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SZNEEY TE &L SIE SHEAER J[5HYEY

Abstract The present study was performed to investigate the physicochemical
properties and biological activity of extract from Dioscorea polystachya Turcz.
bulbil (DPB), registered as novel food ingredients, via a combination treatment
using enzyme and ethanol. The results indicated an increase in the degree of
starch hydrolysis with an increase in the enzyme treatment time. Furthermore, the
treatment time exerted a significant effect on the marked increase in browning
index (BI), content of total soluble solids (TSS), and useful component content
(p<0.001). The contents of total polyphenols (TP), total flavonoids, and crude
saponin (CS) also increased with an increase in the enzyme treatment time
(p<0.001). It was determined that enzyme treatment for more than 4 h was
unnecessary. The increase in e-glucosidase inhibitory activity was affected by the
presence of TP and CS during enzyme treatment. It was concluded that enzyme
treatment was effective for a minimum of 30 min and a maximum of 4 h. The
present work demonstrated the optimization of the useful and functional
components of DPB via a complex treatment using enzyme and ethanol. These
profiles provide valuable data in the selection and application of DPB for the
development of functional food materials.

Keywords Dioscorea polystachya Turcz. bulbil, ethanol, enzyme, physicochemical

properties, biological activities

1. ME

[ =

St=o| A A== vH(Dioscorea polystachya Turcz.)+= Dioscoreaceae¥tol| &5l= B
g AER g, S, Y&, HEY, gvhE Zgote SEOoAoF Mo de] EEFTHWu
5, 2016). FHolA= &} 480 Zo] ARG, kg OB = ARR(LF), Aol(EH),
ARRK(gg)olgh= WA o2 Fut T AWKD. japonica Thunb.), @HD. batatas Decane.)
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£ AREolal AR o2 = Al F511 FUKD. polystachya
Turcz.), @9, UKD, bulbifera L.) 5°] F& 0|1
tk(Shin &, 2006; Kang &, 2014). o]=3t Ajuj-g o}
9] FARERl oAtz mhe] YALFolo] = Fof
(Aerial bulbil)g Totr &3] nto] Aot E= FHiE £
Ak, T3, soEol oot JojAt= AJ-o] wstal
40| glo] 718& Hotal IS Hosto] A 2yt
7t Holui sfeict.

Al 808 AujE]= vk A7 < 9,000 E FkolH
(KOSIS, 2019), 20199 7€ =W BitA= BBE:
(79%), B3HE(16%), B71%=(3%), 718 & AHQ2%) 5
ojtt. ml= FE HJEE W HAY &, & AgA, £,
Az, & T UYT JHE wrfjEof ghom T ot &
402 uf Bo] QI7|E & it} Aol YRS &
i 87.8%, ©53FE 9.6%, Aloldf 1.8%, THA 1.6%=
oj#A glod o] 9ok arginine, batatasin, mucin,
choline, saponin, diosgenin 59| 7|5 A4&& x3lst
ATHRDA and NIAS, 2020). E3t, vpo] 23HE thdF
T2 919 24E 7 AR tdRE 99 43KChoi 5,
2004), AENu 5, 2014), =514 (Yilong 5, 2010),
FA(in &, 2011), ¥Fx(Zhao &, 2017) 54 &2 tf
&3t Aol EaE et W JojAt= FH(Chin
, 2010), F=AR0], FAsKPark 5, 2012) T BHL
4 A7, AEQ AE 2 Aol #eE AHKim 5,
2010; Kim 5, 2012; Lee &, 1993), A& € |24 4]
Hol I9t A (Walck 5, 2010; Peng 5, 2017) 5°l Al
o s XY=

oA FofAte] Apgol AgtAel A 2 | A7t
Al Alg YRR QA X nto] RANERTE FFEo]
=W Bt BAES] 50%0) sigste dol Aol -5t
1 w7sojFthPark &5, 2012). 20164 &AEH
YoJRE “AEol AT 5= Sle YR B2 SAAA &
S5 =Y 7 UEF Stk ol A% F 58] 2
of Wgsto] A2o)A 2F o] £4E7| o] BEEH
2o Agto] glom SEEE =o]7] YeiM= AET 7H
27t o3t AAoltt. o3t tE Heksty] {I%k 7t

