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ABSTRACT

This study examined whether the ethanol extract of lotus (Nelumbo nucifera) seeds (EL) has potential use functional food
materials. Its antioxidant effect was evaluated by measuring its DPPH radical scavenging activity and reduction potential. In
addition, its whitening activity was evaluated through its ability to inhibit tyrosinase, which binds to L-DOPA and contributes
to melanin formation in the initial stage of melanogenesis. The EL treatment exhibited a dose-dependent increase in the total
phenolic assay, DPPH radical scavenging, and reduction potential. The total phenolic content of EL at concentrations of 100,
250, 500, 750, and 1,000 pg/mL was measured as 4.32, 9.92, 18.42, 25.02, and 29.67 GAE pg/mL, respectively. The DPPH
radical scavenging assay indicated inhibition of 4.28%, 9.56%, 11.02%, 24.77%, and 37.28% for the EL treatment at
concentrations of 1, 5, 10, 25, and 50 pg/mL, respectively, compared to the control (no treatment). Furthermore, the reduction
potential of EL was 0.79, 3.92, 8.11, 20.88, and 33.48 pM at concentrations of 1, 5, 10, 25, and 50 pg/mL, respectively. The
whitening effect of the EL treatment showed inhibitory activities of 18.88%, 25.48%, 41.21%, 69.87%, and 89.65%. These
results suggest EL could be used as a functional food material because of its antioxidant activity.
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A B &ate A A2 EZ A (Lee KS & Lee KY
2011), 4] 9L 3l¢d, BElE A, 9o FAS Ay r =
Azrgolet F-2m Fojol whet i FE A8 9 oFgo
gz o]g% o] 2tiYuk CS 1990). Iutz oz <y} g
2]Fo 7 ALg-Eo] gkom(Kim SB % 2005), U od
5, okes 18] s =528 Sl 3?01 Ak Bud
ATHYuk CS 1990; Lee KS & Lee KY 2011). A&
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2 AR AMEE AR F-5-2FE(Changwon, Korea)
ol A FYgste] Akgatsih &atst A Sl ash 2.2-
phenyl-2-picryl-hydrazyl(DPPH), ascorbic acide} S+ =%
ol = 83} copper(Il) chloride, neocuproine™} & Z2|d| &= g+
& =3 223 folin-ciocalteu phenol reagent, Na,COs,
gallic acid®} tyrosinase A3l &4 ol Z
phosphate monobasic dehydrate, sodium phosphate dibasic,

F 23} sodium

L-tyrosine, mushroom tyrosinase 12|l arbutin< Sigma-
Aldrich Co.(St. Louis, MO, USA)ollA T3tk £33t 3
=55 343517 98] AFe-3t dimethyl sulfoxide(DMSO)E
Junsei Chemica Co., Ltd.(Chuo-ku, Tokyo)ollA +43F3 1
49 SOl 8T oRes Bele Sgel A
potassium phosphate monobasic¥} potassium phosphate dibasic

anhydrous Daejung Chemicals & metals Co., Ltd.(Siheung,

Table 1. The extraction yield of EL

At HolA o} ErkihE ek

Korea)oll A 43Tt

2. dXg FEE2 M=

Az } 2 EF727|(HSED-1.5, Hansung Industrial Co.,
Ltd, Iksan, Korea)ol| ] 60CollA G=E35Fo] 20+1% =&
g w7} AxE AAETh dxd %ﬂ_z}mr 8 goll 70%(v/v)
NerES P11 85£2CoA 3 hr B F57](MS-DM609,
Misung, Seoul, Korea)E ©]-&35to] 3F F=3 & 53 um A
ZE] 2 Whatman No.l oA 2 HE|Z 3] 50CAA 7
F=(N-1001s-W, EYELA, Tokyo, Japan) 3}3th 1 3 —20T
oA B T Ao ARgSATh AR 70%(viv) ollEhE
FZE52 EL(ethanol extract of louts seeds)® W3} 01,
AAE FEE FE®%, ww)2 F= A AXF Al
60.004 gl thet AU Z & AxS ARAIR 8 g W&
Z YePd S Wl EL2 13.33%(w/w-dried louts seeds weight)
9] % 4825 YehAtKTable 1). Ahn SM 5(2018)2 £
& AxFSel 10919 SRTE 7t 95 FE2 T
= W 13.1%9] FZ F&2 Busich uehy, dA-S<]

