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Abstract. Roselle (Hibiscus sabdarifa L) contains anthocyanins as the natural colorant and 
antioxidant. Drying the roselle extract was aims to produce the dry product that easy 
consumption as antioxidant. The carrier agent was added in roselle extract to improve the drying 
rate and maintain the nutritional value. This research studied the effect of carrier agent in drying 
rate and antioxidant activity. The method consists of two step involving roselle extraction using 
ultrasonic and the drying process. The roselle extraction by ultrasonic use the water as the 
solvent. The carrier agent (0%,5%,10% of maltodextrin) was added in roselle extract. The 
mixture was then dried in tray dryer dehumidification using zeolite in drying temperature 50,60, 
and 70⁰C. As the response, the moisture content was observed by gravimetry every 15 minutes 
for 150 minutes. The result showed that Page model was fitted to determine the constant of 
drying rate. Higher concentration of carrier agent enhanced the moisture evaporation process. 
Based on the DPPH analysis, the degradation of antioxidant activity in temperature 70⁰C was 
2.14 times higher than in temperature 50⁰C. As the conclusion, addition of maltodextrin can 
speed up the drying process and retain the antioxidant activity of. 

1 Introduction  
The roselle (Hibiscus sabdariffa Linn.) calyces has the 
several function, as the antioxidant [1], antimicrobial 
activity [2], immunoprotective [3] and natural colorant 
[4]. The antioxidant compound in roselle stronger than 
commercial antioxidants such as Butylated 
Hydroxyanisole (BHA) and α-tocopherol (TOCO) [5]. 
Anthocyanins and phenols are the main bioactive 
compounds in Roselle calyces. The concentration of 
anthocyanin and phenols in roselle depend on the 
cultivation and extraction process [6]. 

Study about roselle calyces extraction using water as 
the solvent resulted 502.33±0.52 mg of anthocyanins [7]. 
Antioxidant compound including anthocyanin has been 
understood well as not stable because of the high 
reactivity and easy to degrade [8,9]. The drying process 
is the option to produce the stable form of roselle extract 
and prolong the storage life.  

The drying process with addition of carrier agents 
can reduce the stickiness surface of liquid products 
[10,11]. The most common carrier agents used in food 
product is maltodextrins. Maltodextrin is a hydrolyzed 
starch that gives the advantages such as low cost, good 
aroma and flavor and low viscosity at high-solids 
concentrations [12]. 

Several researcher using maltodextrin in food 
product drying. Addition 3% maltodextrin in freeze 

drying improving color stability of roselle anthocyanin 
powder [13]. Addition 15 % maltodextrin in drying 
tamarind pulp at drying temperature 70⁰C had the 
highest acceptance score [14]. Maltodextrin can retain 
the color quality of roselle extract drying [11]. In 
addition, maltodextrin (DE 20) stabilizing the 
anthocyanin pigments under storage condition [15]. 

Based on the study, there is a hard information on 
antioxidant activity degradation of roselle extract dried 
with carrier agents such as maltodextrin. This work aims 
to produce the dried roselle extract with the good 
antioxidant activity. The effect of addition maltodextrin 
and drying temperature is evaluated. The experimental 
results are fitted to several thin layer model to describe 
the drying phenomenon. 

2 Materials and Methods 

2.1. Roselle extract preparation  

The roselle (Hibiscus sabdariffa Linn.) calyces variety 
were red roselle that obtained from a herbal medicine 
market in Solo, Indonesia. The roselle calyces (dry) was 
milled until the uniform size (0.25 mm). The roselle 
extraction based on previously extraction method with 
several modifications [7]. In this study, the extraction 
process was carried out using ultrasonic system 
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(Branson, 2510 MT). Water (solvent) and roselle calyces 
mass to water volume ratio were 1:10. The roselle 
extract was then filtered to separate the filtrate and cake. 

2.2 Carrier agent formulation 

Carrier agent was added in roselle extract to improve the 
drying rate. The carrier agent was maltodextrin (food 
grade) with DE 15. The carrier agent portion was 0%,
5%, 10% of the total mixture. The mixture was stirred 
using stirrer speed 700 rpm for 5 minutes to make 
uniform solution.  

2.3 Drying process  

After the carrier agent formulation, the roselle solution 
was then dried in tray dryer. The solution was placed in 
aluminium tray under drying temperature (50⁰C-70⁰C) 
for 150 minutes. The moisture evaporation was 
determined by gravimetry (weighing the samples every 
15 minutes). The drying process took place with 
superficial velocity of 0.11 m s-1. 

