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ABSTRACT 
Rutin content, flavonol 3-O-�-heterodisaccharidase (FHG) and polyphenol oxidase (PPO) were analysed in common buckwheat cv. 
‘Rutina’ during various stages of plant development. Leaves, roots and inflorescences (if present) were removed from the stems 
immediately after harvest and samples of all plant parts were analyzed utilizing HPLC (rutin and quercetin content) or suitable enzyme 
assays (FHG and PPO activity). Highest levels of rutin were seen in inflorescences and leaves of 58-day-old plants. Inflorescences 
possessed about 100 times higher PPO activities than any other parts of the plant. Diurnal changes of rutin, FHG and PPO were also 
monitored and a slightly higher concentration of rutin and PPO was seen in the evening. Since rutin content is high and the activities of 
the rutin-degrading enzymes FHG and PPO are low in the morning during early flowering we propose that for the production of 
buckwheat herb (Fagopyri herba) the starting material (overground parts of Fagopyrum esculentum) should be harvested at that time in 
order to achieve optimal product quality. 
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INTRODUCTION 
 
Rutin is regarded as the active principle of Fagopyri herba, 
an herbal drug derived from common buckwheat (Fago-
pyrum esculentum Moench) used in the treatment of vas-
cular diseases (Griffith and Barrow 1972; Ihme et al. 1996). 
The functionalities and properties of buckwheat compounds 
have been extensively investigated and buckwheat can now 
be regarded a “functional food” (Li and Zhang 2001). Rutin 
(quercetin 3-O-rutinoside) is the dominant flavonol glyco-
side in common buckwheat (Couch et al. 1946) and was 
reported to exhibit antioxidative, antihemorrhagic and blood 
vessel protecting properties (Gabor 1972; Wojcicki et al. 
1995; Rice-Evans et al. 1997). The optimal moment for har-
vest, resulting in highest possible rutin levels in the herb has 
been determined (Hagels et al. 1995). Harvesting, drying 
and processing cause the destruction of cell compartments 
which results in the degradation or modification of impor-
tant drug constituents due to active enzymes still present in 
the drug. Endogenous plant enzymes may hence influence 
the quality and stability of the final product. It has been de-
monstrated that the rutin content decreases during harves-
ting and drying of the plant and processing of the drug, and 
that an endogenous flavonol 3-O-�-heterodisaccharidase 
(FHG) (sometimes termed as “rhamnodiastase” or “rutino-
sidase”, e.g., Bourbouze et al. 1975) contributes to rutin 
degradation in the dried herb during processing (Baum-
gertel et al. 2003). Polyphenol oxidases (PPO) are involved 
in oxidative processes occurring after plant harvest and are 
largely responsible for the browning reactions observed in 
fruits, mushrooms and also herbal drugs and drug prepara-
tions (Nüßlein et al. 2000; Mayer 2006). PPO might also 
contribute to the degradation of rutin and quercetin in com-
mon buckwheat. 

The present study was performed with the commercial 
Fagopyrum esculentum cultivar “Rutina”. Rutin content, 
FHG activity and PPO activity were assessed during plant 

development to establish the optimal time for harvest with 
optimal drug quality as the determining factor. 

 
MATERIALS AND METHODS 
 
Plant material and growth conditions 
 
Seeds of Fagopyrum esculentum cv. ‘Rutina’, were provided by 
GlaxoSmithKline Consumer Healthcare, Herrenberg, Germany. 
Seeds were sown in April 1997 and germinated in standard soil 
(Plantaflor® Aussaaterde) containing 20% sand in a greenhouse at 
20°C. Plants were collected at different stages of development pre-
cisely at 10 a.m. After 20 days the seedlings were pricked out in 
single pots and after 45 days (end of May) the plants were trans-
ferred to the experimental field station and planted in loamy soil 
rich in humus (June climate data 1997, Nuremberg area: 7.3 h sun-
shine/d (average); 16.3°C (average); rain 72.9 mm). On day 78 
after sowing (end of June) the field-grown plants were collected at 
different times of day. Leaves, roots and inflorescences (if present) 
were removed from the stems immediately after harvest and sam-
ples of all plant parts were frozen in liquid nitrogen and stored at  
-20°C until further use. 

