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Microbial Assessment of Wild Cabbage and its Control
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In this study, untreated (UT), water soaking (WT), and sanitizing solutions [chlorine at 100 ppm (CL); ethanol
at 10% (ET); hydrogen peroxide at 1% (HP); chlorine at 100 ppm + ethanol at 10%(CE); chlorine at 100 ppm
+ hydrogen peroxide at 1% (CH); ethanol at 10% + hydrogen peroxide at 1% (EH); chlorine at 100 ppm +
ethanol at 10% + hydrogen peroxide at 1% (CEH)] were compared in terms of their antimicrobial effectiveness
against natural microflora of wild cabbage (Brassica oleracea var. capitata). All samples were kept in sanitizing
solutions for 2 min, and effectiveness of sanitizing agents was evaluated based on number of decimal reduction
of total aerobic mesophilic, total coliforms, E. coli, lactic acid bacteria, and yeast and mold counts. Average initial
levels of these organisms in samples were 9.21 + 0.15, 6.60 = 0.06, 6.08 + 0.03, and 3.66 + 0.08 log,, CFU/g for total
aerobic mesophilic bacteria, total coliforms, lactic acid bacteria, and yeasts and molds, respectively. Escherichia
coli was not detected in any tested samples. Decimal reduction of populations of total aerobic mesophilic, total
coliforms, E. coli, lactic acid bacteria, and yeasts and molds were: in WT 8.09, 5.36, 5.82, and 3.57 log,, CFU/
g; in CL 7.39, 4.10, 5.24, 2.45 log,, CFU/g; in ET 6.78, 4.23, 5.20, 2.50 log,, CFU/g; in HP 6.11, 4.27, 5.28, 2.46
log,, CFU/g; in CE 6.18, 4.26, 5.31, 2.49 log,, CFU/g; in CH 6.10, 3.77, 5.33, 2.46 log,, CFU/g; in EH 6.07, 3.82,
4.76, 2.41 log,, CFU/g; and in CEH 5.27, 345, 445, 2.15 log,, CFU/g, respectively. Statistical analysis of the
results showed effectiveness of CEH sanitizing solution for elimination of microbial contamination was the highest
among all sanitizer treatments.
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CAF=ES Ao vAE 5 Listeria monocytogenest=
ot HA4Q), F2HEQ), F, 201, dF 2 A9 M F
ZHom v=, AU F FrRGoM s iR He A
Hovt A AARJIMAZ HEEHIE A Tks). £
Escherichia coli 0157 :H7& 19824 ml=ollA] 2558 o)
A HYFoR Hx IAFJLH(6), 1 o|F2 B At
H AbE2e 5, AR B 5ol EAREATHT). Salmonella
off ogt AF 5L uid HlstollX 696,000-3,840,000710] BLE
IQdEd 2oFE A AEe ATeR SEAN UThE).
Staphylococcus aureusi= 2% Foll FUN=LE Y3l 2F
5S Jodle 54 AFEFLEA $F 9 AF, 0] F
o] 2FolA W3 Aoz BUHT ATh9).

olgdt AFE Al #o FHYA R AA WHEE hot
water holding3} potassium sorbate(10), benzoic acid(11), citric
acid, acetic acid, lactic acid 52| organic acid(12-16)%} 72
sanitizers o8 3HeHA WRF 1A B217), M7, A
5 A7, 23918), 229, vlolA 20| E(19,20) 5& ©l
&3 E8j4] whie] 2EEI Qo

A Helgd veH FHS THE W sanitizerS &
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& hurdle technology®] 4+iie] de] AMEEI U 53
chlorine(21,22), ethanol(23-25), hydrogen peroxide(26)&= '8¢
g uE AFAR dE] ARET o] g3 Ed Hoid
Roew dAA vt 2 o]Ee] $HAl FHE Weleh kA
of gk AAH] AFrt vl Fat sl kg AaA Al
ol glo] o5 Z§3te AM-8l= hurdle technologyel] thdt
A HA] H2 FRAEL Ak

olof 2 At 2001d0]] 35%HEC] AAENT FH Ak
Aol FFAL e FH K5 YujSed HEshs
AFA %S aerobic mesophilic bacteria, total coliforms, E.
coli, lactic acid bacteria, yeast & moldsZ o] EUEHSIY
chlorine, ethanol, hydrogen peroxide %3 7+& chemical sani-
tizers ©]83} o|ES Ao} & % 3= hurdle technologyE 7l
wrog2x] HRle) P ofal® AFH} Hvh 4F A &
2ol 7198taat 3kt

