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Abstract

This study determined the optimum extraction conditions based on five response variables (yield, total phenolics,

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) free radical scavanging activity, oxygen radical absorbance
capacity (ORAC), and B-1,3-glucan content) in chaga mushroom (Inonotus obliguus) using the response surface
methodology, where three independent variables (ethanol concentration, extraction temperature, and extraction time) were
optimized using a central composite design. The optimum ethanol concentration, extraction temperature, and extraction
time were 50% (w/w), 88.7°C, and 14.5 h; 9.2%, 92.7°C, and 14.5 h; 50.8%, 92.7°C, and 14.5 h; 9.2%, 92.7°C, and 1.5
h; and 90.8%, 92.7°C, and 1.5 h for yield, total phenolics, ABTS, ORAC, and f-1,3-glucan content, respectively. The
predicted values of the response variables were compared with those of the extracts under the optimal extraction conditions
to verify the models. The optimum extraction condition for the five response variables was predicted to be 81.4% ethanol

at 92.7°C for 14.5 h.
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AT (e AAelth o B AFelME A FEEC]
Alzzdel A7 SddFeldes 99, 75 2%, 7= A7)

NS EERA S

B B = e, 3 EYHE
%, 6S*J@r%(ABTS free radical scavanging activity, ORAC),

% glucan ¥, B-glucan ¥, B-13-glucan FH&Fo] = e}

i el
HE 2w

NE WE L Al

glAlope] FHl A HelA HFH7 A7HAE (F)DHF (Seoul,

Korea)S Esto] AlFwrol AM-at4]
A% AleF = Folin Ciocalteu’s phenol reagent, gallic acid,

2,2"-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammounium
salt (ABTS), potassium persulfate, 6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylic acid (Trolox), fluorescein salt, glycine<
Sigma-Aldrich (St. Louis, MO, USA)°llA] F3}IAt} Sodium
carbonate, sodium hydroxide, potassium hydroxide, acetic acid
(glacial), hydrochloric acid, 99.5% ethanol, aniline blue= 4713}
3H(Seoul, Korea)ollXl 93IATE. 2,2-Azobis (2-methylpropionami-
dine) dihydrochloride (AAPH)®} curdlane Wako-Chemical (Osaka,
Japan)oll 4] 3}t Potassium phosphate monobasic & %A
A3}eH(Seoul, Korea)ll X 731342, potassium phosphate diba-
sice Junsei Chemical (Tokyo, Japan)ollAl F+3Ith & glucan
3 B-glucan FF2 mushroom B-glucan kit (K-YBGL, Mega-

zyme International, Wicklow, Ireland)S 43l =43t

1Z38k8) %) 2] 47 WA 2 T (2015)

Seoul, Korea)Z AZ & XA7](M-6TM, Leepack Co.,
Incheon, Korea)E ©]&3}9] polyethylene pouch (Rollpack, Pyeo-
ngtaek, Korea)oll 73] Ao RS FFol AT

27l S g24=%(Daihan Scientific Co., Seoul, Korea)

qE

£ olgste] &R/ FESIh AN £ 10g8 T2 2
2319 %—1 ZZ au) 400mLE ALl &3 3o
B 5 5000xgoll A 1587 YA E2](Mega21R, Hanil Corp.,

<

Seoul, Korea)?} % Whatman #4 filter paper (Whatman Co.,
Maidstone, UK)E ©]&-3fd oF}alqitt. oFdlg 79t 557|(N-
1000VW, Eyela Co., Tokyo, Japan)s °©]&3lo] =3 &, 547
Z(NB-504, Ilshin Co., Dongducheon, Korea)s}] —20°C°ﬂ/‘1 Y
wasel g0 AHSska

=& T8

NEL FF FE&%, ww)S FEE A2 AR A
2 FAlC] Ok 52 AF a¥Re] FA wEgz Jepilth
£ ZdlHis g

7t AFe F ZdE S Folin-Ciocalteu A|2FS ©]-8-3F
Singleton 5-(13)2] WHE o838t EAEAT AR TR
gallic acidg FTEARE AMEste] e A4 "Vt =

Table 2. Experimental order of central composite design used for
response surface methodology with three independent variables
for chaga mushroom extraction

