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ppm 2 30 60

15 3.0 ppm

1.5 3.0 ppm 30 60
(P<0.05) 3.0 ppm

( P<0.05) 60 1.5 3.0 ppm 30
60 ( P<0.05)

(P<0.05)

15 3.0 ppm 30 60

(P>0.05) 1.5 ppm 60
3.0 ppm 30 60 TBA
30 60 ( P<0.05) 3.0 ppm 30
60 0
(P<0.05) (P<0.05) 3
( P>0.05) pH
(P>0.05)

(P>0.05)



FDA (2000) 1993 1997
2751

86%

1998 HACCP ( Hazard

Analysis-Critical Control Point )

HACCP

10> 10*

( Pearson and Dutson, 1986 )

E. coli O157:H7

( Marriott, 1999 )
100-200 ppm ( 1982)

1986 (1) 2) (3)
pH (4) THMs
(5)



Baired-Parker, 1971 Restaino
etal. 1995 0.188 ppm 5
E. coli Pseudomonas aeruginosa Yersinia enterocoliica

Listeria monocytogenes Staphylococcus aureus Enterococcus

faecalis 4.5 Shledon and Brown
1986 3.0-4.5ppm 45
4
(1) THMs (2)
3 (4)
p (5) Block,
1983; Bott, 1991 (1)

(2) (3)
(4)

COD



( Davisand Board, 1998 )

60

( Brown, 1982) Joneset al
(1979)

(Gill
and Penny, 1979., Gill et al., 1976., 1978)
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1. ( Chlorine solution)

50 ppm 1
(Jameset al., 1992) 100
200 ppm
200 ppm
8

( Kotula, 1974; Skelly, 1985) Bautistaet
al (1997) 300 400 ppm

50 ppm
125 ppm
( P<0.05)
1982
1986 (1)
2) 3 pH
(4) THMs (5)

2. ( Organic acid )

1



(Acetic acud )
( Gluconic acid)
( Dickson and Anderson., 1992 )
1-2%
( Smulder, 1987,
Teraetal., 1993)
( Tera et al., 1993) ( Smulder, 1987 )

(lag phase )

( Mulder et al., 1987; Greer and Dills, 1995)

3. ( Inorganic phosphates)
( TSP, trisodium phosphate )

( polyphosphate )
3~10% Hollender et al.
( 1993 )

Gorman et al. (1 1995) 12% TSP

4, ( Bacteriocins)

( antagonistic effect )

12



Nisin Nisin Lacbacillus lactis subsp. lactis

Nisin
( Yang and
Ray, 1994) Stevenet al. (1992)
Nisin
(Chunget al., 1989)
Nisin GRAS ( generally recognized as safe
) (Abeeetal., 1995)
5. ( Hydrogen peroxide ,H,05)

( bacteriostatic effect) ( Juven
and Pierson, 1996 ) Lillard and Thamos ( 1983 )
0.5% (w/v)

( Cabedo
etal., 1996)
6. (Ozone, O3)
Barth et al.
1995 0.1 ppm 0.3 ppm
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COD ( 1988)
( 0.9-2.3 ppm )
(1.2 ppm)

( Reagan et al., 1996; Sheldon and Brown, 1986 )

( Sauter et al., 2000 )
7. (Water)

(immersion) (rinse) ( spray) ( steam)

( Lillard and

Powel,1998) Davey and Smith ( 1989 )

Benedic et al. ( 1991 )

( Shackleford, 1993)
( heat transfer )

14



(Dorsaet al., 1993)

8. ( Ultrahigh hydrostatic pressure)
Carlez et al. ( 1993) 600 Mpa
1000
qvy - ( Gammeairrdiation)

( Corry et al., 1995 )
30% ( Brunn, 1995)

( Lagunas-Solar, 1995 )
10. ( Plused-field electricity )

( Bawcom et al., 1995)

Li et al.
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( 1995 )

11. ( Ultrasonic energy )

(Lillard, 1994 ) Earnshaw et al. (1995)

