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Optimization of Extraction Conditions for Lyophyllum ulmarium
by Response Surface Methodology
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*Division of Chemical Engineering and Biotechnology, Ajou University, Suwon 442-749, Korea

Abstract

Optimal extraction conditions for yield, browning color, electron donating ability, nitrite scavenging effect,
total polyphenol content and tyrosinase inhibitory activity of Lyophyllum ulmarium were determined by using
response surface methodology (RSM) through the central composite design. The extraction yield of Lyophylium
ulmarium was effected by ethanol concentration and browning color was improved with the increase of ethanol
concentration than microwave power. The nitrite scavenging effect was improved with the increase of ethanol
concentration and decrease of microwave power. The electron donating ability, browning color, tyrosinase
inhibitory activity and total polyphenol content were improved with the increase in ethanol concentration and
microwave power. The optimal ranges of extraction conditions for effective components of Lyophyllum ulmarium
were predicted as 60.05~102.75 watt of microwave power, 53.20~64.01% of ethanol concentration and 7.77 min

of extraction time.
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Table 1. Extraction conditions based on experimental design
for exiraction from Lyophyllum ulmarium by microwave-
assisted extraction (MAE)

Level
-1 0 1 2
60 90 120 150
25 50 75 100
3 5 7 10

Xi Ixtraction condition

X2 Ithanol conc. (%)

2
X1 IMicrowave power (watt) 0
0
1

X3 lixtraction time (min)

Table 2. Central composite design by RSM computer program
for the optimization of extraction conditions for extraction
from Lyophyllum ulmarium by microwave-assisted extraction

(MAE)

Experimental Micrwave Ethanol conc. Extraction time
number”’ power (Wt) (%) (min)
1 60(-1) 25(-1) 3(-1)
2 60(-1) 25(-1) 7 1)
3 60(-1) 75(-1) 3(-1)
4 60(-1) 75(-1) 7( 1)
5 120( 1 25(-1) 3(-1)
6 120(¢ 1) 25(-1) D
7 120¢ 1) 70 1) 3(-1)
8 120C 1) 75( 1) 71
9 90( O 50( 0) 50 0)
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( Q)
15 90( O 50( 0) 1(-2)
16 90( 0) 500 O 10( 2)

“The number of experimental conditions by central composite
design.
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2] Fek(total polyphenol content)-& 243 H-+
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29 01 mLE 7heta £33 F2AE AFE-sted 420 nmell

A FE3x W3E A3 Tyrosinased] Hek 2484
A Exbs oo A sk 2] 3 Ee HEs &
Aaked ohge] Aol oa AlAbslsdch

2 Wong 5



576 PEE

Inhibitory effect = {1— (2=

2o Hrbre F3x wWsigh
2 A buffer F7F79) §3= wslg
& dA A7 3= Wt
olA Aled A7) & FH(nitrite-scavenging effect)= Gray<h
Dugan(13)9] W o2 A3t F, 1 mM P4 ES
44 1 mLel] 279 F#E2ES 2 m T%' 7hsta o] 7)o 0.1
N 94HpH 1.2) % 02 N F14F &3=8-9(pH 3.0, 4.2 2 pH
6.0)2 7 mL 7}3}e} Whg-f-oh2) pHE 27t 12 30,42 2
6.022 de]sle] uh-g-4-de] ¥-95 10 mLE st} o] &
37°CAA 1417 52k HH3-A1 7] of5 Hh-S- -8 1 mL4 33}
I o7]dl] 2% ZAL 5 mL, Griess Al 2k(acetic acidell 1%
sulfanylic acid®} 196 naphthylamine$ 1:1 v]-§2 £33
RO AMEA Al A &) 0.4 mLE 7hate] & EFAA 158
7t Aol A A A 7] F B3 ﬂiﬂli AL&-8}e] 520 nmel|
A g ekt 1
Zo"rr'r 0.4 mL& 7}3}~

