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Abstract

This study was conducted to investigate the physicochemical properties and antioxidant activity of the solvent
fractions obtained from 80% ethanol extracts of Wasabia koreana Nakai leaves. From the ethanol extracts, hexane,
chloroform, ethyl acetate, and n-butanol fractions were sequentially extracted and collected, and further used for
the investigation. The highest yield was obtained in the water fraction and its pH was 4.25. The total polyphenol,
total flavonoid and total pectin contents in the ethyl acetate fraction were 56.24 mgGAE/g, 97.29 mgNE/g and
108.8 mg/g, respectively. This indicated that the extraction yields of the phenolic compounds and pectin in the
solvent fractions obtained from the Wasabi leaves and petiole were significantly different. Analysis of the taste
components of the ethyl acetate and water fractions was carried out using an electronic tongue sensor. A negative
concentration-dependent population for the ethyl acetate fraction and a positive population for the water fraction,
corresponding to DF1 (83.96%) in the discriminant function analysis (DFA) plot, were confirmed from the analysis.
In the ethyl acetate fraction, the ICs) values of 1,1-diphenyl-2-picrylhydrazyl(DPPH) radical scavenging activity
and 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid(ABTS) radical scavenging activity were 899.88 ppm and
276.63 ppm, respectively. Therefore, the ethanol extracts and fractions from Wasabia koreana Nakai leaf have
low utilization, which will be beneficial for the development of high value-added products via improvement in
the taste components and antioxidant activity.
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A 80% oEHE FZE2 xﬂé% aFYe] o

Z7] (SB 1100, leaklkal

Tokyo, Japan) l }Otl FEAAT 7 73

o] AZ2E 80% o E-E&F= 5 n-hexane, chloroform, ethyl
acetate, n—butanol-g‘ SR £} 255 AF B 23S
T3 B82S 71918 7% %7 (SB-1100, Rikakikai Co.,
LdE AHgste] &l BF AlAS & AFAIER si5lth

T2, BT ¥ pH

nFel o v £8=9] & 542 Kim¥? Kim(13)
o] Wl o] Falo] L0 A3 A AT T LA A3}
Atk =2t pH Ao AHE-gF A 59 F%=+ 500 ppm2
9 FEE AT B 4% X3 n-hexane &
3] &2 dimethyl sulfoxide(DMSO) 3 mLell &3l %, 7|}

chloroform, ethyl acetate, n-butanol, water ¥% &2 T
Q_uHo] 5;%:; _Q.5H = 7L Hﬁﬁ_ Z:Ter_/‘: 100 mL x%ﬁ..g}
1 AL wHEslo] 500 ppm FEE XA AR R B
Z7(Cary8454 UV-Vis, Agilent Technologies, Santa Clara,

USA)E ©]&3l 600 nmollA FZEE 57433 tH14).

F=E9 pHe Lee 5(159 Wil Foto] 242 &3

o] ¥H=-2- pH meter(pH 210, Hanna, Woonsocket, RI, USA)
=2 At

Z ZEg|dls, & Z2ld-ol= U £ HE

FEET T E99E R %42 Pino 5(16)2] Y
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T 2 mLE 27 Hrlete] A-ollA 33 Bt A g
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% NaCO; 0.25 mLE 3 7}o] —)Ffﬁoﬂ/ﬂ 37C, 3057+