T PHoRE M, 24 24 H2IHL 35 Sold

rr R

I

o o
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ez Texs 2ol F83H olde 3=, FEA=
S 22 Az o] otk B4, AxE ™9 a4E
ASFA g 55k 719, 84, 1 294 5 99
7k el AREAL 3t o] § a4 A Ve d=
o] &g LSRRI 75 S 783 Ak a4 A
< 9, A, A2 59 tER 2E &olsHA st
e U & 78 788, 71T AR A 29
Fojgtet, whdofl, olgfet 7es2 7 ¥, 4 Y
A AEoA o] E2 A&ot]oll AdAQ of#&o] Wrt
ax AF & F4 Ade ARA Vs Aide o $EA
A 22 7k &4 FEHiEA I 28 HHE 'Y 5

oleiet W7l AwE B8elol Joiel g At 4E @
729 ol48E ST, 44 S71E A% 7154 4

e At 712 ARE AR} Sk

2. 2 Y

2.1. M2 % Al

2 AdoA= 20184 99 AEE sl AAtE =
WAF Bt JodZH Dioscorea polystachya Turcz. bulbil,
DPB)E &710lAl FH9Jsto] AMgstglon, g 9 Al 114
2 AA 60TolA 96AIF B A %(DS-240BC, DooSung
Co., Ltd., Gwangju, Korea)s}¥itt. o|& E&J(SMX-
C4000WK, Shinil Co., Incheon, Korea)dte] 30 mesh
AE Bt AL -70C 2AL Y5 (GS28130416-141,
GMS Co., Ltd., Yangju, Korea)o|A W5 HIsIHA A
Aol AREstSiTt. FolAt B4 Ao AR Termamyl 2X
(240 KNU/g)= Novozymes(Novo Nordisk, Copenhagen,
Denmark)?] A& FAsto] ARESHLAL, 4 Ao A
49 2§ %42 Ethanol Supplies World Co.(Jeoniju,
Korea)ol Al F+9Jsto] AREstith &4 Aoz AMEH
dinitrosalicylic acid(DNS), folin-ciocalteu’s reagent,
gallic acid, glucose, catechin, vanillin, ginsenoside
Rbi, sulfuric acid, 2,2'-diphenyl-1-picrylhydrazyl
(DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonia
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acid)(ABTS), potassium persulfate, e-glucosidase, (Labogene, Gyrol580MGR, Gyrogen Co., Ltd.,
sodium phosphate, p-nitrophenyl-e-D-glucopyranoside, Daejeon, Korea)3t th, J3A|(Whatman No. 4, GE

sodium carbonate, absolute ethanol=> Sigma-Aldrich Healthcare Co., Bukinghamshire, England)2 7o
Co.(St. Louis, MO, USA)IA +d5to] AbESHTE. qo}du} YAEYE 2 1FEL 50TONA 24417 BF
Z3tAch. 34 A2 @A (Step A= A" 1FE

22 Goxt gt T £gt i/ < 70% ¥8 £4 0.95 L& Ty, &7 d4He s

d )

g B Age= A% A5+ Nam 100TOolA 2412 Aok, Aed JoA#t 4 F29
=5 AgS tH; dHoR A o g A7 P49 —'zr%oﬂﬂr o] L3t 3,000 x g,
Polgith. a4 74 Bk Agle a4 XY dA(Step D 4T 56011*1 1027 9223 ths, A= Aeef 3t

74 A2 DA (Step IDE Yo i{alﬁ} o, Fig. 13} 3tk ZolatE 01011]— A4 A7 223 =4 A7

Z H"} ov] Ag-& Bof A& £ §421 Termamyl 2X7F —ir%—ﬂ—\o: 0.45 pm syringe filter (Millipore, Billetica,
o]

|olatel 718 el 7V mxbAolgiek (el Al A= A, USA)Z A#} ojzfslo] olslsta] 24 A22 AME8}
3716}11 ). ma xm A (Step D FoiAt 2% 4 aiﬂ A} 24 AMOH% a2 A 2593 24 X9

BT 50 ol 3R 1 L2 719] ST F, AR B3 22002 syt FEARE AL B AR A83A
N (Termamyl 2X)~ oqx} RO s/ SEZ A o) ACONS A% E—ﬁH BAS AP 2 ad
7}3}9@ °IF fe] B8l WAL Beotel A 95T A aAE AFstaed, 4 A dAE LA A

o°“

252 (WiseBath, MaXturdy, Daihan Sci., Wonju, s}to] H]
Korea)ollAl 200 rpm £E& 7 A2 2742 30(&4 30

= Ad, T30), 120(&4a 1208 A, T120), 240(&E 42 2.3 ZEEE 24

2402 A, T240)%2 & A2stqiet. A2d FoIxt FoIxte] PHHES EF AX £EZ AOAC(1995)9]
BA FEHL2 3,000 xg 4C 2704 1087 YAHEY WHoE FASHT 42 105C 497t Az, &

| Prepared powder of hot-air dried DPB in DDW (50 g/1L) |

v

Step | Added enzymes for starch degradation
(Termamyl 2X, 5 %, w/v): 200 rpm, 95°C, 30, 120, 240 min

