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ABSTRACT

Background: To obtain useful cosmetic resources, this study aimed to determine the non-saponin fatty acid and inhibitory activities
of collagenase and elastase by treatment of Saccharomyces cerevisiae in supercritical fluid extracted oil of the adventitious root cul-
ture of wild mountain ginseng.

Methods and Results: We performed supercritical fluid extraction at various conditions such as pressure, temperature, time, and
use of co-solvents, unlike the n-hexane extraction for the adventitious roots culture of wild mountain ginseng. The non-saponin-fatty
acid obtained from the oil of the adventitious roots culture was incresed by treatment with S. cerevisiae. The supercritical fluid
extraction was conducted using gas chromatography. Non-saponin-fatty acid content, in the oil of adventitious roots culture of wild
mountain ginseng treated with S. cerevisiae for 2 days were three times higher than that in the control. In addition, the oil of the
adventitious roots culture treated with S. cerevisiae was investigated for the anti-wrinkle effect by using collagenase and elastase.
The oil of adventitious roots culture treated with S. cerevisiae exhibited higher collagenase and elastase inhibitory activities than
those in the control.

Conclusions: Supercritical fluid extracted oil of the adventitious roots culture of wild mountain ginseng treated with S. cerevisiae
was found to have decreased ratio of saturated fatty acids and incresed ratio and content of unsaturated fatty acids increased. Further-
more, it showed anti-wrinkle effects in vitro.

Key Words: Panax ginseng C. A. Meyer, Saccharomyces cerevisiae, Mountain Wild Ginseng Adventitious Roots Culture, Non-
saponin Fatty Acid, Supercritical Fluid Extraction
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Lt 2E i
S 2EE AstaF (Gillis, 1997; Rebolé et al., 2006), &
Absl B3 w3} u|w g3 (Kim e al, 2008), L7154
(Kim et al, 2009), 71998 2 QA5 WA T TFEF &
2 7= Aoz A4 T (Kim ef al., 2010),

Abke] Alsd AJakel 2ot H)E EAIE Q) AWEEE
ol ZA %t g3 AETST] (bio-reactor)S ©]-8-3F ARyt

Hx% HHOL:L o2k =2 7]%01 Hh:}ggij_ MBS 6L7]€§ aj
Fe A fradd S f1A 249 FgAde] Bary
STk (Shin et al, 2010; Kim et al, 2016; Yoo et al.,
2017).

A RGeS Qs vEse W, R, Re,

Rkl, Rg5 5 AFEUA Eo] ginsenoside A2 o ®o] g
frotal SR 2 AF 07715 AFE AellA o] &E AL

ATH (Park et al., 2012).

FH vAEd A 8-S fleh AR, 31” w8 FE AT
7F o]FA L Y= Ao, Lee 5 (2011ay2 ¥4k, 4
S FEE9] U= A, A 2434, J‘“le': sisheE s
B 3}91% w] =) ukAk i’\éoﬂfﬂ palmitic acid, linoleic acid
E =

Agak o] w2 AL ERISHATE Lee B
(2()()9}4 BALZEY 23lo] 7R= el ¢ 392 gHE A
Y E& u|Z (elevated plus-maze, EPM)} 7ZJA=4 74/\}
(forced swimming test, FST)2 23t Az}, vjAlEd
50mgkg & TS wf EPMY open armol| W= 9'!‘9}
AlZko] thz<tol] gl frelaiAl S7tste] et a9 ek
WAL, AAHQ F ol AT he fle ZoE Hof
it 219285 YepA] &= 2 o= Hsk ub ok
Shon %5 (2013)2 ZUA| FE715 o83k 5ol 2
< FE A 4 0%4 in vitro A AN FE= o=
7(4_& AAPH ¥ 2 Cy? o= }‘\_}-gl_ﬂ /\Egﬂ/\ 041-]]94. in
vivooll Al B33 Y] Gk AlEdA 2
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de] Al e = OloP o

2 Al FEHEE WA=, HFE, B4 So=2NEH 5=
& g e 54 AU, 01741@ o e T o] 2=
o ¥ sl Al Sold FHE olgsl fE=EE F
Foke WHORE HlwH Y2 2% (40-60C)0lA FREt.
29 A FEEE Lol ‘ﬂﬂ s aﬁgw =2 ?%Pﬂ k1

2006). Et ZAA A —ir%% soxhlet, sonication 5] E]—
F=71e Bl 8, AStE FollA ARl AHE B
o]l 9t} (Lee et al., 2011b; Hur et al., 2011).

