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ABSTRACT 

In this research, thin layer drying characteristics, rehydration 

ratio and effective moisture diffusivity of apple were 

investigated using microwave dryer which has intermittent 

and continuous modes. Drying time varied between 25 and 

215 minutes and they declined with the rise in microwave 

power and reduction in pulsing ratio. In an attempt to pick 

the optimum thin layer models for the drying applications, 8 

mathematical models suited to the experimental results. On 

the grounds of the statistical tests evaluation, Midilli et al 

model which represent drying characteristics are optimally 

suited than other models. The highest rehydration ratio was 

recorded for the samples dried at 100W continuous mode and 

the lowest ratio at 300W continuous application. Effective 

moisture diffusivity values were computed by the 2nd law of 

Fick and changing between 3.04x10-9 and 2.53x10-8 m2 s-1. 

Consequently, the intermittent microwave method could be 

used as a favorable drying method for obtaining high-quality 

fruit slices or processing valuable material and continuous 

microwave drying can be taken as another drying approach 

for apple samples.  

Keywords: Apple; Drying characteristics; Rehydration ratio; Effective moisture diffusivity 
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1. Introduction

Apple is a fruit that exists all year long, low-calorie and rich in various vitamins, minerals, dietary fibers, 

and it is a plentiful source of dietary polyphenols. For this reason, it is favorable for normal growth, 

development and consequentially for the whole well-being. It is noted that consuming apple helps human 

to refrain and protect from several diseases such as the risk of certain cancer types, ischemic heart diseases, 

thrombotic stroke, type 2 diabetes, and asthma (Saxena et al 2016). Apples are consumed as both fresh 

fruits and other processed products such as jams, juices, marmalades and other dehydrated products (An et 

al 2015). Food drying has been extensively used throughout the world history and it has provided elasticity 

in the utilization of foods in their offseason. Now, the industry on the dehydration of foods holds down a 

crucial position among other food industries across the globe. During drying, several modifications may 

occur at inner section of the foods, and these physicochemical and structural modifications have an impact 

on the attributes of the product: composition, color, and texture. However, those attributes connected with 

the transfer of heat and mass. In the literature, it is seen that transference of moisture, physical structures, 

and chemical configuration generally varies in foods (Cruz et al 2015). Microwave drying method is an 
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alternative procedure so as to save time and energy. In this method, a microwave field induces volumetric 

heating of the wet solid, causing a water vapor pressure gradient between the surface and inner section of 

the material and accelerating the transfer of moisture (Junqueira et al 2017). However, the main 

disadvantage of using microwave method is the non-uniform distribution of moisture and temperature, that 

finding in cold and hot spots on the heated product. Intermittent application of microwave is one of the 

applicable remedies to curtail non-uniformity (Gunasekaran & Yang 2007). In literature, different variety 

of apple have been dried with different drying methods such as hot air (Sturm et al 2014), explosion puffing 

(Yi et al 2016) and freeze drying (Djekic et al 2018) by many researchers. However, there are limited 

studies intermittent and continuous microwave on drying apple (Aghilinategh et al 2015). In addition, the 

intermittent microwave has successfully been applied on a limited number of agricultural products, for 

instance, pistachio nuts (Kermani et al 2017) and quince (Dehghannya et al 2018). The targets of this work 

were to (1) settle the effect of different intermittent microwave conditions on thin layer drying kinetics of 

apple samples, (2) pick the most favorable drying models and (3) evaluate the quality of dried apples by 

analyzing the effective moisture diffusivity and rehydration ratio parameters. 

2. Material and Methods

2.1. Drying equipment 

Fresh ‘Granny Smith’ variety of apple samples disposed of in the experiments were bought from a local 

market in Bursa province of Turkey and kept at 40.5 C temperature until completion of the experiments. 

In advance of the drying processes, the apple samples were peeled and sliced into 5 mm thickness by using 

a dicer (Börner, Wingene, Belgium) and dried in this form. The initial moisture level of these samples was 

computed to be 4.76 (g water g dry matter-1) on a dry basis (d.b.) by use of forced air convection oven 

(ED115 Binder, Germany) drying at 105 C for 24 hours period. The drying experiments were performed 

in a modified laboratory microwave oven. In this oven, microwave power between 80 and 900W can be 

applied either in pulsed or continuous mode. Our experimental conditions were: three levels of microwave 

power (100, 200 and 300 W), continuous and two pulsed operating modes. The microwave operating mode 

was assigned a pulsing ratio (PR), which is computed using Equation 1 where 
on

t  corresponds to 

magnetron power on-time and 
off

t  corresponds magnetron off-time (Gunasekaran & Yang 2007). 