\

Filtered H Enzyme extract }—

v —>|  Mixed extract |
DPB PPT ¢

\’ | Lyophilisation |

PPT dried : 50°C, 24 h

y

‘ Added 70% fermented ethanol in dried DPB PPT ‘

\

Stepll | | Extracted : 100°C, 2 h |

v

‘ Filtered }—9‘ Ethanol extract | —

Fig. 1. Scheme for extraction processing from D. polystachya Turcz. bulbil (DPB) by ethanol and enzyme combination treatment.
DDW, double distilled water; PPT, precipitate.
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oy

W22 Micro-kjeldahl AAFFH, XA Soxhlet
&4, 2322 550C AA2ghio s A4Sk &
2 100014 &, 2E9d, A, 238 TS W
HOoE Ailslitt. 77147} vl £45 9T AR &
7 £42 ACAC FHiCE &&olqitt. HERl A, H|E
9 By, HIEY C& Y&AAIAE0tE D1 (HPLOW, H|
EHYl By FulEeHdl @3H| MY, Niacin AY5|¥H:

H]ATES o] g3kl

LN

o

24. 7t88 27 A ZHE £F

oIzt &2 AR F 7H4 1B (total soluble
solid, TSS)2 Anderson 5(1970)9] wHof what gojat
F2E 10 mLE Foto] 105CAA ARAA 1 FAE &
gotal AMGE R Jo WESE eI

Pt F2E ARY 4¥EE Ajandouz 5(2001)9
o] weh g5ttt a4 4 B3 A" gort
259 52 AZE 0.1 g2 575 100 mLol A-&3fsto]
1 mLE Foto] 58] 343t A& micro plate leader
(Infinite M200 Pro, Seestrasse, Mannedorf, Switzerland)
715 ol&sto] maet dof 93t §hEoE JojR} Fxof
Z2gte o] EofiEo] ZAg} vrEoE UEhte ZdHE
(browning index, BI; 420 nm)& &%5}ct.

L

I

2.6 558 ¥ EAE g% 5

Z(total sugar)2 phenol sulfuric acidd(Kang 5,
1998) o859, Jox+ &= 0.5 mLo 5% phenol
€9 0.5 mLe} sulfuric acid 2.5 mLE 7}5to] £851%

]
Feg S, BEIALS glucose &5t
o]

B7F Y e WAsle] 25 ml A g EeA

AL5FATE 550 nmoA SFEE 24319 glucose

2.6. 829 Jf+EHE 5

HAE9] 7t == dextrose equivalent(DE)Z H7]

https://www.ekosfop.or.kr

1 ke Aow AT,

Dextrose equivalent (DE) (%) =

Reducing sugar expressed glucose/g

x 100
Dry solid weight/g

2.7. 78[58 g5 F&

Foz} 259 Fd T2 Hwang 5(2013)2] 9
< Wgote] 4ot £47]7]= Ultra Performance
Liquid Chromatography(UPLC, Waters
Waters, New castle, DE, USA)E °]&sl3y, Zg
Shodex(4.6%250 mm, 5 xm, Asahipak NH2P-50 4F,

Tokyo, Japan), ¥4 7L isocratic elution®.Z 5}

Acquity,

retention time 10 min.& o}t 0|54 acetonitrile-
water(75:25, v/v), 7] Bvaporative Light Scattering
Detector(Waters), 9% 1.2 mL/min, FYHL 10 pL
2 ot9eh F899 g2 mannose, sucrose, glucose

£ olgstol AT EEZA] s T AL,

28 FECh= g3 ZF

ZZ7 9 =(total polyphenol) TS Folin-DenisH
(Gutfinger, 1981)= WEsto] 4l FolA F=&
0.1 mLo| Folin Al9 0.1 mLE #H7lete] & 233t &
37 WA 51 o] EFAof| 2 mLe| 2% Na,COsE Al
A5] 7kstal 1A1ZE B9t HAgE & 750 nmollA SR EE
S5kt Gallic acidg °l-&sto] A4 REFHOE

38 FEYE G SNt

29 EE3HL0/E FF 5

ZZdtH o] (total flavonoid) &S Zhishen &
(1999)9] WS HPS Pz SAotAt. Jox =
£5 0.34 mLoll 55 1.92 mLE H7I8kL 2% NaNO;
0.2 mLE go] &gst3itt. o] &30 10% AlCl; 0.2
mL2 1 M Na,CO; 1.34 mLE 93 AL 3087 4t
A5t & 410 nmollA SF=E 7ot =
SFS (+)-cateching FFoto] 25t x40 =

