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Abstract

In this study, 2,2,6,6-Tetramethylpiperidin-1-yl oxyl (TEMPO) oxidized cellulose nanofibrils (CNFs) decorated with silver
nanoparticles (AgNPs) have been demonstrated as hybrid framework for microorganism inhibition. The AgNPs@CNFs
nanocomposite have been characterized by fourier transform infrared spectrophotometer, X-ray diffractometer, differential
scanning calorimeter and thermal gravimetric analyser. The morphology, size and zeta potential of the nanocomposite was
evaluated using transmission electron microscopy and dynamic light scattering while the antimicrobial activity was evalu-
ated using disc diffusion assay. The reduction of silver ions in the presence of CNF was a function of time as the intensity
of the SPR band increased with increase in reaction time. The AgNPs@CNF composite had a higher thermal stability and
fiber length between 50 and 400 nm, while the average size, polydispersibility index and zeta potential were found to be
97.8+17.9 nm, 0.5393 +0.09 and —23.78 +3.71 (mV) respectively. The zone of inhibition of the nanocomposite against
Escherichia coli, Proteus mirabilis, Pseudomonas aeruginosa, Bacillus subtilis, Staphylococcus aureus, Candida albicans
were found to be 8.7+0.6, 10.7+0.6, 8+ 1, 11+ 1, 10.7+0.6, 10.3 +0.6 mm. The AgNPs@CNFs nanocomposite is a good
candidate for developing antimicrobial wound dressing that can inhibit the growth of microorganism.
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1 Introduction

Cellulose nanofibrils (CNFs) are biodegradable, biocom-
patible, abundant, and easily functionalized nanomaterials
finding applications in numerous fields including packaging
material, batteries and medical wound dressing [1]. Wound
dressings that are multifunctional such as providing physi-
cal barrier while being antimicrobial and release therapeutic
agents are desirable [2-5]. Imparting antimicrobial activity
to CNFs can be achieved through surface modification in
which an antimicrobial moiety is anchored onto the fibers.
The plethora of hydroxyl groups on CNFs surface can be
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modified to aldehydes [6], carboxylic acids [7] and amines
[8], using well known facile chemistry reactions, thereby
achieving a material with diverse functionalities and applica-
tions. Moreover, the CNFs can easily be grafted with a wide
range of compounds such as proteins, polymers [9], metallic
nanoparticles [10—13] and antibiotics [3]. When cellulose
reacts with periodate under acidic or alkaline conditions at
elevated temperature, the C, and C; bond in the glucopyra-
nose ring are cleaved leading to the formation of 2,3 dial-
dehyde cellulose (DAC) making the fibrils prone to further
functionalization into carboxylic acids, alcohols, imines and
sulfonated cellulose (Fig. 1) [6, 14-16]. Similarly, the C of
cellulose can readily be converted to carboxylic group via
TEMPO mediated oxidation lending the CNF surface to be
chemically active with increased affinity to metallic ions [4,
7,8, 17].