Rutin and quercetin were purchased from Carl Roth GmbH & 
Co KG (Karlsruhe, Germany). 

Dried buckwheat herb was provided by GlaxoSmithKline 
Consumer Healthcare, Herrenberg, Germany. F. esculentum plants 
were collected during flowering and dried at 60-80°C (temperature 
gradient). The drug was stored in the dark at 17°C and 30% humi-
dity. The residual moisture of the drug was determined by drying 
at 105°C for 3 h (triplicate). 
 
Extraction of rutin and quercetin from dried herb 
 
75 mg of dried plant material were extracted with 10 mL methanol 
(80%) under ultrasonication for 45 min. After centrifugation for 10 
min at 13,000 rpm, the supernatant was analyzed by HPLC. 
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Extraction of protein 
 
The following procedures were carried out at 4°C in a cold room. 
1 g of frozen plant material was homogenized with 10 mL of 
McIlvaine-buffer, pH 6.0, using an Ultra-Turrax. After centrifuga-
tion (10,000 × g, 20 min) the supernatant was removed. Protein 
present in the supernatant was precipitated by adding 2 volumes of 
cold (-18°C) acetone. The precipitate was spun down (3000 × g, 
10 min) and subsequently dissolved in 1 mL of McIlvaine-buffer, 
pH 4.8. This protein solution was used to determine FHG and PPO 
activities. 
 
HPLC-based determination of FHG 
 
The procedure described by Baumgertel et al. (2003) was followed. 
25 �L of a rutin solution were added to 500 �L of the protein solu-
tion. The concentration of the substrate was 1 mM per assay. After 
incubation for 20 min at 30°C and pH 4.8 the assay was stopped 
by adding 1575 �L methanol. The solution was centrifuged at 
3,000 × g for 10 min to remove any precipitates and the super-
natant analyzed by HPLC. FHG activity was calculated on the 
basis of quercetin released from rutin. Heat-inactivated protein 
solution served as control. 
 
Photometric determination of PPO 
 
The method outlined by Nüßlein et al. (2000) was employed. The 
standard enzyme assay contained: 500 μL buffer (0.5 mM SDS in 
50 mM Na-Pi, pH 6.0), 100 μL of a 0.5 M L-proline solution, 275 
μL Na-Pi pH 6.0, and 0.3 mL of the protein solution. The reaction 
was started adding 100 μL 4-methylcatechol solution (25 mM). 
Absorption at 525 nm was used to calculate the formation of a 
prolin-catechol adduct after 30 min. Heat-inactivated protein solu-
tion served as control. 
 
High performance liquid chromatography (HPLC) 
 
Flavonoids were extracted with MeOH-H2O (4:1) as described by 
Hagels et al. (1995) and the extracts then analyzed by HPLC. The 
flavonoids were separated on an RP 18 column (Lichrosphere 100, 
5 μm, 125 × 4, Merck) equilibrated with solution A (aq. Phos-
phoric acid 0.85% (v/v) + 4% (v/v) acetonitrile). The flavonoids 
were eluted with solution B (acetonitrile containing 12.5% (v/v) 
phosphoric acid 0.85% (v/v)) using the following gradient: 0 min 
6% B, 5 min 15% B, 11 min 15% B, 16.5 min 24% B, 22 min 41% 
B, 25 min 41% B, 33 min 6% B and detected by their UV-absorp-
tion at 340 nm. Flavonoids were identified on the basis of their 
retention times in HPLC by direct chromatographic comparison 
with authentic samples. 
 

