( 5.5)| 52 9.3) ( 14.2)
192 ( 24.5) 52 9.3 44.7
3B ( 57) C 8.3) C 44.7)
579 ( 100.0 ) | 562 ( 100.0 ) ( 100.0)
1 17 % .
“ ?” 1994
“ 7 (44.7%) “ ”
(38.0%), “ " (24.5%), “ ” (18.0%)
54 4%, *“ 7 24 6% 7%
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1-11 >

- 244 -

: , %
(1997.8) ( 1994.8 )1
380 ( 73.1) ( 69.9)
58 ( 11.2) ( 33.1)
82 ( 15.8)
520 ( 100.0 ) ( 100.0)
1 1994 .8
:65
“ ?” 1994
“ 7 66.9%, “ 7 33.1% ,
73.1%
“ ” 1994
“ ” 42.1%
“ 7 42 .6%




< 1-12 >

, %
(1997.8 ) (1994.8)
405 ( 42.6) ( 23.4)
183 ( 19.3) ( 19.5)
133 ( 14.0) ( 42.1)
153 ( 16.1) ( 13.3)
57 ( 6.0)
19 (C 2.0) C 17)
950 ( 100.0 ) ( 100.0)
< 1-13 >
, %
21 21 ?
380 (66.5) | 391 (66.8)| 103 ( 17.8) 226 ( 45.5)
163 (27.8) | 222 (37.9)| 138 (23.9) 70 (14.1)
204 (50.3) | 381 (65.1)| 202 (34.9) 108 ( 21.7 )
280 (49.4) | 322 (50.0) 84 (14.5) 36 ( 7.2)
213 (36.4) | 192 (32.8) 43 ( 7.4) 35 ( 7.0)
42 ( 7.2) 23 ( 3.9)
68 (11.6 ) 45 ( 7.6)
39 ( 6.6) 8 ( 1.4) 2 ( 4.4)
585 585 578 ( 100.0 ) 497 ( 100.0 )
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50%

(23.9%)

< 1-14 >

34.9%),

(45.5)

279 ( 75.8)

37 (10.1) | 52 (14.1) | 368 ( 100.0 )

89 (65.9)

18 (13.3) | 28 (20.7) | 135 ( 100.0)

X 2= 5.005 P > 0.082

75.8%

65.9%

10%
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< 1-15 >

: , %

47 ( 21.5) 31 (14.2) 65 (29.7) | 76 ( 34.8) | 219 (100.0)

46 ( 16.4) 50 ( 17.8) 92 (32.7)| 93 ( 33.1) | 281 (100.0)

44 ( 23.0) 31 ( 16.2) 63 (33.0) | 53 ( 27.7) | 191 (100.0)

28 ( 20.6) 26 ( 19.1) 42 (31.0)| 40 ( 29.4) | 136 (100.0)

32 ( 19.6) 27 ( 16.4) 56 (34.1)| 49 ( 29.8) | 164 (100.0)

< 1-16 >

: , %
45

100 38( 56.7)| 29( 43.3)|167(100.0) (67.2) 22( 32.8)| 67(100.0)
84

100 - 150 81( 52.6)| 73( 47.4)|154(100.0) ( 56.0) 66( 44.0)|150(100.0)
108

150 - 200 102( 62.6)| 61( 37.4)|163(100.0) ( 71.0) 44( 29.0)|152(100.0)
59

200 - 250 52( 64.2)| 29( 35.8)| 81(100.0) (73.7) 21( 26.3)| 80(100.0)
73

250 63( 64.9)| 34( 35.0)| 97(100.0) 7.7 21( 22.3)| 94(100.0)
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<

1-17 >

: , %
€67 (78.82) 18 (21.18) 85 ( 100.0 )
89 (18.50 ) | 392 ( 81.50) 481 ( 100.0)

X 2=131.644 P > 0.001

67.8%
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62.20%, 65.82% , » ,

70.00%,
73.81%, 72.08% -
< 1-15 >
< 1-18 >
: , %
79 (62.2) 48 (37.8) 127 ( 100.0 )
104 ( 65.8) 54 (34.2) 158 ( 100.0 )
77 ( 70.0) 33 (30.0) 110 ( 100.0 )
51 ( 73.9) 18 ( 26.1) 69 ( 100.0 )
62 (72.1) 24 (27.9) 86 ( 100.0 )
373 (67.8) 177 ( 32.2) 550 ( 100.0 )

