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Abstract In this study, seed and seed shell extracts of Cola
nitida were investigated for the biogenic synthesis of silver
nanoparticles (AgNPs) under ambient condition. The
biosynthesized AgNPs were characterized through visual de-
velopment of colour, UV–vis spectroscopy, Fourier transform
infrared spectroscopy (FTIR) and transmission electron mi-
croscopy (TEM). The antibacterial activities of the AgNPs
were determined using some multidrug-resistant clinical iso-
lates. The biosynthesized AgNPs depicted brown and yellow-
ish orange colour using seed and seed extract, respectively,
with maximum absorbance readings at 457.5 and 454.5 nm.
The FTIR spectrum showed strong peaks at 3292.49, 2086.98
and 1631.78 cm−1 for seed extract-mediated AgNPs, while
peaks of 3302.13, 2086.05 and 1633.71 cm−1 were obtained
for seed shell extract-mediated AgNPs, all indicating that pro-
teins were the capping and stabilization molecules in the

biogenic synthesis of AgNPs. The AgNPs were spherical in
shape with sizes ranging from 8 to 50 and 5 to 40 nm for seed
and seed shell-mediated AgNPs, respectively. The energy-
dispersive X-ray (EDX) analysis showed the presence of sil-
ver as a prominent metal, while the selected area electron
diffraction (SAED) pattern conformed to the face-centred cu-
bic phase and crystalline nature of AgNPs. At various concen-
trations ranging from 50–150 μg/ml, the AgNPs inhibited
growth of multidrug-resistant strains of Klebsiella
granulomatis, Pseudomonas aeruginosa and Escherichia coli
to the tune of 10–32 mm. Comparatively, seed shell extract-
mediated AgNPs had better activities with minimum inhibito-
ry concentration (MIC) of 50 μg/ml against all the tested iso-
lates, while the MICs of seed extract-mediated AgNPs were
obtained as 50, 80 and 120μg/ml againstE. coli,P. aeruginosa
(wound) and P. aeruginosa (burn), respectively. This study
has demonstrated the feasibility of eco-friendly biogenic syn-
thesis of AgNPs using seed and seed shell extracts ofC. nitida,
and the report to the best of our knowledge is the first refer-
ence to extracts of C. nitida for the green synthesis of AgNPs.
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1 Introduction

The numerous potential applications of nanoparticles have
played a prominent role in the search for eco-friendly process-
es of producing nanoparticles using different biological mate-
rials, since the conventional chemical synthesis involves the
use of toxic solvents, high pressure and energy which may be
harmful to the environment. Such synthesis is capable of
yielding nanoparticles of unique attributes and properties,
which may influence their applications. Owing to the rich
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biodiversity of microbes and plants, the potential of biological
materials in the synthesis of nanoparticles is yet to be fully
explored. In this regard, several biological resources of the
tropics, particularly those of Nigeria, have not been adequate-
ly evaluated for their potentials at synthesizing nanoparticles.
For instance, in our laboratory, we have recently reported the
isolation of a local strain of Bacillus safensis LAU 13
(GenBank accession no KJ461434) with potent ability to de-
grade keratins [1, 2] and whose keratinase was used for the
green synthesis of silver nanoparticles [3]. This was the first
report of its isolation in Nigeria and demonstration of the
capacity of the bacterium to produce keratinase. More recent-
ly, the novel utilization of spider cobweb for the green synthe-
sis of silver nanoparticles (AgNPs) was first reported in our
laboratory [4].

The green synthesis of nanoparticles has continued to re-
ceive unprecedented attention due to the simplicity of the pro-
cess, less handling of chemicals and eco-friendliness [5]. In
addi t ion , the ava i lab i l i ty of severa l b io log ica l
macromolecules/substances that can serve as capping and sta-
bilization molecules for the green synthesis of nanoparticles
has also contributed to the steady rise of this process. Several
authors have used bacteria, fungi, algae and plant extracts for
the green synthesis of metal nanoparticles [3, 5–13]. We have
also documented the first review on the green reduction of
graphene oxides [14].

Kola is a caffeine-containing nut, and the two common
species are Cola nitida and Cola acuminata [15]. The nut is
chewed in many West African countries, as it is known to ease
hunger pangs. It also has ethnomedicinal values with the report
of its use to treat whooping cough and asthma, and it contains
caffeine, essential oils, phenolic compounds and alkaloids
[16–18]. It is also a flavouring ingredient used in the produc-
tion of flavoured beverages and chocolates, as well as in the
production of dyes [19].Cola sp., an evergreen plant originally
endemic to West Africa, mainly Cote d’Ivoire, Ghana, Liberia,
Nigeria and Sierra Leone, has been introduced tomany tropical
countries [20]. The exotic species can be found in countries
such as Jamaica, India and USA. The world production of kola
nuts from C. nitida and allied species was estimated as ca. 180,
000 t of which about 120,000 t is produced in Nigeria and used
either internally or in neighbouring countries [21]. Despite the
huge potentials that kola nut offers, it has not been fully
exploited for applications in food and pharmaceutical indus-
tries. This work therefore seeks to extend the frontiers of the
potential applications of the extracts of the seed and seed shell
of kola with particular interest in nanobiotechnology. The work
is the pioneering effort at evaluating metabolites of kola for the
green synthesis of nanoparticles.

