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Mushroom Mycelia

o pe .
Mi Hyun Kim
School of Food Science, Kyungil University, Gyeongsan 712-701, Korea

Abstract

The present study was carried out to investigate the biological activity of ethanol extracts from fermented Opuntia
humifusa with 3 different mushroom mycelia: Phellinus linteus, Lentinula edodes, and Pleurotus ostreatus. Fermented
Opuntia humifisa by Phellinus linteus (FOP) and Lentinula edodes (FOL) showed more DPPH and ABTS radical scavenging
activities than non-fermented Opuntia humifusa (NFO) and fermented Opuntia humifusa by Pleurotus ostreatus (FOPO).
At a concentration of 250 ppm, the ABTS radical scavenging activities of the FOP and FOL were similar to that of BHA,
a synthetic antioxidant. The total polyphenol content had a similar tendency to that of the radical scavenging activity.
However, the flavonoid content was increased in the order of NFO, FOL, FOPO, and FOP. At all concentrations, the
tyrosinase inhibitory activity of FOP and FOPO were significantly higher than that of kojic acid. During adipocyte
differentiation, NFO and FOL showed no significant difference in lipid accumulation in 3T3-L1 cells. FOP and FOPO
showed a higher fat accumulation inhibitory effect than NFO and FOL. These results provide baseline data for Opuntia
humifusa as a novel functional food.
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N = Zefricol=, vehEl C, 4, ofulieAl Holig 2 B
e 5ol el o geEel ArkCho 5 2009,

¥ Z(Opuntia humifusa)= A AZ 1} A E(Opuntia £)2 Jung & Shin 2011). FZol&= W29 o7 ks3] gl
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Hz £7] 95 FEE2 5o dytolie &8 AR
9] AST, ALT, ALC, ALP &/33} 7to] 2| A 3}4ks} gh-g-o] tf

Zo]| Hsf Z4stglon, SOD W GST /o] 3 &5E it
(Park 5 2005). ©]9Jo| = MC3T3 H|ZE o] &3l Hdx =
ZE9 XFAE FA)3} ALP &4, collagen 4 & ROS )\ﬁ
A Al &3 2a3E g A (Hwang 5 2011)9} Ad=x

W 2229 U5 58 M L 24w 34 A% anE 1
313 JF(Hwang 5 2012), |z e 2559 9= ujj7)
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Fd= AT A7H(Yoon F 2012)7F Utk

o)} 2] Hlze] Aol thet hret A7} w o
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doll ezt Hddx dujE Fdste] AHESHAT Hdx
g o] EESE AASH] f FRTE AAHTL o
ARz ~20Co|H BEsiUA ARARE o) §
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Az daof AR 521 AH AR A (Phellinus linteus,
KCTC 6190), WA FALR|(Lentinula edodes, KCTC 6733)
2 el 2| WA FAR(Pleurotus ostreatus, KCTC 6198)+= 3t
) R ER} A E](Korean Collection for Type Cultures)of| A &
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3. Free radical A &3

DPPH radical 4~#5-2 Blois MS(1958)2] Hl¥ o] 2J3] =
Astgck daddx 2EE52 0.1 M sodium acetate buffer
(pH 5.5)9 |&|A)7]aL, 2 mLe] 7.5x107> M 1,1-diphenyl-
2-picrylhydrazyl(DPPH, Sigma-Aldrich Co., LLC, USA)2 &7}
shyich 59 AL 37T A 3087 BESAIRL & UV/
Visible spectrophotometer(HS 3300, Humas Co., Korea)=Z 517
oA FFES SR 2oz A
BHAE ARE-sHTh TaHEd 29 AAF5(%)2 [1-(Al