X 2=4.256 P > 0.372
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<

1-16 >

: , %
50 ( 44.64 )| 30 ( 26.79 )| 23 (20.54 )| 9 ( 8.04 )|112 ( 100.0)
56 ( 42.11 )| 36 ( 27.07 )| 29 ( 21.80 )| 12 ( 9.02 )|133 ( 100.0 )
44 (44.90 )| 24 (24.49) 26 (26.53)| 4 ( 4.08) 98 ( 100.0)
19 ( 31.67 )| 18 ( 30.00 )| 21 ( 35.00)| 2 ( 3.33) 60 ( 100.0 )
29 (138.16 )| 20 (26.32 )| 23 (30.26)| 4 ( 5.26)| 76 ( 100.0 )
X 2=10.944 P > (0.534
» 8 279
. 43
76
@7.2%), 93 (33.3), » » 70 (25.1%),
14 4% -
63.2%, 79.6%,
, ) 81.4%, , , ) 40.C%
«C . )

- 250 -




49.3%, 48.4%
, «C . s )
(38.0%), (58.1%) ;
5-10
1 (48.7%), 2 (57.3%), 1 (39.4%)

2 (54.8%) ;

- 251 -



<

1-17 >

%)
, C ,
) )

48(63.2) | 74(79.6) 57(81.4) 16 (40.0)

17(22.4) | 11(11.8) 7(10.0) 2 (5.0)

2 (2.6) 2 (2.1) 1 (1.4) 0 (0.0)

9(11.8) 6 (6.5) 5 (7.1) 22 (55.0)

76 (100) 93 (100) 70 (100) 40 (100)

18(23.4) | 18(19.4) 22(31.0) 25(58.1)

13(16.9) | 18(19.4) 27(38.0) 5(11.7)

38(49.3) | 45(48.4) 13(18.3) 10(23.3)

8(10.4) | 12(12.9) 9(12.7) 3 (7.0)

77 (100) 93 (100) 71 (100) 43 (100)

5 14(18.2) | 11(12.4) 6 (8.8) 14(33.3)
5-10 45(58.4) | 51(57.3) 37(54.4) 26(61.9)
10-20 13(16.9) | 22(24.7) 16(23.5) 2 (4.9)
20-40 5 (6.5) 5 (5.6) 9(13.2) 0 (0.0)
77 (100) 89(100) 68(100) 42 (100)

1 37(48.7) | 21(23.6) 28(39.4) 15(35.7)
2 32(42.1) | 51(57.3) 27(38.0) 23(54.8)
3 7 9.2) | 17(19.1) 16(22.5) 4 (9.5)
76 (100) 89(100) 71(100) 42 (100)
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< 1-18 >

C%)
28(38.4) 45(61.6) 73(100)
62(69.7) 27(30.3) 89(100)
45(63.4) 26(36.6) 71(100)
22(52.4) 20(47.6) 42(100)
157(57.0) 118(42.9) 275(100)
45
X 2=17.728 p > 0.001
57 .0%
38.4%
< 1-19 >
C%)
C C
59(78.7) 73(85.9) 50(84.8) 30 (77.0)
16(21.3) 12(14.1) 9(15.2) 9(23.0)
75 (100) 85 (100) 59 (100) 39 (100)
66(91.7) 65(81.3) 49(76.6) 34(81.0)
6 (8.3) 15(18.7) 15(23.4) 8 (12.0)
72 (100) 80 (100) €4 (100) 42 (100)

- 253 -




(78.7%) @4.8% -
< 1-20 >
: %)
¢ )
244(82.4)
36(12.2)
16 (5.4)
296 (100)
- 24
< 1-21 >
: (%)
¢ )
44(38.3)
71(61.7)
115(100)
- 205
82.4% .
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(61.7%)

<

1-22 >

%)

C )

111(68.5)

14 (8.6)

28(17.3)

9 (5.6)

162(100)

162(56.0)

21(16.5)

18(14.2)

66(52.0)

22(17.3)

127 (100)

127(44.0)

289(100)

-3

(52.0%)”

56.0%

" (68.5%)

17.3%

- 255 -




157

140

(52.9%)

47.1%)

“(30.6%), ”

“(42.1%), “

“(34.3%)

- 256 -

297

" (37.6%),

“(30.6%)

