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Abstract The Aster glehni extract has many therapeutic and medicinal values.
Therefore, it is essential to set appropriate conditions for enzyme treatment to
efficiently extract A. glehni. In this study, changes in the quality of A. gleAni extract
depending on the concentration and time of enzyme treatment was investigated to
increase its effective utilization. Compared to the control, the pH of the extract
of A. glehni its soluble solid content increased with the enzyme treatment. The
color of the A. glehni extract changed from green-yellow to reddish-yellow with
the increase in treatment duration. The fructose and sucrose contents of the extract
were the highest at 7.73% and 6.78%, respectively, in the control group without
the enzyme treatment. Glucose and maltose contents were 6.91% and 4.44% in the
C group (3.2% enzyme concentration and 60 min for enzyme treatment), respectively.
Total polyphenol content, which shows antioxidant activity, was the highest at 7.38
mg GAE/g in the E group (1.6% of enzyme concentration and 120 min for enzyme
treatment). 2,2-diphenylpicrylhydrazyl (DPPH) and 2,2'-azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid (ABTS) showed the highest radical scavenging activity in the C group
(3.2% of enzyme concentration and 60 min for enzyme treatment). These results
enable setting appropriate conditions of enzyme treatment in terms of enzyme
concentration and time for the production of dry powders using A. gleAni extract.
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1. A2
A&EAol(Aster glehni F. Schmit)q= =381} 7iv] 34 AE2(Lee?}t Chung, 1998) w=Ho

= =)

2 Azt ofesito] Bol T (ang, 1996), £529] X534 5 SHIR dicaffeoylquinic

acids A H|55o] caffeoyl glucoside derivatives, terpenes 59 A&o] Hi%3]
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thKim 5, 2010; Nugroho &, 2012; Son &, 2015).
BIEE o2 37 Sl AEAG2R, 2021959
AR 712 2 2 13.0C ¥ 1,367.4 mmo|i, A
#o] Eohh= 2, 392 4.4C 9 7.4C9 7123} 215.7
mm ¥ 655 mm FEQ FLFE Yehi gloH
(Annals of Ulleung, 2022), &% ths3t dFA] 7]50]
H, H WA HAE7E =2 A P02 5T AH4 542
2 Qe 79k Ad bt AlE[7F Aokl itk Lee
S, 2018). A&FA0let T2 FH(AstenS AlEE2 B
U A=A 9 Hlof] £35S o A AR 5o= st
A AFEEOIMTHKIm &, 2010). BYEANAE H&5E
ol= F= AAstL, g, six, H= AAst 71/
HA st &0l v g#A AHKim &, 1997). &
oh AlETA Ago] 7Fett AEE 5FE0] JloH, @
HARE HFHAY Aol &RlE AR FZ(MSDE,
2018), o™ 3} 2 HHA =2 ofdstr, Fus ¥
go] HEAel A o s SEEI Qe A8AE A
9] shuoltt. 22, =F3} ARl 9 7]58h ®¥3} 5o
w2} t, AR} 9 9 "S5 AEEigold o
BIE 7ML A 7hs e ARl thet AT 871 T
7Fol= At A= AR o EA S &8 7HA7 22
2 T WA LR L o] BIHHI o, 5
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ot AR fEE, RE o

ook
2]
)
oL ok
o,

rL ol
o

g Mo
N
w
:;l oo
0 B
-
TR

[ He dz ot M rlo Mo &
A
s )
2_,‘
jatal
o
o
(PN
_?L
2
)
ol
s
=)
i
=
3o,
o
[y
D
(@]
=}
agQ

, 2022). A&EFEAOIE 0|83 AFEE H&EFEA] 4
o tigt A-+Son, 2015), FE8&uo] W2 FzHE 4
o 49] g4t 85(Kim &, 2010), AFEFAA &
sAT(Lee T, 2019) ¥ QA ALS EIHjeong 5,
2022), ¥4, ¥4 &% 5°l EXEU 1 (Nugroho &,
2012), FEEY AGEES Hgt PHoE ERAXRE ot
oA Hestohs W (Kang 5, 2002) & A of
3 A7 A HuEa glov tefdt AE AAEE 9
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AEE o]&sioith. A&FAo] 2E2E9 & &0 Y
AL =o|7] YA Lee 5(2015) U Lee =(2021)9
At AIE Farste] A Bhe @UE GARIA Y
St cellulaseA9] cellulast 1.5 L(pH 4.8, HZFL% 45-
55T, 700 EGU/g2)2} pectinaseA|2] pectinex ultra sp
(pH 4.5, A% 50-55T, 3,300 PGNU/g)E 1:11Z &
sto] ARESEATH

