7H(

L
o

H( 0 ), i

e A
o

/

5 & T I ol
«  H g 1
s Y o T 50
=_ 8« o I <l
« oM 2l N
— Al_ ol
=) = 5 g S
. Ll B - N
T 5 B ul g
L o & Ho =T
B = o all
h—l— ™ ﬂ ol Ho
<1l < i a
il N
010 _N_ w Ih
ol 22 ! Rl
= = Tlﬂ“ mﬂ

FHI( O )

1|

t

=]
=

o
=

),

hHI(

DRI IXMET [SIHEAY 20219 =S

L=}

11-1543000-003512-01

I s
118060-03

HO ml Xr HO@ =~ <l = @l @O0 T~ Oord

KIOITET #0i0 UM RIErS U =K< =3 R

2021



AEE>

HeE =

FYSLAER 3B A%

B RIMNE “x2Sy e AIdelo|T AZs]E AL GIE7)7F: 2018.04.30.
~ 2020.12.31)FA 9] FERIAZ ST

2020.12.31

ZRATBE (ol zmoleHF)  (HEA) A3
YEAT77 BT FTAFATY  OEAD BFEUE

FRAFHAYR . o B &
Y5ATAYR:  $ A =

S7HAT7NEAIRI ] #E] Foll A3 74 Al8ze] wel By o) 59 FUth




<H A QOFA>

HiA 8FA

@ o A | 2018.04.30.
FATLGFHE 118060-03 ° ] 4 A TFE 1/1
A T 7] 7+ -2020.12.31
o9 A Y T2 E 7] EALY
AFAHE A
AbY A 7} A A F 7N EALY
o) 3} A 4 ENg =)
AT A
A F A z253 & Aol A x7)E A
I A = 169 A H-266,0003 Y
) S FA
oA YR 1649 & ) k] 91 7k66,5004 Y
A7 _
5 DE - 71:332,500% )
AT A A o1 5
= A3 = 1849 A E.745,000%
FHoAdASLd uE: 189 F AF/NEH] | W7H186,2507 ¥
T R 9 7:931,250%1
%} ol
778 2 IR
of] 2~ o] 2ufo] 9
A2&ER MY
Sk Al F AT
* Uy ele ZeMd A3 AFNEAE Ao A yE&or TS
A TN 3o
HbsH B
A
o) A3 5271
] A NEZ
. B _ an | Jleeet azZE —
T& = =3 A ) R B e ure be AR AE
A% AR ALY
10-21520
528 77,
W5 10-21614
54
27187 e Z R A RA 25| S22 AFA AL A H3IY




aof

O 2535 283 44 JFeol= Az 34 &4

- 7HE3E 70% oY g4
- 71E B UM ABE
- 10kDa % b5kDa ©]3s} =
- APa AY 34 g
O dagetel=e] A2

R I L IEE ISR
TG g Bl

mﬂm&'

96
Efol
o 2
3 3

- BEdgel i dagiee]=e AxtdaAZAA el NO s 57t

e e85 AF AT

O Nhgsk 34 3 A A
SoE A Ut A R A

A AE 71T

% A7+ (50%—0.4%)

=] Bl& 87.8%, 61.7%
A Aoz FA 7HAF

ol
T RA LA FFA ARSI COX2,

1% A= A

INOS

i

s

59

3

hal




%4 A3 Weto S ga HHBHE 9
O 283 B8 43 Aetol= Az 34 A2
O &9 5= A%, 3 AT 95 @ 33 Bas

O 4= Agpole] BAF 2de T3 424 43

L Ad=afeel=9 E2AY =4 <&

- Aol 4o wwlA B3 §A(papain, pancreatin, bromelain,
fungal protease)E #g]dle] SDS-PAGE #2413 A3} 4% &4 2% o
s Fasta oy gukgl A AlEo] 5 kDa olstollA HREH o2 F&
Bl EAY EXE Hols Wi, 4 3F Eav 4 kDadlA
Da¢l W2 W9 ExF EXE B9,

- 50% CaClhE AH&3H 7] tin] ol arx| o
% 7latod 4A]7} 2e3 220 kHz, 600 W, 25C) & pH 72 283 &
Hol| waelS AP e uw ¥ 30& v tF-Eo] 5kDa o|stzZ &)=
AL, 24X 7F Foll= 14kDa FZolA 71 w2 337t AEEHAeH, H
@7—‘42_% AZvETR o)A S5kDa oldte] #AFS 7HA= I Eo] =9
A H| 7} 79% 5 &el.

—7]|& WY d¥ 9% 96% ol Ui

SAA BFAARE 25% o1 GEHUL->3Y)

- stmbele] o3 Hal® HEbo]Ti JB6 P+ollA] COX-29] 2E o 3
=< PGE2 A& &3 AFH5 8ol a7 o olet #AHH <l
27} ERKSI A& &<l

- Bzdale o3 FeiE FEtel== A BAE HUVECA A NO
Arbegol 7Hd =A BS5EN e 3 okl a3t e &<l

0.1 M NaOHE 100

2. 259 28 Aadflglel= AL Ve T

- Tz o 7HEEHE sk 100 =R (w/v)el 0.1 M o A ER &
AS 7}3ked 25T, 4A1%F, 600W, pulse on/off 20s/20s ZAolA ZSu=
Bal A Ay 7]E9 A vs) Agd A9 A A o= Ut
&3lAe dAE tastd F o U w59 s ARESIHAR
2 &9 7183 diES dE F AeS IR

e
- A3 feole AxE AT &84 B FAHANA 259E BY A
o We = 942 FAsuz FPor), BE 289 8 7oA
RS %WOI dastial a4 w5 Aol v a9 ¥
oA 10kDa o]’ ai#A £8o] H

A o =edE MY
E Az #81€ Aoz &

- A 24 H A Slo| kA small pilot-scaled] 33 Zgn A=
A ZAS gHRon Axo EAY FoAIAE EHst




o

ol
20
AC)

ol-&stxaL, 0.1 M NaOH &5 7}ste] 1A AF2elA =
(20kHz, =9 800W ©]"HE 23] W& A 70% o] 7183t H&

- FHAE 28T FXE BEI] A BuAY /H8HE FAT
s, 01 M NaOH &1 Ag3te] Jeold 347 Hel F 71838
43.9%% A=A eH, Il aih S%wiw), 24N AHE & &
10kDa % 5kDa o]} HElo]=eo] H|&o] AZntET73 WAH|Z 878
61.7%= HZ=4.

|
N
ol
o,
u?
mgd_l‘
o
o
1o
o=
r
Y
Y
ot
Ll
fo
e
P
dlo
)
e
oo
ofy
o
=
AN
ot

@ =
AAFNES] A Aoz dsf 2021 A3} 3y o).

5. = 31[H54-1,4-2,4-3]
(D Food science and biotechnology / Extraction conditions for Rosa

gallica petal extracts with anti-skin aging activities / 2019.02

@ Ultrasonics Sonochemistry / Silk peptide production from whole
silkworm cocoon using ultrasound and enzymatic treatment and its
suppression of solar ultraviolet-induced skin inflammation / 2020.03

@ Algal research / Production of Undaria pinnatifida sporophyll extract
using pilot-scale ultrasound-assisted extraction: Extract characteristics and
antioxidant and anti-inflammatory activities / 2020.04

6. S3l=d 23[F 6]

O ARGZE AM B0l $5F FolnA fU Hoel Ta BaE 2
o]9] &% [ 10-2019-0064606

@ BB o9y L FY BHo| 5T FolwX fy) BEA T
= % o]9 &% [/ 10-2019-0064628




D ATdFE A FAo] $5@ oA dl dad Ak BelE 9

ol¢] &% / 10-2152077

@ & olgs B FE Yol ¢ FolnA w2 HEEHd a4
el & 9 olo &% / 10-2161454

8. FHALE ANFAANEAA B FHEE AAA 4R FADHF=F1]

-

- AF 7 ASAA 9 A HARE AFHAL MG R
(SS)ol| 2-ol| 2~ H P& 74

o
d
>,
fd
i

>

o
>

1AM AA =74 FAT

- FHEE ANRAMAA@TEG7IeDTD) 0 OO 2o 28 EF
A, (89l 2o 221 E& 74

9. 18w aY}
- 71N AFGA A F 108 18 ZFE(ATNT )
10. 712 A [F=8]

- AEEE - 2y T8 Al Axre WA LN =5

11. 71E7H % 59]

- FAGEA QAN By

- Rejo g £EY Y L MR £E Y 54
- ATHSARNGY £

O Z8AE: MEF AxA A3 Aeel =g &8 222 A%, A4
= 2P AEE AF NT

-HEEE ok AFAbEY dAA A, dunE A4, wolFE Al
o Fokell 28 7he

-Z Ak Hof tiHl

AFMNEE A 5=
48748 O 7

CIHES) |- 34 F AV AeF A, F4 9A Ba8 T AL BF SO
A ke Azetn A4 £ FAALeRN M Aol &

EEERE
A3 Heol= ES - A &2k SAMA 71578 LA
(571 )
G Ao . . L low molecular process functional
silk peptide | ultrasonication . .
(570 °ldl) weight development materials







)

%t

Hr

174 AFNEgA 2] /Ha

xr
M

2

14 A0

274 AFEde] 2o A

34 AT

ﬂl
W

) g 2

3

i+

2% AT

19
19
20

21

21

23

]

%2

24 A

34 F3

24

%_];g

A
44 A7718 &

S R R R e R R R R AR R AL AL AL R LR L L RLR LR

30
30
3D

54 AFNE A

59
70

HoF 7o =

K

72
)

1
O
A
=K
B
-
N

o

vZel

73

i 3

2. A AT AR &

76
77

77
77
77
78

14 A0

pilg

Th

T o] A A7) A A

SEEERTEE






1. A70EaA1e 7l
14, A3 24
1 HEHE
O 71548 A4 Seoles A4 HAsE A 259 &8 54 MY
- B4 5 kDa ol3te] ARA A= Hekol= A4
- HZF 58 0% °)’

e}
- 71€ 374 WHl 9FE 50% oY A4 2 A F8 AT 30% ol =

=

<7|E Yy <HM B ouE>
[ aacuz | [ uacy |
TR | 7183t () |MESEEek]
L topems | | EL | '
| =3t ] | pH H | [ pHz==
I B4 | [ zaga | [ 2z
o= ) o=
I we | I e
I 5% | I =
| ZHE ] | e

< > 29T B§ A3 Wt YA FH ¥ BAE

2. AR
O 259 &8 43 Agel= Az 34 /g
O &Ml d5= J

T A%, BA AR ©E 9 3H a5
E

O A= fepol=e EAF =4



24,

1.

Aol 28 A
AN e

O 771 7le: 259 7les 8T AEA 43 Jeeol= A 54 71

O H47%

Aetol= BAF 24 714 17549 ARA A3 Aetol=F U] AT 7183
9w JheRs) Ea A Jl%

g3 B8 A3 Wetol= A4 V% 283 FF J1ES BEFORHN JFY By
I FAL AM L Bas

2. ATAE vdel Fy - o) A

O 7&d%

- A= Aeel=E Fush, B 37, A4 58 AN, FFn 5 0T L89S 7
1 Aom deiA glod, 43 wude Hx rRAEAN Bad Hz-2
Aekol =7k AASY ol Eab} gl Zlol T AT o5 Wi

ARl @ Ax FHS e G489 HYG0% AHLHE 5) 2L el o
$ 7hes A, A bRRs WA, dgel of% 35 WA, AT 52 ol 8% 94
WA, ol ©A, B9 wA, 5% 8 Ax 94 5o T4,

FaRHe] @ Az FHL /H8E WA, 9 v, pH 24 WA, Zais Wi,
of3 @i, % 2 Az BA 5o TAH

ANae] A4S, BAT Aol oHe B ole 14, 1EEe] 4, @7 5 A
Hol & HAFBAS G o] B9 HYE AT WEo] Frt2 Basttks Bl
0. /12 H2EAY 9N 7183 GANA AFEe Ge HYFBE o F TaH
7 A weA B B4 ARk s MAZL] U wekA T BANA A%
2 UE 5 oW 1AM Wg A7 GRE 0T £ AL B ope, o F @
9 HHe AFHL Bh ALYt FsAARE Ut A FR AL 9F 5 ZAE
N F A

£ Ao Fo] ATIHe FRAFATAL 287 59 AW&L FualL 9o
M, R AF LA A8 A% /7] & AW, FF AL 9E ALBY 3
5o AL FAAYLI

1 A silk peptide fraction restores cognitive function in AF64A-induced Alzheimer disease model rats by increasing expression of choline

2)

acetyltransferase gene. 2017. Toxicology and Applied Pharmacology, 314: 48-54.
Aol Az Y. TF53] 10-0881210

3) High yield ultrasonication extraction method for Undaria pinnatifida sporophyll and its anti-inflammatory properties associated with AP-1

pathway suppression. LWT - Food Science and Technology 64 (2015) 1315-1322.



o

ol uj g

=

[€)

2 g7}

Az T8l

s

DIER L5

=
= &

Fod Abdstell 338+

[

201613 71& o)A

A%z W Fo] Hol 2gt 7]

2= 0
=

71

=

=
=

_o]

o] Azl

s

ekl

=

]

gl
;OL

oo

"

A

&3 7]

=

5,000 ¥
A A

%

2,700 9 TFEAG
#2009

#2009

*20099 =
70091 1N 772

33

*2009

[e13
.

