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Abstract The findings of this study confirmed the alteration of A-glucosidase activity,
nutritional constituents, isoflavones, antioxidant activities, and digestive enzyme
inhibition activities in soybeans during solid-state fermentation times with mycelia
of Tricholoma matsutake. After nine days, the highest activity level was observed
for B-glucosidase (3.90 to 38.89 unit/g) and aglycones (163.03 to 1,074.28 ug/se).
The sum of isoflavones showed a significant decrease (3,489.41 to 1,325.66 pg/e)
along with glycosides (2,753.87 to 212.43 pg/g) for fermentation, while fatty acids
showed a slight increase and amino acids showed a marked increase. Total phenolic
and flavonoid contents showed a corresponding increase according to fermentation
times (5.58 to 15.09 GAE mg/g; 0.36 to 1.58 RE mg/g). Antioxidant and enzyme
inhibition activities also increased; in particular, the highest level of scavenging
activities was observed for ABTS (up 60.13 to 82.08%), followed by DPPH (up 63.92%
to 71.98%) and hydroxyl (up 36.01 to 52.02%) radicals. Of particular interest, a-
glucosidase (6.69 to 83.49%) and pancreatic lipase inhibition (1.22 to 77.43%)
showed a marked increase. These results demonstrated that fermentation of
soybeans with the mycelia of 7. matsutake enhanced the nutritional and functional
constituents, and the biological activities of soybeans. Thus, this fermentation
technology can be used to produce a novel functional materials from soybeans.
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Z0Z BUEI QtiMaria John 5, 2016; Rizzo, 2020).
g2 e 2491 o]4&ZHE e 11 Fejof wet of
Foll & 127HA7F Qe AC=E dA ok 7|24
aglycones(daidzein, genistein @ glycitein) FEoA]
Fo] Agot glucosides(daidzin, genistin 2 glycitin)
Fef7t ™ 7] acetyl E+= malonyl 10| JJAHZ
S} acetylglucosides(acetyldaidzin, acetylgenistin @
acetylglycitin) @ malonylglucosides(malonyldaidin,
malonylgenistin @ malonylglycitin)7} AtHHa %,
2019). i+ ¥=ole HF-E wigA FE= A 1
2 o] AEeRE o] BESH B2 F&E A F5Yo] &
55 HlHAo] ofsf dojzitt. wEhA] o] AEERE Y oFF
282 A7) YoM BEigA FEiE Hgto] Za
sttt AF & Auin)d=Eol] siA vEigA FEE He
HAY ©a 34 F AEAE7]E(bioconversion) =, 1]
BE0] A= B-glucosidase Ao ofsf HeET:
(Aratjo 5, 2013; Kim &, 2022). ¥|A #FAAE o]-83t
AEATH} BAHE AFEE SolHA FAKAE o] &3t
Ta(lee 5, 2019) ¥ T FA(Cho &, 2023)5 &3H
o|AZThE AT Het A, AEHARI FEHHA FA
AE ol&et e TR FEE0 B A
(Hong &, 2023), 7|45 WA FAAIE ol&3t =3 &
BE9 A AR HMoKKim¥} Kim, 2020)0] st A4
7F BaE|3 9},

AE HAE 4 E4 W njy|Eo] F5sto] 9] of
Alote} G oA wo] AH|EtKSarikurkeu 5, 2015). F
& ZAHAE ol&stH, ol ARl g 40l
o ohREl] low =40l A9 gle ALE Hilwo]
A o]-&ef thgt #ilo] S7Fskal YIeHChoi &, 2010).
ol gFer FHT =EEFFFHEKimI Kim, 2018),
A7 A (Na 5, 2018), YAHA(Kim 5, 2023), ol
Al(Cho &, 2023) 59 HFe A #AAIE o] &3t oF&-
A 9 A8AE IR E 5o S g4, FET 24
7t 59 A7t B

wetA] B dLofAs So|HAX( Tricholoma matsutake)
A9 BEA e Tl A8sto] WA 77hE 1L
AL aELS AZstA, ZF &a 7|7 tet B-glucosidase,
FEFER AL D FEobu|icAl), o] AZetE LA, P4t

T
=
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o @4 U Askis A5 BHO WEHE Belste] Ha
W /) SIS, © ot /154 A% A42A
87154 AES,

2. Mz % diH

21 Mg & AI%F

2 Aol AFE T2 XA S EEE e R
e ZFE2 U3 ARESIGITE SolHAl FAMA
(Tricholoma matsutake) BEH|F= potato dextrose
agar B]A(Difco., PDA, Becton, Dickinson and Co.,
Sparks, MD, USA)E AR&SIRLL, WA HiFol= S57<ol
10%(w/v) &< H7¥sto] A=tet A& Al &
phenolics, & flavonoids, 127}A] o|AEdE EEEH
(daidzin, glycitin, genistin, malonyl-daidzin, malonyl-
glycitin, malonyl-genistin, acetyl-daidzin, acetyl-
glycitin, acetyl-genistin, daidzein, glycitein & genistein),
% phenolics(TP), & flavonoids(TF), &Atst &4 & 4
34 A &4 =790 AR8H Folin-Ciocalteu phenol,
dietyleneglycol, 2,2'-diphenyl-1-picrylhydrazyl(DPPH),
2,2’ -azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt(ABTS), thiobarbituric acid
(TBA), trichloroacetic acid(TCA), p-nitrophenyl-8-
D-glucopyranoside(p-NP-8-G), p-nitrophenyl-e-D-
glucopyranoside(p-NP-e-G), p-nitrophenyl-butyrate
(p-NPB) ¥ p-nitrophenol(p-NP) 5 tFE2] AlekE2
Sigma-Aldrich Co. Ltd(St. Louis, MO, USA)olA] <Lufis}
of ARESHRITE olaEEHE B4 9 FEE AR ARH
water @ methanol HPLC 55°2% Fisher Scientific
International, Inc.(Fairlawn, NJ, USA)OIA Ftafjsto] A

&3h5e.

