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Abstract

This study aimed to establish appropriate conditions for the washing and storage of radish microgreens by evaluating
the effect of a sodium hypochlorite (NaOCl) wash on the growth of Escherichia coli and Listeria monocytogenes.
Sodium hypochlorite (50, 100, 150 and 200 mg/L) was added to wash water and radish microgreens were treated
for 5, 10, 15, 20, 25 and 30 min. Treatment with NaOCl (150 mg/L, 5 min) significantly reduced (2.3 log CFU/g)
the populations of both bacteria (p<0.05). After washing, the levels of bacteria in NaOCl treated radish microgreens
was evaluated during storage at 4C, 10T, 15C and 20T for 3 days. The growths of E. coli and L. monocytogenes
increased rapidly at temperatures over 15C and 10T respectively, from day 1. We believed that NaOCl treatment-
induced injuries may have caused the release of exudate on microgreen surfaces, which could have facilitated the
growth of the pathogens at temperatures >10C. To validate this hypothesis, we inoculated microgreen extract with
the pathogens and incubated it under the above mentioned conditions. The growth of pathogens in the microgreens
extracts comresponded to that observed after NaOCl treatment. The results of this study suggest that NaOCl treatment
(150 mg/L, 5 min) and subsequent storage at temperatures <5C can effectively reduce the growth and survival
of E. coli and L. monocytogenes on radish microgreesns.
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+ 245 ol 5 AAlE 9 o] FEEHo AHRE I
spA M3 Zeleh 4 4 WA WSl B7|E(meal kit
7b FEE HowA AlAdHo] sARES AP 20209] 1
Z 92 9 2108 EHIL IthKim -5, 2019b). 414
o] APgo] o3t Aol wH w=A AetHA sAkE
o of AZE A7} F718ka Slow, ole] uteh 26l
9] 287} AR UtH(Callejon 5, 2015). 2004 HFE 2010
d Ajo] mlstolA] W 1,77972] A w] AEE A
% 7hash ke AR 4ol gt 455 At 2]
SH= HIRLS 9.2%(163)Q.2, 20109 5-E] 2017 Alolofl=
12.7%(228/1797)2 A3 541280] oJ3t AEE A7} 3}
A= vlgo] Z715HTk 20105 2017\ A4S 54k
B8 W72 et AlEE AL 2287 & 854S UL 2
At A5=01%k=Hl, ol= s] 4,748749] A} WS
5510] APgSith o] AE=9 F8 AU ®Yd
Escherichia coli, Listeria monocytogenes, Salmonella spp. &
ojlom, R4, 2], PS5, WE 5ol s EAYst
T Carstens 5, 2019).

SEuEolA o X AR ey vl 5
o] YuE AREET, HiFE EAE] 57 glo] AlESHE o
BT, 2R} o) Fo] 7 34 gle] ute ]
whgo] Tels £ & AL AFE WA St 9ol
AxE 9 f-52golA FARE 9187t E 5t Hong
3. 2000). 41400 5429] Ao FRE APt ot
FHog HAHAE EEoh=tl, AFEoE AT 5 QU=
AtAlE AE71E H 40 ARHIMAUES, 2EF, ol
RS, Aol 5 77407} S5 Elo] SITHMEDA,
2019). ol3fat ARAEAES L3I0l BAE F AFEA
T2 Aot o]F HAt oA A7t FHA] S B,
23]3 AF=UEEY S0l Eolsid = Utk 53] o™
Azt 20| efsfo] Aol Y 34 % AEHo] 1}
e i} 59| Eelsletalel visht A e
9] 29 ¥ F4] 7Fs/dol 57K 4= AUrhHuxsoll 5, 1989).

wpA 2 AFolAs AR Am = ARSERE Bk 5
AE of1QZ IR BTANE SO JUUS o83t A5
= njgze) A NsAS BASL AE 3 AP 2o o)
2 AR odYA A FHOA E. coli®} L. monocytogenes]
P2 S5kl AR AR A1 5 nlE PR/
e BAS st stk
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£ 7o) AgE AT oAYL HES T Su] o}

