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Abstract
Cellulose, zinc oxide nanoparticles (ZnO NPs) and a new composite of crystalline cellulose–ZnO nanoparticles (ZnO/
CNC) have been prepared by simple hydrothermal treatment using Hibiscus leaf extract. The cellulose which was isolated 
from corn cobs and the nanomaterials were characterised using different analytical techniques including Fourier-transform 
infrared spectroscopy (FTIR), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), X-ray 
diffraction (XRD) measurements and transmission electron microscopy (TEM). These techniques explained the structure, 
crystallinity and purity of the extracted cellulose, ZnO NPs and the ZnO/CNC nanocomposite. The TEM image showed the 
rod like shape of the synthesized ZnO NPs with approximate width size of about 90.83 nm and length 546.97 nm, whereas 
the ZnO/CNC nanocomposite is of 4.89 nm spheroidal shape. The antibacterial properties of the as-synthesized nanomateri-
als showed good properties but the cellulose did not.

Keywords Biomaterials · Zinc oxide · Nanocomposites · Characterization · Morphological stability

Introduction

Cellulose can be isolated from various agricultural products 
and wastes. The isolation of cellulose from corn cobs is a 
way of utilizing agricultural wastes and the cellulose serves 
as supporting materials in different industrial applications. 
Some of the applications include in paper, cosmetics, paper-
boards, films, coatings, pharmaceutics, foods and textiles 
(Mun et al. 2016). In medicine, cellulose and their deriva-
tives can be used as drug carrier and in wound healing due 
to their biocompatibility (Crabbe-Mann et al. 2018).

Due to the numerous hydroxyl group content of cellulose 
and their dipolar nature, it has been reported that they can be 
modified to possess ion migration effect and piezoelectric 
properties which hitherto will diversify their applications 
(Kim et al. 2006). The ordered hydroxyl groups are also 
connected by hydrogen bonds which offers high crystallin-
ity, improves mechanical strength and makes the cellulose 

insoluble in water (Lennholm and Henriksson (2007)). Cel-
lulose and nanocellulose are available, sustainable, abundant 
with good mechanical properties, large surface-to-volume 
ratio, great flexibility, tensile strength and stiffness, and 
good thermo-electrical properties (Vartiainen et al. 2011; 
Börjesson and Westman 2015). The European Food Safety 
Authority and the U.S. Food and Drug Administration have 
considered cellulose and some of their modified forms safe 
to handle and consume and can serve as additives in food 
and health care products (Food Standards Agency, 2014).

Zinc oxide nanoparticles is one of the most extensively 
used semiconductor materials with wider applications in 
photocatalysis, biomedicine, optoelectronics, photovoltaics 
and energy (Awan et al. 2018; Naseer et al. 2020; Siddiqi 
et al. 2018; Sirelkhatim et al. 2015). There is ease of manip-
ulation and confinement of the electrons  (e−) and holes 
 (h+) in ZnO NPs which activates their redox functionalities 
(Awan et al. 2018; Naseer et al. 2020; Siddiqi et al. 2018; 
Sirelkhatim et al. 2015). ZnO NPs are generally regarded as 
safe nanomaterial; they have antimicrobial properties and 
are often used more than other metals or metal oxide nano-
particles in biomedicine, animal feeds and other organism-
related applications (Yusof et al. 2019). Moreover, they are 
also easily and efficiently prepared using the biosynthetic 
procedure. The size effect of ZnO nanoparticles can lead to 
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charge redistribution in the material surfaces and eventual 
local polarization (Agrawal and Espinosa 2011).

ZnO nanostructures can be utilized as building blocks 
in nanocomposites. The impregnation of zinc oxide nano-
particles into cellulose to form nanocomposites is a great 
improvement in nanotechnology due to the synergistic con-
tribution of the properties of the individual materials in one 
material. In the case of cellulose–ZnO nanocomposites, 
the incorporation of the ZnO into the cellulose may lead to 
structural deformation and modifications offering entirely 
new properties from the contributing materials (Sharma 
et al. 2010).

