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ABSTRACT

Tartary buckwheat grains were hydrothermally treated to establish the conditions under which rutin remains in the
grain. Tartary buckwheat grains were soaked in water at the temperatures 51 °C, 61 °C, 70 °C, 75 °C, 80 °C, 85 °C, 90
°C, 93 °C, 97 °Cand 99 °C, and a control group at 21 °C. During 20 minutes soaking at 51 °C or 61 °C the concentration
of rutin decreased. This effect was mostly pronounced by soaking at 70 °C and 75 °C, where instead of missing amount
of rutin, some quercetin appeared. After soaking at 80 °C, 85 °C, 90 °C, 93 °C, 97 °C and 99 °C concentration of rutin
was not significantly different in comparison to the concentration of rutin after soaking 20 minutes at 21°C. It is sug-
gested that exposure to water at 21°C is similar to natural conditions, where rutin degrading enzymes remain mainly
inactive and in grain separated from its potential substrate. Further is suggested that at the soaking temperatures 51 °C,
61 °C, 70 °C and 75 °C, grain structures are partly degraded and rutin degrading enzymes got contact to the substrate.
By soaking at 80 °C, 85 °C, 90 °C, 93 °C, 97 °C and 99 °C, rutin degrading enzymes lose their activity. Thus wet treatment
of Tartary buckwheat grains for 20 minutes at temperature at 80 °C or above, this threshold is enough to preserve the
content of rutin in the samples. This is of importance for nutritional quality of Tartary buckwheat food products.
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INTRODUCTION

Flavonoid rutin and rutin degrading enzymes are in
different structures of buckwheat grain. Rutin is in em-
bryo, in the middle of the grain, while rutin degrading
enzymes are located in the peripheral part of the grain.
After crushing and milling of the grain, in the wet envi-
ronment, rutin degrading enzymes are in the direct con-
tact with their substrat, and the concentration of rutin
may begin to decrease (MetaCyc, 2011). Harvested buck-
wheat grain contain among flavonoids mainly rutin, and
just a low concentration of quercetin. During dough and
bread making, due to transforming of rutin to quercetin,
the concentration of rutin decreases and quercetin con-
centration increases (MetaCyc, 2011; Luksi¢ et al., 2016).

Quercetin is a flavonoid, frequently present in foods
and drinks, with bitter taste (Anand et al., 2016).

Tartary buckwheat contains in its leaves and grain
higher concentrations of rutin in comparison to common
buckwheat. Bitter taste of Tartary buckwheat is due to the
high concentration of rutin and quercetin (Bonafaccia et
al., 2003). Buckwheat cultivation decreased for years, but
recently it is coming back because of knowledge of health
promoting properties (Li et al., 2001).

The aim of this investigation was to establish the
temperatures, at which the activity of rutin degrading en-
zymes are hindered.

MATERIAL AND METHODS

Preparation of samples

Tartary buckwheat (Fagopyrum tataricum, cv. Zla-
ta) grains were obtained from Mill Rangus, Sentjernej,
Slovenia. Grains were soaked in water for 20 minutes
at temperatures 21 °C, 51 °C, 61 °C, 70 °C, 75 °C, 80 °C,
85 °C, 90 °C, 93 °C, 97 °C and 99 °C. After hydrothermal
treatment samples were dried for 24 hours at 40 °C. Dry
samples were milled in a coffee grinder (Gorenje, SMK 202,
Velenje). Samples (1 g per 25 mL) were extracted for 20 min
in a 80 % (v/v) methanol in horizontal shaker (Phoenix In-
strument, RS-OS 5, Garbsen, Germany). After the extrac-
tion solutions were filtered (Agilent Econofilters, PTFE 25
mm 0.2 pm, Santa Clara, USA). Three independent sam-
ples were analyzed for each hydrothermal treatment.

Determination of rutin and quercetin by HPLC
Standard chemicals (rutin and quercetin), methanol
(Chromasolv for HPLC), acetonitrile (LC-MS Chroma-

solv) and phosphoric acid (ACS grade) were purchased by
Sigma-Aldrich (Sigma Aldrich Chemie GmbH, Steiheim,
Germany). Deionized water (dH,0) was treated in a
deionization system DI 425 TK-0.10425 (Thermo Scien-
tific, Waltham, USA).

Preparation of calibration solutions and samples
solutions were described by Luksi¢ et al. (2016).

