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ABSTRACT

To enhance the extraction yields of phenolic compounds, buckwheat leaves
were extracted using subcritical water at temperatures of 100~220TC and
extraction times of 10~50 min, and total phenolic contents (TPC), total
flavonoid contents (TFC), individual phenolic compounds, antioxidant activity,
and color of the extracts were measured. TPC and TFC were increased with
the extraction temperature, and the highest at 180C/20 min (39.9 mg GAE/g)
and 160C/20 min (266 mg QE/g), respectively. TPC and TFC were
decreased with the extraction time, and the highest at 180C/10 min as 40.8
mg GAE/g and 27.7 mg QE/g, respectively. Individual phenolic compounds of
the extracts were measured by GC/MS. Most phenolic compounds were the
highest at 160C or 180T, while quercetin was increased with the extraction
temperature and time. The sum of individual phenolic compounds was
increased with the extraction temperature, and the highest as 1,764.9 ug/g at
200C which was five-fold compared to 100C. DPPH and FRAP as the index
of antioxidant activities were the highest at 160C (44.8 mg ascorbic acid
equivalents/g) and 180°C (655 Fe? /100 g), respectively. They were decreased
as the increased of the extraction time, and the highest at 10 min as 47.7 mg
ascorbic acid equivalents/g and 65.6 Fe?’/100 g, respectively. Color values L#*
and b* were decreased, while a* was increased with the increase of the
extraction temperature. All color values were increased with the increase of
the extraction time. Browning index was the lowest at 140C/20 min (34.29)
and 180C/10 min (34.25). In conclusion, the extract at 180C for 10 min
showed the highest quality in terms of high TPC and TFC, high antioxidant
activities, and low browning index, and may be used as functional ingredients

in food industry.
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e §-28 dxEol QWA E(FH ST zEY)elet st w5 T8 AAH
AFoRA, 53 FTALE wdaSg, WEE, Wds, wWdd agla wEdRE,
oy E7| = Ar=2 AEFAed, L TS o83 wEA, v
g 5 Ot AFog olgy i AtHKim 5, 1996; Lee 5, 2008; Jeong &,
2014)

S ool A (4EgHME) o] Aete] HAEA R WA oRE T, AGH A%
W, A4, F5, 2R, ASEE, AEE, g9, 9ds] 5o Am:d 2xola,

S

Fe¥} Zn, Mgeo] 1ow, x84 wEl? A(B-carotene)®} E(tocopherol), 484
HIEFT C$F By, Be7b ®ol E-frso] o] Jd&e3 7Hx7F =HKim &, 1994;
Kwon &, 1994; Suh &, 1997; Shim &, 1998; Kim &, 2005).

o] de BxEF o] 9= flavonoidsE ©3HAY

kR

g U e 5

i

|4 AEAMLe 22 hAAIE R flavones, flavonols, flvanones, flavanols,
isoflavones, anthocyanins s FFst= HWEHN, A 7|E Fx7}
C6-C3-C6= ol FoA Art. " e phenol 3F5HE 2+ flavonols$®t flavones

59 flavonoids7} ¥4 lem 59 AAxd 7wl HaAY FH55 L1



AT (Park 5, 2005).

i Fol tF gfEel it rutin® 1941710 LA E Y oW (Jiang T,
2007), flavonoids®] W@ A=A A9 HEH P2 4 A o a9 AFAL S
dotAl st HEd(Lee &, 2006), WA 3HLee &, 1991), Y= (Kim +,
2009; Chang &, 2010), x99 o¥y X5 (Yoon &, 2006), 754 A
(Kim &, 2007), FEHN 43 FHAZF ¥ (Sohn 5, 2006), 2Fs}4 ~E#
2 uE AAAE BE By AAAE oW (Jeong T, 2014) &7 SO &
A e, A8 AstEEA Frkete 24 4ol ot A g wE
<29 phenol 3tgt=o] 37t Atk AAde A wlEe LM Frbsta
AtHKang 5, 2014).

