x10*

(21)

(12)

1.4 x10*

1.5 x10° CFU/g

(83)

7.8



(32)

(24)

(37)

(65)

1996

(17)






2.1

2.1.1

(Orechromis niloticus, tilapia)

1946

(10,23)

150 ¢
300 600 g¥ 300 g
500 600 g (13)

2.1.2



54 7,683 86

42,324 88 57,269
1,770,106 9,001
89 49,235 2,089,851
(12)
2.1.3
1996 16,261

1999 40,039 25 3

(11)



2.1.4

(22)

PS polystyrene PVC polyvinyl
chloride 4-7
4_5 (4,22)



-20

2.1.5

PS PVC

(4)

4-12

(21)

-15
4,8,12

CcO

(18)



(19) 10

10

86 7 87 6  Shinand Hung ®¥

300

7.8 x10* 1.4 x10°*
1.5 x10° CFU/g
1.1 x
10° 1.4 x10° 1.5 x10° CFU/g

(14) 10°/g 10



20 mg/100g

2.2
rigor mortis glycolysis
autolysis (56.82,84)
2.2.1
high-energy phosphate creatine
phosphate, Crp ADP(adenosine diphosphate)
ATP(adenosine triphosphate) Crp
ATP actin
myosin

actomyosin ATP



2.2.2

2.2.3

2.3

(36,45)

(45,54)

(45,54)

-10 -



2.3.1

ATP

(organoleptic test)
(45)

indole

(45,63)

-11-



2.3.2

2.3.3
)
pH
pH 5.4~5.8
1.7~7.95
pH 6.7~6.8

(initial stage of decomposition)

basic nitrogen, VBN)

212 -

(45)

(45)

6.5

(volatile



AMP

TMAQO TMA
DMA
(45,54)
VBN 5~10 mg/100g 15~25 mg/100g
30~40 mg/100g 50 mg/100g
3~5
mg/100g
30~40 mg/100g K ?
ATP ATP
ADP—— AMP — IMP—— HxR —— HXx
K HxR
Hx K
20 40
60 (80)
(74)
ATPase
ATPase (69) ATPase

-13-



(41)

2.3.4

10°~10* log &% 10°
107~108 (45)
10°~10°

48~72 hr

2.4

Clostridium botulinum

-14 -



Vibrionaceae Vibrio parahaemolyticus V.
cholerae V. vulnificus V. fluvialis

Salmonella

Staphylococcus aureus Salmonella

Clostridium perfringens Bacillus cereus >9

(42)

(47)

2.5

-15 -



(45)

(22)
(64,85)
TMAQO
TMA (78)
chlorine dioxide polyphosphate
potassium sorbate (78)
(8,55)

(24,37,48,52)

2.6

-16 -



(37)

pFI (8)

(8,27.37) 1 liquid

chlorine
2 sodium hypochlorite

calicium hypochlorite
HOCI

3 chlorine

dioxide

slime

1930 Tonney et al. ("
0.15~0.25 ppm

-17 -



al. (62)

20 ppm
200 400 ppm

2.7

NaOCI

1951 Goresline et
10 ppm

50 100

(57)

(24)

74.45

1.20

-18 -



1409/l 12.28 20
0.918 cal/g NaOCl H,O
NaOCl 2.5H,0 NaOCl 5H,0 NaOCl 6H,0  NaClO
7H,0%7

2NaOH Cl,- NaClIO NaCl H,O 24.65kcal

2
(nascent
oxygen)
pH

7

3 (primary amine)

chloramine ©”

2.7.1 pH

pFI (2)

-19 -



pH 2

pH 2.4~2.7
pH 3~4
4~7.5
7.5
pH (44)
reaction medium
NaOCI
2.7.2
1 10 ppm

(40)

2.7.3

(34)

-20 -

(25)



Rudolph and Levine®?

Friberg®?
(24,38)
2.7.4
27.41 pH
(HOCI) pH
OCI
HOCI OCI pH (89) pH
4 (Cly)
pH 4 5
pH 5 (OCI")
(4449 park et al. (™
45 ppm pH 9 pH 4~5

1.5~4

-21 -



2.7.4.2

2,000 ppm

2.7.4.3

2.7.4.4

60

37

(2,27)

65

-22 -

(37)

30

20 ppm
200 ppm

10

50 (61)

(37)

HOCI

10

1,000



(  egg abumin
tryptophan)

2.7.4.5

2.7.4.6

pH

-23-

(39)

peptone tyrosin,
(37)
(2,27,37)
(89)



(27)

2.7.4.7

(polyvinyl-i-dienechloride)
ebonite
pH6 7.5

(27)

2.8

(65)

Hung et al.

