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Drying food is an effective method to preserve fruits and vegetables, increasing 
their shelf life and preventing germination. Bottle gourds, known for their high 
nutritional value, can rot quickly due to their high moisture content, causing 
biochemical and microbial changes. To improve shelf life, moisture can 
be  removed to prevent microbial activity. Different drying methods are used 
to preserve gourd family vegetables for long periods and off-season. Indirect 
solar drying shields foods from UV rays, dust, insects, and other contamination 
by avoiding direct exposure. This study aimed to utilize an indirect solar dryer 
to research the potential for drying bottle gourds and conduct physicochemical 
analyses for the dried products to compare the drying techniques. In this 
experiment, different samples of bottle gourd slices were dried using an indirect 
solar dryer and compared with sun and shade drying. Under physicochemical 
properties, moisture content (MC), retention of color, thickness, and shrinkage 
of dried samples were analyzed and compared. The result showed that the time 
taken to reach 10% moisture was 13  h for samples dried with sun drying. While 
shade and indirect solar drying took 17  h. The Midilli-Kucuk model outperforms 
other approaches for drying bottle gourd, with the greatest R2 values (0.9967, 
0.9950, 0.9936) and the lowest RMSE values (0.0182, 0.0220, 0.0277) for direct 
sun, shade, and indirect solar drying, respectively. The indirect sun dryer showed 
good color retention compared to the fresh bottle gourd samples with L* value 
of 44.08, b* value of 15.40 and a* value of 7.01. The volumetric shrinkage was 
97.64% in the direct sun drying method after 15  h, which is higher compared to 
sun and shade dryers due to the effect of time and temperature. In addition, 
there was a significant difference (p-value <0.05) between the thickness of the 
three drying methods. The use of indirect solar drying methods can be highly 
recommended to get high-quality dried food with zero energy cost. For future 
studies it is recommended to enhance the function and design of the indirect 
solar dryer to speed up drying times and improve the quality of dried samples.
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1 Introduction

Bottle gourd [Lagenaria siceraria (Mol.) Standl.], often known as calabash, is a popular 
cucurbitaceous vegetable growing in tropical and subtropical regions of the world. It is 
frequently grown in tropical Africa, Colombia, Brazil, China, Hong Kong, India, Sri Lanka, 
Indonesia, Malaysia, the Philippines, and the Philippines (Dhatt and Khosa, 2015). Bottle 
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gourd fruit is high in vitamins, antioxidants, minerals, and dietary 
fibers. In addition to having moderate levels of vitamin C, it is a rich 
source of choline and the B complex (Gajera et al., 2017). The value of 
moisture content of a bottle gourd is 94.5 ± 0.06 (Barot et al., 2015). 
According to Zambrano et al. (2019), this heightened moisture 
content value, if not adequately controlled, may precipitate swift 
degradation, provoking consequential biochemical and 
microbiological alterations. Consequently, fruit and vegetable 
preservation and shelf-life extension have been achieved by the use of 
drying. Fruits can be preserved by drying them, which also reduces 
their water content, weight, and size, makes them easier to transport, 
takes up less storage space, and increases the variety of foods available 
(Patel and Gajera, 2019).

