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g EFEEY ks v, HEgo] B4 A3S WS TE w3 it o 2= XA Lactobacillus sa—
ket 5 o] &3ldtt. B3R daFEE] AT A¥S WYsH o, 1,1-diphenyl—2—picrylhy —
drazyl (DPPH), 2,2’—azino—bis—3—ethylbenzothiazoline—6—sulphonic acid (ABTS) &t]Zt A7 5=
FAUZET B} & AasS BHth vEs A¥elA= 3,4—dihydroxy—L—phenylalanine (L.—DOPA),
mushroom tyrosinase AHS FaYtd o, Wd HEoh ¥F Fof ndgo] =/ Yehtes AL g1 &
ATt A, S =F LAY FEAEQ fucosedl theF HPLCEA S 35l on, gzl g T3} W
< MZo] AYSAh o] AT BIElEF FEEC] Ik} v T AAFE 2AEA TFsES A

¥ oz

Abstract: Studies on seaweed-based materials have been progressing steadily day by day. In this experiment, we checked
the anti-oxidant, whitening, and moisturizing activities of fermented extract from a mixture of Undariapinnatifida,
Saccharina japonica, and Gloiopeltis furcate. Also, Lactobacillus sakei strains of kimchi were used as the lactic acid
bacteria. The physiological status of the combined seaweed extracts was also investigated. The 1,1-diphenyl-2-picrylhy-
drazyl (DPPH) and 2,2’-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical scavenging results showed that
the inhibitory effects of the combined seaweed extracts were higher than the positive control. Furthermore, 3,4-dihy-
droxy-L-phenylalanine (L-DOPA) and Mushroom tyrosinase tests were conducted during the whitening efficacy
experiment. Hence, it was confirmed that the whitening activity of fermented extracts was greater than the extracts with-
out fermentation. HPLC analysis of fucose (an active ingredient of seaweed) was also performed and a standard method
for solvent conditions was newly established. This study suggests that the composite of algae extract has potentials to

be used as anti-oxidant and whitening agents in cosmetics.
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+ Z0 & dHA glomn, olHd fxFo Sold
kst A= A2 4250 gAEI 3
. BERE fucoidan ¥ F-oll F2 o 7HA] SEY
5 o] S AN, SFE BEAE 2 AR
HA e SEFEMNROE 52 BEHE 2 e
fucoidan®] fr&/dol thet A+ 2 &-8-o] A} =7}
I A= FAOITH1-4].

3| ZF(seaweed)= B3 Mol me} A2F, 52
7, SEZFE WHAY 27 A =2 FAof 9
& o]FojA L = tHEE FoE ol o} A Y
THOE o] FolA HA AHFe| 83 ~ 90%E AFA]35}
I Aok =G o] A9 AlA 491 AAbES 7HA
sfziFol tigk By =22 Agdd A+ 2 4
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B AT AGE AT v, ThARk BT
Ji gEaoR st F5¢ FUstan
2.2 717 % Aot

2

2 AdS FPstr] Ak F4EskAl AleF DPPH
(Sigma, USA), ABTS (Sigma, USA)oll Al F43t.0m,
v A S-S 9%k Al9F mushroom tyrosinase (Sigma,
USA), L-tyrosine (Sigma, USA)olA TFU3IATE Hsx
848 =H37] $8iA hyaluronic acid ELISA Kit
(OKEH02527)E THY3tiern, F345 4S5 3l
ELISA reader (Bio tek, USA)S ©]&3}¥ 3, FEAE
#4-& 984 HPLCE agilent technologies (1200)2}
ELSD detector alltech (3300)2.=, Agilent technologies
C18 column (250 x 4.6 mm, 5 yum)O.2 28 =343}
% T} Thin layer chromatography (F254)2 Merck (USA)
oA T3t AFS TSI SH, fucose EFF
v]=oFA USP reference standard (USA)OA] %131

