Protected Horticulture and Plant Factory, Vol. 27, No. 3:260-268, July (2018)

DOI https://doi.org/10.12791/KSBEC.2018.27.3.260

pISSN 2288-0992
elSSN 2288-100X

LED Z& =70 b2 vi=st M% o shitst 23 & 24
ANT - =AY - gEap
FaishaL SQdSst Qolss)

Analysis of Antioxidant Content and Growth of Agastache rugosa
as Affected by LED Light Qualities

Kim Sungjin, Bok Gwonjeong, and Park Jongseok*
Department of Horticultural Sciences, Chungnam National University, Daejeon 34134, Korea

Abstract. The aim of this study was to evaluate the effect of light quality using either monochromatic or combined
LEDs on the growth and antioxidant accumulation of Agastache rugosa cultivated under hydroponics for 4 weeks.
This experiment was performed in a controlled-environment room at 22+1°C and 18+1°C (day and night tempera-
tures, respectively) and 50-70% relative humidity, with a provided photosynthetic photon flux density (PPFD) of
1805 pumol'm?s™ and irradiated with either monochromatic (W10 and R10) or mixed LEDs (W2B1G1, R3BI,
R2B1Gl1, and W2B1G1) with a differing ratio of each LED’s PPFD and fluorescent lighting (FL: control) with a 16/
8 h photoperiod. Fresh and dry weights were highest for plants grown under the W2B1G1 treatment. 4. rugosa
grown with R10 had the greatest plant height but the lowest SPAD among all treatments. The concentration of ros-
marinic acid in plants grown under W2B1G1 was significantly higher than that of plants grown under other treat-
ments. Tilianin content was significantly higher in R3B1 than in the other treatments. However, whole-plant
rosmarinic acid and tilianin content was the highest under the W2B1G1 condition. To cultivate 4. rugosa in a plant
factory, mixed-LED light conditions with W2B1G1 is considered to be more advantageous for the growth and anti-
oxidant accumulation of A. rugosa. It is though that the total whole-plant antioxidant content is more crucial for com-
mercial use; the present study demonstrates the potential to achieve higher content of functional materials in plants
through the selection of light quality.
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(Bourgaud et al., 2001). 53|, EE7Lamiaceae)®] T3t

=3 (Agastache rugosa Kuntzeye HZ3}ol| &3
thaAl okg2EE BF FoRot w7t 53] S F
=AM Ap eyl ddAxrse) ofx=
QYHAFE] AREEO] YTHAhn and Yang, 1991). 21E-2]
7154 3FgHE(photochemicaly>  ©|ZFNAHE (secondary
metabolite)°|ZtE S]] A1EA] o] EAlshdaA] oF
55 Uil o] AEES 7HIZItK(Verpoortel et
al,, 2000). A& A &8k, Ay Zo] At
Hog Aopledl ARl 712 grEEZER] IAfOAL
2H=(primary metaboliteyS AJAJSHA|TE, €]Fe] &7 =
Efx, i Y, Hewe] fe=2iy 228 W

ofsl7] flsiA olxHIrRIES ikl deA
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A9l ZREQ1 HiRERS ' 2 9l 0] = (phenylpropanoid)
SRS Bol skl o EE|HEAY rosmarinic
acidRA)S}F EetR=0l= A5 tilianin®] o] EThaL
HEth(Han, 1987). Z&]#=(polypenol) 3}5HEo]2}
Ed(tanin) -3<] rosmarinic acide= =K Lamiaceae)2}
A x| 7K Boraginaceae) 2=l SR =4 THrE A
o|tK(Hakkim et al., 2007). Z'd¥ed (phenylalaniney?} El
24 (tyrosine)®] T+ WIS ofr|i=Ake] AFR] rosmarinic
acide= 21ECl glo] BT B 22AE=ol dig o] 3}
FEZA IS T 4 JQOT(Ellis and Towers, 1970)
tol|2e} AR, I, FtAdS AYaL lat, B}t
oL} $-2% oflol] Tfo] Frharl B = AKCuvelier et
al., 1996; Chen and Ho., 1997; Takeda et al., 2002). =&}
RHi-o|=9o] FFIFAFEFAR)=(glucose-glycoside) &3t
=2 tilianing °F2] Aso] YFHo] lom, FASA
of FAX A, JnEYA 2 & Y apr} Hars
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LED 3" =310 we mjxd A 2 s} 24 I 24

ItH(Hong et al, 2001; Oh et al, 2006; Nam et al.,
20006).

