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SUMMARY

I. Title

Development of washing method of pork carcass for exportation of

high quality pork

II. Objectives and Rationales

1. Objectives of the study

The objective of this study was to develop washing methods of
pork carcass for exportation of high quality fresh pork. Exportation of
domestic pork to Japan is one of the most important goals of pig and
pork industry in Korea. Because most Korean prefer to have belly or
shoulder cuts of pork, the other cuts including ham, loin and
tenderloin are not easily consumed and stored in cold store. Therefore
these cuts should be exported to other countries for payability of
domestic pig and pork industry. Korea exported 80,000 ton of pork to
Japan in 1999. At that time, however, Korea had to export pork as
frozen meat which was cheaper compared with fresh pork from

competed countries. Since there was no washing method of carcass

_16_



to ensure sanitary for fresh pork, they had to freeze pork for
exportation. Therefore it is necessary to develop washing methods of

pork carcasses to ensure sanitary of fresh pork.

2. The necessity of the project

In Korea, slaughter and packing industry has been shunned in
related to investment of research due to recognition of Beakjeong
that was a job of the most contemptible people under Confucian
ideas. Therefore Korea meat industry had to produce a poor quality
pork under inferior slaughter condition and the pork from Korea has
been traded with cheaper price in international meat market. Specially
Korean pork did not have a satisfactory sanitary as fresh meat
because of inferior slaughter of pigs. Moreover it is inappropriate to
adapt a new technique of slaughtering that was developed in an
advanced nation because of different characteristics of domestic
slaughter circumstance. Thus there is need for development of unique
technique to improve pork quality in relation to sanitary under
domestic slaughter condition.

Since, in general, the quality of fresh pork should be evaluated by
two ways of sanitary and meat quality, development of technique has
to consider with these two factors concurrently. Domestic fresh pork
for exportation to Japan had a short shelf-life because of un-sanitary
slaughter of pig. The high level of initial microbial numbers on pork
carcasses 1s a main factor of the short shelf-life. Therefore it is
necessary to develop a washing technique of pork -carcasses to

reduce the initial microbial numbers without any negative effects on

- 17 -



meat quality under inferior slaughter condition in Korea.

M. The contents and scope of the study

1. Development of washing methods of pork carcasses to
secure microbiological safety

A. Research on high temperature steam treatment to pork carcasses
in related to domestic slaughter plant.
- Investigate an optimal spray condition (temperature, amount

and mode) of high temperature steam

B. Search on washing instrument of high temperature steam
- Search an easy, portable and economical instrument for

domestic meat plant

C. Research on washing water using an effective chemicals for
sterilization

- Investigate an optimal using condition of acetic acid, lactic
acid, Electrolyed Oxidizing water and Ozonazed water to sterilize

microbial.
D. Research on treatment technique and instrument of chemical

washing waters

- Investigate an optimal condition of spray temperature, amount

_18_



and a mode of chemical washing water

. Research on the effects of chemical washing water on microbial
of pork cuts

- Investigate the effects of spray of chemical washing water
onto surface of pork carcasses on reduction of microbial in loin

and ham cuts

. Study on effects of washing methods of carcasses on
meat quality of pork cuts for exportation

. Evaluation of quality of carcass washed with high temperature
steam
- Investigate an optimal condition of carcass by spray

temperature, amount and a mode

. Establish an optimal condition of washing waters to produce a
high quality pork
- Evaluate each organic acids, Electrolyed Oxidizing water and

Ozonazed water in related to pork quality

. Evaluation a pork quality by a spray mode of washing waters
- Investigate effects of spray mode of washing waters on meat

quality characteristics of pork cuts

_19_



D. Search on effective treatment techniques and instruments of
washing waters
- Investigate an optimal condition of spray temperature, amount

and a mode of chemical washing water for high quality pork

E. Evaluation effectiveness of washing waters on meat quality of
pork cuts
- Investigate effects of concentration and kinds of washing

waters on meat quality characteristics of loin and ham cuts

IV. Results and recommendation for application

1. Results

A. Development of washing technique using a high temperature

steam

1) Effect of treatment temperature of steam on total plate counts on

the surface of pork carcasses

Total plate counts on the surface of pork carcasses were reduced
by all washing treatments of high temperature steam. As increasing
temperature of steam, total plate counts were significantly decreased.
Result implied that temperature of steam was the most important

factor to reduce microbial on the surface of pork carcasses. However
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there was no significant difference in total plate counts between 80T
and 90C of steam treatments. Therefore it was suggested that using
of steam temperature over 80C would not be necessary for effective

sterilization of microbial on the surface of pork carcasses.

2) Effect of treatment mode of steam on total plate counts on the

surface of pork carcasses

When pork carcasses were treated with 80C of steam, there was
no significant difference in total plate counts between spray and
sealing types of steam treatments. Although total plate counts were
slightly decreased with sealing type, spray type was recommended to
use under circumstance of domestic slaughter house because of it's

convenience of using.

3) Effect of treatment time of high temperature steam on total plate

counts on the surface of pork carcasses

Total plate counts on the surface of pork carcasses were reduced
by treatment time of steam compared to treatment types. With
increasing time of steam treatment the total plate counts were
significantly decreased. However there was no significant difference
in total plate counts between 30 seconds and 60 seconds of treatment

of steam. Result suggested that 30 seconds treatment of 80T steam

-21 -



would be the most effective to reduce microbial on the surface of

pork carcasses.

4) Establish an optimal condition of steam treatment to minimize

contamination of pork carcasses

Results showed that all conditions of high temperature steam
reduced the microbial numbers on the surface of pork carcasses
effectively. Especially it was suggested that steam temperature at 8
0C, spray type and 30 seconds treatment would be a desirable
condition for minimizing of contamination of pork carcasses in related

to inferior domestic slaughter plants.

B. Establish an optimal washing condition of high temperature

steam for production of a high quality pork.

1) Effect of steam temperature on pork quality

As increasing of steam temperature over 80T, measurements of
pork color was significantly changed, and lightness (CIE L") value
was significantly increased in both loin and ham cuts. Also ultimate
pH of muscle and water-holding capacity were decreased with

increasing of steam temperature. There was a significant difference in
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sarcoplasmic protein solubility between 70C and 80T steam
treatments. Results implied that the increasing of lightness and
decreasing of ultimate pH and water-holding capacity of pork might
be due to denaturation of sarcoplasmic protein with increasing steam
temperature over 70C to 80C. Therefore it was concluded that 70C
of steam treatment would be better for production of a high quality

pork.

2) Effect of treatment mode of steam on pork quality

Measurements of pork quality were affected by treatment type of
steam washing. When 70C of steam was treated on the surface of
pork carcasses by spray or sealing type, pork treated by spray type
showed dark color, higher ultimate pH and better water-holding
capacity. Results suggested that spray treatment of steam would

produce a better quality pork compared to sealing treatment of steam.

3) Effect of treatment time of steam on pork quality

Lightness of pork was increased with increasing of treatment time
of steam on the surface of pork carcasses. Over 30 seconds treatment
of 70C steam, the lightness of pork was significantly increased. Also
ultimate pH and water-holding capacity of muscle were significantly

decreased over 30 seconds treatment of steam. Results suggested that

_23_



a desirable pork quality would be achieved with washing of 70T

steam for 20 seconds of pork carcasses.

4) Establish an optimal condition of steam washing to produce a high

quality pork for exportation

Results showed that washing of pork carcasses with high
temperature steam could affect on pork quality negatively. In this
study, it was suggested that temperature at 70°C, spray washing type
and washing for 20 seconds might be the best to produce a better
pork in related to sanitary of fresh pork for exportation. Also results
showed that vacuum packaging of pork treated with steam would be

effective to prolong the shelf-life of fresh pork during cold storage.

C. Development of organic washing water to produce a

sanitary pork carcass

1) Effects of a kind of organic washing waters on reduction of

microbial on the surface of pork carcasses

Washing pork carcasses with organic washing waters including
acetic acid, lactic acid and EO water reduced microbial significantly

compared to normal water. There were no significant differences in
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total plate counts between acetic and lactic acid washing waters, but
EO water reduced more microbial compared to acetic or lactic acid

washing water.

2) Effects of concentration and temperature of organic washing

waters on microbial numbers on the surface of pork carcasses

Total plate counts on the surface of pork carcasses was effectively
reduced with washing of organic waters and EO water. The
microbial number was significantly reduced with increasing of organic
concentration in washing waters. Results suggested that the optimal
concentration of organic might be 1.5% to minimize microbial number
on the surface of pork carcasses. With increasing of temperature of
organic washing waters from 65C to 75C, about 1 log of total plate
counts was reduced. Result implied that the optimal temperature of
organic washing water might be 75°C to minimize the initial microbial

number on the surface of pork carcasses.

3) Establish of optimal condition of organic washing water for

sanitary pork carcasses

When pork carcasses were washed with organic washing water of
75C temperature and 1.5% concentration, total plate counts was

significantly decreased with increasing amount of washing waters.
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Especially 3 liter of washing water treatment reduced microbial
number more effectively compared to 1 liter or 2 liter of washing

water treatments.

4) Effect of mixed organic washing water on reduction of microbial

number

When the temperature of washing waters was 15C, organic
washing water reduced microbial number significantly compared to
normal washing water. However there was no significant difference
in total plate counts between organic and normal washing waters if
the temperature of washing water increased to 75C. Moreover mixed
organics water with acetic and lactic acid showed no significantly
effectiveness to reduce total plate counts. Results suggested that it
might be not necessary to use a mixed organic washing water to

reduce microbial number of pork carcasses.

