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Microbial decontamination of mung bean sprouts by washing with
plasma-activated water produced using a pilot-scale system

Sohee Yoon', Il Ryeong Kwon' and Sea Cheol Min’

Department of Food Science and Biotechnology, Seoul Women’s University, Seoul 01797, Korea

Abstract

A pilot-scale plasma-activated water (PAW) generation system was developed, and PAW was used to wash mung bean sprouts to study
the effects of PAW treatment on the inactivation of indigenous aerobic bacteria and quality of mung bean sprouts. When the mung
bean sprouts were washed with PAW, the inactivation effect on indigenous bacteria increased as the treatment time increased from 1
min to 6, 10, and 30 min, with a maximum reduction of 1.5 log CFU/g. No significant differences were observed in the pH and color
values of mung bean sprouts washed with PAW and those washed with distilled water or NaOCl solutions during storage for 14 days
at 4T (p>0.05). The ABTSe" radical scavenging activity, total phenolic content (TPC), and total flavonoid content (TFC) of the mung bean
sprouts did not initially differ among treatments. However, the PAW-washed samples showed higher TFCs than the NaOCl-washed samples
after day 7 and higher ABTS®* scavenging activities and TPCs on days 10 and 14 (p<0.05). These results show that the pilot-scale PAW
treatment has the potential to replace conventional NaOCl washing for the microbial decontamination of mung bean sprouts.
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kl E E Aojof] AREE|o] $ithHerianto et al., 2023). NaOCl €42 o)Ay
EO| AlaRe &A1 Al Y 5 3AES ABHA|A Alofohk=

SRS AW Abo] HE5E 2FCR I 4TE AUl o mviolrh. Z2iu NaOCIS A E9] Bl W A4S W,
IRl 9107 ofof M2 o5 AFolMe] AR EE A olefat AREL EejREE} TRoHEA} 22 ek B4
7l&7do] @753 QItiThomas et al., 2024). SFUE-2 HHl & st 2= Q)= 9J3IAL Y5 QJtKhan et al, 2017). 0] &
A, vk, mdE, ket R ol oSl IF vk #3L 48 A= 48RS A& obdA] Higt SaE BejY oy, NaOCl
7} -golstm, thayst xejo] &8 7hsste] AXAE AR Eol o] AFE-S Aatel= =a 9olo] Hr} EsF NaOCLS: H2] Tojm
AREEITHHou et al., 2019; Ebert, 2022). 18t} 72 % u]JEq] AEES 915 LANR] 7}7HA ZAo] BAg=ol FkS u|H 1 7
QAH7] H3 AT E 25 F 29 vBES] A0l ASE AN IEE UE 4 9ok Bt IEE vt QKA et al, 2024). ]
19} Bufo] elo] ErkShomodder et al., 2022; Son et al., 2024). 23t o] 92 A1E Aol NaOCl 8RS ThA|St 4= = b4
Aot A FEF(NaOCl) 882 Q5L 41K BARES] n|AY 2l W= Ao vhAlE A4 0 R HAGHL QITKEvran et al., 2024).
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2T E0] &5 AL e ESkEnt B4 (plasma-activated
water, PAW)= 7] ST Z2}20)(cold plasma, S2H20)) WAL
=9 AAdE &4 AbAZ(reactive oxygen species, ROS; |, ®OH,
H,0,) 9 &4 ZAZ(reactive nitrogen species, RNS; o], NO;', NOy)
50| &3l EolH, ol= nPEEL] AUk Altslal, Ala HiRe)
i, A, it 55 EIAA tPES AsiRIH(Liu et al., 2020;
Rahman et al., 2022). PAW:= @4 AZA|9} E2] 2] & A% 3
off ZHE2 7141 got Bko] AlHo] HQ glow, ol & AT
o A7 eFg Hoo® 7|0 4= IFHGuo et al,, 2021). T 20]
PAW= 9, #J2] ARE 19l S=f=nk iy V1A 59 245 24
sto] TRl sAkE2] vdE Al BEgo® A8 ¢ Qe 7
AL AYaL JHGuo et al., 2021).

PAWS] HE A5 k= Gt sAEoA HalEo] itk
Perinban et al. (20222)2 10 kV2] PAWS 30827+ A Yol A<
o, AL 2FH E. coli O157:H7E 3.48 log CFU/gitE AHAIR
THL HArskiet. TERE 5 ko] HtoflA A PAWS 5&7t &
o] AP u] FEe}e] A4 t]AE(psychrotrophic bacteria)q=
3.0 log CFU/g W A=l 524 ] E(mesophilic bacteria)
3} AN AlH(Enterobacteriaceae)= 1.7~2.5 log CFU/g 9H& 7440513
= B 177} QJQitKLaurita et al., 2021). T UoF7} Han et al. (2024)
L sjols 0] Ul ARG PAWS o}gef 2Hel ARo] 4
3714 Al 15 log CFURE Aofet 4+ 918 Btk