B

Q_}:

e
)

N
Nlo

a
or

7ol Az

wl
=

B
!

A

1=
T

o
oF
KR

1Z_.o

MEEEE B

%

A

g BaE bk Qs

rh
Hip

<

T

=1
=

7}

3|

=

al

TKH

b

T

o

3

Ry

ook
57} A

O 3A71&

H

e A =

]

25 i -A| =
100 v§ -3z-wj]
20 ™ -A| =
300 v -]
20 W -A) =
200 v -]
20 v -A| =
400 ™ -]
30 -A) =
10004 ¢ -z

15%
8%
30%

BEER!
o Al
Sejol 4l

4) Effects of salts on ultrasonic extraction of protein from porcine myocardium. Food and Bioproducts Processing 108 (2018) 12-17.
5) Effects of ultrasonic treatment on collagen extraction from skins of the sea bass Lateolabrax japonicus. Fish Sci. 78 (2012) 485-490




- olele] W& Aot FH
Aol gol BELolT FEE HolL g F, AAHE o=
Fsl LA Qe Tl ws) Wg 4P Avot s

AR BT Holx 9
52 Aacelede o
27

|2 2 Bvshs

=

_>.~L

A=

B7FE AL o] Ui efell Mo AT B BATE Az Ao A

T8 B3B8
7NeiB5 A7, 1B F 95
1;_;]___/\‘ UE,BEU}\ UE’ OU}]:-}-\\_":E‘J
=g z® 9 FIE, 2 giv#P]
EREE R A NESE AN
NEAAL R
GMP LABORATORIES OF AMERICA, UNITED
INDUSTRY GROUP, PHARMAVITE,
9714 NATURALIMMIX HEALTH, SHAANXI JIAHE
PHYTOCHEM, CHINA TUHSU DONGFANG IMP
AND EXP
o 2lvbo] ol mzulo] o, Hojo] X3,
AEAA, DA Aol 23, o) Lo Zol,
FU 714 K T
F2W ~nlo] @ ZFojn|cllof o] %], dFFU| o] X H,
TEgnlo] QH], o azqlnjo] o
O AXAARG
- AadEol= #AH A H d3
2| 2 2} 4HE A A AQAE =AU A U /E9H S
A3 HEo|EE A xsHe= 3
a5l =3 A8 o KR/10-2000-0027054

HH

FALAE ol §3 7154
Aoy, Aekol=
sl Az F

aaEsgel o @ A=

KR/10-2001-0040561

(F)otr A4l

Ao o7 AeEs

KR/10-2003-0023148

Ho
fu)
l-i!

(FFHHFA T4 KR/10-1998-0031947

KR/2003-0009137

(F)mfol =




EER COECEEST

N R _
%JE}OlE«l AE

g KR/1998-0008600

O 71etd 3

- Aagd gavtsRses o8 FdR V8N F &4 B AF A

O 71%a%

- AT AR YB, FF 5 obAoldelA g ATIE BB QYT Qg AT
WEe Fsh mhbA 2 e_!.a Aetol= Fo ojv:ite] thbd A RAel BE @
Tob ooy A 54 /54e Holk Wrol=el A/HAL W =R S0l
WEHD Yt A,

O Ngag

- Global Industry Analysis Inc.(GIA)2] X a1 Ajo] w}=m ofn]- Ao T3l AlA Al 2015

St
W7bA 1169 o 528 Z o2 distdon F=AE, Ad32E, Aol BE AE,
6‘]:‘6‘ /\]zLo] /HZ‘-Q— 7-] oz oq]/\]-Q

$ Millions

Flavorants 8 Anmal feeds O Specialties

U.S. AMINO ACIDS MARKET SIZE, 2008-2016 (5 MILLIONS)

<IED vl= opm At Al W3 50](2008~2016)0)
- ofmiAl A2 2008~2009d AMIAl AAlS] E@o® arF Zasigen, 53] =
AbR, AAE, AR, EEH 22 I ofreat HF ARS AR JAVE 2

6) U.S marker for amino acid to exceed $1.4 billion by 2016, Global Industry Analysts Ins. (GIA)



5% % HFEE AgeIA AL Fa%t

ofAlol BfsE ¥ AA obwiAt AF T 7P 2 AYolth. Ad E d3XtF monosodium
gluatamate (MSG)9] FH 93 ALES ofAol-EjH G ofmi At Aol A Ax}ql.
53 T=9 ottt =8 FTPF AA Al 2 9%

7he &4 71 T 47%] WmE AFES BT s

A AFe] E(Global Market Insights, Inc.)e] dAFZAzto] wad = o

T

- 20179 S EEAA
YRA AP MY A5 AFFEY Hojsh oprlol BBY A wRy U A%

FE 4Ae A 2o AgFThL AT v IS

O AXALAAG

O 7eag
- 20139 99, AAs BN AaeE AAEE AYL AT o F, FHe] opaol
W FEA g o] AH.
- AzERE AAEEY Fa AEe AUYR(-H K 2, olE Fd opo A
At AF VEND T, AT 309 B cos Ame A% A AT, ol E
.

Aol AT TR Mm-S =8 obAlo =7} 14101]/‘14 TS A 1 5

o
O-

9\1

t“‘-’}!i Hi‘!

7 A Adazce ZAAAT = S A%



AT HS

34.

AR E>

A 24 7e AT

1=}
o

A=

RER S

T-7] F(o]] 2~ 0l 2~n}o] 2 3

F8d

A3 JEeelz AL TE A

s

9]

ol
=

O /e &

)

(5 kDa ©|

2l
o}

71 (o) 220] 22 w}o]
AeA 4= el

B/
!

b Az

S

s

)

Je] &g o Apo] &

Aego] WE A

=]
Rl

[

A2

g9 2

CERLE

15 G A shgsh Y AN

Ho

Ho

ENNC)
op &I
N

N
e
N

K

S A

A

71E WY el dF = 50% ©

QAdE>

T A% 24 e Mg
= Feol= Aat Zle A

EERE R

)

=

T7] 3 (0] 220f| 21fo] 23

F 8

o

,mﬂ
TR

K

T7]1 (0] 2ol 22nto] &) ¢

B
)

(F4, o3}, 2Ha=vtea)y )

E0

Wetol

s



- BT legh) : A3 Wetol=F BT AAF AL
- FATNBEIAEATY

7] 3 (of] 2200 221}o]

A A Feol=8 &Y ANAF 2F ]

A scale up (I
A4 Hetol=d FHF &

) 2 28 Aa JEels it Ve i

)

—

iR

=

e
M

o|N 1:1:]/

ol



=,
10

XA A

o

3}
.

Ho

ol A

_?.

B/

b

<

[e;

]

=

st 7]

AEATANA AF

Ae 7R

£9 7154 E ¥

b o)

d

Aetol=g A=

=9 A

Aefo]

e

T
T

=]
a

919

on

e
. @.

o

0

71 9 pilot scale AX& &&3+ A3 3Elo]

g3

i

Ho
.

>
i
el
&+
<M

D

-

o

T P

oo TE

ol
o

el

Ho

Az 7les NEe

|y

EEER

)

- pilot 7FEoIA HA FA layout L A

< AYZAEe 7A o

Jo

—_—

i

O

Ho

A

Tl A

B/
L

<

=

;OL

TR

B

i
ot

il
o
el

o

etk

3

3

sy, o

o
=

b Al A%

S|



- 287 B8 AIAEIE AxVEe B 24 W AE4ES) BY 2 Hge Tae
2o TP E & 2 FE AFS ANE F o APH S ST
2~ olo
T OARw= -

oy Ny

e
X s

| A= A AHESta = Akl e thAlske ANd 7?%7] =z A

b A1l A g Elo] = *3401 M5 Aoz B

=
ofo
i)
iy
o
o
>
N
o
e
A
i
2
i
N
E
0::
)
o
Y
Sl

6}
ﬁ. MalAg o w;‘p
S — 03‘ —
ob’

-Mj-.‘:nr

(A I ¥ =201 ALS)

L

[y S

HTL
B ELO| /0| e AL a0 e &t

<I¥> A=otrinit =43}

<aE> 715434

£
[N
>
i
of

Ee A FoKAS 9 254kl
= 28 AAF AL THsA AHE

Al 3

F AE A=A AD



- # ATolA Aageels AxEY FY F ol A, 84, WU, AAR

L

< AFS g A% A Y

- JsEl EES

U=

HaNUP b o AIZ|E UP
- 3K, 2%, &, 22, a0 SSBIOPHARMO| |

U EY SO2 A HE 23

~ Q1 7 0f
4z
=J|

+8d UP

<> o 2o ~ulo] o A E )&

3. At 3t g H=
- Channels : 3}l - of=, P TRInIE
L2kel - F=Hel #A| 4 E, Drugstore, Sephora, Avon, Alibaba, Amazon
- Revenue Streams : ==, | EY, T ojAo} 5 =] HelS EF S AQ F£YFx A= B
AL AH AR 2 FES 53 224 Biz 2Y 39, 5 9AQ 1At 9
3}, A @] win-wind ko) 93 2H HYo 7 2
AP Y4k B3 FEO1FET ofyet A Y w7k AALH 1)

- Cost Structure : &4 2 ]% Az T4 NAE T 95744 22& FAZ QA% I3

4. NAERJS S1F SAA A ddEk

- AREAL  BZAR R MUz, §E AFE, BAN, 52 43 5o PAY A
& A g

%
YRAE FUT AF/NGOR 20lae] 292 $E T 8 A 2



HA.

- 2 ARl A ARt %’—@01] g A H Al A veAR, FH 2 Y FH

9

SIS U AWIE 2 [ . MEHAES BN TS . EPIAR S 0k B4
. e eI BRI 2 GBS St T . AIE HERIE T - AROIE WS 3
C IS I AEE TR 4R TR . sgyEcaspavinEe | - %o 30| epiamEop 2
. ERE el o TE HE EOM P F 7 . BleRiE BY 1A
. P . HEIHOY AR A T NG T

M Ao o2 &8 758

é".:
—‘o
N
o,
filo
=)
)
o

o

<> NEIAS A% ARIEE F31E

- ABUYAZ]

A Fe] A B vlolo] AFE AA Wr 4
3 @A Wl AN WL B L.omafel wild) FA Zawa

AN 45 /\WO‘ IAPAE, 22pdE =234 Al 748 2 A A

- A3 A

ZaAA WAT AR Agent® B Tikd AW AREA

AE 39, §% A% A805) 2L 9 29

718 wARE AE, UAQL, B oF oA 5
[e] 3z
= =3

ANE, = AHI], 75 2EL S



AA

X

e

Gyl

=]

O
vl

4 -7

24,

o - 2
N o0
| o ™
B =3 _&o
T mw o
R | WL
_.#O ZT ‘@
0
2
=0
1]
o
my
ﬂ.u
Moo
— | =
D —
™ K A
m | W N
= | %
L
B! w
=y
ojn
N
‘mO
=
,_llyl

e

pt
gl
H

11

A

T

i

oH

I

FA714Y

T&71Y

71

O

U S

: 2.
o | o X | mwm - mO
= ~ © ~ S
g | 0 Gl Ho N
M R || = T o
| PR B e 8
SR % ~ = Yl
I o z],# o o
7 < | Ay

) i op =

op i

N ]

<

) v
.o )
T oW || R & MR A
NS o g e A
— T OT —_— T
) 1 N = X
| M O | o " <
= | < o | dr e

7 i

b e

. :




A5

DL
CEERIEE | an
a9 Agn |
| AT (&
s @ |
) -
ALy 9 5 000 (ol =0l 2=
CEEN T I nre o)
A2 &4 20,000 (Fr=2) &
ikl ' AT
AT
Fa & 2o (ol 220
_ 70,000 -
og BAY Hho] . 3)
=3
2 O] &
ES = 71§ G
A8 788t 70,000 o1 7 91)
34 A o
Al g ol
Ej ‘J]E} Jf 60,000 | & IF
71%73 :
A7
7} T4
=
EEnE]
et (of 2ol 2
FElol = B3 40,000 Hho] . 5H)
e A -t
Gh
e A 80,000 ;; OJ)W
S @RHE
S A% 34 60.000 | o
g2 8 AA 60.000 (o] 20l 2
7l M ’ Hho] &)
259 24 (322 =
‘J]' ‘o el 60,000 ;[IL h=3
EEE] A7)
=
A scale up i
} oA 32
2 A 27 100,000 (t‘;i:f
il el
%3
@=AE
CEL DL so000 | 2T
gyt T (el 220 22
Hko] 2.7)
- (o] 2~ of) 2~
AAE AN 70,000 H}L]O]ﬂ)
Hetel = 3 (=2 E
AAE 7154 80000 | o)
pi il




44, A7 ¥
L A7l gejdrd dg

IR DAL
o)}
seplme Az e Cloe | STAE  gas | sspage
o} o B n
(%)B] S
AN
prpe 3t9] A e ijﬁl A Helg | AT
te e —]LI_L 1_]_- T = OO
(5__ o) 7]7 (%) [A] [A+B,/]
o ol o] & TN A E -
Z=3 2t EIA Spar 7|E 65
(3sFz)) | 20.01.01.~20.
°10% 30 95
o7 12.31
o] 2=of| 7=nFo] & -
51 R 7)1& 24
- SHAHA G )
20.01.01.~20.
A0S 32 56
. 12.31
o] 2~ o) 2~n}o] & P | ;
- 7 %
= SFAEBAY | ZAn=
3 20.01.01.~20.
12.31
of| 220 2~Hlo] & PR ~
s} =y = 71& 10
H 6‘_]'./\} ™ éﬁ-’g
(343
20.01.01.~20.
O 22 32
5 12.31
ol 2o 2=mte] 2 A e .
ul SHAHE A A} A4k
HE90,01.01.~20
5 02.29
of| 2~of] ~n}lo] 2
| ]jl ¥l A A F A5t 0
i SpAAE
T 90,01.01.~20
_'_’1(_)-_ . . . . 100 100
o 08.20




o] 7o) 2=H}o] &
| ]\— el NAE AL Az 43
o st}
CE= e
20.01.01.~20.
HOA 1231 20 63
o] 2=0f] 2~H}o] &
=2l AAFE A AR 0
i 3t
Al oks
(L) 50,01.01.~20.