Ethanol

Standard Run concentration Temperature Time
HhS A A order order (X,,% (VIV)) (X, °0) (X;,h)
A 7HAe] EYHSQIHE olEE FEWX, % (W), T 1 8 -1(25) -1 (40) 14
(X, °C), FEATHX, hyE Amo}oq B EREAY 7 24 2 6 1(75) -1(40) 14
33 A8 (central composite design)S ©]-8-3FATE AF HLd 3 4 -1(25) 1(80) -1(4)
we} washe mYwsel SeaEA e EPESE Table | . 0o 1@y 1) @
I 7ok B A7 379 elxtel 3¢ £Fow o]Rold = 5 2 -1(25) -1 (40) 1(12)
A7) 67l (cube: 4, axial: 2017 2% (a=1.633)0149] AFo] = 6 3 1(75) -1(40) 1(12)
7HE % 2078 APow PASATKTable 2). FEEAF A 7 ° e ey Y
£ Table 291 o] Al #ME QWA AAsseE v . 5 o e o)
HP(response variabley= T8, & ZEdE &7, ABTS % 0 ; 0250; 0260; OES;
f 97 27%, ORAC, % glucan &3, B-glucan ¥, B-1,3- 1 . 0.(50) 0.(60) 08)
glucan IR, T3} e whgMe 247ke] o3 HAXL £
=59 tho 12 1 0 (50) 0 (60) 08
E=IAEHO). 13 16 (92) 0(60) 0(8)
14 19 o (90.8) 0 (60) 0(®)
ZﬂX + Zﬂszzz+zzﬂszX 15 14 0(50) -a (27.3) 0(8)
i=1 i=1 i<j 16 17 0(50) a (92.7) 0(8)
17 18 0(50) 0(50) -a (1.5)
A7 22 M= 18 15 0(50) 0(50) o (14.5)
A7b sl e 7@ % %avz F uAE olgdtel Rafsila ¥ o 3 0650 0(%0) 0
A3 IEE he] testing sieve (Chunggye Sanggongsa, 20 20 060 060 0®
Table 1. Independent variables and their coded and actual values used for optimization of extraction condition of chaga mushroom
Coded levels
Independent Units Symbol
variable -0 -1 0 +1 +a.
Ethanol concentration % (V/v) X 9.2 25 50 75 90.8
Temperature °C X, 273 40 60 80 92.7
Time h X, 1.5 4 8 12 14.5
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=° 343iitt. o] BMF FE= 20l TFT 1.58mL
F7F8k3L 2 N Folin-Ciocalteu A19F& 100 uLA FolA 387
SAATE o] Wkglol 20% (w/v) Na,CO, &9 300 uL= 7138}
40°CollA 30 &t HEAZT 2 F 7 A RS 8=
Spectramax 190 (Molecular Devices, Sunnyvale, CA, USA)S
o]-g-35ted 765 nmellA A3ttt

u o

2

TN

ABTS Xigt 2iClzt 4745

ABTS At 20z 27458 Re 5(14)9] Wl weh 243}
gtk 7mMe ABTS diammounium salts: ZF-l {a|A]A vt
E £93} 245mM potassium persulfate £-4-S- 2:19] H]E&Z 4]
o] gaollA 12417F Bt WHEAIA ABTS A S &94S
UE ¥ 734nmellA §8e] FFE Fto] 0.700+0.057) HEE of
22 g4tk AlE 10 uLE 1 mLe] ABTS A 2z &
A3} 17 B WAL 5E Ulel EFet & Spectramax 190
£ olg3ld 734 nmollN =S Stk A A3= trolox
£ Hlm EZE A3l TEAC (trolox equivalent antioxidant
capacity)2 e AT

Oxygen radical absorbance capacity (ORAC)

ORAC Huang 5(15)°] W& Wdste] 54351t AAPH
£ 75mM phosphate buffer (pH 7.4)°l = HEF=7F 153
mMo] HEE 3 & WAu#sle] ALE-SIATE Fluorescein stock
solution (4x10° mM) 75mM phosphate buffer (pH 7.4)° =
o Wof| =FA|7|R] &L 4°Co] R A3 T} Fluorescein stock
solution> A& A] 75mM phosphate buffer (pH 7.4)Z 3|43}
40nM2] F=7F EE=Z 3t pClear® black clear bottom 96-
well microplate (Greiner Bio-one, Frickenhausen, Germany)oll 40
nM fluorescein solution 150 pL9} 75 mM phosphate buffer (pH
7400 HA AFE 25uLE 7FEkaL 37°CollA 3087 WAl &
25uL®] 153 mM AAPH &8 718t & 37°CelA] 90%x 7HA L
Z 100 cycle &< fluorescence microplate reader FLx800 (Bio-
Tek Instruments Inc., Winooski, VT, USA)S ©]|-&3}¢] excitation
485 nm2} emission 520 nmellA FF FS ST F cycle
B¢ 43 ¥F e ol WWOe=E AUC (area under the

curve; (a))2F net AUC (b)E T3k Th.
AUC=0.5+f/fo+ .. fIfyT o T 00l F05(F100110) (@

f, =initial fluorescence reading at 0 min
f; =fluorescence reading at cycle i

Net AUC=AUC sample-AUC blank (b)

