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WUA B 4% (A garicus bisporus A15), H i 41Kk
AR AR A,

AR L Z /R (TBA) . R % 6000 (PEG
6000) . =4 Z. 2 (TCA) %% P (NBT) \L-E &
1% (MET) | 2R & % ML i St B (PVP) | 38 5 2R £ 95 ik
W LERR (PVPP) , K HEG A 40 4k TR 52 e, 33
Sa [

12 MUBR5EF

W - BT B A, 38 [ 22 584 20 w) 5 DU oo b i
PR TR A L 1A, 2 Waters A ] ;TAXT plus
YA AL, € [E Stable Micro Systems 2\ F] ; Cibx
IPIEEEAL, 5 X-Rite; DDS-307A HL §RAL
A R 2R AR By A R FD 5 JFQ-3150H AR
Ge WA, b mt 3 05 AR A 58 BT UVT56CRT
AT WA BT, G R R AT B A A
WO15R B FRe4r L, B A Z B A RA A .
1.3 REH*
1.3.1  JEURpAL 3 R ¥ 5 il AT A0 25 1F 3Lt
JE 7 (A, bisporus, A15)K H &KLY RHEA
PR, OB B 25 R S 7 2~4 CTR (B R
)2 h, BB J5 4 V2 i 715 i (8 C£2 °C, 4~6h)
B R PRk 35 30~40 mm, B4, K/
B5) S v 1E s A e H R IF A, Jo B R G
BUBAR 03 00 - SEAR 24 45 kg, 43 2678 225 4 UV K
WEROHBR & (&% 6 ML), TER LR
T V2 B 5 JEAE 1Y V2 i v (12 “C£1 °C A X
85%~90%) I 6 d.,

ELR VA 6 a0 o R AN P 1, TP R U)K
FE 30 AN BURE B a] A5, B 1 1 (BP0 h) | Filv4
FFiz (PS-2 h) , B 412 i (CS-8 h) , BT AL /4%
fil it B (SS-1d.SS-2 d . SS-3 d.SS-4 d.SS-5d,
SS-6d),

[BP-on|  [Ps-2h] Cs-8h | ss-1. 2. 3. 4. 54 |
I T
R = N TV S D AR B :
e ple >« >
G£DC 2h | (820 6h (12£D)C, 6d

T BP RR TR T 3 PS SRR Bilve 1712 CS 3Ron & U7 i85 3 SS Fm WAL & T Il
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Fig.1 Process of simulated cold chain circulation for postharvest A. bisporus
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MR B F A2 B 5 A R SE ATV, A2
ol BN 10 N7, A BB PRI
BN YE S BRI LA E g 6 IR (1953=10) o J&%
EEN AR ETE LR 1 CRT 0~10 43 .
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Table 1 Sensory evaluation standard of A. bisporus
o R EF(S]) B AW A(S2) F 2K (S3) W R H(S4) KAk L E(S5)  REES
10~8 EaHLE HETE WA Kok B I F i E —
8~6 BMABERARE WA 2Rk BMEE hET R —
6~4 WERBE KAF HERKE, £ Ik HEH Tt FE T 8% —
<4 PEBE LF BE K AT 72 Stk PEEE ENEFE X —

L JRE I 5r=S14S2483+54+485,

fifi £ 2 18 Kotwaliwale S5 5 Bk dE 4700 22
B E T TA-XT plus BTG5, - P/
36R Rk BEAT TPA 15, SR E N PR E |
T RGBT S5 mm/s, P IR E 46
A5 10 s, 0B R 46 L 40% , filk & J1 {8 5 N,
SETE JE (Firmness ) (FL47 :N) o /#AXX@%%%%U
BB 35 (1 emx1 emx1 em) BE 5y i 17400, &5 4~ 4b
RO % 10 4>, R 3 K,

AEFEE0(B]) S IR Gaol', Fernandes 25 7
AT INE o SR Ciox A 35 5360 B AT RE
XA P 5 T 7 D (8 2% 3 WKL RORSEE e IEMH
FORMMEL, B R 4 5 b 1E A8 R 7m I BT,
FEoR A 5 I 25 R S AR MER (Lo, ao, bo) #E4T 1L
B, LLAE FoR s REa s BT d E 1R,

