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PREFACE

It is a great privilege for us to present the proceedings of 3 School of Physical
Sciences Biennial International Conference (SPSBIC) 2021 devoted to the role
of science and technology in the realization of research and development in the
era of pandemic. We hope that authors, delegates, agencies other individuals will
find this compilation very useful and inspiring.

The school of Physical Sciences 3™ Biennial International Conference is an
interdisciplinary forum for the presentation of new ideas, recent developments
and research findings in the field of Science and Technology. The Conference
provides a platform to scholars, researchers in the academics and other
establishments to meet, share and discuss on the role of science and technology
in the realization of research and development in the era of pandemic.
Submissions were received both nationally and internationally and severally
reviewed by our international program committee. All contributions received
were neither published elsewhere nor submitted for publication as asserted by
contributors.

This conference brought together experts from varying fields, visions, knowledge
and experience with potentials; pre-conference workshop and four keynote
speakers with world class experience in varying fields of specialization in
addition to over 150 scientific participants who unveiled the latest scientific
evidence to boost contemporary scientific and technological research
development in the era of pandemic.

The success of the conference was a function of the collective efforts of numerous
individuals. Our profound gratitude goes to the Dean School of Physical Sciences
Prof. Jonathan Yisa for putting the trust the in us to serves as the Local Organizing
Committee (LOC). The Vice Chancellor Prof. Abdullahi Bala and the entire
management team for their unflinching support that led to the success story. We
are most grateful to our workshop facilitator and his team as well as our keynote
speakers for accepting our invitations and travelled long distances to be with us
at no cost to the University. We also acknowledge the participants themselves,
without whose expert input there would have been no conference. Thank you all
for your contributions.

Prof. A. Abdulkadir
Chairperson Local Organizing Committee
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THEME OF THE CONFERENCE

The Role of Science and Technology in the Realization of Research and Development in the

Era of Global Pandemic

SUB-THEMES OF THE CONFERENCE
e Sustainable Management of Pandemic
e Global Change, Responses and Strategies for Limiting Pandemic
e Modelling and Monitoring of Pandemic

e Science, Technology, Engineering and Mathematics as Leveraging tools for

Management of Pandemic

PRE-CONFERENCE WORKSHOP TITLE

Isolation, Purification and Structural Elucidation of Compounds and Drug Testing on Animals
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KEYNOTE SPEAKERS

»
Dr. H. A. Shaba

Dr. Halilu Ahmad Shaba was a Director, Strategic Space Applications Department (SSA), National
Space Research and Development Agency (NASRDA) as well as HOD, Department of Geo-informatics
& GIS Applications, Institute of Space Science and Engineering (ISSE) affiliate of Africa University
of Science and Technology (AUST), Abuja.

Dr. Shaba has successfully overseen and implemented over 20 projects among which are:

Mapping the Drivers of Deforestation and Forest Degradation in Cross River State, Nigeria
(Sponsored by FAOQ)

Erosion Mapping and Monitoring with Space Technology in South-East and South-South
Nigeria (Sponsor by World Bank via NEWMAP).

Monitoring deforestation and forest degradation in cross river state, Nigeria (Part of the
implementation of the UN-NEDD program in Nigeria)

National Personnel Audit Geospatial Digital Database Development: Sponsor by UBEC
Geo-referenced Infrastructure and Demographic Data for Development (Grid3) Project in
Nigeria (NASRDA, eHealth Africa, Centre for International Earth Science Information
Network (CIESIN) USA and Novel T)

Engagement for harmonization of health facilities database (Phase 1: Geospatial Tracking
System (GTS): (Ministry of health, National Primary Health Care Development Agency
collaborating with National Space Research & Development Agency, eHealth Africa
Foundation and Novel T).

Space Based Digital Farm Monitoring from space for 2020 dry season farming (CBN Anchor
Borrower)

Dr. Shaba has also provided services to several National and International Committees/Panels
throughout his tenure as director SSA, amongst are:

Member, Nigerian Delegation to United Nations Committee on Peaceful Use of Outer Space
(UN-COPUOS) from 2005 to date

Member, Joint Expert Group 8 (JEG8) on the implementation of an integrated AU-EU Joint
Strategy under the 8th Partnership on Science, Information Society and Space, 2010 to date.
Member, Extended Coordinating Team of Global Monitoring of the Environment & Africa
(GMES & Africa), 2010 to date

Executive Committee Member & GEO Principal for Nigeria, Group on Earth Observation
(GEOQ), Geneva, Switzerland (2013-date)

Finally, Dr. Shaba is a member of several organizations and has been conferred with the award of
honorary fellow by the following prestigious bodies;
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Society of Professional Disaster Risk Managers of Nigeria (SOPDRIMN)
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Dr. M. Alkali

Dr. Muhammad Alkali is a versatile scientist, instructor, and administrator with numerous
published articles in academic and scholarly journals. Before he was appointed the Group Head,
SIC, Dr Alkali bagged his Ph.D. in Integrated Systems Engineering with a research bias in
Spacecraft Power Systems from Kyushu Institute of Technology (KYUTECH/KIT), a prestigious
University of Technology in Japan. While in Japan, he participated in the design and development
of the Electrical Power System of the Arc Event Generator and Investigator Satellite (AEGIS), a
scientific spacecraft also known as Horyu-1V which was successfully launched into orbit on-board
the H-2A rocket in February 2016.

He received his Masters degree in Personal, Mobile & Satellite Communications from the
University of Bradford, England. His tertiary education commenced with a Bachelor degree
(second class- upper division) in Physics/Electronics from the Federal University of Technology
Minna, Niger State. Dr. Alkali has had a colourful, impactful career spanning from Advanced
Microcomputer Systems to Central Bank of Nigeria (NYSC) to SAGEM SA to the Abuja area
office of the United Bank for Africa (UBA) to the National Space Research and Development
Agency (NASRDA) and finally to the Nigerian Communications Satellite Limited (NIGCOMSAT)
where he has served in various capacities over the years in Satellite Network Control and
Applications. He was also a pivotal member of the AFRICARE-NIGERIA’s project (Independent
Policy Group), a think-tank for the President of Nigeria (2002-2003).

Dr. Alkali has always aimed to have an expansive international and local repertoire of knowledge
while keeping abreast with industry trends. This has led to his participation in the study visit on
European Union Global Navigation Satellite System in Spain, his attendance at the Indian Institute
for Public Administration (I1PA) New Delhi, where he trained in Global Strategic Leadership for
Growth and Sustainable Development. He attended the Advanced Visioning and Leadership
Programme on Managing Human Capital and Shaping Culture organized by TL First
Group/Institute of Leadership and Management of UK. He also attended a practical project
management course at CCLL, Cardiff University-United Kingdom. He was among the 50
Scientists/Engineers trained at the China Academy of Space Technology/ Beijing Institute of
Tracking & Telecommunications Technology for Know-how Technology Transfer training on
NigComSat-1 from 2005. In 2008, he attended a Satellite networking course at PT Telkom learning
Centre in Bandung, Indonesia.

Dr. Alkali is a fellow of the African Scientific Institute (FASI), a Fellow of the Institute of
Corporate Administration (FCAI), a senior member of the American Institute of Aeronautics and
Astronautics, Member Nigerian Institute of Physics, and a Member of the Computer Professionals
Registration Council of Nigeria (MCPN). Dr. Alkali has vast interests ranging from Design
thinking; energy; CT; science, technology, and innovations (STI) to spacecraft design and systems
integrations (payload and bus systems).
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Professor Abdul Kabir Mohammed

Professor Abdul Kabir Mohammed is currently serving as Professor and Chair of the Department
of Chemistry & Biochemistry at North Carolina Central University, Durham, NC. Previously, he
served as the Chair of the Department of Chemistry at Winston Salem State University, Winston-
Salem, NC and prior to that appointment he was an Associate Professor at North Carolina A&T
State University, Greensboro, NC.

Prof. Mohammed graduated from the University of Benin, Benin-City in 1983 with a B.Sc. (first
class honors) degree in chemistry. He worked briefly in 1987 as a Graduate Assistant at Federal
University of Technology, Yola (now Modibbo Adama University of Technology), before
proceeding to Louisiana State University for his postgraduate education.

He received his Ph.D. in inorganic chemistry in 1982 and did postdoctoral research at Florida State
University from 1982 to 1983. He was a Fulbright Scholar at Sultan Qaboos University in Oman
from 2003 to 2004; and he served as a Carnegie African Diaspora Fellow at the Federal University
of Technology, Minna, Nigeria in the summers of 2017 and 2019. His research interests include
photophysics and photochemistry of transition metal complexes and chemical education. He
teaches general, inorganic and environmental chemistry courses.
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Prof. Makun Hussaini Anthony

Prof. Makun Hussaini has 29 years of experience as a university academic staff and a researcher
in areas relating to food safety, environmental health monitoring, mycotoxicology and
mycology. He possess a Doctorate degree in Biochemistry (Toxicology) after successful
completion of a thesis entitled “Studies on mycoflora and mycotoxins contaminating guinea
corn and rice in Niger State, Nigeria” This was preceded by an MSc degree in Biochemistry
(thesis titled “Analysis of blood levels of trace metals, total lipids and cholesterol in Ajaokuta
Steel Industry workers”). The novelty of finding Fusarium verticillioides in Nigerian rice during
his PhD work, which is the fungi associated with oesophageal cancer (EC) in South Africa,
earned him a National Research Foundation Postdoctoral Fellowship (PDF) with Food
Environment and Health Research Group of the University of Johannesburg (UJ).

Being a university teaching staff for over almost three decades, Prof. Makun has taught many
biochemistry and environmental toxicology related courses at both undergraduate and
postgraduate levels. He has supervised and graduated over 85 B-Tech, 18 M-Tech students and
9 PhDs. The graduate students all worked on mycotoxins.

Prof. Makun has won national and international research grants to the cumulative sum of $8,
647,787. 47. He is a Fellow of Mycotoxicology Society of Nigeria (FMSN), a member of the
National Agency for Food and Drug Administration and Control (NAFDAC), National Food
Safety Advisory Committee of Nigeria, National Codex Committee of Nigeria, African Union
Expert Committee on Contaminants in Food (2011 to date) and Joint FAO/WHO Expert
Committee on Contaminants in Food (JECFA) (2012-2020). He coordinated the writing of the
“discussion paper on fungi and mycotoxins in Sorghum” which was adopted as a document of
the Joint FAO/WHO Experts Committee on Food Additives (JECFA) in 2012 and participated
in the writing of “Proposed draft annex for “prevention and reduction of aflatoxins and
ochratoxin A in sorghum” in the existing code of practice for the prevention and reduction of
mycotoxin contamination in cereals (CAC/RCP 51-2003)”. He wrote on the prevention and
control of sterigmatocystin and diacetoxyscirpenol for the 83™ meeting of JECFA held in
November, 2017 in Rome.

Prof. Makun has 72 publications, mostly on mycotoxins in peer review journals, technical papers
and books. He was the immediate pass Director of Research, Innovation and Development of
the Federal University of Technology Minna, Nigeria. He is currently the Lead Researcher of
the Food and Toxicology Research Group and Centre Leader of the Africa Centre of Excellence
for Mycotoxin and Food Safety of the Federal University of Technology Minna. Project
Coordinator of the West African Food Safety Network (WAFOSAN) and Member of the
African Food Safety Network. He has served as election monitor, election collation and
returning officers at state and national assembly elections from 1999 to 2015). He has passion
for jogging and reading. He is married to Barrister Evelyn Pambelo Hussaini and blessed with
four children.
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Dr. Eustace Manayi Dogo

Dr Eustace M. Dogo has over ten years of industry experience working in Russia, Europe and
Nigeria. He holds a BSc and MEng degrees in Electrical Engineering from Peter the Great
Saint Petersburg Polytechnic University, Saint Petersburg, Russia and PhD degree from the
University of Johannesburg, South Africa. His PhD research focused on investigating
imbalanced learning using Artificial Intelligence algorithms in real-world drinking-water
quality detection problems, where he proposed three new dynamic selection algorithms
combined with data pre-processing methods.

Among his notable contributions while at the University of Johannesburg during his
postgraduate studies, Dr Eustace Dogo served as a volunteer to the 6th International
Conference on Soft Computing and Machine Intelligence (ISCMI 2019) held in Johannesburg,
South Africa, on November 19-20. In 2019, he served as a tutor in the first Short Learning
Programme (SLP) in Computational Intelligence for Industry, organized by the Institute for
Intelligence Systems in collaboration with the Department of Information Systems at the
University of Johannesburg, and successfully graduated two batches of students drawn across
diverse works of life (over 50 students).

Dr Eustace Dogo was recently among a panel of discussants in the University of
Johannesburg’s Cloudebate on the Fourth Industrial Revolution and Technology for People
with Disabilities. Between 2018 and 2019, he co-supervised to completion 16 undergraduate
students in the Department of Electrical and Electronic Engineering Science, University of
Johannesburg, South Africa. He also presented a technical talk at the POWER-GEN &
DistribuTECH - GEN-X conference and exhibition which took place in Sandton, Johannesburg
in 2017.

Dr Eustace Dogo has extensive knowledge in industry, research, training and teaching. He is
an active undergraduate and postgraduate degree supervisor and has authored and co-authored
in reputable journals, conferences and several scholarly research books in his areas of interest.
He joined the academia in 2012 and currently lectures at the Department of Computer
Engineering, Federal University of Technology Minna, Nigeria. His broad research interest
includes, theoretical and applied Machine Learning, Intelligent Systems, Cloud Computing and
Emerging Technologies. He is married to Barrister Fatima Eustace-Dogo and blessed with
three children.
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CONFERENCE WORKSHOP FACILITATOR

Prof. Derek Tantoh Ndinteh

Prof. Derek Tantoh Ndinteh is an expert in areas of Natural Products Chemistry; drug discovery
and drug delivery platforms. He is currently working on Natural Products Chemistry that deals with
extraction, purification, isolation and characterization of chemical substances and evaluation of
biological and pharmacological activities of African plants for pharmaceutical industries.

He is interested in collaborating with Federal University of Technology, Minna on the evaluation
of the antidiabetic, antimicrobial, antioxidant, anticancer and anti-ulcerogenic potentials of
secondary metabolites from Nigerian Medicinal Plants.

Our interaction so far with Prof. Derek Tantoh Ndinteh has been very mutual and beneficial to both
Universities involved because it has potential to increase our visibility at global level based on
academic activities and mainstreaming and replication of the research and teaching outcomes of
this collaboration by the staff and students can be integrated into overall development of Nigeria
and South Africa.
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CHEMICAL/LIFE SCIENCE

Characterization of Hydrothermally Synthesized WO3 nanowires and Chlorine-Calcium co
— doped WO3; Nanowire Composite
“Onogwu, Udenyi Sarah, *?Tijani, Jimoh Oladejo, *?Bankole, Mercy Temitope
!Department of Chemistry, Federal University of Technology, PMB, 65, Minna, Niger State
“Nanotechnology Research Group, African Centre of Excellence on Food Safety and Mycotoxins,
Federal University of Technology, P.M.B 65, Bosso, Minna, Niger State, Nigeria
*Corresponding author: oudenyisarah@gmail.com

Abstract

Doping WOs nanowires with non-metal and metal is a viable strategy to enhance its properties
as compared to undoped counterpart. In this study, Response Surface Methodology
optimization based on Box —Behnken design was employed for the synthesis of WOz nanowires
via hydrothermal method where sodium-tungstate and oxalic acid were used as precursors.
While sodium chloride and calcium nitrate at different mixing ratios was used as structure
directing agents to prepare Cl-Ca co-doped WO3; nanowires composites through wet
impregnation- hydrothermal method. The prepared WO; based nanowires were characterized
for their morphology, elemental composition, microstructure and mineral phase using X-ray
diffraction (XRD), high resolution scanning electron microscopy HRSEM), Energy dispersive
spectroscopy (EDS), high resolution transmission electron microscopy (HRTEM), Selected
area electron diffraction (SAED) and. XRD/HRSEM/HRTEM analysis confirmed that the
synthesized WO3; were monoclinic, highly crystalline, compacted spherical and nanowires
shaped with a diameter between 104.5 nm — 125.nm. The EDS revealed tungsten and oxygen
as the dominant element irrespective of the synthesis conditions. The HRSEM/HRTEM results
of the chlorine-calcium co-doped WO3; showed morphological changes and the formation of
large and narrow bundles nanowires of different length depending on the Chlorine-Calcium
mixing ratio. The XRD analysis demonstrated phase changed from monoclinic to triclinic due
to the presence of chlorine and calcium in the lattice layers of WO3; nanowires composite.
The EDS results for the co-doped samples revealed tungsten, oxygen as the dominant elements
and calcium, chlorine in varying amounts. It was found that addition of the two dopants was
responsible for the increase in the diameter of the nanowires from 178.82 to 203.50 nm
compared to 125 nm obtained for pure WO3 nanowires alone.

Keywords: Doping, hydrothermal method, nanowires, Tungsten trioxide

1. Introduction

Tungsten oxide (WOs3) also known as tungsten trioxide is an important n-type semiconductor with
a band gap of 2.8eV and has attracted much interest among material scientist due to its excellent
physical and chemical properties (Han et al., 2016). WO3 as an excellent transition metal oxide is
naturally abundant, cost effective, less toxic towards living organisms and environmentally friendly
(Madare et al., 2019). Due to its unique properties, it has been employed in diverse applications
such as gas sensing, fuel cells, water splitting, solar cells, batteries and optical devices (Han et al.,
2016). Its intense absorption within the solar spectrum and high thermal and physiochemical
stability makes WO3 a good candidate for a visible photocatalyts compared to other metal oxides
such as ZnO, CdS, SiO; (Han et al., 2016). WOz photocatalytic property usually in visible
irradiation depends on its morphology, structure, composition, crystal phase amongst others (Guo
et al., 2016).

WOj3 shows structural polymorphism and phase transitions at different temperature during heating
or cooling (Madare et al., 2019). The most common phase found at room temperature is monoclinic
I (y-WQ3) formed at a temperature from 17-330°C (Madare et al., 2019). However below this
temperature, two other crystallographic phases exist; monoclinic 1l (e-WO3) at a temperature below
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43°C and triclinic (6-WQ3) at a temperature ranging between -43°C to 17°C (Madare et al., 2019)..
When the temperature is heated above 330°C, transformation of monoclinic phase (y-WOs3) to
orthorhombic B-WO3z usually occurs and the material remains stable up to 740°C and at a
temperature greater than 740°C, tetragonal o-WOs is formed(Madare et al., 2019).. Cubic ¢c-WOs
is also available as another phase of WO3.Typical of other semiconductors, WO3 photocatayltic
activity is limited by high electron-hole recombination rates which further limit its usage in the
visible light spectrum.(Han et al.,2016) Furthermore, the problem of fast electron — hole
recombination may be responsible for the difficulty in the reduction of oxygen charge carriers
separations and transfer, creation of more active sites which will improve effective redox reactions
during photocatalytic process (Han et al., 2016), hence there is need to improve the catalytic
activity of WOz nanowire through the incorporation of different metallic and non-metallic
impurities onto its lattice layers.

Dopants tend to accelerate the surface of WOz nanowires. In addition, the doping of WOz nanowires
also improve its optical properties through band gap reduction or shift in adsorption band edges
(Madare et al., 2019). In the case of metal doping, there is usually a direct contact between the
metal and the semiconductor metal oxide which lead to the formation of an electric field based on
electron transfer between the two substrates according to Fermi level difference. The interaction
usually results to the shifting of energy band edge and reduction of electron — hole recombination
rate (Kahng et al., 2019). In non — metal doping, the dopants raise the maximum valence band edge
of the semiconductor metal oxide and causes significant narrowing of the band gap energy.

Different methods which includes spray pyrolysis (Leng et al., 2019), Mechanochemical (Wang et
al., 2003), Chemical vapor transport (Liu et al., 2013), solid phase reaction (Lee et al., 2014; Ma
et al., 2017), Solvothermal (Guo et al., 2016), and Hydrothermal method (Fu et al., 2014; Han et
al., 2016) have been employed in the synthesis of WOz nanowires. Of all these methods, the
hydrothermal method is considered simple and versatile method of synthesizing nanowires from
aqueous solutions because water is the most commonly used solvent. The parameters such as
reaction temperature, pressure, reaction time, pH and the concentration of the precursor are usually
adjusted during the synthesis (Wu et al., 2019; Nagyne-kovacs et al., 2020). In this method, the
solubility of the solid which is usually the precursor increases because of the temperature and
pressure generated is above the critical point of the solvent used. This method offers advantages
which includes one step synthetic procedure, environmental —benign, cost effective, good
dispersion in solution , in other words due to the intense conditions in the autoclave, nearly all
materials can be made soluble (Wu et al.,2019).

More so, the hydrothermal method offers the formation of well-crystallized nanostructures.
(Nagyne-kovacs et al., 2020). Over the years, researchers have employed conventional
optimization where one factor is varied and other variable are kept constant. This approach is
expensive, time consuming and often resulted to wastage of chemicals (Vakilinezhad et al., 2018).
On the contrary, recent attention has been shifted to the optimization of synthesis procedure using
statistical design of experiment (DOE) involving response surface methodology (RSM) (Lee &
Abd Hamid, 2015). RSM is highly effective, safe time especially with minimum number of
experiments based on the interactive effects of different process parameters (Sajad et al.,
2015).Thus, in this study, Response Surface Methodology optimization based on Box —Behnken
design was employed for the synthesis WOz and CI-Ca doped WO3 nanowires via hydrothermal
method during which the interactive effects of the following parameters: Concentration, Time and
Temperature were investigated. The undoped and doped prepared nanowires were characterized
using different analytical techniques such as X-ray diffraction (XRD), scanning electron
microscope (SEM), transmission electron microscope (TEM), Energy dispersive spectrometry
(EDS), selected area electron diffraction (SAED) and UV-Vis spectroscopy.
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2. Literature Review

Several researchers have employed the hydrothermal method to prepare well organized arrays of
WO3 and other semiconductor nanowires. Lu et al. (2018) reported the preparation of ultrathin
hexagonal WO3 nanowires (U-WOx NW) by modified hydrothermal method and the nanowires
were characterized. Also the photocatalytic performance of the nanowires with the introduction of
Ag as a co-catalyst was also studied. The obtained U-WOx NW showed impressive absorption tail
in the visible region and near the infrared region causing oxygen vacancies which is beneficial for
photocatalysis. Pauekphong et al., (2019) reported the synthesis of WO3/TiO> nanowires by
hydrothermal method. The effect of doping dosage on crystal structure, morphology, band gap
energy and the defect concentration of the synthesized sample were also studied and further
characterized. Only the monoclinic phase was formed at calcination temperature of 400°C for 2
hours. Although the doping of the TiO, with WO3 did affect the lattice parameter, band gap energy,
crystallite size and the effect concentration of the doped sample, but doping with 5 mol% of WO3
into TiO2 nanowire gave the best result for application as electrochemical sensors and ionic
batteries.

Nagyne-kovacs et al. (2020) reported the effect of pH in the hydrothermal preparation of
monoclinic tungsten oxide. Also, the importance of various additives such as ethanoic acid
(CH3COOH), sodium perchlorate (NaClO4) and sodium sulphate (Na.SO4) on the crystal structure
and morphology was investigated. From the results obtained it was found that the samples
possessed nanosheets-like morphology when CH3;COOH, NaClO4 were used as additives and even
when none was used at a temperature of 180°C and 200°C. However, when Na,SO4 was used
elongated like sheets were obtained at a temperature of 180°C which can be attributed to the
structure directing role of NaxSOg. In the case of effect of pH, the samples prepared at a pH of 0.1
and at a temperature of 180°C and 200°C were all pure monoclinic phase of WOs.

Tehrani et al. (2020) reported the hydrothermal synthesis of 1D and 2D WO3 nanostructures. The
effect of time during the method was also studied to explore the structural, morphological and
optical properties. Analytical techniques such as XRD, FESEM and FTIR were employed to
characterize the prepared sample and the results showed that the morphological changes of the
nanostructures depend strongly on the duration of time and the concentration of capping agents.

Silveira et al. (2020) synthesized Mo-doped WO3 nanowires for the adsorption of methylene in
wastewater. It was found that on the addition of molybdenum, the morphology of the undoped WO3
nanowire changes from large bundles to narrow bundles with an increasing number of isolated thin
nanowires. Doping with molybdenum also changed the porosity, surface area and crystalline
structure of the undoped WO3. In summary, several authors have reported hydrothermal synthesis
of WO3 nanowires; however, to the best of our knowledge, there is little or no information on the
hydrothermal synthesis of chlorine-calcium co-doped WO3 nanowires composites.

3. Methodology

3.1 Materials: Sodium tungsten dihydrate (Na;WO4.2H,0) was purchased from sigma-Aldrich. All
other chemicals (Oxalic acid H2C>04, Hydrochloric acid HCI, Calcium nitrate Ca(NOs),, Sodium
Chloride NaCl) were analytical grade and used without further purification.

3.2 Synthesis of WO3 Nanowires: Firstly, 16.5g of Na,W0O4.2H20 and 0.05g of NaCl was dissolved
in 50 ml of distilled water and stirred for 30 min continuously using a magnetic stirrer at 500 rpm.
The pH value of the solution was adjusted to 2 using 3M HCI acid solution. Afterwards, 6.3g of
(COOH),. 2H,0 was added and further stirred for another 1 hour. After stirring, the suspension
was transferred to a 50 ml capacity Teflon-lined stainless steel autoclave and heated to 200°C for
1 hr 30mins in an oven and later allowed to cool to room temperature. The product was washed
thoroughly with distilled water and dried at 70°C overnight. The synthesis of WO3 nanowires was
repeated using the following conditions (concentration of Na;WO4.2H>0 0.55M, 1M), reaction
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temperature (140°C, 200°C) at constant reaction time (2h 30 min)),The synthesis of the CI-Ca —
codoped nanocomposite was carried out as using specific quantities of NaCl and Ca(NO3)2 in
percentage (1%CI-1% Ca, 1%CI-2%Ca, 1%CI-4%Ca, 2%CI-1%Ca, 4%Cl-1%Ca) and then mixed
with Na;WO..2H20 in distilled water. The mixture was put in a50 ml capacity Teflon-lined
stainless steel autoclave and annealed for 2 hr 30mins at a temperature of 200°C to yield the Cl-
Ca-codoped nanocomposite denoted as 1c-1a,1c-2a,1c-4a,2¢c-1a,4c-1a.(Han et al.,2016)

Characterization of WO3 based nanowires

The WOz nanowires and CI-Ca co-doped WO3 nanowires were characterized for their morphology,
elemental composition and mineralogical phase using Zeiss Auriga High Resolution Scanning
Electron Microscope (HRSEM) fitted with a secondary electron detector and an Energy Dispersive
X-ray spectroscopy (EDS) option and X-ray diffractometer (XRD)-D8 bruker AXS advance, fitted
with Lynxeye detector and CuKa x-ray source

4. Results and discussion
HRSEM analysis of the undoped WO3 nanowires is presented in Plate 1.

Plate | shows the HRSEM images of the undoped WO3 nanowires prepared at 1M, 200°C and 1h
30 min; 1M, 140°C and 2h 30 min, and finally 0.55 M, 200°C and 2h 30 min. These images clearly
indicate that products were mixture of agglomerated spherical nanoparticles and bamboo like-
nanowires irrespective of the conditions. However, their size and aspect ratio are different. WO3
nanowires synthesized at 1M, 200°C and 1h 30 min had a diameter of about 125.1 nm and up to
568.3 nm in length with an aspect ratio of 4.54, while those synthesized at 1M, 140°C and 2h 30
min, were approximately 247.1 nm in diameter and 1.029 um in length with an aspect ratio of 4.16,
and the ones produced at 0.55 M, 200°C and 2 h 30 min were around 104.5 nm in diameter and
1.089 um in length with an aspect ratio of 10.42, showing well-developed nanowires.

PLATE I: HRSEM Micrographs of WO3 nanowires prepared at: (a) 1M, 200°C 1h 30 min, (b) 1M,
140°C and 2h 30 min, and (c) 0.55 M, 200°C and 2 h 30 min

Phuruangrat et al. (2010) had reported that WO3 nanowires produced by convectional hydrothermal
method had lengths of 200-300 nm and a diameter of 10-15 nm (aspect ratio of 13-30), whereas
hexagonal WOz nanowires produced from microwave assisted hydrothermal method were more
than 5 mm long and less than 10 nm in diameter, with an average aspect ratio of >625. The aspect
ratio of hexagonal WO3 produced by the microwave assisted hydrothermal synthesis is higher than
those in this study and can be attributed to difference in the initial precursor and the presence of
surfactants such as oxalic acid in the present study.
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HRSEM analysis of chlorine and calcium co-doped WO3 nanowires

The HRSEM images of Cl and Ca doped WOz samples with different chlorine and calcium contents
are presented on Plate 11 (a-€). The morphology of Plate 11 (a) reveals the formation of stacked and
block bundles of nanowires with varying lengths, ranging from 645.85 nm to 1.440 um and average
bundle diameters ranging from 100 to 250 nm. In Plate Il (b) with mixing ratio of chlorine to
calcium (1-2), the average diameter was found to be 386.18 nm, while the average length was
around 992.88 nm. In the case of Plate I (c), with the mixing ratios twice that of Plate 11 (b), the
bundle-like nanowires had an average diameter of about 392.81 nm and a length up to 999.88 nm.
Plate 11 (d) with the mixing ratios of chlorine and calcium (21), WOz nanowires had an average
diameter of 367.84nm with a length measured to be about 1.527 um and finally plate II (¢) exhibited
a diameter of 346.01nm and a length of 1.33 pm.

5 "€

A

PLATE Il: HRSEM Micrographs of doped WO3 nanowires (a) 1c-1a doped WO3 (b) 1c-2a doped
WO:3 (¢) 1c-4a doped WOs3 (d) 2c-1a doped WOs3 (e)4c-1a doped WO3

In general, the formed block bundles of CI-Ca-WO3; nanocomposite samples were longer and wider
in diameter than those of the pure WOz nanowires due to the addition of the two dopants. However,
when the Cl and Ca-content was increased on the lattice layer of WO3, as seen in Plate 11 (¢) and
(e), there was agglomeration of the nanowires. The increase in length and diameter observed in
doped samples could be due to the large ionic radius of Ca?* (0.99 A) and CI- (0.81 A ) making it
difficult for either Ca®* or CI to replace either W** or W®* (which have smaller atomic radii of
about 0.65 A and 0.68 A respectively) inside the lattice of WO3 (Kunyapat et al., 2018).Thus, both
Ca?*and CI" were deposited on the surface of WO3 monoclinic framework, leading to an expansion
of the crystal lattice as confirmed by the XRD result. Furthermore, the presence of either chloride
or calcium ions in the composite could accelerate its photocatalytic activities facilitating electron
transfer and oxygen mobility in the doped samples. Similar deductions have been made by
Thummavichai et al. (2021) that synthesized NayWOx bronze nanowires and found that by
increasing the Na-dopant amounts to 1:12, 1:8 and 1:4, mixtures of nanorods, nanoplates and
agglomerated bundled structures were observed, and the size of nanowires increased with Na-
contents inside the framework.
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XRD Analysis of WO3 based nanowires

The XRD technique is commonly used to study the crystal structure and the parameters of a
compound. Figure 4.1 shows the XRD diffractogram of the various WOz samples prepared at 1M,
200°C and 1h 30 min, (b) 1M, 140°C and 2h 30 min, and (c) 0.55 M, 200°C and 2 h 30 min
represented as condition 4, 8 and 12 respectively. These showed the crystalline peaks at Bragg
angle (20) 23.12°, 23.58°, 24.59°, 33.26°, 34.17, 36.29°, 50.73°, 55.93°, 62.42°, and 76.94°
corresponding to the miller indices: (002), (020), (200), (120), (112), (022), (202), (222), (114),
(420), (340), and (160). These peaks can be indexed to the WO3 monoclinic structure for condition
4 and condition 12 and then triclinic structure for condition 8 according to Joint Committee on
Powder Diffraction Standards (JCPDS) file numbers: 01-072-0677, 01-083-0950 and 01-083-0948.
The mean crystalline size was calculated from the full width at half maximum (FWHM) of the
XRD lines using Debye-Scherrer formula

_ K2
Bcos6O

Where d is the mean crystallite size, K is the shape factor taken as 0.94, A is the wavelength of the
incident beam, B represent the full width at half maximum and 6 is the Bragg angle. The average
crystalline size was found to be 14.83nm, 14.93nm and 14.39nm for undoped WO3 prepared at
conditions 4, 8 and 12 respectively. This shows that crystalline size increases as the reaction time
and concentration increases. Nagyne-kovacs et al. (2020) and Fu et al., (2014) reported the
formation of well crystallized monoclinic WOz nanowires prepared hydrothermally at reaction
temperature closer to the one in this study. However, to the best of the writer’s knowledge the
formation of triclinic phase of WO3 nanowires using hydrothermal method has not been reported
yet.

Three main diffraction peaks at 23.12°, 23.58 and 24. 24.37° can be assigned to the (002), (020)
and (200) planes, respectively. The strongest intensity of the (200) plane suggests that the
nanowires are preferably grown along the <200> direction, which also agrees with the HR-TEM
images and SAED patterns (Figure 4.1).

XRD pattern of chlorine and calcium co-doped WOz nanowires composites
Figure 4.2 shows the XRD pattern of WO3 prepared by hydrothermal approach using different
mixing ratios of chlorine and calcium dopants.
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Figure 4.1 XRD pattern of undoped WO; prepared at Figure 42. XRD pattems of Cl and-Ca doped WO;
different conditions nanowires with different mixing ratios

The XRD patterns of WOs3 alone belongs to monoclinic phase with (JCPDS Card No: 01-72-0677,
space group P21/n (14), a=7.306 A, b =7.540 A, ¢ = 7.6892 A) with large diffraction intensities
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for (020) and (120) peaks positioned at 2 thetha values of 23.58°, 24.59° respectively. In addition,
the following characteristics planes (002), (200), (112), (022), (040), (202), (222), (114), (241),
(420), (340), and (160) were positioned at 2 thetha values of 23.12°, 23.58°, 33.26°, 34.17, 36.29°,
48.24°,50.73°,55.93°, 56.24°, 62.42°, and 76.94° respectively. This suggests the crystalline nature
of monoclinic WOs. Furthermore, the characteristics planes (001), (002), (200), (120), (112),
(022), (040), (202), (222), (114), (241), (420), (340), and (160) positioned at 2 thetha values of
21.00°, 23.12°, 23.58°, 33.26°, 34.17, 36.29°, 48.24°, 50.73°, 55.93°, 56.24°, 62.42°, and 76.94°
respectively, indicate the crystalline nature of monoclinic WOs. For the doped nanocomposites (1c-
1a-WOs;, 1c-2a-WOs, 1c-4a-WOs3, 2¢-1a-WOs3 and 1c-4a-WO3),the peaks of Ca and Cl along with
monoclinic WO3 were well presented. These reveals that the pure WO3 and co-doped composites
(1c-1a-WO03, 1c-2a-WO3, 1c-4a-WOs3, 2c-1a-WOs and 4c-1a-WOs) all belong to the same
monoclinic WOz with JCPDS card no: 01-72-0677. This suggests that the incorporation of Cl and
Ca onto the lattice framework of WO3 did not caused changes in mineralogical phases but
influenced the morphology, and their crystalline structure. Doped samples with high amount of Ca,
low CI and equal amount of Ca and ClI (1c-4a-WQO3, 1c-2a-WOs3, and 1c-1a-WQOs, respectively)
caused changes in the morphology with the introduction of a new peak assigned to (100) plane
while the plane at (120) was shifted from 26.55° to 25.33°.

For low Ca and high Cl-concentration (2c-1a-WOs3 and 4c-1a-WO3), the structure of the sample
remained as the crystalline feature of the as-prepared WO3, however an extra peak assigned to
planes (100) become more visible whereas the plane (112) increased in intensity as compared to
the other crystallographic peaks.

A closer look at the XRD pattern of the doped-WOs suggests that all the peak positions were shifted
to a lower diffraction angle for the calcium and chlorine doped samples. Based on Bragg’s law, the
observed peak shift can be related to the increase in lattice parameters, which confirms the
intercalation of different Ca and CI contents into the WO3 layers and formed nanowires.
Crystallographic growth direction of these products has been confirmed by HRTEM analysis

Similar deductions were carried out by Kong et al. (2020) who synthesized WO3 nanoplate film

was prepared by nitric acid corrosion of W foil using oxalic acid following hydrothermal method
and obtained monoclinic phase.

The mean crystalline size was calculated from the full width at half maximum (FWHM) of the
XRD lines using Debye-Scherrer formula

_ K2
- Bcosb

Where d is the mean crystallite size, K is the shape factor taken as 0.94, A is the wavelength of the
incident beam, B represent the full width at half maximum and 0 is the Bragg angle. The average
crystalline size was found to be 28.48nm, 22.64nm, 17.18nm, 11.42nm, and 10.51nm for 1c:1a,
1c:2a, 2c:1a, 4c:1a and 1c:4a respectively. The incorporation of dopants (metal and non-metal)
simultaneously can decrease the crystal growth of WO3 nanowires which is quite different from the
deductions of Han et al., (2016) who reported an increase in the crystal growth of WOz with the
incorporation of sulphur (a non-metal dopant) alone. However, Silveira et al., (2020) observed that
with increasing amount of Mo-doping there was a reduction in crystalline size.

