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Abstract

The study aimed at the synthesis and antibacterial activity of ZnO nanoparticles (NPs) from organic
extracts of Colanitida and Cola acuminata leaf using zinc chloride (Z)@nd zinc acetate dihydrate
[Zn(CH;COO)A 2,8] as precursors on selected Gram positive and Gram negative microbes:
Staphylococcus aureus, Exiguobacterium aquaticum, (Gram +ve) and EscherichiKledgielia
pneumonia, Acinetobacter baumanni (Grawe). Spherical and flaklke nanostructures were recorded
by Scanning Electron Microscopy (SEM) for C. acuminata and C. nitida respectively for the two
precursors used. The average particle size andtallite size determined by Transmission Electron
Microscopy (TEM) andK-ray Diffraction (XRD) for C. acuminata and C. nitida were in the range of
32.1543.26 nm; 69.1:84.26 nm and 14.627.12 nm; 23.6&23.96 nm respectively. Eneregispersive
X-ray spectroscopy (EDX), UWisible spectroscopy (UVis), Atomic Absorption Spectroscopy (AAS)
and Fouriertransform infrared spectroscopy (HR) techniques were used to observe the purity and
surface functional grops of the samples. Spectra peaks at-488 cmi* and 364370 nm confirmed the
presence of ZnO in the samples byIRTand U\vis, whereas AAS at 213.9 nm wavelength further
confirmed elemental zinc with a percentage atomic weight of 71.37% as again$%6358% and
11.1% for Zinc, Oxygen and Carbon by EDXata from the antibacterial activity studies show an
increase in inhibition rate as concentration of the ZnO NPs increases in concentration frd@0@5
ppm. ZnO NPs from the two extracts recordedHigdest inhibition rate in Acinetobacter baumanni of
approximately 88% and 49% using Zap@hd Zn(CHCOO)A 2,B respectively.

Keywords Precursor, Functional groups, Microscopy, Nanostructure, Spectroscopy

1. INRODUCTION

In recent yearsmicrobial infection has used, they gesrate various side effest
become the cause of anbidity and thus they arereserved only for critical
mortality [1-3] and as a result their infectious  diseases. Currently, new
causative agentsvifus, bacteria, patho methods for combating antibacterial drug
genic fungi, protozoa)have develogd resistance are being researched [5]
resistant strains that withstand their clinical ~ resulting in the biosynthesis of nano
treatment using concomitaanti-drugs[4]. particle with their diverse properties like

When the highly potent antibiotics are chemical stabilig, catalytic activity,
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electrical conductivity, aninflammatory
activities and antimicrobia[6-8]. These
properties are regulated by ordi
characteristics exhibited by nanoparticles

and they include their size, shape
distribution, lower toxicity and high
surfaceto-volume ratio [9-10]. Nanoc

particles have different applications in
catalysts, sensors, electronic components,
diagnostic imaging, pharmaceutical prod
ucts, drug delivery, cancer therapy,
cosmetic industry and biosensdis 11-
12].

Zinc oxide nanoparticles (ZnO NPs) can
be synthesized through differegrthnique
es including microwawvassisted synthesis,
soli gel, spray pyrolysis, chemical vapour
deposition,  ceprecipitation,  thermal
decomposition, hydothermal and com
bustion methos, wet chemical route,
vapour phase process, precipitation and
sonochemical method[13-21]. These
chemical methods of synthesis are not
environmentally friendly due totheir
chemical toxicity to the environment and
high energy demand. Because of sthe
draw backs, green synthesis or
biosynthesis  using  envirementally
friendly microorganisms (plant genus,
biodegradable polymers (chitosan), bac
teria and fungi)has been accepteas a
promising techniqgue to remedy the
constraints accompanied with the above
mertioned methodg22-23]. Biosynthesis
often involves the use of plant extraats
single steps, cl ean,
approach[24]. Of late, plantextracts are
employed and utilized due totheir
availability, biocompatibility, stability, as
well as their ability to serveas capping
agents for stabilization of the NIP&5-27].
Cul nanostructures using watermelon,
cherry and carrot juices were synthesized
for the first time for the removal of organic
dyes [27]. Numerous studiesvere also
being condu@d into the treatment of
various biomolecules using biosynthesized
nanoparticles from different plants extra
cts. Notalle among the plants used are
Vaccinium ar ct ostaphyl os
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caerulea, Amaranthus Tricolor, Albizia
lebbeck, Callistemon citrinus, dnCarica
papayd28-33].

