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Comparison of the biological activity of Maitake (Grifola frondosa)
mushrooms extracts according to cultivation methods
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Abstract This study analyzed the diverse constituents and compared biological activities of Maitake mushrooms
cultivated by three methods (outdoor, bag, and bottle cultivation). Crude protein, ash, and fiber content were high; crude
lipid content was significantly high; and carbohydrate content was significantly high in the bag, bottle, and outdoor
cultivation, respectively. K, Mg, and Cu contents were higher in bottle cultivation than in the other two methods.
Additionally, B-glucan content was higher in outdoor cultivation than in the other two methods. There was no significant
difference in DPPH radical scavenging ability and total polyphenol contents in the mushrooms cultivated by different
methods. The ABTS radical scavenging activity IC,, was lower in bottle cultivation than in the other two methods. The
anti-inflammatory activity was significantly inhibited in the bottle (86.55%), bag (85.71%), and outdoor cultivation
(84.87%) groups compared with in the LPS treatment group.
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Fig. 1. Maitake mushrooms (Grifola frondosa) appearances of cultivated by three different methods

W 18°CellA zHzt wiRol] dEste] of Ad 204 Foll 7838
oh EAANE WEd PE HIES ARSI, WAl 1,100
mLe] WA FiEE ARSI AFHE AEs sAR]
(PVTFD20R, Iishin Lab. Co., Seoul, Korea)s A-8-3t] 7AZA|A
200 mesh® ®Late] 70°Co] HAsEA ALt FAAXR
gk T AEe] SAHAle] I FEES xE ALl 10v)
Fo| THTE 7hste] 90°CollA 6A1ZHY 33] HHE FEste]
SHATh AEdL AFAR o3} T rotary evaporator (N-1000,
Eyela Co., Tokyo, Japan)Z 60°CllX &3}l 37°ColA Ax3}
Atk AxE Alg5e -20°CAA] Bastda] Ao ARE-siTh

UHIME U RI[ME, B-glucan 24

B 22 AOACH wheh 88 AR (105°C)y
31, ZAMS Soxhlety 08 ZA LA 7] (Soxtec™8000,
Foss, Hoganas, Sweden)& AME-3lom, Zohuzle Zddyoz
A Tl A B2 7 (Keltec™8400, FossyS ©]&3ta, A4 3Hat
ATFE 6255 AMESIATE 23RS A3 (600°C) 0.2 F
3tal EpslE SRS 100-(F R+ R+ 2 A T 0 7 A
Asih. 2= 24471 (Fibertec™, Foss)s ©]-8-3f] #
A8t F7IAE B8 Park 5(2011) FAENHE N1F0 R
70% HCIO, 10mLe} HNO, 10mLE F7}sle] Falo] @ wj7ix]
71Est A SRTE 8t SEPNM dx &, Hebr
4 A H2Hl) 10 mLE FE8F F Ca (calcium), K (potassium),
Mg (magnesium), Na (sodium), Fe (iron), Mn (Manganese), Cu
(copper), P (phosphorus)2 ICP (Integra XL, GBC Scientific,
Melbourne, Australia)= 4] 3t} B-glucan #2]-2 B-glucan
Assay Kit (Megazyme, Wicklow, Irelandys ARS8t 374313 th
WA, 100mge] AEE AztEeRaId YW, /5 10mLE 7t
3l 3 of7]o)| obdato}A](20,000-60,000 U/mL) 0.1 mLS %83}
Atk 01N FASTEFEHE o83t pH 692 BHE Th
20°C F2FxolA 2417 B9F st gARs] A7l - 01N
HFAHgH O R pH 5002 BHFE AEolA(1,600 UmL)E
0.1mL o] 37°C FFxolA 2417 9 "It 22|
OFA|(600-1,300 U/mL) 2F 0.1 mL& ¥ 0.1N FABhEFS-
o2 pH 752 & F 37°C d25z0A 2417+ 59t 135
FAESAZTE o)F, oPdZZFFAAITHA (10,000 U/mL) 2F 0.1 mL
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S Y37 01N GAHgd0 7 pH 482 TE T 60°C 320
A 2AZF B9 FERsgITE B4R B 95% o B 40 mLE
7Fete] 4°Cell A 12417 o) A ARl &, 941 (3.000 g, 20
B)ste] A5 IHES FHsINth A5 FHE 80% ol
€ 50mLE 7Fsk] 4°ColA] 1A17F Fot AN F 29 &9
< YAEY(GB.000g, 208)3td HHE FHST 10mLE 7H3
T HAAES TSN A SFTE SOmL7) HEE
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Qi WHEAIZL F 04mL Na,CO, E3HEAL Yo 14ml 5F
TE A/ §, ol 3tellA WEEAIR T 33 E=A(DU-
730, Beckman Coulter, Brea, CA, USA)Z 720 nmol|A] =4 3}A
o} oln] ¥FEZL tannic acido|th F EEH ol e
Zhishen 5(1999)°] WHOZ2 FHST 4mLe A8 1mLe 5%
NaNO, 03mLE Y3l 5% T Ao HAAZ F 10%
AlCL 03mLE Y& ¥ 57F4 24mL9 1M NaOH 2mLE 3
7heto] EFF=A 510nmelld S48, ol ¥E=ER
FEE ARSI
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DPPH radical £271%2 F&% 02mLo] 02mM DPPH (1,1-
dipheyl-2-picryl-hydrazyl) €< 0.8mLE &E33le] 3087 o]F&
3L Al WES-AIZ] & microplate reader (UVM-340, ASYS Hitech
GmbH, Eugendorf, Austria)s ©]&3te] 517 nmollA SFF=E =
Atk 275 ol~I2HARS o] 8313 AL, Liang 5(2010)
o] Hirgt 2 o]&3te] ALt