Foto] Fef2d oA A FFRA o= 547t Aejiste] 5-7
cm F Ak A FE5to] ARGSIGH A Al R-8E
= AR YA AoA EZSKHKim &, 2019) Escherichia
coli 351} Listeria monocytogenes 35S AME0IROH, A
A5 ¥ oz Eestr| sl rifampicin A 7
5199} Rifampicin A4 S+ tryptic soy agar(TSA;
Oxoid, Basingstoke, Hampshire, England) AJol|A4] vjFst 2+ o+
F5 F5lo] 50 W/mLY] rifampicin(R; Biosesang, Sungnam,
Korea)©| 8- Luria-Bertani broth(LB, Oxoid)°]] 4Z&5}11
37CoA 24417 A" BigsIlTE. o] 50 uL/mLe
rifampicin®] $3-% Luria-Bertani agar(LA, Oxoid)o] H&
Stal, 37ColA 24A17F BigSte] rifampicin AP H
SE5HET. Rifampicin A4 5= rifampicin 50 pL/mL
£ 2718k tryptic soy broth(TSB-R, Oxoid)°]] 20% glycerol
£ H7kte] -70C oA Esict

OfZIAMN A SMHOIM £ coli®t L. monocytogenes
Al

E. coli® L. monocytogenes7} A5 oA LA A
o QUUE TEI Y BHS LrEE 2, ofE
9islol A ol AFAE Az fAAHLS
vtfate] 4,000 pmof A 5ELE HiEefst] e ds FHet
3 AEHS 045 um HE|(Merck Millipore, Ltd., Cork,
Ireland)E ©]-&5t] 1x} ojZska, 022 pm ZE(Merck
Millipore, Ltd.)2 22} oj7519ct 25N | mLE 99 mL
PBSE 3|45t0] 1% AFHIAE AZXsIGoH, R212s
TSBZ} PBSE ARESIGITE P4 B A &S AAT E. coli
@} L. monocytogenes HEFR-S 5143510] 3 log CFU/mL 4=
0| HES 1% 5 oA L F2%4, TSB, PBSO]| 212}
HFSIaL, 4, 10, 15, 20C oA viFSHA. 22H2] HiA]o] 4
Z5} E. coli®} L. monocytogenes®] A|71} 20 WhE A<
S 2457] 190 £ coli= 4, 1000 24417k 702,
15CoA= 12413, 20ColM= 641 T 0= 48 57
31999, L. monocytogenes= 4T O A= 24A|17k, 10T ofA
£ 12417, 15, 20CoA = 6ARE M= w5 S5
o o Qe FENS 1 mLA FH 0.1% peptone water
2 SA3AEL, 100 pLE F3to] E. coli= TSA-RO], L.
monocytogenes= Yeast extract(YE, Oxoid)7} Z7}=
TSA-YE-Ro|| =3t & 37ColA] 24417k vieFstRTt.
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AE ZAS GFE5H] Yok E. coli®} L. monocytogeness



852 ARSI A7 ATE (2020)

ofgilo] FFESIAULL, AtAMAIGEFC] =E3AZH. |
A W5 22 2004 siEet F 10 uLE Fste] 10
mL2] TSB-RO| Y1l 37CflA 18A17F 52t HiFsHIL:. i
oF A Eeh HAARE AT 945 4,500 xgol
A 1587 YAEZSE & phosphate buffered saline(PBS;
Difco Laboratories, Detroit, MI, USA)C.2 HENITE 9
IS 33 BEESE & 7] 5 1 mLE S5t 57t
6 log CFU/mL7} =|=5 345150t 3143t St 10
mLE {100 g spotting?t & Z11F 4o} =0 T4t
o WollA] 2A17F Bt ARSI, 571 FEE oA
A 10 g& AOFIAALEFSY(Yuhanrox, Seoul, Korea) 50,
100, 150, 200 mg/Lo| 5, 10, 15, 20, 25, 3027+ FX|5}ST.
s AREAE gRlIsk] foto] of-QiAfA 10 gofl 4%
A9 g1 &38kA]7]7] Y3t D/E neutralizing broth(Difco
Laboratories) 90 mLE Y17 stomacher® 257t 2|5}t
1% 1 mLE Foto] dABAsH 314N 100 uLE E.
coli= TSA-R 8JR|0||, L. monocytogenes= Yeast extract
(YE)7} H7}8 TSA-YE-RO| s}, 37Col|A] 244|171 vl
Fatoict

