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Abstract

Sung-Ran Yoonz, Deokjo Joz, Hyun-Ku Kim® and Gee-Dong Lee™

Response surface methodology was employed to optimize extraction conditions for finding the maximizing
the functional properties of roasted Pleurotus eryngii. Based on the central composite design, independent
variables were ethanol concentration (0~100%), extraction time (1~9 min) and microwave power (25~125
W). Soluble solid content, electron donating ability and nitrite-scavenging ability were mainly affected by
ethanol concentration, but ACE inhibition activity was largely affected by extraction time. The optimum ranges
of extraction conditions resulting from superimposing the response surface were predicted to be ethanol
concentration (25~50%), extraction time (3~9 min) and microwave power (80~125 W). Total protein and
total phenolic compound content of optimal extracts were 45.80 mg/g and 7.42 mg/g, respectively. In phenolic
compounds of roasted Pleurotus eryngii extracts, protocatechuic acid was the highest concentration at 1226.32
ng/g, followed by salicylic acid, catechin, p-hydroxybenzoic acid, caffeic acid, coumaric acid and hesperidin.
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Co.) WelA #-e22](150°C, 30 min)dtsdch H-2 AH=g
WAL 223120 mesh)sle] A 82 AMg-3ldrt

olo|Z 280l FExA

olo]Z Z o] B FE&2 wlo|m R o|B FE2(MAP,
Soxwave-100, Prolabo, France)& AH&3}5ch wlolzzz 9]
ol¥ FEZ7E A3V 91t AR AFAE upgt
o2 3o fuo g A7 < 25 g/50 mL, FE3 4
1312 zmAsta e F%(0, 25, 50, 75, 100%), <A
8-k, 25, 50, 75, 100, 125 W) 2 F&4]7H(1, 3,5, 7, 9
min)ell H3te] Table 1o 42} 3Feo] FAIFALAAZAT)
o7 FZ3}o] SAS(Statistical Analysis System) pro-
gram(18)2] Hr-g-¥H ¥ o 2 HA A5 AAstaA} 5

Atk

7123 Y gEk

Zy 7oA deixl 2E2E9] 7144 vy E ek 33
W A ste] Al gl digh AEH(%) LR Vet &
A3 20 mLE ¥ 73 ] skl 105°ClA]
2 AxAA 2 FAE 3o, 2539 24 AL
H A5 A EH) e g ES28 2L $8(%)E T
3lsdTh

TA30s 5

Al g 8N o] ¢aFel(electron donating ability, EDA)
Al¥ & aa-diphenyl-B-picrylhydrazyl(DPPH)E A}-8-3+

Table 1. Experimental design of microwave-assisted extrac—
tion conditions for roasted Pleurotus eryngii

. .. Level
Extraction conditions o 1 0 1 2
X1 Ethanol concentration (%) 0 25 50 75 100
X, Time (min) 1 3 5 7 9
Xs Microwave power (W) 25 50 75 100 125

15482 vlelmzdolr FE27 HA 3 1063

gl (19)0 2 =33}l & DPPH A9 12 mg$ absolute
ethanol 100 mLell -8 ¥ Z-5H-< 100 mLE 7F3kaL 50%
ethanol £-9-& FA3 2 & s}e] 517 nmellA] DPPHE-2
FREE o 1002 24T F o] 49 5mLE A3t An
2o 05 mLet E§e F A2elA 3027 WA A2 oh
517 nmellA] R =8 =33l A8 A7L7e F-A7T-9
FB% 2lo)Z MEG(%)R FA)EY] FaFeToR it

AR A7) FAE
ENEDEE

EDA (%)=(1- } %100

ACE Xaligd

Anglotensin converting enzyme XAs|&E3} ZHH-2
Cushman® Cheung?] 8+ (20)2 W ste] sl &,
ul-&= 0.3 M NaCl& 383t 0.1 M potassium phos-—
phate buffer(pH 8.3)9] 7] <l hippuryl-L-histidyl-L-leu-
cine(HHL, Sigma, H1635) 25 mM-S 59 < 0.15 mL,
ACE(Sigma, A6778, 0.2 unit/mL) 0.1 mL®} 7} FEAIR
£ 01 mLE &3t on], da2te FEAE WA S5
4 0.1 mLE AH7}slke] 37°ColA 3087 WH-S-A1712, 1 N
HCl 0.25 mL #7}2 ¥k8-2 £ A7l 5 ethyl acetates-
15 mL #7}3}slt) Ethyl acetate =2 238 &vl& &5
A7) Zkatel 1 mLe] S59-8 718k 54
& BB EAE AHEE 228 nmellA] F3F =
thg Aol wel AsES FIhch

