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1. Reconstitution
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2. Moisture ratio
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Table 2. Mathematical models applied to the
rehydration curves

No Model Analytical Expression
t
1 Pele W=W,+——
s A+ A
At
2 Pilosof-Boquet W=Ww,+—
a Tl Ay
A At
3 Singh-Kulshrestha W=w,+ =5
1+ Agt
4 Wesolowski 1 = A(B —e @ )
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Table 1 Mathematical models applied to the
drying curves

No Model Analytical Expression
Henderson _ _
! and Pabis MR = a exp(=kt)
2 Newton MR = exp(—kt)
3 Page MR = exp(—kt")
Wang and 2
4 Singh MR =at” +bt+1
5  Logarithmic MR = aexp(—kt)+c

6 Modified MR = exp [(—kt)” ]

Page
t = aln(MR) |+ bin(MR)
MR = 10“‘”J |
W=y, +at+bt" +ct

7 Thompson
8 Weibull

9 Kemp

4. Root mean square error
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Fig 2 Temperature dependence of moisture
diffusivity expressed by Arrhenius type equation
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Fig 3 Comparison of drying rate determined by
experimentation and prediction using the Equation
(6)
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Table 3 Results of statistical analysis on the modeling of dehydration and rehydration rate as a function

of temperature
Equation Temp. °C Constant R’ RMSE
Dehydration
30 a=0.0011-b=1.387 0.853 0.089
40 a=0.0016-b=1.396 0.945 0.009
aw b 50 a=0.0047-b=0.990 0973 0.008
dt =aW 60 a=0.0068- b= 0.860 0973 0.012
70 a=0.0086- b=0.963 0.979 0.013
30 a=0.00753—b=-9.08664E-6— c=29102E-9  0.783 0.011
a=0.01226—b=-1.75286E-5—
40 o= 6.05571E.9 0.843 0.033
dw a=0.01617-b=-2.73917E-5—
—matbis ot 50 c= 1.04388E-8 0840 0.043
¢ a=0.02393— b=-6.35581E-5—
60 o= 3.9301E-8 0933 0.033
a=0.02902— b= -8.89416E-5—
70 o= 6.12865E-8 0.858 0.038
Rehydration
adw 4, 40 A1=0.203-A2=0.0882 0.809 1.077
d = 2 50 A1=0.147-A2=0.0635 0.972 0.348
£ (4 +40) 60 A1=0.0810-A2=0.0675 0.872 1358
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5. Wang and Singh
6. Midilli et al.
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Table 4. Results of statistical analysis on the modeling of rehydration

Model Temp. °C Constant R? RMSE
40 A1=0.203-A2=0.0882 0.985 0.523
Peleg 50 A1=0.147-A2=0.0635 0.987 0.592
60 A1=0.0810-A2=0.0675 0.974 0.868
40 A3=11.326-A4=2.303 0.979 0.553
Pilosof-Boquet 50 A3=15.737-A4=1.200 0.984 0.596
60 A3=14.815-A4=2.328 0.964 0.861
40 A5=11.327-A6=0.434 0.979 0.552
Singh-Kulshrestha 50 A5=15.736-A6=0.429 0.984 0.595
60 A5=14.815-A6=1.200 0.964 0.860
Weslowski 40 A=98.776-B=1.0339-C=0.321 0.987 0.433
50 A=129.220-B=1.092-C=0.284 0.960 0.944
60 A=128.443-B=1.0638-C=0.566 0.920 10.23
1 1§
\\6
\% 0 Experimental
0.75 075 \\&\ —Log a.rithmic
.é — — Modified Page
; O Experimental P \ - Welbal
= 05 —Peleg % 03 ‘
g o §
-
z
0.25
025
0
0 10 20 30 40 0

time (min)

Fig 5 Comparison of moisture ratios determined by
experimentation and prediction
using the Peleg model at 50 °C

time (min)

Fig 4 Comparison of moisture ratios determined by
experimentation and prediction using the logarithmic
and modified Page models at 50 °C
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Table 5 Results of statistical analysis on the modeling of dehydration

