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BB 1%, A, 25°CHAMTRA20dPTHIE, L5888 EH 14454 g/, RETRAREE K
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Abstract: A pure culture strain of a wild fungus from Zhouqu County of Gannan Tibetan Autonomous
Prefecture in Gansu Province was obtained by tissue separation method. Morphological observation and
ITS sequence analysis confirmed that the fungus was Trametes betulina, and its biological characteristics
and domestication cultivation were studied. The results of biological characteristic investigation showed
that the optimum carbon source was fructose, and the nitrogen source was yeast powder. The mycelia grew
well under pH 6.0 and temperature of 32 °C. The orthogonal test showed that the main factor affecting
mycelial growth was temperature, and pH, nitrogen source and carbon source were secondary. The results
of domestication cultivation experiments showed that the best spawn culture medium was: wheat grain
20%, sawdust 70%, bran coat 7%, gypsum 2%, lime 1%. The best expanded cultivation substrate formula
was: wheat grain 25%, sawdust 25%, cottonseed hull 20%, corncob 20%, wheat bran 7%, sugar 1%,
gypsum 1%, lime 1%. After inoculation, fruiting body could be harvested in 26 days under 25 °C
condition. The total yield of fresh weight was 144.54 g/bag. The antioxidant activity of ultrasonic water
extract of cultivated fruiting body increased with the increase of additional quantity of the extract. When
the additional quantity of the extract was 5 mg/mL, the DPPH and hydroxyl radical scavenging rates were
the highest, reaching 95.69% and 71.59%, respectively, while the ABTS" scavenging rate peaked at
0.25 mg/mL, reaching 98.19%. The results provide a reference for the development and utilization of wild
germplasm resource of Trametes betulina in China.

Keywords: Trametes betulina; orthogonal test; domestication cultivation; antioxidant activity

MEREFLTA Trametes betulina (L.) Pilat )& F+H
FH ] Basidiomycota, BE4%ZY Agaricomycetes
Z{L# H Polyporales, Z{LFF} Polyporaceae,
SR FUIRTEAEMERT | AR S5 i iR BT
JEAR b RSB b, Tz s T Eek, UK
A JEF5 (Dai & Penttild 2006; Dai et al.
2006, 2007; Dai 2010; Wen et al. 2017; Cui
et al. 2019; Welti et al. 2022; Wu et al. 2022;
Vukajlovi¢ et al. 2024; Zhao et al. 2024), Hok
W, T, REREXUARIE. EFTE 4%, J2lLvrh
2y CEPEIALT R — (FRRRARAE 20135 R5EZE
FM¥KA 2021),

HERE FL TR F LK &% 09 B o6 & (Vukajlovie
et al. 2024), ZWE(ERES 2020). M. BT,
B R RN AR R R SE AL A Y (B S
2023), AAREFIE R DPPH [ i 3 A B B

+ H B AEEYE, I RAAHURPUE I M (Fakoya
& Oloketuyi 2012; Milovanovic et al. 2015; H #}
F4E2017; Mukai et al. 2018; &FFH5E 2022).
Vukajlovi¢ et al. (2024)WF 5% K PUAEAS FL I HEHL
Yrs S ek R | M R SEPU R, RE B DR
BatEE kG A IEACS) B EIRITIA S ke
21 i DNA 451497 , JFE 30 H P 100 I DR B DB
Caka et al. (2022) &I T LARMAN 2K
S S5 U 40 B ) B4 BB A S IR . Hoan er al.
(2016) & BIMERRFL IR T LR EZ AR, TRl 7K
LT AER K AL RS IRk e 1 Ry 1
SR A I A (2016) R AR A L R S R T
EARERRITIY, I REGE A S5 AL
MR FL B IR b & 41 4 200 il AR i 5 A
ity . bR b -2- A AR L o I Y il S 22 R
(Hoshino et al. 2002 ; Knezevi¢ et al. 2011, 2013),
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A FVEA AR | R B | R L TR R,
1] FH F R i 22 Bl e W i A 08 2 (Cilerdzi¢
et al. 2017; Khan et al. 2020; Singh & Roy 2021).

AR EHE FE NSRS,
AR SRR 28, 20 EESE, AUE
BYEA . PO . RS2 FIIRE, K
R TR FNIG YT 22 Tl (1A V8 6 R R 245 1 R VR (5,
ARG R 2008; Wi 2022; hAvE S
2024), BlanfEkaE 2 0E, FEHAFIRITE K.
M, fESEHALCHEERESE 2023). RZ
KA G HA IR PRI R, O 9 & BlRER
R W R s 2 A TR 14 e 5 2% AU I R AT o
KO- (B2 8445 2021 Ekiz ef al. 2023). HELF
FLIR TSR S REHE = /N R R e ke . 2 B i
T SR KT R A 25 H B B IR 2K, i 3]
GAVEH (LSS 2023),

