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ABSTRACT

Studies on Antioxidant and Whitening Efficacy of

Angelica gigas Nakal Extracts by SFE

Ji-Eun Jung
Advisor : Prof. Sun II Kim, Ph.D.
Department of Chemical Engineering

Graduate School of Chosun University

The aim of the study was to screen the bioactive substance from
Angelicagigas Nakal for cosmetic applications. We developed an optimized
method of supercritical carbon dioxide for the extraction of decursin and
decursinol angelate from Angelica gigas Nakai. Further, we evaluated the
antioxidant activity and whitening effect of the extracts and the extracts also
subjected for the stability and patch tests. According to the HPLC analysis the
result revealed that the contents of decursin and decursinol angelate was 200
bar and 60°C respectively. In the case of antioxidant and whitening tests we
have used water extracts, ethanol extracts and commercial products for the
comparison. The results showed that the free radical scavenging activity were
95.5% for supercritical extract, 93.32% for water extract 90.7196 for organic
solvent extract and 92.2% for BHT(Butylated Hydroxy Toluene). The tyrosinase
inhibitory activities and DOPA-oxidase inhibitory activities were found to be
D8.82-52.85% for supercritical extract, 6.32-15.33% for organic solvent extracts,
35.73-30.7096 for organic solvent extracts and 58.70-55.61% for arbutin

_Vi_



respectively. The data reported that supercritical extract had the higher
inhibitory effect than other extracts. The stability was maintained for 60 days
the pH was 6.3-6.9 and no changes in color and odor was observed. Therefore,
the Angelica gigas Nakai supercritical carbon dioxide extract have remarkable
antioxidant and whitening effect and thus we propose that it can be effectively

used for the development of functional cosmetics.
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Figure 1. (A) Angelica gigas Nakai, (B) Angelica acutiloba Kitagawa and

(C) Angelica sinensis Diel.
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Figure 2. Pressure-temperature phase diagram of a pure substance.



Figure 3. Transition process to supercritical carbon dioxide.
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Table 1. Critical Condition for Various Solvents

Chemical Formula M.W. Ty [°Cl T. [°C] P. [kPal V. [m%/kgl

He 2.02 -252.89 -240.17 1292.81 0.03182

Oz 32.00 -182.94 -18.39 5080.93 0.00234
CHa 16.40 -161.50 -82.50 4641.02 0.00618
CHz=CH2 28.05 -103.72 9.33 5117.47 0.00437
N:O 44,02 -89.50 36.50 722596 0.00222
CHsCHs 30.07 -88.81 32.22 4894.07 0.00518
COz 44.01 -78.44 31.06 737765 0.00214
SFs 146.05 -63.78 45.56 3761.22 0.00136
CH3CH2CH3 44.10 -42.07 96.83 4256.97 0.00454
NH3 17.03 -33.33 133.00 11350.00 0.00426
CH30H 46.07 78.40 239.45 8090.00 0.00368
C2HsOH 32.04 64.70 240.75 6140.00 0.00362

H:0 18.00 100.00 374.00 22120.00 0.00311
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Figure 5. Pathway of melanin synthesis.
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Table 2. Whitening Ingredients

954 5A/71 4
Broussonetia kazinoki SIEB.
g5 FE2E UL W EEARe] RZE.
(Broussontia Extract) GEAR  kazinol-F. #d. A4,
Efo] 2 Al o] = &4 oA
sy Hydroquinone-beta—D-glucopyranoside
T AQ/H. A5,
(Arbutin)
el 2 Aol @4 oA
o FAB - idi os o] AF
4o praaw 2% . Gladridin 35% ©|4.

(Glycyrrhiza Extract)

3-0O-Ethylascorbic acid.

S =] 2~
4. 54,

HEHIC =4

of opz o @

(Ethyl Ascobyl Ether)

vpavlE ofsmd EAHC]E HERIC fF=A. #4. 254,
(Magnesium Ascorbyl Phosphate) ol ZA|dlol= &4 o)
opzsdFFaAbel = HIEFRIC R Al . 254,
(Ascobyl-2-Glucoside) o]l Aol &4 oA
ofmFE Efol g H ol E HERIC frEAl . AR
(Ascobyl tetraisopalmitate) Fitstae A I JANE 2EAAE B 7

ot AL

(Alpha-Bisabolol)