CEA

Z 22
ST

-{N' F°l

n\‘_

ol -

A3

ol

A7)sh Qs Asisich obdatd 2A%E FEY A7)
SEDIDERE I LN LR SER LY

2=
S43haic.

x5 F&z7ie|

BT AlS Ab43sted 420 nmel|A] FFE 2

o=

CEREEE
A 499 A
Aestel A2ae 2ok

Zont 4l _T‘_ié.f
FESH FN5

FEx7e 54751 312 ¢]8}%] microwave pow-
erd, ‘I‘E‘B"“Hta, FEAZ0Y, A8 &eln|o B E FE2E
& #Halste] 5% ujdAe] dagh N 2AP S
Al A 8titH(Table 3, 4). w2k Table 3, 42| Aol &

FE=29

Microwave

Table 3. Effect of microwave power, extraction time and sample to solvent ratio in MAE on yield, total polyphenol content,
electron donating ability and tyrosinase inhibitory effect of Lyophyllum ulmarium

Extraction Yield Total polyphenol Electron donating Tyrosinase inhibitory
solvent (%, d.b) content (mg %) ability (%) effect (%)
Water 3.98 1.52 3.74 0.51
60 50% ethanol 39.79 1.82 2.89 0.77
99% ethanol 36.46 1.04 3.34 1.03
Microwave Water 44.27 2.26 473 0.87
power 90 50% ethanol 41.70 1.98 4,04 111
(watt)" 999 ethanol 37.22 1.26 467 2.12
Water 4541 2.92 525 299
120 50% ethanol 41.98 2.32 4.16 3.15
99% ethanol 37.41 1.60 4.83 5.97
Water 3256 0.78 358 0.73
1 50% ethanol 32.08 1.32 3.13 0.95
999 ethanol 25.99 1.12 3.20 1.16
Water 34.27 1.10 4.01 1.10
2 50% ethanol 36.84 1.70 3.82 1.20
99% ethanol 27.42 1.16 410 1.56
Extraction Water 44.27 2.26 1.73 0.87
time” 5 50% ethanol 41.71 1.58 4.04 1.11
(min)~ 99% ethanol 37.22 1.26 467 2.12
Water 4493 2.20 7.08 133
10 50% ethanol 42.08 1.90 6.26 1.61
99% ethanol 40.27 1.34 6.39 2.85
Water 45.60 2.26 7.43 1.69
15 50% ethanol 42.55 1.88 6.44 1.07
99% ethanol 41.03 1.48 6.85 2.99
Water 31.72 0.36 2.59 -
1:10 50% ethanol 31.68 0.29 1.88 -
99% ethanol 31.12 0.21 2.33 -
Sample to Water 33.48 0.64 3.50 0.79
solvegl)t 1:5 50% ethanol 33.29 0.44 2.37 1.17
ratio’ 99% ethanol 32.17 0.31 3.16 1.60
Water 44.27 2.26 473 0.87
1:25 50% ethanol 41.70 1.58 4.04 1.11
99% ethanol 37.22 1.26 4.67 2.12

MAE was performed for 5 min on mixture composed of 20 g and 50 mL of solvent.
\/IAE was performed for 90 W on mixture composed of 20 g and 50 mL of solvent.
¥MAE 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 «I. Effect of microwave power, extraction time and sample to solvent ratio and pH in MAE on nitrite-scavenging effect
of Lyoohyllum ulmarium

E)S‘gigg‘?“ pH 12 pH 3.0 pH 42 pH 6.0

Water 15.41 13.89 854 5.87

60 509 ethanol 66.61 31.16 24,58 23.87

99% ethanol 95.41 4397 36.80 34.91

Microwave Water 20.74 16.59 10.70 6.91
power 90 50% ethanol 8793 39.03 32.05 31.13
(watt)" 99% ethanol 97.50 49.39 40.07 39.86
Water 29.05 18.11 14.11 1091

