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Abstract 

 

Studies have been carried out to determine the optimum conditions for chitosan nanoparticles. Various 

formulations have been made which can affect the size and polydispersity index of the nanoparticles and 

the process variables have been investigated. These formulation and process variables were defined and 

optimized to obtain the smallest particle size. The concentration of chitosan polymer and crosslinker 

concentration were studied as formulation variables. Agitation speed, agitation time, pH, light effect, 

sonication time and sonication power parameters were selected as process variables. In the experiments 

performed for one parameter, all other parameters were kept constant. The optimum conditions were 

determined by the effect of formulation and process variables on particle size and polydispersity index. 

For the characterization of chitosan nanoparticles, Zeta-Sizer, UV-Vis, FTIR and SEM analytical 

techniques were used. Optimum conditions for process variables were provided by adjusting the sonicator 

at 50 W power value for 5 minutes and 30-10 pulse interval; while the formulation variables were found 

to be chitosan:TPP mass ratio of 5:1, pH value of 5 and under light. After the optimum conditions 

obtained BSA loading was performed and characterization studies were carried out. It was believed that 

chitosan nanoparticles produced by optimum conditions determined as a result of the study can be used in 

many areas including as a drug delivery system in future studies.  

 

Keywords: Chitosan nanoparticle, ionic gelation, optimization, tripolyphosphate, ultrasonication. 

 

 

1. Introduction 

 

The production of materials in nano-size gives an 

opportunity to improve or alter their properties and 

control the structure of the material or the system, by 

changing certain parameters. Nano-sized materials with 

desired properties are located in many branches of 

science and technology. It is notably important in 

medicine and pharmaceutical industries. One of the top 

priorities of the modern pharmaceutical industry is to 

ensure that the drug has a specific impact on the 

selected region, producing non-toxic effects without 

causing any damage or side effects on organs or tissues. 

In this context, drug delivery systems have been 

developed. Polymeric nanoparticles (NP) are among the 

most widely used controlled drug delivery systems. The 

use of polymeric NPs in drug delivery systems 

significantly increase the efficiency of the active 

substance and provide controlled release [1]. The 

polymeric NPs could be natural or synthetic; as 

synthetic polymers poly (lactic acid) (PLA) and poly 

(lactic-co-glycolic acid) (PLGA) are the most abundant 

[2], while as natural polymer chitosan (CS) is positively 

charged, biocompatible and non-toxic, it can leave the 

organism without any side effects. CS can be used in 

drug delivery systems when produced in nanosized and 

can control the release of the active agents, the 

production method doesn’t need hazardous organic 

solvents, could be cross-link with free amine groups in 

the structure [3]. 

 

There are numerous methods to produce CS NPs. 

Preparation methods determine the biological activities 

and behavioral characteristics of different systems and 
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applications. The most widely preferred method is the 

ionic gelation method developed by Calvo [4] and 

aimed to synthesize CS NPs to release proteins, growth 

factors, antigens, sodium alginate, gum Arabic, 

glucomannan, cyclodextrin, insulin, deoxyribonucleic 

acid (DNA), enzyme and drugs like verapamil, 

nifedipine, etc. [5]. Chemical crosslinkers can generate 

possible side effects therefore physical crosslinkers are 

preferred in the method. The most commonly used 

crosslinker is tripolyphosphate (TPP) [4]. In this 

method, organic solvents are not needed to produce 

NPs, the reaction can be carried out in an aqueous 

environment, in this way, the damage to the activity of 

the drug is prevented.  

 

One of the most effective ways to synthesize NPs is to 

use ultrasonic waves. The frequency range of 20 kHz to 

1 MHz is the appropriate range in sonochemistry [6]. 

During high power and long term sonication, a large 

amount of energy is released and this energy affects the 

particle size [7]. Ultrasonication is a method commonly 

used in the production of polymeric NPs. By sonication, 

the aggregates can be crushed, the particle size and the 

polydispersity index (PDI) can be reduced [8]. The 

number of studies on CS polymer is quite low while the 

ultrasonication method is widely used in 

nanotechnology [9]. In 2003, Tang et al. [9] synthesize 

CS NPs, by producing different power and ultrasound 

for minutes immediately after the ionic gelation method, 

and following this study; many researchers used 

ultrasound in the production of CS NPs. 

 

In this study, factors affecting the physical properties of 

CS NPs were investigated. Although there are many 

studies on CS NPs in the literature, no detailed 

optimization studies have been performed which 

compare two different techniques of ionic gelation. We 

compare the ionic gelation technique using two different 

devices, one approach is on the magnetic stirrer and the 

other one is under the sonicator device, which is the 

developed form of this method. In this study, eight 

conditions affecting particle size were studied and at the 

same time, two different techniques were compared 

with each other. The purpose of the study is to maintain 

the optimum conditions for synthesizing the CS NPs 

used in delivery systems. NPs were prepared by the 

traditional technique of Calvo's ionic gelation method 

and as an alternative approach sonicator device is used. 