There are few studies on cellulose–ZnO nanocomposites 
but in recent times, research on this area is tremendously 
growing with different preparation methods (Lefatshe et al. 
2017; Martins et al. 2013; Ul-Islam et al. 2014). Matharu 
et al. in their review work have opined that zinc oxide can 
be incorporated into cellulose to give different forms ranging 
from filaments, papers and foams and that the antimicrobial 
efficacy of the nanocomposites depends on the concentration 
of ZnO NPs in the composites (Matharu et al. 2018).

Azizi et  al. (2013) have prepared ZnO-Ag/cellulose 
nanocrystal nanocomposites with improved antimicrobial 
activity and thermal stability (Azizi et al. 2013). Fu et al. 
(2015) also prepared cellulose–ZnO nanocomposite films 
using one-step coagulation method (Fu et al. 2015). The 
nanocomposites were verified for antibacterial proper-
ties and was found out to entirely destroy Staphylococcus 
aureus and Escherichia coli in 6 h of exposure. The incul-
cation of ZnONPs into the cellulose polymer would lead 
to some physicochemical changes (adhesion, wettability) of 
the new nanohybrid different from the individual materials 
and responsiveness to external effects or conditions (Wang 
et al. 2020). In a typical nanocomposite, the numerous OH 
contained in the cellulose interacts with the  Zn2+ leading 
to surface modification of the nanocomposite for possible 
improved activities.

In this work, we employed ubiquitous, low-cost, biome-
diated and environmentally friendly plant extract (Hibiscus 
rosa-sinensis) in the synthesis of ZnO–cellulose nanocom-
posite. The novelty of the work lies on the use of avail-
able and sustainable plant material, safe metal salt and 
cellulose from agric-waste to form a nanomatrix. The idea 
is to develop nanocomposites capable of having enhanced 
antibacterial performance using model organisms such as 
Staphylococcus aureus and Escherichia coli. Cellulose and 
ZnONPs used in this work are biosafe and biocompatible. 
ZnONPs have also been reported to have good antibacterial 
properties which depend on the method of preparation, parti-
cle sizes, morphologies and concentration. The electrostatic 
interaction which exists between cellulose and ZnO is a great 
factor that aids the dispersion of the ZnO NPs within the cel-
lulose material in the composites (Abdalkarim et al. 2018a).

Hibiscus rosa-sinensis (HR) is an invaluable plant with 
great biological importance. Among other pharmacological 
efficiency, it also possesses antimicrobial activities. Phyto-
chemical analysis of the plant has shown the presence of 
phenolics, alkaloids, saponins, flavonoids, tannins, steroids, 
anthraquinones, quinines and so on (Ruban and Gajalakshmi 
2012; Al-Snafi 2018). These metabolites have good reducing 
properties, possess functional groups that can modify the 
surface of metals or other materials. They are, however, used 
as green reducing agents instead of toxic chemical agents 
during synthesis of nanoparticles.

It is, therefore, our interest to synthesize HR-mediated 
ZnO nanoparticles and corn cob-derived cellulose to form 
nanocomposites for improved antimicrobial efficacy. There 
are different methods in which nanoparticles and their com-
posites can be prepared but in this work, the biological 
means of using plant extract was followed. Since the nano-
composites are for biological applications, it is important 
that materials, chemicals and solvents that will be toxic to 
the biological organisms are avoided during the synthesis. 
Chemical agents, however, are toxic and may be gradually 
released in the host organisms after administration.

Materials and methods

Materials

Corn cobs, Hibiscus rosa-sinensis leaf, ethanol, Zinc acetate 
NaOH, HCl, NaOCl. The chemicals which were of analyti-
cal grade were obtained from BDH England and used as 
obtained.

Extraction of cellulose and removal of lignocellulose 
material

The corn cobs were initially washed, dried and ground to 
powder. The powdered biomass (5 g) was de-waxed using 
100 mL of absolute ethanol and further treated with solution 
of 4% NaOH for 2 h at 90 °C. The lignin and other impuri-
ties were dissolved during this treatment and decanted off, 
thereafter washed with distilled water, rinsed and dried. The 
procedure was repeated to obtain purer product. The hemi-
cellulose and lignin content of the material were further 
removed using 30% HCl at 45 °C for an hour.

