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Impact of substrate composition on the growth, flavor, and
volatile compounds of Pleurotus ostreatus
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ABSTRACT: This study analyzed the effects of different nitrogen sources in substrate composition on the growth of Pleurotus
ostreatus, as well as the subsequent changes in flavor and antioxidant activity. The T2, composed of poplar sawdust, beet pulp,
cotton seed dregs, and cotton seed coat in a ratio of 40:20:20:20, exhibited the highest yield at 156.6 g. The total polyphenol
content and ABTS and DPPH radical scavenging activities were 8.25 mg GAE/g, 70%, and 49%, respectively, showing higher
radical scavenging activity compared to the Control and T1. Additionally, varying nitrogen content resulted in distinct aroma
patterns and is presumed to influence taste profiles such as sourness, umami, and saltiness.
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Sl A . agh Hlepil} ujyZ orolal
T} (Manzi et al., 1999). #4518 hAlsl B4, g1 9, e,
P 50 ANE Hlth= ¢19R7F KAl Hojtt) (Trung et
al., 2014; Park et al., 1998). 71 <= E}-2] (Pleurotus ostreatus)
= WAl (garicales) “-EFR] 3} (Pleurotaceae)®l <55}
= Ao R T2 gk 9 Ai1S EERt FolAlol, 1, &
ml, i? & A AA AA FH eI EEsh= Ao ® A
Qlow, Sejutetol| A 71 who] AjufEl= i 5 skl
c} (Oh etal, 2015; Oh et al., 2017).

A7) o] k] A w0 2 wjA] SRl ue}
=2 ul, A e, SRR A A LR # ‘il—EEﬂ, Al 2=
7]0fli= 217190 =3t ¢ A, @
Al o] el 2 sl o e sl ke ARt 3 Y
I AFssL 7 of R SRR S o]-8shs w7t
=17 Z7}s19Ict (Jang et al., 2008). =E}2]i= AukA Q] A 1)
7golA CO,,- B 55 HIESo] tholrt 24 O] ok A =
2] o] 52 4], SFstA] oFdol| ofsl L E50] A W AR
of| -0 J &S W=t} (Lee et al., 2020; Yun et al., 1996).
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AIBES-E 7153597148 AR R Aol A He
e et o], Al AR Ee) B, vl vlE
=, A, A 579 AR olgalel EhiAlE 24
B9 W2 02 ajul o], the Al e B,
)7} 80:20, T1-S- &0 F4, H|EE L HAE 50:30:205% =
Sk T2= 22| Fy, v B wAuh A5 40:20:20:205
EUFAO SRR 6541% 2 Y51r}

A A4S

A (column test) = Wl EHE FHHIA S 2} HefmE R
test tube (30 x 200mm)°]] 70 + 2 g4 =51 5, 121°Co]] 9057} 11
QAL 2 petridish W ol 4] 7L 7 vl oFEl -2 A]5155 cork borer 4
mm =17] & Hekste] 217} 5 piece] 38k 45019101, 25°C
= 25 g2l A viest ). AV
AmiE 62 170 axje] Zsiglon, dalel Wes &
qko.s Aot

- 2%
2 = AE

Wk L S 8
P e L v, S, WA, S 3

— = 1> = = =
S0, W14 242 column test} AT 27102 A%

shelet. gkl 54l <)<= propylene (PP)*§ofl ¢JH5to] 121°C
of[ A 907t Hat & WAl & HEBkdt A5 v =
20°Cof|A] 3047 HieFsalet uieF &= & 25 16°C, s e
95%, CO-1500 ppm 1|7 BH o) 4| Who| & F-esto] ¥7] 4]
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Falo] 2ALSHT.

iR 2AE AR 35 2 342 FF S

A|529] 7%= Hong (2012)2] 118 S-8:510] 80°Cofl 4] 291
AR ES AAT 5 Skl EskRE AR
0.2 gof| 80% Methanol (Samchun Chemials, Korea)2-2 mLE %7}
alo] 30°Coll A Ak sl on, 1087 4R & ojztel
of AFONE Hal FEHE AT FaA Fe 2o
2/ ARt A uljR], AS 3 1l A= KjelRoc Analyzer (OPSIS)
5 ol gslo] 2Aalgl.

