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Abstract

This study intended to analyze growth changes and antioxidant activities of Romaine lettuce by different treatments
of microbubble plasma discharge water and bioblock (far-infrared radiation). Hydroponics were performed in smart
farm environments, and the used Romaine lettuce was the Caesar's Green variety. The treatment conditions of
Romaine lettuce (TRL) are as follows: TRL-1 was treated with plasma discharge water and 30 bioblocks, and
TRL-2 was treated with plasma discharge water and 40 bioblocks. On the other hand, TRL-3 was not treated.
Romaine lettuce was grown for a total of 49 days and the growth changes were measured at every seven days.
In growth changes, TRL-2 was significantly higher (p<0.05) than other treatments in germination rate and weight,
leaf length, and leaf count. The total polyphenol and flavonoid contents were analyzed as similar levels between
the samples, but TRL-2 showed higher antioxidant activities in ABTS radical scavenging (%) compared to the

other samples. As a result of this study, TRL-2 conditions are evaluated to affect the growth and antioxidant functions
of Romaine lettuce.

Key words : Romaine lettuce, hydroponics, plasma discharge water, bioblock (far-infrared radiation), antioxidants
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Higo 2 AE3AS &85 A7 EeiA|al 9o, <F
AA 2] ®alof| wh FHS PARESHA] Y= BleRH] =7
et RS HL-goh= 2] SEAQHE et Lee2t
Kim, 2019). 7 Auieg2 &84 4= vigdS
SEFH AAE FE0lTe BRI E, W] I 58
A2 Eou Aoz Qg KGR ndE F4, o7 &
7V 525 "ot qlom, Bejrh ARE1 Hom o 7}
9| AP 7Ktk 19 FAIES HAA717] s Al
A E HfQFRe] At 9 A A7} o] F0jA| 1L QU=TH|(Kim T,
2005), HEefodakPark 5, 1998)L} QMA@ (JangZ Kim,
2005; Lee2} Kim, 2019), E&oja} U 224 Z|(Kim 5,
2005), Ze}=ut A2 (Kimd} Park, 2017) 5-9] 77} 9t
o] & ETf2nkE &83 A= tE Aol H]s At
o g} Qlokal Harxo] Qlrt. Eefxuk= et A714 39
O = QI 7|A| AP} o3t HAR UolR = AHE, 8
7] Fof 9l AJoJs} HoojlA| A+t A3}, &3 5ol 8=,
0] €857t £ot 5YESFU AdE 207 % k=],
o|& WHseEtal gt} WS|4 AB/gH AP |(-OH)= 7
gt ABHEE A wE| ot Aol A9 7|Ee] IAekeh
U @EA L S4oflA] 44 8] §-go] ZOoH(Park 5,
2019), fofiobA] ek geollA] 234 AtAl Aol 7Fsst
o} 2404 SRS AT Fof| E=npt Qs A
giQl g At et Qo 1 AlA, 4 A3l Hlae
A ol EgHct 9 ofgt ETtRnkes 8498}, A,
Zuj9] 1/t EAES 7HM 284, ek Ao =E Aot
Hokgo|u Aj AES A 4= Akl HarEar 9}
TH(Yoo, 2015). Kim 5(2017)0] WE2¥ Ze}zu} HA-E
FHE AR o83t Ay}, AEe] IA AAEILL, &
7 YFE 715HEE o] FHEATL HIsh, Ryu
5(2016)°] W= wlo|Z = o]| B Eet2ut E45E AT
et F9} HiRYol R APt iRt ASo] § F
gy e ST o L

T3 A=9] BES X5k S ekt A+t Hol o]
Fo|A =t 11 F shrt Y- YA oUA|E o83k A+t
ojtt. Yol HLH F 1gol 71 AL Uitk

