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ABSTRACT

The study investigates the in-vitro antibacterial activity of greenly synthesized silver nanoparticles from
Piper guineese leave (PgMLE) and seed (PgMSE) methanol extracts. The greenly synthesized silver
nanoparticles from leave (PgMLEAgNPs) and seed (PgMSEAgNPs) extracts were characterized using
UV-visible spectroscopy, FTIR, SEM, TEM, XRD, EDX, and TGA, and the in-vitro antibacterial activity
of the extracts and nanoparticles against test pathogens from gastrointestinal tracts was evaluated. The
PgMLE and PgMSE bio-reduced silver nitrate solution for the biosynthesis of PgMLEAgNPs and
PgMSEAgNPs. The nanoparticles had the highest Surface plasmon resonance peaks at 500 nm.
Functional groups such as alcohols, phenols, alkenes or alkynes, nitriles, ketones, aldehydes, or esters
were identified as indicative of biomolecules present within PgMLEAgNPs, and PgMSEAgNPs.
PgMLEAgNPs and PgMSEAgNPs were spherical flakelike and aggregated particles respectively with 15
nm in size, TEM shows the spherical shape nanoparticles. The nanoparticles were crystalline in nature
and silver had the highest intensity as shown by XRD and EDX analysis. PgMLEAgNPs and
PgMSEAgNPs exhibited varied antibacterial activity against the test pathogens.
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ABSTRACT

The study investigates the in-vitro antibacterial activity of greenly synthesized silver nanoparticles
Jrom Piper guineese leave (PgMLE) and seed (PgMSE) methanol extracts. The greenly synthesized
silver nanoparticles from leave (PgMLEAgNPs) and seed (PgMSEAgNPs) extracts were characterized
using UV-visible spectroscopy, FTIR, SEM, TEM, XRD, EDX, and TGA, and the in-vitro antibacterial
activity of the extracts and nanoparticles against test pathogens from gastrointestinal tracts was
evaluated. The PgMLE and PgMSE bio-reduced silver nitrate solution for the biosynthesis of
PgMLEAgNPs and PgMSEAgNPs. The nanoparticles had the highest Surface plasmon resonance
peaks at 500 nm. Functional groups such as alcohols, phenols, alkenes or alkynes, nitriles, ketones,
aldehydes, or esters were identified as indicative of biomolecules present within PgMLEAgNPs, and
PgMSEAgNPs. PgMLEAgNPs and PgMSEAgNPs were spherical flakelike and aggregated particles
respectively with 15 nm in size, TEM shows the spherical shape nanoparticles. The nanoparticles were
crystalline in nature and silver had the highest intensity as shown by XRD and EDX analysis.
PgMLEAgNPs and PgMSEAgNPs exhibited varied antibacterial activity against the test pathogens.
The antibacterial activity ranged from 2.00 to 18.00 mm in which E. coli had the highest
susceptibility to PgMSEAgNPs compared to PgMLEAgNPs. The nanoparticles had better
antibacterial efficacy against the test pathogens compared to the Piper guineense leaves and seed
extracts. In conclusion, Piper guineense leave and seed extract nanoparticles had profound
antibacterial activity against bacteria from GIT which makes them a candidate for biomedical
application.
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l INTRODUCTION

The gastrointestinal tract is the site of the most well-known infectious diseases. These illnesses are
brought on by bacterial infections and have long presented a challenge to the medical research
community. Since the majority of people in developing nations live in poverty and infectious diseases
are the main cause of morbidity and mortality, the development of new antimicrobials is of paramount
importance (Look et al., 2010). Up to date, various threats posed by infectious diseases that cannot be
effectively prevented or treated with antibiotics, and antibiotic resistance as a result of numerous
factors is of global health concern (Chadwick et al., 2010).
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Antimicrobial agent use has occasionally resulted in drops in morbidity and death (Huh and Kwon,
2011). Hydrophobic active plant components are increasingly being nanonized through trapping or
encapsulation within inorganic or organic nanocarrier molecules, a technique known as
nanotechnology. Nanotechnology is defined as the science of creating, utilizing, and applying
nanostructures or nanomaterials, as well as examining the connections between different material
qualities and their nanoscale dimensions (Siddiqi and Husen, 2017). It was discovered that
nanomedicines created using this method can release active medicinal ingredients continuously from
Nano carrier molecules, maintaining the medication's potency for an extended amount of time
(Sarmukaddam et al., 2010). Nanoparticles can be defined as small particles ranging in size from 1-100
nm and are undetectable by the human eyes.