-24 -



pH 2.7 ORP 1100 mV 10

-80 ppm

(76) pH 11.3 ORP-800 mV

5.6 ORP472 mV 0.04 ppm
9.33 ORP-53 mV

(29)

2.9
0.07 0.13
Cl OH
Cl
HOCI
CI O,
Na H
H,O

H, NaOH

-25-

(65)

pH
pH

NaCl

OH
HOCI

Na

(44)



(27)

2.10
Cl, HOCI

(38,44,49,73) pH

pH 2.5
85 15 liquid %49

liquid
pH
80
(49,70)

2.10.1

-26 -

OCI’



(49)

Kim et al. (¢®

E. coli Oi57 @ Hy Listeria
monocytogenes
(35,66)
Bonde et al. ©®¥
Tilletia indica Park et al. "

Campylobacter jeiuni

2.10.2
pH 3~10
oxidation reduction

potential, ORP 200 800 mV

700 100 mV ORP 700 800
mV

(38,17)
ORP 1000 mV

HOCI

-27-



pH 2.7 ORP 1100 mV

(38,17)

2.10.3
(44)
liquid
(39,49)
ORP
(38,44)

2.10.4

ORP

HOCI
pH

pH

(49)

-28 -

Cl,



(44)

mercaptan

2.10.5

(28,35,38,44,46,49,73)

(44)
VBN
(49)
TMA
” Wel pasﬂ
1 ppm

-29 -

methy|



1 ppm 14 ppm
(49)

(19) 0.2~1.5
ppm
2.10.6
pH ORP
(71) (44) 304
20
1.2 pg/cm?

0 pg/cm?®

(43)

(3)

-30 -



3.1

VBN

pH

-31 -




3.2

3.2.1
(Orechromis niloticus, tilapia)
PS PVC
15 20cm

120 +20 g
3.2.2

10

2.5

6

3.2.3

-32 -



3.2.4

4 x 4 cm? 0.1cm
304 316
12 +1 g !

-33-



Table 1. Properties of various iron plates

C Si
304 C S Cr
Ni Mn P S
316 C S Cr

Ni Mn P S Co




3.3

3.3.1
Hoshizaki Electric (Japan)
14 A pH 2.6
+1100 mV 50 ppm HOCI OCI
45 ppm S ppm pH 11.2
-798 mV pH
0.002 N 0.007 N
3.3.2
(5.25 %
NaOCl ) 52,500 ppm
50 200 ppm
pH 1N
3.4

3.4.1

-35-



3.4.1.1

( ; =1:5, wlv)
mi 220 rpm

3.4.1.2
Venkitanarayanan et al. 9
9 ml pH
1 mi 30
3.4.1.3

150 rpm 120

-36 -

800



( : =1:5, wlv)

150 rpm
15
Soxhelt
( ; =1:5, wl/v)
150 rpm 5
3.4.1.4

AOAC Soxhelt

50

40 80

3.4.15

-37 -

30



ASTM®Y

24 mli
800 ml 100 rpm
6 12 18 24
6
pH ORP
3.4.2
34.2.1 pH
Len et al. 'Y 50 ppm
1N 1N
pH 26 12
25 1
234 nm 292 nm
E 247.20  279.78 Beer' s
3.42.2 pH ORP

American Standard Test Method

-38 -



pH Mettler MP230

Switzerland; Redox Electrolyte 9811, Mettler,
Swiss (Suntex sp-2200 Taiwan
439/12 pH Mettler, USA)
pH
3.4.2.3
Len et al. 0.5 mi
25 ml 0.05 g DPD
N,N-diethyl-p-phenylenediamine DPD total
chlorine DPD free chlorine
0.00564 N ferrous
ethylenediammonium sulfate, FEAS 30
FEAS
x0.01x = total chlorine  free chlorinea (mg/L)

3.4.2.4

(26)

-39 -



3.4.3

3.4.3.1 pH

(volatile basic nitrogen,VBN)

(CNS)©Y 1g
9ml 2.2 %TCA trichloroacetic acid 10 min
No.5
1% 1ml
1ml 1ml K,CO;,
37 90 min 0.02 N HCI
2.2 %TCA VBN
pH Suvanich et al.®?
50 45 ml pH
3.4.3.2
Jauregui et
al. 9 0.5cm 2g
Toyo 4 16,000 rpm (30,900
g) 10 min
3.4.3.3



(total plate count, TPC)
CNS 10890

3.8 cm?

