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Abstract
The study compared the antibacterial activity of synthesized ZnO nanoparticles (NPs) from
fresh leaf and fresh stem bark aqueous extracts of Carica papaya against five selected microbes:
Staphylococcus aureus, (Gram positive (+ve)), Escherichia coli (Gram negative (–ve)), Acinetobacter
baumanni (Gram–ve), Exiguobacterium aquaticum (Gram+ve), and Klebsielia pneumonia (Gram
+ve). The morphological features of the biosynthesized ZnO NPs were analyzed using transmission
electron microscope (TEM) and scanning electron microscope (SEM); the Fourier-transform infrared
spectrometer (FTIR) technique was used to observe the surface functional groups. The experimental
results indicated that ZnO NPs were successfully synthesized using modified hydrothermal technique,
which showed agglomerated flake-like or petal-like shapes with the organic extract surrounding
the formed particles. The average particle size of the synthesized ZnO nanoparticles determined by
SEM ranged between 54-97 nm with the width and length of the petal-like structures been 30 nm
and 62 nm respectively. The average ZnO NPs from fresh stem bark extract of Carica papaya with
higher concentrations (100-1000 ppm) demonstrated a higher antibacterial activity than the fresh
leaf extracts. On the other hand, ZnO NPs from fresh leaf extracts of lower concentrations (25-50
ppm) rather showed a suitable result than the fresh stem bark. In general, ZnO NPs showed a positive
antibacterial result towards the selected microbes. This shows that, the synthesized ZnO NP can be a
substitute to chemical methods.
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Introduction
Current development in science and technology
has shot nanotechnology into the limelight as a field
blending material science, bio-nanoscience, and
http://www.nanobe.org

technology [1] together. The interest in nanoparticles
of late is as a result of useful properties these
nanoparticles possess. These include their specific
catalytic, magnetic, electronic, optical, antibacterial
and antimicrobial [2, 3] wound healing and anti-
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inflammatory properties [4].
The demerits of the inorganic synthesis of
nanoparticles have resulted in the use of extracts
from different plant genus, biodegradable polymers
(chitosan), bacteria and fungi. These materials serve as
both stabilizing and reducing agents in the synthesis of
nanoparticles [5].
These biomaterials are preferred to inorganic ones
because they are environmentally friendly, economical
and easily reproducible [6-8]. Zinc oxide (ZnO)
nanoparticles have very effective antibacterial [9] and
antifungal activities at without any harmful effect to
soil fertility as compared to the conventional antifungal
agents [10].
Carica papaya fresh leaves and stem have been
reported for different medicinal effects like antiinflammatory, anti-diabetic and anti-microbial
activities and there has been various studies regarding
their antimicrobial interactions. According to Tay and
Chonk [11], nine bioactive compounds were identified
in Carica papaya leaf extract they used in controlling
Ganodema boninense in their study. No research
regarding the biological synthesis of ZnO nanoparticles
had used fresh leaf extract and fresh stem-bark of
Carica papaya. Therefore, this present study employed
aqueous extract from fresh Carica papaya leaves
and stem bark to synthesize ZnO nanoparticles in a
modified hydrothermal process which would be used
on some selected microbes to evaluate its efficacy.

Experimental
Preparation of plant extracts
Leaves and stem bark (fresh) of Carica papaya
were cut into pieces and washed in tap and deionized
water. A weighed mass of 10.0 ± 0.1 g of each material
was subjected to 20 minutes’ boiling in 100 mL of
deionized water, at 60 °C, until the solution turned
to light yellow. The extracts were cooled at room
temperature, filtered using Smith filter paper (102
Qualitative Ø125 mm) and stored in Schott bottle for
further experiments.

