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Abstract: In order to develop new and safe compound biological preservative for Agaricus bisporus, 3 categories and 12 kinds of
common biological preservative were selected through the optimal screening experiment, and the preservative with better protective
effect on the whiteness, opening degree, texture, hair viscosity and smell of Agaricus bisporus was screened out. The effects of
ascorbic acid (Vc), Nisin and carrageenan on the preservation of Agaricus bisporus after storage were investigated. After screening, it
was found that V¢, Nisin and carrageenan had a good effect on delaying the Browning of Agaricus bisporus. Then the optimization
results showed that the compound biological preservative prepared by Vc 0.80 g/L, Nisin 0.40 g/L and carrageenan 5.40 g/L had the
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best effect. The whiteness value at the end of storage was 21.32% higher than that of the negative control (CK). Compared with the

control group, the compound biological preservative treatment significantly reduced the weight loss rate and decay rate of Agaricus

bisporus during storage, inhibited the decline of hardness, delayed the enhancement of polyphenol oxidase (PPO) activity, accelerated

the peak of total phenol content and promoted the accumulation of phenols, promoted the peak of ABTS cation free radical clearance,

and effectively delayed the reduction of antioxidant capacity of Agaricus bisporus. The results showed that the Vc-Nisin-carrageenan

compound biological preservative had a good protective effect on the storage quality of Agaricus bisporus. This study can provide

reference and basis for developing new, safe and efficient compound biological preservative of Agaricus bisporus.
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Table 4 Design of response surface experiment and results

e A B C Y

REF yogl) Nisin(gl) (L) @EMA
1 0 0 0 86.46
2 -1 1 0 82.19
3 0 0 0 86.32
4 0 -1 -1 80.93
5 -1 0 -1 78.46
6 1 0 1 80.38
7 1 -1 0 80.42
8 -1 0 1 81.89
9 0 -1 1 82.56
10 1 0 -1 80.79
11 0 0 0 85.75
12 1 1 0 81.22
13 0 1 1 83.36
14 -1 -1 0 80.76
15 0 1 -1 81.37
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Table 5 The variance analysis of response surface experiment
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Fig.7 Response surface and contour plot of interaction

between Nisin and carrageenan on whiteness value
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Table 6 Effects of optimal formula on weight loss, hardness and decay rate of Agaricus bisporus during storage

| R #/d BC 1 CK 21 H Aok kst i
0 - -
2 1.35+0.12"° 1.61£0.11°2 0.98+0.23"°
XEE% 4 3.03£0.21° 3.79£0.12% 2.43+0.11¢¢
6 5.13+0.11%° 5.510.23% 3.39+0.345°
8 6.91£0.23%° 7.67+0.134 4.75£0.15%¢
0 507.65+9.95%  504.04+13.26™ 508+12.974
2 478.89+12.55%  439.26£21.46%°  500.26£12.86™*
R lg 4 329.81£21.22%  319.31£11.07°° 441.66+9.465
6 316.29+26.545%  204.38+21.04°  348.69+12.93
8 259.69+21.65°  269.63+15.53° 312.8+14.65™
0 0 0 0
2 0.330.14“ 1.000.8252 0
J& 2B 1% 4 1.00+£0.82¢° 3.00+0.82¢° 0.33+0.145°
6 4.33+0.47%° 7.33£0.94% 2.00:0.825¢
8 9.33+2.05% 12.33+1.25% 4.33+1.704°

#: AAARRANBFERAFRAAERESRRALERN £FEE (p<0.05); FI]RF KB FH £ 7 F—847 KR E#EH

274 2% (p<0.05).
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HEEYREEFILIEE (p<0.05) , JEHRZE 8d,
B EAEMREEFI AN A 4.33%. DL EiIRgE R
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P S
242 AR A I B AR T 2 A AR AR
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TR B AE BRI, 3 — 0 TG A i A B B
BRERY, Ei PPO 54 4UEAIAE kxR
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HHUE T AT, AW PR EE R RE AT A5CHE 22 WU 1 2
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Fig.9 Influence of optimal formula on PPO activity of
Agaricus bicarporus during storage
2422 HEE RN LB
2.1 eBC oCK  aS&EYRER
2.0+ _i
19

