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Supplementary Note 1: Experimental Data Fitting
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Supplementary Figure 1: Moisture sorption curves for the cuticle membrane (CM), polymer matrix (MX) membranes, cutin (free
of polysaccharides), and polar polysaccharides (PP) only, which is MX minus cutin. The MX and CM curves are very similar. When
PPs are removed (referred to as cutin) in purple, the large nonlinear increase in sorption at high humidities is no longer present
and the sorption increases linearly. The large nonlinear increase in the PP curve can clearly be seen at high humidities, indicating
PPs are the reason for this trend. We fitted! the data? usingy =a b x/(1+a x)+c d x/(1—c x), where y is the percentage moisture
adsorption per dry weight and x is the water activity or RH/100%, with parameters shown in Supplementary Table

Supplementary Table 1: Fit parameters for Supplementary Figure

Parameter CM MX PP Cutin

a 1.44 x 10° 1.8 x 10% 91.64 2.04 x 107
b 0.41 0.48 0.28 0.2

c 0.46 0.67 0.78 0.31

d 6.36 2.67 1.06 3.75

R2 % 99.9 99.9 99.6 99.0

The experimental data over a time of 10 minutes, as shown in Fig. |2, was shown in the original text® as uncorrected for water
sorption by the vessel or basket holding the sample that is also being weighted and can also adsorb water. We have corrected for
the vessel here by fitting two Langmuir isotherms (see equation (9)), then the sample minus the vessel, to produce the weight of
water in the cuticle, Aw(z), at 57%RH, with an R-squared value better than 99%, as follows:

Aw(t) =

 3.758x3437x1

6.056 x 0.7808 x t
€3]

3437 xt+1

6.056 xr+1 ’



where ¢ here is time in minutes. The original work? did not provide error bars, and the two sets of data points, for the sample
data not corrected for by the vessel and the data for the vessel, were not conducted at matching relative humidities, hence we are
only able to produce a fitted curve, not individual data points.

Supplementary Table 2: We find fitted parameters for solid lines in Fig. |1, usingy=a b H/(1+a H)+cd H/(1—cH)+e H,
where y is the percentage moisture adsorption per dry weight* and H is the water activity or RH/100%.

Parameter Luquel Coret and Chamel®  Chamel?
a 8.55 10.76 3.89 x 107

b 0.99 0.79 0.41

c 0.95 0.66 0.46

d 0.22 3.09 6.35

e 4.02 0 0

R2 % 99.83 99.82 99.85

Supplementary Note 2: Additional Model Description

Here we describe additional equations, included in the model, as shown in Supplementary Equations (2)-(8) and the modelling
constants in Supplementary Table [3| The parameters I's and 8 are calculated as follows:
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The constant I's, described in Supplementary Equation , is described elsewhere,? y is defined in Supplementary Equation ,
and here the maximum pore radius, ry*?*, is limited by relative humidity, H. The constant 3, as described in Supplementary
Equation (3), is formulated utilising equation (9) and Supplementary Equation (2), simplifying and rearranging. To calculate the
binding of water to cellulose, k,, as described in Supplementary Table [3] on the surface of the cuticle as a function of humidity, H,

we utilise the following equation to find W,

5
1+KH 1-K3 H )

KyH K3 H
We =K < z 2 ) ;
where We is the weight of water adsorbed per gram of dry solid as a fraction, H is the relative humidity as a fraction or water
activity, K; is the number of strong binding sites and equal to 0.05, K; is the attraction of these sites and equal to 7.43, and K3 is
related to the water activity of the solid and equal to 0.907.> All parameters are dimensionless and ay, scales the outside surface,

as there is less cellulose®” on the outside surface (see Supplementary Table.

Supplementary Note 3: Conversion of Concentration to Weight

To convert the final solution from a concentration to a weight in mg, including the adsorbed water, the following equations are
applied. The initial condition is removed from the solution, as the initial condition is equivalent to the dry weight, to produce

CW(Zat) = C(Zat) — Conin (6)

where ¢" is the concentration of water without the initial condition, c is the concentration of free water and solution to the model,
and c,,, is the initial condition.

The experimental data are given as the difference between the wet weight, at a given relative humidity, and dry weight over
time; therefore to convert the concentration to the total weight in mg, the following equation is utilised. The first integral is
considered over space (resulting in a solution at each point in time), and the second is a cumulative integral over time, and the
first three terms are ions in the cuticle, adsorbed in aqueous pores and adsorbed in cellulose, and the cumulative integral term is
the ions adsorbed to cellulose at the two cuticle surfaces,

f Ao pc Te(c”(z,1))
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where Aw(t) is the weight increase over dry weight in mg, M,, is the molecular weight of water, f is the value 10 and converts g
to mg or kg to g, n is the total number of cuticle discs used in the experiment, fg,, is the final experimental time and is 10 minutes
here, Acy is the area of one cuticle disc, z is the thickness of the cuticle, I', is the adsorption of water to the aqueous pores, I'¢ is
the adsorption of water to cellulose, I'sc is the saturated concentration of water adsorbed in cellulose, r, is the aqueous pore
radius, ¢ is time and k; and k, are the rate constants for binding to cellulose on the cuticle surfaces. The formulation of the
area for the moles adsorbed per aqueous pore, using I',, is based on the circumference of the aqueous pore that is circular in
cross-section.



