m Research article

Food Eng. Prog. 2026;30:260023 ArO'I AI n UI'
Checkfor = pISSN: 1226-4768, elSSN: 2288-1247 L83 0~
Lbdtes https://doi.org/10.13050/foodengprog.260023 Food Engineering Progress

HA Sd 230 02 HHelel e 2 71 R JIsd 3

2 = 1 1 1
Of - &8l - 272 - 8% - Ol

02

'sETSY AYAZMSIY MBAIIUE UL, A 2H0| Q4

Effects of mushroom mycelial inoculation on protein quality and
functional properties of oats

Ha Young Park', Narae Han', Hae-Won Park’, Soon-Ae Park?, Hye-Young Park’, You-Geun Oh',
Su-Young Hong' and Yu-Young Lee'”

'Quality Management and Evaluation Research Division, Department of Food Sciences, National Institute of Crop and Food Science,
Rural Development Administration, Suwon 16613, Korea
2Solum Biotech Co., Ltd. Suwon 16614, Korea

Abstract

This study evaluated the effects of mycelial inoculation from edible mushrooms on the protein quality and functional properties
of oats. The oats were inoculated with mycelia of Sanghwang (SH), Chaga (CH), Shiitake (SI), and Yellow oyster (YO) mushroom
under solid-state fermentation conditions. The amino acid composition, protein quality, total polyphenol content (TPC), total
flavonoid content (TFC), and antioxidant activities were evaluated. Most amino acid contents increased following inoculation, with
the YO treatment showing the highest total amino acids, branched-chain amino acids, methionine, and PDCAAS values, indicating
improved protein quality. Tryptophan was identified as the first limiting amino acid in the Sl treatment, resulting in the lowest
PDCAAS value. SI and YO treatments resulted in increased extraction yields, TPC, TFC, and antioxidant activity. The YO treatment
showed the highest DPPH and ABTS radical scavenging activities, whereas the Sl treatment exhibited the strongest ferric reducing
antioxidant power. Conversely, the CH treatment demonstrated minimal functional enhancement. These results suggest that edible
mushroom mycelial inoculation effectively improves the protein quality and functional properties of oats. Notably, YO-inoculated
oats hold strong potential as a plant-based protein source tailored for elderly nutrition.
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SRFEE HRSIL o] 7154 aAlEA9] 7He QIR QL
(Dhakal et al., 2019; Lee et al., 2020). 184 HElS ESSH A1EX
AL AUk O 2 A3} o] 1 Alimiting amino acid)of] THE:
& oAt 249] BT Ao e 49k W A0S
E2 U5 524 T fn] e ol 228 UEhfle Aos
AA Ut olget §A4 Tl gefo] 7okl Tl ol&
aEo| gashe I3 AF AAZ LEsh=d F83%t A%t
Q9olog ZRE35 4~ QItiHeijden et al., 2023; Ajomiwe et al., 2024;
Calderén et al., 2026). WehA] FE|9] E-8A4S Sish] Yalirl=
il £ Y HE0] 7154 S Bl BT & S
7 71€9] #8o] Q7H:

2| o]l FHAIE FES] £ Ao ® Al FARIE o]
851 1 AEFG (solid-state fermentation)”} 2RI It} WAl AL
A= viF ol A protease, peptidase H cellulase@} -2 TSt
G485 Helelo] 32 AEs 184 21 Bafel, e
AEAL Weto|= 9l 2] oju]lAlo 2 AHEIsho 24 thild Ag)
& BAIEES A= Aor HAlHIl Qlth(Feng et al,
2023; Yegin, 2025). T3t of=3t WA 2L FAPE A4 ¢
71678 /&9 FEE SA4lscto] AlEA ©@de] g4 TS
MAdsh=d] 7]ofoke 2108 defA Uth(Clark et al, 2022). B
of MA AR A= HlaA] 9 ARl "o opn| Al 2447 =
< Y Sl Zhe il o dRA glon, e it
gollA A2 em Tl gty FEE Heshs o 7o
4> QIth(Derbyshire & Ayoob, 2019).