8 Tahgeh

N

4z (0

-

119



Characteristics of DPB extracts using enzyme and ethanol

2.10. =AMEH B ZF

Pz 225 W R2AREY(crude saponin)? FE
Kim 5(2019)9] oz S434th. oi#t F&= 100
pLol 8% Hrdd-ogtZ & 300 L& ¥ %, 72%
H,S04 4 mLE ¥t ol& 60C 9 F25X(WiseBath)
AA 1027t AT 212 545 nmo] FF=oA S45t
Ak FARZHY] EEFAML AALA|E Rbig BEF
o= #F +=7F 0.03125, 0.0625, 0.125, 0.25, 0.5
ppmO] H=E stof SA5HT.

rZo

2.11. gtef 24 &

DPPH &tz &A% 572 Blois(1958)9] WHg €
B ¥gsto] =513t DPPH A2k absolute ethanol
22 0.15 mM DPPH &H& AxsIAL, AlEe 70%
ethanol©& &%XH(100, 200, 500, 1000 pg/mL)E 3
Asto] ARESEITE. DPPH €9 160 pLt Al& 40 plE
S3ste] HAoA 3087 ¥REAIXL &, 518 nmollA &%
L& Aot g2+ Als th4l 70% ethanol& At
45191, Sz AATE HEE(E HEHIIT

A

DPPH radical scavenging activity (%) =

ABSsampl
_ sample
(1 ABScontrol ) x 100

ABTS &% &5 532 Re 5(1999)9] S o
5 st} ottt ABTS A|2=2 absolute ethanol
2 7 mM9 ABTS 498 "tEo] ARESI9 L, potassium
persulfatex distilled watero] 843}o] 2.45 mM &%
2 glS Aot ABTS €83} potassium persulfate
|AL 1115 2ostal A9 oA 12417 &<t §H
AlA ABTS Sz ABEAIHT. AxE ABTS &9
734 nmollA S= 1.2040.200] & w7}7] oS = 3
AstFon A|ZE 70% ethanol® HZH(100, 200,
500, 1000 pg/mL)Z 3]4sto] ARGSHYIEE w27t 27
¥l ABTS 89 180 pLoll Al& 20 pLE ¥l A4 10
ZH AT & 734 nmolA SFEE SASeIH dx
A& B4l 70% ethanole AElotdal, 2tz 44
HE-ES(%)Z YERH AT

o 4 Az

o
L
S
L

ABTS radical scavenging activity (%) =

ABssam le
1 -——== ) x 100
( ABScontrcvl )

2.12. g6k 24 5E

@-Glucosidase A3 &4 thd77t GFFE Eofj=]
= AE9 94 852 & Brist= Li 5(2005)9] =l
w2t 243519 0.1 M sodium phosphate buffer(pH
7.0)°ll a-glucosidase(0.2 unit/mL)2} p-nitrophenyl-
a-D-glucopyranoside(2.5 mM, oNPG)E &dfsto] A
Z5r91, w=E(100, 200, 500, 1000 #g/mL) A& 20
©LE 0.2 unit/mL e-glucosidase 4N 20 xL} 2.5
mM pNPG 20 x#LE 7Isto] St & 1587 dHHSAIR
t}. 0.2 M sodium carbonate solution 80 yLE 7}35}<]
98-S FAAZ T 405 nmolA FBEE ST A

AL ofle) Ag A8alol WRE(H et

Inhibition (%) =

(Negative control absorbance

- Sample absorbance) x 100

Negative control absorbance

213 54 24

A datof gt A4 942 33] wHEste] 4%
XS IBM SPSS(18, IBM Corp., Amonk, NY, USA)E ©]
&oto] BurA|et £ HAR YeRQIT. AR (analysis
of variance, ANOVA) testE Aol §-940] = 7
$-oll+= Duncan® th5H A4 (Duncan’s multiple range

test, -4 5%) o8ttt

1.

