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Optimization of high pressure carbon dioxide treatment
on button mushroom ( Agaricus bisporus) preservation
LI Jing', LI Shun-feng', TIAN Guang-rui', WANG An-jian', LIU Li-na', YUAN Qing-Ii’

(1.Institute of Agro—products Processing, Henan Academy of Agricultural Sciences, Zhengzhou 450002, China;
2.Collage of Food Science and Technology, Henan Agricultural University, Zhengzhou 450002, China)

Abstract:In order to optimize the high pressure carbon dioxide (HPCD) treatment on button mushroom ( Agaricus
bisporus) preservation, the effects of treatment pressure, time and temperature on the firmness and color of button
mushroom were studied.Moreover, on the basis of single-factor test. response surface methodology was used to
optimize the conditions of button mushroom preservation. The results showed that the optimum HPCD treatment
conditions of treatment pressure, time and temperature were 0.3 MPa,3 min and 17 C. respectively. Under these
conditions, the firmness and color of button mushroom can be maintained better than control. After storage 8 d at
low temperature, the firmness and Bl of button mushroom were 191.7 N (increased by 18.85%) and 33.13
(decreased by 16.80%) , respectively. Thus, HPCD technology can be applied to button mushroom preservation
which has a good prospect.

Key words: button mushroom; high pressure carbon dioxide; firmness, color

o 4y 3545 1 TS255.3 SCHRBRIRES A WOEE 4w 5 :1002-0306 (2016) 07-0226-06

doi:10.13386/j. issn1002 - 0306. 2016. 07. 035

I SR AL F LT i 55 7K B iy ik 90% LA b, BRIR AT
LR, th T wi R JC R AL 2L ASREFHIE AT S

IR FE 8 o B 0 A TR 44k ik (high pressure
carbon dioxide, HPCD) #EA{IG I 2611 T e 2 35 1 gl

R A AR G B K S8R B B R A IR 22
TFA AL L 330 22 55 R S5 A8 B AL, be Tz v i e
fth 397 80 S5 Tt 42 01 5 B IR A AR AF 1~ 3 Y g
PRI RIS T B A2 S % R i B S U A B 57 TR s
R 32 S S R] 2, T ey A A T BIOOUA B 2 S S B
A E B 25 . BFFE R SO 4 SR I A2
SRR, FeA il Uy ik 2 LA 71 L, Bk
V2 FLAT R ] A R AR RO T O AR B B AFAEAS
R S ~ ki FF) A5 ) JEE 5 IO SR 8 2 585 A5 2 24 5 % i 1
TE SR B N AR B S T AR B 5 e o) Y o A
ANATAERG 7KV 22 4 AR B AS BB o » 3 £ i 22 4= A1
st JUT PSSR I A Bl s 2% C A R 1 DR B AR Bl O N

i f 39 :2015-08-07

AR TE A O 5 M 3000 0] SR 38 R 7™ O 140 5 0 95 7%
HHT & A7 HPCD AL 3R F T 9L i B1) S i ) 2 42 o) F1
A5 Fr0 FE DGR RE Y (A LK 1% Ak B D T SOL A B 4
K S it B % ) I

A SCH HPCD S F -1 00 3% 0 (1) {5 &5, 78 0F 9%
HPCD Ab B0 f J5 7« B T8) 013850 5 S X 14 1% 2% i 5 A1 25
0258 ST JIE B W 17 JE R b, F SO FE 45 1 HPCD
AOER 4R REAT R AL, B 76 R LS B 5 (R 0 4R U B i
A 4k ArET I F A T
1 MRSk
1.1 MRS5S

{E& T AT 250 (1981=) g, P, SIWE ST 61 B 95 7 () < o 7 S 0 A N 1 » E—mail : ruochenjl@ 163.com.

G0 E ) S Al B BE B A e G 0BT 4 101 H (20148409)

226 0165 %07



TETHAR

pasiipd |

RS 45 35 BH BLIA R TR BRI R AT B2
w o SRS 3 S N I s R A T4 20 h s A Rz
[P S B 5 VA gl o i B RS /0 g A R — B0 it 1
FCTF A L Te s U WU AR A5 1 B 0 AT S5 .

