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Introduction
Starch is considered as a natural polysaccharide and 
an abundant and renewable compound which is often 
modified in order to improve its industrial use.1 Over the 
last few decades, starch has been modified using different 
methods for the various forms of applications.2 It is said 
that the attributes of modified starch usually depend on 
the substituent’s nature and the degree of substitution 
(DS). In this way, starch has been modified with natural 
products such as betaine through an ester bond.3 Applying 
starch because of its low costs, abundant availability, 
renewability and no toxicity has been of most interest in 
recent years, Researchers have conducted an experiment 
in which gelatinized potato starch has been reacted 
with acyl chlorides.4 Some studies showed that starch 
nanocrystals are modified using fatty acids in aqueous 
media instead of using organic solvents.5,6 Wang and 

Xie7 suggested that cationic cornstarch derivatives could 
be synthesized through the reaction of cornstarch with 
glycidyltrimethylammonium chloride with a high DS. 
Indeed a new cationic starch was synthesized through the 
Mannich reaction between cornstarch and hydroxymethyl 
dimethylamine hydrochloride.8 

A lot of carboxylic groups were grafted carboxymethyl 
starch (CMS) to prepare useful biopolymer-based 
materials.9 Further, modification of cellulose, vinyl 
saccharides, and starch in various ways and applications 
has received considerable attention.10-13 

Antimicrobial synthetic macromolecules have diverse 
applications in medical, food packaging and hygienic 
industries. Amino acids have gained great interest in 
these applications. Polysaccharides such as chitin and 
chitosan have successfully modified with peptides14-17 
and amino acids for different applications.18-20 Starch-

*Corresponding author: Hassan Namazi, Email: namazi@tabrizu.ac.ir

 © 2018 The Author(s). This work is published by BioImpacts as an open access article distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by-nc/4.0/). Non-commercial uses of the work are 
permitted, provided the original work is properly cited.

BioImpacts
Publishing
Group

TUOMS

ccess
Publish Free

Abstract
Introduction: In the recent 
decades, starch has been 
modified using different 
methods for the various 
forms of applications. Some 
new starch derivatives were 
prepared through a simple 
and convenient method in 
the grafting of amino acids: L-alanine, L-leucine and L-phenyl alanine to starch.
Methods: First, the amine groups of amino acids were protected using phthalic anhydride then the 
acidic side of amino acids were activated with chlorination using thionyl chloride, and the resultant 
acid chlorides were reacted with starch in aqueous media at room temperature.
Results: Performing the various spectroscopy experiments on the obtained compounds showed 
that the new derivative of starch has been formed. The structure of all synthesized materials was 
determined and confirmed using common spectroscopy methods and their thermal behavior was 
examined using DSC experiment. 
Conclusion: New amino acid derivatives of starch and their nanocarriers successfully prepared 
through a simple and convenient method. The size of nanocarriers evaluated using DLS and 
TEM experiments. The spherical shape of particles shows that nanocarriers have been formed 
and the size of these particles are approximately 92, 137 and 97 nm. Performing the wettability 
test determined that all the resulted materials are soluble in water. Nanocarriers of the obtained 
modified starches were prepared using dialysis method and naproxen was utilized as a model drug 
molecule. The drug release dynamics in buffered solution were studied and investigation of the 
drug release mechanism showed that in case of L-alanine- and L-phenylalanine-modified starches, 
drug release followed the Fickian diffusion with a slight deviation.
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mL flask and the mixture was refluxed for about 12 hours. 
Solvent (acetic acid) was removed in reduced pressure and 
100 mL of water and 5 mL of concentrated and cold HCl 
was added to obtain solid, the precipitate was filtered and 
washed with water for several times and it was dried. The 
obtained product (imide acid) recrystallized from water/
methanol to give the white crystals. L-phenylalanine and 
L-leucine were also protected using this method and the 
same molar ratio as alanine.34

Chlorination of amino acids
About 1.00 g of the obtained product (4.56 ×10-3 mol of 
imide acid) and an excess amount of thionyl chloride (10 
mL) was added to 50 mL flask and refluxed for about 6 
hours. The unreacted thionyl chloride was removed; 
n-hexane (20 mL) was added, and after stirring for 1 
hour, it was removed via distillation; then the product was 
collected.

