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Introduction

Nanoparticulate delivery systems have been widely inves-
tigated in the pharmaceutical industry due to the ability 
of controlled release of peptide drugs, the protection 
from degradation in the GI tract and the enhancement 
of transmucosal transport leading to an improvement of 
bioavailability.[1,2] Several techniques have been used for 
the preparation of nanoparticles for oral delivery system 
such as the solvent evaporation, the interfacial polymer-
ization and the emulsion polymerization methods. These 
techniques involve heat, organic solvent and violent agi-
tation processes which are complicated to execute and 
can be potentially harmful to therapeutic proteins and 
peptides.[2] Ionic cross-linking is a popular technique 
due to its simplicity and mild condition. The technique 
involves the cross-linking between cationic molecules 

and anionic molecules via electrostatic interaction.[3,4] 
The most commonly used cationic polymer is chitosan 
and the anionic material is tripolyphosphate (TPP).

Chitosan, a cationic natural biopolymer, produced 
from deacetylation of chitin [poly-β-(1-4)-N-acetyl-d-
glucosamine] which can be extracted from crustaceans, 
insects, fungi, etc.[5-9] The advantages of using chitosan 
is biocompatible, biodegradable, low toxicity, good 
mucoadhesion and membrane permeable enhancing 
properties by opening of tight epithelial cell junctions.[8,10-12] 
It is soluble in an acidic solution at pH below 6.4–6.5.[13,14] 
In addition, the protonation of primary amino groups at 
lower pH contributes to the positive charges for cross-
linking with polyanions especially tripolyphosphate 
(TPP) to form nanoparticles for drug and protein delivery 
system. [12,15-18] Several attempts have been made to employ 

RESEARCH ARTICLE

�Nanoparticle formation by using shellac and chitosan for a 
protein delivery system

Pakorn Kraisit1,2, Sontaya Limmatvapirat1,2, Jurairat Nunthanid1,2, Pornsak Sriamornsak1,2, and 
Manee Luangtana-anan1,2

1Department of Pharmaceutical Technology, Faculty of Pharmacy, Silpakorn University, Nakhon Pathom, Thailand and 
2Pharmaceutical Biopolymer Group (PBiG), Faculty of Pharmacy, Silpakorn University, Nakhon Pathom, Thailand

Abstract
The potential of using two natural polymers (chitosan and shellac) for the formation of nanoparticles by the process 
of ionic cross-linking to encapsulate bovine serum albumin, a model protein was investigated. Depending on the 
concentrations of chitosan, shellac and bovine serum albumin, three physical states – nanoparticle, aggregation, and 
solution could be observed as a result of the electrostatic force. The formation of nanoparticles was due to the balance 
between the repulsion force and attractive force while the imbalance between both forces resulted in the formation 
of aggregation and solution. The Fourier transform infrared spectroscopy and differential scanning calorimetry were 
applied to prove the nanoparticle formation. The particle size was characterized by the light scattering technique and 
was found in the range between 100 and 300 nm. The morphology of the particles, detected by transmission electron 
microscopy was spherical shape. The result showed that the zeta potential of the nanoparticles possessed positive 
charges. The concentrations of chitosan, shellac and bovine serum albumin had an influence on the physicochemical 
properties of the nanoparticles such as the particle size, the zeta potential, the encapsulation, the loading efficiencies 
and the cumulative release. Therefore, chitosan and shellac could be used to form nanoparticles for protein delivery 
by the ionic cross-linking method.
Keywords:  Chitosan, shellac, nanoparticle, protein, polyelectrolyte complexes

Address for Correspondence: Manee Luangtana-anan, Department of Pharmaceutical Technology, Faculty of Pharmacy, Silpakorn 
University, Nakhon Pathom 73000, Thailand. Tel.: +66 34255800. Fax: +66 34255801. E-mail: manee@su.ac.th.

(Received 08 December 2011; revised 21 March 2012; accepted 30 March 2012)

Pharmaceutical Development and Technology, 2013; 18(3): 686–693
© 2013 Informa Healthcare USA, Inc.
ISSN 1083-7450 print/ISSN 1097-9867 online
DOI: 10.3109/10837450.2012.685657

Pharmaceutical Development and Technology

18

3

686

693

08December2011

21March2012

30March2012

1083-7450

1097-9867

© 2013 Informa Healthcare USA, Inc.