5) Effects of organic washing water for sanitary pork carcasses

compared to normal washing water

All pork cuts showed significant reduction of microbial number
with washing of organic waters compared to normal washing water.
Especially total plate counts on the surface of abdominal cavity
where 1s the point of washing water leaved easily reduced about 2

log with organic washing waters compared to normal washing water.
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6) Effects of organic washing water on sterilization of E-coli,

salmonella and Listeria

Sterilization of E-coli, salmonella and Listeria was observed if pork
carcasses were washed for 30 seconds with 80C of normal washing
water. However these three microbial were sterilized with washing
for 20 seconds of 80C organic washing water. There was no
significant difference in sterilization effect between acetic and lactic
acid washing waters. Results suggested that washing of pork
carcasses for 30 seconds with 70C of organic washing water might

be the best to sterilization of E-coli, salmonella and Listeria.

D. Study on effects of organic washing water on pork quality

1) Effects of treatment conditions of organic washing waters on pork

quality

Washing pork carcasses with 15C of organic waters did not
change in meat color(lightness), water-holding capacity and muscle
pH of loin and ham cuts. There were no significant differences in
lightness value, drip loss % and ultimate pH of both lion and ham
cuts among treatments by kinds and concentration of organics.

Results suggested that concentration of organics in washing water
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did not affect on pork quality negatively.

2) Effect of treatment temperature of organic washing waters on pork

quality

Although there were no significant differences in pork quality
parameters among kinds of organics, lightness and drip loss % were
significantly increased with increasing temperature of organic washing
waters. Also total protein solubility was significantly decreased due
to decreasing of sarcoplasmic protein solubility as increased
temperature of washing waters. Lipid oxidation of pork was not
occur for 3 days of cold storage by washing of organic waters, but
TBARS of pork from carcasses of organic washing water was

significantly increased at 7 days of storage.

3) Establish an optimal treatment condition of organic washing water

for a high quality pork

Meat color and water—holding capacity and postmortem glycolysis
were affected by treatment temperature and amount of organic
washing water to pork carcasses. As increasing treatment amount of
organic washing water at 15C, lightness value and drip loss % of
pork was increased and ultimate pH of muscle was decreased

significantly. Result showed that pork quality was changed negatively
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with washing of pork carcasses over 3 liter of 15C organic washing
waters. Especially washing of pork carcasses with 85C organic water
increased lipid oxidation in pork cuts. As increasing of temperature of
organic washing waters, acceptability and meat color score of panel
were significantly decreased. Especially, the temperature 85C of

organic washing water affected all scores of panel test negatively.

4) Effects of organic washing water on sterilization of pathogens in

related to pork quality

Number of pathogens including E-coli, salmonella and Listeria
on the surface of pork carcasses was decreased by washing of
organic water. Results suggested that treatment temperature 70T
for 30 seconds to pork carcasses could sterilized all pathogens

without any defects on pork quality.

E. Study on effects of pork carcasses washing by Ozonazed

water

1) Effect of Ozonazed water washing on total plate counts on the

surface of pork carcasses

As increasing concentration of Ozone in washing water total plate
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counts on the surface of pork carcasses was decreased. Result
suggested that the optimal Ozone concentration might be 1 ppm in
washing water to minimize microbial on the surface of carcasses.
Also the microbial number was significantly decreased as increased
spray amount of Ozonazed water, and the optimal amount of 1 ppm

Ozonazed water might be 2 liter for reduction of total plate count.

2) Effect of Ozonazed water washing on pork quality

Lightness value of pork was decreased as increasing of spray amount of
Ozonazed water onto pork carcasses. Spray Ozonazed water over 3 liters
affected on pork color negatively, and the ultimate pH of muscle affected
by sealing type compared with spray type. Also drip loss % of pork was
significantly increased with increasing spray amount of Ozonazed water to
pork carcasses. Furthermore cooking loss % and shear force value of pork
were also increased as increasing amount of spray Ozonazed water.
However TBARS of pork was not significantly differ compared with

washing of normal water during sold storage.

3) Effect of Ozonazed water washing on sterilization of pathogens

All  pathogens including S. t¢yhimurium, FE. coli and L.

monocytogenes that were sprayed onto the surface of pork carcasses
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was sterilized by washing of Ozonazed water. Ozonazed water
showed a strong effect on sterilization of L. monocytogenes, and the
listeria on the surface of carcasses was excluded by sealing type
washing of 2 liters Ozonazed water. These results suggested that
Ozonazed water might be useful to sterilization of pathogens on the
surface of pork carcasses in stead of EO water that was excepted for

washing water because of it’s lipid oxidation effect.

2. The Proposed Applications for Results

In this research project, optimal conditions of washing waters such
as high temperature steam, organic water and Ozonazed water to
minimize the intial microbial number on the surface of pork carcasses
were established. These washing methods of pork carcass does not
change the pork quality parameters such as meat color, water-holding
capacity and postmortem glycolysis in loin and ham cuts which are
representative pork cuts for exportation to Japan. Therefore it is
expected that safety and value of domestic pork could be increased if
these research results would be applied by pig slaughter industry in
Korea. The results of this research project will be published in
scientific journals and knowledge and technique will be introduced to

pork industry to advance HACCP system of Korean packing plants.
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o] 7l¥t¥ (Meat Processing, 1996)
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EEIAAA ", |FAEA] IE2Te S5 o] &t nAE
AAE GAA 7]—E a37F A (Gill# Bryant, 1997)

TAle MFs7IE Agstd HdAd A=Y & #AAAIE &
7} dg(Dorsa 5, 1997; Kochevar %, 1997)
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zxgo] Ay F AFxAgs AN WA "AES =Y
o] HACCP Al&=®lo] f83A 2188 4 A& (Nissen &,
2000)
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A ELS o)g3ste] EARHS HAE FE FAATY

g} = (Shelef, 1994; Siragusa, 1995)

&5ok fU1Abs AEstd wrEE et & A F

(Dorsa %5, 1997; Reagan 5, 1996).

EAY JFEG A FES5S acetic acid &N o 2 A FHeH gt
2 o] (Biemuller %, 1973; Cacciarelli %, 1983; Mendonca %, 1989;
Eustace &, 1930)

Acetic acid2 =AE AFT u 3%&do] 15% SAHT} F3H
olal, 55 CE Mol 25T BAr; g2 < (Bala 5, 1989)

Lactic acid &5 >4 AlH o] o] &3t 49 W3} glo] £H
7A=Y AFs AAANZE F s (Ockerman &, 1974;
Snijdders &, 1985)

Lactic acid §102 Z=A=2 AAs A9 AHgolo rruchs
g %7l ¢ F23% (Woolthuis®t Smulders, 1985; Anderson
¥} Marshall, 1990).

BT 29 2% AAS A ZAd AYA SA JFS
u] 21 A ¢+ (Ellebracht %, 1999).
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g Al 2349 (Kumar -5, 1999)

EO-water2 4%& AZ3w 49 w3 glo] ¥a WAL 48
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o) AHE
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gl-e)at BRI 430 SASAY. A= A= swabe ol &
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B, g 7} 103]) 0% EAE § "Wt Ao ga HAg ]%i 3]
AstR o, FATTE A NS aerobic petrifilmol] 1mE HFste] 2
A g & LT E AT

A2 Minolta Chromameter(Model CR-210, Minolta Co. LTD.
ARl S AJRE 53] WHE FAstdow, ojul xFEA
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Table 1. Effect of temperatures of washing water on total plate count

(log CFU/cm?) of pork carcass surfaces

Temperate of Total plate count (log CFU/cm?)

washing water”

Before washing After washing
60°C 4.27+0.56 3.46+0.13*
70°C 4.34£0.71 2.57+0.25°
80°C 4.41+0.64 1.49+0.32¢
90T 4.55+0.27 1.33+0.27°

ABC : Means+S.D. with different superscript in the same column are

significantly different(p<0.05).

L Washing was applied for 30 seconds
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Table 2. Effect of carcass washing type on total plate count (log

CFU/cm?) of pork carcass surfaces

Total plate count (log CFU/cm?)

Carcass washing

After washing

Before washing

9]

type

4.21+0.33 1.29+0.16

Spray type

4.47+0.28 1.22+0.25

Sealing type

- Means=S.D.
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b Washing types were applied at temperature of 80T

Table 3. Effects of carcass washing time and type on total plate

count (log CFU/cm?) of pork carcass surfaces

Total plate count (log CFU/cm?)

