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Abstract Raw sprouts from contaminated seeds are responsible for many foodborne disease
outbreaks. This study aimed to investigate the aqueous chlorine dioxide (ClO,) treatment of
broccoli and barley seeds on Escherichia coli O157:H7, Salmonella Typhimurium, and seed
germination. Broccoli and barley seeds were exposed to three different concentrations of ClO,
(100, 300, 600 ppm) for 5, 10, 30, and 60 min. The microbicidal effects of aqueous CIO,
treatment were increased as the ClO, concentration and treatment time increased. After 5 min of
CIO; treatment, the number of E. coli O157:H7 and S. Typhimurium in broccoli seeds decreased
by 2.08-4.49 and 2.48-3.73 log CFU/g and in barley seeds by 1.09-2.15, 1.39-2.95 log CFU/g,
respectively, compared to the initial level. The decimal reduction time (D-value) of E. coli
0157:H7 in broccoli and barley seeds with CIO, treatment for 0-5 min was shown to be between
2.41-1.11 and 4.61-2.37 min. Furthermore, the D-value of S. Typhimurium was 2.18-1.41 and
6.56-2.17 min, respectively, consistent with the decreasing trend of the survival plot. The germination
rate of broccoli seeds did not significantly decrease after ClO, treatment. However, 600 ppm ClO,
treatment delayed the germination rate and growth of barley sprout seeds. These results demonstrated
that ClO, concentrations of up to 300 ppm were effective in controlling food pathogens associated
with sprout consumption and did not affect the germination rate.

Keywords chlorine dioxide, Escherichia coli O157:H7, Salmonella Typhimurium, broccoli seed,
barley seed

1. M2

[

23 4731 Aol ofF ARTAY, T, ¢ 5 TR A% BEE WEA S7bshEA
W% RAE 9kl SARTEE A4 %] U(well-being)d] 5 A7) mgo] Hi AEo] Gt
o] b ik, A bt AL FeR Haslgete] 2% el £ At e,
MEQA AR 5O2 BEHD Y ANAINE 3 Shi2 4oy U 25 2 o] =go]
ek iR SlrhPark 5. 2009). A A4 BEHE BfEA Foet Sush, ¥, nese
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AZL g, AL, F2H, A7, AY, FE5T 5] e
dlol & g2 Ar I K2 0]85}7| o] flavonoids, B]EF
9l 2, ‘rr7]/‘]' S TR A 240l FaE0 X
A% 7102 AR WY X, A%, Y 2 ey
5 A7) =28 F= A0 H1Eo] Qltk(Aloo 5, 2021;
Azia 5, 2022; Kim3} Lee, 2010). o] & B2 Zd|&= HEH]
K, E, Hl&=4 318HE 9 sulforaphane 53 22 7154 4%
3961 YI(Liu 5, 2018; Park 5, 2009), A& K2l H]eh
A=, WEd HUE 5 A D s AR Y
31T 9100 1020 em A= A Al FUAR] 18
2 ol il AV B4E 58 Aol Tl 7t
b 2 A rkSeo 5, 2013).

A At WA A 22 5 54 AR
E o] - £ 02 QFE O] I UAFE A
A9 20-40°CY] 2% I 90% &% 7<7d SOo2 A= Q)
o] 9 FA7} olshA A Ak AAE LGA7IA B
THLee 5, 2009). & dgu} T, ﬂiﬂi TA 5= HopAZl

A Qa0 BAOR Qlsf Al5-5o] RIFsHA LAY HA A

B Qi ASE ALY A2 AE F stuE A4 A71EA
SH(Hung 5, 2020; Smith®} Herges, 2018). 3}, FUHA =
A nelel GAS T, PAF 5 A4 1sAe] 2aA
w4 0|2 ol8d Az 2, B 5 59| AFo| $EET
Ao, T AR Hel £ 5 AlFolA EH Fato] 717t
Z3}5to] AZOFERMAA A= Al AlEE A5 FASH=
= AR3)A ol#7t ® u} IEH(Choi %5, 2022). Lﬁ{u A0l
U A4 9 dy 22 FARE] diste] bdA SEE 9%
HI7tE At A EA AR, 05, |714L 239, A4,
A7|&E34 5o] AREEIL QL "= FDAO A= A A4
EAst= A HBES A0St flste] Holstr] o] M9
Z:219] 20,000 ppm calcium hypochlorite(CaOCl,)E A&5}o]
A AS FdkL Ath(Rajkowski?} Thayer, 2001). 121t
4 AE= trihalomethanes(THM)S] AAJ 1} pHO| W& 33
< ©o] obx d4 A=A Zef oAkl Aart e
ALt

olistd A= TS Al S| o, SEH
ehlS g Qlow thefdt pH HejollA e Ateo] d3
WA grom WRMEARE ¥zl THMI}; ammonia ¥R &
chloroamine™ AJAJSHA] b=ty G A 970 S84 At
o] A7 A= 2-857]% FTHChen, 2022; Kim, 2001;
Kim &, 2019). o= vl FDAQ’ EPA9A 59 IH&
ool FulBEAS] AHgo] A7tElolHon! olFolA o]t
A AN 47NN 8] AT kBl 5,
2024), o]ig oIS} 4 ABSOREIAANH AT,
W% 5 AB9| A7 20 Ao s7tE AEH o]

o GA 7EEA] got AR F " EE 545t

9, 5714
] 3t
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RS 5 STk E3, Bdct o 2.5 o] Astelo] ok
4Felo] 94310l AR Al L] FHL W BY 9
AR i Sl A-Este B UAIskL A FHAIZ
4> QJtH(Chen, 2022; Ran 5, 2019).