10.3109/10837450.2012.685657

2013

Chitosan and shellac for the formation of nanoparticles

P. Kraisit et al.

Ph
ar

m
ac

eu
tic

al
 D

ev
el

op
m

en
t a

nd
 T

ec
hn

ol
og

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
M

ah
id

ol
 U

ni
ve

rs
ity

 o
n 

08
/0

5/
13

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Chitosan and shellac for the formation of nanoparticles  687

© 2013 Informa Healthcare USA, Inc.�

biomaterials possessing polyanions, such as alginate 
and pectin to replace tripolyohosphate in the formation 
of nanoparticulate polyelectrolyte complexes.[9,19] 
The polyelectrolyte complexes were formed by the 
electrostatic interactions between cationic and anionic 
polymers to act as the carrier for drug, peptide and 
protein and gene delivery systems.[9,19-23] In this study, the 
natural biopolymer, shellac (SH) possessing polyanion 
instead of TPP was explored. SH produced from lac insect 
Laccifer lacca is abundant in Thailand, China and India. 
The resinous secretion can be purified to yield SH which 
has been used in the food industry, paint industry and, 
in a lesser extent, in the pharmaceutical industry.[24,25] SH 
begins to dissolve above pH 7.0 (the pKa of SH is 6.9–7.5) 
which can provide an advantage to be used in the pH of 
the body fluid (pH 7.4).[26] The main structure of SH is the 
combination of polyesters and single esters consisting 
of hydroxyl and carboxyl groups as shown in Figure 1.[24] 
Hence, SH possesses the ability to deprotonate in the 
alkaline solutions to give polyanions favorable for the 
formation of polyelectrolyte complexes with chitosan. In 
this study, both chitosan and SH were used in salt forms. 
SH was used in ammonium salt form due to its better 
stability and aqueous solubility while chitosan glutamate 
(CG) is soluble over a broad pH range in the intestinal 
tract and is convenient to handle.[27,28] CG was prepared 
by the spray drying technique from the chitosan base. 
The lower molecular weight of 35 kDa of CG was chosen 
because the nano size range could be obtained.[15]

The concentrations of the cationic and anionic poly-
mers exerted a significant influence on the formation 
and the physical properties of the nanoparticles such 
as the size, zeta potential, encapsulation and release 
of drugs or proteins.[7,10,12] Pan et al. demonstrated that 
nanoparticles could be formed at an optimum concen-
trations of chitosan and TPP, i.e. in the range of 0.9–3.0 
mg/mL and 0.3–0.8 mg/mL, respectively.[29] A similar 
result using cyclodextrin to form nanoparticles with the 
aid of chitosan and TPP was reported.[30] Therefore, the 
effect of the concentrations of CG and SH on the forma-
tion of nanoparticles for the encapsulation of bovine 
serum albumin (BSA, a model protein) in oral drug 
delivery system was investigated. FT-IR and DSC were 
used to prove the interaction among CG, SH and BSA. 
Additionally, BSA-loaded chitosan–shellac nanoparticles 

were characterized in terms of the particle size, zeta 
potential, morphology, encapsulation efficiency (EE), 
loading efficiency (LE) and in vitro BSA release.

Materials and methods

Materials
Chitosan, with a molecular weight of 35 kDa and 85% 
degree of deacetylation, was obtained from Seafresh 
Chitosan Lab. Co (Bangkok, Thailand), and the SH 
was obtained from Thananchai Part., Ltd. (Bangkok, 
Thailand). BSA was purchased from Sigma (Germany), 
and glutamic acid was from Fluka (Switzerland). All the 
other reagents were of analytical grade.

Preparation of chitosan glutamate
CG was prepared by dissolving the chitosan base in glu-
tamic acid solution. The molar ratio of glucosamine and 
glutamic acid was 1:1 mole. In order to avoid excess glu-
tamic acid, minimum amount of glutamic acid was used 
to give an exact clear solution. The solution was adjusted 
to 2000 g with distilled water to make a 1% w/w solution, 
and was stirred for 12 h. The solution was spray-dried 
(Labplant Spray Dryer, SD-06, UK) with an inlet tempera-
ture of 130°C and a spraying rate of 5 mL/min. [15]

Preparation of the shellac solution
The SH solution was prepared by dissolving SH in ammo-
nium hydroxide solution. The amount of ammonium 
hydroxide solution added was based on the calculation 
of the acid value of the SH according to our previous 
report. [24] The solutions were stirred overnight.

