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WELCOME ADDRESS BY THE CHIEF HOST

Welcome Address by Prof. Mohammed Nasiru Maiturare Vice Chancellor, Ibrahim Badamasi
Babangida University, Lapai At the First Faculty of Natural Sciences Annual Conference (FONSAC 2019)
on 7" May, 2019

PROTOCOLS, GREETINGS......

Universities and other higher institutions of learning are involved in knowledge creation, development
and exchange. It is essential that fountain of new ideas, technologies and innovations flow from these
institutions to the market place. Commercialization of academic research results is, thus, the avenue
through which ideas, knowledge, and innovation generated through research are converted to tangible
assets that would benefit the researcher, the economy and satisfy societal need. Universities and
research institutes in Nigeria have over the years generated ideas, knowledge and innovations,
unfortunately most of these potential trademarks are just placed on the shelves lying fallow in our
libraries wasting away fantastic economic opportunities.

Several factors have been identified as being responsible for our inability to convert our research
outputs to tangible assets in Nigeria. At IBB University Lapai, we have identified some of these to include
research funding, the private sector not investing in R & D, the absence of research-industries-linkages
as well as the near absence of the relevant engineering infrastructure required to translate prototypes
to actual commercial models. IBB University is addressing some of these identified challenges by
supporting researches in our institution with funding and creating an enabling environment for the
synergy between the gown and the town in the research design of our faculty members.

However, one critical challenge that serves as a limiting factor to all our efforts is unreliable power
supply. No meaningful research endeavor can flourish under an atmosphere of darkness and intense
heat. In fact | would like to proffer that Universities must prioritize provision of uninterrupted power
supply from the national grid over all other concerns. This is the only way that Nigerian Universities
would play their expected leading role of being the subterfuge of national innovation and technological
progress.

Indeed, the Federal Government of Nigeria has posited through the ministry of Science and Technology
that science, technology and innovation are the primary driving force of development and globalization,'
adding that 'deployment of science and technology apparatus will enhance the pace of socio-economic
development of the country. The ministry has therefore tasked the scientists on the need to promote
problem-solving and market driven research and to ensure maximum benefit of research outputs to the
states, local government areas and even individual homes and lives.

It is in response to this desire of government and the need to diversify our economy through innovative
researches with market potential that the Faculty of Natural Sciences, IBB University Lapai, have put
together this conference to curate research ideas and outputs that can ignite the industrial revolution
we so much desire in this country. Indeed, IBB University is well placed to drive this initiative as our
research profile is rising to enviable heights. Our research efforts has attracted over a N billion inflow to
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the University in the last 2-3 years alone. IBBUL is today a recipient of a multi-million naira Professorial
Chair in Basinal Studies, the first of its kind in Nigeria.

Furthermore, in addition to being the only University in the North Central, apart from UNILORIN, to win
the highly competitive National Research Fund grant a few years ago, we have this year won two
additional grants of the National research Fund. Indeed, IBBUL we are well endowed to undertake
cutting-edge research as we have invested heavily in acquiring the latest most modern research
equipment.

In 1954 three researchers at Bell Laboratories published the results of their discovery of the world’s first
practical photovoltaic cell, which was capable of converting sunlight into electricity. In 1959 Sharp
Corporation bought over the research idea, with mass production starting in 1963. Some of us are using
these photovoltaic cells (solar panels) in our houses today as alternative source of power. That is how
research can change the society. It is my expectation that at the end of this conference, we would have
at least one of such revolutionary research output curated and ready for commercialization.

| therefore wish you impactful presentations and fruitful deliberations at the technical session. Welcome
to Lapai, try to also embrace the serenity of the town and let it inspire you to more groundbreaking
research ideas.

May God bless you all and grant you journey mercies at the end of the conference. Thank you for
coming.
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WELCOME ADDRESS BY THE CHAIRMAN, CONFERENCE ORGANIZATION
COMMITTEE

HISTORIC MILESTONE

Being a speech delivered by Musa Achimugu Dickson, PhD At the First Faculty of Natural Sciences
Annual Conference (FONSAC 2019) At the University Auditorium, Ibrahim Badamasi Babangida
University, Lapai, On 7 May, 2019

PROTOCOLS/ GREETINGS

It gives me great pleasure to extend to you all a very warm welcome on behalf of the Dean, Faculty of
Natural Sciences, lbrahim Badamasi Babangida University, Lapai, the Faculty Standing Committee on
Conferences and Seminar and the Conference Organizing Committee of FONSAC 2019 to the opening
ceremony of the maiden Faculty of Natural Sciences (IBBUL) Annual Conference, 2019.

The theme of our maiden conference is Commercialization of Research Output for National
Development”. This is borne out of genuine desire for the economic revolution of Nigeria through
knowledge generation. We believe strongly that the role of applied scientific research in national
development cannot be overemphasized, and as our humble contribution to national development and
in support of the economic diversification programme of the government, we have put together a
platform to showcase and curate researches in Institution of higher learning and research institutes in
Nigeria that can be commercialized and drive the economic growth of the nation.

We are delighted to have in our midst today, researchers from all over the country. | am so pleased to
see many professors, researchers, scientists and colleagues here today. It is gratifying to note that the
technical session has topics that covers a wide range of very interesting items relating to the theme and
subthemes of this conference. Your faith in us, strong support and active participation has greatly
encouraged us to do more. By the time we would be having the second edition, we would have
corrected some lapses that may have been witnessed in this maiden edition.

Thank you COC members.

Thank you all once again. Welcome to Lapai and Ibrahim Badamasi Babangida University. Enjoy the
ambience of the environment. Network with one another. Have fruitful deliberations. God bless you.
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Commercialization of Research Outputs for National Development
Prof. S.A. Thomas

DG/CEO Sheda Science and Technology Complex, Abuja. Nigeria.

INTRODUCTION: KNOWLEDGE-BASED ECONOMY

Knowledge is said to the most important resource and learning, the most important process (Lundvall,
1992). Therefore, to enhance productive learning processes of innovation systems, there is a need for
better synergy between Industry, government agencies, universities and formal or Informal
organizations (Kemmis, 2008).

Nowadays, knowledge, technology, innovation and human capital are generally understood as central
and key drivers for generating sustainable economic growth and competitiveness. They represent key
explanations for significant and persistent divergences in economic growth and development between
countries and regions but not natural resources or exports based on cheap Labour (Howells, 2005).
Knowledge-based economy is depended on high investment in education and training, research and
development (R&D), the presence of high-quality scientific research institutions, extensive relationships
between governments, academia, and industry and the protection of intellectual property (Lowe, 2005;
World Economic Forum, 2010/2011).

To stay ahead in this era of incredibly rapid change and stiff global completion, industries have to pursue
access to exclusive resources, which include new knowledge. As a consequence of this,
industry/university collaboration has emerged as a sustainable enabling solution for technology transfer
and commercialization as well as a fertile breeding ground for new inventions (Abbate and Cesaroni,
2017, Galati et al 2017, Munari, et al 2017, Bigliardi, et al 2015).

No doubt, Universities have important roles to play in the creation of knowledge and technology either
at the economic or social levels of any nation. University-industry collaboration may begin in response
to an industry need for new technology, or conversely, when new knowledge generated within a
scientific field yields practical applications (Etzkowitz, 2004). By means of this collaboration, it is possible
to make a bridge for the exchange of new knowledge and technologies generated within the university,
and the real-world practice and marketing experience of particular organizations (Rothaermel et al.,
2006).

Various Studies have argued that university-industry collaborations, in particular where these are
formed within science and technology-based industrial sectors, should be recognized as an important
impetus for National Development (Cohen et al 2002). Absorbing new knowledge and technology from
universities as well as maximizing their capacity to use that knowledge for performance gains is critical
for any industry survival through the utilization of open innovation (Yun, et al., 2015; Han et al., 2016).
Not surprisingly, university activities such as technology transfer and commercialization have received
much attention in recent years.
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It is very important to note that the more experience accumulated in let say biotechnology with
university partners, the greater the performance impact of these university-industry collaborations.
Industries located in proximity to universities are likely to grow faster thanks to university-industry
collaboration which has grown from collaborative experience. In particular, these collaborations have
the potential to act as a bridge in transforming academic discoveries into commercially successful
innovations.

We can say that there has been misguided conception on what research and development (R & D) really
means. The former been a back-end of the exercise where the researcher is in most cases not seen
except at data collection stage of the exercise. Development on the other hand is the front end of the
exercise and this is where the activities that have occurred in the back-end are brought to the fore for
either display or transformation into more explicit products. At the developmental stage, the critical/
main activity here is where commercialization lies. Since the fulcrum to success and survival of any
nation or organization lies in its knowledge and capability to commercialize its innovations,
understanding of the basic concept of the subject is thus vital for tangible impact and transformational
results.

Policy makers in recent times have accepted the academic research and knowledge generated from
both private and public funded research entities as a mean for productivity and economic growth via
their commercialization (Ndonzuau et al, 2002; Mowery et al, 2001). It is well taken that for nations to
have increased economic development, there is a strong need to drastically produce and utilize scientific
knowledge and this new ideas are key fundamental for the economic development because it enhances
job creation which in turn boosts the competitiveness of industries (Youtie and Shapira, 2008). This
growing acceptability of the commercialization of academic research activities has now placed
enormous burden on universities since they are the birthplaces of innovations.

Notwithstanding that the Universities are the created to educate and turn out researchers, Universities
have been forced to take up wider missions from their traditional ones of Research and Training, which
is to contribute directly to the socioeconomic development of their catchment areas. According to
Etzkowitz (2003), these new missions which universities have taken up, marks the beginning of the
“second academic revolution” and this has changed the traditional mission of universities from teaching
and research to contributing to the development of enterprises.

The combination of the traditional and the new third mission has placed lots of challenges on university
and their entrepreneurial activities. The entrepreneur mission of universities has been embraced
worldwide because it is believed that business activities can drive economic growth and reduce
unemployment.

Universities have reliably contributed to society by providing high level education, but in recent times
they are now expected to establish direct contact with industries in the economy. There is an increasing
demand for universities to transfer the knowledge they generate further than their academic
community to reach other users like industries (Mansfield and Lee 1996). As a result, many universities
have embraced their third mission of contributing to society through the active conversion of new
scientific knowledge into commercial values through spinoff opportunities (Harrison and Leitch 2005).
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The establishment of spin-off companies has been the best way of commercializing knowledge
generated by the academic institutions (Landry et.al, 2006). Many universities have supported the
commercialization drive by creating specialized supporting structures which can either be technology
transfer offices (TTOs), incubators and science parks within or in close proximity to their campuses.

EARLY COMMERCIALIZATION OF UNIVERSITY RESEARCH

The process of commercialization of research projects must be chosen from scratch, not only technically
but also business perspective has the highest potential. So, given the cost and time required for the
commercialization of research, commercialization of the project, before the potential of the exact the
allocation of time and resources is essential. Supply of high quality value for industries that are expected
to be purchased and converted to the innovation of scientific research team includes key elements.
Researchers can work together in order to achieve the goals set out at the time as one of the
requirements should be scrutinized.

Furthermore, for a long standing process of commercialization of new innovations can be activated by
Patenting via industry-university collaboration. In fact, what is ‘commercialization’ from the standpoint
of the Industry, becomes ‘knowledge transfer’ from the point of view of the university. Hence, In order
to implement the process of commercialization, there are numerous difficulties and hurdles to be
overcome. Patents covering the output of innovation can be used as a tool not only for protection in
innovation management but also for incentive creation, collaboration, negotiation and licensing, etc.
(Nicholas, 2011).

The commercialization of academic activities and spin off formation has been very successful in the
United States of America with the renowned “Silicon Valley” and “Route 128” been established in close
proximity to recognized and leading spin off creation universities such as Stanford and Massachusetts
Institute of Technology (MIT). How far has this gone in other places in the world, Nigeria inclusive?

COMMERCIALIZING OF RESEARCH OUTPUTS FOR NATIONAL DEVELOPMENT

As the global economy recovers from the economic met down, it is constantly looking at developing
economies for full recovery (Gurria, 2007). It is highly likely that in the next two decades, emerging
economies will represent almost two-thirds of global output. The main reason for this is innovation
which can be derived from any place. The global economy is highly interdependent, and more so than
ever before as is evidenced by ever-increasing exchanges of goods, services, ideas, values, expertise in
various fields, and in the manner in which solutions are sought to solve global problems. Companies in
developing nations are called upon to conceive and develop revolutionary and progressive products and
processes since this is the way they will be able to retain a competitive advantage.

Consequently, business investment in R&D is in a sense nonnegotiable. Top-notch scientific research
institutions are undoubtedly an essential partner in innovation and there is also a need for far greater
collaboration in research promotion between industrial role-players and universities. By enhancing
research and boosting innovation, economic growth is bolstered and developing nations are empowered
to create new and very often, unique products and services (Agrawal, 2002).
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Agrawal, (2002); Martino, (2009) have reported positive correlations between the amount of R&D and
productivity growth as well as R&D positive impacts on total factor productivity. With this, Human
capital improves and inflows of foreign direct investment (FDI) tend to soar. As we create, disseminate
and apply knowledge we boost economic expansion. Innovation is a fundamental starting place of
effective competition and economic development. It is critical to transforming society.

Economic growth across sub-Saharan Africa is expected to be on the increase in recent times, and this is
attributed to the role which innovation is expected to play especially for nations that have reached what
is termed the “high-tech frontier", as this is the only self-sustaining driver of growth.

This necessitates an environment that is favorable to innovation and one in which both the public and
the private sectors are key players. Innovation may assume a variety of types and may be a process,
product, service, or anything that assists companies and nations to achieve more. Innovation is within
the potential of anyone but necessitates a critical view and inquisitiveness that enables one to explores
perceived limitations and develop new designs and initiatives. It is innovation that has created global
business giants such as Microsoft, Apple, GEC, Siemens, Sony, Nike, Adidas, Virgin and many others.

What can be said to be the drivers of Economic growth in Nigeria? Do companies have comparatively
high level of innovation? What’s the level of innovation costs which is the scope for development. For
positive national development, there should be a considerable positive link between R&D and
innovation. If innovation is utilized in a practical manner it will undoubtedly serve as a major catalyst for
development and growth in of any economy. As academics publish more research globally, what is
learned in one nation serves as the basis for improvements in other developing nations. Developing
nations can perk up their productivity levels by taking up existing technologies or by making gradual
improvements in a wide range of other areas.

However, once the innovation stage of national development is arrived at, more needs to be done to
grow productivity. National innovation policies ought to seek to cultivate an environment which
promotes entrepreneurship and innovation right across the entire economic spectrum. In this regard,
universities in developing nations have decisive roles to play in developing sufficiently distinguishable
and effective academic structures. They also need to empower their nations to link with the global
knowledge society and compete in the sophisticated knowledge economy (Altbach, 2013). In the current
scenario, innovation needs to be rethought as it is posed fresh challenges. In the globalized knowledge
based economy what establishes an innovative performance in the corporate sector has to an extent
changed as a result of IT and communication technologies.

ROLE OF THE UNIVERSITY INNOVATION IN NATIONAL DEVELOPMENT.

The key driver of economic development is innovation based on R&D and this must be the product of
collaboration between universities and corporations. Entrepreneurship and innovation are critical since
the national economy can only be built with novel ideas, as much as with capital provision by both the
public and private sectors and effective labour. Innovation, ventures and intellectual assets are what
ultimately drive economic growth and lead to increases in the standards of living. Innovation plays a
huge role in job creation and provides higher incomes which promote societal development. Where
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R&D from universities should lead to greater innovation, investment opportunities arise, especially from
abroad which allow a nation to develop at a greater pace and be positioned to solve more of the
problems which plague society.

This is why it is imperative for the government to further incentivize R&D and innovation and guide the
process for the protection of intellectual property rights (IPR). The latter play a crucial role in further
driving innovation and intensifying information and they also directly impact economic performance and
generate economic growth through increased productivity, increased trade and greater levels of
investment. Where market failures exist these are to an extent founded on the inability of individuals
and companies, to thwart others from making use of the new knowledge they have created. Where
there are effective IPR protection measures these serve as a strong incentive which permit companies to
invest in generating new technology in a number of sectors without fear that an invention, for example,
will be easily imitated.

It is argued that research represents about 25% of the price tag of commercializing a new technology or
system and exclusive rights granted to a patent holder for a limited time provide a huge incentive for
promoting greater economic support. This permits the development of ideas to generate a marketable
product or technology. IPRs also promote private and public ventures to transfer technology through
the development of innovative approaches, direct investment both foreign and local, greater technology
sales and distribution and possible other cooperative undertakings leading to a more competitive
economy. A competitive economy is one which is more likely to develop faster in the medium to long-
term.

An important development by most universities in systematizing commercialization is the creation of a
Technology Transfer offices (TTO), as one-stop service whose role embraces some or all of the following
activities:

1. Educating and creating awareness of intellectual property processes and requirements amongst
researchers;

2. Assisting researchers with their intellectual property and patent protection;
3. Assessing market potential;

4. ldentifying potential industry partners and collaborators;

5. Negotiating license agreements;

6. Forming start-up companies; and

7. Finding investors and industry partners.

Nigeria universities have not, until recently, systematically sought to exploit the outputs of science
research through commercialization, recent example is the University of Lagos which has created
companies from some of their innovative researches.
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CHALLENGES FOR COMMERCIALIZATION OF UNIVERSITY RESEARCH

Notwithstanding the potential roles which University R and D plays in nation building, they are still not
deviled of challenges, such challenges could hamper the progress of R and D results for
commercialization

Challenges 1: Timeliness: A commercialization activity is a long process over time. It requires initial
investment before making profit. Initial investments are normally intellectual property filing, company
registration, hiring qualified entrepreneur and marketing of products. It is said to be from the
university’s perspective: a money-losing operation. The fees that universities get do not cover the
expenses involved in licensing and marketing the inventions. That’s because only a very small
fraction of licenses actually generate much revenue. This discourages universities to venture into such as
such innovations end up only in published articles in Journals.

Challenges 2: Incentives and Rewards: Another problem in the commercialization activity is the lack of
proper incentives and rewards system. Although there is an ongoing debate about reward and
incentive, it is imperative that universities have a proper rewards system this is consistent with a long
research stream on pay and performance. On the other hand, royalties’ incentive effect might seem
surprising, given the norms of open science and free dissemination of knowledge under which
universities are expected to operate (Agrawal, 2006).

In as much as some other researchers have different views about this (Markman, el al, 2005), suggesting
that monetary incentives given to university scientists are negatively related to the number of equity
licenses in young ventures and to the number of start-ups; similarly, sharing revenues with scientists’
departments is negatively related to the number ofincubators. Friedman and Silberman, (2003)
proposes that royalties grant to faculty inventors have positive effect on the number of licenses,
while royalties granted to the inventors’ departments have a negative effect

Challenges 3: University-industry Interactions: Some school of thoughts feel that because
Industry/companies fund research in universities, they may be undue influence by them as well as the
potential abuse by faculty and university staff due to conflicts of interest, triggered by the lure
of readily available money and conflicts of commitment. This can seriously hamper an unbiased
research results if findings show that the negative contrary to what the funding company might want.

SCIENCE AND TECHNOLOGY ADVANCEMENT, THE NIGERIAN PERSPECTIVE

| will not fail to address the role which the Nigeria has played in Science and Technology Development
and to also highlight the key R and D which agencies and research institutes under the dynamic
leadership of the Minster of Science and technology Dr. Ogbonnaya Onu has in making Nigerian R and D
Commercializable.

Nigeria, knowing the strategic importance of R&D to its development, in the 1970s created institutions
for the coordination and promotion of R&D activities in Science and Technology (S&T) in the country.
The first effort was the establishment in 1970 of the National Council for Science and Technology (NCST)
responsible for ordering national priorities in scientific research and coordinating and supervising both
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basic and applied research activities. In 1971 the Agricultural Research Council and the Industrial
Research Council were established, and followed by the

Medical Research Council and the Natural Science Research Council in 1972 and 1973 respectively. In
January 1977, NCST was replaced with the National Science and Technology Development Agency
(NSTDA) with a revised mandate for the promotion and development of S&T including initiation of policy
in relation to scientific research and technology. The response to the general call to make scientific
research relevant to economic development in

Nigeria led to the establishment of a full-fledged Federal Ministry of Science and Technology (FMST) in
1980 to take over the responsibilities of NSTDA. In 1984, FMST was merged with Federal Ministry of
Education. It regained its autonomy in 1985 and was again merged with the Federal Ministry of Industry
in 1992. FMST was however reactivated in 1993 with mandates to, among others, promote basic science
research; scientific and technological research for agricultural, industrial, medical, and energy
applications; administration of technology transfer programmes; coordination and issuance of policy
guidelines to all S&T research institutes in Nigeria; advising the President on S&T matters.

R&D IN NIGERIA SCIENCE AND TECHNOLOGY AGENCIES

The key to developing a vibrant Science and Technology ministry is to first understand the imperatives
of R&D while aligning it to meet both the immediate and future needs of the country for a competitive
economy capable of ensuring wealth and job creation, enterprise development, and reducing mortality
rate of its population due to common diseases typical of the region.

The higher educational institutions (Universities), research institutes (RIs), private research
establishments, government agencies with R&D mandates are the key players in R&D in Nigeria
(Siyanbola et al 2011). To support the development of R&D in Nigeria, government has made concerted
effort over the years to fast track economic empowerment through the adoption of policies to guide and
direct research in its public institutions and agencies.

Fourteen (14) of these agencies are charged directly with the mandate to conduct R&D. The other three
have mandates for policy research and capacity building in management of technology, intellectual
property rights, and technology business incubation. National Agency for Science and Engineering
infrastructure (NASENI) is charged with research in capital goods, production and reverse engineering;
Federal Institute of Research (FIIRO) is mandated to accelerate industrialization in Nigeria; Sheda
Science and Technology Complex (SHESTCO) has the mandate to develop research results for application
in areas of agriculture, health, industry and environment; National Space Research & Development
Agency (NARSDA) is vested with research in space and development. Promoting the development and
utilization of Nigeria’s industrial raw material is the responsibility of Raw Materials Research and
Development Council (RMRDC); Nigerian Building and Road Research Institute (NIBBRI) is to ensure
improvement in the quality of life of Nigerians in the areas of affordable housing; Nigerian Natural
Medicine Development Agency (NNMDA) will do research, develop collate, document and promote the
nation’s natural medicine; Nigerian Leather and Science Technology (NILEST) is a Centre for
development in the areas of Chemical and Leather technology. National Research Institute for Chemical
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Technology (NARICT) develops the technologies required by the chemical industry and also undertakes
R&D work in areas of agriculture, mineral and other raw material conversion to chemicals; Project
Development Institute (PRODA) has part of his mandate to develop the technologies required by the
power equipment industry; National Biotechnology Development Agency (NABDA) coordinates,
promotes and regulates the development of biotechnology in Nigeria. Nigeria Institute for
Trypanosomiasis Research (NITR) is to conduct R&D for the control and elimination of Trypanosomiasis
and its vectors; The Nigerian Institute of Science Laboratory Technology (NISLT) conducts research in all
the areas of science laboratory technology; Nigeria Atomic Energy Commission (NAEC) coordinates R&D
activities for capacity building and infrastructure development in Nuclear technology. In charge of
Intellectual property and research industry linkages are the National Office of Technology Acquisition
and Promotion (NOTAP). National Board for Technology Incubation (NBTI) provides institutional
infrastructure and mechanism for the development and commercialization of R&D outputs and
inventions. National Centre for Technology Management (NACETEM) is mandated to provide knowledge
support for the STI system in Nigeria through capacity building in management of technology, STI policy
research and consultancy.

CONCLUSION

Research should be infused in teaching and academic freedom should reign as academic staff are
empowered not to stick rigidly to daily work hours and be able to engage with the community and
broader society. Universities require adequate and sustained budgets and they cannot hope to succeed
if funding is scant.

Opined that appropriate approach to commercialization depend upon factors such as competition,
market, funding and nature of the technology. Commercialization failures could result from weakness in
R&D institutions to design R&D activities and marketing plan, lack of interaction among the elements of
innovation system, poor/no incentives from government to drive industry to utilize local technology or
research results (Syahrul, et al 2007). It is also critical to have a virile national innovation systems (NIS),
individual re-orientation, and institutional rearrangement, functional government-university/research
institutes-industry linkage through networking and effective Technology Transfer model (Siyanbola, et.
al., 2015).

One of such interventions might be the creation of Professorial Chairs’ Initiative which will fashioned to
create interventions in the knowledge and human resources base. This will hopefully contribute towards
helping universities achieve their research strategies. Thus Excellence in research is promoted vigorously
and the following achieved;

1. Increased number of world-class researchers in Nigerian Universities’

2. Qualified research scientists to the higher education sector are attracted and retained in order
to help reverse the decline in research outputs, focus and capacity.

3. Improve the capacity of institutions to generate and apply new knowledge;

8| FONSAC 2019



4. Stimulate strategic research across the knowledge spectrum as well as create research career
pathways for quality young and mid-career researchers that address historical racial, gender and
age imbalances

5. Improve and accelerate the training of highly qualified personnel through research.

Hopefully such initiatives will assist in making the country more competitive in the global knowledge
economy but our universities must further commit to the creation and dissemination of knowledge, in a
wide range of disciplines and fields, and be supported by, for example, relevant laboratories and
libraries etc. that facilitate and promote effective teaching and research which are catalysts for the
innovation that is desperately needed to propel us into the future.

It should be a top priority to create enabling environments for seasoned and budding researchers in
which knowledge production is nurtured and disseminated globally as part and parcel of a relevant and
dynamic research culture. Increasing the number of PhD candidates and postdoctoral researchers is
essential as is increasing researchers" local and global mobility. Focused education and training in the
field of management of research and innovation is thus non-negotiable and universities must drive the
implementation of greater research for National Development.
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Commercialization of Research Output For National Development: The Role of Technology
Incubators in Nigeria

Abdulmalik Ndagi

Niger State Industrial Parks Development Agency, Minna

INTRODUCTION

Commercialization is a process that converts intellectual property into marketable products and
services, this process requires different skills, funding, team and market analysis as compared to non-
technology businesses. According to Infodev (2013). Technology commercialization is the process of
taking a piece of technology, research and development results, invention or scientific intellectual
property (IP) often, but not necessarily the result of university or similar research and turning it into a
commercially viable product or service that is demanded by the market. Infodev therefore concluded,
that Technology commercialization is often known as IP Commercialization or Technology Transfer.

The successful commercialization of research output to a large extend depend on the successful
identification of market demand and capacity for effective and efficient science and technological
research output that can stand test of time vis-a-viz benefit to mankind. Commercialization of research
output for national development provides the basis for knowledge-based economic development,
economic prosperity and scientific and technological growth. These are achievable through strategic
systematic and integrated approach to valuing research and its findings as well as achieving an effective
and efficient interaction of academia — industry and government which are the strategic components for
national innovation system. One major cause of fast-growing and improved technology in industrialized
countries according to Dehghani (2015) is a good deal of attention devoted to commercialization of
research results conducted in such countries. He further posit that, inabilities to commercialize, apply
research findings in new products and processes, and introduce them to market are major drawbacks of
developing countries.

Commercialization is the process of introducing new products or services to the general market. It takes
into account production distribution, marketing sales and customer support required to achieve the
commercial success of the new product or services. it is assumed that to build a successful profitable
business, creative ideas should be commercialized. As conceptualized in several literatures,
commercialization is a complex non-linear cycle which necessitates that all relevant stakeholders
effectively and efficiently perform their responsibilities.

Commercializing research output proposes directions for national development and integration
accordingly, provides a catalyst to the knowledge-based economic development of countries. It also
brings about economic prosperity and scientific growth which are critical starting points for countries to
become a source of knowledge production and knowledge data bank. Such achievement is feasible

Ndagi A. (2019). Commercialization of Research Output For National Development: The Role of Technology Incubators in Nigeria.
1% Plenary Lecture at the 1% Faculty of Natural Sciences Annual Conference. IBB University Lapai, held between 6" to 9™ May 2019.

Pp 28-34
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through valuing research and its findings as well as achieving an effective interaction of components
relevant to national innovation system. Commercialization process has some key features according to
Reamer et.al (2003). Firstly, they assert that it is a cycle whereby a given input passes through a series of
stages to reach a specific output and in every stage some value is added to it. However, the chain of
stages gives the product more added value than the sum of added values at all stages. Secondly, this
process, in an attempt to help investors reap benefits, exploits all possible potentials including labor
force, organizational structure, rules and regulations, technology, and whatever which deserves to be
considered potential. Thirdly, technology commercialization is a necessary part of innovation. If
technological innovation is assumed to range from idea generation to initial market entry, there will be
no innovation and, thus, no technology without commercialization.

Literature Review

Commercialization according to Dehghani (2015). It is a process through which knowledge and
technology are transferred from universities and research centers to industries and new businesses. It is
a complex process influenced by a variety of factors such as infrastructure, technological, social,
political, and historical. These factors may either facilitate or impede the commercialization cycle. He
further posit that it is one of the most controversial issues that is the reason number of companies and
countries give first priority to this issue and allocate their attention among a number of activities.
However, even within industrial countries there are some barriers to commercialization such as financial
problems, inefficiency of organizational bureaucracy, paucity of research on the influence of
organizational strategies and understanding necessary interaction between research teams, lack of mass
production, evaluation of research findings, implementation of reforms, and product optimization which
are being gradually eliminated. Lack of financial resources devoted to commercialization which supposes
to be a facilitator then leads to poor access to commercialization guidelines and application of research
findings.

Commercialization of research results according to Ogunwusi and lbrahim (2014). has become the new
catch-cry in most advanced economies as they embrace innovation as a key driver of economic policy.
The transfer, exploitation and commercialization of public research results has become a critical area of
science, technology and innovation. The knowledge and research generated by public research system is
diffused through a variety of channels among which are the mobility of academic staff, scientific
publications, conferences, contract research with industry and the licensing of university inventions.
Effective commercialization of research results in any nation will depend on rapid technological
innovation, effective strategic management of knowledge and a clear focus in value added goods,
services and industries.

Technology commercialization according to Infodev (2013) further said, is not the same as technology
adoption hence, Technology commercialization is the process of transforming innovative technologies
developed by universities, companies and inventors into commercially viable products and services that
are in market demand, whereas technology adoption is the normal cycle of acceptance of that
technology by the market; by innovators, early adopters, early majority, late majority and laggards.
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Technology commercialization remains a risky, difficult and expensive process that needs to be
addressed cautiously by a business incubator manager to successfully commercialize it.

