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ABSTRACT

Zinc oxide nanoparticles (ZnO NPs) are establishing themselves as an important class of nanomaterials due to
their exceptional physicochemical properties and wide range of applications. Due to their affordability, lack of
toxicity, and strong biocompatibility, ZnO NPs find extensive use in the field of biomedicine. ZnO NPs are
promising in biomedicine, especially for their ability as anticancer and antimicrobial agents. The ecologically
sustainable preparation of metallic NPs using different plant extracts is a viable alternative to more conventional
synthesis methods. The present study investigates the effects of changing the physical conditions on ZnO NPs
synthesis from Bixa orellana (B. orellana) extract using the precipitation method. Confirmation and character-
ization of the ZnO NPs were achieved by analytical techniques. EDS results verified that highly pure ZnO NPs
were synthesized. X-ray diffraction analysis verified the crystal nature of the synthesized NPs and their crys-
talline particle size of 82.66 nm. The XRD graphs strongly indicate the formation of wurtzite ZnO due to the
presence of the (100), (002), and (101) planes. The antibacterial activity was assessed through the utilization of
agar disc diffusion. The findings revealed that ZnO NPs exhibited significant efficacy in inhibiting the growth of
both Gram-positive and Gram-negative bacteria. The zone of inhibition with the greatest diameter (22 mm) was
reported for the bacterial strain B. cereus. The present investigation provides evidence that B. orellana leaves
extract is capable of producing ZnO NPs, which play a crucial role in its antibacterial action. Additional
investigation is necessary to validate the role of diverse phytochemicals in the synthesis of ZnO NPs and their
applications in diverse fields such as agriculture, cosmetics, food, and healthcare.
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1. Introduction

Growing antibiotic resistance is a major problem that people face
around the world. Infectious diseases are a major public health concern
worldwide. The growing resistance of bacteria to pharmaceuticals,
coupled with the drawbacks of medications such as reduced safety,
increased costs, and decreased effectiveness, has created a pressing de-
mand for the development of alternative treatments to replace antibi-
otics. Due to the aforementioned issue, the world is shifting toward
plant-based medicines that have less side effects and are more effec-
tive for treating diseases such as cancer, diabetes, and microbiological
infections (Aditya et al., 2019, Vidhya et al., 2013, Poornima et al.,
2021, Muhsinah et al., 2022). The WHO reports that each year there are
14 million cases of cancer and over 9.6 million cancer-related mortality
(Poornima et al., 2021, Thilagam et al., 2013, Rathnasamy et al., 2017).
Nanoparticles are considered to have a potential applications as anti-
microbial and cytotoxic agents due to their various advantages such as
the less contaminations, good adhesion, and colonization (Thilagam
etal., 2013, Rathnasamy et al., 2017, Gnanasangeetha and Sarala, 2014,
Akintelu and Folorunso, 2020).

Nanoparticles (NPs) are extremely small particles, ranging in size
from 1 to 100 nm. NPs have distinctive chemical and physical properties
owing to their nanoscale dimensions and extensive surface area. The
unique dimensions, configuration, and composition of a material also
exert an influence on its responsiveness, resilience, and additional at-
tributes. The aforementioned attributes render them suitable contenders
for a diverse array of industrial and domestic applications, encompass-
ing environmental, imaging, medical, energy-based research, as well as
catalysis and medical applications (Poornima et al., 2021, Thilagam
et al., 2013, Rathnasamy et al., 2017, Gnanasangeetha and Sarala, 2014,
Igbal et al., 2021, Muddapur et al., 2022, Akintelu and Folorunso, 2020).
The green synthesis methods for the production of NPs has garnered
considerable interest in recent years, emerging as a pioneering field
within the realm of nanotechnology (Gnanasangeetha and Sarala, 2014,
Wang et al., 2017, Gharpure et al., 2022, Jayachandran et al., 2021).
Green nanotechnology means a clean method used for the production of
NPs to eliminate or to reduce hazardous materials. The mechanism by
which NPs exert their effects involves direct interaction with the bac-
terial cell wall, eliminating the requirement for penetration. Therefore,
the majority of processes that confer antibiotic resistance are not
adaptable to nanoparticles. This suggests that nanoparticles may have a
lower propensity to induce bacterial resistance compared to conven-
tional antibiotics. As a result, focus has shifted to novel and enticing NP-
based compounds with antimicrobial and cytotoxic properties (Thila-
gam et al., 2013, Rathnasamy et al., 2017, Gnanasangeetha and Sarala,
2014, Igbal et al., 2021, Muddapur et al., 2022, Uday et al., 2022, Wang
et al., 2017, Gharpure et al., 2022, Jayachandran et al., 2021). Nano-
crystalline cellulose (NCC) assumes a prominent role in the field of drug
delivery and release owing to its inherent benign characteristics. Bio-
sensors incorporating graphene, as well as a composite of nanocellulose
with gold and silver nanoparticles, have the capacity to act as a diag-
nostic tool for several illnesses and viral infections (Kadir et al., 2022).

