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Abstract

Chitin is extracted from shells of shrimps and
characterized using UV-drs spectroscopy.lt is
converted to chitosan by the process of deacetylation
and to nanochitosan by the process of
sonication.Chitosan and nanochitosan are
characterised using UV-Vis and FTIR spectroscopy.
Nickel oxide nanoparticles (NiO) are green synthesised
from Nickel chloride crystals using Euphorbia hirta
medicinal plant leaf extract which contains alkanes,
triterpenes, phytosterols, tannins, polyphenols and
flavanoids as reducing agent. E.hirta serves as a good
medicine for treating female disorders, respiratory
ailments, worm infestations in children, dysentery,
jaundice, pimples, gonorrhea, digestive problems and
tumors.The formation of nano NiO is characterised by
UV-Vis, FTIR and XRD spectroscopic techniques.

The nano NiO particles are doped with nanochitosan
and the antimicrobial activity of the resulting
composite is analysed with Staphylococcus aureus and
Pseudomonas aeruginosa bacterium using amikacin as
the control. The results shows the enhancement in the
antibacterial nature of the composite.
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Introduction

Chitin is a waste product obtained from fish processing
company. It has limited applications due to its poor solubility
in water, however its properties can be modified by
converting it into chitosan by deacetylation>%!t. Chitins
present in the shells of crustaceans are abundant sources of
chitosan. Chitosan is a natural polymer obtained by
deacetylation of chitin. Both chitin and chitosan possess
antimicrobial activity*. The biomedical applications of chitin
and chitosan are restricted because of its insoluble nature in
most solvents, low mechanical propertiest*?*, The
physicochemical and biological properties of chitosan can be
improved by surface modification by doping with metal
oxide nanoparticles. Enormous work is available in the
literature about the preparation and doping of chitosan with
nanometal oxide, synthesised using various methods*® which
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contribute to environmental pollution. Only limited work is
reported related to preparation of metal nanoparticles using
green methods'®8, utilising medicinal plant extracts as
reducing agents®!®. This study compares antibacterial
activity of the resulting NiO doped and undoped chitosan
with that of NiO nanoparticles alone?.

This study reveals that the method of preparation of nickel
oxide nanoparticles from Nickel (1) chloride hexahydrate
using ethanolic extract of E.hirta medicinal plants is cheap,
environmentally friendly and easily available. It also proves
that doping of nickel oxide nanoparticles in chitosan
improves its antibacterial activity and hence chitosan nickel
oxide nanocomposite can be used as a good antibacterial
reagent.

Material and Methods

Materials: The raw material chitin required for the present
study is prepared from the shells of shrimps collected from
fish market, Nagercoil, Kanyakumari District. Chitosan was
synthesised from chitin by deacetylation. Euphorbia hirta
leaves were collected from Kurusady, Nagercoil,
Kanyakumari District.India. Shells of shrimps were selected
as primary source for chitosan in the present study. The
shells were collected from Ramanputhoor, (Nagercoil,
Tamilnadu, India) fish market.

Methods: The shells were cleaned, washed with water and
dried in sunlight for 15 days and UV-drs spectroscopy of
chitin in absorbance & reflectance mode was recorded and
demineralised by adding 1:1 HCI solution.The
demineralised chitosan was heated with 1M HCI for 15
minutes  near to 100°C and decolourised using
H,O, Deacetylation was done by treatment with 50%
NaOH at 100 - 150°C for one hour and was washed well
with distilled water and then dried at hot air oven at
60°C for 4 hours.

Euphorbia hirta leaves were shade dried for 15 days,
powdered and the Ethanolic extract of the leaves was
obtained using Soxlet extractor. Nickel chloride hexahydrate
was obtained from Merck, India. Only deionised water was
used in the entire study.

Preparation of nickel oxide nanoparticles: Nickel oxide
nanoparticles are synthesised by the reduction of Nickel (I1)
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chloride hexahydrate obtained from Merck, India. The
leaves were washed thoroughly with water and shade dried
for 20 days. The leaves were then powdered and the
ethanolic extract of the leaves were prepared using a Soxlet
extractor. 20 g Nickel (11) chloride hexahydrate crystals was
weighed accurately and mixed with 25 ml of E. hirta extract
and shaken in a magnetic stirrer and heated to 60°C, change
in colour indicates the formation of nickel oxide
nanoparticles. The formation of nickel oxide nanoparticles
were characterised using UV- Vis, IR and XRD
spectroscopic techniques.

Synthesis and optimization of chitosan nanoparticles:
Exactly 500mg of chitosan was dissolved in 50 ml of 1%
acetic acid solution and stirred in a magnetic stirrer at 1000
rpm for 24 hours at room temperature until the solution
became clear. The resulting solution was sonicated”*22° for
30 minutes at room temperature to obtain a clear solution.
The resulting nanochitosan was confirmed by FTIR
spectroscopy.