As a result of the strong antioxidant action, medicinal plant extracts are employed as nano stabilizers
and nanocarriers to decrease metal salts and oxides of Ag, Au, Cu, and Zn to metallic nanoparticles
(NPs), which may be produced in a green synthetic form and have antibacterial properties (Dubey et
al., 2010; Zamare et al., 2016; Mali et al., 2020; Jayachandran et al., 2021). Modern technologies use
metallic nanoparticles because of their distinctive morphologies, surface Plasmon features, and
intriguing physicochemical properties, among other things (Agnihotri et al., 2014). According to Jamiu
and Bello (2018), silver has long been utilized and recognized for its antibacterial activity. Due to their
size, shape, and structure, as well as their huge surface-to-volume ratio, silver nanoparticles (AgNPs)
have unique and more effective antibacterial properties when reduced to their nano-form (Rafique et
al., 2017). AgNPs are among the most widely used nanoparticles that show a broad spectrum of
antibacterial activity (Ghodsieh et al., 2016). The development of new bioactive antimicrobial
compounds from plant extracts and the formulation of novel antimicrobial nanoparticles (NPs) using
plant extracts as a bio-reducing agent can be considered as an adjuvant treatment or an alternative to
antibiotics that can be used as therapeutics against gastrointestinal pathogens.

Piper guineense from the family Piperaceae is grown in Nigeria and is commonly known as Iyere in
Yoruba and Uziza in Igbo. This plant yields fruit that is used as black pepper, Benin pepper, Ashanti
pepper, or West African pepper (Faluyi, 2020). Iyere is regarded as the "king of all spices," and because
of the presence of various bioactive compounds such as piperine, phenolic acids, and antioxidants, it
has been employed in Ayurvedic medicine for thousands of years (Faluyi, 2020). It is used as a
seasoning agent, for cosmetic, therapeutic, and insecticidal uses (Anyanwu and Nwosu, 2014 and
Ogbunugafor et al., 2017). The plant possesses antioxidant, anticonvulsant, anti-inflammatory, and
neuropharmacological activities (Oyemitan et al., 2015 and Salehi et al., 2019).

To develop novel therapeutic antimicrobials using plant extracts as a nanocarrier to combat antibiotic
resistance and gastroenteritis, hence a need for the use of Piper guineense extracts for the green
synthesis of a novel drug. The study aimed at the biosynthesis of silver nanoparticles using methanol
extract of Piper guineense seed and leaf as a bio-reducing and nanocarrier, characterization of the
nanoparticles, and in-vitro determination of the antibacterial potential of the extracts and their
nanoparticles against clinical isolates from gastrointestinal tracts.

Il MATERIALS AND METHODS

2.1 Collection of Plant Material and Cultures

Uziza (Piper guineense) seed and leaf used for this study were obtained from Gbogan market, Osun
state, Nigeria. The plants were identified and authenticated at the Herbarium unit, Department of
Botany, University of Ibadan. Clinical cultures (E.coli, Klebsiella pneumoniae, and Shigella sp.)
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previously isolated from Gastrointestinal Tracts were collected from Microbiology Unit, University
Teaching Hospital, University of Ibadan, Ibadan, Oyo state, Nigeria.

2.2 Sample Preparation and Extraction for Seed and Leave samples

Piper guineense seeds were thoroughly rinsed with distilled water, dried, and ground into fine powder.
Five grams of powdered seed samples were weighed into an Erlenmeyer flask containing 50 mL of
methanol. The mixture was heated for 15—20 min at 80 °C in a water bath. After boiling, the extract was
filtered through Whatman's filter paper (No. 1) to remove any coarse material. A rotary evaporator
operating at low temperatures and reduced pressure was used to concentrate the filtrate. The extract
was then stored in an airtight container at 4°C in the refrigerator before use (Rautela et al., 2019).

