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A time-course study of flavonoids in buckwheats (Fagopyrum species)
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Abstract : Flavonoid contents of common buckwheat (cv. Kitawase) and tartary buckwheat (cv. Hokkai T 8, Hokkai T
9 and Hokkai T 10) were determined by high-performance liquid chromatography (HPLC). Moreover, they were measured
at different plant developments such as 10, 18, 20, 22 and 30 days after sowing (DAS) and with plant parts including
leaf, stem and flower harvested at 30 DAS. Total flavonoids including chlorogenic acid, four kinds of C-glycosylflavones
(orientin, isoorientin, vitexin, isovitexin) and rutin of tartary buckwheats (range of 44.2-54.7, mean 44.2) were found
35% higher than those of common buckwheat (28.9 mg/g dry wt.). Among them, rutin was measured above 80% of
total flavonoid contents. The other flavonoids (chlorogenic acid and four kinds of C-glycosylflavones) presented the highest
level at 10 DAS and decreased according to plant developments. On the other hand, rutin content of Kitawase presented
the highest level (33.6 mg/g dry wt.) at 22 DAS and decreased up to 30 DAS. Rutin content in tartary buckwheat
temporarily decreased from 10 to 18 DAS and then reversely increased up to 30 DAS presented the highest level as
‘U’ curve. In Hokkai T 10, rutin content was found the highest level (53.8 mg/g dry wt.) at 30 DAS. In different plant
parts harvested at 30 DAS, rutin content of leaf (range of 42.8-68.0, mean 57.0) was 5.3-fold higher than that of stem
(range of 8.0-15.9, 10.8 mg/g dry wt.), regardless of cultivar. Significantly, rutin content (78.7) in the flower of Kitawase
was 1.8 times higher than in the leaf and 9.8 times in the stem. Especially, chlorogenic acid content (14.6 mg/g dry
wt.) in the flower of Kitawase was 63-fold higher than in the leaf, and 20-fold in the stem.
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Fig. 1. Structure of flavone.
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Fig. 2. HPLC profiles of flavonoids isolated from buckwheats: (a), Seven standards of flavonoids; (b), Kitawase; (c¢), Hokkai T 8;
(d), Hokkai T 9; (e), Hokkai T 10. Peak number: 1, chlorogenic acid; 2, orientin; 3, isoorientin; 4, vitexin; 5, isovitexin; 6, rutin;

7, quercetin.
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Table 1. Flavonoid compounds separated and identified from buckwheats(cv. Kitawase, Hokkai T 8, Hokkai T 9, Hokkai T 10).

