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Optimization of Preservation Technology of Pressurized Argon of
Fresh—cut Red Cabbage by Response Surface Methodology
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Abstract ; Using the plateau characteristic vegetable of red cabbage as experimental test material , this study explored the effect

of pressurized argon preservation treatment on the storage quality of fresh — cut purple cabbage, and then optimized the

preservation process of pressurized argon of fresh— cut red cabbage. Moreover, by single factor and Box - Behnken response

surface methodology,the multiple regression model of weight loss rate of fresh—cut red cabbage was established to optimize the

preservation process of pressurized argon of fresh—cut red cabbage.The results showed that the best conditions were the pressure

argon treatment pressure, 1.0 MPa, pressure holding time,61 min, pressure time 99 s, and withdrawal pressure time 148 s,

respectively. After 20 d storage,the weight loss rate of fresh—cut red cabbage was 3.57% ,and compared with the weight loss

rate measured under non—pressure treatment, it decreased by 42.0% .The effect of retaining freshness was obviously improved.

Key words: fresh—cut;red cabbage ; pressurized argon;response surface methodology ; preservation
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AT AN ML P 7K 43, 558 Ut B0 A 57 JHC 40 it = T A 0L &85 44
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PRFEREEDIHA S D AR SR EE B, H AT, M RA R T
A AR A A BRG] 58 H W I G B i Y E 5

AR SO SEAS IR I SR A A B A5 4 i 6 4 A Ak B
J 5 A 8] i R Bk e R RO B TR H ) 5% H g
T 50 i JBT 04 3 1), 8 2 B PR 2R 5256 FlT Box — Behnken
i 37 T 38 X i A A Ak B A% R AT AR A, LA
il feE ] £ H S AR A B RS A, e s e D) S
Wi A BT, S HE DR R A
1 #RlER*®
1.1 Rl 5UEE

HEE UG AR I & A BR A w ] B M
SPANELG A PR IR R I A B S F s R &
S/ Je e ( PE/PA) &2 B AL 2% 4 kL (15 em x 25 ¢m,
80.06 mm)  VEHRESHIARLEL AT BR A 7] 5 ik AR
B AR TR R A BR A F1595% LB AR T
BB A PR &) 5 L AR50 25 R 40 dr 4l

GSH-10 FER W 28 @i M 4k T HLAR A R
/NF];TDL-40B 25001 IR R A IR
F]3722s 430656 EETE JUJEAT (i) AR A R A F
TP-602 B+ RKF Jdb e A RE A RA
F 3 DZ-580A FLA5 SR ALAEHL 1 IR T 2 B A e HL
WA BRAF]
1.2 LWeHE
1.2.1 @Y H IR RSN AR EE AL EE K o 48
H W 100 mg- L™ (R SR SN IR L 5 min, SR )5
FHZB T ICBE K vk, E R F BCE W T o K owr i 52
H B )SE BRAR 35 AL, 2235 5 ] &3 43 Y 40 il
(40 x10) mm K/IN, 88 Ji5 JH 100 mg - L™ 19 SR 40
VW 2 min, FEFHIJCHR K TE VE. Bl S H &L D18 H g
TE110 xg 4 CHEMTFE0 1 min'™ o .00 5w
EU] R H L A S R A AR T, s, gh EAs s L i A
SR BT INE AL B SR )G SR PE/PA & 45 ALk b
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REEA T /U B R T 4 °C v R R
Ay <Ml 6C - PR g S b DIVA IR R ] e 1 VAT
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50 g/4%, 7F 20 d (IR B N, A 4 d BRORE I
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122 PAPIESZE SRR RSz mr s in s
A A RS (0.0 .0.5 1.0 1.5 1 2.0 MPa) A% /EHT
(4] (20 .40 .60 .80 F1 100 min) il ERF[E (80 .90 100 .
110 F1 120 s) FIEFEHRT ] (90 .120 150 180 F1210 s)
4 AR FE T D) 58 H W O R ORI AR B YR A, N
FREAAR TR 58 AR R B (8] i R Bsk 18] R0 B E] 4
AP B [ 2 K435 A 1.0 MPa (60 min (100 s 1
150 s, 7EXT 45 R 3 AT 50 D B SL UG R o7 B, HoAth R 22
P 52 7K.

