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The study is encountered with rosella drying applying an own design of 
integrated solar drying – molecular sieve system using a drying chamber of 
80 cm x 80 cm x 120 cm (768.103 cm3)  Optimum condition was found at 
18.7 cm-distance between sample and fan with a rotation speed of 750 rpm.  
The average correlation coefficient of falling drying curves at different 
rotation (500 rpm and 750 rpm) and at varied distances 18.7 cm, 34.7 cm 
and 50.7 cm was found to be 0.85 – 0.86.  The avg. SD (n = 5) regarding the 
drying characteristics in terms of moisture content vs drying time was found 
to be 0.82% and the avg. efficiency of about 85% (n=5) based on 100 kg 
undried rosella. The substantial ingredients in the dried rosella with respect 
to protein and vitamin C were not seriously affected by this drying system. 
The reduction of β-carotene in dried rosella until 50% of the initial β-
carotene in non dried rosella is suspected to be encountered with the 
conversion of β-carotene to other fat and carbohydrate fragments due to 
warm air yielding an increase of fat content by a factor of about six and 
carbohydrate content by a factor of about fifteen found in the dried rosella 
product.  The  moisture content removal of  86-89 %  indicated a successful 
design of the integrated drying system that can be continued for the drying 
system of other agricultural products such as hazelnuts, guava, banana and 
apple in broader sense.  
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INTRODUCTION 
 
A lot of plantations can be advantaged for further benefits 
after advanced processing such as air drying, hot air drying 
and superheated steam drying.  Rosella (Hibiscus 
sabdariffa) as one of flower species, which is originated 
from Africa are commonly processed for the purpose to 
produce a kind of beverage.  In addition to using rosella for 
decorative home gardening, rosella can be processed to 
yield jelly food from its fiber in flower sheath in Africa and 
also used for raw salad dressings in Jamaica.  In other 
occasion, rosella is mixed with crushed peanuts or boiled 
with sugar solution to produce an ingredient for pastries.  
Moreover, rosella is found to be used in human diet, for 
diabetic person and healing coughing illness.  Up to date, 

China and Thailand have been recognized as the biggest 
rosella supplier in the world. Therefore, this was one of the 
considerations to start to cultivate rosella plantation in 
Indonesia.  

In the nowadays, rosella plantations have been cultivated 
intensively in East Sumatra, Indonesia, since they have been 
advantaged for light beverage and drugs. However, local 
farmers have found difficulties on managing the harvested 
rosella and yielded limitations to rosella marketing. It was 
reported that fresh rosella could stay only for about 2 
weeks in the cooling chamber (Rosdanelli, 2009). As 
reported up today, the farmers have only applied a simple 
method such as direct sun drying in an open space and as a  
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result, problems generated by applying this simple method, 
for instance, there is no uniformity in the product quality 
due to the unstable intensity of sun drying (Trisakti and 
Daud, 2001).  Additionally, clean products cannot be 
guaranteed to obtain because the drying method carried 
out in an open air and therefore, several contaminants 
cannot be avoided (Rosdanelli, 2009).   

Previous investigations have showed that drying process 
has been commonly applied for drying a lot of agricultural 
products (Ayadi et al., 2013; Atul et al., 2009; Ramirez et al., 
2011; Rosdanelli and Daud, 2003; Russo et al., 2013; 
Trisakti and Daud, 2001).  Only a few papers on air drying 
for rosella have ever been reported (Langrish and 
Premarajah, 2013; Atul et al., 2009).  Indeed, the 
combination method of solar drying and silica gel molecular 
sieve as desiccant for rosella has never been reported.  
Therefore, this preliminary study designed an integrated 
system of solar drying and silica gel molecular sieve for 
drying harvested rosella applying the method of water 
vapor desorption and dried air regeneration to reduce 
problems related to product quality.  Furthermore, the 
drying characteristic in terms of moisture content was also 
investigated.  The examination of product quality in terms 
of physical appearance and chemical composition of the 
dried rosella was carried out, as well.  
 