Both acid and alkaline treatment exposed the surface area 
of the material thereby enabling good interfacial adhesion 
and fiber wetting (Kalia et al. 2009). The isolated cellulose 
material was bleached using 3.5% sodium hypochlorite and 
was done severally until the fibers became white. Bleach-
ing improves the physical appearance of fibers and also 
mechanical properties thereby leading to enhancement in 
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fiber matrix interfacial adhesion (Rayung et al. 2014). The 
cellulose was filtered, washed severally and air-dried.

Synthesis of zinc oxide nano‑particles

Hibiscus rosa-sinensis leaves were obtained from Effu-
run Delta State Nigeria, washed completely with plenty of 
distilled water and air-dried for 1 week. The leaves were 
ground and about 5 g was used in preparing aqueous extract 
in 100 mL of distilled water for 30 min at 50 °C. The extract 
was filtered and the filtrate used as bioreductant for prepara-
tion of nanoparticles.

Zinc acetate obtained from BDH England was used for 
the synthesis of ZnO nanoparticles. During the synthesis of 
zinc oxide nanoparticles (ZnO NPs), 1.8348 g (0.01 M) zinc 
acetate was dissolved in 1000 mL of distilled water (Elemike 
et al. 2019; Adeyemi et al. 2019). The prepared aqueous 
extract (50 mL) was introduced into 500 mL of the 0.01 M 
zinc acetate solution with 5 mL of 1 M NaOH. The reaction 
was heated and stirred at 80 °C for 4 h. The colloidal solu-
tion changed from yellowish to cream-colored precipitate 
of zinc hydroxide. Then the precipitate was collected by 
centrifugation at 4000 rpm and dried in an oven for 24 h at 
50 °C to get rid of water and obtain the ZnO NPs.

Preparation of ZnO/cellulose nanocomposite (ZnO/
CNC)

In the preparation of the cellulose–ZnO nanocomposite, 
0.4 g of the isolated cellulose was introduced into the 0.01 M 
zinc acetate aqueous solution and stir-heated at 60 °C for 

3 h. The solution was centrifuged and washed severally with 
distilled water to obtain the nanocomposites which was dried 
in an oven for 4 h at 60 °C. The mechanism and pathway of 
the reaction is shown in Scheme 1.

Characterization of the nanoparticles 
and nanocomposites

Different characterization techniques were used to identify 
the synthesized compounds. The FTIR spectroscopic char-
acterization was done with the aid of Bruker alpha-P FTIR 
spectrometer operated in the range of 4000–400  cm−1. In this 
model of FTIR, no sample preparation was done, the solid 
samples were just spread on the attenuated total reflection 
(ATR) diamond crystal surface and stamped by pulling the 
handle which allows the machine to scan through the sample 
thereby producing the spectra. The crystallinity of the cellu-
lose, the nanoparticles and nanocomposites was determined 
using powder X-ray diffraction (pXRD) techniques of the 
model, automated Röntgen PW3040/60 X’Pert Pro X-ray 
diffractometer operated at room temperature with nickel-
filtered Cu (λ = 1.542 Å) within 2θ value of 10°–80° at a 
scanning rate of 2°  min−1 under voltage and current condi-
tions of 40 kV and 30 mA, respectively. The morphological 
patterns and possible elemental composition of the materi-
als were determined using Quanta FEG 250 Environmental 
scanning electron microscope (SEM) coupled with energy-
dispersive X-ray spectroscopy (EDXS) operating at accel-
eration voltage of 30 kV. The solid samples were dispersed 
on the sample stumps while depositing thin gold layer on 
them for better electrical conductivity in order to give clear 

Scheme 1  Reaction pathway for 
the synthesis of cellulose–ZnO 
nanocomposite
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images (Elemike et al. 2017). The model JEOL2100 trans-
mission electron microscope (TEM) instrument which has 
LaB 6 electron gun fitted to it and operated at an acceleration 
voltage of 5 kV was used to determine the possible particle 
sizes of the nanocomposites. The samples were sonicated in 
water for an hour, sample was dropped on copper grids and 
dried while the image was captured with the Gatan Ultrascan 
digital camera attached to the TEM machine. The nanopar-
ticle sizes were further determined with Image J software.

