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Abstract Oyster mushroom (Pleurotus ostreatus) is a highly nutritious edible fungus rich in proteins,
fibers, minerals, vitamins, chitin, and polyphenols. In addition to its nutritional value, various
physiological activities of P. ostreatus have been reported. This study aimed to evaluate the
anti-inflammatory and anti-allergic effects of P. ostreatus fermented with Pediococcus pentosaceus
KCTC18860P. The biological activities of both non-fermented and fermented P. ostreatus were
assessed through measurements of antioxidant capacity (total phenolic and flavonoid content), cell
viability, nitric oxide (NO) production, pro-inflammatory cytokines (IL-1B, TNF-a, and PGE,), as
well as B-hexosaminidase and histamine release. The fermentation product contained 11.55+0.18 mg/g
of total phenolics and 2.02+0.11 mg/g of total flavonoids. It showed no cytotoxicity and significantly
suppressed NO and pro-inflammatory cytokine production in LPS-stimulated macrophages.
Furthermore, in antigen-stimulated RBL-2H3 mast cells, fermented product (FBO) treatment reduced
degranulation and inflammatory cytokine secretion in a concentration-dependent fashion. These
findings suggest that P. ostreatus fermented with P. pentosaceus has potential for the development
of anti-inflammatory and anti-allergic functional materials.
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1. ME

L el WA (Pleurotus ostreatus)S BAE FEHAIE LEFE S0 &9l HACR, Aulj7t &
S 483 3 shfolthzhang 5, 2002). SIS BIEE ol Alo} {ol o )
Bl(Oh 5, 2024), TR R2jo] FE]ol Yok, EF AMAOZA WA - HfL9t T 0]
o, v, 719, EeHE 59 RS RSt Slo] FL7PF 2o TRt Aol #Rt
AFE HIEI ti(Corréa 5, 2016; Effiong 5, 2024; Matkovits 5, 2024).

A AL 4B9] 713 T 9 e wEEel BAs, 3 4 FUE B 4%, 45
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M, 71548 B4 B4 53 B9 o7 59 a5 Higt
A7t AATA = @A JPE L QUtk(Chen T, 2025;
Prete 5, 2024; Zhang 5, 2023; Zhao &, 2023). S-ARF2 <l
7to] o] & & Sl= Rt MBEY o TRE A 5
Ao E AlE AANA FHASHA E-E= 1L 3l o™ (Marco 5,
2017), £38] B =Fo| A3t Pediococcus pentosaceus= 21
Ahte] dFo = FHAst 9 3 gatet S AEHIE /A 52
ot AREEE A= ACE dEA UThQi 5, 2021).

A= AEAQ AT o5 WX o g s Ht
T S7FIAN 7 o9 9 EF2AQl A wiE 59
A2 o] F7Iske FAloIY A7 7164 ¥ 5= &9
o sty Heolr] L3t 8 EI Frkst Utk
(Gutiérrez-Grijalva 5, 2024; Kwon &, 2018; Park, 2018;
Song¥} Yoon, 2019). 115 MY 453} S 27 A2 A
ARl FHEo] HE0] STl Qlom, 410 A& AA B
o= FQ 9907 AZstk(Cacciatore 5, 2025; Kim
5, 2018; Lee &5, 2022; Tang 5, 2025). FZol= AAET} @
B fe AEe] 1Y +3S 385 A% BH YsletH, &
2719 A& 9 o] 837} Qlvk= 7he S AR Bar
7 4ol §lof FEX RS tioto® FERMY QItk(Debinska
@} Sozanska, 2022; Li 5, 2022; Zhu 5, 2022).

o]t 7|E AFEES FTUHOE S W fAk | )4t
85 A7e 7154 AlE AR ofle FFEAA SHA
T 343 ouiE Advia wekdch. @A) ohefst AAE 719t
Ao gt A= i, AlSo] HiFERY A RS
< 718 fARFS O Ed6te] A2 dad AlEEe
F5 o|F1 gloH B =RoA9 gt o] AN R
B8 AAE 24 A vSg Aol

ot B d3l= “ElEHAS P. pentosaceus= WA S}
I F2EEA F95 S A5ToEN gt a4 A
of 8 & e 7IZARE FEAY T AF9 754
I P FHSke] =9 ALY S22 B 57 A5 Y
of 7lojstarat sl

—

il

R

2. Tjg 5! it

2.1. &g e & ASF

A¥of| AMLSE Pleurotus ostreatus= FELHAAIA ALY
(Jangheung, Korea)©. 25 E A|zTol AMEs}FT).