13U, Han et al. (2024)0] ARE3St TU3] 711 PAW A3/ AH
= 77} of2l9] Eetzut vhd F RAlE HSE deEfsh] ol
At olof] w2t 7|E 4H|9] £AIE Heet Mz w3l 19
PAW A28 o] Q7= Qlet. mbA & Aol 542 (1)
7h7} golsto] A=59] w7t Bolgt w3 - H pilot-scale) ]
PAW A|2ELS 7idSh= Z0IAL, (2) IR 2 30710 &
gtzut g 5o AlZE PAWE o83 $3UES Tht A
2] AZto® AATRo 2 PAWS] A2 AJ7to] 58] B2t 57
3 AletS] Asfell WA= FFE Aeke AoleH, 121l (3)
PAW AHo] 4TollA 149 5t FUHES] ERF 5714 Aty
A sFUE0 A, pH, Ak AR o9, 120l s 84
of WA= dFS Bk AolgiH:

Mz A SE

=FL=E Mz =

H oA ARRE SFUEL Y ufE(Pulmuone, Seoul,
Korea)ol|A] 9151301, Bl ARBSHA| ke 3% 4ColA 2d 39
% W HshaA ARGl ddel] AR s e Akt
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Z2FAd(biological safety cabinet, BSC; HK-BSC12, S&I Corp.,
Hwaseong, Korea) Ul 3273 A|ARE & ARGE|QIT Aol A
§ SFUE AEE £71(10.050.2 9)9F £5(20.040.2 gy FHISH
et BPE Al At} pHeF Hitels-S FAlske AtollAl:
FUE 2719 56 BFE ARSI s5UEY] s EA5ke
AgloflA= E7|9kE ARSISIT:

T FEO| PAW HE AAH 75 U PAW AA

PAWE: 2 QIolA] 753k TR 9] PAW AR AL
A1) A1k Fig. 1A). 4 A Afsloli 7] 128 B%
o} d Hog Tt AHE HiX[sIaL 11 o= ALO; FAA]
-G ZF= 87]9] surface dielectric barrier discharge (SDBD) A=0]
ke 13 A LA Fie. 1B, 0. W % Aok %
= Alofslz] fIsh shtfl 4712] WS AA|sigion, M= FHol=
T 1% IS Sfe AR A ke @ I PAW A
AR 9% PVCE ARSI, o 832 20 LIk A= i
Holi= PVC F2E(Z 5,000 em’)yS Aljlsto] Az Fujg 24
% Qe STk 3t ofestel 7140) B v 85 2051|919
clolojal Fazo} v w4 AIS olgslo] BE SR

PAWE A Z35}7] A PAW A& Z(reservoir) (Fig. 1B)<} i<~ ¥l
H(drainage valve)E 1% (w/w) H3PO,, 1% NaOH, 18|11 B
T ARSSto] Al PAW A E Ulol Bdt SRTE H
< %, SDBD #=(Fig. 10y ol&sto] Z2t=vhE A4(Fig. 1D)
A7, Eefzuh i 2450 Bt SRSLE AEEE 1o
PAWS: A|Z190ch PAW A4 A ve] o] ATfEE AL
Faslshr] ffiM Aol ARBE7] A FoF T12jal ARREA] Ok
Zol 7 391 Az lo R AT TS| 42 AAN
TR ARdo] AREE7] Aol oF 12 &% A AIA =0 &2
Z0kg QHh] AN REA) SRlsleli, wlof Befznlr) ek
Q5 AT A9 AL TASAA Attt o] o]
A&l SDBDO| E2t=n} A/dol] ARgEl A9t Fubee, 123l
2 7171 8.0 kV, 144 kHz, 51.7 WTh & AA7olA] 3t wo] Az
3 PAWS] F2 6 LA

lo o

¢

ME

PAWS| =2|ztely Ed &4

pAWS] Bejsala 4 wste Wrlah] Sistol Eeiot w
A7 0, 10, 20, 30, 40, 50, 6002 510 PAWS A|=Z31Th
EdtAut 9 A7t wE pH, ARISRIA 9(oxidation-reduction
potential, ORP), “12] 11 17]A == (electrical conductivity, EC)S &
Ast3ct. pH &7goll= pH U|E|(FiveEasy™ Plus; Mettler Toledo,
Schwerzenbach, SwitzerlandyE ARg-5}%1., ORP ¥ EC &Aol=
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Fig. 1. Images of the whole pilot-scale plasma-activated water (PAW) treatment system used in this study (A), structure of the PAW reservoir containing
a 5-L cylindrical PVC volume displacement insert for adjusting the water level (B), new PAW treatment chamber configuration developed for easier
electrode access and maintenance (C), plasma formation between the surface dielectric barrier discharge electrodes (D), and the previous chamber

configuration for comparison (E).

multimeter (K5000-CP; iSTEK, Seoul, Korea)S AR5}9L} &4 &
T 20.8+2.0C 0|}tk

x|

PAW A2|7} &5UE0] B2t 27|14 Altoll plRl= A s
B A, s AR10 9F 302 5 S0 e
AlA ABAE PAW (100 mL)7} 271 H4F stomacher bag (710 mL;
Whirl-Pak®, Nasco, Fort Atkinson, WI, USA)| @11, Jo]#
(MaXshake OB-2, Daihan Scientific, Wonju, Korea)ollA] 195 rpmC.
2 3087t ZIgsto] AlFslet. E3F AFdA o2 ARl Al
O] sFUE nE Asfaviet PAW AP9] SFuE nlgE A
S-S Hlwstr] fIsiA, 471 AeE AlA oA PAW Al
NaOCl (0.1 g/Ly& AR&3] 1, 6, 10, 302 B AA5t%ct.

