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ABSTRACT: In this study, the protein content and functional changes in soybeans cultured with Phellinus linteus HNOOK9
were analyzed. P linteus HNOOK9 was cultured on soybeans. The crude protein content in soybeans cultured with
HNOOK9 (PMS) was 41.99%, which was higher than that in soybeans not cultured with the mushroom (UCS). The total
free amino acid content in PMS increased to 39,963 mg/100 g, which was higher than that in UCS (36,817 mg/100 g). In
particular, in PMS, glutamic acid accounted for 18.5% of the total amino acids at 7,413 mg/100 g. The total polyphenol
content in PMS was 2.66 mg CAE/g, which was more than 45% higher than the amount in UCS (1.45 mg GAE/g).
Additionally, PMS showed a DPPH radical scavenging activity of 33.3%, which was 3 times higher than that exhibited by
UCS (11.5%), reflecting its high antioxidant content. Therefore, the PMS in this study has potential for use as a functional

food material.
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ERARANEHA  (Phellinus linteus, PL)E ‘38 A 0]
s AEZW S (Phellinus spp.), 1FEMAE, &
HlEHA e &= thd A MAlelth. PL Al B
glucane A}FA43| A 3 (natural Killer, NK A|3), T-
M X (T-helper cell), MIXESAAHME T A, D&M E 5o
A W75 SAstst] SAE S AAlske A
o7 4#A At} (Daniel, 2010; Zhu et al., 2008). =
A= 3L = AL FSEWAL (P baummii)et
IS (P linteus)©] 1A AL FEL] F7tollA =
Aufel] golgk P baumiiAlsol € ©|FaL Ut HL,
EZZ15HA HNOOK9®] FE|=of Au] = Ae|ed7]
o] 4% ATHMin and Kang, 2021). HNOOK9-S FA]
St A F FollA A el TS sk o

AAONA 3 Sheke] WERFF3E(B-glucan)Zt thitE]o}Et

%

i
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£, d&9d 5 oket ZYHsS Atet a4, 9
2 ksl o] B Aoz By F vl vk(Min and
Kang, 2021; Min et al., 2018). A AHdA= 9=
AR AL lom 2-3de] Auf7|ZE e R g
H, =S ol &3 AgAl AAR w717 1270
2 A&Hjeke] 7kt EEslE 2 B-glucans ] THY
g A RS el o] AF T &R &
231t} (Choi et al., 2007). 733N IFE A v %A
o] Al &4E4d F7et &% A7t FaE vk Ao
(Kim et al,., 2013; Lee and Lee 2010). 33X 2] o}
Au] AR A S o] &ste] W, 3ikst 75 A0l
7reld 7k A2AE e vl 9lem (Park et al, 2010)
PL &4l AAHAIE W], S, Au]o wjFate] 2wt
2b, oA, f71AF B4 S et st
S 2A} 3 Bk QtkJin ef al., 2017). 3AEAAELS AU
ANA Fgle] AR A FA SHANA Aol
A LR EC] AAEA] BOoH UAH F& FFH L
2 A 22 E4E Fo] EHe dle] 2 F vk
(Videla and Fermandaz, 1988).

’FehH Al HNOOK9-2 styrylpyrones |2 21+t =3}
&9l Phellinins A13} A29] +Z7F 5% (Lee et
al.2009; "Lee et al., 2009) ¥ v} 212 styrylpyrone 7l
&<¢] 3}3HE davallialactone, hispidin, hypholomine B<}
phenylpropanoid A8 2] 3}E<%1 caffeic acid7} 74 €
v qlon =2 249 kst o] e FoE Uy
Z Ak (Kang, et al., 2013; Jeong et al., 2018)

7 (Glycine maxy= A2 o2 1V, 94, IFE 5
A Azl AREEW hF dulEe Al o] ATk
2 A e 2o ey 228 3 Joh(Kim,
2018.). 773 2lEao] gk &u|Ake] 8 F7F, A4
o] st 2 S/ &M 719 e AR tiAlSo] o
3 AAE7F wolA I Jth(Ismail ef al., 2020). HF=
JchilE o] Ak g FRaEA $Hekal Ao 7HeA
2] 3to] A7HS 7418 TVP(textured vegetable protein)<}t
ZF 2] o f2) T-ISP(textured isolated soy protein)
7} A& AZol| o] 8% 3L ITH(Bakhsh er al., 2021).