VAIQ@K:! 11.20 100 100

o 2=of| 2=ufo] & ~
jd' i]_/\}(é_l%ﬂ,\gug }\]xﬂf 7H% /1\_]_% 0
5P 20.08.24.~20.

SOA &% oo 100 100

e |CRATETU | S [T 60

FOR (Azzsh) | ﬁ Si ' 12.2 72.2
BRAFATA |, |78 AT A 100

O (A=) 20.01150;.{20. . -
dFAFAFA |, | FEAR | A 90

O3 (213 2= apap)| 20.01.01.-20. " 00

1231
FRAFATA |, | FEAR | A 50
0= (NEzah 20.011éo;.1~2o. . o
- 24
JEPNE AR ° =
R 2 AT P 7 20
1 323} .01.01.~20.

A0% AFH |20 01120;1 20 50.7 70.7
IR 54 _
RAFATY e & 20

A0% (A 28k |20.01.01.~20. 20 40

12.31
=
aaaEaTd|  aq | o8 1= 20
(BEPI2E 190 08.01.~20.
o] Oo} s} 1931 214 414




2. 718011 ARHZ

an ol 20 Z2Hfo] @ FHF)
O |AdAEEHE 314-86-58007
@ |[EdsEHs 160111-0367262
© |HEA AHEHAY BO8(HgD=/%4)
® | AdFH=H) AO 8|3
71901 £3
©® [(F7Y, 47149 W19 47149
@®sh =29, =88, Ve &
® |[dd ddd 2014.03.08
© |FANEE SEHA, ARk Bl A7ISAFE
3. A77NEm
7h AEE AN FEE
(T - A
13 9% | 23 9= | 3% A% | 4% 9= |53 9= |
o A% i i i ' i @
2018 2019 2020 YYYY | YYYY
uA &
RS ——
o EE 81,008 104,792 127,800 313,600
o | Ml AF I —
o dE 48,150 59,625 59,850 167,625
- . uA &
T =)
QAN |\ AT
\_%
=) s 1z 481,225
A AzH] 27 129,158/ 164,417 187,650 481,225
Al A 0
AT Al -
i 0
A7) 36,141 16,501 17,300 69,942
A7A 5] 49,271 86,807 72,106 208,184
AT 22,657 28,752 28,386 79,795
A AT 0
AW 2A 237,227 296,477 305,442 839,146
ikl 30,273 36,773 27,058 94,104
A7 EE FY 267,500 331,250 332,500 931,250
o AT71EE A SEE (] 2o 2nke] L 2H(F)
(ko] : D)
= A= A 9= 23 d= 3% A= 4% d= 53 A=
2018 | 2019 | 2020 | YYYY | YYYY




2 = PIAE
o o7 ¥ A 'ﬁ?in 15,328 22,992 48,000 86,320
o bt = = 48,150 59,625 59,850 167,625
(e} - e A
1uwl? o ﬂin
RSN T
AT A DA m
2] ERREL]
| 14N &A 63,478 82,617 107,850 253,945
H) ) gt
AFALgu N 2 BT
=
ATFE 5] 23,641 7,001 7,800 38,442
AT 5.1 39,460 67,240 43,324 150,024
A5 9,521 12,392 12,426
91 ekl o) k]
A HH] AA 136,100/ 169,250 171,400 476,750
PSRl 3,000 3,000 3,000 9,000
A7) FY 139,100/ 172,250 174,400 485,750
o} A7) B AFANEE ELE @GFAEATY
D))
] n| %] 5
=} =) =
= T 2 = 50,510 63,800 79,789 194,099
ol | eldn L .
o] 74 H| A . o
S ge R
R L
i=] U=
A A 12 Q17 H)
A s}l 7]
A QAN AA 50,510 63,800 79,789 194,099
M EIELE
AFA AR | 2 B
&=
A T&-5H] 5,700 5,740 943 12,383
A 2H] 34,815 44,927 57,852 137,594
AT 10,102 12,760 15,958 38,820
9 eked 7] ahu]
A A 101,127 127,227 154,542 382,896
2HEH| 27,273 33,773 24,058 85,104
AF7)dn] F=H 128,400, 161,000 178,600 468,000
2t IHEE AN T For|dE B F9GEA7IHel e AT 71AD




U
rio

5 7199 714 738 —— ‘?lZlal";ﬁ"lﬂ A
e | ;iif;ﬁ% - | F2N9 5,350 48,150 53,500
2 | ijifﬁi% Gy | F2AR 6,625 59,625 66,250
s | ijiﬂu}zﬁ%@ 2719 6,650 59,850 66,500

A 18,625 167,625 186,250




A, A7 A3 2 Ay
1L ATALAE G Al ZA)
7} 2o =2 AR

=om 2= =) A = m Il SCI Qo [ =213
No i v} Sl 2 panes ZL = N (SCI/®ISCD) AL i RN
Extraction conditions for Rosa | Food science Fun Ju
1 gallica petal extracts with and . 28(5) Korea | Springer SCIE 2019.02
S . A . Shin
anti-skin aging activities biotechnology
Silk peptide production from
whole silkworm cocoon using 61
ultrasound and enzymatic Ultrasonics | Su Jin | (2020)
2 treatment and its suppression |Sonochemistry| Eom [ 104803 England |ELSEVIER SCIE 2020.3
of solar ultraviolet-induced skin
inflammation
Production of Undaria
pinnatifida sporophyll extract
using pilot-scale . 51
3 | ultrasound-assisted extraction: |Algal research Sgof;ln (2020) Neﬂézﬂa“ ELSEVIER SCIE 2020.4
Extract characteristics and 102039
antioxidant and
anti-inflammatory activities
U U 2 FAS e o) UE
No 3]o| A L TR AA B =
o AR AL SRS =
No AH A (B EA-D)/EHEH TE/EHE STE/ZE7H A=

2k AHAAAES, AL, o, TAL, FE, FA, AFES, Z2I)

. =9 = =
A 5 37 &4 5 2 )
7
No 1w 2z A1) F? zaq | zad | zeus | ss9 | 529 | ssws | OF
EECESS R
g polwA fA | EERES 10-2019-006
1 Hel Ha HaE T g o729 2019.05.31 4606 100
ool %
T olUs 2 39 &
Hol et ol A | dE 10-2019-006
2 So) mamael & gl o729 2019.05.31 4698 100
BHE 3 o9 $E
EECES REEZE
Soa rolmA fo) | dRAE d F
1) —
3 sotel Ea HaE © ogel= ] 29 2020.08.31| 10-2152077 100
oo %
AT ook 9 g &
Ho| Sg wolmA | HERE HEREL]
4 S Beuagel Fa o gel = S 9] 2020.10.06| 10-2161454 100
BAE 9 o9 $E




vh ARAGTZE S, AH 5)
No AZA A2 A 224 s=d SENE ) 2+ A AR
uh A AT oY A
d &
No w5 s EEL P FEL
a=
B[4 [t [ e | 9 [ o | 5=a ] 534 | 999 | =99 | A9
AL A7 E IE S
No Z2 Y =23 & ! RN Eke B % ST = mool
of. ZleA = (1) =
5 71 €A A 71 EAAl &g =
Zold 73 22 A A ok
No 7]3017\(_ T 7]€ ]7:“*}:0 EH@W]T& %}/}E%}X} (%I—EHOSL:_ \‘j__}/pgoﬂ) @—’Ffﬁ_i%
RS ERETARAES
i7 i}
No | pon mm | AR et £ @ w243 44
D W5A=
2 Agd=E
3) FRUE
4) FAA
5) 71e
b AP A
AL 3} AL 3t ] =Y o) = 7%
o 5103 .
No A .- A | ARlEE W& QAB y T2 S vy
A o9 9
o BAo) $
Fol A fre B
71 &R FAL2 (SOl 2o 2| 2H Rl T B | o209 2021.01.01
1 Z1edA | AFAEE 7 | =y | EREFA |HE R o9 85| Zuto] | - - - ~2028.12.
EAA-ES ANAZE |2 TS 53 U % 31
23} #HEste @
S A a4
AE FFH AL
IrdEs AL 2
gol 43 ol
IA fr skl
MR (SS)el) 2ol 22| B A BEE D o] | o 20 2021.01.01
2 714 A A A 37 = HP&EFA | o S22 553 | 2} - - - ~2028.12.
EQA-SE3 AAE | ESUE BEs| o 31
o WA B
A% AR5 E
Rt
st A A3 sk
7 & B A 2 AYAF2R | o 29 2021.01.01
3 Z1edA | ARAEE 7] | =Y AaAdz | FHE AaPElo]= | 2uto] - - - .~2028.12.
EAA-EES g sk dv | 2% 31
2 F
(-, @)




No | a9 z78 74 w23 77 | ®23 @ Bevs AHepa =7}

= 7€ 2ok & Zegd= TEHE

An By FE L1242 S=Hs
3t 71k
No A =k T4 7] THY &
22638 FAHAGE71GA
1 2019.10.24 FAGE71990Y T3 ZAGE=A A A AAUY FAHEEE

] 9 W SEo) g 4
‘:'Odou-g_‘ol— _ﬂH_H/*Z €} J_OJE._/\]— ol B 1—7_
2 2019.12.05 | F-ojo]dE F+m RS20k LB AL RA LA LS, %
)
=54 derd o
o WA - A A |00 e
3 2020.12.04 el R el A - A3 Oﬂﬂ 51 ]/‘1 3

2. 7l M AR A3
7t AaElol =9 7483 Jls N
D dstzds & o5 A=z dwde 7183}

AHEgr A3 @i 93220 90get 50% CaCly &< 1LE 49 100C oA 12A1%F 715k
7HEsgE RS E2ToE St OYd &%, A 9 84 75 ZHAoA HEsE YA
o =3, dE AZFe JME Ay o]F 25TelA 6A1ZF Bt 600W, 20 kHz, pulse on/off
20s/20s AN 223 A g 3FATHVC-750; Sonics & Materials, Inc., USA). 7}&3} A=+& 4
FTHe] dd FEE SAsY Hristglon A3 21 9 Ade ofy Foll AAEAT

% 1. Az gBug99 7183t =4

EE 20 2E ATZF XSUf A2] O]% CHEE =5 (%)
1 50% CaCl, 100°C 12 X 20.3

2 50% CaCl, 90°C 8 X 104

3 50% CaCl, 150°C 8 X 12.7

4 50% CaCl, 150°C 8 O 12.7

5 = 150°C 8 X 0.2

9 = 150°C 8 O 0.3

2 20% ©]3t=

o
2 el=g
=3 150C OHH 8 xma

Wol gwe} 7}e Azke] FaY Ao




o] M3tE SAHsAT. EE 8] T4 Al
Ao, 48 ANAd s BE T&

SaEN e FE&2 69.1-81.8%=

.
- 1

84 -- 075
2 -+ 0.5
£
U 64
B
E'ﬁ-

4 T r -

0 20 40 60

time
<AE> FAFJUEF Ay 5 2@ AZHE Agdwge] Wl

783} AZE o] AguuiAS SPS-PAGEZ EA3I¥Y 7183 A A3 gz oe 8 M urea,
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No. kDa Yield (%)

1 under 2 0.39

2 2~5 0.72

3 5~10 1.61

4 10~30 1.08

5 upper 30 50.59
Total 54.40
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Standard

1: Thyroglobulin, bovine, 669,000 MW

2: B-Amylase, sweet potato, 200,000 MW

3: Alcohol Dehydrogenase, yeast, 150,000 MW

4: Carbonic Anhydrase, bovine erythrocytes, 29,000 MW
5: Cytochrome ¢, Horse heart, 12,400 MW

6: Aprotinin, Bovine lung, 6,500 MW
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Silk peptide production from whole silkworm cocoon using ultrasound and | W)
enzymatic treatment and its suppression of solar ultraviolet-induced skin =~ 5=
inflammation

Su Jin Eom®, Mam Hyouck Lee", Min-Cheol Kang', Young Ho Kim", Tae-Gyu Lim™,

Kyung-Mo Snng;"

ARTICLE INF O

ABETRACT

Erymumic Silk fhroin, which & devived fom sercsn through degomening, 45 snalnly weed & a bimearerial. However, ineres in
Silk prpi famerinned verifoanon and indisddal spplicatons of sericin his been growing dor seovend yesrs. W msed ulire-
Lianeumt amnlestion i sirphly e extimerion plocss of dae sk poptide aider low sl cosdinion & 20°C, Inseod of usdg the
i contventionl eomdliieas ol Bugh salt @l benp The pbeas ol the allk pepride was measired b de.
r‘*’u wregh rmine the ofmimized comaetion time snd solvenr, which were 45 and 01 N NeOH, rspertively. The molerolar

weight of the ersyme-rested sl poptide was messisred using SDE-PAGE and GPC. Sl pepdide treimed with papain

atie wlesisaine 3o  moecbis WelgS of Tt S0, @ e pupai ek

indbiced COX-3

peplide reduced solar -
of ERE phosplorytution. This 5 the Firng study brvescymiing