SLISE
PAW, B 28, 183 NaOCl §H0 7 S5UE(20 92
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2} A5t ., 4ToA 14U7F ASHAA 0, 3, 7, 10,
83 149 2ol Z429] M|Ho] £3UES] ERF 5714 Ald A
ot 4 B0 viA= 9= Sl BERF 2714 Al
A3t B4 B4 B0 ARSSE $FUES] gt AlF 9] 2
Z¥7} 10 g-100 mL&} 20 ¢-200 mL3ITh A2E SFuEs FEt
AAAY U2 2312T, G 26:3%)04 Bt A
(rack) 9Joll Eof 30E7F 2718 AAT &, Et JAE A&l F
ol F7HE 308 5% 771 HH fE-Z AASIGIH. ol% &3
UE-S ultraviolet (UV)-C SI(130 kI/m)E 305 St AFE 1
A= AU ZZ|odd(nylon/llow-density polyethylene) Th-%|
(15%25 cm, 0.06 mm S7; Hanmi Packaging, Busan, Korea)ol| &
I GHY UWE T 4.0:03CoNA AFEIC

DjdE &4
Aeld sFEe] ER 3714 Al 5 S73517] 9lsl, AlE
(10 95 B 0.1% (whv) BER90 g)7} B71 EF(710 mL,
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Nasco Whirl-Pak®, Fort Atkinson, WI, USA)o] €11 HE4] 42
7](LS-400A, BNF Korea Co., Gimpo, Korea)S AR&5lo] 357} o
Aolsloint. #E3kE AR dEHS 0.1% HWEFE @A 4%
3, ZF 5|49 100 plLE FESHHHiR|(plate count agar; Difco,
Sparks, MD, USA)] T=5}{Th 0|5 36ToflA] 48417t 52t HliF

3 5 gHE WSS Al

Mc 3% pH £3

200 mL2] PAW, NaOCl, 18|11 Bat SR/TE AI¥E s3UE
£719] ML= MX}A(CR-400; Minolta Camera Co., Osaka, Japan)
2 oj8alo] 2aIolct. 34 AL Dy % HE VEA 10002
AR5l om, ME ZES CIELAB A Z2719] L¥(PE), a* (L),
bR Lehisict

SFUES] pHE 5420 g)o] AAE A AP R 245t
of Qe 22019 pH vEE ZFels

§|. A‘I_E_ stk 4l EFAO'I élo'l% _?_I

ro
a8l

SESNE

Z H|= K total phenolic content, TPC), & ZetH o] SI=F
(total flavonoid content, TFC), 12|11 At EA] B2 Qo 5
Ve 225 28| Huang et al. (2022)0]] A&H WS we} o3
otk PAW, Bqt S5, 183l NaOCl G0 g A2jH S5
SZ2 7ZZXJ|(ALPHA 1-4 LD plus; Christ, Osterode am Harz,
Germany) & AL831o] 484} 541 AR 7, B AP 3% B4
BEH=Qict dojA 52 ARE &5 E0.5 gy acetone/water/
acetic acid (70.0:29.5:0.5, v/v/v) €4(5 mL)of| 2 AlZ1 & 25T
A 150 pmO.E 347 B9 A0 NgauA 2FAG

o

]

H

—_

MN

SHALE o]F, F2A(S mLyE 25TA 6,800<g= 1087t 44

51H L, HojA AFZSNL: acetone/water/acetic acid -&(7 mL)Z

=

\=]
L

TPC2 TFC &4

PAW, NaOCl, 18] Bt S/RTE AHS s5UE 282
TPC+= Folin-Ciocalteu ®H(Guo et al., 2012)= AR&s}o] 27513
o} &5 225 0.1 mLE 355 04 mLe Folin-Ciocalteu A]9F
29H(0.1 mL; Sigma-Aldrich Co., St. Louis, MO, USA)¥} £5}17,
TAES H200A 61 HESAIZITE olF, 7 WS EkE 7%
(wh) BHRIER(N2,COs) €9 1 mLe} S5/ 0.8 mLS F7}519]
A2oAM 9027t FABIT 1 7, 2T EgE & 250 uLe
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Y E B350 A|(Spectra Max 250; Molecular Devices, Sunny-
vale, CA, USAYS AR3}o] 760 nmojlA| Z4319ich &4 ZhS
Gallic acid (Sigma-Aldrich Co.)2 HZ& 8MOF ARR3}o] ZH|H
HF ZAS A18oto] A% FTF 1 g3 gallic acid equivalent (GAE)
mgO & 3R], o] Zko] TPC (mg of GAE/g dry weight sample
(DWS) 28 ZA= Itk