UTAERE, i X AU A TR A DIk A 15
SR B T R (R Y 2023 ; RS 2023),
Wi 7 8 1T £ 245 P e 0 0 D %) A GO i 5
2021), Bk 2 1) £ 25 B g s s i 4T 1 9
ARG GRAHEE 2024 mRRESF 2024; P&
52024 MREEURZE 2024 F R AIKE W
2024; MR KEAE 2025; DEFSE 2025), XN
BT REYIW, g2 TSR R, R
W5 AR S 2 R SR SR IR R PR T A
FIRGEWEANEA S

H A & F HeAe: FL B 10 i 98 2 8068 R IR T4
2 GENRIR A K ACSE A o3 BT T T, X AR
SRR YR ER RS T R E MR . A,
A SO HERE FL R EA T AR 2 R L DI AR S
5%, W A KR B A YRR R A,
MG AR B AR W EETH RN & I FH B8 T St

1 ME5 7%

1.1 ik
1.1.1 il EHk

AR HE AL FL T B 2R PSR B R A T
B L A 1AM ST E-(104.200 3°E, 33.7676 7°N,
HEHR 1 799.82 m), SRIFLIZ15 B AR AHERR AL
PR R, IR T H A A B2 Be i S i 53 e

EHRRE, WS NK062,
1.1.2 #HiltERE

PDA }ifibk: DEE(EEYIRA) 200 g/L.
HZIRE 20 /L. Bl 20 g/L. Z&MH/K 1000 mL.
IRIFSERNEE SR 0L . BERER R S ¢, BilR 20 ¢, W
R M 1.5 g, BREE0.5g, 7K 1000mL. %
JRALAN R IR AL . HAHE 20 g, Bl 20 g, BEIR
S 1.5 g, WBREE0.5g, 7K 1000 mL,
1.2 EHREE
121 EEZEE

SIS (2024) A T s, KPR 700
FRIEANT 35 K/ . Bl | SRIAFESSE A TSR
o REGETYIR L, B UIIF I RS T T3
HIL A b, T 5% KOH B, s FeEE T
IR TSR 22 . J6F B SURRAE
122 FEMFLEE

% F OMEGA /A ] Fungal DNA Kit (D3195-01)
R EIRBOZHE R DNA, XF N #E %A B X B
(internal transcri-bed spacer, ITS)IE{ 7944, 549
4 ITS5/ITS4 (ITS5: 5-GGAAGGTAAAAGTCA
AG G-3', ITS4: 5-TCCTCCGCTTATTGATATG
C-3"). PCR ¥ 34 i A RALFE 12.5 pL Mix (2
F 8 Fast Long PCR Master Mix). 0.5 uL F{i#5|4)
ITS5. 0.5 uL Fi#514) ITS4, 3 uL DNA F AR Al
8.5 uL ddH,0, BNARMAEFA 25 ub, PCR
P8 SRR 21 - 94 °CHUAE Y 3 min; 94 °C
AEPE 10s, 53°CiBk 15, 72 °CHEff 10s, 30 4
&N, 72 °CIEAH 5 min, fRAFEIE N 4 °C. PCR
TR 1.0%3E BE B GE R FE DK R, LS BB 5
St Ja KB e kA AR SL AR R
A BR TR A G AT F o BrAs S E 8
BioEdit #F1TFahfxfsL, WFasR7E NCBI
(National Center for Biotechnology Information)
B P8 JF (https://www.ncbi.nlm.nih.gov/) # JF 47

Blast FuXf, 3 MEGA11 # {4 R Ff KAk

(maximum likelihood, ML) & & 55 K & W,

Bootstrap & 1 000 R ASRAFEGE T2 3 FF o

1.3 £

1.3.1 BRilEX B 22 4 KR $2 00
TETCRRIERE B 2369, L 20 g/L &4y

BB 22000 R UM R

250200-3



Research paper

22 March 2026, 45(3): 250200

Mycosystema ISSN 1672-6472 CN 11-5180/Q

ALV VE B AE R ik TR (PR AR 56 2024) ., B4~ 4b
MIANEL, TP REA RN 8 mm jt/J
PR, 28 °CHEIEREERT SR, 45 24 h WEE 1 IR,
FJRCRRFEIEA . B w2 K, HT7EX
RS EAR, TR WA KEE V (cm/d),
1.3.2 TR ELE KA

FETCRIEME TR AT, LS o/L 9% & 53l
IR IR . BERkR . RO . BiiRe: . ik
B | GHRFRVE N AR (PRETRSE 2024), AbFEJy
elA] 1.3.1,
1.3.3 EFFENELZE KN

LI PDA NFERIREFRIE, G RMRFT. &
B KRB SRR B0, B . SMERE
TR, AU SR E R AL A3 IR 1.3.1,
1.3.4 pH S E 224 K520

LI PDA Jf3LatiE 73, i 1 mol/L ) HCI
1 NaOH 5 85 52 51 4 pH 518 5. 6. 7.
81X 4 MERIE . AbEE kR 1.3.1,
1.3.5 BENEL4E KT