FA2004C 43T R LB -F Rl 25 038 47 B2
w) SHZ-B /Kt E R MR % d 1 i s 9l AT PR 22
W PEIT VAR ] T H2050R el VA R B0 WL HHACES O
PR AT 2 ] ; UVI800 ML 4 4r it HAR
4 | Color Flex EZ 6224y 22 [E Hunterlab 4%
&) TMS—Pro JTifg{%  SE[E FTC 2 &) ;& s S bk
e hekad .
1.2 SR Jyik
121 FEabARER 3 iR O B 6 e N HPCD %€ 7
J2 S v, i IS IS 4508 1R 2k AF 43 o Ak B, Ak 3 5
EeJE S 1B CO, %58 4%, of Ab B 58 () FE 5 74 °C
AT RO 8 d i BN S L S IS AR A

HPCD 4bF{ 26 A - b BRI FE AR J7 47 5 R 20 “C
0.3 MPa 5, ZEELFRE A] 1.3.5 min Xf X {0 3% 455
D 2 SR Y S AR BRI BE Oy 20 C i, %€ 0.1.0.3
0.5 MPa J& )44 FARFE 3 min Aof 00U 5% 2085 0 i 2 S
IS AR B K /)28 0.3 MPa B, #5 %2 10.20.30 “C i
PE Sf A TR AL EE 3 min S LA 2 0 5 11 S 0 .
1.2.2 T g s K M 2% [E Food Technology
Corporation (FTC) 2> ] 4 7 1) Jii #{% TMS— Pro X X
Tl w5 M AT A2 B R 40 (TPA) , I s 280 F : B
5 em BYEIEE TR T B4R Sk, 4R 9 30% » I ialode 42
9 1.0 mmes™, il J30h 0.3 Noo S R HEAT R, A
HALEE 12 A~ .
1.2.3 e iPEYr A Hunterlab ColorFlex EZ £, 25 {¥
W 5E A A 45 55 ) CIE L7 ((/75) (a” (Zr/88) b
(/0 AXEE bR R (L =94.115a" = -1.08;
b =2.13) F2IE, FRAALEE 12 A~ T AL . SO m i (A7 {1k
WA e (BD ™ gt A R R

BI =100 x (x-0.31) /0.172

Horp:x = (a + 175L7 ) /(5.645L°
3.01267 )
1.2.4 i B Pe A S 86 vl 7R B IR 3 S 06 1 Al
b MR Box—Beknhen W0 ZH 6 9256 B 1 R, BAXY
001 % ARG Il 3 8 S [ L A BT DRy mii AR, LA
HPCD 4bFR g I < Bsf [a) Fi BE S 52wl 5] 22, 31 =[5
B KT i R T S AT S A (3 1), X A B 4
HPCD 4B T 205 A 3047 D04k 0 2 S AR b B 2% 11

A WL A BT 9B R A S KR

Factors and levels used in response surface analysis

A A JE S (MPa) B 1 [ii] (min) C JiJE (C)

= (1)

*
+ a -

Table 1
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Fig.1 Effect of different pressure of HPCD
on firmness change of button mushrooms

during low temperature storage
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Table 2 Effect of different pressure of HPCD
on color change of button mushrooms

during low temperature storage

b L BI

0d

X 87.34 +0.72° 19.40 +0.88"
0.1 MPa 84.38 + 1.09" 21.97 +1.78"
0.3 MPa 85.35 +0.79" 22.80 +1.05"
0.5 MPa 84.06 +1.11" 24.64 +0.47"

2.d

Fagiicl 84.08 +0.83" 2597 +1.82"
0.1 MPa 80.06 +1.47" 27.73 +2.47"
0.3 MPa 81.26 +0.61" 2971 + 1.41°
0.5 MPa 80.25 +0.48" 30.78 +2.20°

4 d

pagii 81.68 +1.05" 30.24 £1.77"
0.1 MPa 79.78 +0.93"™ 33,77 +1.03"
0.3 MPa 81.18 +0.63" 31.80 £1.21*
0.5 MPa 79.47 +0.82° 33.64 +(0.88"

6 d

xf 1 79.58 +0.87" 35.14 = 1.07°
0.1 MPa 79.28 +1.04° 3428 £1.71"
0.3 MPa 79.69 +0.72° 32,59 +1.10"
0.5 MPa 79.47 +0.54" 34.64 £0.48"

