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Abstract

To enhance the efficacy of Abeliophyllum distichum leaves, extracts were prepared using different solvents for hydrolytic
enzyme-treated Abeliophyllum distichum leaves. Physicochemical quality and antioxidant activity were measured. Soluble solids,
reducing sugar, ascorbic acid, flavonoids, and polyphenols contents showed the lowest values in the control without enzyme treatment.
However, they showed high contents in ethanol extract. In the case of enzyme treatment, their values were higher than those of
the control. In particular, verbascoside content increased about 220 times more than that of the control group when treated with
enzymes and extracted with 50% ethanol. pH was lowered upon enzymatic treatment. Regarding DPPH radical scavenging activity,
for enzyme-free, 25% ethanol extract showed the highest activity among extracts with different solvents. For cellulase and
pectinase-treated leaves, water extract showed the highest DPPH radical scavenging activity among extracts with different solvents.
For leaves treated with enzyme combination, 50% ethanol extract showed the highest DPPH radical scavenging activity among extracts
with different solvents. Regarding ABTS radical scavenging activity, it was generally higher in the 50% ethanol extract than in the
water extract and 25% ethanol extract. In particular, verbascoside content was increased when the extract was prepared by co-treatment
with enzymes and 50% ethanol.

Key words: Abeliophyllum distichum leaves, enzyme treatment, physicochemical property, verbascoside, antioxidant activity
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A& ol&stAt & Hofl= AP SH, $UEX 5ol oF
3tElo] AUtk o]A ™ BEAY &80l oYX Al A gt
HHe o Ak ApYste AA7IdEQ1 vjAduF2o] AHl, B<
59 B4 wofstal o] &85t A54Q A7 E8
Sk,

20168 19 B1AUE: 9 322Eo] dolo] 4B
¥ A7E A2% 8 Aszol vzt A% 5o B 7% o
TA0] QA E o] TAH AFAEE AHYRIELRE TAY
& A2016-105)= 101 20199 2¥o& vAUER £7] &
SE(AD)el tisto] A AFARRE AFREFERE A
71% Al 201928)= 0] YA T2 AELAE] HliA=
o5 8§37 A7} IRt Aot

Iy A F Park JH(2011)> DPPH 2tz 475
243 A3t 0472%0] &2 T £A5L AT Ut
sfgon vjes BHAARE ol8F AANROIAE &
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YRFE, R=s} A, v, F95 I 24 59
AL(Kim & Lee 2015; Jang & Park 2017; Chang 5 2018)7}
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Foot A o @ M=o et WI st A of
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GuE Belou 22 Al AEolx WAT Y He
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2. OMLIRAS| SAX 2| & S0HY FF2 M=

oAU trEodE 8 HAREEY FETES
FIA7171 $15H9] Lee 5(2015)2] Wil Fhrzsto] vl vt
Folof 7R 8AE Arkste] a4AE nAURYd AR
2 AT = ohaat B 10 gof ik 2 mLE
7Kt & & 50 mLE 7Fskal 50°C, 80 rpme] RO A 24]
7F B9 WASHAA EAFEE SHch

2] 3 E(DW, distilled water) T 25 2 50% ethanol

2 H7KE & 308 59t sonicator(1875DAE, ETL Testing
Laboratories Inc, NY, USA)O| A &5}t 1 & 4,000 rpm
oflA] 2087 YAEE st oTHE 33] HHESte] F-Eotle
o 84E EZASISH] Yste] 90TolA 30& &3t * 25t
of AZA7|al PalEest] FEES ARSIl olHf9
A2 R, cellulase A 2]w(Viscozyme, Novozymes,
Bagsvaerd, Denmark), pectinase #|2]<(Pectinex, Novozymes,
Bagsvaerd, Denmark) @ cellulase®} pectinase G4~ H-&2] 2|
o2 St

