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Comparison of rutin content and quality characteristics of tea products from
common buckwheat (Fagopyrum esculentum) and tartary buckwheat
(Fagopyrum tataricum) by different processing and brewing methods
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Abstract To enable the widespread use of buckwheat and create novel consumer demands through improved food
processing techniques, we compared the quality characteristics of roasted groats following different processing and brewing
methods for common and tartary buckwheat. The various processing steps resulted in significant reductions in rutin content
for both buckwheat species, while the quercetin content increased in the tartary buckwheat. The fully processed tea
products showed dramatic differences in rutin content, which varied based on the buckwheat species, formulation, and
brewing method. Tartary buckwheat contained an average of 61 times more rutin than common buckwheat. The tartary
buckwheat variety, Hwanggeum-miso, was used to determine an optimal roasting temperature of 70-80°C. Finally, we
suggest that consumers who want buckwheat tea rich in rutin would prefer hand-drip-extracted tea, while those who want

tea with less bitterness, sweetness, and good flavor would prefer the cold-brewed method.
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Fig. 1. Flower, seed and plant of common buckwheat (Fagopyrum esculentum Moench) and tartary buckwheat (Fagopyrum tataricum
(L.) Gaertn.). A, white flower, triangle seed and whole plant of common buckwheat; B, green flower, carnal seed, and plant of tartary
buckwheat. Flower scale bar (red bar)=1 mm, whole plant scale bar (yellow bar)=10 cm.
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(A) Common buckwheat (B) Tartary buckwheat
Step 1. Raw whole seeds . Step 1. Raw whole seeds
J orvng G5C -2 ) 1 U S omn
Step 2. Dehulled groats Step 2. Steamed whole seeds
TT Steaming(100°C, 30-40 min) ﬂ Drying (40°C, 3 days)
Step 3. Steamed dehulled groats . Step 3. Dehulled groats .
11 Roasting (70-80°C, 2-3 min) Nl Roasting (70-80°C, 2-3 min)
Step 4. Roasted groats (Tea) . Step 4. Roasted groats (Tea) .
'l Grinding with grinder 1 'l Grinding with grinder !
sofl Granulated type | | | Powdered type D tof Granulated type| | Powdered type D
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£ 3 E 3
i Brewing method cEn Brewing method
= * Control (fast leaching with hot water, T1) = * Control (fast leaching with hot water, T1)
= * Steeping (fast leaching with cold water, T2) = * Steeping (fast leaching with cold water, T2)
W * Cold brew (slow leaching with cold water, T3) 2 * Cold brew (slow leaching with cold water, T3)
[s8] * Cold brew (slow drip with cold water, T4) e8] * Cold brew (slow drip with cold water, T4)
. * Hand drip (fast drip with hot water, T5) . * Hand drip (fast drip with hot water, T5)
i * Hand drip (fast drip with cold water, T6) i * Hand drip (fast drip with cold water, T6)
S S S S — S ——
Fig. 2. A simplified flow diagram for tea preparation procedures in common buckwheat (A) and tartary buckwheat (B).
Table 1. Different brewing methods for tea production in common buckwheat and tartary buckwheat
. . . Brewing Brewing time/
1) 2)
Species Brewing method Formulation temperature (°C)” flow rate
Control (fast leaching with hot water, T1) G/P 90+2 5+2 min
Steeping (fast leaching with cold water, T2) G/P 15+2 542 min
Common Cold brew (slow leaching with cold water, T3) G/P 15+2 8h
buckwheat Cold brew (slow drip with cold water, T4) G/P 1542 8 h (1 drop/10s)
Hand drip (fast drip with hot water, T5) G/P 90+2 5£2 min
Hand drip (fast drip with cold water, T6) G/P 15+2 5+2 min
Control (fast leaching with hot water, T1) G/P 90+2 542 min
Steeping (leaching with cold water, T2) G/P 1542 542 min
Tartary Cold brew (leaching with cold water, T3) G/P 1542 8h
buckwheat Cold brew (slow drip with cold water, T4) G/P 1542 8 h (1 drop/10s)
Hand drip (fast drip with hot water, T5) G/P 902 5+2 min
Hand drip (fast drip with cold water, T6) G/P 15+2 542 min

DControl (T1) was a conventional brewing method of buckwheat tea.

YRoasted buckwheat groats used were either granulated type (G) or powdered type (P) ground with a coffee machine.

