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Abstract

In the present study, aqueous seed extract of bitter kola (Garcinia kola) was utilized for
biological synthesis of silver nanoparticles (AgNPs) under the influence of solar irradiation.
Antimicrobial activities and potential application of the biogenic AgNPs as antimicrobial
additive in emulsion paint were examined. The AgNPs were characterized by UV-vis
spectroscopy, fourier transform infrared spectroscopy (FTIR) and scanning electron
microscopy (SEM). The particles displayed brown coloration with maximum absorbance at
wavelength 437nm. The FTIR spectrum showed distinct peaks at 3267 and 1635 cm™
Indicating the role of biomolecules in the capping and stabilization of the biogenic AgNPs.
The particles were spherical in shape with sizes of 20-60 nm. Furthermore, the biogenic
AgNPs exhibited moderate antibacterial activity against clinical isolates of Staphylococcus
aureus and Salmonella Typhi while a very remarkable antifungal efficacy was also
demonstrated against strains of Aspergillus niger and Aspergillus fumigatus. The AgNPs
when incorporated as an additive into white emulsion paint completely inhibited the growth
of Staphylococcus aureus, Bacillus subtilis, Aspergillus niger and Aspergillus flavus. Hence,
the results obtained suggest that the biogenic AgNPs have promising biomedical application
and could also serve as an essential ingredient in the manufacture of novel nanopaint.
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Introduction

The introduction of green chemistry principles to the field of nanotechnology has greatly
revolutionized the area and has attracted remarkable attentions in recent years (Adelere &
Lateef, 2016). The method has been extensively researched and has successfully led to the
synthesis of very effective and stable metallic and non-metallic nanoparticles. It shows
advancement over the conventional chemical and physical methods due to its cost
effectiveness, simplicity, eco-friendliness, biocompatibility, and diverse areas of applications
(Adelere & Lateef, 2016; Elegbede et al, 2018; Adelere et al, 2020). Biosynthesized
nanoparticles especially silver nanoparticles have found applications in so many areas
including agriculture, environmental management, biomedical field, catalysis, electronics, in
the manufacture of personal care products among others (Keat et al, 2015). Silver
nanoparticles had received unprecedented attentions compare to other metallic
nanoparticles due to its strong antimicrobial efficacy.

Various kinds of biomolecules from microorganisms and plants have been utilized for the
synthesis of metallic nanoparticles, but synthesis involving plant materials is more
advantageous due to the complexity of microbial culture maintenance (Singaravelu et al.,
2007). The rich biodiversity of plants and their secondary metabolites has prompted their
utilization in the fabrications of varieties of nanoparticles (Madhumitha et a/, 2013). Plant
extracts contain abundant biomolecules like steroids, flavonoids, saponins, tannins, alkaloids
and others. They act as reducing and stabilizing agents in the green synthesis of metallic
nanoparticles (Kuppusamy et al, 2016). Researchers have documented several reports on
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the synthesis of stable and very effective silver nanoparticles mediated by phytochemicals
obtained from varieties of medicinal and non-medicinal plants (Lateef et al., 2015b; 20163,
b; Devadiga et al, 2015; Bhakya et al., 2016; Adelere et al., 2017; Adelere et al.,, 2020).
Bitter kola (Garcinia kola) is a perennial crop that belongs to family Guttiferae. 1t is widely
distributed in the wild forest of West and Central Africa with an average height of 12m (Iwu,
1993). It has nutritional and medicinal importance (Okwu & Morah, 2006); the root and
stem are used to produce chewing sticks in some parts of West Africa (Okwu & Ekeke,
2003). The seed is characterized with bitter taste and is chewed extensively as a masticatory
and is often used to entertain visitors especially in the Eastern part of Nigeria (Uko et al.,
2001). G. kola seeds (Fig. 1) has both seeds coat dormancy and physiological dormancy
probably imposed by the chemicals in the seed (Oboho & Urughu 2010). They contain
phytochemicals such as phenolic compound, tannin, and flavonoids. The flavonoids and
phenolic compounds are responsible for their antimicrobial, anti-inflammatory, anti-oxidant,
anti-tumour, and anti-hepatotoxic properties. Traditionally, the plant has been involved in
the treatment of colic disorders, cirrhosis, hepatitis and cough (Okwu & Morah, 2006).
C O EE. T

Figure 1: Bitter kola seeds

In this study, we synthesized silver nanoparticles using aqueous seed extract of bitter kola
as a reducing, stabilizing and capping agent. The antimicrobial activities of the synthesized
silver nanoparticles were tested on some clinical bacterial isolates and also evaluated for
their potential application as an antimicrobial additive in emulsion paint.