Treatments"
Before washing After washing
10s 4.24+0.62 3.03+0.25"
Spray 208 4.34x0.27 1.97+0.34"
type 30s 4.09+0.33 1.44£0.18°
60s 4.21+0.48 1.30+0.29°
10s 4.21+0.34 2.97+0.25"
Sealing 208 4.30+0.24 1.66+0.21"
type 30s 4.19+0.36 1.38+0.17°
60s 4.47+0.47 1.24+0.21°

ABC - Means+S.D. with different superscript in the same column are

significantly different(p<0.05).
v Washing types were applied at a temperature of 80C
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Table 4. Effect of washing water temperatures on

color (CIE L a

b") of pork
CIE value
Treatments
L* a* b><
60°C 49.33+0.56" 11.25+2.00* 651+1.75
70C 49.85+0.485 9.64+0.9648 6.79+0.73
Loin
80°C 50.19+0.94" 9.09+0.53" 6.40+1.10
90°C 52.87+1.02% 9.11+0.58" 5.39+0.66
60°C 47.66+0.21° 15.36+1.43* 6.01+1.38
70°C 47.89+0.46° 15.46+1.48% 5.94+1.58
Ham
80°C 48.29+0.79%8 13.31+1.73" 567+1.71
90°C 49.69+1.26% 12.79+2.53" 492+1.18
AB : Means+S.D. with different superscript in the same column are
significantly different(p<0.05).

d, AR o gad g AFE Aow THA FNAHS
£ 80T A9, HE L'ge 60C = 70T fFol 49l 2hel& et
WA ekokot ATl g Fhol 3 Zithe 29 wEoA GoFo
Z(p<0.05) #rdteE Aoz velyt o] e Ay F/AHFY]
7 80CY A% AA=A FHUAE o ZirdE 37 E=dg

_61_



R LA =aRTEE B s R TR o B S R B
g Aoz AgHh

e e mebA
80C HT 70C7 ¢ 3

frel4Ql Aol 7k e

Table 5. Effects of washing water temperatures on ultimate muscle

pH and drip loss (%) of pork

Treatments pH Drip loss
60°C 5.73+0.04% 3.60+1.08
70C 5.70+0.06* 3.59+1.17

Loin
80°C 5.66+0.03%" 4.02+2.36
90°C 5.62+0.04" 4.07+1.84
60°C 5.72+0.16% 2.13+0.97
70°C 5.71+0.06® 2.39+1.49
Ham
80°C 5.63+0.04" 2.84+0.46
90°C 5.64+0.08" 3.01+0.58

AB ' Means+S.D. with different superscript in the same column are

significantly different(p<0.05).

_62_



< pHS

o

]

7| H e Lw7F 60T ol A

=S

o] E5el

al

A

L

L

95}

7_(_]

1S 22F7]2 Al

A

s
a

= A

L

L

Table 5
RaEof n

=
o

2 gga Aol

;OO
\._A.UﬂO

)

X

o],

1

AR -

W
R ow

2 g
o,

o] & o &2 (p<0.05) w2 pH

=

=

t‘g:

%
A2l 7R

1
.

a

o

i

A8 77 60T 70T
YR ST}

=

=

80T

L

L

%

2 90C g7}
(p<0.05) & pH

T

Al
™
=]

o

=

3]
o

=
=

E
=

T

o
il

!
BO
No

el

el
g

sl Al

Ak sicel $907b o

o

=

AR A9,

=

=

0C o9 2T 7|2 =A
AFE Sl AR o] wE A dojdt

o
=

K

2l

9

2 AuHt wed Fa FEY

o, A=A 9] a2 7] Al A

o

‘04

_63_

& 80T ®RuE 70C7 9%



Table 6. Effects of washing water temperatures on protein solubility

of pork
Sarcoplasmic Myofibrillar
Total protein . .
Treatments Lubilit protein protein
solubility
solubility solubility
60°C 196.24+1.25 58.88+3.43% 137.36+2.38
70C  193.21+2.5348 53.44+1.85% 139.77+3.06
Loin
80C 190.65+2.47° 51.26+2.08° 139.36+2.44
90C 187.89+2.06° 44.63+2.74¢ 143.26+3.97
60°C 196.08+2.074 59.26+2.96" 136.82+3.04
70C  195.32+2.92%B 56.41+2.1248 138.91+1.88
Ham
80°C 192.87+1.23" 52.30+2.31" 140.57+1.65
90T 189.34+1.15" 47.86+1.26° 141.48+4.01

A

significantly different(p<0.05).
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Table 7. Effect of carcass washing type on color (CIE L* a" b") of

pork loin
CIE value
Treatments”
L* a* b*
Spray type 50.48+0.46 7.44£0.25 5.08£1.04
Sealing type 51.09+1.07 6.89+0.54 5.37+£0.56
- Means+S.D.

v Washing types were applied at a temperature of 70C for 30s

Table 8. Effect of carcass washing type on pH and drip loss (%) of

pork loin
Treatments” pH Drip loss
Spray type 5.69+0.07 3.24+0.25°
Sealing type 5.63+0.10 3.870.13"

AB : Means+S.D. with different superscript in the same column are
significantly different(p<0.05).

b Washing types were applied at a temperature of 70°C for 30s
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Table 9. Effect of carcass washing type on protein solubility of pork

loin
' Sarcoplasmic Myofibrillar
Treatments" Total p.rf)tem protein protein
solubility
solubility solubility
Spray type 191.87+2.36% 54.23+1.34%  137.64+1.44
Sealing type 186.39+2.42" 49.94+2.05" 136.45+1.21
AB

. Means+S.D. with different superscript in the same column are
significantly different(p<0.05).

b Washing types were applied at a temperature of 70C for 30s
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Table 10. Effect of carcass washing time on meat color (CIE L a"

b*) of pork

CIE values
Treatments”
10s 50.39+0.66" 10.05+1.63* 554+1.71"8
20s 50.85+0.34" 8.97+0.76"B 6.39+1.28*
Loin
30s 51.13+0.74* 8.06+0.93" 5.90+1.17*"
60s 52.98+0.92% 7.99+0.88" 4.99+0.86"
10s 50.29+0.76" 8.83+1.42 5.48+2.38
20s 51.87+0.44® 8.19+1.06 6.23+1.48
Ham
30s 52.08+0.49%8 7.64+0.93 6.37+1.79
60s 53.01+1.314 7.09+2.46 5.82+1.13
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. Means+S.D. with different superscript in the same column are

AB

significantly different(p<0.05).

: Washing was applied at a temperature of 70°C by spray type.
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Table 11. Effects of carcass washing time on muscle pH and drip

loss (%) of pork

Treatments” pH Drip loss
10s 5.69+0.04"" 3.71+0.09"
20s 5.71+0.05"8 3.88+0.348

Loin
30s 5.73+0.03% 4.00+0.13"
60s 5.64+0.02" 4.54+0.09"
10s 5.72+0.07 3.86+0.37"
20s 5.67+0.04 3.37+0.21°

Ham
30s 5.73+0.06 3.83+0.37"
60s 5.66+0.08 4.19+0.21%

A

significantly different(p<0.05).

BC . Means+S.D. with different superscript in the same column are

L Washing was applied at a temperature of 70C by spray type.
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Table 12. Effect of carcass washing time on protein

solubility of pork

' Sarcoplasmic Myofibrillar
Treatments" Totall ]i).rl.ottem protein protein
solubility
solubility solubility
10s 198.07+1.21* 59.81+1.36% 138.26+2.44
20s 196.42+0.64° 54.32+2.118 142.10+1.73
Lion
30s 190.63+2.04¢ 51.37+2.56"¢ 139.26+2.36
60s 188.59+1.87¢ 48.76+2.23¢ 139.80+2.09
10s 199.30+1.03* 59.32+2.54% 139.89+2.01
20s 196.16+0.85" 57.84+1.28%8 142.32+3.08
Ham
30s 193.32+1.36¢ 53.39+3.05° 139.93+2.12
60s 191.35+1.74¢ 49.97+0.79¢ 141.38+1.67

A

BC . Means+S.D. with different superscript in the same column are
significantly different(p<0.05).
b Washing was applied at a temperature of 70C by spray type.
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Figure 1. Effect of hot water spray washing on total plate count (log

CFU/cr’) of pork loin during cold storage at 4C

C: Control, T: Hot water spray washing (70C, 20s)
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Figure 2. Effect of hot water spray washing on total plate count (log

CFU/crt) of pork ham during cold storage at 4C

T: Hot water spray washing (70C, 20s)
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Table 13. Effect of vacuum package on total plate count (log CFU/

crf) of hot water washed pork during cold storage

Storage (days)

Treatments

45+0.6 6.2+05%  8.0+0.3"

3.7£0.4

Air

3.9+0.3 46+04%  57+0.1°

3.5£04

Vacuum

. Means+S.D. with different superscript in the same column are

AB

significantly different(p<0.05).
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ANgs Ads 27](3x3x3em) 2 AE3ta 3mm Z#°]ER chopping
sk & 50me FHA AlE 3g¥ FHF 2/m(1:9)E 74 ¥ Polytron
homogenizer(IKAT25basic, MALASIA)Z 14,000rpmol A 10%3F T2 3}
o] pH-meter(MP230, Mettler, Switzerland)Z =7 &} % t}.

L

g EFH(SERE)

A7 50mm FOJE o] &3le] ABE AFH T TAZ =Asla, £7o)
Q= Eeteg FAH18x15x10em)e] wEol 48417 WA FUT)A A A
Aot A F S50 #AEFS WEER AEsAY

FHHE(%) = (A-B)/A X 100
2}

A go T B ALE %o %)

Gl g g g > Famdy 2gEwd gads SAsAT 24T
WA o 8 1gol 0.025M potassium phosphate buffer(pH7.2) 10ml& A}
&3te] HASIAI7] 3L, 4Tl A 24%1 éeﬁ F F, 1500gel A 2033t
AAEHAA daY & & Whgol oJa] ZAstArh T

S Al: 1g°]l 01M sodium phosphate buffer(pH7.2)o]l 1.1M
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B2y % 1500g0 A 2043 dAEEAA et £ FEE FUnkS
of o FH3ITh FTIAFENE e FENAY 2Gwd §

&= Aol o AlrksldTt.

w7

AAE] A3 EE A8 5g9 butylated hydroxyanisole(BHA) 50
et 7 15m=E 7}l polytorn homogenizer(MSE, U. S. A)& 14,0
00rpmoll Al 30%7F dAsAIZl & Fd o InE Aol ¥ar of 7]
2ml thiobarbituric acid(TBA)/trichloroacetic acid(TCA) &g& 95 ¥
o] &d3d e g, 90T g5z 1583 dA48d & Wzt
AlA 3,000rmpoll A1 102 3F G E2 A AT D422 s samplee] 43

