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Phellinus linteus by Extraction Method

Min-Ji Gwon, Hui-Jong Kim, Sang-Chul Kwon

Department of Food Science and Technology, Korea National University of Transportation

2 o EdAFes & WS 9y @ A 2559 JF & 210S 25T A0 A AY 715400 gt
712A"7E ATSHIA =& 4 pH, HeEE0 &, & EdvE &%, & E9H olE ¥, DPPH radical &A%,
ABTS radical £4A%& A5Gt 252 7I47M9%<(autoclave extraction, AE)Y @4 FZ(hot water
extraction, HWE), 7I¢ ¥ & f4(viscozyme)E 712 7 84 Eo5Z(Enzymatic decomposition

extraction, EDE)2 Z+Z} 2h, 4h, 6h &3 FE2&& Aol AREstitt. =82 4% EDE 6h7} 4.47%= 71
EStoH, pHE HWE 4h7F 5.98 7P =312 AE 2h7t 4.98 7P 2ottt Hie =233t 59 4 AE 6h7} 71
2 S UEloH, I &5 AR S50 H8) /IYTtE RS0l BHH0RE B2 $AE UEHUT &
2iE T (mg GAE/9)Y 4% AE 4h7t 7FE =2 T=kS Ueiiglon, & EetEkeo|E T=k(mg CE/g) EF
AE 4h7F 7 &2 =2 YUEf}itt. DPPH radical £4%(mg AEAC/g)# ABTS radical £4%(mg AEAC/g)
% AE 4h7F 7F =3kl 7HA &4 23 2R GARS) FE0] ZIVHE 223 I45E0 Ble) A6 @it
A Al 7HA] =& BH S 7IRITFERSE0] JA 9 5 29 Agsitt)
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Abstract This study was performed to determine optimal extraction conditions for Pellinus linteus by
analyzing pH, DPPH and ABTS radical scavenging activities, and beta-glucan, total polyphenol, and total
flavonoid contents. Extracts were prepared by autoclave extraction (AE), hot water extraction (HWE), and
enzymatic decomposition extraction (EDE) for 2h, 4h, and 6h, respectively. EDE had the highest yield
(4.47%); HWE had the highest pH (5.9) and AE the lowest (4.9). However, AE had the highest beta-glucan
content, total polyphenol content (mg GAE/g), total flavonoid content (mg CE/g), and the highest DPPH
and ABTS radical scavenging activity (mg AEAC/g). The four tests showed that the properties of AE and
HWE were significantly better than those of EDE. Overall, AE was found to be more suitable more

Pellinus linteus extraction.
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1. M

A&HAl(Phellinus  linteus, PL)2 HRAZEZHA
(Phellinus linteus), BARt+ oH&(Basidi omycotina),
W59 A= (Aphyll-ophorales),  AUFHlEH AT
(Hymenoch-aetaceae)?] ZZHAl <x(Phellinus)©ll
&l WARET o oH1]. o]t PR R+ oE 71A
kg zkgo] HuE1 Ql=T, A AL e kAt
ot HY 75 X E A3Ed 9 dish, 9HES A &
o] e} sf=2-g 5ol A UTH2,3]. ©] el
AgHAle] digt AvE odeiA A= Sl
Kim 5419 4] vlet 9 g 97 83} Son
5519 AHA g 22, Kim 5619 A3 Ae
FAks 9 e So] Hard B Sl

T AL olet 22 S UEE Tlole
FE OgR A&, 1FIAME B-glucand tdFel 9
g Aog HuET Sl=H, f-glucand HERE 8
-1,3-glucane F#& 3to] g-1,6-glucano] B7HA2
AZ=o%= FHE FAET, ol £59 HY7]5
< 93t AR EA A2 FUA 2 BxA 9 75
o] gr&jd v} QItH7l. olof gt A2+ thdRe
& &/dol Bt Chihara 518 thdFol A3t 3
¢ 2P 922 I3y, I5ME B-1.3-glucan
chaing 7F4&= lentinan®] 3% Fol oldH JF<
A AAIst] A9 2T EPE T HF
o} o]2et = s 9 A50] = AL
2 B v eIl

FAksler EAJAAS(reactive  oxygen species;
ROS)oIZ= A HollA HlolgiAlt AEFA 59 8
Rlell o3 44 AAlete AoR, LA
Z2 [alst H4loZ DNA, 9, ekeslE, A 5
3 9k38 4= Qlal, ROS7H AlZ29] B AIAE desto]
4B S B W) AAlE A5 AEYAS
AA FcH10]. Al tigt A= SOD(superoxide
dismutase)d] TAEZ AVIZ AFEYoH, 25 AW
ot} 137} ROSOl 93t Aolgke Al HWAIHA] Hrt
Qs gt A FAEAY 7ol 845 Tt

