Journal of Bio-Environment Control, Vol. 32, No. 4:342-352, October (2023)

DOI https://doi.org/10.12791/KSBEC.2023.32.4.342

pISSN 1229-4675
elSSN 2765-3641

o — — — —_— —
UV-A ZAL H CO, S0 ME Ao d=n} eitstd Hi=g etz Hal
0|x13|" - @I
A EgTistE Am et e, SRS 4 go] - AEBHE ooty ma

to CO, Concentration before UV-A Light Treatment

Jin-Hui Lee' and Myung-Min Oh***

!Professor, Department of Practice Arts Education, Jeonju National University of Education, Jeonju 55101, Korea
ZProfessor, Division of Animal, Horticultural, and Food Sciences, Chungbuk National University, Cheongju 28644, Korea
3Professor, Brain Korea 21 Center for Bio-Health Industry, Chungbuk National University, Cheongju 28644, Korea

Abstract. Ultra-violet (UV) light is one of abiotic stress factors and causes oxidative stress in plants, but a suitable
level of UV radiation can be used to enhance the phytochemical content of plants. The accumulation of antioxidant
phenolic compounds in UV-exposed plants may vary depending on the conditions of plant (species, cultivar, age, etc.)
and UV (wavelength, energy, irradiation period, etc.). To date, however, little research has been conducted on how
leaf thickness affects the pattern of phytochemical accumulation. In this study, we conducted an experiment to find out
how the antioxidant phenolic content of kale (Brassica oleracea var. acephala) leaves with different thicknesses react
to UV-A light. Kale seedlings were grown in a controlled growth chamber for four weeks under the following
conditions: 20°C temperature, 60% relative humidity, 12-hour photoperiod, light source (fluorescent lamp), and
photosynthetic photon flux density of 12110 pmol m™ s™. The kale plants were then transferred to two chambers with
different CO, concentrations (382+3.2 and 1,027+11.7 pmol mol™), and grown for 10 days. After then, each group of
kale plants were subjected to UV-A LED (275+285 nm at peak wavelength) light of 25.4 W m™ for 5 days. As a result,
when kale plants with thickened leaves from treatment with high CO, were exposed to UV-A, they had lower UV
sensitivity than thinner leaves. The Fv/Fm (maximum quantum yield on photosystem II) in the leaves of kale exposed
to UV-A in a low-concentration CO, environment decreased abruptly and significantly immediately after UV
treatment, but not in kale leaves exposed to UV-A in a high-concentration CO, environment. The accumulation pattern
of total phenolic content, antioxidant capacity and individual phenolic compounds varied according to leaf thickness.
In conclusion, this experiment suggests that the UV intensity should vary based on the leaf thickness (age etc.) during
UV treatment for phytochemical enhancement.
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Changes in Growth and Antioxidant Phenolic Contents of Kale according

HoH= UV ] 5P UV-BRHUV-AR A1) Aol 44

HESIE AEds 201 5 el UVES autdos
UV-C(280nm ©]3h, UV-B(280 — 320nm), UV-A(320 — 390
nm) 2] Al 712] 2 H Q)= FRE Tk o] 5 UV-CF9| A}
£ A20) HlE 4 g ko] AT S SEalAT, 02
9 tf7]F9] 7hAEol Yf8f it SE] 7] el A+ 3
Hol| =ahR] oh=rK(Stapleton, 1992). &, X[ EH| &=
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UV-B ap-& 4l e] Alsfaba, Alejsb o eotae) vt
o= FEFhe B4 A RS ol QRS X H(Frohnmeyer
2} Staiger, 2003; Sharma 2} Guruprasad, 2012), =2 459]
UV-B 3 AR 34 AHE(ROS) 9] A 9417 Al
af, S A, DNA S SAMA7| L 3339 d 23 A AA1A 2t
o AlF AAe] oS ulHtiMiiller 5, 2015;
Vidovi¢ 55, 2015; Shayganfar 5, 2018). UV-AT}-2 XL
SElol) EESHE UV 1919] 95% 2 AFA|3jnl, A% 24 Uj