2.2. DA HE 2 Elm

Hao] AR FolHA dAHlE Ad=dHct SA]
SISt Ao A] Bofdtop PDA Hjx|of HEste] 25T A
15+5U7t %A wigstoict. o] % Agt Aujx]o] HEs}
o] 25TCoA 597t 160 rpmo.& X% HjFsto] AR &
A AEEHE ARSI EHIE AFEE 1247 &8
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121CoA 1587 At At Foll 5%(v/w) FEdto] 4
o4H A2F0F 17 S3ksto] 25TAA HAAA 0, 3, 6,

2.3. 8HF & B-glucosidase EE

WA 2 IR 7I7PEE BT B SA FAE
gotH, &R 0 Alge A AY & FAE —1@'3}93\‘:}
ojuff §7] FA} oA F7gstaL, o]F A 7155 F
871 FAE Aot BASS ottt BAS é
UaE2 747 sA7%st0] 24 § A|mdof doj -70C°ﬂ
Hytsto] Addof ARESHIT

B-Glucosidase 84 &4 {3t AR AAF+= A%
A& 20 gl 100 mL(w/v)2l SF+E J7IstaL, 523t +F
A3t 3 o]E 13,000 rpmZE 4ToJA 108 YHEZ oIS
o ASNS FHsto] 0.45 pum syringe filter(Whatman
Inc., Maidstone, UK)Z o3 & Lee 5(2019)9] W&
HEsto] SA6ITE FHE AlEe 37C F252004 5
1 23HA EHIsHIH. 718 €92 50 mM sodium
phosphate buffer(Na;POs4, pH 7.0)°l 5 mM p-NP-4
-G7b HER Azspgih 714 &9 AlRE 747 0.25
mL &3toto] ¥ (37T, 208)A17]11, 50 mM sodium
carbonate buffer(Na,COs; pH 7.0) 89 0.5 mLE %75}
8-S HAAA EFFEA(UV-1800 spectrophotometer,
Shimadzu CO., Kyoto, Japan)& °©]-&3 405 nmolAl
SFEE SISt ¥ & e ¥ p-NP &%
AogHE Ao, G4 T &9 1 unite AR
1 goll 9fsf 187 1 uM9] p-NP--G7} fej=e= &
SHATt.

A

o

2.4, X[EIAM 24

ol WA HAK HEEY A4 g2 Hwang &
(2019)9] We] w2t Az B AR HEoAHE5HA]A
gas chromatogram(GC, Agilent 7890A, Boeblingen,
Germany)¥ SP-2560 capillary column(100 mx0.25
mmx0.20 ¢m, Supelco, Bellefonte, PA, USA)& AR
sto] BAstth. B o3t A% 2&+ 200C, o5
Ny 742 29 1 mL2 AAsiolon, £9 2= 9
2 200C ¥ 20 pLZ SH9Lh 08 27| 2&F 180TE
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2.5, RE[ot0]A 24

SoHA FAH BREQ] FEotn| At THFL2 Lee &
(2022)9] WRio] wrebA S35tk fEjom| il 24
L FEopu| At AEEA47|(L-8900, Hitachi, Tokyo,
Japan)E AR&Ste] EA5HI AxE £ AlE= 10%
sulfosalicylic acid& AFH&sto] 60TOA 1A17E 7h=E-3]
A#A 6,000 g2 1587 wud-a T AT ZobeZ
71E o83 =kt 22 pH 229 02 N
lithium buffer2 235] 94’9,3}04 %% 0.45 pum Syringe
filter2 ofa}ste] EAo A&SIGITH
SO0/HN ZAH HE F55 HZ
42 AZ3F A|RE 50% methanolZ 30+2TZE 124]
7ZF Ag 2E519 6,000 rpm o2 3087 YRSt A
SN 0.45 um Syringe filter 9oto] FE2ES A=}
At ARSE FE2EL2 TP, TF, olaZwts, A &4
4 Astgd A G4 o ARSI

2.7 TPY TF 24

SoIHA FAA 228 TP 9 F TF &4
(2020)9] ol Fsto] st

TP T2 257 25% Na,COs 895 1112 Ego}
o] 387t ¥3-A|A Folin-Ciocalteu phenol A9k 25%
Na;CO; &9 &3] 0.5H 7kstod 30TNA 1AIZE BF
& ¥ 750 nm FAM FBE = RISt TP o

.Q_o]- _.H.__Z‘__L}ﬂ o i’l‘

rlo

Lee &

2 gallic acid equivalent(GAE)E

El Lskgich

TF g2 %E diethylene glycol 2 1 N NaOHE
1:2:0.027} H=5 &35toto] 37C 2204 1A HF
SAIA 420 nm 5‘_7401]/\1 3 4 EUsisitk ojwf TF
SHFS rutin equivalent(RE)S 0]&3F HEI410 2 HE
TS
2.8 0/[AZF2f2 24

ojAETE EAL Lee 5(2020)9 Aol &5t

HPLCZ EA4sqitt. £ ALEH 2Y % Lichrophore
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100 RP C18(5 pm, 125 mmx4 mm, Merck KGaA,
Darmstadt, Germany)°|H, o]&A4F €& 0.2% acetic
acidv/v) &% water(£9 A2} 0.2% acetic acid(v/v)
L9 acetonitrile(&1] B)Z 2451 BA AL g0
A 71502 0-1580°] 90%, 2550l 80%, 35l 75%, 45
ol 65%, 500l 65%= A4ty dd 2= 30T, Al=
£ 20 pL FYsIH ol5d 452 £9 1 mLY f52
2 diode array detector (Agilent 1200 series, Agilent
Co., Waldbronn, Germany)g 53519 254 nm 79
Al AESHTh

2.9 gt 24 5

DPPH 2tz &4 842 Cho 5(2023)9] #del &
sto] 24519th. +E& 0.2 mLe DPPH A12K0.4 mM,
methanol) 0.8 mLE Z35to] HAoA 30& ¥ &
525 nmoA SFE 2 RISk

ABTS &tz &7 242 5% Ad ABTS §9(7.4
mM) 7.5 mLe} potassium persulphate(2.6 mM) 7.5
mLE E9ste] FAoA 12417 BRSAI T 8| ABTS
A8 methanol(HPLC grade)& E3510] 732 nmoi|Al
I #t0] 0.80+0.052 XAH ABTS 83} &5
12 Egsta] 387 HHAIA 732 nmelA 33 w2
Rl tHJoo &, 2018).

