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Abstract. In this study, a plasma generating device was combined with a hydroponics system to grow lettuce. After
harvest, we compared contents of bioactive compounds in lettuce by soaking in plasma-activated water and 0, 3, 6%
of hydrogen peroxide. High concentrations of hydrogen peroxide resulted in inhibition of root fresh weight, and no
significant difference occurred except for leaf length and root fresh weight. Shoot chlorogenic acid content and shoot
4-hydroxy3-benzoic acid content, shoot 4-hydroxy benzoic acid content and shoot total phenolic content were
significantly higher in 6% hydrogen peroxide, and root quercetin content and root total phenolic content were
significantly higher in plasma activated water. Root zone was necrosis due to hydrogen peroxide, while shoot phenol
contents in 6% hydrogen peroxide were highly increased. Plasma-activated water had no physiological disturbances,
has an effect of increasing bioactive compounds material as 6% hydrogen peroxide. It was considered effective in
increasing the bioactive contents of the crops when plasma technique is applied to hydroponic cultivation of root and
leaf vegetables.

Additional key words : hydrogen peroxide, hydroponics, secondary metabolites, plasma activated water, reactive
oxygen species
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7]31(Hoek-van den Hil 5, 2013), TA|H A153%C 2 2151 A

I 3lll(Asteraceae) o] &bz 1@ 22 AEQl A5 o] =)o) A 22 9] 7hAolE FEkS Frlal B &
(Lactuca sativa L.)3= 2733t AR 2 Q1A =|o] 2H[FFO @ giri(Hoek-van den Hil %5, 2014). Th2 vjo] . 24 =4 &
2 k=0t Dupont -5, 2000). Af5=2] A= e, & 3L}l chlorogenic acid= AF3=0fA] 0.19~0.20mg g ] 3}
A5 gro] 28w w]ER] CoF E2]¥ls(polyphenol) 2 T2 Holu, Ae] 45 AAsk= Ak 7HA| AL Lo

© s BT 494 ol EriNicolle 5, 2004;
Serafini %, 2002). Hlo] 2 &4 E2 = flavonoid A€ 2]
AHO
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Y A% F2 P vHthal A2 It Blum 5,
2007; Shimoda 5, 2006). T3}, benzoic acid+=AF5201 0.30~
032mg-g" B4l Qom, HEE, vnas 55743
2 5 oheet ¥ A 2of| £-8-5] 31 9t Nadkarni, 1989).
Zejzol 19k of7] 9 Agk 270l A Hhsk 5 gl of
2515 7]4|o|ch(Frohling 5, 2012). 215 23150} 2]
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(non-thermal plasma)E- )-8t 87 @ JE2] As| A5}
Hij7]7k 22 5-2] 274 woFRE|(Moreau -5, 2008; Mok
£,2004), ©J527]7] A5 AVE, A 215, Hokulu) S| ofs}
FolrkA| toFalA| E-&-H i Bekeschus 5, 2016; Hayashi
= 2011; Kim 5, 2014). 544 Au-4(DBD, dielectric
barrier discharge), Z =2 (corona discharge)5-2] t)f 7]
- Eehn} WA OH 2HEj2k 92505), THHBkRA(H:0)
59 EAJAkAZE(reactive oxygen species)2 AJAJ 3 Deng
5, 2006; Eliasson %, 1994; You 5, 2020). ZAAANE 2
Tkl TRt A4, HAEE AEAE Rt
2P 2704 A& AlzE 733K (Ngo Thi 5, 2014), THo| &
okl X|(phytoalexin) AJAHDempsey 5, 1995), 3F3Hd(Dat 5,
2000), 355(Noctore} Foyer, 1998) 1231 A& Foreman
5 2003)0]| o|27|7HA] Algol| 23t JE-S gt djr)st
Al Y dHaksleane Aol Alst AEH A HAY g Ql0]
%] 11(Baek 5, 2010), AEH AL AlEH) Hro] B21¢] o] 2}
A EO] Bl ES S7FAIXITH Dixon T} Paiva, 1995). 2|
ol = TSR A] A2 & Eol A 58S 577
W faAke] S ST 2R {3 K| oke] A0 A
o} 58& Hdehe A7 X3 E 3la(Zhang 5, 2017),
HFFof| BikslraE A 2| - &1 s el vkt A
M FAS SR A = Aol = Al A, R A
A 50| Zylek= 2115 H 9 tH(Farouk 5, 2018). Lau®}
Mattson(2021)0] =343t A ufjoll A 2pitslao]
7}g5 A0l mA = GRS gobi ] figt dAtell A= A8
A, 9 % 4 5 e BEY A7 SR
2 Aollxl= Eetznt &4 A A] IAkSReas B4
of vlausf 452 B A o]}tk FFgell vl A= FFF
of| thal} A Htth o Yot Xg7hAl= etz &4
QoA A == IpARS Ao TRt A7 RIS E| S, A
Al BHabslgas 8- lTko] Hlal B A7) §lSL7] whZell
Sofznt 2ot dhkslpas -80S o] 83 A AElE