C}

= 2F ol

3 DMLY $ES0 18y T8 2 3
pH =7

wARQle] TaNE ¥ gud $2E0 7184 13
B ke 24 gL A|(PAL-2, ATAGO, Tokyo, Japan)E o]&
olo] 24511l G FF dinitrosalicylic acid(DNS)O]|
9]t A (Chae 5 2000)0] 2J3}], pH= pH meter(Orion 520A,
Thermo Electron Co., Waltham, MA, USA)Z =745}t

o
[{0
ot

4, OMLIRQ F==E9| verbascoside g2k SH

o) AU FE-E9] verbascosidet:= HPLC(Waters, Millipore
Co-Operative, Milford, MA, USA)Z =73} om o|d
column Capcell pak Cig(5 pm, 250 mmx4.6 mm, Shiseido,
Toyko, Japan), detector== PDA(Photo Diode Array)= 330 nm,
injection volume< 10 pL, ©] A2 A £1(0.1% H;PO,), B
L1 (acetonitrile) = 5}9] Table 19]| 412} Zo| gradients}o] £
X351t} Verbascoside HEE-2 Eof &5 A] 7] wj&of
70% ethanolo] &-3f5}o] EA35}HtHXie 5 2012).

5 OMLIFR FE29| eitst M8 535

o] AUl 2250 tfgt ascorbic acid, flavonoid SH3HE,
polyphenol 3}3+E 5-9] Aksl A& =S tha3 2ol
=4gstect

Ascorbic acid®] &H2 7ZF =5 A7 02 mL 10%
trichloroacetic acid(TCA) 0.8 mLE A 7}5}1l YAl B2 7)o A
3,000 rpmO 2 5E FQt YAEFA[Z] & oj3total o9 0.5
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Table 1. HPLC gradient conditions for the analysis of
verbascoside in the enzyme-treated Abeliophyllum distichum
leaves extracts

Time (min) Mobile phase A Mobile phase B
0 90 10
7 75 25
15 75 25
23 40 60
25 0 100
30 0 100
32 90 10

- OJAIE - V1A - wiAgor - o] e - B - oleAl

mLo]| 2% metaphosphoric acid2} 10% phenol regentE S35}
of A2o]A 1087+ 9FA5FaL UV-Vis  spectrophotometer
(Uvikon XL 70, Sacoman, Ales, France)Z 760 nmoj|A] S0
= =451t Park S 2008).

Flavonoid 3}3HE9] $hef Z+7Fo] 2&5 A|& 0.1 mLo|
80% ethanol 0.9 mLZ 7}5fo] o] &3+ 0.5 mLo] 10%
aluminium nitrate 0.1 mL, 1 M potassium acetate 0.1 mL 2
80% ethanol 4.3 mLE Z+z} 716} AFL-o| A 4057F vFx]3H
T 415 mold SR A4S sl rEEdm
quercetin(Sigma-Aldrich)S A}-QO}Oﬂq-(Moreno 2000).

Polyphenol 3}e+&2 ZF &= 1 mLO] phenol regent 0.5
mLS} 10% NayCOs 1 mL, 7.5 mLA zeas Jdgz 23
sto] 302 FIet H 760 nmo A SHEE SH5IY o B
#2242+ tannic acid(Sigma-Aldrich, St. Louis, MO, USAYS
X235 THAOACH 1995).

6. DJMLIFR FE529| in gl

DPPH ee] 2 27158 12ke] 332 159 ST A
& 2 mLo] 02 mM DPPH 2 mL 7} € &3 & 42004
308 uRgsto] 517 nmol A FHEE ZHsto] ALkalgct
(Blois MS 1958).

ABTS radical £A%9 7Z-$ol&= ABTSA|2K(2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) 7.4 mMI} potassium
persulfate 2.6 mM& A| 23t & 5FF FRUF Ao 7Hx|sh AJeF
< UV-Vis spectrophotometero]| A &34 Zto| 1.5 0|57} &
£8 3R4E 545 F 545 ABTS A% 1 mLo] 228
< su _»54@'»5} AJE 0.05 mLE H715}a Ao A 9087} Bt
LA & 734 nmof| A BFEE 2459 THRe 5 1999).
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7. SHAE

nE A 33 ol ¥HE A% & SPSS 26.0(IBM
Corporation, Armonk, NY, USA)S o]83lo] HF 2 EZH
oot 487 el 6913009 ANOws

F43%F &, Duncan’s multiple range testo]] 23] A&+ 7F

el
94 #olg BA 3.