AHRIFAAFAA ZE A
tpojolil ofmfol = vl Ebel B3, 4. 254
(Niacinamide) A= AY A
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Gotuirh L Wl 2 Ay Foke SdEA ke ARESAT Ade AREEE 77
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1-3. HPLCE o] §3 #A3HA FE5E9 ¥4

off
RS
N
Zo
off
RS

F&E Uld EA8le decursin ¥ decursinol angelate ¢ &8 4

o

o] 33 decursin R decursinol angelate o W3] w2 23 HEAE o] 8o}
of Aibstart B AYA AeE aEAAazEetE 183 (High Performance
Liquid Chromatography, HPLC)= ZHH(ACE 5C 18(4.6x250 mm)), % HE7I
(SPD-20A(UV329 nm) & T4 ¥l st o542 &v A0.05 TFA in Water)
80%, &"IB(0.05 TFA in ACN) 20%E Ab&3dlod, Table 39 X wel st
5S4 %% 01 mg/mlE AZXsa 02 um o HFe o] &3}

HPLCel FYsted 4 st o, HEAFS Ao +

e
i

III-4. DPPH radical &4 &%

7y &5 thd DPPH(2, 2-diphenyl-1-picrylhydrazyl, Sigma) radical 7%
< Blois MS¢] #yel 9ste] A48ttt 5§ 04 mM DPPH oleh-E &8 A=
ghe] o A]o] o33 & 120 pg/ml, 240 png/ml, 1,200 pg/ml, 2,400 pg/ml =
4800 ng/mle FE2 A X3 AJ8E 5% FoF vortex mixer® 2 T3 F AL
A 30 mingt BHEAIA 517 nmel A FEFEE SASIA dats 25 FAF

23lA 91 BHT (butylated hydroxytoluene)$} ®]xnl 2% s} ¢t}

DPPH Inhibition ratio(%) = [1 - (Exp. — Blank) / Control] x 100
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Table 3. Experimental Condition for HPLC Analysis

Column ACE 5C 18(4.6 x 250 nm)
Detector SPD-20A(UV 329 nm)
Flow rate 1 ml/min
A-0.05 TFA in Water(80%)
Solvent

B-0.05 TFA in ACN(20%)
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III-5. Tyrosinase &4 214

Tyrosinase 1A U] Webd A AR M T2 %7
Al FoAstE EAhZA W ud o] o] g40F A FAEU|HE A A
UTh ol A AF AU BolmAUA &4 A4S Adete A=E B
3= whHoltd. Tyrosinase A3 &4 232 dopachrom WH -2 Wdse A
& UV/Vis spectrophotometer % ZA3}9tt® 01 M potassium phosphate
buffer (pH 6.8) 770 ul, ZF FX=H (15 pg/ml, 25 pg/ml, 50 ng/ml, 75 ug/ml, 100 1
g/mh%E AFxs AFAFE 70 ul, mushroom tyrosinase (1500~2000 U/ml) 70 ul,
1.5 mM L-tyrosine 140 ul® &% 3sle] 37 °CollA 15 min ZF ¥-&A1Z1 & 490 nm

M FHEE FASAH

IB
bl
oy
ol
o

Tyrosinase inhibition ratio(%) = [1 - (Exp. — Black) / Control] x 100
III-6. DOPA-oxidase &4 214

el el S 3y F &49 tyrosinase®t 7129l tyrosine®] Wr-g-slw el 9]
A 7721 DOPA(dihydroxy phenylalanine)”} &4 ¥ +=d DOPA¢] A DOPA-quinone
o7 Hgd ] Bt &4< tyrosinase®] DOPA AHaabd A s|E =Aslo]
A Rel gaE HUlshkE vEeolth 0.1 mM potassium phosphte buffer (pH
7.0)0 80 ul, 2+ FXH(15 pug/ml, 25 ng/ml, 50 ug/ml, 75 ng/ml, 100 pg/mbh= A
Z3 AgAIE 50 nl, mushroom tyrosinase (1500 ~ 2000 U/mD 50 ulE &3a}od]
37 °CAA 6 mingt HFg-A171 ¥ 0.06 mM L-DOPA 50 ulE 37ste] 37 °Coll A

1 min?+ ¥H-&A7130 475 nmel A FF =5 SA A

DOPA-oxidase inhibition ratio(%)= [1 - (Exp. — Blank) / Control] x 100
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II-7. 2YA FEES F73 essence ¥ cream AlZF

=52 #H7}3F essence @ creame Figure 63} Zo] A %3}

A

Mark I, Tokushu Kika Kogyo Co. Ltd. Japan)& ©]&3le 13 3} & F&%&
Q@
O

& A7 5 27 watekith the 30°CTEA WAAA AFEste] Al A
T

III-7-1. Essence ¥ cream®] StHA 54

=2 o] g3dle] A FEEL HI7I3 essence E cream o pHE A3t =4
< v grid g Aoy FHRF ¢ A ¥7F 53 pH
meter = Aol AAF 5 102 ol FAHI ARG HEF = SRTFE F

