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Melons are known as high perishable fruit that has a short life that relates to its rapid deterioration. 
However, production of good quality Manis Terengganu Melon (MMT) contributes to higher amount of 
wastage in the immature melon. The major aim of this study is to determine the effect of different 
drying temperatures on the functional properties and mineral content of the immature MMT. The 
immature MMT had been dried at three different temperatures of 40, 50 and 60 °C in cabinet dryer 
until constant weight were achieved and converted into powdered form. The dried melon samples were 
then used in identifying the functional properties (swelling capacity and solubility profile, foaming 
capacity and stability, and bulk density) and the mineral contents (magnesium, sodium, calcium and 
iron). From results obtained, sample dried at 60 °C showed the lowest values of swelling power and 
highest values of solubility profile. The dried sample at 40 °C showed the strongest foaming capacity 
(33.06%) at 4% concentration while the dried sample at 60 °C showed the weakest (lower than 5%) at 
concentration of 5%. For foaming stability, sample dried at 50 °C and 60 °C showed higher values 
compared to the sample dried at 40 °C. Furthermore, the bulk density results from all three samples 
showed no significant difference at (p>0.05) with the range between 0.7032 g/mL to 0.7510 g/mL.  
Mineral content of four elements (Ca, Mg, Na and Fe) evaluated showed decreasing values (63.05 ± 
9.46, 0.00, 0.00, and 8.55 ± 0.35 mg/100g) when it comes to the sample dried at 60 °C. Thus, the dried 
immature MMT at temperature 40 and 50 °C was chosen as the most suitable to be used as food 
ingredients and also provide good sources of minerals. 
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INTRODUCTION 
Rock melon (Cucumis melo L.) is also known as a 
muskmelon. Rock melon is one of the famous fruits 
in Europe, especially in the Mediterranean region. 
In Malaysia, rock melon can be found and 

cultivated in Johor, Pahang, Kelantan, Kedah and 
Terengganu.  

Manis Terengganu Melon (MMT) is one of the 
cantaloupe family after honeydew, rock melon and 
watermelon. However, these cantaloupes can be 
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differentiating by their different outer skin and the 
flesh characteristics. In general, honeydew has 
white skin with moist, sweet and light green or 
white flesh while rock melon has a rough and 
wrinkle skin with salmon-colored flesh that has less 
juicy than honeydew. Watermelon has a hard-outer 
skin with red and watery flesh. MMT has a bright 
yellow skin with firm, pale orange flesh inside 
(Muhamad et al., 2018) and contains a variety of 
nutrients from the peels to the seeds. There are a 
few studies about the nutrients of the peel extracts 
conducted by Ong et al. (2021) and immature 
melon by Muhamad et al. (2019). 

Drying is known as one of the commonly used 
preservation methods to extend the shelf life of 
food products. If fruits and vegetables contain 
water content more than 80%, it has a higher 
possibility of spoilage and shorter shelf life 
(Maisnam et al., 2017). In order to get a better dried 
food while retaining its nutritional content, a 
balance in temperature and humidity condition 
during drying process need to be controlled. 

The objective of this study were to determine 
the effect of different drying temperatures on the 
functional properties and the mineral content of the 
immature MMT, to identify the effect of different 
starch concentrations on foaming capacity and 
stability, and to evaluate the effect of swelling 
power and solubility profile with different heating 
suspension temperatures. 
  
MATERIALS AND METHODS 
 
Preparation of Samples 

The immature MMT was rinsed, peeled and 
sliced into same thickness of 2 mm and immersed 
in 0.2% sodium metabisulphite solution for 15 
minutes. The sliced melon was dried in a cabinet 
dryer at 40, 50 and 60 °C until the constant weight 
was obtained. Next, the dried melon was grounded 
in a stainless-steel grinder to convert the sample 
into powder form and sieved into 63-micrometre 
mesh size using the sieve shaker. The resultant 
powder was packaged and stored prior to analysis. 

