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Abstract: A sustainable method was considered for the preparation of nanosilver and
its allied nanoparticles. Nicotiana tabacum, an abused plant, has found an application
as a bio-chemical instead of lethal chemical in the synthesis of nanoparticles. As part
of green chemistry implementation, double distilled water was the solvent used for
extraction. The phytochemicals present were analyzed using standard procedures.
Nanoparticle synthesis was carried out at varying precursor concentrations, and the
reaction was monitored with a UV-visible spectrophotometer. Another optical
characterization was also achieved with photoluminescence. Other characterization
involved: X-ray diffraction (XRD), transmission electron microscopy (TEM), energy
dispersive X-ray (EDS), and Fourier transform infrared spectroscopy techniques
(FTIR). A matched phase identification of nanosilver resembled a face-centered cubic
of Ag with a mean size of 11.68 nm, and a lattice constant of 4.0862 A. The Ag NPs
displayed activity against clinical isolates of fungi, Gram-positive, and Gram-negative
bacteria as the growth inhibition was significant at P < 0.05. Ag NPs obtained from
the Nicotiana tabacum proved to be an antibacterial and antifungal candidate, unlike
the Ag NPs derived using chemical and physical methods, which were harmful for this
purpose. Both the Ag NPs and Ag-Ni NPs displayed optical activity, which qualifies
them for application in visual materials.
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m INTRODUCTION

Great use of nanoparticles (NPs) and nanomaterials
(NMs) in the last decade is on the rise across the fields of
science and technology. Materials with sizes of less than
100 nm have been proven to possess enhanced structural
features that equip them with excellent properties such as
enhanced optical, surface activity, magnetic and electrical
properties. These materials are further developed for
applications  in  cancer  diagnosis  (medicine),
pharmaceuticals, battery electrodes, communication
technology (use of carbon nanotubes), textile, food
industries, etc. [1]. It is of note that physical and chemical
methods of producing nanoparticles and nanomaterials
involve the use of toxic chemicals, and these protocols

pose a threat to the environment and human health.

Moreover, the procedures are costly, while the products
are hardly appropriated for medicine [2-3]. Hence, the
application of green chemistry in nanotechnology is
considered an alternative to overcome earlier mentioned
problems.

Microorganisms, plants, and plant extracts are
often utilized in place of chemicals for the biosynthesis
of nanoparticles and nanomaterials. Furthermore,
plant-mediated synthesis is of many advantages, like
sustainability and renewability of plant materials, which
are the sources of secondary metabolites — the reducer.
The protocol is also nature-friendly, cost-effective,
rapid, etc. Metal ion reduction is possible by plant
extracts due to the presence of chemicals and bioactive
compounds (phytochemicals) naturally present in them,
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most notably the medicinal plants. N. tabacum has been
identified to contain phenolic compounds, terpenoids,
essential oils, and alkaloids, which includes an N-methyl
group [4]. These active functional groups in N. tabacum
qualifies it as a metal ion reducer for the formation of
nanoparticles.

Nicotiana tabacum (Tobacco) is an annual herb, and
it belongs to the Solanaceae family. It is known as ‘ewe
taba’ by the Yoruba tribe in Nigeria, and it can grow to a
maximum height of 3 meters. N. tabacum possesses green
leaves that are commercially processed into tobacco [5].
The plant is ornamental and also secrets nicotine. Its
ethnobotanical use includes treatment of ringworm, cold,
(pile),
dysmenorrhea, hair fertilizer, etc. [6-7]. The large amount

ulcers, nausea, anthelmintic, hemorrhoids
of toxins in tobacco makes it useful in the manufacture of
insecticides. It also finds an application in medicine.
Unfortunately, it is abused for chronic smoking, and this
addictive effect is dangerous to health [8].
reported

