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Whitening Effect of Green Tea Seed Shell Ethanol Extracts

Ha-Yeon Song, Nak-Yun Sung, Pil-Mun Jung, Min-Soo Kang,
Won-Jong Park, and Eui-Hong Byun

Department of Food Science and Technology, Kongju National University

ABSTRACT The objective of this study was to evaluate the whitening effect of green tea seed shell as an industrial
byproduct. Green tea seed shell extract (GTSE) was obtained by ethanol extraction, and the yield was 1.24%. 1,1-
Diphenyl-2-picrylhydrazyl radical scavenging and tyrosinase inhibitory activity of GTSE increased dose-dependently.
To estimate inhibition of melanin synthesis, viability was tested in BI6BL6 melanoma cells. GTSE treatment induced
cytotoxicity at a concentration higher than 125 pg/mL but did not induce cytoxicity lower than 62.5 pg/mL. Thus,
we fixed the optimal concentration at 62.5 pg/mL. Using this optimal concentration, melanin synthesis inhibition was
measured, and GTSE treatment significantly reduced melanin synthesis induced by o-melanin stimulating hormone.
Therefore, the results indicate that green tea seed shell extracts may have potential melanin synthesis inhibitory activity
and may be useful for development of whitening material as a natural ingredient.

Key words: green tea seed shell, anti-oxidant, tyrosinase, melanin synthesis, whitening activity

w2 JB o
=}
)
ro,
ro,
Y
%)
Iv)
N
fo
2
s
i
2
lo

ot
mO
Qi
-
|
=)
e
-
ot

R
nocyte7} Zke] A3} e o] §-2}
7] 9138l melanin 45 FEak= Aol osiA LA
3). ©]2]3F melanin A FEHAHNA tyrosinases 35
9] melanocytes®l A melanin A4S £33 T3 o
s sk mAolth4). = tyrosinase©l] €&l ofw| =4t
Q] tyrosine®] L-DOPA® 43} % 31, dopaquinone, dop-
achromes AA Z= melaning A4 3tH5,6)

W 7]5E 2t g iAl S4 25 ascorbic acid, koj-
ic acid, arbutin 5°] 921, o] HEEEL tyrosinased
285 AT RN W gIE 1=
th(7,8). ¥} kojic acidd] A3 <44
Aol sdE A8 ' ARgo] oJ§aL, ascorbic acid®] A%

Received 15 June 2015; Accepted 15 July 2015

Corresponding author: Eui-Hong Byun, Department of Food Science
and Technology, Kongju National University, Yesan, Chungnam
32439, Korea

E-mail: pwj@kongju.ac.kr, Phone: +82-41-330-1483

4& 7K 2 ATH9). Arbutine hydro-
= dauy, A A% v Q)

:
2o Agol EAes AARAR HPE AR o U 4
$53 Qv ek A4 WA AR o) PAe
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A AMEE AR E defd s BATA FYs
of ALkt Adol AbeE HxH AL 53N E Y
2 7V upg Bio) HAe Relste] AFEEk9lar, Fig. 100
eIt el w23 gAS SHFE RS AlA
S thS 25°C Aol A 24413 A 23 & B47]1E AHE-S)

1 LE 93 A2ollA 24413 &<t wrkslHAl F&313t).
22l S Filter paper No. 4(Whatman®, Kent, UK)Z A}
f3le] 79t o33k 3 rotary evaporator(Heidolph In—
struments, Schwabach, Germany)Z ©]-&3}o] 5% ¥ %
A7z gtof B A ALE3tel).

1,1-Diphenyl—2—picrylhydrazyl(DPPH) ZIC|Z A7{S
23

w24 A A FZ% 9 DPPH(Sigma-Aldrich Co., St.
Louis, MO, USA) &}tZ 2452 Blois(21)9] W o
2 SA AT A " wEE(7.8, 15.6, 31.2,
62.5, 125 ¥ 250 pg/mL) 5234 A4 FE5E 0.1 mLE
&2 0.2 mMe] DPPH &3} E3ksto] 37°Cell A 15+
7 g A171 5 B33 A(UV-1600 PC, Shimadzu, To-
kyo, Japan)& ©|-&3}o] 517 nmo| dJdA FFEE SA
sttt gtz A75 & the 2ol o] ALE AT