“47.1%), 7

»(40.07%),



<

1-23 >

C%)
/

p 48(30.6) 48(34.3) 96(32.3)
23(14.6) 38(27.1) 61(20.5)
25(16.0) 32(22.9) 57(19.2)
39(24.8) 66(47.1) 105(35.4)
48(30.6) 59(42.1) 107(36.0)
59(37.6) 56(40.0) 115(38.7)
15 (9.6) 5 (3.6) 20 (6.7)
21(13.4) 12 (8.6) 33(11.1)
16(10.2) 10 (7.1) 26 (8.8)

5(3.2) 5(3.6) 10 (3.4)
157(100) 140(100) 297 (100)
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<

1-24 >

C%)
/
28(38.4) 45(61.6) 73(100)
62(71.3) 25(28.7) 87(100)
§ N 42(63.6) 24(36.4) 66(100)
p N 14(33.3) 28(66.7) 42(100)
106(52.7) 95(47.3) 201(100)
21(58.3) 15(41.7) 36(100)
5(83.3) 1(16.7) 6(100)
22(45.8) 26(54.2) 48(100)
»(54.2%)
” (45.8%)
60%
» (63.5%) ” (53.0%)

- 258 -




< 1-25 > /

C%)
/
87(63.5) 50(36.5) 137(100)
61(53.0) 54(47.0) 115(100)
148(58.7) 104(41.3) 252(100)
- 68
X 2=2.822 p > 0.093
10
“ ” 97 (@7.9%), “ ” 159
(62.1%) .
3.7 ¢ 7 70%
< 1-26 >
: %)
¢ )
97(37.9)
159(62.1)
256(100)
- 64
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< 1-27 > /
C%)
/
37(40.2) 55(59.8) 92(100)
30(33.7) 59(66-3) 89(100)
67(37.0) 114(63.0) 181(100)
- 139
X 2=0.822 p > 0.365
< 1-28 >
(%)
¢ )
101(50.0)
/ 27(13.49)
70(34.6)
4 (2.0)
202 (100)
- 118
” 50.0% “
” 4.6%) .
“ 7 (76.4%)
“ 7 (68.5%), “ 7 (60.7%), “ 7 (85.1%)
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< 1-29 >

C%)
44 61 48 29 68 29 54 26 48 49 89
( )| (49.4)| (68.5)| (53.9) | (32.6) | (76.4) | (32.6) | (60.7) | (29.2) | (53.9)| (55.1)
83.5%
< 1-30 >
C%)
¢ )
202(83.5)
40(16.5)
242 (100)
- 78
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<

1-31 >

: %)

C D

56(46.3)

6 (5.0)

46(38.0)

13(10.7)

121(100)

121(42.8)

68(42.0)

4 (2.5)

61(37.7)

29(17.9)

162(100)

162(57.2)

283 (100)

- 37

” 57.2%

42 %

37.7%

»(42.8%)

(46.3%)

- 262 -




<

1-32 >

%)
22(32.8) 12(17.9) 33(49.3) €7(100)
39(50.7) 10(13.0) 28(36.4) 77(100)
( 3 26(43.3) 7(11.7) 27(45.0) €60(100)
( ) 17(42.5) 14(35.0) 9(22.5) 40(100)
(49.3%0)” (32.8%)”
16.5%
3.
Probit
Y X

Logit, Probit

- 263 -

Y=1 2




X1, X Logit ,

P(Y= 1 X4, Xp)
= + + et X
e P(Y= 2|X1,"', Xp) %0 %1 X1 %p p

log

exp( Qo+ By x + -4 %p X p)
exp(1+ Qo+ QB x i+ -+ R, xy)

P(Y= 1 X4, Xp)=

1 logistic

Logit logistic - Logit

(Independence of

Alternatives) Logit

Probit (
).
P Probit Q@ *(P) *C )
. Probit
O [P(Y=1x)]= B+ By xi R, x, -

Probit

- 264 -

Irrelevant



Probit

(m, n ,

Um: %O-" glAm-" ngm-" QSCm

Un: %O+ glAn-" QZBn"' QSCn

= , A C: 5 %1"\ %3 : )]
P.,=® U_,- U, P : )
D
< 1-33 >
1
20 ,30 ,40 ,5 , 60
100 , 100 150 ,
150 200 , 200 250 ,
250 300 , 300
¢ , , )
£ ( £
s )
) 1. 1, 2, ..., n
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1-33

