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ABSTRACT

Plant-mediated synthesis of nanoparticles has gained significant
attention due to its eco-friendliness, non-toxic nature, ease of preparation, and
biocompatibility. Likewise, phytochemicals have been recognized as effective
bio-reductants and capping agents in the formation of nanoparticles. The aim of
this study was to compare the antibacterial potentials of biosynthesized cerium
oxide and zinc oxide nanoparticles (CeO-NPs and ZnONPs) against selected fish
pathogens, Aeromonas hydrophila, Aeromonas schubertii, Bacillus subtilis,
Bacillus cereus, and Klebsiella pneumoniae. Qualitative analysis of Carica
papaya leaf extract was conducted to examine the biomolecules present,
followed by the biosynthesis of the nanoparticles. The obtained CeO-NPs and
ZnONPs were characterized through UV-visible spectrophotometry, scanning
electron microscopy, energy-dispersive X-ray spectroscopy, X-ray diffraction,
and Fourier-transform infrared spectroscopy to confirm the formation of the
nanoparticles. The results showed that CeO.NPs had a spherical shape with an
average size of 46.34nm, while ZnONPs exhibited a cylindrical shape with an
average size of 43.77nm. Antibacterial sensitivity tests (AST) indicated that
ZnONPs had greater antibacterial potential than CeO-NPs against A. hydrophila
(0.00 and 13.00 + 1.15mm), A. schubertii (16.50 = 1.73 and 15.50 + 0.58mm), B.
cereus (0.00 and 17.00 + 1.15mm), and K. pneumoniae (13.00 £ 1.15 and 16.50
+ 0.58mm). However, CeO:NPs were more effective against B. subtilis than
ZnONPs (12.00 + 1.15 and 13.00 + 1.15mm). Both nanoparticles showed
significant differences in their AST values against A. hydrophila, B. cereus, and
K. pneumoniae (P< 0.05), while no significant difference was observed against
A. schubertii and B. subtilis. Based on these findings, it can be concluded that
ZnONPs are more effective than CeO-NPs against A. hydrophila, B. cereus, and
K. pneumoniae, and therefore may be useful in treating fish diseases caused by
these pathogens.

INTRODUCTION

Fish living in their natural environment usually harbor bacterial pathogens. The
breakage of the immunological barrier of fish due to the attack on fish muscles by
pathogens is likely to occur when fish are cultured in environment with high
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contamination of faecal coliforms (Guzman et al., 2004). Additionally, the use of
antibiotics in treating ponds or fish has not achieved the desired outcome for optimum
performance, instead, bacteria are becoming more resistant to them, coupled with the
toxicity effect on water and aquatic lives. Hence, there is a need for alternative
antibacterial agents, which should be eco-friendly, non-toxic and biocompatible.
Nanomaterials have been found to play a very vital role in this regard, especially where
antibiotics usually fail (Pelgrift & Friedman, 2013). The use of nanomaterial will help
to prevent the problem of toxicity threatening water and aquatic organism. It will also
prevent bacteria from easily developing resistance due to the possibility of improving
sizes, shapes, composition and crystallinity, which are the intrinsic properties that
determine effectiveness of any nanoparticle (Sharma et al., 2009).

Nanotechnology can be defined as the synthesis, characterization, exploration
and application of nano-sized (1-100nm) materials for the development of science. It
deals with the materials whose structures exhibit significantly novel and improved
physical, chemical, and biological properties, because of their ultra small size.
Nanotechnology is also applicable in medicine, for diagnosis, therapeutic drug delivery,
early disease detection and the development of treatments for many diseases and
disorders. It is a highly promising technology which can be deployed to design and
develop numerous types of novel products (Huang et al., 2009; Nikalje, 2015).

The development of nanoparticles (NPs) and nanostructures (NS) materials
through exploration of biodiversity of plants to reduce metal ions has been adjudged as a
widespread application in recent years. Phytochemicals present in plants have been
reported as the source of reducing and capping activities, unlike the chemical method
which involves the use of hash and toxic chemicals often absorbed in NP surfaces, and
consequently renders chemically synthesize NPs, inadequate for medical applications
(Parashar & Srivastava, 2009).

In addition, plant biomolecules such as polyphenols, carbohydrates and essential
oils are known to contain active functional groups, viz. aldehyde, amine, and carboxyl.
These functional groups are the sources of reducing and capping potentials of plants for
the development of NPs (Harekrishna et al., 2009).

Cerium oxide nanoparticle is a pale yellow powder, with the chemical formula
CeO:o. It is very stable and biologically compatible. It has always been used to produce
catalyst, therapeutic agents, antimicrobial and anti-nematodal agent, etc. Until recent
time, CeO2NP is usually synthesized through physical and chemical methods. This
approach usually involves toxic reducing agents, which pose a serious threat to plants,
animals and ecosystem in general. Moreover, the nanoparticles that were produced using
such methods are usually not stable, very noxious and ineffective (Parashar &
Srivastava, 2009).
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Different applications of green synthesized cerium oxide nanoparticles have been
reported which include: antimicrobial, anticancer, larvicidal, photocatalyst, and
antioxidant. However, antimicrobial application has been the most exploited among
several other applications (Magbool et al., 2016; Elahi et al., 2018; Miri et al., 2019).
Features, like high yield, long stability, and better morphology can be obtained through
green synthesis approach, especially from the plant source (He et al., 2015).