A .
DPPH radical scavenging activity (%):(1 - M} x 100
AControl

ABTS radical 275 &3
ABTS radical £~274%2 Custodio 5(2012)2] WHE WY}
ZA3 26 mM A3EEFI 74mM ABTS (2,2-azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid) 84S &33te] 15417 1t
SA1A ABTS Fol2s BAAX F 734mmellM 3= ghol
0.70+0.027} HE% Frolehgs o3t 2dsirh A= 20
pLel 300 pLe] 3]AE ABTS $H& Wil 2087F WHAIZ &,
microplate reader®] 734 nmelA FHFE=E 3T ABTS
radical 227152 Ty 2jol] efste] Albalgith
A

ABTS radical scavenging activity (%):(1 — M} x 100
AControl

Nitric oxide (NO) MMz A MZEYUEE

NO =4l AF8% Raw 264.72 3=A] L5280 (KCLB, Seoul,
Korea)oll A YRESITH MEZFE 96 well plateel] 1x10° cells/well
9] FER EFSI] 5% CO, AFHolEAA 2% 37°CE 24417
S wigRITh FEES AT T 100pgmLE SIS -, F
Z8H FZE 20ulet 100ng/mLe] lipopolysaccharide 2 pLE
AlZa Y wellel]l H71ste] 5% CO, QIFHOJE oA 2% 37°CE
stEEul sttt w45 100 uLet TS Griess reagent
21087 20X w-EAIZ] F microplate reader (UVM-340,
ASYS Hitech GmbH)E ©]&3l 570 nmollA SF=s =3I
o} thZ7= 10 pg/mL 5=2] lipopolysaccharide?rS 20 plLx]2] s}
o GASE AEE ARSI, AE7E A4k NOE sodium
nittate® FEHE 3|M o] A o] &3 en, FHE FEE
e FEE tiYsted BEE N0 4E A HatATh(Park
5, 2011). A=A 248 96 well plateol] HEF(RAW 264.7)2
Ix10° cells/well F=8te] wieFslar, AN #5322 AT &
=7} 100 pgmL7t 5% Held 5, 37°Co) A sS4 hyE v
SFATE 24A17F & 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltera-
zoliumbromide (MTT) &5 78] L& 2olA AL &
et B Fete], A/dE formazan A%-E DMSO (dimethyl sulfoxide)

o] =4 microplate reader (UVM-340, ASYS Hitech GmbH)E
o]-g-3led 570nm FFE HHNA SAHSATE AMEe AEEL