=
S 343} spectrophotometer 53Inmoll A &3S =A g}
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_85_



] x 5.88

X

b

0

_EH

-

TBARS =

A7t

o},

—

o] § 3}

KN
=

Aehe > INSTRON

= 2

o}

SRR

}<9 k. INSTRON®

S

5= =
TAHE F4

* Range: 10kg

* Load : 50kg

100/min

* Chart speed :

100/min

* Cross head speed :

JJo
)

™
;OT
X
)
gl

JJo
)

s

A

=
=

o8 #AsHA

s
IH
e

KR

al

off

T

<

e, HA(1-3

4-6 1 BF, 7-9:

ok &)
H

4-6 1 BE, 79 oF%), EHFHA-3 :

4-6 1 X% 7-9

4,

w3,

2) 7tE S

_86_



b5 A, FA-3 ¢ ofeh 46 1 B, 79 0 A9, W03
HE %

oFsl, 4-6 , 779 0 4%h, EHHAA-3 0 FF, 46 HE, 79 F

sh, A=(1-3: 27, 4-6: HE 7-9: A3 GdFAHA-3: A} 4-6
HE 7-9: 20h), 7]54(0-3: EEXLS 46 HE 7-9: &)

2 AAsA T
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/1\_]__
S R EEE £
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HAEA AHFY Age] mE A=A xWY FuAdESs WIE
Table 14°] e dubE2 Mgk dixFo] )& EO-watertt +r
712 oo m AlHF Aol FolH S wAEe] AT dEbsH
A3k wlatel A 74k gefe] Al ghel A= fFo AR AfolE
B A Fgkott, EO-water®] AHE2 f74F &3k Hlaws] & owf, s

ARA EA YEFE FOHOR FaATE Ao by
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IMFEEE @9 U ARt AVOEE 27 MYRFE 109
Y FaAD & Ytk A% wolEh

Table 14. Effect of washing waters on total plate count (log

CFU/cm®) of pork carcass surfaces

Total plate count (log CFU/cm?)
Washing waters”

Before washing After washing

Water 468 3.12%

EO-water 481 0.55°
1% Acetic acid 5.02 1.78"
19 Lactic acid 4.99 1.69"

ABC - Means with different superscript in the same column are significantly

different(p <0.05).

* : Carcasses were washed with 3 Liters of washing waters.

/g Bk d F715E SAS A HFl 1% 34 es A2 =ARE
7] MAETE gU1H o Folv AoRE yewt B AFS 44d
Stal A FAg7be ol 3teo] =53 HAE=AE dders AAHEM=
g, o] 22 27 vAers Fdust A =57 e B A
o®, FF oY EFFEAM EHHe HAEY 2rIvdeFE
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2AA =59 A S grsty] faA FrIE AlFH G ARgo] A=
A= At

pH 2.2 X9 Electrolyzed Oxidizing water= 73t AbAlo] 7]213}o]
HAEA] xHE] MAETE F714 Ao & 453 A=
Aoz yepyth a8y 3 Litere] EO-water® Al 23 A7} 244 7H
Wwzte] Uy o ¥, SAEwWe 287t s AatA dAss A
= BT o] 2 EO-water®] S54& o] nAES] 5 A
71 E37F gdsivta dA R SAY Aol S0 AFstE

WAE AR UR e mAle Fdel A3Ae JFL mAE

HAFEZA] Algos RAEgsts 228 Y2 Sl 9ok ot

A ol Ay A= EO-watere] AM§S AJAI AT webA E AFE
& 3dxt AFoAE EO-water tAlsle] 2 nAE A FTHo] g
sttt A1 JdE 2 EF(Ozonated water) S o] g3te] AFS A
Al st Tt
G ARG §18 FE4 SARAY FT4 pad WAE
23
F715F A G w28 28 s9S W HAZA THY FHAES

O

o] ¥38E Table 1501]A1 e ATE ko] A g mpirbA Z(Table 14)
AHF A7t g cw 39 MAE F5 a7 o2 YE
om, {714 Frvb FUMESE MAE fhel ZA fFoJHoR
(p<0.05) =olAltt

Acetic acid®] A F=7F 05% AEo]X thx7-¢l dutEo g n

i
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AE AAEZA7E oF 108) H=(SF llog) FAH= Aoz Yelygton =1
FEZF 1%7F | 05%e] wls] vhAl oF 10M] A% wAE AA GRS}
A5sle Ao R YEebskth Acetic acid®] ol# 3 wAE AAEZT}E F
EE 15%® FUtelE A&How FEo], 1% Aok 15% A
olo] FFE AU (p<0.05) =tol7t e SEARE acetic acid
TR 2% ABFele HE A=Y AARIIF FsHAJA
5% ATt TAAQ K8 ABHA vk webA] acetic acid
ol gsto] HARAE AHT B HAY vAE AARAE LI
M= 15% w25 AR&She o] v Ao m AR H AT
3H | lactic acid®] A$% acetic acid®t "¢ A A3E BHYE
o, F%7F 05%0l A 1.5%7HA 57kt A E ] A A& F 104
A st Ao® YERYTE T3 acetic acid®t PRFFAIZ 1.5% A 2
ToF 2.0% AT Alolel HAE AA Z= FYHA zolE HolA
gttt wekA  lactic acidE ol&ste] HALE=AE AHT A=
15%¢] F=5 Abgst= Zo] HA vA=E AAEZARE 271 A8 vt
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Table 15. Effect of organic acid concentration in washing water on

total plate count (log CFU/cm?) of pork carcass surfaces

Total plate count (log CFU/cm?)

Washing waters”

Before washing After washing
water - 3.94 3.29
0.5% 3.87 275"
1% 3.61 1.89°
Acetic acid ‘
1.5% 3.42 1.12°
2% 3.63 0.93¢
0.5% 356 2.96%
1% 348 1.78%
Lactic acid
1.5% 3.09 1.29
2% 3.29 0.98¢

ABC: Means with different superscript in the same column are significantly
different(p <0.05).

* ¢ Carcasses were washed with 3 Liters of washing waters.
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Table 16. Effects of temperature of washing water on total plate

count (log CFU/cm®) of pork carcass surfaces

Total plate count (log CFU/cm?)

Washing waters”

Before washing After washing
45C 4.27 359"
water 75T 4.36 1.59°
85C 4.42 1.39"
45°C 3.98 257"
Acetic  69C 392 1.87"
acid 757 4.06 1.33
85C 3.92 0.93"
45°C 5.08% 3.74%
Lactic 60T 4217 2.42%
acid g5 4.02° 1.31°
85C 397" 1.10°

A B Means with different superscript in the same column are significantly

different(p <0.05).

* t Carcasses were washed with 3 Liters of 1.5% organic acid washing

waters.
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AAE $la vtea & Ao m At E AT

_94_



Table 17. Effects of amount of washing water on total plate count

(log CFU/cm?) of pork carcass surfaces

Total plate count (log CFU/cm?)

Washing waters”

Before washing After washing

3 Liters 4.25 1.45
water

6 Liters 4.21 1.21

1 Liters 4.24 2.90"
Acetic 2 Liters 431 2.27°
acid 3 Liters 407 1.65°

6 Liters 4.11 1.30°

1 Liters 4.21 297"
Lactic 2 Liters 4.30 2.38""
acld 3 1 iters 3.99 1.33"

6 Liters 4.08 097"

AB

C . Means with different superscript in the same column are significantly

different(p <0.05).

* 1 Carcasses were washed with 75°C, 1.5% organic acid washing waters.
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Table 18. Effects of mixed organic acid and temperature of washing

water on total plate count (log CFU/cm?®) of pork carcass surfaces

Total plate count (log CFU/cm?)

Washing waters”

Before washing After washing
431 3.42%
A 4.42 1.87°
15C
L 428 1.758
A+ L 445 1.48%
W 4.39 1.67
A 454 1.38
75C
L 3.98 1.33
A+ L 4.34 1.28

AB : Means with different superscript in the same column are significantly
different(p <0.05).

%

W, water, A: 1.5% acetic acid, L: 1.5% lactic acid.

Carcasses were washed with 3 Liter of washing waters.
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Table 19. Differences in total plate count (log CFU/cm® on different

point of carcass surface after washing with organic acid washing

water
Washing water” Total plate count (log CFU/cm?)
Carcass surface Before washing  After washing
Ham 412 2.48"
Belly 3.89 2.87"P
Water Boston butt 4.29 27148
Picnic 4.26 243"
Abdominal cavity 5.46 3.39"
Jowl 5.28 3.21°P
Ham 3.98 1.76"
Acetic Belly 3.93 1.8622
acid Boston butt 4.56 2.30AB
Picnic 419 2.19
Abdominal cavity 5.69 1.76"
Jowl 5.76 2.49"
Ham 4.06 1.49"8
Lactic Belly 4.00 1.95*"
acid Boston butt 4.27 2.16""
Picnic 4.33 2.36""
Abdominal cavity 5.58 177"
Jowl 5.28 248"

AB - Means with different superscript in the same column are significantly

_98_



Al

=

=

A

sy
a

ato] s~

2W3tE Table 199 1}

S

AL

=

=

714 M 4E 3 Liter

o

Ein

different(p <0.05).
FTE 1.5%9

. Carcasses were washed with 3 Liter of 1.5% organic acid washing
waters.