FEed v A48 FYsATE

. <= 0| HF;_J‘(_7-|

AzxH =7 Y, gAel, E57H] 10 : 80 1 10
HIEE &8st 80 CollA 2 h 5% 33] 24 S/
(IDE ol &3t 12 T’ d=fF 5 F==S ¢
A, FEEL AXAF LA EAES [aciobacillus
sakei (ATCC 15521) Ao 2 asiynk ket
ol w2 2712 MRS Broth (MB cell, Korea) 244l #]
off A 1%, NE2FFZ= 2%, 18I 2k 1%,
sucrose 1% FE2 H7I5le] 28 T HllF7]ol 72 h &<
a3t U8 $ 5247 Z(lshin BioBae, Korea)s}

o dE2F LEFEE X 4S5 09 g9 F5&S
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2.4.1, DPPH Assay

Faksl %S YolR 7] 98] DPPH 2oz A£7%
< SASET E Ade e s g A4 oz
%l DPPH A|¢F2 3Hiks} 2-8-o ofa) gir)zdo] A E



ﬂE o]-gate] st WY
20 —Q-oH/\]i’] 0.2 m4
DPPHE A l f‘&E}
el HE A
acid (L-A)S 2z} OE 2 1,000, 500, 100, 50, 10
(ug/mL)S 100 uL} A %3k DPPH £ 100 uLE 44
oA 20 min U HHSFAIZITE A
reader (Bio Tek, USA)ll /‘1 517 nm E—%EE
DPPH 2% &A5<
9} Zrt.

DPPH radical scavenging (%) = (C - A/C) x 100
A: Sample 3% =4 #t

C: Control 4% =4

2,42, ABTS" Assay

ABTS &tz &AL potassium persulfate 2} ¥H3-
s].o:] /\g/\é;]_‘: ;‘d/\ﬂp_ u= ;‘dixﬂ_o/] ABTS a}r,]%o]
ikt 24 et e FEET BHEEl A E
Aol Agt=Aloz WA e dEE 8% =4
ot 10]. ABTS™ &z &A% 4L 7 mM
ABTSS} 2.4 mM K,S,052 1 : 12 &38| Aol A
A0 2 24 h T W3 WS
5 32 £ 0.7°] FHA g} 96-well plateol] A4 3FA}
ste BEgelz® 2¢a - FEEY 9l
L-Ascorbic acid (L-A)E ZtZF =2 1,000, 500, 100,
50, 10 (ug/mL)2] 100 yLQ} A ZgF ABTS £ 100 uL
E YAdA 20 min B REEAIZITE HES Fof=
ELISA readerol A 734 nm &7t} ABTS™ itz &
Aes FRlstr] A ALk ofje}t At
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ABTS' radical activity
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C: Control %%
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2.5.1. In vitro Tyrosinase Activity Assay

Tyrosinase &4 7122 tyrosines AHESIATE 1.5
mM2] tyrosine 7]Z 3}, 500 U/mL mushroom tyrosinase
+ potassium phosphate buffer (0.1 M, pH 6.5)°l =

ksl wu 2y 329
Azt St she BYseR wE A - F

FZE2 77} 1,000, 500, 100, 50, 10 (ug/mL) A %3}
o] tyrosinase2} RF3-A1Z1 3, 714 tyrosine2} 37 C oA
20 min 5<% VREAIAT FHiRT GFEEF vl
AYS &Yt} WS- 3 ELISA readeroll 4] 490 nm

2.5.2. L-DOPA Assay

Tyrosinase2] ©J3l tyrosine®] dopaquinone o Z 43}
A "AepdAzrt 2438t ok o] Aol 4w
A3 B5= dotrr] &l 71811 L-DOPAE ©]&-3F
s A A APk 10 mM 9] L-DOPA7]E
2 potassium phosphate buffer (0.1 M, pH 7.0) =] A|
Z3}9 31, 500U/mL mushroom tyrosinases= potassium
phosphate buffer (0.1 M, pH 6.5)°l & AZ3tAt) =
Aot sk BE3helzF UE d - & FEES 4
FEHEE 1,000, 500, 100, 50, 10 (ug/mL) A|Z3}+ ty-
rosinase$F WE-g-A1Z1 F, 7] L-DOPAS} 37 CollAf 1
min =9+ WS AR T AN FE dHEIY v A
S Z8Y3FA ) WS- 3 ELISA readeroll A 457 nm &%