0.1 % peptone

0.1 ml plate count agar 37
2 7 10
1ml 9
ml 0.1 % peptone pH
(E.coli) coliform
MERCK  coliform-agar 35 24
(59)
(86)
3.4.3.4
15 x20cm
15

-41 -



1-
3.4.4
PS PVC 7
0 2 4 6
3.4.5
Hunter Lab Color Quest
Sphere Spectrocolorimeter Hunter Lab Associates
Laboratory, Inc., Reston, Virginia, USA Hunter L
a b (20) X 82.28,Y 87.14, Z

94.63 X 47.6,Y 50.71, Z 55.53

-42 -



3.4.6 POV AV

POV CNS 3650
509 30 ml
0.5 ml
30 ml 0.1 N
30
AV CNS 36477
59 50 ml
2
KOH 30
3.4.7
ASTM®GY

0.05 N

Hitachi, Z-8000,

Japan 248.3 nm

ppm
ug/cm?



3.4.8

SAS

Duncan (81)



Table 2. Sensory evaluationsheet of refrigerated Tilapia treated
with various solutions

1
123 456
1 2 345 6
2.
)
2
3
4)

O — ©
D — ©
OH— ®
O— ©
OH— ©

O— ©

- 45 -



4.1

Hoshizaki Electric Co. (Japan)

14 A
S50 ppm pH 2.6 ORP +1148.9 mV
pH 11.24
ORP -798 mV
(76)
pH
17,28,35,38,44
(37)
pH
pH pH

-46 -



4.1.1

Leneta. ™
pH HOCI
HOCI
HOCI OoCI’
Na OCl
OoCI H HOCI
pH 10.7

OCl 234 nm HOCI

pH Asgr Az

10

-47 -

Nakagawara et al.

72

NaOCI
50 ppm
1N

pH  2.6-12

292 nm

Lenetal. "

pH

100



4.1.2 pH

(ORP)
1N pH 2.6
12 ORP 50 ppm
pH 10.7 ORP  625.6 mV
pH 4 ORP 1000 mV pH
26 pH4 ORP 1102.8 1033.3 mV
pH pH 2.6 ORP
525.9 mV pH pH 7
354.7mV pH pH 10 ORP
198 mV pH
HOCI OCI
pH pH 26 4 7 10 ORP
1134.1 1032.7 863.2 628.3mV pH
pH ORP
ORP
ORP
-798 mV pH
pH 12 ORP 194.6 mV
4.1.3 pH
pH ORP



pH 2.6 4 10.7

50 ppm pH
pH 10.7 ORP  625.5 mV
pH ORP 10.46
418.4 mV
pH pH2.6 pH4 ORP
1103.4 1039.7 mV
pH 0.14 0.55 ORP
746.8 mV  677.2mV 10.0
15.0 ppm
HOCI OCI
pH 2.6
ORP pH
2.70 ORP 870.2 mV
8.9 ppm ORP
pH
2.75 ORP 502.0 mV 480.1
mV pH 11.24 ORP -798 mV
pH 10.96 ORP
-719.5 mV pH

pH ORP 11.10 202.8 mV

-49 -



pH ORP
4.2 pH
OCl  HOCI pH
2,44,48,73,74
4.2.1 pH
pH 50 ppm

TPC Coliform

-50 -



concentration (ppm)

60

ol T 1

40 =

26 35 4 5 6 7 8 9 10 11 12

—— 234 nm (HOCI) —=— 292 nm (OCl-)

pH 50 ppm

Figure 1. Conversion of 50 ppm NaOCI into OCI by adjusting
solution pH with HCI and NaOH.
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Concentration (ppm)

60

50

30

20

10

Figure 2. Conversion of 50 ppm NaOCI into OCI by adjusting solution

26 35 4 5 6 7 8 9 10 11 12

——234nm (HOCI) —&— 292 nm (OCl-)

pH 50 ppm

pH with buffer.

-52-



1200

a
b b .
1000 S
d
800 e f
= 9
S 600 h
4 s |t |
®) u
400 v
w X y
200 V4 Z Z V4
0
26 35 4 5 6 7 8 9 10 1 12
pH
@ NaOCl O Blank
pH 50 ppm

Table 3. Effect adjusting pH in the oxidation-reduction potential
(ORP) of 50 ppm NaOCI solution.

abed efehi M eans in column followed by different letters are significantly different
(p<0.05).

SLUVWXY.Z \ eans in column followed by different letters are significantly different
(p<0.05).

