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Abstract 

The synthesized zincoxide nanoparticles incorporated microcrystalline 

cellulose – silk fibroin nanocomposite was prepared for biomedical applications 

namely wound dressings, drug delivery, skin repair, dental and tissue engineering 

applications. The zincoxide nanoparticles were synthesized using zinc acetate in 

citrus reticulate extract and sodium hydoxide. The synthesized zincoxide particles 

were in the nanoregion was analyzed by UV-Visible spectroscopy. The synthesized 

zincoxide nanoparticles were calcined at 150 °C and 300 °C and the surface 

morphology was studied by scanning electron microscopy with Energy Dispersive 

X-ray Spectroscopy. The functional groups of the synthesized zincoxide 

nanoparticles were identified by Fourier Transform Infrared Spectroscopy. The 

excellent crystalline nature of the synthesized nanoparticles was studied by X-ray 

diffraction. The antibacterial activity of the synthesized zincoxide nanoparticles 

were performed against two gram positive and two gram negative bacteria. The 

microcrystalline cellulose – silk fibroin nanocomposite were prepared by solvent 

casting method and analysed by SEM. The synthesized zincoxide nanoparticles 

incorporated microcrystalline cellulose – silk fibroin nanocomposite functional 

groups were identified by FTIR. Hence, the overall studies clearly indicates that the 

microcrystalline cellulose – silk fibroin nanocomposite as a promising nano carrier 

for zincoxide nanoparticles.  

Keywords: Zincoxide, Nanoparticles, Nanocomposite, Silkfibroin, Microcrystalline 

cellulose 
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Introduction 

The bacterial infectious diseases are serious health problem that has drawn 

the public attention in worldwide as human health threat, which extends to economic 

and social difficulties. Increased outbreaks and infections of pathogenic strains, 

bacterial antibiotic resistance, emergence of new bacterial mutations, lack of suitable 

vaccine in undeveloped countries and hospital-associated infections, are global 

health hazard to human, particularly in children. Nanotechnology is one of the 

research hot spot in modern materials science to overcome the above problems. This 

technology is capable of providing various novel applications that range from 

innovative fabric compounds, food processing, and agricultural production to 

sophisticated medicinal techniques [1]. It is considered as the synthesis, description, 

and exploration of materials in the nanometer region (1-100 nm). At this level, the 

properties and functions of existing and anthropogenic systems are defined [2]. In 

this technology, the relevant materials are those whose structures exhibit new and 

considerably enhanced physico-chemical and biological properties as well as distinct 

phenomena and functionalities as a result of the nanoscale size [3]. This nanoscale 

size generally gives larger surface area to volume ratio compared to macro-sized 

particles [4]. Nano-sized zincoxide exhibits varying surface morphology and shows 

better antibacterial activity over a wide spectrum of bacterial species studied by 

many researchers [5-12]. Zincoxide demonstrates significant antimicrobial activities 

when particle size is in the nanometer range, then zincoxide nanoparticles can 

interact with the bacterial surface and/or with the bacterial core where it enters 

inside the cell and subsequently establish the various bactericidal mechanisms [10]. 

Interestingly zincoxide nanoparticles were reported by several studies as non-toxic 

to human cells [13], this aspect demand their usage as antibacterial agent, harmful to 

microorganisms and good biocompatibility to human cells [11]. Zincoxide holds 

good optical absorption in the UVA (315 to 400 nm) and UVB (280 to 315 nm) 

regions which is beneficial in antibacterial response and used as a UV protector in 

cosmetics [14]. Duncan reported about recent applications of antimicrobial 

nanoparticles on food to achieve high barrier packaging materials and nano-sensors, 

using nanoparticles to trace food relevant analysts such as foodborne pathogens [15]. 