S & FHEE T3 F = (Cary8454 UV-Vis, Agilent
Technologies) & ©]-8-3F] 750 nmoll A %3ttt} o] u]
ALg-3t 5 & gallic acid(Sigma-Aldrich Co., St. Louis
MO, USA)=E 74 }ﬂ ogx 151 zﬂ—a}:o /\]—EO].O:]];].
o] F ZgiH e 0] = g A1Z 1 mLol| diethylene glyool
10 mLE d71ske] & £31%F 5 1 N NaOH 1 mLE 715}
FEZq A 37TAA 1AIZE §HEAIZL 3 420 nmoll A 53
St g dEs e FgirolE BEE
naringin(Sigma-Aldrich Co.)< ©]-&3}%It}.
-2 McComb¥} McCready(17)2] "ol wte} oo
I} o] FFAth F5E 02 mLell B4 12 mLE 7}
gt} FxoA 85T, 5% rtdstdth. W F 01%
carbazole 0.1 mL %715l vortex mixer2 2+ &3ala A&
oA 1583 WA thg £33 =7 (Cary8454 UV- Vis,
Agilent Technologies)E AF&-3to] 525 nmolA] SF=E
etk FF A4S 9 ZEFHAe
galacturonic acid(Sigma-Aldrich Co.) &<}
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(18)] Wl Fote] At om ALE-gE HAkE 7]7]
a-Astree 1= A2 MEZejer gstdoz wWyy
FET(Chem FET)ol| o]t A2t 274 AlM7} 2t= o] glof
B8 AlA(GPSS SPS)E ©]-8-3t] 57F4] Bkl AIBKSRS,
sourness), Z3H(STS, saltiness), 7H2 BH(UMS, umami), T3t
(SWS, sweetness), 229HBRS, bittreness) < 413} t} 1L
Fuo] 9 80% cetE FEEZFE 4% & £9 &9
A8 &0 35 F ethyl acetate®} & 22 2+ 100
ppm, 50 ppm, 25 ppm, 12.5 ppm, 6.25 ppme] FEZ A%
T AE 8710l 25 mLE Hol 71714 ol ARg-sksith Bt
S BAsP] S8l AAle Aol ARS-gh skt et
H o] == gallic acid, p-hydroxybenzoic acid, naringin,
(+)-catechin hydrate(Sigma-Aldrich Co.)E 100 ppm, 50 ppm,
25 ppm, 12.5 ppm, 6.25 ppme| FEZ A Z5}A 0™, AlA
o] Al 40 AR 12022 B3tk BE A 8E 53] v
=7 3}o] Alpha M.O.S(Toulouse, France)ol| 4] #|-&F A3
E 9Jo{(Alphasoft version 12.4 & Arochembase V4)& A&
sto] BAIAE STt

HAB0dso ABTS 2hC|Zh 2HEN &

F=E9 kst 2L AAF 59 DPPH gHZ 4
A& 453tk DPPH gtH 2 2271292 Blois(19)
o] W ol| wle} FZE 0.2 mLol| 0.2 mM 1,1-diphenyl-2-
picrylhydrazyl(DPPH) 0.8 mLE #7}ste] 2 &3gt & 10
B2 A3 o2 B33 =) (Cary8454 UV-Vis, Agilent
Technologies) 2 525 nmol| A SH =5 ZH 3 th AL
oo AR A7F A5 FHE AolE WES(DE =
sto] eIl on, 28 E2] EDA(%) #= 50% #4xA17]
© ICs #ho= FAISISITE ABTS 2ht]Zt 274242 Kim
3} Lee)l WHel Fstel AsArh 74 mM
2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid(ABTS)
diammonium salt$} 2.6 mM potassium persulfate S 233k
% radical A2 Flal 24A17F Aol A W] EkSITE ABTS
4o phosphate-buffered saline(pH 7.4)E 3] 45l 732
nmol| A &F =7} 0.700£0.03°] H=E A 235t Ald
o] F%%& 02 mLell ABTS &4 2 mLE 37}t hazel|A
1057 Hke-A17] & B340 7 (Cary8454 UV-Vis, Agilent
Technologies) = 732 nmel| A 3 EE 5% 13 Tth ABTS
gz A A8 JA7E AFe] 8% Aol S WEs
(%) & rEste] Yepflon, 2289 2AZ8(%) =
50% A7) ICs X202 FEABIT BE A5 & 33

o.
N 2gsje] PEake s Yepiath

A2

B o] EA 52 SPSS(Version 21 software, IBM,
USA) A Z2 3 S o]83te] ANOVAE A5} 33]
gHEo 7 AAG Alg 3P HHEHS 75k Duncan’s

T2 ZAA-FEE A A26H A5E (2019)

multiple range test *WH 2 p<0.05 oA F2l4S 7

ottt

T2, Bz % pH
80% ole-& FEES Sz 283 & 2F 299 +8,

g 8l pHE Table 13 2th. 131o] 29 50 g2 80%
SR F& T $&E 573 27} nhexane, chloroform,
ethyl acetate, n-butanol % & #-2&°] 2}2} 230, 0.17, 0.42,
2.17, 19.32% = = &g &°] 7P &=t o= dAs