Um: %O+ glAm-" QZBm

Un: %O+ glAn-" QZBn

I:)m: Q(Um' Un)
Um: %O-" glcm-" QZDm-" QSEm

Un: %O+ glcn"' QZDn"' QSEn

- 266 -



< 1-34 >
X 2
0.176 8.00%*
0.138 10.92*
-0.431 12.277*
-0.362 4 247%
-0.315 7.20%%
*% 5% Eatated 1%
+
- ( ’ )

- 267 -



2)

< 1-35 >

5
20" 40

5 10
, 40

10 20

1. < 133>

Um: %O+ glAm-" ngm-" QSCm

Un: %O-" glAn-" QZBn-" QSCn
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: ?
P m= ®( u m” u n)
Um: %O+ ngm-" ngm
Un: %O+ ngn"' QZEn
( )
P m= ®( u m” u n)
1-36 >
X 2
0.268 6.00"*
? -0.609 8.447*
? -0.533 5.51**
-0.687 7.657*
( ) 0.540 10.07**
*k 5% keiaied 1%

- 269 -




94

94

- 270 -

94



(

)

94

o4

10

(D)

- 271 -

80%

0%



- 272 -



1997
< 2-1 >
@G7.0%),
41.2%

12

(1.7,

(23.5%)

- 273 -

25.2%



24_.3%

9. 2% .
68.2% 23.4%,
8.4% .
(67.6%)
(13.9%, (6.1%), G.e%),
A.3n), a.4% .
61.1% 17.5%, 13.5%
33.5% 12.8%, 9.84%,
5.0% - ,
< 2-2 >

- 274 -



1997 12 < 2-1 >

24 .3% 26%
65%
, 3D
< 2-2 >
1 8,832
9,700 .
‘08 6
Al+ 8,200
7.7%
18.3% .
800 1,8C0 9,600 10,670
10% .
- 7.7%,
_ - 28.3%

21% -

- 275 -



2.5

- 276 -



2-1 >

|
I I I I
(25.2%) (41.2%) (24.3%) (9.2%)
I I I I
(37.0%) (31.7%) (23.5%) (7.8%)
l J
]
(23.4%) (68.2%)
= (67.6%) (61.1%)
L (1.4%) — (17.5%)
- CRE N (3.9%)
(13.5%)
- (5.6%) — (0.8%)
| (3.3%) — (1.1%)
' } — (1.4%)
B (2.8%) - (0.7%)
— (4.3%) — (5.0%)
—  (12%) B
- (4.8%)
— (3.9%)
p— (0.1%)
— (0.3%)
— (0.0%)
— 2 (1.7%)
— (0.0%)
— (31.1%)
. 1997. 12.
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26%

65%

9%

9,700
8,832
1
9,600 9,600
8,832 10,670 10,670
v \ v
1
v v v
20,000 37,000
. 1998 8 24
8 20 .

- 278 -




kY

2001
‘97 12 IWF
"g7 63.3% 79 ]
IMF
] 2001
1 ‘96 7.1kg 2004
11.8kg 6.5% ]

- 279 -



12

(LFO)

88 5 ‘

2)

1990

- 280 -

10-20%

IMF

2001



51%,

59

2-1 >

2.7%

27%

- 281 -

31%,

96



2-1 > %6 )

1 100

9 250

14 400

1 800

23 915

( ) 196 1124
1 2000

160 2000

600 - -
( ) 36 540
) 1 340

99 997

53 804

17 850

16 740

102 600

19 600

) 30 5100

5 100

17 900

108 1500

9 310
53 23000

a7 500

) 1 1000
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25 1270

11 700

1 120

24 300

8 500

10 650

4 190

25 1500

( ) 40 3000
21 2000

7 200

15 450

13 350

7 400

255 8560

PIS 11 150
300 526

120 1000

46 2000

118 3000
59 2173 77042

: , 1997. 2.
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D

IMF

- 284 -



@

8 6
1
1996 .
< 2-2 >
)] 1998 2 9
1992
1997 12 30
1993 5 21
1997 10 2%
1997 7 21
1996 7 22
1996 1 30
1980
1993 12 UR

- 285 -




1996 3

1997 - 1997
» 1998

. 1983 1985

1996

&)

- 286 -



20

©))