nanoparticles using green synthesis. Recent publications

Many studies have silver-based
exploited the use of bio-reducing agents like ulvan from
green algae [9], Withania coagulans [10], Annona
reticulataleaves [11], Origanum vulgare plant [12], Canna
indica plant [13], etc. for various applications. Synthesis
of Ag-Ni nanoparticles involving physical and chemical
methods like flame synthesis [14], chemical-wet approach
[15], solvothermal [16], etc., were also documented.
However, to the best of our knowledge, not much work
regarding the plant-mediated green synthesis of Ag NPs
and Ag-Ni NPs using tobacco as a renewable reducing
agent has been published. Furthermore, since the
mechanism of the reaction of nanoparticles as an
antimicrobial agent does not require penetrating the cell
walls of bacteria, the problem of drug resistance in bacteria
due to large applications could be tackled via this synthetic
route. In addition, silver-based nanoparticles have been
proven to be able to overcome biofilm formation, one of
the antibiotics resistance mechanisms [17]. This study
focused on the exploitation of N. tabacum for silver and
its hybrid nanoparticles with potential optical and
antimicrobial applications. The antimicrobial properties

of the synthesized nanoparticles were tested on Gram-
negative bacteria, Gram-positive bacteria, and fungi.

m EXPERIMENTAL SECTION
Materials

The N. tabacum used in this study was obtained
from the university campus. The plant was bio-
authenticated, and a voucher FHI. No0.109929 was
deposited at the herbarium. Analytical grade of all
inorganic salts and reagents, which include AgNOs, and
Ni(NO:;),-6H,O (Sigma-Aldrich, UK), were used. Double
distilled water was used throughout the preparations,
and for the rinsing of leaves for the removal of sand.

Instrumentation

Sample characterization

For the optical study, the absorption spectra were
obtained from a double beam (Thermos Scientific
Genesys 10S) spectrophotometer. Perkin-Elmer 55
luminescence spectrophotometer was used for the
photoluminescence of the particles. Double distilled
water was used as blank, and samples were prepared by
diluting each aliquot to one fifth, then placed in the
quartz cuvette at 25 °C. The absorption was measured at
200-800 nm. For the morphological characterization of
the biosynthesized nanoparticles, the transmission
electron microscopy technique was engaged.
Measurements were achieved with a Technai G2
microscope attached with an energy dispersive x-ray
spectrometer, ran at a current of 20 pA and accelerated
voltage of 200 keV. A drip of each nanoparticle solution
was positioned on copper TEM grids covered with
carbon. The solution was allowed to dry by evaporation,
after which snapshots were taken. For structural analysis
and purity of the as-prepared nanoparticles, XRD (Bruker
AXS D8 model) equipped with nickel Cu Ka radiation
source at room temperature from 20° to 80° at 40 kV,
40 mA, k = 1.5418 A and scanning rate of 0.050 min™
was used. The moieties present in the nanoparticles were
determined with FTIR (Perkin 100).

Centrifugation was carried out with Thermo Fisher

Elmer

scientific centrifuge (Thermo Electron LED).
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Procedure

Extraction was achieved by modifying the method
described in our previous works [12,18]. The leaves were
cut, ground with a clean blender, and then subjected to
extraction at the weight (20 g) to volume (200 mL) ratio.
The slurry formed was separated with Whatman filter
paper (no. 1) at ambient temperature. The filtrate was
reserved in the refrigerator for analysis and use. A
qualitative study to determine secondary metabolites in
the aqueous extract of N. tabacum was carried out using a
standard method [19].

Preparation of silver and silver-nickel nanoparticles
by N. tabacum

For the synthesis of silver nanoparticles (Ag NPs),
an aqueous solution of N. tabacum leaf extract (40 mL)
was introduced into 0.5 mM aqueous solution of AgNO;
(400 mL) in a beaker, heated up to 80 °C on a magnetic
stirrer for 40 min. This procedure was used again for
different ratios of metal ion concentrations (1.0, 2.0, and
3.0 mM) and extract at a 1:10 v/v ratio. The reaction
mixture was monitored for color change (notification of
confirmed by UV-visible
spectroscopy measurement of the samples taken at various

nanoparticle formation),

time intervals. To separate and purify the as-prepared
nanoparticles, centrifugation was performed at 5000
revolutions/min for 45 min. The samples were later
thoroughly washed in double distilled water, evaporated,
then collected for characterization and antimicrobial
study. In the case of nanohybrid synthesis, an aqueous
extract of N. tabacum was poured to the mixture of equal
molar concentrations of AgNO; and Ni(NO;),-6H,O in
1:10 v/v ratio. Then, the procedure mentioned above was
repeated using 1.0 and 2.0 mM precursor mixture
solutions.