8d

St g 77.61 £0.68" 39.82 = 1.02°
0.1 MPa 78.83 +1.16™ 34.68 +1.12"
0.3 MPa 80.68 +1.27° 33.21 +0.83"
0.5 MPa 79.09 +1.10" 38.28 +0.99°
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Fig2 Effect of different time of 0.3 MPa HPCD
on firmness change of button mushrooms

during low temperature storage
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Table 3 Effect of different time of 0.3 MPa HPCD

on color change of button mushrooms
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Table 4  Effect of different temperature of 0.3 MPa HPCD
on color change of button mushrooms

during low temperature storage during low temperature storage

ST L BI 478 L BI
0d 0d
i 87.34 +0.72° 19.40 +0.88°¢ it 87.34 £0.72° 19.40 +0.88°
1 min 85.38 = 1.02" 21.57 =1.58" 10 C 85.48 +0.89" 21.27 +1.58"
3 min 85.35 £0.79" 22.80 +1.05" 20 C 85.35 +0.79" 22.80 +1.05"
5 min 84.46 £1.01" 24.04 £0.36° 30 C 83.96 +0.91" 24.14 £0.57°
2.d 2.d
PR 84.08 +0.83" 25.97 +1.82" it i 84.08 +0.83° 25.97 +1.82°
1 min 80.86 +0.98" 27.43 £2.24" 10 C 81.36 +1.07" 26.63 £2.07"
3 min 81.26 +0.61" 29.71 = 1.41° 20 C 81.26 +0.61" 29.71 = 1.41"
5 min 80.55 +0.53" 30.68 £2.02° 30 C 80.75 +0.48" 30.48 +2.13°
4 d 44d
xf 1 81.68 +1.05" 30.24 +1.77° pogid 81.68 +1.05" 30.24 £1.77"
1 min 79.88 +0.89" 32.57 +0.93" 10 °C 80.88 +0.93" 31.97 £1.05"
3 min 81.18 +0.63" 31.80 £1.21° 20 C 81.18 +0.63" 31.80 +1.21%
5 min 79.97 £0.73" 32.24 £0.87° 30 C 79.79 +0.93" 33.34 +0.89°
6d 6 d
gl 79.58 +0.87" 35.14 + 1.07° Xt 79.58 +0.87° 35.14 £ 1.07°
1 min 79.68 +£0.94" 33.08 £1.64" 10 <C 79.68 +0.94" 3278 +1.34"
3 min 79.69 +£0.72° 32.59 +1.10" 20 C 79.69 £0.72" 32.59 £1.10"
5 min 79.57 +0.65" 33.67 +0.58" 30 C 79.03 £0.64" 34.97 +0.58"
8d 8 d
pagit 77.61 +0.68" 39.82 +1.02° Fogic] 77.61 +0.68° 39.82 +1.02°
1 min 79.23 + 1.36" 33.88 + 1.02" 10 °C 79.83 +0.96"" 3448 £1.12"
3 min 80.68 +1.27° 33.21 £0.83" 20 C 80.68 £1.13" 3321 +0.83"
5 min 79.00 = 1.02" 34.18 £0.95" 30 C 78.36 +0.89" 38.18 £0.78°
;l:[; b #¢5 Box—Behnken 52351511 555 5
360 ! - Table 5 Design and results of
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& 220 L= I SLEE A B C Tz (N) BI
2000 e gym S~ 3 1 -1 -1 0 166.2 36.38
180y —3T10K . S I 0 175.1 34.69
1601 -——+—-30C 1 3 -1 0 -1 166.0 36.01
s 2 A ! 8 4 0 -1 I 159.3 38.95
I () (d) 5 0 0 0 191.1 33.21
B3 0.3 MPa —SU{LHE A 1 F AR e AL B 60 : ! 167.9 3930
S A 09 322514 6 o0 b s il 18
Fig.3 Effect of different temperature of 0.3MPa HPCD 8 1 0 -1 182.3 36.74
on firmness change of button mushrooms 9 0 0 0 191.1 3321
during low temperature storage 10 ] -1 0 165.6 36.57
2.4 RIS TS A AT et 0 ! 1679 4001
240 WNESH TR EER weEExgne 2 10 : 1085 T
il L HE A Design Expert V8.0.6 #5511 Box—Beknhen 13 1 1 0 174.5 39.40
op 0 2L A 20 W TR, LA XA A I 8 d S 4 0 g 8 191.1 33.21
ROBEIEAN BI 0S4, Wit = B % =k Fmsim s S 0 e
BTS20, X076 79 45 (15 FIPCID b 80 FE 7+ IF 16 5 35 160 0 1911 3321
AR S B R AR ILE S 70 0 0 1o1.1 3321
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Table 6  Variance analysis for regression equation of firmness