Various formulation and process variables that affect 

the size of the NPs were investigated and these variables 

were optimized to obtain minimum particle size. As it is 

known, the active substances used in drug release 

studies are generally difficult to obtain, expensive, and 

can be rapidly degraded materials. As it is done in 

literature, bovine serum albumin (BSA) loading was 

performed on NPs as a test substance after obtaining 

optimum conditions and because of this loading the 

change of NPs was examined. BSA loading was 

performed to CS NPs produced under optimum 

conditions. For particle characterization, Zeta-Sizer, UV 

Visible Spectroscopy (UV-Vis), Fourier-transform 

infrared spectroscopy (FTIR) and Scanning electron 

microscopy (SEM) analytical techniques were used. 
 

2. Materials and Methods 

2.1 Materials 
 

CS (Deacetylation degree of 75-85% and medium 

molecular weight, product code: 448877) was purchased 

from Aldrich; TPP (molecular weight of 367.86, 

product code: 72061) was purchased from Sigma-

Aldrich; BSA (molecular weight of 66 kDa, product 

code: A4503) was purchased from Sigma-Aldrich. All 

other chemicals were used at analytical grade. 

   

2.2 Preparation of blank CS nanoparticles 
 

CS is dissolved in dilute acetic acid solution at the 

determined concentrations of 2, 3, 4 mg/ml (w/v) and 

passed through a 0.45 μm syringe filter. TPP is 

dissolved in pure water at the determined concentrations 

of 1, 1.5, 2 mg/ml (w/v) and passed through a 0.20 μm 

syringe filter. Particle production is carried out on the 

magnetic stirrer or under the sonicator device. The 

samples were prepared in triplicate. The resulting NPs 

were lyophilized and stored at -20°C. Different 

synthesis conditions are listed in Table 1. 
 

2.3 Preparation of BSA loaded CS nanoparticles 
 

BSA is dissolved different concentrations of 3,5, and 10 

mg/ml in pure water. The dissolved BSA solution is 

added to the CS solution to make interactions with CS 

chains. Under the optimum conditions (Table 2), TPP is 

added to produce CS NPs. The resulting NPs were 

lyophilized and stored at -20°C. 

 

2.4 Optimization of nanoparticles 

2.4.1 Effect of agitation time 

 

CS NPs were prepared on a magnetic stirrer according 

to Calvo's [4] ionic gelation method. The experiment 

was carried out at room temperature, 500 rpm stirring 

rate, selecting the ratio of CS:TPP mass ratio 5:1. The 

measurements were taken and dimension analysis were 

performed at the 30-60-90-120-180 minutes and at the 

end of 24 and 48 hours while stirring the solution on the 

magnetic stirrer.  

 

2.4.2 Effect of agitation speed 

 

CS NPs were prepared via the ionic gelation method. 

The experiment was carried out at room temperature, 

selecting the ratio of CS:TPP mass ratio 5:1. The 

measurements were taken at a stirring rate of 

300,500,700-rpm. 
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Table 1. Different synthesis conditions used in the study 

FC 

Agitation 

time (min) 

Agitation 

speed (rpm) pH light 

Sonication time 

(min) 

Sonication 

power (W) 

CS conc. 

(mg/ml) 

TPP conc. 

(mg/ml) 

NP1 30 500 5 + - - 4 2 

NP2 60 500 5 + - - 4 2 

NP3 90 500 5 + - - 4 2 

NP4 120 500 5 + - - 4 2 

NP5 180 500 5 + - - 4 2 

NP6 1440 500 5 + - - 4 2 

NP7 2880 500 5 + - - 4 2 

NP8 60 300 5 + - - 4 2 

NP9 60 500 5 + - - 4 2 

NP10 60 700 5 + - - 4 2 

NP11 60 500 3.6 + - - 4 2 

NP12 60 500 5 - - - 4 2 

NP13 - - 5 + 3 50 4 2 

NP14 - - 5 + 5 50 4 2 

NP15 - - 5 + 7 50 4 2 

NP16 - - 5 + 5 30 4 2 

NP14 - - 5 + 5 50 4 2 

NP17 - - 5 + 5 70 4 2 

NP18 - - 5 + 5 50 2 2 

NP19 - - 5 + 5 50 3 2 

NP14 - - 5 + 5 50 4 2 

NP20 - - 5 + 5 50 4 1 

NP21 - - 5 + 5 50 4 1.5 

NP14 - - 5 + 5 50 4 2 

         

2.4.3 Effect of pH 

 

In the experiment carried out on the magnetic stirrer, the 

NPs were synthesized without performing any 

intervention to the stock solutions (pH: 3.6) and after 

adjusting the pH (pH: 5). The pH values of the stock 

solutions were adjusted to 5 using 1 M NaOH. 