PR
)(

)(

on

offon

t

tt 
   (1) 

For the continuous mode PR= 1 (
on

t = 60 s and 
off

t = 0 s) and for pulsed mode PR= 2 (
on

t = 30 s and

off
t = 30 s) and PR= 3 (

on
t = 20 s and 

off
t = 40 s). The loss of moisture was recorded by taking the apple 

sample from the oven at 5-min intervals and weighing it on a digital balance (Shimadzu, Japan) that has a 

precision level of 0.01 g; the sample was returned to the oven within 20 s for continued drying (Kayisoglu 

& Ertekin 2011). 

2.2. Mathematical modeling  

The results data on moisture ratio (MR) were fitted with 8 commonly used drying equations (Table 1). The 

MR and drying rate )( DR are determined as follows (Kipcak 2017): 

eo
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In the foregoing formula o
M  corresponds the moisture content level at the beginning, t

M  corresponds 

the moisture content level at a given time, e
M  corresponds the equilibrium level of moisture content, 

dtt
M


 is the moisture content at dtt   and t  is the drying time (min). After analyzing the formula, the 

values of e
M are rather small concerning t

M  or o
M . Ultimately as proposed by some of the researchers, 

the moisture ratio formula was shortened in this way: 

 

o

t

M

M
MR                                                                               (4) 

 

Table 1- Thin layer drying models used for the apple drying kinetics 

 

No Model name Model References 

1 Henderson and Pabis )exp( ktaMR   Doymaz et al (2015) 

2 Newton )exp( ktMR 
 

Horuz et al (2018) 

3 Page 
)exp(

n
ktMR 

 
Coradi et al (2017) 

4 Logarithmic cktaMR  )exp(
 

Kayran & Doymaz (2017) 

5 Two-term model )exp()exp(
10
tkbtkaMR 

 
Murthy & Manohar (2014) 

6 Wang and Singh 2
1 btatMR   

Doymaz et al (2015) 

7 Diffusion Approach )exp()1()exp( kbtaktaMR 
 

Murthy & Manohar (2014) 

8 Midilli et al 
btktaMR

n
 )exp(

 
Kayran & Doymaz (2017) 

 
2.3. Rehydration ratio measurement 

 

Prior to the execution of the analysis of the quality features, slices of the dried apple (10.0±0.1 g) were 

placed inside distilled water at 20 C for 14 h, by being adhered to 1:50 solid to liquid ratio. (Vega-Gálvez 

et al 2009) The apple slices were then taken out, drained for 30 s, and weighed out using an electronic 

digital balance (Shimadzu, Japan) having ± 0.001 g accuracy. For each application, this procedure was 

repeated in triplicate. Eventually, rehydration ratio (R) was computed using Equation 5 as (Sunjka et al 

2008) where, 
1

M  and 
2

M  are sample weights (g) before and after rehydration, respectively. 

 

R

1

12

M

MM 
                                                                               (5) 

 

2.4. Effective moisture diffusivity 

 

Drying of agricultural products in a falling rate period is embedded into a mass-diffusion equation in 

accordance with the second law of Fick on diffusion is presented in Equation (6) below: 

 

t

M




  MD

eff
 M                                                                                                                           (6) 

 

The Equation (6) that explains the 2nd law of Fick on unsteady state diffusion can be utilized to figure 

out the moisture ratio calculated in Equation (7). The diffusion equation for infinite slab proposed by 

Kayran & Doymaz (2017), and assumed uniform moisture distribution at the beginning, negligible 

shrinkage and external resistance, and constant diffusivity, is presented in the equation below:  
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Above; Deff corresponds to the effective moisture diffusivity (m2 s-1), L corresponds to the half-thickness 

of samples (m), t corresponds to the time (s), and n corresponds to a positive integer. With regard to longer 

periods of drying, the foregoing equation can be shortened to an only first term of series, without having a 

significant impact on the accuracy of the assumption.  
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Typically, the effective moisture diffusivity (Deff) was also computed by means of the slope of Equation 

(8). Namely, a straight line with a slope of K was derived when ln (MR) was plotted versus time: 

 

2

2

4 L

D
K

eff


                                                                                                                                              (9) 

 

With the help of the slope value (Equation 9), the effective moisture diffusivity could be settled.  