2.2. §=2H0| gLx ==

=

Rt 7l AES R HERA0lY) 22 48 U
3|
4

QA B2 olgsto] SHTE 108 7hpokal, Edas
£ A&5Ao] £ tirlste] 0.8%, 1.6% Z 3.2%(w/w)E
77 A7vsto] g #iek7|(HB-205SW, Hanbeak Sci.,
Co., Bucheon, Korea)g A&t 52CAA 60 % 120
BS 70 rpmOE a4 2E Ak A2 F 100CoA
1087 AZ3e o3& od3(Whatman No. 4) 9 #4s=
(SB-1000, EYELA, Kakikal Co., Ltd., Tokyo, Japan)s}
1, 5A7AX(FD-2100, EYELA)SIO] Al2& AME-SHYTt.
aaAEe 9 A mE FE B4 Blustha AlgE
Control(FA 271 thx+), A(0.8%, 60 min), B(1.6%, 60
min), C(3.2%, 60 min), D(0.8%, 120 min), E(1.6%,
120 min) ¥ F(3.2%, 120 min)Z 7|52} gt
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2.3. pH, 7/84 1gF g ¥ 4 T

%259 pHe pH meter(Orion Star Alll, Thermo
Sci., Indonesia)g ol-&sto] S5 oH, 559 Mk
= UV-visible spectrophotometer(UV-1800 240V,
Shimadzu Co., Kyoto, Japan)E °©]&3}o] L(lightness),
a(redness), b(yellowness)#r< &7%3t9] Hunter's color
value2 U #E LFH(100.00), agt(0.06) ¥ bgk
(-0.03)013lt}. 7H&4 1P E FFZ 24 F=A(PR-101,
Atago Co., Tokyo, Japan)g o|-&sto] &4st¥oH 3t
g2 °Brix® YERAAH.

24. 22/8 gtEF 24

ot ek high-performance liquid
chromatography(HPLC, Waters 2487, Waters Co.,
Milford, PA, USAYE ol-&sto] AR=ZEARD) HE7]
(detector)E A tHKang 5, 2023). ZF A& 27
4 25 mL 2 50% ol 88 7ot FAE 2RI
T 85CoA 2587t 7H&sto] BRE FEot] WY £ 3
29| 289 FAZL 2 5 ULF 2= &UE H7I6ial
tt. 1 % o]& 45 um membrane filter2 oj1}sto] &%
AEE ARGSHIT ol fEd 4 ZE2 amino(NHy)
column(3.9%300 mm, 10 gm, Waters Co.)S ARE5}Ho]
30CoNA A5 o]=A) 81(80% acetonitrile)=
=84 88 (isocratic elution)E 3t¥CH, ojyf 85 &
e 1.0 mL/min, Y €32 10 plo 2Ho= EA5}
Aot EFEZL fructose, glucose, maltose & sucrose
(Sigma-Aldrich Co., St. Louis, MO, USA)E AR&5}
A=t T R4 EASte] Ztzto] HFZAHCRR
B S AESt %= EAISIAH.

