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 NiO cellulose nanocomposite (NiO-CN) were synthesized by the precipitation method and 
characterized by X-Ray diffraction (XRD), Transmission Electron Microscope (TEM), Scanning 
Electron Microscope (SEM), Energy Dispersive X-ray (EDX) analysis, Fourier transform 
infrared (FTIR) measurements and UV–vis spectroscopy. The particles obtained have an average 
size of 20-30 nm as shown by TEM analysis. Fourier transform infrared (FTIR) measurements 
were carried out to identify the possible biomolecules responsible for the capping and 
stabilization of the nickel oxide nanoparticles synthesized by milk. The presence of elements in 
the nanoparticles was also analysed by Energy Dispersive X-ray (EDX) analysis. The results of 
EDX analysis show the weight percentages of C, O, Ni, and N-elements in the synthesized 
material were 41.65%, 52.49%, 3.81%, and 2.06%, respectively. Scanning Electron Microscope 
(SEM) has been used to assess the morphology of the nanoparticle. The effects of NiO-cellulose 
nanocomposite are screened for biological activities like, antibacterial activity was done by the 
Disc diffusion method. The bacterial organisms used in this study were Bacillus subtilis, 
Salmonela abony, Staphylococcus aureus and Escherichia coli. The observed inhibition zone for 
these microorganisms was found to be a minimum of 3.0 mm and a maximum of 22.0 mm. 
Moreover, This NiO-CN also decreases the 50% load of Leishmania donovani via MTT assay 
with 25µg/ml concentration after 72 hours incubation. 
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1. Introduction  

 
   In the field of nanotechnology, the incorporation of nanoparticles into composite matrices has had a transformative impact 
on material science, offering a platform with unprecedented properties and applications. Recently, there has been a growing 
interest in polymer nanocomposites containing metal nanoparticles, particularly in their unique properties1-3. Among the 
different polymeric matrices available, cellulose stands out as a sustainable organic raw material. Cellulose textiles with a 
variety of functions can suit the needs of a wide range of applications4-6. In particular, the combination of nickel oxide (NiO) 
nanoparticles with cellulose has attracted significant attention. This amalgamation takes advantage of the distinct attributes 
of both NiO and cellulose, resulting in a nanocomposite with immense potential in various scientific domains7-8. Cellulose 
is a highly affordable, sustainable, and renewable resource that has garnered considerable attention in recent decades. 
Researchers have been motivated to develop cellulose-based materials with novel functions9. Nanocellulose, which refers 
to cellulose materials with at least one dimension in the nanometer range, can be isolated from plants or synthesized by 
bacteria. It exhibits high strength, low density, and high crystallinity, as well as biodegradability and biocompatibility 10. 
Metal oxide nanoparticles (MONPs) have attracted considerable interest due to their unique optical, electronic, magnetic, 
and antibacterial properties11-13. Metal oxides like zinc oxide (ZnO), copper oxide (CuO), magnesium oxide (MgO), and 
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titanium dioxide (TiO2) have been extensively researched for use in healthcare products, biocides, catalysts, electronics, 
optical devices, biosensors, and other cutting-edge fields14-15. Nanocellulose/metal oxide hybrids with antibacterial, 
magnetic, sensing, or enhanced absorption capabilities are in high demand for applications such as packaging, wound 
healing, magnetic resonance imaging (MRI), drug administration, bio-separation, and water purification16-17. Metal oxides 
are chosen in nanocellulose-based antibacterial formulations due to their extended release and lack of microbial resistance, 
both of which are common with antibiotics18-19. The development of microbial resistance is a primary reason for antibiotic 
failure in treating illnesses. MONPs are efficient against a wide spectrum of bacteria, viruses, and fungi because they 
produce reactive oxygen species (ROS) that destroy microorganisms 20-21. ROS attack microorganisms at several places at 
the same time, causing oxidation and death. There are two methods for making cellulose-based composites22. Mechanically 
incorporating metal nanoparticles into a dissolved cellulose matrix is one way, although this process is hampered by 
nanoparticle aggregation. It is difficult to reduce nanoparticle aggregation and manage their assemblies at high 
concentrations23. Another strategy is to use interactions between surface-modified cellulose and metal nanoparticles to 
generate cellulose-based composites in situ. Electrostatic interactions between negatively charged cellulose and positively 
charged metal ions, for example, can be used to generate cellulose fibers with a high surface coverage of metal 
nanoparticles24. Furthermore, researchers have devised a solution-based approach for converting cotton textiles into 
conductive textiles by covering cellulose fibers with carbon nanotubes or graphene thin films25. This method, however, is 
ecologically unfavourable due to the usage of organic surfactants in the preparation of the carbon nanotube "ink." The 
incorporation of NiO nanoparticles into the cellulose matrix confers a variety of functions that show considerable potential 
in a variety of biological applications26-27. Studies have shown that NiO-cellulose nanocomposites (NiO-CN) have 
biomedical potential, including their use in drug delivery systems, tissue engineering scaffolds, and as antibacterial agents28. 
Furthermore, the synergistic characteristics of NiO and cellulose have demonstrated promising outcomes in environmental 
remediation procedures such wastewater treatment and pollutant degradation29. 
 
