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ABSTRACT: Silver nanoparticles (AgNPs) are sought after by many industries including food industries, heavy metal
sensing, pharmaceutical, and textile. The present study reports on the biosynthesis of silver nanoparticles (AgNPs) and
theirs antibacterial activity using a methanolic leaf extract of Heteropyxis natalensis, a native South African medicinal
tree. The synthesised particles were characterised by ultraviolet visible spectroscopy (UV-vis), energy dispersive Xray spectroscopy (EDX), high resolution transmission electron microscopy (HRTEM), and Fourier transform infrared
spectroscopy (FTIR). A colour change of the reaction solution from yellow to brown preliminarily confirmed the
presence of AgNPs, and a single absorbance peak at 422 nm, using UV-vis spectroscopy, was the indicative of AgNPs.
While EDX revealed the presence of elemental silver in the sample, HRTEM identified spherical AgNPs ranging from
5–60 nm. Hydroxyls, alkynes, alkenes, alkanes, esters, and alkyl halides as possible capping agents of silver ions (Ag+ )
into AgNPs were identified by FTIR. In addition, AgNPs exhibited antibacterial efficacy against 5 strains of pathogenic
bacteria: Escherichia coli, Staphylococcus aureus, methicillin-resistant Staphylococcus aureus, Pseudomonas aeruginosa,
and Bacillus subtilis. The results obtained in this study could potentially benefit future research in nanomedical-driven
fields.
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INTRODUCTION
Nanotechnology is a research field that is currently
evolving [1] at an exponential rate with the aim of
revolutionising the medical world [2]. This field of
study involves the synthesis, the development, and
the manipulation of nanomaterials ranging from 0–
100 nm [3, 4]. Over the years, nanotechnology has
been introduced into various medical applications; for
example, gene therapy, cancer treatment, and drug
delivery [3, 5]. Metals such as copper, zinc, gold,
titanium and silver are used to produce nanoparticles
[1, 6, 7]. The synthesis of metal nanoparticles has
gained significant importance due to the particle’s
unique optical, electronic, magnetic, chemical, and
antimicrobial characteristics [8]. As a result, metallic nanoparticles present advantageous opportunities
in various industries: medical, pharmaceutical, and
textile industries as well as in heavy metal sensing
[6, 9]. Silver (Ag) is considered an ideal metal for the
synthesis of nanoparticles [8], and AgNPs are at the
forefront of nanotechnology sought after for several
applications due to their unique structural properties
[10, 11]. They have been successfully exploited in
pathology, medicine, textile, food, and pharmaceutical
industries [12, 13]. The synthesis of nanoparticles
can occur through the use of chemical, physical, biological, and hybrid methods [5]. However, chemwww.scienceasia.org

ical and physical methods are considered toxic and
non-ecofriendly [11]. Scientists are currently relying on safer alternatives such as “green synthesis”,
which is defined as using non-toxic, environmentally
friendly biological materials in the synthesis method
[10, 11, 14]. This approach brings nanotechnology and
plant biotechnology together resulting in a system that
is risk-free with superior quality suitable for biomedical
applications [4, 6]. Plants have previously been used
to synthesize AgNPs as they are inexpensive, efficient,
safe, and environmentally friendly [15]; and, moreover, phytochemicals present in plant extracts serve
as perfect reducing and capping agents during the
synthesis [13]. Medicinal plants are known for their
antimicrobial properties against bacteria, fungi, and
viruses [15]. AgNPs were reported to be efficient
antibacterial agents [1, 10]; hence, antimicrobial researches have focused on their antimicrobial potentials.
Heteropyxis natalensis (Myrtaceae) is a small,
deciduous tree inhabiting in evergreen forests and
bushveld regions ranging from KwaZulu-Natal to
Limpopo Provinces in South Africa [16, 17]. The
leaves, bark, and roots of H. natalensis have previously
been reported to exhibit medicinal and antimicrobial
properties [16]. Venda and Zulu communities utilise
H. natalensis to treat several ailments such as respiratory disorders, nosebleeds, and gingivitis [17–19]. To
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the authors’ knowledge, there are no reports available
on silver nanosynthesis on this species. Therefore, this
study aimed to examine the synthesis, characterization, and the potential antibacterial efficacy of AgNPs
using crude methanolic leaf extract of H. natalensis.

an Ultra Plus Field Emission Gun Scanning Electron
microscope (FEGSEM) (Carl Zeiss, Munich, Germany)
and AzTec Analysis Software (Oxford Instruments,
High Wycombe, UK) to determine the presence of
elemental silver in the sample.

