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ABSTRACT

Background: The light emitting plasma (LEP) has recently attracted attention as a novel artificial light source for plant growth and func-
tional component enhancement. We investigated the effects of LEP on whitening and antioxidant activities of the plant parts of perilla.

Methods and Results: Previously germianted seeds of perilla were cultivated under different light conditions (fluoresce lamp, LED
red, blue, white, green, and LEP) in a culture room for 2 months. Parts of perilla were harvested and extracted in 70% EtOH. The
extracts were used to detect total phenolic contents, total flavonoid contents, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis-
3-ethylbenzothiazoline-6-sulfonic acid (ABTS), reducing power and tyrosinase inhibition activity as indicators of biological activity.
Biological activity was highest in seedlings grown under LEP. The total phenolic content was highest in the stems and the total fla-
vonoid content was highest in the roots of perilla exposed to LEP. The DPPH and ABTS radical activity in all the parts of perilla
exposed to LEP were higher by approximately three-fold compared to that in the control (fluoresce lamp). The reducing power val-
ues of perilla significantly increased after treatment with LEP. In addition, all the extract of perilla plants exposed to LEP promoted
the tyrosinase inhibitory activity. These results suggest that LEP can be an important artificial light source for enhancement of bio-

logical activity.

Conclusions: LEP could promote whitening and antioxidant activity of perilla.

Key Words: Perilla frutescens, Antioxidant, Light Emitting Diode, Light Emitting Plasma, Tyrosinase Inhibition Activity
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71go] WEE gt $AH2EL A X Ve T F 49
AL 7154 BE g% TUE A% 7P a9l e
2 4#A Ut} (Pérez Balibrea ef al., 2008).

ZHE A Al 2] M7 2 Zee AEA oA 7154
4Rl oxF tiaHE] ALt Fx1z AEA wslel FA 3
S F7] W& o5 FQa3lt} (Kopsell and Sams, 2013).
2152 ol Tiztste] 2159 ol wet S5 a4
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SRS - EhE - 2T

i3 SR A3t Fdo] tEn, 53] A, FAg,
UV-A (320-500nm), UV-B (280-320 nm)= F2& A33}
Aol AL, A wEt At wke S 9 WA e
28 9hSs =33t} (Choi, 2015). ZE-e A EA A <
Fe, A, G54 P IS vAH, Fapgol wet 2
Eodol, A 9 7leAd AR ol

ohEAl veRdth
(Wongnok ef al., 2008; Choi, 2015). #3b3 zdo|| wlz} w
Foo| faAEo] SHEAY (Seong et al, 2015a), 42
AEFE 92 A EAbel= Fhge] WstE = (Jang ef dl,

2016) & ATAH7} ol HirEojHrt
2B e gl Fhes 35, W
2892 dsgrio] 9 = (LED, light emitting diode) 5 A

g3to] 2 EANNE AASH FAom, AEe] Aol FHA
o ogl] o]Folx= L FEsIe] Bl ok We| gt
1S 7tete] 2159 AR 71548E S ST Y
=Yt (Lee, 2013). A A EAAHE IFFHOEE=
LED7} 71 o] ARS-E AL JUARE, FH 2ol Aol EA)8taL

o

o

o= B S 7 TR Qedlomn e

v} (LEP, light emitting plasma)y’} 23S Wi 9t} (Fig. 1).
LEP= ZAdEe] T Fdoz HAHS Fug 8oz
Asfetar 2zl WEES Zuhznl JuR 71SAAN Y
St Wasgs ye g 9818 7K ok LEDE A%
(600 - 700 nm), g A% (400 - 500 nm) & & ¢+ upgo] 2] gk,
LEP= ZANE HA7ER o] 7IA1EA abds B
HEGolt), B3t 7| 133 o] o] AHAL olyA] &
&3 3 Aot =om, FAE 7P, 2F2F oF 50,0004
7+ AREE T o] At} (Choi, 2015). 7189 AEF
Ao AME T ¥ LEDE LEP BUths AH| A8 o] =3
(Lee, 2013), 7] AXH]-go] Eo} BAE 557 ofH g0l
R0, FB5 (fluorescent lamp)y WFE o] o} Frs)
o] &2 AEole AP ¥ ZoR dEA Utk (Park
et al, 2012). LEPl| thet 7= 753k dAol, 45 A%