Antibacterial analysis of ZnO NPs and the composite 
materials

The antibacterial performance of the ZnO NPs and the cel-
lulose–ZnO nanocomposite was assessed using the Agar-
well diffusion method. Gram-negative Escherichia coli and 
Gram-positive Staphylococcus aureus were the model bac-
terial organisms used in this study. The culture medium for 
the test microorganisms was prepared with 17 g of agar, 15 g 
of beef extracts, 5 g of peptone, 5 g of NaCl and 1000 mL 
 H2O under the reaction pH value of 8.0. The cultured 
medium was poured into sterilized plates and allowed to 
solidify. About 0.2 mL of the model organisms (bacteria) 
(2 ×  108 CFU/mL) each were streaked on the cultured plates 
and incubated for 24 h at a temperature of 37 °C (Zou et al. 
2018; Du et al. 2018). A certain amount of about 0.1 mg/mL 
of the ZnO NPs, cellulose-ZnO nanocomposites and control 
drug (streptomycin) were introduced into the plates, steri-
lized in an autoclave and incubated for 24 h at 37 °C. The 
zone of inhibition of growth of bacterial organisms offered 
by the nanomaterials was measured in mm.

Results and discussion

FTIR spectra results

FTIR spectroscopic studies was used to monitor the changes 
from the corn cobs to the cellulose and the effect of the plant 
extract on the synthesis of the ZnO NPs and all through 
to the formation of the nanocomposites as represented in 
Fig. 1. The figure shows the FTIR of the crushed corn cobs, 
isolated cellulose from the corn cobs, ZnO NPs synthesized 
using Hibiscus rosa-sinensis and the nanocomposite made 
from the ZnONPs and the cellulose. In the FTIR of the 
crushed corn cobs there are prominent bands at 3685, 1739, 
1600, 1499, 1040  cm−1. The bands at 3685  cm−1 obviously 
reflect functional groups of OH typical of cellulosic content 
of the corn cobs, whereas the 1739  cm−1 may be due to 
carbonyl or ether functional group. The characteristic bands 
around 1600–1499  cm−1 could be attributed to aromatic ring 
stretch and/or probably methyl/methylene bend possibly 
arising from lignin and hemicellulose in the corn cobs. In 

the FTIR of the extracted cellulose, similar bands as the corn 
cobs occurred but with some interesting difference as the 
3334  cm−1 band attributed to OH was more prominent and 
intense which showed bonded OH in cellulose (Morawski 
et al. 2013). The 2901  cm−1 band is due to C–H stretching 
vibrations, whereas the 1739 and 1635  cm−1 are characteris-
tic carbonyl bands attributed to lactone ring and also typical 
of C–O bending (Wang and Shaw 2014). The OH in plane 
bend may be due to the band at 1366  cm−1, while the promi-
nent band at 1028  cm−1 is a characteristic of C–O stretch. 
The band around 552  cm−1 may be due to C–H stretch.

The spectrum obtained for the cellulose is well compa-
rable to commercial cellulose with peaks 3391, 2906, 1760, 
1654, 1373 and 1162  cm−1 (Abderrahim et al. 2015). From 
the spectrum of the ZnO NPs mediated by the Hibiscus leaf 
extract, it is obvious that the plant extract did not only reduce 
the zinc salt but also capped the nanoparticles as some bands 
could be attributed to the functional groups of the compo-
nents of the leaf. The observed band at 3696  cm−1 may be 
assigned to O–H stretch due to water adsorption on the Zn 
metal surface. The bands at 1961 and 1442  cm−1 could be 
due to methyl/methylene stretch and bending vibrations, 
respectively, whereas the 1745  cm−1 band may be due to 
carbonyl group (Sirviö et al. 2017). These bands possibly 
may have emanated from the plant extract. The prominent 
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Fig. 1  FTIR spectra of the pulverized corn cobs, cellulose extracted 
from the corn cobs, ZnO NPs prepared using Hibiscus rosa-sinensis 
and cellulose–ZnO nanocomposites
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529  cm−1 band simply arises from Zn–O metal deforma-
tion. In the spectrum of cellulose–ZnO nanocomposite, vari-
ous bands appeared at 3278, 2915, 1736,1549,1427,1028 
and 591  cm−1. These bands reflect both the components of 
cellulose, Hibiscus leaf extract and ZnO. The 3278  cm−1 
characteristic OH band appeared at a lower wavelength com-
pared to the cellulose, an indication of formation of bond 
between the surface of the metal and the OH of the cellulose. 
Other characteristic bands such as the 1736 and 1028  cm−1 
appeared and they are due to carbonyl or C–O stretch. The 
Zn–O metal bond is observed at 591  cm−1 which occurred at 
a higher wavenumber compared to the 529  cm−1 band in the 
ZnO NPs due to composite formation. The red shift could 
also be due to variation in size and crystalline structure of 
cellulose–ZnO nanocomposites (Abdalkarim et al. 2018b).