Incubation is a natural partner to Technology Transfer Offices which often exist within a university or
research center to help the research institution benefit from the IP it has created. Some TTOs include an
incubation function but many will partner with external incubators. There are many common mistakes
that commercialization professionals try to avoid, keep expectations within the boundaries of what is
likely; don’t be over confidence.

The university is a key element of the triple helix of innovation system both as a human capital provider
and a seed-bed of new firms (Etzkowitz et al., 2000; Laredo and Mustar, 2001). To realize the benefits of
knowledge and to receive returns from these investments,(research and Development findings) the
resulting innovations or inventions must be sold, or commercialized (Meyers, 2009). Knowledge-based
economy is depended on high investment in education and training, research and development (R&D),
the presence of high-quality scientific research institutions, extensive relationships between
governments, academia, and industry and the protection of intellectual property (Lowe, 2005; World
Economic Forum, 2010/2011).

knowledge, technology, innovation and human capital are generally understood as central and key
drivers for generating sustainable economic growth and competitiveness and they represent key
explanations for significant and persistent divergences in economic growth and development between
countries and regions not natural resources or exports based on cheap labour. (Howells, 2005).

Commercialization is however, not a straightforward process; as many challenges must be overcome (Al
Natsheh et al., 2015). It has been shown that new knowledge from universities must penetrate what is
known as the knowledge filter in order to contribute to innovation, competitiveness and ultimately
economic growth (Audretsch et al., 2006; Acs et al., 2010). The knowledge filter is defined as the barrier
or gap between the investment in new knowledge and its commercialization (Al Natsheh et al., 2015);
and has been associated with bureaucratic red tape and illogical government regulation (Audretsch,
2014). knowledge flows from universities (and research institutions) are much more diverse than they
had been in the past, with publications and paper presentations at meetings being just two among a
wide array of transfer mechanisms. Commercialization as a new form of technology transfer is becoming
increasingly common which can be either directly, by nurturing academic entrepreneurship in
incubation centres, or indirectly, by transferring knowledge and sharing expertise through consulting,
joint research ventures, patenting, licensing of intellectual property, contract research or forming start-
up companies (Cohen et al., 2002). Traditionally, teaching and research have been the university's main
roles. However, commercialization of research results or entrepreneurial science also referred to as,
technology/knowledge transfer, third stream third mission or engagement, has emerged as an
additional role for universities as stimulators and facilitators of knowledge transfer (Perkmann et al.,
2012). The third stream is about the interactions between universities, industry and the rest of society,
and can be said to be the stimulation and direct application and exploitation of knowledge for the
benefit of the social, cultural and economic development of society - i.e., community outreach (Molas-
Gallart et al., 2002), making technology available to end-users (Tahvanainen and Nikulainen, 2010).
Studies into the third mission of academic institution highlight that universities have matured in their

14|FONSAC 2019



approach to technology transfer, in what appears to be a more iterative and cyclical process of
innovation diffusion, such that the double-helix character of DNA has been metaphorically adapted to
describe the university-industry-government relationship, this time as a triple-helix to encourage
development (Leydesdorff and Etzkowitz, 1996; Etzkowitz and Leydesdorff 2000). The intertwined
(overlapping) relationship of the triple-helix suggests that the movement of knowledge is not necessarily
one way but rather cycles in and out (iterative) of each triple-helix partner depending on the nature of
the technology and the sources of intellectual capital best suited to its movement (Powers and
Campbell, 2011). In this sense universities (and independent research institutions) are not only a source
of knowledge, but are also active participants in the organization, development and commercialization
of innovation. More recently, there has been the inclusion of the the market/society as a fourth strand
to the helix, leading to a Quadruple helix model (Carayannis and Campbell 2010). This makes a perfect
sense since the desired output of the triple helix activity is new and innovative products and services,
which have to relate to the market and society in order to generate jobs and wealth and ultimately
achieve greater competitiveness (Carayannis and Campbell 2010).

Bayh-Dole Act and Commercialization of University Research

In order to penetrate a formidable knowledge filter and facilitate university entrepreneurship and
technology transfer from the university, the U.S. Congress attempted to remove potential obstacles to
university technology transfer and commercialization by passing the University and Small Business
Patent Procedures Act of 1980, more commonly known as the Bayh-Dole Act, 1980 (Link et al., 2007,
Kenney and Patton 2009). This Act established the legal framework for commercializing the research
that is developed within university settings by transferring the ownership of intellectual property (IP)
from the publicly funded granting agencies to the universities. The logic was to give the universities
incentives to support and build an infrastructure for the commercialization of research, with licensing
preferences going to small businesses and industries within the United States (Link et al., 2007; Kenney
and Patton 2009). This policy change stressed the expectations that the universities could contribute
more directly to industrial development (Stevens, 2004). It played a critical role in rejuvenating the
entire U.S. economic system, transforming it from a manufacturing base to an innovation base (Loise
and Stevens, 2010). Prior to the Bayh-Dole Act, the United States government owned and managed
intellectual property developed at academic institutions as the result of federal funds, hence, nobody
could exploit the outputs of publicly funded research without tedious negotiations with a federal agency
concerned (Kesselheim and Rajkumar, 2011). In view of this arrangement, patent protection and
licensing of technology was rarely pursued (Kirschenbaum, 2002). Worse, companies found it nearly
impossible to acquire exclusive rights to a government owned patent, and without that, few firms were
willing to invest millions more of their own money to turn a basic research idea into a marketable
product (Audretsch, 2014). Bayh-Dole Act 1980, led to a massive increase in funding to universities by
venture capitalists (Valentine and Claasen, 2002), resulting in a rapid rise in commercial knowledge
transfer from university to industry (Jensen and Thursby, 2001), through mechanisms such as,
partnerships, licensing agreement and university start-ups, also known as spin-offs or Spin-outs (Banal-
Estafiol and Macho-Stadler, 2010).
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A commercialization survey by the Association of University Technology Managers (AUTM - the
technology transfer profession interest organization) among United States-based institutions showed
that due to the Act, the number of patents granted to US universities increased from 589 in 1985 to
more than 3200 in 2006 (AUTM, 2007). In addition, there were 16000 patent applications and 553 spin-
off establishments in the same year. Start-ups are new firms created to exploit commercially some
knowledge, technology, or research results developed within a university (Pirnay et al., 2003). Research
has pointed out that there are two essential determinants explaining the process of knowledge transfer
from universities to industry namely: (1) the linkages between researchers and research users, such as
private firms and government agencies; and (2) the focus of the research projects on users’ needs i.e.,
research that is-fit-for purpose (Landry et al., 2007). As a result, the United States has become very
advanced in technology transfer and commercialization (TT&C) because of this Act, which has been in
effect for more than 30 years (Loise and Stevens, 2010). The subsequent success of Bayh-Dole Act as a
catalyst in the US for bringing new research findings to the marketplace inspired legislative changes in
many OECD and beyond countries such as Germany, Denmark, Japan, Canada, India, the United
Kingdom and Singapore to enact similar laws to this Act (Slaughter and Leslie, 1997; OECD, 2003;
Mowery and Sampat, 2005).

Commercialization of research and development output in Nigeria according to NOTAP (2018). Depends
heavily on its ability to acquire and apply technology indigenously to produce goods, processes, devices
and provide services. To achieve this, a well-focused National Innovation System (NIS) is necessary in
which technology acquisition is well matched to the needs of the market and industry. The Nigerian NIS
is composed of ministries, departments and agencies, tertiary institutions, research institutions/Centres,
financial institutions, the industries and civil society organization.

Traditionally, commercializing R&D outputs is meant to enhance competitiveness and capability of the
NIS by promoting indigenous technologies resulting from R&D activities undertaken by tertiary
institutions, research institutions/Centres, industry, individual researchers, inventors and traditional
knowledge.

In the African context, Nigeria inclusive, university research capacity appears to be very limited, taking
into account regional and country variations. Research capacity, defined by Volmink and Dare (2005), as
comprising the institutional and regulatory frameworks, infrastructure, investment, and sufficiently
skilled people to conduct and publish research, varies greatly across the continent. Indeed, a study by
the RAND Corporation revealed that, with the exception of South Africa, Egypt, Mauritius, and Benin,
African countries were part of a group of scientific laggards (RAND Corporation, 2001). Furthermore, a
2007 report recognized that African higher education lacks capacity not only at the system and
institutional levels, but also at the level of individual academics (Jones et. al. 2007). The research grant
lying idle at Tetfund is Nigeria example according to (Bogoro, 2015) where he confirmed availability of
research fund at tetfund totaling about four billion naira and only 20% have been accessed by university
researchers over the years.

Research Institutions in Nigeria.

Research according to Ogunwusi and lbrahim (2014) is a means of demonstrating one’s ability and
capability in solving an identified problem and it is an important pointer to the national technological
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capability. One of the major roles of research is breeding industrialization which brings about jobs and
wealth creation, arrests social menace and assists in curbing rural urban migration. The history of
Research and Development in Nigeria can be traced to the establishment of a National Council for
Scientific and Industrial Research (NCSIR) in 1964, following an international conference on the
organization of Research and Training in Africa (FMST, 2010). According to Yusuf (2012), the Council’s
mandate was narrow and as such had structural weakness which made its function ineffective and
inefficient. As a result, with assistance of UNESCO experts, four research Councils were established after
the Civil war in 1970. These were:

1. Agricultural Research Council of Nigeria (ARCN)

2. Medical Research Council of Nigeria (MRCN)

3. Natural Sciences Research Council of Nigeria (NSRCN)
4. Industrial Research Council of Nigeria (IRCN)

In 1986, the first National Policy on Science and Technology (S&T) was launched (Yusuf, 2012). The
policy identified that S&T-related activities in the country had been carried out without well-defined
national direction. The public universities, research institutes and research outfits in private sector
companies are expected to be drivers of research and development and home grown technologies. Also,
R&D are expected to lead to home grown industries and power multinational companies within the
country. However, since 1964 till now, despite the endowment of the nation with a large population and
abundant natural resources, Nigeria is yet to advance economically. Up till now, the nation does not
have any globally branded product, multinational company, technical and managerial expertise or
worldwide range of Intellectual Property Rights exploited globally that emanated from its indigenous
knowledge and industrial efforts (Bindir and Tandama, 2013).

Abubakar, (2019). That the newly approved universities were joining the largest university system in
Africa in terms of number and enrolment, comprising of forty three (43) federal universities, forty eight
(48) State universities and seventy nine private universities, translating into one hundred and seventy
(170) universities in Nigeria. This shows that educational and knowledge infrastructure are abound in
the country with also about 125 polytechnics, 98 colleges of education, over 300 institutions composed
of research institutes, innovation agencies and policy implementation departments, multinational
companies, large pool of skilled labour force including a sizeable number of diaspora, making up a total
of approximately 693 institutions directly or indirectly involved in research yet nigeria economy is still
technologically weak with a very high national poverty incidence that implies that over 100 million
Nigerians are living below the poverty line.

Siyanbola et.al.(2012) There are a total of seventeen (17) agencies that constitute the Federal Ministry
of Science and Technology; Fourteen (14) of these agencies are charged directly with the mandate to
conduct R&D . The other three have mandates for policy research and capacity building in management
of technology, intellectual property rights, and technology business incubation. National Agency for
Science and Engineering infrastructure (NASENI) is charged with research in capital goods, production
and reverse engineering; Federal Institute of Research (FIIRO) is mandated to accelerate industrialization
in Nigeria; Sheda Science and Technology Complex (SHESTCO) has the mandate to develop research
results for application in areas of agriculture, health, industry and environment; National Space
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Research & Development Agency (NARSDA) is vested with research in space and development.
Promoting the development and utilization of Nigeria’s industrial raw material is the responsibility of
Raw Materials Research and Development Council (RMRDC); Nigerian Building and Road Research
Institute (NIBBRI) is to ensure improvement in the quality of life of Nigerians in the areas of affordable
housing; Nigerian Natural Medicine Development Agency (NNMDA) will do research, develop collate,
document and promote the nation’s natural medicine; Nigerian Leather and Science Technology
(NILEST) is a Centre for development in the areas of Chemical and Leather technology. National
Research Institute for Chemical Technology (NARICT) develops the technologies required by the
chemical industry

and also undertakes R&D work in areas of agriculture, mineral and other raw material conversion to
chemicals; Project Development Institute (PRODA) has part of his mandate to develop the technologies
required by the power equipment industry; National Biotechnology Development Agency (NABDA)
coordinates, promotes and regulates the development of biotechnology in Nigeria. Nigeria Institute for
Trypanosomiasis Research (NITR) is to conduct R&D for the control and elimination of Trypanosomiasis
and its vectors; The Nigerian Institute of science laboratory technology (NISLT) conducts research in all
the areas of Science Laboratory Technology; Nigeria Atomic Energy Commission (NAEC) coordinates
R&D activities for capacity building and infrastructure development in Nuclear technology. In charge of
Intellectual property and research industry linkages are the National Office of Technology Acquisition
and Promotion (NOTAP). National Board for Technology Incubation (NBTI) provides institutional
infrastructure and mechanism for the development and commercialization of R&D outputs and
inventions. National Centre for Technology Management (NACETEM) is mandated to provide knowledge
support for the STI system in Nigeria through capacity building in management of technology, STI policy
research and consultancy.

Another reason for the American success in commercialising public science is the substantial licensing
income that universities such as Stamford, Colombia, MIT and the University of Florida have earned
from patenting their inventions. The causes of failure by Nigerian scientists could be attributed to a wide
range of factors including a lack of entrepreneurial spirit among scientists, barrier to the ability of public
sector scientists to move to the private sector on a temporal basis to develop their discoveries and to
poor Intellectual Property Right of university inventions. Currently in Nigeria, existing approaches for
linking research with private enterprise take the form of research products fairs, experimental incubator
models and incoherent outreach approaches (Binder and Tandama, 2013).

The most important implicit factors limiting the development of a virile Science, Technology and
Innovation and consequently, technology development and transfer in Nigeria is funding of research and
development activities. Technology transfer include a set of activities starting with investment in R&D,
the R&D performance, decision on how to handle the intellectual property to demonstrate technology
and commercialization which brings the products to the market. In this new economic order, developing
nations can no longer compete based on their natural resource endowments and locational advantages.
(Ogunwusi & lbrahim 2014). In Nigeria, the Intellectual Property Right (IPRs) of innovators and
industrialists are governed by Patent and Design Act cap 344 of 1990, Trademarks Act Cap 436 of 1990
and Copyright Act of 1998 (Ukpabi, 2009). Managing Intellectual Property Rights and Technology
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transfer issues in Nigeria has been part of the core mandates of the National Office for Technology
Acquisition and Promotion (NOTAP). To ensure a link between R&D activities carried out in the country
and the market, and facilitate process of commercialization, NOTAP has established over 43 Intellectual
Property and Technology Transfer Offices (IPTTO’s) in tertiary institutions across Nigeria and assist
innovators to prepare and file applications for property rights. Nevertheless the number of applications
for rights protection filed by public RI’'s between 1999 and May 2012 was lower than those filled by
private innovators, indicating that the public RI’'s are less interested in rights protection and
consequently commercial exploitation of their results (Siyanbola et al, 2012). Presently, over 100
commercialisable R&D outcomes in the areas of Agriculture , Industry, Engineering, and Health have
been successfully produced by agencies under the |Federal Ministry of Science and Technology in
Nigeria. Less than 2% of R&D in Nigeria have been commercialised. In view of this, Siyanbola et al (2012)
recommended a change in commercialization strategy in Nigeria through adoption of new strategic
approach.

Commercialization Models

In Organization for Economic Cooperation and Development (OECD) countries, knowledge and research
generated by public research system is diffused through a variety of channels. These include mobility of
academic staff, scientific publications, conferences, contract research with industry and licensing of
university inventions. Much of the policy forms in OECD countries has been centered on promoting
knowledge transfer via a dual, but rather linear model of commercialization. This model is characterized
by several push forces whereby universities and public research institutes transfer academic inventions
via the sale, transfer or licensing of intellectual property, often on an exclusive basis to existing firms or
new ventures. The converse of the model is a demand-pull model based on contract research or
collaborative research and development whereby universities and public research institutes are solicited
by industrial actors to find solution to production and innovation problems (OECD, 2012).

Strategic

Actorsl

(NDE, NYSC,

Commercialization
R&D

OUTPUT Agents (CBN, BOI,
NEXIM, MAN, FMST, NBTI)

Strategic

Actors 2

(NOA. NICO

Commercialization Model One: Developed and Recommended by Siyanbola et.al (2013) for FMST.
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R&D Output: Database of R&D from universities/HEls, research institutes/centers, private
company.

Commercialization Agents: These are group of experts who connects the R&D outputs with the
market (CBN, BOI, NEXIM, MAN, FMST, NBTI etc.)

Strategic Actorsl: These comprise of actors that make use of R&D outputs and process them
into finished products for the market.

Strategic Actors2: These are actors responsible for sensitization and advocacy on patronizing
goods produced in Nigeria. (NOA, NICO etc.)

Market: The whole essence of the activities starting from the laboratories through the other
actors in the commercialization process.

Basic Applied Product & Pilot Prod. & Manufacturing Sales & Services
Research Research S

Research Yovelonm Commercialisation

Commercialization Model Two: Developed by Otto Lin of Taiwan University in 2001 and been used by
Hong kong, china, Taiwan.

Basic Research: These are basic in nature as they failed to have specific focus mostly conducted
by undergraduates.

Applied Research: These are market driven, need focused development drive research usually
conducted by advance researchers and market demand.

Product and process Development: These involves the design and model phase for the product

and process.

Pilot production, field trial and test running: This is to ascertain we are on cause to full
manufacturing.

Manufacturing: Commence full scale commercial production according to specification and
standards.

Sales & Services: Marketing expert to handle marketing for sales and after sales service to
ensure appropriate feedback for correction.
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Commercialization Model Three: Developed and Recommended by Ndagi (2017) for NBTI.

R&D output and Commercialization Challenges in Nigeria.

1.

Funding of R&D activities in Nigeria according to Siyanbola et. al. (2013). has largely been by
the federal government through the yearly budgetary allocation thus resulting in poorly funded
institutions. The highest proportions of science and technology (S&T) activities in Nigeria are
carried out by public institutions which invariably demand that it should be given more priority
in the national budget. The limited funding of R&D activities in Nigeria, in practical terms, is a
reflection of low appreciation of the benefits of R&D to national development. This stands in
sharp contrast to government determination to leapfrog development through the application
of science and technology. Although there are funding support for projects and R&D activities
from international organizations, however, much investment and support is still needed in this
sector

Lack of adequate publicity for Intellectual Property Right in Nigeria; Intellectual Property Rights
(IPRs) of innovators and industrialists in Nigeria are generally governed by Patent and Design Act
Cap 344 of 1990, Trademarks Act Cap 436 of 1990 and Copyright Act of 1998 [7]. Managing
Intellectual Property Rights and technology transfer issues in Nigeria has been part of the core
mandates of the National Office for Technology Acquisition and Promotion (NOTAP).This agency
has been operating in compliance with the Trade Related Aspects of Intellectual Property Rights
(TRIPS) of the World Trade Organization (WTO) which set the minimum acceptable standard for
member countries. To ensure a link between R&D activities carried out in the country and the

21| FONSAC 2019



market, and facilitate the process of commercialisation NOTAP has established over four-three
(43) Intellectual Property and Technology Transfer Offices (IPTTOs) in tertiary institutions across
Nigeria and assists innovators to prepare and file applications for property rights.

The Nigerian STI system overtly depends on government for nearly all its requirements.
According to Bindir & Tandama (2013). As a result, a number of implicit and explicit factors
influence the performance of Science and Technology Innovation system in Nigeria. Implicit
factors such as state of art infrastructure to carry out meaningful research work on competitive
basis is absent in most of the organisations as most of the universities and research institutes
are not adequately equipped with modern facilities

The challenges of R&D output commercialisation according to Ogunwusi & Ibrahim (2014). is
compounded by lack of steady power and water supply. The need for adequate information on
global best practices, sources of grants and the information on current status of development in
several disciplines are not available to most of the research scientists. In most universities and
research institutes, latest relevant journals are scarce and most researchers are left with the
information obtainable on the internet. Other important implicit factors such as training of
personnel and funding are abysmally inadequate. In addition, the existing R&D reward systems
are also clearly inadequate. The explicit factors germane to the successful performance of STI
system which include commercialization of R&D results, linkages, quality assurance, Intellectual
Property Rights (IPRs) system, entrepreneurship, investment, investors’ confidence and
marketing strategy are in most cases unorganized and inadequate in public R&D organisations
and the universities. The most important implicit factors limiting the development of a virile
Science, Technology and Innovation and consequently, technology development and transfer in
Nigeria is funding of research and development activities. Technology transfer typically include a
set of activities starting with investment in R&D, the actual R&D performance, decision on how
to handle the intellectual property to demonstrate technology and commercialization which
brings the products to the market.

Another significant challenge militating against successful technology transfer from laboratory
to the market is the little or no linkage that exists between research institutes, universities and
the industry. The opportunity for a country to initiate, maintain and sustain competitive
advantage through innovation rests on its ability to create and advance synergy. Though, the
number of universities and research institutes in Nigeria is high, the anticipated
commercialization has failed mainly due to the lack of connectivity between industry and the
academia. This is due to the fact that commercialization of R&D results has not been
traditionally, a high priority of universities. The public universities in Nigeria are funded directly
from the national budget. Private sector funding of R&D in Nigeria is lagging. (Ogunwusi &
Ibrahim 2014).

There is weak and unorganized institutional framework to midwife and nurture linkages
between university and industry which leads to inadequate and in some cases non-existing
strategic partnership for commercialisation and innovation networking of the universities,
business community and the government. Essentially, there is poor correspondence between
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expectations/needs of the private sector and the research priorities in the universities and
specialized research institutions.

The causes of failure by Nigerian scientists could be attributed to a wide range of factors
including a lack of entrepreneurial spirit among scientists, barrier to the ability of public sector
scientists to move to the private sector on a temporal basis to develop their discoveries and to
poor Intellectual Property Right of university inventions. Currently in Nigeria, existing
approaches for linking research with private enterprise take the form of research products fairs,
experimental incubator models and incoherent outreach approaches. On the other hand, the
organized private sector, including industrialists, business people and agriculturists, hardly
shows confidence or stake in the existing linkage systems. Hence, the solutions to local industry
problems are often sought without recourse to the skills, capabilities and opportunities within
the university system (Bindir and Tandama, 2013).

The challenges to Commercialization of University research in Kenya according to Ayisi et al.
(2016).are numerus among which are; Only few members of university staff are engaged in
research and development this is due to too much teaching at the expense of research. Staff
promotion policies demand prolific publications and dissemination of research results at
conferences thus losing the patentability of inventions this requires need to move from publish
or perish to innovate or perish

A recent report on the state of university-industry linkages in Africa revealed the following
relevant findings that serve as a cautionary warning (AAU & AUCC 2012):

a) University research output is limited by the low percentage of academic staff with PhD
training and qualifications, and brain drain of qualified scientists;

b) Many African universities have attempted to foster linkages with firms through the
creation of offices and staff positions in charge of such affairs. However, such offices lack
the material resources and expertise to handle industry partnerships and technology
transfer effectively;

c) There is a low number of science parks and technology incubators in academic
institutions. Only a small percentage of universities surveyed reported being involved in
managing science parks, technology incubators and engaging in technology transfer;

d) The study suggests that support for establishing and managing technology incubators and
science parks would respond to the needs and priorities of African universities.

CONCEPT OF TECHNOLOGY INCUBATION

There are several definitions and approaches to business and technology incubation. Conceptually,

‘incubation’ is a more diligent and planned process than clustering or “co-location’ and therefore needs

careful attention to the problems of prospective occupants, extending well beyond providing

infrastructure and office services (Adelowo, Olaopap & Siyanbola 2012; Kiridena, 2001). According to the

National Business Incubation Association (NBIA), Business Incubation catalyses the process of starting

and growing companies, providing entrepreneurs with the expertise, networks and tools they need to
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make their ventures successful. Incubation programmes diversify economies, commercialise
technologies, create jobs and create wealth.

The term incubator, which is more widely known with the life-giving support to premature babies or
phenomenon to enable them survive the critical early period of life, is what has been adapted to
economic development and regeneration. Therefore, economically, definition of Incubation/Incubators
varies with their services, their organizational structure and in the types of clients they serve.
Technology Incubation has different goals which include job creation, new venture creation, wealth
creation, value addition to clients’ products, process and services and transferring technology from
universities and major corporations to entrepreneurs/enterprises (Smilor& Gill, 1986). According to
Lalkaka (2000), business incubation is a means by which visions of new businesses are turned into reality
with reduced risks. Incubators aspire to have a positive impact on a community’s economic health, by
maximizing the success of emerging companies (Cassim, 2001). Business incubators have proved
effective in many parts of the world. According to Rice and Matthews (1995), only 10 business
incubators existed in the United States in 1980. There were nearly 500 by 1995, and a new incubator has
been opening every week. The technology incubators generally focus on nurturing technology-intensive
enterprises and knowledge-based ventures.

The technology incubation system (TIS) is variously represented by entities such as Techno-polis, Science
Parks, Research Parks, Technology Parks, Technology and/or Business Incubators. These entities operate
as separate organisations but are mostly integrated with other players in the innovation system. The
terms Science Parks, Research Parks and Technology Parks as well as Technology Incubators (Tls),
Technology Innovation Centres (TICs) and Technology Business Incubators (TBIs) are used
interchangeably in many countries depending on the level and type of interaction between R&D
community, venture funding and industry.

Relevant research thus comes from countries in Europe and North America. Several studies analyse the
aims, structures and spatial impact of technology incubation centres and similar initiatives. In some
countries, lengthy and comprehensive impact evaluations have already been conducted. With respect to
technology incubation centres, Germany, United Kingdom, Sweden and the whole of the European
Union (European Commission, 1996; Massey et al. 1992;) may still be the best researched countries.
More or less comprehensive evaluations are found in other countries such as the USA (Luger and
Goldstein, 1991).

In this paper, the term technology incubator is taken to mean a controlled environment-physical or
virtual- that cares, and helps new ventures at an early stage until they are able to be self-sustained
through traditional means while technology incubation apply generically to all the organizational forms
for promoting technology-oriented SMEs respectively. The organizational format of technology
incubations also varies and could generally be categorized as public or not-for-profit incubators, private
incubators, academic-related incubators and public/private incubators, which are referred to as hybrid
in most literatures. Also, technology incubations may thus have a wide range of goals and objectives
giving rise to different forms of incubators specializing in accessing diverse resources
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In the last two decades, African countries have embarked on establishment of technology parks and
incubators to fast-track and sustain economic growth, creating jobs for fresh graduates and transition
into the knowledge economy through commercialisation of research results.

The International Association of Science Parks (IASP) considers that the term “Science Park” could
include Technology Park, Technopole and Research Park (Link and Scott, 2011), and defines it as an
organization managed by specialized professionals, whose main aim is to increase the wealth of its
community by promoting the culture of innovation and competitiveness of its associated businesses and
knowledge-based institutions (International Association of Science Parks, 2014).

On the-other-hand IASP defines an incubator as an organization designed to accelerate the growth and
success of entrepreneurial companies through an array of business support resources and services that
could include physical space, capital, coaching, common services and networking connections (IASP,
2014). Many technology parks explicitly incorporate business incubators into their developments to
provide facilities for the nurturing of firms at all stages of their business and technological life cycles, as
they are a key mechanism for technology transfer. They are seen as a mechanism to support and
establish new businesses/start-up and fledging companies to promote job creation, economic
development, innovation and high growth, by providing a wide variety of services that are typical to
most starting ventures: physical space and infrastructure (office space, secretarial and administrative
services), business consulting and training, funding applications (government and private), IP protection,
technology transfer, and networking (Jamil et al., 2015). Incubator program gives a chance to projects
that are unable to attract commercial investors in the initial stages of development.

Incubators are available in various types rendering a range of long and short-term assistances and they
help in the establishment of new enterprise in one way or the other. Many of these provide only
guidance, technical assistance and consulting to entrepreneurs and offer business development services.
ICT incubators are major examples of these Incubators where clients access to appropriate rental space,
shared basic business services and equipment. Few incubators assist only in developing new ideas and
arrange for venture capital funding. Incubators are sometimes known as Business Accelerator as it
accelerates start-ups by providing quick knowledge, support services and resources (Lewis, 2001).

Highly adaptable incubators have differing goals, including diversifying rural economies, providing
employment for and increasing wealth of depressed inner cities, and transferring technology from
universities and major corporations (Smilor & Gill, 1986). Incubator clients are at the forefront of
developing new and innovative technologies — creating products and services that improve the quality of
our lives in communities around the world.

Essentially, the incubation programme is to assist and support the transformation of selected, early
stage businesses with high potentials, into self-sufficient, growing and profitable enterprises (Lewis,
2001). By reducing the risks during the early period of business formation, the incubation sustains the
new enterprises that might otherwise fail due to lack of adequate support. In doing so, the incubation
programme contributes to the economic growth by creating jobs and offering other socio-economic
benefits. According to Adelowo et.al (2012), technology incubation programme can therefore be seen
as an economic development tool designed to accelerate the success of high technology entrepreneurial
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enterprises through the provision of an array of technology business support resources and services in a
controlled work environment.

Lewis (2001) sees technology incubation programme as an innovative system designed to assist
entrepreneurs and inventors in the development of new technology -based firms. It seeks to link
talents, technology, capital and know-how effectively, in order to accelerate the development of new
businesses, and thus speeds the commercialization of technology. It is a facility that helps the early
stage growth of technology-based enterprises by providing shared facilities such as space, office
services, and business consulting services.

This concept, which constitutes a very potent economic development tool has generated great desire
and has undergone extensive development in the USA and many other countries such as India, Japan,
China, Korea, Israel, Germany, France etc. in the context of new global trend of engendering real sector
development through small and medium scales businesses.

Technology incubation programme as a tool for economic development makes provision of job creation,
employment opportunities targeting unemployed university graduates, retrenched public sector
employees, retired research institution employees, retired private sector employees, and established
industrialists desiring to expand or diversify their businesses (Lalkaka, 2000).

Promotion of small and medium scale development is yet another contribution of technology incubation
programme on the economy, that is, it assists in incubating knowledge-based skilled and unskilled
workers, start-ups into commercially viable products/services by providing specialists in various area of
endeavors, skilled training, guidance, critical support services, such as invention and innovation,
financing, laboratory, library, networking/ ICT, quality control workshop support services to all tenants
or small and medium scale businesses at each centre, and a conducive environment (affordable, well-
equipped workspace) to entrepreneurs.

