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ABSTRACT 

This research focuses on preparing chitosan-based nanoparticles from the extract of different parts of Clitoria ternatea and their 
inhibitory effect against bacteria. Chitosan is a polymer found in nature and is used in the medical and food industry due to its non-
toxic and biocompatible nature. Chitosan and chitosan-based nanoparticles have a positively charged surface and can bind to mucosal 
tissues, making them useful for studies related to drug delivery and laboratory trials of drugs. Chitosan-based nanoparticles have 
broad-spectrum antibacterial activity; however, the inhibitory effect differs according to the structural and chemical differences in 
the bacterial membrane. Many secondary metabolites have been isolated from Clitoria ternatea that have been historically used in 
Ayurveda. The physicochemical analysis of chitosan-based nanoparticles from the leaf extract is done using Fourier Transform Infrared 
Spectroscopy (FTIR) and their antibacterial activity is studied against Escherichia coli (gram-negative) and Staphylococcus aureus 
(gram-positive) using Minimum Inhibitory Concentration (MIC) values. 
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INTRODUCTION 

he word ‘nano’ originated from a Greek prefix 
meaning ‘dwarf’, which represents one thousand 
millionths of a meter (10-9 m). Nanoscience deals 

with the study of molecular structures and particles whose 
size lies in the range of 1 to 100 nm. The history of 
nanoscience can be mapped back to the 5th century B.C., 
when the Greek scientists questioned whether matter is 
continuous or made up of indivisible particles (now known 
as atoms). Nanotechnology is the technology that can 
utilize the concepts of nanoscience and develop practical 
applications by careful implementation of scientific 
method at the Nano level. The definition, according to the 
National Nanotechnology Initiative (NNI) in the USA, 
suggests two significant challenges in nanotechnology. 
Firstly, altering and controlling the shape and size of 
particles at the nanometer scale and secondly, dealing 
with nanoparticles to use their properties advantageously 
at the Nano level. 1 

Classification of nanoparticles can be done according to 
their morphology and physicochemical characteristics. 
They can also be classified as inorganic and organic 
nanoparticles. In general, inorganic particles are more 
stable than organic structures at the nanometer scale. 
Organic nanoparticles still have issues of limited chemical 

and mechanical stability, amongst others. 2 There are 
multiple types of inorganic nanoparticles found to be 
present naturally, like gold (Au), silver (Ag), copper oxide 
(CuO), platinum (Pt), palladium (Pd), and zinc oxide (ZnO). 
The existence of naturally- occurring nanoparticles is 
controlled by different environmental factors like 
temperature, pH, sunlight, concentration, to name a few. 
Each nanoparticle possesses unique properties and 
applications, which increases the demand for its use in 
different fields. 3 

Silver nanoparticles possess properties that enable them 
to inhibit biofilms. Many known antibiotics, detergents, 
and disinfectants cannot degrade biofilms, which can be a 
significant hurdle in the medical field. Silver nanoparticles 
are considered a promising alternative to commercially 
used antibiotics in this regard.4 Similarly, gold 
nanoparticles have specific optic and electronic properties, 
which make them biocompatible. These properties are 
used advantageously in drug delivery systems, gene 
regulations on intracellular level, bioimaging, anti-
inflammatory therapy, and anticancer therapy. 5 Due to 
their antibacterial and antifungal activity and non-toxic 
nature, copper nanoparticles have garnered much interest 
in recent times. 6 Zinc oxide-chitosan nanoparticles are 
found to have significant antimicrobial activity as well as 
biofilm inhibition activity. Research in this field indicates 
that these nanoparticles have the potential to prevent 
bacterial infections. 7 

The deacetylation of chitin forms chitosan. Chitin is a 
polysaccharide that is found in crustacean shells and cell 
walls of fungi, naturally bound to the cellular proteins. The 
chitin needs to be purified by acidification and alkalization 
and then N-deacetylated to chitosan under a controlled 
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environment. Chitosan aids both active and passive 
transport of drugs by facilitating the opening of the tight 
junctions of cellular epithelium leading to enhanced 
penetration. The solubility of chitosan varies with pH 
change; therefore, it is vital to match the nanoparticle 
formulator to the physicochemical properties of chitosan 
as per the requirement and the expected biological 
environment with the processing method. Chitosan and 
chitosan-based nanoparticles have a positively charged 
surface and can bind to mucosal tissues, allowing the drug 
payload’s sustained release. In vitro and in vivo studies 
have demonstrated the biocompatibility of chitosan-based 
nanoparticles. These properties are advantageously used 
in cancer therapy and treatment of digestion-related 
diseases, pneumonic diseases, eye infections, and 
delivering drugs to the brain through the non-parenteral 
route. 8 

