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Antioxidant and a-Glucosidase Inhibitory Effect of Tartary Buckwheat Extract
Obtained by the Treatment of Different Solvents and Enzymes
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Abstract

Extract yield of tartary buckwheat treated with water, 70% ethanol or methanol were about 13.6%, 7.0% and
6.6%, respectively. Extract yield was greatly increased by the treatment of a—amylase indicating 95.1% yield.
RCso value of DPPH radical scavenging activity with methanol and 70% ethanol extracts were 34.0 pg/mL, 40.5
ng/mL, respectively. The DPPH radical scavenging activity increased when it was treated with B-glucosidase
and cellulase, showing RCso value of 24.7 ug/mL and 25.0 pg/mL, respectively. In ABTS radical scavenging
activity, methanol extract (100 pg/mL) showed 30% inhibition. In DPPH or ABTS radical scavenging activities,
the treatment of B-glucanase and a-amylase shows the highest and the lowest activities, respectively. In a
-glucosidase inhibitory effect, 70% ethanol extract showed RCsy value of 59.9 pg/mlL, but water extract was
not inhibitory effective. The a-glucosidase inhibitory effect was the highest in multi enzyme treatment. Content
of rutin and quercetin in methanol extract showed higher value with 4400.3 mg% and 71.9 mg%, respectively.
The 70% ethanol extract of buckwheat contained rutin of 3459.8 mg% and quercetin of 56.9 mg%. In the treatment
of B-glucanase, the rutin content of ethanol extract increased with 5057.4 mg% and multi-enzyme treatment

resulted in the modification of rutin glycoside.
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tin, quercetrin, myriceting ©&F -F3kaL A7) W Eo|t}
4). W= o] 54 AEQ rutine 4 w=E 9849 poly-
phenol 3}§HE2] flavonoid®] Y2 & quercetin®l] rutinose
7} A3 B2 2 AFAPAE 22 G)e dudg a9s
ZHte Bi1(6)9 B9 AW X5 a3Holgte
B1(7) 5 o3t 7150 RaEa Yo} T3 querceting
HE23 Zhg dleyd 2L Jd dtgAz Y 715 (8)9]

(r koo

°% kg A7 AmE T gout IR E oFF AA
S

o
£

B



990 AAL - FAL

ste] o]59] AR Al Wl tig A7t AP EHA
o Z4ke] A9 A2 =99 22 Ay o 18 A%
%1 Rk, Rgs, Rgs 59 ALEY Aol o3k ket dat 3H4ts)
AL FHAZ AFol AT Aok ey vide] 54
gl 93 54 F-84E2 rutin® quercetin 52 A3k

9% AelBA el U A7E wElg Agelo
Heh & Aol At & viRe 4B Ao 712
25 1% 75H4E 24 ARl ol b5 Fobn
7] 9lal = vEe) FEgulo] e FEE el B4
a-glucosidase A3) F4E AESAT & That SR
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E A AMSE wd AlgE STHA £dE & g
(Fagopyrum tataricum)©|™ 7}
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€2 Duksan 3}8H(Duksan, Ansan, Korea)oll 4 #3152
H IR 54
zyme(multi-enzyme), ultraflo L(B-glucanase), celluclast
15 L(cellulase) 4714 &4 NOVOZYMEAHNovo Nordisk,
Bagsvaerd, Denmark) 2 #-8 1943} AL&3A . Rutin,
quercetin, a-glucosidase &A% 2 p-nitrophenyl-a-D-
glucopyranoside SigmaAH(St. Louis, MO, USA)ZH-H
T43t] AH&-3FA T

AlRS =&

AR FE22 & vds A2EH7](Micro hammer mill,
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AL F5=71(EYELA, Rikakikai Co., Tokyo, Japan)Z &
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AE A3 FE24ES S45AH

24 M2

& wd B2 25 gol 75 50 mLE 7}kar 70°Coll A
30+7 G405 1% #7138 a-amy-

90°C el A 30 7t WS- A7) 31, multi enzyme, B-glu-
canase, cellulase= 50°Coll A 60&7F vHSAI A Y. &4 32
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DPPH free radical 2~71 &4
¢ W FZEE-2] DPPH(1,1-diphenyl-2-picrylhydrazyl)
gz st &4 &4 Bloise] W 12)o] uhet SA s}
At AR E 42 &Hie 349 10, 20, 50, 100, 200, 500,
1,000 pg/mLe] T2 343k 3] (0.8 mLd} o2
=291 0.15 mM DPPHE9 0.2 mLE 7}5te] 4204 30%
517 nmel A FREE A & A8 F=
%4 %31‘3]"’473 A7 B2 AEE HUEA €2 o
122 A 7led a3 A5 ¥
RCE() ZeZ eyt ©
Y ZT 2 2 butylated hydroxy toluene(BHT), butylated
hydroxy anisole(BHA), vitamin C& A}&3}3 )
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ABTS radical-scavenging 4 =X

