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Chitosan, a biodegradable and biocompatible polysaccharide, is a biopolymer with high potential 

for biomedical applications. In the scope of this study, chitosan microcapsules were prepared via a green 
method, without using any surfactants or crosslinkers. Cinnamaldehyde encapsulated microspheres were 
obtained by the same method and characterized by FTIR spectroscopy, XRD spectroscopy, and SEM. 
The release study of encapsulated cinnamaldehyde was carried out in a pH 7.4 phosphate buffered saline 
(PBS) at 37 °C. The amount of cinnamaldehyde released was analyzed using UV-Vis spectroscopy and 
GC/MS-MS. Accordingly, it was found that 350 mg of cinnamaldehyde was encapsulated per gram of 
chitosan, and the maximum amount of cinnamaldehyde released into the PBS medium was about 8 ppm. 
In addition, the release was seen to continue when the buffer was renewed. It is thought that the obtained 
cinnamaldehyde encapsulated chitosan microspheres could be used as a sustained release system. 
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ЕКОЛОШКА ПОДГОТОВКА НА МИКРОСФЕРИ ОД ХИТОЗАН И СТУДИИ  

НА ЕНКАПСУЛАЦИЈА НА ЦИНАМАЛДЕХИД: ПОГОДЕН ОДРЖЛИВ СИСТЕМ  

НА ОСЛОБДУВАЊЕ НА ЦИНАМАЛДЕХИД 
 

Хитозан, биоразградлив и биокомпатибилен полисахарид, е биополимер со висок 
потенцијал за биохемиска примена. Во рамките на оваа студија беа подготвени микрокапсули на 
хитозан според еколошки метод, без употреба на површински активни супстанции или 
вмрежувачи. Беа добиени енкапсулирани микросфери на цинамалдехид според истиот метод и беа 
карактеризирани со FTIR спектроскопија, XRD спектроскопија и SEM. Ослобдувањето на 
енкалпуслираниот цинамалдехид беше проучено на pH 7,0 во сол на фосфатен пуфер (PBS) на 37 
°C. Количината на ослободениот цинамалдехид беше анализирана со примена на UV-Vis 
спектроскопија и GC/MS-MS. Најдено е дека 350 mg е енкапуслиран на грам хитозан и 
максималното количество ослободен во PBS медиумот е околу 8 ppm. Покрај тоа, забележано е 
дека ослободувањето продолжува при обновување на пуферот. Се смета дека енкапуслиран 
цинамалдехид во микросфери од хитозан може да се користат како одржлив систем за 
ослободување. 

 

Клучни зборови: хитозан; цинамалдехид; одржливо ослободување; микорсфери 

 

 

1. INTRODUCTION 
 

Chitosan (CS) is a biodegradable and bio-

compatible linear polysaccharide that is derived 

from alkaline deacetylation of chitin, which is the 

second most abundant natural polymer after cellu-

lose (Fig. 1) [1]. It is a renewable resource and an 

inexpensive material [2]. The molecular weight of 

CS spans a very broad range, from 300 to over 

1000 kDa, depending on its source and the prepa-
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ration procedure [3]. Due to its non-toxicity, anti-

microbial properties and solubility in water, CS is 

a good candidate, especially for biomedical appli-

cations [4–9]. The properties of CS are also tuna-

ble by chemical modification, due to its functional 

groups [10–12]. Furthermore, CS is the only bio-

degradable polymers with a cationic character. 

These properties make CS unique for delivery sys-

tems [13, 14]. Studies show that CS is used for 

oral, nasal, ocular, vaginal, buccal, parenteral, and 

intravesical drug delivery systems. Additionally, 

according to recent studies, it is a very promising 

system for vaccine delivery [13].  

 
 

 
 

Fig. 1. Structures of chitin and chitosan (CS) 
 

 

Essential oils extracted from plants or spices 
are volatile and aromatic liquids, and they include 
a number of biologically active compounds, such 
as phenolic compounds (phenyl propanoids) and/or 
terpenoids [15]. Recent studies show that these 
phytochemicals are more often used in pharmaceu-
ticals, food, or cosmetics than synthetic materials 
[16]. However, they evaporate and are sensitive to 
light, heat or air [17]. Encapsulation techniques are 
commonly used to prevent the disadvantages of 
essential oils [15, 17]. Cinnamaldehyde (CIN), 
which is derived from cinnamon bark, is one of 
these phytochemicals (Figure 2). CIN is a broad 
spectrum antibacterial and is also known to be ef-
fective against the most common bacteria, such as 
Escherichia coli, Salmonella, and Staphylococcus 
aureus, and inhibit the production of microbial 
secondary metabolites [18]. It inhibits P. aerugino-
sa activity at a minimum inhibitory concentration 
(MIC) of 300 mg/ml [19]. CIN has been approved 
by the FDA to be safe for use due to its antibacte-
rial and antifungal effects [20].  