22 ARE Tl tEld AR Helrel FPER B

SHEN

B Ao RE EAXEE SPSS Statistics (ver. 12.0, SPSS
Inc., Chicago, 1L, USA)2] 2]3] Duncan’s multiple range test g
H3} ANOVA AL o]&ste] A o) Wiiast Axg 3k
24l frol4E p<0.0594 F9AS AR ST

Zn o nE

UHEE A FIIME

A Ae] AuEE AN ES EASE Aal=s Table 13}
Atk Al vl Fhake B Al (22.17+0.20 mg/100 @),
W21 (21.2940.02 mg/100 g), & Fml A 1l (19.13+0.05 mg/100 g)
o7 F9Th AL B HANN(2.16+0.03 mg/100 2)2F &
A4 (2.23+0.10 mg/100 )= T WA (3.66+0.03 mg/100 g)ellA =
Al Ukt 382 A AuolA 7.60+0.16 mg/100 g2 THE A
PR A Usta, ©eskEe Bl AlmelA 72.25+0.11
mg/100 g0 2 = Uttt 2= ESNHEAM 16.73£0.64 mg/
100g, E-AAH 18.35£041 mg100g, HWAWE 17.71£0.33 mg/
100 g2 52 Aujolld A4 Usith Lee 52007y AAIHA &
o] NGRS ZARE A3 g 32.6%, A 1.1%, 3%
74%, B3R 36.9%, 24 13.8%% K LEHTE Je 5(2018)
o ojst TAAZRS JAHA Tl RS 32.81+0.06%E &
ArAzRY =4 U, YL 2.0620.11%= ES0 A
of A AuRoA BB OH, 32 6.82+0.09% 52| Aful 2}
WA R WA Baste], 2 Aol zpolg Bt o WA
Fob vwsta e wl Al v A 3|8 e AlE
olHAl Bt EA RuHAI(Je 5, 2018), ThHAL Agla]H|
AT B A S thKwon 5, 2018). & A7llA Ca (Table
2)e- Bk AN (15.93£3.05 mg/100 g7} 2-< 4] (11.414+3.05 mg/
100 )2k HAHHN(12.25£0.43 mg/100 @)oo} =7 Ui, Fex E
il F AN (12.67+1.12 mg/100 gl ©F2 5 Aupde] w)s) 2-
3ui7F = Ughth o9} thrFo s K EYu| YAl (1477.12+
31.13 mg/100 g) L.t} B-X] 2] 1) (2101.08+76.01 mg/100 g)2F = 2] uj
(2200.25+14.93 mg/100 g)7F =A WAL, P= XAl (678.35+
8.84 mg/100 g)2F A vl (668.27+5.22 mg/100 g) 7} E %l A uj
(609.46+17.68 mg/100 g)E.th =7 Uitk Yu 5(2017)¢] Wi
FAMAL] FIARFRIE A Cao] S7HEE P K, Me9] 3
e ZASATE Na2 AP {02 Zpel7k IR, Mg ®
ANel(73.47+£1.93 mg/100 g)> &R A v (69.90+£4.67 mg/100 g)>E ]
YA (63.18+0.28 mg/100 g) w02 Ukom, MnF Cue HA

Table 1. Proximate compositions of Maitake mushrooms cultivated by three methods

Proximate composition (dry weight basis, mg/100 g)

Group" Moisture Crude Protein Crude lipid Crude ash Carbohydrate Crude fiber
Outdoor 1.29+0.039 19.13+0.05° 2.16+0.03° 5.17+0.05° 72.25+0.11° 16.73+0.64°
Bag 1.18+0.07® 22.17+0.20° 2.23+0.10° 7.60£0.16° 66.82+0.32° 18.35+0.41°
Bottle 1.10£0.09° 21.29+0.02° 3.66+0.03* 7.14£0.11° 66.83+0.14° 17.71£0.33%

YOutdoor: Outdoor cultivation, Bag: Bag cultivation, and Bottle: Bottle cultivation

DValues are meantSD of triplicate determinations (n=3)

"Means with different letters (a-c) within a column indicate significant differences (p<0.05) by Duncan's multiple range test
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Table 2. Mineral contents of Maitake mushrooms cultivated by three methods

(unit: mg/100 g)

