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Physiological Activity of Small Black Soybean-Hericium erinaceum
Mycelia Ferments

Kwang-Won Yu'
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ABSTRACT

To utilize as materials of functional Sunmsik, small black soybean (Rynchosia volubilis, RV-1)-Hericium erinaceum mycelia
ferments (RVHE-1) with the enhanced physiological activity than RV-1 were prepared, and anti-oxidant and immunostimulating
activities of their solvent extracts were investigated. In anti-oxidant component content and radical scavenging activity,
RVHE-1-HE (hot-water extract) and —E (EtOH extract) did not show a much increase compared to non-ferments (RV-1). There
was also no significant difference in intestinal immune system modulating activity via Peyer’s patch in all extracts of RV-1 and
RVHE-1. However, both extracts from RVHE-1 showed a significantly higher than those of RV-1 in GM-CSF production, which
is a cytokine involved in the proliferation and differentiation of bone marrow cells produced from Peyer’s patch cells.
Macrophage stimulating activity and production of IL-12 were also significantly higher in RVHE-1-HW than in the non-ferments.
Macrophage stimulating activity and IL-12 production of RVHE-1 showed significantly higher than RV-1-HW. Based on these
results, it could be suggested that RV-H. erinaceum ferments was more active than the non-fermented RV and could be fully

utilized as a raw material for functional Sunsik.
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1. L23E0| HA A Y H H=0IS-=FSH0| H
A AR DHEE=E Mx

284 FHEHATH A AAAME(Gyeonggi-do,
Korea)ZH-E] HoFure w2gulo] WA FAMA|(Hericium
erinaceum, HE)E potato dextrose agar(PDA, BD, Detroit,
MI, USA) APHEfR|o| A 30C 2 1097F 83k & 4C ol A
HESHA 4Fmieh A vjeFetdon, 2 AR =
1A% potato dextrose broth(PDB, BD)oll Al X &8l 7] (Jeio
Tech. Daejeon, Korea)S ©]-83F] 30°C ol A njeFste] 14
Hi RS A3 =R o] Al FAA FH o2 AT
Egh HAMAE A" Fuigt FsEolF(Rhynchosia
volubilis, RV)< A5 Q@ nlEo| X FYUg & 58+ SH/HF

A Ak, 121CAA 12087 ndEFstdet d

Soll& HA MY =TT WA FAA T 10%E F
F3kaL, AN 4~7930 TAMIYFE F 60C drying
oven(Jeio Tech.)ollA] 48A1ZF A Zx3}e] FHEolF-=Fag o]
HA FARA B EE(RVHE-)E Aot 39, A8 o
ZTO2E TY ZHAA v ES FHEolFTS AR

AR AN WEOF ARSI PTHHITEE; RV-1).

. FI=0I3-=F340| HA FARK Ea=2l SlFES

ZH|
HAwolF-=Fa o] HA FARA A FS o] 83t
Az BB AR 2 vE el Zoe] A

4 S ARE Gelspr] sl g FE== A8
g SEOIHA AR A
FEERVHE-1)9 €4 FE5& A st 2R E
2081 9] FFE A7FsE] homogenizer= 5,000 rpml A1 10
2 43 & half volume©] FEZ decoction 321,
o FHA|(No. 2)E ol-&3dte] A} 5 o4& g &
AbE T 20818 S/RTE ATt AFESATH23]). 5
Z oo AAEF(10,000xg, 4C, 30)Z ) B84
AAES AAS L 55 9 s20=F8}S Fwold-=F

