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frol Fret s At AlAdg AEjolofofrt FF O ZA e 1A
= A (Rico et al, 2007., Lund et al, 1989). webr Al H o] 23
ol g

.
B34 glo] e A 2 A 5o 9w Jew 449

ghol S|4 Xstal w5 T W, Foe fdAde] v wokAA He ZA

N, 53 77 sAES ddFd TR

Awrd o 10-10" CFU/g 7k 29 =o] th(Brackett et al, 1996,
Francis et al, 1999). ©°] % 80-90% A%7} Gram =4 o zA]
Pseudomonas, Enterobacter 2 Erwinia % 0°| ol th(Manvell et al,

1986, Marchetti et al, 1992). Listeria, Yersinia, Salmonella, Aeromonas

-~

oF 22 dF HAdTS AN AT £ lovmg YF FEH= AAA
of Ao ols WG AL EAL F o, AR o5 9% 4
S5 A Ad=E Bag vf doi(Table 1). 1 o2 1981 vt} whe
Bl Foll A dojd gl Elglol AbaLe] A9, Ald FujF A =7 Q1o
Rom 4199 A7 BAste] 179 o] AFESEA TH(Schlech et al, 1983).
1979 V= BRAEoAME Ay, BEvlE, 45 59 Aiaw Qlste] 20419
g g gotZol WASEATE S 1982 FE 1994 Apo] wl ol A kAl e
E. coli OI5TH7 A<s= Alile A2317|7F F8 AF Lddollom(of
32%) Aay A= o x WAL AT(SF 6%)(Doyle et al, 1990).
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Table 1. Some bacterial foodborne diseases associated fresh produce
(Hurst, 1995)

Disease Bacterial cause Outbreak country Commodity
Gastroenteritis Staphylococcus aureus USA Import, canned mushrooms
Shigellosis Shigella sonnei USA Shredded lettuce
Listeriosis Listeria monocytogenes Canada Shredded cabbage in

Coleslaw

Diarrhea Enterotoxigenic Mexico Salad of law

Escherichia coli vegetables
Botulism Clostridium botulinum USA Coleslaw(MA-packaged)

Clostridium botulinum USA Chopped garlic in oil
Salmonellosis  Salmonella javiana USA Sliced/whole raw tomatoes

Salmonella chester USA Cut and served muskmelon

Salmonella poona USA Salad-bar cut mushmelon

Vibrio cholera USA cabbage

Bacillus cereus USA Bean sprouts

Virus hepatitis USA Lettuce

g FolA Aver 4FE Amsh BAsAEd, ot e9H §4 Et
Agoz AMe AxFs RAAS AFA46 )AF Aoz A&

(Como et al, 1997). FH<+ 2006+ A Al=aAE AHAAS & E coli
O157:H7 A5 5o wAlste] 2009 o] hxprh A stal 39 o] Abab= ARaL
7F A A THCDC, 2006). 3+ Salmonellax 939S Futsts w324 A
2 AFH F ATE A A WdEkdth 19889 dwelM e FUES
AFe T FE 2 salmonella 255l a9 AHd7F AR =dl, 9842l
ATAY Evie, JufjF AE 55 HHT A BHAME 2E 3P0

B2 ¥ A tHO'Mahony et al, 1990; Francis et al., 1999). vl == A7+
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+Hl(Li et al, 2002), <+ 2004
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Fol A7 AAGAY VAR BEtee] 4B ol et A

=
ol guyEeH A EFHolth(Davidson et al, 1993). &
A

(acid)o] sFaol9] slg= AE W pH7F Ast¥a AstE = Fol2o] =
A w o] WA ECHBeuchat et al, 2001) LS 1 A F7AHe sl
Aol HABE QI FAo] HA FAN i A A o= pHF
g Zol (pH 58-6) 3] "= T % At (Hong et al.,
2000). 71 (R, AL 2A4F, FAAD) Aldde] AR A2, T

f50] gHBari et al, 2005). @&

FE = citric acidd2]& & 4§ papaya 7ol HZF & Salmonella Typi®]

]

>
o,
i
X,
e
2
n&

o~

A o] 7+ 2393 il (Fernandez et al. 1989), watermelon¥} papaya Z2t< 4
2o A "EFoZ AE3 F Campylobacter jejuni®l i+E &<l3k 2
6A17ko]l At & C jejuni®l Aol 27| Al vlEl] HEE A

A 0ol A 143%010 T d25S AestA & A 779014 61.8%0] o] =%

%
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HCastillo et al, 1994). Karapinar®t Gonul (1992)2 3ut&z] o] Y.
enterocolitica’s BE & 2% acetic acidyt 40% 2 zof 1527F Al 439 &
ol 7 log cycleol’d Aol TAaste AL gl Wu(2000052 I&
7 95 5% acetic acid® 303+ A S W S]] e APERE W

W oA xR AYd A 74470 3904 6 log AE TAhdstE AL ey
o

sonneidl AR5 7 log/g o1 AiFHATE ATARE ATk o dF F
AT E e FaEAd vE b Wl AR E47 AET S ol

HolAnk AEe] #wel FAA dFE & 7 Utk

SAZ AFEE3 T (Corral et al, 1988;
Davidson et al, 1993). o]&< WlHio] Z 7l A FAE e wx] i
o] 1 AFEH LI W Holw, e A% FDAE sodium bicarbonate
£ GRAS ST HoZ ER/3a 9a EPAdME BE FatE 7 ATE

AZHH ALstal 9lvd. T3 USDA A= SCo SBCE {715 A&l A

3 AgE7IE @ Palou (Q001)5S #ERS RHuAES 9ol
Penicillium spp.©ol SCe SBCE A &3 Z3} in vitroolA+= SC7} SBCH

O 8 gaHor ol ASE Ao in vivool = Al &3t}

29sqnks d7AneE wustath ey SCsh SBCE shearEal vt

oh HEH MRl WA WE 1 EAE 27] g mve] X
WA et AFAG ol A% FHHE EAF AAAANA R B
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al
acid)e] A¢H dom BAVEFEH & 281 oiisteaE wkEojxith

azhe]oln G AAH A= ©]23}3}e] bicarbonate ©]&(HCO; )3}
Fol&S& AyA gt} Bicarbonate ©](HCO; ) H Z &3l A= 93
carbonic acid(H.CO3)E& ¥4 3}3L carbonic acidi= &l 2]5 o] o]itslebi o}
Eo AATHNell et al, 1989). o|FA FEE COx= AW A BFIIAE
T A Azt ge] SHoA B MExTS f4A F43 COx Al
E oA ©A] bicarbonate$} FAol2o =z S EHa AXU pHE ASHA
A AEe FEAAS A stal A ZAIE S gty 3 o]y 3k AEs Y
%= bicarbonatet™ MXETe T3S WP AY nlEZE=P ol ATPase
S A=ete] Akstd A4bsE dASE7]1 = $Hth(Corral et al., 1988).

=7

_—

E

HCO,™ + H* «—— CO, + H,0

Proton pump__, (<y

HCO,

CO,4™ leak

Fig. 1. Inhibition by CO: of the growth and metabolism of

microorganisms. (Dixon et al 1989)

3. ATAEA

AFoziy HAdesS AAs = 7HE HAde W 27 FaodA o4
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of A% TS WAsHr] flste] vl vhgd FEje] AEFS AlHst A
SefjoF & ool Stk AHI s 5

e BHAdS bdeA AAA = X agBER a&49 AH At
2% WS AMEetE Aol FosttH(Parish et al, 2003). " =re] A9 2 E <]
ok ot A (Food Drug Administration, FDA)ol A+ <4 2 Al (chlorine), &%
= A (iodophors), 49 <& & Al(quaternary ammonium compounds), Ak o]
27 (acid anionic sanitizers), 7}&2 2k (carboxylic acid sanitizer) % 3%
AHA| (peroxyacetic acid sanitizer) 2] 67FA| 2 F&35to] At AS5AE AL S
L UHGrab LA et al. 2001). =Wl 2 3F&okell A Aol AH AHES
U AdARZE Aol A, OEF, oSt A AT ARG o] T 7H(A F 9

oFEotM A IA] A2007-743., 2007. 11. 09)¥ o] glom zpoldRAUEF
o]
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dol ek wae] A9 HAR Axe 73 F oAAR AL F437)

X
2
o
=

¥
s
rir
S
ofo
2
o
i
=
S
IS
=)
0
e
0
!
o
i
o
B
>
)
rir
in}
>
ofo

1-2 log cycles ©]% ZHHA 7= Aoz dd A Adrk(Suslow, 2009; Kim et
al. 2005). @A ¥wl= FAFH(EPA)ANAAE Ho 20,000 mg/L %5 I42E
A2 2 A g T2 A F O AFE S S & &5k JTHEDA. 2009.). 9

a
T Qb= A4 7F2(Cl), Ao &AHHOCD, #bobed &4t o] 2(0CL)o]

OLAALMUEF §A9 A agye v o] 23l e HOCIS Fkd o&Fo
1 HOCIE O; ¥ .OH®} #Z-& radicale AAste] mAEo] XAl &4
= THSuslow, 2009.).

Lo

il

H(Li et al. 2001). 200 ppme FA2FE FAFo EH3I HA FHFFAY
of B3} E. coli O157:H7 A A &34 ol# 2%t (Beuchat 1999). E3+ 1
woll A BEZFA mE ARl Folutete AFEE AT FolbAA FdTE L
21 adams (1989)% 2 100 ppme Fi2FHE7F FEE dE5 A HU=
A E Rt gah EolAle dAFY AEAAHTAS AANGAT dihge
pH7} 45~5002 yvtopAwl ytego] 4uf Z7pshA vk Al H AJZHGR=I A 30
ol S7Msig e e vAlE AAVE EolA A& &tk Nguyen-the and
Carlin(1994)& A 259 L. monocytogenesS A2 E&A3}st= doo &=
A ZF Adotal By}, Zang and Farber(1996) Al 2 kA3 ¢} okuj 3

= 200 ppmY a2 1083 A8 dS Wl L. monocytogenesS 247y 173 1.2

Collection @ sungshin



wﬁ BH
-~ <
4 = % )
I i TR
= ~ o‘myl 11..& o ‘WM g
- ‘,mﬁ E < I = = 5
ﬂW R :L n_AI io WM o—u 10 B
g%ﬁﬂﬂo%oé};
= B o) oy o <
ﬂufmmﬁmﬁwyﬁmuwoﬂr@
= ot ﬂﬁ Bo E g o B 2 S
aw%aomﬁovm AOMﬂ =
8o _ ~ il =
e o X i i L oe e <
mﬂié LooTWUrloLﬁ iinﬂ
< = 7 W ol + 9 ™ N T
1# o8 ‘Iﬂ U_*A \ml ﬂ e 0 O—H o T ZT Oﬁ — b —
JiEEl - SRS E iawm@ﬁ
_ 7o » —~ X 1H ° —_ el jud 5 = 0
%ovoo%wmﬁwm;xq a%uLgyﬂm&
}awgﬁﬂQﬂWWW%m ﬁﬂkg%gii
7ﬂ:ezm§ﬂ@ Eﬂf;;ﬂm 6%@;;,0_ﬂ
) T Nr J) ! <y R X - X ™ e
jod = = LM B ﬂ% s RE O = o < X ) ] <
AHM,Hﬂ4ﬂ ioTHL %ﬂ_ﬂnﬂ}ﬂ w
upéﬂp ; ﬁogﬁo]_g v % c =33
N — —~ B X o v = o A - o A oF — -~
o o) 0 - N 3 o T iy ~H ) o) < <
63 81ﬂ1mnD 1 f SR _LﬂmE A m i
= T " o 5 U do ot M Ar % -~ - o oy A
H oo ! # ©) o< 0 B 0 T X o
& Wz o x | = X f = g 2 s -
3 o W, W L.\ e S qﬂwﬁ _AMW = Wo Wu HAI Al w =K Wf %E 3
g o I o B ML ol Loﬂ ﬂ b Ao < mﬁ = = & S =
ﬂm@go7%aﬂ @ 3 ) \U_HM&EAT;HE
oo S = 1_m g -o= o Do < " o = o) 7 5 X
ol ~ e s T & ,m o mN e Wz ,1% jod o) o W
55 < = o) Lo = o = o wm N R X o el ol =
B il —_— JoH o ﬂW . —_ o ,ﬁ- < o o < o—u i
L#E R N 0 %) dﬂ nﬂ N
o)) X Yy S % o 7o _— ~ =y W N i
_ ~ o 4 il = R B3 <A o T = W T %0
= I, H i ° R o ] =0 w i ) 3 . e .
S0 -~ 2 5 £ i A 5 T Lo o £
Cnoﬂy,ﬂ_éaoﬂ N X % 43L1
<ﬂ$mhw mcm_m% a«ﬂﬁ%&wg%&w
A = £ %f;.ié;f
2 o S g ik ha = < - wz M o X ﬂm
o < = EL ) o 3 oo iy < el
.m MO + 0% < F 7 o} 3 = T erﬂ o
= (= W B Il 5 ali
o3 it ) X X " ) or
o % W e % 1% o % X
5o mm oy o M M _W_m
~ X
H N
SRS
# >
ol

