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Abstract

After liquid culture of Phellinus baumii (P. baumi)) mycelium (LPBM) was prepared,
LPBM was fractionated into A~E fraction (A; hot-water extract of liquid culture
including mycelia, B: crude polysaccharide of A, C: hot-water extract of mycelia, D;
crude polysaccharide of C, and E; crude polysaccharide of culture broth) to evaluate
for possibility as functional materials with immunostimulatory activity. In macrophage
stimulatory activity, E fraction as postbiotics significantly increased secretion of NO
and IL-12 from RAW 264.7 cells. Next, when the splenocytes of C3H/HeN mice were
primary cultured, E fraction showed significantly mitogenic activity with enhancing
mitogen-related cytokines (IFN-7 and TNF-a) production from splenocyte. E fraction
also potently stimulated GM-CSF production from Peyer's patch cells as well as Peyer’s
patch-mediated bone marrow cell proliferation. In addition, the immunostimularoy E
fraction contained neutral sugar (73.8%), uronic acid (10.6%), protein (7.8%), and
polyphenol (7.5%), and mainly consisted of glucose (39.1%), galactose (21.7%), mannose
(11.1%), galacturonic acid (9.9%), and arabinose (8.9%) as component sugars. In
conclusion, it was demonstrated that postbiotics including exopolysaccharide frac-
tionated from liquid culture of the P baumii mycelium could enhanced immun-
ostimulatory activity.
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ASH A (Phellinus baumi) TAR| QI LAEHIO|QEIAC| HAXITEHY

2 199} 22 A} Hdols dsel B 5 AEEY &
At g HAH| gt T4lTt oo wE 7543 AR AMleE S
7HEA Qs Aol WY A=E fEche EHEE AAE
(Shin et al, 2021), EAEHP|QEIA(Suh er al, 2022) @ T2
HRo| R EIA(Kim er al, 2016) 59 £Zo] thF=1L Sltt. o] &

EAEBP|QEIAL &3oA AP} olFE AlTche AoHIAl
= nBES] FHE MRS ZFoH(Zakrzewska et al,
2022), 8] A=Az PO ARt o3t ZEH[o]QE
2 Ht opgl, &3] §olgt ke WX HH 2o/ %I+t 7|
9] 2E EAE m3sictal EEA UcKScarpellini er al,
2021). ZAEHP|QEAL B4Ql mejHlo] QEJA] H]e it
9 GFAbol| Jke g wh=ths o] Jlom, SfiRAHSCEA),
Sht HEO]=(AMPs), Al €] thdH{exopolysaccharide, EPS)
4 84 55 ZIdol] JAT, HYRY, I 4 P e 5
et 71543 70 E1E T YriKim and Park, 2021).
Moradi et al(2020)9] gFo|4] ZAEHPL|QEAL IHRE &
Abtoll ofsl /3 tiAkEC] $5 o]l Halskal glom,
ZlaHfungi) 7|99 thAbiREo] 23t ZAEHR|QEAL] A2
dhH o= wln|gt Aol

HAS gt 9 HYRE 59 bRt A= o a7 glom,
A 2RE okgAF O AME0] SitKRathor er al, 2017). &
A, BAL 2 GuiReRl AAA R 2 Al A
2 Agatalgo] vlef 2 A 02 AQ]AQ] Z-gof= o]
Ro7 AHA UthPark et al, 2012). ¥Hd, FAAS
JiiF ZAEH| QE A= AAeH 24 A Al B2 7+
A&ARQ1 Ak 59 ool §lof, X WA FAHIE Bt
ZAEHPO|QE A0 tigh W AqE0] HE QItHPark et
al, 2021; Suh et al, 2022; Shin er al, 2021a; Shin et al,
2022b). AFHAL F& BUE £710] AMstal 7t #H-E A9
St S m= XSG &5l WMNMESHO R Phellinus
&9\ P Jinteus, P. ignarius 2 P. baumii et al., %F 220%2]
oot Fo] BuEY glow, JHolsE F=2 P linteus?}t P
baumiis F3f At 80l OFIALL AKSohn er al,
2020). ARHAL FAZ(Shin er al, 2021a), FFx(Choi et
al, 2012), FABKHKim er al, 2008) D HIZA(Lee et al,
2012) 59] Hftt 71s7do] Bars1 Qirk. E3 RaEdEE o
g5, Eetiolt, EHls % HEHRo|E 59 40| &4
Sh 959t QIS 7HAIL Qlo], Hheet AHE o ¢ A=
g 4= ok IEjA tkZhang er al, 2022). °]2st ARAL
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2 I Aulis7ke] 98%7F P baumifs MBS YA, P
linteus’t HEHOE HIIEo] O™ P paumii®] B5 L 7]
Hof| gt A= wjH|st AA ot Kim et al, 2010).

webA, 2 AoMs AL baumin) TAAIL] BAEY =
ZHE FA9 vigHo] BE EIEJAY ARFES] EAEH}
olQEA 37 ZE U FAARLY] 27) dEoz BIlsty, ukeA
Sl SHAAIESQ] RAW 264.7 A2} C3H/HeN HH-AREE
w2l vPdTt Peyer's patchE &8 WA 45 B716l0],
TAAE S8t ZAEH| QYA HARS 7|54 A9 &
BAS AES] Y3t 712ARE AlFstA sHi

RIS

BAEHj0|EA] XX ¥ 8

2 Aol AR A FAHIL. baumi= F=RIPER
ZAE(KCCM; Seoul, Korea)ollA] £k wto} o] 851t} A%
A A 9] vk 5l Sigma-Aldrich(St. Louis, MO, USA)®]|
Al 43t potato dextrose agar(PDA), potato dextrose broth
(PDB), calcium carbonate, magnesium sulfate, monosodium
glutamate, corn starch @ e-amylase 5= 0831920 H, @ J|Q
F#HvNeo Cremar Co., Ltd, Seoul, Korea)olAl Shin et al
(2022)9] A7} SUgH WS ol8sto] A FAAS] 13+
RS AFollet. Hidtt v 24285 2U([shin Biobase,
Dong-ducheon, Korea)ollA freeze-drying vegetative myce-
lium O 2 Hitsto] Alo] o] =it o] F 22} Hijek 12} uiekal
2|9} g3t vizIE o}g3te] 28T, 150 rpme] 2704 5U7F Hi%F
stgoH, EH o7 Eufjoke 5 [ ¥ 7|(Fermentec, Cheongju,
Korea)oll 37C, 500 rpm®] 7oA 10947 viF=|QAct. $H, 4F
A AR BARES E(liquid culture of Phellinus baumis,
LPBM)}Z Fig. 13 Zo] E2=|qitt. HA|, FARA7E Z3HE A4
HEEQ LPBME 121ToA 6087 IEwtslo] F&ot0] ZA
EHlo] 0 EA F4FEE(hot-water extract of liquid culture
including mycelia; A)Z ZAIc} ESH A uiFAS A4
+2(7000 rpm, 20 min)oto] AT FAAR Eeot o
28 e 9 BT 5ot E4FEE(hot-water
extract of mycelia; OF RA=Ict EAEH|QEA Hpze
2V FAA FH EeFEE02 AFY SRl 8ot
3uiEF/V)Y 95% 8= H7IE & AHETS AgHos 34
sto] 55 9 FAAZo] A% C EE9] i FE(B ¥ D)2
2 ZAistt. g, LPBMORRE YAEE B9 dAHILH
28 AT e o R Aot} thabibE] ZA
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Liguid culture of Pellinzs baumii myceliom (LPBM)
- Fractionation of LPBM
- Centrifugation (7.000 1puL. 20 min)
- Autoclaving (121°C. 60 min) ‘
Hot-water extract of liquid culture including mycelia (A) Mycelia Supenatant