-53-



91

30

Table 3. Properties of various solution mixed with tilapia extravastated liquid by 9:1 ratio and shaked for 30 sec

Properties of solution

Treatment Concentration ORP (mV) Chlorine (ppm)
Before  After Before After Total Cb Free Cl

DW' 654>  6.43° 560.2%  561.22 d
HCI 0.002 N 26020  275° 502.0°  480.1%
NaOH 0.007 N 11.20° 11107  2135*  202.8°
pH 2.6 50 ppm 260 274 1103.4%  746.8° 10.0 £1.0° ND.*®
pH 4.0 50 ppm 4002  4.55° 1039.7% 677.2° 15.0 +1.0 N.D
pH 10.7 50 ppm 10.70* 1046° 6255  4184° N.D. N.D
ACY 50 ppm 2602 270°  11489* 8702° 89 +0.1 N.D
AK? 11242 1096° -798.0° -7195° b

aby/aluesin column followed by different letters are significantly different (p<0.05).
Value are the means of four replicater measurement +S D

4 Not measured.

€ Not detectable.
" Sterile deionized water.

9 Electrolyzed oxidizing water produced form ROX -20TA generator (14 amp).



pH 2.6

7.5 1og CFU/ml
7 log
2.74

pH 2.6
3.9 log 2.5 log

38,44 pH

HOCI OCI
12 pH
11.75

0.9 log 0.15

pH 50 ppm

7 pH 2.6

-55-

30



5.5log CFU/ml

2.5 log pH 4
log
4.5log CFU/mlI
pH 2.6 7
2 log
0.7 log
4.2.2
pH
0.002 N
7.5 log CFU/ml 7
pH 2.6 pH
pH 4
38,44 6.5
CFU/ml
3.8 log

26 4

-56 -

2.3



1.3 log 1 log 1 log
p<0.05

p<0.05
ORP
2.5
2.2 log
1.8 log 1.3 log
pH 2.6 4
pH

37

-57-

0.8



pH 10.7

0.6 log
0.5 log
N
4 . 3
pH 2.6
5
5 10
60

1.3
0.4
0.3

log
log

ORP

50 ppm

(220 rpm)

-58 -

log 0.8 log
NaOH
0.007
37
50 ppm
pH
1.5, wiv
30

(16)



Log reduction (CFU / ml)

9

8

7 I

6 =N

5 X

i — N
e =

2

1 IT\:Z\i\T
0

==

26 35 4 5 6 7 8 9 10 11 12

——HighTPC —&—Low TPC

50 ppm 9l
30 (TPC)
Figure 4. Reductions of TPC of extravasated liquid when mixed and
shook for 30 sec with 50 ppm acidified sodium

hypochlorite solution.
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Log reduction (CFU / ml)

w

N
o

N

=
o

=

o
ol

o

26 3 4 5 6 7 8 9 10 11 12

—e—High Coliform —=— Low Coliform

50 ppm 9l

30 (Coliform)
Figure 5. Reductions of Coliform of extravasated liquid when mixed and
shook for 30 sec with 50 ppm acidified sodium hypochlorite
solution.
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Log Reduction (CFU/ml)

8
a
7t a b
6_
5_
4 + X X X
3_
2r C
1+ Cy
ez n
0

DW HCI NaOH pH 26 pH 4 pH10.7 AC AK
Treatment

High TPC OLow TPC

91 30
(TPC)
Figure 6.Reductions of TPC of extravasated liquid when mixed and shook

for 30 sec with various solutions.

abede\eansin column followed by different Ietters are significantly different (p<0.05).

*¥%Means in column followed by different |etters are significantly different (p<0.05).

50 ppm Sodium hypochlorite (NaOCI) solution.
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w

a
25t 2 a
£ X Bl X
D 2 b
Q
c
c 15
i y
o)
§ 1 F c
8 cd cd
el S 1L K
o L]

DW HCl NaOH pH 26 pH 4 pH107 AC AK

Treatment

High Coliform O Low Coliform

91 30
(Caliform)
Figure 7. Reductions of Coliform of extravasated liquid when mixed and
shook for 30 sec with various solutions.

abed M eansin column followed by different letters are significantly different (p<0.05).

*¥Z Meansin column followed by different letters are significantly different (p<0.05).

50 ppm Sodium hypochlorite (NaOCI) solution.

