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Changes in microbial contamination and
preference of rice treated with
electrolyzed water and gaseous ozone
during storage

Jin-Hee Kim

Department of Food Science and Technology,
Graduate School, Pukyong National University

Abstract

This study was examined  the changes 1in microbial
contamination and preference of rice treated with
electrolyzed water and gaseous o0zone during storage.
Dominant microbial species were bacteria 7, molds 6, and
yeasts 3 species isolated from paddy, dust and air samples
from rice warehouses. Changes in microbial of rice husk,
bran, paddy, brown rice, 70%, 90%, and 100% polished rice
decreased as milling degree increased. And the changes
results in microbial of cooked rice in electric rice cooker
during storage after washing, cooking are as following.

Mesophilic bacteria and thermal resistant spore forming



bacteria of cooked rice in electric rice cooker were not
detected from directly after cooking to during warm storage
for 48hr. On the other hand thermophilic bacteria were
detected 10° CFU/g for 48hr during storage. HCIO contents
and pH of electrolyzed water(EW) used in this study were
352.48 ppm, 9.54. EW shown the antibacterial activity
against all kinds of bacteria isolated from the paddy and
warehouses. Especially, EW inhibited Bacillus cereus and
Curtobacterium flaccumfaciens strongly. Also, EW showed
the antifungal activity against all kinds of molds and yeats
isolated from the paddy and warehouses. EW worked more
effectively for Deuteromycetes(B), Candida deserticola,
Candida ernobii, Candida wvalida. Antibacterial, antifungal
activities of gaseous ozone were as follows. By and large,
exposed times for inhibition of microorganisms increased as
initial number of microorganisms/ were higher. Bacteria,
yeasts, and molds of 10°~10° CFU/plate completely inhibited
by gaseous ozone for 10, 10, and 30 min respectively.
Viable and molds cell of paddy treated with EW compared
with untreated decreased 1 log cycle. Sensory evaluation of
cooked rice treated with EW showed high preference in all
category compare with untreated and in aroma, taste, and

texture category compare with treated with water. Viable,



yeasts, and molds cell of paddy and brown rice treated with
gaseous ozone diminished 1~2 log cycle, and molds cell of
brown rice decreased 1 log cycle. Sensory evaluation of
cooked rice treated with gaseous ozone indicated high

preference in all category compare with untreated.
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access, HAEAFHDTUE S A A LIS FUlstL 3l

ESH & AR R 20009 FE ST 10% AlEe Al
Aoz vid GAZFOR AAFES ¢ 20109 30%E SHMOF
st7] wjitol] =) ol aulE FXsr] flaiME a1FE & A
A g Bgoe] Ertue A4 ole(Choi et al., 2005). &9 FH2
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el mA %S RPC(Rice Processing Complex, V|2%34

et DSC(Drying Storage Center, XA ZAIA)e] # A4

A A AYR = Ew AFsta Qo) o5 AjMe &

TE2 ¥ A v 20% Wvke]7] ol tiiEe] He &
=

of v Eu AFA FFE I AAFE Ut E
2]
2]

(Kim et al.,, 2003). Ad}4= = Ao NaClS d7Fsk & A
Z1&8ste] X drabgRl ek A &2 v 2o

(Kim et al., 2004a; Jeong et al., 2003 ).

(¥=5) 2ClI — Clz + 2e +1,000 mV ©o]%
Cly + HeO  HCl + HCIO

H,O — —%OZT + 2H" +2e

”
B
1

2H0 + 2e — HyT + 20H° =700 mV °]s}



Na" + e — Na

Na + HsO — NaOH + -%Hz

A HJin et al., 2006). o]# 3t Asf|I4-2
Az e H7IEsfTY 54 v a(Kim

3 Ad 9 dajde] wWE Hsfee 54 Hln(eong et al,
2003), MAT=EA Y Asitstrel A8 54HJeong et al.,
2000), A7 2 B# F3(Kim et al., 2004b), FAAF7HE 7T
o] A A A a3 (Cho et al., 2003)59°] 91, Al*

g 38 dFe L= (Kim et al, 2003), MslLZaS4 A
o3k 7= A FAa(Kang et al., 2002), 7Ax(Jeong et al.,,
1996a), =& 7H}(Park et al., 1998), %Feong et al.,
1999b), FHEAZAY(Jeong et al,, 1999a), ZAAJeong et al.,
2005), ¥d5(Lee et al., 2004)5°] JS W ol A& &
&3 Aot ok mn|E Aot