     The present study aims to provide a comprehensive exploration of the synthesis, characterization, and biological 
activities of NiO-cellulose nanocomposite (NiO-CN). By consolidating the current knowledge in this field, this research 
seeks to inspire further research efforts and promote the development of innovative and sustainable nanocomposite 
materials. The main objective of this study is to synthesize NiO-cellulose nanocomposites and evaluate their biological 
activities, including antibacterial and anti-leishmanial activity.  
 
2. Experimental 

 
2.1 Materials and methods 
 
     In this experiment, the precursor of nickel acetate hexahydrate (Merck), along with ethylene glycol (Merck), sodium 
hydroxide (Merck) and cellulose (Merck) were used. Promastigotes form of L. donovani were cultured in M199 medium 
(Sigma-Aldrich, USA), supplemented with 100 units/mL penicillin (Sigma-Aldrich, USA), 100 µg/mL streptomycin 
(Sigma-Aldrich, USA) and 10% heat-inactivated fetal bovine serum (FBS; Biowest). We purchased fresh cow milk from a 
nearby farm in the Almora area. Throughout the studies, a standard solution with known concentration and strength was 
prepared using double distilled water. Oxalic acid and phenolphthalein were used to standardize NaOH volumetrically. New 
solutions were utilized during the investigation. 
 
2.2 Synthesis of nickel oxide-cellulose nanocomposite 
 
     The initial steps for the synthesis of NiO-CN nanocomposites involved dissolving 0.746 g of nickel acetate in 30 mL of 
ethylene glycol (a polyol) and constant heating at a temperature of 150̊ C followed by stirring for 30 min. Now add 4 gm 
cellulose to the reaction mixture. Now the addition of 60 mL 0.3 N solution of sodium hydroxide solution drops by drop. 
This 60 mL solution of base was added with a time interval of 10 minutes for each 20 mL with heating and stirring at the 
same temperature, adding 60 mL of 0.3 N sodium hydroxide solution drop by drop. This 60 mL base solution was added in 
increments of 10 minutes for each 20 mL, with heating and stirring at the same temperature. Now 10 mL of cow milk was 
added to the reaction mixture, which was maintained constantly heated and stirred for another hour. The mixture was 
centrifuged at 2500 rpm for 30 min. The precipitate was collected in a beaker containing an ethyl alcohol and acetone 
mixture. The precipitate was allowed to settle and the solvent was removed through a decantation process. After the removal 
of the supernatant liquid, the precipitate of NiO-Cellulose nanocomposite was obtained which was kept in an oven at 150̊ 
C for six hours. Finally, grinded with mortar to be shaped into fine particles in powdered form. The sample was maintained 
in an airtight chamber in a sample tube. 
 
2.2.1 Antibacterial activity 
 
     The antibacterial activity of the samples was tested against the selected bacterial strains using agar well diffusion method 
which was previously reported by Kalemba and Kunicka (2003) with required modifications. The bacteria strains used were 
Bacillus subtilis, Salmonela abony, Staphylococcus aureus and Escherichia coli. Using stock solutions of (100mg/ml) four 
other concentrations (75mg/ml, 50mg/ml, 25mg/ml, 10mg/ml) of the samples were prepared in the relevant solvent 
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autoclaved distilled water. Each bacterium was grown in nutrient broth for 24 hours at 37±2 0C. After 24 hours Bacillus 
subtilis, Salmonela abony, Staphylococcus aureus were evenly spread with the help of sterilized cotton swabs on Nutrient 
Agar plates while for Escherichia coli, MacConkey Agar plates were used for better visualization of zones. Wells were 
made in each plate with the help of cork borer and samples of different concentrations were placed in each well. The plates 
were then incubated for another 24 hours at 37±2 0C30. The complete testing was performed under aseptic conditions. The 
zone of inhibition was calculated using the formula mentioned below: 
 
