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ABSTRACT

Background: Rutin is decomposed by rutin-degrading enzymes (RDE) during the processing of buckwheat groats, resulting in a
decrease in rutin content and a further increase in the bitterness of processed products. Thus, the present study aimed to examine
RDE activity in groats and various tissues of domestic buckwheat varieties and to develop a method to reduce the loss of rutin during
the groat processing.

Methods and Results: RDE activity and isozymes patterns were determined in Tartary and common buckwheat. RDE activity,
measured by quercetin production rate, was 273 and 70 ug/g fresh weight/min in mature Tartary and common buckwheat groats,
respectively. A total of six RDE isozymes were detected in mature groats of Tartary buckwheat on a non-denaturing gel. In Tartary
buckwheat groats, RDE activity decreased by approximately 81 or 71% with roasting or steaming for 5 min respectively. As the
roasting or steaming time increased to 30 min, RDE activity decreased by over 95%. These results indicated that RDE was inacti-
vated in groats by roasting or steaming. When untreated Tartary buckwheat groats were kneaded with powder, RDE was activated
and the quercetin production rate increased by 62%. However, when roasted groats were kneaded with powder, the quercetin pro-
duction rate decreased by 93%, mainly due mainly to inactivation of RDE, as indicated by a decrease in band intensities of the six
isozymes.

Conclusions: These results suggested that the loss of rutin, due to RDE activity during processing, may be reduced by 71 to 100%
by roasting or steaming groats for 5 to 30 min, due in large part to the inactivation of RDE isozymes.

Key Words: Groats, Inactivation, [sozymes, Roasting, Steaming

M

2

and Ito, 2002). 53] ®wDe] FHF rutin> quercetin®l
rutinoside’t AgHe EA2ZA] daA] o] X5t mAEH
WY (Fagopyrum esculentum Moench)ye vlt]ZE3}te] dd 738l B JhA, ksl 23 ol ofy 7R A 7]

Z2A B 7= RS zslal Qo] AlZEojoslrom 55 7K YL BRI EAT (Choi et al., 1996; La Casa

T 83 Aot et al., 2000; Jiang et al, 2007). =3+ Hwang 5 (2006)>
wE We] 9 ZH wo]=2& rutin, C-glycosyl-flavones o} & Ro] Zol7t 0-10mm Q] W FEE2] 3l 4

(vitexin, isovitexin, orientin, isoorientin), quercetin 5°] U2 o] grAlskilslAle]l A HTE 40-52% U H IS

™ HE4ES 2= chlorogenic acid 5 TH7F At} (Watanabe Kim Z} Peck (2013)2 AFSIAEYAE Fsh AFo wd
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UHAHA FHZ AslE] 71 e ANER
71E AR S oelal X Eshed 2rde
ol gstE= #Alo] FoA|AL itk old we} FujeAE &
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slod o] g3l Utk (Park er al, 2005; Cho et al, 2007;
Morishita et al., 2007).

e WdS 7hgehe el WY We] rutine] FEIE
&l &4 (rutin-degrading enzymes, RDE)ol| 2]3l] &3l =] o
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oA 12.6 ppmS = FHAEIASL SAF Mo HE: HA FUd
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quercetin®] A== AS #E3aL 2E|A 7] St wet
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(1994y= &u™ F219] rutin gaFo] Aukddyct 100 =)
T For, ¢ WY FAol= B2 RDEZF EAgAL &3t

RDE €742 HPLC % #33=AE olgsto] S| 7ks
s}, 1 9jo] Mg 24 WHE sfdske At oA
3L 9t} (Morishita et al., 1995; Chen and Gu, 2011). A
S A 9 kg Aol og wWd T4 rutin 2
quercetin F&F ®¥islol] gk A= ol o] FojX ot RDE
ek AAHQ] AtE S Aol

2 AdTe Sl wE F50] TS HES o9y 24 U9
ruting} RDE &4 432 A5 2 7K/ 7F HEE &
3] RDE @84S JAIge 2R 712 5 RDEY 93 rutin®

£48 A2 ¢ A A IS AL da
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Table 1. HPLC conditions for rutin and quercetin content
determination.

