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Abstract

This research aimed to studying the cooling rate of precooling technologies namely vacuum cooling, ice
cooling and forced-air cooling. Precooling technologies were used with vegetable production of the Royal Project
Foundation including spinach, broccoli and Hong Kong kale in order to maintain qualities and extend shelf life.
The study investigated the optimum precooling conditions of the various precooling methods with 3 types of
vegetables in order to achieve the final temperature of produces at 4+1 °C. The results illustrated that the optimum
condition for vacuum cooling of spinach with initial temperature of 23.0£1.1 °C was set the final pressure at 6.5
mbar with holding time 15 min. For broccoli with the initial temperature of 20.13+0.12 °C, the optimum condition
was at final pressure 6.0 mbar with holding time of 30 min and optimum vacuum cooling condition for Hong Kong
kale with initial temperature of 19.63+0.32 °C was at final pressure of 6.5 mbar with holding time of 20 min. Ice
cooling were applied with broccoli and Hong Kong kale using 1:1 ratio (produce: ice), which resulted the fastest
cooling rate compare with 2:1 and 3:1 ratio. Forced-air cooling of spinach using air temperature 2-4 °C, air
velocity 1.5 m/s could precool spinach from the initial temperature of 21 27+0.55°C to 3.68 +0.51 °C within 35 min.

Keywords: precooling technologies, vegetables, cooling time
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Table 1 Cooling efficiency of vacuum cooling, forced-air cooling and ice cooling for spinach, broccoli and

Hongkong kale

_ Spinach Broccoli Hongkong kale
Cooling parameter

Vacuum cooling  Forced-air cooling  Vacuum cooling  Ice cooling  Vacuum cooling Ice cooling
Initial temp (°C) 23.0£11 21.27+0.55 20.13+0.12 20.6£0.3 19.63+0.32 21.9+£0.3
Final temp (°C) 3.57+0.15 3.68+0.51 4.27+0.15 4.75+0.35 3.79+0.12 4.4+1.5
Cooling time (min) 26 35 41 190 31 204
Cooling rate (°C/min) 0.75 0.5 0.39 0.08 0.51 0.08
Weight loss' (%) 1.67° 3.13° 1.88 0 1.83 0
'Row values followed by the same letter are not significantly different with (P = 0.05)
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Figure 1 Cooling curve of spinach during ~ Figure 2 Cooling curve of broccoli in during Figure 3 Cooling curve of Hongkong kale
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Figure 6 Cooling curve of Hongkong kale
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