N 22 ofEYafLo| Y20 U2 £ colRt L
monocytogenes?| HHEM ZA

M T A7 2= oAYA A9 E. coli€} L. monocytogenes
9] AFEAS ZAH] Ydll E. coli®F L. monocytogeness:
WA AotAMAIER AA4s 27 Sl Aget vt
o o] FFsIct. AlAsA] 2 offdAf 4, BArERE
33] At of A4y, 150 mg/LO] AOIFMAIHERTE
587 Aldstal, B 23] 3 A2t o] AYX|AE PE
AAe] vid Aol 10 g¥ Wil Wgsto] 4, 10, 15, 20T
ol APgSIAct. AH L Aol T2 TPEE RS BHIE]
QJ5te] ofAYAA 10 gof] D/E broth 90 mLE Y1l sto-
macher(Interscience, Normandie, France)Z 257t w4 35}5}
k. 1 £ 1 mLE F5ko] 0.1% peptone water(Difco
Laboratories)=Z @A3]A51, 100 pLE Fsko] E. coli=
TSA-RE}R|O|, L. monocytogenes+= TSA- YE-Ro|| =H5}11
37CoNA 24X7F BigstGAT

Az

TE AL N0 R LyE|glon, I Addute]
A7t G3K= SAS EA 2 JW(version 9.1, SAS Institute,
NC, USA)2] EAHZA(ANOVA procedure)s ©J-8-5o] E4s5}
Ak p<0.05 2ol A2 a7t 521231 H-folli= Tukey’s
HSD testE o]8slo] B#7F tEn| s sk
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HD ojUYMA SUN HULE0 OE £ colet L
monocytogenes?| H&EMS

E. coli®} L. monocytogenes7} A5 o] Y| Aol A G
H LS E8sto] Aot 5L 45 Hlo A%
ol AU 1% HFHol| 22} HF 7 4, 10, 15, 20C] 79
7t At g S5 SRS QEH] AlSE=
P HRTOE TSBE ARSI, FFHo] gle &4
XA R PBSE ARSI E. colis Z7+9] BijA|o] HF
sto] 4, 10T 797 A5 o 1% 25H Fdo] 35
St TSBoflA B oA iQtth(Fig. 1). 15ColA B Al
27| 8% BT 2.6 log CFUMLZOH, 1% ZZHoAf=
72X]7F 30 6.3 log CFU/mMLE A5} 11, TSBOJA T 6.3
log CFUmMLE 22 207 FA513ltt. 12 2t S4
SkoflA Aol B, 1% 250l o 7.2 log
CFU/mL7IA] 41513 21, TSBOJA]+= 8.8 log CFU/mL7}
A FAISHATE 20ColA BiURE E. coli®] 7% ¥l 6A1ZE
FHE FAI6E7] ARt 1% Z5Holx= v 30417 &
74 log CFU/mLE ®F2A] 461911, TSBOJAl= 6A1%F o]
5 Z21517] AJ&Fslo] BieF 30417 & 8.1 log CFU/MLE 2
ot AYRZIL E. coli= 1% Z5HoA] ABE Al Zof
54 dr7t YLl FHS TSBEH 15To4= 1.6
log CFU/mL 2] 2431943, 2000141 0.7 log CFU/mL
A =t Fgo] S5 TSBO Bl 1% <540
A Y 4 e WA e, I 4] sk =
g Sl AR FFEiAILE fAKSE E. colizt AR ofRS]
Z5HO| JFHS EEsoto] oA FAIRE AS IRl 5=
QIQItt. L. monocytogeness E. coli®t 22 WPH O g uljz]of
AEsto] BS 542 574 23, TSBY 1% A5HofA =
T 4CoNA = 797t AR 23kon, 10ToflA = 124]710]
At o] %R S sh7] ARSI Fig. 2). 7] HE %
L 3.1 log CFUMLYT, 1% ZREHS 10ColA] 144A17F Hl)
oF A] 7.6 log CFU/mL7IA] 24151921, TSBOA= 9.4 log
CFU/mL7IA] SA15F90). 15T oA w9t L. monocytogenes
£ 1% 2583} TSBo|A 25 6A[7F o] 4517 Al&st
o 1% 2FHox= v 484 Fdf %1 7.8 log
CFU/mLE 341519911, TSBoJA+= 60A17H4] 9.3 log CFU/mL
2 ZA5HH 20T oA vigRt %, 3AIZE o] SR =
Al FAI5t 1% Z5Ho| A= 24417 A 7.9 log CFU/mL,
TSBOl= 30A17H4 o] 2+t 9.4 log CFU/MLE Ftf] S%0j
TIolelty. Jg=o] TSBO| H|e) Aid oz &2 1% 2+
FdoA= | F4 =7 1.5-1.8 log CFUmML RA &
BEAOY, 77t S7Foke HEH fARHA UEiT o]

