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This study investigated the antioxidant and antiobesity activity of extract powders from the following
natural color resources: Palygonum indigo Black locust, Cochineal, Catechu, Grape, Tesu flower, Henna,
Chrysanthemum, Sandalwood Red, Himalayan Rhubarb, and Madder. Total phenol content was the
highest in Catechu extract, at 348.25 mg/g. DPPH, ABTS radical scavenging activity and ferric re-
ducing antioxidant power (FRAP) were also higher in Catechu extract. Bleaching inhibition activity
in the B-carotene linoleic acid system was the highest in Black locust extract, as was a-Glucosidase
inhibition activity. a-Amylase inhibition activity was the highest in Catechu extract. Trypsin inhibition
activity of Black locust extract was greater than 60%, and a- chymotrypsin inhibition activity of
Catechu extract was greater than 40%. Lipase inhibition activity was the highest Black locust extract,
at 52.73%. Viability of 3T3-L1 cells was not affected by treatment with extracts at concentrations of
1.25~25 pg/ml. Lipid accumulation in the 3T3-L1 cells was the lowest following treatment with
Catechu extract, at 55.8%, and this extract also inhibited adipocyte differentiation. These results sug-
gest that the Catechu and Black locust extracts have high antioxidant and antiobesity activities and

can be useful ingredients in functional foods.

Key words : Antiobesity, antioxidant activity, lipid accumulation, natural color resource
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B AFA AL dAML AR Z(polygonum in-

) 2
digo, Persicaria tinctoriumy< 1t 12t Eelv E&49 A
ALZA Zo qHH AP 2 AYEN 4L g+ 2

A F 7} ATH1]. oFFFA Y- (Black locust, Robinia pseudoa-
cacia L) ©d A&l OFF dfHol o] A& oy
T8, 9, AF T HYET AR o] &HIL loH, ZAE
(Cochineal, Dactylopius coccus costa & A%l 7|13t &
AT FAAA A H24 T4 HLEA 7tEte 74
o2 ool 4FHAE 8 AF dBE oJ&He ALR
Gl A Ah17]. oFd oF(Catechu, Uncaria gambir Roxburgh,
Acacia catech)& F8 221 7M1 E v Abshukgo <3
AREE 24 24 Pz NS 3 A"
g &gl Hoium[35], otk ZeHER HEE
g, 2d2HE At 8 548 SollE &5 < 7HA
o2 BI36]H Uth. E=(Grape, Vitis vinifera L)%
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dEAQ] FEANMT Mao FUgE Fiha, 3 AY
A MA &Fol dor[2, 46], 3} (Chrysanthemum,
Chrysnathemum morifolium Ramat flowen & FH F&3 A4
AEe AT =4 2 ARAT 9§ T4 oA &
of HEdEE FF ALHL e AR ¢HA ATH29].
I 9ol = AAMALE 2 A-E3te Bl 4(Tesu flower, Butea
Frondosa Butea moncsperma), ¥ U (Henna, Lawsonia inermis
L), &2W 8k (Sandalwood red, Prerocarpus santalinus), ™%
(Himalyan rhubarb, Rheum rhabarbarum L), A ¥EFA4
(Madder, Rubia akane Nakal) 5 22 1159 tjsto] 34ts} &
T A S Hla FAFORA FF LRI 7HA G HFL
A g gk A8A LS AT 7 2AEE AFA g
R

Y FE29 HZE

Z &, op7hA ok, ZAY, opAof, 2=,
g, iy, =38, w2 e, dd, AFEFAUS A
% d TUskA A BE AEEAT

AAHNE LAZRH A AES sy, FE255 A2

at7] 9ot 7ol Az A E 1 kgl catalase (Biotouch®
CAT200, AB Enzymes, Finland) ¥ alcalase (Alacalase®),
Novozymes, Denmark)—% 1% ¥52 #7182 1019 =
9ol 45T A 1047t 5 HSAZ T 80CE 24H F
7](Cosmos660, Kyungseo Korea)E o] &3t 2417t &<
2 3t 1 F F2ES o33t 37 (rotavapor R-220,
Buchi, Switzerland)Z & BERAZIE o] &3ld] &

NN o

TS O
13l AHE AERE AL

& H= & &
% A& ¥ FolinDenisH[12]9] wet 24 &5 1 mld]