Charuugh Inlulbin

sl tnei eiesclios of Mol o seveln, whdeh o be used lof mos peodmties of fesd mateial,

1. Imtroduciion

A5 @ natural biomaterial, silk hes beneficdal hincompatihidicy, des
gradability, easy processing, mechanical, =nd strucrural propertiss (1],
and 1 frequenidy wilized in fbroos scaffolds, flms, spooges, micooe
fibers, marmfibers, and drug delivery through chemical and physical
processing metbods [ L3, Silk is widely ased rot only in the phamma-
ceurical, biomedical, aod cosmetic indestries but alsy im the focd ine
dustry [4]. in recent decades, studies of regeneraced sl wiih sk fs
braincoating have besn conducted W solve problems with  foesd
expimntion and pockaging (%] and o develop sifk & & functional or
dirtary food with ancicaidant properties (6],

Silk proten from. Beenbyr morr is mamby compesed of sifk Gbrom
[appronimately T0=8iM4) and milk sedcin (approximstely  Sl=30%)
coatings, bath of which are biological potymers. Unedl cecentfy, for ine
thmtrizl applicadion, sifk fibrom is mainly med, wheress sericin ks
usunfly discarded as 2 by-prodoc of =ik fabric manafacruring.
Moreover, regenerated silk fAbmin has been commercialized as-a cline
ical product and approved in many couniries [7). Mevertheless, refinble
evidence soggests that sericin is & boactive compound thad improves
biopod presmee, gastrointestinal fooction, and woond bealing (8]
Therefore, in this study, we manafacouned silk peptide usng sericin and

ionpess oo ] 0L TOFD )l b 1, R D, B B0

fibnin from silk cocoon i decrease wasie m the manufacierng proces
and increase silk peptide yi=id ond functonality.

Various extraction systems 1o obiain sk peptide bave been devels
oped. Silk degumming is the s=ricin removal process from fbroin weng
the difference i their melting properies in hoe water [B]. Fbrodn re-
peneration allows prodoction of high-purity silk protein [5) with proper
marphologees, but the we of sits and arganic sohvenes (CaCl, MNaCl
a0y, LiBr, LisCH, and ethanol, alone or m combination) is essentinl
o prodoce silk protein. In addition, enrymes soch as chymobrypsing
proteases X1V, and papain degrade the amombous portion of silk {1 0] @
produce silk peptide with low modésrnlor weight. Protemn decomposition
by enrymes pleys on impartamt role in the prodoctsan of hicactve
pepiide. Abbough these eozymes ave defferent numbers of cleavage
sites on slk fibroin (chvmatrypsin, 515 protease XIV, 389, papain, 41),
there are mo significant differences m deavage acovity amd yield
quantity [ 7] berween these enrymes.

An ulirasoundsassisied sysem s commonly used o obisin bioaome
componnds [Tom natural prodocts in the food indusiry |10 The o=
t=tton actton of the olmsowsd trestment contimously decesses and
increzces the size of bubbles of metuml products ine bguid stade, res
leasing energy through the burst of air bobbles; thus, binactive come
peuels are extracted by this destruciive process, which depends on the

Foecelved 5 July 2015 Recelved in revised form 1 Septesber 2009 Accepied 19 Seplember 2019

Avallable online 21 Sepuesmiber S0LU%
1350-4177/ 6 2019 Elsevier 8.V, All fights reserved,
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Tahble 1

Tield (%) of silk cocoan protein o different conceniraiions of sodivm hydrosdide and reaciion time.
Extrastion e [h) Viehd [k

OION NalH 125N NwDH 050N NaDH 10N MalH

3 1283 = L56° 40,59 = 193 23 = 105 57.30 + 154
[ .10 + 116" 45.29 = ot 4676 = 1.25% 7481 = a4i*
@ 3081 = 0497 4963 = 226 5458 = 171" 023 + 103
12 4514 = DEe* 5307 = 116" 6158 = 1.2 H1.48 + 206
5 4503 + 145° Elg4 = 1359 BLTH + 047 BLOD + QA2
& 4594 + 2.83% 54.35 = o0& &l.14 = 052! BO7T + 109
24 &7.00 = 1.88% 53.09 = 2314 G199 + 087 79.54 = 182

The values are presented as mean = 50 {n = 3). Different betrers in the same row indicate sigoificant differences, as determined by Tukey’s multiphe comparison

tesis (p < O8]

{a)

e

Soluble proteln contents (mg/mL})

.5 1% X% 38 4% 55 58 T4

Reactbn tme (h)
(h) 35 ¢
_j' -
=]
= 13 it
i, 8
% B .l'ﬁr ."f .
w1E !
: A .
e
Pl ]
o TR
| 20 (111 2410 B

Reaction tae |l

Fig. 1. Spiuble procein contents {a) and kinetic coosan: (b)) of silk coooon
treated with ulrasound at ¥S0W. & O.IN NalDH O 0UIN haCH +
Ulirasnand, @) 025K NaOH, [ 0258 NaOH = Ulirasoand. Cs; final cons

ine of soluble: protein, € i of shlahle protein at H
tme, k; mas transfer coefficient.

operating conditions [12]. This process is capable of emulsification or
homogenization, extraction, and altering wiscosity and texture. AU
present, ultrassund extraction technigues intensify the sspecis of sl
wenl reduction, extraction time, and energy [13]. Despite these wd-
wancements, mass production of silk with ultrasound-sssisted extraction
Eaces difficulties in dissolution and desalting, requiring high solvent
concentration and feility cose |[14].

Balar uhraviolet (sUV) irradistion is essential 1o human metabolic
resction, but also exerts sdverse effect on the thin. Excessive exposure of
the skin to sUV indwoes DNA damage and decreases the skin barrier
function, csusing photoaging, chronic inflammatory skin diseace, and
skin carcinogenesis [ 15,16). Soudis  nvestigating  bioactive  food

ks ™ 1 3 3 4 5 & T £ £

Fig. 2 S0S-FAGE results of silk peptde treated with vanous enxymes. 1, so=
luble slk protem extracted by olirasooicadon; 2, 0.5% papadn; 3, 05%% bros

melam; 4, (.5% pancreating &, 0.5% fungal protesse; &, 1 + 2 7, L+ 3; B,
1+4;9, 18

products o prevent these diseases have been conducted. Blackberry has
been reported to protect the skin from UVE theugh B-oxed G, CPD. PCNAL
amd eyelin D1 inhibition [17). Soybean abso inhibits UVB-induced skin
inflammation by controlling [L-6 and MAPK signaling (158]. Cyeloox-
Vgenaee (00X) is an enzyme imvalved in inflammation regulation that
converts arachidonic acid 1w prostaglanding 1vis well-known that ©0X-2
expresgiom can be induced by various inflammatosy stimuli, such as
tumas promoters, growth fctors, and cytolines | 29,20]. In additdon, silk
fibroin and sericin bave besn known 1o suppress the exprestion of te
COX-2 and iNOS genes and productbon of nitre oxide [21.22].
Considering these findings, the aim of this study were as follews: (i) 1o
select a proper method to process dlk peptide from B maor silk cocoan
(sericin and filroin) using an Wrasound syseny and food-grade eney-
msalic treatenent; (i) to produce low-molecularweight silk peptide by
oplintzing the procedng parimelers: salf concenlealion, exiraction lme,
enzyome bype, and order of witrsomd and ensymatie rresiment; and (idi)
o evaluate the inhibitory effect of slk peptide on skin inflammation.

2, Materials and methods
2.1, Mimerials

Bambyx morl cocoon was obtained from 55Bio Pharm Coo lad.
(Cheonan, Koreal, Pancreatin from porcine pancress. (8000 Ufg), pro-
teage from Aspergillus aryzae (EC 3.4.11.1, 500 U/gh, papain lrom pa-
paya latex (EC 3.4.22.2, 1500-10,000 U/g), lromelain (rom pineapple
stemn (EC 3.4 2232, 8100 Uy/g), and gel filtration markers kit for protein
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Motecular weight disribution (%) of silk pepixde treated winh food additive enzymes.

Esryes Molesular weggia (kDal ol (%]}
m o< 10 M=mn=< IS5 L= < S5 50 = m

Fapaln 578 421 it i 100

Bioeelain 533 467 oo 0.0 100

Funerearin 124 411 2.3 238 100

Fumygu] protease 60 BI5 a6 o 100

Motecular weight distrtbution was calcniated by measurmg the mtersity of protem bands using the Image! program.

modecular weights (MWGF200) were purchased from Sigema Aldrich (St
Lasiris, USA). Protéin molecular weight marker (MBS355493) for sodium
dodecyl sulfste polyacrylamide gel electrophoresis (SD5PAGE) was
purchased from MyBioSource (San Diego, UsAL Cell media and buffer
Wene purdlml fromn ProanoCell [Promo Cell, I'Ielllgu.lerg. Germany'].

22 Production of sk peptide using ultrosound and emzyme

Silk cocoon was clestied from impurities, dried ovemnight, and dis-
solved in 010, 0.25, 0.50, and 10N NaDH for 1day. To optimize the
extraction conditions, sill protein content was measured asing e DC™
Protein kit (Bio-Rd. Hercules, USA) with bovine serem albumin as a
sgancard [23]. Ulrasound conditions were adjusted & follows: power,
TE50W; amplinde, 30%:; pulss, 20420 (VOX 750; Sonics & Materials,
Newtown, USA), whereds the reaction temperature was w1 1o 25 °C (ADE
enginesring, USA)L Silk protein treated with ultrasomd was titrated with
6N HCl to a final pH of 7.0, and then treated with 0.5% (w/v) enzyme
[pancreatin, profetis from A oryzoe, papain, or bromelain), Encymatic
resctiong were carried out al 25 °C for 48 h, afier which the eneyme was
inactivated by heating at 100°C for 10 min, The vield of silk protein (1)
was caleulated using the following equation:

silichie prodein monient (g) 100
weight of sanple (1) 1y

Vil of silk prodein (%) =[

2.3, Kinetic siudy of sk peptice production

The kinetic constants (2 were caloubated udng the fivss onder peaction
froem the quasi-stendy extraction model [ 24 25] with the following equeation:

|

=k+a 2
where Cx i the final conoentration of soluble protein. Cr is the concentration
af wliuble pratein al resction lime, ki the mate constang of sofuble protein
extraction, and a s the semi empirical intercept. The o rander coelfi-
et (k) was determimed by the diope of the linear regression from a plot of
In CeACs — Ch veras me for the nitial sraction tme.

n
Cs—0Cr

24, SDS-PAGE

EI-PAGE wis performed by Lsemmlis method [26] using an AE-
6500 Dueal Mini Slab [Atte Co., Takyoe, Japan) at 80-120 V. Samples
were mixed with protein loading dye and then heated a1 95°C for
10 min. After gel elecirophoredis, peptide were stained with Coomassie
brilliang blue B-250 and de-stained with 9.2% acetic acid and 50%
methanal. The range of molecular weight calibration was 10-250 kDa,
Maolecular weight distribution (%) according to enzymes was caleulated
uging the Imagel software [27].

2.5, Gel permeation chromatography (GPC)

Ther muosdecislar weight of sk peptide wos deternyined by GPC wsing an
Ultimate 3000 sysiem (Thermo Figher, Somerset, USA) equipped with a UV
detectar. The GPC column was Protein KW-802.5 (LD, 8 mm » 300 mm,

A prm; Shodex, Tokyo, Japan) (28], Samples were fillered on 045-um
palyvinylidene Miride (PVDF) syringe flter (Whatren Ine., Clifton, USAL
imjected 1o the mobile phase (50 mM sdiom phosphate bulfer containing
0AM MaClh-ar 1 min/ml. and then deteced at 20nm feAmylase
(200 kDa), aleohel debydrogenase (150 kD), albussin (66 kDa), carbonse
anhydrase (29 kDa), cyiochmome ¢ (124 kD), aprotinin (5.5 kDa), and
sonsatostatin (1.63 ki) were used o standands,

26, Cell cultiers

6 P+ cells were kindly provided by Dr. Zigang Dong's laboratory
in Hormel Institute. The cells were cultured at 37 °C and homidified
atmosplere of 5% 00y in Dulbecen's modified Eagles medivm (DMEM)
supplemented with 10% Fetal Bovine Serum (FBES) and 0.1% peni-
cillin=strepiomycin-neomycin [FSN).