25 S F gAEEd 3RS vxe ookt 3
7488l oA B2EL FE 9 2Ed B
Ao ZHA &S slar Aok AEY S| FFgS
F= 3 B AXEE B (Lefsrud et al., 2006), F2
(Lefsrud et al., 2008), &7](Lefsrud and Kopsell,
20067k Sict. & #HE Q1] WSE Feie] AEe] A
Z, FeEAd 9 ojxrEe] Feslel JES =
T Aol A= A W 7P F8% Wg T shel
TH(Kopsell and Kopsell, 2008). 53] LED= AlZ7]&9]
waw) 7h4 slete] offo s W Foplx ARSI
o™, LEDs J¢& WARe] deln 2485 55

i)

ZAL Boll Uitk A& whg- AE bl ST
(Gerke et al, 2014). LEDS o]&3dlo] ZAE F&Ee

o] EAE (phytochromes; 242} 29X, AHETF
(cryptochromes; 23} UV-A), EZEEZ 3 (phototropin;
43} UV-A), UVRS (UV-B) 53} 2 4&9] 34§
Aot BEEo] RuElom(Son et al, 2016) ©]E<]
gt 2l d9 A2E FeiA FFEF 9T 2ES]
A S {30 (Barros et al., 2011; Lee et al.,
2016). 53] 7M1 G T AT P apge 4
200 o8 7P BaEo R FEe el 33t
Aol o] wi-g- F83F AR DO ZH QFETHMcCree,
1972). Z233(620-670nm)S o] EFES SAJ3AA
TApdol, A3, e w3k AT F dow, HAF
(420-480nm)> AHEAFOY XEEIVUS A
A FHEY, e B4, 284, g8AY &5, 7F
N Soll #ASaL LA Uth(Taiz and  Zeiger,
1991). Folta and Maruhnich (2007)= =A13o] F3HAd
o] duRde Alrd gl FESHA] Rtk Bk
W, Age] ARl GES duxNes ek
Hu% th(Johkan et al., 2012; Son et al., 2012). ©]
U5 ATER 29 ol8F AT N 919
Ae 22 B8 220 Y AR ATe ue Be
s,

Az A% NSHNE, 5 AIE o
F el A Wt Age) Fa S
ofii glom, Jel me ApieA 24, 7% ek
Ng34 mE 2vE o) Aulvize] aEc.
=5 wlage Jlsd A%l Ue A9H o8 9
A =AAEE o)L glont, 1de) 23] 5] g

Alolw 71578 &4 ke A Apigd wste]
FFor dvd TS Hol7] ol¥thRao  and

Ravishankar, 2002). W2}A, o3t #AIE 12 & <

3L [e)
e W T FAN 2elEg EE AE2THL o

Ao -AE25, M2rd M3S 20184

W3 (Agastache rugosa Kuntze) FAHDanong Co.
Ltd. Namyangju, Korea)s 2403 A8|X|(Kiemplug
standard tray, Grodan, Denmark)el] 353} 25+2°C0]|
A 5U%E HolAAT o]F olE AEAlE 85 (TS
14EX-D, Byulpyo Co. Ltd. Icheon, Koreays ©]-8-3}<]
A= 130+5umol'm™s!, &5 2242°C, HF% 60-75%2]
Z70 55772 SEEH. 2o A Al olA] W
A7 e 2=9} 92~ A(Otsuka House A,
OAT Agri Co., Ltd. Tokyo, Japan: NO3;-N 17.4me-L",
NH,-N 12meL", P 5.lmeL", K 8.6meL", Ca 82meL",
Mg 3.6me-L") HiFAS o] 83l 2 Ao =E AHH
T siden, Egjo] 4uizt A | 55 Fof] mizgke]
T BT 2L 83mm, B AT S6mg)E
Z+ Ag] 7 12574 Addste] AE|EE W= (630mm x
935mm; 7} x AZ)l 55mme] 3+ 7HH o= AAlE}
Act.

