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Abstract: To optimize the treatment conditions for vacuum pre-cooling of baby cabbage and maintain the fresh quality of
postharvest baby cabbage, a central composite response surface experiment with two factors and three levels was conducted

on the basis of analyzing the effects of different vacuum pre-cooling final temperature (0, 2 and 4 °C) and different vacuum

RS EHA: 2023-06-02

HETH: tia Rk g 26594 (CX(22)1014) ;T34 EEALR (ARRL ) -8 LR A (BE2022368) .
TEEBN: F% (1999-) , B, MLH5 A, BFRF @) MRS e T, E-mail: 2268428660@qq.com.

*BIEMEE: PEm (1980-) , %, ¥, GIAFA R, AF A H @) RFABIREES & AL, E-mail: huhuali203@163.com.,


https://doi.org/10.13386/j.issn1002-0306.2023060008
https://doi.org/10.13386/j.issn1002-0306.2023060008
https://doi.org/10.13386/j.issn1002-0306.2023060008
mailto:2268428660@qq.com
mailto:huhuali203@163.com

F 458 % oM

pre-cooling final pressure (400, 600, 800 and 1000 Pa) on the pre-cooling of postharvest baby cabbage. The results showed
that compared with the control without pre-cooling and the pre-cooling group with final temperature of 0 °C, the pre-
cooling with final temperature of 2~4 °C at the final pressure of 600 Pa could better maintain the appearance quality of
postharvest baby cabbage, inhibit the increase of respiratory rate and malondialdehyde (MDA) content. Under the condition
of final temperature of 2 °C, compared with the control without pre-cooling and the pre-cooling group with a final pressure
of 1000 Pa, pre-cooling with final pressures of 400~800 Pa could also better maintain the appearance quality of postharvest
baby cabbage, inhibit the increase of respiratory rate and MDA content. Further central composite response surface
experiments showed that the optimal conditions for vacuum pre-cooling of postharvest baby vegetables were final
temperature of 4.0 °C and final pressure of 600 Pa. The vacuum pre-cooling condition not only maintained good quality of
postharvest baby vegetable, but also increased the content of soluble protein, total phenols, and ascorbic acid by 18.78%,
18.47% and 33.23%, respectively. Therefore, appropriate vacuum pre-cooling treatment is a highly potential commer-
cialization technology that could effectively maintain the good quality of postharvest baby vegetable during circulation and
shelf life.

Key words: vacuum pre-cooling; baby cabbage; final temperature; final pressure; total phenol; soluble protein; ascorbic
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Fig.1 Influence of different pre-cooling final temperatures on
pre-cooling duration of baby cabbage (A) and pre-cooling
chamber pressure (B)
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Fig.2 Effects of different pre-cooling final temperatures on the appearance quality of postharvest baby cabbage
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Fig.3 Effects of different pre-cooling final temperatures on the
water loss rate of baby cabbage
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Fig.4 Effects of different pre-cooling final temperatures on
pre-cooling energy consumption
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12 d B, 245 0. 2 il 4 °C By T4 A ARG IR BB 4H
TR SR ) PP I SR 53 BRI T 14.21% . 23.48% Fil
15.14%. [Elitk, B8 Fe A) LLREICR S k32 mny
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Fig.5 Effects of different pre-cooling final temperatures on the
malondialdehyde content (A) and respiration rate (B) of
postharvest baby cabbage
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Fig.6 Effect of different pre-cooling final pressures on pre-
cooling duration of baby cabbage (A) and pre-cooling
chamber pressure (B)
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Fig.7 Effects of different pre-cooling final pressures on the appearance quality of postharvest baby cabbage
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Fig.8 Effects of different pre-cooling final pressures on water
loss rate of baby cabbage
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Fig.9 Effects of different precooling final pressures on pre-
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Fig.10 Effects of different pre-cooling final pressures on