B ATs HHZIEHA HNO0K9S] #AHE tiFol
HE wjgete] oA} 2] opn|egt WskE ZAKS
nom T vl sl we kst 24E A sk
71573 0] ZAstE A At RS 58S
AL skt

N= 2 38
AFEHA HNOOKIFFE  YGMIZANMNA] (0.4%

yeast, 1% malt, 0.4% glucose, Agar 1.5%)°l HE3}o]
25°CoA 1447 w8tk YGM ZAuiR| ol Ad7dst

Table 1. Analytical condition of amino acid

Amino acid automatic analyzer S433-H
Instrument

(SYKAM)
Column Cation separation column(LCA K06/Na)
Column size 4.6 x 150 mm
Column temperature 57 ~ 74°C

Flow rate Buffer 0.45 ml/min, reagent 0.25 ml/min

Buffer pH range 3.45 ~ 10.85

fluorescence spectrophotometer

Wavelength (440 nm and 570 nm)

S 272 5,000 rppmO 2 287 FAE T 73
o] ¢kgd HEN 10mLE 500mL YMGAA A HF
sted 25°ColA 100rpm e & 10€7F K& wjFsle] oA
FTHOE ARSI TS Eoll 447 HA F 1A
ol £7]15 A|AsIL WY polyethylene bag (20 cm x
15 cm)oll 1000 mL Y3k 121°C 1A17F 2 a3k
T} 20 mL A FHFS A diFel HEe F 25°Cel
A1 309 Bt uiekste] WAl T HARIE Al
Hjo] bR A Wi TS 7zl 55°CelA 20
NZF A% ANZF 0.1 meshZ £23F e A g2 A}

o[- AHEA

HNOOK9 A o 2 (PMS)Z th+=E j
oA eES HIF(UCS) 2 AR 0.1 g2 EFshe
18 mL test tubeo] 3 mLe] 6N HCIS A7lsta 724 =
B (AA7ks )8 T 110°CollA 24417 o B3t 7t
Fslsth 7EREs 7 B AIE = 50°COlA] rotary
evaporate® HCIE A4 F Sodium dilution buffer
30 mLE 375l membrane filter 0.2 pm= 4333t}
AEE AHe T2 348 $ Table 13} o] 2712
2 o)At A EA 7] (S433-H)2 A B4kt

T~ O
m‘jﬂd

EhUNI Bl

PMS9} UCS % A &S wd 4o ARg-aisict. o
HEJE-2  Association of Official Analytical Chemists
(ACAC)Hell wet FE3FS 105°C XY, 2ALS
Soxhlet , 3]&E-& 550°C 3| o= X617 Zehiz

a%e AU Aa AT 6258 Fojo] mEAw
o

= = v
nov BhpskE2 100904 i, e, =AY, 3
=] & Ao E st

% ZY¥s IS Folin-Denis "' (Chan et al.,



128 AARE - WA - otE - Pa|

1993)< o]8-3te] 43Tt PMS 2 1 g9l 60%YL
< 30 mlE 7182 50°C, 100 ppmOZ EsEA 124]
7F FF stk & HEdS FE8 40t 02N
Folin-Ciocalteus 2152 200 pl, Na,CO4(7.5%) 160 ul= &
9t ate] FAA 1AIZF H-EAIZL & Epoch Microplate
Spectrophotometer (BioTek Instruments, Winooski, VT,
USA)E ARg3le] 765 nmolld F3EZE =43}
Gallic acidZ 0.05, 0.10, 0.15, 0.25, 0.30 mg/mLe] %
2 3lod y = 0.0049x —0.0324, R? = 0.998¢] A #HTAS
7|7 ZE¥E F9E GAE (galic acid equivalent)/g

