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formulations of Armillaria mellea, and measure the content of active components and antioxidant activity of
mycelium extract and fermentation broth extract. Methods Four kinds of commonly utilized liquid culture medium
formulations for Armillaria mellea were employed under identical temperature, speed, and time conditions to prepare
mycelium extracts and fermentation broth extracts. The quantification of the main active ingredient content and
antioxidant activity was conducted using ultraviolet spectrophotometry. Results There were notable variations
observed in the mycelium biomass, bioactive substance content, and antioxidant capacity among the 4 kinds of
formulations. Specifically, formula 1 exhibited the highest mycelial biomass at 1.21 g/L, which was significantly greater
than the biomass of the remaining 3 kinds of formulas (P<0.01, P<0.001). Moreover, significant disparities were
observed in the total flavonoids, total triterpenes, and total phenols content among the mycelium extracts of 4 kinds of
formulations. Formula 2 displayed the highest content, which was significantly higher than that of the fruiting body
(P<0.001, P<0.01). The content of main active substances in fermentation broth extract, formula 4 had the highest
content of total flavonoids and total phenols, and formula 2 had the highest content of total triterpenes, which were
significantly higher than those in fruiting body (P<0.01, P<0.001). Regarding antioxidant activity, the mycelium extract
of formula 1 displayed the highest -OH scavenging rate and total reducing capacity. Notably, the extract derived from
the fermentation broth of formula 4 exhibited superior total reducing capacity and demonstrated a more stable
antioxidant capacity. Conclusion According to different target products, the best liquid culture medium formula of
Armillaria mellea has been screened out, which provides references for the subsequent research of Armillaria mellea and
lays the foundation for the development and utilization of Armillaria mellea in the future.

KEY WORDS: Armillaria mellea; liquid submerged fermentation; mycelial biomass; active ingredient; antioxidant
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1.1 #R5RF

I E (Armillaria mellea) & F, /1 HRH 2 B B FE Y IF
TP R AR EE LT, Lo, BT, ME,
ALUH I B LA AR T 5 AT PR A AL

BT, BEFRENE=98%, LigE24AWREE
B2 D), 2,6- AR T 3 -4- 3K 5K B (2,6-di-tert-butyl-4-
methylphenol, BHT). 2,2-BX%(- —.(3- & FL- 2K H- BEMR ok -6-
fiff 2 ) — ¥ 5 [2,2°-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) ammonium salt, ABTS]. 1,1- - ZKJE-2- =Fil FL 7K it
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(1,1-diphenyl-2-picrylhydrazyl, DPPH) ., 2,4,6- — N gk =
. KR ARG, i B AR AR
A, AMbER . THIRES . AR, 95%LEE(M AL, K
HHDCE B A R A H); AR LKBRRREE . B
TAR . BERRE RO PTA) . WERERY . IRk . EE IR
TEME . 4E4E % B, (vitamin By, VB)(ZEALIRF)(F 24542 ik
FRFA A, FEREE . KB . B, SER. R
SR, TOKZEE, hig . wiiWAek. SR . ZIRE
e, dbafbh 1),
1.2 UFE5E%

SLI-700 78 {H i 3% 5% 46 (1 2 WAL A8 A PR 7)),
YXQ-LS-50A 7 Jy 28 7R K T i (b Vg RS2l A7 BR A 7))
EYELA-NVC2200 Jig#% 2% & (B A8 R st B AL as bk X &

#1); SW-CJ-2F #its TAE & (RN 2428 SEARE A F);

BT 25s HLF/irKF-[50e, FEZFIWRLA A L) A R
Zv])]; M200 Pro ZHBERFHRY (75 5 (1) SE R4 b A R
ZA )], HH-8 B AR R A v B (o 8 T A i i A PR
F]); DHZ-DA K& iRIEG R CF M &8 R il v
A BR/AF]); Thermo Scientific MicroCL 21R(3E [E B K i
IRBHE 2N WD), SHZ-DIT 3R 7K X B2 58 (s E B R Y
#%]7); DHG-9070A Y e $AE I 8 XA (11— R
R

1.3 XLWHE

13.1 &R

FERIEFREEM ) 17100 g, %020 g, BEEEIS 5 g,
EAKBRREE 1.5 g, BEIR S50 3 g, Bk 18 g, 7K 1000 mL.

— R R BEIC )T AR 20 ¢, BEREMY S5 g, -EOKERER
B 1.5g BR3¢ VB, 10 mg.