2 Aol ARSSH MEejeF A A9k Streptomyein,
Penicillin, Fetal Bovine Serum (FBS)Z} Dulbecco’s modified
Eagle’s medium (DMEM)+= Invitrogen (Carlsbad, CA, USA)
oA Fhston 24 AF] AMgH AgH §7]-80
(Sigma-Aldrich Co., St. Louis, MO, USA)+= A& 5 44 0|
d S8< AEsto] ARgstith

https://www.ekosfop.or.kr

S 2 PATolA sk A
A ZRAZALA A Ba] 54 4 Lactobacillus plantarum
ICFPL-001, Leuconostoc lactis ICFPL-004, L. sakei 1.J0O1, L.
sakei LI033, L. sakei LGy039, Pediococcus pentosaceus
ALJO15, P. pentosaceus ALJ0240|0, TSt S-USE HHOo &
54" L. acidophilus KCTC18859P % P. pentosaceus
KCTC18860P w#7+= & Atxlo] FEALAE (KCTC)| 7]
ERlE 59 #FE ARNESISITh 449 fAE HiF2 MRS
broth (Difco, Sparks, MD, USA)E o]-&s}o] A HH ZA0 A
ersics,

N
N

2.3. LEfg/HA Ee s HZE
Az ERRIHA(P. ostreatus) ALAE Btslst &, A
£23% tH] 108w SFTE 7okl 80°CoA 4417 &
Rt FFFE3IAH. F2HL 8 um AIAE ARESHe] A5 o
stlon, oA FAAZSI] BT FE O e A
FEES AXSHH Z FEEY &2 AL
o, Az FE2E2 AR A7HA] -20°C A skl
A BRE flote] 52X LEEHA 2EES F
wa9] /1% Leelsidl 125 2
57} St SRS 245 o 222 89
A el $19] 0% AHAHES Sheick. fAREe] o
A 4RI E F $7UE A 0L 99l0] sucrose
2%(w/v)Q} lactose 3%(w/v)E EtHAYUO R H7lstt A
g A FZEL autoclaveS ©]-835F9] 121°C, 1.2 atm &4
oA 1587 Bttt &, T4 oA L7 W=gstqith.
At A2 H6) AR’ #+= MRS broth (Difco,
Sparks, MD, USA)9J|A] 37°C, 18A]7F S9F AujU3t 3, van
Bokhorst-van de Veen 5(2012)9] "ol w2} ths4]7]9
Aol A AE(ODwr1.0)8 A8 HAfFE
g vhole Rk awAlol] 2% Wl o] 1%(viv)7)
S HEsieon, 37°C2 A HeplolA 4841t B
A7) i), UE F2 F Al Tsio] o] olsfaty
@ AR B0 R8sl

(R

rlo c

—

24. pH =&
&89 pHE A9 A 2AE pH meter (ATI ORION
940, Boston, MA, USA)E AR&-5to] 4204 &5t

25 FME FF

AT = RS AR & A5H 10 mLE FHoto] &
A5} A|E+= 1% phenolphthalein €8-S Z|A]2F0 2 A7}
SHL 0.1 N NaOH EZgolo® 2351 trhn 4gsiei.
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A7 A= acetic acid FFOE MG FAE (%) 2 e}
fglom, 24kl £ 0.1 N NaOH 1 mL7} Z4F 0.009 go]
st Aoz Axtsto] WEE(%)E RHSIICE

2.6. FEC/ls 2 FEC/EL0/E g5 FH

ZEYuE T2 Folin-DenisHZ ©]&sto] A5ttt
(Singleton¥} Rossi, 1965). Ethanol-& AR&-3l 1 mg/mL 5= 2
5] 4%t A| 29} Folin-Denis reagentZ Z} 100 pLA] &35t 5,
Ao A 387 HESAJATE ©]F 10% sodium carbonate 8-
100 L& A1 5 2 RGO 1412 52 ¥8S WY
staict ¥hgo] B & A5 9E Esto] microplate reader
(Molecular Devices, Sunnyvale, CA, USA)E AME3]] 760 nm
ol FB=E ST AF 242 gallic acidE EE
=42 oto] AT EEFAS 7|2 E Yot

