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Abstract In this study, Jeju Tatary buckwheat tea’s chemical
composition and physiological activities were compared according
to the leaching temperature (60, 80, 100 °C). As the leaching
temperature is increased, the degree of browning is induced.
However, there was no significant change in pH. The total
polyphenol content was higher at 80 °C than at 60 °C leaching
temperature, but significantly decreased at 100 °C leaching
temperature (60 °C: 17.06 mg GA/g, 80 °C: 20.09 mg GA/g, 100
°C :18.45 mg GA/g). There were high content of flavonoid and
rutin as the leaching temperature increased. Consistently, 2,2-
diphenyl1-picrylhydrazyl (DPPH) radical scavenging activity and
tyrosinase inhibitory activity were significantly higher with
increasing temperature (DPPH % inhibition: 60 °C: 41.88%, 80
°C: 46.01%, 100 °C: 46.80%/tyrosinase inhibitory activity: 60 °C:
9.38%, 80 °C: 22.94%, 100 °C: 28.17%). However, there was no
significant difference in DPPH radical scavenging activity
between 80 and 100 °C. A cytotoxicity test was performed by
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treating with Jeju Tatary buckwheat extract into mouse macrophage
cells (Raw264.7). 100 and 200 pg/mL treatment (100 °C extract)
were significantly upregulated the survival rate, but there was no
significant difference in other concentrations. Collectively, most
of the bioactive components, antioxidant activity, and tyrosinase
inhibitory activity were induced as the leaching temperature
increased. However, the content of polyphenols which are known
to have antioxidant activity, was significantly reduced at 100 °C
leaching temperature. Several reports have demonstrated that
leaching at too high temperature lowered the overall acceptability,
so the optimal leaching condition of Tatary Buckwheat is 80 °C,
5 min in this study.

Keywords Antioxidant - Brewing - Jeju-tatary buckwheat - Tea
- Tyrosinase inhibition

7A4Zg o] 2 Nt P oy &2
o= THIFSo 2 QIgh Abgo] HA| AbEe] 81%E AFAIst
09 5 7M7F T AZ S gdE 2]
Phytochemicals®| gt © Farolm AA g HA F AE &
Asle HdstetE=z velgof, #3e] 5 oF 94 4ol
et AE2] A o7 Figt ol QA9 gk E TS

—_


https://orcid.org/0000-0003-3756-091X
https://orcid.org/0000-0003-2049-1655
https://orcid.org/0000-0001-9352-5591

J Appl Biol Chem (2022) 65(4), 421-427

she E4S B0 <dA=T3]. A& A4S Yehls A4,
, 1 5ol Wol Eghe|ojglom, 2E9] 4,
¥, g, &, B 5 7} 7| 2F FEFHY o olgt
Prre AR, AEE, SAA, A=A,
A5 2859 Al sk Gl AUtk
3 OgE ATE S8l dEE] $itH45). 2 FelME v
A% i &) HouH, SHsIHME FaRgo] AL oE
off gk Aol "ggo] FES| AZEL Jom, HAEZF
o] AP ELS e A+ E3 s zlgFolt)
v (Fagopyrun spp.)< WV}t & 3}(Poygonaceae)e] ™4
(Fagopyrum)d| &3 @Al 2EO2 ANEH oITS X
gated 2004F0] FEEUTE S = T2 LR
(Fagopyrum esculentum Moench)y} &Wd (Fagopyrum tataricum
L. Gaertn)o] Auj=az lch GwtwES o E(Common
buckwheat)e} F-27|% spH SuEtE ¥R S5, 42 5
o] opxelx| g 1, Ayt v FAA AfETH6].
wde el (Tatary buckwheat)o|2} F20 3|UTloke] of
HEAE FRe] A Foll T2 2R2sk=tl, s-2uEtelA
£ AFES A Aakake] 40% 7itolel sldsis =l A
AR 2 dHA AvH7.8]. ElelEHES A7HE 2o He
2 Eo sAg w9y, BpshEe] 65-70%F FAARS
TAEA lom, whilE 10-15%, AW 2-3% (iR B¥3)
AP, 3)E 2-4%S TSR lo] FFEE AT =2 4
E2 AAZITH9-11). 53] WY Well= vt 7154 dAl=st
SHEEo] vz dEA dedl, quercetin 52 flavonol
vitexin, isovitexin 52| flavones 22|31 caffeic acid F =4 %5
o] Atk LA ATH12,13]. 53] Lol Hz Eel=o] o
el 7|gaEdEelg B2V sk rutin®] ofE rEo] 2
=4, quercetin®l rutinose’t A3HE Aoz FAlA] S
wr st B wHEFe] o, A oY, e 9 At
9 7I5E 7R Zem dHA SltH14-16]. EFEREHES &
B =3, flavonol o] UnkH|e] HlE|] =& Zo= UH
A AoH17]. =g WEE Fo AYEHELRZ dEiF rutine
elelg]w ™ol 1,712-1,783 mg/100 g2 [18] Lnhd|de] 13-
15 mg/100 g=t} 300-1008] o]/ Brial B ATH18-20]. ©]
27 t}F3 phytochemicalsS -3t Q= WS ol
olgste W F sUR & 9T Ao FHE SEAA
=83k WRol Utk mde] AAS AASIAL AA F& o
T B G EAR =5 Fo] fEle WHeE FE U
He wYakE ruting 3 ¥BRE ofdEt £ 19} vt
o] g 8= nk
AAA A5 T3l vide] AikslAhE, DNA &4 HE
g3, Mx 54 dAE, EAHe] Ay, JLHA T3,
HoF Zskargo]l Bard vpyh lem[12,21], olg AHE
= WZE] rutin T BHE #AHo] ke FAES AAF
SIANE &MY 7P A 588§ e WEd ZE A
A9l oufgt 2 HE A 7P 2 AgdE Ad B
e s 4g & d=Add g Ae vEs Aol w
2 # A7l A EElHE JE 25060, 80, 100
°Cyell w2} pH, AW, FEdE ¥ FehEecl=, rutin
22 vWSIAA, 2,2-diphenyll-picrylhydrazyl (DPPH) 2}tz
27 B4 B tyrosinase A3l B4 S5t EElHE