S HER] ] & $FY UV-A A= 15 4]
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UV-A 244 2 COp 50| wh2 A2le] g8t Gasks sse ga st

Bo| 4kelH] St A oAE ST 4 Slrk(Krizeke}
Chalker-Scott, 2005; Mumivand 5, 2021). 3}&]qk, & 4=
29| UV-BEFUV-A ZAR= 1 2} tjal}2 2k A} ALolollA] e
2 TAF TR 2] 29112 AT 4 gl Ale] AlE A R 9le
2 21g310], o] 2 Qls) AAKE b ALEL 27} Ak
&Fo] A=t Ballaré 5, 2011; Caretto 5, 2015). wh2}A],
] 3o SehRlco|E, 7FRE| o] =9 22 UV-F5= 3}
LEI ARl &4 AAlshe ke SAAIITH
(Shirley, 1996). T|3}o], 2L Ao b2 UV-A A=
CheFRE of|dhmol| Al ikt wHiise steS =
gk opu et e FHAI 4= Qloks ARt Ears]ar glok
(Brazaityté -5, 2010; Lee 5, 2019; Choi 5, 2022).

UV FxAte] tigh A1&2] W32 F(species) 2} A1 A5
THAof| e} DEfA|H, of7]oll= A W 2ol 4] St
= AE0] slleha, AdelekA, eeha] elar AYsteha el
o 7] 7} AL TH Victorio &, 2011). A& W 2 &
oF AIRHA = 22 AR O] b 127 K B4 72
# oz Qo] Eol(differentiation) 2} W SHA A E AE=2)

ol ofaf A4 4+ ek w3k A1 o] e 1l
344 Aoz Algo] UVIFAHS 4381 4w e] o] S 1t
S}t o] Q8 2P A 0.2 A EH= 23 Ak o) o
9 A4 EAuslo] ke % 4= QlrkVictorio £, 2011).

S0k Q10) el siaba SATUVE 2o o A1
o] 23} thApaHES] AT WHS- Bl Q1T TR UV
FA] whE T FolE A o) (X, ek, e, '
E e HT vwAYSH BRE A-KSchreiber -5, 2001;
Bird2} Gray, 2003; Scotti-Campos 5, 2019; Bahamonde 5,
2023; Ofiti 5, 2023)7} thtolch. =3t Qo] Fej4] 54
% 9] FAol| W2 A2 22t A E 54 etk vk E o
T Ao EASHA] gkt whEbA] 2 AtollA= AlE 99
FE 2201 S, 53] ¢ FAlo| W UV-A 2AF23¢
A HE 52 sfiglo] ofwgt JokS mlX|=A] ERIsHIAL,
o] 5to] UV-Ag A 2] Al7te] w2 22} thAibE2] 521 )1 vk
= EelsteiT

[«

K

Mz o

1. AZ M= F 1ot

AD(Brassica oleracea var. acephala ‘Manchoo Collard”)
ZxJ(Asisa Seed, Seoul, Korea) S FA A7) Usem instrument,
Suwon, Korea)o] 3} & A1EZAPAAHDS-51GLP; Dasol
Scientific, Hwaseong, Korea)of| 24Ut A& A
25 20°C, G 60%, 719 0.936 kPa(VPD), 37| 12

MEStARHSIS|X|, H327 H4E 20234

A|7E 32 fluorescent lamp, 23 -G-8 HoFAl<: U= PPFD
121+10pumol m?s™' 9] AL 82519t PHA(DFT) 4=
AL WxH, 32.5%22x23cm)2 o]-8-3}93 2|51 A
2 H2L 98| A4 7|(air stone; Mimineaqua, Inchon,
Korea)S F7}2 AA5I3th FHS 12 TFH= oFH
(Hoagland 2} Arnon, 1950) A|Z(EC: 1.0dS m™, pH 6.0)
sto] Zstglom, EC W pHE 9A1517] 9laf 25}ct 1A
iR LA

