ﬂ' E E Q!‘ QI II The Korean Journal of Mycology

2L} X|ei ozl S0 ME A A 2 H|

O o

GE o)A, Y E s e, YN

Comparison of Ingredients and Antioxidant Activity of
the Domestic Regional Wolfiporia extensa
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ABSTRACT : This study was conducted for comparison of ingredients, phytochemical compounds and antioxidant activity of
Wofiporia extensa cultured in Gangwon-do, Gyeongsang-do, and Jeolla-do. Three contents of Wofiporia extensa were analyzed as
oxygen (46~48%), carbon (38~39%), hydrogen (6.05~6.1%) and nitrogen (0.17~0.21%). The mineral contents of 50% ethanol
Wofiporia extensa extracts were measured as sulfur (S) 145~149 ppm, Magnesium (Mg) 69~72 ppm, phosphorus (P) 122~154
ppm and calcium (Ca) 210.61~509.98 ppm. Wofiporia extensa from Gyeongsang-do (509.98 ppm) contained a significantly
higher quantity of Ca than that from Gangwon-do (210.62 ppm) and Jeolla-do (223.88 ppm). In the gas chromatograph-mass
spectrometry (GC-MS) analysis, oleic acid was identified in three 50% ethanol Wofiporia extensa extracts. In the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) and 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) assay for antioxidant activity, the IC;,
values of Wofiporia extensa cultured in Gangwon-do, Gyeongsang-do and Jeolla-do were calculated as 2.966 mg/mL, 23.03 mg/
mL, and 4.16 mg/mL and 3.521 mg/mL, 12.17 mg/mL, and 7.40 mg/mL. In the ferric reducing antioxidant power (FRAP) assay,
the IC;, values of Wofiporia extensa cultured in Gangwon-do, Gyeongsang-do, Jeolla-do were 6.585 mg/mL, 19.06 mg/mL, and
18.97 mg/mL, respectively. In summary, Wofiporia extensa cultured in Gangwon-do had stronger antioxidant activity and higher
concentration of oleic acid than that of Ceyongsang-do and Jeolla-do. However, Wofiporia extensa cultured in Geyongsang-do
contained a much higher concentration of Ca than that of Gangwon-do and Jeolla-do.
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AFTolA YRk Y4E47] Elemental Analyzer (EA
1110; CE Instruments, Wigan, England)E ©]-8-3} A/
S AFEA shetl ARSSIT. Wi Bo] gl 7h
Bol njale 2ae By B wet Al wdst
12 FEAGE0] Zfo|E FRISIAT}. Elemental Analyzer
o] 4 2332 o2l Table 13} 2Tt

Bego] 7pAm Qs Fulge] B4 A FRE
T Ss] el ARt sEddLFEAAN 7
= A% Z=k=rt ARHE47] (inductively coupled plasma-
mass spectrometry; ICP, optima 7300 DV; PerkinElmer,
Waltham, MA, USA)E o]&ao] 7z} 94 & BAS
A3 ICP 4] %18 o] Table 29+ 2Tt

o oo

Gas chromatograph-Mass spectrometry &4

Aol B 9Fe & F e FHEFEAY 92
die] vlaE 9J8te] BwlFEE-S gas chromatography-
mass spectrometry (GC-MS)E ©|-83}o] 498 AA|e1A
o 53F=] GC-MS B42 93] ARvisha 254
A5l A Agilent 7890A gas chromatography (Agilent
Technologies, Santa Clara, CA, USA)$} 5975 GC-MS selec-
tive detector (Agilent Technologies)S ©]-831> Z7g3}t}.

Table 1. Operating condition and data acquisition parameters
for elemental analyzer

Parameter Operating condition
Detector TCD*
Column CHNS-porapack PQS
Windows Eager for windows
Determinent element CHN,S
Sample size CH,N,S : 0.5~0.6 mg

0:0.2~0.3 mg
Measuring range 100 ppm - 100%
Temperaure of column 900°C

Analysis time C,H,N,S : 800s / O : 320s

Temperaure of oven 65°C

‘TCD, thermal conductivity detector.

Table 2. Operating conditions and data acquisition parameters
for ICP-MS'

Parameter Operating conditions
Rf power 1,300 W
Argon gas flow rate
Plasma 15.0 L/min
Auxiliary 0.2 L/min
Carrier 0.8 L/min
He gas flow rate 1.5 mL/min
sampling and skimmer cones Pt
Acquisition parameters Quantitative
Points/mass 3
Interation time/mass 0.1
Total acquisition time/replicates 10
Replicate 3
Total acquisition time/sample 30

‘ICP-MS, inductively coupled plasma-mass spectrometry.

