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Abstract

A central composite design was applied to investigate the effects of independent variable of microwave
power(X,) and extraction time(X,) on dependent variables such as yield (Y,), total sugar(Y,), pro-
tein(Y;), total phenols(Y,), electron donating ability(Y) and browning color(Y,) of the Hericium erina-
ceus. Coefficients of determination (R?) of models for dependent variables ranged from 0.9526 to
0.9737. Extraction time had a greater effect than microwave power in the extraction of the yield. Yield
increased with increased microwave power and longer extraction time. However, it decreased after
reaching at the maximum point. Total sugar, protein, total phenolics and browning color reached maxi-
mum at the microwave power of 41.16~53.71 W and extraction time of 1.59~5.96 min. The optimum
microwave-assisted extraction conditions were; microwave power of 55.68 W and extraction time of 6
min. Predicted values at the optimized conditions were acceptable when compared as experimental val-

ues.
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oA WAgith FHolME dFoldz] WA, %
WAl (Monkeyhead mushroom)S.2 4#A 3o
(Chang & Roh, 1999), Y oJA= YamabushitakeZ
EZ 3 Jvt (Ahn, 1992). %8 YoM e =53
ole] drFs vjssithal st =R go|HAl
o7 Ut =RgHoAN L BrtE, o,
o].u]‘—/\l— H]E]-U] 2198 So] £ 23}, grol 9

q75E FAAIIH D T a7t =
74°§ g4 A At (Yearul & Shuich, 1989;
Yanmaguchi & Yearul, 1987). 2ol =FFulo]
HALZRE v AFAZ o8 7HEd nerve
growth factorNGF)Eh= B3] ®alse] 1 727}
YA 21 (Kawagishi et al., 1996), 85 FZ 2l
DM E F2 JAE} L Sarcoma 180 A FEo] U)
3t FFEY¢ AV RIFHAY Minmo &

Yamabushitake, 1995; Mizuno et al, 1992). &3]
E=FFAoIHAE LTt BAle] FRE] Sle
ZATERE AY, 7 2 HgA xR st
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AolA Hold AHEAE HHoH, vle
o83t in vivo AHA BAe] Hojtk £
102 HAETH(Mizuno et al, 1990). &etd
7Rl PTEAlE ERtRY 284 55
Mo GJAFoZH Az = Aot Mizuno &
Bononi et al., 1995), I#% E4FEL ol&sin
2 FEANZ 8 dEe T 8498y 587
FZddle A7} Tt (Mizuno et al, 1990; Cavazzoni
& Adami, 1992). O}A7HR] weFFolwialo] 7}x]
R I e e
F e #5 T4 UF A7 AAHeR o)
%om w2 Al
ARE A& gg3o8 228 F 9y, =2
g} A7} ;‘471] 2HEY, S5 3 %?& =2
= HAE AR FZo| 7T wlolaRolB
FZ(Pare & Belanger, 1993; Lee et al, 1999; Kwon
& Kim, 1999; Kim et al, 1999; Kwon, 1998; Pare
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et al, 1994; Pare et al., 1991} o|&&l & F
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ez

AT ARRS =2
Ao M AFLE AEE 5 7Ax3 FH 24
712 B83le & 40~60 meshS EHAIA -20°C)
A B iﬂro}tﬂﬂ AE2 AR-EFTE Agol A}
FholmAle] ARt E FA A= Table
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MAE &x| & F&5= Hx

2 A7l AHgE mpelaRdelE FE43
(Microdigest 3.6, Prolabo Inc., France)= 2,450
MHz F34 olUR] (power)2} A17H=Z (time control)
5ol 7Fsstn B W] A3sol gtk MAE
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Table 1. Proximate composition of Hericicum erinaceus
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U}O]ﬂifﬂolﬂg o] &% =FgdolHAY F&
z27 HAsE 3] v EHEEAH (response surface
methodology, RSM)& AH&-3l9i o oujadddel 4
& HRoE FAEA A H(central composite
designye AT &, &34 SHHEF (X)
<+ microwave power(X,)¢} extraction time(X,)l
e AFHYE /d;dg].cq 51:};:]](2 -1, 0,1, 2%
F23k519 01 Table 20 YERAITH & ©]E9)
SHHT] FEFE e TEHUT (Y)E Yield(Y),
Total sugars(Y,), Protein(Y,), Total phenolics(Y,),
Electron donating ability(Y,), Browning color(Y )&
2 33 yiRow FHAsle 77t SARA S A
Atk AR ot HAHZZA &L SAS
(statistical analysis system) programs ©|-&3}1oH
(SAS Institute, 1990), 3|AEA Az YAIHe] A
oA o] oz HFEd Aol T4
A4S &t HAPES FeaT. AL g
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Table 2. Uncoded and coded independent variables used
in RSM design of microwave-assisted extraction of
Hericicum erinaceus

