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Abstract

Spinach was minimally processed into the unseasoned side dish to be used for Korean food service industry,
using the techniques of cook-chill and sous vide. Spinach was blanched at 100°C for 6 minutes, vacuum-packaged
in the unit of 500 g by plastic film of low gas permeability, pasteurized at 90°C and then cooled rapidly at 3°C.
The chilled products were then stored at 3 and 10°C with measurement in their quality. Six log cycle (6D)
inactivation of Listeria monocytogenes and 13 log (13D) thermal destruction of Streptococcus faecalis were
compared as two pasteurization conditions, which corresponded to heating for 22.8 and 30.0 minutes at 90°C,
respectively. Milder heat processing based on 6D process of L. monocytogenes gave better quality of color, texture,
ascorbic acid and chlorophyll than the conditions of 13D process of S. faecalis. Any microbial growth in total
aerobic, psychrophilic and anaerobic bacteria was not observed until 8 days at 10°C and 14 days at 3°C, which
might be regarded as strict guidelines of shelf life. Storage times based on the changes in physical and chemical
quality were longer than those based on strict microbial quality in case of the products pasteurized by 6D
process of L. monocytogenes. The seasoned vegetables prepared from sous vide processed spinach were found
to be inferior in sensory quality to those from freshly blanched one.
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Fig. 1. Changes in texture and ascorbic acid content during
steaming of spinach at 100°C.
W texture; O ascorbic acid content.
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Table 1. Heat penetration and cooling parameters for pasteurization of sous-vide package of 500 g spinach”

Time® (min) for each operation

Operation I fo (min) 6D process of L. monocytogenes 13D process of S. faecalis
Heating at 90°C 1.05 35.56 22.8 30.0
Cooling at 3°C 0.76 45.64 64.9 66.6

“Dimension of the package was 15X15%X26 cm.

¥Process time was determined by general method for the heating period (15) and cooling time to 5°C was obtained from the equation (5).
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Fig. 2. Typical heat penetration and cooling curves of 500 g
size package of spinach at 97°C.
Solid lines are estimation from the equations (1) to (5).
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Table 2. Physical and chemical qualities through the stages of cook-chill processing of spinach

Processing stage Color Texture Ascorbic acid Chlorophyll content Aerobic bacterial
(a value) (go) content (mg/100 g) (mg/100 g) count (cfu/g)
Raw material -10.30 1918 125 233 6.8x10°
After blanching -10.09 845 75 225 2.7%10*
Cooked spinach after pasteurization of -9.83 520 21 217 <1
6D process of L. monocytogenes
Cooked spinach after pasteurization of -9.55 526 20 182 <1

13D process of S. faecalis
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Fig. 3. Changes in quality of sous-vide packaged spinach products at 3 and 10°C.
O, C storage after 6D process of L. monocytogenes; ®, 10°C storage after 6D process of L. monocytogenes; 1), 3°C storage after
13D process of S. faecalis; M, 10°C storage after 13D process of S. faecalis.

Table 3. Sensory quality of sous-vide packaged spinach
product compared to that of freshly prepared one

Rating"’
Freshly Sous-vide ~ t-value
prepared Kaged”
(Control) package
Taste 607+180  304+159 71317
Aroma 6341134 4321168 5.284"
Color 7161 1.16 3.04+1.59 9.963”
Texture 6.6911.71 2.38+1.39 11.042™
Overall acceptance 6.66+1.55 261173 9.853""

"Mean + standard deviation, based on scale ranging from O to 10.

Stored at 3°C for 1 day; **p<0.01.
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Fig. 4. Microbiological changes in aerobic bacteria, psychro-
philic bacteria, and anaerobic bacteria of cook—chilled spinach
during storage periods.

O: 3°C storage after 6D process of L. monocytogenes; @: 10°C stor-
age after 6D process of L. monocytogenes; [1: 3°C storage after 13D
process of S. faecalis; W 10°C storage after 13D process of S. faecalis.
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