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Abstract: Stropharia rugosoannulata is rich in protein, polyphenols, and polysaccharides, making it a promising raw material for the
development of functional foods; however, the effects of different harvest maturity stages on their quality and functional activity remain unclear.
To identify high-quality ingredients, this study compared the nutritional composition, powder properties, amino acid profile, flavor activity
values, content of bioactive compounds, antioxidant capacity, and a-amylase inhibitory activity of close-cap S.rugosoannulata powder (CSR)
and open-cap S.rugosoannulata powder (OSR), and identified the components using LC-MS. The results showed that the protein content
(27.06%), total amino acids (20.63 g/100 g), and total free amino acids (34.28 mg g™) in CSR were all significantly higher than those in OSR
(20.54%, 15.45 g/100 g, and 16.35 mg g™%); CSR also exhibited a higher L" of 88.36 and a superior water-holding capacity of 5.47 g g. In terms
of flavor, the TAV value of glutamic acid in CSR (15.80) was significantly higher than that of OSR (8.57), indicating a more pronounced umami
taste. Regarding bioactive compounds, CSR had higher levels of total polyphenols (9.35 g/100 g) and crude polysaccharides (10.12 g/100 g),
and its DPPH and ABTS" radical scavenging rates (87.78%, 86.76%) and a-amylase inhibition rate (64.10%) were all significantly superior to
those of OSR (77.75%, 76.73%, 34.90%); LC-MS analysis revealed that CSR contains a richer variety of polyphenols, including 6-gingerol and
epicatechin. In summary, the nutritional composition, flavor compounds, antioxidant activity, and enzyme-inhibitory activity of CSR were
superior to OSR, making it a high-quality raw material for the development of functional foods. This study provides a theoretical basis for the

scientific harvesting and high-value utilization of S.rugosoannulata.
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Table 1 Reagent preparation for in vitro simulated digestion assay
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Table 2 Mobile phase composition and gradient elution program

B 18] /min AR (HBTFK, £01%F8)/% BAE (T8, £ 01%TE) /%
0~4 95 5
4~7 40 60
7~10 30 70
10~11 0 100
11~15 95 5
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Table 3 Contents of nutritional components of S. rugosoannulata at two harvest maturity stages

Contents (g/100g) CSR OSR
BN 54.7640.20° 57.5840.34°
ARk 27.0640.07° 20.5440.11°
Koy 6.8640.10° 12.490.12°
R 9.9740.22° 7.9840.37"
RE R 1.3540.02° 1.3840.05°

i RPEATE A R F RO IBEZ A AERE £ R (P<0.05). FAR.
22 FMERBIAHEE R

AT G T 2 B AR T SO AR A 1 o, DU (AR oK E B B LT 2. CSR TSkl i 14 B i P
SERWAR, WaE KRB AR AL G, T R A R R e R L R L, AR A
WS, RN LME (88.36) WAEHE (P<0.05), (MiEWISE, afi (3.05) Al bfH (19.86) #fik, EILIAK
FLEE I MR, OSR PSR S RETIF, WIRARI, Wi NMUERELSHEL. SO EE, BN
BT CSR TS9O Ao, Bt sy, HLMH (60.26) T CSR, aff (3.49) FIb{H (21.95) N,
TGO ER. WAL E R, RO REE, CSR FHR I ER. HaM AL H O E,
OSR A3: i3, T 52 B B S S R A £, 35 AR RS (TR S B o e — 380, TR e A e i
5 R R ot B A TSI P B R P 2 R RN S B s PO B B (b7 o SR A i B o (R A
RS HE O, WHE B R BRI (TYR) JERFEHT T2 REFA % e, K 8 4 SITYRs JEH
(1) 0 a8 31 X 3k i AZAE e N o R R R e Hod SITYR2, SITYRS. SITYR6. SITYR7 7615244 R
AT G KRERIE, ARG A RIA RS m T e WREAEN, S5ERE B2
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Fig.1 Photographs of S. rugosoannulata at two harvest maturity stages
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Fig.2 Colorimetric values of S. rugosoannulata at two harvest maturity stages
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PRI BCRE il R IR R S B A EN R 0 22 7%, CSR ik 20.63%, 1T OSR {0 15.45%, X— M5 H
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B, BT T R E R L b