Hdp

2700 e BE vwskgch. B AFEERAY 3
& vRgz DA ERaw264. 7] AAIG] AE 54 A1
S Sl 15 PAF AAE 293 A |2doEE

As %y

As & A%

=4t gl vEe AFEgszEA ALk el
g GFAE ol gsle] APS SISty 2 AFolA A}
23 TR A2kS Sigma-AldrichAH(St. Louis, MO, USA)
oA FYPIALL, AE HFS 9% AE g AE= SPL
(Seoul, Korea)ollAl +9J3t5itt.

BelEvdE JEE A=

5E7F #ol 74 100mLE F-X0

=

A 60, 80, 100°CZ
T

ASpEA AF LG s2HAA AFe e elele] A
U3t 3¢S o 57 AEAR v SERNFAA] (No. 3)2
&9 o3 T cap tubeol] B U, WEdl] AR AR
2 ARE-sIsltt
o|stety 54

pHZ7 2 pH meter (Thermo Orion, Beverly, MA, USA)Z
Aol ZH3er. 2se AE YHL Synergy HI hybrid
microplate reader (BioTek Instruments, Inc., Winooski, VT)
2 20mmelM FEEE S FE= 7 YeERSIHh

Z HEs %, ¥ SExol= §F 33

Z ¥lE =S Folin-Ciocalteu [22]2 96-well platecl] A
Wy st v At 7F & s50uLel 2N Folin-
Ciocalteu & 50 uLE FH7bsted 587 vbEAI = 4%
Na,CO; 100 uLE H7Fste] 1A1ZF WAk}, Synergy H1
hybrid microplate reader (BioTek Instruments, Inc)E ©]&3}
o] 725 oM FHEE S5l T HE FEFeR I
o, gallic acid (Sigma)E ©|-&3 HFA3} v|Zd] mg
GAE (Gallic Acid Equivalent)/g < AF8-3}it}.