Incubation programme was introduced to Africa in 1988 by United Nations Development Programme
(UNDP) to test run the concept on pilot scheme in four (4) countries of lvory coast, Nigeria, Equatorial
Guinea and Zimbabwe. In 2012, the incubation programmes has spread across Africa with approximately
about one hundred incubation centers. Nigeria has about forty (40) incubation centers, South Africa
with about thirty-six (36) while the rest of other countries house the remaining twenty (20). Since 1988
with feasibility study for the establishment of incubator pilot centers at Lagos, Kano and Aba to
ascertain the viability of Technology Incubation in these commercial cities. TIC Lagos was in 1993, TIC
Kano was in 1994 and TIC Aba was in 1995. The success of these three pilot centers facilitated the
establishment of TIC Minna, Nnewi and Calabar in 1998. Meanwhile, by 2005 there were seventeen (17)
incubation centers in Nigeria but as at 2012 there are about forty (40) incubation centers in the country
with about two hundred and eighty-seven (287) entrepreneurs and six thousand two hundred (6,200)
jobs created. (NBTI. Annual report 2013)

The Policy Thrust of Technology Incubation Programme

The policy thrust of the Technology Incubation Programme according to Federal Ministry of Science and
Technology [FMST] (2005) is to pursue the commercialization of technologies and technical innovations
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using Technology Incubation as a tool in order to enhance the attainment of technological, industrial,

social and economic competitiveness of the country and improve the quality of life  of its citizens.

FMST (2005) explains that the vision of the programme is to make Nigeria a competitive nation through

the commercialization of R&D results and other innovative efforts using technology incubation as a tool

while the mission is to develop the necessary infrastructure to nurture technology starts-up to promote

Nigeria’s indigenous potential through value-added and technology-related activities and to create

enabling environment for effective linkage amongst technology providers, entrepreneurs, and capital .

The larger objectives of our technology incubation programme according to FMST (2005) includes the

following:

1.

10.

11.

12.

To impact practical and result-oriented training in several industrial trades. Special training
programme will be introduced for rural artisans and vulnerable group of the society in
collaboration with institutions of higher learning or research centers and other stakeholders
located nearby.

To monitor closely the development of prototypes of machines, equipment and tools which
could be passed on to the manufacturing units for commercial production.

To provide common facilities in such areas as testing, machining, castings, electroplating, quality
control laboratories etc.

To encourage the production of machines and equipment, partly or fully as per market
acceptability.

To develop testing and inspection of facilities for use by small scale units in collaboration with
research centers.

To demonstrate R&D results in such critical areas as waste utilization, energy saving etc.

To help in ensuring that new ideas/products evolve into fruitful technical/manufacturing
businesses using the abundantly available raw materials.

To help in solving specific problems for client entrepreneurs by continuously injecting innovation
in materials processing.

To offer engineering services such as design testing, process/product performance monitoring
and improvement, as well as training and general consultancy to client entrepreneurs.

To liaise with research centers and institutes in the design, development and production of
improved tools for use by rural artisans for increasing their productivity and earning capacity.

To design tailor made/crash programme for our Centre Managers, entrepreneurs and
industrialist to keep them abreast with the latest technology.

To provide assistance to the private sector in the creation and enhancement of institutional and
technical infrastructure so that they can compete in the international market.
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The scope of the Technology Incubation Programme

According to FMST (2005), the scope of the technology incubation programme is to nurture the
development and commercialization of:

Low technologies;

Manufacturing of simple equipment and machineries; Up grading of traditional technologies;
Handcrafts, etc;

Medium technologies;

Manufacturing of electrical and electronic components and equipment; chemical processes and
manufacture of plastics items; manufacturing of scientific equipment, etc.

High technologies;

Biotechnology Processes and Products; software and hardware; space technology; artificial intelligence;
robotics

Emerging technologies

Advance materials; nano technologies; and others.
Technology incubation schemes

Pre-incubation

Pre-incubation are the activities of the entrepreneurs prior to admission into the incubation
programme.

Incubation

Resident Incubation: In this scheme, entrepreneurs are tenants of a Technology Incubation Centre (TIC).
At the TIC, affordable share facilities such as working spaces, central workshop, equipment and
laboratories, offices, hand-on management assistance, access to financing, networking and exposure to
critical business support services are provided to enhance the success of the enterprise during the
incubation period, which ranges from one (1) to three (3) years.

Non-Resident/Virtual Incubation: In this scheme incubation services such as access to resources
(knowledge providers, finance, linkages/networking, etc) are extended to entrepreneurs outside the TIC.

Post Incubation

Some intervention measures such as monitoring services, linkages/networking to capital and knowledge
providers (local and international), etc are extended to graduates of the programme to ensure their
sustained competitive growth.
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ROLES OF NATIONAL BOARD FOR TECHNOLOGY INCUBATION

The role of NBTI according to FMST (2005) includes the following:

vi.

Vii.

viii.

Policy guidelines for the execution of Technology Incubation Programme;

Undertaking feasibility studies for the establishment of Technology Incubation Centres;
Providing technology focus for TIP;

Management of the entire programme;

Provision of specialized and customized infrastructure;

Provision of a central facility workshop, equipment, laboratories for the technical
development needs of the entrepreneur;

Granting of development fund (seed capital), a non-interest revolving loan, to entrepreneurs
in partnership with relevant stakeholders for sustenance of the programme;

Facilitating linkages with knowledge-based and external service providers; and

Provision of marketing outlets through exposure to local and international trade fairs and
exhibitions in collaboration with Nigeria Export Promotion Council,

In addition to the role of NBTI enumerated above, the host state, entrepreneurs that are involved in the
programmes, private sectors as well as tertiary institutions have roles to play. These roles are as
highlighted by FMST (2005) and are also listed below:

Roles of the State government.

i
ii.
iii.
iv.
V.

vi.

Provision of technology parks for the relocation of the entrepreneurs after graduation;
Provide technically feasible and commercially viable R&D results and inventions;
Provide technical support to the TICs;

Establish sustained Institutional linkages with the Centres;

Collaborate with relevant tiers of Government for the establishment of TICs; and

Establish institusion-based Incubators to commercialize R&D results

Roles of entrepreneurs at the technology incubation centres

Vi.

Provide Business Plan that translates commercially viable R&D results, inventions and/or
indigenous knowledge into goods and services,

Provide take-off capital for the business,

Provide basic machinery for the take-off of the enterprise,
Provide raw materials for the enterprise,

Provide adequate management for the business,

Provide periodic report; and
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Vii.

Abide by the rules and regulations of the TIP.

BENEFITS OF TECHNOLOGY INCUBATION PROGRAMME:

The benefits of Technology Incubation (when best practices are employed) to the different stakeholders

include:

Entrepreneurs (Tenants)

It enhances the chances of success, raises credibility, helps improve skills, creates synergy
among client-firms, and facilitates access to: mentors, information and seed capital.

Governments

It would help overcome market failures, promotes regional development, generates jobs,
incomes and taxes, and becomes a demonstration of the political commitment to small
businesses.

Research Institutes & Tertiary Institutions

It helps strengthen interactions and collaboration between the knowledge-base and the
industries, promotes the commercialization of research results, and fosters enabling
environment which encourages Faculties and students to maximize their
potentials/capabilities

Local Community

Enhances the creation of entrepreneurial culture, as well as local incomes with majority of
graduating businesses settling within the area

30| FONSAC 2019



Some Specific Research Commercialised at Technology Incubation Centres in Nigeria

S/N TIC PRODUCT OF R&D SOURCE OF R&D
CENTRE
1. Lagos Full Fat Soya RMRDC
Beni Seed Oil Extract RMRDC, FIIRO
2. Kano 1. Neem Oil for Neem Soap NARICT
Automatic Private R&D
Machine
3. Aba Scourging Powder Private R&D
Mr. Flush Chemical Private R&D
4. Minna 1. Rice Husk in making PRODA Technology
ceramic glazing machine FIIRO
2. Kunun Zaki preservation SEDI — Enugu
3. Kunun Zaki processing SEDI—Minna
machine FIIRO
4. Chalk moulding machine FUT — Minna
5. Cassava bread and cake FUT — Minna
6. Bread fortification with FUT - Minna
protein
7. Poultry feed calcium
enhancement
8. Shea butter free fact acid
purification technique
5. Nnewi 1. Amplifier CAT - Awka
VHF/UHF Boaster CAT - Awka
Stabilisers/Inverters CAT - Awka
6. Calabar 1. Bricks and Roofing Tiles NBRRI
7 Enugu 1. Fire prevention/retardant Private R&D

solution

Source: Ndagi 2017

Conclusion

In accomplishing commercialization of R&D output, incubators use strategies such as increasing access
to capital, the one stop shop approach, technical and business management training, contract
procurement assistance, creating networking opportunities through clustering, export assistance and
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technology transfer assistance. These services are provided through collaboration with other economic
development and entrepreneurship development organization within the same region. The national
policy on science, technology and innovation (NSTI) should provide a strategic framework for
government-university/research-industry/entrepreneurship-society/market linkage to effectively and
efficiently facilitate commercialisation of R&D output for national development.

Technology incubators play an important role in transferring research output from universities to
industry. They are statutorily to support and nurture the development of technology value-added small
and medium-sized enterprises (SMEs) and strengthen the country’s economic competitiveness for
national development. Universities to commercialize their research outputs, technology incubators have
been identified as key intermediaries to fill the gap between R&D and commercialization. As a result,
many countries have supported these institutions as tools for commercialization and major contributors
to knowledge-based economies. The most equipped commercialization team is one which is comprised
of four characters, i.e., innovator or inventor, investor, technology expert, and entrepreneur (Shaverdi &
Baghdadi, 2010). Inventor is a person who creates and presents a product or process which is either new
or better to the existing ones and investor is an individual who invests in properties such as shares,
products, and ideas with an aim of gaining profits. In addition, an entrepreneur is a possessor of an idea,
an enterprise, or a high-risk investment company that voluntarily accepts the inherent risks associated
with starting and growing a new business, product or service. Finally, technology expert is an individual
who applies scientific knowledge to practical problems solving.

Recommendations.
e National research Fund, PSCII = National Risk fund, National Innovation fund
e Establishing and Strengthening of IPTTO

Universities require to establish fully fledged technology transfer units or consultancy bureaus,
equipped to undertake patent searches, assess the novelty of innovations, pay the cost of processing
patent applications and take care of the marketing of the invention and their commercialization, as well
as the negotiation of the licenses and royalties.

e Monitoring and Evaluation

Universities should set targets on IP to be commercialized every given agreed period and commit budget
for its implementation. In addition, there is need to develop an implementation strategy with guidelines
for key performance indicators of all commercialization initiatives developed by universities to help
monitor and measure their outcomes.

e Capacity-Building in Relevant Skills and Policy Development

Lack of entrepreneurial culture by staff (some faculty members have a purely academic orientation and
don't have a lot of interest in dealing with private companies) need to be promoted. Support for training
to students and early career researchers in commercialization to develop entrepreneurial skills and
intellectual property management among academic staff and students is very key.
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e University Science Parks and Technology Incubators

Supporting the establishment and management of university science parks and technology incubators
for the purposes of technology transfer and management skills to run the facilities is strongly
recommended

e Research Commercialization in humanities

Fields, like the humanities, may have limited possibilities for research commercialization. However,
Innovation should also cover humanities areas such as governance, social, rural, urban, industrial
corporate, education, health care, transportation, social safety nets and branding.
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Background

My research efforts have been centered on three areas of applied entomology and these are
entomophagy which simply means the rearing of edible insects; insect pest management which involves
the use of environmentally safe approaches to decimate obnoxious pest populations; and finally
apiculture. For the purpose of this conference, my main focus will be on apiculture.

Apiculture (beekeeping) is the maintenance of honeybee colonies by humans for their highly desirable
products and services. Apis mellifera, honeybees, in addition to providing products such as honey,
beeswax, pollen, propolis, bee venom and royal jelly are responsible for about 80% of global agricultural
pollination services. Although, the use of honeybees for pollination services in not a common
phenomenon in developing countries such as Nigeria, it however, has been reported that bees are the
most important pollinators. According to a Cornell study published in the May 22 issue of the journal
Public Library of Science ONE, crops pollinated by honeybees and other insects contributed $29 billion
to farm income in 2010 in the US alone.

The effectiveness of honeybees is due to their great number, their social life and their ability to pollinate
a broad variety of different flowers. A colony can consist of 20-80 000 bees, and they will normally be
visiting flowers over a distance of two kilometers when they are collecting pollen and nectar. If there is
no flora in the neighbourhood, they can fly up to seven kilometers in search for food. An average Apis
mellifera honeybee colony will make up to four million flights a year visiting about 100 flowers in each
flight. The honeybee’s pollination effectiveness also arises from the special constancy to flowers of one
species. Scout bees communicate via the waggle dance to other bees in the colony which species to
visit, and even give small tastes of nectar and scent from that flower.

As important as honeybees are to man and the ecosystem, they are usually confronted with a lot of
biotic stressors which include pests and diseases. The impacts of bee pests on colony have been
reported to cause about 15 % decline in honey bee colony establishment in some places in Nigeria. The
behaviour of the bees such as regular absconding and aggressiveness has contributed to low colony
establishment. It is usually difficult to work with the African bees because of their aggressive nature. It is
therefore imperative to put an effective management strategy in place in order to fully exploit the
benefits of honeybees. Bees make honey from the nectar that they collect from flowers, other plant

Anikwe J.C. (2019). Empowerment of Beekeepers on Modern Apicultural Management and commercialization of Beehive products
in Lagos State, Nigeria. 2" Plenary Lecture at the 1* Faculty of Natural Sciences Annual Conference. IBB University Lapai held
between 6™ to 9™ May 2019. Pp 28-34
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saps and honeydews. With the vast floral resources and low capital requirement for beekeeping, it is an
aberration to still import honey into Nigeria. African honeybees Apis mellifera andersonii compared to
the western honeybees Apis mellifera mellifera, have a high foraging power but low productivity
because they consume their honey hoards and more importantly, due to the crude hive type and
management practices of beekeeping in Nigeria.

It was therefore imperative to train and empower beekeepers in modern apicultural techniques in order
to address the issues of low productivity, improve honey quality and create employment opportunities
for the youths.

Summary of our Research Efforts

In 2014, our proposal christened ‘Participatory approach to modern apiculture management to
empower farmers in selected rural communities in Lagos State’ was selected among many others and
funded by Lagos State Research and Development Council grant. The three major objectives of the
project were to:

e train farmers on modern beekeeping techniques compatible with crop -cultivation for
augmented incomes.

e conduct melissopalynological analysis of honey samples from selected apiaries in Lagos State.
e implement Integrated Hive Management (IHM) strategy for increased honey productivity.

For the purpose of this write-up, | would not want to delve in details into the latter two objectives,
although all three objectives were achieved at the end of the project. Communities and farmers were
identified with the assistance of Extension Agents from the State’s Ministry of Agriculture and
Cooperatives. Twenty potential beekeepers each were recruited as beneficiaries of the project from
Ikorodu, Epe and Badagry, giving a total of 60 beekeepers. The research team visited the selected
communities on a fortnightly basis and held meetings with selected beekeepers at Odogunyan, lkorodu;
Agbowa-lkosi, Epe; and Badagry. At the meetings, farmers were briefed on the importance of the
project to their communities and how they would be empowered from the project to produce quality
honey as well as the potentials of beekeeping in pollination of their crops for higher yields. Apiary sites
were selected in each community in conjunction with the farmers to accommodate 20 hives that would
be given to each location.

The farmers were invited to attend a training workshop on Modern Apicultural Management at the
University of Lagos, Akoka. During the training, the farmers were encouraged to form cooperative
societies at their respective locations. Experienced bee researchers presented papers on the advantages
of modern hives over the traditional types, factors considered when siting apiaries and techniques for
managing honeybees for increased honey production, as well as honey processing and packaging. At the
end of the training workshop, a total of 60 modern hives (Kenya topbar and Langstroth) were
distributed to benefiting farmers while three bee-suits were distributed to each community. Training
materials were also made available to the farmers. Ten hives were retained at the University of Lagos for
in-station apiary (Plates 1-4).
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Plate 2: Cross-section of bee hives for distribution to farmers

Plate3: Presentation of bee-suits to a farmer from Agbowa lkosi, Epe at the training Workshop
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Plate 4: A cross section of farmers loading their beehives into trucks for onward delivery to their
locations

Immediately after the training/sensitization workshop, the research team embarked on a fortnightly
visits to the three communities to help the farmers (now beekeepers) with setting up of their hives,
baiting of hives to attract bees, field training of farmers as well as monitoring and data collection. Bee
smokers were distributed to each community on sites. These apiaries apart from commercial benefits
they bring to their owners, also serve as extension and experimental sites for our some of our
postgraduate students. We backstopped the project at the various locations until the beekeepers were
able to stand on their own (Plate 5).

A ’k?’

Plate 5: Demonstration on the use of honey comb foundation in Langstroth hive at Badagry
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Selected farmers in lkorodu, Badagry and Epe communities of Lagos state have been empowered with
theoretical and practical knowledge of modern apiculture techniques compatible with crop cultivation
for augmented incomes. The farmers have been equipped with basic beekeeping equipment and
materials such as bee hives, beesuits, and smokers for honey production. Apiaries have been well
established in selected locations and farmers are working as a team. Farmers now have knowledge of
Integrated Hive Management (IHM). Apiaries have been well established in selected locations and active
colonies of over 80% have been achieved across all locations including UNILAG. Quality honey
production have since commenced and the farmers have been empowered (Plate 6). The project has
produced four MSc students since inception and a PhD student in currently on research in modern

apicultural management.

Plate 6: Harvested and ready to sell honey at UNILAG

Conclusion

With an average of 35kg honey yield per hive and a minimum retail price of N2,500/kg, there is no doubt
these farmers have been greatly empowered. There is a ready market for honey especially when the
source is trusted. Encountering adulterated honey in Lagos market is a common phenomenon, hence
buyers are willing to pay premium price for genuine quality honey from our beekeepers. Honey is sold as
raw honey in different container sizes but yet to be properly packaged and branded for international
markets. Branding and packaging are the next phase which serve as a precursor to the process of full
commercialization of their products. Full commercialization will require the process of registration with
the National Agency for Food and Drug Administration and Control (NAFDAC), however, as a bee
scientist, | would rather advocate for the establishment of National Honey Board, as practiced in other
countries for standards in honey marketing.
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ABSTRACT

The effect of sodium benzoate on the quality of “Wara” from soymilk was investigated. Soymilk samples
(1 litre) with varying quantities of sodium benzoate (0 % 0.6 %, 0.8 %, 1.0 % and 1.2 %) were coagulated
with Sodom apple (Calotropis procera) leave extract as enzyme source to produce “Wara” products
which were subjected to standard analytical methods for residual sodium benzoate. The “Wara”
samples were further subjected to ambient (28-35 °C) and refrigerated temperature (4+1 °C) storage
conditions during which microbial load as well as sensory attributes were evaluated at 3 days’ intervals.
Results showed that residual sodium benzoate in the “Wara” samples ranged from 0.02-0.06 % in the
treated samples which were within stipulated levels by regulatory bodies. Refrigerated Samples with
0.06 % sodium benzoate had lower values of 5.5x10* CFU/g for viable count and 3.3x10° CFU/g for
fungal count at the end of the storage period. However, at both temperatures, higher concentrations of
sodium benzoate had lower counts. Samples stored at ambient temperature were still acceptable at day
6 while refrigerated samples were acceptable at 15 days. Higher concentration of sodium benzoate
produced “Wara” with longer shelf life.

Keywords: Soybean, Cheese, Wara, and sodium-benzoate.

Introduction

Cheese can be defined as a product made from
the curd obtained from milk by coagulating the
casein with the help of rennet or similar
enzymes (Augustine et al., 2014). It is a popular
food product and its making started out as an
accidental curdling of milk. In Nigeria, milk
production is mainly produced by the Fulani
nomadic people who are majorly pastoralists.
Due to lack of refrigeration facilities, the Fulani
women processed the surplus fresh milk into
soft unripen cheese called ‘Warankasi’ or
‘Wara’ in short term (Adetunji and Babalobil,
2011).

However, due to scarcity of cow milk with
attendant high cost, alternative soymilk has
been used in production of Wara. In recent
times, the consumption of soymilk and soy curd
has increased, perhaps due to the perceived
health problems associated with high
consumption of animal products (Fasoyiro,
2011). Soy cheese production has become a
great business for quite a number of women in
developing countries (Chikpah et al., 2015). The
traditional processing method for making soy
Wara does not take into consideration the
quality control measures. Unhygienic conditions

Abdulkadir F., Igyor M.A., Kolo S.I. & 1Maude M.M.(2019). Effect of Sodium Benzoate On The Quality Of ‘Wara’— A Local Cheese
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of processing of cheese make the risk of
microbial contamination very high. These
contribute not only to the short shelf life of the
products but also more importantly its potential
health hazards (Ashaye et al., 2006). Traditional
Wara is preserved in its whey which last barely
a day or two. However, being boiled in water to
make it tough could increase the keeping
qualities which can last 3-4 days in chilled
conditions (Zamal et al, 2013). There are
several different methods for soymilk
processing. The traditional method involves
soaking the beans overnight, followed by wet
grinding (cold water grinding), filtering and
cooking (Onuorah et al.,, 2007). The traditional
process results in a typical oriental soymilk with
an intense characteristic of "beany" flavour,
which is not generally accepted by some
consumers. Such off-flavour characteristic
results from the reaction catalysed by soybean
enzyme lypoxigenase that acts almost
immediately upon wet grinding (Amauri et al.,
2003). The nutritional composition of cheese
depends on the type of milk used and the
manufacturing and ripening  procedures.
Therefore, cheese contains relatively small
amounts of the water soluble constituents
(whey proteins, lactose, and water-soluble
vitamins), which partition mainly into the whey
(Nazim et al., 2013). It is a valuable product
that is meeting the nutritional requirement for
improved intake of quality protein in both
children and adult (Fasoyiro, 2011). Thus,
chemical preservative has been employed to
extend the shelf life of cheese in many ways.
The shelf life of Wagashie was extended up to
15 days using different concentrations of NaCl
(Appiah, 2000). Zamal et al. (2013) used
different concentrations of potassium-meta-
bisulphate (KMS), sodium benzoate, potassium
sorbate and the mixture of KMS, sodium-
benzoate and potassium sorbate to extend the

shelf life of tofu for 2 days at room temperature
and 14 days at refrigeration temperature.
However, these preservatives were prepared as
solution and added directly to the curd when it
had been formed. This can result to uneven
distribution of preservative in the curd. This
research therefore, aimed to determine the
residual sodium benzoate in the Wara products.

METHODOLOGY

Soybeans seed (Glycine max), was purchased
from Kure market minna, Nigeria. The research
was conducted at Federal University of
Technology Minna and coagulant Sodom apple
(Calotropis procera) was freshly harvested from
Federal University of Technology Minna school
premises. The preservative (sodium benzoate)
used is of analytical grade.

Preparation of coagulant

The leaf extract of the sodom apple (Calotropis
procera) was prepared by the method described
by Olorunnisomo and lkpinyang (2012). The
extract was obtained by finely grinding 120g
leaves of Sodom apple (Calotropis procera)
using a laboratory mortar and pestle, then
transferred into 500ml of the distilled water and
was allowed to soak for 10 minutes after which
the mixture was sieved to obtain the leaves
extract.

Preparation of sodium benzoate solution

The sodium benzoate solution was prepared by
separately weighing 0.6g, 0.8g, 1.0g and 1.2g of
sodium benzoate with a weighing balance. This
was then added into each 100ml of  distilled
water in a beaker. The solution was mixed
thoroughly to have a homogenous solution.

Soy-milk preparation

The soy milk was prepared according to the
method described by lkuomola et al. (2013).
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Raw soybeans (500 g) were handpicked to
remove stones and dirt and then soaked in 2
litres of water for 24 hours at room
temperature (32+2 °C). The soaked soybeans
were drained and wet-milled with the aid of a
blender (Kenwood BL440, 500 W) at high speed,
sieved, using muslin cloth to separate chaff
from the soymilk. The ratio of soybean to water
used during wet-milling was one ratio eight
(1:8). One litre each of the soy milk was then
put in clean pot for further processing.

Preparation of Wara samples

The Wara sample was prepared according
modification proposed lkuomola et al. (2013).
Soymilk (1 litre) each in the separate pots were
stirred thoroughly and heated at 70 °C for 30
minutes. Different concentrations of sodium
benzoate (0.6 %, 0.8 %, 1.0 % and 1.2 %) were
separately added into each of the soymilk in the
pot with the one without preservative as the
control. The soymilk in each pot was stirred to
have an even distribution of the preservative.
Coagulant (100ml) each was then added with
constant stirring and heating to prevent
burning. Coagulation started within 12-30
minutes. The curd was heated for 20 minutes at
same temperature (70 °C) to inactivate the
enzyme and facilitates whey removal. The
coagulated soymilk was sieved using a cheese
cloth and the chaff separated from the milk
pressed to drain out the whey. The coagulated
curd was then cut into different shapes with a
knife and fried in hot vegetable oil for about 5
minutes, cooled and separately packed into
transparent polythene plastic (LDPE), sealed
and then stored separately in a refrigerator (4+1
0C) and room temperature respectively prior to
analysis.

Experimental design

Table 1: Experimental design for wara samples

Samples Sodium benzoate(g/I)
A 0
B 0.6
C 0.8
D 1.0
E 1.2
Key

Sample A= control (no preservative)
Sample C= 0.8% sodium benzoate
Sample B = 0.6% sodium benzoate
Sample D = 1.0% sodium benzoate
Sample E = 1.2% sodium benzoate

Determination of Residual Sodium Benzoate in
Wara Samples

This was carried out using the titrimeric method
described by AOAC (2000). Ten (10g) of the
sample was weighed and mashed in 20 ml of
distilled water using motar and pistle then
filtered. The filtrate was transferred into a
conical flask and added 1ml of 10% NaOH
solution and 12g NaCl. Distilled water was
added to bring the volume up to 50 ml and
allowed to stand for 30 minutes with frequent
shaking. Two drops of phenolphthalein indicator
were added to change the color and 3 drops of
HCl added until the color change disappeared
with the addition of excess 3ml of HCI. The
mixture was transferred into a separatory
funnel and 25ml of chloroform added and
allowed to stand for 30 minutes with frequent
shaking. Chloroform layer (12.5 ml) (low layer)
was transferred into a conical flask and the
chloroform was evaporated off on a water bath.
Fifty (50ml) of 50 % ethanol solution was added
and titrated with 0.05 M NaOH using
phenolphthalein as indicator. Sodium benzoate
retained in the samples was calculated using
the formula below:
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1ml of 0.05M NaOH = 0.0072 sodium benzoate
Titre ml of NaOH = x
weight of sodium benzoate (x) = ml x 0.0072

% of sodium benzoate =

weight of sodium benzoate 100

weight of sample

Total plate count of Wara samples

This was determined by pour plate method
using serial dilution technique described by
Oladipo and Jadesimi, (2012). Each of the
cheese samples (25 g) was aseptically weighed
using a weighing balance, crushed with 225 ml
of diluents in a blender in order to have a
homogeneous suspension. One milliliter (1 ml)
was taken from each sample and introduced
into sterile plates containing nutrient agar. The
plates were incubated at 37 °C for 24 hours. The
plate was examined and colonies present were
counted and recorded to get the total colony
count in CFU/g using the following formula. The
total plate counts were compared with the
international microbial legislation for soft
cheese not exceeding 10%-10% CFU/g and free
from all pathogenic microorganisms (Salwa and
Galal, 2002).

Total lation =
otal population = o——

Where N= Number of colonies
V= Volume of samples
B= Dilution factor

Similarly, for fungi, Saborauds dextrose agar
(SDA) treated with tartaric acid was used to
plate the dilutions and same procedure for
serial dilution was used. The plates were
incubated at room temperature in an
inoculating hood for 72 hours. The mean of
colony forming unit per gram were calculated
and recorded.

The total viable bacterial and fungal counts
were determined at room temperature (28-35
°C) for 9 days and refrigerated temperature
(441 °C) for 27 days. This was determined using
serial dilution technique and total viable count
calculated using the formula above. This
analysis was carried out at 3 days’ interval for
both samples.