*

R R

H

il

I

-

T

Hol WA

A~

A AAZA F714F ARG AHgo] B pH, £4 % 2
T

—

Table 209 YERH AT

=
=

pH¢] W3}

K

GeA e w

=

=

SEREE

o

i

pHol

=i
=

|
=]

!

w

el

el
0

_99_



Mo No -
ﬂ_,HI ﬂ :P.LU Orv E ﬂ_v XE OWE m.x \WE — OW — ]
~— 0 1 - X X o by T H T
- LB 7 2o o oF W ) LR ooF ® M
Lo o 3 B An ™ 0 o
B Y W oAg op WF m N B o o~ N = Y
0 2 ans BE ol Noo = X a . 1 o =
W b W ow M I iy ®om
g%ur@o1ﬂ = Pm.m]ﬁ.ﬂmﬂig.
s d °9 G N N of M T of W
AzﬁogoaTa MR e RO W o T
3R ol MW o] X oy < X oF i T o W I en o
= oF V WX o ~ e o T Bl B Mo o
o oy " Moo o om e Ty B
e i R
T ww T g O " g &S o Mo B wp
T RN W o (A I ) wo o
ST LR S A M Sy % o =
SR I 0 ﬁ%%ﬁg%ﬂ#ﬂ%w
S 8 % owm - ~ & TN oW y ® o :cm
S g R FEERETETC %
s % & @o ol H o U = "B MM E 3 " z X
o _aoi)ao% G gsﬁﬂﬁﬁ
%%ﬁogroﬁoo oxa‘ﬁ%i%AmﬂV
N BN Yox ¥ "B o FoT K
oy ) oo ol A o ) 7o Xq w :
Lt o jui o) V o 0/ - — — 17_.U Lf W ,UI ‘._f
LELTEwE ZFE{oBT < &
=k 4 M o ST 4w Py
N of T T & MM B L o B oo = = oy
TN MW O W O e S o o = K <X %0
T u uguwﬁ7sToE5§7mm%
- pﬁova‘,ii%%1moo%% =~ T
Bk - B uuml}w_xﬂ% /n\yﬂrﬂuqu
L%mnm.ﬁyE of X B g . - W2 - X
2 »Tgﬂ%;%z%}@@%g% SRR
%MWMAQQHGG%QE@Q Gt 3w
e T R N K o T o I )
o W R T N T BT
o o B

- 100 -



Table 20. Effect of organic acid concentration in washing water on

pH, color (CIE L") and drip loss of pork loin and ham

Washing waters" CIE L~ Drip loss % pH
Water 46.62 3.44 5.62
0.5% 46.83 4.58 5.57
1% 45.46 3.97 5.82

Acetic acid
1.5% 47.34 4.87 5.67
Loin 2% 4758 3.58 5.49
0.5% 44.35 3.98 5.65
1% 47.63 4.64 5.72

Lactic acid
1.5% 4552 4.04 5.75
2% 46.56 3.69 5.68
Water 44.43 3.68 5.62
0.5% 46.57 4.29 5.65
1% 44.85 4.32 5.67

Acetic acid
1.5% 47.42 3.73 5.59
Ham 2% 4373 4.06 5.55
0.5% 46.76 4.32 5.63
1% 4553 3.74 5.69

Lactic acid
1.5% 47.66 3.42 5.56
2% 4575 4.26 5.57

D Carcasses were washed with 3 Liters of washing waters at 15C.
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Table 21. Effect of temperature of washing water on pH, color (CIE
L") and drip loss of pork loin and ham

Washing waters” CIE L° Drip loss % pH
45T 47.47° 3.52° 5.62
Water 65C 49.36"" 4.32° 5.64
75T 48 54" 4.82° 5.55
85T 52.48" 6.48% 5.54
45T 47.41°¢ 3.42° 567"
. . . 65T 46.68° 435" 5.62°
Loin Acetic acid - 5 o 5
75°C 49.54 5.42 5.61
85T 54.72% 6.38" 5.49*
45T 48.45" 3.83" 5.64""
. . 65T 47.63" 4.44° 5.82"
Lactic acid y - = "
75T 48.52 4.63 5.65
85C 52.76" 6.54"% 5.48"
45T 48.43° 3.68" 5.82
Wat 65C 49.46° 403" 5.78
r
we 5 50.32" 487 567
85T 55.32% 5.82% 5.53
45T 48 57" 3.48° 5.65
. ) 65C 51.85*" 452" 5.66
Ham Acetic acid o 5 5
75T 50.53 4.54 5.59
85T 54.43" 5.79* 5.45
45T 47.76" 3.52¢ 5.65""
. . 65T 47.75° 474" 5.79"
Lactic acid y - - o
75°C 49.52 4.42 5.54
85C 53.64" 6.67" 5.42"
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ABC - Means with different superscript in the same column are significantly

different(p <0.05).

V. Carcasses were washed with 3 Liters of washing waters at 15C.
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Table 22. Effect of amount of washing water on pH, color (CIE L")

and drip loss of pork loin and ham

Washing waters" CIE L* Drip loss % pH
1 Liters 44 528 2.84¢ 5728
Water 2 Liters 46.54" 3.55°%¢ 5.84%
3 Liters 49.27"8 4.68° 555"
6 Liters 54.28" 7.53% 5.46%
1 Liters 43.55° 3.32¢ 5.87°
. . . 2 Liters 45.25° 3.38¢ 5.62°
Loin Acetic acid ) 5 = 5
3 Liters 48.84 4.88 5.71
6 Liters 53.86" 6.46" 5.49*
1 Liters 45.73¢ 3.838 5.74%
i . 2 Liters 46.88¢ 3.44° 5.828
Lactic acid ) 5 " "
3 Liters 49.21 5.72 5.58
6 Liters 53.56" 6.214 5.48%
1 Liters 47728 4.248 5.84"
2 Liters 48.48° 468" 5.76"
Water - 5 5 "
3 Liters 49.63 454 5.66
6 Liters 54.58* 7.58* 5.48*
1 Liters 46.38° 4,848 5.85"
. . 2 Liters 46.54" 467° 5.73°
Ham Acetic acid ) - = "
3 Liters 48.63 5.44 5.54
6 Liters 55.45" 8.49* 5.42%
1 Liters 4555° 3.45¢ 5.828
i . 2 Liters 47.828 4,848 5.748
Lactic acid ) 5 " "
3 Liters 48.94 453 5.55
6 Liters 54574 6.35% 5.48%
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: Means with different superscript in the same column are significantly

ABC

different(p <0.05).
. Carcasses were washed with 75C, 1.5% organic acid washing waters.
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Table 23. Effects of temperature of washing water on protein

solubilities of pork

. B Total protein Sarcoplasmic Myofibrillar
Washing waters . . . . .
solubility protein solubility roteinsolubility
45C 192.214 5853 133.68
Water 65T 186.3218 54.38"8 131.94
75°C 181.828 51.84" 129.98
85C 172.32¢ 42.45° 129.87
45C 195.45% 58.45" 137.00
Lo Acetic 65T 185.488 55.45" 130.03
Ol1n
acid 75C 178.55°¢ 47 458 131.10
85C 171.92¢ 4358° 128.34
45C 198.32% 62.23% 136.09
Lactic 65T 187.63% 56.46"" 131.17
acid 75C 178.56"¢ 54218 124.35
85C 172.75° 42.55° 130.20
45C 198.42% 58.64"% 139.78
Wat 65°C 189.528 54.43"" 135.09
a5 174.68° 48,82 125,86
85C 172.38° 42848 129.54
45C 196.52% 61.44% 135.08
. Acetic 65T 192.38"8 58.22% 134.16
MM dd 7T 185.63" 49,528 136.11
85C 174.46° 43.89° 130.57
45C 194.72% 59.82% 134.90
Lactic 65T 1884418 54.76™7 133.68
acid 75°C 182.48°8 48.43" 134.05
85C 173.62° 42.69° 130.93

ABL : Means with different superscript in the same column are significantly
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different(p <0.05).

* @ Carcasses were washed with 3 Liters of washing waters.

Table 24. Effects of temperature of washing water on cooking loss %

and shear force of pork loin and ham cuts

Washing waters” Cooking loss (%)  Shear force (kg/cm’)

45C 28.32 3278

Water 65°C 2741 4.32°8

75C 29.45 4.86™°

85°C 31.22 6.42%

45C 28.42 4,458

) o 65C 26.38 4.85°

Loin  Acetic acid N D
75C 26.85 5.15

85C 29.94 6.38"

45C 28.34 3.28%

o 65C 27.69 4578

Lactic acid N D
75C 28.54 5.11

85C 2773 5.82%

45C 29.41 4.64°

65C 28.36 4.63°

Water 5 5
75C 24.64 5.52

85C 27.34 6.85"

45C 26.56 4.45°

o 65°C 29.33 4.99¢

Ham Acetic acid N m
75C 25.66 5.83

85C 2747 6.89"

45C 29.73 4.32°

S 65C 28.48 5.36%

Lactic acid N D
75C 28.42 6.22

85C 27.63 6.69"
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ABC Means with different superscript in the same column are significantly

different(p <0.05).

* . Carcasses were washed with 3 Liters of washing waters.
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Table 25. Effect of temperature of washing water on lipid oxidation

(TBARS) of pork loin and ham during cold storage

TBARS (mg/kg)

Washing waters”

Day 1 Day 3 Day 7

45T 0.19 0.20 0.24

Water 65C 0.18 0.23 0.24

75C 0.17 0.24 0.26

85C 0.19 0.24 0.26

45C 0.16 0.22 0.25%

, o 65C 0.19 0.24 0.268
Loin  Acetic acid 5 o
75C 0.20 0.24 0.28’

85T 0.17 0.24 0.31*

45°C 0.18 0.21 0.26

o 65C 0.16 0.23 0.28

Lactic acid 5

75C 0.19 0.23 0.30

85°C 0.19 0.24 0.29

45T 0.19 0.21 0.24

65C 0.18 0.23 0.25

Water 5

75C 0.16 0.23 0.25

85C 0.18 0.24 0.26

45T 0.17 0.20 0.258

o 65C 0.17 0.23 0.28"

Ham  Acetic acid N -
75C 0.18 0.23 0.29

85T 0.20 0.23 0.31*

45C 0.18 0.21 0.247

o 65C 0.16 0.22 0.268

Lactic acid N A
75C 0.17 0.23 0.29

85T 0.19 0.23 0.29"

AB : Means with different superscript in the same column are significantly

different(p <0.05).
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. Carcasses were washed with 3 Liters of washing waters at 15C.