The crosslinking property of DAC has been utilized to
make TEMPO/periodate oxidized films covered with poly-
vinylamine composite with bactericide effect for wound
dressing applications. The TEMPO oxidation of cellu-
lose followed by subsequent periodate oxidation yielded
crosslinked films that had better antimicrobial activity as
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Fig. 1 Preferential surface
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fewer bacteria developed on these films as compared to
films obtained after TEMPO oxidation only [18]. Oxidized
cellulose in the form of gels have also been effectively
applied as cationic detoxification enterosorbent agents
[4]. Working on the basis of cation exchange, the tech-
nology has been applied for environmental remediation,
for example in removal of heavy metals from ecosystems
[19, 20]. Dialdehyde cellulose (DAC), on the other, has
also been used to reduce silver ions in solution to silver
nanoparticles (AgNPs) thereby imparting antimicrobial
properties to the resulting composite materials [2, 11, 21,
22]. The In-situ synthesized AgNPs had the advantage of
having diameters less than 100 nm as their growth was
controlled by DAC which functioned as a stabilizer and
capping agent, thereby preventing their agglomeration
upon drying [20]. The AgNPs@CNFs composite films
have the advantage of being biocompatible, biodegradable,
environmental friendly and they could inhibit the growth
of microorganism [9, 21]. The current study demonstrates
the ability of CNF to efficiently grow AgNPs in solution
to form AgNPs@CNFs composite without the need of
reducing agents. Native cellulose was modified by reaction
with (2,2,6,6-Tetramethylpiperidin-1-yl)-oxyl (TEMPO) to
introduce carboxyl group at C4 followed by subsequent
oxidation using potassium periodate to introduce carbonyl
groups at C, and C;. The dialdehyde CNFs mediated in-
situ reduction of Ag ions to form AgNPs@CNFs compos-
ite films whose surface morphology, thermal stability and
functional groups were studied. The antimicrobial activ-
ity of AgNPs@CNFs nanocomposite films was evaluated
using disc diffusion assay against Escherichia coli, Pro-
teus mirabilis, Pseudomonas aeruginosa, Bacillus subtilis,
Staphylococcus aureus and the fungi Candida albicans.
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2 Materials and Methods
2.1 Materials

Hydrochloric acid, acetic acid (>99%), hydrogen perox-
ide (30 wt%), (2,2,6,6-tetramethylpiperidine-1-yl)oxyl
(TEMPO), potassium periodate, sodium hypochlorite
(10-15%), sodium bromide (>99%) and sodium hydrox-
ide (>98%) all of ACS grade were purchased from Sigma
Aldrich, Saint Galen, Switzerland.

2.2 TEMPO Periodate Oxidation of Cellulose

Oryza sativa husks was used to isolate microcrystalline
cellulose (MCC) according to a that we have reported in
literature [23-25]. After isolation of MCC using peracetic
acid (CH;COOH:H,0, 5:1), TEMPO oxidized cellulose
nanofibrils were prepared by dispersing MCC (2 g) in
50 mL deionized water containing TEMPO (0.32 mmol)
and sodium bromide (5.0 mmol). To this solution,
0.05 mmol NaClO solution were then added at room tem-
perature and changes in pH of the solution controlled by
dropwise addition of NaOH (0.5 M) solution to maintain
the solution pH at 10 [20]. After 3 h, the reaction was
stopped by addition of ethanol and centrifuging several
times to remove inorganics salts and TEMPO by wash-
ing with distilled water to neutral pH [7]. This was then
followed by addition of HCI (2 M) to the CNF suspen-
sion to convert the C¢COONa groups to CqCOOH groups,
washed to neutral pH and drying in an oven to constant
weight [26]. After drying, the CNFs were further subjected
to periodate oxidation using KIO, [16]. To introduce the

@ Springer



856 Journal of Inorganic and Organometallic Polymers and Materials (2022) 32:854-863

C=0 functional groups on C, and C; of CNF, 1.0 g of the
fibrils were resuspended in 50 ml MilliQ water and disin-
tegrated using an ultrasonic disintegrator. Next 8.86 mmol
KCl and 5.21 mmol of KIO, were added to the wet pulp.
The reaction vessel was then wrapped in aluminum foil to
prevent entry of light and the oxidation performed at 50 °C
for 16 h. This was followed by addition of ethanol at the
and washing with water to remove impurities and drying
to constant weight [6, 16, 21, 27].

2.3 Preparation of AgNPs in CNFs Suspension

To prepare AgNPs@CNFs composite, 2 g of CNFs was dis-
persed in 50 mL of 100 mM silver nitrate aqueous solution
heated at 80 °C in the dark for 2 h to allow reduction of
Ag ions by carbonyl groups present in CNF [13]. Aliquots
of 3.5 mL were subsequently drawn at time intervals and
the solution measured using Shimadzu 1800 UV—Vis spec-
trophotometer (Shimadzu, Japan). The reduction of silver
ions led to the formation of AgNPs in the CNFs dispersion
confirmed through observation of SPR peak of AgNPs [2,
20, 21].