N 1 o
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Fig. 1. Behavior of Escherichia coli inoculated in extract of red radish leaves during incubation at (A) 4C, (B) 10T, (C) 15T, and (D) 20T.

Values are the average of samples from each of four experiments, error bars represent standard deviations.
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Fig. 2. Behavior of Listeria monocytogenens inoculated in extract of red radish leaves during incubation at (A) 4C, (B) 10C, (C) 15T,
and (D) 20T.

Values are the average of samples from each of four experiments, error bars represent standard deviations.



854 ARSI A7 ATE (2020)

+ Kim 5(2011)0] 5 FHoIA E. coli O157:H7] A
& 71573 ST AT 2t fARsIleH, & AdS &
3 25 ofA Aol A 25Tl FFHo] mlgEC] SA5H]
of SEet THS AlToh= AR UETH

AOIYAMLERS 0188 XS oY A
z 44

A olheA AF F AY TS B sle] $
A Aot AMAES 24 Al 203 A7GsISith E. coli
@} L. monocytogenesS JHALA |40 HEsto] 50, 100,
150, 200 mg/Lo|A] 5E ZHH 02 30871A] A5t & At
AHE AR 50, 100 mg/Lo] T2 SELF AlA Al
E. coli= 1.1, 1.5 log CFU/g, L. monocytogenes~= 1.2, 1.5
log CFU/gd X 7345199 1(Fig. 3), 50 mg/Le} 100 mg/L 7t
o] 99791 ZJol= 8I9Ithp=0.05). T} 150 me/LE 5E
T AARE AL E. coli®F L. monocytogenes B5 2.3 log
CFU/g®] 7t4a37t QI9ith E. colis A% 3 150 mg/L9}
200 mg/Lo] FE& AIATT AT Il F21Al 2ol 7}
3lom, 5&E ol Astoie ¥ ol Az avtE LE
A RFHp>0.05). L. monocytogenes®] 73-2-0= 150 mg/L
oA 587 28] A] 2.3 log CUF/g 48}, 150 mg/Le}
200 mg/L A+t 7He] FoJAQ1 Afol= QI T2 E.
coli®F= Tk 2] 100 mg/LE 1587+ AP 72 150, 200
mg/L A2t FARE At s et AAHo] &
AREOl A 382 EYely Ed| 59 ol AAT Bt
ofls}, 7] AE BrE REH AFY Ay FES
a5t ARt $83% DAlOItKim, 2005). 14 SAkE

i
EN
b
Jin

A)

2 L -=50ppm
——100 ppm
1 } -e=150ppm
——200 ppm

Bacterial counts (log CFU/g)
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Time (min)