Biosynthesized ZnO NPs used for
antibacterial purposes have several modes
of action. First, they disrupt the integrity
and potential membrane of the bacteria.
Secondly, the ZnO NPs form reactive
oxygenspecies (ROS) and inducégrogen
reactive specieto inhibit several specific
enzymes and finallgausethe death of the
cell. ZnO NPs could also generate hydro
gen peroxide; penetragad cause injury to
the cell menbrane and subseagently
preventthe development of the cell34].
This is as a result of the affinity between
ZnO and bacterial cel[85]. ZnO NPs are
considered ideal potential antibacterial
reagent to replace some antibiotics due to
selective toxicity[36-37] as well as their
effective inhibition of some bactersuch
as dehydrogena$ag].

Cola nut is a traditional plant which is
often eaten as snacks especially among the
elderly in West Africa; Nigeria and Ghana.
Cola nut belongs to the plant family
Sterculiaceae, with about 125 species of
trees native to # tropical rainforests of
Africa. Of these, two species are
particularly very common among the
Yorubas of South Western Nigeria and
Ghana; these ar€ola nitida and Cola
acuminata Cola nut is chewed in many
West African cultures, either individually
or in group settings and is often used

cesemdnially [89). dIt cootans aelargect i v e

amount of caffeine antheobromineand is
used as a stimulaf89,40J. Some benefits

of Cola include enhancement of alertness
and physical energy, elevation of mood,
increase in tade sensitivity, suppression
of appetite and hunger and also used as an
aphrodisiac[39,4]. The caffeine in the
nuts also acts as a bronchodilator, hence,
used to treat whooping cough and asthma
[39,4. Approximately 20% of known
Cola nut plants have beemused in
pharmaceutical studies, impacting the
healthcare system in positive ways such as

, treatin@ eancsriapdoharaful disea$és).
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In West Africa, the search fahe benefits

of cola nut against microbes has been
grossly over looked. It is therefore
imperative to fully explorethe biological
activities for whichcola nuts are needed.
Hence, the study aimed at the synthesis,
characterization, and antibacterial activity
of ZnO nanoparticles from organic extract
of C. nitida andC. acuminataleaf.

2.METHODS AND MATERIALS
2.1 PlantCollection

Leaves of C.nitida and C.acumunata
were collected from the Kakumational
park in the central region of Ghana, West
Africa in July 2018. The fresh green leaves
of the two plant species were dried under
room conditions for two weeks and
grounded into powder form before been
processed for extraction.

2.2 Preparation ofPlant Extracts

Solvent extraction method was used as a
technique to get the extracts from the
leaves ofC. nitida and C. acuminataas
reported by [44]. A weighed mass of
1000.00 g each of the grounded leaves
samples of both plants were soaked in
methant in a ratio of 1:3 at room
temperature for 48 hours. The mixture was
filtered to obtain the filtrate using a filter
paper and the residue wasendracted with
fresh methanol for another 48 hours and
filtered. All the filtrates (extracts) were
compositedand rotary evaporated using
Heidolph Laborota 4000 to obtain a
concentrate of hexane crude extract.

2.3 Synthesis of ZnO Nanoparticles

ZnO NPs were prepared as reported by
[33] but with some modifications. A
weighed mass of 9.15 + 0.1 g (0.05 mol) of
Zn(CH;COO)A 2,8 and 2.80 + 0.1 g of
KOH were each dissolved in 50 ml of
absolute ethanol (HmMBG Chemicals) in a
250 ml Schott bottle and hedtander 60 +
2 °C with constant stirring using Electric
Stirring Hotplate (FAVORIT). After total
dissolution of the two solutions, the KOH
solution was drained dropwise from a
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burette into the Zn(CKCOO)A 2,®l
solution slowly at 60 + 2 °C temperature
with vigorous stirring in order tadjust the
pH of the solution to 12The stirring was
done for an hour until white precipitate of
zinc oxide was formed. A measured
volume of 50 ml each of the organic plant
(leaf) extracts of C. nitida and C.
acuminatafrom a burette were allow to
drain drop wise into each mixture
separately under constant stirring at 20 + 2
°C temperature with a magnetic stirrer for
3 hours. The solutions were allowed to
cool at room temperature where the
precipitate was separated from the
swpernatant by centrifuging at 4000 rpm
for 30 minutes using Fleta 5, Hanil. The
solid zinc oxide precipitate was thoroughly
washed and dried under hot air in an oven
at a temperature of 8t for four hours,
cooled in a desiccator before been
preserved in iatight container for
characterization.

2.4 Characterization and Instrumental
Analysis of ZnO Nanoparticles

Different characterization techniques
were employed to determine the existence
and purity of the synthesized ZnO NPs.

UVi Vis SpectraAnalyss

The optical property of the synthesized
ZnO NP sample was determined by
measuring its maximum absorbance using
UViVis spectrophotometry (UAL800
SHIMADZU). The NPs was dispersed in
95 % Absolute ethanol and sonicated for
10 minutes before the absorlbaranalysed
in the range of 3QG100 nm.