The leaves were cleaned with sterile water, dried, and then chopped into little pieces with a blender to
prepare the plant crude extract. Then 50 g of each leaf sample was heated at 80°C in 250 ml of sterile
water in a 500 mL Erlenmeyer flask for 30 min. After that, Whatman No. 1 was used to filter the crude
leaf extracts, and they were kept at 4°C (Velu et al., 2017).

2.3 Green Synthesis of Silver Nanoparticles Using Piper guineense Methanol Extracts

The production of silver nanoparticles was done according to the method of Rizwana et al. (2022). The
crude extract from seeds and leaves was used for the biosynthesis of silver nanoparticles. 100 mL of 1
mM of the aqueous solution of silver nitrate (AgNO,) was prepared in 250 mL Erlenmeyer flasks. The
extracts were dissolved in Dimethyl Sulphur oxide (DMSO) at a concentration of 20 mg/mL. From the
dissolved extracts, 10 mL each was mixed with 40 mL of silver nitrate (AgNO,) solution in different 250
mL Erlenmeyer flasks for bio-reduction of the silver nitrate (AgNO,) to silver (Ag") ions. The mixtures
were then exposed to sunlight for bio-reduction of the AgNO, by the extracts to Ag® ions. This formation
of ions will form a deep brown color.

2.4 Characterization of Biosynthesized Nanoparticles
2.4.1 UV-Visible Spectroscopy of the Biosynthesized Ag Nanoparticles

This was carried out to ascertain the biosynthesized silver nanoparticles' optical characteristics. The
biosynthesized nanoparticles were diluted with 2mL of deionized water and measured for spectrum at
regular intervals. To blank all spectra for background correction, deionized water was used. All samples
were loaded into a 1cm path-length quartz cuvette for UV-Vis spectrometric readings and scanned
between 200 and 8oonm wavelength, having a resolution of 1 nm. The UV-visible spectra were
recorded at different intervals of 24-72 hours (Sanchooli et al., 2018).

2.5 Fourier Transform Infrared Spectroscopy (FT-IR) of the Biosynthesized Ag Nanoparticles

The biosynthesized nanoparticles were further characterized using FTIR (spectrometer model 8400,
Shimadzu) to detect the various functional groups responsible for the reduction, capping, and
stabilizing of silver nitrate to form silver ions. For the FTIR analysis, the dried biosynthesized AgNPs
were added to FTIR-grade potassium bromide (KBr) in 1: 30 ratios, and in transmittance mode, the
spectrum was recorded at a resolution of 4 cm™ and the spectrum was observed in the wave number
range of 350-4,000 cm™ (Mondal et al., 2020).

2.6 Scanning Electron Microscopy (SEM) of the Biosynthesized Ag Nanoparticles

Scanning electron microscopy was employed to evaluate the Ag nanoparticles' surface structure. After
72 hours of reaction, the colloidal sample AgNPs was centrifuged at 4,000 x g for 15 minutes. The
supernatant was discarded while the precipitate was dispersed in sterile water, followed by
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centrifugation. This process was repeated thrice following a 30 minutes sonication to create a
suspension, a drop of the nanoparticle solution was applied to a copper grid coated with carbon. The
sample was kept under a lamp until completely dried and subjected to SEM analysis using a Phenom
ProX Scanning Electron Microscope (Alkammash, 2017).

2.7 Transmission Electron Microscopy (TEM) of the Biosynthesized Ag Nanoparticles

TEM is used to study the sizes of the biosynthesized AgNPs from Uziza methanolic leaf and seed
extracts. The biosynthesized nanoparticles were centrifuged at 4,000 x g for 15 minutes after 72 hrs of
reaction. The sediments were dispersed in sterile water and centrifuged after the supernatant was
discarded. A tiny droplet of the pellets was spread out on a copper grid coated in carbon and let to dry.
TEM analysis was performed by using JOEL JCM-7000 instrument operated at an accelerating voltage
of 15kV with a resolution of 0.23 nm (Gericke and Pinches, 2006).