M, 0F=2 A ViR o] Folxl AbAaE Ao, Aol 7|
steo] Zralf Aat, @3, 84 sl Holu AETH,
Ak, o= Fofoll A B AEA A 3 lH(Singer, 1990). E
S APAREREH AFE Edfstole Ataw Hu A4 ofAl
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Erel &4 A501d 2 9
), 949, pH, 2%, FuiA|, 22l AMEFHY FrIEHe] TF
of wz} Gelrti(Castillo et al., 2003; Restaino et al., 1995;
Sharna et al.,, 2002). o]&]8F 9o.F£& 2A]EZFolo] t}UslA o]&
ol g=d A2t Aol A s (Norton et al.,, 1968), ©f
F(Gram et al., 1996), 7}=&F(Yang et al.,, 1979), =<(Jeong
et al., 2007)5 A m A=Al o] &HJrt. Tl 2FEL H|
=92] FDA9A 2000 GRAS(Generally Recognized As Safe)
= AN, AEFY A & 7hes s A5 A HUHA=E
Q18R tH(Khadre et al., 2001).
ok 2 ATl &Y A T mEAstE HAasteto F
& A7 AAE S GRe7] 9| vEAae] e ddd aF
e 2 sAsta oo gk Aaget eE7b~e At ans}
olEg AHsis W yehue W #EF 54 tiete] AT
!

i
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1. 43 A

1-1. A=

2 Ao AFgs UEge Ad DA G F5 GAHoA MEH
g As AMEElew, &A, A, 9 En agal TRV A

1-2. 8~

Nutrient agar starch(NAS)+ 1% starchE H7}sto] AF8319
© 1, Yeast peptone dextrose(YPD), Yeast malt(YM), Potato
dextrose agar(PDA), Plate count agar(PCA), Mueller Hinton
agar(MHA)+= DifcoAte] #l# < AF8-5FSAEL.

are BAL nAE FAH E7F7|(Sherlock system 3.0, HP6890
FID)E AR&3sle] #AI el A4S Agilent gas chromatograph
=2 AF5 A3l Sherlock system database profile®} 235 H]
W & AT o] wl, Al NAS #jAE AR&3te] 37°Cel
A 2472 Wi, 8= YPD MiAIE ARE-sho] 28°Cell A 484131
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Table 1. List of isolated microorganisms from paddy, dusty,

warehouses and media

Category Strain Media
Bacillus subtilis KFCC 35421 NB, NA
Staphylococcus aureus ATCC 6538 NB, NA
AS"-1 NB, NAS
AS-2 NB, NAS

Bacteria Bacillus cereus NB, NAS
Bacillus sphaericus NB, NAS
Curtobacterium flaccumtaciens NB, NAS
Arthrobacter atrocyaneus NB, NAS
Sphingomonas paucimobilis NB, NAS
Saccharomyces cerevisiae KCTC 7905 YM
Candida deserticola YM

Yeasts
Candida ernobii YM
Candida valida YM
Deuteromycetes (A) PDB, PDA
Deuteromycetes (B) PDB, PDA
Aspergillus nidulans PDB, PDA
Molds
Aspergillus oryzae PDB, PDA
Phoma. spp. PDB, PDA
Penicillium spp. PDB, PDA

1 R . . . ..
'AS; The strains were isolated into air in the warehouse.



A= NaCl &< 0.6%5 A3 7 dsfig YA FA =2
&

Hd= 100 V, 5A, =3 36 mm X 285 mm X 67Y, 84
&% 0.5 L, 72 3AF TMD, =)= 6+4-7F A7) &8l ste] Al Z35k3
1=

3-2. pH=A

A3l pHE pH meter(HM-30V, Toa, Japan)® =43}t

3-3. HCIO(Rfopd 24h) 3% 53
A4 50 mLol KI 2 g2 ¥il 35% acetic acidE 713 F
1% ARAAN LGS 2~3s Hojree] Shdo] HE= g & o3
g AE 0.1 N Nag$:0;2 2o g oho] F=rs)d wj7tx] 474
3 tt(Jeong et al., 2005).
HCIO % (ppm)=0.1 N NasS:03 A1 Z(mL)*<7.092

67012 A=S settingdt A3 HE] A4 0.6% NaCl €4
657 Aglsle] 42 S99 yFae el Ao Ao AT
547 7F57]1 2 spray 3 F 193 AXET oS Win|AE 2

=R 5 Adsii=d, o W Auge Aol 543t B

4



Q&7 A9
@7 Azl BoE AR kol A e FubAFe] 100 mg/hel 4

A=z vk oo 241 7kvitk 1024 343 A2 ekl

6. I

6-1. Paper disc ol &t A3+ IFaEA

Aefj=e] Ft/dL paper disc oz SASAG. 7 AlATF
E AA el 24hr WS T o] wiYAE Fol7t 4~5 mm<l
Mueller Hinton agar(MHA) 3 sviA|of LMo FE=7F <F

10°~10° CFU 7b¢ H=5 &% & =2atgeh of7]e A&°] 6

6-2. LE7IA] o FA

18775 AA Aol vjFst & o] mjFN S Zhzhe] ujA] o
= 3t L E7FAE 5, 10, 20, 30 2 6073 A28 F
37TAAN 24~48A17F M, R+ 28Tol Al 48A%F vl %,
= 25TCollA 3~54%F viefete] FAHE e 5 =