Synthesis of ZnO nanoparticles
Synthesis of ZnO nanoparticles (NPs) employed
a kind of hydrothermal technique proposed by
Santhoshkumar et al. [12], with slight modifications.
A weighed mass of 9.15 g (0.05 mol) of zinc acetate
dihydrate [ZnCH 3 COO) 2 ∙2H 2 O] (Sigma-Aldrich,
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India) was dissolved in 50 mL of deionized water
in a 250 mL Schott bottle and heated under 60 °C
with constant stirring using electric stirring hotplate
(Favorit). Also dissolve 2.80 g (0.05 mol) of potassium
hydroxide (KOH) (VWR Amresco, US) in 25 mL of
deionized water in 100 mL Schott bottle under the
same condition as Zn(CH 3COO) 2∙2H 2O. After both
solutions dissolved completely, the aqueous KOH
was slowly drained drop wise from a burette into
the Zn(CH3COO)2∙2H2O under 60 °C with vigorous
stirring for 1 h until white precipitate of zinc oxide
was formed. 50 mL of the plant extract was measured
into a burette and drained dropwise into the mixture
under constant stirring but now under a temperature of
20 °C with a magnetic stirrer for 3 h. The mixture was
cooled to room temperature to precipitate. The mixture
underwent centrifuging at 4000 rpm for 30 min using
Fleta 5 Multi-Purpose Centrifuge and was filtered. The
solid zinc oxide precipitate was thoroughly washed and
dried under hot air. The sample was then kept in airtight container for characterization.

Characterization of ZnO nanoparticles
Scanning electron microscopy (SEM) and
transmission electron microscopy (TEM) were used
to determine the morphology of the synthesized
ZnO nanoparticle, while Fourier transform infrared
spectroscopy (FTIR) and atomic absorption
spectroscopy (AAS) were used to analyze the surface
functional groups and the elemental composition of the
samples.
Preparation of test samples
The synthesized ZnO nanoparticle was tested
using disc diffusion method on nutrient agar medium
[13]. 1000 μg/mL from the synthesized ZnO sample
was prepared by dissolving a calculated amount of
the solid sample in 5 mL of methanol. Serial diluted
concentrations of 10, 50, 100, 250, 500, and 1000 ppm
were prepared for the study.
Preparation of bacteria broth
The interested bacteria available for the activity
of the biosynthesized ZnO nanoparticle were
obtained from the stock culture provided by Virology
Laboratory, UNIMAS (Universiti Malaysia Sarawak).
A weighed mass of 2.60 g of the dried broth was
placed in 200 mL deionized water to dissolve and
sterilize using autoclave at a temperature of 121 °C.
The bacterial was sub-cultured in a 10.0 mL of broth,
each in recommended glass vial bottle for 16 h in an
http://www.nanobe.org
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incubator with a shaker at normal human temperature
(i.e. 37 °C) [14]. Turbidity (optical density / OD)
of the bacterial broth after 16 h of incubation was
computed by UV Mini Spectrophotometer (model
1240 of Shimadzu brand) at wavelength 575 nm. This
was compared to the nutrient broth standard until the
desired OD of 0.6-0.9 was obtained.
Plate inoculation
Biohazard cabinet was used for the inoculation
of the bacteria [15]. 1 mL of the prepared broth was
streaked over the entire agar plate surface in four
different directions using sterile cotton bud. Before
applying the test samples, the agar plate was then left
for 5-10 min. A 10 μL volume of test extract (Carica
papaya ZnO nanoparticle) of concentrations 10, 50,
100, 250, 500 and 1000 μg/mL were each pupated onto
the discs (6 mm diameter) and gently pressed onto
the agar plate using sterile forceps for 10 min at room
temperature. A disc pupated with methanol and 30 μg
of tetracycline as standard antibacterial agent were
used as negative and positive controls respectively.
Each of the test samples were tested 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 presence of antibacterial activity for all the
samples compared to the positive control.