DL PDA Jy Al R0, BB G SR 20,
24.28.32.36 °CH: 5 ANBREE . A0 FT VA [A] 1.3.1,
1.3.6 IE3ZIE

DIMERRFLIRT AR IR . 0 . R . pH BYiIR

3 KFRESSIAIR (R 1),

=1 ERRERIT
Table 1 Orthogonal experimental design

KE - HER

Level  Factors

AT 6 N

Tl £ 1 pH
Carbon Nitrogen Temperature
source source /°C

1 LW BERER 24 5
Maltose Yeast extract

2 Rk HEA 28 6
Fructose = Peptone

3 wERE BREAK 32 7
Glucose Tryptone

1.4 Y1k 3%iE
1.4.1 RFhEFEFIE
MR TR 228 Fe 8k, %3 LLR 14 A siRp

R BB AT RR 3R (3R 2) e BE LR IE 7 fE TR
By BRI RHR ST BCH], oK R 5 (8 155 5k
HIKEH 60%—65%, BEAEHE 13.5 cm BEEEE;
IR, A FRREN L 500 g KigREL, A AbHE
BOANEE, T 121 °CHEKE 2 h, i3 H1 % 28 °C
DIRHERD, A BN 1 em K/DBIHER 7-8 B,
28 °CClEJRIEFE, B 24 h gL 1 Ik, i RHEE
AL Pk, FHNEREEER, THERE

SERONRYE, FEIEAS R LGH BT T 4 NE 24K V (em/d),
T2 EMEFRERS
Table 2 Formulation of spawn cultivation substrate
Be FK ik
Formula  Main ingredient Auxiliary material
1 FHE 20% ., FE K 70%  Wheat grain 20%, corncob 70% B2 7%
2 FHi 20% . AKJE 70% Wheat grain 20%, sawdust 70% A 2%,
3 FHi 20% . /NARJE 70%  Wheat grain 20%, small sawdust 70% AK 1%
4 FERE 20% . FRFETE 70%  Wheat grain 20%, cottonseed hull 70% Wheat bran 7%,
5 FEhE 20% . FE5E 70% Wheat grain 20%, rice husk 70% %}1;11):1122)2%,
6 KB 35%. WRKF5E 35%. BkHz 20%  Sawdust 35%, cottonseed hull 35 %, wheat bran 20%
7 KB 35%. WEFF5E 35%. EH120% Sawdust 35%, cottonseed hull 35 %, bean meal 20%
8 ARIE 35%. Hik5E 35%. EHUF20%  Sawdust 35%, cottonseed hull 35%, rape cake 20%
9 ARIE 10%. Hik5E 10%. kK 70% Sawdust 10%, cottonseed hull 10%, wheat grain 70%
10 ARIE 15%. Fik5¢ 15%. ki 60% Sawdust 15%, cottonseed hull 15%, wheat grain 70%
11 AR 20%. HIFETE 20%. KL 50%  Sawdust 20%, cottonseed hull 20%, wheat grain 50%
12 AR 25%. HRFETE 25%. KL 40%  Sawdust 25%, cottonseed hull 25%, wheat grain 40%
13 AJE 30%. HRFETE 30%. KL 30% Sawdust 30%, cottonseed hull 30%, wheat grain 30%
14 AR 35%. HRFFTE 35%. KL 20%  Sawdust 35%, cottonseed hull 35%, wheat grain 20%

W ARBEURIEE N 0.6-1 cm, /INARJB ORI EE R 0.3-0.5 cm

Note: The particle size of sawdust is 0.6—1 cm, and the particle size of small sawdust is 0.3-0.5 cm.
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1.4.2 FHIEEFEGHIE

FR A SR 7 45 SRR 22 (8 e 13t
2 FIAREERh RS SRR T (2 3). %M EARBC T HE
H BB FERRR AT, K e S IR
IKHE R 60%—65%, FH 16 cm x 30 cm BN #4245
2210 48)5F 121 °CE R K 2 h, RHIZE 25 °C
DIF, BAGEREERE, A 25 °ClEE R R/
WEEREFE B 22 KA, RSB RD
1.43 HEEER

WKW A, F/INI(75%CBEH B )E)
TEREAE 72 R 8-10 cm A M 2% 11, Hi 45 4%
MR 20-25 °C, =S AXHEE 80%-90%,
JEHE 200-400 1x, AR E K —IK IdSR IR IEIE
TS AR A R, SRS SR IR A
1.5 FEREmENEMENE
1.5.1 FEEAKIZH&

AR b BB TS8R, 55 cCHtTFad7k,
WARMEE R 1 g HiRIMA 25 mL WZEK,
60 °C, 55 Hz #7528 30 min, 12 000 r/min &
O 5 min JEIRE BIEW, ERFERR
1.5.2 DPPH EMREFENE A