oehA 2 Ao A= Sl Aoz A5 @ol o]&
He B9 HEEY SAE der, Bed el E
coli O157:H72} S. Typhimurium& FE3t & 2AY7] AA]of
A AZ3E olitst g ad Aol whE At anet HokeZ £
AFEOZA Wt F Aak A40) RS SHsLA Shlch,

2. Mg 3 2y

2.1. &4aE

H ARoAE H2E(Seed & Grain Tech. Inc, Campo,
CA, USA)?} H&|(Cungnong seed, Bucheon, Korea)E Aj&+
TAR AEo o ot Aei7F et AS Adste] AF
of o]&s}oict.

22 AME ZF ¥ AdF FHEZE

Aglof| AL&3 WA FFE E. coli O157:H7 ATCC 51739
@} S. Typhimurium KCTC 25150|H, 35+£2°COl|A] 24417t 5
Ol streptomycin sulfate salt(Sigma Aldrich Co., St. Louis,
MO, USA)7} 235 tryptic soy broth(TSB, Difco, Detroit,
MI, USA)%} tryptic soy agar(TSA, Difco)ol|A] streptomycin
resistant E. coli O157:H7%} S. Typhimuriume Z}Z}+ 33] oJA} A
of Wjafsiol ©.200] cfet QA Blsto] Ag] ALeBIT.
837 A wiekt okAAo] ERIEl E coli O157:H73 S.
Typhimurium-> 35£2°COfl A} 24417k 5t Bl oA 2™ i<y
< 2,952 xgoll Al 1027+ Y41E2](VS-5000N, Vision Scientific
Co., Ltd., Osan, Korea)s}o] wAl(pellet)i A3t o
0.1% BESE W15k At 52 95 WO 1831
ot olw wjFHO] 27| FY AL E coli O157:H7=
9.61+0.16 log CFU/mL, S. Typhimurium< 9.60+0.09 log
CFU/mLo|3Ith. A¥S fIsto] A4 o FA= 1 g4 Ur
o] clean bench(VS-1400, Vision Scientific Co., Ltd.)o| 4] 14]
7F B9t UV ZA}5l9] pre-existing microorganisme A A gt o
2 E. coli 0157:H7 9 S. Typhimurium B{¥HE 1 mLA
Tkl 1AZE B xR & Ao o]-&5HlH

OS5 =
g5t 7 H5

2.3. O[MslgL 9] X & AlE el
oJAts} g A4+ Fig. 1°] CDG(chlorine dioxide generator,
CDG environmental, LLC., Allentown, PA, USA)E ©]-&5}o]
A ZSFHF A oA} I ALY Hr = o]Asl AV} Potassium
iodide(KD) 89Tt WFQ3lo] AYHL iodined A
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(A)

(B)

Fig. 1. The photo of chlorine dioxide generator (CDG) outside (A) and inside (B).

iodometric F'H(APHA Method 4500-Cl0O,)o] w&t &%5}%
o & 33 $745 15 mLE Y& 4aEetAnof 25% KI &
9 5 mL9}t 0.2 M HCI 89 20 mLE Y11 ojAlatd o A2
1 mL 37t & 2 350] 42 o upiE st gaolA 28
¢ BESAIH T 9 T8 & HEEH(0.5%, wiv) 1 mLE
Z7F8IAL 0.1 N Nay$,0,0.2 FAo] &= ZIH71A] g5}
9}, olm <200 ppm ©]AHE}F A4S ZHo 0.01 N NapS,0,
o= HAotal thy A3} Zo] A4lstoitt.