 
 

 
 

Fig. 2. Structure of cinnamaldehyde (CIN) 
 

 

Although the encapsulation of CIN in a pol-

ymeric system has been studied with many natural 

(liposomes, polylactic acid (PLA), gelatin, starch, 

etc.) or synthetic polymers, there are no studies 

reported in the literature without a crosslinking or 

surfactant substance within the CS matrix [16, 19, 

21–23]. In this study, CS was prepared, CIN was 

encapsulated in CS microbeads using a green 

method, and the in vitro release of CIN was inves-

tigated from the microbeads. No crosslinking agent 

was used, which could be an advantage for the use 

of this material in tissue engineering and food 

packaging applications.  

 
2. EXPERIMENTAL SECTION 

 

2.1. Materials 
 

CS (molecular weight 100000–300000 kDa) 

was purchased from Acros Organics. CIN (natural, 

≥ 95 %), NaOH pellets, and acetic acid (glacial, 

100 %) were supplied by Merck. NaCl, KCl, 

Na2HPO4, and KH2PO4 chemicals, required to pre-

pare the PBS, were supplied by Merck, and all are 

ACS reagent (≥ 98 %) grade. All chemicals were 

used as received. Microbeads were obtained with 

an insulin syringe (0.4 mm in diameter).  

 

2.2. Characterization 
 

The infrared spectra of bare and CIN encap-
sulated microbeads were recorded with a Perkin 
Elmer Spectrum One FTIR system, using the ATR 
sampling accessory. After the CS-CIN micro-
spheres were obtained, they were dried in a vacu-
um oven at low temperature, and FTIR analysis 
was performed. A Perkin Elmer Lambda 25 UV-
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Vis Spectrophotometer was used for CIN qualita-
tive analysis. The spectra were obtained using a 3-
to-1 volumetric mixture of methanol and PBS as 
the solvent system, in the wavelength range of 
200–400 nm. The second method used for the 
quantitative analysis of CIN was GC/MS-MS 
(Thermo Finnigan Trace Ultra GC) with a 30 m 
5MS-GC fused silica capillary column. The x-ray 
diffraction (XRD) pattern of the materials was rec-
orded using a Panalytical Empyrean X-ray diffrac-
tometer with Cu Kα radiation (λ = 1.5406 A°, 45 
kV, 40 mA). The surface properties of the obtained 
microspheres were analyzed with scanning elec-
tron microscopy (SEM) (JEOL SEM-7100-EDX).  

 
2.3. Methods 

 

2.3.1. Preparation of CS beads 
 

A 3.5 % CS solution (m/v) was prepared in 

7 % (v/v) acetic acid solution and sonicated for a 

minute, in order to remove the air bubbles in the 

solution. CS microspheres were obtained by drop-

ping the CS solution slowly into a 10 % NaOH 

solution with an insulin syringe, while being mixed 

at 300 rpm [24, 25]. The microspheres were 

washed with distilled water to eliminate the NaOH 

remaining on the surface and were preserved in pH 

7.4 PBS. 

 

2.3.2. Encapsulation of essential oils and 

encapsulation efficiency (EE) 

 

First of all, CIN was dissolved in methanol, 

with the amount of CIN being equivalent to 25 % 

and 50 % (by weight) of the CS used. Then, 7 % 

acetic acid solution and 0.3 g CS were added and 

mixed until a homogeneous mixture was obtained. 

The mixture was then degassed with an ultrasonic 

bath. An amount of CIN equivalent to 50 % of the 

used CS was found to be the highest amount that 

could be dissolved in the methanol:PBS (3:1) sys-

tem, i.e. CIN with a higher concentration could not 

be used in this encapsulation system. Hence, 25 % 

and 50 % CS-CIN microspheres were obtained by 

dropping this solution into 10 % (m/v) NaOH solu-

tion with an insulin syringe. The microspheres were 

then washed with distilled water to remove NaOH 

residue on the surface of the microspheres (Fig. 3).  
 