2. O|ASIEEA X2 & uv-A XE|

47 AE Al A 718 AL e FAE HEtA 717
915to] THE AR AUS 27§71 F 10207ECO, S
£ A5ttt A== MH(DS-51GLP; Dasol Scientific
Co., Ltd., Hwaseong, Kore)2] CO, &=+ 382+3.2umol
mol' 02 98xE9lon, 1% MH(DS-51GLP; Dasol
Scientific Co., Ltd., Hwaseong, Kore) 2] CO»+=1,027+11.7
pmol mol! 2.2 A E|3ick COyslet A% AR Y A3
El CO, AAE F3ll A7 ghell wheh 28 =ik 10979
CO, A2 5, UV A} A Q) FA|of| th2 BEg-2 2R15}7] <]
3] 25.4W m2¢] UV-A LED(Z] 3314 370+385nm) = 5
A7HEATH Y 22 L B0l HA(12hday™) #2)
513l o] HjO] COr=F7HA Q1 A2 & 5HA] 2hgkom, th7]
9 COrs=2 FA =]k

3. 88 =4

UV-A A2] H, CO, =0 & ALY ¢ 779 isk=
sRRIsH] f18l, CO, w7} thE g0l A 1047 A 27t Al
olo] AT} ABFS ZHsto] H|UF-L AR
HZ&-L AHAA(LI-2050A; Li-Cor Lincoln, NE, USA)E
Ao} SR T, B2 T0°CoIA] 724171 ol 71
(VS-1202D3; Vision Scientific, Daejeon, Korea) A]7] Z-of
ZAFA-&(S1-234; Denver Instrument, Denver, CO, USA)S
Aol 24514 E] v 952 SLW = Leaf dry weight(g)/
Leaf area(cm’) 48 0]-§-3}0] A48} 9ith UV-Ao| wh2 2]
=0 S SRS ERIs] flete] UVAR] Mtk 2] 5Y &
A3l 2| AT AEF2 ST

4, AN Ecf LXtr2

UVl =5 AlY o AEH A J=E SRIsH| 23]
A=4 &3 u|E(PAM 2000; Heinz Walz GmbH, Effeltich,
Germany)E ©]-8-510] A 2|t FARE(Fv/Fm)E 574
SHITE AR R E 3HA o1& Agste] 7517|3087t
1AL & 3} 31 HA20kHz)¢] 1,100pumol m™s™ PPFD
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o]z
Qo] ZAbsto] 2ol FUEHEm)TH H 4 FUHFo) S =

& Fv(Fm-Fo) & F-3itiMaxwell 2} Johnson, 2000). &
RS AR A0 2 12417 1A 0 2 28

metric BHH(Ainsworth @} Gillespie, 2007)1}2,2"-azino-bis-
3-ethylbenzothiazoline-6-sulfonic acid(ABTS; Sigma-Aldrich,
St. Louis, MO, USA) (Miller2} Rice-Evans, 1996) ®-2 A}
§3tol 2tk A2 9 AR(eF02) S AL L0tk B
o} 7FE R Wh= F 3mL 2] 80%(v/v) oMNlEE g ol =5t
Atk 2mL mRo] A2 FHO| 2EZHE A ol fFrioA
1247t o]/ W7 (4°0) B ¥5(-20°C) Eagt ths i
2)(3,000xg, 24 5ko] LA FAof o853t o]
F, 42 Lee 5(2019) 9] Aol w2} 3= QUck. &
St} RAEsl e = wh9] A A|S(g) I gallic acid equivalent
(GAE) 2} trolox(mM) equivalent antioxidant capacity(TEAC)
2 712t ekl

5.2 JWEXQI H= stet=E

J12fm)