Preparation of BSA-loaded chitosan–shellac 
nanoparticles
BSA-loaded chitosan–shellac nanoparticles were pre-
pared by ionic cross-linking between the cationic mol-
ecules of chitosan and the anionic molecules of SH for 
encapsulation of BSA as a model protein. The concentra-
tions of CG were in the range 0.090–0.110% w/v while 
those of SH were 0.030–0.070% w/v and the BSA con-
centrations were 1.0, 1.5 and 2.0 mg/mL. The BSA was 
mixed with the CG solution for 5 min and the SH was 
then added drop-wise. The colloidal solution was further 
stirred for 30 min. The effect of the concentrations of CG 
and SH was investigated for the fixed concentrations of 
SH and CG at 0.050 and 0.100% w/v, respectively. BSA-
loaded chitosan–shellac nanoparticles were character-
ized in terms of their zeta potential, particle size, BSA 
encapsulation efficiency and BSA loading efficiency.

Physicochemical characterization of BSA-loaded 
chitosan–shellac nanoparticles
The nanoparticles were characterized in terms of their 
sizes using the light scattering technique (Horiba, LA-950, 
Kyoto, Japan), and the zeta potential was measured by the 
Zeta Plus (Brookhaven Instruments Co., New York, NY, 
USA). All measurements were carried out in triplicate. Figure 1.  Chemical structure of shellac.
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Morphological examination of the nanoparticles was 
performed by a transmission electron microscope (TEM, 
TEM-1230, JEOL, Japan). One drop of the sample was 
placed on a copper grid, adsorbed with a filter paper and 
air-dried for 20 min, prior to the morphology study.

Fourier transform infrared spectroscopy
Fourier transformed infrared (FT-IR) spectroscopy was 
used to characterize the BSA-loaded chitosan–shellac 
nanoparticles and to confirm the ionic cross-linking 
between the cationic molecules of chitosan and the 
anionic molecules of SH. The nanoparticles were sepa-
rated from the colloidal solution by high speed centrifu-
gation at 11,000 rpm at 25°C for 10 min (Universal 320 R, 
Germany). The supernatant from the centrifugation was 
decanted and the precipitated nanoparticles were dried 
in a vacuum freezer at −50°C for 18 h. The nanoparticles 
were pulverized, blended with KBr, and compressed 
for the measurement using a FT-IR spectrophotometer 
(Nicolet, Magna 750, USA).

Differential scanning calorimetry
Differential scanning calorimetry (DSC) thermograms of 
BSA-loaded chitosan–shellac nanoparticles were mea-
sured by using a DSC (DSC 7, Perkin-Elmer, USA). 2–4 
mg of sample was accurately weighed onto a solid alumi-
num pan, and sealed. The measurement was performed 
between 25 and 300°C under the purging of nitrogen gas 
at a heating rate of 10°C/min.

Evaluation of BSA encapsulation and loading 
efficiencies
The BSA-loaded chitosan–shellac nanoparticles were 
separated from the colloidal solution by high speed 
centrifugation at 11,000 rpm at 25°C for 10 min. The free 
BSA content from the supernatant was analyzed by a UV 
spectrophotometer (Lambda 2, Perkin-Elmer, Germany) 
at 550 nm using the Lowry method. Triplicate samples 
were analyzed and the EE and LE were calculated using 
equations 1 and 2, respectively.

            
%EE=

Total amount of BSA free amount
 

of BSA from supernatantt

Total amount of BSA
×100

  
�

(1)

            

%LE=

Total amount of BSA free amount
 

of BSA from supernatantt

Nanoparticle weight
×100

  �

(2)

Evaluation of BSA release
Five millliter of the BSA-loaded chitosan–shellac 
nanoparticles was placed in a 50 mL bottle, and 10 mL 
of a 0.1 M phosphate buffer solution (PBS) at pH 7.4 was 
added. The colloidal solution was shaken at 150 rpm, and 
incubated at 37°C. At proper time intervals, a sample was 

removed, and the same amount of PBS was added. High 
speed centrifugation at 11,000 rpm and 25°C for 10 min 
was conducted to separate the nanoparticles. Triplicate 
samples of free BSA content from the supernatant were 
analyzed by using the Lowry method.[15]

Statistical analysis
Each data was expressed as mean ± standard deviation 
(SD) of three determinations (n = 3). An analysis of vari-
ance (ANOVA) was carried out to find out the statistical 
analysis of EE, LE and BSA release at the 0.05 significant 
levels.

