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Research progress on control technology for color deterioration of edible
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Abstract: The color deterioration control technology of edible fungi is a key link in the process of storage, preservation
and processing, and its purpose is to alleviate the color deterioration and quality decline caused by browning and microbi-
al pollution. The common methods include physical method, chemical method, biological method and biological technolo-
gy, and so on. In this paper, the influencing factors and various control technologies of color deterioration are analyzed

and reviewed. The relevant problems and suggestions for the control of color deterioration are put forward, which will pro-

450002)

vide technical reference for the storage, preservation and processing of edible fungi.
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Table 1 The common color protectants and their action mechanism
EaResil AL W FE S5
Color protectant ~ Color protection mechanism Case study
PUAR LR —s& 55 PPO RIS &, BRAE NG s BRI SR HUAK LR 0T 543 B 0.04%M , 4 145 48 FE BRI s DA 1L

Ascorbic acid

Citric acid

g
Ethanol

LR

L-cysteine

AR
Dioxidochlorine

Pk B S0 PPO VA 5 LB R (00 AL B, 00 4 R
AR5 .

Firstly, Ascorbic acid could complex with the coradical of PPO
and directly acted on the enzyme. Secondly, The strong reduc-
ibility of ascorbic acid could reduce the oxygen content, inhibit
the activity of PPO, block the formation of brown matter, inhib-
it browning and reduce color deterioration.

A% pH B G 42 8 1 1 FEAIK PPO HIVE M, 16 BB I st 4
ISR AL e

It could reduce pH, chelate metal ions, reduce the activity of
PPO, and enhance the anti-oxidation ability of antioxidants.

S A R AR B el D B PR B (i AR . — R L R
BAR 5 4 75 AH 95 1) PPOPODPAL 25 (0355 1k I i< 0 S I 1)
AR, TR I R AR LOL R S
T A AR R S R AR R C BRI S R KR
THEE S I FER (45 28 R MBI A, b TR
PEIR IR 7= A2

It could inhibit color deterioration through the inhibition of
browning and reduce plaque. Firstly, ethanol fumigation could
decrease the activities of PPO, POD, PAL and the content of to-
tal phenol in substrate, and then inhibite the enzymatic brown-
ing. Secondly, it could inhibit the increase of free amino acid,
reduce sugar, and inhibit the non-enzymatic browning caused
by carbonyl ammonia reaction, the decrease of vitamin C and
the increase of water loss. Thirdly, It could inhibit the growth
of microorganisms and reduce the occurrence of brown spot.
I A AR PR R, R LR EARE A
f1)-SH A 45 & S8 A AL KBRS, S He e — 2D TR R
o, NI AR SR g L-2F B2 nT LA ] POD.
PPO it /> T W (MDA) LA STy & B AL B AT
IEGAAR o

Browning was inhibited by reducing color deterioration. First-
ly, the- SH contained in L- cysteine could bind to quinones
formed by oxidation and inhibit the further formation of mela-
nin, thus inhibiting the browning reaction. Secondly, L-cyste-
ine could inhibit the activities of POD and PPO, decrease the
accumulation of MDA and total phenol, and delay browning.

T T R S A 6 R T D 5 A5 6 P R v A T B o i
P, %L 2T IR DNARNA F1E 45, 520 G AR BHE
gy, M PPO ¥k, #EIR PPO 1 POD 3% Pk 3 e 14 H 3L, A
T SE LA 8 FF A R (e 572

Though infiltrating and oxidizing localized proteins on the cell
surface, it could enhance cell membrane permeability oxidize
and destroy DNA, RNA and proteins, affect microbial metabo-
lism activity, inhibit PPO activity, delay the peak of PPO and
POD activity, and oxidizing localized proteins on the cell sur-
face. Therefore, browning was delayed and color deterioration
was restrained effectively.

WKIEEY 0.04 g- 100 mL™" I, 505 XU 37 (20 i 2500
When the concentration of ascorbic acid was 0.04%, the brown-
ing degree of Volvariella was the lowest, and when the concen-
tration of ascorbic acid was 0.04 g- 100 mL"', the color protec-
tion effect of Agaricus bisporus was significant.

FrEMR T IR EEAE 0.2 g+ 100 mL" I XAt 26 F 3 (2 35 SR e T 5
TG 0T 52 43 09 1.0% B XAt 388 1) 46 28 FE A (IR

When the concentration of citric acid was 0.2 g- 100 mL"', the
color protection effect of Agaricus bisporus was the best, and
the browning degree of Agaricus bisporus was the lowest when
the concentration of citric acid was 1.0% .