Asample - Ablank

Scavenging _ (
activity (%)

X100

Ablind = Aethanol

71914 Asample s 2 524 A4 F5E3 DPPH &

Egtele] FFEE Yu|EtH, Apae SEE F2H4 A
FEE Yepdt =S Aping= DPPH 8

ERA™, Actanor sampleS 591 &1 €]

Tyrosinase inhibition assay
Tyrosinase A &4 L tyrosinase®} L-DOPAY] ZH-&

A

Fig. 1. Green tea seed (A) and green tea seed shell (B).
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A3} A5 E dopachromes U A S o] &-3)o] J3le
o R ZA39tH22). Mushroom tyrosinase(100
unit/mL, Sigma-Aldrich Co.) 0.2 mL¢} 71224 L-di-
hydroxyphenylalanine(DOPA, Sigma-Aldrich Co.) 0.4
mL, 0.1 M potassium phosphate buffer(pH 6.8) 0.2 mL
o] &3t 5= (0.3125, 0.625, 0.125, 0.25, 0.5, 1,
2.5, 5 mg/mL) 524 AA FEFE 247 0.2 mLE £3¢
% 37°CollA 1537t RFE-A1A 475 nmoll A F3EE 54
&1, A% dopachromed M& A&l 5o 2 435}t
Tyrosinase A 8ls2 Th9] b2 el ot Aite At

=

)%100

Melanoma M| HH Q¥

B16BL6 melanoma Al3£& 10% fetal bovine serum¥}
penicillin, streptomycin(100 IU/mL, 100 pg/mL)< $H+
3+ Dulbecco's modified Eagle's medium(DMEM) & ©
2 37°CE FAHE 5% CO2 vjE7]o A v &alic).

Melanoma MIZZM H7}

524 JE FEE AES Bl dolir] Yt
o nl-2 F# 9 melanocyte?] B16BL6 cell lineS 3k
A EFL3(Seoul, Korea) &2 H-E F43lo] AF&-31% Tt
AEFO] gg A5 747he] AEFE 1310 cells/
well® 96 well plate(SPL, Pocheon, Korea)ell 90 pL*&
Bsle] HX=E(31.25, 62.5 2 125 pg/ml) s34 AA
FE=S 10 uLA AHFstar, 37°C, 5% COz 271 sloll A
72X F3F wigste] 3-(4,5-dimethyl-2-thiazolyl)-
2,5—diphenyl-2H-tetrazolium bromide(MTT, Sigma-
Aldrich Co.) 4% &3 MEFAES A&t MTT
assay® MTT €95 mg/mL)S 30 ulL® Z+z} wellol]l 7}
sho] 2A17F FF vl e $ wj g s A E AlASkAL A E
formazan crystal< dimethyl sulfoxide(DMSO, Sigma-—
Aldrich Co.el %9 540 nmolA SFEE SAHSI

Melanin MM 2Axls

B16BL6 AIEE ©] &3t melanin 4 A AAl5S H
7}3}7] 9181 phenol red”} 1= DMEM Hj A & A}-&-3}o]
6 well plate(SPL)ol 3x10" cells/mLZ ¥33}aL 2A]7Fo]
Ak = AT} platedd] $ds] F2E AL g v
=K AA 2FES $E9(31.25 62.5 2 125 pg/ml)
= Ageteltt. 12413F 5 melanin A4S F318H7] 918t
1 uM a-melanocyte stimulating hormone(MSH, Sigma-
Aldrich Co.)& #2|3le] melanin A4 Y& FXA 7).
72X 7 w9 3 1% Triton X-100(Sigma-Aldrich Co.)&
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M phosphate buffer(pH 6.8)5 100 pL 7}s}
gk & AAEE 3o cell pellets #Ehd
t}. £2 5 pellete] 1 N NaOH 100 uL<}
4= 200 pLE 7Fslar 60°ColA] 1A]7F whs-3lo] 24713
405 nmollA &F =S SAHA.
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o
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ol\

e
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SA X

ol AFo] Ao A AdojR A= Statistical Package for
Social Sciences(SPSS, ver 10.0, IBM, Chicago, IL, USA)
= o] &3}9] one way ANOVA testZ #2413l o, A5
7+e] f2]Al& Duncan's multiple range test® /X0.05 <¢
Foll A W] al, Student's f-tests® X0.05, T
0.01, " /X0.001 FFolA rlaatsit.