Materials and Methods

Preparation of Bitter kola Seed Extract

Bitter kola seeds were purchased from Bosso central market of Minna, Niger State, Nigeria.
They were thoroughly washed in the laboratory to remove dirts and other extraneous
materials. The seeds were chopped into smaller pieces and dried at room temperature (30 +
2°C) for 2 weeks. The dried seeds were milled into powdery form using an electric blender.
About 1 g of the powder was added into 100 ml of deionized water and heated in water
bath at 60 °C for 1 h. The extract was then filtered using Whatman No. 1 filter paper and
stored at 4°C for further studies.

Biosynthesis and Characterization of Silver Nanoparticles

The biosynthesis of silver nanoparticles was carried out using the procedure described by
Lateef et al (2015a, b; 2016a, b). In this method, 1 ml of aqueous extract of bitter kola
seeds was mixed with 10 ml of 1 mM silver nitrate (AgNOs) and allowed to stand under
bright sun light for 1 h. The reaction was visually monitored to observe color development
while the preliminary characterization to determine the absorption spectrum of the resulting
solution was carried out using UV-vis spectrophotometric analysis.

The AgNPs solution was freeze dried and mixed with KBr pellet. The resulting mixture was
used for fourier transform infrared (FTIR) spectroscopy analysis using BUCK M530
Spectrophotometer according to Bhat et a/. (2011). For scanning electron microscopy (SEM)
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analysis, dried sample of the AgNPs was mounted on specimen stub coated with copper and
the image was taken under scanning electron microscope (JEOL, Model 6390). The particle
size was calculated using the magnification size in micrometer to determine the scale bar
and was converted to nanometer.

Antimicrobial Activities of the Biogenic AgNPs

The agar disc diffusion method was used to investigate the antibacterial activity of the
biogenic AgNPs using method of Ahmed and Ikram (2015). The test organisms were clinical
isolates of Staphylococcus aureus and Salmonella Typhi obtained from General Hospital,
Minna. The 6 mm diameter paper discs were prepared from Whatman No.1 filter paper and
sterilized at 60°C in hot air oven for 1 h. The isolates were grown in peptone water for 18 h,
each was used to seed the plates of Mueller-Hinton agar. The paper discs were impregnated
with graded concentrations of AgNPs (50ug ml™, 100ug mi™ and 150pg ml™?) prepared by
dilution with sterile distilled water. The AgNPs impregnated discs were gently placed on
surface of those seeded plates of Mueller-Hinton agar and thereafter incubated at 37°C for
24 h. After incubation, the plates were examined for the zones of inhibition and were
measured using metric rule.

The method of Khatami et a/. (2015) was adopted for the evaluation of antifungal activity of
the biogenic AgNPs. In this method, the AgNPs (150 pg/ml) was used to treat about
45°C cooled saboraud dextrose agar (SDA) (1:10, v/v), wells of 6 mm diameter were
thereafter created on the plates of treated SDA using sterile cork borer, the wells were
inoculated with mycelial agar plug (6 mm) of 48-h old cultures of fungal strains including
Aspergillus niger and Aspergillus fumigatus. In the control experiments, fungal plugs were
inoculated on SDA plates without the AgNPs incorporation. All the plates were incubated
under ambient conditions (30 £ 2 °C) for 72 h. The diameters of fungal growth in all plates
were measured and used to determine the percentage of fungal growth inhibitions as
follows:

DeontroL = Drest X 100 % where D is the diameter of fungal growth on the SDA plates.