ABTS radicals ©] &%t giksle &79-2 ABTS+ cation
decolorization assay W (13)0] &Jsled A13§3 9t 7 mM
2,2—-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)(ABTS)
2} 2.45 mM potassium persulfateE HZFEE 151?}3}01
*.:liﬂ o} 2o 4] 24417 Fok Wb Bt ABTS+ S A A)

% 732 nmol A FBE o] 0.70(+0.02)°] E A phos-
phate buffer saline(PBS, pH 7.4) 2.2 343} ]t} 10, 20,
50, 100, 200, 500, 1,500 pg/mLZ 3]A# &< 990 Lol
sample 10 iILE 7}ate] A8s] 18 &<t WA & F3=

2433k
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Hydrogen peroxide(H:Op) 271 &t =3

Hydrogen peroxide radical®ll ™3t &7 A& Miiller
5149 e wet 96 well micro plateo] PBS 100 uL#}
10, 20, 50, 100, 200, 500, 1,000 ug/mLZ 3|43 Al& 20
LE 23 1 mM HO, 20 uLg 713ke] Ao A 5831 X
3l %o 1.25 mM ABTS$} PBSo| =21 1 unit/mL perox—
idase 30 pL& H7}sled 37°Coll A 1027 ¥F-3-A1Z1 & 405
nmoll FFE=E FAsAT

a-Glucosidase AMslf &4 =3

& gy gujde] o2 FEES 10, 50, 100, 200 pg/mL
o] FE & 343} 0.75 unit/mL2] a—glucosidase & A
25 uL= 50 mM potassium phosphate buffer(pH 6.5) 200
plell €31 &33F & 2 mM p-nitrophenyl-a-D-gluco—-
pyranosideZ 7}3ted 37°Coll A 3087t wFS-A| AT 05 M
Na,COs5 7}t ¥h3-& FAAIZ F 405 nmoll X FHEE
=343l g4 Hkg-0 2 AA = nitrophenyld] $HEFS H
st 7 FEES AEEA &2 x99 st &
g9s A ATA5).
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High  performance  liqud  chromatography=
rutin, gquercetin M2k 244
& Wl FEE A+ 045 ym membrane filter2 & 3}3}

o] rutin®} quercetin 41 A& AF&3LG T AFREE Ak



S TH 54 AP wE & Wd FEE

L 5 HPLCES AFE3FH AL, 5221 rutin, quercetin
£ 10, 50, 100, 200 pg/mL TEE A X3 T FHaFE Ao

183159tk HPLC Al 2=ElL8 Waters 2487 system(Waters
Co., Milford, USA)S A3t992 ™, columne Hypersil
Gold Cig(Thermo Co., Waltham, USA)S AF&3tth &4
Z71& UV detector 355 nmol| 4] ASvlZ & 2% acetic acid
3531 acetonitrileS, B& W Z & 2% acetic acidE I
g waterg AH8-3te] A9} B &9 E 505002 Ejtato] 2%
HA FA BT A Agul e FEE F7HAA 18E7HA
100%0] o|2E2 o] 287t FEF1, o]F B 223
7HA] 50%°l o|2EF 3lo] 287 EEFSlon, &ule &
2 1 mL/min®] £E22 EHFAUG
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DPPH free radical

DPPH<E ascorbic acid, tocophenol, polyhydroxy &<
32, WS olvlo] oJa)A elEo] AL Auo] gag
o =ZX ¥ R A
ATH20). AAF A Z-&-2 (ARSI ARkl T
st Akshd &4 free radicaldll MAE Foste] jhstE
AAAIE HAE7F HY, free radicalS AA WA 2=
AT AXY 3l E JOTBE AE FEE Tl A
o]z;l .:J_g_)ﬂo] 011:]_

& Wd FEE9 FAgg4tstAId BHT, BHA, ascorbic
acid®] DPPH 4~HA 48 s =¥ =43l vudt 23
+ Table 29} 2t} 2 Wjd FEE2 AH8E H9 oA
TE YEA O radical 27 &4 A37F vEton wg
& FEE9 0% gL FE5EA9 RCy kel 242} 340
pg/mL, 40.6 yg/mLE 53 274 A4S 7HAE A=
A A o] Yoon 5(21)¢] B3t EE A} HEks F&
E=9 RCs (117 pg/mL) Btk Hold &7 &4 o] A&
HojEn vhdd] & FE22 RCy #ke] 967.6 pg/mLEA
27 Aol v we Ae® st

a2AgE 5% 2 WY F2E< DPPH radical 47
4 A RCsx #2 T3t Table 20 JeERAT EA
Aol A14H SulE §oE 25 F o] $5etuA
A8 A5 F2 801 0% e AP AWL
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Table 2. DPPH radical scavenging effect of tartary buck-
wheat extract according to the treatment of different sol-

