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Combined Effects of Sanitizer Mixture and Antimicrobial Ice for Improving Microbial
Quality of Salted Chinese Cabbage during Low Temperature Storage

Eun Ji Choi, Young Bae Chung, Ae Ri Han, and Ho Hyun Chun
Advanced Process Technology and Fermentation Research Group, World Institute of Kimchi

ABSTRACT The combined effects of a sanitizer mixture solution and antimicrobial ice on the quality of salted
Chinese cabbages were examined. Salted Chinese cabbages were treated with a sanitizer mixture (comprised 50 ppm
aqueous CIO; and 0.5% citric acid), packed in 2% brine and antimicrobial ice, and stored for 12 days at 4 and 10°C.
Microbiological data on the salted Chinese cabbages after washing with the sanitizer mixture indicated that the pop-
ulations of total aerobic bacteria, and yeast and molds decreased by 2.20 and 1.28 log CFU/g after treatment with
the sanitizer mixture. In addition, coliforms population of salted Chinese cabbage after 12 days storage at 4°C in
the combined mixture of the sanitizer and antimicrobial ice was 3.22 log CFU/g, which was a significantly different
from that of control (5.46 log CFU/g). The combined treatment of sanitizer mixture, antimicrobial ice, and low temper-
ature at 4°C suppressed reduction of pH and elevation of titratable acidity, resulting in delaying the growth of lactic
acid bacteria. Differences in salinity, hardness, and Hunter's L*, a*, and b values among treatments were negligible
during storage at 4°C. Therefore, this study suggests that a combination of sanitizer mixture, antimicrobial ice treatment,
and low temperature storage could improve the microbial safety and quality of salted Chinese cabbages during storage.
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Chemopia Co., Gyeonggi, Korea)& 74 & THFFE o4
sto] HF olibstd &) F%=7F 50 ppmo] ¥ E=F 3|45}
9 om FX3 jodometry standard method(27)E ©]-&3}
o] 243t A %238 50 ppm ©]AFe} A% citric acid
B2 (Weifang Ensign Industry Co., Shandong, China)<
0.5% sE& 471 Az £33t

] 5 2% Aol ot a &AE Eete
F%7F 20 ppme] %S A% & polyethylene tereph—
thalate(PET) A d9] 83 Eol 400 mLE 92 &
-20°Col| A 48A17F WZIA 71 § A gl A3t

HUME MA X2t MEEZH

A5 A5 e Az 3 AdAA AFHFE 1:10
(w/v) Al &= 537 FAISE 3 2Rke A 1A[7F B3k A
< a9k A8 2 24 3 low density polyethylene
(LDPE) film bagol] AdwF7} A4 & A== 299 94
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9 e & 4°Ce} 10°Col| 77t A8t AlE = AFE-3S]
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FE 5337 S8l 458 EduFE 70%
ethanol® A%E3 #&A7|E o] &35l wastal laminar
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Aleda= 180 mLE E+f stomacher bagell ¥& ¥ stom-
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a5 9 F33o]= Yeast and Mold Count Plate(Petrifilm
YM, 3M Co.)E AHE3te] 25°CollA] 72413k Zh2) wll k&)
CFoulF § st Aol flar wiA1g 30~30070 HeE A
At Fas dYste] & 574 Al A 52 Jgs
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Al& 1 mLE pouring culture method®
de Man, Rogosa and Sharpe agar(MRS, Difco, Detroit,
MI, USA)ol &3 5 30°CellA] 48417 vl date] yellow
W w2 e G Al A%E VAR St

A& g9 colony forming unit(CFU)2. &2 eIt}

pH & HFME £
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pH7} 8.3¢] & wj74A] 273t} 0.01 N NaOH &9 49
S lactic acid9] o2 3tkste] A =(%)E YERNL
t}.

o2

=3
A A= 1 gs B8] Hste] 50u] A8k of 3§
M 10 mLE FH sl A A|SF 2% potassium chromate
LE 718 th& 0.02 N AgNO; 4o w2 Aol &=
47k2] A47d3ke] 0.02 N AgNOs &) An|gs F3)
(%)5 ALt

—

>~ = g
%5 odr

M1 o

]