) A UEQ-S cellulase, pectinase, T cellulaseﬂ- pectinase
2 HeAE & &, 25% D 50% ethanolZ F&3}o] A X3t
&/ 13E, g F 2 pHE ST A

R229 AL, & FEE0|Y ethanol FE2E EF 093
°br1x§ F9AQ ZfolE Ho|R|&= Attt IHY a44F
T ER FEES ARSIYS o= cellulase A 2]F= 1.53
°brix, pectinase 2|7 1.90 °brixZ pectinase *2] A] -2
402 %A ek 58] ol A4S $EAARE 1
o 267 ot 74 2 40 292 T ol

° 2 YelY 84 2]A] cellulosel} pectin =2 5°] 715
ool 784 a9t el A etk Hos e
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FEEY TRV R A4 E A &2 dREEY =
7HEd 1 Eo S Elth
Youn 5(2003)2 EAX o] o3t H2 2HMe] 4 4
AL A] cellulase@} pectinase G4 H-&XE|#o] dEZa4h
& AT Haol vl Fa580] w7 Yeht 2 47

rlo nd

EH 279 AL E & A 5.78%%] UTF
Hglo 14' ethanol2 & Alol= =53 742 6.05 2
9%z ti 2ol Hote] okt 2 FFS HYAT 79
Al Zpol= AT Y vl AU ol cellulaseE A ]
& F2EAHE 6.08%2 G4 FA 2o H|5te] £e
ZHS R HATF ethanol 2&Eof|A] Yo slko] L =
7¥oh= 7}‘1 S 3HIgt 4= A1t} Pectinase *]2] 9] &8
TOoIL cellulase Z{ﬂ—?iq— =0 39} stk
‘11 E5 ] 25% ethanol2 3 } S o7t 7]— =0 3}
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Table 2. Changes in soluble solid, reducing sugar content and pH in the enzyme-treated Abeliophyllum distichum leaves
extracts

Extraction solvent

Enzyme treatment

DW 25 % ethanol 50% ethanol

Control 0.93+0.06"" 0.93+0.21€ 0.9340.06°

Soluble solid Cellulase 1.53+0.06™ 1.70+0.108 1.13+0.06°8
(°brix) Pectinase 1.90+0.10°® 1.93+0.21%8 0.97+0.23%
Cellulase + Pectinase 2.67+0.06* 2.20+0.10° 1.83+0.23%

Control 5.78+0.04° 6.05+0.21° 5.9940.04¢

Reducing sugar Cellulase 6.08+0.13" 6.99:£0.09° 6.28+0.16"
(%) Pectinase 8.55+0.15% 10.14+0.28 8.97+0.39°8
Cellulase + Pectinase 11.95+0.01*4 11.58+0.02% 11.1120.31°4

Control 5.90+0.02* 5.90+0.014 5.88+0.024

- Cellulase 5.80+0.02°8 5.77+0.00° 5.77+0.01%8

P Pectinase 5.42+0.02¢ 5.42+0.01€ 5.40+0.01¢
Cellulase + Pectinase 5.31+0.00°° 5.2940.02°P 5.27+0.02°P

" Values with different superscripts within a row (*°) and a column (*P) were significantly different (p<0.05).

AR Holls 11.11~11.95%F 84 &= Ex 84 Aol A gl Aoz A=
BEAYA T 2 S Hole 208 Yl cellulase?t

poctinasc?} B34 714 e] Haol7]o] BAFO WPl o pMLISRI0] SARE| = S0 SE20| verbascoside
S7hF Aoz SaEI: B =X
C %(2015)‘1% —L—'?— ‘?‘%QE-’} %jq' 7]1‘}\3 %1/\] 7] H]/‘Kjl%—‘:,'—?j]_ﬂ _ﬁ_ii{ﬂ] _‘F,i %UH% Z‘,:%“QJ verbascoside
7] H3f cellulase T+ pectinase &= * 2] H o} amylaseS SteFo Table 37 2ok,
HEAYeHAE W A4 FA | vs] iAol & BAZ P s}R] Lo RO AL, B 2ZEO 103
F o] =ohal stof 2 Axe}l {ARE Aot ng/mLo] 0™ 25% 9 50% ethanol 2&E-2 77} 74351 U
o AURS 2589 pHe WR2EY A4 & FE500A4 1,273.02 pgmLE, & %=Zo] 8|3 ethanol i%Oﬂ/ﬂ =2

