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characteristics of soluble proteins from Stropharia rugosoannulata. Methods Ultrasound-assisted extraction was
employed to prepare soluble protein from Stropharia rugosoannulata. The key process parameters-including
ultrasonic power density, treatment time, extraction temperature and solid-to-liquid ratio-were optimized using
single-factor and response surface methodology. The resulting protein extracts were systematically characterized in
terms of amino acid composition (analyzed with an amino acid analyzer), secondary structure (determined by circular
dichroism), thermal properties (measured via differential scanning calorimetry) and umami intensity (evaluated
through sensory analysis). Results After process optimization, the optimal conditions for preparing the soluble
protein extract were determined: An ultrasonic power density of 375 W/L, an ultrasonic treatment time of 10 minutes,
an ultrasonic extraction temperature of 30 °C, and a feedstock-to-liquid ratio of 1:30 (g:L). Under these conditions,
the protein content in the extract reached (431.20+2.67) mg/g, with essential amino acids accounting for
(99.10+0.26) mg/g, and the umami amino acid glutamate accounted for 27.56%. The proportion of a-helix and
random coils increased, and the denaturation temperature was 108.06 °C. Umami evaluation results showed that the 8
mg/mL soluble protein extract exhibited equivalent umami intensity to 2 mg/mL monosodium glutamate. Conclusion
The research can provide theoretical basis for the development and application of soluble protein products of
Stropharia rugosoannulata.

KEY WORDS: Stropharia rugosoannulata; soluble protein; ultrasonic extraction; physicochemical properties;

umami evaluation
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Table 2 Response surface experiment regression model and significance test results

E= 3 U5 A B ¥y F P
(] A A 43.75 14 3.1300 13.56 <0.0001
B A 3.25 14 0.2324
KA 2.99 10 0.2991 5.08 0.0655
a2 0.2353 4 0.0588

pogil 46.98 28
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Fig.2 Response surface optimization diagram of soluble protein extraction from Stropharia rugosoannulata by ultrasound
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Fig.3 Protein structure characterization of Stropharia rugosoannulata (n=3)
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Fig.4 Amino acid composition and content of soluble protein in Stropharia rugosoannulata (n=3)
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Table 3 Evaluation of umami flavor intensity of soluble protein and monosodium glutamate in Stropharia rugosoannulata (n=3)

JrininzidE
205

2 mg/mL 4 mg/mL 6 mg/mL 8 mg/mL 10 mg/mL

2 24 IR A L e o 3.64+0.10 5.79+0.20 6.55+0.18 7.08+0.16 7.48+0.13
7 2 HL ) O —0.28+0.14 1.67+0.08 3.2140.04 3.87+0.04 4.28+0.07
BRARNEE PR 3.11£0.90 4.22+0.83 5.44+0.53 6.44+0.53 7.78+0.67
P B T 1.67+0.97 2.78+0.67 3.56+0.53 4.3340.50 4.89+0.60

. Effect of heat and ultrasonic-assisted extraction on nutritional
3 %

EN ISR I VAR R U ki N2 & I R
HEANRLTZ, BEAIZRERE 375 WL, #8511
IFA] 10 min, A RBGREE 30 °C, BHAHE 1:30 (g:L). 7EIL
MR, BOKEERES AL, RS P AT Y R
T 20%, HE AL TR AR pATE G L T o-
WEUHE RN IR 25 il o bl o RS SRR T T KRR 5 4
HE AR EN, EAZEMEEEXE] 108.06 °C. HMAH
BRI R BR 55 g T v M R 1 S R R 2 5 4 FLAL TR A SRR
Fram b, BRI IR S AR N e o BTN ZE R B
7N, 8 mg/mL A9 RER 35 45 8 LIS 2 mg/mL A E IR
LA R ) B A SR R L KRR 26 4 AR AT R R LS
725 KUK 2R 1™ i JRRL

SE B

(1] #4Ek. KRR SO ARFERSE]. BT, 1995(6): 11.
HUANG NL. Classification status and characteristics of Stropharia
rugosoannulata [J]. Edible Fungi, 1995(6): 11.

[2] @K, WARLL. KRERG LGN RE S5 PREE I AT BERE ()] ' 5k
iz Tollk, 2017, 43(12): 277-282.

GAO H, BAO YH. Research progress on health functions and
preservation processing of Stropharia rugosoannulata [J]. Food and
Fermentation Industry, 2017, 43(12): 277-282.

[3] 43¢, A, TR, 55, FETRRI AT P T AT R BR R ek

AR KU B R R D]. Bl L R BURGIN 2441), 2022, 13(9):
2736-2744.
LI W, FENG J, MA HL, et al. Characteristic flavor compounds and their
taste profiles in Stropharia rugosoannulata fermentation based on targeted
metabolite analysis [J]. Journal of Food Safety & Quality, 2022, 13(9):
2736-2744.

[4] 3¢, BRJTE, SifEsR, 4. KBREE 0 IEERHR S i # R 2htk oy
Br[J. B 2AR, 2022, 29(3): 81-94.