 

2.5. Statistical analysis 

 

The study was realized by the aid of randomized plots factorial design. In the course of calculation of the 

inspected items, three replicates were utilized. While interpreting the outcomes, JMP (SAS Institute Inc., 

USA) and MATLAB (MathWorks Inc., MA) software technologies were employed. Significance levels of 

mean differences were tested and the least significant difference (LSD) test resulted in a 5% significance 

level. It has been determined that the most convenient model that expresses the drying attributes of lime 

samples in a thin layer is the one that has lowest reduced chi-squared )(
2

  value, lowest root mean square 

error )( RMSE  value and the highest coefficient of determination )(
2

R . The mentioned statistical values 

are described as below: 
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Here;
i

MR
exp,

means the experimental MR, 
ipre

MR
, , means the predicted MR, N  means the 

observation number and z stands for the number of constants. 

 

3. Results and Discussion 
 

3.1. Drying kinetics of apple 

 

The effects of continuous and intermittent microwave power on moisture content with drying period and 

drying rate versus drying period are presented in Figures 1 and 2, respectively. As it is presented in Figure 

1, the level of the microwave power had a remarkable impact on the moisture content of the apple samples, 
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expectedly. The findings indicated that drying period got shorter substantially depending on increasing 

level of microwave power. Similar result has been found by Çelen et al (2011) with a ‘Granny Smith’ apple 

variety. For samples, the drying period required to attain the final moisture content (0.1% d.b) was 80, 150 

and 215 minutes for 100W-PR= 1, PR= 2 and PR= 3; 40, 75 and 125 min for 200W-PR= 1, PR= 2 and PR= 

3 and 25, 45 and 75 min for the 300W-PR= 1, PR= 2 and PR= 3, respectively. As the findings for the 

continuous mode, the sample at dried 300W has a less drying period. At the greater microwave power 

levels, quicker transference of mass was realized because of the rise in heat production in the sample and 

hence the drying time became shorter (Kumar et al 2016). The findings indicate that all each microwave 

power levels of the PR= 1 application had the minimum drying period. Therefore, the total drying period 

is shorter in the continuous mode than in the intermittent mode (Gunasekaran & Yang 2007). At the outset 

of both drying processes, the drying rates were greater. It could be explained by a falling in each working 

cycle (tₒₙ + tₒff) of the microwave for the intermittent microwave drying application. Seeing that microwave 

power off-time yields a rest period for the redistribution of temperature and moisture inside the food and 

by the way, microwave power on-time allows the period for warming-up (Beaudry et al 2003). The drying 

rates of each sample dried at continuous mode was higher than intermittent mode at first stages because of 

the giving constant microwave energy. Since the amount of moisture that apple slices contain was greater 

at the first stage of the drying, based upon the greater diffusion of moisture, absorption of microwave power 

and rates of drying were found to be more. As the drying process goes on, moisture loss of the product 

culminated in a fall in the absorption of microwave power and rates of drying (Soysal et al 2009). Identical 

findings were gathered with apple (Aghilinategh et al 2015), rice (Xu et al 2017) and mussels (Kipcak 

2017). 

                                                                        
   

Figure 1- The moisture content of apple vs. time during pulsed microwave drying at different conditions 
 

    
 

Figure 2- The drying rate vs. moisture content of apple at drying conditions 
 

3.2. Modeling of drying curves 
 

Table 2 shows the findings of the statistical analyses of the 8 distinct thin layer drying models, inclusive of 

drying model coefficients and the comparison criteria for assessing the quality of the model fit (R2, RMSE 

and χ2). R2 values were greater than 0.906, and RMSE and χ2 values were smaller than 0.102 and 94.386x10-

4, respectively revealing good fit findings in all cases. Based on these findings, the Midilli et al model was 

the optimum of the evaluated models at explaining the variations in moisture ratios found in all tests. In 

addition, in all cases of the Midilli et al model R2 values were more than 0.998; and the RMSE and χ2 values 

were less than 0.014 and 1.647x10-4, in return. According to these computed findings, Midilli et al model 
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can be considered as presenting the thin-layer drying behavior of the apple samples. The difference between 

the predicted and experimental moisture ratio using the most relevant models with drying period at picked 

temperatures and microwave power levels for dried apple is presented in Figure 3. Obviously, the findings 

obtained from the Midilli et al model are quite close to the experimental values. In addition, the Midilli et 

al model could adequately describe the drying curves of apple under the picked experimental conditions. 