% &9 ¢ SA

% Z a5t 3RS Folin-Denis (1912)2] B 2-8a}o] =
A&FIT), A A F225 200 uLat DW 1.8 mLE 231510 Folin
& Ciocalteu’s phenol reagent 20 pL& 771510 3571 25130
th A %3k -g-MHof| Na,CO, L3280 04 mL-S Z7|5le] DW=
total volumeS 4 mL& 414 5}o] 1A]7F 501 WS- A # ) S
=712 microplate reader (Sunrise Microplate Reader, Tecan Austria
GmbH, A-5082 Grodig, Austria)E A8-31o] Z731%ITt. gallic
acid (Sigma Co, USA)E AH§310] T2 A4S 4510l 5
R L]

ABTS 2t|Z &7 84

2, 2'-azino-bis-3-ethylbenzthiazoline-6-sulphonicacid (ABTS;
Sigma Co., USA) 2Ft] 2+ 4 7] B4 Choi (2022)9] Hb-o- 2}
g5fo] A3-S- 28519 c) 7 mM ABTS®] 2.4mM Potassium
persulfates Z3et & 18A]7F F2|sto] ebr] -2 4519l
t}. =7J-2 microplate reader (Sunrise Microplate Reader, Tecan
Austria GmbH, A-5082 Grodig, Austria)S AF-8-510] 700nm
oA = 712 0.7060.% B ASE 5 96-well plateo]] ABTS
solution 100 pLe} 7}2F0] AAA| S~ 100 uL 55k &
W 248 Sk AR FAeE W) SHE Aol
S (002 A

DPPH 2tz &7 &4

DPPH (2, 2-diphenyl-1-picrylhydrazyl) 4~7] €-4-2- Blois
(Blois, 1958)S- -3-85}%1T}. 99% Ethaolo]] 0.2 mM DPPH (Sigma
Chemical Co., USA)E 501 & 96-well plateo]] 21212] A4 5=
25 100 uL2} DPPH solution 100 pL= H-553}0] 30871 9F %71
of| 4] A %] 3~ microplate reader®] wave length=- 517 nmof| 4| 33
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AaAe) e AR S Bl EAsto] mashalet. Az
S g2 25 mLof| it 5= 31AIRE F] 60°Cof|A] 30+
7} shakings}o] syringe®} 0.45 um syringe filterS 53 1 mL&
2t 5 S5 99 mL= 3143F §HS ARESHRIEE 7] 7=
electronic tongue (astree V, alpha mos, Toulouse, France)2- A8~
sto] FA1319] 21, electronic tongueo]] 521 37| 9] AJrf A
Q1 3£ 0] 7|55t Taste Sensor AHS (sourness), CTS (saltiness),
NMS (umami)@} 47} 5% 41491 PKS, CPS, ANS, SCS,
17119} reference electrodeS E35}o] vl uj8lS H A5} T}
Electronic tongue®] £-41 27 © & 1= cquisition duration->- 2%,
3bs LAfloick, 7H AT drol tet Sk e 2 el
Ao ohdl 7 AlA] 7S W 9lol sz AT el 23of



Lefe] A iR 2g o] AR A A< Tkt o] Aol mA]

7] g 24

ARAE Al 5 g¥ 2dsto] AL £A48- vialol] |
2 & electronic nose (Alpha MOS, Heracles II, France)S %
o] AT 2748 injection volume 5000uL, injection
speed 125 uL/s, injector temperature 200°C, acquisition duration
110 sec, detector temperature 260°C, incubation time 20 min,
incubation temperature 70°C = /d A 5}o] 218)3}¢I T} retention
index+= Kovat’s index library= 7|50 &2 3}9] 0, A x}510]
2315 Alpha MOSE: 5] 458 sfelatglom, 3uhe 1
Rlie Rl o= AR i) S