_ 10 -

Col
lection @
un
gshi
IN



of &4 Yslv A= ¢y A AtH(Brul and Coote, 1999) 1, 43,
T8 55 5-10% HAs ol 287 A X EH AFREANS HAT 5 3l
R, AAHe] WES 5% HsFAFR HdAS w AFAol FFH
TH(Gerald et al, 1998). Al o] suke] 9 HAtstrid AHE7t A4&F
ARG ZRHo|da, WA, Fu WMEC gisia HistgFias A2
Pseudomonas & 90%7H4 ZaAZ 4 Ao A a7t 4T 54
A EE QT I FAFE 22T 2% e LGl 5 A
oy A W3 glel E coli O157:H7, Salmonella enteritidis, L.
monocytogeness ZIHA o2 TFAAZFA(Lin et al, 2002). HbHAe| &
cantaloupe, honeydew melons, asparagus spearsel] 1% H.O, A& & HZ

Salmonella®t E. coli O157:H79] A4 92, acidified sodium
chlorite, =+ #AFstzAE Aot AmAq Aol Hls] T A ol#] 3 Ay
AN (Park et al. 1999). wABE S 9 #=d T2 AT H0;
2 dAze FHo] £457|% st=4, Pseudomonas tolaasiis Ao st=
g 23 H)O, vapor s &= WA ZAwWo] fFits 3l strawberries 9t
raspberrieso] 4 &= anthocyanin®] E W& += o] dojytom AMd FAF
o] A% Hx0: HAAMEZ Ag o] Aoyt (Sapers et al. 1998).

SEH YAkt 2 AFS 403 80 ppm o E AFE3F S W, peracetic acid’} &

H A AEAAE &2 cantalope®t honeydew melon®] FWHo|l EA43 =
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Salmonellae®t E. coli O157TH7¢] A FE Fe)H o= A #H v (Park
et al, 1999) o}x=ute} A2 B(spear)dl+= E EF Aot AFHIE 9
th =3 90 ppm FHAFEEAFS 100 ppm chlorine® 7fE Ao ® = HE
sto] Ald A= Td=dd AYE s W TEFe AT dA
o] 7l 1008 A
N A E A o] A HA 0w st tH(Masson et al, 1992). LA &

=
o A brush-washingg 3 % 200 ppm I}2F3}Z4ke] 15%7F A5t S

o
o
B>
o
3£
=
L
(i
o
rlr
=
2
b
BN
e
o
fu
[40
:(!)lj
2
o3l
o
-3
o

x4 vAE 771 8% = A% ¥ brush-washing & Fx&Ed A
3t Tl 60% AE A TtH(Winniczuk 1994). o] HEH EnEES
AW A} 60 ppm HAEstxAbe] T3tE A ASAZ 283 A HFHoR

Agstds oW v FFF A e vuwste]  Salmonella  Javiana, L.
monocytogenes, E. coli O157TH72 A5 77 96%, 99.96%, 99.5% #
% A A H(Parish ME et al, 2003). 541 A= AFo] nAE AALE
2 90 ppm¢ HAbsEALS ARES AR Tk HATTIE A9 2 log
cycle 4% 743t 100 ppm 94&FE AHEYS Wi vl =g a3 &5 e
W ot (Masson, 1990). 53] A&7 & AdF7F Fastes 43S AT
o ol kst xAte]l FejEo] Ao R ZHRE7] wel Jhed Aow
ofsie vt eyt AAl AdHo] AFe] A FAHAME A AEAY F
FABALE AXE Aol UntHolmE Ak MAAY IF AHE o] &3l

NAE e 247t A9 7t Aow ddE

CEas dAA
o e B oA Aol 711 WA mAEed o7 AFEol 3
HelshA EAEaL, ols AFozNYH MAES AAS] st A

ol A &xa AdE FAaA A A 5A| (Chlorine releasing agents)©] <F#

-12 -
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o] CAC(Codex Alimentarid 2~ AlCommission)o] A 2002d H- & =2]7F A
ZLEH A A AdAL2mAE QAT &= e A2 AR 2 AF9 o
st @97 soya o ds| Ak

A ddasAe dxde A2 ¢ e A AZor ddasy o9

N
to
i
>~
=
Q
a.
=
@
Q
~
Q
)
S
S
=
(e}
[

A3} ofl Fo Ae mHom Aol Hsbstu ATHA FeleFEdAA

LAl A2007-74%., 2007. 11. 09).

2.4.1. A&

Al 5% 522 ¥ diaphragmeo] FFE A7 ES] cell FA
Well Al NaClelvk KCI-MgCly 3|4 o] dA7]Eaise] Ade AP Eeth
A7) BaHE B¢ B fa® NaCle 43S o Cl 3 $HsS o
T Naol&o= dgsa oe} FAld F4tslo] 2(0H ) Faol&(H)=
A Sd3E W Cl-# OH-°]22 anode® °] &3t HAE FH
A AR

A

7F2~(02), 947}~ (Cly), hypochlorite ion(OCl), hypochlorous
acid(HOC1), hydrochloric acid(HCDE A Al 3tcth. wkwo] Na ¥ H 3} 22
Fol&& cathodeZ o] F3dte] MAE A 4729 Q3 EF(NaOH) =
#ok kA o] &H4E anodeol A pH 2-3, 1,100 mVolAel ORP, &4

& 10-90 ppm< A &3} cathodedl A pH 10-13, -8007-900 mV <]
ORP2 9714 &doz &g dr}. Anodeoll A v &4S Aajststgeta
3l cathodeol Al Y2 &dS AaLdZderetr &kt pH 7-8, 750mV
o] ORPF=E 7Id d&l T44E anode €93 OH- ions ZF3AY

single—cell chambero] A %wF5 o] 2 tH(Fig. 2).

{0

_13_
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[
Anode ! Cathode

M
NaCl sl)ILtion
HO o H* T > H | T H,0
H* 0, OH-, H,
OH < ] OH-
Cr
Cl,
Cr < ] ClI-
Ol + H0 — Na* > Na
HOCI + H* + CI- Na* + OH™ — NaOH
Memb
0, gas 4_@ embrane ﬂ_’ H, gas
Acidic electrolyzed Alkalized electrolyzed
water (ACEW) water (AIEW)

Fig. 2. Schematic of electrolyzed water generation
(Hricova et al., 2008)
Asl dZe] 4= free radicalsS FUAIZ 5= e A3 Qs
ATHAI-Haqg et al, 2005). A3 &z vty oz At Aa5A

cleansert} 7|5 A AAZ AFEHE Y (Ayebah et al, 2005 Bosilevac

2005.; Fabrizio et al, 2002. Koseki et al, 2000. Koseki et al., 2004).
pH(~7)e] Hal4 A a3= Izumi(1999)e] ol& LA sl

AafatsteRvs 25 AREE A= FAR 5
7o 9w, pH, el FAHA dFS FA4 &ol &7l ¢

= g9E 7FA 2 Yk (Deza et al, 2005. Nagamatsu et al, 2002).
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radicals A st o] radical> F2 Al systemS AFSFA|A Azt ES
st (Koseki et al, 2001). fFadadie] AlAE Axws A3 13
g Qo A oE #E(F, obv| =4k decarboxylation, 4k}
o Wg, F8 EAE FIE F dojus EFEIT gAAE)ER AlXE
Atg ol g g9lo® Aoty 9 (Kiura et al, 2002; Koseki et al, 2000;
Mahmoud. 2007; Mahmoud et al, 2004). A&} AL3t2] nm A& B34 3}
A= HOCIO] 7Hd @& skt Ao &5 o pH 40-5.022 <A
ATH w3 Aatste] =& ORPZF A9 3 247t 2 F

Al-Haq (2005)5 < E. coli7b Z A2&7F obdd ORP simel weh 73]
At E ko ST &9kl ORPE b3t ¥} #hdle o] A x & ORP
ol wow Abggol ¢ v As 9udt. Ao =& ORPe
hydroxy ¢} chloric radicals A}o]9] EebA3sta ofst Aol 7144 A
Aba wfEolth =2 ORPE AlXW dAe] 55 A7 A48 o
2 AxEdte] &S F3, AE EW sulfhydryl compoundse] 4HstE &

o7, AERARAG S st Aol vAE Axe 22438E ofY

Aajatstrs A7) &0 o& H, HOCl, CLE A&HH o w7 FgFukx R

_15_
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Aoz W HH(Mori et al, 1997; Sekiva et al, 1997; Shigeto et al,
2000). =3 Aafjitstere =3 A A& AV E doAA L F
ZNEAs HAEFAYU FxEEdd 3ol HW Al Ak =o] "k Aol
A 87 AskAQ] Arassz deA th(Hricova et al, 2008). A7,
e dEA ddamried vaste] deitstes v 49w
ol A glar FdH e 7tAe]l Add S AL K Tanaka et

al, 1999). Aefrtstao] v Ae Al dHS5do= A& dafjitstq= vA

0 E(05) A2(0)e] F2AEA BAVE 05, BAF 48, HlT 179 &
A Z1Alolv BA(F) v&7be Ad AbstE s 7hA A gl frlee e
stal by, &4 &3] 3l BOD, CODE AAste s 7HA v

’

(Khadre et al, 2001). Wetx 7l&F, 855, 9% 5394 22 435 T4
o3

ppmé] FEolA = w5
Me m=FAgEe] Hojd s 7
ot 22 0.01-0.04 ppmol M= H53 AFHE 7PABRE F70 o5 3
217} 7hs sk Z) Aotk dEoA 2FL 1998 A FA LR AEHIE
of 71& AFXHNERZ SASEY o™ (Khadre et al, 2001), 1= FDAO]A]
B 19829 2FS GRASE AAsY] S8 HFLES Y& ARS F
o1& ar, 20019 69¥ 269 21CFR 173.368% 21&< A4 2 A=z, 7155
A 5 AF diEte vha e A SES HAE M RHo=
ATHCFR. Part 184.1. 2007). U= o EFE
& T

NAE FEAA DoAA= Ao

i

riN

KeX
=

o,

to
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3 © o} (Guzel-Seydim et al, 2004; Kim et al,
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AtH(Beuchat et al, 1998; Kim et al 1999, Skog et al,

)
—
fite)
i~
B
el
o

o)
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Aol vl

A4S

1

[e)

=

p=2
o

o @

T
™

317}
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Gl oy, Aol A

1998).

o

A ¥ A (Church et al, 1995; Jacxsens et al.,

o

S

o
Farber JM et al,
ATH Aytac et al., 1994).
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o434 2 24

1. Az N 2 88 oA
AdHe] AaAEFY YR ZA F¥F(Brassica oleracea var. capitata)E
Abget o, ALHAE AFE EAFTT, dE5dd e ZUdE HAAol A
FE2 AwE o 2 kg TH] AL FFToE A T sFAE =
A A sk AR el U EFS AEA g2 A=
5+2T(85~90% RHE FA == Aac] dA Hastn FULRHH 1
ojulel Al = AESIATH HAAE B A AP

Sigma Chem., Junsei =% Showa At9] GR 5+ AES Tl AL

At

ANgo HES FF: AR FFERA FBIYFCRZE Pseudomonas
fluorescens (ATCC-21541), Escherichia coli (ATCC-11775)5, W4 H o
25 E  coli O157H7 (ATCC-43895), Salmonella Typhimurium
(ATCC-14028), Staphylococcus aureus (ATCC-14458), Listeria

monocytogenes (ATCC-19111)E St EAFY v E dF23A &
Futol Ao AlgEF o ME TFe e 2 wgs fE e A

A2 A, Pfluorescens= X ZA7} Z7F¥ Pseudomonas selective agar
(Oxoid), E. coli~= Chromocult agar (Merck), E. coli O157:H7-2 sorbitol
MacConkey agar (Difco Lab.), S. Typhimurium= X ZA#|7} 0.46% #7149
XLT4 agar (Merck), S. aureust= egg york tellulite emulsion®] 0.05% 3

