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Supplementary material A

Calculating the effective permeability K, in different REV size.

The largest sample used had an edge length of 3 mm and consisted of 1051 cells. A smaller sample with an edge
length of 2 mm was extracted from the center of the 3 mm sample, and so on until samples with an edge length of
1 mm and 0.5 mm were also obtained (Figure A). A thick cell wall was generated due to the limited resolution of
the X-ray micro-CT (voxel size = 8.5 um). Image erosion and subsequent geometrical algorithms presented in
Section 2.1.1 only worked for voxel erosion of more than three voxels. Hence, the resulting cell wall thickness
was around 25 pm. For apple tissue, the cell wall thickness is in the range of 1 to 10 um (1-3). As the main
purpose of this REV analysis was to compare the permeability of different sample sizes, the realistic cell wall
thickness was not required. Steady-state simulation of water transport was done in each of the REVs, by setting
up the water activity at 0.98 (turgid condition), so no deformation. The comparison of microstructural components

and the calculated effective permeability are presented in Table 3.

Figure A. Tissue sample used for determining the Representative Elementary Volume (REV). A cubical tissue
with an edge length of 3 mm was divided into smaller tissue (2 mm, I mm and 0.5 mm). The protoplast and cell
wall domains are highlighted in blue.



Supplementary material B

Comparison between experiments and simulations with a multiscale approach

Results of the macroscale modeling using the upscaled moisture transport properties are compared with
experimental data of (4) to check the reliability and accuracy of the upscaling approach. The free shrinkage case
shows a good agreement in terms of the water content, especially during the first 10 hours of drying, although the
drying rate was a bit higher (Figure B a and b). The lysis case, however, overpredicts the drying rate that gives a
relatively fast moisture removal at the first 7 hours. These differences can be understood since the experimental
procedure of (4) did not include any steps to promotes lysis. The cells may undergo lysis naturally at some point
during drying, but the analysis of the occurrence was not the focus of the experiment. The tissue temperature
decreases due to the evaporative cooling effect as the water is removed from the tissue surface. The two simulation
cases exhibit a lower core temperature during the first 10 hours of drying compared to the experimental data. The
differences are in the range of 1 — 2 °C. The faster drying rate induces larger effect of evaporative cooling. In the
simulations, the core temperature reaches the wet-bulb temperature of 14.75°C. It is the minimum temperature

that can be attained at the given drying conditions (T = 23°C and RH = 40%).

In general, some discrepancies are found between the experimental data and simulation results. They can be
explained by two reasons. Firstly, the moisture transport properties of the sample in the experiment are not the
same as the upscaled properties used in macroscale modeling. Biological variabilities exist between individual
fruit due to the type of cultivar, ripeness level, cultivation sites or harvest year, etc. In the context of microscale
modeling, the biological variability results in differences in porosity, cell size, cell wall thickness, membrane
permeability, among others. These could affect the calculated upscaled properties. Secondly, the discrepancies
may come from the unmodeled physics at a later stage of drying. As it is shown in other studies (5,6), porous
layers are formed during drying as a result of cell wall stiffening due to moisture removal. In this case, the moisture
transfer mechanism changes from a liquid diffusion-dominated mechanism through the cell wall to vapor
diffusion-dominated mechanism through the pores. Furthermore, the decreasing shrinkage rate at this drying stage
makes the moisture path to reach the tissue surface longer. This phenomenon is not captured by the microscale
model and it will overpredict the effective permeability of the tissue. As a result, the drying rate is higher in the
simulation especially between three until seven hours of drying. Nevertheless, the macroscale modeling using the
upscaled properties gives adequate matches with the experimental data where the drying rates and temperature

are still in the same order of magnitude.
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Figure B. Comparison between the macroscale simulation and experimental results of (4): (a) water content, (b)
drying rate and (c) core temperature. Two dehydration cases are considered in the simulations, namely free
shrinkage and total lysis.
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