2. R{HHA|AR] 2 &HA

Auim=e] Fx= SAE o83k 1500mm (F)e}t
1400mm (Z°]), 2540mm (=°])] 17§ Auj=El A
vl 7Fsst 958 3do 2 ARSIt 2F ©he] 3y
A= vlgzte] Azle 600mmoH dhdel] 80L
=719 AR aE AT ApHEE PVCAES
o]&3te] 1100mm ()2} 1000mm (Zo]), 100mm (=
ohZ ARt 7F 22 Zddl HoE XS
YA =T Qo] 4=FH3Z(UP100, Hyupshin Design Co.
Ltd. Seoul, Koreays X[t} 7} Tef Au| =2 kel
< 77 FEEe™ v 2 App =S SHE ul
TTE B9l gARaE FIEA ST o] 24
o] 753t w75 o83l semi-DFT A|ZRl0=E ¢
Fatlom gHe 5% ON/OFF 7|2 F=E Ut

U3 Q1FF AETFS 7P AlE[Sm (2o]) x
25m (F) x 45m (Fo)E 259 F5 EE Y5t
3]EF 3 (CSV-Q115UI, CLK Co. Ltd., Seoul Korea)o}
WE7](Unit Cooler BSU-030E, SUNGIJIN Industrial
Co, Ltd. Seoul, Korea), I8l 7K57|(HU-4200C,
Ohsungsa Co. Ltd., Korea)& ©]-83}] 7+ 2242°C, oF
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o

ZF 2042°C} BT 50-70%2] 2L HAEHT
Fog 5% AlX(testo-174H, TESTO Co. Ltd.,
Germany) 3ME ol&3led 7t Apide] 255 WHlE
BUHY itk Werlt 7FsER de 2dddxe
We7ld FE4E $3UE ol8gste] Aiw=e] shda
] gratelrt +1°C7t HES aolck. 4 &
7} 3922 AM9] EC FEE 1.240.2dS'm™, pH 6.240.1
2 7] =R AAHoH olgd $Y EC T
pHE SAATL 25 Fof] FAES Azle= wAsISIT

o =

- B9y

=S

(W) LEDs (SungGwang LED Co., Ltd., Seoul Korea)

g olgdle] BF UY AYRS 7RO LEDs A
FHW10), HHBR10), 27 EFFRIBY), A4 EF

FR2B1G1), WA= EHW2BIG1) A2+ Cool
white &335(T5 14EX-D, Byulpyo Co. Ltd., Icheon
Koreays ©]&3t = (FLYE X35ttt 3 ~HE
H B¥c Fu8 B3 BAMI(LI-1800, LI-COR,
Lincolin, NE, USA)Z 300-1000nm Y= 0.4nm 7+H2
oz ZAsle] MAlRER FEIYCHFig 1). ZH BH
g AR EFIAELE(PPFD:  photosynthetic

3. 2 A|AH photon flux densityy= J=EA} AlA(LI-190, LI-COR,
B A7) AM8E LEDs 39S A (R:660nm), A Lincolin, NE, USA)S o|&3le] =Asigon, B=xA}
(B:450nm), =A(G:545nm)y# M%7} 5500KQ1 #A AX|ol] BAE U] ZAAAE of&ate] ApiH= vt
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Fig. 1. Spectral distribution : the fluorescent light control (FL), the red LEDs (R10), the red with blue LEDs (R3B1), the red LEDs with
blue and green LEDs (R2B1Gl), the white LEDs (W10), and the white LEDs with blue and green LEDs (W2B1Gl1). The
photosynthetic photon flux density was about 200+10umol-m?s™ in each treatment. Spectral scans were recorded at the top of the

growing beds and averaged at 5 points of each treatment.
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LED %4 2o W wiEs 4 2 33 24 9 24

A 47 T RS T oH, ARHAE o)

, AEL BT EAE 95t
SPAD (SPAD 502, Minolta, Japan)ats =739t A
SHE TS S48 fst] AL Elgr(Kimtech
Science, Yuhan-Kimber 6ly, Korea)Z ®p2] o] &
S AAZ T HAAAES(CAL MW-2N, CAS Co. Ltd.
Seoul, Koreays ©|-&3t S431dt). &5 #4S ¢
st} FejE AR} AeE 2 AREAE Bl
He T 70°C A 1597 Hx & TY AAE
[e)

2 olg3le] Zgstrt.