LI W, CHEN WC, MA HL, et al. Ultrasonic preparation of
polypeptide-based substrate for oyster mushroom and analysis of its edible
and medicinal properties [J]. Journal of Edible Fungi, 2022, 29(3): 81-94.

[5] ROMANINI EB, RODRIGUES LM, FINGER A, et al. Ultrasound
assisted extraction of bioactive compounds from BRS violet grape pomace
followed by alginate-Ca>" encapsulation [J]. Food Chemistry, 2021(338):
128101.

[6] CHUEADOEM T, AENGLONG C, KITSANAYANYONG L, et al.

[10]

[11]

[13]

[15]

[16]

characteristics, functional properties, and bioactivities of tuna liver protein
concentrate powders [J]. Journal of Agriculture and Food Research,
2025(22): 102106.

LI W, CHEN WC, MA HL, et al. Structural characterization and
angiotensin-converting enzyme (ACE) inhibitory mechanism of
Stropharia rugosoannulata mushroom peptides prepared by ultrasound [J].
Ultrasonics Sonochemistry, 2022(88): 106074.

SUN XY, ZHANG W, ZHANG LF, et al. Effect of ultrasound-assisted
extraction on the structure and emulsifying properties of peanut protein
isolate [J]. Journal of the science of food and agriculture, 2020, 101(3):
1150-1160.

PURDI TS, SETIOWATI AD, NINGRUM A. Ultrasound-assisted
extraction of Spirulina platensis protein: Physicochemical characteristic
and techno-functional properties [J]. Journal of Food Measurement and
Characterization, 2023, 17(5): 5474-5486.

AHMED T, SUZAUDDULA M, AKTER K, et al. Green technology for
fungal protein extraction—A review [J]. Separations, 2024, 11(6): 186.
KUMAR M, DAHUJA A, TIWARI S, et al. Recent trends in extraction of
plant bioactives using green technologies: A review [J]. Food Chemistry,
2021, 353: 129431.

SAFWA SM, AHMED T, TALUKDER S, et al. Applications of
non-thermal technologies in food processing industries—A review [J].
Journal of Agriculture and Food Research, 2023, 100917. DOI:
10.1016/j.jafr.2023.100917

R, A0, BT, % 3 M T E A -2 S RN SN I
BEVEFILT). ErdhRlaE, 2024, 45(24): 117-127.

GAO C, LI W, CHEN WC, et al. Lipid-lowering effects of three edible
fungi protein-polysaccharide complexes in vitro and in vivo [J]. Food
Science, 2024, 45(24): 117-127.

CHEN WC, LI W, WU D, et al. Characterization of novel umami-active
peptides from Stropharia rugosoannulata mushroom and in silico study on
action mechanism [J]. Journal of Food Composition and Analysis, 2022,
110: 104530.

HLLHL, /NG, Wi, . WA BRI S E AR
[0]. i TR, 2015, 36(2): 276-281.

DONG HM, NIU XY, SHEN LW, et al. Optimization of protein
extraction process for Sichuan ginseng by optimizing response surface
design [J]. Food Industry Science and Technology, 2015, 36(2): 276-281.
CAO Q, DU H. High-intensity ultrasound treatment of shiitake mushroom
protein isolate: Effects on physicochemical, structural properties, and
functional performance [J]. Food Industry Science and Technology, 2025,
105: 3463-3473.



2

TSR, A KERELE TR A A . B AT SRR DA 141

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

TR, ISR, AR, SE. R L0 AR S SRR 2 v T AL K
ARSI, i TALRHE, 2018, 39(6): 184-190, 216,
MA SM, HE LC, LI CL, et al. Optimization of ultrasonic extraction
process response surface for pig hemoglobin and its structural effects [J].
Food Industry Science and Technology, 2018, 39(6): 184-190, 216.
PATRICIA M, SARA C, TULLIA T, et al. Optimization of protein
extraction from duckweed using different extraction processes [J]. Food
and Bioprocess Technology, 2025, 18(6): 1-22.

XUher, MR, R, 55 @A EME IR EE A T2 &
DB, KSR, 2023, 36(7): 119-123, 133.

LIU XH, TIAN XH, ZHOU YQ, et al. Optimization of ultrasound assisted
alkaline extraction process for soybean meal protein and its functional
characteristics [J]. Grain and Oil, 2023, 36 (7): 119-123, 133

JA—JR, TR, 255, 5. R BRI T 20 & H
PUAALTETEDEIR ). B SRR, 2025, 37(4): 2716-2727.

ZHOU YC, WEI XB, LI ZZ, et al. Optimization of a new
ultrasonic-assisted extraction process for mulberry leaf protein and its
antioxidant activity [J]. Journal of Animal Nutrition, 2025, 37(4):
2716-27217.

SREKHY, XHL, WZs%, 45 EPOHVFEER FOBE S IR IR SR T2 0
DIRERFERTTEN]. P RN, 2012, 27(10): 70-75.