2.8 X-ray diffraction (XRD) of the Biosynthesized Ag Nanoparticles

XRD was used to determine the crystalline nature of the greenly synthesized nanoparticles. The XRD
pattern obtained from Rigaku D/Max-IIIC PW 1800 X-ray diffractometer at 20 ranges from 4 to 70°.
The sample for XRD measurement was prepared by casting the powder of silver nanoparticles on a
glass slide and subsequently airdrying it under ambient conditions. The pattern was recorded by CuKa
radiation with A of 0.15 A at a voltage of 40 kV and current of 20 mA with a scan rate of 10°/min
(Adebayo-Tayo et al., 2019 and Rautela et al., 2019).

2.9 Energy Dispersive X-ray (EDX) of the Biosynthesized Ag Nanoparticles

EDX was used to determine the elemental composition of nanoparticles. The biosynthesized
nanoparticles were centrifuged at 4,000 x g to obtain the pellet. The pellet was allowed to dry. A 100
nm thick section of the pellet was placed on the grid and analyzed using the Rigaku instrument model
NEXCG. A pure selenium standard was used for calibration, and then a working curve was selected
according to the sample. The sample was then tested and the result was outputted (Nayak et al., 2014).

2.10 Thermogravimetric Analysis (TGA)

TGA was used to examine the thermal-induced degradation of the biosynthesized silver nanoparticles
and this was conducted using Perkin-Elmer Thermogravimetry Analyzer Pyris 2. The analysis was
carried out on approximately 25mg of samples at the temperature range of 35-1000 °C at a constant
heating rate of 5 °C/min in a static air atmosphere.

2.11 Antibacterial Activities of the plant extracts and the biosynthesized Silver Nanoparticles (SNPS)
against some GIT pathogens.

The test pathogens were maintained on an agar slant and stored at 4°C until use. The antibacterial
activity of the extracts, and nanoparticles were determined using the agar well diffusion method. The
extracts were dissolved in DMSO to form a concentration of 20 mg/mL. AgNO,, DMSO, and
Streptomycin were used as controls. The turbidity standard of each of the typed strains was prepared
and compared to the McFarland standard. With sterile swab sticks, lawns of the standard were made
on Nutrient Agar (NA) and a sterile cork-borer of diameter 6 mm was used to make holes in the plates.
A micropipette machine was used to dispense 200 pL of the crude extracts and their SNPs into
respective labeled wells. The plates were incubated at 37°C for 24 hours and the zones of inhibition
(ZOI) (mm) were measured and recorded.
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. RESULTS

Silver nanoparticles were biosynthesized from the methanolic extract of Piper guineense seed and leaf.
Figure 1 shows the visual observation of the biosynthesized nanoparticles. Color changes from green to
brown after exposure to sunlight for bio-reduction of the AgNO, indicating the formation of AgNPs.

Key: A: 1- PEMSEAgNPs; 2-AgNO, + PgMSE and 3 - AgNO, : B: 1 - AgNO,. 2-AgNO, + PgMLE, 3- PeMLEAgNPs
Figure 1a and b. Visual Observation of a) PeMSEAgNPs and b) PEMLEAgNPs

The biosynthesized AgNPs were monitored by measuring the metal ion reduction by periodically
measuring their absorbance at different wavelengths ranging from 200 nm to 900 nm using a UV-Vis
spectrophotometer. UV-vis spectra of the biosynthesized AgNPs are shown in Figures 2a and b. The
PgMSEAgNPs had an absorption maximum within 400 nm to 500 nm with the highest surface
Plasmon Resonance (SPR) peak absorbance of 1.889, 2.211, and 2.102 OD observed after 24, 48, and 72
hrs respectively at 500 nm wavelength which indicates the production of AgNPs. The PeMLEAgNPs
had an absorption maximum within 400 nm to 500 nm with the highest surface Plasmon Resonance
(SPR) peak absorbance of 1.970, 2.369, and 2.223 OD observed after 24, 48, and 72 hrs respectively at
500 nm wavelength which indicates the production of AgNPs.
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Figure 2a and b. UV-Visible Spectra of a) PeMSEAgNPs and b) PeMLEAgNPs