O.?_l’.
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AR ek
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2. M2 #
2.1 A=

AR QUSFEAFEZRE APHA Y] 15
"] 71§ 7178 5Z(autoclave extraction, AE,
115C)% ¥4 FZ(hot water extraction, HWE, 10
00), 7} 3t & GA(viscozyme)s F712 715 &
4 E83Z(Enzymatic decomposition extraction,
EDE, 400)2 ZtZ} 2h, 4h, 6h &3 252 AT
o 314 ZWs%71(N-1000, Eyela, JAPAN)E AHES!
of 5550] -80ColA ¥Zt & FAAX7|(FD8508,
IIshinbiobase co., Korea)Z 527A% & & A==
-80CoA HyslHA AlZ=E ARSI

22 =8 ¥ pH

Paselye]
TET
T ==X

< okl FE= AR AR
WEEE YeEAtt. pH pH METER(FP20,
METTER TOLEDO, Switzerland)E o]&3fo] &%
< 33] §hE EH5Iott

= =110

TE=

=3

=
S

=}

Bt Megazyme Kit (Mushroom
and Yeast B-glucan Assay Procedure K-YBGL)E
ol-gsto] EAslgtt. & 251 542 A= 100 mgs
2%t F4F 1.5 mlol WRE AJA 40T F2pRoA 458
ZFRES ¥ S5 10 mliE 3718 100C F=5200A4
2AZE REGAIFTE 1 % 2 M AR 89 10 mlE
7Flal 200 mM 24t 3oz Ald4Z 100 mlz 7
|5t F84 oJ#X(Whatman GF/A)E ©]&3l o
I3t AE Al Ao St I ST S A
F 100 mgoll 2 M =418} 2§84 2 ml 713l Z3sHA
WERE & 1.2 M ASEEE €9 2 ml, megazyme
kit got ¥ 84 TN 0.2 mlE 7Iste] 40T
F2gzoA 3082 BESAIZITH BREHS YAlEE
(3000rpm, 20min)dte] A5HS Alg LYo 5%
. o]& Y%= 510 nmolA &% EZZFIHtotal
glucan)¥ duEF7Haglucan)ESF42 glucose %4
(100 pg/ml)y& GOPOD A|of} HEGAIZ] HESH o] &
e gt 7 www.megazyme.com ZH0]x]9]
Mega-Calc g AAM]E o]-&sto] THH%, w/w)Rke
2 Aol HEH 08 HgaFk2 EEEF o

flo
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= E2EL0|E &EF =4
= T2 Kim 59 #1218 4% 9%
oto] ZAKItt. A& 4 mLe]l 0.2 N Folin-Ciocalteu's
phenol reagent A|2K(Sigma-aldrich, USA)& 4 mlL,
2% Na;CO3 €N 4 mLE 7lokal A2 FaofA 147k
HRSAIZLE ¥RE & spectrophotometer(Optizen
POP, Mecasys Co., Korea)& 0|83t 750 nm oH%
oA FFEE &4tk Wix F= Gallic acid
(Sigma-aldrich, USA)E sLHE 345t F54
& Aot AE F9 F EPulE A AT
gallic acid equivalents(mg GAE/g)& ZHilsto] e}
Wit

% ZetH Lol SRS Lee 59 WH[13] 0|83
o] Z4519tt. A& 5 mLoll 5% sodium nitrite 0.75
mlLE TPt A4 6EF FRAIXI & 10%
aluminium chloride 1.5 mLE 7ol 4204 5
7 §ESAIZ1 % 1 N NaOH 5 mLet 2%t &
spectrophotometerg °]-83t] 510 nmolA 3%
£ 243190th. & ZffELolt FFS (+)-Catechin
hydrate (Sigma-aldrich, USA)E s=@¥Z 3|43l
HEZX-E A/Jsto] catechin equivalents(mg CE/g)
2 SHiboto] vepdich