il AEAE ggoR rutin FFS A A FTHEG A EA AA
=i Haugdon wWEels o] &g Ve t&Atel 3t Aol wl=shet
& (rutin, quercetin) 333 FAstEd S sk A3 FeA =2 A4S B
T (Jeong &, 2014). WiE & 3F{ FE3 & 3 =3 E(rutin, quercetin)& 4]
g Ay 2l deEe] ) Q) A =£7]) #e SO ol EAeH, A
stz A &) d4w) 7)) e £o® dudryg 2udoA we TS UE

WA tHPark &, 2005). 718"l (methanol) FE=E°|4]+= rutin, epicatechin,

2

of

chlorogenic acid, 4-hydroxybenzoic acid, catechin, 4-hydroxy-3-methoxy
benzoic acid, p—coumaric acid, quercetin and kaempferole] 2r<¢l1% it} Phenol
ste=o e F59 AEA TR Zolvt dloH, =) o) =7 ey &
o® 2 ¢FS UehlAtH(Uddin 5, 2013).

2 gre] muelA HE FEEC] dEd drEReE A
—amylase®] G484 AsE T3 A% Y 24d(Lee &, 2008), 7t &<

Fudst, e B ol &4 (Do 5, 2006), Lol wHo] FEjd adtH

R EPX

::,
8

a

A

o

lﬂ

4 dF A@ZFEo vAE FF(Lee 5, 2000), AAY FF A
A 24 a3 (Jung 5, 2001), A HAIE EaoA &3 (Yoon 5, 2012), =44
oA &2 (Kwak 5, 2004), ¥ T4 wE elelg] wHe] dtagda =4
(Lee &, 2014), 7t=4ol 93 Mx S4E& FAAA F5 25 Kim &, 2005),

4%, @9 2 FHlzdEsE 24 7l 59 B2 Bt v (Choi 5, 2000).
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o
wa Alxsted A&strld= o 7HA SAE Boli = AA o]t (Cheigh
5, 2010; Ko &, 2014).
o} Al 4=(subcritical water):= pressurized hot water ¥+= superheated water
i =2, 29 #=FHA00T)I 2o AAE=(E74T) Apololl A HA AH
g fFAstE =AL B 7Fezith 100C olstoll Al t7It JejelA e &2 &

2 F ol A FAAF e R gAY v Ho] =& EAo] dlon EHeo A
714 EAS UeE fAd A= (dielectric constant, €)7F ¢ 7] w) Fof (e>80)
T2 FA IJFgEY FEF ol&dHY gy 22 29 hgo] FUste] et

= 39, A=, 48, 2%, &= o 5ol WsIt(Jo T, 2011
2

Lee 5, 2015). = %7} 210C=E Z7}8tA &HH &9 FHAE&LS 252 F7]8m¢l
He&(e=33), ANt (e=27) FAFSH o] dAvh g B2 st a4zt e=
olslo] o]3} Al [H30O'I[OH ] Hel& o] 3stA ") A ddd 2% A

ANM = dolldAlel o F=add o] 3Ho] [H]IOH] FE= o] &3+
aolol AAHER pH7F wobx Al " (Cheigh &, 2011; Ko &, 2011; Shitu
5, 2015). oAl FES AL, AU ES oY B 2R 2dE Tk of
A FHZ e vrE A FHd(1<e<25)E FoJ3E 2 flavonoidset 7
2 H5A4 eSS FEsEd g aaHolt ofdAlg FEL ANkEd #
718} F& B #FS A g fE&ELAS FET 7 Jde #4384 A
2N A W& AF7F Raxol i (Cheigh &, 2010; Yoswathana 5, 2013;
Ravber &, 2015).

meba] Ao A= WEdsow Ry HEsteEe] FE& Fustel] 9ls
of oA &t AZkE delste] FESte] FEE T dA=sdE I,

Fuastay, AA4E S
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HEgel dx % 2 g5 250 mL Fute Fohasel g & FEEE
Z+7} & 60% methanol, 100% methanolS 100 mLE 7}3F & stFwWzbr)o] o
Attt s|lgwMER ZF &uje B4 et 2A7 F
=3 & FEHS oI (Toyo No. 5A, Advantec Toyo Kaisha, Ltd.,, Tokyo,
Japan)etaith. of7]o] z+ =& W E 7tste] 100 mL2 &3 & dsn e

yadele] oldASF FEES FdHlE FHS Folin-Denis WH(Zhang %,
2006002 Sttt SRR 109 A% F5= 200 pLy 7 900 pL=
&33ldar o 7)o Folin-Ciocalteu’s phenol reagent(Sigma-Aldrich Co.) 100 p
L& 7FeF 5 57 A2(da)olA vbEAZ T o] §olo] 20% NaxCOs 300 uL