Sensory Evaluation of Wara samples

Sensory evaluation of Wara samples were
determined using the method described by Iwe,
(2002). The organoleptic properties of Wara
samples were examined by a panel of twenty
(20) judges (final year undergraduate students).
The panelists were asked to rate the samples
for taste, appearance, texture, flavor and
overall acceptability using a 9 point Hedonic
scale where 1 to 9 represent dislike extremely
(1) to like extremely (9) with 9-like extremely, 8-
like very much, 7-like moderately, 6-like slightly,
5-neither like nor dislike, 4-dislike slightly, 3-
dislike moderately, 2-dislike very much, 1-dislike
extremely

Statistical Analysis

The data collected was subjected to Analysis of
variance (ANOVA) and least significant
difference at a level of (p<0.05) was used to
establish if significant differences exist among
the sample using statistical package for social
science (SPSS) version 20.0
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RESULTS Sample D = 1.0% sodium benzoate

) . . ) Sample E = 1.2% sodium benzoate
Table 2: Residual Sodium Benzoate Retained in

Wara Samples

Samples Sodium Residual Table 3: Effect of Different Concentrations of
benzoate(g/I) concentration (%) Residual Sodium Benzoate on Total Viable
A 0 ND Count of Wara Samples (CFU/g) During Storage
B 0.6 0.02+0.00¢ at Ambient Temperature
C 0.8 0.04%0.00°
b 10 0.05£0.01% Soamplfes Days of storage
E 1.2 0.060.01° (b/e° Eze;'a‘i:?' 0 3 6 9
LSD 0.01
Values are means * standard deviation of duplicate A(0) 2.0x10° 3.9x10" 7.4x10* 1.37x10°
determinants. Means followed by different B (0.02) NG 43x10*  6.2x10° 1.15x10°
superscript in the same column are significantly
different (p<0.05). ND = Not Detected € (0.04) NG 2.5x10° 55x10° 8.8x10°
Key D (0.05) NG 1.7x10*  4.5x10*  7.3x10*
Sample A= control (n'o preservative) E (0.06) NG 10x10°  3.7x10% 5 5x10°
Sample B = 0.6% sodium benzoate
Sample C= 0.8% sodium benzoate NG (No Growth)

Table 4: Effect of Different Concentrations of Residual Sodium Benzoate on Total Viable Count of Wara
Samples (CFU/g) During Storage at Refrigeration Temperature

S | %
amples (% Storage Days

Residual
3 6 9 12 15 18 21 24 27

benzoate)

A (0) NG NG NG 7.0x10° 1.8x10" 3.1x10° 4.5x10* 5.8x10" 7.9x10® 8.4x10*
(002) NG NG NG 1.0x10° 1.2x10" 2.8x10®° 3.7x10* 5.3x10" 6.3x10* 7.8x10*
C (0.04) NG NG NG NG 7.0x10° 2.2x10* 3.3x10" 4.6x10° 5.9x10* 6.1x10°
D (0.05) NG NG NG NG 4.0x10° 1.3x10" 2.6x10* 3.9x10* 4.7x10"° 5.6x10*
E (0.06) NG NG NG NG 1.0x10° 9.0x10®° 2.1x10* 3.3x10" 4.2x10* 5.1x10*

NG= No Growth

Table 5: Effect of Different Concentrations of Residual Sodium Benzoate on Total Fungal count of Wara
Samples (CFU/g) During Storage at Ambient Temperature

Storage Days

Samples (% Residual benzoate) 0 3 6 9

A (0) NG  9.0x10°  2.7x10°  5.7x10°

B (0.02) NG  7.0x10°  1.9x10°  4.4x10°

C (0.04) NG 1.0x10°  1.7x10®°  3.8x10°

D (0.05) NG NG 1.3x10°  3.3x10°

E (0.06) NG NG 1.0x10°  3.0x10° NG= No Growth
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Table 6: Effect of Different Concentrations of Residual Sodium Benzoate on Fungal Count of Wara
Samples (CFU/g) During Storage at Refrigeration Temperature

Sample(%

Residual Storage Days

benzoate) o3 ¢ 9 12 15 18 21 24 27

A (0) NG NG NG 5.0x10*> 2.8x10° 3.5x10° 4.8x10®° 5.1x10° 6.3x10° 7.5x10°
B (0.02) NG NG NG 1.0x10*> 1.2x10° 2.5x10° 3.3x10®° 4.2.x10®° 5.4x10° 6.9x10°
C (0.04) NG NG NG NG NG 1.3x10° 2.3x10° 3.2x10° 4.6x10° 5.1x10°
D (0.05) NG NG NG NG NG 6.0x10> 1.9x10° 2.6x10° 3.9x10° 4.0x10°
E (0.06) NG NG NG NG NG  2.0x10° 1.3x10° 2.2x10®° 3.0x10® 3.3x10’

NG= No Growth

Table 7: Effect of Different Concentrations of Residual Sodium Benzoate on Sensory Properties of Wara
Samples during Storage at Ambient Temperature

Samples (% Residual Storage Appearance Texture  Aroma Taste Overall
benzoate) period (days) Acceptability

A (0) 0 4.80 6.40 6.20 5.60 6.70

3 4.80 4.70 5.20 4.60 4.20

6 1.20 1.40 1.20 1.00 1.20

B (0.02) 0 6.20 6.20 5.80 5.40 6.60
3 5.70 5.50 5.60 4.00 4.30

6 3.40 3.60 3.40 3.00 3.20

C(0.04) 0 7.30 6.80 7.30 6.30 7.80
3 7.00 6.10 5.60 5.00 3.80

6 5.80 5.30 3.60 3.40 3.90

D (0.05) 0 7.60 6.80 7.40 7.70 8.00
3 6.70 6.30 5.90 5.60 4.60

6 6.30 4.70 4.30 4.30 3.60

E (0.06) 0 8.30 7.70 7.80 8.20 8.60
3 7.40 7.40 6.50 7.50 6.40

6 5.90 5.80 4.50 4.80 4.50
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Table 8: Effect Different Concentrations of Residual Sodium Benzoate on Sensory Properties of Wara
Samples during Storage at Refrigerated Temperature

Samples (% Residual Storage Appearance Texture Aroma Taste Overall
benzoate) period (days) acceptability
A (0) 3 5.70 5.80 5.80 6.00 6.60
6.60 6.20 6.00 4.90 6.60
6.50 5.80 6.00 5.40 6.00
12 4.70 3.40 3.20 3.40 3.80
15 4.00 2.70 2.00 4.90 6.70
18 2.00 1.30 1.50 1.70 2.20
B (0.02) 3 6.30 7.30 6.80 7.10 7.30
7.50 7.70 7.50 7.60 7.50
7.50 7.40 7.30 7.90 7.70
12 5.80 5.60 5.60 6.20 5.60
15 5.70 4.70 5.70 4.70 4.30
18 2.70 3.50 3.50 3.10 3.40
C (0.04) 3 6.60 7.50 7.00 7.60 7.50
7.60 7.50 7.30 7.90 7.80
7.60 7.80 7.90 7.80 8.00
12 7.40 6.40 6.40 7.20 7.40
15 5.50 6.10 6.00 5.70 7.00
18 3.70 4.90 5.20 4.80 5.20
D (0.05) 3 6.60 7.30 7.20 7.60 8.00
7.30 7.50 7.60 7.90 7.90
7.50 7.70 7.60 7.90 7.90
12 6.60 6.80 7.40 6.80 7.20
15 6.70 6.70 5.60 6.30 6.70
18 5.60 5.40 5.60 5.20 6.30
E (0.06) 3 6.70 7.60 7.40 7.90 8.00
7.30 7.80 7.40 7.90 8.00
7.60 7.80 7.70 7.90 8.00
12 6.80 6.60 6.00 6.90 6.80
15 5.70 5.10 4.70 6.70 6.70
DISCUSSION
Residual Sodium benzoate in Wara Samples concentration of sodium benzoate lower than

Table 2 shows the residual sodium benzoate in the stipulated levels by regulatory bodies. The

Wara samples. The samples had residual concentrations of the residual sodium benzoate
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differ significantly and increased with increased
quantity of the sodium benzoate. The higher
level (0.05 % and 0.06 %) retained in the
samples D and E may be due to higher quantity
of the sodium benzoate added. This may also be
as a result of solubility of the preservative
(sodium benzoate) in the whey as they are
highly soluble in water. During salting process,
moisture is expelled from the cheese and a
percentage of salt is lost to the whey (Grummer
etal., 2012).

Effect of different concentrations of sodium
benzoate on total viable count of Wara
samples during storage at ambient and
refrigeration temperature

The international microbial legislation for soft
cheese should not exceed 10*-10° CFU/g and
should be free from all pathogenic
microorganisms (Salwa and Galal, 2002).
Samples had low levels of residual sodium
benzoate has stipulated by international
microbial legislation for soft cheese not
exceeding 0.1 %. There was higher load of
microbial counts in all samples at the end of
storage period at both temperatures as shown
in table 3 and 4. This may be due to the fact
that Wara sample produced were high in
protein. Rekha and Vijayalakshmi (2010)
reported that Tofu is rich in protein making it
susceptible to microbial growth. The low
density polythene leather used for the
packaging may have also been another source
of microorganism as they were not further
treated. There was no growth in all ambient
stored treated samples on the first day of
production and microbial count decrease as the
concentrations of residual sodium benzoate
increased in samples. This may be as a result of
sodium benzoate concentrations retained by
the samples. Sodium benzoate may have
created hurdles (stress organism) which the

organisms could not overcome their growth
became noticeable when the environment
became favorable (Nwafor and lkenebomeh,
2009).

Effect of different concentrations of sodium
benzoate on total fungal count of Wara
samples during storage at ambient and
refrigerated temperature

The fungi count during storage were relatively
low when compare to bacteria. This showed
that sodium benzoate inhibits fungi than
bacteria. There was increase in fungi count in all
samples. They were within safe limit stipulated
by the regulatory bodies throughout the storage
period at ambient temperature as shown in
table 5. However, there was decrease in fungi
counts as concentration of sodium benzoate
increased in samples.  The high number
recorded in the control samples may be due to
low pH and surface moisture as it is favorable
for their growth (Badriah et al, 2013). The
lower counts observed in 0.06 % may be as a
result of hurdles created by sodium benzoate
their by inhibiting their growth.

Similar trend of increased in fungi counts at
ambient temperature was observed during
refrigeration storage as shown table 5.
However, refrigerated samples had lower count
compared to ambient samples as a result of low
temperature of storage.

Effect of different concentrations of sodium
benzoate on sensory properties of Wara
samples during storage at ambient and
refrigeration temperatures

The different concentrations of preservative
(sodium benzoate) and storage temperatures
(ambient and refrigeration) affected the quality
changes of the products. There was a general
decreased in sensory parameters during storage
at both temperatures as shown in table 7 and 8.
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Sensory parameters decreased as these storage
indices increased at both storage temperatures.
The Wara samples were accepted up to 6 days
for ambient temperature and 15 days for
refrigerated samples

The higher scores recorded for the 0.05 % and
0.06 % concentrations at the end of the storage
period may be due to the higher concentrations
of sodium benzoate added which may have
inhibited microbial growth thereby slowing the
rate of spoilage. Salt is added to cheese for
several purposes such as controlling microbial
growth and enzyme activities, modifying flavor,
texture and other physical properties (Guinee,
2004; Johnson et al., 2009).
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ABSTRACT

Radiological contamination of the atmosphere and human environment due to anthropogenic activities
has been associated with significant human health challenges. 12 surface soil samples collected at
random from Gababiyu artisanal gold mining site in Minna were assessed for their radiological contents
using gamma spectrometric technique which employs Nal (Tl) detector. Specific activities of *°Ra, *°Th
and “°K ranged from 10.27+2.88 to 61.45+4.68 Bq kg™, 32.67+1.93 to 83.00+2.24 Bq kg™ and 82.48+3.00
to 281.65+9.49 Bq kg™ respectively, with mean values of 31.92+6.41, 63.57+2.67 and 198.91+1.38 Bq
kg in sequence. Computed average absorbed dose rate at 1 m above ground was 61.44 nGy h™ with
corresponding mean annual dose equivalent of 0.07 mSv y* and average excess lifetime cancer risk of
0.26 x 10>. These values were all below respective safety limits set by UNSCEAR. Results of this
investigation indicated minimal radiological risk associated with mining in the artisanal goldmine in
Minna Metropolis.

Keywords: Artisanal gold mining, Nal(Tl) detector, dose, Gababiyu, Nigeria.

INTRODUCTION

28y and ?*°U and their daughters),

radioactive. Naturally occurring radionuclides and thorium (®*’Th and its daughters)
synthesised during the creation of the solar

The world inhabited by man is naturally uranium (

are present everywhere and all living and non-
living things are exposed to radiations (Odumo system (IAEA, 2003). These primordial

et al., 2009). Naturally occurring radionuclides
are nuclides that wundergo spontaneous
radioactive decay and emit mass-energy. The
decay process occurs spontaneously and
repeatedly until a stable nuclide is formed (Long
et al., 2012). Such radionuclides are generally
termed  “Naturally Occurring Radioactive
Materials (NORM)”. NORM refers to the
primordial radionuclides of potassium (*°K),

radionuclides are still in existence today due to
their long half-lives in comparison with the age
of the earth. They also emit gamma rays of
sufficient intensity for gamma-ray mapping
(IAEA, 2003).

Exposure to ionising radiation emitted by
individual radionuclides of NORM pose
radiological risk to humans and the

environment  (Alharbi, 2016). Radiation

Gomina M., Kolo M.T. & Awojoyogbe 0.B.(2019). Radiological Implications of Artisanal Gold Mining Activities in Gababiyu, Minna

Metropolis, Nigeria. 1°* Faculty of Natural Sciences Annual Conference. IBB University Lapai held between 6" to 9™ May 2019. Pp
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exposure can induce a range of effects in
humans. The nature and probability of the
effect depends on the radiation dose received
by an individual. The effect may be somatic,
occurring only in the exposed individual or
genetic, occurring in the descendants of the
exposed individual (NYSDH, 2007). Through
proper regulations, such exposure can be
controlled to ensure adequate protection to the
environment and occupationally exposed
people.

Elevated level of NORM in the environment may
result from the activities and industrial
processes related to the extraction and
processing of ores (UNEP, 2016), such as
uranium mining and milling, metal mining and
smelting, phosphate production, coal mining
and power generation from coal burning, oil
and gas drilling, rare earth and titanium oxide
industries, zirconium and ceramic industries and
applications using isotopes of Radium and
Thorium (UNEP, 2016).

Artisanal (small-scale) mining is an activity that
encompasses small, medium, informal, legal
and illegal miners who use rudimentary
methods and processes to extract mineral
resources (Sabo et al, 2018). Environmental
and health issues are risks associated with
artisanal gold-mining, mining processes incite
depletion of the environment such as land

degradation, de-vegetation, air and water
pollutions and loss of aquatic organisms (Ako et
al., 2014). Toxic matter discharged into the
environment poses health risks to miners, their
families and surrounding communities (Azubike,
2011; Ako et al., 2014).

Associated with mining and mineral processing
are potential adverse health risks that are more
significant to occupationally exposed
individuals. However, certain exposures and
their associated risks may disperse via
environmental pathways to the general
population (Candeias et al., 2018). According to
the World Nuclear Association (WNA), radiation
protection standards assumes that for any
radiation dose, no matter how small, involves a
possible risk to human health (WNA, 2014,
Njinga et al., 2015). Therefore, there is need to
investigate the activity concentration of NORM
in the artisanal goldmine in Gababiyu area of
Minna Metropolis. This will yield radiological
parameters to ascertain the radiological risk

associated with small-scale mining in the region.

The study area (Gababiyu artisanal goldmine) is
located in Minna Metropolis (Figure 1), off the
City’s Eastern bye pass, after the M.l Wushishi
Estate. The area is also the site proposed for the
El-Amin University. The area is part of Minna
Sheet 164 and falls within the Basement
Complex Terrain of Nigeria (Ahmed et al., 2019).
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Fig. 1: Location map of the study area in Minna Metropolis (ArcGIS 10.1, 2012)

METHODOLOGY
Sample Collection and Preparation

Twelve (12) representative soil samples were
randomly collected around the artisanal gold
mine (Figure 1). All samples collected were
cleared of any stones, pebbles and shrubs, and
about 1 kg of each sample was packed neatly
labelled polyethylene bags and
conveyed to the laboratory for preparation.

into well

Each of the soil samples were openly dried at
in the
crushed using agate mortar and pestle. The

room temperature laboratory and
crushed samples were sieved using a BSS 63
sieve to obtain homogeneous fine grain. Radon-
impermeable cylindrical plastic containers
selected based on the volume of the detector
vessel (7.6 cm by 7.6 cm geometry) were used
to package 300 g of the sieved sample. Ensuring
the containment was air-tight to prevent radon-

222 (**’Rn) from escaping, the packaging in each

case was triple sealed. The sealing process was
done by smearing of the inner rim of each
container lid with Vaseline jelly, filling the lid
assembly gap with candle wax to block the gaps
between lid and container, and tight-sealing lid-
container with masking adhesive tape.

Radon and its short-lived progenies were
allowed to reach secular radioactive equilibrium
by storing the samples for 30 days prior to
gamma spectroscopy measurements (Veiga et

al., 2006; Ademola et al., 2014).
Gamma Spectrometric Analysis

To determine the activity concentration of
NORM in the
spectrometric analysis was carried out using a
7.6 cm by 7.6 cm Nal (TI) detector which has
energy resolution of 72% at 661.16 keV peak of

soil samples, gamma
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B37Cs. The crystal is optically coupled to a

photomultiplier tube (PMT). The assembly has a
preamplifier incorporated into it and a 1 kV
external source. The detector is enclosed in a 6
cm lead shield with cadmium and copper sheets
to minimize the effects of background and
scattered radiation. The data acquisition
software is Maestro by Camberra Nuclear
Products. Each of the samples was measured
for a period of 29000 seconds. The activity
concentrations were computed using the
equation (Njinga et al., 2015):

A (Bg.kg™)) = I)m (1)

where: A = activity concentration of a particular
radionuclide in the sample, C, = net count rate, |, =
emission probability of a specific energy photo peak,
T = time for collecting the spectrum of the sample
and M = mass of the sample.

Calibration and Efficiency Determinations

Calibration of the detector for energy and
efficiency was done with two calibration point
sources, ’Cs and °°Co before analysis. The
standards used to check for the calibration are
the IAEA gamma spectrometric reference
materials RGU-1 for **°Ra (**Bi peak), RGTh-1
for 2°Th (*®Ti peak) and RGK-1 for *K. The
energy peaks for the region of interest (ROI)
used to compute the activity concentrations of

?2°Ra **’Th and *K are given in Table 1.

Table 1: Spectral energy windows used in the

analysis
Isotope Gamma Energy
Energy (Kev)  Window (Kev)
22°Ra 1764.0 1620-1820
227h 2614.5 2480-2820
0K 1460.0 1380-1550

Radiation hazard indices

The following hazard indices were computed
from the measured activities of *°Ra **Th and
“°K in the studied soil samples:

Radium Equivalent Activity (Ra.)

The Radium Equivalent Activity (Rae,) was
estimated using the equation (lbrahiem, 1999;
Munyaradzi et al., 2018):

_(Raa , Tha , Ka
Raeq = (370 + 259 + 4810) 370 Bq/Kg (2)

where: Raa, Tha and K, are respectively the specific

activity concentrations of 226Ra, ’Th and “% in the

soil samples.

United Nations Scientific Committee on the
Effects of Atomic Radiation (UNSCEAR)
stipulates a threshold of 370 Bg/kg for (Rae)
(UNSCEAR, 2000; Suleiman et al., 2018). This
threshold activity corresponds to gamma
radiation dose of 1.5 mGy/y.

Gamma Radiation Dose (D)

The gamma radiation dose (D) 1 m above
ground was calculated by applying conversion
factors of 0.462, 0.604 and 0.0417 for **Ra,
22Th and “°K respectively to convert their
activity concentrations into dose rates using the
equation (UNSCEAR, 2000; Munyaradzi et al.,
2018):

D = 0.462Ra, + 0.604 Th, + 0.0417K,

(3)
where: D is the gamma radiation dose in nGy/h
and Rah, Thp, and K, are the activity
concentrations of  **°Ra, ***Th and *K in
sequence.

Annual Effective Dose Equivalent (AEDE)

Annual Effective Dose Equivalent (AEDE) in
mSv/y is estimated as products of the gamma
radiation dose, D (nGy/h), time in a year (8760
hours), dose conversion factor of 0.7 Sv/Gy and
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occupancy factor of 20 % (0.2) for outdoor
exposure (accounting for the duration the
miners spend on the field in a year), using the
equation (UNSCEAR, 2000; Taskin et al., 2009):

AEDE = D x 8760 x 0.7 X 0.2 X 107°
(4)

External and Internal Hazard Indices

The external hazard index (H.) and internal
hazard index (H;,) were estimated using the
equations (Berekta and Mathew, 1985;
Ademola et al., 2014):

RaA ThA KA
Hyy=—+ —=+—7—-<1
X 370 + 259 + 4810 —

(5)

Rap ThA Ka
o=—A,4 AL A
Hin 185 259 + 4810 — 1

(6)

For radiological safety, UNSCEAR stipulates a
threshold of unity for both He,and H;,,

Excess lifetime Cancer Risk (ELCR)

Excess lifetime Cancer Risk (ELCR) was
estimated using the equation (Taskin et al.,
2009; Munyaradzi, Anna and Makondelele,
2018):

ELCR = AEDE X DL X RF
(7)

where AEDE is the annual effective Dose
Equivalent computed from Eqg. (4), DL = the
average duration of human life (estimated to be

70 years) and RF = the risk factor (Sv''). For
stochastic effects, which produce low
background radiation, the ICRP 60 stipulates a
value of 0.05 Sv™* for RF and a threshold of 0.29
x 107 for ELCR for the public exposure (Taskin et
al., 2009; Munyaradzi et al., 2018).

RESULTS

The activity concentrations of naturally
occurring radionuclides (***Ra ***Th and “K) in
soil samples collected from Gababiyu artisanal
goldmine are presented in Table 2. The
computed radiation hazard indices are
presented in columns 5 to 10 of Table 2.
Distribution of *°Ra **Th and “°K across the soil

samples are displayed on bar chart in Figure 2.

The specific activity concentration of **°Ra
varies from 10.27+2.88 to 61.45+4.68 Bq/kg,
22Th specific activity ranges from 32.67+1.93 to
83.00+2.24 Bqg/kg, while the activity
concentration of “’K varies from 82.48+3.00 to
281.6549.49 Bqg/kg. Radium equivalent activity
(Ragq) ranges from 96.74 to 176.25 Bg/kg.
Gamma absorbed dose 1 m from the ground (D)
varies from 44.02 to 78.01 nGy/h. Annual
Effective Dose Equivalent (AEDE) varies from
0.05 to 0.09 mSv/y with a mean of 0.07 mSv/y.
The external hazard index (H.,) varies from 0.26
to 0.48 while the internal hazard index (Hj,)
varies from 0.32 to 0.61. Excess Lifetime Cancer
Risk (ELCR) estimated varies from 1.90x10™ to
3.3x10™ with a mean of 2.6x10™.
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Table 2: Activity concentrations and radiation hazard indices of soil samples collected from Gababiyu
artisanal goldmine

Activity concentrations (Bg/kg) Radiological hazard parameters

Sample *®Ra 32T 0K Raeq D AEDE He« Ha  ELCR
(nGy/h)  (mSvfy) <1 <1 (x107?)
GMO1 10.27+2.88 60.12+0.31 183.84+8.56 110.39 48.72 006 030 033 0.21
GMO02 19.18+2.80 48.21+0.94 144.85+5.47  99.27 44.02 005 027 032 0.9
GMO3 25.05+0.92 63.62+0.20 233.34+8.85 133.99 59.73 007 036 043 0.25
GMO4 28.33+1.08 32.67+1.93 281.65+9.49  96.74 44.57 005 026 034 0.9
GMO5 34.5242.00 68.10+0.98 168.77+6.76 144.90 64.12 008 039 048 0.27
GMO6 17.5042.24 78.76+1.53 277.74+7.94 151.51 67.24 008 041 046 0.28
GMO7 22.22+1.68 68.34+1.42 135.46+6.06 130.37 57.19 007 035 041 0.24
GMO8 33.5242.60 60.43+2.01 82.48+3.00 126.29 55.43 007 034 043 0.3
GMO9 38.48+3.00 66.33+1.34 247.06+6.86 152.36 68.14 008 041 052 0.29
GM10 51.06+3.80 73.41#1.61 232.26%5.68 173.92 77.62 0.09 047 0.61 033
GM11 61.45+4.68 59.88+2.08 189.57+2.63 161.68 72.47 009 044 0.60 031
GM12 41.40+4.44 83.00+2.24 209.90+5.63 176.25 78.01 009 048 059 0.33
Min. 10.2742.88 32.67+1.93 82.48+3.00 96.74 44.02 005 026 032 0.19
Max. 61.45+4.68 83.00+2.24 281.65+9.49 176.25 78.01 009 048 0.61 0.33
Mean 31.9246.41 63.57+2.67 198.91+1.38 138.14 61.44 0.07 037 046 0.26
300 A = -
0 - X /;%—é ZiR Z A Z 2 Z 8787

GMO01 GM02 GMO03 GM04 GM05 GM06 GMO07 GM08 GM09 GM10 GM11 GM1

N

E226Ra »232Th 40K

Fig. 2: Distribution of NORM across the soil samples

DISCUSSION

The specific activity concentration of **°Ra, ***Th 198.91+1.38 Bg/kg in sequence. Global average
values documented by UNSCEAR are 35 Bqg/kg

for ***Ra, 30 Bq/kg for **Th and 400 Bq/kg for

and “K in the studied soil samples varied with
mean values of 31.92+6.41, 63.57+2.67 and
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K (Oluwaseyi et al, 2017; UNSCEAR, 2000).
Mean values for *Ra and “°K are below
UNSCEAR recorded average while that of **Th
is twice above the recommended average. The
distribution of **®Ra, 2’Th and “°K shown in
figure 2 with unequal height of the bars
depicting uneven concentration for the NORM
(**°Ra, *’Th and “°K) across the region agrees
with existing literature. Radium equivalent
activity (Raeg) varies with mean of 138.14 Bqg/kg
that is below the 370.00 Bqg/kg threshold
recommended by UNSCEAR (2000).

Gamma absorbed dose 1 m from the ground (D)
varies with 61.44 nGy/h mean yielding an
Annual Effective Dose Equivalent (AEDE) with
0.07 mSv/y mean, that is far below the 1.00
mSv/y threshold value recommended for
occupational exposure by UNSCEAR. Therefore,
indicating minimal radiological risk associated
with artisanal gold mining in the area.

The external and internal hazard indices (He,
and H;,) indicated minimal radiological risk as
they varied with mean values of 0.37 and 0.46
respectively. These values are below unity,
implying an overall minimal risk to the artisanal
gold miners and populace of surrounding
communities.

Excess Lifetime Cancer Risk (ELCR) estimated
varies with a mean of 2.6x10™ that is slightly
below the global recommended threshold of
2.9x10™ (Taskin et al., 2009; Munyaradzi et al.,
2018). Hence, indicating minimal cancer risk.

Conclusion

Human activities incite radiological
contamination of the environment which results
to significant human health challenges. Soil
samples from artisanal gold mining

environment in Gababiyu were assessed for

their radiological contents. Average specific
activity values for 2%Ra, 2Th and K were
31.9246.41, 63.57+2.67 and 198.91+1.38 Bq/kg
in sequence. These values except for >*Th were
below the safety limits stipulated by UNSCEAR.
However, computed radiological hazard
parameters for the studied soil samples were all
within the safety limits for occupational
exposure. Thus, the radiological impact of
artisanal gold mining in the study area bears

minimal significance.
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ABSTRACT

This research is built around the rising global spread of Multi Drug Resistance Pseudomonas aeruginosa
coupled with the fact that there is lack of proper epidemiological statistics in Nigeria. This study isolated
and identified Multi Drug Resistance Pseudomonas aeruginosa from patients admitted in Sobi Specialist
Hospital (SSH), Cottage Hospital Adewole (CHA) and Civil Service Hospital (CSH) all located within llorin
while taking into cognizance the incidence as well as corresponding risk factors associated with the
occurrence of MDRPA, also tested the susceptibility of the Pseudomonas isolates to commonly used
antibiotics as well as Risk factors associated with the increase and continuous use of antibiotics and
growing numbers of invasive procedures, together with the development of intrinsic and acquired
resistance mechanisms of P. aeruginosa. A total of 36 isolates were recovered collectively from the
patients. Antibiogram profiling of isolates to standard gram negative antibiotics were determined using
the disc diffusion method. 20 of the isolates were multi-drug resistant with notable resistant to
nitrofurantin and cefixime. Molecular confirmation of isolates showed DNA size of 550 base pairs. Multi
drug resistant Pseudomonas remains a major threat to the general public, antibiotic surveillance should
be recommended to detect early occurrence of infections.

Keywords: Multi Drug Resistance, Pseudomonas aeruginosa, Antibiogram profiling.

INTRODUCTION

Pseudomonas aeruginosa is a leading cause of
nosocomial infections ranked second among the
gram-negative pathogens reported to the
National Nosocomial Infection Surveillance
System (Carmeli et al 1999, Porras-Gomez et al
2012). A species of considerable medical
importance, P. aeruginosa is a multidrug
resistant pathogen recognized for its ubiquity,
its intrinsically advanced antibiotic resistance
mechanisms, and its association with serious
illnesses — hospital-acquired infections such as
ventilator-associated pneumonia and various
sepsis syndromes. The symptoms of such

infections are generalized inflammation and
sepsis. If such colonizations occur in critical
body organs, such as the lungs, the urinary
tract, and kidneys, the results can be fatal
(Balcht and Smith 1994). Among all gram-
negative bacteria, Pseudomonas aeruginosa has
been considered a chief opportunistic
pathogen, which usually infects persons having
some fundamental diseases and compromised
immune status (Ali et al 2015).

Due to the alarming rate on the increase of

antimicrobial resistance exhibited by

Bakare A.R. & Anibijuwon 1.1.(2019). Molecular Study Of Multi-Drug Resistance Pseudomonas Aeruginosa Among In-Patients In

State Owned Hospital, llorin, Kwara State. Nigeria. 1° Faculty of Natural Sciences Annual Conference. IBB University Lapai held
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61| FONSAC 2019


mailto:bakareabisoyerahmat@gmail.com
https://en.wikipedia.org/wiki/Multiple_drug_resistance
https://en.wikipedia.org/wiki/Multiple_drug_resistance
https://en.wikipedia.org/wiki/Pathogen
https://en.wikipedia.org/wiki/Antibiotic_resistance
https://en.wikipedia.org/wiki/Hospital-acquired_infections
https://en.wikipedia.org/wiki/Ventilator-associated_pneumonia
https://en.wikipedia.org/wiki/Sepsis
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Sepsis
https://en.wikipedia.org/wiki/Lung
https://en.wikipedia.org/wiki/Urinary_tract
https://en.wikipedia.org/wiki/Urinary_tract
https://en.wikipedia.org/wiki/Kidney

Pseudomonas aeruginosa. It is of the most
frequent cause of Nosocomial complications
especially among surgical patients, this
bacterium is popular for the alarming level of
multi- drug resistance it exhibit to conventional
antibiotics (Anibijuwon et al 2017). Multidrug
Resistance P. aeruginosa is naturally resistant to
a significant number of antimicrobials
(Ampicillin, Amoxicillin, amoxicillin/clavulanate,
cephalosporins, second-
generation, cefotaxime, ceftriaxone, nalidixic

first-generation

acid.

This research was built around the rising global
spread of Multi Drug Resistance Pseudomonas
aeruginosa coupled with the fact that there is
lack of proper epidemiological statistics in
Nigeria. This research aims to determine the
multidrug resistant strains of Pseudomonas
aeruginosa in the clinical isolates.

METHODOLOGY

The study was conducted within llorin, it is
located 8.50 Latitude and 4.54 Longitude and it
is situated at elevation 320 meters above sea
level. Kwara state in Nigeria. The state
population is predominantly heterogeneous
with people of varied religious and ethnic
beliefs. This study was carried out in selected
state hospitals within the state. These hospitals
had facilities to attend to chronic health issues
and they are accessible to the citizens and
residents seeking medical consultation.

This study was carried out among all consenting
age groups (children, adults and aged) who
were hospitalized and also met the inclusion
criteria in the selected hospitals that were
surveyed. Also, a structured close-ended
qguestionnaire was administered to the
consenting subjects following proper clinical
examination and diagnosis.

Ethical approval for the research was obtained
foremost from the Ethics Review Board of the
Faculty of Life Sciences, University of llorin.
Then approval was also obtained from the
Ethics Review Committee of the selected
hospitals after which informed consent was
obtained from the subjects and/or their
caretakers.