Statistics 
 
Statistical analyses was conducted by one-way analysis of vari-
ance (ANOVA) and correlation analysis (Pearson’s correlation) 
using STATISTICA for Windows (release 5.1) and Microsoft 
Excel (p < 0.05). Group means were compared by Fisher’s least 
significant difference (LSD) with p < 0.05 and Bonferroni cor-
rection. 
 
RESULTS 
 
Rutin content, FHG activity and PPO activity 
during plant development 
 
PPO and FHG, as well as rutin contents in the commercial F. 
esculentum cv. ‘Rutina’ were determined during various 
stages of development in different plant parts. Plants were 
harvested at different stages of their development (Fig. 1). 
The rutin content, as determined by HPLC, increased until 
the onset of flowering (d 58), reaching as much as 6% in 
young leaves and 8% in the flower buds. Fully developed 
flowers contained about 4% rutin. Independently of the 
moment of harvest older leaves seem to contain less rutin 
than younger ones (Table 1). Primary leaves contained rutin 
only whereas the typical spectrum of rutin, hyperoside, 
quercitrin could be found after the onset of flowering (data 
not shown). 

FHG activity was not detectable in older roots (> 20 d 
after sowing) and very low activity (< 0.5 nkat/mg) in stalks. 
FHG activity as high as 2.8 nkat/mg protein was detected in 
young leaves (day 43) as well as in mature leaves when 
flowers were fully developed (day 78). During flowering a 
significant decrease of FHG activity in flowers and other 

Tag 8

Tag 22

Tag 43 Tag 58 Tag 78

Day 22

Day 8
Day 43 Day 58 Day 78

 
Fig. 1 Schematic presentation of the stages of buckwheat development. Figures represent the days after sowing. Drawings are not to scale. 

Table 1 Rutin content (% of dry mass) of different parts of buckwheat 
plants and its dependence on plant development (n = 3 or more, mean 
values are shown, SD was always less than 20 %). 

Days after sowing Plant part 
8 20 22 43 58 78 

Root 0 0.01 0.08 0 0.14 0.08 
Stalk    0.40 0.70 0.50 
Primary leaf 1   3.06 0.40 2.94 2.47 
Primary leaf 2    0.41 2.70 2.48 
Primary leaf 3    0.77 2.94 1.96 
Primary leaf 4    1.65 3.21 2.16 
Primary leaf 5    4.04 2.77 2.06 
Twigs     7.47 3.40 
Inflorescence     8.40 4.20 
Whole plant (mean) 1.22 0.59 1.14 0.98 3.5 2.04 
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plant parts was observed which continued until the end of 
the flowering period (Table 2). 

PPO activity increased in young leaves (day 43), roots 
and mature leaves (day 78) during plant development, but 
did not reach more than about 5 to 12 nkat/mg protein. PPO 
is tremendously active in the inflorescences where its spe-
cific activity reaches more than 200 nkat/mg protein during 
the onset of flowering (Table 3). Thus with regard to PPO 
activity inflorescences significantly differ from other plant 
parts. 
 
Diurnal changes of rutin content, FHG activity and 
PPO activity 
 
Samples of buckwheat plants were collected during the 
flowering period every 4 hours for one day starting at 6 a. m. 
Lowest concentrations in diurnal changes in rutin contents 
were observed in the morning (1.65%), the highest in the 
evening (2.42%). Highest absolute variations were observed 
in the flowers and the lateral twigs (Table 4). FHG activity 
was also monitored and proved to be significantly higher in 
the evening as in the morning (Table 5). Small diurnal 
changes were detected for PPO activity on a whole plant 
basis with levels being slightly higher in the evening. This 
fact is mainly due to the usually elevated PPO concentration 
in the inflorescences and its 40–50% increase in the late 
evening (Table 6). 
 
