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Chemical components and hepato-protective effect of Lentinula
edodes fermented by lactic acid bacteria

Seung-Bin Im" Kyung-Je Kim', Seong-Woo Jin" Young-Woo Koh', Neul-l Ha', Hee-Gyeong Jeong',
Jae-Keun Lee', Kyeong-Won Yun’, and Kyoung-Sun Seo'*

]angheung Research Institute for Mushroom Industry, Jangheung 59338, Korea
“Department of Oriental Medicine Resources, Sunchon Nat! University, Suncheon 57922, Korea

ABSTRACT: This study was conducted to improve the useful components and biological activity of Lentinula edodes fermented
by lactic acid bacteria (LAB). Three LAB strains (Lactobacillus brevis KCCM 11904, L. plantarum KCCM 354469, and L. fermentum
KCCM 12116) were inoculated and used for L. edodes hot water extract (10%, 20%, 30%) fermentation. LAB fermentation of L.
edodes hot water extracts decreased pH and thus were more acidic than non-fermented L. edodes hot water extract. -glucan
and ergothioneine contents were increased by L. edodes in a concentration-dependent manner. The ergothioneine and B-glucan
contents were highest in fermented with 30% L. edodes hot water extract fermented by L. plantarum and L. brevis (40.48 mg/
100 g and 13.94%, respectively). The hepato-protective effect of fermented L. edodes hot water extracts by the three LAB were
tested using Sprague-Dawley rat primary hepatocytes. In primary hepatocytes obtained following liver injury induced by
acetaminophen, fermented L. edodes hot water extracts by the three LAB showed protective effects, as evident by reduction of
the aspartate aminotransferase, alanine aminotransferase, and lactate dehydrogenase liver markers. The collective results indicate
that the fermented L. edodes hot water extracts obtained using LAB are potentially valuable in preventing or treating liver disease.
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3} B-glucan 59 AAFN E3-& F= S FHrstaL
AtHHong et al., 1988).
e AT FHEES o8 A Zad dda
o] JejE WSIATIAL, A oA o] &3tal H =T
< Agshe AAY] A S ‘%%O}b Sl
7] & otk (Kim, 2019). 7+ 7152 Aol
el 28-S sHAl Al W A|Al] o)
2 o] o] Hr|x= PE}(Klm 2019). 9% E=
Wi freled 2HY Q1AY] 7+ 448 WASL &4
AL AdaA] WEs &

B3 AA7S2E, ook 59 Mg 2 A e

Y=L At o] T EA FEEY s KIS 9=

F=2 HF dAA O &2 polysaccharide?] B-glucan®l]
KU

71R1gkttal B = T (Mizuno, 1995;
2009). ¥39] polysaccharide % lentinan B-(1—3)-
glucoseE 712ZZA 02 571¢] B-(1—3)-glucosem}tt} 27H
o] B-(1—6)-glucose 7HAIE Zte F+X2E 2 UX
(Hobbs, 2000; Zhoua et al., 2009), HASZ3} 7RG
715S zZhe Aow HIEUTHRoss e al, 1999,
Yamamoto et al., 1997). 71& AN = #3l sEEZF
¢l D-galactosamine, dimethylnitrosamine, CCL,, ethanol
S Fosle] A4 T WA 75 ANE §9S rato
®3 FE2E A AFF7F gzl HlsA] glutamate-
oxlate  transaminase = (GOT)2}  glutamate-pyruvate
transaminase (GPT)e] f+&°] AaL, 7HEAdo] Aor,
g whid ko] Yrhal BAgk vb itk (Akamatsu er
al., 2004; Morinaga et al., 1994; Terada et al., 2001).
H i, 5, Bl F 5o vAES &8 e
71ee] A5 T8l udAl, S, ofvlat Fof
B =S A, AT e AUA] Ao r ey 1
| 4sdrhs d77F 8ol XL ATHAn er al,
2013). olZlgt FAktS Astol] o] Hm g I
S oA|Sle] WA Frtel] &Aootk (Jun ef al., 1999;
Shlada et al., 1998) ARt RS Fske] 2k gl o
g 7 tiaRlES Aibske mAER 7 SR,
A7 2%, 9404% TR %2 PLQL AL, EL

Hazama et al.,

ofr

o
N
)
I\
>,
g
o)
ok
2
ol
ol\ ﬁ
_!lﬂl
ON

&
2018), AAES] fra S848%
Ao g ikt HaE &85k vl °EH"L~°1 ﬂ%ﬂl 9,1

TH(Chang and Park 2003; Jeon et al, 2011; Kim and
Gilliland, 1983). t®EZH<A FAHE  Lactobacilli9}