A5 (Saccharomyces cerevisiaey= HAAEL] Artage] 2
o] EAT 7= st et °]°V1 &3k A
ZeiEo] H glom WA desaturase E TR S EHE

9] 71¥3k= desaturaseS &R 7]?@& HAAA A
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B2 Wt 3 FEHMET
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Lee 5 (20162)S ubzo s Aupate 22| Exjo} S8
el A EAS, ARY ARE GAAT SR AR

A} ESA AL elongase (X174 E4), desaturase (BX3}E A
WRESOl efeted ariEate] AL e BXSAe R
ﬂ“ﬂ‘ﬂ ool wt A 7R WhEshes 5ol4]
ATHZL B ITEIRATE

2] desaturase, elongaseS Z¥al

o] 2 EW FAD2 F4AR= omega-6 desaturase2}s HHE
40 g5 9}%&] o] Ede RIS FEditeR
W37l E RES-S S1 sk ZoE dHA UL (Miquel
and Browse, 1994), EX3X|Pile] &2 Z7MA17]7] $IsiA]

Al FX|9] HE3S} (desaturase) -FHARE XA A R 7}
Y =R 9 7EFHISANN w2 EXSAILE Blgo] U
S E21gt v} Ath (Niemann, 2004).

o wt & AellMe shdE oA B AA 7}X]§
71 °]3}°4 2t 54 HH F1S 294 AR F
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1. ME

= Nfﬂoﬂ /\]~9~5 AMt (Panax ginseng C. A. Meyer) -
A g Fskxlnte] o A g AT A A] ik
s ZHE§ /\1%0}915}

2R B v w2 Schenk and Hildebrandt medium
(Duchefa  Biochemie, Netherlands) 3.15¢g/ £,
sucrose (Samyang Co., Seongnam, Korea) 30g/ £, pH 5.75
Z79] iR ZAIES 18 £ bio-reactorol] A|ZF3 3, 7.2--779¢
(127.0C, 45min, 0.15mPa) EFsle] WZHslAth ©]% pre-
culture ¥ W F4 g2 AIE 30gS HEEHA, &=
250+0.5C, F% 40.0+5.0%NA 8-9 F7+ wjst & 425
sled, 40C, 36 hour Y%7A% (WiseVen, Daihan Scientific
Co., Ltd., Wonju, Korea)dto] AR&-3}t},

g AMSSE #FE Wolx EIl-sdE aRd
(Saccharomyces  cerevisiae HLIG0703, KACC 83014BP,
Jeonju, Koreays AR5} Th.

Haarlem,

2. 7D & Aok

Aol AM8-St 2UAFZ7]= llshin Biobase (Dongducheon,
Korea)®] ISA-SEFE-0500-0700-080, Z¢3d FH&71&
EYELA (Tokyo, Japan)®] N-1200, pH meter”]= Mettler
Toledo (Greifensee, Switzerland)e] ME204, 94 EE 7=
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Labogene (Lynge, Denmark)®] 1580R, =3} &7+ Jeiotech
(Seoul, Korea)®] VCP-10, GC-FID (gas chromatography flame
ionization detector)= Agilent (Santa Clara, CA, USA)<]
7890B series, ¥-3%=A= Molocular Devices (San Jose,
CA, USA)?| spectra max M seriesS A&-519
A2 FFFS SUPELCO™ 37 Component FAME
MixE Sigma-Aldrich (St. Louis, MO, USA) A&, & %
'R &4 Aol AFE-EF n-hexane, ethyl alcohol
(EtOH), dimethyl sulfoxide (DMSO) % o]9] AJeF& JT.
Baker (Phillipsburg, NJ, USA)?] ¥+ T+ 5+ AES T+
ste] ARg-siA
FEIA &3 =4S 93 trizma base, N-succinyl-Ala-
Ala-Ala-p-nitroanilide, 4-Phenylazobenzyloxycarbonyl-Pro-Leu-
Gly-Pro-D-Arg, elastase from porcine pancreas, collagenase
from clostridium histolyticum, CaCl,, ethyl acetate

Sigma-Aldrich (St. Louis, MO, USA) A& AM-515

L=N{e}
o

gl Ao
< T=

2~0 O

FES sl flste

FEZU

el A

3. KEeh =200 A

A 3 g

A7R7VsAEe] /1% 2 44 (2016-163%)0 71AE EPA
9 DHA 3 A1 A2 HS widste] dilaE3 297
A FE2L ArE

AFES AE 100 g2 n-hexane 10 Wi (v/iw) &<Hol] &
A& & 40C, 120 min 23 (44 KHz) F=3kd 0.45 i
syringe 23133t}

2974 £4 FE2 AR 100 g2 2YAFZE=7]0 £33
% FEU" (250-350 bar), 2% (50-60C), Al7F (120-
180 min) 2 E ] FZ3k] 045 m syringe= 17315
t} (Table 2).

7t F% oJFE FiE
AA] f8l 55 XS §, 72 v SAEL, F
ET78L e e o= AESISTh

o 2-H 0

21l (n-hexane, EtOH) ¥ 82

Production yield (%)= Output / Input ] x 100

4, L B U2 US01HZ X2

2R 58 el SR WA T Bas) At g
S SHAFNZ] et HENAAER] EEF (S cerevisiae
HLJG0703)2 2] &tith

R AYe 29 AR FEFeaL 59 M F
A g 29U AE 10gS 30% DMSO°l 34iste] A}
&3ttt EXEdS 2 947k PDB (trypticase soy broth)
medium®| 4] pre-cultured}e] AM-8-3FATH WYE TRIS
3,000 rpm, 5min®E Y4t ste] BAE 2 54 v
Qo] HEslHen, 1-5 47+ 25C, facultative anaerobe
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b

M - 7EA - O

z702 5T (treatment 1-5). ¥H30] EEH AgE=
n-hexane® 1:1 (vv)& &3 &, 40C, 120min %<
(44 KHz) FZ3ke 045 (am syringe o] sl th.