120 50% ethanol 95.44 53.26 42.86 37.58

999 ethanol 99.97 75.39 55.86 49.28

Water 16.01 5.84 485 3.40

1 509% ethanol 79.18 24.10 21.80 19.36

999 ethanol 92.89 44.10 4292 4279

Water 20.10 5.10 3.50 229

2 50% ethanol 78.07 29.72 28.16 26.99

99% ethanol 93.09 44.39 41.87 41.84

Extraction Water 20.74 16.59 10.70 6.91
tine 5 50% ethanol 87.93 39.03 32.05 31.13
(min)? 999 ethanol 97.50 49.39 40.07 39.86
Water 21.35 7.35 5.01 436

10 50% ethanol 92.96 49.26 4198 39.46

999% ethanol 98.39 4879 4271 39.13

Water 14.47 4.04 3.22 1.73

15 50% ethanol 99.41 50.40 4481 34.82

99% ethanol 99.88 49.87 47.22 45.89

Water 9.42 3.05 2.33 1.66

1:10 50% ethanol 30.38 1255 10.05 971

999 ethanol 29.49 11.05 9.72 10.78

‘Water 15.78 411 258 1.22

Sambole to 1:5 50% ethanol 76.11 32.05 26.36 27.15
solvent ratio 99% ethanol 67.22 26.31 21.30 22.71
Water 20.75 16,59 10.70 6.91

1:25 50% ethanol 87.98 39.03 32.05 31.13

99% ethanol 97.50 49.39 40.07 30.86

i;MAE 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.
“MAE was performed for 90 W, 5 min on mixture composed of sample (5~20 g) and 50 mL of solvent.

AuiAdd AL v FARAAAL S A 10%2] FFd A FAde] A=At v ZTHEHE §

FTr A 7 1672 FE2Y FHLEAE 5 slod of| 25 AL 5240% R o &5 g] o n] o] v 2.1
g Arlbgoatg & Z2)9E &, tyrosinase A 328, 2 Zol 2Z& 7 -2 microwave power 71.92 watt, & 5
A cpAALG AARE-S 33 HhE AN ST PFEE Table  43.53%, & A7 813%o]d ). Wyl e Hapgof 2t

5ol vhehigic o ATHE ol gste] AARAL WA &0 F Felslx garel skl 37142 R4 2708870
Z

2w zk gl ol B HRSH S E &, 58 (Y), AR 0803322 10%2 FFollA Fodo] dA=HAG R
2H8-(Y,), & Ze]dlE 3Hek(Ys), tyrosinase A& 2H-8-(Y), HEALS BEalo] o &3 A2 772t 665% H 8.08 mg%
ol Al A A (Ys), ZAE(Ye)oll N3 37 A7 w83 2 d&Fgon old adMpa FE2A-L HpFeIAt
AEA & FHF22AE A 531ch o] & 3 A A 4+ % & ZeoldlE gskolA 72 microwave power 119.73
A e E 2 AF7E M G Ml F) oddke] A watt B 90.85 watt, ol ¥-& FX 89.47 % ¥ 70.10%, FZ A
A o vehd FEALS TITESE 1t ubS 7F 6158 @ 95080} w3 &2 W AHE
AH-E el o (Fig. 1). o} Ated A7 A tyrosinase £ 2H&-of HlgF ol B AL
F2270 A 2589 a8, 2 e, AAEo 22 2o tgh 374 ¥ R 77} 0.6165, 0.3469, 0.80332-
%, obdabed 2AzME £ el o=, tyrosinase A 3 2} 2 % dgkon] foAde] A HA gkt
& S W AN R A o7 HAAA Bl A & E0) W29 (Fig. DellA 2 o), 23 &
(staticnary point)& ¢l &3} ctH(Table 6). &7 =7} S50 H3le owg Fro P & < 3-8 ¥ o, mi-

_Z[_
ok WAl 22RO g0 WFolA 3] A9 RiE 082722 crowave power, & A 7te] =02 ofgkg vz 1 o F 1}
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Table 5. Experimental data on yield, electron donating ability, total polyphenol content, inhibitory effect of tyrosinase activity,
nitrite-sicavenging ability (in pH 1.2) and browning color of Lyophyllum ulmarium extracted by MAE under conditions based
on central composite design for response surface analysis