= 5909 32 B9 0o 25% 9 50% ethanol =52 Zhzt verbascoside $FF2 EITh a4A 29 32, —;_,‘—%
590 9 5882 2% Q1 A}o]E HolA= ot T8yt & 2, cellulase, pectinase W G4 HEAE <02 71
2Rt A, aa YA MG B2 pHY WSk B o] Zrletgl o AAXEE oFA] & iR H]5)
PO T} O F = pectinase, cellulasel] 2.7 UENY G4 ¥ xg]to] oF ogul] AL o TR Hol g4
A7t 229 AsLE Foto] |74 59 &&= <) pH O 2 M verbascoside §Fo] o Z71gS & 4= AT
o] AotE 7HH = AL R waEglon & & uE 25% H 50% ethanol F=ZEoA = &4 HEAY7} 7P &

i

Table 3. Changes in verbascoside content in the enzyme-treated Abeliophyllum distichum leaves extracts
(unit: pg/mL)

Extraction solvent

Enzyme treatment

DW 25% ethanol 50% ethanol
Control 11.03+4.82P 743.51+17.40°° 1,273.02+15.32°
Cellulase 147.0145.73€ 1,573.11£23.67°8 1,540.39+£6.76°5C
Pectinase 309.71429.91® 1,211.45+2.45% 1,744.00+414.67°®
Cellulase+Pectinase 1,079.20+36.93° 1,630.77+£35.39%* 2,466.23+42.77

D Values with different superscripts within a row (*°) and a column (*®) were significantly different (p<0.05).
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2 S Yo & FEEQ g2o] Hls) a4 1
/48 & 50% ethanol FZ50] FFF oF 2204] o]AF Z7}
SHATH. whEbA ‘EJ'H]”]' FASE FAS, AFESEY 2 2
Pk gyt 52 YehlEs verbascoside] dHeF FAS
A= cellulaseﬂ- pectinase 59 AAA 9} 50% FE
ethanol@ F=&35ho] vlFZ|E 21 0 2 THE|Q]tt. Verbascoside
= Eof 837} & Q=] alcoholFof] 2 R-3]%] 1 (Jeong JY
2020) E4aA o] o5 2Zo] ATE 7] Wil AR T
=iy

3. DIMLISQIo] B4/l F Y £E20 B o
2 53

o AuRQlel aaAE &
ascorbic acid, flavonoid SFSHE 9 polyphenol S+E-9] staF
_% _a;ﬁ S Ax J,].ﬂ Table 49]. 71-1-4.

Ascorbic acid®] F$-, 2T & FEE2 9.16 mghZ

7P R SR Bl 25% D 50% ethanol &A=

71 3ol fojFog FTkehs ACE UEL E K=
ethanol2 =& A] ascorbic acid®] &FFo] 27182 & 4= 9
t}. Cellulase, pectinase & G4 &2 Aoz & =&
& Ht}E ethanol EE9A] A A 0.2 ascorbic acid?] &
o] =QFo ] E3]| pectinaseE * 2|5} 50% ethanolZ &
3192 4 16.13 mg%2 7FY =2 sheRe Rt

Flavonoid 3}§-&2] dgolA= Y & FEE00A
= 9.96 mg%F} O} 25% E 50% ethanol FEEoA= 2+t
18.22, 21.16 mg%= ethanol®] =7} =24F $Hgfo| &7}

o= A0 UEYT] Cellulase @ pectinasesS ZH2f &
3t Feol= aLAsHA] g2 E7T} Bl f

g B% 7 @go] B Ao UL 53 S

ethanol &2 ¢ 7MY B2 Fg2 HAAT 84
A3t Afolle e Aeitdes 9y & FEA0 T
TgE Bk

Polyphenol 33+E2 U|2#9 &
mg%% O} ethanol &A=
2 E HoE cthanol2 FE9E o 11 g=fo] S/
& 5= JATt o] AYFEA o cellulase T+ pectinase & 2] Ao

X ascorbic acid Y flavonoid 3}3-E3H= 28] 25% ethanol 3

EZE50A 7} =2 RS H 9T 20 22X 50% ethanol,
E FEE oAUt &4 HEA A E 25% ethanol 3
ZE2°] polyphenol 3F3H=E29] o] 71 W2 A0 & et

}.