Mol 717 ol Wl de AL

o) EZ71(0, 25, 40°C)el myste] FA]H W
3o wE A ES Table 49 Ao 5 Hrlsbgdct.
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Water phase +

Oil phase+Emulsifier

Heating 80 °C

Heating 80 °C

J J
1°* Homogenization
(3,000rpm, 10min)
J J
Angelica gigas extracts
2°' Homogenization
(3,000rpm, 3min)
J J

Vacuum pumping cooling 30°C

Essence/Cream

Figure 6. Manufacture process of essence and cream formular.
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g
go® sl¥al, REFHE WA 70% A& 2 AESEA AL, 2447 FoF A o
)=
B

#-g& A (Finn Chambers on Scanpor, Finland)E& 23 3 3 B2} A Lo
b} Setew Hste] 0~49 4552 ot
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Table 4. Stability of the Essence and Cream Formular in Constant

Temperature Condition (0, 25, 40°C)

n

Temp. Period (day) Check points
1 Separation
3 Precipitation
0 °C
5 Discoloration
25 °C ) ) )
7 Creaming deterioration
40 °C . .
15 Viscosity
30 pH
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IV-1. HPLC %3 decursin ¥ decursinol angelate2] <l

FFANA FE3 decursin ¥ decursinol angelate + ©|x &4E7|7} ZHzb
3,3-dimethyl acryloyl L& 3} angeloyl Z&°] o 2E3} Ho] glom o= FFo]
AAANRA EAlo] A At HPLC 2o z2x EE37|7F oy $ ez &
&4 9lth Table 3¢ Aoz E43% 23} decursin ¢ ¥ F+= 114%, decursinol

angelate & 11.6%°] YElE o™ decursin 9 $Hako] ] &2 Z2 elstst).

IV-2. 297 o4t aas ol 8d 23 A4 =7

F& HAY 2L 9 Ad HFEs 229 ¥ 40 °C, 50 °C, 60 °C, &0
°C¢} 100 bar, 200 bar, 300 bar oA A& st¥em 1 A3+ Figure 7¢] e
Wl 257 S71ee] wet decursin ¥ decursinol angelate €] gF#Fo] F7}15}4
9k 80°Cel A 238 Fraste 43S Bk ole 27t Hopyel wet 294

|l FmT vropxAM Fejmel S vA= Aow #d & 5 vk o=
o Q0

i

decursin ¥ decursinol angelate &) ghaFo] =A% A

Az Almel ¢hd T EVEE #dEw 300 barol A FEE SR 200 barel
M oFEE AdEe] ol ¥ 2 ol EAEAY o= ¥l TUIsteRm Sl %
UA FAL HEZF wold FalH2 FobekARE AdiH o fAle HETE S
shAl Hal o]z ]l FRtAlI) FobAM YA FAe MEHAWRY] B3 &
&ol wrolx7] mel Ao ggdn ojzlow HHI} vt M2 AT 8
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Figure 7. HPLC chromatogram of decursin and decursinol angelate.
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Figure 8. HPLC analysis of decursin and decursinol angelate in different

pressure and temperature.
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Table 5. HPLC Area of Supercritical Extraction

of Angelica gigas Nakai

200bar 300bar
decursin decursinol angelate decursin decursinol angelate
40°C 1204698 733818 829224 515732
50°C 1776131 1209807 1125558 848580
60°C 5342296 3167457 1711074 1184970
80°C 976790 595579 635093 361816
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IV-3. DPPH assay & ©o| &% AN 4 4AA 539

depbd g oS e Absta ol o2 QlE] A E delhde A
X2 o]lgsly disA =AY HEs el "uh agrnE §4ks &do] =
< B9 Ae, depd FAHAAE AHslsie] wd Agegade] vebhubA Hoh
DPPH:= 3lsta o2 ot ¥ free radical & 7FX2 Y= 584 =22 515~520
nm FollA Hu FFEE AW iksldo] e BRI vhid AxE ylof
FHA radical o] 2AFT o] HpA A FAo R

X AAY FAHES] B3t AuAbe FAsle] A4
ol BAiksl R 28 Z4ste] AlA] 758 AsIA|7]al ®
W 5e sretia gAYk gats we Ags
A
T

o =
A3 AHgFE 120 ug/mlolAl 4800 ng/mle® FE7l wobd

=
3 Z| % e [e]
g Aa Rz w3, A<l

decursinol angelate ¢ /A5 Ak T3S ditsksol S71ES o 7
Ak 4800 ng/ml =l A Ak A2 737 93.32%, 90.71%, 95.75%, 92.1% =