(A) mL x (B) N x 13490
A&7k (mL)

CIO,/L = = (C) ppm

A: BA Al Nax$0, 715
B: Na,S,0, Normality
C: olietas 5=

CDGE ©o]-&sto] AlxH oJ4tstda4+= 1,200 ppm 5=
Qo A% A 100, 300, 600 ppm FEE 34 A x5}0]
Azl sttt AgE W94 nAEe] AFE A% i
Z2F 1 g7} 100, 300, 600 ppm 5E2] o]AFS}G 4% 9 mLS
TUE 7 50 mL centrifuge tubeo] ZHz+ A7}sto] 0, 5, 10,
30, 60% 9 HAAIA Ak

24. H2Y 042 & 55

opttdarE 47 s H ARMEE AR AR 1 gl

98

0.1% HESF 9 mLE 715t & 2% 52t #23KBag Mixer,
Interscience Lab, Inc., Woburn, MA, USA)3}1 0.1% HES
of dAH g MRt thZ TSAC] =TSto] 35+2°Cof| 4] 244]
ZhjForgiet. vl & P49E M= AlSeote] log CFU/g
oz eyl

2.5, HAY 0/4=29 &x &aif 5F

A SR S HRA vl=ol Hit of4ketd Ao
bt A= survival rate 12 L9} D-valueS &745k0] UEr
et

2 E. coli 0157:H7 ¥ S. Typhimuriumo] <% HZZg
9 HE FAo] s okl ASE A2 & FA4E Hdg
£ AZste] log scale2 TARRE ThZ AF] AZte] wE
survival rate T2} LT ofA] U|AE 5 1 log TAA|
71t 4285 oAt AAs A2 AZHmin)Ql D-valueR
e QAT o o]itetdaas A 2of digt MA] 3t dhet
D-valuer= ThZ Zo] u]E FETA] 12} B model=
283t 71&71 2R E ALtstal, A2 Azt B B2 719
D-value= 7P A4 71 €712 4TSI

_ t 1
D= N\ slope
log| —

2

D-value: 94 2L 0oA BE 5 1/10(1 log cycle) 7
A0] AQF= oJAstdAss A AlZH(min)
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t: 5E=E olAlglg A4 AT Al7Hmin)
N,: 27] 0JAE 24 (colony forming unit, CFU)
N: oAt A (A7 AEd & ndE A

Slope: T[8& AEFA A 71e7]

2.6. M4 ZA9 Eofs 2 HE Z0] T

Ago] AR A SAHEZE ], % He))= gJ3to] &
33 Aot 1 g& FF4=2t 100, 300, 600 ppm EE2] o]Alst
A4 10 mLo] 0, 5, 10, 30, 60% S9F X3t & Easy
Green™(Seed & Grain Tech. Inc)o| A 7€t At & o}
£ ot A Y49 Aol ST ok FAll
Al - Zo)7t | mm ol AE Holet A0 & 7hsto] v
& (%)E UEY L &2 Folet #9] Zdo]g 4519 cm
& Uefiglon dokgi} &2 33 AIFe A1] Higte
& AAsHH.

WohR(%) = (Motel Ae] %/ RA| FA9 49 x 100

2.7. 84 24

T A 33 RHEsiglon, Avke Bd )t REHEAE Y
BRIt A8 di= EAX 2] T2 1 (IBM SPSS Statistics
27, IBM Co., Armonk, NY, USA)E o|&3lo] HAHLA
(analysis of variance, ANOVA)C.2 F-ol4 AX & B 7¢
Th5H] i (Duncan’s multiple-range test)E XA oM, B4
2§ Aol= p<0.05 FELE HSOIAH

A

Control (Sterilized water)

E-coli O157:H7 (log CFU/g)

ClO, 100 ppm
ClO, 300 ppm
2 ci0, 600 ppm

0 10 20 30 40 50 60 70

Treatment time (min)

3. gy o nE
3.1. BEZC A0 HFE G 0/4=0/ Lfa! /¢t
s1gA+9 A 2if

oSt AL Aol w2 A% FALY] WA uBE At &
= 3916t} E. coli O157:H73} S. TyphimuriumE HZ 2
2] F7tol| A9F oz FEstal B2t 100, 300, 600 ppm
SE9 olAsldASE AZHE ZElete] HAAAZ T grist
n|AE 49 H3l= Fig. 29} Zth WA E. coli 0157:H7°]
HEE BE2FY I4Y 27| #4+= 9.50+0.30 log CFU/go]
o, Bz Aet hRite] 4S5, 10, 30, 602 B
A2 HEstae o zHzk 9.31, 9.22, 9.10, 9.03 log CFU/go.
2 dolx|= AFS HYou AY fARE F42 YET o]
AstE g HE]Zo] A 100 ppm SEZ 5, 10, 30, 605
Zot AR 5YLS W 7+t 7.42, 7.1, 6.72, 6.30 log CFU/gO.
2, A2 AIZH5-608)] wet x7] 4ol Hls ZH2zE 2.08-
3.20 log 7ZH43F%1, 300 ppme] A% 77t 6.90, 6.49, 6.13,
5.68 log CFU/gQ & %7] w5=f H|3f oF 2.61-3.82 log A7t
ok At B7E BoIrh 123 600 ppmS] B9 AP AlZPE
747} 5.01, 4.84, 4.61, 4.12 log CFU/gO.& 27| <40 ]3]
9F 4.49-5.38 log Adl= A0 R YEHY, oJASIEAS B
o} AJ7to] Z7ISEE 2 A AIE Holk Aoz F9lH
k.