WK TR H 3 HT, CSR P 9 Al T @RI 2 &2 T OSR, Hirhon &k AR &Ik,
RNER - BRI Z R BE R WK RIS CSR W FRaFEMR BN 6.65 9/100 g, 7R IEIRAE M Z LRI
iy 32.23%, %L FAO/WHO A ZHER (R BIAR AR 1 5 8 TR s b /5 2 IR o EL 40%FI e, 1X3RH] CSR
WA SRR AT OSR BAE @ E TR IME . AR L FHAER S, BEIRAE B 2 I I 25
MR & i, CSR MU AR & ik 3.48%, 3T CSR [ 2.33%. Aali/e & F T ik 1 2k,
HEBMAPURE CSR ERIRS BT LRI ), TRITA RN N5 —FhE B EER R, FFAE CSR hE =
B, AR, MR EME—7E OSR &R REE T CSR AR, XS5 2.2 HRAIN TSk H
AR ORI G A K. BEEIRVE AN BEOR S AT AT, AR I 2 PR a6 i (i R rp i S B v
7%, HEENTIES OSR HiE R KB SRR,

R4 MRWAFRETFNENKREEARL S
Table 4 Contents of total amino acids in S. rugosoannulata at two harvest maturity stages

4~&1(9/100 g) CSR OSR

ERER 0.0840.022 0.0540.01%
RITARE 1.9840.112 1.4040.06"
T EBR 1.1040.04° 0.7840.03"

Y 5B 1.1646.05% 0.8140.04°
E-§id 3.4549.09% 2.3340.11°
H R 1.0546.02° 0.7740.04°
RNl 1.4540.05% 1.0740.05°
FEFL 0.1040.02% 0.0740.01%
ETE i 1.0340.02° 0.7540.05"
F A 1.0940.05 0.9440.03
TRBA 1.5740.10° 1.2440.06°
BA R BL 0.8940.09° 1.0040.05%
F A BB 1.0340.08° 0.82:40.04°
BRBL 1.2840.10° 0.8540.04°
ERE 0.4440.022 0.3940.03°
Rt 0.6540.17° 0.58+0.03°
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T R BR 1.3140.11° 0.8840.11°
i 0.9440.02% 0.7340.02°
BB 20.6340.69° 15.4541.12°

25 FFANEREYIE S AR A R PR EE A (TAV) 247

TR E IR E Oy & B S B AR R M XA T, B 4 AR AR R (R SRR . ASHIFFRIIE T CSR K%
OSR (1)l B 2 IR & B S, IR FL A B 1) R HL R Dy SRR . FHIREEEIR . 7 IRE
TR POE R R FE IR VU A SRR IR o [F) I e T Bl B R R 105 e S 0 N o BB B, 5 N AR E 1B

(TAV, taste activity value) ke & b S EIRRIERE db 25 5 WA _E DTk EE, —Rekid, TAV>L IR i 5
BRATRE S AR USRS IR R, AR TAV B R/ INAT A 280 R B it 7 2 B SRR, 45 SRR 5 .

PRS0 B R B 20 ) 9 34.28 mg g™ J2 16.35 mg g, CSR kit OSR LML LL 1, x5 1
SOKMREFERGES 5, #EP Ui T RIF M BORA SR 35 SRR AR R I3 . T B UR Fo A A T
Yo7 2RO AR BT S TR SRR, U S B R IR & BN 3357 mg g . CSR B OSR Rl 18 it
BREER, HPEERESNARER. AAK. WER. SREER S EAEWEERY 5 X SHAL, 25k
512 mgg” (OSR) J%15.07 mgg" (CSR), CSR [KIEHIREIERR Lk 43.95%, T35 T OSR 1) 31.33%, X2
HF CSR & FEE AR (637 mggD) KHNEM (424mggh). CSR IR E SN &N 591 mg g, B
T OSR 1) 3.04 mg g ™. Ak, OSR 7% Tk FE 1R (19.76% ) 2 ik E IR 1 H6.(27.28%) i 2 i T~ CSR(14.69%.
2254%), XATES TSR AE BT R AR IEHR 124 51, SRR IR ARFA B A T H 2 I R SRR K
ANERE. 5" T CSR K& OSR H EREFEARN) TAV {H, OSR HA 8 Fl - E R K& IR (TAV>1), CSR H
A 12 M E R REEERR, Hrh UK TR BRI =M BRI AER (). WRRR Gtk AR Gif
). AREERVE NS W R E vk, H TAV EERFFI B ik 15.80, =M E (8.57) MILHfY,
XGRS B — B, T I 2 PRt R B, SRR T S R Rk, B
A 2R TAV (A AE 13.75 % 17.79 28], SRR SEYIE . WERRERWEEER, H TAV [HERI 4
MrBok 7.07, S mTIHRMEBR 3.54, #E—D5al 1 AR IR E IR