MATERIALS AND METHODS

High resolution transmission electron microscopy
(HRTEM)

Preparation of crude leaf extract
Fresh and healthy leaves of H. natalensis were collected
from the University of KwaZulu-Natal, Westville Campus (29°490 01.000 S 30°560 51.200 E) in Durban, South
Africa. The leaves were cleaned using double distilled
water and air dried at 24 °C for 6 weeks. A voucher
specimen was deposited in the Ward Herbarium at the
University of KwaZulu-Natal. The dried leaves were
ground into a fine powder using a domestic spice mill
(Kenwood Ltd, Havant, UK), and the crude extract was
prepared using a soxhlet apparatus. Powdered leaf
material ( ± 2.5 g) was added to 50 ml of methanol
(HPLC grade) in a round bottom flask. The powder
and solvent mixture was boiled for 2 h followed by a
1 h session. Thereafter, the mixture was filtered using
Whatman filter paper No. 1, and the methanolic extract
(the filtrate) was stored in a mason jar at 24 °C in a dark
room.
Biosynthesis of silver nanoparticles
The biosynthesis of AgNPs was conducted according to
a method described by [20] with a few modifications.
Methanolic extract (1 ml) was added to 19 ml of a
1 mM aqueous silver nitrate (AgNO3 ) solution. The
AgNO3 and methanolic extract solution was mixed in
a conical flask and incubated in a water bath at 60 °C
for 30 min. A colour change the solution from yellow
to brown indicated the formation of AgNPs. Thereafter, the solution was centrifuged at 16 000 rpm for
5 min using an Eppendorf Centrifuge 5415R (Merck,
Johannesburg, South Africa). After removing the supernatant, deionised water (diH2 O) was added to the
Eppendorf tube and centrifuged. The centrifugation
process was repeated thrice. The resultant pellet was
then suspended in 10 ml of diH2 O, vortexed, and
further used for characterisation.
Characterisation of AgNPs
Ultraviolet visible spectroscopy (UV-vis)
The presence of AgNPs was confirmed by UV-vis spectroscopy. The absorbance spectrum was recorded using a UV-1800 Shimadzu spectrophotometer (Tokyo,
Japan) at an absorbance wavelength range of 300–
600 nm, and diH2 O was used as a blank.
Energy dispersive X-Ray spectroscopy (EDX)
A drop of synthesised AgNPs was placed directly onto
an aluminium stub and was left to dry for 24 h.
The stub was then sputter coated in a Polaron SC500
Sputtercoater. EDX microanalysis was conducted using

A drop of sonicated synthesised AgNPs was placed
on a copper grid and left to dry for 20 min. The
overall micromorphology (shape and size) of AgNPs
was observed using an HRTEM JEOL 2100, and the
particle size was determined using iTEM software (Soft
Imaging System GmBH, MÃijnster, Germany).
Fourier transform infrared spectroscopy (FTIR)
The capping and reducing agents of AgNPs were identified using FTIR. The FTIR measurements were conducted using a Perkin Elmer spectrum 100 spectrophotometer (MA, USA) at a wavelength of 4000–400 cm−1 .
Antibacterial activity
Preliminary screening of antibacterial activity of AgNPs was determined using the agar well diffusion
method described by [21] against two strains of gramnegative bacteria: Escherichia coli (ATCC 25218) and
Pseudomonas aeruginosa (ATCC 27853), and three
gram-positive bacterial strains: Staphylococcus aureus
(ATCC 25923), methicillin-resistant Staphylococcus aureus (MRSA) (Clinical type), and Bacillus subtilis. The
bacterial strains were grown for 18 h in Nutrient Broth
(Biolab, Midrand, South Africa) in a 37 °C incubator
on a shaker and were then standardised by measuring optical density using a UV-vis spectrophotometer
(equivalent to 0.5 McFarland turbidity standard; OD
0.08–0.1 at λ 625 nm). The optical densities were
further adjusted by dilution of the bacterial inoculum
with sterile distilled water. The Tmlhe medium was
prepared by mixing 38 g Mueller Hinton agar (MHA) in
1 l of dH2 O, boiled for 1 min, and autoclaved at 121 °C
for 20 min. After reaching room temperature (24 °C),
the medium was carefully poured into sterile petri
dishes and left to solidify under a sterile environment.
Each bacterial strain was evenly swabbed onto the
MHA plates and left to dry. Wells were aseptically
punched using a sterile cork borer (5 mm in diameter).
Thereafter, 90 µl of the AgNP stock solution (1 mg/ml)
was pipetted into each well. The petri dishes were
then transferred to incubators of various temperatures
to allow the solution to diffuse through the medium,
and inhibition zones were observed after 18 h.
Statistical analysis
All the experiments were conducted with three replicates. For antibacterial activity, the zone of inhibition
was measured and presented as mean values and the
statistical analysis was performed using a Student’s ttest.
www.scienceasia.org
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RESULTS AND DISCUSSION
Biosynthesis and characterization of AgNPs