400 pL- L™ 1 £ SAUALE 3 b, H LR,

The Agaricus bisporus treated with 400 mL™' ethanol had better
color and whiteness, while the Agaricus bisporus treated with
400 mL ethanol for 3 h had better whiteness.

L-F b 208 Jo 12 43 2R 0.50% B 4 748 72 3 B A HL a1
%[39,42-43] .

When the concentration of L-cysteine reached 0.50%, the brown-
ing degree was the lowest and tended to be gentle.

W 4 °C, ~AMAEREIRIE 150 mg- L2 10 min,
XA g A L ROR R

The best color- protecting effect of Agaricus bisporus was ob-
tained by soaking at 4 °C and 150 mg- L™ dioxidochlorine for 10
min.
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Table 2 The compound color protectants and their effects

poRE g ARl

Compound color protectant

Mot e LZSH

Ratio and process parameters

PR
Fresh-keeping effect

IR+ AR+ R C+
EDTA

Proline + Histidine + Vita-
min C + EDTA

UL B
Calcium chloride + Citric
acid

PR B TR S Y
Citric acid + Ascorbic acid +
Sodium chloride

PO IR ML R + A7 4R R + AL
A+

Ascorbic acid + Citric acid +
Calcium chloride + Sodium
chloride

Ethanol fumigation +1-MCP

B 2RI IE (p, JERD 1.5 g L'+ HEARIRE 1.5 g L'+4E4E R
C¥kE 6.0 g L'+EDTA ¥ J¥ 6.0 g- L5 T 0~3 °CTIA K
T2 25 min.

Proline concentration 1.5 g- L™ + histidine concentration 1.5 g-L"!
+ vitamin C concentration 6.0 g - L' + EDTA concentration
6.0 g-L"'; Soaked in pre-coolant solution at 0-3 °C for 25 min.
S IR EE 2.5% AT B IR IR FE 0.5% ; I BE 12 °C, R
F5 18] 2 min.

Calcium chloride concentration 2.5% + citric acid concentra-
tion 0.5%; The storage temperature was 12 °C, and the soaking
time was 2 min.

FFEEER 0.1%+HUR LR 0.3%+2.5% A5 : HLAs L3534 10
min J5A#0, T 14~30 °C I3 180 d.

Citric acid 0.1% + ascorbic acid 0.3% + 2.5% sodium chloride,
vacuum packed and boiled for 10 min, stored at 14-30 °C for
180 d.

PR MLER 0.04 g- 100 mL'+47 45 2 0.2 g 100 mL'+50 4655
0.3 g- 100 mL"+&4L4N 0.2 g- 100 mL", B AE DI fig K = FI7
¥ 10 min,

Ascorbic acid 0.04 g- 100 mL"' + citric acid 0.2 g- 100 mL" +
calcium chloride 0.3 g-100 mL™' +sodium chloride 0.2 g- 100 mL",
soaked in electrobiotic water at room temperature for 10 min.

F 400 pL- L' ZEE= i (25 °C ) N AU EE T 3 ho
Fumigate Agaricus bisporus mushrooms with 400 uL -L" etha-
nol at room temperature (25 °C) for 3 h.

B AR A E 7K oy ALy i, U0 S 2 R
L IE AL SRR,

It could effectively maintain the water and total
phenolic content of Agaricus bisporus, inhibit ty-
rosinase activity, delay browning and prolong the
shelf life.

e e XA 2 T E L BT L D A B
PRAFF LA BT

Improve the activity of antioxidant enzymes in
Agaricus bisporus, reduce oxidative damage, and
better maintain its color and texture.

R g A L G P, A M R AL, it
i,

The Pleurotus nebrodensis was milky white and
had good gloss, which could effectively inhibit
browning and improve color.

TR X PR 8 PRI R A8 5 S 7 it ) € 0

It could educe the browning of Agaricus bisporus,
improve the color of the product.

O 1) XA 5 T 2 7 R S L, JE 2 T 3 )
AT AR B

It could inhibit the browning of Agaricus bisporus
and carbonyl ammonia reaction, delay the decrease
of Agaricus bisporus whiteness during storage.

