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ABSTRACT 
 
Microencapsulation is one of the pharmaceutical technologies that could be implemented in other fields of study. Previous researchers haveformulated 
fertilizer microcapsules using polystyrene (PS):polycaprolactone (PCL) as matrix. Microcapsules were prepared by a solvent evaporation method using 
PS:PCL(2:1). Characterization of microcapsules produced including spectroscopicanalysis by Fourier Transform Infra Red (FTIR) analysis, Scanning 
Electron Microscope (SEM), particle size distribution, determination of urea content in microcapsules, release test, and kinetics model of active 
substance release. Results showed that the FT IR analysis confirmed no chemical interaction between urea and PCL during the microencapsulation 
process. SEM results showed the microcapsules obtainedwere spherical in shape. The particle size distribution of urea microcapsules was in the range 
of 50-400 μm. The microencapsulation efficiency and release efficiencywere 86.75 ± 1.56%, and 46.54%, respectively. The urea release kinetics from 
the microcapsules following the Langenbucher equation. It means the release mechanism was based on diffusion and erosion.  
 
Keywords: microencapsulation, urea, polystyrene, polycaprolactone, slow release. 
 
 
INTRODUCTION  
 
Consideration of the development of pharmaceutical technology 
depends on several factors. These factors are including 
effectiveness, safety, and acceptability. Its have a major influence 
on the development of drug delivery technology so that many new 
drug formulations were found and examined which have the 
properties and ideal delivery systems1.2.  
 
Microencapsulation technology as one of developed 
pharmaceutical technology related to the delayed release of active 
substances is an attract great attention in various fields of studies. 
Not only in the pharmaceutical, but also in other fields such as 
agriculture, cosmetics, veterinary, and even textiles. Several 
reasons in application of microencapsulation is to reduce the 
reactivity of the active substances with external environment (e.g 
light, oxygen, and water), reduce the rate of evaporation of the 
substances, facilitate handling of core materials, inhibit the 
release of the substancesuntil used, mask the taste of the 
substances, and dissolve the substances slowly when used to 
achieve equitable distribution3,4,5. 
 
Urea fertilizers commonly used in agriculture have ineffective in 
their application to plants. 20-70% of conventional urea fertilizer 
used pollutes the environment because of the leaching by water 
and the evaporation process. It can cause a greenhouse effect. 
While only 30-50% of urea absorbed by plants. It will increase 
production costs due to repeated using of fertilizer6,7,8. Excessive 
fertilization will alsoincrease the cost, susceptible to diseases, 
delayed flower formation and damage to the environment9. The 
application of microencapsulation method is very useful in 
agriculture to solve the problem of fertilization by using slow 

release fertilizer (SRF) or controlled release fertilizer 
(CRF)10,11,12. SRF/CRF fertilizers were designed to control the 
release of active substances in fertilizers, a delayed in providing 
nutrients that are synchronized with sequential plant nutrient 
requirements. These fertilizers improve the efficiency of the use 
of nutrients and increasethe production of crops14,15. 
 
The potential benefits of this fertilizer including the efficient use 
of nitrogen by plants, reducing evaporation and washing of 
nitrogenous substances, minimizing fertilizer costs, avoiding the 
possibility of "root-burning" due to excessive fertilizer 
application and easierin the application of fertilizer. Previous 
researchers have formulated a slow release of fertilizer 
preparations using the microencapsulation method. 
Microencapsulation is a coating technology or coating of a core 
substance with a polymer layer in small micro-sized particles. 
Another goal of this microencapsulation, mainly in agriculture, is 
to slow the release of fertilizer by reducing the ability to dissolve 
into groundwater16. 
 