Table 4. Effect of acidic electrolyzed water and 50 ppm acidified NaOCI

-62 -



solution washing on appearance of tilapia

Treatment (min)

Terms
3 4 5 30 60
Discoloration of eyes X X o
Discoloration of body X X o
Peeling of melanin layer  xo X o
Peeling of surface mucous o
“ notsignificant. ° Minor. significant.

* Both acidic electrolyzed water and 50 ppm acidic NaOCI solution had similar tread.
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4.4

(32)

(24)

pH

4.4.1



pH ORP
50 ppm pH
ORP 2.61 1126.9 mV pH 2.73 ORP
645.1 mV
pH ORP 2.61 1075.5mV
pH 10.7 ORP 632.1 mV pH 2.78 ORP 640.9
mV pH 8.79 ORP 600.1 mV
200 ppm pH 11.4 ORP 733.8 pH
9.53 ORP690.1 mV 200 ppm
pH2.61 ORP1132.1 mV pH 4.0 ORP989.9 mV
pH2.80 ORP697.4mV pH 4.50 ORP

689.1 mV pH
p<0.05 p<0.05 ORP
p<0.05
50
ppm pH 2.61 pH 2.6 4
200 ppm
10.5ppm 11.6 ppm  22.7 ppm  21.6 ppm
free chlorine 0.28 ppm 0.36 ppm
1.36 ppm  0.76 ppm pH 10.7 11.4
50 200 ppm 0 ppm

0.50 ppm
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S0 ppm 200 ppm
0.04 g 0.08¢g
pH 2.61 50 ppm
pH 2.6 4 200 ppm
030g 036g 1.02g 0.96¢g

200 ppm pH 2.6 pH 4

4.4.2

HOCI

(44)

-66 -



3.3~4.9 log CFU/cm?

50 200
ppm
p<0.05 200 ppm
pH 2.6 4 2.4 log
2.7 log 2.0 log 5
50 ppm
24 log 1.4 log 0.8 log
p<0.05 200
ppm 1.6 log
200 ppm pH2.6 pHA4
2.7 log 2.0 log p<0.05
Park et al. ™

200 ppm

-67 -



bacteriostatic

effect 200 ppm
1.6 log 0.5 log 200
ppm pH 2.6 4
2.7 log 2.0 log 1.6 log
0.7 log 2.4 log
1.1  log CFU/cm?
200 ppm
pH 4
p<0.05
55 log CFU/cm?
200 ppm pH 2.6
p<0.05 pH 4
p<0.05 2.3 log
2.1 log 1.7 log 1.3 log
CFU/cm? 200 ppm
Venkitanarayanan et al. ¢® 4 23
10 E. coli Ojs7:H;

Salmonella enteritidis  Listeria monocytogeney

-68 -



pH ORP

Kim et al.
(66)
4.4.3
50 ppm
ORP
4
5 0.5 log
CFU/cm? 4 0.8 log
pH 2.6 4 200 ppm 1.3 log
0.7 log 20 log 1.2 log
1.1 log 1.4 log

0.2 04 log CFU/cm?
200 ppm pH 2.6 pH A4 50 ppm
1.5 log 2.6 log 1.9 log
2.3 log CFU/cm? 200 ppm

-69 -



5

Table 5. Properties of various solution from shake-washing tilapiafor up 5 min

Properties of solution

Treatment Concentration
pH ORP(mV) Chlorine (ppm) Soluble solids (Q)
Before After Before After Total Cb Free Cl,
DW' 6.3 6.32° 560.2* 563.8 d 0.001+0.00
HCI 0.002 N 261° 290* 5028 502.3° 0.04 +0.00
NaOCl 200 ppm 2617 280° 113217 697.4° 227+0.04° 1.36+0.04 1.02 +0.00
NaOCl 200 ppm 4.00° 450° 989.9* 698.1° 216+1.02  0.76+0.03 0.96 +0.00
NaOCl 200 ppm 11.4* 953" 7338 690.1° 150001  0.50+0.01 0.08 +0.01
ACH 50 ppm 261° 273  11269° 6451° 105:0.00  0.28+0.01 0.30 +0.02
NaOCl 50 ppm 261" 278  10755" 640.9° 11.6:0.00  0.3620.00 0.36 +0.00
NaOCl 50 ppm 10.70* 879° 63212 600.1% 10.1+0.01 N.D.® 0.04 +0.01

F9Meansas Table 3.
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Log reduction (CFU/cmz)

o N
= (@) ] N (@] w
T T T T
D
|
|
8
D

o
93]
T

DW HA pH26 pH4 pH114 AC pH26 pH107
0.002 N 200 pom 200 pom 200 pom 0 ppm 50 pom

Treatment

5

Figure8. Effect of 5 minutes shake-washing of various concentration acidified
sodium hypochlorite solution and sodium hypochlorite solution and
electrolyzed water on the skin TPC of tilapia.