Zone of Inhibition = (Diameter of the clear zone) - (Diameter of the well) 
 
2.2.2 Antileishmanial activity 
 
    L. donovani Bob strain (LdBob strain/MHOM/SD/62/1SCL2D) promastigotes, were cultured in M199 medium (Sigma-
Aldrich, USA), supplemented with 100 units/ml penicillin (Sigma-Aldrich, USA), 100 µg/ml streptomycin (Sigma-Aldrich, 
USA) and 10% heat- inactivated fetal bovine serum (FBS; Biowest). Logarithmic phase L. donovani bob strain 
promastigotes were used to determine the inhibitory efficacy using the MTT assay. The graph of Antileishmanial activity 
of NiO-CN against Promastigote’s form of L. donovani has been shown in Fig.8. Briefly, parasites were plated on 96-well 
flat bottom plates at a density of around 105 parasites per well with 200µl/well and incubated with different concentrations 
of NiO-CN for 72 hours. Then 20 μl of MTT (Himedia) stock solution (5 mg/ml) was added to each well of respective 
plates followed by incubation for 4 hours. Then centrifuged in 1000 g for 15 min, the supernatant was discarded and 100 
μL of DMSO was added to each well and resuspended. The O.D. was measured at 570nm by micro-plate reader (Bio Rad). 
Percentage of inhibition was calculated by comparing the % viability with untreated control. Each experiment was done in 
triplicates31-32. The % viability of cells was calculated by the following formula.                                            
 
Viability % = (treated cells/untreated cells) ×100  
 
2.2.3 Characterization Techniques 
 
     The produced materials were examined using conventional analytical methods such as XRD, TEM, SEM-EDX, FT-IR, 
and UV-vis spectroscopy. The crystalline nature of produced nanoparticles was determined using an X-Ray Diffractometer 
(PAN analytical X Pert Pro). The Varian 7000 FTIR Fourier Transform Infrared (FT-IR) spectrometer was used to determine 
if the functional group was present in the produced material. The surface morphology of the material was investigated using 
a Zeiss EVO40 scanning electron microscope (SEM). The particle size was measured using a JEOL 2100F Transmission 
Electron Microscope (TEM). To assess absorbance during anti-inflammatory effect, a UV-visible spectrophotometer 
(Thermo Scientific, Evolution-201) was utilized. 
 
3. Results and discussions 

 
3.1 XRD Study 
 
     Fig.1 and Table 1 depict the XRD pattern and list of peaks of NiO cellulose nanocomposite (NiO-CN). The X-ray 
diffraction (XRD) patterns seen in Fig.1 demonstrate the created NiO cellulose nanocomposite (NiO-CN). The NiO-CN 
XRD pattern shows significant diffraction peaks at angles of 22.35°, 26.50°, and 34.50°. These peaks reveal essential details 
regarding the crystalline structure of NiO-CN. Previously, various studies showed cellulose XRD peaks around 22.4° and 
22.6°, which are virtually identical to our XRD results33-34. It has been also reported in previous studies that the shape of 
NiO nanoparticles was demonstrated by the characteristics peak at 26.9835 and 34.50°36-37 which also resembled our present 
study. 
 

 
Fig. 1. XRD patterns of NiO cellulose nanocomposite (NiO-CN) 
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Table 1. List of peak of XRD patterns of NiO cellulose nanocomposite (NiO-CN)  

Sl. No Pos. [°2θ] FWHM Total [°2θ] d-spacing [Å] Rel. Int. [%] Area [cps*°2θ] 
1.      22.3520       0.1761     3.97423    88.93     2.39 
2.  26.5091       0.0660     3.35968    65.74     0.33 
3.  34.5054       0.7178     2.59721  100.00   10.97 

 
3.2 TEM Study 
 
      Fig. 2(a-b) shows a TEM image of NiO cellulose nanocomposite (NiO-CN). The average crystallite size TEM data 
improves particle size measurements and boosts nanomaterial characteristics. The particle size of the produced nanoparticles 
is shown by TEM to be in the region of 20-30 nm. 
 