 

2.4.4 Effect of light 

 

In the experiment carried out on the magnetic stirrer, 

one sample was carried out in the beaker while the other 

sample was covered with aluminum foil to prevent it 

from being affected by the light. 

 

2.4.5 Effect of sonication time 

 

Samples were sonicated for different periods of 3, 5 and 

7min, respectively under the sonication device. 

Ultrasonicator was set to 50W and pulse of 30-10 sec, 

CS: TPP mass ratio set to 5:1 for production. 

 

2.4.6 Effect of sonication power 

 

The sonication device was adjusted to different power 

values of 30, 50, 70 W, and the pulse value was fixed at 

30-10 sec and the sonication was performed. CS: TPP 

mass ratio was 5:1. 

 

2.4.7 Effect of polymer concentration 

 

Solvents were sonicated for 5 minutes at 50W power, 

30-10 sec pulse interval. While TPP concentration was 

kept constant at 2 mg/ml, production was carried out by 

changing the concentration of CS at concentrations of 2-

3-4 mg/ml. 

 

2.4.8 Effect of crosslinker concentration 

 

Sonicator was used when the effect of TPP 

concentration was examined. Solvents were sonicated 

for 5 minutes at 50W power, 30-10 sec pulse interval. 

While the CS concentration was kept constant at 4 

mg/ml, the production was carried out by changing the 

TPP concentration at 1-1.5-2 mg/ml concentrations. 

 

2.5 Characterization of the CS nanoparticles 

 

To measure the particle size, zeta potential and PDI of 

the prepared blank and BSA loaded NPs Zetasizer Nano 

ZS (Malvern Instruments) was used and determined by 

photon correlation spectroscopy. The NPs were also 
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examined by SEM (Zeiss, EVOLS10, Japan). For SEM, 

the NPs solution was dropped on the carbon tab and air-

dried at room temperature. The dried NPs were then 

coated with gold-palladium complex under vacuum and 

then examined. Molecular characterization of blank and 

BSA loaded CS NPs was performed by FTIR 

spectroscopy. The instrument was operated with a 

resolution of 4 cm
−1 

and with a frequency range of 500-

4000 cm
−1

. 

 

2.6 Evaluation of BSA loaded NP reaction yield  

 

The reaction yield (RY) analysis of the BSA loaded CS 

NPs was determined by the gravimetric method as 

follows: The CS NP suspension is centrifuged at 13,000 

rpm at +4°C for 30 minutes in a Hitachi high-speed 

refrigerated centrifuge with a 50-ml falcon tube. Once 

the supernatant is removed, washing is performed, and 

the precipitated NPs are taken up in 10 mL beakers. 

Then, they are frozen at -20°C. The NPs are dried using 

an Alpha 1-2 LDplus lyophilizer. Dried NPs are 

weighed with a precision scale. The yield account was 

calculated by the following Equation; 

 

𝑅𝑌 (%) =  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑𝑠
 𝑥100                  (2.1)

         

2.7 Evaluation of BSA loaded NP encapsulation 

efficiency and loading capacity 

 

The encapsulation efficiency (EE) and loading capacity 

(LC) of the BSA loaded CS NPs was determined by the 

following method: The suspension of BSA-loaded CS 

NPs is centrifuged at 13,000 rpm at +4°C for 30 minutes 

in a Hitachi high-speed refrigerated centrifuge with a 

50-ml falcon tube. The supernatant is removed for 

concentration determination. The absorbance value of 

the obtained supernatants is measured with UV-Vis at a 

wavelength of 280 nm. For BSA, concentration 

calculations are performed according to ε (molar 

absorption coefficient). The EE and LC were calculated 

by the following Equation (2) and (3): 

 

𝐸𝐸 (%) =  
𝑇𝑜𝑡𝑎𝑙 𝐵𝑆𝐴 𝑎𝑚𝑜𝑢𝑛𝑡−𝐹𝑟𝑒𝑒 𝐵𝑆𝐴 

𝑇𝑜𝑡𝑎𝑙 𝐵𝑆𝐴 𝑎𝑚𝑜𝑢𝑛𝑡
𝑥100              (2.2) 

𝐿𝐶 (%) =  
𝑇𝑜𝑡𝑎𝑙 𝐵𝑆𝐴 𝑎𝑚𝑜𝑢𝑛𝑡−𝐹𝑟𝑒𝑒 𝐵𝑆𝐴

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑛𝑎𝑛𝑜𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠
𝑥100               (2.3) 

3. Results and Discussion 

3.1 Optimization of nanoparticles 

 

The effect of CS NPs synthesized under different 

production conditions on size was investigated. 

