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DPPHS} ABTS tt]Zt &AAZA 0] Fobx o, vrio] TAFO| oehd 55| G4 FEEET} F4bs) g0

| Yebdth B3 BE AR F drmut UE ofehd EE0] gitel 4o 71 7| YERHTh Tyrosinase
S| A= 1,000 pg/mL FEA Feul BE oehE #EFE(GEFEE)0] 9.8%2 7MY w2 A& YElH o,
FE2E A 10%0]3}1e] W2 tyrosinase A3 HI-E YEFHTE Collagenase A3l BIHE 2AFS At Ha
BA Qo] BpFEE oA = collagenase A8l A7} ww|3k Aoz Yepto, oghks 2559 49 5k
0 = collagenase A3 a¥-5 YePHTE EF Fmul W ofetg &89 79 1,000 ug/mLo A 50.3%
18 F 7P w2 A 235 et} QJIFNIEZ(HaCaT, keratinocytes)E 0|83t A|Z2=4d W F41A4H
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Abstract: In this experiment, the Grateloupia elliptica (G. elliptica) was fermented using the fungus Aureobasidium
pullulans (A. pullulans) and its extract was obtained from hot water and 70% ethanol solution. The extract was studied
for their biological activities such as antioxidant effect, Collagenase and tyrosinase inhibition in comparison to the
nonfermented exatract in same solvents. Antioxidative activity test using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) showed that ethanol extract had higher antioxidant activity
than water extract. Among all of the samples, the antioxidant activity of G. elliptica fermented ethanol extracts (GEFEE)
was highest. Tyrosinase inhibitory activity of GEFEE was highest with 9.8% at the 1,000 ug/mL concentration. No
inhibition of collagenase from G. elliptica water extract (GEWE) and G. elliptica fermented water extract (GEFWE)
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was observed, but G. elliptica ethanol extracts (GEEE) and GEFEE showed increased collagenase inhibition activity

with increasing concentrations of them. Collagenase inhibitory activity of GEFEE was highest with 50.3% at the 1,000
pg/mL concentration. MTS cell proliferation assay was conducted with the GEWE, GEEE, GEFWE, GEFEE and cell
viability was over 90% at the 10 yg/mL ~ 1000 pg/mL concentrations for all of the samples, which suggested that
the extracts were noncytotoxic. In conclusion, fermented extracts of G. elliptica could be developed to bioactive functional

material for cosmetics with antioxidant and wrinkle improvement effects.

Keywords: Grateloupia elliptica (G. elliptica), fermentation, anti-oxidant, whitening effect, anti-wrinkle
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21, oF

Sk u|AE KA (http://www.keem.or.kr/, Korea) o]
A SREA pullulans)yE ZFEJUTE o] WA B 9
3] malt extract (MBcell, Korea), Dextrin (Daejung chemical
& metals co., Itd, Korea), soy peptone (MBcell, Korea)i}
BAE Besto] wiAE Azl o] W] Zaw
IS AET 5 A ujdTIolA 48 h st Has
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Figure 1. Diagram for preparation of algae extracts and fermented algae extracts.
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2.3. DPPH 2iC|zt A7Ed &3

1,1-Diphenyl-2-picrylhydrazyl (DPPH) 2}t]zh 47
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2.4. ABTS™ 2fC|Zt

2,2’-Azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
itz A2 5742 Dong Hwa Park 52] WH[28]=
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o4 12 ~ 18 h 53t BES X171 F ABTS 2rjzhe 34
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=2 3Aste] 734 nmojlA SR ST 0.706 +
0.0027} =g AL AA5S ABTS £ 150 u
Lo}t A& 150 (2 38k 6 min 7F 8RS & ELISA
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2.5. In Vitro Tyrosinase Inhibition Activity
Tyrosinase®] E/d& Adlfet= H=E S48 918t
o] in vitro tyrosinase inhibition assayS AA|SFATE In
vitro tyrosinase inhibition assay+= Jin 52 WH[29]2 W
W5l stk AFUHL 01 M QAR opH
6.5) 220 pL9} 7t =R X% A& 20 uL, mushroom
tyrosinase (2000 U/mL) (Sigma Aldrich, USA) 20 u4L2}
1.5 mM tyrosine (Sigma Aldrich, USA) 40 L& &A=