EDS analysis of the undoped WO3 nanowires

The energy dispersive spectrometric (EDS) analysis was employed to analyze the composition of
the WOz nanowires. As shown in Table 4.1, only oxygen, tungsten and sodium elements existed in
the nanowires with molar concentration, reaction time and calcination temperature. The presence
of sodium originated from the precursor salt (sodium tungstate). However, no other impurity was
present as similarly reported by Wanjun et al. (2016) in the fabrication of WO3 nanowires via the
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hydrothermal method in the presence of guanidine sulfate as a dispersant and Na;WQO; as a
precursor salt.

Table 4.1: Elemental Composition of the As-synthesized Nanowires

Sample 1M, 200°C, 1h 30 min 1M, 140°C and 2h 30 min ~ 0.55 M, 200°C and 2 h 30 min
Element Wt (%) Wt (%) Wt (%)
0] 17.08 11.95 13.17
Na 0.17 0.95 1.08
W 82.75 87.1 85.75
Total: 100 100 100

EDS analysis of the Cl and Ca doped WO3 nanowires

Energy dispersive spectrometric (EDS) analysis for the undoped and doped samples is presented
in Table 4.2. As expected, all the nanowires consisted of W, O and Na, while 1c-1a-WOs3
nanowiresincluded Ca and CI in stoichiometric proportion. Samples 1c-2a-WOs and 1c-4a-WOs3
revealedthat ratio of Ca increased from 1.83% to 3.66%, while ClI remained fairly constant at
0.64%. Furthermore, in the samples 2c-1a-WO3 and4c-1a-WOs3, Clalso increased from 1.30% to
2.58% indicating a proportionate increase when the ratio of Cl in the sample is increased from 2:4.

Table 4.2: Elemental Composition of the Undoped Ca and CI doped WO3 Nanowires

Sample 1M, 200°C, 1h 30 min 1c-1a-WOs3 1c-2a-WO3 1c-4a-WOs3 2¢c-1a-WO0s 4c-1a-WO3

Element Wt (%) Wt (%) Wt (%) Wt (%) Wt (%) Wt (%)
o) 17.08 18.17 14.01 14.87 17.36 16.2
Na 0.17 0.12 0.11 0.10 0.10 0.10
a0 - 0.64 0.65 0.64 13 2.58
Ca - 0.92 1.83 3.66 0.91 0.91

w 82.75 80.15 83.4 80.73 80.33 80.21
Total: 100 100 100 100 100 100
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HRTEM analysis of undoped, Cl-Ca doped WOz nanowires

LATE Ill: HRTEM Micrographs of WOz nanowires of (a) undoped WOs3 (b) 1c-1a doped WQOs3 (c) 1c-2a doped
WOQO3 (d) 1c-4a doped WOs3 (e) 2¢c-1a doped WOs (f)4c-1a doped WO3

Plate 111 (a-1) shows the low and high magnification HRTEM images of the undoped and Ca-Cl
doped nanowires, whose diameters are tens of nanometers and lengths are over several
micrometres.

According to the HRTEM at low and high magnification, the undoped nanowires in Plate 111 (a)
composed of several stacked wires approximately 1.0 £ 0.5 um in length and 100 + 60 nm in
diameter. The high magnification micrograph in Plate Il (b) revealed that the fringe interval of
0.373 nm for the undoped WO3 agrees well with the d-spacing of (200) lattice planes perpendicular
along the axis of the nanowire (reference).

For the doped sample such as 1a-1c, la-2c, 1a-4c, 2a-1c and 4a-1c the low and high magnification
HRTEM images as shown in Plate 11 (c, e, g, i, k) images revealed that each nanowires of about
1.44 £ 0.5 pm long and 340 + 87 nm wide. This increment in the length and diameter of the
nanowires could be attributed to expansion of the crystal lattice during the incorporation of Ca and
Cl as supported by the XRD result. The interplanar distances varied from (0.367 nm - 0.377 nm)
indicating that they all grew along the [200] plane.

The HRTEM images also revealed a non-homogeneous nanowires thickness distribution,
suggesting that the diameter of the nanowires strongly depended on the number of packed wire
units.

SAED pattern of WO3 based nanowires

Plate IV (a-m) reveals the selected area electron diffraction (SAED) pattern of the undoped and Cl-
Ca doped WO3 nanowires.
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PLATE IV: SAED Micrographs of WO3 nanowires of (a) undoped WOs3 (b) 1c-1a doped WOs (¢) 1c-2a doped
WOQO3 (d) 1c-4a doped WOs3 (e) 2¢c-1a doped WOs (f)4c-1a doped WO3

Plate IV (a-m) reveals the selected area electron diffraction (SAED) pattern of the undoped and CI-
Ca doped WO3 nanowires. They exhibited diffraction rings, corresponding to the (002), (020),
(200), (120), (112), (022), and (202) planes of monoclinic WO3 which matches the XRD results.
Previous report by Navarro et al. (2014), established that (020) and (002) crystal planes of WO3
exhibited a single crystal pattern of monoclinic phase of WOz which is similar to this study.

According to Thummavichai et al., (2021) HR-TEM lattice and SAED pattern images of pure
Wi18049 and the 1:16 doped samples, confirmed that the lattice spacing was 0.379 nm, which
matched well with the d value obtained in this study. While the SAED patterns of higher Na-doped
WOs3 samples had crystal planes such as (002) and (200) spacing which matched well with the WO3
hexagonal nanowires.

5. Conclusion

WO3 nanowires and CI - Ca co-doped WOs3 nanowires composites were successfully synthesized
by hydrothermal method. The XRD results confirmed the formation of the nanowires to be
monoclinic and triclinic phases depending on the applied conditions. The HRSEM micrographs of
the as-synthesized WOz showed well developed nanowires at varying reaction time, concentration
of tungsten salt precursor and temperature. Also, the nanowires of the Cl and Ca co-doped
composite showed an increase in length and diameter compared to its undoped counterpart. The
presence of Chlorine and Calcium increased the crystal lattice of WO3 nanowires as confirmed by
the XRD analysis. The characterization results addition of Cl and Ca dopant onto the WO3
nanowires did not influenced the mineralogical phase of WO3 however affect the morphology and
crystal structures.
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Abstract

In this study, NiO nanoparticles and B2O3/NiO nanocomposites were prepared via
hydrothermal route. The synthesized NiO and B03/NiO nanocomposite were
characterized by high resolution scanning electron microscope (HRSEM), energy
dispersive spectroscopy (EDS), X-ray diffraction (XRD) and UV-visible spectroscopy.
The morphological and crystal studies of NiO and NiO/B>O3z nanocomposite revealed
densely dispersed wire-like structure, with face-centered cubic and orthorhombic phase
of crystallite size of 6.43 and 3.26 nm respectively. While the optical analysis revealed
a surface plasmon resonance at 300 nm and 394 nm for NiO nanowires and 233 nm and
385 nm for B,O3/NiO nanowires respectively. Hence, it can be concluded that doping
NiO nanowires with B>Os changes its orientation with a decrease in particle size and
wavelength.

Keywords: characterization, hydrothermal method, NiO nanowires, B03/NiO
nanocomposites, synthesis

Introduction

There has been growing interest in the synthesis and utilisation of inorganic nanocomposites in the
area of mechanical, biomedicines, catalysis, adsorption and electrochemical amongst others due to
their unique sizes and structures (Wang et al. 2018). Metal oxide nanocomposites possess the
unique features needed in addressing emerging needs in numerous sector of sciences (Fang et al.,
2018). Moreover, metal oxides have high electrocatalytic activity and stability (Park et al., 2010;
Igbal and Kriek, 2018). Therefore, employing metal oxides such as iron (Fe), cobalt (Co), nickel
(Ni), zinc (Zn), copper (Cu) and tin (Sn) which are environmentally friendly, cost effective and
abundant in nature will aid in the availability of nano based materials for diverse applications
(Manikandan et al., 2016; Bhaskar et al., 2020). Although, most metal oxides have low or poor
electronic conductivity, this can be overcome by altering their microstructure or doping with other
metal oxides such as strontium oxide, aluminium oxide, boron oxide and silicon oxide amongst
others (Nguyen et al., 2018; Sk et al., 2016).

NiO, a p-typed semiconductor with a wide band gap of 3.6- 4.0eV, excellent optical, electrical and
magnetic properties have gained great attention recently due to its use in catalysis, battery cathode,
and electrochromic films (Dhas et al., 2020; Kaur et al., 2019). There are several methods in
synthesising NiO-based nanocomposites of different structures such as sol-gel (Sankar et al., 2016),
elctrospinning (Wang et al., 2018), chemical vapour deposition (CVD), hydrothermal (Dhas et al.,
2020), vapour-liquid-solid (Kaur et al., 2016) and laser ablation. However, NiO nanoparticles
possess poor electronic conductivity; low stability when compared with other metal oxide
nanomaterials (Fang et al., 2018).Therefore doping NiO with another metal oxide like B2O3 will
significantly enhance its active surface area, pore morphology and electronic conductivity.

In a study conducted by Yasmeen et al. (2016), surfactant assisted Zn-NiO nanocomposite was
synthesized by homogenous precipitation method using sodium dodecyl sulphate (SDS) and
hexamethylenetetramine (HMT) to alter the composition of the composite. The morphological
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study revealed that ZnO-NiO nanocomposites with different composition ratios have different
surface morphology and their uniformity increased on addition of different surfactant.

Igbal and Kriek (2018) also, prepared silver/nickel oxide (Ag/NiO) nanocomposites via citrate sol-
gel route as electrocatalyst for oxygen evolution reaction (OER) in alkaline medium.The
morphological study of NiO revealed an irregular, cotton-like surface with aggregation of particles
of high surface energy. The X-ray diffraction spectrograph confirmed the formation of face-
centered cubic crystalline structure similar to that described by Kaur et al. (2016). AgNiO on the
other hand, showed a decrease in NiO intensity with peak planes indicating formation of cubic
crystalline structure validating an interaction between Ag and NiO, hence confirming the formation
of a nanocomposite. The crystallite size of the synthesized NiO increased as Ag to Ni concentration
changes (NiO, Ago.2NiOopsO and Ago.sNiosO) from 9.60 nm to 34 nm and reduced to 29 nm for
AgosNio4O. The elemental analysis confirmed a well distribution of Ag and Ni over the scanned
portion with considerable amount of oxygen distributed in the metal-associated region. In a
research carried out by Dhas et al. (2020), NiO nanoparticles were synthesized via hydrothermal
route for supercapacitor application as an efficient electrode material. The scanning electron
microscopic study showed a non-uniform aggregated nanoparticles and its crystallographic study
revealed a monoclinic phase of NiO with an average crystallite size of 9.3 nm.

Therefore, the physicochemical properties of NiO nanoparticles are method dependent with the
exception of their crystallographic studies which shows the same structure irrespective of the
method used, while NiO based nanocomposites are method and composition dependent. The
sudden decrease in crystallite grain size at a higher concentration when NiO was fully saturated
may be observed as revealed by Igbal and Kriel, (2018). These differences in NiO nanoparticles
and its composites may alter their effectiveness in different scientific applications.

In this work, hydrothermal method was used to synthesis NiO nanoparticles and B2Os/NiO
nanocomposite due to its simplicity in design, with no requirement of high vacuum conditions.

Materials and Methods

All reagents (ethylene glycol, 99%, H.BO3z99%, NaOH, 99%, Ni(CH3COO)3.4H->0, 99% and HCI
99%) used this study are of Analytical grade AR) and were used without any further purification.
The NiO nanoparticle and B2Os/NiO nanocomposite were synthesized using the hydrothermal
method as described by Ibrahim et al. (2016). 50 cm® of 2 M Ni(NO3)2.6H,0 was added into a
solution of ethylene glycol and de-ionized (DI) water (1:1) in a 250 cm?® beaker under continuous
magnetic stirring at room temperature to disperse the Ni ions homogeneously. The mixture was
transferred into the Teflon-lined stainless steel then put in a Gollenhamp muffle furnace maintained
at 200 °C for 7 hours. After the heating treatment, the product Ni(OH).was obtained. About 3%
boric acid was then added to 50 cm?®l obtained Ni(OH)., stirred continuously at room temperature
and allowed to age overnight. The two colloidal mixtures were separated from their respective
solution by filtration; afterwards, washed several times with DI water and ethanol. The light-blue-
green product was collected and dried in the oven at 120 °C for 6 hours followed by calcination in
the furnace at 400 °C for 2 hour 30 minutes to give NiO and B>O3/NiO nanowires respectively as
described by).

Characterization of NiO and NiO/B,Os Nanowires

The nanowires were characterized using different analytical tools UV-visible spectroscopy, high
resolution scanning electron microscopy (HRSEM), energy dispersive spectroscopy (EDS) and x-
ray diffraction techniques (XRD).

The NiO nanoparticles and B20s/NiO nanocomposite absorbance spectrum were obtained by
scanning each colloidal solution using SHIMADZU UV-1800 at a scanning speed of 50 nm/min.
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The samples were analysed with the aim of examining their morphology and particle shape using
Zeiss Auriga scanning electron microscope at an accelerating voltage of 20 kV and a working
distance of 3 - 4 mm. To take the micrograph, the surface of a high resolution cathode ray tube was
photographed using polaroid positive-negative film. The elemental analysis was performed using
energy dispersive spectroscopy (EDS) in the HRSEM. The X-ray diffraction patterns were obtained
using Bruker D8 diffractometer with Cu-ka operated at 40 kV and 40 mA.

Results and Discussion

The UV-Visible spectroscopy is one of the analysis that reveals energy structures and optical
properties of semiconducting nanomaterials. Figure (1a) shows the absorption spectrum of NiO
nanoparticles observed at 300 nm and 394 nm. Figure (1b) reveals the formation of NiO/B20s
nanocomposite at absorption bands of wavelengths 233 nm and 385 nm respectively. Considering
these material absorption bands, both materials can be considered to be optical p-type
semiconducting nanomaterials (Marouzi et al., 2021). It could also indicate electronic transition
from valence band to the conduction band. Also, a blue shift of 233 nm and 385 nm was observed
in Figure (1b). In comparison with Figure (1a) of 300 nm and 394 nm respectively, this occurrence
is an evidence of the quantum confinement effect (San et al., 2017). This implies that the strong
absorption wavelength of NiO nanoparticles becomes smaller with decrease in crystallite grain size
of 6.43 nm to 3.26 nm of NiO/ B.O3z nanocomposite
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Figure 1: (a) UV absorption spectrum of NiO nanocomposite  (a) UV absorption spectrum of NiO/
B,0s; nanocomposite

The morphological analysis of NiO nanoparticles revealed formation of densely dispersed, porous
surface and a crystallite size of 6.42 nm was observed as shown in Figure 2a. While Figure 2b
revealed a densely dispersed wire-like structure of B2O3s/NiO matrix with crystallite size 3.26 nm
as presented in Figure 2d. The addition of B2Oz influenced the size as well as the shape of NiO
nanoparticles and reduced the agglomeration.
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Figure 2: (a) HRSEM imag O nanoparticle after calcination. (b) HRSEM image of NiO/B.0s
nanocomposites
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Figure 3: (a) X-ray diffraction pattern of NiO nanoparticles and (b) B2O3/NiO nanocomposites

The mineralogical phase and crystalline pattern of NiO nanoparticles and NiO/B2Os nanocomposite
were also examined using X-ray diffraction and the result is shown in Figures (3a) and (3b)
respectively. Figure (3a) shows a series of diffraction pattern at (111), (200), (220), (311) and
(222) planes at approximately 20 values of 37.25 °, 43.28 °, 62.88 °, 7542 ° and 79. 41 °
respectively. All the diffraction peaks were carefully indexed to a pure face-centered cubic NiO
phase (JCPDS: No 47-1049) with no impurity peaks observed (Zhiwei, 2017). Sharp and intense
diffraction peaks for B20O3/NiO nanocomposites was observed at 20 values of 36.48 °, 43.60 °,
62.06 °, 76.16 ° and 80.37 ° with crystal planes of (130), (040), (151), (332) and (252) respectively
as shown in Figure (3b). This was indexed as orthorhombic face of B2O3s/NiO nanocomposites
(JCPDS: 75- 1809). The XRD patterns imply that NiO nanowires obtained via this method consist
of ultrapure phase without impurities and the starting material completely reduced to NiO. The
incorporation of B,Os greatly influenced the peak positions of NiO and its phase orientation from
face cubic to orthorhombic.
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Figure 4:EDS Spectrograph of (a) NiO nanoparticles and (b) B2O3/NiO nanocomposite

The image of NiO and NiO/B,03 as revealed by HRSEM were subjected to elemental analysis to
ascertain their elemental composition. The energy dispersive spectroscopy (EDS) spectrograph as
presented in Figure (4a) and (4b) revealed the presence of nickel (Ni) and oxygen (O) as the
dominant element Silicon originated from the Teflon material used during the synthesis while the
presence of carbon is as a result of the holey grid employed for imaging. The absence of Na
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confirms that the washing procedure was also effective for the removal of unwanted ions. The
absence of boron (B) in the two samples can be attributed to the fact that EDS only detects surface
composition of a material. The percentage difference in weight per constituent observed in Figure
(4b) could be as a result of boron present in the composition but was below EDS detection limit.

Conclusion

In summary, hydrothermal method was employed for the synthesis of NiO nanoparticles and
B20O3/NiO nanocomposite. The XRD result confirmed the formation of a phase purity and
nanocrystalline face-centered cubic and orthorhombic phase of NiO nanoparticles and NiO/B203
nanocomposite respectively.UV-Visible spectral showed the presence of B2Osz in the B2Os/ NiO
with absorption bands 233 nm and 385 nm. HRSEM image revealed a spherical mesoporous
structure an indication of high active surface area for capturing pollutants.It can be concluded that
hydrothermal synthesis is feasible and efficient for the development of B.O3/NiO nanocomposites.

References

Bhaskar, V., Siddiquil, A., Hakeem, A., Zain, A., Faheem, A., Abdullah A., Hassan, H., & Ameer,
A (2020). Synthesis of mesoporous SnO2/NiO nanocomposite using modified sol—gel
method and its electrochemical performance as electrode material for supercapacitors.
Springer Nature Research. 10:11032 https://doi.org/10.1038/s41598-020-67990-8,

Dhas, S., Maldar, P., Patil, M., Nagare, A., Waikar, Sonkawade, R. & Moholkar, A. (2020).
Synthesis of NiO Nanoparticles for Supercapacitor Application as an Efficient Electrode
Material. Vacuum, 181; 109646

Fang, Z., Sajid, R., Mingze, S., Yupeng, Y., Shaowei, J. & Hong, B. (2018). Hybrid Nio—Cuo
Mesoporous Nanowire Array With Abundant Oxygen Vacancies And A Hollow
Structure As A High Performance Asymmetric Supercapacitor. Journal. Material
Chemistry, 6, 21131- 21142

Gandhi, V., Ganesan, R., Syedahamed, A. & Thaiyan, M. (2014). Effect of Cobalt Doping on
Structural, Optical and Magnetic Properties of ZnO nanoparticles Synthesized by
Coprecipitation Method. Journal of Physical Chemistry. 118, 9717-9725.

Ibrahim S., Charinpanitkul,T., Kobatake, E., Sriyudthsak, M., (2016). Nanowires Nickel Oxide and
Nanospherical Manganese Oxide Synthesized via Low Temperature Hydrothermal
Technique for Hydrogen Peroxide Sensor. Journal of Chemistry.1-6

Igbal, M. & Kiriek, R. (2018). Silver/Nickel Oxide (Ag/NiO) Nanocomposites Produced Via a
Citrate Sol-Gel Route as Electrocatalyst for the Oxygen Evolution Reaction (OER) in
Alkaline Medium. Electrocatalysis. Springer Science+Business Media, LLC, part of
Springer Nature. https://doi.org/10.1007/s12678-018-0455-5

Kaur, N., Comini, E., Zappa, D., Poli, N., Sberveglieri, G.(2016): Nickel oxide nanowires: vapor
liquid solid synthesis and integration into a gas sensing device. Nanotechnology. 27, 1-
10. https://doi.org/10.1088/0957-4484/27/20/20570 1

Kaur, N., Zappa, D. & Comini, E. (2019) Shelf Life Study of NiO Nanowire Sensors for NO,
Detection. Electronic Materials Letters. https://doi.org/10.1007/s13391-019-00172-5

Manikandan, K., Dhanuskodi, S., Maheswari, N. & Muralidharan, G. (2016). SnO nanoparticles
for supercapacitor application. AIP Conference Proceeding. 1731, 50048

Marouzi, S., Sabouri, Z. and Darroudi, M. (2021). Greener Synthesis and Medical Applications of
Metal Oxide Nanoparticles. Ceramics International, https://doi.org/10.1016/j.ceramint.

Nguyen, K., Hoa, N., Hung, Cc., Le, D., Duy,N. & Hieu, N. (2018). A Comparative Study on the
Electrochemical Properties of Nanoporous Nickel Oxide Nanowires and Nanosheets
prepared by a Hydrothermal Method. Royal Society of Chemistry, 8,19449-19455

Park, J., Ko, M. & Park, O. (2010). Carbon nanotube@RuO2 nanocomposite electrodes for
supercapacitors. J. Electrochem. Soc. 150,864-867

SPSBIC 2021 17



https://doi.org/10.1038/s41598-020-67990-8
https://doi.org/10.1007/s12678-018-0455-5
https://doi.org/10.1088/0957-4484/27/20/20570%201
https://doi.org/10.1007/s13391-019-00172-5

3" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2021

Sankar, S., Sharma, S., An, N., Lee, H., Kima, D., Im, Y., Cho, Y., Ganesh, R., Ponnusamy, S.,
Raji, P. & Purohit, L.(2016). Photocatalytic Properties of Mn-Doped NiO Spherical
Nanoparticles Synthesized from Sol-Gel Method. Optik — Int. J. Light Electron.127,
10727-10734

San, X., Zhao, G., Wang, G., Shen, Y., Meng, D., Zhang, Y. & Meng, F. (2017). Assembly of 3D
flower-like NiO Hierarchical architectures by 2D Nanosheets: Synthesis and their
Sensing Properties to Formaldehyde. Royal Society of Chemistry. 7, 3540 - 3549

Sk, M., Yue, C., Ghosh, K. & Jena, R. (2016). Review On Advances in Porous Nanostructured
Nickel Oxides and their Composite Electrodes for High-Performance Supercapacitors.
Journal of Power Sources 308, 121-140.

Wang, Y., Dan, L., Qianli, M., Jiao, T., Yan, S., Xue, X., Xiangting, D., Wensheng, Y., Jinxian,
W. & Guixia, L.(2018). A Novel and Facile Approach to Obtain NiO Nanowire-in-
Nanotube Structured Nanofibers with Enhanced Photocatalysis. Royal Society of
Chemistry, 8, 11051

Yasmeen, S., Igbal, F., Munawar, T., Nawaz, M., AAsghar, M. & Hussain, A. (2019). Synthesis,
Structural and Optical Analysis of Surfactanct Assisted ZnO-NiO Nanocomposites
Prepared by Homogenous Precipitation Method. Ceramics International, 45, 17859-
17873

Zhiwei, L. (2017). Supersensitive and superselective formaldehyde gas sensor based on NiO
nanowires. Vacuum. Doi:10.1016/j.vacuum.2017.05.038.

SPSBIC 2021 18




3% SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2021

Study of Mechanical and Thermal Properties of the Waste Polystyrene Foams and
Chemically Modified Sweet Potatoes Starch Composites
Sallah S. Sani, Suleiman, Muhammad A. T, Stephen S. Ochigbo, Ruth A. Araga
Department of Chemistry, Federal University of Technology, Minna, Niger State, Nigeria.
Email: Sani.sallah@st.futminna.edu.ng

Abstract

Recycled polystyrene waste / chemically modified sweet potatoes starch blended
composites were prepared by melt blending on the two roll to reduce the plastic wastes
in the environment. The effect of the chemically modified starch contents of 0, 10, 20
and 30 wt% on the physical and mechanical properties of the composites were
examined. Starch from sweet Potatoes was treated with 3.16M H>SOs to reduce the
particle size of the starch and increase its surface reactivity. It was observed that there
was a decrease in the tensile strength (from 3.16 MPa at 10% starch content and then
begin to increase rapidly), percentage elongation at break (from 3.09 % to 2.36 %),
Impact strength (from 0.18 j/mm to 0.17 j/mm) and Flexural modulus (from 7.4462 MPa
to 6,4107 Mpa) properties as the modified starch content increases from 0-30wt% when
compared with the pure polystyrene waste. The impact strength improved at (20wt %)
as modified starch content increases when compared to the pure polystyrene waste. Also
there was an increase in young modulus (from 18.30 MPa to 314 MPa), density (from
1.18 g/cm?® to 1.40 g/cm?®) and water absorption (from 10% starch content to 30% starch
content) properties as chemically modified starch content increases. It can be concluded
that effective blending of polystyrene waste with chemically modified sweet Potatoes
starch produced plastic sheets that could be used in the household or for industrial
applications.

Keywords: Plastic Waste, Chemically Modified Sweet Potatoes Starch,
Biodegradability

INTRODUCTION

Synthetic polymers are the most used materials, biodegradable plastics development is considered
as the best approach to solving solid waste problems, which gave rise to an interest in the
development of polymers that will deteriorate or degrade into being by-products under composting
environments or microorganism action (Ozcalik and Tihminlioglu, 2013). Polystyrene foam is a
highly popular plastic packaging material which finds wide application in packaging of food items,
electronic goods, electrical appliances, furniture. due to its excellent and protective properties.
Polystyrene foam take up significant space in rubbish bins which means that bins become full more
quickly and therefore needs to be emptied more often. It also causes serious problems such as
blockage of sewages, clogging of water bodies which result in the death of aquatic life and release
of green — house gasses when burnt. Recycling of this waste has recently received significant
attention all over the world due to the changes in both regulatory and environmental issues.
Increasing landfill costs and decreasing landfill space are forcing consideration of alternative
options for the disposal of polystyrene materials. There are two major methods of recycling plastics,
which include; mechanical recycling and chemical recycling.

On the other hand starch is one of the most studied biodegradable polymers for sheets production
due to its low cost, easy processing ability, biodegradability, non — abrasive, renewable and readily
available (Toral et al., 2002; Faria et al., 2012). It consists essentially of amylose and amylopectin,
and their applications are determined based on the proportions of these two macromolecules, which
are dependent on their concentrations in starch (Toral et al., 2002). Starch granules are in microsize
which can be broken down into smaller particle size using different methods: chemical, enzymatic
and physical modification (Ning et al., 2011; Normane et al., 2018). Starch may be obtained from
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various vegetable sources such as grains, roots and tubers, and also in fruits and vegetables,
however, extraction of starch in a commercial level is restricted to cereals, roots and tubers (Young,
1984). Sweet potatoes starch presents a bright prospective in the area of thermoplastic starch
production, because of its spherical shape, high amylose content of about 38% and high starch
content (6.9% - 30.7%) (Lehmann, 2007). The use of starch in the preparation of biodegradable
polymers is based on chemical, physical and functional properties of amylose to form gels and
films; high amylose starch produces strong films and is therefore suitable for making thermoplastic
starch material (Young, 1984).

Chemically modified starch are starch granules which are broken down to fine crystalline particles
using sulfuric acid (Normane, 2018). These enable different application and benefits and
demonstrate unique properties and functions due to their size effect (Suk et al., 2014; David et al.,
2018). Chemically modified starch are usually produced to be used as filler in polymeric matrices
to improve their mechanical and barrier properties. Sweet Potatoes starch is polymer made of long
chains of glucose units joined together. It actually contains Amylose (a straight chain polymer made
from glucose units) and Amylopectin (a branched polymer made from glucose units). The Amylose
prevents the starch from becoming plastic — like, hydrochloric or sulfuric acid are used to break
down the amylopectin and change the structure and properties of the polymer. According to Vieira
et al. (2011) the hydrogen bonds between the starch and plasticizer occur as the temperature is
increased, both with the crystalline regions of amylose and amylopectin as well as with the
amorphous region of amylopectin. The aim of this research is to present the use of waste materials
and inexpensive source of starch for polymer blend production, opted for recycled polystyrene
waste and chemically modified sweet potato starch to produce composites which is available, this
attempt to address the problem of non-degradability of synthetic polymer and in turn address it
environmental pollution problem.

MATERIALS AND METHOD

Polystyrene foam wastes and sweet potatoes were purchased from Kure Market, Minna, Niger
State. The starch was prepared from sweet potatoes. The plasticizers used include glycerol and
water. Glycerol was obtained from PANLAC laboratory Minna and has the percentage purity of
(98.0%)

Extraction of Starch from Sweet Potatoes

Starch was extracted from freshly purchased sweet Potatoes from Kure Market, Minna, Niger State
according to the method employed by Collado and Corke (2004). Freshly harvested Sweet Potatoes
were washed thoroughly, immersed in cold water for 1 hour, peeled and sliced. The slices sample
were grated finely, rinsed, soaked in distilled water, washed extensively and sieved through a
cheese cloth. The filtrate (starch — water mixture) was passed through a 250 um sieve and left for
2 hours for the starch molecules to settle. The supernatant was then decanted, leaving behind the
starch paste (as sediment) which was then dried in the oven at 50°C for 5 hours. The dried starch
lump was gently crushed into powder and was stored in an air tight bag for further use.

Preparation of Chemically Modified Starch

The extracted sweet Potatoes starch was subjected to acid hydrolysis as reported by Hale, (2016).
14.69 g of starch powder was mixed with 100ml of 3.16M Sulphuric acid solution at 40°C in a 100
ml flask. The reaction mixture was stirred on a shaker maintained at 37 = 3°C and continuously
stirred for 10 hours at 5000 rpm speed. The suspension was centrifuge for 10 minutes at 2000 rpm
washed and thereafter washed with 0.5% Ammonia until neutrality was achieved. The suspension
was subjected to a mechanical treatment with stirrer for 2 minutes at 1300 rpm to disperse
aggregates and obtain a stable suspension. The resulting suspension was stabilized by sulfate
groups present from the H2SO4 treatment; a few drops of chloroform was added to the suspension
to avoid bacterial growth during storage.
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Preparation of the composites of Polystyrene Waste/Chemically Modified Sweet Potatoes Starch
The composite of polystyrene waste and chemically modified sweet Potatoes starch (bioplastic)
packaging sheets were prepared by melt mixing method on the ratio (100/0, 90/10, 80/20, 70/30,
60/40, 50/50 and 0/100 wt%). Polystyrene was melt and mixed with chemically modified sweet
Potatoes starch in a two-roll mill machine in accordance with ASTM D 15 — 627 by introducing
the polystyrene matrix into the heater rollers at 150°C at which it melt and flows. The modified
sweet Potatoes starch were then introduced to polystyrene matrix and mixed for the period of five
minute (5 min), until homogenous mixture was obtained. This was then collected and subsequently
placed in a metal mould 150 X 120 X 3 (mm) length, width and thickness respectively and then
pressed on compression moulding machine at 150°C for five minute (5 min) thereafter cold pressed
at room temperature for three minutes (3 min) and pressure of 3Pa. The composites were removed
from the machine and kept for further experiments. The compounding and pressing of polystyrene
waste and chemically modified sweet potatoes starch were carried out in the polymer processing
laboratory of the Department of Polymer Technology (Nigeria Institute of Leather Science and
Technology, Zaria). Composite sheets were thereafter cut into various dimensions for
characterization

Physical properties of the Composites

Density
The mass of the composites were measured using an electric weighing balance with the accuracy
of 0.01gm and the volume was determined using Vernier Calliper. The density of the pure
polystyrene waste, composites of polystyrene waste with chemically modified starch was
calculated using the formula

m

p== 1)
where

P = density (g/cm?)

M = Mass (g)

V = Volume (cm®)

Water Absorption

The water absorption of composites of polystyrene waste/chemically modified sweet Potatoes
starch composite sheets was determined according to ASTM D570. The specimens (70 x 30 x 3mm)
were dried in an oven at 50°C for 24 hours then cooled in a desiccator and immediately weighed to
obtain the initial weight. After which the specimen were conditioned in a beaker containing distilled
water for 1 day (24 hours) and removed from the beaker, dried at 35°C until constant weight. The
specimens were weighed to determine the average water absorption. This was repeated until the
sample decomposes and the percentage of water absorbed was calculated using the formula
(Kampeerapappun et al., 2001)

Water Absorption (%) = % X 100 2

Where

W(is Initial Mass

W, is Remaining Mass (After removing and cleaning at time t).
Soil Burial Degradation Test
Soil burial test of polystyrene waste/chemically modified sweet Potatoes starch was carried out at
the Department of Polymer and Textile Engineering, Ahmadu Bello University, Zaria. The test was
determined according to ASTM D5988. The Biodegradability of polystyrene waste/chemically
modified sweet Potatoes starch composite with the specimens (70 x 30 x 3mm) was studied by
weight remaining overtime in a soil environment. Samples were weighed and then buried in the
soil at a depth of 10cm from the surface for 27 days (4weeks). The soil moisture was maintained
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by frequent rainfall to keep the microorganisms active. The buried sample was weighed after every

3 days, and the weight loss was calculated using the formula

Wieght Loss (%) = “-— X 100 3)

Where

W< is Initial weight the sample
W: is the final weight the sample

Mechanical Properties of the Composites

Tensile Test

Tensile test was conducted according to ASTM D638 standard with a gauge length of 40mm. The
samples were cut in dimension of 100 x 10 x 3mm and the test was carried out using WDW-100KN
190536 Electronic Universal Testing Machine at a cross head speed of 10mm/min. The test sample
was mounted and proper gripping was observed. The tensile parameter were determined and
recorded using equations 4, 5 and 6.

Load at break (4)
(original width)(original thickness)

Tensile Strength =

) elongation at rupture (5)
% Elongation = —— x 100
initial guage length

Load at break
(original width)(original thickness
elongation at point on tangent
initial guage length

Young Modulus = 5 x 100 (6)

Flexural Test

The Flexural test were done on a universal testing machine. The specimens were prepared according
to ASTM D790 with dimension 100mm x 20mm x 3mm in length, width and thickness
respectively. The specimens were tested flatwise on a support span. The span length was 80mm
apart at 0.5mm/min strain rate. The flexural strength, flexural modulus and flexural strain were
determined using the equation

3FL

Flexural Strength = b7 ()
3
Flexural Modulus = ——— (8)
4bd3D
Flexural Strain = 222 ©)
L2
Impact Test

The impact strength of the composite samples was carried out according to ASTM D 256 using
Norwood Charpy impact testing machine (HD 96 QD Model, capacity of 15J). The specimen size
was 100 x 10 x 3mm. Each sample was placed on the vice and clamped firmly. The pendulum
hammer was raised to the required height and then released and strike the sample at once. Then, the
impact energy absorbed by the specimen was recorded.
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RESULTS AND DISCUSSION

Physical Properties

The physical properties (Density and water absorption) of pure polystyrene, chemically modified
sweet Potatoes starch and composites of polystyrene waste/chemically modified sweet Potatoes
starch are presented in figure 1 and 2
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STARCH CONTENT %o Time (hr)
Figure 1: Effect of Starch Content on Density of the PS5/ Figure 2: Effect of Starch Content on Water Absorpticn of

Chemically Modified Starch Composites the P3/ Chemically Modified Starch Composites

Figure 1 shows the density values calculated for composite material with different starch content.
It was found that there is an increase in density from 1.18g/cm? to 1.40 g/cm? as the starch content
increase. The highest density value recorded at 30 % starch content was 1.40 g/cm®and the lowest
density value recorded at 10 % starch content was 1.18g.cm™. The increase in density with increase
in starch loading may be due to higher density of the starch. Therefore, any increase in starch
content increases the overall density of composite material. A similar trend was reported by
(Srabayeeta et al.,2011 and Kormin et al., 2017)

Starch based materials tend to absorb water because the hydroxyl group in starch can form
hydrogen bond with water. Effect of chemically modified starch on water absorption of composites
as a function of time is shown in Figure 2. It was observed that water absorption increased with
immersion time and increasing starch content which may be due to the increased difficulty in
forming polymer chain arrangements as the starch hindered the movements of the polymer
segments, and also that the hydrophilic character of starch led to poor adhesion with the
hydrophobic polystyrene.

Previous report shows that increase in water absorption as thermoplastic starch content increases
could be due to the presence of the O-H group in the amorphous region of the starch and the O-H
group increases with increase in thermoplastic starch content in the produced composite. However,
compatibilisation of this material significantly decreases the water uptake (Uzochukwu et al.,
2020).