 
Swelling Power  

The swelling power of the immature MMT 
powder was determined by slight modification 
methods of Syafutri et al. (2018) and Sarker (2007). 
The powders are weighed in 0.5 g and with 20 ml 
of distilled water in a flask. The suspension was 
heated in the water bath at three different 

temperatures of 60, 70 and 80 °C for 30 minutes 

with intermittent stirring. Then, the slurry was 
centrifuged 4000 rpm for 15 minutes after cooling. 

The supernatant was dried in hot oven at 80 °C and 

cooled at room temperature. Samples were kept in 
a desiccator before their weights were recorded. 
Swelling power can be calculated using this 
formula: 

 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑃𝑜𝑤𝑒𝑟 (
𝑔

𝑔
) =  

𝑊𝑠

(0.1 × (100% − 𝑊𝑆𝐼))
 

 

𝑊𝑆𝐼 =
𝑊1

0.1 × 100%
 

 
Where, 𝑊𝑠 is the weight of precipitate that left in the 
test tube and 𝑊1 is the supernatant liquid was 
transferred into a cup that had been weighed and 
then it was heated in an oven to a constant weight.  

 
Solubility Profile 

The solubility profile of the immature MMT 
powder was determined by a slight modification 
method of Oladele & Aina (2007). Solubility profile 
is the ability to dissolve or disperse solids in an 
aqueous solution (most water). Temperature, 
pressure and pH can influence the solubility of a 
solution. The percentage of the solubility profile can 
be calculated through this formula:    

 

𝑆𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦 (%) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 (𝑤)

(𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑑𝑟𝑦 𝑝𝑜𝑤𝑑𝑒𝑟 (𝑤)×100
   

 
Foaming Capacity 

The foaming capacity (FC) and foam stability 
were determined with slight modification method of 
M. Asif-Ul-Alam et al. (2014). In a graduated 
cylinder, 1 g of sample was added to 50 mL of 
distilled water at 30 ± 2°C. The suspension was 
then mixed and shaken to foam for 5 minutes by 
using a homogenizer. The difference in foaming 
capacity was determined by varying the 
concentrations (3%, 4% and 5%). The foam 
volume was recorded at 30 seconds after whipping. 
The foaming capacity was expressed by using the 
formula: 

 

𝐹𝐶(%) =
((𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑓𝑜𝑎𝑚 𝑤ℎ𝑖𝑝𝑝𝑖𝑛𝑔 (𝑎𝑓𝑡𝑒𝑟 − 𝑏𝑒𝑓𝑜𝑟𝑒)

(𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑓𝑜𝑎𝑚 𝑏𝑒𝑓𝑜𝑟𝑒 𝑤ℎ𝑖𝑝𝑝𝑖𝑛𝑔) × 100
 

 
Foaming Stability 

Same procedure as the foaming capacity (FS) 
is performed, but the sample was allowed to stand 
for 30 minutes at room temperature and the volume 
of the foam was recorded. The foaming stability 
can be expressed by using the formula: 

 
𝐹𝑆(%) = (𝑅𝑒𝑠𝑖𝑑𝑢𝑎𝑙𝑓𝑜𝑎𝑚 𝑣𝑜𝑙𝑢𝑚𝑒 − 𝑇𝑜𝑡𝑎𝑙 𝑓𝑜𝑎𝑚 𝑣𝑜𝑙𝑢𝑚𝑒) × 100 
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Bulk Density 

The bulk density was determined using the 
method described by Babatunde Kazeem (2018) 
with slight modification. The melon powders were 
filled in a 10 mL graduated cylinder and the bottom 
of the cylinder was taped gently until there was no 
further change in volume. The content was 
weighed and the weight difference was 
determined. The bulk density was expressed as: 

 

𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (𝑔/𝑚𝑙) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑎𝑓𝑡𝑒𝑟 𝑡𝑎𝑝𝑝𝑖𝑛𝑔
 

 
Mineral Content  

Element of calcium (Ca), magnesium (Mg), 
sodium (Na) and iron (Fe) were determined by 
using an Inductive Coupled Plasma Optic Emission 
Spectrometry (ICP-OES). The method started with 
sample preparation. 0.5 g melon powder was 
digested with 9 mL of nitric acid in the microwave 
digestion system. Then, the samples and acid 
mixture were placed in suitable inert polymeric 
microwave vessels. The vessel then be sealed and 
heated in the microwave digestion system. After 
that, the resulting solutions were cooled and diluted 
to 50 ml with distilled water. The clear solution of 
samples was then being determined by inductively 
coupled plasma-optical emission spectrometry 
(ICP-OES) to identify the total mineral content 
inside the melon’s powder. 