12. (UV light)
( Bolder, 1997 )
()
ozone O3
48 1785 Van Marum 1.658
ar=1 -192.7 -111.9 1.614
-190.4 2.14 0o ,1
am -12.1 54.6 O Donovan,
1965 0.05 ppm
20-30

1987 1992 1988

16



1987

allotrop 1.278
116.8
-180 Merck Index,
1989 2.07 V
F2 2.87 V H,0, 1.78 V
Cl 1.36 V
Henry sLaw 13

O Donovan, 1965; Walter and Sherman,
1976; Y ang and Chen, 1979

50
1988
OH-
Rice, 1981; Block, 1983; Bott, 1991
dipole

electrophilic agent nucleophilic agent
Reckhow, et al., 1991

()

17



( 1994 )
(1996 )

eV

3~4%
6~8%

Al,O3

( 1998 )

( Sauter et al., 2000 )

()

18



(

)

Hoigene and Bader 1978

direct reaction

free-radicals reaction

(lethality coefficient )

N\ =In100/Ctgyg
(oxidant)

tog 99%

19

(mg/L )

99%



( Nebel, 1981)

500 0.5 2 0.5
20 1.0 0.5 0.05
0.2 0.02  0.0005 0
0.1 0.005 0.02 0.02
(Nebel, 1981 )

2.C T vaue ( concentration of residual ozone times contact
time)
C T=mg/ min
C T
C T
10 pH 99 E.coli



Direct oxidation organic substrate,
»  Products

NH; or microorganism

(Sow, Hective)

Direct reaction

O

Oxidation organic substrate, NH,

- - » Products
or microorganism

( Fast, nonselective)

Free-radicals reaction

Oxidation of HCO,

—» HO » HCO; '
( Moderate)

Oxidation of CO,

> CO,
(Fast)

( Hoigene and Bader, 1976, 1977 )
Fig. 1. Thereaction of ozonein water.
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0.006 mg/L  min ( Singer, 1990)
C T
pH C T

Hoff ( 1987 ) Wickramanayake et al. ( 1984 )

5 pH 6~7 CT
C T

C T
Escherichia coli 0.02
Ploio 1. Virus 0.2
Rotavirus 0.006~0.06
Giardialamblia cyst 0.5~2.0
Naegleria gruberi cyst 4.23

( Hoff, 1987; Wickramanayake et al., 1984 )

()

1986 Katz, 1980



()

(1)

(2)

3)

(4)
THMs

(5)

(6)

residual

by-product

Rice, 1981

20 22
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Francis, 1972; Block,
1983; Bott, 1991

(1) THMs
(2)

3)

(4) pH

(5)

(1)
(2)
3)
(4)
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HOCI>Ocl NHCI,>NH,CI
3 4 1 2 4 5
pH
ClO,,
(THMs) ClOs unknow
HOCI, Ocl’
Air Oxygen
1.00 |2.00 1.95 2.16 0.47

25

(Rice, 1981; Riceet al., 1991)




* * *
* *
*

*
CO, H-,0
* * *
* *
*
*
CO,
* *
ClO,
*
* CO,
* * ClO
*
*
* *
* *
*
* *thianine
* *
* * *
* *
* * *
* *

26

(Katz, 1997)



— —>C02 -
* CO,
ClO,
* clo, (
)
THMs 65% THMs

24 THMs
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1. 1
2. 2.
3.
4, pH
1. 1
2. 2.
3.
3. GAC
4.
1. 1 Giardia Cyst
2.
3. 2.
1. 1
2.
3. THMs 2.USEPA
3.
1. 1
2.
2. THMs
3.
Cyst

( Francis, 1972; Block, 1983; Bott, 1991)
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()

Baired-Parker, 1971;
ICMSF, 1980 Yangand Chen 1979

5% NaCl albumin
Rickloff 1987 20
10 ppm Clostridum sporogenes
Bacillussubtilis 8
Chen et al.
1992 2% Saphylococcus aureus
Pseudomonas aer uginosa Mibrio cholerae