SFUE 2280 TRCE 325 1 mLE NaNO, (5%, wiv; 0.1 mL)
2 AINGy); (10%, wihv; 0.1 mL)2} S93t &, A20]4 687+ HEGAA
Z75193c} 0% NaOH (1 mol/L; 1.125 mL)2} 252 1.35 mLE 35t
£ol 7RE &, AR0lA 3081 BESAIF: 2E SE 89 250
uLO| S8 FFFEAE ARESIo] 510 nmolA S7ESISIHE S5
ZES Rutin (Sigma-Aldrich Co.)S ¥& B2& ARg3lo] ZH|E Ak
A B9l 1% 1 ¢ rutin equivalent (RE) mgO=2 SR,
o] ZE& TFC (mg of RE/g DWS)Z ARZE|Qich

PAW, NaOCl, 12|11 Bt SFTE AT S5U4=2] ABTS
2z 27 Z4L Re et al. (1999)9] WS olg3to] 24519tk
ABTS 2t &7 245 S74517] #1sl, 7 mM ABTS (Sigma-
Aldrich Co.) 883} 245 mM ZFAPEE(K,S,0s; Sigma-Aldrich
Co) 8N 1:1 (VR E&sto], 25CollA 16A17F 52t oJF-2 X
oA HRSAIZTE. HEgo] A2 H ABTS STHEE 85% o2 2 9]
A15}0] 734 nmoll A 47} 0.70+0.020] EEBHEE 245
o|F &5 FEE 40 uLs ABTSe” 84 3 mLe} S3toto] 7587t
RO A7) B 734 nmo]|A] HRSEO] BT E X459t 243}
ZES TroloxS BB 183 ALTAE 0] g3jo] Bksigio
o, GPAke} AL AZETF 71&(mg of Trolox equivalent anti-
oxidant capacity (TE)/g DWS)2.&2 Uelf3ict.

L3 UE9] 2,2-diphenyl-1-picrylhydrazyl (DPPH) 2} 474
AL Cervato et al. (2000)2] ol wet 24519 ZF £F
FE5 300 uLE 85% ofeR2Z 58 S]4%H &, DPPH (60 uM,
Sigma-Aldrich Co.) €% 3.9 mL9} E5}6l9tt SRS o5
FollA A2olA 3087t REGAIZL £, 517 nmo]lA FFEE 57
5ttt DPPH 2H)d &7 ZAJ-2 Cervato et al. (2000)°14] A&
g A& ol g3to] Arsiir:

D

=7 X2

& Ao e ke ZHA o= 33] HHE 55 =
B+ ESHR (Meantstandard deviation)= UERHQITE 2+ HEE Al
ol mlE EAL F8l A= F sFuEe] 271 Ale AN
10 g)°F &5 A= 4717 20 )& ARSI SFh=e] A, pH,

oL
K
e,
rlo
o,
[o
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|t

ook
3

v

b} B 9, T12)T Gk B4 B SlslaE 2t uke A
FollA At & 5709 A2 10 @)= ARRSISItE Bt 7 Xjo]
190 Hj2] EAHELA (one-way ANOVA)S E3] A48, -9
1 ol7h & 7S Tukeyo] THEHHOR ALE BAE 58
3AtHe=0.05). HE 574 E42 SPSS AXEof(ver. 29.0.0;
IBM SPSS Inc., New York, NY, USA)E ALg3}o] 4=3)|9ic},

e}
ne <z

oo
rO
i

s
Z o 2%

Mz FEO| PAW HE AJAH A

£ Q7014 723t S5 T2 PAW A& A|AEe] PAW A4
H(Fig. 10 71 PAW A4 eFig. 1B)9] 7 B W42
e 725 A3k 71 A2 AT 9, AN L 2
A 84 9Pt Aoz Am W3R o] ARkHeleld
W, 2 A28 AFRE Hrt Solspl A 4 A= AA
of AT fATel) HOPYS STt oleid FEA AL
24 A fARR RS Zoln A3 Pelo] YL Hol= 1]

71018 % 9iek

Sat=0r WA A|Z0] PAWS| S2|tsty 40 0]

B QoA Zakzn} ud Allo] Pawe] Z2sisks S40]

=)
A
i
of
ol
s
Mz
T
_O|L
N
1o
ol
k)
==
es]
0
.
i)
=
o
=
2
o
[N
X
_O|L
b1°)

A3, o2 & 571, Teln Alsjel et 5| sl fslnl
ol2fet Wok= 217} pH, EC, Z1¥]al ORP ¢k &3f H7HE o 3ot
(Herianto et al., 2023). & A7+ A}oflA PAWS] pH= HFEA AJ7Ho]
Z7laio] Wt A4 Mo AT Ao Btk 108 W A
pHx= 7059014 Al&Fste] 302 " A] 3.11, 604 WA A 2372
aalgick ol Sekxo} uhd % AE 0 of2o] 27l uf
tt E9] A E7} EolA= Atz SfAIEIthWang et al., 2023). T
o SFh=0k A AlRbe] 3022 2Rt A FEE pH 4 &
T sfHow, 302 ojfol: SAT WS Holx e AL Tl
S 4 Qe o2t FRRe WA 27 dle Wk $2 e AL
2 ols) Fet pH 247} ol W Alzko] Zojle] we
H' o] F&=7} 3o} Aefof] 7p7HARIHA pH Hal7} Eaks= A
07 FAEh(Pandey et al., 2023). pHS| A= PAWS] AHIS) A
5 Uehlls $8% ARE, vE AlofollA AVdske 2 vl
A Al &3t A2 i B 229 IFE S4sk=t] 71
S Xiang et al., 2018; Rahman et al., 2022). 24 A]7to] 30822
2ol pH7F A9] A fAlE= Ze= Hof, ¢ 1 ¥
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Table 1. Changes in the physicochemical properties of pilot-scale plasma—
activated water during plasma discharge