Since ancient times, sun drying has been the only way to preserve 
vegetables and fruits, and until now, some countries are still using this 
technique. Because of the limitations of sun drying contamination 
with dust, pests, or insects; loss of color, aroma, or nutritional 
compounds (Al-Hamdani et al., 2022). Furthermore, plants dried in 
the sun are susceptible to loss due to birds, insects, and other animals, 
damage from rain, or other weather events. The product can even lose 
color, nutrients, and aroma. Another disadvantage is labor intensity 
and limited capacity (Kumar and Kalita, 2017). Shade drying also 
utilizes solar energy to heat the bottle gourds. It uses shade to avoid 
the direct sun damaging the bottle gourds. By heating the surrounding 
air, it dries the bottle gourds and lowers the humidity of the air 
required. Light-sensitive substances can be preserved through this 
drying method, which minimizes light-induced chemical reactions 
such as oxidation. A shade drying process takes longer to dry than sun 
drying, which is already considered a lengthy process (Pirbalouti et al., 
2013). In comparison with other drying methods such as hot air 
drying, sun drying, microwave drying, and freeze drying, shade 
drying retains more essential oil content and color in dried products 
than other drying methods such as sun drying, microwave drying, and 
freeze drying (Thamkaew et al., 2021). Many studies were conducted 
on bottle gourds with different drying techniques, such as those by 
Vishal and Sanjay (2019), who used fluidized bed drying, and tray 
dryers (Ingle et al., 2019). A food product’s quality and appearance can 
be affected by physiochemical and nutritional changes during the 
drying process (Waskale and Bhong, 2017). Examining the food’s 
color, moisture content, and shrinkage is crucial because these factors 
affect the dried food’s quality. Food deterioration is largely caused by 
microbial development, which is correlated with moisture content 
(Vera Zambrano et al., 2019). Furthermore, food material shrinkage 
negatively affects the quality of the dehydrated product, structural 
changes, volume loss, and increased hardness typically give the 
consumer a bad impression (Hafezi et al., 2015).

Oman, with its abundant solar radiation throughout the year, has 
an excellent chance for harnessing and developing solar energy 
resources (Alharbi and Csala, 2021). It is essential to use sustainable 
energy to dry agricultural products, especially because of the high 
post-harvest losses. With the ability to overcome the drawbacks of 
conventional systems sustainable drying techniques are becoming 
more and more popular as the best substitutes. According to Lamidi 
et al. (2019), conventional drying techniques that rely on fossil fuels 
are not only uneconomical but also losing popularity worldwide. 
Fruits and vegetables that are sun-dried have several challenges, such 
as being susceptible to bird and insect attacks and unfavorable weather 
conditions that can cause color, nutrient, and aroma losses. Sun drying 

also requires a lot of labor (Kumar and Kalita, 2017). In response, a 
stand-alone solar-powered indirect solar dryer that offers superior 
temperature and humidity control and preserves the quality of dried 
samples appears to be  a suitable substitute for direct sun drying. 
Consequently, this research aims to evaluate the performance of a 
pre-developed indirect solar dryer in drying bottle gourds by 
comparing it with sun drying and shade drying. In addition, to analyze 
the moisture content, color, shrinkage, and thickness of bottle gourds.

2 Materials and methods

2.1 Sample preparation

This experiment was conducted with the bottle gourd samples 
which were purchased from a local market in As-Seeb, Muscat, Oman. 
The samples were cut into thin slices and uniformly distributed into 
trays without overlapping before drying, with an initial moisture 
content of 94%.

2.2 Drying process and experimental 
design

Three drying methods were used in this experiment: sun drying, 
shade drying and indirect solar dryer to dry bottle gourd samples. The 
low-cost indirect solar dryer at AES (Agricultural Experiment Station) 
shade house in Sultan Qaboos University (Figure  1) consists of a 
drying chamber with dimensions of 75 cm length, 75 cm width and 
50 cm height, a solar collector and an effective airflow channel. The 
solar collector uses black body radiation and a thin-layer drying 
concept. Where, the solar panel powers an air blower indefinitely, and 
a drying chamber with nine trays is used. The solar collector absorbs 
heat and an air blower is connected to the collector intake. As shown 
in Figure 2 a PVC pipe ducting system with insulation is used to 
connect the collector and drying chamber. Seven thermocouples are 
used to measure temperatures at various points in a solar dryer and 
six relative humidity sensors (HOBO BRAND) to monitor humidity 
within the drying chamber. Nine traces were placed in the drying 
chamber in an indirect solar dryer, three under sun and shade drying, 

FIGURE 1

(A) Indirect solar dryer used in experiments (B) Shade house with 
solar collectors and solar panels.
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and five samples were selected from each. Weight, color, and diameter 
measurements were taken every half an hour for 9 h per day.