Mbrio parahaemolyticus  Salmonella typhimurium

1987 2
0.7 ppm V.cholerae E.coli S typhinmurium
Farooq and Akhlague 1983
0.23-0.26 ppm

Mycobacterium fortuitum > poliovirustype 1 Mahoneystrain >

Candida parapsilosis > E. coli > S. typhimurium  Broadwater
1973 E. coli Bacilluscereus B. megaterium

5 B. cereus 0.12



ppm E. coli B. megaterium 0.19 ppm

Ishizaki et al. 1986 Bacillus
RH = 45%
RH = 60-80% Restaino et al. 1995
0.188 ppm E. coi S

typhimurium Pseudomonas aeruginosa  Yersinia enterocoliica

Listeria monocytogenes

B.cereus S aureus Bland 1990

9 0.8-1.0 ppm
Lagenidium callinectes Haliphthoros milforedensis  Fusarium
solani

10 15 20 ppm
Bacillus subtilis 2 ppm S aureus E.
coli Hoffman, 1971; ICMSF, 1980; Natio, 1982

()
Poliovirustype 1 mahoneystrain  0.23-0.26 ppm

90 2.5 ( Faroog, 1982 )
Katzenelson et al. 1979 poliovirus type 1
0.1-2.0 ppm

1 poliovirustypel 95-99%

virus



vesicular stomatitis virus encephalomyocarditis virus GDV virus

15 Burlesonetal., 1975 Kimet

al. 1982 bacteriophage f, 5 0.09 mg

L phage 5 0.8 ppm 7
phage

M13 HAV SAll PV1 VEE MS2 poliovirus T3
Chen et al., 1992; Herbold et al., 1989; Vaughn

etal., 1987
()
Wickramanayake et al. 1984, 1985 Giardia
lamblia 0.082 ppm 2 99%
Giardiamuris 0.1 ppm 3
Korich et al. 1990 1 ppm 5

99%  Cryptosporidium parvumoocyst

()

procaryotes

31



Nebel 1981

bacteriolysis Perrich 1970 and Ishizaki et al.
1987
Giese and Christensen
1954 Scott
and Lesher 1963
E. coli glutathione

glycoproteins

glycolipids
Domingu et al. 1988 0.1-0.3 ppm
5 L. pneumophila 99%
Mudd et al.
1969 Gddsteinetal. 1975 cysteine

tryptophan methionine tyrosine histidine phinylalanine
cystine

enzyme system SH Sulthydryl groups
Brum et al., 1991 Vrochinskii 1963
Murray et al.

32



1965 permeability

Perrich 1970

oxidant ozonation

Laddie and Bland 1990

Hinzeet al. 1987

Saccharomyces cerevisiae

ATP  ADP 50% NAD

Ishizaki et al. 1987 E. coli

HB101
pBR322RNA
DNA
degradation
Chenetal. 1992 5 ppm
30 E. coli M13 RF
DNA Hamelin etal. 1977 Mik and

Groot 1978 E. coli



(

(

(

DNA

)

T™MV

)

DNA  RNA

Shinriki 1988
Tobacco mosaic virus, TMV
tryptophan tyrosine
Roy etal. 1981 and Kimetal. 1980

Naegleria Acanthamoeba

Giardia

cyst

)

trophozoite
Perrine et al. 1984
Wickramanayake 1984

al or none effect

Fetner and Ingols 1956



0.42 ppm

0.53 ppm 60
Broadwater 1973 ICMSF 1980
Nebel
1981
()
1994 Kusakabe
etal., 1991 1990
5 25 5
(Chenetal. 1992)
0 5 10 15 25 30 40 50 60
Oz;ppm 394 343 299 259 139 7.7 42 06 O

(Chenetal .,1992)