Determination of average molecular weight: The average
molecular weight of chitosan was calculated by viscosity
method. For this experiment the Ostwald’s viscometer*®was
selected.

CH3;COOH (0.3N) + CH3COONa (0.25N) buffer solution
was selected as the solvent for making the polymer
solution.10mg of chitosan was dissolved 20ml of this buffer
solution to form a pure homogeneous solution.

Similar homogeneous solutions containing
20,30,40,50,60,70 mg of chitosan were prepared by
dissolving in 20ml of solvent. The flow time of the solvent
and the solutions were found. The relative viscosity was
found out from flow time. The intrinsic viscosity and the
molecular weight of the chitosan was calculated based on the
Mark-Houwink equation®. All this experiments were done
at a temperature of about 31+0.05°C.
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Fig. 1 (a): UV-Vis spectrum of NiO nanoparticles
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The mark — Houwink equation is:
[n] = KM®

N = Reduced viscosity. M = Molecular weight of the sample.
‘a’ and ‘k’ are constants, which depends onthe solvent used.

Results

The UV-drs spectroscopy of chitin shows an absorption
maximum at 283nm which confirms the presence of chitin.
n- IT"type, produced in the secondary amid fragment of
chitin*. The UV-Vis spectrum of NiO nanoparticles was
recorded using Shimadzu UV -2450 spectrophotometer.
UV-vis spectrum shows two absorbance peaks at 273 nm
and 395nm which maybe duen- IT"of C =O. This proves the
formation of NiO nanoparticles.

Determination of average molecular weight of chitosan:
From the above graph intercept on Y axis is 16.2459, which
can be taken as m. By substituting on Mark —Houwink’s
equation [n] = KMz?the average Molecular weight of chitosan
can be calculated is calculated as 1,163.3221 g/mol.

FTIR Analysis: The FTIR spectrum was recorded using IR
spectometer (Nicolet Avatar 360, Madison, WI). T. Both
E.hirta and nickel oxide nanocomposites show absorption
peak at 3333 cm* and at 3741cm! respectively showing the
presence of H- bonded —-OH and free —OH group
respectively. The peak corresponding to C — H stretching
occurs at 2971 cm* for E.hirta and at 2920 cm* for nickel
oxide. C=C stretching of alkene produces peak at 1646 cm-!
and at 1639 cm in E. hirta and in nickel oxide nanoparticle.
C-H bending produces two peaks at 1377cm!, 2868cm™ and
at 1377 cm for E.hirta and at 1464cm for nickel oxide.

Nickel oxide shows a strong peak at 2850cm™ due to C-
stretching. Stretching of C-N bond of amine occurs at
1091cm for E.hirta and at 1363cm* for nickel oxide. =C-
H group in E.hirta produces a strong peak at 888cm.
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Fig. 1 (b): Uv-drs spectroscopy of chitin in absorbance
and reflectance mode
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Fig. 3: FTIR spectrum of E. hirta and Nickel oxide nanoparticles

C-Cl stretching and C-F stretching produce strong peaks at
602cm™? and 1233cm™ in nickel oxide respectively’’. A
strong peak due to stretching of C-O bond occurs in nickel
oxide nanoparticle at 1031cm-.

XRD Pattern: Fig. 4 shows XRD patterns of Nickel oxide
nanoparticles recorded at ambient temperature. The average
particle size of the nickel oxide nanoparticles synthesised is
calculated using Debye Scherrer formula (D = kA/Bcos8)
where A is the X-ray wavelength of X- rays, 0 is the Bragg
diffraction angle and B is the FWHM of the XRD peak
appearing at the diffraction angle 6 and it is found to be
75.9682A° A sharp peak (111) at 43.492¢ indicates the
formation metallic Ni. All the peaks are indexed as (110),
(111), (111), (201),(111),(111) and (200). The NiO
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nanoparticles synthesised are sharp proving its crystalline
nature. The interplanar spacing is calculated using the
Bragg’s equation (nA = 2dsin®).

SEM Analysis: The morphology, topology, size distribution
and detailed surface structure of the nickel oxide, chitosan
and NiO doped chitosan nanoparticles were studied using
Scanning electron microscopy. The image confirms that the
NiO crystals are octahedral and the particles are
agglomerated. Large particles are also found due to
aggregation and overlap of smaller particles. The particles
are distributed randomly and the average sizes of individual
particles are found to be 8um, 1um and 2 um respectively
for nano NiO, Chitosan and Chitosan doped NiO particles.
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Figure 4: XRD spectrum of Nickel oxide nanoparticles
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Table 1
Zone of inhibition (mm) of chitosan nanometal oxide composites obtained fromE. hirta extract
Samples Zone of inhibition
P. aeruginosa S. aureus
Sample Control Sample Control
(Amikacin) (Amikacin)
E. hirta 11mm 20 mm 18mm 13mm
Nano NiO 10 mm - 13mm 18m
Chitosan alone 23 mm - 18 mm 17mm
Chitosan- NiO 29 mm - 22mm 19mm
nanocomposite