Table 1. Treatment conditions for the growth of Romaine lettuce
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A(Lactuca sativa Romaine L.) 5 |9 Asia Jongmyo,
Seoul, Korea)Z +oto] Aotk
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2 ASAEE A5 s07eY BFATA ol AvE
o L850 A RS test bed= 500 cmx30 cmx20 cmZ
AL, 150 emx30 cm AE|Z2E HEE test bed Uof &
AA B3 Alsiit:. =HQ1 S Aok Eoll A4 AF
E2E HEo] 15 em FHo=® IR EZEo 4RIk RS
ot =HQL ASHTRL)S] #2] 2702 Table 13} 2
t}. Ca, Mg, Na, K 5°] g4 rld[E FAS ARESHL,
AR test bed I HIHO|| Hlo| R E5(HH )= 2EE
Hjgstar, A2+t TRL-1-> HIO|EE-S °F 30 cm {HH 0 &
3071, TRL-2%= 25 cm 7HE 2.2 407)E 8jX]|5}3c}. Hio] 2
E52 dFY ¥4 300-1,000 meshZ £ & B2

e

Condition
Test bed
Bioblock (ea) O, supply Plasma discharge water Nutrient solution
TRL"-1 30 O o o
TRL-2 40 O O O
TRL-3 x O X O

DTRL, treated Romaine lettuce.
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1,500-2,000C 7]Z02 g3t 7t A= 7-8 cm, T 23
mn, F% 40 g0 AR AL AFIHOH, vlo] 9B S
WAL YA (W/m? « pum, 37C)% 3.57x1070] 12, HFARS(5-20
um)< 0.9262 VFERHTH

Eetzut A QA F Al B2 Lo e, &
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Korea)& FZHFo| A3t no|A=2wE Az HA=
Z]740] 50 um oJ3}Ql 7|25 TAYSHEE 2712 A3 6l
O BAMEN AlAF o] S &8 S 39 13] SfeE s
A5k, e 438k AL EC 0.5 o3}, pH 5.0-7.0, DO
10 ppm o}Fo = Mttt Al & % 19.542.0C,
S 43£3%RHE 4519
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| 978 S AT/ Choi 5(2013)2] HAYH
ZF T2 Al AlEE FE5IH sa%
9t 0.1 g& 2 mL9 80% MeOHO] 50CoA] 147t
& Z2Z(Mujigae SD-120H, Seongdong-ultra, Seoul, Korea)
Skal, 4T, 10,000 rpm(Centrifuge 5804R, Eppendorf AG,
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ZZ9s SRS Singletony} Rossi(1965)2] Folin-Denis
WS $ste] S5t 44 s== SAT Alm 100
Lol 2%9] Na,COs 2 mLE F7I5to] 34 52t A=2ollA "
ZA1Z1 T+, 1 N Folin-Ciocalteu A]2K(Sigma-Aldrich Co.,
St. Louis, MO, USA) 100 uLg ¥ & 35COfA] 11& 1t
SAAY. o]F 5°F7]7|(Jasco V-730 Spectrophotometer,
Jasco Corp., Tokyo, Japan)& AR&5}o] 750 nmof|A S35
£ =459} SE 1w T2 gallic acid(Sigma-Aldrich
Co)E ET=4RE oo ARSI, 5287% A5 100 g3
mg gallic acid equivalent(GAE, dry basis)Z =& UE}
et

sEatmioc B A3

FEeH o= AES Moreno 5(2000)9] S 4
stof S7513ink Al= 100 pLofl 557 1 mLet 5% NaNO,
891 75 WL Pe T Aeoln 587 MSART. ofF
10% AICl; - 6H,O &4 150 uLE 715k, 65 590 A
oAl XA &, 1 M NaOH -8 500 uLE H7Fsto] 112
SRt FAAZ|IL 510 nmof|A FFEE S5 S5
Blo]= 3k (+)-catechin hydrate(Sigma-Aldrich Co.) ¥
2202 o|golo] ASHYL, FAAZ 45 100 gF mg
(+)-catechin hydrate equivalent(CHE, dry basis)2 $F-< L+
ehaict

DPPH ZiC|Z& 475 &4

1,1-Dipheyl-2-picrylhydrazyl(DPPH) ZtjZdr 4752
Blois(1958)2] ®WH-S $7gsto] S48 5 =& 3
A% A& 50 pLof 0.2 mM DPPH(Sigma-Aldrich Co.) -8
1 mLE 71et & FAoflA 3087t BHSAIA E38717](Jasco
V-730 Spectrophotometer)S ©]-€-5}%] 520 nmoj|A &3
£ =4o199tt ARESE 0.2 mM DPPHE 99.9% MeOHo| =
o] 520 nmoJl A EFL=7} 1.000£0.01%1 A& ARgsto] 54
oAt &£4EY = L-ascorbic acid(Sigma-Aldrich Co.)&
o]gsto] Yh= HEFAE ol-&sto] DPPH 2tjd &7
27 g2 WES(%)=E UERh