2 Yepfigit

2,2-diphenyl-1-picrylhydrazyl (DPPH) 2IC|Z AHS

gakslekA] o DPPHYH (Blois, 1958)HP 0l Falo] &
A stk flellA dEe PMS FEE 1.0 mLe} 0.2
mM DPPH &< 1.0 mLo] &gtelS gFarellA] 3027 vt
$A1Z1 % Epoch Microplate Spectrophotometer (BioTek
Instruments, Winooski, VT, USA)E AR5l 517 nmol|
A FHEE 235 DPPHENZ &7 B4 A8
o] txTot A E H7HY] 8% AolE WEEE
= Ess=g

27 (%) CESE ST

SHXE|

33] WHE A3S Fote] dojdl 7] BRE 3 Bt
A+FFAHAZ AL, J TF B9 xfol= SAS
9.4 (statisitical analysis system; SAS Institue, USA)E
0]83}9 two-tailed unpaired Student's t-test 2 one-way
analysis of variance (ANOVA) testS ©]-&3}it}. z+ A
o] Fztel] tigk FAA o4 A5 Ducan®] T
%% (DMRT: Duncan's multiple range test)S-= 3},
p<0.05 ¥ p<0.015TolA A3

zm 2 o

SAXIEHA] HNO0K9S| CHE TAFX| b2k

EAXEHA (HNOOK9) A3 Fa4S tFol HEsIaL
309 ol #AK A4S 2ALSISITE Fig. 161418} 7o)
ool i HAol 1] FARAE AU ER FE S}
Aoy ol e o oiF FARED #ARIEETE W
A B =HAe ole AFdTe 37 HFo| 483
Ad}E AL Aok tiF ool d4E diFAHAE
Adrste] AzeE A AR HEE A9 FAFA &
2 A& g1 & AT (Fig. 1). FE 2304 AlE
e, Holglgoll HNOOK9HARA vk &g vl B39l
A A7 7o} Hole]golA #AH 7S] 90% ol

Table 2. Mycelial growth rate on different beans of Phellinus
linteus HNOOK9 and Pleurotus eryngii

Mycelial growth rate

Beans
HNO0K9 Pleurotus eryngii
Soybean +++ +
Black bean ++ +
chickpeas +++ +++

+++: mycelial growth more than 90%-100% ++:50%-70%;
+: 30%-50%; +10%-20%; -: no mycelial growth

Fig. 1. Mycelial culture of soybean with Phellinus linteus
HNOOK9. A: external feature of soybean cultured with
HNOOK9, B: internal feature of the cultured soybeans, C:
cross section of the cultured soybeans

o7 Jusldoy AEdHes e AR eSS 1Y
ot iz #FE AR Z=gelY A9 gFe Ag
ElollA] 30% ol3le] v A AAES Ho] Fuldel
A1 HNOOK9®] #AHA B&2] 9%
. AgiAo) A PL HNOOK9 T wjjollr 43 & 3
Aol ojgt FEFF FRIL Fog 242 Fggon &
A 4x7k0] 71 FEd FARA AFES BT 7]
Ao dn), 2], E, S5 2 UFE s P
linteus &) TAH| BlS G4t v} l=d B9} o
ME Fodt A AFES 2oy g Ax
g #AR AEES EATAL siith(Lee and Lee,
2010). o]# gt Aabe AW 750 TE #AF S
zfolof| A 7191 & Ao = AL HUTE. P linteus AEL
2 HNOOK9S E3Ht HN6036, ASI26099(T# A8 A
ot P baumii (373 EHA)S] YGM LA EIA] oA A}
A AAAES AR 23 HNOOK9>P. baumii> HN6036
>ASI 26099 2.2 YEPHTH (Min and Kang, 2021). o}
2hA] 2 A5e] HNOOK9#7-9] FollAe] Fogh #AR
e e FAR AFEC 719 He AoE AR
oy tkst P linteusd57F AAsv|n A3yt 2o
ZoZ Azt=E o)

oL
tlo

o o
o

o

>

SXXIEHA HNOOK9 ZAFN| HHQkO| 2|5t CHES| tF
SHE gl ofo| At gtk s)

