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A Study on Anti-oxidant and Anti-wrinkle Effect of
Supercritical Fluid Extraction of Black Carrot as a Functional
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Abstract The aim of this study was to evaluate the anti-oxidant and anti-wrinkle effect of the
black carrot(BC) extracted by supercritical dioxide(SC-CO,). DPPH/ABTS radical scavenging and total
polyphenol contents were measured to investigate the anti-oxidant activity of the BC supercritical extract.
Collagen production and MMP-1 expression were assessed in normal human dermal fibroblastsO(NHDF) for
anti-wrinkle activity, The black carrot extract showed the highest total phenolic content(9.037+1.123 mg
GAE/g extract) and the best antioxidant properties as shown by DPPH and ABTS assay. The
supercritical fluid extracts of black carrot exhibited low toxicity to NHDF cells. In addition, the supercritical
fluid extracts showed MMP-1 inhibition and type I pro-collagen synthesis inducing activities in a
dose-dependent manner, respectively. Therefore, these results suggest that the black carrot is a potential
source of high anti-oxidative, solvent-free and anti-aging material with promising applications in
cosmetic, food, and beauty-food industries.
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FHDaucus carota L) FU¥sH 7Fx|7} Fot
Q= 717t AH A AAHCE 4H|EHE= o 5 St
U= Moj 2t £ZM8(orange), =it M(yellow), W3t
A(red), ZFM(black T+ purple) o2 EHFHT}
E3] AMGZ(Daucus carota L. ssp. sativus var.
atrorubens Alef.)& 154]7] 34 o] H25}7]
O|HEE| ofrlotel A5l F&o] AA A-E0E A
Hon, dA= 7], oty Ak, wr| Ay} 22
EFE F7IA = AQuiE, 1 A87F S7saL
Act. G2 HEE CE EFolal 91, 42 H|
E}7I2E(8-carotene), =2 2H(Lutein), &
M2 2ol A (lycopene)s THFSH THo|EAWZH
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84 M4l QFEAoMd(anthocyanin)S
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Table 1. Operating condition of BC SC-CO; extraction
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ER AAYGIE TR, TAY Aoz SR A
(high-carbohydrate, high-fat diet-fed rat model)
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ATsF2 AA 72 AR 59 523271(FD-8512,
IIshin Engineering Co., Korea)= £23} 3}t

Extractor Ethanol Separator CO2 Chiller Run-Time
(bar) () (mL/min) (min) (bar) () (mL/min) () (min)
400 40 0.7 mL/min 240 min 50 25 200 mL/min 5 240 min
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2.3.1 Total polyphenol contents

% Zd9&E5HEL2 Folin-DenisH[11]122 0.2
mL2e A]&o|| Folin-ciocalteu's phenol reagent
(sigma) 0.2 mLE H7koto] 587 204 ¥hg 7,
10% NaxCOj3 0.2 mL< 7foto] Etotal 42940
A TAIZE B9t WA A5 Fste] 96 well
plated] A 550 nm IFOA SFE=E S5t
HFEA gallic acid (Sigma, St. Louis, MO, USA)E
ol-&3F AFAY} Blwsto] AMFT ZAAFEEY

EouEsTE B dad

2.3.2 DPPH HMAIE0s

2,2-diphenyl-1-picrylhydrazyl (DPPH)E ©}-83t
free radical 2424 BloistH[12]9] 2J5te] A= 0.1
mLel 0.2 mM DPPHE 0.1 mL& 75l 37CollA
3087 BRSAIZD &, 517 nmolM =S S5

2.3.3 ABTS radical 275

2,2-azino-bis(3-ethylbenzothiazoline-6-sulph
onic acid)(ABTS) radical® ©]-&3t Alst 242
ABTS" cation decolorization assay®¥H[13]°] oI5}
o Aottt 14 mM ABTS (Sigma, St. Louis,
MO, USA)®} 4.9 mM potassium persulfateS =g
Stof Q9] A20f4 24417 57t BHAst] ABTS &
BN ¥, SHFSFE 45t ABTS™ 0.18 mLoll
AGE F25 0.02 mLZ £t 308 5 §5H&

T, 734 nmollA FH=E St

24 ME =M Tt

240 NEZ= 3 OME HfQE

o] ARESE AR A-FoME (Normal human
dermal fibroblas, NHDF)& 3§+ AZF 2304
Hopaotom 10% FBS (fetal bovine serum)@}t 10
units/mL penicillin @ 100 yg/mL streptomycin©]
H7ld DMEM (Dulbecco's modified Eagle's
medium)2.2 37T, 5% CO, 2] wiFatoict.