Fig. 1 EDX analysis of synthesized AgNPs from H. natalensis
methanolic leaf extract.

In the present study, the formation of AgNPs was
observed based on a gradual colour change in the
reaction vessel from yellow to dark brown over 30 min.
In general, the biosynthesis of AgNPs is often confirmed by a colour change of the reaction solution
[22, 23] as a consequence of the surface plasmon resonance (SPR) [24, 25] indicative of the reduction of
Ag+ . The reduction of Ag+ may be attributed to the
chemical components present in the leaf extract [20].
In addition, the synthesis of AgNPs was further confirmed by UV-vis spectroscopy which determined the
progression of the reduction of Ag+ [26]. A single
absorbance peak was observed at 422 nm which was
indicative of SPR of AgNPs [8]. Absorbance peaks
observed between wavelengths of 410 and 450 nm
may have been attributable to the presence of spherical
nanoparticles [5, 27]. Similar absorbance peaks were
observed in a study conducted on several myrtaceous
species including Xanthostemon chrysanthus (424 nm)
and Callistemon lanceolatus (420 nm) [15].
The elemental composition of synthesised AgNPs
was investigated by EDX. In Fig. 1, the EDX spectrum
revealed a peak at 3 keV displaying elemental silver
Table 1 FTIR peak values, functional groups, and vibration
types of AgNPs from H. natalensis methanolic leaf extract.
Absorption peak (cm−1 ) Functional group Type of vibration
3268.08
2118.83
1638.42
1374.95
1217.16
1016.61
575.93
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(60.5%). Silver nanocrystals often have an optical
absorption peak at 3 keV as a result of SPR [5]. This
indicates the reduction of Ag+ into elemental silver
and authenticates the synthesis of AgNPs [5, 12, 14].
Additional elements present in the 0–0.5 keV range
denoted the optical absorption of carbon (22.81%) and
oxygen (16.03%) [26]; and a peak at 2.5 keV signified
the absorption of chlorine (0.30%). The presence of
these elements suggests that they have emanated from
H. natalensis leaf extract and act as capping agents
for AgNPs [15, 20, 26]. These results confirm previous findings wherein the EDX spectrum revealed the
presence of elemental silver and additional elements
after synthesizing AgNPs using Eucalyptus oleosa leaf
extract [28].
The morphology and particle size distribution of
synthesized AgNPs are shown in Fig. 2A and Fig. 2B,
respectively. The structural morphology of synthesized
particles appeared to be spherical in nature with an
average size of 23.38 nm in diameter. The morphology
of nanoparticles primarily relied on the reduction of
the efficacy of the reducing agents present in the leaf
extract [27]. The size of the particles was between
5–60 nm. However, many particles were observed to
be in the 10–20 nm range which justifies the single
absorbance peak at 422 nm. Variation of methods was
used to identify and measure AgNPs with advantages
and limitations to the individual techniques. Therefore, a combined approach is considered the most
suited method to measure the particle size and to
determine the particle shape [29]. AgNPs were well
dispersed after sonication and displayed crystalline
characteristics as shown by distinct lattice fringes (inset). The histogram in Fig. 2B indicates that the AgNPs
were not uniform in size; however, the particles were
below 100 nm making them suitable for the uses in
textile, food, and medical fields [12]. The shape and
size of AgNPs were similar to the particles synthesized
in a study of several myrtaceous species [15].
The functional groups of AgNPs were detected using FTIR spectroscopy between a scan range of 4000–
400 cm−1 . The functional groups that were identified
in the sample are recorded in Table 1 in accordance
with the absorption bands (peaks) in the FTIR spectrum shown in Fig. 3. Hydroxyls, alkynes, alkenes,
alkanes, esters, and alkyl halides were identified in
the sample. The presence of these functional groups
indicated that they belonged to secondary metabolites
such as alkaloids, terpenes, and phenolics [15] present
in the leaf extract of H. natalensis. In addition, these
functional groups were responsible for the reduction,
stabilization, and capping of Ag+ into AgNPs [5, 30].
Hydroxyl, alkene, alkane, and ester functional groups
were also identified in the synthesized AgNPs of Syzygium campanulatum and Eucalyptus citriodora [15]. A
broad hydroxyl peak (3270.82 cm−1 ) was detected in
the FTIR spectrum of Eucalyptus corymbia [31], and the
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Fig. 2 Particle size distribution of AgNPs from H. natalensis methanolic leaf extract. (A) Electron micrograph of synthesized
spherical AgNPs and distinct lattice fringes (inset). (B) Histogram representing the range of particles according to diameter
size.
Table 2 Preliminary screening of antibacterial activity of
AgNPs from H. natalensis methanolic leaf extract.
Bacterial Strain
Escherichia coli
Staphylococcus aureus
Pseudomonas aeruginosa
MRSA
Bacillus subtilis
†