- EtOH precipitation

- Centrifugation (7.000 1pm. 20 min)

Precipitate

Crude polysaccharide of A (B)

Precipitate

- EtOH precipitation
- Centrifugation (7.0001pm. 20 min)

Crude polysaccharide of C (D)

‘- Autoclaving (121°C. 60 min)

Hot-water extract of mycelia (C)

- EtOH precipitation
- Centrifugation (7.000 1pm. 20 min)

Precipitate

Crude polysaccharide of culture broth (E)

Fig. 1. Fractionation of liquid culture of Phellinus baumii mycelium (LPBM).

9l Zt4g g¥(crude polysaccharide of culture
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%"e]%*% 771t SEA TR EE] HY(&IHE: 2021-

001)E AX & AFPstglon, BT 6582 C3H/HeN #Re-A
(2)2 M=Hto] 2(Uiwang, Gyeonggi, Korea)ZHE U5t
o} AdEE9 ARt B2 AEA AHE 5 A=EE O}Od o
T2 R I 2URE 25£1T, 55+5%)% FAISHL
A HLRHE 19 12417+ FAISH3E A d%—%
L7174+ AR oH, B|AT} Peyer's patchS S35t 4
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RAW 264.7 MZFE 0|85t EH“AHE =gy

kA fef RAW 264.7 AlZFE S=AZEF23(Korean Cell
Line Bank; KCLB, Seoul, KoreaMW A48, Dulbecco’s
Modified Eagle Medium(DMEM; Hyclone, San Angelo, TX,
USA) HiZoll 10% fetal bovine serum(FBS; Gibco, Waltham,
Massachusetts, USA)Z} 1% penicillin-streptomycin(P/S; Gen-
DEPOT, Katy, TX, USA)& 7R viAlolA v i), Al2Fe
37C, 5% COZt A== vl |(Thermo Fisher Scientific,
Waltham, MA, USA)°IA] AlRelrE: ZIg¥ste] -tof| o]-§=|3k
o}, A FAA 8 ZAEHP| Q€ A0L -TH\}iﬂ gEo] o4
AE A4S B71617] Y8l RAW 264.7 AIZFE 1.6 x 10°
cells/well2 96 well plated] E5=5to] wiF7|oA A7}
monolayerg @4 w71A] vigoloiet. o % vk s Al
Adlal serum-free DMEM(SFM) 180 pl & £5:51a1 57 E&
< Z¥2F 20 pLE F7kot] 24417 B9t Aufstoict. A= 9
St NIZ2EA H71= 3-(4,5-dimethylthiazol-2-y1)-2,5-dipheny-
ltetrazolium bromide(MTT; Invitrogen, Eugene, OR, USA)

94 | https://doi.org/10.35732/ctlabp.2022.8.2.92

AloRE Bl BAoHI oM, AlE FA ol gk AllaE AJEE{cell
viability; %)Z YERHCE Alg Aol os] AgE A4
(nitric oxide; NO)9| T2 griess reagentE 3 4312
™ sodium nitrates °-&3to] EFEFAE 2okl TS uM
2 Yepdict. diAAE 2= QAR interleukin-12(IL-12)+ BD
Bioscience(San Diego, CA, USA)OIA U3t enzyme-linkage
immunosorbent assay(ELISA kit)E o]-83}o] &3%9low, 7t
A|ZALA AFE recombinant proteing ©|-&3to] FZEILA
< e 5

SH

IS pg/mLE YERT

C3H/HeN OIRA HIZAMIZES| OO[EH Y AJO|EF[OI M
157Y7e] 237172 AR vReAE AFEHAR & B4
2 HAZ JE5H 3473100 mesh)oll ot} A2 3l
SHAT olF A8 A Al 0.2% NaCle A 2|5k 2
Y12 AAFCH 3531 BN EE 45%10° cells/well2 96
well plateo]] B335}11 TAEH]QE|AQ}L A S&S H7)s}
of 48A17F B3t HieFslsitt. o % Hi 4 3leestal, Ez-
cytox(DoGenBio, Seoul, Korea)E A&lslo] Al& FA T+ of
H] olo]EA EA(mitogenic activity; %) LFERHTE $HH, 8%
M| wjoFolo] ZA 5= tumor necrosis factor-e(TNF-e)=
InvitrogenolAl  FYU3t ELISA kitE H3 EA5190H,
interferon-y(IFN-y7)= BD Bioscience®l|4] +J3t ELISA kit
£ o|g3lo] ARAWIA ATE recombinant proteing ©]-83}

of XS AT F FFS pe/mLE ebict

=
o
o

O

a=Xe), KoR
o 1=

87

C3H/HeN OIRA Peyer’'s patchS

TTi—- O g:|I o
157932 A7 AR vk FFETE AR F Yang er
al(2004)9] ®WHo| we} Peyer's patchS 7453 A4HHS &4

< Z735toich. 89F6H C3H/HeN wRA9] A7o]| EAfjol=
Peyer’'s patchE Zzhiio] | ojZstod Peyer's

ZA|O. AT
24s 249
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patch A|Z2E 3]45190t}. Peyer’s patch A2 HEHS 3.5%
10° cells/well2 96 well plateo] £33}l IAEH0] QEJAQL
A FEZ H7kste] 547t vkttt o] w5 3
5131 BNl £A5K= granulocyte-macrophage colony-
stimulating factor(GM-CSF)= BD BioscienceollA] st
ELISA kitE o]&s}o] AxAA A55 recombinant protein
< ol&sto] EEIAS MRt F S pg/mLE UER o
H, ZPAIE S45= S5 ol 585 nReAl] thER
B o]-gslo] 34519 om, AP o]8ste] M& o2 SFME
FUste] ZFAIEE AFGE = ojztste] A7) AAE B} Zo]
HYLE AASA. o]F FZFHENS 1.3x10° cells/well2
96 well plateol] £551L Peyer's patch Bl 75l 64
7k wjorstitt. Bk 3 Peyer's patchZ 7G93t TLAE 345
< 245171 918l Ez-cytoxE Aot} Alg FA 2L o] 2%
A& ZA%5(BMC proliferation through PP; %)< H-415}19ct.