2 =43

>
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o Az el #5 - A7 Fol w4
g = A /]ﬂ E]*%QX?_?T«] T 100

2t AlRE 2 g¥ FHor He $ Hi PBS(Phosphate
buffered saline, pH 7.40)-8 45 1085 7}sto] 53+ shaking$t
oS 108 Aoz A5t A= PCA wiA]o] =23}

Z+ ARE 2 g¥ RFdoE St SR PBS &S 104) %
7}ale] 5E7F shaking®3t A8 20 mLE & 55 1087

37°CA
2 wjeFstel WS @ Ao} £3 SYsl WANATFE ATt

(Korean food and drug administration, 2000).
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8. 4jv] %7}
A grhe FEAEY 4RI Ao) A AA S $ (Hong et al.,

2004) 0.2 AAET 10852 ©4 3k wn) 200 g& 4 A

i

g 5 20T Eoll Ja 2083 BRI Aol A8 & wj7]E 1083
g 5 A7]3HE(KCI-10BT, Daewoo, Korea)o. FHAbstal 158

Y

E5o7]2 Bt o2 1199 % panelol Al HLe
Aol go} 7} e T Fio] 7hA RES sl AT B
29 gD, WAL %, A7), A%, AAHe ERe 6744 37t

gue 74 Aeyon B

i)

1
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HITHTable 2). 979 A#5 2 %5 10° CFU/gel o
Z3o|4= 10° CFU/goltr. A9 AH#4E 10° CFU/go 2 &
=7

7t fdch 2 v Ay, ARG 2 FFo|ae 47
10°, 10°, 10° CFU/g= A#FE A vl o arsel
FolFe AY #Fel HE 1~2 log cycleBE w77 AA e
ok w3 dnje] A5 aRFE YeEhd vlE] 1 log cycled
%= #o] 10" CFU/go & yEelgen w#el= 10° CFU/gd 5
TR TREN ] Aol FFole dnlel Hls 1
log cycled= A veht} z2+7 10° CFU/g, 10° CFU/g 22 #

S50, SAFE Wujo o|27|7HA] EAHETL wotAE Ao,

A

o

aRg 3 FPolFe AN Aaske @

T At o=

5
. 4
3

Park(2003)50] A3 =A=W F&4 Ayse EXs wug
Aol A dujel 9= T2
CFU/go.2 Yey =AHEY} 25545 HE

e maely XA &S A Fo MRS Ao 9

_12_



A e oz FASY, 53], +%0] FTodv S243HA mycotoxin
S AAstE =5 JdY(Mheen et al.,, 1982a). ¥ A4 A3
go] HAE 2957 10° ~ 10° CFU/g FFo2 e} o=
A Eo] Ao A A Fol FAY A FEWSlY F TS

A ¢ glor® olF HAEY AS AdE g A4 BoF

tlo
=
B
:
o,
o
(T
rJ
do
:oé
A
=2
e
o
=2
=
ylit
&y, /o
-
Ao

Tt A AERE Huk I g He 314 o AES,
a2 A 2 UEA ol FEel| s AHE A7
(Table 3), 24 AT 4% 4 AFd] 10° CFU/g A= U
Elto}, Fuk ZZRE HL 48A1ZH Fotdl= AEE A &t
Kum(1995)%5< wWin|e] %27]%47} 10° CFU/g FFoldoy
A Fol 10° CFU/g F+o2 #5471 #Z2sa, FHu Foe=
10" CFU/g °ol8t2 A9l & o] AAEE T Hasle] 2 ¢
T frAke AnE Bt neA AT 2SS A A5 3
b A Fole AEEA @gtoy B 6AHAClE 1.50x10"
CFU/ge], 48A17HAo & 1.10x10° CFU/ge] AZ= At

Park(2003)%52 < 65CE HL23 S uf, 1124 Aol B
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6217t 10" CFU/geld Zlo] 1847k#k¢l] 10" CFU/go.2 whe
A ZAEYca HusEga, ol Hule] wE dEAo g 9Tl
Algt o} 2] wrolrl Al FE o] JANFER ASE 7] wjiEolgt

o AwHon TAFYE Yol AR HFol PEOEA
AFE =, 9 Fo A xdo] FolAw, Fualee
TAE B4 AU GUAZL AHH D BolAAS AH YA

I =2 A AAsHA Hch(Prescott et al.,, 2004). E Ao A &=
B 3 Fo dAjgd s X7} wolwo] a2A] AMfo] =

257F =7 wZolgk AET. o= 100CT& 1083 71Es)
AL w) 271 3.0 log cycle 74T Tee(1982)59 A