 
Statistical Analysis 

Experiments have been conducted in triplicate 
and all data obtained were analyzed by using 
Microsoft Excel which is one-way Analysis of 
Variance (ANOVA).  
 
 
RESULTS AND DISCUSSIONS 

 
Drying Process 

As the drying temperature increased, the 
colour changes have been proven to be darkened. 
The different colour of the samples for each 
temperature is shown in Figure 1. Sample dried at 
40 °C took longer time (24 to 26 hours) as 

compared to sample that was dried at 50 °C 
(8 hours) and 60 °C (7 hours) in order to ensure the 
constant weight was reached. The sample dried at 

40 °C retains the original green color as shown in 

the Figure 1.  
A study conducted by Muhamad et al. (2019) 

reported that drying time decreased by the 
increasing of drying temperature from 40 °C to 

60 °C. Furthermore, high temperature may 
increase the vapour pressure in the samples, 
allowing it to be removed from inside of sample 
tissue to the outer surface (Muhamad et al., 2019).  
According to Stela et al. (2009), the drying 
technique had statistically significant effect on the 
asparagus colour. However, one of the important 
factors was drying temperature. This can be seen 
on dried sample at 60 °C that showed darker brown 
colour than dried sample at 50 °C. As the 
temperature increase, the colour of the sample 
becomes darker. 

 

 
Figure 1 Powdered samples of the immature Manis 
Terengganu Melon at different temperatures 

Swelling Power  
Swelling power is one of the characteristics of 

starch that generally referred to the ability of starch 
to hold the water molecules inside it. According to 
the results of swelling power presented in Figure 2, 
there is a significant difference (p<0.05) between 
the samples at suspension temperature of 70 °C 
and 80 °C. Sample dried at 60 °C recorded the 
lowest value of swelling power while between 
sample dried at 40 °C and 50 °C, there are no 
significant differences. 

 

 
Figure 2 Swelling power of dried immature MMT 
treated at different suspension temperature 

 40°C 50°C 60°C 
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From the result, the swelling power showed a 
reduction from the sample dried at 60 °C at all three 
suspension temperatures. The range value of the 
swelling power was from 5.41 g/g to 6.59 g/g as 
compared to the results obtained by the sample 
dried at temperature of 40 °C and 50 °C with 8.56 
g/g to 10.30 g/g and 10.79 g/g to 11.83 g/g, 
respectively. This suggests that increasing the 
suspension temperature weakened the starch 
granules by allowing interaction between the 
amylose molecules located in the bulk amorphous 
regions which is a water-soluble fraction, and the 
branched segment of amylopectin in the crystalline 
regions, which is a water-insoluble fraction 
(Desalegn & Kibr, 2021). 

The starch swelling pattern has been used to 
explain the existing molecule’s binding force. Thus, 
high swelling power such showed by sample at 

80 °C of suspension temperature indicated that 

strong binding force existed. Kusumayanti et al. 
(2015) stated that swelling power and solubility 
properties are evidence of amorphous-crystalline 
interaction and are influenced by amylose and 
amylopectin characteristics (Chan et al., 2009). 
Due to the attraction of their opposite charges, 
protein and starch interact and form interaction 
during gelatinization, thus, inhibiting swelling. This 

can be seen at sample (40 °C) at 60°C of 

suspension temperature that displayed the lower 

swelling power rather than 70 °C and 80°C. 

According to the finding by Kusumayanti et al. 
(2015), the low swelling power of dried sample at 

40 °C has been ascribe to a high degree of 

intermolecular association and amylose content. 
 