2.3 Evaluating the heating characteristics 
of the solar collector

To confirm the surface temperature of a solar collector at various 
blower speeds and day fluctuations, the study employed temperature 
distribution modeling. A digital laser sensor and an infrared 
thermometer were used to measure the temperature. The optimal 
performance condition was displayed using the contour map 
modeling program, with temperature levels fixed (20°C, 25°C, 32°C, 
and 40°C) and airflow varying between 2 and 8 m/s values.

2.4 Mathematical modeling of drying 
kinetics

The moisture ratio during drying was calculated using the 
following Equation (1) Jayasuriya et al. (2023):

 
MR Mt Me

Mo Me
=

−
−  

(1)

Where MR represents the moisture ratio, Mo represents initial 
moisture content [%], and Mt is the moisture content [%]. For a longer 
drying time, Mt/Mo can be interpreted as the moisture ratio since the 
equilibrium moisture (Me) content is very small when compared to Mt 
and Mo (Ashtiani et al., 2017).

In this research for bottle gourds, some drying kinetic models were 
selected out of a large number of drying models developed for similar 

agricultural products. The selected models are listed in Table  1. A 
comparison of the selected models to bottle gourd drying characteristics 
was undertaken. The best-fitting models were identified using the 
criteria of the highest value of R2 and the lowest value of RMSE.

2.5 Measurements of physical properties

2.5.1 Measurement of moisture content
The initial moisture content of bottle gourds samples was 

measured using the Hotbox Oven (Gallenkamp, Cambridge, United 
kingdom), kept at 105°C for 24 h. Drying trials were conducted, and 
the averages were used for further analyses. The moisture content was 
measured in solar, shade, and sun drying at regular intervals until the 
final moisture level reached 10%. The drying rate curve was generated 
by plotting moisture content against time.

2.5.2 Color measurements
A portable colorimeter (3nh Precision Colorimeter, NR110, 

Shenzhen, China) equipped with a D65 illuminant and ten observers 
was used to evaluate the color quality of bottle gourd drying. Using L*, 
a*, and b* as benchmarks, the color values were determined. Whereas 
the a* numbers identify the red as negative values and the green as 
positive values, the L* values show the lightness of the color from 0 to 
100 (Black to White). Alternatively, when it is positive, the 
chromaticity coordinate b* defines yellow, and when it is negative, 
blue (Pathare et al., 2013). The total color difference (ΔE), hue, and 
Chroma were used to calculate color change using the following 
Equations (2−4) Jayasuriya et al. (2023):

 ∆ ∆ ∆ ∆E L a b∗ ∗ ∗ ∗= + +2 2 2
 (2)

FIGURE 2

Flowchart of indirect solar dryer system.

TABLE 1 Mathematical models used to describe the drying kinetic of bottle gourd.

Model name Model equation References

Two-term model MR = a exp (−kot) + b exp + (−k1t) Vijayan et al. (2016)

Midilli – Kucuk model MR = a exp (−ktn) + bt Vijayan et al. (2016)

Henderson and Pabis model MR = a exp(−kt) Vijayan et al. (2016)

Logarithmic model MR = a exp(−kt) + c Vijayan et al. (2016)

Lewis model MR = exp(−kt) Chauhan et al. (2018)

Two-term exponential model MR = a·exp(−kt) + (1 − a)exp(−kat) Chauhan et al. (2018)

Page model MR = exp. (−ktn) Vishal and Sanjay (2019)
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2.5.3 Volumetric shrinkage and thickness 
measurements

To measure the volume of the bottle gourd, the thickness and 
diameters of bottle gourd samples were measured every hour using a 
vernier caliper, respectively. The volumetric shrinkage percentage was 
calculated concerning the initial volume of the bottle gourd sample 
using the following Equation (5) Seerangurayar et al. (2019).