Mz % ey
M=z

Agoll AM-E B F(Brassica oleracea var. capitatays 720
T35 oF 1.5kg FAQ A FFoln, A7= el Anf
A F viEA I8tk FU YdulFE ABE dry-ice
boxoll Hol 4-7°CE FAIBIHA APAR o] &3t & A8 X4
S AAA %S AR 4C P HAHA FYSH G2
HE 3 ojuio] WA $FE 7hest A Ao 3R 7
50008 axtate] @) ARSI YuiFe] AES Y=
MAEES] & 78 4317 98l 7Y PlFE 258
Ah#3ted 225mL 0.1% phosphate buffer2 3]4]3+ 3., Stomacher
(Casta Brava, Spain)E o]-&3le] 287 #2343 o2 0.1%
phosphate bufferg ©]-8-3te 10814 A 848l

& 0 e THE DME BY

Qo] ZAES Qe F B, AT, R, A
 2E|3 AR/EECY] 5 YT $357]/4dw(Aerobic
mesophilic bacteria}?] “3-%-°&= plate count agar(PCAMIR|E o)
8-3t] pour plate methodoll 93] YHlF A|EE wljAlo =T
3L 35°CoNA] 48A17F Bl%F ¥ standrad plates count(SPCyY €]
gt 3319 A (Total coliforms)® E. coliv> 3M 3+
28 ALe] Petrifilm™ E. coli count(PEC)E ©]&-38le] 37°Coll A
24717F vk & SPCOll 9dted ZAHBIAUL 7IEE PAF red
colony?HE coliform, 71¥& 7121 blue colony%Hg E. coliE <l
A8t h27). 4t (Lactic acid bacteria)> MRSA(de Man,
Rogosa, and Sharpe agar, Difco, USAIX] & ©]€3}a] pour
plate methodol] ]3] 35°CellA] 48A17F Wik 3 SpCE 2743}
At EE/FFo](Yeasts and molds)i= potato dextrose agar
(PDAMIA] 10% tartaric acid® acidified)]Z] APDAE A %3}
o] pour plate methodZ HEsle] 25°ColA sU7F Wk &
SPCH¥H o2 7319 th28). Phosphate dilution buffer®] stock
solutions ZA3}7] )8 34g9 KHPOE FHS 500 mLol
=91 ¥ 1IN NaOHE #7isle] pHE 722 =8l EF5
24 L2 439y 125mLe) stock solutiond EFHF 1L
of &3t autoclaving@t ¥ AR TH?29).

Chemical sanitizer hurdlef® 0|88t M& % ZHE D[ME
wnEY

THE PhFE E IR FUE AAT Fo FagE A
Gato] Fg &0 gof 4°C YA EAslAA Td
HERE 3 ojo] AlH Aa4de 39} Chemical san-
itizer2¥ chlorine, ethanol, hydrogen peroxideZ ©|£-31]31
chlorine 4% sodium hypochlorite solution(Sigma, USA), eth-
anol- 99.5% solution(Samchun, Korea), Hydrogen peroxide:=
30% solution(Sigma, USAYE TF3ke] ARSI T

A EA o]Ee FHA Fro Ust HEs AEL ©]Fo]
AR k3l 9ot chlorine 59 HAE THAS o Ak
o2 50-100ppm Alele] WHE W 5(30)(2002)°0] AR5l
37} 45E X0, ethanole 0-10%Z ©]-€3}3L hydrogen
peroxide®] 739-% 1-3.5%9] ¥E=2 AE 4ol AMEH A=
Aog delx Uk £ dYAE 100ppm chlorine, 10%
ethanol 28|31 1% hydrogen peroxideS ARE-&tATE

