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Physicochemical Quality Characteristics and Antioxidant Activity
of Wasabi (Wasabia japonica) Leaf and Petiole Extracts

Eun Hee Sung, Se Mi Shin, and Yoon-Han Kang

Department of Food Processing and Distribution, Gangneung-Wonju National University

ABSTRACT In this study, we investigated the physicochemical quality characteristics and antioxidant activities of
water extracts (20°C and 95°C) against different parts (leaf and petiole) from Wasabia japonica (wasabi). Water extracts
were divided into six types of wasabi powders: leaf hot air dried (LD), petiole hot air dried (PD), whole (leaft+petiole)
hot air dried (WD), leaf steamed and hot air dried (LSD), petiole steamed and hot air dried (PSD), and whole steamed
and hot air dried (WSD). Turbidity was higher in wasabi 20°C water extracts than in 95°C hot water extracts. Browning
degree was higher in wasabi leaf extracts than in petiole extracts. The pH of hot water extraction was lower than
that of room temperature extraction. Wasabi extracts did not show much difference in Hunter’s color values according
to extraction temperature, expected that b value of yellowness was significantly higher in leaf extracts than in petiole
extracts. Carbazole pectin contents of leaf extracts were significantly higher than in petiole extracts, however water
soluble pectin was higher in petiole extracts. The total polyphenol contents of LD20 and LD95 were 1,561.43 mg
gallic acid equivalent (GAE)/100 g and 1,163.02 mg GAE/100 g, respectively, and total polyphenols decreased during
hot water extraction. Extracts from different parts of wasabi showed a significant difference in total flavonoid contents.
Total flavonoid contents of LD20, LD95, PD20, and PD95 were 554.44 mg/100 g, 396.65 mg/100 g, 55.42 mg/100
g, and 47.68 mg/100 g, respectively. In the sensory evaluation, LD95 extract showed significantly higher values than
other samples in terms of color, flavor, taste, mouth feeling, and overall acceptability. In the analysis of sourness,
saltiness, umami, sweetness, and bitterness taste by an electronic tongue, the sourness values of LD20 and PSD95,
saltiness values of WSD20 and WSD95, and umami values of PD20 and PD95 were significantly higher than other
extracts. The results of this study suggest that wasabi leaf and petiole extracts enhance qualities and antioxidant activities

when used different parts together.
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4,000~7,000%F 01 tArHE 2= H&=AHphenolic acids;
benzoic acids ¥ 1 %A, cinnamic acids ¥ 1 f-=A)),
Z &R o] =(flavonoids), ¥ (tannin) 522 tidF ),
ol gt LYHlES AU SHNLE AASE FAkshA
(antioxidants)® 47" (cardiovascular diseases—CVDs),
¢ B, 95 w3k A2 S5 ddet, HRE gA, FeEls
s 94 5 Y 7S A d5a6). 1

ol Aol FiE nFo] FE=<] Fr] Aol
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aFYolE 20143 FET 2 Tl A3 ol
e IR FYHst MAS F Ueaf, L), ¥ (petiole,
P), AA(whole, W)E F&3}t}. o] AlZE 1= A,
o223 S (steaming, S) AT 5 AX7|E 40°Col
A 16A1%F ¥ A Z(hot air drying, D) 332 #37] 2 #-3
sto] £ A2 ST

W 3% % (petiole hot air

3L O

dried, LSD), 94 &< 93% 7 Z(petiole steamed and hot
air dried, PSD), A A &< 4% A Z[whole(leaf+ petiole)
steamed and hot air dried, WSD] 522 F&35}5th

e FEe 1 3 gol FFHA 100 mL H7hste] Lo
A 1AIZE F%3ke] o 4] (Whatman No. 2, GE Health-
care, Amersham, UK)Z o ¥}3F 8- 100 mLZE 3-£-3}9
A FEEE T 47 FE2 29 3 gol S/ 100
mLE %713k ¥ water bath Aol 95°C, 1413+ &7/ %
sl o338k thS 100 mLZ 4835l BEAA8Z St