57 24

57| glo]€l= R package (R, 4.2.1)& AR&-5}o] Al=381910.1,
AE-EA] 0] At S- DMRT (Duncan’s multiple range test)= o
~0.05 S=z0ll4) g elick

ROt

A8 24
HjA] o] /o) whE AL A AHEHAES Bl 2<ls)
ATt (Fig. 1, Table 1). 64 =}of] T12} T27} 29.9 mm, 29.3 mm=
o

Control thu|s}o] =& A4k vrebyllch 129349t 182t

Fig. 1. Comparative growth characteristics of Pleurotus ostreatus
mycelium on three different substrate.

A, PS:RB 80:20; B, PS:BP:CD 50:30:20; C, PS:BP:CD:CC,
40:20:20:20

PS, Poplar sawdust; RB, Rice bran; BP, Beet pulp; CD, Cotton seed
dregs;

CC, Cotton seed coat
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Table 1. Mycelium growth and density according to different
composition of substrate.

(unit: mm)

Treat- Myecelial growth (mm) Mycelial

ment” i days 12thday 18thday 24thday density
Control 225" 57.6° 86.9" 102.4° ++
Tl 29.9° 60.2° 95.5" 136.6" -
T2 29.3* 69.8° 109.0°  151.3" —

* DMRT: Duncan’s multiple range test (p<0.05)

*low : +, middle : ++, high : +++

"Control, PS:RB 80:20; T1, PS:BP:CD 50:30:20; T2, PS:BP:CD:CC,
40:20:20:20

PS, Poplar sawdust; RB, Rice bran; BP, Beet pulp; CD, Cotton seed
dregs;

CC, Cotton seed coat

69.8 mm, 109 mmo] AYAFO 7 = AZES. | o] T29} The| T1-S
60.2 mm, 95.5 mm= Control¥} 3-A[5}7] AIABIIT}. 24213}
]+ Control 102 mm, T1 136 mm, 151 mm= & 2]+ 5= T20]|A]
0 AL AR SReltaick. wal, T22F Tao| 4] AP E A
Tiol vjsl 32 A0 2 Uieh} 249 gl ufel Ak 4%
) W] ofehg o) A A0 Sk

A 20 o5 AU 5% L BSEA

92:9] AJo]o] ofgh M 5218 A1414]2] 4252 Control 133
g, T1 147 g, T2 157 gl © 1, 72174 Control 38.1 mm, T1 32.5
mm, T2 43.2 mm, %57 Control 2.6 mm, T1 2.7 mm, T2 3.1
mm&] 7S LJEfUH Control ThH] T20] 4] 32 A5
oJs} z}o]= X 9t} tf Al 7= Control 54.1 mm, 53.6 mm, 57.4
mm3lA e o2 A eRkel oA 14.7 mm,
19.9 mm, 20.6 mm= Control tjH] T13} T20]|A] =& 8-2|x}=
X Q1) (Table 2, Fig. 2). T2+= Controlo|| H|3f] th &7 & A 2|5}
SLASHOR O 01315 MYl Park 2019)0) 1723}
of wh 2l Aagierol F71akes ekl S71e AL okl

Table 2. Yield and growth characteristics of fruit bodies
according to different compositions of substrate.