I8 S. Typhimurium®] 3§ B2E8] 2 J%
7] ¥ 9.33+0.30 log CFU/go]loH, tz+9 AS-

(B)

10

Control (Sterilized water)
ClO, 100 ppm
ClO, 300 ppm
[ ClO, 600 ppm

N~

Salmonella Typhimurium (log CFU/g)
N

0 10 20 30 40 50 60 70

Treatment time (min)

Fig. 2. Effect of aqueous ClO, treatment on the survival of pathogenic Escherichia coli O157:H7 (A) and Salmonella Typhimurium
(B) in broccoli seeds. -e-, control (no treatment, sterilized water); -o-, ClO, 100 ppm (100 ppm aqueous ClO, treatment); - ¥-, ClO,
300 ppm (300 ppm aqueous ClO, treatment); -A-, ClO, 600 ppm (600 ppm aqueous ClO, treatment). All values are mean+SD (n=3).
Different superscript letters on the bars indicate significant differences (p<0.05) by Duncan’s multiple range test.
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10, 30, 60 &<t A A5t wf 242} 9.27, 9.16, 8.97,
8.70 log CFU/gC. & E. coli O157:HTE AESE 277 A9
FARE 3ol et 123 100 ppm FE9] oJAatd 4 A
9] AF 5, 10, 30, 602 Bt MAGIZ W 27} 7.02,
6.81, 6.35, 6.33 log CFU/g2 &, A7 A|7K5-602)°] u}ta} =
7] w5l Bls 27} 2.48-3.17 log A5}, 300 ppm2] 73
< 7}¥7} 6.51, 6.31, 5.80, 5.52 log CFU/gQ.& 27| w4=0] H]
3 9F 2.99-3.98 log A7tol= A EIE EAT 600 ppm
L0 A9 A AZHE zZHz 577, 5.19, 4.23, 4.00 log
CFU/gl 2 %7] #4=0] H|8] 2k 3.73-5.51 log A= AO
E UER, E. coli O157:HTE HET AdTT vEI7HAE o]
AR A ket A7to] F7Md g w2 A BE YE
pile

oJAk3}g A= cysteine, tryptophan X tyrosine} -2 o}H]
LARO] ¥hg/go] of o]4tst A AP A| o]t opr| ke
AbE Mol TiAS A ABIAA Alxy g g 9
nAES Afeta, Alxure] £ MAAIA HE0lA At
3} &% fFEsto] A A%E YEil= A2 dEA At
(Kim, 2001).

E3, dadmo] vls) AglEo] ot AlE AY & s
A ZHA A FHo F= FFol F1 FH e 9] pHol
A Atgo] eote] AlE ARQlo|A] BHAQI | YE Alof B
HOo g o]§E1 ItH(Chen, 2022).

Kim} Lee(2010)°] h2H, A&t 49 Avt Y45 52
Azsto] v gS wf A 240 mv|E} vieky o A
g Ao vls) AAHORE w2 A0 YEgon, o] F &
7149] 3% ZF oF 24, 2 E Q19 A o 3uj, ] H¢-
oF 108 =2 §Folltt. 181 A T4 5 BRET T4
o= wdlE ko] F, A=, vig, HBA S 5ol Hish
AtH o2 =1, Ed] A o] ghaH HE Co A F
(5.2 mg/100 g), ZFH3(8.4 mg/100 g), FAA(15.1 mg/100
)] 3] HEZ2](30.4 mg/100 g) A EZo| 7bF =2 A
o7 FHHQCE sHATE AR i B Al BT 22t
A&HQ FE-ZFo) Q5| E. coli D Salmonella 53+ 22
A3 nBEY F2lo] Bolstr] el AE A SN F
A GARE A A 34 9 HEv 2esith

Hung 5(2020)9] A+ Ao oJstd, LdEut FA | E
coli O157:H7%} S. TyphimuriumE FZ3st & o]Als}g 440
AAANFE g AP 5Ee} AlZte] 37145 = A &
W7 43t A0 E Yyt o]t Adte £ A9} ol
A FARL} ojAtetd A E AP TS o ojAletd Ao 5
Lot A Alzto] F7HLSE 2 A BYE UERH o4t
st ag9] A A= AR SAH9] Al Alofol Bt A<
& 5 ASih

T3, Choi®} Lee(2008)2] Aol QJ5HHA E. coli O157:H7
3} S. TyphimuriumC & QIYH o & HFFH P4 100

100

ppm 550 o]ABtEASE 5108 Bt AYHPS W 7] F
o] vl Z+2+ 0.94-1.19 log 74, 200 ppm Lo A & 27}
1.50-1.95 log 45t} & A+ 2o} FARE ojitatg 4
o] At a3 Uelon, olitsldare U4 da &%

Aol B8 AL G 94 Ao BITHAL,

3 e 9 A2 9 AR 28 Ha2kE Bes 59
AR chope A A4E Bo] o153 glof 91g8oln A
AT A Ao B ol W Fasth. olo] A A2
A 2 A A B ol BBl AS Ao e B
2 IS A A4 A A ol A ul}
QA oletn B,