242 MTTE 0|28 MEZSA
MNE 542 MIT (3-14,5-dimethylthiazol-

= O+

2-yll-2,5-diphenyltertrazolium bromide) assayS
o] g3lo] =Astgitt. wiFE NHDF cell& 3x10°
cells/mLZ 96-well plate°] 0.1 mL¥ E3313 24
AZE & AT 2AAFEEC| 7 DMEM HijA|
£ 0.1 mLA Aste] 24417t &< vt 2Hzt
9] wello]l 0.5 mg/mLe] MTT (Sigma-Aldrich Co.,
China)&9g 0.1 ml¥ 7I8ld, 37C, 5% CO,
incubatorol| A 4A17F B vt Wi = A
A AAsIE, Z+ welld] DMSO (dimethyl
sulfoxide) 0.1 mL& 715t formazans 591 &,
570 nmolA EBEE Ss3on, tixgto] tiet
Az F2EE HEE(WZ FAHH

25 5 g4

2.5.1 Pro-collagen &4 =8

ANF HAGoHZE 24 well plated] 1x10°
cells/well® EFslo] 24A17F wigFstct. A2
serum free BjA|2 WA|SIL 10 ng/mLe TNF-a2}
SEEE AR AIRE APstSith 24417 Fof B
AS thACZ procollagen type I C-peptide EIA
kit (Takara Bio Inc. MK101)E ©]&3}9] collagen
F= SAsHCH14L

252 MMP-1 ChHial uis =x

MMP-1 (Matrix metalloproteinase-1) Tr9] gt
d $ZHEE western blot ¥ 0]8&35k0o] XA}S}
Ak s A2 10 ng/mLe] TNF-¢& A|gt A
G| HRoEE Ak 1X PBSE F ¥ #lo] Wl &
RIPA buffer (Thermo scientific, Rockford, IL,
USAE Z7Ioto] 3087F doollA  SsiAx
13,000 rpm, 4C 27004 1587F ¥4 Esto] &
Y-S Fe]5tal Bradford 8902 A3FeFct 10%
SDS-PAGE 7} well & & @350 pg)& loading
gt & A7]9%35t PVDF membrane® 2 transfer
51t} 0.1% Tween 20°] 372 TBS buffero] &
&I 5% BSAE #7Foto] blocking 402 ARES
Atk MMP-12 A& 8] membranes &
MMP-1 @A|(Santa Cruz, USA)Z 4T ZAA
blotting ¥t & washing buffer (0.1% TBST)Z 10%
7F 33] Aojyitt. 22 PA= HRP-conjugated &
rapbit FA|(Cell Signaling, USA)Z AF2of A 1A]7F
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S RRSAIZTHIS].

253 COL1Y MMP-1 mRNA & &3

AZ(1x10° cells/well/24 wel))ol 10 ng/mL9
TNF-02} 29AFEEZ s8R AT AlRE A
glsto] 24A17F Biget &, total RNA 225 3
Apure Total RNA isolation kit (GenomicBase co.
Itd., Seoul, USA)E AR&3F3TE. 2+ Collagne type 13
MMP-1 4429 mRNA 52 ZARE] Y8l One
Step SYBR primeScript RT-PCR Kit (TaKaRa,
Tokyo, Japan)E ©]-83}9] real-time PCRE 33t
1, AREE primers Table 29+ 2tH16,17).

Table 2. COL1, MMP-1 and GAPDH primer

Target Forward Reverse
5'-AGGGCCAAGACGAAGA |5-AGATCACGTCATCGCA
cout
CATC-3’ CAACA-3’
5'-TCTGACGTTGATCCCAG |5'CAGGGTGACACCAGTG
MMP-1
AGAGCAG-3’ ACTGCAC-3’
5'-CAATGAATACGGCTAC|5'-AGGGAGATGCTCAGTG
GAPDH
AGCAAC -3 TTGG -3

2.6 sA=N

£ A7) #7|8 BE e YAt ESHAR Y
R, gt Atolo] oigk 59482 student's
t-testE O-&5to] p-valuedtz Altste] A2 79
A ASS AABHFLE p0.05% HS *2 B7]5H9AL
p<0.0191 A% =& #7|5to] Fo45 UEHIH