ZF PR xolE e FASFHEH[221E 96-well plate
o st ®igsted HX At 2t FE= 25 Lol SR
125 L2 Y3 5% NaNO, 7.5 uL2 ¥ 41L& & 657 WX
It 10% aluminium chloride hexahydrate 100 uLE 7}
sto] Aeox 57 E<F ¥HEAIR] $, 1M NaOH 50 pLE %
< ) Synergy HI hybrid microplate reader (BioTek Instruments,
Inc) & ©]&st 510 nmellA FREE S4ste] T St
olE o R et o] W FEE TiE T EhE
ol= S (Catechin (Sigma)yS ©]83 A Blw ko]
=4I Z = mg catechin/gS ARE-3IATE

Rutin 35 273

Rutin 412 FLoAzI gt 2 F A AAE ] &4 o]2|s)
o Cho 5[23]¢] W< o WFsle] HPLCE #AI3l8itt.
AE 5-10 goll HERS 80 mLE 718le] 80°C FL5xol4] 24]



J Appl Biol Chem (2022) 65(4), 421-427

423

< YAEEEI 4o NS 045 um membrane filter2
ATt o] LS 18] ¢ miEsie] de FEES 60°C
AA 79t 553 & HPLC water 2mLZ 83l5ld 0.45 um
membrane filter2 I3l £A51ATE UV A& 7](diode array
detector (DAD, HPLC 1200 series, Agilent Co., Santa Clara,
CA, USA) 359nm)Z &3+ HPLC (Agilent 1200) 7]7]9} &
2] ZHH(CAPCELL PAK UGI20 9744l C18 (4.6x250 mm,
5um) column)S ARE3IATE o5 &M= &vl A 2%
Acetic acid)?} &7 B (2%Acetic acid 50%ACN (6:4))5 A}
g3l 752 I mL/min®® A SHFUC &9 olF
£ 7127 (gradient) 4ol 71710 24 2%=5 30°CE 24
R B BN A8 RFEEAY AZ] 74 vIE IFE
o] WFEE Al7Hretention time, RT) &} B]ws}H L, FEIQ]
Atk #A5 ARE SIS 359 nme] 3, AR
FAHL 20 uLE k.

=
e
o
R
o

A2 AR S AFEAATAE 74 9
Fale] 2]FF (Ministry of Food and Drug Safety 2012a)ol]
w2} 2430t ZAH2 Soxhlet 52 (Soxtec 1043, Foss
Tecator AB)S A3, Zehil e Ak (Kjeldahly2sl HE
olg3le] ALAIFT 6255 F3l g100g FHFORE FAEI

SrstE2 o T o3t AlLkeith24]. F1Ee
AOACH (20051 3l F2lEsIHoz 24 3tk AlE 0.5
goll 4F N (HNOy/H,0,=9:1) 10mLE- teflon bottleo] Hol
AAYES A3 e 2™, microwave digestion system (Ethos
TC Digestion Labstation 5000, Milestone Inc., Monroe, CT,
USA)CZ F 308 &<t 2HEalE AAJeIsit). AHEsl7 2
A 589-e of7X](Whatman No. 5A, Whatman International
Ltd., Maidstone, UK)Z o33}>] Na2 Inductively coupled
plasma spectrometer (ICPOES, PerkinElmer Co., Shelton, CT,
USA)Z #4319t} ICP-OESE AREste] #4138 54 wpe
Na (589.592 nmo]It}. 717184 F refected power= 1.4 kW,
plasma flow+= 10 L/min, auxiliary gas flow= 0.2 L/min,
nebulizer gas flows 0.92 L/min®]1.2™, ICP-MassS AR&-3}o]
B2 Se?] refected power= 1.4kW, plasma flow= 18 L/
min, auxiliary gas flow= 1.5 L/min, lens voltagex= 9.6V,
nebulizer flows= 0.92 L/min, dwelling time2 100 m/s®] 3T},

DPPH &Yz 44 84

AE9] DPPH radical 22752 Seo2] WH[25]12 W¥sl th
S3 7ol 243t A8 FE 10 L 0.12mM DPPH
190 L. J7F & F B & 37°Ce 3087 WA
% UV-spectrophotometers ©]-8-3t9 &3=(517 nm)yE £413}
93 FFEZZA L-ascorbic acid (Sigma Chemical Co.)E
5% A7IsI9a, £ ¥8lEe DPPH % inhibition 2 X &3}

At
Tyrosinase A3 &4 &3

Tyrosinase As1&A Z4L Kims2 ¥l ulel =439t
[26]. WFSF+ 0.175M sodium phosphate buffer (pH 6.8)
0.5mLo] 10mM L-DOPA 02mL 2 AE&Y 0.1mLY &