2.5, FEN= g% 5

FEY 1= S Folins-Denis¥(Amerinem¥} Ough,
1958)= o|&sto] HM sttt Alg F& ood 2
mLO 50% Folin-Ciocalteu’s reagent(Sigma-Aldrich
Co.) 2 mLE FH7F5ted 387 ¥ & 10% NaxCO3 89
2 mLE 7’ o2 A200A 1087F ¥H3AIZ1AL UV-
visible spectrophotometer(UV-1800)% ©|-&3slo] 700
nmolA TFEE &35 oY gallic acid(Yakuri
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Pure Chemicals Co. Ltd., Kyoto, Japan)g Ar&s}of
0-4 mg/100 g9 =2 AR & A7|9] uhHo g 2y
St #E3A 0 2 HE SHAElo] mg GAE/gO2 HAISHA

2.6. DPPH radical £z =&

DPPH radical £2AE/J Blois(1958) W< st
o] 2435} t}. 1,1-Diphenyl-2-picrylhydrazyl(DPPH,
Sigma-Aldrich Co.) 0.15 mM& absolute ethanol 100
mLo] 853t &, 50% ethanol &H-& 22 o}of 517
nmO|A DPPH &9 FFEE 9 1.00] HES 3|45}
of AHgslSiTh Al 0.5 mLoll DPPH €9 2.5 mLE &
goto] Ags] 378 F¢ HREAIZl F UV-visible
spectrophotometer(UV-1800)5 °©]-&5}o] 517 nmollAl

EYwE 29

2.7. ABTS radical 224 =&

ABTS radical 248732 Re 5(1999)9] B 45 73
sto] AT} 2,2 -Azino-bis (3-ethylbenzthiazoline-
6-sulfonic acid(ABTS, Sigma-Aldrich Co.) 7 mM¥}
potassium persulfate 2.45 mM= 75l &35t
12-16A17F &% Faof wFx]5to] ABTS cation radical
(ABTS™)Z FAIF. o] A4S 80% ethanolZ 0|85
o] 734 nmOlA 0.700+0.0029] SFF=HES ZEE 54
stAtt SRS Sl4SH AR FEE 50 plE AlET|
71t o 314 ABTS™-&9H 3 mLE 7Istqinh A=
A 657 °HM-A1A UV-visible spectrophotometer(UV-
1800)& ©]&sto] 734 nmollA 88 S5

2.8. &2/
2 U3o] BE BAdTs 33 dEow Ut

— T =

2

O

(mean)¥t EFHAKSD)Z YetUH, 24 AYZATo] of
EAZE I SPSS(V22.0, SPSS Inc., USA)E 0|85}
AR, 2 AT WA 719 f9F Aol=

Duncan’s multiple range testZ 7% THp<0.05).

=
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Table 14 2o g4 sE 9 xiE'Mlﬂoﬂ e 3
9] pH ¥sk= #A2FE pH 5.882 YERH oY, 4
A2 9 AAZtol| @} pH 5.76-5.562.8 HotA|
TS eIt ols B34 pH 4.679 93 &
Ao 93t FAF 27 AR pH7F WolA = AL
& HeltkLee &, 2023). & AFolA FAFFS] pH7}
ERARE o83 HA&EA0] deE 259 pH 4.91°]
2k B 1(Kang, 2000)2t 2ol Yel= A2 Aol At
B8 7 AR 2210 93t 202 BZdn. 5a4Ae

rr

Hop £2 e UEgleH, aaAsert 525E
7ok A% L]rE‘r"Hc’“:P. aaAYEE E A7t

£ F259 Ar ¥sks FAEFY L41.31), a(12.04)
4 b(30.95)Ech Xq-"ﬂ’*“o] Za A2 A%E Hol= A2
RIS & AT olet 22 Hil=, Lee 5(2015)9] &4
Ao gt 1 FE2HY FHAEALS RARE ATtolA,
7MY 1R A2 FAEEEY Bkad(cellulaset
pectinase+amylase) A 2dolA =2 FFS YEA F
ke At AR, TARAI] Tt 2 R}
Rk A wiste] tie A7k T Aol o]4d
P YAE 2229 AL ¥R AR9 $8, DA%

Azt @ S0 wet Holg ket Az

32 ==29 OE/EI- o.‘F_'I'

I 9P S5 e @%ﬂ el 288
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sucrose %

2 {9 gdEF fructose, glucose,
maltose @go] FZHUTE FAYT=
fructose &%F 7.73%, glucose &F 2.86%, sucrose &
% 6.78% 9 maltose F 2.81%= fructose o] 7}
& =A AEEHAT. aaA sz
sucrose gF ATt %&%‘i TAasH= 43S 2

