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ABSTRACT 
Nanoparticles (NPs) have been developed as an important strategy to deliver low molecular-weight drugs, as well as biomacromolecules 
such as proteins or DNA. The body distribution of colloidal drug delivery systems was mainly influenced by two physicochemical 
properties namely particle size and surface characteristics. Particle size is a crucial parameter, in particular for the in vivo behavior of NPs 
after intravenous injection. The objective of the present study was the preparation of human serum albumin (HSA) nanoparticle (NP) by 
desolvation method and optimization of NP by applying the Taguchi method together with characterization of the NP bioproducts for drug 
delivery application. Several process parameters were examined to achieve a suitable size of NP such as pH, HSA concentration, organic 
solvent adding rate and the ratio of organic solvent/HSA solution. Taguchi method with L16 orthogonal array robust design was 
implemented to optimize experimental conditions of the purpose. This approach facilitates the study of interaction of a large number of 
variables spanned by factors and their settings with a small number of experiments leading to considerable saving in time and cost for the 
process optimization. As a result of Taguchi analysis in this study, pH and ratio of organic solvent/HSA solution were the most influencing 
parameters on the particle size. The minimum size of NPs (53 nm) were obtained at pH 9, 75 mg.ml-1 HSA concentration, ratio of organic 
solvent/HSA solution of 4 and organic solvent adding rate of 1.5 ml.min-1. The mechanistic of the optimum conditions for preparing 
protein NPs and their characterization as drug delivery vehicles are discussed. 
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INTRODUCTION 
 
Nanotechnology, or systems/devices manufactured at the 
molecular level, is a multidisciplinary scientific field under-
going explosive development. A part of this field is the 
development of nanoscaled drug delivery devices (Kayser 
et al. 2005). The definition of ‘nanotechnology’ which is 
most commonly adhered to is ‘materials considered to have 
dimensions of between 1 and 100 nm, with those materials 
having unique or unusual properties different from those of 
bulk materials of the same composition because of their size 
and surface phenomena.’ However, in many cases, NPs are 
considered to be any sub-micron sized particles. Let us first 
consider the key advantages that we wish nanotechnology 
in general and NPs in particular to bring to drug delivery. 
Of course, these must include the holy grails of, i) im-
proving drug bioavailability through enhancing aqueous 
solubility, ii) increasing the residence time in the body (in-
creasing the half-life for clearance/increasing specificity for 
its cognate receptor), and iii) targeting the drug to a specific 
location in the body (its site of action) with a concomitant 
reduction in the quantity of drug required and dosage toxi-
city, enabling the safe delivery of toxic therapeutic drugs, 
and protection of non-target tissues and cells from severe 
side effects (Irving 2007). 

NPs can be prepared from a variety of materials such as 
proteins, polysaccharides and synthetic polymers. The sel-
ection of matrix materials is dependent on many factors in-
cluding: (a) size of NPs required; (b) inherent properties of 
the drug, e.g., aqueous solubility and stability; (c) surface 
characteristics such as charge and permeability; (d) degree 
of biodegradability, biocompatibility and toxicity; (e) drug 
release profile desired; and (f) antigenicity of the final pro-
duct (Jahanshahi and Babaei 2008). 

New delivery strategies, intended to enhance the ef-

ficacy of these macromolecules, have been extensively 
described (Malik et al. 2007). Polymeric NPs have shown a 
certain degree of success for the delivery of proteins and 
vaccines to the systemic circulation and to the immune sys-
tem. Since size and surface properties, i.e. surface charge 
and hydrophobicity, of NPs have been recognized as crucial 
characteristics, especially, surface modified colloidal car-
riers such as NPs were demonstrated to be a promising and 
useful tool in the development of drug carrier systems with 
the intention of administering biotechnology engineered 
products. 

Polymeric NPs have attractive physicochemical proper-
ties such as size, surface potential, hydrophilic-hydrophobic 
balance, etc. and for this reason they have been recognizes 
as potential drug carrier for bioactive ingredient such as 
anticancer drugs, vaccines, oligonucleotides, peptides, etc. 
(Jahanshahi et al. 2008d). The major advantage of colloidal 
drug carrier systems is the possibility of drug targeting by a 
modified body distribution as well as the enhancement of 
the cellular uptake of a number of substances. They present 
several characteristics that make them suitable candidates to 
develop efficient mucosal administration forms, to achieve 
long circulation time after parental administration, to 
modify the body distribution, and to offer drug protection 
against in vivo acid and enzymatic degradation (Bravo-
Osuna et al. 2007). NPs consisting of synthetic biodeg-
radable polymers, natural biopolymers, lipids and polysac-
charides have been developed and tested over the past 
decades. 