Gl AlEE F SkgE 7HeT A gol EFF 7 500g
o2 At 7t 97 AYFEE FE FYS Hrkst 2
w2b ANz AFH dasidich 2714 ool EFAA A
€9 A% A 22370 AL el e P EEE W
A7rsksct,

97k A= FA € F(untreated; UT), 20°C Eof] A
(water soaking; WT), chlorine 100ppm 3 7Hcholrine; CL), eth-
anol 10% 7% 7Hethanol; ET), hydrogen peroxide 1% 37}
(hydrogen peroxide; HP), chlorine 100 ppm3} ethanol 10%
7HChlorine + Ethanol; CE), chlorine 100 ppm3 hydrogen per-
oxide 1% 3 7Hchlorine + hydrogen peroxide; CH), ethanol 10%
9} hydrogen peroxide 1% 3 7Hethanol + hydrogen peroxide;
EH), chlorine 100 ppm, ethanol 10% —12]3L hydrogen peroxide
1% % 7Hchlorine + ethanol + hydrogen peroxide: CEH)3AT}.

97IA] 7ol met M Fof liF Alge) tiE HFH =
A HFEFAE V] 98 control® F-3] 2] 7-(untreated)
E ol &3, T HA el P& 38 WEsl AlF
20 JE MAEEY 975 SXs 15y Hapes o

At

8A Xzl

H|E #4= log,, colony forming unit(CFUYgS Z veR]
Fon, SAS FAIAE TR version 8.01(3D°] U= Gen-
eral Linear Models(GLM) procedure®] PDiff(P-value Differenti-
ation) option®] 2]&] 42 E least square mean separation HP3
o o&] EAFer ZE FAXT e P<0.01 B9
oA A=A

F- g -

FESC YfFe| X DiME T&(natural microflora) £4

ol AEdhe F 8718, TS, Ui, S
a8l ER/FFo] FE Table 13 72l 7S gl A8
o thaled fle] 5712 wAERY] HFe F /1T A
F 921+0.15log,, CFU/gS 2 ZHHJc} ¥+ 6.60+
0.06 log,, CFU/g, fAhi-2 6.08+0.03 log,, CFU/g, & %/3%0]
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Table 1. Natural microflora on wild cabbage collected from domestic market

Cell number (log CFU/g)
Aerobic mesophilic bacteria Total coliforms E. coli Lactic acid bacteria Yeasts and molds
9.21%0.15 6.6010.06 NDV 6.08 £0.03 3.66 £0.08
OND: not detected (<10 cells).
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Fig. 1. Comparison of various sanitizers against Aerobic
mesophilic bacteria on wild cabbage.

UT: Untreated, WT: 20°C water soaking, CL: 20°C water including
Chlorine at 100 ppm, ET: 20°C water including Ethanol at 10%, HP:
20°C water including Hydrogen peroxide at 1%, CE: 20°C water
including Chlorine at 100 ppm + Ethanol at 10%, CH: 20°C water
including Chlorine at 100 ppm + Hydrogen peroxide at 1%, EH:
20°C water including Ethanol at 10% + Hydrogen peroxide at 1%,
CEH: 20°C water including Chlorine at 100 ppm + Ethanol at 10% +
Hydrogen peroxide at 1%. Pooled SEM (Standard Error Mean) =
0.15.

9] 4 3.6610.08 log, CFU/go.2 XAV S &
E A BoM AFHA] %t o] Nascimento 5(32) 35
Z AAFEH vws Ha F S48 6941og,, CFU/g, ™
AT 325log, CFU/g Bt 3] S H%7F 100-1,0004
7¥eF mokoud RR/FE0)E 562 log, CFU/gREL 2312 100
uf At olE A7AME 107) AFE F e7lIA E. colivh
AZEA GUTHASEEA <10cells). =3 Brocklehurst 5(33)
o] AFANR F7IA T2 10-10° cells/g, AT 10°-107
cells/g, FAHF 10°-10° cells/gZHs FARE Ao}, §R/AF
Holg B A+ Adny 2 390 10%-10° cellvgel e &
A7 A=}, Bacillus cereus, Clostridium perfringens =3¢ B71&
H9uHAZEEA <10 cells)(data not shown). Pl=9] FQ 2F
Z Clostridium perfringens®} ¥A3E TUE® H3(34,35), spice
ol A 4%, WY} ok 4%, FFHANME 50-85% HEH
o™, B cereus’= spiceselA 40%, raw milkolA 9% HEE
) Qlrk