A2, glucose % P2 vit9] A3k e
ME} ol}o] A= Lee 5(2008)2 1EE =2 FEE&
BAE flsl ElaA(Rapidase TRE ©-83F AFolA &
aA = 93] glucose #Fo] F7FITE Hiloh RARRE
27E Y=Y, ol =Atet A&FA09 g@adkE 1
AREY 4 Bret aaA 9 HF o] 4Jo|gof AR&et
2409 T 4 aaAY 279 wE Zol7} Slo] AHA
Hu= o AoR AlZEHch

£ fructose ¥

2 maltose

3.3. #5599 SE3H= 2

F2 40 98 22 Ue 22 fAMEES] sl

Table 1. Changes in pH, soluble solid content and Hunter's color value of Aster glehni extract depending on enzyme treatment conditions

Samples pH Soluble solid content (%) Hunter's color values
L a b

Control” 5.88+0.022% 4.160.05° 41.3140.02° 12.04£0.01° 30.95+0.02°
A 5.7610.01° 4.660.05" 49.080.01' 13.410.01' 47.57:0.04°
B 5.7240.00° 4.800.00° 53.61£0.08 15.06£0.01° 50.3240.13°
C 5.56:0.01° 5.060.05° 56.89+0.02° 14.850.01° 53.10£0.02°
D 5.7440.01% 4.73+0.05% 50.29+0.01° 14.45+0.01¢ 44.66+0.05'
E 5.660.01° 4.6340.05 55.72+0.12° 14.52¢0.01° 52.120.21°
F 5.56+0.01° 5.03+0.05° 56.78£0.01° 14.39+0.01° 57.74+0.04°
F-value 149.945™ 94.667" 25,921.663" 62,647.242™ 21728663

"Control, without enzymatic treatment 60 min treatment time at 52°C; A, 0.8% of enzyme treatment concentration and 60 min treatment time group;
B, 1.6% of enzyme treatment concentration and 60 min treatment time group; C, 3.2% of enzyme treatment concentration and 60 min treatment
time group; D, 0.8% of enzyme treatment concentration and 120 min treatment time group: E, 1.6% of enzyme treatment concentration and 120
min treatment time group; F, 3.2% of enzyme treatment concentration and 120 min treatment time group.

Nalues are mean£SD (n=3).

9 O\Means with the different letters in the same column are significantly different (p¢0.05) by Duncan’s multiple range test.

https://www.ekosfop.or.kr
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Table 2. Changes in free sugar contents of Aster glehni extract depending on enzyme treatment conditions (unit: %)

Samples Fructose Glucose Sucrose Maltose

Control” 7.730.277%9 2.86+0.04° 6.78+0.37° 2.8140.32¢
A 8.22+0.16° 4.29+0.20° 6.50£0.37%® 3.85+0.26™
B 7.84+0.18° 4.48+0.16%® 6.29:0.16° 3.99+0.05>
C 6.91+0.09° 4.63+0.08° 5.60£0.13° 4.440.03°
D 6.86+0.04% 3.50£0.01¢ 6.12+0.09° 3.76+0.07°
E 6.62+0.06% 4.010.13° 5.45+0.24° 4.130.10°
F 6.49+0.04° 4.35+0.06" 4.59+0.10 4.68+0.05°
F-value 64.231™ 89.772™ 29.242" 39.209™

Control, without enzymatic treatment 60 min treatment time at 52C; A, 0.8% of enzyme treatment concentration and 60 min treatment time group;
B, 1.6% of enzyme treatment concentration and 60 min treatment time group; C, 3.2% of enzyme treatment concentration and 60 min treatment
time group; D, 0.8% of enzyme treatment concentration and 120 min treatment time group; E, 1.6% of enzyme treatment concentration and 120
min treatment time group; F, 3.2% of enzyme treatment concentration and 120 min treatment time group.

Nalues are mean£SD (n=3).

9 eMeans with the different letters in the same column are significantly different (p¢0.05) by Duncan’s multiple range test.