Lee 52021y HEL 84452 W ascorbic acid,
flavonoid & polyphenol S}3HE9] 3t =45t 21 G444
214 W29 20| AsElo] 2380l EobA F7IaIsitt
T o] B ABSL AAT AL BA} B B4R F
222 7 2% 22go] =olZ< sholg 2 9lqit}.
SHH, Jeong JY(2020)= 50% H 100%2] ethanol¥} methanol =
HAUEAS 2E3% T polyphenol SF3HE-T} flavonoid 313
=9| F= 5747 A, polyphenol SFetE-2 100% methanol
oA, flavonoid S}F3HEO)| A= 100% ethanolof| Al 1 o] &=
o Wolgir}x Bfo] B A} ohr AR 25goho] niet
s 4Ro] 23 4% So| YHAS AT 4 A

N b
TEELR

§2 o

—4

FEE9 A4 5232
747 70.28 2 89.61 mg%

iﬁ?

ethanol

Table 4. Changes in ascorbic acid, flavonoids and polyphenols contents in the enzyme-treated Abeliophyllum distichum

leaves extracts

(unit: mg%)

Enzyme treatment

25% ethanol 50% ethanol

Control 9.16+0.14°5Y 10.23+0.00°8 14.3340.51%

Ascorbic. acid Cellulase 5.97+0.28° 10.80+0.38"8 14.16+1.92%
COrbiCc acil

Pectinase 10.2340.65%4 12.93+0.89°* 16.13+0.43*

Cellulase+Pectinase 10.48+0.25% 12.53+0.28** 10.07+0.148

Control 9.96+3.08"5 18.2241.64™* 21.16+8.06°5C

- q Cellulase 12.13£3.97"8 19.09+5.23% 35.81£10.15*
avonol

Pectinase 13.44+1.30"® 17.13+4.34% 35.12+6.72%8

Cellulase+Pectinase 29.96+11.00* 21.04:+4.44% 19.95+2.85%

Control 52.32+40.51C 70.28+1.44°8 89.61+1.43*

Polvohenol Cellulase 38.37+1.24P 102.08+4.05 89.20:£1.20°
0. CNOIS

P Pectinase 68.47+2.89° 101.14+2.85™ 85.90+2.12%

Cellulase+Pectinase 87.3145.71% 107.94+7.41* 67.21+4.10%®

D Values with different superscripts within a row (*°) and were a column (*P) significantly different (p<0.05).
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] A UHEEQlof| cellulase?} pectinase 59 A4S 25t
7)o &, 25% Z 50% ethanol®] F=7} HEE ztzt &S
H7}Veto] A x38k 2%E9] DPPH 2]zt AA% 2 ABTS &
Uz AA5S £A3% A3} Table 59 2t} 4 oAU

o FEEE] it et G2 dudAst i, 240
-9 -5=5ted DPPH 2t} 4752 Al&9] 2254 3]

FEE2, ABTS &z 2752 7549 4% FE=25 A

—

ol
2
roll

Z+ AAL0 AL a4 EAF 3} 25% ethanol
F2E0] 98.04%=Z 7 w2 S-S HEMHJIL cellulase
9 pectinase A 2|3t & FEEONA 2+ 96.30 E 102.25%%
o] %o a4 HEAIEAE 50% ethanol &=
oA 7FE &L BAS Ho] 49 2uj7t Ak EAo] 2
7] T2 A& YeA|g 3 AuS 52 Eshd Ay
T FEE2 S} /o] % Ao E wHEIH
ABTS &z 42459 3%, &7 25% cthanol FEEH
U= 50% FEE0149] &4do] tiAldos wor 53]
pectinase L cellulaseE 212+ 2|5}l 50% ethanol2 &3}
= W7t 7P =2 84S HESlH
oAUl §44E & guf FE5E2 M s o
3 9lo] DPPH @ ABTS 2tz &7% &4 A] A9] 7H4o]
wokw ul AUl 249 §HAlE} EH4do] Foju o] & 34
st Bl ol ARoA 502 249 Hol Hole A
o= woEm A% A ANSoA9 Al & E 34 5
T 52 1Este] Bt Hogt A7 28T A0 R ARE
At
o9 22 0k SRR el B4 A
3k Ao] thokst Aa)F 7]54