Labatiuk et al. 1992

G. muriscysts 5
25 Wang etal. 1991a 160 mg
h V. cholerae 80 0
5 5 25
3 Yang and Chen 1979
37.7 ppm 650 ml min 2 10 3.6
25 10 0.2
1988
Herbold et al. 1989 0.38 ppm
HAV  Hapatitia A virus E.coli 10
20 Rickloff 1987
AOAC B. subtilis  C. sporogenes
20 60
Wickramanayake 1984 Roy et al. 1982 Giardia cyst

piliovirus M. fortutitum



Wickramanayake 1984

Giarbia lamblia cyst 5 0.53 ppm min 25
0.17 ppm min 99%
1987 5 25
() pH
1990
pH 9 Walter
etal. 1976 10 ppm 100 ppm

Heidt and Lande,
1964 1 N NaOH 2 20N

NaOH 83 Merck Index, 1989
Leiguarda et al. 1949

pH=8 E. coli  Clostridium perfringens
pH=6 Vaughnetal. 1987
SA-II pH
HRV pH
Yang and Chen 1979
pH=3 pH=11 pH=5 7
9 1994
pH pH pH

Farooq et al. 1977

37



pH
()
phenol resorcinol
olefins amine
aiphatic adid aldehyde

1994 Finchetal. 1988, 1989

E. coli

1981 and Finch et al. 1989

ICMSF 1980

Foster et al.

unassoci ated

33

salicylate

ketone

960
Nebel

1980



fecal-associated

()

Blanken 1985 15.3 ppm  3.65
ppm 25
COD
( 1988 ) Fetner and Ingole 1956
2 ppm Coliform 100 ml 50
O Muracaetal. 1987
Legionella pneumophila Rice 1981
1906 Nice
Philip 1990
1000 Miller et al., 1978

1994



A E A R A A

(Rice, 1981)

()
Maebaetal. 1988 Bl B2 Gl
G2
Bl Gl Amesetal. 1975
B2 G2
30 ppm 60
Sheldon and Brown 1986 3.0-4.5 ppm
7 45 46%
28% 71% 48% Barth et al.
1995 0.1 ppm 0.3 ppm
Haraguchi

etal. 1969



Saphylococcus
aeruginosa P. huorescens 60

B.cereus Aspergillusoryzae 15

S. typhimurium P,
E. coli 30

0.6 ppm 3% 10%-10°
CFU ¢
1.2-1.6

1992

90%
Nul, 1992
Geaham et al., 1969 Anonymous,

1972 Anonymous, 1983; Haraguchi et al.,
1969 Dwankanth et al.,
1968

Kaess and Weideman, 1968; Ganmmon and Kerelak, 1973

a4

1987



()

1982

Phenanthrene Anthrancene

1,2,3-Trioxdane Phenol

Masaoka et al.,

Naphthalene

Aldenhydic acid,

Glvox aicacid  Aldehyde acid 1994
0.01-0.05
ppm 20-30 ppm 1000
ppm 1.5-2.0 ppm 2
1-14 1 ppm
8 Baird-Parker, 1971, |CMSF, 1980;
Masschelein, 1982; 1989

20% wt
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( New-life, Air sep Co., USA )
95%

OW-K2/A/O
3 g/hr
Rosemount
Model: 1054B0OZ, Rosemount Co., USA

PPb~ppm

( Model: Clean Boy-101, Marina Co., Italy )
(15 bar) (45 )

95%



3 1.5 ppm 3.0

ppm 2 30 60 6
23-25 15 bar 8 / 60
45
(swab)
PS PE 4
0O 3 6 9
1.
0.1% peptone water
2 x 5cm?
10 mL 0.1%
peptone water 1mL 9mL
10
(1) Total plate count, TPC

1mL Plate count



agar, DIFCO 37 48+ 2 FDA,
1992

(2) Psychrotrohic microorganism, PPC
1mL Plate count
agar, DIFCO 7 10 FDA, 1992
(3) Coliform E. coli
1mL
Chromocult coliform agar, Merck 35 24+ 2
Chromocult coliform agar Salmon-Gal
Coliform Galactosidase X-Gluc
E. coli Glucuronidase
(4) Salmonella spp.
1mL Salmonella
shigella agar, Merck 35 48+ 2
Salmonella
Salmonella
TSI Triple
sugar iron agar LIA Lysineiron agar 35
24+ 2 Salmonella