2 R FAE]

o HAE &F (Lee, 2013), 7] K 2
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calycosin?} formonetine =l (Choi, 2015)° #3+ A3} B
aLE[o] A )T

E7 (Perilla frutescens LYe &&3 ddA zEoZ g
=, o9, 48 F SO ol AHeA AujEL 3o
(Choung, 2005), FRAIAE R A%, vie] =, F9 &4 F,
s, sPd Ulst A 5 w9 FHol vEA e
Tt} (Seong et al., 2015b). 7= AFH FEAEZEA W
vlgo] F4-aHAl eHrE ol AL 53] ARl o7t 3
At XA gl=dike] g7 Eot g olR
S 7RI Yok (Park er al, 2000; Lee et al., 2004). &=
& FRHAGEE g SR EgulEsidEe]l E70¢M
BAENeH, 53] ZelHsR 5 ol £ Sle
caffeic acid 3-O-glucoside, rosmarinic acid, luteolin 5]
Shafo] =Qkom (Ha er al, 2012; Lee et al, 2013), &
=3 B FH3t E7l= syringic acid, benzoic acid,
myrioetin, hesperetin 5] FFo] H ZOoE HIEHUT
(Seong et al., 2015b). S-BUetollA= E719] Q3 TAE =
T 4808 oha Yol STHM A5 WPIATE
= 5% Zo sholth

B ATE TRPH AES ANE 5 e
QA )5S BlsknA, e
S7le] 4R T 9
@) T Srhe] #3
& A3 £9A
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1. A2Ng

BoAe] AlgH
Srutescens L)Z B3t
2N FRF At FHeol &S

slo] HIFHE TE ¥ FF ARE ARSI Az
S % 250+3.0C, % 65.0+2.0%S FAsHs A2
Fao) N FF7E 16817 F/8A7F oF A0 Aulsld .
Al Al ARG F2AEe FFTF (1,700 lux, 23.8 pmol/ni-s,
PPF), LED #21% (650 nm, 28.7 umol/ni-s, PPF), LED %
A3 (450nm, 7.3 pmol/ni-s, PPF), LED =% (470 nm,
49.8 pmol/ni-s, PPF), LED =413 (510nm, 24.9 pmol/ni-s,
PPF), LEP (33.7 umo/ni-s, PPF, Sunshine 400, Stray Light
Optical Technologies, Inc., Scottsburg, IN, USA)Z 67] %
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gliZalxnl X2 (o) e S

(VS-1202D4N, VISION SCIENTIFIC Co., Ltd., Daejeon,
Korea)oll Al A1E-9] G4 3hgo] 5% o= HES 39 o4
AzEAt Az MES AP o] &all 37 st
70% EtOH (Ethanol, Daejung Chemicals and Metals Co.,
Ltd., Siheung, Korea) £m|Z 37t “J20A FZ3I5 T}
o] ¥ olx (MN020250, HYUNDAI Micro Co.,
Ltd., Seoul, Korea)l o3}3ted 71953 (SB1200, EYELA,
Tokyo Rikakikai Co., Ltd., Tokyo, Japan)yS A|3}$ict. ¢
A w5H FgkTe] 70% EtOH $iE thA ¥ Al
Bof gui7t BF =g wi7bA] 308% ol e FE3T
% 02um ZE (Minisart SRP15 Syringe Filters, Sartorius
Stedim Biotech Co., Goettingen, Germany)oll *]3}3}e], F=