MBS 450 A T oIS vlwsp]

1. A2z A M2

A3l = 2 AS(Lactuca sativa L.) A Seonpung
Plus+, Kwonnong Co. Ltd., Cheongju, Korea)& AM-3}%
o, 2= el | 2 vHE-0] R 2403 Kiemplug standard
tray, Grodan, Denmark) T=52o]| 22 & 2°Cof| 48 A|7F F<F
oF 28] & 37} 230 + 10pmol m™s™, B 70-75%, L=
7] 16h/8h(g 71/ 7)) ] 27 ollA 357t &1t on AH
B o AY 53k NOs-N 14me-L, NH,-N
Ime-L", POs-P 3me-L", K 6me-L", Ca8me-L", Mg 4me-L",
SO4-S 4me-L"' & 24 % Hoagland Fo-& A8-3810] Heo]
SPAIEH AR Folslaick w35 o] 3-4u)
M= a1 0] & FUTE HE X AS}ed semi-DF T(Gafatec Co.
Ltd., Jincheon, Korea) A}l -] 670 1454 & 8455 A
Alsto] Aol AlEgoll AR E Aol A 2223+
1°C, &%= 70%, 35=7] 16h/8h(H 71/ 7)), B 73 =250+ 10
pmol-m™-s" 27 0 & HAsto] Ajujatirt. 4] 3 el o]
LT EC 1.3+02dS'm™, pH 6.5 + 0308 $|a}9ch

= 91O AR AR 2] 9190 ol e APl
1, Qo] pH % EC WS}E Teste] 179 712 02 i
9Lk % 357 semi-DFT A28 452 Afsio.
], $5J517] 244121 71 2 2| T-5-S Z2H4Le] oo, Bt
ol g, o) 3 Sl by Akl 12 S5 H0:
=8 Tefslel BAIBIEA 0, 3, 6% 2 4] A2l APl
o} o] F Esto] % 2AF A vlo] @ B B AL AT
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Fig. 1. A plasma generator with a type of corona discharging used in the experiment and sectional view combining hydroponic cultivation systems and

a plasma generating device.
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Eofrvbs A2 S o8-8l ol 4] A4 o] H ik
A3 S 2mmolo, TS SeL gl Hate] v
S dmmz FHE A, AHEE A= 2] A28 Aofs}
= Aol 537 (amplifier) 53 HAFE FFHAIA HH
o] olzolzo0] HIgH} Ak HAHAE Fo) M %
Yojoirk Bekznh ualg wgl]e] Ealm 25kHz Al
(sine wave) =2 F|AL-E-4.2kV =2 AA5}IT] semi-DFT o]
A Fefznt AR 7F 2Hs 5 ol T2 U HF=30mA
2 ZAE YTk Abd 742 20 min”' o] =2 Sehn) g
A AP AIZH R FUSI AV Betots 5}
A w4 A= ol G ol B E=E Sekxnt
S RS o) S A sl AT stk Fig. 1.

SRk 2 24 A7 E Rt Hl Rl 271 of| A AR AI R
ok S0l A] Hefzen}7} whaehis E2bpH, EC 9 Thikel
2(H20,) & WS}E 4 H A} 5 (tap water) ol 4] S2F
Zenh ) 3 b 2717)0) 492 Lhiro] 274 B Bl

A
S A QlallA] ZE A et B 350] S Tk 245
% 7] 2(SD500-300PRO,
Shin Con CO. Ltd., Korea) S ©]-835}0] A9 7Pt 2 F&

—

MU
o
y
o
ox
o o
@
e
&

SPAD-502(Minolta Camera Co. Ltd., Japan)=- 0]- 83} &
Atk AARE) A U SR AR A
(MW-2N, CAS Co. Ltd., Korea)< o|-85} ZA315ct A
5% 248 98l A4} TURE 77} AR BAE BE
of Y] 70°C 2 A3+ 1% 7|(HB-501M, Hanbaek Scientific
Technology Co. Ltd., Korea)ol| 747t Ax A|7] & 5Lt
HAA &= S5k