The findings of this study are in agreement with former findings proclaimed in the drying of pulped coffee 

(Coradi et al 2017), guava pulp (Maciel et al 2017), and apricot halves (Kayran & Doymaz 2017) for Midilli 

et al model. 

 
Table 2- Forecasted data of statistical analyses obtained from thin layer drying models 

No 
100W, PR=1 

Model coefficients R2 RMSE χ2(10-4) 

1 a= 1.126; k= 0.02965 0.9498 0.0768 48.7908 

2 k= 0.02635 0.9331 0.0886 79.6781 

3 k= 0.002217; n= 1.669 0.9975 0.0170 2.6731 

4 a= 1.75; k= 0.01212; c= -0.6973 0.9914 0.0318 6.6619 

5 a= 43.38; ko= 0.05617; b= -42.37; k1= 0.05754 0.9904 0.0336 11.0080 

6 a= -0.01797; b= 0.0000635 0.9902 0.0340 11.5937 

7 a= 1.239; k= 0.02604; b= 0.9515 0.9237 0.0947 84.8834 

8 a= 0.9867; k= 0.002567; n= 1.597; b= -0.00069 0.9994 0.0071 1.0405 

No 
100W, PR=2 

   Model coefficients R2 RMSE χ2(10-4) 

1 a= 1.108; k= 0.01498 0.9651 0.0583 29.4053 

2 k= 0.01344 0.9506 0.0693 48.2401 

3 k= 0.001684; n= 1.478 0.9946 0.0229 5.5703 

4 a= 1.738; k= 0.006021; c= -0.7104 0.9986 0.0115 0.8235 

5 a= 16.34; ko= 0.02637; b= -15.32; k1= 0.02787 0.9907 0.0301 9.4359 

6 a= -0.009356; b= 0.0000177 0.9984 0.0124 1.3022 

7 a= -0.3939; k= 0.01454; b= 0.9452 0.9473 0.0716 49.7150 

8 a= 0.9867; k= 0.002566; n= 1.266; b= 0.00069 0.9997 0.0052 0.2621 

No 
100W, PR=3 

Model coefficients R2 RMSE χ2(10-4) 

1 a= 1.142; k= 0.009964 0.9495 0.0714 42.6928 

2 k= 0.008636 0.9243 0.0874 75.6288 

3 k= 0.000368; n= 1.665 0.9947 0.0231 5.1703 

4 a= 2.518; k= 0.002557; c= -1.474 0.9969 0.0176 2.1284 

5 a= 27.07; ko= 0.01854; b= -26.05; k1= 0.01925 0.9864 0.0370 13.1762 

6 a= -0.005568; b= 0.00000363 0.9950 0.0225 4.3567 

7 a= 0.0000392; k= 0.01439; b= 0.5998 0.9206 0.0896 77.4281 

8 a= 0.9909; k= 0.0006739; n= 1.477; b= -0.00069 0.9995 0.0069 0.3965 

No 
200W, PR=1 

Model coefficients R2 RMSE χ2(10-4) 

1 a= 1.092; k= 0.05347 0.9387 0.0890 65.1837 

2 k= 0.04898 0.9336 0.0927 83.5024 

3 k= 0.006074; n= 1.68 0.9941 0.0277 7.6681 

4 a= 2.24; k= 0.01576; c= -1.212 0.9928 0.0305 5.2148 

5 a= 56.74; ko= 0.09428; b= -55.72; k1= 0.09573 0.9733 0.0588 32.3902 

6 a= -0.03218; b= 0.0001681 0.9932 0.0297 6.3986 

7 a= -0.9022; k= 0.05104; b= 0.9784 0.9115 0.1001 95.2979 

8 a= 0.9929; k= 0.008585; n= 1.492; b= -0.00292 0.9981 0.0156 2.2205 

No 
200W, PR=2 

      Model coefficients R2 RMSE χ2(10-4) 

