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Contents of four active flavonoids in different species of buckwheat™
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w In order to examine the merits of buckwheat, four main flavonoids (rutin, kaempferol-3-rutinoside, quercetin
and kaempferol) were analyzed by using reversed-phase HPLC in 21 kinds of buckwheat, with chromatography column of
Damonsil C3 (4.6 mm x 250 mm, 5 um), mobile phase of acetonitrile-0.2% acetic acid solution, flow rate of 1.0 mL/min,
detection wavelength of 354 nm, and column temperature of 30 °C. The results showed an average moisture content of 4.907
3-6.993 6% in 21 kinds of different species of buckwheat seeds at room temperature; under constant weight state, the bran mass
fraction was 21.84-30.03%, accounting for 1/4 of buckwheat seeds quality. The linear ranges of rutin, kaempferol-3-rutinoside,
quercetin and kaempferol were 20-400 pg/mL, 2-40 pg/mL, 1-20 pg/mL, 0.5-10 pg/mL, respectively. In the powder of 21 kinds
of buckwheat seeds, the content ranges of rutin, kaempferol-3-rutinoside, quercetin and kaempferol were 12.137 0-20.318 6 mg/
g, 1.478 7-2.871 9 mg/g, 0.014 6-0.901 5 mg/g, 0-0.015 9 mg/g, respectively. The total content of the four main flavonoids was
14.015 1-22.871 7 mg/g. In seeds bran, the content ranges of rutin, kaempferol-3-rutinoside, quercetin and kaempferol were
4.269 0-12.118 9 mg/g, 0.258 5-1.014 9 mg/g, 0.061 8-0.735 4 mg/g, 0 -0.026 3 mg/g, respectively. The total content of the four
main flavonoids was 4.651 1-13.148 6 mg/g. The results indicated that whether in seed powder or bran, rutin is the flavonoid of
the highest contents, followed by kaempferol-3-rutinoside and quercetin, with kaempferol levels the lowest, less than one in ten
thousandth. This study provides some important evidences for the use of certain kinds of buckwheat.
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Fig. 1 Chemical structure of rutin, kaempferol-3-rutinoside, quercetin
and Kaempferol. 1. quercetin; 2. kaempferol; 3. kaempferol-3-rutinoside; 4.
rutin.
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Table 1 Gradient elution program

Fit ] (#/min) 0.2% 8 IR 7K 75 Vi I (9/%)

Time Aqueous solution of acetic acid 0.2% Acetonitrile
0-5 98 2
5-8 90 10
8-12 85 15
12-18 80 20
18-22 70 30
25-30 60 40
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Fig. 2 Chromatogram of mixed seed samples (A), powder (B) and bran (C). 1. rutin; 2. kaempferol-3-rutinoside; 3. quercetin; 4. kaempferol.
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Table 2 Regression equations and linear ranges of rutin, kaempferol-3-
rutinoside, quercetin and kaempferol

4155 I HEC
. . . R (p/ugmL™)
Constituent Regression equation i’
Linear range
. T y=9.97786x +0.93616  0.99986 20-400
Rutin

122 B -3- 25 B AT
Kaempferol-3-rutinoside

y=4.58308x - 0.965600  0.99984 2-40

Quercetin y=6.11567x - 1.71440 0.99962 1-20
ul

e
IL(ua/eT\m@fferol y=17.20512x - 1.46773  0.99978 0.5-10
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Fig. 3 UV absorption scan of four flavonoids with methanol as solvent. 1.
rutin; 2. kaempferol-3-rutinoside; 3. quercetin; 4. kaempferol.
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Table 3 Contents of rutin, kaempferol-3-rutinoside, quercetin and kaempferol in seed powder of different species of buckwheat