Hydroxyl 2t]Z &7 242 FeSO4-EDTA £4(0.01
M) 0.1 mL, 2-deoxylribose(0.01 M) 0.1 mL, F&&
0.6 mLe H,0,(0.01 M) 0.2 mLE &5t} 4417+ <
37COoAA WA, ¥ & water(HPLC grade)ol &
SJA1A ZH]gt TBA(1%) 1 mLeF TCAQR.8%)E 1 mLE 7}
Sko 208/100C ¥EGAIA 525 nmollA 3 g gl
SFATHCho &, 2023). SHER = A& 4l & &4
£ AR&sto] gRRlstoitt. FAket D432 ool 4] (1)of] w
2} Aliksto] U AT

9y do

e 24%) = [1 - HE+ F3& ¢/ S4d=F
Fe P x 100 (1)

oo

2.10. AS}EA K& BN =X

FZ59 ¢-glucosidase Al B4 &2 Lee 5(2019)

https://www.ekosfop.or.kr

o] WS S-8slo] =AYt A4 e-glucosidase
from Saccharomyces cerevisiaes A&olFaL, 71842
p-NP-a-G& ARE3to] p-NP A 24319t &
& 100 pL, NazPO4 buffer(0.1 M, pH 6.8) 50 uL,
NasPOy buffer(0.1 M, pH 6.8)°] &3|A|A AZSt -
glucosidase 100 £L(1.0 U/mL) ¥ p-NP-e-G(10 mM)
200 pLE 7¥sto] S9ket v 37°ColA 20+ &<t BESA|
Zith. 0.1 M NaOH 100 pLE Yol ¥ AN &
405 nmolA FFEE S5t SAAHERLLE A=
4l & &S ARSI, WS § p-NP BT &
= ZAHCERE g-glucosidased] A3 B8<= S5+
o}, a-Glucosidase Aol /42 o] 4](2)] whet A4k
stof LrEiSlTt.
F229 A% lipase A &4 34L&

(2019)9 HHE 3&sto] SAsIY. Ba+e lipase
from Aspergillus nigerg A-85t1l, 7142 p-NPBE
AMgSE] p-NP ABF= SAsHth. 55 100 4L,
NasPOy4 buffer(0.1 M, pH 7.2) 50 xL, Na3PO4 buffer
0.1 M, pH 7.2)° &3hAA Az FF lipase30
U/mL) 100 L2} p-NPB(10 mM) 200 L& 7Fsto] &3
3t ok 37C A 208 &< ¥EEAIFTE 0.1 M NayCO;
100 L& g0l 82 BAAIK & 405 nmolA 8=
7ot SAAHETCE AR B4l 5 GiE ARES
Pom, ¥hg & p-NP FAF REJAHC=RE AT
lipase Aol /= SH5IA. A lipase A 42

okl 4] (2ol wet Axtste] rehgict.

Hwang &

& A 8440 = [1 - (AEF2 p-NP AETF / =
gzl p-NP 4] x100
)

2.11. EAHx2/

= A9 33 WHEsto] gYstglon Bt + #EHAL
2 Yt E3E A statistical analysis system
(SAS, version 9.4, SAS institute, Cary NC, USA)= ©]
&oto] FAREA(ANOVA)YS 351310, o] % ARE HE
Duncan ©5H9 AAYH (Duncan’s multiple range
test)= ©]-&sto] AASHATHp<0.05).
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3. Zat 9 JpE

3.1. Bg J/7HE BEE9 YHZF 2 F-glucosidase ZE
Solsl FAHAIE SAEOl HEote] Ha VbER T
TEY AT 9 B-glucosidase S % A=
Fig. 13 24tk BASS &R 7]3to] S71tol E]ra]r )
&g oy, foudt Aol fldth Ta Ay
BASY dae dE I T o S A2 EQ—J

o o
FARE Bol A% Ak AR wEY, 71X HAS

=

A3E B HLee, 2016). ¥ 4-
IR 0¥ 3.9 unit/gl & AlES Poﬁ
A 3%(10.61 umt/g)"ﬂ’ﬂ 9U(38.89 unit/g)7HA &
ot 2718 RN, 2a 129(37.26 unit/g)oll= 2t
3}0:11—4. el 00131]_ H]jl_é}q el 3,6 94 g 129
2.74H, 6.58), 108] H 9.64H S7}sto] #E 9Yo] 714
< FAE B

B-Glucosidase® U|AEo|L A& @
ZAo7 IdHA QtiYang 5, 2015). ©
717Hd g E2] p-glucosidase &4
oA B-glucosidase 844 AT 4= AN
A M =2 S5 HAAHh ol e A= Fo
FAAZEE S % B-glucosidase”’} 9Y
Uetlle Aoz #aE At (Kusuda 5, 2008). B-

rd

l‘>‘_l

T

N

N g

T

N
=

m}r g

Tgmlm_v&
3 Mz
5 ok
R

bol'
\o W{U

il >_>L n;: e bOl' [‘[l‘
I

v
o

O Fresh weight
| ® B-glucosidase activity a

F
o

w
o

nN
(=]

=
o

Fresh weight (g) and
B-glucosidase activity (unit/g)

o

0 3 6 9 12
Fermentation time (day)

Fig. 1. Change of fresh weight and B-glucosidase activity
during the solid-state fermentation of soybeans by mycelia of
Tricholoma matsutake. O, Fresh weight, @, B-glucosidase
activity. Values are meantSD (n=3). *“Means with different
letters differ significantly (p¢0.05).