Recently, the idea of using NPs made from natural bio-
degradable polymers to deliver drugs has provoked great 
interests (Li et al. 2008). Among these polymeric systems 
those based on proteins may be very promising. On the 
other hand, protein NPs offer some specific advantages over 
them. Protein NPs generally vary in size from 50-300 nm 
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and they hold certain advantages over the other drug deli-
very systems such as greater stability during storage, sta-
bility in vivo, non-toxicity, non-antigen (Lin et al. 1994) 
and ease to scale up during manufacture (Jahanshahi et al. 
2004). Nowadays active research is focused on the prepara-
tion of NPs using proteins like albumin, gelatin, gliadin and 
legumin. According to the literature, albumin NPs have 
been selected for many research topics (Muller et al. 1996; 
Weber et al. 2000; Arnedo et al. 2004; Jahanshahi et al. 
2008a). 

Albumin is an attractive macromolecular carrier and 
widely used to prepare microspheres and microcapsules, 
due to its bioavailability, nontoxicity and nonimmunogeni-
city (Kratz et al. 1997). Attractive features of biopolymer 
albumin include: its reported biodegradation into natural 
products; its lack of toxicity and antigenicity (Peppas 
1995); maintenance of constant or nearly constant blood 
levels; improved patient compliance (Heller and Baker 
1980) as well as ready availability. A number of studies 
have shown that albumin accumulates in solid tumors 
(Masumura and Maeda 1986; Takakura et al. 1990) making 
it a potential macromolecular carrier for the site-directed 
delivery of antitumor drugs. 

Among these, human serum albumin (HSA) is a pro-
mising material and was used in a multitude of studies for 
particle preparation (Michaelis et al. 2006). HSA is the 
most abundant protein in human blood plasma. It is pro-
duced in the liver. Albumin comprises about half of the 
blood serum protein. Human serum albumin (molecular 
weight of 65 kDa) belongs to a multigene family of proteins 
(He and Carte 1992) and is the major soluble protein of the 
circulating system with a blood concentration about 50 
mg.ml-1. Human serum albumin consists of 585 amino acids 
containing 35 cystein residues which build 17 disulfide 
bridges (Langer et al. 2008). 

In this work fabrication of human serum albumin 
(HSA) NPs by desolvation method and optimization of NPs 
by applying the Taguchi method are considered. The pro-
perties of HSA fabricated NPs are affected by various para-
meters such as initial protein concentration, pH value, glu-
taraldehyde concentration (crosslinker), agitation speed, 
ratio of organic solvent/ HSA solution and organic solvent 
adding rate which are discussed herein. In addition, AFM 
and SEM characterize the shape and morphology of the pro-
ducts. This study is intended to establish a rational basis for 
the controlled production and application of protein- based 
NPs as drug carrier system. 

 
MATERIALS AND METHODS 
 
Materials 
 
HSA (fraction V, purity 96-99%) and glutaraldehyde solution were 
commercially supplied by Sigma Aldrich. Ethanol and other rea-

gents were purchased from Merck (Germany). 
 
Preparation of HSA nanoparticles 
 
HSA NPs were prepared using desolvation technique. In principle, 
between 50 and 200 mg HSA was dissolved in 2 ml of purified 
water or 10 mM NaCl solution, then titrated to pH 7.5-9 and under 
constant stirring desolvation of HSA solution was achieved by 
drop-wise addition of ethanol. After the desolvation process, 8% 
glutaraldehyde in water (between 0.235 and 1.175 μl.mg-1 HSA) 
was added to induce particle cross linking. Cross linking process 
was performed under stirring of the suspension over a time period 
of 24 hr. The resulting NPs were purified by five cycles of cen-
trifugation (25000 × g, 10 min) and redispersion of the pellet to 
the original volume in 10 mM NaCl at pH values of 7.5-9. Each 
redispersion step was performed in an ultrasonication bath. The 
following parameters were changed to study their effect on the 
characteristics of the NPs: pH value, HSA concentration, agitation 
speed, glutaraldehyde concentration [%], organic solvent adding 
rate and the ratio of organic solvent/HSA solution. The pH value 
were set in the range of 7.5 to 9, concentration of HSA were set in 
the range of 25 to 100 mg.ml-1, ratio of organic solvent/HSA solu-
tion has been used between 1 and 4 and organic solvent adding 
rate has been adjusted between 0.5 and 2 ml.min-1. 
 
Taguchi method 
 
To date, Taguchi’s method has been one of the two most effective 
tools for improving quality, with the other being ISO-9000 (Wang 
et al. 2002). 