T
-

Chemical sanitizer hurdie® O|&8t M& % == O/4ES
9| aEn

Aerobic mesophilic bacteria: Chlorine(CL), ethanol(ET),
hydrogen peroxide(HP) hurdleS ©]-8-3+ 874 A|Zbge] ¢jgh
% I AaadE Fg 19 JeRddT UT il
¥ 921%0.15log,, CFU/ge] 27| 455 73 UAL WTZ
et A9 AlE & s #5771 8.09+0.151og,, CFU/gR. |

&
T

UT WT CL ET HP CE CH EH CEH
Treatment
Fig. 2. Comparison of various sanitizers against total coliforms
on wild cabbage.
UT: Untreated, WT: 20°C water soaking, CL: 20°C water including
Chlorine at 100 ppm, ET: 20°C water including Ethanol at 10%, HP:
20°C water including Hydrogen peroxide at 1%, CE: 20°C water
including Chlorine at 100 ppm + Ethanol at 10%, CH: 20°C water
including Chlorine at 100 ppm + Hydrogen peroxide at 1%, EH:
20°C water including Ethanol at 10% + Hydrogen peroxide at 1%,
CEH: 20°C water including Chlorine at 100 ppm + Ethanol at 10% +
Hydrogen peroxide at 19%. Pooled SEM(Standard Error Mean) =
0.06.

log, CFU/g B=2 94 & ads el ole
Nascimento 5(32)2] 5ol tig water A2 E 0.8 log,, CFU/
g Fd7 AAI694— 6195 H3l AAS} fARIY B 4
el 100ppm CL A% oF 2 log, CFU/g 42921 — 7.39)
=2 Nascimento 5-(32)2] 200ppm CL AFHE el 26 log,
CFU/g 7222(6.94 — 431) Z4e] Sdlel= £2& 33E HYch
CLS A3 7% 7391015 log,, CFURE s B2 A2
9S A9ET §94 gAEsE Yepda ETE Ad
735 v A dazdE vehliel 6.7810.151log,, CFU/g
2 72H48T}. Grag (361 300 ppm chlorines ke &
o 4FE EHg W FFFE 1L1X10° CFU/gIA 3.1X10°
CFU/ge 2 Z4A|# W, Beauchat and Bracket(37)-2 200-
250 ppm chlorine® 2 & 1log cycle?Hs TAA7] 7= 3T,
HP Agle @5 Hg+F 7P a7 & 6.11+10.15log,, CFU/
g2 BN 28%e %39 CE, CH, EHYZ= Z7 6.18%
0.15, 6.1010.15, 6.07+0.15log,, CFU/g& Ho] M7 F9
217} ITHP<0.01). CEHY Al 7kx] =% 7P & &3l
°F 4 log, CFU/g 245 HYew 527+0.15log, CFUER
O e Ay Hoh g3t Aok HPY ke dEolAT
VI8 23 CE, CH, EHel &3¢} 729k3l CEHS &3 4
log,, CFU/g 42 Slog,, CFU/gE A&sh= FDA(3R)S] X
of 243 EHZ wi§ F8 A - AEAE FIEEA

Total coliforms: Chlorine(CL), ethanol(ET), hydrogen perox-
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Fig. 3. Comparison of various sanitizers against lactic acid
bacteria on wild cabbage.