2 gsisich
3. 5 Z2liks a2

Azdd Ak S71¢] Fod F ZejulEsigeE e
Folin-Ciocalteu reagent’} &2z ZAdNA FE2EY]
polyphenol’d 3}gHeol ¢Jaf e A¥} w=ghillofx ZzH
d Aoz wAsl= AS ¥YE]E Folin-Ciocalteu assay
(Singleton and Rossi, 19658 ©|-8-3l 3t} =3¢
g E7 F=E 1.0mgml o] 504 2] Folin-Ciocalteu
reagent (Sigma-Aldrich Co., St. Louis, MO, USAYS Y. 4]
o] & &, 5% Tl 20% sodium carbonate (Junsei Chemical
Co., Ltd., Tokyo, Japan) 300 42 23l 4olFUch 158 &
S Yo F nsmoN FEEE =43

= o v I
445003 %

==~

o TFT 1ml
ETELR gallic acidE ARSI, ARFAES
ZEdEsgtE e B

4. & EEL0|E S
A3 AHs 710 FoH F EFgEwols Rk
Moreno 5 (2000)°] WS Wyste] SAHsUTE A8

100 10 (10 mg/me)ell 80% EtOH (Daejung Chemicals and
Metals Co., Ltd., Siheung, Korea) 900 /42 &35l 8|43t
A& 500 Lo 10% aluminium nitrate (Junsei Chemical Co.,
Ltd., Tokyo, Japan) 100 £, 1M potassium acetate (Junsei
Chemical Co., Ltd., Tokyo, Japan) 100 /(, 80% FEtOH
43 mE R Z 718IL 4087 AF2olA] WESAIZL & 415nm
AN FHEE 43It AFEHE querceting ARSI
on, S sl F FefRwols TS A8

5. DPPH radical & &4

e3 AzEek E719] F-91¥ DPPH radical &7 842
Blois (1958)¢] WH& W &8l 43613 TEH AR
100 1 o 0.15mM DPPH (2,2-diphenyl-1-picrylhydrazyl,

Sigma-Aldrich Co., St. Louis, MO, USA) 100 4 & &%

.7

SkASE 2 Tyrosinase A{GHEM

39

st e, dx7olA 30%7 ®REEAIZL F, UV-VIS
spectrophotometer (Multiskan FC Microplate Photometer,
Thermo Fisher Scientific Inc., Waltham, MA, USA)E °]&
st 517mmellA FREES ST 4 AR FEE9
DPPH radical &7 €42 tixwte] tigh DPPH radicals:
50% 2AXTIE FEE2 HL FEES RCy (@mh)= e
WA, IHNEFLOZE ascorbic acid (Amresco LLC,
Solon, OH, USA)E ARS-3I3iTh.

6. ABTS radical 2~H &

Azgel Aeer E70e] §-918 ABTS radical &4 &AL
Re 5 (19991 2J5] AA]¥l ABTS' radical cation assay %
HE WYt =43 74mM ABTS (2,2-azino-bis-3-
ethylbenzothiazoline-6-sulfonic  acid, Sigma-Aldrich, St.
Louis, MO, USA)9} 2.6 mM potassium persulfate (Daejung
Chemicals and Metals Co., Ltd., Siheung, Korea)s 1:1 H]
&8 Tgeto] A2Q Aol 2447 WA F- radicals ¥
AA)Z13L, UV-VIS spectrophotometerS ©|-&-}o] 732 nm of|A]
FE% kel 0.70 (£0.03)°] = A phosphate saline (PBS,
pH 7.4)% 323 3 3489 990 ulol] A& 10 L E 7}5}
of 1087 AT F S35 S 4 A=

FE=E
°] ABTS radical &7 &4 izl tigk ABTS radical
< 50% 2ANT= FEES HA FEE RCs (g/mb)=
e, FAHNZT O 2= ascorbic acids AHE-3IA

