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Effect of Delayed Pre—Cooling on Nutrition and Quality of
Spinach in Cold Chain Circulation Process

SHANG Kuili'*, LIU Sheng™*
(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. National
Vegetable Engineering Technology Research Center, Beijing Academy of Agriculture and Forestry Sciences,
Beijing 100097, China)

Abstract: Spinach was utilized as the test material to study the effect of delayed pre-cooling on the
nutrition and quality of spinach throughout cold chain circulation process. The fresh spinach was
placed for 0, 1, 5, and 9 hours, and then implemented differential pre-cooling to 4 ‘C, respectively.
The spinach was transported and sold with both film and non-film packaging at 4 ‘C. The spinach
was also kept refrigerated at home for 2 days, and changes in nutrition and quality were measured.
The results showed that after 6 days of cold chain circulation at 4 ‘C, the spinach that underwent
delayed pre-cooling for 0 hours and was packaged with film achieved the best nutritional and quality
results. The sensory evaluation was 7.2, and the weight loss rate was 4.25%. And the mass fractions
of vitamin C, chlorophyll, and soluble protein were 4.66 mg/hg, 0.73 mg/g, and 0.35 mg/g,
respectively. Therefore, the spinach should be pre-cooled in the field within 1 hour after harvesting,
and then packaged with anti-fog film and transported at 4 ‘C using cold chain circulation to maintain
the freshness and storage quality of spinach.
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Table 1 Sensory evaluation criteria of spinach
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Fig. 1 Temperature change and pre —cooling curve of

spinach during delayed pre—cooling

1.058 wl/(kg-h),2E 5% 3 (P<0.05) , T 48 [ 22 T
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Table 2 Effect of delayed pre—cooling on respiration rate

and ethylene release rate of spinach

wemene | (SO0 | e
WIME(O h) 261.27 0.834
0 h H¥& 5 79.57 0.215
FER 1 h 5 264.55 0.935
FER 1 h TR R 81.16 0.243
FLR 5 h J5 266.37 0.957
SEIR 5 h A5 82.31 0.254
FLR 9 h f5 269.10 1.058
$ER 9 h Fid )5 85.32 0.247
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Table 3 Effect of delayed pre—cooling on sensory evaluation of spinach

FER TS 0 h FERTE 1 h FER TS 5 h

FER T 9 h

e

=
TR 9.0 9.0 9.0 9.0 8.7 8.7 8.5 8.5
i 9.0 9.0 9.0 9.0 8.7 8.7 8.4 8.4
iy 2 d 8.8 8.3 8.4 8.0 7.7 73 7.6 7.1
2 d 8.0 6.9 7.1 6.5 7.0 5.3 6.6 4.8
FREDREE 2 d 72 4.5 6.6 4.0 6.4 3.1 6.0 25

R4 TRMAINEREIXEXZNZI
Table 4 Effect of delayed pre—cooling on weight loss rate of spinach
JER TR 0 h JERTA 1 h JEIR T 5 h

A%
FEIRTHE 9 h

A L
s
T T 0 0 0.32 0.32 0.47 0.47 0.61 0.61
TR I 1.57 1.57 1.65 1.65 1.91 1.91 2.10 2.10
iz 2 d 1.74 2.66 2.30 3.10 2.69 425 2.87 481
i 2d 3.59 472 4.03 5.16 4.55 731 5.11 7.21
FRELREE 2 d 425 6.71 4.65 7.65 6.01 9.88 6.47 10.36
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Table 5 Effect of delayed pre— coollng on the mass fraction of spmach chlorophyll A mg/g

-
i i

TR 0.81 0.81 0.79 0.79 0.76 0.76 0.74 0.74
iR JE 0.80 0.80 0.78 0.78 0.75 0.75 0.71 0.71
=i 2 d 0.78 0.73 0.75 0.73 0.72 0.71 0.69 0.64
2 d 0.75 0.70 0.72 0.67 0.69 0.61 0.67 0.59
FREAREE 2 d 0.73 0.65 0.69 0.59 0.67 0.55 0.64 0.51

F6 LRFMAINERE VCRESBHZM
Table 6 Effect of delayed pre—cooling on the mass fraction of VC in spinach A7 mg/hg

P T R 1
:

AR 5.77 5.77 5.58 5.58 5.24 5.24 494 4.94
S 5.76 5.76 5.47 5.47 5.12 5.12 4.87 4.86
=i 2 d 5.38 4.84 5.02 4.55 4.81 426 431 4.02
HHE 2 d 4.87 439 4.66 4.17 4.39 4.04 3.97 3.56
FREARAE 2 d 4.66 3.91 439 3.71 4.20 3.60 3.84 3.45

it RS 453 40, DXL 0k AT A S A 9 S 5 DR B9 R B =2 FRELHAHESE MDA it B /R W BE AR, 119 nmol/g;
— 8 8 I PR L R P MDA BT EE R Mk FESR ¥ 9 h A5 B 41 MDA Ji & BE R Mk N
FE R BT, SRR ARG MDA T B IR K R 1.75 nmol/g, HIERFHE 0 h TLEELLH 1.64 nmol/g
S, TR MDA o3 6 B AR VR B2 i T oA R A 25 7 ZESORNE RV T4 FB 55 A0 25 RE A 4 i R e
i3 (P<0.05) 4 C¥HEEWIE 6 d )5, IR TR0 h 3 0 A FRARE  IE DR S

£7 ERWMAWERTAREARESBHHN

Table 7 Effect of delayed pre—cooling on the mass fraction of soluble protein in spinach AT mglg

I~ BRI
d

AT 0.47 0.47 0.44 0.41 0.41 0.39 0.39
TR I 0.44 0.44 0.43 0.43 0.40 0.40 0.36 0.36
iz 2 d 0.41 0.38 0.40 0.36 0.36 0.35 0.35 0.31
HE2d 0.39 0.33 0.36 0.30 0.35 0.28 0.32 0.24
FIEREE 2 d 0.35 0.31 0.33 0.28 0.32 0.26 0.29 0.22

*8 EIRMAIHERK MDA REERKE
Table 8 Effect of delayed pre—cooling on MDA molality of spinach A cnmol/g

FERTE 0 h Lu‘b‘f« FEIR TS JER T 9 h

1h 5h

A

s
T T 0.55 0.55 0.63 0.63 0.72 0.72 0.82 0.82
TR I 0.45 0.45 0.63 0.63 0.74 0.74 0.84 0.84
a2 d 0.69 0.86 0.72 0.99 1.25 1.49 1.46 1.61
& 2d 0.86 1.11 0.97 1.27 1.37 1.65 1.54 2.00
FIEREE 2 d 1.19 1.64 1.43 1.89 1.58 2.09 1.75 227
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