Dcontrol

Evaluation of the BiogenicAgNPs as Antimicrobial Additive in Paint

In this test, antimicrobial efficacy of the biogenic AgNPs was evaluated in white emulsion
paint as described by Lateef et al (2016b). White emulsion paint purchased from a
reputable retailer outlet was prepared in the laboratory according to manufacturer’s
instructions. The prepared paint was dispensed as 19 mL into McCartney bottles, autoclaved
at 121 °C for 15 minand thereafter mixed with 1 ml of 150 pg/ml of biosynthesized AgNPs.
After cooling, 1mL of 18 h old cultures of Escherichia coli and Bacillus subtilis were
inoculated into separate bottles. In case of Aspergillus niger and Aspergillus fumigatus, 1 ml
of 48 h old cultures was used as inoculum. The control experiments consisted of the paint
and test organisms only. All bottles were incubated at 30 £+ 2°C for 48 h. After incubation, 1
mL of the contents of each bottle was drawn and inoculated into fresh plates of nutrient
agar and potato dextrose agar for bacterial and fungal cultures respectively using pore plate
technique. The plates were then incubated at ambient temperature for 48 h and thereafter
observed for microbial growth.

Results and Discussion

Biosynthesis and Characterization of the Biogenic AgNPs

The aqueous extract of bitter kola reduced silver ion to dark brown AgNPs within 10 min of
reaction under bright sun light (Fig. 2) while the control silver nitrate solution without bitter
kola extract showed no color change. The result obtained corroborates previous studies
where authors reported closely related colours of biologically synthesized AgNPs such as
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light yellow, deep yellow, yellow brown and dark brown (Lateef et a/., 2016a, Adelere et al.,
2017, Aina et al.,, 2019; Adelere et al,, 2020).There had been variations in the colors of the
previously reported biosynthesized AgNPs owing to complexity of reducing biomolecules
employed. The color formation in the AgNPs synthesis is mainly due to excitation of surface
plasmon resonance (SPR) in the metallic nanoparticles (Selvi & Sivakumar, 2012).

Figure 2: Biogenic AgNPs using aqueous extract of bitter kola seed: A,
synthesized AgNPs within 10 min; B, control silver nitrate solution

The SPR band displayed by the biogenic AgNPs was 420 nm (Fig. 3) which is within the
range of 391-460 nm AgNPs absorbance characteristics earlier reported (Thirumurugan et
al, 2011; Zaki et al,, 2011; Kannan et al., 2013; Priyadarshini et al, 2013; Lateef et al,,
2015a, b; 2016a, b; Adelere et al., 2017; Adelere et al, 2020). The UV-vis absorbance
characteristic of AgNPs is also the function of their surface plasmon resonance (Creighton et
al., 1979). The FTIR absorption spectrum showed distinct peaks at 3267 and 1635 cm™ (Fig.
4). These bands correspond to N-H bond of amines, and C=C stretch of alkenes or C=0
stretch of amides, respectively (Shankar et a/., 2014). Kummara et al. (2016) reported that
most studies recognized phenolic compounds as the active reducing compounds among
other biomolecules in the synthesis. Also, proteins are involved in the stabilization and
capping of nanoparticles by binding either through their free amine groups or cysteine
residues (Gole et al, 2001; Mandal et al, 2005). Hence, it can be inferred that the
phytochemicals present in the bitter kola seed extract are responsible for the reduction of
silver ion.
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Figure 3: UV-vis absorption spectrum of the biogenic AgNPs using aqueous
extract of bitter kola seeds
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Figure 4: FTIR spectrum of the biogenic AgNPs using aqueous extract of bitter
kola seeds

The characterization of size and shape of the biogenic AgNPs by scanning electron
microscopy revealed that the particles are spherical in shape with the size ranging from 20-
60 nm (Fig. 5). Zaki et a/ (2011) and Kannan et a/. (2013) had reported spherical shape of
biosynthesized AgNPs while Lateef et a/ (2015a) reported the synthesis of spherical shaped
AgNPs in the size range _o;; 5-30 nm.

