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Abstract

Microbiological quality of retail lettuces purchased from domestic markets at three different cities was
first monitored before washing treatments by counting naturally occurring microflora. Aerobic meso-
philic bacteria counts averaged out at 2.5x10’ CFU/g. Total coliform counts at 9.0x10° CFU/g. Lactic
acid bacteria counts at 8.2x10° CFU/g. Psychrotrophic bacteria counts at 1.1x10" CFU/g. Yeasts counts
at 3.9x10° CFU/g. Secondly, washing treatments of lettuces in cold (20°C) and warm (50°C) water, with
or without 50 ppm chlorine, were evaluated by comparing populations of the above five natural micro-
flora before and after 2 minute-dipping treatments. Treatment in chlorinated water at 50°C, using com-
bined hurdles of chlorine and heat, most significantly reduced the initial populations of the microflora.
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A AF (minimally processed vegetables)ZA =]
APl M fEEL glew, old ue} rjAEd o)
T AAH ege] E AR =2 o, 2
o FEg AE AL Rl Flol AlFstt

H2 i FAANAY FUHR QA8 o=
BT AF PHAC tg JdH Frt 875
3ok AAR s FHFY =AY AR F
FogHE 7% HFE Alae YA AR
o] #E L& vEo] HAHCE {FE dH
ANAx FAE AAE A NA 71k B9t B
Th(Nguyen-the et al, 1994). 1222 9|4 2 F
AAAE HAEY HL 7HFE AR F Al
¥k dEHA VAETES 43 °lES
Aeold 4 e WHES o) LY BFY AFHE
Abaze] o3 WS dAE F UL Ao g
th oe} e FHa JHFE AR nAETH
A& HH3E7] A3t heated water, organic
acid, chlorine 53} 7ZH& sanitizer®] 83} irradia-
ton®ll 1%t Az AEA 2ZE packing
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material®] #-&Hgo] &@atA AFHL Aok E
g 2Ee] AYE BEHoE FHI] Y
o} 7o ddHHES 2 hurdle technology
9] Aol HZ A FELI Jom A AHY
AolA gzl A8 e A oth(Leistner et
al., 2000; Nguyen-the er al., 1994; Solorzano et
al., 2002).

Chlorine2 Y& S=2 sodium hypochlorite
solution®] HFENZ heF 4~10% 7} F=2 A%
3 en, £ 2 &siEy FEe A3 7}
AL YoM FELAF VA E AFAE o] §HT
Ak, 28 Bacillus® H5FES 7o) EAE ¥
ke Aol dig AlTEe HE Aoz 9y
Aok, Aol st chlorine®] Zg7)&e &4ldA
WHZZ (AT F2 @rsEY giatA oA
8% BLES AT, SuAe] g4 A
88, nucleic acid®} A% chromosomesd: 313
e 5 UAR vAgEY] ARigd S Al A
] 71se W3E fudtd did Mg dedhe
Row &4 Att Nguyen-the et al, 1994; ¥} 5
1999; & % 1989). =3t 53] chlorine®] T4 A&
22} kel g FAAHY A7t Fldlle vlE
gt ool tig AT Al AlFF Aol

ol £ dAolAe Hi rHE LR FolA
SuUelA de] HAE Jow iRy vdg 7}t
&4 %3 HFHse AFE BELR o] FFo
EX¥33Z 9 natral microfloraZ  aerobic
mesophilic bacteria, total coliforms, lactic acid
bacteria, psychrotrophic bacteria Z8]3l yeasts® -+
#ate] ztzhe] 44§ &3¢t 28]al chlorine
3} heat®] ¥ 7HA] hurdleEE€ ¢ &3l A3
sampleg A E Fo 99 5712 AL MAEES
455 FAs ARATG AHF B vAEY
TFE ME BEst AFHOE Q3 45 A5
AEe dAPEE Tt T AHA AR
® hurdleE2] A7 E3E A2 vlw Hrisidl
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Agol AR-E AFEE MY, A, 2T AF
o Avid diE mrEAM FddT Y
‘43 sample dry-ice boxol ®o} 4~7°CE /A 3}
A APAZ o]E3 F, sample £A-E A AE}A