X‑ray diffraction (XRD) result

Figure 2 shows the pXRD patterns of the powdered corn 
cobs, isolated cellulose, ZnO NPs and the cellulose–ZnO 
nanocomposites. The nature of the peaks showed some 
changes in the figure. In the spectrum of the native corn 
cobs, some crystallinity associated with the material was 
observed as reflected in the peaks at 2θ = 22.65 and 34.88° 
attributed to (200) and (040) crystal planes, respectively. In 
the spectrum of the isolated cellulose, the 2θ = 15.89, 22.65 
and 34.88° corresponding to (110), (200) and (040) planes, 
respectively, were sharper and purer with the major peak at 
22.65 which is in tandem with the report of Trilokesh and 
Uppuluri (2019; Li et al. 2012). The improved crystallinity 
of the cellulose leads to surface roughness which enhances 
material adhesion. This observed peak at 2θ  = 27 may be 
due to cellulose I allomorph or unidentified impurity phases 
or aromatic layer structure of carbon (graphite 002) (Jawada 
et al. 2018; Zheng et al. 2014).

The dried sample of the ZnO NPs was used to deter-
mine the crystallinity of the synthesized nanoparticles. The 
observed spectrum showed well-defined peak linked to the 
material of investigation with single-phase nature devoid 
of secondary phases. Major significant peaks at 2θ val-
ues = 32.01, 34.60, 37.28, 47.62, 56.67, 63.47, 66.47, 68.11, 
and 69.17° corresponding to (100), (002), (101), (102), 
(110), (103), (200), (201) and (112) planes, respectively, 
were seen. The nature of the peaks reflects the wurtzite hex-
agonal crystallographic ZnO lattice structure (JCPDS file 
no 36-1451) which is similar to the reports of Chaudhuri 
et al. (2017).

In the X-ray diffraction (XRD) pattern of the synthesized 
cellulose–ZnO nanocomposites, the spectrum shows a com-
bination of two sets of interesting diffraction peaks belong-
ing to cellulose and ZnO which confirms the high crystal-
linity of the nanocomposite (Chen et al. 2008). The peaks 
marked * observed at 2θ = 15.89, 22.65 and 38.88° could be 
attributed to (110), (002) and (040) plane, respectively, of 
crystalline cellulose, whereas the other peaks at 2θ = 32.01, 
34.60, 37.28, 47.62, 56.67, 63.47, and 68.11° are attributed 
to (100), (002), (101), (102), (110), (103), (112) and (201) 
crystal planes, respectively, indexed to the hexagonal wurtz-
ite structure of ZnO (JCPDS file no. 36-1451). Comparing 
the spectrum of the nanocomposite and that of the isolated 
cellulose and ZnO NPs, it can be said that there were no 
peak shift or new peaks emanating from other sources except 
that of ZnO and cellulose matrix.

Morphological analysis

The morphological analyses of the corn cobs, isolated cel-
lulose, ZnO NPs and the Cellulose–ZnO nanocomposites 
were carried out and shown in Fig. 3a–d. Figure 3a exhib-
its more disoriented fibril arrangement than Fig. 3b, an 

Fig. 2  XRD patterns of 
powdered corn cobs, cellulose, 
ZnO NPs and ZnO–cellulose 
nanocomposite
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evidence that Fig. 3b is a more purified material which is 
the isolated cellulose. Corn cobs is a complex material that 
comprises fibres, carbohydrates, proteins, ash, lipids and 
moisture (Abubakar et al. 2016). The small spheres seen 
in Fig. 3a (corn cobs) may be as a result of orientation of 
some components of the corn cobs. Figure 3c reveals the 
ZnO seeds which is compact, whereas Fig. 3d shows the 
attachment of the ZnO seeds on the surface of the cellulose 
material in a low agglomerated manner. Such morphologies 
affect the properties of the nanocomposites and may lead to 
enhanced biological properties or rather become specific in 
some applications.