7. 2™

Az Mg =709 F98 $UE (reducing power)y>
Oyaizu (1986)<] W8l Z2g3Ht}. 100% methanol
FZE (1myml) 30, 60, 90 L9 02M sodium phosphate
buffer (pH 6.6) 500 /4, 1% potassium ferricyanide 500 /£
£ 7}7} &3] 50CollA 208 59t HESAIZ] %) 2.5 m9)
10% trichloroacetic acidE 718}, €1 ¥H-&H-& 1,000 rpm
oA 1087F Alwelsta, 5 500 ol S/ 500 (4,
1% ferric chloride 100 (0 S H7}3lo] &3 whgolo] &34
T 32 740 oA At v Fe¥'g Fe* 7He]
HYg ol oJste] FFAE VepH $8% Ftol
shlE S JERdit

iy
\

= T

8. Tyrosinase Alofitsd

A3 Ak 719 F91H tyrosinase A3 &2
Bernard®t Berthon (2000)°] ®H-E& W sto] SA 6. 7]
2 L-dopa (3,4 dihydroxy-L-phehylalanine, Sigma-Aldrich
Co., St. Louis, MO, USA) 83mM$} tyrosinase (Sigma-
Aldrich Co., St. Louis, MO, USA) 125 U/mé &2 Z}z} FH]3}
St} 96-well platedll L-dopas} A &S H7lste] £33t &



S - 2
tyrosinaseZ 718k 37C, ¢
micro-plate reader 490 nmol|A FLE

Z 2 2= kojic acids ARESIATE

A& (%) =(A-B)YA x 100

A NEE A G Wl FY=
B ARE AR wel FRE
9. SAHR]
BE el A2 E FYste] Bt + EFARE 1}

gHlon, SAXEE £33 AZEY o] CROPSTAT v7.2
(International Rice Research Institute, Los Banos, Philippines)

B =72l Agricultural research (Integrative Solutions
LLC., Grosse Pointe Woods, MJ, USAYE ARM&-3}t}. Ho]
E22  completely randomized design (CRD)Q! Tukey’s
honest significant difference (HSD)Z 94 HAEsI L,
EAA F98E 5% FolA s

21}

Opt

=du=s a2t dHlw M
2o ZEjHlE SighEe] BeTE AES A Al AU
SR RE 24 HEsla &9, dut, dAlkst 4o
=02 HuEojA At (Duval and Shetty, 2001; Lee ef al.,
2005). ThFet 13-3dS Mgt S70 (Perilla frutescens L.)
Hoy =

]

A

M m&,&l

F

-
o oT__Ta‘
H 3 ZEuls RS BAS A <, 271, e AA
o|A LEPE AZ3te of & Eds o] =
, 53] 719 &7] F9leA 55 1+05mg-GAE/g_i
=& ks WYt (Fig. 2). A3 UV-A 34 o
E3HIAL E LEPE o]-&3fo] Aujst Aol 8]
Zg9E o] 36.0 mg-GAE/gC ® 7P =& AS
YERIIL (Choi, 2015), BA3-& 22]st A7k A&
= Ak ZaHs ko] HAxFo T Zylele AFE
UeRAT (Lee, 2013). LED %
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= LEP 3732 7|5 289 Ae&e S3A7]E LED
B 753 GABFS Bl Aow Algdr)

=7 9 FEE T Felve T QlegddE o
2A Yepgtth E71 delrs Ja3-e XEide o 1.2+
0.1 mg-GAE/ge 2 7P¢ w2 AxE el F4% (15+
0.1 mg-GAE/g), A4 (1.7+02mg-GAE/g), ¥2% (17.7
0.2 mg-GAE/g), 1A% (40.5+1. lmg GAE/g), LEP (472+
0.6 mg-GAE/g) <22 & d#S Btk Z7]dMe =4
FE AEE v 039+0.1 mg- GAE/g_E e AxE
Yebd 2z, 253 (1.27+£0.1 mg-GAE/g), 253 (3.37+0.1 mg:

+
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Fig. 2. Total phenolic contents of different parts of perilla
treated with different light condition. "CAE; Gallic
acid equivalents. Each value is means + standard
deviation of three replicate tests. The data were
statistically analyzed using Tukey’s honest significant
difference (HSD), and differences were assessed to be
significant at 5% level of probability (p < 0.05).