Blood samples were obtained from subjects
who meet the inclusion criteria by a laboratory
scientist, placed in an ice chest and transported
to the laboratory for analysis.

A total of 300 clinical samples were collected
from the State Government Hospitals, in Kwara
State, Nigeria. All of the specimens were
enrinched in thiogycholate broth and incubated
for 5 to 7 days before subculturing onto
Cetrimide agar in order to isolate P. aeruginosa
strains. The plates were then incubated at 37°C
for 24 h.

Cetrimide Agar was used for the identification
of P. aeruginosa. Sample to be tested was
inoculated by spreading on the surface of the
plates, Incubated for 24 hours at 37°C. The
presence of growth was an indication of
positive reaction. P. aeruginosa, isolated from
blood sample, was identified by standard
bacteriological methods which included: colony
morphology, Gram staining, pyocyanin pigment
production, catalase, oxidase and Triple Sugar
Iron (TSI) fermentation tests.

Standardization of organisms: for the
antibiogram profiling, the cells of the organisms
were adjusted to 0.5 McFarland standard which
is an estimated value of 1-2 x 108 CFU/ ml or 5 x
10° CFU/ ml. The standard was prepared by
adding 0.1 ml of 1% Barium chloride (BaCl,) to
19.9 ml of 1% sulfuric acid (H,S0,). (CLSI 2012).

The solution was mixed to form a turbid
suspension. The resulting mixture was placed in
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a foil-covered screw-cap tube. The isolates to be
screened were subcultured overnight on
Nutrient agar prior the test to get a 24 hour old
culture. After incubation at 37 °C for 24 hours,
inoculums were picked from each culture and
inoculated in 9 ml peptone water by carefully
adjusting the turbidity to the standard. The
turbidity was observed and measured using a
spectrophotometer until the turbidity reached 2
0.10D at 620 nm (CLSI 2012).

Antibiogram assay: Assay for the antibiogram
of the isolates was carried out using the disc
diffusion method as described by Bauer et al.
(1985). The isolates were spread on solidified
Mueller Hinton agar and antibiotic discs used
for this study had been prepared into kit
containing multiple discs, each with small discs
impregnated with different types of antibiotics.
The antibiotics used (Rapid labs, UK and Oxoid,
UK) and their corresponding concentrations are
as follows: Ceftazidime (30ug), Cefuroxime
(30ug), Gentamicin (10ug), Cefixime (5 pg),
Ciprofloxacin (5ug), Ofloxacin (5ug), Augmentin
(30pg), Nitrofurantoin (300 pg).

Determination of susceptibility to antibiotics:
Solidified Mueller Hinton agar plates were
seeded with 100 pl of the standardized
organisms and were spread evenly over the
total surface area of the agar using a glass
spreader. The plates were left on the laboratory
bench for 30 minutes to ensure that the
organisms are well absorbed on the agar
surface. Multiple antibiotics discs containing
eight of the aforementioned antibiotics were
carefully and firmly placed on the surface of the
agar using sterile forceps. The plates were then
left for 1 hour to allow the antibiotics to diffuse.
Afterwards, the plates were incubated at 37 °C
for 18 — 20 hours. After incubation, the zones of
inhibition generated by the antibiotics were
measured on three axis using a ruler; the mean

and standard error mean (SEM) of the values
were calculated and recorded in millimeter
(mm) (CLSI 2016). The values for each organism
against the antibiotics were interpreted as
sensitive, intermediate or resistant using the
breakpoints interpretative criteria of Clinical
and Laboratory Standard Institutes (CLSI 2016).

Determination of  Multiple  Antibiotic
Resistance Index (MARI): the MARI was
determined for each of the isolates by dividing
the number of antibiotics to which the isolates
were resistant by the total number of
antibiotics used for the screening (Krumperman
1983, Paul et al 1997). The value of the index
has a standard of < 1.0, thus the higher the
MARI, the higher the multiple antibiotic
resistances exhibited by the isolate.

Descriptive statistics such as mean, frequency,
standard deviation, level of significance,
percentages and graphs were used to analyze
the results. The data was analyzed using the
statistical software SPSS version 22, Sigmaplot
and Gradpad. The p-value used to constitute
statistical significance was < 0.05. The result of
the research was also disseminated to the
healthcare facilities for the purpose of clinical
examination.

The confirmation of the isolates - Pseudomonas
aeruginosa was done by polymerase chain
reaction (PCR) using specific primers.
Representative isolates of the specie was
selected from the resistance isolate for the
characterization.

RESULTS
Isolation of Pseudomonas aeruginosa

Three hundred samples were collected in total
from in-patients of Sobi Specialist Hospital
(SSH), Cottage Hospital Adewole (CHA) and Civil
Service Hospital (CS). Of these, 12% (n=36)
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samples yielded the growth of Pseudomonas
aeruginosa species and 88% showed no
bacterial growth.

Out of the 36 Pseudomonas aeruginosa isolates,
twenty two (22) were isolated from blood
samples of females while fourteen (14) were
recovered from male samples. These isolates
were recovered from all stipulated age groups
with the highest frequency occurring within
patients that are between 31- 40 years old
(n=12). In Sobi Specialist Hospital (SSH), 22
isolates of Pseudomonas aeruginosa was
isolated, of which 13 was from female samples
and 9 from male counterparts. eight (8) isolates
of Pseudomonas aeruginosa was isolated from

Cottage Hospital Adewole (CHA) with 5 and 3
from female and male blood samples
respectively while Six (6)

Antibiotic sensitivity pattern of Pseudomonas
aeruginosa isolates

Pseudomonas aeruginosa isolates was found to
be multi drug resistance due to its resistance to
more than three (3) classes of antibiotics, which
amount to 55.6% (n=20). The highest antibiotic
resistance rate was observed in Nitrofuratin
(NIT) with resistance of about 91% and highest
sensitivity were seen in Gentamicin (GNT)
80.5%. None of the isolates showed resistance
to all the used antibiotics, as depicted in Table 1

Table 1: Antibiotic susceptibility pattern of Pseudomonas aeruginosa isolates.

Resistant Intermediate Sensitive
Antibiotics
N % N % N %

CAZ 31 86.1 2 5.6 3 8.3
CFX 16 44.4 9 25 11 30.5
GNT 6 16.7 1 2.8 29 80.5
CXM 32 88.9 1 2.8 3 8.3
OFL 12 333 - - 24 66.7
AUG 26 72.2 6 16.7 4 11.1
NIT 33 91.7 1 2.8 2 5.6
CPR 13 36.1 1 2.8 22 61.1

CAZ: Ceftazidime 30ug, CRX: Cefuroxime 30ug, GEN: Gentamicin 10pg, CXM: Cefixime 5ug, OFL:
Ofloxacin 5ug, AUG: Augmentin 30ug, NIT: Nitrofurantion 30ug, CPR: Ciprofloxacin 5ug.

Molecular identification of isolates

The result of PCR using specific primers confirmed the isolates that had been earlier identified using

biochemical tests, with DNA size ranging from 550bp — 680bp. Lane 1 to 8 shows band for Pseudomonas

aeruginosa isolates.
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(Plate 1)

Figure 1: PCR products on Agarose gel electrophoresis

Pseudomonas  aeruginosa is  frequently
implicated as a cause of health care acquired
hospital with high mortality rates. One of the
reasons for high pathogenicty of Pseudomonas
aeruginosa is the intrinsic high resistance to
numerous antibiotics, as well as the
development of multidrug resistance in the

hospital environment.

This study
Nosocomial infection among in patients of all

investigated symptomatic
age ranges, in which 36 (12%) of the overall
samples were positive for Pseudomonas
aeruginosa. This indicates a low prevalence of
cases of Pseudomonas aeruginosa Nosocomial
infection in the sampled population. During the
course of the study of this project, some
consented to give their blood samples while
others did not give theirs due to personal
reasons.

Pseudomonas  aeruginosa  isolates  were
identified using Centrimide Agar (CA), whichis a
selective medium for the bacteria growth. All
centrimide agar media with growth changed to
green or greenish yellow which indicates that
the positive isolates of Pseudomonas
aeruginosa. Centrimide agar media contains
Centrimide (cetyltrimethylammonium

ammonium bromide) which is a quartner
ammonium and can hinder the growth of other
microorganisms by breaking (lysis) of the
bacterial cell.

DISCUSSION

During the Five-month period of survey in the
three government owned hospitals cited above,
a total of 36 Pseudomonas aeruginosa isolates
which is a predominant representative bacteria
family in the cause of nosocomial infections and
outbreaks (Cai et al 2017). Of which 20 (55.6%)
exhibited that Multi  Drug  Resistant
Pseudomonas aeruginosa in patients is common
and contributes to mortality among all age
ranges admitted in the Hospital ward at a
Nigerian Tertiary Hospital.

Most of the isolates were recovered from
female samples even though no cognizance was
taken as regards the sex of a patient while the
study was being conducted. Isolates were also
more frequently isolated from patients of 31—
40 vyears old. All the isolates were confirmed
using specific primers by Polymerase Chain
reaction.
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The result of antibiotic activity testing showed
that isolates were Multi Drug Resistant
Pseudomonas aeruginosa (MRDPA), marked
with the isolates that were resistant to three or
more classes of antibiotics. This result is higher
as compared to Akingbade research of 20% of
isolates was MDRPA (Akingbade et al 2012). The
antibiotics used in this study belonged to
different classes of antibiotics including
aminoglycosides, fluoroquinolones, Penicillin
and cephalosporins. The isolates considered as
most susceptible were resistant to at least 4 out
of 8 antibiotics used. The isolates were most
sensitive to Gentamicin and Ofloxacin.

Conclusion

Multidrug resistant saga has continued to pose
critical health challenging issues especially in
our environment with little or non-existence of
functional health infrastructure to carter for
increasing  population of the citizens.
Nonetheless, it may probably be believed that
some of the reasons for the geometric increase
of multi drug resistance cases might be linked to
poor prescriptions expertise of antibiotic
regimen and non- adherence to drug intake
pattern recommendation by the subjects as
suggested by the physician, even as it seems to
be an evidence of lack of health awareness
education on the subject matter among the
subjects, in our remote communities.
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ABSTRACT

Salmonella infections remain a major threat to public health in developing countries and to facilitate
adequate treatment, effective and definitive diagnosis of Salmonella spp. is important. This study aimed
to present emerging non-sensitivity of Salmonella-shigella agar as culturing media for Salmonella spp.
and the use of molecular technique as an alternative choice. A total of 98 samples comprising 72 meat
and 26 stool samples were analyzed for the presence of Salmonella spp. while molecular typing were
carried out by the amplification of fliC gene in stool and aroC gene in both stool and meat samples.
Thirty-one (31) isolates were positive for Salmonella spp. using Salmonella-shigella agar and
conventional standard biochemical tests. The distributions of the isolates are meat (22) and stool (9).
Result from molecular amplification of the respective genes shows that none of the isolates possess fliC
and aroC genes. This study therefore affirms the insensitivity of salmonella-shigella agar as a culture
media in Salmonella diagnosis and suggests the use of molecular technique or better sensitive culture
media as preferred tool in diagnosis of Salmonella-related infections.

Keywords: Salmonella spp., Culture media, Molecular typing, Salmonella-shigella agar.

INTRODUCTION

Infectious diseases are a leading cause of death food-borne diseases across the world (Jimenez

in developing countries (Yager et al. 2006) as et al. 2009). Various foods, such as chicken,

vast majority of deaths occurs in children or beef, and pork, have been implicated in

young adults resulting in huge burden of
disability and the loss of many years of viable
health and productive life (Mabey et al. 2004).
Salmonella infections remain endemic in Africa
majorly due to scarcity of basic amenities like
safe water and good sanitation practices. The
infections have been associated with many

Aremu K.H., Musa A.D. & Smith S.1.(2019). Diagnosis defect in developing countries: Insensitivity of Salmonella-shigella agar in

outbreaks caused by Salmonella spp. (Trevanich
et al. 2010). The deficiencies and inadequacies
of basic amenities have weigh on public health
and, typhoid fever—a severe life-threatening
illness caused by Salmonella Typhi is one of the
many unfortunate consequences (Mogasale et
al. 2014). From hospital-based studies in Africa,

Isolation of Salmonella spp. from Stool and Meat samples in Niger State and the role of Molecular Technique. Nigeria. 1* Faculty of

Natural Sciences Annual Conference. IBB University Lapai held between 6" to 9™ May 2019. Pp 68-76
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high proportion of children suffers from serious
bacterial infections (Nadjm et al. 2010) with
many of these deaths result from inadequate
diagnosis to inappropriate treatment options as
well as difficulty in accessing adequate health
care infrastructure (Yager et al. 2008). Thus,
effective methods for the isolation of
Salmonella spp. are important to ensure food
quality and safety. The choice of a suitable
sampling procedure combined with a sensitive
culture method is important for the successful
detection of Salmonella spp. (Carrique-Mas et
al. 2008). Identification of pathogenic
Salmonella spp. and control of Salmonella
infections are worldwide problems. Because of
the ubiquitous occurrence of Salmonella spp.
and the high incidence of salmonellosis
(Rambach 1990), detection and identification of
Salmonella spp. in food and water are
important in both prevention and control of
salmonellosis outbreaks (Rambach 1990).

Proper diagnosis is an important part of
treatment of infectious diseases. In developing
countries, due to limited resources been
accrued to the development of diagnostic test
and lack of market in richer countries to attract
private-public  investment in  developing
diagnostic tests, diagnosis have been poorly
developed (Mabey et al. 2004). Owing to this,
diagnosis in developing countries has been
largely based on the use of culture media and
widal test. The use of selective and differential
plating media is a simple method for the
isolation of Salmonella spp. A wide variety of
selective and differential media has been
developed for this purpose, including
Salmonella-shigella (SS) agar, xylose lysine
desoxycholate agar (XLD), Hektoen enteric (HE)
agar, and bismuth sulfite (BS) agar (Cooke et al.
1999). Their differentiation abilities rely on
characteristics of Salmonella, such as hydrogen

sulfide production and the non-fermentation of
lactose  (Rambach  1990). Despite the
effectiveness of these techniques, there are
emerging limitations in their specificity and
sensitivity. Several studies have reported
bacterial colony share identical characteristics
with other microorganisms, such as Proteus and
Citrobacter (Eigner et al. 2001). Thus, numerous
false-positive results are observed on these
media which require further confirmation
testing, a time-consuming and labor-intensive
activity (Gaillot et al. 1999). These have reduced
the specificity of these selective media. In
addition, House et al. (2001) has reported
reduced sensitivity of cultures when patients
used antibiotic therapy prior to diagnosis. In the
same vein, widal test which has been used
extensively as a diagnostic tool in many
developing countries in both acute and
convalescent sera are often found to be
unreliable in endemic areas (Khan et al. 1998).
The processing of widal tests may take up to
18h, which disqualifies it as a rapid test
(Rodrigues 2003). Also, Vollaard et al. (2005)
has reported widal test to lack diagnostic value.
Due to the increase in specie variation and their
evolving inherent ability to grow on the
available selective culture media; it is
imperative to introduce techniques that are
more rapid, reliable and sensitive.

Rapid and sensitive laboratory methods for
diagnosis of typhoid fever and other salmonella-
related infections are essential for prompt and
effective therapy. As conventional method of
detection of Salmonella typhi are unreliable,
problematic, time consuming and cumbersome,
molecular based PCR technique which is rapid,
specific and more sensitive has been developed
(Dorji et al. 2014). The use of amplification of
DNA by PCR method is a revolutionary tool in
diagnosis of pathogenic organisms (Dorji et al.
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2014). Consequently, Haque et al. (2005) and
other studies have reported the amplification of
fliC (stn and str) (Song et al. 1993) and aroC
genes (Kidgell et al. 2002) as target for
molecular diagnosis of Salmonella typhi and
Salmonella serovars respectively. Furthermore,
WHO, (2011) has encouraged the use of
molecular and sequence-based typing as a
better technique for diagnosis of bacterial
infectious diseases. In this study, using
molecular technique, we aim to present the
potential diagnosis defect in the use of
Salmonella-shigella agar for the identification of
Salmonella spp.

METHODOLOGY

This study was conducted in Niger State,
Nigeria. The study areas of sample collection
were: Zone A (General Hospitals in Lapai and
Bida), Zone B (General Hospitals in Minna and
Suleja) and Zone C (General Hospitals in
Kontagora and Wushishi). A total of twenty-six
(26) stool from suspected typhoid fever patients
and seventy-eight (78) meat samples from meat
sellers across zones of Niger State were
collected and cultured on Salmonella-shigella
agar for 24 hours and pure colonies were
obtained and identified using biochemical tests
as earlier described by Turki et al. (2012) and
Farmer et al. (1999). This study was conducted
with approval of ethics committee of Ministry of
Health, Niger State.

Isolation and identification of Salmonella

Salmonella was isolated from samples using
non- selective peptone water, nutrient broth
enrichment and cultured on Salmonella—
Shigella agar (Turki et al. 2012). Five grams (5g)
of stool sample and 25g of meat sample were
pre-enriched in 45ml and 225 ml sterile
peptone water respectively and incubated at
37°C for 24 h. One milliliter of the broth from

both samples were transferred into 9ml
nutrient broth for selective enrichment (Okafor
et al. 2003) and incubated at 37°C for 24hr.
After the enrichment, Salmonella was detected
by plating the broth on Salmonella—Shigella (SS)
agar and incubation at 37°C for 24hr. Typical
Salmonella colonies which appeared colorless
with black centers were picked and confirmed
as Gram negative by Gram-staining. Pure
cultures of isolates was made on slants of
nutrient agar, incubated at 37°C for 24hr and
stored in refrigerator at 4°C as stock cultures of
presumptive Salmonella for further tests.

Biochemical characterization of isolates

Biochemical identification of isolates was as
described by Farmer (1999). All isolates that
gave reactions typical of Salmonella in the tests
and substrates were considered to belong to
the genus Salmonella. Typical Salmonella
reactions are methyl red positive, citrate
positive, nitrate positive, Voges Proskauer
negative, indole negative, oxidase negative,
motile in motility medium, produces H,S,
ferments glucose, maltose but fail to ferment
lactose, sucrose.

DNA extraction

DNA extraction was carried out on samples
using the Qiagen QIAmp mini DNA kit.

DNA Primers: The primers consist of fliC genes
of str (495bp), stn (363bp) and aroC gene
(639bp). The primers sequences and their
corresponding genes are shown in Table 1.

PCR conditions for Str, Stn and the aroC: 2yl of
the extracted DNA was mixed in a 1X PCR
Master mix. The reaction mixture contains
1.5mM MgCl,, 200 uM of each deoxynucleoside
triphosphates (dNTPs) (Solis Biodyne), 20 pMol
of each primer (Jena Bioscience, Germany), 2
unit of FIREPol DNA polymerase (Solis Biodyne),
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and sterile distilled water was used to make up
20ul reaction mixture. Amplification reactions
were performed under the following conditions:
initial denaturation of 95°C for 5 minutes,
followed by 35 cycles of denaturation at 95°C
for 30 seconds; annealing at 50°C for 30

extension at 72°C for 60 seconds, and a final
extension for one cycle at 72°C for 5 minutes.
The PCR product was run on a 1.5% agarose gel
and electrophoresis was done at 100V for 1
hour 30 minutes for detection of amplified
fragment.

seconds (stn and str) and 57°C (aroC) with

Table 1 Primers for the Confirmation of Salmonella typhi and Salmonella sp.

Primers Oligonucleotide sequence (5’-3') Targeted Predicted Reference

gene Amplicon

size (bp)

STR (F) TATGCCGCTACATATGATGAG flic 495 Song et al. (1993)
STR (R) TTAACGCAGTAAAGAGAG
STN (F) ACTGCTAAAACCACTACT flic 363 Song et al. (1993)
STN (R) TGGAGACTTCGGTCGCGTAG
aroC (F) GGCACCAGTATTGGCCTGCT aroC 639 Kidgell et al. (2002)

aroC (R) CATATGCGCCACAATGTGTTG

RESULTS

In this study, of the 26 stool and 72 meat samples from typhoid fever patients and meat-sellers
respectively, only 9 (34.62%; stool) and 22 (30.56%; meat) showed reactions typical of Salmonella in the
biochemical tests and substrates were considered to belong to the genus Salmonella.

Table 2: Distribution of sample from various sources

Sample No. of Sample SS agar / Biochemical tests
Stool 26 09
Meat 72 22
Total 98 31
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Plate 1a and 1b: PCR amplification of fliC genes using STN (a) and STR (b) primers. Lanes M: 100bp
ladder; lanes 1-9 show no PCR products of f/iC (495bp) and (363bp).
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Plate 2a and 2b: PCR amplification of aroC (639bp) genes. Lanes M: 100bp ladder; Lane 1-9 show no PCR
product of aroC gene from stool samples while lanes 10- 16 on Plate 2a and lane 17-31 on Plate 2b
indicate no PCR product of aroC gene from meat samples.

DISCUSSION

Diagnosis of infectious diseases remains
paramount towards effective treatment. The
outcome of defective diagnosis is a leading
threat to patients in developing countries
causing treatment failures leading to deaths. In
the industrialized world, infection control relies
on results from individual patient-directed
diagnostic microbiology laboratory tests. On the
contrary, developing countries have yet to
recognize basic clinical microbiology as a
priority (Mabey et al. 2004). Due to the
emerging defective sensitivity in the basic and
conventional diagnosis methods especially with
the use of culture media (Park et al. 2012),

molecular diagnostic tools have been employed
towards diagnosing infectious diseases which
are relatively more specific, rapid and sensitive
(Relman 1999). The result of culture confirmed
technique and widal test have been a gold
standard in diagnosis of Salmonella infections
(Dutta et al. 2006). However, several studies
have suggested the defective specificity and
sensitivity of these diagnostic techniques (Park
et al. 2012) hence, the use of molecular
techniques.

In this study, 98 samples comprising 26 stool
and 72 meat samples were analyzed,
Salmonella spp. were confirmed in 9 stool
(34.62%) and 22 meat (30.56%) samples. This
confirmation was based on result of Salmonella-
shigella (SS) agar and conventional biochemical
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tests. The culture-confirmed Salmonella spp.
from typhoid fever patients were subjected to
molecular serotyping by the amplification of fliC
genes however no band was observed as shown
in Plate l1la and 1b while aroC genes
amplification from both stool and meat samples
show no band as illustrated in Plate 2a and 2b.
These results present an anomaly in diagnosis
of Salmonella-related infections using culture
confirmation from Salmonella-shigella agar and
biochemical tests.

The use of selective and differential plating
media is a simple method for the isolation of
Salmonella spp. Their characteristics differential
abilities of Salmonella rely on hydrogen sulfide
production and the non-fermentation of
lactose. However, these characteristics are
shared with other microorganisms, such as
Proteus and Citrobacter, Morganella (Eigner et
al. 2001). Thus, in this present study, the
inability of fliC genes and aroC genes to be
detected on the culture-confirmed Salmonella
spp. from stool and meat samples respectively
suggest that colonies with black centers
observed on the Salmonella-shigella agar are
not Salmonella strains rather they can be
Proteus and Citrobacter, Morganella as
suggested by Park et al. (2012). This is an
indication of false-positive result observed on
Salmonella-shigella media which require further
confirmation testing, a time-consuming and
labor-intensive activity (Gaillot et al. 1999).
According to several studies, the specificity and
sensitivity of Salmonella-shigella agar have been
compromised (Eigner et al. 2001).

Conclusion

The outcome of this study affirms that
treatment of patients for Salmonella infection
based on diagnosis using SS agar is not reliable
and could lead to false-positive diagnosis which

in many ways increase the incessant occurrence
of  antibiotics resistance  caused by
inappropriate treatment and thus, death.
Furthermore, the use of molecular techniques
must be employed for better sensitivity and

diagnosis of infections in developing countries.
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ABSTRACT

Keratinophilic fungi are not only known for their medical significance as the prime cause of various
mycotic infections among children, but are as well adjudged rich sources of industrial enzymes. Murtala
Amusement Park is amongst the preferred play grounds in Minna town. Isolation of the fungi was
performed by hair-bait method of Vanbreuseghem. The isolates were identified using microscope and
via molecular analysis using DNA sequence analysis. Internal Transcribed Spacer (ITS) region of rDNA
was amplified and the PCR products were sequenced. A total of 542 isolates from eleven genera were
identified; Aspergillus, Candida, Fusarium, Paecilomyces, Mucor, Chrysosporium, Alternaria, Penicillium,
Trichoderma, Microsporum, and Rhizopus. Exactly 90.90 % of the isolates showed positive for amylase
production, 63.60 % showed positive for lipase production, and 54.50 % showed positive for protease
production. A very high incidence of keratinophilic fungi observed is a noteworthy finding for the
development of indigenous biotechnological industries.

Keywords: Internal transcribed spacer, keratinophilic fungi, molecular analysis, biodiversity hot spot.

INTRODUCTION

Fungi belong to a very diverse group of 2009).

eukaryotic organisms that populate various It has been demonstrated that pathogenic fungi

habitats and due to an extraordinary plasticity
they can colonize different substrates such as
keratin, collagen, elastin, lignin, cellulose,
hemicellulose etc. using resources that are
inaccessible or hardly accessible to other
species (Chang and Miles, 2004). The estimated
number of fungi in the world is considered to be
between 1.5-3.5 million species, and many of
them are still unidentified (Hawksworth, 2009).
According to the 10th edition of Dictionary of
Fungi, so far 97,330 species of fungi belonging
to 75,337 genera are described (Hawksworth,

secrete various lytic enzymes, such as proteases
and lipases, which may play an important role in
invading and parasitizing the host tissue. These
enzymes enhance the parasites survival in
tissues by chemically or physically altering the
immediate environment or this act directly by
digesting host proteins, lipids, thus providing a
source of energy (Ogawa et al., 992).

Enzyme production is a major field of
contemporary biotechnology. The potentials of
using microorganisms as biotechnological

Hamza U.l., Emere M.C. & Bulus T..(2019). Molecular and Biochemical Characterization of Some Keratinophilic Fungi Isolated from
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sources of industrially important enzymes have
stimulated renewed interest in exploring the
extracellular enzymatic activity in several
microorganisms (Bakri et al, 2009). Selection of
the right organism is very crucial since it plays
an important role in high yield of enzymes of
interest (Sathyaprabha et al., 2011). Fungi are
microorganisms which are well known for their
wide range of novelty of enzymes are used in
the industrial process and this accounts for
billions of dollars of revenue annually (Arunsasi
et al., 2010). Filamentous fungi are particularly
interesting due to their easy cultivation, and
high production of extracellular enzymes of
large industrial potential (Mishra and Dadhich,
2010).

Prevalence of Keratinophilic fungi from soil of
playgrounds has been demonstrated in
different locations which includes; Rizwana et
al.. (2012) reported 86 % prevalence rate of
keratinophilic fungi from the soils of public
parks and playgrounds of Riyadh, Saudi Arabia,
Gugnani et al.. (2012) reported a prevalence of
45 % and 69 % from St Kitts and Nevis, all in the
West Indies, 43.75% prevalence was reported
by Maruthi et al.. (2012) in India, Agu et al..
(2013) reported a prevalence rate of 45% from
schools playing grounds in Sagamu, Ogun State
of Nigeria.

Pakshir et al.. (2013) isolated keratinophilic
fungi from public parks soil in Shiraz, Iran,
Olajubu and Folorunso (2014) isolated
keratinophilic fungi from AAU staff school
playground in Nigeria. These playgrounds are
often used by human beings and animals. These
(human beings and animals) may leave some
organic residues, which may contaminate the
soil with keratinaceous debris and possibly
spores of keratinophilic fungi.

Keratin substrates are generated in large
amounts as waste products. Poultry processing
plants produced millions of tons of feathers as
waste products every year worldwide
(Manczinger et al., 2003).
substrates are degraded very slow in nature,

These keratin

hence, the European Union considered keratin
substrates as hazardous waste materials (Balint,
2006). Decomposition methods such as
incineration, chemical (Onifade et al., 1998) and
landfilling are used, but these procedures are
either expensive or environment-polluting
(Balint, 2006). Biotechnology could offer
environmentally friendly and economically
cheap biodegrading methods (Balint, 2006).
Exploration of potential keratin degraders will
definitely find biotechnological use in various
industrial processes involving keratin hydrolysis.
There is need for isolation of microorganisms
from various sources to meet the industrial and
environmental demand. It is imperative to
establish indigenous biotechnological industry
in Nigeria. This would also solve the waste
disposal problem of poultry waste and recycling
of keratinacious waste would be beneficial
financially and environmentally (Agrahari and
Wadhwa, 2010).

Murtala Amusement Park is amongst one of the
preferred outdoor recreation grounds in Minna
(Abdrazack et al., 2013). It is patronized by
young children mostly during festive periods.
However, adults also patronize the park as
venue for ceremonies such as marriage. There
were no documented data about molecular
identification of keratinophilic fungi from soil of
Murtala Amusement Park and no documented
report about screening of industrial important
fungi from soil of Murtala Amusement Park.
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As part of ongoing research aimed at isolating
and identifying the fungi diversity in the park,
this paper presents molecular and biochemical
characterization of some fungal isolates found.

METHODOLOGY
The Study Area
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Figure 3.1 Map of Niger State

This study was carried out at Murtala Park
which is located in Minna, Niger state capital.
Minna lies on Latitude 903’N and Longitude
6033’E on geological base of undifferentiated
basement complex of mainly gneiss and
magmatite.

Collection of Soil Samples from the Study Area

Soil samples were collected from sites of six
playing facilities in the park. These sites were

The aim of this research was to isolate and
identify keratinophilic fungi from soil samples of
Murtala Amusement Park in Minna.
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mapped out into five study sites, North, South,
West, East, and Central for sample collection.
The soil samples were collected from topmost
part of the soils (5 cm depth) with sterile hand
trowel and transferred inside sterile
polyethylene bags (well labeled). Finally, they
were transported to the laboratory for further

analysis.
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Samples of human hair were obtained and
washed several times in changes of distilled
water and then defatted by soaking in diethyl
ether for twenty-four hours. The hair was
thoroughly washed again with distilled water
and completely dried in hot air oven at 60 °C for
24 hours, and ground into powder with
sterilized grinding stone.