 
MATERIALS AND METHODS 
 
Material and equipment 
 
This study used fresh rosella obtained from the town 
markets.  Silica gel was selected as the molecular sieve for 
the drying process due to economic reason.  The 
equipments used for the drying process of rosella included 
a metal fan (Φ 30 cm) to conduct air to the molecular sieve, 
solar collector and drying chamber. A humidity sensor or 
hygrometer (RH 20-30%) was used to measure sample 
humidity in drying chamber, a thermocouple to measure 
temperature, a three digit technical balance for weighing 
rosella samples provided by a porcelain disk.  The construct 
materials consisted of glass plate to cover solar collector 
and molecular sieve, aluminum plates and iron frames for 
solar collector, molecular sieve and drying chamber, and 
aluminum foil for covering samples.   
 
Design and construction 
 
The preliminary study consisted of 3 parts, i.e. (i) to design 
the drying system including the solar collector, molecular 
sieve and drying chamber; (ii) to investigate the drying 
characteristics related to moisture content and drying rate ;  
(iii) to examine the quality of dried rosella.     

In order to design the drying system, it should be noted 
that the integrated system of solar energy and molecular 
sieve  applying  dried air  for  the  drying  process.  The very  

 
 
 
 
low humid dried air was produced by conducting the air 
from atmosphere through a silica gel molecular sieve. The 
solar energy will be converted to heat energy in the solar 
collector.  The heat will be applied to remove water vapor 
from the humid air.  Most of the dried hot air produced will 
be used to draw the moisture from the molecular sieve, 
while less dried hot air will be applied as the drying 
medium at the same time.  In addition, Trisakti and Daud 
(2001) reported that the pore size of molecular sieve larger 
than 3 angstrom is more suitable for this drying system and 
has lower drop pressure.    

In the context of designing the drying system, the drying 
unit consisted of three main parts, i.e. the solar collector, 
the molecular sieve (desiccant) and the drying chamber as 
shown in Figure 1, and Figure 2 shows the picture of the 
overall integrated solar drying – molecular sieve system 
applied for drying rosella.  The integrated solar drying – 
molecular sieve system was installed on a roof of a 4th floor 
building to receive direct sunlight across from north to 
south to obtain maximum sunlight exposure. 

As shown in Figure 1, there are drying plates on the 
upper part of the drying chamber to place the harvested 
rosella to be dried.   

In the morning, evening and night or in grey/rain 
weather the drying medium only applies dried air yielded 
by conducting the atmospheric air to the silica gel 
molecular sieve (desiccant).  The fan conducted the air from 
the atmosphere through the drying chamber.  On the other 
hand, on a strong hot day the accumulated heat energy in 
the solar collector is used to heat the air from the 
atmosphere. Most of the hot air is used to remove the water 
vapor from the saturated silica gel molecular sieve or it is 
said as a desorption process taken place and then, it is 
applied to regenerate the dried air from the saturated 
molecular sieve.  At the same time, the drying process was 
carried out because the temperature in the drying chamber 
was elevated due to incident light entered the drying 
chamber passing through the upper part of the chamber.  
The drying process of rosella was escalated by the dried air 
conducted from the silica gel molecular sieve.  The drying 
unit is provided by two exhausters to conduct the air 
circulation.  A PVC (poly vinyl chloride) connector (Φ 1.5 
in) is installed between the solar connector and the 
molecular sieve, and the other one between the molecular 
sieve and the drying chamber.. The average standard 
deviation (n = 5) obtained by this system was found to be 
0.82% in terms of moisture content (g/g, dry basis) at 2500 
min. drying time.  

  In order to investigate the drying characteristics, a 
series of experiments was conducted by varying the speed 
of fan rotation and the distance between the fan and the 
rosella samples in the drying chamber in two terms, i.e. (i) 
Moisture content  vs. drying time and (ii) the drying rate vs. 
moisture content. The moisture content is described as the 
differentiation between sample before and after drying 
process. In order  to  obtain the drying curves, a normalized  
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Figure 1: The designed drying unit in an integrated solar drying – molecular sieve system 

 
 

 
 

Figure 2 : The integrated solar drying – molecular sieve system for rosella drying. 
 
 
 
moisture content was applied on the basis of the moisture 
content obtained from each experiment divided by the 
minimum moisture content achieved.  In addition, the 
experiment was no longer continued after constant weight 
gained. 

