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Introduction

Melon Manis Terengganu (MMT) is a very pop-
ular fruit in Terengganu as the taste is sweet, 

crunchy, juicy, pleasant flavour, and contains many 
nutrients. MMT (Cucumis melo var. Inodorus cv.) is 
one of the fruits whose consumption has increased 

over the past years as it contains high vitamins and 
minerals with some benefits including lessening the 
chances of cancer, improved the strength of the im-
mune system and healthful skin and eyes (Muhamad 
et al., 2019). MMT is a species from the Cucurbitace-
ae family, including watermelon, cucumber, pumpkin, 
and squash. Compared to others, MMT has smooth 
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yellow-golden skin, flawless and unnetted skin, and 
orange-coloured flesh (Fauzie-Jusoh et al., 2022; Mu-
hamad et al., 2018). There are three major parts of this 
melon which are pulp, peel, and seeds. In addition, this 
MMT took around 60 days to produce a very good 
and nutritious melon. During the cultivation, there is 
a stage called pruning process where around three or 
four immature MMT on the same tendrils will be re-
moved. The purpose of this stage is to make sure only 
one melon on that tendrils will get full nutrients. The 
pruning process is a process of removing unwanted 
tendrils or branches to encourage their growth and 
make sure there is no competition between the mel-
ons. Thus, it could provide a high-quality MMT. The 
removal of unwanted items could increase the total 
waste of the agricultural sector.	

To reduce the amount of waste, the preservations 
are applied in order to transform that item into 
something beneficial. The drying process is the favored 
preservation methods that was used to preserve and 
extend life span of the fruits. The drying process could 
increase the life span of the products and decrease the 
growth and reproduction of the microorganisms as 
the amount of moisture in that product is low. The 
drying process would vary the uses, making it possible 
to be in flour forms and utilize it in baked products 
(Leite et al., 2023). However, using high temperatures 
able to remove or decrease the nutritional values 
inside the fruits, which leads to thermal degradation. 
The traditional method of drying that has been used 
by people is sun drying, which is not very practical 
due to the long time it takes, hygiene issues, poor 
quality of product with microbial growth, and low 
capability of the process (Naderinezhad et al., 2016). 
However, sun drying is advantageous to cost, as no 
energy is required except sunlight. Nowadays, new 
technologies have been developed to make our life 
easier. Examples of the methods of drying are hot air 
drying (Abraham-Juárez et al., 2019), freeze drying 
(Morais et al., 2017; Ong et al., 2021; Sroy et al., 2022), 
foam mat drying (Sanwiriya and Suleiman, 2019) and 
vacuum drying (Sramek et al., 2015).

Hot air drying is very convenient for small and medi-
um enterprises as it will invest low cost in equipment, 
resulting in high efficiency in the process (Yang et 
al., 2018). It also can generate passive income for the 
farmer as most factories in Malaysia use oven dryers 
to dry their product. However, the quality and nutri-
tional properties of the dried products could be de-

graded if inappropriate processes or temperatures are 
used. Thus, the selection of a suitable temperature is 
needed in order to produce a very good end product. 
According to Parikh (2015), vacuum drying is a fa-
vor to dry faster than other drying methods. It also 
results in less damage to the end product  because 
vacuum drying functions to keep the actual product 
without damaging it with heat. Foam mat drying is 
a simple process that can dry a sample in the form 
of liquid, semi-solid, or solid. According to Sanwir-
iya and Suleiman (2019), this drying method works 
by converting the liquid inside the sample into a 
stable foam with additional gas and foaming agents. 
After that, the sample will be dried using hot air to 
form a powder state. This foam mat drying method 
is cheaper than freeze drying and spray drying and 
also able to create a higher quality product with a low 
browning effect, and nutrient content could be pre-
served. Freeze drying, also known as lyophilisation 
process, has an advantage in terms of transportation. 
It is more convenient for workers to transport it as 
the weight of the product is reduced. This method re-
duces around 98% of the water content in the sample. 
Parikh (2015) demonstrated that freeze-drying works 
by freezing the sample while reducing the surround-
ing pressure, and then it will sublimate directly the 
frozen water into the gas form. Different methods of 
drying have their own specialty based on the efficien-
cy of the equipment’s performance.