Antimicrobial assay

Fresh isolates of fungi Trichophyton rubrum and
Candida albicans, Gram-positive Streptococcus pyogenes
and  Staphylococcus aureus and Gram-negative
Pseudomonas aeruginosa and Escherichia coli bacteria
were used as the test organisms. The experiment was
conducted at the Department of Medical Microbiology and

Parasitology of Sacred Heart Hospital, Abeokuta, Nigeria.

0.5 McFarland turbidity standard. In preparing
turbidity for
Antimicrobial Chemotherapy (BSAC) procedure was

inocula, the British Society for
followed. For the standardization of the organisms, 0.5
McFarland standard was developed using laboratory
guidance- (0.5 mL of 0.048 M BaCl; (1.175% w/v BaCl,
in 2H,0) was added to 99.5 mL of 0.18 M H,SO, with
constant stirring to maintain a suspension). An
acceptable standard is between 0.08-0.13 for 0.5
McFarland standard (1.5 x 10® bacterial cell per mL).
Afterwards, the density of the turbidity was confirmed
with a UV-vis spectrophotometer (T90+ model)
operated at wavelength of 625 nm. The prepared
standard was then evenly distributed into screw cap test
tubes, firmly closed, and then kept in the dark at 25 °C
[20].

Mueller Hinton broth (5 mL) containing strains of
the isolates (inocula) was dispensed into each screw-
capped test tube and sterilized in an autoclave for 15 min
at 121 °C. After cooling, the test tubes were kept inside
an incubator for 24 h at 37 °C to ensure sterility. The
pathogenic isolates were then inoculated into the
sterilized test tubes containing medium and incubated
overnight at 3 °C. The apparent turbidity in the broth
culture was adjusted to 0.5 McFarland (standard) by
adding sterile normal saline. Hence, the 0.5 McFarland
standard produced turbidity equivalent to a bacterial
suspension containing 1.5 x 10® cfu/mL. The suspension
was used within 5 min to avoid population increase [21].
The sensitivity of test organisms. The sensitivity of
the test organisms on the prepared nanoparticles was
investigated using a modified procedure by Aida, as
recommended by the National Committee for Clinical
Laboratory Standards (NCCLS). Sterile agar slant was
used to collect the test organisms, incubated at 37 °C for
24 h. Afterwards, the following biochemical analyses -
gram staining, sugar fermentation, gelatin liquefaction,
capsule staining, citrate utilization, motility, oxidase
reaction, indole test, urease test, and hydrogen test were
carried out on the isolated bacteria. Sugar fermentation,
gram staining, and germ test tube were used to identify
In contrast,

Candida albicans. macroscopic and

microscopic techniques using lactophenol cotton blue
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stains were used to distinguish Trichophyton rubrum
fungus. The stock culture was then stored and agar well
diffusion procedure was used to check the antibacterial
activity of the Ag and Ag-Ni nanoparticles at 4 °C as
described by Portillo et al. [22].

The as-prepared microbial cultures were inoculated
on a 9 cm diameter Mueller Hinton agar plate and then
flooded with 1 mL of each standardized test organism.
Wells of 6 mm diameter were dug into the agar plate with
a sterile cork borer. Afterwards, 0.1 mL of 100 mg/mL
nanoparticles (constituted in 50% DMSO) was introduced
to each of them. Ciprofloxacin and fluconazole were the
positive controls for bacteria and fungi, respectively. Test
control (0.1 mL of 5 ug/mL) was also initiated on the agar
plate in duplicates. The plates were incubated at 37 °C for
24 h for bacteria and yeast, while T. rubrum was incubated
at 28 °C for 72 h. Antibacterial activity of the nanoparticles
was determined by measuring the zones of inhibition
around each well on the agar plate in millimeters
(excluding the diameter of the well). This procedure was
done in duplicates.