ABTS 2it|gd &7 &4

2,2'-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid(ABTS)
ez 271 Re B(1999)°] Wi il 24519
. 7 mM ABTS €93} 2.45 mM potassium persulfates
112 5 QhaolAl o 24417 AL o] A%
ZAof ABTS 294 735 nmoj|A] SF=7} 1.440.010] %
& phosphate buffer saline(pH 7.4)02.2 3]A5lo] ARESF
t}. 3145 ABTS &9 | mLE 94 5&= 345 Al= 50
pLof Z7kste] FaolA 3087t A2 BESAIFH ol &
7]7](Jasco V-730 Spectrophotometer)S ARE-5}0] 750 nmo|
A BHTE =2A519ct =4S4 T = L-ascorbic acid
(Sigma-Aldrich Co.)E ©|-&sto] Fh= HETAS ©]-85to]
ABTS &zt 475 41} 2 WEE(%)= UE
SHEA

=
AP ATH= SPSS I T(21.00, IBM Corp., SPSS Inc,
Chicago, IL, USA)E& o]&3dlo] EAHEA(ANOVA)HS A
AletRiar, 33] WHE ARdstal A%t 71| f-2)/4d< Duncan’s
multiple range test® p<0.05 $FoA F-2J& 2olE ASS

9.
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2|91 AFS(TRL)Q] Hrok&-2 Table 29} Zt}. BE A
TollA oF 7-14YU Atolo] Hol=|qit. Aul 73} Hokgo]
81.7-86.7%% HE Ag|F7} vt £Fo0]qloL, 1493}

o]%& TRL-2 A7 100% Toke-2 YeERL, o2 A
= 7?4X}9‘r HISE 222 FAISIIH 3% Wokg
TRL-1< 85%°]9, TRL-32 83.3%=% UEFHT} o]+ Park
5(2016)°] T=H SHiH Hlo| R ES-S A gt HY UL o
o]k ufE & 27| o} 15 wo]] Wolgo] 80-85% SV}
Atk Bseitty. T3, ZuAHES o83k HeldAt
AtollA ZH|AEEC] FAR] ok 3ol
Hholgo] 15-20% FAJ=Jrtal Hstod(Hwang 5- 2016)
2 ARoME mlo|a=rE EefRnt B 9 HlO&%%
(Y2 94)S A3k TRL-1, TRL-27} £ Holg-g Hoj

OOX

Table 2. Germination rate of Romaine lettuce by treatment conditions

J

2 =gk sl Flg 29} ﬂt} XHHH 21°EJX} TRL 1JJr TRL 2
o] L2 71 0.76 g, 0.56 gC& A2|F 7t Hlgt FHS
KA, TRL-3 £ 0.09 g0 & A5 £ e =2k g}
Wt o] TRL-32 F7Fo] A YgstA A1H §hHo,
TRL-13} TRL-29] 32 7+ 11.03 g, 12.61 g2 Al 424
AR Fego] %BIEE(WO-OS) S7FotSiet. Aul 4944
°ﬂ nE ARzt 2 $7HE2 B3lom, 1% TRL-27F 7914

0 F(p<0.05) =& FF Z7P— UERTE Lee 5(2015)0f] wf
29 9 A Al AloHEe] B Alo7t Helo) W
I} 2PFH] Agole FFE vl Zos wekHEths dis
Hop B A2 9] Ay} v3t A9E Bt

Germination number (rate)

Sample Total

7 days 14 days 21 days 28 days 35 days
TRL"-1 49 (81.7%) 51 (85%) 51 (85%) 51 (85%) 51 (85%) 51 (85%)
TRL-2 49 (81.7%) 60 (100%) 60 (100%) 60 (100%) 60 (100%) 60 (100%)
TRL-3 52 (86.7%) 51 (85%) 50 (83.3%) 50 (83.3%) 50 (83.3%) 50 (83.3%)

DTRL, treated Romaine lettuce.