SR B R 1 B AR 46 A s R 1

233

X P E A

A= R 7 51— g T

R . H TR 2 AT e 22 55 T &
PG v T RO AL B e < 7 B AR O KR B
OS5 o PRI THh < T AR O 55 TR R XA o A
T AR AL ISR UL, FE A IR A IR . 1
B FE R B 4-F2 5L R RR T I I 5 SR 0 2k 58 4+ il
PR A1 AT e A 0 A T R Pl 1) 9% 12, 32 T 4 ) XL A
Tt A6 AR s AT S5 R T B 2R XA 2 e g | PPO AN
POD i £, 1 5% PAL i 1, 18 s LA L i &5 &
FF AT BEAR 2 1 P 55 4 AR A DR IR 2 AR T, 3R R LR
ALRE A0 A PR B 2R ) A 0, e CAT W )
AR PUEARE A7 22 T AR P 2% 0t S,

TR 070 — M PP 58 24 Bl A = RS A
SRR RIRTZ e R L H - (H H AT MUk
ai AR I EATAE O, HA M. DRk, 75 92
e P UK S B AE AL BOAR , DLBR iR JL A2, IR R L
R o &, IR 7E 5 HoAt 4 G BoR B R 4 S S
BUAT 2 A B A 552 o M T Ao e EL 1 P R AT

« 14 -

I R AR PR AR R AR AR P ok A A
FRAEY, T B 1 T8 42 A8 o S T B = A, N FH A
ZHEFLREE IR R P E R EHERE. B
— 7 T 7] B 2@ i PR PPO AT TYR Z5 1935 1 Mo 4%
mHPUE AR IS TFBOR AL, (R R I &
Fo RAFESRIV AL 3 E T 0.1 g kg
gy B VI R B P OK IR S min, W TS
4 °CRIGE 12 do 45 R KW, 9t 35 2 AL 3 ] [
B T RN BRSO I8 XA 2 (A R FE B . 4
i A A5 R A/ 2 B HN-10 BUps ik P-2 X AL
g AT IR LB T, R IMPUB AR P-2 BE5 G
PPO & P Tt ZE 5% 46 78 JE R , 3 0F 100 i 007 45
WM EA — 2 S E .

T E W (O AR R TS 0 W, JE Rt AR o
55, FEYDRG i S O R e M 22, B R AR
J ] R 2 IR RS IR 2 ok R VTR B LR R R
SR MG G PR Bk k. A, AR IR



g

61 g3

el

L5 B R O P S AR R BRI T

FRALRAR

S T AR MBI BIE 78 2 A 7 N AT AE T2 A T
A RENE R T A AE TS 2 1R, A ik — 2D o

HAR LRy R — s R b AT 4 RE R R
fn i (I SE R ARG B B R IRPE. )y (o
BRI A e H AN AE , 75 5 HoAh T By
FfE o L9 O mT BEAFAE I C I R R A
AIE AT A M SR RS 0] AL, B ob , fi
P3P T REAT BRI I BIR AR W] e = B0 & A 1A
IKIIEBL WA IS 1 %A, R A
BORHEAT bt Pl I & BAFAE SR 2 07 38 A 8 55 1]
Ao BT AAE S B A ST AR v, AR A A T LA T 5K
PrRE A S BUIRE S SRR, BEAR XS, , R AN AL o

3 A R

P & H R ERERT, KRR R
oF o B P R (e 4 22 AR B 48 238 S I e T 45
] S B B AR ML R R BB T B AR A
il 7 T 5 A7 A2 1 2 1) AL, AR ) R Bk = R GEE
SR EAN T, BE AT T 5 A S BT T, R
PTG AAIRIE A ZR , SOR AL 18 B
R A, B e TERARBONE A A
PEAE, A S5 70 7 T Bzl & Fl (i 2522
S5 N FH ] A SR AT i R o

AT, B P ) €5 25 AR 43 Rl R 2 B SR AL
SRR ) ARIR S A T B BOR B, HE DL
T4 A2 B0 P 7 o DR A R R SRS PR T T
AR BRI TE 7 Ml PR e i LK

B B 25 A ML K& 28 Gty T AR 7T 2 A
FREEhn o -

— e LA BRI TT . WO AN A
P 1 55 A AL SR AR AT TR N WIT T, T 0 ) € 35
AR BAR T2, b R F o A B AR A S v
SEMOESA, LA, B TR RO ESETR
Z B AFAENR] PPO S5 BRI 14 5 1 , 11 A7 BF TEHES
RN B G B 35 DA 10 8 2 i 08 , i O TR DR KT X
B A AR < [ BE A AL Fe 5T JERE T » LA AR AS | it
PRFLABAR i L

TR RGBS R . RGTERE
FCA R £ A ek B T B € PR AR Ak 5 ek
BN AR RO LR 2, LA A P AR T i B
e 5 AR P BOR T B FF I AN R AN A B
(BRI, S € B AT R I AR i 25 .