=5 MRWBARETRCENFS AR SR TAVE
Table 5 Contents of free amino acids and TAV of S. rugosoannulata at two harvest maturity stages

‘/w,, = A /[:/’)\E‘ -1 ;“/ ;
FoLEA A kst 7B 2 AR AE/(mg g7) ZREEAL (TAV)
OSR CSR OSR CSR
i 0.30 2.5740.04° 4.7449.05% 8.5740.01° 15.8046.15°
RAR B 1.00 0.4740.01° 1.1749.01° 0.4740.01° 1.1740.01%
H R B 1.30 0.2740.07° 0.8840.023° 0.2140.01° 0.6840.02
L 0.60 2.1340.03° 4.2449.01° 3.5440.04° 7.0740.01%
FHEBR 3.00 0.3740.02° 0.86640.03° 0.1240.01° 0.2946.01%
Y R E* 1.50 0.6040.02° 1.5446.02° 0.4040.00° 1.0340.02°
TR 2.60 1.0640.04° 6.3740.01° 0.4140.01° 2.4540.01%
AN 0.20 0.7040.02° 1.1740.01° 3.540.08" 5.8240.03
FPRLEFL NF 0.0646.02° 0.07340.01° — S
S §ird 0.91 1.2640.03" 1.9946.01° 1.3840.03° 2.1940.01°
H R R 0.50 0.7840.03° 1.886.01° 1.5740.03° 3.7540.01%
K AR 0.90 1.9240.03" 2.9846.01°% 2.1340.20° 3.3140.022
B 0.50 0.6946.02° 0.5440.01° 1.3840.04 1.0840.03"
RRBR* 0.40 1.0540.05" 2.2046.00°% 2.6340.12° 5.4940.01%
ERER* 3.00 0.1740.02° 0.2740.00°% 0.0640.00° 0.0896.00°
FRE* 1.90 1.0140.05" 1.62240.01% 0.5340.03° 0.8540.01%
Vi 0.90 0.7740.09% 1.2340.01° 0.850).10° 1.3640.01°
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Er A seF BB, NFARARIZ 2RI B B I BT k& 5.

2.6 RANEAY B A M EE

26.1 AMEMMRLSE

R AR B AEYIE T S AR KB G R, ABFFCIIE T CSR K& OSR HAEMaEYIR & &, afh: a2
iy AHZHE. BB VRS R, SRNE 4R BEWRL, PR R AR TS B AE e R
TRAMEREESR, FSAEMPSERENAEEED N Z A2 . £0%E, CSR MEZH &R
9.359/100 g, R T OSR 11 8.34 /100 g  #MH LML IFERt - IREGRIAE S W2ER, fifk 7 HREL
MFERIRIREL . RFURh R SR, A HRN 10.64%. SBEHRJ71H, CSR &8~ 1.319/100g, Z& T OSR
1.139/100g (P<0.05). A=#8 /71, CSR 4 0.37 g/100 g &2 # =+ OSR (0.319/100g). CSR % OSR 2 ¥ &
S 5124 10.12 /100 g A1 8.83 9/100 go ZRJT it B R 2 M2 IE AT SR, BT = ARIEIRAL T ARhATE 2B KR EL
K, FEN 10.85%. CAHTFIFSRAE 2R A TR FURE. TR R SRS A TNEE, FH e
HH AR ERH 2 B A2 el e T RE ), 45 98 MR B 2 M AR A ROB R 2 E i S B s 7
H R, iSRG EIREMME R WA, AU AT 2R BB IR . JetnieEt:, 75
B4 O B IR PRI A M b B A 7. Ma S5 UORIN T /R B2, JRERah g T Hont s g An
JoRRE (P o-VE AR VETERIREMA, R INIZ 2R B R X P A R 1

i
[ Eis

,14\—

R (g/100g)