XE=EAE AREE trolox?] F59E net AUC 3+ o83l 7

Glucan &2

Mushroom B-glucan kitel] A #|&3F Wl ule} o] kit AME
3le] & glucan?} o-glucan S ZA3ITL a-glucan $FEFS A
23 UYMAE B-glucand] oz AT B-1,3-Glucan®)]
iline blue Ao wt
+o fluorescence’t == TS ©]83 Kol Lin(16)9]

A 3087 wigsiATh wide] Bu A 4 SR &AW
Wk ¥ 0.1% aniline blue &4 IN HCI# 1M glycine-

NaOH buffer (pH 9.5)F 40:21:592] U] &2 E&3F dye mixture
£ 630puLE 7Rkt L & 50°CollA 3087 st B-1,3-
glucan¥} fluorochrome complexE FGAIZ & A2 3087+
WAL L & excitation 398 nm®} emission 502 nmol|A] flu-
orescenceS =7 (FLx800, Bio-Tek Instruments Inc.)3}Ath ®F&E
AZE curdlanS o83t AFHE 18 B-1,3-glucan THS T

DHlo| HE

BE S WEE bU58 54 (multiple regression analysis)2
AR (ANOVAYS F38HaL, o] 25 H 2 olxF 3FA4E&
stod HhEREe] A4S AFeHer, T4 #2412 Minitab
14 software (Minitab Inc., State College, PA, USA)E ©]-4-3}%
Hhgrdle] vk} S %=E SciDAVis software v0.2.4
(open source software)E ©]&-3tct. A4 FE22US 27 ¢
Fgoz YA (stationary point)2] FENS Fto] W3- 1)
Zo} SIAET HhH (maximum point), #2423 (minimum point),
ok (saddle point) X 54 (rising ridge)e] FHENQIAE et}
oh. 2 ¥ Minitab softwareE ©]-&3le] A FEXUE 53t

3L, A ARe Felo] G5 el A=E ASelsid o
= 3 AE 7] Zol= gt L A (relative error)Z UERJ O] &
do] FduE AFsIAth 7 vl g whgrde] gt
8 A%ty FEx7d 02 S Adstet st
A= BE RS E HAHsE 7 e e FERUS
A3t

HStol SAHEN

2 AFoA s HERHEAY T FATEIEE ©
Ex74 WE F 2039 A¥S AYsAL 7 uke
ARs T3 AEA B RS Bk B8t
el M2 7k v AR Table 33 231
3]924]S Table 49} 7t}

F2 588 Ay =271 149U 90.8%, X, 60°C, X;: 8 h)ellA]
7HE G9kaL(4.7+0.3%), A8 23 16W (X 50%, X,: 92.7°C, X;:
8 h)ollA 26.3+0.7%= 717 ESkTH(Table 3). ol ollghE FHgol
M w& & AR FEXUA FEF FE0] HAAR U
e deare] Aot AX|5kch(17,18). ¥R HYEE
Yelf= oA} 7249 R? 4+ 0.9840]0 3 p<0.001 G50l
I3t tH(Table 4). 3]A%A A olebe ko] o]xFhX)ol
p<0.001 oA Fol3lH 2= (Table 5), NS FFFo] F=
Fgo 7P 2 4% FE 2ol Addh

Z Eds e A9 27 169 50%, X 92.7°C, X
8hel Hth(329+18 mg GAE/gRoH, A3 =74 6:(X;: 75%,
X, 40°C, Xy 12hyel A H2(71£3 mg GAE/g)%tHTable 3). ©] 2}
37212 R? 3He 0.859F p<0.01 FFollA §-2] 59 tH(Table 4).
T e I FF 257t oA FF ARkl Aoy
o wet S7FeA, B9 4 AR FE 2R FF 2=
9] olxF X))ol p<0.01 oA Felatith(Table 5). & AT+
o] Ade =g=eE] WA FF A s set F
Zgvs gl FA TS FA Gethe Barel IAs
HFOL(18), TN F5 =9 5 §ule] nlgo] f<
Hog F Zejus ol TS vXvhe Hi(19)9= vE
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Table 3. Experimental data of response variables for optimization of extraction condition of chaga mushroom

Experiment Extraction yield  Total phenolics ABTS ORAC Total glucans -Glucans B-1,3-Glucans
number (%, w/w) (mg GAE/g) (UM TEAC/mg) (uM TEAC/mg) (mg/g) (mg/g) (mg/g)

