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INTRODUCTION: Vacuum cooling is a common unit
operation in the leafy greens industry and is considered as
an efficient approach to extend shelf-life of the fresh
produce. However, during this popular process, bacteria
can infiltrate into the produce due to large pressure
gradients created at re-pressurization stage.
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COMPUTATIONAL METHODS: We developed a mechanistic
multiphase transport model to simulate passive infiltration
of pathogenic bacteria (initially being in a liquid film at the
leaf surface) into a spinach leaf through one stomate during
the vacuum cooling process.

1. Transport of free water (fw) in the mesophyll

O : . Variable | Description

§(¢’Pr.zj S_f'w) T V-(_H u.1¢’Pr.u Sfr.u) — V-(Dr.u?n.fpv(_(ﬁpw wa)) — [, + Jr.u,bf c Concentration (kg/m3)

_ C Specific heat capacity (J/kg.K)

% Transport of bound water (bf) in the mesophyll Dp Diffusivity (m2/s)

- ((/)pm Sbw) = V. (Dw IUV((/JPIU Sbm)) m bf hy Latent heat of vaporization of

Ot water (J/kg)

_ I, Rate of evaporation of water

3. Transport of vapor (v) in the mesophyll (kg/m?3.s)
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O S | S g (kg/m3.s)

4. Gas (g) pressure equation k Thermal conductivity (W/m.K)
P Agf M Molar mass (kg/mol)
,-Jf((ﬁpe e) + V. ( —Pg— . VP) — [ P Pressure (Pa)

§ S Saturation (m3/m3)

5. Transport of bacteria (b) in the mesophyll t Time (s)

@(Cg hS } T Temperature (K)

;/i ) | v-(ubcb) — V-(D(’f.ﬁb,r_f_;V(Ci}qum)) u Velocity (m/s)
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6. Heat transfer equation & Porosity (m3/m?)
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Model schematic
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RESULTS:

Water and bacteria infiltration during
re-pressurization stage
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Primary (red) and secondary (blue)
factors in infiltration
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CONCLUSIONS: Vacuum cooling can lead to passive
infiltration of bacteria through stomata due to pressure
gradient as vacuum is released, i.e., the pressure is
increased back to atmospheric.
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