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Abstract The aim of the study was to select the variety most suitable for producing
buckwheat juice from buckwheat leaves. We harvested six common buckwheat
varieties (USA, Japan HS4251, Daegwan, Daewon, Daesan, and Yangju/ buckwheat)
before they entered the reproductive growth period. The leaves were freeze-dried
and used for extraction. We determined the phenylpropanoid content using high
performance liquid chromatography (HPLC). The Daegwan variety has the highest
phenylpropanoid content such as chlorogenic acid, caffeic acid, epicatechin,
ferulic acid, rutin, quercetin, and kaempferol. The phenylpropanoid content in the
Daegwan variety is 1,542.9 pg/g which is 1.5 times higher than other varieties.
So, it was selected as a suitable variety for producing buckwheat juice using
buckwheat leaves. Thus, buckwheat leaves of Daegwan variety were used for
extraction with hot water at 60, 70, 80, 90 and 100C for 3 h determine the optimal
extraction temperature. As a result, we found out that the amount of rutin and total
phenylpropanoids was the highest when buckwheat leaves were extracted with hot
water at 60C. Therefore, Daegwan variety is suitable for the development of
functional extracts using the buckwheat leaves with the highest phenylpropanoid
content.

Keywords buckwheat leaves juice, extraction condition, phenylpropanoid
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acid, chlorogenic acid, caffeic acid, (-)-epicatechin,
benzoic acid, rutin®] EEEHS AI0tI TR Iejol2 R
B il o H, trifluoroacetic acid(99%. EP) @ HPLC
A& methanol thYsIF o2 RE ufjoto] ARE-oF3ITE

22 W2 g9 mij2l 8tE

659 Hemd A Fgste] AAAA(-1960)E 52
skl 5ZA7%7](FD8512, ilShinBioBase Co., Ltd.,
Gyounggi-do, Korea)& ©l-&3t9] xsto] £4 7]
HasHlt, AxH 659 Hemd = A AP o8
Sto] AlDsHAl Z4fste] 42k 0.1 g4 AZste] 15 mL
okt Zk2E9] conical tube©] 1.5 mL
9] methanol(80:20, v/v)& 41 2027t 7JsHA As &
A3t F, 60CE AAH F2RoA 1A7F 59t S04
g oA Ae & dAHEYE Bt A5AS FHst
Ach. YT BZ 23] HHEste] WY Ql FEAS 2
AATIAE o] 85t Z=HA)A 1.5 mLe methanolZ

I A HstHe. FE2HL 0.45 pm PTFE syringe
filers®MF-Millipore, Darmstadt, Germany)& A8
ofo] ZH 9] HPLC vialoll £Y5kal, phenylpropanoid
A% &4 HPLC £4& EHIsHlth

conical tube®]
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A7kste] 60Tl F&5H%2 W rutin go] HHAS &
ol5F¥ tH(Choung 2005; Jeon 5, 2015; Kim &, 2017;
Shin &, 2020). ©2HA, @5 52 7IHCE 5t 2
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60 70, 80, 90, 121 100CE E4F3E WHOZ 34]
B9t 7+ 2% 9] i & &3l phenylpropanoid
Zol A= e FH2AS AT FE53 4249
Hd F292 -80C=E sZsty, 547%7](FD8512,
ilShinBioBase Co., Ltd., Korea)& ©o|&35}c] ZAX3I%
o A EEES 7247 0.1 g% &S 15 mL conical
tubeo]l

g & A9 HE sl SdsA AA s,
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2.4. HPLCE 0/25F = phenylpropanoid 71& SZ& 24
High-performance liquid chromatography(HPLC)
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242 OptimaPak C18 column(250 mmx4.6 mm, 5
Korea)7} ZA%E Agilent
Technologies 1200 series HPLC system(Palo Alto,
CA, USA)Z o] 85 }0% L5l on, EAZX AL Table 1
I 2ok Al & 147049 Hed As 2459 S
2 7MY s & 34AIZl & HPLC 4 &5t
area %= E551%11L, ol& ol-&sto] FAFAS A5G
oh ZH7e] &R ARFAY A& Table 29F £t
HPLCE °]&3t phenylpropanoid A% 4 &4 data
£ o] &3] W= B, YEHS4251, Y, o, ik, 1
g] 7 opd WY 6 ZZS gAlos 73 2 2R B

pm; RStech; Daejeon,

Table 1. HPLC system and analytical conditions

HPLC system Agilent Technologies 1200 series

(Palo Alto, CA, USA)