Isolation and Identification of Fungi

The modified hair baiting method of
Vanbreuseghem (1952) was employed for the
isolation of keratinophilic fungi. Exactly 50 g of
each soil sample was measured and transferred
in to sterile Petri dishes and some quantity of
pulverized defatted human hair were spread
over the soil in the dishes. The hair-baited soils
in the plates were moistened with sterile
distilled water and incubated at room
temperature. The soil samples were moistened
at regular intervals with small quantities of
sterile distilled water to prevent dryness. The
soil samples were then examined routinely for
fungal growths on the hair baits. Portions of
fungal growth (usually observed after two
weeks) were aseptically transferred to already
prepared Petri dishes of Sabouraud Dextrose
Agar (Titan Biotech ISO 9001: 2008 Certified)
supplemented with 2 mg/ml gentamycin. The
inoculated plates were incubated at room
temperature and fungi that grow were sub-
cultured severally in order to obtain pure
cultures. The fungi were identified traditionally
and with the aid of DNA based identification
techniques.

DNA Extraction

Exactly 1000uL of Phosphate buffer solution
(PBS) was added to cultures and wire loop was
used to collect the mycelium in the cultures.
Genomic DNA was extracted as described by
Del Sal et al. (1989). Briefly, the solution

(mycelium mixed with PBS) was transferred to
an Eppendorf tube and 400 plL of lysis buffer (10
mM Tris-HCl, pH 8.0; 1 mM EDTA; 1% sodium
dodecyl sulfate [SDS]; 10 uL proteinase K) was
added. Each sample was incubated for one hour
at room temperature with vortexing at every
ten minutes, and then 200 pL of 5 mol L™ NaCl
was added and incubated for 10 min at 65 °C.
After that, 100 pL of 10% [w/v]
bromide  (CTAB;
Sigma) was added and incubation continued for

cetyltrimethylammonium

a further 20 min at 65 °C. The solution was
treated with RNase A (Roche) at a final
concentration of 50 pg mL™ for one hour at 37
°C, and then extracted with an equal volume of
phenolchloroform- isoamyl alcohol
(25:24:1[v/v]), and centrifuged at 12,000 g for
15 min at 4 °C. The DNA was precipitated with
two volumes of ice-cold isopropanol at -20 °C
for 20 min, washed twice in 500 pL of 70 %
ethanol, air dried, and re-suspended in 100 uL
of TE buffer (40 mM Tris-HCI, pH 8.0; 2 mM
EDTA). DNA concentration was estimated by
measuring the optical density at 260 nm.

DNA Amplification

The ITS1-5.85-ITS2 rDNA region was amplified
using ITS1 and ITS4 as forward and reverse
primers as described by White et al. (1990).
Amplification was performed in 50 uL reaction
volumes containing 5 uL of 10x buffer, MgCl,
(25 mm) 1.5 uL, dNTP (10 mM) 0.5 uL, 0.5 ulL of
each 0.2 Mm primer (ITS1: 3'-TCC-GTAGGT-
GAA-CCT-GCG-G-5" and ITS4: 3'-TCC-TCC-
GCTTAT-TGA-TAT-GC-5'), Taqg Polymerase (1.25
U) 0.5 uL, DNA sample 1 ulL, and distilled water
40.5 uL. The PCR reaction was carried out using
a Thermal Cycler with the following conditions:
denaturation at 95 °C for 3 min, 35 cycles of (40
s at 94 °C, 45 s at 54 °C, and 1 min at 72 °C)
extension at 72 °C for 10 min, and storage at 4
°C. Negative controls were also used in each set
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of reactions. The final products were analyzed
by electrophoresis on 1.2 % agarose gel and
stained with 0.5 ugmL™ ethidium bromide. A
thermocycler  with  this  brand name
(qTOWER2.0) was used for amplification of
segment of DNA. The PCR amplified products
were then sequenced in both directions and
sequences generated were processed by using
the web-based blasting programme, Basic Local
Alignment Search Tool (BLAST), at the National
Center for Biotechnology Information (NCBI)
site (http://www.ncbi.nlm.nih.gov/BLAST), and
the data were compared with the
NCBI/Genbank database (Altschul, 1990).

Enzymatic Screening of the Isolates

Screening for Amylase Production was done by
inoculating the fungal isolates on starch agar
(containing peptone, 1%; yeast extract, 1%;
KH,PO,, 0.5%; agar 2% and supplemented with
1% (w/v) starch (HiMedia) as a carbon source
and supplemented with antibacterial antibiotic
Chloramphenicol) plate with fungal isolates.
After incubation, the plates were flooded with
lodine solution (lodine -0.2 g, Potassium lodide-
0.4 g, Distilled water- 100 ml), and clear zone of
hydrolysis surrounding the colony was taken as
evidence of amylolytic activity (Aneja, 1996,
kathiresan and Manivannan, 2006).

Screening for Lipase Production

The fungal isolates were inoculated on mineral
media amended with Tween 80. The formation
of opalescence (shimmering milky colour)
surrounding the fungal colony was recorded as
positive for lipase production (Rajan et al,
2011).

Screening for Protease Production

The fungal isolates were inoculated on Casein
agar plates and incubated at 25 °C for 4 days.
After incubation, the plates were observed for

possible clear zone surrounding the colony
(Aneja, 1996).

RESULTS

A total of five hundred and forty two fungal
species were isolated and these comprised
eleven genera namely; Aspergillus, Candida,
Fusarium, Paecilomyces, Mucor, Chrysosporium,
Alternaria, Penicillium, Trichoderma,
Microsporum, and Rhizopus. Aspergillus niger
had the highest frequency while Aspergillus
oryzae had the least frequency. As shown in

table 1 below.

All the fungi isolated were tested positive for
amylase production except Chrysosporium
tropicum.  Aspergillus  flavus,  Penicillium
notatum, Fusarium solani, Rhizopus stolonifer,
Chrysosporium tropicum, and Paecilomyces
variottii were tested positive for protease
production. Trichoderma spp, Mucor spp,
Alternaria alternata, and Paecilomyces variottii
were tested negative for lipase production as
shown in table 2.

The isolate 01 showed 97 % similarity with
Fusarium solani with the following accessions
LN828256.1, LN828156.1, and LN828110.1.
Hence, this isolate is identified as Fusarium
solani. While the isolate 02 was named as
Aspergillus flavus because its similarity with A.
flavus, LC106118.1 was 100 %. As shown in
table 3.

The ITS region was amplified and final products
were analyzed by electrophoresis on 1.2 %
agarose gel and stained with 0.5 ugmL‘1
bromide.  The
electrophoregraph of amplified PCR products

ethidium agarose  gel

are shown in figure 1.
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Table 1: Number of Fungal species isolated from
soil samples of Murtala Amusement Park,

Minna, Niger State.

Table 2: Enzyme production potentials of some
fungal species isolated from soil samples of

Murtala Amusement Park, Minna, Niger State

Fungal species Number of fungi Fungal species Amylase Protease Lipase
A.niger 107 A.flavus + + +
A.fumigatus 41 Penicillium N N N
Penicillium notatum 33 notatt.lm )
Candida albicans 55 Fusarium solani + + +
Fusarium solani 30 Tr/chodefma SPP- * i i
F. oxysporium 43 R. stolonifer + + +
Trichoderma species 29 Mucor SPECies * i i
Rhizopus stolonifer 23 C. tropicum ) * *
. A.alternata + - -
Mucor species 21 oo
Microsporum gypseum 22 P. Pvar/oti// v : * _
+ Presen - Absen
Chrysosporium tropicum 33
Alternaria alternata 27
Paecilomyces variottii 17
Total 54
Table 3: Identification of fungal isolates based on genetic analysis of the ITS region.
Isol Morphological
solates . orp- .o °$'°a Genebank strains (BLAST) E-value Identity Query Accession
code identification cover
. . Fusarium solani, isolate CIB
Isolate 01  Fusarium species 35484 0 97% 100%  LN828156.1
I;usar/um solani, isolate CIB 0 97% 100%  LN828156.1
fgiﬂa&“ﬂ o1 Zg' ani, isolate 97%  100% LN828110.1
I;Lésar/um solani, isolate CIB 0 97% 99% LN828149 1
lsolate 02 Aspergillus species  ~sPergillus flavus, strains 0 100% 100% LC106118.1

FIB PP 2.2
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Figure 1 Agarose gel electrophoregraph of PCR products of the amplification of ITS region of Fusarium

solani and Aspergillus flavus A= Fusarium solani B= Aspergillus flavus M= molecular ladder

DISCUSSION

In this study, Aspergillus niger was the fungus
with the highest frequency. This result is in line
with Mini et al (2012), Olajubu and Folurunso
(2014), Ashok et al (2015) but disagrees with
the findings of Agu et al (2013) who in their
study isolated A.flavus as the most predominant
fungus. The dominance of the Aspergillus niger
in the soil may be due to its greater rate of
spore production, dispersal, extreme resistance
to environmental conditions, and its suitability
to grow in different soil pH concentration.
Furthermore, the genus Aspergillus is known to
produce some toxins such as aflotoxins,
achrotoxins. These toxins, if secreted may
inhibit the growth of other fungi.

Many researchers have demonstrated that
pathogenic fungi secrete various lytic enzymes,
such as proteases and lipases, and these
enzymes enhance survival in tissues by digesting
host proteins, lipids, thus providing a source of
energy for the fungi (Ogawa et al, 1992).

Banakar et al (2012) worked on the isolation
and screening of forest soil of Bhadra Wild Life
Sanctury, for potent amylolytic fungi. The
isolated fungi were mainly belonged to
Penicillium, chrysogenum, Aspergillus candidus,
Aspergillus fumigatus. It was found that
Penicillium sp showed more amylase activity for
both 3rd day and 7th day incubation. Penicillium
chrysogenum was found to produce more
soluble crude protein. Sathyaprabha et al (2011)
reported the isolation of fungi namely,
Aspergillus fumigatus, Aspergillus versicolor,
Aspergillus nidulans and Aspergillus niger from
soil samples obtained from crude petroleum oil
contaminated soil. They screened the isolates
for amylase and cellulose production.
Kathiresan and Manivannan (2006) isolated
Strains of Penicillium sp. from the coastal soil of
a mangrove habitat and later identified as P.
fellutanum and screened for amylase
production. Tiwari (2007) isolated a fungus from
soil identified as P. rugulosum and screened it
for amylase.

83|FONSAC 2019



In our present study, exactly 90.90 % of the
isolates were positive for amylase production,
63.60 % of the isolates were positive for lipase
production and 54.50 % of the isolates were
positive for protease production. All the isolates
degraded the keratin substrate (human hair),
but not all produced clear zone surrounding the
colony on casein agar. This could be due to the
fact that the substrate used is a pure form of
keratin. Thus, it is perfectly logical to say that
Murtala Amusement Park could be a source of
fungi of industrial importance. Many
researchers have isolated fungi of industrial
importance. Such researchers include Banakar
et al (2012). In this study, Aspergillus flavus
produced maximum zone of hydrolysis for
amylase production. This result is in consonance
with the findings of Arunsasi et al (2010) who
screened A. flavus for amylase production and
found it to produce maximum zone of
hydrolysis. In addition, in the present study,
Fusarium solani produced appreciable zone of
hydrolysis for amylase production and positive
for lipase. Kannahi and Ancy (2012) had
screened F. solani and A. flavus and found both
promising in the production of protease and
lipase. However, A. flavus produced high levels
of protease and lipase enzymes compared to F.
solani. This disagrees with the work of Mukunda
et al. (2012) who found A. flavus negative for
protease production and F. solani negative for
protease and lipase production. The variations
in these results could be due to differences in
the pathogenic effect of the strains of the
organisms isolated and screened for the
enzyme production potential.

Basic Local Alignment Search Tool (BLAST)
programme was developed by Stephen Altschul
of NCBI in 1990 and has since become one of
the most popular programmes for sequence
analysis. The BLAST uses heuristics to align a

query sequence with all sequences in a
database. The objective is to find high-scoring
ungapped segments among related sequences.
The existence of such segments above a given
threshold indicates pairwise similarity beyond
random chance, which helps to discriminate
related sequences from unrelated sequences in
a database (Xiong, 2006).

In order to verify the results of the
morphological examinations and identify the
strains at the species level, they were subjected
to ITS1-5.85-ITS2 gene sequence analysis. The
results obtained from this sequence analysis
corresponded  with  those from  the
morphological identification. The sequencing
results were blasted against Genbank. Sequence
similarity, which is the percentage of aligned
residues that are similar in physiochemical
properties such as size, charge, and
hydrophobicity was found to be 97 and 100 %
for Fusarium solani and Aspergillus flavus
respectively. The rule says you can label
proteins as “homologous” if 25 percent of the
amino acids are identical, for DNA you will
require at least 70 percent identity to draw the
same conclusion (Claverie and Notredame,
2007). Sequence similarty and sequence
identity are synonymous (Xiong, 2006). Thus, it
was concluded that the nucleotide sequence of
Fusarium solani and the nucleotide sequences
in the NCBI database with these accessions
LN828256.1, LN828156.1, and LN828110.1 have
homologous relationship, and also the
nucleotide sequence of Aspergillus flavus and
nucleotide sequence in the NCBI database with
this accession LC106118.1 have homologous
relationship.

Expectation value (E-value), which tells you how
likely it is that the similarity between your
sequence and a database sequence is due to
chance. It was found to be zero for the two
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isolates. The lower the E-value, the less likely
the database match is a result of random
chance and therefore the more significant the
match is (Xiong, 2006). Thus, the match in this
research was highly significant.

Conclusion

This research shows that the soil of Murtala
Amusement Park, Minna, Nigeria was
contaminated with  keratinophilic  fungi:
Aspergillus  niger, Aspergillus  fumigatus,
Aspergillus flavus, Aspergillus oryzae, Candida
albicans,Penicillium notatum, Fusarium solani,
Fusarium oxysporum, Trichoderma species,
Rhizopus stolonifer, Mucor species,
Chrysosporium tropicum, Alternaria alternata,
Microsporum gypseum, and Paecilomyces
variottii and some of these fungi (Aspergillus
niger, Aspergillus fumigatus, Aspergillus flavus,
Penicillium notatum, Fusarium solani,
Trichoderma species, Rhizopus stolonifer, Mucor
species, Chrysosporium tropicum, Alternaria
alternata, and Paecilomyces variottii) are
potential sources of enzymes such as amylase,
lipase, and protease. The DNA technology used
has provided an easier means of confirming the
isolates that were initially identified culturally. A
very high incidence of keratinophilic fungi
demonstrated in the soil of Murtala
Amusement Park is a noteworthy finding for the
development of indigenous biotechnological

industries.
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ABSTRACT

Ochratoxin is one of the most abundant mycotoxins produced by several species of Aspergillus and
Penicillium species. This study was conducted to investigate the incidence of fungal contamination of
some imported cigarette tobacco sold in Niger state and determine if they produce Ochratoxin A.
Fifteen different brands of cigarette were obtained from supermarkets in Lapai and Minna. The cigarette
tobacco was cultured on potato dextrose agar and observed for fungal growth for 72 hours. Isolates of
the fungi were subcultured on fresh media until pure cultures were obtained. The pure isolates were
identified morphologically. Each identified pure isolate was cultured on rice medium for elicitation of
mycotoxins. Liquid-liquid extraction method was used to determine the presence of Ochratoxin A in the
medium. The concentration of Ochratoxin A from each isolate was determined using thin layer
chromatography. The results showed that Aspergillus fumigatus had the highest incidence of 100% in
the fifteen cigarette analysed, while A. nidulans had the lowest incidence of 6.7%. Other fungi identified
were A. niger, Aspergillus flavus and Chrysonilia sitophilia with an incidence of 66.7%, 33.3 % and "20%
respectively. The concentration of Ochratoxin A elicited by Aspergillus nidulans, Aspergillus flavus and
Chrysonilia sitophilia were <25ug/kg each, while A. niger and A. fumigatus produced 25pg/kg of
Ochratoxin A in the medium. The level of Ochratoxin A elicited by the contaminating fungi all exceeds
the tolerance range of 5-20ug/kg as given by the European commission and Codex Committee of food
additives and contaminants (CCFAC). The results of the study shows that these cigarette samples sold in
Niger State contain residual fungal contaminants and these fungi are capable of eliciting Ochratoxin A.
Further studies to determine the presence of Ochratoxin A in cigarette tobacco is therefore suggested.

Keywords: Ochratoxin A, Cigarette tobacco, Fungi, Aspergillus, Contamination.

INTRODUCTION

Cigarette tobacco has attracted attention over
the years as a result of the health risks it causes,
which are prevalent than with other tobacco
products. Previous researches have always
implied that the smoke from the cigarettes are
responsible for these health risks but new

researches are proposing that these health risks
are caused not only by the cigarette smoke but
by microorganisms that contaminate tobacco
during its manufacture, processing and storage
(Wigand, 2006).

The microbial composition of some tobacco
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products have been analyzed for a long time
now. Some studies have reported the
identification of toxic microbes in tobacco
products such as bacterial and fungal spores
(Wood, 1968; Forgacs and Carll, 1996; Varma,
1991; Warke, Kamat and Kamat 1999;
Rubenstein, 1992; Verweij et al., 2000). A
review article by Paul and Paszkiewicz (2011)
addressed the microbes that have been
identified and quantified in cigarettes, cigarette
smoke and smokeless tobacco products. The
prominent fungi that have been isolated from
tobacco products are of the Genus Aspergillus
(Papavassiliou, Piperakis and Marcelou-Kinti,
1971; Welty and Nelson, 1971; Varma, 1991).
Aspergillus species are capable of producing

toxic secondary metabolites (known as

mycotoxins} such as Aflatoxins and Ochratoxins
(Sweeney and Dobson 1998).

Therefore, this study is aimed at determining to
potentials of residual fungal contaminants of
imported cigarette tobacco sold in Niger State
to elicit Ochratoxin A.

METHODOLOGY
Collection of Samples

Fifteen different brands of imported cigarettes
were collected from markets in Lapai and Minna
in April 2016.

The names of these cigarettes, their production,
expiry dates and origin are given on table 1.

Table 1: Cigarette brands, origin, production and expiry dates

S/N Cigarette Name Production Date  Expiry Date Origin
1 Sample A February 2015 August 2016 Korea

2 Sample B November 2014  May 2016 Senegal
3 Sample C - - UAE

4 Sample D - - UAE

5 Sample E August 2015 February 2017 UAE

6 Sample F January 2015 July 2016 Germany
7 Sample G September 2015  March 2017 UAE

8 Sample H - - Foreign
9 Samplel September 2015  March 2017 Korea
10 Sample) June 2015 December 2016 Korea
11  SampleK December 2014  June 2016 Korea
12 Samplel October 2015 April 2017 Korea
13 Sample M August 2015 August 2016 Senegal
14  SampleN August 2015 August 2016 Senegal
15 Sample O - - -

Isolation of Fungi from Samples

The tobacco from the cigarette samples were
cultured on Potato Dextrose Agar (PDA). The
PDA was prepared by heating 500g of thinly
sliced peeled white potatoes with 1000ml
distilled water at about 1 hour and then filtered

using muslin cloth.20g of glucose, 15g of agar
agar and 0.5g of chloramphenicol was added to
the potato broth while stirring the mixture
which was then made up to 1000ml with
distilled water. The mixture was shaken to
homogeneity and then autoclaved. Cooled PDA
broth (20 ml) was pipette into sterile Petri
dishes using sterile pipette in a previously
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fumigated inoculating hood. It was then allowed
to cool and gel .

For inoculation of the samples, three cigarette
sticks of each sample were emptied into a
sterile porcelain dish in a previously fumigated
inoculation hood. A forcep was used to mix the
tobacco leaves together and then inoculated to
an appropriately labeled PDA plates. Triplicates
were inoculated for each sample and later
transferred to another previously fumigated
inoculation hood and left at room temperature.
Three plates of uninoculated PDA plates were
kept as control. The plates were then observed
after 48 hours for fungal growth. Plates that had
growth with multiple fungal colonies were
further separated into different plates to obtain
pure cultures of the fungi. The pure cultures
obtained were transferred into PDA slants for
storage and further investigation.

Identification of fungal Isolates

The pure cultures obtained were identified
using morphological identification. This was
done by examining each isolate under the
microscope for Macroscopic and macroscopic
characteristics to identify the fungi with
references to Barnett and Hunter (1998) and
Kenaga et al. (1971).

Culturing of Isolates on Rice Medium

Distilled water (100ml) was added to 250g of
rice in 1000ml conical flask and then allowed to
stand for 24 hours at room temperature for
moisture equilibration. It was then autoclaved
to sterility using a prestige medical clinical
autoclave. The pure isolates were inoculated
onto appropriately labeled sterile rice medium
in a previously fumigated inoculation hood. The
inoculated rice medium was then maintained in
a Grieve laboratory oven at about 35°C for 21
days. After 21 days of maintaining the fungal
culture on rice medium at 35°C, 750ml of

methylene chloride was added to the conical
flask containing the rice culture and allowed to
stand for 1 hour. The culture was then
pulverized using a commercial blender.

Extraction of Ochratoxin A

A multimycotoxin assay method developed and
used in U.S. Department of Agriculture,
Southern Regional Research Center, and New
Orleans was used (Ehrlich and Lee, 1984). 50g of
the pulverized samples were weighed into
500ml conical flask and 25ml of 1M-phosphoric
and 250ml of dichloromethane was used. The
flask was shaken for 30 minutes using a shaker
and the content filtered was collected from this.
50ml aliqguot was placed in separate 100ml
conical flask with glass stoppers for ochratoxin
assay.

Ochratoxin Assay

50ml of filtrate was measured into separating
funnel; 70ml of NaHCO; solution (4gm NaHCO;
/100m| distilled water) was added and shaken
for one minute. After phase separation (about
15mins) the upper layer ( NaHCO;) was
transferred to 400ml beaker with which the
lower layer methylene chloride (CH,Cl,) was
transferred into second separating funnel, this
was then rewashed twice with 35ml of NaHCO;
and NaHCO; layers were combined into the
beaker in which lower layer methylene chloride
was discarded. The NaHCO; solution was
acidified with H,SO, (about 25ml) to pH 2 using
pH strip as an indicator. Then the acidified
solution was transferred into a clean 200ml
separating funnel with which 50ml of CH,CI
,was added and shaken carefully and CO, was
evolved. The lower layer CH,Cl, was drained
through sodium sulphate (NaSO,) salt into
250ml round bottom beaker. Another 50ml
CH,Cl, was added to the aqueous solution in the
separating funnel and shaken carefully CO, was
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also evolved and the lower layer CH,Cl, was also
drained through sodium sulphate and collected
in the same round bottom beaker, finally
sodium sulphate was washed with 5ml of
CH,Cl,. The extract was evaporated to near
dryness on a steam bath of rotary evaporator.
The extract was quantitatively transferred with
CH,Cl, into a 4ml glass vial fitted with Teflon
line screw cap, the solvent was dried using hot
plate, this was then stored in deep freezer
refrigerator.

For the thin layer chromatographic analysis,
100pg of benzene: acetonitrile (98:2) was added
to the extract in glass vial. 2, 5, 7 and 10ul of
the OTA standard were spotted along with 20pl
of each of the samples on the TLC plate. The
plate was allowed to dry and developed in a
mobile phase of Benzene: Hexane (3:1) after
which it was removed and dried. The plate was
developed again in a mobile phase of Benzene:
Acetic acid (95:5). The TLC plate was also
sprayed with Aluminium chloride (AICl;) and
viewed under the UV at a wavelength of 365nm.
The color intensity of each sample spotted was
then compared with that of the standard under
the UV.

Calculation of Ochratoxin estimate

The formula used to estimate the concentration

of OTA in the sample is given below:=

# of standard
with same color density of sample

ul of sample spotted equivalent to standard

concentration of standard (u%)

weight of sample actually used in gram
dilution of evaporaed sample extract
1

The unit is given in pg/kg or ppb

RESULTS

A total of five different fungal species were
obtained from the morphological identification,
four of these species belong to the Genus of
Aspergillus while the other belong to the
Monilinia species.

Table 2: Number and Types of Isolates Obtained
from the 15 Cigarette Samples

Total Number of
Number of Types of
Samples Isolates Isolates

N
N

Sample A
Sample B
Sample C
Sample D
Sample E
Sample F
Sample G
Sample H
Samplel

Sample J

Sample K
Sample L
Sample M
Sample N
Sample O

N O U1 W NN WNUUOONN OB W
N W P WNE NENWWNDNNDNNDN

Table 3: Incidencesof Fungi lsolatedfrom 15
Samples of Cigarette

Fungi Incidence
Aspergillus niger 21
Aspergillus fumigatus 25
Aspergillus flavus 9
Chrysonilia sitophilia 3

Aspergillus nidulans
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Figure 1: Ochratoxin produced by the isolated fungi species

DISCUSSION

From the results of the morphological
identification, it was shown that all the fifteen
cigarette samples have fungal contamination as
shown in Table 2. This may suggest that there is
residual fungal contamination of cigarette
sample from the curing process, which involves
the use of microorganism. Five different fungal
species were isolated from the cigarette
tobacco analyzed; Aspergillus niger, Aspergillus
flavus,  Aspergillus  fumigatus, Aspergillus
nidulans and Chrysonilia sitophilia. Of these,
Aspergillus fumigatus has the highest incidence
of occurrence, and the leaset incidence of
occurrence was A. nidulans. This suggests that
Aspergillus fumigatus is the most common
contaminant of cigarette tobacco. This study
agrees with some previous studies that
reported the isolation of fungi in Tobacco
products. In 1971, Greek scientist Papavassiliou

and coworkers studied cigarettes produced in
different countries and isolated hundred strains
of fungi. The most prominent isolated fungi
were Aspergillus. A study by Varma in 1991
reported the isolation of nine species of
Aspergillus in stored leaves of chewing tobacco.
Wigand (2006) reported that species such as
Bacillus subtilis, Aspergillis niger and other
microbiological organisms (molds, bacteria,
fungi, protozoa, arthropods and nematodes)
have been found in tobacco final product.Welty
and colleagues of the United States Department
of Agriculture (USDA) examined ‘fungi isolated
from flue-cured tobacco at Time of sale and
after storage’ in 1969, and subsequent research
has indicated that many of these species
regularly found on tobacco are capable of
producing aflatoxins or other dangerous
mycotoxins. All the isolated fungi from this
study produced Ochratoxin in varying
concentration. A. niger and A .fumigatus had
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Ochratoxin concentration of 25ug/kg while A.
nidulans, A. flavus and C. sitophilia had
Ochratoxin concentration of <25u/kg. The only
fungal species that have been reported to
produce Ochratoxin are the Aspergillus and
penicillium species (Yan Wang et al., 2016).
Ochratoxin A has been known to possess
immunotoxic, nephrotoxic, carcinogenic,
tetratogenic properties (Krogh, 1987). The
tolerance range of Ochratoxin contamination by
the European commission and Codex
committee of food additives and contaminants
(CCFAC) is 5-20ug/kg. Ochratoxin produced by
A. niger and A. fumigatus exceeds this tolerance

range.

Various factors are known to influence fungal
development and mycotoxins production which
can occur during harvest, after harvest or
storage (Beardall, 1994). Among these factors
are moisture, temperature, aeration and
substrate. The results of the study therefore
indicates that the Ochratoxin A contamination
cigarettes could occur as our tropical weather
could encourage the production of this
mycotoxin by the fungi already present in the
cigarette tobacco.

Conclusion

From the results of this study, all the cigarette
tobaccos were contaminated with fungi. All the
fungi species isolated elicited Ochratoxin A in
different concentrations. Aspergillus niger and
Aspergillus  fumigatus  produced  25p/kg
Ochratoxin, a concentration above the
tolerance range given by European Commission
and Codex Committee of food additives and
contaminants (CCFAC). Therefore, there are
Ochratoxin A associated health risks with
smoking of these cigarettes.
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ABSTRACT

The microbial assesment of mobile phones belonging to food vendors in different canteens in
Zungeru town was investigated. One hundred and two (102) swab samples were randomly collected
from the food vendors. Sterile swabs were firmly pressed on the handset both front and back and then
inoculated into nutrient, MacConkey and Sabroud dextrose agar for bacteria and fungi growth. Microbial
growth was observed in 80 samples (78.4%) and the remaining 22 (21.6%) were sterile. The
predominant bacteria isolated were Staphylococcus aureus (47%), Staphylococcus epidermidis (33%),
Bacillus cereus (15.6%), Escherichia coli (23.5%), Pseudomonas aeruginosa (7.8%), while the fungi
isolated were Penicillium notatum (16.6%), Aspergillus fumigatus (8.8%), Aspergillus niger (20.5%),
Mucor sp. (6.8%) and Aspergillus flavus (2.9 %). It was concluded that mobile phones of food vendors
pose a potential health threat to consumers. Personal hygienic and sanitation measures such as hand
washing, cleaning of the environment and washing of hand before and after handling of food and phone
decontamination should be adopted by food vendors to prevent food borne disease.

Key words: Mobile Phone, Food Vendors, Bacteria, Fungi.

INTRODUCTION

The global system for mobile hospital-associated infections (Glodblatt
telecommunication (GSM) was established in et al., 2007; Yusha'u et al., 2010). Growing
1982 in Europe with a view to providing and evidences have indicated that

improving communications networks (Naubauer
et al, 2005). Today, mobile phones
have become one of the most indispensable
accessories of professional and social life.
Although they are usually stored in bags or
pockets, mobile phones are handled frequently
and held to the face (Yusha’u et al.,, 2008;
2010). The constant handling of the mobile
phones by users makes it a breeding place for
transmission of microorganisms as well as

contaminated fomites or surfaces play a key
role in the spread of bacterial infections (Kawo
and Rogo, 2008; Kawo et al., 2009; 2012). The
first study of bacterial contamination of mobile
phones was conducted in a teaching hospital in
Turkey with bed capacity of 200 and one
intensive care unit (Karabay etal, 2007).
Another study on mobile phones in New
York has shown that t Mobile phones have
become widely spread accessories in today's
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life. In 2013, more than 1.6 billion smart phones
were in use worldwide, and it is estimated that
this number will approximately double within
the next 4 years (Strategy Analytics, 2013). In
addition to the standard voice function of a
telephone, mobile phones can support many
additional services such as SMS for text
messaging, email, pocket switching for access to
the Internet, and MMS for sending and
receiving photos and video. With all the
achievements and benefits of the mobile
phone, it is easy to overlook the health hazard it
might pose to its many users (Tagoe et al.,
2011). In addition, mobile phones might act as
fomites as they are carried with their owner to
places such as toilets, hospitals and kitchens,
which are loaded with microorganisms
(Bhoonderowa et al., 2014).