Table 26. Effect of temperature of washing water on penal test

scores of fresh pork loin and ham

Washing waters* Color Aroma Off-flavor Drip Acceptability
45C 69" 5.2% 1.1 1.9 6.6"
Water 65C 64" 438 1.0 2.0 5.8%
75C 62° 3.6" 1.3 2.3 5.7%
8C 53¢ 3.28 1.9 2.8 458
45C 64" 2.8 2.4 3.1 6.4"
Lo Acetic 65C 62" 3.6 1.3 2.3 6.7A‘
acid  75C 58" 3.2 2.9 2.8 55"
8T  50° 2.8 4.4 3.1 4.4°
45Cc 728 35 2.5 2.4 6.9"
Lactic 65C  59° 3.9 2.3 2.9 548
acid 75C  56° 4.0 3.2 3.1 5.8°
8C  5.1° 2.4 4.3 3.3 4.5¢
45C 740 56" 2.1 16 6.6
Water 65°C 6.6]3‘ 54" 1.7 2.2 5.8
75C 628 3.7° 2.8 2.8 5.2
8T 537 3.28 3.1 3.4 48
45C 700 45" 2.6 2.4 65"
Hom Acetic 65C 69" 45" 2.8 2.9 6.2%
acid  75C 65" 3.4° 2.4 3.9 59"
8T  52° 3.28 3.1 3.6 4.0°
4/C 728 45 1.8 2.6 6.6"
Lactic 65C 69" 4.2 2.0 2.4 6.5"
acid  75C 66" 35 2.8 2.9 6.1%
85C 53¢ 3.1 3.2 3.4 3.6"
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ABC Means with different superscript in the same column are significantly

different(p <0.05).
* . Carcasses were washed with 3 Liters of washing waters at 15C.
Color (1-3: pale, 4-6: normal, 7-9: dark), Aroma (1-3: week, 4-6: moderate,
7-9: strong), Off-flavor (1-3: week, 4-6: moderate, 7-9: strong), Drip (1-3:
small, 4-6: moderate, 7-9: large), Acceptability (1-3: dislike, 4-6: moderate,
7-9: like).
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Table 27. Effect of temperature of washing water on penal test

scores of cooked pork loin and ham

Washing waters® Color Flavor Tenderness Juiciness Acceptability

5C 52 35 62 47 55

Water 65C 56 39 56 46 5.4
75C 52 42 55 40 52

8C 48 36 53 44 5.0

5C 51 38 6.1 438 56
 Acetic 65C 57 39 58 44 5.4
M aid 7BC 55 38 55 43 5.2
85C 49 33 52 42 5.1

5C 56 34 58 52 52

Lactic 65C 53 41 59 48 53
acid 75C 54 40 5.4 45 5.4
8C 52 39 55 42 48

A5C 54 43 6.4 54 58

Water 235 39 58 5.1 5.4
75C 52 38 56 5.4 52

8C 52 36 52 46 A5

5C 54 46 58 48 56

Acetic 65C 55 43 58 46 5.4
Ham 4 75¢ 52 45 58 42 5.4
8C 51 42 5.4 42 52

5C 55 43 62 52 5.4

Lactic 65C 53 45 6.0 46 56
acid 75C 53 44 59 45 5.4
8C 48 43 5.4 42 5.1
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ABC - Means with different superscript in the same column are significantly

different(p <0.05).
* . Carcasses were washed with 3 Liters of washing waters at 15C.
Color (1-3: pale, 4-6: normal, 7-9: dark), Flavor (1-3: week, 4-6: moderate,
7-9: strong), Tenderness (1-3: tough, 4-6: moderate, 7-9: tender), Juiciness
(1-3: small, 4-6: moderate, 7-9: large), Acceptability (1-3: dislike, 4-6:
moderate, 7-9: like).

2 AHAEA Y #F71 AFg Abgol =59 #TH 54
nAE 9

T A H o] 27 AHdESI FAES9 deH 54
= 9FE 77 Table 269 2791 YERRAT AdwkA A g Aol 2
=7 Srkek S AAH V= 2l 4]
Aoz yeiytow, 53] 8T A9 #s4 7%
(p<0.05) Z}_/aé}—t— Aoz e o] e A
o34
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SES AA77]

7bh w714 AF e 257 HAEA xR FAT #Ai WA=

E=0] 489 3659 HAEAZS 15% acetic ¥ lactic acid®] =%
= 45C, 70C % 80TC= ZA3Ie] 10%, 20% % 30% Bk Ax3 o}
S, 4N Yzt 3 3 F0SE v askgoh

. 7714 AR BV 94 UAES AME wAE 29

F7Icb AH g7 2R EEY HodA mAEY AMEe mA= E3E
ol At Z+zEe] S typhimurium, E. coli 2 L. monocytogenes< =
Azl 107/100me% FFE=XF F15% acetic 2 lactic acid®] &=
£ 45T, 70C % 0C= xA3slo] 10%, 20 % 30x Tk Ax5% o

4

&, 24N 97 F mAel EASE Az WA AR £5 245
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Atk
o F71 AHF ALGo] S By uAE dF

EZo] gad 3679 HAZAE 1.5% acetic E lactic acid®] 2=
= 45T, 70C % 0CT= x=A3sle] 10%, 20 2 30x% &<k Ax3 ¢}
o, 24X W7 & odkzEste]l T4 F9E ARE AHS F, SA(CIE

L'ab) B3a(R 503 S4s9h

. LETF AFHo] A=A B FFEF L "A= 2

-

o] gud 3679 HARAE do AAT 5, HF=AE 05ppm,

, 2ppm ! 3ppmlE FAHE 2FS 3 LiterZ A& 3 thE, 24417k
Wz & 39 TS E v HAESIAY. o Ayl wE vA
A s dotr iz, 36579 HARAE dg= AAS Ippm
2 1, 2, 3 3 6 Liter2 A|H 3 thg, 24413 W2b5 59 S
TE Hlastdt. LEF] Al H AT e Aol m A= &

A=
E Yotz 3679 HA=AE lppme LEFE 10%, 2

0%, 30x=
2602 Fo AT the, UAZ WAF EW FTSE vas

ot SR =R eEF AFHo] ESZ A= &7
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PEREEECT C*w siche] #919 pH 4, 1n5e, 71
7, 497k, TBARS ¥ vl gal4 5ol wae 2469

i o EAASA HAy AR AR MAE 53

eEAAFe BRoF 494 MAR ol WAL dFS Loln]

9
s, 242} 9] S, typhimurium, E. coli ¥ L. monocytogeness A %W
1

ol 10971.000m% RFEEE T o EFo] gAY AH T w2 7
B4 MAEe) £% S

A7 FASFEsHAA A HARAS 7 AEERE 3657
A oz dAdtete] AAdista ASAHYrtEdor &5 F A
ol &ttt wEA WAE wABEQ  Escherichia Coli (ATCC
#25922),  Salmonella  typhimurium (ATCC  #14028)%  Listeria
monocytogenes (KCTC #3569)° 714k A" o] oyt 35 714 =
A olr izt zb wWelgduAlEe] E3tE 1,000ml ZEHIYE Al
A=A bz e $ ZHER AHZ 5 ZF v AE
AEFE A Al 1 A3 85 98l AFHd AMRE 717 =
A AZEG o, AFHF EEe ERAMEE HEYE GElEh Al

2 AFHA FES 8 AV AESY A & =5 vX= A

u

2 golruxt 54 Tk $HE A wE 4Pste] §4 L w
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T Mol Yo HAd HE&R Aste] FAETE 34 A4S aerobic

petrifilmel 1ntE #F3he] 2903k MFF ¥ 252 AFaac

25 FEA7IE dHEAQ WABES Escherichia Coli (ATCC
#25922),  Salmonella  typhimurium (ATCC  #14028)%  Listeria
monocytogenes (KCTC #3569)& T94ste] al&A1Zl $ 37C incubator
ol 16417+ HeF  wj%AlA  1,000ml cocktail(z HLAARAAES

10°CFU/mIE %3 Alzste] Zalo] FF&givh. B8 F 2443 ¥

T =T E AFskah
Escherichia Coli (ATCC #25922) Listeria monocytogenes (KCTC #3569)

Salmonella typhimurium (ATCC #14028)

<HYA A= g A Ea>

| AL Minolta Chromameter(Model CR-210, Minolta Co. LTD.
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Japan)& AF&3dte] AT AIRE 53] whE FAsglon, ojuf xEA

& L'=89.2, a'=0.921, b'=0.7832.2 3}%

AegE et 271(3x3x3em)ZE A esl 3mm Zdo|E=Z chopping
gk & 50m FFEo AlE 3g¥ FHT 2Tnl(1:9)E A o] Polytron

homogenizer(IKAT25basic, MALASIA)Z 14,000rpmol A 10%3F 23}
o pH-meter(MP230, Mettler, Switzerland)Z =7 &} % t}.

i RS ($ERF)