F20 o] & % g 5 Sulel mE F2F &2 Aol

s o
Gsto] A ‘5}93\‘1} Micro centrifuge tube®l] ELS 5%

0 uL, 94.5%(v/v) €-E 200 pL, 55 1,000
pLE 911, o] T8l 50%(v/v) Folin-Ciocalteu phenol
reagent(FCP) 100 uLE #7}38ked 2204 5 min ¥H&-A1Z1
t}. o] & 5%(w/v) Na,COs 200 plLA 7Fekal 1 hr k-3 A171
T 23892 vortexing & 96-well plateol] 200 pL2
o] microplate reader(Molecular Devices Tunabble Microplate
Reader VersaMax, BaneBio, Sunnyvale, CA, USA)E A}-8-3]
o 725 nmellA FF=E SH6I. & Eedle dEe
gallic acid(GA)E A3l UER B35 % 4 15=0.0471 ¢
—0.0465°] N & 3Hiksle] GA T3 (ug GAE/mL) -2 Y
B A

w53}

4. DPPH 2iC|zh &7 2 ot
ELS] Fatsk &49& W7kshrl flshel 2,2-diphenyl-2-

Name Part

Extraction solvent

Extraction yield (%, w/w-dry weight)

Nelumbo nucifera Seeds

70% Ethanol 13.33

EL: Ethanol extract of lotus (Nelumbo nucifera) seeds.
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picryl-hydrazyl(DPPH) o]z 274 &4 S48t 44
ZT O 2 ascorbic acid9} H] AT 94%(viv) of gh-Eof]
&g 200 uM2] DPPH 190 uL9} DMSO¢l| 8|43+ E :2:
5,10, 25 28] 3L 50 pg/mL F=(%, viv)E B 348k 7}
Z} 10 yLE ¥ 3L 30 min E<F incubation ¥ microplate reader
(Molecular Devices Tunabble Microplate Reader VersaMax,
BaneBio, Sunnyvale, CA, USA) A3l 517 nm®] 4=
& =33tk 2T 94%(viv) ol gkl £-83F 200 uM
] DPPH 190 uLo] DMSO 10 uLZ d7}3}93, DPPH 2}t
7} 2ASL olgo] W oz AXetyth A gatel 27
2 & 47 Fg 2T ascorbic acid T3 1, 5, 10, 25 7L
23l 50 pg/mL TEZ TA s|Aste] Blwsth

DPPH |z &A% EL A#ate] $3¥=
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EL9] &2 -2 copper ione ©]&3st] STt S/
ol =91 100 pMe] CuCl, €9 20 pL, 10 mM potassium
phosphate buffer(pH 7.41) 60 pL, 0.625 mM<] neocuproine
49 80 pL 18]3 EL& 7H7te] wimel 9HA 40 uLE
96-well plateel] 53 T A-20A | hr T FHEAIF T
olw] EL9] F=+& 1, 5, 10, 25 183 50 pg/mL F=Z T
g Aslo] ALE-EIAT o] F Hkg-o] it & microplate reader
(Molecular Devices Tunabble Microplate Reader VersaMax,
BaneBio, Sunnyvale, CA, USA)E AF8-3l9] 454 nmol|A &
FE A 2T 2= 100 uMe] CuCl, €9 20
uL, 10 mM potassium phosphate buffer(pH 7.41) 60 pL, 0.625
mM2] neocuproine £ 80 pL L] 311 FA|FE NS EL thal
DMSO 40 pLE A7tk FAd 2T 2 2= ascorbic acid
= AFgsIY o BEE 1, 5 10, 25 283 50 pg/mLE T
A A& ALgstdd 398 AL He copper( Iy
neocuproine®] extinction coefficient(7.95 x 10° M 'em H)Z
AHg3te] 454 nme] FF =N A ALHE copper(1)9] FEE
A AFgE JERATH

6. Tyrosinase X3l &M

ELS| v g3 7167 918) tyrosinase Aal E4&
st on, FINET O 2= tyrosinase A3 EAJo] ¢
=3k |l 4791 arbutin®} B w3 T) 96-well plateo]] 0.1
M sodium phosphate buffer(pH 6.5) 220 uL, EL<] 10, 50,
100, 200 Z12]3L 400 pg/mL FE= A 3]A3ske] 20 UL s
313, 0.1 M sodium phosphate buffer(pH 6.5) 220 pL,
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1.5 mM L-tyrosine 40 pL Z12]x ELS 1, 5, 10, 25 181
50 yg/mL FE2 T 3]Aste] 20 uLE &5 T tyrosinase
(1,500 U) 20 uLE H71etdtt) o] L& Aehste] 15 min
incubation & WH-S-A|ZTh ¥WHE- T microplate reader(Mol-
ecular Devices Tunabble Microplate Reader VersaMax,
BaneBio, Sunnyvale, CA, USA)E AF&-3lo] 490 nmel|lA &
s 259t RS ZE 0.1 M sodium phosphate
buffer(pH 6.5) 220 pL, 1.5 mM L-tyrosine 40 pL, FA] 542
DMSO 20 pL 28] 3 mushroom tyrosinase(1,500 U) 20 pL<
Y1 WHS-AIZTE Tyrosinase A3l &gl tjgh Aogk2 o}
o] wHoz Aakslh