Pileus Stipe
Treat- Yield
ment” (g/850mL) Diameter Thickness Length Thickness
(mm) (mm) (mm) (mm)
Control  133+1.3" 38.1+1.7° 2.6+0.2" 54.1+3" 14.7+22°

T1 14742.8" 32.5+2.4° 2.7+0.3® 53.6+2.4* 19.9+1.3"

T2 15745.6" 43.2+1.5% 3.1+£0.2" 57.4%2.1" 20.6+2.8"

* DMRT: Duncan’s multiple range test (p<0.05)

"Control, PS:RB 80:20; T1, PS:BP:CD 50:30:20; T2, PS:BP:CD:CC,
40:20:20:20

PS, Poplar sawdust; RB, Rice bran; BP, Beet pulp; CD, Cotton seed
dregs;

CC, Cotton seed coat



Fig. 2. Fruit body growth according to different compositions of
substrate.

A, PS:RB 80:20; B, PS:BP:CD 50:30:20; C, PS:BP:CD:CC,
40:20:20:20

PS, Poplar sawdust; RB, Rice bran; BP, Beet pulp; CD, Cotton seed
dregs;

CC, Cotton seed coat

Table 3. Total nitrogen content according to different
composition of substrate.

(Unit: %)
Treatments" Substrate Substrate
before sterilization after cultivation
Control 8.8° 8.1°
s 25.0° 15.9"
T2 31.7° 26.4'

YControl, PS:RB 80:20; T1, PS:BP:CD 50:30:20; T2, PS:BP:CD:CC,
40:20:20:20

PS, Poplar sawdust; RB, Rice bran; BP, Beet pulp; CD, Cotton seed
dregs;

CC, Cotton seed coat

shed.om], 2 ol o 4] gk Aashre] F71ef whe} Control
o] e S-S el 0w ghegict,

SRR 24 A% LA o] F24 FF
el ] 22/ ol] of Rt dhat A uiA], A - ulA], AR A 2
14~ 1o ZAVSE Al Al A vl A2 72 Control2] 2]
ASHeFL- 8.8%, T1 25.0%, T2 31.7%%= LEFIT] (Table 3).
5 FEoto] A4 A8 3l 2]+= Control 8.1%, T1 15.9%,
6.4%5 AFAA] RS- Bof) ujA] U] 2 A ghafo] 7FAs)
g Btk A 9] 23S S WA ve) ool 1
LH_/] éA ol—ab Ul AHXLoﬂE Oﬂbh_ U]Xl% //—\Ioi _‘,z_ Cq)

SR 24390 o3 ALA 9 3 EulE T

a2 22 Zfolo] whE AHAIA| o) B e wlE o S5 A
+= Table 4&- 53} YEFW ) Control M| A]+= 5.90 mg GAE/g=
UpEbikon), T1 7.83 mg GAE/g, T2 8.25 mg GAE/gO.2 7|
A GolAE Bt nebd A1 §7158 9] ufet o]

Table 4. Total polyphenol contents according to the composition
of the substrate.

Treatments" Total polyphenol contents (mg GAE/g)
Control 5.90°
T1 7.83°
T2 8.25

GAE; gallic acid equivalents.

"Control, PS:RB 80:20; T1, PS:BP:CD 50:30:20; T2, PS:BP:CD:CC,
40:20:20:20

PS, Poplar sawdust; RB, Rice bran; BP, Beet pulp; CD, Cotton seed
dregs;

CC, Cotton seed coat

ABTS radical scavenging activity (%)

0 T T
*

AA Contral T T2

Fig. 3. ABTS antioxidant of fruit body by composition of
substrate.

Control, PS:RB 80:20; T1, PS:BP:CD 50:30:20; T2, PS:BP:CD:CC,
40:20:20:20

PS, Poplar sawdust; RB, Rice bran; BP, Beet pulp; CD, Cotton seed
dregs;

CC, Cotton seed coat

* AA, Ascorbic acid

£ el 7liee) Balt 4
5 Atoll A BAE 52 APA o] & EeHlE e S
TP 4= 9l AlRE S80S0 gl 2ol ofet 2
7149l A4t7} F @ shehal Tkt (Lee ef al., 2021; Moon et
al., 2020).
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3} (Fig. 3) Control vl & of| A AJAFSE ZFAIA| 9] ¢ afe]zk A
A-E-0] 50%0] 201, T19} T20)| A= 712} 58%, 70%= Z4
2 oIz LfERIL) B AEL Eaf thul A o] 7] Ho] b=
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Fig. 4. DPPH antioxidant of fruit body by composition of
substrate.

