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Antioxidant activities of brown beech mushroom
(Hypsizygus marmoreus) pileus and stipe

Min Jeong Park', Chan Yeol Yu’, and Soo Jeong Cho'*

'Department of Pharmaceutical Engineering, Gyeongsang NationalUniversity, 33 Dongjin-ro, Jinju 52725, Korea
*ForestResearch Department, Gyeongsangnam-do Forest Environment Research Institute, 386 Sumokwon-ro, Jinju 52615, Korea

ABSTRACT: This study was carried out to evaluate potential of Hypsizygus marmoreus (brown cultivar) as a functional food and drug
materials. H. marmoreus were divided into pileus and stipe and extracted in hot water and 80% ethanol. The total polyphenol
content was highest in the hot water extracts (pileus 17.15+0.19 mg of GAE g, stipe 7.37=0.16 mg of GAE/g) and pileus compared
to the ethanol extracts (pileus 10.23=0.14 mg of GAE/g, stipe 3.76.20.19 mg of GAE/g) and stipe. Also, hot water extracts of pileus
from H. marmoreus (brown cultivar) was more effective DPPH, ABTS, ORAC value, reducing power than ethanol extracts and stipe
extracts. The pileus and stipe extracts were confirmed to be non-cytotoxic in the mouse macrophage cell line RAW 264.7

determined by WST-1 (4-[3-(4-iodophenyl)-2-

(4-nitrophenyl)-2H-5-tetrazoliol-1,3-benzene disulphonate) assay. Overall, extracts of H.

marmoreus (brown cultivar) was higher antioxidant activity than other mushrooms, and no cytotoxicity. Therefore, H. marmoreus
(brown cultivar) showed potential as a functional food and drug materials. The brown cultivar of H. marmoreus have higher
antioxidant activity than white cultivar, H. marmoreus seem to have different antioxidant activity depending on the cultivar.
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o] FoMAHA Fimstoll A3 AL FopA| L
o}, 53k A (well-being)oll e #Alo] F716t, 97
ol A8 FAIA oY FACE upFHA 72l Bt
9 APV HEFS AR, 77l 715 AFeE e
3} AlFe] AnjgE o] Halal UATHRyu e al., 2018).
w=ste] Qlole o 77 AIRE FH 891 24
AFA~ZF (reactive oxygen species, ROS)O] O™ (superoxide
anion), OH" (hydroxyl radical), 'O, (singlet oxygen) &
H,0, (hydrogen peroxide) Solth. & dities dukz ol
A BAHO)HET WAl 2 EAR=A Ae)dolu F
A B9 914 293t EF, viEZSelol Ay 59
90 oﬂ O]OH}\:i /\gzﬂlqu:] /\g/HE] §1—H}\]_/\7]. ,1-]]
Mol Z7hebA Hw Askd 2Ed27} o] A%
il 214, DNA 5o &4 + ok, 22y, ¢
SEEL R
JoPl A2+ R el 28] al7] ul
of A} 2EHA7F fEH gAakst 2490 superoxide
dismutase (SOD), catalase (CAT), isocitrate dehydronase 2
(IDH2), forkhead box O3 (FOXO3a), glutathione peroxidase
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(GPx) To] #u|5o] FANLE A AsAY A A7)
29 ] AAEE H0,2 B3 A4 AsA Y. &
kel GA4E UdA tsAlEA] M2 YlolA] Akst-3ked

FHE At YL E e AEE e, 24
A 24 716l o) ol AZIAl HH AE W 24ta

7F S7FE ] Abske AEH AV fEE L, AskE AEY
2E m3kot A S, o, HEF, WIS, AR,
st 4S5 T ok e e o ook =3
i aee rkstads Wk ohu el gAkskA] o
AAD = Jd=d, AAE [ iAo = ascorbic
acid, tocopherol, flavonoid 5°] 3, T/ F4tsiA| o=
butylated hydroxyanisole (BHA), butylated hydroxytoluene
(BHT) 5°] Itk A dspAl= Aol s et
URo Rt HUY GaRE b RHEE AY A
94 gk AL, T GAEAE Hold GasiEs A
We M40 BAol ot 98] AHgE L Uth(Kim ef
al, 2016). 12} 94 FatsbA| o] Fag-3) fodeo] B
SHEA 7 ARSI AR Falshe A G
& 7R A el sk tiE a0t STskaL

