=%  (rutin) & - f&%5 5 Ak (flavonoid)fe pE 48 = & > &= & d Weiss(1842) /4
= 4 (rue, Ruta graveolens)® #74 &t % e= & o 44 i@ & ¥ (common buckwheat,
Fagopyrum esculentum Moench)/Z 2 &¥2 % % (tatary buckwheat, Fagopyrum
tataricum) ¢ # 3L+ & ch= 4 H 13 & (Couch et al., 1946; Kitabayashi et at., 1995)

;g PARGR G AP 4 Heha & 408 kJR(Oomah et al., 1996) » = 4 1 &

TR AR AR R N R AN A R R e B2 BAT T
* —,ﬂ £ 3 4 niF-§EF »z(Matsubara et al., 1985) ©

=4 5L F (quercetin)iPigHehd P - fi > PEAHE B EE A H A B
fiF s (rutln glucosidase activity). G-k f&iv* {235 4 % (Fig. 1) > #71 » 5 34
HeELa a2 EPT € i%{«)érﬂ%‘ i* (Suzuki et al. 2005)

AT RFEHRZAFF A EME 22 AN AA R FESAFPLE
B3 ZAHITELF ik’ﬂﬁlﬁ‘%%"m#ﬂ?ﬁ? 2 e

_”3:

+  GleRha
(rutinose)

rutin glucosidase

rutin quercetin

(Suzuki et al., 2005)

&

rt

- EFAHFFEDZEMEEAPME

BEXBRIPIFIEAF 2 g E ~E > - f&F 0 Guptaet al.(2011)#-F #
hd BRI FOBEY > TEHIFFEDARGED L AA RS RREZEY
FRE2Z®(Fig.2) AR FELEDY  FIFH2ZFEThERH 2
EHE o FIED Y - HES(F25 ﬁ)gﬂ% P2 SNEF R F A K Z A H T
EEH A B ETH(F6FD ;fz%%f s ,1f§,ttg+n S 2 AP (F
7TA8PEH)E TR BT SRPR(FOEY) 4 H 5 E 61 #H(Fig. 3)
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Growth stage Sample
Stagel | Emergence Whole plant
Stage2 Pirss pa_ir A het Whole plant
formation
Bud show & Recently mature
Stage3 leaf growth leaf (second)
Vegetative
Stage4 | growth & leaf Mature leaf
growth
Flowering & no
Stage5 leafgrowth Mature leaf
Stage6 | Peakflowering | Inflorescence
Seed formation
Stage7 hartond Immature seeds
Seeds are in the
Stage8 | milk or dough Immature seeds
stage
filled seeds are
brown (Leaves | Mature brown
Stage9
have a seeds
yellowish cast)
Fig. 2. The rutin glucosidase catalyzation of rutin to quercetin.
(Suzuki et al., 2005)
18.00
TARTARY BUCKWHEAT
16.00 RICE TARTARY BUCKWHEAT
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14.00
S 1200
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é .00
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200
0.00

Stape2

Stage 1

Stage3

Staged  Slagel

Stage6  Stage7  Siapel  Stape

Fig. 3. Rutin content variation in different growth stages of Fagopyrum sp. Buckwheat
accessions: Tartary Buckwheat (IC-14889), Rice Tartary Buckwheat (IC- 329457),
Common Buckwheat (I1C-5408858).

(Gupta et al., 2011)



%“§§ﬁﬁ%%W*Fm AFFREFABES > AR ARMELE
PEAH RS M LB o Suzuki et al.(2005) 454 7 #8 e ki
éﬁ§§£;éﬁﬁ%ﬁﬁm”#ﬁ’%ﬁpU# hE Eer L EAF A
BooAE it E L =4 HAE lﬂﬁulﬁé’@Tréﬂﬁ__jﬁﬁjﬁgﬁﬁ
FoOSEFE SR E NG THFig 4 f T ESEEIREEAH IR
AR AR -EF PR RNREHETFAFIET AR EF P LA A NS
EAH R RF > E531%  TAAMEI 2 o FR N E 4 H § £ K M (Table
1) & R34 F 7 22 F & 0% s (ultraviolet, UV) R 5+ 5 B

Table 1. Relative distribution of flesh weight, rutin content and rutin glucosidase activity
in different leaf discs cut out from tartary buckwheat leaf.

