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Polyphenolic Compounds, Physiological Activities, and Digestive Enzyme
Inhibitory Effect of Aster scaber Thunb. Extracts According
to Different Extraction Processes

Jae-Won Kim and Kwang-Sup Youn

Department of Food Science and Technology, Catholic University of Daegu

ABSTRACT Phenolic compounds, physiological properties, and digestive enzyme inhibitory effect of 70% ethanol
extracts from Aster scaber with different extraction methods (stirrer extraction, SE; reflux extraction, RE; autoclave
extraction, AE; low temperature high pressure extraction, LTPE; ultrasonification extraction, USE) were investigated.
Total polyphenols and flavonoids contents in LTPE were significantly higher than those of other extracts. The amount
of substances related to cynarin (1,3-O-dicaffeoylquinic acid) was highest in USE (34.34 mg/g), followed by LTPE
(33.83 mg/g), RE (32.27 mg/g), AE (25.40 mg/g), and SE (18.17 mg/g). Chlorogenic acid (5-O-caffeoylquinic acid)
and astragalin (kaempferol-3-O-glucopyranoside) were highest in AE and LTPE, respectively. Xanthine oxidase, angio-
tensin-I converting enzyme, 3-hydroxy-3-methylglutaryl coenzyme A reductase and acetylcholin esterase inhibitory
activities of LTPE and USE at a concentration of 50 mg% (w/v) were somewhat higher than those of other extracts.
The a-amylase, a-glucosidase, trypsin and lipase activities showed the same tendency as physiological properties
(concentration of 500 mg%, w/v). Additionally, there was significantly higher or slightly lower inhibitory activity
compared to the control group. These results suggest that extracts from Aster scaber have potential to act as functional
materials, and LTPE and USE are superior for the enhancement of biological activity.
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ot e =5 FRel FYsta rh
3 (Aster scaber Thunb.)¥= =3}3(Compositae)ell
EolE thdA AEREA A5 AR e} 28R Aek= F
o] dF o= FolgtAAE AT F31, sll5A1A, *
&, 3, 109, Sl &, APl b, Ao Q%
,FAA, FH TEXR Aol JdE Aow oIy
J &0 2 caffeoylquinic acid® 3}gHE, =
terpenoidAl Aol dial &AL vt
(8). T3l Qo A= theksl caffeoylquinic acidd] #H&E A&
slstEo] Fel=E A (-)-3,5-dicaffeoyl-muco-quinic
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AR AZ] X5 a3 (49 AAHFAgnte] 2~ (Hu-
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Caffeoquuinic acid¥+= caffeic acid®} quinic acid”}
Astel 3letE 2 A5l caffeic acide] 4o we} mono-
caffeoylquinic acid¥, dicaffeoylquinic acid® % tri—
caffeoylquinic acid®2 750, Aoz = 152
£ 29 g3 dwlolg]~ g3 1 BE g3 ke gt
AT AA &3 so] HAHJArH1D). ¢k EoR =
ol= AY 3}3E 5 astagaline kaempferol®] 3¥H 9]l
glucose?} stut AE o] e MiGAZA GAF A=l
AR fEo] 9o i F3(12), FIvr-S(glyca-
tion)ell gk A a5(13) E FLde27] a514)°] e
Ao &z vt ey o) g 77 EAL x4l

Frg £ Wz ks GAow Fad
F 9 B R AT Al HE Bk a7,
A5l FEuel e AlusaEel g 2)s 549
P AT AF 4ol

wWeh E QT 2ol we F3 el choro-

genic acid(5-O-caffeoylquinic acid), cynarin (1,3-0-
dicaffeoylquinic acid) % astragalin(kaempferol-3-0O-
glucopyranoside)®] & 247 A& D ~3tasr A
o Eobe vlwsto 2 avbHel RS AA s, Al
Asloll 483 W w9 75 AAEAY N 7He
& AESIA v,