o] WAl FAA LEE FFZE(RVHE-1-HW) & %
AstAtt ¢l FHFZE FAAZS vALEE o)
&l 24z} sull 2] 95% AlEE-& 3 71gE ¥ stirring mantle©l] 4]
2,000 ipm o2 70C 2] %2 243t B¢t SFAA FE35}
Atk FE2HL AHAAE o] &3t A}t FF ARo R
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Ciocalteu's A|¢Fo] &Ze] oA TALEE 94 2 F
AFEE A59] polyphenol S3HE] 23] =™ A4
oA =Mooz WMAlE= s o]gdte] AT
(14). &, FEES] FE2F AIE 100 pLoll &2 =18
A317] 218l 2% NayCO; S 2 mLE 7}3h & 387t w34
3 50%2] Folin-Ciocalteu’s A19F 100 uLE 3713l 30&3t
¥ A& 750 nmol| 4] ST =N Fa3 kst AR
Z polyphenol®] FFES AT & Atk FFEH=E
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3 gallic acid 43 FHGAE)] %= YRS 3, F
flavonoid &% =42 flavonoidol| EZEE HHZA|Z|H
flavan ¥+= flavonol HiGA|7F A& el = A& 8=
sto] SASATE Z, 80% oleh-&S AHES] 25| 3]AgH
WgEol FEE AF 500 pLoll 10% aluminium nitrate 100
uLe} 1 M potassium acetate 100 pLE 713+ $ Aol A 40
X A ek, WEke F3 5 S 415 nmellA S5k
BaE A5 gt EFEZQ! quercetin AZFHQE)S] %
2 YeRglt) g, g1kst 42 sletE o s Qkgste
free radical?! DPPH ¥ ABTS& &4t &2 3 wkg-slH 2
A5 WolFHA gitjzo] AEE o] WA FHEERE,
ol Ay 83t HEE §v|FZ=°l wel DPPH ¥
ABTSS] o] @oA= HEE FA3e] ditszdg o=z 1)
ERITH(15). WA, DPPH radical S ©] 83+ 34318 =4
< 02 mM DPPH radical &}l HEE2] FZEE A8 50

E 718 & A2A 6087 HESAIA HEgle] FHE
H3LE 517 nmollA SA8te] YEE A tig #5542
Q1 ascorbic acid®] “33F(ascorbic acid equivalent antioxidant
capacity/AEAC)®] %= YEH It th5- 2.2 ABTS radical
< o] &3 P4 ZAL 74 mM ABTS €47 2.6 mM
potassium persulphate 8-S 12A]7F 0]/ ol Wx]3}e
A EA ] ABTS radical S 34AIZ] T 734 nmoll A &3
5= Fhol 157} HE5 34ste] ARESIih o] 8o ¢F

AN o

ol

ol r%ﬁ

[es

Fol th3k % AEACE YERJATEH

4. da= EliFE=9 HIEY

A% 6% C3HHed ICR PH-2(&4)E ()LD
& E(Chungbuk, Korea)ZFE] FQJste] ARgZ0) sule]d] @
1, AgE 29 AFsES DUAE(F)NEAL Incheon,
Korea)& AH353l1, 2EHAE X A= Fo5)d9
HjFstaon, BE A3e sty A sEaeeld
3](KUIACUC-2016-159) 7+l 4ztsle] 21383t Th WA,
Peyer's patchE® 743 AHHALAE A4 AAHS
TA8k= &7 Peyer's patchZHEH A A|ZLE &4
of EFAIE FARJIAY] Atk EXe= ARE
Yu 5(16)%] WHE WSt Wkt =, C3H/He vH-
o] &Aool EAIS= Peyer's patch2%-E] 3|53 Al3E
2 x 10° cell/mLE 23} 96-well platell 180 pL plating3}
AL A9s] M8 A5 20 pLet Sl A2lsk 37C, 5% CO,

HF71oA 5L E1t Wit Y, EFAEE 3UF

oo

I S TR

ohg-220f thE R W2 EE 3]5ake] 2.5 x 10° cell/mLo] &
=2 ZA% & 96-well plateel] 100 LA 53131, 2104
AF3 Peyer's patch A|E9} A 52| vk-g-0 2 HE] 3|4=3 4}
5 Y(conditioned medium)3} 10% FBS/RPMI-1640 vl A& Z+
Z} 50 uL® 718k 37C, 5% CO, wiY71olA 6Y F<t
Hjketatt Ao g2 R Eo ujFEE A5 93
Peyer's patch-73+ AT 4L 643 viddd EFAx
o] CCK-8 kit &9 20 uLE #7138l 4A1ZF 3 450 nmol| A
FHEE A3k, ABol 23 Peyer's patchs A3 &

