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Optimization of Microwave Extraction Conditions
for Flammulina velutipes by Response Surface Methodology

Hyun-Ku Kim*, Mi-Ok Kim, Mal-gum Choi and Kong-Hwan Kim'
Korea Food Research Institute
'Division of Chemical Engineering and Biotechnology, Ajou University

Optimum extraction conditions for yield, browning color, electron-donating ability, nitrite-scavenging effect, total
polyphenol content, and tyrosinase-ﬁnhibitory activity of Flammulina velutipes were determined uvsing response
surface methodology through central composite design. Yield of F velutipes was affected by ethanol
conceniration, and browning color improved more with the increase of ethanol concentration than microwave
power. Nitrite-scavenging effect was improved with increasing ethanol concentration and decreasing microwave
power. Electron-donating ability and total polyphenol content were improved with increasing ethanol
concentration and microwave power. Tyrosinase-inhibitory effect increased more with decrease in microwave
power than with ethanol concentration. The optimal range of extraction conditions for effective component of F,
velutipes were 47.21~76.05 watt of microwave power, 10.25~43.56% of ethanol concentration, and 5.72 min of

extraction time.
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Table 1. Extraction conditions based on experimental design for extraction from Flammulina velutipes by microwave-assisted

extraction (MAE)
) . Level
X; Extraction condition
2 -1 0 1 2
X, Microwave power (watt) 0 60 90 120 150
X, Ethanol concentration (%) 0 25 50 75 100
X, Extraction time (min) 1 3 5 7 10
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Table 2. Central composite design by RSM computer program
for the optimization of extraction conditions for extraction
from Flammulina velutipes by microwave-assisted extraction
(MAE)

Experimental Micrwave power Ethanol conc.  Extracion time
number” (Wt) (%) (min)
1 60 (-1) 25(-1) 3(¢-1
2 60 (-1) 25(-1) 7(1)
3 60 (-1) 75 (-1) 3(¢-D
4 60 (-1) 75 (-1) 7()
5 120 (1) 25(-1) 31
6 120 (1) 25(-1 7()
7 120 (1) 75(1) 3(¢-1)
8 120 (1) 75 (1) 7(1)
9 90 (0) 50 (0) 50
10 90 (0) 50 (0) 5(0)
11 0(-2) 50 (0) 5(0)
12 150 (2) 50 (0) 5(0)
13 90 (0) 0(-2) 5(0)
14 90 (0) 100 (2) 5(0)
15 90 (0) 50 (0) 1(-2)
16 90 (0) 50 (0) 10(2)

UThe number of experimental conditions by central composite design.
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Table 3. Effect of microwave power, extraction time and sample to solvent ratio in MAE on yield, total pelyphenol content, electron
donating ability and tyrosinase inhibitory effect of Flammulina velutipes

Extraction Yield Total polyphenol  Electron donating Tyrosinase
solvent (%, d.b) content (mg %) ability (%) inhibitory effect (%)
water 38.46 341 28.72 12.54
60 50% ethanol 36.65 3.67 25.03 17.39
99% ethanol 34.94 2.86 26.38 21.54
i water 4427 3.50 30.59 1875
Cr‘zzgg powet 90 50% ethanol 43.79 2.90 28.44 22.55
99% ethanol 40.75 2.56 2921 3235
water 46.46 3.17 3043 3521
120 50% ethanol 44.08 2.88 27.27 42.78
99% ethanol 4141 2.51 29.50 56.41
water 37.51 1.140 22.12 351
1 50% ethanol 3522 241 20.96 8.34
99% ethanol 33.51 2.59 21.35 11.12
water 43.70 1.55 24.41 7.54
2 50% ethanol 42.65 353 2278 1151
999% ethanol 38.08 2.91 23.53 1931
Extraction t water 4427 3.50 30.59 1875
X“?;;.‘I‘I’;‘z)ume 5 50% ethanol 4379 2.90 28.44 255
99% ethanol 40.75 2.56 2921 32.35
water 51.12 3.54 31.89 2142
10 50% ethanol 50.27 338 30.57 25.89
99% ethanol 46.08 3.10 31.40 32.27
water 51.98 3.28 32.06 2145
15 50% ethanol 50.65 3.74 31.49 25.96
99% ethanol 46.55 3.82 31.52 3231
water 39.67 0.14 23.41 1.58
1:10 50% ethanol 38.38 036 20.55 3.16
99% ethanol 37.14 0.14 20.23 3.68
Sarmol " water 40.45 1.64 ) 25.88 4.79
amp ;:1‘(’);" vent 1:5 50% ethanol 39.62 142 23.84 5.85
99% ethanol 39.17 094 23.41 732
water 4427 3.50 30.59 1875
1:25 50% ethanol 43.79 2.90 28.44 22.55
99% ethanol 40.75 2.56 29.21 32.35