The FTIR analysis was performed to identify the potential biomolecules in PgMSEAgNPs and
PgMLEAgNPs which are responsible for the bio-reduction and capping of the biosynthesized
nanoparticles by characterizing the functional groups present on the surface of the nanoparticles.
Figure 3a and b shows the FTIR spectrum of the biosynthesized nanoparticles and the spectra were
measured at wave number 4000 — 350 cm™. The spectra for PgMSEAgNPs showed 12 major absorption
peaks which indicates the presence of the different functional groups. The peak observed in the higher
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energy region of intense absorption is 3757.00 and 3436.00 cm™ which is characteristic of the
stretching vibrations of O-H bonds in hydrogen-bonded hydroxyl (OH) groups, such as in alcohols or
phenols. The peak at 2926.54, and 2859.80 corresponds to the asymmetric stretching vibrations of C-H
bonds in aliphatic hydrocarbons. It is typical of alkanes and similar compounds. The peak at 2374.66
suggests the presence of a highly polarized bond, such as a triple bond (e.g., C=N or C=C) or nitriles.
The peak at 2000.00 indicates the presence of carbon-carbon multiple bonds, like C=C double bonds in
alkenes or alkynes. The peak at 1878.21 is often associated with carbon-carbon multiple bonds or
possibly nitriles (C=N) while the peak at 1630.66 indicates the presence of carbonyl groups (C=0) in
compounds, such as ketones, aldehydes, or esters. The peak at 1054.09 is often related to C-O
stretching vibrations in alcohols, ethers, or esters. The peak at 778.34 and 683.13 indicates the
out-of-plane bending vibrations of aromatic (benzene-like) C-H bonds. The peak at 451.36 is in the
fingerprint region, and this indicates the existence of metal oxide. These functional groups identified
are indicative of biomolecules present within PEMSEAgNPs.

The spectra for PEMLEAgNPs showed 13 major absorption peaks which indicates the presence of the
different functional groups. The peak observed in the higher energy region of intense absorption is
3868.00, 3752.23, and 3445.00 which is characteristic of the stretching vibrations of O-H bonds in
hydrogen-bonded hydroxyl (OH) groups, such as in alcohols or phenols. The peak at 2927.76
corresponds to the asymmetric stretching vibrations of C-H bonds in aliphatic hydrocarbons. It is
typical of alkanes and similar compounds. The peak at 2375.83 suggests the presence of a highly
polarized bond, such as a triple bond (e.g., C=N or C=C) or nitriles. The peak at 1997.76 indicates the
presence of carbon-carbon multiple bonds, like C=C double bonds in alkenes or alkynes. The peak at
1877.00 is often associated with carbon-carbon multiple bonds or possibly nitriles (C=N) while the peak
at 1631.73 indicates the presence of carbonyl groups (C=0) in compounds, such as ketones, aldehydes,
or esters. The peak at 1056.00 is often related to C-O stretching vibrations in alcohols, ethers, or esters.
The peak at 780.48 and 685.36 indicates the out-of-plane bending vibrations of aromatic
(benzene-like) C-H bonds. The peak at 451.65 is in the fingerprint region, and this indicates the
existence of metal oxide, and the peak at 373.47 is associated with the bending vibrations of strong
covalent bonds or lattice vibrations in inorganic compounds. These functional groups identified are
indicative of biomolecules present within PEMLEAgNPs.
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Figure 3a and b: Fourier Transform Infrared Spectroscopy (FTIR) of a) PgMSEAgNPs and b)
PgMLEAgNPs
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Scanning Electron Microscope (SEM) was used to observe the shape and surface characteristics of the
biosynthesized nanoparticles. Figure 4a and b shows the scanning electron micrograph of the
biosynthesized PgMSEAgNPs and PgMLEAgNPs. PeMSEAgNPs had an aggregated surface however
there were variations in their morphology which is not unusual for biosynthesized nanoparticles shape
while PeMLEAgNPs were spherical and flakelike in shape. Figure 4c¢ and d shows the 3D image of
PgMSEAgNPs and PgMLEAgNPs. Both 3D SEM images of the biosynthesized AgNPs revealed the

particles to have nano-sized 15 nm.
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Figure 4c and d: 3D image of a) PeMSEAgNPs and b) PeMLEAgNPs.
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