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Analysis of the characteristic flavor components and flavor characteristics of
the fermentation of Stropharia rugoso-annulata based on targeted
metabolite assay
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ABSTRACT: Objective To investigate the feasibility of liquid fermentation of Stropharia rugoso-annulata to
produce mushroom-derived flavor metabolites and the characteristic flavor metabolites. Methods  The non-volatile
and volatile metabolites in the fermentation mycelium and extracellular fluid of Stropharia rugoso-annulata were

analyzed by high performance liquid chromatography combined with electronic tongue and electronic nose to

determine the ability and distribution of flavor metabolites produced by fermentation of Stropharia rugoso-annulata;
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the contribution of flavor characteristics of metabolites to flavor formation of fermented mycelium was revealed by

partial least squares regression method. Results  The characteristic flavor components produced by the fermentation

of Stropharia rugeso-annulata mainly included glucose, arginine, leucine, flavonoids, acetic acid, citric acid and

peptides, The fermented mycelium aqueous extracts mainly presented sweetness, bitterness, sourness, kokumi and

richness taste. Volatile alcohol compounds were the main volatile metabolites that affect the aroma characteristics of

fermentation broth. Conclusion Fermented mycelium has a high advantage in the synthesis of peptides, and has a

good prospect in the development and application of mycological meat. The results can provide a reference for the

enrichment process of characteristic flavor components in the liquid fermentation of Stropharia rugoso-annulata and

the development of mycelium as an intermediate food ingredient.
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KER G w5 (Stropharia rugoso-annulata), 34 @I,
R SR RS SR A A . SO,
REEETRPEASES 20%-31%"7, BT ERN
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1.1 RS

KBRS AR A AL B T L LR AL T S B A
WA e Facfes et ir 8 | + S P % (potato
dextrose broth, PDBR)ET IR S He B 35 15, ek Stk iy

Y 2 $RE R 3 YO R ICAiR IS, W R T
G o> B R R BRI G M E R AR B ol
{National Center of Biotechnology Information, NCBI) i
FRICE 2 SRR14469700 #11 SRR 14470864].

RS RUIERE . BTREE . VLR . bR (sl
=98%, B SRR A A, IR SEIR S iR e
(Co~Cag HLHE=98%, | ilFLifPl (LA R ], Wi,
LIS, Bt Oceanpak 2y w]); MR EIE IR £
e e S 3L oLl i e i o £ o o T
R A (o P A R A i B 2R A PR Al )y o R A
(potato dextrose broth, PDB)Ef 35 2532 [ BD Zval); HiAfik
A tral, [ 25 8L bR A B A wD

1.2 {ES5E&

RIGOL L3000 @&l (15 . Compass Cx(2) 5L H]
54250 mm=4.6 mm, 5 p)( TR A PRAY
Al ) Amethyst Cpg-H (03054250 mm=4.6 mm, 5 um) (51 5§
S RHEEHE AT R4S H)); Kromasil C¢-BP FUH 854250 mmx=
4.6 mm, 5 pm)(HHEHERCEE A A BRA E)D; BIHITEENR
(solid phase micro extraction, SPME)2:# . 75 pm CAR/PDMS
{carbon/polydimethylsiloxane) # B 3k (95 6 Supeleo £y #l);
T890B-5977B “UHI (% i K B {L . DB-5MS £ 41 (it £
(30 mx0.25 mm, 0.25 pm)(F[H Agilent 2y 6]); TS-5000Z
Insent HE T MeGt 73 245 . [E AIRSENSE-PEN3 1T
SRS R R A TR A, SBA-40E 4
T T (L CEF g 2 g R A TR |]).