0CelM 10~1527 € 4=

W #57b Fastdvka B Park(1997)%59 <-et

ARRE Adbolnt ER, ANE & wins B Algke] Q] ot
S AW wstel ogk Au] % 2Agke] Ak P

| Astsl= ofe 7HA Aol debd

g mAE

g
i)
AN
o
e
o
ol
i
i)

o



o)

sHAl H=dl, ol

i

[

o gl 9

2 HuE o Park et

o]

Hgos % o)

=
=

al., 1997). ©]

BRAANAY 1Ty
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Table 2. Changes in microbial by percentage of polish

(Unit : CFU/g)

. E 70% 90%
Rice husk Bran Paddy Brown rice [ A . .
polished rice polished rice

100%
polished rice

Viable cell 5.00x10° 3.00x10° 2.50x10° 5.35x10" 1 Wi 162 7.10x10?

Yeasts cell 3.32x10° 3.13x10° 7.10x10° 2.30x10" 1.60x10* 110X T0°

Molds cell 6.71x10° 3.80x10° 7.00x10* 2.00x10° 8.65<10° 2.00x10?

2.14%10°

3.04x10°

5.05x10°

_16_



Table 3. Changes in bacteria of cooked rice in electric rice cooker

during storage

(Unit : CFU/g)

Washed

Cooked 6 hr

12 hr

24 hr

48 hr

Mesophilic bacteria 2.00x10°

Thermophilic bacteria -

Thermal resistant spore

forming bacteria

D

- 1.50%10?

4.5%10"

8.00x10"

1.10x10?

Y~ not detected.

_17_



3. A
3-1. AdFY FHEA

Aart £age) dest aFEel Qo AEHE FHAA

al., 2004a). o]&3t A& & Fao &
AT U A IS SHAY. FHEAALS
paper discHo2 =A39om Table 4] YeERTE 2 A%
of ARgHE Halge EESEH 5 F AolgARAr dEe
352.48 ppm©|il, pH+ 9.54 ot Alxd Ao S22 =2

= Aol e ddEAAS YeWW=H, 53], Bacillus cereus

|

9} Curtobacterium flaccumfaciens® 7V =& s 3AS e
YAttt o] F Bacillus cereust= =, B, 37 & AAAAA
| AR E EYnAEZ(Ham et al, 2006) ¥AE A st
2 oy FIEAY dx 2 o] tiste AEES AL 9
(Lim et al., 2000). @W&}A, Bacillus cereusi= Wk A%
opdol QUAl Wi el FujA| ol F-&¥E 5 enterotoxing A
st 549 HEss wEsteE s Aol o3 Bacillus
cereus®| 7 A a3t 2o A 5 vAESHA fle=
g S53s SHdA ourt avga & 5 3l

Aage] g addd tEiAe o8 A7 R Qe Jeong

[ ot
ol

r
o
fo
12
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=
J{m
ol
=4
B
il
ot
oX,
ol
rlr
o
2
=
<
[0))
w0
(o]
IS
=2,
=
)
ki
rlo
e
=t

L7F 200 ppm%l  Asfel]  ofs)  wUwEEe]l A1l
Burkholderia — glumae©| sl AdAETar skelom,
Park(2005)5& 94 %7} 41 mg/Lel A+ES Salmonella
enteritidis®} Listeria monocytogenes®| 1%3F A2l Al AFo]
olAl vty Hasglal, NaCl $%7F 0.5%, 94 %=7F 10
ppm¢l A& <E Vibrio parahaemolyticus®t Vibrio vulnificus®l
1523 Agsidls wW 3] AFEEth= Ren(2006)%2 A7
Huxo] vt Asfol At 7] Fe] M= Pt HE A
UA FA| T ol atbe] Fo8 IS v (Tanaka et al,
2005), A7 = WA FE hydroxy radical, HsOs, 2Fsts 49,

FEAE 2 Gael ot BE M/1EH0E 4§ty nay

o

Ath(Jeong et al., 1999a). o] T ZfolFAEAFL- Ao A ET
EHstEE AEE Ve A4AA FesHdE HEIHT B
HA3L(Al-haq et al., 2005), AFstgbddelol] o3k Aaljg9 A+t
712k Asfet AlEure] Abstebd dejxkell o) s AlsEdto] W
Aoz FiEo A 7]Fe] AR FHFadE YeAT
3 B3 o] 9Ith(Buck et al., 2002). 7L €lo A&7} whole)
U m A Eol| deH oz 283k Zo] ofyet AEdgHer &4
S A E ST Ao N Ut opu| e AbS FapdE Aoz AbshA|
A Aans Jedos A5 BaEo] (o], 1997).

w ATl datag F718H FRARE Apopdadbel Feke] whE



Ao dHays SAHS Ay zpold itk gEFo] 249.28,
309.92, 354.60 ppme.® Z7}& W Bacillus cereus®| W3+ &

