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ABSTRACT 

Objective: This research aimed to prepare curcumin microcapsules by the spray drying method and to evaluate their characteristics.  

Methods: The microcapsules were prepared by the spray drying method. The generated microcapsules were evaluated for organoleptic, 
morphology, particle size, the percentage of curcumin and water content. Furthermore, the release of curcumin from the microcapsules was tested 
in vitro and compared to uncoated curcumin powder. In addition, the mucoadhesive properties of uncoated curcumin powder and curcumin 
microcapsules were also evaluated.  

Results: The results showed that the microcapsules had spherical shape with particle size in the range of 100–1009 µm and water content 
of 9.34% (w/w) (FIII) and 8.09% (w/w) (FVI). The release of curcumin from its uncoated powder and the microcapsules FVI within 8 h 
were 8.87% and 26.32% (w/w), respectively. It was found that the mucoadhesive properties of microcapsules FVI were better than those of 
FIII and uncoated curcumin powder. Microcapsules FVI rendered the cumulative amount of curcumin remaining on the intestinal mucosa of 
55% (w/w) within 3 h.  

Conclusion: Accordingly, curcumin microcapsules generated by spray drying could be further formulated into various solid dosage forms for a 
better therapeutic effect.  
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INTRODUCTION 

Turmeric rhizome has been widely used as a raw material for 
medicinal herbals. The benefits of turmeric rhizome in the treatment 
of various diseases are mainly due to the presence of curcuminoid 
compounds which consist of curcumin and desmethoxycurcumin. 
Therefore, turmeric rhizome devotes a great potential to be 
developed into a pharmaceutical preparation. However, curcumin 
has a bitter taste with an unpleasant odour and the storage will 
reduce the levels of curcumin [1, 2].  

One of the methods to encounter its shortcomings is 
microencapsulation. The advantages of microencapsulation are the 
comparatively long durability of the entrapped active compounds. 
The microencapsulation can result in a high flowability of the 
powder thus the possibility of arising out inhomogeneous mixture is 
avoided. In addition, microencapsulation can provide the protection 
of unstable active compounds. The decrease in the content can be 
covered by coating it with the wall materials of microcapsules [3, 4]. 

Moreover, microencapsulation is one of the techniques for controlling 
the release of active compounds. Its applications in pharmaceutical 
formulation include long-acting drugs, taste masking, suspensions 

preparations, and single-layer tablets containing compounds with 
chemical incompatibilities. Moreover, the microcapsules can be 
further formulated into various solid dosage forms [5-7]. In previous 
studies, the use of chitosan as a matrix in nanocurcumin could increase 
the solubility of curcumin [8, 9]. Therefore, in this study, the 
microencapsulation of curcumin was developed using the same 
formula as the nanocurcumin as reported in previous studies with 
slightly modification by adding ethyl cellulose and glyceryl 
monostearate (GMS). Ethylcellulose was added to the formula to 
provide a sustained release profile of the resulting microcapsules. 

MATERIALS AND METHODS 

Materials 

Curcumin (PT. Plamed Green Science, Xi’an, China), chitosan (Bio 
Chitosan, Cirebon, Indonesia), ethyl cellulose (Sigma-Aldrich, 
Singapore), propylene glycol (Sigma-Aldrich, Singapore), ethanol, 
glyceryl monostearate (GMS) (Sigma-Aldrich, Singapore), 
dimethylsulfocside (DMSO) (Sigma-Aldrich, Singapore), distilled 
water, porcine small intestine, dialysis cassette MWCO 2 kDa 
(Thermo Fisher Scientific, Singapore), phosphate buffer (Sigma-
Aldrich, Singapore), NaOH, and HCl.  

  

Table 1: Formulation of curcumin microcapsules with propylene glycol 

Ingredient Formula 
F1 FII FIII 

Curcumin 0.5 g 0.5 g 0.5 g 
Ethyl cellulose 1% (w/v) 40 ml 40 ml 40 ml 
Chitosan 1% (w/v) 40 ml - - 
Chitosan 1.5% (w/v) - 40 ml - 
Chitosan 2% (w/v) - - 40 ml 
Propylene glycol (v/v) 20 ml 20 ml 20 ml 
Ethanol 70% (v/v) 20 ml 20 ml 20 ml 
DMSO 10% (v/v) 20 ml 20 ml 20 ml 
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Table 2: Formulation of curcumin microcapsules with GMS 