hippuric acid

=% 243 F

Inhibitory effect (%)= ( 1— )>< 100

B

A: wF-27-9] hippuric acid A &

B: 2)279) hippuric acid X4 =

ORRIMA A7s &H

Kato 5-(21)¢] W 22 520 nmel| A w44 Fstedch. &,
1 mM NaNO&-9 1 mLell &4 F=o A&E H7slx
o17]¢l] 0.1 N HCIpH 1.2} AH&-3}o] wh-g-&-42] pHE 1.2
2 zAste] 7 uh-g-4-9& 10 mLE A-4-3sisich 2 kg4
A2 37°CllA 1A17E <k 3AZl ¥ 1 mLE #3] 2%
24t 88 5 mLE 71 ok, Griess A (30% acetic acid
2 27} 24|17 1% sulfanilic acid®} 1% naphthylamine$-
11 v& E535 A, AM-RA 22A4) 04 mLE 7hsle] 2 &3
AlA Aol A 1587 WA A2 F £33 =A(UVmini-
1240, Shimadzu, Japan)& AF4-&ted 520 nmell A FF =&
74 3}o] ol Aol os}e] o}l AAEE F3lsich

N (%)= (1 )><1oo

N: ol &g

A1 mM NaNO; & A=E A7ste] 14)7E WA A7



1064 olw3 -

O w
R
ot
b
N
1o

o Qb

gl A akel| vlA wA HLEHE
4 (22)& AH43kgel & 1.0 mLe) A8
2 N NaOHE 7}8F3 100°CellA] 1087F 7 sty 7k
% whgste] 1.0 mLe] Lowry AlekE 78k &3 F 10872
wx) A Ak o 3 01 mLe Folin A& 718t &3
3047 WA ¥ 660 nmolld FHE=E FA A

2 Tlsy 2 24

%‘:—?: Folin—Denis™ (23)¢]|
mLell Folin-Ciocalteu
7¥ete] Esha 3% —f‘.ﬁ 10% NaCO3 5 mLE
ebsts 1A 2F Aol A4 WA 8t 700 nmel Al -3
Z2A3tdh daTe Ad A E2F5E gl B8}
A Ae]stedct. ol EFEAZE Sigma AFS] tannic acid
£ 5~50 ng/mLe| FEE ZA|ste] T Al A
L3t AFolviAl F%EF-S 045 pm membrane filter®
o] 33k 3 HPLC(Alliance XE system, Waters, USA) 4]
2 A g2 22319} o] column XTerra RP 18(5 ym,
4.6 mm x 250 mm, Waters, USA)& AH&315 29, column

& 30°C, ol5AE CHiCN:H0(75:25, v/v)E 5
0.5 mL/min, 7% 7]+ PDA(waters 2996, Waters, USA)&
AH-g-3ke] UV 300 nmollAl 4 &bl
A}8] protocatechuic acid, p—hydroxybenzoic acid, catechin,