3relol mushroom tyrosinase (110 U/mL) 0.2 mLE % 7}sle
37°CollM 287 WEEAIAX wE gl Fol] A4dE DOPAchrome
475 nm oA =3t} Tyrosinase AT AlF8Y

o AFPSh RANTY FHE A0SR GERAI

AxF @ AEeYF

Fo] ti2AETQ] RAW264.7 M E= ATCCEHE Y3t
], Z}7} 10% Fetal Bovine Serum®} 3] (Antibiotic antimycotic)
£ #7Ist Dulbecco’s Modified Eagle’s Mediums vl o2
37°C, 5% CO, Z71olA wiFetiTh27]. AlZe 2-3dvich
culture dish®] 80-90% A= A5k @ PBSE A3l Trypsin-
EDTA (Gibco BRL, Grand Island, NY, USA)S *lg|sle] A
o] st

AX =4

Elel WYY E5E0] Raw264.7 HE HEE0) vXE FTF
S XTT cell viability test kit (Cell Signaling Technology, Beverly,
MA, USAYS A3l Z2EZo] ulgl RISIH27]. &5
o] wE} &3 AENS TH7ZEI Powder typeS U3, &
ZFo] 100mg/mL F=F DMSO°] Ho] Ao A3t
Raw264. # TIAAEZE ~20,000 cellswell?] PEZ 96-well
plate 914 =% ATk AEZE DMSO Ee 78k %9
eelgrgdE5203 A 2427 Bt &2 wiek stk
HiZE 37°CoA] 3 AIZF 59F XTT &<o] ©3l Aj=-2- vijA|
2 WA ¢ ¥, Multi-mode Microplate Reader (SpectraMaxi3X,
Molecular Devices, Sunnyvale, CA, USA, in Bio-Health
Materials Core-Facility, Jeju National University, Jeju)S ©]&
&t} OD 450 nmE =74 3T

BAAY

B 23] A= Wit (mean)+ EFOXHSEM)E a3 oH,
914 zlolel thak a4 ANOVA (GraphPad Prism 7.0, La
Jolla, CA, USA)E AME3IATE. 94 =fe] S-S p-value
<0.05 ol AAIBFAL, AMEHS2 Bonferroni tests ARS-

ST

A3 2 33

AEZAd HE JEA9 o35y 54
60, 80, 100 °CollA] 5%7F HEAIZl HE 84| pHel 2
£ Table 13} 7t} pHole AlFElERHY &%
freldel Halrl ¢tk %= 100 °C > 80 °C > 60 °C2)
o7 2nVt BEFE AN FUkRe S EioH
el zpo] 7t AUTHp <0.0001). Jang 5] H7ol] wEw
Z 279 w2 2R 2 F3pe ATt AE: 2wt
STE Tyt Fkele ASE BAsU28] ol 2 a7
o] Ao} X3t} 2Fe] e GAE B AF JH
g FoM A=, olys dHEZAS] A T2 I o}
vhke] F3REEO 2 AEHE ZoE F2 1A 2= ¥
AojA4E Aol AHE /e ARS Fasla 7
HEZ S AL T7ksle ZoR 4EA Utk mebr] 227t

i ot o [y ?1% b

1o,
Y

|



424

J Appl Biol Chem (2022) 65(4), 421-427

Table 1 pH and browning index of Jeju-tatary buckwheat tea by leaching
condition”

Samples pH Browning index
60 °C 7.85+0.01 0.05+0.00°
80 °C 7.89£0.02 0.09+0.00°
100 °C 7.91+0.01 0.10+0.00?

Values are mean = SEM. Means in row with different superscripts are
significantly different at p <0.05 levels by Bonferroni multiple range test
(n =3-4 times/ group)
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Table 2 Total polyphenols, flavonoid and rutin contents of Jeju-tatary buckwheat tea by leaching condition

Samples Total polyphenols (mg GA/ g) V Total flavonoid (mg catechin/ g) V Rutin (mg/g)
60 °C 17.06+0.48° 18.95+0.86™ 0.08
80 °C 20.09+0.06* 20.80+0.31° 0.08
100 °C 18.45+0.08" 25.07+0.20* 0.09

Values are mean + SEM. Means in row with different superscripts are significantly different at p <0.05 levels by Bonferroni multiple range test (n =3-4

times/group)
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Fig. 1 DPPH radical scavenging activities of Jeju-tatary buckwheat tea by
leaching condition. The 2,2-diphenyll-picrylhydrazyl (DPPH) radical
scavenging activity were determined by Multi Plate Reader. All values
are presented as the mean+ SEM. Means in row with different
superscripts are significantly different at p <0.05 levels by Bonferroni
multiple range test (n =3-4 times/group). temp.: temperature
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Fig. 2 Tyrosinase inhibition activities of Jeju-tatary buckwheat tea by
leaching condition. Tyrosinase inhibition activity (%) were determined by
Multi Plate Reader. All values are presented as the mean = SEM. Means
in row with different superscripts are significantly different at p <0.05
levels by Bonferroni multiple range test (n=3-4 times/group). temp.:
temperature
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Table 3 Nutrient contents of Jeju-tatary buckwheat tea by leaching
condition