TEE ¥ 49 24

A FAA AL EEZRE B85 ZIAEHO|QEAS}
A ER9 YRS Bk Aol $49, AMdE, ©id |9
Edvs TS EA6IHE 499 A%, EEEEE glucose
£ 0]83}9] phenol-sulfuric acid®(Dubois er al, 1956)&
B3| BA5ig o, Ao AL HEEA glucuronic acidE
o]-85lo]  m-hydroxybiphenyl"(Blumenkrantz and Asboe-
Hansen, 1973) &3 E4s13ict. @A =52 bovine serum
albumin(BSA)E H#FE4E 510 Bradford(1973)9] ¥He] ot
2t S4stglon, ¥ Evls 2 Kim er a/(2021)9] WS
W@t #EEHE gallic acidE ol83te] SAslth 44 &

Table 1. HPLC conditions for component sugar analysis

G
\\'sz" .

g, AV, Tl 9 F Eejvls T2 %(w/w)E UERY
th. Y 249 39, Honda er a/(1989) ¥ Shin er
al(2022)9] W< arste] HPLC-UVE ol-&sto] E4sk3ith
EAEHO| QEARL FAKA| FES trifluoroacetic acidE ©&
sto] 7leEOlE Koy, TEdF TR Eooilth. ol
NaOH®} 1-phenyl-3-methyl-5-pyrazoline(PMP)E %8519
4R PMPE 23X & HCLE A7Iste] Sshotal B3 =2
ERES olgsle] £ 9 &5 AP * = TS AgHe
2 E&5kal PVDF membrane filter(0.45 pm, Jaema Trade
Inc., Gangwon-do, Korea)& oju}gt & Table 13} Z-& A0
2 Mok}, 4438 peak area®} response factorg 1L

2{5tod mole%E LEHL.

SAXz]

HE AP 34 §HEsto] EAsIglon, Adl: B+ HEHAL
(standard deviation; SD)Z UERATE B4 A3} Statistical
Package for the Social Science(SPSS V26, SPSS Inc.,
Chicago, IL, USA)E ol&sto] E4te] 524 Hlws] sk
Levene's testg AARE F FEAHE Z= A =4k
(analysis of variance; ANOVA)S AAJeH & HA] 9]
A& AFEA Duncan's multiple range testZ p<0.05
A HZ5steich

i3

f
()

s

n
q
)

RAW 264.7 MZZZ 0[St AN X52Hd
2 dollAf o uh ff ATl RAW 264.7 Al

Conditions
Instrument YL-9100 series (Young Lin Co. Ltd, Gyeonggi-do, Korea)
Column YMC-Triart C18 (250x4.6 mm, 5 uym, YMC Co., Ltd., Kyoto, Japan)
Column temperature 30C
Elent 0.1 M sodium phosphate buffer (pH 6.7) : acetonitrile (82:18)
Flow rate 1 mL/min
Injection volume 20 pL
Run time 60 min
Detector UV at 254 nm

Data calculator

Autochro-3000 (Young Lin)
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Py 2o
H (7}
-4
L HHENAS st ARE 23] g3 o] I
Aeos APl 479 ol TS B A0R LA 9t

(Shin et al, 2021; Yu et al,. 2012). TSt R ZE AW
ojuint opa}, 2-gHdo|x Foishy, Alo|EZRIARTIRI
B, AA|E 28 5] 28-S Bl R BEES disf S5
BE5k AL A8 KSon er al, 2022). WEbA, B g4
A= AHALAAES hHEsH= RAW 264.7 NEFE Edf 4]
Al 2= 20l Folols IS RIFHO M, AJHAl A
HAEEE F2f EZAEH|QEAS WAL I 7154 A
2A9] SIS FRlort. WA, Fig. 2A00E Als A
o] w2 RAW 264.7 M2 A2/ B7He Ueritt. LPBM
e g7 5% 100 pg/mLe] oA FAEwHnegative
control, NC) tfH] 90% ol39] AlX &L lstied],
Lopez-Garcia er al(2014)°] w2d Fxj2]Z U] AZAZS
o] 80% oVl AlE=/do] gittal B7tolr]| wfio] 9] s Y]
oAl LPBM Rl BE EE-2 o902 NEE/S VERR] o
£ A0 IRI=IL ABFIANO)IE AlZ W ZEE dovle
TE, YAE 5 JREARREH £FF BIok= Wol7|-d
8% TS ok A FTAR A doH(Yoo et al,
2022), A& Aol W= N0 A% Fig. 2B Uehdch &
Az & o]-€H lipopolysaccharide(LPS; 1 pzg/mL)}= NC
H2H18.1 #M) HiH] 39.3 £M(2.280)2] BAECE |2J3t NO
BeeS Ueton], ZAEH|QEASL FAK] & FolAe=
NC it tie] vijA5S 374 FHgh BEEo] 30.3 #M(1.7
2] BAHoZ 7 245k NO A3/4d50] ALt E3H o
AAIS] C EE 9 D FEL NC iz tH] 22} 26.8 ¢M(1.5
) 2 26.7 pM(1.580)2] fARE NO A34d50] BRIERloH, &
A9} vjokaho] TAEH] QEIAQ] ASIEY23.5 uM; 1.38)T} B
S8 24.4 pM(1.38)<] NO A/ds°] ERI=Jt. T-helper
type 1(ThD)Q] HEHRE-S F=ot NK 4129 &5+ Bl
M|z} 22 QREA] HARESE ok 2R ¥HA
[L-12 A/d5-2 Fig. 2Cl YepItiKim DS ¢} Shin KS, 2014).
FgHE LPSY 739, NC Hi£+H37.6 pg/mL) thH] 778.2
pg/mL(20.78)9] BAXHCE [ojt IL-12 B852 HERHS
o, NO 95 2t gARt AFos sjedede 74 J4st
E€lH0] 230.4 pg/mL(6.181)2] IL-12 4TS Uehfjo] 5414
oF 7pg 955t A0 RIEQIE D FE2 NC Rt tiH]
190.2 pg/mL(5.18)9] 1L-12 435S Uepdod, A, B2 C
gEo EAHoz Jolgt [L-12 BASS ERIFA] Aottt Kim
et al(2009)9] SollA w=H, 774 Bl &A1 2o

=
IEL UYR 9 o o § 1A 29 EFKe A0 o

1
o
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o 2 - BT - TR - B2 - IS0 - T - MR - Azt - 9
140
<
e
2
£
.
>
o
<
O
[a\]
2

(A)
50

NO production (uM)

(B)

800

600

400

200

IL-12 production (pg/mL)

Control

LPBM fraction (100 pg/mL)
©)

Fig. 2. Macrophage stimulating activity of fraction from liquid culture
of P. baumii mycelium. RAW 264.7 cells were treated with each
fraction for 24 hr, and (A) cell viability and production of
immunostimulatory mediators, including (B) NO, (C) IL-12 were
evaluated. Only media and lipopolysaccharide (LPS, 1 pg/mL) were
used as negative (NC) and positive control, respectively. Results
are expressed as mean + SD of three independent tests in
triplicate. The difference in the superscript letter of the content value
means a significant difference at p<0.05. A; hot-water extract of
liquid culture including mycelium, B; crude polysaccharide of A, C;
hot-water extract of mycelia, D; crude polysaccharide C, E; crude
polysaccharide of culture broth.