& 7 v SRS 7hete] 2 mL A =43
AIAZE S HESAIZL F 760 nmollA FFEE SASAT HHFHL gallic
acid(Sigma-Aldrich Co.)& o]-&3te] AAdetA i, FiE T2 mg gallic acid

equivalents(GAE)/g & e AT}

o w FASAT Al 5
71of ol ghE 800 pLz 5% NaNO, 60 plLS 7Fgt § 5i7F A2 (da)odl Al kg
AR TAl 10% AlCl; 60 pLS 71ake] A2 ()0l A 583 wHSAIZ T} o 7]
of 1 M NaOH &<} 400 pL& 7Fato] A2(ha)olA 123t S AR S/
500 pL& 7kate] A3 F 415 nmolAd FFEE A HHHAe
quercetin(Sigma-Aldrich Co.)& e°]&3sto] A, FEeH ol FhaFe

mg quercetin equivalents(QE)/g= YERH AT

6. GC/MSell 93 7/iId H=33dE &4

i elel offl Al FE=E 5 mLol oEotAHIEE 15 mL 7F3F § 1&3F
vortexingdF L 10,000 x goll A 10%37F A= & S AS 353 AY. o
S 33 vEEgE & o HolAH o|E Fo] ¥ sodium sulfateE 7hete]
S AASEA L, 40°CAlA &35 HE5 7] (Rotavapro R-124, Biichi Labortechnik
AG, Flawil, Switzerland)Z & W& A AstA . A4S 025 mL BSTFAC &3
gF 5 75°Cell A 4023 FrEASEgE & Wkstel GC/MS w418

ME dHs AELS HP 5973 MS detector®t HP 7683 autosampler”’} %2

-

Agilent series GC 6890N(Agilent Technologies, Santa Clara, CA, USA)S o] &
sto] EA35t. 252 HP-5 MS capillary column(30 m x 0.25 mm, 0.25 u
film thickness), 97 AZE719 2%+ Z+7F 2807 300°Ceo]At}. 22w +=

120°Coll A 1837+ FA3 & B 5°C A 220°C 7HA] S7HA121 3 oA B

=

10°C A 300°C 744 S7FA1Z 5wt AT ERVIARE AES AHE

o
5
AU 5L 06 mL/minol AT} AR FYBL 1 pLolgli e e 1:200]



Aet ZF A2 MY AR E B5EAY] A vudte] AAgsion, 7 A
Fo| ek A#HEzte oS3 2okt p-hydroxybenzoic acid, 267, 223, 193;
gentisic acid, 355, 356, 223; protocatechuic acid, 193, 355, 370; p-coumaric
acid, 219, 293, 249; ferulic acid, 338, 249, 308; caffeic acid, 219, 396, 397,
catechin, 368, 355, 369; quercetin, 647, 648, 559(Kim &, 2010).

7. DPPH radical &4 &4 &4
mdele] ol AlS FEE9 DPPH radical 24 #4-S Blois ¥H(1955)%
o]-&3ste  FAstATE.  10Mf M FE== 100 pLel 01 mM9
1,1-diphenyl-2-picrylhydrazyl(DPPH)(Sigma- Aldrich Co.) &< 2 mLE 7}3k
A2(F )l A 307 WA 517 nmelA F3E=2 =AsIc dx

& o3
- T
O 2 += L-ascorbic acidE A}-&3}3 ).