However, Inyang et al. (2018) stated that understand-
ing the fundamental transport mechanism and suc-
cessfully simulating or scaling up the entire process 
for optimization or control of the operational condi-
tions requires mathematical modeling. Mathematical 
modeling is very crucial in drying activities as it can 
predict the movement of the moisture inside the sam-
ple at different temperatures. Kinetics modeling is a 
useful approach to design and optimize thermal pro-
cesses to maximise the quality of the final products 
(Adetoro et al., 2020). Chang et al. (2022) stated that 
drying kinetics is very practical for the optimization 
of process parameters, product quality improvement, 
and heat and mass transfer in the drying process. Ac-
cording to Siqueira et al. (2020), the information from 
mathematical models is possible to estimate the dry-
ing time and the expenditure of energy, which could 
lead to control the process costing. Table 1 depicts 
some of the list of mathematical models that were 
used for the drying process.
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Table 1: The list of mathematical models for drying process.
Model Model designation References
Lewis model MR= exp(-kt) Adetoro et al. (2020)
Henderson and Pabis model MR= a. exp(-kt) Adetoro et al. (2020)
Logarithmic model MR= a. exp(-kt)+c Adetoro et al. (2020)
Page model MR= exp(-ktn) Adetoro et al. (2020)
Wang and Singh model MR= 1+at+bt2 Adetoro et al. (2020)
Modified page model MR= exp(-kt)n Adetoro et al. (2020)
Midilli et al. model MR= a. exp(-ktn)+bt Adetoro et al. (2020)
Approximation of diffusion model MR= a. exp(-kt)+(1-a).exp (-kbt) De Farias Leite et al. (2023)
Two-terms model MR= a. exp(-k0t)+ b.exp (-k1t) De Farias Leite et al. (2023)
Thompsom model MR= exp -a-(a2+4bt)0.5/2b Siqueira et al. (2020)
Valcam model MR= a+bt+ct1.5+dt2 Siqueira et al. (2020)

Where MR is moisture ratio, t is time, and k, a, c, n, b and d are parameters.

Thus, this study aimed to determine the drying 
kinetics of dried MMT at different temperatures 
(40, 50, 60, and 70 °C). Other than that, to calculate 
the effective moisture diffusivity of dried MMT and 
to find out the most fitted models that describe the 
drying curve of the dried MMT.

Materials and Methods

Sample preparation
The immature MMT was collected from Ladang 
Tanaman Melon, Universiti Sultan Zainal Abidin 
(UniSZA) in Besut, Terengganu. The samples were 
selected based on similar °Brix or total soluble solids, 
which were 4-6 °Brix. The samples were kept at room 
temperature until further use.

Drying procedure
The drying process followed the methodology by 
Kamaruzaman et al. (2022) with some modifications. 
Firstly, the 100 g of samples were washed and 
sliced into 0.2 cm of thickness using the food slicer. 
The sliced samples were dipped into 0.2% sodium 
metabisulphite for 15 minutes. After that, the 
samples were drained for another 15 minutes before 
drying. The samples were dried using a convective hot 
air dryer (Memmert) at four different temperatures; 
40, 50, 60, and 70 °C. The samples were weighed 
every one hour until they reached constant weight or 
equilibrium conditions. All the drying temperatures 
were done in triplicates.

Calculation for the drying process of immature MMT
The moisture ratio (MR), moisture content (MC) 
and drying rate (DR) of this analysis were calculated 

according to the following equations:

Where; W is the moisture content at a time, t, We is 
equilibrium moisture content and W0 is the initial 
moisture content.

While, the effective moisture diffusivity (Deff) was 
calculated based on this equation:

Where k is the value of slope taken from the drying 
curve graph and L is the half thickness of the sample 
(in m).