FEehEO]C ¥ 272 Davis (1947)] ZYHL 0185
Aot A& 100 uL (1 mg/mL, ethanol 3J4])S #|3f| diethylene
glycol 1 mLE ¥ &35t F, 1 N NaOH €94 100 uLE
F7Fsto] wEsteloint. o] F EFHZ 37°C water bathof| 4] 1
A7t 591 ¥FS-A]71 &, microplate reader (Molecular Devices,
Sunnyvale, CA, USA)E ©]&3] 420 nm TAoA SI=E
2451t} & o] FFF2 naringing EEEARE o
of 23t BETAE B O R ARESIRIH

Ik

ozl

2.7. ME 4Z5 5T

A g HolE TE517] 9J5] RAW 264.7 |E, RBL-2H3
AE, AGS MEE AREsIATE 2 AEZE 10% FBS, 1X
antibiotic-antimycotice] F7Fe DMEM HZ]o|A 37°C, CO,
5% z7istol wiFstATt. A7 70-80% $ECE FAIGHH
Trypsin-EDTAZ A 2|5to] At AP A LS AHES
Aact.

K3 RHZ8-2- 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide (MTT) $AH-E ARESE] STt A|EZE 96-well
plateo]] E5:3F thg 12417t B3t wjgotylon, o]F s=E
NBE HEeta 2712 24A17F S wjekstch. o]F MTT
£H(0.5 mg/mL)yS H7Fskar 37°Co| A 4|7k HljoFslal MTT
£ SUAA B9H formazano] HiZ oA E2=A] AL H
A& AAsHATE. DMSOE 100 pL 7ksto] 10852t &35t
T 540 nmoA F¥E=E Skt

2.8 NO ¥4 x| &2 =&

Nitric oxide (NO) AL griess A|2%FS o]--5to] 245}
ot AIZE 24-well plateo] B335+ 5 124]7F B2t vk},
=R ARE A5t ol Escherichia coli O55:B5
3} lipopolysaccharide (LPS, 1 pg/mL)E #7}sto] 2047t
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71 siogelalct. vieF % A el 100 WL 100 WL
griess A|2(1% sulfanilamide in 5% phosphoric acid & 1%
a-naphthylamide in HO)2 &3toto] A4 1087 -84
71 %, microplate reader (Molecular Devices, Sunnyvale, CA,
USA)E o]-&3f| 550 nm 1704 SFEE 735 sodium
nitrite (NaNO,)E ©]-&-5to] EEIFAS A/dsto] NO BAT
& AEslsich AR AR NS 84 E2OR
LPSYH A2ie AES P4 22O AHele] AR AR
3} vEate

2.9. Cytokine & X g2t &

HEE 5 FEER 40 5 QAT T, 1 gl
LPSol 24417t B9t wEAGATE. WY T 4FAL $75t0]

TNF-a, PGE,, IL-1B X5 &435}7] 95}to] ELISAE 43
sttt FEE 0] 9l 96 well plateo] ZF B4 T4} Ato]E7}
219] primary antibodyZ 100 pL& 211 4°CoJ|A] overnight &t
SAALE I & 0.5% tween 20 wash -8H2 Al25}0] 5EHA
33] washdt & AE7} standard €4 100 pLA €1l 2A4]7F
59 420l HHSAIZIT, BUT WA washth TS HRP-
conjugated secondary antibodyE Z} 100 pL¥ H7}slo] 24]
7t &S 2o M WHEAIZ] & BHA] washdt & avidin/bioting:
7¥sfo] WA BYEE ST, standard®] FHEDE
B EETAE A9 o]F B85to] 74 AEY S8 =S IRt
07 A|E7IRIS & TSt