Furthermore, Minimum Inhibitory Concentration
(MIC) was determined using a tube dilution method. Ten
(10) sterilized test tubes were organized in a rack, then
sterile nutrient broth (1 mL each) was introduced into the
test tubes 2 to 8. Then, a serial doubling dilution was made
to tubes 2 to 8, disposing of the last mL of the broth.
Ciprofloxacin (1 mL) was added to tube 9, and double-
distilled water to tube 10 as a negative control. A mix of
1 mL of McFarland and 1 mL broth culture were added to
each test tube; covered, left overnight, and incubated at
37 °C. The experiment was monitored for the highest
dilution with no turbidity. The zone of inhibition and
MIC was determined using the Clinical and Laboratory
Standards Institute guidelines [23].

Minimum Bactericidal Concentration (MBC) and
the Minimum Fungicidal Concentration (MFC) were also
determined using a revised method by Doughari [24]. For
the determination of MBC, 0.5 mL of the sample from the
MIC test, which showed no visible sign of growth, was
taken and inoculated on sterile Mueller Hinton agar by
streaking. In the case of MFC, 0.5 mL of the sample with
no noticeable growth from the MIC test was taken and

inoculated on sterile potato dextrose agar by streaking.
Both plates were incubated at 37 °C for 24 h. The
concentration at which no visible growth was observed
was recorded as the MBC and MFC after each

inoculation.
m RESULTS AND DISCUSSION

From the UV-visible spectroscopy analysis, Fig. 1-
2 reveal the combined surface plasmon resonance (SPR)
bands and collective oscillations of conduction band
electrons of the Ag NPs and Ag-Ni NPs [25]. The
transitions, m > n° (C=C in the alkaloids), and n —» =*
(O-H, C-O in carbohydrate and glycosides), as
supported by the FTIR spectra (Fig. 5), confirmed the
moieties present in the green synthesized nanoparticles.
These functional groups were considered to be
responsible for capping and stabilizing the newly formed
nanocluster.

Evidence of nanoparticle formation was a change
in color from light green to dark brown. However, there
was no indication of nanoparticle formation in the
reaction between the 1.0 mM AgNOs; solution and the
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Fig 1. Absorption spectra (a) 1.0 mM (b) 2.0 mM (c) 3.0
mM (d) extract (e) inset Photoluminescence emission
spectrum of Ag NPs at 40 min, 80 °C
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Fig 2. Absorbance spectra of Ag-Ni NPs (a) 1.0 mM (b)
2.0 mM (c) 3.0 mM (d) extract at 40 min, 80 °C

extract due to the absence of SPR. This occurence could
be due to the low concentration of precursors for the
extract to reduce and nucleate the Ag ion. This finding is
similar to the results of Fernando and Zhou [26].
Nucleation and onset growth occured rapidly, as early as
5 min into the reaction involving 2.0 and 3.0 mM metal
solutions, which is one of the advantages of ‘green’
synthesis of nanoparticles (See supplementary Fig. S1).
Fig. 1 shows that the reaction mixture of silver nitrate
solution (2.0 mM) and the metabolites were considered to
be the optimum condition for Ag NPs using N. tabacum
as reducing agent, as the SPR increased in peak intensity
at 450 nm, which is the characteristic band for Ag NPs.
The shape of the spectrum also connotes proximity to
unity in the aspect ratio of as-synthesized NPs.

In the case of silver hybrid nanoparticles, the
reduction of silver ions by N. tabacum commenced as
early as 5 min at all the precursor solution concentrations.
There is no doubt that the nucleation and growth occured
rapidly, as indicated by the early appearance of SPR,
suggesting that the bio-reducing agent used was adequate
for the reduction process (See supplementary Fig. S2).
However, the SPR bands formed were of low extinction

coefficient intensity: 0.05, 0.06 and 0.07 a.u. for 1.0, 2.0
and 3.0 mM concentrations, respectively. A peak width-
broadening was observed in the nanohybrid prepared
from 2.0 mM precursor solution (Fig. 2), compared to
the corresponding Ag NPs in Fig. 1. The redshift and
reduction in the SPR peak intensity might be due to the
presence of nickel, and the effect of aggregation between
nanoclusters, which led to the particle size increase,
model [27] (See
supplementary Fig. S2). Moreover, the characteristic

corroborated by the previous

absorbance of the nanohybrid suggests AgcoreNishen
formation. The observed absorption spectra also
indicated that Ag NPs with a characteristic peak between
400-450 nm are not the shell, but the core of the
nanohybrid, while Ni formed the shell as further
corroborated by the EDX (See supplementary Fig. S4)
and XRD patterns. The intensity of absorbance was
higher in monosilver nanoparticles compared to its
allied nanoparticles. Absorption spectra comparing
growth of Ag NPs and Ag-Ni NPs are shown in Fig. 1
and 2, respectively. Photoluminescence study carried
out on the as-prepared Ag NPs displayed quantum yield
during vibrational relaxation at triple excited state as
shown in Fig. 1 (Inset e). Excitation took place at 305 nm,
and this resulted in the low intensity of emission with a
single peak at 438 nm.