Preparation of starch grafted amino acids (starch-g-
amino acids)
Starch was dispersed in alkali water at room temperature 
and stirred for 1 hour; 0.5 mol of chlorinated amino acid 
was dissolved in dry acetonitrile and added to the mixture 
drop-wise; after stirring for about 20 minutes, 150 mL of 
methanol was added for precipitation of the product. After 
filtration, it was dried in vacuum and kept in desiccate.35 

Deprotection of amino acids
Deprotection of amino groups was carried out using 
hydrazine in H2O as a solvent. This procedure was 
investigated through 1H NMR, and when the chemical 
shifts in the aromatic area are emitted, it shows that the 
deprotection has completely done.

Preparation of nanocarriers and drug loading 
Some starch-g-amino acid nanocarriers prepared through 
dialysis method without using any surfactant. Thirty 
milligrams of starch-g-amino acid was added to 10 mL 
of (DMSO) and 10 mg of naproxen as a model drug was 
added. The resultant sample was dialyzed with a dialysis 
membrane (12000 g/mol) and against water. At first, the 
medium was replaced once in the first hour and then it 
was replaced every 5 hours. The dialysis continued for 24 
hours. 

The resulting suspension was freeze-dried with 
Christ alpha freeze dryer (1-4 LSC). Starch nanocarriers 
cooled at -70°C for 24 hours. For identifying the loaded 
drug, the freeze-dried samples (naproxen loaded starch 
nanocarriers) were stirred vigorously in methanol for 3 
hours and sonicated (about 15 minutes), then centrifuged. 
The concentration of drug was measured with Shimadzu 
spectrophotometer (Shimadzu Corp., Kyoto, Japan) at 232 
nm.

Drug release studies 
Drug release dynamics was studied in pH 7.4, for 10 

co-polyacrylamid modified with amino acid and their 
biological activities were studied for their antimicrobial 
activities using cut plug method.21 The properties of 
conjugated lysine and polylysine with starch have also 
been studied.22 

Recently, a strategy has been reported for the 
preparation of multifunctional nanocarriers based on 
the biodegradable/biocompatible polymers for the active 
targeting and drug delivery.23 

Chitosan grafted amino acid derivatives were 
synthesized in order to develop a gene delivery with 
specifies of biocompatible, safe and effective vector.24

The reason for using polysaccharides as stimuli-
responsive nanosystems is their intrinsic structure 
and characteristics and nowadays several kinds of 
polysaccharides have been used in order to develop the 
sensitive nanomaterials for therapy, diagnosis and their 
combination.25

Recently, the synthesis of new nanoparticle formulation 
of starch grafted lactic acid included montmorillonite 
(MMT) and their application as nanocarrier drug delivery 
system has been reported.26,27

Also, a facile procedure for the preparation of Fe3O4 
magnetic nanoparticles coated with starch-g-poly(methyl 
methacrylate-co-PEG-acrylamide) has been developed28 
and a stimuli-responsive polymeric nanosystem has been 
synthesized for the theranostic applications.29 

As another example of the application of anticancer 
drug delivery agent, it could be referred to bio-
dendrimeric β-CD-(spacer-β-CD) supramolecule which 
was synthesized through click reaction.30

In other researches, a different kind of nanocarriers has 
prepared for drug delivery applications.31-33

In this work, the synthesis of some new derivatives 
of starch with various amino acids using a simple and 
convenient method is reported. As obtained results showed 
that the modified polysaccharide cause the resultant 
compounds to be suitable for drug delivery systems due 
to biodegradability and their great wettability. Based on 
the prepared compounds, their related nanocarriers were 
prepared using dialysis method to form a new class of 
hydrophilic nanocarriers, naproxen has been utilized 
as drug molecule and their release dynamics in the PBS 
solution were investigated.