H=4 E42 phenolic acid?} coumarini, flavonoid
# 4 tannin® 372 FEEH(Lee?t Lee, 1994), A&
Aasol Al AHEE 5F ESH, of2] 4k} A
Tofot= A= dHA QU §9], HAEl TiEoIU=
s A2 A 2 =319 YRlo] He
oxygen(ROS)¥}t reactive nitrogen species(RNS)E ¥y
AN TRAA AT, g A e B
HERAole) BEEE Eol7] o), BAHSE 3
o B 355 $E U WIS 240 Aok
Fig. 13} 2t 84475 9 AZAIZH FE=9
SEYHE IF2 FAT} 5.84 mg GAE/gRi 7V
22 e UEglen, C+ 7.20 mg GAE/g, E+
7.38 mg GAE/gl.& #2 FE9 & TS Uerloh
olx, 4AEE(0.8, 1.6 ¥ 3.2%)° wet A
O0ECE S13S W Asirt 2255 SEYHE T
2l *7}3}‘: A% HeERR oY, 12029 AHA7HS 8t

reactive

r&"

1.0
a9
Azt

-

oF 22 A3k ;%wou Eas AsE 9 Azto]
CTHAIR tiH] 3.2%, 60%) E E7(1.6%, 1202)94 &2
S Uepdo] wel, a4 s 9 ejalzke] A3A4
} 2 9 AN AlgHt} oA Aol A
FAFAT(Seo, 2014)9014 8 Ad%FA o] vk
o] FEeul= g0l 165.40 mg GAE/gih= A}
HolARE, Kim 5(2010)9] F28&mfol w2 d&74
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Fig. 1. Changes in total polyphenol content of Aster glehni
extract depending on enzyme treatment conditions. Total
polyphenol contents are expressed as gallic acid equivalents
(GAE). Control, without enzymatic treatment 60 min treatment
time at 52°C; A, 0.8% of enzyme treatment concentration and
60 min treatment time group; B, 1.6% of enzyme treatment
concentration and 60 min treatment time group; C, 3.2% of
enzyme treatment concentration and 60 min treatment time
group; D, 0.8% of enzyme treatment concentration and 120
min treatment time group; E, 1.6% of enzyme treatment
concentration and 120 min treatment time group; F, 3.2% of
enzyme treatment concentration and 120 min treatment time
group. Values are meantSD (n=3); Means with different letters
above a bar are significant different at p<0.05.

& F2E9 FEI= I 5.95 mg TAE/g¥= vl
ANAE yeh]lch Park®}t Kim(2009)2 Al 2o
o =35

o

o ot

A(cellulase®} pectinase)# 2ol
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& ool S7tekits A0St fARE A BoloH,
Lee 5(2021)2 aA(cellulase®} pectinase)¥ 3t HE
ZZU—’] E¥E StE S SAT A, FAEEE
o aAHEA o)A oF 2,68 oAf &2 dERS UERY
o, ]L aaAF o8 HES] 20| As}E|of
50| BoMA F71ollt= Bt 2 Axk= |ARE
ojg} BZE . & A4 19| FHl=
5 2 A5 5ol w2t 2ol7t e

N' 3:2

2 R, BT
Ao ARE .
3.4. £F£9 DPPH radical £HZ4

DPPHe= F4fet 227 Ay 48 ot &7y
Ao olyst z}— AR E ARZo]5O0Z2HE A]
=29 st 84S FAD o e Y 59 shuz, A4
LA 2RE G B AR AR Bol o] &5
AtkBlois, 1958). ES, A& FEdtds IF %
DPPH 2tz £A8/4 W= Hleddol 225 44

Yol %2 4TS el 29T BA7 AKim 5,
20007 FHA Ak TR ARY T53E BT 4

FAo)o] &8 E £o)7] Y BaAsE E Azt wt
2 3559 5=E DPPH #Z &AZAY HslE 2AKE
Ail= Fig. 29 2o AAAEEE 9 AAte] w2
$&59 559250, 500, 750 ¥ 1,000 xg/mL) DPPH
B AALEL aaAEsr 2 ARt wt sEoE
Hog AALHo] woAE AFS HEIth Ascorbic
acid® =%E(250, 500, 750 E 1,000 xg/mL) DPPH
2 274 40.03, 70.84, 85.14 E 95.82%% =
2 AAGYE YE oW, FA e 14.55, 23.99,
30.76 ¥ 58.45%% ascorbic acidEt} ¥ AAZAS
UeEtgith. 8aAelss 2 AeAZto] F7tekol whet
DPPH &t AAZAGLS Autgoz F7loles Hge B