To convert Aw to a percentage increase over the dry weight at the end time, we utilise the following:

%moisture content per DW =

AW(Iﬂnal) 100%
DW n ’

®

where %moisture content per DW is the percentage gain of water content over the dry weight, DW is the total dry weight and
trinal 1S 6 hours here. The resultant change in weight, Aw(7), is a vector and can be seen in Fig. |2 while the % moisture content per
DW is a scalar at each RH and can be seen in Fig.

Supplementary Table 3: Model constants.

Definition Value and Units Comments
Acu Cuticle area of one surface 7.85 x 1075 m?
b Thickness of cuticle 1.87 x 1073 m 2
Crin Initial concentration of water in a relatively dry cuticle, ~mol/m? For [0, 0.387, 0.6, 0.7, 0.8, 0.9, 0.98, 0.999]RH, c¢in =I[0,
as a function of RH 4515, 7168, 4515, 2596.1, 1140.9, 208, 300]
o Pure water concentration as a function of temperature  mol/m? Pry0/Miy
Coo Atmospheric vapour concentration of air far from cuti- mol/m? P,H/(RT)
cle, as a function of temperature, 7, in K
DE‘zﬂg,‘ Self/bulk diffusion coefficient of water as a function ~m?/s For temperatures [20, 25, 30, 35, 40, 45, 50]°C, [2.022, 2.296,
of temperature 2.59, 2.919, 3.24, 3.575, 3.968]1x 10~° m? /s
DW Total dry weight of isolated tomato fruit cuticle for 137.7 mg Calculated based on experimental data. This is the equiva-
experiment with humidity lent of using 85 individual cuticle discs for the experiment
conducted over 6 hours
E Activation energy for diffusion in the lipophilic path- ~ 2.64 x 10* Pa m?/mol For waxy isolated tomato fruit cuticles'’
way
F, Fractal scaling dimension 1.075 Chosen to agree with experimental data
h Moisture transfer coefficient 0.012m/s Chosen to agree with experimental data
H Relative humidity as a fraction H = RH/100% = p/psa, p is the partial pressure of water
vapour, ps, is the pressure of saturated water vapour
k Rate constant for water binding to cellulose on the 6.5 x 107° m/s Chosen to agree with experimental data
cuticle surface
ki Rate constant for water binding to cellulose on the m/s k1 = agus ko, where agys = 0.1
outside cuticle surface
ky Rate constant for water binding to cellulose on the m/s ky = W¢ k, where W¢ is defined around Supplementary Equa-
inside cuticle surface tion GD as a function of relative humidity
K GAB isotherm constant 0.46 1
L Control volume length 1m
M, Molecular weight water 18.015 g/mol
N Avogadro constant 6.022 x 10?* mol~!
n Number of tomato cuticle discs used in timed experi- 1 Calculated based on experimental data?
ment over 10 minutes
P, Saturated water vapour pressure in air as a function Pa 611.21exp[(18.678 — T /234.84) (T /(273.15+ T¢))
of temperature in °C, Tp =20°C
R Gas constant 8.31 Pa-m? /K/mol
TH,0 Van der Waals radius of a water molecule 1.5x 1079 m
pmax Maximum radius of aqueous pores 2.12x107° m For tomato fruit cuticle 2
T Temperature K
B Langmuir parameter m?/mol Equilibrium parameter of adsorbed water
Be GAB parameter 4 Equilibrium parameter of adsorbed water for GAB isothermd
g Lipophilic pathway porosity 0.03 13
& Cellulose porosity 0.265 Chosen to agree with experimental data
Na Density of aqueous pores in cuticle 2.18 x 10> m~2 i
Is Langmuir saturation constant mol/m? 0 < T’y < T, saturation concentration of water adsorbed per
unit area in the aqueous pathway
Isc GAB constant 6663 mol/kg Monlcilayer concentration of water adsorbed per volume cellu-
lose
Pry0 Liquid density of water as a function of temperature g/m3 (999.84846.338 x 10727 —8.524 x 10372 +6.943 x 107572 —
3.821 x 1077724)100042
Pc Density of cellulose fibres 1450 kg/m? 1

Supplementary Note 3: Additional Sensitivity Analysis Results
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Supplementary Figure 2: Sensitivity analysis of the model, compared to the results for validation (v) and the experimental data
(Exp data in black) as a reference point, all performed at 60%RH. All model parameters are kept constant except the sensitivity
parameter k, the rate coefficient for cellulose binding on the boundaries.
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Supplementary Figure 3: Sensitivity analysis of the model, compared to the results for validation (v) and the experimental data
(Exp data in black) as a reference point, all performed at 60%RH. All model parameters are kept constant except the sensitivity
parameter k, the rate coefficient for cellulose binding on the boundaries.
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Supplementary Figure 4: Sensitivity analysis of the model, compared to the results for validation (v) and the experimental data
(Exp data in black) as a reference point, all performed at 60%RH. All model parameters are kept constant except the sensitivity
parameter for the porosity of the lipophilic pathway, €.
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Supplementary Figure 5: Sensitivity analysis of the model, compared to the results for validation (v) and the experimental data
(Exp data in black) as a reference point, all performed at 60%RH. All model parameters are kept constant except the sensitivity
parameter for temperature, 7.
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