A F71EH FEEEY 9 FEEe] tEEAdo] EokEd, ol giFE AE
FEwdA EYHlem FFol &S P Aol o oY AT A o
A ettt (Table 6)°7 ¥l 24A F&8e 584 BHB%E T2 A
|9 Al A FAkskAlQl BHT Hd =9tk B8 w2 wEd A& BHT7F €4
E2 FAE BHYoy FEEY FRE EAdTE itslse] €538 molAE 4
ol Eptth AT F2EO) PAF FHL FE 409 Fold] o FFL
e Ao e

IV-4. Tyrosinase &4 A a3}

ZpL] e 9ste] melanocyte € AR Y] dojbal o]oj A melanocyte 7} &
A3 At @439 melanocyte 941 tyrosinase @4 °] 2 %3l melanin 9
deo] o] % Wrom b wjEetAl FHo 7w, FEAG 2L A

A "ok 28 22 tyrosinase @4 A A= HF oA 2] melanin
polymer A4S EIHHoE AL F Qo IAHF wEAe] JEe] glojA
o

tyrosinase 4 9A AgL 83 Py Hor AAFm 9rl Tyrosinase 7

Brgol &

A
Q7o) ol



A ZHE A3 47 g 5 15 pg/mlolA 100 ng/mle 2 %7} %:50}2;_1"
% decursin % decursinol angelate 9 tyrosinase &4 <A Iy} =rhgk-e

T AT 100 pg/ml FXo A tyrosinase &4 oA E3= ZH7F 6.32%, 35.73%,
58.82%, b87% %A A FEEHU F7|&H FEE] dAZHI} ke, o=
A FEE|A tyrosinase A3 Aol &

Heool <7-Azel gt} (Table 7). ol #99

‘IQF
o= oﬂqaqbihw+4 A, w294 &
2 AP s U A FEAA dzTE AREE Al 4 w94 arbutin

2o oA Z3E Bol: Ao ekt

f
o
k)
Hir

IV-5. DOPA-oxidase &4 oA a3

Webd AAdIEe uwd obAst Z4<Ql tyrosinase i 847 #oIsly
DOPA°|A DOPA-quinone 2% At3lstA Haz E<FA3E DOPA-quinone &
DOPA chrome ¢ FAE 7= e A oAl "k olo] wel debd s
Fdsl=dl tyrosinasew™ F&% H3E dtrh. I 2 Z tyrosinase & A shAY
FOAES  Asbge oAgerA  weded  A4el  FaEn
DOPA-oxidase €74 <A &35 SAT 23 A2 % 15 ng/mlelA 100 ng/ml

2
=S
i

o7 FL7) HolAFE decursin 2 decursinol angelate € DOPA-oxidase &4
AA g7t F7HES & 7 AT 25 pg/ml sEOlA &4 oA g+ 44
15.06%6, 19.53%, 40.13%, 18.75%3*1 e FRAAE 2dA FEEo vl A
St arbutin Ht} ¥ %S DOPA 43t AAEHE HAFAo w57 Folfe
w2} arbutin o ®3] A EZH} Az Aoz e (Table 8). kAR 2
A F2ES F5H9 U dAHsEdA T arbutin Bop 28] o] -3 AR

)
7F WEbs=E ol tyrosinase 24 Al &Ibe] Aol AR AFE BAH =

YA FEE] B2 TR EAo] A= e & AU
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Table 6. DPPH Free Radical Scavenging Activity of Extracts of Angelica

gigas Nakai Compared to BHT

Radical scavenging activities (96)

Samples
120ng/ml 240ng/ml 1.200ng/ml 2.400pg/ml 4.800ug/ml
Water 27.13%12.3 3812+1.7 66531 3.1 90.23%+4.0 93.32%29
Ethanol 28.10%11.8 4091%2.3 8436+ 1.7 88.23%26 90.71%0.8
Supercritical 40521109 65.2310.3 92.32+05 95.12%45 9575+ 1.3
BHT 91.240.3 91.310.8 92.1%0.1 91.2+0.8 92.1+04

Table 7. Inhibition of the In Vitro Melanin Synthesis by Extracts from

Angelica gigas using Tyrosinase

Inhibition ratio(%)

Samples
15 ug/ml 25 ug/ml 50 ug/ml 75 ug/ml 100 ug/ml
Water 559123 599159 61113 62014 6.32+24
Ethanol 6.751+14 13.14£3.1 21.31%x1.1 32.14%20 35.73%1.7
Supercritical 11.11£238 22.84+1.7 34.48+0.8 51.75%16 58.82%15
Arbutin 1314133 1828+1.2 3745122 4740%25 58.70%1.1