AH(Hong, 2009; Na et al., 2016; Nam et al., 2018).
WALE o 2RE T, ok, P14, el 5
3} e JPRol FRAL Bt Aol S A8
oz AMgEo] $he Wk ol B, WAk, B, T
[e)

Hs, 1S, g7 At 3 =HzEHE Ast 54 7

%
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o
R
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oF] g9 7HA| AL QlojA] ek o R e AREH o SitH(Kwon,
2018). A Fol|M = ElN VS (Hypsizygus marmoreus)-
beech mushroom®&.Z &&#A U= FEHAE, Tt
WA Lol AEuAleR dEAM S FuA WA
(Bunashimeji)2tal =232, f-ejugtolr= M dFolziar
FE2I Ut =EREAlLe o2 JRAI7E el Ao
WA et Zke] Z7)o) Blsl the] o]k dojA SArtEtA
H Ho|7|& sfa, 2k 27]dle T2 T BY e
TFFoIATt AlZko] Ages HAxF AR AL A

oJX WA Zt FHo] ARe] T RIAH AHA FHE
o] F& 4o AtH(Kim er al., 2018; Kim, 2020). =E]
w7k Alele 24 F53 X F5e] e, 24
FEH A FF Aol 2] Ao tiEL M F
ol Hlal Z2A FF9] & go] Aaith= Aolt}. B3k

me

r
i

B EF A PIloE DA FENCH £E, 2330l
wol ghilol 213, 24 Ee) o) Rl A4 EF

ATHKim, 2015). =
Tk otn| At T ArAd
=T w < 3 =ERE e Al s
o] A= hypsin X+, FFF 45 7HH, tHdH
¢l B-(1-3)-D-glucan 5% &44S YeRl 32, HM233%
H 23791 hypsiziprenol A9L &t a3E yehdy
&4 At} (Zanabaatar et al., 2011; Zanabaatar et al.,
2012; Shin et al., 2019). o]4¥H thfst AEAd S 71

Mr T ol e
(2 o

0,

¢

Fherul ol w2
FRY0] ol 3

do
1)
2
X0,
do

lo

SERPZFE A i
woll 21402 gol A
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LE[BIIEHA FES2| M=

2 A7l AR 2N “ENIEHALS () -9 A
NM FF3 FFolH, 24 “ERTEHAE Zta 2
HEste] $471xe thy Edlste] ARSIl g
7tk tie 5Hl (viv)el sk 80% ollgheell Zh2t A
F 50°CollA] 2A17F BRF 33] RbE FE3T. FE=
Watman filterpaper (No. 2)2 ]33 o2 3] 713} &
7] (Eyela, Tokyo Rikakikai Co., Tokyo, Japan)Z 733}
ot Gl s8] AAZ & 2FEEE ARSI

2 Eo|i= & &3

ZHA R el e] & Ejulls $2 Folin-Ciocalteu
regent/} FEE0| 93l ShdE o] FEMOZ WA= 9
2] & ©]-&3 Singleton (1981)2] Wl wel 4kt
FZE 500 ulell 2.5ml®] 50% Folin-Ciocalteu regents 3
7hete] 38 St WHEAIZL Foll 2mle] 7.5% sodium
carbonate (Na,CO;) &S H7}siaith. £ 37°Cell
A 2417 53t RESAIZ] TR 1337 (Molecular devices,
SpectraMax M35, USA)E ©]-83l4] 760 nmollX S3=&
SAsAt. FEEY F ZYds FEFS gallic acid
(Sigma Aldrich, USA)E EFEZZ o] &3l A3 &
T HEggAe=E 3

DPPH 2iC|Z 271 Y

724 “ElRb7beAle]  2,2-diphenyl-1-picrylhydrazyl
(DPPH) 2tz &A 42 F2 HEpS g Pyst
2]z}l DPPHY} FE59] HAbgolso ol A 52
FAE ol B4 5= YPE ©]8-3 Blois (1958)] W
el whet 243ttt FEE 50 ulell 200 ul®] 0.15 mM
DPPH (Sigma Aldrich, USA)S 713 & 37°CelA 30
T BREAI v 334l (Molecular devices,
SpectraMax M35, USA)E ©]-83l4] 517 nmollX 3 =&
43519, FYUNZTE butylated hydroxyl toluene
(BHT, Sigma Aldrich, USA)E A}&-3}%3L, DPPH 2}t
4 27 B (%) AR Aok thEzT9] BHTS 5%
T zpolE wEEZ JeEp T