B2 AZ 4°C YA B FYUE d2F
B 3% o2 H¥ ARRSIET. FAE A3
#EH Qe PAEEL] FFE FHI) H5td
THE FFE T AGEE 7 258 AFH
o 225ml 0.1% peptone water2 343 F,
stomacher(Casta Brava, Spainy& ©|-83lo 287 &
28}g U2 0.1% peptone waterE ©]-&3lo] 104}
A AN LM E 45 sampled ©]
£3te] AFFo] ZEH Ae WAYEES aerobic
mesophilic bacteria, total coliforms, lactic acid
bacteria, psychrotrophic bacteria, ~Z2)3 yeasts 52
5714 nAEFELRE TRl olEjt 7 He
2 717t 458 FAEA

& 32 452 TRE D|dE 84

Aerobic mesophilic bacteria®}  psychrotrophic
bactreia®] 73-$-°l= SMA(standard methods agar)E
©]8-5} spread plate methodell 2|3} 45 sampleS
ujz|o] =23 F SPC(standrad plates count)ol] <]}
o ZA3rh. Total coliformst  MUG(4-me-
thylumbelliferyl-3-D-glucuronide, Oxoid, U.K.)7} H7}
¥l VRBA(violet red bile agar, Difco, US.A)E ©]
€3} pour plate methodel 23 43 sample ¥l
Al HZFsAc). 12} pour platingdt &, wix]7} 2
2 Ag IS o 242 5 wjRAE o] &3}
of 23} over-laydted Wi ¥ SPCel &j3te] £33}
HAL, VRBA plate’d 2l total coliform colonyE %
long wave length ultra-violet light (366 nm)3&}ol Al
3oz WA= colonyETHE Escherichia colig.
213t} Lactic acid bacteria®] 73-9-9l= MRSA
(de Man, Rogosa, and Sharpe agar, Difco, U.S.A.)
£ ©]83l pour plate methodol 23} A3 sample
£ iR HFSHAHOmar et al, 2000). 12} pour
platinggt ol WjA]7} & AL FRIT vhel 2}
2 BY WX E <] 83l 23 overlaydt Fo| SPC
of 28ty &3} Yeastss= PDA(potato dextrose
agar, Difco, US.A)l chlo-ramphenicol (50 mg/,
Sigma, U.S.A)¥ rose-bengal (50mg/l, Sigma,
US.A)S #H7Fste] MPDA (modified potato dextrose
agaNE ZFA% F(Omar et al, 2000), ZAE
MPDAE ©]£-3} spread plate methodell 93} &
5 sample$ HEFTEA wige the SPCol 9]l
8. ZHztel 34 gl v ES] g ul
G2t AJ7HS Table 10 EAIERATH
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Table 1. Microorganisms, media, culture conitions used
for this study

. . . Culture
Microorganisms Media conditions
Aerobtljc me§ophlllc SMA 30°C, 48 hr
acteria
Total coliforms VRBA with MUG  37°C, 24 hr
Lactic acid bacteria MRSA 35°C, 48 hr
Psychrotrophic
bacteria SMA 7°C, 10 days
Yeasts MPDA 25°C, 5 days

ChlorineT} heat hurdle2 O|&8 MHFE Z= 0|
MES| g1t

TUE BFe BV FHE AAT Fo 77
A2 7Y AGHE 55E3 Had &7] got
4°C WHae BastA 7S g2RE 1Y o
ol Ad dadde st A4 288
chlorine 4% sodium hypochlorite solution (Sigma,
US.AYS T3 50ppme g Fx§ FHslo] A
2 Ahgdde] ARSIt A4S sample 20°C F
F<roll 50 ppm chlorine H7HFEZ3 FAH7E, 50°C
ZF<ol 50ppm chlorine F7F23 F37H 59
A AHZHOR Zhz) 28 Bt Ao Z A
AslHrh. Zzte] PR GEE JF sampled 25g
A ANt A HF(untreatedyS EF8E S7ER] Al
FzAo wet AHF Fol|, Z}zhe] ARz AE A
dEHE v|wdlr] fate AE T S Fa
A HAEES oA dFT 7 rAEEe
2 el 99t FYT S ol8ste 7 A
3t 45 sampleo] g 919 47FA] A L
el AFEE ¥wslr] 98k control® F-AF
T(untreatedyS ©]-83A L, FL A 3 o
AH AEE 33 wkRsle] Az JIE vAE
59 78 &% 259 HAUE AL
et al., 2001; Soriano et al., 2000).