T >

T4 (2016-728 )0 7A€
ste] AABHATE

Table 1. Comparison of concentration by fatty acid component.

Concentr
Component ations
(pg/me)
Methyl butyrate 400
Methyl hexanoate 400
Methyl octanoate 400
Methyl decanoate 400
Methyl undecanoate 200
Methyl laurate 400
Methyl tridecanoate 200
Methyl myristate 400
Methyl myristoleate 200
Methyl pentadecanoate 200
Methyl cis-10-pentadecenoate 200
Methyl palmitate 600
Methyl palmitoleate 200
Methyl heptadecanoate 200
Cis-10-heptadecanoic acid methyl ester 200
Methyl stearate 400
Trans-9-elaidic acid methyl ester 200
Cis-9-oleic acid methyl ester 400
Methyl linolelaidate 200
Methyl linoleate 200
Methyl arachidate 400
Methyl y-linolenate 200
Methyl cis-11-eicosenoate 200
Methyl linolenate 200
Methyl heneicosanoate 200
Cis-11,14-eicosadienoicacidmethylester 200
Methyl behenate 400
Cis-8,11,14-eicosatrienoicacidmethylester 200
Methyl erucate 200
Cis-11,14,17-eicosatrienoicacidmethylester 200
Cis-5,8,11,14-eicosatetraenoic acid methyl ester 200
Methyl tricosanoate 200
Cis-13,16-docosadienoicacidmethylester 200
Methyl lignocerate 400
Cis-5,8,11,14,17-eicosapentaenoicacidmethylester 200
Methyl nervonate 200
Cis-4,7,10,13,16,19-docosahexaenoicacidmethylester 200
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MixZ 1/4, 1/8, 1/16, 1/32, 1/642 33X sle] A
IS} (Table 1).

Column® SUPELCO™ SP-2560 (100 x 0.25 mm x 0.02 /m)
S, AlE FUFE split 100:1 at 225C, 1, L7 A=
helium, 0.75 M/min®- & ZHF2A}. Column &% 100To|
A 4 B2 fA3 3 3C/ming] BlER 240C7HA] 222 A
SAZIAL o] F 15 & o] fAEAL,

B 7A%7]= FIDE 285
To 702 =439}

6. AEH 2T=2H

Hierarchical
Experiment

USA)S AHE-sISHt

clustering analysis (HCA)E <93 Multi-

Viewer version 4.9.0 (MeV, Boston, MA,

7. Elastase Afoligted =&

Elastase A31&/4Z42 Cannell 5 (1988)2] ol we}
71A2HE A== ponitroanilide®] S 410 nmol|A] =
A3t

Elastase®} 7]&  N-succinyl-Ala-Ala-Ala-p-nitroanilide-&-
Tris-HCI buffer (50 mM, pH 8.6l =] AME-SISITh 72} A
PE&AS I st HES ZASoH, A8 100 /4,
elastase A (0.2 U/mL) 50 w8, 712N (1 mg/mb)S 100 L
< Fske 37CeA 30 #7F WHEAIA 96 well plate (SPL),
410 oA FF=F 43 Elastase A== v
I & AR E o] &ste] AHESIGITh

Inhibitory activity (%)= [1 - A1537KE (ODsg min- ODy min)/

=H7HE 0Dy min] X 100

8. Collagenase XMaliztsd =A

Collagenase #31€4 =42 Wiinsch3} Heindrich (1963)
o] Wbl mat SA kit

Tris-HCI buffer (100 mM, pH 7.5 4mM2] CaClLS =
o buffers A|Zslo] ARESIATE AlZE bufferoll collagenase
9} 7|4 4-Phenylazobenzyloxycarbonyl-Pro-Leu-Gly-Pro-D-
Arge 742} 02 mg/ml, 0.3 mg/mee] =2 A 23} W8kl
th 7} AlAEHE AR w7t HEE 2AlEITh AE 8
50 /4, collagenase 75 18, 712N 125 & F3lo] 20TColA
20 #7F HESAIZl T ethyl acetate® FE 3t FF AT
340 mm oA FFEE 5793} Collagenase A31E4d
Tt 22 ARRAE olgato] A=t

Inhibitory activity (%) =[1 - A &H 7} (ODsg min-

ODy in)) ZA7F ODy ] * 100

=4
-
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9. SHIxe|

RE A¥e 3 3 vHo g Flgsi] Wiy FeEakE U
Bl At Ade #Ad" FAAME = SPSS program

(Statistical Package for Social Science, Version 24; IBM,
Chicago, IL, USAYE ©|-&3t #AHEA] (ANOVA)CE p<
0.05 F==°ll4 Duncan’s Multiple Range Test (DMRT)el| <]
sjol Mgzl folAE AFSA,