TRL-1

Fig. 1. Romaine lettuce cultivated for total periods of 49 days.
TRL, treated Romaine lettuce.
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Fig. 2. Weight variation of Romaine lettuce by treatment conditions.

TRL, treated Romaine lettuce.

Each value is mean+SD (n=3). Values with different letters above the

bars are significantly different p<0.05 by Duncan’s multiple range tests.
p<0.01, ~ p<0.000.
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25t %S UL, A 498Kl TRL-17} TRL-29] 9]
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HORp<0.05) ¥ S UERch vheol, TRL3L 9
Zolo] wial7h 7p WA Uebteh. 9 A Ak T3 9 4
olo} |3t RO LefiirkFig. 4). A 7U3}E 49
A7) TRL-13} TRL-2= §01421(p<0.05) A= 9 7}
7} Z7peke HhRel, TRL3S A2l 5 &2 9 ez
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Fig. 3. Variation of leaf length of Romaine lettuce according to
treatment conditions.

TRL, treated Romaine lettuce.

Each value is mean+SD (n=3). Values with different letters above the

bars are significantly different p<0.05 by Duncan’s multiple range tests.
p<0.000.

10 m TRL-1 TRL-2 STRL-3

o

The number of Romaine lettuce leaf (ea)

2

N N

7 14 21 28 35 42 49
Hydroponic cultivation (day)

N

Fig. 4. Variation of the number of leaves of Romaine lettuce
according to treatment conditions.

TRL, treated Romaine lettuce.

Each value is mean+SD (n=3). Values with different letters above the
bars are significantly different p<0.05 by Duncan’s multiple range tests.
p<0.05, p<0.01.

ettt ol Selzol S et 424 184
ok o] sl Aol S, W] DA GS 20t
L a7anel MaT TS HAKKInD Pak, 2017,
Ryu 5, 2016). E3H Wlo|A2HES o83 T Al A
9] g 5ol 9402 ZoT Bl Yo
(Park®} Kurata, 2009), Kim $(2017)9] oAM= SUE
Az E2t2nt BASSE o85S woll 4dEel 2A
M= Brete Bt A2 YEPgth wEbA
TRL-17} TRL-2+= Ul A2 HE SetRal ¥4 9l Hlo| @
E5(YHA) Az Qs 5, 4 Aol X A M5 4B
Hol G2 e A0 Wesl], Hels] oS TRLIR
O OO (pe0.05) £ AE eick

ol

ZE2HE ¥ SE2EL0|E Y

ZHQl ASHTRL) $E vl 9 S22t o
Table 3%} 7t} 2Z 5= SR mg GAE/100 g sample)2
TRL-12 58.65+1.05, TRL-2= 59.14+0.23 181 TRL-32
60.96+1.172 AT 7+ 8-9JA01(p<0.05) X}o]Z HJ oL} H
53t FRES UERi). TS FEetE olE $f(mg CHE/100
g sample)S TRL-1 46.08+0.38, TRL-2= 45.70+0.10 1]
I TRL-32 46.35+0.1302 AT 7+ 5212 Q1(p<0.05) 2t
o5 B elou} HIZh SEE UERiTE Woo 5(2020)°] T2
A 5 AJE0] 29 SRIES vl SIgtE Asto] Skt
¥} ZetRETr vt Fgo® vehdtia Bugo Qi

DPPH 2iCjz A7s
209l A(TRL) DPPH 22 27452 Fig. 59} 2},
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Table 3. Total polyphenolics and total flavonoid contents of
Romaine lettuce

Total polyphenol content Total flavonoid content

sample (mg GAE?)/100 g (mg CHE?)/100 g
sample) sample)
TRL"-1 58.65+1.05% 46.08+0.38%
TRL-2 59.14+0.23% 45.70+0.10°
TRL-3 60.96+1.17° 46.35+0.13°
F-value 5.290™ 5.622"

DTRL, treated Romaine lettuce.

IGAE, gallic acid equivalent.

JCHE, (+)-catechin hydrate equivalent.