2.4 Characterization of Cellulose Nanocomposite

The oxidation of cellulose was observed through identifica-
tion of new functional groups introduced in the composite
using a Bruker Tensor II FT-IR spectrophotometer model
(Bruker, Ettlingen, Germany) using pressed KBr pellets pre-
pared under a pressure of 75 kPa for 3 min [28]. A STOE
STADIP P X-ray Powder Diffraction System (STOE & Cie
GmbH, Darmstadt, Germany) equipped with a copper tube
operating at 40 kV and 40 mA irradiating the sample with
a monochromatic CuKa radiation (0.1542 nm) was used to
observed crystallinity changes. The crystal size and crystal-
linity index (Clggp) were obtained using the Scherrer equa-
tion and the peak height method respectively [24, 29]. A
Bechman Coulter DelsaMax pro Dynamic light scattering
analyzer (Indianapolis, United States) was used to determine
the zeta potential, hydrodynamic size and the polydispers-
ibility index of the composites. The thermal profile of the
composite was evaluated using a Mettler Toledo TGA/DSC
3 4+ (Mettler-Toledo GmbH, Switzerland) by heating 10 mg
samples from 25 to 500 °C at 10 °C min~! and subsequent
cooling to 25 °C. A Tescan Mira3 LM Field Emission Scan-
ning electron microscope (FE-SEM) operated at an accel-
erating voltage of 3 kV was used to evaluate the surface
morphology [23, 30, 31]. TEM micrographs were acquired
on a Tecnai G2 Spirit (Thermo Fisher Scientific, Oregon
USA) operated at 120 kV after suspending the composite in
deionized water and drop casting on 300 mesh carbon films
(Electron microscopy science, CF300-CU).
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2.5 Disc Diffusion Assay for Antimicrobial Activity

The antimicrobial potency of the AgNPs@CNFs nanocom-
posite against E. coli, P. mirabilis, P. aeruginosa, B. subtilis,
S. aureus and the fungal pathogens C. albicans was evalu-
ated using Kirby—-Bauer Disk Diffusion Assay. A sterile cot-
ton swab was used to spread the bacteria strains on the Muel-
ler—Hinton agar (MHA) (Merck, Germany). Sterile blank
antimicrobial susceptibility disk was used in the test. The
nanocomposite solution were loaded on sterile disk, dried
and place on the agar plates which were then incubate 37 °C
for 24 h [22, 32].

3 Results and Discussion
3.1 Synthesis of AQNPs@CNFs

The growth of AgNPs on CNF was studied real time by
use of UV-Vis spectroscopy and the results are depicted
in Fig. 2.

As it can be observed from Figs. 2 and 3, synthesis of
AgNPs was confirmed by the presence of AgNPs plasmon
resonance peak which has previously been reported as a
qualitative indicator of the presence of the AgNPs in solu-
tion. As the reaction progressed, a spectral feature gradually
formed at 412 nm as a function of time suggesting a con-
tinuous growth of the nanoparticles and a change in color
of the solution from colorless to brick red were the initial
indicators of the presence of AgNPs [20-22]. The reduction
of Ag ions to AgNPs in solution is as a result of presence of
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Fig.2 UV-Vis spectra tracking formation AgNPs synthesized from
0.1 M AgNO; using CNFs
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Fig.3 A graph of absorbance against time for the synthesis of AgNPs

