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Optimization of Hot Water Extraction for Enhancing Antioxidative
Activity from Auricularia auricula Using Taguchi Approach
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Abstract

Optimization study of the hot water extraction for enhancing antioxidative activity from Awricularia auricula was
performed by Taguchi approach using orthogonal matrix Ly(3*) method. The correlation between DPPH radical scav-
enging activity and the components of samples extracted from different extraction conditions were also analyzed.
The correlation coefficient between DPPH radical scavenging activity and melanin content of A. auricula was 0.93,
indicating 'good correlation'. The optimum extraction conditions were obtained at the extraction time of 1 hr. tem-
perature of 85°C, solid: water ratio of 1: 40(w/v) and frequency of 2 times. Under these conditions, values of max-
imum DPPH free radical scavenging activity and melanin contents of A. auricula were 67.21+2.17 and
52.94+2.10 mg/g, respectively. Melanin content of 1.6 times and DPPH free radical scavenging effect of 130% were

enhanced by optimization.
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HS-EHEA o] de] o] 85U THHou & Chen, 2008;
Lee et al,, 2008; Li et al., 2010; Liu et al., 2011; Rispoli

& Shah, 2007; Youn et al., 2006).

A, 2wl g ] A2]E o]8-$F Taguchi(1986)H-2 H
AU A ] wiR| A ol vl g HA sl &&=
TH(Changa et al, 2006; Kim et al, 2005; Prasad et al.,
2005). ©] Taguchi S A4 a5 951, g A
?‘5“3‘4—’?i FZ8219] 7Y B FsdAl, 28 HA F

e FHE 5 o], 4F A8 FEI3A d

]’%E] %1 TH(Esakandari Nasab et al., 2011; Houng et al.,

2006; Prasad et al., 2005; Wang et al.,

2011). Wb B
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Table 1. Variables and their levels employed in the Taguchi's
robust design method for optimal extraction from fruit body of
Auricularia auricula.

Factors Level 1 Level 2 Level 3
Temperature (°C) 75 85 95
Time (hr) 1 3 5
Solid: Water ratio (v/v) 1:20 1:30 1:40
Frequency 1 2 3

Nz

Ay Al5e S 29
oy, F=olA A3 F+Ygt
o} AME3IATE AZ AlZE ¥4)7](Hanil Co., HMF-390,

Incheon, Korea)® £2]3ko] £ 2(100 mesh)3ta} 3 L,
desiccatorol| 4] RAsFHA A& o) A3 T
A A

=
S0 Al APA Y] dFFE HASE Jdl SRTE
AFE-3Fe] Table 19419} 7Fo], 3 4~ (low, mediu and high
level), 4 20(2%, Az, &wiv], 342 Orthogonal
matrix Ly3*) Wl we} F=313, 4%
Atk o] W, FE= WHEHT(Y)EA
aobde] (YY), T FHAETHY,), = Y TFEKY,), 2
2hd $EK(Y,) ¥ DPPH 2tz &7 (Y2 = shaith
of w, AHwHld, AEFA B ELAHEA(ANOVA)>
Taguchi §oll 7]1%3}d MINITAB® 15 software(Minitab Inc.)
£ AR&-shiTh

_1

T FE H FE= 722 =8

5ol wale] Az AAAN (100 mesh) 2374 g2 =
719 A7 &vin)(1:220~1:40)0] &(FTHF)IE B
A 7H1~5 A 7H) B9

o gl

o
rl
.
H
3
. DN
b
2
S’
=2
X
2

ol
>0 m.l}‘
_0|L
32
i
ol
i
2
w Tl

— -
o g3 Ebarandu 5-(2005)2] v ¥ u}
2} glucomannan®] &0 2 Ao, F ZoldE 3
-2 Folin-Ciocalteu ™ (Slinkard & Singleton, 1977) ©l
w2t A3, D E RS Lowry H (1951 what
=48

&, dahd e AEE 05mgmL TEE A Zske] &
FF=A(UV-Vis spectrophotometer, Varian CarylE, Sydney,
Australia)E ©]-&-3}o] 230 nmell M 2] FFEE SH Ao,

I

5 9 . o)Ay

1O

v]z] §4 @2} (synthetic dopa melanin, Sigma Co., St.
Louis, MO, USA)S = A xsle] A& gFIgxo=
5E S AT

DPPH ZiC|Zt A &M =5

AlE°] DPPH |z &AZA 2 Blois?] *H(1958)S
dE AJAYste] 2HSIYTE 1 mg/mL 552 AlE 02mL
o 4x10*M 1,1-diphenyl-2-picrylhydrazyl (DPPH, Sigma
Co., St. Louis, MO, USA) &< 08mLE 7}5 10 %
Qb XEFSEAL AF2ellA] 10 #2F B T 517 nmellA] 2]
cold, S aAREe FHH
(A A EH7HHB)S] F8= Aol S Tha AolA gk 2ol
A A}g-o3 5 (electron donating ability; EDA)S Al4bsle] 1Y
&2 B