Bifidobacteria= B-glucosidase &/3S 7FA|AL 3lo] tekst
215w o] g TR ol Fas IS o=
Ao72 BIEI A} (Choi et al, 1999; Jeon et al.,

2002).
B AZgME 7]& 2EE 3o 7+ B3F 7)) A
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Lactobacillus fermentum A
ZE9 fAFow m—§_/\]7;] T3 gxdel U:]oﬂ’ Ak
3}EZ2l B-glucan} ergothioneine?] 7+ 2 7F S §
= A& B3 2 A7 Ade B3 AR 2R
E% 77154, Sk & O 852 2 3l
2APPEE 91T 7IRARE E8E F US A=

i},

Lactobacillus plantarum 2
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B A AR 9ERIE (A)ATEHANE AT
AolA 2R Aufste] gk HAS /‘lﬁo}‘}il HA
FEE AHFE A9 /\]’—Q-H TRl A& R A
H(KCCM)ZHY 3% (Lactobacillus brevzs KCCM 11904,
Lactobacillus  plantarum KCCM 354469, Lactobacillus
fermentum KCCM 12116) #-<F 1)t}

Alet
B APl AReE 2 ‘;-; FZ, chromatography-8- 8-}
o} Aloke A B EFARS TYs] ARSIt

AL FARE EEE AXE fste] dEEL kg &
et 50 meshs T3 HES /‘]Ei atlem, 80°C
E 10 LZ FE330E F542 10 brix 5402 9
froll 10%, 20%, 30%°] WA FE=E8 2Hzt Hrikst H,
glucose 1%% H7kst 1537 Esitt. 249 5=
2 T HollA] W= §F & AR | 35| fakt
< 10 mLY FEstd A2ujF7|E o83t 37°Ce =&
L7104 96417 v sttt

pH ¥ HAEME £H

W g E9] pHE pH meter (Orion 940, USA)S ©]-8-5}¢]
SN, e AEFFA Fsle] ST F, 08
TE 10mLol| 53] S/FTE 715t 1% phenolphthalein
L 7}3F T (0.1 N NaOHELH 0 2 AA 3] T o] §X]
He Al RS g5k, the Ao Stsidi

7}zke] ha w2 ot ¥ FA70% sto] YEEA &

WA Aol AHgSsT.

Ergothioneine &2 £44

231 E] 24|21 Dubost (2007)2] W o2 EA351]
ot 4742E 0.2 g 20 mL cold ethanol extraction
€4 (10 mM DTT, 100 uM betaie, 100 pM MMI in 70%
A7 2 wwkeiith. zF g 3%z
oghE & 4mLE 7}t

= =
12,000 rpm o2 1027 YA 339

ethanol )=
sonicationdt] 1% SDS 3H-
3l
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Table 1. HPLC operating parameter for the analysis of
ergothineine

Condition
Instrument Agilent Technologies 1200 Series
Agilent Econosphere
Column (4.6g>< 150 mm, 3}.)5-micfcl)i1)
Solvent 50 mM Sodiumposphate / 3% ACN
Column temp. 28.8°C
Wavelength UV 254 nm
Flow rate 0.7 mL/min
Injection volume 10 uL

25 10mLE F8 Ad=xstaL, S/ 10mLE H7tst
o] =9 ¥ (0.45um membrane filter2 <73 T
HPLCE #4 AEE ARESIATH. HPLC 4 =1
Table 13} 2o}, 35-8-MQ1 L-(+)-Ergothioneine (Sigma-
Aldrich, St. Louis, MO, USA)S o]&3le] A
(R’=0.9994)S ZHdslgom Alge] o= vE| eu¢l o
L o gEH o7 AAsAT

B-Glucan &2 £4

g &9 B-glucan T2 mushroom and yeast beta-
glucan assay procedure kit (Megazyme, Ireland)E ©]&
sto] 2431t WA total glucane 100 mesh A= #
B Al 100 mg S tubeoll ¥o] 37% HCI 1.5 mL