Plasma Oxidation Electrical
discharge time pH reduction potential conductivity
(min) (mV) (uS/cm)
0 6.1+0.3° 2568.0+21.1° 5.0+1.3
10 3.1£0.1° 432.3£17.3° 338.5+9.8°
20 2.8+0.1° 473.7+£18.9° 919.5+27.6°
30 2.6+0.1¢ 503.6%20.3° 1,4432+43.8°
40 2.6+0.1¢ 503.6+16.2° 1,805.3+52.7°
50 2.5+0.1% 499.2+16.4° 2,286.0+66.5'
60 24+0.1° 508.0£18.2° 2,961.6+87.49

"Different lowercase letters within each column indicate significant differences
among plasma discharge times (0)0.05).

AzIe] F74AQ) Abgste] 27 ZlefstA] ke & 4 Sk
e g § 2 Sold AAE ol B9 %

m
a
)
rlo
[

£ WFS= A|#&(Herianto et al., 2023), B A|7to] ZojHof
w2t F7Foke AR UERT: 102 7He] S22t ¥ Al EC
ZF2 338.51 uS/emP o, 30 7ko] HEH Alofl= 1,443.2 uS/em,
1230 605 7H] WA Alofli= 2,961.6 pS/emE ZAE YTk o]
3k EC 39| 71 SetRmt BI04 FARANO ), oF&At
ANO,) T 22 o] 40| 7] YEoE sjAjHrt
(Vlad & Anghel, 2017). o2 5=7} Z7151H PAW U &4 ol
g7} A5} 25t 5Eo] ZJolEw, o] PAWS] R84S wo] nAy
& Ao 124 WIE =T 4 Sl 53] 2 EC & &%
20t P 5 A ol B4 S35 Wik, PAWS] A7)
] B0l nlBE HESt 58S FIA7I= Ul 58T 9T
SItHZhu et al., 2023).

ORP: PAWY] 45} S Hrisl= Q35 A/ E = (Herianto et al.,
2023), Zet2ut BEA Algto] Aojo] whet ORP e A5ok= 73
F= HAAH 107 719] E220 A A ORP g2 432.3 mVoflA]
AEFSHe] 3042 W Al 503.6 mVE AFSSI0H, o]F 60E7HA]
7 AIZES A8 ORP 2 OF 503.6 mV H-LoflA] ez o=z
FAE LY. ol2fgt k= 3082 o] F ¢ 71 A)ZHY] W42 ROSe}
RNS9| & S710fl 3A| Z=2o] HA| §h2Z HolEt. o) o=
308712 "ol Al 9] £l &2 & U i Wl 7t
& ROSQ} RNSE A Z7] WECo R wE| IthRoyintarat et
al., 2019).

THH o=, Eehzut W Al7to] 3082 23K 49 pH Fhh
+ YReA|H, ORP gt 3t A6HA FAlE= Aake Ealrt o]
£ STRRuE P Ajto] FE6] AW |9 ] @44%9] 13t o]
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2ojx7 o]zK Bejsjsha £49] wish} E5jEtk AL Hol
Zr} o] A= Sehxel b A7k 08-S AMBSIT.

PAW 2| AJZ!O]

oSk
oo

=FEU=2 0= XMsho| DIxl=

308-9] Zetzul v o2 AAE PAWS} 0.1 g/Lo] NaOCl &
Ao LFUES |, 6, 10, 1231 308 B2t Aet 5 7+ A2
A2 AZre] B2 571/ Aol et As BatE Eolskal 54
o] = Hzlo] aFE v walAHFig. 2). PAWE 1, 6, 10, 18|11
305 =0t Xast A, & 5714 Ald = 71 0.120.1, 0.2+0.1,
1.0£0.2, Z12]31 1.6+0.2 log CFU/g Z14E H90m, NaOCl 84
o2 =gl A7k BoF AEgt Aol ZkzF 0.340.1, 0.9+0.1,
1.0£0.1, 81 1.120.1 log CFU/g B 743519t &FUES
302 52 AE9E o, PAWJ TYE 245 a3 NaOCl A
2E FoufshA o ol ith(p<0.05). & A72] Z¥E 55
PAWE 0]85}] NaOCl &9 Hr} &2 S3UE0] B2 9714
Alet A3l a5 7] HsiAe ddid o= 21 ARK30E o9l
}\-]];d /\]7]—0] J.ﬂ_g_ol—o 01— ZI: 0104

PAW, NaOCI, J2|7 TF Z24 MH0| X% 3
4ZLIEC E& 5714 M BA0) D|xls 3
Fig. 3& 4COIA 142 5 A4S S3Lkze] A% o] o