1.3 SEWFZE
13,1 R ESF S A praT A i A bl &

LL10% R, 7830 LR BERECE Wokt: 25 LIR(EIG R
B BEAEREE 26 °C; BEdESE 3 100 p/min; 18T 5 25 Limin;
pH AT R LA 22 (i, Sk, st
HE pH FIETSE AL cp AR B RN OO R MEI R, B R
I A R R R, S REREAG 4000 r/min B0 10 min,
Sra S A AR . B R AR R R S A RS,
F=70 CYrETHE 48 h, R E AT E, TR EE A
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Wik, TR T TERERN IR, P52 U s
PR IRCR R AL B AR TR AR, R
oA E - A0 TR B 7 0 A A7 DS i O 4 % i o s
i 24 h P RO L 4 4 )

S BRI RE W s HRB AR 25 uL,
e Hl SBA-40E Af ¥ & e i {s Pl i, MBS St
PR AERT O -
1.3.2  RERE HR 5 K60 ek AR s b R 4R -
PRI ik

BRI BRIEY 1.0 g VRTA220E, A 10 mL
fig, BIFE LA RS R EP AT h, 4 cCHS IR h(HE T s
WL 200 WL, B TR 20 kHz)), 4°CRFEERE 24 h,
FR RS 4000 rimin 250 10 min, B E i 022 pm 2T EER
T, LA b — A0 R 1 R S RIS 0.22 pm £F
MRS, B LR 4 S R R Ay
1,33 RERE #R5 A 600 kA IE Sh o b RUei 4Rt -
40 4547 7 ik

Fo o A # { 3i §% (high  performance  liquid

chromatography, HPLC)AT 42 FE 22 (5 M My b T g vk

EAERE . BT, AT HUREE A ARG T T

V)T R AT 2 B A 87 0 i

S0 M AT R R T . RTERES) 0.22 pm
LFff MR e RS AT T HPLC Bl frfiE St 67 2 IR RE A

HPLC 4 {F: RIGOL L3000 &= %0 H (0 185{Y ; Compass
Coa(2)F M @5 1F(250 mm=4.6 mm, 5 pm); FEiR 30 °C; i
1.0 mL/min; PEREMEEL 10 pL; SE4MGIREIE 1L 250 nm;
Lt A 0.1 mol/L WAL (pH 6.5): £ [5=80:20 (V:V),

(2)VEILEERT A Sy ik

HIOCHRO ST R TRERATAE . fITERER, 022 pm £
HE N RLE A T HPLC #60 . el ik A b

HPLC #f4: RIGOL L3000 St il {3 Amethyst Ce-H
(250 mm=4.6 mm, 5 pm); FEEL 40°C; £ 1.0 mL/min,
HERERREE 10 pL, SEAMREIM SRS 254 nm. MEENHH A, 20
-0.1 mol/L EEEEBYIFEHE(1:13, V:VY, iahH B, 80% 2 A i
WL AR R PR 0~2 min 100% A, 2~15 min 90%
A, 15~25 min 70% A, 25~33 min 55% A, 33~38 min 100% B,
38~45 min 100% A

(A7 S ik

HPLC #{}: RIGOL L3000 #4075 14 Compass
Cp( 2V HT i HE(250 mm=4.6 mm, 5 pm): $i 30 °C; #
# 1.0 mL/min; SFFERFL 10 pL; 55 5bERN 250k 4 245 nm;
HLENHA A 0.05 mol/L KH,PO,: I EE(95:5, V:V).

()7 HLEE o fr i

HPLC #ft: RIGOL L3000 S04 25 Kromasil
C-BP FLAH O35 FE(250 mm=4.6 mm, 5 pum); Hil 30 °C;
i 0.8 mLfming PEFEACEL 10 pl; SEAMEIIZSIELS 214 nm;
LA A e L NP R S6 g BRSBTS 800 mL
Ao, A8 mL WER, BERE RIS pH S 2.8).

(5)2 B 0 1 5 #07 Jrids

HPLC #&{F: RIGOL L3000 & % #8 i {¥: Compass
C () {05 EE( 250 mmed.6 mm, 5 pm); £ 30 °C; i
i 0.8 mL/min; #EFEREL 10 L SESMGEI RIS 280 nm;
st B 0.1 % AR K HE(15:85, ViV).