DPPH 2|z 27 84 (%) =
2T 3= A5 AT )T F8%=x100

ABTS ZiC[E 27 g4

2 el FEE9] 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) 2}t|Z
LA HEAL g ABTS @t]Zo] F&589] A
AgedEel] s FAh S HAE o} gAEE s
©]-8-3F Re et al. (1999)¢] el et S48 5=
100 ul*]l 900 ule] ABTS &9 (Sigma-aldrich Chemical
Co., St. Louis, MO, USA)E H713F S E44=4
(Molecular devices, SpectraMax M35, USA)E ]85}
734mmolld FFES AT FINETFE L(+)-
ascorbic acid (Sigma-aldrich Chemical Co., St. Louis,
MO, USA)E AR5 ABTS )z A4S A
F A+ 272l L(+)-ascorbic acid®] FF%= o]
S Fote] wEgE Yep AT

ABTS &tz &7 84 (%) =
HE2T 85 A5 AT 35 )T F85 %100

Oxygen radical absorbance capacity (ORAC) &N

2 “EIREZPEHAL F5E9] oxygen radical absorbance
capacity (ORAC)= Cao ef al. (1993)2] ol uwz}
peroxyl 2FEZe] AAdsk Adol 9]¢t fluorescente] 74~
&5 345t Al F== 10ulel 20 ul®] 300
mM 2,2-azobis(2-amidinopropane) dihydrochloride (AAPH,
Sigma-aldrich Chemical Co., St. Louis, MO, USA)%}
2.7mle] 250nM fluorescein (Sigma-aldrich Chemical
Co., St. Louis, MO, USAYS #7Ieh thy w44%=7
(Molecular devices, SpectraMax M5, USA)E ©]-&-3}<]
485nm (excitation wavelength)?} 535nm (emission
wavelength)ol| Al 1A]7F 57t 22wt} 3§38 SA ST
FZE2] ORAC A4 Trolox (Sigma-aldrich Chemical
Co., St. Louis, MO, USA)E XFEZZ o|&3lo] A
st T HdEggAe=s Feait.

212l3 (Reducing power) &8
I

o
R R

A= 58S S 5h= potassium ferricyanide® < ©]
g3l =439 tH(Oyaizu, 1986). =% 500 uldl
500 ul®] 0.2M phosphate buffer (pH 6.6)2} 500 ul<]
10% potassium ferricyanide (Sigma-aldrich Chemical
Co., St. Louis, MO, USA)Z 713k 5 50°CollA] 20%-
FoF wH-3-A1Z1 v 500 ul®] trichloroacetic acid (Sigma-
aldrich Chemical Co., St. Louis, MO, USA)E #7}3}L
3,000 rpmellA] 104 &<t A2ttt 4 1 mizt

A eI 2R RehE gas B 324

o

THT 1mlS EFs & 200ul®] 1% ferric chloride
(Sigma-aldrich Chemical Co., St. Louis, MO, USA)E
271k v #5353 =7 (Molecular devices, SpectraMax
M35, USA)Z ©]&-ste] 700 nmoll A 2= =43kt

