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In the study, chitosan was decomposed into low molecular weight chitosan by using different H2O2 concentrations for chain
termination, and then chitosan was prepared with different concentrations of tripolyphosphate cations (TPP). We have obtained
the following result: the formation of chitosan depends on the concentration of TPP; TPP at low or high concentrations does not
react with chitosan to form small chitosan molecules. Properly structured chitosan is only obtained when the mass ratio of
chitosan/TPP is 6 : 3. At this rate, when the mass ratio of chitosan/TPP is approximately 6 : 3, there the formed nanochitosan
particles have good antibacterial ability against strains of E. coli, M. catarrhalis, and S. aureus. In this work, initially, a successful
preparation of a suspension between nasal spray and small chitosan suspension was found at manufacturing ratios: 5ml nasal
spray and 5ml manufactured chitosan suspension at concentrations of 1mg/ml, 3mg/ml, and 5mg/ml. It proves that the chain
termination process by using H2O2 and the creation cross-linking when adding TPP are successful to a certain extent.

1. Introduction

Nanochitosan is a natural material with excellent physico-
chemical properties that makes it an environmentally
friendly material, whose biological activity is not harmful to
humans. It is often used as a pharmaceutical carrier and also
has antibacterial properties. Nanochitosan has been used to
improve antibacterial effects in the manufacture of drug
suspensions [1]. 'e potential to use chitosan in various
fields such as antibacterial, antifungal, antiviral, antacid,
nontoxic, biodegradable, and biocompatible with animal
and plant tissues, also such as membrane formation, has
attracted strong interest for developments in the field of
biomedicine [2]. Nanochitosan is prepared in many different
ways, such as creating covalent and ionic bonds. First, the
ionic cross-linking method is used to prepare nanochitosan
particles. By adding tripolyphosphate cations (TPP) to the
chitosan solution, a cross-linking between reaction mole-
cules between the free amino groups of chitosan and TPP

cations was created, creating a chitosan gel granule. A
number of other studies have conducted nanochitosan
synthesis from lowmolecular weight chitosan by using H2O2
as an oxidant to cut molecules [3]. Pant et al. studied ma-
terials based on PU (polyurethane) nanofibers with salicylic
acid and silver nanoparticles. Using electrospinning method,
nanomaterials with high antibacterial ability and good
mechanical properties have been successfully fabricated
[4, 5]. Chitosan nanoparticles are prepared from low and
medium molecular weight chitosan. 'e results show that
CSNPs can be widely applied as antimicrobial agents in
medicine and food science for their antibacterial activity and
high biocompatibility [6]. O’Callaghan et al. used ionic
gelation to generate low and medium molecular weight
chitosan nanoparticles. Nanoparticles (1% acetic acid) have
been shown to have high antibacterial activity [7]. From the
studies demonstrated, the selection of hydrolyzed chitosan
remains a challenge. 'e aim is to obtain oligomers with
specific sizes. 'e hydrolysis products are chitosan and

Hindawi
Journal of Nanotechnology
Volume 2022, Article ID 8368431, 10 pages
https://doi.org/10.1155/2022/8368431

mailto:anhnt@haui.edu.vn
https://orcid.org/0000-0001-9328-7693
https://orcid.org/0000-0001-9442-0003
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/8368431


chitooligosaccharides of medium and low molecular weight,
with bioactive properties. New technologies and research
focusing on the use of chitosan hydrolysates have been
continuously introduced in the scientific literature [8]. With
antibacterial ability, nanochitosan is also studied in the
application of anthocyanin drugs [9]. In addition, using
chitosan-based hydrogel as the delivery platform for pep-
tides (Ps) and hydrogen peroxide (HB) may provide a more
effective therapy in wound healing [10]. Chitosan (CS) is a
biopolymer with the characteristics of high biocompatibility
and biodegradability, so it is very convenient for biomedical
applications. Safarzadeh et al. fabricated chitosan nano-
particles using a unique combination of H2O2-assisted de-
composition, ultrasound, and ionic gelation [11].

Although there are many researches on nanochitosan
manufacturing, there are currently no researches on
nanochitosan fabrication from chitosan molecule with low
molecular weight and assessing antibacterial ability. In this
work, we have made nanochitosan from low molecular
weight chitosan and it has been initially used in the prep-
aration of a suspension with a good antibacterial nasal spray.