2.4 Drying model

Thin layer model was used to determine the constant rate 
of the drying. The thin layer model correspond to the 
drying phenomenon (Tabel 1). The good fit model was 
selected by the highest value of coefficient determination 
(R2) and the lowest value of Root Mean Square 
Deviation (RMSD). The evaluation using POLYMATH 
6.1 Educational Free Trial version software. 

Table 1. Constant rate of the drying several thin layer model 

Model Model equation References 

1. Newton  
(1) 

O'Callaghan et al.  
[16] 

2. Page  
(2) 

Page  
 [17] 

3. Handerson- 
Pabis  

(3) 

Henderson and  
Pabis 

 [18] 
4. Logaritmic  

(4) 
Yagcioglu et al.  

[19] 
 

The moisture ratio (dimensionless moisture) could be 
expressed in equation 5. 

(5) 
where Mt was the moisture content at time t (kg water/kg 
dry solid), M0 was the initial moisture content (kg 
water/kg dry solid), Me was the equilibrium moisture 
content (kg water/kg dry solid). 

The value of equilibrium moisture content of the 
solution was determined using equation 6. 

(6) 
Equilibrium moisture content for roselle and 
maltodextrin.was previously studied [20,21]. 
 

2.5 Antioxidant activity analysis  

The capacity of roselle extracts to inhibit DPPH (free 
radical) was determined according to the method of 
Brand-Williams et al. with slight modification [22]. The 
procedure was done by measured the absorbance of the 
roselle extract and DPPH solution at 517 nm using a 
spectrophotometer. As the control, the blank (100 L of 
ethanol in 1.4 mL of DPPH radical solution) was 
measured.  

Inhibition (%) was used to express the antioxidant 
activity, as expressed in equation 7. 

   (7) 

where, As was absorbance of the roselle solution and Ao 
was absorbance of control. 
First order reaction was used to describe the anthocyanin 
and phenolic compound degradation in food product 
[23]. The anthocyanin and phenolic compound was the 
source of antioxidant, so the degradation of antioxidant 
activity following that equation. 

    (8)

where I and I0 were antioxidant activity of the sample at 
time 0 and t. ki was the constant rate of antioxidant 
activity degradation(minute-1).   

Arrhenius model was used to correlate the 
dependency of ki on temperature (T). 

(9)

where Ea was the activation energy (J mol-1), and R was 
the gas constant (8.32 J mol-1 K-1) and k0 was the pre-
exponential factor (minute-1). 

3 Results and Discussion

3.1 Addition carrier agent

The moisture in roselle extract evaporated during the 
drying process (Fig. 1.). The addition of maltodextrin
could speed up the drying rate. The final moisture 
content after 150 minutes drying process was 0.62 (gram 
of moisture per gram of dried product) in addition 10% 
maltodextrin, while in roselle extract drying without 
addition of maltodextrin resulted moisture content 2.101 
(gram of moisture per gram of dried product). The final
moisture content of roselle extract using 10% 
maltodextrin was 3.9 times lower than without 
maltodextrin. This research comparable with another 
research that resulted the constant rate of the drying 1.7 
times higher than without maltodextrin [11].
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Fig. 1. Effect of addition carrier on moisture content during the 
drying process

In this research low DE maltodextrin was used as the 
carrier agent. Addition this carrier agents affected the 
different final moisture content. The low DE 
maltodextrin has the less number of ramifications with 
the hydrophilic groups and not easy to bind with the 
water molecules from the air [10]. On the other hand, the 
addition of maltodextrin affected the stickiness surface 
of roselle extract. The stickiness surface of roselle 
extract because of low molecular sugar like glucose, 
sucrose, fructose. Higher concentration of maltodextrin 
reduces the stickiness surface of the roselle extract [10]. 

3.2 Drying temperatures

The effect of drying temperatures to the moisture content 
during the drying process was represented in Fig.2. After 
150 minutes drying, the drying process that was 
conducted in higher drying temperature resulted lower 
moisture content. Drying roselle extract with the drying 
temperature 70⁰C resulted in the final moisture content 
of 0.163 (gram of moisture per gram of dried product), 
while the final moisture content in the drying 
temperature 50⁰C was 3.8 times higher.  

The higher drying temperatures increased constant 
rate of the drying (Table 2), as also found n the previous 
studies [24,25]. The constant rate of the drying at drying 
temperature 70⁰C was 9.6 times higher than at drying 
temperature 50⁰C. As the comparison, another research 
resulted constant rate of the drying at drying temperature 
70⁰C was 1.6 times higher than at drying temperature 
50⁰C [10]. In higher drying temperature, the relative 
humidity of air is low, driving force for the drying 
increase and the sensible heat from the hot air used for 
water evaporation [25,26,27]. 