Biogenic synthesis of ZnONPs has only been reported in few journals. Due to
lesser research work on ZnONPs nanoparticles, there are limited data on their diverse
biological properties. Generally, plant-mediated synthesis of zinc oxide nanoparticles is a
rapid, eco-friendly, and less or non-toxic approach, especially when the agent of green
synthesis is plant extracts (Noorjahan, 2019).

Among metal oxide nanoparticles, zinc oxide nanoparticle (ZnONPs) is another
promising inorganic material NPs with multifaceted benefits. The excellent optical,
semiconducting, and photoelectric properties make ZnONPs exploited across various
industries such as composites, cosmetics, catalysis, energy storage, electronics, textile,
and health (Kumar et al., 2014). Apart from being non-toxic, they are also
biocompatible, cheaper, and has various biomedical applications such as antibacterial and
antiparasitic agent, among others (Alyamani, et al., 2021).

Initially, ZnONPs were commonly synthesized through physical and chemical
means, just like CeO2NPs. The physical methods of synthesis are accompanied with high-
energy requirements, while chemical synthesis involves the use of noxious chemicals,
making both methods non environment-friendly, expensive, and laborious (Diallo et al.,
2015), thus paving a way for green synthesis.

In this research, a rapid synthesis of both CeO2NP and ZnONPs via a complete
environmental friendly procedure was reported using aqueous leaf extracts of Carica
papaya as a good reducing and stabilizing agent.

Carica papaya (Pawpaw — common name) was chosen due its excellent
therapeutic activities, especially as antibacterial which has been used on many occasions
to treat fish diseases (Rahmani & Aldebasi, 2016; Singh et al., 2019; Husain et al.,
2023; Muahiddah & Diamahesa, 2023). Several studies on bioactive component of
different parts of C. papaya revealed that they contain phytochemicals such as: alkaloids,
saponins, tannins, flavonoids and glycosides among others, and have been used as
antibacterial, anti-inflammatory, antiviral, hypoglycemic, antitumor and several other
therapeutic and prophylactic applications (Natarajan & Vidhya, 2016).

Therefore, due to its ease of availability and medicinal importance, Carica papaya
(Leaf) was chosen for biosynthesis of CeO2NP and ZnONPs. Use of common reducing
agent helps easy comparison in order to arrive at a justifiable result. Easy accessibility of
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C. papaya will also assist in a large scale production toward a wide range of therapeutic
and prophylactic usage (Paul et al., 2013; Nagarathan et al., 2021).

The main objective of this research was to compare the antibacterial potentials of
cerium oxide nanoparticles, and zinc oxide nanoparticles on some common bacteria fish
pathogens, for onward recommendation to the fish farmers for improving fish production,
food security, and help to alleviate poverty, especially among the rural dwellers in
Nigeria, as a contribution toward the United Nations sustainable development goals
(SDG 1 and 2).

MATERIALS AND METHODS

1. Preparation of Carica papaya leaf extract

The leaves of Carica papaya (pawpaw) were collected at Bells University of
Technology campus, Ota, Ogun State. They were washed, and air-dried for about two
weeks. The dried C. papaya leaves were cut into small pieces. 10g of leaves were
weighed, washed, using deionized water, and boiled with 100ml of deionized water at
70°C for 1h. After boiling, the leaf extract was separated by filtration (using Whatman
No.1 filter paper) and kept in the fridge at 5°C for further use (Singh et al., 2019).

2. Phytochemical screening of Carica papaya leaf extract

Phytochemical analysis of Carica papaya leaf extract (CPLE) was analyzed using
standard approach (Ali et al, 2018; Ghotekar, 2019). This includes: phenols, alkanoids,
saponins, steroids, flavonoids, glycosides, terpenoids, proteins, and carbohydrates.

2.1. Saponins

Equal volume (2ml) of distilled water was added to an equal volume (2 ml) of
plant extract. It was mixed and vigorously shaken in a graduated cylinder. A layer of 1cm
thick foam confirmed the presence of saponins.

2.2. Flavonoids

10 drops of dilute hydrochloric acid was mixed with 0.5ml of plant extract in a
test tube, and then a small quantity of magnesium were added. Formation of pink, red
or brown colour depicted the presence of flavonoids.

2.3. Phenols (Ellagic acid test)

5% of glacial acetic acid was added to 1ml of plant extract in drops, then few
drops of 5% NaNO: solution were added. The formation of muddy brown color showed
that phenol is present in the sample.

2.4. Betacyanins
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One ml of 2N Sodium hydroxide was added to 2ml of leaf extract and heated at
100°C for about 5min to determine if betacyanin is present. The formation of yellow
color depicted the presence of betacyanin in the plant extract.