WA R BB )y By (U AERE 20 g, AR
20 g, 1257200 g, LIKERREE 1.5 g, BER AP 3 g,
VB, 10 mg, H4X pH; Aoy 215 #%HE 10 g, ML 10 g,
EEWR L g, BEERRY 1 g, ASK pH; By 3119 #4ibh 12 g,
W 12g, 24 g, AIHK 6 g, L/KFIEREE 0.9 g, BElZ —
SH1.8g, AR pH; B4l WA 15 g, BRI S g,
LKBIIREE 0.3 g, BEIR A8 1 g, BEIREA 4 0.5 g, VB,
10 mg, A% pH,

132 HHEA

BEFp R SR AN FOCTE &5 PR E R A
WiEE IR (potato dextrose agar, PDAYR;FEILA, JHCE T
26°CHE A P FE R REG A IR 5 5%, R PR 1R 1 28 A1 W6 O
s B

—RUAFIESE: TR T BRI
EHDI RISy, VI emx1 em 7k, A0 T3 600 mL
— R WER A =, 160 t/min, 25°C+5°C &1 T #E%
B3R 15 d, B8 —BE R,

TR SR RO A T R 10% e R, o —
9 R WEWFE S5 o R B 4 R AR 9225, 160 r/min,
25°CH5°CA M FENEHREFE 15d, %M.

133 HaAfhsene

4 FPEC T A B 3O, SIS A E 100 mL, &
300~400 H M3 i f5 FBZE K bk 3~4 Uk B 2 g bt
L PR, WAER THIEMA g S0°CHET 24 h,
EICRELTE, IChHLEYE.

134 Hani®

K AR B, RS IE I R B, T 60 r/min,
65°CAIF FIEZE ZFR, A B T4 S5°CTHET 24 h,
FERRE S R

DR 22 R B, B4 T 0 4 R e 4 3k Oy Tk Ik
2R, A 1.5 £ 95% L BEm#k . I3 . i g, WsE
HW, T 60 v/min, 65°CHM T IEZEEEMW, FARST
FRAE 40°C N HET 24 h 755 B 242 B,

TR, B FIART 40°CHAMH TR 12 h 2
1T, FOMTEHLEERTE, 5o 80 BT, 7E/53I M FSeiim R
A 3 A5 95% & B4 BEHE ] J i A T4 Uit 1, 753
TR
13.5 B EEAFHN T

HR At SCHR[ 1915 I RSV sk sh il A3 bR il 2 . 43 1R
500 pL P22 REFIR . FILRERIETR, A 5% SR AN
YRR 150 pL, BAYJEHCE 6 min, FEIIA 10%ASFR AR
150 pL, IRAGHE 6 min, HIGEMA 4% S E AT
W 2 mL, 95% B4, TRAIEHCE 15 min, T 510 nm %
KA E W AR, FEARER AT 3 YOI IAE
1.3.6 =4 eyme

2 SCHR[201)5 RIS VR Sl A AR 42 . 2 S B
24 R T IR SR 0.1 mL, S0°CHERS Hi%E T 2 1,
HEEER, RETEREGTREMA 0.2 mL 50 mg/mL 7
TREUKBSBRVE M . 0.8 mL BAMIBW, TRA, 70°CK%E
15 min, U E VKA 5 min, % MAZBRZER 4 mL, 1825
J&F 548 nm AN EBAEE, HHRE 3 UOPITIE .
1.3.7 EEBE&ZanE

FR Al 22 SCHR[2 1770 5 62 bR v il R R A TG
Sy IBL 2 mg/mL TR ZZ . R . T SCARE S Ao i
i, PRI DARE S AR B R AR S A T
ARESRAVEAT 3 A TINAE o
1.3.8 DPPH-/F M8 7 64 m &

22 SCHR [22] 77 1% 4 b v il 2 0F e AT 0 2 o L
2x107* mol/L f#) DPPH ¥ 2 mL 5 #E N 2 mg/mL
W22 . REER . TR . BHT FEARIATRAS 2 mL fiTAR
N, IR T RERE 30 min, TRATJE T 517 nm I
KA E W6 o R UEAT 3 AT . LA BHT b FHE
A, UDREAEAS I AH., AR
DPPH -7 i %!
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. A - A
DPPH-#&FR%/%=(1 — XTXO) x 100% 1))

A A REIROGIE, Axo R EFIANRIBOLE, Ayl
25 FIOBAE .
1.3.9 -OH &R a9 m &

S SR 23 IR AR e 2R A T o 43 3B
AR R RN 10 mg/mL AYE2Z . KR . FELiR
1 BHT HEAR W 1 mL, FHKUKINA 1.0 mL 9 mmol/L &R
WA 1.0 mL 9 mmol/L 7K BR¥ A 1.0 mL 9 mmol/L
At AL EATRIR 21, 37°C /K 30 min, T 510 nm P4k
MEWSEEE, FAMAT 3 WPRFIE, #AX ()5 -OH