GAE/g), 345 (5.85+0.01 mg-GAE/g), W24 (19.71 £ 0.5 mg
‘GAE/g), LEP (52.13+0.5mg-GAE/g) 22 =& 343 |
Atk A s SA3-S AHPE o 0.95+0.1 mg-GAE/g
o7 7P e AxE el 4% (3.19+0.1 mg-GAE/
g), B4% (4.5+0.1 mg:GAE/g), @35 (6.00 £ 1.3 mg-GAE/
g), MA1Z (16.14 + 0.4 mg-GAE/g), LEP (20.61 0.3 mg:GAE
lg) ©o 2 w2 FqFE BAY (Fig. 2).

=R 0l=

szt Hlw 2

gk g S AR S FeE T EfEeols 9
3 Mgk At <, 71, el AA| F-9lolA LEPE A
SIS W T ST o]t o] ESTh 53] T ShE e
o= FFe LEP A2gk S74e] e FEE0AM 23+
0.0mg-QE/ge 2 7FF &2 s BYow, LED &4
g Ay Al E7Me] el & *E}ELOIC ol e
Aoz Y (Fig. 3). ol 70 78 Al o] e
2 A" Zog AlsEH LED 343 A2 Al feje] A
Z&4o] ZHXHE Seong 5 (20152)2] A2} W|=3F A}
ERTE B3k LEP #A2E ¢ 7] Heolx i A%
A isoflavone F-=A¢1 formononetin® 35X}t 1.74)
S7H=R e, calycosine 47.24 S7kst Aste} IX|sHATE
(Choi, 2015).

7 9 FEE0 T S olE e QldE R
=24 vetwth 7 dolde FAEE Ads o
0.1 £0.0 mg-QE/ge 2 7P v& Axs Yeply, 35 0.1+
0.1 mg-QE/g), A4 (02+0.0mg-QE/g), =214 (02+£0.0mg
-QE/g), ®A4 (0.9+0.1 mg-QE/g), LEP (1.8+ 0.0mg-QE/g) <=
o= & TS Hinh FdAMe 543 M o

11 o=

2.5

(e]

ruo_Q

rm oﬁ

=
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Fig. 3. Total flavonoid contents of different 1parts of perilla
treated with different light condition. "QE; Quercetin
equivalents. Each value is means + standard deviation
of three replicate tests. The data were statistically
analyzed using Tukey’s honest significant difference
(HSD), and differences were assessed to be significant
at 5% level of probability (p < 0.05).

0.1£0.0mg-QE/g2 2 7FF v A3E ey, J45 (0.2
+0.0mg-QE/g), 4% (0.3+0.1 mg-QE/g), W44 (0.4¢o.1 mg
‘QE/g), A% (0.6+0.1 mg-QE/g), LEP (0.8 0.0 mg-QE/g)
TR F2 TS HATE Hedie S4%S XIS o
0.0+0.1 mg-QE/g& 7P e A= Yehi,
+£0.1 mg-QE/g), 4% (0.1+0.0mg-QE/g), Z41% (1.1+0.0 mg
-QE/g), A% (2.0+0.1 mg-QE/g), LEP (2.3 +0.0 mg-QE/g) <=
o2 =2 IS BT (Fig. 3).

Al (0.1

b B |

3. DPPH ¥ ABTS radical &1 &M Hlw &AM
RadicalS EXAAE Aol ZojH F2 MAXA =

¢

%
2

3} AAto] A7ITh o] B AL dAEl7] 98] B

& BrRsRe AL Mg wol ool A, tEH
HhHel DPPHS} ABTSE 7t Alefo & u]«—omq% 514
AE2 olsle] galsl FAS

o= =

7158
Ee
=

P DA 1

H4g

.