[eZ]
=1

x
)
FHe AMx= ARA(Chroma meter CR-400,
Konica Minolta Sensing Inc., Osaka, Japan)Z ©]-&3&}¢]
F2=9H(1.'=98.86, a'=-0.28, b'=4.06) 2.2 B4 F =74
3} k. Hunter L'(lightness), a"(redness) % b'(yellow-
ness) A= 2t Al59] WS 103 wHEste] HF+x A
b= e AT

i
> Hi

g

= A}l 3o Hejzh i
I oufF S& AL T3 FHE =2 FdelA ¢k 5 em
olg o] &7] H-ES 5%X3 cm A7 2 W5l texture an-
alyzer(TA-XT Plus, Stable Micro Systems Ltd., Surrey,
UK)®ll cylinder 2174 2.0 mm¢] 9%3 probeE Zsla
30 mm/min®] HrE= 4Fdte] S350tk A RT 103]
H235le] A3 hardness(kg)® YERNA T

Ofm

Axz|

RE AL 33] jbEste] SAsigleon 1 Ave
AR YA FAA £412 SPSS software
package(Statistical Package for the Social Science, ver
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Fig. 1%} 29 Z}7} Yepd Sl

A% 271 dxz7-9] F 5714 AlAt 5 6.32 log CFU/g
HlaLsko] E9F At Al A2l = 2.20 log CFU/g #2428t
o] 4.12 log CFU/g& YERltHFig. 1A, 2A). Yang 5(28)
2 28 ppm ©|xtE A ag ol S 1583 A F F 7]
A Al 7  9F 2.2 log CFU/g Ao ® skt
Song 5(15) A9} Ag)E 50 ppm o]4tstA Ao
1087 Al Age 243 F 2714 A 7F 1.213 1.07
log CFU/g Z+Zt 723t o, Jind Lee(29)+= 100 ppm
ol kst A5 587 At A mung bean AJ¥ES] F
714 Al 7F 0.7 log CFU/g 7483l tha B skl
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Populations of total aerobic bacteria (log CFU/g)

Storage time (day)

C —e— Control

6 - —a— Tap water/antimicrobial ice
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Populations of yeast and molds (log CFU/g)
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Storage time (day)

B —e— Control

Rl —— Tap water/antimicrobial ice
—=&— Sanitizer mixture

—O— Sanitizer mixture/antimicrobial ice

Populations of coliforms (log CFU/g)

Storage time (day)

D —e— Control

—4a— Tap water/antimicrobial ice
71 —=— Sanitizer mixture
—O— Sanitizer mixture/antimicrobial ice

Populations of lactic acid bacteria (log CFU/g)

2 1 L 1 I I |
0 3 6 9 12 15

Storage time (day)

Fig. 1. Effect of sanitizer mixture solution and antimicrobial ice on the populations of total aerobic bacteria (A), coliforms (B),
yeast and molds (C), and lactic acid bacteria (D) in the salted Chinese cabbage during storage at 4°C.
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log CFU/g 7t &35 JeERAtHFig. 1B, 2B). A%
4°Cell A 129 & tx=+-9] td+t=- = 5.46 log CFU/g
7THA] F7be WhE = AA /Rt D Ao £ At
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Fig. 2. Effect of sanitizer mixture solution and antimicrobial ice on the populations of total aerobic bacteria (A), coliforms (B),
yeast and molds (C), and lactic acid bacteria (D) in the salted Chinese cabbage during storage at 10°C.
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T At 9 3.22 log CFU/g3} vnLdte] &g A4 A
AH A= 0.75 log CFU/g 7F2ste] 2.4 1 CFU/g
© 2 Jebgth(Fig. 1D, 2D). 4°C A% 129 & dx=+9
ZAA-e 3.22 log CFU/goll A 6.46 log CFU/go. = Z7}3h
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2ol 2 W tH(Fig. 2D). Wang 5(20)2 A $-

Z7kekel the A
94 1(/X0.05)
= 25 ppm
o]-g-3l4 647k 18°C

e Alxzg g 45S
AR Ax} FEER AzE 4o A vusto]
Z 3714 Al AR 2945 JERlitha Baskglh
a5o] W HFH Escherichia coli 0157

‘H7, Salmonella Typhimurium®} Listeria monocytogenes
7} 100 ppm ©|AF3E AR A %3 G I8 AYE
3.2~5.4 log CFU/g 743} tal B sttt e &3t

AAA AH, Fd D A R 4°C AL S HE
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A B A S geEek el A Rk upE
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= Holx] &th olgfd A Aib= x7] vl pHrt 6.35
~6.530]19en A 15A17F & AdulF2] pH7F 5.92~6.01

P e]

FES RATE ol AT B AR 4°C A
F129 F EG ARAA AF AT £ A
AH/Zetd A& Aelel pHe 747 5,659 5.54% dx
Tob vlaste] felAow Fe kg vehih @9 Age
%= 10°CAIME 4°C A Aok wlarste] Ag7]7ke]
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Table 1. pH values of salted Chinese cabbage treated with sanitizer mixture solution washing and antimicrobial ice during storage
at 4 and 10°C