Group" Ca K Mg Fe Mn Cu P
Outdoor 15.95+3.05%% 1477.12+31.13°  63.18+0.28° 8.41+1.16" 12.67+1.12° 0.55+0.03° 1.59+0.02°  609.46+17.68°
Bag 11.41+0.35°  2101.08+76.01*° 69.90+4.67™ 8.45+0.89* 6.69+0.87° 0.51+0.01° 2.18+0.08°  678.35+8.84°
Bottle 12.25£0.43%  2200.25+14.93* 73.47+1.93° 10.15+1.00° 4.76+0.12° 0.62+0.02° 2.46+0.02°  668.27+5.22°

YOutdoor: Outdoor cultivation, Bag: Bag cultivation, and Bottle: Bottle cultivation

DValues are meantSD of triplicate determinations (n=3)

"Means with different letters (a-c) within a column indicate significant differences (p<0.05) by Duncan's multiple range test
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ZF ZPvlE R EUvHA(4.74£0.15 mg TAE/g), A6
(4.67+0.19 mg TAE/g), B-XA|ul(4.48£0.15 mg TAE/g)ollA F-2]3h
zpol7t AL, & Zepuol= dHkw = ANl (4.61+£0.07 mg
RE/g), E-XA(4.31£0.38 mg RE/g), B (4.19+0.24 mg RE/g)
oA freldl xpo]7}F AATHP<0.05). Seo (2016)01] Kol wh=w,
%3 ZY9EgE HAoA 4453 mg TAE/gL.2 AEAfu) R
o B9, & Zeth o= ke W)l A 596 mg RE/gS.
2 Fol, & A7 v AL HIATh Lee 5(2007)0 Hiro|

2, SN FE2EY F EdvE FFe B FEE 327
mg TAE/100 g2 HIEYLL, HEhE FE222 2.5W7F =2 130
mg TAE/100 g2 2 REt}. Kim 5(2002b)AFoll & ol
Ao & FE2EY T FEvs 2 3.17-3.50mg TAE/100 g2
BUEI¥A, Kim 5200220 Wl wAle] & &89 & &
s TS 1.52-292 mg TAE/100 g0 8 B3I, Ahn 5
2006y Ao] WAle] EHvE TS 158-387 mg TAE/100 g
o7 wiEo], YAl thE WAl Hls| T EHlulEdel
25 ¢ 7 AUTh ESiEAE At siekgal ALk
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Table 3. Total polyphenol and total flavonoid contents of
Maitake mushrooms cultivated by three methods

Total polyphenol Total flavonoid

Group”

(mg TAE"/g) (mg RE”/g)

Outdoor 4.74+0.15" 4.61+0.07°
Bag 4.48+0.15 4314038
Bottle 4.67+0.19° 4.19+0.24°

YOutdoor: Outdoor cultivation, Bag: Bag cultivation, and Bottle:
Bottle cultivation

YTAE: tannic acid equivalent

YRE: rutin equivalent

“Values are mean£SD of triplicate determinations (n=3)

Means with different letters (a-c) within a column indicate significant
differences (p<0.05) by Duncan’s multiple range test

HEI2FZt, u=F2t &t

B-glucane THEA| 0] YEFo 2 YAZE A APEAIZIA] R,
WA ZE SHSAA AETL = AWE Eof7F AlelEFL
olo] RH|E ZZAN7|= WHoR HAAEE SN TE A
o7 4R JrHManzis, 1999; Rajarathnam 5; 1998). o-2F
7H g % FFUHES WFE 5 NKAEE &4d3)st]
Feate-g obH, A W F4E 7N ArhMasuda 5,
2019). LAHA ANHE E B-glucan TS ¥ B S w(Fig. 2)
B oFul) YAl (38.05+0.41%)7F B AN (32.77+1.27%) <} 2] A uf
(31.42+034%)H T} FH o =/ UYL, o-glucan THE E
| A ul (3.35£0.42%)> H AN (2.18:£1.31%)>5-X] A 1l (1.80:£0.34%)
9 02 UYthp<0.001). B-glucan $HFF} a-glucan FHFS 7+
2 WM E A7) wEl xfolE BT B A=
WA el A el g SMAIZHEF 4-570Y) =A 9] SR
T oE BEY F ES fUE 5Y S Fe 99
dio] thE AR Eohal 71E5 o] QITHRDA, 2020). w}
2hA, WA A7)l AeE Rt Fv SUHE ] o Al
W ET 8359 o] o EA W Hare] w, B-glucan
SeF7} g-glucan o] BEFIHAN AN B 24 U Fo=
AbEETh B9 Kim 5(2007)°0 oetd Al A ATt
= BAuZE iAo Fdas nlg- FdeA F5sla, o=
WAL SRR AAaFEaEe] & ofet ). Cho
S(1998)cl elsh WA AAAFoR SFAEE Sl O
AL COE s 38585 ol 585 &=
WAl ok, 2 IFS Foha sk