Control, PS:RB 80:20; T1, PS:BP:CD 50:30:20; T2, PS:BP:CD:CC,
40:20:20:20

PS, Poplar sawdust; RB, Rice bran; BP, Beet pulp; CD, Cotton seed dregs;
CC, Cotton seed coat

* AA, Ascorbic acid

WA O] A4S AlEBEsTe] AP Ale] A 9 4 Gl
i A] Ao gt =7F&lel o kr) ZgiE|ojof 3t A o & A}

iz 2AJo)| 93 2L Ae] DPPH o) &4 84
Hlj 2] /g o] whE 2HA1A| 9] DPPH efc)zh A7) 2hd A3 4
3} Control, T1, T20| 4] A8AFsE <A1 A 0] ehr]zh 4788 7}7}
30%, 32%, 49% T20]|A] =2 2Hd-S 5.8l om (Fig. 4), T1x}
T20|A] T2t ohH] 32 Ak S LR QL. 9] Aake
SOl 2 EHE2] Aol A= Hae] F

T} st Aol &

gl
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aaiet.
ot e 24
S o] g3k Uk A5 54 A= Fig, 59} e AR 3

3f] 3714] &] Taste Sensor®} 4714] 2] KAl Ao T3t T
Felsel o, 1 A} PC (principal component 1)1 ¥} PC2
01]/\1 Z}Z} 78.0%, 21.4%2] variance £ 2F1a <= 13t} 7+ A 2]
o] sElE ERIgh Axt T20 A AUk Ureh= AHS9} 714
TE UEU= NMS@F 3-8 AR S W3l o, Aks: LEky
= CTS AllA e} 71 40 51e] Control ) T1h= HRE o= &

o= 25 FRlakelt). -2 5] A A et A< o 4] of A
/\“G'I-Ek‘/l x]—o]/}— 5| JHEﬂoﬂ 01161“:, U]X]‘— 7] OE 45]\]4’ HH
A 273 Zpolof w2 A A &f B/ S Sl Al Aol
H 88 715t 712 A4Ro} 2 Aow ko). Eak 9% 2
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Tl ep A 24 71 7“5’4“?1 gt o &l A1 A1 Bl ae] o] g-o]

718 Aol A, 325 ok s o] A-tinto] opd AHA
A7} 7¥Al= Aol et A7t ZIgg s ofof ghtkal vtk
ey,

LI
tlo o
JO{’ o[-m

7] dd 24

AAIA| 9] BF7) A AR S
sheiet (Fig. 6). 74 242 S5 37}4.4 7] xg%;q 3
712 e] A elate] thgt sfEl-S eklskglon, 71 Aut PCl Y
PC29] variance”} 217} 99.59%, 0.26% -2 &FQldk 4= 91 %)
o 7} A elat2o] s e 2}Ql Ax) A AgheFo] Zjolof whe} o}
S FIE Y= AS

O
o sholstgick. A% HA) ) AAg
o] zfo]7} uk shle] wafel S v Wk oket 7] )

mlo H

PC2 - 21.404%

T1
T2

u am
PCI-280M1%

Fig. 5. Taste patterns of fruit bodies by various substrate compositions using electronic tongue and PCA analysis.
Control, PS:RB 80:20; T1, PS:BP:CD 50:30:20; T2, PS:BP:CD:CC, 40:20:20:20
PS, Poplar sawdust; RB, Rice bran; BP, Beet pulp; CD, Cotton seed dregs;

CC, Cotton seed coat
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Fig. 6. PCA analysis of volatile compounds in fruit bodies of various composition substrate using an electronic nose.
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