Due to wide characteristics, metallic oxide NP’s, specifically ZnO
NP’s, have gained huge importance in diabetics cancer and antimicro-
bial treatment, due to which these NP’s have been utilized in medicine,
food science and agriculture areas. ZnO NPs possess non-toxicity, eco-
friendliness, and the ability to enable large-scale production. (Thilagam
et al., 2013, Rathnasamy et al., 2017). However, physical and chemical
approaches for synthesis of NP’s have some drawbacks, such as the need
for precise instruments, increased costs, and hazardous chemicals,
which play a role in restrictions in many fields (Gnanasangeetha and
Sarala, 2014, Wang et al., 2017). Nanoparticles produced using green
technology are excellent than those produced using chemical and
physical approaches in a variety of ways. Green techniques, for example,
avoid the use of expensive chemicals, utilize less energy, are more sus-
tainable, and provide ecologically friendly products. Synthesis of several
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ZnO NPs has been reported from different natural products such as
leaves of Agathosma betulina, bulbs of Petroselium crispum, and milk of
Carica papaya (Gnanasangeetha and Sarala, 2014, Wang et al., 2017).

B. orellana is native to and widely grown in Amazon, it is commonly
cultivated in tropical nations for its dye and food coloring applications.
It is typically a small tree with a broad stem. The most eye catching part
of the plant is its fruit and has deep red seeds in it (Wang et al., 2017,
Thilagam et al., 2013, Muddapur et al., 2023, Gharpure et al., 2022),
known as urucum (synonyms: annatoo, achiote), its seeds contain ger-
anylgeraniol and tocotrienols (Rajendran et al., 2021, Islam et al.,
2019). Its extract is used to cure ulcers, high fever, asthma, and skin
diseases, also has antioxidant, anticancer, and anti-inflammatory ac-
tivity (Wang et al., 2017, Rajendran et al., 2021). In previous studies,
qualitative analysis of phytochemicals confirmed the availability of
steroids, carbohydrates, saponins, tannins, and proteins (Islam et al.,
2019, Gunalan et al., 2012). These phytochemicals have significant
bioactivities to act as stabilizing, reducing agents during the NPs syn-
thesis (Rajendran et al., 2021, Islam et al., 2019, Gunalan et al., 2012, Al
Awadh et al., 2022). Similarly, steroidal chlorohydrins presents a
promising avenue for potential therapeutic interventions in neurode-
generative and other disorders (Hannan et al., 2020).

This study aimed to examine the process of green synthesis of ZnO
NPs using the leaf extract of B. orellana. Additionally, the antibacterial
properties of the synthesized ZnO NPs were evaluated against various
bacterial strains. The characterisation of the ZnO NPs was conducted
using powdered X-ray diffraction (XRD), scanning electron microscopy
(SEM), and ultraviolet (UV) spectrum analysis.

2. Materials and methods
2.1. Materials

Bixa orellana leaves sample were collected from University of Agri-
cultural Science (UAS) Dharwad. Zinc acetate (ZnCsHeOs4), and other
chemicals and media components used in this work were procured from
HI media, India. The microorganisms E. coli, Bacillus cereus, S. aureus,
P. aeruginosa, & Z. mobilis were procured from NCIM, Pune, India; and
B. Nakamuria from the Laboratory strain (Table 1). A water bath and
magnetic stirrer were used for ZnO NPs synthesis. For concentration of
ZnO NPs, a freeze dryer was used. Further characterization by powdered
XRD and EDS was performed by Sophisticated Analytical Instrument
Facility, Dharwad.

2.2. Selection and Collection of plant materials

B. orellana leaves (100 g) of were collected from UAS, Dharwad,
India, rinsed with distilled water, shade-dried for approximately 25
days, and then powdered for use in an aqueous extraction process.