A2E A=
T} (Blois, 1958; Re et al., 1999).
ot 1S AE E7 H i
243} ABTS radical &7 &
waton, 2 Ad= H]ffi
ABTS radical /\7-]15—%

91 DPPH radical &7
RCo 22 v
L}E}L“E} DPPHS}
Eqr’ vl =gt

radical 22AEAL 30.6+6.2 ﬂg/mfai VJ =9t tE A
¢ LEDE Azl E71 598 kst s Briek 43 2l
+FLE A 2 dRTHT 23]3 FitksiEo] Ho
Ae AL Feld 5 ATt (Table 1). ©]&= Choi (20157}
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Table 1. DPPH and ABTS radical scavenging activity in parts of
perilla treated with different light conditions.

Samples RCso (g/me)”
Parts of Light DPPH" ABTS?
plant conditions
Control 84.2+6.9%  301.9 + 14.2%*
LEP 274+15 1104 +5.9°
Leaf Red 1,063.4 +26.2" 1,975.3 + 308.3
Blue 824.6 £ 198.08 846.5 + 45.9%°
White 132.5+2.7%  289.5 + 14.8"
Green 938.9 £ 5.8 2,090.4 + 16.8
Control 110.9 £ 3.1 441.7 + 60.9%
LEP 20.3 +0.8° 62.9 + 2.05°
Stem Red 581.6 + 15.3¢ 1,900.1 + 178.5
Blue 534.9 + 40.2¢ 1,052.2 + 23.8%
White 236.1 £ 8.7  612.2 £ 63.1%
Green 1,365.4 + 55.8' 2,956.3 + 209.18
Control 73.4+4.0° 2522+ 189>
LEP 9.1 +0.4° 30.6 + 6.2°
Red 307.1+11.191,113.3 + 145.4°
Root Blue 446.8 £9.5% 9213 + 62.6%
White 112.8+0.5® 1359+ 3.7°
Green 623.0 +24.2" 2,015.6 +212.6

"DPPH; 2,2-Diphenyl-1-picrylhydrazyl. ?ABTS; 2,2’-Azino-bis-3-
ethylbenzothiazoline-6-sulfonic acid. *RCsp, concentration required
for 50% reduction of DPPH at 30 min after starting the reaction.
"Each value is means + standard deviation of three replicate tests. The
data were statistically analyzed using Tukey’s honest significant
difference (HSD), and differences were assessed to be significant at
5% level of probability (p < 0.05).

' =
=

=20
i |

7% #719] DPPH radical 27 843} w53t 2
9o, LEP g Al 7P =& 4L Vel LED
B Ael A Vg e 84 dehit

E}—E— LED
T Oi‘:]' (Fig. 4).
@ﬂr, %ﬂ/\i: LEP %
A] 1.110.0 absi 7}%
(05+0.1 abs), WA ( 0 abs), 7&’5‘1]45L (0.1 i0.0 abs),
=257 (0.11£0.0 abs), 4 agr (0.1£0.0 abs) <O 2 e )
S Btk E71914% LEP 3 A Al 22+0.02 7FF
=2 54 (absorbance, abs)te HSA, FF5 (0.3+0.1
abs), WA (02£0.1 abs), FAF (02+0.1 abs), 43



SRS - Zxh -

- dojgt

.0|

3.0 4
25 4
2.0 A

15 A1

Reducing power (abs)

1.0 A4
0.5 4

c
0.0 5]

Red [ »
Blue [}
White [} »
reen »

LEP
LEP
Red

White ] g
Green [} -

Control -

Control

Leaf Stem

Fig. 4. Reducing Eower from different parts of perilla
treated with different light condition. Each value is
means £ standard deviation of three replicate tests.
The data were statistically analyzed using Tukey’s
honest significant difference (HSD), and differences
were assessed to be significant at 5% level of
probability (p < 0.05).

(02+0.1 abs), 2402 (0.1 0.1 abs) +=O 2 Y2 FHS ®W Y

o} BeloM e o2 F9lo s o] wokom FPT
(13+0.0 absyot HM|ZHS v LEP (2.6+0.1 abs)o} 442
(1.59+ 0.1 abs) A2l Al o] Fofxlom Ay
(02+0.0 abs), F4Z (02+0.0 abs), 4% (0.1+0.0) A
g Al o] YolHtt (Fig. 4).