(6) AU A8 7= ) e B R B AT ik

AR A A AN P O R E . AR, MR, 4
P 7 R FHAGR G TR BT, SRR TR Al
BRI EORFSTERACE 3 1 g IR ARY
1 mL BISNEREAS, fE—E AR pH 250 T, 1 min ARSI
= 1 nmol BEEfE N | RSN BL Ulg (UmL) R,

(7)HES T P e P A R = R I AU 2 57 B s

S BRI 200 J7 ik, R FH M AR I 4 UM i
-l 1%k (zas chromatography-mass spectrometry, GC-MS)%}
L o4 4 e £ T A A T BB 4340

RS T G LA 22 5 0 T B R MR MORE G R R &
HLF BRI FTFE AL . TR A SIS, bW
# 300 mL/min; RFER | Hz; RFEREE] 240 s; RFERS(E]
(1B 1 s; FUERSIR] 180 s, H~HE A0 AL R 3 3,

PR 22 U 0 U 2 e i MERRRRIRGE THEAL 2.0 g,
JA 200 mL 24K, WEAKEHE 2 h, 4000 t/min B0 10 min, BCE
TR, R RIS PR 5 B 25 mL B
FEM AR F- IR R RS R, AR AR 3 1K,

(B) KR 5 8 T A 22 (A B 1 R ATy i

25 NY/T2017—2011 (R4 b, o, siayille 3
SR RO I PG L E 22 b s i
1.4 HiELE

A FIT 5B LA 3 0 o 445 SR 0 P S P A U 2 2
R AH SPSS 20,0 F AT IRUME R 43 R 5 L B
PEA (i o/ — 3 1T 19 43+

2 RO

2.1 KEREHLEIRENSER

KERSEAETE AR 2~3 d Pl TR Y AT ETER (R Y
2~3 mm);, KB 7d W, WEKHBRLE, EWi SRS,
RHEE8~10d 5, WedIriah s AHN S BEEES 10 4,
R EER PR AEPEME S 10 pg/mL BUF, pHFEE 25 LR,
RO TR A R SR | AR L pH AR,
SE RS R G R R R T L U, RS
T od WHS B0 Rk T 0 R 2 (A A o T R e DAL
TR P 4 H7
22 AKHREHLBELEEBIMNEPREHE~SDS
IESES

221 TEMEAESHER
P 2 A TR R A L A O S, A R o el
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TEMEE LR 95%. [, 1 22 (e A o 1T SRR

EFLEE . BRI T YRR PR 2 RS R
TOPERERR AR Y CEILRE . RUERERIERES R LA R
S MUHME AT AR AR L PG A R A R Ak
(A WAV B AR, B2 A R FEM A RE )

T 24 AP £ PR3 S E 0 By il B B B SR E 1 Y
FeFeE, PEE R BRGNS, PR bR I A S
T RAEHORT] 3 15 KSR oA m T A Y AD R A
R AR 1) AT SO TE R ] 7 R 5 R
5T, PR S, EAE
o AL A TR AT 2 AT R S, ol LA 22 (A B Y
MUSPEIE 2 1 e S R RN A, i 1D B

222 RAEEGAER

PRl 22 (o S RERL LA F) 24841.80 I 22654.84 ngle
Tl 2R A b, bR LR A o AL R
Srhb e E RS . TR AR 2 5 R 2 (o A AR B R
48.30% M1 48.62%, S 2 RERG 24 | TR 22 (A b LR S
Y 29.13%F1 28.80%; MOSH A o5 sl AL w0 2 49.80%
il 44.85%, Aok ZELER & Lol 32.25% M1 37.31%(% 2). 5
O 38 SCERES AR b, R S T 9 e op R ok S A o e
i, R R AR R, JCRR Mk b e
FE LR S, EARERRE, FEE
SEEE 4 M R A R A TR R AR P AR
R, Ui sk is, e,