2.5. Coumarins

Equal volume (1ml) of 10% NAOH solution was added to an equal volume (1ml)
of the plant extract. Yellow color formation confirmed the existence of coumarins in the
test samples

2.6. Tannins (FeCls test)

5% FeCls was added to the plant extract in a ratio of 2 to 1. The presence of
Tannin was confirmed with the immediate appearance of greenish black or dark blue
color

2.7. Steroids

2 ml of both plant extract and chloroform (1ml from each) were added together.
Then, a few drops of conc. H2SO4, was added; this led to brown ring formation. The
appearance of this ring marked the existence of steroids. However, the appearance of
bluish-brown ring color marked the presence of phytosteroids in the test samples.

2.8. Carbohydrates

2 milliliters of test solution and Benedict’s solution (in drops) were mixed
together, and then boiled in water bath of over a bunsen burner flame. The presence of
carbohydrates in the test samples was confirmed by the formation of reddish brown
precipitate.

2.9. Glycosides

Glacial acetic (1ml) acid and plant extract (1ml) were added together, and allowed
to cool. After cooling, 2 drops of FeClswere added, and equal drops (2 drops) of
concentrated H2SO4 were also added along the walls of the test tube. Reddish brown
color ring formed at the junction of two layers showed the presence of glycosides.

2.10. Terpenoids

1% HCI was added to the plant extract in a ratio of 1 to 2, and left for 5-6 hrs. in
the same condition. After about 6 hours, 1ml of Trim-Hill reagent was added and heated
in a boiling water bath for 5-10min. The presence of terpenoids was confirmed by bluish
green color.

2.11. Alkaloids (Wagner’s test)

2ml of extract was first acidified with 1.5% v/v of hydrochloric acid. Then, a
few Wagner’s reagent was added in drops. The formation of a yellow or brown
precipitate depicted the presence of Alkanoid in the plant extract.
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2.12. Betacyanins

To the plant extract, some drops of NAOH were added, the conversion of the
extract to a dull yellow color showed the presence of betacyanin in the sample. In
reverse, a few drops of HCL (Conc.) were added, the disappearance of the color showed
that betacyanin was present in the sample.

3. Synthesis of cerium oxide nanopatrticles

One millimolar (mM) of Cerium (IIl) chloride heptahydrate (CeCls .7H20)
obtained from Sigma-Aldrich company, U.K. was prepared as a standard solution by
dissolving 0.0932g in 250ml of deionized water in a standard flask. The mixture was
stirred using a magnetic stirrer at a room temperature until a homogeneous solution was
formed. 100ml was taken into another conical flask and 10ml of Carica papaya leaf extract
was added. The reaction mixture was kept under continuous stirring with magnetic
stirrer, and heated on a hot plate at 60°C for about 2hrs. (Renganathan et al., 2018).
Cerium oxide nanoparticles were collected as precipitate at the base of the conical flask.
It was decanted and centrifuged at 4000rpm for 30 minutes. It was further dried in hot
air oven at 60°C overnight. The obtained pellets (Cerium oxide Nanoparticles,
CeO2NPs) were calcinated at 400°C in a muffle furnace for 4-6 hours to obtain a purer
product. The pure cerium oxide nanoparticles were kept for characterization.

4. Synthesis of zinc oxide nanoparticles

Green synthesis of zinc oxide nanoparticles was carried out through a well
improved procedure, taking a cue from the previous methods (Arumugam et al, 2015;
Rani et al, 2020), with modifications. 2.975g of zinc nitrate hexahydrate obtained from
Qualikems Fine Chemical Pvt. Limited, India was weighed in a clean conical flask, and
80ml of distilled water was added. Using magnetic stirrer, the solution was stirred till a
homogenous solution was attained. It was then transferred into a 100ml standard flask
and make up to the mark with 20ml to make 100ml standard solution at 1200 millimolar
(100mM). In addition, 1Molar NAOH was prepared by dissolving 4g of NaOH in
100ml of distilled water as a standard solution. Initial 200mM of zinc nitrate solution
(Zn(NO3)2.6H20) was transferred into a clean 250ml conical flask and kept under
stirring in a hot plate with magnetic stirrer at 60°C. To this, 15ml of Carica papaya
leaf extract was added in drops until there was a change in color to golden yellow. The
pH of the reaction mixture was checked, and adjusted to 12 by addition of 1M NaOH.
A white cloudy appearance marks the formation of ZnO nanoparticles. This was
allowed to stand in the same condition for about 2hrs (for the reaction to complete and
to fully precipitate the ZnONPs formed). It was further incubated overnight at room
temperature. It was then decanted and the suspension was centrifuged at 4000rpm for
30 minutes. The wet pellet was poured into a clean petri dish, and heated in a hot air
oven at 150°C till about 6 hours. The dried pellet obtained was ground into powder,
and kept for characterization
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5. Characterization techniques

UV-Vis spectrophotometer (BOSCH 750N) was used to analyze the optical
characteristics of the nanoparticles at 200-800nm wavelength.

Surface morphology and microstructure of the samples were determined using the
field emission scanning electron microscope, GEMINI Ultra 55 (FESEM). The samples
were fixed on carbon tape and kept for overnight drying. The samples were gold coated
(100nm) and viewed under the scanning electron microscope (at 5kv), which has an
energy dispersive x-ray analysis unit (EDX).