ASH A (Phellinus baumi) TAR| QI LAEHIO|QEIAC| HAXITEHY

A U=t ZAEH|QEA RO AN A AnE B
AA R A= E/e] TR 2 o o 5o] Bolsh=s AL
Z 3=t E3L Shin er al(2022)2 P. linteus 233 A
AR A AR F HAHE AASHL, 4 XS
ol 2AIE vl AR ZAEHP| QYA R gio] &
o AN A= A4S 7T BATSISET], o= & o
2} fARRE 202 woEr 24 JAAS B9l EE Akt
& ZAEHP|QEA faf thdR7t hANEE A=k Zo=
TSIt SHH R, A FAA AL REERE £
H ZAEHPO|QEACL A FE2 9] FEHRolA BAKHC
2 FO3E AlsAd2 ERIEA] Qta tAAE A= SARAE
3 B HE Y FHoE Fgh X gE]l ZAEH|O]|
QEA F7L 7V 945 S S YElE A CE Rl o] HAH
7154 AAEAY E8o] 7hsd AR AREGIH.

C3H/HeN OtRA°| DO|EH Y AO|EF|RI MHS

H|Z(spleen)2 A £012 FUCZRE B cell © T cell®] 4
<3} o] ofsf HZAY] £} o]FojA= 8 LU |Ho R
A BIRFe] it FAL HASo] 283 98-S 7HItHSon
¥} Shin, 2021). WA, FEZF S4EZ fEcke 249 A9, 9
19 A=, B FEE ERIske vo|EAl 842 WY 24
FFAR] G gt mpo|EAl E4S BA5H] fls C3H/HeN
UReARRE U AF6kal BJGA| o] ZAEHP] QEIARL
A FE-2 A5t primary culture $ A 4152 i At
oA BAde BA5ITHFig. 3A). YA tIRFO= ol8H LPS
£ B cell mlo]EAIoZ AHA A O2H(Coutinho et al, 1977),
1 pg/mLe] =&olA NC & ] 431.7 %9] vio| =4l &4
= Ueth Ale9] F-foll= A dAA vl dE 4
AT ZAEHPIQEAQ] R F&E E7F NC Wit tjH]
460.5%2] BAXHCE FOlgt nlo|EAl /43 Uehion], A
2o g o] 85 LPSet FARE 0 & SRIFGIT. S, A
A & CE= NC 2+ thy] 368.3%2] BAIZHCo=Z -9J3t ufo]
EA 24 e on, FAI7 23 ZAEHO|QEA] g
= A, B A F821 D= 242 174.5%, 207.2% 2 180.6%
9] BAZCE AR nlo|EAl E/3E et HPEAE] Al
koS 3]4=sto] HIAA|E nlo| EAl E/dat TR A|EFIR]
IFN-7 % TNF-¢E ELISA W& ol8slo] BAS3itt IFN-T
9 TNF-e+= H3#EHQI Th 1 Al2Z-mj7f | vhg E4d8k= Yot
E 4 Qe AP|EFRICE T PU0] CD4+ 484171 Heuk-s
o o3l ASFE= A= LA UtKSeo er al, 2013). HA],

)
§

“KSLAB®

[FN-79] E4Z3k= Fig. 3B Uerich. YR oZ o]85
LPSE NC HZ420.5 pg/mL) i8] 816.4 pg/mL(39.881)2]
TS Ut ARl sl dS 9 AT E 8
o] NC & i8] 405.9 pg/ml(19.8tH)2] 7 93t IFN-»
YeS Uerdlon, FAA 8 Ce NC di&T tfH] 167.7
pg/mL(8.280)2] IFN-y 452 Vetilch. vd, S A, B 2
D NC Hi2< o] BAHCRE {25t IFN-y 452 Uehd
A &9ktt. TNF-a 345 AIR= Fig. 3C0 Uehich gz
07 0]8% LPSE 1 pg/mLY) BEoIA NC tiZ(5.5 pg/ml)
] 134.2 pg/mL(24.68)2] BAHCE F2lgt TNF-¢ 435
< Uetich. ZAEHP|QEACL FAMA| FRO] AL [FN-y A
Fedts 2a o ATl Uehd 4K 88 C7F NC diat
e 741.3 pg/ml(135.680)9] BAHLE 71 943t TNF-«
35S Uerd BH, tiAkE ZAEHP|QEA S E= NC Hf
23 o] 622.8 pg/ml(114.080)9] SAK LR |25t TNF-«
A5 Yeile). A7 23 ZAEH|QEAQ] SR
A 9 B= EAZFOE 993 TNF-o BAS-S SRIEA] U3ttt
2 dolAl= Th-1 T A2 Heol isf AR|EZRRIS £4
stglon, F714 02 Th-2 & R4 HIz} BAE Ao
71Q19] B4 Tt W Qs Ao g wtEtiKang er al, 2014). £
FHoZ HANEE B "I & D vlo|EAS E3IsH
HPGA| 2] S B7HE, A FAAY A RER
1S 37 At ZAEH|QEA | o] 713
$%t 208 WHEY, TAEHO|QE|A] EPS7L Hol ThiE

-

[¢]
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o] 9l A0 FAEE ZrhRo] S B3 HAUY
3} WPAIRS B3 ASUE Tolsh o Amer

C3H/HeN 0OrA9| Peyer's patchS ZAQsh XM &M
Ao 7] mucosa-associated lymphatic tissue, MALT)+=
A FExA 9] 1/3Z AA[6kL §lom, JYAE] 40kt F
9] Z54 ZES of REAREH Holy JTg 3T
2ot opel, HAEAQI Hol7| 3 wdotal ItHYu KW and
Shin KS, 2001). Peyer’s patchi= 9 927]3 5 A=A
ZA|(gut associated lymphoid tissue, GALT)oll &5}, A
4l o5 grlo] =33y Hoh= microflora AlE7F &5kl
Z1E HAME®B cell, T cell, HAAZ 2 FRFAE)7F F9kst
o] Peyer's patch Ul AZE2] EA51E E5) cytokine] AT}
HAZZEH] WS Folks 20E A Sltlee MS and
Shin KS, 2014). T3l I5AE= thest HA|EE0] A= 1L
deoiy 2ERA| RS SR AFARoA Aol HAS
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Fig. 3. Mitogenic activity and cytokine production of fraction from
liquid culture of P. baumii mycelium. Splenocytes were treated
with each fraction for 48 hr, and (A) mitogenic activity and
production of immunostimulatory mediators, including (B) IFN-1°
and (C) TNF-a were evaluated. of production was estimated.
Only media and lipopolysaccharide (LPS, 1 pxg/mL) were used as
negative (NC) and positive control, respectively. Results are
expressed as mean + SD of three independent tests in triplicate.
The difference in the superscript letter of the content value means
a significant difference at p<0.05. A; hot-water extract of liquid
culture including mycelium, B; crude polysaccharide of A, C;
hot-water extract of mycelia, D; crude polysaccharide C, E; crude
polysaccharide of culture broth.
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EIAQL FAA FEO] A2]of W Peyer's patchE 7373t I
AE 5452 B4 Fig. 4A). FANRFCZ o]-&% LPS
£ 1 pg/mLe] BEolA NC g2 diH] 300.3%2] EA2o=z
FYeE ZFAIE FA50] SRIEU 55 &9 AL 4
T B8, A 2 B Wi dS Y JAT ZAE
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Fig. 4. Intestinal immune system modulating activity of fraction
from liquid culture of P. baumii mycelium. Peyer's patch cells
(PP) were treated with each fraction for 5 days, and (A) bone
marrow cell (BMC) proliferation through PP and (B) production of
GM-CSF was estimated. Only media and lipopolysaccharide (LPS,
1 ug/mL) were used as negative (NC) and positive control,
respectively. Results are expressed as meantSD of three
independent tests in triplicate. The difference in the superscript
letter of the content value means a significant difference at
p<0.05. A; hot-water extract of liquid culture including mycelium,
B; crude polysaccharide of A, C; hot-water extract of mycelia, D;
crude polysaccharide C, E; crude polysaccharide of culture broth.
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271.0%2] BAZHCR 71} 5t ZPAIE F4l50] ERIEY
3, Ropg d8e