Metal nanoparticles and their alloys such as silver, iron,
cadmium, zinc, platinum, gold and graphene have diverse
applications in different aspects of human endeavours, such
as catalytic activity [9, 22, 23], optical [24], electronic [25],

magnetic, antimicrobial [3, 7, 10, 13, 26] and biomedical use-
fulness [27, 28]. AgNPs, for instance, are of interest because
of their unique properties (size- and shape-dependent optical,
electrical and magnetic properties) which can be incorporated
into coating materials, antimicrobial applications, biosensor
materials, composite fibres and electronic components [29].
Amongst metal nanoparticles, AgNPs have shown excellent
inhibitory and bactericidal effects among several metallic
nanoparticles [30]. The antibacterial activities of AgNPs have
been attributed to the interaction of AgNPs with sulphur- and
phosphorus-containing biomolecules in the bacterial cell. As
the particles enter into the cell, cell killing is initiated through
the attack of the respiratory chain and cell division [31].

In this work, we report the green synthesis of AgNPs using
the seed and seed shell of C. nitida and evaluation of its anti-
bacterial activities using some drug-resistant strains of bacte-
ria. To the best of our knowledge, this is the first report of the
green synthesis of nanoparticles using C. nitida.

2 Materials and Methods

2.1 Sample Collection

C. nitida plant with the voucher number LH0431 was obtained
fromAroje village, Ogbomoso, and deposited in the herbarium
of the Department of Pure and Applied Biology, Ladoke
Akintola University of Technology, Ogbomoso. The fruit parts
were separated to obtain the seed and seed shell, which were
cut into pieces, air-dried for 5 days under ambient condition
and then milled into powdery form using an electric blender.

2.2 Preparation of Extracts

One gram of the milled seed (CSE) and seed shell (CSS) were
weighed and suspended in 10 ml of distilled water. The ex-
tracts were obtained by heating in water bath at 60 °C for 1 h.
The extracts were then filtered using Whatman No. 1 filter
paper and then centrifuged at 4000 rpm for 20 min. The su-
pernatants were collected and used for further processes.

2.3 Biogenic Synthesis of AgNPs

The respective supernatant obtained was used to synthesize
AgNPs as previously described [3, 4]. About 1 ml of the
extract was added to the reaction vessel containing 40 ml of
1-mM silver nitrate (AgNO3) solution for the reduction of
silver ion. The reaction was carried out in static condition at
room temperature (30±2 °C) for 2 h. The formation of AgNPs
was monitored through visual observation of the change of
colour and measurement of the absorbance spectrum of
the reaction mixture using UV–visible spectrophotometer
(Cecil, USA).
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Fourier transform infrared (FTIR) spectroscopy analysis
was carried out using IRAffinity-1S Spectrometer (Shimadzu,
UK) on the powder sample of AgNPs according to Bhat et al.
[32]. The AgNP solution was centrifuged at 10,000 rpm for
20 min. The solid residue obtained was then dried at room
temperature, and the powder obtained was used for FTIR
measurement using KBr pellets.

The transmission electron microscopy (TEM) micrograph
was obtained as follows. A drop of nanoparticles in suspen-
sion was placed on a 200-mesh hexagonal copper grid
(3.05 mm) (Agar Scientific, Essex, UK) coated with 0.3 %
formvar dissolved in chloroform. The particles were allowed
to settle for 3–5 min on the grid, the excess liquid flicked off
with a wick of filter paper, and the grids were then air-dried
before TEM viewing. Micrograph was obtained using a JEM-
1400 (JEOL, USA) operating at 200 kV.

2.4 Antimicrobial Activities of Synthesized AgNPs

The antibacterial property of the synthesized AgNPs was in-
vestigated using the agar diffusion method as previously de-
scribed [4]. Clinical isolates of Escherichia coli, Klebsiella
granulomatis and Pseudomonas aeruginosa obtained from
LAUTECH Teaching Hospital, Ogbomoso, were used as test
organisms. Each bacterium was grown overnight in peptone
water, and 18-h culture was used to seed the plates ofMueller–
Hinton Agar (Lab M Ltd., UK) with the aid of sterile cotton
swab stick. The plates were then bored using cork borer
(7 mm) to create wells. The wells were irrigated with 100 μl
of graded concentrations of AgNPs prepared by dispersion in

sterile distilled water. The plates were thereafter incubated at
37 °C for 24 h. At the end of incubation, the plates were
examined for the zones of inhibition, which were measured.