2.7, Western blotring

JBE P+ cells wene trested with samples ag the indicated concentration
for 1h, and then ircadlisted with sUV. Cellula progeins were harvessed with
1= lysis bulfer (Cell Signaling Biotechnology, Beverly, MA), and the weal
protein concentration wit measured using & dye-birding protein msey ki
(Bis-fad Labomtories). The proteins were sepassted with palyacrdlamide
gels (Bio-Rad Laboratories) and then tarsferred w nmobilon Poosem-
incubating the membrames in 5% Et-free milk for 1h MNext, the pooteins
were hybridized with HEPconjugated antibodies and visualized ising a
chemiluminescence detection kil (GE Healthcare, Pitsbuirgh, USA)

2.8 Proshrglendin oy

86 P+ cells were seeded until reaching conffuence in 100 Perri
dizhes using DMEM containing 10% feral bovine serem (FBSyand 1 =
penicillin=streptomycin-neamycin (PSN) JBG P+ cells were starved in
senm-lree DMEM overnight. Nest, the colls were pre-treated with each
sample for 1h before fradiatien with sUV (at the imlicated con-
centration). After Shoof brsdiation, the mediom was collecied and
evaluated for prostaglandin E2 [PGE,) wing a PGE, ELISA kit [Cayman
Chersicals, Ann Arbor, USA)

2.9 Statistical amafyses

Resulis are expressed as the mesn and standard deviation (SDL
Statistical analyses were performed using SP5S software version 20 (IBM
Corporation, Armonk, USAL One-way analysis of varancs (ANOVA])
fallowed by Tukey's multiple comparison test wias used for comparisons
between groups, and significant difference was s=l &l p < 005
3. Resulis and discusslon
3L Effect of sodium hydroxide treatment on sk cocoon

Salis af high concentration (8 M wrea, 9 M lithivm bromide, or 50%
caleium chloride) are generally uwsed 1o increase solubilizagion of silk
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d (7540 W, B amplitnde, 205/

i weith wlir

His palses for 4 b at 25°C). (b) Silk treated with alrrsound and papain. (o) Silk treared with oltrasound and bromelain. {d) Silk trested with uliresound and

pancrextin. (e] Silk treated wich ulirasound fungal protease from Aspergiffies oryzae.

{a) Sikk

after ol

i

Fig. 3. Molecular weight of silk peptide treaced with fond additive
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Fig. 4. GPC chromatogram of silk peptides treated with pliraspand afier enzy
Ulrraspand-created sifk in (.1 ¥ MNaDH after papain treatment.

cocoon; however, from an economic standpoint, this practice s no
suftable for mas production of ik [29). Thus, we tried sodium hy-
droxide [Ma0H), a common alkaline and newtralizing agent in food
manufacturing, al concentrations of 0,10, 0.25, 0.50, and 1.0N to dis-
solve 1% slk coooan at 25 *C. Table 1 shows changes in extraction vield
of silk protein from silk cocoon sccording te time and NaOH con-
centration, The higher the NaOH eancentratiom, the higher the extrae-
tion yield of silk coroon protein. Sericin is a hydrophilic glyeoprotein,
aned the amide bomds of sericin with fibroin are known o be easlly
digsolved in mild concentrations of NaOH [2]. In contrast, fibroin is
imsoluble in water or low concentrations of NaDH |30] because it
consists of both hydrophobic and hydrophilic regions. Although the
highest yield of silk coroom prodein was observed ar 1.0 NaiOH for 9h,
it i mecessary o reduce the concentration of NaOH and extraction time
for industriad applications for e i anad envin al r
Therefore, lower concentrations of NaDH (0.1 8 and 0.25 N} was s
lected, and subequent experiments were conducted o improve the
extrsctbon efficiency udng wltrasonic treatment.

Ultrasenie treatinent was applied to enhance the extraction yield of
4ilk eocoan protein containing fibroin and tercin in solution with a
mild concentration of NaOH. Silk cocoon (1%, w/v) was dissolved in

tic treatment. (a) Uler d

d silk in water after reastment with papain. {b)

low concentrations of NaDE (0.1 N and 0.25 N} and then treated with
ultramund for 7.5h. Changss in soluble silk prodein comtent during
extraction time are shown in Tig. la. The maximum yield of soluble silk

in was ap imarely 60% and was reached after 4h at 01N
NaDH tuiaﬂtr?!h af (25N NaOH. These results indicate that ulera-
sotmad-askisted extraction i low alkaline solutlon ean increade protein
content and decreste extraction linte. A previous shudy  similarly re-
ported that ulirasonication enhances protein yvield of porcine myo-
cardium in kew salt (SmM pyrophosphate) [25]. Fig. 1b shows that
ultrasound processing increaged the reaction rate and kinetic constants
of silk prodein extraction (no treatment with ultrasodnd in 0.1 N NaDH:
ko = 00018 min~", B = 0.9671; treatment with ultirasound in 0.1 N
MNaOH: kpp = 00101 min~", B* = 0L9641). Ulrasoand cavitation
improves the mass ransfer by reducing particle size and increasing
surface area |[13]. The observed effects of ultrasound are similar 1o
those of anthragquinone extraction from Mornda cifrfolio [31] and of
palyphens] extraction from black chokeberry [32]. Ubrasondc treat-
ment may improve the extrction efficlency by decreasing the size af
substrate and incressing the surfoce area berween the salvent and
substrate [12]. Subsequeni sxperimenis were conducted with fxed
conditions ol ultrasound-amsisted axtraction in 0.1 N NaOH for 4h be-
cause profein comten! reached a maximal paimt and barely changed
after prolanged treatment ander these conditions.
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of (%2 in JB& P+ cefls. (a} inhibirion of (082 expression

by silk pepride treated with nltasound and ereyme (pancreatin, fungal protesse, papain, and bromelain]. {b) Dose-dependent mbbition of COXG2 expression by silic
peptide treated with alrrasound and papain. {c} Inhibitdon of PGE, production by silk peptide treated with ultrazound and papsin. O, ubrasonicated ifk rreated witk

papain for O day; 2, ultasonicabed silk reated with papain for 2 days.

3. Effect of ergymuotic tremment on sk cocomt

Four enzymes approved by the Food amd Drog Administration (FDA,
201B} as food sdditives were wmed 1o produce silk peptides as food
materizls, Fig. 2 shows the medecalar weight distribution of soluble silk
protein, snzymes, and hydrolyosd ik peptide, which were analyzed by
SDE-PAGE. 5ilk protein had a wide range of molecular weights {upper
15 kDa); these smears result from the heavy fbwain chain |33]. Because
the dgnal from each enzyme (0.5%, w/v) was not elearly observed, the
signals [6=9) from enzyme-treated cxmples were considersd to be those
af gilk peptide. All four enzymes had the ability 1o hydrolyze silk pro-
tein. In additdon, residaal inscluble silk prolein after extraction seemed
L be dissolved by the enzymes through hydrolysis, considering that the
signal intensities af the ensyme-treated samples {Fig. 2, Lane 6=0) were
higher than that of seluble silk protein (Fig. 2, Lane 1), The signal -
tensity was caleubited aconeding 1o the molecular weight mnge wsing

Insaged, and the results showed that papain and bromelain strongly
decreased the molecular weight of silk peptide to under 25 kDa (100%),
compared o pancreatin (54%) and fungal protease (67.4%) (Table 2).
In adehition, papain and bromelain were considenad suitable (o contred
the molecular weight of silk peptide because the products of thess en.
eymes showed molecular weight of as low as 10 kDa.

3.4. Effect of ulirasound-snzymalic ireabremn on sk cocoon

Fig. % shows the molecular weight distribution of sk peptide
treated with engyme after ultrasound treatment analyzed by GPC. The
mlecular weight distribution of ultrasonicated silk protein was da-
termined to be approximately 1-390 kDa. After 48 h of ensyrmatic re-
action, ilk peptides with molecular wesght below 23 kP were ditected
i all samples, and small peptides with several dosen 1o hundreds of Da
{detection tme: 158 and 16,8 min) were observed in all EOIFIES
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p-ERK

ERK

sUV (30 kJim?)
Enzyme (1:100) - -

Fig. 6. Effert of silk pepride ireated with oltmasound and papain on sUV ims
diabonsenduced phesphorylation of ERK and expression of P28 i Jis6 P+ cells
i, ohrasooicated silk treated with papain for Oday; 2 oltresonicated  sille
wrested with papain for 2 days,

except papain. Papain preferentially cleaves peptide bonds of basic
aming scids and has a wide optimum range of pH and tempersturs
134 . 5ilk peptide hydrolyzed by papain shows glycime at the C-temzinal
end as analyeed by tndem mass sequencing (35], and silk conzaing a
high proportion of glyeine | 27). This is consistent with high molecular
weight peptides not being detected after papain treatment of silk
[Fig. 3b), although a low detection of high molecular weight peptides in
papain-treated samples cannot be excluded

Bromekain i< known to be used in the degumming of silk cocoon,
andd it has been reported 0 have oo effect on fibroin under reaction
conditions of 2h at 55°C with a silk-to-eneyme ratio of 50:1 |36.37].
However, boomelain treatment of wltrasondeated =ifk induced decom-
pusitin of silk protein (Fig. 3ch This decomposition resulted from
degradation of macromolecule peptides inte small molecules through
ultragound-penerated cryvitation. In contrast, pancreatin and fungal
enzymatic treatments appeared o have broken down macromoeleculs
peptidis into amino acids instead of low-molecular-weight peptides
(Fig. 3d and &), As shown in Flg. 3, it was possible to produce peptides
with different molecular weights by using different enzymes. In this
stwdy, among the eneymes studied, papain was the most suitable for
producing low-molecular-weight peptides of 1=5 kDa

Fig. 4 shows differences in the molecular weight of silk peptide
extracted with wltrasound after engymatic treatment. Silk cocoon and
papain (1% each) were reacted for 24 b, then treated with ultraseend in
wiler or treated with 0.1 M NasOH. In the case of ultrasonde treatment i
a neatral phase, there were no major changes in molecular weight
distribution of silk peptide (g 4a), This occurred because fbrin was
nol extracted ina neutral state, whersas in 0.1 ¥ NaDH solution, as the
ulirasound treatment time becanse longer, the extracied sl peptide

Lok - Sshoclemnliary &1 (2000 14803

showed a wide range of molecular weight (3.4=130 kDa) {Fig. Ab) and
high molecular weight of silk proteing were extracted owing to ultra-
sonic waves |13). Therelore, ultrasound treatment of enzyme-treated
ik i% nor an appropriate method to produce low mobecular weight silk
peptides,

3.5, Effect of engyme-treced sitk peptide on sUV-induesd skin inflommoation

To evaluste the potential anti-inflammatory activity of silk pepride
on the shin, we investigated the effect of silk peptides on inflammatory
signaling pathways using sUNV-induced mouse epidermal JB6 P+ cells
Ag presented b Fig Sa, only the silk peptide produced by ulira-
somication and following papain insatment showed inhibition of <UW-
induced expression of COX-2, and dose-dependent decreases in sUV-
induced COX-2 expreésgion was shown by dilk peptide (Fig. Shl
Thereloes, further experiments were carried out to identify the effect of
ulirasound and papain treatments on silk peptide. Compared 1o ather
enryemes; papain mainly produced peptides with molecular weight be-
tween 1 and 5kDa (Fig. ab), and these peptides might inhibdt COX-2
expresion. A stidy ales demonstrated that low molecular weight silk
peptide hydrolyeed by papain shows ant-intlammatory activity by
reyrulating skin disease induced by cytokines such s TgE 1FN-y, and IL-
4 and by modulating the Thl/Th2 balance imvolved in IgE production
|38}

Because PGE;, a prodisct of the COX-2 enxyimne, plays a critical mle
i sUVeindueed skin inflammation [35), we determined whetwr the
sill peptide affects sUV-inducesd PGE; production. As hown in Fig. Se,
sV irradiation increased PGE; production, and the slk peptide sig-
nificantly reduced PGE: production. Considering that upregulation aof
COX-2 is regulated by extracellular signal-regulated kinase (ERK] and
p38 [40[, we determined whether SPUP affected sUV-induced ERK and
p38 phisphorylation in JB6 P+ cells. Similar to the results of previous
studies [41], sUV effectively activated the ERK and p38 signaling
pathway, and the silk peptide only suppressed ERK phosphorylation
(Fig 6). Overall, we conclude that silk peptide treated with ulira-
somication and papain p anti-inl ory activity on 4 mouse
skin cel! line by suppressing the sctivarion of ERK bul not of p38_

4. Conclusions

To enhance the industrial production of ik peptide &= fbod mate-
rials, wlirasonic treatment cam be used to decrease solvent use and ex-
traction time, and enzymatic treatment can incresse the funetionality of
the silk peptide. Silk peptide produced from whole itk cocoon using
ultrasound and enzymatic reatments had a low molecular weight dis-
wribution and showed inhibitory effects againe skin inflammation.
Especially, slk treated with papain, which resulied in peptides with
maleclar weight of approximately 1-5 kD, showed protective effects
an the skin against UV, This study provides fundamental knowledge af
silk peptide 1o improve ndustrial wilitgstion and mass production af
silk. Fature studies will be perdormed 1o establish conditions for mass

production of silk peptide.
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Ennminic g i |neressiog demand for eoo-foimdiy wechnology, the number of madics on eoection iechilogy oig
it inflamma nry mainy lover OFgaLie slvisan for ERETgY Coervarion i incressing. Previoumly, we developed s wrasnund-sialeed
At sy evtrsztion (AE] methed of Endann pnneiflde sporophyll thar seduces exirnodon iime mmd Inpooye Sncoie
Cirrulatury sliramnnd-anivied axtractine ylehd, In the presen sudy, we exoscied [0 pinsrifiode sporophyll, which coevmined polyssechanide snd focox-
w ' anifin, uslng sehvent-fres clribiesy UAE. With small pilo-scale direulaory UAE, the yield ol & pleatifiis
- wpriphy spurmpliyll et was improved o 53%, compaced m that wich o ccsventiosal sedd (24.7%) and lab-scale
By e AR [43%). After 3 5 of UAE, Tucomanthin was obisnsd ol 8 3% vield and low-mobeculss-wiighe
dyaatchardes wene Setectel The sstioaides serivity of chee entimo was inereacsd alter 3 4 of UAE, a3 assised
I:., Dm:l-uuum.glng eedeing power, aind fervlc redocng antincldont powes asays Fllor-seade cliealoory UAE
cmndilless were optissiesd to 9600 W, 20 kHe, 30°C, and 3 by the extrect obinined wiing this method sewed

st beary eeffibens o sl auckSe praduerion wd setivame pooeie-1 [AP-1] tonsatiisy:
1. imtrodection Fucaxanthing, sn alkenic coorenid, & also known for s serious props