By FALe SAHANRTANES A Z-e salineol

BRI =3 HEES] §ulFEE A5} Peyer's patch
Az ete] viks Fall Aol wief Aol FAE 54
I} AHHE AR]EFIRJIQ granulocyte-macrophage colony-
stimulating factor(GM-CSF)2] A34F& ELISA kit=2 S7 3+
A &0l 2%k Peyer's patch A= AEE HESIYCE g+H, v}
A=A A=E44-L 2 mLY thioglycollate medium= -7}
FABFA 48~72A17F B9t macrophage SRS =4
Z1 ICR v}$-2:9] BE7}olA] macrophage AXE 3|43l
10% FBS7} 27} RPMI- 1640 iAo 1 x 10° cel/mL<)]
T2 AT =3 F macrophage FEHS 96 well
platecl] 200 uL# &F3kaL, 37C, 5% CO, ¥lF7]oNA 24
ZF < il monolayerS BAAIZ] %, non-adherent
cell2 33] A& o2 A AskaL A ZL 10% FBS-3-f RPMI-
1640 =] 180 uLe} At T =2 3|4H A8 20 uLE 3
7Fete] 37C, 5% CO, Wi7]olA AuA AT, TaE &
FEE A5 na Ao tigh 54842 24413 1)
oFH vtz EFA]of] CCK-8 kit &8 20 uLE H71ste] 4417k
% 450 nmollA FBEE S5k A7 HUHEA e
SANEZFANES TH3HA &2 salinedl] PFAE 2| & Hl
&g ol ok Al AYEE(%)E YERAITH17, 18). &
A, A5} vt R Ao WS Tl Aol w5
of mlaEsA] @Adste] wet AEE Al ETRRIRI
interleukin(IL)-12(19)2] A4 EE ELISA kit= 43t
LEE §uFEE AR g vazEsA] A5 A=E 4

L

]

5. SAX=

BE A¥4Ae 33 nbRe] AARE HILrFUA}
(standard deviation, SD)Z UEMRI3, WL

V26(SPSS Inc., Chicago, IL, USA)& ©]-83 Student’s #-test
2 Alrkste] 247} p<0.05 FEAA Fo8S AT =
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1. FH=0|2-L22H0| BAT ZARK| 2ES HZX 2 g1f

£= &N

T

theFg AElgdo] &l JowA LHiHREH
2 ARgEte] 2]F o] fFREHA(MFDS)ol 4lFo=
g o] WA FAM(Hericium erinaceum, HE)E ©]-&
o Aol S8 FmolF(Rhynchosia volubilis, RV)-
w2gulo] MAl FAKA TEERVHE)E A5t AA
FE A3 AR T FHApol - Fg o] MA FARA
W EERVHE-1)NA &8 dFFEE0] FHFEERY
25~34) A= EJTh FEolF vldE EFFEERV-1-
HW)ollAl 48R0 T437 Dl de fARgE ghef(47.59
46.7%)S YERRRY, HEE G4FEE(RVHE-1-HW)2
o] 714(30.6%) =0, HiHoR FAHTH 4H
32 S7K60.03 9.4%)3t= RS 1 o A=, o=
DA F FAAS] Sl st 71015 Aoz
AtEE HPEEEY HEE] FARe] Aol Holal Q)
= ¢ T UAKTable 1).

&
=
=

O ot 1>
S o

HE g EE FAFEES A dRE AT
(91.2%%} 92.4%) .= FAEH S HeERlEH odes
4L 1HT v o]EL FE GYFE Ho|n, g {7
oF #AIGlO] ARl 2 AR BIES YERIT 4
4ol 6.5~7.2%% UERA WA, Tl Ho 53] A% gy
HoJ(1.1~1.6%) 8w =4l et 2AR FAFZE0] @
FFEEAE A8 e FAEE HlES YL JSS
gIstey(Table 1) FEFE] WAL AHAE T3l Fiwol