The fundamental principle of the Taguchi method is to im-
prove the quality of a product by minimizing the effect of the 
causes of variation without eliminating the causes. Taguchi ap-
proach provides systematic, simple and efficient methodology for 
the optimization of the near optimum design parameters with only 
a few well-defined experimental sets (Arun et al. 2006). 

Two major tools used in the Taguchi method are the orthogo-
nal array (OA) and the signal to noise ratio (S/N). OA is a matrix 
of numbers arranged in rows and columns. Each row represents 
the level of factors in each run and each column represents a spe-
cific level for a factor that can be changed for each run. S/N is 
indicative of quality and the purpose of the Taguchi experiment is 
to find the best level for each operating parameter so as to maxi-
mize (or minimize) S/N (Jahanshahi et al. 2008c). Taguchi metho-
dology for optimization has been represented in the form of a 
flowchart as shown in Fig. 1. 
 
Details of experiments 
 
Usually, to find the influence of controlling parameter on particle 
size a large number of experiments are needed. In order to avoid 
this, statistical methods can be used to design the optimum number 
of experiments. Taguchi method provides a systematic and effici-
ent approach for conducting experimentation to determine near 

Definition the problem and the objective

Identification of control factors Level selection of factors Selection of orthogonal array

Experimentation

S/N calculationANOVA analysisPerformance 
evaluation/comparison

Fig. 1 Factor optimization using Taguchi method. 
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optimum settings of design parameters for performance and cost. 
Once the particle size is chosen as the main performance cha-

racteristic (the measure of quality), then the design factors, which 
will have an influence on it, have to be selected. There are no 
general guidelines for their selection. The choice should be based 
on the experiences from the previous experiments. Using a special 
orthogonal array only a small set from all the possible ones is sel-
ected. The sense of the orthogonal arrays method lies in choosing 
the level combinations of the design factors for each experiment. 
Depending upon the specified performance, the optimum will 
imply that the product has achieved the target value of the quality 
measure. Therefore, the aim is to attain quality by reducing the 
variation around the target. During the experiments, particle size 
varies from the target value. Determination of the optimal levels of 
the design variables called factors is based on the assumption that 
these variations should be as narrow as possible. Thus, knowing 
the characteristic, i.e., whether a higher or lower value produces 
the preferred result, the levels of the factors, which are expected to 
produce the best result, can be predicted. Special criteria depen-
ding on the chosen performance characteristic have to be deve-
loped in order to identify individual contributions of factors and 
their interrelationships. 

As we was found, four important factor that influence the 
HSA NP size were pH value, HSA concentration, organic solvent 
adding rate and the ratio of organic solvent/HSA solution. There-
fore in order to minimize the number of experiments, Atomic De-
sign and Analysis of Taguchi Experiments were employed through 
Qualitek-4 software (version IV). Taguchi’s orthogonal array table 
was used by choosing these four parameters that could affect the 
particle size. Table 1 shows the parameters and levels used in this 
experiment. Here, L16 (44) ANOVA (analysis of variance) was sel-
ected, which represents 16 experiments with four four-level factors. 
 
RESULTS AND DISCUSSION 
 
The effect of different parameters on nanoparticle 
size 
 
HSA NPs were prepared by a desolvation technique as des-
cribed previously (Marty et al. 1978) and variously modi-
fied by our group (Rahimnejad et al. 2006; Jahanshahi et al. 
2007, 2008a). In our experiments, we studied the effects of 
varying production parameters on the NP properties. Dif-
ferent synthesis parameters were changed, including pH 
value, HSA concentration, organic solvent adding rate and 
the ratio of organic solvent/HSA solution. The goal was to 
prepare small NPs with a narrow size distribution. It has 
been shown that particle size has a great impact on the 
uptake of NPs. Desai and co-workers (Amidon 1997) 
showed that 100 nm size NPs had 2.5-fold greater uptakes 
compared to 1 μm and 6-fold higher uptakes compared to 
10 μm microparticles in a CaCo2 cell line. The results of 
other researchers also showed that particle size significantly 
affects cellular and tissue uptake, and, in some cell lines, 
only the submicron size particles are taken up efficiently in 
lieu of the larger size microparticles (Desai et al. 1996; 
Zauner et al. 2001). 

We investigated the effect of these different parameters 
on the particle size and the polydispersity index, where the 
polydispersity index measures the second moment of the 
size distribution of the NP population. A lower polydisper-
sity index indicates a narrower size distribution. 