ERFEY] £45 913 ZHLS 30 m length x 0.25
mm the identifier (i.d.) and 0.25 xm film thickness fused
silica capillary column Agilent J&B DB-5MSS AFE-3F
ok 2 25 70°ColA 133 R4, 300°C7HA] 5 5°C
A 5L31HA 300°Coll A 2034 FAIBIIAL F FAAITRS
672IAT. FUT B HAE719 R%= 250°CE 3L,
AFS carrier gas® ARESI £F 1 mLY] 755 AI8H
At FAYHL splitless L= 3l FYdt 4158131
T}. Mass selective detector®] ]38} ol[LJX]:= 70 eV, scan-
ning mass range= 10~800 m/z°-Z 3T}

Radical 2Hs &4
Aol BeiFEEe) Gas AL vimaly) S5l
Z B9 58 A8 1081 (w/v)Y] 50% olleke-S 37t



g 5 3AREESS SREAFETIE ARSEe] FESiT
2le] HEE Tl 5T FE2AL AF 11 pme] A
(NO.1; Whatman, Piscataway, NJ, USA)Z st & %
57| (Ilshin Lab Co., Yangju, Korea)Z 739t &53}aL,
FE FEEL 20°C Wil Bl AlE W g
(pore size 0.45 um filter)ol] A3}t & AJFH e ARSI

s oleg SA7] Alsto] B8 FE=< 1,1-diphe-
nyl-2-picrylhydrazyl (DPPH; Sigma-Aldrich, St. Louis, MO,
USA) radical activity (electron donating abilities, EDA)—
The 3} o] 2. 2, vekgo] Salel 2i7te] 2
A 10 uLoll 0.2 mMe] DPPH 100 pLS 7}¥sked 37°C Q157
Hjo[E] Aol A 308 F2F WSS ¥ 517 nm 3% (Ver-
saMax microplate reader; Molecular Devices, Sunnyvale,
CA, USA)E =433 t}. DPPH radical &4 4L t}&
2lo)| oJaf) AlxkalsdaL, IC, (DPPH radical 3442 50% &
Alsh=tl 83 F5)0 % HERHATH(Table 3).
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DPPH radical 2275 (%) = [(Ab — Aa) / Ab] x 100
Aa: AlEH7HRY] $8%, Ab: FAETY] S8

HHFZE-9] ABTS+ radical cation 2A2E =42 74
mM 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid
(ABTS)®} 2.4 mM potassiom persulfateS 3%} 57l
Bafste] 112 E9gt - ShA Ao F 1503t o]}
S WREAIA ABTS+E F8A1 . 734 nmollA =
7} 79k3-317] ol ABTS+ 849 3%+ 0.700+0.005%
oghEE FXste] STt Weke: 83l =& 10 pLEs
] §EE- 84 200 uLs 7kate] A-2olA 67t §HEAIA
734 nm (VersaMax microplate reader; Molecular Devices)
oA FF=E =731t} Trolox equivalent antioxidant
capacity (TEAC)= oleje] 2oz ALkl er, IC, 02
At AT (Table 3).

ABTS+ radical 2% (%) = [(Ab — Aa) / Ab] x 100

] AP vy EEe] g H st 24 vlal 25
Aw BT BT, Ab FA T FHE

FRAP assay £

Ferric reducing antioxidant power (FRAP) 84 S32
0.2 M acetate buffer (pH 3.6)2} 40 mM HCIZ §3l|A|1Z]
10 mM 2,4,6-tripyridyl-s-triazin (TPTZ)2} 20 mM FeCl,:
H,0E 10:1:1 (v:viv) HIE-Z A3 T) HEkSo) g3)sh
Z}zyo] BedF=E 20 uLo| FRAPEY 100 pLs S
¥ 37°CollA 3083t REGAIZL # 593 nmoll A F5= (Ver-
saMax microplate reader; Molecular Devices) S84,
IC,, (DPPH radical 84S 50% AI5H=t] 223 5%)
o2 YeRNSITH(Table 3). PAUNZTOZ troloxZS A
SR FHREY HE G S Y-S et

SHE|

s AL 33] WHEO0 7 HAJele] de AiE T
232 SAS ver. 9.3 (SAS Inc., Cary, NC, USA)S o]-&3}
of 7} 24 wo| Bt} B BAE NS Azt 3
o] 75 ANOVAE #43 ¥ Duncan’s multiple range
test (DMRT)& A (p < 0.05)8H 21/ 27g3I3itt