Z: K 0 U A5 (2024) 1 A R AR el i, %
1.5.1 KEEYECH A FWE D, 2. 3. 4.
5 mg/mL), FAJE/KZEEF DPPH B A% 0.1 mg/mL
HIGE P, T 1 mL AN RV BE AR B2 RO FN 2 mL
DPPH ZBEVEW, 25 °CHhEYES W 30 min, 7E
517 nm FEROEREE, MHRKES 3 K, #%
BN (DIHE DPPH 1 BR %

R1=[1—(4,-4,)/4]x100% (1)

K 4 HFFNEES S DPPH W N 5
I GRS 5 Ay A AR RAFR G K 2 18 DPPH
VS BIN AR (WG RE 5 Ao Sy LAAH R FR S KA
FE IS B R
1.5.3 ABTS /B RN E ;5 7&

Z MK 725 55 (2024) W HGE , fF 1.5.1 JK$2

*®3 HEERERS

Table 3 Formulation of domesticated cultivation medium

W) e A R e EE 0.05, 0.1, 0.15, 0.2,
0.25 mg/mL), {HFHHPK ABTS W ICK 2B
Fii B 28 734 nm AL W R 0.70+0.02 K 1 mL
AN TR B 5 0 SR BB A 2 mL ABTS W, 25 °C
N 30 min, FHEEFFRCAE 734 nm T E K
N, BARKBEL 3 Kk, HEARQIMHE
ABST %

Ry=[1-(4,—A4,)/4]x100% )

AP A WSS ABST RN )G Y
WIERE ;s Ay RUAMRIAFIIGK 2B ABST”
VSIS PG RE 5 Ao Sy LUAH R TRl KA
FE A5 R W B
154 EEHREBFRENESZE

%8 Zhang et al. (2018)3E , ¥ 1.5.1 K
PYECH AR (1, 2, 3. 4. 5 mg/mL),
B 1 mL 9 mmol/L WERER M ZEE WA 9 mmol/L
IKGIR- B R ST, A S 1 mL A [R]He
IR BRI 2 mL H,0, 3, 37 °CJZ Y 30 min
Ji, WHIERER, FMPRAE 510 nm @
K, HAHRKKER 3 )k, HERARXQ)ITHEE
[ IETER

R3=[1—(41-4,)/47]*x100% 3)

P A A RRIRE S OB ;s A, S LAAHIR]
IRFRAKAH: HaO, IR s Ao R LA R
Al AR ARE S AS R WL
1.6 B

I B R ] Excel 2016 #4:F1 IBM SPSS
Statistics 27 344 T4 4347 , 12 FH Origin 2025
AR TR, MEGA 11 B R
Gi kK BRCRFNUSE 2025).

2 EREHM

2.1 B BEMLEELS
2.1.1 EFEE

MR FLI e 2R, —4R4E, RRDE

B Jy Tk Liip 2

Formula Main ingredient Auxiliary material

1 AJE 50% . FAM 20%. HFFE 20% EREZ 7% I 1% A7 1%, AK 1%
Sawdust 50%, corncob 20%, cottonseed hull 20% Wheat bran 7%, sugar 1%, gypsum 1%, lime 1%

2 AR 25% . AJE 25% . FAKE 20%., HiKFIE 20%

Wheat grain 25%, sawdust 25%, corncob 20%, cottonseed hull 20%
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ERIE . WRIMEnk S em, 98k 8 em, FEFR
JEIK 1.5 em; FlEi5 A EER KW A, ERLOH
W, POHERE,; g, Ak, WRESE, R
o, FRZERER, v, 5 A
B0 FRERE, %4E, AEKWE 1A, 1B).
W2k, aisb, RA6E 10); HETFK
MR 2T, 4.5-5.5 x 1.5-2 um, K4, 6
(& 1D),
212 DFEMFLERE

Z: B8 Welti et al. (2022)0F58.45 B b4 10,
45 L W B AR 152K (STQ62) I B 15 1TSS FE 41
PV810781 5 KC848304 (Cui 7234)H—%, %
K2R 99% (K 2), LG FSLRIESRHE, e
LR IMERERE T8 Trametes betulina
2.2 EYEHMHIRIEER
2.2.1 WRRIRLE

IR R AE K AN RERERZ —, T
R K AR WE L MR LW 7E LR AT
FIHE IR IR T, TR 224 K ALK A e i 3
PE2Z (K 3, 32 4) LUSRMERIZE 24 A B Y5 sl

58

PR 22 GEURE dre PR, (EL RO T 22 B v s R
A0 A 2 O R DRI, BT 22 A K R IR
Z5 VIFLWE . Al s by BRI, AR LR
AIERIRS, K¥FdE . LE W2 KRB RE
RO AR, Mt FL AR RR IR S ARz, (H
PUROBE e

 RRGTEDwia

1 #RFALEFIA A B: BATSE; C: WeE

N

&; D: fiiF; FRR: A,B=1cm; C,D=10 um
Fig. 1 Fruiting bodies of wild Trametes betulina. A, B: Wild
fruiting body; C: Mycelia; D: Spores. Bars: A, B=1 c¢m; C,

D=10 pm.