Ap0] ol o 34 B4 9 Zejulis ek HALS Noh 5
(2020) 2} M2 Zarsiith. A5 S 2127 |(TFDS503,
IIshin BioBase Co. Ltd., Korea) & o]-&3}¢] 7 23]t} o]
3, YA|7](SMX 800SP, Shinil Co. Ltd., Korea)of| o] £4]
T I 8-S of-88to] HHSIAI R 2 A2t} of
ZILAFE B 50mg-2 MeOH(2ml 2] 80%) 0l -2 3 1 A]7F
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R

=

Technologies Co. Ltd., The United States)S- o|-2-3 21845}
.61, AZH(column)->optimapak C18 column(250 x 4.6mm,
Sum)2 ARE3F o, A £% 30°C, 9-2F 1.0ml'min”, 7
= P4 280nm &2 A7 3F3ITE o] 54 S 24=0.15% OFAl
EARS 58 solvent A 2+80% MeOHS solvent B2 A&
sho] FA412 21945kl 80l Ml solvent BE 722

AABFAIL F 2757 241513 Solvent Bi= #5287k
A= 0%E FA8F AL T50] 004 10% = F7FA17]1L, 16
2oll= 10014 31% 2 S7HAIFTE 192001=31%E 74 A7
L 21571R] 31004 0% 2 Z4, 2750fl= 0%E F-A5HATh

4. A 24

=7 dlo]e] 2] B £-412 SPSS 2 13(SPSS 20, SPSS
Inc., Chicago, IL, USA)& A}8-5lo] ANOVA HEEAS 4~
Astglon], Bat 7o B52 91510] Tukey o] T4
O R FOlpFp <0.05 oA E43I3T

Aot o g

1. Satxoh 244 24

Sojzo}grgse s o F2 U ] 2ag Al pH
=28 A 7.620| 4] EHRE B2 7.24 & Yol O m(Fig. 2A), EC
= uhg 3 b o] u]a) Aot st 0,03 HER
2 Ajo] 2 HolA|i= glohrhFig. 2B). ISl FE 2
ez bl 700006014 B4 35 108 57H640.069) 15
2 YtkFig. 2C).

Aol A ZEt=nE WA 5 pH 7 F 45|
=, ol 371 $9 Akel A} ukgsto] Hibg A
(NO)E vH57] wiiZolzt ¢ A JItHKim¥} Park, 2012).
TR ] T GO pHRFECof| whet EEbA] =t
(Trejo-Tellez2} Gomez-Merino, 2012), Lee 5(1998)¢] pH
SollA] 871012] A1 4 4-& - 23k ool pH7HS o] 4o
Wl Fe, Cu, Mn 5] 34 21:0] §47} Aafelm 4] 1
7} i8R WH(Inden, 1982), pH 50f14] 771A]= A5 Zfo]
7F RAAAL Baigick E3E pH 5.5014 8.5 W 9f Hlell A=
Qat Aol YRS vIAA] Sethe A A vtE B E ik
(Islam -5, 1980). +& 9] of| A ¥ASHE pH % EC o] HF4] 2%
o] 2oL, He)E 24 Ak A o] ek v]A17]] 3
= Aol dekar Az, A A 7F Eefznt 240
Baka] B3 Ak S0l Are 4ol AlrkT TekEIc.
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Fig. 2. pH values when in tap water (TW) and plasma generated in a
tap water (TW+Plasma) (A), EC values when in tap water and
plasma generated in a tap water (B), in the concentration of hydrogen
peroxide(H,O») when in a tap water and plasma generated in a tap
water (C). A plasma generator is operated for 24 hour before harvest.
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NELTY