3

EFEAEE Sigma

caffeic acid, coumaric acid, feruic acid, rutin, salicylic acid,

L=

=}

ERELEE

)71 %

FJehe] AHgstsleh,

naringin, hesperidin-&

7t2M 1 ci—r— Etztko|
o]z R Yol B FEZZ ] wE Ao A
7HEA B f‘&%bl 7% Table 29} Zt} % 7}
B ekl 3008~46.99% 2 el o oE-g Fx 100‘7
2 ulo]aZ el B ¢ 75 W o o
7HeAR R %“’*——i velton], o'E F= 50%, &
A7t 9min Y vlo]|m 2ol B 9] 75 W o 2 7HEA
¥ g2 vtelygrl o] AAE wig o g IFE
28k A5} 3]7) 412 Table 30 vpehljal o, 3171419 R
0.9259%. vhetyton, 1901 WA F2lAde] dA =
Aoz vehytr}. o]#g A S iR 3 84
ko] Hoighe o&ke- X 36.78%, FEA17 569
min @ "to]z R o) H 1}¢] 7746 W o] 47.75%Z. o=
=9l cH(Table 4). 7H4-43 238 F=F] vk Fig. 14l
A R ule) 2ol HdlHE g e MREEH o= et
Wk & olgE FE 25~50% o HdE e e Ed
9] el 2 ehidtl Lee $(24)2 vio] A2 9o HE o] &3
FA Y FEAE FEA ke T2 50% TRAAM FEF
&ol 7H A etz 1 olake] wRelA e Fadtta
319 2™, microwave powers 80 Well4] &7 2] #8448
2/ ZgAHoleln Bud v} glov, & A7 Az}

op
>

FZ A7t 5 min *

t
A= R

4* FARE A2 vehgeh, Aol e vio]lazse]
B 3252 Ak o ojhg FRef J¥S ol e AL

2 vebgeH(Table 5). Kwon 5(25)9 Bae]x+& +3 dt

Table 2. Experimental data on soluble solid content, electron donating ability, ACE inhibition activity and nitrite-scavenging
ability of microwave-assisted extraction condition for roasted Pleurotus eryngii under different conditions based on central

composite design for response surface analysis

Extraction conditions

Exp.

Soluble solid

Electron donating ACE inhibition  Nitrite-scavenging

No.” EtOH Tlr'ne Microwave content (%) ability (%6) activity (%6) ability (pH 1.2, %)
conc. (%) (min) power (W)
1 25 (-1) 3¢-1) 50 (-1) 44857 4313 62.92 87.91
2 25 (-1) 3(-1) 100(C 1D 4550 45.86 63.69 90.48
3 25 (-1) 7(1) 50 (-1) 46.03 48.82 29.16 91.58
4 25 (-1) 7(1 100( 1) 45,43 49.30 56.36 91.58
5 7B(1) 3(-1 50 (-1) 4091 46.15 63.27 80.89
6 B 3(-1 100( 1) 41,50 4375 4552 83.39
7 B 7(1) 50 (-1) 42.78 4834 25.83 81.52
8 BCD 7(1D 100 ( 1) 4254 42.65 35.66 81.61
9 50( O 5(0) 70 46.45 48.45 43.52 92.45
10 50 ( 0) 500 75 ( 0) 46.67 50.41 42.02 92.16
11 0(-2) 5(0) 75 ( 0) 44.35 41.08 48.67 82.11
12 100 ( 2) 5(0) 75 ( 0) 30.08 33.69 3057 60.77
13 50 ( 0) 1(-2) B0 42.49 49.33 85.16 88.79
14 50 ( 0) 9(2) B 46.99 49.96 46.01 92.75
15 50( 0) 5(0) 25 (-2) 43.70 48.00 46.92 88.52
16 50 ( 0) 5(0) 125 ( 2) 46.26 47.26 56.22 93.84

UThe number of experimental conditions by central composite design.

Values are mean of triplicate determinations.
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Table 3. Polynomial equations calculated by RSM program for microwave-assisted extraction condition of roasted Pleurotus
eryngii

Responses Polynomial equations” R? Significance

Soluble solid Y =33.540000+0.240250X, + 1. 678125Xz+ 0.106600X3—0.003738X,° 0.9259 0.0089
content +0.002000X ;X2 — 0.113750X2” +0.000260X1 X3 — 0.002700X X3 —0. 000632X3 ' ’

Electron donating Y = — 16.989687 +0.699300X + 2.268125X + 0.274350X3 — 0.004818X 0.9562 0.0020
ability —0.020100X: X2+ 0.013437X2> — 0.002260X1X3— 0.013850X2X5— 0.000720X5° ' ’

ACE inhibition Y =143.01000+ 0.551850X; — 29.162812X,— 0.747600X3— 0.001 260X, 0.9917 0.0001
activity —0.013025% X2+ 1.425937X2° — 0.007378%X1 X3+ 0.137525X X3+ 0.003520X 5 ‘ )

Nitrite-scavenging Y =62.841562 +0.716250X; + 2.993750X2 + 0.169050X 3 — 0.008346X,° 0.9921 0.0001
ability (pH 1.2) —0.014800X1X2— 0.095937X2% -+ 0.000004X, X3 — 0.012450X X3 — 0.000450X 3 ’ ’

Ux1: ethanol concentration (%), Xo' extraction time (min), X3 microwave power (W).