Aot 2 oy
Green tea seed shell extract(GTSE) £& &
SN ERE AE FEs B 534 44 100
ethanol& ©]&3}o] 24A13F 5 FE53 g, 34
=7](rotary evaporator, EYELA, Tokyo, Japan)
to]l SAUZE g $o] FEE] FAE R1s A%
o] ZA A4 oehE FEES €& 7 AU 9]
SR A Ax S o] 1
x]o]t}. Noh 5(18)2] Aol o3hA =aky HA
ZE9] A 53 dRv= F vlE o] wtARk
6 mglZ Tha A veldtia H st
HA = FAES AMg et 585 5
AAo] dtar Harsta ot Lim &
A 9] catechindt &S HPLC® 418 23}
24 wE S FEEdA ECG 821195 ng/g, gallate
112472 pg/g, caffeine 155+42 ng/g, EGC 116+72 ng/g,
EGCG 108+32 ng/g, EC 37440 ng/g 5< th4¥3 cate-
chine] A&¥Jtkar Warstal glom, o]ek fALSHAl Noh
5(18)] Aol A =4 o} M| E L] 8] =(EtOAC) ol A
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3R aehal Qlek webA B el AR SAkK FE %
uw e oobry] $lskel FEE A A olwre
FEue] A9 olsh g the %3t catechin® £
Aoz Aud

GTSE2| DPPH 2iC|Z ANS
DPPHE AA Woll EAsHE o)z oYXyt 1 24|

7V & AAE ZEa 9lo] BEpAls YERY AL 517 nmol A
743 FHLE Belt) o3 DPPH e -2 ditals o]
Q= B e Hd A Fejw Soprhia AL
Qi FF% gho] sk Hk o3 gu e AES
o]-g3ste] thakst FFo BAE tiste] Fatst A4S H
7He 4tk B Aol AR =2k HAZYYH FE3

DPPH radical scavenging activity (%)
=N
[—]
1

7.8 15.6 31.2 62.5 125 250

GTSE (pg/mL)

Fig. 2. DPPH radical scavenging activity of green tea seed shell
extract (GTSE). Each experiment was conducted in triplicates,
and the results are expressed as mean+SD. Statistical analysis
was performed using Duncan's multiple range test with a sig-
nificance level of P<0.05. Different letters (a-f) above the bars
indicate a significant difference.

GTSE®] DPPH e}tz &7 5ol #ate] dopd A3} GTSE
o] F%(7.8, 15.6, 31.2, 62.5, 125 & 250 ng/mL)7} 7}
4% DPPH &z 2750 42 2(/X0.05) 57
st Aoz BAFHJA(Fig. 2). tF-E9] A& fae &
Abele s 2te EEELS ZE 9= (polypheno)F B 2
B xo]|=(flavonoid) Al&2 32 By glom, &
3] AEAle e i Huwe] SEE weA] drh24d).
Hatoll EhrEo] Qe A el Aeed =491 catechin
v 52k AAY F EE9E S%E 5 75% oS AH
3, 8 catechin 2+ (-)-epicatechin(EC), (-)-ep-—
icatechin gallate(ECG), (-)-epigallocatechin(EGC), (-)-
epigallocatechin gallate(EGCG), gallocatechin(GC) %-°]

lom, 18bo| caffeine A% Thg E§3hrhal Hargth
(23,24). =olu} &3& 5 thF3 = ol o3 F=H
219 catechin A2 Fits) 2Fgo] wl§- Ak Aoz
W3] 231 9=, Choi¢t Choi(24)2] el ojsha thakst
72l Aol A catechin®] §&-5 vlatel] 2 A} 5ato] A
catechin®] &Fo] 714 ot B usta Q) 3k 5319
ek catechin® oA EGCGE] vF&sl oF a%59]
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GTSE®Q| tyrosinase X3l 53
(e}

Melanin A4 A7t I F A4S AA s = 7Y o3
A} F sh=EA FAEA A EAlste 1A B4 0]
™, ¥ 5-9] melanin A A 3E(melanocyte)ol] 2] 4 =

oL 2+ AP A A E(keratinocyte) 2 45 0] ZHA A E
o] A& WL, ZhslaAdel o3| FH upEFT o= o] FE)
of vixjwte g FRAS AAse AR 2HgerH(27).
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Fig. 3. Tyrosinase inhibition activity of green tea seed shell ex-
tract (GTSE). Each experiment was conducted in triplicates, and
the results are expressed as mean+SD. Statistical analysis was
performed using Duncan's multiple range test with a significance
level of P<0.05. Different letters (a-f) above the bars indicate
a significant difference.