29X ST & A=, olE Fal 2 Aol AR

ol\

g galeel FRBYe Aoldre] Aol A F83 ol

Az,

3-2. H39 IS

Adf o] FRAF AL paper discHOZ F5743 2 Table
s

5ol UERgiTh E Adel AEE HSlRel Aeldiit e
352.48 ppmo]il, pHE= 9.54 o2 Yelwgth & FuzHE A4,
Bog BRole BRE o dAued IR 24

A3, EdE BEe el el a¥E yeddsd, daaee
30| Deuteromycetes(A), -Deuteromycetes(B), Aspergillus
nidulans, Aspergillus oryzae, Phoma spp., Penicillium spp.%=
Deuteromycetes(B)oll &l 71% & SdFIA4LS e
Tamaki(2001)%5 < a7t =a1 dd=Feld
Magnaporthe griseaS @402 oAtz W] Aa|F AL
A mdW A 23E Ve 5 dokal ®Baskglal, 0.1% NaCl
gAox  AzxH AHIFE 50%=  3AMFe]  Penicilium
expansum®| EF3F A3 2~4 log cycled ZAadsE HYUTE=
Okull(2004)5 <] A7t = FAFSHAH

w3t Hdi3lge= B89¥® @5 Candida deserticola, Candida

ernobii, Candida valida 7o $AFEHS YR +=dH &

_20_



ol ¢} Algtoll wlste] 1 mHIF A AEskQlth o= Hsrt
ZHE g ~2AEDS 2] it (Lee et al., 2004)0]2} AR
©dl, ORP7} 1,100~1,200 mVe¢l Asl+E& Z7] #57F 10°
CFU/mL 59 Bacillus cereus®t Saccharomyces cerevisiae
of He)st9 S uwl, Bacillus cereuss 60% A7 Fox AR A
102 el ¥YH | Saccharomyces cerevisiaew 10

o = A3 AtEslYg . B3t Jeong(1996b)=<¢ 2

o
/o] Frhal Abmdnh. wgolet arol Wik dsiae] A
712k et gl ko Ak

(Bonde et al., 1999)e] 93] sxF&Adol Yeldria B FHof
Atk dubrd o= Abslstd A xte AEH Y A T5S WEA
A vAEY YAlEEH ATP AL#Ad, F3Fs Pl P&
TAE AT dH A A (Park et al., 2002).

_21_



Table 4. Antibacterial activity and HCIO content of electrolyzed water

HCIO D 3 Bacillus  Bacillus Curtobacterium Arthrobactor  Sphingomonas
pH AS’-1 AS-2 1 4 3 -
(ppm) cereus sphaericus flaccumfaciens atrocyaneus paucimobilis
35248 954 ++7? ++ +++ = - i + 4 ++

T N - - - . |-
’"AS; The strains were isolated into air in the warehouse

? Growth inhibition size of clear zone : +, smaller than 2mm; ++, 2-5mm; +++, 5-8mm.

_22_



Table 5. Antifungal activity and HCIO content of electrolyzed water

o) P et sty e DAL Phoma s Pencti s
++ 1V +++ + + + ++ ++
352.48 9.54 Candida deserticola Candida ernobii Candida valida
++++ +4+++ ++++

1 . . o, . . N N i 3
’ Growth inhibition size of clear zone : +, smaller than 2mm; ++, 2=-5mm; +++, 5-83mm; ++++ |

larger than 8 mm.

_23_



3-3. L &7~ IJFEA

Erbeg olg¥ AEE Zueh, nAg B2 A7, 28

to
:

o Ao $FNAS Wol o]&ata(Xu, 1999) Lo} F7F A%
o ©EVAE o] &3 AFE oA wmE Ago|th, wahA, &

Farel EVEAE EQiste] nAd ol 9% &o] FAASHE WA
7] A% VAT EA, 2 Fa LAwTol ud o7k &
Tdd e S Y. SALYHS A AIdETE WSS F o
NG 4ol wjAd 5 R =T st R EVFAE 5 10, 20, 30

603 223k 5 wiefste] FdE HEre e S5k AHEES

EeT 5 48] AtEsted
M Age ARl Frbste As [ AMEH, FELF
Bacillus subtilis KFCC 35421% Z7|¥#57F 10° CFU/plate,
10" CFU/plated ®, 27 10%, 5% ol 2E7t~ A= ¢
8] APEEFSlaL, Staphylococcus aureus ATCC 6538% Z7]+F
%7} 10° CFU/plate, 10* CFU/plated ul, 77} 10%, 5% A&
Al A AbEelgtr & Au2Re 2E¥ Bacillus cereus,
Curtobacterium flaccumfaciens, AS-1, AS-2, Sphingomonas

paucimobilis, Atrobacter atrocyaneousS Aoz 2¥3 Au
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AS-13} AS-2% Z7]¥#57F 10 CFU/plated W 5% A2 ¢
ds] Abdsilew,  uywAl Eejits Bacillus  cereus,
Curtobacterium flaccumfaciens, Sphingomonas paucimobilis,
Atrobacter atrocyaneouss= 27149457} 10°~10° CFU/plated
W 10% ool eEvka Aelw $ds AEE T o@e P
ol BN TFF A7 olEolFEdl Kwon(1995)%5-2