Lindgria pimmritfida (Harsey ) Suringar is brown manne algae. LU
pinmatfido has & highly reprodisctive oycle and competitive price. fr ks
mainly prodocsd in Chinn, Japan, and Republic of Karea, with smaller
commeerrial scabs producrion in French, Kew Zealand, and Spam. These
scoweed contoin dictary fibers, mamerous minerzls, vitamins, and
phymchemicals, and thus have atirsceed mieres as fanctional healdy
foods. [!]. Soch funcronalities werd known i be doe io funcionad
materials, incloding mlfared pofysacchandes {eg, ficoidan), care
otcnoids (£g, fucoxanthin}, minerals, and peptides []. Foooidan is o
representative bicactive maerial from U, pinnotifide. focoadan i3 o
sulfated polysaccharide contniming Laooose (main sugar], galaciose,
wyiase, mannoss, and wronic ocids [ 1], Many studies have shown that
fucoidnn I:.usbm:ﬁ:u] H.ulugl:nl acttvities, such oy anesinfinmmsiory
[4]. antinngiog Henag anti=athesive [-], antmhamar, me
munpmoculatory, zm:m'.ll. antithrombotc [0], and antinxdant activs
ittes [7). Focoaanthin &5 aoother representative bioactive material of L4
pinmafidn, and is one of the most abundant carotenalds 1 mare (5]

Dy linl. oo ff ERCEDE &) nlgal 2000 1025

erties, such as anticancer, antl-obestty, and antdiabetic prop =1-

For use as funcoomal food materialy, raw materials must be mabs
jected bo @n exmmction process. The developmen of altemative, ecos
fmendly methnds has been contirmously demandsd to smefiorie the
uze af arganic solvents, which have the risk of toxicity and environment
pallation. [11], Ulirasonic weatment is an ecosfriendEy process that oot
naly increases extracrion yield ot aiso impraves exeract stahiity as the
exiracton is conducted at & low I imre | 110, Uk | reais
ment oo the medium generates bubbles, theveby producng a cavitation
phenomenon. 'When a cavimteon bubble collapses near the cell wail, ic
produces a sitroag mmpact on the surfare and brenks the oell wall, al-
lowing the solvent o effiectively enter the cell, thus, focilitating exs
tractsom [ 12,14

In several recemt stodies, enryme, supercritical floid, uwhrasoond,
and microwave exiraction hove been condwceed to extract polyphennks
from plonts and lipid from algae [ 4] In oor previous study [ 15, mls
trasonication during . premofifida extrsction resufted im an increased
extraction yield, sven under rediced exiraction tme and - sobvent

Recelved 30 Apeil 200 Received b revised lnem 3 Angos D000; Adcepied 3 Ampua J000

201 1-9D54) I 200 Elsevier BV, All rights feserved.
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in Cederia pinmocifida extract obmined wsing circulatory wirasound-assiseed
extracoon ina small pilot-scale at each extracion time point. Peals appeared ac

17.6 min in the chromsogram.

volume, and enhanced anti-inflammatory properties: associabed with
A1 pathway suppression. FHowever, this method still requires an acid
selution for extraction and a subsequent neutralization stepe o the
present study, an extraction method of L mnmotifdn was: developed
without the use of organic soheents or additional neutralimtion

PE 5101

P13 FFF-ADY
PaF Prations

A8 TDR-109
Ty Drybg

Catrifugaton

By

UE

| extraction of Undoria pimnardfide sporophyll in pdlor scale.

processes, In addition, we oconducted a pilot scalesup extraction for
industrial application using our previously reported system [13],
Therefore, the present study aimed o develop an industrial uirasoonds
assisted extraction (1AL} method of U pirnatfido, as well as to analyze
the binfunctional molecubes of the extract and evaluate the antiocidant
and anbisinflammatory activities of the extracl

2. Materials and methods
2], Materinls

Maturally dried sparophyll of [ pinnatifide, harvested in Wando
[Junlhnmdn.&wﬂ:ﬁwﬂﬂﬁm?dﬂdtnﬁpnTmpmthasﬂd:ta
traditiomal market. Dried U pineifido sporophyll was blended into a
powder using a blender (HMF-31008; Hanil Electric Co., Korea) and
stored af — 20 °C until use.

e fon: of 1, pianaiifd i

221 Comventiomal method

A ocomventional extraction method using a chemical solvent and acid
was used as a control for comparison with the olirasound-esisted ex-
traction method Briefly, 40 g of powdersd sample was combined with
4 L of 85% ethanol and incubated with stirting at 70 "C for 2 h. The
precipitate was mixed with 4 L of 0.1 M HC, stirred at room tems
peraturs foc 3 h, and then neutralized with 0.1 M NatdL The extract
was dinbyzed using CelluSep T1 PWED 14,000=16,000 Da; Membrane
Filtration Prodocts Inc., Seguin, USA) against deionized water ag 4 °C
for 12 h and then freezesdried.
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for 1 h; {C) circuladory UAE for 3 b; (DY, circolacory UAE for 5 b

2221 Ultrmsoimd-mesisted exraction in lof-scole

For the labescale FAE method, 10 g of povwdered samples were exs
tracted with 1 L of L1 M HCI {pd 2) ssng an Ultrasonic Processor VCX
750 {Sonics & Materials, Inc, Newtown, USA). Ul d condition
adjusted at S0 W, 80% amplitude, pulse 20 5 on/20 s off, and 25 7°C for
6 h [15]. After UAE, extract was neutralized with 0.1 M NaDH and
dialyzed wming CelluSep T1 and freecedried.

225 Ultrayoumd=mssisted extraction in smel plot-scole

In the small pifot=scale study mwing circolatory UAE, 80 ¢ of sample
was combined with 8 L of deionized water and extracted using MX sonic
{MX-1252; Mirae Ultrasonic Tech., Koeea) [31] at BDO W, B0% ampli-
tode, 20 kHz, and 30 °C, for three different extracton times of 1, 3, and
5 b The exiracts were centrifuged ad 400 rpm for 15 min, and the
supermatants were filtersd (Moo 4; Whatman International Led., hlaid-
stome, England} and freezesdried.

224, Ultnmsnmdeassisted extraction in piladsscaile

Far indusirial appliation of UAE, 200 g of powdered sample was
suspended in 30 L water and extracved osing an industrial wltrasonic
extraction sysbem (at 960 W, B0% amplitude, 20 kHx, and 30 °C for 3 k)
[4L]. A flowsheet of the UAE process in pilod-smale was developed wsing
SuperPro desigoer 10 (Intelligen Inc., Scotch Plains, M, USA). The yield
of each . pnafifido extract was cafcolated by dividing the dry weight
of the extract by the weight of the dry sample ised for extrction.

2.8 Chantification of chemicol compounds

2.8.]. Memsuremert of toiel sugor content

Total sugar content was determuined by the phenslsulfurc acid
method [ 1 6], A total of 200 pi sample dissobved in dejondzed water was
placed in a glass best fube, o which 200 pL of 5% phenal was added.
The mixture was then vorbexed, and | ml of sulfuric acid was added.

analysis of Undaria pinnanfido sparophydl. (A) Conventional exmacton (B areulmory ul il
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After cooling the mixture to 25 °C, the absorbance of the sample solis
tion was measored at 470 nm, and tofal sugar content was calculated
using Lefucose as a standand.

2323 Meosirement of sulfoie residues contemt

Sulfate content im sample hydrolysate was measured wsing the
BaCla-geiatin method [ 17]. Briefly, 200 pL of hydrolysate was plated in
a test tube, to which 3.8 mL of 3% trichloroacetic acid (174) was
added, followed by 1 ml of barium chloride-gelatin reagent. After
wartexing, the mixture was keept at 25 °C for 20 min, and the absorbamce
was measured at 360 mm. Sulfate content was caloubsted vbng poe
tassium sulfate as a standarnd.

233 M of  fuparamts
chrommtograpfy (THFLC)

A 0.5 g of sample wa dissolved in 10 mL methanol af 25 °C for 2 h to
extract fmoosanthing After centrifogation (3000 rpm, 15 min), the pre-
cipitate was discolved in 10 mL methanol af 25 °C for 1 h Afler cene
trifugation, the sipernatants were evaporated and dissolved in solvent
[deiomized waterethyl aostate = 1:1, ¥/v), The ethyl acetate l:!}-u'w:n
collected, evaporated, dissolved in 75% acetomitrile, and then analyeed
wsimg an HPLE system {[Honew, Sunmyvale, CA, USA} with Inertsil 0053
ootumn {4.6 * 250 mm, 5 pm) {GL Scence, Tokyo, Japan) at 50 °C. The
samples were injected at a volume of 10 gl and eluted iooabcally with
758 acetomitrile at a How mie of 1 mL/min. The sheed peaks were des
tected using a UV detector at 450 nm, and qualitative and gquantitative
analyses wers curied out ming furmsamthin standands [5].

24, Determination of merage maleculer weight wsing gel permention
chromutogrophy (GPC)

Briefly, 5 mg of extract were dissolved in 1 mL deionized water, and
the mixture was centrifuged at 12,000 rpm for 10 min. The
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supermatants were injected at a volume of 20 pl into a fasea HPLC
system and eluted isocratically with defonized waber a1 a How rate aof
0.7 ml/min. Average medecolar weight was determined wsing TOSHO
TSEgel GEDMPMYXL-CP (7.8 = 300 mm, 10 pm} (TOSHO Biosience,
Taokyo, fapan) at 25 °C. The peaks were detected by an R detector, and
average molecular weight was caloulated using pullubn sandands
(Shiodex standard P=83; Showa Denka, Tokyo, Japan).

2.5 Antipxddant aciivity

251, 1, 1-DiphenylZepicrybhydrnmy (DPPH] redicosoovenging activity

BPPH radicalscavenging activity was performed based on the
me=thad of Huzng [1E]. A 0.2 mM solution of DFPH- in methanol was
prepared. A 200 pL aliguot of UPE was added to 600 gL of 0.2 mM
DPPH solution, and the mixtare was kept in the dark for 30 min fols
lowetl by absorbance measurement at 517 mm.

252, Mensuremerat of redocing power wwdng potossiom ferricyamide

Reduring power was measured based on the method of Sherikar and
Mahanthesh [12]. A 500 pl afiquot of sample was mixed with 1% pos
tassium ferricyanide and phosphate buffer (0.2 M, pli 6.6) at 50 "C for
20 min,. and then mixed with 500 pl of 10% TCA. The mixture was
added defonized water and 0. 1% FeCly, and the absorbance was mea-
sured at 700 nm. The resalis are expressed as pg Trolox equivalent {TE)
per g extract {e.g pg TE/g exiract]).

253, Ferric reducing anfiovident pewer [FRAP)

Measurement of FEAY was performed based on the method of
Sherikar and Mahamihesh [15]. The FEAP reagent wsed was sodi
acetate buffer, 10 mB TPTY, amd 20 mM Felly, TPTZ solution was
prepared as follows: 0.031 g TPTZ was added to 10 ml of 40 nkl HCL,
and the mixture was then dissalved by heating in o water bath at 50 "C.
A S0 pl. aliquot of sample was added fo 1.5 mL of the reagent for 30 mdn
at 37 "C o create a stable solution, and the absorbance was measured at
595 mm. The results are expressed ax g TESg extracl

2.6, Antivinflemmaotion activity

Z6.1. Nitric oxide prodisction

RAW 264.7 mouse macrophage cells were seeded (1.5 10* cedls!
mL} in 96-well plates and then incubated ot 37 °C in o 5% OOy ine
cubatar. A 100 pkL aliquot of sample was added to well plate. The cells
were then trented with lipopolyssocharide (1 mg/mL) and incubated for
20 h. To determine total 0 concentration in the coltured media, Goess
reagent was added to 100 pl of supematant, and the ahsorbance was
measured af 550 nm osing microplate reader (Bio.Rad Inc.. Heroules,
CA, USA)

262, Activator profein (AP-1) transactivity

HaCaT cells were transfectsd with an AP-l-Juciferase plasmid based
o the method of Ha [20]. The cell colture medivm was repdaced with
fresh mediom, and the oells wers incubated for 24 b The cells (8 = 107
cells/ml) were seoded on 96 well plates and starved in seromefres
DATEM for 24 h. The cells wers breated with sample for 1 b poior o
expasure o VT {0.04 Jfan’), followed by incubation for 5 b Cells
were disrupted msing 100 pL of lysis buffer (Thermo Scientific, USAL
amd the level of lominescence was measured using a lommometer
{Muolecular Devices, USA)

2.7 Semtistical analysis

All experiments were performed in triplicate and presented as the
mean = stancdard deviation. The antioxidant and antisinflammatory
date were analyzed by ome-way amalysis of varianee psing SPSS 19.0
version {SPES Inc., Chicagoe, IL, USA).
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3. Results and discussion

3.1. Extroction yield amd chemicnl composition according fo extroction
imnetfrond

In previous studiesx, homstype UAE was optimived to extract LD
pinmaifide in a laboratory scale. For industrial application, circalatory
UAE was carried ouf in a pilot-scale (20 1) system following a smaidl
pilot-scale test (8 L) The different extraction methods for UL pirnatfde
sporophyll are shown in Fig. 1. Fig. 2 shows the expected process
Nowchart for industrialization that is divided into the grinding, ex-
traction, separation. and drying processex. The grinding capacity af a
grinder is 100 kg/h. the sigma factor of centrifuge is (L6 m®, the filter
has a plate and frame flter. and the tray area of dryer is 77 m®. We
changed the dlirasonic system from bormegype to droslatorystype since
circulatory type is advantageous for scale up.

