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Abstract

The microbial reduction and quality characteristics of salted Chinese cabbage using electrolyzed water were
investigated. The electrolyzed water was used to control the microbes in the processes of primary washing, salting,
and secondary washing. The total bacteria, lactic acid bacteria, coliform, pH, salinity, vitamin C, and total sugar
were analyzed. After primary washing by electrolyzed water, the total bacteria populations were reduced to
2.78 log cfu/g, and the coliform populations were similarly reduced. After secondary washing by electrolyzed
water, the total bacteria population of Chinese cabbage was reduced to a maximum of 1.5 log cfu/g. The salinity
of Chinese cabbage and salting solutions increased rapidly over three hours, and then increased slowly. The
sterilization effect of electrolyzed salting water could not last beyond 3 hours, because the OHCI concentration
of electrolyzed water was reduced by over 90% at the third hours of the salting process. Vitamin C was reduced
and total sugar did not change regardless of treatments during the salting process. Consequently, electrolyzed
water was effective to remove microbes from salted Chinese cabbages.

Key words: salted Chinese cabbage, electolyzed water, total bacteria, salinity, vit C

ME

W 3= (Brassica campestris L. ssp. pekmensas)/] HAEA]
© T HHolm YAstie)] &5t Fado] A&7 A
2 et AT AR "t o) E AR e T8 w4
Eolth(1,2). WiFE HFolA =T AujE Y 4, A7,
A, A Aol A F2 A FHlFE A, sid 5
Aol A, AF wiF= ZAEAA, AFOH)MFE B,
A, FF, AL A Tl FE AGETQR). v Fo] ALt
2 ATF 417 E(2008)0)H o] F IHEEHE Fe
o= o] A A= 5%l DerH4). @_J w3 7}
2 AA w5 7HE 12%E AR g 129 15—
iS50 A g, AlH A, %‘—FJ%XJ

mlo
X
B

*Corresponding author. E-mail: jmsung421 @hotmail.com
Phone: 82-31-780-9150, Fax: 82-31-780-9144

(7. A} AHSlE gle] R3o] 271 45 27 5 A Wg
of We AT ZHEs 27 PAE B2 0 Aeg do}
37 91s) A9 WFE o g3t wgo] A Holsta 9l
o 20079 71F FH ALEE AF FRE F 1509 9
= FYsT Yo T AH vl A 1008 E Y=
(22U JYRE A Lo2 ANAE AT 43

7}._/\40]
22 wF= XHHHQ% A A wet 74%@ E4s
7%%1 A 0111 HE Au)] & FEA 7] et & 2

3, A5 LBAF(7~98 53 122 LF5uF(10~
4—% = %LToM 2T AEH S v Aulrl A
58 AR Ee d5iEFr RS AR
Z5l et 7H4 WE Fo] A% e
%‘Xéf& 7FAT} ko] W FHAE Aetr] 918

SFTHD). EF et EA WEAF



A

1744 g - 1A

Ha sty Busgoen ), g4
3 wF2AF A "dulF 79 Al
71E F83HA AZske aQlo] v AskAoln 1t
°Z A 2 HAS nETTa st T8 FH FHO
2 ZAE AT0).

As e v Ed e Fagoz otE X748
4, FAY, AFNA T

(1D). A= B dte] 2 43

oo &
o
© X
=
g
o &
op 1o
2 oy
=
o -
i 18

FFOo = o]Fste, 0714, CL714l, OCI
o], HOCI# @42 A3t H sk Na' 22 ol A
A2 dol 5202 o], Hy, NaOHE A48t dth
(12). 2% T "B E AAE A3 Al 280l A3 o<
g A7 JAPHAL glon, dato] ARl e By

7} 7Ve sk
12k A, A9, 22 AF F4 6 Ad4E A8t vAE
Aol Ewsl olgetd] 54 R AR BT

H

=
I
B 2

2 AN AR HiFE EF FTOE Me A s
=AM Fdske] AREskTh aEe A =7

K ] JHE (= 70
% o], AR, dH=)S FAst Aol ALgs AT Al
= A4 71(Dips-2K, Han Bio, Seoul, Korea)& ©]-&3} 50

ppme FEZ AHE-SFATH

WEe AT A, AW, 14 AR, ", 24 A,

Table 1. Manufacturing conditions of salted Chinese cabbage
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Fig. 1. Manufacturing process of salted Chinese cabbage.
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(cfu/g) & FEAISAT. AE3 vl A& LA HS plate
count agar(Difco, Detroit, MI, USA), & T& chromo-
cult agar(MERCK, Darmstadt, German)S Z A2 MRS
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Process
Cutting Primary washing Salting Secondary washing Dehydration
Tw" Tw (PwN-ST-T)
No Washing (PWN’ST) EW (PWN*ST’E)
(PwN) EW? Tw (PwN-SE-T)
Four lengthw1se (PWN*SE) EW (PWN’SE*E)
. For 2 hr
pieces Tw Tw (PWE-ST-T)
(PWE) EW Tw (PwE-SE-T)
(PWE-SE) EW (PwE-SE-E)