2 wage] BAo A8 Fo TR IUL AEY
& Qg

2. F=0I3-=F30| HA DA Ee=2RE ZHE

SliFE=9| giet &y

Ak 0w ABol gusl HEoE Yeixl el
3} Fehnicol© s1gHEol FHElol P45 BHL ek
3 glom, TR o|Hs ksl ol Tl glo.
D #iwolT M W waRe] gulFE T sk 3
sl RO FeiA Qe & FelvEs Fehniso| =)
e WalE ST VA, WLE Aol Bel A5FE

E(RV-1-HW)2 F Zg#=0] 5224034 mg gallic acid
equvalent(GAE)/100 mg sampleZ 7} =& 38 By
FAFZE(RV-1-E)S 3.88£0.08 mg GAE/100 mgl-Z RV-
I-HWHTE Yoron & ZelR ol $HFe 138+0.11 mg
quercetin equivalent(QE)/100 mg(RV-1-HW)3} 1.71+0.09 mg
QE/100 mg(RV-1-E)0. &2 FAHFZE] oKt 2 AdS Y
ERJATH(Table 2). 3HH, EEL] 7Sl F ZEdES 4
FFZEE(RVHE-1-HW, 3.38+0.12 mg GAE/100 mg)3} 4
FZE(3.24+0.12 mg GAE/100 mg) =5 H|EE FHieolF
(RV-1-HW; 5.2240.34 mg GAE/100 mg % RV-1-E; 3.88%
0.08 mg GAE/100 mg) 2T} G W, F FejR o] =of|A]
e E d4FEES 1.4120.06 mg QE/100 mg o 2 HEE
T3 FARINoY FAHFEE(RVHE-I1-E, 1.84+0.13 mg
QE/100 mg)oll A& BI'YET(1.71£0.09 mg QE/100 mg) =t}
oF7t F7VsFTHTable 2).

o2 o3 =&l i e LAZE S =4
gk A3}, ABTS #@HHZ &750A e & Eeds 39
FARHAl v E dFEER] RV-1-HWOlA 71 &2
2.17+0.00 mg AEAC/100 mg sample2 LERH ¥ wlg &
¢l RVHE-1-HWE 1.48+0.03 mg AEAC/100 mge] &4ha}

Table 1. Yield and component content of solvent extracts from small black soybean-Hericium erinaceum

mycelia ferments

Yield & content (%)" RV-1-HW? RVHE-1-HW RV-1-E RVHE-1-E
Yield 17.4 42 5.0
Neutral sugar 47.5£2.2% 60.0+2.2° 91.2+4.1° 92.4+4.4°
Uronic acid 5.8+0.3° 9.4+1.4° 7.241.2° 6.5+1.2°
Protein 46.7+2.1° 30.6<1.1° 1.6+0.2° 1.1£0.2°

Y Yield percentage (%) against raw material, component % against each solvent extracts.
D RV-1-HW & RVHE-1-HW; hot-water extract from non-fermented and fermented small black soybean (SBS)-H. erinaceum mycelia
ferments, RV-1-E & RVHE-1-HW; EtOH extract from non-fermented and fermented SBS-H. erinaceum mycelia ferments.
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Table 2. Anti-oxidative component of solvent extracts from small black soybean-Hericium erinaceum mycelia

ferments
Content" RV-1-HW? RVHE-1-HW RV-1-E RVHE-1-E
Flavonoid (mg QE/100 mg) 1.38+0.11° 1.4120.06 1.71£0.09* 1.84+0.13%
Polyphenol (mg GAE/100 mg) 5.22+0.34¢ 3.38+0.12° 3.88+0.08% 3.24+0.12°

Y Content: mg QE/100 mg; mg quercetin equivalent/100 mg each solvent extracts, mg GAE/100 mg; mg gallic acid equivalent/100 mg

each solvent extracts.
? Solvent extracts refer to Table 1.