Zm o oz

B Azols B4 v Ajsks e 2w
we) B2 = Asrold PPt vy BHe =t @
Bl FRL W 5 QA A (A%, AT, W2
=)d viy B 7S FHo Bel 74 4R}
P2k} AL FA0R Hwslel et e AE

A}

HAEM

o) AP T ASlE A 24 L S1a) A9
H S, A=, defe) B3] dat i 4 (elemen-
tal analyzer) 235 o) Table 42 YEPATE. 37| E5
o] ARk A2 A9 FAHl UERsTE. £ ATl e

Table 3. IC,, of various cultured region parts of Wofiporia extensa on DPPH and ABTS radical scavenging activities

) DPPH radical scavenging activity ABTS radical scavenging activity FRAP assay
Region IC,, (mg/mL) TE’ IC,, (mg/mL) TE IC,, (mg/mL) TE’
Gangwon-do 2.966 + 1.81 - 3521 +1.11 530.7 6.585 + 1.5 294.15
Gyeongsang-do 23.03 £ 1.06 - 12.170 + 1.20 128.9 19.060 + 1.9 321.47
Jeolla-do 4.16 £ 1.51 - 7.400 + 1.04 356.8 18.970 + 8.8 321.40
Positive control’ 0.021 + 1.13 - 1.783 + 1.10 - 5121 +£1.3 -

‘Positive control: ascorbic acid (1 mg/mL) for DPPH and trolox (20 mM) for ABTS and FRAP.

"TE (umol TE/g) = trolox (mmol/L)/sample (g/L).

Data were expressed as the means + SD from three independent experiments.
DPPH, 1,1-diphenyl-2-picrylhydrazyl; ABTS, 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid; FRAP, ferric reducing antioxidant

power.
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Table 4. Element contents of the Wofiporia extensa

Region (%) Nitrogen Carbon Hydrogen Sulphur Oxygen
Gangwon-do 0.21 38.90 6.05 0 46.23
Gyeongsang-do 0.21 39.68 6.08 0 47.93
Jeolla-do 0.17 39.34 6.10 0 48.07

A SRS Oxygen 46~48%% 7P Bo] Xgslar A
3 TRFO =2 38~39%9] carbon, 6.05~6.1% hydrogen, 0.17
~0.21% nitrogen®. 2 YERGT) 12]31 371A] B R0
A] sulphur /322 LA A] Ak, Ak LaEA ol A 73
5, Meks, Aol v Al 589 AfolAe
A5 skt on] Hare upel] ofehd Bk wAl A%
of B2 Y& VAL A B 2 F=e 54,
pH, 25, T )0l Wt Qo] F719iae] AR AfolE
LERATHI].

oleig AoR Wol £ Aol EYeIA Aeks 4
2 A% wsle] Jole FAR Aoy BoPE el
Solyoz ola) 4% wsle] olE X e Aoz B
e},

Inductively coupled plasma-mass spectrometry (ICP)
=4

FUE, B, ke Ao vy Al Bo] AR &
A1 H]aLE 9}l ICP spectrophotometer (optima 7300 DV;
PerkinElmer)E ©]83t] 115 <& & B3 Ad=
o2l Table 59} Fig. 1= YERATE.

RE B 11359 559 #4243 S, Ca, Mg, P
S F5Fo 7 3har o™ 1 2] As, Se, Cu, Fe, Pb,
Zn, Cd & 78 0.1 ppm ©J3k] HIA|S ~F 02 HEE]
Ak, 53] BE EHA Cas ASlaL S& 145~149
ppm, Mg 69~72 ppm, P 122~154 ppmSE & Z}o|7}
ST}, Cad 745(509.98 ppm)7}F Y= (210.61 ppm)
o} Aek= (223.88 ppm)HT} oF 2~2.358 KT} Bo] gH3f
Ak, o3k o= HHeA] hot B A= I
T 3add T2% 9gs sk= AoE dHA gleme =
Sl B 45 A0 AAlste] vlashks Zlo] st
t}. o]2]gk =& Kwon 5 [5]% Choi 5 [10]2 234k}
AR B o] F718 gl thete] Blal E4% 23 &
L2 K, Na, Ca®] o] =9k9 ™, Ghazali 5[11]2 Na
S} Cae Apalstel BIs) ApALke] ko] =A VAL A

Table 5. Heavy metal and minerals in Wofiporia extensa

vl G57} doj Fe| w2} Fe, Zn, Cu, Na9] §o] 5715k
Ao K, Mg, Cad] ke 7H4hdhs Ao g B usigA|
Tk GA] AufE B AL AAEHA] et