@ o

RS2 oF2| TE DjdE Y

Al Aol Fufgh g FEEe VA
& aerobic mesophilic bacteria, total coliforms,
lactic acid bacteria, psychrotrophic bacteria, yeasts
2 FEst I8 S5 ATHTable 2). Al A
oA A7 157019] S sampleSol thahe] i<
57k o] AEFS] HFFE  aerobic mesophilic
bacteria®l ¢ 2.5X10'CFU/ge.2 ZA=HArh
Total coliforms$} lactic acid bacteria= Z+zF 9.0X
10°CFU/g? 82X 10°CFU/ge.2 ZAME AT Psy-
chrotrophic bacteria®] 7-$-oll& 1.1X10'CFU/g2 &
AtEo] o gel2 Be Fo] AeAlaEe] FEFS
d F dUT. 2 yeasts?] AF+= 39x10°
CFU/g2 ZAMEATE AER Tl 45~ sample
B AE3he 919 7HA rAERY] HHE Table
29 BAIE AT

Chlorine} heat hurdle® O[&8t MA & &&=
DMESS| MoE

Aerobic mesophilic bacteria

Chlorine® heat hurdleE-& ©]-&3% 471x] A2
ol ¢]3t aerobic mesophilic bacteria (AMB)2] 4
TENE 43 Bwd Ade v 2t FA 3
T(untreated) FF 2.7X10'CFU/ge] AMBE 7}
A3 AUk 20°C FHFFEHE o] &3 AL
HFH F A AMB7}F 65X 10°CFU/ge YERNS
i, 50°C SRS o83t AHYPE HF 20°C
ZHTIE ol83te MAHF R vty a2t
2 #28HE YA &Udth 20C FFT9
50ppm chlorineg ZHYE A= AFH F 1=
AMB7} 55X 10°CFU/gE &4 5] ZAHZ o]
Zate A AaaHAE Jeplen, 50°C &
F9 50ppme] chlorine® XL Zole Al

Table 2. Profiles of natural microflora residing on fresh lettuce samples collected from domestic retail markets

Count log (CFU/g) range

City Sample No.
AMB LAB PB Yeast
Ansung 10 52~78 52~6.6 5.4~6.6 5.3~7.0 52~64
Cheonan 3 7.1~78 4.5~6.1 52~69 6.3~7.0 5.8~6.4
Anyang 2 6.9~8.0 4.6~53 5.1~6.4 5.2~6.2 5.36.3

AMB: aerobic mesophilic bacteria, TC: total coliforms, LAB : lactic acid bacteria, PB: psychrotrophic bacteria
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Aerobic Mesophlic Bacteria
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Fig. 1. Comparison of different washing treatments
against aerobic mesophilic bacteria residing on lettuce
samples
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YeRl AchkFig. 1).

Total coliforms

A3 F(untreated) 2 chlorine? heat hurdleES
o] &3 471] M2ubHel €)% total coliforms (TC)
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chlorine® Z{e WY& Mz v|asle] v 2}z
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Fig. 2. Comparison of different washing treatments
against total coliforms residing on lettuce samples

d4a&#E vehiz skt 28y s0°C SH5<
50 ppm chlorine® =33t A|Hg WYPE &3
A Aole M3 F BE TC/ 7.6X10°CFU/g
2 23Ho A AR F TC st 7P
Hold AAa#E YehldohFg. 2).

Lactic acid bacteria

A3 F(untreated) 2 chlorine?} heat hurdleE5S
o] 83t 4714 of& MAWHY lactic acid bacteria
(LABY ti& A78#AE vlwste] B, FAAF
(untreated)& %= LABe] 12X10°CFU/ge 2 &34
HAL, 20°C FHRTLHE o83l AHE 9=
M F AFE LABO] 64X 10°CFU/ge 2 &4 o
FAREH vasld oF 98% BAx AFAMATIAE
Yehidch 38 50°C FH4HE o) &3t A
g W] 20°C FF<ol 50ppm chlorined %%
& ZA-9Eoh LABY it ddEairt & Ao
2 AU, 018§ A3 7R rAET F
ol LAB# yeasts?} A= A3 3 ckFig. 5).
50°C &% S0ppm chlorine® Z3 Hhyo)] 2
sto] A3 ¥ 2AE LABE 53X10°CFURE &
AEo] A ARPE F 7P Hold dESE
e A cHFig 3).