Zy 9 o3

¥

sy
T

al
=

1. AlgeE 2200 78l =2
2 AFolAM= n-hexane FEF 2 A
2 &S B, 294 A FE 202
350 bar), A17F (120 - 180 min) & HZ&n) 7}

Tkt
B A oA E n-hexane FEOAE 0.403%2
eSS 27 fA4 FFodMe 2700 2%,
Sl Wslol] wel 5 F&ol 2pol7t YT
Lee & (2000 YA olikshekaol] thgh A
FE2LET FEAH o8l A FH9EL, FES

10

2

L
R

ot

)

B Ao Rzl EOHE 71k &
= 250 barell A 350 barZ F7FEIAS W, Al7ke] F7}
s 88 0.141-0.185%2 Z713F vbd, ¥Z81)] EtOH
A71E FEFAAME 4E 250 bardlA 350 bar2 7}
S W 8 0214-0243%F S7BIIAIRE, A7 Z710
Hlg|ste] fol2Ql A3E JERHA] %34T} (Table 2).

Lee & (2011by> FAR=S] =gk =91 HXol =947
ojitsteA IS A8ate] ohddt s (15-25MPa) B &
% (40-60C) 270N FE2& T8I0 o, =2 2= 2 o
HoA] FF &) S7IeI o, X4t F docosahexaenoic
acid (DHA), eicosapentaenoic acid (EPA) 72 3/

CEs AR
b ghego] 718w & 29X mof B Ayel {949l
A= 1=
2t (Panax ginseng C. A. Meyer) 74 wllo QYo]
FEHe 78 oA BIF o] YAl fA FEEUE
hexaneS AME-gH FZ°] o H2 235 eSO 27
A F52 8 w2 2dS &8 sEEe] Alx 34
ol f718mE AAskE A4S AXA Fol= He 784
< 7RItaL AzbE]ojx]m olefgt QA fA &S 483t
= AT FF 780 UEE flot =2 2x B 4EY A
& A Bxguf EtOHS] RSk Zlo] a8 os At
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Table 2. Production yield of fatty acid in oil of adventitious roots
culture of wild mountain ginseng according to extraction
condition of superciritical fluid.

Condition
Production
Method - pressure Temperature  Time Comsol yield (%)
(bar) () (min) €00 vent
n-Hexane
extract B 40 120 0.40=0.05"
250 60 120 - 0.14=0.01
300 60 120 - 0.15x0.01
350 60 120 - 0.15+0.00
250 60 180 - 0.15%=0.01
300 60 180 - 0.16=0.01
Su percritica| 350 60 180 - 0.19£0.01
fluid extract 250 60 120 EtOH 3 ml 0.21=0.01
300 60 120 EtOH 3 ml 0.22+0.01
350 60 120 EtOH 3 m{ 0.24%0.01
250 60 180 EtOH 3 ml 0.22+0.02
300 60 180 EtOH3 m{ 0.23%+0.02
350 60 180 FEtOH 3 md 0.25+0.00

DEach value represents the means = SD of 3 repeated experiments.

2. Nghet 24

29 FA FE2T A Y g 29S R &
R-g AMstaL 37 T At s sl A3, tix
+ vlwsle] g XzTolA S|4 S palmitoleate,
cis-11-eicosenoate,
linolenate, cis-5,8,11,14-eicosatetraenoic  acid, cis-11,14-
eicosadienoic acid?] gEo] F7IEE Aoz Rl

o] ¥ palmitoleate= WZFA= EAE oy 82
& A2 (treatment 1-5)°14E 0.25+0.03 pg/mg oA
1.67+0.23 pug/mg 7HA] W2 AEEA L, cis-9-oleic acide=
tizto] 4.05+ 0.49 pgmgs VFER WHA SR 2 2]l
= 11.14+1.70 pg/mg oA 1423 £0.86 pg/mg 7HA] 1 &=k
e,

Linoleate®] 7% thZ<©] 38.32+3.19 pg/mg 22 YERY
A R AHB L 76.66+£4.23 pgmg oA 12547+
8.02 ng/mge] $HEFS YERNRI O™, vy-linolenates thEa: &F
o] 035+ 0.02xg/mg 02 e W gR Ao
0.72+0.04 g/mg 214 1.05 £ 0.08 pg/mg 7141 2] B E LER)
At

cis-11-eicosenoate= D0 0.71 +£0.24 pg/mg 2 FRI=
A AR AYE she AF A AZIEE 1.56£0.09 1g/mg
ol 4 3.23+0.20 pg/mg 744 BAE AL, linolenate] 735
) Z0] 4.00+£023 pymg, AR A LN 865+
1.31 pg/mgoll A 13.09 +0.80 pg/mg M9 2] oS Vbl
At

cis-9-oleic acid, linoleate, y-linolenate,

[= =)