7}Fel Baird-Parker medium (Oxoid), L. monocytogenes= X ZA7} 0.01%

-21 -
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A 7F9 Oxford Listeria selective agar (Merck)ZS AF-& 3} St}

3. MAE WY 2 AT £FA

5 F 7}d P. fluorescenst nutrient broth (Difco Lab.), L
kol & FFE5L2 tryptic soy broth (Difco Lab.) #f#] 30 mLol slant %+
Bol By #FE Waol® 1-23] AFHs HFsta, 24X HASE 3
TColAM 23] A& wjFe & o5 HF E&Ao=m ARgsin. A +
To REgAs A A LdAFN HEL T P. fluorescens, S.
aureus, L. monocytogenes= 37C, E. colii E. coli O157:H7, S.
Typhimurium= 30Cel A 164134 v kste] a2 Fub7]e mdat=
= zdsdth JE AE £F 9L Yang (2003)5 < Wl wEh AAs)
Rk =, A9 =5 Mg &

2 era Zh7b 10°-10° == 10°-10° CFU/mL 302 Y iy HYgido=z

I

N

nAE 75 2 MHAAAS AA

welste] A2 ¢ & Ad FulF Al mAE HE Ao Ags)

FfF= 2ds T2 Wil SAS AP dEAzl dEd e
AAZ B, oF 5 mm FAZ Adste] un=A S § Edt EehaE

I 553 F(NASCO, B01195WA, sterile sampling bag)el 50 g® 59 Ho}
s 5 A5E AMESAT Al W M= HE2 Koseki (2003)% 2
Wie] welk AAledTh vEl FHjgk 7 39 05 mLE clean bench
oboll A Al E SFu)Fol] ¥ 7] HF(sprinkle inoculation)W ¥ o2 10°-10°
T 10°-10* CFU/g &0 HEE HE3 ths, 5+27C(85-90% RH)Z
A¥ = WAdael A 12-15A3F A Baste] A fo] FujF Ao 1=

o
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A 2 EESE £0]319 tHZhang et al 1996).

5. A2 # AT

a4e $9 500 mLel 127 AAsAh AALE vhA PF Az

Abgstg e ZF AeEnith Ha 33 wbE A g s g
A P2TFE2E FEEA0-15T)0l 183 JAS A 7IFo= A3
gom, LFAY dxTe dit Setad EBF A U8 S

71Eow AstArh

ftlo

51. AA g

ARl A FA AL THed st dAYHHerA, A4 2
acetic acid (0.5, 1.0%), citric acid (0.5, 1.0%), acetic acid + citric acid
(1.0%), sodium acetate (0.5, 1.0%), sodium citrate (0.5, 1.0%), sodium
acetate + sodium citrate (1.0%), sodium carbonate (1.0, 2.0%), sodium
bicarbonate (1.0, 2.0%) & o FujF A E8E 123 HASGAT &5 F
3lget= #7142 A8, £+ sodium hypochlorite (100, 200, 450 ppm),
hydrogen peroxide (0.25, 0.5, 1, 2.0%), peroxyacetic acid (50, 100, 150
ppm), pH 500 = ZdwH A3 hypochlorite [sodium hypochlorite 100
ppm &Yl 10% hydrochloric, acetic, citric acid &9 2% H7}sto] pH

z4], A8 [NaCl 013% =9 A5 A7IZa@s A48 7](Boin

_23_
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International Co., Acera 2000)& AF-&3te] A (pH 25), o<

ZHe] (pH 8.5),

G2 (pH 105)9 Ad4 Al x], 2F+Flozone generator (Ozone Tech.,

1202RS) & AF&3te] 15, 3.0, 5.0 ppm FE9 2 &EF Alx]

ABE 187 ARG g5 F 3Fas 254 A
Ad GFuFol HEd £ vAE F579 AP/gAzHE
=

5.2. £3 A g

A Ho] AHLaAFA A& Tt

ofr
ot
Hed
o
ok
)

o
fr
>,

gl o3

52 ALg el
=4 sy

FAUR-e 271 714

24 2ASdAA FaAv A= Aol A& Thed Ed7IA(MAPL: 70%

02/15%, CO2, MAP2: 5% 02/15% CO2)E& F#/4(40 m L

DPE, O TR:

1277+159 mlL/m*-day-atm @10C) ®+* 29465 m Ny/PE, 0, TR:

54.8+0.7 mL/m*-day-atm @22C) IE Z A (20x27 cm)ol

%% MAP 3 598 LA A 2 0/C0E 24 e 01

atm ##¢ AF/A4ES 4§ MVP ¥Hoz AW @

sto]l AlA ujFol HEE vAE AdaadE SASAGT. AP dF7

3 AEE PAF AR LTG0 9 TAALT YL @
3

% FAA ZAE Fasi

3. AAE 2 £ BE&A

Adde] Azl 48 7bed dAY R EF HE AYUYHLRA

Zv7t AR F%29 sodium hypochlorite (100 ppm), 2F<Hzke]
85) &dof dujF ARE 1EI HAsAGI &5 T 34

AAE g, Yol AFet F=3AM40 mm LDPE) ==
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o
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)=

LN

I (MAP1: 70% 02/15% CO2, MAP2: 5% 02/15% CO»)

FA(20%27 cm)oll <FulFE Al &
&

o

PESH Ny A2,

she ok

MVP Ae=2

Lo m

nyE AL
6.1. A|BE ATEF

L
ki3

1

Ny/PE) 2+

&

B

6.

ol

F71 $1ete] Ald (50 g)7F

95

A

_ZTI

al

15
>

sle] 60

]
[}

A
beach,

°

=

100 mL
2
S

o~
T

=i

Al o
A

o
o “A Ao R 3

o~
T

0.85%
400, Interscience, Bretéche, France)

®
0.196 H 3 peptone

<
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o] pHE pH meter (Fisher Scientific, UK)Z Z43} 3L, sodium
hypochlorite &< % a9 Fg A& Ee AoldAAHHOC) T EFs
g I AAWA Azt FAHSAT(APHA, 1995). =, A3l 50

mLel @0 =324F 2 g, 24 10 mL¥} AR A oF 05 mLS H7Fste] &

SFAYEF &9 10 mLE SZM9 §9do]

= 1 T E]

FHsld wrpx AAgstdoh. wme Aego abs-3d A9 A= ORP
meter (TOA Electronics, RM-12P, Japan)Z A}&3to] 22 x =A3FA
=3

Table 2. Physicochemical properties of tested solutions®

Solution pH
Acetic acid 0.5% 2.71
Acetic acid 1% 2.53
Citric acid 0.5% 2.15
Citric acid 1% 1.98
Sodium acetate 0.5% 7.68
Sodium acetate 1% 8.45
Sodium citrate 0.5% 7.89
Sodium citrate 1% 8.17
Sodium carbonate 1% 11.45
Sodium carbonate 2% 11.51
Sodium bicarbonate 1% 341
Sodium bicarbonate 2% 8.26

? Values are means * standard deviation; n = 6

_26_
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Table 3. Physicochemical properties of tested solutions”

Solution pH ORP (mV)" ACC (ppm)°
Tap water 7.2+0.1 291+25 0.25£0.1
NaOClI 90 ppm 9.73 479+18 104
NaOClI 180 ppm 10.25 459 149
NaOCl 450 ppm 10.83 423 174
Cl + HA 5.05 390 11.23
Cl + AA 5.04 383 11.26
Cl + CA 5.02 361 11.21
AcEW 2.71+0.19 1151.67+2.08 111.56+15.70
AIEW 10.43+0.42 211+13.42 52.9+13.82
weak-AlEW 8.43+0.02 669.75+22.51 99.63+7.36
Ozone 1.5 ppm 6.1+£0.18 707.5+61.52 -
Ozone 3 ppm 6.4+0.06 H553+67.88 -
Ozone 5 ppm 6.8+0.14 470.5£16.26 -

? Values are means * standard deviation; n = 6

> Oxidation reduction potential

¢ ACC : available chlorine concentration

- 27 -
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6.3. TFUNF 71A=A

Lo

U2 Agd 53 A5 EAAWHF 71324 L gas-tight syringe
(Hamilton, #1001, USA)E A}-&-3}o] A

200 pe AFT T GCol FUstaL, o]ZHH d& ARvEIHOZE 7|4
2L BEAsAY. oluf AlgwH GC EA AL detector: TCD, column:
Alltech CTR 1, column temp.: 35T, injection temp.: 60C, detector temp.:
60°C, carrier gas: 50 mL He/min®] %l t}.

6.4. #5AA
ol W #F FHwE BTHA 249 109

# €
gaem A4 5 A4 PRz @8, A5, P, UL 5o 9=

t} o83 TS HA A3}E= ANOVA (Duncan’s multiple range test) 4

o7 %A Aol FoIH(p<005)E AF A

_28_
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1. AA-HEHA 93 EF FAVNAYEY AJ&xH

WATE fresh-cut A aAFe] vz Alojol o] & 5 Sl= 3or4 A
AggyezA oz dyatsd o8 W= =4 AER® B dE F71il
254 Agaste va Grtetgh G e s Ldd=E
714 FoF N1Eoe® oF 5x10° CFU/g FEellon, A-129 F%-2
4%) adow <dl WU FF As AHA @ nAE T

2 %27] AEFHL 20x10°-3.0x10° CFU/g2 T2 #ol7F oy 9=
Ful = 2pAl ] F SR 508 o] w2 FFEoldoerzE AHays

st o] dRe LHAZAE WA & AAdH

4>

A goll Alg wAEo] HF = 2
3l tH(Fig. 3-6, Table 4 & 5). 223 FAAe] YEH

At se #F 2 HEFe dARlel A EaATE Ao gl e, AF &

do
N

b
2
2
ik
=
lo
o)
s

>.
nj

EI
=
Ot
ol
2
it}
2

%91 L. monocytogenes?}
oy, o8 d#FAAE FYAdd B AolE AT 4 gl g Kol

ojglg frittA el mE FujF AR e A ZH= 5C AeA
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1097 AZE Fol= a2 FAH] 1% ZAgAozn AANAHT 4%
= o] ¢} 2x10* CFU/golat2 A7t AstsE Ak 24k 7
Axte] EFgdo] AXNAE A 1% 248 Helzdng o e A
FEE BoFA &gt 53 714 UEF dAHAA A% 108 F
2 10°-10° CFU/g™ 1717
AAEd ol ALdA 10Y S
g FAFe] a7 dojihE AL
o

Feel F71ae HE A=

>
i)
g
=
o
o

3,
o\
o
i)
o\
4
1o,
o
BT
N
N
BT
o\
%

Akbas(2007)s 2 AldH o] FFFE o] 7HA F714H diag & 2
B = 58 Bk AAE] HE E coli®t L. monocytogenes® AitFE 4|
wak Ayt AR AR A#glo]l 05, 1% citric acidxd = E colis 2.0-2.1
log, L. monocytogenesZS 0.9-1.0 log ZAAZ L 5L3 52 acetic acid#]
2]+ E. coliZ 1.3-15 log, L. monocytogenes= 0.8-0.9 log #FaAZt. &3k
askedato]l ek tel Hla w2 pHel & O WA mbgete A
Bastith a2y AR s el whel vhkst Ao UEive #7148 AR
v AAHEe] Are vAE SdWA EHE AA 7UEY] oA#9H, 1%

AN A ade FEEdegE AFe gHFde] dAeA AstEHe A
w}
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Fig.

Viable cell counts (CFU/g)

3.
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1 @ S yphimurium
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N Qé 0\ 0/0 0/0 0/0 0/0 0/0
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“\0

%sb

Organic acid treatment

Effects of organic salt treatment on spoilage and
pathogen bacteria inoculated on shredded cabbage just
after treatment. SA: sodium acetate, SC: sodium
citrate.
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N ¢
T s | o
S n & 8 © 5
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w2 A & A A
- 4 ] A \4
= 10 A 3 v Vv
8 i vV @ ® ¢ ®
— 103 A I X é
O
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— V E. coli
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> A S aureus
@ L. monocytogenes
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RET AT SO SN ANR S e Ve
ot CPER O 6> o %gM%C

Organic acid treatment

Fig. 4. Effects of organic salt treatment on spoilage and
pathogen bacteria inoculated on shredded cabbage after
10 days storage at 5C. SA: sodium acetate, SC:
sodium citrate.
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Organic acid treatment

Fig. 5. Effects of organic acid treatment on spoilage and
pathogen bacteria inoculated on shredded cabbage just
after treatment. AA: acetic acid, CA: citric acid.