2.3. Preparation of aqueous extract (cold method)

In 50 ml of distilled water, 15 g of dried leaves were added, heated 1
hr in water bath at 60 °C, further the extract was filtered to get a clear
extract. For next studies the final filtration was stored in a cool dry place

Table 1
Bacterial strains of different microorganisms used to explore the antimicrobial
activity.

S/N Bacteria Strain number Gram strain
1 E. coli ATCC 25922 —ve
2 B. cereus ATCC 10876 +ve
3 P. aeruginosa ATCC 27853 —ve
4 S. aureus ATCC 25923 +ve
5 Z. mobilis ATCC 31821 —ve
6 B. nakamuria Lab strain +ve

ATCC (American Type Culture Collection).
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(Poornima et al., 2019, Thilagam et al., 2013).

2.4. Preparation of zinc acetate solution for synthesis of ZnO NPs

0.1 M of Zinc acetate (Zn(O2CCHjs)2(H20);) was prepared using
distilled water, 18.348 g of Zinc acetate in 1000 ml of distilled water
(183.48 g/L).

2.5. Synthesis of ZnO NPs

50 ml of 0.1 M (Zn(O2CCH3)2(H20)5) solution was added to 20 ml of
plant extract under constant stirring and heating, the process was
continued till 1 hr to get zinc hydroxide, after the process, mixture be-
comes yellowish-cream color precipitate (Dolcet et al., 2012, Medina-
Flores et al., 2016, Carofiglio et al., 2020, Al Awadh et al., 2022).

2.6. Antibacterial activity of ZnO NPs

The researchers tested the effectiveness of ZnO NPs against six
different pathogens. These pathogens, including E. coli and S. aureus,
are known to cause harmful effects such as food contamination, damage
to the intestinal lining, and skin damage. The researchers specifically
tested ZnO NPs derived from B. Orellana as a means of combating these
infections.

2.6.1. Preparation of bacterial inoculum

Each bacterial strain was subcultured in nutrient broth (13 g/L) and
was incubated in shaker incubator at 37 °C for 24 hrs. Further, the
absorbance of bacterial culture was determined by UV visible spectro-
photometry at 600 nm, and the optical density was adjusted to 0.5-0.6
(viable cell count in broth) (Rathnasamy et al., 2017, Thilagam et al.,
2013).

2.6.2. Agar well diffusion assay

Preparing nutrient agar (add 2 % agar powder in nutrient broth) and
autoclave at 121 °C & at 15 psi, considering sterile petri plates, pour 1/
3rd of petri plate with nutrient agar, and let them to solidify for 30 mins,
and then add 0.1 ml of bacterial inoculum and spread it by using
spreader, then make three 8 mm holes in agar plate by puncher, for ZnO
NPs, plant extract, and for negative control under sterile conditions
(Rathnasamy et al., 2017, Thilagam et al., 2013).

Add 0.1 ml of samples to respective holes in agar plates, then keep in
—4 °C freezer for diffusion for 3 hrs, and then keep the plates in bacte-
riological incubator at 37 °C for 24 hrs.

Following the incubation period, the area of inhibition was measured
by using scale in mm, and comparative conclusion can be made by this,
the accepted results will have no zone of inhibition by zinc acetate
(negative control). Higher zone of inhibition by ZnO NPs indicates the
ability to inhibit the activity of bacterial pathogens (Poornima et al.,
2019, Rathnasamy et al., 2017, Al Awadh et al., 2022).

2.7. Concentration

Concentration of ZnO NPs by lyophilization or freeze drying for
removal of water content to get powdered form of ZnO NPs for further
characterization, freeze dryer helps to reduce water content and to
reduce loose of activity. Concentration also helps to reduce the un-
wanted agents present in extract (Rathnasamy et al., 2017).

2.8. Characterization

The ZnO NPs can be characterized by using UV spectrum analysis,
powdered XRD, and EDS analysis as previously described (Al Awadh
etal., 2022, Poornima et al., 2021). These techniques help to understand
the presence of Zinc nanoparticles.
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2.8.1. UV absorption of ZnO NPs

UV spectrum analysis is done by using UV visible spectrophotometer
(M&A Instruments Inc V-5000 VIS Spectrophotometer), the spectrum
was taken from 200 to 600 nm, this data helps to verify the presence of
ZnO NPs.

2.8.2. Powdered XRD (X ray Diffraction)

Powdered XRD analysis is used for XRD measurements and was
performed as previously described (Al Awadh et al., 2022) at
20 °C-80 °C range for 2 mins (Model-Rigaku Smart lab SE).