A2 dg FEE BEE AR RS FFF =AU
Line 9100, Schott Instruments, Mainz, Germany)& ©]-&
3te] 600 nmoll Al SFE=E SASGT17). 2% g2
U A5 FE Tl dojuh= Ao Wste} dste] of gl

GG EAE o83l 420 nmolA FHEE FHs] U
ESlYt. 529 pHe 44 28 o3 &ES
(pH 210, Hanna, Woonsocket, RI, USA)Z =73}t

A

aFgo] FEE 9 MEE Hunter #% LE(MA /S A
), agh(A A E /50 5) bgh(FAE/AHANE) 9 AEZS 4
ZFAI(CM-3500d, Minolta, Tokyo, Japan)® %} t}.
olw] WAl L a, b %2 98.57, -0.21, -0.312] %t}

EdEl =3

FAE2 FhulE AE ) 584 el G ot F
=E F gES S48 7hE A9 McComb9}
McCready(18)°] W we} th&2 Zo] J&Faiglt).
=5 0.2 mLol 24k 1.2 mLE #H7ste] %04 85°C,

5%7 7k akgict. W7t § 0.1% carbazoled 0.1 mL % 7F
3ol vortex mixer® ZF E£3Hsla Ao A 1587 WX g
& B33 A(UV-Visible spectrophotometer, T60U,
PG Instruments Ltd., Lutterworth, UK)E A}&3}o] 525
nmoll A FFEE ST EE5H2 w5 galac-
turonic acid(Sigma-Aldrich Co., St. Louis, MO, USA) &
NG ZAsEA st shEg At 84 Ade
Blumenkrantz2} Asboe-Hansen(19)2] Bl wpe} M=
1 mLE 1°CellA 53 A& 5 Sqkgoo] <1 0.0125
M sodium tetraborate 6 mLE % 7}8}4 vortex mixing
st =33 A2 100°CY] F=FxelA 53t 89 &
1°Ceoll Al 537F ¥ZAIA 0.15% NaOHeol 521 0.15%
m-hydroxydiphenyl 0.1 mL 78tk £§8 F 20
E7F =) 3ho] E3333 = A(UV-Visible spectrophotome-
ter, T60U, PG Instruments Ltd.)Z 520 nmolA FF=5
718kt olw] EEEZ L galacturonic acid(Sigma-
Aldrich Co.)E AH&3H3ith.

=5 T FE9dE %9 5482 Da Silva Pinto &
(20)2] Wl wal Al& 0.25 mLel| Folin-Ciocalteu A] ¢F
0.25 mL, 7 2 mLE 22} 37hste] A20lA 32 &2t
AAE 3 20% NaxCOs 0.25 mLE #7}sle] =204 37
°C, 303 WA B FFEE 2B EAE o] &3ty
750 nmelA SA4egint. olu AME-3 EFEEA
acid(Sigma-Aldrich Co)Z HAFFHNOZRY IS A
Z3th. FEE TSR solE FFS AME 1 mLol
diethylene glycol 10 mLE 7}l Z &3H3k &
NaOH 1 mLE 7}3}o] =8-F0 A 37°Col A 1A]3F BH-8-A]
71 T8 420 nmol A FFEE SAUT. T =S ¢
g ZetR xol= X8 A2 naringin(Sigma-Aldrich Co.)
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aFgol o, £7] FF ) OF B FEATF
s HEAFHEIN &g F 1099 Aol Brheto]
AABT. o} F ko] 1402 E ‘obF £ 9
A7 04 HEos A, B W, A% F4 % FYH A

% g2 gHYoR Brhsherk

Txts] 24

Aol whe shell tigk P7HE H A8 (Astree 1T, Alpha
MOS, Toulouse, France)E ARE3ste] 431} a-
Astree TE A5 AZ2 9} 3}st¥ o2 My d FET(Chem
FET)el olgt Azt A4 A7t F2eo] gt Alm9
=78 747 SRS(AIT), STS(R T, UMS(ZHA T, SWS
(¥Hubh), BRS(25H) 18] a1 GPSe} SPS(HRAAA)Z A %
7719 ISFET(Ion Selective Field Effector Transistor)2}
Ag/AgCl 3 M KCl 71 A== 745 Aol osl 44
A sl FEAIE 3 goll /S 100 mL H7bshe] A2
.+ water bathell Yol 1A]3F &3 $ o3} (Whatman
No. 2, GE Healthcare)3 < 25 mLE r2-&7]el o}
A ANBESA7 =T D. A AE FA A
IZOii ST e AR 73] ¥ =Asko] 5719 gt