_33_

@ sungshin



107

o 10° %
= 0
=
5 ]
> : $
= 10 A %
)
— 10° 1 v $
Td
® P fluorescens
= 107 1 V E. coli
3 B Ecoli O157:H7
Ny 10! - @ S yphimurium
> A S aureus
@ L. monocytogenes
100 I I I I I I I I

N Q O 9o A% e8fo 4O
PN RN C;E}QP»\

Organic acid treatment
Fig. 6. Effects of organic acid treatment on spoilage and

pathogen bacteria inoculated on shredded cabbage after
10 days storage at 5C.. AA: acetic acid, CA: citric acid.
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Table 4. Population of spoilage and pathogenic microorganisms following Sodium acetate and Sodium citrate treatments on shredded
cabbage stored at 5C

Storage Pseudomonas . . Salmonella Staphylococcus Listeria
. Treatment E. coli E. coli O157:H7 . .
time (day) fluoresecens Typhimurium aureus monocytogenes
Inoculated 5.7£0.3b 5.3+0.4b 5.7+0.4a 5.6+0.6ab 6.4+0.1a 6.5%0.5a
Control 5.5%0.8c 5.1%0.1c 5.4%0.5b 5.4+0.3b 6.1+0.1a 6.2£0.2b
SA 0.5% 5.6£0.5bc 5.1£0.3c 5.6+0.3ab 5.7+0.2ab 6.2+0a 6.2£0.3b
0 SA 1% 5.7x0.7b 5.3+0.1b 5.4%0.2b 5.5+0.7b 6.2+0a 6.2£0.3b
SC 0.5% 5.7x0.7b 5.5+0.3a 5.6+0.2ab 5.8+0.2a 6.2+0a 6.3£0.3ab
SC 1% 5.9£0.5a 5.6+0.2a 5.7+0.1a 59+0.1a 6.2+0a 6.4£0.4ab
SA+SC 1% 5.7£0.6b 5.3+0.1b 5.7+0a 5.9+0.2a 6.2+0.1a 6.3£0.5ab
F value 5.2k 3.95%x% 1.49%x 2.1 5% 0.52x: 2.3D%xxx
Inoculated 5.9+1.9a 3.4%0.6e 5.4+0.6a 3.1+0.1b 4.5%0.7a 6.5%0.3a
Control 5.5%0.7b 3.2+1.0f 4.8+0.9bc 3.0+1.1b 3.9+0.6f 5.8+1.4cd
SA 0.5% 5.0+0.2cd 3.5+0.5d 4.8+1.1bc 3.1+0.3b 4.1+0.4e 5.8+0.4c
10 SA 1% 5.0+1.3cd 3.7£0.4c 4.8%+0.7bc 3.4+0.6ab 4.3+1.2¢c 5.9+0.2¢c
SC 0.5% 5.2+0c 4.1+0.6a 4.9%0.7b 3.5+0.4a 4.4+0.8a 6.0£0.8b
SC 1% 5.2+1.6c 3.9+0.7b 5.2+0.5a 3.5%0.4a 4.4+1.3a 6.2£1.2b
SA+SC 1% 4.9+0.3d 3.9+1.0b 4.7+0.8c 3.3+1.1ab 4.2+0.9d 5.8£0.1d
F value 32. 2433 1341453 297.16%x% 36.48 3k 67.75% % 18,59+

Means with different superscripts are significantly different (p<0.05).
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Table 5. Population of spoilage and pathogenic microorganisms following acetic acid and citric acid treatments o

Storage Pseudomonas . . Salmonella Staph
. Treatment E. coli E. coli O157:H7 . .
time (day) fluoresecens Typhimurium ai
Inoculated 5.7+0.5a 5.3£0.3a 59+0.3a 5.8+0.2a 6.
Control 55+0.7a 5.1£0.3a 5.5i0.7%a cabbage ol %I(;})#(Ob 5.
AA 05% 49+0.5b 47£0.7bc 5.4£0.8bc 49%0.3b 5.0
0 AA 1% 4.6+0.4c 4.3+0.3d 4.9+0.2c Listeria 47+0b 4.5
CA 0.5% 5.0+0.4b 4.8+0.4b 5.3+0.2bc - 4.8+0.2b 5.]
CA 1% 4.8+0.4he 4.7+0.4be 5.3+0.3hc_ MONOCKIOSeRRE 1) 11 5.0
AA+CA 1% 4.6%0.6¢ 45%0.6¢ 52+0.9bc 072 4.9+0.4b 4.8
F value 15.75% 18.55% %% 10.19%xx* 5640 3.50%* 2.
Tnoculated 5.8+0a 3.2+0.4ab 5.8+0a W Y 72034 A
Control 4.9+0.6b 3.8+0.7a 5.6+0a 46t(,3h4.4£0ab 3.
AA 05% 45+0.4b 3.3+0.2ab 4.6£0b 11:0] 46+0.1a 4.
10 AA 1% 4.4+0.3b 3.4+0.3ab 4.3+0.1c HlV C4.2i0.4b 3.
CA 0.5% 4.4+0.2b 3.1+0.6ab 47+0b 45103y 4.1+0b 3.
CA 1% 3.3£0.7¢c 2.8+0.4b 47+0b N 42+0.1b 3.]
AA+CA 1% 350.2¢ 3.4+0ab 14:09c 44034 5:0an 41
F value 100.7 153 11.17%%% 6.15%%* 4402 3.57x% 6.
Means with different superscripts are significantly different (p<0.05). 167<><
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Table 6. Population of spoilage and pathogenic microorganisms following Sodium carbonate and Sodium bicarbonate treatments on
shredded cabbage stored at 5C

Storage Pseudomonas . . Salmonella Staphylococcus Listeria
. Treatment E. coli E. coli O157:H7 . .
time (day) fluoresecens Typhimurium aureus monocytogenes
Inoculated 6.3+0.3a 6.3£0.4a 5.7+0.3a 5.7+0.2a 5.2+0.2a 5.2+0.2a
Control 6.1+0.6a 5.9+0.7ab 5.4+0ab 55%0.1a 5.0+0.3a 5.0£0.2a
SC 1% 5.5+0.5b 5.3£0.7b 4.7+0.1b 4.8+0.1b 4.7+0.2b 4.8+0.1ab
0 SC 2% 5.2+0.2b 4.9%0.2c 4.5%0.4b 4.3+0.1b 4.3+0.2¢c 4.5%0.1b
SBC 1% 6.1+0.4a 6.0£0.5a 5.4%0.2ab 55+0.1a 4.9+0.3ab 5.1£0.2a
SBC 2% 6.1+0.3a 6.0£0.3a 5.6%0.1a 5.5+0.2a 4.9+0.3ab 5.0£0.2a
F value 32.16%%x B53. 77 13.13%x 10.01 5% 22.23%% 13.33:#x%
Inoculated 6.1+0.2a 5.3+0a 5.2+0.6a 4.7+0.1a 4.7+0.1a 4.8+0.4a
Control 5.6+0.3b 5.0+0.2ab 4.9%0.2b 4.1+0.2b 4.0+0.2ab 3.9£0.2b
10 SC 1% 5.5+0.6b 4.6£0.5b 4.8+0.1b 3.8+0.3b 4.0+0.1ab 4.2+0.5ab
SC 2% 55+0b 4.5%+0.9b 4.8+0b 3.9+0.3b 3.9+0.1b 4.1£0.2ab
SBC 1% 5.6+0.3b 5.2+0.2a 5.3+0.3a 4.7+0.5a 4.1+0.1ab 4.2+0.5ab
SBC 2% 5.9+0.8a 5.2+0.4a 5.2+0.5a 4.6*0a 4.2+0.1ab 4.1£0.3ab
F value 6.32%% 14.02% 10.73%x 8.12xx 1491 13.57#x%

Means with different superscripts are significantly different (p<0.05)
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Table 7. Population of spoilage and pathogenic microorganisms following Sodium hypochlorite treatments on shredded cabbage stored

at 5C.
Pseud onella Staphylococcu, ) ]
e ) T s Bl B e s monmevtopenes
Inoculated 5.9+0.3a 5.7+0.5a 5.7+0.3a 5.7+0.2a 5.7+0.1a 5.5+0.2a
Control 5.7+0.2a 5.4+0.3a 5.4+0.3a 5.4+0.1a 54+01a 5.310.3a
0 100 ppm 4.9+0.4b 4.7+0.4h 5.1+0.7ab 4.2+0.1b 4.8+0.1b 4.520.3b
180 ppm 4.7£0.5b 4.4+0.7h 4.8+0.4h 4.1+0.1b 4.7+0.1b 4.2+0.2hc
450 ppm 4.4+0.4b 4.1+0.3¢ 4.6+0.1b 3.9%0.2¢c 4.2+0.2¢ 4.1+0.3c
F value 78.18%x*x 4259 44,48 12451 s 26.48x 26.55%
Inoculated 5.2+0a 4.3+0.1a 4.5+0a 4.6+0.1a 4.6+0.1a 51+0.1a
Control 5.0+0.3a 4.2+0.3a 4.3+0.1a 4.2+0.3a 3.5+0.2b 4.7+0.2b
10 100 ppm 4.5+0.1b 2.920.1b 3.9+0.2b 3.6+0.2b 1.3+0.2c 3.520.2¢c
180 ppm 4.6+0.3b 2.8%0.1b 3.7+0.4h 3.0+0.2bc 1.0+0.4c 3.4+0.1c
450 ppm 4.4%0.1c 2.2+0.1c 3.6+0.9b 2.6+0.1c 0.82+0.2c 3.2+0.2¢
F value 0.79 26,59 137753 62.005 12521 %k 23.25%:

Means with different superscripts are significantly different (p<0.05).
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Fig. 11. Effects of acidified sodium hypochlorite treatment on
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Table 8. Population of spoilage and pathogenic microorganisms following acidified hypochlorite treatments on shredded cabbage stored

at 5C
Storage Treatment Pseudomonas E coli E coli OL57:HT Salnvqone%la Staphylococcus Listeria
time (day) fluoresecens Typhimurium aureus monocytogenes
Inoculated 6.4+0.3a 6.3£0.2a 5.4+0.7a 54+0.1a 6.2x0a 6.2£0.3a
Control 6.0£0.1a 6.0+0.1a 5.1+0.5a 4.6+0b 5.9+0.1ab 5.9+0.1ab
0 NaOCl 5.5%0.2b 5.3+0.1b 4.5+0.2b 3.8%0.1c 5.4+0.1b 5.2£0b
CI+HA 5.4%0.1b 5.2+0.1b 4.5+0.2b 4.0+0.2bc 5.3+0b 5.4+0.1b
CI+tAA 5.4%0.1b 5.2+0.1b 4.5+0.2b 4.0+0.2bc 5.2+0b 5.3+0.2b
Cl+CA 5.6£0.4b 5.4+0.3b 4.6+0.5b 4.0+0bc 5.3+0.1b 5.4£0.1b
F value 24 1 7% 16.30#x 42.06%:x 32.16%: 63.12%x 4.50%:%x
Inoculated 5.8+0.1a 5.3£0.1a 4.5+0.5a 4.5%0a 5.0£0a 6.0£0.1a
Control 5.7+0a 5.1+0.1a 4.6+0.1a 3.9+0.1ab 4.4+0.1b 5.6+0b
10 NaOCl 5.5+0b 4.2+0.2b 4.1+0.3b 3.2+0.4b 3.0£0.2¢c 5.0+0c
CI+HA 5.6+0.1ab 3.9+0.2bc 4.0+0.2b 3.2+0.6b 3.3£0.3¢c 5.1+0.1c
CI+AA 5.6x0ab 3.8+0.1bc 4.1+0.2b 3.3+0.2b 3.0%0.1c 5.0+0.1¢c
CI+CA 5.7x0.1a 3.6+0.3¢ 4.0+0.3b 3.4+0b 3.1+0.2¢c 5.1£0c
F value 61.1 1% 33715 17.03x 20.40%: 158,293« 3.3k
Means with different superscripts are significantly different (p<0.05)
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Table 9. Population of spoilage and pathogenic microorganisms following hydrogen peroxide treatments on shredded cabbage stored at