Rutin content, FHG activity and PPO activity in 
dried buckwheat herb 
 
The dried buckwheat herb used in the present study con-
tained about 5.5% rutin and 0.05% quercetin as determined 
by HPLC. The residual moisture of the drug at 25°C was 
5.6 and 14.5% at 20 and 79% relative humidity, respectively. 
In this range rutin was found to be stable. Only in very 
humid conditions (93% relative humidity) and with a resi-
dual moisture of 21% rutin hydroysis became evident. After 
48 h of storage under these conditions the quercetin content 

increased by a factor of 3. Interestingly, FHG activities as 
high as 11 nkat/mg protein could be detected in crude pro-
tein preparations of the dried herb kept under standard sto-
rage conditions (about 5% residual humidity) which is 
about 10 times higher than that detected in fresh plant mate-
rial. Interestingly, PPO activity could not be demonstrated 
in 1 year old samples of the drug. 

In order to find out whether PPO in inflorescences con-
tributes to the degradation of rutin and quercetin during dry-
ing and processing of the F. esculentum herb, samples 
(flowers, stalks and leaves) were collected and dried at 40 
and 60°C for 6 h. PPO activity was still present in the 
freshly dried drug, reaching levels of 60 nkat/mg protein 
and 18 nkat/mg protein when dried at 40 and 60°C, respec-
tively. 
 
DISCUSSION 
 
In order to investigate the influence of rutin-degrading en-
zymes, namely FHG and PPO, F. esculentum plants were 
cultivated in the greenhouse and in the field. Samples were 

Table 2 FHG 1 activity (nkat/mg protein) in different plant parts during plant development (n = 3 or more, mean values are shown). Where significant 
differences (p < 0.05) were found LSD values are given. 

Days after sowing Plant part 
8 20 22 43 58 78 Mean LSD 

Root 0.039c 0.048c 0 0 0 0   
Stalk    0.019 0.04 0.27 0.11 0.07 
Primary leaf 1   1.83 0.86 0.43 0.15 0.82 0.40 
Primary leaf 2    1.82 0.73 2.45 1.67 0.58 
Primary leaf 3    2.51 0.97 2.10 1.53  
Primary leaf 4    2.68 0.66 1.50 1.61 0.66 
Primary leaf 5    2.79 0.79 0.6 1.39 0.37 
Twigs     2.04a 0.81b 0.88 S* 
Inflorescence     0.69a 0.12b 0.27 S* 
Whole plant (mean) 0.02 0.07 0.60 0.65 0.78 0.74   
LSD   0.35 0.40 0.16 0.38   

* S – Significant according to Student’s t-test using a and b values; c – single determinations only. 
 

Table 3 PPO activity (nkat/mg protein) in different plant parts during plant development (n = 3 or more, mean values are shown). Where significant 
differences (p = 0.05) were found LSD values are given. 

Days after sowing Plant part 
8 20 22 43 58 78 Mean LSD 

Root 2.96c 8.84c 1.07c 5.69  11.4  1.97  6.35 3.30 
Stalk    1.85  1.49  0.87  1.40 0.46 
Primary leaf 1   1.89  1.1  0.26  4.98  2.06 1.08 
Primary leaf 2    1.55  0.21  2.18  1.31 0.53 
Primary leaf 3    1.23  0.09  1.37  0.90 0.36 
Primary leaf 4    3.81  0.11  0.85  1.59 0.44 
Primary leaf 5    4.22  0.35 0.45  1.71 1.40 
Twigs     2.15  2.04 2.10  
Inflorescence     228.00a  94.10b  161.05 S* 
Whole plant (mean) 2.51 1.21 1.05 2.61 18.05 8.15   
LSD   0.26 1.47 16.70 2.92   

* S – Significant according to Student’s t-test using a and b values; c – single determinations only. 

 

Table 4 Diurnal changes of rutin content (% of dry weight) in different 
plant parts on day 78 after sowing (n = 3 or more, mean values are 
shown, SD was always less than 20 %). 