Tyrosinase activity (%) = (1 - (B - B’)/A) x 100

A BAEA B F SR X
z

2.6. Hyaluronic Acid &Z=H

2,61, MIZH{Y

A& A Aol A hyaluronic acid S =AY
T}, HaCaT cell (Sr=A|EF23)S 6-well plate o] 5 x
10° cells/well2 E5F3Fd 24 h, 37 C, 5%, CO,ZA L
Z incubator®] ¥]USFHTE 24 h o] F EF3 wjR|E
A At FH7F A2 wA st S8t} S H
FelzF TE d - F FEES 44 FEEE 1,000,
500, 100, 50, 10 (ug/mL)Z *]8]3}4] incubatorol] 24 h
v skt vl oF & 45 H-& hyaluronic acid KitE ©]
4-3}o] ELISA readerE B3l S35 S43l¥oH,
hyaluronic acid 3ol W HAFAS 18 TS A

At
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Table 1. HPLC Condition of the Mixed Seaweeds Fermented
Extract and Standard

Condition of HPLC Analysis

Detector Elsd Alltech 3300
Column Agilent Technologies C18
L 10 #L (Sample 16 mg/Water 1 mL) =>
Injection
Fucose
Temperature 50 C (Gas Flow ; 1.5 mL/min)
Solvent flow 0.5 mL/min
A : ACN
Solvent B : 10% MeOH
=> 15 min

27 SOEF USFESO| ME dEE &3

2.7.1. RAW 264.7 Cell Viability

nhe-220] A M EFR RAW 264.7 (SHA| E5-2-3))
M3EE 10% fetal bovine serum®} penicillin/streptomycin
(P/S)S $Hr3F DMEM (Gibco, USA) HiA|o)|A 37 C=Z
FAEE 5%, CO,222 B3ttt MEE 96-well
plate®l] well &5 x 10* cells/well 2] MEF2 T3

2.7.2, B16F1 Cell Viability

o}$-20] Wb npA £ BIGF1 (M E5-2-3)
MEE= 10% fetal bovine serum3} penicillin/streptomycin
(P/S) & 3H3 DMEM (Gibco, USA) A4 37 TE
FAEE 5%, CO,ZA 02 wjFstATh. HE= 96-well
plateol] well & 5 x 10* cellswell2] A|EF2 B354},

2.7.3. HaCaT Cell Viability

Al 2 G H EFQ] HaCaT HEE 10% fetal
bovine serum3} penicillin/streptomycin (P/S)S &gt
DMEM (Gibco, USA) HiA| A 37 CZ FA == 5%,
CO,Z o2 HjFslRh MEE= 96-well plateol] well
39 x 10* cells/welle] NEFZE EF3A)

274 N=Z =4 =H

el 2F daFEE] AEs4ES glsr] 9
skl MTT  (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide) assay ‘WHS FHIT. AE=
100uLY E58kaL, 24 Al Entt S48tz sk 5%

ekl sls| A, A 4498 A 3 &, 2018

CAf - T

100 -
Fermentation Before

[l Fermentation After

30 | [llL-ascorbic acid(L-A)
T
60 -
40 |
20
0 LB non N n N B ,

10 50 100 5001000 10 50 100 5001000 10 50 100 500 1000
Concentraion (yg/mf)

DPPH Radical scavenging (%)

Figure 1. DPPH radical scavenging activity of seaweeds extract
before and after fermentation. L-ascorbic acid (L-A) was used as
a positive control. Result are expressed as mean + SD (n = 4).

dxF HE AT FEES O FEEHE 1,000,
500, 100, 50, 10 (ug/mL) A3}, 37 CTE FA=&
5%, CO,Z71 2.2 24 h v ¥ttt 5 ug/ml == A
Z3F MTT £94-2 37151 2 h Incubatorol] ¥l &
v oFel-& A AL Zt well B DMSO (Sigma, U.S.A.)
HA7yske] o)A 30 min B¢ HFEAIA T WEE &