Materials and Methods 
Materials
Starch has been purchased from Merck containing (20%-
25%) amylose; for removing the moisture, it was heated 
up to 110°C for 10 hours, L-phenylalanine, L-leucine, 
L-alanine, thionyl chloride and hydrazine was purchased 
from Merck. Phthalic anhydride was also purchased from 
Merck and was recrystallized from chloroform.

Preparation of protected amino acids
3.00 g (1.66 ×10-2 mol) phthalic anhydride, 1.47 g L-alanine 
(same mol) and 20 mL of acetic acid were added to a 100 
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hours. All nanocarriers were dissolved in phosphate 
buffer solution and poured in dialysis bag. The dialysis 
bag was soaked in 50 mL of buffer and it was stirred; 
temperature was fixed at 37°C and in different intervals, 
4 mL of sample was taken out and replaced with the same 
amount of buffer (at the same temperature). The samples 
absorption values were measured at 232 nm. The related 
concentrations were calculated using calibration profiles 
and release % was determined. 

Measurements
FT-IR spectrometer (Bruker-Tensor 27) was used for FT-
IR analysis. Starch and KBr were mixed at the ratio of 
5/200 mg. All samples were dissolved at 60°C in DMSO-d6 
and the 1H NMR spectra were obtained using Bruker 400 
MHz LEO 440i microscope was used for SEM images. The 
operating voltage was 10 kV. Samples were gold coated 
for 15 seconds. TEM micrographs were obtained using 
LEO 906 (80 v) and preserved on Kodak film. The size of 
nanocarriers and their morphology were evaluated with 
TEM after freeze drying. The DSC thermograms were 
obtained by Linseis DSC L 63/45 calorimeter (Vielitzerstr, 
Germany) and the rate of heating was 10°C/min. The 
size of nanocarriers was determined by measuring the 
angle of scattered light. The nanocarriers were passed 
through the laser beam inside a SALD-2101 (Shimadzu 
Corp., Kyoto, Japan) in order to measure their size. This 
technique measures bulk materials continuously across 
a size ranging from 10 nm to 3 mm. Particle size was 
measured through a sample solution prepared by the 
dialysis method (concentration: 0.2 wt. %). 

Results 
Esterification of starch
The modified starch derivatives were synthesized by the 
chloride derivatives of amino acid in a heterogeneous 
condition, through the chemical grafting. The reaction 
pathway was shown in Scheme 1. Water is an inexpensive 
and non-toxic solvent which makes this method appealing 
and easy to use.

Characterization of starch-g-amino acid
FT-IR 
The modified starches FT-IR spectra before their 

deprotection were compared as shown in Fig. 1. As Fig. 
1 demonstrates, the major characteristic peaks are the 
bending and stretching vibration of OH group of starch, 
which occurs around 1650 and 3276 cm-1, respectively. 

In the anhydrous glucose ring, the C-O-H and C-O-C 
group, the stretching vibration of C-O bonding appeared 
at 1150, 1077 and 990 cm-1, respectively. 

The vibration of C-O-C ring in starch appeared at 
760 cm-1. Fig. 1A–C exhibits both amino acid and starch 
characteristics combination. The presence of carbonyl 
absorption band could confirm the formation of amino 
acid grafted starch. The band in 1710 cm is related to 
the carbonyl moiety in phthalimide protecting group. 
The bands appear at 1742, 1739 and 1740 cm-1 are the 
absorption of carbonyl groups in phenylalanine, alanine 
and leucine grafted starch respectively, which shows that 
the esterification has been completed.

 
1HNMR analysis 
The 1HNMR spectra of protected amino acids presented 
and 1HNMR spectra for starch-g-(L-Phenyl alanine), 
L-leucine and L-alanine before deprotection of amino acids 
are shown in Fig. 2(a1-c1) and Fig. 2(a2-c2), respectively. 
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Scheme 1. Synthesis rout for grafting amino acids to starch.