X,

& F olsiehy &4 Hisgt 47

4 9lom, E3] A4AE T B Hul: 25% F= 50%2
ethanolS &-83}0] £&31= #o] vlZAle Ao 2 ALREHQ
t}. E35F S| ut, SRANS) S AARSEY 2 gy =
9] a7} Qlthal LA 2+ verbascoside AE-2 cellulase@}
pectinaseS A &|5}al 047] Oﬂ 50% ethanol®] =% 7} E| &2 35}
of 2EFES AT A A& RAY 9 & FE5E0= 1
stetol 20 o1] Hepol F/ASHE Ao Uelstel

20 o #E
o] AUEEQlof cellulase®@} pectinase 59 A A
aj7]o] &, 25% L 50% ethanol& FZE-2S A
ZZ‘:’_J o]g}ol—ﬂ u;ﬂtﬂg} ol c%]—/x]—_g}- B 1;1< SkA B3I
2514 o]-Oﬂ\:]_ 7]..9.%4 %]_'_‘L]_ 39 JE]- S} %
A e BlEZolA g e e eh9la #2380
= EH U= ethanol F+&0)A 11 9ol B &4 YEhy
o} 2&E9] pHE G447 A] Wol= A
Verbascosider= 84 -8 2] & 50% ethanol FEEA 1
o] iRt E Tt oF 2204 o]4 S7FSEATE. Ascorbic acid
L cthanol =&E0A 1 gfo] So¥ oz Z7l5t= A
2 Uegton a4A e Lol % ascorbic acid®]
o] &9rom E3] pectinaseS | F 50% ethanolZ F=&3}
P2 o 7P =2 TS E AT Flavonoid 3FE-2
9 B FZEHT} ethanold] 57} =242 jlefo] 27}
5190 ™ cellulase L pectinaseS 22t A A 2|5F F o=
dizay Bladg o 1 gl EF #A dEigTh
Polyphenol }FHEE & Hrhe= ethanolZ F&31¥S W 1
gFol 371oFA AL 25% ethanol F+EE0(4 7MY l;% Slef
< Yehfith. DPPH g 47459 4%, a4 7423
25% ethanol 2&50] 7P =2 4L Ve 9l

-

a1 cellulase

Table 5. Changes in in vitro antioxidant activities in the enzyme-treated Abeliophyllum distichum leaves extracts

(unit: %)
Enzyme treatment DwW 25 % ethanol 50% ethanol
Control 95.26:+0.73%50 98.04+0.20 91.87+1.408
DPPH radical Cellulase 96.30+1.96" 80.33+1.97°C 87.53+1.31%"
scavenging activity Pectinase 102.25+1 .45 95.17+1.66™ 90.92+0.91"
Cellulase+Pectinase 93.99:+5.67° 89.03+2.12°" 103.09+4.24*
Control 42.23+1.20°¢ 58.81+1.38 68.38+2.73*C
ABTS radical Cellulase 28.74+0.26° 45.66+1.37°° 94.50+1.35%
scavenging activity Pectinase 55.67£1.18°® 77.71£1.69° 98.75+0.86"
Cellulase+Pectinase 60.69+1.63% 82.77+2.84* 61.90+2.87°°

D Values with different superscripts within a row (*°) and were a column (*P) significantly different (p<0.05).
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9 pectinase %] 2|3t & 2&50||A gA4lo] =9fom G4
A2 FoHE 50% ethanol FEENA 7MY o TS
Boloh ABTS &t 4459 4%, &3 25% ethanol &
EHTE 50% 2E2E A9 o] YA AR =9rom
] pectmase 9 cellulaseD ZFzZ %] 8]8FaL 50% ethanol® 3=

Ae 7t Y B BHE Lot 53] 7154
A Q] verbascoside= &4 H-8A 2] 3 50% ethanol?] 5=
7h HEE sto] 22ES A2T A9 I FFE TTHIZ
g Aos B

oE.

ol

ol
—r'

3 ﬂHﬂ e

ZAle| 2

2 IA= 20229 WSHO] fUoR Fhad AT
AP wrol =3 E A A-thet FE 7t A FF 4 AFG 9
ATJUTHEA TS 2021RIS-001).
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