Cho 5(2013)°l ¢Jabd, FXHAS] B-glucan o] 15-20%%]
2ol s A5 e AMHAS] B-glucan FHEO] 28.6%FE =
kAL, Je 5(2018)l ©]shd AAHHALS] B-glucan TS 16.10-
24.51%33L, AEoHAE 28.29-39.39%, ol&FolE 23.05-29.48%
2 BRItk B3 Um 5(2010)°] 28PH B-glucan ko] H
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Fig. 2. Total, a-glucan and B-glucan contents of Maitake
mushrooms cultivated by three methods. 1) M : Outdoor
cultivation : Bag cultivation, [l : Bottle cultivation 2) Means
with different letters (a-b) within a column indicate significant
differences (p<0.05) by Duncan’s multiple range test

A100g B AfFolHAlS 22-38 g, FEIHALE 22¢ AMHAIS
1520g EAsh= Aoz defA glof, & A7) Al Em
F5o wg=R g Akelrt it

DPPH2} ABTS radical 25

DPPH 0z £7%-2 DPPH7} ®& AA9] okg3t -4 2}
Yz grlst B o3 SEwA Ze o] galE = o
gE olgste] FA47Irh JAWAS] DPPH radcial 2715 IC;,
(Table 4y z}z} B AR 3.08£0.03 pg/mL, E-A|AH]3.17+
0.12 ug/mL WeRET, A 3.06+0.11 uyg/mLE A2 {23
ztol7F GIATHp<0.05). EFFET =FgPo] WAL I mgml
oA DPPH #}E]Zt 4&7%5°] 814% (Kim %, 2013)2 HIE%]
3, FAMAL olehe FEEoIAN DPPHEZ £7%°] 672%
B EJTHOh 5, 2003).

ABTS o)zt &AL 48} §EA|Q0 potassium persulfate
oF ukgel o3 FAYHE ABTSYEe|20] AEF2 kst Bzl
ofsl AAE u Jojub= BAMEE-S ol gale] B gl 5
g 43k WHolth B A9 ABITS radical £7F 1C,2&
ZhzE ANl (5.5120.13 pg/mL)<-5-X]AHl (6.02£0.19 pg/mL)< B

(A) 10

*hk

Nitrite oxide (uM)
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Fig. 3. Nitrite oxide (A) and cell viability (B) of Maitake mushrooms cultivated by three methods. 1)

o i i

Table 4. DPPH and ABTS radical scavenging activities of
Maitake mushrooms cultivated by three methods

Group" DPPH IC,? (ug/mL)  ABTSIC,,” (ug/mL)
Outdoor 3.08+0.03*) 6.77+0.07°
Bag 3.17+0.12° 6.02+0.19%
Bottle 3.06£0.11° 5.510.13

YOutdoor: Outdoor cultivation, Bag: Bag cultivation, and Bottle:
Bottle cultivation

PConcentration giving a 50% decrease of DPPH radical
»Concentration giving a 50% decrease of ABTS radical

YValues are mean+SD of triplicate determinations (n=3)

Means with different letters (a-c) within a column indicate significant
differences (p<0.05) by Duncan's multiple range test

HAUN(6.77£0.07 ug/mL)=LZ e H o2 YItH(p<0.05). Seo
(2016)9] B.orol| s, AuiX|e] EHEA] A3 Al 2
A WAl A 71 FR3 AL AR B ZF, pHolH
pH7F o™ Adate] glovt A 7|5l 5.5-65 Hi} &2
W AR B FE mHIThAL STt 2 Ae] e
ols BN pH ¥ JWdRe] 93 woke AT dAdE.
Kwon 5(2018)2] Rzo] <shd, AMHMAL] ABTS radical 427
L 99.4%FE, AelHA(94.4%) B} =4 ULk, Song 5
(2003)0] Hargk FAwAle] dekg FFE<] DPPH radical 427
T 91.3%ET EAUYT. E3F Lee 5(2007)2 Hid] w=
W, AAHA D204 DPPH radical 271%0] 45.2-72.4%
2 E=gton fghs FEEME 37.1-650%% B A79} 7o
E2 o] HuEA)