Solubility Profile 

Figure 3 shows the solubility profile of 
immature MMT. Based on the results, it was found 
that there was a significant difference (p<0.05) 
between the three samples. It showed that the 
sample dried at 40 °C and 50 °C had no significant 
difference at (p>0.05) among them but there was a 
significant difference in sample dried at 60 °C.  

 

 
Figure 3 Solubility profile of dried immature MMT at 
different temperature that treated at different 
suspension temperature. Means with same lower-
case letter at each suspension temperature indicate 
no significant difference at p>0.05. 

It showed the highest solubility at each 
suspension temperatures with 49.22%, 50.24% 
and 56.03%, respectively. This might due to the 
most complete dispersion of the granules resulting 
in a highly solubilize starch solution (Noranizan et 
al., 2010). The solubility of samples at three 
different suspension temperatures indicates no 
difference indicating that the different suspension 
temperature did not influence the starch solubility. 

 
Foaming Capacity 

 
Figure 4 Foaming capacity of dried immature Manis 
Terengganu Melon at different temperature that 
treated at different sample’s concentration.  

Figure 4 shows the foaming capacity of dried 
immature MMT. The results showed that the 
foaming capacity at concentration of 3% showed 
no significant difference. At concentration of 4%, 
there was a significant difference at (p<0.05) 
between the three samples with value of 33.06%, 
14.59% and 7.50%, respectively. Meanwhile, there 
was a significant difference at (p<0.05) at 60 °C. 
The dried sample at 60 °C showed the highest 
reduction in the foaming capacity compared to the 
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other two samples as the sample’s concentration 
increased. 

Generally, increasing the concentration of 
sample solution will increase the value of foaming 
capacity. However, this trend has not been found 
in this study. At the concentration of 3%, the 
foaming capacity was the highest compared to 

other concentration at temperature 60 °C. The 

samples showed good foaming ability at this 
concentration with the value of 16.90%, 16.63% 
and 19.30%, respectively. Meanwhile, the 4% 
sample that dried at 40°C showed the highest value 
of foaming capacity (33.06%).  This might be due 
to the adequate electrostatic repulsion, high 
solubility and not excessive protein-protein 
interactions. It is assumed that the foaming 
capacity is determined by the configuration of 
protein molecules (M. Asif-Ul-Alam et al., 2014). 

Meanwhile, the lowest foaming capacity was 
obtained from sample dried at 60 °C drying 
temperature. It showed a reduction in the value 
when the concentration was increased. According 
to Babatunde Kazeem, (2018), the amount of 
solubilized protein at higher temperatures has been 
lost. 
 
Foaming Stability 

 
Figure 5 Foaming stability of dried immature 
Manis Terengganu Melon at different 
temperature that treated at different sample’s 
concentration. 
 

Figure 5 shows the foaming capacity of dried 
immature MMT ad different temperatures. There is 
a no significant difference at (p>0.05) for different 
concentrations from all the three samples. It 
indicates the increment of the foaming stability 
among the samples. At concentration of 3%, the 
foaming stability increased significantly when the 

drying temperature was increased from 40 °C to 

50 °C. However, there was no significant difference 

when the drying temperature was increased to 

60 °C. Similar trend was observed at concentration 

of 4%. However, at concentration of 5%, there was 

no significant difference at (p>0.05) between the 
three drying temperatures.  

The lowest foaming stability was showed by 
the sample dried at 40 °C at 3% and 4% 

concentration with the values of 89.65% and 
88.79% respectively. These values can be 
explained by the low concentration of protein in the 
samples causing the weak ability of foam stability. 
These conditions can be comparable with the study 
reported by Kempka et al. (2015) regarding the 
reduction of foam stability of plasma and 
hemoglobin at lower concentrations with 10.62% to 
23.08% and 4.78% to 41.93% respectively 
compared to the other samples at higher 
concentrations with the range between 29.28% to 
35.15% and 88.67% to 96.15% respectively to 
plasma and hemoglobin. 
Bulk Density 

Bulk density is usually reported into two 
categories which are ‘tapped density’ and ‘freely 
density’. In this study, tapped density method had 
been chosen as a method to determine the 
heaviness of the powdered sample of the immature 
MMT. Tapped density is referring to the 
compaction process until further volume change is 
observed.  
 