M=z 4EE 54

A “ERte Al FEE] AEEEE A2
RAW 264.79 FE=& *|2]¢t T Francoeur and Assalian
(1996)°] "ol we} tetrazolium salt WST-1 (4-[3-(4-
iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-
benzenedisulphonate, Biovison, USA)7} Al X W mitochondria
9] dehydrogenase$} HH3-ahH Q@XM o] 4=8-4 formazan
o7 Wale AES olgsted st A+
RAW 264.7% g A2 23] (Korean CellLine Bank,
KCLB 10092)°14] &Fitol AREalgitt. oM x2S
RAW 264.72 10% fetal bovine serum (FBS, Gibco,
Rockvile, Md, USA)3} 1%<] penicillin-streptomycin
(Gibco, Rockvile, Md, USA)e] 7l Dulbecco's
modified eagle medium (DMEM, Gibco, Rockvile, Md,
USA)AIA 37°C, 5% CO, A2 2 F<t vjgsiaict.
e A M EF RAW 264.7F 24 well platedl] 10°-
10° cells/welle] H=5 258 TR 2447+ 52t 37°C,
5% CO, 2722 wWj¥s & FEES 432 mgmld] &
=2 Atk FEE] 2E 24 well plate= 244]
7k &<t 37°C, 5% CO, 7S = wjdst T3 24 well
plate®] 7} welle]l WST-1 &4-& H71sh & F33=A
(Molecular devices, SpectraMax M35, USA)E ©]-83}]
450 nmollA §34=E S7gskdnt

>

o >

SHXE|

BE ARS 53] o] wHEARS st dojxl 4
roln] AAAFC] Htghd}t BF A= SAS (Statistical
analysis system, USA) program= AR&-5le] -3lit}. 4
AAIe] 2942 Duncan’s TFeAHOZ p<0.05
oA FAA AR S AAlste] gl

ZA SE|Q A &80 & E2(HE &

242 “ElReA st o] & EEss dEe
gallic acid equivalents (GAE)S o]&3dle] #3}%aL, 1
A= Fig. 13 2ot @55F5E 23 g9 & E2l8s
ke zbzb 17.15£0.19 mg  GAE/gZ+ 7.37+0.16 mg
GAE/gollon, oerg F2E 713} to & Zv=
ShEre 7bzt 10.23+0.14 mg GAE/g# 3.76.+£0.19 mg
GAE/ge] Attt ZA =W eiAlL oehg &0 H]
3 G FEEY F FuE o] =4 YE A, o
of vla] zte] F EslE FFol o E:A YERddT. B3
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Fig. 1. Total polyphenol contents of hot water and ethanol
extracts from pileus and stipe of H. marmoreus (brown
cultivar).

24 “ElvtgAle] & EEulE IRk 12N
SFe ErRE “EY A F590 B4 e
A G 25 7H(11.37 mg GAE/g)Z th(7.00 mg GAE/g)
Boh A R ol§he 55 2H(9.23 mg GAE/g)¥}
H(3.24 mg GAE/g)Rtte =74 Yebdth(Kim er dl.
2016). o] A= el Hls) zto] F Zejvls ko]l &
The Al Ale] F9d ahilshee] et A, F9d

ol FEEC Ibstad, A4 “ERFEAl we

et al., 2006). A o= WA At i 2 A=
A WA FF, ASA, A7), Al Sl ot
geb 5 JS WRk ot A F A 2EY AL =
oA 23} tARHERl AR ER Y AT S
T AE Aoz d#HA k(Barros et al., 2007; Chang et
al, 1993; Hong et al., 2012). =3+ “E]77euiAl 314
EE3 244 F350) & ZY9E gkl 2jolrt e Al
2 Ko} ksl AR F Egvze] g3 “Evbid
HAe] FFof wEt Zpol7t e AR ke

2 “E|T7 et Al £&E9| DPPH 202 27 &4

2 “E WAl 250 ksl 48 ERIE]
9l DPPH o]z &4 &< S4319em, o A3e=
Fig. 2¢} 7t} 322¢] DPPH 2z &7 242 ztat
0 2% 5 oFEFog Zrlelen, tiol Hs] Zk
A=A R, dlEE FEE HEl] deFEEolA
=7 JEREA T, 20 mg/ml o2 =& FEoME %
A4 FEE200 vg] 7t deke FEEoA A4 et
.24 “ElREZ b Ale] DPPH 2Ht)Z &7 B4do] og
& FEE vl 5 FEE =4 UEhd ol = 7
A “ERPFE A = Agde] AEEdEdRT X
dol AlgddEde] o Bl sHrEo] 7] wEeltt
(Kim et al. 2013). ©] Az}= AldAle] DPPH =tt|z
2 gL o F9o g 2t F9ellA =A vErdTh
+ Hong er al. (2012)°] A7 AZels Lx|st= Ao|

z

A @BHT
OHot water
OEthanol

DPPH radical scavenging activity (%)
g

2 4 6 8 10 20 40
Concentration (mg/ml)
B ~ @BHT

O Hot water
OEthanol

DPPH radical scavenging activity (%)
3

n i1

Concentration (mg/ml)