Rutin and quercetin were determined using an Agi-
lent 1100 Series high performance liquid chromatograph
(Agilent Technologies, Santa Clara, USA) with quater-
nary solvent pump (G1311A) coupled with degasser
(G1379A), sample manager (G1329A), column manag-
er (G1316A), autosampler (G1329A) and DAD detector
(G1315B). All HPLC analyses were performed on a Zor-
bax Eclipse XDB-C18 column (4.6 mm x 250 mm x 5 pm)
(Agilent Technologies, Santa Clara, USA).

The mobile phase consisted of acetonitrile (gradient)
(A) and 0.1% phosphoric acid in dH,O (B). The gradient
elution was as follows: 0-1 min isocratic elution (20% A
and 80% B), 1-5 min linear gradient elution (25% A and
75% B), 5-15 min (30% A and 70% B) and 20-25 min
(40% A and 60% B). The initial flow rate was 1 mL min?
and the injection volume was 10 puL. Column oven tem-
perature was set up to 25 °C and the samples were kept
at4 °Cin the sample manager. The detection wavelengths
were conducted at 265 nm (rutin) and 372 nm (querce-
tin). The data were collected and proceed using Agilent
Chemstation 9.01 software.

Statistical evaluation

The data are expressed as means, and standard devia-
tion, from three independently prepared samples. ANO-
VA was performed, the data were considered to be signif-
icantly different at p <0.05.

RESULTS AND DISCUSSION

Results are presented in Fig. 1.

During 20 minutes soaking at 51 °C or 61 °C the con-
centration of rutin decreased. This effect was most pro-
nounced by soaking at 70 °C and 75 °C, where instead
of missing amount of rutin, some quercetin appeared.
After soaking at 80 °C, 85 °C, 90 °C, 93 °C, 97 °C and 99
°C concentration of rutin was not significantly different
in comparison to the concentration of rutin after soak-
ing 20 minutes at 21°C. It is suggested that exposure
to water at 21°C is similar to natural conditions, where

rutin degrading enzymes remain mainly inactive and in
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grains separated from its potential substrate. Further
is suggested that at the soaking temperatures 51 °C,
61 °C, 70 °C and 75 °C, grain structures are partly degrad-
ed and rutin degrading enzymes got contact to the sub-
strate. By soaking at 80 °C, 85 °C, 90 °C, 93 °C, 97 °C and
99 °C, rutin degrading enzymes lose their activity. Thus
wet treatment of Tartary buckwheat grains for 20 min-
utes at temperature at 80 °C or above this threshold is
enough to preserve the content of rutin in the samples.
This is of importance for nutritional quality of Tartary
buckwheat food products.

CONCLUSION

Rutin degrading enzymes were most active during
soaking Tartary buckwheat grain at the temperatures
70 °C and 75. At temperatures 80 °C, 85 °C, 90 °C, 93 °C,

Fig. 1

97 °C and 99 °C concentration of rutin was not signif-
icantly decreased, and no quercetin appeared, meaning
that the rutin degrading enzymes were under this condi-
tion inactivated.
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IZVLECEK

Ekstrakcija rutina in kvercetina iz hidrotermi¢no obdelanih zrn tatarske ajde pri razli¢nih temperaturah

Namen raziskave je bil dolo¢iti pogoje, pod katerimi se rutin ohrani v ajdi pri hidrotermi¢ni obdelavi zrn tatarske
ajde. Zrna tatarske ajde so bila hidrotermi¢no obdelana v vodi pri temperaturah 51 °C, 61 °C, 70 °C, 75 °C, 80 °C, 85 °C,
90°C, 93°C, 97 °Cin 99 °C s kontrolno skupino pri 21 °C. Pri 51 °C in 61 °C se je koncentracija rutina znizala. Pri 70 °C
in 75 °C se je znaten del rutina pretvoril v kvercetin. Pri 80 °C, 85 °C in 90 °C se je pretvorba rutina v kvercetin zman-
j8ala predvidoma zaradi denaturacije encimov, ki razgrajujejo rutin. Pri vigjih temperaturah 93 °C, 95 °Cin 99 °C je bila
koncentracija kvercetina izrazito manjda, ohranil pa se je velik delez rutina. Glede na ugotovljeno imajo hidrotermi¢no
obdelana zrna tatarske ajde vi§jo koncentracijo rutina, kar je pomembno s stali§¢a prehrane.
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