Scanning Electron Microscopy (SEM)
Analysis

The morphology of ZnO NPs was
determined using scanning electron
microscopy (SU3500, Hitachi) with
spectral imaging system Thermo Scientific
NSS (EDS) and detector tagB8SE-3D)
with acceleration voltage of 10.0 kV,
working distance of 11.6 mm and a
pressure of 40 Pa. Before the SEM
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imaging, the dry powdered solid ZnO NPs
were coated on an aluminium plate with
the help of adhesive membrane on the
aluminium plate.

Trangmission Electron Microscope (TEM)
Analysis

The morphological features especially
the size and shape of ZnO NPs was
determined using TEM (JEOL JENR3O,
Japan). Dry powdered ZnO NPs were first
diluted with absolute ethanol (95%) and
sonicated with ultramic cleaner (Elma,
Germany) for 10 minutes. A volume of 4
ul of the solution sample was loaded onto
a Foamvar film Copper grid (FF3@Qu)
before being observed under TEM.

X-ray Diffraction (XRD)Analysis

The biosynthesized samples from the two
precursors of the two plant species were
characterized using -ray Diffraction,
XRD, (Xpert Pro MPD PW3040/60) for
their crystal structure and crystallite size.
Diffraction patterns from the XRD analysis
in Figurel (A-D) were obtained using -X
ray diffractometer with CK U r adi a't
40 kV and 30 mA with step size of 0.017°.

Fourier Transform InfraRed Spectroscopy
(FT-IR) Analysis

Surface functional groups present in the
synthesized ZnO NPs was analysedgsi
FT-IR (Thermo scientific Nicolet iS10,
US) with spectral range of 400000 cni
at a resolution of 4 ch The
characterization involved mixing the dry
powdered ZnO NPs with Potassium
bromide (KBr) in a ratio of 1: 1Bi5]. The
sample was then placed the metal hole,
pressed until the sample was compressed
inside the hole which was used for the
analysis.

Energydispersive
(EDX) Analysis
The purity of the ZnO NPs was
determined with EDX (JEOL 6390LA,
Japan). The ZnONPs were diluted with
absolute ethanol (95%) and sonicated with

Xray Spectroscopy
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ultrasonic cleaner (Elma, Germany) for 10
minutes. Then, 4 ul of the liquid sample
was loaded onto an aluminium plate before
being analysed with the EDX.

Atomic Absorption Spectroscopy (AAS)
Analysis

Confirmation of the presence of Zinc in
the synthesized samples was carried out
using AAS. A known concentration of the
sample was prepared and analysed for the
presence of the elemental Zinc using AAS
(iCE 3000 Series AA, Thermo Scientific).
Air-acetylene was used as fuel at
approxi mately 2300
L/min.  Doubledbeam optics  with
monochromator reduced the detection
limits and provided higher accuracy. The
various parameters used in the analysis are
illustrated in Table 1.

Tablel. AAS parameters used in the
analysis of the synthesized ZnO samples

Parameter Characteristics
Wavelength (nm) 213.9
Flame type Air-C,H,
i Nebnlizepuptake (s 4
Burner height (mm) 14.2
Lamp current (%) 75
Rescale limit (%) 10
Standards (mg/L) | 0.3000, 0.6000 and
1.000
Acceptable fit 0.995
Detection limit 0.0033
(mg/L)

2.5 Preparation of Test Samples

The synthesized ZnO nanoparticle was
tested using disc diffusion method on
nutrient agar mediu@6]. The preparation
of test samples followsthe procedure
reported by, [ 33]
sample from the synthesized ZnO sample
was prepared and from which serial diluted
concentrations of 10, 50, 100, 250, 500,
and 1000 ppm were obtained for the study.

2.6 Preparation of Bacteria Broth

The bacteria used for the activity of the
biosynthesized ZnO NPs were obtained
from the stock culture provided by

Aquisman, et al.
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Virology Laboratory, UNIMAS (Universiti
Malaysia Sarawak). The procedure for
bacteria broth preparation follows the one
reported by, [33] Wwere a weighed mass of
2.60 g of the dried broth was dissolved (in
200 mL deionized water) and autoclave at
a temperature of 121 °C. The bacterial was
incubated with a shaker at a temperature of
37 °C|[44] for 16 h. The optical density
(OD) of the bacteriabroth after incubation
was computed by uv Mini
Spectrophotometer (1240 SHIMADZU) at
wavelength 575 nm and compared to the
standard (04®.9).