2. Materials and Methods

2.1. Materials. 'e following materials were used: chitosan
(CS) (deacetylation >75–85%, 1.61× 105Da) (manufactured
by Aldrich); sodium tripolyphosphate, potassium dichro-
mate, and AR type acetic acid were used without further
purification; H2O2, MgCl (Osaka, Japan); nasal sprays from
iridescent flowers (Ageratum conyzoides L.) (Institute of
Medicinal Materials, Vietnam); 1% acetic acid (CH3COOH)
is made from 99.5% acetic acid (China); ethanol (China).

2.2. Specimen Preparation. First 2 grams of chitosan were
dissolved in 100ml of 0.1M HCl and stirred for 45 minutes.
Subsequently, H2O2 was added to one of the four concen-
trations (4%; 6%; 8%; and 10%). 'e mixture was heated and
stirred at 65C for 2h and then vacuum filtered. 'e residue is
neutralized with distilled water, baked, and weighed. Ethanol
was added to the lower solution, which was left for 24 hours to
precipitate, after which it was filtered, dried, and weighed.
'ese water-soluble low molecular weight chitosans are des-
ignated CS4 CS6, CS8, and CS10. 'e viscosity of the sus-
pension was measured at 25°C using the Ostwald viscometer
(Germany). Next, 0.5 g of chitosan (CS4, CS6, CS8, and CS10)
was dissolved in 1000ml of 2% acetic acid and stirred for 25
minutes. 'en, 100ml of each solution was added to 40ml of
TPP (0.2, 0.3, 0.4, and 0.5 g/L), stirring for 2 hours at ambient
temperature for 30minutes to obtain the solution.'e solution
is clear white and then centrifuged at a high speed of 5000 rpm.
'e chitosan after fabrication has lowmolecular weight (LWCS
low molecular weight chitosan) [11, 12].

2.3. Characterization and Testing

2.3.1. Determination of Antibacterial Ability (Figure 1).
Method: testing the bacteriostatic activity by diffusing agar
plate.'e bacteriostatic activity test method is the method of

Hadacek et al. (2000), measured at the Institute of Bio-
technology, Vietnam Academy of Science and Technology.

Strains tested for bacteria: Escherichia coli ATCC 25922;
Staphylococcus aureus ATCC 12222; and Moraxella catar-
rhalis ATCC 49143.

3. Results and Discussion

3.1. Manufacturing LowMolecular Weight Chitosan by Using
Oxidizing Agent H2O2. During the experiment, the reaction
was kept constant under reaction time of 2 hours and the
reaction temperature was 60°C; we only consider the effect of
the amount of H2O2 on the resulting product. Because H2O2
is an oxidizing agent that reacts directly with chitosan, the
low molecular weight chitosan obtained will be greatly af-
fected by the content of H2O2.

From Figure 2, after treatment with H2O2, the viscosity
of the solution after heating decreases and continues to
decrease with increasing the content of H2O2. 'is dem-
onstrates that the mass of the original chitosan molecule has
been reduced. 'ere was a cessation reaction of chitosan
initially with H2O2, in which H2O2 acts as an oxidizing agent
that breaks down the original chitosan molecules into
smaller molecules.

'e amount of product obtained more or less depends
on the amount of H2O2. With the content of H2O2 being
15% compared to the initial amount of chitosan, after adding
ethanol to precipitate, the amount of the resulting product is
very small, leaving only the solution in the cup slightly
opaque.

When increasing the amount of H2O2 to 20%, after
adding ethanol, the beaker appears to precipitate as a sus-
pension in the solution, making the solution in the cup white
opaque. As the amount of H2O2 increases, the molecular
cutting oxidation occurs stronger, the amount of product is
greater, and the solution obtained in the cup is suspension
with small suspended particles evenly distributed in the
liquid. When the amount of H2O2 reaches 50%, the amount
of product obtained is the most.

After 3 days of settling, small particles settle to form a
white opaque layer at the bottom of the cup. Washing with
distilled water several times will result in an opalescent
precipitate in the form of spongy cotton, deposited at the
bottom of the beaker. 'e solution in the beaker is trans-
parent and has a neutral medium.

After conducting lyophilization, a low molecular weight
chitosan sample produces a spongy opalescent solid (see
Figure 3).

3.1.1. Infrared Spectrum of Low Molecular Weight Chitosan.
Figures 4 and 5 are the infrared spectra of the original
chitosan sample and the low molecular weight chitosan
sample prepared by infrared spectrometer at the Institute of
Chemistry, Vietnam Academy of Science and Technology.

Both spectra have characteristic peaks for the appearance
of the OH group. For the original chitosan sample, the
absorbance peak is at 3423. For the low molecular weight
chitosan sample, the absorbance peak is at 3442.
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Peak 2880 in the spectrum of the original chitosan
sample and peak 2918 in the low molecular weight chitosan
sample characterized the valence vibrations of the CH group.