Experi netal Yield Electron donating  Total polyphenol Inhibitory effect of Nitrite-scavenging  Browning
numter” (%) ability (%) content (mg%) tyrosinase activity (%) ability (%) color (0.D)

1 33.12 3.50 5.81 154 10.41 0.216

‘ 39.03 428 6.48 1.81 13.08 2.209

5 2151 3.9 7.15 538 22.20 2.800

2 29.65 3.94 7.65 6.21 2351 3.005

5 33.45 2.45 6.71 9.76 12.86 2.342

t 42.07 2.07 7.03 9.90 15.87 2.467

" 25.36 5.36 7.32 7.14 39.72 2.870

8 29.64 6.64 7.54 12.66 31.21 3.159

9 56.08 4.08 598 241 38.42 2.104

10 54.83 4.33 5.83 227 3751 2.098

1. 42.99 2.99 299 1.93 11.40 0.780

12 32.24 2.24 724 2.22 36.68 2.988

13 21.75 175 425 2.07 1347 1.244

Ll 10.23 5.23 7.43 1.83 40.58 2.531

15 30.72 2.72 6.72 2.16 32.29 1.321

15 54.71 3.7 7.51 2.31 43.95 2.688

"The nimber of experimental condition by central composite design.

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

Responses Second order polynominals R Significance
g oV S O O ORI SO, s os o
B dontog ity VA0 OO L0 LGN, s oo
Nitrte scavenging activity i'(?.?)Zg;gggiiig%:s);lzgo%&gﬁ%%i116;1212%g%(()gz%g(ggigg)ziégzlsxf 03469 0.9214
T s st VLSO G0N L0 OON O, et s

byl g3 vk el vehd of) Jix] A EAd e 2] contour map< superimposing 31 A FZZ7A 3 Y
54 & AR, AApgelabg o 39 A gtg 57} ¥ F A3k Aok WA A% Fig. 261A ¢ 7o) ukg
3, microwave powerZ} -2 27X £& FEES el ‘“’“’] ZTEE FE U e FEEY FASAHERE S,
Witk Z2¥l T 2 tyrosinase A sh2H4-2] A ¢ dlgtg 5= ~Ye)& A2 E 3151 & 7% microwave power 53.20 ~

FZ2AZ 171E

microwave power 81 watt,

=

64.01 watt, )& FE 60.15~102.75%,
(Table 7)ol o, HA2A&

7} 71842 microwave power’} 27184452 68 =4
vhebstch of Akl A A2 A ' TR FEA
7hel 3:71e A kS wrA] ¢ Ao g HBubEgl o,
FEe A 2 cehE FE/ FETF oS0 =
31, microwave power’} 71845 &2 9 Q] iAol

258 Aoz vehyeh
HE £EzA0| oS

Table 7. Optimum extraction conditions for maximum respon-
ses of yield, electron donating ability (EDA), total phenolics,
inhibitory effect of tyrosinase activity, nitrite-scavenging
effect and browning color of Lyophyllum ulmarium by su-
perimposing their contour maps

Extraction condition Range of optimum  Optimum

MA >(microwave-assisted processing) F=&% ol <&t =t condition condition
7]'12‘1' HiAle F22718 AAFE] st 289 54 Microwave power (watt) 60.15~102.75 81
1 25-(Y)), AARA (Y, E 2] sl s H(Ys), tyro- Ethanol conc. (%) 53.20~ 64.01 64
Extraction time (min) 7.77 78

sinase A &) 2-8-(Yy), o} A A

A 2L (Y5), ZHE(Ye) &
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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 Lyophyllum ulmarium as func-
tions of microwave power, ethanol concentration and extraction
time (7.77 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.

A&t FE 64%, FEAL 788 et

powerZ} & 271l A

249

2 tyrosinase *] &%}

microwave power’} 27}&4+%

power’t 271855 329 42
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wave power 60.15~102.75 watt, ethanol
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