2.7 Plate Inoculation

Inoculation of the bacteria for this study
follows the procedure reported by, [33]
wheae 1 mL of the prepared broth was
streaked over the entire agar plate surface
in four different directions using sterile

cotton bud. A 10 €L
test extract of concentrations 10, 50, 100,
250, 500 and 1000

pupated onto # prepared discs (6 mm
diameter) and gently pressed onto the agar
plate and left for 10 min at room
temperature. A pupated disc with methanol
and 30 g of
negative and positive controls respectively.
Each of the test samples wetested in
triplicate for the bacterium used. The plate
samples were then incubated at a
temperature of 37 °C for 24 h before the
inhibition zone around every sample disc
being examined. The inhibition zone was
computed in diameter (mm) to show the
presencef antibacterial activity for all the
samples compared to the positive control.

2.8 StatisticalAnalysis

The inhibition zone diameter data were
computed using onay analysis of
variance (ANOVA) with differences
considered &P value < 0.05.

3.RESULTS AND DISCUSSIONS
MorphologicalAnalysis
SEM
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tetrac q,

The micrographs of AO nanostructures
from extracts ofC. acuminatausing ZnC}
and Zn(CHsCOO)A 2,8 as precursor
showed high aggregation of NPs with
spherical shapéFig 1B & 1D) assimilar
to structuesdocumented by [47], whereas
ZnO nanostructures froM@. nitida extracts
from both precursors produced well
dispersed flakdike morphology (Fig 1C)
andpakelike-shapedstructures aggregated
to form flowerlike structures (Fig 1A)
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TEM image of ZnO NPs was observed to
ascertain the morphology and size of the
synthesized material (Figure 2).
Nanostructures of ZnO fror@. acuminata
extracts with ZnGl and
Zn(CHsCOOYA 2Bl as precurso(Fig. 2B

& 2D) revealed sphaal shapes as
reported in the SEM micrographs with
average particle size o#3.26 nm and
32.15 nm respectively.

10kV .~ X5,000 5pm. 0000 10 30 SEI

nanostructures synthesized with ZnCl
from methanol extract of (A) C. nitida (B) » P
C. acuminate and SEM micrographs of l‘ ’

ZnO nanostructures synthesized with ; 49, N
Zn(CHCOOYA 2,81 from  methanol )
extract of (C) C. nitida (DE. acuminata

: . A .
Figure 1. SEM micrographs of ZnO i %

The results for the SEM analysis showed
that the plant part used in the extract *
a ected t he shape 011%1
produced. This aggregation might be due .
to polarity and electrostatic attraction of
ZnO nanoparticles as documented[5#8].
Similarly, nearly spherical shaped
structures were produced wh¥Raccinium
arctostaphylod.. fruit extract was used in
synthesizing ZnO NPs using zinc nitrate as
precursor as documented [28].

In another study by49], investigations
into the éfect on morphology of ZnO NPs
was carried out on two precursors; Zinc
acetate and Zinc nitrate usirlg nobilis
leaves aqueous extract as a precursor.
Growth of ZnO molecules were slow,
where spherical structures were formed
and eventually aggregated intemall
bullets with particle size in the range of21
25 nm in the case of zinc acetate. On the
other hand, spherical ZnO NPs were
formed which finally aggregated to form
powershaped bundles with particle size of
47 nm when zinc nitrate was used as a
precusor.
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Figure 2. TEM images of ZnO

nanostructures synthesized with ZnCl
from methanol extract of (A) C. nitidB)

C. acuminate and TEM images of ZnO
nanostructures synthesized with
Zn(CHCOOYA 2281 from  methanol
extract of (C) C. nitida (D) C. acuminata

The TEM result conforms to the result
obtained by similar studies §§0]. On the
other hand, ZnONPs synthesized fror@.
nitida using the two precursors gave
irregularly shaped structures of polyhedron
(Fig 2A & 2C) as similar to results §$1],
whenCorymbia citriodoraleaf extract was
used in the synthesis of ZnO. The average
particle size realigkin this study for the
above samples were 69.12 nm and 84.26
nm for ZnCh and Zn(CHCOO)A 2,®
respectively which was in line with
reported particle sizes determined [by-

53].

XRD results

X-ray diffraction was further conducted
to confirm the 20 phase of the
nanoparticles. The patterns are shown in
Figure 3 where the FWHM value for every
peak assigned for particle size calculation
are also shown in Table 2. The crystallite
size of the nanostructures was obtained

usingDebyeSc herrer 6s f orm
0O (1)
f I I (2)

where; Di crystallite size,_ i wavelength
of radiation. K -shape fact-or
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the peak broadening after removing the

instrument agkwivpistioedudl eni ng,

width half maximum of the diffraction
peak jpaatte cobrrection factor for
instrumental broadening (0.7 d )All
detectable peaks can be indexed to ZnO
wurtzite structure with ICSD Number
(ICSD: 980009346) and PDF Number
(Experimental Bad calculated powder
diffraction data) of 361451 and 0174
0534 respectively.
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