ab.cde\eansin column followed by different Ietters are significantly different (p<0.05).
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Log Reduction (CFU/ml)

DW pH26 pH4 pH114  AC

Treatment

High TPC O Low TPC

200 ppm

Figure 9. Effect of two steps shake-washing of 200 ppm acidified sodium
hypochlorite solution and sodium hypochlorite solution and
electrolyzed water on the skin TPC of tilapia

ab.cdeMeansin column followed by different letters are significantly different (p<0.05).

Y2 Means in column followed by different letters are significantly different (p<0.05).
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w

[EEN
T
<

— a

£ 25| ab
y b

C 2+ v

5

— C W
8 15

3

x

g

-

o
o wu
T
h{

DW pH26 pH4 pH 114 AC

Treatment

High TPC O Low TPC

200 ppm

Figure 10. Effect of short time repeatly shake-washing of 200 ppm acidified
sodium hypochlorite solution and sodium hypochlorite solution
and electrolyzed water on the skin TPC of tilapia.

ab.cde\eansin column followed by different letters are significantly different (p<0.05).

VWXYZ Means in column followed by different letters are significantly different (p<0.05).

pH 2.6 p<0.05
pH 4

pH ORP
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4.5

200 ppm pH 11.4
pH 2.6 50 ppm
7 6
VBN
4.5.1 pH
pH 7.2~7.4
pH
pH 6.7~6.8
45 2
0 6.53 6.49
6.7 p<0.05

6.7 p>0.05 pH

-74 -

45

pH



6.51 pH 6.65
pH 26 0 4 pH 6.62
p>0.05 6.59
pH 6.59 p<0.05
pH p>0.05
pH
19
4.5.2 (VBN)
VBN 6.5
mg/100 g 11 mg/100 g
16 mg/100 g p<0.05
200 ppm
VBN
14 mg/100 g p<0.05
pH 11.4
VBN 0
9 mg/100 g 11.9 mg/100 g
p<0.05

13
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mg/100 g 200 ppm
10 mg/100 g
VBN
200 ppm
p<0.05
(4)
4
15 mg/100 g
mg/100 g
VBN
4.5.3

10%~10* CFU/cm?®4)

-76 -

pH 2.6
VBN

VBN

50 ppm

VBN

VBN
35

TPC



10° CFU/cm?

(45)

10’~10® CFU/cm?

0
4.9 x10*
CFU/cm® p<0.05 1.3 x10" CFU/cm?
200 ppm
pH
1.2~1.7 x10° CFU/cm? pH
2.8~3.1 x10°
CFU/cm? 1.1~1.9 x10*
CFU/cm? p<0.05
pH 50 200 ppm
TPC
pH
ORP HOCI
TPC
p<0.05
4.5.4 PPC

-77 -
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TPC

2 1 x10°
CFU/cm® p<0.05 1.5 x10’
CFU/cm?® p<0.05 200 ppm pH
2.6 50 ppm

0 1.7 x10° CFU/cm®
1.1~1.9 x10* CFU/cm’
p<0.05

1.2~1.8 x10° log

4.5.5 Coliform
E. coli
TPC PPC 2
p>0.05
4 1.2 x10° CFU/cm* p<0.05
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2
4.5.6

70 p<0.05
2.6

4.5.7

p<0.05
pH 2.6

p<0.05
1.9 x10° 1.1 x10* CFU/cm?

78

p>0.05
68 p<0.05
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p<0.05

50 ppm
7.5
p<0.05

p<0.05
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0.04 g

p<0.05



p<0.05

pH 11.4
p<0.05
4.6
14
TPC 5 71.4
2 7
PPC
E. coli 1
Coliform 10 -18
TPC 3.5~4.8 log CFU/g PPC
2.9~4.0log CFU/g Coliform 2.2
log CFU/g
pH 6.3~7.1
40 p<0.05
VBN 10 mg/ 100 g 1

20 mg/100g 24.1 mg / 100 g
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-18

4.6.1

0.8

~1.3

0.2~0.4
0.7~1.2

log

p<0.05

log CFU/g

log

2.0~2.7 log

0.003g 0.0018
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(65)