1.8F a
1.7+
1.6
1.5

14+
1.3-%ﬂﬂ
1.2 L
0
M K%/ d

10 RAMEC T XN A o 25 & B

Fig.10 Influence of optimal formula on total phenol content

K& E / (0D, /g FW)

of Agaricus bisporus during storage

TR N AR R L8 R AR A2 RE B8 32 =L 4
Priste, WKLY, HAEREB Y. KR
FEHARFEMPEE RS, RN ERE (PAL) &
RN FEACH O 2 —, HIiEME R/ NSRS i
B RIS IR, R R A RER 2 — 8%
PR, KRR RO B4 B v A AR B R 1 1R
Yefie 1YL YRR AR N AERE TR AL R SR
Lo B LR S B i A B A R i 2 i 1 10
ATLLE M, EEIHN, 26 EYORE R AP |
BC 4 CK ZHH)E & & 2% T E T M
i, SRR LT PRI Lo 0 XU P 5 2 A Py 25
B RER . ARINZE, EEEDRETL
FRAHAEI 5 HASE 4 d O HIUE(E (1.95 ODygo/g
FW) , AMXERTF BC 4UF CK 2H 2 d, i HigfE &
A2 BC 4 (1.69 OD,g/g FW) 1 CK 41 (1.58

oA

\



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.7

ODago/g FW) ) 1.15 Fl 1.58 £ 31k ) 8 2 1 /K F
(p<0.05) . EEy &SR IMeT e h =2 & EM R
B 4H) 7 PPO VEME RN . AMEE H, AR
2~8 d W, EEAEVIREEFIA A S & B IH 4
mTATRA (p<0.05) , 4R S EAKTE. N
RGN, G ORI AL B AT bR XU
Tk T R Rk Py 5 S W A B I 2 o Py 2 4 o AR
#.

2423 BPUEAGRE AR K o A

a 9r a —s=BC

90 |- a e CK

» a

= 8t §?:\\$\\\\%\\~—E%$%%ﬁﬂ
s ST ™y gb a
& T5F i\ - \P
3&% 70} ¢ TN 1b \?
T est %‘-T._: ~ It
@mo 60 et T~
ot T Ib
8 50+ ¢ “tc

45 1 1 1 1 1

0 2 4 6 8
b 9%
e 9F
~ a
8 I e a
& a
sr 80f N
S

2 s e R
@ 70} —-BC I S L
E ceees CK c
< 65 G AR “¥c

60 1 1 1 1 1

0 2 4 6 8

IS 8] / d
11 SAREC T G B X F A %% DPPH SRR (a) # ABTS

ERE (b) MmN
Fig.11 Influence of optimal formula on DPPH clearance
rate (a) and ABTS clearance rate (b) of Agaricus bicarporus

during storage
FEE A R aa i, HoAdk iy 3 BIPAEiE 1E
HfE (ROS) ™M, b E ROS SHEm AT Ak
J1¥, 5 % ROS eI, (HHLIATE/E ROS
TR RS, Al KRR R ROS M f44n it
DPPH H %A1 ABTS FHE T B H5ES R R 2
B ROS 15k ARG S PIEAMRE I EE SRR, K
11 (A H1, ERAIEIYIE, praaliedl DPPH
B AR R ZIURET @Y, HE LY R
AR 4R 2% B35 =T BC 4 CK 4 (p<0.05),
SR IR AR BRI 4 d (81.55%) iAFE
K, it BC 41 22.23%LL & CK 41 22.34%, FEIj#K
5 8 d TEFRFAKIR L 66.08%, XKL G HEVR
BEF AL BT AELE DPPH H HEIE FRAE /I RO FE K.

Bl 11b v, Bl A, —ZHAREER ABTS
FHES 7 H HEE R R 28 LA FRAE
o EAEEMREEFIA T ABTS FHE T H h &
B RAENREE 2. 6. 8 d =N IR) fi Y 5 3% v Xt
HRZH (p<0.05), 7EIEHHEE 2 d 18 2UEAE (90.34%),
Et BC ZHUEAE /) Y BB AT 2 ., 1 HL T B R i i
RPN CE v TN SR Eda st y/E PN eI P O
75 75 SR 7] ABT'S PH B 7 H HI R385 B R I E
B, I B AT RCE 2 g AR A AL R T IR BRI -