AT AL A Al=(2F0.52)2 w4 H7FA] -70°Ce] 24|
© WETo] BRI AlRES R daet 3 Zo}
3131 5] 5SmL 9] acidified acetonitrile(0.5% v/v HCL)S gL
2Ze190c} 22 1S 80°C T S20) 4 7528 A
71 o2 308 EoF 223} 2] 2)(Sk5210HP; Hangzhou Nade
Scientific Instruments, Zhejiang, China) 3} t} 3% 828
= 1,500xgol| A 2027 A4 E2)Rt 7, 44582 0.22um 4
%] ZE|(Noble Bio, Hwaseong, Korea)= o|I}A|ZICh
Agilent Eclipse Plus-C18(4.6mmx150mm, Spm; Agilent
Technology, Santa Clara, CA, USA)Z 3 o] A2y 1A}
A F2utE Ju] AAE(YLI100; Younglin, Anyang,
Korea)& o]-8-5t0] &4 Eefstoith 299 25%+=30°C
B2 fAE o, 3¢ S5 10uL= AAE QI o] &
HPLC-242 Lee 5(2019) 2] -dgof| whe} 23 = i} 35
2412 HPLC grade®] caffeic acid(Sigma-Aldrich, St.
Louis, MO, USA), ferulic acid(Sigma-Aldrich, St. Louis,
MO, USA)E Ag-3F31 om, ©hol= A5 Fmg 2 &
=]21th(100g)(mg 100g™ FW).

M(uds M Z=20tE

HI
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lot

EE
6. 7%zl
S B4, AR BA(F sl Ak, Al

Hz sk o) 412 ZF Aot sukEsglaL, FA
FT) P R(FVFm) S Al 4uE0 s 124k}
24 =] ik AR A (Analysis of variance, ANOVA)S 4=
Yot al, A2 H-2 Student’s t-test(B]FZ, 7154 &
29} Duncan’s multiple comparison(AS-EA4]) & 0]-8-5}0]
H|Wakglh. HE EAEAS SAS(SAS 9.2; SAS Institute,
Cary, NC, USA)Z o} 85J0] =as}5ick
24

Aut 2 0 H

1. O|AMSIELA X2|QF UV-A ZAtOf| U2 AH YU M

Ao Felf L2 A Q1 FH, 53] A FAo| w2t UV-A F =
AZHAIY Qo) 22} AL R 54 sl o] o] weh PR ] A
A Bl sl 4527t 5 A3 e 2ol A ArfE Al
2 CO, 57} oFE WH(A%E 382.54+3.23 pmol mol™' 9}
%% 1,027.25+11.75umol mol )= 1047 SAFT.
1L ATL 50 CO, S ollA ARt AL 9] o] FA|(H Y
)7t A E2] CO, e ol A At Al Q] St vl sl
u] 28% G-o]F o0& Z7}EIAkFig. 1A). T3 1%Eo]
CO, e oA 1047 ez AL 92 A5 =2] CO 04
Al AlEat v asS uf, 9 o] H2 S w PE
= UEWItKFig. 1B).

1047 A5 0] CO 3 of| e dl AU o B2 As ™
CO ol A Afulel A Lo v w5l o) Aol A5k A
At Aas 5 2490 S 7F W= Qi ck(Fig. 2). &
5], UV-A A 2] A A5k CO oA At Aldx} vl wstoi&
o ZJ3HR HE5o] 54% 9% 0= S| ick(Fig. 2D).

A FAZE Aol A Hlse] A =22 54 9fglo]
o QA M3l =A] ERI5}aLAUV-A LEDE 5 U7 W3 A
2]steiek L Aaf, A5 AT Alfstale AlsE 1
2|3l -5 CO oA ARt AP o] &2 F-214Q1 2lol&
o]z OFITHFig. 2). A|oHF AA|5-2] 739 A5 = COy0|
A UV-A7Z} A 2] 5 A2 49% 941 Frart k=] $1A]
9k 35 % CO, 0l 4 UV-A LED7} g A 25 Al=-28% 4=
221 FH 7} 2= Slck(Fig. 2B).

oilElet A F O] TVh= Al Y, AR A o)l
F 83 FFF 1AW, 7] F CO %] T715ol et A&
Ao} =712} A% biomass) E3FSTE 4= A chFarquhar
5, 1980; Ainsworth?} Long, 2005). A Z}81} Brassica<s0]|
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UV-A 2AF A CO, ol whe AL A5t atehs wi=d
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Fig. 1. Specific leaf weight (A) and pictures (B) of kale plants. Significant at *p = 0.05 (n=>5).
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Fig. 2. Fresh (A, B) and dry (C, D) weights of shoots and roots of kale plants before and at 5 days of UV-A treatment. Significant at *p =0.05 (n=>5).