The phase analysis and crystalline nature of the Ag-
Ni NPs, that was prepared using N. tabacum leaf extract
as a reducing agent, were studied with X-ray diffraction
(XRD). XRD pattern of the as-prepared nanohybrid is
depicted in Fig. 3(a). The diffraction peak patterns indicate
the formation of alloy Ag-Ni bimetallic nanoparticles.
Match phase identification is presented in Fig. 3(b).
Composition of the nanoalloy resembles a face-centered
cubic phase of Ag with reflection peaks at 26 values of
37.96° [111], 44.10° [200], 62.44° [220] and 77.56° [311].
However, there is a small deviation from the actual 26
angles as a result of lattice insertion of Ni in the Ag crystal
lattice, and this suggests alloying of the nanohybrid, which
agrees with previous studies [28-29]. A characteristic peak
of Ni at 20 = 46.24° is shown. There is an overlapping
peak for the (111) plane of Ni with that of Ag plane at 20
=46.24°, but no crystalline phase of Ni (52.1°) was detected

Anuoluwa Abimbola Akinsiku et al.



184

Indones. I. Chem., 2021, 21 (1), 179 - 191

(a)
"
2
I o
= . z
E‘* :
]
=
[1k]
I
E
20 30 40 5 60 70 80
28 (deg)
1000 (b) Experimentzl pattern: CAg
5004
2004} P
7004 |
6004 T
5004
4004
3004
200+ jL
100+ _J
— LLLM#%—JLMLLH e
- I 1 1] I TN |_ =
iy |
-I'fﬁﬁw.ﬂ«mﬁﬁ...,.,,.....,M,-.‘n_.-ﬁ-'.‘__,,_,..-..;"-_m,_..,_..;.\_‘.,_r\_._..__uﬁ_,n_,.-_,__.~,,u-wJ_F_.-n_u._._.-’-n\._ﬁ_,.,
10.00 20.00 30.00 40.00 50.00 £0.00 70.00 20.00
28 (deqg)

Fig 3. (a) XRD pattern of Ag-Ni NPs synthesized using N. tabacum (b) Phase matching

Table 1. Structural parameters of Ag-Ni nanohybrid

. Miller 20 (%) .Interplaneo Lattice o Volumf: of cell, Crystallite size, FWHM
indices (hkl) distance, d (A)  constant, a (A) (A)? D (nm)
(111) 37.96 2.3705 4.1058 67.330 11.68 0.7098
(200) 44.10 2.0535 4.1070 68.63 0.6625
(220) 62.44 1.4524 4.1081 68.398 0.5205
(311) 77.50 1.3696 4.1088 68.172 0.2839
in the diffractogram. This phenomenon suggests core-  (ICDD#96-900-8460). From the matched phase

shell formation. The additional peaks in the diffractogram
could plausibly mean a presence of phase impurities in the
sample or oxidation of nickel to NiO or Ni,O; or Ni(OH),.
The average crystallite size of 11.68 nm for di1;, with an
experimental lattice constant 4.0862 A of Ag fcc, agrees
with the unit cell value, a = 4.086 A obtained from Rietveld
calculation for Ag fcc phase using FullProf software,
where a; = a; = a3, a, B, y = 90°, with space group F m -3 m