Temperature

Storage time (day)

C) Washing/treatment 0 3 G 9 2
Control 5.8620.05*%  5.9740.08""  5.87£0.07*"  5.47+0.07°°  5.35+0.03%"
Tap water/antimicrobial ice 5.86+0.05 5.8240.05°"  5.8440.05*  5.80+£0.02**  5.4440.05°°

4 p
Sanitizer mixture' 5.85£0.10%"  5.73x0.13°° 5.73x0.09*"" 5.6240.04%  5.65£0.04"°
Sanitizer mixture/antimicrobial ice  5.85+0.10*  5.75£0.06°°® 5.7120.12*%"® 5.6120.05"  5.54+0.06"%
Control 5.86:£0.05 5.96£0.08*"  5.28+0.08%°  4.15£0.05  3.90+0.08™

10 Tap water/antimicrobial ice 5.86+0.05"  5.81+0.05°" 5.62+0.13%°  5.02+0.12°  4.37+0.12™
Sanitizer mixture 5.85£0.10"  5.85+0.06"% 525+0.06"°  4.76+0.05%  4.24+0.11%

Sanitizer mixture/antimicrobial ice  5.85+0.10 5.69£0.07°  5.19+0.08%°  4.95:0.07°"  4.45+0.04™

1)50 ppm aqueous chlorine dioxide+0.5% citric acid.

Each value is mean+SD.

Any means within the same column (A-F) or row (a-¢) followed by different letters are significantly (P<0.05) different by Duncan's
multiple range test.

o2 FEFAL A A% & Akt o) warvt Table 37} 2t} dolulF Aol 3 A Al A2 A=
Jojgtol et F7]14F A 2 pH 7FA47F VERFEE 27 F AEE 1.38%=E T2 1.30%<9} Hlaste] fo A<l
MAE S5, AS MAE 231 Y AR Sol dduFe] (7X0.05) #Fo]7F YebA] kgt A 129 F 4°Ce} 10
A Z pH W3l &ke J3g vX= 3oz g} °Coll A= dz7o A B ds Srtshe 43S
A F AduFe] Agste Mski= Table 200 YERY HAARE, #4725 10°CeF vl alste] 4°Co 47w Al uf
Ak A 271 2Tk EF At AA AlE 2t At F Az A% s AL oz AT A7
= 0.12~0.13%= e £ AAlA A2l 7t Al St W2 A% Wsh= Hobe 2% Aok Al Abol
Fo] Aol JEgS v A 1 eFokth. 4°Coll A A% 129 & o] 9 Tt HPo =LA ok Aoz duE
zTet BE AT AeE 0.11~0.12%% A& 7P
ol #2174 21(/X0.05) o]z Kol#] gkgtel, 3 10°C A ME 5 dx Hst
Fd xzT) e 0.19%% £ Al A A H/3 A Adu S 3 AuAlA A 9 gt Ao Al
A5 Aot oF 0.03%2] oA 2ol & VERAT uhEh 2 A% F 7% W3l Table 49 2 231 &3 2HtA)
A 5 AFAA AFH L g de HEe §4 4°C A AH F Az AEE 0.70~0.73 kg2 AT 7rll
A ALS FAgHE A T AdnFo] pHe 4 A4te o] Al zto]i= HolA okt A 129 F 4°C A4 st
Wl Aol oA gAY Zleleal wekEh iz 2 AYTe FEE 0.79~0.90 kg, 10°C A 4-3H
Aula A5 1.10~1.15 kge} ¥alste] A% 227} &
HE & g #Hat STE AR TP Y & AR AAHL AdFA
AdulE A Al I FF o) A& FAE fd F ofgt S Ao T7he AXE U o] EAE o] AlxH o)
site] A oA 2 FH F2 T S8 asih A HAHA 7] Wito 2 ®aixar Jrh33). Eak Ag7|7ke] 4
2 A Y 2 25 g Ao dre] Wik Htol] mhE Hduje] Ak Tk 2 o Aok ddnf

