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Study on Sanitary Control of Fisheries Products
with Electrolyzed Water

Jin-yi, Jung

Depeartment of Food Science and Technology, Graduate School,

Pukyong National University

Abstract

Electrolyzed water (EW) has been reported to exhibit ‘antimicrobial
activity against a wvariety of microorganisms. In recent. years, ' EW has
gained interest ' as a disinfectant used in agriculture, dentistry,
medicine and food industry. EW has the potential to be more
effective and finexpensive = than traditional cleaning agents. The
greatest advantage of . EW "is its safety. EW is different to
hydrochloric acid or. sulfuric-acid in that it is not corrosive to skin,
mucous membrane, or organic material.-EW has been tested and used
as a disinfectant in the food industry -and other applications. This
study was undertaken to evaluate the germicidal efficacy of EW to
confirm seafood safety and sanitary control of seafood processing
plants.

As the results reviewed germicidal effects on fish and shellfish

with EW, appropriate chlorine levels was to be 0.5-1 ppm. In case of



the supply of sea water electrolysis, viable cell count and coliforms
did not detected. The cell population was rapidly decreased after the
treatment of 6hrs. In order to evaluate the possibility of EW as a
sanitizer in the fields of fisheries products and seafoods, EW was to
be applicate. In seawater inoculated with microorganisms, viable cell
count had been a decline in 2log cycle after 2days and Vibrio
parahaemolyticus did not detected after 1day. The content of
trihalomethane, which is by-products formed when -chlorine reacts
with naturally occurring organic matter such as decayed leaves have
been classified by the US Environmental Protection Agency as
possible human carcinogens,-measures lower than over the limit.
When microorganism are contaminated in the utensil surface,
germicidal effect of EW was much greater than a high chlorine level.
Under the condition of EW generating chlorine over 100 ppm, ‘wviable
cell counts decreased more than 3log cycle within 1 min by a
washing of surface. Compared with the germicidal effect between
utensil materials;, the wood kitchen board was less effective than
others. However, more than 3log reductions were achieved" by EW
treatment within 60 s. The pathogenic -bacteria  were not detected in
EW after soaking treatment. In conclusion;-this study demonstrates
that EW is very effective as a sanitizer for cleaning fish contacting
surface of traditional market and fish market to prevent the fish and

shellfish from secondary pollution of bacteria.
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Controlled stage | — Electrolyzed stage
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Regulated stage

!

Filterated stage

!

Fisheries tank

Fig. 2. Schematic diagram of electrolyzed water system.
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dibromochloromethane, - 1,2 — dibromoemethane, bromoform, 1,2 —dibromo — 3-
chloropropane®] it} &4 % trihalomethane ¥41& US EPA method
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O
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X %748 Table 19 YRS
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Table 1. Analysis of trihalomethane

Gas chromatograph : Hewlet-Packard HP 6890 series II plus with
electron capture detector(ECD)

Instrument setting Temperature program

Injection volume: 1 uf Initial temp. © 9 min. at-35 C
Detector temp. : 290.T First ramp rate : 10 C/min. to 40 C
Injection port temp. = 200, C Isotermal pause : 3 min

Carrier gas : No Second ramp rate : 6°C/min to 150 T
Flow rate of carrier gas : 1.0 m//min Isotermal pause : 10 min

Split mode : split/splitless mode

Column: DB-1 (30 mx 025 mm Id, 0.1um
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Table 2. Viable cell count by chlorine in the seawater

Chlorine Viable cell count (CFU, 35 C/ml)

levels

(ppm) Test 1 Test 2

Initial 44 30
0.1 12 15
0.3 6 6
0.5 4 2
1 ND® ND
2 ND ND
4 ND ND
6 ND ND

%

ND: Not Detected.
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Table 3. Survival ratio

of fishes with electrolyzed water

Fishes (Survival ratio, %)

Chlorine
Time levels
(hr) in a tank
(ppm) A B C
0 - 30(100) 30(100) 10(100)
5 0.08 30(100) 30(100) 10(100)
12 0.07 20(66) 15(50) 8(80)
24 0:07 6(20) 3(10) 0(0)
48 0.08 0¢0) 0(0) 0(0)

A, Jacopever; B, Flathead mullet; C, Flatfish.
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4¢

Viable cell count ( Log CFU/ml)
w

—@— Seawater
--O-- Electrolyzed water

5 0 15 20 25 30 35 40 45 50
Time (hr)
(A)