5. Tyrosinase Afoll2d Hlw 24

gkt 3gYS A2t 70 F9¥ tyrosinase A31Ed

Ay 57t Z71ekl wel tyrosinase A3EAdo] F7HE L
o, LEP ¥ 2] A 7P =2 AL eyt (Fig. 5).
NLE (Kim et al, 2010), Z3)E (Tan and Lim, 2015), o}
AXUFA (Petrillo e al, 2016), Zo|MAl (Lee er dl,
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Fig. 5. The inhibition rate of tyrosinase activity from different parts of perilla treated with
different light condition. Each value is means + standard deviation of three replicate tests.
The data were statistically analyzed using Tukey’s honest significant difference (HSD), and
differences were assessed to be significant at 5% level of probability (p < 0.05).

42



LIE2=0F X2[of| =

tyrosinase A3l €4 237t o2 Ad-34d (35, LED &
Asg, g, BAG =0GyE APENS et 22 g
2hsh 248 vepie 2 st

AEE AEEAoY frEAE T Sl 2 Jf& 34, %3
ago] Stk LEPE BjRds 718 fAkeE Q-3 E UV-
A, UV-B {ERF ojug} SA4gke] 2ol 13k E@Pﬂﬂ A0
2 EAAG] Hagh N2 dFgdes LEITS 7HX|7t
Atk AEAo2 LEP Jedde olgstdd BEV] A=,
EAANNE AF 2 AR, AEFE A T otk wHe=
ZEA 28T F Ids JoE AR

ZAel =2

2 AFE 20159 Uity gedrE2Adu (A
11205013 )E ¥ AFAAZ olo] A=, “X‘—i
ZFAdista ghgnte] e Atae] AP wol AsidsU

REFERENCES

Bernard P and Berthon JY. (2000). Resveratrol: An original
mechanism on tyrosinase inhibition. International Journal of
Cosmetic Science. 22:219-226.

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

Choi JH. (2015). Growth characteristics, physiological activities
and gene expression related flavonoid biosynthesis by artificial
light sources treatment in Astragalus membranaceus. Master
Thesis. Kangwon National University. Korea. p.20-39.

Choung MG. (2005). Comparison of major characteristics between
seed perilla and vegetable perilla. Korean Journal of Crop
Science. 50:171-174.

Duval B and Shetty K. (2001). The stimulation of phenolics and
antioxidant activity in pea(Pisum sativum) elicited by genetically
transformed anise root extract. Journal of Food Biochemistry.
25:361-377.

Ha TH, Lee JH, Lee MH, Lee BW, Kwon HS, Park CH,
Shim KB, Kim HT, Baek IY and Jang DS. (2012). Isolation
and identification of phenolic compounds from the seeds of
Perilla frutescens L. and their inhibitory activities against o-
glucosidase and aldose reductase. Food Chemistry. 135:1397-1403.

Jang IB, Yu J, Kweon KB and Suh SJ. (2016). Effect of
controlled light environment on the growth and ginsenoside
content of Panax ginseng C. A. Meyer. Korean Journal of
Medicinal Crop Science. 24:277-283.

Kim JY, Oh KY, Kim JY, Ryu HW, Jeong TS and Park KH.
(2010). Polyphenols displaying tyrosinase inhibition from the
seed of Psoralea corylifolia. Journal of the Korean Society for
Applied Biological Chemistry. 53:427-432.

Kopsell DA and Sams CE. (2013). Increases in shoot tissue
pigments, glucosinolates, and mineral elements in sprouting
broccoli after exposure to short-duration blue light from light
emitting diodes. Journal of the American Society for Horticultural

43

S Stst 2 Tyrosinase X{oHER

Science. 138:31-37.

Lee CO, Li CH, Lim JD and Yu CY. (2004). Regeneration
ability in germplasms of Perilla fiutescens. Korean Journal of
Medicinal Crop Science. 12:500-507.