After investigation of the effect of pH on NP size, it was 
found that with increasing pH value of HSA solution par-
ticle size were reduced, apparently due to an increased 
ionization of the HSA (isoelectric point pI=5.3) which leads 

to repulsion of the HSA molecules and aggregates during 
particle formation. The results are shown in Fig. 2. 

The influence of the HSA concentration on particle dia-
meter of resulting samples is shown in Fig. 3. In a HSA 
concentration range between 25 and 100 mg.ml-1, with in-

Table 1 Variable (factors) and their levels employed in Taguchi method 
Factors Levels 
A: pH 
B: HSA concentration (mg.ml-1) 
C: Ratio of ethanol/HSA solution 
D: Ethanol adding rate (ml.min-1) 

7.5       8      8.5       9 
25       50      75     100 
1         2       3       4 
0.5       1      1.5       2 
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Fig. 2 Influence of the pH value on NP size. 

0

20

40

60

80

100

120

0 50 100 150

HSA concentration (mg.ml-1)

Pa
rt

ic
le

 si
ze

 (n
m

)

0.1

0.11

0.12

0.13

0.14

0.15

0.16

Polydispersity

Particle Size
Polydispersity

Fig. 3 Diameter and polydispersity index of HSA NPs prepared at 
different HSA concentration in the presence of 10 mM NaCl solution 
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creasing HSA concentration the polydispersity of the sam-
ples was somewhat decreased. 

Fig. 4 shows the effect of the rate of ethanol addition on 
NP size. The addition of desolvating agent reduced the 
water available to keep the HSA in solution, resulting in 
shrinkage of the hydrated HSA chains. At a certain point the 
hydration was too low and the protein chains participated as 
NPs so according to Fig. 4 as the ratio increased the particle 
size was decreased. 

In order to influence the resulting particle size, the rate 
of ethanol addition during the desolvation procedure was 
varied. Fig. 5 shows the effect of rate of ethanol addition on 
NP size. 
 
Taguchi’s orthogonal array design 
 
The number of experiments to be conducted for four factors 
and four signal levels under full-factorial testing is 256. 
Any process will give the best possible output when all of 
the factors operate at the optimum level. If ‘m’ factors are 
selected with ‘n’ signal levels, the total number of experi-
ments to be conducted is ‘nm’. If the total number of factors 
and signal levels involved is greater, the number of experi-
ments to be conducted becomes very large. Taguchi sug-
gested the use of an orthogonal array (OA), which is the 
basis for conducting ‘fractional factorial’ experiments. The 
OA is selected based on the number of factors, interactions 
between them and the number of signal levels of each factor 
(Ross 1996; Jahanshahi et al. 2008b). Table 2 shows ‘L16’ 

standard OA used for the four factors, each set at four signal 
levels. 
 
Signal-to-noise ratio evaluation 
 
As an evaluation tool for determining the robustness of the 
design, ‘signal-to-noise’ ratio (S/N) is the most important 
component of the factor design. In the Taguchi method, the 
term ‘signal’ represents the desirable target (higher percen-
tage of approved castings) and ‘noise’ represents the unde-
sirable value. In our study smaller the better type of S/N 
ratio is used in analysis for better accuracy. For smaller the 
better case, S/N ratio is obtained by (Atil and Unv 2000; 
Jahanshahi et al. 2008c): 
 
   
 
where � is the average S/N, ‘n’ is the number of experi-
ments conducted at level ‘i’ and ‘yi’ is the approved per-
centage of parameter ‘y’. A robust system will have a high 
S/N. S/N should be as large as possible for higher values of 
approved percentages. Table 2 shows the average S/N for 
each at the signal level and factors, respectively. 
 
ANOVA analysis 
 
Statistical methods are powerful tools for extracting useful 
information contained in data and ANOVA is one of the 
most frequently used tools. ANOVA is particularly useful in 
analyzing data from the statistically designed experiments 
and can decompose variations for any type of data and 
helps in quickly calculating the magnitude of influence of 
the cause being considered (Arun et al. 2006). 

ANOVA is an analytical method to square the disper-
sion of specific numbers. The variance of the particle size in 
Table 2 (analysis of variance) was calculated, and the re-
sults are shown in Table 3. The purpose of the ANOVA is to 
investigate which factors significantly affect the quality 
characteristic. 
 