&ohs B, FelE AY, &8 74, AR A=
FEol SH 717 ER CO, ARl A& FAES 5
AL A=) S-S vatE SR SHAIEL
717+ 1,000umol mol ™ o] =22 thEo] Azl A& &
Toll A FFIES FAF L Ufl TLof| wla} A8 Q7014

0 2 At Reekie 5, 1998). 92| o] Aol A= S H
A 2] Aol 10477 17ES] CO A 2= A1 A STl
TP} QT 1A Reekie 5(1998) 2] ¢} 7o), a1

014 el OHHQP% EL 2, I,
CO, 5= oL 23 8]l i3 ‘;— HJQ‘ oaiolt‘i 3
24 7|5t A H Q1o A 3k s o whet Eeba 4= )
tlBahamonde 5, 2023). tl3}o], FE| S ZQ38F LA QA
Ql kA0 JLATL QR Al Fo] L E= 3 270 XA o
2 oJgkS-dlo} W3lE T Bird 2} Gray, 2003). 2<% Bahamonde
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o]x] 5

Al

lot

5(2023) 9] A= A5 CO, 27 SHol| A N. antarctica®}
N. betuloides ©] 98] & F=7} S74E 1L, FHElE 2 W
o] WisiE 4 glrks Aake Bsiock S-2le] o
A& A5 0] CO, AP = Qlalf 919} &b w7} 7 e AL
SE|2 2 9 o] WisElo] 9 Flo] Felo] epke
7Fs7dol ItH(Fig. 1B).

UV-A0f| 547 el AU 2] 52 A5 = CO»0  UV-A
7k A2 AL o] A sH A G A 2Jstal=UV-A A o]l
o] FojHom Jake vkl gIStth(Fig. 2). o4 Krizek
(2004) 2] ¢15to]| wh=H, A A(blue) H912] abgo] UV-BO
tjEFDNA &4 B4t 9 35 A7 | =t aap&o]eh= A}
= 1) 15}t Krizek, 2004). E3} 2L AL A= PARZ
7 ofefjol Al UV-B g2 B Al Fol A = FH &S5
SAIZ1SL, UV-B Aj2] 4 s 712 o] Ao i e uv
of Jgh a4 Al BalE AN 4 9lgo] BE3ict
(Escobar-Bravo 5, 2017). £2]9] o |A%= UV-A LED
7} 3357) E9F W A2 Q7] wiite] 71&E Fgsol £
SH Qe o] UVel ol Bk 7170) 418 ofAlst
of Aol A FEFS TA| B 7s/do] 2T

Sfafo], 10 20| UV-AZARS 412 0] A2 ol g
31 oA Q) OLKKrizek S, 1997), W& 5220 UV-A ZA}
12| RS FUIA7II A8 Al biomass) S
Lo o g ZA)A 4= Qrka B |9tk Tsormpatsidis
5> 2008; Brazaityté -5, 2015; Lee 5, 2019; Choi -5, 2022).
o] ol mpE W, 3 Z3Hof| =SR] k= W= PPFD
271014 UV-A 2] 83 e} 7l e ko] =0 472
¢ oA 2 SpE] 2l g2 0 2 333 TS A
Ql2o0] R %It Verdagueret 5, 2017). E3L, H=2
Sk 2027 GAIME] of3) 4E UV-A W g
AH(blue-green) FFO= of7|E o] S HAZF AR
3HA oYX 2 AME-E 4= 9JtiMantha %, 2001; Johnson2}
Day, 2002). Lee 5(2019) 2] ¢1510)| 4 = 370nm 1} 385nm ]
12 345 ZH= UV-A LED X33 2] ofefjof| A AU 2] A]
ApRiol Ajsjie] RS 9 B felden SoEsl,
A Lo thefFst ul=.2] UV-A LED(365, 375, 385, 395 1}
405nm)E 7 G7F 2AFSHS wf Th9) Bl arsto] AT A e
B2 71 92 7H=39524405nm &) UV-A LEDoJ| A F3H/d&
3 AR B Wi} o402 Fojlo] B 3E9leH Choi
35 2022). £-219] Aol A A Auol] AMSRE FEE
O] PPFD7} ¢F 120umol m™s™ & $-2]7} ARR-3t A o] 34 32
Shg el =EhA] 251311l(data not shown), 37t A3
H UV-A LED 9] a4 E3F Az o g 7] api(u Aubi)
375+385nm)3 ARE-5FG1 7| whToll Al D o] A5 ol 2 ¢