M=

E Ado AbEE FF = 20139 6¥E ool Auje T
A& AMEER om, 9] ¥ o] FA S AASL A &
5 ZAA%Z(Freeze dryer, FD SFDSM12, Samwon, Seoul,
Korea)$t th &4171(IKA All basic, IKA-Werke GmbH,
Staufen, Germany)E AF&3}4] 40 meshZ #43F +4&
=50°Ce] H#AsIHA Ao A3}l
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7+t —r@(autoclave
extraction, AE), Xiil —rg(low temperature high
pressure extraction, LTPE), %5 35% (ultrasonifica—
tion extraction, USE) W o &2 FE5S A|Z3Ah A
SRS 2542°Co] A2l A wyky](Wise Stir SMHS-
3, DAIHAN Scientific Co., Seoul, Korea)& ©]&3}4] 250
rpmO 2 24A17F 33] Wk &G0, $RIAFES F
AARSE §uhE 9e §71o YARe PAse] 70°Ce]
ZAA 3 33 Wk FEERIn TR FEL
autoclave(DF-100A, DOORI Scientific Co., Gyeonggi,
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44
Korea)E o3l 121°CollA] 15% <k =389 01, A
L31¢FEL rapid extractor(FTllO, Benchtop rapid

extractor, ARMFIELD, Hampshire, England)& ©]-&3}¢]
Ao A 2A17F <t 8.0 bare] 4 Flol A 23] W& F&
Sk 259 FEL2 40 kHzo Z&3 FZR(NXPC-
4020P, KODO, Hwaseong, Korea)oll Al 2A17F &<t F3
st Zhzhe Whatman No. 1 ¢3%X](Toyo
Ltd., Tokyo, Japan)® ] ¥}3} t}2 rotary vacuum evap-—
orator(rotary vacuum evaporator N-N series, EYELA,
Tokyo, Japan)& 7453 o 24 HAZ(Freeze dry-
er, FD SFDSM12, Samwon)o}o% T AlRE AZFAS
w -50°Ce| B3tHA Aol AL ZH2be] &S
FEAE 54 AxAA 74“ THE T e FE 24

o A3 A8 Azl e WEE= YeERHAH

= = X1
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=olhs Y ECEL0|E &

Z29E %2 Dewanto (152 Wil wel A5
100 pLol 2% sodium carbonate 2 mL2} 50% Folin—-
Ciocalteu reagent 100 uLE 7}3F 3 720 nmollA &34 %=
= ZA43}9 21 gallic acid(Sigma-Aldrich Co., St. Louis,
MO, USA)®] & oate] g 4bEsitt. Zeti
Lol &gk Saleh®} Hameed(16)9] WHol we} A=
100 mLoll 5% sodium nitrite 0.15 mLE 7}3F 3 25°Col|A]
637+ 23 t}e- 10% aluminium chloride 0.3 mLE 7}
afof 25°Cell A 523t A8k tha 1 N NaOH 1 mLE
7}8kal vortex ol A 718k & 510 nmoll Al SHE=E A
39l o™ rutin hydrate(Slgma—Aldnch Co.)e] A=A
olate] S AbESIGIT
Cynarin, chlorogenic acid 2! astragalin &H2f

FEWHo| 2 39| cynarin, chlorogenic acid 2
astragalin &% Lee®} Choio]l WHHA7)S 7]E o2 3}
Waters €2690/5 HPLC system(Waters, Milford, MA,
USA)o.& e=x}2 o 72 38l o™ ¥F3E chlorogenic acid,
cynarin @ astragalin(Sigma-Aldrich Co.)& 70% °l €+
S o] g3te] 1 mg/mlL FEZ €3§47] ¥ membrane fil-
ter(0.45 pm, 13 mm, pall Gelman Lab, Ann Arbor, MI,
USA)E 51 /\]7 /\]__9_0]_031;]_ ]LLH 71—7l/] ‘:'21_0_ re—
tention time= H]a3}e] &13}1$] 2™, photodiode array
detectorE AF£3}e] 310 nm(chlorogenic acid, cynarin)
2 370 nm(astragalin)ol A HWEFAAEHDS A3 &
7} 31352 9] calibration curve® &4 3 o} 3 A4
e ZAdste] 42te HEmsgEe dFS SAs A