1

E = [(L-Lo Y+ (a=ay)+(b=b0)?]” (2)
S AR SRR (TR R, AR A

F2 v =
2 2 2
A = VAL +Aa +Ab

AR SR (BD) BB A .
I = 100(x-0.31)

0.17 3)
N (a+1.75L)
At = (5.645L)+(a=3.012b)
1.3.2.3  MENGEZF AR ME S8 Gong

ARSI Ty 1 R F AR B W AY (JFQ-3150H ) i 47
SE o BT B 2 BRI A 2 B R RE T L TR
iz Sk A L AR IR B (pgflke/s) KRR
20 A 10 AN B s T SRR 1 b R
3,

TR (%) = X (FFRGUxIZ T LR 50)/
(5xF 5L S50 % 100 4)

0 %%, JTIF4;1 9%, JF@EIKITEAE 0~5%;2

%, A IR IF B AE 5%~20% ;3 9% , FF A Ik I FE 7
20%~50% ;4 9, FF ik IF BELE 509%~80% ;5 9%, IT
DBk I EEAE 80%~100% .,

1324 HEAERNE ZSH5THINITE
M5E . FREOR T BE 45K 0.5 ¢, JTA 6 mol/L. HCI
(50 mL) 7 2 I R Y 45 min, R 5 7E 10 000 g &5
L 15 min, B WS RER

1.3.3  RUFRLEE 45 >R Ji5 A= BEAE AR 00

1.3.3.1 X SR (RC) AN - (MDA) &% /Y
W RC 2% Lin S LS 700 , BN
BEGEFE 5L 5.0 ¢ B FHIE RS, A 40 mL 7518
K, BB JE 3L 20 DL TR AN E B TR AE Py, 10
min Ji5 € B TR AE0 P AR5 A9 10 min, 2 H1 R
IR 5 TR KA 55 2 40 mL IS WOARRL, % H
SRM Py, i FmAXITERE T MBS R,

FRH L G35 (%) = D= ]ﬂ’o 100 (5)
2—=1 0
MDA & 2% Duan 2 J7 B U410 2

M2 T KA AE 450,532 nm F1 600 nm 40 1 1 ¢
BE o KA R TS T

N I 7 & (mmol/kg) = [6.45% (A spum—A s0mm)
—0.56XA 450] (6)
1.3.3.2  nEMEFEIE Y (SSC) & & i RA
WOI5R B FREHT S GHEAT I 2 o I3t Ao 44 XL A6
GO AR R, G LR S S HUSE AR
A HEEDE Y & Al S ' H%Ros
1.3.3.3 & (TP) &EMIE 2 M8 Fattahifar
SRR R BEATIN A o PRI 25 RE i 2.5 g, I
W 1% HCL Y W B, IR EE LS K, & 1%
HCI 9 H B0 W R TR IR e B 3] 20 mL 58
PEA) A VKAEH B 24 h, i 0 R Be S 5 )5 L&
1% HCI A H B 6T #E 280 nm A I e T
Al VIR E TR brE i 8o 5 R0 o &

5~
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1.3.3.4 BEIEALEE S (T-AOC) e i &
KRR & (AT R ER AR A A ), it ik
W R AT A AR BE J1 (FRAP) 7 B EAT I AE

1.3.3.5 i PEE (ROS) &M E 0, F H0,
TS E Wa 2T E

1.3.3.6 BRI A E  BUAE BE 2 A R i I 1) o

RN (x x5) MH] IBM SPSS 26.0 X i 48 £ 45
PEAT 5 2 P RN AE DGR 53 B, AL Origin 2018 #E47
YE &, Pearson AH 5C % B 43 #r il i genescloud
(https ://www.genescloud.cn ) T H. 1753 Hr

2 #R
A0 g SURBEAERE Al DRI JS A 36.0° 5 4 o g i i 50 72 vh WAL BE 26 8 FRE R 40
mL 50 mmol/L 18 2 2% #h % (0.2 mmol/L. EDTA | B S 1