SHH, WA FAAY] S5l wet da dgolA BHlEe 3a
o] 24, oh|iAt ZEutddy 9 BAE= Aegd 249 54
o] AolaHA| U= o0& BVET QJch Clark et al. (2022)2
FUHA FARAPZE et Tl Jof) ah S B R AR
/g Thldo] Aolet JUeh] FES FYARITAL Hasilo
™, Ayimbila & Keawsompong (20232 LEl2|HAIR7} B4 &
< T ot 7 ARl B ohvieAt 244 el B
SEITt. E3 A=Al AP AL His SRE, deR 2 71E
g 282 kL o] St e 3 715 B4
UE= AoE A4 QIth(Tee et al., 2024; Wang et al., 2025).
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(Korea Forest Research Institute, Seoul, Korea) 0 2 5-E| FofHto}
ARESITE ANSE 0] B B EAH D= AR A (Phellinus
linteus, NIFoS 1335), X7V Al (Inonotus obliquus, NIFoS 2496), I
IWMAX(Lentinula edodes, = ), B =EF|WHA(Pleurotus
citrinopileatus, NIFoS 1818)0]ct. A3 Al, X714l w4l 2
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2



HY Park et al.

Food Eng. Prog. 2026;30:260023

Germany)E °l-85to] dA S SAsIoH, da-thid g
AHAIR(NX5.83) 5 A-8cto] ey St Al

ZA} R A5 Soxhlet & A|AE](Soxtherm® SOX416, C.
Gerhardt GmbH & Co. KG, Kénigswinter, Germany)2 ©]-&3}o] &
AolHct. Ha4 AR 2 g cellulose extraction thimbleo]] 313} F
n-hexane 140 mLE FE8H=2 ARG} A2 S0
37 187C 7oA 8| loH, 71E & 3023} e+
A 1AZEe 2 sttt 0] gaE 71 105CoJA
ot & HAAlCIE oA WZste] s S, 5 AT

| Z}olE ol-gsto] A S AXtellth bl 9 24
W24 e SRS BAISIe] AE 71(2/100 g dry weight,
dw)o = gHelgiH:
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Tryptophan= #9139t g oha]ieAl £4
Hol| w} AL 7R & Bt A& 03 gofl 6 N
hydrochloric acid 5 mLE 7F5lal A4 7IAE EXI610] A4S A
A5t ), 2 Aol 100 $A18] A0 242 52 716
Eololit). ¥kgo] H Alas W4 § omsivlon, SR
o}@slol 2% IS 50 mLe 2SIt o} AlRE B4t 5
0.22 pum PTFE syringe filter (Merck Millipore, Darmstadt, Germany)=
ojzisto] BAE Alaz ARSSISIE ohulieAt 2482 ofn|iedt AkE
ELX71(L-8800, Hitachi High-Tech Co., Tokyo, Japan)Z o]-83}o] B
Hsjgon], EAoE o]2ms PPd6 mm idx60 mm, 3 pm,
Hitachi High-Tech Co.)S AR85}1%1.2™, sodium citrate bufferS 0|5
4yO0F Jl= ion-exchange chromatography 7]%Fe] post-column
ninhydrin A9} RO 2 BASIIH: o5k AlFAIA Als-
3= protein hydrolysate analysis methodo]] w2} 74l 8-2]5}%3.0H,
column oven 2% 57CE ARG ©184; %53} ninhydrin
reagent®] -2 717} 0.35 2 0.30 mL/min© 2 A5t A
ninhydrin A= HFE2] ofr|i=Atol] tish 570 nmojlA HE3HA
O, imino acidsQ] proline 440 nmol|A] AZ3}Ich of|iAke] &
ZF2 amino acid standard solution type A (Fujifilm Wako Pure
Chemical Co., Osaka, Japan)E ©]-85}0] 4=8J5}3L}.

Tryptophani> A 7F3f) ZHFolA =g 4= glots o)
@] 7ieEsl S 285K Cevikkalp et al., 2016). 24§
A& 0.5 goll 5 N sodium hydroxide 84 20 mLS H715t & A4
7HAE FUT T 10T E 1647 BRAIRY. 727t S
A= 2 & AEE(10,000 pm, 102)310] AF5HS of5
o, pH 6.3 AF-EAZ ol-sto] FEsIGitt °1F 022 um
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PVDF syringe filter (Merck Millipore)S SIHA|7A &4 AR 2 A}
2519, Tryptophan $FF2 photodiode array detector”} Z2He
UPLC system (Acquity UPLC, Waters, Milford, MA, USA)Z o]-&
Sto] 4519t E&o|&= Lichrospher 60 RP-Select B column
(250 mmx4 mm, 5 pm, Agilent, Santa Clara, CA, USA)S AR&5
O™, ammonium acetate buffer (pH 6.3)2} acetonitrile <334
2 ojsAbow A851%Ict Tryptophan 280 ol 4 AZ 3T