CAI LY, LIU CH, CAO AIL, et al. Study on the ultrasonic-assisted
ultrafiltration extraction process and functional characteristics of Brazilian
pine seed protein [J]. China Journal of Grain and Oil Science, 2012,
27(10): 70-75.

HOCHE. R AR S AR B S & 3D TENN (D).
B S ERHE B, 2023,

ZHENG WQ. Optimization of white tricholoma protein extraction and
physicochemical properties research and its 3D printing application [D].
Xinxiang: Henan University of Science and Technology, 2023.

HEehi, £, AR, S BB R IRBOCR S E AR T
BOPRALLT]. B4 4 TR AA41E, 2020, 11(20): 7536-7543.

CUI XR, WANG L, SHI FF, et al. Optimization of ultrasonic-assisted
alkaline extraction process for protein in Stropharia rugosoannulata [J].
Journal of Food Safety & Quality, 2020, 11(20): 7536-7543.
MITUSINSKA K, RACZYNSKA A, BZOWKA M, et al. Applications of
water molecules for analysis of macromolecule properties [J].
Computational and Structural Biotechnology Journal, 2020, 18: 355-365.
TANG CH, WANG XY, YANG YQ, et al. Formation of soluble
aggregates from insoluble commercial soy protein isolate by means of
ultrasonic treatment and their gelling properties [J]. Journal of Food
Engineering, 2008, 92(4): 432-437.

JIANG LZ, WANG J, L1Y, et al. Effects of ultrasound on the structure
and physical properties of black bean protein isolates [J]. Food Research
International, 2014(62): 595-601.

ARZENI C, PEREZ O, PILOSOF A. Functionality of egg white proteins

(28]

[29]

[30]

[32]

[33]

[34]

[36]

[37]

as affected by high intensity ultrasound [J]. Food Hydrocolloids, 2012,
29(2): 308-316.

FakE, HiE, B, 5 BB BRI AT EE 1 SR K AT
FZEHII]. VESRAR RN, 2019, 47(18): 240-246.

WANG YT, YANG H, ZHANG XX, et al. Ultrasonically assisted
extraction of Foie gras protein and its physicochemical properties and
structure [J]. Jiangsu Agricultural Science, 2019, 47(18): 240-246.

ZHOU CS, MA HL, XIAO JY, et al. Pretreatment of defatted wheat germ
proteins (by-products of flour mill industry) using ultrasonic horn and bath
reactors: Effect on structure and preparation of ACE-inhibitory peptides
[J1]. Ultrasonics-Sonochemistry, 2013, 20(6): 1390-1400.

NOMAN A, WANG YX, ZHANG C, et al. Effects of ultrasound
pretreatment on the enzymolysis of hybrid sturgeon (Huso
dauricusxAcipenser schrenckii) protein and the structural, functional, and
antioxidant properties of hydrolysates [J]. LWT, 2023(188): 115421.
URELT, W, ThERIN, A5, R DRI AR ST SR 2R 1 2 v e
MIREM]. BEAREE, 2025, 46(1): 100-107.

ZHAO KY, YANG P, MA JK, et al. Effects of ultrasonic-assisted heat
treatment on the structure and solubility of canola protein [J]. Journal of
Food Science, 2025, 46(1): 100-107.

ARG, AN )RR P RO 28 SR 44 . ShREREvE R s b A AL
IEHERYREIAD]. BT TR, 2021

DENG NN. Effects of different ultrasound modes on the structure and
functional characteristics of water caltrop protein and the antioxidant
activity of its enzymatic hydrolysate [D]. Zhenjiang: Jiangsu University,
2021.

JIN J, MA HL, WANG K, et al. Effects of multi-frequency power
ultrasound on the enzymolysis and structural characteristics of corn gluten
meal [J]. Ultrasonics-Sonochemistry, 2015, 24: 55-64.

CHANDRAPALA J, ZISU B, PALMER M, et al. Effects of ultrasound on
the thermal and structural characteristics of proteins in reconstituted whey
protein concentrate [J]. Ultrasonics-Sonochemistry, 2010, 18(5): 951-957.
CHAKRAVORTY P, DAS AB. Impact of ultrasound-assisted extraction
on functional, thermal, and structural properties of Parkia timoriana seed
protein [J]. Journal of Food Measurement and Characterization, 2023,
17(5): 5288-5298.

AR, EH, GBCE, 5F. RIRIEAGAN IR AL IR O KB SR
FEN]. ARSI &, 2017, 38(8): 95-99.

LI SR, WANG L, NI SJ, et al. Amino acid content determination and
nutritional evaluation of different parts of Stropharia rugosoannulata [J].
Food Research and Development, 2017, 38(8): 95-99.

838, VPSGE, Bilis, 5. 13 Rk DL B R 0 SRR VR K B 77
P [I]. AR7= it i 4, 2023(3): 15-21.

XIONG B, XU WY, YANG QQ, et al. Amino acid composition
characteristics and nutritional evaluation of 13 common edible fungi [J].

Agricultural Product Quality and Safety, 2023(3): 15-21.
(% THW Hieir)