OptimaPak C18 - 51002546 (250 mmx4.6
mm |.d., particle size 5 um; RStech;
Daejeon, Korea)

Column

Detector (wavelength) 280 nm

Oven temperature 30 T

Mobile phase Solvent (A): 0.2% trifluoroacetic acid (TFA)
Slovent (B): methanol (MeOH)

Flow rate 1 mL/min

Injection volume 20 uL

Operation time 98 min

0-1.0 min, 95% A
1.1-4.0 min, 95-85% A
4.1-9.0 min, 85% A

Gradient program

9.1-14.0 min, 80-85% A
14.1-24.0 min, 80% A
24.1-54.0 min, 70-80% A
54.1-55.0 min, 55-70% A
55.1-65.0 min, 55% A
65.1-75.0 min, 44-55% A
75.1-77.0 min, 40-44% A
77.1-79.0 min, 40% A
79.1-80.0 min, 20-40% A
80.1-90.0 min, 20% A
90.1-91.0 min, 20-95% A
91.1-98.0 min, 95% A
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opFlty, £Hx9 Ar= x9 y&Y component HH
(PC1&PC2, PCI&PC3 E& PC2&PC3 5)°] Adloz
Bato] gepxng #shy wee 25

HPLCE B9l &53t 11719 phenylpropanoid A%
E4E 719 ATEAS $9517] 98] MetaboAnalyst
(https://www.metaboanalyst.ca)S ©|-&3}%t}t. LuHA
o= FTEA Al ABAS (o] -1.0<r=-0.7¢ = v
735 29 ABBA, -0.7(r<-0.3¢ o Fet 9 A
A, 2P -0.3¢r<-0.19 W o SO AATAE et
YL, -0.1¢<0.12 = oA ¢, 0.1¢r<032 1 o
S Y ATEA, 0.3¢r<0.7¥ o 3t ¢ AuEA, 1
23 0.7¢r<1.0¢ o "¢ 73t Fo] JBAAE HERdTh
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26 EHEA
HPLCE ©]&3t phenylpropanoid A% &4 £4 data
£ SAS AZEQo(version 9.4, 2013; SAS Institute,
c., Cary, NC, USA)E °©]&3}9] Duncan’s multiple

range testS 533} 17, dupl(a-d)& o]-83sto] p0.05
FoA 7o 22 gRlsklH

3. 2t { uH

31. HPLC E410) T X494 &0l

HPLC &4 23E ol&sto] y& faudy x5 £
E 899 5% 20 E 7|27]E 7| & 3 linear
regression equations A&t ojuf Zdd HFAS

o]-85t Z+7+9] A H B 9] coefficient of determination
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Table 2. The retention time, calibration curves, and linearity (coefficient) of phenylpropanoids

No Compound Retention time (min)

Calibration curve Coefficient (R?)

1 Gallic acid 7.41

2 Catechin 15.37
3 4-Hydroxybenzoic acid 17.06
4 Chlorogenic acid 17.34
5 Caffeic acid 20.94
6 (-)-Epicatechin 231
7 ~-Coumaric acid 31.83
8 Ferulic acid 36.34
9 Sinapic acid 37.16
10 Benzoic acid 42.00
1 Rutin 60.45
12 trans-Cinnamic acid 65.37
13 Quercetin 67.01
14 Kaempferol 77.13

y = 32.5577x + 0.16012 1.0000
y = 7.8897x — 40.2424 1.0000
y = 17.2445 + 23.1872 0.9998
y = 18.0193x — 96.8840 0.9999
y = 39.9829x — 65.7075 0.9999
y = 8.5080x - 8.3356 1.0000
y = 63.4249x + 76.3047 0.9999
y = 38.0673x + 11.5756 0.9997
y = 16.6950x + 18.8045 0.9999
y = 7.5252x — 37.3870 0.9997
y = 8.0971x ~ 105.5466 0.9995
y = 91.6832x + 141.8036 0.9999
y = 15.3026x — 284.3201 0.9996
y = 17.4491x - 68.6862 1.0000