The yislds of comventional method, laboratory=scabe, small pilots
scale, amd pilot scale UAE were 24.67 = 0C34%, 3300 = 0400,
BR50 = 1.50%, and 53% respectively. The process was simplified by
excduding lipid and pigment removal and dialysis processes, increasing
the working volome, and decreasing the ultrasonic treatment tiene. The
total sugar content of the extract obtamed wsing the conventional
method, laboratory.scale extraction method, amd small pilabscale ex.
traction method was 20024 = 040%, 1904 = O0.40%, and
15.32 = 1.37%, respectively. Towml sugar content was decreased by
changing the sulvent fraom HO to water becasse extraction with acidic
solutions can improve yield of crude focoidan [0 ], The sulfate comtent
of the extract ohiaired wsing the cooventional method, boratory-scale
extraction method, and small pilobscale extraction method were
13.74 = 0.40%, 15.56 = 0.57%, and 14.77 = 0 15%, respectively,
with oo significomt differences {(p = 0.05). Conversely, focoxnthin
was detected 3t 0.031 mg/g dried extract in the extract obitained dsing
the UAE method with 3 h extraction, sather than the conventional
method {Fiz. 7). Several studies r:pm'h:d that ultrasoursd treaiment
leads to disroption of cell wall, facilitating extraction of marinesderived
fucoxanthin, such as from Cylindrotheca closteriom, Lomimaria joponicag,
Sorpnsum fusiforme, Undorin pinnanifide, Phosodootyfam tcormeben, and
Edsenfa bicychs [221].

In extmaction using wirasonic waves, ultrsound infensity (W), soe
mication temperature, and sonication time affect extraction yield.
Extraction yield ix positively correfated with extraction sirength, ex.
traction time, and eximaction temperature when extracting  polys
saocharide, protein, and polyphenol from manne=lerived comg ds
[-2.23]. To optimize these conditions, the contend of saluble solids in
the extract was measured for 5 h in a pilot-scale test (20 L) A OUF brix
was observed when L pinmarifide was subjected to pilot-scale extracion
at B W, 4 b, and 30 °C under the same conditions as the small pilots
scale extraction. When ulirasoniction power was raised to 950 W, the
extract reached 6.7 brix at 3 h. However, even when the temperature
war raised to 50 °C, there wasunl:h:mge im brix {data oot showmn) bes
caupse the snloble extract was sufficeently efuted for 3 b at 30 °C. Thos,
ultrasounad conditions in the pilot-=scale extraction was set at 230W, S h,
and 30 "C

22 Averoge moleculor weighe

The molecular weight disiribution of UL pinmatfide extract was
.a.nnl_vzud by G As shown in Fig. 4, the peak of region 3 {Fig. AA) was
not detected and ft seems that the lows=molecofarweight molecules
were removed during dialysic. The average molecular weight {Mw] of
extracts obtained wsing the conventional method and circulatory UAE
ae 3 b ([rg. 4C) in region 1/region 2fregion 3 were 633851530 ki
and 5877,/97/0.52 klka, respectvely. The exiract in region 1 {upper
il kDa} was decomposed to region 2 {Ll=700 kDa), reaching the peak
at 15 min (approximately 30 kDa) Crode foroddan extract of U pine
natifida from Korea had a molecular weight of 38 kDa, whereas
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fucnidan extract of UL pinnmtifida from New Zealand had a mobecular
weight of 27 kDa [[7]. L. pinnotifida extract obtained using hormetype
UAE had a low-moleculamweight, whereas that obtaimed using cons
ventiomal extraction method had a high-maoleculareweight [ 1 5], thereby
indicsting that the droalatory UAE was simifar in obtaiming lows-mo=
lecular-weight extract. Moreover, the ultrmsound power can affect the
ghecosidic bond of polysaccharides and partial cdeavage of the glyoos
sidic linkages [24],

53 Antinxidant octivity of UL pinmatifide sporophdl extroct ohtmined wsing
snoll pilotscole extraction

To evaluate the antioxidant activity of the extract, its DPPH radical-
stivenging capacity, reducing power, and ferric reducing capacity were
asseseed [Fig. 5k The extract obtrined from small pilot=scale exiraction
showed an approximately 10% higher DPPH mdical-scavenging capas
dty tham that of the extract obtained using the conventional method.
The ultrasonicated extract alo showed higher potassium ferricyanide
and iron chloride reducing power than the extract obtained using the
conventional method. Moreover, the highest antioxidant activity was
obzerved in the extract obtained using 3 h of UAE whereas that obe.
tained using 5 h of UAE tended to show lower antioxidant activiey.
Suliater] polyssocharide in UL pimmatifida was reported o evert stoong
superoxide radical=scavenging activity [24]. After 5 h of UAE, sulfated
pulysaccharide content in the plant might be degraded, leading to re-
duction of anticeidant activity. Several studies showed that the anti-
axidant activity of sulfoted polysacchardides has positive correlation
with sulfior [25]. and sul fated marine polysaocharides have been shown
o exert improved radicalscavengiog activity [260,27]

5.4, Antisimfiemmuotory actinity of L. pénnatifide sperophodl extroct

The antisinflammatary activity of the exiract was measured ace
cording fo extraction time. All extracts showed inhibitory effsct on LPS-
indired MO production in Raw cefls (g 0A) and regulatory effect on
ARl transactivity in HaCaT cells {Fiz. 6B), with no sigmificant differs
entes between extraction time. AP.1, which i activated by mitogens
acivated protein kinase (%04 FK), is crudal for inflammation, producing
NO, prostaglandin E, (5F ), and tomor necrosis Bctorso (THE-a) [28].
The antisinflammatory activity of seawsed extrocs was reported 1o be
due to polysaccharides and fucoxanthin [29]. UL pimaetfido sparophy i
extract can regulate the MAPE/ERK pathway and ichibit iNOS, COX-1,
angd COX-2 expression. [2,50). In addition, low-molecular-weight polys
saccharide from U pinnmifida suppressed Th2 immune responses and
phosphoryiation of cJun N terminal kinage (15 K] 172/MEK 4 and p38/
MEK3A [15]. Overall, low=-molecular-weight polysaccharde and fo-
coxanthin extracted by UAE from U pimatfide scerted  antisins
fammatory effects.

4. Conclusions

In this study, an industrial-scle method of U pinratifide sparophyll
extraction using an wliresound sysiem was developed. The obfained
lowismolecular-weight U, pinnatifide sporophyll extract showed anti-
axidanl and antisinflammatory effects. Compared to the conventional
hometype olirasound system, the ciroalatory ulitisoond system bad
fewer limitations in terms of throughput and was more advantageoss to
industrialization, as ultrmsonic waves were applied evenly. This method
wn extract not only polysocharides but also facoxamthin from LD pine
natifida sporophyll. Future studies will focus on other active ingredients
ang safety of industrial U pinnotifida extract sporaphyil
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Abbreviations

Apa] actvator proteine1

OREM Dulbecco’s modified eagle’s media

DEPPH 1, 1-diphenyl-Z-picrylbydrazy]

ERK extracelhularsignal-regulated kinase
FRAP ferric redwcing antioxidang power

GRL gel permeation chromatography

L high=performance liguid chromatography
INE ooJun N terminal kinase

MAFE  mitogensactivaded protein kinase

MWEO  mobecuber weight cot off

M mitric oxide

PGE; prostagiandin Ey

TCA trichloroacetic ackd

TE Trolox eguivalent

THF=0

‘umor necrosis fctorso
TP 2 A Eetril 2-pyTidy s triazine
LTAT ultrasound-assiste:] extraction
U ultraviolet B
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Abstract The pnt-skin flanunatory sctivities of rose
petal extracts have been describod in our previous smdy,
Bevause skin infammenion 15 closely linked o skin aging,
ol sty inveastigated the effects of Rese pallica petals on
akin aging-related activities such s skon whiteaing and
anti-wrinkle - properties. Each saneple . was - prepared  vin
extraction wsing different ethanol atos wath the objective
of evaluntiong optimod extraction conditions for indusirial
applicanon, Agueoas 5300 (wh) ErOH exmeact of & gallica

&=

Puhlishind iz 26 March 201%

petal significantly suppressed (ymosiise activity, melanin
production, and solor UV-induced matrix metallopro-
teinase- 1, o hall mork of weinkle formatbon. I sddinon, e
sguceis S0% (v BiOH extract showed the highest
anfiguidative cffect and had Mghest flavonidd . contents,
consisien with the meported anti-aging effects, Overall, our
findings sogecs that K. gallicn petals extracts exfolsr ant-
aptng effects. Funhermore, 50% EOH extractbon. in par-
tcitlar, was optimal for the hghest ano-pging. and nnn-
oxidative effects ax well as w abladn the highest Rayoaseid
COfibenL.

Keywards N gaillica - Skm nging - Flavonoid - Asn-
oxidsive effect

Intreduction

Skin plavs o wital role g o probective barrier ogakis
harmiul faciees associated with heredity and genetics.
eovirnnnientl ssoes hormonal changes, and aeetabolse
procesars {Mukberjes ot sl 2006), Among these, envi-
roimenta] [netoes, soch as exposure o soler glravicled
(UW) radiation, act as key medistors that contmbuie 1o
prematiare aging (Lage ond Murply, 2009, Mon symp-
toans 4l skan-agmg, which occwrs 548 resall of plesio-ag-
ing. mchided deep wrnkles, shnormal plamentation and
elasticity (Farage ef al.. 2003 Wiaschek et al,. 2001).
Figmentation s a syopiom of aging. which s caused by
an abnormil production of mselinn, sesliing i a varey
of skin disorders including freckles. melnome, age spots.
amd othier hyperptgmentiton syodrames (0 bello et al,,
MGy Seo e al, 2003 In the nwelanopencsis pathway,
Iyrsandse 16 important o5 the rate-limiting enzynses thar
converts L-tvrosine o L-DOPA and oxidiees -DOPA 1w

El Speisiger
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form DOPA-quinone {Akhtar et al, 2015). Therefore,
inhibition of tyrosinase is strongly associated with melanin
synthesis. Moreover, wrinkle formation, caused by the loss
of collagen fibrils and elastase, is another characteristic of
photoaging. Matrix metalloproteinase-1 (MMP-1). secreted
by human skin fibroblasts, is mainly responsible for col-
lagen degradation during the photo-aging process (Pandel
et al., 2013). Downregulation of MMP-1 expression, which
inhibits collagen degradation, may enhance wrinkle-im-
proving functions.

For the above stated reasons, the use of tyrosinase
inhibitors or MMP inhibitors is considered a promising
strategy for the alleviation of skin photo-aging. Previous
studies have indicated that retinol, garlic extract {caffeine
acid, and S-ally cysteine) and phytoceramide, kojic acid,
arbutin, and vitamin C may act as skin aging inhibitors
{Coutean and Coiffard, 2016; Kim et al., 2013). However,
the use of these substance involves certain limitations such
as various side effects including cytotoxicity, odor, and
coloration (Yamakoshi et al., 2003). Therefore. current
studies are focused on the development of safer, naturally-
derived components which confer effective skin photo-
protection.

Rosa species, grown worldwide, are considered as a
good source of dietary supplements. Rose petal extract
{RPE), which contains elements such as phenolic acid,
fiavonols and anthocyanins, have been reponted to exhibit
many beneficial effects, such as anti-skin infammatory
activities, in addition to other biological roles (Bitis et al_,
2017: Lee et al.. 2018; Masek et al.. 2017 Navarro-Gon-
zalez et al., 2015). Because these properities of RPE are
known to be related to skin aging, it has been proposed as a
potential candidate for skin protection. However, little is
known about the effect of RPE on skin aging. Additionally,
water and ethanol are considered to be the best extraction
solvents because of polarity differences and safety of use
{Abarca-Vargas et al., 2016). Thus, samples with different
ratios of water and ethanol (0, 10, 30, 50, 70, 90, and 100%
ethanol RPE) were prepared via extraction.

The purpose of this study was to investigate the effect of
RPE on skin whitening and wrinkle improvement. RPE
extracts with different extraction solvent ratios (0, 10, 30,
50, 70, 90 and 100% ethanolfwater solvents) were tested to
determine the optimal solvent ratio for extraction.