Regarding the product quality, this study examined the 
product of dried rosella encountered with the physical 
appearance and chemical composition before and after the 
drying process applying the designed integrated solar 
drying – silica gel molecular sieve system.  This study 

determined the drying rate on the base of formula 
proposed by Lopez et al (1998), i.e. 
 

)( XeXk
dt

dx
                              (1) 

where: 
X  = moisture content (dry basis, g/g) 
Xe = equilibrium moisture content (dry basis, g/g)  
k  =  a constant 
t   = drying time (min)  
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Figure 3 : The solar collector (200 cm x 100 cm x 25 cm) used to produce warm air from the 
atmosphere. 

 
 

 
 

Figure 4 : The silica gel molecular sieve adsorbs humid air and regenerates dried air. (60 cm x 100 cm 
x 25 cm) 

 
 
 
Solar collector 
 
The solar collector (Figure 3) is a rectangular box (200 cm x 
100 cm x 25 cm) covered by an aluminum plate. In the 
middle part of the solar collector (a distance of 15 cm from 
bottom part), a black aluminum plate (200 cm x 100 cm x 1 
cm) was placed to absorb light and converted it to heat.  
The hot aluminum plate heated the air stream both in the 
upper and lower parts.  The upper part of the solar 
collector is covered by a transparent glass plate (200 cm x 
100 cm x 0.8 cm). The accumulated light energy in the solar 
collector heated the air in the saturated silica gel in 
molecular sieve and removed the water vapor.  
 
Molecular sieve 
 
The molecular sieve or  desiccant (Figure 4) is a rectangular 

 
 
box (60 cm x 100 cm x 25 cm) with aluminum plates 
covered the outside and inside parts. The inside aluminum 
plate was black painted and the upper part covered by a 
transparent glass plate.  The desiccant (molecular sieve) 
consists of two chambers where each chamber filled by 25 
kg silica gel and alternating operated. The function of the 
desiccant is to produce dried air.   
   
Drying Chamber 
 
The drying chamber (Figure 5) is made of an aluminum 
plate (80 cm x 80 cm x 120 cm) in black painted. There are 
4 hole-trays placed inside the drying chamber to put the 
rosella samples. The dried air was conducted from the 
bottom  part  aided  by  a   fan   passing   through the  rosella  
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Figure 5: The drying chamber for  rosella samples (80 cm x 80 cm x 
120 cm). 

 
 

Table 1.  Compositions of rosella before and after drying based on laboratory results. 
 

 Rosella before drying process Rosella after drying process (18.7 cm                 
distance between fan and sample; 750 rpm) 

Protein 3.45 % 4.5 % 
Fat 2.17 % 13.77 % 
Vitamin C 244.64 mg 272.8 mg 
β - carotene 126.99 μg/g sample 69.95 μg/g sample 
Water content 89.5 % 10.5 % 
Ash content 0.502 % 4.66 % 
Carbohydrate  4.37 % 66.46 % 

 
 
 
samples and gone out via the upper part.  Two hygrometers 
or humidity sensors were provided and installed below and 
above the trays.  The average standard deviation (n = 5) 
based on the drying characteristics in terms of moisture 
content (g/g, dry basis) at 2500 min. drying time was found 
to be 0.82%.  
 
Product Quality 
 
The current study highlighted on the role of the own design 
integrated drying system using silica gel as molecular sieve.  
The discussion of the product quality in terms of the 
method and criteria applied will be presented in other 
article. However, this study reported the changes of 
selected components of the undried and dried rosella as 
shown in Table 1. The efficiency was determined on the 
base of  product quality, which  is roughly estimated as the 

dried rosella with water content lower than 15%.  This 
study obtained the average efficiency of 85% per 100kg 
undried rosella (n = 5).   
 