carboxylic and carbonyl groups in the oxidized nanofibrils
which generate electrons needed to initiate the reduction at
elevated temperatures [2, 33, 34]. The increase in the inten-
sity of the plasmon bands is an indication of the gradual
increase in the amount of AgNPs being formed in solution
as silver ions are being [2]. This growth has been reported
to occur via three mechanisms in which the metal ions
first get adsorbed on the negatively charged CNF through
electrostatic interaction or covalent bonding. In the case of
transition metal cations, they undertake stronger covalent
bonds with CNF as compared to the electrostatic interac-
tions observed in alkali metal ions. Upon adsorption, the
metal ions are anchored on CNF and due to the presence of
C=0 groups on the surface of the fibrils, they are reduced to
NPS. This behavior has also been observed for other metal
species such as copper and it suggests that the anchoring of
the metal ions on CNFs could significantly promote their
reduction[20]. This peak centered at 412 nm has also been
observed when silver nanoparticles have been synthesized
using different reducing agents such as secondary metabo-
lites and is often used as a qualitative indicator of the reduc-
tion [35-38].

3.2 FTIR Characterization of AgNPs@CNFs

The FT-IR spectra of CNFs and AgNPs@CNFs are shown
in Fig. 4.

The IR spectra of CNFs had similar peaks to those that
have been observed in native cellulose except for the C=0
functional group associated with carbonyl compounds
(Fig. 4). Peaks at 3480, 2905, 1050 cm™! were linked to
the OH stretching vibration, CH, stretching vibrations and
C-O-C stretching vibrations while the peak at 1722 and
1622 cm™! were linked to the C=0 stretching vibration of
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Fig.4 FT-IR spectra of CNFs and AgNPs@CNFs

the carbonyl groups and water adsorbed on the surface that
resulted from TEMPO-dialdehyde oxidation of cellulose
[6, 39]. From the FT-IR spectrum of AgNPs@CNFs, it was
observed that upon reduction of Ag™ to AgNPs using CNFS,
the carbonyl vibrational peak that was initially observed at
1722 cm™! had shifted to 1610 cm™" [21]. This shift in the
carbonyl vibrational band could be attributed to the fact that
the carbonyl group participated in the reduction of AgNPs
and resulted in the interaction of the C=0 and AgNPs
hence the absence of the C=0 vibrational in the spectrum
of AgNPs@CNFs [13, 34]. Essentially the carbonyl is being
consumed to reduce Ag ions which resulted in their absence
in AgNPs@CNFs spectrum. In a typical glucose reduction
of Ag ions or Tollens reaction, carbonyl of the aldehyde
of the glucose, (which in this case, it is from CNF) reduce
Ag ions and resulted in a formation of carboxylate group
that may overlapped with the 1610 cm™! peak of absorbed
water. This could also explain a much intense of IR peak
observed for AgNPs@CNFs in Fig. 4. Interaction of the
surface OH groups with AgNPs was also observed from the
shift in the OH vibrational peak which initially was centered
at 3445 cm™! but shifted to 3333 cm™' upon introduction of
AgNPs within CNFs matrix. This shift has been linked to
the formation of a chemical bond or an electrostatic interac-
tion between the AgNPs and oxygen containing functional
groups present in CNFs [2]. Presence of the vibration peak
of the C—-O—C at 1050 cm™! was also an indication that the
polysaccharide structure of cellulose was sustained even
after oxidation and the reduction of silver ions [21, 22]

3.3 XRD Diffractogram of CNFs and AgNPs@CNFs

The X-ray powder diffraction patterns of CNFs and AgNPs@
CNFs are shown in Fig. 5.