2.10. ElZ}g/sf & histamine 44 X 22f =&
=392 Matsuda 5(2002)2] B-hexosaminidase S4H-2 0]
25}0] EQ15}193t}. Dinitrophenyl-immunoglobulin E (DNP-IgE)
7} 23+5] DMEM Hj A& o|-835lo] AZE 24-well plateo] &
ZFota wjokslgitt. o]% A|EE siraganian buffer (119 mM
NaCl, 5 mM KCl, 5.6 mM glucose, 0.4 mM MgCl,, 25 mM
PIPES, 1 mM CaCl,, 0.1% BSA, pH 7.2)& A&t ¥, 53t
bufferof 4] 37°C 2AC & 1087 AufjFotct. th2 o=, A
£ = 345t} Ao Akl 3027 WA &
o

batho A 1087t Yztote] g2 SRAIZT. AS5H 40 uL
o] substrate buffer (2 mM 4-p-nitrophenyl-N-acetyl-B-D-
glucosaminide, 0.05 M sodium citrate, pH 4.5) 40 pLE &7}
sto] 37°Co] ZANA 1A)7F B9 HRSAZ] 3, stop solution
(0.1 M Na,CO3/NaHCO;, pH 10.5) 200 uLE #7}oto] ¥
& FAHAT o] FHEL 405 nmol4 2Rt
Histamine2 Shore 5(1959)9] BIH O 2 ZIdYal T}, A|E
ujeFel 25 pLojl 0.1 N HCI 22.5 pLe} 60% HCIO, 42.5 pLE
Arhsto] WA 7 QRSN FelE 459 40 o]
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5 N NaOH 25 uL, n-butanol 500 pL, NaCl 0.06 g& €3l &
Tolel WA % T QUL 0]o]4 butanol 400
uLE #3} 0.1 N HCI 150 uL, n-heptane 0.5 mLS &3}5}al
et & AARZ51ch E2lE waterZ 100 pLof 1 N NaOH
200 uL2} 0.1% o-phthaldialdehyde &% 5 L& 7}s}of 37°C
oA 382t §HEAIZ12 1, o]o] 3 N HCI 10 uLE 7}sf 22
7F 92 A&l whgo] gaE AR FFEE 360
nm (excitation)2} 450 nm (emission)of|A] 435} ct 2+
< 24 X2 ARt At Ax, F4 HEE LPS Ee=
DNP-BSAYH A3t AlZE d7gste] Alg Ao S
w|mshgict

2.11. 84 24

A4y 33] ¥ S45kal SPSS program (27, IBM
Corp., Armonk, NY, USA)S AR&510] meantSDE 5611 01,
one-way ANOVA £4 & p<0.05 55°f| 4] Duncan’s multiple
range test = Student’s t-test2 A]Z7H0] S-O)x}& HEA5}9]c).

3. Zm ¥ 1%

3.1. pH Higf

L. plantarum 1CFPL-001, Leu. lactis ICFPL-004, L.
acidophilus KCTC18859P, L. sakei 1LI001, L. sakei L1033, L.
sakei LGy039, P. pentosaceus ALJ015, P. pentosaceus ALJ024,
P. pentosaceus KCTC18860PE Z+ZF &3t “ElE|HAl ¥ra
E9] Har|zt 52t pHE 5% A= Fig. 13} 2ot Havt
Z3gHo] wet P. pentosaceus KCTC18860PE H&3H & &
o4 pH7} 5.5250014 4.794% 7V EaAel AasE AL
gole 4 otk T, 2 ATolA A8H wdE fxy
(control)& WL $2 A9 WEETH 5 UL pHE BT H
T Leteln 2382 gelel, BUE AR WMokt B
Sk pH 40 7|Q15k=A] o5 FHEs1] f1e dixo s AN
S Xu 5(2023)2 I Ao A EEISE P. pentosaceus 1+
F7FHRE R7IAF AP0 pHYE AFtA o R AT B
siglom, B QTolE A1 A% R

3.2 ML

L. plantarum 1CFPL-001, Leu. lactis ICFPL-004, L.
acidophilus KCTC18859P, L. sakei LI001, L. sakei L1033, L.
sakei LGy039, P. pentosaceus ALJO15, P. pentosaceus ALJ024,
P. pentosaceus KCTC18860PS Z}Z} &3 el Al dta
=9 Fav|7t F¢ A4S 747 A3k Fig 20 gk &
a7} AgYEo] w2t P. pentosaceus KCTC18860PE {3t
TaEofA FAE7E 0.44004 0.89=2 7H FA S7HsH3.

https://www.ekosfop.or.kr
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Fig. 1. pH changes in P. ostreatus extract fermented with lactic
acid bacteria. Values are mean+SD (n=3). Means with different
lowercase letters are significantly different (p<0.05, a>b>c>d>
e>f>g>h>i).