AHoZ FOlot FLAIE S
D RS EAHo7 o5t 54
Peyer's patche= F& T A|X ¥ B A2} A0} QJ=d T
A= AN} S Thgst cytokined} GSFE A8/35H, o]
E IFAIE F40f Fojok= AoR d#A Ut Mosmann ¥}
Coffman, 1989). wabA, S5A|L} THE SAAALE EQls)
7] 98l Peyer's patch o] ZAfok= GM-CSFE 4519
o, B2 Fig. 4Bo] YeRth FAtRToR o8
LPSE 1 pg/mL FEolA NC tz7415.3 pg/mL) thH] 40.9
pg/mLQ2.780)2] BAH R F9Jgt GM-CSF 4450l SRI=%
o} ARofAE BiFFeHS 54 FAg ZAEHo| o gA R
E7F NC tiZ< tiH] 22.6 pg/ml(1.580)9] EAZ o=z 71 9
3k GM-CSF A4%5°] YeRdTE B8 C= NC g2 HiH] 20.3
pg/mi(1.380)2] BAH o2 Folgt GM-CSF 452 YERL.
o, A 9 DE 27} 17.6 pg/mL(1. 18] 2 19.3 pg/mL(1.38)2]
FoJgt GM-CSF AJ4ds0] 2RI=]9ict. ¥hd, B E&9] 39, NC
223 EAZA Fost ZFAE S415-2 IEA| ottt
Ketley®t Newland(1997)9] ¢+oll4 GM-CSFelo|l inter-
leukin-6, IL-3 9 IL-1 5°] XERAEL ZAQIAE HUE T Q)
o, GM-CSFolo]l 71408 AR F4lo] Hololk= Alo|E
71919 Bxjo] Wast o7 wekeh

FUH 0T A A AALEE F < 33
AT ZAEH|QEA E7t AN R 524, HIGAIZE &
3t npo] EAl E/d7} Ato]E71Q] /35 D Peyer's patchE B
o A GAgof] <3t A 0F Ko, FAAE L83t ZAE
Hlo] QEJA0] Tl A 7154 AAEA B0l 75T A0E A
A=)} E3E Suh er a/(2022) 9 Shin er a/(2022) A3

s

¢
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§

O

(SLABP -

WAL FARNP. linteus) BANFES ZAEHO|REAR S
7] S1el HHAAE, Al S A 5o WA/ o
TE Husiglon, & dobe ARHA dARelA,
5 P baumii®] ATEIE AT ZN F5 3]
A AL EE {9 ZAEHC|QEAS S3ot W #
54 2419 E87Fsgol AAE o U2 Aoz .

rok
N F_Iq‘ﬂd1 e o

ol

R
N

&

M2 o Ty B

F, A S linteus) 53 EAEHPO|QEAE =2
3eko] EPSE x3sk= Ao® HVHIKShin er al, 2021,
Shin et al, 2022). £3], $92< glucoseE F 90% ol F2
Rk, 2/AREEEA B-1,3:11,6 glucans AASHL Atk
(Suh er al, 2022). wetA, FZHA FAHA| 2 baumii 52 A
gy ZAEH|QEA] JE EAS Agsylon, dik=
Table 20| Yetlth. ZAEHO|QEIAQL FAY| FE2 BF 5
AHA; 78.4%, B; 78.1%, C; 80.5%, D; 74.0%, E; 73.8%)=
7P =2 RS UEhon, A 7.3~15.4%8 ke
AoE Uepgtt gildn s 47 2.7~7.8% 9 3.8~
7.8%% ooto] BluA AFF 9kfols A 2= YENTE Suh er
al(2022)7 Shin et a/(2022)9] P. linteus & EAEHO| Q€
& I} v we| BOkE W, P haumif= FEf 5% FE2 54
ot Bl A Hglom, AMe] dgko] ozl Ao weh
ALl Fol Wt A= HE TERE Atk ZoE F4E3
t}. shd, S Xrpd SEQ1 ZAEHP|QEA(E)S] PMP 34
9] HPLC-UVE o83t /89 #4243 Table 3), A= 24
3180] E= glucose(39.1%), galactose(21.7%), mannose(11.1%),
galacturonic acid(9.3%) ¥ arabinose(8.9%)% o, A
9] glucuronic acid2.6%), xylose(2.3%), fucose(2.0%) %
rhamnose(1.5%) BHfdke 20% ERIHI 28X 07 &2 3

Table 2. Ingredient of fraction from liquid culture of Phellinus baumii mycelium (LPBM)

Fraction
Ingredient
A B c D E
Neutral sugar (%) 78.4+0.9°%8Y 78.142.1348 80.5+1.6% 74045728 73.8+2.6°°
Uronic acid (%) 9.0£0.7°¢ 15.420.3°* 7.3£0.3°° 15.240.5"* 10.6+0.4°®
Protein (%) 5.6+0.2°® 2.7£0.3°° 4.4£0.2°C 5.9+0.3°® 7.8+1.0%*
Polyphenol (%) 7.0£0.1°* 3.8+0.5°C 7.8£0.7°% 4.920.5°8 7.5£0.7°*

" Means with different capital letters in the same row and small letters in the same column are significantly different between groups at p<0.05

level through one-way ANOVA followed by Duncan’s multiple range test.
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Table 3. Sugar composition of immunostimulatory postbiotics E
fraction from LPBM

E fraction

Sugar mol %
Mannose 11.1£0.1
Rhamnose 1.540.2
Glucuronic acid 2.60.1
Galacturonic acid 9.9+0.5
Glucose 39.1+0.6
Galactose 21.7£0.3
Xylose 2.3£0.0
Arabinose 8.9+0.2
Fucose 2.0+0.2

9 glucose®} P, linteus wAEAPRIA A3 EPS <ol B-glucan
S Fastt= BEi(Shin er al, 2021) ¥ galactose®t
mannoses &9 WA ZAEHP|QEAQ E TR
-glucan, galactomannan ¥ mannan 59 fungi A= 4
gHRZ 4% 5 Q%tKBaker er al, 2008). F7HEoZ
galacturonic acid?} P baumii w5 32 EPSOA| o]0z
TAEE 208, T HAGA ZAEHP|QEARI E g#9 4
ot X5 EoF| Y8l anion exchange, size-exclusion
chromatography, partially methylated alditol acetate(PMAA)
4 mass spectrometryE B39 122 EA40] tigt A7t 2agh
ZAo& AlmHrh