Foline-Ciocalteau A1 ¢F 1 mlE ¥ 3% % 10% Na,CO; &<
1miA S 7 F st 429 oA 143 AA %
& 760 nmol A R EE SASAT. EFEEE gallic
acid (Sigma Co., USA)E At&ste] A5 U $HOE
TAst 22 AFHORTH F He

DPPH ¥ ABTS Z2ICIZ AHEM £F

DPPH #tZ 244 & Blois [4]9 W @& 1,1-
Diphenyl-2-picrylhydrazyl (DPPH)o gt A 73 &4 C
2 etk &, #%E3% DPPH €9 (5 mg/100 ml meth-
anol) & THOE EFT thg A2oA 2087 WHEAZ &
525 nmol Al FFEE SA3AT.

ABTS [2,2-azinobis-(3-ethylbenzo-thiazoline-6-sulphonate)]
gz 2AEHL Re S[41]9 Wl w2k 7 mMe| ABTS
€| potassium persulfateE 24 mMeo] HEE &3 A7

The oA 12~1643 B A2 3 415 nmol A F
71157} HEE ZFF4E Z2AH3 ABTs 9% A}%o}%{#
™, ABTs 90| $%9] Ao g E3ate] ALo|A 1087
BEAA 415 ool FAEE SR, 4D LATY

57 o—l— H 2 A 4bstd
& & (inhibition

B-carotene linoleic acid system= 0|28t SHits} &M
&3

B-carotene 10 mg< chloroform 10 mle]l £ A7l ¥ lino-
leic acid 40 mg % tween-40 400 mgS &3k 40T el A
¥agly }‘:—? 3}4 chloroforme A A3tAth ZF emulsion®] 3
+ SHReE 7}0}04 100 mlZ THE E}% 71AQ o2 M85t

FRAP(Ferric Reducing Antioxidant Power)&0fl 2|
5t slole =8

FRAPH o 2| ¢+ &4tsl &4 & Benzie$} Strain [7]2] W4
o @z} 300 mM acetate buffer (pH 3.6), 40 mM HClel &3]
g 10 mM TPTZ (24 6-tripyridyl-s-triazine) &% 2 20 M fer-
ric chloride® 77} 10:1:1 (v/v/v)e] HI &2 T3t 37T
TEFAAN 7t ZE FRAP 7|2 H 02 A& %
well plates] A2 40 ul, FRAP 7149 100 yl @ 284
40 P15 AE 2 EFske] 37T A 483 ¥ A7 F 59
nmol A §FETE 243921, ferrous sulfates EFEH
2 3o & mEHFH o= RE AT

@

4 MoleM £H

a-glucosidase #] s &4 =A

Watanabe & Kawabata [50]9] ol @} 10 mg/ml 55
o] AE 9 10 ulE 0.7 unit/ml a- glucosidase &4 50 ul}
Egate] 405 nmolA WA FREE SASAT. 523
Ao BA st 71494 5 mM pNPG (p-nitrophenyl-a- glu-
copyranoside) 50 g 7tatef 37°Coll A 5&7F §H-EA 7 F
OA FHEE ZAst g3 F3FE & HIERH
B4 ANEA S Ads AT

a-amylase A& &

Pancreatin 7] 9] g-amylase A3 &4 Lim 5[32]¢ %
HE wMgsted AR 50 plel 1 unit/ml9] a-amylase &4
250 ul9} 50 mM potassium phosphate buffer (pH 6.9) 250
s Egsto] 37CoA 1023 W3A 2 ¥ 05% starchs



500 ul 7beted oA 37°Col A 1027t WHE AT HEg- o
48 mM DSN (3.5-dinitrosalicylic acid, 30% potassium so-
dium tartrate in 0.5 M NaOH) #4484 ok 500 plE ¥ 100
AX 1583 B *EE TANZ F ¥astn
ml& 743t -4“/‘]2114 ojwl 7 blankZ = &