8. FRAP £4

ydolol ool A4 FEE 9 FRAPLS Thaipong 5(2006)¢] Wil wle} =4
3tk FRAP €912 300 mM acetate buffer, 10 mM TPTZ &< (in 40 mM
HCD), 20 mM FeCly-6H,0(10:1:1(v/v)) 2 o] Fo]# it} 4uf 3|43 FE& 10
pLell F#F9 300 pL¥ FRAP €9 3 mLE 7}t & 37C &2z A 307t

- O

HES- A7l & 595 nmollA] Multiskan EX microplate reader(Thermo Electron
Corp)2 FHEE ARG HHFHALS ferrous sulfate(FeSO, 7H0) 2 2HA 5}

2o, FRAPS mmol Fe?'/100 g dry sample® FeERU$ATH.

9. A £

wdelol ol A FEES AMA+= UtraScanVIS color spectrophotometer
(Hunter Associates Lab., Inc., Reston, VA, USA)Z =743}l LHlightness),
a+redness to greenness), bHyellowness to blueness) # S = YEFHRATE 24
% (browning index, BD& th& 2o ¢fste] 4HE3ES th(Maskan, 2001).

100(x —0.31) (a*+1.75L%)
100(x=0.31) o351 23 5=
o1r o A x (5.645L*+ a*— 3.012b%)

Bl(browning index)=



m 23 9 13z

FH(TPC)S FE2%7F 100TCA 180C7HA &
Va4 E FUMeeE AES HAom 180TelA 399 mg GAE/g dry sample®

At FEHR o= FFHTFO) = F9=
staga v 2e AEgS JeEhglen 160Tol4 266 mg QE/g dry sampleZ 7}
=4 yElt & 180T o] %Fol+= 43t Tunchaiyaphum 5 (2013)% o}
TE ol&ste Wi AARNH dAsddES FESAC, FHs ol F
% 180°ColA 306 mg GAE/g DW= 7bd =7 vebwton 200T 2 220C
oM 247 201 mg GAE/g DW$F 175 mg GAE/g DW= #Z4sd s, o)+
180T o]/de =i e dmstetEe] do o] FHEA7] wiEoleti Bl

A,

FEAZ mE WEdYd FEE FHEd TEGR o= TS Table 2
o 2k FEAIRE 1020 FdlEd FEHE RS dFS 47 408 mg
GAE/g dry sample®} 27.7 mg QE/g dry sample® 7} =kom FZA]7ko]
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Table 1. Total phenolic contents (TPC) and total flavonoid contents (TFC) in

subcritical water extracts of buckwheat leaves at various temperatures for 20 min.

Extraction temperature TPC TFC
(C) (mg GAE/g dry sample) (mg QE/g dry sample)
100 25.2 17.0
120 28.9 199
140 32.7 24.7
160 36.9 26.6
180 39.9 25.8
200 34.2 19.2
220 34.6 17.0




Table 2. Total phenolic contents (TPC) and total flavonoid contents (TFC) in

subcritical water extracts of buckwheat leaves at various extraction times at 180C.

Extraction time TPC TFC
(min) (mg GAE/g dry sample) (mg QE/g dry sample)

10 40.8 217

20 39.9 25.8

30 39.1 22.9

40 37.7 215

50 33.9 20.9
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Table 3. Total phenolic contents (TPC) and total flavonoid contents (TFC) in

solvent extracts of buckwheat leaves.

Solvent t TPC TFC
olven e
b (mg GAE/g dry sample) (mg QE/g dry sample)
Water 274 23.7
60% Methanol 38.2 29.2

100% Methanol 32.3 19.7
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ol A G o WU FHE AY W=HLE FF
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obIAlFe] FELE B FEAL WE JE HsstEld ¥ BExE &
ol® 7] fste], WEAS FE2EE 100~220°Coll A 20, FE=A17H2 180°Col
A1 10~50E o2 geste] 53 FEES GCO/MSE A4 9 AZFstah

Table 4= W2 S 100~220Te] thFg 2=olA 20% & F=23 F=&
o A dHAEsdEe FEFE uvEda Utk T 9FY AssEE
(p~hydroxybenzoic acid, gentisic acid, protocatechuic acid, p-coumaric acid,
gallic acid, ferulic acid, caffeic acid, catechin, quercetin)¢] A=%HA=d 2 =
T8 #H=33 =S quercetin, protocatechuic acid, gallic acid, p-coumaric acid
oAt M FEsFESY FS 9 Frtel wet Frkeksla, 53] 200T el
A 1,7649 pg/g dry sample® 714 =¢kom 100C ¢ v w3l S wf oF 58 =
Ut FE2EC wE 4 A HsEsigEd ¥WIE Ayed
p-hydroxybenzoic acid®} quercetin® F&=%2o] Z7lo] wz} AL F7lst= 4