TSI
LIA

(5) Campylobacter spp.
1 mL Campylobacter blood-free agar base

Oxoid CCDA selective supplement  Oxoid

GasPak Merck
5-6 10 84-85
42 48+ 2 Stern et al. 1992
2. Thiobarbiturric acid value, TBA value
Ockerman 1985 0.5 cm
10g 50 mL 2
47 mL 3 mL HCI:H,O = 1.2
HCI 5 Kjeldahl flask
50 mL 5 mL SmL TBA
35 10
Spetophotometer, HITACHI U-2000, Japan 538 nm
( Optical density, O.D.) O.D.
3. pH value
Ockerman 1985 109 90

mL 2 pH-meter MP320, Mettler Toledo,

46



Switzerland

4, Coloring difference test
L value avalue b value
Color and Color
difference meter, Model TC-1,

5. Sensory evaluation
Cardielloetal. 1983 (
external abdominal oblique )

( SO-1100 ) (220 10 )

2 x 1 x 1cm®

Hedonic Scale Tedt,
Australian standard, 1989 5
1 ) 1 5
1 )
6. ( shear value)
( external abdominal oblique )
( SO-1100 ) (220 10
) 2 x 1 x lem?®

( Rheometer, Model NRM-2010J-CW,
) 31 6 cm/min

47



( Rheometer, Model FR-801,
) (kglem?)

SAS 3x 2x 4

( Factorial experiment )

(CRD) ( GLM procedure)
|east-squares means

(SAS, 1999)



a!

Hg. 3. Themeachine part diposed for experiment.



LT
.
|
4 0 3i6 9

Fig. 3. Flow chart of experiment design.



2.34

15 3.0 ppm
(P<0.05)
Restaino ( 1995 )
7 7
( bacteriolysis ) ( Nebel, 1981 ) Scott and
Lesher ( 1963) ( glycoproteins)
( glycolipids)
Perrich ( 1970 )
( oxidant )
( ozonated )

(15 3.0 ppm)

51



Table 8. Effect of ozonated water on microorganisms of spraying
water

Ozone conc. TPCA PPC Coliform E. coli

0 ppm 2.342 ND ND ND
1.5 ppm NDBb ND ND ND
3.0 ppm NDP ND ND ND

A Log CFU/ml

Unit: Log CFU/mI

B

. ND : not detected.
ab (P<0.05)

Mean in the same column having different superscripts are significantly
different ( P<0.05).

52



60
1.5 ppm 3.0 ppm 30 60

(P<0.05) 1.5 ppm 60 3.0 ppm
30 60 30 60
1.5 ppm 30 ( P<0.05)
3.0 ppm 60
(30 60 )
3.0 ppm 1.5 ppm
1.5 ppm 30
60 ( P<0.05) 3.0 ppm
(P>0.05)
30
( 1997 )
( Nebel, 1981;
Finch and Smith, 1989; ICMSF, 1980) Reagan etal. ( 1996 )
2.3 ppm 138 bar 13

(P<0.05)



2-3

60 8

( Nickelset al., 1976; Gill and Bryant, 1992 )
3.0 ppm 30 60

(P<0.05) 30 60
( P<0.05) 1.5 3.0 ppm
( P>0.05)
3.0 ppm
(P>0.05)
30
30

0.9 1.0 (

) ( 18-25 )

Davey and Smith ( 1989 )

1.5

1.5



30

1.5 ppm 60 3.0 ppm

( P<0.05)
3.0 ppm (P<0.05)
3.0 ppm
1.5 ppm
60 1.5ppm 3.0 ppm 30
60
30 ( P<0.05) 1.5 ppm 3.0 ppm 30

60

Barnes and Impey ( 1968 )

Reagan et al. ( 1996 )

Tinney ( 1997 )

E. coli E. Aerogenes Citrobacter Klebsiella

10°



( <100-200 CFU/g)