Mathematical modelling of drying curves
The experimental data were fitted to five drying 
models stated by Adetoro et al. (2020) as following:

MR is moisture ratio, t is time, and k, n, a, b, k1 and 
k2 are parameters. All the parameters were calculated 
using ‘Solver’ in Microsoft Office Excel. However, 
Root Means Square Error (RSME) and chi-square 
(X²) were also calculated to choose the most fitted 
mathematical model to report the drying curve of the 
dried MMT. The formula for RMSE and X² are as 
follows:
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Where MRexp is the moisture ratio of experimental 
data, MRpre is the moisture ratio of predicted data 
(mathematical models).

Results and Discussion

Effects of different temperatures on drying process of 
immature MMT
The relationship between drying rate versus time at 
different temperatures of 40, 50, 60, and 70 °C has 
been plotted in Figure 1. From the graph, the drying 
rate for 40 °C showed the lowest value (0.4405 g 
water g-¹ dry matter/ min) for the first hour, while the 
drying rates for 50, 60, and 70 °C were 0.6358, 0.7087, 
and 1.0429 g water g-¹ dry matter/ min, respectively. 
The drying rate for four experimental temperatures 
decreases as time increased. A similar experimental 
finding was found by da Silva et al. (2020) where 
the drying period of their sample decreases as the 
temperature increased. They claimed that was due 
to the increasing in pressure gradient between the 
interior of the sample (leaf ) and the surrounding 
air. The finding was studied about the bitter melon 
(Momordica charantia) leaves that were subjected to 
dry in an oven at 20, 30, 40, and 50°C. From the 
graph, there are no constant drying rate periods that 
occur during the drying process of immature MMT. 
All of the temperatures started to dry at the falling 
rate periods. However, the removal of moisture in 
other samples probably occurred during constant and 
falling rate periods or falling rate periods only. Adetoro 
et al. (2020) and Yang et al. (2018) stated that their 
samples (pomegranate arils and bitter melon slices) 
also started at falling rate periods. Based on a previous 
study by Muhamad et al. (2019), as the drying time 
increases, the drying rates will decrease due to the 
diffusion-controlled process by moisture movement 
during drying times. The graph in Figure 1 confirms 
the previous statement that at any temperature, the 
drying rates increased as time increased. During the 
drying process, the case hardening of the surface of 
samples could occur when the free movement of the 
moisture resists (Zhao et al., 2014).

The drying time for 40, 50, 60, and 70 °C were 9, 6, 5, 

and 4 hours, respectively. The data from the last 1 hour 
in the graph was collected to ensure the final weight 
of the sample was consistent. The drying time for the 
drying process was affected by temperatures. From 
the graph, the drying times increase as temperature 
decreases. da Silva et al. (2020) explained that the 
changes in the pressure gradient between the core of 
the samples and the drying air suggest a faster drop 
in water content. Thus, a shorter time is adequate to 
dry samples during high temperatures. The moisture 
content in the food is an indicator of its water activity 
and a measurement of its stability and susceptibility to 
microbial infection (Mamman et al., 2022). Therefore, 
a low amount of moisture content in the food shows 
decreased and longer time in the microbial infection 
process.

Figure 1: Relationship between drying curve and time of the 
immature MMT for 40, 50, 60 and  70 °C.

Table 2: Mathematical models and equations.
Model Formula
Newton model MR= exp(-kt)
Page model MR=exp(-kt^n)
Henderson and Pabis model MR=a exp (-kt)
Midilli et al. model MR=a exp (-kt^n) + bt
Two-term exponential model MR= a exp (-k1t)+ b exp (-k2t)

Effective moisture diffusivity (Deff) of different 
temperatures
The calculated values of effective moisture diffusivity 
Deff and slope (k) for each temperature are shown 
in Table 2. The values of Deff were influenced by the 
value of slope that was obtained from the graph of 
drying rate versus time. The values of slope decreased 
and Deff increased as the temperature increase. At 70 
°C, the value of Deff was higher (1.1141 x10-7 m²/s) 
than temperatures of 40, 50 and 60 °C, which are 
2.2129 x10-⁶, 4.8148 x10-⁶ and 6.6264 x10-⁶ m²/s, 
respectively. The high temperature would lead to 
greater Deff. Chang et al. (2022) reported that the 



2024 | Special issue 1 | Page 65

Sarhad Journal of Agriculture
increase of Deff was definitely due to the transferred 
moisture molecules inside the cantaloupe slices to the 
surface of the materials for the evaporation process at 
higher temperatures.