identification (Fig. 3(b)), Rietveld refinement convergence
was also confirmed by FullProf software for the as-
synthesized Ag NPs. As XRD is unable to differentiate
two boundaries, the crystallite size is smaller in size
compared with the particle size. The observation is in
agreement with a previous study [30]. Table 1 gives
detailed structural parameters using the following
formulas; the lattice constant, a, = d.Vh? +k? + I2, where
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d = interplane distance obtained from FullProf software.
The volume of unit cell V = a* and D = kA/BCos6, where D
is the crystallite size in nm, k = Scherrer’s constant (0.94),
\ is wavelength of incident X-ray = 1.5417 A, § = Full width
half maximum (FWHM) in radians and 6 = Bragg angle in
radian. 20 correction = 0.07516°, the phase match displays
specimen displacement correction (Bragg Brentano
geometry) T = (s/R) = 0.0026336, wavelength = 1.541874 A.
A representation of the TEM image and histogram
showing the particle size distribution of the Ag NPs
prepared using N. tabacum as a reductant is presented in
Fig. 4. The TEM micrograph shows irregular shapes and
different orientations with discontinuity in the grain
boundary of Ag nanoparticles. The TEM micrograph of
Ag NPs reveals a quasi-cube shaped nanoparticle with an
average size of 19.14 * 6.43 nm (using Image J software).
Quantified elemental composition analysis also supports
the formation of Ag NPs, as shown in the EDX analysis. The
as-prepared Ag NPs are dominated by silver (89.11 wt.%),
oxygen (3.99 wt.%) and carbon (4.78 wt.%) originated
from the plant extract (See supplementary Table, S3).
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TEM micrograph of the as-prepared Ag-Ni NPs
also shows the formation of cubes with truncated edges
due to the reducing power of the plant extract (Fig. 4(d)).
Morphology of the nanohybrid could be controlled by
adjusting the concentration of the bio reducing agent.
Furthermore, the reaction method is also a factor that
determines the shape of the nanohybrid, as indicated in
the study by Tsuji et al. [31], where AgcoreNigma Was
obtained using a microwave-polyol method. In Fig. 4(a),
it is shown that the particle size ranges from 15.71 to
52.81 nm with a mean particle size of 30.45 + 8.40 nm.
The EDX analysis also supported the formation of Ag-
Ni hybrid nanoparticles (See supplementary Table, S4).
Ag and Ni were in the approximate ratio of 4:1
composition in cps. The weight composition of silver
was 63.76%, and Ni was 11.13%. Carbon (14.85 wt.%)
and oxygen (3.99 wt.%) were from the plant that was
used. The aggregation of particles was also observed in
the TEM image, which could be controlled by
monitoring the quantity of bio-reducing agent that was

used.
T
-
-

(d)

ik

Fig 4. Particle size distribution histograms of (a) Ag NPs (c) Ag-Ni nanoparticles, and representative TEM images of

(b) Ag NPs (d) Ag-Ni NPs
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Phytochemical screening of the aqueous extract of
the Nicotiana tabacum indicated the presence of alkaloids,
carbohydrates, and glycosides (Table 2). Water was chosen
as the solvent medium following the principle of green
chemistry. A qualitative study using FTIR spectroscopy
revealed the moieties adsorbed on the surface of the as-
prepared nanoparticles (Fig. 5), which were also responsible
for the capping and stability of the nanomaterials [32].
Some characteristic peaks with frequency at 3274 cm™
assigned to N-H stretching of amine group were present
in the alkaloid, which acted as the bio-reducing agent.
Other prominent peaks includethe peaks at 2935 cm™
(C-H stretching from SP* hybridization), 1641 cm™ (C=C
stretching), 1534 cm™ (C=N stretching), 1228 cm™ (C-N
of amine or C-O stretching) that were detected from the
phytochemical analysis (Table 4).

The proposed biosynthesis reaction took place
through the active sites created by nitrogen present in the
alkaloids of N. tabacum, resulting in the attachment of
methylene groups to nitrogen on the surface of the Ag
nanoparticles as proposed in our earlier study [33]. There
appears to be no peak in the carbonyl (C=0) region
characteristic of carbohydrates and glycosides (Scheme

3274
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1). This different
phytoconstituents present in the Senna occidentalis

observation s from the
plant as reported in a previous work [34]. The observed
C-0 stretch is weak, which indicates more alkaloids in
the tobacco plant. Hence, the proposed mechanism of
reaction suggests the reduction of Ag" ions to Ag’ and
Ni** to N could be due to abundant alkaloids in the plant
extract. This observation is similar to the findings by
Shekins et al. [35].