Gas chromatograph-Mass spectrometry (GC-MS) =44
FAE, e, Ak Aol AF 7 Fol| ek A
&g 8-S Hlashr] flete] 50% Aes T8 A
3T GC-MSZ 43 27} (Table 6, 7), BE A5l
oleic acid AI€2] 9-octadecenoic acid “d+-°] ERI= ATt
Oleic acide= &A=, Ft2H8 2 A2 <A a3

Rl X 50%= 7P =2 TS ERIIAL, AT 5
N 16.4%, At HElA 15.22% Fs Bk 27
S5 A A, Hete B4 linoleic acid
AlEe] 9,12-octadecenoic acid [13,14]9} palmitic acid 7
deo] W4t 5-Hydroxymethylfurfural A3+0] SR1E| AT}
5-hydroxymethylfurfurale Fx=H 28 oW 8%50] o
A AaL(15], sl ofn AtspERIAe} A A = A
531 Qo] sPEEANME & B5S 7IHE o Aot
Y= BgollA] YERG hexadecanoic acide= &% low-

600 -
500
400 -
300 1
200

B i HI§ e [N
s Ca Mg P

Minerals

Total content of minerals
(ppm)

OGangwon-do B Gyeongsang-do RJeolla-do
Fig. 1. Comparison of minerals (S, Ca, Mg, P) in each Wofi-
poria extensa by different regional cultured origins (Gangwon-
do, Gyeongsang-do, Jeolla-do).

Region (ppm) As S Se Ca Cu Fe Mg Pb Zn Cd P
Gangwon-do - 146.03 - 210.61 - - 75.58 - - - 154.10
Gyeongsang-do 149.47 509.98 - - 69.20 - - - 122.05
Jeolla-do - 145.63 - 223.88 - - 51.64 - - - 129.04




= A9 vy EEe) R % Arts 24 vinl 27

Table 6. Phyto-components identified in the extract of Wofiporia extensa

Molecul
Region No. RT* (min) Name of compound orecuiar Peak area (%)
Formula
1 47.64 9-Octadecenoic acid C,H.,0, 50.87
2 38.01 5-Hydroxymethylfurfural CH.O, 13.51
Gangwon-do
3 44.30 hexadecanoic acid C,H,,0, 6.44
4 48.46 9,12-Octadecadienoic acid C,H,,0, 4.73
1 38.01 2-Furaldehyde CH,0, 25.84
2 47.63 9-Octadecenoic acid C,H,,0, 16.4
Gyeongsang-do
3 49.28 butan-1-ol CH,O 8.94
4 16.67 Acetic acid CH,COOH 5.85
1 47.64 9-Octadecenoic acid C,H,0, 15.22
2 48.45 9,12-Octadecadienoic acid C,H,,0, 13.44
Jeolla-do
3 69.97 13-Docosenamide C,H,NO 13.42
4 38.00 5-Hydroxymethylfurfural CH.O, 823

‘RT, Retention time.

Table 7. Activity of phyto-components identified in the extract of Wofiporia extensa

No. Name of compound Activities Reference

Anti-inflammatory Hypocholesterolemic Cancer preventive, Hepatoprotective,

1 9-Octadecenoic acid Nematicide, Insectifuge Antihistaminic, Antieczemic, Antiacne, 5-Alpha [11,12]
Reductase inhibitor, Antiandrogenic Antiarthritic Anticoronary, Insectifuge

2 5-Hydroxymethylfurfural cardiovascular, diabetes mellitus diseases preventive [15]

. . low-density lipoprotein-cholesterol increased, decrease in high-density lipopro-

3 hexadecanoic acid . Y pop & Y pop [6]
tein-cholesterol
Antiinflammatory, hypocholesterolemic cancer preventive, hepatoprotective,
nematicide insectifuge, antihistaminic

4 9,12-Octadecadienoic acid antieczemic, antiacne, 5-alpha reductase inhibitor antiandrogenic, antiar- [13, 14]
thritic, anticoronary, insectifuge
antibacterial, antifungal

5 13-Docosenamide antimicrobial [11]

density lipoprotein (LDL) cholesterol 531, high-

density lipoprotein (HDL) cholesterol> 23T+ & A&

o Age] o mso] EEA tH1e).