Analysis of the X-ray Diffraction pattern to determine the crystallinity of the
CeO2NPs, and ZnONPs was carried out using a Bruker AXS D8 Diffractometer,
equipped with nickel filtered Cu Ka radiation (k = 1.5418 A) at 40kV and 40mA at room
temperature.

Chemical properties, effect of biomolecules, and the type of bonds present were
determined using Perkin-Elmer 100 series Fourier transform Infra-red spectrophotometer
(FT-IR), which functioned at 4ms™® scan rate over the range of 4000-650cm™
wavenumber in the diffuse reflectance mode at a resolution of 6cm™ in KBr pellets.

6. in-vitro Antibacterial activity of CeO2 NP and ZnONP

Antibacterial potential of the nanoparticles was screened using agar well
diffusion technique against bacterial pathogens. Sterile Mueller Hinton agar plates was
swabbed using sterile L-shaped glass spreader with 18-24 hours old broth cultures of
Aeromonas hydrophila, Aeromonas Schubertii, Bacillus subtilis, Bacillus cereus and
Klebsiella pneumonia which were isolated from skin, gill, and gut of Clarias
gariepinus (African mud catfish), and have been identified through morphological,
biochemical and molecular characterization. Plates were then incubated for 24 hours.
Using a sterile cork borer, wells of appropriate dimension were bored on each Petri
dish. 200mg/ ml of each of the NPs (CeO2NPs and ZnONPs) in sterile DMSO was used,
while 200mg/ ml of antibacterial drug (Ofloxacin) dissolved in sterile DMSO was
also used as control. 200mg/ ml was chosen after several trials with lesser
concentrations did not yield good result. All plates were incubated at the same
time at 37°C for 24hrs. After the period of incubation, the diameter of the zones of
inhibition of each well was measured. Each sample (nanoparticles) was tested in two
replicate, and the mean values were recorded. The MIC and MBC of each of the
nanoparticles tested were also determined (CLSI, 2012).

7. Statistical analysis

The numerical data obtained were analyzed using the one-way analysis of
variance (ANOVA), SPSS 18 (Statistical Package for the Social Sciences) and 10
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Microsoft Excel. Means were separated using Duncan multiple range test (DMRT) (P<
0.05).

RESULTS

1. Phytochemicals identified in Carica papaya leaf extract

The biomolecules present during the phytochemical screening carried out on
Carica papaya leaf extract are shown in Table (1). They include flavonoids, alkaloid,
tannins, phenols, and coumarins. These were responsible for the bio-reduction and
capping during biosynthesis of the nanoparticles. Other listed phytochemicals were not
found during the screening

Table 1. Phytochemicals identified in Carica papaya leaf extract

Serial number Phytochemicals Carica papaya
1 Saponin -
2 Flavonoids +
3 Alkanoids +
4 Betacyanin +
5 Phenol +
6 Cumarins +
7 Tannins -
8 Steroids -
9 Carbohydrates -

10 Glycosides -
11 Terpenoids -

2. UV-Visible spectrophotometry (UV-Vis Spec) of CeO2NPs and ZnONPs

The UV - Vis spectra of synthesized CeO2NPs and ZnONPs as determined
through UV-Visible spectrophotometer are shown in Fig. (1). CeO2NPs were formed
through a color change from yellow to brown, and display an optical absorption peak at
360 and 380nm in the UV region (Fig. 1a). ZnONPs were also formed through color
change, from light brown to golden yellow, and then to a white cloudy appearance. It also
display various absorption peaks at 320, 340, and 380nm in the UV region (Fig. 1b).
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Fig. 1. (A) UV-visible spectrum of cerium oxide nanoparticles showing maximum
absorption peak at 360 and 380nm. (B) UV-visible spectrum of zinc oxide
nanoparticles showing maximum absorption peak at 240, 260, and 300nm

3. Functional group and bond characteristics of CeO2NPs and ZnONPs

The spectroscopic analysis using FTIR was carried out in the range of 500-
4000cm™. For cerium oxide nanoparticles (Fig. 2a), the FITR absorption peak was found
between 989.11 and 3359.35cm™ in the functional group and finger print region. Four
important peaks could be found which are located at 3359.35, 2974.66, 1635.12, and
1380.70cm™. 3359.35cm is a broad peak which corresponds to O-H stretching of phenol
and alcohol group (usually stretches between 3200-3400 in the infrared region of the IR
spectrum), 2974.66cm™ corresponds to C-H stretching vibration of the alkane group,
1635.12cm™ corresponds to C=0 stretching of the carbonyl group which usually ranges
between 1640-1680 within the infrared region of the IR spectrum, while 1380.70cm™ is
assigned to C-O stretching vibration of the phenolic compound and polysaccharide which
provide stability due to successful capping of CeO2NPs. For zinc oxide nanoparticles, six
important peaks were also observed between 1098.62 and 3468.12cm™ in the FTIR
spectrum (Fig. 2b). They included: 3468.12, 2958.79, 1614.06, 1529.55, 1438.57, and
1098.62cm™. 3468.12cm™ (broad peak) corresponds to the stretching vibration of the
phenol group (O-H), which helped in bio-reduction, while the peak at 2958.79 is
attributed to C-H stretching frequency of the alkane group (alkyl sp3 C-H). 1614.06 is
assigned to C=0 stretching frequency, arising from the interaction with the carbonyl and
some aromatic group present in the extract. 1529.55cm also corresponds to the amine
bond (N=H), which is typical of the protein from the extract used in the biosynthesis.
1098.62cm™ is assigned to the stretching vibration of C-O-C asymmetric band of ether at
the finger print region which binds to the nanoparticle to ensure stability.
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Fig. 2. (A) FTIR spectrum of the biosynthesized Cerium oxide nanoparticles. (B) FTIR
spectrum of the biosynthesized zinc oxide nanoparticles. Both show bonds related
to the biomolecules present in Carica papaya leaf extract