Table 2. Phytochemical constituents of Nicotiana
tabacum leaf extract

Biochemical Water extract

Proteins -
Alkaloids +
Saponins -
Carbohydrates +
Phenols -
Tannins -
Glycosides +
Flavonoids -
Terpenoids -
Steroids -
- Absent

+ Present

8
Transmittance (%)

T
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T
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Fig 5. FTIR spectrum of Ag-NPs using the extract of Nicotiana tabacum

+ AgO/Ni°®
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\

CH,

Scheme 1. Proposed reduction reaction mechanism by alkaloids [36]

Anuoluwa Abimbola Akinsiku et al.



Indones. I. Chem., 2021, 21 (1), 179 - 191

Antimicrobial Assay

From the measured zones of inhibition displayed by
the Ag NPs prepared by using N. tabacum, the activity of
Ag NPs was revealed. Preliminary screening of Ag NPs
(agar diffusion test) showed that the nanocluster exhibited
moderate activities on all organisms except P. aeruginosa,
where comparatively low activity was recorded (Table 3).
However, the result of statistical analysis (ANOVA and
SPSS) indicated there was no significant difference at the
two precursor concentrations when P > 0.05. When
compared with the standard, the activity of Ag NPs on the
organisms was similar at concentrations of 2.0 and
3.0 mM. These observations led to the susceptible
antimicrobial testing MIC, MFC, and MBC.

From Table 3, it is shown that higher activity was
observed in Ag NPs prepared with 3.0 mM precursor
concentration. Streptococcus pyogenes (Gram-positive
bacterium), a human pathogen responsible for acute
infections like pharyngitis, was the most susceptible
species to the nanoparticles [37]. This sensitivity could be
a result of the large volume of surface area possessed by
nanoparticles, as this fostered more contact and
interaction with cells [38]. Our result is different from the
findings by Sarwar et al. [39] and Dominguez et al. [40],
in which Gram-negative bacteria were more susceptible
to nanoparticles compared to Gram-positive bacteria.
This could be attributed to the nature of the cell wall
found in Gram-negative bacteria, which is composed of
phospholipids, lipoprotein, and thin lipopolysaccharides.
However, S. pyogenes had the highest susceptibility to the
as-prepared Ag NPs, that could be attributed to the
component structure on the bacteria cell. A lot of pores

187

and teichoic acid have been reported to be present in
Gram-positive bacteria, which allow the infiltration of
foreign molecules, thereby causing damage to the cell
membrane or even killing it. It could also be possible that
the Ag NPs could not adhere to the negatively-charged
peptidoglycan layer organized on the organism, thereby
permitting the penetration of the nanoparticles [16]. The
same MIC and MBC (least concentration) of 12.5 mg/mL
observed was an indication that the nanoparticles were
bactericidal. In order of sensitivity, Streptococcus
pyogenes was followed by Staphylococcus aureus (Gram-
positive bacterium) and a fungus - Candida albicans, with
the same MIC and MFC concentrations of 12.5 mg/mL
and 25 mg/mL, respectively. S. aureus is usually found on
the skin and upper respiratory tract of individuals [41].

Other organisms were less sensitive to the Ag NPs
compared to Streptococcus pyogenes. The observed
activity of Ag NPs against E. coli was at MIC
concentration of 25 mg/mL, which is the same value for
MBC as well. In the case of Trichophyton rubrum, the
nanocluster was active at 25 mg/mL MIC and 50 mg/mL
MEFC concentrations. Least activity was detected in the
Gram-negative bacterium - Pseudomonas aeruginosa.
This pathogen that causes chronic infections in the
urinary tract, surgical wounds, and the respiratory tract
was sensitive to the Ag NPs at the same MIC and MBC
concentration of 50 mg/mL.

In contrast, no activity was found on P. aeruginosa
by Ag NPs prepared with 2.0 mM metal precursor (Table
4). This experimental insensitivity could be due to the
high negatively-charged lipopolysaccharides on the cell
wall of P. aeruginosa, protecting the cell membrane [42].