x| =X
CHY Z
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HI
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= sl
Tl FA in vitro THE 491830} oAl 2/ 7|HEe.
2 o Asg B4 ob): A Kprotein digestibility-corrected
amino acid score, PDCAAS)E AlEslo] H716FTH Schaafsma,
2000). In vitro T ASHE-2 protein digestibility assay kit (K-
PDCAAS, Megazyme, Bray, Ireland)S AR&510] A|ZALA AJAISH
Hielof| wat 243193} A& 500 mgo]l 0.06 N hydrochloric acidS:
7¥sted 37C ol ARt & pepsing H7Fot] 9 40F e
RIS Ol s buffer: ol:g3le] HEg9e] pHE S0 24
3 TR rypsinichymotrypsin 7 TS 71l 271 Ak 2
£ o3t E4 vkS- F2 T trichloroacetic acidE 715t 1]
ol TElEe ARz oH, AaEE(3,000 rpm, 107) § A5
= 25513itt A5 Wl frEfoh]iedlS ninhydrin W8-S -85}
o Aol o, &3+ microplate reader (ELx808, BioTek
Instruments Inc., Winooski, VT, USAYE 0]-8-5}0] 520 nmoj|4| &7
Sioick T £512-S Leplycine 38913} blankS: EgHelo] 7
ARSI, o)A Hamino acid score)= FHAJotn| At B4 Ax}
£ Higlo g AkEsiglon, Al Algtolu|Al(first limiting amino
wid)@ 710 W/ISIGIch HEHOR bk 43183} ofulieh
74 o]glel PDCAAS ZHE ANSIEON, BE AXRS Mega-
Calc software (Megazyme, Bray, Ireland)S ©]-8-5to] =35}t

7154 32 U R B4 Han et al. (2026)9] 51O w}
B4 A& 3 g9 70% ethanol 30 mL-E H7I5t ¥ 25C
oA 24A17F B3 X FZ5150tE S22 AL AEZ](12,000 rpm,
2042, 40)olo] IFEZ AATT & 5AS doidith 5= Y
A i AASE] S8l S0l n-hexane H7Isto] E7E
The YA1EE](3,000 rpm, 5&, 40)S 51, A n-hexane
= AASIAH. A L F 33] RHESITE Ethanol 32
I 3 A¥EFs10] BHiE AlASK e, 3l Aol FAIE 7]

F02 2% 29 AMAT HE F2EL dimethyl sulfoxide
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o ZE3H5td(100 mg extractml) B4 L AR ALt
715 AAEo R F E2|5E T=H(total polyphenol content; TPC)
1} & ETtHELo|E 3SFKtotal flavonoid content; TFC)}S ZHz:
Folin-Ciocalteu 2 aluminum chloride colorimetric assay B1'#-< O]
&3to] S7gok3ith. TPC 2412 Hdll, =5 10 uLofl 2% sodium
carbonate & 200 pLE T3] 3% T HESARD F 50%
Folin-Ciocalteu reagent 10 pLE 7}5l0] 278 =9t wh-3-2 235}
ot ¥R3N9] 53 microplate reader (ELx808)E 0|85
750 nmol|M S-St AF gallic acidE EEEH R 51 47
sfgon, A= AE 100 ¢ mg gallic acid equivalents (mg
GAFE/100 g dw)2 1819t TFC 248 93)l, 55 25 ulo
5% sodium nitrite &8 7.5 uLe} SF 100 plLEe 51| 55
=0t "kSA)71 T 10% aluminum chloride -84 15 pLE A7}5}0]
65 = HkS-& AgY5IIck 0]F 1 N sodium hydroxide -84 50
uLE A7Iste] 112 &t 9ESAIR &, 38 5=E 510 nmoflA 57
STt Cateching o]-8510] 23t REHFIAS v O R A&
100 g mg catechin equivalents (mg CE/100 g dw)Z UEFHAT]

Sitat 2 2A

SIS A2 2,2-diphenyl-1-picrylhydrazyl (DPPH) % 2,2'-
azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) Zt]jZ 4
%53} ferric reducing antioxidant power (FRAP)E- o]-8&5}o] 7}
sttt Sod A4S F55 20 plo 217 DPPH Y ABTS
radical &9 200 pLS Z3otal YFANA 30E B9 WREAIZ]
5, 517 nm 2 734 nmojA EL=E 245199 23 Trolox=
REEAE Slo] A AFTAE ol8s] A& 100 g mg
Trolox equivalents (mg TE/100 g dw)Z AXFstHct.