FK 75T (wimg g7) @3- F M wmg g Wk Ewmgg) LIEBwmge') HAEWwmgg)) R A B /%)
Name Rutin Kaempferol-3-rutinoside Quercetin Kaempferol Total Total content of flavonoids
[E1 State 1 14.4787 1.47868 0.04829 — 16.0057 1.6005
[E2 State 2 18.8782 2.17142 0.13792 0.00566 21.1932 2.1193
[E3 State 3 16.6518 1.93707 0.49225 0.01121 19.0924 1.9092
[#4 State 4 12.1370 1.86789 0.18666 0.00310 14.1947 1.4194
[E5 State 5 17.3221 2.11416 0.24411 0.00741 19.6878 1.9688
[F6 State 6 18.8289 2.20976 0.17100 0.01049 21.2202 2.1220
[#7 State 7 18.0203 1.84161 0.06661 0.00124 19.9297 1.9930
[E18 State 8 18.8328 2.09548 0.08203 0.00745 21.0178 2.1018
[F9 State 9 14.1977 1.82589 0.41233 0.00702 16.4429 1.6443
[#10 State 10 17.6331 1.97989 0.90146 0.01242 20.5269 2.0527
[F11 State 11 18.9285 2.76352 0.04456 0.00194 21.7385 2.1739
[F12 State 12 20.3186 1.89972 0.64172 0.01165 22.8717 2.2871
[#13 State 13 12.4330 1.56312 0.01459 0.00437 14.0151 1.4146
X1 Area I 18.2112 1.81733 0.04336 0.00640 20.0783 2.0078
X1I Area Il 16.2011 1.74419 0.83092 0.01159 18.7878 1.8789
XTI Area III 15.9779 1.56455 0.72248 0.00882 18.2738 1.8274
XIV Area IV 16.4982 1.79392 0.08606 0.00247 18.3807 1.8403
XV Area V 14.1302 2.04218 0.18027 0.01587 16.3685 1.6369
[XVI Area VI 13.2136 1.71880 0.06288 — 14.9953 1.4995
X VI Area VI 16.0082 1.61380 0.23498 — 17.8570 1.7857
X VIl Area VI 18.5865 2.87191 0.03360 — 21.4920 2.1492

R4 FEBMEFHEEFAT. LEB3-ZERE. BIEENLEBHEE

Table 4 Contents of rutin, kaempferol-3-rutinoside, quercetin and kaempferol in the bran of different species of buckwheat

K Pl wmgg')  ILEE-3-EERFwmge)  WEEwmgg) ILEBwmgg)  MEmw/mgg’) SR B (/%)
Name Rutin Kaempferol-3-rutinoside Quercetin Kaempferol Total Total content of flavonoids
[E1 State 1 7.61749 0.40395 0.06184 0.02630 8.10958 0.8110
[E2 State 2 8.19905 0.69511 0.60587 0.00695 9.50698 0.9507
[E3 State 3 6.32467 0.37927 0.13006 0.00339 6.83739 0.6837
[Fl4 State 4 7.94604 0.49279 0.22216 0.01101 8.67212 0.8672
[E5 State 5 8.75181 0.84267 0.27594 0.00969 9.88011 0.9880
[E6 State 6 7.10635 0.56497 0.29176 0.00963 7.97271 0.7973
[#7 State 7 11.7358 0.70220 0.16219 0.00824 12.6084 1.2601
[E8 State 8 6.23928 0.41350 0.11364 0.01052 6.77694 0.677
[E9 State 9 12.1189 0.82175 0.20361 0.00432 13.1486 1.3149
[#10 State 10 9.6569 0.74414 0.73543 0.01325 11.1497 1.1150
[H11 State 11 11.1998 1.01492 0.51450 0.00659 12.7358 1.2736
[F12 State 12 8.21451 0.81552 0.48458 0.00950 9.52411 0.9524
[#13 State 13 7.18576 0.63657 0.37534 0.01346 8.21113 0.8211
X1 Area I 8.38267 0.57480 0.19367 0.00960 9.16074 0.9161
X1I Area II 4.26903 0.25846 0.11550 0.00812 4.65111 0.4651
XTI Area III 9.06749 1.01151 0.24682 0.00982 10.3356 1.0336
XIV Area IV 4.83830 0.40844 0.10419 0.00601 5.35694 0.5357
XV Area V 7.98848 0.78333 0.36264 0.00530 9.13975 0.9140
XVI Area VI 6.02774 0.41170 0.17161 0.00642 6.61747 0.6617
X VI Area VII 6.53255 0.54624 0.18590 0.00706 7.27175 0.7271
X VIl Area VI 6.11039 0.54585 0.34194 — 6.99818 0.6998
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Table 5 Contents of rutin, kaempferol-3-rutinoside, quercetin and kaempferol in seeds of different species of buckwheat