Results and discussion

Physicochemical characterizations of BSA-loaded 
chitosan–shellac nanoparticles
The two biopolymers were used to prepare nanoparticles 
for protein delivery systems by the ionic cross-
linking technique. Table 1 shows the effect of various 
concentrations of CG, SH and BSA on their particle sizes 
and zeta potential. Depending on the concentrations 
of CG, SH and BSA, there were three physical states; 
nanoparticle, aggregation and solution.[29, 30] The particle 
size of the colloid was in 100–300 nm size range. For 1 
mg/mL of BSA, at various concentrations of SH, the 
nanoparticles could not be formed, and only a clear 
solution was obtained. This proved that the formation 
was concentration dependence. The zeta potentials 
of all nanoparticles displayed a positive charge. The 
positive charge of the nanoparticles was attributed to the 
unoccupied amine groups of the chitosan. The increase 
in the concentration of CG at the fixed concentration 
of SH, the higher zeta potential was obtained[8] because 
of the increase in the positive charge from the amine 
groups of chitosan. However, the increase in the 
negative charge of SH did not result in the reduction 
of the zeta potential, which was not in agreement with 
the use of tripolyphosphate (TPP) as polyanion to form 
nanoparticles.[7] The increase in the zeta potential with 
the increase in the concentration of SH was attributed 
to the increase in the unoccupied amine group of CG 
due to the competitiveness of deprotonated carboxylic 
groups between SH and BSA and the large molecule of 
SH. These were attributed to the difficulty in interaction 
with amine group of chitosan. The addition of BSA 
caused the reduction in the zeta potential and the higher 
BSA concentrations showed the higher decrease in the 
zeta potential.[31] The result proved that the BSA showed a 
negative charge as the pH being studied was higher than 
the pI value (pI = 4.7, the pH under this condition was 
approximately 5.5). There was the electrostatic interaction 
between NH3+ from the chitosan and the negative 
charge from the BSA. The result was in agreement with 
the reports of Boonsongrit et al. and Chen et.al.[7,32] They 
found that the zeta potential decreased with the increase 
in the BSA concentration resulting from the increased 
negative charge of BSA. Figure 2 shows the state of 
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interaction of SH, CG and BSA. They were the formation 
of the nanoparticles (A), aggregation (B) and solution 
(C). Figure 2A shows the formation of the nanoparticles 
due to the ionic interaction between the positive charge 
of chitosan and the negative charge of BSA and SH. The 
effect of other ions from glutamate and ammonium ions 
had little influence on the state of interaction owing to 
the exact calculation of the amount of glutamic acid and 
ammonium hydroxide solution used for the preparation 
of chitosan and SH solutions as described above. The 
optimum concentrations of CG, SH and BSA contributed 
to the balance between the attractive force and repulsive 
force from the anionic and cationic molecules leading 
to the formation of the nanoparticles. The charge of the 
nanoparticles attributing to the stability of colloids was 
reported.[2,10] The high positive charge of the nanoparticles 
gave the high repulsive force, causing the individual 
nanoparticles. In this study, the zeta potential of the 
nanoparticles was in the range of 14–37 as shown in Table 
1. The reduction in the zeta potential of the nanoparticles 
caused the nanoparticles to come closer until it was 
aggregated. In addition, the pH value played a role on the 
formation of the particles as previously described.[4,8,10] 
The increase in the pH led to the reduction in the degree 
of protonation of the chitosan, and hence the decrease 
in the zeta potential. This caused the decrease in the 
electrostatic repulsion force between the particles leading 
to the aggregated particles as shown in Figure 2B.[8,10] The 
aggregation was reported and was in accordance with the 
increase in the pH with the increase in the BSA from 1.5 
mg to 2 mg/mL; at 0.090–0.095 %w/v concentration of 
CG (data was not shown). Figure 2C shows the solution 
state indicating that each molecule of CG, SH and BSA 
was apart. This could be due to the greater repulsive force 
than the attractive force at the lower BSA concentration. 
This caused the higher unoccupied amine group of 

Figure 2.  Schematic representation of ionic interaction of nano-
particulate formation (A), aggregation (B) and solution state (C), 
respectively.

Table 1.  Effect of different concentrations of CG, SH and BSA on particle size and zeta potential of BSA-loaded chitosan-shellac 
nanoparticles (mean ± SD, n = 3).