UT: Untreated, WT: 20°C water soaking, CL: 20°C water including
Chlorine at 100 ppm, ET: 20°C water including Ethanol at 10%, HP:
20°C water including Hydrogen peroxide at 1%, CE: 20°C water
including Chlorine at 100 ppm + Ethanol at 10%, CH: 20°C water
including Chlorine at 100 ppm + Hydrogen peroxide at 1%, EH:
20°C water including Ethanol at 10% + Hydrogen peroxide at 1%,
CEH: 20°C water including Chlorine at 100 ppm + Ethanol at 10% +
Hydrogen peroxide at 1%. Pooled SEM(Standard Error Mean) =
0.03.

ide(HP) hurdleg ©]8-3F 87kx] MHupyel] 23 az7e] 4
ZEAE Fig. 201 YeRAITE UT $lFE 6601006 log,
CFU/g9l 7] #58 7HAL UL WTE X2|s 7% A3
= A& F47) 5361006 log, CFU/EE 1 log,, CFU/g A&
9 94 74 FFE vepliltl o] Nascimento 5(32)9

435 E2 XEEE ol 08 log, CFU/g 24325 — 2.43)
& 2 ZFAe FARele B AEe] 100ppm CL A=

coliforms& 2.5 log,, CFU/g Z2x(6.60 — 4.10) A=t ol
Nascimento 5(32)2] 200 ppm CL9} 5=A2loA 2log,, CFU/
g FEG25— 134HE Bl A v A9} Shigenobu
539 A7, AFE dSEE HYIUS de A
# frold A4ESE BolX] £33 4R Bo} washing G347}
ofd Beol &xd ot AaEds gle Ao B, a8
u, 2tglol 24 (acidic electrolyzed waten)® *12]8l1& A9+
1.6 log,, cfu/g2.5— 09)2] fold A &34E BTk B
BFTH39). =& CLE A3 - 4.10+£0.06 log,, CFU/gE
dws] B2 AP ARt fo8 HAEHE Jehl
3L ET, HP 22|32 CEE A& 29 22} 42340.06, 427
+0.06, 42610.06 log,,CFU/ge B 9217} IQTHP<0.01).

CH, EH, CEHY} Al 7% 7P & 3 log, CFU/g Z4E
Bl zhz} 3.77+0.06, 3.82£0.06, 3.45£0.07 log, CFU/gS 2
Yelty §3] CEHe CH, EHEUY 2 #93d 7423348
EFATHp<0.01). Escherichia coli= BE A REM <10 cells?)
HETA NN Fel=A ZUtHdata not shown). Aol o
&tod CL, ET, HPE Z}7t Xelslis A9s v 4+ &
FE BAX 20 299 A= CE/F thE ZFEY &9
7} A& Ae® JePth 21E]il CEHE 58 23 4¢
o 7t & dw &AAE 2]k

Lactic acid bacteria: Chlorine(CL), ethanol(ET), hydrogen
peroxide(HP) hurdleg ©]8-3 871X M23e] 9§l fikre]
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Fig. 4. Comparison of various sanitizers against yeasts & mold
on wild cabbage.

UT: Untreated, WT: 20°C water soaking, CL: 20°C water including
Chlorine at 100 ppm, ET: 20°C water including Ethanol at 10%, HP:
20°C water including Hydrogen peroxide at 1%, CE: 20°C water
including Chlorine at 100 ppm + Ethanol at 10%, CH: 20°C water
including Chlorine at 100 ppm + Hydrogen peroxide at 1%, EH:
20°C water including Ethanol at 10% + Hydrogen peroxide at 1%,
CEH: 20°C water including Chlorine at 100 ppm + Ethanol at 10% +
Hydrogen peroxide at 1%. Pooled SEM(Standard Error Mean) =
0.07.

AIEAE Fig. 30 JehASIt UT Y3 6.07+0.03 log,,
CFU/g®] 7] #5°8 7K AU WTE Xzlgk 3% A3
% & FF7F 5824003 log, CFUEE #94 ZAfaHE
HERHATHP<0.01). =& CLE Adt 39 524+004 log,
CFUgE @8] 82 AMsifs Avrot #9014 paans
UYeRHRISL ET, HP, CE 28] CHE 2|3 7Sl zhzt
520£0.03, 528+0.03, 5314003, 533£0.03 log, CFU/g%
Ho o]g7he] feofale #FEA] UTHP<0.01). EHY A%
4761003 log, CFURSE fol& 74 35 H$I CEH
g Al 453£003 log,, CFU/ge 2 714 2 fol3 Agas
£ YERIATHP<0.01). 27009 hurdleS 233t 790l EH
Z3teo] 7Pt F3E AdEdE B33 CEHY 9ol 2 log,
CFU/g Zta= 7P a3t Zich