L
TR BFYo] S 0] 83 & FEE F& =
|

_
)

o] & 1932%= 7] A EF FE F
6.25% 5 YEIAtHs Bt 2ol &3
22 AL & F UL 24 B =Y TEH HEE 5%
B == n-hexane 2] 3} chloroform 3 °] Z+7} 0.11,
2 =11, ethyl acetate 2], & #2, n-butanol F& o] 247}
0.03, 0.03, 0.01=2 S3tH| o]2]qk H= gho| ztol= &2l
WAk opuet FRl| whet 284, 84 e Hlle
2ol 7y e Aem AztEn. 7F vl £ pHe
233} p-hexane 8 o] 4.25, 4.172 =31, chloroform
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Table 1. Yields, turbidity, and pH of solvent fractions from 80%
ethanol extract of Wasabia koreana Nakai leaf

Fraction Yields(%) Turbidity” pH)
n-Hexane 2.30:0.11" 0.11x001° 4.17+0.05°
Chloroform 0.17£0.03° 0.10£0.03° 392+0.11°
Ethyl acetate 0.42+0.08" 0.03+0.00" 3.530.10"
n-Butanol 2.170.96" 0.010.00" 3.6040.10°
Water 19324358 0.03£0.02" 4.25:0,01°

DValues are meantSD (n=3).

Values with different superscript within the same column are significantly different
(p<0.05).
IConcentration of sample solution is 500 ppm.

& Eold=

o] 9 80% ke FEEO 4 RUR F 5 2
el ya

n-butanol ¥ & 41.59 mg GAF/g, & ¥¥ & 2643 mg
GAE/g?] 20|91 2™ n-hexane ¥ & 1329 mg GAE/g2.
2 7P Gokti(Table 2). % S ico] = $-2 n-hexane,
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chloroform, ethyl acetate, n-butanol, & 2 &©°] 2}+2} 38.70
mg GAEJg, 9221 mg GAF/g. 97.29 mg GAEJg, 104.16 mg
GAE/g, 30.16 mg GAE/g2. 2 UESIT) Park¥ Lee(21) &
pFYo] o FEE FHE dled sitEe] &% Afelzk
grtsl S4d 2 IS Foha sty " gk
n-hexane chloroform, ethyl acetate, n-butanol, & &2 &-©]
7}7} 3330 mg/g, 133.18 mg/g, 108.80 mg/g, 14.43 mg/g,
90.12 mg/gS YERN 2™ chloroform &8 &4 71
=& 7S YehASI T} Chloroform 84 %84 hexane
A= Ao ko] Wit ojejgt HAdl e 3
FUo| A& HUMEE 8ot AF) A= L A
Pl Y= = F dvta FAH12).

Table 2. Total polyphenol, total flavonoid, and total pectin of
solvent fractions from 80% ethanol extract of Wasabia koreana
Nakai leaf

Fraction Total polyphenol Total flavonoid Total pectin
(mgGAE/g) (mgNE/g) (mg/g)

n-Hexane 13.29+0.43"2 38.70£0.48" 3330£1.48

Chloroform 56.42+3.7° 90.21+6.19° 133.18+11.23°

Ethyl acetate 56.24+1.55° 97.29+5.40° 108.80£6.77°

n-Butanol 41.59+1.24° 104.168.93° 14.43+1.23°

Water 26.43+0.35° 30.16+0.37" 90.12+2.78°

DValues are meantSD (n=3).
Malues with different superscript within the same column are significantly different
(p<0.09).
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A, d@uh 28t T 57k st 2R ke 7171 S5
A= Fig. 13 2t} Ethyl acetate %38 %2] 100 ppm 5%
= Aol A 71 E=9ka, AlutelA] 71 vkt 2H st
o] e £9EY vrrt ST E30ThFg. 1A)
£ F8¥59] 100 ppm == AulA 7 =9kar st
AT M 74 S3ATthEig. 1B). 3% 100 ppm T