With BSA (mg/mL)
Particle size (nm) Zeta potential (mV)

1.0 1.5 2.0 1.0 1.5 2.0
*Chitosan glutamate concentrations (%w/v)
0.090 107.3 ± 2.5 280.0 ± 18.2 Ag 30.7 ± 0.7 26.1 ± 1.1 Ag
0.095   145.7 ± 10.7 118.3 ± 2.1 Ag 34.0 ± 0.6 24.2 ± 0.6 Ag
0.100 Sol 104.3 ± 1.2 169.0 ± 4.2 Sol 25.4 ± 0.6 23.7 ± 0.5
0.105 Sol 133.3 ± 0.6 115.3 ± 4.2 Sol 31.5 ± 0.9 27.3 ± 0.7
0.110 Sol 144.0 ± 4.2 102.0 ± 2.0 Sol 37.0 ± 0.8 33.4 ± 1.0
**Shellac concentrations (%w/v)
0.030 Sol Sol 135.7 ± 2.1 Sol Sol 14.5 ± 1.0
0.040 Sol Sol 173.0 ± 6.7 Sol Sol 18.1 ± 2.4
0.050 Sol 104.3 ± 1.2 169.0 ± 4.2 Sol 25.4 ± 0.6 23.7 ± 0.5
0.060 Sol 111.3 ± 17.9 144.0 ± 5.2 Sol 32.3 ± 0.4 28.9 ± 0.4
0.070 Sol 145.0 ± 9.9 106.3 ± 1.5 Sol 34.8 ± 0.7 29.1 ± 0.6
*The concentration of SH was fixed at 0.050 % w/v.
**The concentration of CG was fixed at 0.100 % w/v.
Ag, aggregation state; Sol, solution state.
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chitosan and the higher zeta potential and hence the 
solution state was formed.

In order to confirm the morphological characteristic 
of the BSA-loaded chitosan–shellac nanoparticles, TEM 
was used as shown in Figure 3. The spherical shape of 
the nanoparticles was observed. This result could be 
confirmed that the nanoparticle was formed by using CG 
and SH for the encapsulation of BSA. The FT-IR spectra of 
SH, BSA, CG, BSA-loaded chitosan–shellac nanoparticles 
and physical mixture are shown in Figure 4. All spectra 
displayed a broad band at 3000–3600 cm−1, indicating the 
overlap of OH and NH stretchings in the same region.[5,16] 
In this region, CG and physical mixture were shown in 
the same peak at 3442 cm−1. In addition, this result was in 

line with the previous study as the peak of the nanopar-
ticles was shifted to 3312 cm−1, indicating the hydrogen 
bonding formation.[17] In addition, the FT-IR spectrum of 
CG shows a peak due to the amide stretching at 1633 cm−1 

and a strong protonated amino peak at 1564 cm−1.[4] The 
spectrum of the nanoparticles was shifted from 1633 to 
1660 cm−1 and the sharp peak was found due to the ionic 
interaction between the amine group of chitosan and 
the hydroxyl group of BSA, supporting the formation of 
the nanoparticles.[27] In addition, the FT-IR bands at 1660 
and 1539 cm−1 of the nanoparticles were assigned to the 
amide I and amide II bands, respectively, which are the 
characteristic of protein spectra,[4] supporting the pres-
ence of BSA within the nanoparticles. The bands at 1559 
and 1386 cm−1 were also assigned to the symmetric and 
asymmetric carbonyl stretchings of the carboxylate of SH, 
respectively. [24] This was slightly shifted in the spectrum of 
the nanoparticles at 1394 cm−1, and the peak at 1559 cm−1 
of SH was hardly visible in the spectrum of the nanopar-
ticles. However, the peak at 1255 cm−1 of SH[25] associated 
with the carbonyl stretching could also be observed in 
the spectrum of the physical mixture while this peak of 
the nanoparticles was shifted to 1249 cm−1, indicating 
that SH was part of the formation of the nanoparticles. 
To confirm the results of the formation of protein-loaded 
nanoparticles, DSC was used to confirm the formation of 
protein-loaded nanoparticles. The DSC thermograms of 
SH, BSA, CG, BSA-loaded chitosan–shellac nanoparticles 
and physical mixture are shown in Figure 5. The DSC 
thermograms of all substances showed the endothermic 
peaks around 40–120°C which were associated with the 
loss of water. The CG showed the endothermic peak at 
170.5°C, indicating the glutamate of chitosan.[33] The 
physical mixture was reported at the same peak but it was 
not found for the nanoparticles. In addition, the thermo-
gram of BSA showed the decomposition peak at 219.2°C 
while the peak of the nanoparticles shifted to 223.1°C[4,34] 

Figure 3.  TEM photographs of BSA-loaded chitosan–shellac nanoparticles 
(CG 0.100 %w/v, SH 0.050 %w/v and BSA 1.50 mg/mL).