5. Rosmarinic acid®} tilianin &2 &4

Bz3gke] rosmarinic acid®} tilianinol 4] HH
Park (2014)2 Farsie] B3I v 2ERS Al5R4
£ BFo Yo T FAWXVI(TFDS503, lishin
BioBase, Korea)s ¢85} -70°C 242 Wit 3¢
b AZRAIY e8] AxE wzdge YA7](SMX
800SP, SHINIL Co, Ltd. Seoul, Korea)s ©]&3}o] &
d = Y f85-S ol8st] EEst stttk v
B 0.1gS 2mle] 80% MeOHel ¥l 1A7F Bt
S-3}3]2] (Sonication) 3+ 3 13000 rpmOE 103+ L4
2 stk AS5dS 0.45um PTFE synringe filter=
IHH s ¥, HPLCE vialoll ©U4T) Rosmarinic acid
2 tilianin #2432 NS-4000 HPLC system (Futecs Co.,
Daejeon, Koreays ARE3l] HA8190a1, AHoZ=
ProntoSIL  120-5 C18 ace-EPS column (1500x4.6mm,
Sum; ProntoSIL, Bollinger, Germany)s A8-3}910m,
A9 5= 30°C, FES  LOmlmin’!, FEIEES
340nmz AL AlEe AEFY7IZ 20u B F
Akt o] SulE= 0.2% oHEARS ¥3sE %
= solvent A 9} 100% MeOHZ solvent BZ A3}
Ao rosmarinic acid ¥ tilianin £2S 3k 70%
solvent A 9} 30% solvent B 5087+ FA13F ¥ Urj
2] 10%7F 100% solvent B7} H=Z g8 Z7prx]
. ¥=E7 acid (SIGMA-ALDRICH,
Korea), tilianin (Ensol Biosciences Inc., Korea)S ©]&
3} calibration curveE ZHJstal JHskmgg! DW)
=g

B

rosmarinic

6. SH 24
B A3 9] mixHoz FEEglon S W
7T =d B4 7 Aelard ke skl

AlRl0f|-AE3E, M27A 3% 2018

BA #2448 SPSS(Version 22.0.0.1, SPSS Inc., Illinois,
USA) Z2785 o831 ANOVAS AAJslor A
2] B o HSES Turkeyd U 3dHES o8
SFATHP<0.05).

E

Za o

1. ZE| w2 MK

&3} LEDs F=17 35S ARG vz A
A% Ay R2BIGI A9 R10, WIO0,
WIBI1G1, R3B1 Agje} Hlusle] ooz he ks
UERNATHFig. 2). R2BIGI *&)7e) 23 71g 2
e HQl RI0 = W10 AT}l vlwste] 9.7%,
10.7% A2 S HAom, FL A7t Hlusie
4.8% AL S VEMIUL Hixgke] g BE Ag
T FHQA zpolE Holx] ¢ke HhH, HFZFo] g
fFol7 zo)E BHedl R3B1 AHETolA W10 e
W2B1G1 AZTHE}F 12.1%, 14.1% jolEs BT &
3] FL Ag)7e} vlwsle] 17.8% o kS vFEhIch
W10 H2lollA A&l ZA dgshe AdS BIon,
R3B1 Ag7ollA] g3o] FFHZE Wasirth(data
not shown). F54 S Ueh= SPAD= A3 A
oA w2 FXE eI SPADRCEE =A%
ZOF #AE R10 A9k gHizlo] Hi €& =41
< 9 R3Bl1 AYF} fFYHoz e AE B,
o] 7FE =d W2BIGl X#]Te] SPADZES
R10 27} Blwdte] 22.2% =tch wsl, A A
A= o] AelFilM k& A7 Hlwste] foF
°F E2 FIE HYTE ol RI10 A9} Hlwslo
43.7%, FLAZTS} vlwste] 10.7% & Axjolr). |
AR AES RS BlwEPd W10, W2B1G1, FL #g)
s 94 zlols HolX| ASkA|NE, R102} Hlwsh
o 247} 69.7%, 61.9%, 60.9% =UTH T3 W2BIGI
Ag|FollA At AAFo] FYHeRE & s B
a1, 7P8 Ze 7k ®el R10% FL A7} st
1133%, 122.1% =9t T2)a Akt ARZdA=
W2B1G1 #&]77} R103%} FL A2]7<} vlalsie] Zpzh
130.4%, 121% Z7F3Iict. ©ub4 LEDs F9ERT &
ARl MRS TH AYLFE A A5 T2
e Hlen, R10 AT BAFH dess o
& EE ATt vlaste fojFo= vgprt. 53] W
A 5000 FEAS E3SE W2BIGIEYeE FANE
735, AAFe] FL F97 vluste] fojdez Frlst