Coded levels
2 - 0 +1 42

X, Independent variable

(unit : %)
Moisture  Ash Carbohydrate Crude lipid Crude protein
9.25 4.09 76.21 2.75 7.70

X, Microwave power (W) 40 60 80 100 120
X, Extraction time (min) 1 3 5 7 9
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WE L (%)E YERIUTH E AR Wyoz AU (Blois, 1958). =,
DPPHAI%F 16 mge ethanol 100 mLol £3)38l2

E e i = A& 02 mLo ethanol 3 mLE 7}3 & ZA|E
2 3 2L glucoseE EFEEZE 31 phenol- DPPHAIY 0.8 mL& &3t 1027 &g &
sulfuric acidg-& °|&3lth & A& 1 mLol 5% ZolA 1087 WAIske] 525 nmelA FHEE

phenol solution 1 mLE 7}¥ ¥ H,SO, 6 mLE 279819 tHBios, 1958).
7kstel EFsEL 2087 HAG Hel 470 nmell A

_ - sample0.D
F4=E 2339 thDubios et al, 1956). EDA(%) = (1 _m) x 100
CHIHE] Slaf Mz
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(Lowry et al., 1951). & MAE FE=x712| oE
F2z27 8 4 289 A FE2 d5e
= Hi=M SEtE et ZAEA] tht contour map superimposing -
54 34E F§LE Folin-DenisHol me} Hl o FEEE 2R HdA HHY &2 WY
A A 33t &, A8 2 mLol Folin-ciocalteu £ AAstath. £33 4N dole] T4
Aok 2 mLE 7hete EfEa 3% FHel 10% AE HHRZLE d3aa, 4 FAAd st
Na,CO, 2 mLE 71t &g - A-LolA 1A17F o d&e AP dEE FERAAM A
St XS FH 760 nmellA HM FF SHAT o A F2AEES ANT F FEEY A4S S48
W Gallic acidg o|-&3t] 2 REFHeER of ARG AESUES s
B ZF dHsd s 32 FIRY (Amerine &
Ough, 1986). 41 gl DE
MXS0EE ulo] A2 o) BE o8& =FgeHAY F&
7} 3289 ARG (clectron donating ability, — £7 HHSE Aste] TAHAIEAGE AR
EDA) A8 o,a-diphenyl-B-picrythydrzyl (DPPH) o 2 AN g vlelazolH o]

Table 3. Experimental points of the central composite design and the experimental data of Hericium erinaceus

Exp.  Microwave power Time Yield TS? Protein TP EDAY BC”
No." X)) Xy (%) (%) (%) (%) (unit) (0D,
1 100(+1) T(+1) 4.80 24.50 9.75 10.69 6.22 0.015
2 100(+1) 3(-1) 3.51 27.25 8.19 10.43 7.62 0.013
3 60(-1) 7(+1) 4.39 38.35 8.99 11.97 5.65 0.028
4 60( -1) 3(-1) 2.57 51.83 14.86 10.75 6.96 0.020
5 80(0) 5(0) 4.80 38.25 8.80 10.50 6.83 0.016
6 80(0) 500) 487 39.75 881 10.60 6.75 0.015
7 120(+2) 5(0) 3.74 15.17 9.57 13.38 7.75 0.014
8 40(-2) 5(0) 2.53 42137 14.57 14.20 5.66 0.029
9 80(0) 9(+2) 4.46 35.50 8.23 11.48 5.60 0.033
10 80(0) 1(-2) 257 41.83 17.22 1022 8.11 0.012
DThe number of experimental conditions by central composite design
ITotal sugar
ITotal phenolic

“Electron donating ability
*Browning color
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9} 22 A7 WE L2 ZYolnA 2B =2 AE A= Table 494 72t}

&, 59, 994, & d= 5}2&5—4 ?:}‘%k, AR 2JolA Intercept, X,, X,, X% X, 8 5% 2]
ofF, A=) S Table 3o VFERAICE. Table 2 Fo4E Ueidlen & frtir oA Slojre=
39] A7E ulgo R SAS Z2IYS ARl B nlo]Z 2 glo|E o iR|9} Z2EA7 RE} kg
43 A= Table 49t 5 Uepigler] 3248, nx| 1, B3] 2ZA7b0] o =ZA 9L nHE A
F 9, @8, F He seo] %, dA4Fds, £ & 2 F AUt old o] Ak 459%=
i A 7&% FEEA FEx] VAE AFHAL, old gt HA FF 242 8211 W,
d3e ®7] 93] Fig 160] wHSEWITNE e 98.99 min®.2 o=5ch
WAt
s Y™

FE T2 FEx70] & T T nXE 9T Fig 2

FEx70| & PAE ¥ Fig. 19 e of bt & 7 FFL FE2AIUH whelaz
WAt FEA23 rlo|aZgolE °1]L115=’— s dolB AUA7} F7I3te whet Eolme HFS
AZel et & FE0] EFolX I—E— 3%e Holtt UeRAth. o= Choi er al(2000)2] HolrM &