1.2.3 Box—Behnken XI5 31  £F B N 22 5206 KLl
I+, 5% JH Box—Behnken i 37 ik " 511 4 2 3 0K
SESEES, A 20 d 5 R EE (% ) A N AE , i B D)
L2 H W I TR) i R AR AR A B A A A A 5
R 2% Ko K Gmf inge 1 Fios o

21 Box—Behnken i1 [F 25 K /K V-4 5

Table 1  Levels of the variables tested
in the Box—Behnken

K
= 1 0 -1
A IERSAEH R 5% (MPa) 1.25 1.00 0.75
B % &} ] ( min) 67 60 53
CERFE () 110 100 90
D R E] (s) 165 150 135

1.2.4 RERME  SRAWE IS Iy, s
JHFREE B2 5, HAR AT L, R A 3%

%ﬁ%ﬁ(%):%xlOO (D)

Hodr M, AR S R AE T I, g5 M 2 IV — A2 B JA)
JERER B E R, g0
125 WWASEE I AE SR &N 17k, B
BES5 g Bl A 95% £, 1% 15 mL, HF & #4547 ,2000 r/min
B0 15 min, B W T 420 nm M0 8 5GRE AL B
SRR AR AREE o A% P AR MR 5 B R SRl AR R e
Ay [ 45 Tk BOZEAR 7K o
1.3 H#ENE

SR SPSS 19 B BRI TG 43T, 45T F R bR
LIRS = rvEim 22" s ,n =3 R S-N-K 3%
PEAT 2253 W VES T (p <0.05) , KSR bR A [F] 57
B A B 2 R B B HLoA i 22 R (p <0.05) 52k
J Origin 8.6 1EK
2 ZHRE5HW
21 BREAEXWHERSH
211 ARFEHE A AL B 58 %] e P58 H s R R
FHEAS FERIREIR N 1 & 2 Bios, 8 25 I 58 Bs) 1a]
FER, 25 AEFH 2 6 U 58 1 B 0 AR A AL FE Ik
PN S B ESERE . IER 20 d JE,2 MPa SRS
AL B S B i KR E 3R, S 6.53% , 6
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Fig.1 Effects of different argon treatment pressure on weight

loss rate of fresh—cut red cabbage during storage
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Fig.2 Effects of different argon treatment pressure

on browning degree of fresh—cut red cabbage during storage
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Fig.3 Effects of different holding time on weight loss

rate of fresh—cut red cabbage during storage
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Fig4 Effects of different holding time on browning
degree of fresh—cut red cabbage during storage
ISR i v 7 B S T SR SN S G i . WP 20 d, 250
JEIFIE] 2 100 s B, 7] 55 H 5 2 304 A8 J2 24 f
AN 53R 3.83% i1 0.642 , (R EESCR B AT . 2 i)
B o Bl A S ), B W R 2 LA L 45 4, 8 3R A T
WK, ALV N PN o 4 T W T 5 A B e A i PN 1 AR
A, i AR Y &R TR, A SR A

i A0S LY IR I (] 2 100 s
8~

—=—80s

71 —=—90s

6 ——100s
— ——110s
Q\iS- ——120s
5 4]
L3
K 31

2_

1_

0- T T T

0 4 8 12 16 20
T B R (d)
PELS ANTRIIN S A i) Xof e 7] 2% H 0 i) 2 i S48 1 52 i)
Fig.5 Effects of different pressure time on weight
loss rate of fresh—cut red cabbage during storage
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Fig.6 Effects of different pressure time on browning
degree of fresh—cut red cabbage during storage
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Fig.7 Effects of different pressure removal time on weight
loss rate of fresh—cut red cabbage during storage
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Fig.8 Effects of different pressure removal time on browning

degree of fresh—cut red cabbage during storage

2.2 Box-Behnken i®i&igit R &R

TEHR R S IG SL Al I, >R H Box— Behnken M 1
M, LA IR AL HEJESR 1.0 MPa (B £ & Bt
[d] 60 min . C JJERTTE 100 s 1 D #UERTE] 150 s Fy
Hut i, LR EE R (% ) g AR , #5470 5 8 OG443
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%2 Box-Behnken {56515 11 S 45 51
Table 2 Experimental design and results of the Box—Behnken