On the infrared spectrum of the original chitosan
sample, the absorption band characteristic for the valence
vibrations of NH2 group is shown at peak 1652. For low
molecular weight chitosan samples, the peak corresponding
to the NH2 group is valued at 1662.

In general, for modulated samples, the characteristic
peaks for oscillation of functional groups are not much
different from the infrared spectrum.

3.2.ViscositySurvey. After treatmentwithH2O2, themolecular
weight and viscosity of chitosan decrease and continue to de-
crease with increasing of the content of H2O2 (Table 1). 'is is
due to the degradation of the chitosanmolecular chain byH2O2,

which oxidizes the OH and NH2 groups to the COOH group.
'erefore, the N content of chitosan (L) decreases as the volume
of H2O2 increases, while O content increases (Table 1).

'e antibacterial result of low molecular weight chitosan
is shown in Figure 6.

From Figure 6, the antibacterial ability of low molecular
weight chitosan was tested with 3 strains of bacteria, namely,
S. aureus, E. coli, and M. catarrhalis. Ðc (+) well is dripped
with a special antibiotic containing low molecular weight
chitosan. Ðc (-) well contains distilled water or physiological
saline. If the chitosan suspension is antibacterial, a zone of
inhibition will appear around Ðc (+) well.

'e zone of inhibition is an area around the cavity where
the bacteria have not grown enough to be visible.'e zone of
inhibition can be easily identified because the bacterial
suspension is turbid according to the standard. 'e ring of
no bacterial growth will be clearer.

Prepare the plates Preparing for testing strains of bacteria 

Drill wells and small samples Control sample

Small sample into the hole and incubated

Figure 1: Steps to determine antibacterial ability.
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'e above results show that

Ðc (-) well containing distilled water or physiological
saline produces no zone of inhibition for all 3 samples,
showing no antibacterial ability
Ðc (+) well produces the zone of inhibition for samples
3-a and 3-b, showing that the chitosan suspension has
antibacterial ability against S. aureus and E. coli bacteria

3.3. Manufacturing Chitosan of Small Size by Using Sodium
Tripolyphosphate (TPP). After completely dissolving chi-
tosan in acetic acid solution, adjust the pH of chitosan
solution with NaOH 5N solution. 'en, proceed slowly to
drip the sodium tripolyphosphate (TPP) solution at a
concentration of 1mg/ml (diluted in distilled water) into the
previous solution.

'e chitosan particles are formed, which will appear as
suspended in solution and the solution is centrifuged by a
high-speed cold centrifuge, with a velocity of 20.000 rpm for
30 minutes. After centrifuging, remove the aqueous layer
above, obtain the solid layer underneath, and wash several
times with distilled water. NCTS particles were vacuum
freezing dried by Labconco FreeZone freeze-dried machine
for FE-SEM, IR, and XRD measurement.

'e CS/TPP ratio is a very important factor influencing
the size of chitosan nanoparticles. In the world, there have
been many studies on them and they produced many results.
In particular, according to Gan’s group, the more the CS/
TPP ratio increases, the more the particle size increases, the
modulated particle size ranges from 100 to 250 nm. While
Bing Hu provides the opposite result, the more the CTS/TPP
ratio increases, the smaller the particle size.

When gradually adding TPP solution to chitosan solu-
tion, the phenomenon is that the solution is getting more
andmore limpid while the CTS/TPP ratio increases. Besides,
it can be seen that the chitosan particles have formed, as
shown in Figure 7. After centrifuging, remove the super-
natant layer, obtain the solid layer underneath, and wash
several times with distilled water. 'en, put the clean so-
lution containing solids into the vial.

After a few minutes, it is found that the solutions M1,
M2, M3, and M4 are not separated and have a more opaque
color than other solutions, showing that these particles are
small in size and difficult to settle. In the remaining pro-
portions, it is evident that the particles begin to accumulate
at the bottom of the vial; due to the large size and mass of the
particle, it is easier to settle.

'e results of the two infrared spectra show that there is
a difference between the absorption peaks of CTS andNCTS.

On the IR spectrum of chitosan (Figure 8), the ab-
sorption peak is at 3423.4 cm−1 with a well-rounded shape
showing the absorption wave bands typical for the valence
band of -OH group, while for the spectrum of nanochitosan
(Figure 8), the absorption peak of this group is at
3420.43 cm−1.