T Ve
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S om

=

F= A W= 7ol AThFig. 2).

2. AN Z|cf X} 2(Fv/Fm)e| HE}

A|%5=(382+3.2umol mol ™)@} 11%%(1,027+11.7umol
mol™)2] CO0l 4 UV-A7} M= 2] 952 7| %) 2] Fv/Fm
G B 0.81 01739 ghs LR 2Utk(Fig. 3). SHAIRE CO;,
AH] 5] Atglo] UV-A7E A2)E AU Q] Fv/Fm gh2
UV7} 2252 042 A P2} vl asto] =55 a7} Hats]
AckFig. 3). AEE COyolA UV-A7} A2jH AE9]
Fv/Fm Z}-& UV-A LEDAE] 12471 o] & w2 A 714 %] o]
0.74 9] k& YEPH AL, o] 24 A7 o7t 5716t e
= Holtp7E 36 A1 0] 0.68 O] gl Hof ThA] sk 7
FE HATh 36 A7k o] Tof = SUTH UV-A 2] 52F0.70
—0.759] gro] WAE Yt 1E2] CO,9)4 UV-A LED
o =AY A Fv/Fm gk EFFUV 2AF2A7F 0|5 2F
22%3131(0.77), thE-2} Bl skl uf oA 2 W= gk U
BRI 2Tk Fig. 3).

TAMPSI) = 2719 F 43 E3H4|(light harvest com-
plex) 2} HH-S- ==4] E3H4|(light reaction center) S £3HoH=
Selsmo| uto] k4l B9l WAL 9% Aed a0l
ofl 714 Fleket Ao uHlAl AT T4 R4 % sfolct
(Allakhverdiev S, 2008; Tyystjaervi =, 2008). ZAI12] Z]
o) B8-S oJujsh Fy/Fm GES Al 20) et 52 L)
Uh Tigke AR glo] s AR Al AuuA WE
= 3 e =EE LS u|RitiLong 5, 1994;
Maxwell2} Johnson, 2000). A4 Q1 S of| A Agt A&
o] 7% Fv/FmZ2 A 0.80—0.839] LIS Uehdch
(Demimng 2} Bjorkman, 1987). 3}R|THUV A= E2}H0|
© uh ehl S k) 5to] AN A0 £ o]l
o], 52 UV ol Xlo] 1B 4150 Fy/Fm ghe 345}
Al Zra~=thSchoed] 5, 2013; Yoon 5, 2020).

UV7} 23 A2 = 4] & A5 %=2] CO, 73} a5 =0
CO, 3ol =2 AL Fv/Fm g1 5 5t 441 4
2| & 712319 ch(Fig. 3). 3HX]qk 25W m?2¢] UV-A LEDY]|
e AU 99 Fv/FmgkE CO, 2] AJH] {59 A glo]
UVol leZEE S o) S48 ko] AEYAS Wk
= ZIE 4= QlSITk(Fig. 3). A5 %=2] CO,0| UV-A LED7}
A AY L Fv/Fmo] 3550 CO7F AR Al E Rt
o A gt BEE Y=, o243t Ak= CO, AlHe]

A5 ST} 9 A2z R W 140 o) HStof] 7] 17t At

=

2 = glrk(Figs. 1742). ABS UV S| olpiom Qi
of| dAEZA-S S (Caldwell 9} Britz, 2006), 3jjH32] 9]
S8 27410 el A QlekKakani 5, 2003). ]

a
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0.6
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Fig. 3. Fv/Fm of kale plants subjected to UV-A LEDs for 5 days (120 hours).