Djamaan et al. (2016) prepared slow release urea microcapsules 
by the solvent evaporation method using polycaprolactone (PCL) 
as a coating biopolymer. The best result obtained was using urea-
PCL at a ratio of 1: 2. The release efficiency was 26.76% after 6 
hours9, but a cost problem arisen in using of the materials. Using 
PCL as a single biopolymer will increase the cost significantly. 
To overcome the problems several methods could be 
implemented e.g by replacement of biopolymer material or using 
a combination of polymer with a cheaper that can reduce the 
production cost and minimized the price. In addition, it has not 
been tested for the application of the use of biopolymers in planta, 
so that their effects on plants cannot be known yet. 
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In this research, the single biopolymer was replaced with 
bioblend materials, a mixture of PCL and PS. PS is one of 
polymer that widely used in rigid, hard, and difficult to be 
decomposed by microorganisms. PS is usually known as 
styrofoam. PS type plastic packaging often causes environmental 
problems due to difficult to be biotransformed and as well as 
recycled19,20. PSwas chosen because of very economical in terms 
of price and easy to obtain. The presence of the bioblend mixture 
is expected to reduce production costsand has an important role 
in reprocessing PS waste. 
 
Slow-release fertilizer is often used in woody plants due to 
reduced application frequency and leaching problem compared 
with conventional fertilizers. New formulas and types of slow-
release fertilizer preparations have developed in recent years so 
special attention needs to be paid to evaluation at several levels, 
methods, circumstances and different application environments21. 
Based on the above consideration, formulation of urea 
microcapsule was prepared using PS/PCL bioblend matrix 
followed by characterization and the evaluation of urea release. 
 
MATERIALS AND METHODS 
 
Apparatus and Materials 
 
Apparatus used were Fourier Transform Infrared (Perkin Elmer 
FT-IR Spectrophotometer Frontier), UV-Vis Spectrophotometer 
(Shimadzu UV-1700), Scanning Electron Microscopes (JEOL, 
Japan), analytical scales (Shimadzu AUX 220, Japan), Magnetic 
heating stirrer (IKA, Germany), microscopes and Optic Viewers, 
fume hoods, glassware usual used in the laboratory. While, 
materials used were urea (PT Fertilizer Sriwijaya, Indonesia), 
urea (Merck, Germany), biopolymer polycaprolactone (Aldrich 
Chemical), styrofoam (waste), Span 80, liquid paraffin, 
chloroform and n-hexane (PT. Brataco, Indonesia), para-
dimethyl-aminobenzaldehyde, concentrated HCl, ethanol pa, 
media, spring onion, and distilled water. 
 
Evaluation of Raw Materials 
 
Examination of urea, PS, PCL, and other excipients and additives 
wasperformed according to the requirements stated in the United 
States Pharmacopeia, Handbook of Pharmaceutical Excipient and 
Martindale 36thEdition2,3.  

 
Preparation of Microcapsules 
 
Preparation of microcapsules was adopted from the method used 
by Benet al (2016)3. The formula chosen was PCL:PS at a ratio 
of 1:2, as shown in Table 1. 
 

Table 1: Formulation of microcapsules produced3 
 

No Materials Amount 
1 Urea 1 g 
2 PS 1.35 g 
3 PCL 0.65 g 
4 Chloroform 40 mL 
5 Span 80 2 mL 
6 Liquid Paraffin 200 mL 

 
PCL and PS were dissolved in chloroform and added with crushed 
urea. The mixture was added slowly into the solution of Span 80 
in liquid paraffinand stirred at rate of 700 RPM until all 
chloroform evaporates. The microcapsules formed were 
collected, washed with n-hexane until free from liquid paraffin 
and Span 80, filtered, and dried at room temperature3. 

 
 
 
 

Characterization of Microcapsules Produced 
 
IR Spectroscopy Analysis 
 
The infrared spectra of dried microcapsules form were observed 
using Fourier Transform Infrared (FT-IR) in the range of wave 
number of 400 to 4000 cm-¹. 
 
SEM (Scanning Electron Microscope) 
 
The sample was placed in the aluminum holder at a thickness of 
10 nm. Samples were observed at various magnification 
usinganSEM (Phenom pro-X, Netherlands). Voltage and current 
were set at 5 kV and 12 mA, respectively. 
 
Particle Size Distribution 
 
Particle size distribution was observed using a microscope and an 
Optilab viewer mounted on the lens of the ocular microscope. The 
microcapsules were suspended in liquid paraffin and observed 
under a microscope that connected to a monitor. At least 300 
particles were observed and estimated easier from the monitor3,13. 