S EAA Y 921, Alpha MOSOA A &F AT E 9o
(Alphasoft version 12.4 & Arochembase V4)E o] &3}
=3

HXtEoisat A
FEE9 grtst @42 AAF %9 DPPH(1,1-di-
phenyl-2-picrylhydrazyl) 861z 2A 443 39S
77y 43¢tk DPPH #oZ 27 8442 Blois(22)9]
Wio] wel &5 0.2 mLel 0.2 mM DPPH 0.8 mLZ
HA7bste]l & £33 & 1087 B3 g EAFEAR

525 nmel M FFEE SASIY. dabgol s A8 7t

543 st 244 337

B 2po] B MEZ(%)E AFEsle] YENS T
sty =7 Yildmm 5(23)2] HHS WEsle] AR 25
mLell 0.2 M 1A= (pH 6.6) 2.5 mL, 1% potassium
fericyanide 2.5 mLE #7}slal E3sle] 50°Col|A 30%
ZF H-S A TE 1Hg- § 10% trichloroacetic acid &9 2.5
mLZ 73 3 3,000 rpmoll A 1083 A4 22 31}
A 0.5 mLell S/ 0.5 mL, 0.1% FeCl; 0.1 mL=
A7kete] 700 nmoll A FFEE 43515t o] &
5 FFE who] 23 s o] w2 AoR T

J

EAIXz|
A% Aol BARAL SPSS(19.0, SPSS Inc., Chica-
go, IL, USA) BAIZZ13S o]g3le] ANOVAS A8}
1 33 wmE o7 A3 A8 7F S 5] Duncan’s
mult1ple range test WH O = /X0.05 FFolA oS
Soroth. dEA ShekE st ksl & atel Ak
218 Pearson?| A#AFE AFE3FA T

Hmn

20°C9] A& FZo A gx g}% LD20, PD20¢] 2z} 028
0.10, LSD20, PSD20°] 27} 0.08, 0.102.2 YEh Agcﬂ
o] &gk JHT B gho] Eokom, 42 A =

S W 22 BE @S UE a4l o8 gHs A 1948&
A AA= FHE FEAS IS F AT B e
A5 71844 AR 53 Aol 43 Ao = e

WA 95°Ce] g FZolA B gk LD95, PD95o| 7+7}

Table 1. Turbidity, browning degree, and pH of wasabi leaf and petiole extracts by processing condition and extraction temperature

Extraction Processin . .
temperature (°C) condition Turbidity Browning degree pH
LD 0.2840.018%% 1.43+0.00° 6.61£0.20%"
PD 0.10+0.00™ 0.27+0.00° 6.60+0.27%"
20 WD 0.17+0.00° 0.9620.01" 6.10£0.29
LSD 0.08+0.00° 0.4240.01¢ 6.84+0.11°
PSD 0.10£0.00° 0.200.00° 6.49+0.07°%
WSD 0.08+0.00° 0.3420.00° 6.88+0.30
LD 0.10+0.01° 0.45+0.01¢ 5.91+0.10°
PD 0.110.00° 0.29+0.06" 6.46+0.13%
05 WD 0.13+0.01° 0.64+0.02° 6.77+0.18°F
LSD 0.09+0.01™ 0.43+0.00° 6.27+0.15%
PSD 0.11x0.01¢ 0.23+0.01° 6.63+0.13%"
WSD 0.09+0.00™™ 0.34+0.00° 6.34+0.22°¢

YLD: leaf hot air dried, PD: petiole hot air dried, WD: whole (leaf+petiole) hot air dried, LSD: leaf steamed and hot air dried,
PSD petiole steamed and hot air dried, WSD: whole steamed and hot air dried.

Values are meantstandard deviation of triplicate determinations.