Time of day (h) Plant part 
6 10 14 18 22 

Root 0.02 0.08 0.05 0.03 0.04 
Stalk 0.21 0.33 0.24 0.37 0.38 
Primary leaf 1 1.09 2.47 1.98 1.74 1.69 
Primary leaf 2 2.21 2.48 1.61 1.97 1.97 
Primary leaf 3 1.48 1.96 1.95 2.00 2.10 
Primary leaf 4 1.50 2.16 1.30 1.76 2.50 
Primary leaf 5 1.25 2.06 1.46 2.41 2.07 
Twigs 2.42 3.88 2.77 3.88 4.49 
Inflorescence 3.55 4.20 4.39 5.00 5.64 
Whole plant (mean) 1.65 2.04 1.83 2.15 2.42 
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collected during plant development and analyzed for rutin 
content, FHG activity and PPO activity. Highest rutin con-
centrations were always detected in the youngest parts of 
the plants and in their inflorescences where they reached up 
to 8% during the early flowering stages. These observations 
are fully consistent with previous results (Hagels et al. 
1995). Besides rutin other flavonoids were found in consi-
derably lower amounts only. This is also consistent with the 
findings of Hagels et al. (1995) who reported quercitrin 
concentrations of up to 0.35% and hyperoside concentra-
tions of 0.005-0.04% in the inflorescences. Only favourably 
low concentrations of quercetin were present (< 0.007%). 

The focus of this study is measuring enzyme activities 
involved in rutin degradation (FHG and PPO) and discussing 
how these enzymes influence the quality of the herbal drug 
Fagopyri herba. Cell lysis, during drying, transport and/or 
storage under conditions causing high residual humidity, i.e. 
high local temperatures, might activate FHG and PPO. 

Rutin-cleaving enzymes, termed flavonol 3-O-�-hetero-
disaccharidases (FHG), were isolated from dried buckwheat 
leaves and one of them, FHG 1, was purified to apparent 
homogeneity and partially sequenced (Baumgertel et al. 
2003). Endogenous enzyme(s) may become active during 
the isolation of rutin from the dried herb and could there-
fore be responsible for the degradation of some of the rutin 
during processing. Enzymes, termed “rhamnodiastases” or 
“rutinosidases”, releasing the disaccharide rutinose from 
rutin, have previously been isolated from plants (Bourboze 
et al. 1975) and fungi (Narikawa et al. 2000). 

Leaves are accountable for over 90% of the total FHG 
activity of the whole plant and are the main contributor of 
the dried herb. Schanajewa (1998) observed a similar cor-
relation between leaf development and the occurrence of 
rutin-degrading enzymes. We here demonstrated that in 
younger leaves FHG activity paralleled rutin contents 
whereas in older leaves during flowering they were nega-
tively correlated. More than 50% of leaf rutin seems to be 
located in the upper epidermis which is compatible with its 
putative role as a UV-protective screen. This is consistent 
with a low activity of rutin-degrading enzyme(s) in ther epi-
dermis (Schanajewa 1998). Inflorescences with high levels 

of rutin possessed low FHG activity only (Tables 1, 2). 
Rutin content and FHG activity exhibited diurnal fluc-

tuations. The influence of light on flavonoid accumulation 
and the activity of enzymes involved in their biosynthesis is 
well documented (Barz et al. 1971; Barz and Hösel 1971). 
Amrhein and Zenk (1970) reported that in buckwheat seed-
lings grown in darkness, illumination caused a drastic in-
crease in the activity of L-phenylalanine ammonium lyase 
(PAL), a key enzyme in flavonoid biosynthesis. 

Peroxidases (POX) or polyphenol oxidases (PPO) are 
involved in oxidative processes occurred after plant harvest. 
Most probably PPO is the enzyme responsible for the oxi-
dative degradation of polyphenols (Nüßlein et al. 2000), but 
the contribution of endogenous peroxidase(s) has not been 
investigated here. It has been shown however, that horse-
radish peroxidase is able to degrade both quercetin and rutin 
(Takahama 1986). Yao et al. (2008) showed that PPO acti-
vity in common buckwheat remained at low levels under 
low UV-B radiation conditions but signi�cantly increased 
under higher UV-B radiation. They also found changes 
among different cultivars and reported that rutin and ferulic 
acid concentrations also increased in high UV-B conditions. 
In the present study PPO could not be detected in the dried 
herb using the standard PPO assay, indicating that it may 
not have an adverse effect on the stability of quercetin deri-
vatives. That does not mean that there is no PPO present. 
Many plant PPO show latency, i.e., these enzymes can be 
reactivated when treating protein preparations with prote-
ases or SDS (Sellés-Marchart et al. 2006). 

