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Physiological activities of natural color powders and their mixtures
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Abstract

Seven kinds (acacia, cochineal, catechu, grape peel, persimmon, gallnut and clove) of color powders obtained from
natural resources and their mixtures were evaluated for their biological activities, such as antioxidant (ABTS and
DPPH radicals scavenging), cholesterol absorption, and COX-2 inhibitory activities. Catechu, gallnut and clove
were selected for the further studies due to its the best activities. The cholesterol absorption, COX-2 inhibitory,
a-amylase inhibitory and a-glucosidase inhibitory activities were measured using the mixtures of catechu, gallnut
and clove. The ABTS radical scavenging activity of the seven types of natural color powders were higher than
the DPPH radical scavenging activity. The cholesterol absorption activity was significantly higher in cloves. The
COX-2 inhibitory activity was significantly lower in acacia. The g-amylase inhibitory activity was higher in catechu
and gallnut, indicating that there were no significant difference between two mixtures. The a-glucosidase inhibitory
activity was the highest in catechu, which was higher than that of the catechu-containing mixtures. From all these
results, a synergistic effect could be obtained when utilizing a mixture of powders rather than using only individual
type. Since the activity of each powder was different, further studies will be required for clarifying the interactions

between mixtures.
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ol& AR 5 o} Kcatechu, Uncaria
gambir Roxburgh)S <ol = 4, Fx o] FHEH SAE
EEole 9RE Tl FE AREst ghon, 2pe]d
Wz, B4 Eol ole) WAlo] B S4o] glo] GAAEe]
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o}7}x| oK Acacia, Robinia pseudoacacia 1.), TA|'d
(Cochineal, Dactylopius coccus costa), ©H4<F, 3 = (Grape,
Vitis vinifera 1)}, Z+(Persimmon, Diospyros kaki), 2.4l
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24359t} 1.5 mL BHol| A2 20 ILE H7Fe T 30
units/mL 5% COX-2 £489 10 uL, heme &9(150
IM/mL) 10 1L 2 9HS- gk300.1 M Tris-HCL 5 mM EDTA,
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H, (PGH,)E prostaglandin Fo(PGF) 2 A $+317] 9|5l
SnCl, -29(50 mg/mL) 100 |LE H7}sto] mukel & Abeof
A SEZE RESAIZTE O 5 A/dE PGRE 8] #lst
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Table 1. ABTS radical scavenging activity of natural color powder and mixtures

(%)

Sample name Concentation Acacia Cochineal Catechu Grape peel Persimmon Gallnut Clove
(ng/mL)
3125 62.66+1.00”
Acacia 62.5 93.70£0.47
125 98.15+0.11
3125 35.6840.89 11.3040.64
Cochineal 62.5 64.7310.76 23.3620.31
125 95.010.36 35.94£1.04
3125 83.1140.55 69.4410.63 94.57+0.28
Catechu 62.5 96.38+0.03 95.1740.27 96.71£0.01
125 97.25+0.03 94.1140.48 97.49+0.02
3125 40.95%0.19 16.90+0.71 70.36%1.17 23.4740.50
Grape peel 62.5 68.69+1.22 31.3640.30 95.00+0.08 45.40+1.84
125 95.350.21 54.1841.59 96.79+0.03 81.37+0.26
3125 39.8940.35 13.74+0.31 73.38+1.48 22214145 21.45%0.65
Persimmon 62.5 73.62+0.96 28.3440.27 95.78+0.09 43.74+0.50 42.57+0.59
125 97.62+0.08 51.0240.77 97.26%0.02 78.6411.41 80.18+0.91
3125 84.1540.50 73.6140.44 93.41£0.52 74.8820.30 74.7310.48 94.55+0.08
Gallnut 62.5 96.45+0.07 95.89+0.15 96.37£0.07 95.11£0.05 95.88+0.04 96.18+0.03
125 96.76+0.02 99.2240.39 96.72+0.06 96.46+0.08 97.04+0.01 96.43+0.04
3125 73.160.38 51.89£1.17 92.71£0.21 53.56%1.26 57.28+0.89 92.67+0.54 86.85+0.70
Clove 62.5 97.4620.05 860.8141.12 97.21£0.03 91.13£0.81 95.51£1.74 97.39+0.09 97.9740.13
125 98.0520.05 98.0910.28 97.62+0.05 98.10£0.08 98.21£0.03 97.34£0.01 97.3540.06