Determination of optimal conditions using Taguchi 
method 
 
The optimum conditions can be determined through the res-
ponse table of ANOVA-TM software. The level average 
graph of the raw data is illustrated in Fig. 6, which shows 
that data analyzed by the Taguchi method is in good agree-
ment with experimental finding and it can be understand 
from that the pH value reveals that it has the most important 
influence on the particle diameter. The ratio of organic sol-
vent/HSA solution has the second most important effect on 
the NP size. From Table 3, it can be seen that the pH value 
and ratio of organic solvent/HSA solution are the significant 
parameters for affecting the size. Therefore, based on the 
S/N and ANOVA analysis, the optimal parameters for NP 
size are the pH value at level 4, the organic solvent adding 
rate at level 3, the ratio of organic solvent/HSA solution at 
level 4, initial HSA concentration at level 3. 

Under these conditions the program estimated the HSA 
NP diameter as 46.625 nm, while in the experiment 53 nm 
was achieved for the NP diameter. 

Fig. 7 illustrates the HSA NP size and size distribution 
in the optimum condition. There is good agreement between 
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Fig. 5 Diameter and polydispersity index of HSA NPs prepared in 10 
mM NaCl solution at pH=9 as a function of the rate of ethanol 
addition. Initial concentration: 50 mg.ml-1. 

Table 2 Experimental measured values for particle size of HSA NPs and 
S/N ratio (Taguchi orthogonal array table of L16). 

Experimental conditions Exp. No. 
A     B C D 

Particle size 
(nm) 

S/N Ratio
(dB) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

1 
1 
1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 

1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 

1 
2 
3 
4 
2 
1 
4 
3 
3 
4 
1 
2 
4 
3 
2 
1 

1 
2 
3 
4 
3 
4 
1 
2 
4 
3 
2 
1 
2 
1 
4 
3 

185 
175 
99 
111 
93 
91 
87 
92 
78 
69 
99 
92 
75 
77 
79 
92 

-45.3 
-44.9 
-39.9 
-40.9 
-39.4 
-39.2 
-38.8 
-39.3 
-37.8 
-36.8 
-39.9 
-39.3 
-37.5 
-37.7 
-37.9 
-39.3 

Table 3 The ANOVA table of particle size. 
Factors Degree of 

freedom 
Sums of  
squares 

Variance F-Ratio 

A 
B 
C 
D 
Error 
Total 

3 
3 
3 
3 
3 
15 

10008.25 
640.25 
3070.25 
1810.75 
972.25 
16501.75 

3336.083 
213.416 
1023.416 
603.583 
324.083 

10.293* 
0.658 
3.157* 
1.862 

*Main significant parameter.
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the predicted and experimental particle size being observed. 
Consequently, particle size in the fabrication of HSA NP 
can be decreased through the Taguchi method approach. 
 
Physical characteristics of HSA nanoparticles 
 
Simple coacervation process of HSA NP was evaluated 
based on the particle size. The particle sizes as well as the 
light intensity counts of the samples were determined by 
photon correlation spectroscopy (PCS) for all the experi-
ments. The SEM image of HSA NPs is shown in Fig. 8. It 
was clear that the most of the resulting protein NPs were 
smooth and semispherical. AFM technique has been widely 
applied to provide surface and morphological information 

on nanometer scale. The images of the shape and surface 
characteristic of the NPs were obtained successfully by 
AFM (Fig. 9). Based on these characteristics; HSA NPs 
were good enough to be candidate for loading drugs on/in 
them. 
 
CONCLUSION 
 
Our systematic investigation of the synthesis parameters 
shows that it is possible to prepare HSA NPs with different 
particle sizes and a small size distribution. The NPs size 
fabricated from HSA was influenced by several process 
variables including pH value, HSA concentration, ratio of 
desolvating agent/ HSA and rate of addition of the desol-
vating agent. The interrelationships between the mentioned 
parameters are complex and therefore the analysis of this 
system for optimizing the factors is a time and labor con-
suming work. Taguchi method was adopted for the design 
of experiments and analysis of experimental data was car-
ried out successfully by maximizing S/N ratio and ANOVA. 

The best result (minimum size of HSA NPs) were at-
tained at pH 9, 75 mg.ml-1 HSA, ratio of organic solvent/ 
HSA solution 4 and rate of ethanol addition 1.5 ml.min-1. 
The NP size at the determined condition was less than 53 
nm. This result in comparison with existing literature is 
more favorable in terms of minimum size which is suitable 
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Fig. 8 SEM image of HSA NP. 

 

Fig. 9 Topography of HSA NPs with AFM. (A) Two dimension. (B) 
Three dimension. 
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for drug delivery systems. Loading the drug on these NPs 
will be the next step of the work and subject of our further 
publication. It can be anticipated that where preparative 
scale fabrication of such NPs is successful, the application 
of such delivery systems in nanobiotechnology will contri-
bute to de-bottlenecking of current biopharmaceutical in-
dustries. 
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