Researchers have suggested multiple hypotheses to 
elucidate the mechanism behind the action of chitosan-
based nanoparticles against bacteria. The most commonly 
proposed hypothesis is the disruption in DNA replication in 
bacterial cells. In this mechanism, the polycations of 
chitosan-based nanoparticles form ionic bonds with the 
bacterial-surface anions, leading to a change in the degree 
of permeability of the cell membrane. The nanoparticles 
then bind to DNA, leading to the death of bacterial cells.9,10 

Another mechanism that has been put forward is that 
chitosan-based nanoparticles form chelate complexes with 
metal atoms or ions present on the cell wall of bacteria, 
which initiates the production of toxins and suppresses the 
growth of cells. 11 

Green synthesis of nanoparticles is a reliable, sustainable, 
and eco-friendly way of synthesizing nanoparticles. Clitoria 
ternatea of the Fabaceae family, used in this study, is 
commonly known as butterfly pea. Traditional medicine 
uses Clitoria ternatea since ancient times in treating stress, 
depression, anxiety, sleep-related issues, and convulsions. 
Many secondary metabolites, like terpenoids, flavonol 
derivatives, anthocyanins, and steroids, have been isolated 
from the extracts of Clitoria ternatea. These secondary 
metabolites demonstrate pharmacological properties that 
can help inhibit microbial growth, fever, inflammation, and 
pain, lower blood glucose levels, act as a local anesthetic, 
lower blood platelet aggregation and enhance vascular 
smooth muscle relaxation. 12 

For the physicochemical analysis of chitosan-based 
nanoparticles, various analytical techniques can be used 
simultaneously. Transmission Electron Microscope and 
Scanning Electron Microscope are used to analyze the 
structure and morphology of nanoparticles and chitosan-
based nanoparticles. FTIR spectroscopy is used for the 
analysis of functional groups in the plant extract and the 
purified chitosan-based nanoparticle suspension. It can be 
used to predict and deduce other structural features of 
nanoparticles as well. X-Ray Diffraction (XRD) is used to 
determine the size of the particles and zeta potential of 
chitosan-based nanoparticles extracted from plants. 

Analysis of chitosan-based nanoparticles is done to detect 
their crystalline nature, and the particle size can be 
calculated using Debye Scherrer’s equation.13 FTIR study of 
nanoparticles and chitosan-based nanoparticles extracted 
from Mentha longifolia plant of the Lamiaceae family 
revealed that the FTIR of mint extract showed bands at 
1300.78, 1600.86, and 1705.85 cm-1, which were absent in 
chitosan-based nanoparticles, indicating the successful 
incorporation of chitosan into the nanoparticles.14 

Similarly, Transmission Electron Microscopy (TEM) of 
chitosan-based nanoparticles derived from the leaf extract 
of Catharanthus roseus showed stable chitosan-based 
nanoparticles of average diameter within the range of 45-
50 nm with a ball-like appearance.15 Another TEM study for 
the morphological analysis of synthesized nanoparticles 
from the mint extract showed that particles had a spherical 
shape and smooth surfaces. TEM images also show two 
layers (outer shell and inner core) in chitosan-based 
nanoparticles from mint extract. 16 Scanning Electron 
Microscopy (SEM) analysis of the chitosan-based 
nanoparticles obtained from mint extract showed many 
nanoparticles with an almost spherical ball-like 
appearance and well separated from each other. 14 

MATERIALS AND METHODOLOGY 

Different parts of Clitoria ternatea like leaves, stems, and 
flowers, as seen in figures 1 and 2, were collected from 
various gardens and nurseries of Jabalpur, Madhya 
Pradesh. The collected parts were sun-dried for two weeks 
as seen in figures 3, 4 and 5, and then an electric blender 
was used to grind the plant parts separately into a fine 
powder. The powdered plant parts were stored separately 
in air-tight plastic containers to keep them moisture-free. 