YEach value represents meantSD (n=3).
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w FPNZT O Z acarbose s AFE-31S T 2A%ta, DPPHE S falett S LA dths oAl A
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Algel g oAk 4y S e @ F p<0.05 A 22| ABTS 2]z 2ABA L s=9) vldlsle] 27}

9|4 Duncan’s multiple testol] whg} E2]3}it st= Agko|glon, 7F9] AMA Alg F obA ek, ulA),

g aFo] 3125 pgmLe] F=ollA 85% o3 o= ofE} Aol

ERRE Hl8) o] Bk obdel, oA ¥ e A7t 112
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MolMlA 7E 9l MA7F B8120| ASIEA ABTS B 27 84L 3125 pefmL =04 90% o4

PAHTAEE A AE Al ol AAWE AN o2 BT AREL HE EFROLH ABTS 22
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Table 2. DPPH radical scavenging activity of natural color powder and mixtures
(%)

Sample name Concentiton Acacia Cochineal Catechu Grape peel Persimmon Gallnut Clove
(ugimL)
31.25 16510.14"
Acacia 62.5 29.0940.97
125 39.81£1.46
31.25 8.460.97 6.14%0.59
Cochineal 62.5 15.11£0.80 8.8010.37
125 21.60+1.21 9.3440.53
3125 29.05+0.84 22.67+1.11 39.95£0.79
Catechu 62.5 50.49+1.84 44.34%1.36 64.04£1.51
125 68.32+0.82 66.49+1.09 78.6410.90
3125 14.26+1.05 7.8310.33 25.03+0.20 11.80+043
Grape peel 62.5 27.3540.76 13.830.22 43.39+0.89 19214043
125 45.24£1.33 23.3940.65 56.58+0.80 30.83+0.31
31.25 7.0540.53 5.45%0.26 26.74+0.51 10.08+0.33 8414048
Persimmon 62.5 20.4240.56 12.950.33 42.45+2.06 16.86+0.21 18.110.45
125 36.86+1.36 23.5240.07 65.9440.14 28.88+0.97 31.13+0.99
31.25 29314127 23.3340.16 38.91+1.06 24.970.70 25.28+0.63 39.6840.58
Gallnut 62.5 52.00+1.94 41.84+0.99 62.0140.83 43.390.26 46.06%1.29 65.52+1.13
125 66.8710.91 64.97+1.04 78.4340.69 59.230.86 67.56+1.98 77.700.26
3125 33.9340.71 29.34+0.73 36.94+1.00 23.66%0.64 23.51£1.02 33.5941.10 34.9440.89
Clove 62.5 48.45£1.47 42.49+0.71 59.94+0.61 39.93£0.99 42.63£1.33 59.11£1.20 61.601.40
125 65.4340.67 60.56+0.85 78.20+1.47 61.90+1.88 65.7310.67 78.06+1.22 79.6240.66

YEach value represents meantSD (n=3).



84

= 694410.63% 2 D53 &Ao] Frlele] E3E = Al

o wep o] dFgs WS & F Uk

DPPH 2}tz A SY-E, HasEl 125 ugml &

M & 9.34+0.53~79.62+0.66% = 1 A) 52> ABTS a}\:]
Z aAGAETE YWako, opdel, eulal, Fek B ol
o] 1.1 £FE9] g Ao ABtA 5ol Hlal Eof
ABTS &tz 2AGA T 22 Aol A5 sxt
DAL ol AEAAE Ui o3 232 & )
B Aol AHeE AAN A A RELS {8 godEtgE
ol gtz 27dl o a3l Aoz Aten. of
A eke]l DPPH 2|z 27842 125 pgmL F=oA
78.64£0.90% SIEU, Aol fAkg W9l owixt
(77.70£0.26%) <} &3t S W= 78.43+0.69% = 40|
S7FHA got AR o] STt tig AsEIT} ]IS
U Aol vre F2]9(9.34+0.53%) 2 EFo =N £t
ol 2L AXd &= ARRAl] BlE| oF 7.18) S8k
AT