3 &g

AP 5 LACARL S 1 i B et 5, JE AR A
R XA R IRIE, R TR ZH . L-BE
. LKA Ve XSk bae /1, Kisi
FEEUR . e-BRUE IR . Nisin 1A 25 5 BOR AR 01 1
BERCR, DL BRI RA KIS ER
BE B AR R . WP 455K, Ve, Nisin
RRRAE BAE T SR . RFF—EH . 1E
bRz BB, 28 SMmABEINE &%
YR (Ve 0.80 g/L. Nisin 0.40 g/L. K7 fi% 5.40
g/L) , AR RUGE S WA s IR R B L SR EE A
JErgp) B, REERE AR T, EEmEY)
JE B E B BR AR T IR #0] PPO & /13
I, FEKTRAEHE 3~4 d. (H A AN 7R R I
RIRZMT, @S A REEF LT, X
WORER, . SR, BHE&E. PPO MG
DPPH H HFEF ABTS FHE F H HEE R R
REBHEAT THEFT, BoRTTX ROS T R GiHH <l
TEPEAE RS B AR T R AL, dE AT AKX
S A, = A ) iR R BT R R IR N ORI FL, DA
0 4 T Hhy 7R 5 A ) R B )Xo O A 0 3
IR

B

[1] CHEN Meiyuan, LIAO Jianhua, LI Hongrong, et al.
ITRAQ-MS/MS proteomic analysis reveals differentially
expressed proteins during post-harvest maturation of the
white button mushroom Agaricus bisporus [J]. Current
Microbiology, 2017, 74(5): 641-649

[2] R B R e SR A OR[N B R4

1#,2020-09-01(005)
GAO Chunyan. Main varieties and cultivation
management techniques of edible fungi [N]. Hebei
Science and Technology Journal, 2020-09-01(005)

[3] XUE Ying, XIE lJing, XU Xianshun, et al

193



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.7

(4]

[10]

[11]

[12]

194

UPLC-QqQ/MS combined with similarity assessment of
17 nucleic acid constituents in 147 edible fungi from
Sichuan Basin, China [J]. Food Research International,
2019, 120: 577-585

Lavinia Claudia Buruleanu, Cristiana Radulescu,

Andreea  Antonia Georgescu, et al. Statistical

characterization of the phytochemical characteristics of

edible mushroom extracts [J]. Taylor Francis, 2018, 51(7):

1039-1059
AT RS RS T X A SR S A B K o O D
MDYk BH L B Al K 27,2021

REN Hao. Effects of short-term anaerobic regulation on
postharvest physiology and quality of Agaricus bisporus
[D]. Shenyang: Shenyang Agricultural University, 2021
BV R IR, A RS DR EERIT T SR ().
Fh ] SR32,2021,41(5):15-22

XIA Ziqian, LI Lamei, YAN Han, et al. Research
progress on preservation of edible fungi after harvest [J].
China Fruits and Vegetables, 2021, 41(5): 15-22

JING Jiayi, ZHANG Hongyan, XUE Yaobi, et al. Effects
of INA on postharvest blue and green molds and
anthracnose decay fruit [J].

Integrative Agriculture, 2020, 19(5): 1396-1406

in citrus Journal of
Camel Lagnika, Min Zhang, John Nsor Atindana, et al.
Effects of ultrasound and chemical treatments on white
mushroom (Agaricus bisporus) prior to modified
atmosphere packaging in extending shelf-life [J]. Journal
of Food Science and Technology, 2014, 51(12):
3749-3757

Maria G Li Destri Nicosia, Sonia Pangallo, Ginat
Raphael, et al. Control of postharvest fungal rots on
citrus fruit and sweet cherries using a pomegranate peel
extract [J]. Postharvest Biology and Technology, 2016,
114: 54-61

JIANG Tianjia, FENG Lifang, ZHENG Xiaolin, et al.
Physicochemical responses and microbial characteristics
of shiitake mushroom (Lentinus edodes) to gum Arabic
coating enriched with natamycin during storage [J]. Food
Chemistry, 2013, 138(2-3): 1992-1997

T A IR B0 30 XA B g Rt S L R A B
SEMI[D]. LB PEBH ALK 2,2020

YU Guanzhu. Effects of vibration stress on storage
quality and postharvest physiology of Agaricus bisporus
[D]. Shenyang: Shenyang Agricultural University, 2020

GB/T 16291.1-2012 J&E /i th . 55l 5% BTN 7

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

R 5 1 A ALY BA[S]

GB/T 16291.1-2012, General Guidelines for Selection,
Training And Management of Evaluators in Sensory
Analysis - Part 1: Selection of Evaluators [S]