 

 
 

Fig. 3. a) Preparation of microspheres, b) CS microspheres, and c) CS-CIN microspheres 
 

 

The ratio of the amount of CIN encapsulated 

in the CS microspheres to the amount of CIN put 

into the medium gives the encapsulation efficiency 

(EE). Thus, knowing the %EE explained how 

much CIN the microspheres would encapsulate. To 

calculate the amount of encapsulated CIN, 25 % 

and 50 % CS-CIN microspheres, prepared by 

dropping into the NaOH solution, were removed 

from the medium, and the remaining solution was 

diluted with methanol such that the ratio of metha-

nol:PBS was 3:1. The amount of non-encapsulated 

CIN was determined by UV-VIS Spectrophotome-

try at 287 nm using the calibration curve of CIN 

(y=28861x – 0.014, R2 = 0.9957). The EE was cal-

culated using equation(1) [26]: 
 

𝐸𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) = 
 

=
(Total CIN amount – non encapsulated CIN amount)

Totat CIN amount
× 100  (1) 

2.3.3. Study on the in vitro Release of Natural 

Antibacterial Substance from CS Microspheres 

 
The release of CIN from CS-CIN micro-

spheres was carried out by small changes made in 
previously reported studies [27, 28]. Phosphate 
buffer (PBS) was used at 37 ºC to perform the 
study on the release of CIN from 25 % and 50 % 
CS-CIN microspheres. Samples were also taken 
periodically while all of the CS microspheres pre-
pared from 0.3 g CS within 50 ml PBS solution 
were being mixed for 5 days at 400 rpm. These 
samples were analyzed using UV-Vis spectropho-
tometry and GC-MS/MS. The UV-Vis spectra of 
CIN and samples in the methanol:PBS (3:1) sol-
vent system were recorded in quartz cells in the 
wavelength range of 200–400 nm. A 5MS-GC 
fused silica capillary column (30 m 0.25 mm, i.d. 
0.25 μm film thickness) was used in GC-MS anal-



E. Karacan Yeldir, A. Oral 

Maced. J. Chem. Chem. Eng. 40 (2), 253–261 (2021) 

256 

ysis, and a 2.00 μl sample was injected onto the 
column. Helium and nitrogen were used as carrier 
gas. The temperature of the injector was 200 °C. 

With the help of the data obtained as a result 
of the analysis, the cumulative percentage of CIN 
released from the microspheres was calculated. 
According to equation 2, the percentage of the cu-
mulative amount of CIN released was calculated 
from the ratio of the amount of CIN released in the 
sample taken over time to the maximum amount of 
CIN released [15, 28].  

 

𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑟𝑒𝑙𝑒𝑎𝑠𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 = 
 

= ∑
𝑀𝑡
𝑀0

𝑡
𝑡=0  ×  100           (2) 

 

In the second part of the release study, all the 
solvent for release was removed after stirring at 37 
°C for 1 hour, new solvent was placed on the CS mi-
crospheres, and the stirring was continued under the 
same conditions. This procedure was repeated until 
the amount of CIN decreased in the solution.  

 
3. RESULTS AND DISCUSSION 

 

3.1. UV-Vis and FTIR analysis 
 

Studies have shown that the solubility of 
CIN in water is 1.1 g/l at 20 °C, and it dissolves 
completely in organic solvents [29]. Methanol is 
one of the preferred materials in the solvent sys-
tem, since it is miscible with water and the essen-
tial oil, and it can be easily removed from the me-
dia. The optimization study investigated the lowest 
amount of methanol that could be used to dissolve 
the most CIN. The ratio of methanol:PBS was 

found to be 3:1, which is the minimum amount of 
methanol for CIN solubility.  

The UV spectra of CIN was taken in metha-
nol:PBS (3:1) solution in the range of 200-400 nm. 
One maximum absorption peak is seen for CIN, 
belonging to the electronic transition at 287 nm n 
→ π*, caused by the conjugation of the molecule 
[30] (Fig. 4). 

 

 
 

Fig. 4. UV-Vis spectra of CIN  

(2 × 10–5 M in methanol:PBS 3:1) 

 
 

The FTIR spectra of CS, CIN, and 50 % CS-

CIN microspheres are shown in Figure 5. The 

stretching vibration of the –NH2 and –OH groups of 

CS are observed at 3100–3600 cm–1 as a broad band 

[31]. Unlike the bare CS microspheres, the peak at 

1690 cm–1 corresponds to the C=O stretching of CIN, 

and phenyl groups are observed at 1580 and 1440 

cm–1 in the 50 % CS-CIN microsphere spectra. 
 