Lee HJ. (2013). Effects of artificial light sources on the growth
and quality of butterhead lettuce. Master Thesis. University of
Seoul, Korea. p.19-40.

Lee JH, Park KH, Lee MH, Kim HT, Seo WD, Kim JY, Baek
1Y, Jang DS and Ha TJ. (2013). Identification, characterisation,
and quantification of phenolic compounds in the antioxidant
activity-containing fraction from the seeds of Korean perilla
(Perilla frutescens) cultivars. Food Chemistry. 136:843-852.

Lee KH, Park HS, Yoon IJ, Shin YB, Baik YC, Kooh DH,
Kim SK, Jung HK, Sim MO, Cho HW, Jung WS and Kim
MS. (2016). Whitening and anti-wrinkle effects of Tiemella
fuciformis extracts. Korean Journal of Medicinal Crop Science.
24:38-46.

Lee SO, Lee HJ, Yu MH, Im HG and Lee IS. (2005). Total
polyphenol contents and antioxidant activities of methanol extracts
from vegetables produced in Ullung island. Korean Journal of
Food Science and Technology. 37:233-240.

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

Oyaizu M. (1986). Studies on products of browning reactions:
Antioxidative activities of products of browning reaction prepared
from glucosamine. Japanese Journal of Nutrition. 44:307-315.

Park JE, Park YG, Jeong BR and Hwang SJ. (2012). Growth
and anthocyanin content of lettuce as affected by artificial
light source and photoperiod in a closed-type plant production
system. Korean Journal of Horticultural Science and Technology.
30:673-679.

Park WK, Park BH and Park YH. (2000). Encyclopedia of food
and food science. Shinkang Publisher. Seoul, Korea. p.234.
Pérez Balibrea S, Moreno DA and Garcia Viguera C. (2008).
Influence of light on health-promoting phytochemicals of
broccoli sprouts. Journal of the Science of Food and Agriculture.

88:904-910.

Petrillo AD, Gonzalez-Paramas AM, Era B, Medda R, Pintus
F, Santos-Buelga C and Fais A. (2016). Tyrosinase inhibition
and antioxidant properties of Asphodelus microcarpus extracts.
BMC Complementary and Alternative Medicine. 16:453-453.

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

Rocha RJM, Pimentel T, Serdodio J, Rosa R and Calado R.
(2013). Comparative performance of light emitting plasma(LEP)
and light emitting diode(LED) in ex situ aquaculture of
scleractinian corals. Aquaculture. 402:38-45.

Seong ES, Hwang IS, Choi JH, Lee JG, Yoo JH, Ahn YS, Park
CB and Yu CY. (2015a). Enhanced biomass and biological
activity of ‘Hasuo’(Polygonum multiflorum Thunberg) grown
under LED light. Australian Journal of Crop Science. 9:168-174.

Seong ES, Seo EW, Chung IM, Kim MJ, Kim HY, Yoo JH,
Choi JH, Kim NJ and Yu CY. (2015b). Growth characteristics



44

SRS - ZiniE

PAE

=
T

Crop Science. 23:132-137.

()

0|2 - ZIEE

[=f=)

1]

- Mo
and phenol compounds analysis of collected Perilla frutescens

Mo 5

Mot
resources from China and Japan. Korean Journal of Medicinal

=

Singleton VL and Reossi JA. (1965). Colorimetry of total
phenolics with phosphomolybdic-phosphotungstic acid reagents.

O

American Journal of Enology and Viticulture. 16:144-158.

2 . oxjo] . F

|zt

o

Tan JBL and Lim YY. (2015). Antioxidant and tyrosinase
inhibition activity of the fertile fronds and rhizomes of three

different Drynaria species. BMC Research Notes. 8:468-468.
Wongnok A, Piluek C, Techasilpitak T and Tantivivat S.
(2008). Effects of light emitting diodes on micropropagation of

Phalaenopsis orchids. Acta Horticulturae. 788:149-156.