From the results in Table 2, the absorption peaks that
characterize the asymmetric valence fluctuations and sym-
metry of the -CH group of chitosan are at 2920.87 cm−1 and
2880.61 cm−1. For nanochitosan, this peak has a value of
2920.43 cm−1.

Fluctuation of the -NH2 group of chitosan is shown at
the absorption peak of 1652.21 cm−1. In the chitosan nano
spectrum, an additional peak of 1553.4 cm−1 appeared due to
the association between ammonium and phosphoric groups.

'e absorption peak of 1247.57 cm−1 is characteristic for
the oscillation of the -P�O group; this oscillation only ap-
pears in nanochitosan.

We conclude that the ammonium group of CTS has
horizontal bond with TPP to create CTS-TPP nano product.
'e absorption intensity through optical transmittance of
CTS is stronger and clearer than that of NCTS, showing that
CTS absorbs radiation more strongly than NCTS.

In the world, there have been many scientific studies on
this subject such as that by Sreekumar et al. [12] and when
compared with the results of the study, it can be determined

(CS4) (CS6)

(CS8) Sample CS6 a�er 3 days

Figure 2: Oxidation of CS with H2O2.

Figure 3: Low molecular chitosan after conducting lyophilization.

4 Journal of Nanotechnology



that NCTS is manufactured as a clean product and according
to the requirements and criteria of NCTS.

3.3.1. Structural Morphology of Fabricated Chitosan. 'e
morphological structure of the initial chitosan and chitosan
after cross-linking after being cross-linked with TPP, ob-
served through FE-SEM image, is shown in Figures 9 and 10.
Figure 8 shows that the morphological structure of chitosan
initially has the form of a polymer layer structure with large
dimensions. By the method of creating cross-linking with
TPP, the resulting chitosan is smaller in size (Figure 9),

which ranges in size from 35 nm to 100 nm (average size is
67.50 nm).

'e nanometer size and uniform distribution are great
potential for absorption for the treatment of disease playing
an effective drug transmission through route of adminis-
tration such as oral, blood, and especially inhalation.

'e method of creating gel ion with TPP cross-linking
(see Figure 11) agent is one of the simple, effective, nontoxic,
and beneficially economic methods; hence, it will be selected
for the following studies.

3.3.2. X-Ray Diffraction of Fabricated Chitosan. 'e degree
of crystallinity of chitosan initially and chitosan after con-
ducting cross-linking with TPP was assessed by X-ray dif-
fraction diagram as shown in Figures 12 and 13.

'e degree of crystallinity of the original chitosan ma-
terial was assessed through their X-ray diffraction diagram.
'e X-ray diffraction diagram is measured in the range of 2θ
from 40 to 700. 'e X-ray diffraction diagram of chitosan
has two strong points at 2θwhich are 100 and 200, consistent
with the diffraction diagram of chitosan published in the
previous studies, showing the high degree of crystallinity
chitosan raw material.

Figure 13 shows that no tip was found on the XRD
diagram of chitosan-TPP after manufacturing. 'ey show
that the original structure of chitosan was destroyed after
creating a cross-link with the TPP; this research result is
consistent with the published results [13].

3.4. 9e Antibacterial Ability of the Suspension of Chitosan
and Nasal Sprays from Ageratum conyzoides L. Firstly,
testing DC (+) and DC (-) of the test disks, both have met the
requirements to continue reading the results of the test
samples (see Figures 14 and 15).

In particular, the sample 01 is the original Agerhinin
drug and the sample 02 is the chitosan. From Figure 16, we
see that the sample 01 has no antibacterial ability; there is no
zone of inhibition for all 3 strains of bacteria tested. Hence,
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Figure 5: Infrared spectrum of low molecular weight chitosan was
prepared with 6% H2O2.

Table. 1: Molecular weight, viscosity, and elemental analysis of
manufactured chitosan.

No. Sample H2O2 (ml) µ (ml/g) Mv
1 CS4 4 301.257 242.450
2 CS6 6 167.465 127.301
3 CS8 8 69.750 81.245
4 CS10 10 21.090 17.365
Bold signifies that sample CS6 gives results for viscosity and molecular
weight which are more suitable than other samples [1].
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the original Agerhinin drug solution has no antibacterial
ability.

'e sample 02 does not appear in the zone of inhibition
for strains of E. coli and S. aureus; it is not resistant to these
two types of bacteria. ForM. catarrhalis bacteria, the sample
02 appears in the zone of inhibition but its size is only 1mm.
'erefore, the sample 02 only showed signs of low
antibacterial.