714& 97] o] DNS #A A ofS WA W& ﬁ% A8
o whgo 2 540 nmol A F}EE S

A8

Aol T F dzLH HIJLOPC’#

Trypsin A& A

Trypsin A3 &4 Jang® Jeong [19]¢] Wl we}
0.01%7} ¥ =% 10 mM sodium acetate buffer (pH 7.5)°l &
&3 trypsin 0.015 mlol A& 0185 ml& EFate] 37C
A 1083 ¥ A FH T of 719 3% azocasein 0.8 mLS 3713}
o 37CAA 3027 o &A1 1?4 110 mM trichloroacetic
acid (TCA) 1.0 ml& H7}3to] §&& BAAN AT &2l A
1583t ¥hg- & A A 5to %ME A7 A1 713 10,000% gol
A 2087 A A 45D 12 miel 1 N NaOH 14 ml&
T8t 440 nmoAl A FFEE 4319 7 blank}9] Ao
& 7% F Uz vuste AsEs Adstdt

a-Chymotrypsin A s &4 &4

a-Chymotrypsin A8} 242 0.01% a-chymotrypsin 0.04
mlol A2 016 mle E&ste] 37T 1087 HHE A
9 3% azocasein 0.8 ml& A7}t 37CoAA 3087 A
AT 4719 110 mM TCA 1.0 ml& H7katef &
A AR T 10,000¢ gl A 2083 A4 #ejste] dojl
%4 12 mlol 1 N NaOH 14 ml& E&3 & 440 nmol| A &4
& FA= g 2T vust] Asj&e Adst 19

Lipase A 3| &4 FA

Lipase A3 &3} Z7% 2 Saisuburamaniyan %[47]¢] ¥H
= W¥sq NS 0.25 mlol 800 unit/ml lipase 0.5 ml¥%
0.05 M potassium phosphate buffer (pH 6.5) 0.5 ml& &3}
of 37Tl A 1583t A A2 F 10% isooctanedl] &3 471
olive oil 1.25 ml& % 7}3}] 37°c<>lw 203 WA A,
Acetone 5 mlZ W3S FAAZ $ 5% cupric acetate 1 ml<
A7bsle E3tal 5 Ao A 7674}‘] 7 e A=A 1 mle
Fel 720 nmol A FHEES A 2T H s Ade
< At s
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3T3-L1 MZ0M &H|2 o £3

Azefed 2 &3

Ao AHEE AAFAES 3T3-L1 Al E= American
type culture collection (ATCC, USA)oll Al &5to} 10% bo-
vine calf serum (BCS, Hyclone, USA), 1% penicillin/strepto-
#7}¢ DMEM (Gibco, Germany) Hi
29 A W skt 3T3-L1

mycin (Sigma, USA)=
A& M43t 37T, 5% CO,
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MZE7L confluent® FE]7F HH 10% fetal bovine serum
(FBS, Hyclone, USA), 1 uM dexamethasone (Sigma, USA),
0.5 mM methylisobutylxanthine (IBMX, Sigma, USA), 10 ng/
ml insulin (Gibco, USA)& £33} DMEM Hj A 2 w33t
%3 T AWAE B3 FESIT 1§29 HHo s
10% FBS, 1% penicillin/streptomycin, 10 pg/ml9| insulin®]
23 DMEM HA & o] &3t 2t A& F25S 25 ug/ml
o BEE A oy 237 d4HE AMAA insuling
T4 %S DMEM HjA 2 w33l E3AZ4.

3T3-L1 A =] g MEEA ¢ 452 & H7}

A8 F2E0] 3B3-L1 A2 AEL VAT TS
7] s MTT (3-(4,5-dimethylthiazole-2-yl)-2,5-di-phe-
nyl-tetrazolium bromide) assay 33} % Th. 96 well platedl
3T3-L1 A EE 5x10" cells/well =& 37°C, 5% CO, 2719
A 24N WG F 4 AR FEES FEE(1.25~25 ng/
ml)E Azlste] 2443 TS B gttt 1 F 5 mg/ml
o] MTT A %FS 10 # AZste] 243 5 W EA &
A5 HE AABEI dimethyl sulfoxide (DMSO, AMEESCO,
USA)E 100 pl ¥ o] 1087+ w kst E}D ELISA reader”| &
o] &3t 570 nmel A §RE=E

3T3-L1 Ao tg A& —’F%%gl ]‘ﬂ/‘ﬂ; &3 oA
7 Oil red-O staining & & & ¥
A PBSZ Al A% Th 10% formalmgi 1A B¢k 2439
o 28NS A AL 60% isopropanol 23] AlE & & Oil
red-O solutiong #7}ste] 2087 A 204 A3 AT
# A Z+= 100% isopropanols 713t HAE A
o T4 ELISA reader® ©]-&3F 520 nmol|l Al &%
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Table 1. Total phenolic contents of various color resource from natural plants