Ingredient Formula 
FIV FV FVI 

Curcumin 0.5 g 0.5 g 0.5 g 
Ethyl cellulose 1% (w/v) 40 ml 40 ml 40 ml 
Chitosan 1% (w/v) 40 ml - - 
Chitosan 1.5% (w/v) - 40 ml - 
Chitosan 2% (w/v) - - 40 ml 
GMS 2 g 2 g 2 g 
Ethanol 70% (v/v) 20 ml 20 ml 20 ml 
DMSO 10% (v/v) 20 ml 20 ml 20 ml 
 

Preparation of microcapsules  

Chitosan was dissolved in 1% (v/v) glacial acetic acid to obtain a 
concentration of 1%, 1.5% and 2% (w/v) while 1% (w/v) ethyl cellulose 
solution was prepared in 100 ml 96% (v/v) ethanol using a magnetic 
stirrer. 0.5 g of curcuminoid was dissolved in a solvent mixture (20 ml 
propylene glycol, 20 ml ethanol 70% (v/v), and 20 ml DMSO 10% (v/v)) 
as shown in table 1, while table 2 shows the formulation using GMS 
instead of propylene glycol. Afterwards, 40 ml of chitosan solution was 
added to each formula with different concentrations (1%, 1.5%, and 2% 
(w/v)). The final mixture was dried using a spray dryer with an inlet 
temperature of 180 °C and an outlet temperature of 80 °C [8, 9]. 

Microcapsules organoleptic and morphology 

In organoleptic observations, the shape and colour of the 
microcapsules were recorded. Meanwhile, the morphology of the 
microcapsules was examined using EVO MA 10 Scanning Electron 
Microscopy (SEM). 

Particle size distribution 

Measurement of particle size distribution was carried out using the 
optical microscopy method. Briefly, the optical microscope was 
calibrated before use. The microcapsules were placed on a glass slide 
and added with distilled water. The particle size of microcapsules was 
measured under the microscopes by using the 100X ruler (a 
millimeter ruler as seen under 100 power magnification) after the 
suspension was covered with a glass slide [10]. 

The percentage of curcumin in microcapsules 

10 mg of the microcapsules were weighed and dissolved in 10 ml of 
70% (v/v) ethanol in a 25 ml Erlenmeyer flask. Afterward, 2 ml of 
the solution was diluted with 98 ml of 70% (v/v) ethanol. The 
absorption of the final solution was measured at the maximum 
wavelength of curcumin using a UV-Vis spectrophotometer. 

Water content 

A water content test was conducted by a Karl Fischer moisture 
meter. A 50 mg sample was weighed in a container; then the sample 
was inserted into the instrument.  

Release study of curcumin from microcapsules in vitro  

25 ml of curcumin microcapsules were put in a dialysis cassette and 
25 ml of phosphate buffer pH 6.8 was added. The release study was 

performed in a 2000 ml beaker with phosphate buffer pH 6.8 as a 
medium at a temperature of 37 °C±0.5 °C. The medium was stirred 
using a magnetic stirrer at 50 rpm. 10 ml of sample was withdrawn 
at a predetermined time (15; 30; 45; 60; 120; 180; 240; 300; 360; 
420; 480 min). The absorption of each sample was recorded using a 
UV-visible spectrophotometer at its maximum wavelength [11, 12]. 

Evaluation of mucoadhesive properties  

The porcine small intestine was prepared and cut into 3 cm x 8 cm 
dimensions. The outer part of the intestine was glued to a PVC pipe 
cut in half and placed on the flat table at an angle of 45 ° and a 
temperature of 37 °C with 100% humidity. The intestine was 
moistened for 5 min. afterward, 150 mg dry powder of curcumin 
microcapsules were placed on the mucous surface of the small 
intestine with an area of 1 cm2. The microcapsules were washed off 
with 0.1 M phosphate buffer solution pH 6.8 at 37 °C with a flow rate 
of 1 ml/min for 3 h. After a predetermined time point (1, 2, 3 h), the 
intestine was incubated with 300 ml of 96% (v/v) ethanol for 20 
min in a 500 ml beaker glass. The fluorescence intensity was 
measured using a spectrofluorometer at an excitation wavelength of 
413 nm and an emission wavelength of 522 nm [13].  

RESULTS  

Preparation of microcapsules  

Curcumin has poor solubility in water and is easily degraded by the 
light. Therefore, curcumin was prepared in the form of 
microcapsules using the spray drying method, which is simple and 
easy. Curcumin has a high solubility in DMSO and in ethanol. 
However, DMSO has high toxicity, so its concentration in the formula 
should not be more than 10% (v/v). Therefore, propylene glycol was 
mixed to increase the solubility of curcumin [3-7].  