$271%(%) = (A-B)/A X 100
(A: AGHd 59 T, B A4S S99 5%)

<+ 1g< 0.025M potassium phosphate buffer(pH7.2) 10mlel] ¥
A AT 4TANA 24417 EE0] F F, 1500go A 2047 A2

Agole wuld srg Fawngd s =49
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ZadwAae A8 1go] 0.1M sodium phosphate buffer(pH7.2)°] 1.1M

=5

potassium iodideE &3 20mlS AFE3te] T @ste] 4TolA 2443

By 0 1500gol A 2083 9AEYE AAlsta, A £o] s=E
Faukgol od FA4sAr. g FENd see FuNdy AT
LU Fololl &l AtslATh
AL VE R
217 50mm Fo]E o] &3le] AEE ANFH T FAZ SHsta, X8
70C FALZAA 30%3F 719 & §59

(A-B)/A X 100

%) =
(A: 79 A 59 T, B 7HE S 59 %)

oh. a7k
AvE 2 INSTRONS o] 83tef 0008 % the A a7k 843 A
g W $28 F4st9rh INSTRONS ¥9& g3t 2o

* Range: 10kg

* Load : 90kg

* Chart speed : 100/min

% Cross head speed : 100/min
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A}, TBARS(A HAHH &)

At 4 = E=(TBARS)E Burge®t Aust(1978)¢] W& o] &3
o] Al& b5goll BHA(Butylated Hydroxytoluence) 5009t 57 16mlE
=1 13,000rpmoll Al 10%37F ¥ 3HIKA model T-25Basic, Malaysia)*]
Ack. w2 2meo]l TBA/TCA EFE 4ms ¥ a1 urk7]ol A 10%3t

& % 90T water bathell A 15&%F 7t WA Z T W= 23
F 3,000rmpell A 10+3F ¥4 2] (Hanil model Union 5kr, Korea)A] %
& A=S 3|43t9] Spectrophotometer(Spectronic model Genesys 5,
U

S.A) B3Inmel A F3E=E FAS] vt 22 Akl ofsio

TBARS = Absorbance x 5.88

3. 2% 4 1%

71 ARG BRI AASA ERY FFS Dhel MRS

%

712 AlH o) FF 2 BFAIREe] A=A 2 FrdE ol
%

WA £3+E Table 28914 UEhllth meo AUFEEe] 4%, F
g Aol U RRAR BFA] FAARE MAR FE
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Table 28. Effect of spray washing with organic acid on reducing of

total plate count (log CFU/cm?® on the surface of pork carcasses

Spray washing times (seconds)

Treatments"
10 20 30
15C 3.49
water
30T 2.57 1.97 0.70
45C 2.96 2.26 1.98
Acetic acid 70C 2.28 1.06 0
80T 2.08 0.30 0
45C 2.04 1.81 1.23
Lactic acid 70C 1.24 0.78 0
30T 0.99 0 0

b Washing was applied on concentration of 1.5% of organic acid.
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Y. 7714 A 2577 394 AAEY A2 mAE 23

e
r{o

T AHee T R 2ol mE HdAdn =] E-coli

salmonella = % Listeria ¢ ®3}& ZH7}F Table 29, 30 2 31of &}
Yok EE AgFdA AFHFY EFARE 2RV ST E
E-colid £+ Z4stes Ao=Z Yeyt. E3 0T 19 dutrrsE
2 30%7F EEAHE AAE 4 E-colits HEHA &= Aoz e

A2 Azl E-colizh = AbEE 2o yERRTh webA 7]k Al

S dwnsrge] AHe vl 2xE WEolR E-colig AlWs:
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Table 29. Effect of spray washing with organic acid on reducing of

E. coli (log CFU/cm?) on the surface of pork carcasses

Spray washing times (seconds)

Treatments"
10 20 30
15C - - 2.32
water
80T 1.99 0.43 0
45T 2.15 1.88 1.21
Acetic acid 70C 1.22 0.41 0
80T 0.79 0 0
45C 2.04 1.81 1.23
Lactic acid 70C 1.24 0.78 0
30T 0.99 0 0

b Washing was applied on concentration of 1.5%.

—

Zkzbel MAA mAES o 3k AdoA thFtel A vt A
= salmonella 9} Listeria Foll= 22 Aoz yelyth = A%
T &9} 5 Alto]l WHARAESR salmonella®] +E& FHAAZ
Rk ojyet 54 Z:Ziﬁ}oﬂ’ﬂ% APE A7 = Ao 2 e T Table 30

of UeRd wlel o] 80T UMFEER A EAS 3023 AlA s
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A A F el A 70TCAA 30%3F AlAES 8t salmonellaE EF Al
A F d= Aoz YErT wEkA acetic acidt} lactic acidE ©] &
3 HAEAE ARG 49, =AFEH A48 = A= salmonellas
A8 AAsH] A= T0TCAA 30x3F A= Aol ax4d A
o2 AlmHT

Table 30. Effect of spray washing with organic acid on reducing of

S. typhimurium (log CFU/cm® on the surface of pork carcasses

Spray washing times (seconds)

Treatments"
10 20 30
15T - - 2.69

water

80T 2.04 1.40 0
45C 2.56 1.86 1.32
Acetic acid 70C 1.44 0.71 0
80T 1.18 0 0
45C 2.22 1.79 1.20
Lactic acid 70C 1.24 0.78 0
30T 1.04 0 0

b Washing was applied on concentration of 1.5%.

F712F MZH 47} E-colitt  salmonella2] A Aol v +=

Listeriadl &= A2l #AFskAl Yelwth(Table 31). Listeria 9A] A& 4=<]

l:O[A
B
rlr
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SRVt SV ESE oy AAdadh mopslon, diteEERE 80T
ol A 30%3+ M-S W Listerias AAT 4 A= Aoz e
AT F7)AE A H o] A folE 70Tl 30%3F Al&3d  Listerias
AAE = = Aem Yeuth #7143 S Akeldl BHAAd vAd=E <]
At @ atboll thdk Aol flE Aoe® UElgtom) acetic acid®b lactic
acid 25 70CoNA 202 AHE & 45 A o] &8 ZE HAdA 7
AEES d3] AAT F gle 2oz Yeiyt 22402 {74
A Hdd A= AAE v Hag 70ToA 302 ©f
& *ﬂ’_ﬁ'é}‘ﬂoﬁ & Ao AR

Table 31. Effect of spray washing with organic acid on reducing of

L. monocytogenes (log CFU/cm® on the surface of pork carcasses

Spray washing times (seconds)

Treatments"
10 20 30
15T - - 2.36

water

30T 1.92 0.23 0
45C 2.36 1.66 1.08
Acetic acid 70C 1.29 0.47 0
30T 1.01 0 0
45C 2.40 1.78 0.97
Lactic acid 70C 1.31 0.39 0
30T 0.97 0 0
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. Washing was applied on concentration of 1.5%.
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Table 32. Effects of mixed organic acid and temperature of washing

water on pathogens (log CFU/cm?®) of pork carcass surfaces

Pathogens
Washing waters"
E-coli Salmonella Listeria
2.67 2.31 2.54
A 0.75 1.32 0.85
15T
0.34 0.78 0.83
0.41 0.45 0.64
0.42 1.28 0.23
0 0 0
80C
L 0 0 0
A+ L 0 0 0
Dow: water, A: 1.5% acetic acid, L: 1.5% lactic acid.
Carcasses were washed for 20 seconds with washing waters.
o F71AE A Ago] A BHEF HXs dF
R ARG B BR2do] EFA 54 %4, 55 Prof
WX = @3S Table 330 YEFWHATH 1.5% %= 714 AlHFo &
TAZbo]l 10%0A 3022 F71842 Wurt Eolxe AT e
o, AF g 27t SIS BETE o4 (p<0.05) 22 ot
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2 AR AT

Table 33. Effect of spray washing with organic acid on color (CIE
L") of pork loin

Spray washing times (seconds)

Treatments"”
10 20 30
15C - - 45.41%
water
80°C 46.45° 50.974° 54,8584
45C 44.09 45.18" 46.21%
Acetic acid 70C 45,220 48,038 54,368
80°C 45.29 48.0045° 55.18484
45C 44.39 45.38" 45.428
Lactic acid 70T 44.98° 47,065 53.447B2
80°C 4561° 48,1878 56.924¢

AB : Means with different superscript in the same column are significantly
different(p <0.05).
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: Means with different superscript in the same raw are significantly

ab

different(p <0.05).
: Washing was applied on concentration of 1.5%.
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Table 34. Effect of spray washing with organic acid on drip loss (%)

of pork loin

Spray washing times (seconds)

Treatments”
10 20 30
15C - - 2.34"
water -
80°C 2.82 4,928 4,948
45C 2.79 2.90¢ 2917
Aceti : ’
et e 2.90¢ 3.445C 4,520
acid
80°C 2.92¢ 5.00% 5.3444
45C 278 2.85" 2.88"
Lactic >
i 70°C 2.86° 3.695° 4,63
acid
80°C 2.87° 498480 5.28%
ABCD

: Means with different superscript in the same column are significantly

different(p <0.05).

ab,c

. Means with different superscript in the same raw are significantly
different(p <0.05).

v Washing was applied on concentration of 1.5%.

% QEF AFHo HAEAY W FFF i vA= &7

QEAHTFY] AgE=el wE 5 2 ALY gHe] STt WItE
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Table 35. Effects of concentration of ozone in washing ozonated

water on total plate count (log CFU/cm?®) of pork carcass surfaces

Total plate count (log CFU/cm?)