TolA T Ao UV-AE HagA e 5tlS off o 4] 5
ol %= sliH 22 o] FAZF A 07 FrfjEl= Ao] Hal
At Victorio &, 2011). o]&gt A1+ANE EOZ il
E21CO, £FUV ] E512Q 21-8-0 & Qlg] Qo] Atz o=
v %S 7Fsd0) Sink &, o FATH A o2 FA%
G 1% 0] CO, 27041 =UV-A 2] 5¢F0.70—0.75AF
0]9] Fv/FmZFS B A% =2 CO, ZAA=0.77—
0.812] Ato]9] ZH& Urefjo] Atz o= Qlo] gk A|Y
(Ambient CO,_treat)o] UVof tgt 1A=} =9 754
o] QItiFig. 3).

E3L A5 o] CO0 UV-AE ZARE A1AFSIALFv/Fmg,
2 FAT A4S Usilot gho] T B8 = HFes 1
o 12A17F 7HA 0 & 53t S WHESk= alfelS YERY
AchFig. 3). UV A 2| A7} 7|20 2 3371712, 36,
60, 84417140 Fv/Fmo| 7HA-E|Q1 1124, 48, 72, 96 A]7}o]) 3]
BE= e Bk o] 7 57]o UV-A LED & X%
A g)sto] Yepd Ak & 4= Q)tk sHA|RE 152 COL0|
UV-A7} 2AHE Qlof|A= 33527 -5l Atglo] 47t o
HS HERY =T, oA 15 E2] CO, Aol 23 F7
AR AL Qlo] UVHEE AA[5te] FANL] 4 THAA]
7 Uehd A3112 4= QItK Victorio 5, 2011).

UV-A Hgl= A5 18]l a5 = CO oA AulE AlY
A1 50] & Hl= g A= S iR o] MskE f=st
Sk AE=0] CO, EHFOIA UV-A A 2] 5, 1 Pajof| iz
o vl uste] Z vz g FASE7F22E20%32H17% -

MEAZHSS|X|, M32H K4z 20234

o2 o & S = }Ith(Figs. 4A2F4C). A5 CO, 2710 A
UV-A A& o5 2 A8 UV-A Al g AE2] & ol
A Al XA 02 FTIshe FA1E B AN A
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thtof v asto] 20%, 27% 242 S S 2A
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o} 3152 CO0A UV-Ac] = Al 2150 5wl 7
T} Hrtel=ot FARE AeFe B3, caffeic acid o>
Aps et al e CO, 27 RFo A 38R =& s LrEhy
QAT -] 2191 Afol= W R] hdThFig. 5).
U O 2 22 O UV 2ARE T DNALE oY
23 7)ol AR A Q&4 Frol AlE Al 294
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S I=FHUV AP el 28 Gkl th-85H7] $laf 3 =2
&5 gt A Ql RS wAYSS UV-

o 5402, AE2 oS Fo UVRARIE 98 HEsie
AEFS- St Shirley, 1996; Berli 5, 2010). =4 3}eHE-2
UVIbS A4 o8 Foesto] A 24 29 2394
Q1 TS WAL Al 2 ol A& 2= UV T
Fagom MSIAA AL GL20) SRS T gk it
(Bilger 5, 2001). 3} 9lof] A == gz =2 1A

A= BAEEF(ROS )& 2275k ilekso 7HAI AL Q17]
ool UVell ofgh ABFAQl A4S £ol& 4= Jlt(Bilger
5 2001). -2]&] Aol A &= UV-A LED7} H3g A 2]l #|
A2 Qlof A CO, A 7] 7ol Adatglo] Fatet] w2 ot
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Fig. 5. Ferulic acid content (A, B) and caffeic acid content (C, D) of kale plants subjected to UV-A LEDs for 5 days.
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