ELISA readerZ 540 nmolA 3355 ZHsITh Al
E AEEL oot A2 A2 YERglt

Cell viability (%) = (A/C) x 100

A: Sample 3% =4 Ik

C: Control &34%= =4 3t
2.8. SRR UESFE=2 REdR =4

2.81. TLC ¥ HPLCE 0|88t M2 24

Thin layer chromatography (TLC), #4] A] AR&-3F &
7| 8vll= n-BuOH : ethyl acetate : water =4 : 1 : 1 =
o2 FaEAERI fucoses AN

High-performance liquid chromatography (HPLC)+%]
2 EFFE fucose= 10 mg/mLol| waterZ > 2]8}ar,
ol sdel &ml =AHL olsd A- oMIEHEH
(ACN) 80%%} ©]57%d B TR/l WEE 10%= A=
ste] 20% FHSZ 20 min B FHECh AAG
HPLC #e]%7-& Table 19 YERATH
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Fermentation Before
I rermentation After
g0 - I L-ascorbic acid(L-A)

ABTS+ Radical scavenging activity(%)

10 50 100 5001000 10 50 100 500 1000 10 50 100 500 1000
Concentration (pg/me)

Figure 2. ABTS+ radical scavenging activity of seaweeds
Fermentation extract before and after fermentation. L-ascorbic
acid (L-A) was used as a positive control. Result are expressed
as mean £ SD (n = 4).

31 BEGIER USFEE| SIS &5 &Y
o)zl Eof7baA thekgk E8]3, 335h $7 o
o3 g TFE= =87t ldo] Htt. DPPH= 4Hs)
YR EHAZRE AA 52 45 AFL S nonrad-
ical2 FSETH11,12]. weps] B A@oAe kst
g4 =4 Wy F Bloise AS wet =430

[13]. 432 B3sli=/F 55 H8 A, 3o o
Hln AHS THZE Figure 10] JERAOH, O &
7 58% Al S Helon, TE o= 90%2] A
o Ee HYOV] oZHE WE F B oEHo
2 A o] Zrtet= kS Felstyn) =3 oF
A t|Z* L-ascorbic acid 500 ug/mL 86%, 233l =
IE $F 90%2] A3l E&o] Bt o] A3E EfY
2 Egejz7 daFEEo] ks 850 e AL
2 AT

ABTS = 313t 245 dolry] 913 +3skdTh
2 A9 B aw 222 2R 4 T 0@
o AP0 Z THEZE= Figure 20 YERA O, T3 F
A 27 L-ascorbic acid 500 ug/mL 94%°]™, -3}
27 FEF %E AL 35%, SR dE F=
71%2] A3l E&S Bt o|24 UE =
= oEF o= st a5o] SUskE
Wt o] A7t FAHERT Bohe A asol

S 3}

ok 9 AT o] YEH S

1w Fermentation Before

[ Fermentation After
80 | [l Arbutin

S @
=1 =]

Tyrosinase activity inhibition (%)
N
5

10 50 100 5001000 10 50 100 5001000 10 350 100 500 1000
Concentration (ug/mé)

)

Fermentation Before
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I Arbutin
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=1 =1

@
3

L-Dopa Oxidation inhibition (%)
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(B)
Figure 3. (A) Tyrosinase activity inhibition and (B) L-DOPA
activity of mixed seaweeds extract before and after
fermentation. Arbutin was used as a positive control. Result
are expressed as mean + SD (n = 4).