AT Ax2H FoA Y AutE, 7714, HES
e HAER AFEA, 11 A= thaat ZeH(H] H]
AE Zit= 322 YHWA g3). 7 6.04%, 29Hd
7.94%, AW 0.48%, £31& 4.08%, TrdlE 81.46%
2 EAHQon, B714L calcium 81.57 mg/100 g,

https://doi.org/10.11002/kifp.2022.29.1.116
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phosphorus 263.34 mg/100 g, iron 3.46 mg/100 g,
potassium 2079.15 mg/100 g, sodium 31.14 mg/100
g, HEMIL retinol 0.30 mg/100 g, thiamin 0.60
mg/100 g, riboflavin 0.07 mg/100 g, ascorbic acid
114.92 mg/100 g, niacin 1.36 mg/100 gO& YEF
o EF Ax T FEIRE Yol A[jopit whs FF50l whEt
T 5.57-10.94%, 2H9A 3.55-7.04%, A% 0.51-
0.97%, Z3)E 2.04-5.56%, ©rSHE 74.18-83.94%,
calcuim 423-910 mg/100 g, potassium 917-1560
mg/100 g, sodium 43-113 mg/100 g, magnesium
72-148 mg/100 g, phosphorus 577-1070 mg/100 g,
iron 4.60-11.10 mg/100 g, zinc 0.80-2.21 mg/100 g
9] stFS H 13l tH(Olatoye and Arueya, 2019). E
gk Kim 5(2015)9] =4t vf F54E Aol I3 A=
B A} BES 52 11.96% XTHA 7.86%, 2A
0.37%% B =it WAL utel vpo]x|2jofit ufe] 4
2 v B o] oA Zpol7t Sl ACE Hol,
SUAR Arkel & AG] U4t Ak GofAte] Aol
T S ALstal 718k AEolA A tEA %2 A
o= ZRIHTE. A FAF JoiAte] IR AR gt
A7F Wol wHgt Ao 5 A7 YAY Ao
ToE

32 184 A2 ZHE
£ ol&sto] A7 AIZPEE Bl Wt FoiRt FEEY
7H) PR TSSO A s 4T Ak Table
13’—} 2t} TSSE 17.57-70.19%2] HIAZ A& AlZto] &
olFo g F7lotal, CONof| Hlsf| 3.7-4.084
57 ZASHATHp<0.001). A2l Alzto] F71e
& IPE FFo| Tl Ade AR 2o Zd(e-
amylase)°] 9Ja JoJA9] @-1,4 glucoside Aol At
Eo] 7teEeiE 22 Atsdoh
el Aztel wet ZME(BDE S48 At 0.061004]
0.1482 HF {ojzoz 17}0}@E}(p<0 001). ol={gt
it A& 20 Gt ol ¥ o] £ 54 A9
A QA ATto] SR ATt 7RIt A+ 4
TeF FARRE AFE et Lee 5, 2009). o= 24
oF doj| o5 FoqA+ W] FB Aot Fo] 7hEsh

i
i
:lo

https://www.ekosfop.or.kr

L8932 mannose, sucrose, glucose AZEo] AZ

Table 1. Effect of enzyme treatment on total soluble solids
and browning index of enzyme and ethanol combination
extracts (Step | and Step Il) from D. polystachya Turcz. bulbil

Treatment TSS? (%) BI® (420 nm)
CON" 17.57940.20% 0.061+0.001°
T30 64.71+0.11° 0.097+0.001°
T120 66.52+0.16° 0.117+0.001°
T240 70.1940.26° 0.148£0.000°
F-value 49,947.41™ 9,440.77™

CON, control, treated non-enzyme; T30, treated enzyme time 30

min; T120, treated enzyme time 120 min; T240, treated enzyme

time 240 min.

7SS, total soluble solid.

9BI, browning index.

YAl values are Mean£SD (n=3).

% \eans with different small letters in the same column differ
significantly by Duncan’s multiple range test (p¢0.05).

9"'(0.001.

%o} 7294 amino-carbonyl B30 & ZHo| Z7}E
A3z gotE

£t o FgEt 5taf
A A2 AZPEE Hugt ot &5 F9A &
< 5% 2= Table 29 2t Fol#t =589
total sugar2 1.86-14.73%2] HAZ EAFoH,
CON(1.86%)°ll Hlal T30(14.73%)°] 7.94] S7+ck7t
g A|7to] 271842 A} Yol S 39I5t 4= 9Igitt
Reducing sugar= 0.72-3.93%2] HYZ EAEC
CON(0.72%)°ll H]3ll T30(3.93%)°] 5.58 57+, total
sugard] 2ol FARRE FFO 2 YEth AE £of &
& Termamyl 120 Lo 9 A& 7teEo= 5 2%,
Az @it ko] S mAe AlE IHA B
(Slominska &, 2003). Total sugar® reducing sugar
o] AAAl A= & uf, T302] A2 &7t 5o ot
7pEsigo] 7MY St AR IS & Stk