5C
Pseudomonas Salmonella Staphylococcus Listeria
itmozai:ay) Treatment ﬂsueouresecens E. coli E. coli: OISTHT Typhimurium pajreus monocytogenes

Inoculated 6.0+0.8a 5.6+0.7a 5.9+0.3a 5.6+0.1a 6.2+0.4a 6.3+0.5a

Control 5.8+1.0ab 5.4+0.8ab 5.7+0.6a 5.0+0.2b 6.1+0.5a 6.2+0.7a
0.25% 5.7+0.5ab 5.4+0.5ab 5.6+0.7ab 5.0+0.7b 5.9+0.4ab 6.1+0.6ab
0 0.5% 5.5£0.4b 5.2+0.7b 5.4+0.6b 4.8+0.4bc 5.7+0.5b 6.0+0.9ab

1% 5.3+0.5b 5.1+0.9b 5.3+0.7b 4.8+0.4bc 5.7+0.3b 5.9+0.6b

2% 5.1£0.8b 4.8+0.6¢ 5.0+1.1c 4.6%0.4c 5.5+0.8h 5.7+0.4c

F value 63.81 5% 135.63% 3 437725 106.68 3 22.10%xx 53,95k

Inoculated 5.8+0.5a 3.8+0.1a 4.9+0a 3.8+0.1a 4.9+0.4a 6.6+0.7a

Control 5.3+0.8a 3.7+0.3a 5.0£0.1a 3.4+0.1ab 3.50.2b 5.6+0.7b

0.25% 5.3£0.4b 3.5+0.3ab 4.6+0b 3.3+1.1ab 3.1+0.2bc 5.6+0.8b

10 0.5% 4.8+0b 3.3+0.1b 4.8+0.3a 3.0+0.1b 3.4+0.6h 5.3#0.1b

1% 4.9£0.2b 3.1+0.2b 4.5+0.5b 2.9+0.6b 2.9%0.1c 4.5+0c

2% 4.9£0.1b 2.5%0.1c 4.9+0.3a 2.4%0.1c 3.0+0.1bc 4.5+0c

F value 10.8033 15,625 13. 14585 115.95%s%: 81.92xx 31.08%x*
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Table 10. Population of spoilage and pathogenic microorganisms following peroxyacetic acid treatments on shredded cabbage stored at

5C

Storage Pseudomonas . . Salmonella Staphylococcus Listeria
time (day) Treatment fluoresecens E. coli E. coli O15THT Typhimurium aureus monocytogenes

Inoculated 5.7+0.1a 5.8+0.4a 5.1+0.5a 5.1+0a 5.5+0.3a 5.320.3a

Control 5.6+0.3a 5.5+0.3ab 4.9+0.3a 4.9%0.1a 5.2+0.6a 5.320.4a

0 50 ppm 5.2+0.2ab 5.2+0.3b 4.6+0.5b 4.0+0.2b 4.4+0.9b 4520.7b

100 ppm 4.8+0.2b 4.8+0.4c 4.3+0.3¢c 3.7+0.3¢ 4.3+0.6b 4.3+0.2¢c

150 ppm 4.7+0.2b 4.7+0.4c 4.2+0.1c 3.6+0.3¢c 4.2+0.5b 4.2+0.5¢c

F value 6.58:kx 5.45% %3k 24,7 (3% 187755 13683 66,24 *:

Inoculated 5.5%0.1a 4.1+0.7b 4.7+1.0a 47+0.5a 4.7+0.8a 5.9+0.9a

Control 4.9+0.1a 4.4+0.8a 4.5+0.7a 4.2+0.8ab 3.5£0.5b 5.220.8b

10 50 ppm 4.1+0.5b 4.1+0.6b 4.1+0.7b 4.1+0.7b 2.8+0.7c 4.6x0.7c

100 ppm 3.7+0.4c 3.6+0.5¢ 4.0+0.6b 3.9+0.6b 2.6+0.7c 47+0.5¢c

150 ppm 3.6%0.5¢ 3.5%0.7¢c 3.8+0.9¢ 3.8%0.2¢c 2.4+0.3c 47+0.5¢c

F value 19.16%:x 15,59 30.1 753k 8. 7033 23.15%353% 11,69

Means with different superscripts are significantly different (p<0.05)
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O157:H7, S. Typhimurium & dF & FHHdoz HIFFo] Mo #FERZ
2ol 7F AR o A FEEE Hwd Fdstnh. Gl A5 AA e n A

A= 44 7)Foz oF 10" CFU/gUdx A- (9¢€

rr

7]

il
o,

<
-10¥) 8oz 3 wWdA dFFe A HAHA FAhoy dF L
monocytogenes 7} A EEE 3x10' CFU/g $3o2 wl$ uln 9o
nNAE 27 4F&o] A5 FwF AA Y T 50-1009 ol =2 F
Tolernw HYPgHs Fist=d o] A5 LAEAE AT = A

o,

32

141 A& R &5 AT
pHel e} A4 (pH 2.71£0.19, 1151.67+2.08 ORP, 111.56+15.70 ppm free
chlorine), °F&Z2] 4 (pH 8.43+0.02, 669.75+22.51 ORP, 99.63+7.36 ppm free
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17. Effects of various electrolyzed water treatment on

spoilage and pathogen bacteria inoculated on shredded

cabbage just

after treatment.
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18. Effects of various electrolyzed water treatment on
spoilage and pathogen bacteria inoculated on shredded
cabbage after 10 days storage at 5C.
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Fig. 19. Effects of ozonized water treatment on spoilage and
pathogen bacteria inoculated on shredded cabbage just
after treatment.
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Fig. 20. Effects of ozonized water treatment on spoilage and
pathogen bacteria inoculated on shredded cabbage after
10 days storage at 5TC.
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Table 11. Population of spoilage and pathogenic microorganisms following electrolzyed water treatments on shredded cabbage stored at

5C
Pseud Salmonella Staphylococcu ) ]
itmozai:ay) Treatment ﬂsueoureZZCOeIZS E. coli E. coli O15THT Typhimurium pajreus ] monj;gfor;C;nes
Inoculated 6.3+0.3a 6.2+0.2a 5.4+0.3a 5.5+0.1a 6.1+0.1a 6.1+0.1a
Control 6.1+0.1a 6.1+0.1a 5.1+0.2a 4.5+0.2b 5.8+0.1b 5.920.1b
0 EW-wAl 5.5+0.2b 5.5+0.2b 4.5+0.2b 3.8%0.1c 5.1+0.1c 5.3+0.1c
EW-Al 5.5+0.2b 5.4+0b 4.5+0.2b 3.7+0.3¢c 5.4+0.1c 5.3+0.1c
EW-Ac 5.4+0.3b 5.4+0.4b 4.5+0.4b 3.6%0.3¢c 5.0+0.1d 5.0x0.1d
F value 24.10%x 637 .58k 34.64: 28.903: 134.91 s 91.98:
Inoculated 5.8+0.2a 4.6+0.4a 5.2%0.1a 47+0.1a 5.0+0.1a 59+0.1a
Control 5.8+0.3a 4.0+0.1b 5.0+0.1b 3.8+0.2b 4.6+0b 5.620.1b
10 EW-wAl 5.5+0.2b 3.5+0.2¢ 4.5+0.1c 2.9+0.1c 4.2+0.2¢c 4.7+0c
EW-Al 5.7+0.3a 3.6+0.3¢c 4.7+0.3¢c 3.1+0.1c 4.2+0.1c 4.7+0c
EW-Ac 49+0.1c 3.5%0.2¢ 4.4+0.1c 3.00.1c 4.0+0.1c 4.6+0.1c
F value 9.643kx 10.23= 64.33%* 34.51 5 61.94 3% 39.81 sk

Means with different superscripts are significantly different (p<0.05)
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Table 12. Population of spoilage and pathogenic microorganisms following ozonized water treatments ¢

5C
Storage Pseudomonas . . Salmonella
. Treatment E. coli E. coli O157:H7 . .
time (day) fluoresecens Typhimurium
Inoculated 6.1+0.3a 6.1£0.3a 5.440.dal cabbage storedat0.1a
Control 5.8+0.3b 5.7+0.4b 4.7+0.6b 4.4+0.1b
0 1.5 ppm 6.0£0.4a 5.9+0.5b 4.8+0.4b 45%0.1b
3.0 ppm 5.9£0.4b 5.8+0.3b 49+03b  [isleriy 4.8+0.1b
5.0 ppm 5.9£0.4b 5.8+0.3b 4.7+0.2b ’nonom,togene%.BiO.lb
F value 2725 2.84% 5.2+ ,3401 7.90%
Inoculated 5.9£0.2a 45%0.8a 6.0+0.1a Jot A 4.9%0.1a
Control 5.8+0.3a 4.2+0.1a 58+0.3a 343 3.7+0.2b
10 1.5 ppm 5.8+0.4a 45%0.4a 5.6+0.4ab S0 3.7+0.3b
3.0 ppm 5.9£0.8a 4.3+0.3a 5.4+0.1b Jotld 3.5+0.5b
5.0 ppm 5.60.2b 4.2+0.5a 5.6+0.3ab 2402 3.8+0.2b
F value 6.61 3.85%: 0.88:#:x - 14.58#x
2012
Means with different superscripts are significantly different (p<0.05) (s
24012
31101h
- 62 -
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30401h
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chlorine), <Zt&] A (pH 10.43+0.42, 211+13.42 ORP, 52.9+13.82 ppm free
chlorine) . & &3t H A= AAEEHE Ao 23, AHSE daj9 &
Aol BAGel 1 log cycleold AAFE HArAZowy AFEEZE S
Typhimuriume] 7F4 WstAl #&stA oy & o5 disixes A9

FAE A gaE UEU £ A% FFAE AedFud 5T

A Q =, E coli, S. Typhimurium,
log cycle 4% ¢ @& Ad+E HEFHATH(Fig. 17 & 18, Table 11). ©]
of wba} aHt st LAY AARFE eE=S G 2o &aA
LETF AYY A, A 2y 9sd] EEROAAES g9k vl
Ao AdF AolE AF F=FE F AL, 2FY &F& FEE 15
ppmel A 5.0 ppm O & Foltete w7t wFol BARlol BT A
E HAE e AdA A 10Y¥ F FFEHE YEEA] FdHt
(Fig. 19 & 20, Table 12).

Koseki (2001)5 2 Aajitstaof Apobed itk Az 108 Qo FdF9
3714 Alrto]l 2 log CFU/gAE Z+A3stal 5 ppm 0] TqHd o5 A
g 2E 102 <ol 15 log CFU/g #aste 21s Fdstaom dafjitsts
b eEFEY fodor AHEart o mvue AS HoF
(2003) 5= a2 pHel W& vAE FHdads dolr 7] fldte] AdH
o] 9kAFo S, Typhimurium, E. coli O157:H7, L. monocytogenesS &
st & pH 4%-F 99 o]2% 300 ppm HA3(30T)el 523 FAstar &4
Fo mAw Ayt @mde WU 2, #5E 2= pH 49 pH 8
A E. coli O157:H7°] 7}% Aoz AN S, Typhimurium L.
monocytogenes| A= pHol W& AJAGFH7F FolHo)x &l Park

(2004) 52 AA WX WS L. monocytogenes F7F AHA A4 A7 F

rD‘l
5%
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Table 13. Sensory characteristics” of shredded cabbage with various acidified hypochlorite treatments during storage at 5C

Storage time

(day) Dipping treatment?” Discoloration Wilting Decay Visual quality
Control 3.4c 2.9b 2.7b 6.8a
NaOCl 4.4bc 3.3b 3.6ab 6.1a

5 NaOCI+HA 6.3a 5.1a 5.1a 4.5h¢
NaOCI+AA 6.4a 5.7a 5.3a 4.2¢
NaOCIFCA 4.7b 3.3b 3.9ab 5.6ab
Control 3.7d 3.7b 3.4c 6.6a
NaOCl 4.9c 3.7b 4.7h 5.7a

10 NaOCI+HA 8.la 6.6a 7.1a 2.9b
NaOCI+AA 7.6ab 6.3a 7.6a 2.9b
NaOCIFCA 6.9b 6.7a 6.7a 3.0b

Y The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan's
test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.