Preparation of plant extract from leaf, stem and flower 

1g of fine powder of leaves was boiled in 100 cm3 of 
distilled water. After boiling, the mixture was covered and 
left to cool in a dark place under room temperature and 
pressure conditions for 24 hours, as seen in figures 6 and 
7. Whatman paper no. 1 was used to filter the mixture in 
order to obtain an aqueous solution of leaf extract as seen 

in figure 8 and 9. The filtrate obtained was kept at 4C for 
14 hours overnight. The solution was then subjected to 
centrifugation at 7000 rpm for 15 minutes. The process of 
centrifugation was repeated 3-4 times to obtain the 
precipitate as pellets. Lastly, the pellets were collected and 
dried in a hot air oven, as seen in figures 10, 11 and 12. The 
dried powder was stored for further characterization 
studies. The exact process was repeated with the 
powdered stem and flower samples. 17,18 

Preparation of chitosan-based nanoparticles 

Firstly, chitosan was dissolved in an aqueous solution of 1% 
glacial acetic acid at a concentration of 2 mg/cm3 with 
continuous stirring at 100 rpm using a magnetic stirrer. 
Then, 6.5 cm3 of the leaf extract was added drop-wise to 
20 cm3 of chitosan solution. The addition of leaf extract to 
the chitosan solution was done under constant stirring at 
100 rpm for 30 minutes. The nanoparticle-containing 
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solution obtained was subjected to centrifugation at 13000 
rpm for 20 minutes to remove any unreacted chitosan 
impurities. The purified pellets of chitosan-based 

nanoparticles were collected and washed with distilled 
water, as seen in figures 13, 14 and 15. 8 

 

  

 

 

 

 

Figure 1: Ciltoria ternatea 
plant with flowers 

Figure 2: Flower of 
Clitoria ternatea 

Figure 3: Sun-dried leaves 
of Clitoria ternatea 

Figure 4: Sun-dried stems of 
Clitoria ternatea 

 

 
  

Figure 5: Sun-dried flowers 
of Clitoria ternatea 

Figure 6: Ciltoria 
ternatea leaf extract 

Figure 7: Clitoria ternatea 
flower extract 

Figure 8: Filtration of plant 
extract using Whatman paper 

no. 1 

 
 

  

Figure 9: Filtrate collected Figure 10: 
Nanoparticles from leaf 

extract 

Figure 11: Nanoparticles 
from stem extract 

Figure 12: Nanoparticles 
from flower extract 

  
 

Figure 13: Chitosan-based 
nanoparticles from leaf extract 

Figure 14: Chitosan-based 
nanoparticles from stem extract 

Figure 15: Chitosan-based 
nanoparticles from flower extract 
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Physicochemical characterization of the nanoparticles 

FTIR spectroscopy analysis is used to confirm the presence 
of nanoparticles and analyze the functional groups present 
in each sample. For FTIR spectroscopy study, a pellet was 
obtained from each sample under a 1:99 ratio of sample to 
KBr. The measurements were recorded by ABB FTLA 2000-
100 at a resolution limit of 16 cm-1. 19 

Biofilm Inhibition Assay and antibacterial activity 

Minimum inhibitory concentration (MIC) values were 
calculated to assess the activity of chitosan-based 
nanoparticles against gram-negative and gram-positive 
bacteria, Escherichia coli and Staphylococcus aureus, 
respectively. Distilled water was sterilized before the 
preparation of solutions needed during the process. 
Chitosan-based nanoparticles derived from leaf extract 
were prepared at the concentrations of 100, 200, 300, 400, 
and 500 mg/cm3. A 96-well plate was used for biofilm 
inhibition assay. The two bacterial cell suspensions of 100 

l each were prepared in HiMediaTM Brain Heart Infusion 
Broth (BHIB). The cell suspensions were added to a 96-well 
titer plate. To this, the prepared concentration mixtures of 
chitosan-based nanoparticles were added. The 
nanoparticle-free cell suspension was taken as the positive 
control while, uninoculated BHIB served as negative 

control. The plates were allowed to incubate at 37C for 
three days, after which the broth was removed. The 96-well 
titer plate was washed three times with sterilized distilled 
water to ensure the removal of dead, suspended cells that 

do not adhere to the titer plate. The addition of 100 l of 
1% (w/v) aqueous crystal violet solution into the titer plate 

was done and left undisturbed for 30 minutes. Then, 95% 
ethanol was added to the wells and left for a 15-minute 
incubation period. The resultant mixture obtained was 
analyzed using Ultraviolet-Visible Spectrophotometer at 
570 nm. 20 The inhibitory effect on biofilm formation was 
calculated using the formula below.  