 
Determination of Urea Content in Microcapsules 
 
Determination of the Maximum Absorption Wavelength of 
Urea 
 
The urea standard solution was prepared by dissolving 50 mg of 
urea into 10 mL of distilled water to obtain a concentration of 
0.5% w/v. 7.5 mL solution was diluted in a 25 mL volumetric 
flask, added 1 mL Ehrlich reagent, and added with distilled water 
to the boundary markers. The maximum wavelength of the 
solution was measured usinga UV-Vis spectrophotometer. 
 
Preparation of Urea Calibration Curve 
 
A series of standard solutions contains Ehrlich reagent were 
prepared at a variation concentration of 0.05, 0.075, 0.1, 0.125; 
0.150; 0.175% w/v. The absorption of the solution was measured 
at the maximum wavelength of urea obtained previously. The 
LOD and LOQ values were estimated. SDR was calculated using 
formula SDR = √{Σ(Y-yi)²}/(n-2)). Where Σ(Y-yi)² is standard 
deviation value, and N is the number of samples. Limit of 
Detection Limit (LOD) and Limit of Quantification (LOQ)was 
calculated using the following equation: LOD = (3 x SDR)/b, and 
LOQ = (10 x SDR)/b, respectively. 
 
Determination of Urea Content 
 
50 mg of microcapsules was weighed exactly, crushed and placed 
into a 25 mL volumetric flask and dissolved with distilled water, 
added with 1 mL of Ehrlich reagent, added with distilled water 
until 25 mL, and mixed. Absorbance of solutions were measured 
at wavelengths of maximum absorption using a UV-Vis 
spectrophotometer (n=3)3,9,17. 
 
Determination of the Percentage of Fertilizer Loading, Yield, 
and Microencapsulation Efficiency 
 
The percentage of fertilizer coated can be calculated from the urea 
content in the microcapsules obtained18. % Loading = (weight of 
active substance in microcapsules)/(microcapsules weight) 
x100%. The percentage of microcapsule yield is calculated using 
the formula: % Yield = (microcapsule weight)/(initial weight of 
active substance + polymer) x 100%. While encapsulation 
efficiency = (number of measured active substances)/(number of 
theoretically active substances) x 100%. n = number of samples.  
 
 



Muslim	Suardi	et	al.	Int.	Res.	J.	Pharm.	2018,	9	(11)	

 

 44 

The Release of Urea from Microcapsules in water 
 
3 g of urea microcapsules was added a glass bottle volume 
100mL. Sample solutions were withdrawn every day until day 5. 
The absorbance of the sample solution was measured using a 
spectrophotometer. 
 
Data Analysis  
 
The data obtained was the result of microcapsule evaluation. The 
release kinetic model was estimated from the release of active 
ingredients from microcapsules. The data were analyzed 
statistically by the F test and continued with the Duncan test. 
 
RESULTS AND DISCUSSION 
 
This study was conducted to determine the effectiveness of urea 
microcapsules using formula obtained by researchers’ groups 
previously. The evaluation of the active ingredients and excipient 
usedwas performed to ensure the materials used meet the 
requirements. In the organoleptic examination, urea was 
crystalline in shape, white and odorless that fulfilled the 
requirements. The solubility of PS and PCL raw materials met the 
requirements.The additive materials such as chloroform, liquid 
paraffin, Span 80, and n-hexane also met the requirements. 
  
The solvent evaporation emulsification method used for the 
manufacture of urea microcapsules was chosen because of the 
polymer dissolved in volatile solvents such as chloroform. In 
addition, the advantages of the method areeasy and efficient in 
the process, requiring a short time and low costs22. Microcapsules 
are prepared using oil in oil (O/O) system because the active 
substance, urea, is very soluble in water, so the carrier phase is 
replaced with mineral oil such as liquid paraffin23. 
  