EDXS analysis of the materials

The EDXS analysis of the corn cobs, cellulose obtained 
from the corncobs, ZnO NPs synthesized using Hibiscus 
extract and the cellulose–ZnO nanocomposites are shown in 
Fig. 4a–d. In Fig. 4a, apart from the carbon and oxygen with 
weight percentages of 54% C and 45% O which represents 
the cellulose, there are other elements such as Cl, K and 
Na which are in minor quantities. The isolated cellulose as 
shown in Fig. 4b contains 53% C, 40% O, 2% Na, 5% Cl. 
The increased weight percentage of Cl and Na compared 

to the corn cobs may have been introduced by the bleach-
ing agent. Figure 4c contains 56% Zn, 22% O and 21% C. 
It obviously shows ZnO NPs with higher percentage of Zn 
but the carbon content may have emanated from the plant 
extract. The cellulose–ZnO nanocomposite as depicted by 
the EDXS in Fig. 4d contains 13% Zn, 41% C, 39% O, 6% 
Na and 0.44% Cl. The elemental analyses and the Zn con-
centration showed that there was proper distribution of Zn 
on the surface of the cellulose. The EDX results support the 
SEM images shown in Fig. 3a–d where seeds of ZnO nano-
particles (Fig. 3c) were grown on the strands of the cellulose 
in an orderly manner (Fig. 3d).

TEM analysis

Different shapes of nanoparticles can be obtained depending 
on the mode of synthesis, the type of material used and the 
reaction conditions. The ZnO NPs prepared using the Hibis-
cus extract are rod like nanoparticles with width of about 
90.83 nm and length 546.97 nm (Fig. 5a). The ZnO–cel-
lulose nanocomposites on the other hand gave nanoparti-
cles which were seen to be properly impregnated on the 
cellulose as spheroids with particle size of approximately 
4.89 nm (Fig. 5b). The inset in Fig. 5b is the histogram 

Fig. 3  SEM images of a corn 
cobs b cellulose from corn cobs 
c ZnO NPs d cellulose–ZnO 
nanocomposites
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which explains the average particle size (4.89 nm) obtained 
from image J software.

Typically, the concentration of  Zn2+ in the nanocom-
posites greatly determines the morphologies and sizes 
of the nanomaterials as reported by Abdalkarim et al. 

(2018b). In their reports, the use of 2.5 mmol  ZnCl2 pre-
cursor compounds in the synthesis gave non-uniform rod-
like and sheetlike morphologies of average size diameter 
90 ± 13.5 nm, whereas higher concentration of  Zn2+ in the 
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nanocomposites gave more sheetlike morphology with 
hexagonal-shaped ZnO nanosheets in the nanohybrids.

In this work, the use of the plant extract in the synthe-
sis and the high concentration of the precursor compound 
obviously have led to the lower particle diameter and mor-
phological change in the nanoparticles and nanocomposites 
compared to previous reports.

Antibacterial result

The antibacterial analyses of the cellulose, Hibiscus rosa-
sinensis plant, synthesized ZnO NPs and the nanocomposite 
were carried out using S. aureus (Gram-positive) and E. coli 
(Gram-negative) as sample microorganisms by the Agar well 
diffusion method. From the results as shown in Table 1, the 
isolated cellulose on its own did not inhibit the growth of 
the bacteria. The plant material, ZnO NPs and the ZnO–cel-
lulose nanocomposite showed good activity. However, the 
nanocomposite (ZnO/CNC) displayed improved antibacte-
rial action more especially towards E.coli. This behavior 
could be attributed to the synergistic properties of the anti-
bacterial effect of the plant material, crystallite size of ZnO 
and the contributing large surface area brought about by the 
cellulose and ZnONPs in the nanohybrid.