Mechanical properties

The Mechanical properties (Tensile Test, Impact Strength and Flexural Test) of pure polystyrene,
chemically modified sweet Potatoes starch and composites of polystyrene waste/chemically
modified sweet Potatoes starch are presented in figures 3, 4, 5, 6, 7 and 8
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Figure 3 shows the effect of starch content on tensile strength of the composites at different filler
(10, 20 and 30%) of modified sweet Potatoes starch. The result shows a decrease in tensile strength
of the composite when compared with the polystyrene waste. Further increase in filler (starch
content) from 10 to 30% led to an increase in tensile strength. The filler (30% starch content) had
the highest tensile strength of 7.02 MPa while the 10% starch content had the lowest tensile strength
of 3.16 MPa. The polystyrene waste, however, had a higher tensile strength (15.25 MPa) when
compared to the composites. This observed decrease in tensile strength of the composites in
comparison with the polystyrene waste might be due to improper distribution of the filler with the
matrix. Previous report shows that agglomeration of starch within the polymer (polystyrene waste)
matrix may also lead to this behavior and in turn lead to poor stress transfer (Yew et al., 2005;

Obasi et al., 2014).

The effect of starch content on young modulus of the ps / chemically modified starch composites
(Figure 4) at different filler (10, 20 and 30%). The young modulus was found to increase as the
starch content increases from 10 to 20%. The highest Young Modulus was 314.81 MPa at 20%
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starch content while the lowest Young Modulus was 3.16 MPa at 10% starch content. The
composite of polystyrene and modified starch showed that Young's modulus increased from 18.30
to 314.81 MPa when composites were filled with 20% of the filler. The increase in young modulus
of the composite with increase in starch content could be due to the higher stiffness of the starch
granules. Previous reports shows that with an increase in starch content, the filler-filler interaction
becomes more pronounced than filler-matrix interaction, this leads to the agglomeration of starch
granules that are inherently more rigid or stiffer than the polystyrene matrix (Balakrishna et al.,
2001).

The percentage elongation at break of the composite is shown in Figure 5. It was observed from
the graph that elongation at break decreases as the starch content increases from 10-30% wt. The
lowest elongation at break was 2.36 at 20% filler loading while the highest was 8.45 at 30% filler
loading when compared with the pure polystyrene waste which was 53.65%. The decrease in
elongation with an increase in starch content could be attributed to the phenomenon that the starch
granule containing hydroxyl groups on its surface is highly hydrophilic, whereas polystyrene is
nonpolar. Therefore, strong interfacial bond (hydrogen bond) does not form between polystyrene
and starch. Chandra and Rustgi (2018) reported that the drop in elongation at break of the polymer
became more prominent as the starch content increased to higher percentage. This could be due to
the reason that, at higher starch contents, filler-filler interaction becomes more pronounced than
filler-matrix interaction which reduces the effective cross-sectional area of the polymer sample
caused by the presence of starch particles.

The effect of starch content on the Impact Strength of the composite was presented in Figure 6.
The result shows a decrease in impact strength value from 0.23J/mm to 0.05J/mm as the starch
content increase from 0 to 30% wt. At 20% starch content, there was a slight increase in impact
strength (0.20J/mm). The decrease in impact strength with increase in starch contents may be due
to crack propagation within the composite as a result of impact loading. There was also reduction
in total surface area available for matrix-filler interaction which leads to increase in mobility of the
matrix molecules, as a result the particle sizes that tends to accumulate and increase. This by
extension result into weakening of the interfacial bond between the matrix and the filler. It is
therefore expected that as the filler content and particle size increases there will be a decrease in
impact strength. Kawasaki et al. (1998), reported that impact strength decreased by increasing filler
loading due to poor interfacial bonding between the filler and the matrix, polymer causes micro-
crack to occur at the point of impact, which causes the cracks to easily propagate in the composite
without any compatibilizing agent. It was also reported that the decrease in impact strength may be
due to agglomeration of the starch on the matrix and poor interfacial bonding which may tend to
produce cracks upon impact (Kormin et al., 2017).

CONCLUSION

In this study, the effect of modified starch content on the polystyrene foam / sweet starch
composites compatibilized with glycerol has been successfully prepared using chemical
modification in order to address environmental pollution caused by this polymeric material. The
results obtained has confirmed that physicomechanical properties of the blends of Polystyrene
waste with modified sweet Potatoes starch were significantly affected by the amount of modified
starch content in the produced composite. Within the limit of the variation presented in this study,
optimum properties of the composites were obtained at sample with (20wt%) of the modified starch
content mostly for Young modulus , per cent elongation at break, impact strength and flexural
strength (314,81MPa, 2.36%, 0.20J/mm and 0.0801MPa). Sample with (30wt%) having the highest
Tensile strength of 7.02MPa.
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ABSTRACT

The present study deals with the antibacterial activity and functional group analysis
of Piliostigma thonningii extract, its fractions, sub-fractions and column isolates. The
crude methanol extract of the plant (PT1), its partitioned-soluble fractions (PT1-01,
PT1-02, PT1-03 and PT1-04), sub-fractions from VLC fractionation of ethyl acetate
fraction (VLC1 —VLC7) and column sub-fractions (Et1-Et6) were screened for their
antibacterial potentials using agar well diffusion technique. The crude methanol leaf
extract was first partitioned with different organic solvents to afford the n-hexane-
chloroform- and ethyl acetate-partitioned-soluble fractions. The antibacterial active
ethyl acetate — partitioned soluble fraction was further fractionated over a vacuum
liquid chromatography followed by column chromatography of the antibacterial active
VLC sub-fraction (VLC5). Characterization of the antibacterial active column sub-
fractions was done using Fourier transform infrared spectroscopy (FTIR). The results
showed that all the fractions possess antibacterial activity on at least one of the
bacteria tested, however, the ethyl acetate fraction (PT1-03) exhibited the widest zone
of inhibition on the test bacteria (14-16mm) at the concentration of 100mg/ml. The
zones of growth inhibition increased with increasing concentration of the extracts. The
corresponding increase in concentration and growth inhibition zone was significant
(p<0.05). The FT-IR result of the column isolate from the ethylacetate fraction
revealed the presence of phenols, aldehydes, ketones, amines, amides and carboxylic
acids. The spectra of the activity exhibited by the isolates signified their potency for
the development of therapeutic agents against these pathogenic bacteria.

Keywords: Antibacterial activity, Column chromatography, Growth inhibition,
Solvent partitioning, Spectrophotometer.

1. Introduction

The use of plants and its products has a long history that began with folk medicine and since then
remarkable progress has been made in the field of medicine with the discoveries of many natural
and synthetic drugs (Preethi et al., 2010). Antibiotics are undeniably one of the most important
therapeutic discoveries of the 20" century that had effectiveness against serious bacterial infections.
However, only one third of the infectious diseases known have been treated with these synthetic
products (Sharma, 2011). This is because of the emergence of resistant pathogens that are beyond
doubt the consequence of years of widespread indiscriminate use, incessant and misuse of
antibiotics. Antibiotic resistance has increased substantially in the recent years and is posing an
ever increasing therapeutic problem (Anyanwu and Okoye, 2017). In nature, plants are bestowed
with chemical compounds to help provide defense against predators. It is expected that plant
extracts showing target sites other than those used by antibiotics will be active against drug resistant
pathogens (Sen and Batra, 2012). Some of the secondary metabolites in plants have also been
identified to act as drug precursors which may be utilized for the production of the more potent
synthetic drugs. Plants natural products chemistry have played an active role in generating a
significant number of candidate compounds in drug discovery programs (Pillai and Nair, 2014).
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However, the climate and other ecological conditions may affect production of secondary
metabolite in medicinal plants and need to be incessantly monitored to maintain the potency of the
plant drugs (Chandrika et al., 2013). Fingerprinting (marker compound analysis) by chemical and
validated chromatographic and spectroscopic techniques are gaining importance for
standardization in the herbal medicinal formulations. The evaluation of a herbal product by
metabolomic fingerprinting can be accomplished by appropriate methods, including High
performance liquid chromatography (HPLC) with Ultraviolet diode array detector(UV DAD),
Evaporative light scattering detector (ELSD), Gas chromatography mass spectrometry (GC-MS),
High performance thin layer chromatography (HPTLC), Fourier transform infrared spectroscopy
(FT-IR), Near infrared (NIR), Nuclear magnetic resonance spectroscopy (NMR) or a combination
of these techniques. Such techniques also provide useful information about qualitative and
quantitative composition of herbal medicines and their pattern recognition by chemometry (Geethu
et al., 2014). The Fourier transform infrared (FTIR) spectroscopy has proven to be a valuable tool
for the characterization and identification of compounds or functional groups (chemical bonds)
present in an unknown mixture of plant extracts (Maobe and Nyarango, 2013). The FTIR measures
predominantly the vibrations of bonds within chemical functional groups and generates a spectrum
that can be regarded as a biochemical or metabolic “fingerprint” of the sample (Mariswamy et al.,
2012). The present study therefore, evaluates the antibacterial activity, as well as; the presence or
absence of various functional groups in the crude methanol leaf extract of P. thonnigii and its
fractions using FTIR.

2. Materials and Methods

2.1 Collection and Identification of the plant

Matured leaves of P. thonningii were collected along Gidan kwano Road Minna, Niger State,
Nigeria. The plant was identified at the herbarium unit of the Department of Biological Sciences,
Ahmadu Bello University, Zaria where voucher number 171 was deposited.

2.2 Plant Preparation

The leaves were carefully washed under running water, air-dried at room temperature and then
milled into fine powder. About 300 g of the powdered leaves of the plant was macerated with 1.5
liters of 70% methanol for 72 hours. The resulting mixture was filtered using a muslin cloth and
subsequently concentrated using a rotary evaporator. The extract was weighed, placed in sterile
sample bottles and stored in a refrigerator until required for use (Tiwari et al. 2011).

2.3 Solvent partitioning of crude extract

The methanol crude extract (40g) was subjected to solvent-solvent partitioning by using the
methods employed by Emran et al. (2015). The crude extract was successively partitioned by using
solvents of increasing polarity in the following order; n-hexane, chloroform and ethyl acetate in a
separating funnel. The resulting fractions of the crude extract were evaporated to dryness using
rotary evaporator at 40°C to afford fractions labelled as the hexane (PT1-01), chloroform (PT1-02),
ethyl acetate (PT1-03) and methanol (PT1-04) soluble fractions. All the fractions were weighed
and stored in air tight containers till further analysis.

2.3.1 Reconstitution of Plant extract and Fractions

Using an analytical weighing balance one gram (1 g) of extract and each fraction were dissolved in
5 ml of 50% dimethylsulphoxide (DMSO) to make 200 mg/ml stock solution from which was
serially diluted to give concentrations of 100 mg/ml, 50 mg/ml and 25 mg/ml.

2.4 Vacuum Liquid Chromatography (VLC) and Column Chromatography of Ethyl acetate
Fraction of P. thonningii

The most antibacterial active partitioned fraction (Ethylacetate fraction of P. thonningii, PT1-03)
was further exploited in an attempt to isolate the active principle which exhibited the antibacterial
activity. The method described by Amin et al., (2012) was adopted for the isolation procedure. The
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ethyl acetate extract was further fractionated using VLC to afford VLC sub-fractions, coded VLC1-
VLC7. The most active VLC sub-fraction (VLC5) which exhibited significant activity against the
test organisms were subjected to column chromatography using the method described by Dauda
and Mudi (2013) with slight modification. About 250 g of silica gel (60-120 mesh size) was made
into slurry of n-hexane and packed by wet method into a glass column (3.8 cm by 53 cm) in slurry
of n- hexane. The sub-fraction (2g) was dissolved in methanol and then mixed with a small quantity
of silica gel, dried, triturated and then loaded on top of the column already packed with silica gel.
Sequential elution was carried out using stepwise gradient solvents of increasing polarity in the
following order: n-hexane (100%), n-hexane - chloroform (1:1), chloroform (100%), chloroform-
ethyl acetate (4:1), chloroform-ethyl acetate (1:1), chloroform-ethyl acetate (1:2), chloroform-ethyl
acetate (1:4), ethyl acetate (100%), ethyl acetate-methanol (9:1), ethyl acetate-methanol (4:1), ethyl
acetate-methanol (1:1), methanol (100%), methanol-water (1:1) and 100% water. The process was
monitored using the thin layer chromatography. An aliquot of 20 ml of the eluates were
continuously collected into test tubes from the beginning to the end of the elution, in each case the
eluates having similar TLC profile were pooled together into major sub fractions which were
further subjected to antibacterial activity.

2.5 Characterization of Column sub-fractions

The semi-purified sub-fractions that displayed significant antibacterial activity were identified
using FTIR. The infrared spectra of the column isolates were recorded on Agilent Technologies
model FTIR 4100 excoscan at the Ahmadu Bello University (ABU) Zaria, Kaduna State. The
spectra were scanned in the 650 to 4000 cm™ range. The spectra were obtained using transmittance
method and were plotted as intensity versus wave number. The functional groups (obtained by
FTIR analysis) present in each of the active column isolate was interpreted with the aid of structure
correlation chart (Oyerinde and Bello, 2016).

2.6 Antibacterial assay

2.6.1 Test organisms

Clinical isolates of Salmonella typhi, Salmonella paratyphi A, Salmonella paratyphi B and
Salmonella paratyphi C were obtained from the Microbiological laboratory of Aminu Kano
teaching Hospital, Kano for the susceptibility tests. The organisms were used after their identity
were confirmed at the Department of Microbiology, Bayero University, Kano. The stock culture
was maintained on Nutrient agar slant at 4°C in the refrigerator.

2.6.2 Antibacterial Susceptibility Test

The sensitivity of extract, fractions and sub-fraction was determined using the agar well diffusion
method as described by Nas and Ali (2017) with modifications. With the aid of a sterile cotton
swab the prepared bacterial suspension equivalent to 0.5 McFarland Standard (1.5 x 10° CFU) was
inoculated onto sterile Mueller- Hinton agar plates. A sterile 6 mm diameter cork borer was used
to bore 3 wells into the agar plates. The wells were then filled up with approximately 0.1ml of the
extract solution at a concentration of 25, 50 and100 mg/ml taking care to prevent spillage onto the
surface of the agar medium. The plates were allowed to stand on the laboratory bench for 1 hour to
allow proper diffusion of the extract into the medium after which the plates were incubated at 37
°C for 24 hours, and thereafter the plates were observed for zones of inhibition and measured.

2.7 Statistical Analyses

The statistical analyses were carried out using statistical package for social sciences (SPSS-
computer package). Data from the antibacterial activities of P. thonningii were expressed as mean
+ standard error of three independent replicates and also subjected to one-way analysis of variance
(ANOVA) at p<0.05 level of significance for comparison of the extract activities.
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3.0 Results and Discussion

Plant extracts are considered to be valuable source of biological active compounds. In this study
the antibacterial activity of the crude extract, fraction and fractions of P. thonningii were assessed
against some Salmonella species. The crude extract and all the other fractions had good
antibacterial activity against all the tested organisms except n-hexane soluble fraction (Table 3.1).
This could be that the bioactive compounds present in the plant were more soluble in polar solvents
as compared to the non-polar solvents. However the most active fraction was ethylacetate soluble
fraction as it showed the largest zone of bacterial inhibition (11-16 mm) as such was subjected to
vacuum liquid chromatography. The antibacterial activity of all the seven sub-fractions obtained
from vacuum liquid chromatography of P. thonningii ethylacetate fraction is shown in Table 3.2.
All the sub-fractions except sub-fraction seven (VLC7) showed zones of inhibition on at least one
organism. However sub-fraction five (VLC5) was the most active against the bacteria strains tested,
as a result of which it was further purified using column chromatography. Table 3.3 show the results
of antibacterial activity of sub-fractions obtained from column chromatography of sub-fraction
VLC5. The bacterial strains tested were susceptible to column sub-fraction Etl and Et2. However
Etl indicated the strongest antibacterial activity on the test organisms at low concentration of 50
mg/ml (11-15 mm) when compared with the crude extract and previous fractions. Column sub-
fractions Et3-Et6 exhibited no zone of inhibition. The present study has shown that antibacterial
activity varies with fraction. The observed difference could be attributed to the variation in the
distribution of active principles according to their affinity for the solvent used in fractionation. Few
investigations on the antibacterial properties of P. thonningii have been reported. Chukwunonye et
al., (2017) had also reported the potency of the leaf extract and fractions of P. thonningii on S. typhi
and other bacteria.

Table 3.1: Zones of growth inhibition (mm) of the crude extract and fractions of the leaves
of P. thonningii on the test bacteria

Crude/ Fractions Conc. S. typhi S. paratyphi A S. paratyphi B S. paratyphi C
(mg/ml)

PT1 25 10+ 0.33° 0+ 0.00° 09+ 0.00¢ 0+ 0.00°
50 12+ 0.58" 09+ 0.33° 11+ 0.33° 09+ 0.33°
100 15+ 0.33* 12+ 0.58° 15+ 0.332 11+ 0.332

PT1-01 25 0+0.00* 0+ 0.00° 0+ 0.00? 0+ 0.00?
50 0+0.00* 0+ 0.00° 0+ 0.00? 0+ 0.00?
100 0+0.00* 0+ 0.00° 0+ 0.00? 0+ 0.00?

PT1-02 25 0+ 0.00° 0+ 0.00° 0+ 0.00° 0+ 0.00°
50 0+ 0.00° 0+ 0.00° 11+ 0.58° 12+ 0.33°
100 12+ 0.33*  8+0.33% 13+ 0.33° 14+ 0.00°

PT1-03 25 11+ 0.33° 0+ 0.00° 13+ 0.33° 12+ 0.33¢
50 12+0.33° 12+ 0.00° 14+ 0.33° 13+ 0.58°
100 14+ 0.33* 15+ 0.33° 16+ 0.332 15+ 0.882

PT1-04 25 0+ 0.00° 0+ 0.00° 0+ 0.00° 0+ 0.00°
50 11+0.33*  9+0.33° 9+ 0.33° 9+0.33°
100 10+ 0.33* 12+0.33% 12+ 0.332 11+ 0.332

Values are presented in means + Standard error of three replicates.
Values with the same superscript on the same column are not significantly different at P>0.05.

Keys: PT1- Methanol extract; PT1-01- n-hexane soluble fraction; PT1-02-Chloroform soluble
fraction; PT1-03- Ethylacetate soluble fraction; PT1-04- Aqueous methanol soluble fraction
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Table 3.2: Antibacterial activity of VLC sub-fractions obtained from Ethylacetate fraction
of P. thonningii

Sub-fractions Conc. S. typhi S. paratyphi A S. paratyphi B S. paratyphi C
(mg/ml)
VLC1 50 11 10 11 11
100 12 11 11 12
VLC 2 50 10 8 - 8
100 11 10 9 8
VLC 3 50 8 - 8 -
100 8 8 9 8
VLC 4 50 8 8 - -
100 8 9 - -
VLC5 50 13 8 12 11
100 13 9 12 11
VLC 6 50 - - - -
100 9 - - -
VLC7 50 - - - -
100 - - - -

Key: - No zone of inhibition

Table 3.3: Antibacterial activity of isolates obtained from Column Chromatography
(Et1-Et6) of P. thonningii

Fractions Conc. S. typhi S. paratyphi  S. paratyphi  S. paratyphi
(mg/ml) A B C
Etl 25 13 14 12 13
50 15 15 13 15
Et2 25 11 - 11 -
50 11 - 11 11
Et3 25 - - - -
50 - - - -
Et4 25 - - - -
50 - - - -
Et5 25 - - - -
50 - - - -
Et6 25 - - - -
50 - - - -

Key: - No zone of inhibition

Infra-Red spectroscopy is basically a vibrational spectrum and involves the measurement of
wavelength and intensity of absorption of mid infrared light by a sample. The FTIR result for the
column isolate Et1 showed that a characteristic absorption bands were exhibited at 2922.2 cm™,
2855.1 cm-1 for C-H stretching and 1692.2 cm™, 1640.0 cm™ for C=C bending (Table 3.4) (Figure
1). The column isolate Et2 showed the characteristic absorption bands at 2926.0 cm-1, 2855.1 cm”
! for C-H stretching and 1640.0 cm™ for C=C bending (Table 3.5) (Figure 2). The present FT-IR
results confirmed the presence of phenols, alkanes, aldehydes, ketones, amines, amides, alkenes,
carboxylic acids, and alcohols in the column isolates. Phenols are of great importance as they
protect the human body from the oxidative stress, which cause many diseases including cancer,
cardiovascular problems and ageing. They exhibit antimicrobial, anthelmintic, antiapoptotic and
antidiarrhoeal activities (Cowan,1999). Amines and amides are the main groups of protein
synthesis. Carboxylic acids are biologically very important in the formation of fat in the body and
act as strong antibacterial agents (Pillai and Nair, 2014).
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Figure 1: FTIR spectra of Column isolate Etl
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Figure 2: FTIR spectra of Column isolate Et2

Table 3.4: FTIR Interpretation of Column isolate Etl

Wave number (cm-1) Types of vibration

Functional groups

3384.4

2922.2, 2855.1
1692.2,1640.0
1379.1, 1457 .4
1036.2- 1248.7

708.2-972.8

N-H stretch/ O — H
Asymmetrical stretching
Stretching

Bending and rocking
Stretching

Out of plane bending

Amino group, hydroxyl group

C-H (alkanes)

C=0 (ester carbonyl functional group
C — H (methyl or —-CH3)

C-N, C-O Aliphatic amines/alcohols,
carboxylic acids

Aromatic C-H bending

Table 3.5: FTIR Interpretation of Column isolate Et2

Wave number (cm-1)

Types of vibration

Functional groups

3384.4

2926.0, 2855.1
1513.3-1699.7
1379.1, 1436.6
1077.2- 1218.8

685.8- 888.5

N-H stretch/ O — H
Asymmetrical stretching
Stretching

Bending and rocking
Stretching

Out of plane bending

Amino group, hydroxyl group

C-H (alkanes)

C=0 (ester carbonyl functional group

C — H (methyl or -CH3)

C-N, C-O Aliphatic amines/alcohols,
carboxylic acids

Aromatic C-H bending

4. Conclusion

The antibacterial activity of the leaves of P. thonningii showed that the crude extract, fractions and
sub-fractions demonstrated antibacterial effect against the test organisms with higher activity in the
column isolates when compared to the other fractions. The antibacterial activity of the plant parts
can be attributed to the presence of some phytochemicals identified in this study. The ethyl acetate
fraction of the plant extract and identified chemical isolates may therefore be a readily available
source of cheap and potent antibacterial agents to be used in the therapy of infections caused by
these often multi resistant organisms. These findings provided a rationale for the ethnomedicinal
use of the plant in traditional medicine.
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Abstract

There is a growing interest in the pharmaceutical industry to replace synthetic with
natural products with bioactive properties such as the ones from plant sources. The aim
of this study was to determine the chemical composition, mineral contents,
phytoconstituents and antibacterial activity of the methanolic extract and essential oil of
Mentha piperita. The essential was extracted using clevenger apparatus and the essential
oil was analysed using GC/MS, result revealed (+)-menthol, menthol and neo-menthol as
the main constituents, comprising 38.06, 35.64 and 6.73% of the essential oil,
respectively. The preliminary phytochemical screening revealed the presence of
flavonoids, saponins, alkaloids, tannins, cardiac glycosides and glycosides. while the
elemental analysis of the minerals revealed K 24.020%, Na 7.780%, Ca 0.075%, Mg
0.015% and P 0.340%. Furthermore, the essential oil was tested against two gram-
positive and gram-negative bacteria isolates by agar well diffusion method. Both the
extract and essential oil exhibited antibacterial activities against the tested organisms. In
conclusion, M. piperita can be an excellent source of nutrient and potential
ethnomedicinal plant which may have minimal side effect when compared to synthetic
drugs.

Keywords: antibacteria, essential oil, hydro-distillation, GC-MS, M. piperita

Introduction

A variety of bioactive compounds that are present in different parts of a plant has spurred a renewed
interest in developing alternate therapy. The traditional herbal medical system has been practiced
globally from ancient times; consequently, a great volume of literature is available on the
antimicrobial activity of a variety of plant species. Multidrug resistance among the microbial
pathogens has been a great concern world over. Phytochemicals from plants have shown great
promise in the treatment of intractable infectious human diseases including viral infections (Cowan,
1999).

Mentha piperita L., commonly named as a peppermint, (Mentha x piperita L.), is a cross breeding
of spearmint (Mentha spicata) and water mint (Mentha aquatica). Mentha is a variety of plants in
the family Lamiaceae (mint family) in the subfamily Nepetoidae, It is assessed that 13 to 18 species
exist, and the correct refinement between species remains thesame. It incorporates fragrant herbs
of confounding ordered characterization, because of a high variation in morphological characters
and numerous hybridisations that happen, both in wild and domisticated.

Literature Review
Fresh and dried leaves, as well as essential oils extract from aerial parts of the flowering M piperita,

are used as fragrance as components food, cosmetic and pharmaceutical products ( Iscan et al.,
2002; Raut and Kuruppayil, 2014).
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Evaluation of the nutrient composition of plant materials is of paramount importance because of
the roles of this plant as a source of food and raw materials for industries; it provides both animals
and man with food of different forms and ways. Plants are equally important sources of materials
for our industries. Besides their use as a source of energy and in general plants are now the primary
source of medicine both traditionally and scientifically (Rubatzky and Yamaguchi, 2012;
Ramasamy and Kalidass, 2010).

The concentration of bioactive compounds in Mentha depends on species and in M. piperita
depends on the plant variety, its maturity, geographical region, climate and processing conditions.
M. piperita contains menthyl acetate (2%-11%), isomenthone (2%-8%), 1.2%-3.9% (v/w) essential
oils composed of menthol (33%-60%), menthone (15%-32%), eucalyptol (5%-13%), menthofuran
(1%-10%) and limonene (1%-7%), (Fatemi et al., 2014). Moreover, M. piperita leaves contain 19-
23% of polyphenols, which include eriocitrin and rosmarinic acid (59%-67%), luteolin 7-
orutinoside (7%-12%) and hesperidin (6%-10%), (Berdowska et al., 2013; Kamiloglu et al., 2012).

A standout among the most well-known types of restorative plants predominant all through the
world, in pharmaceutical, corrective, and sustenance industry, is peppermint (Marjina et al., 2012).
Peppermint has a carminative, antispasmodic, and antiseptic properties which make this herb
popular for medicinal use for centuries (Zmora et al., 2012). Aromatherapy uses essential oils,
which are said to be highly concentrated substances extracted from flowers, leaves, stalks, fruits
and roots (Dunning, 2013). Many essential oils are known for their antibacterial activity against
gram-positive and gram-negative bacteria along with antifungal properties. They can be very good
alternatives for antibiotics if properly and thoroughly studied for these effects (Babar et al., 2015).

Material and Methods

Sample collection

Indigenously grown mint plants were collected from the garden of the faculty of Pharmacy garden,
Usmanu Danfodiyo Univertisy, Sokoto. The identity of plant material was confirmed from the
herbarium unit of the Department of Biological Sciences, Usmanu Danfodiyo Univertisy, Sokoto.
The plant material was washed with clean water to remove soil and other dirt. Half of the fresh
leaves of M. piperita was used for essential oil extraction while the other half was air dried and
then ground into powder using clean pestle and mortar, sieved with a to obtain fine granules.

Extraction

Essential oils of fresh peppermint leaves were isolated by hydro-distillation (Clevenger-type
apparatus) according to standard procedure described in European Pharmacopoeia (1997). The oil
extract was stored in tightly closed vials at +4 °C until analysis. The yield was calculated using the
equation ROy=(M/Bm)x100 where M is the mass of the extracted oil(g) and Bn is the initial leaf
weight. To the fine granules, 500 g of the fine powdered sample of M. piperita leaves was
percolated in ethanol (700 cm®) and distilled water (300 cm?®) for three (3) days at laboratory
temperature for three consecutive times and filtered. The filtrates were collected, combined and
concentrated over a water bath at 35 °C. The concentrate (80.9g) collected and weighed (Halilu et
al., 2012).

Phytochemical analyses

The qualitative phytochemical analysis of the methanolic leaf extract was conducted to determine
the presence of some secondary metabolites. The methods of Trease and Evans (1989) and
Sofowora (1982) were used for the phytochemical screening of the extracts.

Mineral analysis

Mineral contents in leaves were determined using an atomic absorption spectrophotometer (Buck
Scientific Model 205, East Norwalk, CT) (Anonymous, 2005). A 0.5 g amount of crushed
composite sample was digested in nitric acid (Conc. HNO3), sulphuric acid (Conc. H.SO.) and
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perchloric acid (HCIO4) at 150°C inside a fume cupboard for about 5 h to generate the digest
solution. An aliquot of the digest solution was used for determination of calcium, magnesium,
sodium, potassium and phosphorus contents (Gideon et al., 2018).

Sodium and Potassium estimation.

Flame photometer (model FP 640) was used to obtain sodium (Na) and potassium (K). The flame
photometer was set up by inserting appropriate filter usually by 768 nm for K and 589 nm wave
lengths for Na respectively. This instrument was set to 100 transmittance by taking 2-10 ppm of K
and Na solution. The standard curve was prepared by plotting transmittance reading against
concentration of standard K and Na solution (Singh et al., 2012).

Calcium and Magnesium determination.

Calcium and Magnesium were determined by EDTA method. Calcium was obtained the samples
by pipetting 2 ml aliquot of the sample solution into filtration flask. Three drops each KCI, NH2,
OH and triethanolamine were added together with 0.3 g of Murexide, and it was then titrated with
EDTA solution to the end point from pink to purple (Jatto et al., 2010).

Phosphorus determination.

Phosphorus (P) was determined using a UV-Vis spectrophotometer (model PG 1900 made in
England). Digested supernatant solution 2 ml was pipette into a 50 cm?® volumetric flask, 2 ml of
the sample and 2 ml of Ammonium molybdate solution were added. After that, 1 ml of diluted
stannous solutions was added, mixed again and allowed to stand for 5 minutes. The % absorbance
on UV-Vis spectrophotometer at 660 nm wavelength was used to determine the concentration of
phosphorus (Pytlakowska et al., 2012).

Gas chromatography/Mass spectrometry (GC/MS) Analysis:

The essential oils of mint samples were analysed by using a GC Clarus 600-MS Clarus 600 C
(Perkin Elmer) equipped with an auto sampler. One microlitre of sample volume was injected using
split method. Chromatographic separations were accomplished with a Elite 5-MS capillary column
(5% Diphenyl)-Dimethylpolysiloxane, 0.25mm i.d x30 m, film thickness 0.25 m) with injections
in the split mode with 20 split ratio. Analysis was carried out using helium as the carrier gas with
flowrate of 1.0 ml/min. The column temperature was initially kept at 60 °C for 3 min than gradually
increased to 130 °C at 4 °C min™* rate, held for 2 min, and finally raised to 240 °C at 20 °C min™.
The injection port temperature was 240 °C. The ionization voltage applied was 70 eV with mass
range m/z of 20-550 amu. The separated components were identified tentatively by matching with
EI-MS results of National Institute of Standards and Technology (NIST), WILEY 8th edition and
NBS mass spectral library data. The quantitative determination was carried out based on peak area
integration.

Collection of Bacterial Isolates

Two Gram-positive (Staphylococcus aureus ATCC 25923 and Staphylococcus saprophyticus
ATCC19615), and two Gram-negative (Escherchia coli ATCC 25922 and Pseudomonas
aeruginosa ATCC 27853) bacteria were obtained from Usmanu Danfodio University Teaching
Hospital, Sokoto, Nigeria.

Antibacterial Screening

The antibacterial activity of the extract and essential oil determined using the agar well diffusion
method. The standard inoculum of the respective bacteria were spread uniformly on four (4) sterile
petri dishes labeled A, B, C and D containing the nutrient agar, two adjacent holes of 6 mm were
drilled with sterile cork borer at 30 mm interval. The wells were filled with 20ul and 10ul of the
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M. piperita extract and essential oil. The plates were allowed to stand for 30 minutes for pre-
diffusion of the extract and then incubated at 37 °C for 24 h. The zone of inhibition were evaluated
to the nearest milliliter (mm) using tetracycline as a control. All means are in standard deviations
of the triplicate result were taken. The values > 9 were considered active (Rios et al., 1998; Alves

et al., 2000).

Results and Discussion
Table 1 Phytochemical screening of the M.
piperita leave extract

Phytochemical Test
Saponin ++
Tannin ++
Flavonoids ++
Cardiac glycosides +
Alkaloids +++
Glycosides +
Volatile oil +++

Key: +++ = present in high amount, ++ =
moderately present, + = Trace amounts

Mineral % composition
Calcium 0.075
Magnesium 0.015

Sodium 7.780
Potassium 24.020
Phosphorus 0.340

Table 3 Components of the essential oil of M. piperita

Oil Components M. RT

piperita
Pinene 0.27 5.853
Sabinen 0.20 6.975
Laevo-beta-Pinene  0.44 7.129
Beta Myrcene 0.59 7.474
Alpha phelladrene  0.10 7.797
p-Cymene 0.51° 8.611
D-Limonene 1.30 8.824
Cineole 4.62 8.882
D-isomenthone 0.61 10.142
Menthofuran 0.71 10.473
Isomenthone 0.36 10.743
Neo-menthol 6.78 11.365
(+)-menthol 38.06 11.793
Neoisomenthol 1.08 12.655
L-(-)-menthol 0.79 13.132
Isomenthol acetate  3.38 13.454
Menthol 35.64 13.865
Thymol 0.50 15.010
Beta bourbonene 0.21 15.922
Caryophyllene 0.48 17.087
Spathulenol 0.11 17.776
Caryophyllene 0.76 18.065
oxide

96.5%
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Table 4 Antibacterial activity of Mentha piperita against various microorganisms

Test Organism Essential Qil Methanolic extract Standard

20l 10ul 20l 10ul 20l 10ul
S. saprophyticus  13.0 £2.3 11.3+2.3 10.3+1.5 8.3 0.7 16.3+1.2 12.3x0.7
S. aureus 15.0+1.7 143+23 127+14 106+23 17517 15123
Escherichiacoli  15.3 £2.0 12.0 £1.7 11.4+1.5 9.0£1.7 11.3+09 16513
P. aeruginosa 8.3+0.1 - 7.6£2.1 - 104+24 104 +1.1

(-) No zone, Zone of inhibition (mm), Mean £ SD

Discussion

The results of phytochemical screening of leaf extract of M. piperita revealed the presence of
alkaloids, flavonoids, saponins, volatile oil, cardiac glycosides, tannin and glycosides (Table 1).
The presence of these components in this species is an indication that it may have some medicinal
potential. This is due to the fact that each of the components identified has one therapeutic usage
or another. For instance, plants rich in saponins have immune boosting and antiinflammatory
properties (Kenner and Requena, 1996). Similarly, tannins have been reported to have antibacterial
potential due to their basic character that allows them to react with proteins to form stable water
soluble compounds thereby killing bacteria by directly damaging its cell membrane (Ade-Ajayi et
al., 2011). The antibacterial activities of alkaloids and flavonoids have been reported by a number
of authors (Hassan et al., 2005; Aliero et al., 2008; Yesmin et al., 2008). They can be very good
alternatives for antibiotics if properly and thoroughly studied for these effects (Babar et al., 2015).

Table 2 shows the concentrations of minerals (sodium, magnesium, calcium, and potassium). The
potassium content showed in the result was relatively small compared to the one reported
previously (Fasuyi, 2007). The phosphorus content obtained in this study was in agreement with
that obtained by previous report (Heleno et al., 2013), while the values of sodium, calcium and
magnesium content where higher than those reported by Erukainure et al. (2011). In general, the
most abundant elements are potassium, calcium, sodium, magnesium and phosphorus minerals.
Potassium was the most abundant element present in the sample (24.020 %), followed by sodium
(7.780%) and phosphorus (0.34%). The lowest mineral content detected was calcium (0.075%).
Iron was found not detected in both samples.

Table 3 the essential oil consist of complex chemical mixtures that vary widely in chemical
composition. A total of 22 components, accounting for 95.59 of the total oil, was identified in the
M. piperita essential oils. (+)-Menthol (38.06%), menthol (35.64%), neomenthol (6.78%) and
cineole (4.62%) were the main components in the oil of M. piperita (Table 2). The chemical
composition of M. piperita characterized by the presence of oxygenated monoterpenes such as
menthol, menthone, menthyl acetate, sabinene hydrate menthofurone and 1,8 cineole (Agarwal,
2008). Aflatuni (2005) reported that menthol content in M. piperita origins ranged from 9.8 to
26.2%. Moreover, menthol content of different peppermint origin varies from 10% to 63% and
menthone content from 12% to 76%. The results of menthol content of this study are compatible
with those reported by Aflatuni (2005) and European Pharmacopoeia (1997) as 30% - 55%. Many
scientific literatures revealed the antimicrobial potential of essential oils (Mimica-Dukic et al.
2003; Gulluce et al. 2007; Hussain, 2009). In view of the multiple applications of essential oils,
their characterization based on their chemical profiles, is of great importance. Moreover, seasonal
variation, especially harvest time, affects also significantly biological activities of oils.

It reported that peppermint oil exhibit strong activity against a wide range of human pathogenic
Gramme-positive and Gramm-negative bacteria and fungal strains (Mimica-Dukic et al., 2003;
Gulluce et al., 2007). The result from table 4 activity against all the tested bacterials except P.
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aeruginosa which no activity at concentration of 10ul. The result of this study justifies the use of
M. piperita in ethnomedicine for the treatment of infectious diseases caused by susceptible bacterial
species.