L3 4557 30°C water batholl ¥o] Ea)stict.
F SHT 10 mLE o] vortex3tal, 100°ColA 2417k
incubation A|ZATE 1 & A-20A 2]3]HA 2N KOHE
10 mLA ¥ 37 200 mM sodium acetate buffer (pH 5.0)Z
100 mL 4§ & 3] mixing 3FtF. 200 mM sodium
acetate buffero] =<1 exo-1,3-p-glucanase (20 U/mL)<}t
B-glucosidase (4 U/mL) 0.1 mLE 459 0.1 mLoj ¥,
reagent blank= acetate buffer 0.2 mLS 3L, D-glucose
standard 0.1 mL3} acetate buffer 0.1 mLS Y3 % &
40°CollA 603 F<F incubation 33T, GOPOD (Glucose
oxidase/peroxidase mixture, Megazyme) 3 mLS 23 40°C
o4 208 F<F incubation ¥ ¥, 510 nmol|A SHE=E
=439t} o-Glucane 100 mesh A2 AE 4 A&
100 mg2 tubeo] W 2M KOH 2mL% €3 2087+
mixing 3I$TF. 1.2 M sodium acetate buffer (pH 3.8) 8
mLE Y3 412 ¥ amyloglucosidase (1630 U/mL) plus
invertase (500 U/mL) 0.2mL<S ¥, & 4lojA 40°C
water bathollA] 307} incubation 3t T}, "3 0.1 mL
o 200mM sodium acetate buffer (pH 5.0) 0.1mL,
GOPOD 3 mLE& ¥ 40°CellA] 2057} incubation &+ %,
510 nm &3 =olA S35 a-glucan 2] A4t A}

2319k, 44 total glucany} a-glucan®] FEE== X

tlo
i

FIL fAF 28 ES AR B Vs BS 39 193

L2491 glucose &9 (1 mg/mL)yS GOPOD A]Fz} Wh$-
71 REgHe] FFEE o] gste] 7hzh FhaF(g/100g) 7k
2 AT, B-Glucan 2 total glucan ol
a-glucan $Hg-S wjE o2 ALlslsith

o> F

upsE
71 Sprague-Dawley (SD) (Samtako, Osan, Republic
of Korea, 457, 290-300 g) rat2 HaE cagedlA 15
A7 AGAATH TES F5 60+5%, &% 20+5°C, 12
sl F71E fFASReH AlEe APAEES IF

2 g
RL w85 A glo] FFsiAH

A X} ZEM|Z BH ¥ (Primary hepatocyte culture)

Az} 7HA|E %S Chang 5(2014)2] WHES st
of F8Ysielet. 28 717k o]%, 71 SD ratS AL &
of 7+ 275 FA| AEst] o 22 WHoE +2
3 AZY. SD rate] 7F 2Ae §°ColAM 108 B9
hepatocyte buffer (1369 mM NaCl, 54mM KCl,
0.81 mM MgSO,, 0.44 mM KH,PO,, 0.33 mM Na,HPO,,
5.0 mM NaHCO3, pH 7.6)°IA A glste] do o] B
25 AASNUT. 2 Fol collagenase”’} B! Ca’-free
Ringer hepatocyte buffer (0.3 mg/ml) (Sigma, St. Louis,
MO)E AHg38l 23} slolon, =29l 2452
A2 ZH (70 um)E AHSSHA A EZRES: e 3 £
ZHAE+= 1.5 mM CaClLE X283 W& ARESiA &
DS AT AE A= 1000 gollA + ¥ 2
2 ¥ 7+ 60mm Dish 3 1x10" cell/mL &%
Leibovitz-15 HJA] | A (L-15, Sigma, St. Louis, MO) 24A| 7+
Rt 25°Ce] 2ol A 48A1ZF B glaATt. 48417 vl &
M el =4S 9181 trypsin-EDTA (Life technologies,
Inc.)& ©l&ste] AEE wodl the AE 7/ trypan
blue G N3} F3F H7Fske] 8]498] hemocytometerS ©]&
slod A2 5 SEFeleh. B MRS Al ¥ o) w8t

o Wkt EEUAE el

P

>,

LR ZIMZOM A|22| MESY &l

Az} 7HAE 96 well plateel] 1 x 10° cell/mLe] L=
wiefstel Aol ARSIl &, dxTE Allsia
10 mM otH Eohn]=slzt A|52 zHzF 10, 50, 100 pg/
mLe] FER 24A17 Mg -, wixE A AL MR
Hizlell 10 uL MTSE F7Fste] 4A)7Hs<t RESAIZ] &
540 nm=Z SFEE S3AY. 7 AR Al AEES
A& FAETS 100%2 3te] FiA o2 Atetaith
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Fig. 1. Change of pH of fermented Lentinula edodes extract by lactic acid bacterials. (A) Fermented by Lactobacillus brevis with
Lentinula edodes extract, (B) Fermented by Lactobacillus fermentum with Lentinula edodes extract, (C) Fermented by

Lactobacillus plantarum with Lentinula edodes.