Dy tap water. JEW: electrolyzed water.
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Fig. 2. Changes in microorganism of salted Chinese cabbage
with different conditions. PwWN-ST, salting in tap water after
no washing; PwE-ST, salting in tap water after electrolyzed wa—
ter washing; PwN-SE, salting in electrolyzed water after no
washing; PWE-SE, salting in electrolyzed water after electrolyzed
water washing. Values with different letters in each process(a—f)
at same microbe indicate the significant difference at p<0.05 by
Duncan’s multiple range test.
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Fig. 3. Changes in microorganism of salted Chinese cabbage
after secondary washing. PwN-ST-T, secondary washing in
tap water after PWN-ST treatment; PwN-SE-T, secondary
washing in tap water after PWN-SE treatment; PWE-ST-T, sec-
ondary washing in tap water after PWE-ST treatment; PwE-
SE-T, secondary washing in tap water after PWE-SE treatment;
PwN-ST-E, secondary washing in electrolyzed water after PWN-
ST treatment; PWN-SE-E, secondary washing in electrolyzed
water after PWN-SE treatment; PWE-ST-E, secondary washing
in electrolyzed water after PWE-ST treatment; PWE-SE-E, sec-
ondary washing in electrolyzed water after PWE-SE treatment.
Values with different letters in each process(a-f) at same microbe
indicate the significant difference at p<0.05 by Duncan’s multiple
range test.
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Fig. 4. Changes in microorganism of salt solution with dif-
ferent conditions. PwN-ST, salting in tap water after no wash—
ing; PWE-ST, salting in tap water after electrolyzed water wash—
ing; PwN-SE, salting in electrolyzed water after no washing;
PwE-SE, salting in electrolyzed water after electrolyzed water
washing. Values with different letters in each process(a-g) at
same microbe indicate the significant difference at p<0.05 by
Duncan’s multiple range test.

velon, 22f Al Hggel M dajqE A
E= 441 log cfu/ge 2 2 log cfu/g %
A2|7h Al 5] v Alojel ERAAE & AN

o vAE JJr* Fig. 40 veht itk A<

x‘__;]o] 617

F PwN-ST del5e] & d59k dddw s 27 539
2 3.80 log cfu/go.2 AAujF9] vl &9} Hl28 Fe
S Ho H)Fg nE 299 ;go] J JgS mx= A

o
2 YEyth A FE 1ol R E Ad= PwN-STY F
T57}F 539 log cfu/gQl Ael H]3H PwE-SEE 156 log cfu/
go 2 °F 4log scale A= 2olE YERAAT. A 6417
PwN-ST A2+ A4 A 2.96 log cfu/geZ &
Qluf ol Mo} vlSet =F & Horn H 15474 3.14
log cfu/g S22 F718I9 Y. AXe 2addy 5 A
£ Pediococcus%2 219 tg A3dgdo] o] Ads=
10% AN M= S0 7V53Y, Lactobacillus plantarum®)
Lactobacillus brevis =3t 245 % 6.0%AN = AFo] 7}
5t7] ool (28) AAFAAA AL, HAE S
S EF T U 2EY AT 22 8905 4o &
2

S AA dduiEe HA Az
|

2 g% o ol
P
o
fru M
ox
N
.
_E

5"_
402 F1Y o o

PN

T

o g FE %ﬂs}—t— A8 Ho
Al Fe) 2R Q) WFwT o A4 welw Bad
Ae ArEn.
oH, = U Folto| 24
A9 A A pH 2 A=) MEE Fig. 50 Lieh)
AT 7] wjFe] pHE 6.35~653 FF0 ] o Azt

o 154704 592
ATF(29) N M=
2% Qo2 B

o] BATFE gkt



a7NE

2
&
i
o
opo
o
m
jsieA

Salting time (hr)

o

3 1747

X
[
B
=
iyl
=
lo
o

i

fro] &gl 2ol & HolA ¢ttt €9 F pHe 599~6.07
FEo 2 A 15AZA 9] pHell Bls) 25 F7tske A3
Yel it dxE A9 3AHA 1.05~1.28% 2 F235H)
SVt e 1 ol ¥ ehutalAl fadte AES Atk
Park 59 d7Q0IME A 2710 w2 4 IFE B
F Shstod YAl Bkt A 9217 1.59~2.05%
FEoZ ZUFEIRon 1 o]F {3l Ao)E KolA| &