F 1 KERFEEE B AR LR (R R BRAN TR KA B A A S S A R (n=3)
Table 1 Content of soluble sugars of flavor metabolites in the fermentation mycelium and extracellular fluid of Stropharia
rugoso-annulata (n=3)

e i (pgle TH)

it/ (pg/mL) fo—

SRR14469700-# # (& SRRI4470864-[H#2 (& SRR14460700-HI%ME  SRR14470864- 14

i R AR 1732.9967.93 1729.51451.05 11.9540.21 11.0620.08 Y=1.6705X-12.472, #=0,9996

e 541.25434.18 5.57+0.22 4484011 ¥=2 8464X+5.0911, ¥=0.9996

Fl 2= 4 956.98:84.76 6.334£0.67 6.66+0.01 ¥=2.3363X-6.5369, F'=0,9996
i e 79159.13+294.04 §2533.54+3095 47 1019 54+4 96 338.87+1.05 ¥=6.5592X-209.21, #=0,9991

Sk TH0.66+3.40 5.38+0.16 5.48+0.15 ¥=2.0623X-7.8098, r'=0.9998

BTz NF 0.68+£0.15 0.32+0.10 Y=2.2741X+7 4281, r'=0.9999
g NF 14.85+0.83 13.90+0.14 Y=1.6689X-19.46, i"=0.9998

PR NF Rk, .

F 2 KTREEL BYE L B AR A A o PR A S B S (n=3)

Table 2 Content of amino acids of Mlavor metabolites in the fermentation mycelium and extracellular fluid of Stropharia
rugoso-annulata (n=3)

s irhtipg/e 1) Fr i (ug/mL)
SRR 14469700-# 2% i SRR14470864- 1424 {§ SRR 14469700/ 713 SRR14470864-d i
KA g 621.85=14.05 549.05230.66 0.79+0.07 1.06=0.02
FrE g 961.57+6.77 972.45:2.11 1.30:0.08 1.1320.06
R FRE 450.05+3.24 367.81=13.00 0.17=0.01 0.09+0,01
R 1008.685.30 752.73429.61 0.59:£0.01 0.2320.01
S : 1010.1049.65 879.14£17.25 0.22+0.01 0.1320.01
24 2192.48+27 .55 1827.4173.56 5794016 6.27+0.30
H A * 504.984.73 553.29+15.63 0.43+0.02 0.27+0.01
P AR 3140.68+16.24 2986.90+100.08 1.7140.03 1.02+0.01
I 1 * 298 62+4.95 278.78=15.69 0.10+0.01 0.09=0.01
£ S ° 1086.85=5.51 1026.11=28.35 0.96+0.02 0.5920.02
il 5052.72+43.77 5225.51=184.33 4.31+0.02 1.9320.02
i 945.92+9.07 701.41+21.34 0.37+0.01 0.25+0.01
B 136.16=3.66 141.32+5.27 0.02+0.01 0.19+0.03
T 1078.43420.18 862.40221.43 5814005 5.8840.05
e 2395 88425 02 1947.37466.18 0,85+0.04 0.340,03
A R 1286.80+19.74 1099.11£35.00 0.42+0.01 0.17+0.01
{m Ak 16.67£0.91 12.62+0.88 NF NF
i il 662.41+4.45 597.92:21.27 0.34+0.11 0.14+0.01
2 I 132.156.54 119.82+0.39 0.68+0.05 0.78=0.04
o 1768.80=14.79 1753.69239.45 0.72+0.01 0.29=0.01

[EERE N S8 T

For Ik SR T FE Tk s
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BB Rk S S R R BRI 2 S RS R
WA, Feelkh FEEIFE N 5-UMP. 5-CMP FI
SGMP; SR P 2 AT SCUMP, 5 s iy
5-AMP(FE 3). HHOCWFTE RN, w22 kb ERLURICH, &
ST RO T R G 2 T, L R R R Ay B
AT R R e 2 R R A R LR, R
B A A Ay R R A, Hik, F-aich, &g
FrREATER, MR SRR AR
224 HALRE TSR