Microcapsules organoleptic and morphology 

The precipitation of curcumin was observed during the 
solubilization of curcumin in chitosan solution. Only 2% (w/v) 
chitosan solution (FIII and FVI) could optimally solubilized 
curcumin. This could be caused by the addition of chitosan at the 
highest concentration. Therefore, only FIII and FVI were then spray 
dried and evaluated for their characteristics [8, 9]. The results of 
organoleptic evaluation of microcapsules FIII and F4VI showed that 
the microcapsules produced were dark red in colour (fig. 1) and 
odourless.

  

 
A 

 
B 

 
C 

Fig. 1: Curcumin (A), microcapsules FIII (B) and microcapsules FVI (C) 
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Curcumin was surrounded by the wall material that could act as 
a physical barrier. The wall material was a mixture of chitosan–
ethyl cellulose–GMS designated to homogeneously entrap 
curcumin as GMS could be able to disperse the resulting 
suspension in the solvents. The morphology of microcapsules 

was recorded by SEM to identify the surface of the 
microcapsules and to investigate whether there were pores 
formed on the walls [14]. The microcapsule morphology affects 
the release of active compounds. The result of SEM evaluation 
can be seen in fig. 2. 

  

 

A 
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Fig. 2: Morphology of microcapsules FIII (A) and FVI (B) 
 

Particle size distribution 

The solvents were used to solubilize curcumin in chitosan and ethyl 
cellulose solution. The particle size distribution was carried out to 
evaluate the uniformity of microcapsules and to determine the 
microcapsule size ranges. Three hundred microcapsules were measured 
using optical microscopy using 10x magnification [10]. Based on the data 
on the size distribution, it can be found that microcapsules FIII had the 

largest particle size in the range of 100–150 µm with a frequency of 
42%; thus almost 50% of the particles had a mean size range of 125 µm 
as shown in table 3. In addition, 26.67% of particles exerted a mean size 
range of 176 µm. Hence, only 31.33% of particles were bigger than 202 
µm in diameter as depicted in fig. 3. The particle size distribution of 
microcapsules FVI (table 4) was similar to that of FIII. Based on fig. 3, the 
microcapsules with narrow size distribution could be achieved with a 
proper concentration of GMS. 

  

Table 3: Particle size distribution of microcapsules FIII 

Size range (µm) Mean size range (µm) Number of particles in each range* % Frequency* 
100–150 125 125.67±1.53 41.89±0.51 
151–201 176 79.67±1.53 26.56±0.51 
202–252 227 26.00±4.58 8.67±1.53 
253–303 278 24.67±5.51 8.22±1.84 
304–354 329 14.00±1.00 4.67±0.33 
355–405 380 10.67±4.04 3.56±1.35 
406–456 431 7.33±4.51 2.44±1.50 
457–507 482 5.33±0.58 1.78±0.19 
508–558 533 3.00±1.00 1.00±0.33 
559–609 584 3.67±2.08 1.22±0.69 

*Data represents mean±SD (n=3) 
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Table 4: Particle size distribution of microcapsules FVI 

Size range (µm) Mean size range (µm) Number of particles in each range* % Frequency* 
200–280 240 27.00±1.00 9.00±0.33 
281–361 321 128.00±3.61 42.67±1.20 
362–442 402 68.00±3.61 22.67±1.20 
443–523 483 21.67±0.58 7.22±0.19 
524–604 564 19.00±2.00 6.33±0.67 
605–685 645 10.33±1.15 3.44±0.38 
686–766 726 10.67±3.05 3.56±1.02 
767–847 807 8.00±3.00 2.67±1.00 
848–928 888 4.33±1.53 1.44±0.51 
929–1009 969 3.00±2.00 1.00±0.67 

*Data represents mean±SD (n=3) 

 

 

A 

 

B 

Fig. 3: Particle size distribution of microcapsules FIII (A) and FVI (B), *Data represents mean±SD (n=3) 

 

The percentage of curcumin in microcapsules 

The amount of curcumin in the microcapsules was determined by 
taking 10 mg of the microcapsules. Therefore, the percentage of 
curcumin in the microcapsules and the entrapment efficiency could 
be calculated. The result of the curcumin level in microcapsules FIII 
and FVI were 15.63% and 5.4% (w/w), respectively, and the 
entrapment efficiency of microcapsules FIII and FVI were 38.46% 
and 35.69% (w/w), respectively.  