4. Diffraction patterns of CeO2 NPs and ZnONPs

The XRD was used to determine the crystallinity and phase purity of the
nanoparticles as observed in the diffractogram shown in Fig. (3). The diffraction patterns
of cerium oxide nanoparticles (Fig. 3a) were observed at 26 values. It shows four major
peaks at various diffraction angles such as: 29.00, 33.46, 47.87 and 56.67°, which also
correspond to 111, 200, 220, and 311 reflection planes of CeO2.NP, respectively. The
XRD spectrum of zinc oxide nanoparticles were also observed at 20 angular value (Fig.
3b). The diffraction pattern showed various diffraction peaks at 32.31, 34.87, 36.61,
48.00, 57.05, 63.16, and 68.40°, which are in good accent with 100, 002, 101, 102, 110,
103, and 112 reflection planes
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Fig. 3. (A) XRD pattern of cerium oxide nanoparticles showing different diffraction
peaks at 20 values. (B) XRD pattern of Zinc oxide nanoparticles showing different
diffraction peaks at 26 values
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5. Particle size distribution, dimension and elemental compositions of CeO,NPs and
ZnONPs

SEM morphology of cerium oxide nanoparticles using field emission scanning
electron microscopy (FESEM) are depicted in the photomicrograph (Fig. 4 a). The image
revealed spherical shaped nanoparticles with an average particle size of 46.34nm. The
particles were shown to be well distributed over the surface of the carbon coated SEM
grid. EDX analysis (Fig. 4a) also revealed that cerium, oxygen and carbon were present.
For zinc oxide nanoparticles, the surface morphology revealed cylindrical and spherical
shaped nanoparticles, which are well distributed on the surface of the carbon coated SEM
grid, with an average size of 43.77nm (Fig. 4b). This shows that the nanoparticles were
well formed, and thus grew into single and separate particles. It revealed the ability of the
phytochemicals to cap and stabilize the formed particles. The elemental composition
from the EDX spectrum (Fig. 4b) shows that zinc, oxygen and carbon are present in the
nanoparticles, while carbon and oxygen are carboxyl group from the plant chemicals used
in the biosynthesis.
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Fig. 4. (A) Surface morphology of CeO2.NP NPs. (B) Surface morphology of ZnONPs
NPs. (C) EDX spectrum of cerium oxide NPs. (D) EDX spectrum of zinc oxide
NPs
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6. Antibacterial activity of CeO2NPs and ZnONPs

The results of antibacterial activity of the biosynthesized CeO2NP and ZnONP
using agar well diffusion method are shown in Table (2). The results showed zones of
inhibition which are measured in millimeters. Only A. schubertii depicted higher
inhibition zones with CeO2NPs (16.50 + 1.73%) than ZnONPs (15.50 + 0.58%), whereas A.
hydrophila, B. subtilis, B. cereus, and K. pneumonia showed higher inhibition zones
when tested with ZnONPs (13.00+1.15°, 13.00+1.15%, 17.00+1.15°, and 16.50+0.58)
than CeO2NPs (0.00, 12.00+1.15% 0.00, 13.00+1.15%). Moreover, A. hydrophila and B.
cereus were not sensitive to CeO2NPs, showing no inhibition zone (0.00+0.00?) in each
case at 200mg m* unlike ZnONPs, in which a highly significant (P<0.05) inhibition zone
was depicted (13.00+1.15% and 17.00+1.15P, respectively). Nevertheless, the inhibition
zones depicted by A. schubertii and B. subtilis, when tested with CeO2NPs (16.50+1.73?,
12.00+£1.15%), were not significantly different (P> 0.05) from those of ZnONPs
(15.50+0.58?, 13.00+1.15%). The result obtained for ofloxacin (Control) showed the
highest and highly significant (P< 0.05) inhibition zones on each bacterium (Table 2),
which means that it is the most potent antibacterial among them all, except for its
toxicity.