“Values are mean+SD of triplicate determination. Different letters within
a column are significantly different (p<0.05).

9"p<0.05.

80 |
60 b ]
40 +

20

DPPH radical-scavenging activity (%)

TRL-1 TRL-2 TRL-3
Romaine lettuce leaves (2,500 pL./mL)

Fig. 5. DPPH free radical scavenging activities of Romaine lettuce.

TRL, treated Romaine lettuce.
Each value is mean+SD (n=3). Values with different letters above the
bars are significantly different p<0.05 by Duncan’s multiple range tests.

DPPH =z A£745(2,500 pg L-ascorbic acid/g sample)<
TRL-3(83.06%)°l| B3] 437%do] 4% TRL-12 49.30%, 1
2|1l TRL-2+= 52.76%% YEFHTE Kim 5(2019)2] A7t
w2 AZ|9] oyt g w2t foj4 s DPPHS}
ABTS7} S7Fslth7t /g7l X1E+= DPPHO} ABTS 2
Oz 4750] 2491 Baek gtk olo] & 7o
A 90| 270 TRL-13} TRL20] ¥]3} TRL-39] DPPHS}
ABTS 2tizt 274%50] 7] Ui 0= me

ABTS 2iC|Z £2Hs

=H|Ql AS{TRL) ABTS 27 4752 Fig. 63+ Lt
ABTS Z £745(2,500 pg L-ascorbic acid/g sample)<
TRL-3(80.92%)°] H]3]] “d7%0] &X1% TRL-1-2 34.54% 1
231 TRL-2= 42.63%= YERFTE TRL-1(34.54%)°] 1|3}
TRL-27} 42.63%= =2 ABTS ZH]E AA%(%)S YEhY

=)
3

IS =N %
S S S
N

ABTS radical-scavenging activity (%)
o
(=]

o

TRL-1 TRL-2 TRL-3
Romaine lettuce leaves (2,500 pL./mL)

Fig. 6. ABTS free radical scavenging activities of Romaine lettuce.

TRL, treated Romaine lettuce.
Each value is mean+SD (n=3). Values with different letters above the
bars are significantly different p<0.05 by Duncan’s multiple range tests.
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HE E2t2nt A 9 30709 ol ESZ APk,
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QEEZ Ao, TRL-30= A2okA] Aoteh =
ol AF= 4997t AlisiRlaL, 7Y 1HH R A Wk
Z795I3tt. A7 WsloflA TRL-2+= Woks 4 53, o 4
o] 9 Fl&of|A Tk A2t Hlsl f-2H 0 E(p<0.05) =
Atk FEYHEY St olE SRFE AP 1F HIRE
dFow FAEoY, ABTS ZHZ AAF(%)NAM=
TRL-27} 2 2762 YErith & 4723}, TRL-2 24
o] 2rj|Ql 59| WY d FAlS} B FAFE = A=
e

AR =

2 7= AgET g448% REDHARIEHAIMS RA

201905-03-C4)2] Ao Ql5f] Y= 5.

Conflict of interests

The authors declare no potential conflict of interest.



362 A= AFAGRENEA Al28d A3Z (2021)

ORCID

Seo-Young Jeon https://orcid.org/0000-0002-1703-8932
Ki-Hyun Kwon  https://orcid.org/0000-0002-1811-5434
References

Blois MS. Antioxidant determinations by the use of a stable
free radical. Nature, 181, 1199-1200 (1958)

Chee CK. The proceedings of the Korean institute of
illuminating and electrical installation engineers. J Korean
Inst Illum Electr Install Eng, 15, 4-13 (2001)

Cho BH. Effect of the far infrared irradiated water on the
growth of the cotyledons, hypocotyls and roots of the
spring radishes. Anal Sci Technol, 22, 277-284 (2009)

Choi CS, Lee JG, Jang YA, Lee SG, Oh SS, Lee HJ, Um
YC. Effect of artificial light sources on growth and
quality characteristics of leaf lettuce in closed plant
factory system. J Agric Life Sci, 47, 23-32 (2013)

Chung YA, Lee JK. Antioxidative properties of phenolic
compounds extracted from black rice. J Korean Soc
Food Sci Nutr, 32, 948-951 (2003)