Table 4. Predicted levels of extraction conditions for the maximum responses of variables by the ridge analysis

Extraction conditions Estimated

Responses EtOH conc. (%) Time (min) Microwave power (W) responses Morphology
Soluble solid content (%) gggg égg Z;ig ?1;2653 Ei/g;)) Maximum
Electron donating ability (%6) 2388 géi’ g;?? gggg EMZ:()) Saddle point
ACE inhibition activity (%) Zgig ?gz gggg gggg Eﬁg;)) Saddle point
Nitrite-scavenging ability (pH 1.2) gggé 4516133 1;228 g}l?g Eﬁ;ﬁ) Maximum

Table 5. Analysis of variables for regression model of soluble solid content, electron donating ability, ACE inhibition activity
and nitrite-scavenging ability in microwave-assisted extraction conditions of roasted Pleurotus eryngii

F-Ratio
. .. Physicochemical properties
Extract dit;
Xtraction condition Soluble solid Electron donating ACE inhibition Nitrite-scavenging
content ability activity ability (pH 1.2)

EtOH conc. (%) 16.15™" 23.84™" 27.65™ 15151™
Time (min) 1.30 245 132.64™ 3.40°
Microwave power (W) 0.34 3.10 36117 3.74°

"*Significant at 1% level, “Significant at 5% level, "Significant at 10% level.

o]z R e . FEA] 99%, 70%, 50% ol|et-2& 2 FE3}9]-8
o] 784 313 Ho] 27t 4.40%, 22.67%, 26.70%2 VIERGEO.
n, o]& S-uvic} f-AAb(diclectric constant)7} th2 9 o]
Zlo] nfo| R o] H FFe L 7] wEelw} stk

DPPHol| ol5t AT 0{=529| HF
vlo]lZ R o) B FEZA wpE AlFo|HA FEF
o] %52 Table 264 B uhe} 2t} = 5
33.69~5041% 2 thehton] o) &
3] A& Table 37 3tch, ol2) gk G430
"= 095622 viehstom, 1960] 2] w9l ell A
AEE Aoz velygrl AL vlete g
o] A g FE 42.00%, 5 543 Tt
min 2 vto]ZZ g o)1 4] 5811 Well A 5221%2 &) v

A} (Table 4). Kim 5(26)9] B.ae] &b 3Fuj Al Wd7] Fig. 1. Response surface for soluble solid content of roasted
5 = = - Pleurotus eryngii microwave extract at constant values

= oyl A | A 3 A

° 7;3:]—5;&? REZFE A, oprhe] e, A A, A (soluble solid content (%): 35-40-45) as a function of ethanol

BLS ZZoj|4] 30~60% A X2 341E Al el L, concentration, extraction time and microwave power.
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Fig. 2. Response surface for electron donating ability of
roasted Pleurotus eryngii microwave extract at constant
values (electron donating ability (%6): 40-45-50) as a function
of ethanol concentration, extraction time and microwave
power.

Solm A, ZEMA, Aol AlelA 10~30%2] #4E B
bz sldch ol £ Al AS Aol Al s HaAe
5 ste] Ahgslglon] wd dig &2 s Aolrt
Aoz RoA ) Kang $27)& MA AAA 55 Wl
Z2]3+= flavonoids & 7)€} phenolld &R ol 23 4o
2 A3t AEZA free radicalel AR T3t 43S
AA k= EHr) Aol Aol = EA3)7] wFelzta &
et FAA o N WS- FEH-2 Fig. 29F o] =& 5=
50% M4 2 247 6 min o|Ate] WA R ZH4E FU1s)
= Fu whead e vepgtor, Aty e oed
Sof 8-S wol] W= Ao velydth(Table 5). Kim 5
(28)¢] wh7let WA slo]m R 90| 54 ofuhg =7}
=3 vlolaz el A7} B&5E HAxFedFe] =2