PMSS} UCS 225 o8 @deas A8kt
PMS % whAESeEe 41.99%F T UCS2| 38.61%
B 2 A EeS B ch(Table 3). Lee er al
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Table 3. Comparison of crude protein content in soybean
cultured (PMS) and uncultured (UCS) with Phellinus linteus
HNO009K

Materials Crude protein content (%)
PMS 41.99
UcCs 38.61

Table 4. The content of free amino acid in soybean cultured
with Phellinus linteus HNOOK9

Content (mg/100g)

Free amino acid

UcCs PMS
Aspartic acid 4,375.843 4,590.035
Threonine 1,539.578 1,709.284
Serine 2,083.939 2,247.789
Glutamic acid 7,228.632 7,413.920
Proline 2,283.618 2,413.163
Glycine 1,492.187 1,766.543
Alanine 1,626.929 1,828.417
Cystine 450.446 477.686
Valine 1,706.859 1,940.575

Methionine 351.245 414.952
Isoleucine 1,601.847 1,801.014
Leucine 2,840.727 3,098.932
Tyrosine 1,155.513 1,347.439
Phenylalanine 1,848.903 1,971.546
Histidine 1,206.020 1,483.010
Lysine 2,373.928 2,485.056
Arginine 2,650.789 2,974.138
Total 36,817.002 39,963.499

UCS: uncultured soybean with HNOOK9, PMS: cultured soybean
with Phellinus linteus HNOOK9

(2006)> F=ElE Tl FAMA wiFste] = st
FS A A ekl STkt st & AT
A7} frAbstA T

PMS®| frejobn| it ks A5 A= Table 39}
2t PMSe T 1659 ofn|iglo] HAEHOH RE
opm| =it gheFo] UCSel Blste] F7F =tk & fElot
n|i2ke] SHake PMSOlA 39,963 mg/100 g & UCSE]
36,817 mg/100 gt} 8%’ 571311 t}. aspartic acid,
glutamic acid, leucine, arginine$F&-2 AA| ojn| Ak Shake]
50%%2 YERES™ glutamic acide= PMSOIA 7413 mg/
100 g2 A opv|:At T 7P W2 18.5%FFS B
o™ aspartic acide 4,590 mg/100 g2 A ofn|x=At
T 11.4%°] X5 BY2on PMS= USCel H] 3t 5%
ol Z715IAth. Cha et al. (2020)2 & @d S &
sto] o iHEA S TS BE 191 glutamic acid}

aspartic acid’} 7Pg ¥ FHo = AZFE vpE A9}
FAFEFATE. 18yt methionine> 414 mg/100 g2 7Hg
SA AZEHJTH A AARIE W], An) Sl
HjFated fre] obrAt S/t FHFHstE 2AKE vt Q)
th{in et al., 2017). 23R A olg Guj= F 6)
& Ao Hlste] 3ufjo] e opw|ieAt ko] Frhghtal
tod fAfmle] AL FARA] S opm| Akt
73] S7HA71E Yol Hrhal sttt uEbA] A3
= WS opritat Wl AT RS STHAIY =T