SR, X P 5 AR R R R TT e B &
P AR AR BT FE B A 31 31 R4 R T

I

B e B R e B B L R R
BAT BN RGN T, SRR AR, ot £,
B I I 2 55 28 XU

o FH TR €15 95 A 4 ) 5 R T T AR AT A A
W5k, «

—RAEFERAKFIRANRIT . WA SOFELE
A R 2 51, 0T 78R 5% 3 R BB A 7 s e
RISAECEE AL TT HFZ I, M 2R EEORIR TG R
Folt, DA 72K b fiff ke £33 95 70 25 )

T RIA BRI S AR T . XA
AR UG i 5 S8 ey F 3 AR S5 A S 1R 1 4% 10t
BEAT O, T BE PR, PR AR 0T , 4 e 4 A SR Ak A
LAV TR R AR O B S IR, (e B A
AREVEEACLH < SR AHR S BORFI A=) T B AE fm JA
BOR 5 A AR BRI 85 2 53 5]
BRSO BRI BANYG R, 7 — @ R BRI
55 38 B AR I D DR A R & A L R R
T M R R . 5 IR, FF R 4 U RE DR 8
BRI, W TF R &k 0 R 22 4 3P 455, FR
IR GO AR G A% G AL 23R s BT TR
Bz a m A MR PUE REE R AT RS
e BT RL: B m U B R R N T2,
E R GHE A B HRER TE B, H IR T RS B)
S AT, T ERS T EEN B E
ISEREAIIE % NS H=

R A I . B R B 1 AR R R
TE 2 A0 W B A AH ¢ Ve 2% et , G HE 2 A 45 A
SRS AR i AR« e SR

AN FEVECI A B IS 5, RREH
AT 100358 95 A 1 o BOR N FL 8- IR BT IR B 28 4 1) i i
A8 ) S ad N NATT AT 36 AR 91U ) ot S5 K, A5 FH T
Pk B R B A S B A T R E R
Gk VIR A ) R R B, SR E 2 AL
T RE .

S Ik
(11 PEEHEYS . 2022 5 4 F & HE S L5 50

Hh [ £ FH B, 2024,43(1): 118-126.

[2] LIN X H,SUN D W. Research advances in browning of button
mushroom (Agaricus bisporus) : Affecting factors and control-

ling methods[J]. Trends in Food Science & Technology, 2019,

90:63-75.

[31 VRN, XU, XBUK, 26 A0k 4R MR A BN RS A 2548 A2 1 5

W] A% A% 23] 5, 2021,35(5) : 1129-1135.

[4] VB, oar, AR, S . LA IR Bk g R RO 1 B

W] &S R EE T, 2022,48(7) :226-230.

« 15 -



FOE R XK

37 %

[3]

(6]

(7]
(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

TR, BHAE R, BRBUAE , 55 . 1-MCP Ji 4% % s et AR 0
B HR G AR []. AR, 2022,43(13):192-198.
MOHAPATRA D, FRIAS J M, OLIVEIRA F A R, et al. Devel-
opment and validation of a model to predict enzymatic activity
during storage of cultivated mushrooms (Agaricus bisporus
spp - )[J].Journal of Food Engineering,2008,86(1):39-48.

T AR EM] . b R E R T kR, 2009.

PO, 58T, B0, & B HTERG REEEORTT FU it I )]
AR AR ,2022,54(7) £ 149-156.

TR RS, AT AT, 55 . O/CO, H &SNS 1 AR 25 R
MsE I [I]. Hh E 2R3, 2020,40(11) £ 12-20.

R KR, H R, 5 e B R R F5 A 0k A R
(RS T] . PG R AL 274, 2016,29(1) : 153-158.

FENTT, EBEH, BRI B X XA 2 46 A8 AT 4 Al
I VR 52 W K Bl D3 B L[] B R B, 2015, 31(2)
157-163.