. ) A - A
-OH T %/%= (1 — T) x 100% (2)

AR ACHFERBOGE, Axo i i EFIAKBOLIE, A
has AR
1.3.10 ABTS™-#FMR e A 692

iz HE TR [24] 7 122 il A v i £ 5 AT 00 22 o e
ABTS" {4 K% % B 7 mmol/L () ABTS" % 2.5 mL,
5 2.45 mmol/L P HFREIVE R 2.5 mL IR A2 5, EE
TFEEHCE 12 h, F 734 nm FERKATERSEE, 5 Asg i
S 0.70+0.02, RIS ABTS'-fiff £ 78 o 43 B B = vk i
A 1 mg/mL R 22 R BER T IO BHT R 58 0.2 mL
55 ABTS™ i 2.0 mLIR5], #8930 s, S IEEHCE 6 min,
IRA1E T 734 nm P KA E WO, FAIET 3 ROFATI
&, #aXG)HE ABTS kR E:

. A A - A
ABTS™ i BR%/%= (1 - T) x 100% (3)

AP A REAIROGIE, Axo R EFIAIRIBOLE, Ayl
Z [T .
1.3.11 B3R Ae A em

%% SZAFRANSKA ZEMi 5 i Bio il ki R bt ik
B J1 (ferric reducing antioxidant power, FRAP) T{E#: HU
0.3 mol/L iz £k 22 ni i (pH=3.5) 25.0 mL, 10 mmol/L 2,4,6-
A IERE SRR 2.5 mL. 20 mmol/L SR 2.5 mL
(10:1: 18415 37°CK i 30 min, BC4F5 FH o BOUSR M EE Ny
4 mg/mL AR MHIAFT 0.3 mL, il A FRAP TfE# 3 mL, iR
515 37°C/Ki S min, F 592 nm PEAANIE BOBEE . LG
KRS, CAGRER W AK A bR i, AR S0 i 1 W
JEREMH, TERRUEMIZ SR A6 R W A% VR B (mmol/L), & X
5 FRAP {8, FRAP {H#K, HrAa b TG PR
1.4 HIBAIE

S EHE F Microsoft Excel 2019 544744 71, SPSS
25.0 BAFXT B #4708, F Graphpad Prism 8.4.8 #4751
[, P<0.05 FrEFHAREN, P<0.01 FREFWEE,
P<0.001 FRERBEARERIFE L.

2 HER5HH

21 4MESFTELEVENTK

TEAHFIETRAAMET, BT 4 Rl 3300
WY 2R B R RTAL By 1 8RR &
WA RRZ, FHE 1.21 gL, Bl 2 HHRERTE
B E 2 E YRR, R 0.60 o/L. HEHFE ) A
AL B 1 AR AR AR, HABAS TR 2, BT 1
HUIMEITTE M VB, AR TEREER ., L 4 Ffly
KI, WEEIN VB, AR TERERER,

1.5
—-
. -

o 10}

@ 3k

mlg 3k kK

._H.l —|— dokok

N =5

E o0sh 1

Bor1 B2 EOF3 EUi4
[LGWIEEES
T G VI E, *+3RP<0.01, ***3/KP<0.001.
BI1 AFNEETT AT B A o 222 Wyt

Fig.1 Mycelial biomass obtained from the fermentation of 4 kinds
of formulas

22 4 MEHELIRMAL BRI SR
SENTK

HIFE 2 AT, O 2 DA 22 BRI T e e, Tl
ik 4.03 mg/g, BEmTHA 3 FELJ(P<0.01, P<0.001);
Bt lr 4 K B AR B il & i 2, A 1.63 mg/g, S
A% 3 LT AR EL A B3 25 5 (P<0.01, P<0.001), BLAT,
S RS AR, BO5 2 W22 REUY PR
wITHT 352.24%, ZEFWIEEP<0.001), Fl)r 4 KR
WO RIS RERFT 8333%, ERMREE
(P<0.01), WFFEIR KB, THLIRIRICY &R & 2R E STk
PRV T v B i, LR DAy 2 BE SRR IR
R, BEAN, T 22 VR BRI RN % T B TR G B R 1
TSR, BRI RAR LS, 2R
E TR T =)
23 4 MESE LRI L BERIEELD
EENTL