2 B2 5714 AlZ] ARS Uit PAWE 3087 45
= At 2, Ay A% 53R B2 SV Al = 74+
0.1 log CFU/gONA] 6.0+0.2 log CFU/g2 #AslgoH, A& 7|7t

20

I PAW-treated a
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Fig. 2. Effect of pilot-scale plasma-activated water (PAW) treatment time
on the inactivation of indigenous mesophilic bacteria in mung bean
sprouts. Same letters around the error bars are not significantly different
between the treatments (0)0.05).
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Fig. 3. Effect of pilot-scale plasma-activated water (PAW) on the growth of
indigenous mesophilic bacteria in mung bean sprouts during storage at 4°C
for 14 days. Plasma discharge time and treatment time were 30 min and 30
min, respectively. Same letters around the error bars are not significantly
different between the treatments stored at each storage day (£)0.05).

=0 PAWO] 95t #J5] G3k= 1.1~1.4 log CFU/gO & O]E’J-Qﬂ]
FAE A W, NaOClz A28t sueolde A2 2%
2+ 5714 At 571 6.440.2 log CFU/g= ZHAdIH o, A%: 7] 7}
B9 BE& 5714 Al 71 0.5~1.0 log CFU/gREE Asto] #A;
S PAWO] B[] AJ3f&o] RkTtHFig. 3). ol k= £ 7
ARGE TS ] |2 FH]EH PAWZE NaOCl A2 9o Hl
3 A = B2 57|14 Al AL Bk aiF o7 oAeS
AJAFSIH, PAW A2|7F f 7|8F 254 AR "iAIE o %‘t
FE AlF IS AR

Kang et al. (2022)= 16 kVo] ZY0= oF 3087+ ¥dsto] A3
3% PAWZ} frARE pHO| £71(2.5)2 2= HCl G} B0l
o] B2t 71/ Altoll Hsl B ZJ=Rt It avks 7Tl Bl
SHAL.T(p<0.05), PAWO] OJ3t tlBE2] Asii= PAWS] W2 pH
oMt 7]1E Zo] ohal PAW W EAI5k= ROSSE RNSS2] &
A thedS SEA PAW AlHo]| 23t s ubEo] A S
B2} 271 Alatel A7) AI7F NaOCl A2 Eet o Hofd A

2., PAW Y EX51= A< &4 (long-lived species; 9], H,O,,
05, NO3, NO» ) nR3E2] A|lzetof] X[&219] E42 Fk=519
A4 E(lethal-injury)S S7HA1Z7] thed Aoz A= Adnt
(Kang et al., 2022; Wong et al., 2023).

PAW, NaOCl 12|71 H# Z24 M0 ME =
&ELHEO| Mz U pHO| O|X|E F&

SFUES PAW, NaOCI, 123 B %E = H=st T 400
Al 14 B ARolHA pHE}F Mo ¥SIE Table 29} Table 3°]|
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UERARI PAWE Heit 45U HES NaOCIR et 45HEo
Hll A 717k B9 Al WS A Qe Heor], B3] g
Afo] olAl=lo] M7t kg oR FAETKp=0.05; Table 3)

A2 AT 003hol 37K He] BE SARE SA(L* thE
HoloLk Ago] MWEo] et NaOCIE A5l S3b20] L* 3t
2 67.0590A4] 652002 901517 7HABHATHp<0.05). B, PAWR
Helel 452 Ao A9} 142 F L* gk a* gL 1L b gt
2 Z¥7} 66.463} 65.04, -0.532}F -0.50, 12|11 6.159} 6.012 IA tF
27 glok, PAWE A2l 450] M7} NaOCLE Hejs] £5:2] 4
o] ]8) A % P01 AXISISIT 12} A3 Xiang
et al. (2019)2] AT 3027 Bxjzu} AER HHE PAWS
Ag o] 4FUHRS 308 5 AT 3, LRI 62 A4
Se T SLRO] Aol WSk itk Husilch

3%, PAWE HejEl SFUB0] pHE ZR4E Ao SFUE

Table 2. Effects of pilot-scale plasma-activated water (PAW) treatment on
the pH of mung bean sprouts during storage at 4°C for 14 days

Storage pH

time ;i

(day) m?elrsfllrleegt od NaOCl-treated PAW-treated
0 6.00+0.14" 5.95+0.05% 5.90+0.10%
3 6.10+0.05" 5.96+0.06% 6.00+0.05%°
7 6.17+0.02° 5.98+0.09% 6.04+0.09%
10 6.17+0.02% 5.99+0.08" 6.04+0.08%
14 6.16+0.01% 6.01+0.13% 6.12+0.02"%

YPlasma discharge time: 30 min, treatment time: 30 min.