Type of leaf disc Fresh weight (%) Rutin content (%) Rutin glucosidase activity (%)
Upper epidemmis A 331 136
Mesophyll 428 171 191
Lower epidermis 0. 08 674

Data are means of two independent experiments.
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E.cecaf positiom

Fig. 4. Measurement of rutin concentration, rutin glucosidase activity, soluble protein concentration
and chlorophyll concentration. Tartary buckwheat leaves in different leaf positions grown in the
experimental field were harvested on 28 DAG (L2, senescent leaf; L3-L6, mature leaves; L7 and
L8, young expanding leaves). Then, dry weight (A); rutin concentration (B and C); rutin glucosidase
activity (L6 = 100) (B and C); and chlorophyll concentration (L7 = 100) (A) were measured (see
Section 2). Data are means of two independent experiments. The two measurements did not differ by
more than 16.9% (A and B (bar); C (bar)); and 29.2% (B (dot) and C (dot)).

(Suzuki et al., 2005)
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bR - FEERIIFFFAIRIELEY AT EIAHET L
B2 a2 i it HE4H 7 E4 €7 £ 24 Kitabayshi et
al. (1995)#* - Tic b2 L ¥ R ¢ LA EFEAH 8224 B+ 4 H
FEAAR I G %i%ﬁ(ﬁ)v’ et R KA F 7 E & & 135.9~12.6

(mg/100g) * &+ = 4 1‘1”2 z

4 %
5 el p &% TatopaniiZ 35.9 (mg/100gDW) > & ﬁ*
g,’; P A2 ﬁé Bogatyr"ﬂ’fé g 3w

£12.6 (mg/100gDW) ¥ R EAH
CEFPEAH SR A kmwﬁ<ﬂm%ﬁ

'I:*_» o %;‘i 47“ Bl 6ooi 1880 (mg/100gDW) (Table 2) -

Table 2. Mean values of rutin content in common buckwheat.

Rutin content

Cultivar or Strain . N
in seed in leaf

(mg/100 gDW) (mg/100 gDW)

Japanese cultivars (Diploid)

Botan-Soba 16. 4 2,730
Kitawase-Soba 18.9 2,160
Shinano-No.1 155 2. 880
Hitachi-Akisoba 17.0 2.670
Kvyvushu-Akisoba 14. 5 3, 060
Japanese cultivars (Tetraploid)
Hokkei-No.1 20. 8 1. 880
Shinshu-Ohsoba 20.0 3. 300
Miyazaki-Ohtubu 22.1 2. Tl
Chinese strains
Yunnan-1 19. 4 2, 700
Yunnan-2 o3 1.950
Guizhou 16. 9 2,240
Yulin 16. 6 2. 060
Taolin 15.:5 2,170
Nepalese strains
Matathati 34.9 2. 820
Tatopani 35.9 3. 190
Khinger 32.3 3, 600
Jarkot-1 15,7 3,070
Jarkot-2 21.9 3. 050
Chhenga 16. 2 2. 660
Muktinath 25. T 3. 240
European cultivars
Bogatyr’ (Russia) 12.6 2. 880
Adja Tlacina (Slovenija) 137 2,420
Sokurovskaja (Slovenija) 14. 5 2,320
LA HARPE (France) 18.1 2, 990
BRUSVILY (France) 16. 0 2, 640
SAINT CONGARD (France) 22. 2 2,260
I.ocal variety (France) 18. 8 2.270

(Kitabayashi et al., 1995)
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A Bk L B o%ﬁ’ Eorp kY (B A F R CEFFAY
GRS - AR AR EZERGNIAFIE)AI R RS DR T L