FRAP assay= S+&= 6 uLol FRAP reagent 180 puLe} S5
18 WLE 2sjo] 103 B9 ¥HSAIZ] 7 503 mo]H FHEE 2
ool BT, FALL FesO, I8 EERHS ol g3le] A
Akellon, A= mM Fe*' equivalents/100 g dw2 LFERHICE

= A2 5 0= 33 W oYyl o, BAAT =
T+EFEH 2 (meantstandard deviation)Z WERYITE EAEA
SPSS software (version 18.0, SPSS Inc., Chicago, IL, USA)E ©]
sto] Rolqitt. ATt ol A FUEAREAS AA
3, 59749 AJo]7} &lEl 7S Duncan’s multiple range testS:

2830l Hat 7+ AolE HlasRlet FAA FoleE p<0.052
_]

9 oo flo ofh
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Ot s
21 # 1F

FAH HE0| M2 Ao At ME S

=
HA FAR S0 W A 2 9 220 b #igk
+ Table 19] YERHITE t27to] & = 7
7+ 10.84 2 11.22 ¢/100 g dw2 &, o]= =] 7] 29 Uuty
Al 24 HRt FARE 0] Ath(Lee et al., 2016). Ao L&
Zehid hF2 HE FARA] AEolA] tiRT ] fejHos
Z7}519.00(p<0.05), E3] YO A& 7o)l A 24.34 ¢/100 g dwOZ
7V #8kh ol R tiy] oF 244 FS7RRE 0]tk ol
S k= AR A TPgollA WAL el Tl gl A 7]
A Well £4=97] Eos wotdth k3t 14 U 3y F
TAAI7E SEEE oUA Yo R o] 83tol| whet ARl T
4 55 AW YEE 7Rk Qe A 0= AlmEthIgbal et
al., 2024). FARSHA, 71& AFolAE HA 9 APeRS o83t 1L
AdEE I35 9 57 7149 oy o) ety E42 &
A7) Ao F H1E HE THWang et al., 2025). £3] YO AT
Tl 7P =& 2 RS Uehd 22 Bl o
A1) A o2 943t A B4 E FARA biomass 2] 5
I BHo] S Ao AT, Plewrotus spp= T A1-8HAL
of Hjs HlwA =& Tl Jhgat o A3 ofmlieAl R3S
= A0F HAEQ O (Gerber et al., 2026), 7|4 o] §-8o0]
F5t0] & 7|5E v R|olA] FARA] Aol St How A
Ak b e A FARAY SRt A 2 AR
biomass 20| 77| 7|49] @A Jl=F F7lo FFS v|xl AL
2 dEh

FAY FHFZ SH, CH & SI Aol A] thz+t H] 43t
, YO X 2ollAl: 1827 g/100 g dw= 7FF =9kth(p<0.05). ¥
Ao A W I dARAIZE 713 Y BpsiE 9 A

Ju

Ho

worE

Table 1. Crude protein and lipid contents (g/100 g dry weight) of oats
inoculated with mushroom mycelia

Treatments Crude protein Crude lipid
Control 10.84+0.05 11.22+0.21°
SHY 14.88+0.06° 7.58+0.03°
CH 13.74%+0.11° 4.00+0.01°

S| 13.85+0.08° 5.57+0.07

YO 26.34+0.12° 18.27+0.02°

USH, sanghwang; CH, chaga; S, shiitake; YO, yellow oyster.

Nalues are expressed as meant+standard deviation (n=3). **Means with different
letters within the same column are significantly different (X0.05) according to
Duncan’s multiple range test.
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g2 ouA[E o= ofg3le] wet A o] HAshe Aol
H1E]o] QIck(Martins et al., 2011; Igbal et al., 2024). A2 SH,
CH % SI A2|FtollAl= o]t 3ol Uehd 202 wehech. vt
A YO A2He] B4 A ool S7F6l%=H], ol thaat &
2 E9FAQl that E L2 QRlo] 7|1gk Ao & siAE:. A,
IAEE Y S AR 718 W gk (dE B Aold 5)
< ouAEoE EE3lo] o HARE ML, o] oA COo,
o} H,O7} vlikol whe} M4 xR F5%(dry matter)°] F45h=
‘5= B 3Nconcentration effect)”} TSI Al AQ] X|H) g vl
o] g5ttt EA, e A dARE BAeS A6
Al ff AEEEAE R AR QIS 2540 % A-S26)
= BT S50 AE it S48 Ado dart Aol wet
AR AR 8 Mg ARl BEESATANC: S, 2|
4t 5)9] M4 BISO] ZoMIAY, ZeAPALA EALSEARARS.
0] gt thA} 7 =(desaturase enzyme activity)”F /20 7+
50 £k AA, FAAZE BHloks Afa FolfEd(cellulase,
xylanase 5)°fl 2Jsfl 714 A9 A 22 74 AU £-8/d A2
AJEo] 53 (solubilized/released) 0], £4] T4 ZAOZ
EE golstAl FEHW| dheolth. olAd YO AZ|Hte] ARy
S7F S Bt A I s Fol, AR S0 BE
A 2749 AA Hel 9 EXSPHAL HIF SiE EHite R
A 2E FaEe] YA 7152 71 el A 7]ofgt Ao=
Azt