( Snyder, 1992) 1.5 3.0 ppm
30 60
( P<0.05) 3.0 ppm 60
3.0 ppm 30 1.5 ppm
30 60 ( P<0.05) 3.0
ppm 30 1.5 ppm 30 60
( P>0.05) 30
( P<0.05)
10 /em? 3.0 ppm 60
1.5 ppm 60
( P<0.05) 1.5 ppm 60
30
( P>0.05 ) 60
( P>0.05)

Baired-Parker ( 1971 )

Sheldon and Brown ( 1986 )



Reagan ( 1996 )

0.3-2.3 ppm
1.30
(P<0.05)
(P<0.05)
(P>0.05) ( Grman, 1995)
15 3.0ppm
30 60
( P<0.05) 1.5 ppm 60 3.0
ppm 30 60
( P<0.05)
(P<0.05)

1.5 ppm 30

57



Table 9. Effect of ozonated water and spraying time on totdl
plate countsand psychrotrophic plate counts of swine
Carcases

TPC (Log CFU/cn?)  PPC (Log CFU/cn®)

O, Time Before After Reduction Before After Reduction

30sc 289 292x -0.03 257 268 -011°
60sc 341x 308y 0.33¢ 245 236 0.0%
15ppm 30sec 324 2.8 042° 285 214 0.718
60sec 368 283 0.84° 22 14 0.7
30ppm 0 sc 316%226r 089 20 12009 08R
60ssc 388 2.7y 113 255 128 1267

Xy (P<0.05)
Mean in the same row having different superscripts are sgnificantly
different ( P<0.05).
& (P<0.05)
Mean in the same column having different superscripts are significantly
different ( P<0.05).



Table 10. Effect of ozonated water and spraying time on
Coliform and E. coli of swine carcasses

Coliform ( CFU/10 cm?)

E. coli ( CFU/10 cm?)

O, Time Before After Reduction Before After Reduction

30sec 776% 870 -94° 131* 161* -31¢
60 sec 2130x 977< 1153b 85< NDAY 85P
1.5ppm 30sec 7244* 3467* 3777° 316¢ NDY 3162
60 sec 3236% 1023y 2213b 181 NDY 1812
3.0ppm 30sec 4571* 15% 44162 135¢ NDY 1352
60 sec 5754x 125y 56292 275¢ NDY 2752
A:
ND : not detected.
Xy ( P<0.05)

Mean in the same row having different superscripts are significantly

different ( P<0.05).
ab

(P<0.05)

Mean in the same column having different superscripts are significantly

different ( P<0.05).
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Table 11. Effect of ozonated water and spraying time on
Salmonedla spp. and Campylobacter spp. of swine carcasses

Salmone la spp. Campylobacter spp.
( CFU/10 cn?) ( CFU/10 cnr?)
O, Time Before After Reduction Before After Reduction
30sec 138 126¢ 12° 1000x 42 958
60sec 173 128  45° 512x 31y  481c
1.5ppm 30sec 660¢ 158 502 1071* 21y 10507
60sec 126¢ 2&v 100p 251x 31y  22(¢
30ppm 30sec 79 NDAY 79 467 NDv 467
60sec 47 NDy 47% 708 NDy  708®
§ ND : not detected.
xy ( P<0.05)

Mean in the same row having different superscripts are significantly
different ( P<0.05).
ab

(P<0.05)

Mean in the same column having different superscripts are significantly
different ( P<0.05).



30
(P<0.05)

( P>0.05)
3.0 ppm

3
(P>0.05)
3

(CNS, 1980)

3 x 10" CFU/cm?