Nitric oxide (NO) MMz U MIZMEE

e W] gk ALl FEES IqHT S35 golr
7] $13ke] RAW264.791 1 pg/mLe] LPSE AANHAL F2E-(1000,
5000, 10000 pg/mL)E A 2]ate] 247k WEEAIZITHEIg. 3). NO
Agee LPS 2ol 5740.36 uM, LPS HIA oA 0.1+
0.01 yME NOAA o] oF sulf AER F7leidith. WA =&
Eoll Al B A (0.8£0.50 pM), B2 Al (0.8+0.36 uM), EFHH A
H1(0.9£0.14 pM)e] 2E AujdolA LS Aol Hls] NO A
Aol FelsAl AsE Ao (p<0.001), LPS TEA 2]l H]s)

120
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Normal Control 1 000

Extraction concentration (ng/mL)

: Control (LPS alone), M :

Outdoor cultivation Il : Bag cultivation, : Bottle cultivation 2) Values are means+SD of three independent experiments. *p<0.001 versus
the non-treated control group. *p<0.05, **p<0.01 and ***p<0.001 versus LPS-treated control group
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HAE 86.55%, ZAAME 85.71%, EXHANE 84.87%2
A &S BATh

g Aol tigk JAIMAL A A2 548 Hrls] ¢
3 WST assay2 33ty BE FZES 1000, 5000, 10000
pgmle] T2 35 FF Alxo| Mg A, thAMEe] A
EEL 22T FoT olE HelR] Goton® AX F/do]
RE AoE FRIFUTHrig. 3).

o (o] 3
el =

2 AyelMs Al A &gl ZAe, B2 A, 5
vy U R (R, T, A, SR, BheeskE, 24 2
71/35(Ca, K, Mg, Na, Fe, Mn, Cu, P), o257}, B-2F7
Zov e, 34ks €4 (DPPH radical 271%, ABTS radical
471%), Nitric oxide (NO) A%< 35 =43t A+2
I EA| Aol ZghlE (22.17+0.20 mg/100 g)F Z3]5-(7.60£0.16
mg/100 g), Z4-F(18.35£0.41 mg/100 g)7} TS APy ET) =
Al ki, BAMeAE 22%(3.6640.03 mg/100 g)o] -] 5|
A Uitk B3, Bl EAelM s rshE(72.25+0.11 mg/
100g)°l frefstAl =4 Wgkth K (2200.25+14.93 mg/100 )<+
Mg (7347£1.93 mg/100 g), Mn (0.62+0.02mg/100g), Cu (246+
0.02mg/100 gy= HAMRAIA =4 UEaL, Ca (15.95£3.05 mg/100
27 Fe (12.67+1.12mg/100 g} EdriHAujol A =3kch AA)
WA -FF B-FEe EYuEA ol T Agle ®o
A vERsTh AR Al whet F EYHEE &
LT E o= $3, DPPH BUZ &A% F23k Ao]& Hol
A FkaL, ABTS B 27)% 1C,& WA (5.51£0.13 ug/ml)
oA ot AR WA JERTE NO A2 WAl
(86.55%), A AN (85.71%), EFl HAHuH(84.87%)04 LPS A
ol Bl o a5 A=A THp<0.001). ¥ A5 B3 A
Aol Ao mE F2 54 kst €4S v
Aol wah FEgHe] fogk ztolrt gAY, B HA
uf Euk o} W, BRIAAME Aol EA vreld A
< gelg Uk 1ol 3 Frgto] rhsdt B A ¢
A& Hebete] shdel] b F8ho] sheet W, BAA R o]
Egul Al vlstel F2e] zfo|7t gle AoRE YEht g
B A E tlalste] s7F Bl 2§ AuwHez &
44 F dSA AlsErt
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