Table 2. Antibacterial sensitivity test of CeO2NPs and ZnONPs nanoparticles (Mean +
SD in millimeters)

Antibacterial ~ A. hydrophia  A. schebertii B. subtilis B. cereus K. pneumoniae
CeO2NPs 0.00+0.00? 16.50+1.73*  12.00+£1.15* 0.00+0.00*  13.00£1.15%
ZnONPs 13.00+1.15°  15.50+0.58%  13.00+1.15%  17.00+1.15" 16.50+0.58"
Control 26.50+0.58°  26.50+0.58"  25.50+0.58°  27.50+0.58° 26.50+0.58°
(Ofloxacin)

*Foot note: Concentration- 200mg/ ml; Control- Ofloxacin; Mean £ SD with superscript of the same
alphabet such as ‘a’,‘b’ or 'c' along the column shows no significant difference (P>0.05); Mean +SD with a
superscript of different alphabets such as ‘a’, ‘b' or 'c’, along the column shows that there was a significant
difference (P<0.05)

7. Minimum inhibitory concentration of CeO2NPs and ZnONPs

The MIC results showed that ZnONPs have superior antibacterial efficacy
compared to CeO:NPs against A. hydrophila (0.00 and 25.52 + 0.03mg/ mL), B. subtilis
(100.00 + 0.05mg/ mL), B. cereus (0.00 and 6.27 £ 0.02mg/ mL), and K. pneumoniae
(50.10 +£ 0.00 and 12.38 £ 0.14mg/ mL) (Table 3). The value of 0.00 for CeO:NPs against
A. hydrophila and B. cereus indicates no sensitivity or inhibition, even at 100mg/ mL.
The results also showed that the MICs of both CeO:NPs and ZnONPs for each pathogen
are significantly different (P< 0.05).
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Table 3. Minimum inhibitory concentration (MIC) of CeO2NPs and ZnONPs (Mean +

SD in mg/mL)

Anti ial ) . . K.
ntibacteria A. hydrophila  A. schubertii B. subtilis B. cereus

pneumonea
CeO,NPs 0.00+0.00? 12.52+0.028  100.04+0.05*  0.00+0.00®  50.10+0.00?
ZNnONPs 25.5240.03°  12.53+0.03°  25.45+0.06" 6.27+0.02° 12.38+0.14°
Control 313+001°  3.13+001°  467+1.17°  2.13+1.16°  3.13+0.01°
(Ofloxacin)

Foot note: Concentration- 100 mg/ml; Control- Ofloxacin; Mean + SD with a superscript of the same
alphabet such as ‘a’,b” or 'c¢' along the column shows no significant difference (P>0.05); Mean £SD with
a superscript of different alphabets such as ‘a’, ‘b' or 'c’, along the column shows that there was a
significant difference (P<0.05).

8. Minimum bactericidal concentration (MBC) of CeO2NPs and ZnONPs

Minimum bactericidal concentration (MBC) of CeO2NPs and ZnONPs in Table (4)
shows a more effective and highly potent ZnONPs. The results depicted the lowest lethal
dose of each nanoparticle against the tested bacteria. ZnONPs required 25.02+0.02 mg
mLt to kill A. hydrophila, while CeO2NPs was not sensitive to A. hydrophila, even at
100mg mL™L. On A. schubertii, there was no significant difference in their MBC (Table 4).
Subsequently, at almost equal concentrations (12.53+0.03 and 12.59+0.01), CeO2NPs and
ZnONPs were able to destroy A. schubertii. ZnONPs also exhibited lower MBC
(25.00+0.00) than CeO2NPs (100.03+0.03) on Bacillus subtilis. Likewise on K.
pneumonia, ZnONPs showed lower MBC (25.00+£0.00) than CeO2NP (50.01+0.01). B.
cereus was not sensitive to CeO2NPs, even at 100mg mL? (0.00) whereas ZnONPs was
very effective against K. pneimoniae, even at the lower dose of 12.50+0.00mg mL™. The
difference in the MBC displayed by each nanoparticle against each bacteria pathogen
along the column is highly significant.

Table 4. Minimum bactericidal concentration (MBC) of CeO2NP and ZnONP
nanoparticles (Mean + SD in mg/mL)

. . Aeromonas Aeromonas Bacillus Bacillus Klebsiella
Antibacterial . . . .
hydrophila schubertii subtilis cereus pneumoniae

CeO2NPs 0.00£0.00*  12.53+0.03* 100.03+0.03* 0.00+0.00*  50.01+0.01%
ZnONPs 25.02+0.02° 12.59+0.01° 25.00+0.00° 12.50+0.00° 25.00+0.00°

(ch_:’o’:(t;’i'n) 6.26+0.01¢  6.26+0.01°  4.65+0.01°  6.27+0.01°  6.26+0.01°

Foot note: Concentration- 100 mg/ml; Control- Ofloxacin; Mean + SD with a superscript of the same
alphabet such as ‘a’,’b’ or 'c' along the column shows no significant difference (P>0.05); Mean =£SD with
a superscript of different alphabets such as ‘a’, ‘b' or 'c’, along the column shows that there was a
significant difference (P<0.05).
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DISCUSSION

The current study involved biosynthesis, characterization and application of
CeO2NP and ZnONPs against some bacterial fish pathogens. Nanoparticles were
characterized using spectroscopic and microscopic techniques. With UV-Vis
spectroscopy, the absorption peak obtained at 360 and 380nm for CeO2NP confirmed the
typical absorption peaks for metallic ceria nanoclusters, which usually peak between 300-
400nm, corresponding to the fluorite cubic structure of ceria; this is supported by
previous studies (Robinson et al., 2009; Noorjahan, 2019). Likewise, the absorption
peaks displayed by ZnONPs at 320, 340, and 380nm in the UV region falls within the
typical absorption peak for metallic zinc oxide nanoparticles, usually found between 300-
380nm (Nagarathna et al., 2021). In both cases, the onset of nucleation and growth
started so rapidly and became steady till the reaction was completed. The color change
during the reaction process was due to the excitation of electron and change in the
electronic energy level of the metal oxide nanoparticles (He & Lanhong, 2015). It also
indicates the actual formation of the nanoparticles whose absorption peaks were formed at
the UV region. The multiple absorption peaks at different wavelength by CeO2NP and
ZnONP show different shapes of the nanoparticles in each case (Nateghi &
Hajimirzababa, 2014).