Yeasts and molds: Chlorine(CL), ethanol(ET), hydrogen
peroxide(HP) hurdle ©]-&3t 8712 A &ubie] o3t ER/Z
Folol A AFE Fig. 49 YU UT PlF= 3.65+
0.07 log,, CFU/g8] %7] #5& 7 AAUTL WTE g
3% AFH 3 AE 371 3381006 log, CFUEE 9F 027
log,, CFU/g B%2] #9l& 7HAa37} YePdthP<0.01). Nasci-
mento 5(32)2] “FFol g & xe)= F 09 log,, CFU/g %
2(562— 4758 Eol B A3 73AE<] 03RT} i
Shigenobu 5(39)%] A+A5, J5E ALEE HYHAUEL o
93 AFEFAE Holx] RIYT 4gjolesE AP 7
9= 05 log,, CFU/g3.8— 33) & &8 Bty Bs)
S}, Beuchat(d0) 52 Al#el EnES B s A
77} 0.8 log,(3.39 — 2.57), 1.8 log,(2.92— 1.16) CFU/g 7t
AAHE B Esislct

CLE A3 7% 2451006 log, CFU/gE T3] B2 3]
Y3Rg AET Fod 7AREHAE e thp<0.01).
Nascimento (32)2 200ppm CL A=Al °F 3 log,, CFU/g
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(5.62— 287) A4E Ho B A3l 1.2 Z4(3.65 — 245Kt}
2 892 29y B39t Beuchat(40) 5= Akte) Erl
25 200ppm CL H3& o 7tz 07339 — 2.72), 2.1
(292 -081) log,, CFU/gS] #4a7e Bvia st
Beuchat and Brackett(d1)}& A+3=9ll 1% chlorine A2] A 0.5
log, A4S B3 v} et o5 Aol wEW e dtd
=4 AgolA YoM AlFe] Fret S wet o+ 7
237} olg opekghe & ok

ET, HP, CE, CH, EHE A 2j3t A$ole zHzh 2501007,
2.46+007, 249+0.06, 2461006, 241 +0.06 log, CFU/ge
Bl o] g tle folAvt §1%ich(P<0.01). CEH®| 7
$- 2154007 log,, CFU/ge. & T2 BEE X+ B} a37}
7V 7ok aREgoldl tsiMe CL, ET, HPE ©50= A}
23198 Agol vls F Y 2t XSk Akt - AEA
o] &3 Q9T F AT, UiRddE, FAEIAY 2ol
CEHE A71A 23 A28l Aol 7H & fo4 A
AHE BATHP<0.01).

o (o]
e =

H2 7154 F(minimally processed food)2] Hel=Z AheFihd
glo] Al FEEH e HAFES AE 29
a2 w=ZEo] AF A & FAVF HA vk 2 A7
e FW F5 FUA PFE BEOZ sl o]d WES)
3. A aerobic mesophilic bacteria, total coliforms, E. coli,
lactic acid bacteria, 22|37 yeasts & moldsZ UEH+ nAE
LAEE zAMEIY T £33 chemical sanitizerq! chlorine, etha-
nol, Z2}3. hydrogen peroxideE TEOE B2 ZJslo o|F
ol g AaasE viwsith & d@dAE FeE =
g B e 7] FFE 03-12 log,, CFU/g THAaAZ oM
chlorine(CL), ethanol(ET), hydrogen peroxide(HP) %% 2]=
R Apaart Zoy ol v 2¢HEth: S}
At o]& Al 7kA] 2§l CEHZ A3ide 2 F+ &
71494-& 4 log,, CFU/g, A2 3 log,, CFU/g, Akt 2
log,, CFU/g, 82/3%0]& 1 log, CFUg #AE T 239
A AR g3 vAE AdaFdE BEth uwekA
CEH =3 ¢ - 254 e P 5 Ry uiAE
98E #AaA F I T2 AHoR &8E AR &

wrEloj 2T},
Al 2

B =72 2003dE FYUste dadyy] Ades 1y
Holow o A3l =88 & Tt AEF N dFA

o] p=t
oA A=k
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