Figure 4.  FT-IR spectra of (A) SH, (B) BSA, (C) CG, (D) BSA-loaded 
chitosan–shellac nanoparticles of CG 0.100 %w/v, SH 0.050 %w/v 
and BSA 1.5 mg/mL and (E) CG/SH/BSA physical mixture 1:1:1.

Figure 5.  DSC thermograms of (A) SH, (B) BSA, (C) CG, (D) BSA-
loaded chitosan–shellac nanoparticles of CG 0.100 %w/v, SH 0.050 
%w/v and BSA 1.5 mg/mL and (E) CG/ SH/BSA physical mixture 
1:1:1.
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as a result of the interaction between each material for 
the formation of nanoparticle. Therefore, it proved that 
the formation of nanoparticles could be achieved by the 
application of two naturally opposite charged polymers 
for the encapsulation of BSA.

Evaluation of BSA encapsulation and loading 
efficiencies
Table 2 shows the effect of the concentrations of CG, 
SH and BSA on EE and LE of BSA-loaded nanoparticles. 
The EE and LE were in the range of 11–67% and 7–45%, 
respectively. The increase in the concentrations of CG 
resulted in the significant (p < 0.05) decrease in the EE 
and LE, which was in an agreement with the other report. 

[12] This could be the result of the increase in the viscosity 
which was correlated with the fact that the increase in 
the concentrations made it difficult for the encapsulation 
to take place by averting the BSA molecular movement 
around the chitosan molecule chain. [12, 35] The decrease 
in EE and LE was consistent with the increase in the zeta 
potential indicating the higher unoccupied amine of 
CG with the increase in CG. The higher amount of BSA 
had a tendency to increase in the EE and LE which was 
similar to the work of Gan and Wang [12] whereas the 
opposite effect was reported by other studies. [17, 29] The 
higher in EE and LE as the increase in BSA was also in 
accordance with the reduction in the zeta potential 
confirming that there was an interaction between the 
positive charge of CG and the negative charge of BSA. 
The result of varying concentration of SH on the change 
in EE and LE at the concentration of 1.5 mg/mL BSA 
showed similar result to varying concentration of CG, 
and was related to the change in the zeta potential. The 
decrease in EE and LE was significant (p < 0.05) with the 
increase in SH. Nevertheless, at the concentration of 2.0 
mg/mL, the reduction in EE and LE did not change in the 
same manner as the concentration of 1.5 mg/mL, and 

the highest EE was obtained for the SH concentration of 
0.050%. The EE and LE increased from 22.2 to 57.6% and 
16.2 to 41.4%, respectively when SH increased from 0.040 
to 0.050 %w/v. Therefore, it could be concluded that the 
formation of BSA-loaded nanoparticles was only possible 
for some specific concentrations of the positively charged 
CG and the negatively charged SH. The optimum 
concentration of CG, SH and BSA was 0.100, 0.050 %w/v 
and 2.0 mg/mL, respectively.

Evaluation of BSA release
Release profiles of many reports have exhibited, 
initially, the burst release of drugs or proteins from 
the micro or nanoparticles followed by a slow release. 

[15-17, 29] The mechanism of the release involved two 
different states; the fast release from the location of 
the drug on the surface led to the immediate release 
when it was exposed to the dissolution medium. The 
next step was the diffusion through the nanoparticles 
which was the predominant release mechanism.[16] The 
amount of release was controlled by the EE and the 
mechanism of encapsulation as presented in Figure 6. 
The nanoparticles showed the immediate release of BSA 
from the matrix of all systems, and the amount of release 
was between 64.3 and 78.1% significantly depending 
on the concentrations of CG (p < 0.05). After 30 min, a 
gradual and slow release was reported. The immediate 
release was due to the part of adsorbed BSA at the 
surface and the competitiveness between phosphate 
ion and the anion of BSA at the binding sites.[18,36] The 
CG concentrations affected the total release of BSA from 
the nanoparticles. It decreased from 87.0 to 73.4% with 
the increasing CG concentration from 0.095 to 0.105% 
w/v (p < 0.05), which was in agreement with the work 
of Gan and Wang;[12] however, it was contrast to the 
report of Xu and Du.[17] The lowest release was found for 
0.105%w/v CG as a result of the lowest encapsulation. 