Melanin®] Aol lolA 71F T8 &S F33=
AL tyrosinase®]t}. Tyrosinase= A A| Wl Al tyrosine
S 3,4-dihydroxyphenylalanine(DOPA) 2.2 W 3A| 7] 11
DOPAZE 43}A]7 DOPA quinonelo 2 WA, A=
2 A9 eumelanin® 2 A< 9] pheomelaning &

it}

AAZTE olFEA FAH melanin ZEAHPAELRE ol
Hof 2914 5 chba 3| wsh ARG 4G e} o5

25 59 FwstE AAlsts AR 7les 7ML
A W, o] Ae] FmakA dojd A5 v ol vk
melanin W47} 2 2kE o] 7n| F27] 58 A, o]}

-1 o (¢}
e o] A% B35 v)¥ere] felo] B/ Fhrhes,

Ao M = 53] HA FEE] vy 4 #ete
¢olr 7] 98t GTSEY tyrosinase A OH—o‘Oﬂ #ale]
7}eFR tH(Fig. 3). YA ZT2 kojic acidE AH&-3F3 T}
GTSEE X2 A sto] tyrosinase®] A &/de] #
ato] 713k A3} 0.62 mg/mLel A 31.042.5%, 1.25 mg/
mLol A4 37.0+3.9%, 2.5 mg/mLol A 43.08+3.1%, 5 mg/
mLo A 62.3£3.6%2] A3l YEISTE GTSES 2]
FE7} SIFs wel f§o A 02 tyrosinases YA A7)
= Aoz AFEAY. weld GTSES A2+ melanin &
Aol A o2 #o]dtE tyrosinase B4 DAL AT
oy mul Ao 7]t o R AlmE

GTSE?| M|IZ(B16BL6) M= =X

371 AEollA GTSEY] w9l g7 ¢] melanocyteol A
A& =A] LdolH 7] $5}o] melanoma A|¥ <] B16BL6 Al 3E
£ o] &3t AE Y] melanin A3l #3to] Lolr 7|0l
A A EZAE Lol M= G 3ol Bt Frlat ATt M
AEE SAHL A YA} HA A HEZEE et &
T4 &9 MTT tetrazoliume] ¥-8-3 MTT formazan
o] P o]Z thA] DMSORE A G 8A17)H Bepaoz

njul ghA 1473

100 T -

50 -

Cell viability (% of control)
*

Con 312 62.5 125 250 500

GTSE (ug/mL)

Fig. 4. Cell viability of green tea seed shell extract (GTSE) in
B16BL6 melanoma cells. Each experiment was conducted in
triplicates, and the results are expressed as mean+SD. Statistical
significance ('P<0.05, “P<0.01, and ~ P<0.001) is indicated for
treatments versus control (Con).

el MTT A eke] 8] E o] &3)o] njayor =43}
ATH30). B AToxA BI6BL6S thkst %5(32 25,
62.5, 125, 250 2 500 pg/mL)e] GTSEE A stgle o

Yehbes Al ZAE &S] Wstel] sto] dobid Awt 125 pg/
mL ©]4e] A7 FEAAME Aol dojut= AE
zhsk = Q) th(Fig. 4). w24 B16BL6 melanoma Al X5
o] &3} melanin A4 Aol &3t Aol A GTSES] A
A2l == 62.5 ng/mlL o]stEtal ALR o] F5 A g oA
#H7 %< 62.5 pg/mL oldtell A AE HAFE N PsHich