PS and PCL were dissolved in chloroform then added with 
crushed urea. Scouring is done to reduce the size of urea. Span 80 
as an emulgator that helps stabilize the emulsion formed that 
useful to assist the microencapsulation process and liquid paraffin 
as a carrier medium mixed in another container, then rotated with 
Magnetic Stirrer Heating as a homogenizer with a rate of 700 rpm 
for 6 hours. According to Djamaan et al. (2015)9 at a rate of 700 
rpm for 6 hours, the spherical particle size was obtained. The 
particle size of microcapsules that fulfill the requirements and 
dissolution rate was the slowest compared to the speed of 400 rpm 
and 900 rpm. In addition, in a previous studyusing solvent 
evaporation emulsification method at a rate of mixing of 700 rpm, 
microcapsulesformed were almost spherical inshape, and particle 
size range between 0-1000 μm. During this stirring, a mixture of 
urea and bioblend in chloroform is dripped which will form urea 
and bioblend emulsions, while chloroform will evaporate so that 
the emulsion begins to break and microcapsules form in the 
carrier phase24. The process was performed in the fume hood due 
to toxicity characteristic of solvent used23. 
 
The spectra of urea raw material showed the presence of N-H 
bonds at wave numbers of 3430, 3330, and 1598 cm-1 (Figure 1). 
At wave number of 2830, 1679, and 1043 cm-1 indicated the 
presence of C-H bond, C = O, and C-N group, respectively.  
Based on the literature, the NH, C = O, and CN group appears in 
the region of the wave number of 3000-3700, 1640-1820, and 
900-1300 cm-125. It can be assumed that urea used as a raw 
material fulfilled the requirements. 
 

 
 

Figure 1: IR spectra of urea raw material (Functional groups of 
urea: 3430 N-H, 3330 N-H, 2830 C-H, 1679 C = O, 1598 N-H, 1043 

C-N). 
 
The spectra of PS showed the presence of C-H group was found 
at wave numbers of 3028 and 2921 cm-1 (Figure 2). C = C and 
C-C groups were existed in wave numbers of 2217 and 1179, 
respectively. Whereas O-H groups of microcapsules existed at 
wave numbers of 3355, 3219 and 1374 cm-1. The C-H and C-C 
groups appeared at 2922 and 1179 cm-1.  
 

 
 

Figure 2: IR spectra of polystyrene (Wavenumbers and functional 
groups: 3550 O-H, 2936 C-H, 1721 C = O, 1289 C-O, 1368 O-H, 

1045 C-N, 1170 C-C, 1236 C-N). 
 
The spectra of PCL used showed the C-H, C-C, C=O, and CO 
groups appear at the wave number of 2936, 1170, 1721, 1289 cm-
1, respectively (Figure 3). While CN groups appear at wave 
numbers of 1045 and 1236 cm-1. According to the references, CH 
groups appear at the wave number in the range of 2800-3000 or 
1550-1330 cm-1. The CC, C=O, and CO groups appear at the 
wave number range of 1450-1600; 1640-1820 or 1700-2000; and 
900-1300 cm-1, respectively25. Compared with literature, the 
spectra PCL used fulfilled the requirements. 
 

 
 

Figure 3: IR Spectra of polycaprolactone (Wavenumbers and 
functional groups: 3550 O-H2936 C-H, 1721 C = O, 1289 C-O, 1368 

O-H, 1045 C-N, 1170 C-C, 1236 C-N). 
 
The spectra of urea microcapsules using PS-PCL as matrix 
(Figure 4) and urea were only a slight shift in wave numbers. It 
also occurred in the spectra of PCL and microcapsules. This 
proved that urea and PCL were compatible. There were no 
chemical interactions but only physical interactions occurred and 
did not indicate the formation of new compound26,27.  
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Figure 4: IR spectra of urea microcapsules using PS-PCL as matrix 
(Wavenumbers and functional groups: 3355 O-H, 3219 O-H, 2922 

C-H, 2219 C = C, 1606 N-H, 1163 C-C, 1048 C-O, 1374 O-H). 
 