Model Temp. °C Constant R? RMSE
30 a=0.9863—k=0.002 0.997 0.338
40 a=1.0346-k=0.003 0.992 0.045
Henderson and Pabis 50 a=1.1744-%k=0.006 0.984 0.061
60 a=1.2183-k=0.007 0.975 0.067
70 a=1.125-k=0.01 0.997 0.033
30 k=0.0016 0.997 0.023
40 k=0.0026 0.991 0.023
Newton 50 k=0.0052 0.976 0.035
60 k=0.0066 0.964 0.043
70 k=0.0093 0.993 0.029
30 k=0.00338 — n=0.8927 0.987 0.020
40 k=0.00526 — n=0.8886 0.992 0.021
Page 50 k=0.00528 — n=0.9885 0.989 0.026
60 k=0.0056 — n=1.0166 0.988 0.027
70 k=0.00667 — n=1.0567 0.997 0.014
30 a=4.00e-07- b=0.0012 0.958 2.806
40 a=1.00e-06- b=0.0019 0.960 2.604
Wang and Singh 50 a=3.00e-06- b=0.0036 0.988 2.307
60 a=5.00e-06- b=0.0045 0.995 2.154
70 a=1.00e-05- b=0.0065 0.996 2491
30 a=0.94769- k=0.0014- c=-0.02254 0.998 0.013
40 a=0.9593- k=0.00216- ¢=-0.0374 0.998 0.012
Logarithmic 50 a=1.06911- k=0.00363- ¢=-0.1107 0.999 0.009
60 a=1.13463- k=0.00423- ¢=-0.16337 0.999 0.006
70 a=1.06368- k=0.00772- ¢=-0.0551 0.999 0.010
30 k=0.00164- n=0.9138 0.995 0.018
_ 40 k=0.00261- n=0.9150 0.995 0.018
Modified Page 50 k=0.0047- n=1.0477 0.994 0.021
60 k=0.00581- n=1.1020 0.994 0.020
70 k=0.00848- n=1.1110 0.999 0.009
30 a=-7.4581- b=-431.78 0972 31.80
40 a=-21.013- b=-431.78 0.965 20.34
Thompson 50 a=-22.328- b=-243.56 0.979 7.765
60 a=-22.963- b=-202.21 0.992 3.725
70 =-6.2553- b=-122.36 0.974 5.032
Kemp et al. 30 yo=4.41- a=0.0057-b=2.836- c=-5.20 0.996 0.049
40 ¥6=5.08-a=-0.0095-b=6.19E-6—c=-1.33E-9 0.996 0.040
50 Yo=4.50-a=-0.0123-b=1.07E-5-c=-2.83E-9 0.964 0.062
60 Vo= 5.08-a=-0.0215-b=2.78E-5-c=-1.16E-8 0.992 0.030
70 o= 4.70-a=-0.0234-b=3 . 70E-5-c=-1.77E-8 0.949 0.064
Weibull 30 8=15229-n=0914 0.994 0.017
40 8=952.39-n=0.915 0.994 0.018
50 3=471.00- n=1.048 0.993 0.020
60 8=366.92- n=1.102 0.994 0.020
70 8=249.67-n=1.111 0.998 0.009
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Nomenclature

Ai-A, Empirical model constant of Peleg

A;-A;, Empirical model constant of Pilosof-Boquet
As-As  Empirical model constant of Singh-Kulshrestha
A,B,C Empirical model constant of Wesolowski

ab,c  Empirical model constant

a Coefficient of exponential decay function (min)
b Coefficient of exponential decay function (°C™")
Pre-exponential factor of the Arrhenius equation
(m?/s)
D.s  Effective moisture diffusivity (m2/s)

E, Activation energy (kJ/mol)

k Empirical model constant

l, Thickness (m)

MR Moisture ratio

N Number of observations

n Weibull parameter (dimensionless)
R Universal gas constant (kJ/mol.k)
R’ Correlation coefficient

RMSE Root mean square error

T Absolute air temperature (K)
W Moisture (dry basis)
Initial moisture content drying (kg water/kg dry

Wo
matter)
W Equilibrium moisture content drying (kg
¢ water/kg dry matter)
W Moisture content at any time of drying (kg
' water/kg dry matter)
Weygp,i  ith experimental moisture ratio (dimensionless)
Wore,i ith predicted moisture ratio (dimensionless)
) Weibull parameter
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By controlling dehydration and rehydration conditions, optimal reconstitution
properties can be achieved. Therefore, mathematical models that describe the kinetics
of moisture removal and moisture uptake are important in designing and optimizing
that process. In this study, the drying process of pear slices at 5 different temperatures
was investigated and the effective diffusion coefficient of the samples was determined.
Drying data were also fitted with 9 mathematical models. The hydration process of the
dried samples at 50°C was also fitted with 4 different models. The results showed that
the effective diffusion coefficient has an increasing trend with increasing temperature
and its temperature dependence can be described by Arrhenius equation. Among the
dehydration models, two models (logarithmic and Weibull) were better than other
models in predicting changes in sample moisture during drying and the best model for
the rehydration process was Peleg model. In the last step, the temperature dependence
of the constants of these equations were fitted with Arrhenius and exponential decay
models.
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