?“‘7]-3]' 37 CollA] 10 min 59F ¥FSAAT) BRS¢}
3l & ELISA readerS 0]83}10] 490 nmoll4] SG=E
Zgtct ojuff FAIEHORE A=W il 0.1 M QAR St
S0 698 Agie) w2 P tlERe res
ARESISACE Tyrosinase T4 Asha Theel Alof met
A
. _ e b—b

Tyrosinase & A4 (%) = [100— ( R ) < 100]
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2.6, /n Vitro Collagenase Inhibition Activity

Collagenase A|&8/d 5742 Tamsyn ] WH[30]S ¥
Hslo] 24319 = W= 0.1 M tris-HCI buffer (pH
75 4 mM CaCLE 37151, 03 mg/mLe] 4-phenyl
azobenzyloxycarbonyl-Pro-Leu-Gly-Pro-D-Arg (Sigma Aldrich,
USA)E =91 7|3} 250 puL 2 A|=Z-898 100 (@o] &
tolo]] 0.2 mg/mL2] collagenase (Sigma Aldrich, USA) 125
U= 7kl A2olA 20 min 52t t‘*ilﬂ 6%
citric acid 500 (L2 go] HE-2 AX] A1 3, ethyl acetate
1.5 mLE Z7IsIe] UVVIS  spectrophotometer  (Optizen
21200V, Mecasys, Korea) 320 nmof|A S-4=5 =45
o}, Collagenase AL A5 golo] Hrlzal 27}
o] FYE YA ek

=2

SHE E
TR

A Y

TEI=

A& (%) = [1—( )] X 100
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QI7HA|3E(HaCaT, keratinocytes ATCC, USA) A|ZE
Dulbecco’s Modified Eagle Medium (DMEM) (HyClone,
USA) HjX]ofl 10% fetal bovine serum (FBS) (HyClone,
USA)Z} penicillin (100 units/mL)/streptomycin (100 zg/mL)
(HyClone, USA)Z #7}5lo] CO, Af3Eu|F7|(NU-4750G,
NuAire, USA)OA] 5% CO, 5+ StollA] wljokslgom, 2
~ 3 Loz A Wors. AlsEsich

28 MEEA 21 ZAl )\|%4

AT B ZAABE Teny o] HHBIS s}
= AT B 248 Z4sk] S8l
°l7uﬂia{acm— 96 well plateo]] 1 x 10" cell/well=
FABH E=at thS 24 h B 7F 2ZEL 10, 100, 250,
500, 1000 g/l =2 AE]ato] 48 h St wjoksloick.
e Ao ofgh AlaEe] FAof w|A= Adk= Cell
Titer 96" AQueous One Solution Cell Proliferation Assay Kit
(Promega, USA)E ARESISITE vl & viX|E 25 AlAsH
1 DMEM HJ%] 100 (L2} 3 - (4,5-dimethylthiazol-2-yl)- 5 -
(3-carboxymethoxyphenyl) - 2 -(4-sulfophenyl) - 2H-tetrazolium
inner salt (MTS) solution 20 (LE Z7}5}o] 5% CO,, 37
C e 221014 3 h F<F ¥HS-AIZ] 3 ELISA reader
2 olgalo] 490 mmolH| FYEES S, MRS
oA e vikole zpoR AMgsiolck AlEA
282 theo] Aol ufet Atk

rﬂ _&

Al

Cell proliferation (%) = JLEJH—J;T}Q] %%}'lg
2.9. SAXE|

BE A 35 W ANElgl EAR
FEHEAE e om, Student’s t-testH-S ]%’5}
o, p-valueZb 0.01 Bl A9 SAH = Fol4o] 9l
= Aow et

T=o =
= e A 2259 #5782 Table 13}
Zro] Uhepitt). Fwul A9 2EBGEWE)7} 37.5% &

22 %(GEEE)7} 7.5%, 2hwul vhg

A~
7 g 5

W

ZE(GEFWE)7} 30.0%, Z=dl W oeke 225
(GEFEE)7} 8.0% Uellith. 94 22 Wiyl oeke s
F=Ro] Blugt A3t oghE® FEHET I

Zlo] o8] oF v} A 7 bl

Table 1. Yields Obtained from Extraction Methods

Sample extraction

Extraction method Sample weight (g)

yield (%)
GEWE 100 375
GEEE 100 75
GEFWE 100 30.0
GEFEE 100 8.0

G. elliptica water extract (GEWE), G. elliptica ethanol extract
(GEEE),G. elliptica fermentation water extract (GEFWE), G.
elliptica fermentation ethanol extract (GEFEE)