2.8.3. Energy-dispersive X-ray spectroscopy (EDS) analysis

The composition present in the ZnO NPs were confirmed by EDS
analysis, to determine and to validate zinc and oxygen. The provided
knowledge possesses potential utility in the character analysis of the
qualities of ZnO NPs and in comprehending their behavior within
diverse applications, including the advancement of antibacterial medi-
cations. The size was determined using scanning electron microscopy
(SEM) with the JSM-IT500 model manufactured by JEOL, USA, as pre-
viously reported. (Al Awadh et al., 2022).

3. Results and discussion
3.1. Production and characterization of ZnO NPs

Upon addition of the extract and ammonia to a solution containing
0.05 M zinc acetate, a precipitate range was observed. The physico-
chemical properties of a zinc acetate solution were altered by an addi-
tion of extracts. The incorporation of plant extracts resulted in a
prominent alteration in physicochemical properties, primarily man-
ifested as a rapid chromatic transition that transpired within a few
minutes.

3.1.1. Characterization by UV-spectrum

Plants with secondary metabolites convert zinc ions to zinc oxide in
the presence of water. In addition to its reducing effects, the plant
extract also has stabilizing properties. The UV-visible spectrum inves-
tigation from 200 nm to 600 nm corroborated this. In the spectra, ZnO
NPs were clearly visible as a peak at 360 nm. The absorbance peak of
ZnO NPs has been found to occur between 310 nm and 380 nm (Dolcet
et al., 2012) (Fig. 1). It has been found that ZnO NPs s have an ab-
sorption maximum between 320 and 390 nm, according to previous
research. A characteristic of ZnO NPs is at 370 nm and a band energy of
3.35 eV has been observed, verifying its synthesis as reported by various
research (Dolcet et al., 2012).

3.1.2. Powdered XRD analysis of ZnO NPs

This is a prevalent methodology for evaluating the crystalline nature
and configuration of solid specimens. B. orellana XRD pattern was
studied, which revealed a Bragg reflection with X values of 2. Fig. 2
indicate ZnO NPs presence in the sample. The XRD patterns of the
nanoparticles reveal information about the phases, structures, and
crystalline (sharp peaks) orientations of the particles. Spectra of
diffraction at 31.83°, 34.48°, 36.31°, 47.40°, 56.65°, 62.91°, 66.43°,
68.00°, and 69.14°. They were connected to the lattice in a series of
planes: (100, 002, 101, 102, 110, 103, 200, 112 and 201) (Medina-
Flores et al., 2016, Al Awadh et al., 2022, Poornima et al., 2019).

Using Debye-Scherrer equation:D = (ki/fcosf), the nanoparticles
size was measured..

The crystalline size of the generated nanoparticle ranges from 76.92
nm up to 84.41 nm. The NPs average crystalline size was measured as
82.66 nm.

3.1.3. EDS analysis of ZnO NPs
The presence of zinc acetate during the production of NPs was
verified through the observation of distinct peaks corresponding to zinc,
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Fig. 1. UV analysis of B. orellana ZnO NPs.
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Fig. 2. XRD analysis of B. orellana ZnO NPs.

carbon, and oxygen in the energy-dispersive X-ray spectroscopy spectra,
as depicted in Figs. 3 and 4. The absorbance maxima observed in this
study can be attributed to the surface plasmon resonance of the ZnO
nanoparticles. The synthesis of ZnO nanoparticles is characterized by
the presence of oxygen in relatively low quantities (Francis et al., 2018;
Shaikh et al., 2022; Kokate et al., 2011; Gupta et al., 2018). This
observation implies that phytochemicals play a significant role in
decreasing, capping, and stabilizing the nanoparticles throughout the

synthesis process.

3.2. Antibacterial activity

Using agar disc diffusion, the antibacterial property of the ZnO NPs
generated from B. orellana aqueous extract against diverse microor-
ganisms, including S. aureus, E. coli, and P. aeruginosa. All the results
indicated that ZnO NPs are highly effective against all types of tested
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Fig. 4. EDS analysis of B. orellana ZnO NPs.

bacteria. Fig. 5 displays that the largest inhibitory zone (22 mm)
observed for B. cereus (Table 2).