Dimension results for all conditions are given in Table 

3. The effect of each condition on the dimension is 

shown in Figure 1 and Figure 2. As a result of the study, 

optimum production conditions were determined to 

obtain the minimum particle size (Table 2). 

 

Table 2. Optimum conditions for producing minimum 

chitosan nanoparticles. 

 

Device Sonicator 

Sonication time 5 min 

Sonication power 50 W 

pH 5 

Light With/without 

Polymer concentration (chitosan) 4 mg/ml 

Crosslinker concentration (TPP) 2 mg/ml 

Mass ratio (chitosan:TPP) 5:1 

 

3.1.1 Effect of agitation time 

 

It was observed that the minimum particle size in the CS 

NPs produced by the ionic gelation method on the 

magnetic stirrer is reached at the end of 60 minutes. 

Within the first 30 minutes, the NP formation is 

beginning to reach the desired level, but agitation for 60 

minutes is necessary to get to the minimum size. After 

60 min the NPs are starting to grow in size. Particularly 

after 24 hours, aggregate formation started intensively 

in the solution and at the end of 48 hours, hours it was 

seen that the size of the particle grew up to twice. 

 

3.1.2 Effect of agitation speed 

 

Increasing the magnetic stirrer speed generates a size-

reducing effect on the CS NP size. While the smallest 

dimension is reached at 700 rpm, it is seen that the value 

of Zavg and particle size is close to each other at 500 

rpm. Increasing the speed of the agitation is thought to 

result in the better dissolution of the crosslinker TPP in 

the solution, thereby forming a faster bonding with the 

CS chains, resulting in a reduction in NP size [10].  

 

3.1.3 Effect of pH 

 

The size and PDI of the CS NPs produced with and 

without pH adjustments greatly different from each 

other. It can be seen that the particle size produced 

cannot be reduced to the nano level without pH 

adjustment, and the PDI reached the highest value of 1. 

Dense precipitation in the solution has been achieved as 

a result.  

 

One of the most important parameters affecting CS NP 

produced by ionic gelation is the pH of the studies. It 

appears that a large number of studies on pH 

particularly emphasized the importance of the pH of the 

CS solution. Optimum conditions generally show that 

the pH value varies between 4.5-5.5 [11]. It has been 

reported that at pH above 5.5, aggregate formation 

occurs in the solution [12]. Studies conducted at pH 

values below 4.5 indicate that CS chains cause breakage 

of the chain structures present in the strongly acidic 

environment, and the structurally impaired CS NPs are 

thought to be influential on the size of these structures 

[13]. 
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Figure 1. The effect of process variables on particle size 

(a) The effect of agitation time on particle size, (b) The 

effect of agitation speed on particle size, (c) The effect 

of sonication time on particle size, (d) The effect of 

sonication power on particle size. 

 

3.1.4 Effect of light 

 

When the effect of the light is removed from the study, 

the size of the CS NPs has been observed to decrease 

but the difference is not crucial. Light does not show a 

significant effect on the production of CS NPs and 

therefore can be neglected. 

 

3.1.5 Effect of sonication time 

 

The effect of the duration of the sonication on the 

particle size was investigated. As a result of the studies, 

it was determined that the optimal duration of Zavg and 

intensity values were achieved in 5 minutes. It can be 

seen that as the particle size is small enough in the 

solution sonicated for 3 minutes, the NP size decreases 

as the time increases. Floris et al. [14] studied the effect 

of CS NPs size by using sonication 1-8 minutes. As 

time elapses, especially after 4 minutes, a considerable 

decrease in size was observed. In 2015, Antoniou et al. 

showed that when synthesis was performed over the 

optimum period, the NPs were broken down and 

therefore treatment should not be performed for more 

than the specified period [15].  

 

3.1.6 Effect of sonication power 

 

The minimum particle size is achieved when the power 

is set to 50 W. Particle size is reduced when the 

sonication power is increased by the optimum value 

[14]. The conditions that Silva applied in his work [16] 

(5 min, 50 W) and the result of the study with gold NP 

production using CS by Biskup et al. [17] results are 

consistent with the present study. 