A& 3 AT By 2 B 24 BB RN K T T O 114
=R R, 208 38.60 mg/g il 35.93 mg/g, H

BERE
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AT PR = A, Bl 2 WZ4RE R =
ST 34.69%, ERERERIW S =i S 2&IRE T 25.38%,
I Fe I B 55 2% v (P<0.001). Tt 7 4 T 223200 b =
i &R A, S 34.29 mg/g, EANRE R TSR =G
H(P<0.001); Moy 1 AMEMIREY & =i & ek, A
30.46 mg/g, Vi T LA =M &&=, A, 5 RS
TEBLARTR, 4 FhEC 7 ¥ 2B A 22 32 U R = o i e T

R TERR IO . G o i, LA 22 SR AN e R AR )

SRS TR T A R, MR R IR
BT =LY R R
= FI&
5r *k Hk = Eaﬁl
H,ﬁ, == i 2
o 4r i == fij53
E) = il 54
E’ 3F HH ***
i
>D::; 1k
oL i ii
22 KBRS

2SR . R BRI B T SE R SR I

e AR A B, *RRP<0.05, **FK/RP<0.01, ***3/RP<0.001; 5
TSLARAH L, ##RP<0.01; ###3RP<0.001, FH.
K2 4Ry ZRETIF TR 2282 . R &
T A IR B %

Fig.2 Total flavonoid content of mycelium extract, fermentation broth
extract and fruiting body extract obtained by fermentation with
4 kinds of formulas
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& 30}
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2232 RBEARIY
LZARIBY) . RIS IR B TSR IR
e 5F SRR L, #35P<0.05, A,
3 ARNBLS RIS IR 2250 . R IR IR
FEER B =
Fig.3 Total triterpenoid content of mycelium extract, fermentation

broth extract and fruiting body extract obtained by fermentation with 4
kinds of formulas

24 4 MEFBRLIERVMALBRERNITEH®S
BHTH
M 4 AT, BOT5 2 WZZERI B iR, A

3.57 mglg, HHA 3 FIECTAH b 2= FPEAR B 3 (P<0.001),
BEAL, 4 BT R 22 B E A B A e T S
S, HYHA BE2ZESM(P<0.01, P<0.001); Bl 4 LB
WY B B R, ATIk 4.50 me/g, SHA 3 FhEY
A L2 AR B 3 (P<0.001), 53 BB & A, i
T2 WL S S TR T 111.89%, )T 4 KBEK
REYEBSETIRT 166.42%, RN 8 %2 50
(P<0.001). LAk, FL 1 FIBCTT 4 KW PEEY) B & &t
KT R AR Bl & &, By 2 Flcr 3 WA, 55
ATRESECY 1 ANEC T 4 il VB, B %, ILANRZWMIRE

TR 1) T DA 22 SR U B 2540 T (1 R 2R
sp S Tk
*kk I:lgﬂﬁl
4L '**_*"W' =it J52
) # — 73
2.0 s — i 74
= - et -
{HI 2k ##
=
pic)
| 1 _ H HH
[espe%r3:08 ) KRB

BZERY) . R BERARIY) B TSR AR

P4 ARNBLIT KBS IR 224200 . R IR IR 1
TR S
Fig.4 Total phenol content of mycelium extract, fermentation broth
extract and fruiting body extract obtained by fermentation with
4 kinds of formulas

2.5 4 MEHELIRIF LB RIZIIM AL EE
T L
2.5.1 DPPH %Mtk

H S AL, By 2 TR 2232 B DPPH-E bk R i i,
H69.39%, By 1 REFRIEIY) DPPH-ISRRZFM& &, ]
K 94.30%; 4 FPC )y M S B 22 42 BUY) DPPH- T bR %
P&T BHT, H2E5% 8% (P<0.05); {HY5 7SR M L, B
J7 2 W22 EE ) DPPH-WEBRBIEE T 19.42%, EZRHH
BFEP<0.01), B 1. 2. 4 KEFHIZEY DPPH 14 kR R
W Tk DPPH-#BR %, H 42 B A % 22 5
(P<0.001). ATLLE H AR IEEY) DPPH-EFRAE LT
T 22 32 L)
252 -OH #FMfeH

HE 6 ATAL AN B 22 4R B8 2 K TR T L),
Biidy 1 -OH JEBREE N FIIAE, SFLEMEL, HLZIRIK
Y1-OH W FIH T 33.40%, K IBRARIUY-OH W I
FHT 60.95%, ¥R 2K 25 54 (P<0.001); [RIFE,
5 BHT ML, A7 1 230 OH MR LT+ T 70.44%,
R WERARIUY-OH W R R EFF T 88.71%, [AIFEFRILH M 5
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E 2 BVE(P<0.001), BT 1 NS H 2RI & K B
LY, -OH TEKRBE #0835 5 T BHT MIF5L44k,