ALY FYRARTHITY EFE)] x1009] AR
o ofaf Fstech

o] ol et 15
Ftt =, 245 mM K;S,058} 7 mM 2,2-azinobis(3-ethylbenzo-
thiazoline-6-sulfonic acid)(ABTS, Sigma-Aldrich Co., LLC, USA)
£ LIE EF3taL, 14A7F sHAIA ABTS+E JAAIZ &
413 nmof| A &3 %=7} 0.7~1.00] EXEZ= 0.005 M PBS buffer
(pH 7.4)Z 314314 h 0.1 M sodium acetate buffer(pH 5.5)&
o]-g35lo] F=EE AT YWH FEE 40 ulof ABTS &
4mLE H7F1] 157 W1, 413 nmoll K] FHEE 5
gk 22E| ABTS 2tz 2450 [1- (=287
T FFE/ANEFE7Y FFE)]x10082 ALbsge

4. & E2jHl=s ¥ S2EL0|E &2 £
Taddzo F Z9¥s FF2 Folin-Ciocalteu
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ol A3l hPellegrini 5 1999). ¥a & 1 mLoj Folin-
Ciocalteu reagent(Sigma-Aldrich Co., LLC, USA) 0.5 mL9} &
o 5 mLE F7hste] 887t WhEAIX Th2, 7% NayCO; 10
mLE H71stith o]F E3H ] 2F Fu)7}t 25 mL7}t HE
A7bstct £ Ao A 2417 ¥HSAIA
UV/Visible spectrophotometer(HS 3300, Humas Co., Korea)=
750 nmof| A FEE=S S EEEEE gllic acid(Sigma-
Aldrich Co., LLC, USA)E A}-&3te] 3 AFHE 18t
Ta F22 ARY F EY4s &S AEshath

TEHI2] Seji ol 3 B45 $18) 10% aluminum
nitrite 100 uL2} 1 M potassium acetate 100 uL, 80% ofgh-
43 mLE E3t G Haddx FEE5 05 mL F7}st
o 4027t 2ol HSAIZTE o] & 510 nmof| A &7
9] ZFEE =A3}HMoreno 5 2000). Quercetin(Sigma-
Aldrich Co., LLC, USA)S E&EAZ AME3to] 25 AA
2 5w, $280) Bepuiols YL Fohdck

=zaAx=
%‘E_'ITTE

5. Tyrosinase Aol &M &3

Adz 98 59 Tyrosinase A4S Yagi 5(1986)2]
el ofsf EAstgch HaHWE F2E 0.1 mLe} 50 mM
sodium phosphate buffer(pH 6.8) 0.5 mL, 10 mM L-DOPAE =
¢l 7129 02 mLES &%t gH-2-oof 0.2 mL2] mushroom
tyrosinase(50 UmL)E 87}8Fiet BEE-AS 25 Cofl A 27 7H
X%t & UV/Visible spectrophotometer(Milton Roy, Inc., Rochester,
NY, USA)Z 475 nmof|A FFE=E S5 2=
L Kogic acidS AMEslg o, B2 HSFAL R=0.992 3
AdE dehi ik

6. NZ=H 3

359 HAAFAAIZ Al Hdxo FH|T S4E 3
7Vst7] 913l XTT[2,3-bis(2-methooxy-4-nitro-5-sulfophenyl)-2H-
tetrazolium-5-carboxy-anilideinnersalt] assay kitS AR&-3}o] 3T3-
L1 A aze] gt M| 25/dE S5 3T3-L1 AHA|
ZL 1x10° cell ZEE 96 well plateo]] E323}0] 24|17k Tt
v oFsts Tt Working solution® 2 XTT reagent 1 mL} PMS
reagent 20 uLE E¥sto] Bix] F1] 9] 20%9] sFst= S
ZF wello]] A7}stgch o] & vjjokel-& 37T, 5% CO, incubator
ol Al 4A17F FF v Fst T NlZ=Ad 3E2 UV/Vis spectro-
photometer(Milton Roy, Inc., Rochester, NY, USA)E ©]-&35}4
450 nm FFEE ST oAl 690 nmo] FFE SHGS
2 ugsie] Torgch

7. XIYNZE 23t & x|

AuAES) AEHEe 287 95 3T3LI AES

o]