Boo 5(1)= A& HAMA A=, Fop A,
¥y, oY Mi 58 =8 DPPH U7 AAZAS
AYE, ol5 A8 A Le 43 dEd B2
o2 Ey sihEe] et gl oz Qs AxE st
3 Ak Ak S8 Gatsle S YEhllE Hloz
H kA Th28). & AFolA AAETEC] 2 gz
2ASEE T E AT HsA sgEe] gl Jlom
=40},

opdekd] gulo] e Fo ey BdRE Fi
B E A3}, al 528, d37et 7]50] 3= epicatechin®]

= 070
o

5’»12“1(29) Aok x4 J %J’ﬂ"‘é 222 eugen0101
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f4=0| go|3t _tﬂl"—/\é E2 9] ’0‘]—3]10] =0 .i ==l
A TH30). LBIAFZH-E syringic acid, gallic acid methylester,
protocatechuic acid, gallic acid 2 1,2,3,4,6-penta-O-galloyl-
B-D-glucase 2 ©He]a}el, ahata} A S 243k Cha S(16)
£ 0|5 E4-& tocopherol U= 473112, BHT9}= FAF

T g 953l galkslg e 14—5]—1,]]‘; oujjrle] F=8 3HAH
st DA Edolga Haug bt 9l
A 7ED EEC EHAHE &2 ¥ COX-2 A

Lo
gk 2
z

o

A 759 H131e] i viro bl A B3k
o7

As3t7] A5t 1 mgmLe] FEoA Ze~HE §342
AT COX2 AaEAA L Hrret 2ol AL B 7%
T rtsked, Ze2HE SR 9 CoX2 A3 24
273 A% e weistel 2 Byl $aAd ol o)

el
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A, ABe Aol 0|5 T EHF opok o)
A, oAk B, QA B, obil ok il Ah Y F B
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A23d A1Z (2016)

ES Alzsle] F2EE S22
=73t Table 3o YERATE
AR 789 2 2EHE S2E/32 13.19£1.50~82.40+
095%2] HMARE, gl o] 71 %1, theo =
o}X 2K66.7110.21%), o} oH64.44+1.65%), Q| AK54.62+
0.75%)2] <o 2 ZAdo] Euth v 3Xde] | ~H
E. '8;‘<L§1—/\4 o 7].7@ H—Ohj. 3‘_?51— /] ia-“/\}:-ﬂi 'Gszﬂ-
AL oM oF+ 7 8K(76.65£0.36%) 2 LMl A+ 3F(75.81+
0.55%) &3rE0°] 75% ©1d9 =2 &4 vehlileon,
5oz Al 7k A 8E BT e £3E g2
71.98+095% = E/do] =kth. SFAIRE oA k) QujAtE
THOR T A5 L 57.85+1.70% = Al 714
Mg BT 33 Al Bt 15% F = &) o WSk
D]'. ?élgﬂ_/:g]% %7_—% §l/d o] O/\?ﬂ— 781‘61:0] ><47}E] ELGL%
o] &Xdo] ofE} E3HEol| Hlal O Eol o] 3 T
A FlzHE SRR sl A4 71ost g
Z/3 21 wEhA = Do) Bolds & Uit wEk
*1 AE @50R Bt o|lE5 s £fste 483
T AA W gatsl, g o] Aol Al|A]
Eﬂr~ UeRd 5 gl Aoz A7 Lee 5312 0f
5 FEEY E3E 2.5 mgmLo] g Zg2EH S st

COX-2 A& e

=

FHREAE 233 Ay %ﬂ}a FEES] 292 385%=
voto} mapele] E3tE-2 36.54% 2 &/o] 9.58] 57t
SHA AL, Ak} Aol & 5/\1011 3 £3Ee] &4
£ 4423% 2 11.54) © Zol ¢ Al 8 H]3] &=
o] 7RIt Haudh vl Qled o) 2 o] Ay
o} T3k AHgkolqdTt

Table 3. Cholesterol adsorption and COX-2 inhibitory activities
for seven kinds of natural color powder and mixtures of catechu,
gallnut, and clove from natural color

(%)

Sample name” Chol(i:ctgrv(;ltya?%);pﬁon Coa)ét—iZVi;ymh}l%t)ory
Acacia 64.44£1.65” 4173339
Cochineal 13.19£1.50* 51.03£7.76™
Catechu 66.71£021° 49.73£2.68"
Grape peel 50430.72° 51.56+6.04%
Persimmon 38.81£1.10° 55.95:455°°
Gallnut 54.62£0.75 5745£2.38°°
Clove 82.40+0.95' 56.72£347°
Catechu+gallnut 57.85£1.70° 58.633.11°
Catechu+clove 76.65£0.36' 61.19+1.18"
Gallnut+clove 75.81£0.55' 59.57£2.52°
Catechu+gallnut+clove 71.98£0.95" 62.25£2.74°