3.2, MMt e ZA0 HEE SR O/8=0] Lzt 0fA
s1gA+9 A zif

A Ba] ZRJoA] E. coli O157:H77} S, Typhimuriumol] Tk
ojAlstd Aol Ayt Y= HEEE| FAlof| Aeh Wt
SYsHA AAlstl o olitstd i A2 & F40] ¥st A4
= Fig. 300 A

E. coli O157:H70] FZH A% B A9 27| #45=
9.29+0.11 log CFU/go|loH, B2 A3t 2+ 4
¥ 5, 10, 30, 60 B MA| Aot o 247t 8.51, 8.34,
8.26, 8.27 log CFU/g0.2 %7] F4:9F A9 $AI}. 100
ppm2| oJAStdAE At AL B¢ 5, 10, 30, 605
o} 7F7} 820, 7.69, 7.62, 7.41 log CFU/gC.=, A A7t
(5-60)°] w2t 27] w40l Blsh 27} 1.09-1.88 log F4st
3L, 300 ppm<] A Z+7} 7.82, 7.29, 6.85, 6.08 log CFU/g
o8 27] wt<pol| vl oF 1.47-3.21 log A7 AHE UEHTH
E3F 600 ppm FE2 OJASIALTE AITPE A2 F do=
7¥z7} 7.15, 6.51, 6.07, 4.39 log CFU/gO. & %7| 40| ]3]
9F 2.14-4.89 log #AsIH

E3SE S, Typhimurium?} HE2E A& He 2x19] 27] &
4L 8.88+0.17 log CFU/go|lom, tiR79] A< 5, 10, 30,
605 B9t FA| A5t W) ZH2} 8.35, 8.30, 8.23, 8.07 log
CFU/gO 2 %7] 959 fARE o] 3l

oJAkS}P A4 100 ppm L2 A3 A9 425, 10,
30, 605 =0t 747} 8.20, 7.69, 7.62, 7.41 log CFU/gC. &, #]
2] AZH(5-60)°l wheh 271 4ol Hls) ZH2E 1.09-1.88 log
A5, 300 ppm] A ZHzk 7.82, 7.29, 6.85, 6.08 log
CFU/gC & %7] #<5of H]3] oF 1.47-3.21 log A A= Y
ERATE ERQE 600 ppm 5= oAt ApE AITPE A &
7+ 247+ 7.15, 6.51, 6.07, 439 log CFU/gC.& 27| 44
o H])3| 9F 2.14-4.89 log 4B

ojistd A AT F AR Aol HEH U vl
9 4 AF2 BEZY IAY fARI oY AEE o
L 5228 ZR9 8|8] E. coli O157:H72 0.49-2.35 log,

https://doi.org/10.11002/f5p.2025.32.1.96
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A

—@— Control (Sterilized water)
—O— CIO, 100 ppm
—w— CIO, 300 ppm
2 _A— ClO, 600 ppm

E-coli O157:H7 (log CFU/g)

0 10 20 30 40 50 60 70

Treatment time (min)

(B)

Control (Sterilized water)
ClO, 100 ppm
ClO, 300 ppm
2 [ 10, 600 ppm

Salmonella Typhimurium (log CFU/g)

0 10 20 30 40 50 60 70

Treatment time (min)

Fig. 3. Effect of aqueous ClO, treatment on the survival of pathogenic Escherichia coli O157:H7 (A) and Salmonella Typhimurium (B)
in barley sprout seeds. -e-, control (no treatment, sterilized water); -o-, ClO, 100 ppm (100 ppm aqueous ClO, treatment); - ¥-, ClO,
300 ppm (300 ppm aqueous ClO, treatment); -A-, CIO, 600 ppm (600 ppm aqueous ClO, treatment). All values are mean+SD (n=3).
Different superscript letters on the bars indicate significant differences (p<0.05) by Duncan’s multiple range test.

S. Typhimurium®] % 0.33-1.12 log @A 745} ol
A9 7] 4 Fejoll E A0 AtRHY § HREZY F
2] P HHo] e 22 YPo g FA HH HF
g uEY & UETt 1 A B IO AL ERE
2] ZAbo] v} =277} 21 #HAL You B AF ®
Hol| 3} 28 Z3o] Qlo] EHo| A5 nPE =&
r7t dob AEHE 49 A Fo| ¥yd Zos woHh

A% Hele] A9 HEW], A54A 59 FEgel =1
phytochemical 5 ThFt &3 4w Taota Slof 2
AR 5 HA7HEAE B A3 B 8 59 7k AlEC
AYitsto] thofstAl AB|ET QLo T A HeE| B AlE
oAl 71EXE ot o] HEH] AFHoRE A
7} E]oJ(MFDS, 2019), u]&E AlolE 3t 7% 4 weto] &
asi}. ofo] & AT AIE £ off olAstAAS HEE AR
He) 34 959 B9y vBE A+ 83E 7Y, AE A
ol alof Ajgt o] Al 9 7k AlEol et LAEE #
AZ1aL FAT AR SA R {8014 ol8d Ao
ks