T <, BRI, BT 5 5 A% AR Y R 0 ] B A S 2 4 A AL
W [CUARIR A 7% 74 AR AR B 28+ T R 4
TR )V 2 2 0 S AR 1 2 4% 2015 AR ARAE 2 (4
BIRE R )W SCAE, 2015.

AL K AL BN R 5 T T 5T A AR B R R (D] JEFH - Pk
PR K 52,2020

TR FEI i, A B, 08, 45 AR B2 T O S 08 i ot T ) 52
WA[J]. £ dh ol RHE,2019,40(13):226-230.

R XEE, Ao, A R R G AR B LR B R R T
FERESELI]. o E A #,2015,34(1):70-73.

QUEVEDO R, DIAZ O, VALENCIA E, et al. Differences be-
tween the order model and the weibull model in the modeling of
the enzymatic browning[J]. Food and Bioprocess Technology,
2016,9(11):1961-1967.

UNRE BN, bR A R IR/ R BAE £ i Dol B R
FAF gLk R ()] AR B R, 2018,34(6):293-309.
BRI, RTS8 . 1- FR R B DA 0 e ol 9 42 4 T e 1
ARBHHIHI R G AL ()] £ i B, 2022,43(13):192-198.
WRAC R, RBUE , XU 3, 45 . 4R 50 o XU 26 #7215 A AL
BEJJISEIAI[T] . Ak TRE =24, 2021,37(17) : 258-265.
POURBAGHER R, ABBASPOUR-FARD M H, SOHBATZA-
DEH F, et al. /n vivo antibacterial effect of non-thermal atmo-
spheric plasma on pseudomonas tolaasii, a causative agent of
Agaricus bisporus blotch disease[J]. Food Control, 2021, 130:
108319.

SOLER-RIVAS C, ARPIN N, OLIVIER J M, et al. WLIP, a li-
podepsipeptide of Pseudomonas reactans, as inhibitor of the
symptoms of the brown blotch disease of Agaricus bisporus[J].
Journal of Applied Microbiology,1999,86(4):635-641.
KERTESZ M A, THAI M. Compost bacteria and fungi that in-
fluence growth and development of Agaricus bisporus and other
commercial mushrooms[J]. Applied Microbiology and Biotech-
nology,2018,102(4):1639-1650.

WANG G Z, GONG Y H, HUANG Z Y, et al. Identification of
and antimicrobial activity of plant extracts against Pseudomonas

putida from rot fruiting bodies of Pleurotus eryngii[J]. Scientia

- 16 -

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Horticulturae,2016,212:235-239.

AR P2 X D R £ 4 8 4 AR L 5 AR B VR
FUID]. i e Al K22 ,2019:35-38.

SINGH P, LANGOWSK H C, WANI A A, et al. Recent advanc-
es in extending the shelf life of fresh Agaricus mushrooms: A re-
view[J]. Journal of the Science of Food and Agriculture, 2010,
90(9):1393-1402.

BRBAGE , W52 0, R, S5 . AT R A DRI TR AE Bl B A
LR B 2022,41(2):1-5.

B . 0, /CO, 3l F R AR T 5 LR EE SR K 72 [D]. 1L
AR L AR TR, 2019,

LESPINARD A R, GONI S M, SALGADO P R, et al. Experi-
mental determination and modeling of size variation, heat trans-
fer and quality indexes during mushroom blanching[J]. Journal
of Food Engineering,2009,92:11-17.

TR IR K TS , 45 M SRR R T 2 T2 R A (B
R &t 5 R BT, 2006,32(4): 145-149.

LEIJ,LI B J, ZHANG N, et al. Effects of UV-C treatment on
browning and the expression of polyphenol oxidase (PPO)
genes in different tissues of Agaricus bisporus during cold stor-
age[J]. Postharvest Biology and Technology,2018,139:99-105.
YR i 7 YA T AT PR A X R SRR PR R
MU FIEFE[D] . L IR YL VL I3 K%, 2018,

LEE N Y,KIM N H,JANG I S, et al. Decontamination efficacy
of neutral electrolyzed water to eliminate indigenous flora on a
large-scale of cabbage and carrot both in the laboratory and on a
real processing line[J]. Food Research International, 2014, 64:
234-240.

ADAY M S. Application of electrolyzed water for improving
postharvest quality of mushroom[J]. LWT- Food Science and
Technology,2016,68:44-51.