Conclusion

This study allowed concluding that M. piperita hydro-distillation extract possesses very important
chemical constituents as major compounds and also contains important minerals. In contrast, the
essential oil showed strong antibacterial properties comparedtothe methanolic extract. In this way,
M. piperita extracts and essential oil have a huge potential as alternatives to synthetic drug in
pharmaceutical industry. Further studies should evaluate the safety and toxicity of essential oil
extracted from M. piperita to human consumption before considering their use for medicinal
purposes.
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ABSTRACT

In developing countries such as Nigeria, majority of rural dwellers depend on well water
as their main source of water supply for drinking and other domestic activities. This
source of water can be easily contaminated by faecal contaminants and human activities.
An investigation was carried out to determine the water quality and prevalence of
Escherichia coli in selected well water within Bida metropolis. Well water samples (10
closed and 5 open) were collected from selected points in Bida metropolisThe total
coliform of the water sample were determined using multiple tube fermentation technique.
Some physicochemical parameters such as temperature, pH and dissolved oxygen were
also determined. In all the well water samples collected, a high prevalence of E.coli and
coliform was observed, which ranged between 0.1 x10? — 0.2 x102MPN/100ml and 0.15
x10% - 11 x10> MPN/100ml which exceeds the zero MPN/100ml World Health
Organisation (WHO) recommended standard. The pH of the water samples ranged from
6.0 to 6.8, which conform to the WHO standard of 6.5 to 8.5. Dissolved oxygen presented
in this study ranged from 1.3 to 2.9mg/L, which is within the 1.0 tol0mg/L recommended
standards. This study showed a high bacteriological contamination by the presence of
disease causing pathogens in well water in Bida metropolis. Management of this
contamination can be achieved by treatments of the well water, educational awareness,
digging deeper wells and locating wells far away from dumping sites and latrines.

Key words: Escherichia coli, Well water, Coliform, World Health Organisation.

Introduction

Water is a universal solvent, which is fundamentally important to all living things such as plants,
animals and humans. It occupies about 71% of the earth crust (Mullen, 2021) and it is the major
constituent of the human body weight (Williams et al., 2002).Water has many strong unique
properties that are so important to life on the planet. These properties includes, it is colourless;
tasteless; odourless; it dissolves nearly in everything and exists as solid, liquid and gas and it is part
of every living organism on the planet (Umar et al., 2019). Access to safe and affordable water for
drinking and domestic purposes is an essential attribute for prevention of disease outbreaks and
improving quality of life (Borchard et al., 2004). However, most rural areas in developing countries
do not have access to potable water or treated water but rely on locally available untreated water
(Umar et al., 2019).

Water contamination is often as a result of sewage, waste water treatment facilities and other
anthropogenic activities that can alter the physical and chemical characteristics of water. Water
intended for human consumption must be free from organisms and chemical substances that may
be hazardous to health. The absence of turbidity, colour, or any disagreeable taste or smell is of
utmost importance in public drinking water suppliers. It a universal solvent and yet the most
treacherous vehicle for transmitting diseases (Pelczar et al., 2003). It harbors a variety of
microorganisms such as bacteria, protozoa, virus, fungi, algae. The presence of bacteria and
pathogenic (disease-causing) organisms is a concern when considering the safety of drinking water.
These pathogenic organisms can cause intestinal infections, dysentery, hepatitis, typhoid fever,
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cholera, salmonellosis, amoebic dysentery and other illnesses (Syed et al., 2012). The inadequate
supply of clean drinkable water and the frequent pollution of existing supplies has become a serious
public health concern globally. Water borne diseases have been reported to be responsible for more
than 5million death annually (Liew and Lepesteur, 2006; Malik et al., 2012). It was also reported
that water borne pathogens are infecting about 250million people annually with 10 — 20 million
deaths (Dzwairo et al., 2006; Malik et al., 2012). In developing countries, diarrhea is a leading
cause of death for children under the age of five (Ozkan et al., 2007).

Total coliforms and Escherichia coli are indicators recommended by World Health Organization
for the surveillance of water for microbial pathogens (Standridge 2008; World Health Organization
2011). The WHO also recommended that E.coli serves as a vital parameter for minimum water
monitoring (World Health Organization 2011). Escherichia colia member of the fecal coliform
group, is a more specific indicator of faecal contamination than other faecal organisms (Odonkor
and Ampofo 2013). Other faecal organisms include Klebsiella spp., Salmonella spp., Citrobacter
spp. and Enterobacter spp. The consumption of faecal contaminated water does not always
translate into infection, however the higher the faecal contaminant, the higher the microbial load
present in the water. (Syed et al 2012).

To ensure the availability of safe and potable drinking water, multiple approach is required such as
legislation and guidelines, monitoring and management, public awareness and research for
innovative technological solutions (Federal-Provincial-Territorial Committee on Drinking Water
and Canadian Councils of Ministers of the Environment, 2002). However, people living in rural
areas are not subjected to the legislation of drinking water as they often depend on ground water
such as wells, which are mostly untreated. This exposes them to greater risk of waterborne disease
and outbreaks than those living in the urban or developed regions (Galanis et al., 2014; Invik et al.,
2017). Several studies have documented the prevalence of E. coli in drinking water such as 45% in
Gusau Nigeria (Garba et al., 2009) and 60% in Zaria, Nigeria (Umar et al., 2019) respectively. This
study investigated the prevalence of E. coli in some selected well water from Bida Metropolis,
North-central Nigeria.

Methodology

Sample collection

Fifteen water samples were collected asceptically from fifteen different wells using a water drawer
(guga) in fifteen different locations in Bida metropolis. The samples were collected in a 200ml
sterile bottle, labeled appropriately and transported in an ice pack container to the microbiology
laboratory of federal polytechnic Bida, Niger state for analysis. The following physiochemical
analysis (Temperature, pH, and dissolved oxygen) were taken at the point of sample collection
using the standard methods (APHA, 1999)

Total coliform count

The multiple tube fermentation technique (3—3—3) was used to determine the most probable number
(MPN) per 100ml of the well water samples. A volume of 10ml of water was dispensed into three
test tubes of double strength lactose broth (Oxoid®, U.K), 1.0ml was inoculated into three test
tubes of single strength lactose broth and 0.1 ml into three test tubes of single strength lactose broth.
All the tubes were incubated and observed after 24—48 hours for production of gas which indicates
positive presumptive test of coliform bacteria. This method was carried out for all samples
collected.

Presumptive test

After 48 hours, the incubated test tubes where checked for change in coloration and gas production
in the durham tubes. The fermentation tubes with gas production were used to carry out the
confirmatory test. The total coliform count was obtained by the combination of positive tubes using
the standard table of MPN from Bacteriological Analytical Manual (1998) to record the estimated
bacteria count (Bacterialogical Analytical Mannual, 1998; APHA, 1999).
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Confirmatory test

Brilliant green lactose bile broth (Oxo0id®, U.K) was prepared in test tubes with inverted Durham’s
tubes inside them according to manufacturer’s instruction. A loopful of inoculum from the positive
tubes in presumptive test was inoculated onto the brilliant green lactose bile broth and incubated
for 24- 48 hours at 35°C. The presence of gas, turbidity and color change in test tubes indicates a
positive confirmed test for total coliform bacteria and tubes without gas production indicates
negative results (APHA 1999).

Completed test

The positive tubes from presumptive test were inoculated into eosin methylene blue (EMB) agar
and incubated for 24 hours at 35°C. Growth observed on Eosin methylene blue after 24 hours
indicates the presence of faecal contaminant (Escherichia coli). Pure isolates were picked and
transferred to nutrient agar slant, incubated for 24 hours at 35°C. The slants are refrigerated for
further analysis (Gram’s staining and biochemical test).

Identification of Bacteria Isolates

Gram’s staining of colonies from EMB was carried out to identify the grams reaction of the isolates.
Identification was done using Microscope to examine the smear with oil immersion objective lens
and report bacteria as gram positive or gram negative (Chessbrough, 2000). Pure bacterial isolates
from nutrient agar were identified morphologically. Biochemical test was carried out using the
Microgen Biochemical Identification Kit GN-A according to the manufacturer’s instructions to
identify the isolates down to species level and comparing their characteristics with the known taxa
as described by Oyeleke and Manga (2008).

Results

Of the 15 well water samples collected from 15 different locations in Bida metropolis in
duplicate,ten (10) were from closed well and five (5) were from open well. Table 1 and Table 2
show the physiochemical parameters of the water samples for both closed well and open well
respectively. For closed well, the pH ranged from 6.0-6.55 and open well ranged from 6.33-6.8.
The range for dissolved oxygen in closed well was 1.3-2.90 and open well was 1.6-2.5. The
maximum temperature was observed in samples B and G (28.86°C) and the minimum was in
sample A (28.26°C) for closed well while for open well, the highest temperature was in sample A
(29°C) and lowest in sample E (28.66°C)

Table 1: Physiochemical Parameter of close well water sample from Bida Metropolis

Parameters Samples
A B C D E F G H | J
Temperature(°C) 28.26 28.86 28.60 28.76 28.80 28.70 2886 28.27 28.56 28.66
pH 6.25 644 634 655 6.0 6.49 6.5 6.36 6.27 6.33

Dissolved ~ Oxygen 176 290 160 152 13 150 152 149 177 160
(DO)

KEY: Efu-liman (A); Gbazi (B); Masaba (C); Takowasa (D); Dokoza (E); Sabongida (F); Tako-Ladzu (G);
Darachita (H); Tswatamukun (1); Endazabo (J)

Table 2: Physiochemical Parameter of open well water sample from Bida Metropolis

Parameters Samples
A B C D E
Temperature (°C) 29.0 288 28.7 287 286
6 6 6 6
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pH 6.8 6.7 6.50 6.55 6.33

Dissolved Oxygen (DO) 2.0 2.5 1.7 1.6 1.6

KEY: Efu-liman (A); Masaba (B); Dokoza (C); Tako-Ladzu (D); Tswatamukun (E)

The result of the coliform count is presented in Tables 3 and 4 for close and open well water samples
respectively. The coliform count ranged from 0.15 MPN/100ml to 3.5 MPN/100 ml for closed well
water and 1.2 MPN/100ml to 11.0 MPN/100ml for open well water. Samples B and | had the
highest coliform count of 2.4MPN/100ml for closed well water and 11MPN/100ml in samples D
and E in open well water.

Table 3: Total Coliform Count for Closed Well Water Samples Using MPN Technique
Number of Positive Test Reaction
Water 3of10ml 3ofiml 3 of0.1ml MPN Index per
Samples 100ml
0.35
24
0.93
0.75
0.15
0.64
0.75
0.15
2.4
J 2 2 1 0.28

KEY: Efu-liman (A); Gbazi (B); Masaba (C); Takowasa (D); Dokoza (E); Sabongida (F); Tako-Ladzu (G);
Darachita (H); Tswatamukun (1); Endazabo (J)
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Table 4: Total Coliform Count for Open Well Water Samples Using MPN Technique
Number of Positive Test Reaction

Water 30of10ml 3 ofIml 3 o0of0.1ml MPN Index per 100ml
Samples

A 3 1 2 1.2

B 3 3 0 24

C 3 3 1 4.6

D 3 3 2 11

E 3 3 2 11

KEY': Efu-liman (A); Masaba (B); Dokoza (C); Tako-Ladzu (D); Tswatamukun (E)

The prevalence of E. coli was 100% as it was present in all water samples collected. The result for
the bacteriological analysis in Table 5 and Table 6 showed the presence and bacteriological count
of E. coli of both closed and open well water samples respectively in the study area. High count of
E.coli was observed in samples H,D,G and A (0.17-0.2 MPN/100) and low count in sample B (0.1
MPN/100) for close well water while high count was observed in samples A and E (0.14 MPN/100
) and low count in sample D (0.1 MPN/100) for open well water.

Table 5: Total Bacteriological count of E.coli per 100ml of Close well water samples
Samples E.coli count MPN/100ml

A 0.17
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0.1

0.15
0.19
0.13
0.16
0.17
0.20
0.13
J 0.15

KEY: Efu-liman (A); Gbazi (B); Masaba (C); Takowasa (D); Dokoza (E); Sabongida (F); Tako-Ladzu (G);
Darachita (H); Tswatamukun (1); Endazabo (J)
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Table 6: Total Bacteriological count of E. coli per 100ml of Open well water samples
Samples E.coli count MPN/100ml

A 0.14
B 0.13
c 0.12
D 0.10
E 0.14

KEY: Efu-liman (A); Masaba (B); Dokoza (C); Tako-Ladzu (D); Tswatamukun (E)

Discussion

The pH of water in this study was slightly alkaline in nature compared to the recommended standard
pH for human consumption valued at 7.4 (Parker, 2013) but falls within the WHO standard pH
value for water 6.5-8.5. The alkalinity of water supports the survival of coliform bacteria (Wahyun,
2015), which may be associated with increased coliform count and water borne diseases. The acidic
component of a water sample attributes to the delay of cholera outbreak because it does not support
the growth of Vibrio cholera. Charles and Angelo (2004) reported that Vibrio cholerae grows best
under alkaline condition. Therefore, acidic environment keeps the microbial contamination low and
the risk of infection or diseases low. WHO guideline recommended a controlled pH to avoid
corrosion and contamination of water which may have health consequences. However, slight
change in optimum temperature (25°C -40°C) may inhibit or support the growth and survival of
bacteria in water especially coliform bacteria. The temperature range recorded in this study was
28.26°C -29°C at the point of sampling. Optimum temperature for the growth and proliferation
of enterobacteriaceae was recorded as 10°C to 37°C (Prescott, et al., 2002). Samples in this study
showed low DO with the lowest having 1.3mg/l but falls within the WHO standard of 1-10mg/I.
Decrease level of dissolve oxygen indicates the presence of high level of bacteria which leads to
high biological oxygen demand (BOD).

Coliform bacteria are indicators of contaminated of water posing a public health risk to the general
population (CDC, 2020). The bacteria are widely used as an index of bacteriology quality of water
(Ahmed et al., 2005), which is attributed as the causative organism for gastroenteritis in humans.
In this study, the coliform bacteria count did not match the zero (0) MPN/100ml standard for
drinking water recommended by International Standard for Drinking Water, WHO and CDC
(WHO, 1971; CDC, 2020). However, according to WHO (1958) standard for untreated water and
the National ground water association, less than 10MPN/100ml (<10cfu/100ml) can be acceptable
for a certain period of time. Equally the high coliform count indicates the likely presence of other
pathogenic organism in the water sample analyzed.

The prevalence of E. coli in this study indicates a possible high microbial load and pollution in the
water samples. The rate of E.coli isolated in this study does not conform to the zero MPN/100ml
recommended standard for drinking water (Wagner and Lanoix, 1958; WHO, 1971) and zero (0)
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Maximum Contaminant Level Goal (Omg/ml) recommended by the CDC (2020). World Health
Organisation (WHO, 1997) also recommended that both treated and untreated water samples
should have zero E. coli presence. Similar studies, Garba et al., (2009) and Ibrahimagic et al.,
(2015) have also reported high prevalence of E.coli 45.5% and 25.4 % respectively from well water
samples. Petit et al., (2017) also identified a direct association between the density of E. coli
microbes in water and the prevalence of water-related gastroenteritis. This association accounts for
the use of E. coli as an indicator of water quality and by extension, a signal of human, domestic,
and natural sources of faecal contamination (Odonkor and Ampofo, 2013; McLellan and Eren
2014; Nkansah et al., 2010; Odagiri et al., 2016; Pritchard et al., 2016).

Conclusion

From the results obtained, it can be deduced that all the well water samples analyzed are not safe
for human consumption and do not meet the required WHO standards of zero per 100ml of sample
for faecal coliform. The pH and temperature were found to be suitable for high bacterial count. The
presence of Escherichia coli in the water samples indicates a possible presence of other pathogenic
disease causing microorganisms posing health risk to the public There should be a policy and
regulation inplace for the construction of wells far from refuse dump, drainage systems, proper
covering to minimize contamination. Simpler methods for treatment of water should also be
developed and emphasized on to make well water safe for consumption.
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Abstract

A study was carried out on the fungi associated with healthy date fruits (Phoenix
dactylifera Linn). Samples of healthy dried dates were collected from vendors of six
selected retail points in Bida metropolis Niger State, Nigeria. The samples were processed
by cutting into 3 mm sizes with sterilized razor blade and surface was sterilized using 1 %
hypochlorite for 2 minutes. The processed samples were plated onto Potato Dextrose
Agar and incubated for 5 days at 25°c. Pure fungal isolates and stock cultures were
obtained on Potato Dextrose Agar plates and slants bottles using standard mycological
procedures. The pure fungi isolates were characterized and identified using standard
taxonomic guidelines. The most prevalent fungi obtained from this investigation was
Aspergillus sp (50 %) in Big gate, 45 % in Small gate, and 41 % in Lemu and BCC road
and the least prevalent fungi was Penicillium sp at 0 % in small and Big gate. Proper
storage, use of suitable wrapping sheets, separation of infected from healthy dates and
proper washing of dates should be encouraged to reduce the risk of infection by these
organisms.

Key words: Fungi, Isolation, Phoenix datylifera Linn (date fruits).

1. Introduction

Date palm (Phoenix dactylifera Linn) is a species of flowering plant in the palm family Arecacea,
cultivated for its edible sweet fruit and originated from lands around Iraq (Kiran, 2014). The species
is widely cultivated and is naturalized in many tropical and sub-tropical regions worldwide. The
date palm is one of the oldest fruit trees of the world and closely associated with the life of the
people in the middle-east including the Kingdom of Saudi Arabia since ancient times, having
religious and cultural importance. In Saudi Arabia, dates palm is the most important cash and fruit
crop grown in different regions. About 900 thousand tones of the fruit is produced yearly and ranks
as third largest producer in the world (FAO, 2008). Date fruits are as well being consumed in many
countries of the world, Nigeria inclusive (Redmond, 2009). Dates are oval-cylindrical, 3-7cm long
and 2-3cm in diameter and when ripe, range from bright red to bright yellow in colour, depending
on the variety and contain a single seed (stone) about 2-5cm long 6-8cm thick (Gepts, 2002).

The date palm tree can be grown extensively and commercially in the arid region of northern
Nigeria mostly the Sudan Savannah and the Sahel regions of Kaduna, Katsina, Kano, Sokoto,
Kebbi, Zamfara, Jigawa, Yobe, Gombe and Bauchi state (Ikheloa et. al. 2002). The fruit is
composed of a seed and fleshy pericarp which constitutes between 85% and 90% of date fruit
weight (Hussein and Alhadrami, 1998). It has high tannin content and used medically as a cleanser
and contrasting in intestinal troubles (Colman and Spencer, 2012). The fruit is consumed in many
ways; as an infusion, decoction, syrup or paste, dates may be administered for sore throat, colds,
bronchial catarrh and taken to relieve fever (Kiran, 2014). Date fruits are consumed directly in
many forms and at all stages of the fruit development and are also utilized in many ways in modern
industries (Mustapha et al.2003). Syrup, alcohol, vinegar and strong liquor are derived from the
fruit. The sap is also used as a beverage, either fresh or fermented (Morton et al., 1997). The types
of date fruit depend on the glucose, fructose and sucrose contents but date fruits usually contain
high percentage of carbohydrate (44.88%), protein (2.3-5.6%), dietary fiber (0.4-1.5%) and fat
percentage reach up to (0.2-0.5%) (Al-Kahtani et. al.2011).
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Date palm fruit (Phoenix dactylifera) has been reported to be attacked by a variety of
microorganism such as bacteria, yeast, and filamentous fungi (Atia, 2011). It is mostly attacked by
fungal species resulting into spoilage during storage and processing (Ahmad, 2003). Although
several fungal species are implicated in causing damages to date fruits, many fungal species are
capable of producing mycotoxins which are secondary metabolites, highly toxic to human and
animals alike (Shamsudeen and Magashi, 2005). These fungi secrete many kinds of enzymes and
poisons that causes decay and loss of the nutritional value of the date and makes it unsuitable for
consumption (Berbend, 2000; Ibraheem and Klaef, 2003). Fungi and other microorganisms play a
significant role in deteriorating the nature and nutritive value of stored food commodities
(Christensen et al. 2007). Open hawking of date palm fruit is a common practice especially in
Northern Nigeria and Bida, Niger state is not an exception. The high patronage of this merchandize
(both fresh and dried fruit) is a cause for public health concern in light of report by food and
agricultural organization (FAO) of the United Nations that fungi and molds are implicated in the
contamination of this fruit (Khomutov et al. 2011).

2. Literature Review

Various investigations have been carried out to determine fungi associated with spoilage of date
fruit. Ibrahim and Rahma, (2009) carried an investigation on fungi associated with date fruits sold
at Bayero University, Kano, Nigeria. Standard mycological techniques was utilized in the isolation
and characterization of fungal species using a total number of 30 samples of soft date, dried date,
red and yellow dates from two campuses. Cultural and microscopic identification revealed that
Rhizopus sp.(100%)and Mucor sp. (100%), are the most prevalent among the isolates, followed by
Torula sp.(40%), Penicillium sp. (30%), Aspergillus sp. (16.67%) and Alternaria sp. (13.33%)
respectively. Provision for proper storage facilities was suggested to reduce contamination and
infection by fungal spores.

Another study by Colman et al. (2012) isolated and identified fungal species from dried date
(Phoenix dactylifera) fruits sold in Maiduguri metropolis in Nigeria. Mycological analysis of the
fungal species was carried out with 360 dried date palm fruits which were collected from vendors
within Maiduguri metropolis. The studies revealed over 90% of the fungi isolated cause serious
spoilage to the fruits. Aspergillus niger was found to have the highest percentage of occurrence
(39.17%), followed by Aspergillus flavus, Mucor species, Aspergillus fumigatus, Trychophyton
rubrum and Candida alibicans with 17.60%, 16.67%, 12 50%, 4.16% and 0.83% respectively. To
avoid mycotic infections, appropriate washing of the fruit before consumption to avoid was
recommended.

Recent research by Tafinta et al. (2018) on fungi associated with date palm fruits isolated and
characterized various fungi from three different markets (Gawon Nama Market, Old Market and
New Market) within Sokoto metropolis using standard mycological procedures. Six (6) different
fungal species were reported namely: Aspergillus niger (23.81%), Aspergillus flavus (15.87%),
Aspergillus fumigatus (14.29%),Rhizopus oryzae (22.22%),Mucor racemosus (19.05%) and
Penicillium brasillianum (4.76%).The research revealed that Aspergillus niger had the highest
percentage of spoilage and most prevalence of all the fungi. Proper washing and storage of the
fruits should be encouraged to reduce fungal spores infection and contamination. Therefore, this
study investigates the possible fungi species associated with dried healthy date fruits (Phoenix
dactylifera Linn) sold in Bida metropolis, Nigeria.

3. Materials and Methods

3.1 Sample Area/ Sample Collection

A total of 54 sample of healthy dried date fruit was collected randomly at the small gate, big gate
of Federal Polytechnic Bida, Niger State; others from various spots at the old market, new market,
BCC junction and Lemu road in Bida Town. All the samples were collected in clean sterile labelled
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containers, and transported to Microbiology Laboratory of Science Laboratory Department of the
Federal Polytechnic Bida, Niger State within 2 hours of collection for fungal analysis.

3.2 Isolation of fungi

The healthy dried dates samples were cut into 3mm pieces with sterile razor blade, surface-
sterilized in 1% hypochlorite for 2minute, then placed on an already prepared Potato Dextrose
Agar(PDA) plate containing 40ug/mL of chloramphenicol to prevent bacterial growth. The plates
were incubated at room temperature for 5 days. After the incubation period, cultural characteristics
of different distinct fungi colonies on the plates were observed. Pure fungi isolates of each colony
was obtained by sub-culturing into sterile PDA plates and slant bottles.

3.3 Identification of Isolated Fungi

The method of James and Natalie (2001) was adopted for identification of the fungi isolates using
lacto phenol cotton blue stain. The identification was achieved by transferring drops of the lacto
phenol cotton blue stain on a clean grease-free glass slide. With the aid of a sterilized mounting
needle a small portion of the mycelium from the fungal culture was removed and placed in the
center of the stain on the slide. The mycelium was spread gently on the slide using a sterilized
inoculating needle. A clean cover slip was gently placed with little pressure to avoid air bubbles.
The slide was mounted and observed with x10 and x40 objective lenses respectively. The species
viewed was identified by comparing with a mycological atlas (Cheesbrough, 2000).

4. Results and Discussion

The morphological characteristic of fungi isolated from healthy dried date fruits sold in Bida
metropolis, Niger State is shown in the Table 1. Four fungal species from different genera were
isolated which includes: Aspergillus spp, Mucor spp, Rhizopus spp, and Penicillium spp.
Aspergillus spp was the most prevalent followed by Mucor spp. The least was the Penicillium spp.
Figures 1 to 5 shows the distribution of fungi isolated from healthy dried date fruits from different
locations in Bida town.

The findings of this study revealed some types of fungal species associated with date fruits that
may cause spoilage under favorable conditions. From all the fungal isolated in this study, the most
prominent was Aspergillus sp with the following percentage of occurrence per sample sites; Big
gate (50%), small gate (45%), BCC road and Lemu road (41%), Old and New Market (39%) while
the least encountered was Penicillium sp with 9 % percentage of occurrence in BCC Road and
Lemu Road, whereas Old and New Market was 13%. Meanwhile, Penicillium sp was not
encountered in Big and Small gates. This result shows that the date fruits were seriously
contaminated with fungi and can cause serious health implications to humans after consumption.
The occurrence of these fungi may be associated with exposure of the fruits to sands, dust and
spores deposition on the farmlands with suitable weather conditions to triggers fungal infestation.
This results are in accordance with Colman et al. (2012), who recorded that Aspergillus sp the
highest prevalence of all the fungal isolated from date fruits in Maiduguri metropolis. Tafinta et al.
(2018) also reported that date fruits spoilage is associated with filamentous fungi. However, this
finding does disagrees with Ibrahim and Rahma (2009) who recorded Rhizopus sp and Mucor spp
(100 %) as the most prominent among the isolates. The differences may occur due to difference in
study/sampling locations, weather, nature of samples.

One of the major factors that influence fungal growth is moisture content (Hill and Waller, 1999).
Since the four (4) species of fungi were isolated from healthy dried date fruits, this is an indication
that healthy dried date contain potential spores that when the conditions becomes favorable triggers
growth. It could also be due to increase in absorption of environmental humidity from
hawking/display as the investigation was carried out during rainy season and most sellers sold dates
along with other fruits such as oranges, watermelon and coconut; which has high water content,
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hence, favoring the growth of fungal spores as reported by (Ahmad, 2003) that increase in humidity
and temperature favors the growth of fungi. Influences from outside environment can also make
date fruits encounter fungal infestation such as damage caused by insects has been known to
provide entry for fungal infection and aid their spread (Dannies, 2002).

Table 1: Morphological and Microscopic Characteristics of Fungi Isolated from Dried Date

Fruits

Morphology Characteristics

Microscopic Characteristic

Fungi Isolated

Compact, cluster of dark colony.
Green dense velvet mycelium.
Greenish-yellow hairy elevated
surface

Whitish colonies, growing rapidly
and filling the petridish with
dense cottony mycelium and
becoming brownish-black

Green and velvety

Large white colonies which turns
into black later

Unbranched rough conidiophores with
rounded ends that bore conidia. Separate
hyphae with long, smooth conidiophores.
Cluster of dark walled conidia and conidia
are found in chains.

Non-septate mycelia. Sporangiophores are
smooth walled. Sporangia and columella are
subglobose. Sporangiospores are ovoid in
shape.

Branched conidiophores with chains of
conidia looks like a brush.

Erect  sporangiophores are  formed,
Sporangiophores swells at the tip to form
sporangia which are shaped. Columella is
present.

Aspergillus spp

Rhizopus spp

Penicillium spp

Mucor spp

¥ Big Gate

™ BCC Road
100%
50%

80%

70%

60% 20
50% 25
40% 20
30% 15
20% 10

Aspergillus spp Rhizopus spp Mucor spp.

Figure 1: The percentage distribution of Fungi
isolated from healthy date fruits at Big gate

W 0ld Market

Aspergillusspp Mucor spp.

Penicillium spp.

Rhizopusspp  Penicillium spp.

10%
0%

100%
90%
B80%
70%
60%%
50%
40%
30%

20%
l o
0%

Aspergillus spp Mucor spp.

100%
90%
80%
70%
60%
50%
40%

M new Market

30% 0

10 20% 15
s m:
0 0% 2

Rhizopusspp  Penicillium spp

Figure 2: The percentage distribution of Fungi
isolated from healthy date fruits at BCC Road.

100%
90%
BO%
70%
60%
50%
0%
30%
20%

Aspergillus spp Mucor spp.

Figure 3: The percentage distribution of Fungi

isolated from healthy date fruits at Old Market

SPSBIC 2021

0%

Rhizopusspp  Penicillium spp

Figure 4: The percentage distribution of Fungi

isolated from healthy date fruits at New Market

52




3" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2021

M Lemu Road

45 100%
a0 90%
5 80%
20 70%
60%
50%

25
20
15

40%%6
30%
10 203%
3 10%
o 0%
mspergillusspp  Mucorspp.  Rhizopusspp  Penicillium spp.

Figure 5: The percentage distribution of Fungi isolated from healthy date fruits at Lemu Road

5. Conclusion

Aspergillus spp was the most prominent fungi encountered in all the sample sites of this study.
While several species of fungi cause spoilage of fruits worldwide, the presence of Aspergillus spp
isolated from samples in this investigation shows potential danger of aflatoxins consumption which
may have serious health implication. Proper storage conditions should be provided to avoid
increase in moisture content and exposure to air during sales. The use of paper wraps should be
encouraged. Food-borne diseases can be avoided by proper washing of the date fruits with clean
water. Health orientation should also be encouraged for both vendors and consumers to reduce the
prevalence of food-borne diseases.
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Abstract

Tungsten trioxide (WOs), in its chemical compound contains oxygen and a transitional
metal with wide range of applications such as in gas sensors and photocatalysis.
Modification of oxide semiconductors including doping of transitional metals or rare
earths could enhance their performance. In this work, the structural and electronic
properties of pure hex-WOs and WO3 doped with Beryllium (Be) [Be,\W1_,03,; 2= 0.25,
0.5] are calculated using generalized gradient approximation (GGA - PBE)
Pseudopotentials within density functional theory (DFT) as implemented in Quantum
ESPRESSO (QE) simulation package code. The results shows that the bond length of
pure hex- WOs is 1.9371A, but that of the Be doped WO3 are respectively 2.0116,
2.1024A. The result similarly shows that the pure hex-WOs is a semiconductor with an
indirect band gap, which is in agreement with the experimental results. Doping of pure
hex-WO3 with Be of a certain percent causes disappearing of band gap and induced
metallic behaviour. Density of state (DOS) and projected density of state (PDOS) of
pure hex-WO3 and doped system are similarly discussed.

Key words: WQOs, structural, electronic properties, DFT, GGA, QE

1. Introduction
Tungsten trioxide (WO, ), in its chemical compound contains oxygen and a transitional metal with

wide range of applications. WO, in mineral form was given the name “heavy stone” by a Swedish
mineralogist Cronstedt A.F in the year 1755. The WO, is produced by treating the tungsten with
alkalis. Therefore, WO, has the highest melting point among other metals with 3,410°C (6,170°F),
with high electric conductivity. Chemically, WO, is insoluble in water and acid, but it dissolves in
an alkaline solution (Cotton et al, 1999; Rollinson, 2015). WO, is recognized as an important

photocatalytic material, this is so due to the stability in an acidic condiction and also they shear
similarity in physiochemical properties with Ti0, (Santato et al, 2001). WO,is an n-type
semiconductor with an indirect band gap of 2.6eV and a direct band gap of 4.0eV (Likalter, 2002).
It has various phases of crystallograph, such as monoclinic, cubic, triclinic, hexagonal, tetragonal
and orthorhombic (Ramana et al, 2006). WO, is the most stable oxide, obtained as an intermediate

in the recovery of tungsten from its minerals (Galatsis et al, 2002). WO, has wide band-gap and it

was found that the band gap feature of WO, can be adequately varied with nitrogen doping content
(Lethy et al, 2009).

In recent years, nanostructure semiconductors such as WO, has grabbed considerable interests due

to its potential application in devices such as gas sensors and photocatalysis. It has been widely
proved that modifications of these semiconductors including doping of transition metals, or rare
earths, loading of noble metals and coupling of other semiconducting oxide, could enhance their
properties (Xueting et al, 2011).
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Density functional theory (DFT) calculations can be used to study the effect of some atomic
impurities on the band gap of WOs. It was found that the band gap reduction is often due to the
formation of impurity bands and that a shift of conduction band (CB) edge can be induced by
foreign atoms (Fenggong et al, 2012).

To study the effects of Beryllium doping on the structure and electronic properties of WO3, we
investigated the doping of WO3 with Beryllium (Be) atoms that are substituted in place of tungsten
(W) atom with different percentage of dopant atoms (Be,W:1 - Oz ; » = 0.25, 0.5). In this work we
investigated and analyzed our results on structural properties and band structure (BS), density of
state (DOS), projected DOS (PDOS) (Electronic properties) of pure hexagonal WOz (hex-WOs MP-
545665 with the P6/mmm (191) space group (Kristin, 2011; Jaine et al, 2011; Ong et al, 2008) and
doped hex- WOs.

2. Computational method

The calculations were performed on the standard conventional unit cell using ab-initio simulation
program within density functional theory (DFT) as implemented in the Quantum ESPRESSO
simulation package code. For the pure and doped WO3, generalized gradient approximation (GGA)
and Perdew-Burk-Ernzerhof (PBE) pseudopotentials are been used in approximating the exchange
correlation potential (Perdew et al, 1996). Similarly, for the integrals smearing was with a Gaussian
broadening of 0.05 was used to guaranty accuracy up to 0.005 Ry. Monkhorst-Pack scheme is
utilized in performing the brillouin zone integration (Monkhorst, 1976) with 2x2x1 k-points grids
for hex- WOs3, Be, W1 - O3 in order to have good convergence between the computed structures and
energies. The valence electrons used in this work for distinct atoms are Be 2s 2p, W 5s 6s 5p 6p 5d
and O 2s 2p. A kinetic energy cut off of 40 Ry was used with a plane-wave basis set. A hexagonal
unit cell of a=b =7.508 A, ¢ =3.863 A, a =B =90° vy =120° and V = 188.570 A%/cell based on
experimental values were used (Kristin, 2011). The super cell which was used consists of 12 atoms;
3 tungsten atoms and 9 oxygen atoms. In each calculation, all atoms were fully relaxed and
geometry optimizations were obtained.

3. Results and discussion

3.1 Structural properties

From the structure of pure WO3 figure 1, the bond length from W — O is observed to be 1.9371
Angstroms (A). As a result of introducing dopant elements, an increases in bond length was
observed base on the doping concentration, it also unbond some elements of the doped compound
as shown in figures 2 a & b.

Naby
A

Figure 1: Schematic view of pure hex-WOs.

i i

(a) (b)
Figure 2: Schematic view of hex-Beo 2sWo.7503 (a) and BeosWos03 (b)
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For (Beo.2sWo.7503) Figure 2a, the bond length from W — O is seen as 2.0116 A which is 0.0745 A
greater than that of pure WOs and the corresponding bond length from Be — O is 1.8227 A.
Similarly, figure 2a depicts 1 un-bonded atom. Figure 2b shows that, 2Be Doped WO3 (BegsWo.503)
un-bonded 5 atoms of the super cell. Likewise, the bond length between W and O is 2.1024 A
which is 0.1653 A higher than that of pure WO3. The bond length from Be — O is 1.8820 A, which
is 0.0593 A higher than that of Beo.2sWo.7503. The effect of the Be doping is that, Be — O bond

lengths are shorter than the comparable W — O bond lengths and to compensate for this, the range
of variation in the W — O is increase in all directions.

3.2. Electronic properties of pure, Be-and Mg-doped hex-WOs3

3.2.1 Pure hex-WO3

The BS, DOS, and PDOS of pure hex-WOs3 are obtained on the basis of structural optimization
using GGA. Figure 3 depicts a smaller indirect band gap. It clearly shows that the conduction band
(CB) minima lie at A symmetry point and the maxima of the valence band (VB) is atI".
Considering these two symmetry points, the energy band gap is Eq = 0.882eV (F — A), which is in
comparison with experimental measured value 1.192eV (Kristin, 2011) is underestimated as expect
for DFT calculation and other computational results for other forms of hex-WO3 whose calculated
band gaps are 3.3eV and 2.9eV respectively (Chenxi et al, 2014; 2018) due to the outstanding
constraints of GGA. By considering the symmetry point M for CB minima and the symmetry point
I" for VB maxima we still get another indirect (I"- M) band gap which is 1.638eV. But the value

of (- M) band gap is greater than that of (I — A).