Instrumental analysis
Atomic absorption spectrometry (AAS)
The content of pure zinc (Zn) was analysed by
Perkin Elmer Atomic Absorption Spectrophotometer
(Model Optima 8300 series) using NO2 (nitrous oxide),
C 2H 2 (acetylene) and compressed air for burning.
Standard and blank solutions were prepared using
1% (v/v) HNO3. Three different concentrations were
prepared by adding suitable volume of stock standard
solution to 50 mL capacity graduated flask and then
top up with distilled water to the mark [16].

Results and Discussions
Morphological analysis
In determining the morphology of the synthesized
ZnO particles, SEM and TEM techniques were used
for the analysis. The procedure followed during sample
preparation for analysis using SEM (SU3500, Hitachi)
and TEM (JOEL 1230, Japan) technique was proposed
by Droepenu and Asare [17]. From the images of the
http://www.nanobe.org

bio-synthesized ZnO nanoparticles for fresh leaf and
fresh stem back aqueous extracts of Carica papaya
(Fig. 1(a)-(d)), flake-like or petal-like shapes were
recorded which corresponded to a study by Gopal
and Kamila [18]. The average particle size of the two
synthesized ZnO nanoparticles (fresh leaf and stem
bark extracts) ranged between 54-97 nm with the width
and length of the petal-like structures been 30 nm and
62 nm respectively. Although a greater proportion of
the particles were agglomerated indicating an even
distribution of the plant extract in solution, a few were
dispersed. TEM images (Fig 1(c) and (d)) of ZnO
NPs were enclosed by a thin layer as organic material
from the plant extract which served as a capping agent
for stabilizing the particles. Similar structures were
reported by Tripathi et al. [19-22].
Fourier transform infrared spectroscopy
(FTIR) results
The surface functional groups involved in the
synthesized ZnO NPs were identified using FTIR
(Thermo Scientific, Nicolet iS10) spectra, as illustrated
in Fig. 2(a) and (b) with spectral peaks simplified in
Table 1. Sample preparation procedure was carried out
as illustrated by Droepenu and Asare [17]. The spectra
showed peak in the range of 400-4000 cm-1.
From the results of the two samples, it could be
concluded that constituents in both samples were
similar. Slight peak changes were observed in some
absorption peaks which might be attributed to
the different concentration levels as well as some
impurities in the samples during analysis. In previous
studies regarding ZnO NPs synthesis, absorption peaks
were observed at around 400 cm–1 [23-27].
Antibacterial efficacy
The effect of Carica papaya ZnO nanoparticle from
the aqueous extracts on Staphylococcus aureus, (Gram
positive (+ve)), Escherichia coli (Gram negative (–ve)),
Acinetobacter baumanni (Gram –ve), Klebsielia
pneumonia (Gram +ve) and Exiguobacterium
aquaticum (Gram +ve) are given in Table 2.
Escherichia coli (E. coli) was inhibited by the
plant leaf extract and stem bark extract in all the
concentration as shown in Table 2, within the diameter
range of 0.63 ± 0.06 to 1 ± 0.1 mm and 0.57 ± 0.06
to 1.13 ± 0.06 mm respectively. At 25 ppm, the stem
extract of Carica papaya gave weak inhibition against
Escherichia coli as compared with leaf extract. There
was higher inhibition rate of stem extract from 50
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Fig. 1 SEM images of ZnO NPs from (a) fresh leaf and (b) fresh stem bark. TEM images of ZnO NPs from (c) fresh leaf and (d)
fresh stem bark aqueous extracts from Carica papaya.
Table 1 FTIR spectral peaks of synthesized ZnO NPs from fresh leaf and stem bark extracts of Carica papaya.
Type of extract

Leaf extract

Absorption peak (cm-1)

Bond / Functional group

Reference

441.74
3474.38
1629.16

Zn-O
–OH stretching
C=O stretching in aromatics
C=C stretching (alkane)
N–H bending in amino acids
C–H bending
C–N stretching
C–N stretching
C-Alkyl halide

[23]-[27]
[12]
[28]
[12]
[29]
[12]
[28]
[12]
[30]