Samples Results % Daily Value
Calories (kcal/100 mL) 0.67 -
Total fat (/100 mL) 0.03 0%
Saturated fa t(g/100 mL) 0.00 -
Trans fat (/100 mL) 0.00 -
Cholesterol (mg/100 mL) 0.00 0%
Sodium (mg/100 mL) 0.06 0%
Total carbohydrate (g/100 mL) 0.03 0%
Total sugar (g/100 mL) 0.01 -
Protein (/100 mL)" 0.07 0%
125 * **

R 1004t

2 75
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P

> 100 -C

0 T T T :
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Fig. 3 Cell viability of Jeju-tatary buckwheat tea by leaching temperature
and different concentration. RAW264.7 cells were treated with 0-200 pg/
mL of Jeju-tatary buckwheat tea extract (leaching temperature: 60, 80,
and 100°C) for 24 h. 2,3-Bis-(2-Methoxy-4-Nitro-5-Sulfophenyl)-2H-
Tetrazolium-5-Carboxanilide (XTT) reagent was added 3 h before
measurement of OD 450nm. Cell viability assay in RAW264.7 cells. All
values are presented as the mean + SEM. *p <0.05; **p <0.01; compared
with vehicle control vs. 100°C extract by one-way ANOVA with
Bonferroni’s comparison test. conc.: concentration
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&8 Aok 22 HEAS A B s F=
=5 DMSO°l =<1 F mhg-s

100, 200 pgmL)E A3 Ty 24X7F wigFe & BEES
XTT cell viability test kit (Cell Signaling Technology)E A}
g3l ZREZ| ml 11 SIGATHFig. 3). tiEe] &9
A& 20 ARE Az AEE FFS vAA] Ggkoyt
100°C &5 100, 200 pg/mL A 3= AL Fode=w =
7PAZATH100 pg/mL: p <0.05, 200 pg/mL: p <0.01)(Fig. 3). ©]
AFAS EE 25160, 80,100°C) 2 == (0, 50, 100,
200 pg/mL)AIT EfeRRHE HEe] FEHo] B0 eS
AR, o] A= 5 AT eeud =49 FEF

=43}

d

in vitro @& FH] o) FAo] gle HA &FE A
&t7] 1% 712 HolEHo]AE ARgEo]E Zolt

2z 5

2 AFdM= AT EERME S o83l HE 25(60, 80,
100 °C)oll wet o]s}eta] 54 Bl A EE vlaste] AT
elelgHe] HAe] A0S Akt stk AT el
grEe] HE 257t 2355 AWErt S7FH60 °C: 0.05,
80°C: 0.09, 100°C: 0.10y2 ERI3}H o pHole <94 sl
7t 9tk FEZEE Sk 60°C IERT 80°CAM 2 g
Fol =o, 2318 100°C HEF 2xolMe fFodez 7
2319TH60 °C: 17.06 mg GA/g, 80°C: 20.09 mg GA/g, 100°C:
1845mg GA/g). ST 0] =(60°C: 1895mg catechin/g, 80°C:
20.80 mg catechin/g, 100°C: 25.07mg catechin/g) 2 Rutin
(60°C: 0.08 mg/g, 80°C: 0.08 mg/g, 100°C: 0.09 mg/g)e =
=t S7VRRE o gRe] Fskith. DPPH =iz 2 &
2(60°C: 41.88%, 80°C: 46.01%, 100°C: 46.80%) = tyrosinase
Al A (60°C: 9.38%, 80°C: 22.94%, 100°C: 28.17%) &=
g 257t FUKsk wet foAoR #A JER o DPPH
gtz A 7 809 100°Ce] f-21AQl Aol (U
th wRe-2 oA (Raw264.7)0l AT EFER]HE HE08H
2ate] ME 54 AP FA A 100°C FE=2] 100,
200 pg/mL M= AEES fFolHos S/ 2 9 =
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