2.5 Antibacterial Susceptibility Test

The test bacterial isolates were screened for susceptibility
using a panel of antibiotics on Mueller–Hinton Agar plates
by disc diffusion as previously demonstrated [33, 34]. The
bacterial isolates were tested on the discs (Abtek Biologicals
Ltd., UK) impregnated with antibiotics containing (μg) the
following: ceftazidime (Caz), 30; cefuroxime (Crx), 30; gen-
tamicin (Gen), 10; cefixime (Cxm), 5; ofloxacin (Ofl), 5;
augmentin (Aug), 30; nitrofurantoin (Nit), 300; and ciproflox-
acin (Cpr), 5. The plates were incubated at 37 °C for 48 h, and
afterwards, the zones of inhibition were examined and
interpreted accordingly [35] considering the appropriate
breakpoints [36].

3 Results and Discussion

3.1 Biogenic Formation of AgNPs

The formation of AgNPs was facilitated by the seed and seed
shell extracts within a period 10 min, with the colour stabiliz-
ing within 20 min. This led to the development of yellowish
orange and brown colour for the seed and seed shell-mediated
AgNPs, respectively (Fig. 1). Colloidal AgNP solutions of
varying colours including yellowish, brown and dark

Fig. 1 Biogenic synthesis of AgNPs using seed and seed shell extracts of C. nitida
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Fig. 3 UV–vis spectrum of
AgNPs synthesized using
aqueous C. nitida seed shell
extract (a fresh sample and b
sample stored for 3 months)

Fig. 2 UV–vis spectrum of
AgNPs synthesized using
aqueous C. nitida seed extract (a
fresh sample and b sample stored
for 3 months)
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Fig. 5 FTIR spectrum of AgNPs synthesized using aqueous C. nitida seed shell extract

Fig. 4 FTIR spectrum of AgNPs
synthesized using aqueous
C. nitida seed extract
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brown have been reported by several authors [3, 4, 37,
38] due to composition of different macromolecules re-
sponsible for the catalytic formation and stabilization of
the particles. The biosynthesized AgNPs showed maxi-
mum absorbance readings at wavelengths of 457.5 and
454.5 nm (Figs. 2a and 3a) for seed and seed extract-

mediated AgNPs, respectively, indicating the formation
of AgNPs. These values are within the range reported
for AgNPs [3, 4, 39–42]. On storage, the AgNPs showed
stability without any form of aggregation or deterioration
in UV–vis absorption spectra after 3 months (Figs. 2b
and 3b).

Fig. 7 Transmission electron micrograph (a), selected area electron diffraction pattern (b) and energy-dispersive X-ray signal (c) of the biosynthesized
AgNPs using seed extract

Fig. 6 Transmission electron
micrograph (a), selected area
electron diffraction pattern (b)
and energy-dispersive X-ray
signal (c) of the biosynthesized
AgNPs using seed extract

BioNanoSci. (2015) 5:196–205 201



The FTIR results showed strong peaks at 3292.49, 2086.98
and 1631.78 cm−1 for seed extract-mediated AgNPs (Fig. 4),
while peaks of 3302.13, 2086.05 and 1633.71 cm−1 (Fig. 5)
were obtained for seed shell extract-mediated AgNPs, all in-
dicating that proteins were the capping and stabilization mol-
ecules in the biogenic synthesis of AgNPs. The bands 3292
and 3302 are typical of N–H bond of amines, while 1631 and
1633 are indicative of C=C stretch of alkenes or C=O stretch
of amides, respectively [43]. The active principles of kola nut
which include the presence of ~9.5 % crude protein and rich-
ness in alkaloids, caffeine (2.8 %), theobromine (0.05 %) and
kolatine [21] are biomolecules rich in these bonds.

The AgNPs were spherical in shape with sizes ranging
from 8 to 50 and 5 to 40 nm for seed and seed shell-
mediated AgNPs, respectively (Figs. 6a and 7a). These shape
and sizes are in agreement with those earlier reported [3, 4, 40,
41]. The particles were well dispersed, an indication of good
stability to avoid aggregation. The energy-dispersive X-ray
(EDX) patterns (Figs. 6c and 7c) showed the presence of silver

in the AgNP solution [4, 5, 44] to the tune of 8.6 and 45.1% in
the seed and seed shell-mediated AgNPs, respectively, with
the characteristic ring-like selected area electron diffraction
(SAED) patterns (Figs. 6b and 7b) typical of the face-
centred cubic crystalline structure of silver [43]. It can there-
fore be concluded from these results that seed and seed shell
extracts of C. nitida can find applications in the biogenic and
eco-friendly synthesis of AgNPs, thereby establishing the
nanobiotechnological relevance of the plant.