Table 3. Sensitivity testing of organisms with standard deviation in zones of inhibition (Agar Diffusion Test)

Nanoparticles Organisms/Mean zone diameter (mm) = SD
Staphylococcus Streptococcus Escherichia Pseudomonas Candida  Trichophyton
aureus pyogenes coli aeruginosa albicans rubrum
Ag2.0 10+ 0.5 11+0.5 9+0.2 7%0.1 10+ 0.2 9+0.3
Ag3.0 12+0.3 13+0.5 10+ 0.5 9+0.1 12+0.1 10+ 0.5
Control 21+0.8 18 +0.3 21+0.2 2004 19+0.6 18 0.3
STAT P> 0.05 P> 0.05 P> 0.05 P> 0.05 P >0.05 P >0.05

Standard/Control = Ciprofloxacin (Bacteria) and Fluconazole (Fungi). Ag 2.0 = Silver nanoparticles prepared from 2.0 mM precursor

concentration using N. tabacum leaf extract. Ag 3.0 = Silver nanoparticles prepared from 3.0 mM precursor concentration using N.

tabacum leaf extract
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Table 4. Minimum inhibitory concentration (MIC), minimum bactericidal concentration (MBC) and minimum

fungicidal concentration (MFC)

Organisms/MIC, MBC & MFC (mg/mL)

, Staphylococcus Streptococcus Escherichia Pseudomonas Candida  Trichophyton

Nanoparticles ) ] ]

aureus pyogenes coli aeruginosa albicans rubrum

MIC, MBC MIC, MBC MIC, MBC MIC, MBC MIC,MFC  MIC, MFC

Ag2.0 50, 50 25,25 50, 100 100, 100 25,50 50, 100
Ag3.0 12.5,25 12.5,12.5 25,25 50, 50 12.5,25 25, 50
STATISTICS P<0.05 P<0.05 P<0.05 P<0.05 P<0.05 P<0.05
Control 3.13 6.25 6.25 6.25 6.25 6.25
STATISTICS Control vs Aa, Ba, Ca, Da, Ea, A, B, C, E, F-value 34.06, P < 0.05

Control- Ciprofloxacin (Bacteria) and Fluconazole (Fungi)

The activity of Ag NPs was lower compared to
ciprofloxacin and fluconazole (standards). However, a one-
way analysis of variance using SPSS tool proved that the
growth inhibition by Ag NPs was significant at P < 0.05.

m CONCLUSION

This work has explored the possibilities and better
utilization of N. tabacum. The known addictive plant used
for smoking was converted into monometallic and
bimetallic nanoparticles. From UV-visible spectroscopy,
it was shown that the nanoparticles possess optical
properties with the appearance of surface plasmon
resonance at 438 nm for Ag NPs, and broad peak-
broadening in the Ag.Nima nanohybrid that was
formed. SPR bands formed in the Ag-Ni nanohybrid had
lower extinction coefficient intensity with peak width-
broadening, compared to the corresponding Ag NPs.
Photoluminescence study revealed low emission potential
in Ag NPs. TEM, EDX, XRD, and FTIR characterizations
supported the formation of Ag and Ag-Ni hybrid
nanoparticles. Ag NPs prepared from 3.0 mM metal
nanoparticles have proven to overcome the challenge of
biofilm formation in drug resistance. Ag NPs displayed the
highest activity against the clinically isolated Streptococcus
pyogenes, Gram-positive bacterium, with 12.5 mg/mL
MIC and MBC value, followed by Staphylococcus aureus
(Gram-positive bacterium) and a fungus - Candida
albicans, with the same MIC and MFC concentrations of
12.5 mg/mL, 25mg/mL, respectively. The lower sensitivity
of Ag NPs was observed against E. coli and Trichophyton
rubrum with the same MIC and MBC concentration of

25 mg/mL and. The Ag nanoparticle was active at
25 mg/mL MIC concentration, and 50 mg/mL MFC
concentration. No activity was noticed against P.
aeruginosa by Ag NPs prepared with 2.0 mM metal
precursor. Finally, ANOV A statistical tool that was used
to validate the growth inhibition of Ag NPs showed that
it was significant at P < 0.05. From this study, Ag NPs
prepared from Nicotiana tabacum was proven to be a
possible candidate for developing antibacterial and
antifungal drugs.
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