2 =

/

6

E-Er (eV)

/ J\(\\\

)

\fw)ixm

o
N
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—
ey

e M K ¥ A I

Figure 3: Band structure of pure Hex-WO3

Figure 4 depicts the computed DOS and PDOS nearby Fermi energy level of hex-WQOz. One can
see that the valence band with the range of — 38 to 0eV is mainly contributed by W 5p and O 2s,
2p states with minor contribution of W 6p, 6s and 5d states. On the other hand, the conduction band
whose range is 0 to 20eV is mainly contributed by W 5d and partial contribution of W 6s, 6p and
O 2p states. The DOS of hex-WO3 below the Fermi energy level also were analyzed. It is discovered
that the bonding electronic states of hex-WOs3 are — 38eV between the Fermi level and — 5.3eV. On
the other hand, the partial bonding states of W 5p,W 6p, W 6s, W5d, O 2s and O 2p

states are — 38, — 16, — 16.5, — 12.5, — 16.5 and — 5 respectively. One can conclude that, the total
bonding electronic states of pure hex-WOs3 are mainly contributed by W 5p then followed by W 6p
and O 2s, while O 2p has the least. Consequently, from the DOS of pure hex-WQO3 it can be seen
that the band gap energy is 1.1eV and this is still underestimated when compared with the
experimental value.
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Figure 4: DOS (a) and PDOS (b) of Pure Hex-WO3

3.2.2 Be doped WOs3

In order to explore the effect of Be doping on the electronic properties of hex-WOs, BS, DOS and
PDOS of Beo2sWo.7503 and BeosWo 503 are shown in figure 5. It is observed that in all cases, the
Fermi energy is shifted into the VB leading to the metallic-like (conductor) behavior, figure 5a. On
increasing the Be doping, this behavior also increased, figure 5b. This observation is in line with
other experimental results and some other calculations using different codes (Mansouri and
Mahmoodi, 2014). Conductor behaviour of doped hex-WOs is the effect of substitution Be atoms
in place of tungsten atoms, this is due to the deficit of electron in this case.
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Figures 5¢ and 5d show the computed DOS and PDOS nearby Fermi energy level of hex-
Beo2sWo.7503. It is obviously that the valence band with the range of — 36 to 0eV is mainly
contributed by W 5p, W 5d and O 2s, 2p states with partial contribution of W 6s, W6p and Be 2p
states. On the other hand, the conduction band whose range is 0 to 20eV is mainly contributed by
Be 2s, W 5d, Be 2p, and O 2p states and partial contribution of W 6p, W 6s and O 2p states. It is
DOS below the Fermi energy level were also analyzed. It is observed that, the band gap energy is
zero which corresponds to the result obtained in BS figure 5a.

Figures 5e and 5f illustrate the computed DOS and PDOS close to Fermi energy level of hex-
BeosWos0s. It is clearly seen that the valence band with the range of — 39 to 0eV is mainly
contributed by W 5p, W 5d and O 2s, 2p states with partial contribution of W 6s, W 6p and Be 2p
states. Similarly, the conduction band with the range of 0 to 10eV is slightly contributed by W 6s
state. From DOS plot, the band gap energy is zero which is in line with the result obtained in BS
figure 5b.

4. Conclusion

In this work, the structural and electronic properties of pure hex-WO3 and doped WOs3 (BexW1,Os;
= 0.25, 0.5) are calculated utilizing GGA — PBE within DFT as implemented in Quantum
ESPRESSO simulation package code. The results shows that the bond length of pure hex- WOs is
1.9371A, but that of the Be doped WO3 (from W — O and Be — O for Beg 2sWo.7503 and BegsWo503)
are respectively 2.0116, 1.8227, 2.1024 and 1.8820A. The DOS and PDOS graphs of pure and
doped system show that the compound is ferromagnetic (magnetic) due to the hybridization on the
valence band. Our results also depicts that the pure hex- WO3 is a semiconductor with an indirect
band gap, which is in agreement with experimental measurements. Moreover, doping WOz with Be
as electron donor causes disappearing of band gap and induce metallic behaviour, an increase in
the amount of dopant produce an increase in the valence band width.
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Abstract

Tungsten trioxide (WOs3) is a metal oxide which grabbed considerable attention because
of its wide technological applications. Investigation revealed that it is widely used in
gas sensor application. Modification of oxide semiconductors including doping of
transitional metals or rare earths could enhance their performance. In this study, the
electronic and optical properties of pure hex-WOs and Mg doped WOz (M@, W1-,03; 2=
0.25, 0.5) are calculated using generalized gradient approximation (GGA — PBE) within
density functional theory (DFT) as implemented in Quantum ESPRESSO (QE)
simulation package code. The result depicts that the pure hex-WOs is a semiconductor
with an indirect band gap, which is in agreement with the experimental results. Doping
of pure hex-WO3 with Mg of a certain percent causes disappearing of band gap and
induced conductor behaviour. Density of state (DOS) and projected density of state
(PDOS) of pure hex-WOz and doped system were discussed. The complex dielectric

function [ &, (®)ande&,, (@)] and electronic energy loss function were calculated for

both pure and doped system. The relations of the complex dielectric function to inter
band transitions were also discussed.

Key words: WOs, electronic and optical properties, GGA, DFT, QE

1. Introduction

Tungsten trioxide (WO3) is a metal oxide which grabbed considerable attention because of its wide
technological applications. Investigation revealed that it is widely used in gas sensor application
(Mansouri and Mahmoodi, 2016). However, WO3 has been developed to a potential photocatalysts
due to its outstanding characteristics, highly stable physicochemical and good electron transport
properties, nontoxicity and no-photo-corrosion. It is also discovered that WO3 with a band gap of
2.2 10 2.8eV, is a visible light response catalyst and this makes it substitute for the photocatalytic
oxidation of organic pollutants under solar irradiation as an alternative to TiO,. WOz can be
synthesized using different methods which includes sol-gel, precipitation, doping (Guntapon et al,
2018) etc. Consequently, among the disadvantages of WO3 is the possibility in occurrence of
electrons-holes recombination. In order to improve the photocatalytic performance of WO3
therefore, doping of transition metals or alkaline earth metals could either be alleviating of
electrons-holes recombination process or promoting electrons to go to the conduction band easily
(Xueting et al, 2011). Recent studies and developments shows that WOz has been doped with some
transitional or alkaline earth metals such as Fe and Mo or Mg (Guntapon et al, 2018).

Density functional theory (DFT) calculations have been used to study the effect of some atomic
impurities on the band gap of WOz (Fenggong et al, 2012). To study the effect of Magnesium (Mg)
doping on Optical Properties of WO3, we investigated the doping of WO3 with Mg atoms that are
substituted in place of tungsten (W) atom with different percentage of dopant atoms (Mg, W — ,.Os;
» = 0.25, 0.5). In this work we investigated and analyzed our results on electronic energy loss
function and dielectric function (Optical properties) of pure hexagonal WO3 (hex-WO3 MP-545665
with the P6/mmm (191) space group (Kristin, 2011; Jaine et al, 2011; Ong et al, 2008) and doped
hex-WO:s.
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2. Computational Procedure

The calculations were performed on the standard conventional unit cell using ab-initio simulation
program within density functional theory (DFT) as implemented in the Quantum ESPRESSO
simulation package code. For the pure and doped WO3, generalized gradient approximation (GGA)
and Perdew-Burk-Ernzerhof (PBE) are used in approximating the exchange correlation potential
(Perdew et al, 1996). Similarly, for the integrals smearing was adopted and specifically the
Maxfessel-Paxton smearing method, smearing with a Gaussian broadening of 0.05 were used to
guaranty accuracy up to 0.005 Ry. Monkhorst-Pack scheme is used in performing the brillouin zone
integration (Monkhorst, 1976) with 2x2x1 k-points grids for hex- WO3 and Mg,\W: - O3 in order
to have good convergence between the computed structures and energies. The valence electrons
used in this work for distinct atoms are Mg 2s 3s 2p, W 5s 6s 5p 6p 5d and O 2s 2p. A kinetic
energy cut off of 40 Ry was used with a plane-wave basis set. A hexagonal unit cell of a=b =7.508
A,c=3.863 A, a=p=90°y=120°and V = 188.570 A%/cell based on experimental values were
used (Kristin, 2011). The super cell which was used consists of 12 atoms; 3 tungsten atoms and 9
oxygen atoms. In each calculation, all atoms were fully relaxed and geometry optimizations were
obtained.

Optical properties can be computed using the complex dielectric function e(w) = ereai(w) + i im(®).
Using Kramers-Kronig relations and by calculating the wave function matrix, the real and
imaginary parts of the dielectric function &reai(@) and eim(w), as well as loss function L(w) can be
derived respectively. Consequently, other optical constant such as absorption coefficient can be
obtained (Gillani et al, 2019). The formulas that can be used for calculating the optical properties
are given below (Duan, 2014):

8im<w)=1(i] S [ 2 aMey (<) x0lE () -E, () -ho] | @

&, Mo V,C BZ( )3
B 2dK |a.MCV(K)|2 y n®
Fra (@) =1 Iz(zﬁ) [Ec ()=, ()] [Ec(K)-E, (K)f -#*0’ ?
n(a)) = % [\/greal (w)Z + gim (a))z + greal (a)):lE (3)
k(a)) = n(w) = % [\/greal (a))Z + gim (a))Z - greal (a))]z (4)
[n(@) -1 + k* (o)
R(w) = I 5
[n(@) -1] —k*(w) ©
() = 20k (w) _ &im () ©6)
c n(w)c
L(a)) _ Eim (a)) (7)

greal (a))2 + gim (a))2

Where; C and V are the conduction and valance bands respectively. BZ is the first Brillouin zone,
K is the reciprocal lattice vector, Ec (K) and Ev (K) represent the intrinsic energy levels of the

. 2. . " .
conduction and valence bands, [a.M, (K)|"is the matrix element of momentum transition, & is

the vacuum permittivity, «is the unit direction vector, @is the angular frequency,
N(w),k(w),R(w),x(w) and L(w)are the refractive index, the extinction coefficient, the

reflectivity, the absorption coefficient and the energy loss function respectively.
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Optical properties usually requires a dense mesh of uniformly distributed k points. Therefore we
utilized BZ integration with a 10 x 10 x 10 grid of Monkhorst-Pack point to the calculation.

3. Results and discussion

The electronic and optical properties of pure hex-WO3 and the effect of doping Mg on pure hex-
WO3 (Mg, W - ,O3; 2 = 0.25, 0.5) using the same super cell with 12 atoms consisting of 3 W and
9 O atoms was investigated and discussed .

3.1. Electronic properties of pure and Mg-doped hex-WOs3

3.1.1 Pure hex-WO3

To investigate the effects of Mg-doping in the electronic structure of WOs, the BS, DOS, and PDOS
of hex-WO3 are obtained on the basis of structural optimization using GGA. Figure 1 depicts a
smaller indirect band gap. It clearly shows that the conduction band (CB) minima lie at a symmetry
point and the maxima of the valence band (VB) is atI". Considering these two symmetry points,
the energy band gap is Eg = 0.882eV (F — A), which is in comparison with experimental measured
value 1.192eV (Kristin, 2011) is underestimated as expect for DFT calculation and other
computational results for other forms of hex-WOs whose calculated band gaps are 3.3eV and 2.9eV
respectively (Chenxi et al, 2014; 2018) due to the outstanding constraints of GGA. By considering
the symmetry point M for CB minima and the symmetry point I for VB maxima we still get
another indirect (I"- M) band gap which is 1.638eV. But the value of (I"- M) band gap is greater
than that of (T — A).

: s e~
e
T e —
S = S —
E;j?\— \k/
&8 ~—
¥ ]

Figure 1: Band structure of pure Hex-WQO3

Figure 2 shows the computed DOS and PDOS nearby Fermi energy level of hex-WO3. One can see
that the valence band with the range of — 38 to 0eV is mainly contributed by W 5p and O 2s, 2p
states with minor contribution of W 6p, 6s and 5d states. On the other hand, the conduction band
whose range is 0 to 20eV is mainly contributed by W 5d and partial contribution of W 6s, 6p and
O 2p states. The DOS of hex-WO3 below the Fermi energy level also were analyzed. It is discovered
that the bonding electronic states of hex-WOs3 are — 38eV between the Fermi level and — 5.3eV. On
the other hand, the partial bonding states of W 5p \W 6p, W 6s, W5d, O 2s and O 2p states are —
38,16, - 16.5,—12.5, — 16.5 and — 5 respectively. We therefore conclude that, the total bonding
electronic states of pure hex-WO3 are mainly contributed by W 5p then followed by W 6p and O
2s, while O 2p has the least. Consequently, from the DOS of pure hex-WOs it can be seen that the
band gap energy is about 1.1eV and this value is also smaller than the experimental result.
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Figure 2: DOS (a) and PDOS (b) of Pure Hex-WQO3

3.1.2 Mg doped WOs3

Substituting W with Mg on the electronic properties of hex-WOs3, BS, DOS and PDOS of
Mgo.2sWo.7503 and MgosWo 503 are discovered in figure 3. It is seen in all cases, the Fermi energy
is shifted into the VB leading to the conductor behavior, figure 3a. On increasing the Mg doping,
this behavior also increased, figure 3b. This observation is also in line with other experimental
results and some other calculations using different codes (Mansouri and Mahmoodi, 2014).
Conductor behaviour of doped hex-WQs3 is the effect of substitution Mg atoms in place of W atoms;
this is due to the deficit of electron in this case.

Figures 3c and 3d shows the computed DOS and PDOS nearby Fermi energy level of hex-
Mgo.2sWo.7503. It is observed that the valence band with the range of — 69 to 0eV is mainly
contributed by W 5s, 5d, Mg 2p and O 2s states with partial contribution of W 6s, 5d, 6p and O 2p
states. The conduction band range is 0 to 10eV is mainly contributed by O 2p state and partial
contribution of W 6p, and 5d states. From DOS plot, the band gap energy is zero which is in line
with the result obtained in BS figure 3c.

E‘
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Figure 3: BS (a), DOS (c) and PDOS (d) of Mgo.2sWo.7503; BS (b), DOS (e) and PDOS (f) of
MgosWo50:s.

Figures 3e and 3f shows the computed DOS and PDOS nearby Fermi energy level of hex-
MgosWos0:s. It is observed that the valence band with the range of — 69 to 0eV is mainly contributed
by Mg 2p, W 6s and W 5p states with partial contribution of O 2s, W 5d, 6p and Mg 3s states. The
conduction band range is 0 to 20eV is mainly contributed by W 5d state and partial contribution of
Mg 3s, and W 6s states. From DOS plot, the band gap energy is still zero which corresponds to the
result obtained in BS shown in figure 3b.

3.2.  Optical properties
In order to investigate the Optical traits of Pure hex-WO3 and Mg,\W: — ,Os, the tensor components

of the complex dielectric function, e(w) = &, (@) +i¢,, (@), have been computed. Figure 4

real

represent the calculated curves of real ¢, (@) and imaginary &;, (@) parts of dielectric function

as function of the incident energy as well as electronic energy loss function for pure hex-WO3 and
Mg,W1 - ,03; » =0.25, 0.5.

The real part of the dielectric function for pure hex-WO3 and doped system shows that, the static
dielectric constant &, (0) decreases systematically. Figure 4(a) depicts that &, (@) decreases
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with the increase of energy when the energy is smaller, until the energy is 0.4eV, then increases
with increase in energy until it reaches the maximum with the energy of 0.75eV. When the energy

is greater than 0.75eV, ¢, (@) decreases expeditiously with the increasing energy and drops to

the minimum with the corresponding energy of 0.9eV. ¢, (®) is smaller than zero in the energy

range of 0.90 — 3.20eV. Figure 4(d) depicts that &, (@) increases with increase of energy when

the energy is smaller, then reaches the maximum energy of 0.5eV. When the energy is larger than
0.5eV, &, (@) decreases rapidly with increasing energy of 1.2eV. Similarly, Figure 4(g) shows

that &, (@) increases and decreases with increase of energy, then reaches the maximum with

energy of 7.9eV. When the energy is greater than 7.9eV, ¢,.,, (@) decreases rapidly with increasing

energy of 9.2eV.
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Figure 4: Real and imaginary parts of dielectric function and loss function of pure hex-WOs (a),
(b) and (c); real and imaginary parts of dielectric function and loss function of hex- Mgo.2sWo.7503
(d), (e) and (f); real and imaginary parts of dielectric function and loss function of hex- MgosWos503

(9), (h) and (i)

On the other hand, at OeV energy, the &, (@)is also zero for pure and doped Mg, W - ,Os. This

means that no energy is given out. We observed the main peaks in the spectra of ¢, (@) at energies
of 1.0, 2.8 8.5 and 17.0eV of pure hex-WOs Figure 4(b); 3.0 and 6.1eV for Mgo.2sWo.7503 Figure
4(e) and 0.2, 5.2 and 16.2eV respectively for MgosWosOs Figure 4(h). &, (@) peaks are associated

to inter-band transition from valence band (VB) to covalent band (CB) and only the following
transition, 2p, 2s — O to 5d — W Figure 4(b); 2s — O to 2p — Mg, 5s, 5d — W Figure 4(e) and 2s — O
to 2p — Mg, 5p, 6s — W Figure 4(h) contributed, which have angular momentum based on selection
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rule (thatis Al ==1). Similarly, ¢, (@) peaks cannot occur due to a single inter-band transition,

since one can discover number of indirect transitions in band structure with an energy
corresponding to the same peaks (Gillani et al, 2019).

From the dielectric function, the electronic energy loss function can further be described as the
energy loss when electrons pass through a uniform dielectric. The corresponding oscillation
frequency of the peak of loss function is described as the plasma frequency. In Figure 4(c), the
maximum peak of energy loss function of pure hex-WOs is 13.10eV. In the range of 14.60 -
17.30eV the electronic energy loss function is zero. Figure 4(f), shows that, the maximum peak of
energy loss function of Mgo.2sWo.7503 is 26.30eV and very close to zero at 1.30eV. The maximum
peak of energy loss function of MgosWos0s3, 4(i) is 28.00eV and very close to zero at 0.70eV.

4. Conclusion

The electronic and optical properties of pure hex and doped system (WO3 and Mg, W1_,,O3; %= 0.25,
0.5) are calculated using GGA — PBE within DFT as implemented in Quantum ESPRESSO
simulation package code. Our results depicts that the pure hex- WOs is a semiconductor with an
indirect band gap, which is in agreement with experimental measurements. Moreover, doping WO3
with Mg as electron donor causes disappearing of band gap and induce conductor behaviour so
increasing the amount of dopant produce an increase in the valence band width. Finally, the

complex dielectric function [&,., (®)ande;, (@)] and electronic energy loss function were

calculated for both pure and Mg-doped system. The relations of the complex dielectric function to
inter band transitions were similarly discussed.
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Abstract

An investigation was carried out on postharvest spoilage fungi associated with apparently
diseased sweet oranges (Citrus sinensis) and pathological studies of these fungi on
obviously healthy sweet oranges. Samples of diseased and healthy sweet oranges were
collected from vendors from ten different locations in Bida metropolis, Niger State
Nigeria. The samples were processed by surface sterilization using 85% ethanol,
homogenized, inoculated on Potato Dextrose Agar and incubated for 7days at 30°C. The
mean viable mycological count of the samples was determined. Pure fungal isolates were
obtained, identified and pathogenicity test of the pure isolates on healthy oranges were
carried out using standard techniques. The study revealed over 90% of the samples were
infected with one or more fungal species with mean mycological counts ranging from 1.60
X 10%cfu/ml to 4.60 X 102 cfu/ml. The highest occurring fungus encountered in this study
was Aspergillus sp with 27.6% occurrence. Others include Mucor sp. (23.1%), Rhizopus
sp. (15.7), Alternaria sp. (13.2%), Fusarium sp. (13.2%) and Penicillium sp. (7.4%). All
the fungal isolates re-infected the healthy oranges with the exception of Fusarium sp.
Good post production practices such as proper handling, transportation and storage
should be encouraged. Separation and subsequent isolation of diseased oranges from
healthy ones should be practiced to prevent economic loss due to these fungal pathogens.

Key words: Fungi, Postharvest, Spoilage, Sweet oranges

1. Introduction

Sweet orange (Citrus sinensis) is one of the most popular and widely planted fruit, grown
commercially in tropical, semi-tropical and some temperate regions of the world (Onuorah et al.,
2015). The fruit is rich in A, B and C vitamins, antioxidants as well as potassium, calcium,
magnesium, iron, manganese, zinc, sodium,flavonoids, carotenoids, antioxidants, essential oils and
dietary fibres, (Majo et al., 2005), hence it is consumed fresh or processed into juice or
concentrates. The fruits and peels of oranges have been used as additives and preservatives in
production of numerous desserts, jams, cookies, cakes as well as candies (Bailey and Bailey, 2006).
The use of this important fruit for maintenance of good health and prevention of various health
conditions such as asthma, cancer, obesity, asthma, arthritis, heart disease, kidney stones, high
blood pressure and stroke have been reported (Tripoli et al., 2007).

Microbial attack and subsequent spoilage coupled with fairly short shelf life greatly influences the
economic value of the fruit. Citrus sinensis contain high levels of sugars, high moisture content
and low pH values which makes them predominantly desirable and susceptible to fungal spoilage
(Moss, 2002; Kator, 2018). Spoilage of sweet oranges refers to any physical or chemical changes
in the condition of the fruits in which they become less palatable (Onuorah et al., 2015). These
conditions may be accompanied by alterations in taste, smell, appearance or texture due to the
activities of spoilage microorganisms (Akinmusire, 2011). The spread of these conditions as a
result of fungal infection in the fruits from a single infected orange to other healthy oranges during
handling, bagging, storage and transportation can lead to loss of more than half of the harvested
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fruit if uncontrolled (Oviasogie et al., 2015). The spoilage of sweet oranges is prevalent in
underdeveloped and developing countries, where protection and proper handling of fresh sweet
orange fruit is inadequately practiced (Liamngee et al., 2018).

Several fungi have been implicated in the spoilage of sweet oranges fruits. They include Aspergillus
spp, Rhizopus spp, Fusarium spp, Penicillium spp, Saccharomyces spp, Geotrichum spp, Candida
spp and Trichosporon spp. The fresh fruits are rendered unfit for human consumption by these
organisms due to deterioration, and subsequent reduction in quality, production of off-flavour and
nutrient loss (Kunta, et al., 2013). Keeping the above in view, the purpose of this work was to
isolate and characterize filamentous fungi associated with the spoilage of post-harvest sweet
oranges sold in some parts of Bida metropolis, Niger State, Nigeria.

2. Literature Review

In Nigeria, sweet oranges are usually transported to areas of high demand in open vehicles with no
preservation facilities. Whereas in most markets, they are usually displayed on open trays, baskets,
pans, and tables hence, expose the fruits to contamination by microorganisms including filamentous
fungi (Onuorah et al., 2015). There have been several reports on the spoilage of sweet oranges by
fungi. Bukar et al. (2009) carried out a mycological study in apparently diseased sweet oranges
from retailers in Orange market, Kano Metropolis Nigeria. Their research revealed that up to 90%
of the samples were infected with one or more fungal species. The most predominant pathogenic
fungi isolated from the samples was, Aspergillus spp. (32.5%). Other fungi encountered in the
study include Mucor sp. (25%), Penicillium sp (15%), Rhizopus sp (15%), Fusarium sp, (7.5%),
and Alternaria sp. (5%). Proper handling from the farm, adequate storage and the separation of
diseased and healthy fruits were identified as important factors in preventing spoilage and
subsequent loss. The use of suitable chemical treatment of the oranges to reduce economic loss was
also recommended.

Another research conducted by Tafinta et al. (2013) in Sokoto, Nigeria, fungi associated with
deterioration of sweet oranges were isolated and characterized from 100 samples of fresh sweet
Oranges. A total of seventy (70) samples were first collected from three selected markets in Sokoto
metropolis (Central market, Kasuwar daji and Old market respectively). The oranges were allowed
to deteriorate naturally for a period of two weeks under room temperature. After the incubation
period, the samples were observed for spoilage. Each spoiled orange sample was cut and the liquid
content inoculated on Potato Dextrose Agar (PDA) and incubated at 25°C for 3-28. Fungi colonies
obtained were identified using the slide culture technique. The study revealed that Apergillus
fumigatus (22%), Apergillus niger (17%), Aspergillus flavus (25 %) and Rhizopus stolonifer (36%)
were implicated in the spoilage of the sweet orange fruit. Subsequently, pathogenicity of the pure
fungal isolates was determined using 30 samples of fresh sweet oranges obtained from the same
markets. The research revealed R. stolonifer and A. flavus showed higher pathogenicity in the
samples with rots diameter of 45 mm and 35 mm respectively, while the least pathogenic fungus
was A. niger with 25mm rots diameter.

Onuorah et al. (2015) in a study isolated and identified some filamentous fungi associated with the
spoilage of sweet oranges sold in major Awka Markets, Nigeria. The research revealed an average
filamentous fungal count of the spoilt sweet orange fruits to be 2.0 X 10 cfu / ml, 1.3 X 10° cfu/ml,
2.1 X 103 cfu/ml, 1.6 X 103 cfu/ml and 1.8 X 10° cfu/ml for the samples from three different
sampling sites. Fungi identified in the study consist of Aspergillus niger, Aspergillus flavus,
Rhizopus stolonifer, Mucor mucedo, Penicillium digitatum and Fusarium oxysporum with
percentage distribution of 27.5, 17.5, 22.5, 15.0, 10.0 and 7.5% respectively. Aspergillus niger was
revealed to have the highest degree of spoilage. The research recommended that adequate storage
facilities and good handling practices should put in place to reduce the incidence of these fungi in
sweet oranges thereby minimizing their spoilage.
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Liamngee et al. (2018) in a research isolated and identified fungi causing post harvesting spoilage
of sweet orange in Buruku local government area of Benue State, Nigeria. Samples of sweet orange
samples infected with rot were collected from different markets and plated on PDA using standard
plating techniques. Four fungi namely Aspergillus flavus, Aspergillus fumigatus, Rhizopus
stolonifer and Aspergillus niger were isolated with percentage occurrence of 11(32.4%), 10 (29.4),
8 (23.5%) and 5 (14.7%) respectively. The investigation also revealed a range of 8.8 - 35.3%
distribution of fungi isolates in relation to markets. Furthermore, pathogenicity indicated 41-100%
of tissue damage in the samples.

Recent investigation by Bashir et al. (2020) to determine fungal flora associated with post harvest
spoilage of different citrus fruits (lime, lemon and sweet orange). Standard laboratory techniques
were used to isolate fungi based on the morphological and microscopic characteristic. Several
species of fungi were found to be associated with spoilage of the different types of citrus fruits. A
total of 286 fungi were isolated where 40.56% fungi was isolated from lime, followed by lemon
with 32.52% and the least was sweet lemon with 26.92%.The predominant fungi isolated were
Aspergillus niger with (25.90%) in lime, (21.5%) in lemon and (23.38%) sweet lemon.. The
pathogenicity test revealed that Aspergillus niger had the highest zone of spoilage, with 15.5mm,
14.5mm and 5.0mm diameter in fresh lime, fresh lemon and sweet orange respectively. The report
suggested that proper postharvest handling practices should be encouraged to reduce the possibility
of spoilage of citrus fruits by fungi.

3. Materials and Methods

3.1 Sample Area

The sampling sites were various vending stands at the old and new markets in Bida metropolis as
well as orange vending stands at the small and big gates area of The Federal Polytechnic Bida,
Niger State, North Central Nigeria.

3.2 Sample Collection

A total of 30 samples of oranges in batches of 3 were randomly selected from different locations
designated A-J. Spoilt oranges were identified by observation of the physical appearance using the
Method of Balali et al. (1995). Healthy oranges were also collected for use as controls.

3.3 Sample Processing

The orange samples were processed using the method of Balali et al. (1995). The apparently
diseased oranges were cut from the advancing edges of lesion using a sterile knife. The cut portion
of the lesion were further disinfected with 85% ethanol for 2minutes and then rinsed three times in
distilled water. Each portion was then homogenized using a sterile glass rod and 4 folds serial
dilution of the samples were carried out.

3.4 Isolation of Fungi

3.4.1 Preparation of Media

Potato Dextrose Agar (PDA) was prepared according to manufacturers’ instruction, supplemented
with chloramphenicol to prevent bacteria growth, sterilized by autoclaving at 121°C for 15min and
dispensed aseptically into sterile petri-dishes and slant bottles (Bukar et al., 2009; Tafinta et al.,
2013).

3.4.2 Determination of Total Fungal Count

The PDA plates were inoculated with 0.1ml of the serially diluted samples and incubated at room
temperature (27 - 30°C) for 7 days. After the incubated period, resulting fungal colonies on the agar
plates were counted and recorded in colony forming units per ml (cfu/ml) (Bukar et al., 2009).
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3.4.3 Characterization and identification of fungal isolates

Fungal isolates obtained after the incubation period were sub-cultured to obtain pure culture. The
fungal isolates were characterized and identified based on macroscopic and microscopic analysis
using taxonomic guidelines and standard procedures. Macroscopic characteristics of 5-7day old
fungal isolates were examined.

Microscopic examination was carried out using Lactophenol cotton blue staining as described by
Fawole and Oso (1995). The pure fungal isolates were sub-cultured on SDA plates and incubated
at room temperature for 2-3days. After the incubation period, a drop of sterile distilled water was
transferred on a clean grease-free slide using a sterile pipette. Using a sterile inoculating needle, a
pinch of the fungal mycelia was transferred aseptically from the culture plate and gently spread on
the drop of water on the glass slides and then teased gently. This was followed by addition of 2-3
drops of lactophenol cotton blue stain. The slide was then covered with a clean cover-slip and
examined under the microscope using x10 and x40 objective and compared with a mycological
atlas.

3.5 Pathogenicity Test

Healthy oranges were surface disinfected and three 2mm holes were made using a sterile cork borer.
Pure fungal isolates from the disease oranges were inoculated aseptically into the holes and the
holes were sealed with candle wax. This was carried out in triplicates. The inoculated oranges were
incubated in plastic containers for 7 - 14 days at ambient temperature (25- 30°C). After the
incubation period, inoculated oranges were observed for spoilage of the healthy oranges and growth
of fungal colonies. These fungal colonies were matched with the colonies used as source of
inoculums (Bukar et al., 2009; Tafinta et al., 2013; Bashir et al., 2020).

4. Results and Discussion

The mean total fungi count of the samples from the 10 sampling points ranged from 1.0 X 102 to
4.6 X 102 cfu/ml (Table 1). This is an indication that the sweet orange samples were massively
infected by fungi species postharvest. Introduction of different fungi spores and subsequent
spoilage of these samples could be as a result of improper postharvest practices such as handling,
bagging, transportation and storage. These practices could lead to injuries of the samples and
successive penetration of fungal spores, thereby leading to disease in the fruits. Bukar et al. (2009)
reported similar findings (5.2 X 10 to 6.75 X 102 cfu/ml) in Kano, Nigeria while Onuorah et al.
(2015) reported higher values of fungi count (1.3 X 10° to 2.1 x 10° cfu/ml) in Awka Nigeria. This
variation could be due to the difference in weather and climatic conditions, as well as difference in
handling, transportation and storage of the fruits.

Table 1: Mean Total Fungal Count of Sweet Orange Samples

Sampling Samples Infected Samples (%) Mean Total Fungal Count
points Collected (cfu/ml)

A 3 3 (100) 4.30 X 10?
B 3 3 (100) 4.60 X 10?
C 3 3 (100) 4.00 X 10?
D 3 3 (100) 3.30 X 10?
E 3 3 (100) 2.60 X 102
F 3 3 (100) 3.60 X 10?
G 3 3 (100) 3.00 X 102
H 3 3 (100) 2.30 X 102
I 3 3 (100) 3.20 X 102
J 3 3 (100) 1.60 X 102
TOTAL 30 30 (100)

SPSBIC 2021 74




3% SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2021

Cultural and microscopic examination (Table 2) reveal Aspergillus sp., Mucor sp., Rhizopus sp.,
Rhizopus sp., Fusarium sp. and Penicillium sp. as the fungi isolated in this study. The frequency of
occurrence of the fungi isolates (Figure 1) revealed Aspergillus sp. as highest occurring with 27.6%
followed by Mucor sp. (23.1%), Rhizopus sp. (13.2%), Fusarium sp. (13.2%) and Penicillium sp.
as the least occurring with 7.4% percentage occurrence. The occurrence of these organisms may be
as a result of their ability to produce spores suspended in air, water and soil coupled with intrinsic
factors such as high moisture and nutrient content and low pH of the fruit which makes an ideal
environment for fungi proliferation (Bashir et al. 2020). Also, extrinsic factors such as temperature
increase the susceptibility of the fruit to fungal attack (Bashir et al. 2020). This result agreed with
the studies of Bukar et al. (2009), Onuorah et al. (2015) and Bashir et al. (2020) who isolated
similar groups of organisms from citrus fruits in Kano, Anambra and Adamawa States respectively
Nigeria.

Table 2: Cultural and Microscopic Characteristics of Fungi Isolated from spoilt Sweet Orange Fruits
Characteristics Inference

Cultural (on PDA)
Green colonies with white
boundaries, powdery, slightly
wooly, round to irregular
colony shape, reverse side was
pale yellow.

Initially white then grey cotton-
like colonies, slightly spherical
in shape. Covers agar surface
quickly with dense growth.
Reverse is yellowish.

Grey cotton-like  colonies
without  boundaries, dense
growth that covers agar surface
quickly. Reverse is whitish.
White cotton-like with
spherical irregular boundaries.
Reverse is brownish.

Bluish green powdery colony

with white irregular shaped
border. Reverse is brown.
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Microscopic
Unbranched
rounded ends that bore conidia.
Septate hyphae, simple and thick- walled.
Phialides cover entire vesicle and point out
in all directions.
Broad hyphae, aseptate. Long
sporangiophores with round sporangia
filled with spores. Absence of rhizoids.

Broad scarcely septate hyphae. Long
unbranched sporangiophores with a dark,
round sporangium. Presence of rhizoids.

Hyphae is septate. Unbranched
conidiophores with oval clustered conidia.
Presence of phialides with sickle shaped
septate macroconidia.

Septate  hyphae, branched and few
unbranched conidiophores with secondary
branches (metulae). Flask-shape phialides
are arranged on the metulae in whorls.
Phialides bear unbranched chains of round
conidia. Entire structure forms a brush
appearance.

rough conidiophores with Aspergillus sp

Mucor sp

Rhizopus sp

Fusarium sp

Penicillium sp.
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m Aspergillus sp.
M Mucor sp.
m Rhizopus sp.

Alternaria sp.

W Fusarium sp.

H Penicillium sp.

Figure 2: Percentage Frequency of Occurrence of the Fungi Isolated from Sweet Orange

The Pathogenicity test of this study (Table 2) reveals that with the exception of Fusarium sp. all
other fungal isolates were able to re-infect the healthy oranges and produced visible disease
condition. The inability of Fusarium sp. to cause spoilage in healthy orange samples could be
because its presence on the fruit is transient or due to failure of the organism to produce necessary
enzymes required to breakdown and utilize the high sugar content of the orange (Bukar et al., 2009;
Bashir et al. 2020). This finding agrees with the researches of Bukar et al. (2009), Onuorah et al.
(2015), who in their separate investigations reported pathogenicity of Aspergillus sp, Mucor sp,
Rhizopus sp and Penicillium sp. on re-infection of the pure fungal isolates into healthy sweet
oranges. Bukar et al. (2009) also reported the inability of Alternaria sp to cause spoilage in healthy
sweet oranges.

Table 3: Pathogenicity Test of the Fungal Isolates on Apparently Healthy Sweet Oranges
S/No. Aspergillus  Mucor Rhizopus Alternaria Fusarium  Penicillium

sp sp sp. sp sp sp
1 + + + + - +
2 + + + + - +
3 + + + + - +

The presence and distribution of these fungal groups and their subsequent spoilage of sweet oranges
could be due to injury and further contamination of the fruit during harvesting, transportation,
packaging, storage and overall handling practices (Onuorah et al., 2015). The production of
secondary metabolites such as aflatoxins and other mycotoxins by these organisms could pose
potential health challenges to consumers of fungi-contaminated sweet oranges (Baiyewu et al.,
2007). Furthermore, these organisms in certain conditions could cause a wide range of diseases in
human and animals (Petzinger & Weidenbach, 2002; Monso, 2004).

5. Conclusion

Filamentous fungi implicated in the spoilage of sweet oranges from vendors in some part of Bida
metropolis include Aspergillus sp., Mucor sp., Rhizopus sp., Rhizopus sp., Fusarium sp. and
Penicillium sp. Out of these fungi isolates, Aspergillus sp. was the most predominant with 23.1%
occurrence. Majority of the fungi isolates infected and ultimately caused spoilage of the fruit
excluding Fusarium sp.The presence of these organisms in the fruit could pose potential health
implications to consumers. For this reason, their presence in sweet oranges and other fruits should
be controlled through adequate and proper washing of the harvested fruits, use of clean sterile
containers for packaging, avoidance of injury in the fruit through proper handling, sufficient
hygienic practices by the handlers, provision of very clean storage facilities and application of safe
and food grade fungicidal substances on the sweet oranges. Lastly, orange fruits with any symptom
of spoilage should be swiftly separated, properly disposed of and should not be sold or consumed.
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ABSTRACT

Diarrhea is a form of gastrointestinal infection caused by a variety of bacterial, viral
and parasitic organisms, through contaminated food or drinking water, or from person
to person as a result of poor hygienic practices. Plants have extraordinary potential
uses, particularly as customary prescription and pharmacological medications. The
antidiarrheal activity of the methanol extract was evaluated against castor oil induced
diarrheal model, charcoal meal and enteropooling tests. The test groups received 100,
200 and 400 mg/kg of the extract. Phytochemical screening of the leaf extract showed
that it contains alkaloids, tannins, saponins, glycosides, proteins and starch. The extract
was evaluated for castor oil induced diarrhea. The methanol extract exhibited
antidiarrheal activity in a non-dose dependent manner (P<0.05). The 200 mg/kg dose
had the highest inhibition in all tested models and its activity is comparable to the
standard drug (loperamide). This study demonstrates that scoparia dulcis have
phytoconstituents which possess antidiarrheal activity and this validates its use in
traditionally in the treatment of diarrhea.