AEHe] AF T2 3] B AFEAL AT T8 E vents and enrrmes
Sample RCso (ug/mL)
Table 1. Total extraction yield of tatary buckwheat extract Water extract 967.6+13.2"
according to the treatment of different solvents and enzymes 70% EtOH extract 40.6+1.8
Sample Total extraction yield (%) 100% MeOH extract 34.0+1.3
Water extract 13.6+1.7 a-Amylase 60.1+1.7"
70% EtOH extract 7.0x0.1 Multi-enzyme 36.4+1.0
100% MeOH extract 6.6+0.2 B-Glucanase 24.7+16"
a*Amylase 95.1+ 15** Cellulase 25.0£0.2°
Multi-enzyme 635+1.2" BHA 9.6+0.3"
B-Glucanase 19.0+0.2" BHT 2.6+09
Cellulase 16.6+1.1" Ascorbic acid 6.3+05"

Each value represents the mean+SE.
"p<0.05, “p<0.01; Compared to 70% ethanol as determined by
Tukey’s Studentized range (HSD) test.

Each val_ue represents the mean+SE.
“p<0.05, “p<0.01; Compared to 70% ethanol as determined by
Tukey's Studentized range (HSD) test.
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F33AR T a-Amylase 28] 7= RCs dt©] 60.1 pg/mL=Z
E=Q 70% dekE FF ol vls] 4o wgkon}
multi-enzyme, B-glucanase, cellulase= Z+Zt RCsy dtol
36.4, 24.7, 26.0 pg/mL=E YEY tjZ2Fof H3)] fodo=
gAo] =& Ro 7 YEeyTh

Kim 51002 #7715 %9 7Ias] 845 A4
< W FgfRco|E SIFES] FEFE| F A ol Hst
o Fketka Bagk vk 9lon, Kim 5(22)% 7 F5&
o &4 Agste g A7 3“‘}5} a3} V79-4 M X
Fol st Reanrt S7hES Bt =3 Kim 5
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(23)€ H2A ) AHelo «h‘z A 72 FE4E
3 B8 BHE AR A% Bk SRt} o] 2
Aol eion] sl B4ol ik Ao o5 5714
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ABTS+ free radical 27 &4

A A ABTSY Fol2 #@tvZze] F3 =7} 34hshA|
o o) A== Ad 7|x3te] JiE ABTS gtz &A
AR TFE A2 trolox, ascorbic acide}e] zk¥ Bl w5}
o] el AT ABTS$} potassium persulfates $Faol] ®
A3t ABTS+ o] A=A FE2E9 kst &g o3
ABTS+ o] 2275 0] radical 5f¢] A<l FE20] 225
= °lE FFE FSE Yeho] & WY FEE
ABTS+'-°4 /\ﬂ :Q-/H_O_ qut‘ﬂ— z': onjr

& Wl FEEo] ABTS+ 9 &4 A4S ZE2+2 tro-
lox, ascorbic acid®} Hlm =43 A= Fig. 13 2th
ABTS+ &A &4 HolM ZTEZE AFEHE troloxe
100 pg/mLe F=olA 90% B=e AA F4& Ho
Rice-Evans 5(24)9] A7} A dX|a1, ¢ dE 9
FEEro] 2 £A &L 100 pg/mLe] FZoA g
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Fig. 1. ABTS radical scavenging effect of tartary buckwheat
extract according to different solvent and enzyme treatments.
Reaction was performed with the extract of 100 pg/mL. W, water;
M, 100% methanol; E, 70% ethanol; Amy, a—amylase; Mul, mul-
ti—enzyme, Glu, B-glucanase; Cel, cellulase. Each value repre—
sents the mean=SE. "p<0.05, “p<0.01; Compared to 70% ethanol
as determined by Tukey’s Studentized range (HSD) test.
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A A4S Bk 84 Al o3 & Y FEE9
TS radical 27 4% DPPH radical 224 43 A+
i 73130—% YEP AtHFig. 1). 2T 70% d&-& F55
00 ug/mLe] FEeA 285% A3 &4 UEtHoH
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Hydrogen peroxide(H202) 2471 &y
Hydroxyl radical( - OH)= A oA AlZ74 X
A Guld o DNA 5ol tate] v Ae s, ‘317]"”’-‘]
gy e dole EAZ 7HF AW S opylske AL
4 A At meEkA - OHE AlASe A2 AA W) Al
HoE 98A vl§- Fa3ch25).
Hydrogen peroxide &4 4% %3 Z3 DPPH rad-
ical, ABTS radical &4 €43 22 234& B HTable
3). & "W¥ FZE 9] hydrogen peroxide &7 &AlS ek
£ FZEA RCy at°] 323 ng/mLZ 73 ksl S5
= A2 Ygon, 710% ogg FEEAAE RCs