4.7
2.4 log
(CFU/cn?) 0.2 log
50 ppm
200 ppm 800 ppm
p<0.05
22 log 2.4 log 2.4 log (CFU/cnY)
1.9 log 1.5 log 1.3 log
2.8 log 3.5
log 3.3 log (CFU/mI) 2.3log 2.5109

2.1 log p>0.05
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peroxide value, POV acid value, AV

POV AV 17.8 meg/kg fat 9.3 mg
KOH/kg fat CNS POV
10~15 meqg/kg fat 0.5~5 KOH/kg fat

1 log
L b
L 88.26
85.67 85.37 90.18 90.39 89.67
p<0.05 a -0.76 -0.99 -0.85
-1.97 -1.38 -1.05 b 7.63
6.08 p>0.05 11.19 12.30



7.10

87.48 84.01

9.99
L 88.57
89 89.34 86.77 p<0.05
-0.92 -0.82 -0.50 -1.17

-1.03 -0.73 Db

10.10 10.02
p<0.05

12.51

10.43 11.38 15.03

2599 30.1¢g 32.1¢g

17.2g 20.69

4.8

15.76 g
p<0.05

pH ORP
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UO0day ®W2day UO4day U6day

pH

Figure 11. Changes of pH of refrigerated tilapia treated with various

solutions.
3 Meansin every treatment followed by different letters are significantly different
(p<0.05).
200 ppm Sodium hypochlorite (NaOCI) solution.
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DW HCI pH 2.6 pH 114 AC
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UOday ®2day UO4day O6day

(VBN)
Figure 12. Changes of VBN of refrigerated tilapia treated with various

solutions.

abcd\eansin every treatment followed by different letters are significantly different
(p<0.05).

*¥Z Meansin six day of storage among each treatment followed by different |etters are

significantly different (p<0.05).

200 ppm Sodium hypochlorite (NaOCI) solution.
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Figure 13. Changes of TPC of refrigerated tilapia treated with various

solutions.
abedMeansin every treatment followed by different |etters are significantly different
(p<0.05).
WX¥Z Meansin six day of storage among each treatment followed by different letters are
significantly different (p<0.05).

. 200 ppm Sodium hypochlorite (NaOCI) solution.
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Figure 14. Changes of PPC of refrigerated tilapia treated with various

solution.
abcdMeansin every treatment followed by different letters are significantly different
(p<0.05).
200 ppm Sodium hypochlorite (NaOCI) solution.
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Figure 15. Changes of Coliform of refrigerated tilapia treated with

various solutions.
abed M eans in every treatment followed by different letters are significantly different
(p<0.05).
200 ppm Sodium hypochlorite (NaOCIl) solution.
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Figure 16. Changes of water holding capacity of refrigerated tilapia

treated with various solutions.

b Meansin every treatment followed by different letters are significantly different
(p<0.05).
200 ppm Sodium hypochlorite (NaOCI) solution.
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Table 6. Sensory quality of refrigerated tilapia treated with various solutions

Group / Factor Fresh DW pH 26 pH 114 AC AC MSE
Appearance
Fall of eyes 1.69 ¢ 3.44° 4.36° 353° 3.83%® 4.14%® 2.22
Peeling of melanin layer 339% 369 3.67% 2.83" 358  397° 2.87
Texture
Hardness 386 3.03° 350 3972 350 ® 314 2.88
Smoothness 1.61¢ 3.64 ™ 383 319° 4672 4.03%® 2.07
Odor
Chlorine off-odor 1.72°¢ 3.36" 4.33° 383% 375%® 392%® 2.28
Overdl
Acceptance 4642 3.852 3.44° 3.03" 3.19° 3.08" 2.70

ab¢ Meansin column followed by different letters are significantly different (p<0.05). df =120 , Mse=Mean Square of Error.

two stepsshake-washing
short time repeatly shake-washing
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Table 7. Survey of vaccum-packed tilapia fillet sold in market

Microbiological evaluation

Chemical evauation

Temperature number log TPC log PPC log Coliform log E.coli pH VBN water holding capacity
() (CFU/lg) (CFU/g) (CFU/g) (CFU/g) mg/100g
7 1 7.2 5.3 25 a 6.3 24.1+0.20° 40.1+0.40
2 5.7 3.8 31 b 6.7 9.3+0.30 41.4+0.80
3 4.3 31 20 6.6 8.3+0.20 40.6+2.00
4 4.6 4.3 3.8 7.1 13.240.40 42.3+0.40
-18 1 4.8 4.0 2.2 6.7 7.4+0.10 40.1+0.20
2 35 29 21 6.7 8.9+0.20 41.5+0.10
3 4.1 3.7 2.0 6.9 8.1+0.10 40.2+1.00

& Positive by an enrichment procedure.
P Negative by an enrichment procedure.