A el TaFA ol o3k st S AT
(Table 3). T3, FAFEENA S RV-1-E7} 1.26+0.03 mg
AEAC/100 mge] 245 Yehd v, ¥ & E<S] RVHE-1-E
£ 1.03+0.01 mg AEAC/100 mgo & Yo} F Z|uizo] ¢
T FASHA EE ok SHakst JET bl 49
7 BEEA] ol WAz Aol dad AR B
{ITHTable 3). DPPH &}t]Z AAZA A= HRkg oz =
E A87} ABTS 2 275 Rt @¥e X (Table 3)&

BAEd, ole e Ikt AEFS /O 7IR1eh= o=
FAEY gukr o w ZeEHE SIES ABTS 2oz &
Aol F8ittal &l U=l Table 28] AFATH £
AEE SdtRrolErT ZEds 39hE0] B il
ABTS ZHHZ &£AG°] &2 ALoE FHHAKTable 3).

L g 53 2§ &2 DPPH &A8A % ABTS &A% 4
A3 LG ERVHE-1-HW; 0.09£0.01 mg AEAC/100 mg3}
RVHE-1-E; 0.08£0.02 mg AEAC/100 mg)Xx.c} H|&g &2l
RV-1-HW(0.28+0.04 mg AEAC/100 mg) 2 RV-1-E(0.26+
0.03 mg AEAC/100 mg)oll A &2 d4tst &48 Yepd e
ZH, ol ot kst o] FUhe HolA] ke
& 4 QATKTable 3).

3. F=0IE-=2THO| HiX ZAH YES22E THE
SUESS0| HofEy

ol W A2 AFozAs BFAFHAHAAL el

=0 & A7 Peyer’s patch
M AZEzZ= EolAQl mi crofoldmg cello] &=x)3}
£ B3 A do] &4
9 % ouE Aol FwTIWo] WA BEEZNE
2l 71k e

I
ot
4,
)
o
<t
ok
S
lo
ol
l" o)
i
12
m&ﬁ

== FFEEY Peyer's patchE §3 oS &4
A3} Peyer's patch®} AlF9] S Fall Ao AlEufk
Ao FAEZ S0l A= Yol E FwoldH Ta
=Y 74 9 dFFEs BT s=8 s 193
Ql &4 zo)E HolX = YYTH(Figure 1A).

I3 A =9} Peyer's patch cell2F-F vl ol 93] A4k

= ZFAZERE P T ntaER e 4 W B
slol] Tosl= Q3 Alo|EFFOI] & 289 GM-CSF2)
At FeolF-eFaie] Al BaEERE x4

¢

r
a

e
Of

¥ I5FFERVHE-1-HW)Y FAHFFERVHE-1-E) &
TOM AEQl vEE FEold FFEERV-1-HW) ®
E FAFEERV-1-BET 55 oEZ o7 FolHel =
7¥e Je Sl thFigure 1B). &9, AARAAE tlEshs
83 AYAES] rtaEgA = oled e A nd=E
< ZAEFAY F5UA AZJ] T AZ Fol| FLL A3
T 203 A2 43, A8/ BRoZRE 45

Table 3. Anti-oxidative activity of solvent extracts from small black soybean-Hericium erinaceum mycelia

ferments
Radical scavenging activity RV-1-HW? RVHE-1-HW RV-1-E RVHE-1-E
(mg AEAC/100 mg)"
ABTS 2.1740.01¢ 1.48+0.03° 1.26+0.03° 1.03+0.01°
DPPH 0.28+0.04% 0.09+0.01° 0.26+0.03% 0.08+0.02°

Y Radical scavenging activity: mg AEAC/100 mg; mg ascorbic acid equivalent antioxidant capacity/100 mg each solvent extracts.

? Solvent extracts refer to Table 1.
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A
Intestinal Immune System Modulating Activity

160

M Control; saline without sample
[0 Sample (100 pg/mL)
B Sample (1,000 ug/mL)

120 4

80

Relative Activity (%)

40

0
Control RV-1-HW RVHE-1-HW RV-1-E  RVHE-1-E

(B
GM-CSF Production from Peyer's Patch Cell

50

I Control; saline without sample
=3 Sample (100 pg/mL)
B Sample (1,000 pg/mL) %

S
=

w
=3
*

GM-CSF Concentration (pg/mL)
- .
8

=

0
Control RV-1-HW RVHE-1-HW RV-1-E  RVHE-1-E

Figure 1. (A) Intestinal immune system modulating activity through Peyer’s patch, and (B) GM-CSF production
from Peyer’s patch cell by solvent extracts from small black soybean-Hericium erinaceum mycelia ferments.
RV-1-HW & RVHE-1-HW; hot-water extract from non-fermented and fermented small black soybean (SBS)-H.
erinaceum mycelia ferments, RV-1-E & RVHE-1-HW; EtOH extract from non-fermented and fermented SBS-A.

erinaceum mycelia ferments.