Fig. 2. DPPH radical scavenging of hot water and ethanol
extracts from pileus (A) and stipe (B) of H. marmoreus
(brown cultivar). BHT was used as a positive control.

o}, w24 “ERb7ehiAle] DPPH ez &A%
T 2oA FE3 ETE =ERPEHAL F520 94
LETFEA A FE2E ZH31.02%)3 (21.50%) %
o} A YERR AL ok 525 3H(47.32%) t1(35.31%)
Bohe =7 YePSTHKIm ef al 2016). Wb 24 “E]
FFEAlLL o2 WAl vjal] AR F EEUlE
gk olUg}l DPPH A E 7] wjidl] 7154 2)ookE
LA EH o] 87 Aol U Ao AehETh

A E|Q7 IS A &S0 ABTS 2iC|E 274 2y

ABTS #ttZt &7 2732 DPPH |z 47 8454
A kst S ERlsh] flsl Bol o8 EHe W
2 H|x3 9oPg3l free radical?l ABTSE hydrogen
donating antioxidants®} chain breaking antioxidants &2
o] kst =Ho) o893 Uth(lkekawa, 1995). 2+
LEIRPIEHA 25259 ABTS S &7 842 o)
of Hlal ZtollA =A Uebston oghE FEEol vl
G5 FEENA =A YERLTHFig. 3). 10 mg/mle] %
NN dF FE2E 2t o 9] ABTS gz &4 24
717} 91.91%, 2022%R 3L AeE F=E 2t tie] ABTS
2z A A 27} 54.73+0.44%, 14.60+£0.44% AT
72 el Ale]  ABTS g &7 o)
DPPH 2}tz &4 SA4HT & 84S Yepl= ol
= k¥ og ABTS tlZ 47 €442 DPPH git]z
a7 ST 2 M9 EES a5 B4 s
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Fig. 3. ABTS radical scavenging of hot water and ethanol
extracts from pileus (A) and stipe (B) of H. marmoreus
(brown cultivar). Ascorbic acid was used as a positive
control.

g =4o| 71s38l7] wlio|th(Prior et al., 2003; Jang et
al., 2015).

M E|R7IE A &89 Oxygenradical absor-
bancecapacity (ORAC)

ORAC AFe Fadzte] ddo]28 uleo g radical
chainbreaking antioxidant capacityS =4d3h= YHOoZ
7 B g AR Bl whgshy] wjitel 3819

7} Stk AHE27ERA 2L Atk (Makato, 1986; Matsuzawa
et al., 1998). 74 “E]vb7tehiAl 7k} tje] ORAC A
= Trolox equivalents (TE)Z F+3tGom, o1 Ai=
Fig. 4° Yepidtt. 94 F&E 2t 7 tie] ORAC A
= 7zt 115.96£1.36 uM TE/g#} 63.66+1.81 uM TE/g
ol dEE FE= ztF o] ORAC A+w 77t
96.29+0.87 uM TE/g¥} 53.88+1.56 uM TE/go. & e
ZEo vl d FE2EC0X =4 JEREAL tiol] Hls)
ol =4 Yelstth. Dubost er al.2] B39} ¥ wahd
242 “ERFEAL 2 I 289 ORAC AFe =
0] (83.87 uM/g), ZA1E-0](91.57 uM/g), EILH A (62.67
uM/g), F50]1(86.33 uM/g), LANHAL(39.33 uM/g)ell H]
3 =& ZAoZ YePdtH(Dubost ef al, 2007; Jo et al.,
2012). T8k 24 “EJW7ERAle] ORAC Ale 1319
2ol S5 e EIRP AL #3514 =ETt

140 4 O Hot water

OEthanol
120 4

100 4

Torlox equivalent (uM TE/g)

Pileus Stipes

Fig. 4. Oxygen radical absorbance capacity of hot water and
ethanol extracts from pileus and stipe of H. marmoreus
(brown cultivar).