=l =4 EFIYEIA

St=r A Z 523 (Korean Cell Line Bank, Seoul, Korea)of| 4] &
& ol Ao ARSI 3T3-L1 A= 10% BCSE} 1%
penicillin-streptomycin(Gibco, Grand Island, NY, USA)& &7}
3 DMEM uf 2|9 4] v Fstqict. vizof] EI-F=sEd = 0.5
mM 3-isobutyl-1-methylxanthine, 1 uM dexamethasone, 5 ug/
mL insulin B A RE2SES Aelshe] APATER | H3E
FE=5H4 o3 2dnft)h 10% FBS, 5 pg/mL insulin 2 o8
B5o] AREEE0| $E DMEM A2 jeFshas A
Wzxee] Wse PRSI

3T3LI A AMEETEE chew} o] 274515ckBlurberg
5 2006). 3T3-L1 A|ZE 12 well plated]] £33}, v XS A|
A%t 3 PBSE A &3}t X RA|Z o) 10% formaldehydeS
He|Sha, 5B Bk ALLolx WAE the PBSE AlZshel
t}. 10% formaldehydeS A& E A|Eo] il 4T A 1A7F
ot ujokst B 10% formaldehydeS A| A3}, PBSE 2W Al
g e AZE s AZAR ZF Wello] Oil red O
working solution 500 LLE 7}8taL, 308 7F A2 4] vk
stof AGAIZ Well S3E AR GAAIRIH o] 3 100%
isopropanol F7}sle] AlEZ Y A4 E Oil red O working
solutiong A|A3}L, EH4-=2 33 A& sle] UV/Vis spectro-
photometer(Milton Roy, Inc., Rochester, NY, USA)Z 490 nmo]|
A FE=E SHSHAT

8. SHAzZI

RE A¥ZA7= Statistical Package for the Social Science
Program(version 21)& o] g3}o] A&atedc. AP BE =
ge 33 wEsigon], ATl PFEEARE ehhl
o 287 SOAE AR 98] LY one-way
ANOVA)E A A%t T2, Duncan’s multiple range test=2 p<0.05

Szold AA A

1. HATZAIAIO| 2 YESAEx FE29| 2iC|2 41
Ed Hlu

35] WATAAZ HaAI] A% oehg 5522 DPPH
Hd 245 54T A Table 13} 2o} Bdadd
%9} 359 WAFAA daEHER BF 527t S7Hge] o
2} DPPH gttzZo] dfgt HAgolso] F71skseh ofer
Z2Z509| =% 125 ppmo] 4] DPPH 2tojZt 2758 A3
M A (FOP, 30.2%), B A FARA|(FOL, 27.4%) 2 et
2B AFARRI(FOPO, 30.0%) WEAUZ BT vrEHA%
(NFO, 124%) 5t} HA-Folso] f2o2 Foich 358
9] %% 500 ppmof A= ek u AALA] B H W 2(80.6%)
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Table 1. The electron donating ability of fermented O. humifisa with different mushroom mycelia

Concentration

NFOV FOP FOL FOPO BHA
(ppm)
125 12.4+1.299 30.2+0.3° 27 4+1.4° 30.0+1.3° 85.2+40.1°
DPPH 250 47.043.6" 50.9+1.9° 56.240.6° 53.6+4.9° 89.1+1.1°
500 75.144.2° 85.440.2% 88.3+1.2% 80.6+1.7% 91.1£0.4°
31.25 13.8+1.4% 26.7+0.5° 24.4+0.2° 17.241.7° 88.5+0.6
ABTS 62.75 25.6+0.0° 40.7+1.8° 42.9+0.9° 28.7+1.3 91.440.1°
125 42.9+]1.8° 70.9+5.5° 71.0+1.1° 56.6+2.1° 92.9+0.5¢
250 81.143.3° 94.7+0.1° 96.240.2° 86.443.6° 95.120.6°

D NFO: 70% ethanol extract of non-fermented O. humifusa, FOP: 70% ethanol extract of fermented O. humifisa with Phellinus linteus,
FOL: 70% ethanol extract of fermented O. humifisa with Lentinula edodes, FOPO: 70% ethanol extract of fermented O. humifusa with

Pleurotus ostreatus.
? Values(%) represent the meantS.D.(n=3).

» Mean with the different letters are significantly different(p<0.05) by Duncan’s multiple range test.