Zone of inhibition( mm)
= [N N N w w
o (6] o (] o (6] o (S,]

Euphorbia hirta

B Pseudomonas aeroginosa

Nano Nickel oxide

Control ameikasianipisaph aureus

Nanochitosan Chitosan _ NiO

nanocomposite
Control amikacin2

Chart 1: Zone of inhibition (mm) of E.hirta, nano NiO, Chitosan and NiO doped chitosan obtained
from E. hirta extract

The gram negative bacteria P. auruginosa were treated with
different test samples of ethanolic extract of E. hirta, NiO
nanoparticles, Nanochitosan and Chitosan doped NiO
nanoparticles with amikacin as control. The microbial
growth of P. aureginosa was inhibited by all the four
different samples but maximum inhibitory potency was
noted in NiO doped chitosan nanocomposite (29mm) with
maximum zone of inhibition [Fig. 6, table1, Chart 1].

The gram positive bacteria S. aureus were treated with
ethanolic extract of E. hirta, NiO nanoparticles (obtained
using E. hirta as reducing agent), nanochitosan and chitosan
doped NiO nanoparticles with amikacin as control. Of these,
the microbial growth of S. aureus was inhibited by all the
treated samples, but maximum inhibitory potency was noted
in NiO doped chitosan nanocomposite with maximum zone
of inhibition (22mm) [Fig. 6, table 1, Chart 1]. The above
results confirm that chitosan doped NiO nanocomposites can
be employed as a powerful antimicrobial reagent!.

Discussion

Chitin obtained from the Shells of shrimps was converted to
nanochitosan by the process of deacetylation followed by
sonication. NiO nanoparticles obtained by the reduction of
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nickel (I1) chloride hexahydrate using alcoholic E. hirta leaf
extract as reducing agent were doped in chitosan. E. hirta is
a readily available medicinal plant which itself possesses
antibacterial activity by using it as a green reducing agent in
the reduction of nickel (Il) chloride hexahydrate, the
environmental pollution due to poisonous chemicals is
reduced and also its efficiency in reducing to nano nickel
oxide is also very good when compared to the toxic
chemicals.

Chitin and chitosan were characterised by UV —Vis and
FTIR spectroscopy. The formation of nanoparticles was
confirmed by UV- Vis, XRD and SEM characterization. The
antibacterial inhibition of the resulting nanoparticles against
gram positive S. aureus and gram negative P. aureginosa
was studied by using amikacin as the control. The chitosan
doped nickel oxide nanocomposite possesses maximum
inhibitory potential against both gram positive S. aureus and
gram negative P. aureginosa when compared with
nanochitosan. Doping of chitosan with nickel oxide
nanoparticles produces a tremendous increase in the
inhibitory potential of the chitosan nickel oxide
nanocomposite.
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Hence it can be considered as a good antibacterial agent
against both gram positive S. aureus and gram negative P.
aureginosa. Detailed study on the methods of implementing
this chitosan nickel oxide nanocomposite as antibacterial
agent is the future scope of this work.

Conclusion

The UV-DRS spectrum shows an absorption peak at 283 nm
which proves the presence of chitin. The formation of NiO
nanoparticles is confirmed by UV —Visible spectrum which
proves that E.hirta extract is a good green reducing agent for
the reduction of nickel (1) chloride hexahydrate to nickel
oxide nanoparticle. From viscosity measurements, the
average molecular weight of nanochitosan is calculated as
1,163.3221 g/mol. Using Debye Scherrer formula, average
particle size of the Nickel oxide nanoparticles is calculated
75.9682A°. A sharp peak (111) at 43.492° proves the
crystalline nature of nickel oxide nanoparticles. Scanning
electron microscopy image confirms that the NiO crystals
are octahedral and the particles are agglomerated and the
average size of individual particles is found to be 8um, 1um
and 2 um respectively for nano NiO, Chitosan and Chitosan
doped NiO particles.

The zone of inhibition shows that the microbial growth of P.
aureginosa was inhibited by alcoholic extract of E. hirta,
NiO nanoparticles, Nanochitosan and Chitosan doped NiO
nanoparticles with amikacin as control. The maximum
inhibitory potency was noted in NiO doped chitosan
nanocomposite with maximum zone of inhibition (29mm)
[Fig. 6, table1, Chart 1]. The gram positive bacteria S.aureus
was treated with alcoholic extract of E. hirta, NiO
nanoparticles nanochitosan and chitosan doped NiO
nanoparticles with amikacin as control. Of these, the
microbial growth of S. aureus was inhibited by all the treated
samples, but maximum inhibitory potency (22mm) was
noted in NiO doped chitosan hanocomposite [Fig. 6, table 1,
Chart 1]. The above results confirm that chitosan doped
nickel oxide nanocomposites can be employed as a powerful
antimicrobial reagent.
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