150 = BHT
— Tl

< — i1
5 == it 52
7 — )13
ﬁ — il J74
o 50}

)

&

@)

[LspeZidiney) KRR
PAZZIEIY) . RIEERARE) . T LR Y S BHT
1 SBHTHILL, AF/RP<0.05, A A AFE/RP<0.001, FA,
S BRI . RIBERILIY) . 7O AR &
BHT DPPH-{BR %

Fig.5 DPPH free radical clearance rates of mycelial extract,
fermentation broth extracts, fruiting body extracts, and BHT
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o LI REFRIRIY . TR K
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Fig.6 Hydroxyl radical scavenging rates of mycelial extracts,
fermentation broth extracts, fruiting body extracts, and BHT

2.53 ABTS"#FHat A

HE 7 AL, 4 Flcr PR 2 ABTS - 1EBREE 2RI
Wik, 5FSRMEL, B 2 R ABTS B3R
T 53.84%, KREERILE) ABTS 55 BRRILE T 52.18%,
2 5P B35 (P<0.001), HERRSES T BHT 1 ABTS 15 kR
Bl
254 RLREE

HE 8 AIAL Bl 1 M3 SRR Re sl
0.67, T FIA, By 1 BRI Bk JFAE 1327
T 182.72%, % SVEHL W2 (P<0.01); AHLLTF BHT, HiiH 1
M 22 IR B SR JRRE T T I T 21.80%, 2R PEEC N B
F(P<0.01). Bl Jr 4 & FERFEIY) ik R RE J) B i N 0.87,
H5F9EEME EFT YA 26645%, 2 5 MK 8 F
(P<0.001), F1 BHT #H LU TR T 20.22%, ANEAG B 2%
S (P>0.05), BHT B4R AR J) 182 5 T F L AR 4 Fhik
I,

150 -

i = BHT
R #iHt —_—r = %;@M&
S EEE = fiiJs1
3 100 — )2
@ = it 73
K el T
%
m
<

22U R RER )
WLZPE . LRI . IR S BHT

7 LRI . KRR . TSR &
BHT ABTS i [&%

Fig.7 ABTS" clearance rates of mycelial extracts, fermentation broth
extracts, fruiting body extracts, and BHT
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W22
WL . RBERSEIRY) . TSR X BHT

7E: 5BHTHILL, A AZRP<0.01,
K18 THLZIREY) . RIFERIEW) . AR KBAT IR HE S

Fig.8 Total reduction capacities of mycelial extracts, fermentation
broth extracts, fruiting body extracts, and BHT

3 iHieSEe
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WA RN P B A A R DO R ) 2 R R
A E R EY KA 5 A 222 R T A
TR ABUAAEE 3 TR AR, DI E  ARfE
F IR ARG TR I Ty o

WFGT & B A B X A I s 198 37 B 40 oK H A ™
¥, TERIEH R . AR MR TR E RN T
AR ORI, LR 22E Yo debs, B 1 Wi
FEMRSEFRIE: HIEE 20 g, T|IHK 20 g 5 200 g,
KH,PO, 3 g, MgSO,-7H,0 1.5 g, VB, 10 mg, %k pH, ¥ 4
G SR LTy AT LA S 2 R £ M o 8 A T A
Bhisie R, AR, X5 EEP B %l
BT as IR —50, FRHA LB, R VB, M
AR IEER, X SHRM S R 4 R — 8 A A
TUHZREEEY . =Y R Y MR, M
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W I T T AR, R IRE ZAR B LA )y 2 R AE,
BiJy 1 ATy 2; BeJ7 4 e B U o 3 ) i
FRRMEAE. X 4 PR B 22 B U K R B B 1Y)
PUEALTE ST E, FES PSR BHT Wbt eis v
HEATEREE, W5 1 4R E - OH JiE bR MBI 5 RE 1 3%
Pl H B ARk IR BB AR E, T 4 RIBRIR
U R )R BE ) B4

g5 b, W E A DI 2O S, BT 2 1
B i e, R 2 LR Wi R RGO 1, Pisk
(AR T W SN N EZ22EL 7/ AN X 0 i 8
PUAALRE T LR G BEAEAERC T 1 A LUK BRI 5
X4, DI S B T ALEGE JELRE 1 T 5 Bl )T 4
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