[

H A AW 2(75.1%)2F AR5l o] f93t 2ol 7t
URo, A AAALA(85.4%) 0 FAHAAAA] TaH
W2(88.3%)= HT A A= B3] HALF 50| S5}k
A FAEHA QL BHAOL1%)9F AR &7 84S UEhd
Aok FAHA, AR 2 =g dolHA R Ha AT
7HN o7 e EkE FE2E 9] A AL 2A3) Kim 5
2014)¢] AFAT, FE2EQ HE 3,000 ppmol| A FAHA
e F2E0] 50.1%=2 7}% 2 aATS RO, A
Ara FE2E9 & ks
A FEE FolA 7% 22 ZE UEh it 2 A
A= Kim 5(2014)9] Ao SHL HaFEEY 5%
7h gt ALl vaE ofg e, %ibdisﬂ DPPH z}t]z
2AZo] T 7t Rt 43S & 5 Th
HA FARA o w2 ABTS 2ttjz éﬂz 2 sEHE ¢
£ FdE HHTable 1). FEEY 5% 62.75 ppmol A=
U 5(25.6%)9F “EF A AR TEHE2(28.7%)7F &
ARt Fol5S UEHHSITE 1 th3 o= A Al ARA|40.7%)
O} FUHAFAA SdEHAZE2.9%)] 07 ARFoS
o] F7It3t olehE FEEY 5= 31.25, 125, 250 ppmo]
A HdEH AR v BE HAFAA daE A ABTS
gz &A G40l I 3% FAKA FollAe &=
Bt A A O vl A AFARA|QF FEAHAFAA
of ot Taddxs Foiso] FYHez Yt E3L
250 ppm2] FEoA = FFHAFAA FEHEZ= 94.7%,
EIHAFAR] daEHdARE 96.2%2] F , &4
FAESA Rl BHA(95.1%) 9] /93 FAFSHTh 2 A-tollA
g A2 9 F=7F S71el wet gdd &A50] F7F
=, ol HATARIE gt 7 et 2589
TS &27%5& 543 Kim 5(2014)9] A oA 259

3»‘

Nr

ofi mu‘.

&

FE7F 520 mg/mLe| oA =7t F7Ie] whet 2k
7 27%0] foHo 7% AT fARITh HENAL
dAA FolMe 7 L7t GAMALE e FEE
(27 9~81.2%)°] 7Hg 2 B4& et glen, At

€(7 73~43. 5%)__ gAo] 71 Igkt)h 2280 =4
%Eé ARt B AT ARWATAA SEdER
£229] ABTS 22 2784 0] 7} 2798 R

fo

=2

]l__

=
2EEucH £52 & 4 Yk
o)AMY

2o Ane ¥ o, Wi o)y Wdzel et
7 a7%e FARGon, BaRFE S 359 WA

olN F

A ol A AR A TAA 2 B HAEARA O o7 T
BAExS &40] 71 SHiE A L= YEhgth DPPHe}
ABTSE @tz Z23¢=d9 $7e 2% =7t v2ng,

2 275 GloHE Aol Heltkn deAA gk
AFoM = AHutx o2 ABTS &tt)Zd &7 5] DPPH A=A}
Folsol Hlsh o £ ehith B4 £ dAgeld 28
ol wtel 359 AR WAAYR ABTS iz
AA EAo] thE AS HFP=g|, olof 3 Bolling 51(2012)
£ S A UPeIE 54 A ol de gas)
A Apolol EAgo] Dol 4 3 At ek o}
ShA BF WEAVES o] §3 B B 27 A A=
#2243 FEAE A o= ol TR WAL
Aok apket BY 9 AR el o 7154 BAE ol el
Hok & Aoz Argch