Aoz theh} ® nme} $AH AL ey,

ACE Xagde| B}

ACE A 8i4l+= ACE 242 Al 3224 angiotensin II
o] QA A4, aldosteron #¥]7+4, E F&AA) 4l bradkinin
Z7t 59 A8 E8) ARG RS FAAA sodium®] wiAd
S Aoz Y3k U5l F F Uoh29). AFoAl
9] wlolmz R o]lH FZo)| utE ACE A4S Ao
73} Table 29} 2t} & ACE A 3] &4 29.16~85.16% 2
742re] & %70 wel Apolrt vhe Aor vehger o
A o2 ACE Ha|&A o] thi & AR Vel &
AFHAPAG 02 vlo]m B o] B E27 W ACE
A A ol sle] 3 EAE 3 A} Table 37 2o,
3741 9] R%= 099172 1%°1H<] W$jollA f-eAdo] A
HE Ao g el 34 ¢ 2§ ACE A&
7k o8-S % 4949%, &A1 1.24 min ¥ who]la R
glo) B =}9) 57.86 WollA] 89.69% 2 <<= ¢ltH(Table 4).

100

Fig. 3. Response surface for ACE inhibition activity of
roasted Pleurotus eryngii microwave extract at constant
values (ACE inhibition activity (%6): 40-60-80) as a function
of ethanol concentration, extraction time and microwave
power.

2 o2 HA{e ACE A& Kang 5(7Ne] A+
g & el Aok el R FE5EellA 84.8%, Song
(30)0] B A AAMA 252 75 12% % Choi
S@EDe] Bidk GABA F5Eo] 587%, Song 5-(32)9

olMAl &5 A9 5289%= viehdrh o wAlelA
ACE A8j3td-& et 242 o2 peptidert =h4d
Tl e 822 ACE Asj@] ¥& HoR 345
FAtH33). ACE A s &4 9) nh-g-%R& Fig. 3% #o] =
Azkel ztag4F ACE A&l S7ishes Feef ke
iez vepdon, Ao 22430 935 wol

A& wol i3k AE-E o2k A3 EHA =9, meth-
emoglobin & 5 £%5-34te] w31 opzlald 3 A2F ¥
3% o195} nitrosod}t - 1AUe) W A 2 o A
A dojihe, whelE-Al 4l nitrosoamined- A S 4 QLA
Huz o)g]dl olAAbd & A %te] 2ol SubEE AW S
e ¢ 9le HAE gk Yo Wo] o] Fo|A 3 gt
27). mlola B Yol B F&2 7ol whE AFolH A oA
A AA%59) W3le Table 29 2t} & obAAtd] 2A%
2] 79 pH 12014 %& 60.77~93.84% 2 viehgod, o A}
= ulglo 2 3 H A A7) 342 Table 37 Z.oH
3741 2] R*= 090212 vhepton) 1%o] o] WolA
oJAe] dAF ALt 3 FHA LR o &% ol 4%
g2 pH 1.2014 <l¥-& 5= 38.87%, 5EA2t 4.60
min 2 vlo]Z 2 go] B 9] 12349 Well 4] 94.13% 2 o3
= $1tH(Table 4). Song 5(32)2] Fo|vAl opditd 27)%
o] A$ 2252 r% 05 mg/mLolA] 99.14% % Jehte
o, Jung¥} Lee(34)E MoIWAl & ol=F9 &4 FIE

N
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Fig. 4. Response surface for nitrite~scavenging ability (pIl
1.2) of roasted Pleurotus eryngii microwave extract at
constant values (nitrite-scavenging ability (%): 70-80-90)
as a function of ethanol concentration, extraction time and
microwave power.

o] nitrite AlA Aol vtz Baudtg ok opAAtd 2A%
2] uk-$- %2 Fig, 49} 72t} & pH 1204 opalated 47
ol gk wh-g e S oghg F= 25~50% WS lA
oo FAL A= vk ow eyl Aukzje
olAAtd A5 AS AEE Fxol G ol

Aoz vebyitH(Table 5).