WU S J, NIE Y, ZHAO J H, et al. The synergistic effects of
low- concentration acidic electrolyzed water and ultrasound on
the storage quality of fresh-sliced button mushrooms[J]. Food
and Bioprocess Technology,2018,11(2):314-323.

ZHANG K X, PUY Y, SUN D W. Recent advances in quality
preservation of postharvest mushrooms (Agaricus bisporus) : A
review[J]. Trends in Food Science & Technology, 2018, 78:
72-82.

KL RS, BE R, & RS T H IR CHEARBETEI].
2 BE AR, 2018,39(3):64-69.

BOE, BRI 3, /R IR B AP O RORBIE ST S (1] 3 bR IR
250 5AR,2022,43(1) :61-63.

ST, F 228, 28 T 3 XU S BB 6 K R T 05 X
FIEFE[I]. 8 DAk RH,2014,35(12):303-306.

TR, BT, SR AL, A5 W TV DA U I A g
L] A Tk RHE,2017,38(16):167-171.
W, 2 x5 s, 0K % W B 20 DU B 7% 1 4 (0
] &5 5 kKEE T, 2018,44(9):196-203.

BL o . BT ZRAL T XU 2 CRA 5 5T (50 D] . SRR -
PUREK5#,2017.

LIN J P, CAI X X, TANG M R, et al. Preparation and evalua-



5 634 g A B OESARERIBORE U

FRALRAR

[43]

[44]

[45]

[46]

[47]

[48]

[49]

tion of the chelating nanocomposite fabricated with marine al-
gae Schizochytrium sp. protein hydrolysate and calcium[J]. Jour-
nal of Agricultural and Food Chemistry, 2015, 63 (44) :
9704-9714.

ALI S,KHAN A S, MALIK A U.Postharvest L-cysteine applica-
tion delayed pericarp browning, suppressed lipid peroxidation
and maintained antioxidative activities of litchi fruit[J]. Posthar-
vest Biology and Technology,2016,121:135-142.

KWy . 0 FL 08 S J 463 % [ A 5% A B AR A AR A B L R B R
WHFE[D]. BB R R, 2010.

TR R IR A AT DR BRI LA 7 i OB K R 1
ST R AR R 2, 2014 ,43(1):93-109.

KHAN Z U,BU J W,KHAN N M, et al. Integrated treatment of
CaCl,, citric acid and sorbitol reduces loss of quality of button
mushroom (Agaricus bisporus) during postharvest storage[J].
Journal of Food Processing and Preservation, 2015, 39 (6) :
2008-2016.

BTCAF [ B0 , 55 . LR 4l (Pleurotus nebrodensis) ¥
S OB E]. P AN 2009(2) £ 130-132.

ZEHI A B, TRIZR, S5 L 1-MCP 158 Bk A 2 % 758
JEPUAMBE TR FE R RH, 2018, 43(11) :38-44.

LIU J, MENG C G, WANG X C, et al. Effect of protocatechuic

acid - grafted - chitosan coating on the postharvest quality of

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Pleurotus eryngii[J]. Journal of Agricultural and Food Chemis-
try,2016,64(38):7225-7233.

WEs JOFKNE, B, 55 W LR EUTRON A 0 2 S e v
PR FT) . £ 5 R 1k, 2013(7):128-131.

HU Y H, CHEN C M, XU L, et al. Postharvest application of
4-methoxy cinnamic acid for extending the shelf life of mush-
room (Agaricus bisporus)[J].Postharvest Biology and Technol-
ogy,2015,104:33-41.

QU TT,LI BB,HUANG X F,et al. Effect of peppermint oil on
the storage quality of white button mushrooms (Agaricus bispo-
rus)[J].Food and Bioprocess Technology,2020,13(8):404-418.
GAO M S, FENG L F, JIANG T J. Browning inhibition and
quality preservation of button mushroom ( Agaricus bisporus)
by essential oils fumigation treatment[J].Food Chemistry,2014,
149:107-113.

B R T LN, T, 45 DAV BRI B 2R AL FEON 7 4 R R LA
fit )1 % 2 SR )] . & R, 2019,40(17) :263-269.
IRAFI B , R 45 . i 3 2 AL PR S ) XU 1 1 7
FIMEIHLELLT] . fr Rl 22, 2019,40(17) :255-262.

AREE, VIR, R A /NS HN-10 $TR K P-2 XF
LA 4 AR A R R SR 0] £ 5 5 R L, 2019, 45(5)
133-139.

- 17 -