 
Shrinkage in volume V V

V
  %( ) = −

×0

0

100
 

(5)

2.6 Analysis of data

The data were analyzed using Excel 2016, and RStudio for 
Windows 10 version 21H2. The experiments were conducted on five 
replicate data, and the results are presented as the mean standard 
deviation (SD). One-way analysis of variance and Tukey’s test were 
used to study the impact of the experimental variables, namely, drying 
methods (Indirect solar, direct sun, shade drying), on physical 
properties (moisture content and thickness), using mean values at a 
5% significance level. Regression analyses such as coefficient of 
determination (R2) (Equation 6), and root mean square error (RMSE) 
(Equation 7) were done to identify the best fit of the evaluated 
experimental data. The best-fitting quality parameters were those with 
the highest R2 and lowest RMSE. For parameter estimation, the 
equations listed below were employed (Inyang et al., 2018).
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3 Results and discussion

3.1 Evaluation of ambient parameters

The experiments were conducted in the winter season in the 
Agricultural Excrement Station (AES) at Sultan Qaboos University 
(23°35′56.4”N 58°09′43.7″ E). The ambient parameters such as 
temperature and relative humidity were recorded because they affect 
the drying process. The solar radiation in the two days of the 
experiment was 595.7 and 704.0 W/m2, respectively. Lower solar 
radiation may affect the drying time. The ambient temperature 
reached maximum values at mid-day at 47.3°C on the second day of 
experiments. Even though the minimum temperature reached 18°C 

on the first day of the experiment. The relative humidity reached a 
maximum value of 79.3%. Higher relative humidity formed 
obstructions to the drying process such as slow drying rate and 
destruction of physicochemical properties.

3.2 Performance of the indirect solar dryer

The indirect solar dryer protects the drying materials from the 
surrounding environment such as insects, dust, and other pollutants 
as compared to direct sun and shade drying where the samples are 
directly exposed to the surrounding environment. In addition, the 
indirect solar dryer preserves the change in the shape of the samples 
instead of sun and shade drying where the change was higher and 
non-uniform. The solar collector reached a maximum temperature of 
61.03°C, whereas the dryer chamber reached a maximum temperature 
of 45.2°C, as illustrated in Figure 3. The temperature dropped by 9.5 
to 15.0°C between the drying chamber’s intake and the solar collector’s 
exit due to heat loss via the insulated pipes. This was confirmed by 
Al-Hamdani et  al. (2022) where the temperature dropped by 
14.26°C. The parameters of the samples’ drying process can also 
be impacted by cloud cover.

3.2.1 Heating characteristics of the solar dryer

3.2.1.1 Solar collector
Modeling of temperature distribution is very important to know 

the position, sun direction, and tilted angle of the solar collector. The 
heat characteristics of solar collectors may be affected by different 
parameters such as airflow. Figure 4 shows how the temperature is 
distributed at different airflow speeds. It is clear that as the fan speed 
increased from 2.1 to 8 m/s, the temperature of the solar collector 
decreased immediately.

The study demonstrates a decrease in solar collector temperature 
at both inlet and outlet with an increase in fan speed from 2.1 to 
8.1 m/s as shown in Figure 5. The outlet temperature drops further 
through the insulated pipe connection when air reaches the dryer 
chamber. Even though the temperature of the fan inlet was increased 
as the fan speed increased. Straight at similar fan speeds, the fan inlet 
temperature varies slightly, changing at 4.1 m/s and 4.5 m/s (25.0°C 
and 25.5°C, respectively). Similarly, higher chamber inlet speeds are 
associated with higher chamber inlet temperatures. The maximum 
temperature (30.5°C) is recorded with a speed of 8.1 m/s.