Scanning Electron Microscopic (SEM) of microcapsules placebo 
and urea microcapsules with at two different magnifications is 
shown in Figure 5-7.  The SEM of urea microcapsules showed 
there was a smooth surface of the outer layer of microcapsules 
and more rounded in shape. The picture showed that 
microcapsules formed aggregates and there were several 
microcapsules which are fused to each other due to a less perfect 
drying process. The rough surface of the microcapsules was 
caused by the presence of urea attached to the surface of the 
microcapsules3,14.  
 

 
 

Figure 5: Placebo microcapsules surface shape and morphology 
observed using Scanning Electron Microscopy (SEM) at 30.000x 

magnification. 
 

 
 

Figure 6: Surface shape and morphology of urea microcapsules 
observed using Scanning Electron Microscopy (SEM) at 1000x 

magnification. 
 

 
 

Figure 7: Surface shape and morphology of urea microcapsules 
observed using a Scanning Electron Microscope (SEM) ata 

magnification of 30000x 
 

The distribution of urea microcapsule particle size was analyzed 
using a microscope and Optilab viewer mounted on a microscope 
eyepiece with a magnification of 10 times. Particles counted as 
many as 300 particles. The number of particles that must be 
calculated is around 300-500 particles to get a good estimate of 
the distribution2,12. The average size of urea microcapsules was 
173.8 μm as seen in Table 2. The size of microcapsule particles 
increased with the increasing of PCL amount used due to an 
increase in the viscosity of the solution which will increase the 
size of the emulsion droplet. Increasing the number of coating 
materials, the thickness of microcapsule wall will increase and 
microcapsule size will increase18. All microcapsule size results 
obtained by solvent evaporation emulsification method meet the 
requirements in a range of 5 to 5000 μm16. 
 
Table 2: The urea microcapsulesusing PS-PCL matrix particles size 

distribution 
 

Range of size (μm) Particle Size Distribution Frequency (%) 
0-50 8.3 

100.1-150 36 
150.1-200 28.3 
200.1-250 19.8 
250.1-300 4 
300.1-350 2 
350.1-400 1.6 

 
Urea calibration curve was created from the absorbance of a series 
standard solution of 0.05, 0.075; 0.1; 0.125, and 0.15%. The 
maximum absorption wavelength in distilled water and soil 
medium were 418.5, and 416 nm, respectively (Figure 8). The 
linear regression equation in distilled water and soil media were 
y=4.98x-0.0512 (R²=0.998) and y=4.66x+0.0612 (R²=0.997), 
respectively. It showed that there was a linear relationship 
between the concentration of urea in distilled water and 
absorbance. 
 

 
 

Figure 8: The urea calibration curve in distilled water. 
 
The recovery of urea in microcapsules was 99.58%. The weight 
of the urea microcapsules obtained was less than the supposed 
weight. It can be caused by washing and filtering process, and 
also the attachment of microcapsules to the filter paper. The urea 
content in microcapsules can be seen in Table 3-5. The level of 
urea obtained was 14.370 mg. 
 

Table 3: The weight of urea microcapsules obtained 
 

Amount of 
microcapsules 
obtained (g) 

Amount of 
microcapsules 

theoretically (g) 

% Yield 

89.63 90 99.58 
 

Table 4: Determination of urea content in microcapsules 
 

Repetition Amount 
(mg) 

Average of Amount ±SD 
(mg) 

1 16.15 14.37 ± 1.75 
2 12.65 
3 14.31 
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Table 5: Loading Efficiency and Coating Efficiency of Urea 
Microcapsules 

 
Repetition Loading 

(%) 
Coating 

Efficiency 
(%) 

1 33.30 64.61 
2 25.30 50.60 
3 28.62 57.24 

Average ± Standard 
Deviation (SD) 

28.74 ± 2.38 86.75 ± 1.56 

 
The release of urea from conventional urea in water can be seen 
in Table 6 and urea microcapsules in Table 7. After 6 hours the 
active substance released from the microcapsules was 
62.73±0.79%. The active substance release from plain urea after 
20 minutes was 98.24±0.46%.  
 