e YERiRIT

= o
22

Ao 2Eo] A Wbl FQ3 93-S sl=
F5-8A T TETF (phytochromeyS 43} AlA H=
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Fig. 2. Stem lengths (A), SPAD (B), leaf length (C), leaf width (D), shoot fresh weight (E), shoot dry weight (F), root fresh weight (G)
and root dry weight (H) of A. rugosa grown under the different light qualities with the fluorescent light control (FL), the red LEDs
(R10), the red with blue LEDs (R3B1), the red LEDs with blue and green LEDs (R2B1G1), the white LEDs (W10), and the white
LEDs with blue and green LEDs (W2B1G1) in hydroponic systems for 4 weeks after transplanting. The data represent the means and
the vertical bars indicate standard deviation (n=23). Different letters at the top of bars indicate significances in different light qualities
(P<0.05).

AE FIA7|a, FEE THES FATIE Hew & g} Jiko] 25 e F UAE diFE HAge A
&4 JATHKim et al., 2005; Folta and Childers, 2008). B9 TS feslal 3 230 S JAAT7]
2587 e FeEAd Al e BEAL A B & Ao®  HuElth(Rajapakse and Kelly, 1992;
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McMahon et al., 1991). ¥ oM %= HAF-S 5o
2 2ARIEE AT Aol FHE =A% A9E =
EEsy=g

HEY A AEE AT FFo w2t el gt
A=Y, 72 Solanum tuberosum L., cv. Miranday= 24
F AelA] ol gk A ufg- 2R ghs Holu, A
g Aol #a 7483 & FEE Adth(Aksenova
et al, 1994). T1eu} 5] 749 W= A2 A
e G GEFS STRITIARE, BABAEA GF
o] Z7Pt A es AAEtal BalEAck(Cha et al,
2013; Lee and Kim, 2014). ¥jz&ke] 745 2z} a9l
3ol AT vissst Fels RGANE 5 98
o] 77y HElZ = ATE =3} vjgA] ZA) g
o] EehgollA HEA o] A FTISIRAIRE, A%
T A A A5A ko] A Bareh wjRdke]
R10 Ag]79] SPAD#e] Hskel fARE AHds Bt
(Kim et al., 2004). Z22]al ®A 50%0] H=MS- &35
W2BIG1 #&FolA SPAD7} FrHo® & Ve
Hl, ojel st =gl AplE ErlE 23]
4 ghego] 718 A3 B EJATHKIm et al., 2014).
ZAlgo] 3k ATelA G4 o] =4 YeRd
AL AZ WHS AL s 58 5 i