Wei–Zheng Shen et al. synthesized the nano films by blending silk fibroin and 
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cellulose nanocrystals. The thin films show a higher degree of crystallinity and 

improved tensile properties. Although the films are used in medical applications like 

tissue repair, medical device coating and food packaging due to their high degree of 

crystallinity [16]. The silk fibroin has remarkable mechanical properties such as high 

tensile strength and biocompatibility. Many materials can be prepared using silk 

extract like tubes, hydrogels, sponges, composites, fibers and thin films. The above 

materials are widely used as biomaterials for implants and as scaffolds in tissue 

engineering [17]. Zincoxide nanoparticles loaded cellulose acetate films have good 

water sorption properties and antimicrobial activity [18]. The microcrystalline 

cellulose was used as an additive in polycaprolactone matrices to attain three-

dimensional printed scaffolds with improved mechanical and biological properties 

[19]. The microcrystalline cellulose nanocomposite showed a more satisfactory 

behaviour compared to the bentonite which reduced the elongation to break greatly 

[20].   

Nanocomposites with high porosity find a new application in the field of 

nanotechnology. In this study, the natural biopolymers namely microcrytalline 

cellulose loaded silk fibroin from Bombyxmori silk are used as nanocarriers for 

zincoxide nanoparticles for biomedical applications through efficient nanochemistry 

methodology. 

Materials and Methods 

Materials 

 Microcrystalline cellulose (20 μm) was purchased from Sigma-Aldrich, 

India. Citrus Reticulata was purchased from local market, Salem, India. 

Bombyxmori silk cocoons were collected from Sericulture lab, Coimbatore. 

Zincacetate dehydrate, Sodium bicarbonate, Trifluoroacetic acid and Sodium 

hydroxide was purchased from Merck, India. Distilled water and all other chemicals 

were used for all analysis without further purification. 

Methods 

Preparation of Zincoxide nanoparticles  

The zincoxide nanoparticles were prepared from the precursor zincacetate 

dehydrate with rich antioxidant compound of citrus reticulate extract and aqueous 

sodium hydroxide. The zincacetate dehydrate was dissolved in the citrus reticulate 
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extract and aqueous sodium hydroxide was added dropwise into the above solution 

in 1:2 ratio at continuous stirring. Then the stirring was continuous through 

mechanical stirrer for 12 h. Then the solution was filtered using whatmannfilter 

paper 40 and the powder was dried at oven on 100 °C for 1 h. Finally, the 

synthesized zincoxide powder was calcined at two temperatures namely 150 °C and 

300 °C for 2 h respectively.  

Preparation of silk fibroin solution 

 Bombyxmori silk cocoons were taken and then cut the cocoons to dispose the 

worms. Silk fibroin was degumming, by boiling the silkfibroin with aqueous 

solution of 1 litre of 0.02 M sodium carbonate. This solution was stirred for 30 

minutes using magnetic stirrer and then rinsed thoroughly for 20 minutes with 

distilled water to extract the sericin protein and other impurities. This operation was 

repeated for three times to get the pure silk fibroin. The extracted silk fibroin 

(degummed SF) was squeezed out for removal of excess water and then allowed to 

dry at overnight. Then the weight of the silk fibroin was accurately weighed using 

analytical balance [17]. Silk fibroin was dissolved in trifluoroacetic acid at 10 wt % 

concentration using magnetic stirrer. After getting the homogeneous solution of silk 

fibroin added 0.1 wt % of microcrystalline cellulose and stirred continuously for 5 

hours. Then the solution bottle was placed in the sonicator bath for half an hour and 

again the stirring process was continued, for 1 hour. 

Preparation of nano zincoxide loaded microcrystalline cellulose – silk fibroin 

composites  

 Zincoxide nanoparticles (0.5 wt %) was added into the homogeneous 

microcrystalline cellulose–silk fibroin solution and stirred continuously for half an 

hour. The homogeneous zincoxide nanoparticles loaded microcrystalline cellulose - 

silk fibroin solution was poured into the petri plate. And this was allowed to dry at 

overnight and then the composite was dried in oven at 50 oC for half an hour.  

The synthesized zincoxide nanoparticles and microcrystalline – silk fibroin 

nanocomposite were characterized using several techniques.  