Xanthine oxidase(X0) Xsi&tAd
Stirpe®} Corte Della®] ¥ (18)°] wtg} F5%& 0.1 mL
2} 0.1 M potassium phosphate buffer(pH 7.5) 0.6 mLel

2 mM xanthine 7]2 < 0.2 mLE %7}l xanthine oxi-
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dase(0.2 uint/mL) 0.1 mLE 7}slit). oh 37°CellA] 15
EZFUESAIZL 3 1 N HCL 1 mLE 71she] 98-8 £2 A2

ol AAE uric acid®] Y& 292 nmelA 53
=5 =438l om A2 xanthine oxidase inhibitory
act1v1ty(%)—lOO— [(O.D of sample/O.D of control)x
100]ell ©]ate] Ab=3}3lT.

®) [e]
¥ e

Angiotensin—| converting enzyme(ACE) Xsli&M
ACE #3184 Cushman¥ Cheung?] W (19)S W
galo] FHAsIo, 28 AN rabbit lung acetone
powder(Sigma-Aldrich Co.)& 1 g/10 mL(w/v)¥] 5%
4°Co A 24A17F 23 =, FA41E8(4°C, 4,000 rpm, 40
min) 3to] AF NS 2F LN o7 ALY 712 0.3
M NaCle] &% 0.1 M sodium borate buffer(pH 8. 3)01]
HLL(hippuryl-histidyl-leucine)& 5 mg/mL(w/v)e
2 35l & 714 & ARESIglth. ACE A& A= 50
uLel ACE Z& A9 50 uLE 7he thd 37°CellA] 581t
o u] Wk3-& AlZ1 &, 71" 50 uLE 7hekal ] 37°Cell A
IAIZE ¥Eg A1 AT T 1 N HCI 150 uLE 713k vke-&
AAA1713L 750 pl9] ethyl acetateE 718 &, 183F uRk
3o Y4lE2](4°C, 5,000 rpm, 10 min) 3F r:}—- 500 pL9]
e dlE& A}k o] AFAE 120°CoA 30+7F ¢ F
AlA 2 mLe| methanol& Y& ¥ 228 nmollA &3
SAsGT g2 2A4E FE= g4l #5849 50 ul
7betel SAsN o, Asj2d2 AL, ACE in-
hibitory activity(%)=[1—{(Caps— Sans)/ (Cabs = Baps)} 1<
1005 “Caps: HZET FHE, Savs' AlHE FTFE, Bans: AR
TR FFE" 9t AFESSIT
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3—Hydroxy—3—methylglutaryl coenzyme A(HMG CoA)
reductase X{a{EA

HMG CoA reductase #3242 Kleinsek 52 WH
(20)& ¥yt 4359t +5E& 40 ul, dimethyl sulf-
oxide 40 puL2} 0.5 uM phosphate buffer(pH 7.0) 200 uL
o] 20 mM dithiothreitol 200 pL, 0.3 mM B-NADPH 200
pLE ¥ar 235y, oL 37°Coll A 3%-7F preincuba-
tion< 3+ ¥ 0.3 mM HMG CoA 200 plL.Z H7}sle] 37°C
ol A 5F7F ¥HEAIZ & 340 nmell A F3 = W3tE 543}
gon, AsfLAH> AL, HMG CoA reductase in-
hibitory activity(%)=[1— {(Caps— Sans)/ (Caps— Baps)} X
100; “Caps: NZET ZTFE, Saps: AR FFE, Bapsl A E

AT FHETel oJete] WEaein.