K 10

malondialdehyde content (A) and respiration rate (B) of
postharvest baby cabbage
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e e S P PP I 3R L [T X FRZE IR T 14.28%.
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WA BHHIE I XS BE AT M5, 153
U : Y,=130.84148+32.53112X,+0.15328X,—
0.010650X,X,—2.12937X,>~4.50469E-005X,>, UM#%3
7N, SR ANOVA SEAT b 25 PEAS 560 K 7 22 53 A il
F, YA T B ALY P AB1<0.01, T8I RY 25 S5 1
25 SR P 4>0.05, FREA SIS i 35, STEOAS
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Table 2 Design and results of central composite response surface

e X, HA LR X, B2 % Yﬁﬁéﬁﬂtl‘lﬂ YRR YSRERE Y, TIEMEEN YRS R YIURmER Y, NSRS R Y AsRRER

(c) (Pa) (min) (%) (kWh) Fri(mg/g) (mg/g) & (mg/100 g) (umol/g) B (mg/kg)
1 3.0 320 12.96+1.15 0.84+1.18 1.73£0.02 53.33+0.69 2.75+0.01 58.90+0.58 0.90+0.01 1.75+£0.02
2 2.0 800 30.20+1.22 1.56+0.29 3.45+0.26 52.11+0.26 2.71+£0.02 57.83+1.06 0.92+0.01 1.81+0.02
3 4.4 600 15.12+1.13  1.01+£0.04 1.88+0.43 51.91+0.21 2.67+0.03 57.18+0.51 0.95+0.01 1.82+0.01
4 3.0 880 27.67+0.84 1.48+0.01 3.01+0.36  52.52+0.24 2.69+0.01 56.75+0.59 0.93+0.01 1.8140.02
5 4.0 800 17.68+0.92 1.09+0.21 2.01+0.04  50.04+0.22 2.62+0.05 56.18+0.51 1.00+0.02 1.944+0.03
6 2.0 400 16.60+0.54 0.87+0.42 1.82+0.16  50.08+0.20 2.65+0.01 55.75+0.23 0.97+0.02 1.86+0.07
7 3.0 600 24.10+0.22 1.33+0.31 2.80+1.22 55.06+0.28 2.87+0.02 61.78+0.58 0.71+0.03 1.45+0.04
8 3.0 600 23.60+0.87 1.27+0.20 2.60+0.80  55.71+0.13 2.91+0.01 62.21+023 0.714+0.04 1.4140.02
9 3.0 600 23.90+0.37 1.31£0.02 2.66+0.12  55.56+0.10 2.9240.02 61.78+0.59 0.73+0.02 1.40+0.02
10 4.0 400 12.60£1.08 0.77+0.01 1.69+0.22  53.65+0.16 2.80+0.01 58.76+0.58 0.88+0.01 1.62+0.10
11 3.0 600 23.10+1.02 1.22+0.92 2.67+0.58 56.12+0.18 2.9240.01 62.05+1.01 0.73+0.06 1.37+0.06
12 3.0 600 23.40+0.28 1.41+£0.33 2.74+0.38 55.56+0.14 2.90+0.01 61.50+0.51 0.74+0.01 1.43+£0.02
13 1.6 600 24.20+0.63 1.39+0.25 2.88+0.48 49.56+0.37 2.62+0.06 55.90+0.59 1.01+0.03 1.94+0.10
o B2 45438010 249001 3852024 1265019 2354007

VE: X, AT L X, 1T FA 2 E; 2230
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Table 3  Analysis of variance of regression model

WE-= 3 s i B 2% AU R
X, X, XX, Xl2 Xz2

A ] 368.75° 107.76° 194.86° 18.15° 31.54° 22.59° 43 3.28° 0.9895
Pk 0.75° 0.15° 0.46° 0.035 0.046" 0.072° 0.045 0.31° 0.9436
fig 3.76° Line 1.75° 0.43° 0.25° 027 0.064 0.23¢ 0.9833
AR A 62.88° 2.39 1.01° 8.24° 42.02° 14.88" 1.12 0.57° 0.9825
SN 0.17° 2.277E-003* 5.043E-003" 0.016° 0.11° 0.052° 1.503E-003 1.064E-004° 0.9910
LRI R 80.78" 1.27° 1.58° 5.45° 51.54° 29.96° 1.48 0.84° 0.9820
[ g s 0.17° 1.363E-003" 1.672E-003" 6.356E-003° 0.11° 0.063" 1.327E-003 9.436E-004° 0.9921
WAL & it 0.58° 9.787E-003* 0.014* 0.034° 0.36 022° 9.265E-003 6.008E-003° 0.9842