S B9 protocatechuic acide= 1603 180°Ceoll A4, p-coumaric acid®}

Jm

ferulic acidi= 160Col A, caffeic acid®} catechin= 140°Col A 7} =& &S
el it E3] querceting %7} Z7FSE AL Z=71E9Ed 200C 9
220ColM = 22t 1,22359 1,272.8 ug/g dry sample® 7l #H=33d=2 3
o] 69.3%<} 76.9%%5 A6t th. Elhamirad 5(2012)2 o8 dl&=3istEel A<t
AL oo E YeEt =4, quercetine 1.6502. % catechin(1.822), caffeic
acid(2.226), gallic acid(2.225)X.t} v+ Z1 o2 Ho} quercetin®] W& 3 =313

Hoh Aot o] =ttt B st th Ravber 5(2015)% ofdAlFE o] &3t
o] ruting 753 3RS Wl quercetin®] F-&°] 160C, 175C, 190C, 205T 7}
A AL STVt AEFE UERNA oW 205Tol A 7HEsl o] 626%= 7+

—

d

S HEtll=, o= FdlEd FERsolE ko] BAA a2l A



= gEEdl st &S VY] WEd Aew FAHU.
180ColA 10~50% .2 FEAS Gedte] &3 FE89 /IE A3t
SFS Table 58F Z3dth 7IH sl EstdEe] &2 FEAIT 408 7HA =

508 = 2,053.7 ng/g dry sample®

3
|
7t

p-coumaric acid, caffeic acid, catechin 10&olA 7} =& =S e

o
My
% Lo
o,
ot
o
=
iuj
=
52
[o
fw
o
e
)
o

oN

} =4 YER Y Protocatechuic acid, gallic acid, ferulic acide= 20%°l A,

i1, p-hydroxybenzoic acid, gentisic acid, quercetin< FZ=A|3te] S7}ol| wheh

A2 F718kAth. E3] quercetine FEA|7F 505 A 1,448.8 ng/g dry sample
2 7M=L FFE JeEhen MY HE=sgEe] F3e 705%E A5

fAA T FEAZ WE AW AR FFFS AL TG W,
FoEs FEGRwEe] FFE FEAZ 10RAA 74 ol AE A=aG

o T Wsket v e A4S UElAY Verardo 5(201D)2 w2 ol
procyandin B,, procyanidin Bs dimethyl gallate 52| flaval-3-0l2] T&A%= &
Attt Bastd e, Li 5201D%E wEd del flaval-3-ol¢] &/
epicatechin®} (-)-epigallocatechin®] Z+z} 103.2¢} 309.2 mg/100 g DW= t} =
AT Bkt wekbd GC/MS A0 A EHER dAsssiER st
T B FETHR ol FFd Y d=stdEe]l GO/MS A ol Abe]
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Table 4. Yield of individual phenolic compounds in subcritical water extracts

of buckwheat leaves at various temperatures for 20 min.

Yields (ng/g dry sample)

Phenolic compounds

100T 120C 140°C 160°C 180°C 200C 220C
p~Hydroxybenzoic acid ND ND ND 40.8 82.3 112.0 1475
Gentisic acid ND ND ND 10.3 16.5 335 24.8
Protocatechuic acid ND ND 32.3 190.3 190.3 115.3 56.5
p—Coumaric acid ND ND 68.5 1105 96.8 76.3 61.3
Gallic acid ND ND ND 152.5 223.0 108.3 35.8
Ferulic acid ND ND 35.3 56.8 44.5 23.0 ND
Caffeic acid ND ND 108.0 80.8 67.0 45.5 27.8
Catechin 59.0 165.0 176.3 57.8 37.5 275 27.0
Quercetin 295.0 300.0 359.5 466.8 972.0 1,2235 1,272.8
Total 354.0 465.0 77199 1,166.6 1,7299 1,7649  1,653.5

ND: not detected

_14_



Table 5. Yield of individual phenolic compounds in subcritical water extracts

of buckwheat leaves at various extraction times at 180C.