ﬂl

Melanogenesis HXIE E8t melanin &4 |

A2 ]l melanin®] 342 ¥H3FA 2 9FHE 23S
o] protein-1(TRP-1), tyrosinase related protein-2
(TRP-2), cyclic adenosine monophosphate(cAMP), ad—
renocorticotropic hormone(ACTH), forskolin % a-mel-
anocyte stimulating hormone(a-MSH) 59| t}sk Q1)
Sol oA =dErh31,32). 23 RS FolA a-
MSH= ¥alrA @ 955 23 o] 7Hx] dxz2 oA
FH] 5= pleiotropic molecule® Al X% <=8 4| (melano-
cortin receptor 1, MC1R)¢} Z23&3}e] gamma G protein
S A A7), o]x}8 o & adenylate cyclase EAlol 2
3 cAMP7}F £715 31 444 © & protein kinase A(PKA),
A7,
microphthalmia-associated transcription factor(MITF)
Tl o] e & F7HAIA tyrosinase F3AY] HHS £
ek Aoz gl Arh33). & Aol A = B16BL6
melanoma A ¥Zol| a-MSHE # 2]} melanin®] F4<

ZZ A7) = melanogenesis A& FE3 & =

tyrosinase @4 & &3}°] melanin A&

x4
EE2 GTSEE A g ste]l GTSEY A 2]7} melanin 4433}
el WA= WstE B THFIg. 5). WA ol FAE A
284 & control ZEFY o-MSH @5 AHg 259
melanin P42 Hlw3dle] 2 w -MSH Az Z1FolA
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a-MSH - + + + + +
Arbutin — - 200 - — —  (ng/mL)

GTISE - - — 1562 312 625 (ug/mL)

Fig. 5. Melanin synthesis inhibition of green tea seed shell ex-
tract (GTSE) in B16BL6 melanoma cells treated with a-melano-
cyte stimulating hormone (MSH; 1 pM). Arbutin was used as
a positive control. Each experiment was conducted in triplicates,
and the results are expressed as mean+SD. Statistical signifi-
cance (P<0 05 and ~P<0.01) is indicated for treatments versus
only a-MSH treated group.

A Z7hE Aoz Bof a-MSHel 23}
o] melanogenesis7} AFH o2 FEHASS YUER
G 2T 2 AFE-3 arbutin 28] 25 oA melanin®] &
o] Fol A (/X0.0D)e R Fasts Aow AFEdY. =

melanin®] FAo] =

gt g7 AEEA A AEEAe] el e 5%
9l 15.62, 31.2, 62.5 ug/mL= GTSEE A& st 1E A
=
(e}

E7F Z7bekel el melanin®] o] frojdo = A
= A0 = YELETh No 5(34)9 Aol =2k 4
FHIZ1 A 821 EC, ECG, EGC, EGCG, GC ¥ caffeine?]
|9 S-S A% 49 659 BE 53 7R
Aol A w2 v &do] e e, 115 ECG, EGC

)
o
S
2
d

2 EGCGOIA 71 =/ vebki=d] o] 8 & o] f= ECG,
EGC 2 EGCG 7lEl7lo] BEAOo T 7FA 1 Q= %9

B 9] 717 A7 GFE A= Ae® Hashal 9l
2= AT d9E vi“c“f:“ﬂi}. kAl - AFro A GTSE9]
2] tyrosinase®] A¥EWF ol melanocyteol A a
-MSHZ %3} melanogenesisE &34 o2 )3k}
= AME & 5 A%laL, olelE o] fr == GTSE 3ty of
A ko] FEAES ECG, EGC ¥ EGCGR¥gF oy}
EC, GC ¥ caffeine®] o1&] 71+ 320 Ao dd<l
Ao At ETt.

B AT Y PAES o84 FHL Astel AAA
- \
.

wlw B4 e Grks) Slstel Sa
188 9]

At =24 3t ok
FES T A AxTH U] 1.24%9 FEEY FES
AL 4= a1, DPPH &Yz 24% ¥ tyrosinase A&

S s @T’} =20 4 FEEY Lt S E

2 F7kle Ao ® vE

S EFE o] d

ull g 97 A2 oA = dojub=A o THate] dolr ]
$3Fe] melanoma A<l B16BL69 a-MSHE A 2] 3}
melanin®] ¥A& ZFA|7]& melanogenesis YA S =
g5 =52 FE FEES AP 29 vk ofEA R

o] ol/de] A

Ao,

ﬂH

melanin®] ‘é*é S & 5 Uk
Kol

o) I~
g

A= o]k

AS Bes —E 2ol A 1 AAA

o= %%0}04
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A
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