ol

3.4 22/5 &3

AAE olgsto] A2 ARFER H|wet
A2 G F2E9 fT 74 &S UPLCE &
ZA7+= Table 29 2t} & 859 EFE4T gjx3t

r
fol
B
N
o



Characteristics of DPB extracts using enzyme and ethanol

Table 2. Effect of enzyme treatment on total sugar, reducing sugar, and free sugar contents of enzyme and ethanol combination

extracts (Step | and Step Il) from D. polystachya Turcz. bulbil

Treatment Total sugar (%) Reducing sugar (%) Mannose (%) Sucrose (%) Glucose (%) Total (%)
CON 1.86%40.01% 0.72+0.04 NDY ND 1.00+0.09° 1.00#0.09°
T30 14.73+0.03° 3.93+0.08° 2.9340.03° 1.6040.03° 6.63:0.12° 11.1640.13°
T120 9.94+0.10° 3.52:0.01° 2.28+0.00° 1.23t0.05 5.03:0.11° 8.5410.09°
T240 7.410.06° 3.07+0.13° 1.1940.02° 1.04£0.01° 4.63£0.12° 6.86+0.15°
F-value 234686177 931.4™ 14,761517 1314.63™ 1362.65™ 3916.65™

DAbbreviations are the same as in Table 1.
2All values are MeantSD (n=3).

%d\eans with different small letters in the same column differ significantly by Duncan’s multiple range test (p¢0.05).

97p0.001.
ND, not detected.

ow fructose, maltose, arabinose, xylose, galactose
+ AEHA 4ot FuAr ok {92 fructose,
glucose, sucrose’} ERIEACH(Kim 5, 1992; Kim
5. 2015), =4 0ol §892 mannose, glucose,
galactose® HISIAHJu 5, 2014). HEd T2
A F5 F4 2400 w2t Zol7t S A= AlRE
ot g471 v E" CONS| #4432 &g sfdst=

glucose(1.00%)%F H&=glom, 30&, 95T @<= 7HY
Ao g2+ &S] a7t UehuA] gttt 84 A7t
AYPE APFE2 FolA 589 14T 5 HEd3Y
Hl&0] 14.3-15.1%9 ®9E Heuislen, ghddol &
Sh= B9 HlE&2 84.9-85.7%2 HAE UEtH AT E3L
S99 2= total sugar® reducing sugar®] A3}
FAFtR o™, CONoJl H|sf —‘Hé‘jﬁll TR I dEES
AARE 237} 6.9-11.280 S7HE ZACE Hop 54 9
e VA el i ez ReA °1-r°1 Al e
et ol £ A7l AL8H B licheniformis(EC 3.2.1.1)
2 WEA e-amylase7} 95-100C Y =04 o &
& Uehlle WP 8a0lHE w2 2EoH AlRE A
glsto] Foizt 7149 715 ggof| 7]ofstal 547 a4
o= AR & Jle 2UE AT LR AlmEH
(Nam &, 2018). T3, &4 A A[7to] F7FsHHA F-2
o] Haohs AT SUT 23} vl ot A o0& Kot
aa gAo] AAS] AZTEHA o 24 el X"
AL T £2 250 LEEHA &40 AstEe &

>

-[ol‘
d
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Ao E A=Y 7] A7 29T Ao
(Nam £, 2019).

2 godn

3.5. M2 Jl+EolE Y 84t A2 i
2 AN 8h AY F2E(Step DI 74 A2 =
E(Step DY o]s}std EA4 5 TSS, total polyphenol,
total flavonoid, crude saponing ®|W3t A7} G4 A
gl Alzto] Z71g] meEt Step 19 Zi= S7FoFSTH
(Table 3, 4). o]=9igt 2= & o, 84 A AR} A&
7HrESE(DE)= BT #Ro] Q7] o2 wtE
DE®} TSS, total polyphenol, total flavonoid, crude
saponin®] tjgt &4 A7Tte] ZIHE Table 39 YEt
olth. DEY 7% CONE whé U4 Hz9 awmwtom
5.38%% UEUALL, a4 ARt AYPeE T30, T120,
T240°14 Z¥2} 13.23, 13.99, 14.56%= DE7} S710to=
g o) BNE AT 4 ot B9, Th Ao A
o] S7¥d5 DEZF Reldo® S71HlHH(p<0.001).
TSS, total polyphenol, total flavonoid, crude saponin
o] A%, S7t¢ DEY A%l wet foHor F7lekql
(p€0.001). E3], TSSE AF2H FFog Hol a4 A
A2k 7b0) Aol Aol 2 L HIHHE AL FAR
T AR ZA] gt AR Edlle WS Alte] S7HE
et JoiAt A2 A=t AAastHA aa A WS
9t f-&et FE ATt (Nam