%tk Shim 59 AF29NA A IAZHA 2~25% S5

of G3lAutha Busle] B A} vld AdS HATh
15A17F Al 3 HEF A& 1.82~227% FFojen &

A T 146~1.771% o2 Z4ste] AU Ax H]

35 —— PWN-ST 3 oF 20% = AT Ao =Z JEyth
B PwE-ST . S
3.0 —&— PuN-SE A 2 AH 230 g "o =838 ¥st=
@ PwE-SE

Salting time (hr)

Fig. 5. Changes in pH and salinity of salted Chinese cabbage
with different conditions. PWN-ST, salting in tap water after
no washing; PWE-ST, salting in tap water after electrolyzed wa—
ter washing; PwN-SE, salting in electrolyzed water after no
washing; PWE-SE, salting in electrolyzed water after electrolyzed
water washing.
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Table 2. Changes of physicochemical characteristics of salt solution during salting of Chinese cabbage

Salting time (hr)

1
Treatments"

0 3 6 9 12 15
PwN-ST 8.04+0.15%% 6.13+0.01" 5.92+0.18™ 5.73£0.014%¢  558+0.01% 5.66+0.03
- PwN-SE 8.04+0.15™ 6.12+0.02" 6.01£0.25" 5.72+0.01% 5.59+0.015¢ 5.64+0.01°
b PwE-ST 9.284+0.03 6.07£0.05 5.93+0.18™ 5.76+0.014 5.6240.017 5.65+0.06°
PwE-SE 9.28+0.03* 6.13+0.01" 5.94+0.08 5.72+0.01% 5.65+0.01% 5.68+0.01¢
PwN-ST 7.84=+0.00° 6.49+0.08" 6.00+0.04° 5.88+0.12%¢ 5.44=+0.00% 5.38+0.08
Salinity PwN-SE 7.8440.00° 6.320.00 5.76£0.04> 6170374 570+0.125 5.65+0.29
(%) PwE-ST 7.48+0.00 7.14+0.83™ 6.70+£0.54™ 5.53+0.12% 6.00£0.12% 5.65+0.12¢
PwE-SE 7.48+0.00° 6.08+£0.08" 5.85+0.08" 591008  544+0.00% 5.62+0.33°
PwN-ST  765.00+31.11°  64650+38.80™ 480.00+£1.41%  266.00+£1.41%  261.00+4.24*"  305.50+2.12*
ORP  PwN-SE  81450+212"  590.00+9.90"" 48150+9.19"  27850+0.71%  248.00+2.83™  303.00+1.41"
(mV) PwE-ST  467.00+0.00° 526.00+26.87°" 387.00+2.83""¢  232.00+£2.83°  21950+2.12°  303.50+7.78"
PwE-SE  467.00+0.00 517.00+849“  31550+84.15% 23550+0.71°¢  209.00+2.83”¢  283.00+8.49™
PwN-ST - - - - - -
HOCl PwN-SE - - - - - -
(ppm) PwE-ST 46.12+0.00" 4.26+0.00° 2.84+1.00° 1.42+0.00° 1.4240.00° 1.4240.00"
PwE-SE 46.12+0.00 4.26+0.00° 3.55+0.00° 1.42+0.00¢ 1.42+0.00¢ 1.42+0.00°

I)PWN—ST, salting in tap water after no washing; PWN-SE,

salting in electrolyzed water after no washing; PWE-ST, salting

‘ in tap water after electrolyzed water washing; PWE-SE, salting in electrolyzed water after electrolyzed water washing.
YMeans with different letters in column (A-D) and row (a—f) are significantly different at p<0.05 by Duncan’s multiple range test.
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Fig. 6. Changes in vit C and total sugar of salted Chinese
cabbage with different conditions. PwN-ST, salting in tap wa—
ter after no washing; PWE-ST, salting in tap water after electro—
lyzed water washing; PWN-SE, salting in electrolyzed water after
no washing; PWE-SE, salting in electrolyzed water after electro—
lyzed water washing.
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Fig. 7. Vit C and total sugar contents of salted Chinese cab-
bage after secondary washing. PWN-ST-T, secondary wash—
ing in tap water after PWN-ST treatment; PWN-SE-T, secon—
dary washing in tap water after PwWIN-SE treatment; PWE-ST-T,
secondary washing in tap water after PWE-ST treatment; PWE—
SE-T, secondary washing in tap water after PWE-SE treatment;
PwN-ST-E, secondary washing in electrolyzed water after PwN-
ST treatment; PwWN-SE-E, secondary washing in electrolyzed
water after PWN-SE treatment; PWE-ST-E, secondary washing
in electrolyzed water after PWE-ST treatment; PWE-SE-E, sec—
ondary washing in electrolyzed water after PWE-SE treatment.
Values with different letters in each process (a-g) at same mi—
crobe indicate the significant difference at p<0.05 by Duncan’s
multiple range test.
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