P 22 e v A LG A 2, HL R IR R R
M. BRSPS R R, PIbRR R R RER 2
b A AT 4 5. MOSR D T A HLER D R HAER
PR . ENLER R AW AR R bR MR A AR
SR T R A O B A 2,33 5N 2,57 ). T
SREIE AR 22 R S bRl (R 4). BRI Z )5 A
PLBE AP TE 25 5, RRF o A7 BILRE 3 n 76 Y T 22 {4l it 4
PR . AT PLER Y] B R R UL R ARG R, &
AR e ), ] e 5 R R TR S, FEAR AL
(A 2y i A AR
225 E&rotisR

PR AR 2R EmALEWE RN 62.94
14072 pg/e THE, Ve FREE. SR IGTR 00 g e P

Heh Ry, mLR b ERGRTREFEER
HT A ARSI R BNy, BER
T 6 A 3 RE AR T Ry T O A 5 I 28 9
SR th 2 EEYRIN 40%, HEACH/ e h—
PR IR R A R PR R A A P R . PORR P BRI R
g o ST A AT EOR R 3.27 £, PTHEARR R
R A B T A A T £ U b 22 AU, (RARAE L
— PR JCBR A B A 22 R RO S A T B
BT B . £ b ATk, RN I 2 A 2 A R
flst A k2R . WINPT, M
FEMmMBTEE, FEERASEEYREELENEFLD
R FIBTERAR (K 5). By A BSR4 BEE, AWk
L R o e R T, A R 2
FEAERY Pl 2o R R R TR, AT R e e
WRAFEE, VETT AN RO | BRI o £ I R LR R
AR AT RF AT, AL s R R L 2 B
A i 2 9 e R R ch R B Y S, G R T 22 1 Y
RO A TR WY T R b, e R i T
i, B AE AL A A 38 5 1 1 22 6 2 0 R, B
Kof 3 85 S A% A B [ R I O 22 (AT LR (A
T RN TR R, e 25 5 A 7 R Gl
BT BT, T LT s O R A

F 3 KIRBIEL P R R BRI USRS R S (e=3)
Table 3 Content of 5"-nucleotides of flavor metabolites in the fermentation mycelium and extracellular fluid of Stropharia
rugose-annulata (n=3)

it/ (pgle THL)
i fstR

it (ug/mL)
i tfE i £k

SRR14469700-75 #2(8 SRR14470864-T8 #2408 SRR14469700-M 415 SRR 1447086411 ¥k i

5-CMP 21.71£1.69 18.5442.72 0114001 0112001 F=0.565X-2.4564; F=0.9999

5-UMP 26.39£1.99 22.69+£0.38 13.22+1.63 15.69=0.85 F=13.596X—1.2443; r'=0.9999
5-GMP 13.07+0.40 15.57+0.95 0.21+0.01 0.21=0.01 ¥=16.836X-1 4286; r'=09999
5-IMP 5. 774066 3194004 1.0340.10 1.200.05 F=10,477X+0,2082; F=0.9997
5-AMP NF NF 0.25=0.01 0.28=0.02 ¥=20.414X-3.3855; r=0.9999

Fd4 AREBHLBEZERERESRRLHENEEE (=3
Table 4 Content of organic acids of flavor metabolites in the fermentation myeelium and extracellular fluid of Stropharia rugoeso-annulata (n=3)

S hti(pg/e TH)

A L

ot/ (pg/mL)
iy offe £

SRR14469700-J04ME  SRR14470864- 1 4 i

i b
SRRI4469700-# #2 {4  SRRI4470864-1 48 {4
L0 NF NF
FlEaT NF NF
L NF NF
Z 4221.78+6.64 3257.84+7.02

Fring
B

5439341369 214108449 94

T70.57+62.35 673.07+14.76

12.70+0.40
14.43+0.52
14.6441.67

27.19+0.70

NF 1.19+0.05 Y=0.937X-0.137; r=0.9999
NF 4.90£0.23 Y=0.589X-0.474; 7=0.9999
32.69+0.75 ¥=0.655X-0.295; r=0.9999

495.13£6.37 ¥=0.937X-0.137; r=0.9999

34.1341.87 Y=0.589X-0.474; =0.9999

36.85+1.19 Y=0.655%-0.295; r=0.9999
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£S5 REREIR AR L1 RN R R T D BB S B (n=3)
Table 5 Content of polyphenols of flavor metabolites in the fermentation mycelium and extracellular fluid of Stropharia
rugoso-annulata (n=3)