9

3.0 ppm 30

3.0 ppm 60

30

1.5 ppm 30 60

30 60
1.5 3.0 ppm 30 60
(P>0.05)
( 1989 )
0 7 1.4

61



30 60 1.5 ppm 30 60
3.0 ppm 30 60 ( P<0.05)
30 60 9
1.5 ppm 3.0
ppm 3.0 ppm
1.5 ppm
Greer and Jones
( 1989) 0.03 ppm
9
(P>0.05)
Pseudomonas
Achromobacter (ICMSF, 1980)
( )
1.5
3.0 ppm 30 60 30 60
15 3.0 ppm
0 3
30 1.5 ppm 30
3.0 ppm 30 60
( P<0.05) 6 30 60
1.5 3.0ppm ( P<0.05)
9 3 x 10" CFU/cm?
30 (P<0.05)
3.0 ppm 30 60

62



( P<0.05) 30
ppm 30
(P>0.05)

( Greer and Jones, 1989 )

60
1.5 ppm

60

37

( 1998 )

( P<0.05)

( P<0.05)
(P>0.05)

0 3.0 ppm
1.5 ppm 30 60
3 3.0 ppm
1.5 ppm 30
1.5 ppm 60
3.0 ppm

3.0 ppm > 1.5 ppm >

(

) 0 30

(P<0.05) O

30

60

1.5

3.0



ppm 30 60
(P<0.05) 1.5 ppm 30 60
3 6
5 ( 1998)

3.0 ppm 30 60
1.5 ppm 0 3
1.5 ppm 30 60
3.0 ppm 30 60 (P<0.05)

1.5 ppm 60 3.0 ppm 30
60 ( P>0.05) 6

30 9 30
60 1.5 3.0 ppm 30 60

( P<0.05)

60
( P<0.05)
3.0 ppm
1.5 ppm



0 3.0 ppm 30

60 ( P<0.05)
6 3.0 ppm 60
( P<0.05) 3.0 ppm 30
0 3 ( P<0.05)
9 1.5 ppm 30 60
3.0 ppm 30 3.0 ppm 60

5% O, 10% CO,
85% N, 37-42
( Bolton et al.,1982 )
Brancewell et al. ( 1985)

30 60 9
1.5 ppm 30
60 3.0 ppm 30 60
1.5 30
ppm 30 60 30 60

3.0 ppm



Log CFU/cn?

60 sec

30 sec

60 sec

30 sec

60 sec

4 i /./.
x/ - 30 sec
3 */; |
*— /
2 - 1.5 ppm
—%—1.5 ppm
1 +
—e— 3.0 ppm
O | ——3.0 ppm
0 3 6 9
Storagetime ( Days)

Fig. 4. Effect of ozonated water and spraying time on TPC of pork

during storage.



LLog CFU/cm ?

—— 30 sec

60 sec

1.5 ppm 30 sec

—¥— 1.5 ppm 60 sec

——3.0 ppm 30 sec

—+—3.0 ppm 60 sec

O R N W H 01 O N

0 3 6 9
Storagetime ( Days)

Fig. 5. Effect of ozonated water and spraying time on PPC of pork
during storage.
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4 r
3 -
N
§ /.\ —— 30 sec
LL
&) 2 b 60 sec
S X
| 1.5 ppm 30 sec
1 '_ ' —¥—1.5 ppm 60 sec
—e—3.0 ppm 30 sec
—+—3.0 ppm 60 sec
0 1 1 |
0 3 6 9
Storage time ( Days)

Fig. 6. Effect of ozonated water and spraying time on Coliform of pork
during storage.



3 - O
§ 60sc
5 "

2 2+ 15ppm Vs
-
—x - 15pm 60sxc
¥ X
—e—30pm Vs
0 3 6 9
Storagetime ( Days)

Fig. 7. Effect of ozonated water and spraying time on E. coli of pork
during Sorage.
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w

LLog CFU/cm ?
N

Storagetime ( Days)

30 sec

60 sec

30 sec

60 sec

Fig. 8. Effect of ozonated water and spraying time on Salmonella spp.