From examination of XRD profile of CNF (Fig. 5;
Table 1), it was observed that the two peaks of cellulose
that are usually observed at 20 values of 16° and 22° that
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Fig.5 Powder X-ray diffraction patterns of CNF and Ag/AgCl@
CNFs

Table 1 Peak position, FWHM

B Peak position (20) Crystallite
and crystallite size of AgNPs@

CNFs size (nm)
22 2.5
28 144
32 7.6
46 6.7
55 43
57 4.8

correspond to (001) and (200) crystal planes in cellulose
structure were present [14, 40, 41]. Calculation of the degree
of crystallinity established that CNF had a crystallinity of
63% with a crystallite size of 2.5 nm while AgNPs had
variable crystallite size (Table 1). One interesting observa-
tion was that, while periodate oxidation of native cellulose
resulted in a completely amorphous dialdehyde cellulose
[27], periodate oxidation of CNF did not yield an amorphous
material but rather a more crystalline cellulose. TEMPO oxi-
dation produces a crystalline cellulose which upon periodate
oxidation would not amorphous material as observed in lit-
erature but crystalline cellulose since amorphous domains
are subsequently removed during TEMPO oxidation. It is
worth mentioning that when CNFs are subjected to periodate
oxidation only, the C, and C; bond are cleaved leading to
formation of an amorphous material. This change in struc-
ture is usually confirmed by the appearance of the amor-
phous peak centered at 20 =18° and the disappearance of
the crystalline peaks commonly observed at 20 values of 16°
and 22°. Upon TEMPO and periodate oxidation of cellulose,
the oxidized nanofibrils were used to synthesize AgNPs@
CNFs. From the AgNPs@CNFs diffractograms (Fig. 5), it
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was observed that CNF was able to reduce Ag* ion in solu-
tion to AgNPs as peaks belonging to AgNPs were observed.
The sharp distinct peaks observed at 20 =38°, 55°, and 57°
have previously been indexed with (111), (200), (220) and
(311) crystalline planes of face-centered cubic structure of
metallic silver JCPDS file: 65-2871) [13, 21, 22]. The peaks
centered at 20=28°, 32°, and 46° have been associated with
presence of AgCl nanoparticles (JCPDS no. 31-1238) that
are synthesized together with AgNPs and can be associated
with trace amounts of chlorine present in the CNFs as a
result of the solvents used. This drawback can be overcome
by use of high intensity UV radiation that has been reported
to reduce AgCl nanoparticles to AgNPs [36, 42]

3.4 DSCThermograms of CNF and AgNPs@CNFs

Figures 6 shows the DSC thermograms of CNF and
AgNPs@CNFs.

From Fig. 6, it can be observed that CNFs comprised of
an initial endothermic peak centred at 68 “C an exothermic
peak centred at 331 °C and a final endothermic peak centred
at 416 °C. The initial endothermic peak was as a result of
water adsorbed on the surface of cellulose that evaporated
during the analysis while the final endothermic peak may be
attributed to residual lignin which has been reported to occur
at this temperature. One thing to note is that the endothermic
peak of cellulose which is normally situated between 250
and 330 °C degrees was absent and this can be associated
with the changes that occurred during synthesis of CNF.
As for AgNPs@CNEF, presence of AgNPs resulted in a shift
in the peaks observed at 68 °C and 331 °C to 79 °C and
264 °C respectively. It can be noted that during synthesis
the structure of cellulose undergoes changes as both oxida-
tion process leads to introduction of carboxyl group at Cg
and dialdehyde functional groups at C, and C; of cellulose
leading to cleavage of C,—C; bond in cellulose [6, 27, 43].
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Fig.6 DSC thermograms of CNFs and AgNPs@CNFs
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Fig.8 TGA-DTGA thermograms of AgNPs@CNFs

3.5 TGA-DTGA Thermograms of AgNPs@CNFs

Figures 7 and 8 show TGA/DTGA thermograms of CNF
and AgNPs@CNFs.