Unlike fixed phones, mobile phones serve as a
perfect habitat for the microbes to breed-
providing higher temperature and humid
conditions (Srikanth et al., 2009). Mobile phone
usage has increased dramatically. In such
environments where the percentage presence
of bacteria is likely high, such as in hospitals,
abattoirs, market places and toilets, this could
enhance pathogen transmission and intensify
the difficulty of containing disease spread
(Butcher and Ulaeto, 2005). Sources of infection
may be exogenous such as air, medical
equipment, hands of surgeons and other staff,
or endogenous such as the skin flora in the
operative site, or rarely from blood (Ducel et al.,
2002). The human skin is constantly in contact
with microorganisms and becomes readily
colonized by certain microbial species. The adult
human is covered with approximately 2m2 of
skin, with surface area supporting about 1012
bacterial cells/person (Mackowiak, 1982) he
examined phones were found to harbor
pathogenic microorganisms (Goldblatt et

al.,2007). The usage of cell phone in Nigeria
commenced in 2000.Since then, the number of
subscribes has increased greatly to more than
forty million in more than eight service
providers. Thus, increases the number of base
stations in villages and cities all over the
countries (Nwadike, 2007). Research has also
shown that mobile phone could constitute a
major health hazard. In 2000, World Health
Organisation (WHO), described electromagnetic
radiation has been reported to alter the electric
activity of the brain causing sleeplessness,
headache, malaises, memory retentiveness and
low sperm quality. It damages the DNA of
manufacturing sperm cell.

Mobile phone has also been reported to be a
reservoir for microorganisms. It has been
reported that mobile phone can harbor more
microorganisms than a man’s lavatory seat, the
sole of a shoe or a door handle. The
combination of constant handling and the heat
generated by phones creates a prime breeding
ground for all sorts of microorganisms that are
normally found in our skin. Soto et al. (2006)
showed that mobile phones could be
contaminated via source such as human skin or
hand, bag, phone pouch, bags, pockets,
environment and food particles, these sources
are links through which microorganisms
colonized the phone, thus causing diseases that
range from mild to chronic.
Although, microorganisms isolated so far by
health researchers are mostly normal flora of
the source of contamination, they can cause
opportunistic infections. The aim of this present
study is aim at investigating the microbial
contamination of mobile phone belonging to
food vendors in Zungeru town.
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METHODOLOGY
Study Area

Samples were collected from the mobile phones
for a period of 6 weeks duration during 1 July
2017 to 6 August 2017 in Zungeru town situated
at 9.81° N Latitude, and 6.16° E Longitude, 147
meters elevation above the sea level. Zungeru is
a small city in Niger State, Nigeria having about
24,447 inhabitants.

Sampling/Sampling Size

Sample size consisted of 102 mobile phones
from food vendors were randomly collected
from food canteens in Zungeru town.

Microbiological Analysis

Sampling was done using sterile cotton swab
sticks. The swab sticks were rubbed all over the
surface of mobile phones and immediately
streaked on three plates of Nutrient agar and
Potato Dextrose agar. The plates were
incubated at 37°C for 24 hours for bacteria and
25 ° C for 48 hours for fungi. Pure cultures of
isolates were characterized based on
Morphological description of colonies, gram
stain reaction and biochemical tests were used
for bacterial identification according to the
conventional method

(Cheesbrough, 2002).

described by

Statistical Analysis

Data from this study was analysed descriptively
using mintab version 21 software. Perrson Chi-
Square test at 0.05 level of significance was
used to determine the significant difference.

RESULTS

Out of 102 mobile samples of food vendors,
growth was observed in 80 samples (78.4%) and
the remaining 22 (21.6%) were sterile. Five
isolates were detected

bacterial including,

34(33%) Staphylococcus epidermidis, 48(47%)

Staphylococcus

aureus, 24(23.5%) Escherichia coli, 16(15%)
8(7.8%) Pseudomonas
aeruginosa as shown in (Table 1). There were

Bacillus cereus and

fungal isolates as follows: 17 (16.6%) Penicillium
notatum, 9(8.8%) Aspergillus fumigatus, 7
(6.8%) Mucor spp, and 3 (2.9%) Aspergillus
flavus based on their mycelia, color and spores
(Table 2 ). Post experimental analysis using
Perrson Chi-Squre test at 0.05
significance Table (3) indicated the microbial

level of

growth isolated from mobile devices according
to gender group , Single growth for males was
29(28.4%) and for females 18(17.6%), while
multiple growth for males was 10 (9.8) and for
females was 23 (22.5%).

Table, 1: Freuency of bacteria isolated from
mobile phone
Mobile Prevalence
. hones

Bacteria (F;1=102) rate (%)
Staphylococcus aureus 48 47
Staphylococcus epidermidis 34 33
Bacillus cereus 16 15.6
Escherichia coli 24 23.5
Pseudomonas aeruginosa 8 7.8

Table 2: Frequency of fungi isolated from
mobile phone

No of Prevalence
Fungi Occurrence  rate (%)
Penicillium notatum 17 16.6
Aspergillus fumigatus 9 8.8
Aspergillus niger 21 20.5
Mucor sp. 7 6.8
Aspergillus flavus 3 2.9
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Table 3: Microbial growth isolated from mobile
devices, depending on the gender

Growth No. (percentage%)

Single Multiple

Gender microbes microbes Sterile Total

Male  29(28.4) 10(9.8) 4(.9)

43 (42.2)
Female 18(17.6) 23(22.5) 18(17.6) 59(57.8)
Total  47(46.1) 33(32.4) 22(21.6) 102 (100)

P value 0.05*

DISCUSSION

Microbiological standards in hygiene are
necessary for a healthy life, most especially in
food selling booths orcanteen. However,
practices that shift from normal standards of
hygiene have been observed in both
the developing and developed world. This
investigation confirms such a deviation, as a
variety of microbes were found on mobile
phones. This present study concurs with that of
Akinyemi et al. (2009) in Lagos, Nigeria in which
food vendors and marketers’ mobile phones
had the highest rate of contamination when
compared with the other groups of people
whose mobile phones were sampled. The high
prevalence of bacterial agentsisolated from
their mobile phones was attributed to the poor
hygienic and sanitary practices associated with
the low level of education among marketers
and food vendors, especially those involved in
handling raw meats and vegetables There was
also a correlation between the microorganisms
isolated in the work done by Walther and Ewald
(2004) and the organisms found on the mobile
phones of the food vendors of Ago-lwoye town
in that S. aureus had the highest occurrence in
the mobile phone (50%) of the food vendors.
Ekrakene and Igeleke (2007) also reported that
S.aureus was isolated from mobile phones of

health care staff and showed that infection may
occur through this organism. The main reservoir
of S. aureus is the hand, from where it
isintroduced into food during and after
preparation (Hui etal.,, 2001). S. aureus is a
well-known micro biota of the human skin
which could be transferred into food via hand to
hand or contact. It causes illnesses ranging from
pimples and boils to pneumonia and
meningitis which are not unlikely to be found in
vendors and their consumers as corroborated
by the high population
Streptococcus faecium apart from been

of colonies.

a normal commensal of the skin, can also be
found in the vaginal and intestinal tract, can
cause diseases such as urinary tract infection,
biliary  tract, ulcers, abdominal wound,
endocarditis and so on. Bacillus cereus is a
normal flora of the water,vegetables, cereals
and cooked food. It can cause food poisoning
and opportunistic infections in
immunocompromised persons. This undoubtly
contributes a great deal to food prepared or
hands (Jay,

2000). Escherichia coli and Micrococcus luteus

eating with infected
are both normal flora of the skin, soil and water.
E. coli can also be found in the intestinal tracts.
They are member of the coliforms, which
presence on the mobile phones indicated
the presence of faecal contamination. E. coli
produces endotoxins which could aid
man (Al-Abdalall,
2010). Therefore, the presence of E. coli, S.

their pathogenecity in

faecium and Micrococcus luteus in food sold by
food vendors has shown that there is presence
of faecal and soil contamination in the food
during preparation or after preparation. This is
in agreement with the work done by Roth and
Jenner (1998). The presence of the isolated
fungi showed that the food vendors’ phones
and environments had been contaminated by
fungal spores. Ekrakene and Igeleke (2007) also
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isolated some of these fungi in their research.
Tiny food particles, soil particle and
decayed dirt in the pouch or pocket over a long
period of time will favour the growth of
saprophytic  fungus. These isolates can
significantly cause food spoilage and food
infection through the production of toxins.
Most of the isolated fungi are also natural
inhabitants of the soil and air. Their colonization
of phones can cause infections like Aspergillosis,
food intoxication, food spoilage and allergic
reactions if these spores are introduced
into foods, drinking water or inhaled (Flavia et
al., 2001). Mobile phones could pose a great
threat at food selling spots, hospitals, among
children, etc. (Al-Abdalall, 2010).  These
pathogens may cause food borne infections,
lowering of semen, brain disorder,
cancer, headache , nosocomial infections, cell
damages, etc.(Neely and Sittig, 2002).

The result of this study showed that
microbial contamination of food vendors’
mobile phones indifferent canteens in
Zungeru town is high and these mobile phones
may assume the vehicle of pathogenic agents of
food borne disease outbreak and transmission.
Food vendors are encouraged to adhereto
strict personal hygiene and environmental
sanitation in order to prevent disease outbreaks
and transmission. Apart from those who sell
foods, the phone user can personally
contaminate his or her food when eating.
For instance, using the phone while in the toilet
or bathroom and thereafter going to eat food
could easily lead to the contamination of the
food, despite washing hands after using the
toilet hence mobiles phones should not
be taken to toilets, bathrooms or put on dirty
surfaces. Control measures such as disinfecting
mobile phone surfaces such as tables and other
platforms where foodis placed, regular hand

washing and the wearing of gloves by the food
vendor should be practiced.

Conclusion

Users of mobile phones are found everywhere:
in the market, the home, hospitals, and schools.
They could therefore, be the cause of the
spread of the infection in the community. Our
results indicate that isolates were associated
with various strata of society. Today, mobile
phones are important equipment for physicians
and other health workers. Since restrictions on
the use of mobile phones by HP is not a
practical solution, many researchers suggest
that adherence to such infection control
precautions as hand hygiene should be strict. In
addition, people should be informed that these
devices may be a source for transmission of
hospital-acquired infections to and from the
community. Further studies for the possible
means of decontamination of mobile phones,
such as the use of alcohol and/or disinfection
tissues, should be found and employed
everywhere. Simple cleaning of computers and
telephones with 70% isopropyl alcohol may
decrease the bacterial load. Control measures
are quite simple and can include engineering
modifications, such as the use of hands-free
mobile phones, surfaces that are easy to clean
and disinfect, hand washing, and the wearing of
gloves by the appropriate personnel.
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ABSTRACT

Phytobiotics are compounds of plant origin used in animal nutrition to enhance productivity by
improving nutritional and other properties. This study investigated the use of Citrullus lanatus whole
seed powder as a phytobiotic to enhance growth performance, feed efficiency and some blood
biochemical parameters on broilers. Sixty day-old chickens were grouped into three; A, B and C. Group
A, the control received commercial diet only. Group B and C were fed commercial diet supplemented
with 1% and 2% of C.lanatus powder, respectively. Both feed and water were offered ad libitum. Water
consumed was measured daily, birds were weighed on a weekly basis and feed intake was measured
weekly. At the end of the experiment, Results for haematological parameters showed a significant
difference in white blood cell number and urea level. Growth performance of group C were higher
compared to groups A and B, although this difference was statistically insignificant (p>0.05). Feed
consumption and feed conversion ratios were similar for all groups. Haemoglobin, haematocrit and red
blood cell number showed insignificant difference at (p>0.05). From the results of this study, it may be
concluded that C. lanatus could improve the immune status of broilers and can be supplemented in
feeds for broilers at 1% and 2% without interfering with the overall health and performance of the
chickens.

Keywords: Citrullus lanatus, antibiotics, antioxidant enzymes, broilers.

INTRODUCTION

Antibiotics are common type of growth animals can serve as a reservoir of antibiotic-

enhancers used in poultry industries. They are resistant bacteria strains which may be

naturally occurring, semi-synthetic, or synthetic
compounds with antimicrobial activity (Brooks
et al., 2004; Kirbis, 2007). However, one of the
drawbacks of excessive use of antimicrobial
drugs is that they get accumulated in the tissues
and organs of treated animals as residues and
eventually become part of the food pyramid
(Goetting et al, 2011).

Application of antibiotics in food producing

transferred to humans (Marshall and Levy,
2011). Subsequently, the effectiveness of
antibiotics in humans decreases, resulting in
treatment failures (Aarestrup et al., 2008;
Mellata, 2013). Due to the fear of creating cross
resistance between animals and humans, the
European Union has placed a ban on the
application of antibiotics as growth promoters
since 1st January 2006, which was followed by

Kure H.M. & Aliyu-Paiko M. (2019). Investigating the Potentials of Citrullus lanatus seed as Phytobiotic to Improve Feed Efficiency,
Growth Performance and Blood Biochemical Parameters in Broiler Chickens. 1° Faculty of Natural Sciences Annual Conference.
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other parts of the world including North
America (Yegani and Korver, 2008).

Restriction of antibiotic growth promoters has
however, resulted in an increased incidence of
enteric disorders such as necrotic enteritis and
dysbacteriosis in poultry (Huyghebaert et al.,
2011). Due to the restriction of antibiotic
growth promoters, poultry industries have now
focused on the use of biological products,
including enzymes, probiotics, prebiotics,
synbiotics, organic acids and plant extracts
(phytobiotics), as alternatives to antibiotic feed
additives in diets for monogastric animals
(Bedford 2000; Wenk 2003, Rasschaert et al.,
2016). Phytobiotics are plant-derived natural
bioactive compounds used in animal nutrition
as alternatives to antibiotic growth promoters
that are added to feed to enhance performance
in animals (Windisch et al., 2008; Jacela et al.,
2010).

Researchers have documented the beneficial
effects of phytobiotics on the performance of
poultry (Denli et al., 2004; Alcicek et al., 2003;
Jamroz and Kamel, 2002; Tucker, 2002 ).
Tucker (2002) demonstrated a significant
improvement of performance and survival rate
in broilers fed diet with different types of plant
extracts. Tollba et al, (2007) reported that at
two, four and six week of age, the broiler
receiving varying levels of black pepper
showed  better body weight gain. Many
phytobiotics show promising results for
applications in organic and conventional poultry
production.

Watermelon (Citrullus lanatus) is a creeping
plant belonging to the family cucurbitaceae. The
center of diversity and possible center of origin
of Citrullus is southern Africa (Erickson, 2005). It
is mainly propagated by seeds. It is a tropical
plant and requires a lot of sunshine and

high temperature of over 25°C for optimum
growth (Okonmah, 2011).

Watermelon fruit is known to be a very good
source of Lycopene, a red pigment of the
carotenoid class found in only a few fruits and
vegetables, as it is a powerful oxygen radical
scavenger and highly effective antioxidant
(Gerster, 1997, Fraser and Bramley, 2004). It
helps quench the free radicals that contribute
to conditions like asthma, atherosclerosis,
diabetes, colon cancer and arthritis. It is also
high in fibre and citrulline; an amino acid the
body uses to make arginine (Oyeleke, 2012).
Watermelon seeds are known to be highly
nutritional; they are rich source of protein,
vitamin B, minerals (such as magnesium,
potassium, phosphorous, sodium, iron, zinc,
manganese and copper) and fat among others,
as well as some phytochemicals (Braide, 2012).

METHODOLOGY

Overview of research: This research was carried
out to know the effect of watermelon seed
powder when added to poultry feed. The
research answered some questions relating to
growth performance and feed efficiency, effect
of the seed powder on bird’s blood, immunity
and antioxidant enzymes. The research lasted
for a period of 6 weeks which is a bench mark
for starter period. This paper gives a vivid
explanation of how the research was carried out
and results obtained.

Experimental Location: This research was
conducted at the animal research facility of
Ibrahim Badamasi Babangida University, Lapai,
Niger State. The experiment lasted for a period
of six weeks.

Additive preparation: Watermelon seeds were
retrieved from watermelon fruits, washed and
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dried under room temperature. Dried seeds
were grinded to the size of chikun super starter
feed (commercial feed from Chikun Olam Feed
Limited).

Experimental Animals: Sixty Day old broilers of
CHI product were purchased from minna and
transported to the animal research facility of
Ibrahim Badamasi Babangida University, Lapai.
Birds were kept in cages and allowed to
acclimatize for 3 days before commencement of
the research. Broilers were fed commercial feed
from Chikun Olam Feed Limited and water was
given ad libitum. Lighting system was provided
from 7pm to 7am.

Experimental design and diet: After
acclimatizing the birds for a period of 3 days,
broilers were grouped into three, A, B and C,
with each having a replicate group. Each group
had 10 birds making a total of 60 broilers.

Group A and its replicate were control groups
and consumed feed without the addition of
watermelon seed powder (additive).

Group B and its replicate consumed feeds with
the inclusion of 1% watermelon seed powder.

Group C and its replicate group consumed feed
with the inclusion of 2% watermelon seed
powder.

No further additive was included in their
drinking water. Water given to them was
fetched from taps within the school premises.
Good hygiene was maintained throughout the 6
weeks of the experiment. Cages were cleaned
on a weekly basis.

Broiler performance responses: Broiler chicken
growth performance responses, such as body
weight gain (BWG), feed intake (FI), mortality,
feed conversion ratio (FCR) and specific growth
rate (SGR) were determined on a weekly basis
during the 6 experimental weeks. Growth

performance was calculated by making use of
the formulas below;

Weight gain (WG) = (W;-W,)

Where W; = final weight

W, = initial weight.

Feed intake was calculated by subtracting feed
leftovers from total feed offered.

total feed intake
number of birds

Feed intake (g) =

Feed conversion ratio was calculated by dividing
the weight gain by feed intake expressed in the
formula below:

Feed conversion ratio (FCR) = weight gain
(g)/feed intake (g)

Mortalities (M) were recorded throughout the
experimental period. Percentage mortality was
calculated as:

number of birds that survived

Survival rate (%) =

100

initial number of birds

Specific growth rate was calculated during the
feeding trial, using the formula below:

Specific growth rate (SGR %) = [(In W; - In W;)/T]
x 100

Analysis of blood samples: After 6 weeks of
feeding trial, blood samples were collected from
the right brachial vein into tubes without
anticoagulant (3 birds from each group and its
replicate combined to make a total of three
samples per treatment). Serum was collected
from the clotted blood and stored in a
refrigerator. Activities of enzymes (alkaline
phosphatase, superoxide dismutase, Alanine
aminotransferase and aspartate

aminotransferase) and concentrations of
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metabolites in serum were measured
photometrically using commercial kits (DIALAB
diagnostics, Switzerland GmbH and AGAPPE
diagnostics, GmbH). Another

sample of whole blood was collected with EDTA

Switzerland

containing anticoagulant and this was used to
analyze for haemoglobin (Hb), white blood cell
(WBC), Iymphocytes (LYM), mean cell
haemoglobin (MCH), red blood cells (RBC),
haematocrit (HCT) and mean cell volume (MCV)
using the haematology analyzer, Abacus 380.

RESULTS

Statistical analysis: The data were analyzed by
One-way ANOVA using the SPSS 20.0 (SPSS Inc.,
Chicago, IL, USA) and
compared using Turkeys test. Results were

the means were

expressed as treatment means with their
pooled standard error of the mean (SEM). A
probability value of P < 0.05 was described to
be statistically significant.

None of the chickens died during the experiment, survival rate was 100 % throughout the experimental

groups. Results for proximate composition are presented below.

Table 1: Result for proximate composition of experimental feeds and C. lanatus seed

Treatments MC% CF% ASH% FAT% CP% CHO%
0% WSP 8.44 4.90 4.30 14.70 23.62 44.04
1% WSP 7.56 7.70 6.40 6.49 13.10 28.87
2% WSP 8.14 8.80 7.30 13.17 30.62 31.97
WSP 5.40 33.80 3.35 30.25 23.62 3.60

Where MC=Moisture content, CF= Crude fibre, CP=Crude protein and CHO= Carbohydrate (Nitrogen free extract).

Control: Chikun commercial feed.

Treatment 1: Chikun commercial feed+ 1% watermelon seed powder.

Treatment 2: Chikun commercial feed + 2% watermelon seed powder.

Table 2: feed efficiency and growth performance of broiler chickens fed graded level of C. lanatus seed

powder for 6 weeks starter period.

Treatments 0% WSP 1% WSP 2% WSP
Average initial weight [g] 70.25 + 1.80° 70.80 + 1.84° 71.70 + 2.74°
Average final weight [g] 2084.15+52.37° 1961.20+117.11° 2171.05 +42.98°
Weight gain[g] 40,278 37,808 41,987

Feed conversion ratio 0.5560 0.5229 0.5756
Specific growth rate% 8.07 8.03 8.12

Feed intake [g] 72445 72307 72945

Data are expressed as mean + SEM (n = 20).

Mean + SEM followed by different letter within a row are significantly different (P <0.05).

Both initial and final average weight of broiler chickens fed different percentages of Citrullus lanatus
seed powder for a period of 6 weeks showed an insignificant difference. Although the group fed the
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higher percentage of C.lanatus recorded a higher average weight compared to the control group and 1%
WSP group. Feed intake of 2% WSP was higher followed by 0% WSP and the least being 1% WSP.

Table 3: Water intake of broilers fed different percentages of C. lanatus seed powder for started period
of 6 weeks

Treatments Week1 week2 week3 week4 week5 week6 TOTAL
0% WSP 11,330 21,050 28,260 41,450 48,390 47,830 198,310
1% WSP 11,210 21,540 29,020 47,410 60,160 54,380 223,720
2% WSP 10,930 22,250 29,071 48,550 55,420 57,950 224,171

Table 3 shows the weekly water intake of birds. The group with the highest additive consumed more
water followed by the group receiving 1% additive, with the least being the control group.

Table 4; Result for full blood count of broilers fed different percentages of C. Lanatus seed powder for
started period of 6 weeks

GROUP WEBC LYM MID GRA RBC HGB HCT MCV MCH

CONTR 85.31+1.07" 66.42+3.82° 12.28+3.20% 6.61+£0.99% 225:0.04° 1430£021°% 26.73+£0.34% 119.33:£1.20° 64.87+0.647
1% 5437+1.03F 5133+572° §.82+0.87% 454097 2.41+0.09% 1503+034* 25.17=+0.73* 117.60=+1.73* 62.53+1.21%

1% 53.06+2.76% 53.61+572° 11.41+£1.92%  7.68+3.04* 229+0.64% 1503+0.55% 27.55+0.78% 12033+1.33% 6427+1.58°%

Table 5: Serum metabolic parameters of broiler chickens fed different percentages of C. lanatus seed
powder for starter period of 6 weeks.

Treatments 0% WSP 1% WSP 2% WSP
Total protein (g/dl) 2.07+0.29° 2.07+0.13° 1.53+0.09°
Creatinine (mg/dl) 1.77+0.14° 1.57+0.12° 1.60+0.15°
Urea (mg/dl) 46.00£0.23° 48.70+0.15° 49.03+0.14°
Potassium (mmol/1) 2.23+0.22° 3.73+00.14° 3.93+0.37°
Chloride (meg/1) 61.33+1.01° 57.93+3.62° 56.47+2.13°
Sodium (meq/I) 117.03+6.43° 102.40 + 23.36° 139.07 £ 24.77°

Data are expressed as mean + SEM (n = 3).
Mean + SEM followed by different letter within a column are significantly different (P <0.05).

109 | FONSAC 2019



Table 6: Hepatic/Renal function biomarker of broiler chickens fed graded level of C. lanatus seed powder

for 6 weeks starter period.

Treatments AST ALT ALP BIL-TOTAL BIL-DIRECT

(uh) (u) () (mg/dl) (mg/dl)
0% WSP  13.90 +0.67° 17.77 £0.33%° 28.50+0.45° 1.90 £ 0.23° 1.13 +0.03°
1% WSP  15.07 +0.77° 20.03+0.47° 27.87+1.67° 2.00+0.29° 1.57 £ 0.14°
2% WSP  14.37+1.22° 17.10 +1.13° 29.87 +2.33° 2.23+0.78° 3.63+2.04°

Values were expressed as mean + SEM of 3 determinations. Columns with same superscripts are

significantly the same while those with different superscripts were significantly different (P < 0.05).

DISCUSSION

The result for proximate composition of
watermelon seed is presented on Table 1. The
moisture content was found to be 5.40, fat
30.25, fiber 33.80, protein 23.60 and
carbohydrate 3.60. This result varies from
results for proximate analysis of Citrullus
lanatus obtained by Oyeleke et al. (2012), the
possible reason for such a difference could be
attributed to varietal and regional differences.
The addition of watermelon seed powder to
chikun feed increased crude fiber, and crude
protein. Therefore, birds consuming feed with
watermelon seed powder at the different
percentages received more fiber and protein
than the control group fed only chikun
commercial feed. The survival of all chickens
from all treatment is an indication that
C.lanatus may be free from any toxic
substances. No vaccines or antibiotic growth
promoters were used in this present study.

Table 2 shows the result for feed efficiency and
growth performance of broiler chickens fed
graded level of C. lanatus seed powder for 6
weeks starter period. There was no significant
difference observed in both initial and final
average weight of broiler chickens fed different
percentages of Citrullus lanatus seed powder.
Although the group fed the highest percentage

of C.lanatus recorded a higher average weight
gain compared to the control group and 1%
WSP group. However, this result is not in
agreement with the findings of Guo et al
(2000), Jamroz and Kamel (2002) who reported
that herbs and herbal products had a significant
positive effect on broiler body weight gain.

Generally, it has been shown that inclusion of
phytogenic compounds in broiler chicken diets
improves feed conversion ratio (Fallah et al.,
2013; Mountzouris et al.,2011). Although other
findings contradicts this statement, a study on
phytobiotics suggests that inclusion of 0.2%
peppermint or thyme (w/w) characterized by
menthol and thymol (70 mg/kg diet) in broiler
diets does not affect feed intake and feed
conversion ratio (Ocak et al., 2008), which is
also in line with this present study. Feed intake
of 2% WSP was higher followed by 0% WSP and
the least being 1% WSP

Table 3 shows the total water consumed during
the 6 weeks of the experiment. Water, in
addition to being a vital nutrient, is involved in
many aspects of poultry metabolism including
body temperature control, digestion and
absorption of food, transport of nutrients, and
the elimination of water products, via urine,
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from the body (Jafari et al,, 2006). The group
receiving 2% of the additive had the highest
water consumption of 224,171 litres compared
to control group (198,310 litres) and group B
(223,720 litres). This could be due to the added
fibre in experimental diets as factors like dietary
fibre content and its characteristics primarily
affect water intake (Dirk et al 2013). Also, High
levels of dietary crude protein stimulate water
intake, as demonstrated in young broilers by
Marks and Pesti (1984)

Table 4 shows the result for full blood count.
Blood parameters are major indices of
physiological, pathological and nutritional status
of an organism; changes in the constituent
compounds of blood when compared to
normal or reference values could be used to
interpret the metabolic stage of an animal as
well as quality of feed (Wheater et al., 1987).
All three experimental groups were within the
normal range of HCT (26.1 to 29.5%) as
reported by Ikhimioya et al. (2000), birds did
not differ significantly in HCT, HB and RBC
values. Values for HCT range from 26.73 to
28.17, HB from 14.30 to 15.03 and that of RBC
ranged from 2.25 to 2.41 with control group
having the least HCT, HB and RBC numbers.
Inadequate intake of energy and protein
decreases HCT and haemoglobin  (Hb)
concentration  which indicates anaemia
(Rastogi, 2007, Muhammad and Oloyede,
2009). This revealed that birds in groups B and C
consumed more energy and protein and were
not prone to anaemia. The MCV value in all the
treatment groups in this study fall within the
normal range of 90 to 140 fl, this finding is in
line with what has been earlier reported by
Tuleun et al. (2007) in broiler chickens. The
results for WBC count showed significant (p >
0.05) difference between control group and the
treatment groups, this is in line with the work of

Azine et al 2018 who supplemented broilers
diet with 1 mg and 2 mg of Monosodium
glutamate.

Table 5 shows the result for Serum metabolic
parameters of broiler chickens fed different
percentages of C. lanatus seed powder for
starter period of 6 weeks.

Blood biochemical analysis is widely used to
assist the diagnosis and characterization of
diseases in most animal species. However, it is
an important tool, as some metabolic disorders
are difficult to detect only by clinical signs
(Andreasen et al., 1996). It can also assist the
monitoring of poultry health, the diagnosis and
treatment of diseases, and to assess their
health status (Schmidt et al., 2007). The amount
of creatinine in the serum of experimental birds
was statistically the same. This suggests the
safety of C. lanatus on renal function. According
to Aslam et al. (2010), an increase in serum
creatinine is indicative of poor renal function.
The serum total protein levels of the treatment
groups were unaffected by the addition of C.
Lanatus to diets in this study. This result is
consistent with that of Erdog™ an et al 2010 who
also reported that serum total protein level was
unaffected by the addition of synbiotics and
phytobiotics to poultry diets

The results for serum urea showed a significant
difference between the control group and the
groups receiving C.lanatus additive. This is due
to the increase in protein content brought
about by the addition of C.lanatus seed powder.
Abdourhamane et al 2016 revealed that cake
from cucurbits seeds are a good source of
proteins and could be used in poultry feed. lyayi
and Tewe (1998) showed that serum urea and
total protein depend mainly on the quality and
quantity of protein in the diet.

111 |FONSAC 2019



Hepatic/renal function biomarkers of broiler
chickens fed graded level of C. lanatus seed
powder for 6 weeks starter period showed that
the Amounts of ALT, AST and ALP in
supplemented birds with different levels of C.
lanatus were not significantly different
compared to control group (table 6). Alanine
Amino Trasferase (ALT) and AST considered as
liver enzymes indicating liver damage, thus no
increase in serum concentration of ALT and AST
may provide evidence of liver protection against
hepatocellular degeneration (Al-Jaff.,, 2011).
This result is in line with that obtained by Tollba
et al 2010 who reported that adding the
aromatic herbal extract to broiler diet did not
alter the ALT and AST when compared to
control. Similarly, Moomivand et al. 2015, also
reported that Amounts of ALT, AST and ALP in
birds supplemented with different levels of
drinking thyme essence were not significantly
different from the control group.

Based on the results of this study, it can be
concluded that C. lanatus supplementation
improves the immune status of broilers,
thereby making them more resistant to
infection and can be used in feeds for broilers at
1% and 2% without interfering with the overall
health and performance of the chickens.