3.2 Antibacterial Activities of Biosynthesized AgNPs

The biosynthesized AgNPs displayed considerable inhibitory
activities against some clinical isolates of bacteria (Figs. 8 and
9).While the bacterial isolates were multidrug-resistant strains
showing resistance to two to eight antibiotics (Table 1), the
AgNPs at concentrations of 50–150 μg/ml effectively
inhibited strains of E. coli, P. aeruginosa and K. granulomatis
to the tune of 10–32 mm. Comparatively, seed shell extract-

Fig. 8 The antibacterial activities of synthesized AgNPs using seed extract of C. nitida against some clinical bacterial isolates (a P. aeruginosa ear, b
P. aeruginosa wound, c P. aeruginosa burn and d E. coli wound; MIC minimum inhibitory concentration (μg/ml))
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mediated AgNPs had better activities with minimum inhibito-
ry concentration (MIC) of 50 μg/ml against all the tested iso-
lates, while the MICs of seed extract-mediated AgNPs were
obtained as 50, 80 and 120μg/ml againstE. coli,P. aeruginosa
(wound) and P. aeruginosa (burn), respectively (Figs. 8 and
9). The overall greater potency of seed shell extract-mediated
AgNPs may be attributed to the high concentration of Ag
(45.1 %) in the colloidal AgNPs as obtained in the EDX data

compared to 8.6 % of seed extract-mediated AgNPs. Never-
theless, the antibacterial activity of the AgNPs against
multidrug-resistant bacteria is noteworthy, in view of wide-
spread of resistant bacteria in the environment. We have pre-
viously reported high level of antibiotic resistance among bac-
terial isolates obtained from diverse sources in Nigeria [33, 34,
45–51]. The antibacterial activities of AgNPs as obtained in
this study are similar to those reported in previous studies

Table 1 Resistance pattern of the
test isolates No. of antibiotics Resistance patterna Isolate Source

2 Crx, Caz KG Ear

Crx, Cxm KG Wound

7 Crx, Gen, Cxm, Ofl, Aug, Nit, Cpr PA Burn

Crx, Caz, Gen, Cxm, Aug, Nit, Cpr EC Urine

8 Crx, Caz, Gen, Cxm, Ofl, Aug, Nit, Cpr PA Wound

Crx, Caz, Gen, Cxm, Ofl, Aug, Nit, Cpr PA Ear

Crx, Caz, Gen, Cxm, Ofl, Aug, Nit, Cpr EC Wound

KG Klebsiella granulomatis, PA Pseudomonas aeruginosa, EC Escherichia coli
a Antibiotic abbreviations are as defined under Sect. 2.5

Fig. 9 The antibacterial activities of synthesized AgNPs using seed shell of C. nitida against some clinical bacterial isolates (a P. aeruginosa ear, b
P. aeruginosa burn, c K. granulomatis ear and d E. coli wound; MIC minimum inhibitory concentration (μg/ml))
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[3–5, 7, 10, 42, 43, 52]. For instance, Salem et al. [5] reported
zones of inhibition of 7–19 mm for AgNPs biosynthesized
using leaf and latex of Ficus sycomorus against some bacterial
strains, while Augustine et al. [7] obtained zones of 8–12 mm
for strains of E. coli and Staphylococcus aureus using AgNPs
synthesized from leaf extract of Piper nigrum. However, the
present study has shown more potent activities of AgNPs
against multidrug-resistant bacteria, thereby demonstrating
the efficacy of the particles, which can be applied for biomed-
ical applications to combat drug-resistant bacteria.

4 Conclusion

This study has demonstrated the feasibility of using seed and
seed shell extracts ofC. nitida for the biogenic, green and eco-
friendly synthesis of AgNPs. This led to the formation of
spherical-shaped AgNPs with sizes ranging from 5 to
50 nm. The particles displayed high potency against
multidrug-resistant clinical bacterial isolates, thereby estab-
lishing the relevance of biosynthesized AgNPs in biomedical
applications. The seed shell extract-mediated AgNPs with
MIC of 50 μg/ml were found to have better antibacterial ac-
tivities compared to seed extract mediated-AgNPs with MIC
in the range of 50–120 μg/ml. It can therefore be concluded
that extracts of C. nitida can find useful applications in the
biosynthesis of novel nanoparticles, thereby expanding the
biotechnological potential of the plant. To the best of our
knowledge, this report represents the first reference toC. nitida
in the green synthesis of AgNPs.

Acknowledgments AL thanked authority of LAUTECH, Ogbomoso,
Nigeria, for the provision of some of the facilities used in this study.
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