Acetylcholine esterase(AChE) Xa{{&hX

AChE A&|&4 S Ellman 52 WH(21)¥ Sandahlz}
Jenkins ®H(22)& WE3te] SA43ISUTE Acetylcholi-
nesterase(AChE)9} acetylthocholine iodine(ATC)<2 100
mM phosphate buffer(pH 8.0)° =¢] 247} 0.25 U/mL%}

A 1703

75 mM& ARG o, wAAleke 396 mge] DTNB
[5,5-dithiobis(2-nitrobenzoic acid)]¢} 15 mg®] sodium
bicarbonateE 100 mM phosphate buffer(pH 8.0) 10 mL
o o] A F35}Fl. F=E 30 ulol phosphate buffer(100
mM, pH 8.0) 2.8 mL, AChE(O.25 U/mL) 30 uL, DTNB
100 pLE ¥ £¢3F 3 37°Coll 4] 10%-7t preincubation
3k o} 71" ATC 30 uLE& #7}ske] 37°Coll A 3&3F
A7 F 412 nmell A FFEE SAAh 224
FZE& 4] 100 mM phosphate buffer(pH 8.0) 30 uL
7Vele] SAsF o, A &AL AL, acetylcholi-
nesterase inhibitory  activity(%)=[1—{(Cabs— Sans)/
(Cabs = Baps)} 1X100;5 “Caps: =T FFIE, Saps: A1 E F%
%, Baws! AR TR FHETA o3t A&kl

mlm fr r% o

a—Amylase Xsi&A

a-Amylase A&&ZAL Lim 5(23)9 WS W& slo]
=439tk %5 20 uLel 1 unit/mL porcine pancreas
7199 a-amylase 5 uL2} 50 mM potassium phosphate
buffer(pH 6.9) 25 pl. 7kske] 37°Cell A 2083t WA R
t}, HkS-oNof] 48 ml\/l 3,5—-dinitrosalicylic acid(DNS) 1A

AJoFS 100 pL 93 100°Cell Al 1023t vhg-A1A A1 71
g WAA AT o] REg ol 1 mlL F/HTE 7Heta &
WHkeE & 540 nmell A FREE S48 en, AEdS
a-amylase  inhibition(%)=[1—{(Caps— Sabs)/  (Cabs—
Baps)}1X100; “Cabs: 2T F8E, Sapst AE F3E,
Bavs: A5 FH7M] F3E" 40}04 ekl

ol

a—Glucosidase Xsli&tA

a-Glucosidase A3]&4S Kim 5(24)2] ¥wol ujz}
A& 50 pL, 1 uint/mL a-glucosidase 50 uL2} 200 mM
potassium phosphate buffer(pH 7.0) 50 uL= 2z £33}
o] 37°CollA 1083 A A st vl 3 mM pNPG(p
-nitrophenyl-a-D-glucopyranoside) 50 nLE& % 7}3}¢
37°Col A 1083 ¥-52121 & 0.1 M Na.CO3 750 pL=Z
W& AAAA 405 nmellA FFEE S350, A3
34] & a-glucosidase inhibitory activity(%)=[1—{(Caps
= Saps)/ (Cabs— Baps)} 1X100; “Caps: HET FFE, Saps:
Al FF%E, Bapst AR TIPS S0l oato] A
sHSi T,

Trypsin X2t

Trypsin A3&A2 0.01%7} =% 10 mM sodium
acetate buffer(pH 7.5)° &3 trypsin 15 Lol FE&
185 pLE Z3Fate] 37°ColA 10w7+ A A2 b 3%
%7t ¥l=% 50 mM potassium phosphate buffer(pH
7.5)° €83 azocasein 0.8 mLE 7}5}e] 37°CollA 30
EZ7F 922171 5 110 mM trichloroacetic acid(TCA) 1.0

LE #7teto] WS AAAIA, &4 1583 vhg



H
I

=]

K

oy
2
r‘.‘(_o‘
Ho
o
12

NS G ste] DMAL HAA7]3L 10,000< g A 203t traction), 22333 (USE, ultrasonification extraction)
AAaEE 3 g2 45N 1.2 mLel 1 N NaOH 1.4 mLE ol A Z+7+ 28.33%, 31.80%, 28.38%, 21.38% 2 31.19%
E33ete] 440 nmell A FHEE S35l en, A 2 FEH met fo%<l ol & eyl o, 3Ry
trypsin inhibitory activity(%)=[1—{(Caps— Saps)/ (Caps— 3% Z2S0FE, VI7NEFEE, Aan S Al
Babs)}1X100; “Capst ET FEFE, Savs: AR FHE, HFE To= YT 2 AFA BRI FZE, 7
Bas: A& F3H7M] 3= olate] AbEeqit. FE 9 2595204 52 &S UedE AS E2
a8, 257 YA o3t E&A HEEC] 7HEAds)