©))

1

50,000

195,000

287 -



—>

—>

—>

288 -

->



289 -



@

19¢8

3

28

IMF

- 290 -

31

10



IMF

40%

1992

- 291 -

1993

1.5



’ - IMF

&)

©))

- 292 -



35,000 , 26,000 9,000

25,000 , 9,000 16,000 -

©))

- IVF
50%

20 30%

- IMF

- 293 -



294 -



- 295 -



D
1991 4
1996
89.3%
(3-3k9),

1970 22
100 5
1996 38.2%
1996
5y
1 7..5%
4. 7%, 11.2%
1 3.8  ( 8.0kg)

4.9%(4.7kg)

- 296 -

C-157

7.7kg,

1997

1970

2.2%



< 2-3 >
C )

1970 217,819 | 194,592(89.30)) | 23,227
1975 291,781 246,858(84.6%) 44,923
1980 416,549 | 268,698(69.3%) | 127,851
1985 542,896 368,638(71.6%) | 154,258
1986 574,388 390,998(68.1%) 183,390
1987 618,661 | 395,384(63.9%) | 223,217
1988 664,645 398,862(60.0%) 265,783
1989 730,665 383,570(52.5%) 347,095
1990 755,015 | 384,635(51.0%) 370,380
1991 758,178 . 402,612(53.1%) | 355,566
1992 827,490 414,178(50.1%) 413,312
1993 928,759 | . 416,056(44.8%) 512,703
1994 1,010,696 | 421,639(41.7%) | 589,057
1995 1,069,938 420,634(39.3%) 649,304
1996 1,017,639 388,478(38.2%) 629,161

1985 56

1995 63 8 96
84 12 ) 1985  35.8%
1995 42 1% )
< 23> 40%
, < 2-4 > 40%
16% )
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2-4 > ( )
1985 564(35.8) 958(60.8) 1575
1986 526(33.8) 975(62.7) 1554
1987 473(31.4) 983(65.2) 1507
1988 444(30.4) 966(66.1) 1460
1989 453(32.5) 890(63.9) 1392
1990 482(34.7) 860(61.8) 1391
1991 510(35.2) 886(61.2) 1448
1992 535(35.9) 904(60.6) 1491
1993 567(37.5) 892(59.0) 1511
1994 625(40.0) 865(55.3) 1564
1995 633(42.1) 835(55.5) 1505

.\
__:--‘-\___
TE 4 "‘-~-.-_l SR
< 2-3 > ¢

B2. B3

- 298 -




< 2-3 >
1996
1211 ;
0-157
) ¢ )
(83.5%),
(64.0%), (79.4%) ;
0-157
2)
49.1% 334,
; 35. 2%

- 299 -

1997
1997 6

(75.0%),
18.2%

1991



18.2%

< 2-5 >
100 | 19.9 | 11.5 35.0 5.5 | 15.0 | 13.0 |
100 | 15.1 7.4 27.0 4.6 | 19.9 | 16.0
100 | 17.8 7.0 44.8 3.2 | 11.9 | 15.1
100 | 31.1 4.5 21.1 21.4 5.5 | 16.5
89 41 @ ) 3B,
@33 ) 24 ]
84 .5 15.5% ;
91.3%
8. 7% ]
50% 22%, 13%
51Y% 26%,
12%, 11% ]
25 ] 1
12 13 ]

- 300 -




2-4 >

\ (33%) 18%
29
(10, 89 233
(35%) 19) (41%) (24%)
<84.5%> ‘ ‘
32 {8.7%}
<15.5%> ( 10, 22)
‘ {91.3%}
)
( )(50%) (13%) (22%)
13% 9% 1% 27% 4% 2% 0% 7% % 1% 0% 17% 5%
1997.2.
)1
2.<> {3} 1993 , 1996

- 301 -

10%




3) 1
1995 149 15
13 , 4 117 ] ,
. < 2-6 >
< 26>
:330kg (9) :
1875 BOkg ()|  :AB.BS 86
1951 =32 EAs B5 3,000
:600 7Q0kg -A9,E ,
. : )
28 36 :
1958 600 700kg :A5.,B5 1,316
32 36 :
1962 -680kg(< ) M 6,400
580kg(2 ) :
22 -
1969 - 650kg M 600
26 29 5
1977 :630 690kg ) - 2,100
C . )
-30 -A4 BA(BNST)
1983 “es0kg 1,350
:28
1983 o0kg 5 7,140
: , , (1995).
1) 2,
, 1997.10.
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- 149