Table 8. Inhibition of the In Vitro

Angelica gigas using DOPA

Melanin Synthesis by

Extracts from

Inhibition ratio(%)

Samples
15 ug/ml 25 ug/ml 50 ug/ml 75 ug/ml 100 ug/ml
Water 1455145 15.06 0.3 15.23£9.1 15.72+2.3 15.33%9.1
Ethanol 16.89+29 1953+1.2 22.13+59 28.85+14 30.70£2.0
Supercritical 19.11£2.0 40.13%15 45.35+6.0 5041%29 52.851+10.2
Arbutin 11.22+31 18751 0.8 461517 480017 55.61%0.1
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Figure 9. Formulation of whitening cosmetics ((A). essence, (B). cream).

(A) (B)
No INCI Name Contents(%) No INCI Name Contents(%)
AT D.W 54.31 A5 DW 4853
HE5A Glycenine(99.5%) 15 BEA Glycenine(99.5%) 4.0
P.G(Propylene Glycol) 9.0 A P.G(Propylene Glycol) 3.0
A Aol EA EDTA-2Na 0.02 Aol EA EDTA-2N 0.02
pHZAA  TEA(Triethnolamine) 0.15 pHZAA  TEA(Triethnolamine) 0.15
HSA XANTHAN GUM 0.12 S8 Squalane 30
EDSPLE) Squalane 10 B Cetostearylalchol 10
B SD Alcohol 40 8.0 A k2t Multiwax 1.0
Ald A A Nonoxynol-12 0.4 A& A A Sorbitansesquiooleate 0.3
3.0 ¢ FA F% 8 Angelica gigas extracts 3.0

C I FZE Angelica gigas extracts
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Table 9. pH Measurement of Cosmetic Formulations

Concentration(1%)
Sample Type
Before After
Essence 6.7 6.3
Cosmetics
Cream 7.3 6.9

_34_



Table 10. Results of Stability Test of Cosmetics in Constant Temperature

Conditions (0°C, 25°C, 40°C)

Essence and Cream

Day

40°C

25°C

0°C

&0

el

&0

S
el

&0

el

&0

el

&0

S
el

&0

el

&0

el

&0

S
el

&0

el

&0

el

&0

S
el

&0

el

&0

el

&0

S
el

&0

el

15

&0

el

&0

S
el

&0

el

30

&0

el

&0

S
el

&0

el

60
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Table 11. Results of Patch Test

Grade Glycerin Essence Cream
Minimal erythema 0% 0% 0%
Medium erythema 0% 0% 0%
Strong erythema 0% 0% 0%
Severe erythema 0% 0% 0%
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B AFoAs FdAe Al B4 g58 o83 AR AA s
FZH o8 FIFAREH decrusin & decursinol

, kst &4 39 tyrosinase 2

(1) #4dAZ%H decrusin® decursinol angelate & F%&3}7] $3F 2UA o]4t3}
A5 2@ HPLC §% ¥4 23 200 bar, 60 °C2 e

)
o
ald
r
)
to,

(2) 244 FEE U itz 84 qa9Es dF FEE, F780 FEFE 4
Abg =3 v s A3 free radical scavenging © i dAtE AL X907
FE2E 4F FE2E, 7187 55 % BHT(butylated hydroxy toluene)olA] 7}
7y 95.75%, 93.32%6, 90.71%6 % 92.1% = e} A FEEo] M 5L &
¢l ekt

(3) Tyrosinase &4 A 23= 2UA FE25, d5FEE, 7181 F25 2
arbutindl 4] 242} 5R82%, 6.32%, 3573 H  5870%%E uJEbych  wmgk

DOPA-oxidase &4 A &3+ 2UA FEE, dF FE5=, 7787 FE2E 2

arbutin®l 4 ZF7} 52.85%, 15.33%, 30.70% % 556IVE Uelston, 53] 27

FEHELS o Enoa A8A|ES] arbutine] BlE] 28] ©]A & DOPA-oxidase
A& A48 Btk

(1) =dA FEE5 o &3 A

L
2o pHE 6.3-69 Hé%’%i %X]H%‘liﬂ%, 25 Wslo] 9%k e e

uebxs 294 A FEHA o HIHARFH 9L aw

decursinol angelate & $73% FEE2 A5 F&

#<¢ BHT } arbutin o Hlste] 34kst 2 mjwlgarr %7
(o]

7157 B el F8sk AbeE o e Aes ARl
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