= B2 AIES B¢, vlAd=0] 0.2-0.8 log CFU/g A&
ZHAEITRE Kwon 5(2006)T} Park 5(2012)9] AL Z}o]
OE2H EAIA HAagil= 34 ¢7] wEe] AldsitE
9] HABE AT E ol EHAHO R AdAEAE ARE
s}l Qlct stwgA] YAITE] XA A(Ministry of Education,
2016)9N4= AFOo= Hi A4 9 HAF= ZolAMAE
o0& Al Al $AFLAEE 100 mg/LE 587 JA] & 9
= EE o] BESt=S AAIstal itk 12 & 5(2008)
9] AFAT oA FAFE AotAAAESR 100 mgLE 5
w2 23 d HYd nAES] A4 3= 0.8-0.9 log
CFU/gL, Lee 5(2011)°] Hl'd Aj&o] 5Let 52t Al
7ro = A5k A, ulidEo] 1 log CFU/g Bk 745t
ngE Aol 237} vju]gt A o2 Yelth Zjopg it
EFS 5894 AoA st ABHE 7HAE Alord it
(hypochlorous acid, HOC)Z d4shk=4], °o|= t|=9 Al
ZHS F5t0] DNAS EAIZIAY, Al tiAkE W)
Stal BAE ESJOA AetEE-S dovls Ao 4
2] QItt (Estrela 5, 2002; Fukuzaki, 2006; Kim, 2001). g4
Al A=A -, in virro AJoIA= 3-5 log CFU/gS] A&
TE Ho(Elano 5, 2010), A1E] A& A] pHel f7]=
Zof o) A& mih FARCHKINS, 2009). Yoon 5
(2017)9] AFol|A= F50l| AotPAANEEFS 100 mg/L
A AW W E. coli’} 2.4 log CFU/g9| H4ash= a1/} QL
AL, Park 5(2012) 52] Aol A= HiS=] 3 log CFU/go]
A A ZIPE 9o, B dAtoflAlE 150 mg/Le] s=o]
A FARE B Uehd A2 sAEe] E400 wet Ak
BI7LAoloHA AE o 7] whHizolt. wbA] A& ofdd

3

[=)}

W

N. Y

w

L -=50ppm
—4—100 ppm

L —e—150ppm
——200 ppm

Bacterial counts (log CFU/g)
[\

—_

(=}

5 10 15 20 25 30
Time (min)

(=1

Fig. 3. Effect of sodium hypochlorite treatment (50-200 mg/L) on the population of (A) E. coli and (B) L. monocytogenes inoculated on

baby leaves.

Values represent the mean of triplicate measurements. Bars denote the standard deviation.
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A& MAE W] E. coli®} L. monocytogens©lA] 2 log CFU/g

o19] ARIAE Lehiis A0 150 mylLol] S
Helehe Aol ANAY Aow Wk,

HH & M2 ozIQafA HALE U2 £ colRl L.
monocytogenese| M EXA
HE ofHYALE AoIAMMIUEFOR AH & A%

257} R 4 Hale] v TS B4 919
AT oJAYA A0 E. coli® L. monocytogenesS 855}0]
Aol AAMFES 150 mgLE 587 A% 3 on Wa

AASHC) 397 24X]7F 7HEA0 2 | 5 &4 thl, Al
HoA) g2 ol Eaut AHT oAU YRF

SIS WA E. coli®) 739 29 ARE 4, 10T 3017}
AN ] A ojEo] AlEglo] # 47 27151A] otk
(Fig. 4). 124 15T AGHS A5 2=A= AlARL of
Yo A= #<=7F 0.7-1.2 log CFU/g 71519, E2 A

(A)

7 | SControl EWater EChlorine

Bacterial counts (log CFU/g)

0 1 2 3
Time (day)

8

7 L  ©Control @ Water & Chlorine

Bacterial counts (log CFU/g)

0 1 2 3
Time (day)

et o] Af|4= 0.2-0.9 log CUF/g, A|IASHA] 282 ofd
Y40l A= 0.1-0.6 log CFU/g Z715K= Z3Fo] UeRsith
AlAsHA] gk AleHTh g HejolA A% F =7t
o] =7 S0, AlHSE At FolNE B2 AlHg
AET} Aot AMNIER O & A AT 2] FLof|A] o7} o
A S 25 Al AT ASAR AHE of
HQIoNA E. coli7t T BI2A FA6k stglou A 3
T PR de AEAR AT oA F4(4.3
log CFU/g)7} E27F A3t Z(5.1 log CUF/g)H‘:H: ‘7%*2%
t}. 20C oAM= A% 1°W1TE1 Mgt A2l nlAy