Trametes stipitata KC848275

61| “ Trametes pubescens IN164963

48

68

|| Trametes ochracea IN645077
93| 87 Trametes versicolor MH855444
Trametes ectypa IN164929
Trametes ectypa IN164961
Trametes conchifer KC848276
Trametes conchifer IN164924
100, Trametes suaveolens MH855012
L Trametes suaveolens IN645090
53| _—— Trametes thujae KC848288
741 Trametes junipericola AY684171
Trametes tephroleuca KC848296
Trametes socotrana IN645073
47 Trametes villosa IN645101

Trametes membranacea JN164945

98 E Trametes membranacea MW4353555

3 99 SJQ62
92 Trametes betulina KC848304
EE— Trametes gibbosa KC848302

Trametes pocas KC848253
99 — Trametes pavonia IN164958

85

65

L Trametes ellipsospora IN048767
| Trametes vespacea KF573027

100" Trametes vespacea KX900645

—_—
0.02

2 EFITS FIMERE A BN (&KL

Lopharia cinerascens MH864085

Bk SIQ62 WKL E Trametes betulina

Fig. 2 Phylogenetic tree constructed based on ITS sequences (maximum likelihood). Strain SJQ62 was identified as Trametes

betulina.
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E3 FRKEMELEKRENEM A SH; B: ZUH; C: HbH; D. B E: 40 F. nIEMHEN; G: #

b

Fig. 3 Effects of different carbon source on the mycelial growth of Trametes betulina. A: CK; B: Lactose; C: Fructose; D:

Sucrose; E: Maltose; F: Soluble starch; G: Glucose.

® 4 NEMBIRXE LS KRR

Table 4 Effects of different carbon sources on mycelial growth

B AR B [CEA S

Carbon source Myecelial growth rate/(cm/d) Significance levels (0.05) Hyphal growth vigour
ZH CK 0.45+0.14 d T

FLB Lactose 1.43+0.03 c +

JHE Fructose 1.750.03 a —

HEWE Sucrose 1.52+0.05 be +

A 2B Maltose 1.73£0.15 a S

A MEER Soluble starch 1.43+0.04 c -

Hi%HE Glucose 1.60+0.03 b i

H: R AR EWER, HEREZAE KRR, —HEREZERE—, +FEREZERKES; NE/NG TR

FR2E R B (P<0.05), T

Note: ++++, extremely strong; +++, strong; ++, moderate; +, weak. Different lowercase letters indicated significant difference

(P<0.05). The same below.

2.2.2 TR

AR AR T AL T 23R A K
W 22 4 KRR R AP A 0 M 25 5 (1 4,
£ 5). BERRRY . WA, O 3 FAHLA
PR A KRR, B T IR (P<0.05).
NH,CIE R ISR R 224 K B et , 4 0.64 em/d.
AR, M LR e EE U RS
2.2.3 EFIFRARE

FEAR RS SRR AT R 22 4 K R FIHK 3
FEEREELERWE 5, £ 6). UEKENESR
TR AR R R R, P22 0% DIRFFSE .
SATUR. B . ERUREFRERRZ, 5 EKE

AR B E P22 (P<0.05); IR, KB NET
TR B 22 4 KR P 18 . BRI, MERRFLER XS 3R
TEAT T Z BE R, (H LK RedE
2.2.4 pH iR I&

pH {EAE R 52 ma AR AR K I ZE S 7,
X T 22 1 A K BRI LA B 255 ) AN ]
pH 25/ FHERRFLEA R 2239 A=K, pH 5-7 B,
HERKEETREEZES & 6, & 7). pH N 6.0
W, WeeARKEERR, 5% 1.63 cm/d, W
ks ; 24 pH B 7.0 B, H2ZrA K
HWEE pH TSI T RE, LEGRTE IR AR T
Bz MERFLEHCE pH M 6.0,

< .
I Bt

F4 FRITESELEKRENEMW A ©H; B: HRH; C. Ffbik; D: HAM; E: BHH; F. RE; G:

JREE 1R

Fig. 4 Effects of different nitrogen source on the mycelial growth of Trametes betulina. A: CK; B: KNO;; C: NH4Cl; D: Peptone;

E: Yeast extract; F: (NH4),SOy4; G: Tryptone.
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® 5 FEIREXMELZE KR
Table 5 Effects of different nitrogen source on myecelial
growth

xR 6 FTRIEFFENELEKNFI
Table 6 Effects of different nutrient source on mycelial
growth