}:I:
LE

@Hﬂrzrz

ol 359 pg/mLE YElY Hege FE2E7 53 42A
g4 7HAe ALE et & F&EE2 RCx #t°l
569.7 pg/mLZ wl$- S AA A4S B yx2To=
AFE-31 trolox 9} ascorbic acide 10 pg/mL2] & =ollA 90%
7FEe &A 48 BT Park 5(26)0] B3k nlol u}
2w flavonoid 3}3&E 9] 34kst &2 B ringe] hydrox-
ylation®] 9]x]9} G0 B2 JEgS W= o2 dHA Yo
W, §3] 3'4'~dihydroxyl groups 7} uj &2k} g4 o]
EL Ao E IHA Qo] & "L -7F flavonoid 3=
% E3] rutind 93 =& &7 A5 el Aol

Table 3. Hydrogen peroxide scavenging effect of tartary
buckwheat extract according to the treatment of different
solvents and enzymes

Sample RCs (pg/mL)
Water extract 569.8+82.7"
70% EtOH extract 35.9+5.7
100% MeOH extract 32.3+2.4
a-Amylase 37.4+0.6
Multi-enzyme 31.7+15
B-Glucanase 26.4+3.0
Cellulase 28.8+04
Trolox 76+0.6"
Ascorbic acid 79+0.1"

Each Val_ue represents the mean= SE.
"p<0.05, “p<0.01; Compared to 70% ethanol as determined by
Tukey's Studentized range (HSD) test.
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29} £33 Rutine - OHE 5% 9EH0z 2AA]7]
o BE3E 8k ATH@7). &4 A
E 0, &4 &4 24 23 a-amylaseE A 93 ZE
2 AYF7E HETFQ 0% NS FETFRU Ao $
st oy 54 TR 2 FoHd ol fldth

a~Glucosidase A&l &

Tl & 9 &3] 437 tEo] 30 AR R
AE=E3 A a-Glucosidase= 479 brush-border
membrane®] EA3e 23 a4L2A oFFRY OIFFH &
o] gbrslEo] 4sl F4E7] S AHQ 9RRE VR
&3l &S 3o} a-Glucosidase A A= <32 2
o] T YtES AT 5 Ut & WY FEE
cosidase 84S 54 47 0% &g, WeS
e TE JEHSE A &0l HolAe BT
A= Aol YeptA skt & &
A3E A7 0% ANeEE FEE°] 599 pg/mL
o2 Aaf &do] /Mg $-FatAtH(Table 4). Cho 5(28)2
LuA} FEE A a-glucosidase A3 BAS =43 A7
200 ug/mLe] oA & FEE°| 974%, 60% e
=E0°] 845%9 A4S YAt Bagk b Q.

Z g 70% e, HEgE FEFE2 a-glucosidase
£ 87402 Agetn ol st Al & B EF
£ rutin®} quercetin 52 R ol= AEo|g FHHY.
Lee 5(29)°] B3 ulol] w2 quercetine a-glucosidase
E 7H9A oz =gA A3, RAAAR] ANE e
Ao 2 YElY quercetine Y= A3S X5 & e
FAARE BoF1 Aok 3FH
aZ Ayl 93 a-glucosidase Al &4 S multi en-
zyme A2 77F RC0%k0] 347 ng/mLe 2 &Ado] 713 =k
3 71 -8 B-glucanase(41.4 pg/mL), a—amylase(41.7 pg/
mL), cellulase(60.8 pg/mL) o] Aot &2tksl gAdo] ¢4
399 cellulase A& F+ HZT2 70% oS FETH
o o] £X gL HoZ et

Table 4. a-Glucosidase inhibitory activity of tartary buck-
wheat extract according to the treatment of different sol-
vents and enzymes
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kel &4 2 a-Glucosidase A3l &4 W3} 993
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oot sAXElof WE 2 HE FE=2