22 36

650kg

4,5 3

86

4)

7,140

- 303 -

1990

22

A,B,



19¢1

612
)
1994 3
1996 3.5%
3-4

B2, B3

55.5%

F1

F1

- 304 -

11.4%

1996

C-157,

F1

1994



Y

1970 1980
0% (90%)
¢
30
38%,
17%
¢
1984 1987
2)
1991 « g

- 305 -

0%

45%,

2)

(Simultaneous Buy and Sell Tender System:SBS)

3%,

29



1988 1990 SBS
. 1984 1987 SBS SBS 1988
30%, 1989  45%, 1990 60%
C )
1991 »
Sale
UR 2000 50% 38.5%
117% 50%
< 2-7 >
1995 1996 1997 1998 1999 2000
(D) 48.1 46.2 443 42.3 40.4 38.5

306 -




1995 8 1996 4 1996

- 196 8
50% -
2)
1980 75.5%, 19.1%
1997 4™ 47.4% -
80 19.1% 97  47.4%
- < &
- 91 28.0%
97  40.5% -
71.5%
56.7% -
- 95 1
96 -
1981 33 1997
65 2 -

- 307 -



- 308 -



2-8 >

( =0
/

1980 75.5 191 3.2 13 0.9
1981 70.4 22.3 5.0 16 0.7
1982 70.2 26.1 3.0 0.1 0.6
1983 66.2 274 5.6 0.2 0.6
1984 63.4 28.7 5.2 0.2 2.5
1985 62.0 30.6 4.6 0.2 2.6
1986 59.2 34.9 3.4 0.1 24
1987 55.6 38.1 3.6 0.1 2.6
1988 52.0 41.2 4.1 0.2 25
1989 50.8 42.6 4.1 0.5 2.0
1990 52.5 42.6 2.8 0.4 17
1991 52.6 43.4 24 0.5 11
1992 52.1 44.7 21 0.4 0.7
1993 53.2 42.9 3.1 0.3 0.5
1994 52.6 42.5 3.8 0.6 0.5
1995 47.8 46.8 4.1 0.8 0.5
1996 454 48.5 4.5 0.1 0.6
1997 47.0 47.4 3.5

: U.S. MEF, , 1998. 6. 25.
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< 2-9 >

( SN0

() 1991 1992 1993 1994 1995 1996 1997
170,141 | 216,851 | 300,871 | 333,838 | 366,791 | 310,594 | 329,258
152,724 1 203,626 | 263,650 | 248,007 | 289,282 | 298,710 | 315,962
326,919 | 423,429 | 566,911 | 582,964 | 658,365 | 611,241 | 646,578
85.09 | 129.50  133.90 103 11270} 92.80 | 105.78
52.04 51.21 53.07 57.17 55.71 | 50.81 50.92
47,563 | 61,646 ! 81,358 | 100,908 | 137,890 | 122,249 | 133,401
93,941 | 121,228 | 161,727 | 147,370 | 170,028 | 173,880 | 172,869
141,524 | 182,873 | 243,085 | 248,367 | 307,936 | 296,149 | 306,270
86.09 | 129.22 ! 13293 10217 12398 96.17 | 103.42
33.61 33.71 33.47 40.66 4478 | 41.28 43.56
121,302 | 152,638 | 215,030 | 224,618 | 217,879 | 179,305 | 186,654
52,313 | 74,078 86,074 81,805, 96,049, 97,604 | 116,989
175,983 | 227,598 | 301,702 | 306,879 | 314,544 | 277,400 | 304,184
88.68 | 129.33 13256 101.72 1025 88.19 | 109.66
68.93 67.06 71.27 73.19 69.27 | 64.64 61.36

: U.S. MEF, , 1998. 6. 25.