Zn-O
–OH stretching
C=O stretching in aromatics
C=C stretching (alkane)
N–H bending in amino acids
C–H bending
C–N stretching
C–N stretching
C-Alkyl halide

[23]-[27]
[12]
[28]
[12]
[29]
[12]
[28]
[12]
[30]

1548.65
1400.76
1336.44
1022.65
683.76
444.08
3474.61
1629.05

Stem bark extract

1548.69
1400.81
1338.44
1019.60
683.59

ppm to 1000 ppm against E coli as compared with
the inhibition rate of leaf extract. There was strong
inhibition rate of stem extract on Escherichia coli at
1000 ppm.

At concentration of 25-1000 ppm in Table 2, the
inhibition activity of leaf extracts and stem extracts
on the bacteria Staphylococcus aureus, ranged from
0.55 ± 0.06 to 0.93 ± 0.06 mm and 0.53 ± 0.006 to
http://www.nanobe.org
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Fig. 2 FTIR spectra of synthesized ZnO NPs using Carica papaya fresh leaf extract and fresh stem-bark extract.
Table 2 Effect of Carica papaya ZnO nanoparticle from aqueous extracts on selected bacteria
Concentration
(ppm)

25

50

100

250

500

1000

Zone of inhibition (mm)
Plant part

Acinetobacter baumanni
Exiguobacterium
(Gram –ve)
aquaticum (Gram +ve)

Klebsielia pneumonia
(Gram +ve)

Escherichia coli
(Gram–ve),

Staphylococcus
aureus (Gram +ve)

Control

3.06 ± 0.01

3.05 ± 0.06

3.07 ± 0.02

3.06 ± 0.01

3.08 ± 0.03

Leaf

0.63 ± 0.06

0.55 ± 0.07

0.87 ± 0.06

0.67 ± 0.15

0.87 ± 0.12a

Stem bark

0.57 ± 0.06

0.53 ± 0.06

0.57 ± 0.12

0.90 ± 0.10a

0.87 ± 0.06

Leaf

0.70 ± 0.00

0.63 ± 0.15

a

0.87 ± 0.06

0.67 ± 0.06

1.00 ± 0.20a

Stem bark

0.73 ± 0.12

0.60 ± 0.10

0.80 ± 0.10

0.80 ± 0.10a

0.87 ± 0.12a

Leaf

0.73 ± 0.06

0.67 ± 0.15

0.83 ± 0.12a

0.73 ± 0.21

0.93 ± 0.06a

Stem bark

0.80 ± 0.10

0.77 ± 0.06

0.77 ± 0.06

1.07 ± 0.06a

0.97 ± 0.12

Leaf

0.83 ± 0.12

a

0.93 ± 0.15

0.80 ± 0.17

0.77 ± 0.66

0.70 ± 0.20

Stem bark

0.97 ± 0.12

0.97 ± 0.21

0.90 ± 0.10

1.03 ± 0.15a

1.00 ± 0.20

Leaf

0.87 ± 0.23

0.77 ± 0.12

0.90 ±0.10

0.87 ± 0.15

0.97 ± 0.06a

Stem bark

1.03 ± 0.06

0.83 ± 0.12

0.90 ± 0.30

1.17 ± 0.15ab

0.97 ± 0.06

Leaf

1.00 ± 0.10

0.93 ± 0.06

1.03 ± 0.06

1.10 ± 0.10b

Stem bark

1.13 ± 0.06ab

1.07 ± 0.15b

1.03 ± 0.15

1.10 ± 0.10b

1.03 ± 0.12

ab

0.80 ± 0.10

Notes: Values are mean ± standard deviation (SD) for three determinations.
a
Significantly (p < 0.05) higher compared at the same concentration in each row.
b
Significantly (p < 0.05) higher compared at the same concentration in each column.