Samples Color Total phenolic contents
Polygonum indigo (Persicaria tinctorium) Blue 3.26+0.12"
Black locust (Robinia pseudoacacia L.) Yellow 193.56+1.60'
Cochineal (Dactylopius coccus costa) Red 62.88+1.03"
Catechu (Uncaria gambir Roxburgh) Brown 348.23+0.74’
Grape (Vitis vinifera L) Purple 76.18+0.37°
Tesu flower (Butea Frondosa Butea monosperma) Yellow 58.48+0.70"
Henna (Lawsonia inernus L.) Yellow 30.64+0.21¢
Chrysanthemum (Chrysnathemum morifolium Ramat fower) Brown 33.91+0.63"
Sandalwood red (Pterocarpus santalinus) Brown 3.23+0.18"
Himalyan rhubarb (Rheum rhabarbarum L.) Yellow 79.58+1.62"
Madder (Rubia akane Nakai) Yellow 11.12+0.55

Each value represents mean + SD, n=3.

*Means with different superscript in the same column are significantly different at p<0.05.

02 M4 =A AFHdoH, teog of7tAol 19356
mg/g, ¥ 7958 mg/g X L= 7618 mg/g FEE &
2 A Jetgth 2AEH g 22 47 6 8 mg/g
9 5848 mg/gollon, &3 H2MGEF =
mg/gd 3.26 mg/gO & uj$ W FaFogly,
Woo 5[51]2 @48t 242 yehle idodé
ZhA ] 2 71 % SoA 225~740 m
ol dge lﬂ_u}%{m Park 5[38]& A, ?ﬂu‘%, &l
759 FEAEY F AT FS AT A% 1.9~
g/ge Uehdt ELO}%E} o] & A7}
Hlaste] E o O}ﬁ%, of7hAlol, g 3 XX
Y AEdEFol o £& A0E e E X
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Table 2. Antioxidant activity of various color resource from natural plants

ghol AAshE k84 EY A ¥ dE ol 30 mg/g
ojfold Hold 4t FA4S Yt A =H[18], B
A9 obdek, ofFkAlel, tE B £E3T] o A
FEE230mg/g oA F dEs Tt o AL
a3 AL BY Ao F2En oA Y HedA =
FAE 98 o2 ARHG.

\->r

==X O
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HMOAMA ATHO| SHitst &M

Table 29} 79 E}%ﬁﬂ A
% ABTS @i 2 &72
gz 2784 O}ﬁ%ﬂr of7p A oF
ng/ml % 6748 ng/mlz H2 oz AA3%
o, 0So2 2939} g4

i
fot
o,
o
o
=
|o
il
N
ol
e

TEET LR IGHe 44
158.78 ng/ml % 281.86 pg/mlo] ATt ¥hH o] &, 5xd gl
FLUGF F22 ICofh e LeER HHZ 27 ZH 0

(IGs, ng/ml)

Radical scavenging activity

Antioxidant activity in

Samples

DPPH ABTS B-carotene linoleic acid system
Polygonum indigo 7728.14+695.35" 8805.97+307.82" 16525.76+156.06"
Black locust 67.48+2.79" 51.75+0.38" 36.23+3.98"
Cochineal 983.27+66.21° 1210.49+49.83° 153.12+7.40"
Catechu 34.32+1.74% 19.66+0.50" 107.06+18.24"
Grape 158.78+20.02*" 125.81+8.69*" 265.90+3.83"°
Tesu flower 281.86+20.414B¢ 168.08+5.60"® 103.47+6.15"
Henna 413.24+4 5545¢ 259.04+7.19° 5698.43+129.23"
Chrysanthemum 437.19+9.43% 255.21+6.04" 184.50+23.90"°
Sandalwood Red 7853.59+395.57" 5940.84+63.71" 12493.65+497.35"
Himalyan Rhubarb 522.42+10.68° 129.76+3.34"° 430.92+13.52°
Madder 1004.37+36.41° 954.53+21.61¢ 785.28+20.72¢

ICsp value in the concentration of sample required for 50% inhibition.

