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Abstract

Microbial lethal value and nutrient retention of sous vide processed spinach were evaluated with mathematical model
prediction and experimental trial for different package sizes and pasteurization temperatures. The package size covers 500 g,
1 kg and 2 kg, while the pasteurization temperature includes 80, 90 and 97TC. The basic process scheme consists of filling
blanched spinach into barrier plastic film pouch, sealing under vacuum, pasteurization in hot water with over pressure and
final cooling to 3TC. Pasteurization condition was designed based on attainment of 6 decimal inactivation of Listeria
monocytogenes at geometric center of the pouch package by heating cycle, which was determined by general method. Heat
penetration property of the package and thermal destruction kinetics were combined to estimate the retention of ascorbic acid
and chlorophyll. Smaller packages with shorter pasteurization time gave better nutrient retention, physical and chemical
qualities. Larger package size was estimated and confirmed experimentally to give higher pasteurization value at center, lower
ascorbic acid and chlorophyll contents caused by longer heat process time. Lower pasteurization temperature with longer
process time was predicted to give lower pasteurization value at center and lower ascorbic acid, while chlorophyll content was
affected little by the temperature. Experimental trial showed better retention of ascorbic acid and chlorophyll for smaller
package and higher pasteurization temperature with shorter heating time. The beneficial effect of smaller package and higher
pasteurization temperature was also observed in texture, color retention and drip production.
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Fig. 1. Changes of texture and ascorbic acid content during
blanching of spinach in 1.0% NaCl solution at 100T.
B: texture; (O: ascorbic acid content.
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Table 1. Heat penetration parameters for pasteurization of
sous-vide packages of spinach products
Package
unit
500g 150x150x26 116006 19.1+10 0901010 297102

Dimension (cm) i fy (min) je f. (min)

1kg 200x200x30 111004 240£03 091007 358106
2kg  265%265%34 114£007 306£38 0931009 663109

Table 2. Predicted process time and nutrient retention of
spinach products for various combinations of package unit
and pasteurization temperature under gauge pressure of 0.5
kgl oo

Package Pasteurization  Process Fo  Ascotbic  Chlorophyll
unit (kg) temperature('C) time(min) value  acid (%)  retention (%)
97 10.7 283 36.1 9.0
05 %0 123 266 357 9.1
80 159 240 336 9.2
97 127 283 29.8 988
1 90 14.6 264 294 9.0
80 190 24 213 9.1
97 16.1 3 16.0 %5
2 90 185 301 16.0 R.7
80 238 265 150 9.8

For the dimension, refer to Table 1.
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Table 3. Measured process time and nutrient retention of
spinach products for various combinations of package unit
and pasteurization temperature under gauge pressure of 0.5
kgifcf

.. Pasteurization
Package unit Color - .
(ko) temperature (a value) (Cutting  acid

Texture Ascorbic Chlorophy .
1l content (5

9] force, g) (mg/100g) (mg/100g)
Raw material 114 170 45 289 -
After
blanching 12 1329 279 2128
97 120 un a3 2067 506
05 %90 -0 1158 19.1 2 554
80 109 1185 183 1977 559
97 A0 1196 193 1944 1041
1 90 109 1185 189 1936 1070
80 08 192 179 1908 1123
97 A0 1170 187 1904 121
2 %0 -108 1153 182 1806 1623
80 108 1144 178 1785 1850

For the dimension and process conditions, refer to Tables 1 and 2.
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