Chang et al. (2022) have calculated the values of Deff 
for that cantaloupe slices at 55, 60 and 65 °C were 
1.10x10-⁹, 1.64 x 10-⁹, 2.09x10-⁹ m²/s, respectively. 
This showed that the trend of their result is similar 
to this present work as the values of Deff are increased 
as the temperature increases. Another research by 
Macedo et al. (2020) showed the same trend as the 
values of Deff for 80 °C is 3.538 x 10-⁹, higher than 60 
and 40 °C, which are 1.727 x 10-⁹ and 0.584 x 10-⁹, 
respectively.

Mathematical modeling of dried immature MMT
The drying data were subjected to five mathematical 
modelings: Newton, Page, Henderson, and Pabis, 
Midilli and two- term exponential model. Tables 
4 and 5 shows the result of RMSE and X². Page 
model was chosen as the most fitted drying model 
for temperatures of 40, 50,  and 60 °C. However, 
Newton model was chosen as the most fitted at 70 
°C. The chosen models were selected according to the 
smallest values of root means square error (RMSE) 
and chi-square  (X²) and nearer to zero. This can be 
seen on the Tables 4 and 5. Table 6 shows the values of 
parameters for Newton, Page, Henderson, and Pabis, 
Midilli, and Two- Term exponential model.

Table 3: The values of k and Deff for each temperature.
Temperature (°C) Slope (k) Deff (m²/s)

40 -0.0546 2.2129 x10-⁶

50 -0.1188 4.8148 x10-⁶

60 -0.1635 6.6264 x10-⁶

70 -0.2749 1.1141 x10-7

Table 4: The values of root means square error for each 
model.
Model 40 °C 50 °C 60 °C 70 °C

Newton model 0.0546 0.0517 0.0593 0.0000
Page model 0.0192 0.0117 0.0069 0.0473
Henderson and Pabis model 0.0356 0.0228 0.0162 0.0043
Midilli et al. model 0.0387 0.0203 0.0100 0.0025
Two-term exponential 0.0356 0.0228 0.0162 0.0043
model

Table 5: The values of the chi-square for each model.
Model 40 °C 50 °C 60 °C 70 °C
Newton model 0.0030 0.0027 0.0035 0.0000
Page model 0.0004 0.0001 0.0000 0.0022
Henderson and Pabis model 0.0013 0.0005 0.0003 0.0000
Midilli et. al model 0.0015 0.0004 0.0001 0.0000
Two-term exponential 
model

0.0013 0.0005 0.0003 0.0000

Table 6: The values of parameters for each model.
Model/ Parameter 40 °C 50 °C 60 °C 70 °C
Newton model
k Page model 0.3750 0.5941 0.7281 1.0000
k 0.2304 0.4257 0.5233 1.0061
n Henderson and 
Pabis model

1.4044 1.4424 1.6049 1.0061

a 1.2564 1.4539 1.8448 2.8254
k midilli et al model 0.4566 0.8001 1.1355 1.8779
a 1.3686 1.3237 1.0694 1.2693
k 0.5244 0.6980 0.6079 1.0778
n 0.9428 1.1024 1.4435 1.4449
b 0.0000 0.0000 0.0000 0.0000
Two-term model
a 0.6282 0.7269 0.9224 1.4127
k1 0.4566 0.8001 1.1355 1.8779
b 0.6282 0.7269 0.9224 1.4127
k2 0.4566 0.8001 1.1355 1.8779