3.2. DPPH 2tC|Zt
A WollA ABtrERAR Qle] AR ARgeh]
Zro. QELEARS YRIA|Z| o wE wslol Aue
FEAIE ARtz SRR Al DPPHE ARf-Ek]
2As Ao o]-&Hr}. ofqlF<}l tocopherol, WS
M2 ascorbic acid 50] UL o] 83to] TR
Aol AFLHETH32). Zwet 222y} el ukg =

ATEY =
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< ©]8-5}%] DPPH radical 2423 E43 A= o
23} Atk Figure 20 Uehd vle} o] mE Heul 2
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Figure 2. DPPH free radical scavenging activity of G elliptica
water extracts (GEWE), G. elliptica ethanol extracts (GEEE),
G. elliptica fermented water extracts (GEFWE), G. elliptica
fermented ethanol extracts (GEFEE). Results are the means +
SD, 'p < 0.01, *» < 0.001 compared with ascorbic acid (AA).
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Sz 271284 7kl Aol Byt
A% Fmdh FEFEGEWDY FHmub wg

A
Qe 228

= =1

TET
(GEFWE)o] zjo|7} uju]sigich. HhHo|| ofghe F&E2
Aoyl =ZE(GEER)RT} 2bwd ulg 2E5E

(GEFEE)9] a4k}t aup7t =7 vepgteh et ofghe

Z2ZE(GEEE)2 500, 1,000 ug/mL S0 A 212} 23.4%,
37.1% UERdth s w Fwub dlg oEke 2E2E
(GEFEE)®] 7~ 500, 1,000 ug/mL “s=ollAl Z}Z140.0%,
63.3%2] A3E eRthFigure 2).
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3.3. ABTS™ 2i|
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ATH33). e FE=at
olg3lo] ABTS 2]z AASL
Flgure 30 UEhd Hlo} o] EmojEdon
719k Awa 9o 2EE(GEWE),
FZE(GEEP), Fwd WA g5 255

(GEFWE), Zmtf Wi ofghe FEE(GEFEE)R:= 500 u
gmL oA Zk7F 48.3%, 61.7%, 68.6%, 87.1%2] =}]
Z A A4S YERLE et 2EE0 e dn

o

o _I1N'

OAA OGEWE BGEEE WMGEFWE MGEFEE

ABTS* radical scavenging
activity (%)
T

Tnn

Concentration (xg/m)

nn
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]
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Figure 3. ABTS radical scavenging activity of G. elliptica
water extracts (GEWE), G. elliptica ethanol extracts (GEEE),
G. elliptica fermented water extracts (GEFWE), G elliptica
fermented ethanol extracts (GEFEE). Results are the means =+
SD, p < 0.01, “p < 0.001 compared with ascorbic acid (AA).
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3.4, /n Vitro Tyrosinase Inhibition Activity

H Aae 23] Wofr|dos AejpoziE 1
T2 B flsf whEo] Ak v 7S 3=
2HeAto] E(melanocyte) 7t AHjA1 9] A=o= 2ok
El2 Ao (tyrosinase)2Re F-0] ZHgo2 i 4
27} A B F R mHoR geler) 2R 7o)
o] Wolx Uk, T=shA) ghaol HAL Zajef
e Bl 2R sju] 9 A Hzo] Lehieh3d).
wst 2287 gEet UE 32EES ol
tyrosinase A ETE =795+ A= Figure 42} gt o
FAQl vETt 219 abuing fRFEOR Sl
tyrosinase A EIE YERHTE 2E A& 10,000 xg/mL
SoflA HEEr 4 FEE(GEWE)= 4.0%, =8 o
Bhg FEZE(GEEE):= 83%, Hr dWha I &5
(GEFWE)&= 7.6%, wHl WA ofehe 55(GEFEE)=
9.8%2] A5 etk

OArbutin - OGEWE WGEEE MGEFWE  EGEFEE

Tyrosinase inhibition activity (%)

e

Concentration (ug/m)

Figure 4. Tyrosinase inhibition activity of G elliptica water
extracts (GEWE), G elliptica ethanol extracts (GEEE), G
elliptica fermented water extracts (GEFWE), G.
fermented ethanol extracts (GEFEE). Results are the means =+
SD, p < 001, “p < 0.001 compared with Arbutin.
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3.5. /n Vitro Collagenase Inhibition Activity