ZFK Flwmgg) IIEM3-ZEEMTwmge")  HikEwmge) LIEHBWwmge) HEEwmgg) R & B (w/%)
Name Rutin Kaempferol-3-rutinoside Quercetin Kaempferol Total Total content of flavonoids
[E1 State 1 12.7987 1.21553 0.05161 0.00644 14.0723 1.40723
[F2 State 2 15.8779 1.75887 0.26452 0.00598 17.9073 1.79073
[E3 State 3 13.7585 1.50353 0.39124 0.00903 15.6623 1.56623
[Fl4 State 4 11.0214 1.49455 0.19711 0.00530 12.7183 1.27183
&5 State 5 15.0148 1.77028 0.25374 0.00807 17.0469 1.70469
6 State 6 15.9272 1.80737 0.19688 0.01018 17.9417 1.79417
[H7 State 7 16.3776 1.55945 0.08785 0.00284 18.0278 1.80278
[E8 State 8 15.8618 1.69673 0.09009 0.00823 17.6569 1.76569
[E9 State 9 13.7589 1.59051 0.36356 0.00640 15.7194 1.57194
[F10 State 10 15.3744 1.62545 0.85765 0.01274 17.8702 1.78702
[E11 State 11 16.7509 2.26175 0.18413 0.00333 19.2001 1.92001
[E12 State 12 17.7024 1.66548 0.60826 0.01120 19.9873 1.99873
[#13 State 13 11.3037 1.36286 0.09340 0.00636 12.7663 1.27663
X1 Area I 15.6073 1.48772 0.08347 0.00726 17.1858 1.71858
X1 Area II 13.0347 1.34968 0.64094 0.01068 15.0360 1.50360
XIIT  Area III 14.1662 1.42036 0.59672 0.00911 16.1924 1.61924
XIV  Area IV 13.4121 1.42675 0.09117 0.00343 14.9335 1.49335
XV Area V 12.4729 1.69978 0.23139 0.01299 14.4171 1.44171
XVI  Area VI 11.2641 1.36200 0.09321 0.00178 12.7210 1.27210
XVI  Area VI 13.2799 1.30516 0.22186 0.00211 14.8090 1.48090
X VIl Area VIl 14.9778 2.19517 0.12605 17.2990 1.72990
F6 20N EFRAMMIKSD, KK FH & EBIEEE
Table 6 Contents of water, bran and seed powder in the 21 species buckwheat
B4 RIS B B W/ %) KT B 53 2w/ %) R R F W/ %) PR (r/%)
Name Moisture content Mass fraction of seed powder Mass fraction of bran The ratio of mixture
[F1 State 1 5.90312 0.73416 0.26863 0.08278
[F2 State 2 6.36955 0.72603 0.27715 0.06799
[E3 State 3 6.04867 0.70751 0.29911 0.08285
[Fl4 State 4 5.97792 0.71048 0.29223 0.08011
[#5 State 5 5.58147 0.75039 0.25985 0.08151
[F6 State 6 6.46339 0.76057 0.24449 0.07640
[¥7 State 7 6.44891 0.77303 0.23011 0.08382
[#8 State 8 6.75727 0.75363 0.25889 0.07188
[E9 State 9 4.93071 0.69469 0.30026 0.08016
[#10 State 10 6.72051 0.74754 0.25026 0.08295
[H11 State 11 6.08347 0.75106 0.25942 0.08629
[F12 State 12 5.52478 0.73794 0.25732 0.08746
[#13 State 13 5.96159 0.70039 0.29436 0.09561
X1 Area I 6.40887 0.75515 0.24485 0.08072
X1 Area II 5.80428 0.72293 0.27203 0.09682
[XIIT  Area III 6.74231 0.72726 0.27619 0.09400
[XIV  Area [V 6.31596 0.75913 0.22988 0.07441
XV Area V 6.49457 0.76178 0.24287 0.07505
XVl Area VI 6.99365 0.70957 0.29642 0.08153
[XVI  Area VI 6.41438 0.78294 0.21840 0.09163
X VIl Area VIl 6.35746 0.73431 0.26658 0.07762
RN SH B 49244t Chin J Appl Environ Biol http://www.cibj.com/
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Fig. 4 Clustering dendrogram of tartary buckwheat seeds. G1: State 1;
G2: State 2; G3: State 3; G4: State 4; G5: State 5; G6: State 6; G7: State 7; G8:
State 8; G9: State 9; G10: State 10; G11: State 11; G12: State 12; G13: State 13.
Ql: Area 1; Q2: Area 2; Q3: Area 3; Q4: Area 4; Q5: Area 5; Q6: Area 6; Q7:
Area 7; Q8: Area 8.
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