1.07 ± 0.015 mm respectively. High inhibition rate was
observed from 50 ppm to 1000 ppm in stem extract
than leaf extract unlike at 25 ppm. The result showed
that the stem-bark of Carica papaya at 1000 ppm has
http://www.nanobe.org

a strong antibacterial activity against Staphylococcus
aureus with fairly strong antibacterial activity against
Staphylococcus aureus of leaf extract.
Also, Acinetobacter baumanni against leaf and stem
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bark extracts exhibited inhibition within the range of
0.87 ± 0.06 to 1.03 ± 0.12 mm and 0.57 ± 0.12 to 0.80
± 0.010 mm respectively. There was a considerably
high inhibition rate at 25-1000 ppm in leaf extract
against Acinetobacter baumanni as compared with
stem bark extract. At 1000 ppm, there was a strong
antibacterial activity observed in leaf extract against
Acinetobacter baumanni unlike stem-bark extract.
The inhibition in relation to leaf and stem-bark
extracts against Exiguobacterium aquaticum at 25-1000
ppm were within the range of 0.67 ± 0.15 to 1.03 ± 0.06
mm and 0.90 ± 0.10 to 1.03 ± 0.015 mm respectively.
According to Table 2, it was observed there was a
fairly high inhibition rate of stem bark extract against
Exiguobacterium aquaticum than that of leaf extracts.
There was a similarity of inhibition rate of leaf extract
and stem bark extract against Exiguobacterium
aquaticum at 1000 ppm concentration with some
difference in their relative standard deviation.
The activities of the two plants’ extract against
Klebsielia pneumonia at different concentrations
displayed an active inhibition zone from the water leaf

and stem bark extract within the range of of 0.87 ±
0.12 to 1.1 ± 0.06 mm and 0.87 ± 0.06 to 1.1 ± 0.1 mm
respectively. The inhibition rate at concentration of
1000 ppm was found to have a significant antibacterial
activity against Kliebsiela pneumonia in both plants
extract.
Fig 3 and 4 represent the inhibition rate of bacteria
against each concentration. This is scientifically
necessary because it helps to predict the concentration
level at which two or more bacteria exhibit the same
inhibition rate.
From the studies, it was observed that the
antibiotic was found to have the highest antimicrobial
activity against all tested microorganism, However,
Escherichia coli, staphylococcus aureus and
Exiguobacterium aquaticum were more sensitive to
water stem bark extract than water leaf extract. The
extract from leaf invariably exhibited significant
antibacterial activity against Acinetobacter baumanni
as compared with stem bark extract. It was observed
that the antimicrobial properties of the extracts from
leaves and stem-bark of Carica papaya was found
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Fig. 3 A graph of inhibition zone against ZnO NPs from fresh leaf extract of Carica papaya.
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Fig. 4 A graph of inhibition zone against ZnO NPs from fresh stem bark extract of Carica papaya.
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to be dose dependent. Thus, it can be concluded that
the traditional use of Carica papaya for the treatment
of infectious diseases as suggested by the traditional
healers to be promising against bacteria, that is possible
because of the presence of some bioactive components
which attributed to the microbial activity.

Conclusions
It is known that the green synthesis of ZnO NPs is
much safer and environmentally friendly as compared
to chemical synthesis. In response to this assumption,
this study successfully used green synthesis to produce
ZnO NPs from fresh leaf and fresh stem-bark of Carica
papaya aqueous extract. FTIR and AAS confirmed
the presence of ZnO and organic constituents in the
fabricated samples. SEM and TEM reported the shape
and size of the samples as ranging between 54-97 nm,
having agglomerated petal-like morphologies with
organic materials from the plant extract surrounding
the particles and serving as capping agents. This
size synthesized is suitable for applications in the
biomedical field foe drug delivery systems. Moreover,
the synthesized ZnO NPs exhibited high inhibition
activity against Staphylococcus aureus (Gram +ve),
Escherichia coli (Gram –ve), Acinetobacter baumanni
(Gram –ve), Klebsielia pneumonia (Gram +ve) and
Exiguobacterium aquaticum (Gram +ve).
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