Table 1 The value of bulk density of dried immature 
MMT at different temperature 

Temperature 
(°C) 

Bulk density value 
(g/mL) 

40 0.7032 

50 0.7193 

60 0.7510 
 

Table 1 shows the bulk density of dried 
immature MMT at different temperature. Based on 
the result obtained from three different samples of 
the immature MMT powder, it was showed no 
significant difference at (p>0.05). The results are 
comparable to the result obtained from the 
research by Kabuo et al. (2016) which evaluated 
on the bulk density of the raw melon seed from five 
members of Cucurbitaceae family. From their 
study, the values of the bulk density obtained were 
between the ranges of 0.65 to 1.70 g/mL. However, 
Okorie (2018) showed the bulk density of the local 
Nigerian white melon seed powder was much 
higher value with 1.62 g/mL compared to the 
values obtained in this current study. 

 The difference might be due to the variation 
of the melon’s species that being investigated and 
size of the sample. Particle size is considered to be 
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the main important properties since it is directly 
involved in the powder’s bulk behavior. Regarding 
the particle size, a fine homogenous powder will 
contribute to a higher bulk density compared to a 
coarse homogenous size powder. Meanwhile, 
particle size with narrower distribution usually will 
lead to a lower bulk density. Thus, the drying 
temperature does not give any influence to the 
result of the bulk density as particles sizes are 
more related to it. Furthermore, most research 
study, reported that the high value of the bulk 
density may be associated with the high protein 
content inside the food itself. 
 
Mineral Content  

There were four elements of minerals 
analyzed in this study including calcium (Ca), 
magnesium (Mg), sodium (Na) and iron (Fe).  

From Table 2, the result shows the value of 
four elements in the melon’s powder prepared at 
three different temperatures together with fresh 
sample for comparison. For the first element that is 
iron, it contains between -1.30 ± 0.06 mg/ 100 g to 
12.13 ± 0.35 mg/ 100 g. This indicated that there 
was an increment of the values when the immature 
MMT was dried but at 60 °C drying temperature, 
the values of all elements started to reduce.  
 

Sampl
e 

Element (mg/ 100 g) 

Ca Mg Na Fe 

Fresh 
11.59± 
0.70a 

26.21± 
0.71a 

3.74± 
0.10a 

-1.30± 
0.06a 

40°C 
61.53± 
3.58b 

0.00 
17.81± 
6.44b 

6.49± 
0.24b 

50°C 
97.48± 
5.59c 

0.00 
48.78± 
4.03c 

12.13± 
0.35c 

60°C 
63.05± 
9.46b 

0.00 0.00 
8.55± 
0.35d 

Table 2 The value of four elements in the dried melon 
prepared at three different temperatures and fresh 
sample 

 
Similar findings related to calcium (Ca), 

sodium (Na), and iron (Fe) have been reported in 

other studies. The sample was dried at 50 °C for 

about 6-8 hours using oven dryer. According to 
Sarker et al. (2021), the result shows that Fe had 
lower amount than Ca and Na. Iron (Fe) can help 
in treating anemia, boost hemoglobin and improve 
muscle strength. The recommended intake of iron 
according to Recommended Dietary Allowance 
(RDA) is 8 mg for male adult and 19 mg for female 
adult as well as 27 mg per day for pregnant woman 
during their pregnancy period. 
 

CONCLUSION 
In conclusion, this study has proved that the 
functional properties and mineral content of MMT 
are influenced by the drying temperatures. From 
the observations, drying process of the immature 
MMT at 60°C was showed the lowest benefits and 
behaviour toward the analysis that being 
evaluated. The powder obtained through drying 
process at 40 °C and 50 °C appeared to be the best 
quality towards the swelling power and solubility 
profile, foaming capacity and foaming stability, as 
well as the retention of the mineral content. Since 
the immature MMT had undergone the functional 
properties analysis, it is recommended to be used 
as the food ingredients in a way to fully utilize the 
fruit. In addition, this fruit provide a good source of 
mineral contents that useful to include in the 
consumer’s diet. 
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