1016

glucosidase= B-glucoside bond& E3llAlA glycoside
Fe oA aglycone FEZ AZIAZITHLee 5, 2016). ©]
of wetA B-glucosidase E/d0] 7 =Ud 9YA HR
ElAl aglycones Agto] 7H o] dojidZ Ao= o4
Hrt $olHA #AK BaE F o] et B-glucosidase?
7= 27HA9 el o3t A& AT & AT F
o[H{A HFAMA|Q o] Hd TR 279 F%, A B
< dF 3olu 71E A& F° 72 B-glucosidase
7t &&H0] SIS 4 o, ¥a 3% ojFofle #
A 7ol whet oA FAAY B-glucosidase AFAF
F St oJgt Aoz wHE9ithlee 5, 2016).

32 Ha JjiZtE Yaso X4 gEF

g 7170 SolHAl FAA tiF HRES] A4 ok
= —E—ﬁﬁ} ZA3N= Table 13 ZQtt} & A9t g=F, 23}
9 E3x} AAE oFFE R 7|7bo] dojRlof wEt S
ol A%S Ho], 2ra 0¥ 90.33, 17.79 ¥ 72.54 mg/g
oA ¥a 129 130.85, 26.25 ¥ 104.60 mg/go.& °F
1.58) £715 B9t A4&% S % palmitic acid
(13.16, 15.32, 18.07, 19.16 ¥ 20.18 mg/g)7} == &
A 71ZtA 73% ol ApAlste] =9 3} AAC & o
A=A, ZE TR 7|7olA ExE AFAE F oleic
acid®} linoleic acide 8 B2} AWHto g AEEHY
o, & AHpAtY] R F AubAb ShFat ERS) AHAE
F F 247 80% 2 99%E AHAI5HIH

o] tEAQl AHFALOZE  palmitic(16:0), stearic
(18:0), oleic(18:1), linoleic(18:2) ¥ linolenic acid
(18:3)7} 3loH, =to] i &F 17259 A4 g2
BAs5t A3}, A Hpalmitic acid 11.1%, stearic
acid 3.7%)°] 14.8%, EX3}A" 4 Holeic acid 26.4%,
linoleic acid 50.9%, linolenic acid 14.8%)°] 84.9%=

Bty om(Hwang 5, 2020), SolHA FAAIE o1&
g A g FREY A4 FEE SRR Y, &
AL S 5 olEet 8 A4 Bl tiF due}
H|=3t 232 UERRIH. 2 Lee 5(2019) SolHA
A E o]-&sto] wot tiF Ta Al @A 7|7tof| wet
SHAAE 2 EXSIAAE o] F7leke A0 E Halst
of & AT} 22 ARE Hth AFARI0NA A, a2
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Table 1. Change of fatty acid contents during the solid-state fermentation of soybeans by mycelia of 7richoloma matsutake

Contents” (mg/g)

Fermentation time (day)

0 3 6 9 12
Saturated fatty acids (SFAs)
Myristic acid (C14:0) 0.10+0.00° 0.12+0.00° 0.2340.00° 0.16£0.00° 0.130.00°
Palmitic acid (C16:0) 13.1640.13° 15.32+0.15 18.07+0.18° 19.16£0.19° 20.180.20°
Stearic acid (C18:0) 4.18+0.04° 4.760.05° 5.8110.06° 6.00£0.06° 5.40£0.05°
Arachidic acid (C20:0) 0.35£0.00° 0.39£0.00° 0.63£0.01 0.5210.01° 0.5410.01°
Total 17.79 20.59 24.74 25.84 26.25
Unsaturated fatty acids (USFAs)
Palmitoleic acid (C16:1) 0.0540.00° 0.06+0.00° 0.1240.00° 0.0820.00° 0.05+0.00°
Oleic acid (C18:1n9c) 19.08+0.19° 22.29+0.22° 25.46+0.25° 27.59+0.28° 27.08+0.27°
Linoleic acid (C18:2n6c) 52.98+0.53° 61.18+0.61° 71.4580.71° 74.45+0.74° 76.81£0.77°
a-Linolenic acid (C18:3n3) 0.08t0.00° 0.09:0.00° 0.09:0.00° 0.110.00° 0.10£0.00°
7-Linolenic acid (C18:3n6) 0.0240.00° 0.02+0.00° 0.05+0.00° 0.03£0.00° 0.03£0.00°
Gadoleic acid (C20:1) 0.19+0.00° 0.22+0.00° 0.46£0.00° 0.28+0.00° 0.30£0.00°
Eicosadiencic acid (C20:2) 0.06£0.00° 0.06+0.00° 0.07£0.00° 0.08£0.00° 0.07£0.00°
Eicosatrienoic acid (C20:3n3) 0.06£0.00° 0.07£0.00° 0.07£0.00° 0.10£0.00° 0.10+0.00°
Nervonic acid (C24:1) 0.02+0.00° 0.02+0.00° 0.04£0.00° 0.05£0.00° 0.06+0.00°
Total 72.54 84.01 97.81 102.77 104.6
Sum of fatty acids 90.33 104.6 122.55 128.61 130.85

YAl values are mean+SD (n=3). *Means with different letters differ significantly (p¢0.05).

2}

THEZRE lipaseE dEoto] AP og 8ol
, X579 lipased] et A= 1950 FH o]
RAl, Rhizopus, Aspergillus, Penicillium, Mucor
gt A RERH hpase—§ Eaa}oq Arjo] HEE T
, lipaseE AJAtoH= thoFst Al FARA] ESH AFY
Hgo] 7t AR ﬁ&%%lﬁ}. AT A Fo]
AR R T A4 S S7HE SI6kAL, ol
oAl FAAY lipase FAHsS A&HY, I
oA FAAZFE lipaseE B53I0] U=
7hsd Aoz wEtk(Basheer 5, 20115 Costa
2012).