“Means followed by the same lowercase letter within a column are not significantly
different between the same treatment, while those followed by the same uppercase
letter within a row are not significantly different between the treatments stored at
each storage day (00.05).

of 11 gt A7 2] gefjE o thEA] ittt (p>0.05; Table 2).
B o] ARZE PAWS] pHE 2.63+0.122 733t AP UERHAE
A2 A5 SFUEC] pH7F AaobA] o2 A2 ER2 HA] ARkl
ZA Y& H7F ghlsh= vhe S5k 97 whieos Azt
(Derossi et al., 2010). JA Z2]9] AHJol= T x| 204 Ajgt
Ad o 9lom, 24 20t A 240 wWEbA pH 4 F=rt
gl Ao E H1E|QtHDerossi et al.,, 2011). £ A710] Azjet
FAFSHA Wang et al. (2022)9] A4 PAW (pH 2.8)2 A2]H
AL SFrE A2d AL 719 pHe A= H2A] e9lTH6.3).
whbA 2 At ZAik= PAWS] AMJET} AlES: RAH1Q] B0
AZIIAoL, A AE 229] pHE M7= Hik= Aljb4o]
AW 7hs/dE AR B A B NaOCl A219] pHe 71
22 Holng BYle, ols 94 Aol Addd Al 2%
S RO R Sl A T R IAe] 2R AR e

& WeHEITH(Cliffe-Bymes & O’Beime, 2005; Both et al., 2017).

¢

)

PAW, NaOCI, 12|11 8+ &7+ M0 MT S

SELIZO SAlsh M Bl U SAE 240 O/

.|

rnr 4
(0194
o9

£ Ao ME PAWE AHSE SRS 4CoA 149 B9 A
ot FAsh 4R we wst 9 Akst S-S Bt
Fig. 40] Hojzl uje} Zo], 0 o] 49] PAWE A &3t &g
9] TPCFEZ 1844 mg/gC & Byt SHTE A &S S5:1E(16.95
mg/g) E NaOCIZ N3t £FUHE(18.67 mg/g)T} 72122l 2lo]
£ HolA] gQtom(p>0.05), A7 3YA &= PAWE AT &5
=9 Hiis 32 NaOCl T Bt SHEE A2e S5uUEat
FoZRI Aol 5 HolA| AATHp>0.05). HhHo| A 7L E =

Table 3. Effects of pilot-scale plasma-activated water (PAW) treatment on the color of mung bean sprouts during storage at 4°C for 14 days

Color

Storgo L* a* b*

time

G atled | NeOCHtreatod PAW-treatod” D10 NaOCI-troatod  PAW-treated D10 NaOC-treated PAW-treated
0 65780207 67.05+0.74* 66.46+028% -055+0.03" -091+0.068® -053+014  6.17+027% 638020 6.15+040%
3 6592+044% 6648+041°% 66.98+068° 054002 -1.13+t020° -063+018""  620+041% 616043 620+027%
7 6568+0.69 65.65+0.28" 6523+006%  -067+0.04° -065+0.11% 065000  625+003° 644+024" 640+074°
10 65542063 6520056 64.61+082%  -065+0.04° -060+055° -069+0.06°  635:025° 630051 6.25+0.24%
14 65.00+0.62* 65.51+0.26™ 65.44+0.23%  -0.64+0.03* -0.65+0.03° -0.65+0.04*®  6.23+0.09° 6.14+0.27* 6.01+0.43*

YPlasma discharge time: 30 min, treatment time: 30 min.

IMeans followed by the same lowercase letter within a column are not significantly different between the same treatment, while those followed by the same uppercase letter
within a row are not significantly different between the treatments in the same property stored at each storage day (0)0.05).
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22
—&— Distilled water-treated
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20 —e— NaOCl solution-treated

Total phenolic content (Gallic acid mg/g)

Storage time (day)

Fig. 4. Effect of pilot-scale plasma-activated water (PAW) treatment on
total phenolic contents of mung bean sprouts during storage at 4°C for 14
days. Means followed by the same uppercase letter around the error bars
are not significantly different among treatments at each storage time,
whereas means followed by the same lowercase letter around the error
bars are not significantly different within the same treatment (0)0.05).

PAWE A3t £3UE0] TPC T NaOCl F= E
2 R S QR RUAOZ KO A8 TR
UATHp<0.05). AP AT A= PAW U ROS B! RNS7} A=
Zlof Zguet 2AEHA WS =510 His SljtEe] S2
2 % % 9108, A0 AE T2 wslo] of3) U An| 23
o] Z71e 4= Utk H 1513t Abouelenein et al., 2023; Kalisz
et al., 2026).

PAWE NZH 55U=9] TFCE A% 7Y olFoXe Ed 5
240} NaOCIZ Aj&st 1 grHEtt fojd o= =4 14'E]-1/]-(p<0 05;
Fig. 5), b4 A% PAW 2|9 slz4] JAeH f4] a3E 5
HEYB1IT). Perinban et al. (2022b)S 458.7k0] Zalzn} HEA(10
KV B9 il PAWE Afz} 2208 A o) Afzie] Fhis)
214o] §9J5A Z7IIATL ofF 4+1ColH 129 9k et %