 

 
 

Fig. 5. CS, CIN, and CS-CIN microsphere FTIR spectra 
 

 

3.2. XRD analysis 

 

The XRD of powdered CS, bare CS micro-

spheres, and 50 % CS-CIN microspheres are given 

in Figure 6. The characteristic peak of the crystal-

line structure of CS is observed at 2Ɵ = 20° [31, 

32]. However, the peak intensity of the powder 

form of CS is greater than the microsphere form. 

This is attributed to the fact that the microspheres 

are more amorphous. Previous studies have shown 

that morphological changes decrease the crystallin-

ity of the powdered CS [31]. Also, the crystallinity 

of the CS microspheres is slightly increased by the 

addition of CIN.  

CS 

CIN 

CS-CIN 

4000 400 3500 3000 2500 2000 1500 1000 500 
cm-1 

%
T
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Fig. 6. X-ray diffractograms of CS powder,  

CS microspheres, and CS-CIN microspheres 
 

 

3.4. Morphological analysis 
 

The morphology of CS and CS-CIN micro-
spheres was investigated by SEM after the beads 
were freeze dried. According to the SEM images 
given in Figure 7, the surface of the CS micro-
spheres look smooth (Figs. 7a and 7b). However, 
the surface of the CS-CIN microspheres appear 
rough. This is thought to be due to the heterogene-
ous mixing of CIN with CS and, thanks to this het-
erogeneous structure, it can be said that CIN ag-
gregates in the form of small peaks on the CS mi-
crospheres (Figs. 7c and 7d). 

 
 

Fig. 7. SEM images of a) and b) CS microspheres, and c) and d) CS-CIN microspheres 
 

 

3.4. In vitro release of CIN from CS-CIN  

microspheres 
 

CS-CIN solutions were prepared by adding 

CIN in an amount equivalent to 25 % and 50 % of 

the CS amount (by weight), and the 25 % and 50 % 

CS-CIN microspheres were prepared by dropping 

the solution into NaOH. The amount of CIN re-

leased from the CS-CIN microspheres was deter-

mined by both UV-Vis spectrophotometry and GC-

MS. The results obtained with both methods were 

observed to be compatible with each other. 

The results of UV-Vis spectrophotometric 

analysis showed that the amount of CIN released 

from the 50 % CS-CIN microspheres reached 7.93 

(±0.08) ppm, the maximum amount, in PBS buffer 

at 37 ºC after approximately 60 minutes (Fig. 8), 

and the results of GC/MS-MS analysis indicated 

that the maximum amount of CIN released reached 

8.01 (±0.06) ppm. Moreover, the obtained CS-CIN 

microspheres were found to contain 350.06 (±0.13) 

mg CIN per 1.00 g CS. 
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Fig. 8. Graphical representation of the amount of released CIN obtained by UV-Vis spectrophotometric and GC/MS-MS analyses 
 

 

From the UV-Vis spectrophotometric analy-

sis, it was found that 25 % CS-CIN microspheres 

encapsulated 184.24 (±0.21) mg CIN per 1 g of 

CS, while the 50 % CS-CIN microspheres encap-

sulated 350.06 (±0.13) mg CIN per 1 g of CS. Fur-

thermore, both the 25 % CS-CIN microspheres and 

the 50 % CS-CIN microspheres appeared to release 

the maximum amount of CIN after 60 minutes at 

37 ° C in pH 7.4 PBS solution. Accordingly, the 

maximum amount of CIN released from 25 % CS-

CIN microspheres was 6.17 (±0.10) ppm (Figure 

9). The EE (%) of the 25 % and 50% CS-CIN mi-

crospheres, calculated from the spectrophotometric 

measurements using the CIN calibration curve, 

was found to be 73.60 % (±2.11) and 70.43 % 

(±1.65), respectively. Although the encapsulation 

of CIN in CS microspheres has not been studied 

before, the EE (%) results of different essential oils 

encapsulated in CS microspheres have been ob-

served to be less than 70.43 % [33]. CIN encapsu-

lated in CS nanoparticles were prepared in earlier 

studies, and the EE (%) of these system were very 

close to the results in this work where micro-

spheres were used [26, 34, 35]. 
 