Water content 

The water content test aimed to determine the amount of water in 
the microcapsules. The higher the water content in the preparation, 
the easier it is for the preparation to be contaminated by microbes. 
Hence, the water content needs to be controlled. The water content 

can also affect the stability of microcapsules during storage. The 
water content of microcapsules FIII and FVI carried out using a Karl 
Fischer moisture meter were 9.34% and 8.09% (w/w), respectively.  

Release study of curcumin from microcapsules in vitro 

The release test was conducted within 8 h to investigate the release 
mechanism and the duration of curcumin released from the 
microcapsule matrix system. There was an increase in the 
percentage of dissolution continuously proportional to time, as 
shown in fig. 4, and it can also be seen that the release pattern of 
curcumin from the microcapsules FVI was a controlled release (table 
5) [12]. The percentage of curcumin released from both 
microcapsules FIII and FVI within 8 h was higher compared to 
uncoated curcumin powder. 
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Fig. 4: Release study of uncoated curcumin powder (red)*, microcapsules F1II (blue)*, microcapsules FVI (green)*, *Data represents 
mean±SD (n=3) 

 

Table 5: Release kinetic model of curcumin from the microcapsules 

Sample Equation of zero orde r (c vs t)* Equation of first order (log c vs t)* Higuchi equation (c vs √𝒕)* 
Curcumin y = 3.9047+0.0030x 

R² = 0.6142 
y = 0.741log(x)–10.775 
R² = 0,9614 

y = 1.6889+1.6753x 
R² = 0.8114  

Microcapsules FIII y = 1.2349x+13.537 
R² = 0.8248 

y = 1,01log(x)–2.6922 
R² = 0.9259 

y = 0.8845x+1.8719 
R² = 0.9372 

Microcapsules FVI y = 0.0266x+14,395 
R² = 0.9561 

y = 0.952 log(x)–0.5954 
R² = 0.8607 

y = 1.2349x+13.537 
R² = 0.8248 

*Data represents mean±SD (n=3) 
 

Fig. 4 depicts an increase in the percentage of curcumin dissolution 
continuously with time. Microcapsules FVI gave rise a controlled 
release of curcumin (release kinetic model of zero-order, R² = 
0.9561) due to the use of chitosan–ethyl cellulose–GMS [12]. 

Furthermore, based on Higuchi equation, microcapsules FIII might 
release curcumin with a mechanism of diffusion (R² = 0.9372) 
depending upon its concentration (release kinetic model of the first 
order, R² = 0.9259). 

  

 

Fig. 5: Mucoadhesive properties of microcapsules FIII (blue)* and FVI (red)*, *Data represents mean±SD (n=3) 
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Evaluation of mucoadhesive properties  

Mucoadhesive properties were evaluated to determine the amount of 
the microparticles which was able to adhere on the intestinal mucosa 
within 3 h. This evaluation was also important for the investigation of 
the influence of ethylcellulose on the mucoadhesive properties. The 
amount of uncoated curcumin powder and the microcapsules attached 
to the intestine decreased with time, as shown in fig. 5. Only a small 
amount of curcumin remained on the intestinal mucosa. In contrast, the 
microcapsules devoted a higher percentage of curcumin concentrated on 
the intestinal mucosa compared to uncoated curcumin powder as 
chitosan has comparatively good mucoadhesive properties. 

DISCUSSION 

In this study, the addition of chitosan, apart from being a polymer 
matrix, was also used to increase the solubility of curcumin. 1% 
(w/v) ethyl cellulose was added as a polymer matrix to control the 
release of curcumin. Ethylcellulose is a water-insoluble polymer that 
has been widely used in the manufacture of sustained release dosage 
forms of water-soluble drugs. Ethylcellulose can reduce the release 
of drugs from pharmaceutical preparation. The rate of drug release 
from the ethylcellulose matrix can be controlled through diffusion 
and/or an erosion mechanism. Ethylcellulose has been widely used 
as a coating material for tablets and granules. Moreover, one of the 
advantages of ethyl cellulose in modified-release preparations is 
reducing the risk of dose dumping [5-7].  