Table 2. The titratable acidities of salted Chinese cabbage treated with sanitizer mixture solution washing and antimicrobial ice

during storage at 4 and 10°C (%)
Temperature . Storage time (day)
h
©C) Washing/treatment 0 3 6 9 T
Control 0.13+0.03*?  0.13+0.02**  0.11£0.02**  0.09+0.02“  0.11+0.02"
4 Tap water/antimicrobial ice 0.13+0.03™  0.13£0.03**  0.14+0.02**  0.11£0.01°* 0.12+0.01°™
Sanitizer mixture" 0.12£0.02"  0.14£0.02"  0.11+0.02*"  0.13£0.02*>" 0.11+0.01™
Sanitizer mixture/antimicrobial ice  0.12+0.02*  0.12+0.02**  0.13£0.02**  0.12+0.01%%  0.120.02°™
Control 0.13+0.03""  0.15£0.03*  0.13+0.02"°  0.13+0.02*""  0.19+0.02*"
10 Tap water/antimicrobial ice 0.13+0.03™  0.12£0.03**  0.14+0.02**  0.16£0.02**  0.15+0.02°
Sanitizer mixture 0.1240.02*"  0.13£0.04""  0.13£0.01"*  0.12+0.01°®  0.18+0.03"*

Sanitizer mixture/antimicrobial ice  0.1240.02*°  0.1320.02*  0.13£0.01*®  0.1320.02*%® 0.16+0.02**

50 ppm aqueous chlorine dioxide+0.5% citric acid.

2)Each value is mean+SD.

Any means within the same column (A-D) or row (a,b) followed by different letters are significantly (P<0.05) different by Duncan's
multiple range test.
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Table 3. The salinities of salted kimchi cabbage treated with sanitizer mixture solution washing and antimicrobial ice during storage

at 4 and 10°C

(o)

Temperature

Storage time (day)

©C) Washing/treatment 0 3 G 9 2
Control 1.3020.11°%9Y 12240.06%°  1.36+£0.06°° 1.42£0.07°° 1.47+0.07°"*
4 Tap water/antimicrobial ice 1.3040.11%° 1.34+0.04** 1.3440.04“®  1.40+0.02°°  1.44+0.03™
Sanitizer mixture" 1.38+0.06*° 1.41£0.12°%  1.48£0.03*®  1.52+0.06"™  1.55+0.05>
Sanitizer mixture/antimicrobial ice  1.38+0.06* 1.36£0.06*  1.39+0.05%%  1.4240.07°°*  1.41x0.06™
Control 1.30+0.11°¢  1.21£0.04"  1.38+0.03%°  1.59£0.06"°  1.7440.05*
10 Tap water/antimicrobial ice 1.30£0.11%  1.35£0.05™  1.4340.03™  1.60+£0.05"  1.70+0.03"
Sanitizer mixture 1.3840.06™  1.36£0.05"°  1.40+0.05°  1.45+£0.04° 1.53+0.06
Sanitizer mixture/antimicrobial ice  1.38+0.06™¢ 1.23£0.06%°  1.49£0.07*°  1.47+0.04°°  1.65+0.05""

1)50 ppm aqueous chlorine dioxide+0.5% citric acid.
Each value is mean+SD.

Any means within the same column (A-D) or row (a-d) followed by different letters are significantly (P<0.05) different by Duncan's

multiple range test.

Table 4. The hardness of salted Chinese cabbage treated with sanitizer mixture solution washing and antimicrobial ice during storage

at 4 and 10°C (kg)
Temperature . Storage time (day)
Wash treat t

©C) ashing/treatmen 0 3 6 9 2
Control 0.73£0.07*"%  0.78£0.09°®  0.73+0.04<  0.79£0.05>  0.90+0.07>*
4 Tap water/antimicrobial ice 0.73£0.07%  0.75£0.06"  0.83+0.08"™" 0.80£0.10™ 0.86+0.12°"
Sanitizer mixture" 0.70£0.06"  0.60£0.03>  0.73+0.05°°  0.81£0.10®  0.79+0.09°*
Sanitizer mixture/antimicrobial ice  0.70£0.06™ 0.6240.09™  0.80+0.08°" 0.8120.11"  0.89+0.07%
Control 0.73£0.07* 0.80£0.05°  0.80+£0.07°°°  0.96£0.12*°  1.15+0.13*
10 Tap water/antimicrobial ice 0.73+0.07"¢ 0.93+£0.09*°  0.90+0.11%%  0.83+0.04>  1.13+0.11*
Sanitizer mixture 0.70£0.06™ 0.83+£0.07%°  0.80+0.12%° 0.8320.07%®  1.11+0.08*
Sanitizer mixture/antimicrobial ice  0.70+0.06" 0.65+0.06™  0.86+0.14*% 0.94+0.07*°  1.10£0.13*

Y50 ppm aqueous chlorine dioxide+0.5% citric acid.
2)Each value is mean+SD.

Any means within the same column (A-D) or row (a-d) followed by different letters are significantly (P<0.05) different by Duncan's

multiple range test.
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