100 pm

ESD full

Figure 5: SEM image of AgNPs synthesized using aqueous extract of bitter kola
seeds

The AgNPs exhibited considerable antibacterial activities against the clinical isolates of
Staphylococcus aureus and Salmonella Typhi (Fig. 6). The particles at concentrations of 50-
150 pg/ml moderately inhibited the growth of tested bacterial strains by inducing inhibition
zones of 11-13 mm (Table 1).There are several reports on antibacterial efficacy of AgNPs
against various bacterial species, however, these findings agree with the results of Nanda
and Saravanan (2009) and Saravanan et a/. (2011), on the antibacterial activities of
biosynthesized AgNPs against Staphylococcus aureus and Salmonella Typhi, respectively.
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Furthermore, the biosynthesized AgNPs demonstrated tremendous antifungal effects against
the strains of Aspergillus niger and Aspergillus fumigatus (Fig. 7) by producing over 65 %
fungal growth inhibition against the tested fungal strains (Table 2). Literatures have
reported several mechanisms of antimicrobial activity of AgNPs. For instance, Morones et al.
(2005) ascribed the efficient antimicrobial activity of AgNPs to their minute sizes, as well as
their large surface area to volume ratio which facilitates their interaction with microbial cells.

Similarly, studies have suggested that size, morphology, and chemical compositions play an
active role in the antimicrobial activity of nanoparticles. Moreover, AgNPs is considered one
of the most potent antimicrobial type of nanoparticles, as it attack and disrupt cell wall and
cytoplasmic membrane through electrostatic attraction (Raffi et al, 2008). Silver ions
release by AgNPs disrupt microbial cells by denaturing cell membrane, interfering with DNA
replication and electron transport chain (Feng et a/, 2000; Sondi and Salopek-Sondi, 2004;
Morones et al., 2005; Song et al, 2006). Microorganisms are unable to develop resistance
against AgNPs compared to conventional antibiotics owing to the fact that AgNPs are
capable of attacking many microbial organelles and molecules.

Figure 6: Antibacterial activities of the biogenic AgNPs using aqueous extract of
bitter kola seeds against clinical strains of Staphylococcus aureus
(right) and Sa/monella Typhi (left)

Table 1: Antibacterial Activity of Biogenic AgNPs and zones of Inhibition (mm)

Concentration (ug/ml) Zone of inhibition (mm)

S. aureus S. Typhi
50 12 11 £ 0.02
100 13 12 £ 0.01
150 15 15 + 0.04
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A fumigatus treated with AgNP control - not treated with AGNPs

Figure 7: Antifungal activities of the biogenic AgNPs against strains of A. niger
and A. fumigatus

Table 2: Antifungal activities of biogenic AgNPs on fungal isolates

Organisms PDA plate + AgNPs PDA plate only % of mycelial inhibition
. Niger 20 +£ 0.01 60 + 0.02 66.7
. Fumigatus 20 £ 0.00 80 + 0.01 75

The particles displayed excellent antimicrobial effects against the activities of tested isolates
of Bacillus subtilis, E. col, Aspergillus niger, and Aspergillus flavus in the AgNPs-treated
paint unlike heavy growth observed in the control plates (Fig. 8). Kumar et a/. (2008) had
earlier proposed the application of AgNPs as an additive to make eco-friendly antimicrobial
nanopaint. Thereafter, many authors reported successful application of AgNPs as an
antimicrobial additive in paint (Rajarathinam et a/, 2014; Lateef et a/, 2015). In view of
this, the biogenic AgNPs could therefore be incorporated in the manufacture of emulsion
paint to safeguard microbial attack and other forms of biodegradation.
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Flgure 8 Antlmlcroblal act|V|t|es of biogenic AgNPs on fungal and bacterial
strains inoculated into emulsion paint

Conclusion

This study has led to the synthesis of AgNPs using aqueous extract of bitter kola through a
simple, cheap and environmentally benign method. The phytochemicals present in the
extract played a vital role in the reduction of Ag from +1 to 0 oxidation state. The particles
are spherical in shape with size of 20-60 nm. They showed remarkable antimicrobial effects
against the clinical bacterial isolates of Staphylococcus aureus and Salmonella Typhi as well
as fungal strains of Aspergillus niger and Aspergillus fumigatus. Furthermore, the AgNPs
produced tremendous antimicrobial effects against the activities of Staphylococcus aureus,
Bacillus subtilis, Aspergillus niger and Aspergillus flavus in emulsion paint. This study has
therefore shown that the bitter kola-mediated biogenic AgNPs have promising applications in
the development of broad spectrum antimicrobial agents and also in the manufacture of
novel antimicrobial nanopaint.
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