100 pg/mL A 2]8kal 48417k F?F 71 v Fatsiet. vl
T welld] A5NLS 343813l alanine aminotransferase
(ALT), aspartate aminotransferase (AST) ZZ2]3L lactate
dehydrogenase (LDH) &A=+ 7z} 7|83 4088 o]
-3+ ] (Kim and Han, 2005; Vinson ef al., 2001)°]

9J3] A|Z¥ assay kit (Asan Pharmaceutical, Korea)Z
St

5% AL 33 whEelon, ddd9E
Z 23 (ver. 12.0, SPSS Inc., USA) & °]&
-'Jr AR Yepioh. g
B8 2 914 (p<0.05)& 3

SPSS 54|
sto] Bk
@—?: Duncan's

SRR

multiple testE

g3k ATH(Fig. 1
oF Zdglo l AHE-H 3*01

0

—H 747}*7‘01]*1 pHE 4
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Zol o & AR et Al #FolX L plantarum®l| X
7HE =2 A=E YERIICH, L brevis€t L. fermentum?k

ol
2
=51
:J
m{w
HN-

Table 2. The content of ergothioneine from fermented
Lentinula edodes extract by lactic acid bacterials

Samples
Strains Concentration of Contents (mg/100 g)
L. edodes extract
0% 0.27+0.02"?
L brevi 10% 12.78+1.48°
. brevis
20% 32.82+1.04°
30% 37.23+1.52°
0% 0.2120.02°
10% 14.35+0.18°
L. fermentum q
20% 29.09+0.27
30% 34.48+0.24°
0% 0.180.07"
10% 12.12+0.13°
L. plantarum .
20% 33.09+0.27
30% 40.48+0.24"

YEach value represents the mean+SD of three determinations.
?Mean with different superscripts (a, b, ¢, d, e, f) are significantly
different at p<0.05 by Duncan's multiple range test.
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Table 3. The content of B-glucan from fermented Lentinula 2 thgAl ergothioneine?}t B-glucans opn|=2F 2

edodes extract by lactic acid bacterials ez wagy) gaksle] Fojshs Aoz okelA 9

Samples o™ (Lee et al., 2006; An et al., 2019), S17Fo|L} F5

Straing  Concentration of Contents (%) 2 w5 EolNE AT B4 gelo] orane F5

L. edodes extract ZFslojo} dh(Halliwell ef al, 2018; Cheah and

0% - Halliwell, 2012). Ergothioneine®] 3¢ L& fAikdt &g

L brevis 10% 5.8120.54" BN BaFEeHAe Fgo] VLSS foHow

20% 10.541.19" Z7HES glaldla, dfl ExFEEEd 30% £F

30% 13.94+0.15" 3ty L. plantarums W gsh HaEA 40.48 mg/100 g

0% - 2 7 =& %S Yeth. Ergothioneined in-vivo

10% 4.49+0.50° A FolF oz 7ho] At &S Azt B

L. fermentum 20% 9.49+0.93° JE vE Ao, EI AR B Ee] HES g3 T8

30% 12.9140.31° st 4= A7tE(Deiana ef al., 2004). 3+ B-glucan

i ; o PHE PP RE §AF LEBIN HLFE

0% 372066 Folo] 17} ZAHAEE o] FAHE el @ 5

L. plantarum 0% 10.80£0.97" S\’ii, jﬂ%oﬂ BIFZEF= 30%E &3 _?5}051 L. brevis
0% 13254027 La =M 13.94%= 7P =2 B-glucan¥d-S HA

TAY FAFEE H7EEe] mollH vlglste] £
23591 ergothioneine} B-glucan ko] Eobd S
I T 718 Aol A B-glucan 7He] 4SS A
&, 7R a7 ke BuE vh Jok(Erkoi e dl.,

YEach value represents the mean+SD of three determinations.
?Mean with different superscripts (a, b, ¢, d) are significantly differ-
ent at p<0.05 by Duncan's multiple range test.
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Fig. 2. Change of titratable acidity of fermented Lentinula edodes extract by lactic acid bacterials. (A) Fermented by Lactobacillus
brevis with Lentinula edodes extract, (B) Fermented by Lactobacillus fermentum with Lentinula edodes extract, (C) Fermented by
Lactobacillus plantarum with Lentinula edodes.
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Fig. 3. Percentage of primary hepatocyte cell viability at various concentration of fermented Lentinula edodes extract by lactic
acid bacterials. (A) Lentinula edodes extract, (B) Fermented Lactobacillus brevis with Lentinula edodes extract, (C) Lactobacillus
fermentum with Lentinula edodes extract, (D) Lactobacillus plantarum with Lentinula edodes extract. Mean with different
superscripts (a,b) are significantly different at p<0.05 in same concentrations by Duncan's multiple range test.