Washing waters"

Before washing After washing
0.5 ppm 5.28 2574
Abdominal 1 ppm 544 1.87%°
cavity 9 ppm 6.06 133
3 ppm 5.87 0.93"
0.5 ppm 4.09 2.144
Subcutaneous 1 PPM 3.21 2.02%°
fot 2 ppm 3.33 1.668
3 ppm 3.47 1568

AB : Means with different superscript in the same column are significantly
different(p <0.05).

V. Carcasses were washed with 3 liters of ozonated washing waters.
SEAHGE) BRG] e B %L AYAY T FE

e
360 YERA wRel oy B 9 Ao FH 25T Table 359 LEFEO

Avksh ARSI LEAHSY LRYe] F/4BSE B YE] F7b frel
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Table 36. Effects of amount in washing ozonated water on total plate

count (log CFU/cm®) of pork carcass surfaces

Total plate count (log CFU/cm?)

Washing waters”

Before washing After washing
1 liters 5.48 3.43*
Abdominal 2 liters 6.02 2.21"
cavity 3 liters 5.99 2.06"
6 liters 582 1.88°
1 liters 3.96 2994
Subcutaneous 2 liters 4.02 197"
fat 3 liters 345 108"
6 liters 3.87 0.93"

AB : Means with different superscript in the same column are significantly
different(p <0.05).

V. Carcasses were washed with 1 ppm ozonated washing waters.
ShH, O EMEGe] FAIT mE 57 9 AQAY | Fubg WS
=

+ Table 379 YESITE o&F
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Table 37. Effects of time in washing ozonated water on total plate

count (log CFU/cm?) of pork carcass surfaces

Total plate count (log CFU/cm?)

Washing waters"

Before washing After washing
10s 6.03 2.16"
Abdominal __ 208 5.88 155"
cavity 30s 6.12 1918
60s 6.04 0.96"
10s 4.79 1.44%
Subcutaneous 208 5.02 1.32%8
fat 30s 487 118"
60s 4.80 1.06"

ABC : Means with different superscript in the same column are significantly

different(p <0.05).
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. Carcasses were washed with 2 liters of 1 ppm ozonated washing waters.
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Table 38. Effects of spray types and amount in washing ozonated

water on pH, color (CIE L") and drip loss of pork loin and ham

Washing waters” CIE L' pH Drip loss %

1 liters 49528 5.73% 4.34°

Water 2 liters 50.34"" 5.693‘ 4.67¢
3 liters 51.33"" 5.62°¢ 5.23"

6 liters 51.49* 5.59¢ 5.48%

1 liters 51.23" 5.69" 4.48°

Spray 2 liters 51.79° 5.66™7 4,68

type 3 liters 52.34"" 5670 4.88"

, 6 liters 52.78"% 5.62° 5.33%
Loin ) C 5 5
1 liters 51.07 5.64 4.98

Sealing 2 liters 52.245 5.59"¢ 5.04"

type 3 liters 53.21* 5.55° 523"

6 liters 52.29° 5.50" 5874

1 liters 49.80" 5.71%° 3.53¢

Spray 2 liters 50.07" 5.73* 3.55°

type 3 liters 50.91"" 5.66" 453"

Ham 6 liters 51.46" 5.54” 497%
1 liters 50.35" 5.64" 3.55¢

Sealing 2 liters 51.21"8 5.60° 4.49%¢

type 3 liters 51.39*" 558" 468"

6 liters 52.07% 5577 5.02%

ABCD

: Means with different superscript in the same column are significantly
different(p <0.05).

V. Carcasses were washed with 1 ppm ozonated washing waters for 20s.
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Table 39. Effects of spray types and amount in washing ozonated

water on cooking loss and shear force of pork loin and ham

Washing waters"

Cooking loss (%) Shear force (kg/cm?)

1 liters 27.44° 4.44"

Water 2 liters 28.05" 4.86""

3 liters 28.80"" 5.03"

6 liters 29.64"* 5.38%

1 liters 28.03*" 4.33°

Spray 2 liters 27.36" 4.86°%¢

type 3 liters 29.43% 4.90°

_ 6 liters 28.04" 5.03"
Loin ) C 5
1 liters 27.89 4.82

Sealing 2 liters 28.48"¢ 4.96"

type 3 liters 30.94* 5.09"

6 liters 29.33"" 5.23%

1 liters 28.64 4.66°

Spray 2 liters 27.98 4.89°

type 3 liters 28.41 5.34P

Ham 6 liters 29.08 5524
1 liters 27.90° 498"

Sealing 2 liters 28.47"" 5.09"

type 3 liters 28.90"" 5.33*"

6 liters 30.13* 5.66"

A

BC . Means with different superscript in the same column are significantly
different(p <0.05).

D": Carcasses were washed with 1 ppm ozonated washing waters for 20s.
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Table 40. Effects of spray types and amount in washing ozonated

water on lipid oxidation (TBARS) of pork loin and ham during cold

storage
. N TBARS (mg/kg)
Washing waters

Day 1 Day 3 Day 7

1 liters 0.21 0.24 0.30

2 liters 0.20 0.23 0.28

Water )

3 liters 0.19 0.23 0.29

6 liters 0.20 0.25 0.31

1 liters 0.15 0.22 0.31

Spray 2 liters 0.17 0.24 0.30

type 3 liters 0.18 0.26 0.29

) 6 liters 0.16 0.25 0.29
Loin ) B
1 liters 0.19 0.24 0.28
Sealing 2 liters 0.17 0.23 0.29%8
type 3 liters 0.19 0.23 0.29*"

6 liters 0.20 0.26 0.33*

1 liters 0.19 0.21 0.28

Spray 2 liters 0.21 0.25 0.29

type 3 liters 0.18 0.25 0.33

6 liters 0.17 0.26 0.31

Ham

1 liters 0.20 0.26 0.29

Sealing 2 liters 0.20 0.27 0.32

type 3 liters 0.19 0.26 0.29

6 liters 0.18 0.27 0.30

AB : Means with different superscript in the same column are significantly

different(p <0.05).
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D": Carcasses were washed with 1 ppm ozonated washing waters for 20s.

Table 41. Effects of spray types and amount in washing ozonated

water on protein solubilities of pork loin and ham cuts

Washi N Total protein Sarcoplasmic Myofibrillar
ashing waters

solubility protein solubility protein solubility

1 liters 185.5 48.3 137.2
Spray 2 liters 183.8 52.5 131.3
type 3 liters 185.6 454 139.8
. 6 liters 179.2 53.8 125.4
Loin -
1 liters 191.2 58.3 132.9
Sealing 2 liters 185.6 51.4 134.2
type 3 liters 181.6 50.2 1314
6 liters 187.7 475 140.2
1 liters 176.5 47.5 129.0
Spray 2 liters 182.8 48.6 134.2
type 3 liters 185.6 495 136.1
Ham 6 liters 174.8 45.3 129.5
1 liters 172.4 49.5 122.9
Sealing 2 liters 184.6 44.9 139.7
type 3 liters 176.8 43.6 133.2
6 liters 178.2 46.8 131.4
A,

B . Means with different superscript in the same column are significantly
different(p <0.05).

U": Carcasses were washed with 1 ppm ozonated washing waters for 20s.

- 145 -



v 2 EAF T 34U AAE AR mAE 23

Al ol S tyhimurium, E. coli 2 L. monocytogenes< =3
E52 AMFS A= Z47E Table 42, 43 2 449 YERG vle}
2o At FEEE AHG Feole MHF FEFe] SUMEFE BE
HAd MAEEY v Fashe o2 Yy oy blitergs AHESHA
L bds] AAEAE FAh AR &5 A9 3FFY HdA A

AE BT Sliterz AHT A BFE AAHE Aoz eyt E3
=

¢

Q. E4E L monocytogenes®] AtEo] HluF Firl =& Ao e
womn, Bl 2itere] QEFAE AEEE ROR YENTH o] 2
2 Aye LEFVF HAEA B vAdEe] EAY H9 a9Ho

2 AlzEc

- 146 -



Table 42. Effects of amount in washing ozonated water on S.

tyhimurium (log CFU/cm® on the surfaces of pork carcass

Washing waters S. tyhimurium (log CFU/cm?)
1 liters 2.31
2 liters 1.83
Water
3 liters 1.67
6 liters 0.51
1 liters 1.34
Spray 2 liters 0.23
tvpe 3 liters -
Ozonated 6 liters -
water 1 liters 1.76
Sealing 2 liters 0.43
type 3 liters -
6 liters -

AB : Means with different superscript in the same column are significantly
different(p <0.05).
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Table 43. Effects of amount in washing ozonated water on E. coli

(log CFU/cm?) on the surfaces of pork carcass

Washing waters E. coli (log CFU/cm?)
1 liters 2.89
2 liters 2.31
Water
3 liters 1.34
6 liters 0.23
1 liters 1.21
Spray 2 liters 0.45
tvpe 3 liters -
Ozonated 6 liters _
water 1 liters 1.84
Sealing 2 liters 0.56
type 3 liters -
6 liters -

AB : Means with different superscript in the same column are significantly
different(p <0.05).
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Table 44. Effects of amount in washing ozonated water on L.

monocytogenes (log CFU/cm®) on the surfaces of pork carcass

Washing waters L. monocytogenes (log CFU/cm?)
1 liters 2.36
2 liters 1.21
Water -
3 liters 0.89
6 liters 0.75
1 liters 0.84
Spray 9 liters 0.13
type 3 liters -
Ozonated 6 liters -
water 1 liters 0.67

Sealing 2 liters -

type 3 liters -

6 liters -

AB : Means with different superscript in the same column are significantly

different(p <0.05).
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