3. 34Z4 A 1F

AAGL AR A& FF 150.7 g2 AR&3lo]
Brslejo] A& 1.525 g& ¥o] Table 33} 7o
= [e)

e b
ofN ofX

Table 3. Yield of black carrot SC-CO; extracts

Black carrot (BC) SC-CO, extracts

Dry weight of extracts (g) 1.525

Dry weight of BC (g) 150.7

Extraction Yield (%) 1.007%

AAAE A 5t= g H&=0] folin-ciocalteu Al
OFS TUAA FHoZ WAEE YR Q#HRE
ARGETL Sl ARSE Ao 18], AHYE 29
AFEEY § Edve TS Folin-Ciocalteu B
Hog =A%t Ad Table 49+ Zo] 9.037+1.123
mgGAE/go 2 915t} Algarra 52 AH|QI0)A
AujE FZ(orange carrot), AP antonina?t
purple haze & ¥%9 Edus o] 27 0.094
mgGAE/g, 1.878 mgGAE/g, 4.92 mgGAE/go =2 =}
Aol dutgo] Hig) & E2HlE ol 222
Hstgom[19], £ Ao AME g 29
AFEES & EgH= FHF2 purple haze ET}
1.838] © f<poto] QMG 2AAFEES ETF
=RME ol B2 HEAY dREA S8t &
& 7oz 7y

Table 4. Total phenolic contents of black carrot
SC-CO; extracts

Sample Polyphenol (mgGAE/g)’

BC 9.037+1.123

'mgGAE/g: mg Gallic acid equivalent per g
All values in Table are meanzS.D.

3.2.2 DPPH 2{0iZ a7

DPPHE 449 QHYe f7144 g4
AL Hepig o Agdels 58 W A4S &
#7389 DPPHel digt #dgE EHok= Aot
[20]. MG 2AAFEES] DPPH A
< &4 2y Figure 13 Zt} 28 34 5%
10, 20, 50, 100, 200, 500 ug/m¢o] W ZFrjd 44
&2 27t 4.150%, 7.756%, 14.673%, 22.776%,
29.644%, 38.932%% U AMGE 2UAFE
& o] Hgsto grd AAs0] 7R <l
Skt
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20 |

DPPH RSA (%)

10

10 20 50 100 200 500
Conc. (ug/mL)

Abbreviations:  RSA, radical scavenging activity; SC-CO,,

supercritical dioxide

Fig. 1. DPPH RSA of black carrot SC-CO, extracts.
Values are means meaniS.D. of triplicate

determinations.

3.2.3 ABTS 2iCid AAs

ABTSE sodium persulfateo] 2J3] Aks}e|o]
ABTS radial(ABTS)& Bisl=[HA HE24E dr}. o]
2A JAE ABTS radical> FAks} A o] oJaf T4
o= GAEE HIE AFAYT sUECR|A A
0 AEFEEY ks 540 F2 E8EH 3
21]. 7 59 5% ©E ABTS &2 &A%
< Figure 29} 2ot 2HgE 255 11sk 1-10
mg/mL T4 FE5F sk EF O ABTS 2t
4 A0 F7RRHE ERIsteit

70

60
50
40

30

ABTS RSA (%)

20 |
10 |

1 2 5 10 20 50

Conc. (mg/mL)

Abbreviations: RSA, radical scavenging activity; SC-CO,,

supercritical dioxide

Fig. 2. ABTS RSA of black carrot SC-CO, extracts.
Values are means meantS.D. of triplicate

determinations.

3.3 ME=H

ANMGE ZAAFEES FF YEE ARG
flal A= oA FE2E9] HFAS ERlstat A
&9l RotMZ(NHDF, Normal human dermal
fibroblast)E tAo.2 MTT assay= 35ttt 1

A3} Figure 33 Zo] 25 H1 5% 500 ug/mlell
A A REEo] o 25% FASAoY FE2ES 7
a5 Ao ARSE 5~200 ug/ml = FOIA AE
=42 AY gl

120

100

80

60 |

40

NHDF cell viability (%)

20 |

0 TNF-a 5 10 20 50 100 200 500

Conc. (ug/mL)

Abbreviations: SC-CO,, supercritical dioxide

Fig. 3. Effect of black carrot SC-CO; extracts on
NHDF cell viability. Values are means
meantS.D. of triplicate determinations.
Different superscripts within a column
indicated significant differences (p¢0.05,
“p0.01).