)Treated sample concentration was 1 mg/mL.
PEach value represents mean+SD (n=3). Means with different superscript in the same
column are significantly different at p<0.05.
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(Table 3) o}7FAlo} o] &/do] 717 Hol 41.73+3.39%
R, oEt A B85 TAL 49.73+2.68~57.4512.38% =,
ol & AlZ7te] FoAQl Atol= §ITh oba ek, ulAf,
e T 450 e COX-2 A A2 58.63+3.11~
62.25+2.74%°] 9o, o|& E3FE1te] 42 B
A A7t AT A NE AAM A E3HE2] COX-2
A g2 AR T Ao vlg] o] o $-43)d,
53} ghokA| B3 in viro AR/
Ao & RS 2AF T U2 A 3ES 5 AIY
A ZE veRfo] AA o] Alzwle] Bt 8l A )
33 FAE FES Aoz FHT Lee T(33)9] AT

o} FYg Aol

o il

FUE o?‘_’,
A=)

opMet, 2ulixt, e U ol =EE2| a-amylase X34

EtElE 2] aD-(1,4)-glucan A 3S Fallst= G491 a
-amylase=(26) Ab= B E3Ste] B&, MAE 5o w3t
& tiatel B2 Q1 BholA IR o] & ABAIZI . 2H] '
T3 ASEEE X[AAA AF Y dse JAlIsHA
U ollUA] A S A = UTh3d). o2 gk Tl
FH YA o] st g FE AdtAY, A&
Adlat= 717l & AlF 24 o|FES MNdstAY oY
3 B S o] & FR X7 EZES NEd o] a
-amylase A3 E4do] e AAEZ ] gL 17754
9 AAYE 1T 5 ¢
(35,36).

ofd ek, Qulfa}, A o] 5] EFES 31.25 ng/mL,
62.5 pg/mLol A a-amylase #3l &3-S =73+ 2 2K(Table
4), Fd dx7 acarbose®] T/ 15625 pgmlLe| Fx
NAME 43.14+2.18% 2 ot ot AAM L F2 H o]
9| B§E gL 2v] w2 FEoAE 25% o]kt
BE A8 A7 FEE 625 pgmLZ 5132 wjHT o
we F%Ql 31.25 pgmLollA o] o] ol Alge] A7t
TEot o] | Al AUA] Bkt HEgk E3E 459
a-amylase A3 &< T Eo] AR 2358 ¢ Ho}
3125 pgmL =M 2579 A 2ES S EE
o] FA L 19.2240.70~20.04+ 232% Qo) 3FS BF &
FallS v BAS 17.63£1.76% % 1L, 62.5 ng/ml =
ME 16.99+0.95% % DAlo] T wgith

Kwon 5(37)< s 9l 4 &
mg/mL FEolA 21~22%2] aamylase A3

St
2

0.001~0.1
= 7tk

=
@44

3 Baguk gla, A o gtelA] i Aol AHEEE
ok 6%F2 E£FES 1 mgmL F=olA 31.5%, 10
mg/mL2] F=olA 38.4%2] aamylase A3 &S 7FRIth
= BHYE6)E n|Fo] & o & A7 AdA e}t fALEH
aamylase A3 DA A7) FE vl gkl FTFHA=
e o= AZEn

Table 4. a-Amylase inhibitory activity of catechu, gallnut, clove,
and mixtures

(%)
Sample Sample concentration (pig/mL)
31.25 62.5
Catechu 23.13£024" 231273
Gallnut 25.49:2.45° 2199+2.11°
Clove 22.44£059% 19.67:0.08"*?
Catechu+gallnut 20.042.32*° 18.49:0.85"
Catechutclove 19.2240.70* 1831+1.85*
Gallnut+clove 19.72£1.09*® 16.77£1.77*
Catechu+gallnut+clove 17.63£1.76" 16.99+0.95*
Acarbose” concentration  15.625 31.25 62.5 125

activity ~ 43.14#2.18 55.29+0.70 61.80+1.84 69.83+1.21

PEach value represents meantSD (n=3). Means with different superscript in the same
column are significantly different at p<0.05.