ZAH HEO| ME TA OfO|icAt XN U Chm
=

Xl E
N £y

HAL AR 4E0l mhE 2o 7 ofniedl 24 HOK= Table
20 UERQIET tite] 7 ohulieAl FS AR 5ol whet
S7IokE B3 UEhloH, 11 $715-2 YO A2ltold 7HE 7=
2IF & oAl S YO A=A 2242 /100 g dwo R
7P EAL ol dIETH9.57 /100 g dw)9] oF 2.38f 0]t
T oAl 24 AA] AR S5l wieh Aol FiE Hlrk
= AF AzRlM S7I8HAAL YO A=A
0.96 g/100 g dwo 2 7} &=Qktt ¥, SH *{2]+Lof| A= tryptophan
2 valine o] T tjH] 9J2] 02 A4St (p<0.05). 53
tryptophan T YO A2|HE A3t BE A 4 Aol
A A4S & oAl HiE] e of]iAte] W2 YO (0.39),
SI (0.36), CH (035) 2:02 =9rom, SH Hz70.32) 2T
(0.33)Ech Wit} 5 Thild S HAE ofn|iARRl EXAE
@ OMAL A A HF Aol ANbE o s STk 7
F= HAOL, SH AZ|of|A = valine o T40] FFo= 7t

Lysine 2
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o) Ao wslek ¥, YO AR 361 g100 ¢ dws 71
38 BAAKEY oot B Ueho] B goek 7Kt
Seraisict. SalolliAl GRS FAM 15 ARiPolA o
& S7Ist3iem, ol2et Mok methionine T 5710 =2 7]Rls}
%t Methionine e T4 0.07 g/100 g dwo U HHH, <t
A AZE AT 0.12(SH)~1.32(Y0) @100 g dw = 2718191
th 53] YO A2}7-2] methionine $F HiZ tiH] oF 18.98) &
< oI FRHow glERHA AR 2 #AHE
methionine 3! tryptophan 90| > 202 A4HA glou, & A+
9] YO A}LolAl = methionine 3Fgo] ZA S7I5IiH: ol= 714
IAREE Al FAA S50 HEled AT tiAl =2 (Homoserine
82} transsulfuration pathway)”} E4J3l=|9S 7FsAS Hoj&et
E3] & a 78] 2 & oMy el ] B 3RS At
A7t a84 0= o] 8sPHA] &g oAl methionine, cysteine)
9] &3} Z-&(sulfur assimilation)o] 215 A0 2 AlREch ESH o
AAZE 71 Y 32etElo] IE Bf TS Adshe 2HgollAl v
Bl AEA Feol=u 2] ez WE-S2A%E 7150l
o, o= & AME 71 e He] oAl e F 5014
At ZnkE ek ch WHA, cysteine SRS AR SRl w4
olgt AR Hglom, SI € YO He|ToAs 275t v SH ¢
CH A2FtoflA= A4steint. Has W oflicil ZTEujlo] Hs}
= 98 7129 Eafut ofuzt AR MAL AR AA1S] Tl
4 oAt 2/dof F S W=th A 230 T=H WA BA
A L. glutamic acid, aspartic acid, leucine, lysine 5°] 55t
b, Qi BolAe 5 kg ofuliAlolL} ek ofulixAle)
HlZ0| 427 B 1%t Bakratsas et al., 2021; Li et al., 2022). w=}
A EE $ 54 of|icAle] Hleo] STIAU A A V1A o
W B} BEo] dARAIZE A Mgt Al Thid |l R
oh]leil E(pool)o] WHFE Atz SiAECh