3.3 Moisture content evaluation of bottle 
gourd

The bottle gourd had an initial moisture content of 94%. The 
drying methods used to dry bottle gourds significantly affect the 
moisture content (p-value<0.05). Generally, moisture content 
decreased over time for all dried samples for all drying methods. This 
reduction is unstable due to the clouds at that time which affected the 
solar radiation influx for drying. Sun drying showed a rapid decrease 
in moisture content reaching 6.4% in 13 h. While shade drying tends 
to retain moisture content compared with the sun and indirect solar 
dryers. The indirect solar dryer took 17 h to reduce the weight of the 
bottle gourd from 94 to 10%. Final moisture content was reduced to 
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around 10% in bottle gourd by three drying methods were 6.4, 12.3 
and 10%, respectively (direct sun, shade, and indirect solar drying), 
which was indicated by the chart Figure 6. Therefore, the open sun was 
the faster method, indirect solar dryer, and then shade drying. This is 
associated with the effect of temperature on drying time, as air 
temperature increase the total drying time reduced (Yasmin et al., 
2022). To clarify, higher temperature generates a vapor pressure 
differential and a partial vapor pressure in the air at a certain 
temperature, which is one of the driving forces behind drying. 
Therefore, a higher temperature causes a greater driving force for heat 
transfer and accelerates the product’s drying process (Daliran et al., 
2023).This result was resembled with results by Al-Hamdani et al. 
(2022) which conclude that the faster drying methods for drying fresh 
basil and mint is open sun followed by indirect solar dryer and shade 
drying. Moreover, Daliran et al. (2023) showed that the open sun 
drying take less time to dry mint leaves with 4.4 h compared with the 
shade dryer which take 6 h.

3.4 Drying kinetic models of bottle gourd

Figure 7 highlights the relationship between moisture ratio and 
time. The final moisture ratio of the bottle gourd by using direct sun, 
shade, and indirect solar drying reached 0.068, 0.131, and 0.107 (MC 
around 10%), respectively. After 12 h, the shade drying illustrates a 
higher moisture ratio compared to the indirect sun drying and that 
may be associated with the temperature difference between shade 
dryer and indirect solar dryer, where the drying chamber of indirect 
solar dryer achieved a higher temperature. As shown in Figure 8, the 
best-fit model for the moisture content curve of drying bottle gourd 
using different drying methods is the Midilli – Kucuk model. This 
model had the highest R2  = 0.9967, 0.9950, 0.9936 and lowest 
RMSE = 0.0182, 0.0220, 0.0277 for direct sun, shade, and indirect solar 
drying, respectively as shown in Table 2. Similarly, it was found that 
the best fit model for moisture ratio curves for drying basil and 
Vernonia amygdalina leaves using open sun and shade drying is 

Midilli-Kucuk model (Alara et al., 2018; Al-Hamdani et al., 2022). In 
addition, Al-Hamdani et al. (2022) found that the best fir model for 
Basil drying using indirect solar dryer in summer is Midilli-
Kucuk model.

3.5 Physicochemical quality parameters

Under physicochemical property evaluations, retention of color 
and volumetric shrinkage were evaluated to reflect the final quality of 
the dried samples of bottle gourd.

3.5.1 Color change of bottle gourds
Product quality is greatly influenced by color and appearance, 

which can either warn of a rotting product or encourage 
consumption through an appealing appearance (Meng et al., 2018). 
Table  3 shows the change in bottle gourd color using different 
drying methods. Bottle gourd L* measurements decreased for each 
sun, shade, and indirect solar dryer at the end of the experiment, 
indicating a potential darkening impact. Samples dried in the shade 
preserve a mid-range lightness, but samples dried in an indirect sun 
dryer exhibit a lower lightness. The reason behind that is that the 
sample dried with shade drying tends to retain more moisture 
content compared with the sample dried with an indirect sun dryer. 
That can be explained by the linear relationship between lightness 
and moisture content. Higher moisture content decreased the 
lightness value due to a change in the spectral properties of light 
reflected from the dried sample (Özkan et al., 2003). According to 
Daliran et al. (2023), the lightness of dried mint leaves with a shade 
dryer showed a lower difference from the lightness of fresh mint 
leaves compared to the sun drying and Greenhouse Solar Dryer 
(GSD). The* values of bottle gourds were consistently low and 
positive, although they increased with every drying technique. 
Higher greenness is indicated by lower a* values, as indicated by 
Yasmin et  al. (2022). The b* values usually increased with time 
under all drying methods, indicating a change toward more 
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FIGURE 3

Indirect solar dryer performance for the drying duration.
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prominent yellow tones. The indirect solar dryer had less effect, 
while the shade and sun dryer displayed the greatest b* values. This 
finding could be  attributed to high-temperature drying causing 
enzymatic and non-enzymatic browning reactions, which result in 
oxidation when the sample comes into direct contact with oxygen. 