Inhibition rate= (OD treatment/ OD control) x 100 21] 

The inhibitory effect of chitosan-based nanoparticles 
against the same selected bacteria was studied. Escherichia 
coli and Staphylococcus aureus were grown on HiMediaTM 

Congo Red Agar (CRA). Glass bits were added in the 
chitosan-based nanoparticle-BHIB inoculated with bacterial 
suspensions. The mixture was left undisturbed for three 
days. Glass bits incubated with chitosan-based 
nanoparticle-free BHIB inoculated bacterial suspension was 
used as control. Glass bits were washed three times with 
sterilized distilled water and added onto the CRA plates. The 

plates were then left to incubate at 37C for 24 hours. 
Observance of black-colored colonies was an indicator of 
biofilm formation. The tests on each bacterium were 
studied in triplicates. 20 

RESULTS AND DISCUSSION 

This study deals with the new approach of green synthesis 
of chitosan-based nanoparticles from leaf, stem, and flower 
extract of Clitoria ternatea. The nanoparticles prepared by 
green synthesis possess many essential and valuable 
properties based on biological components, essential 
phytochemicals, and solvent systems used in the synthesis. 
15 

 

Table 1: Colour and amount of synthesized nanoparticles from plant extract 

S. 
No. 

Source of Extract for 
the synthesis of 
nanoparticles 

Volume of extract 
used 

(cm3) 

Amount of nanoparticles 
obtained as dried powder (g) 

Colour of 
nanoparticle 

obtained 

1. 

2. 

3.  

Leaf 

Stem 

Flowers 

80   

30   

60   

0.052  

0.021  

0.070  

Light grey 

Brown green 

Violet 

 
Table 2: Colour and amount of synthesized chitosan-based nanoparticles from plant extract 

S. 
No. 

Source of Extract for 
the synthesis of 
nanoparticles 

Volume of solution of 
chitosan + volume of plant 

extract used (cm3) 

Amount of 
nanoparticles obtained 

as dried powder (g) 

Colour of 
nanoparticles 

obtained 

1. 

2. 

3 

Leaf 

Stem 

Flower 

20 + 6.5  

20 + 6.5  

20 + 6.5  

0.068  

0.042  

0.081  

Yellow-green 

pale yellow 

Pink 

 
Research on tripolyphosphate (TPP) mediated cross-linking 
of chitosan-based nanoparticles has shown an increase in 
the chemical stability of the nanoparticles and is used in 
developing an absorptive membrane with high porosity. 22 
Larger chitosan to TPP ratio leads to increased particle size. 
Studies demonstrate that aggregation in chitosan-based 
nanoparticle suspension occurs when TPP concentration is 

more than chitosan concentration. The aggregation is due 
to amplified cross-linking of chitosan chains when excess 
cross-linker molecules are present. 23 Therefore, the proper 
ratio of chitosan to leaf extract is critical in forming the 
desired size and physicochemical stability of newly 
synthesized chitosan-based nanoparticles. The particle size 
of chitosan-based nanoparticles is an essential factor that 
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affects its activity against microbes. Based on previous 
research, it is known that chitosan-based nanoparticles 
show a high inhibitory effect against medically significant 
microorganisms like Staphylococcus aureus, Pseudomonas 
aeruginosa, Escherichia coli, and Klebsiella pneumoniae. It 
is also observed that the antibacterial activity of chitosan-
based nanoparticles is higher than chitosan and chitin. The 
effective antibiofilm activity of chitosan-based 
nanoparticles has also been studied and documented. 20 

Nanoparticles are prepared using methods that involve 
chemical, physical and biological approaches. The chemical 
method of synthesizing nanoparticles is cheaper and 
efficient because it requires only a short time to synthesize 
large quantities of nanoparticles. However, the chemicals 
used in the process are hazardous to the environment and 
lead to toxic by-products. Therefore, there is a considerable 
demand for non-toxic synthetic methods to prepare 
nanoparticles leading to the development of interest in 
biological approaches under “green nanotechnology”. 24 
Many biological methods for nanoparticle synthesis have 
been reported using microbes and plants. Plants are a 

better starting material for nanoparticle synthesis as they 
do not possess any toxic chemicals and have amphiphilic 
molecules that can act as capping agents. The use of plant 
extract in nanoparticle synthesis also helps to bypass the 
tedious process of isolation of microorganisms from culture 
media, making the process cost-effective. 25 

Antibacterial activity 

The antibiofilm activity of chitosan-based nanoparticles was 
assessed using percent inhibition and MIC50 values. Percent 
inhibition was used to derive the values for MIC. The 
antibacterial activity of chitosan-based nanoparticles 
against Escherichia coli and Staphylococcus aureus was 
evaluated by calculating MIC values and inhibition rate 
where the chitosan-based nanoparticles from leaf extract 
inhibited 95% of Escherichia coli and 98% Staphylococcus 
aureus at 500 mg/cm3 each. The MIC50 of Escherichia coli 
and Staphylococcus aureus was found to be 100 mg/cm3. 
No colonies were observed on CRA plates when the glass 
beads were grown in the same concentration as the MIC 
value. 20 