il 24 E4 24 A3R= Table 30l YERARITE In viro T
A A9ka2 Aol Wt 0.85~0.95 S HAoH, YO A2+
o] 7H4 S9teh. W T in vitro EHH 45180] FAEl ATk,
HAL AR} 28[5ks EoE4x(protease L peptidase) 2Fg 71?1
g AoR siAEL vAE Y Bt AR 71 W At
chilld xS Roffolo] AEAL HEfo|e 9l [ ofn|iAt FEj=
HASAIXITE ES, R A 7]do] Sk Tl Ao} #Js) At
(antinutritional factors)7} wFARA| Aol ol E&Jo= A 27}
TR0 2 4518 Ax(pepsin/pancreatin)®] FH/do] Eol A
A a8ke el 7104et Zo= ekt of=et ThiE o] ARA}
oF 3 24 Hok= AW S48 AA|ol-8-E(bioavailabilityy2- -f
oulsHA S o 22 ARRIEE Al AR of|leAke: e
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Table 2. Constituent amino acid content (g/100 g dry weight) of oats inoculated with mushroom mycelia

Amino acids Control SHY CH Sl YO
Alanine 0.51+0.01%? 0.67+0.00° 0.69+0.00° 0.87+0.00° 1.21+0.01°
Arginine 0.59+0.05 0.76+0.01° 0.80+0.01° 1.11+0.00° 1.07 +0.00?

Aspartic acid 0.86+0.01° 1.05+0.01¢ 1.12+0.01° 1.46+0.02° 2.13+0.01°
Cysteine 0.40+0.00° 0.13+0.00° 0.35+0.00¢ 0.50+0.00° 1.08+0.01°

Glutamic acid 2.25+0.02° 2.89+0.01° 2.85+0.02° 3.34+0.01° 4.06+0.02°
Glycine 0.53+0.00° 0.68+0.00° 0.67+0.00° 0.82+0.00° 1.13£0.01°
Histidine 0.21+0.01¢ 0.30+0.01° 0.30+0.00° 0.39+0.00° 0.52+0.00°

Isoleucine 0.26+0.01° 0.31+0.00° 0.40+0.00° 0.54+0.00° 0.76+0.00°
Leucine 0.69+0.01° 0.98+0.01¢ 1.06+0.01° 1.32+0.00° 1.50+0.01°
Lysine 0.44+0.00° 0.49+0.01° 0.52+0.00° 0.69+0.00° 0.96+0.00°

Methionine 0.07+0.01° 0.12+0.00° 0.16+0.00° 0.21+0.00° 1.32+0.00°

Phenylalanine 0.55+0.01° 0.78+0.03° 0.74+0.01¢ 0.92+0.00° 1.02+0.00°

Proline 0.44+0.02° 0.71+0.00° 0.81+0.01° 0.93+0.00° 1.15+0.01°
Serine 0.60+0.00° 0.72+0.00° 0.73+0.01° 0.83+0.01° 1.20+0.01°

Threonine 0.38+0.01° 0.44+0.00° 0.51+0.00° 0.65+0.01° 1.06+0.00°

Tryptophan 0.16+0.00° 0.01+0.00° 0.11+0.00¢ 0.13+0.00° 0.20+0.01°
Tyrosine 0.22+0.01° 0.31+0.02° 0.25+0.00° 0.34+0.00° 0.69+0.00°
Valine 0.43+0.02¢ 0.36+0.00° 0.63+0.01° 0.87+0.00° 1.36+0.01°
TAAY 9.57+0.15° 11.70£0.07¢ 12.71+0.09° 15.99+0.02° 22.42+0.10°

EAA/TAAY 0.33+0.00° 0.32+0.00° 0.35+0.00° 0.36+0.00° 0.39+0.00°
BCAAY 1.37+0.04° 1.6520.01° 2.08+0.02° 2.74+0.01° 3.61+0.01°
SAAY 0.47+0.02¢ 0.25+0.00° 0.51+0.00° 0.72+0.00° 2.40+0.01°

YSH, sanghwang; CH, chaga; SI, shiitake; YO, yellow oyster.

2Nalues are expressed as mean+standard deviation (n=3). **Means with different letters within the same column are significantly different ({0.05) according to Duncan’s
multiple range test.

9TAA, total amino acids.

YEAA/TAA, ratio of essential amino acids (histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine) to total amino acids.

9BCAA, branched-chain amino acids (isoleucine, leucine, and valine).

9SAA, sulfur-containing amino acids (methionine and cysteine).