 

3.1.7 Effect of polymer concentration 

 

All other parameters were fixed and only the effect of 

CS concentration on particle size was investigated. As a 

result of studying 3 different CS concentrations, when 

the CS concentration increased, the particle size also 

increased. When the CS concentration is above 10 

mg/ml, the rheological properties of the solution change 

considerably and aggregate formation begins. For this 

reason, it has great importance that the concentration is 

appropriate [18]. The most important parameter on the 

particle size is the concentration of the CS. It is known 

that as the concentration of CS in solution increases, the 

PDI value increases with size, but does not increase 

significantly [19]. The results of this study are similar to 

most studies in the literature [12,15,20]. 

 

3.1.8 Effect of crosslinker (TPP) concentration 

 

Particle-particle interactions are one of the parameters 

that affect size in the production of CS NPs. The bond 

between positively charged CS and TPP with 

electrostatic attraction in the solution provides particle 

stability. 

 

As the TPP concentration in the solution increases, the 

particle size decreases. At low TPP concentration, the 

TPP in solution does not bind to all of the CS chains 

[18]. For this reason, particle sizes are seen to be 

colossal. At the same time, it causes the solution to 

appear less blurred. 
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Table 3. Particle size values at different conditions. 

 

  Zavg (nm) Intensity (nm) 

Agitation time 

30 min 245.7±2.21 446.5±10.30 

60 min 232.0±2.20 388.9±48.90 

90 min 242.8± 6.25 414.9±84.87 

120 min 248.3± 7.80 477.0±42.70 

180 min 281.5± 3.29 500.5±41.70 

24 h 417.2± 1.25 473.4±19.40 

48 h 709.7± 17.8 888.8±224.2 

pH 
3.6 2813±1500.36 270.8±68.53 

5 213.0±373.54 312.0±84.59 

Light 
with 273.7±3,15 666.2±74.57 

without 273.7±18.52 611.6±51.12 

Time 

3 min 205.7±1.73 384.9±42.05 

5 min 201.2±2.34 328.9±19.11 

7 min 186.8±2.60 304.9±14.26 

Power 

30 W 220.4±1.68 363.7±17.51 

50 W 209.3±11.17 321.6±31.90 

70 W 233.1±1.07 381.5±29.61 

Chitosan concentration 

2 mg/ml 129.0±2.00 207.0±5.40 

3 mg/ml 181.0±2.70 265.5±7.20 

4 mg/ml 272.0±5.60 460.0±7.80 

TPP concentration 

1 mg/ml 276.3±7.06 464.1±65.04 

1.5 mg/ml 219.8±4.87 393.7±80.30 

2 mg/ml 189.3±5.86 301.9±17.82 

    

 
Figure 2. The effect of formulation variables on particle 

size (a) The effect of chitosan concentration on particle 

size, (b) The effect of TPP concentration on particle 

size. 

 

3.2 Characterization of the CS nanoparticles  

As it is seen in Figure 3 and Table 4 particle size 

increases when BSA protein is loaded in chitosan NP. 

The size of BSA loaded NPs has been observed to 

decrease in size as the amount of loaded BSA increases. 

This is because of the high concentration of BSA in the 

solution causes the nucleation of the polymer [21]. The 

nucleation results in a reduction in the size of the NP. 

CS molecule is positively charged since it is a cationic 

molecule. The zeta-potential of the blank CS NP was 

measured as 20.1 mV. 

 

 
 

Figure 2. Zeta-Sizer size distribution results of blank and 3 

mg/ml BSA loaded CS NPs. 

Today, BSA's involvement with long-chain CS 

molecules is considered to be non-uniform and not 

dispersed in solution. The carboxyl groups on the 

surface of a large protein molecule form hydrogen 

bonds and electrostatic interaction with the amine 

groups in the dispersed CS chains and form the 3-

dimensional (3D) structure. The BSA-loaded CS NP 

zeta potential influences its stability in suspension by 
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electrostatic repulsion between particles [22]. The 

isoelectric point of the BSA is a pH of 4.7. In pH 

environments above this value BSA is negatively 

charged and reduces surface charge of NPs [23]. In the 

study, BSA loading decreased the zeta potential of the 

NPs but not significantly as it expected. This situation 

show similarity with studies in the literature [22,24–26]. 

The reason for this could be the exposed amine groups 

affect the surface charge, since chitosan is positively 

charged and all of the amine groups here cannot bond 

after BSA loading [25]. Also it can be said that since the 

BSA molecule is trapped inside the particle, the 

inability of the protein to adhere to its outer surface may 

also be caused this [26]. 
 

Table 4. Blank and BSA loaded chitosan nanoparticles size and zeta potential values. 