The FTIR spectra of cerium oxide and zinc oxide nanoparticles were obtained in
order to show the kind of bonds that were involved in the biogenic process. The obtained
FTIR peaks for CeO2NPs at various vibration modes and bond characteristics which
depicted the presence of phenol, alcohol, alkane, and carbonyl groups are in agreement
with previous studies (Kumar et al., 2014; Gnanasangeetha et al., 2014; Timkur et al.,
2021). The participation of these biomolecules in the reduction and stabilization of
CeO2NP is clearly evident from the IR spectrum. This result was also supported by the
previous works (Nateghi & Hajimirzababa, 2014) which described the participation of
these phytochemicals in the redox process. Likewise, for zinc oxide nanoparticles,
phenolic, carbonyl and alkane groups were implicated, in addition to amine and
asymmetric bond of ether (observed at the finger print region of the IR spectrum) which
bind to the nanoparticle to ensure stability. This showed that these nanoparticles are very
rich in biomolecules such as polyphenols, alkaloids, flavonoids (Diallo et al., 2015;
Alyamani et al., 2021). From the previous studies (Noorjahan, 2019), the stability of
these synthesize nanoparticles (ZnONPs and CeO2NPs) could presumably be accounted
for the presence of free amino acids, and carboxylic acid group which have interacted
with their surfaces by forming a wax covering them thereby preventing agglomeration.
This result is also similar to the previous reports (Gnanasangeetha et al, 2014;
Alyamani et al., 2021) on the capping activities of plant biomolecules to ensure particle
formation without agglomeration. Thus, the FTIR results confirmed that the
phytochemicals found in the Carica papaya leaf extract, such as flavonoids, alkanoids,
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phenols, betacyanin and coumarins (Table 1) were responsible for bio- reduction and
stabilization reactions, which led to the formation of both CeO2NPs and ZnONPs. It was
also noted that some functional groups which correspond to certain compounds such as
protein/amine group as mentioned above might not be captured during the phytochemical
screening but were present, perhaps at minute quantity and could be identified during the
IR analysis (Gnanasangeetha et al., 2014).

The diffraction pattern obtained at 20 angular value for CeO2NPs, as depictd in
Fig. (3a) is in agreement with the result obtained by Gnanasangeetha et al. (2014) and
Rani (2020). The peaks matched well with those in the standard reference file (JCPDS
No: 81-0792 - Joint committee on Powder Diffraction Standards) in both angular location
and intensity. This confirmed the formation of spherical shape CeO2NPs, as also
indicated in SEM result in Fig. (4). No other peaks that depicted impurities were observed
in the spectrum, and thus support the EDX result (Fig. 4c) (Chenguo et al., 2006).

The XRD analysis which was carried out to determine the crystallinity of the
synthesized nanoparticle showed that both CeO2NPs and ZnONP crystalline in nature.
This result is in consonant with the previous studies (Shen et al, 2018; Barzinjy, 2020).
The peaks are relatively sharp, indicating the formation of the nano-crystalline phase
which are indexed within the hexagonal zinc oxide wurtzite-type structure, in agreement
with JCPDS card No. 36- 1451 (Nateghi & Hajimirzababa, 2014; Shen et al., 2018).
Moreover, no other peaks showing impurities were observed in the spectrum. This
confirms the formation of single ZnO phase as revealed in the EDX result in Fig. (4b).
Moreover, the peak sharpness of CeO2.NP and ZnONPs indicates high crystallinity (Fig.
3) (Balogun et al, 2021).

The surface microstructures of the CeO2NPs, as represented by the SEM image,
showed low degree of agglomeration, while ZnONPs did not show any form of
agglomeration. Both nanoparticles were well spread on the carbon coated SEM grid to give
them a large surface area to volume ratio, which is the typical characteristic of
nanoparticles that determine their effectiveness as attested to by the previous work
(Noorjahan et al, 2019). Likewise, the particle sizes (46.34 and 43.77nm) obtained for
CeO2NPs and ZnONP, respectively, are in perfect agreement with the previous report
(Magbool et al., 2016; Jan et al., 2020). Noorjahan, 2019 also reported a cylindrical and
spherical shaped zinc oxide nanocrystal on scanning electron microscope which was the
same result obtained in this study. The high peak of Zn and Ce in the spectrum indicates
high purity of the nanoparticles, as attested in the previous works (Kwabena, 2019;
Rani, 2020).