7F A o]FeX F& o '8}%15} ol ¥ T FF AIZke] FIgHe whe} oprtE]F WAl
ojHAle] who]aZolH %%% | dd=1e} AIZF ZBA S g St A} Aol A
< Z7o] wE $£g £33 Z718hE Kim e < YERZITE Table 49149} 7o), R%E 0.9586S
al. (2003)2] K19t FARSITE Table 4949} 7o), 2 52 AHBAE 29, 1%*101%1 %94*30]
R*E 0952802 &2 AAAAS JehAL, 1% AH =AU ASE 3AA 9 FAE AT Table
FEAM FrelAdo] AU FH A2 F 4 &} 7},

Table 4. Estimated coefficients of second order response models for MAE of Hericium erinaceus

Yield TS? Protein TP? EDA® BCY
(Y) (Y,) (Y;) (Y,) (Ys) (Y,)
Intercept -7.7571 +61.6768 +56.6686 +22.3089 +6.3092 +0.0410
X, +0.1943 +0.2882 -0.6294 -0.3211 +0.0289 -0.0006
X, +1.3275 -6.5114 -7.1212 +0.3743 -0.3485 +0.0008
XX, -0.0010 -0.0063 +0.0021 +0.0021 -0.00002 -0.000004
XX, -0.0033 +0.0670 +0.0464 -0.0060 -0.0006 -0.00004
XX, -0.0776 -0.0057 +0.2477 +0.0272 +0.00714 +0.0004
R? 0.9528 0.9586 0.9612 0.9625 0.9737 0.9526
Pr>F 0.0093 0.0072 0.0063 0.0059 0.0029 0.0094

Y=b,+bX, +b,X,+ bnxl2 +b XX, + bzzxz2

Table 5. Predicted levels of extraction conditions for the maximum responses of total yield, total sugars, protein, total
phenols, electron donating ability and browning color of Hericium erinaceus by the ridge analysis

X X

Y (power/W) (Time/min) Max. Morphology
Yield (Y,) 82.09 9.00 4.59 Max
Total sugars (Y,) 53.71 1.99 53.17 Saddle point
Protein (Y;) 53.83 1.98 20.62 Saddle point
Total phenols (Y,) 41.16 5.96 14.39 Min
EDAY (Y,) 101.04 1.59 837 Saddle point
Browning color (Y,) 53.20 7.97 0.04 Min

“Microwave power in the maximum response
JExtraction time in the maximum response
YElectron donating ability
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Fig. 1. Contour plots of the extraction yield of Hericium
erinaceus at various microwave power and extraction
time.
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Fig. 2. Contour plots of the total sugars of Hericium
erinaceus at various microwave power and extraction
time,
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Fig. 3. Contour plots of the protein of Hericium erinaceus
at various microwave power and extraction time.
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Fig. 4. Contour plots of the total phenolics of Hericium
erinaceus at various microwave power and extraction
time.
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Fig. 5. Contour plots of the electron donating ability of
Hericium erinaceus at various microwave power and
extraction time.
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Fig. 7. Superimposing contour map of optimized condi-
tions for yield, total sugars, protein, total phenolics,
electron donating ability and browning color of Hericium
erinaceus as functions of microwave power and extrac-
tion time by microwave-assisted extraction.

(a) Yield, (b) Total sugars, (c) Protein, (d) Total phenolics,
(e) Electron donating ability, (f) Browning color.

Table 6. The optimum range of microwave-assisted
extraction conditions for response variables by superimpos-
ing of contour maps for Hericium erinaceus

Extraction conditions Optimum ranges Optimum condition
Microwave power (W)  53.2558.10 55.68
Time (min) 5.796.21 6.00

Table 7. Predicted and experimental values of response
variables for Hericium erinaceus at on given condition
within the range of optimum microwave-assisted extrac-
tion conditions

Response variables  Predicted values Experimental values

Yield (Y) 4.030 4233
Total sugars (Y,) 41.302 42.012
Protein (Y5) 9.825 9.947
Total phenols (Y,) 12.161 11.926
EDAY 5.820 5.638
Browning color (Y,) 0.001 0.001

D Yield (%), Total sugars (%), Protein (%), Total phenols (%),
EDA (unit), browning color (O.D.)
¥ Electron donating ability

ol o&F mdAS HFI] Hstd HF =
HAW e dele] HAHHQ wlo]a 2ol oA
5568 W, A7t 6.00 minQE FE22AL A
std AR FEHES 3 2 F2E] 7)5H &
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AR 3, ¥R (Y )E Yield(Y,), Total sugars
(Y,), Protein(Y;), Total phenols(Y,), Electron donating
ability(Y,), Browning color(Y)2-2 &t z}z} 3]H
A8 Axsigct. 2 43, R%E 09526~ 0.9737
2 Uehgon F& £8&L vo|AZ ol qyA|
o} FEA7k) o 34 9FE BRI FEAH
3 vlolAZ o) B AR SIS £l F
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