Abdalkarim et al. have also reported the inhibition of bac-
terial growth and reduction in bacterial amounts using cel-
lulose nanocrystal–ZnO nanocomposites against E.coli and 
S.aureus (Abdalkarim et al. 2018a). Their results showed 3 
and 4.5 mm zones of inhibition respectively for the bacteria 
though with diluted nanocomposites.

In another similar report also by Abdalkarim et al., zones 
of inhibition for antimicrobial effect of cellulose nanocrys-
tals–ZnO nanohybrids against E. coli and S. aureus were 
also seen to be 3.0–5.1 mm and 4.1–4.9 mm, respectively 
(Abdalkarim et al. 2018b).

The simple antibacterial mechanism of action as reported 
by previous studies is that the nanoparticles target the sur-
face of the microbes and disrupts their action (Azizi et al. 
2013; Gunalan et al. 2012). Such process leads to the forma-
tion of reactive oxygen species (ROS) including super oxides 
 (O2−), hydrogen peroxide  (H2O2) and hydroxyl radicals 
 (OH·). The generation of ROS is a factor of the specific sur-
face area of nanomaterials, hence larger surface area gives 
rise to more ROS and greater antibacterial activity (Pad-
mavathy and Vijayaraghavan 2008). In the nanocomposites, 
there was dispersion of ZnO nanostructures due to the prop-
erty effect of the cellulose polymer which gave rise to larger 
surface area and more generation of ROS. The generated 
ROS possibly cause the per-oxidation of the polyunsaturated 
phospholipids of the organism, penetration and direct dam-
age to the cell wall (Wang et al. 2017; Sawai et al. 1996).

Moreover, further bactericidal mechanism could be due to 
electromagnetic interaction between the microorganism and 
the nanoparticles leading to interruption in the activities of 
the microorganisms (Yusof et al. 2019). The metal compo-
nent oxidizes the microorganisms thereby deactivating their 
proteins, cell permeability and eventual death.

The higher activity shown towards E. coli than S. aureus 
may be due to the thick layer peptidoglycan cell wall of the 
S aureus (a Gram-positive bacteria) which is more difficult 

Fig. 5  TEM images of a ZnO 
NPs b cellulose–ZnO nanocom-
posites

Table 1  Zone of inhibition (mm) due to cellulose, ZnO NPs and 
ZnO/CNC against Escherichia coli and Staphylococcus aureus 

The values are mean and standard deviation of double replications

Samples E. coli S. aureus

Cellulose from corn cobs 0 0
Hibiscus rosa-sinensis 14.50 ± 1.71 11.43 ± 2.85
ZnO-NPs 25 ± 0.40 15 ± 1.20
ZnO/CNC 35 ± 0.25 20 ± 0.45
Streptomycin (standard) 23 ± 1.05 23 ± 1.30
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towards penetration and destruction by the nanomaterials 
(Hu et al. 2020).

Conclusions

Cellulose was successfully isolated from corn cobs, zinc 
nanoparticles synthesized using leaf extract of Hibiscus 
plant and ZnO/CNC nanocomposite simultaneously made 
in all a simple and efficient biological route. The synthe-
sized materials were characterized by different analytical 
techniques such as FTIR, XRD, SEM, EDX and TEM. XRD 
showed that ZnONPs has a hexagonal wurtzite structure, 
while the FTIR showed the different functional groups pre-
sent in the nanomaterials. The morphological analysis gave 
an insight into the growth of zinc oxide seeds on the cellu-
lose in a well-ordered manner. However, the incorporation 
of the zinc oxide nanoparticles into the cellulose affected 
the morphology from nanorods to conjugated spheres of 
approx. size of 4.89 nm. From the research work, the com-
bination of ZnONPs with cellulose apparently improved the 
antibacterial functions especially towards the inhibition of 
E. coli. The standard drug, streptomycin gave an inhibition 
zone of 23 nm, whereas the ZnO/CNC gave an inhibition 
zone of 35 nm. This method involving cellulose and benign 
semi-conductor nanomaterials, therefore, is a good approach 
towards the development of cheaper yet more effective anti-
bacterial agents due to interesting properties emanating from 
the combined materials.
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