= =X

2.5 DPPH % ABTS radicla 2715 &%

DPPH(2,2-diphenyl-1-picrylhydrazyl)ell gt radical
427452 DPPHY &dEE ol-&sto] ZAst5irH14].
% A= 1 mlol 0.2 mM DPPH&%(99.9% ethyl
alcohololl &3l) 9 mLE 7Iskal 1027t £33t & 42
AAolA 1087 B-3-A]7] 3L spectrophotometerE ©]
&5t} 517 nm TPoIA FFEE 451t DPPH
radical &752 Ascorbic acidg& 5EE=E 45t
HEFAE 2ot Ascorbic acid  Equivalent
Antioxidant Capacity(mg AEAC/g)& SHitste] Liet
Wit

ABTS[2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid)lll ti3t radical £2452 Ku 59 ¥4
(15} &7 HFsto] S5 7 mM ABTS9} 2.45
mM potassium persulfateE 1:1 &2 &3lslo] A
291 FaoflA 12~16A17F B3t WA|5to] ABTS'E 34
AZ1 & 734 nmollAl 4% el 0.900+0.200] EA
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FTRTE AMSSt 345kt AR 0.4 mLell ABTS
reaction £&E& 11.6 mLE F7lote] £ & AL &
204 1087 ¥FEAIZl B2 spectrophotometers
olgstd 734 nmeolA FFEE SAsITE ABTS
radical £7%-& Ascorbic acidE F=E=E 34311
¥EFAE ZAJoto]  Ascorbic acid  Equivalent
Antioxidant Capacity(mg AEAC/g)E SHlste] Uet
vt

2.6 A

n= 33] ol .
Adojz A3= SPSS (Statistical package for the
social science 18.0) program= AREslo] EAREA
(ANOVA)Z} Duncan’s multiple range testE AA|5}
Aot A 948 B35S p<0.05 oA 794 2}
ol& Eelstrt

age e 4He Ay

2

EJ-'-I' =}

3. =

a

al

3.1 =8 ¥ pH

FE o] OE AHA 2259 £& Y pHe
Table 13} Zth 8% 6A17t B4 E5)5E(EDE
6h)o] 4.47%= 7V =9kow, EDE 4h, AE 2h, AE
Gh, EDE 2h, AE 4h, HWE 4h, HWE 6he} HWE 2h
£02 =oth AAFR &8 HoE o, £4FF0]

fRE =0 g0 JePfgit). o]= Kim[16] 59 &=

TT EYT T=Ea2

Table 1. Yields, and pH and soluble solid of Phellinus
linteus extract with different extraction

methods.

Sample Yl(f/i)ds pH
AE 2h (115C) 1.22 4.90 + 0.02°
AE 4h (115C) 2.84 5.32 + 0.00
AE Gh (115%) 2.46 5.03 + 0.00°
HWE 2h (100T) 0.83 5.88 + 0.01°
HWE 4h (100T) 1.04 5.90 + 0.00°
HWE 6h (100C) 0.83 562 + 0.01'
EDE 2h (40C) 1.36 5.22 + 0.00°
EDE 4h (40C) 3.71 561 + 0.01°
EDE Gh (40C) 4.47 5.40 + 0.00°

Results are expressed as the means+SD. In each sample, a-g
superscripts are significantly different at p<0.05 by Duncan's
multiple range test. AE, autoclave extraction; HWE, hot water
extraction; EDE, enzymatic decomposition extraction.
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B2 £ YEd &M FALSH
Hofl vl5] F= FEo] AR W
7RI7HE S0 4o 93 E‘Q"g JEE0] 7183k

of wat g&o] golsHA © Aoz wate & Ji17].
SHAIYF pH= HWE 4h7} 5. 90& 7H E9rom, 719t
7t T 27 A9 & ARlo]

5 pih Fﬂ'??i‘:}ﬂ aste 3L B,

‘r‘ B__L-r* OH

2

AN FE2ES HWEe2T
A= Table 29} Fig. 13} 2t} WEZRF S5
A2 71471852 GAITHAE 6h)o]
4AZHEDE 4h)7} 6AIZHEDE
UrEMWE}. BHHoZ 7Rt
BAFS FZ0| vlo] 2 TF
VeI 77t S22 WS o83t A AlY

-

GEEE]
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F= 24
=
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HIERZ 3 72 Jol18] 59 FAMAL 8 A
o] M= E2vls o v A ATl Hehd

APy ALe] MRS Bl 17.5%9F SAke Aake
Uehdth, E3t BARSIEDDEES HE2eIigol
A WA A1) Gro] e Ameh Hol7t
£ ol Barry [19] 59] 0] o5kl fax uhy
£ ¥e) 1,311 4--25748 98] hpefslel 28
g-25710] WA AET} I glow BAH Sol4o]
B7MsTR Bt Hetd olekgre 7)o whe
Asle} weke,

o

18t

[
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B-glucan contents (% w/w)
)

AE2h

AE4h  AEGh HWE2h HWEdh HWEGh EDE2h EDE4h EDEGh
1. B-glucan content (% w/w) of Phellinus linteus
extract with different extraction methods. In
each  sample, a-f  superscripts are
significantly different at p<0.05 by Duncan's
multiple range test. AE, autoclave extraction;
HWE, hot water extraction; EDE, enzymatic
decomposition extraction.