From Figs. 7 and 8, the first degradation stage of ~4%
weight loss was associated with evaporation of water mol-
ecules adsorbed on CNF samples [13]. The second degrada-
tion stage which accounted for 80% weight loss with maxi-
mum degradation peak centered at 338 °C was attributed to
degradation of cellulose. Comparison of TGA and DTGA
profiles of CNF and AgNPs@CNFs revealed that the ther-
mal stability was dependent on the chemical treatment the
samples were subjected to with CNF being more thermally
stable as it had a higher onset degradation temperature.
AgNPs@CNFs had a lower onset degradation temperature
of 140 °C as compared to CNF whose onset degradation
temperature was 200 °C. Presence of AgNPs reduced the

thermal stability of the nanofibrils as it was observed that
the maximum degradation temperature of AgNPs@CNFs
was lower as compared to that of CNF [13]. The thermal
stability of a given polymers is determined by several factors
which are related to the polymer structure such presence of
functional groups, molecular weight, branch degree, cross-
linking properties, and crystallinity [44]. Presence of inter-
molecular interactions such as dipole—dipole interactions
and hydrogen bonding have also been reported to enhance
the thermal stability of polymers such as polyamides. In
this study, it can be reported that presence the disruption of
hydrogen bond interactions due to the association of AgNPs
with the COOH group introduced at C6 resulted in the
decrease of thermal stability of AgNPs@CNF [44]. From
Fig. 8, it was observed that AgNPs@CNFs had the highest
degradation at 260 °C with 30% ash content, as compared
to CNF which had the maximum degradation occurring at
338 °C with a 23% ash content. Presence of metallic species
within the cellulose matrix has been reported to increase the
residual ash content of the nanofibrils after thermal analysis
[13,22].

3.6 SEM Micrographs of AgNPs@CNFs

The SEM micrographs of AgNPs@CNFs are depicted in
Fig. 9.

From Fig. 9, changes in morphology of AgNPs@CNFs
can be visualized. As it can be observed, AgNPs@CNFs
fiber morphology were significantly different when com-
pared to CNF, DAC and native cellulose fibers that we have
previously reported [14, 25, 26]. While CNF was composed
of intertwined nanofibrils that appeared like a mesh, CNF
and AgNPs@CNFs had sponge like surface that was porous
[26]. On the other hand, DAC has been reported to be com-
posed of a smooth surface with no visible nanofibrils being
observed [14, 27, 39]. Presence of AgNPs within the cel-
lulose nanofibrils was confirmed EDX micrographs which
showed AgNPs peaks together with Carbon and oxygen
(Fig. 10).

3.7 TEM Micrographs of AGQNPs@CNFs

The TEM micrographs of AgNPs@CNFs are depicted in
Fig. 11.

From Fig. 11, fiber length distribution of CNF was found
to be between 50 and 400 nm in length. When compared
to TOCNF, DAC and native cellulose, the length distri-
bution was within the range of nanofibrils isolated in this
study. TEMPO oxidation of cellulose nanofibrils has been
reported to reduce fiber length while periodate on the other
hand has little effect on the length of the nanofibrils though
it removes crystalline domains present in cellulose. Presence
of carbonyl functional groups in CNF implies that, when
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Fig. 9 SEM micrographs of
AgNPs@CNFs at low and high
magnification showing AgNPs
on the surface of CNF
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Fig. 10 EDX micrographs of AgNPs@CNFs at low and high magni-
fication showing AgNPs on the surface of CNF

they were re-dispersed in AgNOj; solution, the Ag™ ions
were reduced to AgNPs hence the observation of spherical
dark particle in the TEM micrographs. These spherical dark
particles were attributed to be those of AgNPs which were
generated when CNF was redispersed in AgNOj; solution as
reported in literature [21].
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3.8 Hydrodynamic Diameters of AgNPs@CNFs

The results of the zeta potential, polydispersibility index
and hydrodynamic diameters of AgNPs@CNFs are
depicted in Fig. 12.

From the DLS measurements obtained (Fig. 12), the
average size, polydispersibility index and zeta potential of
AgNPs@CNFs composite was found to be 97.8 +17.9 nm,
0.5393 +0.09 and —23.78 £3.71 (mV) respectively. With
the high zeta potential of AgNPs@CNFs, the tendency of
this composite to aggregate was low which implied that
CNF could work as a substrate for immobilizing AgNPs
within the cellulose matrix to prevent their aggregation.
In similar studies, the zeta potential of AgNPs@DAC
and AgNPs@CNF have been reported to be —28.8 mV
and —40.8 mV respectively [21, 22].