Aol A Bezut 2ot mhatelg: B4
2ol T2 LS B4 AT} g Tl ol A B 19.5Tem
2 7P S8 S0 el shakslds 6% Aol 7t
e 422 ek on] A2 0 o122 Ao] S Rt}
(Fig. 3A). §1%2] 2.5all 3aksk4= 3% Aelol 4 S715tct
6% H 2]l -4t onk, 012 Kol whAlsA) ekt
S9] A 95 ReRS vk 4 0.2 LERUE SPAD F
& Yol A 17485 714 Wb 4235 Lhehl L, Thakel:
42 0%, 3% A 2ol A= 2421 18.18, 18.35 %2 2 Ao & H o]
QUGLOL} T 6% 2o A= 20,12 14 e & 4
= UerigicFig. 3B). 24 ©14] $2)21] o]z 1ol
gasron] Selienl AEl 7oA 139 7m A e 702
eIt AR AR SRR 0% Aol
097802 i 8 A Helon] A 127}
S0}l ufet 4217k ol ATk Fig. 3C). AAKR 71
T4 1.13g 02 4 ke 4218 Wl on, whatel
0% Aol 1.80g0 2 7P 2 54 Bk 22
3 ARFS TN TR 3%, 6% A2l o Hla)
Z¥7¥ 83.90%, 97.77% W =2 —/FX]E Holm F-oJu|gk 2}
o2 el SlekFig. 3D). T8 AEFE HEI7 A 2 £
20 2jo| & Bol ] gIRLor], 7hg 4|7} vhe Hepxnt A
)] Hl8) THakskeds 6% Aelol 4 0.11g B & XS
Urebick
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Fig. 3. Leaf length and leaf width (A), SPAD and root length (B), shoot fresh weight and shoot dry weight (C), root fresh weight and root dry weight
(D) of the lettuce grown in the nutrient solution for 20 days and soaked in hydrogen peroxide and plasma activated water for 24 hours before
harvest. The data represent the means and the vertical bars indicate standard errors (n=5) of Lactuca sativa (p < 0.05).
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o] Akl SR | F T} ol Bl
o] HopA|A| AL AR 2 O] it pfo] Al TH Lee
3 2004). ol= TARSRpA: Fe Tt STFE et gkollAl
AV IR A G0 Faxshi= 73K (Fig. 3C) 2 -FrAFSIATE b4k
Sk gaeE oIt YA l=t(Bray, 1997), o]
= ke 7SRl ZHR HESS Al E U
EFUR] gFo ) gito] S AAIS ol A= ek Al &
Urehl 2si(Fig 3D)2} A/ Hck, A5 ) Tkl
s wriol 34491 QS n)ckaL ke A I Deng 5
2012). Schiitzendiibel =(2002)2] ATFfA] AFEHE 4
U (Populus % canescens)] Big]of| 2mM o] IpAS A0}
20mME] TAIESAS Helo) Bol oS v)asgs),
A= 0] T AelolA] o] Tk Helo]
H3} 103% = A3E Ueblt: dikelpa= Be)d A%
of| = F 83t A&-S ShA|NL AE e A 2] A Bield Aol ¢
A== AaE E3itDunand -5, 2007). o= 2 A3 oflA]
Takslas As e A2 Al Jie] gSo] AAE Akl fA
sholth Alse o] ISl 48 AEHAS R
(Chen 5, 2009). 181l 352 5 2] Mibalprine= 27 4
O A8 kool 203 S8hS SH o} 3121 Aascorbic
acid), SFEFE|2(glutathione)2 ARBFA 7|0, Ajsziigho]]
2 QL whabl, 24, alahal 22 A EARE] TaE ¢
& Aol or 3RS mXIthMittler, 2002). T3, 259
Bl MEZ7) S oREEA|2(apoptosis) & =5}
=202 g Qli=tl(Apel I} Hirt, 2004), 0]:=24 A7t &
ghznt 24 9 H,0, A2 & 33 ), ZAkSlg=axof R1R|gk
&5-0] BE)71 6% g0l A ZHE T Fig. 39 Ak= o]y
o Al ASeol] Tt alE e whibslar kol tigh 7] A
T AvsE AY = 4 A%k

>~l

3. Ho|2 &Y EF 24

2
4 285 EAsIE A] oe] S SRR
(chlorogenic acid)> 7V =2 =25 Yehd dhiksla
6% AL} 7P -2 =2 5 YEhdl i 2ol A 85% 2] Z}o)
= 2o, Iaslea 0%243% A 2|5 AlQjslal e &
27kl 5-9)421 Zpol & e QItk(Fig. 4A). 4-hydroxy
benzoic acid = S5 TAFBI=A 6% 2|20} 4] 0.61mg g
08 7P =2 A5 VR o, Ik 0% A 2|2t
3% A ] 7t 5214 1 Afo |5 YERA] ¢Egie. Ad=2] T
S 4-hydroxy3-benzoic acid == TAESRA 6% A

122
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Fig. 4. Shoot chlorogenic acid contents and shoot 4-hydroxy benzoic
acid contents (A), shoot 4-hydroxy3-benzoic acid contents and
shoot total phenolic contents (B), root quercetin contents and root
total phenolic contents (C) of lettuce grown in nutrient solution for
20 days and soaked in hydrogen peroxide and plasma activated
water for 24 hours before harvest. The data represent the means and
the vertical bars indicate standard errors (n=3). Different letters at
the top of bars indicate significances of Lactuca sativa (p < 0.05).