0.95 t

o
=
o

Total acidity(%)

0.55 r

0 5 24 48 54 72
Fermentation time(h)

~e—Control

Leuconostoc lactis ICFPL-004
—e—Lactobacillus sakei LJO11
—e— actobacillus sakei LGy039
—e—Pediococcus pentosaceus ALJ024

—e—[ actobacillus plantarum ICFPL-001
Lactobacillus acidophilus KCTC18859P
—e—Lactobacillus sakei LI033
—e—Pediococcus pentosaceus ALJO15
—e—Pediococcus pentosaceus KCTC18860P

Fig. 2. Total acidity of P. ostreatus extract fermented with lactic
acid bacteria. Values are meantSD (n=3). Means with different
lowercase letters are significantly different (p<0.05, a>b>c>d>
e>t>g).

Meng 5(2025)2 P. pentosaceus= F& BAO0Z G &Ko
Agsto] FAES I #ol= Aor LA AUrkal Hilst
%3, Nielsen(2017) Al& W Ak9] Z#o] wol 42 Ao
a3t g71Fe] S7tek, olo] et IAET A S,
SAOll A 40l sk S7H= A8 pH7F WolAAl "ot
I BAskyn. 58] £ dodE da = Ao dEEst
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HE HASH B LEHHA £585 242
Zol= Eetl, SAEE Ta ool et folgt
o} o]= &Y% pH 27 Stk Ha o g9
9% 270 w44 - ZALE S0 S5t B4 4
ojerE AlAFSHH, FAME= THedt AMIS avel da 3ol

A HskE PRI AEE 442 5 Ack. veA
£ AdFoA= pHE WF1 AEE w9 AN 28 840]
1A Yeld P. pentosaceus KCTC18860PE £ Hla
22 MR

24
O, o
e
T 30 5
o)

3.3 ZFEIME L S50/ B

Bl SRS PUS, FUE P9, AFRS 5 o
49 R 758 ARG LA gon Behiols
OhJEt TR AEEHd 758 1 AoR UAA At
(Hedayati 5, 2023; Heim %5, 2002).

LEelZHA 5201} o]& P. pentosaceus= AT “EFE]
HA HRE 25 dsf SEYHE € & ol ¢
F& A A3hs Table 13} 2ot FE2T 9= IFS g
A 5= 20.85 mg/g, P. pentosaceus “EFHA & aE
11.55 mg/g 0 2 UETh o|2gt At HE ikt RO
A 2 dfo] S7oke A2 ohyH, HRt 279 4
280 wEt FA e AV HEE 5 QA AAE £
HAOA = At ER7E B TS 2A WA
goitte Bt fARSITHL & 4= Qlth(Lee 5, 2016). fAF
of oJa] 2o, HEF=o] AGH A2 A, 5714 & B4
‘gEo] it 2 FAF aAE = B RaEen F
EdE o A4t BiEA 39S 9 3EEET] AT ga
& olojx|#] ¢k, o5]7 HaE AHE tE A H4EE
o] 71548< ST & U2 1T W27} AUrh(Grondalska
2} Kolniak-Ostek, 2025; Yang 5, 2023; Zhang 5, 2025).

ZEGH o)L SIS P pentosaceus =EFEHAl LA E
2.02 mg/g, “EF]HA 5592 1.85 mg/g 02 YEIITH

ojfet AMet FAISHA ikt Tart EFolHAY FE

¢

>,
o
Jo
£
1o
=N
Fo
i
ACh
é
il
é
ne
jg)_h

Off
ol
L
00[1
e}
ox
e

)\

Table 1. Total polyphenol and flavonoid contents of P. ostreatus
extract fermented with P. pentosaceus

Samples Content (mg/g)

Total polyphenol Total flavonoid
PE" 20.85+0.207" 1.85+0.08
PPPE 11.554+0.18 2.02+0.11

YPE, P. ostreatus extract; PPPE, P. pentosaceus fermented PE.

DValues are meantSD (n=3).

¥'Values within the same column indicate significant differences as
determined by Student’s t-test (p<0.05).