According to a previous report (Aldalbahi et al., 2020), the suscep-
tibility of P. aeruginosa to ZnO NPs is comparatively higher than that of
S. aureus. This difference in sensitivity may be because S. aureus has a
thicker layer of peptidoglycan in its cell walls, which provides resistance
to ZnO NPs. However, E. coli showed greater resistance than S. aureus in
this case. The varying cell membrane polarity is responsible for this
phenomenon. In contrast to E. coli, S. aureus membrane has a lesser
negative charge, which allows for greater penetration of highly
oxidizing free radicals and, ultimately, death (Reddy et al., 2007,

Padmavathy and Vijayaraghavan, 2008, Sonohara et al., 1995).

ZnO NPs are able to penetrate microbial cell membranes thanks to
the electrostatic interactions formed at the contact, which then leads to
cell damage through the generation of reactive oxygen species (ROS)
within the bacteria. ZnO surfaces generate H,O, that is diffused
throughout the cell, killing any resident bacteria or fungi (Sharma et al.,
2009, Vidhya et al., 2013).

ZnO NPs have been shown to have antibacterial effects against a
wide range of microbes, as reported in a number of published research
(Aditya et al., 2019, (Carofiglio et al., 2020, (Barua and Mitragotri,
2014, Uresh et al., 2018). Numerous studies have demonstrated the
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Fig. 5. Antibacterial activity of ZnO NPs synthesized from B. Orellana.

Table 2
Inhibition zone depicting the antimicrobial activity.

S.No Bacteria Zone of Inhibition (mm)
1. E. coli 124+ 0.9

2. P. aeruginosa 13+1

3. Z. mobilis 16 +1

4. B. cereus 22+1

5. S. aureus 14+1

6. B. nakamuria 10+1

Linezolid (control) Zone of inhibition was 22 + 2 mm.

antibacterial efficacy of ZnO NPs against both Gram-positive and Gram-
negative bacteria. However, the precise mechanism behind these fea-
tures remains incompletely understood. ZnO NPs antimicrobial effects
stem mostly from the fact that they damage cell membranes, produce
ROS, and liberate the metallic ion Zn®*. ZnO NPs are associated with
bacterial cell membranes thanks to electrostatic interactions. When the
nanoparticles come into touch with bacteria, they cause membrane
disruption and leakage. The release of Zn?" has negative effects on
bacterial growth by impeding active transport, slowing amino acid
metabolism, and inactivating different enzymes. Moreover, increased
ROS production disrupts essential cellular functions, leading to cell
death. ZnO NPs antibacterial capabilities can be explained in part by the
fact that they trigger a variety of different pathways that ultimately lead
to cell death. Similar antibacterial activity has been reported earlier,
who reported remarkably substantial inhibition of growth against the

tested bacterial strains, indicating a strong and statistically significant
effect (Alqahtani et al., 2022; Mohmad et al., 2022; Shaikh et al., 2022;
Awadh et al., 2022).

The study unveils the remarkable potential of B. orellana leaf extract
in synthesizing ZnO NPs, thereby introducing a novel dimension to its
antibacterial capabilities. These nanoparticles hold immense promise as
advanced medical agents, particularly in the realms of anticancer and
antibacterial interventions. Nevertheless, further exploration is war-
ranted to elucidate the precise roles played by various biomolecules in
the intricate synthesis process of ZnO NPs. The potential biological ap-
plications of these nanoparticles are manifold, making them an exciting
area for continued investigation in the pursuit of enhanced medical
therapies.

4. Conclusion

ZnO NPs are widely recognized for their antibacterial efficacy
against a multitude of pathogens. This has resulted in their utilization
across diverse domains, including but not limited to food, cosmetology,
agriculture, healthcare, and pharmaceuticals. The precise mechanism
underlying these effects is yet to be fully elucidated; nonetheless, the
generation of reactive oxygen species significantly contributes to its
antimicrobial efficacy. Further research is required to investigate the
involvement of various biomolecules in the process of synthesizing zinc
oxide nanoparticles and to study their potential applications in biolog-
ical settings. This study presents empirical evidence that the extract of
B. orellana leaves has the ability to generate ZnO NPs, which are integral
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to its antibacterial properties. To sum up, the research presented here
underscores the transformational potential of B. orellana leaf extract-
synthesized ZnO NPs in the field of biomedicine. The findings not only
contribute to the advancement of nanoparticle synthesis techniques but
also pave the way for innovative medical interventions that harness the
remarkable properties of these nanoparticles for improved healthcare
outcomes.
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