“Value are the means of four replicate measurements in mean +S D
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Table 8. Effect of electrolyzed water soaking and shake-washing on the microbiological tests of tilapia fillets

Treatment Source log TPC (CFU/qg) log PPC (CFU/g) log Coliform (CFU/g)
Before After Diff Before After Diff Before After Diff

Soak 1 43 41 02° 31 29 02° 20 17 03°

2 46 43 03° 42 38 04° 27 25 02°

3 36 34 02° 29 26 02° 21 19 02°

Shake 1 43 35 08° 31 20 118 20 0 20°

2 46 39 07° 42 34 08 27 0 27

3 36 24 1.2 29 16 13 21 0 21°

abe\eansin column followed by different Ietters are significantly different (p<0.05).
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(TPC)
Table 9. Reductions of TPC of undefatted and defatted towel with various cleaning treatments

Treatment Concentration Undefatted Defatted
Smear Shake Smear Shake
CFU/cnt CFU/ml CFU/cnt CFU/ml
DW 2.2° 252 1.4 1.7
AC 50 ppm 1.9° 2.3 <1 <1
NaOCl (pH 2.6) 200 ppm 1.5P 252 <1 <1
NaOCl (pH 2.6) 800 ppm 1.3 2.1° <1 <1

3P Meansin column followed by different letters are significantly different (p<0.05).
Washing for 30 min.

Washing for 5 min.
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L,ab
Table 10. Change of L, a, b of towel defatted by ethyl ester

Towel color L a b

Undefatted  Defatted Undefatted Defatted Undefatted  Defatted
Light yellow 88.26" 90.18" 7.63 6.08° -0.76" -1.972
Yellow 85.67% 90.39° 11.19° 7.10° -0.99% -1.382
Dark yellow 85.372 89.67° 12.30° 9.99° -0.85% -1.05%

b Meansin column followed by different letters are significantly different (p<0.05), df =12, Mse=Mean Square of Error.
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L,ab
Table 10. Change of L, a, b of towel defatted by n-Hexane

Towel color L a b
Undefatted  Defatted Undefatted  Defatted Undefatted  Defatted
Light yellow 88.572 89.00° 10.432 10.10% -0.922 -1.172
Yellow 87.482 89.34° 11.382 10.02° -0.822 -1.03?
Dark yellow 84.012 86.77° 15.03? 12.51° -0.50? -0.732

b Meansin column followed by different letters are significantly different (p<0.05), df =12, Mse=Mean Square of Error.
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Figure 17. Changes of weight loss of towel for fillet defatted

by solvents.

b Meansin two treatment followed by different letters are significantly different
(p<0.05).
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Figure 18. Changes of pH of various solutions soaked with iron plate.
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Figure 19. Changes of pH of various solutions soaked with 304
stainless stedl plate.
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Figure 20. Changes of pH of various solutions soaked with 316 stainless

steel plate.
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Figure 21. Changes of OxidationReduction potential (ORP) of

various solutions soaked with iron plate.
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Figure 22. Changes of OxidationReduction potential (ORP) of various
solutions soaked with 304 stainless steel plate.
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Figure 23. Changes of OxidationReduction potential (ORP ) of
various solutions soaked with 316 stainless steel plate.
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Figure 24. Changes of dissolved Fe of various solutions soaked

with iron plate.
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Figure 25. Changes of dissolved Fe of various solutions soaked
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Figure 27. Appearance of various iron plates soaking with

acidic and alkaline solutions at 12 hr.
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Table 12. Evaluating the effectiveness of acidic electrolyzed water and sodium hyopchlorite solution washing on the quality of tilapia

Terms Properties Electrolyzed water 200 ppm NaOCI DW
AC AK ACH+AK pH26 pH4 pH114
Fish Germicidal effect ] X A X X
Peeling of surface mucous X A %
Smoothness A A A A
Chlorine off-odor A A A A
Fillet Germicidal effect ] X A
Waeght A A
Towd Germicidal effect after defatted
Bleach A X A
Stainless  Corrosion X X
[ron Corrosion A

. significant  A: minor  x: not significant

: not detectable O : bacteriostatic effect
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11.
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2 24 311-316
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13.

pp.94
14.
15.
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18. 1998

19.

pp.1-15
20.
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1989
20
1995 8403148
1997
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132: 47-49
pp.23-31 pp.59-71
1999
1996
pp.212
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