ou, FE HAckE A%E YeRHA o9k 2 2
= Lee 5(2021)9 &4AZS BHE FE2E dist
DPPH o}z &750] 22 40.13%H o, S44
T2 50.21-57.01%=% S7Ftthe A5 239} Lee
(2023)& mAA e vAUT 99 DPPH 2 245
< AR AtolA 54 FAEFEY SAEEA L
A B2 84S Yepditks A3ket GARE Aol &,
A48 |50 @t DPPH 2z £74% 4] Ao

o[rl

for 2 o

f
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®250 pg/mL  m500 yg/mL @750 ug/mL 1,000 pg/mL
100.00 a

o

80.00 |

60.00

40.00

DPPH radical scaveng activity (%)

20.00

0.00

Control A B C D E F  Ascorbic
Enzyme treatment conditions acid

Fig. 2. Changes in DPPH radical scavenging activities of Aster
glehni extract depending on enzyme treatment conditions.
Control, without enzymatic treatment 60 min treatment time at
527C; A, 0.8% of enzyme treatment concentration and 60 min
treatment time group; B, 1.6% of enzyme treatment concentration
and 60 min treatment time group: C, 3.2% of enzyme treatment
concentration and 60 min treatment time group: D, 0.8% of
enzyme treatment concentration and 120 min treatment time
group; E, 1.6% of enzyme treatment concentration and 120
min treatment time group; F, 3.2% of enzyme treatment
concentration and 120 min treatment time group. Values are
meantSD (n=3); Means with different letters above a bar are
significant different at p¢0.05.

Uehde & = gloH, A& oi¥l A4 528 A5
< 1 2 835 oz, A3 AR BRlo] Fa%
S & S 9loH, gt asde] 270 wE 2719
A77F Basia Atmdn

3.5, F559 ABTS radical £7/2&

ABTS radical 4493] stz 418t 2045 Ba

2 514 9 202 UHA 9o, S84 U el

T 2E 755 24 Ho R I3 A ok(Nakabayashi
= 1994). theksk Aald 7|5A4L -85t AH&EAo|9]
ZEEE o] A8 aaAEsE E AR UE FE=
9] 5%=E(250, 500, 750 € 1,000 xg/mL) ABTS =z
272 WSS AR 2= Fig. 33 At &R0l
F2E9 F=E ABTS A7 £2A24L FaAse
S ARt wet s EA o R AAZA0] FoMR= BF
2 HT} Ascorbic acid? 5EE(250, 500, 750 4
1,000 pg/ml) ABTS =tz &AELS 40.36, 67.33,
82.14 9 91.70%°] £A8/4S Uetigled, FA=7=
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g 250 yg/mL  m500 yg/mL =760 ug/mL 1,000 ug/mL
2
E 100.00 a
=]
5 -
© a
fe)] =
g 80.00 [
b
> a
&
8 be bc
» 6000 | o ° N
8 d b
5 b b a
£ 4000 c ¢ R
& c ¢ . b o b
b b °
o c c od ° od
< 2000 |, H
0.00 ——

Control A B ¢} D E F  Ascorbic
Enzyme treatment conditions acid

Fig. 3. Changes in ABTS radical scavenging activities of Aster
glehni extract depending on enzyme treatment conditions.
Control, without enzymatic treatment 60 min treatment time
at 52C; A, 0.8% of enzyme treatment concentration and 60 min
treatment time group; B, 1.6% of enzyme treatment concentration
and 60 min treatment time group; C, 3.2% of enzyme
treatment concentration and 60 min treatment time group; D,
0.8% of enzyme treatment concentration and 120 min treatment
time group; E, 1.6% of enzyme treatment concentration and
120 min treatment time group; F, 3.2% of enzyme treatment
concentration and 120 min treatment time group. Values are
meantSD (n=3); Means with different letters above a bar are
significant different at p¢0.05.
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