Tyrosinase A3 &4
= - x 100
(%0) e 3=

7. SHEN
Adde et BE A3 Aie Hi+ETAAE
stiom, EA A= SPSS software 18 ver.(SPSS Inc.
Chlcago IL, USA)E o] &3&le] B3t I wjx]
2 (one-way ANOVA)—°* B3] 28 7t oS Ho)
9\"5\—7’—, A %2 Duncan’s test WHS B3l ZF 7]
oA ztelE A3 THp<0.05).
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= 3322+ flavonoids, catechins, anthocyanins, 12|l

resveratrols 5©] 912 ™(Dai J & Mumper RJ 2010), S-ujj<l
whe gefsh thae) A Aole] o) BHsk A4 A
A A9 2o Ay3zletA g8 Vet g8l Ak
(Middleton E & Kandaswami C 1994). EL9] & Ze|d|&= g
@& Fig. 13 2t} ELZ 100, 250, 500, 750 Z12]3L 1,000
pgmLe] FEZ o] 29 S u 4.32, 9.92, 18.42, 25.02
“12)3 29.67 pg GAE/MLE] #3S UEpjich 4279

ZeoE SEES AEY /g A Fo5HH, phenolic
hydroxyl7] & Zt7]o] ©d 53 Z3ste d4d-s 7
(Lee SO & 2005), ©1& Ball &l shgtEd 4A 2§ st

o] %“Jﬂ AT aga gat T oY S vehd
Aoz HuFo] glthKang MA 5 2010). FZdl& =29
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Fig. 1. Total phenolic content of EL was analyzed.

The total phenolic of EL was evaluated at 100, 250, 500, 750 and 1,000 pg/mL in this experiment.
Different corresponding letters indicate significant differences by Duncan’s test (p<0.05).
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I vl Fe AR el Fitst 245 54T 5 ke
o] A< A a1 9le] el AHEE 3 9IthQue F S 2006). EL
o] gakst BAS Hrlsla vl waly] 98] DPPH gtz &
7l A& Tl AFE Agsisien dake Fig 29 2ok
AAE =55 ELQ DPPH Uz &A A& =43 2

3} 1, 5,10, 25 22] 3L 50 pg/mL FEoA izl the] st
o] 4.28%, 9.56%, 11.02%, 24.77% 12]3L 37.28%% F%& ©
E4 o2 DPPH gtz &7 &) I7leiith. Fdul=
9 ascorbic acid< 1, 5, 10, 25 12| 3L 50 pg/mLe] F ol
A 7.82%, 33.15%, 43.59%, 61.05% ~L2]1L 71.09%2] DPPH
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Fig. 2. Anti-oxidant activities of EL and ascorbic acid examined by DPPH radical scavenging activity.
The DPPH radical scavenging activities of EL and ascorbic acid were evaluated at concentrations of 1, 5, 10, 25 and 50 pg/mL in this

experiment.

Different corresponding letters indicate significant differences by Duncan’s test (p<0.05).
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gz &4 248 vepdoh EL 50 pgmle] s

ascorbic acid®] 5 pg/mLe] FXZA FAFSE DPPH o2
a7 e Uil g 2= A HellA st
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23K Re R 5 1999). 1, 5, 10, 25, 50 pg/
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(Jung SW 5 1995). 10, 50, 100, 200 2] T 400 pg/mlL 55
oAl EL9] tyrosinase A3l &S 33 A=, dlxat div]
717} 18.88%, 25.48%, 41.21%, 69.87% 12]1L 89.65%<] #]
& ZAS Bt FANZTQ arubtin®] tyrosinase #3f 2
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Fig. 3. Copper (II) reduction activities of EL and ascorbic acid, the copper (II) reduction activities of EL and ascorbic
acid were evaluated at concentrations of 1, 5, 10, 25 and 50 pg/mL in this experiment.
Different corresponding letters indicate significant differences by Duncan’s test (p<0.05).
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