ﬂ’é&?%m%kmﬁﬁﬁmg}wé<bﬁﬁﬁ&%\Ps@ag4zk%
B i B (Table 3) °

Table 3. Analysis of varience for rutin content and main characters in common

buckwheat.
F -values
Sources of Degree of Rutin content Main characters Formula of
variation freedom F -value
. d in leaf Days to first 1,000 seed Seed weight
1n see nlea flowering weight /plant
Year () 1 28.8% 45.8* 49.9* 246.3%** 168.1%** MSy/MSg
Block (R) 2 0.4 3.2* 3.1 1.5 3.8 MSg/MSg
Variety (V) 23 5. 7%** 4.6%** 21.6%** 7.9%** 1.4 MSy/MSyxv
Between areas 3 18.9*** 19.4%** 74.0%** 39.4%** 8.0***
Within Japanese 4 0.4 2.8% 19.4%** 3.4* 1.3
Within Chinese 4 0.8 2.1 17.8%** 3.3* 0.6
Within Nepalese 6 10.0%** 2.3 18.5%** 1.0 0.1
Within European 6 1.5 2.3 2.5 5.0** 0.1
YXV 23 2.3%* 1.6 3.2xx* 3.4%** 17.7%** MSyxv/MSg

Error (E) 46

%, % %, % % % : Significant at 5, 1 and 0.1 %, respectively.
E[MSy] =s%c+24 ¢’r+48 ¢%, E[MSR] =o’s+24 6%, E[MSv] =0’et+4 o’v+2 o%vxv. E[MSyxv] =o%s+2 olvxv, E[MSg] =o%

(Kitabayashi et al., 1995)
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%ﬁﬁﬁggéﬁiﬁ’gﬁ4:zaAﬁLﬁ*“émetﬁ’%fﬁmk
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Table 4. Correlation matrix among rutin content and main characters in common
buckwheat in 1992 and 1993.

1 000 seed Seed weight Rutin content Rutin content
weight /plant in seed in leaf

(1992)

Days to 1st. flow. —0.58** —0.68%** 0.61** 0.46*

1,000 seed wt. — 0.59* * —0.24 —0.32

Seed wt. /plant — —0.48™ —0.45*

Rutin cont. in seed — 0.36
(1993)

Days to 1st. flow. —0.49* —0.13 0.69*** 0.54%*

1.000 seed wt. - 0.60%* —0.52** —0.44*

Seed wt. /plant — —0.41%* —0.02

Rutin cont. in seed — 0.15

%, % %, % % % : Significant at 5, 1 and 0.1 %, respectively.

(Kitabayashi et al., 1995)

AT #6%;Wﬁ¥ﬁ%%ﬁ#i*’ﬁ§“ﬁ4ﬁ‘ﬁ4éﬁ
- ﬁiﬁ m%*l“i CF SRR R R EZIEY hA & %‘*’F*i"j"t?#mif
% B (Cook and Samman 1996) » & % ¢ L4nF ita 4 b F o ARG Ap
5 ’r BEHPT AR FAH PpRIFTEZE S #(Watanabe et al.,
1997) - Holasova et al.(2002)F1 * #: % (oats) ~ =~ % (barley)* & % & F4LF 1t 5 4 B
T AR AR R T (20% Wt) B & F ¥ endd i a4 (protection factor, PF=
8.0V P FEA L E ST (PF=4.0)~ § &2 é‘f’“ﬁé«r(PF 31) + ¢ (PF=2.2) ~

# ¢ (PF=1.8) ~ fgéﬁé—f*‘(PF 1.8)% % % ¥ f2(PF=1.3) E% IS I
Fita 4 A x 2 & % (Table 5) © L“P’ﬁixi—%ﬁf* FE A F S F
P A Y A %@‘*5 ¢ F S kiR E B A (total phenollcs),g:éi Z4H%
~#2 Tpa(tocol)z £ 0 X Rt HEApEendng it il 4 (Table 6) » &t g% ? @
I FF Va4 wx BRI REEZEAF R AN REE Y R
¥ (39,514mg/kg) 2 =4 ¥ 7 £(23,443 mg/kg) = B F > H # HAL o Hing it
(PF=8)™ 8 3 #L 6 hit 7B ps f € A LRI X ST Ry Rnn
FURAZBMTH TRBZIE - FAHIE2 A AR EAR > HpRF

Ao ﬁ%wkm (Table 7) -
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Table 5. Antioxidant activity of oats, barley and buckwheat seed and plant parts.