242 7H3} sha
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Table 3. Effect of enzyme treatment on dextrose equivalent, total soluble solid, total polyphenol, total flavonoid, and crude saponin
content of enzyme extracts (Step I) from D. polystachya Turcz. bulbil

Treatment DE? (%) TSSY (%) Total polyphenol (%) Total flavonoid (%) Crude saponin (%)
CON” 5.38"40.17% 12.9740.10° 0.49+0.00° 0.20+0.00° 0.52+0.01¢

T30 13.23+0.03° 45.17£0.09° 0.550.01° 0.28+0.00° 1.50£0.12°

T120 13.99+0.08" 54.88+0.06° 0.720.01° 0.3440.00° 2.00£0.09°

T240 14.5620.05° 62.40£0.17° 0.80+0.00° 0.35£0.01° 2.29+0.07°
F-value 5,934.33"9 109,076.86™ 2173.717 761.64™ 273.45™

DAbbreviations are the same as in Table 1.
2DE, dextrose equivalent.

9TSS, total soluble solid.

YAl values are Mean£SD (n=3).

% 9I\leans with different small letters in the same column differ significantly by Duncan’s multiple range test (p¢0.05).

9™(0.001.

Table 4. Effect of enzyme treatment on total polyphenol, total
flavonoid, and crude saponin contents of enzyme and ethanol
combination extracts (Step | and Step Il) from D. polystachya
Turcz. bulbil

Treatment Total polyphenol Total flavonoid Crude saponin

(%) (%) (%)
CON 0.87240.01% 0.4440.01° 0.9440.03°
T30 1.01£0.01° 0.5120.01° 2.47+0.18°
T120 1.0440.01° 0.5210.01° 2.5110.10°
T240 1.07+0.01° 0.5540.01° 2.60+0.08°
F-value  486.217% 73.83" 168.74™

UAbbreviations are the same as in Table 1.

2All values are Mean£SD (n=3).

¥ d\Means with different small letters in the same column differ
significantly by Duncan’s multiple range test (p{0.05).

9¢0.001.

7kt

3.6. REEE &E

A2 AZPEE W e 84 4 5 A At Fo
2+ 2259 total polyphenol, total flavonoid, crude
saponing £%43 A3= Table 49 &t} Jojz} &&=
9] total polyphenol:= 0.87%°14 1.07%2] HHE Y
Hlow, A Aj7to] S71drE Fo2os F7ksHl
(p<0.001). Bhandari and Kawabata(2004)9] ujZAt 2+
ol 37 AFoA ofNECR ZE3 Ful= Fof ug
total polyphenol ¥&& 0.01-0.17% HMHZE HIA5IH O
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i 24t gAY Agto] 71245 He ol
T Atk &, ¥ SRHEQ SVt Table 19
o gulstoict. £, AP B4 LAYt
&30y, Ao ohy, 1.2)2 1Ho 232 9

o =EHAY ¥ #Ho| &
7}43}2 melanin BH-S YOS
gotEth(Kate and Sutar, 2018).
At 3259 total flavonoidE 0.44%-0.55%% A
to] S7t4& @A 5] F715FATH(p<0.001). Chen
5(2017)9] dFollA A TS st 80% HH=E
FE3 vt £ total flavonoid = 0.05-0.08%2]
HAZ Husigith webs & Ao S| o)
total flavonoid $go] ¢ =obzl Ao wetE 4
PollA A= BRloly 1 A9 WY 22 7t 29 1
2 AEY matrixE AIA7IHEA FRE DISIERE 11
EAMOA B A FEE 8ol §EA7I= AR &
#A 9lthZhao &, 2019; Gong &, 2021). 214} &4
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et £t 84 4 £33 A4 crude saponin &
HTable 42 10022 & uf, 4 A7 AP Table
39] crude saponin F 84 AP A7t wzt
00.7-88.1%9] Hl&= A== QIth. =4t of E59E o|3}
oA A& Aol o5t dF dxE At ¥E2 total
polyphenol, total flavonoid, crude saponin®] Z+Z}
0.23%, 0.16%, 0.04%% EA=Jctal H1151% 0 ™(Kim
5. 2015), & A A¥e} vws] EH total polyphenol
2 3.8-4.74}, total flavonoid= 2.8-3.48] © SHE
t}. Crude saponin® Z-$-oA+= 23.5-65.08] & Z2
H A ZAF & S8tk -8 AES SN SRt
FoIAte] @A A AZRE FA 302004 Fo 441719 A
27} aHARl Ao 2 SRlH ‘:}. FAREY 9o AnE &
o, o] ool A At LT A