Fig.

3 & 2h=E, & EHEL0E S

FEH T A 2259 F Eds
Fig. 29} &t & E2j& Hmg GAE/g)o] 71
FZ& WS 666.9 mg GAE/gE Uerd 717t
FZ 4AZHAE 4h)old, Th202 HWE 4h 637.95 mg
GAE/g, HWE 6h 599.56 mg GAE/g, AE 2h551.58
mg GAE/g, AE 6h 548.89 mg GAE/g, HWE 2h
461.18 mg GAE/g, EDE 2h 121.28 mg GAE/g, EDE
4H 116.23 mg GAE/g, EDE 6h 111.68 mg GAE/g
O & ESIth AAF o GARe] FE0] IIWIESFE

2o vl A3 W3k

w
O
O

.{

fé i

H

g

-

Table 2. Total glucan, e-glucan and A-glucan contents of Phellinus linteus extract with different extraction

methods.
Total glucan a-glucan B-glucan
Sample
% w/w)

AE 2h (115C) 17.08 + 0.04 3.06 + 0.01 14.02 £ 0.03°
AE 4h (115C) 15.10 £ 0.04 2.06 = 0.00 13.05 £ 0.05°
AE 6h (115C) 19.68 + 0.04 2.06 + 0.01 17.62 + 0.04'
HWE 2h (100T) 9.84 + 0.19 2.82 = 0.00 7.02 + 0.20*
HWE 4h (100T) 9.43 £ 0.12 1.65 £ 0.03 7.78 + 0.10°
HWE 6h (100T) 10.50 + 0.09 1.60 £ 0.04 8.89 + 0.06°
EDE 2h (40T) 18.61 £ 1.46 12.16 + 0.03 6.45 + 1.45®
EDE 4h (40C) 19.02 + 0.64 13.47 £ 0.01 5.55 £ 0.65°
EDE 6h (40C) 20.31 + 0.48 14.67 £ 0.03 5.63 + 0.45°

Results are expressed as the means+SD. In each sample, a-f superscripts are significantly different at p{0.05 by Duncan's multiple range
test. AE, autoclave extraction; HWE, hot water extraction; EDE, enzymatic decomposition extraction.
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& EtHo|E HFL Fig. 39T & S2hE o]
E =Hmg CE/g)°] 78 &2 55 94 E3F 168.21
mg CE/gZ 7147tE+ZE 4A1ZHAE 4h)olH, th3o=2
HWE 4h 157.75 mg CE/g, HWE 6h 154.07 mg
CE/g, AE 2h 138.78 mg CE/g, AE 6h 135.10 mg
CE/g, HWE 2h 127.29 mg CE/g, EDE 2h 26.94 mg
CE/g, EDE 4H 26.60 mg CE/g, EDE 6h 24.18 mg
CE/gl® =01, o] T3t G4Rs) 20| 7197
I G55E0| Hle] @15 Wt ol 2559 &4
Z70] wet &go] IdEixEe 549 AL Hof
Hwang[20] 59 E4Esf o] 93t E7ato2RE 44
H £84Y R FEEY E &Y Al
viscozyme £49] 2% hemicellulose £29] &3]
58S 4% 23 50C7F HF 20 YERT o]
£ 40CoA 29 a4 FZ(EDE7F HAZoR
$2 olfE & & ok

3.4 DPPH radical & ABTS radicla 275 &4

FE0H IE AR 2259 DPPH radical
AALL Fig. 49 2t DPPH radical 2A%(mg

ABAC/g)°] 7P &2 & ¥ 449 mg AFAC/go

2 719t %% 4ATHAE 4h)olH, the-0 & HWE 4h
419.68 mg AFAC/g, HWE 6h 419.53 mg AEAC/g,
AE 6h 390.25 mg ABAC/g, AE 2h 385.48 mg
ABAC/g, HWE 2h 311.32 mg AFAC/g, EDE 4h
85.38 mg AEAC/g, EDE 2h 67.49 mg AEAC/g, EDE
6h 61.86 mg AFAC/g#C & &Qith