 

 
Zavg 

(nm) 
PDI 

Intensity 

(nm) 

Zeta Potential 

(mV) 
RY EE LC 

Blank NP 115.0±4.12 0.36±0.018 161.7±18.91 20.1±1.92 30.3 - - 

3 mg BSA loaded NP 233.3±5.45 0.45±0.023 315.0±36.80 19.1±1.31 36.1 86.5 14.1 

5 mg BSA loaded NP 188.0±7.44 0.42±0.031 291.4±96.05 18.8±0.72 28.1 68.9 23.1 

10 mg BSA loaded NP 160.1±6.84 0.38±0.042 238.1±27.41 17.6±2.04 16.1 58.2 62.3 

        

The particle morphology characteristics of the BSA 

loaded CS NPs were investigated using SEM. The SEM 

image of BSA loaded CS NPs is presented in Figure 4. 

Blank CS NPs have particle morphology below 15 kV. 

NPs exhibit an irregular distribution. Generally, 

spherical structure was observed in the particles. It is 

seen that the particle sizes in the images are in 

agreement with the results analyzed with Zeta-sizer. 

 

The FTIR results of the synthesized NPs presented in 

Figure 5. CS has characteristics peaks at 3396 and 3284 

cm
-1

. These peaks represent –NH and –OH stretching, 

respectively [27]. BSA has peaks at 3285 cm
-1

 (-NH 

stretching), 1638 cm
-1 

(C=O stretching), and 1517 cm
-1 

(C-N stretching) peaks [28].   

 

(a)  

 

(b)  

  
Figure 4. Scanning electron micrograph of blank and BSA loaded chitosan nanoparticles (a) blank chitosan 

nanoparticles produced by sonication, (b) 3 mg/ml concentration of BSA loaded blank chitosan nanoparticles 

produced by sonication. 

 

 

Figure 5. FTIR results of chitosan, BSA, blank chitosan 

nanoparticles and BSA loaded chitosan nanoparticles.  

The CS characteristic peak was preserved at 1640 cm
-1 

in both blank and loaded NPs. With the cross-linking 

between the CS and the TPP molecule, a new strain of P 

= O also formed at 1209 cm
-1 

[29]. BSA loaded CS NPs 

have peaks in 3410, 3279 and 3164 cm
-1

, which are the 

absorbance peaks seen with blank NP, and also formed 

in the same place with the CS molecule. There were no 

characteristic peaks of the BSA molecule in the loaded 

NPs. This indicates that the BSA molecule is 

completely encapsulated.  
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3.3 Evaluation of BSA loaded NP reaction yield  

 

The RYs of blank and BSA loaded CS NPs were 

calculated according to Equation 2.1. The total amount 

of substance is equal to the total amount of solids added 

to the prepared solution. The NPs were frozen and dried 

in a lyophilizer and weighed with the aid of a precision 

scale. RY varies between 16-30% (Table 4). 

In blank NPs reaction yield is around 30 but in loaded 

NPs it decreases to 16%. As the amount of BSA added 

to the solution increases, the CS NPs cannot encapsulate 

all BSA and it cause to reduce the reaction efficiency of 

the NP. 

 

3.4 Evaluation of BSA loaded NP encapsulation 

efficiency and loading capacity 

 

The EE of BSA-loaded CS NPs is calculated according 

to Equation 2.2. The amount of free BSA is the amount 

of BSA in the supernatant after centrifugation. The EE 

varies between 58-87%. The loading capacities of BSA-

loaded CS NPs are calculated according to Equation 2.3. 

Loading capacities vary between 14-62% (Table 4). 

 

As the amount of BSA added to the solution increased, 

the EE of the NPs decreased [30]. While 3 mg of BSA 

was present in the solution, the efficiency was about 

87%, and when the amount of BSA was increased to 10 

mg, the efficiency decreased to 58%. 

 

It is seen that the LC of the NPs increases as the amount 

of BSA added to the solution increases [30]. While there 

is 3 mg BSA in the solution, the capacity is around 

14%, and when the amount of BSA is increased to 10 

mg, the capacity increases to 62%. Xu. et al. [30] results 

are in compliance with the data obtained from this 

study. 

 

4. Conclusion 

 

CS NPs are frequently used as a drug delivery system. 

In this study, CS NPs have been optimized to obtain the 

minimum particle size and PDI value. Studies in 

magnetic stirrer showed that; when agitation time is 

increased to a certain time, it is positively affecting, 

after the threshold value, it starts to aggregate in 

solution at the end of 24 hours and the particle size 

doubled itself. The presence of light has a negative 

effect on the particle but it cannot be said that there is a 

significant difference. Adjusting the pH value is one of 

the most important factors on the particle size and must 

be at the optimum value. In the studies carried out on 

the sonicator device; in contrast to the expectation, the 

continuous increase of the sonicator power does not 

show a linear relationship with the particle size. When 

the required power value is exceeded, the chains start to 

break, and the particle size increases. The decelerating 

effect of prolonging the sonication time can be seen. 