From the data above, the value of RMSE and X² for 
the page model at 40, 50, and 60 °C were nearer to 
zero than other drying models. For immature MMT, 
the lowest values of RMSE for the Page model at 40, 
50, and 60 °C were 0.0192, 0.0117, and 0.0069, while 
at 70 °C was 0.0000 by the Newton model. The X² 
values observed in the Page model for temperatures 
40, 50, and 60 °C were 0.0004, 0.0001, and 0.0000, 
which is the lowest compared to the Newton model, 
Henderson and Pabis model, Midilli model, and 
two-term exponential model. Similar results was 
reported by Adetoro et al. (2020) and Yang et al. 
(2018), where the page model is also suitable for 
predicting their samples, which are pomegranate 
and. However, different sample used by Adetoro et 
al. (2020) also reported the same result as above, 
where the page model is suitable for predicting their 
pomegranate samples. Besides, a study by Macedo et 
al. (2020) found that the Midilli model was suitable 
to describe their banana samples. The fitted model 
was selected differently for each sample and drying 
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method according to the values of RMSE and X². The 
mathematical modeling was conducted to investigate 
the appropriate drying model that is suitable and as 
a prediction of the drying process (Adetoro et al., 
2020). Figures 2, 3, 4, and 5 show the experimental 
and predicted data (model) for 40, 50, 60 and 70 °C.

Figure 2: Graph of moisture ratio of experimental data and page 
model versus time at 40 °C

Figure 3: Graph of moisture ratio of experimental data and page 
model versus time at 50 °C.

Figure 4: Graph of moisture ratio of experimental data and page 
model versus time at 60 °C.

Figure 5: Graph of moisture ratio of experimental data and Newton 
model versus time at 70 °C.

Figures 2 to 4 show the relationship of moisture ratio 
between experimental data and the Page model, while 
Figure 5 shows the relationship between experimental 
data and the Newton model. The graphs displayed that 
the experimental data was not significantly different 
from the model. Thus, the Page model and Newton 
model were chosen as they fitted to the drying data at 
40, 50, 60, and 70 °C.

A comparison of mathematical models by da Silva 
et al. (2020) was conducted for drying kinetics 
of bitter melon. It was found that the Midilli et al 
model and Page model were the most fitted models 
that describe the drying kinetics at four different 
temperatures (20, 30, 40, and 50 °C) of dried bitter 
melon. Another research by Stephenie et al. (2021) 
studied the drying kinetics of melon seeds and fluted 
pumpkin seeds. From this research, the Logarithmic 
model was selected as the most suitable mathematical 
model compared to Newton model and Henderson 
and Pabis model, which describes better the thin 
layer slices of seeds based on the highest values 
of R². Leite et al. (2023) conducted a study on the 
mathematical modeling of citron watermelon seeds. 
The watermelon was harvested in a ripe state, washed, 
and then the seeds were separated with the flesh 
before starting the drying process. The seeds were 
dried at four different temperatures of 50, 60, 70, and 
80℃ in a convective dryer. From the results, the two-
terms model and approximation of diffusion model 
showed excellent descriptions of the drying kinetics 
of citron watermelon seeds, followed by the Midilli 
model and Page model. The two-terms model has the 
highest coefficients of determination (R2 > 0.9991), 
sharing with the approximation of the diffusion 
model the lowest mean squared deviations (MSD) 
and chi-square (X²), resulting in almost equivalent 
fitting parameters.

Conclusions and Recommendations

In conclusion, the thermal degradation of immature 
MMT has been investigated. High temperature 
would lead to high moisture loss during the first hour 
and shorter drying time. Deff values were also affected 
by the temperature. The high temperature would 
increase the values of the Deff. However, the drying 
process could cause some effects on the products, thus 
modeling is essential to predict the drying process of 
the sample. Page model was chosen as the most fitted 
to describe the drying characteristics at 40, 50, and 60 
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°C, while the Newton model was chosen for 70 °C.
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