ABTS radical &As2 Fig. 59 2T}t ABTS
radical £75(mg AEAC/9)9 7H =2 F= U &
St DPPH radical &A% Z¥e} 20| 501.63 mg
AEAC/go 2 7117t 5Z 4AIZHAE 4h)el®], HWE
4h 465.66 mg AFAC/g, HWE 6h 460.80 mg
AFAC/g, AE 6h 449.13 mg AEAC/g, AE 2h 431.31
mg AFAC/g, HWE 2h 361.96 mg AEAC/g, EDE 4h
109.50 mg AEAC/g, EDE 2h 93.94 mg AEAC/g,
EDE 6h 82.60 mg AEAC/g+=°2 =St} DPPHS}
ABTS radical £4A% 2% EZYdE, 2t Lol
gt o] aaRd] FZ(EDE)°] 7II7FE(AET 45
FZHWE)l vl @As] 22 kS Heholth o] &
S G4t 2A 250 FEd] vX|A] Eo ZE|vs
ZgtE o= ggFo] W20 7[5t Osawal2l] &
o B3l F WlEd} St ro|E Yt PAISH &4 Ato]
o] AEBA Q] Ao W Axjety wad 5 9l
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Total polyphenol contents (mg GAE/g)
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Fig. 2. Total polyphenol contents(mg GAE/g) of Phellinus
linteus extract with different extraction
methods. In each sample, a-h superscripts
are significantly different at p<0.05 by
Duncan's multiple range test. AE, autoclave
extraction, HWE, hot water extraction; EDE,
enzymatic decomposition extraction.
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AE2h  AE4h AE6h HWE2h HWE4h HWE 6h EDE2h EDE4h EDE6h

. Total flavonoid contents(mg CE/g) of Phellinus
linteus extract with different extraction
methods. In each sample, a-h superscripts
are significantly different at p<0.05 by
Duncan's multiple range test. AE, autoclave
extraction; HWE, hot water extraction; EDE,
enzymatic decomposition extraction.
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Fig. 4. DPPH radical scavenging activity(mg AEAC/g)
of Phellinus linteus extract with different
extraction methods. In each sample, a-h
superscripts are significantly different at p{0.05 by
Duncan's multiple range test. AE, autoclave
extraction; HWE, hot water extraction; EDE,

enzymatic decomposition extraction.
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ABTS radical scavenging activity (mg AEAC/g)
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Fig. 5. ABTS radical scavenging activity(mg AEAC/g)
of Phellinus linteus extract with different
extraction methods. In each sample, a-h
superscripts are significantly different at
p<€0.05 by Duncan's multiple range test. AE,
autoclave extraction; HWE, hot water extraction;
EDE, enzymatic decomposition extraction.
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3] o o gguisl 2a80) &
= % pH, HERZZt

Es
F, 5 Ede ¥ =

ol o

H1olE $gF DPPH radical &A%, ABTS radical
AASE B

2:89] 72 EDE 6h7} 4.47%2 7}4 %grom, pH
+ HWE 4h7} 5.98 7F¢ %™ AE 2h7h 498 7}
7 Joreh HEEEr e 4§ AE 6h7t 7P =2
AFE Ueon, g5 &1 B4R & vl
717tdS20] BHHoE =2 X8 YUYl &
E95Es &%¥(mg GAE/g)9] 4% AE 4h7t 7P =2
TS Ueiglon, & S8t eolE Ta(mg CE/g)
TS AE 4h7F 7HY =2 TREE UERITE & E9T
=3 ETtEeo|E T BF VIIESET I 5
9] gho] AARS) 20 Hlo] HHOo R EStom, &
2ES) F29] B¢ A6 % g2 vtk DPPH
radical 27%(mg AEAC/g)¥} ABTS radical A7%
(mg AEAC/g) E3t E2jH&} EetE olE 3F A3t
o} Zo] AE 4h7} 7P E3teH, 77t EE
F20] A4Ed F&) Ho] HHHoE 2 ANE
Yepith. oebs] g 4 E HEREEX 3 5
9 7154ES BF 1Eotd 7I7HE & 44110
7 A9 x4 Aottt ol= AFHAY HE
SEX g} A Z4do] ERlg] wet gAY
715730l tigh 71323 = AFolE 7|o=Zva s
T},
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