GB/T 29605-2013,/8F 70 Hr £ dh B E ot 2 42 1 3 10
[S]

GB/T 29605-2013, Sensory Analysis Guide for Sensory
Quality Control of Food [S]

A2 BRI, T SR KA R R B B TR S5 0 7
2R TR e AR U 0 52 W [0 R ARk R 22 ,2012,45(3):584-
589

FAN Cunfei, BI Yang, WANG Yunfei, et al. Effects of
salicylic acid on postharvest diseases and phenylpropane
metabolism of muskmelon [J]. Scientia Agricultura
Sinica, 2012, 45(3): 584-589
YU Kaibo, ZHOU Lei, SUN Yuefang, et al
Anti-browning effect of Rosa roxburghii on apple juice
and identification of polyphenol oxidase inhibitors [J].
Food Chemistry, 2021, 359: 129855

QIAN Jingya, CHEN Shubei, HUO Shuhao, et al. Impact
of pulsed magnetic field treatment on enzymatic
inactivation and quality of cloudy apple juice [J]. Journal
of Food Science and Technology, 2021, 58(8):
2982-2991

UL, sk, ke, 55 AR L 6 ML et My 2Rtk &9
B % 5E S LA AL TE T 4 HT (0], & A R 2,2019,40(20):
227-233

JIA Shijie, ZHANG Haihua, ZHANG Huan, et al.
Identification and antioxidant activity analysis of
phenolic compounds from six red raspberry leaves in
northeast China [J]. Food Science, 2019, 40(20): 227-233
ZHANG Xinhua, MIN Dedong, LI Fujun, et al
Synergistic effects of l-arginine and methyl salicylate on
alleviating postharvest disease caused by Botrysis cinerea
in tomato fruit [J]. Journal of Agricultural and Food
Chemistry, 2017, 65(24): 4890-4896

R B H Wills, Yongxin Li. Use of arginine to inhibit
browning on fresh cut apple and lettuce [J]. Postharvest
Biology and Technology, 2016, 113: 66-68

B G YT RINF] AR L-Arg A0 FHx 2 A S S
S0 R IR R[] A RH22,2015,36(24):313-318

LI Yuxuan, ZENG Kaifang, DENG Lili. Effects of
exogenous l-arg treatment on storage quality of tangerine

fruit [J]. Food Science, 2015, 36(24): 313-318
SHI Jiang, SHI Guoan, TIAN Zhen. Effect of exogenous



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.7

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

hydrogen peroxide or ascorbic acid on senescence in cut
flowers of tree peony (Paeonia suffruticosa Andr.) [J].
The Journal of Horticultural Science and Biotechnology,
2015, 90(6): 689-694

LIU Kaidong, YUAN Changchun, CHEN Yan, et al.
Combined effects of ascorbic acid and chitosan on the
quality maintenance and shelf life of plums [J]. Scientia
Horticulturae, 2014, 176: 45-53

TR, PN EZE G E0R, A R R ORER IR IR
H) PR EE SO B FE[I]. & dh Dok AY,2015,36(4):310-
314

ZHANG Qiang, SUN Yujun, JIANG Shengjuan, et al.
Study on the fresh-keeping effect of onion, ginger and
Science and
Technology of Food Industry, 2015, 36(4):310-314

TAN Zhilei, BO Tao, GUO Fengzhu, et al. Effects of

garlic extracts on chilled meat [J].

g-poly-l-lysine on the cell wall of Saccharomyces
cerevisiae and its involved antimicrobial mechanism [J].
International Journal of Biological Macromolecules,
2018, 118:2230-2236

5 4 5, 1 /N AR UL, 55 - SRR IR AL 14 B 4% TA) (R B v
HIRLFH ] & S RH#,2011,32(2):290-296

ZHANG Quanjing, FENG Xiaohai, XU Hong, et al.
Application of e-polylysine in preservation of chilled
pork [J]. Food Science, 2011, 32(2): 290-296

FAET WO A%, SR LR B ER T R A L AE
A R FR R BIE T R (D). S Dk R E,2021,42(3):
346-350

WANG Jiayu, HU Wenzhong, GUAN Yuge, et al.
mechanism of

Research progress on antibacterial

Streptococcus lactin  and its application in food

preservation [J].
Industry, 2021, 42(3): 346-350
WANG Shiow Y, GAO Haiyan. Effect of chitosan-based