Each value represents mean * SD, n=4.

*TMeans with different superscript in the same column are significantly different at p<0.05.



< DPPH &z &A% F4
S AFOE o} Y FE2E9 1G]l 19.66 ug/mlE 7+
Aol =UT e o= o}FFA K515 ng/ml), EE7H]
(125.81 pg/ml), & (129.75 ng/ml) 2 €l 57(168.08 ug/ml)
FEEY ot dust F3 FEEY IG#te 44
259.04 pg/ml ¥ 25521 pg/ml= B3 &4 & Yerf it
Labuza [33]& ¥tz o2 AAXEd 49 AE 3=
< fralld gz F48 Tt dge AATLEH
AW el et dAlstA Hed, F e FFol o5 @
A3l Ao Z7EE A0E BT 6}9}@. Boo 16}
AAMLLY ARFATE SAT A, T A5 FFol =
She A g F, oA, EETJM oy M F2 %
EE a8 %l% 2y
A Ze e kEA O A& DPPH 2tz 47
A3, -EZHEF § "}5 FstE S VA, &
de] gFol &= DPPH et 27840 57 H%’%
LetGlEH, 4719 Risg v & v, & 49
agol Ad g3z 2ASYE F EgdE TFo 7193t
H7E & 102 AZtE
BB-carotene linoleic acid system< ©] &3+ &4ts} &4
B2 B-carotene®] 34 ¢] lipid peroxyl radical (LOO")
7kl olete] BA He RS SATOEZN AFYEE
3= H]—lﬁo]ﬂ.[n] thokel dAAER HE 23 A
o] B-carotene linoleic acid systemZ| o A1 34Fs} &4 o
© 9F s B4 AF = Table 29 2o A4 F
of FE=9 Fits Aol M woH, el R H<F, oA
o FAY, 78 FEE {E 2 g4 o] ot
A EFdef e ghzulg F2E
9] B-carotene BAH Z] E‘i-‘/}% 10 mg/ml F&
53.80% < 36.41% A oM [21], FA#T EF FZE2 10,000
ng/ml &=l A 2440~3817%9 24 & YESIttT By
=

S} T Kim 5[26]
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o oo Ik T Ay
oAz oxl o oxt

[e3
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o} Q=u[43], B A7 ofghAo}, B4 B ofAlok 2%
S0 0|8 F2E Hg Ao €53 L& & 4 9t

HMolMA AXHel FRAP(Ferric Reducing Antioxidant
Power) #0f| Q/st &tal

500 pg/ml FEE M AN L 4270 Fabs 24

< FRAPH O Z 243 AFE Table 33 2th. 4 &4 9] #4
g2 Az gl vldeiei[48], FRAPH I o3 &
YIE AR F s oFo] 5&55 S0 0t B1
Hol SlEdlpl], ¥ ATelAx % Hzo] ol ke ot
°(937.27 uM) R o}7EA oH(781.71 uM) FZE &S] EA | B
N g Hs 458 w34 ‘—i—ﬁl opder F2EL LE}Y,
B 5 og FE2E0 wejAs ok 29 ol w2 24
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= [e]
= =
GERi oo Hd) &, HeuuE % AIREAY F2
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Table 3. Ferric Reducing Antioxidant Power (FRAP) of various
color resource from natural plants
(FeSO47H,O eq uM)

Samples FRAP

Polygonum indigo 219+0.54"

Black locust 781.71+5.68"
Cochineal 90.03+6.99
Catechu 937.27+9.93"
Grape 447.68+4.45°
Tesu flower 317.90+4.10
Henna 164.56+2.89"
Chrysanthemum 168.80+2.19"
Sandalwood red 3.00+0.20*
Himalyan rhubarb 249.24+8 52"
Madder 61.50+1.68"

Each value represents meaniSD, n=4
*Means with different superscript in the same column are sig-
nificantly different at p<0.05.