Table 3. /n vitro protein digestibility, limiting amino acid, amino acid score,
and PDCAAS of oats inoculated with mushroom mycelia

9} SH, CH @ YO &|7Lo)lA] lysine 02 Bl Hhd, SI X2]7ofA]
£ tryptophan © 2 UERITE ofi= FAKA F(species)ol] T FAY

In vitro  First limiting Amino acid

UEERET digestibility  amino acid score HLEL OF8: 712 5 T 2 Tl Aolef BiRE Al sld:
' B AR 71 ) el Bafolol Al 7 Tl g

F e
acide)?] EYER] A AR fh Y B a7 Xolg

o o hene 0B 0 Helt} s FAS) A W ol EYERS A A 4

S 08 L-Tnyptophen 0,08 007 S 3 W AR 2 ol AR 941 A B Ee

Y0 0%  Lbysme 08 060 QLA ShE)e] ATAZ SA 2 TRsge] EAIE ol

SH, sanghwang; CH, chaga; SI, shiitake; YO, yellow oyster. tq_al_ 1?__1.‘—5-; ﬂ'—%—% LH E@Eﬁ& H]-%o] }b}'EHZ._]'O = Z:}'-/J\—a‘o:] Xﬂl Zﬂ.é_l_
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ofn|i4to 2 VRt A 08 Wt oAl = AR S50l
w2} 2olE H Y=t SH, CH % YO A2lH= 22} 0.55~0.65 HH
2 270260t &=9kol), SI A= 0.08%2 7 Wttt
PDCAAS g2 oF|:eA7Re] ke Hhot YO A{2|LoflA] 0.60°0=
7P =34AL ST AEtollA 0.072 7 Rkt SHeF CH A2+
A] 0.55 08 HiETEDE =0k YO A2lHet oA Tl 4
E4 W ke verith

AR FF0l W A=Y g ofm|eAr 2 ed FE 54
HSk= AR Y F fungal biomass £213} 7] U Tl o]
YESHA o] 7]Q1et A0 & et T AFoli= AEA
e Aol thet i IAMERrF Tl S, ofniedl 24
2 A3Hg 7ol E31AQl Mo R B IR T §) O (Feng et al,
2023; Wang et al,, 2025), M4l FAR] SaE 2184 thjdo] of
FeH] FEI 7158S FIATIE AlE FEA AtK(Clark et
al, 2022), B QTN ] T of]iA Tt 3 ofv]
Ak gFgol FAA AHF A=FtolA S7Fslglen, 53] YO A7
Tl 7HE & S UERTh ol2fdt Ak eI o
AR EaTE A 710 Tl of 9 RS S/MITIH
+ Igbal et al. (2024)2] A7 AL} FARE oI

53] YO Az|Holie BANET oFr| kAt methionine 2
77 FEBFoH, ofu]ieAl7l 9 PDCAAS ®3F 7HY =2 &
T2 BHAlrE EAAEY oAk 5 T I 5 A
o] 583 IS sl W ofniAto 2 YA glom, Hde
AT A 9 1FIsky Tl A JE SHolA F87d0]
ZZ% 31 QtH(He et al., 2025; Calderén et al., 2026). T3 ThA]
4 2A)9] Gk WOl Sl Ehs B ofolicdl 79
o] 393t 94& XTI QItHHeijden et al., 2023; Ajomiwe et
al., 2024). WEhA] YO AZ|FLoflA ER1H %2 BAAEY of|:
Ak okt 714 PDCAASE #AK A5 A=7E il 54 &
HollA =3t A5/ Tl AR S8 RS AR Bt
ST Z{2JFHoflAls= tryptophano] A1 A3t ofm]ieilo & SRRl
o, of|l4l719F PDCAAS 3 7H Witk £3] tryptophan 9
T YO AYFE ARAet o] A 4F AetollA 4
She A Hlth ol AR 700 weh da ol 54 ¢
ORI icAt Al H27} AJololr] theo 2 wtsr, «F Ia Iy
o4 54 ofelicAte] Alea olg % W] W 4 e
Qe HE 4= QUtkFeng et al., 2023; Wang et al., 2025). 0|25t
A= A FFo] Teet T o S7HE ofyzt opnieAt
w37 il F4 ST FF2 1 5 e AR o
W0 g 5 ThilEo lysine ko] Wol thild F2o] A3t
= ZAo7 AdFA 2] Oom(Schaafsma, 2000; FAO, 2013), AZ] FA|

)

o
ul
3l
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lysine ARt 542 ZH= tlEAQl 57 djdz Hug vp gl
& ATl RS AR HE AeolA] lysine s 5
op|iAt HH] e oplieite] wlgo] S71RIAAL, SH, CH 5L YO
A=2] PDCAAS Bt ti7160h 31tk of= 8N A
Ago] 2] ] Aot At £4& FEHo2 Hesh
i 3 Al 719 5 ke AARI.