S i/ (pg/mL) —

SRRI4469700-[420f  SRRI44T0R64-1F 4218 SRR14469700-M05ki SRR 14470864-J0 55

—— Hit(pgle TH)
PR B.08:+0.38 10.60+0.49
R NF 56.6343,25
RGN 19.47+0.16 21 882059
LI 12.914+0.38 15.1620.50
R LA 11.13£0.40 36.45+3.34
LOE- 11.35+0.16 NF

0. 16:£0.01 0.15+0.01 Y=14.2344X-0 4848; ¥=0.9999
NF NF Y=6.97435-0,3209; =0.9999
NF NF Y=8.6644X-1 D8R 1; #=0.9997
NF NF ¥=13.2214X-0.7297; F*=0.9999

0.110.,01 NF Y=27.0769X-2.4642; F*~0.9999

0.10+0.01 NF Y=14.8417X-0.8819; 1*=0.9999

22,6 A dpalfo £ H AR AT R

P T e A R A AR MR R R S E TR T A
1 2HS TR . Ak B 2 I L LA
SE 25 et P2 A O 22 U P A A R S TR R AT A
(£ 6). HEMF, 2RI T EE L ERT. =W
2 R R R, A Mt R O 2 R i
rraR A R, BT R R R R, PR
X T £ A S R TR AT | YRR VR SE i, AR A
T 78 FARAT .
227 EAFKEFoAER

Bk bR AR A P R Y 43 F ST mglg
T 2 Aeh LSRR 2 30 035 melg T, AR TE
LR E PR 70.23%F 60.80%. FHEEEBRA S
PRk, AT HAA IR, ok P R (2 ). B
TRTTE, 4 A e ) B A 2 AN R, B R e T
Tl P i, MRJE: KRR 35 £ R 22 VR B A b i

AT . RCHAT B 9 E AR A (R AR A, HOCBE
TOR B, AT O R R N R A,
i 7 M E A ) 0 R AT B 0 2Y 3 1T BRAE A
B 2 A R e 2 0 4 M A R 5 R T AR
PEES [, RREAT LR N A RN EE SRR, K
R o 8 A T e T LA £ S W e 1 2 B A T
AR
228 EHasEMSIER

HET R 22 b R AR R, iR e
Vbl g% 5 G B 3 TR PEUE T b, BFST R
P e T e ) A T RO 1 S A A AR, (R
PR PR E RS R R AN R, B EE RS
At Pl 1 A P T PR 2 AP RS AR A A
FIRCTIL(H 6). v 3 171 Al T 1 5 PO R T b e R TR 22 A
e P RE B IEATSG, RN o o 2 R A A T R
iR

=6 ABRBRHAHELERRIMNEPEMEE AR NEREESBEE S RER0=3)
Table 6  Alkaloid and other flavor metabolites content and activities of proteases in the fermentation mycelium and extracellular fluid of
Stropharia rugoso-annulaia (n=3)

F it (gl T T it/ (pg/mL)
R ETeT
SRR 14469700-1 24 (& SRR14470864-14 221 SRR14469700-f1 43 SRR14470864- i 51k
HoAb i b7
H i 160.31+8.55 202.09+4.92 4.88+0.11 1.57+0.15
ESyuyi| 4127.99+41.30 3492.53+38.01 22.28+0.11 18.25+0.06
i { S| 42745 48+123.40 5T089.68+495.13 NF NF
ik 30024.74+681 28 34707.72+392.96 1146.20+13.05 1017.36+11.36
ok dti 90.27+2.71% 90.68+£2.45% NF NF
HEOAEFTE(U/g)
it 1 33.23£1.00 23.76+1.49 NF NF
P 67.24+5.11 120.85+2 .42 NF NF
A 1 17.161.13 11.08+0.89 NF NF
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