Characterization 

UV-Visible spectroscopy is one of the most widely used techniques for the 

characterization of zincoxide nanoparticles. The optical absorption properties were 
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characterized using double beam UV-Visible spectrophotometer, cyber lab. UV-

Visible absorption spectrum of the zincoxide nanoparticles was observed in the 

wavelength range of 190 to 800 nm. Scanning electron microscopy with Energy 

dispersive x-ray spectroscopy was used to gather information about the morphology 

information including shape and size of the zincoxide nanoparticles. The surface 

morphology of the microcrystalline cellulose loaded silkfibroin were observed using 

SEM (FEI Quanta FEG 200 – HRSEM) at 15 kV. The synthesized zincoxide 

nanoparticles were scanned in the range of 2θ between 0 and 90o at 295K, using 

CuKα (λ = 1.5418 Å) radiation. The synthesized zincoxide nanoparticles were 

pressed inside the sample holder, and the XRD data were collected in the step scan 

mode, using a RigakuMiniflex II Desktop X-ray diffractometer. Size distributions of 

the zincoxide nanoparticles were determined with a Malvern Zetasizer Nano ZS by 

the DLS technique. The zeta potential was measured by analyzing 0.1 g of zincoxide 

nanoparticles in 10 ml of water using the Zetasizer Nano ZS. Before zeta potential 

measurements the sample was sonicated for 5 minutes. The Perkin-Elmer infrared 

spectrometer with universal attenuated total reflectance (UATR) facility in the 

infrared range of 400-4000 cm-1 was used to analyze the functional groups of the 

zincoxide and zincoxide nanoparticles loaded microcrystalline cellulose – silk 

fibroin composite. 

Antibacterial activity 

The antibacterial activities of the synthesized zincoxide nanoparticles were 

studied by well-diffusion method. The Gentamicin (20µg) was used as a positive 

reference standard to determine the sensitivity of each microbial species tested. The 

different concentrations of zincoxide nanoparticles  namely 15, 30, 45 and 60 ug /ml 

were prepared and tested against gram positive (Bacillus Subtilis and 

Staphylococcus Aureus) and  gram negative (Escherichia Coli and Pseudomonas 

Aeruginosa) bacteria and inhibition were analyzed. 

Results and Discussion 

The prepared zincoxide nanoparticles from citrus reticulate extract were 

characterized by UV-Visible Spectroscopy, Scanning Electron Microscopy with 

Energy Dispersive X-ray spectroscopy, Particle size analyser, and Fourier Transform 

Infrared Spectroscopy. Antibacterial activities of the prepared Zincoxide 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME VI, ISSUE III, MARCH/2019

ISSN NO: 2394-8442

PAGE NO:21



 

nanoparticles was analyzed against gram positive (Bacillus Subtilis (NCIM No: 

2155) and Staphylococcus Aureus) and gram negative (Escherichia Coli (NCIM No: 

2343) and Pseudomonasaeruginosa) bacteria. The microcrystalline cellulose – silk 

fibroin nanocomposite was prepared by solvent casting method and was analysed by 

Scanning electron microscopy. The zincoxide nanoparticles were incorporated into 

microcrystalline cellulose – silkfibroin composites for the nanocarrier purpose and 

were characterized by FTIR.  

UV-Visible spectroscopy 

 The zincoxide nanoparticles were observed by UV-Visible absorption 

spectrophotometer. The two calcined zincoxide nanoparticles absorbance were 

observed as shown in Figure 1 (a) and (b).  

 

Figure.1 UV spectrum of Zincoxide nanoparticles (a) calcined at 150 °C and 

(b) calcined at 300 °C 

The UV-Visible absorption spectroscopy of the synthesized zincoxide 

nanoparticles shows an absorption peak at 210 nm, which lies much below the band 

gap wavelength of 388 nm of bulk zincoxide [21]. The peak at 210 nm is due to the 

interband transition of copper electron from deep level of the valence band. 

Therefore, UV-Visible spectra results confirmed that the prepared zincoxide is 

present in the nano region.  
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Scanning Electron Microscopy 

The surface morphology of the synthesized zincoxide nanoparticles was 

studied by SEM with EDX. The zincoxide nanoparticles were calcined at two 

temperatures namely 150 and 300 °C respectively. The average size of the 

synthesized zincoxide nanoparticles were calcined at 150 °C was found to be       

350 nm. No other impurities were present in the nanoparticles was confirmed by 

EDX spectrum.  