34. &dFE gt

3.4.1 Type | pro—collagen &4

ZAE HfotA Rol| A A, o R a4
ol F83% L sk gloem, 1 F Type I
collagen T 5 HHANZ AxFF] oF 90%E AHA|
ot wEbA ANEE 2AAFEEC] type |
collagen 4ol m|A= FFS ARH| Al =
A AFEZ(precursor molecule)?! pro-collagen
B/3FE ELISA 7o 33t 23} Figure 4A%%
2otk FHETCE AHEE AT AIERL
TNF-ex= IL-13 A A9 AfobA oA
pro-collagen I3} I119] A/d3} mRNA $2& 744
719 (22], ¥ AFAR|AE TNF-¢ (10 ng/mL) A
2]o]] 93t type [ collagen?] #A7F ERI=GIL). 112
U A 2AAFEE2] pro-collagen 1 4 &
g2 A" F2E sk gEHCoE JTIEIGL,
Figure 4BojAl®t Zo] FZ& AY F A=y
collagen mRNA 32 T& 5 F7fof| 93t A3t
A gelstich
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PIP (ng/mL)

0 INFa 10 20 50 100

Conc. (pg/mL)

COL1/GAPDH

o | i TNF 10 20 50 100
Conc. (pg/mL)

Abbreviations: SC-CO,, supercritical dioxide

Fig. 4. Effects of black carrot SC-CO, extracts on
type | pro—collagen synthesis (A) and mRNA
level (B). Values are meantS.D. of triplicate
determinations. Different superscripts within
a column indicated significant differences
(£0.05, “p{0.01).

3.42 MMP-1 2dlis

Mz e]7]d(extracellular matrix, ECM)9] &8 T
A48l Type I collagen©l] Ec]do & Z-gsl= ot
A& as MMP-12 073t 34 F A2Q)7]d
gjof 71 8 9T 23] AdgE 2AASF
Z£E5o] HBotH Lo MMP-1 £3fo] ud HFS 2
ARt Ad= Fig. 59 2t TNF-¢E A5}
MMP-1 & #5 & ARE s=EE A5
S 0 5= oEFHoZ MMP-19] ©E SE3}
mRNA Tdo] AA|go] A=t wabA 2AA S
Z% W collagen 19] 3 &3 9 MMP-1 Esla4
24 IA 7ls= 7 faAwo] wR ol ThE S
S38% A 5= ls Ao=E weETH24]

o)

NS A=

BC (wg/mL)
0 TNF 10 20 50 100 200

MMP-1/GAPDH

CTL TNF 10 20 50 100
Conc. (ug/mL)

Abbreviations: SC-CO,, supercritical dioxide

Fig. 5. Effects of black carrot SC-CO, extracts on
MMP-1 expression. Values are meantS.D.
of triplicate  determinations.  Different
superscripts within a column indicated
significant differences ({0.05, “00.01).

4, 22

£ dAFoAs Befall Al dis dAE
2, 84S HEEA o R &8 77t %2 o]
ARRAE F8 B E ARES] & o AT 2
UAFEEY 1) A B4 E FFE 852 3
7betch. 29AFE 24 AR 1507 g& 1%
400 bar, 40 € 2% ZZo4 Ex8ufl EtOH 0.7
nl/ming FUste] FE6190H AR 2T 55
2 1.007%°] ATt

ANGE ZAAFEEY F EdHs IS
9.037+1.123 mgGAE/g0l910m, DPPHS} ABTS
radical& °|&3% 2ARY &4 2 FE8Y 5=
7t WE =& At EA4o] ERIFIH. E3 7
T B7HE Slol ARSE FEEY & 204 Izt
RO Z(NHDPHE o ® =383t MTT assay 2
I Ao tgk =/4g0] fle ACE YEht AAagE
ZUAFEEY Hd/go] FHE .

7225 4 94 € X3 fHE 8 890
2 ZL5k= type [ collagen? @43 MMP-1 £3
52 Z+7} BLISA®} western blot 2402 =33t 4
I, G ZRJAAFEE AP Al 5k YJEHCoE

(o}

1
r
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