Psychrotrophic bacteria

FA A F(untreated)? chlorine® heat hurdleE2
o] 43t 47tz Mol €)% psychrotrophic
bacteria(PB)¢] 47 AEAE HIAEHAE W FAHZ
(untreatedy2 ¥ PB7} 9.9X10°CFU/go.2 &35

Lactic Acid Bacteria
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Fig. 3. Comparison of different washing treatments
against lactic acid bacteria residing on lettuce samples
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Psychrotrophic Bacteria
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Fig. 4. Comparison of different washing treatments
against psychrotrophic bacteria residing on lettuce
samples

R, 20°C FFFTIE o] &3t AHE AHole
A3 F & PB7F 1.1X10°CFU/gE &A =AU
50°C 7R o8-8 W) o3l AMF F
& PB7} 3.6X10°CFU/g, 283 20°C 2§/ F
50ppm chlorineS %3S Afole AlF F 2
& PB7} 1.3X10°CFUgE 24HUY. 50°C 7
49} 50 ppm chlorineg Z§FF H--dle HA F
Z¥&E PB7} 6.6X10°CFU/gRE &A 0] 47x] &
Ay FollM PBY tidte] 7HE Sl Aaas
& BolEe ZoE IAHATKFg. 4).

Yeasts

FA) A Z(untreated) 2 chlorined} heat hurdleE-&
ol &3t 47kx] AMAHHHo ¥ yeasts®] HHEAE
vyl BE, RAHZS Ay £ AE yeasts7t
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Fig. 5. Comparison of different washing treatments
against yeasts residing on lettuce samples

70X 10°CFU/ge 2 ZA=UTL, 20°C FFTFIHE ©]
43 AY T A= yeasts7} 25X 10°CFU/gC.E
AHEAU}. 50°C FFTE o] &8 M
sl AF F AE yeasts7t 48X 10°CFUESE 23
HA, 20°C FF5°] 50ppm chlorined =373t
Aol HlA F 2 yeasts7} 4.7X10°CFU/gS
2 =], F A o ol dgEIe F
AsH Aoz gAY 28y Yo oln] AFE
YA wAERS vlR7IE 50°C SF<°9) 50 ppm
chlorine g8k Mayo] ot A3 £ z&
yeasts’} 4.5X 10°CFU/gS 2 ZA = o] o] Wyo] 4
712 AR F 7Y FR% AgEasE vell
ATHFig. 5).
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S Al BEAX DA Fejg §F5 F< S
&R PAEES Y PAETEE R3]
z} nA e 48 ST A Table 29 7
o} FelEl A5 samplecll= T wjAEE] o4
98 Be a7t EXEE ¢ £ A, FAHE n
AEFEL EXISe FoixAd M, e ¢
ShE & o7} Y& Aeg FAMHUTHTable 2).
Al E=3F e Al @AIgle] Folgk BE A
= sampledl|A] Z& ol gk tEFHQ coliform Al
2l E coli7t HEEE MUY 2t 7o)
TAIe} BAIgle] AiAIgT Aol A A
3 sample°] W Holut tE vlECA YT A
F sampleR T} & ¥ 714 v|AETHE YA =2
o Be 2E F5E /HAZ U9 thdata not
shown). Table 28] AIFELS AR ZRE vt
HF it AMEI7EA] Sl FES Rl v
AEES T8 43T Haydo] U2g SAIS
th e} RERANA AFE IS A AAF
3 f5E8 Afode 50170 59 A5y @
DAEEY] F4& 433 JAE + AL Aol
T 28R AFFHo 7 A Ao 7%
9] Ao = Sle MAEES aFFow
Agsled A ¢ JdE 2ot FHFAH W] AL
g xjojop g}, e} MR AEHE F2 46
= A5e e A ALARES AUt Ho
W w8 I 93l A HEE ¥ F gle
2g 38 g3 Ag¥ S U e &
2 Y hurdles g 23 253 247 HHY A
o] M4l g
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2882 B A7 = chlorine?} heat®] hurdle
S 95 &8 2 Fl #£F% 5 AFE
Ads F A2 vAE 758 A 2zt A
Hubgo| gk A& HE vt gA=E 57t
A vAETA tisled 20°C FHFUE o83t
AHPE Aeolle FAXTEH Blastd oF 25~90%
o] FAREHAE YEAY, 50°C FHTIHE o8
g AFEH 20°C FF5l 50ppm chlorineg 3
7HeE AH ] AHEHAE v2ES o SHE
el wet A aHe] Fozbt ule ZA] 8
&2 & & AAh 50°C ZF5°1 50 ppm chlorine
£ AN ASe Y BE vAEL] YA
AH F AaEHt P S5 A2 WA
£3] Fig. 15} 40lM HE uis} o] 50C 55
o] 50ppm chlorined H7Fgt MM aerobic
mesophilic bacteria?t psychrotrophic bacteria®] 73-%-
of FAHEH Hwstgg o Uz aldEZE
H)3le] 7P FEE ARV e AR AL
HAch FPH oz B Ao Axpe] oW 714
ot k9] F2gellA durHo g Ao EejA
AFshe WP 4Fe & VAYEE F aerobic
mesophilic bacteria®} psychrotrophic bacteriax= 43
3 AAY F Jdou AFE fF& sFeAdel 2
total coliforms= A9 AAE F gl A2 24}
HA wEkA digs] HARE A e 94
H, 719, g, 2 39 T4 BAFeR
F5E UM ALFE Hxe AFHA glo] &M
e AHIZE S7HEE AEE wHe Mg A
O 7 AHEHERE o] thd AojuhHel Fyo] A
F3}t.