Hwang MS, Oh SH, Lee JI, Han JW, Kim JM. Effect of
nanobubbles on the seed germination. Korean J Plant
Res, 29, 574-578 (2016)

Jang IS, Kim JY. Water treatment sterilization technology
using ultraviolet light. The proceedings of the Korean
Institute of Illuminating and Electrical Installation
Engineers, 19, 14-21 (2005)

Kim DS, Park YS. Effects of intermittent operation of
plasma and electrolysis processes on lettuce growth and
nutrient solution components. J Environ Sci Int, 26,
109-118 (2017)

Kim HJ, Li H, Kang TH, Ning XF, Han CS, Cho SC.
Growth characteristics of cherry tomato in greenhouse
using far infrared heating systems. J Biosyst Eng, 34,
161-166 (2009)

Kim JH, Paek KY, Kim TJ, Kim SD, Lee CH, Yun T.
Effect of ozone water on cut flower quality by solution
culture Dendranthema grandiflorum ‘Baegkwang’. J
Hort Sci Technol, 23, 301-305 (2005)

Kim JH. Trends and prospects of plant factories. KREI
Repository, Korea Rural Economic Research Institute,
61, p 3-5 (2009)

Kim MJ, Kim SB, Choi AJ, Lee YY, Choe JS. Antioxidant
activity and functional components of germinated oats
according to the sprout length. J Korean Soc Food Sci
Nutr, 48, 1337-1344 (2019)

Kim YJ, Lee EJ, Koo OK, Kim JS. Bean sprout cultivation
method using plasma-discharged water. Korea No.
KR101782565B1 (2017)

Lee GJ, Heo JW, Jung CR, Kim HH, Yoon JB, Kim DE,
Nam SY. Effects of plant factory cultural systems on
growth, vitamin C and amino acid contents, and yield
in hydroponically grown Peucedanum japonicum. J Bio-
Environ Con, 24, 281-286 (2015)

Lee SY, Kim YC. Water treatment for closed hydroponic
systems. J Korean Soc Environ Eng, 41, 501-513 (2019)

Moreno MIN, Isla MI, Sampietro AR, Vattuone MA.
Comparison of the free radical scavenging activity of
propolis from several regions of Argentina. J Ethno-
Pharmacol, 71, 109-114 (2000)

Park JS, Kurata K. Application of microbubbles to hydro-
ponics solution promotes lettuce growth. Hort Technology,
19, 212-215 (2009)

Park KW, Lee GP, Kim MS, Lee SJ, Seo MW. Control of
several fungi in the recirculating hydroponic system by
modified slow sand filtration. Hort Sci Technol, 16,
347-349 (1998)

Park SH, Park JY, Choe WH. Origin of hydroxyl radicals
in a weakly ionized plasma-facing liquid. Chem Eng J,
378, 122163 (2019)

Park SY, Nam BH, Kim JM, Choi KB, Yeon KS, Kim YS.
Vegetation and water purification characteristics of
lapilli-bio block. J Korean Soc Agric Eng, 58, 47-54
(2016)

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M,
Rice-Evans C. Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radic
Biol Med, 26, 1231-1237 (1999)

Ryu JH, Kwon S, Shin JH, Hong YC. Improving seedling
growth by microwave plasma activated-water. Paper
presented at 104™ Annual Spring Conference of the
Korean Society For Horticultural Science, May 25,
Changwon, Korea (2016)

Seo SG, Gang SW, Beak JP, Kim SH, Park KW, Lee YB.
Plant Factory. World Science, Seoul, Korea, p 10-28
(2008)



Growth and antioxidant activity of Romaine lettuce as affected by plasma discharge water and bioblocks 363

Singleton VL, Rossi JA. Colorimetry of total phenolics with antioxidant activities of Sulgidduk added with Lactuca
phosphomolybdic-phosphotungstic acid reagents. Am J sativa. Korean J Food Cookery Sci, 36, 50-57 (2020)
Enol Viticult, 16, 144-158 (1965) Yoo SJ. Status of plasma technology applied to agriculture

Woo Y, Kim SJ, Kim MR. Quality characteristics and and foods. Vacuum Magazine, 2, 4-8 (2015)