'us, when nanochitosan was added to the drug solu-
tion, the drug sample did not have antibacterial ability
initially, then appeared antibacterial signs, thereby con-
firming the antibacterial properties of Chitosan when
combined with the drug.

From the results of the antibacterial evaluation, Fig-
ure 17, it can be seen that the zone of inhibition appears
clearly for all three bacterial strains, showing that the test

(a) (b) (c)

Figure 6: Antimicrobial results: (a) specimens with S. aureus; (b) specimen with E. coli; (c) specimen with M. catarrhalis.

M1 M2 M3 M4

M1 M2 M3 M4

(a) (b)

Figure 7: Chitosan solution at different CTS/TPP ratios before filtration with distilled water (a) and nanochitosan solution at different CTS/
TPP ratios after filtration with distilled water (b).
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Table. 2: 'e main absorption peaks (cm−1) of the two substances.

Absorption peak Chitosan Manufactured chitosan
-O-H 3423,41 3420,43
-C-H 2880,61 2920,43
-NH2 1652,21 1553,40
-P�O 1247,57

Figure 9: FE-SEM of original chitosan used for research.

(a)

(b)

(c)

Figure 10: FE-SEM of chitosan/TPP at the ratios: (a) chitosan/TPP� 8/2; (b) chitosan/TPP� 4/2; (c) chitosan/TPP� 6/3.
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Figure 11: Cross-linking ions of chitosan [3].
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Figure 14: Steps to apply bacteria to agar plate.
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sample has antibacterial ability for all three strains of the
tested bacteria: E. coli, M. catarrhalis, and S. aureus.

After three tests with the sample, the average diameter of
the zone of inhibition of the sample is stated in the test
results.

'e sample 02 shows the test results of the drug and
chitosan solution. 'e sample 03 is another reference
sample. Comparing the zone of inhibition radius of sample

02 and sample 03, we found that the zone of inhibition
radius for strains of E. coli andM. catarrhalis decreased; only
the zone of inhibition radius for S. aureus strain increased
slightly from 8.2mm to 9.3mm.

Chitosan nanoparticles (CNPs) confer higher antibacterial
activity against a variety of fungi Gram-positive and Gram-
negative bacteria when compared with chitosan. 'is suggests
that CNPs have the potential to act as an antibacterial agent

Figure 15: Steps to drill jelly wells.

Figure 16: Antimicrobial test results: M01: nasal spray under study; M02: chitosan. First, check the reference results; the reference wells do
not have problems to read the test results of the samples.

Figure 17: Result of testing antibacterial ability of chitosan suspension and nasal spray (5ml nasal spray and 5ml of chitosan suspension
prepared at a concentration of 5mg/ml).
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against pathogens. 'e main proposed antibacterial activity of
CS is electrostatic interaction that alters membrane perme-
ability. It then binds to DNA and disrupts DNA replication,
leading to bacterial cell death [14]. Especially with lowmolecular
weight, Chitosan can enter cells and bind to DNA, inhibiting
replication [15]. 'e physiological activity of bacteria is dis-
rupted and leads to bacterial cell death due to the accumulation
of electronegative particles by chitosan in the cell [16].

4. Conclusions

(i) From the above research results, it can be seen that
the zone of inhibition appears clearly for all three
bacterial strains, showing that the manufactured
chitosan/nasal spray Ageratum conyzoides L. sample
has the antibacterial ability for the three test strains
of bacteria: E. coli, M. catarrhalis, S. aureus.

(ii) 'e analysis results show that when adding a small-
sized chitosan suspension to the nasal spray, Ager-
hinin initially did not have antibacterial properties,
thereby confirming that the antibacterial properties of
chitosan fabricated in combination with nasal sprays
are effective and that chitosan with low molecular
weight and small size from the original chitosan is
successful and of scientific significance.

(iii) However, the study results show that when the
particle concentration is low, due to the effect of the
viscosity of the solution is insignificant, the drug is
easily adsorbed on the particle surface, leading to
increased chitosan adsorption efficiency when in-
creasing the concentration of particles. When the
particle concentration is high in the experimental
conditions with strong vibration speed, the number
of effective collisions between particles increases so
that the particles stick together; the adsorption
capacity of chitosan is reduced.

(iv) Chitosan with low molecular weight and small size has
been confirmed to be antibacterial in many studies;
however, this work shows that this ability depends on
many factors such as molecular weight and chitosan
concentration, and especially when chitosan is com-
bined with the drug, more research is needed on the
possible interaction between chitosan and the drug
solution.'esewill be the team’s next proposed studies.
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