1 a= 1.114; k= 0.02691 0.9338 0.0855 63.0934 

2 k= 0.02396 0.9189 0.0946 88.3009 

3 k= 0.001702; n= 1.709 0.9895 0.0340 11.8914 

4 a= 4.225; k= 0.00379; c= -3.202 0.9964 0.0199 2.2661 

5 a= 41.86; ko= 0.05235; b= -40.82; k1= 0.05364 0.9733 0.0543 28.6440 

6 a= -0.01482; b= 0.000015 0.9960 0.0211 2.8826 

7 a= -0.5643; k= 0.02561; b= 0.9582 0.9067 0.1015 94.3856 

8 a= 0.9875; k= 0.002866; n= 1.449; b= -0.00301 0.9983 0.0136 1.6468 
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Table 2 (Continue)- Forecasted data of statistical analyses obtained from thin layer drying models 
 

No 
200W, PR=3 

Model coefficients R2 RMSE χ2(10-4) 

1 a= 1.14; k= 0.01756 0.9485 0.0747 46.2486 

2 k= 0.0153 0.9251 0.0900 81.4717 

3 k= 0.0008704; n= 1.683 0.9959 0.0211 4.4787 

4 a= 2.234; k= 0.005249; c= -1.184 0.9953 0.0226 3.1747 

5 a= 26; ko= 0.03326; b= -24.99; k1= 0.03465 0.9882 0.0357 12.8191 

6 a= -0.00997; b= 0.000014 0.9928 0.0279 6.7776 

7 a= 1.968; k= 0.01472; b= 0.961 0.9189 0.0936 84.4770 

8 a= 0.9938; k= 0.001395; n= 1.519; b= -0.00090 0.9994 0.0083 0.5989 

No 
300W, PR=1 

Model coefficients R2 RMSE χ2(10-4) 

1 a= 1.055; k= 0.09247 0.9571 0.0800 53.4380 

2 k= 0.08809 0.9607 0.0765 55.6568 

3 k= 0.02202; n= 1.547 0.9987 0.0137 1.8168 

4 a= 1.497; k= 0.04614; c= -0.4759 0.9906 0.0375 11.7476 

5 a= 8.206; ko= 0.1767; b= -7.208; k1= 0.2022 0.9939 0.0302 8.3524 

6 a= -0.06244; b= 0.0009068 0.9946 0.0283 7.5788 

7 a= 1.063; k= 0.08767; b= 0.925 0.9346 0.0987 69.5035 

8 a= 1.001; k= 0.02614; n= 1.444; b= -0.00182 0.9997 0.0064 0.6431 

No 
300W, PR=2 

      Model coefficients  R2    RMSE χ2(10-4) 

1 a= 1.111; k= 0.0441 0.9328 0.0912 68.1232 

2 k= 0.03947 0.9211 0.0294 88.0011 

3 k= 0.00339; n= 1.761 0.9965 0.0208 4.0195 

4 a= 3.298; k= 0.008451; c= -2.26 0.9930 0.0294 6.6326 

5 a= 21.46; ko= 0.08827; b= -20.45; k1= 0.09305 0.9851 0.0429 18.1082 

6 a= -0.0246; b= 0.000048 0.9916 0.0322 10.0784 

7 a= 25.28; k= 0.02298; b= 0.9754 0.9278 0.0945 78.2707 

8 a= 0.9987; k= 0.004916; n= 1.576; b= -0.00254 0.9996 0.0074 0.4178 

No 
300W, PR=3 

Model coefficients R2 RMSE χ2(10-4) 

1 a= 1.119; k= 0.02798 0.9451 0.0782 51.5717 

2 k= 0.02484 0.9285 0.0892 79.3566 

3 k= 0.0021; n= 1.667 0.9946 0.0245 6.7456 

4 a= 2.514; k= 0.007219; c= -1.478 0.9959 0.0213 2.5684 

5 a= 35.16; ko= 0.05173; b= -34.12; k1= 0.05314 0.9821 0.0446 19.5241 

6 a= -0.01608; b= 0.000033 0.9946 0.0245 4.5823 

7 a= 5.073; k= 0.01659; b= 0.8993 0.9369 0.0839 65.0382 

8 a= 0.9945; k= 0.003396; n= 1.462; b= -0.00192 0.9993 0.0091 0.8938 
 

 

 

    
 

Figure 3- A comparison of the appropriate model to experimental moisture ratios at specific drying 

times 

 

3.3. Rehydration ratio 

 