The overall results among the tested nanoparticles showed that, ZNONPs has
excellent antibacterial potential than CeO2.NPs, and thus can be effectively used against
A. hydrophila, B. subtilis, B. cereus, and K. pneumonia than CeO2NPs. This result is
supported by the previous finding in which B. subtilis and K. pneumoniae were found to
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be highly susceptible to zinc oxide NPs. Their inhibition zones measured at 5mg/ mL was
9.5 + 0.31 for Bacillus subtilis and 8.7 + 0.18 for K. pneumonia. (Jan et al., 2020).
Another finding revealed that ZnONPs exhibited a significant anti-Bacillus subtilis effect
with 200pg mlt showing an optimum antibacterial activity between 1% - 6™ hours of
administration (Uphadhyaya et al., 2018; Djearamane et al., 2023). It also reported a
significant antibacterial activities of zinc oxide nanoparticles against Aeromonas Veronii,
Pseudomonas aeruginosa, Bacillus subtilis, Klebsiella. Pneumonia, and Staphilococcus
aureus infection. From the literature search, it was noted that, no report was found on in-
vitro antibacterial sensitivity test of CeO2NPs on Aeromonas schubertii. This shows that
CeO2NPs has not really been employed in the treatment of A. schubertii infection on fish.
However, from this study the result showed that, cerium oxide can possibly perform
better than zinc oxide nanoparticles against A. schubertii. Likewise, no work has so far
been carried out on the pathogenic B. cereus both in-vitro and in-vivo. This could
probably be that no infection has been reported yet. However, with the result obtained in
this experiment there is a possibility of unrecorded occurrence of infection related to this.

Other studies revealed that zinc oxide nanoparticles exhibited an antibacterial
activity through a damage to the cell membrane and entire cytoplasm, leading to bacterial
cell death. In fish prophylaxis, zinc oxide nanoparticles have shown inhibitory effects
against the growth of A. hydrophila. Likewise, it has been reported that the inclusion of
ZnONPs in fish feed enhances immune response and exhibits high antibacterial activity
and disease resistance against A. hydrophila (Shaalan et al., 2016; Jin & Jin, 2021;
Harshitha et al., 2023; Sherif et al., 2023; Garani & Badsha, 2024).

While commonly used drugs may not be available sometimes due to high cost,
high toxicity and challenge of bacteria resistance, ZnONPs or CeO?NPs can be a cheaper
and effective alternative against A. Schubertii. Besides, in view of the excellence
performance of ZnONPs above CeO?NPs, ZnONPs can be used to treat A. hydrophila, B.
cereus and klebsiella pneumonia infections in fish. Since zinc oxide NPs is scarcely used
unlike AgNp which has been widely explored, it can stand as a novel antibacterial agent,
being cost- effective, and highly biocompatible, with an excellent result on fish health. It
can be used to treat pond water before stocking, as well as serving as inclusion in fish
diets for prophylactic and therapeutic applications.

The effectiveness of ZnONPs above CeO2NP was found in the lesser quantity of
ZnONPs that will be required to inhibit the growth of bacteria compared with CeO2NPs
in which more quantity will be required to inhibit bacteria growth. This result is
supported by Yass et al. (2023) in which a lesser concentration of ZnONPs was used to
inhibit the growth of a highly drug resistant K. pneumonia in an in-vitro experimental
studies. This result corroborate with previous findings (Sarkar et al, 2022; Yass et al,
2023) on antibacterial potency of zinc oxide nanoparticles against fish pathogens.
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CONCLUSION

Biosynthesis of CeO2NPs and ZnONPs using Carica papaya leaf extract as
bioreducing and capping agent were undertaken, and successfully confirmed through
spectroscopic and microscopic characterization techniques.

The antibacterial sensitivity test results showed that zinc oxide nanoparticles
(ZnONPs) were more effective against A. hydrophila, Bacillus cereus, and K.
pneumoniae than cerium oxide nanoparticles (CeO2NPs). In contrast, CeO:NPs were
more effective against B. subtilis. This trend was also observed in the minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) tests,
which indicated that ZnONPs require a lower concentration to inhibit or kill the bacterial
pathogens compared to CeO2NPs.

These outcomes suggest that ZnONPs are more effective than CeO.NPs in
combating the tested fish pathogens. This confirms that ZnONPs can be effectively
utilized for the treatment of fish ponds, fishing gear, and processing items that may
become contaminated. Additionally, ZnONPs can be used for controlling and treating fish
diseases and preventing zoonotic diseases.

It is important to note that Carica papaya was deliberately chosen for this study.
While it is a common plant known for various therapeutic applications; its rich abundance
of essential phytochemicals has yet to be fully explored. Often, C. papaya fruits are
consumed merely as a food item, while other parts of the plant—such as the leaves,
seeds, stems, roots, and flowers—are typically regarded as waste. We recommend further
synthesis of nanoparticles using other parts of C. papaya.

This study represents the first report on the comparative antibacterial activity of
C. papaya leaf extract-mediated synthesized cerium oxide and zinc oxide nanoparticles
against pathogenic A. hydrophila, A. schubertii, Bacillus subtilis, Bacillus cereus, and K.
pneumoniae.
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