Science and Technology of Food

edible coating on antioxidants, antioxidant enzyme
system, and postharvest fruit quality of strawberries
(Fragaria x aranassa Duch.) [J]. LWT - Food Science
andTechnology, 2013, 52(2): 71-79

PRBEAR, SR, 0 SRS, A6 o 77K 20 W R MR Ak 2 o e [ 42
B R LR SR 0] A Db RE4%,2021,42(14):296-301
HONG Lijie, FAN Yang, LIU Bingzhen, et al. Effects of
Tartary buckwheat crude polysaccharide coating on
preservation of Chinese cherry [J]. Food Science and
Technology, 2021, 42(14): 296-301

Carolina E Genevois, Marina F de Escalada Pla, Silvia K

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Flores. Application of edible coatings to improve global
quality of fortified pumpkin [J]. Innovative Food Science
and Emerging Technologies, 2016, 33: 506-514

BRI ST, B TR 7 25 ) i 1 Al {0 463 2 B FL 42 o1 435 Tt
[7. & & Tk RHE,2002,10:36-39

QIAN He, LIU Changheng, ZHANG Tian. Enzymatic
Browning of aloevera and its control measures [J]. Food
Industry Science and Technology, 2002, 10: 36-39
LI, P E N, A H N o AR A 4 2 S 4
W FC[I]. ARk T FE243%,2001,2:136-139

JIANG Shaotong, LUO Zhigang, DENG Zhi, et al. Study
on enzymatic browning and control of sweet potato
during processing [J]. Transactions of the Chinese
Society of Agricultural Engineering, 2001, 2: 136-139
WU Shujuan, NIE Ying, ZHAO Jinhong, et al. The
low-concentration  acidic

synergistic  effects of

electrolyzed water and ultrasound on the storage quality

of fresh-sliced button mushrooms [J]. Food and
Bioprocess Technology, 2018, 11(2): 314-323
MENG Demei, SONG Tianzi, SHEN Lin, et al.

Postharvest application of methyl jasmonate for
improving quality retention of Agaricus bisporus fruit
bodies [J]. Journal of Agricultural and Food Chemistry,
2012, 60(23): 6056-6062

2R BB X T A 22 W S TR A T T 0]
REE,2018,39(3):309-316

LI Shuai, ZHONG Genghui, LIU Yumei. Research
progress of polysaccharide edible membrane [J]. Food

Science, 2018, 39(3): 309-316

v b, R A AR, A AR RN AS IR T2 S R
R [T]. & ST 78 5 1 4,2021,42(10):129-134

WANG Duanhao, WANG Zhen, HU Jixiang, et al.
Research and quality inspection of liquid brewing
process for raw materials [J]. Food Research and
Development, 2021, 42(10): 129-134

BRRRIE AR Nisin. SRAEBRIK A 100 BOR S H R
JIEL AR 25 SR PR A (0] B B 4,2020,21:77-81

QIU Tian. Study on bacteriostatic effect of rosinic acid,
Nisin and polylysine and preservation effect of coating
film [J]. Modern Food, 2020, 21: 77-81

M5 MR SR AR R A BB A O A B
TSRS R (0 UA4% F 78 [D] AR 0T B A K 4,2014
YANG Fengju. Study on vacuum osmosis treatment of
calcium, kojic acid and their compound system on

postharvest quality of Agaricus bisporus [D]. Zhengzhou:

195



MR BRI

Modern Food Science and Technology

2022, Vol.38, No.7

[38]

[39]

[40]

[41]

[42]

Henan Agricultural University, 2014

Munazza Nazir, Muhammad Asad Ullah, Muhammad
Younas, et al. Light-mediated Dbiosynthesis of
phenylpropanoid metabolites and antioxidant potential in
callus cultures of purple basil (Ocimum basilicum L. var
purpurascens) [J]. Plant Cell, Tissue and Organ Culture
(PCTOC), 2020, 142(1): 107-120

M J Stadnik, H Buchenauer. Inhibition of phenylalanine
ammonia-lyase suppresses the resistance induced by
benzothiadiazole in wheat to Blumeria graminis F. sp.
tritici [J]. Physiological and Molecular Plant Pathology,
2000, 57(1): 25-34

Mojtaba Mohammadi, Homayoon Kazemi. Changes in
peroxidase and polyphenol oxidase activities in
susceptible and resistant wheat heads inoculated with
Fusarium graminearum and induced resistance [J]. Plant
Science, 2002, 162(4): 491-498