of - =M - FE - O[M2

FIDT A, Front Sgnal (20171024120171024 2017-10-24 11-00-0TD15F0701 D)
" A
w0 o
e
g
20 . e T e®
- . o o o
- ] a2 5
. ® 3 g 2% &
20 - . o H 5 2 o wEe T
FRIEPLIFIE .
g5 & @ 2 CEEY Squ?ﬁﬂ 2. B
10+ 1 | 2 2 E %’ e 3} % S
| 3 8
WL Ll [l L O 3
PRI Y VR VTN 4 8 T R bt 4 b, o -~
e —— .
10 2 ) P ) ) .
FID1 A, Front Sgnal (2017 102420171024 2017-10-24 11-00-01\014F0601.D)
e B
404
30+
o
g Lo
20 © © e e- =
L) - J - N
T Y e 4o § o~ B8 T REERRISa, 5
r- § & o5 2 B . o :’%ﬁ' %
] ‘gg = & 3 8 § % 2%.% L 8
110 o A B
ol N A wllh‘u b L L 4
10 P ® 0 Py ) !
FID1 A Front Signal (201710242017 1024 2017-10-24 11-00-01013F0501.D)
C
40
%]
o |
°
=5 2 7«4~ 5
0 /s 8 8 8 s 24 e
s s & 2 7 3 8
W\ T [ & id
. LV S O N !
10 » P o
FIDT A, Front Signal (20171024120171024 2017-10-24 11-00-01012F0401 D)
pA7] D
404
%0
20
o
- - « o © . mgé,_gi_i“aa?@éﬁgm ]
10 e D s o B o BBoEee Sel g1 @
B ¢ ¢:8glatafiamigam ¢
8 a 5= =
g I \.FL‘\': \‘I L= TN—uﬁ 3,.& ,M»Mm~ww—~u -5
10 20 3).1 4‘0 ID ID m‘
FID1 A, Front Signal (20171024\20171024 2017-10-24 11-00-01'011F0301.D)
40 4 ’
30
20
2 e SPITR ST TR
T o® v e © e ORI e
"l lei i iisgszsfsgrmcas
W2l = 2 25 3,583 ¥ ARy by
RN HITERTER TRV S e :
10 2‘0 '.\‘U -1'0 50 B‘U mar{

Fig. 1. GC-FID chromatogram of fatty acid standards for
quantitative analysis. Concentrations of each
standards were diluted to A; 1/4, B; 1/8, C; 1/16, D;
1/32, E; 1/64.

T3 cis-5,8,11,14-cicosatetraenoic  acide= THZE o] 0.63
+0.06 pg/mge] TS JERd v g2 A2lwelAE 091
+0.21 pg/mg oA 2.00+0.34 pg/mg HAS] TS JERHAAL,
cis-11,14-eicosadienoic acid= thZw=°] 0.81 + 0.06 pg/mg, &

174



=) o olo HIA} & sl ol == =7
Lhef 5 vl @ale| X|dht Sl Hist 9l FEHMent

FID1 A, Front Signal (20171024'20171024 2017-10-24 11-00-01021F0%03.0) FID1 A, Fron 24 11-00-0° F1001.0)

pA] 8 ]

175 H 75 .

! 8
150 150 [
s .
i i
100 1004 b
/th
| e
] AR
504 e |
i o3 mﬁg&ﬁ’ 38
e ¥ 5 b oo

, R ST t i . _

10 - 1 2 X 4 % 0 |

FID1 A, Front Signal (20171024120171024 2017-10-24 11-00-01023F1101.0) FID! Front Signal (20171024'20171024 2017-10-24 11-00-01' F D

oA pA7

|
175 & 175 8
8 4
:
10 i g 150 :
128 B M
H .
1004 N 100 3
b
7 .
o
Se | g e? | &

504 'Y LA .

’ oed® Betmads o v e e@zzm oy amids
N R AR o : : P R Rt
i3 $'$§%%§a W, 3§ d3gEe %xﬁa

] pead Besmide | WAug uf 2 p 849 [RUmER

10 Py ) ) m 10 2 o i % 0 md

FIDT A, Front Signal (2017102420171024 2017-10-24 11-00-0TG25F 1301.D) FIOT A Front Signal (201710242017 1024 2017-10-24 1100010207 1401 D)

pA] va] - £

) & i 5 b

175 54 %

] ] g P
H 2
150 g 150 ¥
125 b
i
3
ee |
o v o eedzgd AEs
W, § & @ #2848 *‘g %g
o M uE R i pERE (4 A o
10 2 ) P T e .

Fig. 2. GC-FID chromatography of fatty acid in oil of adventitious roots culture of wild
mountain ginseng according to fermentation condition by S. cerevisiae. Concentrate of
each oil samples. A; control, 29.0 mg/mé, B; treatment 1, 8.6 mg/m, C; treatment 2,
7.6 mg/ml, D; treatment 3, 11.5 mg/ml, E; treatment 4, 10.1 mg/m¢, E; treatment 5,

15.3 mg/ml.

B AH@o] 1.55+0.08 ug/mgoll A 2.57 +0.16 pg/mg7kA] =
Y2 ddoez Frteke 4TS UeMIY (Fig 1, 2,
Table 3).