0.002 ¢/ PVP,pH=7.8), i ie#i7 )5 LL 10 000xg
4 °CE > 20 min, B VAR AE |

Z: M Gao 5 7735 W E PPO W6 1 s 2%
Yao ZPJ7 % SOD W6 s 2% Gao Z19IHY
J7k sE POD M ; 2% Zhang SFPAR) J5 ikl
FE CAT {6k,
1.4 HELE

IS5 AT 3 R, 1 LIV (8 55 1 O
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AR o (L7 T B B 284k XUIR B 4 >R I J
B dh B AL SO B E AR R VR AR WL 2,
T 68 0 ) J% B o BT (1] 2a) RS A AT 42 A7 IR T
o3 (P 2b) 9 3 2578 A fa SR — B0, 3 R B0 5
2N K TR ARV SR i o R v UL B 2 7 S
prancsi ey EINENUE P U RS ST R T
A ASADURE TR T B R A R R R R
d SS-3d SS-4d

SS-5d SS-6d

RADYIOGR S 7

000000900000 O90
PPOPOPRIPRIPD

PO

50t ' 100 a
AR F » 4
(;:i 40- g g é % z ] 80| ;/i
ééé%?% ¢ MEGO- d/
§ g ! . é % % £ <:r qg“ 40 i
ss TV R e
s 7 ¢ gk
Qs\ Q%:\:e (?%;Q %%>§ %%,'\} %%?:% %%’hb %%’L} %%"eh Q%’%% Q%‘,\:o Q%’@Q %%I\b %%:\‘b %%?’b %%}p %%,%§ 6%»§
X HURE R HURE £

Sampling point
(b)

Sampling point
(c)

B2 WHEHEREAERBESERRAERR (a)BEEZEE TS (b)MAEE (c)TH
Fig.2 Changes in sensory quality (a) overall acceptability (b) and the cap opening (c)

of A. bisporus during cold chain circulation
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B4, NP 2a R DU XU R 4 R I
TESS 3 R P M BUE AL 5 R FML 4
PR T3 A7 BRI 43 (R 2b) B 3 T R 15 I 0LA
R 3 SR S AR5 3 RN ity JB 2 Al LWL AR
i T L R O, T SR XTI R ) 25 %
R, NIE 2a FIE 2c AT LA Y 7R BV 4 i i
R, P RV B s B AY H i R v T
AN, AEASADR TR BT R I R R AR A
2 RIBUITA=BLG IRl BN 1) S 4 728 4% K
22 RERBIEPNAEFERERMNERMA
T

RJa WAL s S KRR T, R
BRI, TF P LA R AH 8 7 VR, X — i 7 2
B LN TE B35 A% TR 7 L 2 A R A A
AR WA A S5 R SR WAL B o thy Tk 25 T H
SMEE TR, e b AR BT Y fiE
IR a1 B A SR B S SR R )
RALRE , 751X 28 5 i v K AR Sy Hdw H A AR, X
FEHEAT 0 S0 A= A I Sh AR H E 2L, LA AR
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8t ;/
d/

6k e

4t
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D MP) 3 D ol o W LB
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Ja b B AL R AR S By SOk, iR i TR I
BEA 5B A A I TR DR 4P 25 R R K g3 B PR
R AR I S EOH R el A RN AR 3a
JIe7R KA 78 R Ji it o 728 A 36 R o G i R R
Jev i ] A 7 Ak 5t Blr 2 LR S o 7R B K
Hettiz s Hpyhd ferh R EA R, KEE
T A A R I B 2R T3 DR, RS 3
KR ERILF 6.83% (>5%), LTk ET
FURg A (P, PR, 3 A DR AR XU R Sk
PR B IR 3, 3 22 L SRR, A SR I 3B 2 LS 7
o i AR B SR, RUAL B 2l TR R e T A
AL SUAL R it 522 Al 3 AR b LA B 4
Jo st ) A2 A DL 3b ., DAL HR R R SR i i 578
TR P RRE B BB T R AR A, TER0S
Lo ¥ s it A P BE 2 AR AN 2, R RR DL T
R B SR BTN 0] 5 2 R R A, O Ay A
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Fig.3 Changes in weight loss rate (a) and firmness (b) of A. bisporus during postharvest cold chain circulation
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Fig.4 Changes in respiration rate (a), whiteness (b) and browning index (¢) of A. bisporus

during postharvest cold chain circulation

24 RERBUBINAEEFEEERIE  HAWRIG NS AR & T . AR

ML 2 W1 LA SR S5 A (R P JEC IR 303 37 2 4 ik TR 6
W B LRI S R AL W MR NIRRT (FAA) R BT 1645 0,3,6 d 43514 19.15,

BB RS, AT IR SRS 45 T SRR 19.60,20.12 pgg.