H o

==

o= gatstss Hris 43, 800 uM oY =2
02 Husdey, & Ag9 253

‘7’%—3— 75@91‘3} &, ]eon 52219
Eoﬂ Ai 581 pM-ﬂ FRAP

HOIMA ATHO| Elsi2 AslEgA Nalgn)

a-glucosidase 3 a-amylase A} &3 542 fls) 444
AER F obde, o7hAo}, 23T, B, U 2 g
B3 g 2389 G342 ABH T Y= acarboseS
A3} Table 49} 7“3} a-glucosidase®l| &t A 2l &7}
Eol| A acarbose (16.06%)E T} &-&

Table 4. a-Glucosidase and a-amylase inhibition activity of vari-
ous color resource from natural plants

Samples a-Glucosidase a-Amylase
Catechu 81.49+0.60" 64.53+0.98"
Black locust 93.930.01° 60.74+0.13°
Grape 73.82+1.73° 51.32+0.12°
Tesu flower 30.51+0.53¢ 27.33+0.45"
Henna 19.78+0.07" 25.74+2.45"
Himalyan rhubarb 72.28+1.55” 49.35+0.22°
Acarbose 16.06+0.15" 48.15+0.35"

Treatment concentration of sample: 10 mg/ml

Each value represents mean+SD, n=5.

**Means with different superscript in the same column are sig-
nificantly different at p<0.05.
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et =), 53] o}7tAlof FEF0] 9B3B%E 7H
= A& HAoH, 5o opi oo 8149%, =3}
3= 73.82%, &S 7228%% &40] ¥k, v 19.78%
E 7h gAo] Hotth

a-amylaseo] W A &35 A3 A3, of
o] 6453%% 7H¢ & A &S dEY AEU%, O&o2 of
FHAo E233] 9 UF FEE £O0E a
FEolAth B, B fu FE2E2 3 % H YO 2 acar-
bose TS A3 ZAo] ¥yt

’\]J*QJ- A+ acarbosew 717 EE&T A9 G SAjof
QoA BRI, TE, A4 T 24ES e 5+ 3
1 AHgol 11]"5}5101 oo F&&o] A& HAERE FH T
AeAE Zove A7V @ Y1 e, I 9=
Park o[40]° 10 mg/ml F=°] HIERIVGE 598 225
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Table 5. Trypsin, a-chymotrypsin and lipase inhibition activity
of various color resource from natural plants (%)

Samples Trypsin  a-chymotrypsin  Lipase

Catechu 56.83:1.56°  4047+2.13°  536:0.49"
Black locust 61.48+3.17°  17.67+047" 52.73:1.16"
Grape 25.76+1.86°  24.73+027°  37.30+1.29°
Tesu flower 5.11+0.95" ND 23.90+0.67°
Henna 33.0242.00°  32.64+471°  21.01+0.81°
Himalyan rhubarb ~ 7.26+2.70° ND 1.39+0.49"*

Treatment concentration of sample: 10 mg/ml

Each value represents mean t SD, n=b.

**Means with different superscript in the same column are sig-
nificantly different at p<0.05.

ND: Not detected
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Table 6. Cell viability of 3T3-L1 mature adipocytes treated with various color resource from natural plants
Sample concentration (1g/ml)
Samples
Control 1.25 2.5 12.5 25.0

Catechu 10041.7 107+10.4 101.9+6.5 99.145.3 97.64.3
Black locust 100+8.3" 94.4+3.1" 84.2+85" 81.7+9.8" 81.1+8.8"
Grape 100+7.5 105.5+8.6 89.4+10.7" 88.4+11.8" 85.9+14.0"
Tesu flower 100+6.0 115.5+12.3" 100.6%7.9 98.7£10.0 95.7£10.3
Henna 100£7.5 109.2+11.3" 94+14.0 91.5+11.6" 90.3+12.6"
Himalyan rhubarb 100+3.9 97.9+5.9 94+6.9% 9249.0° 89.8+9.0"

Means with * mark in the same column are significantly different of compared with control and natural color resource extracts

(1.25~25 pg/ml) at p<0.05.
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Fig. 1. Effect of control (A) and of catechu (B) and grape (C) extracts on differentiation and adipogenesis in adipocytes.
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Table 7. Lipid accumulation rate of 3T3-L1 mature adipocytes
treated with various color resource from natural plants

Samples Lipid accumulation rate (%)
Control 100+1.4

Catechu 55.819.7"

Black locust 92.645.2°

Grape 74.643.5°

Tesu flower 97.8+15.5

Henna 107.946.2°
Himalyan rhubarb 126.4+2.7°

Means with * mark in the same column are significantly
different of compared with control and natural color resource
extracts(2.5 ng/ml) at p<0.05.
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