UMAE was performed for 5 min on mixture composed of 20 g and 50 mL of solvent.
®MAE was performed for 90 W on mixture composed of 20 g and 50 mL of solvent.
YMAE was performed for 90 W, 5 min on mixture composed of sample (5~20 g) and 50 mL of solvent.
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Table 4. Effect of microwave power, extraction time and sample to solvent ratio in MAE on nitrite-scavenging effect of Flammulina

velutipes
Extraction solvent pH12 pH3.0 pH42 pH 6.0
water 35.41 11.89 9.57 8.18
60 50% ethanol 26.12 621 5.4 415
99% ethanol 28.54 6.95 541 438
i water 39.54 14.25 11.24 9.27
C“Xa:a‘t’t‘;l?"wer 90 50% ethanol 3141 748 6.97 5.98
99% ethanol 32.54 8.53 731 6.21
water 4451 17.21 1327 11.25
120 50% ethanol 37.51 9.26 7.96 7.17
99% ethanol 39.47 9.78 8.58 7.51
water 35.41 8.57 721 6.25
1 50% ethanol 27.69 5.12 415 365
99% ethanol 28.98 5.84 479 401
water 36.17 10.76 816 7.74
2 50% ethanol 28.54 7.12 5.53 492
99% ethanol 31.14 7.32 6.53 5.25
Extraction water 39.54 14.25 11.24 9.27
X ?;Eg;‘z)“me 5 50% ethanol 3141 748 6.97 5.98
99% ethanol 3254 8.53 731 621
water 42.14 1825 13.85 995
10 50% ethanol 3254 9.18 8.68 8.20
99% ethanol 3438 1072 8.49 7.35
water 48.51 2208 17.40 14.35
15 50% ethanol 34.29 1235 9.35 8.78
99% ethanol 36.78 1541 9.51 821
water 5.88 2.64 1.83 101
1:10 50% ethanol 8.63 4.8 3.08 2.33
99% ethanol 10.43 10.32 8.59 747
ol water 18.27 6.50 5.65 463
et 1:5 50% ethanol 19.45 7.02 6.59 527
999% ethanol 19.53 8.44 7.15 6.10
water 39.54 14.25 11.24 9.27
1:25 50% ethanol 3141 748 6.97 598
99% ethanol 32.54 8.53 731 6.21

PMAE was performed for 5 min on mixture composed of 20 g and 50 mL of solvent.
PMAE was performed for 90 W on mixture composed of 20 g and 30 mL of solvent.

YMAE was performed for 90 W, 5 min on mixture composed of sample (5~20 g) and 50 mL of solvent.
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Fig. 1. Response surface for the effects of extraction conditions on yield, browning color, eleciijon donating ability, nitrite scavenging
activity, total polyphenol content and tyrosinase inhibitory effect of Flanimulina velutipes by microwave-assisted extraction.