2 %
SEHAP. baumil) tAAS] AAEIYS FHIE &, WIS
4ol 3= 7154 2d=A9 7hsde B ffsf 559 °
HA~E)O=E Bl qiAAIE Al &/ 23}, ZAEHP|Q
ElA F EE2 RAW 264.7 AIZA NOS9} 1L-129] 2H]E {2
o]skA] S7HAIALH, C3H/HeN uk-A9] HIA| RS Eof 2o
HjgE AFste Ol E Gio] HPgA|LRRE Afo]E71Q19] A
37t wiolEAl B/dol ot ASe UERdTh 3L Peyer's
patch "7} EFAIZ F43 Peyer's patch AZZFH
GM-CSF A/d< sttt W9 A= g B9 4% #44
I}, FAY(73.8%), AHAF(10.6%), DHA(7.8%) E EZTHis
(7.5%% Hotson, AT #4237  glucose(39.1%),
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galactose(21.7%), mannose(11.1%), galacturonic acid(9.9%)
2 arabinose(8.9%) S°] EX51ct 22X 0& P paumii Y
AefgolA EejE ZAER|QYAZRE EPS7F X3 R
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E =82 20208 AYERE A%7|Y SHAJAEY 7187
A3}t YA IAHE 2020-1-6) 22 585k AE AR
2139} (F)d| oot A=Y

References

1. Baker JR, Kim JS and Park SY (2008) Composition and
proposed structure of a water-soluble glycan from the
Keumsa Sangwhang mushroom (Phellinus linteus).
Fitoterapia, 79, 345-350.

2. Blumenkrantz N and Asboe-Hansen G (1973) New
method for quantitative determination of uronic acids.
Anal. Biochem. 54, 484-489.

3. Bradford MM (1976) A rapid and sensitive method for
the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal
Biochem. 72, 248-254.

4. Choi HY, Ha KS, Jo SH, Ka EH, Chang HB and Kwon
YI (2012) Antioxidant and anti-hyperglycemic effects
of a Sanghwang mushroom (Phellinus linteusau) water
extract. Korean J. Food & Nutr. 25, 239-245.

5. Coutinho A, Forni L, Melchers F and Watanabe T (1977)
Genetic defect in responsiveness to the B cell mitogen
lipopolysaccharide. Zur. /. Immunol. 7, 325-328.

6. Dubois M, Gilles KA, Hamilton JK, Rebers PT and
Smith F (1956) Colorimetric method for determination
of sugars and related substances. Anal Chem. 28,
350-356.

7. Honda S, Akao E, Suzuki S, Okuda M, Kakehi K and
Nakamura ] (1989) High-performance liquid chroma-
tography of reducing carbohydrates as strongly

ultraviolet-absorbing and electrochemically sensitive

Anal

1-phenyl-3-methyl5-pyrazolone  derivatives.

Biochem. 180, 351-357.



S Prellinus baumi) AR AREHRS EAEHIO|QEA] HAXIS2Y

10.

11

12.

13.

14.

15.

16.

17.

Kang BK, Kim KBWR, Ahn NK, Choi YU, Kim M]J, Bark
SW and Ahn DH (2014) Immuno-stimulating activities
of skipjack tuna Katsuwonus pelamis cooking juice
concentrates on mouse macrophages and spleen cells.
Korean J. Fish. Aquat. Sci. 47, 776-784.

Suh MG, Shin HY, Jeong FJ, Kim G, Jeong SB, Ha EJ and
Kim H (2022) Immunostimulatory effect of postbiotics
prepared from Phellinus linteus mycelial submerged
culture via activation of spleen and Peyer's patch in
C3H/HeN mice. Pharmaceuticals. 15, 1215-1229.
Ketley NJ and Newland AC (1997) Haemopoietic
growth factors. Postgrad. Med. J. 73, 215-221.

Kim BY and Park SS (2021) The concepts and
applications of postbiotics for the development of
health functional food product. Curr. Top. Lact. Acid
Bact. Probiotics. 7, 14-22.

Kim DS and Shin KS (2014) Chemical property and
macrophage stimulating activity of polysaccharides
isolated from brown rice and persimmon vinegars.
Korean J. Food & Nutr. 27, 1033-1042.

Kim HM and Lee DH (2010) Characterization of
anti-inflammation effect of aqueous extracts from
Phellinus baumii. Korean J. Mycol. 38, 179-183.
Kim H, Park CK, Jeong JH, Jeong HS, Lee HY and Yu
KW (2009) Immune stimulation and anti-metastasis of
crude polysaccharide from submerged culture of
Hericium erinaceum in the medium supplemented
with Korean ginseng extracts. /. Korean Soc. Food
Sci. Nutr. 38, 1535-1542.

Kim SZ, Lee SG, Son NY, Lee JU, Baek GG, Kim JE and
Yuk HG (2021) Effect of

Lactiplantibacillus  plantarum on antioxidant

fermentation by
and
nutritional characteristics of jujube hot water extract.
Curr. Top. Lact Acid Bact Probiotics. 7, 37-44.
Kim YH, Choi CY and Chun T (2016) The preventive
and therapeutic effects of probiotics in allergic
diseases via immune modulation. J Food Saf 31,
141-152.

Kim JH, Son IS, Kim JS, Kim KH and Kwon CS (2008).
Lipase-inhibitory and anti-oxidative activity of the

methanol extract and the powder of Phellinus linteus.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

N
it g
b
J. Korean Soc. Food Sci. Nutr. 37, 154-161.

Lee BE, Ryu SY, Kim EH, Kim YH, Kwak KA and Song

HY (2012) Immunostimulating effect of mycelium

a O

e

extract of Phellinus linteus. Korean J. Pharmacogn.
43, 157-162.

Lee MS and Shin KS (2014) Intestinal immune-
modulating activities of polysaccharides isolated from
commercial and traditional Korean soy sauces. /.
Korean Soc. Food Sci. Nutr. 43, 9-15.
Lopez-Garcia ], Lehocky M, Humpoli¢ek P and Siaha
P (2014) HaCaT keratinocytes response on antimi-
crobial atelocollagen substrates: Extent of cytoto-
xicity, cell viability and proliferation. /. Funct.
Biomare. 5, 43-57.

Mohamed MS, Flbadry MI and Yao CL (2021)
Stem-cell therapy with bone marrow (hematopoietic)
stem cells for intestinal diseases. In The Intestine (pp.
131-145). Academic Press.

Moradi M, Kousheh SA, Almasi H, Alizadeh A,
Guimardes JT, Yilmaz N and Lotfi A (2020) Postbiotics
produced by lactic acid bacteria: The next frontier in
food safety. Compr. Rev. Food Sci. Food Saf. 19,
3390-3415.

Mosmann T and Coffman RL (1989) TH1 and TH2
cells: different patterns of lymphokine secretion lead to
different functional properties. Annu. Rev. Immunol. 7,
145-173.

Park NK, Chun GT and Jeong YS (2012) Development
of extraction process of protein-bound polysac-
charides from /nonotus obliquus mycelia. KSBB J. 27,
177-185.

Rathore H, Prasad S, Sharma S. 2017. Mushroom
nutraceuticals for improved nutrition and better
human health: A review. Pharma Nutrition 5, 35-46.
Scarpeellini E, Rinninella E, Basilico M, Colomier E,
Rasetii C, Larussa T, Santori P and Abenavoli L (2021)
From Pre- and Probiotics to Post-Biotics: A Narrative
Review. Int. J. Environ. Health Res. 19, 37-51.