915t A3}, R%] 0.999% 1011
o] & 4= QJ3tHTable 2). o]= 7|&

d HPLCE o838t &5 E4HdA Axet 5016}7%]
R%0.9999% #H21st 4= QlAth(Yang 5, 2010). webA
HPLC E4& o83t |d 9l
T AL 7hs st

1 25 W9 phenylpropanoid

3.2. W2 g8l EZE phenylpropanoid g'3f Hlid

g 2L 0|83l WAl PAlo| Aokl T2 Ads}
7] Yot BREHI(F esculentum) E& 65(0= 5
YEZZ HS4251, oY, o, o4k, 18 om)— rﬂr%—

stof Al & A4 AG7Iof] Hojer] Ao 7+ FF9 d=
$8 9 FZAAZs AAE AHS A T 80%
methanol®2 F&3 FEES 4 F A5
HPLCE ©]&3ll phenylpropanoid &% _71:/\}‘3]-3";\
w19 £549 phenylpropanoid T H

of A%t A3} gallic acid, chlorogenic acid, caffeic
acid, epicatechin, coumaric acid, ferulic acid, bezoic
acid, rutin, cinnamic acid, quercetin, 8],
kaempferol & ¥ 1159 phenylpropancid& £4% 4
AATHTable 3). ¥} catechin, 4-hydroxybenzoic
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acid, 18] sinapic acide HAEFA] &4t

Hdof oFH His StE T2 Y &5, AHiA7
181 Ao wgt 2kolE YepdthHyun 5, 2018). 7
& At 23] =, Wyl 7P wol g rutin 9
T A = AeiET 7k Aol A | 3.88) o &
0y BV ckHyun 5, 2018). E3H A A FoA &

3t W¥9 chlorogenic acid, orientin,

N

isoorientin,
vitexin, isovitexin, rutin, ZL8]aL quercetin 59 &=
Shiiol FHS B¥ 0.43 mg/gOE ehdthHyun
5, 2018). ol= & A AFolA e SA= oF 15.42
mg/gl & 2olE Hel=t, o= HY 3 Al Ao 1
207 55 Aze] Aol v i HTE T B A
o7} 98g Kol

Gallic acid& 3,4,5-trihydroxybenzoic acid& ¢Z
g 7l ssto 2 A7) carboxylic acidolth. &
Ao g2 3 4 5-trihydroxybenzoic acidol 3fg3}H,
gallic acid®tal= Sttt Gallic acide AW &9 645
AAIS FolA EfE Aol FEHe AS Aot
WE 5 g2 YWEY AR FA4E w2 A= %‘F—%*‘
HHuang &, 2018; Silva %, 2018). Gallic acid= %4
of 7¥g @ol eFEo] en, I thZFo g ot i

_4

%
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Table 3. Comparison of phenylpropanoid content of leaves by buckwheat varieties (ug/g dry weight)”

Compounds USA Japan HS4251 Daewon Daegwan Daesan Yangjul

Gallic acid 11.980.06°? 7.79:0.65° 18.6411.46% 17.31£0.45% 10.3120.70% 19.46£0.62°
Chlorogenic acid 226.20£9.61° 178.38£1.71° 217.4546.82% 4249249 69° 175.3624.23° 192.5742.47°
Caffeic acid 22.87+1.16° 27.2641.18 35.66+1.08° 55.62+2.82° 22.06+0.68° 41.0341.19°
(-)-Epicatechin 24.727+7.02° 35.36+6.65 27.8949 35° 97.3748.06° 24.07+4.16° 33.5¢4.12°
-Coumaric acid 18.56£1.94° 12.27+0.68% 10.3120.45° 13.9240.76° 11.29¢0.71° 9.98t0.23°
Ferulic acid 6.7210.18' 8.04:0.17¢ 9.10£0.38° 13.1121.09° 7.6210.31° 10.60£0.37°
Benzoic acid 77.4943.24° 52.8116.40° 46.03+0.38° 48.77+1.32° 67.7118.61% 65.6015.52°