Sonication is the most appropriate method for producing 

CS NPs in minimum size and PDI value. The device 

must be set to 50 W, 5 min, and 30-10 pulse values. The 

most important factors affecting the size of the particles 

were pH, CS concentration, and CS: TPP mass ratio. 

Due to the optimum conditions obtained in the study, 

CS NPs can be synthesized to be used in different areas 

including drug delivery systems in desired sizes. It is 

thought that it can be used in encapsulation of different 

drug forms in future studies. 

 

Author’s Contributions 

 

Nisa Irem Buyuk: Drafted and wrote the manuscript, 

performed the experiment and result analysis. 

 

Pelin Pelit Arayici: Assisted in analytical analysis on 

the structure. 

 

Serap Derman: Assisted in analytical analysis on the 

structure and helped in manuscript preparation. 

 

Zeynep Mustafaeva: Supplied the equipment and 

chemicals and designed the experimental setup. 

 

Sevil Yucel: Supervised the experiment’s progress and 

helped in manuscript preparation. 

 

Ethics 

 

There are no ethical issues after the publication of this 

manuscript. 

 

References 

 
[1]. Panyam J, Labhasetwar V. 2012. Biodegradable Nanoparticle 

from Drug and Gene Delivery to Cells and Tissue. Advanced 
Drug Delivery Reviews.; 64:61–71. 

[2]. Soppimath KS, Aminabhavi TM, Kulkarni AR, Rudzinski WE. 
2001. Biodegradable polymeric nanoparticles as drug delivery 

devices. Journal of Controlled Release.; 70 (1–2):1–20. 

[3]. Jameela SR, Misra A, Jayakrishnan A. 1995. Cross-linked 

chitosan microspheres as carriers for prolonged delivery of 

macromolecular drugs. Journal of Biomaterials Science, 
Polymer Edition.; 6 (7):621–632. 

[4]. Calvo P, Lopez CR, Vila-Jato JL, Alonso MJ. 1997. Novel 
Hydrophilic Chitosan – Polyethylene Oxide Nanoparticles as 

Protein Carriers. Journal of Applied Polymer Science.; 63:125–

132. 

[5]. Naskar S, Sharma S, Kuotsu K. 2019. Chitosan-based 

nanoparticles: An overview of biomedical applications and its 
preparation. Journal of Drug Delivery Science and 

Technology.; 49:66–81. 

[6]. Schroeder A, Kost J, Barenholz Y. 2009. Ultrasound, 

Liposomes, and Drug Delivery: Principles for using Ultrasound 

to Control the release of Drugs from Liposomes. Chemistry and 
Physics of Lipids.; 162:1–16. 

[7]. Tsai M, Bai S, Chen R. 2008. Cavitation effects versus stretch 
effects resulted in different size and polydispersity of ionotropic 



 

Celal Bayar University Journal of Science  

Volume 16, Issue 2, 2020, p 119-127 

Doi: 10.18466/cbayarfbe.658921 N.İ.Büyük 

 

127 

gelation chitosan–sodium tripolyphosphate nanoparticle. 

Carbohydrate Polymers.; 71:448–457. 

[8]. Grieser F, Ashokkumar M, Sostaric J. 1999. Sonochemistry and 

sonoluminescence in colloidal systems. Sonochemistry and 

Sonoluminescence NATO ASI Series.;, pp 345–362. 

[9]. Tang ESKSK, Huang M, Lim LYY. 2003. Ultrasonication of 

chitosan and chitosan nanoparticles. International Journal of 
Pharmaceutics.; 265 (1–2):103–114. 

[10]. Al-Nemrawi NK, Alsharif SSM, Dave RH. 2018. Preparation 
of chitosan-tpp nanoparticles: The influence of chitosan 

polymeric properties and formulation variables. International 

Journal of Applied Pharmaceutics.; 10 (5):60–65. 

[11]. Fan W, Yan W, Xu Z, Ni H. 2012. Formation mechanism of 
monodisperse, low molecular weight chitosan nanoparticles by 

ionic gelation technique. Colloids and Surfaces B: 

Biointerfaces.; 90:21–27. 

[12]. Gan Q, Wang T, Cochrane C, McCarron P. 2005. Modulation 

of surface charge, particle size and morphological properties of 
chitosan-TPP nanoparticles intended for gene delivery. Colloids 

and Surfaces B: Biointerfaces.; 44 (2–3):65–73. 