As a result, the products’ original color was easily destroyed and 
browning occurred due to the heat exposure (Wang et al., 2014; 
Meng et al., 2018; Yan et al., 2019). Moreover, The direct sun drying 
showed greater b* and hue values than indirect solar dryer. Same 
result was found by Elangovan and Natarajan (2022) that the b* and 

FIGURE 4

Solar collector heating characteristics illustrated in contour maps at different airflow speeds. (A) Airflow Speed 2.1 m/s, 11:30 a.m. (B) Airflow Speed 3.0 
m/s, 10:50 a.m. (C) Airflow Speed 4.1 m/s, 10:35 a.m. (D) Airflow Speed 4.5 m/s, 10:55a.m. (E) Airflow Speed 6.5 m/s, 11:05 a.m. (F) Airflow Speed 8.1 
m/s, 11:45 a.m.
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hue values of dried ivy gourd sample with open sun drying was 
higher than natural and forced convection drying. In addition, the 
color difference showed highest change with direct sun drying 
compare with other drying methods. Al-Hamdani et  al. (2022) 
explained that this higher change in color difference is due to the 
effect of temperature and time. Where, higher ΔE values associated 
with the higher drying temperature as indicated by Aksoy 
et al. (2019).

3.5.2 Volumetric shrinkage of bottle gourd during 
drying

The volumetric shrinkage is an important parameter that 
indicates how much water is reduced from the samples over time 

and is important in the value addition process. Food product 
shrinkage affects drying pace and quality because it causes 
surface cracking, volume, porosity, and hardness variations 
(Mugi and Chandramohan, 2021). As shown in Figure  9, the 
volumetric shrinkage of bottle gourd after 12 h was 96.22, 84.06 
and 95.53% for direct sun, shade and indirect solar drying 
methods, respectively. The sun drying methods showed the 
highest percentage of volumetric shrinkage within 12 h followed 
by indirect solar and shade drying. Similarly, Seerangurayar 
et al. (2019) observed that date dried with the open sun dryer 
has the higher shrinkage compared to the other solar dryer 
methods. The reason behind that is associated with the 
relationship between shrinkage and moisture content, where the 
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Solar collector heating characteristics with different airflow speeds: Collector temperature drops with an increase in fan speed.
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Comparison of moisture reduction for drying bottle gourd by three drying methods.
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highest shrinkage associated with the highest moisture content 
(Wang et al., 2014; Seerangurayar et al., 2019). Where, the food’s 
cellular structure is stressed by heat and water loss, which results 
in a change in shape and a dimension reduction (Hafezi et al., 
2015). After 15 h of drying the indirect solar dryer shows the 
higher volumetric shrinkage (97.64%). This is related to the 
effect of time and temperature in dried samples whereas time 
and temperature increase the moisture content decrease, since 
the food material will exposed to heat for longer period (Abbasi 
et al., 2009).

3.5.3 Thickness change in bottle gourd during 
drying

Slice thickness is a crucial factor that influences the characteristics 
of color quality and drying time. In this study, bottle gourds were 
initially 5.20 mm, 5.85 mm, and 4.86 mm thick when dried with 
direct sun, shade, and indirect solar drying methods, respectively. 
According to the ANOVA test, there was a significant difference in 
thickness values among the three drying methods (p-value <0.05). A 
significant difference was observed between direct sun and shade 
drying methods and between indirect solar and shade drying. 
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Comparison of moisture ratios for drying bottle gourd by three drying methods.
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However, the was no significant difference between the direct sun and 
indirect solar drying method (p-value >0.05). As shown in Figure 10, 
the thickness of the bottle gourd decreased for all drying methods. 
This indicates longer drying time will lead to thinner bottle gourd 
slices. After 10 h of drying process, the bottle gourds dried with the 

direct sun showed a thinner slice (0.77 mm) compared with the shade 
drying (2.15 mm) and indirect solar dryer (0.88 mm). This occurred 
as a result of an increased moisture gradient, which also resulted in 
microstructure stress, and permanent structural alteration (Turkmen 
et al., 2020).