 

Figure.2 (a) SEM images of Zincoxide nanoparticles calcined at 150 °C (b) EDX 

spectrum of Zincoxide nanoparticles calcined at 150 °C and (c) SEM images of 

Zincoxide nanoparticles calcined at 300 °C 

The synthesized zincoxide nanoparticles were calcined at 300 °C was found 

to have flower like structure as shown in Figure (2c).  Figure (2b) and Table 1 

results obtained from the EDX spectra suggested that zincoxide nanoparticles have 

excellent purity (zinc content – 63.65 %; oxygen content – 36.35 %), in which very 

little impurities can be seen. Theoretically, expected stoichiometric mass percent of 

zinc and oxide are 80.3% and 19.7 % respectively [22]. 

Table.1 EDX Data of Zincoxide nanoparticles 
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Element Spectrum 

Type 

App 

Conc. 

Intensity 

Corrn 

Weight 

% 

Sigma 

% 

Atomic 

% 

O K ED 29.94 1.2218 36.35 1.26 70.00 

Zn K ED 38.62 0.9001 63.65 1.26 30.00 

 

X-ray Diffractometer (XRD) 

 XRD analysis determined the crystalline nature of the synthesized zincoxide 

nanoparticles calcined at 150 °C is shown in Figure 3.  

 

Figure.3 XRD graph of Zincoxide nanoparticles 

The XRD pattern of the zincoxide nanoparticles were recorded in the fraction 

angle range 0° to 90°. The characteristic peaks at 2θ = 31.8°, 34.7, 36.4, 47.6, 56.6, 

63 and 68 were assigned to the (100), (002), (101), (102), (110), (103) and (112) 

lattice planes [22]. The Figure 3 shows sharp peaks of zincoxide nanoparticles, 

which indicate the crystallinity in nature.  

 

Particle Size Analyser 
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The particle size analyser of zincoxide nanoparticles were calcined at 150 °C 

is as shown in Table 2 and 3, which has been confirmed that the synthesized 

zincoxide particles is in nanosize form. The particle size of synthesized zincoxide 

particles is about ~ 300 nm. This result is based on their length. When measure the 

particle size analyzer, the assumption is based on the length of structure. This result 

corresponds to the XRD which indicated that the synthesized zincoxide 

nanoparticles exhibit good crystallinity.  

 

Table.2 Data for Zincoxide nanoparticles using Zinc acetate with Citrus 

reticulate extract as a precursor 

 

Z-Average (d.nm) Size (d.nm) % Intensity Width (d.nm) Pdl 

299.3 354.9 100 155.8 0.146 

 

Zeta potential is one of the important parameters which reflect the behaviour 

of colloid. When the density of the electric charge on the surface of the particles is 

higher, the particles carry a higher zeta potential [23]. 

 

Table.3 Zeta potential values of Zincoxide nanoparticles  

 

Zeta 

Potential 

Mean (mv) 

Area (%) Width (mV) Zeta Deviation 

(mV)  

Conductivity 

(mS/cm) 

-13.2 100 % 6.67 6.67 0.432 

 

Fourier Transform Infrared Spectroscopy 

Figure 4 shows the FTIR Spectrum of the synthesized zincoxide 

nanoparticles calcined at 150 °C. The Infrared studies were carried out in order to 

ascertain the purity and nature of the metal oxide nanoparticles. Generally metal 

oxides give the absorption bands in fingerprint region i.e. below 1000 cm-1 arising 

from interatomic vibrations. The band observed at 3407 cm-1 and 1053 cm-1 may be 

due to O-H stretching and deformation respectively. The peaks at 1585 cm-1 and   
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656 cm-1 correspond to Zn-O stretching and deformation vibrations respectively. 

The main characteristic peaks of the zincoxide nanoparticles are tabulated in Table 

4. Hence, the zincoxide nanoparticle functional groups are confirmed by the results 

obtained. 