2ol A 1.58mg g 0.2 7P =2 422 Yepon], mE
A2 7rol f-ol 29l 2fo| 2 Lreh Sk Fig. 4B). A4k &
9|3 Sl A = nETFR 2 BBl 6% A2 ollA] 71
10 X2 vepi o, gizgtel SR 0% 2|7t
Goj29l 2ol 2 LpehfA] igroLt, thE A2 FolA] mE
Fol2 9l 2fol 2 e iet. 22 F 2 A8l (quercetin) 3+
2ol A= Ao th2 A| Zazul A e Lol A] 1.14mg g
02 7P =2 22 VeI, BRIskRA BE) obd
52 ksl AR BYthFig. 40). TR F 9l
= Zepzuh Al oA 71 egron, Ao e A2 1

Journal of Bio-Environment Control, Vol. 30, No. 2, 2021



Zelzn} Heldet BakEea B4 AAo] BE ARe] A% % ol Ty B ek W

Ql Tpakslaear 6% A 2|2H=107.81% 20| & Kol 5217
2l ol & Bk

7he, W71 2 A AdRellA o7 Bl SEF 2o oS
A A BAART(ROS) T Iekeas Wl 5o
Ae FIstANL =& Follkl= Ao B4l 93k
ZtHPeng 5, 2005; Sharma 5, 2012). A-5x=2] HAIS
e E 22 oA AM O] RS e dtriaL e
7] l=t|(Moskova -5, 2009), £ 413 2] XA chlorogenic
acid, 4-hydroxy benzoic acid, 4-hydroxy3-benzoic acid, 1
3L AP HliEm o] A SkA 6% A 2loll A 7 =
U Aip= 71E Aq-A el dAskieE R quercetin
T A LR F s R w2 =] dEkear A e
U Hashs AYE Uehlled], ol dHtsleao]
A HEsh= gsiE U] veoz dehE Tk
TN Ao A Eekznt 2/ 9 kA Ao

Aol vlole B4 = o skE B siE A =

Zup g A 2lof| A AT oA AV A it
2o 6% A 2|2k GAIILT, B3] TAFELA 6% Az)o) o
27 LRl A s o)A ol Eetznh
715 ol-&5to] AR A Sefznt B4 ol 5 3
A Sz 2 71ES QAT A AlLgl A8
B85 AV oA A E RS S TAT I A E B
k. 3L, ISkeAs I A] A2t als oA SRS X
ARAIZL R EEkur B4 A Ele S AsE dor1A
ko, vhol e 24 =7 oFre o T ek At
S 27ed Ede TR AR AT 2Bl 2d
Fo 2 ol B SE& 7 & = 3k A o= ot

H 2

e

QA Befruh ubY 1S A A At
o] A58 A3 48 - Fekznl Bt T,
3, 6% 5ol WA AP S stof S 2 vpe| e 2 4 o
T vkl AE o] Bbelkea g Qlsto] LR AY
AlFol Aslel= 235 vehdlon, Qa7 s
S ASIBFTE 918 Hol/k MAFSHA ke A5 AR
9] chlorogenic acid2}4-hydroxy3-benzoic acid, 4-hydroxy
benzoic acid 712] 11 24} % 7 BHeke TALEG4: 6%
A el oz 7P ok AN Lol 24 o)3)
T AMHE ] quercetin W TR % TS SRS ThbSlGA
Azt Sezent SAgol A ols ke T
4 A2 7170 F9E 0] Belle M HQ wjshE won 1)

AFB O, QoA kel 6% Aol A vl & 2

>~ [

MEAZHSS|X|, M30H H2= 20214

0] Z715he AuE thebgic. Sefent 244 e
A A Al YA REom, TAKE 6% A7)
OF §LAFSE F] o] xfchAbabE Srf akE LEhglch
melof uo] @ 24 B Fgo] /4 wHH At 52 el
o) A L AT Sl Sekavt 7|4 28
3 A 2Rz Hol o 2 B4 RS S o) A

A Z1o= ekt

F7hFA0]: Tk, SR, oA A, etz

S ke 3=
A, BPALT

Al AL

o] EE 2001 A RIS IEABFA ] A0
2 AREA7E7H1] UL ol £ ATYNo,
2020-0-01441, QTG 2ATANE] A (S et am)).
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