Fig. 11 TEM micrographs and size distribution of CNFs in AgNPs@CNFs composite
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Fig. 13 Antimicrobial activity of AgNPs@CNFs against P. aerugi-
nosa (PA), E. coli (EC), P. mirabilis (PM), B. subtilis (BS), C. albi-
cans mirabilis (CA) and S. aureus (SA)

3.9 Antimicrobial Activity

The antimicrobial potency of AgNPs@CNFs evaluated
using disc diffusion assay are depicted in Fig. 13.

After the incubation period, the antibacterial activi-
ties of the nanocomposite were carried out by measuring
the inhibition zone around the disk against the selected

microorganisms. The formation of a bacterial inhibition
zone around the test film was used as a measure of the anti-
bacterial activity of AgNPs@CNF as shown in Fig. 13. The
AgNPs@CNFs composites displayed different antimicrobial
potency against the selected microorganism but B. subtilis
displayed the highest potency followed by P. mirabilis, S.
aureus, C. albicans, E. coli and P. aeruginosa (Fig. 11) [2].
The differences in the antibacterial potency of the composite
against the selected microorganism lies in the differences
in the cell wall structure between gram-positive and gram-
negative bacteria. Gram-negative bacteria contain a cell wall
that is made up of multilayer structure containing a thin pep-
tidoglycan layer, a lipoprotein layer, a lipopolysaccharide
or phospholipids layer. Gram-positive bacteria on the other
hand have cell walls that contain a single peptidoglycan layer
that is several times thicker than that found in gram negative
bacteria and they also lack an outer membrane. Due to these
differences in cell wall structure, gram-positive bacteria have
been found to be less susceptible to AgNPs as compared to
gram negative bacteria. But in our case, AGNPs@CNF was
found to be more potent to gram positive bacteria than gram
negative bacteria hence the observed higher activity in B.
subtilis, S. aureus and the fungi C. albicans [42, 45, 46].
When compared to standard antibiotics, the composite had
higher antimicrobial activity as compared to standard films
loaded with 10 pg of gentamycin which exhibited an inhibi-
tion zone of 13.0+0, 9.0+0.0, 8.0+0.0 and 8.0 +0.0 mm
for E. coli, P. aeruginosa, S. aureus and B. subtilis respec-
tively. The disc diffusion results indicate that the nanocom-
posite can inhibit the growth and multiplication of E. coli, P.
mirabilis, P. aeruginosa, B. subtilis, S. aureus and the fungi
C. albicans. Previous studies have reported that the ability
to inhibit cell growth is as a result of cellular deformation
that results from interaction between AgNPs with the micro-
organisms. This interaction leads to generation of reactive
oxygen species which interact with disulphide or sulthydryl
groups of enzymes thereby interrupting metabolic pathway
leading to cell death [2, 5, 42].

4 Conclusion

In this work, we demonstrate that cellulose nanofibrils iso-
lated from O. sativa can be used as a reducing agent to gen-
erate AgNPs on its surface there by imparting antimicrobial
activity to the resultant nanocomposite. The in-situ gener-
ated AgNPs significantly improved the antibacterial activity
of the nanocomposite against gram-positive and gram-nega-
tive bacteria and fungi. The AgNPs@CNFs nanocomposite
had relatively lower thermal stability, average fibrils lengths
below 400 nm and good in-vitro antimicrobial properties
against selected microorganisms. The decrease in thermal
stability was as a result of lower fiber lengths which meant
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that heat could be easily dissipated during thermal analysis.
The composite could be used as a wound dressings and pack-
aging materials that could prevent the growth of microorgan-
isms when applied In-vivo.
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