lo

2

(o
b &2

|o

X

Sb
s oo B
, oz ol

S 9

off oo of o E & %O off U xO 2

3.3. Bfg J[7HE B 59 R0/t S
2a 7|17 Solu A AH HiF FaEg ot
AL SRS 243 Adk= Table 29 294t FRF2loh|

https://www.ekosfop.or.kr

A gL wa
BRI

0¥(9.5 mg/gllA & 3U7HA] 2 ¥isks
 2hg 6YEE 9| 129714 3. IHH(29 15
mg/g)°lA 8.581(80.49 mg/g)E & &9 F7tEFS
o}, "= o]l A & aspartic acid, serine, glutamic
acid, tyrosine ¥ argininec| W& 12¢ ZZ 4.31,
3.51, 8.37, 431 ¥ 8.39 mg/gl & W Z7IFE B
tt. 71 &, glutamic acid?} arginine2 &8 3Y 745}t
of, o]% IF 12U7A HAHCE /1S HAr} T
ofu| 1 Ak] AL E3| leucine, phenylalanine ¥ lysine
Ua 0¥y vlus) HE 12Y AA= 274, EA= 854
27181 tH6.87, 7.55 9 11.07 mg/g). 18] Z4eo}m]
LA IA IR 1294 174 ol S7HE Bl

= o] FHS AF 0= g A njgEoe] A4t
3= @40 o) 7lEaE o] 9-glotu| At geFo] =7}
=, & dAtollA EIF HR 7|7kl wEh fEjopu| At
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The solid-state fermentation of soybeans by mycelia of Tricholoma matsutake

Table 2. Change of free amino acid contents during the solid-state fermentation of soybeans by mycelia of 7richoloma matsutake

Contents” (mg/g) Fermentation time (day)

0 3 6 9 12

Non-essential amino acids (NEAAs)

Phosphoetanolamine 0.12+0.00 ND? ND ND ND
Urea 0.39+0.00° 0.690.01° ND ND ND
Proline ND ND 0.650.01° 0.51+0.01° 1.61£0.02°
Aspartic acid 0.4310.00° 0.59:0.01° 1.1410.01° 2.05:0.02° 4.3110.04°
Serine 0.1240.00° 0.18+0.00° 0.27+0.00° 1.39¢0.01° 3.5140.04°
Glutamic acid 3.13:0.08° 1.97+0.02° 2.06+0.02° 3.15:0.03° 8.37:0.08°
Sarcosine ND ND 0.15+0.00° ND 0.19+0.00°
Aminoadipic acid 0.09+0.00° 0.09+0.00° 0.44+0.00° 0.260.00° 0.630.01°
Glycine 0.22+0.00° 0.16£0.00° 0.330.00° 0.53:0.01° 1.4410.01°
Alanine 0.38£0.00°% 0.29:0.00° 0.79:0.01° 1.670.02° 2.94+0.03°
Citrulline 0.2240.00° 0.19+0.00° 0.22+0.00° 0.230.00® 0.24+0.00°
a-Aminobutyric acid 0.03+0.00° 0.02+0.00° 0.44+0.00° 0.24+0.00° 0.22+0.00°
Cystine 0.25+0.00° 0.22+0.00° 0.310.00° 0.55£0.01° 0.750.00°
Cystathionine ND ND 0.29+0.00° 0.26+0.00° 0.460.01°
Tyrosine 0.1440.00° 0.18+0.00° 1.13£0.01° 2.37:0.02° 4.310.00°
B-Alanine 0.130.00° 0.410.00° 1.3140.01° 1.1940.01° 0.510.04°
B-Aminoisobutyric acid 0.010.00° 0.57+0.01¢ 1.9840.02° 2.61+0.03° 3.08+0.01°
y-Aminobutyric acid 0.37+0.00° 0.19+0.00° 0.1440.00° 0.180.00° 0.33+0.03°
Aminoethanol ND ND 0.1240.00° 0.16£0.00° 0.17+0.00°
Hydroxylysine 0.01:0.00° 0.02+0.00° 0.930.01° 0.830.01° 0.8610.00°
Ornithine ND 0.04+0.00° 0.38+0.00° 0.43+0.00° 0.48:0.01°
3-Methylhistidine ND ND ND 0.06+0.00° 0.18+0.00°
Anserine ND ND 0.9440.017 0.79+0.01° 0.62+0.01°
Carnosine ND ND 0.050.00° 0.29+0.00° 0.12+0.00°
Arginine 2.44+0.02° 1.75£0.02° 3.0240.03° 4.78£0.05° 8.39:0.08°
Total 8.48 7.56 17.09 24.53 43.72
Essential amino acids (EAAs)
Threonine 0.09+0.00° 0.09+0.00° 0.3440.00° 0.84+0.01° 2.3040.02°
Valine 0.160.00° 0.17+0.00° 1.7240.02° 1.8120.02° 2.97+0.03°
Methionine 0.090.00° 0.09£0.00° 0.79:0.01° 1.08£0.01° 1.5440.02°
Isoleucine 0.07+0.00¢ 0.08+0.00¢ 0.7520.01° 1.38+0.01° 2.68+0.03°
Leucine 0.11£0.00° 0.26+0.00° 1.6240.02° 4.49+0,04 6.870.07°
Phenylalanine 0.28£0.01° 0.55+0.01¢ 2.79+0.03° 5.55+0.06° 7.5540.08°
Lysine 0.13£0.00° 1.01+0.01¢ 3.2840.03° 7.93£0.08° 11.07+0.11
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(continued)
Contents” (mg/g) Fermentation time (day)
0 3 6 9 12
Histidine 0.09£0.00° 0.1240.00° 0.77£0.01° 1.19£0.01° 1.79+0.02°
Total 1.02 2.37 12.06 24.27 36.77
Sum of amino acids 9.5 9.93 29.15 48.8 80.49
Ammonia 0.29+0.01° 0.37+0.01¢ 1.3120.03° 1.65+0.03° 3.12+0.06°

DAll values are meanzSD (n=3). *“Means with different letters differ significantly (p¢0.05).

IND, not detected.