D

HACCP(Hazard Analysis

and Critical Control Point : )] 48

- Boxing

22 -

- 310 -



2-5 > ¢ )
Live Cattle US HACCP Besef Distributor
—p —» HRI( , )
Packer
¢ Retailer
— > - HRI(
sample ¢
Retailer
— > P/center —»
D/center
40 , 50
. 30 10
. 1
1 . JUSCC
26 2% 7 10% 16 20%

- 311 -



1991

90%

- 312 -

C-157,

IMF

IMF



IMF

- 313 -



- 10C% 50-60%

37-48% -

15%

- 314 -



- 315 -



1.
1970 1970 1980
] 1984 1987 SBS (
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95y
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1988 19¢0 1988 :274,000 , 1989 :334,000 , 1990 :394,C00

1991
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- 1997
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) 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 |1998/4-1999/1
170,141/216,,851| 300,871 | 333,838 366,791 | 310,594|329,258| 266,604(96.3)
152,724/ 203,626| 263,650 248,007 | 289,282 | 298,710 315,962| 323,471(109.1) |
326,919|423,429| 566,911 | 582,964 | 658,365 | 611,241 | 646,578 590,988
85.00 | 129.5 | 133.9 | 103 | 112.70 | 92.80 | 105.78 102.9
52.04 | 51.21 | 53.07 | 57.17 | 55.71 | 50.81 | 50.92 45.10
47,563 61,646 81,358 | 100,908] 137,890 122,249(133,401| 107,895(94.3) |
93,941 [121,228| 161,727 | 147,370 | 170,028 173,880 172,869| 179,596(109.6) |
141,524]182,873| 243,085 | 248,367 | 307,936 | 296,149 206,270 287,536
86.00 | 129.22] 132.93 | 102.17 | 123.98 | 96.17 | 103.42 103.3
33.61 | 33.71 | 33.47 | 40.66 | 44.78 | 41.28 | 43.56 37.50
121,302/152,638| 215,030 224,618 | 217,879 | 179,305]186,654| 152,462(98.4) |
52,313 74,078] 86,074 | 81,805 | 96,049 | 97,604 | 116,989 120,039(109.9) |
175,983[227,598| 301,702 | 306,879 | 314,544 | 277,400| 204,184 272,901
88.68 | 129.33[ 132.56 | 101.72 | 102.5 | 88.19 | 109.66 103.1
68.93 | 67.06 | 71.27 | 73.19 | 69.27 | 64.64 | 61.36 55.9
4 3
O
3-3 >
1997 1998 1997 1998 1997 1998
1 20,870 | 19,372 | 19,529 | 23,707 | 40,593 | 43,231 |
2 26,061 | 24,716 | 13,109 | 22,118 | 39,211 | 46,883
3 24,800 | 25,243 | 10,550 | 12,195 | 35,433 | 37,512 |
4 29,888 | 29,054 | 47,312 | 50,743 | 77,312 | 79,939 |
5 27,503 | 26,453 | 18,211 | 41,188 | 45,800 | 67,721 |
6 27,249 | 28,652 | 36,888 | 18,295 | 64,250 | 47,016 |
7 29,352 | 31,778 | 27,972 | 38,014 | 57,486 | 69,878 |
8 26,506 | 23,470 | 30,458 | 33,240 | 57,175 | 56,795 |
9 27,096 | 25,831 | 27,003 | 25,130 | 54,218 | 51,071 |
10 33,487 | 26,588 | 28,801 | 25,063 | 62,385 | 51,684 |
1 27,366 | 26,878 | 32,069 | 36,169 | 59,473 | 63,161 |
12 29,080 27,365 24,058 23,570 53,241 50,998
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1994

1998

54_7%

” 25.2%

11.1%

81.8%

, C-157

)?

: %

1994 1995 1996 1997 1998
25.2 12.8 17.5 6.8 11.1
7.9 9.1 6.3 4.5 4.5
54.7 71.3 77.8 83.0 81.8
10.7 11.1 5.4 6.3 6.8
6.4 3.1 1.7 2.3 1.9
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60

20
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20

30-

40



35>

: %

10.9 13.3 14.0 15.6
15.9 17.6 24.6 13.3
C )] 8.7 14.2 12.6 14.4
C 23.1 16.9 14.7 22.2
10.0 7.6 5.3 4.4
16.5 13.6 15.8 13.3
8.4 6.4 5.6 8.9
6.5 10.4 7.4 7.8
< 3-6 > ?
%
57.0 36.3 50.0 47.8
57.0 53.3 51.0 53.8
50.5 44 .3 33.8 42.8
38.8 25.5 48.3 37.5
18.3 11.0 41.0 23.4
1.8 5.0 1.8 2.8
“300g 7
“500g 7 .
''500g “