pot.i] HEE LHH AR
A E M

B 4 BREAAETFRERNEYEEYREE
Fig.4 Contents of bioactive compounds of S. rugosoannulata at two harvest maturity stages
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Fig.5 DPPH & ABTS" radical scavenging activity of S. rugosoannulata at two harvest maturity stages
DPPH H Hi%E [ ABTS"H HIEERMIIEVE RN 45 AR, W H T8 = e A pra e Re o s 2
Jiike —MORUL, FEAXT DPPH Jz ABTS™H HIFEHITE IR T H AL LA IEE /1. CSR Sz OSR k& DPPH [H i
5 (I 5A) K ABTS'HHIEE (EI5B) IR IWIE 5 . HHEIWTAN, FIA G T S e — e 1 iR
YO A SR IR BEAE,  FHAEXS IR Ve 1) DPPH S RRFBEIR LA Fripcsl), (HIGZORFIE 95.6%LL . FENIRIKE
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(2~10 mgmL™) P, CSR [) DPPH j& 4% T OSR HAFE R 25, XTHERH A CSR S H LM Z ).
LS TR ERPIT . FEIRIELE 2~6 mg mL™ i, AE 5 DPPH [ FHIEE B2 BV S A8 b s -
Ty MFESIKRIEIAS] 8 mg mLT I, JERBRRIIE KT G0, BRI E A A LA PIRE
& (1) DPPH &R R AERE SR N 10 mg mL™ A SIEME, 4351 87.78%71 77.75%. CSR I OSR % ABTS'H
L E BRI S AU, 7€ 6 mg mL™ MRS R R SIS £ IEHDE, 6~10 mg mL™ B9k A EEA T
G, SRR 10 mg mUT A BEAE, 4510 86.76% % 76.73%. LIRS, CSR K& OSR BAHHFINE

FH AR e ) R A
2.6.3  a- BRI PR E T

o-VERTERIENEACTERS 20 F S o-L4-WHEF SRR 0 DGR, e M s IR B e B T M (E T Y S A
2, DRI U e A ot 0 2 A 1 B T DA A AR SE S /KA ST A T4 f R 7 T PRV (e 1)
R, AHFIAEAR NI SR B AOFERI IS T CSR B2 OSR %t oS BERE /IS (& 6A), Fimid £kl
IFF 1S ZAE R E F AR 26 7 72 (& 6B

MI5E 25 TR, 2% (AR REZE (FBERE 774f 2 0.113 5 mmol min™ mL™, X (0 587 h 2% 75 7% 4 y=0.113 5x+0.024 8,
HARER T IEAFAEATATHIH R P MASMERA R b a-iEBEI I AL IIRE J); TEMIN OSR JERE(E 3 T
B2 0.073 5 mmol min™ mL™, X Rif 2 7 FE A y=0.073 5x+0.226 9, #IHIZZ1 34.9%: 1M CSR JEI L 5
R PRI SR, BV A 2 MK 2 0,040 5 mmol min™ mL™, 2k 7574 y=0.040 5x+0.293, 1t % ik 64.10%,
AR T BEHAE X B BT = R R RIS A1) %6 74.98% . CSR .35 BE AR (I BARE(E 2% IR HAMAA S I PR pE ), X —45 R 5K
EEHTIR/INT T AEDE YR & BB —8. O AUESE A BRI o-JEkn B A RAFIHHEITENE, 2
A A AR EE N 2 mg mU™ i 0T a-SE BRI 2 AT ik 50,0191, 7 EE IO, MRS MR L] S
95 SR WL (1) A S R IR R T8 IR SR 2R R B I LRV, L2 SR TV S TR A P9 BT 70 12 5 Fabr
2, (B BN WA R R 2 A R 2R I TT RS AR AR Y R SERR IR Zhai 175 A4 A
BEFRAERE L, HRIRICT Mo 2 bE, Kt 2 B R an A 5 R R B, R 2 W L RE B U
MRS KTE, [N B 2 B B A L[] £ B e B s P 25 T A AL B A

(A) (B)

0.12 1 a [ J=axm 254 E{=RE
f 4 I 4
ERESIES FH 4
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Fig.6 a-amylase enzyme activity (A) and reducing sugar release curves (B) of S. rugosoannulata at two harvest maturity stages