Rutin 9,953.39+173.63°  8494.52481.91°  9,305.33t338.88°  12,535.85+431.43" 9,900.59+340.66°  8,937.03+385.76*
trans-Cinnamic acid ~ 6.55+0.06° 1.19¢0.06% 0.790.03" 1.2540.08" 2.66+0.12° 1.660.07°
Quercetin 521.93+13.96° 328.35+2.54' 479.93+14.65° 2,199.77¢60.53°  417.84+10.15° 747.87+15.59°
Kaempferol 16.772.38%° 4.510.56° 11.7120.87° 17.03£2.33° 14.81£1.90° 16.7741.39®

Total 10,887.25£204.27° 9,150.48+83.20°  10,161.84£362.40 15424.90+479.62° 10,654.324350.75* 10,076.08£363.24™

"Buckwheat leaves were freeze-dried and extracted with 80% methanol at 60°C.
22 Means£SD (n=3) with different letters at the same row are significantly different among buckwheat varieties (p¢0.05).

o @ol] gFEo] = HolJ oY, v £, YEES
HS4251, 1811 4t F50l= At oE AA = o
AR
Chlorogenic acide caffeic acid®} quinic acid’}
ester AYCE FH7 EHo|t}. A AmF oF 6-10%
A7} chlorogenic acido]th. AEH A0 tst 4159 A
= =olFH, A5 et WoldEe-Z i Kundu
7} Vadassery, 2019). 3}, chlorogenic acide &H4Hsh
(Hwang &, 2018), &H(Deka &, 2017), 11 :‘é“jr%'“
% 9AMin 5, 2018) 5 AE7HA] BE/dol ALt &
7} Qltt. Chlorogenic acide EolstA o %—6‘01]
424.92 pg/gO =2 "4’~ 5850l oF 28] o]4F TRE A
U= 5 dEEA HS4251, oY, oA 123
0“401]1“ ME H% ?l 9] ol FE] AU
Caffeic acid+ hydrocinnamic acid Z1E9] 43 &4
2 g2 o/f-ga 37 Agd F2E VA ok
Lignin ol AMEE= a4 E4oltt. Ay 5of o o
o] = chlorogenic acid 4ol A= Gt 2%
Sp7) e Rt AN EE ZRE Hiet 22 Bt viE, Bl
HEu, ek, Q7 183 YS9t B2 A E

o] =30} 9l WixA4 3F3HEo|thKhan S, 2016). B

{12
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AAA A=A 280t (Tyszka-Czochara &, 2017), A8
Al bt ‘ﬂk’ﬂﬁ °“}9}Xﬂ§/ﬂ dA om, TE ASHE
o} a7t e45t Ao g YeEhdthAgunloye 5, 2019). E
gk 95% o]} aflatoxin®] AJ4kS &0l Hut opzt, 4t

3} AEHAE FHEotAL aflatoxin® AJ4HS ol 4= 9l

tHAkcam 5, 2013). Caffeic acide Hj3 &3] 55.62
pg/gl 2 7P o] 3rREo] Ql9loH, v= £F, YEE

< HS4251901=
of ATt

Epicatechine catechin® YAo|’dAo|tt. Tannin9
TR EA AEA S de] EA%. 3kt L2Hog
27}9] benzene¥ A, B7} AFAE T3 pyronet Co %
Zof i3t ggo|tKFraga 5, 2018). Flavanol(flavan-
3-0D)9 FEAZ CS 2914, 399X9 ©ae FAdoltt
EpicatechinE 735k ASIARR 0] Qlo 3ot sk E| T
=M ASARE = of 7} B EALS 7HAItHBernatova,
2018; Borges 5, 2018; Haskell-Ramsay &, 2018).
Ep1catech1n— EolstA it ol 97.37 png/gl 2 o

F500 oF 24 o4 o AsleH, v= £, 4

EEF HS4251, tfd, di4l, 18]a FEol= AR BlREt
9 gol E A

£ = 53500 vlste] v A R
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Coumaric acid® monohydroxycinnamic acid®] E
AAY, AAEY p-coumaric acidE E9H4sIa, Q&
A9, Ao 719, 429 A2 E QHHE p-coumaric
acid’} H11, ESAEL A4 A 98] p-coumaric
acid® WsIHFerreira 5, 2019). FAele} 319k £9] A
g&Ao] E1EUrHPei S, 2016). Coumaric acid:=
s F5 18.56 pg/gl =2 7 Bol =] AL
H, YEEE HS4251% o= &350l tha AA TRH
01 M?\’\qq—.