o= PAWR A3t Ak 2719 Alst B4 A RAIE AL
uyslo] 2 Q1T Zsel SARR B ARSI SRt 9]
A4 % PAW A2E 4511E0] TRCE 3705] Aadhe AU
BT, o A 717 9t ROSPH RNSS] 2202 913 PAls}
gito] Ateh 42 A7) Wi 7Fs/do] Ath(Sarangapani et
al., 2020). Sarangapani et al. (2020)= PAWZ A| 23t ©7]5 4CO]
A 102 B9 A1 W) 2710k Gish et ol 271
Sior} A4 Fuloliz g} 4 B3P} po] olofprt B
TSItk TRolE Eek B o AT PAWE AHE 4%
LFRS] TRC7F NaOCI A2l S5129] 1 ghae A% 14254
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Fig. 5. Effect of pilot-scale plasma-activated water (PAW) treatment on
total flavonoid contents of mung bean sprouts during storage at 4°C for
14 days (Plasma discharge time: 30 min, treatment time: 30 min). Means
followed by the same uppercase letter around the error bars are not
significantly different among treatments at each storage day, whereas
means followed by the same lowercase letter around the error bars are
not significantly different within the same treatment ()0.05).

T FOHAl EULEZ(p<0.05; Fig. 5), PAW A7
of vls] ilst AR HEol Rl 7MsdE HolF

PAWE AJ25t £3120] ABTSe" i) A4 S x{x} 0=}
of| 39.58 mg Trolox/gC& Ft FFH,2 AJAFH £5HE(39.66 mg
Trolox/g) 2! NaOCIZ A&}t <:5:14E(38.15 mg Trolox/g)d} 214
1Ao7 F HERFA] QitTH(p>0.05; Fig. 6). AV TUXNE PAW #[2]
PO B FF L NaOCI et QA0 & s} B
2 Uehion], ojeiet AL AP 14U A4 ol A4
271ol= A=t ZF TPCRF TFC %12 Aot I%lo, A1 & PAW
A2olA FejAlo® &2 TPCR}F TFC glo] fA1E 23t 11
o] ZUTH(Fig. 4, Fig. 5). o= PAW AZ]7} polyphenol oxidase &
peroxidase 5] AISHLAS A% 4 Sl o) mWREES OJAREC
EA Bl CoF Ejuls2] ABLE AAAA Hitsh & fAlef 7]
of37] wiE0o & Az}t (Ramazzina et al., 2015). TS PAW= kAL
439] pHel 52 ORPE 74, ofefet 2H3L ekl o) 413} <

T2 7ZANA AR 2 3 RS A S itk IEA
QItKThirumdas et al., 2018).

PAWE A|H3t & 143,] DPPHe 2}0jZt 427 84S A% 2
71(09xhell 67.92%= UEFEOH, o= NaOCIZ A2t 3=
(65.25%) B SHRTE AIART SFUE(66.02%) et FoJ5H| &
o HATKp<0.05; Table 4). T} A& 3URE Ao] Tt
= 147HA] A2 2 R T 8400 oAl foJARl Aol7t Ho]
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Fig. 6. Effect of pilot-scale plasma-activated water (PAW) treatment on
2,2’ -azinobis—(3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging
activity of mung bean sprouts during storage at 4°C for 14 days (Plasma
discharge time: 30 min, treatment time: 30 min). Means followed by the
same uppercase letter around the error bars are not significantly different
among treatments at each storage day, whereas means followed by the
same lowercase letter around the error bars are not significantly different
within the same treatment (£)0.05).

A

=

ASITHp>0.05). DPPHe Z}TjZh A4 /do] ABTSe" 2]z &
7 @43} e g B olft wAMe) B4 Aolo] 7)glg
A0 ok, DPPHe 2tig A7 B4 2184 YA} 21
9] FFS FA W= Z o7 HI1% ) O H(Floegel et al., 2011), A
2lo] wWE A8 FAeE Gl Bl E, 71=Eel= F) (Li
et al., 2021)9) WEP} 584 HEo] wiskurt o 717 YEoR
WerEiglch 25 ATo4 PAW Hele] F4o] thE PAeh B
Table 4. Effects of pilot-scale plasma-activated water (PAW) treatment on

1,1-diphenyl-2-picrylhydrazyl (DPPHe) scavenging activity (%) of mung
bean sprouts during storage at 4°C for 14 days

Storage DPPHe scavenging activity (%)
time

(day) Distilled water-treated NaOCl-treated

PAW-treated

0 66.02+ 1,538 65.25+1.35%  67.92+1.27%
3 58.95+1.30% 58.84+2.21%  63.55+3.15"
7 35.84+1.48% 36.54+0.25%  37.24+1.25%
10 34.98+2.21% 20474314  3027+3.10°
14 33.88+2.23% 2813+2.11% 28394276

YPlasma discharge time: 30 min, treatment time: 30 min.

“Means followed by the same lowercase letter within a column are not significantly
different between the same treatment, while those followed by the same upper—
case letter within a row are not significantly different between the treatments
stored at each storage day (£)0.05).
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of That oS WRlo2A olo] that Eele] olojxlof T el
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A1} 5 PAWR AR S51E2] TPC 3h2 AP 1093HE], TFC
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UEY] 11 gttt o] 2 AL 8448 UERct E3L PAW Al
& &5UHE9] DPPHe Sz 47 842 A 710 5% 7R
AIRE &5FUHET} NaOCIE AJRSE S50 11 Heet fAlsH
SHRIL pH HSh= SRR AJATE S5UET SR oM, Ak
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