Collagens #3fisk= A= /7 Wi vhfsh 7}
% @ol dHA = A 5 87 matrix metalloproteinase
I (MMP-1, collagenase)o|H, o= =1l type 12 =afigh
ch. gEesio] 9lo] MMP-19] A= Fagh aglow
%7}Q1 9\)\1:}{3ﬂ XLEHP Zﬁ XLEHP HLEzzU
2 ]85} collagenase inhibition activity =74+ Ail=
Figure 59} o] Yeldth ZF &5 1,000 wg/ml 5=
01]/\1 21—51:”— %"/l\— —Zr-é——,-ﬂ{GEWE)Q 9.0%, z]—El:l]— m-g_
H FF=(GEFWERS: 84% UERITh RhHof| red)
ofet2 FEE(GEEE)2 31.0%, #edl 2hg ofeke 3=
=(GEFEE)-2 50.3%9] collagenase A3[&EIE LEFHLE
Collagenase #3l] A3}= epigallocatechin-3-gallate (EGCG)
2 dzgoR vust An FEd wE o 258
o] 7V e AS|EIE Leric.

OEGCG OGEWE BGEEE MGEFWE BGEFEE

Collagenase inhibition activity (%)

Concentration (ua/ml)
Figure 5. Collagenase inhibition activity of G. ellipticawater
extracts (GEWE), G elliptica ethanol extracts (GEEE), G
elliptica fermented water extracts (GEFWE), G. elliptica
fermented ethanol extracts (GEFEE). Results are the means =+
SD, p < 001, 'p < 0.001 compared with epigallocatechin
gallate (EGCQ).
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223} Jrdl dhg22Eo] ol7ke] |t
A Ga8t Q17bA)SZ(HaCaT, keratinocytes)ol] A=Al 2
4] EH?fP RS 2AVBE| 98l Al ujokolo] ThoF
Z E‘é} Z2Z05 oul =m0 7ls)
TN EZ B4 9 ZAXYS AAsk 1
A= 1'}E}‘iﬁi‘q{Flgure: 6). Awet =28y} 2beuk uky

x]—Etﬂ— ==

l

o
of &
H1
= 19
ﬂZi

o] @atsl aatel ElEAuAl R EEAIGAl As) 2t 7

FEue 8 h At Ay, FEES At 2E v
oA FA P tEdat fARE AaE L}E}WE} 7k A&
H 7P AlEgAlo] =2 v 9 FAES oheat doh
=Rt d4 FE2(GEWE)ZF 1,000 ug/ml F=oflAl=
99.8%, st offekE F+EE(GEEE)7} 10 pg/mL 5o
M= 99.8%, el Wa g4 F=EE(GEFWE)7} 1,000
wgml T A= 98.8%, FwHb WiE ok 2&E
(GEFEE)7} 500 ug/mL Eol A 99.2% YERdch 1
2l AlmAE] BE skollA Al 54 9 FAEC] o
Zoth vk Aat 90% oo dutE vEkich

O Control OGEWE BGEEE MGEFWE MGEFEE

* T # e * _E[_‘* S

wi *

Cell proliferation (%)

10 100 250 500 1000

Concentration (za/nl)

Figure 6. Cell viability of G elliptica water extracts (GEWE),
G. elliptica ethanol extracts (GEEE),
water extracts (GEFWE), G. elliptica fermented ethanol extracts
(GEFEE). Results are the means + SD, p < 0.01, 'p < 0.001
compared with control. Control is no-treatment.

G. elliptica fermented

4. 10

2 ATelAE SHE Sy 2R A
HE FEET} AR UE a0 U P, v
9, FEL RS 9 54 ane 4t o)

. =
9o} A 2B A9 Wi AT P B
2 FARE HIHE bk SPTE ofeke FEEol 7
S WE s B4o) BE N F /M %A Ueth
LH

%
i
%
7
£
8
b
2o
s
ofr
H
NI r—r“
off
H
1o
B

(GEEE), Zrwdl Wi ofehe 2=Z5(GEFEE) 7<% 1,000
ug/mLoll A 217} 85.8%, 94.6%= Q- 93t Fhals) 3
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A4S vech 56 Fwt wha ofshe F2B(GEFEE)
7% 500 ug/mL o|AkollA] 85.0% oo = 74K 92
sl G e EF 24 FEERG o
FEEY et Aol et AuE yER
Arbuting RO E tyrosinase AETE =AZAxle}
H|Wa) HoRS uj At g =28 V5
Awut ofehe 228wl UE ofshe
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