SEARF Park 5(2009)2] Hiro] what A& i S A
& HolstHA Aul E7gol| ofsh AutAlet, i 5ol 24
g 4 97| gigo] ot 38 F HASh= AE 29 ot
o] 347 9 e 2A| WYk wisks Zlo] "asith

I

Ol

==

¢

e

3.3. OjptefgG A+ X2 MIE BEZZF2) L M4 22/
EXf H2Y 0/8=59 D-value

£ A9 ndE A 4 23KFig. 29 Fig. 3)°] ofstd
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q22g At Le ddzoA olitstdas A2 & 0-5&
7HA 71&717F A4 A oz HalstR o, S& o|FHE = 71

t}. o]t HjE2 biphasic curve FE|Z G oJAsA AL
FLoA 0-587H] eEEZ o) thFEe] A aE UE
Wi 11 o]9] A A At BIPE HojE A& 4 Stk
ojuff oJAlStHAS A T n|BES] At FINE S|
9ef A% t|AyES] $(colony forming unit, CFU)E 41§
FAC0E YERHIL D-valued 7]€7|& &ot +& 4 Aot
(Choi ., 2019).
ety BEFe] 9 AW B FA] 4EH E coli O157:H7
3} S. Typhimurium©]] tiste] F= L A7 o]ikatg s 3
Ao W& HA| D-value@} 0-58 79| D-valueE Ag A
9] 71&71F °o]&sto] 45t o] Table 10 Yefgich
BR324 FA] HEH E. coli O157:H79] A D-value=
oJAks}k A4~ 100, 300, 600 ppm A Z|A] ZFZF 26,825, 23.18
£, 18.5280]9lom, 0-58 79 D-valuer 27 2418,
1.928, 1.118 02 AF g3/} =4 veidth J81 B 2=
2] 2o A5 H S. Typhimurium®] 4| D-value:= ©JAH}H
A4 100, 300, 600 ppm A Z|A| Z}Z}F 31.498, 23.98+, 16.64
Hol9lom, 0-58 JL7F9] A ZHzF 2,188, 1.78%, 14180
= Fig. 29| A% JA7 o] ojield iy FE7) EordS
5 A9 53] 9% = AL AR AT S U
ESE, A B SR HEEH E coli O157:H72] A
D-value= 0]AF}I 44 100, 300, 600 ppm H2JA] ZH2} 45.46
B 23935, 15.9980]9]0H, 0-58 F7+9] D-value:= 71z}
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Table 1. D-values (time) of pathogenic bacteria on the broccoli and barley seeds treated with the aqueous ClO,

Samples Bacterium ClO; treatment (ppm) D-values (min)
Total 0-5 min
Broccoli seed Escherichia coli O157:H7 Control 153.99+6.70"° 26.95+3.61°
100 26.82+0.30° 2.41+0.04°
300 23.18+0.42° 1.92+0.03*
600 18.52+0.10* 1.11£0.00*
Salmonella Typhimurium Control 93.37+7.98° 48.44£10.07°
100 31.49+1.53° 2.18+0.20°
300 23.9840.08™ 1.78+0.04*
600 16.64+0.11° 1.41£0.01*
Barley sprout seed E. coli O157:H7 Control 92.6242.43° 6.49+1.09°
100 4546436 4.6120.52°
300 23.9342.06" 3.400.06™
600 15.9943.52° 2.37+0.41°
Salmonella Typhimurium Control 119.32+8.03¢ 9.53+0.64°
100 41.8349.17° 6.56+0.47°
300 29.33+0.61%° 3.53+0.25"
600 17.73+4.21* 2.174+0.28*

DAl values are mean+SD (n=3). Different superscript letters (*°) in each column indicate significant differences at p<0.05 by Duncan’s multiple range

test.

4.61%, 3.40%, 2.3720|qich 12 A K] FAbo] FF
= S Typhimurium@ A4 D-value:= ©JAF}FE A4 100, 300,
600 ppm AT A| 22k 41.835, 29.338, 17.7380]9l o1, 0-5
B 1719] D-value= 2+ 6,565, 3.53%, 2.172 2= Fig. 39
A T4 uAE AFE "l I skoith

Youm 5(2004)9] Z}of| 951 5 ppm FEO oJAkat A
5 ool A A A 58 A Al 27] F5olA 15
log scale 744, D-value:= 3.3720 2 UeR}O™, S Typhimurium
9] B¢ £ A<} ol APH<RI biphasic curve FEE o4
Stg4g A2 SEZA F 1.3 log scale #4519 7|HE 4
U= AFE B tiERE UERGAL T o)) A Azl A=
A7t A e 2R Hsth