B8A1R] ve| E=F (phytochrome)  24433(600nm)
I A 9(730nm)yS F83R=Hl, FF peak= 660nm
oltt. 660 nmollA 2ES] FFPAS FXlet] A& IS
& FHATE A= dEAH Atk Butlet et al,
1964). 124, B AdoM= GAsgrt H2)ste 45
AV Aol @3] "HojHnt, wWiAlga) alsgo] &
I Ao wlxdd ASo] SRS, ol wiAy
F 52 A0 S FHA AEe ASe] St
H B3 (Kim et al., 2004; Lin et al., 2013)2} IX|3}%
ow, & Aagom aFgo] Aul Al A, A whay
TS AY & G EIREelA A Akl St
& A7Z7HKim and You, 2013)%F% IX|ET}. w3
APA] @7 LEDsE A2ds #WEch, &3 LEDsE
A25IRS w FAdo E8H o7 ol8F o] A T
AAR FFS v Ao wEn)

o

2. Rosmarinic acid®} tilianin &2

23] &9 AEFol| tigh rosmarinic acid TS
FL 27 I3 LEDs X277} foldoz =2 7k
S e, wiozk R2B1G1, W2BI1G1, R10, R3B1
AT w£o® hERTCl FL g7l Hlsle] 98.8%,
100.5%, 150.6%, 131.9%, 65.6% =*THFig. 3). Rosmarinic
acid 3% RS AN H2E A9} 4 B
< AeNS ul o Z2YE 2, AT 22

Ao -AE25, M2rd M3S 20184

N Rosmarinic acid
A 1 Tilianin

45 -

30 1

Rosmarinic acid concentration (mg/g DW)
Tilianin concentraion (m/ig DW)

W10 R2B1G1W2B1G1 R10 R3B1 FL

Fig. 3. Concentration of rosmarinic acid and tilianin in 4. rugosa
per dry weight treated with different light qualities of the
fluorescent light control (FL), the red LEDs (R10), the red with
blue LEDs (R3B1), the red LEDs with blue and green LEDs
(R2B1G1), the white LEDs (W10), and the white LEDs with
blue and green LEDs (W2B1Gl1) in hydroponic systems for 4
weeks after transplanting. The data represent the means and the
vertical bars indicate standard errors (n=3). Different letters at
the top of bars indicate significances in different light qualities
(P<0.05).

} B¢ AESE o rosmarinic acid®] $HFo] EU)sl=
&S HAtKFig. 3). AEZFT T tilianin®] T ESH
F45l vl LEDs Aol fFodoz =2 s
UehiAch. FL Ag)7tel wlawslel w10, R2BIGH,
W2B1G1, R10, R3B1 Ao wsix 247+ 68.4%,
15.7%, 59.1%, 27.3%, 110.3% =T} R3B1S 934
o2 7 w2 S JeERd=H, tilianinol A
rosmarinic acid®} TFEA| Z233o] HMLF-S- F7l6lHS
W) AEF 9 tilianin®] o] STV AP BT
w8k 150 E3HE  rosmarinic  acid®] S
W2BI1GI®] Ao =2 =9kal FL 2]+ Hlasled
182.9% =thHFig. 4). AEAT tilianin®] $=FE W10
7 W2BIGl AHFelA fFelde=z #dar FL A<}
Hlwsled 782} 82.9%, 79.6% =XTH A1EAS rosmarinic
acid?} tilianin®] FHFe EFO] F5E =2 AIFS
HATH ] AgollA AFsIIRC] AEFTS WI0 A
g} W2BIG1 A7t &35 Aol Bl 942 o]
= Kol ANE HFatgke]l A YeRdTh Wio,
W2B1G1 #8]¢} FL A 7o) EF 7R A&
AF rosmarinic acid®} tilianin = Z7Fgo] =A o
Eltar, o]t Avks B i3 Asavte gaks)
E49 A FHo] ok Ao YERiT
2150 A cryptochrome FEfEwo|=8 FHSH A
3 FEAE At FAge] vhE3F cryptochrome
QIEAJOPd A2 E ZH3= CHS (chalcone synthase)o}
DFR (dihydroflavonol-4-reductase)®] 34} TS =

o o, ot
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ARA - B - uEy
g 400 Al a I Rosmarinic acid 60 &! .9.
o a 1 Tilianin
- I I, B AT FRAM Hes Am) 8 wixd
C [} - - = -
% 240 0 E (Agastache rugosa)®] 3733} ksl B2 FZd dist
. § o 9 mE B9 LEDse) BFo] nlxe 3L A
u 160 Bl ePEioinh B9 4uiel w2 HE S7EAm)
S L 20 8 AzEle] gajsidon], wWa(wi0), HARI10), &3
£ & s LEDs (W2B1G1, R3BI, R2B1G1, W2B1G1: Zt LED2]
= = -
g PPFD HlE) 2 FFF(FL: hETE o83l
0 Lo 180+5umol-m?s'9] B FFAEL=(PPFD)Y] =41
W10 R2B1G1W2B1G1 R10 R3B1 FL