 

Figure.4 FTIR spectrum of Zincoxide nanoparticles 

 

Table.4 Assignments of bands present in the FTIR spectrum of zincoxide 

nanoparticles 

Zinc oxide (cm-1) Mode of vibrations 

3407 O-H stretching vibration 

1585 O-H deformation vibration 

1053 ZnO stretching vibration 

656 ZnO deformation vibration  

 

Antibacterial Activity 
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The antibacterial activity of the synthesized zincoxide nanoparticles calcined 

at 150 °C was evaluated using the standard drug Gentamicin (20 µg). The 

antibacterial activity of the zincoxide nanoparticles was tested against two gram 

positive (Staphylococcus Aureus and Bacillus Subtilis) and gram negative 

(Escherichia Coli and Pseudomonas Aeruginosa) bacteria. The Gentamicin (20 µg) 

was used as the standard antibiotics against the tested microorganisms. The different 

concentrations of the zincoxide nanoparticles namely 15, 30, 45 and 60 µg/µl 

samples were used to analyze the anti-bacterial activity. Table 5 shows the 

antibacterial activity of the synthesized zincoxide nanoparticles against 

Staphylococcus Aureus, Bacillus Subtilis, Escherichia Coli and Pseudomonas 

Aeruginosa. At concentrations 30 µg/μl and above, zincoxide nanoparticles shows 

good zone of inhibition whereas 60 µg/μl shows the highest zone of inhibition 

against Staphylococcus Aureus, Bacillus Subtilis, Escherichia Coli and 

Pseudomonas Aeruginosa. The obtained results clearly showed the zincoxide 

nanoparticles have good resistance to all the tested microorganisms and also highest 

antibacterial activity against Pseudomonas Aeruginosa compared to the other 

microorganisms. Hence, the result clearly shows the zincoxide nanometer range 

enhances their contact with the microorganisms and higher antibacterial activity 

against the microorganisms which is mainly used for biomedical applications.  

 

Table 5.  Zone of inhibition and MIC of Zincoxide nanoparticles 

 

Sample code 

                     Zone of inhibition (mm) and  MIC µg/mL 

Bacillus Subtilis Staphylococcus 

Aureus 

Pseudomonas 

Aeruginosa 

Escherichia Coli 

15 

µg 

30 

µg 

45 

µg 

60 

µg 

15 

µg 

30 

µg 

45 

µg 

60 

µg 

15 

µg 

30 

µg 

45 

µg 

60 

µg 

15 

µg 

30 

µg 

45 

µg 

60 

µg 

ZnO - 8 9 11 9 9 11 11 - 10 13 15 - 8 9 11 

Gentamicin 

(20 µg) 
21 30 24 22 
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Figure.5 a) Antibacterial activity of the zincoxide nanoparticles against   

(a) Bacillus Subtilis, (b) Staphylococcus Aureus, (c) Pseudomonas Aeruginosa 

and (d) Escherichia Coli 

 

Scanning Electron Microscope for microcrystalline loaded silkfibroin 

nanocomposite 

The scanning electron microscope was used to analyze the surface 

morphology of the microcrystalline cellulose on the blending state of the silk fibroin 

composites. It can also be seen that the matrix phase of microcrystalline cellulose on 

the composites. Figure 6 shows the scanning electron microscope image of the 

microcrystalline cellulose loaded silk fibroin nanocomposites at different 

magnifications (a) 2 µm and (b) 1 µm which are highly porous in nature. The 

microcrystalline cellulose was well dispersed within the silk fibroin composites, as 

evident in the Figure 6. The microcrystalline cellulose did not affect the two-phase 

distribution and it also improves the interfacial adhesion between the silk fibroin and 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME VI, ISSUE III, MARCH/2019

ISSN NO: 2394-8442

PAGE NO:28



 

the microcrystalline cellulose composites [24]. The distribution of microcrystalline 

cellulose became more uniform in the silk fibroin composites, which is attributed to 

the interfacial adhesion between the microcrystalline cellulose and silk fibroin that is 

found to be better. Hence, the scanning electron microscope image clearly shows 

that the microcrystalline cellulose was uniformly distributed in the silk fibroin 

composites and also porous in nature which is mainly used for biomedical 

applications. In addition, the microcrystalline cellulose – silkfibroin composite is a 

promising carrier for zincoxide nanoparticles.  