Keywords: Antidiarrhoea activity, Scoparia dulcis and phytochemical screening

INTRODUCTION

Diarrhoea is a symptom of disease marked by rapid and frequent passage of semisolid or liquid
faecal materials through the gastrointestinal tract (GIT) along with increased motility and secretions
of GIT and decreased fluid absorption (Zayede et al., 2020). Diarrhoea is a form of gastrointestinal
infection caused by a variety of bacterial, viral and parasitic organisms or through contaminated
food or drinking water, or from person to person as a result of poor hygienic practices (Peter and
Umar, 2018). Globally, 4 — 5 million death cases of human occur annually as a result of diarrhoea.
Diarrhoea is one of the leading causes of death in children below five years. Over 10% of death in
children, about 800, 000 die each year as a result of diarrhoea (Nduche and Omosun, 2016). Plants
have been used since time immemorial for diverse purposes in the life of mankind particularly as
food, and medicines for nutrition and the treatment of diseases, respectively, in both humans and
animals. They are used in all cultures of the world and have been relied upon for several millennia
to support, promote and restore human health. They form a vital component of traditional medicine
(TM) and their use for the maintenance of health and wellbeing is a common practice in all African
societies (Mensah et al., 2019)

MATERIALS AND METHODS

Collection and Preparation of Plant Material

Fresh plants of Scoparia dulcis were collected from a farm in Olowa Dekina local government area
of Kogi State in the month of May, 2020. Dried plants were cut into smaller pieces and milled into
fine powder by using mortar and pestle.

Extraction
Cold maceration technique was used to extract 710 kg of the plant material by soaking the powder
in 2.5L methanol for 72 h with occasional agitation. The extract was filtered and the solvents
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evaporated under reduced pressure with the rotary evaporator at 30 °C and the concentrate freeze-
dried to obtain the crude extract (CE) which was stored at 4 °C until required for further processing.

Phytochemical Screening
Qualitative analysis were carried out on the crude methonol extract using standard procedures to
identify the constituents as described by Sofowora (1983) and Trease and Evans (2002).

ANTIDIARREAL ACTIVITY

Grouping and Dosing of Animals.

For each of the three antidiarrhoeal activity test models, 20 Wister rat were used. The Wister rats
were randomly divided into five groups of 4 Wister rat each for each model. In all models, the
negative control groups were treated with the vehicle (distilled water, 10 ml/kg). The positive
controls were treated with loperamide 3 mg/kg (in castor oil-induced diarrhoea and enter pooling
models) and atropine 1 mg/kg (in gastrointestinal motility test model). The other groups (Groups
3, 4, and 5) in each model received 100, 200 and 400 mg/kg doses of the crude extract respectively.

Castor Oil Induced Diarrhea Model

Animals were fasted for 18 h and placed individually in a cage, in which the bottom floor was lined
with blotting paper and was replaced every hour. Then animals received either vehicle or treatment
samples as based on their fasting weight. Diarrhoea was induced by administering 0.5 mL of castor
oil per oral route to each mouse just 1h after the previous treatments. The observation was
continued for a period of 4h. Time of onset of diarrhoea, a total number of faecal outputs (frequency
of defecation) and weight of faeces excreted by the animals were recorded. Finally, the percentage
of diarrhoeal inhibition, percentage weight of wet faecal output and percentage weight of total
faecal output were determined with respect to their formula (Degu et al., 2016; Sisay et al., 2017).

o Average number of WFC — Average number of WFT
Percent Inhibition = x 100
Average number of WFC

Where, WFC=average number of wet faeces in the control group and
WFT=average number of wet faeces in the test group.

Mean weight of wet faces of each group

P t f Wet faecal output = x 100
ercentage o1 et faecal outpl Mean weight of wet faces of the control

Mean faecal weight of each group

Percentage of total faecal output = x 100

Mean weight of the control

Castor Oil Induced Charcoal Meal Test

Gastrointestinal motility test using activated charcoal was done in accordance with the method
described by Sisay et al. (2017). Wister rat of either sex were fasted for 18 h with free access to
water and treated with the vehicle, standard drug and plant extract according to their respective
groups based on their fasting weight by oral gavage. After 1 hour of test/ vehicle compound
administration, 0.5 mL castor oil was administered by oral gavage then 1 mL of 5% charcoal
suspension was administered orally 1 hour after castor oil treatment. After 1 hour of the charcoal
meal, animals were sacrificed by cervical dislocation and the small intestine was dissected out and
later the total length covered by a charcoal indicator from the pylorus to cecum was measured and
calculated as a percentage of the total length of the small intestine. Finally, the Peristalsis index
and proportion of inhibition were calculated using the following formula:
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. o Mean distance travelled by charcoal meal
Peristaltic index = - , x 100
Mean length of small intestine

S PIC — PIT
Percentage of inhibition = —PIC X 100
Where, PIC=Peristaltic index of control, PIT=Peristaltic index of the test group

Castor Oil Induced Enteropooling Model

The intraluminal fluid accumulation (enteropooling) was carried out based on a method described
by (Sisay et al., 2017). Wister rat were grouped as described earlier and fasted for 18 h prior to the
experiment. Then the test compound and vehicle were given according to their grouping based on
their fasting weight by oral gavage 1 hour prior to castor oil administration. After 1 hour all Wister
rat were sacrificed by cervical dislocation, and then the small intestine was isolated and tied with
thread at the pyloric end and the ileocaecal junction. Then the weight of filled intestine was
measured and the content was drained into a graduated cylinder and volume was measured, later
the weight of empty intestine was re measured again and the change in the full and empty intestine
was calculated. Finally, the percentage reduction of intestinal discharge (volume) and weight of
intestinal content were calculated by comparing with a negative control by the following formula.

M ) 1 inhibition = MVICC — MVICT % 100
ean percentage volume inhibition = VICC

Where, MVICC is the Mean volume of the intestinal content of the control group
MVICT is the Mean volume of the intestinal content of the test group.

M t ioht inhibition = JWICC — MWICT 00
ean percen age Welg mmnipition = MWICC

Where, MWICC is the Mean weight of the intestinal content of the control group
MWICT is the Mean weight of the intestinal content of the test group.

In-Vivo Anti-Diarrheal Index

The in vivo anti-diarrheal index (ADI) was determined by combining three parameters taken from
the abovementioned models. It was then expressed according to the following formula (Zwedie et
al., 2020).

ADI percentage volume inhibition = i/_Dfreq X Gmeq X Pfreq
Where, Dfreq is the delay in defecation time as a percentage of negative control, Gmeq is the gut
meal travel reduction as a percentage of negative control.

Pfreq is the reduction in purging frequency in the number of wet stools as a percentage of the
negative control.

MODTG — MODCG
D Frequency = MODCG x 100
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Where, MODTG is Mean onset of diarrhoea in the test group
MODCG is Mean onset of diarrhoea in the control group

Data Analysis
Analyses were carried out using Statistical Package for the Social Sciences 20 for windows (SPSS
20). Results were expressed as Mean+SEM. Statistical significant difference were determined
using ANOVA.

RESULTS AND DISCUSSION

RESULTS

Qualitative phytochemical analysis

Result of phytochemical screening (Table 1), revealed the presence of tannins, flavonoids,
saponins, terpenoids, phenolic compounds, steroids and alkaloids in the methanolic extract of
Scoparia dulcis. However, glycosides and reducing sugars were absent.

Table 1: Qualitative screenings of Scoparia dulcis methanolic extract (SDME)

Phytoconstituents Presence
Flavonoids +++
Tannins +
Saponins ++
Phenols +++
Glycosides _
Steroids ++
Reducing sugars -
Terpenoids +++
Alkaloids ++

+++=abundance, ++= moderate, += present, (-) =absent

IN-VIVO ANTI-DIARRHEAL ACTIVITY STUDIES
Castor Oil Induced Diarrhea

The methanolic extract of S. dulcis significantly prolonged the time of diarrheal onset; the mean
weight of faeces of rats treated with extract doses were significantly (P<0.05) lower than that of
the negative control group. Similarly, the extract at the tested doses exhibited good antidiarreal
activity against castor-oil induced diarrhea in rats. The extract inhibited diarrhea onset in a non-
dose dependent manner with the 200 mg/kg dose having the highest activity, followed by 100
mg/kg and 400 mg/kg had the least activity. The percentage inhibitions of diarrhea faeces were 88,
73 and 34% respectively and were lower than that of loperamide (91%).

Table 2: Effects of S. dulcis methanolic extract on castor oil induced diarrhoea in rats

Treatment and dose Mean % Inhibition of  Mean weight of % Inhibition of
weight of total faeces (g) diarrhea faeces  diarrhea faeces
total faeces (o)
(9)
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Negative Control 0.78+0.01¢ - 0.33+0.01 -
(2mL/kg B.W)

Loperamide (3 mg/kg 0.32+0.03? 58.97 0.03+0.00 91
B.W)
SDME 0.48+0.01° 38.46 0.09+0.01 73

(100 mg/kg B.W)

SDME 0.36+0.04* 53.85 0.04+0.00 88
(200 mg/kg B.W)

SDME 0.59+0.04¢ 24.34 0.24+0.04 24
(400 mg/kg B.W)

SDME-= Scoparia dulcis methanol extract. Values are presented as mean + standard error of mean
(SEM) of three replicates. The values with different superscripts in a column are significantly
different at (P< 0.05).

Castor Oil Induced Enteropooling

The extract (100, 200 and 400 mg/kg) non-dose dependently showed a reduction in the mean weight
of intestine and mean weight of intestinal content. The activity of extract doses were significantly
different (P<0.05) when compared to the negative control group. The percentage volume of
inhibition of extract was in a non-dose dependent manner, the highest dose (400 mg/kg) had highest
activity, followed by 200 and 100 mg/kg respectively. The activity of the doses were significantly
(P<0.05) lower when compared to the standard drug, loperamide.

Table 3: Effects of Scoparia dulcis methanolic extract on castor oil induced enteropooling in
rats.

Treatment and dose Mean weight of Mean weight of Mean volume of
intestine (g) intestinal content (g) inhibition (%)
Negative Control (2 9.90+0.24° 5.82+0.59° -
mL/kg B.W)
Loperamide 6.83+1.00? 3.24+0.35° 44.33

(3 mg/kg B.W)

SDME 8.50+0.74° 4.33+0.39° 25.60
(100 mg/kg B.W)

SDME 7.03+£0.67¢ 3.96+0.37% 31.96
(200 mg/kg B.W)

SDME 9.23+0.85 4.40+0.46° 34.40
(400 mg/kg B.W)
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SDME: Scoparia dulcis methanolic extract; mg/kg B.W: milligram per kilogram body weight.
Values are presented as mean = standard error of mean (SEM) of three replicates; the values with
different superscripts in a column are significantly different at p < 0.05; n=5

Effects on Castor Oil Induced Intestinal Transit in Charcoal Meal Test

The methanolic extract of S. dulcis significantly (P<0.05) slowed down the forward motion of
charcoal meal through the gastrointestinal tract at all tested doses when compare to the control
group. The distance travelled by charcoal meal for 100, 200 and 400 mg/kg B.W. groups were
32.73+0.45, 29.50+£1.21 and 36.81+1.14 respectively. The extract also significantly inhibited
gastrointestinal transit time of charcoal meal by 58.36%, 63.80% and 53.36% at doses 100, 200
and 400 mg/k body weights respectively. The 200 mg/kg showed the highest inhibition and its
activity is comparable to that of the standard drug, loperamide (P>0.05).

Table 4: Effect of Scoparia dulcis methanolic extract on intestinal motility of rats by
charcoal meal

Treatment and Intestinal Distance Peristatic %0 Inhibition
dose length (cm) travelled (cm) Index (%0)
Negative Control 107.55+4.352 84.24+2.93¢ 78.32+2.11° -

(2 mL/kg B.W)

Loperamide 105.20+2.862 26.67+1.922 25.35+2.89? 67.63
(3 mg/kg B.W)

SDME 100.37+3.142 32.73+0.45° 32.61+1.02° 58.36
(100 mg/kg B.W)

SDME 102.65+5.23? 29.50+1.212 28.35+0.982 63.80
(200 mg/kg B.W)

SDME 100.78+4.562 36.81+1.14° 36.53+1.43¢ 53.36
(400 mg/kg B.W)

SDME = Scoparia dulcis methanol extract. VValues are presented as mean =+ standard error of mean
(SEM) of three replicates. The values with different superscripts in a column are significantly
different at p < 0.05.

DISCUSSION

Despite the fact that their safety and efficacy profiles have not been adequately addressed,
medicinal plants have been utilized for the treatment of a variety of illnesses including diarrhea and
related gastrointestinal disorders. The results from the present study revealed the presence of
flavonoids, tannins, saponins, phenols, steroids, terpenoids and alkaloids in the methanolic leaf
extract of Scoparia dulcis. The presence flavonoids, tannins, saponins, phenols, steroids, terpenoids
and alkaloids have previously been reported in the leaf extract of the plant (Muhammad et al.,
2018).

Castor oil's usage as a diarrhea inducer is extensively documented (Shiferie and Shibeshi, 2013). It
has an irritating laxative action when taken orally, which is mediated by its active metabolite,
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ricinoleic acid, which is produced by intestinal lipases. Ricinoleic acid causes local irritation and
inflammation of the intestinal mucosa, which leads to the generation of prostaglandins, which
increase gastrointestinal motility and net water and electrolyte secretion (Gelberg, 2018).

The extract in a non-dose dependent fashion inhibited the effect of castor oil on gastrointestinal
integrity of the rats in comparison to the negative control group. The methanol extract significantly
(P<0.05) reduced the mean weight of total faeces, % inhibition of total faeces and mean weight of
diarrhea faeces in experimental animals. The percentage inhibition of diarrhea faeces was observed
to be highest at 200 mg/kg dose followed by 100 mg/kg and 400 mg/kg had the least inhibition.

The extract also significantly (P<0.05) reduced the mean weight of intestine, mean weight of
intestinal content and mean volume inhibition in a non-dose dependent manner. The lower and
middle doses (100 mg/kg and 200 mg/kg) had higher activities, although significantly (P<0.05)
lower when compared to the standard drug (loperamide). One of the mechanisms through which
antidiarrheal drugs work is by reducing gastrointestinal motility (Sisay et al., 2018).

At all concentrations studied, the methanol extract significantly (P<0.05) inhibited the propulsion
of the charcoal marker with highest activity observed at 200 mg/kg which is comparable to that of
loperamide. This finding demonstrates that the extract has the ability to affect gut peristaltic
movement, implying that it possesses antimotility properties. Certain phytochemicals such as;
flavonoids, tannins and terpenoids have been reported to possess antidiarrheal activities (Jalilzadeh-
Amin and Maham, 2015). Studies have found that the presence of tannins and flavonoids increases
intestinal water and electrolyte reabsorption; tannins are known to increase intestinal mucosa
resistance by reducing secretion, restoring abnormal water transport, and decreasing intestinal
transit (Degu et al., 2016).

Furthermore, flavonoids have been discovered to have a wide range of biological actions, including
the inhibition of enzymes such as prostaglandin synthase, cyclooxygenase, and lipoxygenase,
which may play a role in its anti-diarrheal activity (Hossain et al., 2012). Terpenoids and saponins
can decrease the production of autacoids such as prostaglandins and histamines (Derebe et al.,
2018). Saponins have also been shown to have antibacterial activity, which may be due to their
capacity to form a combination with extracellular proteins, soluble proteins, and bacterial cell walls
(Mummed et al., 2018). Phenolic compounds and alkaloids also inhibit intestinal motility (Mishra
and Sasmal, 2015).

Generally, phytochemicals exert their bioactivity either singly or in synergy with one another
(Ogbeide et al., 2018). This may be responsible for the displayed antidiarrheal activity of the
methanol extract of Scoparia dulcis.

Conclusion

The methanol extract of Scoparia dulcis leaves is rich in phytochemicals which include; flavonoids,
tannins, saponins, phenols, steroids, terpenoids and alkaloids, and has promising antidiarrheal
effects, according to this study. The extract in a non-dose dependent fashion inhibited the effect of
castor oil on gastrointestinal integrity in rats with 200 mg/kg dose having highest percentage
inhibition of diarrhea faeces.

Similarly, the extract significantly (P<0.05) reduced the mean weight of intestine, mean weight of
intestinal content and mean volume inhibition in a non-dose dependent manner. Furthermore, the
methanol extract significantly (P<0.05) inhibited the propulsion of the charcoal marker with highest
activity observed at 200 mg/kg which is comparable to that of loperamide. This discovery therefore
lends scientific support to Scoparia dulcis' traditional use as an antidiarrheal medication.
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Abstract

Water quality is important the protection of humans and marine ecosystems. Over the
past two decades, considerable attention has been given to heavy metals in both terrestrial
and aquatic ecosystems because they can be accumulated by biota and at high
concentrations are potentially toxic. Traditional biological indices or direct
measurements of water quality, which are based on in situ data collection are often
spatially or temporally limited. On the other hand, the complexity of information requires
new analysis techniques that allow for identification of the components and possible
causes of spatial and temporal variability. Bosso dam is a major source of water for both
domestic and agricultural purposes in Minna metropolis. In this study, the concentration
of toxic heavy metals such as Pb, Ni, Mn, Zn, Cd, Cu and Cr were determined in water
from Bosso dam during wet season. One hundred water samples were collected and
homogenized into ten composite samples. Water and sediment samples were digested
according to the method described by Tirkmen and Ciminli (2007). Techniques of
Chemometrics such as Principal Component Analysis (PCA), Hierarchical Component
Analysis (HCA) and Correlation Analysis (CA) were used to analyze pollution data sets
from heavy metal determination and assessment of the physicochemical parameters such
as pH, temperature, turbidity, Si, conductivity, NOz” =N, NHs"—N, NO2 —N of water. Pb
was below detection limits while Cr was detected at a value of 0.02mg/I and 0.01mg/I for
Cd, Zinc, Cu, Ni, Mn in the water samples. Application of PCA and CA helped to identify
the underlying pollution sources and signature at the monitoring site.

Keywords: Water quality, Heavy metals, Chemometrics, Pollution, Bosso dam

1.0 Introduction

Heavy metals refer to the, dense and metallic elements that occur in trace levels, but are very toxic
and tend to accumulate, hence are commonly referred to as trace metals (Adelekan et al., 2016).
They are metallic elements with high atomic weight and density greater than that of water. The
major anthropogenic sources of heavy metals in the environment are industrial wastes from mining
sites, electroplating manufacturing and finishing plants, domestic waste-water and run off from
roads. Many of these trace metals are highly toxic to humans, such as Pb, Cd, and Cr. Exposure to
Pb can cause kidney and brain damage. Cd has been reported to cause damage to the adrenals and
homopoietic system. Cr has also been reported to cause lung cancer (USDFFS 2018). Their
presence in surface and underground water at above background concentrations is undesirable
(Adelekan et al., 2016).

Bosso dam is situated within Minna metropolis and is a major source of water for domestic,
agricultural and industrial uses in Minna metropolis. Residents along the bank of the river often
cultivate crops such as sweet potatoes, maize, tomatoes and vegetables, and use water from the
river to irrigate the crops. Water from this dam is also being used for domestic and recreational
(swimming) purposes and fishing. These usage expose the downstream users to some health
hazards, thus the need to determine the level of heavy metals and mineral elements for the safety
of the users.
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Chemometric statistical analysis provides useful tools for the study of spatial uncertainty and
hazard assessment. In recent times, many researchers used sample site data to model the spatial
distribution of heavy metals in sediment. Also, methods of multivariate data analysis are powerful
tools for the evaluation and interpretation of river pollution data. Much information is lost using
only univariate graphical or statistical methods for data evaluation and interpretation. In the last
decade, methods such as principal component analysis (PCA) have become accepted in the
identification of temporal and spatial variation and sources of pollution in river water (Biancolillo
et al., 2018). However, applications of different chemometrics methods to the analysis of water
bodies are not common in Nigeria. Thus, the monitoring of heavy metal levels in water bodies
using chemometric techniques is of great importance for protection and ensuring future
sustainability of aquatic environments. However, few environmental studies on spatial distribution,
identification of pollution sources, including risk assessment of trace metals in Bosso have been
conducted in Nigeria (Igiri, et al., 2018).

Deming et al., (2019) determined the spatial distribution, potential risks and sources of seven heavy
metals in Yangtze River Estuary. Analyses of 55 sediment samples revealed that the distributions
of metals within the river were determined by the combined effects of their sources, hydrodynamic
conditions, pH and Eh. According to the geoaccumulation index (Igeo) and sediment quality
guidelines, Pb, Cd and Cr were present at low levels of pollution, with Cd posing the largest
ecological risk. Positive Factor Matrix (PMF) results indicated that Hg, Zn, As, Pb and Cr mainly
originated from natural geological background sources, while Cu originated from anthropogenic
activities and atmospheric deposition was the source of Cd. These three sources contributed to
53.0%, 32.8% and 14.2%, respectively of total heavy metal concentrations.

Yunquian et al., (2019) analyzed surface sediment samples collected from 18 sites in Dongping
Lake for selected heavy metals including As, Cd, Cr, Cu, Hg, Pb, and Zn to determine their spatial
distribution, source, and potential ecological risks. The enrichment degree of the studied metals
decreased in the order of Cd N Hg N As N Pb N Cu N Cr N Zn, and the average concentrations of
Cd, Hg and As were 3.70, 3.69 and 3.37 times their background values.

With the exception of Cd, the concentrations of heavy metals decreased progressively from the
southeast to the north and west within the lake. Based on the enrichment factor (EF) and the
potential ecological risk index (PERI), As, Cd and Hg were the heavy metal contaminants of most
concern in surface sediments. Moreover, referencing to the results of multivariate statistical
analyses, it was deduced that anthropogenic As and Hg were mainly from industrial and mining
sources within the Dawen River watershed, whereas, Cd originated from agricultural sources.

Although heavy metal pollution in Bosso dam has been investigated, assessing the contamination
and ecological risks of heavy metals in the water using multiple approaches that are based on
multivariate analytical tools is meaningful. The assessment would help characterize the
contamination sources in river and surface sediments and provide a tool for effectively protecting
the river environment. Thus, this study focused on the analysis of the physico-chemical quality and
accumulation of selected heavy metals in water from Bosso dam, and application of chemometric
techniques to the pollution data. Methods of multivariate data analysis were applied for the
evaluation and interpretation of data. This analysis could be helpful for Nigerian Government to
optimize the marine water monitoring plan and enhance their pollution control actions

1.1 Study Location

Bosso Dam is located at latitude 9° 39N and longitude 6° 33E in Minna, Niger state. It is a small
water body with a mean depth of 6.1M (20.2FT). The dam is shaded by shrubs, trees and bushes
especially in the rainy season. The main use of the dam is for water supply (portable water) for
domestic and irrigation purpose. The resources in the dam are conserved and protected from
poachers by making it a restricted area. Most changes in the dam were brought about by flooding
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of terrestrial ecosystem with organic and inorganic materials, defecation of animals and siltation.
The dominant fish species in the dam is Tilapia zilli while crocodiles also inhabit the dam.
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Figure 1: Map of Minna Metropolis showing location of Bosso dam in Minna

2.0 Methodology

One hundred surface water samples were collected at different points and homogenized into ten
composite samples coded W1 to W10. Water samples were gently collected in clean plastic
containers and were subjected to preliminarily acidification. This was done by adding 5cm? of nitric
acid to each water sample. On-site analyses of pH, conductivity, and turbidity were carried out at
the site of sample collection following the standard protocols and methods of American Public
Health Organization (APHA) (APHA, 2005) and American Society for Testing and Materials
(ASTM) using different calibrated standard instruments (J. DeZuane, 1997). The pH of the water
samples was measured by using a pH meter. The pH meter was calibrated, with three standard
solutions (pH 4.0, 7.0, and 10.0), before taking the measurements. The value of each sample was
taken after submerging the pH probe in the water sample and held for a couple of minutes to achieve
a stabilized reading. After the measurement of each sample, the probe will be rinsed with deionized
water to avoid cross contamination among different samples.

The conductivity of the samples was measured using a conductivity meter. The probe was
calibrated using a standard solution with a known conductivity. The probe was submerged in the
water sample and the reading was recorded after the disappearance of stability indicator. The
turbidity of the water samples was measured using a turbidity meter. Each sample was poured in
the sample holder and kept inside for a few minutes before the result was recorded. Elemental
analysis of water samples for Cr, Cu, Zn, Cd, Mn and Pb was carried out with Atomic Absorption
Spectrometer (acetylene air), according to the ASTM standard method (ASTM, 2012) approved by
APHA (2005) while the physicochemical characteristics of the water samples were carried out
According to the standard methods of APHA (APHA, 2005) and Sawyer et al. (2005) by the
filtration process. Silica was determined using the Standard Test Method for Silica in Water as
described by ASTM D859-16. A test of the molybdenum-blue method was used for silica
measurement.

For nitrite-nitrogen determination, the Nitrate/Nitrite-N in Water and Biosolids by Manual
Colorimetry method as described by U.S. Environmental Protection Agency (2001) was used. 2cm?
of color reagent (prepared by adding 100 cm? 85% phosphoric acid (HsPOs) and 10 g sulfanilamide
was added to about 800 mL reagent water and mixed to completely dissolve the sulfanilamide. 1 ¢
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N-(1-naphthyl)-ethylenediamine dihydrochloride was added and mixed to dissolve. It was diluted
to 1 L with reagent water and added to 50.0 mL of sample. It was allowed ten minutes for the color
to develop, the absorbance of the sample was measure at 540 nm. Techniques of Chemometrics
such as Principal Component Analysis (PCA), Hierarchical Component Analysis (HCA) and
Correlation Analysis (CA) were used to analyze pollution data sets from heavy metal determination
and assessment of the physicochemical parameters such as pH, temperature, turbidity, Si,
conductivity, NO3” NO2>—N, NH3, NO2" —N of water.

3.0 Results and Discussions

3.1 Physiocochemical parameters and heavy metals in water samples from Bosso dam
The statistical result with respect to mean and standard error of mean values for Bosso dam water
quality parameters and heavy metal levels are summerized in Table 1. All water samples contained
Ammonia at values significantly (P<0.05). This could be due to the increased agricultural activities
in the study location during rainy season. All the nitrate levels noticed in all samples were below
the World Health Organisation (WHO 2018) recommended maximum safe level (10mg/l) for
human consumption. Elevated levels of nitrate and nitrite in surface waters usually result from
human activities such as overuse of chemical fertilizers and improper disposal of human and animal
nitrogen-containing wastes, which are converted to nitrates in the soil. Nitrogen enters waterways
either from the breakdown of dead organic matter or via atmospheric nitrogen gas fixation by
specially adapted plants. Excess nitrogen in rivers enhances nutrient enrichment leading to algal
blooms, fish kills and weed infestation (Yahaya et al. 2019). High levels of dissolved forms of
nitrogen (nitrate, nitrite and ammonia) can also be toxic to many aquatic organisms and can prevent
the water from being used as potable supply.

Heavy metals such as Pb and Cr were below detection limit in all the water samples. However, Cd
was found in water samples W1 above WHO’s permissible limit with 0.008mg/1. This could be due
to the direct release of effluent from Minna Water Board treatment plant located next to Bosso dam.
This corroborated the suggestion by Cotman et al. (2019) that surface waters are used for disposal
of treated effluents from wastewater treatment plants. These effluents usually contain only small
amounts of various contaminants that accumulate over time in the river, especially in sediments
(Cotman et al., 2019). Muhammad et al. (2018) reported similar result and attributed such
occurrence to the fact that the discharge of heavy metals into rivers by domestic and industrial
activities causes their rapid association and dissociation with particulates and incorporation into
bottom sediment.
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Table 1: Physiocochemical parameters and heavy metals in water samples from Bosso dam

Parameters W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 WHO
pH 6.91+0.01° 6.91+0.012 6.92+0.01* 6.92+0.01* 6.86+0.072 6.75+0.01° 6.72+0.01° 6.75+0.012 6.75+0.01° 6.85+0.01° 6.50-
8.50
Temperature 27.70£0.06%  27.70+0.06%  27.70+0.06% 27.70+0.06  27.70£0.06°  27.40+0.10° 27.40+0.06*° 27.40+0.06* 27.40+0.06* 27.60+0.06° 12-25
Silica 1.90+0.062 6.60+0.06° 1.70+0.06" 1.70+0.06% 9.40+0.06° 8.60+0.06" 4.80+0.06" 4.70+0.06% 9.60+0.06° 9.10+0.06° 10.00
Turbidity 18.00+0.06*  18.00+0.06*  14.00+0.06° 14.00+£0.06*  12.00+0.06® 21.00+0.06* 19.00+0.06*  34.00+0.06*  30.00+0.06* 61.00+0.06* 5.00
Conductivity 74.00+0.06*  71.00+£0.06*  71.00+0.06% 71.00£0.06%  76.00+0.06*  80.00+0.06*°  33.00+0.06%  91.00+0.06°  76.00+0.06°  95.00+0.06% 1000
Nitrite 0.02+0.00° 0.02+0.00° 0.02+0.00% 0.02+0.00% 0.01+0.00% 0.01+0.012 0.01+0.00? 0.02+0.00? 0.01+0.00% 0.02+0.00% 1.00
Nitrite as N2~ 0.02+0.00° 0.01+0.00¢ 0.01+0.00% 0.01+0.00% 0.00+0.00% 0.00+0.00% 0.00+0.00? 0.01+0.00? 0.00+0.00% 0.01+0.00% 0.04
Ammonia 8.30+0.06° 6.60+0.06° 6.30+0.06° 6.30+0.06° 4.40+0.06° 6.70+0.06° 6.20+0.06° 5.90+0.06° 5.600+£0.06°  5.90+0.06° 0.40
Copper 0.00+0.00° 0.00+0.00P 0.01+0.00¢ 0.01+0.00° 0.00+0.00% 0.00+0.00P 0.00+0.00? 0.00+0.00? 0.01+0.00° 0.00£0.00®  0.01
Nitrate 0.70+0.06° 0.44+0.01° 0.38+0.01* 0.38+0.012 0.500+0.06*  0.60+0.06% 0.13+0.01° 0.11+0.01° 1.60+0.06% 1.44+0.01% 10.00
Zinc 0.00+0.00? 0.01+0.00° 0.01+0.00% 0.01+0.00% 0.01+0.00° 0.00+0.00% 0.00+0.00? 0.01+0.00¢ 0.00+0.00° 0.01+0.00¢ 0.01
Manganese 0.00+0.00? 0.00+0.00% 0.00+0.00% 0.00+0.00% 0.00+0.00% 0.00+0.00* 0.00+0.00? 0.01+0.00¢ 0.00+0.00% 0.00+0.00° 0.10
Cadmium 0.01+0.00¢ 0.01+0.00P 0.00+0.00P 0.00+0.00P 0.00+0.00% 0.00+0.00% 0.00+0.00? 0.00+0.00? 0.00+0.00% 0.00+0.00% 0.00
Lead 0.00+0.00? 0.00+0.00% 0.00+0.00% 0.00+0.00% 0.00+0.00% 0.00+0.00% 0.00+0.00? 0.00+0.00? 0.00+0.00% 0.00+0.00% 0.01
Chromium 0.02+0.01° 0.00+0.00? 0.00+0.00% 0.00+0.00% 0.00+0.00% 0.00+0.00% 0.00+0.00? 0.00+0.00? 0.00+0.00% 0.00+0.00®*  0.05

Values are reported as mean + standard error of means. Values along the rows with the different alphabetic superscripts are significantly
different at p<0.05 while values with the same alphabet are not significant at the same confidence level.

Notes: W1 to W10 represents water samples collected from ten different points
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3.1.1 Chemometric Analysis

Chemometrics analysis was performed on the pollution data generated and the PCA results obtained
for the elements are shown in figures 2 to 7. Two principal components having eigenvalues greater
than 1 were considered. According to Liu et al. (2018), strong and moderate factor loadings range from
>0.75, and <0.5 to 0.3, respectively. The first principal component (PC1) in the datasets explains
30.03% of total variance and is moderately positively loaded with Nitrate, Zn, turbidity, Silica,
Conductivity, Cr, Mn and Nitrite, indicating both natural and anthropogenic sources. The dominant
factor loading of Zn in the first PC1 strongly suggests that the origin of Zn could be associated to the
leaching fertilizers into underground water as reported by Mmolawa et al. 2017). The most important
anthropogenic sources zinc in soil come from discharges of smelter slags and wastes, mine tailings,
coal and bottom fly ash, and the use of commercial products such as fertilizers and wood preservatives
that contain zinc (Mmolawa et al. 2017).

The PC2 in the datasets shows 29.72 % of variance and positively loaded with Cu, Cd, Ammonia,
Temperature and pH, indicating anthropogenic sources. The long-established agricultural practices
near the study site can be regarded as the sources of Ammonia and Cu, while the waste water effluent
can be regarded as the major source of Cd at the study site. Fertilizers can also be regarded as
anthropogenic sources of ammonia and Cu.

Figure 3 shows the Hotelling T plot which allows us to identify outlying samples. From the result
obtained, Samples W8 and W10 were observed as the exceptional samples with unusual pollution
status. The PCA scores as seen on figure 4 is about sample grouping. The plot differentiated the
samples into three groups. Figure 6 represents the Biplot shows samples and variables simultaneously.
The result obtained showed the different groups and their variables. HCA performed on the data reveals
three major clusters (Fig. 7). Cluster 1 comprises 1, 2 and 3. The interrelated association among these
samples shows similar positive loadings in PC1. Cluster 2 includes 4, 5, 6, 7, and 9. The interrelated
association shows similar positive loadings in PC1. Cluster 3 contains 8 and 10, and its positive
loadings are similar to PC2. HCA showed Pair 8 and 10 share similar pollution status. Their similarity
is seen in their Ammonia contamination level which is the same (5.90mg/I) as well as nitrite and nitrite
as nitrogen levels which are 0.02mg/l and 0.01 respectively.
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Figure 2: PCA Eigenvalue plot for water samples Figure 3: Hotelling T2 plot for water samples from
Bosso dam
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3.1.2 Correlation Analysis

Correlation analysis of the data was carried out using Microsoft Excel Add-ins. The result shown in
Table 2 suggests that most of the variables were negatively correlated. However, strong positive
correlation was observed for Cd - NO2", Cd - pH, Cd - Temperature, Pb - Cr, Cd - NH3, NO2" -NH2™-N,
Zn — Mn, Cr — Zn, Cr, Mn and Cr - Pb. Cadmium concentration was strongly correlated with pH,
Temperature, Nitrite, Nitrite as Nitrigen and Ammonia at 0.75, 0.66, 0.65 and 0.73 respectively, which
may be due to leaching or fertilizer from irrigation water. Silica showed no positive correlation with
other variables.

4.0 Conclusion

This work was undertaken to evaluate the pollution status of Bosso dam. From PCA, two principal
components suggests possible anthropogenic sources. These components explain 59.79% of the total
variance and high positive loading was found in samples W8 and W10. The present investigation
clearly indicates that the water from Bosso dam is contaminated with some toxic heavy metals,
Ammonia, Nitrite as Nitrogen. Consequently, there is a dire need to reduce/regulate the anthropogenic
sources of pollution in the study area.
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Table 2: Correlation among different variables

T T S t C n N A Cu nt Zn Mn cd Pb Cr

p 1

T  0.969159 1

S -0.4093  -0.34433 1

t  -0.62176 -0.7298  0.319241 1

C 0.185616 0.098174 0.129887 0.334386 1

n 0434303 0.297305 -0.30832 0.20901  0.19927 1

N 0422745 0.266588 -0.29637 0.265694 0.254967 0.993111 1

A 0.292907 0.142827 -0.51481 -0.01376 -0.05749 0.443681 0.462759 1

Cu 0.382434 0.298165 -0.00985 -0.29175 0.22225 -0.20192  -0.1478  -0.0873 1

nt  -007575  -0.129  0.441989 0.26257 0.231529 -0.37574 -0.28216 -0.03474  0.435493 1

Zn 0173931 0.176391 -0.07952 0.250258 0.557617 0.452345 0.439603 -0.43137 -0.11874 -0.35615 1

Mn -0.02896 -0.06036 -0.29473 0.347184 0.463693 0.49332 0.489099 -0.16762 -0.38604 -0.46655 0.841442 1

Cd 0751012 0.656134 -0.33289 -0.23578 0.032316 0.647945 0.647392 0.732274 0.015563 0.012771 -0.11733 -0.15297 1

Pb  0.069012 05382 -1.42091 0.21682  0.33986 0.220197 0.10932 -0.83922  0.3274  0.13249  0.44271 -0.31974 0.73921 1

Cr 0436376 0485238 -0.2025 -0.12227 0.471831 0.315439 0.274753 -0.35453 0.028453 -0.43992 0.865184 0.573337 0.038013 0.82653 1
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Abstract

Rice is a staple food crop which is widely grown across the continents. This study evaluates
the essential trace element contents of some locally grown varieties of rice in Nigeria.
Eighteen local variety from 14 rice producing states in Nigeria were obtained from popular
markets. Samples were dried, homogenized and later digested using proportionate amount of
HNO3/H.O>. The concentrations of the three elements (Cu, Mn, Fe) were determined using
Atomic Absorption Spectrophotometer. The method used was validated using a certified
reference. The result showed the following ranges of concentrations: Cu (1.00 £ 0.02-5.00
+ 0.14), Fe (10.85 + 0.50-38.40 + 0.99), and Mn (1.95 + 0.65-32.10 £ 0.24) mg/kg. The
concentration of Cu, Fe and Mn in the studied local rice suggest their nutritional potentials
as food for sourcing essential trace elements. The values of the essential trace elements were
below the WHO permissible limit which indicates consumption safety. The rice from Idanre
and Lafiagi have substantial content of Cu. Ofada and Ikirun rice are rich in Fe content.
Substantial amount of Mn was found in Abakaliki and Efon-Alaaye rice. The studied local
rice could play a beneficial role in management of mineral deficiency diseases.