? Tnoculated cabbage samples were dipped into various treatment solutions at approximately 15°C for 1 min. Control: water alone, NaOCI: 90 ppm
chlorine (pH 9.6), NaOCI+HA: 90 ppm chlorine + 0.018% hydrochloric acid (pH 5.0), NaOCI+AA: 90 ppm chlorine + 0.016% acetic acid (pH 5.0),
NaOCI+CA: 90 ppm chlorine + 0.018% citric acid (pH 5.0).
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Table 14. Sensory characteristics” of shredded cabbage with peroxyacetic acid treatments during storag

Storage time

(day) Dipping treatment?” Discoloration Wilting Decay
Control 4.3b 4.6a 43a

- PAA 50 ppm 4.6ab 5.4a 4.6a
PAA 100 ppm 6.0a 6.1a 5.4a
PAA 150 ppm 5.3ab 5.7a il qualty 5.0a
Control 5.6b 5.0a 44a

0 PAA 50 ppm 6.4b 6.1a b 5.4a
PAA 100 ppm 79a 6.4a 3 6.4a
PAA 150 ppm 79a 64a |, 6.7a

D The values are means of eight replicates at least. Means followed by the same letter within cells are not signific
test). As the value increases from 1 to 9, the intensity of sensory characteristics iﬂ&treases.
? Tnoculated cabbage samples were dipped into various treatment solutions at approximately 15C for 1 min. Contro
acid (CsH403) solution (pH 3.0). |

Ad

Tab
&

- 67 - Iy

erent (p<005, Duncan’s

alone, PAA: peroxyacetc
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Table 15. Sensory characteristics” of shredded cabbage with various electrolyzed water treatments duri

Storage time

(day) Dipping treatment2) Discoloration Wilting Decay
Control 4.1ch 3.0a . 2.9a
. EW-wAl 5.4ab 3.9a it ot 4.0a
0 EW-Al 39c 3.0a 2.4a
EW-Ac 5.7a 4.9a il (]UHHIY 4.1a

Control 6.2a 53a 4.1bc
10 EW-wAl 7.1a 6.0a fa 5.3b
EW-Al 4.3b 4.7a b 3.1c
EW-Ac 7.2a 6.1a i 6.0a

D The values are means of eight replicates at least. Means followed by the same letter within cells are not signific
test). As the value increases from 1 to 9, the intensity of sensory characteristics iﬁbreases.

? Tnoculated cabbage samples were dipped into various treatment solutions at approximately 15C for 1 min. Contro
electrolyzed weak alkaline water (pH 8.3-8.5), EW-AL electrolyzed alkaline water (pH 10.5-10.8), EW-Ac: electrolyz

iy
%
1a

- 68 -
e

erent (p<005, Duncan’s

alone, EW-wAl
ater (pH 25-251.
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Table 16. Sensory characteristics” of shredded cabbage with ozonized water treatments during storage

Storage time

.. 2) . . J

(day) Dipping treatment Discoloration Wilting Decay
Control 3.6a 3.3a 2.3a

_ Ozone 1.5 ppm 4.6a 4.2a 3.8a

5
Ozone 3.0 ppm 4.0a 3.1a 2.7a
Ozone 5.0 ppm 3.6a 2.9  WAlT 2.2a
Control 2.8b 2.7c g 1.8b

il

0 Ozone 1.5 ppm 5.5a 6.3a 4.5a
Ozone 3.0 ppm 5.3a 43b fa 47a
Ozone 5.0 ppm 4.3ab 4.0be 4, 3.5ab

Y The values are means of eight replicates at least. Means followed by the same letter within cells are not signific
test). As the value increases from 1 to 9, the intensity of sensory characteristics i Rreases.

? Tnoculated cabbage samples were dipped into various treatment solutions at approximately 15C for 1 min. Contro
(pH 6.3-7.2), ozone 3.0 ppm (pH 6.4-7.2), ozone 5.0 ppm (pH 6.9-7.2).

N
R

{a

-

Ja
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Fig. 21. Changes in gas composition within the packages of
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pathogen becteria inoculated on shredded cabbage prior
to various packaging treatments.

Viable cell count(CFU/g)

Microorganism Mean STD
P. fluorescens 1.35x10° 1.15x10°
E. coli 1.12x10° 4.04x10°
E. coli O157:H7 6.67x10° 1.28x10°
S. Typhimurium 8.03x10° 7.64x10°
S. aureus 2.81x10° 3.61x10°
L. monocytogenes 3.48x10° 2.36x10°
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22. MAE AdT H3

Ad g F Azd HAFH =7 vAE AdFY Hd FE2 P
fluorescense 1.3x10° CFU/g, E. colix 1.1x10° CFU/g, E. coli O157:H7-&
6.7x10°> CFU/g, S. Typhimuriume 8.0x10° CFU/g, S. aureuse 2.8x10°
CFU/g, L. monocytogenes 35x10° CFU/go.2 A3 #ZEo ug 10°-10°
CFU/g2 t4& v 24 yYebwth(Fig. 22). Yang (2003)5< E. coli
O157:H7, S. Typhimurium, L. monocytogenessS 217} ©5 02 A9
HEAY 3744 #& EFs HEFEAS o

Typhimurium-2 + 74 HEHHd WS FAF U JFZFel Aozt gl

S} L. monocytogenes< 5 E v EFHET Al oF 2 log 4% F

N

A HEE ARE FdFe F&st=d 3o

A AlEkA X7 wioletal AHsiith 2 Ao £l ETe H
Fo| = P. fluorescens’7} TtHAh ko) gL e] Aol
fluorescensolet= A& ZAskstd HFA dulF el EAd =
fluorescens® %= A= A tH(Francis et al., 1999).

sFHATTF] HITAdA= duiFel FHE E coli OI57TH7, S

P.
P.

nj
o|N
N
N
Ol
ol
rlr
poy
o
fr
¢

Typhimurium®.©} S. aureus, L. monocytogenes2 it #o] tha %o
1 % S aureus® A Zo] b A lt}. Staphylococei (e.g., S. aureus)<
ol dukHQl R dFo] AAAA I dFE LA v 53,
Pseudomonas, Enterobacteriaceae, Lactobacillaceae 5o A& o). uwte}
A ugE 7HA EFTEFEAe] A4 FulEF AAe] A mAdE ol
Gl Fo] HF dA Gl dlHer A2 Aow Hdv(Jay, 1996).
FrjFol HEFF MAE At AF 7 F EFY aAFx B 9=
sto] Ao e e FASHA B Aom FAHAG(Fig. 23 &
24, Table 17 & 18). &l webA S. aureus®t E. coli7} %7] A F ol
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Hls] SHA FAEd e S Typhimurium¥ E. coli O157:H7 #57F %A
FAEHATG. 2gEHEEE ANk o2 PE EE Ny/PE Al Zel #A§lo]
A0»/3LCO; =718 MAPL A g +ollA Bz w2 Aitss f4 ko
AE JA &G Ao, EWHE E coli®t S aureus oA F
gk ztol & YEFY A tH(Fig. 25-30). o] Htsle] fresh—cut AMaF2 <
A fA FEE Aew I AOyYICO, =1 MAP2 A TFolHe
ol Hs) mAEe] AAHA fgkem, 23H O #%o] W& MVP
A FolMes S0l FAHAAY ad2 FAYE 4FS Uetlidd. oy
g Yo x7] HEFFol 28x10° CFU/gZ %<& S. aureusoltt 1.4x10°

CFU/g& =& P. fluorescensel Xl 2% SdstA vl E3) @A+

ol =

g

s
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TAE Aol a3 aF=E CO0l fJeiME A JdFS wA FUe

At S0l doluk
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Fig. 23. Effects of packaging treatment on spoilage and pathogen
bacteria inoculated on shredded cabbage after 5 days
storage at 5TC.
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Fig. 24. Effects of packaging treatment on spoilage and pathogen
bacteria inoculated on shredded cabbage after 10 days
storage at 5TC.
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Table 17. Population of spoilage and pathogenic microorganisms following various package treatments on shredded cabbage stored at
5C for 5 days

Storage Pseudomonas . . Salmonella Staphylococcus Listeria
time (day) Treatment fluoresecens E. coli E. coli OI57HT Typhimurium aureus monocytogenes

Control 5.6+0.1ab 5.4+0.1ab 5.7+0.1ab 5.6+0.2b 4.8+0.1b 5.4£0.1ab

PE+MAP1 5.1£0.1b 4.9+0.1b 5.6+0.1b 5.8+0.1ab 4.6£0.1b 49%0.1c

PE+MAP2 5.5+0.2ab 5.3+0.1ab 5.8+0.1ab 6.0+0.1a 4.7+0.1b 5.120.2b

5 PE+MVP 5.6+0.1ab 5.2+0.1ab 5.6+0.5b 5.7+0.1b 4.6+0.1b 5.4+0.3ab

Ny+MAP1 5.5+0.1ab 4.9+0.1b 5.5+0.2b 5.6+0.3b 4.3+0.1c 5.120.2b

Ny+MAP2 5.5+0.1ab 5.4+0ab 5.6+0.3b 5.8+0.3ab 4.7+0.1b 5.220.2b

Ny+MVP 59+0.1a 5.8+0.1a 6.1+0.1a 6.1+0.3a 54+0.1a 5.910.1a

F value 3484 8717 14.96% 9,59 90.18s 3.59:%
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Table 18. Population of spoilage and pathogenic microorganisms following various package treatments
5C for 10 days

Storage Pseudomonas ) ) Salmonella
) Treatment E. coli E. coli O157:H7 ) .
time (day) fluoresecens Typhimurium
ded cabbage stored at
Control 5.3+0.2b 5.1+0.1ab 5.6+0.1b 5.6+0.1ab
PE+MAPI 4.8+0.1c 4.3+0.5¢ 5.0+0.5¢ 5.240.1b
PE+MAP2 5.1+0.2bc 47+0.1b 52+0.2bc  Listeria 5.3+0.3b
10 PE+MVP 5.2+0.3bc 4.6+0.2b 5.5+0.1b monocylogemss+0.2b
Ny +MAP1 4.9+0.1c 4.4+0.1c 49+04c 5549, 54%0.2b
Ny +MAP2 5.5+0.1b 5.1+0.1ab 5.4+0.1b 5.7+0.1ab
49801
Ny+MVP 6.3+0.1a 5.8+0.1a 6.1+0.1a 6.1+0.1a
F value 20,705+ 35,605 987+ ot 496w
04103
20102
- T8 - 53070
6,002
NS
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Fig. 25. Changes in P. fluorescens cells of shredded cabbage
during storage at 5TC.
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Fig. 26. Changes in E. coli cells of shredded cabbage during
storage at 5TC.
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Fig. 27. Changes in E. coli O157:H7 cells of shredded cabbage
during storage at 5TC.
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Fig. 28. Changes in S. Typhimurium cells of shredded cabbage
during storage at 5TC.
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Fig. 29. Changes in S. aureus cells of shredded cabbage during
storage at 5C.
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Fig. 30. Changes in L. monocytogenes cells of shredded cabbage
during storage at 5TC.
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Table 19. Sensory characteristics” of shredded cabbage with various packaging treatments during storage at 5C

Storage time

(day) Packaging treatment” Discoloration Wilting Decay Visual quality
Control (PE) 7.3a 6.6a 6.6a 2.6ed
PE + MAP1 7.0a 6.6a 6.4a 3.5d
PE + MAP2 7.5a 6.6a 7.4a 2.6ed

5 PE + MVP 6.5a 5.3ab 6.4a 1.8
Ny + MAP1 3.0b 3.3c 2.4c 7.1b
Ny + MAP2 4.0b 4.3bc 4.0b 6.1c
Ny + MVP 1.0c 1.0d 1.0d 9.0a
Control (PE) 7.8ab 6.8a 7.3ab 3.0c
PE + MAP1 7.1b 6.5a 7.1ab 2.3c
PE + MAP2 7.8ab 6.9a 7.6a 2.0c

10 PE + MVP 8.0a 6.3a 6.5b 3.5¢
Ny + MAP1 3.3d 2.6¢ 2.5¢c 6.5b
Ny + MAP2 4.8¢c 4.3b 3.8¢c 6.0b
Ny + MVP 1.3e 1.3d 1.1d 8.9a

Y The values are means of eight replicates at least. Means followed by the same letter within cells are not significantly different (p<0.05, Duncan’s
test). As the value increases from 1 to 9, the intensity of sensory characteristics increases.

? Tnoculated cabbage samples were hermetically packed with various packaging methods. Control: normal air (20% 02/79% N), MAP1: 70% 02/15%
CO2/15% Na, MAP2: 5% 02/15% CO2/80% N2 MVP: vacuum-packed at about 0.1 atm, PE: polyethylene film, Ny: nylon/PE film.
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Viable cell counts (CFU/g)

Fig. 31.
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Effects of some chemical treatments on spoilage and
pathogen bacteria inoculated on shredded cabbage just
after treatment.
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Fig. 32. Effects of some chemical treatments on spoilage and
pathogen bacteria inoculated on shredded cabbage after
10 days storage at 5TC.