Yields (ug/g dry sample)

Phenolic compounds

10 min 20 min 30 min 40 min 50 min
p~Hydroxybenzoic acid 79.0 82.3 93.8 99.5 103.5
Gentisic acid 12.0 16.5 188 22.8 2715
Protocatechuic acid 188.5 190.3 169.5 154.0 131.3
p—Coumaric acid 101.0 96.8 86.0 81.5 75.8
Gallic acid 170.5 223.0 197.3 180.3 143.0
Ferulic acid 425 44.5 33.3 30.8 25.0
Caffeic acid 72.0 67.0 58.0 53.5 485
Catechin 129.3 375 70.0 57.8 54.3
Quercetin 1,079.3 972.0 1,011.0 1,152.0 1,444.8
Total 1,874.1 1,729.9 1,737.7 1,832.2 2,053.7

_15_



ofFAFe g% Wdd FEES IS EA

ofIAgel o3 wWiwel FE=9 FAbstEA S DPPH #@H# &A7s 2
FRAPSZ YEIUA=H, FE250d e FE=9 d4stdA 2 Table 63 2
¢ttt DPPH &tz &AL FE52% 160C 74+ FE2257F 7185 <5
7}elR AL, 160 C ol A4l 44.8 mg ascorbic acid equivalents/g dry sample® |t 3k
= UBtdilen, 12 o] FE2EAdAME HA Fol=s AFS UElATh

FRAPE FE2% 180T 7HAE FE2&7

_,d
ol\
N
N
ok

< 7Fek AL, 180T ol A

FE Aol 2 wgel F&5E9 DPPH gtz 2757 FRAPS Table 7
¥ Zskth DPPH @tz 42753 FRAPS FEAIZF 10814 217 47.7 mg
ascorbic acid equivalents/g dry sample®}t 65.6 mmol Fe? /100 g dry sample®
A @S dehda FEA3e] Skl whel AAasdn FE AR wE At
sty o] Wate Sols U
olm Kol oAl o3k HEY FEES IS EAHAS FHls B FIYE -

ol gkt BT BAV = Aow FAHEU

et
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Table 6. DPPH free radical scavenging activities and ferric reduction
antioxidant power (FRAP) values of subcritical water extracts from

buckwheat leaves at various temperatures for 20 min.

DPPH
Extraction temperature (mg ascorbic acid FRAP .,
(C) equivalents/g dry IOO(Igmd?; 1;3 m/ple)
sample)
100 354 46.6
120 38.2 52.2
140 40.5 63.4
160 44.8 62.4
180 424 655
200 37.1 51.0
220 37.2 49.6
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Table 7. DPPH free radical scavenging activities and ferric reduction
antioxidant power (FRAP) values of subcritical water extracts from

buckwheat leaves at various extraction times at 180TC.

) ) DPPH FRAP
Extraction time ) ) -

(min) (mg ascorbic acid (mmol Fe

min

equivalents/g dry sample) /100 g dry sample)

10 477 65.6

20 424 65.5

30 41.6 62.5

40 39.2 60.6

50 39.7 59.6
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Table 8 Hunter's color values of subcritical water extracts from buckwheat

leaves at various temperatures for 20 min.

Hunter’s color value

Extraction .
temperature Br.ownmg
) L* ax* b index
100 39.56 2.48 18.27 64.66
120 36.45 3.00 14.61 56.10
140 31.55 2.49 7.94 34.29
160 30.37 3.30 7.65 36.53
180 30.67 5.30 10.11 52.07
200 31.54 5.08 10.85 53.32
220 31.50 5.02 10.65 52.32
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Table 9. Hunter's color values of subcritical water extracts from buckwheat

leaves at various extraction times at 180C.

Hunter’s color value

Extraction time Browning
(min) L a% b index
10 28.29 3.76 6.24 34.25
20 30.67 5.30 10.11 52.07
30 31.69 5.54 11.74 58.35
40 32.02 5.66 12.17 59.98
50 31.54 5.43 11.31 56.33
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