A d4 FEE 2H93.34uM TE/g)# Tl (58.33 uM
TE/gHthe A4 YepaL dee FE55 7H64.76 M
TE/g)#+ t)(46.22 uM TE/g)Rthe =] YEPITtHKim er
al. 2016). 22 “EFZIEAIS T2 wAld] v
ORAC A5 233 ksl H50] %7] vl 7154
2| o|okE A EA o] 87FsA 0] AUS AR ddEL

24 LE[PIVIEHHA &S| E2/3 (Reducing power)

mg/mle] FEANAN ¢ F=
0.85+0.49, 0.33+£0.22%13 oE-S 3
2.2 747} 0.49+0.01, 0.22+0.01%1 T, B3 22 “E]vlr}
A T 2oA] S5 ErkE “ET Al F
2 I EwEwA 8 FE
(0.43)Hr} =2 SdES YepldaL oerE 55 3t
(0.26)3 Th(0.22) Hote =& 34988 JeRHATHKim
et al. 2016). Xu et al.(2007)2] Hirol] P sidol=
A5 32T G 35 A7) we} o)Aty e5E
o] 7] wiol| FF AlZke] At wEl FEES
hggo] F7HETh wEbA] 2 g &
1ZF 2 27000 wet SdEo] debd 4 Qlor= o]
3 7149 A gast Zlo g AuE,
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2 ZE|TTIEHA] £EE0| HAMZE RAW 264.79]
MEZMEZ0 0|X|= A&

2M 25 RAW 264790 digh 22 g9t Al
Z52| AE EAL AN EF RAW 264.7°] B F
B9 4,8, 12, 16, 20, 24, 28, 32 mg/ml¢] F=& =g
F o WST-1 assayE ©|-&3t] ERleiitt. 9+ =
o] A2|d hAAEF RAW 264.7¢] AlZAEES =

ok e
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25 4 DOHot water
DOEthanol

Reducing power ( 700 nm)
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Fig. 5. Reducing power of hot water and ethanol extracts
from pileus (A) and stipe (B) of H. marmoreus (brown
cultivar). BHT was used as a positive control.

400 4 @ control
OPileus
350 - OStipes = !

|

0 4 8 12 16 20 24 28 32

Cell proliferation (%)

Concentration (mg/ml)

Fig. 6. Effects of hot water extracts from pileus and stipe of
H. marmoreus (brown cultivar) on cell proliferation in mouse
macrophage cell line RAW 264.7 by WST-1 assay. The RAW
264.7 cell was incubated for 24 hr in DMEM media with
different concentration of hot water extracts form H.
marmoreus (brown cultivar).

I, G5 FEE 2 die 24 300%2F 200%

< | well 22 E|vkr}
o G FEES AEE0] fle AR dAdEH &
&= Ay gol F7hte AFS UeRU]

o =
3 #7129l A7t Bad Aoz Bu

<
)
32
N

th(Fig. 6).

T Z@vlE 9%, DPPH 3! ABTS 2784, #49,
ORAC A= 5ol 7] mle]l 715574 Aelels 2=
°]8 7Fs/do] AntaL ket B3 #4 e wbrbE
Slefl wia) A “EwiEmAle] @atst 2o =2 A
o2 Hol RERIEH AL Fol wet ksl &4l
Ael7t it

Al O
= i

B AFdME 7154 AolkE AAEA 2 ZE
7V (Hypsizygus marmoreus)®] ©18 7Fs/d<S ZAF
at7] S8l Z2A =ElRbigwAle] Kol & gl
gikst S-S AL 95 FEE 2 U F &
il TS 17.15+0.19 mg GAE/ga 7.37+0.16 mg
GAE/gell o oere F2& 713} g9 F Z2jos 3
o 74zt 10.23+0.14 mg GAE/g3} 3.76.£0.19 mg GAE/g
o2 Aeg FEE Y3 dF FEE ZYvE I
o] #=A YEREIL el Hlal] zte] FEjHls el =7
UERgth s 2l “ElRbEAsl 552 DPPH,
ABTS, ORAC A5, HEE 10 mg/mle] F=oA olgt
& FE2E vE 45 FEEAM = Ueiga il
Hlal] Ztoll A=A Uepgtkom 34 “EREZ e Al H]s)
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