32, 2EHER LE

Melanin A3l oA 71 Q3 9E&-& 3t
27} tyrosinase©| ™, melanosome Woll tyrosines 4t}
AlA DOPAE WHE11, dopachromeS YH=+% DOPA ox-
idaseZ 2H8-3t] FHF 2 S Z melanin polymers &4
3HA| E o} Tyrosinase &4 A A3 783 F7Hy
Moz AL TH14]. VS l w3 Ay Ax
0]:/‘-]1‘;]]2;1 ?___}THJ,]. H] ! /gtﬂ% 1)
HxF EFEFEC] 5 -/]legi AT B
o 453 Asl o] vehd Ale Felskit 3t
Etﬂ-zﬂ 27 BEaFEE FE 500 yg/mLolA LHE

2% B85 UEFHOH, tyrosinase activityol| A&
3%, L-Dopa activityol| /1= 85% A3l &4 HSTh
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Figure 4. (A) Calibration curve. (B) Hyaluronic acid contents
were plotted to determine the moisturizing effect of the
combined fermented seaweeds extract. The coefficient of
determination is R? = 0.9319. Result are presented means £ SD
of triplicate data (n = 4).
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Figure 5. Cell viability of mixed seaweeds fermented extract
on (A) RAW 264.7 cell, (B) B16F1 cell and (C) HaCaT cell.
The data represents the means £ SD (n = 5).

S0 AEZFQ thA A RAW 264.7 cell, He}-n}
A3 BI6F1 cell, Z+2 & A A3 HaCaT cellS ©]-83}o]
MTT assayS 333+ Th MTT assayoll ik 23 1

2= Figure 5O YERA AT AXFAbt L. sakei 7+
FE o]&ste] wE A = vl A4PE YA
on, FEE FX 10, 50, 100, 500, 1,000 ug/mLZ =
2] A Zashe ko] BAAIRE, BE AEZ FoA=
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Figure 6. TLC chromatogram of mixed seaweeds extract before
and after fermentation. The solvent composition is n-BuOH :
acetic acid : HHO =4 : 1 : 1 (v/v) (F : fucose, G : gaba, T
: Total, 1 : before fermentation, 2 : after fermentation).

90% ©]’Fe] ME YEES FRAT & JAk 01 F
A BEell 2R HE dy 28 F FEE2 AES
o] gl AS SRIE 5 AUk o] A Eis| =R/
= PE AAR S AJE 5 T

= fu-
S #4371 9148l TLC, HPLC 28 &
&3t TLCE silica gel S ©]-83td FFH 5
A zF FEFEE2] chromatograme &2l 313 0,
Figure 69 YERAATE =3 HPLCE= 77]1948Hz154
of £4E& oElete] At AFES WPt on, EF
39 g T FEE9] peakE ML S Z I retention
time (RT)< 4.65 minS. 2 SRI= ATt A7 ez15d
o ¢]#3l EA4A72| peaks 6.27 minC. 2 EH1H Q)
o wxk A3 o] 739 RT#EE] zkel= 717] ztelel ot
2 Hggon, o5 &= detection S 25
Bl A3 peak 42 7Hssithe AS Gl
HPLC®] &4 A¥+= Figure 70 YERAATH
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Figure 7. (A) Standard and (B) seaweeds extract after
fermentation. In this experiment, HPLC was performed on the
fermented extract of standard fucose and mixed seaweeds, and
experiment was performed repeatedly for three times.

4. 2 E

2 A2 AlA AL 49020 Euet slE2FE ol
&35t SPAFE LA EA Y S8IIXE FRlsr] S8
ATE APt om, vy, gAnl E57HH] 9
TR ATE Tt =3 LR 7HE S35
zFo AUAE FoAstr] 98] A Al L
sakeiZ WE FZ3IATE B AFE v, s B
& 9 AXE AEE #A3 G4 AFS FYstF o,
FANETE FHFLANZE o] 85 Y= L-ascorbic
acid, ¢FHOE v AP st A28 A
B3l 2RF YEFEES 500 ugmL FEolA 4t
3, Ml g9} B oEH o R FUbStA Qe As
AHA ) B 5ol B3 Ao A% R A g
o] Wokom viA &£ vjEE = HA 30l ik A3t
A2 F3 hyaluronic acid synthase (HAS) 34} 5
Z APE T T A7 28T FoE AR
Hoh =3 o] A3E EYE 2R/ FREAHES fu-
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