AR ARKEE  BEMESR WK HIRR ARKEE BEMER WAKR
Nitrogen Myecelial Significance Hyphal Nutrient Mycelial Significance Hyphal
source growth levels growth source growth rate  levels growth

rate/(cm/d)  (0.05) vigour /(cm/d) (0.05) vigour
ZSH CK 0.63£0.25 d + Mk 1.20+£0.00 ¢ +H+
THBRET KNO; 1.13+0.11 b ++ Cottonseed hull
FUfLE NH,CI 0.64+0.06 d + BkHZ Wheatbran  1.22£0.03 ¢ ++
B[ Peptone  1.51£0.04  a ot FHKAS Comneob  1.60£0.03 b -
[EARE 1.60+£0.07 a T+ KR Rape cake 1.23+0.08 c +++
Yeast extract M1 Beanwaste  1.14+0.08 ¢ ++
BRREE (NH,),S80, 0.77£0.05 ¢ + AJE Sawdust 0.98+0.07 d +
JETE 1.60£0.03 a +++ SR 1.05£0.05 d +
Tryptone Wheat grain

LA BE Potato 1.51+0.01 a -+

A

.
E 5 TRIBERABRMNELEKRENIE A ik
7¢; B: Bk C: EoKiN; D: KU E: TR F.
KIE; G: Fhi; H: HidE
Fig. 5 Effects of different mixed carbon and nitrogen sources
on mycelial growth rate. A: Cottonseed hull; B: Wheat bran;

C: Corncob; D: Rape cake; E: Bean waste; F: Sawdust; G:
Wheat grain; H: Potato.

2.2.5 BERE

YL E A R B AR A B A [, X 22
A4 A A R R A LA I 5 R ) HEAR FL B T 22
TE 20-36 °CYEFIN AR (HAFEA R FREE 2=
S(E 7, 3% 8). MIREETE 24-32 °CHY, W#4
3 Bt 2 VL ) T i T HRBEAE 32 °CH
WA K e, &3 1.84 em/d, WZHAG
B (EIRE N 36 °CH}, B 22 A K P I
g5 PR, MR LR A K e iE HIRE R 32 °C.

Bl 6 A[E) pH M E 24 KR E ST
Fig. 6 Effects of different pH on mycelial growth of Trametes
betulina. A: pH 5; B: pH 6; C: pH 7; D: pH 8.

R 7 TFE pH MELE KT
Table 7 Effects of different pH on mycelial growth

pH  AEKEEE WEEER EH2ERKH
Myecelial growth  Significance =~ Hyphal growth
rate/(cm/d) levels (0.05)  vigour

5 1.54+0.06 a +++

6 1.63+£0.04 a +++

7 1.54+0.04 a +++

8 0.93+0.57 b ++

2.2.6 IEEXRIERS

PERURAERR IR . 2R . IR & pH 1T 4
R 3KFIEACIRE . R R, RN 2E i
K(R=2.207), HIK K pH. RIEMBRIE, 551N
1.71, 0.833, 0.253 (K1 8, £ 9)., EMIREF R
M A FL AT AR K Y R R R B s 0 LR K
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e/ o 255 25 EMERR FL I Y i FE A KA
A2B3C3D1, BIIE AN, ZE A R T,
BN 32°C, pH A 5. XPAIRSS RIEAT I 2407
Mr(Z 10), WA, pH. RIFEX 3 Fi R & X Hew:
FLITR A 2225 KA W B 35 52 M (P<0.01), 4 FPIRIE
) F AR R/ R i B >p >R >R U, 5 B0
ST REE R —EL

7 FEIRE X ELE KIRE R0
Fig. 7 Effects of different temperature on mycelial growth of
Trametes betulina. A: 20 °C; B: 24 °C; C: 28 °C; D: 32 °C; E:
36 °C.

* 8 NEIREXMELE KBIFME

Table 8 Effects of different temperatures on mycelial growth

T LRSS BEMER WERH

Temperature =~ Mycelial Significance ~ Hyphal

/°C growthrate  levels (0.05)  growth
/(cm/d) vigour

20 1.03+0.05 d ++

24 1.21+0.14 c +++

28 1.63+0.01 b +++

32 1.84+0.08 a +++

36 0.50+0.13 e +

2.3 RFHEL S RIEER

AN [R) P S T K A L T PR 22T S T
KBRS fAfE 22 7R 11, K9), e
1-5 W ZE TR R 2R 20% A0 B0 T, K
KA . /AINRIE . MFESE . RG89 A K B A
1E R E 2R P>0.05), B2 (RE)E%E
K, K 0.76 cm/d, MM HIRC T 4 (F85%)
0.46 cm/d R 39.47%. TEARJE FIAFF5CER 35%
FITE LT, 20% 0 /N2 38 i B 3 A e LR 1
AR TR Rz B i S AR T AR K OB T 9-14
Z TR EZERYE, WEHARE .. Mkt 2R
ANTRITE X R L A T 22 A A B TS

8 HRFLBERINBARKE S(1-9)EELS
Fig. 8 Colony characteristics of Trametes betulina under
different culture condition (See Table test 1-9).