J5 7 KU -5 1 i B ¥y F 15 Pr>F
fi 1923.79 9 213.75 21.71 0.0003
A 26.28 1 26.28 2.67 0.1463
B 158.42 1 158.42 16.09 0.0051
C 201.00 1 201.00 20.42 0.0027
AB —2274E-013 1 —2.274E-013 -2310E-014 1.0000
AC 71.40 1 71.40 7.25 0.0309
BC 0.090 1 0.090 9.142E-003 0.9265
A’ 430.58 1 430.58 43.74 0.0003
B 476.45 1 476.45 48.40 0.0002
c? 405.41 1 405.41 41.18 0.0004
B 2 68.91 7 9.84
S5 68.91 3 22.97
aliift 2= 0.000 4 0.000
Pyl 1992.70 16
R =0.9654

2.4.2 W) DRSS 7 ZE 48 Bt I Design Expert
V8.0.6 A2 5 15 56 H s 3k 47— vk £ 1l [a] U= 2L
Er o FRAG AT 25 19 EE A B [a] Y= ALY

fifi ) = 191.1 + 1.81A +4.45B-5.01C-4.23AC -
0.15BC—-10.11A°=10.64B°-9.81C’ = (2)

BI = 33.21 + 1.35A + 0.80B + 1.88C + 1.13AB +
0.10AC-0.15BC +2.78A% +0.278° +3.91C’ i (3)

26 N T 43 B NREEEFN B [0 VA8 A Jy 25 45 B
. M b Al LU H P A B[R] ) 2 3 (p <
0.01) . R® 43 513/ 0.9654 F11 0.9685, H. 24 151 15 A4S &
25 5 3T ) P AR 5 s o sl G UL R R e g, T
AR (AU R A 25 R T L i AR 1R D RS ok O
75 (1) HPCD AbFE T 25471 . 32 6 1 F {5 n] LLE
HH T 346 [R] 2 e SOt 5% s et PR B2 i D 5 381) 5353 49 v A s €
ASB, 7ERVEF P25 BLCLAC A VB CP 1925 5 4
% (p <0.05) ; WF T 119 F (0] LU H T ad e 22 X6 00y
5 a6 B S2ma A 5m B 554N 1 CLALB, 7E S E T A
e AVBLC.AB. A’ .CP 2R3 (p <0.05) .

JH I Design Expert V8.0.6 A4 43 Hr Tl il X {0 j%
T P4 fp T EE THINARL A 192.4 N, 9 T2 %40 K
AR R ) 0.33 MPa, 4b PR [A] 3.42 min, &b PG
JE 17.10 °C; SO0 B 4% (1 f56 /) BT FUI AR Sy 32.40, 11k
W () 18 261 9 AL 8% i /7 0.29 MPa, Ak # i) 18]
1.00 min, ZbFRIRFE 4 17.40 C. 4% B EE A BI
133 A6 2% A1 o = %4k i & 77 0.29 MPa, Ab 3}
[6] 3.19 min, &b FEIR BE 17.57 °C, 0 (1 6 55 0 BI 43
BN 191.9 N 1 33.01. R 78T #{E, ¥ L2347
S AR Ay A AR E 77 0.3 MPa, Zb BRI [E]3 min,
ACFRIERE 17 °C, #HEAT 3 KSR AIE =286, 45 9 o, 0T
HE s A BE RS ORI BI 4y Sl o (1917 =+ 0.4) N
33.13 +0.09, 5 T4 40 22 A~ K, Ui B 7 2 5 5 B b
SALLA BLAF, 7845 36 UE T BT A AR IR (14 15 A 4, 35 0 i
Wi ¥4 3% T HPCD &b B X £ 8% 25 T2 2 $0 i)
etk -

230 20165 %07

S8 26 0, XA B 25 1Y) v R RE A A ik A T
2 s AR R )E ) 0.3 MPa, &-FE I [A] 3 min,
AEPRIRRE 17 °C L iZ 5 R O B% % nT LA 4 1) 1
LR OO O, I IR 0 R 8 d S Yy iR N
191.7 N, Eb ) B 5 18.85% . 1fi BI 3y 33.13, kb % A8
Ik 16.80% -

7 BI BTy % 5 b

Table 7 Variance analysis for regression equation of Bl

TiEAIR PR AmE Uy F1E Pr>F

PR 157.27 9 17.47 2395  0.0002
A 14.50 1 14.50 19.87  0.0029
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A’ 32.63 1 32.63 4472 0.0003
B2 0.30 1 0.30 041 0.5428
c? 64.49 1 64.49 8339  <0.0001
W7 5.11 7 0.73
S AU I 5.11 3 1.70
afiizn 72 0.000 4 0.000
S 162.38 16
R* =0.9685
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