Gail L Shadle, S Varsha Wesley, Kenneth L Korth, et al.
Phenylpropanoid compounds and disease resistance in
transgenic  tobacco with altered expression of
L-phenylalanine ammonia-lyase [J].
2003, 64(1): 153-161

TRV ZE i 0R, £ R KSR/ N EERE I T PE JEEXS XX
T 25 1) ORI 72 [0]. 60255 5 & S ML, 2015,33(4):21-25

ZHANG Hongjun, Pan Yanjuan, Wang Jianging. Study

Phytochemistry,

on the preservation of Bisporus agaricus by

[43]

[44]

[45]

[46]

[47]

garlic/cinnamon essential oil combined with PE film [J].
Packaging and Food Machinery, 2015, 33(4): 21-25

LI Beibei, DING Yang, TANG Xiuli, et al. Effect of
L-arginine on maintaining storage quality of the white
button mushroom (Agaricus bisporus) [J]. Springer US,
2019, 12(4): 563-574

Waszczak Cezary, Carmody Melanie, Kangasjérvi Jaakko.
Reactive oxygen species in plant signaling [J]. Annual
Review of Plant Biology, 2018, 69: 209-236

LI Taotao, SHI Dingding, WU Qixian, et al. Sodium
para-aminosalicylate delays pericarp browning of litchi
fruit by inhibiting ROS-mediated senescence during
postharvest storage [J]. Food Chemistry, 2019, 278:
552-559

JIANG Guoxiang, XIAO Lu, YAN Huiling, et al. Redox
regulation of methionine in calmodulin affects the
activity levels of senescence-related transcription factors
in litchi [J]. BBA - General Subjects, 2017, 1861(5):
1140-1151

De Freitas Silva Larisse, Rodriguez Ruiz Marta,
Houmani Hayet, et al. Glyphosate-induced oxidative
stress in Arabidopsis thaliana affecting peroxisomal
metabolism and triggers activity in the oxidative phase of
the pentose phosphate pathway (OxPPP) involved in
NADPH generation [J]. Journal of Plant Physiology,
2017, 218: 196-205

(E3%5 281 7O

[33]

[34]

[35]

196

R, AR BB, 45 25 T SRAPAF TARIC 238K K
BR300 A% 2 FEVEAI SR Ok R AT I]. LL AR AR R,
2018,50(3):22-28

ZHU lJingxian, LI Lijun, ZHAO Shufang, et al. Genetic
diversity and phylogenetic relationship analysis of 23
Stropharia rugosoannulata strains based on SRAP
molecular marker [J]. Shangdong Agricultural Sciences,
2018, 50(3): 22-28

AR LCL, SR R, T DR A, A8 KRR s 0“1 L AR BR 7235 it
fRi% B [J]. T 24 41,2020,39(6):977-982

REN Jifan, ZHU Jingxian, WANG Qingzhe, et al.
Breeding of Stropharia rugosoannulata ‘Shannongqiugai
No.3’ [J]. Mycosystema, 2020, 39(6): 977-982

BT, N, A JE 3E, 55 7 A B ik B BOK R o 10
| A BT Z A [T]. & a2 4 B E A T A 4k ,2020,
11(20):7536-7543

CUIXiaorui, WANG Li, SHI Feifei, et al. Optimization

[36]

[37]

of extraction process of Stropharia rugosoannulata

protein by ultrasonic-assisted alkali [J]. Journal of Food

Safety and Quality, 2020, 11(20): 7536-7543

N QUACRUE I PN 3 ey R AT
P O[] A B AR # H,2018,34(4):127-132

QIAN Lei, ZHANG Yeni, CHEN Xue, et al. Purification

and enzymatic characterization of laccase from

Stropharia rugosoannulata [J]. Biotechnology Bulletin,

2018, 34(4): 127-132

e B W, 15 57 [, %5 HS-SPME-GC-MS ¥ 43 #7 1 1 /s
R 7 SIS [ AL 4 R A By B TR IS S 1T
BYI2£41,2020, 39(10):1933-1947

XU Ning, LU Huan, FENG Liguo, et al. Volatile

components analysed by HS-SPME-GC-MS in different

parts of fruiting bodies and nutritional composition of
Oudemansiella raphanipes [J]. 2020,

39(10): 1933-1947

Mycosystema,