2.4 YEFIELER

HERR AL TE N TIIMEAA T, sk i e
AR5 B A SARAR L, S0 /N2 4
KN, R, TEASEONE,; W R ERIE
ERAIE , JChR, SRTENS A 48, (BB E TS 6,
S TSR KM AN TR 22, RS
55, B SRmHE, EaasiREadE 10).
RRTE RIS L 7 B Re A Hef s L 7E 25 °C
ST REFE, BO 2 76 26 d FFURHAE, Bl 1
fE 42 d iR s . FEXRAER 4-5 d JEAEAE
K, PEATRA, WOREE 3 #E. B 2 MR 448
KT | A ) S BT I [R] 4 A e 7 1 P,
HAEEE S RN 144.54 g, BT 1 (66.48 g)
B 117.42% (£ 12),
2.5 MENEEME

MR FLIA DPPH. ABTS . ¥ H ISR %
FEI 5 36 BB N, I BE - SR K B v B 14 K T 14
K (Kl 11), DPPH {5 BR#7E 1-3 mg/mL B 4K
P, ZJE BRI K% , 5 mg/mL BFAFIR K,
N 95.69%; ABTS T 4% 1E 0.05-0.15 mg/mL i}
WRAE, 0.15 mg/mL 2 J5 BTS2 K32k
BN, EBRFR G T R, 0.25 mg/mL B iERR
RIRK, N 98.19%; F2H ML HITH bR 2R T3
IR PEYIC B I B et 6 R, 5 mg/mL B BR
K, N T71.59%,
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R EXERENDHT
Table 9 The results of the orthogonal test

ims i AR R EE pH 22 K T 22K H

Test No.  Carbon sources Nitrogen sources Temperature/°C Mycelial growth ~ Hyphal growth
rate/(cm/d) vigour

1 1 Z2EHE Maltose 1 [EL-8) Yeast extract 1(24) 1(5) 1.51+0.19 ++

2 1 %ﬁ?ﬁ% Maltose 2 EE‘[H,{E Peptone 2 (28) 2 (6) 1.64+0.04 ++

3 1 Z 284 Maltose 3 M Tryptone 3(32) 3(7) 1.84+0.09 4+

4 2 BB Fructose 1 BEREH) Yeast extract 2 (28) 3()  1.39+0.16 ++

5 2 %*ﬁuﬁ Fructose 2 EEH,{E Peptone 3 (32) 1 (5) 2.13+0.00 ++++

6 2 %*ﬁuﬁ Fructose 3 Hﬁ% E[H,iﬁ Tryptone 1 (24) 2 (6) 1.67+0.04 ++

7 3 M Glucose 1 f#EEM; Yeastextract 3 (32) 2(6)  1.96+0.14 =+

8 3 H#iZHE Glucose 2 M Peptone 1(24) 3(7) 1.09+0.04 +

9 3 %%/’ﬁ‘ Glucose 3 H%EIJ:(H;E Tryptone 2 (28) 1(5) 1.98+0.09 +++

K1 20 19.44 17.08 22.44

K2 20.74 19.44 20.04 21.07

K3 20.1 21.94 23.7 17.31

k1 6.66 6.48 5.693 7.48

k2 6.913 6.48 6.68 7.023

k3 6.7 7.313 7.9 5.77

R 0.253 0.833 2.207 1.71

F 10 EXREHFERE

Table 10 Analysis of variance table

K 7 A FE 35 FAH PMH BEN

Source Sum of squares df Mean square F value P value Significance levels
R Carbon source 0.334 2 0.167 0.910 0.420 -

IR Nitrogen source 4.161 2 2.081 11.348 0.001 *k

1L Temperature 22.061 2 11.030 60.165 <0.001 **

pH 14.150 2 7.075 38.590 <0.001 *ok

%22 Error 3.300 18 0.183

AU Total 44.006 26

T * = FRoR 2555 0.05 BEKF-. 0.01 FREBEAKY-, -FRRERANRE
Note: * and ** indicate that the difference reaches a significant level of 0.05 and a very significant level of 0.01, respectively. -
indicates that the difference is not significant.

&1 FRIEME S M ELE KRN

Table 11 Effects of different spawn cultivation substrate formula (see Table 2) on mycelial growth

(Wi AR BENES RS
Formula Mycelial growth rate/(cm/d) Significance levels (0.05) Hyphal growth vigour
1 0.61+0.01 c +++

2 0.76+0.01 a 44+

3 0.58+0.02 cd ++

4 0.46+0.02 f +

5 0.55+0.02 d ++

6 0.44+0.01 f +

7 0.52+0.04 e +

8 0.50+0.04 e +

9 0.65+0.01 b +++

10 0.68+0.01 b +++

11 0.67+0.03 b +++

12 0.67+0.02 b +++

13 0.66+0.02 b +++

14 0.69+0.02 b +++
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8 9 10 11 12 13 14

& 9 TEIRME T 3 FLET A KR AR

Fig. 9 Effects of different spawn cultivation substrate formulations (see Table 2) on the growth rate of Trametes betulina.

10 #EAeFLEFSEAMIIMEREE A ORI B: el C: Ul ARG 1em
Fig. 10 Domesticated fruiting bodies of Trametes betulina. A: Primordial initiation period; B: Primordial differentiation period; C:
Mature fruiting body. Bars=1 cm.