Aol =y Fte] 3 ppme LEVIAE A S-S
=A% A3 10~2089 A= B. subtilis, S. aureus, E. coli
ol A8 Apdetitta Bauaela, Kim(1996)5S &7 ¢

A=l 1 ppm %9 LEZIEE AP 23 108 A Al
Gram(+), Gram(-)¥ E5Fo o aIE HElvtal Baskiv
¥, Achen(2001)%<& 145 L/min %9 2E5E 38 A
Al E. coli O157:H7 7} A2 Fel Hls] 2.6 log CFU/g #4&
vt Baste] @ Eo] 7A| FEiLL £ AH EFelA
Hojd A7 ads W3t FoE e o= o3 vy

research institute 1996), 53], 4tg7}F 8 Qo= #&sl=
Aoz dHA Qrh oFof 93t As= &5, WA aeEla AR
T A giabel A 71241 93-S Al e ¥4 aAE
243 A7 AES FE A A 2 FeAE s E

7VsskAl ol A adtE yeElbd o (Khadre et al., 2001). 3%

QEZ AlxHE E4S Fo] SddES 4o Hed, o
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3-4. S E72Y FAFEA

2 AnZEEH s a9 HBolE

AFBHE 5AH3 A= Table 7, 8o el 5 7591
2]

Saccharomyces cerevisiae KCTC 79059 # Fi1 =24y H

i
fu)
o
[o
il
to
I
a
[>
1o
o2t

9 5<%l Candida deserticola, Candida_ernobii, Candida validaZ
ez H43d A¥(Table 7) Z7] {57F 10°~10° CFU/plate
d AF oE 7HES 10R Agels W B AbEeen, 5
Folg uder eVt A3 FHS ST ZH(Table 8)
30+ o] A Al EF ALY o=
Penicillium islandicum®] 3 ppm& <2.&7}
25 BAete] XA S 54 23 608 AP Al 90% ©l
Aol dAHdaYNE YeERlt = 94 (Kwon et al, 1995)9F A}
STt o] e AFAF, eFo g are] o] Ay =

Folol vl =A Y, ole &9 =7 0.3~0.5 ppm
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il

Ql &5 @ Xl Saccharomyces cerevisiae, Saccharomyces

i

rouxii, Candida paracreus®} M| +t<2 Bacillus subtilis® >3}
RS o 27t 1.5, 1.5, 5 2 30 Ay Al AFEEo] 99.99%=
Uety ar7F ARt FEe dist Aol Eue R
(Korean food research institute, 1996)¢} <U=x|gtc}. 3
Candida albicans, Zygosaccharomyces bailii®l Q2.EF%E7}
0.188 mg/mLel Q&5 5E I HEssdS w, 4.5 log cycle
ol el A=Al et ey, o] tid mRo Aol
Alxt st 3ol Hls) A YERwthal KHalgk Restaino(1995)%
o] Aot frARSE Afolth
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Table 6. Effects of gaseous ozone treatment on bacteria

(Unit : CFU/plate)

Strains

Treated time (min)

0 5 10 20 30 60

B subtilis 1.78%10% 0.80x10" (95.51) 0.20x10" (98.88) - - -
8.45%10" 1.50x10" (82.25) -V (100) - - -

S urens 1.84%10° 1.05x10% (94.30) 1.25x%10" (99.32) - - -
1.33%x10% 1.20x10" (90.94) = - - -

Beoreus 3.17x10? 0.40x10' (98.74)  0.40x10" (98.74) - - -
9.80x10* - - - - -

Curtobacterium 2.55x10° 1.70%10%(93.33) 0.80x10%(99.67) \ - -
flaccumfaciens 1.28%10% 1.00x10'(92.19) E = - -
ASP-] 6.30x<10" 0.10x10" (98.41) - - - -
4.30x10* - - ~ - -

AS-o 6.05x10*" 1.10x10" (81.82) a - - -
3.90x10* - - - - -

S paucimobilis 1.03x10° 1.22x10% (88.12) 2.85x10" (97.22) o - -
9.66x10* 4.50x10" (95.34)  0.30x10"' (99.68) - - -

Aatrocyacneus 9.82x10% 9.75%10" (90.07) 1.75%10" (98.22) - - -
6.41x10° 2.40x10" (96.26)  0.30x10' (99.53) - - -

D

-; not detected, (); Death rates(%), ¥ AS; The strains were isolated into air in
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Table 7. Effects of gaseous ozone treatment on yeasts
(Unit : CFU/plate)

Treated time (min)