N 579 2] 45 554 log CFUE A0 2+
sloia, Bau AR Nomsa} =A% A @@1%@7&
o folHel Aol7t Gsickp=0.5). FTE Fe B 4,

10CollA= 3U7E A Al AFAR QI E. coli] Atat
7F fFAERCH, 15CoAE A5AZ AIARE Aol 1 log
CFU/go| Z7I5F2L 20Co4%= 2 log CFU/ge] S71819itt

C

7 | SControl EWater & Chlorine
Aa

Bacterial counts (log CFU/g)

0 1 2 3
Time (day)

g

7 L =Control EIWle)lter @Chlomﬁ Ab

Bacterial counts (log CFU/g)

Time (day)

Fig. 4. Population of Escherichia coli in red radish leaves treated with sodium hypochlorite 150 mg/L for S min during storage at (A)

4T (B) 10T (O) 15T, and (D) 20T.

Values represent the means of triplicate measurements. Bars denote the standard deviation; different capital letters indicate significant difference
among washing methods; different small letters indicate significant difference according to the storage period.
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ESE 15T 20ToA HF E=RE AIAR ARt A=A=2
A AN BBe] ZASEH BHE A0 Urebiic

L. monocytogenes~ -2C2| AL Ax AJ&Fo] 7Hs3st
HY mER dEA ok 2 A™olA ofddl L
monocytogeness E5t0] A& & 347 AFFZ wf 4C
oME He Aol w7t S715HA] dQtth(Fig. 5). 71
2l E. coli®f= HEA 10T AP A9 A 19745
B L= AN S41517] ARSI o, AotgaLGE
FoE AIARE oAl A= AR 3 51t 1.2-2.0 log
CFU/g 345kt =0t AR A9ltol A= 1.1-1.4 log
CFU/g S5t AL, AlEstA] 92 AdltolAf= 0.6-0.8 log
CFU/g S4I5l0] ZotdaqHEFC = ARt HikEolA

£ A Hls) #EA SA5ke AC® et 10T
oA A 2dA o= A=A A23E ofQlofAl9] F<=7t
dx79] 27| HF 522l 4.7 log CFU/gY}t FART =2
Sajsigomn], A4 3N el 7] §o)4 To] glo]

z

7 L © Control B Water & Chlorine

Bacterial counts (log CFU/g)

0 1 2 3
Time (day)

o)

7 L Control & Water & Chlorine

Bacterial counts (log CFU/g)

0 1 2 3
Time (day)

4.7-5.5 log CFU/g 502 ZAJ5199tt. 15, 20T AR
2 U 1YAE BE AHT 752148 Hol} ghol Al
How Qg vjgE AT ARHIE 202 et
HEBH) gre A% oAl EROAL 41500 397
A stod . n|AEo] 0.8 log CFU/g oA} Z41514] Q¥9ro.
U, AoleladhbE B0 2 AHT SAEIAIL E. colid] 2
S 15CoIA AT 39 F 1 log CFU/g o1 SA15H1L, L.
monocytogenes2] 733 10CoA AA 3Y & 2.0 log CFU/g
ST 43 v gEL SR BHHE 245
12} Harapas 5, 2010), 4:2] oA 21o] e
g0l A3 TFRIN 42 A 4 Yov, ArEe] &4
2504 JopHo] §2=|oiBrandl, 2008) T]FEo] B
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Fig. 5. Population of Listeria monocytogenes in red radish leaves treated with sodium hypochlorite 150 mg/L for 5 min during storage

at (A) 4T, (B) 10T, (O 15T, and (D) 20T.

Values represent the means of triplicate measurements. Bars denote the standard deviation; different capital letters indicate significant difference
among washing methods; different small letters indicate significant difference according to the storage period.
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