Fig. 1. FT-IR spectra of starch modified with: L-alanine (A), 
L-leucine (B) and L-phenyl alanine (C).
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Chemical shifts between 2.5-5 ppm corresponding to the 
hydrogens in the backbone of starch. As seen in the starch-
g-alanine spectrum (Fig. 2a2), signals in chemical shifts 
1 ppm and 1.5 ppm are corresponding to the hydrogen 
of -CH3 group and hydrogen linked to the chiral center. 
The chemical shifts in 1 ppm are related to the hydrogens 
in aliphatic group starch-g-leucine as shown in Fig. 2b2, 
and chemical shifts in 7.5 ppm are corresponding to the 
hydrogens of the phenyl group in starch-g-phenylalanine 
(see Fig. 2c2). The signals for aromatic hydrogens are 
related to the protecting group in all three spectra. 
After deprotection of amino acids, aromatic hydrogens 
disappeared for the protecting group of phthalimide (see 
Fig. 2a3-2c3).

DSC analysis
The DSC thermograms for native starch and starch 
derivatives were obtained. DSC results for the native 
starch also amino acid-modified starches are shown in 
Table 1. As shown, the peaks in 112-240°C are related to 
the crystalline phase of native starch and above 240°C 
decomposition occurs. Starch derivatives do not show 
a discrete signal in DSC thermo-grams. That approves 
the amino acids crystalline phase. The peak around 
112°C-240°C in starch derivatives is due to the crystalline 
phase of the starch, which indicate that the crystalline 
phase was conserved in the alkaline media during the 
esterification of starch. The DSC results are in accord with 
previous reports in the literature.5, 6

Fig. 2. 1H NMR spectra of protected amino acids (a1-c1): L-alanine protected phthalimide (a1), L-leucine protected phthalimide (b1), L-phenyl 
alanine protected phthalimide (c1); starch-g-amino acid before deprotection (a2-c2): starch-g-(L-alanine) (a2), starch-g-(L-leucine) (b2) and 
starch-g-(L-phenyl alanine) (c2) and starch-g-amino acids after deprotection (a3-c3): starch-g-(L-alanine) (a3), starch-g(-L-leucine) (b3) and 
starch-g-(L-phenyl alanine) (c3).

Table 1. Thermal analysis data from DSC thermo grams, DS values and the related Zeta potentials for nanocarriers

St- derivative Tonset Toffset TMax DS Zeta potential(mV)

Starch  SS 40.6 160.3 125.1 - -35

St-alanine 53.2 160.9 112.1 0.34 -15

St-leucine 99.2 186.4 147.2 0.30 -19

St-phenyl alanine 45.3 136.8 93.4 0.46 -10

DS: degree of substitution.
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Wettability test
The wettability is defined as the solvent’s tendency to 
spread on the polymer’s surface in the attendance of one 
or more solvent that is immiscible. For determining the 
chemical, physical and a number of polymer’s functional 
properties, the wettability is considered as one of the 
essential parameters. The wettability can be studied by 
a simple test qualitatively in a way that, the obtained 
products mix with two solvents (immiscible and having 
different polarity) for observing the affinity of these 
substances. In our tests, chloroform and distilled water 
were chosen as solvents, the bottom phase owned to 
chloroform (d = 1.47). and the upper one to the water 
(d = 1). In the reference test equivalent amount of native 
starch was added to the mixture. Obviously, due to the 
high affinity of native starch to water, it remains in the 
water and cannot immigrate into chloroform. When we 
shake the container, starch remains in the water again 
(Fig. 3A). Hence, we conclude that native starch has a high 
affinity for return water as a polar solvent. Another test 
carried out with starch derivatives by adding the starch 
derivatives to the mixture of solvents and then shake it, 

we noticeably observed that these derivatives do not 
immigrate into chloroform (Fig. 3B), signifying that the 
nature of derivatives is polar.
 