AFxet F3ek AfolE Yt HEte 2 gallic
acid¢} p-hydroxybenzoic acid, Z2+H. 0| =2 (+)catechin
3} naringing AFESte] 1 #HEA 3E FEZ 100
ppm, 50 ppm, 25 ppm, 12.5 ppm, 625 ppme] FE=Z A X3}
o 3% A¥= Fig. 29 £t} H=4 SFEES wEA
& v RA R EAste] Bt ks 7 Heith E
Hiole, ghd 5 Fxof we} gt A& Apol7}t At
Z HlwA S w2t 7K wet duke Soteka
W & Ak ke 2102 YEpsit o]2i3 Tk o
TA S e Any, A 2t daes dHsh]
2 Skth. (+)catechin(Fig. 2A)¥} p-hydroxybenzoic acid(Fig.
20= F57F S7HES U sl Uehd v EE2 o}
Frae] vt diem 4elXl gallic acid(Fig. 2B)t
naringin(Fig. 2D)-> 7H28t-S Al ejsla 2&ut-g ¥3Hek b
AioA T YEH o7 Frlele AR YENT S
Naringin®] 7-%- 219to] N100 ppm(9.6), NSO ppm(6.1), N25
ppm(5.4), N12.5 ppm(4.8), N6.25 ppm(4.2)2] 0.2 =3k
o} 13y o| ¥ ethyl acetate &3 & B E 7179
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N
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Fig. 1. Electronic tongue analysis of taste characteristics of different fractions from 80% ethanol extract of Wasabia koreana Nakai leaf.

A, ethyl acetate fraction; B, water fraction

EA100, ethyl acetate fraction 100 ppm; EA 50, ethyl acetate fraction 50 ppm; EA2S, ethyl acetate fraction 25 ppm;, EA12.6, ethyl acetate fraction 12.5 ppm; EA6.25, ethyl
acetate fraction 6.25 ppm; W100, water fraction 100 ppm; W50, water fraction 50 ppm; W25, water fraction 25 ppm; WI2.5, water fraction 12.5 ppm; W6.25, water fraction
6.25 ppm; SRS, sourness; GPS, sourness-saltiness-metallic; STS, saltiness; UMS, umami; SPS, metallic-spiciness-umami; SWS, sweetness; BRS, bitterness.
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BRS, e\ GPS GPS
> /\ ——C 100 ——G 100
\ \ G50
‘ C50
——G 25
—4—C 25
STS ——G 125
SWs ! 'STS -C 12.5 G625
—(C6.25
SPS’ “UMS
SPS UMS
C D
SRS SRS
10 10
GPS BRS GPS
——B 100 N 100
B30 N 50
—*—B25 ——N25
——B125 .
) STS SWS s1s T NI12s
B 6.25 N 625
SPS UMS SPS UMS

Fig. 2. Electronic tongue analysis of taste characteristics of catechin (A), gallic acid (B), p-hydroxybenzoic acid (C), naringin (D) from
different concentration. Radar fingerprints of electronic tongue sensors of phenolic compounds.

C100, (+)catechin 100 ppm; G100, gallic acid 100 ppm; B100, p-hydroxybenzoic acid 100 ppm; N100, naringin 100 ppm; SRS, sourness; GPS, sourness-saltiness-metallic; STS,
saltiness; UMS, umami; SPS, metallic-spiciness-umami; SWS, sweetness; BRS, bitterness.

DF2 - 13.40%

DF1 - 83.95%

Fig. 3. Discriminant function analysis of the obtained data of different fractions from 80% ethanol extract of Wasabia koreana Nakai
leaf by taste sensors based on electronic tongue.

1, 100 ppm; 2, 50 ppm; 3, 25 ppm; 4, 12.5 ppm; 5, 6.25 ppm.
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Y EAS HEA(DFA, discriminant function
analysis)?] Fig. 3¢ VEITE. DF1(83.96%)°] %<] 3
AN & Y ET 29 FHBAR ethyl acetate 2] =2
T o&F o] E1E Itk DF2(13.40%)°l 57}t
sold g o] AABAE dF F AJUTh Fg 4=
DF1(60.86%)°ll ] “J#AAIQ] gallic acid, naringin®] &
= oA #3o] FlEon DF2(17.82%) ZEHE -
o] =91 catechin?} naringin 2] “FH#A2] 225 F<l
& 5 AT Kim 5(23)2] 7] elshd dAs S E3t
7} F-91o] vt & EMoR AFaARA o] Thsdirhal
gom, B Zo=3 #ed 3=y FRE 18i v