Keywords: local rice; Nigeria; trace elements; essential; copper; manganese; iron; mineral
deficiency

1.0 INTRODUCTION

Rice has been known to be very rich in carbohydrate and as well as other essential nutrients. Also,
research findings have revealed that it contains an appreciable content of both beneficial and toxic
heavy metals (Wong et al., 2004). They are absorbed by plants through the atmosphere, fertilizers,
pesticides and deposition of urban and industrial waste on the soil and the water (Duruibe et al., 2007)
used to irrigate the plants. So, when these food crops are consumed by humans, they are bound to
absorb some of these heavy metals into their system (Jarup, 2003). Excess heavy metal accumulation
in the environment is capable of having toxicological implication in humans, plants and other animals
(Otitoju et al., 2012).

Copper is an essential trace element that plays a vital role in the health of all living things. In humans,
it is needed for the proper functioning of organs and metabolic processes. However, like all essential
elements and nutrients, too much or too little nutritional ingestion of copper can result in a
corresponding health effect. Daily dietary standards for copper have been set by various health agencies
around the world. Some nations of the world have recommended various levels for copper intake by
adults, pregnant, women, infants and children. (Scheiber et al., 2013).

Iron is a chemical element with symbol Fe and atomic number 26. It is a member of first transition
series, often refers to as the most common element on Earth and forming much of Earth's outer and
inner core (Meija, 2016). Iron plays an important role in biological system, forming complexes with
molecular oxygen in hemoglobin and myoglobin- major components of oxygen transport proteins
in vertebrates. It also acts as an active site metal for many of the important redox enzymatic reactions
dealing with cellular respiration and as well as oxidation-reduction reactions in plants and animals.
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Manganese is a chemical element with symbol Mn and atomic number 25, found in a combined
form either as minerals in combination with iron (Meija, 2016). Manganese (Il) ions function as
cofactors for a large variety of enzymes with many functions such as glucose utilization, lipid
synthesis and its metabolism. It is also involved in the normal skeletal growth and activation of
enzyme functions. The human system has about 10 mg of Mn which is reported to be more
concentrated in the bones. Recommended dietary intake of Mn per individual with respect to age 15
is 3.3 mg/day, pregnancy is 3.0 mg/day, ages 2 - 14 (0.6 to 2.1 mg/day) while ages 19 - 50 is
2.3mg/day. Some of the side effect of high concentrations of Manganese in the body include
hallucinations and nerve damage (WHO, 2001).

2. Materials and Methods

2.1 Sample collection and Pretreatment.

Eighteen different brands of locally farmed rice were sourced from Lafiagi, Doko, Kwakuti, Kaduna,
Katsina, Kano, Abakaliki, Adani, Oso-Akwa, Omor, Efon-Alaaye, Oke-Ogun, Idanre, Ofada, ljebu
Ode, Kuta, Patigi, Ikirun in their farms. 100 grams each of the rice sample were ground using mortar
and pestle. The powdered samples were sieved using 5nm mesh to remove any large debris left. The
sieved samples were then kept in an air-tight container for further analysis.

2.2 Sample Pretreatment, Ashing and instrumental analysis

Large Ceramic Pestle and mortar were washed, cleaned and cleansed with concentrated Nitric Acid
and then distilled water. These rice samples were homogenized thoroughly in the ceramic mortar using
the pestle wide enough to accommodate the minute components of the rice mixture. The process was
continued until a homogeneous blend was obtained and transferred to oven, in previously cleaned
porcelain crucibles. The samples were dried and grinded into fine powder in titanium blade grinding
machine. The fine powder of 100g was the average dried sample obtained. This was then kept
separately in polyethylene bags, sealed, labeled and kept until further analysis.

Ground rice sample, 1g, was put in a crucible and heated on a hot plate at about 80°C. The ash obtained
thereafter was diluted with 2.5cm®of HNO3 and 5¢cm?® hydrogen Peroxide. The digestion continued until
a clear solution was obtained to signify a complete digestion. After cooling, the digested sample were
filtered and diluted to 50cm?® with distilled water into a 100cm® volumetric flask which was then
transferred into a sample bottle for further analysis. Bulk Scientific Atomic absorption spectroscopy
(AAS); Model: Accusys 211; Manufacturer: USA determined Copper, Iron and Manganese content of
the samples.

2.2 Statistical Analysis

Collected data were subjected to one-way analysis of variance (ANOVA) for comparison using the
SPSS software (Version 15, SPSS Inc, Chicago, USA). Results were expressed as mean = SD and
variations were considered significant when P < 0.05.

3. RESULTS AND DISCUSSION

The concentrations of essential trace elements in Nigerian local rice are presented in Table 1. The
copper level in rice samples ranges from 1.00 + 0.02 - 5.00 £ 0.14 while that of iron ranges from 10.85
+ 0.50 -38.40 £ 0.99 mg/kg. Manganese concentration ranges from 1.95 £ 0.65-32.10 + 0.24 (mg/kg).

SPSBIC 2021 | 96 |




3" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2021

Table 1: Copper, Iron, Manganese concentration of the local rice samples

Identity State Cu (mg/kg) Fe (mg/kg) Mn (mg/kg)
Sample
S1 Lafiagi Kwara 4.85+0.10 19.50+0.39 2.65+0.05
Sz Doko Niger 2.35+0.08 13.35+0.46 3.90+0.14
S3 kwakuti Niger 1.80+0.01 18.85+0.11 2.85+0.02
Sq Kaduna Kaduna  1.30+0.01 23.60+0.27 18.79+0.06
Ss Katsina Katsina  4.70+0.11 26.30£0.27 16.45+0.05
Se Kano Kano 1.25+0.03 16.05+0.32 1.95+0.65
S7 abakaliki Ebonyi  2.40+0.11 10.85+0.50 32.10+0.24
S Adani Enugu 2.20+0.10 20.25+0.82 5.25+0.13
So Oso akwa Anambra 1.80+0.10 21.95+1.14 3.60+0.19
S1o Omor Anambra 1.00+0.02 24.20+0.66 3.20+0.07
Su Efon-Alaaye  EKkiti 4.20+0.09 26.90+0.66 24.30£0.51
Si2 Oke-Ogun Oyo 4.40+0.14 24.60+0.80 8.00+0.52
S13 Idanre Ondo 5.00+0.14 20.50£0.60 6.90+0.20
S14 Ofada Ogun 3.90+0.11 34.60£1.02 6.80£0.20
Sis ljebu Ode Ogun 3.40+1.10 27.40+8.96 6.80£2.20
S16 Kuta Niger 2 .20+0.04 17.75+0.16 10.60+0.1
Si7 Patigi Kwara 1.80+0.10 23.25+1.21 3.90+0.20
S18 IKirun Osun 3.90+0.10 38.40+0.10 5.70+0.13
RDA daily range 0.54-1.0mg 8.00-30.00mg 1.80-2.30mg
RDA Tolerable daily 10mg 45mg 11mg
Limit
Mean £SD
**Malaysian

RDA = Recommended Dietary Allowance (ug/day), N/A = No data Dietary Guidelines available,
UL = Tolerable Upper Intake Level  (2010)

3.1 Copper

The rice samples from Idanre and Lafiagi have the highest value of copper. The concentration of Idanre
rice (5.00+0.14) was significantly higher than all other rice samples from other locations while that of
Omor was significantly lower than all other locations. Katsina was significantly higher than ljebu-Ode
rice but was statistically comparable to those of Osun, Ofada and Efon-Alaaye. This is attributed to
difference in the specie of the samples under consideration; total content of soil trace elements, soil
chemical and physical properties; which affect bioavailability of trace elements in plants (Cheng et al,
2011).

In decreasing order, the concentration of copper in the rice from the selected areas are Idanre > Lafiagi
> Katsina > Oke-Ogun > Efon-Alaaye > Ofada > Ikirun > ljebu-Ode> Abakaliki > Doko > Kuta >
Adani > Oso-Akwa > Kwakuti >Patigi > Kano > Kaduna > Omor. When an individual of 60kg weight
consumes about 200g of rice daily. The individual is bound to absorb 0.97 ,0.47, 0.36, 0.26, 0.94, 0.25,
0.48, 0.44, 0.36, 0.2, 0.84, 0.80, 1, 0.78, 0.68, 0.44, 0.36 and 0.78 mg/day of copper concentration of
samples; S1, Sy, Ss, Sa, Ss, S, S7, Ss, So, Si10, S11, S12, S13, S14, S15, S16, S17 and Sis respectively. These
copper concentrations (mg/day) by an individual are within the Recommended Dietary Allowance limit
of (0.54-1.00) mg/day. Comparing the results of this work with similar studies, a work carried out on

[~ |
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locally produced rice in Thailand (Wannee et al, 2018) showed that the estimated daily intake of copper
content of the rice samples was (0.18-0.37) mg/day and was lower than the estimated daily intake of
Copper content (0.20-1.00) mg/day.

3.2 Iron

The highest amount of Iron is gotten from Ikirun rice and Ofada rice. The concentration of rice from
Ikirun (38.40+0.99) was significantly higher than all other rice samples from other locations while that
of Abakaliki was significantly lower (10.85+0.50) than all other locations. Oke-Ogun was significantly
higher than Enugu, Kaduna, Patigi, Oso-Akwa, Idanre, Adani, Lafigi, Kwakuti rice but was statistically
comparable to those of Katsina, Ekiti, ljebu-Ode. This is attributed to anthropogenic activities such as
the use of phosphate fertilizers, industrial activities and deposition of contaminated particles (Yuanan
et al, 2013). In decreasing order, the concentration of Iron in the rice from the selected area was Osun
> Ofada > ljebu Ode > Efon-Alaaye > Katsina > Oke-Ogun > Omor > Kaduna> Patigi > Oso Akwa
> |danre > Adani> Lafiagi> Kwakuti > Kuta > Kano > Doko > Abakaliki. When an individual of
60kg weight consumes about 200g of rice daily. The individual is bound to absorb 3.9 ,2.67, 3.77, 4.72,
5.26, 3.21, 2.17, 4.05, 4.39, 4.84, 5.38, 4.92, 4.10, 6.92, 5.48, 3.55, 4.65 and 7.38 mg/day of iron
concentration of samples Si1, Sz, Ss, Sa4, Ss, Se, S7, Ss, So, Si0, S11, S12, S13, S14, S15, S16, S17 and Sis
respectively. The Recommended Dietary Allowance of iron in this study ranges from (2.17-7.38)
mg/day and it’s below the Recommended Dietary Allowance (8.00-30.00) mg/day, this shows that the
rice samples will be able to prevent many iron deficiencies like anemia especially in women of
childbearing age, pregnant women and teenage girls because they are at greatest risk of developing
iron deficiency.

3.3 Manganese

Abakaliki and Efon-Alaaye rice have the highest amount of Manganese. The concentration of
manganese in the rice from Abakaliki (32.10+0.24) was significantly higher than all other rice samples
from other locations while that of Kano was significantly lower (1.95+0.65) than all other locations.
Idanre was significantly higher than Abakaliki, Kaduna, and Doko rice but was statistically comparable
to those of Ofada, Ijebu Ode, Idanre. This may be due to difference in the specie of the samples under
consideration; total content of soil essential elements, soil chemical and physical properties; which
affect bioavailability of essential element in plants (Cheng et al, 2011).

In decreasing order, the concentration of Iron in the rice from the selected area was Kano > Efon-
Alaaye > Kuta > Oke-Ogun > Idanre > ljebu- Ode > Ofada > Ikirun > Abakaliki > Kaduna > Doko
> Patigi > Oso-Akwa> Omor > Adani > Kwakuti > Lafiagi> Katsina. When an individual of 60kg
weight consumes about 200g of rice daily. The individual is bound to absorb 0.53, 0.78, 0.57, 3.76,
3.29, 0.39, 6.42, 1.05, 0.72, 0.64, 4.86, 1.60, 1.38, 1.36, 1.36, 2.12, 0.78, and 1.14 mg/day of copper
concentration of samples; S1, Sy, Ss, S4, Ss, Se, S7, Ss, So, S10, S11, Si12, S13, S14, S15, S16, S17 and Sis
respectively. The manganese concentrations of S4, Ss, S7, S11, are above RDA while Si, S, Ss, S, Ss,
So, S10, S12, S13, S14, S16, S17, S18 (Mg/day) are below and within the limit of Recommended Dietary
Allowance (1.8-2.3) mg/day. Comparing the results of this work with similar studies, a work carried
out on locally produced rice in Thailand (Wannee et al, 2018) showed that the estimated daily intake
of manganese (Mn) content of the rice samples was (2.94-3.75) mg/day and was lower than the
estimated daily intake of manganese (Mn) content from the present study (1.95 + 0.65-32.10 £ 0.24)
mg/kg.

4. CONCLUSION
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It is important to mention that trace elements in rice are paramount in maintaining a good healthy
living, judging by the optimum level of copper, iron and manganese. This study has shown that rice
samples such Idanre, Lafiagi, Ofada, Ikirun Abakaliki, Efon-Alaaye rice are very valuable due to their
rich content in the studied elements. The concentrations of these essential trace elements are below the
recommended dietary allowance which signifies that they are not toxic and are safe for consumption.
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ABSTRACT

In this research, gold nanoparticles were synthesized using green method via reduction of
gold chloride using Agerantum conyzoides leaves extract. The synthesized colloidal gold
nanoparticles were doped with povidone iodine using wet impregnation and ultrasonication
method. The colloidal gold nanoparticle and gold-iodine nanocomposite were characterized
using UV-visible spectrophotometer, HRTEM, SAED, EDX and the in-vitro release study of
the gold-iodine nanocomposite on bacteria (staphylococcus aureus, E.coli and pseudomonas
aereginosa) was carried out using dialysis bag method. The UV-visible spectra of the gold
nanoparticle and gold-iodine nanocomposite showed a broad peak at 550 nm and 533 nm
respectively. The HRTEM micrograph of the gold nanoparticle revealed that its
predominantly spherical in shape with different size distribution while the gold-iodine
nanocomposite was well dispersed with average particle grain size of 27.62 nm as well as
different shapes (spherical and triangular). The EDX showed the elemental composition of
the gold nanoparticle and gold-iodine nanocomposite, having several peaks of gold and gold-
lodine respectively. The SAED pattern of gold nanoparticle revealed sharp diffraction rings
from inner to outer atomic planes with discrete spots indicating the formation of
polycrystalline face centered cubic structure, while SAED of gold-iodine nanocomposite is
amorphous having dull concentric rings. The gold-iodine nanocomposite has the highest
release efficiency (98.58% at 180 min) on staphylococcus aureus, E.coli (81.26% at 180 min)
and pseudomonas aereginosa (83.44% at 180min) compared to povidone iodine with a “burst
release” of 78.4% at 20mins on the bacteria. The in-vitro release study shows a sustained
release of the gold-iodine nanocomposite and follow Kosmeryer-peppas on Escherichia coli
and pseudomonas aeruginosa while on Escherichia coli and staphylococcus follow first
order model. The magnitude of the release exponent n indicates the release mechanism is non
Fickian diffusion.

Keyword: Green, Synthesis, Gold nanocomposite, Agerantum conyzoides, Delivery, Dialysis
bag

1 Introduction

Skin is the largest organ of the human body which offers protective capability to underlying muscles,
bones, ligaments and internal organs from microbes and the elements, helps to regulate body
temperature, permits the sensations of touch, heat and cold as well as an immune system to the human
body (Wang et al., 2019). The skin is made up of three primary layers which are epidermis, dermis and
hypodermis (Kim et al., 2019). Due to the exposure of the skin to outer environment, it is prone to
several factors which could result to different type of skin damage and wound. Wounds are referred to
the breakage or disruption of the skin caused by trauma or medical/physiological condition, thereby
damaging the skin anatomical structure and the loss of skin physiological function occur frequently
(Patra et al., 2018). It has been appraised that chronic wounds affect 1-2% of the population in
developed countries where about 18% of diabetic patients over the age of 65 suffer from non-healing
foot ulcer (Wang et al., 2019). Globally leg ulceration being the most prevalent type of chronic wound

SPSBIC 2021 | 100 |



mailto:davydtroy06@gmail.com

3" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2021

is estimated at 1.51 per 1000 population (Martinengo et al., 2019). Wounds are generally classified
into two categories: acute wounds and chronic wounds. Acute wounds usually spring from mechanical
damage or exposure to extreme heat, electrical shock, irradiation or corrosive chemicals. Such wounds
heal within a short period of time if correct wound management is applied (Whitney, 2015). Chronic
wounds are complication of some specific diseases like diabetes, which has horrific effect on ulcer
(Whitney, 2015). These wounds take longer time to heal and can boomerang at extremely high rate
unless the root disease is cured (Upton et al., 2012). According to wound depth, wounds can be
classified as three kinds: superficial wounds (only the epidermis is affected), partial thickness wounds
(epidermis and deeper dermal layer are affected) and full thickness wounds (subcutaneous fat and
deeper tissues are damaged) (Patil et al., 2020).

Wound healing is an intricate and dynamic process which involves various cells, mediators,
extracellular matrix components, growth factors and proteinases (Wang et al., 2019). Wound healing
processes are divided into three overlapping phases including hemostasis and inflammatory,
proliferative and remodeling phase (Moura et al., 2013). The inflammatory phase usually lasts 2 to 5
days after skin damage, while the hemostasis phase begin immediately by intravascular platelets to
form a clot and stop bleeding (Moura et al., 2013). The proliferative phase takes 3 days to 2 weeks
after injury, new tissue formation and cell migration occur at this phase (Rasouli et al., 2021).
Remodeling phase lasts between 3 weeks to 2 years after injury. The newly synthesized collagen Il in
the extracellular matrix is gradually replaced by collagen | and new born collagen fibres evolves into
a more organized lattice structure augmenting tensile strength of healed skin. Remodeling phase also
bring about scar formation (Rasouli et al., 2021).The wound healing process is often thwarted by some
multi-antibiotic resistant bacteria in wound such as Staphylococcus aureus, Pseudomonas aeruginosa
and Escherichia coli (Zang et al., 2014). These multi-antibiotic resistant bacteria have the ability to
change their response to the use of medicine thereby causing deleterious infections on wounds (Zang
et al., 2014). These infections are harder to treat, leading to higher medical cost, prolonged hospital
stay and increased mortality (WHO, 2018). Hence, there is a need for novel drugs having high
therapeutic efficacy against these bacteria and delivery system that will excellently control the release
of drugs to their target-site for a short period of time and non-toxic to the body.

Agerantum conyzoides L commonly known as goat weed belonging to the family Asteraceae is a plant
used for the treatment of several diseases since times immemorial; as purgative, febrifuge,
antimicrobial, anti-ulcer, anti-inflammatory, antidysenteric, and antilithic and wound dressing
(Okunade, 2002). It is also used to treat diseases associated with bleeding, particularly in the treatment
of wounds and burns (Rahman et al., 2019).

Honey is the oldest wound-healing agent known to mankind. Experimental research illustrated more
documents supporting its usage in wound healing because of its bioactivities including antibacterial,
antiviral, anti-inflammatory, and antioxidant activities (Nezhad-Mokhtari et al., 2021). Honey induces
leukocytes to release cytokines, which is what begins the tissue repair cascades (Nezhad-Mokhtari et
al., 2021)

lodophors are preparations that bind iodine to a solubilising agent or carrier. The water-soluble
complex allows the slow release of a low concentration of free iodine when the carrier comes into
contact with wound exudates (Gnanasekaran et al., 2019). Cutaneous injuries like chronic wounds,
burns and skin infection require extreme care, thoroughness with long-term treatment of healing.
Regrettably, despite earnest investigation to improve cutaneous wound care, clinical treatment of
chronic wounds remains unsatisfactory in many cases. Low penetration of active agents in the open
wound and local tissue reactions are some of the common problems encountered in the course of wound
treatment. For example, with iodine-based agents in wound treatment, there have been concerns about
allergy, ineffective penetration and toxic effects on host cells (Shing et al., 2021)
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Several strategies including growth factor, gene delivery, cell therapy as well as micro and macroscale
drug delivery has been employed in the healing of non-healing wound (Kim et al., 2019). In addition,
the use of large sized materials as drug delivery vehicle constitute major challenges such as vivo
instability, poor bioavailability, poor solubility and poor absorption in the body, issues with target-
specific delivery, extent of toxicity and probable adverse effect of drugs on open wound (Patra et al.,
2018).

Nanocarries are uprising material platform for target or specific delivery therapeutic agents (Ferrari,
2005). Over the years several delivery vehicles were designed based on different nanomaterial such as
polymer, nanotubes, dendrimers, liposomes, (Patra et al., 2018) to mention but few. However metallic
nanoparticle such as gold nanoparticles have been proven as an attractive candidate for drug delivery
to their target sites (Paciotti et al., 2006) due to its unique properties especially in the movement and
release of the therapeutic agent to the target site (Patra et al., 2018).

Gold nanocomposite (AuNCSs) plays a significant role in advanced medicine/drug formation, targeting
arena with excellent control of drug release and delivery (Patra et al., 2018). Gold nanocomposite has
been proven to possess capability to modify active agent properties like diffusivity, immunogenicity
and offer protection against proteases in wound (Kumar et al., 2019). Gold nano-drug delivery system
are found to be non-toxic, perfectly compatible with the skin, improves drug retention (Sandhiya et al.,
2010) and create favorable moist environment for activation and acceleration of wound healing
process. It also prolongs the maintenance of effective drug concentration, reduce the period of
administration and protects drug from degradation produced by proteases in wounds thereby enhancing
therapeutic effectiveness (Losi et al., 2010).

2.0 Materials and method

2.1 Materials

Fresh Agerantum conyzoides plants were collected inside the farms in Minna metropolis during dry
season. Thereafter, it was taken to the Department of Biological Sciences in Federal University of
Technology, Minna for botanical identification. Povidone lodine (10% v/v) was purchased from
NAHSON pharmacy shop within Minna metropolis. Gold chloride (HAuUCI4) (99.0 %) of analytical
grade was purchased from Sigma-Aldrich Chemicals, Germany.

Escherichia coli (gram negative), Pseudomonas aeruginosa (gram negative) and Staphylococcus
aureus (gram positive) used were isolated from chronic wound patients were collected from the
Microbiology Department of General Hospital, Minna. They were sub cultured into Nutrient Agar
slants and kept in the refrigerator until they were ready for use.

2.2.1 Synthesis of Gold nanoparticle

Fresh Agerantum conyzoides plants were collected inside the farms in Minna metropolis during dry
season. The plant was thoroughly washed with water to remove any dirt and rinsed with distilled water,
the leaves were dried at room temperature away from sunlight and dust for eight weeks until a constant
weight was obtained. The air dried plant parts (leaves) were grounded to powder using a blender. The
extraction was carried out via aqueous extraction method as described by Shittu et al., (2017). The
extract was prepared by measuring 2.5g of the fine powder with 100 ml sterile distilled water into a
beaker and boiled at 60 °C for 1hr and filtered. The qualitative phytochemical analysis was carried out
on the plant extract according to the methods of (Sigh et al., 2016) to confirm the presence of alkaloids,
saponin, flavonoids, phenols and Tannis. About 1 ml of the filtrate was pipette into a beaker and 5 ml
of 1 mM HAUCI, added for the reduction of Au®* ions to Au® (equation (1), according to the method
described by Sivaraman et al., (2010) the mixture as stirred at 180rpm for 10mins at room temperature.
Color change was observed and UV—Vis spectrophotometer was used to determine the wavelength.
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HAuCl4 + Plant extract —» Au° 1)

2.2.2 Doping of Povidone lodine on Gold Nanoparticle

Loading colloidal gold nanoparticle with clinical iodine (povidone iodine) was achieved by simply
adding the required amount of iodine to the prepared gold nanoparticle in a ratio of 1:5 to allow
chemisorption to take place. Doping was allowed to take place for 30 mins by sonication so as to allow
more dispersion and effective doping.

2.2.3 Characterisation of AUNP and Au-INCs
Gold nanoparticle and gold-iodine nanocomposite were characterized using UV-visible
spectrophotometer, HRTEM and EDS.

2.2.4 Application of Gold-iodine nanocomposite (Au-INCs)

The in-vitro drug release study of gold-iodine nanocomposite was studied by dialysis bag diffusion
method. About 25 ml of Gold-iodine nanocomposite containing 10% v/v of povidone iodine was
dispersed in dialysis and the dialysis bag was kept in a beaker containing 300 ml of the cultured bacteria
to mimic an open wound bed, the population of bacteria introduced into the cultured media was
determined using Mcfarland standard. The beaker was placed over a magnetic stirrer and the
temperature of the assembly was maintained at a room temperature throughout the experiment. About
4 ml of the cultured media were withdrawn at a definite time interval and replaced with fresh equal
amount of the cultured bacteria. After suitable dilutions the samples were analyzed using UV-Visible
spectrophotometer at 540 nm, to determine the concentration and absorbance of the cultured bacteria.
The experiment was carried out on these strains of bacteria Staphylococcus aureus, Pseudomonas
aeruginosa and Escherichia coli.

2.2.5 Evaluation of drug release Kinetic

To evaluate the in-vitro drug release data several kinetics models were applied to describe the release
kinetic. To understand in-vitro drug release, several mathematical models has been postulated to
evaluate drug release kinetics such models include, first order model equation (1) explains the release
from the system where rate of drug release is concentration dependent (Xu et al., 2012) and Kosmeyer-
peppas model (Shen et al., 2011) derived a simple mathematical relationship which described the drug
release from a composite system Eq. (2)

logCo -logC = K1t /2.303 1)

K1 is the first order rate equation expressed in time (hour), Co is the initial concentration of the drug,
C is the percent of drug remaining at time t.

log(Mt/Mwo) = log K+ nlog t (2)

Mt is the amount of drug released in time t, Moo is the amount of drug released after time oo,

n is the diffusion exponent or drug release exponent, Ky, is the Korsmeyer release rate constant.

If n < 0.5 then the drug release mechanism follows Fickian diffusion model (Neppas, 1985) and if 0.5<
n < 0.89 then release mechanism follows an anomalous diffusion model. If n = 0.5 then the release

mechanism follows Higuchi kinetic model (Rehman et al., 2014) and if 0.89 < n < 1 then the release
mechanism follows zero-order kinetic model (Zhai, 2012).

SPSBIC 2021 | 103 |




3" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2021

3 Results
3.1
Table 1 Some phytochemical composition of Keys: (+) present
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Figure 1(a & b): Absorption spectra of (A) Au-
INCs and (B) AuNPs
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Plate I1: HRTEM images of Au-INCs at different magnification (a&b) and SAED of Au-INCs
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Figure 2(a&5) : EDX spectrum of AuNPs and Au-INCs
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Figure 3:- In-vitro release profile of iodine from Au-INCs in different bacteria media: (a) E.coli (b)
Pseudomonas aeruginosa (c) Staphylococcus aureus
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Figure 4:- Drug release kinetic plot for E.coli: (a) First Order model (b) Kosmeryer-peppas model
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Figure 5:- Drug release kinetic plot for Staphylococcus aureus : (a) First Order model (b) Kosmeryer-
peppas model.
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Figure 6:- Drug release Kinetic plot for Pseudomonas aeruginosa : (a) First Order model (b)
Kosmeryer-peppas model.

Table 2:- Interpretation of R-square values and rate constant of release Kinetics of
nanocomposite

Model E.coli Pseudomonas aeruginosa Staphylococcus
aureus

First order

R-square 0.9791 0.8175 0.9164

K 1.49 x 102 1.12x 10 1.88 x 10

n - - -

Kosmeryer-peppas model

R-square 0.9763 0.9869 0.8641

K 1.885 x 1072 2.262 x 10 6.59 x 102

n 0.7794 0.7446 0.5679
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4 Discussion of Result

4.1 Qualitative phytochemical constituent of Agerantum conyzoides

The phytochemical screening of the aqueous extract of Agerantum conyzoides showed the presence of
tannins and flavonoids (table 1) which are examples of polyphenolic compounds that are of great
importance to green synthesis of nanoparticles due to their reductive and antioxidant abilities. Tannins
has been reported as reducing and stabilizing agents to synthesize silver nanoparticles on a timescale
of seconds through a simple, green, room temperature protocol, and the suitability of this protocol for
energy-efficient, continuous flow synthesis has been demonstrated using a simple co-axial flow reactor
(Raghunandan et al., 2010). The flavonoids present also were found to be responsible for reduction
process to produce AuNPs (Raghunandan et al., 2010).

4.2 UV-visible spectroscopy of AuNPs and Au-INCs

The colloidal mixture was further characterized using UV—-Vis spectroscopy to detect the surface
plasmon resonance (SPR) through the absorption peak of the biosynthesized gold nanoparticle as
presented in figure 1b. A broad peak at 550nm was observed for AuNPs which is a peculiar plasmon
band for gold nanoparticle (500 — 600nm). On compositing the AuNPs with povidone iodine the
intensity increases (as well as its concentration) and a blue shift in the plasmon band. This effect may
be attributed to the chelation of iodine with AuNPs thereby causing a change in the dielectric constant
of the surrounding medium.

4.3 HRTEM of AuNPs

The HRTEM monograph of the AuNPs as shown in plate 1(a&b). AuNPs exhibits various size ranges
and predominantly spherical shapes (Khan et al., 2014). The image revealed the shape to be spherical
which majorly used for drug delivery, photo-thermal therapy and refractive-index sensing. The SAED
in plate 1(c) showed the diffraction rings from inner to outer atomic planes indicating the formation of
polycrystalline gold nanoparticles having face centered cubic structure of gold nanoparticle. The
narrow size distribution and the absence of agglomeration suggest that plant extract matrix prevent the
agglomeration of gold nanoparticle (Fox et al., 2020). The elemental composition of the biosynthesized
gold nanoparticle was determined by Energy Dispersion X-ray analysis (EDX). Area profiling of the
biosynthesized nanoparticle in Figure 2a showed strong peak of gold confirming the formation of gold
nanoparticle.

4.4 HRTEM of Au-INCs

The HRTEM monograph of gold-iodine nanocomposite as shown in plate 11(a&c) reveals that gold-
iodine nanocomposites are contrived of firmly packed particles that are strongly interconnected with
each other with an average particle size of 27.62 nm. The strong interconnection could be attributed to
iodine forming chelating ligand around the gold nanoparticles. The SAED pattern in plate 11(c) revealed
diffuse rings with no discrete spots which is and indicative that gold-iodine nanocomposite is
amorphous. The non-crystallinity of gold-iodine nanocomposite is attributed to the complete
dissolution of gold nanoparticle in iodine at ambient temperature (David and Tran, 2003) and it is also
witnessed of the successful doping of iodine with gold nanoparticle.

The elemental composition in Figure 2b, showed several peaks of gold and iodine respectively. The
atomic weight percent of gold and iodine are 26.53% and 15.60% respectively, while carbon has an
atomic weight percent of 35.84%.
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4.5 In-vitro drug release

The release profile of Au-INCs on staphylococcus aureus as shown in Figure 3c clearly reveals that
at 120 min the release rate of iodine already achieved 91.14%. At 180 mins the release ratio of the drug
achieved maximum concentration (Cmax) at 98.58%. However, over the range of 120 — 180 mins, the
drug release rate was moderate. Once the composite material contacted the staphylococcus aureus in
the first 40 mins, it started to dissolve and the release process commenced immediately. This may be
due to the absorption of the small of iodine on the cell wall of staphylococcus aureus, therefore the
release rate was higher. As the amount of iodine increases within 40 -100 mins, consequently the rate
of dissolution as well as release rate was higher. But after 100 mins the iodine release gradually went
along and reached stability. Staphylococcus aureus being a gram- positive bacteria are susceptible to
antibiotic due to their larger cell wall can easily absorbed antibiotic (Breijyeh et al., 2020).

Figure 3 (a&b) shows the release profile of Au-INCs on Pseudomonas aeruginosa and Escherichia
coli which clearly reveals that at 120 mins the release rate of iodine already achieved 73.28% and
71.45% respectively. At 180 mins the maximum concentration (Cmax) of iodine released was 83.44%
and 81.26%. This prolong delay of iodine on these bacteria (gram-negative) may be due to their thin
cell wall that cause reaching of antibiotic to them harder and identification of this antibiotic is easier
by the bacteria and they can fight back (Zeinab et al., 2020).

4.6 Kinetic of lodine release

For the kinetic study the following plots were made: log cumulative % drug remaining vs time (first
order kinetic model) and log cumulative % drug release vs log time (Kosmeryer-peppas model). All
plots are shown in figure 3a, 3b and 3c and the result are summarized in Table 2. On the basis of best
fit with the highest correlation (R?) value, it is concluded that Escherichia coli and staphylococcus
aureus follow first order model. While Escherichia coli and pseudomonas follow Kosmeryer-peppas
model. The release exponent value n of Au-INCs on the bacteria are 0.7794, 0.7446 and 0.5679. The
magnitude of the release exponent n indicates the release mechanism is non Fickian diffusion.

4.7 Conclusion

Compositing povidone iodine with AuNPs was successfully achieved as shown by the TEM image in
plate the distictive shape of Au-INCs which amorphous in nature as revealsed by the SAED in plate.
In-vitro release of iodine on Escherichia coli, pseudomonas aeruginosa and staphylococcus aureus
was done with Cmax and 81.26%, 83.44% and 98.58% respectively at 180 mins. The release exponent
value n of Au-INCs on Escherichia coli, pseudomonas aeruginosa and staphylococcus aureus are
0.7794, 0.7446 and 0.5679 respectively. The magnitude of the release exponent n indicates the release
mechanism is non Fickian diffusion.
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Abstract

Groundnut (Arachis hypogaea L.) is a multi-purpose legume crop widely cultivated in Sub-
Saharan Africa (SSA). However, several species of groundnut suffer substantial yield losses
as a result of narrow genetic base and insect-pest attack. The present study aimed to
investigate the effect of EMS on morphological traits of four (4) groundnut (Arachis
hypogaea L.) genotypes viz Samnut 24, Samnut 25, Samnut 26 and 1CG4412. Field
experiment was laid out in Complete Randomized Design (CRD) with three (3) replicates.
The seeds of the four (4) groundnut accessions were treated with various concentration of
EMS (0.0 %, 0.1 %, 0.2 %, 0.3 % and 0.4 %) for 6 hours, they were then removed and rinsed
with distilled water to remove the trace of mutagen sticking to the seed coat. Data on
vegetative parameters were collected following standard procedures. Results obtained
showed that 0.1 % EMS concentration had the highest plant height (46.79 cm) at week 12 but
was not significantly different from 0.3 % and 0.4 % concentrations (43.37 and 43.28 cm)
respectively. The significantly least plant height at week 12 after planting was recorded at 0.2
% concentration (35.28 cm). No significant difference was observed among the varieties in
terms of plant height. EMS concentration 0.1 % showed the significant highest number of
leaves per plant at week 12 (297) while the least was recorded at 0.4 % concentration (177).
Among the varieties, ICG 4412 had the significant highest number of leaves (289.20) at week
12 after planting and the least value was obtained in variety SAMNUT 26 (158.93). EMS
concentration 0.1 % had the significant highest number of branches at maturity (13.25) while
the least was recorded at 0.4 % EMS concentration (8.92). In terms of varietal performance,
Samnut 26 had the significantly highest number of branches per plants (12.47), but was not
significantly different from ICG 4412 (12.07). SAMNUT 25 was observed the have the
significantly least number of branches per plant (9.13). The results obtained showed
significant amount of variability in morphological parameters of the genotypes as a result of
exposure to EMS which may essentially affect their productivity. This study revealed that
EMS concentration 0.1 % Is the optimum concentration for inducing genetic variability in
groundnut plant.

Keywords: Accessions, ethyl methyl sulfonate (EMS), genotypes, groundnut and mutagens.