 

 
 

Fig. 9. Concentration of released CIN for the 25 % and 50 % 

CIN-CS microspheres 

The graph of CIN cumulative percentage 

versus time is shown in Figure 10. According to 

this graph, the released amount of CIN was 7.10 % 

after 60 minutes for 25 % CS-CIN microspheres 

and 7.42 % for 50 % CS-CIN microspheres. It was 

obvious that the cumulative percentages of re-

leased CIN from the 50 % and 25 % CS-CIN mi-

crospheres were very close to each other. There-

fore, it can be estimated/predicted that the maxi-

mum amount released from CS microspheres ob-

tained by this encapsulation method in the first 60 

minutes will be about 7.5 % of the encapsulated 

amount.  
 

 

 
 

Fig. 10. Percentage of cumulative CIN released  

from 25 % and 50 % CIN-CS microspheres 
 
 

After 60 minutes, the maximum amount of 

released CIN was 6.17 ppm for 25 % CIN-CS and 

8.01 ppm for 50 % CS-CIN microspheres but, per 

gram, CS can encapsulate 184.24 mg CIN for 25 % 

CS-CIN microspheres and 350.06 mg CIN for 50 

% CS-CIN microspheres, according to the UV-Vis 

results. Therefore, all PBS was removed from the 

CS-CIN microspheres after 60 minutes, and fresh 

PBS at 37 °C was added. When the sample was 
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examined by UV-Vis spectrophotometry, CIN re-

lease was seen to continue, and this process was 

repeated until the amount of CIN in the solution 

decreased, as shown in Figure 11.  

The maximum amount of CIN increased 

from 6.17 (±0.10) ppm in the first cycle to 6.63 

(±0.19) ppm in the second sample for 25 % CS-

CIN microspheres and from 7.93 (±0.08) ppm in 

the first cycle to 8.67 (±0.15) ppm in the second 

sample for 50 % CS-CIN microspheres. The 

amount of CIN released from the 25% CS-CIN 

microspheres reached 7.27 (±0.11) ppm in the third 

cycle and then began to diminish, to 7.25 (±0.12) 

ppm in 4th, 6.83 (±0.10) ppm in the 5th, 6.05 

(±0.09) ppm in the 6th, 5.25 (±0.12) in the 7th, 4.11 

(±0.13) ppm in the 8th, and 3.02 (±0.09) ppm in the 

9th cycle. The amount of CIN released from the 50 

% CS-CIN microspheres reached 13.76 (±0.18) 

ppm in the 4th cycle and then began to decrease: in 

the 9th cycle, the amount of CIN diminished to 5.42 

(±0.02) ppm, falling below the amount of the first 

cycle. After 9 cycles, it was found that 95.09 % of 

total encapsulated CIN was released from the 25 % 

CS-CIN microspheres and 89.02 % from the 50 % 

CS-CIN microspheres. The importance of this part 

of the study is that it proves that these micro-

spheres can be used for systems where the envi-

ronment of the released solution is constantly 

changing, for example, in blood.  
 
 

 
 

Fig. 11. Sustained release of CIN from CS-CIN microspheres 
 

 

4. CONCLUSION 

 

In this study, cinnamaldehyde (CIN) was 

successfully encapsulated in chitosan (CS) micro-

spheres, and this result was demonstrated by FTIR 

and SEM analysis. The resulting CS-CIN micro-

spheres were found to have a high EE, and each 1 

g of CS encapsulated a maximum of 350.06 mg of 

CIN. A total of 95 % of this encapsulated amount 

was released in PBS medium in a controlled man-

ner. In addition, an in vitro release study of CIN 

was performed using CS-CIN microspheres, and 

sustained release of CIN was found to be possible 

in light of the results obtained from the studies pre-

sented here. The CIN, which was released from 

CS-CIN microspheres and reached a maximum 

concentration in PBS medium after 60 minutes, 

continued to be released from CS-CIN micro-

spheres when the solution medium was completely 

changed. Therefore, it is obvious that this micro-

sphere system will keep a constant amount of CIN 

in the environment and will continue to release 

CIN in order to stabilize the concentration when 

the amount of CIN in the environment decreases. 

In addition, no crosslinking agent or surfac-

tants were used during the preparation of CS mi-

crospheres. Both CS and CIN are from renewable 

resources, and there is a minimal use of reagents 

and a minimal amount of waste, which makes this 

method environmentally desirable. Therefore, CS-

CIN microspheres prepared in such a fashion have 

the potential to be used as a sustained release sys-

tem in the food and medical industries, especially 

in tissue engineering applications.  
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