Seo M]J, Kang BW, Park JU, Kim MJ, Lee HH, Ryu EJ
and Jeong YK (2013) Effect of black garlic extract on

cytokine generation of mouse spleen cells. /. /ife. Sci.

Curr. Top. Lact. Acid Bact. Probiotics 2022;8(2):92-102 | 101



fm”‘% A% -
% \

| z
\ A Hi
% S
Ksiage

28.

29.

30.

31.

32.

33.

34.

35.

23, 63-68.

Shin HY, Kim H, Jeong EJ, Kim HG, Shin JC, Choi SY
and Yu KW (2022) Immunostimulatory polysaccharide
fractionated from a liquid culture by Phellinus linteus
Mycelium. /. Korean Soc. Food Sci. Nutr. 51, 19-27.
Shin HY, Hwang KC, Mi XJ, Moon SK, Kim Y] and Kim
H (2022) Rhamnogalacturonan Irich polysaccharide
isolated from fermented persimmon fruit increases
macrophage-stimulatory activity by activating MAPK and
NF-«B signaling. /. Sci. Food Agric. 102, 2846-2854.
Shin HY, Kim H, Jeong EJ and Yu KW (2022)
Macrophage stimulating activity of crude polysac-
charide on maca (Lepidium meyeni) varieties.
Korean J. Food & Nutr, 35, 7-15.

Shin HY, Kim H, Jeong EJ, Kim HG, Son SU, Suh MG
and Yu KW (2021) Anti-inflammatory activity of liquid
fermentation by Phellinus linteus mycelium. Korean J.
Food & Nutr, 34, 487-497.

Shin HY, Kim H, Shin JY, Lee S and Yu KW (2021)
The physiological activity of crude polysaccharide
solvent extracted from herbal medicine mixture.
Korean J. Food & Nutr, 34, 36-46.

Sohn HY, Shin YK and Kim JS (2010) Anti-proliferative
activities of solid-state fermented medicinal herbs
using Phellinus baumii against human colorectal
HCT116 cell. J. life. Sci. 20, 1268-1275.

Son SU and Shin KS (2021) Immuno-stimulating and
anti-metastatic activities of the polysaccharides isolated
from Angelica gigas. Korean J. Food Sci. Technol. 53,
304-312.

Son SU, Lee §J and Shin KS (2022) Immunostimulating

102 | https://doi.org/10.35732/ctlabp.2022.8.2.92

36.

37.

38.

39.

40.

41.

Aol
oA
rlo
r
=
08
i
rfo
pal
o
N
o
=2
oA
>
rc
>
o
bl
>
ok
>
40
ok!
rdo

and intracellular signaling pathways mechanism on
macrophage of rhamnogalacturonan-I type polysac-
charide purified from radish leaves. /nt. J Biol
Macromol. 217, 506-514.

Yang HS, Yu KW and Choi YM (2004) Isolation of
polysaccharides modulating mouse’s intestinal immune
system from peels of Citrus unshiu. J. Korean Soc. Food
Sci. Nutr. 33, 1476-1485.

Yoo BG, Hong JP, Song HY and Byun EH (2022)
Immuno-modulatory activity of hot water extracts
isolated from Protaetia brevitarsis seulensis larvae
through MAPKs and NF-¢B pathways in macro-
phages. /. Korean Soc. Food Sci. Nutr. 51, 100-106.
Yu A, Park HY, Choi IW, Park YK, Hong HD and Choi
HD (2012) Immune enhancing effect of medicinal
herb extracts on a RAW 264.7 macrophage cell line.
Food Sci. Nutr, 41, 1521-1527.

Yu KW and Shin KS (2001) Bone marrow cell
proliferation activity through intestinal immune
system by the components of Atractylodes lancea DC.
Korean J. Food Sci. Technol 33, 135-141.
Zakrzewska 7, Zawartka A, Schab M, Martyniak A,
Skoczenn S, Tomasik PJ and Wedrychowicz A (2022)
Prebiotics, probiotics, and postbiotics in the pre-
vention and treatment of anemia. Micro. 10, 1330-1345.
Zhang H, Jiang F, Li L, Liu X and Yan JK (2022)
Recent advances in the bioactive polysaccharides and
other key components from Phellinus spp. and their
pharmacological effects: A review. Int J Biol

Macromol. 222, 3108-3128.