 

Fig. 2. Effect of drying temperatures on moisture content 
during the drying process

3.3 Drying rate constant and model

Thin layer model was used to determine the drying 
phenomenon in roselle extract. Based on the Table 1, all 
the model resulted the R2 value range from 0.924 until 
0.971 and RMSD value range from 0.014 until 0.021. It 
was indicated that the thin layer model can well
represent the roselle extract drying. The R2 value in Page
model (no 2) was higher than 0.964 with RMSD value 
was less than 0.017. This model can be used to predict 
the drying rate of roselle extract drying with addition 
maltodextrin.

Table 2. Constant rate of the drying several thin layer model 

Model T (⁰C) Constant R2 RMSD 

1 

50 k:0.016 0.962 0.018 

60 k:0.021 0.963 0.017 

70 k:0.027 0.924 0.023 

2 

50 k:0.011, n : 1.083 0.964 0.017 

60 k:0.039, n : 0.852 0.971 0.015 

70 k:0.110, n : 0.646 0.973 0.014 

3 

50 k:0.017, a : 1.014 0.962 0.018 

60 k:0.020, a : 0.958 0.966 0.016 

70 k:0.024, a : 0.903 0.938 0.021 

4 

50 k:0.012, a : 1.130 
c:-0.145 

0.969 0.016 

60 k:0.020, a : 0.960 
c:-0.004 

0.966 0.016 

70 k:0.030, a : 0.880 
c:0.049 

0.942 0.020 

The drying curves in the form of moisture ratio 
versus drying time (experiment and model) were 
depicted in Figure 3. Page model was used to describe 
the drying phenomenon of food product : bitter melon 
[28], carrot [29], and seaweed [30]. Page model showed 
a good fit curves to roselle extract drying with 
maltodextrin.
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Fig. 3. Comparison of experimental and page model in
moisture ratio curves of roselle extract drying at 
various drying temperature

3.4 Antioxidant Activity Degradation

The antioxidant activity in roselle extract drying with 
addition 10% maltodextrin was expressed as % 
inhibition. The degradation of antioxidant activity was 
faster in higher drying temperature and longer drying 
time (Figure 4). Anthocyanin as the antioxidant 
component in roselle extract was thermal sensitive 
[23,31,32]. The antioxidant activity degradation in 
roselle extract was caused by the thermal degradation of 
anthocyanin compound.  

The constant rate of antioxidant activity degradation 
in drying temperature 70⁰C was 2.14 times higher than in  
drying temperature 50⁰C (see Table 3). As the 
comparison, the constant rate of antioxidant activity 
degradation in roselle extract drying with maltodextrin 
was 18 times lower than constant rate of antioxidant 
activity degradation in beetroot and green pepper at the 
same temperature (70⁰C) [33]. Antioxidant activity in 
roselle extract was reduced 40.1% after thermal process 
(90⁰C) for 2 hours [34]. Addition maltodextrin in roselle 
extract drying could shorten the drying time as well as 

decreased the antioxidant activity degradation.   

 

Fig. 4. The antioxidant activity degradation at various drying 
conditions

Arrhenius model was used to correlate the 
dependency of ki on temperature (T). The value of 
Arrhenius constants were listed in Table 3. Using the 
value of Ea and K0, the value of constants rate of the 
antioxidant activity degradation under various 
temperature can be predicted. 

Table 3. Constant rate of the antioxidant activity degradation 

T (⁰C) ki (min-1) R2 K0x103 Ea (Kj/mol) 
50 0.005 0.927 

1.932 34.754 60 0.006 0.949 
70 0.011 0.911 

4 Conclusions

The effect of addition carrier agent in constant rate and 
antioxidant activity were studied. Low DE maltodextrin 
is not easy to bind with the water molecules from the air 
and reduce stickiness surface of roselle extract. Page 
model showed good fit curves with R2 value in Page 
model (no 2) was higher than 0.964 with RMSD value 
was less than 0.017. The values of constant rate for 
drying at drying temperatures 50⁰C-70⁰C ranged from 
0.011-0.110 min-1. The degradation of antioxidant 
activity was faster in higher drying temperature and 
longer drying time. Addition of maltodextrin could 
shorten the drying time and decreased the antioxidant 
activity degradation 

This study was supported by Directorate General of Higher 
Education (DIKTI) under Competency Grant (Hibah 
Kompetensi) for 2017-2018. 
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