o ) 5 AR RPN BT I, X XU B 2 6

x2 VAEBHRELIEREAIEPHSEERSETN (uJ/Q)

Table 2 Changes of free amino acids content in A. bisporus during postharvest cold chain circulation (ug/g)

B Rk 0d 3d 6d
A B (Lys) 1.55 +0.07* 1.85 +0.03" 2.03 +0.08"
& 28 (Trp) 3.64 +0.08" 0.28 +0.03" 0.12 +£0.01*
B B8 (Tyr) 3.30 £ 0.09° 2.01 £0.05" 1.00 +0.07*
R A& 2R (Asp) 1.60 + 0.04° 331 +0.12° 2.15 £0.08"
228 (Glu) 9.03 £0.16 12.10 £0.27" 14.82 £ 0.31°

F e 2B (Cys) 0.03 = 0.00 0.05 +0.02" —
&t 19.15 +3.17° 19.60 + 2.86" 20.12 +£3.07°

TE R PR B P B E bR g 22, b — R ARG L AR /NE TR R R AT L 22 5 (P<0.05)

25 AERECEPNBEFHENBEBSEM PR AR o A S b a7, HS AR

MDA & EKEX 5 G0 545 R A5 405 R 2H U S B R R AR AR
F, figp T T 5 2 A A 2 2 P 23 A 1Y) S R M Hi 8] Sbh AT, 7E RUAEL B al A Ve B it o AR

DM, il Sa T OUIHE 4 4 PR ARG e S MDA & i R LT 3 b e Bl S v i iz

TEREANV R i A, R AT B Hve ik R B R AR AN 2 TR T AR

i RN B, EEPUE TR TSR TR R R BT, 1R 3 KI MDA &

WAy 3 d BT e i e Vs TR X R RE HINE] T 2.34 mmol/kg, 2 J5 MV T

AT Ay XA B ) 20 A b 2o B P B i R DT 26 AERETEPNAEFEIAEERY .2

RS A M 58, R A R R AL T R B A MeagMmamaEdEInETi

SR RO R, MDA RS CR S TR A XA 8 gk v R P R 0 0 R R R
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Fig.5 Changes in relative conductivity (a) and malondialdehyde content(b) of A. bisporus

during the postharvest cold chain circulation
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Fig.6 Changes in soluble solids content (a) total phenol content (b) and total antioxidant capacity (c)

of A. bisporus during the postharvest cold chain circulation
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Z Wy S8 AL T (PPO ) RE I 13 2 Wy o S A 1l e A
K BT AR B AL A TP AR () T, £ 4 XL A
T g A AR AR S AL I (POD) 15 Hy0, f71E
AT T REH A L Z B 5, 5 PPO BRI AT 5
R GAR AL WA BT R, POD 7EAR Y 20 i ke
PRI, B2 5 T BRI R4 (H,0,) AR
FRAb it # R BB PR A TEREY ™, PR LA Y
{1 R A SR A PR 3 P R - v R A R AR
A, Horpad S AR SR (CAT) BEKF HL0, 43 fif i H,0
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Table 3 Changes of 0,7, H,0, content and metabolic enzyme activity of A. bisporus during