T AP 37 & BAT § ZsAY, EXSAAE ]

&S HwalE A7, iz ] 28 AEolA] EXSA
HHAE H)go] Z713IA T (Table 4). S. cerevisiae®] 73-%-

saturated (=2 16:03 18:0)2} mono saturated (18:109)
A Hpakgke] A Z2o] A E 7] wlEo] (Daum and Vance,
1997; Martin ef al, 2002) A%t shaF =AM S
cerevisiae®] ESFAAE Bl B3s) ALk ShERS d1EshA]
oth AW B 2o 2R Y 294 FES o S
cerevisiaeZ7} X351 A& desaturase’} ZHE-5le] F IR A

Hlgo] Zraelyl BEsE APk vlE 3 ol Sk
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Petrie 5 (200952 °FAd o} (HHin)= Evle Fdol+&

(Camelina sativa)®| A6-desaturase pathwayoll A1 OA (oleic
acid, 18:®9), LA (linolenic acid) 2} ALA (o-linolenic

acidye 7142 ARE3l] 3 LC-PUFA EPA ¢ DHAZ 3
ke are] #HE FHAE ot A e hE

T (12%)y71HA ALt F&0] F7H=E ATkl Barskgl).
Qiu X 5 (2002y2 =& cytochrome b5-2A|A| strain}
cytochrome b5-competent kA3 strain®l 4] A6-desaturaseS

ZAste] AA HelkeS HwElS W, UHE S40e 18
(1 (9 18:2 (9, 12), 18:3 (9, 12, 15E AgHEiy B

skl

B ARl = Ak 7w ool aRds A2
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Table 3. Contents of fatty acid in oil of adventitious roots culture of wild mountain ginseng according to fermentation condition by S.

cerevisiae.
Contents (zg/mg)
NO. Component
Control Treatment 1V Treatment 2" Treatment 3"  Treatment 4" Treatment 5"

1 Butyrate 0.17+0.29? ND? ND ND ND 1.49+0.19
2 Hexanoate ND ND ND ND ND ND

3 Octanoate 0.47+0.03 1.14+0.15 1.35+0.11  0.60+£0.04  0.61+0.07 1.22+0.25
4 Decanoate 0.17+0.01 1.01+0.88 1.93+0.05 1.20%0.05 1.35+0.12 1.34+0.21
5 Undecanoate 0.20+0.02 0.35+0.04 0.43+0.02 ND ND 0.47+=0.07
6 Laurate 0.16+0.17 0.29+0.50 1.37+0.09 0.80+0.03  0.97+0.08 1.38+0.19
7 Tridecanoate ND ND 0.04=0.04 ND ND 0.16=0.01
8 Myristate 0.30=0.01 0.75+0.09 0.60+0.30 0.10+0.02  0.11+0.02 0.75=0.11
9 Myristoleate 0.23+0.03 0.61=0.06 0.67+0.02 0.22+0.01 0.26*0.02 0.68+0.10
10 Pentadecanoate 0.22+0.01 0.72+0.18 1.25+0.07 0.52+0.03  0.58*0.14 0.73=0.11
11 Cis-10-pentadecenoate 0.13+0.02 0.37+0.07 0.37+0.07 0.16=0.02  0.14+0.06 0.48+0.09
12 Palmitate 22.80+1.75 55.06+6.41 67.00+6.24 35.00+1.81 42.74+3.77 51.58+7.73
13 Palmitoleate ND 1.33+0.16 1.38+0.08 0.30+0.02 0.25+0.03 1.67+0.23
14 Heptadecanoate 0.66+0.05 1.73x0.16 2.25+0.14  1.36%+0.06 1.74x0.12 1.74x0.26
15 Cis-10-heptadecanoic acid ND ND ND ND ND 0.08+0.00
16 Stearate 8.31+0.66 17.58+1.73 21.46+1.24 8.17+0.40 12.03+x0.87 20.21%+2.90
17 Trans-9-elaidic acid 0.09+0.03 0.19+0.04 0.55+0.08 0.32%0.05 0.40+0.07 0.64=0.11
18 Cis-9-oleic acid 4.05+0.49 11.79%£1.29 14.23+0.86 9.23+0.54 11.39%£0.97 11.14%1.70
19 Linolelaidate 0.05=0.01 ND 0.36%0.05 ND ND 0.28+0.04
20 Linoleate 38.32+3.19 101.28+11.15 125.47+8.02 76.66+4.23 92.10=7.96 90.83+13.89
21 Arachidate 0.99+0.08 2.12+0.20 2.63+0.13  0.84+0.04 1.45+0.09 2.60+0.34
22 y-Linolenate 0.35+0.02 0.94+0.13 1.05+0.08 0.72+0.04 0.86+0.09 0.79+0.13
23 Cis-11-eicosenoate 0.71+0.24 2.58+0.13 3.23+0.20 1.56*0.09 2.34+0.36 1.57+0.23
24 Linolenate 4.00+0.23 11.20=0.96  13.09+0.80 8.95+0.54 10.90+1.38 8.65+1.31
25 Heneicosanoate 0.44+0.02 1.26+0.21 1.50+0.04 0.23%0.07 0.65+0.42 0.40=0.04
26 Cis-11,14-eicosadienoic acid 0.81x0.06 2.11+0.24 2.57+x0.16  1.55%+0.08 2.00+0.18 1.92+0.37
27 Behenate 0.80+0.14 1.68+0.36 2.16+0.15 0.56*0.06 0.65%+0.05 1.91+0.27
28 Cis-8,11,14-eicosatrienoic acid 0.02+0.04 ND ND 0.06=0.11 ND 0.06+0.11
29 Erucate 0.20+0.04  0.38+0.05 0.55*+0.05 0.29%+0.00 0.37+0.06 0.34+0.09
30 Cis-11,14,17-eicosatrienoic acid 0.24=0.02 0.64=0.11 0.40=0.08 0.46%=0.08 1.44+0.09 1.37+0.29
31 Cis-5,8,11,14-eicosatetraenoic acid 0.63+0.06 1.65+0.12 2.00+£0.34  0.97+0.21 1.28+0.07 1.28+0.22
32 Tricosanoate 1.35+0.10 3.80+0.36 4.50+0.40 3.24+0.30 3.86+0.23 2.28+1.98
33 Cis-13,16-docosadienoic acid ND ND ND ND ND 0.97+1.41
34 Lignocerate 0.78+0.06 2.27+1.31 2.10=0.11  0.56%0.02 0.61+0.03 1.28+1.11
35 gc'?j'gﬂ1'14'17'e'cosape“tae“°'c ND 0.17+0.15  0.06%0.10 ND ND 0.59+0.79
36 Nervonate 0.06=0.10 ND ND ND ND 0.11+0.19