T Rk ¥4ES29 ekt 7._H1|“01|A'I°I =4 e, 7 AW 5ol ARE de] AHEE ASTSH ALT?)
3 e 283 Azl A A A 84
_;_]j_
s

HEZERE HESES 2he =% < ST 23, oplECH el T A2l s
£ AR S RS WEe] AT 715 2ol AR VEEEFY G fkt WEEO] AST, ALT 84S 7

=
AFE RIS o] T ZAFZFFN L breviss
] ergothlonelneJ/} A7Velo] wjokst WEEA 7P 2 §5S wYoh. wat
Bglucan ol =A vehd RAFESFFAS 30% ¥ ARES, ES, oSS 3 HEy, £ ¥ ol

s 1 [e)
713 At BRES AR slo], AEEAF HAE WY Sl Fvkeb, 34 7hgdol HEERE f2
B3gas ST FIFEESA9 B3 A Eo] F7tetal FEs FRke *é 7oA oF 10v] A=
LR EY AX 545 MIT WS ol&ste] AT 24 S7kete 222 <8zl LDH 2735 (Lee ef al., 2020)
= Fig. 29 2tk AFEE5 359 ikt 23 A% A o Eoh|:=dE Aleie W AT

& 27+ 10, 50 2 100 pg/mL FEE H3AS W, (3.8 ng/mL) WaLdte] 2.2u) F7hE 0, 7 Eef Ao
A} PATOIN BE FEE 0% ol FoR ATAEE BT # F 5 AUk A /K fAFeR

228
o & 9T FA LU A dHE FEE /‘1]:%_/‘3 BIFEEFZANS 7‘11140}01— ] LDH®| &5 Y50
Z&of g ATolA 80% ol/de] MEAEZES Alx SRS UaAIA s Ndase] gdst Ze=
Aol gltl= H3(Seo et al., 2017)E BlgSZE E Oﬂ:rL AztETh. ASTS ALTS}F R 2 L. breviss 37135

3
of AF&3 Ak BREES B HEEA0] Q1SS L Eo4 LDHS] /o] 7P FA At i A+
HEFASS A3 71E RS g3t Jopal YR BuSFEEE
2] AST, ALT, LDH &4 84<& Assl9om, ¥ 3=
550l 7} 3% FARFS Uit dadt e EE
A} 7HA 30| O}HlEOWhL% Aglet] 58S F 0 o] 7IE ﬁl—zu%i#’“it} o& & Asgde 24
whete] A fAE BEEe] X BREads gRle) o] ZF L. brevis® Ta 3t ﬁl—z,%iu;"“ v Eol|A] 7kH.
Ath(Fig. 3). YRHA o2 7h} Aol e EX)sh 3 a37F 7P A JERES gRlete], Bk

-1!’1’

EH
L
\1 30
2 7
u ]
[
|=0|-
|_
N
;
P
lOII
fol
_\:J_



A %2 T
80
= 70
e b b b
£ 60
S ¢ c
E 30 4
540
g 30
=
=
= 20
10
0
10mM Acetaminophen - + + + + +
Sample (100 pg/mL) - _ ¥ ¥ ¥ "
C 12
~10 a
®
E 8
=4
]
g6 b be
g4 E
jur]
a
= 2
0
a b c d e f
10mM Acetaminophen - + + + + +
Sample (100 pg/mL) - - + + + +

T H% &3 197

(=
O
=

130

AST concentration (ng/ml.)

10mM Acetaminophen - + + + + +
Sample (100 pg/mL) - - + + + +

Fig. 4. Effect of fermented Lentinula edodes extract by lactic acid bacterials on primary hepatocyte in the acetaminophen
induced liver cells. (A) Alanine aminotransferase (ALT), (B) Aspartate transaminase (AST), (C) lactate dehydrogenase (LDH)

level in primary hepatocyte

: Control,

: Acetaminophen treatment,

: Acetaminophen + Lentinula edodes extract treatment,

-0 a0 o

: Acetaminophen + fermented Lactobacillus brevis with Lentinula edodes extract treatment,
: Acetaminophen + fermented Lactobacillus fermentum with Lentinula edodes extract treatment,
: Acetaminophen + fermented Lactobacillus plantarum with Lentinula edodes extract treatment.

Mean with different superscripts (a,b,c,d) are significantly different at p<0.05 in same concentrations by Duncan's multiple

range test.
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