»Values with different letters within the same property are significantly different (P<0.05).
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Table 2. Hunter’s color values of wasabi leaf and petiole extracts by processing condition and extraction temperature

Extraction Processin, 2)
temperature (°C) condition% L a b AE

LD 83.38+0.01™% 0.7240.01" 21.34+0.02 27.05+0.01"

PD 91.32+0.02" 0.87+0.01" 1.60+0.01° 8.87+0.02¢

20 WD 89.960.02¢ -2.70+0.02° 16.77£0.01° 19.71£0.02°
LSD 87.26+0.01° -1.3120.02" 17.9040.028 22.00+0.028

PSD 93.07+0.01’ -0.03+0.028 2.57+0.01° 7.39+0.01°

WSD 85.5840.03° 0.09+0.01" 18.55+0.02" 23.49+0.04"

LD 85.26+0.13 2.51%0.02° 22.75+0.04' 27.20+0.03'

PD 92.81+0.10' 0.22+0.02" 2.7620.04° 7.70£0.10°

o5 WD 89.56=0.09" -2.98+0.03" 17.36+0.03" 20.46:0.06"
LSD 87.27+0.14° -2.90+0.01° 20.38+0.02' 24.19+0.09'

PSD 93.19+0.02 0.36£0.01° 2.2120.01° 7.170.02"

WSD 86.96+0.02° -3.200.15" 22.47+0.04F 26.17+0.05'

ULD: leaf hot air dried, PD: petiole hot air dried, WD: whole (1eaf+petiole) hot air dried, LSD: leaf steamed and hot air dried,
PSD: petiole steamed and hot air dried, WSD: whole steamed and hot air dried.
)L lightness/blackness, a: redness/greenness, b: yellowness/blueness.

Values are meantstandard deviation of triplicate determinations.

Values with different letters within the same color value significantly different (P<0.05).
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AT AHEE TEA B2 4 FEE LD209 1.43,
LD952] 0.45, 44 F% &< PD202] 0.27, PD952] 0.29
29 FEE AHET APAT

ATl ggkt) 2 AdE A5 5§49

54 A% 9 As & =

A UEbd ®a1(24)9F A A8kt
LSD202] 0.42, LSD952] 0.43°.% ¥EA
WA = Sk Olﬂ A} Zﬂi Al S

PAIN
xﬂJ_ Al 2z

i

i 4

(o2 [o ¥ B omr N
oE it % K |0 mo rlo oX

2
m

1 3L
FEI] AEE ) dé}% o o] 8" 4 J& A

t}. pHE A& FE 904 6.10(WD20)~6.88(WSD20)
4 , Z o] 591(LD95)~6.77(WD95)= G
o pH7} tha W Feo g e

A

ox

o
i

W
oo
ft
=
1=
H
:L
>{L
0,
O
_L
=
wn
lw)
[\
(@]
2
(0e]
\]
N
()]
o
f
o[\
)
o

=0 B

onJJr Youn(25)& Z’“C’ﬂ 2 -G}

s Ay T 4z g YAk o)t

e} Akt a%kO LDZO LSD20°]

72, 1312 T4 % “"Eﬂ wold S o 9le

¢1 PD20, PSD20 %3 0.87, -0.030.% 93} &

S Btk bgE LD20°] 21.34% 21} LSD20°] 17.90

o= volx ure FMo @ Wt A4 FEE Lat
LD95, LSD957F Z+2t 85.26, 87.27% 7 et on 4

2] PD95, PSD957} 92.81, 93.19% 3} #& A3S B

L 93 o

o B N Hy lo o
=
o
koo
e
i)

2 ¢

=
1z oN

=
.