Compound name RT"(min) Chemical formula Molecular weight
Chlorogenic acid 9.09 Ci6Hi309 354
Orientin 16.7 C21H200011 448
Isoorientin 17.3 C21H200mn 448
Vitexin 18.7 C21H20010 432
Isovitexin 20.3 C21H20010 432
Rutin 21.0 Co7H30016 610
Quercetin 28.6 CysH1007 302
1) Retention time.
Table 2. Flavonoid contents of buckwheats during plant growth. (mg/g dry wt.)
. Days after |Chlorogenic C-glucosylflavones . .
Cultivars sz)/wing acii Orientin Isoor%entiny Vitexin | Isovitexin Rutin Quercetin Total
Kitawase 10d 1.14+0.06 | 5.38+0.63 | 6.59+0.76 | 3.13+0.54 | 4.95+0.81 | 14.33+0.86 | 0.10+£0.01 | 35.61£3.39
18d 0.97+0.08 | 1.08+0.19 | 1.33+0.23 | 0.63£0.14 | 0.99+0.22 | 32.07+1.65 | 0.13£0.03”| 37.071.45
20d 0.86+0.05 | 0.82+0.17 | 1.01£0.21 | 0.48+0.09 | 0.74+0.14 | 32.55+3.63 ND" 36.50+£3.77
22d 0.83+0.04 | 0.55+£0.10 | 0.68+0.11 | 0.3240.05 | 0.50+0.08 | 33.64+2.47 ND 36.53+2.79
30d 1.03+0.20 | 0.28+0.09 | 0.36+0.12 | 0.18+0.04 | 0.28+0.06 | 31.99+5.10 ND 34.12+5.20
Mean(n = 20) | 0.97+0.15 | 1.62£1.97 | 1.99+2.40 | 0.95£1.15 | 1.49+1.82 | 28.92+8.00 | 0.12+0.03 | 35.96+3.31
Hokkai T 8 10d 4.66+0.88 | 0.26+£0.02 | 0.29+0.02 | 0.73+0.07 | 1.04+0.08 | 41.24+4.70 | 0.20+0.03 | 48.37+5.66
18d 4214040 | 0.13£0.01 |0.10£0.032) | 0.20+0.09 | 0.25+0.14 | 37.66+4.83 | 0.16+0.07” | 42.49+4.93
20d 3.98+0.38 | 0.17+0.04 ND 0.12£0.03 | 0.16+0.05 | 38.76+3.39 | 0.12+0.02 | 43.28+3.52
22d 3.80+£0.31 | 0.15+0.01 ND 0.09+£0.012) | 0.11+£0.03 | 38.27+0.94 0.10+0.00” | 42.42+1.07
30d 2.63+0.26 ND ND ND N.D. 41.83£2.64 ND 44.46+2.50
Mean(n = 20) | 3.86+0.82 | 0.17+0.05 | 0.21+0.10 | 0.33+0.29 | 0.39+0.40 | 39.55+13.04 | 0.15+0.05 | 44.20+4.15
Hokkai T 9 10d 3.53£0.19 | 0.16+0.01 | 0.16+0.01 | 0.58+0.03 | 0.77+0.05 | 44.54+2.35 ND 49.7442.51
18d 3.534+0.33 ND 0.09+0.01”| 0.13+0.04 | 0.17+0.04 | 39.41+3.13 ND 43.28+3.48
20d 3.14+0.14 ND ND ND 0.10+£0.02 | 37.64+2.97 ND 40.88+3.05
22d 3.26+0.22 ND ND ND 0.10+0.03 | 42.76+1.33 ND 46.14+1.39
30d 2.56+0.28 ND ND ND ND 48.06+2.88 ND 50.67+2.63
Mean(n = 20) | 3.20+£0.42 | 0.16+£0.01 | 0.14+0.04 | 0.28+0.24 | 0.26+0.28 | 42.48+4.45 ND 46.14+4.51
Hokkai T 10 10d 5.11+0.70 | 0.27+0.01”| 0.34+0.08 | 0.57+0.03 | 0.75+0.06 | 50.46+1.75 ND 57.36+1.93
18d 3.55£0.20 | 0.2740.05 | 0.19+0.06 | 0.144+0.03 | 0.14+0.04 | 48.38+6.08 ND 52.49+6.61
20d 3.51+0.23 ND ND ND 0.10+0.01 | 46.64+6.33 ND 50.25+6.55
22d 3.36+0.25 ND ND ND ND 53.35+7.75 ND 56.71£7.95
30d 2.7240.15 ND ND ND ND 53.76+7.83 ND 56.48+7.95
Mean(n = 20) | 3.65£0.87 | 0.27+0.03 | 0.28+0.11 | 0.37+0.20 | 0.33+0.31 | 50.52+6.31 ND 54.70+6.57
1) ND, not detected.
2) n = 2(the other two were not detected).
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T 30dollA |a2gk(48.1 mg/g dry wt.)e WERH I,
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Table 3. Flavonoid contents in different plant parts of buckwheats at 30 days after sowing. (mg/g dry wt.)
Cultivars Portions Chlorqgenic C-glucosylflavones Rutin Total”
acid Orientin | Isoorientin | Vitexin Isovitexin
Kitawase Leaf 0.23+0.03 | 0.37+0.13 | 0.44+0.15 | 0.23£0.07 | 0.35+0.11 | 42.75+1.43 44.36+1.05
Stem 0.710.03 ND" ND ND ND 8.0120.25 8.72+0.27
Flower 14.64+0.66 ND ND ND ND 78.70+2.77 93.34+2.83
Mean(n = 9) | 5.19+7.10 0.37£0.13 | 0.44+0.15 | 0.23+0.07 | 0.35+0.11 | 43.15+£30.65 48.81+36.82
Hokkai T 8 Leaf 2.16+0.32 ND ND ND ND 51.28+5.69 53.44+5.43
Stem 3.99+0.51 ND ND ND ND 8.31+1.83 12.30+2.31
Mean(n = 8) | 3.07+1.06 ND ND ND ND 29.80+23.30 | 32.87+22.32
Hokkai T 9 Leaf 1.57+0.17 ND ND ND ND 51.74+6.66 53.31+£6.82
Stem 3.98+0.22 ND ND ND ND 8.21+1.38 12.19£1.32
Mean(n = 8) | 2.78+1.30 ND ND ND ND 29.98+23.69 | 32.75+22.44
Hokkai T 10 Leaf 1.82+0.36 ND ND ND ND 68.04+10.48 69.86+£10.52
Stem 4.13+0.56 ND ND ND ND 15.86£1.59 19.99+1.66
Mean(n = 8) | 2.97+1.31 ND ND ND ND 41.95+28.74 44.924+27.55

1) ND, not detected.

2) Quercetin was not detected.
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