 
RESULTS AND DISCUSSION 
 
Moisture content 
 
The drying process was commonly characterized by the 
moisture content against the drying time (Atul et al., 2009; 
Ayadi et al., 2013; Ryan et al., 2003).  The moisture content 
was described as the change of the sample weight due to 
drying process encountered with the loss of water.  The 
initial weight of each sample could be variable, as a result 
the moisture content of each measurement could not reflect 
the  representative value.  On  account  of  this  reason,   this  



Int. J. Agric. Policy Res.          232 
 
 
 

 
 

Figure 6 :  Drying curves of rosella at a different fan rotation speeds (500 rpm and 700 rpm) at a 18.7 cm distance between fan and 
sample. Dry basis. Integrated solar drying –molecular sieve system. 

 
 

 
 

Figure 7:  Drying curves of rosella at a distance of 18.7cm; 34.7cm and 50.7cm between fan and sample. 500 rpm fan rotation speed. Dry 
basis. Integrated solar drying –molecular sieve system. 

 
 
 
study preferred to apply the normalized moisture content 
that is the moisture content  obtained by each experiment 
divided by the maximum moisture content achieved.   

Figure 6 showed the effects of fan rotation speed (500 
rpm and 700 rpm) applied in the drying chamber at a fan 
distance of 18.7 cm from the sample, which it showed the 
falling curves for both the 500 rpm and 750 rpm during a 

50h (3000 min.) drying time, however, it seems that there 
is no significant difference on the trend of their respective 
slopes (avg. R2 = 0.85) of the drying characteristics of both 
the 500 rpm and 750 rpm. A similar falling trend was also 
shown applying the varied distances between the fan and 
the samples (18.7 cm; 34.7 cm and 50.7 cm) as presented in 
Figure 7.  However, the 50.7 cm – distance showed a slower  
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Figure 8:  Drying kinetic curves of rosella at a distance of 18.7cm; 34.7cm and 50.7cm between fan and sample. 750 rpm fan rotation speed.  
Dry basis. Integrated solar drying – molecular sieve system. 

 
 
 
reduction in terms of moisture content compared to the 
other two distances (18.7 cm and 34.7 cm).  Nevertheless, 
there are three drying curves with respect to  18.7 cm, 34.7 
cm and 50.7 cm – distance with similar trend of slopes with 
an average R2 of 0.86. Both Figure 6 and Figure 7 showed 
the drying characteristics of the rosella samples 
investigated in this study. A similar falling trend (R2 = 0.8) 
was also reported by Ayadi et al., (2013) related to the 
drying characteristics of a Tunisian spearmint that the 
initial moisture content has great influence on the 
properties of the drying process. The study of Ayadi et al., 
(2013) investigated the effect of temperature on drying 
characteristics, however, this study did not take the 
temperature factor into account since the main objective of 
this work was to see the change of moisture content under 
fluctuated temperatures while Ayadi et al., (2013) 
highlighted on mathematical modeling using temperature 
as the controlling factor.  In addition, rosella is a 
temperature sensitive plant and this is one of the 
considerations not doing an examination related to 
temperature effect. At the same time, Langrish and 
Premarajah (2013)  investigated the effect of degradation 
on rosella drying using a certain antioxidant by air spray 
drying in a batch system at a given inlet air temperature.  

Regarding the effect of fan speed (500 rpm and 750 rpm) 
on the drying time as shown in Figure 6, the 750 rpm speed 
achieved a moisture content of sample lower than 0.40 g/g 
after 500 min. drying while the moisture content of sample 
with the 500 rpm speed indicated larger value than 0.50 
g/g at  the same drying time. This  condition  indicated  that 

 
 the rotation speed gives significant effect on the reduction 
of moisture content at earlier drying time.   
 
Drying rate 
 
In the context of drying rate, there are several perceptions 
proposed by previous investigators (Kemp et al., 2001; 
Lopez et al., 1998) on the basis of drying rate against 
moisture content in a sample. However, this study applied 
the term of drying rate as dX/dt versus the drying time to 
express the kinetics factor of the drying process of rosella.  
The dX denotes the change in moisture content in a 
differential time (dt).   