rlo

2. HAZALHO) 2 YEHEE $520| & Z2lHE
o Z=tEE0(E &HEF Hlw

HARAAE efste] WA AR ook FEE)
% EeivEs SehaolS Y 33 AT Table 2
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o AXSHgT & Belslis GFE MTEHAZ} 1105 mg
GABgo 2 74 wston, 1 thg £o2 Lol
H(204.0 mg GAF/g), AFSHH A1 ZAFA|(232.5 mg GAF/g), E.11
B AZAA(2540 mg GAR/g) WEHWZE o5t S71st
gt W] wet AWE F Fvs G] FhA
o, 359 MAZAA FANL Euuse] o3t waEY
| 7P 22 A0 vkt oo vjs) Sehricol=

oo

3t 2 Zaolg s 22 q_g SFAFS W) v)vtE A
=
=

i

dz FEE9 Sk eo|E T2 2.5 mg QCE/go| gtk &
i Fofl= gl oH o FUtetg o, EAHAEAA
YEHEZ7} 5.5 mg QCE/g, et Alat Ak Tadd=
£ 9.0 mg QCEg, A TaHd 2+ 11.0 mg QCE/

Table 2. Contents of total polyphenol and flavonoid of
O. humifiusa with different mushroom mycelia

Sample” Total polyphenol® Flavonoid®
(mg GAE/g) (mg QCE/g)
NFO 110.542.19% 2.540.1°*
FOP 232.5+0.7° 11.0+2.8°
FOL 254.0+14.1¢ 5.540.1°
FOPO 204.0+1.4° 9.0+0.4™

D NFO: 70% ethanol extract of non-fermented O. humifusa, FOP:
70% ethanol extract of fermented O. humifiusa with Phellinus
linteus, FOL: 70% ethanol extract of fermented O. humifisa with
Lentinula edodes, FOPO: 70% ethanol extract of fermented O.
humifusa with Pleurotus ostreatus.

2 mg of total polyphenol content/g of non-fermented and fermented

O. humifusa based on hesperitin as standard.

mg/of flavonoid content/g of non-fermented and fermented O.

humifusa, based on quercetin as standard.

9 Values represent the meantS.D.(n=3).

% Mean with the different letters are significantly different(p<0.05)
by Duncan’s multiple range test.

3)

o]

Kl =4 EFIYEIA

go 2 3F 9 MAFAA FolA FBHAAAA TaHdd=
o Bepuol= gaol 71 %A Uepdek

Kim 5(014)9] AFolH WastAestule] & Sejuls
TFE FAHA A FEE0] 41.0 mg GAE/g, k=g 0]
A EE $EE0] 297 mg GABg, BN TaE FE50]
29.5 mg GAE/gO 2 Uelgtt Avtd oz H §LofA AL
2 3F WAL E AT Hdx FEEC] TariAert
o v & E2HlE el TR, FYT A
o2 WaAY APE Az WaRY 3 EaldE ¢
o] M7t Het B Ut o] 23t Apol= HAE A9
P48 42l o] ol 2 Ao} Kim 5Q014)9] AT
ol A ARERE BraRH, WiFAIE " g FolE 7]els)
€ ALE Al=EH: Kim 5(2014)9] Aol A A F
E7HA 270 g SehricolE FES 152 mg QCE
o7 B o] A Al g ddzet SABE T Park S
(2012)-& Tr7 o] 9J3) protease2} amylase 5 G4 9 2807
Zojssa Selsls shatEe) 79 Sohrico|=ol e
o] F7ote= Aem HusGrt. & Aoz 359 WA
FAANE o83 Havt AWHo] vzt WUz 3 Ealy)
=Y SE 0|t Fo] S e, oo s TaH
Wzo] AAgolsol Zvkstel FHAks Bao] ZrE A
2 welth wah ol2iet FAst AL AjH oz Lekaly
Aol v A AL FUHAFAAZ FaAE B ©
2k Aoz et

3. HAZARO (e LedEx £E520| 0|9 &M H|w
TFadAx FEF9) tyrosinase A3l &4 ZAi}= Table 3
3} ok ulEEe} 350) WAHUR BE SEIb Z7hH
w2} tyrosinase A3 &/do] S7I5tAtE 2L o= AHERE
Kojic acidiz 7j3¢e] Wb Alghy 4ol B5doz 2t

Table 3. Inhibitory activity against tyrosinase of fermented O. humifusa with different mushroom mycelia