Determination of DS 
DS value of starch derivatives has defined as the number 
of hydroxyl (-OH) groups that are substituted per 
D-glucopyranosyl unite. For the 100 units of glucose 
in the chain of starch, the DS is considered the average 
numbers of hydroxyl groups. Meanwhile, the DS can be 
calculated using integrity of related signals in 1HNMR 
spectra. Otherwise, in a way, DS value is calculated 
using the intensity of protons peaks related to an amino 
acid which is divided to the intensity of 7 the number of 
protons in one glucose unit via equation (1):
DS = ISignal/n/IAGU/7                                                      (1)

In this calculations, n is the number of protons in amino 
acids, and AGU is the number of glucose units. The 
obtained results are presented in Table 1.

Characterization of nanocarriers
Size and morphological evaluation of the nanocarriers
Transmission electron microscopy was operated for 
considering the morphological and size changes for 
nanocarriers of starch-g-amino acid (Fig. 4) and image 
software was used to obtain the average particle size 
distribution that is shown above the related sample. 
The spherical shape of particles shows that nanocarriers 
have been formed and the size of these particles are 
approximately 92, 137 and 97 nm for nanocarriers of 
starch-g-(L-alanine) (Fig. 4A), Starch-g-(L-phenyl 
alanine) (Fig. 4B) and starch-g-(L-leucine) (Fig. 4C), 
respectively.

Particle size analysis
The size of nanocarriers was evaluated by the laser 
diffraction particle size analyzer. The particle’s diameter 

Fig. 3. Wettability tests of native starch (A) and starch derivatives 
of amino acids (B).

A B

Fig. 4. TEM images for nanocarriers of starch-g-(L-alanine) (A), starch-g-(L-phenyl alanine) (B) and of starch-g-(L-leucine) (C).

(A)

(A) (B) (C)

(B) (C)
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is the size of the sphere (minimum surface area) per unit 
volume. The particle size results for nanocarriers of starch-
g-amino acids were presented in Fig. 5. The medium 
volumetric diameters of prepared nanocarriers containing 
the drug, for the starch modified L-phenylalanine (b), 
L-leucine(c) and L-alanine (a) were 0.282 µm, 0.520 µm, 
and 0.282 µm, respectively that is most probably due to 
aggregation in aqueous media. 

Also, SEM images are presented in Fig. 6. These images 
show that after freeze-drying the shape of nanocarriers 
was preserved and the surface of starch was changed.

Fig. 6A-C are related to nanocarriers of starch-g-(L-
alanine), L-leucine and L-phenylalanine, respectively.

Zeta potential of nanocarriers
Zeta potential is originated from the surface charge 
that could provide information about the electrical 
interface between the interspersed particles. It is defined 
as the potential of electrokinetic at the border of the 
hydrodynamic shear plane of a charged particle that is 
neighboring to a surface of solid exposed to a liquid. Zeta 
potential has measured with electrophoresis, wherein 
the particle immigrates in an external field. Hence, the 
particle immigrates jointly with the ions in the Stern layer, 
so Zeta potential can be considered as this boundary 
layer’s outside potential (that is called the shear plane, 
too) and can determine the speed of particle movement.36 
The measurement of Zeta potential (ζ) is not only for 
estimating of colloidal stability. Besides it is applied for 
the rapid estimation of the DS, too.37 Zeta potentials of 
nanocarriers are shown in Table 1, which indicates their 
negative potential. There is a relation between the zeta 
potential and the DS value. For the starch-g-(L-phenyl 
alanine) with having highest DS value, the measured 
negative potential has been significantly decreased in 
comparison to other amino acids.

Drug release studies
Calculating the amount of the trapped and released drug 
molecule 
The amount and efficiency of the trapped drug are 
calculated with two procedures. In the first method, the 
amount of the trapped drug was measured using the 
weight of the nanocarrier before and after complexation. 
The difference between the measured weights gave the 
amount of the trapped drug. In the second method, UV 
spectrophotometer was used. 