Lipase XsHEH Holl whg} §Fo] golatA ® ZA(26)8t Iz, 717t
Lipase A&]&4-& Saisuburamaniyan 5(25)¢] S 5= 9 25HFEolA FEAITF ] 2 &5 UE
WYste] S48kl en, &5 0.25 mL, 800 unit/mL li- U= Aoz & o A4 2o 2=t oE, 25T
pase 0.5 mL%} 0.05 M potassium phosphate buffer(pH o1t FEWol A3 H&o AAAHY Ao g FAokdy
6.5) 0.5 mLE &38slo] 37°Col A 1587 A A3 3 A2yt RWzE 7tetd, ALy B 250359
10% = isooctane°] &3]A%1 olive oil 1.25 mLE #7}s}k Zo¥w ke g 247 57.68 mg, 155.13 mg, 155.10
o] 37°Col A 2023t 21l sk3lvt. ths acetone 5 mL mg, 170.22 mg 2 153.54 mglo.2 ALatZol A 714

A

2 W3S AXAIZ 3 5% cupric acetate 1 mLE #H7}38} o 3legko] A2HYL FLuntEE 2 slekrtd
o] E3tgh ¥ F2olA AX 3] A AE 720 nmel A & Ae d5s S JEUglen, A2unts2o] 4
F=E S oM, A& lipase inhibitory activ- = ke
ity(%)=[1—{(Caps— Sabs)/ (Cabs— Babs)} 131005 “Caps: T AP ke Vel
T FHE, Sast AE FHE, Bas A& F3H7MY S59F al

-

= H R A —
Z7e ofste] AFESESIT 2D 34.34 mg/gl®E H53 FFS e ol ¢t
stoll A 9 Fapdo] wolol wet EejHE sEd &5
SAX2 o] golae wE A= Al Hth @429 B9 A4%H
HE A¥E 33 WHE o2 dslo] WX xFHEAR A= ES oz HEA A £58 g4 stAY 2
YeR A, o)A A5 SPSS(12, SPSS Inc., Chicago, B2 A 533 ES AR B AlgoA FEHE ¥
IL, USA) softwareZ ©]-83}°] Duncan's multiple range =4 529 IS FH2NOA 7= AR Bk vl 9lo
testE datgion, itstEd B Ay 11e] A L EA o] e 84w kst A2 AEAY FR
= Pearson's correlation analysisE %3}o] #4]3}% o}, U AT, A mE e Ws) B s 1A
= Aoz deAa Jui28). 3}H maugFEo =
Z7} 2l pE 25.40 mg/g o2 F2FEE A the FEE vs)
2 ko] HEHATH, ol A o] oste] AEA]
=2 ¥ H=sEsE 2 Axzeo] g B84 ARo=ZREH ZEvE 420l
FEUHS S A ddegs FEEY 58 ¢ Z99 FEEE AEE S7H298E o2 HFEy 129 9
&, Z8H 0| = chlorogenic acid, cynarin 2 astragalin 3 cynarin %9 £240] 9l Ao w #erE ) Chloro-
s 248 A= Table 13 2oh 5582 42w genic acid &A= 7H7F 4.10 mg/g, 5.11 mg/g, 5.50
HF5Z(SE, stirrer extraction), 73 7tZ(RE, reflux mg/g, 5.07 mg/g B 5.12 mg/ge =2 7FA7 A F2 3
extraction), 7F$}7}9 % (AE, autoclave extraction), A S et a, 53, ALeugt 259 59 AL
21953 (LTPE, low temperature high pressure ex-— = AR =59 $Ek(5.07~5.12 mg/g)S YERNSIT.