Log MPN/100ml

~~~~~~~~ O+ Fecal coliform of seawater
N ——-%—— Total coliform of electrolyzed water
—=A-— - Fecal coliform of electrolyzed water

—@—— Total coliform of seawater

Fig.

5 10 15 20 25 30 35 40 45 50
Time (hr)
(B)
5. Change of viable cell count and coliform
group in the seawater with electrolyzed

water.

A, Viable cell count; B, Coliform group.
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Table 4. Microbiological and chemical change of electrolyzed water by the filter

Viable cell count Coliform group Chlorine levels
(CFU/ml) (MPN/100ml) Turb (ppm)
Time v Temp. Salinity
idity pH . 0
(Day) (NTU) () (%0) In the
25°C 35 Total Fecal lectrolvzed After In the
coliform coliform electrolyze filter tank
system
0 1.2x10"  1.0x10° 95,000 70,000 712 7.8 22.45 3412 2.0 0.1 <0.1
1 8 6 ND ND 465 7.8 23.15 34.16 1.8 0.2 0.05
2 15 8 ND ND 3.24 T 23.12 34.12 15 0.15 0.06
3 4 0 ND ND 2.21 V.1 22.67 34.34 1.2 0.12 0.05
4 3 2 ND ND 1.88 7.6 22.89 34.32 2.0 0.13 0.03
5 4 ND ND ND 1:89 " 22.54 34.67 1.7 0.15 0.02
6 ND” ND ND ND 1.21 7.6 23.45 34.56 1.3 0.07 0.03
7 ND ND ND ND 1.26 Iy 24.05 34.58 2.0 0.12 0.03
8 ND ND ND ND 1.24 75 24.12 34.60 1.6 0.15 0.02
9 ND ND ND ND 1.26 75 23.98 34.72 2.0 0.1 0.04

"ND: not detected.
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Viable cell count (Log CFU/ml or g)
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Fig. 6. Microbiological change in the fish

with electrolyzed water.
A, Viable cell count; B, Vibrios viable count.
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Fig. 7. Change of wviable cell count and
coliform group in the mussel with
electrolyzed water.

A, Viable cell count; B, Coliform group.
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—8— Oysters of seawater
O Qysters of electrolyzed water

Viable cell count ( Log CFU/ml)
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Fig. 8. Change of viable cell count and
coliform group in the oyster with
electrolyzed water.

A, Viable cell count; B, Coliform group.

_28_



ECD A, (THMVTHMODO13.D)

f Hz
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Trichloroethylene
6000 - Bromodichloromethane
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4000 - N ——— 1,2-Dibrom-3-chloropropane
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| ks

Fig. 9. Analysis of trihalomethane’s standard profiles.
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Fig. 10. Analysis of electrolyzed water in the 0.7 ppm chlorine level.
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Fig. 11. Analysis of electrolyzed water in the 2 ppm chlorine level.
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Fig. 12. Analysis of electrolyzed water in the 5 ppm chlorine level.

_32_



o] bromoform® EA7F oA HeH FE= 50pph BEE LERSE

2 AFelA HZEE bromoform ¢4 & A o] trihalomethanes 313 & o] 2}
A 2 FRrb Vs, A8, o] qiAl A9l 100 ppbe] ARt
¢! 50pphE YEtY A7 afgrel o] gk trihalomethane®] A3/d-&
AR = X mAs Aor Fduo] Hr]Ee] sl A= w

A7t Qe Aow AzEn,

_33_



dl
=]
do
dB
o1
(0e]
-
N
=]
=]
[o
fr
ot
ins
N
H
2
S
ol
&
oty
1%
2
o
off
k1
il
A\
o
ol
s

HEo AEAA BEAUTIEAT BRI A Ao HE &
38 Ader] Aol B3 gl 3700 RS Eri}, Eehaw,

2HAd YA 2d)E Agsto] o wig At 8IS Hlalskal F 49

_34_



Table 5. Chlorine levels by volt and current

Chlorine
Volt (V) Current (A) levels
(ppm)
14.3 0.6 50
15.2 1.2 100
16 1.7 150
16 5 200
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Fig. 13. Germicidal effect of electrolyzed
water on Escherichia coli by surface and
chlorine level applied by poring over.

A, Wood; B, Plastic; C, Stainless steel.
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Fig. 14. Germicidal effect of electrolyzed water
on Vibrio parahaemolyticus by surface and
chlorine level applied by poring over.

A, Wood; B, Plastic; C, Stainless steel.
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Fig. 15. Germicidal effect of electrolyzed water

on Enterococcus faecalis by surface and
chlorine level applied by poring over.

A, Wood; B, Plastic; C, Stainless steel.
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Fig. 16. Germicidal effect of electrolyzed water

on Listeria monocytogenes by surface and

chlorine level applied by poring over.
A, Wood; B, Plastic; C, Stainless steel.
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Hl before treatment
[ after treatment

A B C D

Fig. 17. Germicidal effect “of ‘electrolyzed water on bacteria at

Viable cell count (Log CFU/ml)
N w BN (@)] [e] ~

—_
v

the floor applied by poring over.
A, Escherichia coli, B, Vibrio parahaemolyticus;

C, Enterococcus faecalis; D, Listeria monocytogenes.
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Table 7. Germicidal effect of electrolyzed water on Escherichia coli and the change of chlorine level

Wood Stainless steel Plastic
Chlori
Time After After After orne
) After After After levels
(min) treatment treatment treatment
treatment treatment treatment (ppm)
electrolyzd electrolyzd electrolyzd
tap water tap water tap water
water water water
0 7.2%X10" 4.2%X10" 8.1 X10" 8.6X10" 7.4%X10" 1.1X10° 200
1 52%X10° 49%X10° 35X 10° 1.0X 10° 37%10° 1.0X 10° 100
2 2.8%10° 25X 10° 1.8X10° 1.0X 10° 2.3%X10° 55X 10 100
3 3.6X10° 9.0X10° 25%10° 1.0% 10° 85% 10" 1.0X 10° 50
5 48X 10° 1.9X10° 4.6X10* 1.0%10° 56X 10° 1.0X 10° 50
10 3.3X10° 2.2%X10" 2.4X10? 1.0%x 10" 44X10° 1.0%x 10" 20
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