 
Fig. 2(a, b) TEM image of NiO cellulose nanocomposite (NiO-CN) 

 
3.3 SEM Analysis 
 
     The surface morphology of NiO-cellulose nanocomposite (NiO-CN) was studied using scanning electron microscopy 
(SEM). The morphology of the NiO-CN is depicted in Fig. 3(a-f). The images show that the particles are highly 
agglomerated. As a result of this aggregation or overlap of smaller particles, some larger particles are detected. The images 
show NiO-CN aggregates formed by self-assembled fractal architectures caused by the presence of strong hydrogen bonds. 
These interactions are promoted by the hydroxyl groups on the surface of the cellulose fibrils and are greatly dependent on 
the cellulose source and extraction procedure38.  
 

 
Fig. 3. SEM images of NiO cellulose nanocomposite (NiO-CN) at different resolutions: (a) 500 nm (b) 5 µm (c) 1 µm, (d) 
30 nm, (e) 5 nm, (f) 2µm 
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3.4 EDX Study 
 
      Fig. 4 depicts the EDX spectrum of NiO cellulose nanocomposite (NiO-CN), which revealed that the weight percentages 
of C, O, Ni, and N-elements in the synthesized material were 41.65%, 52.49%, 3.81%, and 2.06%, respectively. 
 

 
Fig. 4. EDX spectra of NiO cellulose nanocomposite (NiO-CN) 

 
3.5 FT-IR Study 
 
     The FTIR spectra of NiO cellulose nanocomposite (NiO-CN) are shown in Fig. 5. Significant peaks in this spectrum 
may be seen at 611 cm-1, 665 cm-1, 1059 cm-1, 1109 cm-1, 1159 cm-1, 1235 cm-1, 1380 cm-1, 1420 cm-1, 1598 cm-1, 2135 cm-

1, 2918 cm-1, and 3402    cm-1. The O-H stretching vibration mode is given to the strong band at 3430 cm-1 39. At 1059 cm-

1, the strong bond corresponds to the Ni-O stretching vibration mode of Ni-O36. The presence of peaks of 2853 cm-1, 2922 
cm-1 and 3431 cm-1 are characteristics of the hydroxyl group (O-H) stretching the adsorbed water molecule40. The strong 
bond corresponds to the Ni-O stretching vibration mode of Ni-O at 1081 cm-1 36. In the second region, the band at 1439 cm-

1 is assigned to O-H bending due to the presence of a carboxylic group in precursors. Similarly, the peak at 1571 cm-1 can 
be assigned due to the interaction of nanoparticles with cow milk as a capping reagent or as adsorbed molecule at the surface 
of the nanoparticle41.  It has been reported that the presence of peaks at 1543 cm-1 and 1474 cm-1 also shows the presence of 
triazine rings, which confirms the presence of melamine in the Cellulose nanocrystals (CNC) construction. Further, the 
extending vibration C-O-C related to the pyranose ring was apparent at bands 1019 cm-1 and 1060 cm-1and CH vibrations 
at 897 cm-1, which are available in both microcrystalline cellulose (MCC) and Cellulose nanocrystals (CNCs)42. The spectra 
show that the peaks at 1380 cm-1 were displayed according to the bending vibrations of N-H that blue shifted to 611 cm-1, 
which indicated the presence of NiO nanoparticles43. 
 

 
Fig. 5. FTIR spectrum of NiO cellulose nanocomposite (NiO-CN) 

3.6 UV-Vis study 
 
     UV-vis absorption spectra were obtained at increasing temperatures to study the optical properties of the produced NiO 
cellulose nanocomposite (NiO-CN), as shown in Fig. 6. The UV-vis spectroscopy indicates an absorption peak at 353 nm, 
and the band gap energy of these nanoparticles is calculated using the Tauc-equation:  
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αhν = A(hv − Eg)n (2) 
 
where α is the absorption coefficient, h is the photon energy, and Eg is the band-gap for direct transitions (n=2). In the inset 
of Fig. 6, a plot of (αhυ)2 (eV2.cm-2) versus hν (eV) is displayed, and the linear component of the curve is projected to the 
hυ axis to calculate the band gap. The band gap was discovered to be 1.8 eV. 
 