Cis-4,7,10,13,16,19- ND ND ND ND ND ND

docosahexaenoic acid
Total 80.00 249.75 298.06 162.79 206.22 241.28

"Treatment 1 - 5; after 1 - 5 days fermentation using S. cerevisiae in supercritical fluid extracted oil for adventitious roots of mountain wild
ginseng, ?Each value represents the means = SD of 3 repeated experiments, ?ND; Not detected.
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Table 4. Ratio of saturated and unsaturated fatty acid in oil of
adventitious roots culture of wild mountain ginseng
according to fermentation condition by S. cerevisiae.

Fatty acid ratio (%)

Component ontrol Treat-  Treat-  Treat-  Treat-  Treat-
mentT ment2 ment3 ment4 ment5

funsatufated 54.81 59.25 5826 6413 63.00 5537

atty acid

Saturated o 19 4075 4174 3587 37.00 44.63

fatty acid

Total fatty 100.00 100.00 100.00 100.00 100.00 100.00

acid

Az aRo YA = AAEE desaturased] 23 EF
sh ARt v &S SIS A, 919 AT foA 2
I - e

3. AEH 2E2AM

Hierarchical clustering analysis (HCA)}= E4A|=0] tis)
ko SHEES blue, T THS redZ V8N FHS EAS)
= SAAE Wgolrt.

At B w2 2] B A og T AR
S FRIEIS o, R AT (treatment 1-5)= =
+3 g2 LS FAs9 e, treatment 1, 2, 59
treatment 3, 47} FAF +HoE FALAJTE T3 thRLe
blueE YERfo] W oz o] FAE= v, 8%
AelFoM e =2 TR red 1Y =7t ZolR= A
I (Fig. 3).

-
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4. Elastase Afoligtd

Elastin 35 W] &€& {4
St} Elastaser elastin® £33t &4Z de Wit 5
(1981) o d=xZollA] elastase®] EAdo] FolA|AL T HF53}
A 48 AT RIS Tsuji 5 (2001
FHHE] elastaseE Aoz FEIH O FE/NHEAE

ofr
F{F

Ta% 9g= dEid

ol
rr

e

O:

AloA 2w} @2 A2 (treatment 1-5) 7}
7} =2 100, 500, 1,000 zg/ml & elastase A4S 7
At A3k 100 pg/ml =N hEF 3.11+1.82%, &=
2= (treatment 1-5) 14.50 +£3.42%, 20.62+0.74%, 1.58+
1.56%, 3.84+3.38%, 1.20+0.74%2] A&, 500 ugml H%
ol thERT 22.36+0.93%, AR X2 (treatment 1 -5)
5523 £2.63%, 56.47+0.39%, 5042+ 1.08%, 47.23+6.76%,
32.99+298%2 A&, 1,000 ugml FEAME R
30.90+0.26%, T2 2T (treatment 1-5) 54.88 +6.04%,
59.70 + 1.45%, 52.41+1.11%, 54.61 +0.36%, 45.32+3.98%%=