9 Average temperature during brewing process.

Atk & o]FE Foli(gradient) WA OR, o5 FoR Buf A
(1% formic acid in water, v/v)¢} 81l B (0.1% formic acid in
acetonitrile, vv\)E& AF&-8t -5 025 mL/min® Z2F3Uth. ©]
54 T ) e & BE HE 7% FER AlFslY 2
oA HE7EA 17%, 1124 13E7F] 25%= 5770 §
28B74A] FAIAZLE o] & 288X 3087 FEES 25%C04
%2 AN RNEA] Y FEZ st xEEE
I AEZo] Z} FF(peak)= MF-5 AlZH(retention time, RT)3} H]
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(Extrasynthese, Genay, France), |4l &l(Extrasynthese), U]z A€l
(Sigma Chemical Co., St. Louis, MO, USA), ¥ E(Sigma
Chemical Co.)& °]&3tAth AlEA HAEE FHI AL &
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gAtst €442 DPPH (1,1-diphenyl-2-picrylhydrazyl, Sigma-
Aldrich Co.)2} ABTS (2,2"-azino-bis-3-ethylbenzo-thiazoline-6-
sulfonic acid, Sigma-Aldrich Co.)E Kim 5(2019)2] ¥HS o]&
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Fig. 3. UPLC profiles of rutin, myricetin, quercetin, and kampferol contents in a standard mixture solution (A) and seed extracts in
common buckwheat (B) and tartary buckwheat (C) using reflux extraction. All chromatograms passed through spectrofluorometric
detector at 259 nm. Retention time of all chromatograms were as follows: rutin (9.06 min), myricetin (14.04 min), quercetin (18.37 min), and

kampferol (26.98 min).
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Fig. 4. Rutin and quercetin content of common buckwheat (A) and tartary buckwheat (B) in each processing steps. Meantstandard
deviation (SD) expressed as mg rutin or quercetin content per 100 g of dry weight. The N.D. means not detected. Different letters (a-d) within
the graph indicate significant differences at p<0.05 by Duncan’s multiple range test.
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Fig. 5. Anti-oxidant activity of common buckwheat and tartary buckwheat in each processing steps. The levels of 1,1-diphenyl-2-
picrylhydrazyl (DPPH) and ABTS radical scavenging activity (A and B), and flavonoid and polyphenol content (C and D) in the solutions were
determined by multi-mode microplate reader, respectively. All microplate images passed through multi-mode reader at standard solution are as
follows: (A) DPPH standard (0.00-0.083 mg/mL, yellow-purple, trolox); (B) ABTS standard (0.00-0.083 mg/mL, white-turquoise, trolox); (C)
flavonoid standard (0.00-0.400 mg/mL, white-orange, rutin); and (D) polyphenol standard (0.00-0.400 mg/mL, white-molybdenum blue, gallic
acid). UV/Vis absorbance detector of anti-oxidants are as follows: (A) DPPH (520 nm); (B) ABTS (734 nm); (C) flavonoid (510 nm); and (D)
polyphenol (750 nm). Meantstandard deviation (SD) expressed as mg standard equivalents antioxidant capacity per 100 g of dry weight.
Different letters (a-d) within the graph indicate significant differences at p <0.05 by Duncan’s multiple range test.
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Fig. 6. Concentrations of rutin and quercetin in common buckwheat (A) and tartary buckwheat (B) by different brewing methods. T1,
Control (conventional method) as fast leaching with hot water; T2, fast leaching with cold water; T3, cold brew as slow leaching with cold
water; T4, cold brew as slow drip with cold water; TS, hand drip as fast drip with hot water; T6, hand drip as fast drip with cold water. G
granulated type; P, powdered type. Meantstandard deviation (SD) expressed as mg rutin or quercetin content per 100 g of dry weight sample.
Different letters (a-j) within the graph indicate significant differences at p<0.05 by Duncan’s multiple range test.
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Table 2. Hunter’s value in common buckwheat and tartary buckwheat by different brewing method