rp

DPPH radical &7{=, ABTS radical &Hs

DPPH radical 4275 1510l < 80% o&te F5&
< n-hexane, chloroform, ethyl acetate, n-butanol®] &-vj] 2
EEete] 7F £ 350 e kst g vt ZeR
Table 37} 2T}, DPPH 2] Z 248 S YeRl & ICo
n-hexane chloroform, ethyl acetate, n-butanol, water &8 &
o] Z+7} 12,667.20 ppm, 1,591.71 ppm, 899.88 ppm, 522.06
ppm, 3,252.91 ppm< YER O] n-butanol F&=olA 7}
=2 A& BT Lee 5(24)9] Aol 2w A
FEES 718vE 8 E2] DPPH radical 245 2%}
n-hexaneZol|l A 7HE =4 Uelgter 1 thgo 2 EZ4
A EE LS UEhIT AL FTk SungD)S 5]

Table 3. Electron donating ability and ABTS radical scavenging ability of solvent fractions from 80% ethanol extract of Wasabia koreana

Nakai leaf
DPPH ICs (ppm) ABTS ICs (ppm)
Fraction
Wasabia sample Ascorbic acid Wasabia sample Ascorbic acid
n-Hexane 12,667.20+1033.98" 3,103.04619.82°
Chloroform 1,591.71+249.36" 632.5023.36™
Ethyl acetate 899.88+55.99" 41934311 276.63+2.29" 39.07+4.17
n-Butanol 522.06£56.45" 171.99+22.87°
Water 325291487.12° 1,022.08+128.78°

DValues are meantSD (n=3).

MWalues with different superscript within the same column are significantly different (p<0.05).

Gallicagid -

VU Hydrowybenzsicsed

DF2 - 17.62%

ey Naringin -

DF1 - 60.85%

Fig. 4. Discriminant function analysis of the obtained data of (+)catechin, gallic acid, p-hydroxybenzoic acid, naringin from different

concentration by taste sensors based on electronic tongue.
1, 100 ppm; 2, 50 ppm; 3, 25 ppm; 4, 12.5 ppm; 5, 6.25 ppm.
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HFFEEY] B 285N 7P =2 s S Ve
Thal Haske] & Aol Aol g dFdFe Hih

ABTS 7 474242 n-hexane chloroform, ethyl
acetate, n-butanol, & ¥ E2] ICsx #ke] 22} 3,103.04 ppm,
632.50 ppm, 276.63 ppm, 171.99 ppm, 1,022.08 ppm 2=
n-butanol & =X 7HE w& ks Bl 4 &
9] ICsy @k 22 ascorbic acide] 39.07 ppm3}
2 Aol F uel FuPPol 2T ¢ 5 Uk e} Y
&(Table 1)°] Zo} =%
Helld e ds4 3o d5 kst 24 S S71E

gejete F7HA] AlE

aFge] GHE 2 o] 9o 80%
E 25 E n-hexane, chloroform, ethyl acetate,
nbutanol water £SO 2 2} &8 2 B ES &
© ol & Eels, 3 Bl 3 408 149
Z*Z}o% =4 DPPH 22 27, ABTS 2tz 47
=% 2Tk 52 B £H0] 719 27 ko
pHE & F8c| 4252 =] YLt Ethyl acetate 3 ol
% ﬂﬂlen, % Zepuicols, 3 Au gae 247

=95 z

e g %x‘jr. dﬂ—’ﬂ A Oﬂ 2] gk ethyl acetate -rﬁq-
= =89 vt AR 4L BE T4 (DFA) = A
DF1(83.96%)°l 2] F##AAIQ & 83} S2o] a3

=
Q1 ethyl acetate %-2l9] T <o]FE2 30| SIS}
Ethyl acetate 2ol $lo]A] DPPH 2}t]Z 24753 ABTS
gz 271%9] 1Cx #to] Z+2} 899.88 ppm, 276.63 ppme:
Yehfdoh whebs 827 B Fwo] 9o R HE
ANetE FE= 9 1 FY=S Bt AT ks 249
P A2 ALeE

X2 off

oft

PP FF DRIV AE) ALL I

p

“’}'xﬂ iy J—‘—"‘TT
ol 4 AHEIREY AR Er

TR,

10.

11.

12.

3] A26d A5E (2019)
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