Regarding the aspect of drying rate, there are three 
drying rate periods, i.e. the increased drying rate period, 
the constant drying rate period and the falling drying rate 
period (Ryan et al., 2003).  The periods of drying rate is 
corresponding with the removal of free water or surface 
water and chemically bounded water.  The constant drying 
rate period denotes for the equilibrium state between the 
free water and the bounded water, while the increased 
drying  period is encountered with the removal of free 
water and the falling drying period related to the release of 
bounded water.  This study only showed the increased and 
falling drying periods at varied distances (18.7 cm, 34.7 cm 
and 50.7 cm) at fan speed of 750 rpm with corresponding 
remarkable peaks of the respective drying curves in the 
range of  moisture content of 0.6 – 1.0 g/g that it eventually 
denoted the constant drying period as shown in Figure 8.  
This   condition   means that the  equilibrium  state between  
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Figure 9: The rosellas before (a) and after dried (b) applying the integrated solar drying – molecular sieve system; drying 
condition  at a distance of 18.7 cm between fan and sample and fan rotation of 750 rpm.  

 
 
 
the free water and bounded water is no longer existed 
because of the high fan speed (750 rpm) greatly induced 
the release of free water. Another experiment of this study 
reported a constant drying period in the same range of 
moisture content using the fan speed of 500 rpm. The 
removal of free water getting slower using the lower fan 
speed, as a result, the constant drying period was appeared 
in the drying curve. Moreover, regarding the peaks of 
interest in the range of moisture content of 0.6 – 1.0 g/g as 
shown in Figure 8, there is a remarkable right shift of the 
moisture content of the respective peak as the fan distance 
getting longer from 18.7 cm either to 34.7 cm or 50.7 cm.  It 
means that at least about doubled the fan distance (18.7 cm 
- distance replaced by 34.7 cm - distance) yielded a 
significant shift of moisture content from 0.7 g/g to 0.9 g/g 
by a value of 0.2 unit. It is not surprising that longer the fan 
distance yielded a reduction in the slope of the increased 
drying period.    
 
Product quality 
 
The integrated solar drying – molecular sieve system 
applied in this study have successfully conducted for rosella 
drying in terms of the physical appearance and chemical 
compositions of the product.  It was found that the color of 
dried rosella was not significantly affected by the drying 
process (Figure. 9). It should be noted that the flower 
sheath of the dried rosella was found not damaged applying 
this drying system, however, a previous investigation using 
another drying system reported that the flower sheath of 
dried rosella was heavily affected (Rosdanelli, 2009).  

Furthermore, the chemical composition of the dried 
rosella applying this integrated solar drying – molecular 
sieve system (18.7 cm-distance between fan and sample; 
750 rpm fan speed) was not seriously affected with respect 
to protein and vitamin C as shown in Table-1. However, 
Table-1 shows that the fat content was increased by a factor 

of about six and the β-carotene was reduced about a half 
from the initial value of β-carotene in the non dried rosella 
and the carbohydrate content in the dried rosella 
dramatically increased by almost 15 times larger than as 
many as the carbohydrate content in the non dried rosella.   
The substantial increase of fat and carbohydrate content as 
well as the reduction of β-carotene were suspected to be 
encountered with the damage of heat sensitive β-carotene 
due to warm air drying yielding the breakdown of β-
carotene to fat and carbohydrate fragments causing a 
substantial increase in fat and carbohydrate content.   

It should be noticed that the water content was 
substantially reduced  86-89 %  applying this integrated 
solar drying – molecular sieve system (Table 1) indicated a 
successful drying process.  Regarding the protein and 
vitamin C contents as two substantial ingredients in rosella 
plant that both of them were not seriously affected by this 
drying system and therefore, this drying process can be 
considered as a good drying system that can be continued 
for further development with respect to rosella drying in 
particular and other agricultural products in broader sense.   
 
 
Conclusion 
 
This study showed that the designed integrated solar 
drying – molecular sieve system has successfully conducted 
the drying process of rosella with respect to non 
destructive substantial ingredients (protein and vitamin C) 
obtained applying the condition in the drying process 
(18.7-cm distance between fan and sample; 750 rpm fan 
speed).  In addition, this integrated drying system showed a 
significant reduction of water content 86- 89 %  that gives a 
remarkable benefit corresponding with transportation 
problem. The average R2 of about 0.8 for the drying 
characteristics of rosella plantation obtained by this study 
is in good agreement with the previous investigation.  
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