2.7 FRANER 0 16 LR Ak 2 RE M

AHFTEHH LC-MS X CSR Jz OSR (MMM AT T e, @63 PATREh EE IS, FEm 3t
Rl I 80 Mk &4, Horh Z IS B AR A B i o I Gy, B RENE YN 4. CSR
J OSR AWM EMEFERE B TR RN B TR LA R, CSR SHMMMmMEEnZrt. I+
DR B Y A FE R UK. 9(R)-HODE. o-RUH&HR. 8-2: AU EEEK C K Cartorimine. CSR A H 1)
AR R HATEY S 6-£W . ()-RILFER. 420085, SR LSEERS, REEYSAEE
IR, IRF T RER BRI A MLARE /), IXENET CSR 78 3 hIEBMEE L Lie s, [y, FERREDRs
OSR [UEkIBEHMEE /)R M. WHFARH, ZWEN a-TEkBENSIF, L5k B rI1E ML & 1-OH %
W5 a-sEiEh @M EE EROE A SIS &, Bah, S FEFRIEN CSR O LLE Skl sl
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AR B SRR R R, TRV BT A0, T PRI TR S AT Sl RS A, R
A SR A LIRSS . WEE SOAT A ERER AR, M IRISSEZ M7 . CSR ReAHI 9,10-
TRIETNIEIR Z LB R AL GSSG CRULBUARIBEH KD BL K OSR RFA ) 11,12,13- = ¥27E-9-+ )\UAlZ . UDP-N-
ZW-D-H#HiE. GABA (ST S AT EMIGYERIThAE RSy . Papoutsis Y RZi45A T /KA
Bk B E T EA o-ER BN o1 2 FE T IR PE A SR, WIS PR LIRSS Wi A RS
A B DOk, LRI B S R SR A IR S% . Wang PNy 7 B A T
AR RVE SR SARENE, IESEHE S 2 W, WA S, R ESTEIL . PIR TR T T R
HIRAIIR. BRI, AVEE SRR E 2R, MBI EE ARy, HH
T i HURR A% B RRBEE S BV EE i 152 5 B E I AR A Rt — BT 7
% 6 LC-MS 4 EH CSR & OSR FRRIERSY RS>
Table 6 Compounds identified by LC-MS in CSR and OSR

R IR PRBLET ] ez X, mliz A 4 Ak
CSR & OSR 11.11 CpHigOn 457.08 BT IR ERETRRES
CSR & OSR 11.174 CisH106 289.0749 ILRE

CSR 1.704 C17H060s 293.1759 6- £

CSR 11.275 CusH1406 289.0719 ()-FEETIEE

CSR 11.436 CeH;NO, 124.0404 4-F I UE By

CSR 11.918 CoHy0, 181.0507 AR

OSR 1778 Cy7H2604 293.1763 B AR

OSR 2.261 CigHa005 293.2123 -T2 FRER

OSR 11.116 CxH1g0n 457.0775 8-xTwrtEEC

KRG T A= (CSR) 54 (OSR) PHANRIUBAE ARFA TRy B it TR S D RV 1 . 45 SRR,
CSR A& & (27.06%) Kor&& (9.97%) MSEAFM & (20.639/100g) ¥JEEET OSR (20.54%-
7.98%. 15.450/100Q), WKL EYIERENEAL; CSR L {4 (88.36) HEFEmT OSR (60.26), (kM RE S,
WA (5.479¢™) RHRSCEEZEN, HURILELF RN TIERNE. HEEREROHE/R, CSR MIFHEALR
& (3428mgg™) JOSR (16.35mg gh) IPIfELL L, RTEEME (TAV) PFEWAERR (TAV=15.80) A
NI (TAV=7.07) J& CSR MRt FEZotwke, T HAAIEERT IR, AiE AR EH, CSR K2

(9.359/100g). AHZH# (10.12 9/100g) [ i B & 2345 % & T OSR; i bsiek i, CSR X} DPPH #1 ABTS*
H NS R (10 mg mL™ 40514 87.78%7F1 86.76%) 14 EEM T OSR: a-tEMyBEHIH NG ENR &R, CSR
(R ik 64.10%, LT OSR (34.90%). LC-MS jEME M ridt— ik CSR A+ K2 MmREY) (i
6-LM . RILKRRT), AHEPUA R FEREERR AL T ssat. 28 ERTR, RIFPAAERMIEETRMIA. Kk
FHIE. BUEARESI B a-iE Ry B HIEVE DT A BB R T B8y, IR Gl DhRet: = et ikt 5
BIRHNE, PR E & MESRIEYIAIRE, BT OGER T PR s AT L, B T R T
BB RS, (RRRe R s i - D Re iE VERE O HE I R S A B . AR T T it — 2D R
SR ER B IR, MR BCAEREA R, DARGENT AR A T S SRS D RETE I R B AR A A
SRR R S RSO B AL 78 43 TR E AR « AT 78 N A R IR RIS B P> S R Bt 7 Bk HE .
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