£ AFIAE 100-600 ppm2] oJitelHAaE SE A
Al, E. coli O157:H79] 3% B2ET] S} 2.08-4.49 log, A&
Ha] 22} 1.09-2.14 log ZA4E A, S. Typhimurium= B 2%
2] £ 2.48-3.73 log, A& HElof| A+ 1.39-2.95 log7ZtA| &
AEo] 0-58 FoA w2 Ad 5IE YERGloH, He
Azho] B7VeHes: Pashsich

Youm 5(2004)9] A+ A3}9] F§- 5 ppm9| oJ4tstYF 4%
£ cell culture levelo| Al A1 AolF 1 & A4 = 100-
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600 ppmS] OIAISHAASE A A4 BAjo] HEE Fol A
A A2 st317] wizol] olitetdaaeo] A2 243} F=of tiet
2t Holt= glAlet, WY v BBS) 12 AFS SRt
1731 ojilsldags Aol o3t wE 7te] Aut avtke] B¢
AR A FA0) HSH E. coli O157:H72} S, TyphimuriumZt
o] ol S| Lttt

3.4. OfrefG A+ efof Lot EEZ2/9f A4 2ef F
Ao Elofsaf 4 Zo/

BEEY 9 AE By SAof oiSdASE 5= D A
B2 AAe v 7Y Auieta Wokgd} YA dolg
3lo] Table 20 UEHNQITE B 22| ZAjo]A Holg &7
A3}, Bateol] FAIGE 29 grokg-2 9F 70.35-74.60%
TOE UET o4std A AEite A9 100 ppm 5k
oA 302 AAPS AL F 88.25%= 7H = Yehton,
100-600 ppm =2 oAkl a0l 5-602714] AP
7% EE 80% o3 F5gt WokgS Uttt Park &
(2009)9] A}o] °]5FH CaOCl, NaOCl 5 F4A AAAE B
2ZP SAE 48417 FA AP P& o] Uokgo] oF 72-80%

A
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Table 2. Germination rate and shoot length of broccoli and barley seeds treated with the aqueous ClO;

Samples Measurement ClO; treatment Treatment time (min)
e 0 5 10 30 60
Broccoli seed Germination rate (%) Control 70.35+5.16"  72.60+1.98° 73.25+1.06 73.50+1.41° 74.60+4 81N
100 71.7542.47 82.40+2.26" 82.60+4.81° 88.25+2.76" 84.10+5.23
300 76.65+7.00 80.70+3.25° 81.85£0.78™  83.9042.12  85.3543.75
600 74.10+1.98 76.70£0.28"°  81.55+3.89°  82.15+0.78° 84.45+2.90
Shoot length (cm) Control 3.93+0.40™ 4.10£0.36" 4.07£0.51" 4.20+0.53 4.50+0.50
100 4.87+0.47 4.97+0.65 4.83+0.57 4.00+0.50 4.50+0.30
300 4.30+0.44 4.33+0.51 4.20+0.52 4.47+0.65 4.50+0.62
600 4.2040.56 4234035 4.33+0.46 4.33+0.70 4.37+0.86
Barley sprout seed Germination rate (%) Control 56.4542.19N  56.85+1.20™  59.40+1.98° 61.75+4.17° 65.65+2.33°
100 55.00+2.69 59.85+3.04 78.75+4.60° 86.25+2.76" 88.05+5.30°
300 61.90+4.81 66.5548.13 80.85+0.64° 84.00+7.92° 87.30+3.82°
600 60.35+4.17 66.05+3.61 69.25+4.60° 58.35£1.77° 50.45+2.05°
Shoot length (cm) Control 10.671.04° 11.57+0.60° 11.63+0.32° 12.070.84° 12.83+0.31°
100 10.90-+0.82° 10.63+0.38® 10.27+0.59 10.10+£0.70° 9.97+0.64°
300 9.73+0.25° 9.3741.01° 8.67+1.53° 8.57+1.12° 8.5042.35°
600 5.93+0.47° 5.93+0.55° 5.43+0.47° 5.03+0.95° 3.20+0.75°

DAl values are mean+SD (n=3). Different superscript letters (*°) in each column indicate significant differences at p<0.05 by Duncan’s multiple range

test. NS, not significant.