The final mixtures were dried using a spray dryer. The addition of 
ethyl cellulose and GMS together with chitosan in the formulas can 
shorten the duration of spray drying as much as 30% compared to 
those with chitosan only. The microcapsules were produced by the 
formation of the solution (FI, FII, FIII) or the suspension (FIV, FV, 
FVI) with chitosan–ethyl cellulose–GMS as the wall material, 
followed by spraying in a drying chamber with hot air. All the 
solvent could evaporate instantly when it came into contact with the 
hot air, and the wall material was dried to encapsulate curcumin. 

Based on the result, the microcapsules FIII displayed spherical 
shapes without pores which were similar to each other. Thus, the 
morphology indicated curcumin was homogeneously entrapped in 
the polymers, namely chitosan and ethylcellulose, as curcumin was 
soluble in the polymer solution. In addition, the morphology formed 
can also be affected by the duration of stirring of the final mixture. 
Since there were no pores on the surface of the microcapsules, the 
release of curcumin from the microcapsules could demonstrate the 
diffusion mechanism, which is in agreement with the Higuchi 
equation based on the release of curcumin from the microcapsules 
FIII as shown in table 5. While the microcapsules FVI had layers 
forming the rough surface due to the addition of GMS and a rapid 
drying process. The presence of GMS has changed the system into a 
suspension containing curcumin under permanent magnet stirring. 
Furthermore, GMS could disperse curcumin in the solvent system 
and curcumin might be evenly entrapped in chitosan used as a 
hydrophilic polymer, while ethylcellulose is a hydrophobic polymer 
which can also act as an emulsifying agent. Chitosan added with 
hydrophobic polymers such as ethylcellulose could stabilize 
physically and chemically the formed microcapsules. The size of 
microcapsules could be influenced by the drying technique. The 
particle size of microcapsules FIII obtained from spray drying was 
smaller than that of FVI due to the addition of GMS [5-7, 14].  

The low amount of curcumin entrapped in both microcapsules FIII and 
FVI might be due to the loss of curcumin during the mixing and the spray 
drying process. Curcumin could be attached to the dryer chamber and 
cyclone wall of the spray dryer. Small amounts of curcumin which was 
soluble in ethanol might have radiated around the dryer chamber and 
dried on the wall due to ethanol evaporation. Furthermore, the spraying 
liquid coming out of the nozzle was not able to be converted into the 
microcapsules felt down on the bottom of the dryer chamber. The spray 
drying method resulted in microcapsules with lower water content in 
the presence of GMS. Moreover, the moisture content in the 
microcapsules can be affected by the inlet and outlet temperatures 
during the spray drying process [5-7].  

The percentages of curcumin released from the microcapsules were 
still small, thus could keep increasing over time but still higher 

compared to uncoated curcumin powder. Accordingly, ethylcellulose 
has an important role in the kinetic release model of the 
microcapsules. In the case of microcapsules FVI, GMS could preserve 
the controlled release profile of curcumin [11, 12, 15, 16, 18]. 

Based on the results, chitosan displayed mucoadhesive properties 
even in the presence of ethyl cellulose. The mucoadhesive properties 
of the microcapsules could prolong the residence time of curcumin 
along the gastro intestine tract, thus could render a better 
therapeutic effect [17-20]. The mucoadhesive properties of the 
polymer are interfered with the interactions between the mucosa 
and the polymer and their strength depends upon the structure and 
charge of polymer mediated by ionic bonds and hydrogen bonds. In 
addition, physical entanglement also affects the adhesive strength of 
polymer. Based on fig. 5, the mucoadhesive properties of the 
microcapsules FVI was better than those of FIII. GMS in the 
formulation could protect the binding between the microcapsules 
and mucus to exert stable mucoadhesive properties during the 
experiment. Therefore, 55% (w/w) microcapsules FVI remained in 
the mucus after 3 h of the experiment period [21-24].  

CONCLUSION 

Curcumin could be formulated into the microcapsules using a 
combination of chitosan and ethyl cellulose. In the presence of an 
ethanolic solution of ethylcellulose, variation in the concentration of 
chitosan and the use of cosolvent could affect the solubility of 
curcumin. In this study, curcumin was soluble in 2% (w/v) chitosan 
(FIII and FVI), resulting in spherical microcapsules. It was found that 
the release of curcumin from the microcapsules could last at least for 8 
h. Moreover, the mucoadhesive properties of the microcapsules were 
better than those of uncoated curcumin powder. GMS has an 
important role in the preservation of both mucoadhesive properties 
and the controlled release profile of curcumin from the microcapsules 
that could lead to a better therapeutic effect of curcumin. 
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