Table 1. Yields, total polyphenol, flavonoid, cynarin, chlorogenic acid, and astragalin contents of Aster scaber extracts with different

extraction methods (mg/g, dry basis)
Samples]) Yields (%) Polyphenols Flavonoids Cynarin Chlorogenic acid Astragalin
SE 28.3320.68"2% 57.68+0.44° 14.45+0.23¢ 18.17+0.10° 4.10+0.02° 3.84+0.02°
RE 31.80£0.58" 155.13+0.85" 49.47+0.53° 32.2740.25° 5.11£0.05 3.260.07°
AE 28.38+0.53" 155.10x1.21° 46.43+0.20° 25.40+0.30° 5.50+0.05° 3.58+0.06°
LTPE 21.38+0.43° 170.22+0.73* 52.44+0.46° 33.83+0.25° 5.07+0.05° 6.96+0.06"
USE 31.19£1.20° 153.54+2.04° 47.77£0.27° 34.34+0.49° 5.1240.05° 3.12+0.03°

USE, stirrer extraction; RE, reflux extraction; AE, autoclave extraction; LTPE, low temperature high pressure extraction; USE, ultra-
sonification extraction.

Values are meantstandard deviation of triplicate determinations.

Different superscripts within a column indicate significant differences (P<0.05).
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AFEE = O RE 9 statin A2 ¢k HMG-CoA reduc—
taseo] A3A =2 Zgt=d, 17l FHIG GV H&
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AZAE Ao Z HMG-CoA reductase T4 A3 Al
24 e digk ojoj7F avta & = vk HMG-CoA
reductase ANEFNAE AL14FE 2 25TFZ
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Fig. 1. Xanthine oxidase (XO), angiotensin-I converting enzyme (ACE) inhibitory activity, 3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase inhibitory activity, acetylcholine esterase (AChE) inhibitory activity of Aster scaber extracts with different
extraction methods (50 mg%, dry basis). Values are means of triplicate determinations. Values with different letters (a-f) are sig-
nificantly different (P<0.05). Samples are the same as in Table 1. The concentrations of positive control (BHT, butylated hydrox-
ytolune; CA, catechin; CHA, chlorogenic acid; CY, cynarin; TA, tacrine) solutions were measured at 50 mg%.
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Fig. 2. Digestive enzyme inhibitory activity of Aster scaber extracts with different extraction methods (50 mg%, dry basis). Values
are means of triplicate determinations. Values with different letters (a-f) are significantly different (P<0.05). Samples are the same
as in Table 1. The concentrations of positive control (CA, catechin; AC, acarbose; CHA, chlorogenic acid; CY, cynarin) solutions
were measured at 50 mg%.
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Table 2. Correlation coefficients among phenolic compounds,
Aster scaber extracts with different extraction methods

SR CIREE R

1707

physiological properties and digestive enzyme inhibitory activity of

HMG

Factor” CY CHA AS X0 ACE CoA AChE a-Amylase a-Glucosidase Trypsin Lipase
CcY 1.000 06287 0245 07537 0626 0.723" 06647 0868 -0.647" 0.868  0.937"
CHA 1.000  -0.015 0384 0054 0085 0.176 0.359 -0.976" 0.772"  0.753"
AS 1.000  0.582°  0.774” 0.050  0.206 0.520" 0.096 -0.093  0.126
X0 1.000 07577 06727 0.840"  0.830" -0.283 0.560"  0.695"
ACE 1.000  0.546° 0.527 0.831" -0.021 0251  0.458
HMG-CoA 1.000  0.899"  0.751° -0.067 0.540°  0.657"
AChE 1.000 0.728" -0.086 0.549°  0.643"
o-Amylase 1.000 -0.333 0.585"  0.808"
a-Glucosidase 1.000 0.796" -0.744"
Trypsin 1.000  0.852"
Lipase 1.000

1)CY, cynarin; CHA, chlorogenic acid; AS, astragalin; XO, xanthin oxidase inhibitory activity; ACE, angiotensin-I converting enzyme
inhibitory activity; HMG-CoA, 3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitory activity; AChE, acetylcholine esterase
inhibitory activity; a-amylase, o-amylase inhibitory activity; a-glucosidase, o-glucosidase inhibitory activity; trypsin, trypsin in-
hibitory activity; lipase, lipase inhibitory activity. P<0.05, ~P<0.01.
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