Ferulic acide 4182 MZHE& FAok= lignin] A
FAZA ferulic acidol= FHEA0|E o]& ASHE A,
Slo|ERA] ST 22 SYAAE Folols ARE &
o] Jon, I aile= AR SH0ERE HBAE
Hrolsl= SOD(super oxide dismutase)?} Z-2 ZOZE
d2A SlthZdunska 5, 2018). 53] AlEo] qlojA A4
9] Atgto] tfgt AAA-go] uf-e- <=5}t Ferulic acide
FArS o] w5l dWetd MAE AASH, 71v], 2
M| e JA o= a7t v f55h7] wizol vl&
a3t o, g9 Aot E FHAEHE Aot A ot
(Li 5, 2017; Nankar 5, 2017). Ferulic acid= oj& £
ol 13.11 pg/gl & 7MY w2 TFE HYlom & 5
F3ole digol Histo] thad 22 TS UE
71 7hest 9FeFE carboxylic acid
9] stz TN A4 TAo|t. WEA dFOoE TH
goll 2oln, WjAA R ARG AF{A ™l 25t
S7He HEAIS] dFo R THo] o= Qof|, A==
ARESEAL Qth HEFHES WEA/AGAZ 20]= 2],
A=A FAHTAFHEE, HHE, 193 TH7|HA|
Ao A =of 290t} Caffeine sodium benzoatel] XA
o= AMEHT}. E3L HIRACIAE = FRY HRAGT &
A2 Ar&sttHdel Olmo &, 2017; Johnson &, 2017).
Benzoic acid = F%00 77.49 pg/gl & 7Y =2
g Helom, i 5E&Fole vie &350 Hlste] tha
@2 e vEhlth

Rutm‘_ flavonoid glycoside % 7V &4 EXs=

% SPUEA, gz rutin 4Ee] @ol 9 Slth
Rutin flavonoid iFAIZ A &9 ZHA A4 AJEoltt,

das EESH 8 LB SROA 53] FTh(Al-Dhabi

Benzoic acide

o}
=

958

%, 2015; Ganeshpurkar® Saluja, 2017). 255 9
go] do| &¢ A wgHZHE L A HE7} HolR| AL

et gg oMY & Sirki Wl sl vue Yoirk
£, DL ook He EEH Wk 341 I LA &
o 2YAY 1) £ AL Tck. WA, BHY, Teln

o] A & W &7} It Chua, 2013; Hosseinzadeh
I} Nassiri-Asl, 2014). Rutin S F5° 12,535.85 4
g/go & 7} A Eol eleH, n= EF, dEE
< HS4251, tie, th4t, 1811 FHol= A2 HKT 5
=9 o] FEo] AN

Cinnamic acide 7] 3gt&Eoltt. k7o) 4844121
w0l AXMA SlgtEo|tt, B3} carboxylic acid® &
S5, w2 AEo &gttt 1780W o Trommsdorf7}
Aol Aoz Tl EEst3lal, 183490= 1 *é
B Yo et AAES FE EdAY X
ZHAI L Qlok. 2 At oJohd S, 4k} I, 1134—’
A 59 Aol sloH, AlE 7R opyzt 3k
£9| 97 502 o851 JrKAdisakwattana, 2017; De
S, 2011; %, 2018; Sova, 2012).
Cinnamic acide E°l8HA = &% 6.55 pg/gl=
o2 58350l oF 3-84] o4 dFEo] U

Quercetine flavonol® ¥F0 =2 A& g2 £x3t
o o 42 HeA 54% g R E A

Aleltt. Quercetin G}, Abt, =3}, B7], AL, 1
I A Tl ol eREo] low, Akl a1 Al
T, Y Aot A& A s EESH sk 280l
AthH(Babaei &, 2018; Kim¥} Park, 2018; Salehi &,
2020). Quercetin SoJstA it F5 2,199.77 pg/g
o= tE 5%F oF 3-7H] ol TRE] AU