A e RS2 9} wjget & ntaESR] 4 9 g4 o
e} AAE = Al BRI X = Y-S HESFAL 8
It &, BASZREH thioglycollate medium®l] 23] F%=
H a2 Ao itk A 5o AlxEA A3E AES] ¢
3 vz 2929} AR 100 pg/mL 2 1,000 pg/mLE 8] Fgk
—6‘ /\gz_oﬂ 745 7‘__,5,,,]. HTo]? Tr= HLEE_/] al/\ 1;4
FAFEE IF ol FEANE AXEAS YA =
2SI THFigure 2A).

ANEE I 2R 9} gt & nfa =297 &443) 5
HehE 840 84S HES vaE29R] A58
FAFZE(RVHE-1-E)2 vdts J—(RV-I-E)TJr o1& gl

Ko

A ko, deFE=e] Ad9ole 100 B

(4)
Macrophage Cytotoxicity against Sample

160

W Control; saline without sample
=3 sample (100 pg/mL)
B Sample (1,000 pg/mL)

120
*

Cell Viability (%)
3

0
Control RV-1-HW RVHE-1-HW RV-1-E  RVHE-1-E

1,000 pg/mLe] B FEolA LEE(RVHE-1-HW)o| B
a vr]"r—oli(RV 1 HE)EE} S o2 gAo| ZrtES

FAKFigure 2B). E3l EA43lE na 293 2 R7E xg
*&El{— 2 Q) APl EFIRICZA T AlZ HARHS A=
2D T Az AAMLSIAZZHE [FN-y A4S 2331
IL-129] Aibsol M= Fwol - rfawle] HA HaEe] +
AFEES APRIETRR] A4t ZX10] 79 %}121 L, d5FE
E(RVHE-1-HW) A= 714 feojdoz =2 1129 A4t
< Ueldlo] Y8l T E FeolF| RV-1-HWHT 574
H Al EFIR] AibsE BT UATHFigure 3).

rir

o]83t A= EfE A T A ZuLS o]83le] 1A
%Ej\]f’ —A-r—O]vJ—-_L—le—-%I%]O] ];H};\] :ﬂ_ﬂ]%_ﬁ_%% "%]_g—?_]

(B)

Macrophage Stimulating Activity

B Control; saline without sample *
=3 Sample (100 ug/mL)
150 4 B Sample (1,000 pg/mL)g

Relative Activity (%)

0
Control RV-1-HW RVHE-1-HW RV-1-E  RVHE-1-E

Figure 2. (A) Macrophage cytotoxicity, and (B) macrophage stimulating activity by solvent extracts from
SBS-Hericium erinaceum mycelia ferments. RV-1-HW & RVHE-1-HW; hot-water extract from non-fermented and
fermented small black soybean (SBS)-A. erinaceum mycelia ferments, RV-1-E & RVHE-1-HW; EtOH extract from
non-fermented and fermented SBS-H. erinaceum mycelia ferments.



18  HIO|QAAHAT X115, 20234 12€

IL-12 Production from Macrophage

W Control; saline without sample
=3 Sample (100 ug/mL)
B Sample (1,000 pg/mL) *

IL-12 Concentration (pg/mL)

0
Control RV-1-HW RVHE-1-HW RV-1-E  RVHE-1-E

Figure. 3. IL-12 production from peritoneal macro-
phage by solvent extracts from SBS-Hericium erinaceum
mycelia ferments. RV-1-HW & RVHE-1-HW.; hot-water
extract from non-fermented and fermented small
black soybean (SBS)-A. erinaceum mycelia ferments,
RV-1-E & RVHE-1-HW; EtOH extract from non-
fermented and fermented SBS-H. erinaceum mycelia
ferments.
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