 

Table 3: Percent inhibition of chitosan-based nanoparticles against bacteria under study 

S. No. Concentration of chitosan-based 
nanoparticles from leaf (mg/cm3) 

Percent inhibition 

In E. coli 

Percent inhibition 

In S. aureus 

1 

2 

3 

4 

5 

100 

200 

300 

400 

500 

53 

57 

58 

63 

95 

75 

93 

95 

96 

98 

 
Physicochemical characterization of the nanoparticles 

FTIR analysis of nanoparticles and chitosan-based 
nanoparticles prepared by the leaf extract of Clitoria 
ternatea was carried out. FTIR spectra were used to analyze 
the binding of the amine group when chitosan is present on 
the nanoparticle surface. The primary functional group of 
chitosan has the O-H group, which gave a peak at 3500 to 
3300 cm-1. Absorption peaks due to N-H of the protonated 
amino group and C-H of the alkyl group are observed at 
1630 and 1531 cm-1, respectively. Peaks in the absorption 
spectra at 1059 and 886 cm-1 indicate the presence of a 
glucopyranose ring in the chitosan matrix. Contrary to these 
results obtained on analysis of chitosan-based 
nanoparticles, chitosan characteristic peaks are skewed to 
3358, 2874, 1576, 1412, 1021, 877, and 700 cm-1, signifying 
a chemical reaction between chitosan and treatment 
nanoparticles. However, further trials and studies need to 
be carried out for an effective application in the field of 
medicine. 19 

From the discussion above, it can be deduced that chitosan-
based nanoparticles derived from the leaf extract of Clitoria 
ternatea show broad-spectrum antibacterial activity. 
Further characterization using different analytical 
techniques can throw some light on the exact mechanism. 

Chitosan-based nanoparticles from leaf inhibited 95% of 
Escherichia coli and 98% Staphylococcus aureus at 500 
mg/cm3, indicating a higher inhibitory effect on the latter. 
The inhibitory activity of chitosan-based nanoparticles 
derived from stem and flower against bacteria is currently 
under study. Once completed, comparative data will be 
generated. 

Green synthesis of chitosan-based nanoparticles and 
derived from the leaf, stem and flower extract of Clitoria 
ternatea appears to be a new cost-effective and 
environment-friendly alternative to harmful chemical 
methods. Among plant-based polysaccharide bio-
engineered materials being synthesized, chitosan-based 
nanoparticles have garnered the most attention from 
scientists and engineers due to their action against 
microbes and their biodegradable, non-toxic nature, 
increasing their relevance in medical sciences. 26 

However, due to inadequate research on the toxic effect of 
chitosan-based nanoparticles on humans and other 
organisms, some shortcomings exist. As the present 
knowledge of chitosan-based nanomaterials is 
underdeveloped, there is a need for more investigations 
and research. Nevertheless, despite these limitations, it has 
been scientifically proven that chitosan-based 
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nanoparticles synthesized by the green synthesis method 
protect the environment and are considered one of the 
most promising research areas in biomedical sciences. 27 

To broaden their practical relevance, deep knowledge and 
understanding of the activity of chitosan-based 
nanoparticles are necessary. Extensive studies on using 
chitosan-based nanoparticles for drug and gene delivery are 
underway. Most of the current research focuses on 
enhancing physical and chemical stability, their 
biocompatible nature, and new approaches to synthesize 
novel chitosan-based nanoparticles to improve their 
effectiveness in biomedicine. Chitosan molecules can be 
modified to synthesize derivatives by controlling the 
surface chemistry through chemical reactions like cross-
linking, carboxymethylation, and esterification of the 
hydroxy and amino groups present in the molecule. The use 
of chitosan in biomedicine is cost-effective as it is made 
from a natural biopolymer present in abundance. 27 The 
synthesis of chitosan-based nanoparticles from plant 
extracts, despite a few limitations, has excellent potential 
and several advantages over traditional nanoparticle 
synthesis methods. Therefore, to match up to the potential 
of nanoparticles prepared by physical and chemical 
methods, scaling up the production by green synthesis 
method using plant material and developing schemes to 
ensure cost-effective synthesis is necessary. 
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