ZH FExA MY U =Y FEI| HEEY

ulo] AR 9ol B F52 Ax] =y LR o] L= 9l
2 A o B o] 475 Ao] gl oRE ulo]mE Y 0]
Bo] AL el S F5F 5 e AFH L o] £-31
AFelwine 7 EA A FE227E A sA 3
Ark mlelz R el n 2] & x7 HAS 5l F W=

bl

N

AN

100

Fig. 5. Superimposed response surface for optimization of
soluble solid content (45%), electron donating ability (45%),
ACE inhibition activity (40%) and nitrite-scavenging ability
(90%) of roasted Pleurotus eryngii extracts as a function
of ethanol concentration, extraction time and microwave
power.

A 313 3 (Fig. 1), $4239%(Fig. 2), ACE A § 34
(Fig. 3) ¥ pH 126114 9] o}AAkd 47 5(Fig. 49 WH&-%
WS A7) &) Bk 2 A Fig. 59 22 xS
AL 5 sk F AFeale] sl A veid 5
olE mlolmz Mol HAFEXAL oEE FE 25~
50%, 247k 3~9 min, "l Z 2 o] B 5}¢] 80~125 W
ol w2 vehgrtH(Table 6). AlgelviAle] 715Ade] x4 &
3 ¢ wlolaRYeln &0 ARz R A4 MY
A o9 FAHA AFE F& 40%, 2417 6 min
4 mlo]lm 2ol wg) 100 Well o] o5 2 AFAY
sho] A1) A-e els] Bgkeh(Table 7). L A5} b
Aol 9% AR g5 3 AT HAH
vebrer, A2 AAdE A 4 et =3
FolMAle Az|&Ao] & A vlo]mZ R olH
AAe) zebid, & du4 3E % 2 d=
& AR Ad, F oA ek 4580 me/g, F
I3HE P 742 mg/go & vlehtow, #EA4
protocatechuic acid”} 1226.32 ng/g 2= 714 ¥k,
2.2 salicylic acid, catechin, p-hydroxybenzoic acid
A2 2 velytch(Table 8). Manzi $(35)-2 Al$oly
duid o 100 g & F# 866 g, A 22 g, ©Fp3tE
96 g A 08 g ¥ 3L 12 goln EFAHE0E 544
AH2 053 g, B84 Aol +H 4.11 golZ B-glucan 0.41
g, chitin 051 g, phenol 51.4 mgo. & B.73}3] ) Aj4o]H
Aol AeigdAd-g Bole 7212 Lie 3113 Lee 5(12)9) &
el A HEA ShEE T oA Gell g e B
shodch

v = olo
R SO ™%
r obuoal N{N"‘L;rﬂ.n
g 10 O do ff ox ox BN X ge o

nd
w2

a

Table 6. Optimum extraction conditions for the maximum
responses of soluble solid content, electron donating ability,
ACE inhibition activity, nitrite-scavenging ability of
roasted Pleurotus eryngii by superimposing their response
surface

Extraction condition . Range Of. . Op timpm
optimum condition condition
EtOH conc. (96) 25~50 40
Time (min) 3~9 6
Microwave power (W) 80~125 100

Table 7. Predicted and observed values of the response
variables at a given condition within the range of optimum
extraction conditions (%)

Extraction condition
Microwave extraction
Predicted value” Observed value

Response variable

Soluble solid content 47.38 48.03*£0.78
Electron donating ability 4941 51.28+0.92
ACE inhibition activity 49,74 51.21+0.79
Nitrite scavenging ability 94.05 95.34+0.24

DGiven conditions of independent variables: ethanol concen-
tration 4096, extraction time 6 min and microwave power 100
W.
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Table 8. Chemical composition of microwave-assisted
optimal extracts from roasted Pleurotus eryngii

Content of optimal

Composition extracts!
Total protein content (mg/g) 4580+1.237
Total phenolics compound content (mg/g) 7.42+0.21
Protocatechuic acid 1226.32£1.28
p-Hydroxybenzoic acid 31.52=0.25
Catechin 43.06+0.36
Phenolics Caffeic .acid . 11.38+0.05
compounds Coum'arlc .aCId 7.32 iO.:gB
(ug/2) FCI'L.IhC acid N.D.
Rutin N.D.
Salicylic acid 81.88£0.68
Naringin N.D.
Hesperidin 6.461+0.02

YMicrowave extraction conditions were 40% of ethanol con-
centration, 6 min of extraction time 6 min, and 100 W of mi-
crowave power.

PValues are mean*SD of triplicate determinations.

PNot detected.
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