1.0 INTRODUCTION

Groundnut (Arachis hypogaea L.), also known as earthnut, monkeynut and peanut is a native of South
America belonging to the family Leguminosea (Fabaceae) genus Arachis (Tillman and Stalker, 2009).
It is an annual or perennial plant that is distinguished from most other species by producing aerial
flowers,fruiting below the soil level and it only domesticated species in the genus is Arachis hypogaea
L. (Tillman and Stalker, 2009). Groundnut is grown in diverse environments throughout the world
between 40 °N and 40 °S (Food and Agriculture Organization, 2013). Groundnut seeds are a rich source
of oil (35-56%), protein (25-30%), carbohydrates (9.5-19.0%), minerals (P, Ca, Mg and K) and
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vitamins (E, K and B) (Gulluoglu et al., 2016). The shells are also used for fuel by some local oil
factories or they are sometimes spread on the field as a soil amendment (Ahmed et al., 2010).

2.0 Literature Review

Suradkar (2013) studied improvement of groundnut (Arachis hypogaea L.) through chemical mutagen
Ethyl Methane Sulfonate (EMS) conducted a study to check the chemical mutagen (EMS) sensitivity
on groundnut and to find out suitable concentration of EMS (0.05%, 0.10%, 0.15% and 0.20%) on two
varieties of groundnuts TAG-24 and AK159. He concluded that 0.05% concentration of EMS induces
good genetic variability in both varieties.

Mayor et al. (2018) studied induced chemical mutagenesis in groundnut (Arachis hypogaea L.) they
treated groundnut variety (LGN-1) with EMS at different concentrations (0.2%, 0.4%, 0.6%, 0.8%
and0.1 2%) to study it effect on various morphological traits when compared with control. Significant
result were observed in seed germination, plant height, number of leaves and number of branches after
treating the seed with the mutagen. They concluded that, lower concentration appear to be better
effective treatment for inducing variability as compared with other concentrations (0.4%, to 0.12%).

It has also been found that boiled groundnuts have two and four fold increase in biochanin A,
isoflavone antioxidants and genistein content, respectively (Craft et al., 2010).

3.0 Materials and methods

3.1 Experimental site

The study was conducted at the experimental garden of the Department of plant Biology, Federal
University of Technology Minna Niger State, Nigeria. Minna is located in the north central geopolitical
zone of Nigeria found within latitude 9°36’ north and longitude 6°34’ east. Minna covers a land area
of 88 square kilometers with an estimated human population of 488,788 (Niger State MAAH Bulletine,
2008). Temperature ranges between 35.0 °C and 37.5 °C while relative humidity varies from 40 to 80
% (Adeboye et al., 2011). The area has two seasons: raining season between May to October and dry
season between November and April each year. It has a low humid soil type with favourable climatic
condition for planting which make it easy for groundnut crop to grow successfully and express all it
traits.

3.2 Experimental material
The groundnut varieties used for the experiment were collected from the Institute for Agricultural
Research (IAR), Samaru, Zaria, Kaduna State, Nigeria.

3.3 Mutagenic Treatments

Mutagenic treatment was conducted in the laboratory of the Department of plant Biology, Federal
University of Technology Minna. Groundnut seeds were presoaked in distilled water for 4 hours. This
allows the mutagen to diffuse more rapidly to the tissues of interest (Foster and Shu 2011). The seeds
were then soaked for 4 hours at different concentrations of Ethyl Methane Sulphonate (0.0, 0.1, 0.2,
0.3, and 0.4%) (Adeeba et al., 2018). The treated seeds were thoroughly washed in running tap water
to remove the residual effects of the mutagen if any.

3.4 Morphological Parameters
The morphological parameters were taken using the method of (Ghalmi et al., 2010) and (Falusi et al.,
2012).
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3.4.1 Plant height
The height of each plant were taking using meter rule from the base of the plant to the lowest leaf

3.4.2 Number of Leaves
The numbers of leave were counted manually

3.4.3 Leaf Area
The leaf area of the groundnut plants were calculated using the formular LXW ( Length x width)

3.5 Statistical Analysis

The morphological data was subjected to Analysis of Variance (ANOVA) using Statistical Package
for Social Sciences (SPSS 20) version 20 to determine the level of significance among the treatment.
Duncan Multiple Range Test (DMRT) was used to separate the means where there are significant
differences.

4.0 Results and Discussion

4.1. Effect of EMS on Plant Height of the Groundnut Genotypes

Notable variations were observed in plant height at different concentration of ethyl methane sulphonate
(EMS) across different weeks. At 2 and 4 weeks after planting, the highest plant height was recorded
at 0.1% concentration (19.03+1.49 cm and 26.73+1.55 cm) respectively, but was not significantly
different (p>0.05) from plant height at 0.00% concentration (17.09+0.95 and 22.68+1.27 cm), 0.3%
(17.23+1.76 cm and 22.16+1.94 cm) and 0.4% (18.20+1.69 and 24.60+1.91 cm). The significantly
least plant height at week 2 and 4 were observed in 0.2% EMS concentration (12.13+1.74 and
16.86+2.26 cm respectively).

In terms of varietal performance, SAMNUT 24 had the significantly highest plant height at week 2
(19.81£0.94) cm while the least was recorded in SAMNUT 26 (13.91+1.23 cm). there is no significant
difference(p>0.05) in varietal performance of SAMNUT 25 and ICG 4412 (16.06+1.79 and
17.16+1.54) cm with that of SAMNUT 24 and SAMNUT 26 at week 2. No significant difference were
observed in PH at week 4, 6, 8 10 and 12 (table 4.4.1).

Table 4.1.1: Effect of EMS on Plant Height of the Groundnut Genotypes

Parameters PH2 PH4 PH6 PH8 PH10 PH12

0.0 17.09+0.95°  22.68+1.27° 28.03+1.12°  31.91+1.26®® 35.78+1.13®  40.16+1.34%®
0.1 19.03+1.49°  26.73x1.55° 31.48+1.51°  3552+1.44°  40.61+1.61°  46.79+2.12°
0.2 12.13+£1.74*  16.86+2.26% 22.49+250a  27.88+2.60? 31.1442.74*  35.28+2.99?
0.3 17.23+1.76° 22.16+1.94°> 27.65+2.16®°  33.33+2.08° 37.48+1.84°  43.37+1.28"
0.4 18.20+1.69° 24.60+1.91° 2957+1.54°  34.20+1.34°  38.30+1.01°  43.28+1.05*
Varieties

Samnut26 13.91+£1.23%  21.68+1.75* 28.20+1.52%  34.04+1.23? 38.21+1.21%8  43.74+1.24°
Samnut24 19.81+0.94° 25.47+1.23* 30.77+1.18%  34.94+1.28° 39.11+1.28%  44.10+1.63?
Samnut25 16.06+1.79% 21.73%2.13* 26.22+2.11*  30.45+2.03? 34.21+2.092  38.41+2.33%
ICG4412 17.16+1.54® 2153+1.892 26.19+2.000  30.83+2.01? 35.12+2.032  40.85+2.09%
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Means followed with same letter(s) along each column are not significantly different at 5% probability
level.

PH (plant height)

4.2 Effect of EMS on Number of Leaves of the Groundnut Genotypes

For number of leaves, EMS concentration 0.1 showed the significantly highest number of leaves per
plant at week 2 (20.17£1.64) but was not significantly different (p>0.05) from 0.3 % concentration
(19.33£1.54). Statistically, concentration 0.0 % was observed to have the least number of leaves at
week 2 and was significantly different from other concentrations. Although, no significant difference
was observed in number of leaves per plants at week 4, concentration 0.1 % recorded the significantly
highest number of leaves at week 10 and 12 (231.67+30.23 and 297.33+36.80, respectively) while the
least was recorded at 0.4 % concentration (149.67+14.81 and 177.00+£16.91, respectively).

In terms of varietal performance, SAMNUT 24 was observed to have the significantly highest number
of leaves at week 2 (20.27£1.78) while the least was recorded in SAMNUT 25 (15.07£1.05). The
significantly highest number of leaves at week 4, 6, 8, 10 and 12 were recorded in ICG
4412(56.27£2.47, 157.47+£12.53, 205.07£13.72, 251.73+15.43, 289.20+17.97) respectively, while the
significant least were recorded in SAMNUT 26 (26.27£0.64, 43.07+2.93, 72.27£7.08, 106.53+£9.52,
158.93+16.46, respectively).

Table 4.2.1: Effect of EMS on number of leaves of the Groundnut Genotypes

Treatments NL2 NL4 NL6 NL8 NL10 NL12
0.0 13.00+0.30° 31.67+4.62%° 83.50+23.63% 128.17+27.49% 174.67+30.63® 216.08+33.11%°
0.1 20.1741.64° 41.33+4.29* 91.33+15.45° 145.67+18.40° 231.67+30.23° 297.33+36.80°
0.2 17.17+1.62*° 36.00+3.45% 86.50+15.62% 121.83+16.40° 167.67+21.14%® 206.75+21.56%
0.3 19.33+1.54° 43.17+4.65% 89.50+9.21*  143.33+13.01* 214.33+21.40* 280.08+23.89"
0.4 14.33+0.69% 37.00+3.97% 74.50+12.75%° 113.00+13.29% 149.67+14.81* 177.00+16.91°
Varieties

Samnut26  16.13+1.16% 26.27+0.64% 43.07+2.93*  72.27+7.08®  106.53+9.52*  158.93+16.46%
Samnut24  20.27+1.78° 39.20+3.73° 84.80+9.13°  128.53+12.63" 211.87+27.75° 262.73+35.03°
Samnut25  15.07+1.05° 29.60+1.24% 54.93+2.37%°  115.73+8.10° 180.27+15.15° 230.93+21.61°
ICG4412  15.73+0.78% 56.27+2.47° 157.47+12.53° 205.07+13.72°¢ 251.73+15.43° 289.20+17.97"

Means followed with same letter(s) along each column are not significantly different at 5% probability

level.

NL (number of leaves)

4.3 Effect of EMS on Leaf Area and Number of Branches at Maturity

No significant differences was observed in leaf area at week 2 across all EMS concentrations and across
varieties. The significant highest leaf area was observed at 0.1 % EMS concentration at week 4, 6, 8,
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10 and 12 (15.71+1.02, 17.56+0.93, 19.95+0.78, 21.76+0.83, and 24.12+0.85, respectively) while the
least leaf area across the weeks was observed in SAMNUT 26.

EMS concentration at 0.1 % had the significantly highest (p<0.05) number of branches per plant
(13.25+1.02) but was not significantly different from EMS concentration 0.3 % (13.17+1.35),
concentration 0.4% was observed to have the significantly least number of branches (8.92+0.56).

In terms of varietal performance, SAMNUT 26 had the significant highest number of branches per
plant (12.47+0.89) but was not significantly different from ICG 4412 (12.07+0.90) while the least was
observed in SAMNUT 25 (9.13+0.87), Table (4.3.1)

Table 4.3.1: Effect of EMS on Leaf Area and Number of Branches at Maturity

Treatments LA2 LA4 LAG LAS LA10 LA12 NB

0.0 5.39+0.31*  10.59+0.63? 13.08+0.492 15.11+0.492 17.11+0.592 19.64+0.592 10.+58+1.18%
0.1 6.14+0.39%  15.71+1.02¢ 17.56+0.93¢ 19.95+0.78¢ 21.76+0.83° 24.12+0.85° 13.25+1.02°
0.2 5.05+0.59% 10.92+1.12%  13.09+1.142 15.21+1.142 17.72+1.252 19.96+1.322 10.25+0.91%
0.3 6.16+0.78%  13.75+0.88°¢  16.21+0.72"°  18.69+0.64°  21.09+0.71° 23.30+0.79° 13.17+1.35°
0.4 6.28+0.60% 12.56+1.27%  14.76%¥1.19%  17.34+1.13%  19.67+£1.08%  21.78+1.028  8.92+0.562
Varieties

Samnut26 6.31+0.60*  9.37+0.552 12.40+0.512 15.46+0.522 17.58+0.552 19.87+0.582 12.47+0.89°
Samnut24  6.05+0.51%  15.68+0.75°¢ 17.55+0.78¢ 19.60+0.77° 22.07+0.83° 24.68+0.84° 11.27+1.172
Samnut25 5.63+0.56% 13.22+1.07° 14.87+1.03° 16.68+1.092 18.54+1.092 20.41+1.022 9.13+0.872
ICG4412 5.23+0.25%  12.57+0.86° 14.94+0.86° 17.29+0.86%  19.68+0.812 22.07+0.792 12.07+0.90°

Means followed with same letter(s) along each column are not significantly different at 5% probability
level.

LA (leaf area), NB (number of branches)

Discussion

Highly efficient mutagenesis is vital for breeding programs. The success of Ethyl methyl sulfonate
(EMS) mutagenesis depend on many factors such as the treatment duration, EMS concentration and
temperature. (Arisha et al., 2014; Gnanmurthy et al., 2014; Asif et al., 2019). Decrease in plant height
observed in some mutant line due increase in EMS concentration might be due to physiological or cell
damage. High concentration of EMS have also been reported to result in damage to cell constituents,
molecules (Chowdhury and Tah, 2011) and growth regulators (Salim et al., 2009). The present result
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confirm these earlier reports in groundnut (Gwnasakaran and Paradai 2015); mung bean (khan and
wani 2006); soybean (pavadai et al., 2009).

In this study significant increase in plant height of some of the EMS concentration (0.1, 0.3 and 0.4%)
over the control might be due to the effect of EMS which induces point mutation in the mutant line.
This result is not in line with that of mayur et al. (2018), who recorded highest plant height in the
control than the treatments in groundnut genotypes. This might be due to differences in EMS doses.
The differences in plant height among the varieties might be attributed to differences in genotypes.
Similarly, previous studies reported that sensitivity to chemical mutagens differs with genotype
(Kumar et al., 2015; Ali et al., 2010).

In addition, Olorunmaiye et al. (2019) reported significant correlation between plant height and
number of pod per plant in EMS mutant line of groundnut genotype. Therefore, plant height is a good
character for selection in breeding programs. The number of leaves per plant in response to different
concentrations of EMS showed that lower concentration had more effect on the plant than higher
concentration over the control.

Sharma et al. (2005) also reported that lower doses of mutagens were more efficient than the higher
doses in urdbean. However, the ability of concentration range of 0.1-0.4% EMS to induce better
growth and higher biological yield compared to the 0.00% treatment showed the concentrations were
able to activate optimally the phyto-hormones and growth regulators in the plant.

Number of leaves associated positively with number of pod per plant. Similar observation was made
by Olorunmaiye et al., (2019).

The larger leaf area induced by the treatment in the present study translated to higher photosynthetic
surface and ultimately better growth and higher biomass yield. Growth enhancement by application of
moderate concentrations of EMS was demonstrated in Vigna spp (Khan et al., 2004) and sodium azide
in groundnut on Samnut 10 and 20 (Animasaun et al., 2014). In terms of number of branches, some of
the mutant lines showed higher number of branches (13) than the control (10), this might be due to the
mutagenic effect of EMS on the mutant line.

5. Conclusion

The present work showed the utility of 0.1-0.4% concentrations of EMS to significantly improve
growth performance and that 0.1 % is the optimum concentration for inducing genetic variability in
the groundnut genotypes.
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Abstract

Highly crystalline Zinc Tungstate Nanoparticles (ZnWO4) were successfully synthesized by
a simple sol-gel technique using water and ethanol (1:1) as solvents. Effects of synthesis
parameters such as reaction temperature, pH and stirring speed on the synthesized ZnWOQO,
nanoparticles were investigated experimentally based on Box-Behnken Design. The
synthesized ZnWQ; at the optimum conditions was subjected to calcination at temperatures
between 100°C — 900°C.The produced nanoparticles were analyzed by X-Ray diffraction
(XRD), High Resolution Scanning Electron Microscopy (HRSEM) and Electron Dispersive
X-ray spectroscopy (EDX). HRSEM analysis confirmed the formation of aggregated
spherical shape irrespective of the synthesis conditions while EDX analysis showed Zn, W
and O as the dominant elements under the applied conditions. XRD analysis demonstrated
formation of highly crystalline, monoclinic phase of ZnWO4 with a crystallite size of 14.51
nm at the The study showed that morphology, phase types and crystallite sizes of ZnNWQO4
depends on the applied process variables.

Keywords: ZnWO4 nanoparticles, process variables, sol-gel method

Introduction

In recent years, the sol-gel technique has been used for the production of advanced nanomaterials. The
synthesis of hybrid metal oxide nanoparticles with distinct properties has been of great interest to
researchers in the field of science, technology and engineering (Jaramillo-Paez et al., 2021; Khan et
al., 2016). These nanoparticles have a wide range of applications from environmental decontamination
(Ma et al., 2021), humidity sensors (Arularasu et al., 2016), photoluminescence (Liu et al., 2020),
catalysis (Geetha et al., 2021) and even supercapacitors (Yesuraj et al., 2019). Some important
advantages of the sol-gel method include its affordability, simplicity in design and the fact that it is
economical, pristine nanomaterials can be obtained at low temperatures. The general mechanism for
the sol-gel process involves the formation of oxide networks through polycondensation reactions of a
molecular precursor in a solvent (Jaramillo-Paez et al., 2021). Sol-gel technology can be applied in
many disciplines as it allows for the expansion of nanomaterials especially semiconductors for a vast
array of applications. The introduction of photocatalytic technology has become a preferred method
for the degradation of organic pollutants involved development of an efficient semiconductor. For
decades now heterogeneous photocatalysis using semiconductors have been utilized due to factors such
as low energy consumption, straightforward reaction conditions and also its simplicity (Juan and
Anabel, 2019). ZnWO4 has caught the attention of many researchers since PbWO, was found capable
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of photocatalytically splitting H20, Hz and Oz (Tee et al., 2017). With a monoclinic wolframite - type
structure having the space group P2/c with oxygen ions deposited around the tungsten, ZnWO4 forms
an insulated [WOe] octahedron coordination which has an asymmetric shape displaying its local atomic
structures (He et al., 2016), this is a very important inorganic ternary oxide material as it has been
known to crystallite as a scheelite structure depending on the ionic radius of the cation (Chena et al.,
2017). It is a member of the tungstate family and has over the years been used for the mineralization
of organic pollutants under UV (Rahmani and Sedaghat, 2019) and sunlight (Paliki et al., 2016)
irradiation, although the photocalytic strength of ZnWQO4 stand alone is not strong enough (Rahmani
and Sedaghat, 2019). The enhancement of the photocatalytic activity of the semiconductor ZnWOQO, for
practical applications has been deeply considered as the degradation of organic contaminants has been
the goal of a lot of industries as well as scientists interested in environmental pollution control. A
couple of approaches have been taken to further increase the quality of ZnWO4 nanoparticles being
synthesized, after understanding the photocatalytic mechanism of the nanoparticles. Different methods
including microwave-assisted method, sol-gel, ultrasonication, photodeposition, precipitation, co-
precipitation, biological, catalytic chemical vapor deposition, thermal evaporation, hydrothermal have
been used for the preparation of ZnWO4 nanoparticles and in some cases ZnWO4 nanoparticles having
controlled morphology were synthesized. Of all these, sol-gel stand out as one of the most effective
method that can be utilized for the synthesis of nanoparticles with modified surfaces.

However, knowing the exact value of each parameter to be used for the optimum synthesis takes a lot
of time and rounds of synthesis, as most studies that have been carried out for the sol-gel synthesis of
nanoparticles required dealing with one-factor-at-a-time while holding other parameters constant,
hence, more time and reagents are wasted in an attempt to predict the true optimum conditions, this
will also increase the cost of synthesis. To overcome this issue, the optimization studies have been
carried out using response surface methodology (RSM) based on Box-Behnken Design (Kassahun et
al., 2017). This is a statistical technique used for empirical model building as well as analysis of the
relationship between experimental input parameters and response. The model established can precisely
describe the relationship between the factor and the response values; it can pick between the different
operating parameters and then give a prediction of the experimental results according to the
mathematical model (Behzadi et al. 2020). Rahmani and Sedaghat (2019) utilized sol-gel method to
prepare ZnWO4 nanoparticles and found that the nanoparticles synthesized had an average crystallite
size between 26 — 78 nm. Jaramillo-Paez et al. (2021) synthesized ZnWO; using sol-gel method and
revealed the formation of monoclinic phase with the crystallite size was of 24.6 nm. SEM/TEM
analysis showed that the nanocomposite material had a clear morphology with near quasi spherical/
ellipsoidal shaped particles which were highly agglomerated. Information of the sol-gel synthesis of
ZnWO, nanoparticles-based Box-Behnken design is scarce in the literature. In this study, investigation
and modeling of the direct and interactive effects of operating parameters on the Sol-Gel synthesis of
ZnWO4 nanoparticles based on Box-Behnken Design was reported. The effect of reaction temperature,
pH and stirring speed on the crystallite sizes of the nanoparticles was analyzed. The synthesized
ZnWO4 nanoparticles were subjected to different calcination temperatures and the final products were
characterized using different analytical tools.

Methodology

Materials: Analytical grade chemicals and reagents Zinc Acetate Dihydrate (99%), Sodium Tungstate
hexahydrate (96%), Titanium (V) Isopropoxide (97%), Polyethylene glycol [HO(C2HsO)nH] (98%),
Boric Acid (H3BO3) (99.9%), Magnesium nitrate hexahydrate [Mg(NO3)..6H20] (98%), Sodium
Chloride (Nacl (99.5%), Ammonia (NH3) (30%), Sodium hydroxide (NaOH) (99%), Ethanol (99.8%)
and Deionized water. The chemicals/reagents were used without further purification.
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Preparation of ZnWO4 nanoparticles
The synthesis of ZnWO4 nanoparticles was based on Box-Behnken Design. The influence of process
parameters such as pH, temperature and rotations per minute (RPM) was investigated and the level of
the factors considered are presented in Table 1 and the full design in Table 2, the range of level of
factors considered through preliminary investigation obtained from literature.

Table 1: Box-Behnken design for experiment on ZnWO, nanoparticles synthesis

Synthesis Parameters Range

Minimum Maximum
pH 3 12
Reaction Temperature (°C) 30 90
Agitation/Stirring Speed 750 2000
(rpm)

The synthesis procedures are described as follows: 25 g of Zinc acetate dehydrate was dissolved by
250 mL of an equal mixture of distilled water and ethanol; the solution was stirred till the salt
completely dissolved. The same procedure was carried out in a separate beaker but with 15g of Sodium
acetate and dissolved using 250 mL of an equal mixture of distilled water and ethanol., The solution
was stirred till the salt completely dissolved. 50 ml of the zinc acetate solution and 50 ml of the sodium
tungstate solution were obtained in two separate beakers and poured into a 600 mL beaker at once. The
pH adjustment to the desired value specified in Table 2 was done using 2 M HCI and 2 M NaOH
solution, the temperature of the reaction mixture was maintained with packing ice cubes close to the
beaker while it was stirred at 2000 rpm using a magnetic stirrer. The resulting solution was allowed to
settle and later washed using ethanol and water in a 75:25 ratio several times to remove ionic remnants
before drying at 80°C for 24 hours after which the sample was taken out of the oven and pounded using
a laboratory mortar and a pestle and later calcined at 300°C for 2 hours.

The procedure was repeated using the experimental conditions in runs 2, 4, 6 and 13. Using data from
the XRD analysis, the most suitable conditions for the preparation of ZnWO, of smallest crystallite
sizes was estimated. A model of ZnWO, nanoparticles crystallite size based on the interactive effects
of pH, temperature and stirring speed was developed using regression analysis and analysis of variance
(ANOVA) to determine the individual and combined effects of the process parameters. The powdered
ZnWO4 nanoparticles (2g) each in a separate crucible were calcined at different temperatures 100°C,
200°C, 300°C, 400°C, 500°C, 600°C, 700°C, 800°C and 900°C for calcination time of 3 hours.

Characterization of ZnWO4 Nanocomposites

The ZnWO4 nanoparticles were characterized using a powdered XRD to identify the phase of the
mineral constituents of the ZnWO, nanoparticles. The ZnWOQO4 nanoparticles was placed and also
clipped on an aluminum rectangular sample holder. The diffractograms were recorded at the 20 range
of 15 ° to 80°. Debye-Scherrer equation was used to calculate the crystallite size and the half height

peak width was determined, the equation is as follows:
ki

d= 1)

o Bco=8

Here, d is the crystallite size in nm, K = 0.94, A is the wavelength of the X-ray which is 0.1541 nm, 0
is the half diffraction angle and B is the full width at half maximum in radian. The HRSEM was used
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to determine the morphology of the ZnWO, nanoparticles. The EDS on the other hand was used to
determine the elemental composition in the sample. 0.05 g of the sample (ZnWOQO4 nanoparticles) was
placed on aluminum stubs and then coated with gold in order to prevent charging of the sample during
analysis. The sample was then examined under the microscope after being loaded into the HRSEM
equipment to obtain the desired image. The peaks created in the EDS spectrum is as a result of the
difference in energy,

RESULTS AND DISCUSSION
X-Ray diffraction patterns for the synthesis of ZnWO4 nanopatrticles

The phase structure of the sol-gel synthesized ZnWO4 nanoparticles was examined using XRD
technique and the spectrum obtained is shown in Figure 1
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Figure 1: X-ray diffraction patterns for Run 1, 2, 4, 6 and 13

All the diffraction peaks of the synthesized ZnWO4 nanoparticles can be indexed to a pure monoclinic,
face-centered cubic and Anorthic (triclinic) phases respectively. For Run 1, the predominant
characteristic diffraction peaks corresponding to (0 2 0) and (1 2 0) miller indices were located at 2
theta values of 31.261° and 36.774°. These observed peaks belong to a typical monoclinic phase of
Zinc Tungsten Oxide (ZnWO4) with JCPDS no. 15-0074 and average crystallite size of 14.51 nm. Run
2 on the other hand had predominant characteristic peaks corresponding to (0 2 0) and (1 2 0) crystal
planes located at 2 theta values of 31.261° and 36.774°. This is assigned as Zinc Oxide with an average
crystallite size of 11.98 nm. The sample matched well with JCPDS no. 25-1164 of zincite (ZnO) phase.
Run 4 had predominant diffraction peaks at (22 1), (026), (206),(127),(1110),(3110),(0-31),
(0 4 2) and lastly (4 1 7) miller indices at 2 theta values of 27.16°, 32.8°, 34.4° 36.1° 47.5°, 56.5°,
62.9° 67.9° and 69°, with an average crystallite size of 17.15 nm.

The prepared material was Sodium Tungsten Oxide (Naz2.4ZnosW>0s) with JCPDS no. 74-2369 of face-
centered cubic, In the case of Run 6, the diffraction peaks were noticed at 2 theta values of 26.00°,
29.29°, 31.76°, 31.95°, 34.43°, 36.37°, 54.60°, 62.32° and 65.35° which correspond to (1 2 1), (1 2 1),
(101),(026),(112),(127),(046), (149)and (3 0 3) crystal planes, zinc tungsten oxide. This
belongs to Anorthic (triclinic) with an average crystallite size of 44.51 nm. For the material prepared
using Run 13 conditions, prominent diffraction peaks were observed at 2 theta values of 32.8°, 34.4°,
36.1° 47.5° 56.5° 62.9° 67.9° and 69° that matched well with the following miller indices (0 2 6), (2
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06),(127),(1110),(311),(0-31),(04 2), and lastly (4 1 7). The average crystallite size of 19.78
nm was obtained for monoclinic phase of Sodium Zinc Tungsten Oxide (Naz2.4ZnogW-20g) which is in
harmony with JCPDS no. 32-1215.

Comparatively, strong diffraction peaks found in ZnWQO4 nanoparticles obtained from Run 1 show that
it is highly crystalline and pure monoclinic phase with the smallest crystallite size at 14.51 nm. Of the
five Runs, only Run 1 had the correct identity of ZnWO, nanoparticles with lattice constants a =
4.69100, b = 5.72000, ¢ = 4.92500 and p = 90.64. The XRD patterns of the ZnWQO4 nanoparticles
obtained in Run 1 corroborated with the findings of Rahnamaeiyan et al., (2015) and Yan et al., (2013)
who independently reported a monoclinic phase of ZnWO4 with JCPDS no. of 15-0774, and a space
group of P2/c.

HRSEM analysis of ZnWO, nanoparticles

The surface morphology of the as-prepared ZnWO, nanoparticles using experiment conditions in runs
1, 2, 4, 6 and 13 were observed using the HRSEM and the corresponding micrographs is displayed in
Figure 2:

Dato 31 Mar 2021
Pixel Size =2.233 nm

Figure 2: HRSEM of ZnWO, nanoparticles prepared at (a) Run 1, (b) Run2, (c) Run 4 (d) Run
6 and Run 13
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Figure 2(a) exhibits pebble-like morphology with a jiggered surface for ZnWO, synthesized while
Figure 2(b) shows a stone-like morphology of different size distribution. The nanoparticles seemed to
be more clustered at Run 4 with clear agglomeration as seen in Figure 2(c). The image of ZnWO; at
Run 6 (Figure 2 (d) showed nanoparticles of different sizes were clumped together. A high level of
agglomeration was observed in Figure 2 (e) for Run 13. The formation of different morphological
structure may be linked to the applied synthesis conditions.

EDX analysis of ZnWO, nanoparticles

The elemental composition of the ZnWO4 nanoparticles synthesized at Run 1, 2, 4, 6 and 13 were
measured by the EDX analysis and the results are presented in Figure 3 (a-€).
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Figure 3: EDX Spectra of ZnWO4 nanoparticles prepared at Run 1(a), Run 2(b), Run 4(c), Run
6(d) and Run 13(e)
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EDX analysis was performed to confirm the chemical composition of ZnWO4 nanoparticles obtained
from Run 1, the patterns in Figure 3(a) shows the existence of Zn 23.14%, W 39.56% and O 37.3%
demonstrating the successful synthesis of zinc tungstate (ZnWO,) nanoparticles. The patterns in Figure
3(b) representing Run 2 shows the existence of Zn 40.21%, W 35.69% and O 24.1% demonstrating
the successful synthesis of zinc tungsten oxide alongside zincite (ZnO) nanoparticles as seen from the
XRD data analyzed. The patterns in Figure 3(c) representing Run 4 shows the existence of Zn 35.33%,
W 36.7% and O 27.97% demonstrating the successful synthesis of zinc tungsten oxide (ZnWO.,)
alongside sodium zinc tungsten oxide (Naz4ZnosW.0s) nanoparticles as seen from the XRD data
analyzed. Figure 3(d) representing Run 6 shows the existence of Zn 28.64%, W 23.83%, O 47.53%
demonstrating the successful synthesis of zinc tungsten oxide (ZnWO,) alongside sodium tungsten
oxide (Na2WO.) nanoparticles as seen from the XRD data analyzed. At this point when the pH value
is 3, the Na,W403 (JCPDS no. 98-000-2045) and Na,W.07 (JCPDS no. 98-000-0983) phases were
formed alongside that formed (Rahmani and Sedaghat, 2018).

Figure 3(e) representing Run 13 shows the existence of Zn 65.85%, O 14.26%, W 19.89%,
demonstrating the successful synthesis of zinc tungsten oxide (ZnWOy) alongside Sodium Zinc
Tungsten Oxide (Naz2.sZnosW-0Og) nanoparticles as seen from the XRD data analyzed. The results
obtained from the EDX spectra of the ZnWO, nanoparticles obtained from Run 1 have supported
correspondingly the results of the XRD results of zinc tungsten oxide (ZnWQ4) nanoparticles for Run
1.

Table 2: Full Box--Behnken design for Zn\WO4 nanoparticles synthesis

Experiment Factor 1 Factor 2 Factor 1 crystallite
al A: pH B: Temperature C: Stirring size (nm)
Run (°C) speed (rpm)

1 7.5 30 2000 14.51

2 7.5 90 2000 11.98

3 12 60 750 80.05

4 12 60 2000 17.15

5 7.5 60 1375 73.50

6 3 60 2000 44.51

7 3 90 1375 65.21

8 3 30 1375 55.34

9 7.5 90 750 75.08

10 12 30 1375 85.24

11 7.5 60 1375 73.51

12 7.5 60 1375 74.79

13 12 90 1375 19.78

14 3 60 750 48.00

15 7.5 60 1375 74.45

16 7.5 30 750 40.44

17 7.5 60 1375 75.89

Statistical analysis for the process optimization of ZnWOQO4 nanoparticles

The interaction between the pH, reaction temperature and stirring speed was checked using the Box-
Behnken Design (BBD). Models such as linear, 2FIl, quadratic and cubic model were tested to
determine the most suitable model with the significant term. Over the years, research has shown the
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utilization of standard deviation, R-squared and p-value are important in model prediction of the
response (Oladipo and Gazi, 2014; Roosta et al., 2014; Roosta et al., 2015; Saleh et al., 2017;
Sharifpour etal., 2017; Vargas et al., 2010). A summary of the results obtained from the model analysis
are presented in Table 3.

According to Table 5, it is obvious that the quadratic model possesses the lowest standard deviation
value at 0.8712, a high correlation coefficient (R?) at 0.9992, adjusted (R?) at 0.9982 and predicted (R?)
at 0.9906. Hence, the quadratic model was found most suitable model for the estimation of crystallite
size of ZnWO4 nanoparticles. Also, in Table 3, the quadratic model shows an interesting correlation
between the adjusted R? at 0.9982 and the predicted R? at 0.9906 which is positive. The result obtained
shows a reasonable agreement between the adjusted R? and the predicted R2. This again confirms that
the quadratic response surface model is the most suitable for the prediction of the crystallite size of
ZnWO4 nanoparticles from the interaction of the variables.

Table 3: Response surface model summary for ZnWO, nanoparticles crystallite size

Source Standard R? Adjusted Predicted PRESS
Deviation R? R?
Linear 5.46 0.9423 0.9290 0.8845 775.48
2F1 3.11 0.9856 0.9770 0.9484 346.69
Quadratic 0.8712 0.9992 0.9982 0.9906 63.34  Suggested
Cubic 0.6124 0.9998 0.9991 * Aliased

This finding is similar to those presented by Jafari et al. (2017). The variance analysis results for
quadratic model of the crystallite size of ZnWO4 nanoparticlesis shown in Table 4, where the quadratic
model F-value of 982.48 shows the significance of the model. Marrakchi et al. (2017) and Sahu (2013)
independently reported p-values less than 0.05 and established that the models terms were significant
at 95% confidence level.

Table 4: ANOVA of quadratic model for ZnWO4 nanopatrticles crystallite size

Source Sum of Squares DF Mean squares F-value P-value Comment
Model 6710.66 9 745.63 982.48 <0.0001  Significant
A-pH 3806.28 1 3806.28 5015.34 <0.0001  Significant
B-Temperature 968.00 1 968.00 1275.48 <0.0001  Significant
C-Stirring speed 1554.03 1 1554.03 2047.66 <0.0001  Significant
AB 56.25 1 56.25 74.12 <0.0001 Significant
AC 52.56 1 52.56 69.26 <0.0001  Significant
BC 182.25 1 182.25 240.14 <0.0001  Significant
A2 49.75 1 49.75 65.56 <0.0001 Significant
B2 1.99 1 1.99 2.62 0.1494 Significant
C2 36.33 1 36.33 47.87  0.0002 Significant
Residual 5.31 7 0.7589 Significant
Lack of Fit 3.81 3 1.27 3.39 0.1346  not significant
Pure Error 1.50 4 0.3750
Cor Total 6715.97 16

SPSBIC 2021 124




3" SCHOOL OF PHYSICAL SCIENCES BIENNIAL INTERNATIONAL CONFERENCE FUTMINNA 2021

From Table 4, the pH, reaction temperature and stirring speed had significant effects on the crystallite
size of ZnWO4 nanoparticles because their p-values are less than 0.05. Of the three investigated factors,
pH (A) with the highest F-value of 5015.34 exerted the greatest effect on the crystallite size of ZnWO4
nanoparticles followed by the stirring speed (B) with an F-value of 2047.66 and lastly temperature (C)
having an F-value of 1275.48. This generally means that the effect exerted by pH is greater than that
of the stirring speed and the temperature as shown by the parametric coefficients. The interaction
between the temperature and stirring speed (BC) had an extensive effect on the crystallite size with the
highest F-value at 240.14. The pH and temperature (AB) and pH and stirring speed (AC) on the other
hand had a much smaller effect on the crystallite size with F-values of 74.12 and 69.26 respectively.
Furthermore, the value of quadratic function of pH was the highest on the crystallite size of ZnWQO,
nanoparticles with the F-value of 65.56, followed by stirring speed with the F-value of 47.87 and
temperature with the F-value of 2.62. The lack of fit F-value at 3.39 shows its effect is non-significance
of its effects, owing to the non-significant lack of fit of 0.1346. This further suggests that the proposed
fits of the experimental data that the independent variables have considerable side effects on the
crystallite size of ZnWO4 nanoparticles.

For the analysis of the crystallite size of ZnWOs nanoparticles synthesized through the coefficient
values presented in equation 1, pH gives a higher positive effect when compared to the other
parameters. The values obtained for “Prob > F” is less than 0.05, this indicates that the model terms
are significant, a lower probability value on the other hand presents a higher significance as far as the
regression model | concerned. It was reported by Marrakchi et al. (2017) that p-values lower than 0.05
are significant, while values higher 