of pork during storage.
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- 30sc

w
T

60seC
15ppm 30sc
—*—15ppm 60sec

! /P</<+30m s
i

—|—30ppm 60sec
0

Log CFU/cm 2
N

0 3 6 9
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Fig. 10. Effect of ozonated water and spraying time on TBA-value
of pork skin during storage.
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Fig. 11. Effect of ozonated water and spraying time on pH value
of pork during storage.
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Fig. 12. Effect of ozonated water and spraying time on L-value
of pork skin during storage.
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Fig. 13. Effect of ozonated water and spraying time on avalue of pork

skin during storage.
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Fig. 14. Effect of ozonated water and spraying time on b-vaue of pork
skin during storage.
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Fig. 15. Effect of ozonated water and spraying time on L -value of pork
fat during storage.
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Fig. 17. Effect of ozonated water and spraying time on b-vaue of pork
fat during storage.
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Fig. 18. Effect of ozonated water and spraying time on L-value
of lean pork during storage.
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( Hedonic Scale Test ) 5
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( P>0.05)

A

Table 12. Effect of ozonated water and spraying time on mean taste pena scoresand
shear vaue of bely.

Treatment
O, Time Color Flavor Acceptability  Shear value®
30sec  35° 3.5 3.8 4.6°
60sec 3.8 3.5 3.5 4,22
15ppm 30sec 357 3.8 3.5% 4,72
60sec  3.5° 3.5 3.6 5.12
30ppm 30sec 3.7 3.52 3.8 4.22
60sec 3.%° 3.2 3.8 507
A 5 (1= ‘5=

A: Scoresonalto5 point scale (1= extremely; bland or dislike and 5 = extremely intense or like).
B kg/cne.

B: unit  kg/cn?.

a

& Mean in the column havi ng different superscripts are significantly different ( P<0.05).
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EFFECT OF OZONATED WATER AND SPRAYING TIME ON
KEEPING QUALITY OF PORK

Tain-Jdnn Wang

Abstract

The purpose of this experiment was to study the effect of
water only, 1.5 and 3.0 ppm ozonated water spraying for 30 and
60 seconds on keeping quality of pork. Belly from swine were
storagedat 4  for 9 daysfor self-life test. Samples were analyed
at 0, 3 and 9 days for total aerobic plate count, psychrotrophic
plate count, Coliform, E. coli, Salmonella spp., Campylobacter
spp., TBA value, pH, color, sensory evalution and shear value.

The results indicated that total aerobic plate count, psychro-
trophic plate count, Coliform and E. coli were not detected in
ozonated water of 1.5 and 3.0 ppm. The treatments with 1.5 and
3.0 ppm ozonated water spraying for 30 and 60 seconds had
significantly reduction in total aerobic plate count, psychrotrop-
hic plate count and Salmonella spp. ( P<0.05). The treatment with
3.0 ppm ozonated water spraying for 30 and 60 seconds had
lowest counts in colliform ( P<0.05 ). The E. coli was reduced
significantly with treament of water only spraying for 60 seconds,
1.5 and 3.0 ppm ozonated water spraying for 30 and 60 seconds
( p<0.05 ). The treatment of spraying alone reduced
Campylobacter spp. significantly(P<0.05). The decontamination
effect of ozonated water was promoted with the concentration of
ozonated water increased. In self-life test, the total aerobic plate
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count, psychrotrophic plate count treated with 1.5 and 3.0 ppm
ozonated water spraying for 30 and 60 seconds was lower than
water only spraying for 30 and 60 seconds treatments ( P<0.05 ).
During the storage, the TBA value of treatments with 1.5 ppm
ozonated water spraying for 60 seconds and 3.0 ppm ozonated
water spraying for 30 and 60 seconds were lower than water only
gpraying for 30 and 60 seconds treatments. The pathogenic
organisms were not changed during chilled storage ( P>0.05 ).
The treatment of 3.0 ppm ozonated water spraying for 30 and 60
seconds had significantly higher L-value and low avalue of pork
skin at O day of storage ( P<0.05). After 3 days of storage, there
was no significantly difference in the color of pork skin. There
were no ggnificantly difference in pH, b-value of skin and color
of fat and lean among treatments ( P>0.05 ). No significantly
differences were found in sensory evaluation and shear value
among treatments ( P>0.05).
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