Table 6: The release of urea from urea microcapsules in water 
medium 

 
Time (minutes) Average of Urea Released ± SD (%) 

10 17.11 ± 1.91 
20 25.16 ± 1.82 
30 28.30 ± 1.21 
45 30.79 ± 1.01 
60 34.79 ± 0.50 

120 47.13 ± 1.26 
240 50.85 ± 0.73 
360 62.73 ± 0.79 

 
The release of urea from uncoated urea and urea microcapsules 
looks were very different because urea is a very water-soluble 
substance and the release will be easy. While in urea 
microcapsules, urea is coated with PCL and coating walls has 
hydrophobic in nature, as a result of the penetration of water to 
diffuse is difficult, slower and smaller. Therefore, the time needed 
to release urea is longer2,28.  
 
Table 7: The release of urea from urea microcapsules and uncoated 

urea in water 
 

Time 
(minutes) 

Average of Urea Released (%) 
Microcapsules Urea 

10 17.11 ± 1.91 63.36 ± 0.47 
20 25.16 ± 1.82 98.24 ± 0.46 
30 28.30 ± 1.21 - 
45 30.79 ± 1.01 - 
60 34.79 ± 0.50 - 

120 47.13 ± 1.26 - 
240 50.85 ± 0.73 - 
360 62.73 ± 0.79 - 

 
The release profile of urea from microcapsules was fixed with the 
equation of zero-order, first-order, Higuchi, Korsmeyer Peppas, 
and Langenbucher kinetics to determine the release mechanism 
of urea. The release profile of urea from microcapsules prepared 
followed a zero-order indicated a constant release over time. The 
dosage release profile that follows the first-order kinetics showed 
the release rate of active substances depends on the concentration 
of the active substance in microcapsules29. The Higuchi kinetic 
explains the release of drugs which depend on the roots of time . 
The Kors Meyer Peppas kinetics depends on the value of n. n 
value of > 0.45 the drug release occurs based on the Fickian 
diffusion mechanism,  0.45 <n <0.89 the drug release occurs 
based on the non-Fickian diffusion mechanism. For n = 0.89 the 
mechanism of drug release following the zero order also called 
the case II transport. While n value > 0.89 drug release called 
super case II transport. Langenbucher release kinetics depend on 
the b value. The Langenbucher equation shows curve 
characteristics. Value b = 1, the curve following exponential, b 
value > 1, in the form of S or sigmoid, while b <1, is in the form 

of a parabola, with a high initial slope and then exponentially 
shaped2,12. 
  
Of the five models, the Langenbucher equation showed the 
largest and linear correlation coefficient on urea microcapsules 
with b values smaller than one.  It means the dissolution profile 
tends to form exponentially, indicating no slow initial release or 
lag time. It can be assumed that the release of urea from 
microcapsules following the Langenbucher equation . Following 
Langenbucher release kinetics model diffusion occurred, and 
erosion of the fertilizer then accumulated in the fraction of the 
solution. It means that there was no pause before the release 
process7. 
 
The release efficiency analysis was then processed statistically 
using the F test. The variance homogenecity test with Levene 
Statistics was 2.297 (p>0.05). It means the variance of the third 
release efficiency of the microcapsule formula was not different 
so that the ANOVA test using the F test can be done. The 
ANOVA analysis showed that the F value = 41.25 (p<0.05). It 
means that the four concentrations of fertilizer are different. The 
effect of fertilizer on the height of the stem analyzed by univariate 
was highly significant (<0.01). It means the effect of the four 
treatment of urea was very significant.  Univariate analysis of the 
effect of fertilizer on leaf width showed was highly significant 
different (<0.01). It means the effect of the four treatment of urea 
was very significant. 
 
CONCLUSION 
 
FT IR analysis confirmed no chemical interaction between urea 
and PCL during the micro encapsulation process using PS-PCl as 
matrix. SEM results showed the microcapsules obtainedwere 
spherical in shape. The particle size distribution of urea 
microcapsules was in the range of 50-400 μm. The 
microencapsulation efficiency and release efficiency were 86.75 
± 1.56%, and 46.54%, respectively. The urea release kinetics 
from the microcapsules following the Langenbucher equation. It 
means the release mechanism was based on diffusion and 
erosion.  
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