1 17.3£0.7 124424 537+14 1294459 33.8+0.4 25.7+0.4 nd*

2 6.3£0.1 121+16 3777 1330+112 37.1£1.4 31.6£0.9 10.71.3
3 23.24+0.3 126+17 60416 1739+66 35.0+1.5 25.3+1.7 nd

4 12.7+£0.5 113+4 724424 1774+174 36.9+1.2 289+14 18.7£1.3
5 17.5+0.1 122+12 280+8 1430+145 31.5+£0.6 23.1+0.9 nd

6 7.2£0.2 7143 661x14 1448+108 34.4+0.8 28.8+0.6 22.7+1.3
7 25.840.1 281+26 916+17 1908+36 39.0+0.3 30.3+1.6 nd

8 15.4+0.3 178+8 670+16 1437+133 36.8+0.2 27.0+0.4 22.7+1.3
9 19.8+0.5 98+3 695+6 1294+139 35.2+0.4 26.8+0.6 nd

10 19.8+0.1 1036 695+11 1339+119 35.6+£0.6 26.2+1.1 nd

11 19.1£0.5 105+7 686124 1281+38 34.6+0.5 26.9+1.7 nd

12 19.9+0.2 108+9 687+11 1172447 34.3+0.2 27.5£0.3 nd

13 18.3+0.8 136+8 522424 1053+135 20.7+0.2 14.3£0.3 nd

14 4.7+0.3 96+13 757122 1552463 29.740.5 24.340.6 22.3+0.8
15 10.7+0.5 153+16 449+34 910+165 22.1+0.3 16.2+£0.3 nd
16 26.3+0.7 329+18 980+30 1547+123 42.8+1.6 34.3£1.8 9.4+1.3
17 18.8+0.5 179+12 284+28 1670+223 23.540.5 16.7£0.3 nd

18 20.1+0.6 117+4 578428 1668+59 26.3+0.5 18.4+0.4 5.4+1.3
19 20.24+0.8 109+4 675+13 11844125 35.3+0.2 28.3£0.3 nd
20 21.1+0.4 105+3 650+9 1137435 35.1£0.4 28.1£0.3 nd

*nd: not detected

Table 4. Second-order polynomial equations for yield, total phenolics, ABTS, ORAC, and (-1,3-glucans in the extracts from chaga

mushroom
Responses Second-order polynomial equations R? p-Value
Yield Y =-0.560329+0.321986.X,+0.346059.X,+0.042405X,~0.005236 X, 0.984 <0.001
-0.001619X,7-0.018209.X,>+0.000050.X,.X,+0.000750.X . X;+0.006250.X,.X, ) ’
. Y'=502.008+2.231X,~13.491X,-23.729X,~0.006.X,>+0.108.X,+0.511.X;2
Total phenolics Z0.016X X,~0.174X X +0425X.X, 0.858 0.003
Y = —218.418+6.96 LY, +4.117.X,+72.876X;~0.021.X,+0.038X,>~5.695.X,>
ABTS —0.087X,X,+0.219X,X,+0.36LX,X, 0.789 0018
Y= 885.544+5.219X,+12.455X,~117.760X,+0.087.X,*+0.066.X,>+11.976 X
ORAC 0.123X.X,-0.655X X,-0.659X,X, 0813 0.011
= | | _ 2 2 2
B-1,3-glucan Y'=28.2220-0.7037X,-0.6069.X,—1.3496.X,+0.0076.X,*+0.0058.X,°+0.0978.X; 0.962 <0.001

+0.0020X,.X,+0.0200X,X;-0.0125X X,

A

A 17THX: 50%, X 60°C, X;:
TEAC/mg)°1‘Ri‘:]'(Table 3).
G A FoI8HAtH(Table 4). 37 B4 A3}, & A
7ke] oA Xl p<0.05 FFEAA fFeStRR FE Al7bo]
ABTS At itz 4750l 7P & 438 F+v F&xd00= & FA3 AT bR/ F= &9 T 70°C o)
3 WS THTable 5). ORACS Ad =74 79X 25%, X,

p<0.05

Aol WARE HIEE ThY
Jol A% th2n olo] Wl #% fulol UF gelEst wH & FF *17&01 g Wl o149 FE HAE o U

|
= A0yl Wslelt Azhgi),
ABTS 2+ Uz 2752 A3 =71 16HX;: 50%, X,
92.7°C, X;: 8 hyelAl Zth(980+£30 mM TEAC/mg)elL, 28 = 7—}7—} 0465 (p=0.517)2} 0468 (p=0.509)0.F Fro|Fo]x] kol
1.5hyoll Al 2 4284427 mM 2718 HAST 7 ik Xulie
FE27 Aol Ao 03_%011*1 =2t

ozt

Efsieh

3AAY R S 0.789%

ol i o

94°CoI, TR 37
48 F7HeIn. =3 4

80°C, X;: 12 hyellAl Zt(1908+36 uM TEAC/mg)oH, AE = oA =718k & & gtk

[e]
A 159X 50%, X0 27.3°C, X;: 8h)ollAl #2x(910£165 pM 3H7] $lske] A9 3:74 o Mt & =&