Kaempferol2 A¥ Al C6-C3-C62 25 7I &

23t flavonoid 9 stutolct. A9t DNAS] 45t 99
_‘_% Eﬂ-_ﬂ 7]—0]— o]—/l]—g]-?(]‘_g__g_ ‘5‘]‘]]:] O]—/\—"E‘E —5—46/\-12 0421]‘6—]‘_4
ot ot A-GA=A et AR, g £ A
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3.3 M EZ ZF 0jA phenylpropanoid IS S& 24

ZHHd £59 4= 7 9 sgddxste] AAY 1A
S AX ¥ 80% MeOHZ &3 22 34 & o7t4
gsto] HPLCE °o]&3l 43t ¥ phenylpropanoid&
9] A% i vdo] 7MY w2 AoE YEHeH, na &
=, oA o, O, IEHS4251 Y 9 07 =2 Ao
2 Ytk E9], di® #d9 oA chlorogenic
acid(424.924+9.69 ug/g), caffeic acid(55.63+2.82 ug/e),
ferulic acid(13.11£1.09 #g/g), rutin(12,535.85+431.43
ug/e), epicatechin(97.37+8.06 1g/g), quercetin(2,199.73
+60.53 pg/g), kaempferol(17.03+2.33 ug/g)d =
o] & EF9 Al H|st] FAHCE {5t == A
o= Uttt §HEo), vl=t WY A4 p-coumaric acid
(18.56+1.94 ug/g), benzoic acid(77.49+3.24 ng/g),
trans-cinnamic acid(6.55+0.06 pg/g)9] ol 7H4
2 208 YEHTH

U=, BEHS4251, WY, s, FE, 223 Ak vig
59 WY oA HPLCE 3t &=L, FFH 1174

EEAE AAsHla, 448 24943 PC1F PC2E ©
g-oto] YethFig. 1). Score plotolA Z¥zHe] E5-E50]
A2 B 1EE 345192, 1 F phenylpropanoid
As 249 Fgol 7H =2 o WHe] A8 HE &
H I5E% oS 250 152 ok A I &
ARoH, o= loading ploto] W=H rutin, chlrogenic
acid, quercetin, ZL8]1L epicatechin® &< ol 9
gt AYS AT 4= 9loH, Table 39] Ayl Ut A
4 A
£ 1557 ta EEEH 152 Atk A= &4
a5 AR
Fig. 20| =™, 37§9] phenolic acid(¢rans-cinnamic
acid, p-coumaric acid, 181 benzoic acid)}
kaempferol?] A 9Jsto] shto] 22 T1Fo| ¥
A=W, 4719 phenolic acid(ferulic acid, caffeic acid,
gallic acid, 18|31 chlorogenic acid) & 47§9] flavonoid
A% E&(kaempferol, rutin, quercetin, 1|3 epicatechin)
O /Al oJsto] & T1F0] F8EE ERIT o Ut

TFAHOR, trans-cinnamic acide p-coumaric acid
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Fig. 1. Principal component analysis [(A) score plot; (B) loading
plot] of phenylpropanoid content of leaves by buckwheat
varieties (freeze—dried and 80% methanol extraction at 60°C).

(r=0.8093; p<0.0001), benzoic acid(r=0.8003; p<
0.0001)%} v%- 7gt 9] JITAE HeEtltt o=
trans-cinnamic acid’} p-coumaric acid+ benzoic
acid®] M9 A2l HAAol7] WE o= AlmE. A
o7}, caffeic acid®} ferulic acid(r=0.9626; p<0.0001)
AA] oS- et 9] AHBAE E=T, ©l= caffeic
acid7} ferulic acid9] 3439 AHAQN AFAHZ o]-&=]
7] 2o E AZHETh. {FASHA flavonoid As E4%
ESF G FHEAE YEUE AS g0 4 o,
rutin ¥ quercetin®] ATLEZAZ Z85M= kaempferol
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Fig. 2. Pearson’s correlation coefficient for phenylpropanoids of
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Fig. 3. Phenylpropanoid concentration of the water extracts of buckwheat leaves prepared at different temperatures. *“Means with
different lettered on the bars are significantly different (p{0.05).
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