Materials and methods
BReagent
Rosa gallica petals were imponed from Turkey through

GN Bio (Gyeonggi, Korea). Dulbecco’s modified Eagle's
medium (DMEM}). fetal bovine serum (FBS), Penicillin—

@ Springer

streptomycin-neomycin, and 0.5% trypsin-EDTA were
purchased from GIBCO® Invitrogen (Auckland, NZ,
USA). Specific antibodies against tyrosinase and [f-actin
were purchased from Santa Cruz Biotech (Santa Cruz, CA,
USA). Primary antibody of MMP-1 was obtained from
R&D systems . All other chemicals, including alpha-me-
lanocyte  stimulating  hormone  (a-MSH), muoshroom
tyrosinase, and L-DOPA (L-3.4-dihydroxyphenylalanine)
were purchased from Sigma-Aldrich Co., LLC (St Louis,
MO, USA).

Sample preparation

Rose petals were mixed with 100 mL of 0, 10, 30, 50, 70,
90, and 100% (vw/v) EtOH (absolute ethanol). Soluble
components were then extracted in 80 °C water using a
reflux condenser. The extract was filtered through filter
paper number 2 (Whatman, Maidstone, England), vacuum-
concentrated and subsequently dissolved in distilled water
and freeze-dried, to be used as samples for the functional
analysis test.

Cell culture

B16FI0 melanoma cells were purchased from the Korean
Cell Line Bank (Seoul. Korea). Human dermal fibroblast
{HDF) cells were obtained from Dr. Jin Ho Chung {Callege
of Medicine, Seoul NMational University. Seoul, Korea).
Both cells were culured in DMEM supplemented with
10% fetal bovine serum (v/v) and 1% (v/v) penicillin under
37 *C. and 5% CO» conditions.

Cell viability

Cell viability was measured via MTS [3-(4,5-Dimethylth-
iazol-2-y1)-3-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-
2H-tetrazolium Jassay. Cells were seeded on 96-well plates
and grown until confluent. Then, cells were starved with
serum-free DMEM overnight and treated with the samples
at indicated concentrations for 24 h. After exposure to the
samples, 20 pL of MTS solution was allowed to react with
the cells for 1 h. Absorbance was measured using a
microplate reader (Sunrise-Basic Tecan, Tecan Austria
GmbH Grodig, Auostria) at 570 nm.

In vitre mushroom tyrosinase activity

The in vitro tyrosinase assay was conducted according to
methods described previcusly (Kim et al., 2015). In brief,
40 pl of each sample was added to the assay buffer (20 pL
of (.1 M potassium phosphate ), followed by incubation for
30 min with 20 pL of mushroom tyrosinase (.02 mg/mL).
Then, 40 pl. of substrate (L-DOPA) was added to each
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mixture. The reaction was allowed to proceed at room
temperature for 15 min before the formation of dopa-
chrome was analyzed by measuring absorbance at 475 nm
using a microplate reader (Infinite™2000 PRO, Tecan,
Switzerland).

Evaluation of melanin production

The melanin production assay was performed according to
previously described-protocol (Friedmann and Gilchrest,
1987: Gordon et al., 1989). B16E10 cells (& = 10° cells)
were seeded on G-well plites with 2 mL culture media.
After 24 h, samples were pretreated with the cells for 1 h,
following which =-MSH (100 nM) was exposed to the
cells. The cells were collected after 72 h, and melanin
production was measured using a microplate reader (In-
finite™ 2000 PRO, Tecan, Switzerland) at 495 nm.

Western blot

Protein samples were obtained from cells, using 1x Cell
Lysis Buffer (Cell Signaling Technology, Danvers, MA).
Protein concentration was estimated using a Pierce” BCA
Protein Assay Kit (Thermo Fisher Scientific, San Jose, CA,
USA). Protein samples were loaded on to a 10% SDS-
polyacrylamide gel (Bio-Rad Laboratories, Hercules. Cal-
ifornia, USA) for electrophoresis and then transferred 1o an
Immobilon P membrane (Millipore, Billerica, MA, USA).
The PYDF membrane was blocked with 5% fat-free milk
for 1 hand the membrane was treated with specific primary
antibody overnight at 4 °C. Protein bands were detected
using a chemiluminescence detection kit (GE Healthcare,
NI, USA) after hybridization with an HRP-conjugated
secondary antibody (Cell Signaling).

DPPH radical scavenging assay

DPPH radical scavenging activity was measured as fol-
lows; (L2 mL each of extract was added to 3 mL of
-ethanol, to which 0.8 mL of 400 pM DFPH dissolved in
ethanol was added. This mixmre was vortexed for 10 s and
maintained at room temperature for 10 min, and absor-
bance was measured at 517 nm (Wang et al., 1999). DPFH
radical scavenging activity was expressed as a percentage
of the absorbance of the group to which no DFPH was
added. All experiments were replicated a minimum of 3
times.

Total flavonoid content
Total flavonoid content in the exiracts was measured using

the aluminum chloride method (Jia et al., 1999) which was
modificated wsing catechin. To 100 pL of the extract

500 pL of distilled water and 30 pL. NaNO» were added,
following which 60 pl. AICL; was added 6 min later. Afier
5 min, 200 pL of 1 M NaOH was added and the brought
up o 1 mbL with distilled water. The solution was mixed
well and centrifuged at 15.928g, at 4 °C. for 5 min. After
centrifugation, 200 pl of the supernatant was obtained and
absorbance was measured using a microplate reader (In-
finite™ 2000 PRO: Tecan, Switzerland) at 510 nm.

Statistical analysis

Experiments were conducted in triplicate, and data are
expressed as the mean % standard deviation (SD). Stu-
dent’s r tests were used for single statistical comparisons.
Statistical significance was set at (#) =p <005 and
{##) = p = 0.001 for comparison with the untreated con-
trol; (*) = p < 0L05 and (**) = p < 0.001 for comparison
with the 2-MSH-treated group.

Results and discussion

Extraction of the petals of Rosa gallica according
to different solvent ratio

Previously RPE was produced via agueous TO% (v/v)
EtOH extraction (Lee et al., 2018). However, if RPE is
intended for purposes of industrial application, extraction
conditions must be optimal. In order to investigate optimal
extraction conditions of RPE for anti-skin aging activity,
various solvents were used for RPE (Fig. 1A). Interest-
ingly, the color of each extract varied, based on visual
observation (Fig. 1B). The color of EtOH extracts, 90% or
higher, was clear. whereas 50% (v/v) EiOH extract
appeared to be the most reddish. The result of colorimeter
revealed an a* value for redness for 30% EtOH, which
showed the highest level among the extracts (Fig. 1C).

Effect of the extracts of rose petal on skin whitening
activity

Since tyrosinase is a key enzyme involved in hyperpig-
mentation via melanin production (Chang, 2009), we ana-
Iyzed the inhibitory effect of the exiracts on tyrosinase
activity in vitro. Most extracts, except 100% EtOH,
revealed dose-dependent regression on in vitro [yrosinase
activity (Fig. 2A). Furthermore, 30% and 50% EvOH
extracts showed stronger inhibitory effects tham ascorbic
acid. Ascorbic acid was described as a skin whitening
agents in previous literature (Chang, 2009). To evaluate
skin whitening activity of the extracts in a cellular model,
melanin production was assessed in BI6FI0 melanoma
cells following treatment with each extract. A 100 nM
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Fig. 1 Extraction of the petals [.ﬂ]-
of Rosa gallice. Sample Rosa gallica
preparation of EvH extracts
from Rosa gaillica petals (A
Images of various EfOH
eximact fuen Rosi gallica EtOH:Water EtOH:Water EtOH:Water EtOH:Water EtOH:Water EtOH:Water EtOH:Water
petals (B). The a® value 0:100 10:90 30:70 50:50 70:30 90:10 100:0
measurement of color-
ditference meter (C). Data
represent 3 independent
experiments, which gave similar [B}
results. The {*+) sign indicates a EtOH:Water EtOH:Water EtOH:Water
significant {p = 0.001) decrease /onj&“ ;?J_,_“ 1{1
u
=
Z
EtOH:Water EtOH:Water EtOH:Water EtOH:Water
L S50 T0:30 80:10 100:0
(€) - )
0.45} e
o4f
0,35}
g 03f
z 0.25)
w 02f
015} ¥

EtOH

portion of #-MSH increased melanin production and every
extract of rose petal inhibited melanin  production
(Fig. 2B). Furthermore, 30% and 50% EtOH extracts
showed the strongest inhibitory effet on tyrosinase activity
and melanin production in vitro, respectively. Under sim-
ilar conditions, the effect of each of the extracts on
tyrosinase expression was  examined. Also, =-MSH
increased ryrosinase expression and 100 pg/mL each of the
extracts attenuated tyrosinase expression (Fig. 2C). Treat-
ment with extracts at 100 pg/mL did not canse cell cyto-
toxicity in BI6FI0 melanoma cells (Fig. 2D). Thus,
inhibition of melanin by RPE is attributed to the dual
fuction of tyrosinase activity and expression the absence of
CYLOLOXICity.
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Effect of the RPE on solar UV (sUY }-induced MMP-
1 expression in human dermal fibroblasts

Inhibitors of MMP-1 may be reparded as anti-wrinkle
agents (Park et al, 2018: Yang et al., 2018). This is
because MMP-1 is a key enzyme, responsible for wrinkle
formation during the skin aging process (Pittayaproek
et al.. 2016). To determine anti-wrinkle effects of RPE,
MMP-1 expression was evaluated in human dermal
fibroblasts using Western blot analysis. MMP-1 expression
was dramatically increased by sUV irradiation (30 kl/em®),
and all extracts inhibited sUV-induced MMP-1 expression
(Fig. 3A). Whereas 100% EtOH extracts exhibited mild
effect, 30% EtOH extracts displayed the strongest sup-
pressing activity on sUV-induced MMP-1 expression.
MNext, we investigated MMP-1 production levels in cultured
media, becanse MMP-1 is a secreted protein for collagen
degradation. Similar to that shown in Fig. 3A, MMP-1
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(A)
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2

1
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Fig. 3 Inhibitory effect of EtOH extracts of Rosa gallics petals on
sUW-induced MMP-1 expression. Each extract was allowed o resct
with the cells for I h and sUV {solar UV} was imradiated (NC,
negative control}. After 48 h of sUY exposure, the media and cell
Iysate were collected. Specific primary antibody against MMP-1 was
used for MMP-1 protein detection in cell lysate (A). Detailed
procedoure was represented in Materials and methods. The MMP-1
production level in cultured media was evaluated by vsing ELLSA kit
for detection active MMP-1 (B). Data represent 3 independent
experiments, which gave similar results. The (##) sign indicates o
significant (p < 0001} increase, and (**) indicates a significant
(p = 0.001) decrease

level in culwred media was suppressed by each exiract
{Fig. 3B). In particular, 50% EtOH extract showed the
highest suppressive actvity on sUV-indoced MMP-1
expression, and 100% EtOH extract exhibited a mild effect
compared to that by other extracts.

Anti-oxidative activity and total flavonoid contents
of the rose petal extracts

Antioxidants that inhibit ROS production are known to
reduce hyperpigmentation or prevent UV-induced melanin
production { Yamakoshi et al., 2003). DPPH radical scay-
enging activity was determined to compare the antioxidant
activity of the extracts. Interestingly, every extract showed
drastic., dose-dependent, radical scavenging activity. The
500 pgiml samples showed anti-oxidative activity similar

@ Springer

to vitamin C. Among the extracts, the 50% EtOH extract
showed the strongest anti-oxidative effect at the lowest
concentration (50 pgfmL) (Fig. 4A).

There are many different compounds such as terpenes,
flavonoids, and anthocyanins in rose petals (Knapp et al.,
1998: Kumar et al., 2008: Oka et al., 1998: Schieber et al.,
20035). These chemicals represent many biological activi-
ties (Kumar et al., 2009). In particular, Aavonoids have
been described as the main group of phenolic compounds
responsible for biological properties of antioxidant and
anti-inflammatory effects (Du et al. 2006; Jung et al.,
2015). Next, the total flavonoid content of each extract was
measured. Large amounts of flavonoids were present in
each extract (Fig. 4B). The resulis indicated that the 50%
EtOH extract contained the highest flavonoid content
among the samples. This trend was similar to that observed
in the anti-oxidative assay result.

The dark red color of the 50% EitOH solvemt of rose
petals is assumed to be related to anthocyanin, a flavonoid
iFig. 1). This result substantiates the findings of a previous
study (Dancea et al., 2012). According to the previous
study, anthocyaning in blueberry (Vaccirimm orvenbosum
L.} were best-extracted in 50% EtOH solvent than in any
other solvent, including 60%, 70% and 80% EtOH (ODancea
et al., 2012). Naturally, anthocyanins occur as glycosides.
Thus we surmised that the polarity of the anthocyanins may
have been accorded by the 50% EiOH solvent. The strong
anti-oxidative activity of anthocyanins is well demon-
strated in various model systems (Kalt et al., 2003; Rice-
Evans et al., 1995). Because 50% EtOH rose petal extract
had the highest anthocyanin content, the anti-oxidative
activity of 50% EtOH extract was the strongest among the
50 pg/mL extracts.

In summary, our study demonstrated the potential of
RPE as anti-skin aging ingredient. For purpose of industrial
application, optmization of extraction conditions is
essential in order to reduce production costs. The current
study investigated solvents most suitable for Rose petal
extraction, with reference to anti-skin aging activity. The
flavonoids in rose petals were extracted best by the 50%
E10OH solvent. This extract showed the strongest anti-ox-
idative activity as well as anti-skin aging activity such as
skin whitening and wrinkle suppression activity. Clinical
studies and stability analyses may be required to test its
suitability for industrial application.
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Fig. 4 Anti-oxidative activiry [A}
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