Drug release dynamics for nanocarriers are presented 
in Fig. 7. As Fig. 7A shows a controlled release in the case 
of starch-g-(L-alanine) nanocarrier and after the release 
of about 9% of the drug. Fig. 7B and 7C present the drug 
release from starch-g-(L-phenyl alanine) and starch-g-(L-
leucine), in this case after the release of 20% of drug we 
have the controlled release.

Discussion
Starch as a natural and abundant polysaccharide 
component is considered for drug delivery in the colon. 
Introducing natural components such as amino acids in 
starch backbone causes the resulted derivatives of starch 
to be highly soluble in polar solvents. Performing different 
experiments using FTIR, 1HNMR, DSC proved the 
formation of these desired derivatives. Because of water 
solubility of derivatives, it seems that the nanocarriers 
formation is probably due to their self-assembly. From 
a comparison of diagrams related to the particle size 
distribution of starch-g-amino acids as presented in Fig. 5 
and nanocarriers have been formed through self-assembly. 
It seems that the formation of the micellar structure was 
not possible because of the lack of hydrophobicity in the 
resulted system. However, modification of starch with 

Fig. 5. Particle size distribution of nanocarriers: starch-g-(L-
alanine) (a), starch-g-(L-phenyl alanine) (b) and starch-g-(L-
leucine) (c).

Fig. 6. The scanning electron microscopy images for nanocarriers 
of Starch-g-(L-alanine) (A), nanocarriers of starch-g-(L-phenyl 
alanine) (B) and nanocarriers of Starch-g-(L-leucine) (C).   
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Table 2. The calculated values of n, K and R2
Nanocarrier n K R2

Starch-g-alnine 0.473 1.19 o.985
St-g-phenyl alanine 0.45 1.099 o.937
St-g-leucine 0.67 1.64 0.943

(A) (B) (C)
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components such as amino acids was the aim of this work 
to find which of these modified compounds would show 
better-controlled release in pH 7.4.

It was found that the release of naproxen from 
nanocarriers depends on different factors such as 
biodegradability of polymer, the grafted groups in the 
starch backbone, the size of the drug, concentration of 
drug, pH, temperature, amphiphilicity of drug and the 
interactions between polymer and drug. And as shown in 
Fig. 7, in the case of starch-g-leucine the controlled release 
curve is most suitable. L-leucine has more aliphatic groups 
and the amphoteric groups can cause better loading of 
naproxen and due to this reason, the slow and gentle slope 
release dynamic is observed. Diffusion mechanism of the 
drug from nanocarriers: Case II, Non-Fickian and Fickian, 
diffusion calculated using the following equation (2):
 

n
tM M kt∞ =                                                                       (2)

tM M∞ is drug’s fractional release time t, “K” is 
system’s constant and “n”: the mechanism of diffusion 
characteristics. For Case II, Fickian and Non-Fickian 
diffusion “n” is 1, 0.5 and 0.5-1.0, respectively.38 

Consideration of drug release mechanism shows that in 
the case of starch-g-(L-alanine) and L-phenyl alanine drug 
release follows Fickian diffusion with the slight deviation 
(see Table 2). 

Conclusion
The nanocarrier of amino acid derivatives with starch was 
prepared in aqueous media in a simple and convenient 
way. Nanocarriers of derivatives were obtained using 
dialysis method and naproxen as a model drug. The 
Size of the nanocarriers was studied using particle size 
and TEM. The spherical shape of particles shows that 
nanocarriers have been formed and the size of these 
particles are approximately 92, 137 and 97 nm. The SEM 
studies showed that the surface modification has been 
successfully performed and the size of nanocarriers has 
been reduced. Drug release investigation was carried out 
in pH 7.4 for 10 hours and the mechanism of release was 
studied. The investigation of the drug release mechanism 
showed that in case of L-alanine- and L-phenylalanine-
modified starches drug release follows the Fickian 
diffusion with a slight deviation.
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