Hunter’s value” in common buckwheat

Hunter’s value in tartary buckwheat

Brewing Formulation
method"” type? L a b L a b
(lightness) (redness) (yellowness) (lightness) (redness) (yellowness)
Tl G 31.7+0.8Y 0.0+0.0 5.240.1 25.840.4 0.0+0.0 9.6+0.1
P 27.1+0.4 0.4+0.0 4.1+0.1 36.4+1.1 -3.0+0.1 6.9+0.2
T2 G 32.5+0.2 0.1+0.0 1.9+0.0 35.0+0.7 -1.84+0.1 11.7+0.1
P 26.7+0.3 1.0£0.0 8.1£0.5 38.4+0.6 -1.440.1 3.6+0.0
T3 G 28.5+0.3 0.1£0.0 7.3+0.1 22.7+0.4 3.7£0.1 8.5+0.4
P 22.6+0.5 1.1+0.0 4.6+0.1 33.0+£0.4 -1.4+0.0 12.0+0.1
T4 G 38.2+0.9 -0.2+0.0 1.9+0.0 28.1+0.3 2.1+0.1 11.7£0.2
P 35.0+£0.4 0.4+0.0 7.6+0.2 18.9+0.3 5.5+0.1 4.5+0.1
T5 G 28.4+0.3 0.3£0.0 2.8+0.1 24.4+1.2 2.0+0.0 9.8+0.1
P 35.7+0.6 0.1+0.0 0.8+0.0 17.6+0.2 4.3+0.1 2.5+0.1
T6 G 32.1£0.5 0.5+0.0 0.2+0.0 32.6+0.1 -1.7+0.0 11.2+0.1
P 31.1£0.3 -0.6+0.0 8.9+0.1 20.0+£0.4 4.4+0.1 5.8+0.1
Brewing method (B) 324453 476%** 3,846%** 513%** 6,574%** 327%**
Formation (F) 177%%% 986%** 7,258%** 12%* 946 ** 5,867**%*
BxF 152%%** 1,260%** 4,987*** 419%** 5,434%%% 908***

UT1, control as fast leaching with hot water; T2, fast leaching with cold water; T3, cold brew as slow leaching with cold water; T4, cold brew
as slow drip with cold water; T5, hand drip as fast drip with hot water; T6, hand drip as fast drip with cold water

2G, granulated type; P, powdered type

9The three-color values utilized by Hunter are the degree of lightness (L; white +100 <— 0 black), the degree of redness (a, red +60 <— -60

%reen), and the degree of yellowness (b, yellow +60 <— -60 blue)
Meantstandard deviation (SD)

Dk kx*Gionificant at p<0.01, or p<0.001 by Duncan’s multiple range test
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Fig. 7. Sensory evaluation profile of visual color, wet aroma, toasty taste, sweet taste, bitter taste, and overall acceptance in common
buckwheat (A) and tartary buckwheat (B) by different brewing methods for tea production. T1, control as fast leaching with hot water;
T2, fast leaching with cold water; T3, cold brew as slow leaching with cold water; T4, cold brew as slow drip with cold water; T5, hand drip as
fast drip with hot water; T6, hand drip as fast drip with cold water. G, granulated type; P, powdered type.
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Table 3. Pearson’s correlation coefficients for among the flavonoid, Hunter’s value and sensory evalustion profile by brewing methods

Tea brewing Rutin  Quercetin Iiusglr;s P;u\r;;f:es I—iui/l;irl: \éiosll(l) 2;1 Wet aroma T;::;y Sweet taste Bitter taste ac?g];tr:rlllce
Rutin 1 0.980***  -0.608** 0.564** 0.031™ 0.525%*  0.596**  0.482* -0.077"°  0.810*** 0.305"
Quercetin 1 -0.618** 0.584**  -0.082N 0.515* 0.567**  0.501*  -0.138™  (.791*** (235"
Hunter’s L value 1 -0.851%**  -0,032™ -0.805%** -0.692%** -0.673*** 027N  -0.673*** -0.296™°
Hunter’s a value 1 -0.181N5  0.712%%* (.589%** (.507* 0.037™  0.697*** 0.075"
Hunter’s b value 1 0261 0316™ 0220™ 037" 0.105™  0.550%*
Visual color 1 0.716*** 0.673*** 0301  0.633*** (0.420*
Wet aroma 1 0.866%** 0.461* 0.813*** 0.676%**
Toasty taste 1 0.493* 0.626**  0.598**
Sweet taste 1 0.207™  0.630**
Bitter taste 1 0.409*

Overall acceptance

1

NS sk k% Non significant or significant at p<0.05, p<0.01, or p<0.001, respectively. All correlations were significant at p<0.05, p<0.01, or

p<0.001 except where indicated by NS.
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Fig. 8. Bi-plot of the principal component analysis showing rutin (PC1) view of rutin content in common buckwheat (A) and tartary
buckwheat (B) by different brewing methods. T1, control as fast leaching with hot water steeping; T2, fast leaching with cold water; T3, cold
brew as slow leaching with cold water; T4, cold brew as slow drip with cold water; T5, hand drip as fast drip with hot water; T6, hand drip as
fast drip with cold water. G, granulated type; P, powdered type. Abbreviations of materials are as given in Table 1.
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