344

Hio|Eg} sl S5t A7 B =EoEk
HI1ET lthLee 5, 2016). F7HH 08, & ALof|A LEl
HA aE9] FEYHE FFol RorsSol: Eotal +
At HaEo] A BEEAEE Ald & S o A
Ao M HEET. e A TaEe] 3, FEE 2]
2L & FEYHE 9 EPERo|E FUNIe R EAS)
7] o]¥ 1, 3o A= HAIF9] inotodiol, ergosterol & -G
A, Ganoderma| ganoderic acids, p-glucan ¥ T}FF 5o0] H]
A g3t JAE 53 YU EY] adet 3 avE Y
Elf= 7Aog HE o] Qlth(Kageyama-Yahara 5, 2010;
Kohda &, 1985; Ma &, 2013; Nguyen &, 2020; Sheng &,
2020; Shi 5, 2025; Won 5., 2023). We}A] o]2jst ATE u}
Hom WAL A4 YRTORA F/18 Sehiuolsg
3l thget AR 7159 A 7FeAo] S AoE AR
g

3.4. LEIE/HA Ee S0 o3t ME YES FT

A% 2SS B4 719 dEsols] BEY Axold,
ol& 3l AZ=AE <UL 4= AtKGatto 5, 2023; Jhamb
5, 2025). ZF BB A ZFEE 96 wellof|A] vjgoto] ElH
A FE2EY FEES 0 pg/mL, 50 ug/mL, 100 pg/mL, 300
pg/mL, 500 pg/mL, 700 pg/mL, 1000 pg/mL S EF 24A]7F
SRt AFste] Higet & MTT assayE st 24 55
o] Az yEeS B7Iet 7= Fig 33 2t

RAW 264.7 &, RBL-2H3 AM|X, AGS A|X0] P. pentosaceus
e 2ag Lot 2008 Aele % A1 A,
HE g2 gol 745 ASHSS FIiTt Z, ol A=
AE o9 AEEHel BISA e Aos mEED
Jedinak 5(2011)0 =W “EHALS A|lE5/do] gittal B
215} It} ©j&E0], Choi 5(2021)°f W2 P. pentosaceus?:
L. acidophilusZ Wa3H FIHAL A EZEAo] gty Bl
o Aol fARE Aok SIS 4= Qioh wEba] Al
AR dae AE PEe] TS 73R g 2= wd

gt}

3.5. LEIEIHA Ela=9 NOYE A =2

LA Ax(nitric oxide, NO)= HRRS] $83% 9T
SHASE, TohA E A A% i B4R 28t 24
£ HIRS et 9548 A8E {ET 4 ArhBogdan,
2001). NO Aol gt et 2E83 YaE A4
FE ottt e A 25T TEES 0 nymL,
300 pg/mL, 400 pg/mL, 500 pg/mL HEE 4X7F 59t HH
2J5to] LPSE A5kl Griess A|9F& o]-§olo] AL HjFa
of £Asl= BAE NO Fg #A% A= Fig 49 2t

https://doi.org/10.11002/fsp.2026.33.2.340
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Fig. 3. Effect of P. ostreatus extract fermented with P. pentosaceus on cell viability in RAW 264.7 (A), RBL-2H3 (B), and AGS
cells (C). Values are mean+SD (n=3). PE, P. ostreatus extract; PPPE, P. pentosaceus fermented PE. “p<0.05 vs. control group (Con),

determined by Student’s t-test.

LPSYF T A gt #oAE 114 pM2] NO7F A= 9le.
o LEl] 2EE9 A& 106 uM, 96 uM, 82 uM, P.
pentosaceus =EFE|HA dRE] ZF20o= 98 uM, 80 uM,
60 M2] NO 4L Ueijglct. ofeiat Aok 2 %3%o|

LPSo] 2Jsf A|lZ Yo F=H NO2| B4 Aofish= A&
slelsgon], wago] A5 AT} o 24 Ueht A2 gl
g 4 Qltt. Gunawardena 5(2014)0f w2 E}Z|HAl0]
120 + # =PE =PPPE
5100 t ! *
5 80 2
S 60| 2
g a0l
0
z 20|
o Lam . . . .
Con 0 300 400 500 (ug/mL)

LPS
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