Ao gi A & J——’ﬁ“a%"ﬂ 4 iiﬂ% 71‘1;“’3@ 73

BT F84E TP 22T & ULS A3l

3.7. gt 2y

A TS M AAZE ARetrine AASE
92 /ML glol A o Bae] ST HAE £42
Aok G Pk, AR A3 B4 2ol DPPH

% ABTS 2iZ 4452 233 o] 19 1e B

o o

l

H1 Sl 4 B AAEY] Ao et 49%rt
gelbA AHsls9] 2ol & v 43 4 9t Wang
1998).

Fa A A7t e kS E449] HILE gotR Y|
98l DPPH radical®} ABTS radical scavenging< B7}
oto] 1 AIE Fig. 2(A)°] UEHHltt. DPPH+= CON
15.57-31.16%, T30 17.42-35.22%, T120 16.97-31.53%,
T240 17.54-30.99%9] 4& B3om, 5%(100-1000
pg/mL)7b S7VE4E &40] F7lole BFE EPoy

4 A At ©E {9F Aol HolA T
ABTSE CON 7.93-29.09%, T30 10.45-26.06%, T120
8.03-23.35%, T240 7.45-23.11%9 &AL Helow,
5(100-1000 pg/mL)o] wet 4ol Z7151% Lt CON
I} Blwst] §4F 3087 AT T30004 €40l /9
o7 Z7}519 0} T120, T2400041= 594 Zjol7} 1t
EHLEA] okt
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Fig. 2. Activity and inhibition effects of D. polystachya Turcz.
bulbil extracts. (4), DPPH and ABTS radical scavenging activity.
(B), a—glucosidase inhibitory activity. CON, control, treated
non—-enzyme; T30, treated enzyme time 30 min; T120, treated
enzyme time 120 min; T240, treated enzyme time 240 min.
All values are MeanzSD (n=3). Different letters are significant
differences at p¢0.05. 'p¢0.05, “p¢0.01, “'p(0.001.

3.8 &5k 24

a-Glucosidasex= HF7E @7 FHZ Eofofo] &
3} 5 & 7Fs ot sk 34olH, e-glucosidase A5fA]
£ e-glucosidase 84 % o|FHF 43} G4 F(maltase,
sucrase)g Al Adfote] e Bl 4 55 AH
A71a dF A5 JAIRTHOlden 5, 19915 Taylor
5. 1991; Yagi 5, 1976). wetA a- glucos1dase 11 OHZﬂ
= AE AR F AolA Z=Fo=E QI
Ao 2N Fdi B FH9 ARE /\}3%} T O“"P(Gua
5. 2006; Kang &, 2017). Zt Al&9] e-glucosidase A
3 avs 243 An a4S 24087 AT T2400]
36.04-60.98%2] As| T Ho] 7HF &Okth T120
(28.40-58.59%)2} T30(29.83-56.80%)°] & HAZ &4
o] E9tom, CONZ 21.84-45.11%2 8oz 713

_4
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A YebetthFig. 2(B)). ©l& Kim 5(2009)9] ATollA]
Ao gff & vl FEE9] e-glucosidase Adf &
I7h SVttt Aot YRSkt Camargo 5(2016)
9] AN 2 FAREC 34 AYE B9 a-
glucosidase Adf &/do] F7H=9 ol EH = &
7kt WAst #A 7} oty Bastglch. 2 7oA % o]
o} Zro] g4 A 2gf F vl € AR o]
S7F=l0] e-glucosidase A8l &4do] F71et 20 & wdd
gt gty 54 34 B9 AEE oA f-8 A&

=]

4 ok wokgh
4. Q9
£ A= 20104 AF0l AT 5 e dmd 55H

AZE JojR= 8 6.04%, 2N 7.94%, ZA
0.48%, X3|& 4.08%, @3k 81.46%% UENLOH,
WAL Futet 24 24 32 A0 YEHTh 84 A
2] Alzto] F7Iete] wet 7heAd 13, AT B {94
o= F7hIH Y 4 AR tiRTolA] glucose
o ASESIE 84 A" AdAFolA mannoset
sucrose’t F7H 08 AEE YL, G4 A A7to] F7F
I5E o] WolA = AFE UEiSith a4 A
gt G3k= A7 AlZto] S7HE oAty A& 7R
&S S7HIFLH, o= QIg 7 1R 18 4
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