postharvest cold chain circulation

B &, PPO/(U/mg pro) POD/(U/mg pro) O,+7/(mmol/min/g) H,0,/(pumol/g) SOD/(U/mg pro) CAT/(U/mg pro)
BP-0 h 36.30 + 1.32¢ 18.40 + 1.01* 3.23 £ 0.09* 26.83 +0.91*  156.19 + 12.08* 3.83£0.91*
PS-2h 36.90 + 1.44° 19.10 + 1.33¢ 3.27 £ 0.06* 28.03 + 1.07* 165.42 +9.32¢ 3.70 £ 0.52¢
CS-6h 38.30 + 1.24° 20.54 + 1.21° 3.35+0.10° 29.32+0.99*  179.57 £ 10.01* 3.55+0.73"
SS-1d 41.50 + 1.46" 25.20 + 1.23" 3.57 £0.10® 37.56 +1.70°  239.76 + 10.59" 3.36 £ 1.07°
SS-2d 47.50 + 1.37¢ 33.41 + 1.21° 397 +0.11° 34.85 +0.88" 259.27 + 8.08" 4.85 +0.88"
SS-3d 53.60 £ 1.25¢ 43.47 £ 1.32¢ 4.43 +0.08" 40.13 £ 1.17*  327.13 £7.49" 6.83 £1.17"
SS-4d 55.20 + 1.35° 48.81 + 1.08° 4.62 +0.07 42,78 £ 1.29¢  301.83 + 10.71° 7.08 + 1.09°
SS-5d 59.11 = 1.46' 5127 # 1.17" 4.97 £0.10° 45.07 £ 0.58° 281.49 + 9.84 8.57 £ 0.58+
SS-6d 56.40 + 1.25° 53.83 +0.91" 4.93 +0.08° 48.49 + 0.87"  268.19 + 10.57° 9.49 +0.87¢
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The Quality Deterioration and Reactive Oxygen Metabolism of Agaricus bisporus
during Cold Chain Circulation

Wang Biao', Wang Ting?, Yun Jianmin", Li Wenhui', Guo Gengxin', Qu Yuling'
(‘College of Food Science and Engineering, Gansu Agricultural University, Lanzhou 730070
YInstitute of Agro—Products Processing Science and Technology, Xinjiang Academy of Agricultural
and Reclamation Science, Shihezi 832000, Xinjiang)

Abstract To investigate the quality deterioration of mushrooms (Agaricus bisporus) and the law of their reactive oxygen
metabolism during cold chain circulation. In this experiment, the sensory quality, main physiological indicators and reac-
tive oxygen metabolism of A. bisporus fruiting bodies were dynamically measured during post—harvest pre—cooling, cold
chain transportation and simulated low temperature shelf life, and the correlation between quality deterioration and physi-
ological indicators and reactive oxygen metabolism was investigated by Pearson correlation analysis software. The results
showed that the quality of A. bisporus did not change much during the period of pre—cooling and cold chain transporta-
tion during cold chain circulation, while gradual quality deterioration occurred during storage in simulated supermarket
low temperature shelf life (12 °C+1 °C). The respiratory peak appeared at the 3rd day, and after the respiratory peak, its
sensory quality decreased rapidly, mainly manifested as wilting, browning, opening, and texture softening, etc. At the
same lime, the physiological indexes also changed significantly, as shown by the decrease of soluble solid content
(SSC), total antioxidant capacity (T-AOC), and the dynamic increase in relative conductivity (RC), the contents of
total phenol (TP), malondialdehyde (MDA), O,-7, and H,0,, and the activities of enzymes related to active oxygen
(ROS) metabolism. Pearson correlation analysis revealed that postharvest browning of mushrooms was significantly corre-
lated with changes in polyphenol oxidase (PPO) activity, total phenol content, and malondialdehyde content, and
browning was influenced by changes in PPO, peroxidase (POD), and superoxide dismutase activities (SOD) and pheno-

lic content. The highest correlation was found between browning and PPO (R?=0.95); there was a strong correlation be-
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tween weight loss (WL) and changes in malondialdehyde content (R?=0.90). The ROS contents accumulated with the ex-
tension of storage time, although the activities of PPO showed an increasing trend, but the total antioxidant capacity of
the antioxidant enzyme system was decreasing, which led to the accelerated deterioration of storage quality. According to
these laws, the shelf life of A. bisporus can be predicted more accurately and provide some theoretical guidance for
mushroom post—harvest cold chain circulation and quality monitoring during shelf sales.

Keywords Agaricus bisporus; cold chain circulation; quality deterioration; correlation analysis; physiological changes;

reactive oxygen metabolism