a3 e R &84 S AoE AZEIIH

ofr

==

4o > g

ghetst g

Phellinus &I~ styrylpyrone AlE2] T}t Polyphenol
sigtEol] 8 54 Hoew s dikst &40 e
Aoz Wy ®@ v} otUung e al, 2008; Lee et al.,
2010). P linteus HNOOK9|A1= davallialactone, hispidin,
hypholomine B 59| styrylpyrone ZA|€<] Polyphenol}
phenylpropanoid A|€¢] &E21 caffeic acids} A=
2 Phellinins Al, PhellininsA27} 54 ¥ v} lom 7}
gk ksl 4o e AR ERIEHIUY (‘Lee ef al.,
2010; *Lee et al., 2010; Min et al., 2020 ). ¥ d3=
PMS ¢} UCSEZE HE 60%2] EhtanolFE3l F &
HE FHFS =4 3N Y. Fig. 2A2 & Zgd|=E o=
AZ PMSeIA 2.66 mg GAE/ge] UCSOlA+= 1.45mg
GAE/g®] 7#Z&E=°] Polyphenoldt#o] 45%0]4 xpo]&
Ho] FAH] e ofst Aotz g1 & AT AE
T A 8 Z89ES hydroxyl group(-OH)¥3$Hs}
3L 4o] free radical®ll 74 YRS SAste] itst &4
71%5& 7Ht} (Videla and Fermandaz, 1988 ). DPPHE=
A8 free radicaloll AALE o, free radical®] A4
AE AR 4 /st e R, el g
A ks 7H 223 T A AEEA 2 2o
DPPHES w=ghiom sAly|= g o]&gitt
(Blois, 1958). Fig. 2B PMS$} USCS] DPPH itz
2AT e Fikst 48 AT AHE PMSeE
33.3%°] Radical &7 55 Ho] UCS9 11.5%9] radical
27 FET 3] ST o= e

FE TE FERT gade] gol A& tiAlS &4
2 8o WA 142 AE giAlS Frlef 23
7+ A &3t (Ismail ef al., 2020; Bakhsh et al.,
2021). HAL st 2] i ©@dS ol &ste] =
3 AE OASE Axstd 2FHEE APEEeH
DPPHE WA 71| wet fofd o g F7tstitial st
2AtH(Cho and Ryu, 2020).

AEHORE 2 Ao 4 A HNOOKITAR 71Rke.
2 Az PMSw WAz o)At SEFETReL 9|
S 7 wE kst @4 st 71se] SRIEAT
HNOOK92] AR A &e ] B-glucane] W, &<, &
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Fig. 2. Total pholyphenol content (A) DPPH radical
scavenging activity (B) in cultured (PMS) and uncultured
soybean (UCS) with Phellinus linteus HNOOK9

92 5 OFH F7H 71540l 9 Ao o]
3 F UARE AHEFHE 42 BAS A% 7154 4
F2AZ -850 24T F 9L Ao JgEn

AR ZHA HNOOKOTAR A FdS ool vk
3} EH—‘:r(PMS)-J Zehz S1eEe 41.99%% HNOOK9 o
AR Bl FSHA] 282 T (UCS) 38.61%KH T =2 @il
haFo] HAEE . PMSSF UCSOIA 1652 2] ofv]
ko]l AEENeH F opxibghEe PMSeA]
39,963 mg/100 g2 UCSe] 36,817 mg/100 gHT} 8%
o]} Z7F= Tt 53] glutamic acide= PMSOIA] 7,413
mg/100 g2 A opv|iAt F 7 B 18.5%= YE:
t}. & polyphenol ¥#2 PMSOIA 2.66 mg GAE/g=
UCS 145mg GAE/gHT} 45%°) =4 A&EHoH
PMSE 33.3%2] DPPH radical 27 52 Ho] UCS
11.5%5c} 38 5718 =& ksl S48 B3t webA
2 A7) PMSE H2 T d gt ksl g4do] 7)s)
H 7157 AFAAE S8 3le Ao 7|gEh

BNl =2

B dTe e REAR ANdERs AT
175218 R&BD (A3 2022-DD-RD-0574-02) A
102 FalEl Ardateln] At A el ZA=HU T
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