 
Fig. 6. UV–vis spectrum and Tauc-plot (insert) of NiO cellulose nanocomposite (NiO-CN) 

 
3.7 Antibacterial activity 
 
      The results indicated that NiO cellulose nanocomposite (NiO-CN) inhibited the growth of all the selected bacteria. The 
inhibition was dose dependent i.e., the concentration of 100mg/ml showed the maximum inhibition followed by 75mg/ml 
and so on. The maximum inhibition was found in the bacterium Bacillus subtilis, where clear zones of 22mm, 19mm, 13mm, 
12mm, and 9mm were observed for the concentrations of 100mg/ml, 75mg/ml, 50mg/ml, 25mg/ml and 10mg/ml 
respectively. Following B. subtilis, maximum inhibition was seen in S. abony, at the similar pattern where maximum 
inhibition was found at 100mg/ml and least in 10mg/ml. The zone of inhibition was found to be 17mm, 12mm, 9mm, 
7.5mm, 4mm in order of decreasing concentrations. For S. aureus, the zone of inhibition was found out be 15mm, 13.5mm, 
12mm, 10mm, and 3mm in decreasing order of concentrations. The least inhibition by NiO cellulose nanocomposite (NiO-
CN) was found to be in E. coli, where zone of inhibition was found to 8mm, 7mm, 5mm, 3mm and 3mm for the conc. of 
100mg/ml,75mg/ml, 50mg/ml, 25mg/ml, and 10mg/ml respectively. 
 
Table 2. The antibacterial activity of NiO cellulose nanocomposite (NiO-CN) at different concentrations 

Sl. No NiO-CN 10mg/ml 25mg/ml 50mg/ml 75mg/ml 100mg/ml 
1.  B. subtilis 9mm 12mm 13mm 19mm 22mm 
2.  S. abony 4mm 7.5mm 9mm 12mm 17mm 
3.  S. aureus 3mm 10mm 12mm 13.5mm 15mm 
4.  E. coli 3mm 3mm 5mm 7mm 8mm 

 

  
 
 

 
[a] B. Subtillis 
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[b] S. Abony 

  
[c] S.aureus [d] E.coli 

 
 

Fig. 7. Antibacterial of NiO cellulose nanocomposite [a] B. subtilis, [b] S. Abony 
[c] Staphylococcus aureus and [d] E. coli 

3.8 Antileishmanial activity  
 
    Antileishmanial activity of the NiO cellulose nanocomposite (NiO-CN) was studied with doses ranging from 0 to 
1000µg/mL on the promastigote form of L. donovani. The viability of promastigotes was determined by MTT assay. The 
conversion of tetrazolium salt to an insoluble formazan product by the mitochondrial electron transport chain is an indicator 
of promastigote viability while a decrease in the amount of formazan indicates toxicity to the Leishmania. At zero 
concentration, untreated cells were shown healthy and moving but after the treatment of NiO-CN Leishmania cells went 
towards death. 50% cell viability of Leishmania exhibited at 25µg/ml concentration after 72 hours incubation. Up to 1000 
µg/ml concentration, only 25% leishmanial cells survived. According to the potential activity of NiO-CN against the 
promastigote form of Leishmania donovani may be evaluated as a successful agent against antileishmanial activity and help 
to develop an alternative option for the treatment of visceral Leishmaniasis. 
 

 
Fig. 8. Antileishmanial activity of NiO-CN against Promastigotes form of L. donovani 
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4. Conclusions 
 
     The synthesis of NiO cellulose nanocomposite (NiO-CN) using milk at a higher concentration and reducing ethylene 
glycol concentration offers a greener, more sustainable method for producing NiO cellulose nanocomposite (NiO-CN). This 
study is a primary step toward green chemistry in synthesis NiO-CN, paving the way for further research in green chemistry. 
NiO cellulose nanocomposite (NiO-CN) have demonstrated significant biological activities, including antibacterial and 
antileishmanial. These diverse activities make them promising candidates for a range of biomedical applications. The 
antibacterial activity of NiO cellulose nanocomposite (NiO-CN) against Bacillus subtilis and Staphylococcus aureus 
Salmonela abony, and Escherichia coli highlights their potential in combating bacterial infections. Furthermore, Due to 
lack of effective vaccines visceral leishmaniasis is lethal in various ways if remain untreated. Now, alternative options are 
required against this disease. NiO-CN showed antileishmanial activity against Leishmania parasites (Leishmania donovani) 
provides a new avenue for the treatment of visceral leishmaniasis. 
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