2t
= = =]
BEE S5

EDA (%) = AAjBx 100
oty

lo
(0]
JLL
ol
o

fo i 2 ox E of
=z
%
o

[e] O AA

sk,

o1 WA AN DeHE Fo P4 §
el SR} Ulg, FE2A, F5 2% ¥ 2254 5ol
o, Aol BRI BHo} FE £82 A7) AE
olge] AYEAL ZA o]0} BTk

web E8ol wilel A% AUAE NEE 22 G
2 AHgs 3 S, A, SE W 55l g

=
Taguchi H(Taguci, 1986)% ©]-&3le] 23 70| |,

=, SEolAl LA RRE HHFZ] F83 SvlE
STHRTE ol&st et silaL, drFEol o
HAshs FE25, FEAIZL ] 2 3159 417}
i3l 3 2] Ly(3*) orthogonal matrix < AMH-3FA T}

o]’F& L#iste] Table 13 ZFe] 9 7] Azl e

al
o] 27AM FE2E &3 DPPH Uz &~A &
AR e, 71 A= Table 29+ 2t

FEE 782 7 AA] FFol wEt 7.640.08~17.95+
0.54% W= 7t 2700 e] g syt vl Zlow, Het
FEE 12994098%°]1U Tt ImgmL FE Z+ FEE
DPPH ]z AAEAE 30.1240.05~59.0020.33% B =

ox NN
o LY



Taguchi el 2J3 SEomAe] st 3L A 555 A4t 223

Table 2. L3') orthogonal array of Taguchi design of
experiments and corresponding extraction from fruit body of
Auricularia auricula.

Trial Extraction Electron donatin,
No. A& B C D Ghd@) ability (%) ¢
1 1 1 1 1 79+008 39.20+0.54
2 1 2 2 2 1114035  41.00+0.12
301 3 3 3 1384028  4532+0.15
4 2 1 2 3 12454103 59.004033
S 2 2 3 2 11554048 58004125
6 2 3 1 1 1414054 42214065
7 3 1 3 2 1455018  56.00+0.18
8 3 2 1 3 1795:084  30.1240.05
9 3 3 2 1 13554010 3235213
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Table 3. Analysis of electron donating activity and extraction yield from the fruit body of Auricularia auricula with the Taguchi's

robust design.

Extraction yield Temperature Time Solid : water ratio Frequency
K1 32.75£0.55 37.30£0.95 40.20+0.38 35.00£0.91
K2 39.55£1.56 40.85+0.45 39.60+1.28 36.60£1.20
K3 46.80+0.94 40.95+0.71 39.30+0.28 47.501£0.89
k1 10.9240.18 12.4340.32 13.4040.13 11.67+0.30
k2 13.1840.52 13.6240.16 13.23+0.43 12.20£0.40
k3 15.6010.31 13.65£0.24 13.1620.09 15.8340.30
R 4.68+0.50 1.2040.08 0.37£0.22 4.1740.60
Optimal level 3 3 1 3
Percentage contribution (%) 45+1.41 11£1.59 3£1.91 40£2.09
Electron donating activity Temperature Time Solid : water ratio Frequency
K1 125.5240.45 154.20+1.57 111.53+0.25 113.76x0.17
K2 159.21+£0.91 129.12+0.35 132.35£1.08 155.00+1.23
K3 118.47+0.53 119.88+0.03 159.32+1.05 134.4410.84
k1 41.84+0.15 51.40£0.52 37.18+0.08 37.9240.05
k2 53.0740.30 43.04+0.12 44.12+0.36 51.67+0.41
k3 39.4940.18 39.961+0.01 53.11+£0.35 44.81+0.28
R 13.58+0.02 8.3610.08 15.93+0.18 13.75+0.16
Optimal level 2 1 3 2
Percentage contribution (%) 26+1.11 16+0.28 31£1.73 27+0.41

K/ = Yextraction yield or electron donating activity at 4,

kK'=K'/3
R!=max{k] }-min{k!}
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Fig. 1. Intuitive analysis of relationship between levels and extraction yield, electron donating yields.
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Table 4. Variance analysis for crude polysaccharide yield and component contents.

27.

Ju—

3+1.88~48.13%

Varian . Sum of Degree of Mean Extraction yield
arlance source square (SS) freedom (DF) square (MS) F P
Temperature 32.912 2 16.456 235.08 0.004

Time 2.882 2 1.441 20.58 0.046
Frequency 38.127 2 19.063 272.33 0.004
Error 0.140 2 0.070
S =0.264575, R* = 99.81%, R*(adjustment) = 99.24%
. Sum of Degree of Mean Electron donating ability

Variance source square (SS) freedom(DF) square (MS) F P
Temperature 316.05 2 158.03 20.32 0.047

Solid:water ratio 210.25 2 105.12 13.52 0.069

Frequency 382.75 2 191.37 24.61 0.039
Error 15.55 2 7.78

S =2.78867, R* = 98.32%, R*(adjustment) = 93.27%
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Fig. 2. Comparisons of components from the fruit body of Auricularia auricula by water extraction with different factors and their

levels.
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Table 5. Analysis of components for extraction from the fruit body of Auricularia auricula with the Taguchi's robust design.