T 7 ERIT & Ut &3], Aol A=A &
om AY Al FolE 8L 5 U= Dot iiPark 5,
2017) FE3F oW Al A BRE 53l 5712 gRlst
At &3] 7IXAKE ofu|kAHbranched-chain amino
acid, BCAA)?! valine, leucine ¥ isoleucine ¥4 7|
7hol F7keol Wt oAl 75 Kol ¥R 129 HR
AR 4%, &5 Y2 (Hutson 5, 2005), ¢S
t &4 o9K(Chung 5., 2009), 1&d Asdd ¥ A
£8(Yao 5, 20160)°] ¥F= vd Aoz Hdd
A 129 AT Aol Aulof 7Y & I PIA
A2 A aspartic acid®} glutamic acid $H]
0Yat vl ZHzt 10uHe} 2.7 S7H Ko SolH
/\}5‘] 28 Al IRES Y FTME 7o Ao
FAEtH{Guo 5, 2019; Jung¥ Roh, 2004; Park &
2000). 1 drol] @F3t 5ol 7]ojsk= serine, glycme,
alanine, threonine, valine @ lysine2] 7}z 3RRI=]gl0.
o, g} BkE Uis AR R 093 Blws Ea 12
A 8.73ul(4.23 — 36.91 mg/g) Z7F5FLt. $HA tyrosine,
arginine, isoleucine, leucine ¥ phenylalanine?} Z-2 &
ot TEEH AJE(Guo 5, 2019) ESH SolHA FAR] Ta
£ 5o A& do] &a 120 9.8041(3.04 — 29.8
mg/ g) 71 ERlstiltt. wEkA] FolHAl '?H\Vﬂ s
*] FAANA FEE protease©l] sl S7HE F-Efotw| At
T IaEe] JFH SHE ol 1 PXmh)r ootE

016}0% 5 AF ZobllA E840] &2 ACE 7IHE.

rlo

¢

N ox d
N

=)
>

HU o mE e SLoq
M Py
|o
u

34, 25 Jj2g Hago TP ¥ TF &2
U 7R FolA A B L] TP % TF

https://www.ekosfop.or.kr

A= Fig. 29 29Ut @a 7]7ko] S71sk]
w2t TP 9 TF S °«V4°§ 7kttt 53] #a
3Y o] & FAT F7HE Heloy, ¥ 1290+ ¥HE 0
A(5.58 GAE mg/g @ 0.36 RE mg/g)°ll B3 2.74(15.09
GAE mg/g) 9 4.491(1.58 RE mg/g) &7} H9rt.

(A)
20
o a
S
o 16
(&) b
%E
w
S< 127 c
0
Qv
TL 8 g
- O e
o o
Fe
s 4]
o
o . . . .
] 3 6 9 12
(B)
2.0
a a
..93’1.6' b
]
25 12
S ¢
NV
<2
— 0.8.
£5
O = d
g .
00.44. .
0 . . . .
(] 3 6 9 12

Fermentation time (day)

Fig. 2. Change of total phenolic and flavonoid compounds during
the solid-state fermentation of soybeans by mycelia of 7richoloma
matsutake. (A) Total phenolic contents and (B) Total flavonoid
contents. Values are meantSD (n=3). Means with different
letters differ significantly (p¢0.05) by Duncan’s multiple range
test.
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AR B A vlgEo] Bulshs Hao] o8] A% A
7o) T 17} e E‘r%*il% Akt ke o
=

Fo] WE &It tHAdebodt Medina, 2020; Cho
5. 2018: Gan &, 2016). Hl= e Atz 47
5= 59 s &4 7M™ (Sombié &, 2011), 1 &}
o= gt FAY, HEAYA 5 I AESH 2t
Qlom(Sulaiman 5, 2012), 7|&9 HdAxZ3} JAA

(Hwang 5, 2018), 1% Cho 5, 2011), 181 =3
do|HAlt, FALZFIo|HA A (Suruga &, 2020), I

AWMAlE, =FLergWAl#F(Han, 20222)7 22 Hi*i&

mh:\

A Bejlstt SepaicolS ol
2 HUST, § AT A% EG YR 5 TP
ol 37K SISt oleld Fak i ¥
A Sl BV ik Bk ol A

m rﬂrumrq Z7hE TP 9 TFRE
o vt

3.5. Bz J[7tE Ele=9 O[AECfE BE

g 7|7PE SolHAl A diF FaES] ojAZerE
ShRS EASH Z31= Table 3, Fig. 3% Fig. 49F Z3tth.
127}A] o|aEetE TS B4 43 F o|lAZgE 9

Table 3. Changes of isoflavone contents during the solid-state fermentation of soybeans by mycelia of 7richoloma matsutake

Contents” (ug/q)

Fermentation time (day)

0 3 6 9 12
Glycosides
Daidzin 1,014.10+10.14° 688.5216.89° 495.1244.95° 68.5110.68° 66.1210.51°
Glycitin 468.33t4.68° 361.76+3.62° 289.2612.89° 134.6141.12° 116.14£1.08°
Genistin 1,271.44+12.17° 1,005.12+10.05 761.4417.61° 113.09+1.15° 31.17:0.31°
Total 2,753.87 2,055.4 1,545.82 316.21 212.43
Malonylglycosides
Daidzin 203.27+2.03° 93.97+0.94° 83.1140.83° 31.62+0.32° 16.29+0.16°
Glycitin 58.330.58° 37.74+0.38° 34.13+0.33% 34.44+0.33° 36.010.36°
Gensitin 2949142 95° 184.1141.84° 175.1141 51° 146.63+1.15° 80.7440.88°
Total 556.51 315.82 292.35 212.69 133.04
Acetylglycosides
Daidzin T Tr Tr 8.83+0.09 12.30£0.12
Glycitin 16.00£0.16° 5.00£0.05° 10.11£0.10° 5.3240.03° 5.55£0.04°
Gensitin ND® ND ND ND ND
Total 16.00 5.00 10.11 14.15 17.85
Aglycones
Daidzein 11.6540.01° 62.90+0.71° 400.65+4.01° 511.4944.25° 457.2243 54°
Glycitein 138.9441.52° 34.75+0.20° 103.45£0.99° 101.9341.25° 102.46£1.25
Genistein 12.44+0.01° 4362+0.42° 27.99+0.28° 460.86+4.02° 402.66+4.01°
Total 163.03 141.27 532.09 1074.28 962.34
Sum of isoflavones 3,489.41 2,517.49 2,380.37 1,617.33 1,325.66

DAl values are meantSD (n=3). ““Means with different letters differ significantly (p¢0.05).
2Tr, trace ({0.002 ug/g).