X,: microwave power (watt), X,: ethanol concentration (%).
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Table 5. Experimental data on yield, electron donating ability, total polyphenol content, inhibitory effect of tyrosinase activity,
nitrite-scavenging ability (in pH 1.2) and browning color of Flammulina velutipes extracted by MAE under conditions based on
central composite design for response surface analysis

Experimetal Yield Electron donating  Total polyphenol Inhlbl'tory effe.Ct. of Nitrite-scavenging ~ Browning color
number” (%) ability (%) content (mg%) tyros‘“a(‘f;)a"“‘”ty ability (%) (O.D)
1 60.33 17.65 17.00 4471 18.45 0.239
2 49.54 2322 20.98 25.78 19.61 0.221
3 32.69 34.10 24.15 22.64 11.75 1.123
4 14.94 36.40 26.15 3146 19.34 1.498
5 3345 26.51 19.90 46.43 28.61 0.530
6 46.07 27.27 23.69 34.29 16.62 0.244
7 22.67 37.16 25.87 56.00 23.93 1.648
8 4747 39.65 28.10 18.18 16.78 1.925
9 56.08 29.95 1891 46.67 2541 0.436
10 54.83 33.90 19.36 49.64 27.54 0.525
11 42.99 30.10 11.15 24.00 10.06 0.467
12 3224 36.35 21.01 2321 25.26 0.589
13 3175 25.94 22.64 27.87 16.40 0.597
14 1023 36.98 27.80 24.07 40.00 2.260
15 30.72 31.54 23.97 25.00 22.86 0.557
16 54.71 35.75 24.20 37.29 39:44 0.907

DThe number of experimental condition by central composite design.

Table 6. The second order polynomials for yield, browning color, electron donating ability, nitrite scavenging activity, total
polyphenol content, tyrosinase inhibitory effect of Flammulina velutipes extracted by MAE under different conditions of power,
ethanol concentration and extraction time

Responses Second order polynominals R? Significance
Y,= 106.647071-0.78005X +0.111226X ,~6.491980X ,+
Yield 0.008810X X, +0.137417X, X+0.013050X, X~ 0.9066 0.0170
0A002492X]2—0.012560X22—0.45442X32
Y= 2.080840-0.002051X,~0.055572X 0139696 X+
Browning color 0.000106XX,—0.000763X, X,+0.002390X, X+ 0.2759 0.9673
0.0000201 27X12+0.00038 1 X22+0.01 1297)(32
Electron donatin Y= 9.816624+0.060389X,4+0.2970114X,+0.512386X ,~
o ponane 0.001100X X,~0.009625X1X,~0.003850X, X+ 0.8322 0.0796
y 0.000610X,+0.000079858X,+0.106795X.
Nitrite scavenein Y= 10.746456+0.466967X,—0.499249X,+0.125459X -+
o seaveng 0.000408X X,~0.058 104X, X +0.028175X,X,— 0.6720 0.3636
y 0.000689X,*~0.001749X,7+0.422505X,
Total volvahenol Y= 11.865947+0.176252X,—0.048189X,0.905513X,~
Pou 0.000323X,X,+0.000083333X,X,~0.008850X, X - 0.8611 0.0491
0.000646X 12+0.002041X22+0. 15925 3X32
Tyrosinase inhibito Y= —32.039628+0.858083X +0.478556X,+11.090405X ;+
yrosinacs Inibitory 0.001642X,X,~0.083021X,X,+0.005175X, X~ 0.3859 0.8839
0.002934X,-0.006905X,>~0.455379X 2
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Fig. 2. Superimposing contour map of optimized conditions for
yield, electron donating ability (EDA), total phenolics,
inhibitory effect of tyrosinase activity, nitrite-scavenging effect
and browning color of Flammulina Velutipes as functions of
microwave power, ethanol concentration and extraction time
(5.72 min) by microwave-assisted extraction.

(a): yield, (b): electron donating ability (EDA), (c): total phenolics,
(d): inhibitory effect of tyrosinase activity, (e): nitrite-scavenging
effect, (f): browning color.

Table 7. Optimum extraction conditions for maximum
responses of yield, electron donating ability (EDA), total
phenolics, inhibitory effect of tyrosinase activity, nitrite-
scavenging effect and browning color of Flammulina Velutipes
by superimposing their contour maps

Extraction Range of optimum Optimum

condition condition condition
Microwave power (watt) 47.21~76.05 62
Ethanol conc. (%) 10.25~43.56 43

Extraction time (min) 572 5.7

83 FAJAAYLE A & 4 AU 4, tyrosinase A]3)
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