[13]. Phu D Van, Duy NN, Quoc LA, Hien NQ. 2009. The effect of 

ph and molecular weight of chitosan on silver nanoparticles 

synthesized by irradiation. Research And Development Center 
For Radiation Technology.; 47:166–171. 

[14]. Floris A, Meloni MC, Lai F, Marongiu F, Maccioni AM, Sinico 
C. 2013. Cavitation effect on chitosan nanoparticle size: A 

possible approach to protect drugs from ultrasonic stress. 

Carbohydrate Polymers.; 94 (1):619–625. 

[15]. Antoniou J, Liu F, Majeed H, Yokoyama W, Zhong F. 2015. 

Physicochemical and morphological properties of size-
controlled chitosan-tripolyphosphate nanoparticles. Colloids 

and Surfaces A: Physicochemical and Engineering Aspects.; 

465:137–146. 

[16]. Silva VJDD. 2013. Preparation and characterization of chitosan 

nanoparticles for gene delivery, Master degree. 

[17]. Czechowska-Biskup R, Rokita BB, Ulanski P, Rosiak JM, 

Ulaski P, Rosiak JM. 2015. Preparation of gold nanoparticles 
stabilized by chitosan using irradiation and sonication methods. 

Progress on Chemistry and Application of Chitin and its 

Derivatives.; 20:18–33. 

[18]. Li J, Huang Q. 2012. Rheological properties of chitosan–

tripolyphosphate complexes: From suspensions to microgels. 
Carbohydrate Polymers.; 87 (2):1670–1677. 

[19]. Kim S, Fernandes MM, Matamá T, Loureiro A, Gomes AC, 
Cavaco-Paulo A. 2013. Chitosan–lignosulfonates sono-

chemically prepared nanoparticles: Characterisation and 

potential applications. Colloids and Surfaces B: Biointerfaces.; 
103:1–8. 

 

 

 

 

 

 

 

 

[20]. Hu B, Pan C, Sun Y, Hou Z, Ye H, Hu B, Zeng X. 2008. 

Optimization of fabrication parameters to produce chitosan–

tripolyphosphate nanoparticles for delivery of tea catechins. 
Journal of Agricultural and Food Chemistry.; 56:7451–7458. 

[21]. Kolluru LP, Gala RP, Shastri PN, Ubale R. 2015. Design of 
Experiments: A Valuable Quality by Design Tool in 

Formulation Development. In D’Souza, MJ, 

ed.Nanoparticulate Vaccine Delivery Systems.;, p 66. 

[22]. Gan Q, Wang T. 2007. Chitosan nanoparticle as protein 

delivery carrier-Systematic examination of fabrication 
conditions for efficient loading and release. Colloids and 

Surfaces B: Biointerfaces.; 59 (1):24–34. 

[23]. Sahu SK, Prusty AK. 2010. Design and evaluation of a 

nanoparticulate system prepared by biodegradable polymers for 
oral administration of protein drugs. Pharmazie.; 65:824–829. 

[24]. Katas H, Hussain Z, Awang SA. 2013. Bovine Serum Albumin-
Loaded Chitosan/Dextran Nanoparticles: Preparation and 

Evaluation of Ex Vivo Colloidal Stability in Serum. Journal of 

Nanomaterials.; 2013:1–9. 

[25]. Kiaie N, Aghdam RM, Tafti SHA, Emami SH. 2016. Statistical 

optimization of chitosan nanoparticles as protein vehicles, using 
response surface methodology. Journal of Applied Biomaterials 

& Functional Materials.; 14 (4):413–422. 

[26]. Chin A, Suarato G, Meng Y. 2014. Evaluation of 

physicochemical characteristics of hydrophobically modified 

glycol chitosan nanoparticles and their biocompatibility in 
murine osteosarcoma and osteoblast-like cells. Journal of 

Nanotechnology and Smart Materials.; 1:1–7. 

[27]. Queiroz MF, Melo KRT, Sabry DA, Rocha HAO. 2014. Does 

the Use of Chitosan Contribute to Oxalate Kidney Stone 

Formation? Marine Drugs.; 13 (1):141–158. 

[28]. Huang P, Li Z, Hu H, Cui D. 2010. Synthesis and 

Characterization of Bovine Serum Albumin-Conjugated Copper 
Sulfide Nanocomposites. Journal of Nanomaterials.; 2010:6. 

[29]. Qi L, Xu Z. 2004. Lead sorption from aqueous solutions on 
chitosan nanoparticles. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects.; 251 (1):183–190. 

[30]. Xu Y, Du Y. 2003. Effect of molecular structure of chitosan on 

protein delivery properties of chitosan nanoparticles. 

International Journal of Pharmaceutics.; 250 (1):215–226. 