 

Figure. 6 SEM images of the microcrystalline cellulose - SF nanocomposite     

(a) 2 µm, and (b)1 µm 

Functional group analysis 

Figure.7 shows the FTIR spectrum of zincoxide nanoparticles loaded 

microcrystalline cellulose - silk fibroin composites respectively.  The shifting of the 

amides peaks in the Figure. 7 is the characteristic β-sheet structure of the 

regenerated silk fibroin. The peaks at 3422 cm-1 and 1417 cm-1 indicates the 

presence of intermolecular hydrogen bonding and CH2 bending vibration, which is 

attributed to the crystallinity band in the microcrystalline cellulose. The absorption 

at 879 cm-1 peak is due to the β (1, 4) D- glycosidic bonds of the microcrystalline 
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cellulose. This is probably due to the breakage of the glycosidic bonds. In addition 

to this a peak at 1128 cm-1 which is corresponds to the C-O vibration of the 

microcrystalline cellulose [25]. 

 

Figure.7 FTIR spectrum of the zincoxide nanoparticles loaded microcrystalline 

cellulose – silk fibroin composite 

From the spectrum (Figure 7), it is confirmed that the silk fibroin was highly 

merged with the microcrystalline cellulose. The shifted peaks at 556, 1016 and 3422 

cm-1 correspond to the Zn-O stretching, O-H deformation of Zn-O and the O-H 

stretching of the zincoxide. The characteristics peak of residual trifluoroacetic acid 

solvent usually appear at 1790 cm-1 which can be attributed to the carbonyls of the 

trifluoroacetyl ester groups. The absence of the residual trifluoroacetic acid solvent 

peak in the zincoxide loaede microcrystalline-silkfibroin nanocomposites confirmed 

that the trifluoroacetic acid solvent had completely evaporated during the biomedical 

process. This also implies that the zincoxide nanoparticles are uniformly dispersed 

in the microcrystalline cellulose - silk fibroin composites.  

Conclusion 
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In the present study, zincoxide nanoparticles loaded microcrystalline 

cellulose – silk fibroin nanocomposite was prepared by solvent casting method. 

Zincoxide nanoparticles were synthesized using zincacetate with citrus reticulate 

extract and aqueous sodium hydroxide. The synthesized zincoxide nanoparticles 

were calcined at two temperatures 150 °C and 300 °C respectively. The calcined 

zincoxide nanoparticles were characterized by UV-Visible spectroscopy with the 

maximum absorption peak at 210 nm which is confirmed the zincoxide particles 

were in the nanoregion. The calcined zincoxide nanoparticles at 150 °C were 

uniform and average size was found to be 350 nm was observed by Scanning 

Electron Microscopy with EDX. The functional groups of the calcined zincoxide 

nanoparticles were confirmed by Fourier Transform Infrared Spectroscopy. The 

antibacterial activity of the synthesized zincoxide nanoparticles was assessed against 

two gram positive (Staphylococcus Aureus and Bacillus Subtilis) and gram negative 

(Escherichia Coli and Pseudomonas Aeruginosa) bacteria. The different 

concentrations of the zincoxide nanoparticles namely 15, 30, 45 and 60 µg/µl 

samples were used to analyze the anti-bacterial activity. The synthesized zincoxide 

nanoparticles have good anti-bacterial activity against gram negative bacteria 

namely Pseudomonas Aeruginosa compared to other bacteria. The SEM image was 

confirmed that the prepared microcrystalline cellulose - silk fibroin nanocomposite 

was smooth, uniform and porous in nature which has been excellent nanocarrier for 

zincoxide nanoparticles. The various functional groups present in the zincoxide 

nanoparticles loaded microcrystalline cellulose - silk fibroin nanocomposites were 

confirmed by Fourier transformed infrared spectroscopy. 

Hence, the overall studies show a simple, rapid and economical route to 

synthesize zincoxide nanoparticles. Further, this study confirms the synthesized 

zincoxide nanoparticles loaded microcrystalline cellulose - silkfibroin 

nanocomposite mainly facilitate to biomedical applications due to their good anti-

bacterial activity.  
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