»300g
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< 37>1 ¢ )
T %
300g 300 50Cg 500g
37.2 31.0 31.8
40.4 31.7 27.9
38.3 32.2 29.5
33.7 29.4 36.9
- ¢
)] “ » ™300 50Cg* -
” “500g ” - “ ”
“500g ” , v L
< 3-8 > (1ee8 )
: %
30Cg 300 500g|500g
100 |94.7 5.3 37.2 31.0 31.8
14.0 |96.9 3.1 4.5 5.3 4.3
18.3 |98.6 1.4 5.2 6.0 7.1
( 12.2 |95.7 4.3 5.8 3.9 2.4
( 18.3 |87.6 |12.4 4.7 4.2 9.4
7.3 |95.2 4.8 3.0 2.8 1.6
14.7 |94.6 5.4 6.2 4.9 3.6
6.8 |94.9 5.1 4.2 1.7 0.9
8.3 |95.8 4.2 3.6 2.1 2.6
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: %

85.5 2.5 11.9 0.2
81.6 4.7 13.6 0.0
82.9 3.7 13.3 0.2
20 86.8 2.3 10.9 0.0
88.4 1.1 10.0 0.5
88.0 0.0 12.0 0.0
: , 1998 10
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: %

67.9 24.0
62.4 12.0
21.5 0.0
6.3 30.0
1.1 0.0
0.8 92.0
13.4 4.0

o

o 50%
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556 -
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50.5 10.3
65.9 25.0
47.4 19.1
, 42.6 44.8
44.8 41.2
, 6.8 9.4
3.9 :
13.3 11.2
9.3 :
10.4 14.2
9.6 23.0
2.4
“ ” 65.9%
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< 3-12 >
%
300g 500g 1kg 2kg 2kg
4.7 20.7 440 20.9 9.8
37.2 31.0 31.8*
* 500g
1 1 22.1%), 3 (49.7%)
7 9.8, 7 @G.4% -
2 .
2
4 C , , )
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71
?

1999.7. 1997.8 1999.7 1997.8

173 (31.1) | 301 (66.8) | 1 (0.3) | 103 (17.8) |

106 (19.1) | 222 (37.9) | 91 (31.6) | 138 (23.9) |

215 (38.7) | 381 (65.1) | 197 (67.7) | 202 (34.9) |

190 (34.2) | 322 (50.0) | | 84.(14.5)

84 (15.1) | 192 (32.8) | 1(0.3) | 43(7.9

17 (3.1) | 23 (3.9

99 (17.8) | 45 (7.6)

44 (7.9) 39 ( 6.6) 8 (1.4) |

556 585 290 578
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73.8% 10% -
< 3-14 > , ,
: , %
*
40 43(14.4) 41(21.0)
50 133(44.5) 87(44.6)
50 123(41.1) €7(34.4)
100 30(10.0) 18(9.2)
200 199(66.-6) 133(68.2)
200 70(23.4) 44(22.6)
236(83.4) 135(73.8)
? 47(16.6) 48(26.2)
> oo ”
« o « »
2 73.2% 11%

75.8% 83.6%
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: , %
1999.7 1997.8 1999.9 1997.8
X
*
| 443 83 368 135 358 70 279 89 |
(84.2) | (15.8) | (73.2) | (26.8) | (83.6) | (16.4) | (75.8) | (24.2)
- 1999.7 5_5%,
94..5% ) “ v ”
(1.3
”(19.1%) )
< 316> ?
: , %
362(71.3)
32(6.3)
17(3.3)
97(19.1)
1997.8 1994
1994  “ " (42.1%) 1997.8 s
”(42.6%), “ ”(63.4%)
) C-157
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950 ( 100.0 ) ( 100.0)
” 83.6% ( s
) T2.7™% 10% < 3-11
> (13




< 3-18 >
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- %

72.7 83.6

2 27.3 16.4
300g 6.0 3.2

500g 18.7 22.4

1 1kg 43.4 46.3
2kg 22.6 18.9

2kg 9.3 9.2

3.9 6.1

9%.1 93.9

50.9 66.2

49.1 33.8

1 27.2 29.3

3 49.1 52.4

? 7 18.5 15.0

7 5.2 3.3

19.7 16.2

80.3 83.8

12.5 10.2

17.7 19.2

? 31.3 34.7
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2 17.1 18.9
0.6 1.7
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