Tested material

Addition (% wt.)

Protection factor®

Oats

Barley
Buckwheat seeds
Buckwheat seeds
Buckwheat seeds

20
20
10
20
40

Buckwheat seeds dehulled 20

Buckwheat straws
Buckwheat hulls

Buckwheat leaves
Buckwheat leaves
Buckwheat leaves
Buckwheat leaves
Buckwheat leaves

20
20

|

5
10
15
20

1.8
2.2
2.0
2.6
4.0
3.1
1.3
1.8
1.6
3.6
4.5
5.3
8.0

@ Each value is based on triplicate independent model samples.

(Holasova et al., 2002)

Table 6. Relationship between antioxidant activites an total phenolics, rutin and tocol

contens.

Tested material

Total phenolics®
(mg/kg DM)

Rutin®
(mg/kg DM)

Tocols* Protection factor
(mg/kg DM)

Qats 1138 <(.1 19.0 1.8

Barley 2168 <0.1 454 22

Buckwheat seeds 3303 178 36.2 2.6

Buckwheat seeds dehulled 3903 184 20.3 3.0

Buckwheat leaves 39514 23443 104.7 8.0
# Each value is based on two independent analysis:

Protection factor = 1.5291x 10~[total phenolics] + 1.990, R>=0.987, P <0.002;

Protection factor =2.4012.10~* [rutin] + 2.377, R*=0.972, P<0.002;
Protection factor = 6.749.102 [tocols] + 0.4747, R?=0.867, P> 0.61.

(Holasova et al., 2002)

i vk 5 Morishita et al.(2007) 44+ % i & & 2 iﬁﬁ’%i‘ EiTRLE Va4 o2 A
et R G RLI IR 0

Table 85 4* %t & 4 i %

P Wﬁé 2o B EE¥e g

ﬂﬂﬁﬁéimhiﬂﬁ43<*%@%}’%%iﬁ
SERR A ER E 41
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BenBf i ip o T L E- HEFRPe BRAY BB E *"ﬁﬁg«géﬁ:x
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iv 42§ (Fig. 9) » &4 Holasova etal. (2002)%5{% HERER . *%(Table 7)E- &ho

Table 7. Antioxidative activities in common buckwheat and tatary buckwheat varieties.

[Common buckwheat]

Hitachi akisoba 16.4 + 0.6

Kanto No.1 15,3 0.7
[ Tartary buckwheat ]

Rotundatum 52,9+ 0.8

Pontivy 57.4+1.6

Unit : gumol-Trolox g' DW.
3 rep. AVG = SD. (Morishita et al., 2007)

Table 8. Various polyphenol contents in common buckwheat and Tatary buckwheat

grains.
Varicty (-)-Epicatechin (-)-Epicatecingallate Rutin Quercitrin Quercetin
Hitachi akisoba 20.2 £ 0.7 2.4+ 0.1 13.6+1.2 - -
Kanto No.1 156+2.3 1.3+ 0.1 12.2+0.8 - -
ns wE ns
" Rowndatm - - 18087342 954+45 20104
Pontivy - - 1853.8 = 26.3 81.2+ 3.8 2.4+ 0.5
ns ® ns

3 rep. Avg £ SD.( mg 100g”’ DW),
*and ** indicate significant difference between varieties at 0.05 and 0.01 by t-test, respectively.
ns indicates not significant.

(Morishita et al., 2007)
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