Rehydration is a sophisticated operation and it points out the physical and chemical modifications triggered 

by drying applications. It has been detected from Figure 4 that the highest rehydration ratio has computed 

at drying 100W-PR= 1 microwave application and lowest value has been seen drying at 300W-PR= 1 mode. 
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The finding pointed out that the increase in microwave power supported the decrease in rehydration 

capacity. To make it clear, during drying at high microwave powers, permanent cellular rupture and 

dislocation happens, introduces tissue integrity loss and produces a dense structure of collapsed, 

substantially shrunken capillaries with reduced hydrophilic attributes. The reduced hydrophilic attributes 

came up with lower rehydration capacity values, prevented imbibition of water, and left unfilled pores 

behind (Horuz et al 2018). The findings showed that the rehydration ratio of PR= 3 has the highest level to 

PR= 1 and PR= 2 for 200W and 300W microwave power levels. A similar observation has been seen by 

Aghilinategh et al (2015) with apple.  

 

 
Figure 4- The rehydration ratio results of apple under drying conditions 

 

3.4. Effective moisture diffusivity 

 

The effective diffusivity values of 100W-PR= 1, PR= 2 and PR= 3; 200W-PR= 1, PR= 2 and PR= 3 and 

300W-PR= 1, PR= 2 and PR= 3, drying conditions ranged from 8.11x10-9, 4.05x10-9, 3.04x10-9; 1.52x10-

8, 8.11x10-9, 5.07x10-9 and 2.53x10-8, 1.22x10-8 and 8.11x10-9 m2 s-1, respectively. The values of effective 

moisture diffusivities in continuous and intermittent microwave dried apple (Red delicious variety) has 

been given by Aghilinategh et al (2015). There have been differences between with our presented values. 

This differences may occur using different varieties of apples. It is easy to observe that Deff values upsurge 

substantially with the rise in microwave power. The reason for this may be the rise in microwave power led 

to a sudden rise in the sample temperature that consecutively boosted the vapor pressure. The effective 

moisture diffusivity value has been found higher at drying applications run at continuous microwave drying 

mode concerning the ones run at the intermittent mode. Because the continuous mode of microwave evokes 

the rise in temperature and correspondingly the water vapor pressure more than that of the intermittent 

mode, that assists the moisture diffusion on the product surface. As the PR number increases, effective 

moisture diffusivity decreases. This may be because of sample cooling as a result of power-off-times at 

high pulsing ratios. Similar observations were recorded by Sharifian et al (2015) with fig fruit. Doymaz et 

al (2015) reported that moisture diffusivity of dried bean ranged from 1.387x10-8 and 3.724x10-8 m2 s-1 at 

180-800 W microwave power. Puangsuwan et al (2015) also found that the Deff of palm fruit increases with 

microwave power. The values of moisture diffusivity values found in our research almost in line with the 

values reported in the literature, whereas there exist some variations. These variations may arise from the 

geometric shape and type, moisture content at the beginning and in the end and also chemical and physical 

attributes of products, dryer type and pre-applications (Horuz et al 2018).  

 

4. Conclusions 
 

In this research, the effect of different continuous and intermittent microwave drying applications on the 

drying kinetics, rehydration ratio and effective moisture diffusivity attributes of apple samples were 

explored. The findings verified that continuous microwave drying provides more positive effect drying 

period and drying rate than the intermittent mode. Midilli et al is the model that optimally represents the 
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drying curves of apple slices at all microwave power levels and pulsing modes. Highest values of 

rehydration and are obtained for apple dried at 100W-PR= 1 application. Effective moisture diffusivity of 

dried apple, ranged from 3.04x10-9 and 2.53x10-8 m2 s-1 at microwave power of 100W-PR= 3 and 300W-

PR= 1 mode, respectively. The findings of the current study pointed out that intermittent and continuous 

modes of microwave drying are an appropriate alternative for drying apple. 

 

Abbreviations and Symbols 

M0 Initial moisture content 

Mt The moisture content at a particular time 

Me Equilibrium moisture content 

MRexp,i Experimental moisture ratio at the test number i, 

MRpre,i Predicted moisture ratio at the test number i, 

N Observation number 

z Total count of constant 

RMSE Root mean square error 

R2 Coefficient of determination 

χ2 Reduced chi-square 

a,b,c,n, ko,k1 Model constants 

Deff Effective moisture diffusivity 
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