Concentration Tyrosinase inhibitory activity(%)
(ppm) NFO" FOP FOL FOPO Kojic acid
200 61.3+0.82% 91.240.5° 11.0+0.6° 85.340.6" 82.5+0.3°
400 73.7+1.3 97.3+0.8° 30.541.1° 88.121.0° 84.2+0.5°
600 79.9+1.1° 98.4+0.6° 48.9+1.5° 91.5%1.1° 80.7+0.5°
800 87.340.3° 98.9+1.5° 75.5+0.3" 93.1+1.9¢ 80.0+0.3°
1,000 91.0+0.5° 99.9+0.8° 96.4+0.3¢ 98.8+2.3¢ 79.740.5°

D NFO: 70% ethanol extract of non-fermented O. humifusa, FOP: 70% ethanol extract of fermented O. humifusa with Phellinus linteus, FOL:
70% ethanol extract of fermented O. humifusa with Lentinula edodes, FOPO: 70% ethanol extract of fermented O. humifusa with Pleurotus

ostreatus.
? Values represent the meanS.D.(n=3).

® Mean with the different letters are significantly different(p<0.05) by Duncan’s multiple range test.
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8= tyrosinaseo]] &J3 ZPHSE WH-Z AAg) kA HA
2] tyrosinase ©J4] L 73 mjulof] Slojx] vl Fa
7% % stolth. oflghE 559 5% 200 ppmo| A= &
IHA HEFEE(11.0%)9] B0l 7P wen, ujdta
(61.3%), kojic acid(82.5%), =E}2] 1] 51(85.3%), AFSFH Al W&
FEEO12%) «o2 4o F71stath 2E 54 s
A B ARARA o SR HAIEAA] Badd2E g2
=21 kojic acid 2t} ¥ &2 &/4d& Vel ¢, 1,000 ppm
9] T T A 359 FAM HEHAxY n|uE
e AT SN S] YRAT g FEBA25T8I%)
} 2 (Salicornia herbacea, 10%)°] H¥]3} W& £

a1
=
3w A4S 7 Aoz HQltK(Lee 5 2002; Kim MH

4, HAZARIO| 112 SEHEE £520| (USH o
N &1 Hjm

BIAL SHLA R 3L AMALES] it AESHE 1
5, 10, 50, 100, 500 2 1,000 ppm 5= HYoA] XTT assay=
ST 44, BE oehE FEEIA] 100 ppm8] FE=7HA] =
3T3-L1 A Y2 Lo] 832% o]Ato 2 Ao FFS n|
A7) g Ao UergrhFig 1),

weba 2229 5= 1, 10 2 100 ppm HE|oA 359

359 WA TR

Adzo) A4 625

<

HAFAA] FEHARY AW JA A

Fig. 20| ZZE AASHE HALR HAx ofe-E
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Fig. 1. Cell viability of fermented O. humifiisa with different
mushroom mycelia on 3T3-L1 by XTT assay. NFO: 70%
ethanol extract of non-fermented O. humifusa, FOP: 70%
ethanol extract of fermented O. humifusa with Phellinus linteus,
FOL: 70% ethanol extract of fermented O. humifiusa with
Lentinula edodes, FOPO: 70% ethanol extract of fermented
O. humifusa with Pleurotus ostreatus. Each bar represent
the mean+S.D. of triplicate determinations. Mean with the
different letters are significantly different (»p<0.05) by Duncan’s
multiple range test.
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Fig. 2. Effect of fermented O. humifiisa with different
mushroom mycelia on adipose conversion during the differ-
entiation of 3T3-L1 preadipocytes. NFO: 70% ethanol extract
of non-fermented O. humifusa, FOP: 70% ethanol extract
of fermented O. humifusa with Phellinus linteus, FOL: 70%
ethanol extract of fermented O. humifusa with Lentinula
edodes, FOPO: 70% ethanol extract of fermented O. humifisa
with Pleurotus ostreatus. Each bar represent the mean+S.D.
of triplicate determinations. Mean with the different letters
are significantly different (p<0.05) by Duncan’s multiple
range test.
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