Zone of Inhibition (mm)†
8b
8b
12 a
8b
7b

= inhibition zone including the cork borer (5 mm) diameter, MRSA = methicillin-resistant Staphylococcus aureus.
Mean values followed by different letters are significantly
different according Student’s t-test.

Fig. 3 FTIR spectrum of synthesized AgNPs from H. natalensis
methanolic leaf extract.

peak was similar to the one identified in the current
study (3268.08 cm−1 ). This functional group was
mainly involved in the synthesis of AgNPs in comparison to other functional groups in the sample [31].
Antibacterial activity
The antibacterial activity of synthesised AgNPs of
H. natalensis is summarized in Table 2. The zones of
inhibition varied against E. coli, P. aeruginosa, S. aureus,
MRSA, and B. subtilis. Antibacterial activity against
P. aeruginosa exhibited the highest zone of inhibition.
Pseudomonas aeruginosa is an opportunistic bacterial
strain [32] and often causes infections in immunocompromised postoperative patients suffering with cancer,
burn wounds, and cystic fibrosis [33]. This bacterium
also causes pneumonia, bacteremia, and gastrointestinal infections [33]. The smallest zone of inhibition was
exhibited against B. subtilis indicating the least AgNPs

sensitivity of the strain compared with the other strains
used in this study. A small inhibition zone signifies the
ability of bacteria to form endospores (resting stage)
and enables the bacteria to remain viable and more
resistant over time [34]. Furthermore, P. aeruginosa
showed a large inhibition zone due to the presence of
a cell wall consisting of an inner thin peptidoglycan
layer and an outer liposaccharide layer. The thin cell
wall increased the microbe’s susceptibility to Ag+ as
opposed to the Gram-positive bacteria [35].
Elemental silver has been used for centuries due
to its reputable antimicrobial properties [36, 37], and
synthesized AgNPs have been utilized in medicine,
food storage, pharmaceuticals, and several environmental sectors [37]. The antibacterial effect is possibly
attributed to the size of AgNPs [5]. As seen in Fig. 2B,
the synthesized AgNPs were relatively small; however,
their combined surface areas were large [5, 34] allowing the AgNPs to have a better contact and interaction
with the bacteria [5]. As a result, the AgNPs attached
www.scienceasia.org
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to the surface of the bacterial membrane resulting in its
structural changes and eventually causing cell death
[15, 38]. The results presented in Table 2 suggested
that the synthesized AgNPs of H. natalensis can be
used as effective antibacterial agents in the treatment
of several ailments: gastrointestinal, skin, respiratory,
and nosocomial. Besides, these results were consistent
with the previous findings wherein myrtaceous AgNPs
exhibited antibacterial activity against similar bacterial
strains [30, 38].
CONCLUSION
An effective “green synthesis” of AgNPs using methanolic leaf extract of H. natalensis was demonstrated. A
colour change of the reaction solution from yellow
to brown as a result of SPR indicated the reduction
of Ag+ and the formation of AgNPs. Synthesized
particles were below 100 nm and spherical in shape.
Additionally, preliminary screening of AgNPs against
various strains of bacteria highlighted the effectiveness
of these particles as antibacterial agents. Lastly, the
results obtained in this study could potentially benefit
future researches in nanomedical-driven fields that
utilize medicinal flora.
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