g oA B ¢ p R
YR T
1 -1 -1 0 0 6.27 7.31
2 1 -1 0 0 6.37 7.18
3 -1 1 0 0 6.53 7.23
4 1 1 0 0 4.58 5.05
5 0 0 -1 -1 5.52 5.84
6 0 0 1 -1 5.99 5.89
7 0 0 -1 1 5.33 6.93
8 0 0 1 1 491 6.09
9 -1 0 0 -1 8.32 8.02
10 1 0 0 -1 5.83 5.42
11 -1 0 0 1 8.32 7.22
12 1 0 0 1 8.72 7.51
13 0 -1 -1 0 7.54 6.53
14 0 1 -1 0 6.18 5.54
15 0 -1 1 0 7.12 6.25
16 0 1 1 0 5.52 5.03
17 -1 0 -1 0 7.31 7.00
18 1 0 -1 0 5.62 5.65
19 -1 0 1 0 6.44 6.41
20 1 0 1 0 5.15 5.45
21 0 -1 0 -1 7.19 7.45
22 0 1 0 -1 5.19 5.41
23 0 -1 0 1 7.38 7.16
24 0 1 0 1 7.26 7.00
25 0 0 0 0 3.45 3.74
26 0 0 0 0 4.18 3.74
27 0 0 0 0 4.14 3.74
28 0 0 0 0 3.10 3.74
29 0 0 0 0 3.83 3.74
%3 Box—Behnken iR 585 [R5 434 35

Table 3  Regression results from the

test of Box—Behnken experiments

SR CFOrM Y7 beiERE FE pfH

LY 48.02 3.43 0.43 3.65  0.0106"
A 3.99 3.99 0.28 425  0.0584"
B 3.64 3.64 0.28 3.88  0.0691"
C 0.47 0.47 0.28 050  0.4919°
D 1.25 1.25 0.28 134 02672°
AB 1.05 1.05 0.48 112 03082°
AC 0.040  0.040 0.48 0.043  0.8395"
AD 2.09 2.09 0.48 222 0.0158"
BC 0014 0014 0.48 0.015  0.9032"
BD 0.88 0.88 0.48 0.94 03486 "
CD 0.20 0.20 0.48 021  0.0432"
A? 17.05 17.05 0.38 18.15  0.0008 **
B? 11.47 11.47 0.38 1221 0.0036**
c? 3.82 3.82 0.38 407 0.0633"
D? 18.39 18.39 0.38 19.57  0.0006 **
R4 13.15 0.94
SR 12.30 1.23 575  0.0532°
itz 0.86 0.21
e R AL R* =0.9850 Ry, =0.9401

TE v "RR TR (p <0.01) 5% # " RN 57 BH
(p<0.05);*-"FREFARE(p>0.05)
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0.100AC + 0.72AD — 0.060BC + 0.47BD — 0.22CD +
1.62A% +1.33B* +0.77C* +1.68D’

FHE 3 B vl A1, iz BRI p (B 0.0106,
/INF0.05, 15 BRIZAR Y §E 25 [m] U5 Jy R AT 1E A S A
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0.0532, KF 0.05 , %R FEAR P2 A 3, LI L IERH
Bl A7 S PR S o LA B LG B . e R
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A5 [ IR AY AT 5, AT S B X B R H 3 I e 1a] i
JEGASAHE T 22 5256 g BRI T

R (Y) BRI AD  CD X} 2% 5 R 1Y 52 11

2 (p <0.05) ;A B> F1D° (14 p {EHI/NTF 0.01, %5
HARE IR ¥ ;A B .C. D AB AC f1 BC BD .C’
A p (B RF 0.05, %F 2K FE R AU SE AN I8 385 45 T 26
Xt e BB A >B>D >C,
22.1 WNESHTSOEe anE 9 s, 25 R E PR
Z A1 22 BB B4 /N AT B A e 2 i TR IR AR B, A 13
JE I WA 22 P W 2 (8] 35 i 35 19 22 BAE -, i [RDE
WIS BRI Z PR Z A2 AR 3. HE A Ff D
LI C A1 D 45 TR A R, W BH L R 2.
P Z 8138 HAEFH 35
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JEBE] 2 61.20 min AT [E] A7 99.30 s FIHEHE A [E]
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2.2.2 Box—Behnken MFIIGHFIRTE 455 I PRIH M,
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HeAk S B9 0 T G A A 38 T2 ok fief ) 58 H wE HEAT A
LR W E, AR E RN 3.57% , 5k AR
{H 3.47% 1 1 A 22 0.1% , &% 12 WF Ry T [B] U= 450 750 HL
BH—En s, 540, SR AL BE A
ISP E 3R 5.98% H LL, Mtk G g T REEAL T
42.0% .

3 #Hig
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T T332 Xt £ 1] 5% HF 3 I R 5 o 9 i R AR AR BE
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Fig.9 Surface of mutual-influence for between any two of A,B,C and D on the weight loss rate
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