IND, not detected.
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Fig. 3. Typical HPLC chromatograms of isoflavones in different fermentation period extracts. (A) Extract of fermentation periods
(0 day), (B) Extract of fermentation periods (3 day), (C) Extract of fermentation periods (6 day), and (D) Extract of fermentation

periods (9 day). 1,
malonylgenistin; 9, daidzein; 10, glycitein: 11, genistein.
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Fig. 4. Changes of isoflavone ratio during the solid-state
fermentation of soybeans by mycelia of 7richoloma matsutake.
Values are meanzSD (n=3).

g2 Ia 7|7t weh Ao H(0Y: 3,489.41 pg/g
— 12%: 1,325.66 pg/g), ol°ll 485t glycosides(02:
2,753.87 ug/g — 129: 212.43 pg/2)2+ malonylglycosides
(09: 556.51 png/g — 129: 133.04 pg/e) &F &I 4

https://www.ekosfop.or.kr

daidzin: 2, glycitin: 3, genistin; 4, malonyldaidzin; 5, malonyglycitin; 6, acetyldaidzin; 7, acetylglycitin; 8,

Sh2 Bt o]0 wtsf, aglycones &F2 & 3Y
T g 99 Hd FHS BATH163.03 — 141.27 —
532.09 — 1,074.28 — 962.34 pg/g). Z+ &a 7|79 &
o|AZEHE 3o thst glyscosides, malonylglycosides,
dF= HlE= SRl 2
I}, 2a 0Y 7892, 15.95, 0.46 9 4.67%0l4 WA 393
o= & M3 HolA| gIsitt Ha 6YHH glyscosides?]
Hl&o] Z43}H, aglycones® Hl&o| 45H F715}0]
drg 129 16.30(glyscosides), 9.44(malonylglycosides),
0.43(acetylglycosides) 2 73.84%(aglycones)Z aglycones

B

acetylglycosides ¥ aglycones &

FHQ Hl&o] 7 #A ERI=HUH

9] 12714 o]AZEeHL2 aglycones ) glycosides
> acetyl glycosides ) malonyl glycosides =02 4t
s}&o] 451, £3] daidzein, glycitein ¥ genistein

= ABTS gtz £7]50] Hold Aoz HiHo|(Kim 5,
2022), oA A IR0l Wt 571 aglycones 3
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ol gtz a7 g4 o i
8 %7] aglycones &9 —7}— & 94y 94 Ia i
5 F71e 20 ® wdEm(Cao 5, 2019), E9] T
129 &olHAl FAKA HEEL glycosides,
glycosides & malonyl glycosides®} B3 A o]-&-

o] Holid aglycones 2gol &oF HAH Al ¥R 0, 3, 6
99U HgEof H|5 A o]&&0] S AL=E wetH
tHKim &, 2022). Han(2022¢)2 JAHAFT =5 =
B HATS o]83t -/ H& Al aglycones ¥go] 7t
o} o™, E3] daidzein ¥ genistein 30| qu]‘ﬂ/‘*-_n(-
uhg F0olA 4u-4.48), =5F “ERRIHAl BHE F0ofA
12-294] F7tok= A2 & HsH{tHHan, 2022¢). & A
T-9] &o|HA FAH YHEE E3SF daidzein?} genistein
ol a9 747t 44ue} 378 SVHE HRAL, ol B-
glucosidase 41} 22 & HloH, 7|9 Aete
Y FFE HArE & Aol SolHA HAHAIE ol &
3 5 2ra A] B-glucosidase 4ol 9J3) glycosides &

acetyl

FE 7445kl daidzein} genistein gl S71oR= A
! genisteine

ATE SRIT 4= oH, F7HH daidzein ¥
? 71048k Aoz ;o

Be J7te Eas9 et 2

A i daEE] g &4
F1g 5ol Zokt}. Hlhg 7)7ko] =713}
of uh=f EM?"E A7 YL foFor FUlEIgA, &
8 3Y71A] DPPH, ABTS ¥ hydroxyl(8.06 — 20.92%,
21.94 — 34.17% 2 16.01 — 17.82%)> 2 H3k= Qi3
ot 8 39 o|FRE WE 129714 2-38) FUetSh
3t 129 DPPH 71.98%, ABTS 82.08% % hydroxyl
52.02%2] &7 &4do] gRIx ], IR 0Y¥} H s}
Y7+ 63.92%, 60.13% & 36.01% T &2 &7 &4 B
Fom, da 129 Y8EY fUd &AASE ABTS )
DPPH ) hydroxyl 22 &7 1=t}

U 74 F TP, TF 9 aglycones &%0| Z7}519.2
o] FARS &gof| 7]ofst= Ao R b W2 AT
£ 59 €A AHKim &, 2022; Rozek &, 2007). +=
£530tx 4AH wiYg, FAHAS HF RS, =YL
gAY dFdaEE, fAETIdo ALY dFER

11

=
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Fig. 5. Changes of antioxidant activity during the solid-state
fermentation of soybeans by mycelia of 7richoloma matsutake.
(A) DPPH radical scavenging activity, (B) ABTS radical scavenging
activity, and (C) Hydroxyl radical scavenging activity. Values are
meanzSD (n=3). **Means with different letters differ significantly
(€0.05).