Table 2.  Effect of different concentrations of CG, SH and BSA on encapsulation efficiency (EE) and loading efficiency (LE) of BSA-loaded 
chitosan-shellac nanoparticles (mean ± SD, n = 3).

With BSA (mg/ml)
Encapsulation efficiency (%) Loading efficiency (%)

1.0 1.5 2.0 1.0 1.5 2.0
*Chitosan glutamate concentrations (%w/v)
0.090 29.7 ± 1.0 67.4 ± 3.9 Ag 17.3 ± 0.6 45.6 ± 2.6 Ag
0.095 21.2 ± 1.1 49.2 ± 1.0 Ag 12.1 ± 0.7 32.8 ± 0.7 Ag
0.100 Sol 22.8 ± 0.5 57.6 ± 0.2 Sol 15.0 ± 0.3 41.4 ± 0.1
0.105 Sol 13.9 ± 0.5 37.6 ± 3.1 Sol 9.0 ± 0.3 26.8 ± 2.2
0.110 Sol 13.5 ± 0.7 20.4 ± 0.3 Sol 8.6 ± 0.4 14.4 ± 0.2
**Shellac concentrations (%w/v)
0.030 Sol Sol 26.2 ± 0.4 Sol Sol 19.3 ± 0.3
0.040 Sol Sol 22.2 ± 0.1 Sol Sol 16.2 ± 0.1
0.050 Sol 22.8 ± 0.5 57.6 ± 0.2 Sol 15.0 ± 0.3 41.4 ± 0.1
0.060 Sol 16.3 ± 0.3 34.8 ± 1.5 Sol 10.6 ± 0.2 24.8 ± 1.1
0.070 Sol 11.9 ± 0.2 27.4 ± 0.7 Sol   7.6 ± 0.1 19.3 ± 0.5
*The concentration of SH was fixed at 0.050 % w/v.
**The concentration of CG was fixed at 0.100 % w/v.
Ag, aggregation state; Sol, solution state.
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The higher levels of encapsulated BSA tended to have 
an initially higher diffusion rate contributing to a higher 
driving gradient. In addition, the lower release was 
in accordance with the larger size. The larger size at 
0.105% w/v CG attributed to the larger diffusion path 
length for the BSA and the lower contact surface area 
of the larger particles with the dissolution medium.[3] 
Hence, the release of 0.105 %w/v CG was lower as a 
result of the larger particle size and the lower EE. The 
cumulative amounts of BSA released from the various 
concentrations of SH were around 85–87%w/v, the 
release did not differ significantly (p > 0.05), and showed 
the burst release initially. The release of BSA at 0.040 
%w/v SH was lower than the others (p < 0.05), due to the 
lower EE and the larger size. The cumulative amount of 
BSA did not release completely due to the entrapment 
of BSA within the matrix of the nanoparticles, which 
was in agreement with other studies.[12, 18] In addition, 
the extended release over a longer time period until 
48 h was performed; the result did not significantly 
differ from the result of 24 h. (Data was not shown) The 
stability of protein after the release was also performed 
by gel electrophoresis. The result showed that there 
was no conformation change after the release and the 
process of release did not affect the stability of protein. 
Therefore, it could be concluded that the release of BSA 
from the particulate systems was dependent on the size 
and the EE.

Conclusions

The nanoparticles could be prepared by ionic cross-
linking between CG and SH to encapsulate BSA. The 
optimum concentrations of CG, SH and BSA played an 
important role in the formation of the nanoparticles. The 
mechanism of formation of the nanoparticles or aggrega-
tion or solution state could be described by the electro-
static force of the positive and negative charges. The EE, 
LE and the cumulative release of BSA could be modified 
depending on the concentrations of CG, SH and BSA. In 
summary, SH could be applied as natural polyanion for 
polyelectrolyte complex. CG and SH, the natural poly-
mers, are potentially useful polymers for the nanopar-
ticulate carrier as protein and drug delivery systems.
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