_89_

@ sungshin



mleg : ..... .
"o %§§§§§i§

P. fluorescens

E. coli

E. coli O157:H7
S. typhimurium

S. aureus

L. monocytogenes

0.01 {

Microbial reduction ratio (N/N.)

ebomqe

\
C\XQ‘S{X?’?» @Q&'b »?’Q?’?’ QS CDG

Chemical treatment

Fig. 33. Effects of some chemical treatments on microbial
reduction ratio of the bacteria inoculated on shredded
cabbage just after treatment.
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Table 20. Initial population of spoilage and pathogenic microorganisms following various chemical treatments on shredded cabbage

Storage Pseudomonas . . Salmonella Staphylococcus Listeria
time (day) Treatment fluoresecens E. coli E. coli OI57HT Typhimurium aureus monocytogenes

Inoculated 4.0+0.2a 3.9+0.3a 3.8%0.1a 4.0+0.3a 3.8+0.1a 3.6+0.4a

Control 3.8+0.3a 3.6+0.3ab 3.4%+0.1b 3.6+0.6b 3.5+0.4b 3.50.5a

NaOCl 3.3£0.4b 3.1+0.2b 2.9%0.3bc 2.8+0cd 3.1+0.5bc 2.920.6b

CI+HA 3.0£0.5hc 3.1+0.8b 2.9%0.4bc 2.7+0.1cd 2.7+0.1c 2.7£0.8bc

CI+AA 2.9%0.4c 3.0+0.5bc 2.7+0.2cd 2.4+0.4d 2.8+0.4c 2.520.bc

0 EW-wAl 3.1£0.6hc 2.9%0.5¢c 2.5%0.4d 2.8%0.3cd 2.8+0.7c 2.920.7b

EW-Al 3.2%0.6b 3.1+0.7h 2.8+0.7c 3.1+0.6c 2.9+0.4bc 3.1+0.6ab

EW-Ac 2.9%0.2c 2.8%0.3c 2.50.5 2.6%0.3cd 2.7+0.5¢c 2.920.6b

PAA 3.0£0.8bc 2.9%0.5¢c 2.7+0.3cd 2.8%0.3cd 2.8+0.2c 2.7£0.6bc

HP 3.1£0.5hc 3.0£1.0bc 3.0+0.5bc 3.0+0.5¢ 3.3+0.6b 3.1+0.5ab

SC 3.0£0.3bc 3.1+0.1b 3.1+0.2bc 3.1+0.2¢c 3.5+0.4h 3.4+0.8a

F value [PALE 45,123 16.23+ 154 2% 24.56%3 89. 72k
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Table 21. Population of spoilage and pathogenic microorganisms following various chemical treatments

5C for 10 days

Storage Pseudomonas ) ) Salmonella
) Treatment E. coli E. coli O157:H7 ) .
time (day) fluoresecens Typhimurium
Tnoculated 42+0.1a 3.140.2a 2.9+0.146d cabbage slorgd. 1,
Control 4.0+0.2a 2.8+0.1ab 2.4+0.1b 2.8+0.1ab
NaOCl 3.8+0.3b 2.2+0.2b 1.9+0.1c 2.2+0.1c
CI+HA 3.020.1c 1.8+0.3bc 15:0.1cd  [jsteripl.920.1cd
CI+AA 3.1£0.1c 1.5+0.1c 1.5+0.1cd 1.5+0.1d
monoc,\frogenes
— 10— FEW—wA——35x03bc—19+0dbc— 190 2c——18£0.1cd
38402
EW-AI 3.7£0.2b 2.1+0.5b 2.0£0.2¢ 2.1+0.4
EW-Ac 3.6+0.2b 1.7+0.1bc 14+0.1cd  34t0dh1.8+0.1cd
PAA 3.320.1¢c 1.9+0.5bc 1.2+£0.1d 27404 2.0£0.2¢
HP 3.4£0.1bc 2.1£0.4b 1.7£0.1c 2.1+0.5¢
SC 3.4+0.1bc 2.4+0.3b 2.0£0.1c 2‘GiO‘GCd2.6ir().8b
F value 56,85+ 120455 A57xxx 0030 19.5%x
27H06¢
2840 The
- 93 - 2020 4ed
2% ded
2880.3¢
33402
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Table 22. Sensory characteristics of shredded cabbage with various chemical treatments during storage

Stora(gd(;;)lme Dipping treatment” Discoloration Wilting Decay
Control 2.0cde 1.9abc 1.9b
NaOCl 2.6¢cd 2.1abc Y 1.9b
NaOCI+HA 1.7def 1.3bc 10 days 1.4b
NaQCl+AA 27¢c 24ab 1.9b

5 EW-wAlI 1.1ef 1.6abc 1.1b
EW-Al 1.0f 1.0¢ & quality 1.0b
EW-Ae Foef +7abe 1.3b
PAA 49a 2.7a 4G, 4.1a
Hp 3.7b 1.9ab¢ 1.3b
SC 19cdef 1. Abel-Jb 1.1b
Control 2.9hc 3.4abi‘/ab 2.9hc
NaOCl 2.6bc 2.8abtlh 2.0bc
NaOCI+HA 2.3¢ 2.5bcy 1.5¢
NaOCI+AA 3.5b 3.0ab'§ 3.3ab

0 EW-wAl 2.0c 2.3bcllk 19be
EW-Al 1.9¢ 2.1bed g 1.5¢
EW-Ac 2.5bc 3.0abe- 1.9bc
PAA 55a 4.0a *C 45a
HP 6.5a 3.5abh%h 4.6a
SC 2.4bc L8e g 1.6¢

7.5b
- 94 - TRHb
.2ab
ok
8.ab
8
Tl
14
38
7.44b
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Fig. 35. Changes in gas composition within the packages of
shredded cabbage inoculated with selected bacteria and treated
with hypochlorite solution dipping during storage at 5C. Upper:
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Fig. 37. Combination effects of hypochlorite solution dipping and
various packaging treatments on spoilage and pathogen
bacteria inoculated on shredded cabbage just after 5
days storage at 5C.
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Table 23. Population of spoilage and pathogenic microorganisms following 100 ppm sodium hypochlorite dipping and MAP treatments
on shredded cabbage stored at 5C for 5 days

Storage Pseudomonas ) ) Salmonella Staphylococcus Listeria
time (day) Treatment fluoresecens E. coli E. colt OISTHT Typhimurium aureus monocytogenes

Control 3.610a 3.4+0.6a 3.0£0.7b 3.4+0.5a 3.0+0.6a 4.0+0.3a

PE 3.0£0.2¢ 2.7+0.2b 2.5+06hc 1.9+0.4d 1.7+0c 3.2£0.7bc

Ny 3.3+0.2b 3.1+0.3ab 2.6+0.5bc 2.4+0.2c 2.2+0bc 3.520.5b

’ MAP1 3.2+0.2b 2.6+0.2b 2.3+0.4c 1.8+0d 1.6+0.3¢ 3.0£0.4c

MAP2 3.3+0.2b 3.0+0.5ab 2.9+0.2b 1.9+0.1d 1.9+0.5¢ 3.410.4b

MVP 3.3+0.1b 3.3+0.2a 3.4%0.1a 3.0+£0.3b 2.9+0.5b 3.70.3ab

F value 3.88x 43.78%*x SXZERE 57.91 43.13%x 12.06%

Means with different superscripts are significantly different (p<0.05)
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Table 24. Population of spoilage and pathogenic microorganisms following 100 ppm sodium hypochlorits
on shredded cabbage stored at 5C for 10 days

Storage Pseudomonas ) ) Salmonella Staphylc
) Treatment E. coli E. coli O157:H7 ) .
time (day) fluoresecens Typhimurium aure
and MAP treatments
Control 3.1£0.3a 3.1+0.4a 2.6£0.5b 3.21£0.3a 2.6%(
PE 2.1£0c 1.3+0.1c 2.1+£0.6¢ 1.7+0.1d 1.04
Ny 3.2+0.2a 3.2+0.1a 2.1404c  Literg 640 11 1.9+(
10 .

MAPI 2.2+0.1c 1.8+0.1c 2.0+0.4c MOMOCYIOGORES 1 14 0.7+
MAP?2 2.8£0.1b 2.7+0.1b 2.510b 43470 2.020.1¢c 1.7
MVP 3.0+0.3a 3.3+0a 3.1+0.1a _29%0.3a 2.8

3007
F value 11.27%* 30.43+ 22.14 101.00%x* 62.9:

L . L . 3802

Means with different superscripts are significantly different (p<0.05) o

3006

36208
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Fig. 39. Changes in P. fluorescens cell counts of shredded
cabbage with hypochlorite solution dipping and various
packaging treatments during storage at 5TC.
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Fig. 41. Changes in E. coli cell counts of shredded cabbage with
hypochlorite solution dipping and various packaging
treatments during storage at 5TC.

- 105 -

Collection @ sungshin



10!

—_—
()
S

107 -

Viable cell ratio (N/N))

102 - ® Control
Vv PE
B Ny
& MAPI
1073 4 A MAP2
@ MVP
10_4 T T T T T

0 2 4 6 8 10 12

Time (days)

Fig. 42. Changes in E. coli cell ratio of shredded cabbage with
hypochlorite solution dipping and various packaging
treatments during storage at 5TC.
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Fig. 43. Changes in E. coli O157:H7 cell counts of shredded
cabbage with hypochlorite solution dipping and various
packaging treatments during storage at 5TC.
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Fig. 44. Changes in E. coli O157:H7 cell ratio of shredded
cabbage with hypochlorite solution dipping and various
packaging treatments during storage at 5TC.
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Fig. 45. Changes in S. Typhimurium cell counts of shredded
cabbage with hypochlorite solution dipping and various
packaging treatments during storage at 5TC.
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Fig. 46. Changes in S. Typhimurium cell ratio of shredded
cabbage with hypochlorite solution dipping and various
packaging treatments during storage at 5TC.

- 110 -

Collection @ sungshin



10°

Control
PE

Ny
MAPI
MAP2
MVP

104 4

oeromae

103 ]

|

102 ]

101 4

Viable cell counts (CFU/g)

100 | | | | |
0 2 4 6 8 10 12

Time (days)

Fig. 47. Changes in S. aureus cell counts of shredded cabbage
with  hypochlorite  solution dipping and various
packaging treatments during storage at 5TC.
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Fig. 48. Changes in S. aureus cell ratio of shredded cabbage
with hypochlorite solution dipping and various
packaging treatments during storage at 5TC.