&, LEgdowAd QFEaE 5 TSt BiA FA
drg B0 Zg 9, aglycones 27 Al A E4o]
Z7V3re B8t tHHan, 2022b; Kim¥+ Kim, 2018;

Suruga 5, 2020). WA 2 A+ ®$F TP, TF €
SO ST AL €40 7]ofshe AoRE

aglycones
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T AT

3.7 & J)Z2tE das9 Asfalt Mof 2

g8 7R SolMAl A diF EREEY e
glucosidase ¥ F& lipase Ad| 4= SHT A=
Fig. 63 2otk IasE APsHA| g2 ABA = e-
glucosidase 2 % lipase A3l E4J°] 10% ©15H6.69%
9} 1.22%)= nju|gt £Fo|9oy, ¥g 33U 18.46%%}
12.34%5 AZo = dra 7|7to] S7IRte] wet ol o

2 37loto] ¥R 1299+ 83.49% W 77.73%% ¥R 0
A3} B 70% ol F7HE EA

a-Glucosidasex a(1-4) 23] 2-&ol= 27 At
FHo| {Aol= fholH, Tk Foff g9 vpRd o
AS Zujsl= G472 8319 ¢-D-glucoseS %‘—’HEE
W&ttt S SolHA FAKA WA Al e-glucosidase 9
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Fig. 6. Changes of digestive enzyme inhibitory activity during the
solid-state fermentation of soybeans by mycelia of 7richoloma
matsutake. (A) a-Glucosidase inhibition activity and (B)
Pancreatic lipase inhibition activity. Values are meanSD (n=3).
“IMeans with different letters differ significantly (p¢0.05).
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Asol S7HHE ERlstelar E9], R 124 Y8EZ o-
D-glucose?] BH&S X
g Aoz et (Lebovitz, 1997 Lee 5, 2014). &5
E9] ¢-glucosidase A3l A AL allosteric sited]|
Aglolo] g-glucosidase?}t H|ZAZ 02 g-glucosidase
£ AA5+= genisetind} daidzein®] Z710] 93k Ao =
THEm(Ha 5, 2019), 11 Hhof] ohfst AtollA] Bas=
gemstemﬁ- daidzein® a-glucosidase A3l 712t <
20 Z FAHHKim 5, 2000; Park 5, 2009; Wang
., 2004). TS % A9 ZTd& AHE9l coumestrol
a-glucosidase®] tfgt 735t A=Y Yepdcti E_LE]
ol ¥R E Bl F7IeE HeE E3 o] Aol
oz moEcHYuk 5, 2011).

EgHrolt, H } 2lad, A" ol #lAH
EE 9 ZEQIEAIOIYYS ZF tefet s 3t
0] % lipase Ao &S UehE Ao2 HiEo]
uow, & AT Ay} IR 7|7o] F7Hg] wet SolHAl
AR FaEY] TP 9 TF $7H UskthBuchholz
I Melzig, 2015; Goncalves &, 2010; Park, 2013;
Sergent &, 2012). ol w2t HaE2] H*& lipase Ad|
24 S7H Estelon, of23t Axks vl e
< 54 9 pAaZts o @il Fglo] 7hssto]
a-glucosidase® 9t ofyz}, lipase?t -2 G40 7J3t &
%’J’ZﬂE Bkl a4 &4 Ad7t sk wteltHGam

, 2021; Kim 5, 2012).

‘F"Xo]_ lipase= SAAY Eoet 235 F= A0,
A% lipase A3 E4do] S71HE SolHA FAH YaEES
a5 A F5E AstAlzol wet uvt 43 IS
Hosto] pAIEAA F2AQl Aded PiRS 3lESh=T]
7148t Aoz gotEti(Tushuizen 5, 2007: Yang 5
2014; You 5, 2012). WabA &ol¥iAl FAK HEE
3f daidzein, genistein, TP ¥ TF 9] F-ou|st &7 }
£ B3, olof] A5t a-glucosidase ¥ H% lipase
Asf &4do] IR 7|7te] wet F7ksto] WA 1299 7HE
=A Yeid 2o detEn

olo] Wz}, FolHAl FAAE o8-S tiF HaES Ua
7F o] wet 71544 2 fElotuliedt ST aglycones,
TP 9 TF 9] Fxlo] IRl=qitt. E3, F4ikst &4

rlo ofn r°

l
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W askas Ao B S7HE skl Folusl FAH
g5 PnEe 7540l S48 V154 AE duw 2
e 4F 92T 88 71540l 2 20R BuEd,
4. Q0

2 AFofA= SolHA FAAIE o] &t tiFYf 1A B
717t % B-glucosidase &4, frElotu] Al AHPAL o]
S oFg 9 4k BT A5tR A A &4 Hst
of disiA Zlstict. Ta 717t F B-glucosidase &4
2 Z7teto] #a 99 38.89 unit/gl & FYAE HYO
o, ofo]] 33191 aglycones ¥l &a 9Y o g2
HATHOY: 163.03 rg/g — 9%: 1,074.28 ug/g). 53
daidzein®} genistein T a 9Y 43.9081(511.49
mg/g)2k 37.048(460.86 mg/g) S7He H T FAA
orgat FReotu| Al 2 IE 129 130.85 mg/g
9 80.47 mg/gl& 7P YT 53] fElotieAt &
gepotulledlel Ha 093 vlws) €8 129 BCAAE
36.828(0.34 — 12.52 mg/g) S7Fetlom, 18k aspartic
acid ¥ glutamic acid)®} ©@3serine, glycine, alanine,
threonine, valine ¥ lysine)@} #AH &9 32 8.73
H(4.23 — 36.91 mg/g) S7F3I%t. TP R TF &&F2 ¥
& 7|7t wet Frete] IE 129 2.74(15.09 GAE
mg/g) & 4.4¥(1.58 RE mg/g) S7F= Eth. JAet &
3 3% A vZHAE DPPH, ABTS 9 hydroxyl
gz A7 24 B3 9E 129 TP 22 g EYo
™, ABTS(82.08%) » DPPH(71.98%) » hydroxyl(52.02%)
02 =7 ERIFA} ¢-Glucosidase @ F% lipase
Aol S Edjuls dRkE0] FFoE TR 129 83.49%
o} 77.73%= Ia 717t F 7P =2 A& &= U
o} 2 A 23k 9UollA 129 R A HEES] JF 45,
AL &4, bt 24 9 Askad Ad) E4o] 94513l
on, oA FAAE o8t tiF TaEE0| 7154 AE

Ee 7154 AE 92 8840 =5 o= Hdd.
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