Radical 27{EM

aksl B4 =4S 9J3) DPPHS} ABTS F 7HA1¢] =4
S A|3Yste] B 3259 radical 27184S YRS
t}. DPPHE B2l oFA3L free radical2A], 34K} &4
S 71A1= E20| DPPH free radicaloll A AxS Fojal=
o2 e o] BAE= AP E o] 83l Fitel &
A& 3hds] SHE =+ Stk

B FZEE5 ©]83}] DPPH radical 2AES =74
3 A= Fig 249} 20t F229] F27F 71l wet
DPPH radical 2A&Xo] Z7leh= A3 BYoH, 10
mg/mLe] FEoNA 17.87~115%2 & 2}o]5 BT 2
=, Aeke B o] o] 115%, 108%= 7 e SA1S

el BT 17.67% /35Tt oF 6~77) %2 DPPH ra-
dical 22AEdS BTt Fddl=a2] 1 mg/mL ascorbic
acid (vitamin C)&] DPPH radical 248433} vlal A] 2F
108 7FF o] vke 2102 el IC, 3k AeE
(2.97 mg/mL), 7% (23.03 mg/mL), FE}=(4.16 mg/L)
2 ascorbic acid (21 pg/mL)XET} DPPH free radical €/
o] #xJ3] & o= UELITE ABTS+ decolorization
assay™ potassium persulfate®} ABTS (2,2'-azino-bis-3-
ethylbenzothiazoline-6-sulphonic acid)2] 4Fslell &J3)| free
radicalS FJAIZ] & Z42e] AJFol| TSt free radical 4~
e SATeEA I8 S 1Y = Sl TEAC
WS ol8sle] 543 5 F=E&2] ABTS+ radicals
=43t A7+ Fig. 2B9F 20 5 25 % 10 mg/
mL9| FEOIA 242} AR (83.7%), 3= (25.5%), et
= (62.15%)9) T LeRlo] 79I, ke, Ak
©F ABTS+ radical 227127d0] 7] Uehsitt. o= DPPH
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radicals(%)
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Lo a0 3 40 4
° 20458 & 0{P°
(] 9 ¢
o3 b b p o2 o
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Concentration (mg/mL) Concentration (mg/mL)
o
£ o
2 120 - £ 120 -
= o o B Trolox a a a
g 2100 OGyeongsang-Do £ 100
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T = a9
2 2 60 1 = & 60
8 § 40 - . @ 2 2
E 2014 4 4 4 d ¢ i
< 0 - 5 0
< 0.16 0.31 0.63 1.25 2.50 5.00 10.0020.00

0.08 0.16 0.31 0.63 1.25 2.50 5.00 10.00

Concentration (mM)

Concentration (mg/mL)

Fig. 2. DPPH (A) and ABTS (B) radical scavening activities (%) of dependent on various cultured regions and concentration from
extracts of Wofiporia extensa. Data were expressed as the means + SD from three independent experiments. Different super-
scripts indicate significant different among group at p < 0.05. DPPH, 1,1-diphenyl-2-picrylhydrazyl; ABTS, 2,2'-azino-bis-3-ethyl-
benzothiazoline-6-sulphonic acid.

2 243 Ao} vls=st 3RS YETH IC, 3 dY A 72 530.7 umol TE/g (FY%), 128.9 umol TE/g (73

%=(3.54 mg/mL), 734% (12.17 mg/mL), MZH=(7.40 mg/ %), 356.8 umol TE/g (FEH=)ZE YERTH F 714 &
mL)Z PIUZET trolox (1.78 mg/mL)9} FARSH &4 Aol A3E HlFo] Hol ZHAw ) Hele FE2E2] free
< YeRi O} FEH] radical 2AHE/FE JHAHCE radical 20 AR HIg) 2 A0 E FRIFHUTE
2.5~78] A= ST}, ©]E trolox equivalent capacity= ¥ EH 9] triterpene= FAS, FIRY, FTE 59 &
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FRAP assay

FRAP assay~ colored ferrous tripyridyl triazine comp-
lexoll &J&) ferric ion®] ferrous® A== HAHLS BAI
o224 rstEs SHse WHORE we pHollA g
Aol &J3)| ferric tripyridyltriazine (Fe™-TPTZ) &-3A7}
ferrous tripyridyltriazine (Fe-TPTZ)S. 2 3== ]
£ o83 Zlolth19]. HH F2ES ©]851o] FRAP as-
sayol] oIgt ahiks}l &S 5783 A= Fig. 39 2T 8
HollM o] FAE X< L A7 AR S-S
B, & s 28S THESE $BEe] FAVE =
Al Yepdt}. eke] DPPHS} ABTS A A7} FUsH &
T Z7h mE kst &49] BRIl S UERRL
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Aepes oF 3~ B2 A0 2 SRIFHAT. ©]F trolox
equivalent capacity®= W&A] 247} 294.15 umol TE/g (&
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Fig. 3. Ferric reducing antioxidant power (FRAP) assay of dependent on various cultured regions and concentration from
extracts of Wofiporia extensa. Data were expressed as the means + SD from three independent experiments. Different super-

scripts indicate significant different among group at p < 0.05.
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