Fig. 4. Concentration of rosmarinic acid and tilianin in 4. rugosa
per plant treated with different light qualities of the fluorescent
light control (FL), the red LEDs (R10), the red with blue LEDs
(R3B1), the red LEDs with blue and green LEDs (R2B1G1), the
white LEDs (W10), and the white LEDs with blue and green
LEDs (W2B1G1) in hydroponic systems for 4 weeks after
transplanting. The data represent the means and the vertical bars
indicate standard errors (n=3). Different letters at the top of bars
indicate significances in different light qualities (P<0.05).

XA, ErfE QtEAlold AIS Zdshk=t 7P
AR 9 F sE 4EA Ath(Meng et al.,
2004; Giliberto et al., 2005). B3} Zg|#E2] AT
IHETE(cryptochrome)?}  XEEE Z ¥ (phototropin)Z}
2o g 849} FEo] 7] wlEell rosmarinic
acid®} caffeic acid 3l FFS Fohal = AA|TE
(Li and Yang, 2007; Kang et al., 2008), HiZ&e] 7-¢-
AAgo] I3 AR SAgo] Z3E A
] rosamrinic acid $Fgo] SVl AES EATh

AEA N i 22F diREES 1A B9 =9}
DS Aol Ak 12k AR A/do] 24} bk
2 3=, e E ABAE sucrosed] FEo] Bol
A4S rosmarinic  acid Ao TPl A7EH
(Gertlowski and Petersen, 1993)¢} FAISHAl As0] 714 =
A W2B1G1 #2]719] rosmarinic acid®] &) A Y
Epd Aoz It #HEZ 2 3P=0]= (phenylpropanoid)
2§47 2|4 CHS (chalcone synthase)?} CHI (chalcone
isomerase)= tilianin A2 F-=5ka AAE tilianine
=719} B 2RE FEFAY 2 dellA] REA1 A
PPoR ARRE7] wiEel, F2 ol EXEITRL 51
TH(Tuan et al., 2012). HloJHZ AR LAPARE E
AZelA W2BIGI AHz|FelA slokdsrt 7 wol
WAEte] AEAS tilianin Fgo] EA UERE Zo=
vt wEbA, Q1F3S o83t uljZake] AujA|2~H]
olx] W2B1G1¥ AKSH Bde] xS Fale] wi=gF
o] AA=he} rosmarinic acid, tilianint Z-& 7)15A
E4S 8702 A4S 4 v v
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3}, 16/8h 38571, 22+1/18+1°C (GO €%, 60+10%
o Al FE=2 HEE Aol 475t wiRES
AiEFATE. W2B1G1 FZ270004 Al vl xgke] A
I AEFE B A 7P & 3k JERIIT
R10 Z7ollA] Al B w3k 24o] 7P AN
SPADE= B A9} vlasia 7P v 3he B
wjxgke] HAEFT rosmarinic acid FEE W2BIG1 #]
ol FolekA =tk &S tilianin RS TR
A= Blad o, R3BIoA o= 7P =9
ot a8y AA AEA ] - F rosmarinic acide;
tilianin 2 W2B1G1 ZoA 78 =0t} A%
oA vz ApiEtr] 98, W2B1G1eE A
S5t LED 3 =xdo] wizgke] A il 5454
of 7FF st A= Uitk B dAie 2E A
of 3+ & RSt 249 Tl FY9H EEE T8
stk A, B HA d9E FIA 7SR

Zop} JPsalte Ag BT,

-

=

37} FA10): 57, LED, 2=ek1al, Defohd

AL A
B d7e sEHMMHEIETIEE Y A

(MAFRA) (MFHAHS:
o]Foizl A,

116115-3-02)2] |l 23]
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