AMAERQ AR AHA gyEsty it &
AFEIE A& T e chlorined] HF FXxo
e HEg HELS ofF olFoX|X| 9 Uk 2
et} chlorine 519 WAIE 22 Wg o Ywrze
2 50~100ppm Atole] A9 WolA chlorined 3
A3le] AMEELT ol Aoz 4E FTHNguyen-the
et al., 1994). IF8HH chlorines o 4% F%
7} 200 ppm ©]’d<l Af-oll= A7}E chlorine] #
F3 vjEEled o B2 AGEHE VIO 5 g
Ao BIHeH, 53] chlorineg ©]83t] A
A Haf[E AFEAE A5l = 7P &
EAEe AA T wske olvfo]F e} AwsiE
OJthLi et al, 2001). B EZ Chlorine 52|
s MH Foxe AN A Fo] FAEse] 4]

AsdA ARZE & 5 A3, A NaF »
F¥ chlorine®] FEoZ AN A4Fo HEHO
2 73l w28 doF|EZ chlorinelE A& 3k
ol ol utZ HA A & A Hfol B}
= FAENE AT F de W disld ge

a7t Basit

2 o

HEEY HJ2FELS Ha /M2 F(minimally
processed food)2] FElE A|FM FEHL o
o, HZ o]¢t o] Hi JHFE MAFEY 4m)
Z7F2 el ox W B vAE e Hol i
o] £ FAZ giFIHIZ Aok g S &
T U AFE BELZ 3o 5 FESA 2
= UAYEEY BXE aerobic mesophilic bacteria,
total coliforms, lactic acid bacteria, psychrotrophic
bacteria, L] yeasts® T-H3t EA3Hh T
3t chlorines} heat hurdle®] A EHE H|2E}7) 9
st FdE AF HAAE 20°C FFHF T
50 ppm chlorine H7H23 FH7RE, 50°C FH/l
7}z 50 ppm chlorine H7H+3 FAH7E 59 47}
A AHzRASR 71zt 28 Bt JAHoE MHG
F, 247k AF o] wE 919 71X nAE
HE 74 B2 AaadE vasdn. 2 484
FE TN E W 20°C SFF @EAA, 50°C F
o @5AMAH, 283 20°C /5 50ppm
chlorine 7t A& ¥ Fo ¢AUE i A
259 OiF 47 a3t oY FEie, 50°C
Z7] 50 ppm chlorine A7 A3 WYzt ¥ ws}
o 919} 371 AlE Wy Bo P FEE vAE
A G371 A

Al &

ol FAlE 20028Pd% FIHL AFAEA §
=aqTHe AYS wgter, o] dYd =58 &
TS HEFFET A el A =HYTh

2 #
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