Glucomannan Polyphenol
A B C D A B C D
K1 112.89+£0.75 | 115.89+£1.75 | 105.14+1.25 | 98.14+0.87 35.05+0.45 32.25+1.57 32.11+0.25 32.18+0.17
K2 125.64+0.37 | 118.64+0.87 | 108.64+0.13 | 129.39+1.63 | 33.06+0.91 29.90+0.35 32.04+1.08 30.08+1.23
K3 115.14+0.25 | 119.14+0.25 | 139.89+0.25 | 126.14+0.89 | 27.15+0.53 33.09+0.03 31.09+1.05 32.99+0.84
k1 37.63+0.18 38.63+0.32 35.05+0.42 32.71+0.41 11.68+0.15 10.75+0.52 10.70+0.08 10.72+0.05
k2 41.88+0.25 39.55+0.39 36.21+0.08 43.13+0.54 11.02+0.30 9.96+0.12 10.68+0.36 10.03+0.41
k3 39.71+0.12 39.71+0.63 46.63+0.09 42.05+0.29 9.05+0.18 11.03+0.01 10.36+0.35 10.99+0.28
R 4.25+0.37 1.08+0.48 11.58+0.37 9.33+0.04 2.64+0.02 1.19+0.08 0.60+0.18 1.00+0.16
Optimal level 2 3 3 2 1 3 1 3
Crude protein Melanin
A B C D A B C D
K1 387.97+1.58 | 419.79£1.34 | 323.99+2.25 | 342.60+0.83 | 124.61+0.45 | 136.85+1.57 | 101.35+0.25 | 105.63+0.17
K2 393.07+0.21 | 373.30+0.79 | 402.52+1.23 | 430.24+1.23 | 132.20+0.91 | 119.97+0.35 | 125.5+£1.08 139.18+1.23
K3 389.16+1.73 | 377.11£1.29 | 443.69+0.81 | 397.35+0.84 | 111.37+0.53 | 111.38+0.03 | 141.27+1.05 | 123.37+0.84
k1 129.32+0.21 | 139.93+0.52 | 107.99+0.08 | 114.20+0.42 | 41.54+0.15 45.61+0.52 33.78+0.08 35.21+0.05
k2 131.02+0.07 | 124.43£0.12 | 134.17+0.36 | 143.41+0.62 | 44.07+0.30 39.99+0.12 41.85+0.36 46.39+0.41
k3 129.72+0.18 | 125.70+0.01 | 147.90+0.35 | 132.45+0.38 | 37.12+0.18 37.13+0.01 47.09+0.35 41.12+0.28
R 1.70+£0.34 15.49+0.59 39.90+0.18 29.21+0.52 6.94+0.02 8.49+0.08 13.31+0.18 11.18+0.16
Optimal level 2 1 3 2 2 1 3 2
Glucomann Polyphenol
an Temperature Frequency
(C) 2140.45%
Frequency r 16+0.38% Temperature
5.56£0.60% i o
/\ Zl:‘t];el(]}‘]’;,) Solid:water ratio d 47150?41)3%
11£1.79% {\/\
d Solid:t\yvater !
41351 33% Jime (o)
Protein Melanin
TempeCrature
. 4+0.44% Frequency Temg%-;ltm-e
35?3§'§%%ﬁ ‘ Time (hr) 2311.32%& ‘ 170.12%
' Time (hr)
21+0.51%
Solid:waterg Solid:waterg
ratio ratio
39+0.21% 34£1.02%

Fig. 3. Contribution of four factors on components of hot water extract and extraction yields from the fruit body of Auricularia

auricula.
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Fig. 4. Intuitive analysis of the relationship between levels and component contents (glucomannan, total polyphenol, crude protein
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Table 6. Comparison of extraction yield, component content and DPPH radical scavenging activity of extracts from A. auricula fruit

body before and after optimization.

Extraction condition Extraction Glucomannan Melanin content DPPH radical scavenging
yield (%) content (mg/g) (mg/g) activity (%) *
Before 95°C, 5 hr.
’ 32.65 36.90
optimization 1:20, 3 times 18.60 39.88
After 85°C, 1 hr.
optimization 1:40, 2 times 12.20 43.86 5294 67.21

* Concentration : 1 mg/mL sample

67.2142.17%=% WA ALta 2 A8kt o] 59
RMS(=100xy Y ((exp.-pred/exp. ) /N)at-S AN A3 25
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