Column INNO column C18 (4.6 * 250 mm, 5 m)
Flow rate 1 mé/min
Injection volume 10 1l
Solvent A Methanol : Water : Acetic aicd =
5:92.5: 2.5 (VVN)
Solvent B Methanol : Water : Acetic aicd =
95 :2.5: 2.5 (VAN)
Wavelength Rutin 254 nm, Quercetin 367 nm
emperature 40T
Gradient elution system
Time (min) A B
Initial 90 10
27 64 36
32 40 60
35 40 60
35.1 90 10
40 90 10
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gml ol F&SAIZ] % 10,000 goll A 5 E7F LAEE] (Hanil,
Model supra21K, Daejeon, Korea) 3}e] A2 FA AL

HPLC (Waters, Separation Module 2696, Photodiode Array
Detector 996, Milford, MA, USA)E ©|-&-3lo] ¥AJ3l3lom,
HPLC 712 Table 13+ T} (Table 1). &= INNO
column CI18 (Young Jin Biochrom Co., Ltd., Seoul,
Korea)S AR&-3le] AAISIATE Rutind} quercetin 7 7ol A&
Sk B85 A2RS Merck (KGaA, Darmstadt, Germany)l

A TIB,

4. Rutin-degrading enzyme (RDE) & 5

RDE &4 Chen ¥ Gu (2011)2] S 383l =4
StATE WE AlE B 04gS 02 M acetate buffer (pH
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Hgo] FH4" =¢ES 10 27 94
(12,000 g)ste] A& NS &4 FAol o]&3k
4L 7142 AFe rtine] FAY Ee v
quercetin®] AAFES AFE FHY G408 Fof T
2 FAEII . Ruting quercetin® HPLCZ #2451 =
sl en, HPLC 272 Table 29} 7t} (Table 2). RDE
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5. RDE &d A=
RDE 2742 Li & (2013)¢] ¥y<& &3k HWA

PAGE (polyacrylamide gel)?} 7195 73=] (Model Hoeffer
SE600 and EPE301, Biotech,
Piscataway, NJ, USA)E ©]83le] A& 84 FE29
ANE BT 08g2 02 M acetate buffer (pH 4.0) 8ml
Z23kek F 12,000 gl 20 £7F GAEE s 42 A3
< o]&siith

B4 2 S % w54 22149 acrylamides =

Amersham  Pharmacia

Table 2. HPLC conditions for RDE activity measurement.

Column INNO column C18 (4.6 * 250 mm, 5 ym)
Flow rate 1 mé/min
Injection volume 10 10

Methanol : 1% aceticacid = 1 : 1 (v/v)
Rutin 254 nm, Quercetin 367 nm
40T

Mobile phase
Wavelength

Column temperature
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Z7E 4%t 15% ol3lem, 7+ Alse] & FEo 20440
40% sucrose 20 /0, 0.005% bromophenol blue 20 /4 &
A 4o] A (10 x 10 x 0.1 cm)e] Foll 20 14 H7}atc),
171952 18 mAR 24 A7+ AAsi9lom, d7|9e°] S5
1 A8 02 M acetic acid buffer (4C)oll 40 &7+ wjst

o 30ml rutin solution (mg/ml)oll %A 50CoA 5 F
st SRTE 3 3] AFsIth Aol ged
365nm UV (Syngene, Frederick, MD, USA)E ZAFso]
Ehhks &4 s Atk
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HE AP 3 vHo g JgHlon, #52]¢] FAA Y
= Statistix program (Statistix 9.0, Tallahassee, FL, USA)S-
ol-gate] 2F 7+ FAIA F9/dE Duncan’s Multiple
Range Test (DMRT)Z AAsIF o™ fold2 p<0.05 5
oA wetsisl
249} U pEb

1. BIZ2| RDE isozyme =&

WA PAGE A& o]&3}ed
isozymeS &4 FMs= WHO
(Fagopyrum esculentum Moench)
isozymes®] AE=Act (Fig. 1).