“‘Imﬁ‘w‘
°om O

0

_EL

=3 a%kO LD95, LSD957} -2.51, -2.900.2 A M%7} H]
w7 ol bt LD95, LSDI57} 742t 22.75, 20.38
2 35 F FART}F ta Yol

JlHtE HEID 284 HE
nFolel 3k @y L AR B PeE B4, AFA%
@ BERNY de 258 F A AU 84 49
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Table 3. Carbazole pectin and water soluble pectin of wasabi
leaf and petiole extracts by processing condition and extraction

temperature (mg/100 g)
tg;gz:;ﬁ?e Proces.sin{gj Carba;ole Water seluble
©C) condition pectin pectin

LD 64.45£10.35"9Y  13.85+3.73%
PD 23.59+7.35° 35.59+1.91¢
0 WD 61.31i5.25°j 18.62+3.86™
LSD 60.37+£9.26° 10.53+1.07°
PSD 33.28+8.45% 47.42+4.28°
WSD 57.68+15.47°"  21.1442.75"
LD 58.40+4.84% 9.55+2 .47
PD 39.92+8.12° 34.8+3.75°
o5 WD 47.0514.74‘;“ 15.86i3,58*f"°
LSD 69.16+8.91 22.36+2.06°
PSD 39.92+4.68° 52.42+7.48°
WSD 83.65+4.86° 45.42+7.22°

YLD: leaf hot air dried, PD: petiole hot air dried, WD: whole
(leaf+petiole) hot air dried, LSD: leaf steamed and hot air
dried, PSD: petiole steamed and hot air dried, WSD: whole
steamed and hot air dried.

?Values are meantstandard deviation of triplicate determinations.
PValues with different letters within the same pectin are sig-
nificantly different (P<0.05).
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484 A9 ke 10209 13.85 mg/100 g, PD20¢] 35.59
mg/100 goll 2™, LSD209] 10.53 mg/100 g, PSD20¢]
4742 mg/100 g2 QWL S5 Al 84 AH o FeFo]
Z7Fkd . LD959] 9.55 mg/100 g, PD952] 34.8 mg/
100 golglem, LSDI59] 22.36 mg/100 g, PSD959] 52.42
mg/100 g2 42 5 45 F& A gl dnr o
of 84 FAde Fgdolgtar & 4 gk 53] WSD20,
WSD9591 A z+7} 21.14 mg/100 g, 45.42 mg/100 g& &
el 8 S A8 s sl AAE d¢ FF

s glol MEA e Aoz Azt

EE0Hsa S82E0(=

FEZ ¥+ %2 LD20, LSD20, LD95, LSD952] <!
FE&50| 717} 1,561.43, 1,090.17, 1,163.02, 700.87 mg
gallic acid equivalent(GAE)/100 g ¢ 2 S5 12 F
=& gaske o yekwtth PD20, PSD20, PDY5,
PSD959] ¥ FE&9 &= 2> 77 667.85,
555.30, 551.75, 429.94 mg GAE/100 g &&= 913} 7o)
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Table 4. Total polyphenol, total flavonoid values of wasabi leaf
and petiole extracts by processing condition and extraction tem-
perature

Extraction Processin% Total polyphenol Total.
temperature - jiionD  (mg GAE/100 g)  avonoid
(°O) (mg/100 g)
LD 1,561.43247.97°% 5554443 428
PD 667.85+44.43% 55.42+10.47°
20 WD 1,513.56+95.748 498.92i35.6?f
LSD 1,090.17+641.44°  384.70+7.83%
PSD 555.30+£84.13%® 76.14+13.25°
WSD 880.72492.08°  343.76+12.00°
LD 1,163.02420.01°  396.65+11.95°
PD 551.75+59.67% 47.68+0.86
o5 WD 1,322.39+73.43" ‘ 520.09i37.64‘g
LSD 700.87+144.57°  364.21%6.16°
PSD 429.94+31.30° 68.29+5.25°
WSD 766.89+£37.62  286.60+16.22°

YLD: leaf hot air dried, PD: petiole hot air dried, WD: whole
(leaf+petiole) hot air dried, LSD: leaf steamed and hot air
dried, PSD: petiole steamed and hot air dried, WSD: whole
steamed and hot air dried.

?Values are meantstandard deviation of triplicate determinations.
*Values with different letters within the same property are sig-
nificantly different (P<0.05).