A BB ME J|IsEYE H s 2

HA AR 5ol e A2l9] & &, TPC E TFC &4
Z3}= Fig. 10 YeigIt). 5 &2 A S50l o=t 59
ZQl AJol5 HAoH(p<0.05), SI H YO Aol 242} 18.32%
9 14.00%% 7P w31tk BFH SH % CH Ao 5 782
247} 4.18% L 5.09%2 hETH5.72%) B} DAL QALSE $220]
Uk TPCo} TFC 3t AR 570l w2t Aot ks Halth
YO AHg9] TPCe} TFCx= 2+ 256.66 mg GAE/100 g dw 2
12.77 mg CE/100 g dw& 7P £9kom, SI At GA] gzt 1
TF =340 ¥ CH A+t 55 &3 94| TPC % TFC F3t
Fasto] 7154 v S Bt ARFAQl A0 g Yet £
SH H2]7Le] TPCE 67.49 mg GAE/100 g dw® THR7H103.58 mg
GAE/100 g dw)ET} @9koL}, TFCE 9.82 mg CE/100 g dwiE th&
TH6.11 mg CE/100 g dw) thH] S7F5l3ith o]2Rt ZAxk= SH A
Al FFol AA| E=vls o ST SR eolE AR 54
of Bty avtHow AESISS AARITH

PR 8 24 A= Fig 20] e ITE 2REAQl gp4kst
4L TPC % TFC W3l FARE 43k BYom, SI 2 YO A
gl 7P 9451%itE. DPPH % ABTS 2z 4752 YO
2]l Zz} 123.47 mg TE/100 g dw 2 218.24 mg TE/100 g
dwo = 7P =L SI AT JA| w2 B2 Hoh ¥HH CH
A2]5-= DPPH 2 ABTS 2H)zt A7 50] 72} 12.90 @ 39.54 mg
TE/100 g dwo & THEHTE JIT} FRAP 4] ZAajojxl= ST A
277} 12.64 mM Fe*'/g dwo 2 7K =911l YO ATt E3L 9.18
mM Fe’'/g dw 95t 844 B ct 9 thx1e} CH A2+
= Ao E 22 S itk 55| SH A2j-h= ABTS 2
Z 275 Hi2FET @3to, DPPH 2tHZ 4275 9 FRAP
& Zk7} 36.02 mg TE/100 g dw 2 3.83 mM Fe’'/g dwO & %
T-Er} =0kth o]t Axl= SH A2]FtollA] SlH &2 TFCe}
o A= g=, 3fF Aol TPCEA TFC7E @t
3} 2ol o & FF= PR 7FsAdel Sl

7ls/dw E pikel 4 Wdke FAR SRl wE 71 Eof
54 2 A 24 A4 Aol v 7ksAdol o 22
Ao A FARAIE o8t TAET T AlEd Eof 34 9
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Fig. 1. Extraction yield (A), total polyphenol content (B), and total flavonoid content (C) of oats inoculated with mushroom mycelia. Total polyphenol and
flavonoid contents are expressed as mg gallic acid equivalents (GAE) and mg catechin equivalents (CE), respectively, per 100 g of dry weight (dw). Values
are expressed as mean=*standard deviation (n=3). Different letters above the bars indicate significant differences ({0.05) according to Duncan’s multiple

range test. SH, sanghwang; CH, chaga; SI, shiitake; YO, yellow oyster.
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Fig. 2. Antioxidant activities of oats inoculated with mushroom mycelia, including DPPH radical scavenging activity (A), ABTS radical scavenging activities
(B), and ferric reducing antioxidant power (FRAP) (C). DPPH and ABTS activities are expressed as mg Trolox equivalents (TE) per 100 g of dry weight
(dw), while FRAP is expressed as mM Fe**equivalents/g dw. Values are expressed as mean=standard deviation (n=3). Different letters above the bars
indicate significant differences (£{0.05) according to Duncan’s multiple range test. SH, sanghwang; CH, chaga; Sl, shiitake; YO, yellow oyster.
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