OlE isozymeE FollA 2, 3, 4 ¥ isozyme 1, 5, 6 ¥
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25 Tl A F S 3.44-0.013 pg 7HA] eAF o R
Ao 2H 7} isozymes TEdted HEY £ AACE 2y
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o] =7t HEIH olstE AstE At

wEha] 2 FAol| EASk= 6 712 RDE isozyme %
2, 3 ¥ isozyme®] RDE Aol =A| 7]ofss Aoz Azt
Hrh Li & (2013)2 ol 5 719 isozymeS 23
gl sIEd, 2 AolA #HEE isozymes] 9 thE A
2 W FF w2 xfo] wjitolgt Azt
2. W] ZxH RDE 21 isozyme LS AU

Quercetin T2 54 2EA ZZ¥E RDEZA2
Fig. 2A%} 2t} RDE €442 the 20| Hs| FdoA uf
$ =gkom, olggl Ak AUnhi| s} LuheA FI5HA
Uelsith, 20 9320 RDE 4 (273 1g/g:F.W./min)
o w|&GFAET 3 v EJT Ak e<E2o] RDEEA

uks| OFA}
o

(70 1g/g' FEW./minye- n|&FA 0T} 4 v =t} ¢ oz
=43 21EA 228 RDE €4 Fig. 2B9} o} &



Fig. 1. Isozymes of rutin-degrading enzymes (RDE) in Tartary buckwheat groats. Lanes

1 to 9 contain different amounts of total

protein (3.44, 1.72, 0.86, 0.43, 0.215,

0.108, 0.054, 0.027 and 0.013 ug, respectively). Circled numbers denote each

isozyme of RDE.

54 (0.15 g protein/minye Pl&SFAECE 3 v =T
%54 (0.04 148 protein/miny F|&SAH T} 4 vl
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HH

BT QO 279} oA HT} RDE 840]
e T

G HTh= ARk olelR Wit
J HEHA L&Ayt

olde] A= wde] F4L thE 24| H|sl]l RDE €4
o] ml$ Folr F4o] shyzgollA] RDEY 23l rutino]
alE 7FsAdo] wie =S Ao AzbEr.

W 223 RDE isozymeS Fig. 3A 2 3B} 7t} (Fig.
3). ZH|ee] ALFAdMe= 6 719 isozymeo] AEEHIOH,
n&F A= 2 W isozymed] &4 W7t FnlshA Ay
ATk (Fig. 3A). 234 <, &71, el oAM=
isozyme®] A=A &hth. oleigt A FTA o]9e] 2
o] ZA15= RDE @49 Ax7t B Ao A}&3 RDE
isozyme HE WHe| ¥Itwe] ot HAE sHAET W] wiw
1 Aoz Ayzbdrh. dwkde] g 6 79
isozymeo] HAZEA o, 71EF] A= AZEA 3t
(Fig. 3B).
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Fig. 2. Rutin-degrading enzymes (RDE) activity in various
buckwheat tissues expressed on the fresh tissue
weight (A) and the amount of protein (B) bases.
*Means within a column follwed by same letter are not

significant based on the Duncan’s Multiple Range Test
(DMRT) (p < 0.05).
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Fig. 3. Isozymes patterns of rutin-degrading enzymes in
various buckwheat tissues of Tartary (A) and
common (B) buckwheat. Lanes 1; mature groat, 2;
1/2 dilution of lane 1, 3; leaf, 4; stem, 5; root, 6;
flower, 7; immature groat, respectively.

ke ARE Balou, BE AFeA A Fxk=
A8 =R Skt (Fig. 4A).
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Fig. 4. Rutin (A) and quercetin content (B) of heat-treated or
kneaded buckwheat groats. Dough was prepared by
mixing 1 volume of powder prepared from untreated
buckwheat groats with 2 volume of distilled water. Dough
was keep at 4C for 1 hour before analysis. *Means
within a column follwed by same letter are not significant
based on the Duncan's Multiple Range Test (DMRT)
(p < 0.05).
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o] quercetin®® HALEAS 7FeAS vWiAIZ = gick 539
k=il A = E24d3kEl RDEC 213 rutin®] #3l9} o]= <l
& quercetin®] Aol 7Hsetles Aow AzbErh

o] Aite TRRAEY WEAEE ol &shke WY T4
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