Strains 0 5 10 20 30 60
S.cerevisiae 1.74x10° 3.64x10° (79.13) =Y (100) - - -
C.deserticola 2.88x10° 3.00x10' (89.58) = - - -

C.ernobii 2.57x10° 3.10x10" (87.94) 4 - - -

C.valida 1.88x10” 2.70<10' (85.64) = - - -

Y~ not detected, ( ); Death rates(%).
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Table 8. Effects of gaseous ozone treatment on molds

(Unit : CFU/plate)

Treated time (min)

Strains
0 5 10 20 30 60
Deutero- ) ) . ] ) -
1.87x10° 1.08x10% (42.25) 7.83x10' (58.13) 1.04x10' (94.44) 0.30x10" (98.40)

mycetes(A) (100)
Deutero-

cutero 2.05x10% 1.55x10° (24.39) 9.15%10' (55.37) 5.85%10' (97.15) 0.10x10' (99.51) -
mycetes(B)
Aspergillus 5 355102 9. 00x10? (14.16) 7.38x10' (68.33) 3.37<10" (85.54) ' 0.50x10' (97.85) -
nidulans
A 11

SPETEITHS 1 39x102  1.07x107 (23.02) 6.40x10' (53.96) |1.75X10' (87.41)  0.40x10' (97.12) -

oryzae
Phoma. spp  3.25%X10° 2.00x10% (38.46) 7.20x10* (77.85) '3.19x<10"(90.18) 0.30x10' (99.08) -

Penicillium spp. 2.70x10°

1.70x10% (37.04)

8.95x10" (66.85)

1.73%10" (93.59)

0.20x10" (99.26)

Y~ not detected, ( ); Death rates(%).
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4. A A7 vy F297

-1. AT 9 JFFo|F =

vedee] o dalgE AddA 5AY 55U THETE
spray ¢ ¥ 197F Axskgin) o] w AeoA 547F HysA
ojw g A% oA ¥ S FAHIYTFR soH, gERTRE
dalg gial B& Astal, ol waterA T2 %7] skt
AalE vt Aget § uAEe] WelE AP A3(Table
9), 7] 10° CFU/gelel vehe] A7t daf Aol
10" CFU/g2 & 1 log cycle 743 whH water g7 10°
CFU/gTws fFAste 3oz YERth F3olg5e FA 8T
Hla] dalg: A2 T77F 1 log cyele S 10" CFU/ge 2 e
o} olg WuE =A% 5 AAre FFolrE 43 A7 F
Fole HAEHA FRhoy A ojal = s Q|
F7 FR T vE gk AL #4= eI o3 2
He AdS AFER A H BagE SAHY A% FEFR
23t Ay ol vl 2~3 log cycle WA YEed, A%
T 1~2 log cycle #AE YA HFAFHJgLt R
Jeong(2005)5 9 A3} fFAFsEiTh g, A= FHukgk W]
o] A5 mAE] AFo] 4Hs A HAOY FEFR FH§He
wulo = A% 79 A3 Al 107 CFU/gel ol A&¥dvta
B3k Jeong(1999a)%59 AFeo= FAFSEAY. 18]al pHZ}
8.56, xfofdaat gh&Fo]l 73.8 ppm¢l HMalFE gk why] A

o] o4 =4 A(Jeong et al.,, 2006b) AsNG7F =9

m\m

ol
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il
12
2
ol
&
re
re
4
1o
Jo
>
i)

S YERlY FHuta A wE 7o ¥WstE SA-S & AT 4
H(Table 3) L&A Ao 729 B2 48X 7H#o] 1.10x107
CFU/ge] A=HA=t, FHuk 5 o] Fdol g3 vz + 3l
E a2A nAES dubgow EOo ZRE 0 9Eo] YAy

4-2. w37}

AaE vetel Aes | =Aste] AnRrrs AAg 43
(Fig. D Aals A +77F F A2l HleiA 2 dEoA -5
& 7|58 How, water Aol HSiA = &, o A7HA
oAM 53 7IZEE A= Al ® [HEET. U dssE
A v dAF7 FHER oY B A= dalg A2t
g FgEA Mg w2 Z|EEE HIAT ol HEd i
A e FUIEOIY AdFAed gdom FAsA ], 3y

o] 7I&e Aiol Hs] gl HAS Stopx7|(Lee et al,
2004) WEoll A4HE =2 5 v B, Zo] Aurd

A= v, o] FH(Kim, 2004c)7F A3l
Az Qs AAHNY] Witow AtgdY. &3, A T Ax=
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3 AXx=

Va1

o] ¢
t} (Kim et al.,
Al HERS =T,

A e A
2004). ¥ ABeN M= A5 7
ol el Helw e A

v}

=

offN

kit

A]

g 713re] AoAgs Al Ao

, 2005), 104.81 ppm?]
Ar AFsHA ATEALS
713kl AojAFE Ml AT
s ok &3k, Kim(2003)
A2 b A elshe]

i

Jeong(2006a)5 = A%
=7 A vEbeear B
& A ARREE ZIAE
A7 "dEtA goF 4
Zlolg} Halshe] i

J

LA

e
=L

A

S Rcis
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T3 = o,

= 7E
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ol\
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Table 9. Viable cell and mold cell of paddy treated with electrolyzed water