	05 김연숙 외_검토
	개요
	1. Baker JR, Kim JS and Park SY (2008) Composition and proposed structure of a water-soluble glycan from the Keumsa Sangwhang mushroom (Phellinus linteus). Fitoterapia, 79, 345-350.
	2. Blumenkrantz N and Asboe-Hansen G (1973) New method for quantitative determination of uronic acids. Anal. Biochem. 54, 484-489.
	3. Bradford MM (1976) A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye binding. Anal. Biochem. 72, 248-254.
	4. Choi HY, Ha KS, Jo SH, Ka EH, Chang HB and Kwon YI (2012) Antioxidant and anti-hyperglycemic effects of a Sanghwang mushroom (Phellinus linteusau) water extract. Korean J. Food & Nutr. 25, 239-245.
	5. Coutinho A, Forni L, Melchers F and Watanabe T (1977) Genetic defect in responsiveness to the B cell mitogen lipopolysaccharide. Eur. J. Immunol. 7, 325-328.
	6. Dubois M, Gilles KA, Hamilton JK, Rebers PT and Smith F (1956) Colorimetric method for determination of sugars and related substances. Anal. Chem. 28, 350-356.
	7. Honda S, Akao E, Suzuki S, Okuda M, Kakehi K and Nakamura J (1989) High-performance liquid chromatography of reducing carbohydrates as strongly ultraviolet-absorbing and electrochemically sensitive 1-phenyl-3-methyl5-pyrazolone derivatives. Anal. Biochem. 180, 351-357.
	8. Kang BK, Kim KBWR, Ahn NK, Choi YU, Kim MJ, Bark SW and Ahn DH (2014) Immuno-stimulating activities of skipjack tuna Katsuwonus pelamis cooking juice concentrates on mouse macrophages and spleen cells. Korean J. Fish. Aquat. Sci. 47, 776-784.
	9. Suh MG, Shin HY, Jeong EJ, Kim G, Jeong SB, Ha EJ and Kim H (2022) Immunostimulatory effect of postbiotics prepared from Phellinus linteus mycelial submerged culture via activation of spleen and Peyer’s patch in C3H/HeN mice. Pharmaceuticals. 15, 1215-1229.
	10. Ketley NJ and Newland AC (1997) Haemopoietic growth factors. Postgrad. Med. J. 73, 215-221.
	11. Kim BY and Park SS (2021) The concepts and applications of postbiotics for the development of health functional food product. Curr. Top. Lact. Acid Bact. Probiotics. 7, 14-22.
	12. Kim DS and Shin KS (2014) Chemical property and macrophage stimulating activity of polysaccharides isolated from brown rice and persimmon vinegars. Korean J. Food & Nutr. 27, 1033-1042.
	13. Kim HM and Lee DH (2010) Characterization of anti-inflammation effect of aqueous extracts from Phellinus baumii. Korean J. Mycol. 38, 179-183.
	14. Kim H, Park CK, Jeong JH, Jeong HS, Lee HY and Yu KW (2009) Immune stimulation and anti-metastasis of crude polysaccharide from submerged culture of Hericium erinaceum in the medium supplemented with Korean ginseng extracts. J. Korean Soc. Food Sci. Nutr. 38, 1535-1542.
	15. Kim SZ, Lee SG, Son NY, Lee JU, Baek GG, Kim JE and Yuk HG (2021) Effect of fermentation by Lactiplantibacillus plantarum on antioxidant and nutritional characteristics of jujube hot water extract. Curr. Top. Lact. Acid Bact. Probiotics. 7, 37-44.
	16. Kim YH, Choi CY and Chun T (2016) The preventive and therapeutic effects of probiotics in allergic diseases via immune modulation. J. Food Saf. 31, 141-152.
	17. Kim JH, Son IS, Kim JS, Kim KH and Kwon CS (2008). Lipase-inhibitory and anti-oxidative activity of the methanol extract and the powder of Phellinus linteus. J. Korean Soc. Food Sci. Nutr. 37, 154-161.
	18. Lee BE, Ryu SY, Kim EH, Kim YH, Kwak KA and Song HY (2012) Immunostimulating effect of mycelium extract of Phellinus linteus. Korean J. Pharmacogn. 43, 157-162.
	19. Lee MS and Shin KS (2014) Intestinal immune- modulating activities of polysaccharides isolated from commercial and traditional Korean soy sauces. J. Korean Soc. Food Sci. Nutr. 43, 9-15.
	20. López-García J, Lehocký M, Humpolíček P and Sáha P (2014) HaCaT keratinocytes response on antimicrobial atelocollagen substrates: Extent of cytotoxicity, cell viability and proliferation. J. Funct. Biomate. 5, 43-57.
	21. Mohamed MS, Elbadry MI and Yao CL (2021) Stem-cell therapy with bone marrow (hematopoietic) stem cells for intestinal diseases. In The Intestine (pp. 131-145). Academic Press.
	22. Moradi M, Kousheh SA, Almasi H, Alizadeh A, Guimarães JT, Yılmaz N and Lotfi A (2020) Postbiotics produced by lactic acid bacteria: The next frontier in food safety. Compr. Rev. Food Sci. Food Saf. 19, 3390-3415.
	23. Mosmann T and Coffman RL (1989) TH1 and TH2 cells: different patterns of lymphokine secretion lead to different functional properties. Annu. Rev. Immunol. 7, 145-173.
	24. Park NK, Chun GT and Jeong YS (2012) Development of extraction process of protein-bound polysaccharides from Inonotus obliquus mycelia. KSBB J. 27, 177-185.
	25. Rathore H, Prasad S, Sharma S. 2017. Mushroom nutraceuticals for improved nutrition and better human health: A review. Pharma Nutrition 5, 35-46.
	26. Scarpeellini E, Rinninella E, Basilico M, Colomier E, Rasetii C, Larussa T, Santori P and Abenavoli L (2021) From Pre- and Probiotics to Post-Biotics: A Narrative Review. Int. J. Environ. Health Res. 19, 37-51.
	27. Seo MJ, Kang BW, Park JU, Kim MJ, Lee HH, Ryu EJ and Jeong YK (2013) Effect of black garlic extract on cytokine generation of mouse spleen cells. J. life. Sci. 23, 63-68.
	27. Seo MJ, Kang BW, Park JU, Kim MJ, Lee HH, Ryu EJ and Jeong YK (2013) Effect of black garlic extract on cytokine generation of mouse spleen cells. J. life. Sci. 23, 63-68.
	28. Shin HY, Kim H, Jeong EJ, Kim HG, Shin JC, Choi SY and Yu KW (2022) Immunostimulatory polysaccharide fractionated from a liquid culture by Phellinus linteus Mycelium. J. Korean Soc. Food Sci. Nutr. 51, 19-27.
	29. Shin HY, Hwang KC, Mi XJ, Moon SK, Kim YJ and Kim H (2022) Rhamnogalacturonan I‐rich polysaccharide isolated from fermented persimmon fruit increases macrophage‐stimulatory activity by activating MAPK and NF‐κB signaling. J. Sci. Food Agric. 102, 2846-2854.
	30. Shin HY, Kim H, Jeong EJ and Yu KW (2022) Macrophage stimulating activity of crude polysaccharide on maca (Lepidium meyenii) varieties. Korean J. Food & Nutr, 35, 7-15.
	31. Shin HY, Kim H, Jeong EJ, Kim HG, Son SU, Suh MG and Yu KW (2021) Anti-inflammatory activity of liquid fermentation by Phellinus linteus mycelium. Korean J. Food & Nutr, 34, 487-497.
	32. Shin HY, Kim H, Shin JY, Lee SJ and Yu KW (2021) The physiological activity of crude polysaccharide solvent extracted from herbal medicine mixture. Korean J. Food & Nutr, 34, 36-46.
	33. Sohn HY, Shin YK and Kim JS (2010) Anti-proliferative activities of solid-state fermented medicinal herbs using Phellinus baumii against human colorectal HCT116 cell. J. life. Sci. 20, 1268-1275.
	34. Son SU and Shin KS (2021) Immuno-stimulating and anti-metastatic activities of the polysaccharides isolated from Angelica gigas. Korean J. Food Sci. Technol. 53, 304-312.
	35. Son SU, Lee SJ and Shin KS (2022) Immunostimulating and intracellular signaling pathways mechanism on macrophage of rhamnogalacturonan-I type polysaccharide purified from radish leaves. Int. J. Biol. Macromol. 217, 506-514.
	36. Yang HS, Yu KW and Choi YM (2004) Isolation of polysaccharides modulating mouse’s intestinal immune system from peels of Citrus unshiu. J. Korean Soc. Food Sci. Nutr. 33, 1476-1485. 
	37. Yoo BG, Hong JP, Song HY and Byun EH (2022) Immuno-modulatory activity of hot water extracts isolated from Protaetia brevitarsis seulensis larvae through MAPKs and NF-κB pathways in macrophages. J. Korean Soc. Food Sci. Nutr. 51, 100-106. 
	38. Yu A, Park HY, Choi IW, Park YK, Hong HD and Choi HD (2012) Immune enhancing effect of medicinal herb extracts on a RAW 264.7 macrophage cell line. Food Sci. Nutr, 41, 1521-1527.
	39. Yu KW and Shin KS (2001) Bone marrow cell proliferation activity through intestinal immune system by the components of Atractylodes lancea DC. Korean J. Food Sci. Technol. 33, 135-141.
	40. Zakrzewska Z, Zawartka A, Schab M, Martyniak A, Skoczeń S, Tomasik PJ and Wędrychowicz A (2022) Prebiotics, probiotics, and postbiotics in the prevention and treatment of anemia. Micro. 10, 1330-1345.
	41. Zhang H, Jiang F, Li L, Liu X and Yan JK (2022) Recent advances in the bioactive polysaccharides and other key components from Phellinus spp. and their pharmacological effects: A review. Int. J. Biol. Macromol. 222, 3108-3128.