TEAC/mg)3AtH(Table 3). ©|x} 3]7141¢] R* k2 0.81322 p<0.05 92.7°CE AR, &

Tl
2FHXxAel p<0.01

%ﬂﬁ}oiﬁ‘r(Table 4. 39 24 2, == /‘]7“’1 o] el E3ate] *‘3‘.{\7401] uhE
Tl frelsiith(Table 5). Fitshss

A elRolgTal),. olzrH th
=

% glucan?} B-glucan $HgollA] Aozl o]} 3] A 2] R* 3

F& F& 2571 80°C ©]

’}\ (Phellinus

5(10)2] BaChu HAl th

Sk Ao EZAsts ZjHse ElfE A% ABTS free radical scavanging activity$} ORAC

hud

oft v i

b1

<
]

7o A7 #2
}Z)O

dn 2

=
igniarius)2] THg

=

ST 70°C o149 I
ke whg WSS e

H 2 273°CY Huh

o1gel A 271l §

FE] Aol 24 Bo} &

o83 o]7} BiANe] fmo] Asjeigion), &
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Table 5. Significance of regression equations (p-value) and ANOVA for yield (Y,), total phenolics (¥,), ABTS (Y;), ORAC (Y,), and p-1,3-

glucans (Y;) in the extracts from chaga mushroom

Response variable

Source Term
Y] YZ Y3 Y4 YS
Regression analysis Constant 0.908 0.006** 0.676 0.229 0.025*
X, 0.001%* 0.348 0.39 0.632 0.002%*
X, 0.007** 0.002%* 0.717 0.428 0.026*
X 0.927 0.115 0.163 0.105 0.214
X? <0.001*** 0.691 0.687 0.232 <0.001***
X} 0.051 0.001** 0.637 0.548 0.005%*
X;? 0.341 0.374 0.015% 0.001** 0.038*
XX 0.948 0.516 0.305 0.289 0.263
XX, 0.845 0.165 0.597 0.259 0.039%
XX, 0.212 0.014* 0.488 0.357 0.263
ANOVA Regression <0.007*** 0.003** 0.018* 0.011%* <0.001***
Linear 0.004** 0.005%* 0.480 0.214 0.008**
Quadratic <0.007*** 0.005%* 0.080 0.008** <0.001***
Interaction 0.625 0.047* 0.594 0.357 0.094

£p<0.05; **p<0.01; ***p<0.001

Table 6. Optimum extraction conditions of chaga mushroom and comparison of predicted and observed values for verification

Optimum extraction condition

Response Ethanol content

Time

Predicted

Relative error

Observed®

Temperature (%)
(%, VIV) (°C) (h)

Yield (%, wiw) 50 88.7 145 26 25.9+0.1 0.4

Total phenolics (mg GAE/g) 9.2 92.7 14.5 495 460+6 7

ABTS (uM TEAC/mg) 50.8 92.7 14.5 885 88015 0.6

ORAC (UM TEAC/mg) 9.2 92.7 1.5 2313 2023+18 125

B-1,3-glucans (mg/g) 90.8 92.7 1.5 36.3 38.6+1.6 6.3

*Meantstandard deviation (n=3)

ke & 257 7P B& 92.7°Col HUlgks Ho] A3 ol W RHIY IS} SIMEE F5 AR §hE IS
Aok frAkaRATH10,21). et FFHX)F FE =) WE FeAES Yt
B-1,3-Glucan o] o]z} 3]#2]9] R? F2 0.962F p<0.001 (Fig. 1. 2% F€ ¥HaHagze} SuMEEs AP
FEAAM el et th(Table 4). 37 24 A, dghe 3] o e, 35 80 HARS oeE T§F 50% o, FF 2
X)) ol )] 22 p<0.019} p<0.001 FElAM 2] &= 92.7°C opde] FExe] AT AR dFEild. & &
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Fig. 1. Response surface plots and contour plots for yield (A, Y)),
total phenolics (B, Y,), ABTS (C, ¥;), ORAC (D, ¥,), and B-1,3-
glucans (E, Y,) in the extracts from chaga mushroom at a
constant time (X;) of 8 h.
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