A
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Fig. 3. Hierarchical clustering analysis (HCA) result of fatty
acid in oil of adventitious roots culture of wild
mountain ginseng according to fermentation
condition by S. cerevisiae. Color of each square
indicates the relative amounts of compounds: red (highest
contained), blue (lowest contained). Compounds 1;

bug/rate, 2; hexanoate, 3; octanoate, 4; decanoate, 5;

undecanoate, 6; laurate, 7; tridecanoate, 8; myristate, 9;

myristoleate,  10;  pentadecanoate, 11;  cis-10-

Eentadecenoate, 12; palmitate, 13; palmitoleate, 14;

eptadecanoate, 15; cis-10-heptadecanoic acid, 16;

stearate, 17; trans-9-elaidic acid, 18; cis-9-oleic acid, 19;

linolelaidate, 20; linoleate, 21; arachidate, 22; y-

linolenate, 23; cis-11-eicosenoate, 24; linolenate, 25;

heneicosanoate, 26; cis-11,14-eicosadienoic acid, 27;

behenate, 28; cis-8,11,14-eicosatrienoic acid, 29;

erucate, 30; cis-11,14,17-eicosatrienoic acid, 31; cis-

5,8,11,14-eicosatetraenoic acid, 32; tricosanoate,

33; cis-13,16-docosadienoic acid, 34; lignocerate,

35; «cis-5,8,11,14,17-eicosapentaenoic acid, 36;

ner(;/onate, 37; cis-4,7,10,13,16,19-docosahexaenoic

acid.

T o7 AsjEAlo] Z718kTh. Positive control

elastase A3 o= 2 L& ursolic acid= 300 rg/ml 2]

TEY W 30.85+8.30%°] &/de] I (Fig. 4).
AR B o] 294 1A 2 9 SRS A
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Fig. 4. Elastase inhibitory activity in oil of adventitious roots
culture of wild mountain ginseng according to
fermentation condition by S. cerevisiae. *Means are
significantly different by Ducans’s Multiple Range Test (p
< 0.05).
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Fig. 5. Collagenase inhibitory activity in oil of adventitious
roots culture of wild mountain ginseng according to
fermentation condition by S. cerevisiae. *Means are
significantly different by Ducans’s Multiple Range Test (p
< 0.05).

2A9 elastase AsNEA =,
elastase A3l o] FRI=|ATH
Rennert?} Melzig (20022 F-2AWHE o o, E3pAak
R} EXspAHTe] clastase®] A &/dol el 1Csp7ke] H
Sl BT ICs, w2 ZHE palmitoleate=; 20 uM,
cis-9-oleic acid; 5 uM, linoleate; 5 M, vy-linolenate; 15 puM,
linolenate; 15 puMo) Itk B 13k v} o} E3F Mori &
(2002)2 lemon, juniper®} grapefruit®] essential oil®] F=7F
oF 250 pg/mb o] dellA ZHE 95%, 92%, 87% ©1de] elastase
Aeg o] YRt BAEI o™ Lee 5 (2016b)y 842t
S &, o8k 2832 1,3-buthylene glycol® 2 FE31950m
FENA BAE elastaseZ A& S931H9S W, 500 pg/ml
NA ursolic acidet AR B85 2= S BaLsislth
olfgt A5 FFste] BH Mt Y g 294A
A F2 2o aEH#E MHste 45 RIS A
e A Bk U =2 elastased] gk Aol 7H

3T

treatment 2914 7FY =&

5. Collagenase Xloligtd

Collagen elastin} 37 TH-9o &3 5 #H 4
AEEZoIM (Youn, 2012), F4§-2] 3| 229] 90%E XA
Sk Zo2 4eA ) Collagenases AFJA T 9% 3
73 ZE#HE 5o oy 7EA] a9le| mEp @4do] molA|H,
collagens alste] T BHEA|8IE dOoA FHes
o] o] "ol &EA Ut (Yu, 2014).
B AlgollA] positive control collagenase #3|ZAd o2
4% epigallocatechin gallate (EGCG)Z 500 pg/md 2] &
] o 72,11 +1.08%%] &4 SRISHATE (Fig. 5). &R+
A elA] e hxwd &Rd 2l (treatment 1-5) 2z}
Zke] FEE 3125, 62.5, 125, 250, 500 pg/ml 2 collagenase
A BAHES AAT A, 3225 gl FEAAM hERT
267+3.77%% YERNAS ER+F A2t (treatment -5
26.66+8.45%, 29.39+2.79%, 29.18+0.33%, 32.93+3.72%,
29.83 £2.01%%] Aall&-S 27 Jepiior, 62.5 pgml =
M E TR 573+ 1.28%, BT 2] (treatment 1-5)
Z}7} 32,06+ 1.86%, 39.99+2.88%, 23.78+2.74%, 34.65+
4.06%, 27.09 +2.82%°] A3]&S eI

3 125 pg/ml FEOIME thETo] 15.85+ 1.19%= vehd
v g R A2t (treatment 1-5)S ZHZF 34.01+£2.16%,
51.15+4.12%, 37.90+2.93%, 44.88+5.16%, 35.09+5.07%<]
A S vebd S Sl

250 pg/ml FEONAM = tIZRT0] 20.68 +2.63%, S 2]
= (treatment 1-5)°] 45.17+2.61%, 55.33+1.63%, 27.63+
4.34%, 48.88+10.21%, 49.32+897%2] As&S 27 Yehy
A3, 500 pg/ml FEAAE hRTE 29.76 +3.77%S LERA
g Hksle] @R AT (treatment 1-5)2 46.69+3.15%,
59.15+£2.92%, 40.49+127%, 50.58+2.82%, 54.54+0.76%<]
T UERY] ARE 7 a2 BE AN
T oEHo=w dHo] FUHE &
treatment 2914 714 =& collagenase #1314
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