ZCIE0(=

ot
i O oo

He 70% oAle-& FEE9] rutin® quercetin &4 4
= Fig. 29F 2o XFE42 rutin® quercetin®] re-
tention timee Zt7Zt 4283 10.3EWWE el
FE87 2 gaxge B & Wl FEE9 ruting
quercetin® $F=HE& Table 58 2t} Wghe =59 rutin
a2 4,400 mg/100 g, quercetin &S 71 mg/100 g =
AR F 7HE & &3S Jedden, 70% dge &
E 9N HEE FEEH ¥ FES Vs AoE g
ot B 22EoA rutin FFE 24897 me/l00 g,
quercetin & 13.6 mg/100 g & Wgte FE53 o¢
= FE=0 Hlsto 200 A& AL FHFS A= Ao=w
Uelth Park 5(30)0] 23k vlel] w2 & wY FAE
HELE FE3AUS W ruting 3] 100 g3 2,042.1 mg
AEE Tt dvke A4 vustgs of B A 25

control

Ruﬁ,‘i Multi enzyme

Ao J %N A Quercetin
P I, L U ¢ SN A,

T T T T T T T T T T
m M W AW SO M 10 M S WM M R ND WD B0 B0 VO 6O 60 20
s

Fig. 2. HPLC chromatograms showing effect of multi enzyme
treatment on tartary buckwheat.

Table 5. Rutin and quercetin contents of tartary buckwheat
extract according to extraction solvent and enzyme treat—
ments

Sample RCs (ug/mL)
Water extract ND
70% EtOH extract 59.9+4.1
100% MeOH extract 126.8+0.4™
a-Amylase 41.7+2.8"
Multi-enzyme 347+26"
B-Glucanase 41.4+1.0"
Cellulase 60.8+4.8

ND: not detected.

Each value represents the mean=+SE.

"p<0.05, “p<0.01; Compared to 70% ethanol as determined by
Tukey's Studentized range (HSD) test.

Rutin content Quercetin content

Sample (mg/100 g) (mg/100 g)

Water extract 2489.7+22.6" 13.6+1.8"
70% EtOH extract 3459.8 +34.2 56.9+14
100% MeOH extract 4400.3+44.1™ 71.94+3.9
a-Amylase 1066.8+26.4™ 88.2+54"
Multi enzyme 278.3+20.9” 835+3.2"
B-Glucanase 5057.4+42.7" 64.2+5.8
Cellulase 4266.0+35.2" 488+29

Each value represents the mean=+SE.
"p<0.05, “p<0.01; Compared to 70% ethanol as determined by
Tukey's Studentized range (HSD) test.
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7} rutin gH#Fo] =& Ao g YElyit o] Axg Hol F
Z79) webA] flavonoid el & 27 A & F
ATh

4 AHY & 70% dgEE FEEY rutin® FHFS B-
glucanase 2] A] 50574 mg/100 gl &2 7}4 & IS
el o cellulase: 4,266.0 mg/100 g& 2 w &g 5=
=3 v FEFS JEhd Bl a-amylaset
multi enzyme A2 Alol= ruting o] & FEFEHRT
Z9k o U multi enzyme # 2] Ao+ rutin PF2 H 9] re-
tention time®|] 558 <] peak’} 433 SVl A=
e rutin F=A AR Wt B Aok (Fig. 2).

Quercetin®] &&-& rutin kol Hls) WS HPon &
AA g o3 & ¥zt fldlem ol BA A o
rutin AE 9 quercetin® 2 AL A9 o] Fo|x A F&
Axz AZtEr.

A B F citrus flavonoids® ¥ ¥4+34-S DPPH
radical S AHE-3te] =33 23 rutin® quercetin vita-
min CH BHT$} BIS=3) free radical &4 F45S RoF
St Bart YA TH31). Moon $(32)- flavonoid 3+3HE
2] DPPH radical 27 &4 (RCs)S 543 23 quercetin
o] 45 pug/mLE kaempferol(12.0 pg/mL), luteolin(15.6 pg/
mL)ET 7 34itsl 848 ke Ao g Bk bt Qi
3T quercetine F4H3F A4 oo = &(33), I =AW
o] &4(34), IgnufolH 2 28(35), 183 A AAeHHg o
A(36) 59 BAE /AL e ALEE GHA Utk

A &4 2 gy oge FEE59 RCy 3ol 27 340
pg/mL, 405 pg/mLE ¥ A4S Xd Ao E Yehon,
FA Aol 93] FAo] =715 0] B-glucosidase X&) T}
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o) s FAdo] Z718t a-amylase A 2 TFE A Qs =
E 854 AEFY EAo] dlzTQl 70% e FE2T

f
o

=
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o
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