T af R 2257 35 (P<0.05); bFR/R 227 8 35 (P<0.01); cFRZEF AL E (P>0.05),

SEBRE A BE R, PRIHZAS A R A AR b b P51 53 BT
U ATE S

1B B8 T X SR i ek i e e 7K SR 1 52
mal, S K AR RIS pip e S e . G e
LRGSR, USRI R ARG R . X S HEL
P BEAT ML S, A3 58 I B AN R 2 Y,=—5.29936+

A HE (min) >

.0
2y 500 25
25 (I‘Pa) 400 2.0 @'\]’3%&:{%

B 2l M X R B ] (A) L KR (B)
HIREFERT (C) R

Effects of pre-cooling final temperature and final

B 11

Fig.11
pressure on the pre-cooling time (A), water loss rate (B) and
energy consumption (C) of baby cabbage

1.27781X,+7.52369E—003X,—4.68229E—004X , X,—
0.081052X,°>~2.53728E-006X,>. UM 3 fiz~, >k H
ANOVA 347 W MAG S e J7 22530 H nl 0, A7 F2
FREALEY P AE$4I<0.01, 158 WA Y 2 S A% Wb 385 5 2R 4BL T
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—14.03558+3.26247X,+0.019714X,—1.6375E—003X, X,—
0.18950X,°~4.92500E-006X,°, 4N 3 Irsx, >k H
ANOVA #EAT WG S Iy 2853 a0, [l 5 7
KA P AEI<0.01, Ui BRI 28 S5 0l I8 35 5 < FEL 0T
PAHI>0.05, AU W25, SEHGAR A (1 PR E 2R
B R fy 0.9833, F MR A T 25 2 5 S PR IE LS
vy, PRIHGZ AR BRI GR A AR At P00 R 53 Bra / AEL
2.33 TR LR N P AEXS ISR AT MR 1
S FPTIA IR & B A2 5] 12A S EAS TR XT
P/Ey /s /e REoy e B 4 R i) <2 M REas v A S T D)
AR CRKRETT | PRI AR A SE et . AN
ST, B TS 2R . RN, i 4indnl
PSR S R RS THR S REIRA . XT SR EL
PE AT LS, A3 O B AR s Y,=—110.84835+
35.25789X,+0.09233X,—7.17500E—003X , X,—2.45763
X,>=3.65667E—005X,>, U3 3 Ui/, 2kJH ANOVA
PEAT SB35 VEAG 56 S J7 28 3 B a1, [B1U 5 R ASE Y Y
P {EH}4<0.01, BEBARCRE 2% Sl 255 St P {H 1>
0.05, R IAUA .35, SEHBIRY AR E R R H
0.9825, & R AU 4 FIN 235 2 5 S PR{E UG BE v,
IIZARRY BEASAR - Hb, FH 153 AT Pl A

SR P TEAR BT, 18] 12B S A e
KR G ISR Sy 5 BRI, RS TR 24 ST
AOTHE, B S i AR ST e SR BRI A XS
BRI T MG, 152 TR AN R : Y=—5.36619+
1.95644X ,+4.65683E—003X,—3.14277E—004X X ,—
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Fig.12 Effects of pre-cooling final temperature and final
pressure on soluble protein (A), total phenol (B) and ascorbic
acid (C) content of postharvest baby cabbage
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Fig.13  Effects of pre-cooling final temperature and final
pressure on the contents of malondialdehyde (A) and nitrite (B)
of postharvest baby cabbage
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