Like other secondary metabolites, flavonoids have a 
considerable turn-over, i.e., synthesis, storage, re-metaboli-
zation and degradation determine the level of their accumu-
lation. However, compartmentalization, distribution or co-
localization of rutin and its degrading enzymes at the cel-
lular level was not investigated here. Hence physiological 
roles of rutin-degrading enzymes and their integration in 
rutin metabolism still remain obscure. 

In summary, we deduce from our findings that optimal 
quality of common buckwheat herb (Fagopyri herba) can 
be expected, when plants are harvested in the morning 
hours of a sunny day during early flowering because: 1) the 

Table 5 Diurnal changes of FHG 1 activity (nkat/mg protein) in different plant parts on day 78 after sowing (n = 3, mean values are shown). Where 
significant differences (p < 0.05) were found LSD values are given. 

Time of d (h) Plant part 
6 10 14 18 22 Mean LSD 

Root 0.02 0 0 0 0.33 0.07 0.03 
Stalk 0.06 0.27 0.19 0.15 0.26 0.19 0.12 
Primary leaf 1 2.45 0.15 3.16 0.68 0.80 0.66 0.12 
Primary leaf 2 1.08 2.45 4.63 5.80 1.98 3.19 1.66 
Primary leaf 3 0.77 2.10 2.66 2.57 4.44 2.51 1.14 
Primary leaf 4 0.26 1.50 0.61 2.30 2.33 1.40 0.45 
Primary leaf 5 0.26 0.60 0.35 1.28 1.27 0.75 0.31 
Twigs 1.14 0.84 3.08 1.74 1.90 1.74 1.10 
Inflorescence 0.20 0.12 0.12 0.39 0.41 0.25 0.14 
Whole plant (mean) 0.73 0.80 1.28 1.50 1.35   
LSD 0.20 0.40 0.89 0.90 0.71   
 

Table 6 Diurnal changes of PPO activity (nkat/mg protein) in different plant parts on day 78 after sowing (n = 3, mean values are shown). Where 
significant differences (p = 0.05) were found LSD values are given. 

Time of d (h) Plant part 
6 10 14 18 22 Mean LSD 

Root 3.95  1.97  4.8  7.0  14.0  6.34 1.43 
Stalk 3.27  0.87  0.84  2.04  0.64  1.53 0.53 
Primary leaf 1 2.29  4.98  1.89  4.06  14.69  5.58 2.89 
Primary leaf 2 1.1  2.18  0.92  3.37  10.57  3.75 2.25 
Primary leaf 3 0.98  1.37  0.62  1.8  13.85  3.72 3.29 
Primary leaf 4 0.22  0.85  0.33  0.9  5.83  1.63 1.43 
Primary leaf 5 0.23  0.45  0.29  1.58  4.48  1.41 1.51 
Twigs 9.73 0.47  0.62  1.1  0.65 5 2.51 1.18 
Inflorescence 114.5  94.1 108.9  117.3  152.42  117.44 22.89 
Whole plant (mean) 10.30 8.19 9.12 10.87 16.17   
LSD 2.92 6.96 4.64 10.54 7.45   
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rutin content is high, which is desirable, being the active 
ingredient; 2) high UV-B might be beneficial for rutin pro-
duction; 3) FHG and PPO are relatively low, which will 
minimize the initial degradation of rutin during drying; 4) 
PPO in the drug will still be high enough to degrade unwan-
ted quercetin released from rutin after harvesting or during 
processing. 
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