- 112 -

Collection @ sungshin



10°

—_—
S
=~

Viable cell counts (CFU/g)

107 |
® Control
v PE
B Ny
10011  © MaAPI
A MAP2
@ MVP
100 | | | | |

0 2 4 6 8 10 12
Time (days)

Fig. 49. Changes in L. monocytogenes cell counts of shredded
cabbage with hypochlorite solution dipping and various
packaging treatments during storage at 5TC.
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Fig. 50. Changes in L. monocytogenes cell ratio of shredded
cabbage with hypochlorite solution dipping and various
packaging treatments during storage at 5TC.
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Table 25. Sensory characteristics” of shredded cabbage with hypochlorite solution dipping and various packaging treatments

during storage at 5C for 10 days

Storage time Packaging Discoloration Wilting Decay Visual quality

(day) treatment?)
Control 2.6b 1.4b 2.2b 6.6h
PE 5.4a 4.4a 4.0a 4.4¢c
Ny 4.4ab 2.6ab 4.2a 4.6¢

0 MAP1 2.6b 1.2b 1.4b 8.0a
MAP2 2.4b 1.2b 1.8b 7.4ah
MVP 1.6b 1.2b 1.2b 8.6a
Control 4.2b 2.0b 3.4bc 5.2¢
PE 6.4a 4.6a 5.8a 3.0d

10 Ny 4.8b 2.6b 4.2ab 4.6¢
MAP1 2.6c 1.6b 2.2cd 7.0b
MAP2 2.6c 1.8b 2.0cd 7.4ah
MVP 1.6¢ 1.6b 1.2d 8.4a
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Fig. 51. Appearance of shredded cabbage with hypochlorite solution
dipping and various packaging treatments during storage at

5C. Upper: after 5 days storage, lower: after 10 days storage.
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Fig. 52. Changes in gas composition within the packages of
shredded cabbage inoculated with selected bacteria and treated
with electrolyzed alkaline water dipping during storage at 5TC.
Upper: Oz concentration, lower: CO2 concentration.
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Fig. 53. Initial viable cell counts and microbial reduction ratio of

selected bacteria inoculated on shredded cabbage by electrolyzed
alkaline water dipping prior to various packaging treatments.
Upper: viable cell count, lower: microbial reduction ratio.
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54. Combination effects of electrolyzed alkaline water
dipping and various packaging treatments on spoilage
and pathogen bacteria inoculated on shredded cabbage
after 5 days storage at 5TC.
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55. Combination effects of electrolyzed alkaline water
dipping and various packaging treatments on spoilage
and pathogen bacteria inoculated on shredded cabbage.
after 10 days storage at 5TC.
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Table 26. Population of spoilage and pathogenic microorganisms following weak electrolyzed alkaline water dipping and MAP

treatments on shredded cabbage stored at 5Cfor 5 days

Storage Pseudomonas ) ) Salmonella Staphylococcus Listeria
time (day) Treatment fluoresecens E. coli E. coli OI57HT Typhimurium aureus monocytogenes
Control 3.4+0.4a 3.2+0.3a 2.9+0.5ab 3.0+0.1a 3.6+0.3a 3.7t0.5a
PE 2.9+0.1b 2.2+0.2cd 2.1£0.2¢ 1.7+0.1c 2.8+0.3b 3.110.Z2bc
Ny 2.8+0b 2.4+0.1c 2.3+0bc 1.8+0.4c 2.6+0.3bc 3.0£0.3bc
’ MAP1 2.3+0c 2.0+0.2d 1.9+0.1d 1.0+0d 2.3+0.1c 2.810.3¢c
MAP2 2.4+0.1c 2.4+0.3¢ 2.5t0b 2.0£0.2¢ 2.8+0.4b 3.0£0.4bc
MVP 2.7+0.4b 2.8+0.3bc 3.2+0.3a 2.8+0.3b 3.3+0.3ab 3.3x0.Z2b
F value 7.67: 12.323%: 16.44 55 102.85% 17787+ 8.80xx
Means with different superscripts are significantly different (p<0.05)
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Table 27. Population of spoilage and pathogenic microorganisms following weak electrolyzed alka

treatments on shredded cabbage stored at 5C for 10 days

Storage Pseudomonas ) ) Salmonella Staphy
) Treatment E. coli E. coli O157:H7 ) .
time (day) fluoresecens .. Typhimurium at
er dippmg and MAP
Control 3.2£0.3a 3.0£0.3a 2.6£0.7b 2.6%0.2b 3.4
PE 2.5£0.5b 1.8+0.3d 1.5+0.1d 1.0+0.3d 1.8
Ny 2.7+0.2ab 2.1£0.2¢ 19+06c LSt 1 4:0q 2.
10 .

MAPI 2.5+0.2b 1.8+0d 1.4+0d MOOCSIOZENESy 1 o L
MAP?2 2.310.1c 2.0£0.1c 1.8+0c 38403 2.0£0.2¢ 2.7
MVP 2.8£0.1ab 2.5%0.2b 3.5%0.2a 3.0£0.4a 3.4

280
F value 9.00%3 17.51%x 20.59%% 36.67%x* 100

L . L . 3440) dbe

Means with different superscripts are significantly different (p<0.05)
20403
3.9t0).3be
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Fig. 56. Changes in P. fluorescens cell counts of shredded
cabbage with electrolyzed alkaline water dipping and
various packaging treatments during storage at 5TC.
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Fig. 57. Changes in P. fluorescens cell ratio of shredded cabbage
with electrolyzed alkaline water dipping and various
packaging treatments during storage at 5TC.
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Fig. 58. Changes in E. coli cell counts of shredded cabbage with
electrolyzed alkaline water dipping and various
packaging treatments during storage at 5TC.
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Fig. 59. Changes in E. coli cell ratio of shredded cabbage with
electrolyzed alkaline water dipping and various
packaging treatments during storage at 5TC.
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Fig. 60. Changes in E. coli O157:H7 cell counts of shredded
cabbage with electrolyzed alkaline water dipping and various
packaging treatments during storage at 5TC.
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Fig. 61. Changes in E. coli O157:H7 cell ratio of shredded
cabbage with electrolyzed alkaline water dipping and
various packaging treatments during storage at 5TC.
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Fig. 62. Changes in S. Typhimurium cell counts of shredded
cabbage with electrolyzed alkaline water dipping and
various packaging treatments during storage at 5TC.
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Fig. 63. Changes in S. Typhimurium cell ratio of shredded
cabbage with electrolyzed alkaline water dipping and
various packaging treatments during storage at 5TC.
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Fig. 64. Changes in S. aureus cell counts of shredded cabbage
with electrolyzed alkaline water dipping and various
packaging treatments during storage at 5TC.
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Fig. 65. Changes in S. aureus cell ratio of shredded cabbage
with electrolyzed alkaline water dipping and various
packaging treatments during storage at 5TC.
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Fig. 66. Changes in L. monocytogenes cell counts of shredded
cabbage with electrolyzed alkaline water dipping and
various packaging treatments during storage at 5TC.
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Fig. 67. Changes in L. monocytogenes cell ratio of shredded
cabbage with electrolyzed alkaline water dipping and
various packaging treatments during storage at 5TC.
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Table 28. Sensory characteristics of shredded cabbage with electrolyzed alkaline water dipping and various packaging

treatments during storage at 5C for 10 days

Storage time

(day) Packaging treatment Discoloration Wilting Decay Visual quality
Control 3.5b 2.3b 3.5b 6.0c
PE 5.0a 4.4a 3.8a 4.6d
Ny 2.8b 2.0bc 1.3c 7.3b

0 MAP1 1.5¢ 1.0c 1.0c 3.5a
MAP2 1.0c 1.0c 1.0c 9.0a
MVP 1.0c 1.0c 1.0c 9.0a
Control 4.4ab 4.2a 3.6ab 5.0c
PE 5.b5a 4.5a 4.8a 4.5¢

10 Ny 4.0bc 3.0b 2.8b 6.4b
MAP1 3.2¢ 2.6bc 1.8¢c 7.0b
MAP2 1.8d 1.6¢c 1.4c 8.2a
MVP 1.8d 1.6¢c 1.4c 8.2a
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Fig. 68. Appearance of shredded cabbage with electrolyzed alkaline
water dipping and various packaging treatments during
storage at bC. Upper: after 5 days storage at 5C, lower:
after 10 days storage at 5C.
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Table 29. Changes in cell ratio(N/Ny) of spoilage and pathogenic microorganisms treated with individual or combination treatments

during storage at 5C.

Treatment Storage  Pseudomonas E coli E. coli Salmone%la Staphylococcus Listeria
(day) fluoresecens O157:H7 Typhimurium aureus monocytogenes

Pretreatment  Inoculated 0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
NaOCl 0 0.1794 0.1772 0.1148 0.0747 0.1828 0.1972

NaOCl 10 0.5980 0.0199 0.0126 0.0153 0.0145 0.1064

MAP Inoculated 0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Ny+MAP1 5 0.2111 0.0793 0.4548 0.5054 0.0755 0.3326

Ny+MAP1 10 0.0578 0.0223 0.1241 0.3116 0.0238 0.2833

Pretreatment  Inoculated 0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
+ NaOCl 0 0.2461 0.3025 0.4740 0.1197 0.2656 0.3659
MAP NaOCI+MAP1 5 0.1276 0.0486 0.0412 0.0133 0.0246 0.1451
NaOCI+MAP1 10 0.0158 0.0079 0.0215 0.0118 0.0033 0.1356
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Table 30. Changes in cell ratio(N/Ny) of spoilage and pathogenic microorganisms treated with indivic

during storage at 5C.

Storage  Pseudomonas . E. coli Salmonella
Treatment E. coli . .
(day) fluoresecens 0157:H7 Typhimurium
Pretreatment  Inoculated 0 1.0000 1.0000 ombiRton reaimentpooo
EW-wAl 0 0.1188 0.1056 0.0463 0.0744
EW=wATl 10 0:3056 00113 VAU NE 0.0070
Listera
MAP Inoculated 0 1.0000 1.0000 1.0000 ‘ 1.0000
monocyiogenes
Ny+MAPT 5 0211t 00793 04548 0.5054
Ny+MAP1 10 0.0578 0.0223 0.12411'0000 0.3116
Pretreatment  Inoculated 0 1.0000 1.0000 1.0000) 2020 1.0000
+ EW-wAl 0 0.2563 0.3372 0.31820 1 0.2400
MAP EW-wAI+MAP1 5 0.0253 0.0156 0.0294" 0.0018
EW-wAI+MAP1 10 0.0405 0.0094 0.0089 (0 0.0018
05320
02833
-4 - 10000
025
01279
00806
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Abstract

Microbial Control
of Fresh—-cut Cabbage by Various
Pretreatment and Packaging Methods

Lee, Hyun—Hee
Department of Food and Nutrition
Graduate School

Sungshin Women's University

Fresh—cut produce which i1s supposed to be consumed immediately
after opening the plastic package, has been physically altered from its
original form, but remains in freshness. The important problem in
fresh-cut produce for its production, distribution, and sale is its safety,

particularly, for the harmful microorganism. Since fresh-cut produce
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undergoes the least physical processes with no-sterilizing step, has high
moisture contents within the package, and the cutted surface is exposed
to the air, the possibility of contamination and proliferation of
microorganisms in the products is very high in comparison with their
intact counterparts. Furthermore, there is a possibility of the proliferation
of psychrotrophic pathogens such as L. monocytogenes due to a
distribution process at low temperatures. Therefore, a number of
foodborne diseases has been attributed to the consumption of fresh-cut
produce. The microbial safety of fresh—cut produce should be secured in
addition to acceptable sensory quality.

The objectives of this study were (1) to search for proper chemical
pretreatment methods for decrease of the initial microbial counts of
fresh-cut vegetable without sensory change; (2) to apply various
modified atmosphere packaging methods; (3) to confirm the combination
effect of proper pretreatment and packaging on microbial inhibition and
sensory quality.

The use of organic acid treatments which 1% acetic acid or 2%
sodium carbonate, and the disinfectant treatments including over 100 ppm
sodium hypochlorite, over 50 ppm peroxyacetic acid, 2% hydrogen
peroxide, and the electrolyzed waters gave a noticeable reduction by over
1 log scale reduction of viable cell in the cabbage samples. However, in
the sensory aspects, there were little changes in appearance of the
shredded cabbage treated with 100 ppm sodium hypochlorite, 196 sodium
carbonate, and weak—alkalized electrolyzed water pretreatments. Under

various packaging conditions, the overall populations of the tested
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bacteria were noticeably reduced in MAP1(70% 0-/15% CO2/15% Nb»)
with Nylon/LDPE film, whereas those were little influenced by
MAP2(5% 02/15% CO02/80% N) treatment. However, most of the
inoculated bacteria in a vacuum package with Nylon/LDPE film
significantly increased or leveled off. In a sensory evaluation, cabbage
samples with the gas—barrier packages maintained much better visual
appearance in comparsion to the permeable ones.

Combined effects of proper pretreatment and packaging on the tested
organisms and appearance of shredded cabbage were better than the
individual treatment. No significant difference in the viable counts of
cabbage samples with such pretreatment of 100 ppm sodium hypochlorite
and weak—electrolyzed alkaline water could be found. During storage at
5C for 10 days, proliferation of the facultative anaerobic or
microaerophillic bacteria was not suppressed under the low Oz and high
CO2 condition. In the case of vacuum package with a low partial Oq
pressure, however the accelerated proliferation of saprogenic and
pathogenic bacteria could be observed in the shredded cabbage, although
its visual quality was evaluated to be the best among the various
packaging treatments. Such an increment in viable counts was the most
prominent for L. monocytogenes strain. Nevertheless, the MAPI
consisting of high O: and high CO; significantly lowered viable cell
counts of the tested bacteria strains compared to packaging without
pretreatment and showed relatively good visual quality of cabbage
samples during refrigerated storage.

Therefore, combination of proper pretreatment decreasing the initial
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microbial loads without sensory change and packaging inhibiting the
microbial growth with the high visual quality may give the beneficial
effect on microbial safety, good quality, and longer shelf-life of the

fresh-cut vegetables during distribution and sales.
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