2 UEhY daA AetA] A2t dokgd] e T4 E2
Aog Bt HE A¥Lo)A FAF Lol Al7to] F
7FdaE Wokgo] oMl S YEH AL, 100-600 ppm
L9 oSt ASE 308 At FolA 2Ly T
gt 2po]7h gelE et

AR 2] E20] R 56.45-65.65%2 B2Fe FA}
of u]3} W2 Wohg2 H o, Cha 5(2012)9] AT A}
A 2=t He FApof| whet Wokgo] Aoz} Qlrkal HiE
HF 2 Ao AMGE B FARA] Wolkgo] tha WQMH o]
T AT A5 24 2 ARSE SR gt Ao R wekE
o] HARE tiztol vl oliteia4 100-300 ppm
Ewo] AR B EAE 30-602 XT3 2370l 84.00-
88.05%% =& Worgs HErRIth. 124 600 ppm 5=
ojAsl A A Ao FF 5-102 Bt AXAIAS of Hot
&0] F7Iohe AFE Holthrt A9 308 F5E okgo] W
oMAlE Ao g SRIFIT wets BeEd FAR g A%
Ha] Z249] 79 100-300 ppm =9 oJAElg A4S A=
Holg 45t oH 2ju)7} ekot 600 ppm sk olitelyA
FE AR AP AS Tokgo] I A= A= A4
g} o] Z2 Aih= GHHHo R FAk= PH 0B A&HA

https://www.ekosfop.or.kr

7 YWHor F1, vlg 5ol £Aoks otEA| A4k abscisic
acid), Hl=4 SRRHE 5ol s 49| Hols JAsta FH
AEE S&5kT QluhI(Falcinelli 5, 2020) 3t} S AMe]
FAHS] ot 717t @53} Woks S s SAE &9
YAt Zeto|Y(priming) 7]&0] o]-&HIL loH, FA49|
Tl et 2= 2EY} oot sk AEC] ARE I QU
1 B8k tHLee 5, 2019). = Ao AT oJAkaY Ao
ofsf T4 Wioll £ESFFE SXA7]= oA TR
ofof] Wagt ¥ AT 59 AH FHE ZAFet v
< FUL Aoz woddh

BEIe 9 A% B S AR fLE &S 5 QL
£ $&S gRlsh] Yot AT dolE ZAolitt. BEE
2] A A 22 A7 A9 Al 9F 3.93-4.50 cmO| QL
o oJAStAAS HPTEY FE O 4.00-4.97 cm Ao]2
UEh th2Ta fARE % Aol 2 BAIE 79 Aol #E
=] ghgtth A Bl FA9 gt AR dol= Az
A Al F 10.67-12.83 cmC| Y2} 100 ppm &= o]AksH
g AIZPE AZA] 9F 10.90-9.97 cmO & tiRo] H|5] Z
o]7} F 8.12-22.29% Z9k1l, 300 ppm S Lo o]AEtH A
AlZPE A Al oF 9.73-8.50 cmE 8.81-33.75% thZ7-ol| H| 3]
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Folqdtt. T17]aL 600 ppm FE2] ©]
¥ 5.93-3.20 cmZ HFFo] ]3] <F
42 ol & Yepgtth oA 100-300 ppm &
L9 o iBtAASE TR AYFE o Lokl IFS
A ot ojAlstd ATt FAF RO HESHA A%
8210l thad PRk wAM 121 600 ppm FEE 304 ©]
A A eEHo] 9S fE Horg ) Ao JFE = A
o2 yohE weba] AA 82 oAl of= tigY A
A ZAE QSR HUA nBES AL & 37HE
PJoto] Wokgat Aol I FA o= oABtAAS] F
A 5= E AF ARt tigt At oo ® "9ad 2o
2 goEch

4. Q9

AN Qae SA GACNARE vBE] o] viE =2 &
£02 9gH/o] glo] W2 AFE A9 U AFo] HI
Atk A Zaol et vBEH A FEE ol E. coli
0157:H7%} S. TyphimuriumE QYA o7 &S HrEa|e}
A% B FTAE O o istiASo] B 9 AI7PE At
IS gRlsta, Wokg 9 A m|AE= IS RAHAT
oAkl 44> 100-600 ppm FEoA] SE AT A] BEEg|o
A2 E. coli O157:H79}+ S. Typhimurium= %7] F<4=0] ]3]
Z¥7F 2.08-4.49 log & 2.48-3.73 log ZHAE|Q T, Aj& Helol
3% E. coli O157:H7¢} S. Typhimurium+= Z}Z}F 1.09-2.14
log ¥ 1.39-2.95 log 7r&5t3tt. o]4lst@4S: Ao wE
D-values &4t A3, B2 ZE|or % B FAA E
coli O157:H79] 0-58 1719 D-value: ZHzZ: 2.41-1.11%,
4.61-2.3750]1 S Typhimurium® Z-% Z+Z 2.18-1.41&,
6.56-2.175-02 BA Ao A njAYEo] A7k At 4|
STt oA SE AEg HEEe FAME giiE
80% O] Wopgo| kgatglon A% Aol thrtat
FAFLGATE A He] $A9] e W2 5L oAt as
A2l Al @ohgo] E9toy 52 oA 30& o4 AT
7% obgat A% Aol e F= A= Yepgtt ol4t
SALRE o] 89 FA AEL2 AR A4 27] HBE 29
< AZsela AF 94 tHAS A= AR o
2 7|HEr. oke] At @30l H857] fJofirl= olE FA
o} 7]&ol JEAIAA dobgdt Yo Bash A9 24
AAo] 8T A= AAXI
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