(Unit : CFU/g)

Initial Untreated Water Electrolyzed water
Viable 6.00<10° 3.95x10° 2.50x10° 8.45x10*
Paddy r /
Mold 1.50x10° 2.40x10° 4.00x<10° 3.45x10!
. 1 e 2 e 2 e 2
100% polished Viable N.D. 7.35%10 2.00x10 1.75%10
riee Mold N.D. -2 4 -

Y"N.D. ; Not done,

<~ Not detected.
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Total

Texture

—o—Untreated —m—Water

Appearance
3__

Stickness

Aroma

Taste

—A—Electrolyzed water

Fig 1. Sensory evaluation of rice treated with electrolyzed

water.
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QEVFE AE uEe FE97t

-1. AT 9 JFFo|F =

LEVFE A E Eg vt rAlE o WstE AR 96
Al AR} Qbol A &= AFo] 100 mg/h]l FAZ LETHAE
etz dnjol] 2A1 ket 1024 3UXE A stHA] A, a5
1 FFo)E S48 tH(Table 10). Yol A9 Azl 1 A+
Fo} ZES7E 10° CFRU/gelleod A 1d#ie] zhzh 1
cycle ZFA3dtg o, g 3dAoE= 2 log cycle ZFAstoct o
e e E7kAE A AR Ay A Ay gRFvh 100
CFU/gollar Ae] 1¥Ael= 247 1 log cycle 743l om, A
gl 3dA ] vl AF57F 2 log cycleFA3dIT. ol =5
1 ppm §E9 LEVF~E 5 10, 15683 HadS o BH57t
27y 0.45, 0.70, /1040 gE cycIlR S 5 th - B 313l

Jeong(2007)59 Z¥o% fAsIFOH, 3 me/l. 559 Qo0&

Ae

SAAN, LEE As YFE a4 vAA
etal, dnle] wFolE AY 284l 1 log cycle #Z2AIR

o2 e QE7EA tiEk wgole] Aol aRu Aol
Hla] "olxl= Aoz UeRt ol AaE FF = W, &
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Table 10. Changes in microorganisms of rice treated with gaseous ozone

(Unit : CFU/g)

Paddy Brown rice
Viable Yeast Mold Viable Yeast Mold

Untreated 2.50%x10° 7.10x10° 7.00x10° 5.35x10* 2.30x10* 2.00x10°

st 8.95x10* 5.50x<10* B 48R 1P 4.00x<10° #9541 0° 1.00x10°

2nd 5.50%x10° 1.00x10* 2.35%10° 1.85x10° 8.00x10° 4.95%10%

3rd 2.30%x10° 3.20x10° 200%1 0§ 9.80<10* 2.00x10° 2.85x10?

100% 2 3 P 2 3 2

: 6.00x<10 1.00%10 1.55%10 7.00<10 2.00%10 2.05%10
polished
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Appearance
3

Total Aroma
Texture Taste
Stickiness
—e—Untreated-Paddy & Untreated—-Brown rice
—a—(0Ozone-Paddy —m—Ozone-Brown rice

Fig 2. Sensory evaluation of rice treated with gaseous

ozone.
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Appearance

Total Aroma

Texture Taste

Stickiness

—e—Untreated—-Brown rice —m—0Ozone—-Brown rice

Fig 3. Sensory evaluation of rice treated with gaseous

ozone.
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1 EAEe g #5e) WeE davnsl g8 94, A, v,
Avl, 7REN), 9REV, Wule 4TS5, BRS D FFI5E A
W dn SRl wobdsS AR, E¥S P FPeIFE A

FA AFY Huk 5ol =
1.10x10* CFU/ge] A=Hom YIdA olxrIAHAL A=HA

sk,

P
iy
i
i,
X,
&S
30
o
L
H
rlo
I
Co
2
o}
X

3. 2 Ay A&d AH3|F AolAaAr st 352.48 ppm,
= 9.54 o, AFu=HEEH I Mol osl] &t
g3 Y=, E3), Bacillus cereus® Curtobacterium

flaccumfaciens®| 7V4 =& A4S eyl

g
fr

4. Ao IS SAT A9, BFuEFY Ldd e
3t oh H R, UERA A=) wg ol 5

Deuteromycetes(B)®} &Y%  Candida deserticola, Candida
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6. Wal Aeie we] s @ FPolF 54 A3 Aaf A
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7. Al A Aol Aw|HrL Ay, deg A2 5 AT
of HlF|A EE F&olA 48 7|ZEE H oM, water T
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