TABLE 2 Statistical analysis and model parameters of drying kinetic models for bottle gourd using different three drying methods.

Drying 
method

Name of 
model

Drying constant Statistical 
parameters

k k1 n a b c R2 RMSE

Indirect solar 

dryer

Two-term model 0.1150 0.1150 0.4991 0.5988 0.9829 0.0425

Midilli – Kucuk 

model

0.0453 1.4101 1.0165 0.0019 0.9967 0.0182

Lewis model 0.1026 0.9870 0.0606

Two-term 

exponential model

0.1026 1.0000 0.9870 0.0606

Page model 0.0421 1.4065 0.9961 0.0203

Henderson and 

Pabis model

0.1150 1.0979 0.9829 0.0425

Logarithmic 

model

0.1150 1.0979 0.0000 0.9829 0.0425

Shade dryer Two-term model 0.1120 0.1120 0.5439 0.5535 0.9809 0.0438

Midilli – Kucuk 

model

0.0391 1.5207 1.0119 0.0059 0.9950 0.0220

Lewis model 0.0997 0.9841 0.0614

Two-term 

exponential model

0.0997 1.0000 0.9841 0.0614

Page model 0.0427 1.3858 0.9222 0.0284

Henderson and 

Pabis model

0.1120 1.0974 0.9809 0.0438

Logarithmic 

model

0.1120 1.0974 0.0000 0.9809 0.0438

Sun dryer Two-term model 0.1854 0.1854 0.5679 0.5559 0.9623 0.0676

Midilli – Kucuk 

model

0.0498 1.6421 0.9968 0.0004 0.9936 0.0277

Lewis model 0.1648 0.9689 0.0834

Two-term 

exponential model

0.1648 1.0000 0.9689 0.0834

Page model 0.0521 1.6130 0.9932 0.0278

Henderson and 

Pabis model

0.1854 1.1238 0.9623 0.0676

Logarithmic 

model

0.1854 1.1238 0.0000 0.9623 0.0676

TABLE 3 Comparison of Color “L*, a*, b*”, Hue (H), Chroma (C), and color difference (ΔE) values change of drying bottle gourd by three drying 
methods.

L* a* b* H C ΔE

Fresh sample 53.67 0.88 8.71 1.47 8.75

Indirect solar dryer 44.08 7.01 15.40 1.14 16.91 13.20

Shade drying 51.71 6.08 18.56 1.25 19.53 11.31

Direct sun drying 44.16 5.79 17.37 1.25 18.31 13.77
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4 Conclusion

The study focused on evaluating the physiochemical 
properties of bottle gourds using three different methods: sun 
drying, shade drying, and indirect solar drying, which used the 
concept of black body radiation. The study showed significant 
effects of three drying methods on moisture content, thickness, 
and color parameters. Evaluation of the moisture content showed 
that the fastest method to reduce the moisture content of bottle 
gourds from 94 to 10% was sun drying, followed by an indirect 
solar dryer that took 17 h. In addition, the best-fit model for the 
moisture ratio curve using different three drying method is Midilli 
– Kucuk model. Compared to other drying techniques, the 

indirect sun dryer demonstrated good color retention ability. 
Longer drying times produced thinner bottle gourd slices, 
according to thickness measurements, but volumetric shrinkage 
analysis revealed that the sun-drying approach produced the 
largest shrinkage (96.22%) within 12 h. When compared to sun 
and shade drying, the stand-alone, solar-powered indirect solar 
dryer eliminates problems like dust and insects. It is recommended 
that this drier should be  evaluated on other foods that are 
appropriate for thin-layer drying. Further research could focus on 
improving the indirect solar dryer’s design and function to 
increase drying rates and improve the quality of dried samples. 
Enhancing this drying technique in terms of sustainability, quality, 
and efficiency is the goal of these recommendations.
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Comparison of volumetric shrinkage for drying bottle gourd by three drying methods.

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

T
hi

ck
ne

ss
 (m

m
)

DryingTime (hrs)
Dryer Shade Sun

FIGURE 10

Comparison of thickness for drying bottle gourd by three drying methods.
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