Means with superscript (¥) in the same sample are significantly different at p<0.01.

Positive control.

opMet, @ulxl, e U o|F EEF=E2 a-glucosidase X
HEN

AAXE e AAh F2E 5 s, S 2HE
2% 2 COX2 Aol oty AR 35 (o9
Lufz}, FhE Adste] 2H2e] aglucosidase #1323 24
o|E E3=E 4T (oA e+ Ay, ob o+ g, e+
gk, opd o+ Quj A+ dh 2] aglucosidase A3l S-S 574
3l th(Table 5). Al &2] F=7} =243 aglucosidase A
A= F7FeE o, 3125 pgmL FEANN = BE A
7o 4L 65% olFeR P UFRToR ol§3
acarbose(57.82+048%) E.TF o] O =Sith @l Alg
% oFd kY] aglucosidase AeE/do] 7MY okl om,
ofAeko] M7t EFET 70% ©]de =& A TS
YUERATE sHA % @ A5 5 7P EAdo] R ek
A7 =& A5 A B H&| 1 &4do] ¢ EdTh

aGlucosidase A8 A= 27%2] brush borderdl] A 3l=
o] A EALE VA o0 AAst 'rstE 5
AAA o ZA AT At A7) A2 G| 1
oz gk Qled 1] XAS A7 B2l
Aoz dix] 9rh24,38). B ABE HEA <ded
TH] SXA|, oA x= AT AAA, Aded
A2, astHdA Xxd FF Add #ASE a
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-glucosidase A&7} A & ASA 2 AHEEHI U=
tl], aglucosidase A& A 2] 21 acarbose= 7] 58
Al BRI, FE, A 2 FAREo] RV E
SFE2(32,36), AAA a-glucosidase A3l &g o] -3+
Al et drae AEAQ] AFE aska e, # AT
A A opid ok eufat, e Yl o] 5 EFES BT
Y FE9 acarboseel Bldl =2 a-glucosidase A3l &4
S Yehieg £ 33k 34 2z F83] 2 71X
| S Aoz Algdch

N

Table 5. a-Glucosidase inhibitory activity of catechu, gallnut,
clove, and mixtures

(%)

Sample concentration (pg/mL)

Sample
3125 625 125
Catechu 784113 8349+088  91.36:0.22F
Gallnut 67.03:176"*  80.01£096™  91.05+0.18F
Clove 66.56:091"  6827:0.72"  72.66+1.02™
Catechu+gallnut 7193£159%  81.72:089  91.65:0.56™
Catechu+clove 7029123%  7594+055C  87.00£0.77C
Gallnut+clove 65.95£2.00™ 7098152  84.54+0.54
Catechu+gallnut+clove 7098:096"  7893:072°  89.54:020"
Acarbose” 57824048 5025044  60.22:0.48°

YEach value represents meanSD (n=3). Means with different superscript (a-c) in
the same row are significantly different at p<0.05. Means with different superscript
(A-F) in the same column are significantly different at p<0.05.

Positive control.

o ok
I =

A& 23hEe] A S Asstaal staxt 14
A 2> 70l tiste] ABTS 2tz 24 </d 2} DPPH itz
2AZA, FUzEHE ALY 9 CoX2 A s =
getslon, o] ot AR 3 ek, 2,
Aah S Adeldt) A E 3F A5 EE 45 (o
+Q R}, op b+ 7, ufA+A 3k, ofd o+ @ Hl Ab+7g
holl deix = S 2HE F2E4, COX-2 Al 24,
a-glucosidase 2 aamylase A3 &3-S Sl th A A4
2 A|EE5-2 DPPH 2tz 24 E4do) ]3] ABTS ]z
2AGAo] ¥ fatslorn, SEl2HE SRS FF
o] foA o7 =93, COX-2 A& L olFpr]o} b
o] froA o ® wgton, o} A B3t Fo A 24
o] Aol7} YA, cAmylase AL E bt} oz
A sstor), EREEAAE Aol felAel Aol
AT} @Glucosidase A3l &g op ek o] Mg =3k
31, opid ko]l Hrkd E3HES] &0l ¥ =tk o3

A23d A1Z (2016)
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