® 12 MR EARRBEAEKER

Table 12 Trametes betulina growth differences under different cultivation formulas

(W T 22 U [ P[] e
Formula Mycelium growth Bagful mycelial colonization Primordium formation Production/g
rate/(cm/d) time/d time/d
1 0.58+0.03 35 7 66.48+1.69
2 1.03+0.05 21 5 144.54+4.59
A B " C
o~ = S
E 100 £ 100 Z 100
e 90 om0 O 90
#»o 80 M2 80 &z 80
=T 5 =3 & 35§
T2 %0 2 50 ZHE 30
& 40 »n £ 40 = 40
1 TR 28 %
£ 10 =B 10 ¥ 5 10
= 0 2 0 z 0
§ 1 2 3 4 5 8 0.050.100.150.200.25 A 1 2 3 4 5
ek f L -SRI e 1 S AL I AR I T HEf FL R S e
Concentration of aqueous extracts Concentration of aqueous extracts Concentration of aqueous extracts
of Trametes betulina/(mg/mL) of Trametes betulina/(mg/mL) of Trametes betulina/(mg/mL)

B 11 #A2FLE F R R7KIRHI%T ABTS' (A). DPPH (B)R 2B HE(C)#IERREE
Fig. 11 The scavenging ability of the aqueous extract from the fruiting body of Trametes betulina to ABTS" (A), DPPH (B) and
hydroxyl radical (C).
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3 Wik

I B RIS, LM FL AR A )
wRIE N, AR AT A K, AP DR
WA, Z2 2Pk Z . TERIEIRIH, HXT AL
RSB AFB 5 m FICHLE R, e LR IR P
27 K218 HFB, 5 Vrabl et al. (2019)A9HF5%
— 3, X AT B T ICHLE P e = Mere L AR K
T T B — 285 FE K F-(Anderson et al. 2001;
Brearley et al. 2005). 7E pH Jr1il, #etefL R
R ARE N, 7E pH 5-8 YRR NI AT ) gFA:
Ko TEARRIPIREEAMT , MR LI TR 224 KK
J3E SN B T R T AN TR K, 7 32 °C 2R BRI
Al BB R R A 5 5 ROS B (Liu et al.
2018), FEUEYIBAEAL . Af B BEARE T 2
WL KA FE AR, e R
B, TR HAE KK F (Cao er al. 2013 ; Song
et al. 2014; HiEEL 2021), EASRIFPIXT
MEFE LR TR 22 A48 K A M AR BT« TR >pH> R >
RRUR , 70 TR 22 K B B 1 Je 2 FEER B TR AR
WE TR 22 B A K RS | 1E 38 1 Hh e A /U R R
P, 5 R R R e R B R AR, (5
PIE AN R RG22 R AR E, UM E ]
VR h e FLIE A K A R

YRS i, AT T 14 FAAREE
JERITC )7, TERRKESE T0%IT 7 vh A K fe e
A RESE AR AR BE 122, LN as s
K, ARIFHE ALK . AJE Bk R 5 i
2K, RARBHE/NAKREAERKEENR, rlEEE
DR Ry ZNAR T S 1 B Rl 80, £ R8s 3R 3
BERMAEE (TR 2017), SN E2Z
DRI AR I A R G T R AR T U3t 1 457K 77
R, TR 22 R K (R Z 5 2024),
B TSR R TS T, SR SR KA
A, ATRESE A FORREERENE | FEEACT . i
ZENKEIRGLEMS 2023), fERkEELR T
RIVEHMETIIS W ge e it , (HIFEA b, R
4% B E AR RORRE b B IE W B A . kB Fh
B 7 H S T 22 R T S S A e o 5 R 0 O 34
hny= g, X5 A R R A i A R e —
H( W 2022),

TEPUEARYE I, R IHERR FL & X DPPH
ABTS', ¥ A I HAERRRE S, PréafbrkbE
TR B IO e R 3G 5, JUHEXT ABTST
B RIFMIEBRSCE, 76 0.15 mg/mL B, 5B
HIRF] 93.57% , Uk AMERE FL IR A R 47 P A ik
T

P i O A Z2 R0 B 2 AN (A W A= W T vk
B, RN R A SRR . H
] P A B A B 245 FH A Y Ak ok 335 wF 5 ok
E AL, ORI R IS AR TR AT R
b, A G I S T AR L T Y AR A R B
EMDWSE K s RN E =R A G SRk 1)
VE— BT BRI B E T 5. T —28 0] LUk
REppREFRIE | BHNRE B AR Ak
DA R OEREEESZ A [N -, dREIR AT, LIER
TR E T

1E# Tk

SEE: ESURE | S MR A
SCH VR Bl SCEe RTHE R
EEW: bAKE; B35 LRiET . BIEET.

A 45 7 R 7 A

I FEAAFAEAT AT T AE ) 25 28 1) R ol 5
W55 K2
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