LD20, PD20¢] F%F=°] 7t7t 555.44 mg/100 g +%,
55.42 mg/100 g B-2& o] B} 10 2o How
e TH(Table 4). 13 o] o A4 FEF /5
Qe FEZP9E FEFS 1,944 mg/100 g, 2SR o=
TS 769 mg/100 g0 2 KBy Parky} Lee(27)¢] A3}
o e uw o] yre A B A A FAUx}
AZ Az wWE Az xlolel Aoz wawEch 1LSD
202] 384.70 mg/100 g, LSD952] 364.21 mg/100 g& &
5 S5 T 4 %%6}1:1 2t ghego] wol 7HAdhA]
ey

e

2
o

fru
<
o
3
)

Table 5. Sensory characteristics scores of wasabi leaf and petiole extracts by processing condition and extraction temperature

Extraction Processin . Overall
temperature (°C) condition% Color Flavor Taste Mouth feeling acceptability
LD 6.90+1.52% 4.90+1.79 4.20£1.75 4.704+2.21 5.00+£1.94
PD 2.90£1.52 3.40+1.90 3.20+£2.20 3.70+1.34 2.70£1.49
20 WD 6.20+0.63 4.40+1.71 3.60+1.17 4.60+1.71 4.10+1.37
LSD 6.70£1.57 6.50£1.35 5.70£1.25 6.20+1.69 6.30+2.21
PSD 2.70+1.64 3.40+1.78 3.40+2.07 4.20+1.81 3.50+£1.90
WSD 5.90+1.45 5.80£2.15 5.60£1.43 5.20£1.55 5.80+1.81
LD 7.10£1.37 6.90+1.20 6.40+1.43 6.30+1.34 6.30+£1.42
PD 3.00+1.41 3.40+1.51 3.20£1.75 4.10+£2.28 3.60+1.43
95 WD 6.30£1.50 5.10£1.20 4.60+1.07 5.00£1.83 5.20£1.55
LSD 6.80+1.48 4.80+£2.10 4.90+1.79 4.70£1.70 5.50+£2.27
PSD 3.00+1.49 2.80£1.40 3.60+£1.96 3.60£1.35 2.90£1.66
WSD 6.00£1.70 5.30£1.95 4.80+2.04 4.90+2.08 5.00+£1.94

YLD: leaf hot air dried, PD: petiole hot air dried, WD: whole (leaf+petiole) hot air dried, LSD: leaf steamed and hot air dried,
PSD petiole steamed and hot air dried, WSD: whole steamed and hot air dried.

PValues are meantstandard deviation of triplicate determinations.
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Fig. 1. Electronic tongue analysis of water extracts of wasabi
leaf and petiole extracts by processing condition and extraction
temperature (A, 20°C; B, 95°C). LD, leaf hot air dried; PD,
petiole hot air dried; WD, whole (leaftpetiole) hot air dried,;
LSD, leaf steamed and hot air dried; PSD, petiole steamed and
hot air dried; WSD, whole steamed and hot air dried; SRS, sour-
ness; STS, saltiness; UMS, umami; SWS, sweetness; BRS,
bitterness.
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Fig. 2. Electron donating ability of water extracts of wasabi leaf
and petiole extracts by processing condition and extraction tem-
perature (A, 20°C; B, 95°C). LD, leaf hot air dried; PD, petiole
hot air dried; WD, whole (leaftpetiole) hot air dried; LSD, leaf
steamed and hot air dried; PSD, petiole steamed and hot air
dried; WSD, whole steamed and hot air dried. All results are
meantstandard deviation of triplicate determinations.
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Fig. 3. Reducing power of water extracts of wasabi leaf and
petiole extracts by processing condition and extraction temper-
ature (A, 20°C; B, 95°C). LD, leaf hot air dried; PD, petiole
hot air dried; WD, whole (leaft+petiole) hot air dried; LSD, leaf
steamed and hot air dried; PSD, petiole steamed and hot air
dried; WSD, whole steamed and hot air dried. All results are
meantstandard deviation of triplicate determinations.
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Table 6. Correlation coefficients between antioxidant phenolic compounds and antioxidant activities of wasabi leaf and petiole extracts

by processing condition and extraction temperature

Total polyphenol Total flavonoid EDA Reducing power
Total polyphenol 1.000
Total flavonoid 0.894" 1.000
EDA (electron donating ability) 0.508 0.659 1.000
Reducing power 0.730 0.661 0.349 1.000

*P<0.05, "P<0.01.
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