REFERENCES

Aarestrup, F. M. (2003). Effects of termination
of AGP use on antimicrobial resistance in
food animals. Pages 6-11 in Working
papers for the WHO international review
panels evaluation. Document
WHO/CDS/CPE/ZFK/2003.1a. World Health
Organization, Geneva, Switzerland.

Abdourhamane, I.T., Moussa, K., Atcho O., Alain
S., Salomand S. J. and Bi Irié Arsene Z.,
(2016).Utilization of Citrullus lanatus seed
cake as feedstuffs: influence on broiler

chicks” growth performance. Journal of
Animal &Plant Sciences.Vol.29, Issue 2:
4612-4621.

Algicek, A., Bozkurt, M., Cabuk M., (2003). The
effect of a mixture of herbal essential oils,
an organic acid or a probiotic on broiler
performance. South  African Journal of
Animal Science, 34(4), 217-222.

Al-Jaff, F.K., (2011). Effect of Coriander Seeds as
Diet Ingredient on Blood Parameters of
Broiler Chicks Raised under High Ambient
Temperature. International Journal of
Poultry Science 10, 82-86.

Andreasen, J.R., Andreasen, C.B., Sonn, A.B.,
Robeson, D.C., (1996). The effects of
hemolysis on serum chemistry

measurements in poultry. Avian Pathology;

25(3): 519-536.

Aslam, F., Khan, A., Khan, M.Z., Sharaf, S., Gul,
S.T., Saleemi, M.K.,, (2010). Toxico-
pathological
cypermethrin in broiler chicks: Their

changes induced by

attenuation with Vitamin E and selenium.
Experimental and Toxicologic pathology.:
62 (4), 441-450. DOI :
10.1016/j.etp.2009.06.00.

Azine, P.C., Kana, J.R., Ngouana, T.R., Kenfack,
A., Sonkeng, N.A., Bunto, K.Q., Djemen,
T.C,, Lyale, S.P., Kemmo, K.A., Ngnouamen,
N.T., Ngeupi, D.K.,, Teguia, A., (2018).
Growth performance, microbial and
hemato-biochemical profile, and organs
histology of broiler chickens fed diets
supplemented with a seasoning named
Jumbo Cube as source of Monosodium
Glutamate. Journal of Advanced Veterinary
and Animal Research; 5(2):146-154.

Bedford, M. (2000). Removal of antibiotic
growth promoters from poultry diets,

112 | FONSAC 2019



implications and strategies to minimise
subsequent problem. Worlds poultry
science journal. Vol.56.No.4, 347-365.

Braide, W., Odiong, I. J. and Oranusi, S. (2012).
Phytochemical and Antibacterial properties
of the seed of watermelon (Citrullus
lanatus). Prime Journal of Microbiology
Research, 2(3), 99-104.

Denli, M., Celik, K. Okan, F (2003). Comparative
effect of feeding diets containing
flavomycin, bioteksin-L and dry yeast
(Saccharomyces cerevisiae) on broiler
performance. Journal of Applied Animal
Research. 23:139-144.

Dirk, Jan & van der Klis, Jan Dirk & Lange, Loek.,
(2013). Water intake of poultry.
Conference: 19th European Symposium on
Poultry Nutrition, At Potsdam, Germany.

Erdog” an, Z.,, Erdog™ an S., Aslantas, O. and |
Elik, S. C., (2010). Effects of dietary
supplementation of  synbiotics and
phytobiotics on performance, caecal
coliform population and some

oxidant/antioxidant parameters of broilers.

. Journal of animal physiology and animal

nutrition 94;e40—e48. DOI: 10.1111/j.1439-

0396.2009.00973..x.

Erickson, D.L.,, Smith, B.D., Clarke, A.C.,
Sandweiss, D.H. & Tuross, N (2005). An
Asian origin for a 10,000-year-old
domesticated plant in the Americas. Proc.
Natl. Acad. Sci. USA 102, 18315-18320.

Fallah, R., Kiani, A., Azarfar, A., (2013). Effect of
artichoke leaves meal and mentha extract
(Mentha piperita) on immune cells and
blood biochemical parameters of broilers.
GV J;10(1):99e102.

Fraser, P. D. and Bramley P. M. (2004). The
biosynthesis and nutritional uses of
carotenoids. Progress in Lipid Research,
43:228-265.

Gerster, H. (1997). The potential role of
lycopene for human health. Journal of
American College Nutrition. 16:109-126.

Goetting, V.; Lee, K.A.; Tell, LA, (2011).
Pharmacokinetics of Veterinary Drugs in
Laying Hens and Residues in Eggs: A Review
of the Literature. Journal of Veterinary
Pharmacology and Therapeutics, 34, 521—
556.

Guo, F., Kwakkel R. P. and Verstegen, M. W. A,,
(2000). The wuse of chinese herbs as
alternative for growth promoters in broiler
diets. Proc. of Xl World’s Poultry
Congress., 20-24 Aug, Montreal, Canada.

Huyghebaert, G., Ducatelle, R., Van Immerseel,
F., 2011. An update on alternatives to
antimicrobial growth promoters for
broilers. Veterinary Journal 187, 182—-188.

Jacela, J.Y., Frobose, H.L, DeRouchey, J.M,,
Tokach, M.D., Dritz, S.S., and Goodband,
R.D (2010). Amino acid digestibility and
energy concentration of high-protein corn
dried distillers grains and high-protein
sorghum dried distillers grains with soluble
for swine. Journal of Animal Science;
88:3617-23.

Jafari, R.A., Fazlara, A., Govahi, M (2006). An
investigation into Salmonella and faecal
coliform contamination of drinking water
in broiler farms in Iran. International
Journal of Poultry Science; 5(5):491-493.

Jamroz, D., Kamel, C., (2002). Plant extracts
enhance broiler performance. In Non-
ruminant nutrition: Antimicrobial agents

113|FONSAC 2019



and plant extracts on immunity, health and
performance.

Marks, H.L. and Pesti, G.M., (1984). The roles of
protein level and diet form in water
consumption and abdominal fat pad
deposition of broilers. Journal of Poultry
Science. 63: 1617-1625.

Marshall, B.M.; Levy, S.B., (2011). Food Animals
and Antimicrobials: Impacts on Human
Health. Clinical Microbiology Reviews 2011,
24(4), 718-733.

Mellata, M. 2013. Human and avian
extraintestinal pathogenic Escherichia coli:
infections, zoonotic risks, and antibiotic
resistance trends. Food borne Pathog. Dis.
10:916-932.

Moomivand, Hamed, Yaser Seif , Mehrdad
Taleghani , Afshin Marsoli Oshtolag , Milad
Darzan (2015). The effect of drinking thyme
essence on proteins, enzymatic activity,
serum  biochemical parameters and
hematological characteristics in broiler
chicks. International Journal of Biosciences
6 (3):264-273.

Mountzouris, K.C., Paraskeuas, V., Tsirtsikos, P.,
Palamidi, |., Steiner, T., Schatzmayr, G.,
(2011). Assessment of a phytogenic feed
additive effect on broiler growth
performance, nutrient digestibility and
caecal microflora composition. Journal of
Animal Feed Science
Tech;168(3e4):223e31.

Ocak, N., Erener, G., Burak Ak, F., Sungu, M.,
Altop, A., Ozmen, A., (2008). Performance
of broilers fed diets supplemented with dry
pe ppermint (Mentha piperita L.) or thyme
(Thymus vulgaris L.) leaves as growth
promoter source. Journal of animal
science, 53 (4) 169-175.

Okonmah, L. U., Agbogidi, O. M. and Nwagu, O.
K. (2011). Evaluation of four varieties of
watermelon (critrullus lanatus thumb) in
Asaba agro-ecological environment.

International

Ologbon, A. C & Ambali, I. (2012). Poultry
Enterprise Combination among Small-Scale
Farmers in Ogun State, Nigeria: A Technical
Efficiency Approach. Journal of Agriculture
and Veterinary Sciences. Pp 8.

Oyeleke, G.O, Olagunju, E.O., Ojo, A. (2012).
Functional and physiochemical properties
of watermelon (citrullus lanatus) seed and
seed oil. IOSR Journal of applied chemistry,
2(2): 29-31.

Rasschaert, G., Michiels, J., Tagliabue, M.,
Missotten, J., De Smet, S., Heyndrickx, M.
(2016). Effect of organic acids on
Salmonella shedding and colonization in
PIGS on a farm with high Salmonella
prevalence. J Food Prot 2016;79:51e8.

Schmidt, E.M.S., Locatelli-Dittrich, R., Santin, E.,
Paulillo, A.C., (2007). Patologia clinica em
aves de produgdo - uma ferramenta para
monitorar a sanidade avicola - revisdo.
Archives of Veterinary Science;12(3):9-20.

Tollba, A.A.H., Wagdy, A.Z,, Shabaan, S.A.M,,
(2007). Improvement of fayoumi laying
hens performance under hot climate
conditions.  1-probiotic and prebiotic.
Egypt Poultry Science, 27, 1-20.

Tollba A, Shabaan S, Abdel-Mageed M. 2010.
Effects of Using Aromatic Herbal Extract
and Blended with Organic Acids on
Productive and Physiological Performance
of Poultry 2-the Growth During Cold
Winter Stress. Egyptian Poultry Science
Journal Vol.30 No.1 pp.229-248.

114 | FONSAC 2019


https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Egyptian+Poultry+Science+Journal%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Egyptian+Poultry+Science+Journal%22

Tucker, L., (2002). Botanical broilers: Plant
extracts enhance broiler performance.
Feed International 23(9): 26—29.

Wenk, C. (2003). Herbs and botanicals as feed
additive inmonogastric animals. Asian—
Australian Journal of Animal Science 16,
282-289.

Windisch, W., Schedle, K., Plitzner, C,,
Kroismairy, A., (2008). Use of phytogenic
products as feed additives for swine and
poultry. Journal of Animal Science 86 (E.
Suppl.), E140-E148.

Yegani, M., Korver, D.R. (2008). Factors
affecting intestinal health in poultry.
Journal of poultry science. 87, 2052-2063.

115| FONSAC 2019



Performance of Broiler Chickens Fed Varrying Levels of Decorticatted Baobab (Adansonia
digitata) Seed Meal Diet At Starter Phase

*Ango H.S., Malik A.A. & Adama J.
Department of Animal Production, Federal University of Technology Minna, Nigeria.

*Correspondence: Email address: hauwaango@gmail.com; Telephone: 08036552572

ABSTRACT

A research study was conducted to assess the growth performance and nutrient digestibility of broiler
chicken fed varying levels of decorticated Adansonia digitata (baobab) seed meal diets. A total of 117
day-old chicks were randomly allocated to three treatments in a completely randomized design
experiment. Each treatment was replicated three times with thirteen birds per replicate. The treatments
were control (0 % inclusion level), 9 % inclusion level and 18 % inclusion level tagged as T1, T2, and T3
respectively. Feed and water were supplied ad libitum. The results show there were no significant
(p>0.05) differences in initial weight, final weight and total weight gain among the birds fed the three
dietary treatments but the mortality differed significantly (p<0.05). The digestibility of the crude fibre
content, ether extract and nitrogen free extract as well as the total digestible nutrient differed
significantly (p<0.05) among the treatments. It can be concluded that the inclusion of decorticated
Baobab seed meal at 9 % and 18 % in broiler starter diets as a protein source is detrimental to the
growth performance and nutrient digestibility of the birds. Better processing methods should be
employed to reduce the anti-nutritional factors present in the seed meal.

Keywords: Broiler chicks, decorticated Baobab seed, growth and nutrient digestibility.

INTRODUCTION

Feed is one of the most important inputs in all
livestock production systems (Gatenby, 2002).
Recently, there has been an increased
competition for feed ingredients that are used
in manufacturing animal feed since some of
these ingredients are also used as human food
(Gadzirayi et al., 2012). The population of the
world is expected to increase by about 29 %
from the current 7 billion to 9 billion in 2050
(Meissner et al., 2013). Hence, there is great
need to look for alternatives that can
compensate the high demands for such

Ango H.S., Malik A.A. & Adama J. (2019). Performance of Broiler Chickens Fed Varrying Levels of Decorticatted Baobab (Adansonia
digitata) Seed Meal Diet At Starter Phase. 1% Faculty of Natural Sciences Annual Conference. IBB University Lapai held between 6"

to 9" May 2019. Pp 116-125

ingredients.

Some multipurpose trees have nutritional
properties that can be beneficial if incorporated
in livestock feed. Utilizing some of these to their
full potential can result to sustainable livestock
production (Melesse et al., 2011). One such
example is the baobab tree it has been used for
many traditional purposes but little has been
said about its potential as an animal feed
resource (Osman, 2004). It is a tree that can
grow for years and capable of adapting to harsh
conditions.
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Feed constitutes about 70 % of the entire
production in poultry and of the total cost; up
to 95 % is required to meet the protein and
energy requirements (Gadzirayi et al.,, 2012;
Mohanta, 2012). Voluntary intake, feed
digestibility and animal performance can be
improved by using alternative low quality
multipurpose trees (Melesse et al., 2011). Seed
and leaf meals function as protein sources and
aid in providing some essential vitamins,
minerals, oxycaretenoids as well as bioactive
compounds that function at cellular level
(Melesse et al., 2013). African baobab seeds
have been shown to be a superb source of
protein, with most of the essential and non-
essential amino acids (De Caluwé et al., 2010).
From previous reports, the baobab seed cake is
a potential low-cost and locally available protein
source for livestock feeding (Chimvuramahwe et
al., 2011).

In most developing countries, the major sources
of protein in commercial poultry production are
fishmeal (FM) and oil seed cakes. However,
these are usually scarce, expensive and used
extensively by other livestock and humans.
Nutrition accounts for 60-70 % of the total
production cost in modern poultry production
systems (Smith, 1990). Furthermore, feeding
has a great effect in poultry growth, egg
production and meat quality. This situation has
created a need to look for cheap, locally
available and less competitive substitutes to
some ingredients of poultry feeds and in
particular, sources of protein. There is
continued scarcity and consequent high prices
of conventional protein (soya beans) and energy
sources for livestock in the tropics (D’Mello et
al., 1987) and this hinders poultry production.
As a result of this, the use of Multipurpose Tree
Species (MPTs) in poultry feeding by livestock
farmers in northern Nigeria has become a

normal practice. However, the feeding values of
some of these trees is not known and one of
them is Adansonia digitata.

The use of leguminous Multipurpose Trees
(MPTs) and shrubs has been suggested to be a
viable alternative source of proteins, vitamins
and minerals for poultry feeding (Church, 1991).
A review of available literature shows that
Leucaena leucocephala, Gliricidia sepium,
Sesbania sesban, Manihot esculenta have been
widely used in feeding non-ruminants and
especially poultry resulting in improvement of
their productivity (Lopez, 1986; D'Mello et al.,
1987). However, the use of MPTs are limited by
their high fibre contents and in some cases,
presence of toxic factors or metabolic
inhibitors.

This research was therefore aimed at
determinining the performance of broiler
chicken fed different levels of decorticated
baobab (Adansonia digitata) seed meal diet at
starter phase.

METHODOLOGY
Experimental Site

This research study was carried out at the
Animal Production Teaching and Research Farm
of the Federal University of Technology, Minna,
Niger State. Minna, which lies between latitude
9° 28’ N and 9° 37’ N and longitude 6° 23’ E and
6° 33' E, and has a temperature range of 38° to
42° C, with lowest temperature in August and
highest in March. It has a mean annual rainfall
range of between 1000 mm — 1500 mm. Minna
is within Southern Guinea Savannah Ecological
Zone (FUTMIN, 2012).

Experimental Feed Preparation and

Formulation
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Baobab (Adansonia digitata) fruits (kuka) was
be obtained from Gwari market in Minna Bosso
Local Government of Niger State and crushed,
to obtain the seeds. Maize, maize offal and
groundnut cake were equally purchased from
Gwari market. Processing of the baobab was
carried out in accordance with the procedure of
Emmanuel (1995).

Baobab (Adansonia digitata) seeds was soaked
in water to dissolve the pulp, and was gently
scrubbed in order to obtain the soft kernel. The
clean seeds were then boiled at 100° for 1 hour
after which the seeds were soaked for 12 hours
and dehulled by rubbing between the palms to
remove the hard seed coat. They were then
rinsed with water and sun dried, after which
they were milled using an attrition mill and
stored in air tight containers.

The Baobab (Adansonia digitata) seeds were
used to formulate a complete diet with 0, 9, and
18 % inclusion levels which will be designated as
treatments A, B, and C respectively. The gross
compositions of the experimental diets are
shown in Table 2.

Table 1: below shows the Proximate
composition of decorticated Adansonia digitata

Table 2: Gross compositions of the experimental
diets containing varying levels of decorticated
Adansonia digitata seed meal

Ingredients (%) Treatment (%)

Gross A B C
Composition

AS seed meal 0.00 9.00 18.00
Maize 44.5 53.00 53.00
Maize offal 11.00 4.00 2.00
Groundnut cake  25.00 17.0 10.00
Full fat soya 10.00 7.50 8.30
Fish meal 3.00 3.00 3.00
Lime stone 1.00 1.00 1.00
Bone meal 2.00 2.00 2.00
Palm oil 2.00 2.00 3.00
Lysine 0.25 0.25 0.25
Methionine 0.25 0.25 0.25
Salt 0.50 0.50 0.50
Premix 0.50 0.50 0.50
Total 100.00 100.00 100.00

Calculate Analysis

seed meal
Parameters Decorticated Adansonia
digitata seed (%)

Dry mater 91.68

Crude protein 36.75

Crude fibre 15.60

Ether extract 18.30

Ash 12.32

Nitrogen free 8.71
extract (NFE)

Calculated ME 3146.86
kcal/kg

Crude protein 22.14% 22.00% 22.00%
Metabolizable 2989.35 2937.66 2768.33

energy (kcal/kg)
Crude fiber 3.83 3.09 2.84
Ether extract 6.20 5.84 5.64

AS = Adansonia digitata

Experimental birds and Their Management

A total of one hundred and seventeen (117) day
old broiler chickens were bought from CHI
farms along Lagos-lbadan express way, lbadan,
Oyo State. Each replicate contained 13 birds.
The birds were fed with the experimental diets;
fresh and clean water was provided ad-libitum.
The housing system was intensive (deep litter)
with concrete floor, covered with wood
shavings, equipped with adequate feeders and
drinkers. The pen was cleaned and washed with
water and detergents. The pen was disinfected
with formaldehyde solution to get rid of
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harmful organisms a week prior to the arrival of
the chickens. The birds on arrival were
randomly apportioned into brooding pen; three
treatments with three replicate each.

Appropriate  drugs and vaccines were
administered when due. Artificial lighting was
provided for 24 hours throughout the brooding
period with the use of rechargeable lamps. Heat
was provided with the aid of charcoal and
kerosene stoves. Regulation of temperature
was done by observing the behaviour of the
chicks.

Experimental Design

One hundred and seventeen (117) day old
chicks were randomly allocated to 3 treatment
diets with thirteen (13) birds in each replicate
with three replicates per treatment based on a
Completely randomized design (CRD) as
outlined by Steel and Torrie (1980). The diets
contained 0, 9 and 18 % dietary inclusion levels
of Adansonia digitata seed meal forming diets
A, B and C respectively.

Data Collection
Average feed intake of broiler chickens

The feeding was designed to last for a period of
8 weeks during which daily records of feed
intake and live weight changes were taken. The
birds were weighed before the experiment
began. Daily record of feed intake was obtained
by subtracting the left over feed from the
amount offered every day throughout the
period of the experiment. Record of body
weight gain was obtained from subtracting the
initial weight from the new weight of the animal
after every week. This continued throughout
the experimental period. The records of daily
day and weekly feed intake was obtained for
each of the replicate and mean weekly feed
intake per/birds was calculated.

Avearage feed intake (g) =

Quantity of feed given (g) — Quantity of leftover (g)

Number of birds
Average body weight gain of boiler chickens

The initial-weight of the birds was recorded at
the beginning of the experiment, and the birds
were weighed weekly thereafter. Body weight
measured at the end of the previous week was
deducted from that of the current week to
obtain the weight gained / bird / week.

Feed conversion ratio (FCR)

To determine the FCR, average feed intake was
divided by the average weight gain. It is
expressed mathematically as:

Mean feed intake (g)

FCR =
Mean weight gain (g)

(Esonu et al., 2010)
Digestibility trial

The last seven days of the research work was
used for digestibility trial. Two birds were
randomly picked from each replicate to
determine the nutrient digestibility. Total
collection method was used. The birds were
managed using specially designed metabolism
cages. The first three days were adjustable
period. A known measure of feed was fed to the
animals per day; the rejected feed was also
measured. Feacal sample were collected for
four days. These were oven-dried for 24 hours
at temperature of 50°C. The oven-dried samples
were probed per replicate at the end of the
week and representative sample were taken for
proximate analysis. Digestibility coefficient of
the nutrients was calculated as follows;

Digestibility Coef ficient =

Nutrient intake in feed — Nutrient voided in droppings o

Nutrient intake in feed

(Aduku and Olukosi, 1990)
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Proximate Analysis

Representative samples of the experimental
diets and the collected feacal samples during
the digestibility trial were analyzed for their
proximate components as outlined by AOAC
(1990) and Vansoest et al., (1991), respectively.

Statistical Analysis

The data generated was subjected to Analysis of
Variance (ANOVA) using completely randomized
design (CRD) as outlined by Steel and Torrie
(1980). Duncan’s multiple range test (DMRT)
was used to separate the means (Duncan,
1955).

RESULTS

Proximate composition of experimental diet
fed to broiler chicken

The result of the proximate composition of the
experimental diets fed to broiler chicken is
shown in Table 4.1. The result shows that the
dry matter of the diets ranged from 93.08 -
95.20 %, the crude protein values ranged from

19.25 - 20.12%, crude fibre 6.1 — 7.4%, ash
ranged from 5.37 — 9.4%, ether extract 8.61 —
8.94% and nitrogen free extract from 49.58 -
54.62% respectively.

Dry matter content in treatment T, T, and T;
were similar values. Crude protein content for
treatments T; and T; were alike while that of T,
was slightly higher. Values obtained for
treatments T, T,R; ang T2R, had similar crude
fibre contents that of T,R; and T; were also
similar. Treatment T; had the highest content of
ash followed by treatments T, and then T,.
Ether extract content for the treatments T;, T,
and T; were similar. Nitrogen free extract (NFE)
content for treatment T, was the highest while
treatments T, and T; had similar values.

Table 4.1 Proximate composition of the experimental diet

DM%

TREATMENT %CP  %ASH %FAT  %CF %NFE

T1R1 19.25 5.37 5.1 8.86 7.2 54.22 94.9
T1R2 19.25 5.38 4.95 8.9 7.3 54.42 95.05
T1R3 19.25 5.39 4.8 8.94 7.4 54.62 95.2
T2R1 20.12 8.65 5.32 8.89 7.1 49.72 94.68
T2R2 20.12 8.65 5.11 8.75 6.9 50.47 94.89
T2R3 20.12 8.65 4.9 8.61 6.7 51.22 95.1
T3R1 19.25 9.4 4.98 8.91 6.7 50.76 95.02
T3R2 19.68 8.9 5.95 8.9 6.4 50.17 94.05
T3R3 20.11 8.4 6.92 8.89 6.1 49.58 93.08

Diet (T;) = 0% inclusion level of decorticated baobab
Diet (T,) = 9% inclusion level of decorticated baobab
Diet (Ts) = 18% inclusion level of decorticated baobab

NFE = Nitrogen free extract

120| FONSAC 2019



Growth Performance of Broiler Chickens Fed
of Decorticated Baobab
(Adansonia digitata) Seed Meeal Diets at

Varrying Levels

Starter phase

The result of the effect of feeding diets
containing varying levels of decorticated
baobab seed (DBS) meal diets on the

performance of broiler chickens fed for 28 days

Table 4.2 Growth performance starter phase

is presented in Table 4.2. The result shows that
decorticated baobab seed meal diet had no
significant effect (P<0.05) on initial weight, final
body weight, body weight gain, total feed intake
and feed conversion ratio. Mortality was
significantly higher (P < 0.05) in birds fed diets
containing decorticated baobab seed meal diets
than those fed control diet.

Parameters T1 T2 T3 P-value SEM LOS
Initial weight 57.92 57.36 57.84 0.36 0.16 NS
Final Weight 202.44 199.02 184.52 0.74 8.80 NS
Total weight gain 144.52 141.66 126.68 0.73 8.83 NS
Total feed intake 630.92° 474.36™  524.89" 0.97 3138 NS
Feed conversion ratio 4.43 3.60 4.15 0.58 0.30 NS
Mortality 0.00 23.07 82.05 0.00 12.70 *

abcd

SEM = standard error of means
P-Value = probability value

Diet (T;) = 0% inclusion level of decorticated baobab seed meal
Diet (T,) = 9% inclusion level of decorticated baobab seed meal
Diet (T3) = 18% inclusion level of decorticated baobab seed meal

Nutrient digestibility of Broiler Chickens Fed Varying Levels of Decorticated Baobab (Adansonia

digitata) Seed Meeal Diets at Starter phase

Table 4.3 Nutrient Digestibility Starter phase

= means in the same row with different superscripts are significantly different (P<0.05)

Parameters T1 T2 T3 P-value SEM LOS
Dry matter (%) 92.16 84.55 88.09 0.16 1.63 NS
Crude protein 90.01° 83.27%" 80.42 0.08 1.88 NS
Crude fibre 81.45° 68.36 59.24° 0.04 4.01 *
Ether extract 96.02° 90.75° 90.12° 0.04 1.15 *
Ash (%) 73.77 68.08 67.00 0.60 2.65 NS
NFE (%) 95.60 89.78 87.92 0.03 1.38 *
TDN (%) 94.54 84.66 81.70 0.01 2.15 *

abc

SEM = standard error of means
P-Value = probability value

Diet (T;) = 0% inclusion level of decorticated baobab seed meal
Diet (T,) = 9% inclusion level of decorticated baobab seed meal
Diet (T5) = 18% inclusion level of decorticated baobab seed meal

NFE = nitrogen free extract
TDN = Total digestible nutrient
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Table 4.3 shows nutrient digestibility of broiler
chickens fed varying levels of decorticated
baobab seed meal diet at starter phase. The
result showed that decorticated baobab seed
meal diet had significant effect (P < 0.05) on
crude fibre, ether extract, nitrogen free extract
digestibility and on total digestible nutrient
(TDN). Dry matter, crude protein and ash
digestibility showed no significant difference (P
< 0.05) among the treatment groups. The result
of crude fibre indicated that T, had the best
significant (P < 0.05) performance over the
treatment groups followed by T, then Ts.
However, in TDN, treatments one (T;) the
control group recorded significantly highest
values over all other treatment groups.

Dry mater, crude protein and ash were not
significant across treatments. However, crude
protein digestibility was lower in T3 than in the
other treatment. Ether extract decreases
slightly with increase inclusion of decorticated
baobab seed meal diet up to T;.

DISCUSSION

ANOVA showed that there was better
performance (P < 0.05) from broiler chicks fed
the control diets compared to those fed
decorticated baobab seed (DBS) based diets,
this is in agreement with the findings of (J
Chimvuramahwe,et.,al 2011) who reported that
ANOVA showed better performance (P < 0.05)
from broiler chicks fed the control diet as
compared to those fed baobab seed cake based
(BSC) diets. (J.Chimvuramahwe, et.,al 2011).
The highest feed intake was recorded in broilers
fed 0 % (DBS) based diet across the
experimental period (four weeks).This is in line
with the report of (J.Chimvuramahwe, et.al
2011). Feed intakes of broilers fed BSCO based
diet were significantly different (P < 0.05) from

those fed BSC5, BSC10, and BSC15 based diets
in weeks three to eight.

The results of this experiment were in line with
the findings of Mwale et al. (2008)
Chimvuramahwe et al.,, 2011; Sola-Ojo et al.,
2013; Saulawa et al., 2014) who stated that
Inclusion levels that are beyond 10% in a
monogastric animal diet can result in a decline
in intake and conversion rate of feed (Mwale et
al., 2008; Chimvuramahwe et al., 2011; Sola-Ojo
et al., 2013; Saulawa et al., 2014). It is because
the seed has an unappreciable amount of fibre
and some anti-nutritional factors that are
discouraged for poultry diets. Therefore
inclusion rates higher than 10% cause a
cumulative increase in fibre and anti-nutritional
factor levels that cause detrimental effects on
poultry performance and even increase
mortality rates (Osman, 2004; Nkafamiya et al.,
2007; Mwale et al.,, 2008; Ezeagu, 2009;
Gadzirayi et al., 2012).

Baobab seeds contain some anti-nutritional
factors, such as phytate (2%), oxalate (10%),
tannins and saponins (3-7%) which reduces
digestive efficiency and utilization of dietary
nutrients in poultry. (Price Chisoro et al,
2017).According to Mwale et al. (2008) and
Chimvuramahwe et al. (2011) the effects of
these nutritional factors of the baobab seed
meal on growth, nutrient digestibility and meat
quality of broilers is scarce and unidentified.
Even though the best performance is noted
when birds are fed diets at 5-10% inclusion
levels, Chimvuramahwe et al. (2011) and Prince
Chisoro et al. (2017)

Similar to the findings of this research, Baobab
seed inclusion beyond 10 % in the diet brought
about a decline in feed consumption and
conversion rate (Mwale et al.,, 2008). Adewusi
and Matthew (1994) reported that increase in
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dietary fiber content in rat diets resulted in a
corresponding decrease in feed consumption,
conversion rate and true digestibility. Their
analysis however, showed that the diets had
more crude fiber, which is discouraged in
poultry diets (Mapiye et al.,, 2008), and this
could be one of the reasons why the highest
mortality was recorded from 18 % Decorticated
Baobab Seed (DBS) based diet. Mortality was
highest in birds fed on the highest Baobab seed
inclusion level. This can be attributed to the
cumulative effect of anti-nutritional factors to
toxic levels since baobab seed cake contains
some anti-nutritional factors such as oxalate,
phytate, saponins and tannins (Nkafamiya et al.,
2007).

The high mortality rate in this study can be
attributed to the processing method adopted
for Baobab seeds.. Similarly, the findings of
Adeyemo and Oyejola (2004) reported about
50% mortality of birds from day old to eight
weeks.

Broilers fed 9 % and 18% DBS diets had
significantly lower feed intake compared to
those on control diet. This can be attributed to
high fat content of DBS. Baobab seed contains
high energy (3000 — 4500 kCal/kg (Murray et al.,
2001; Nkafamiya et al.,, 2007). These findings
agree with Lesson (2000), Veldkamp et al.,
(2005) and Nahashon et al., (2005) who found
out that birds consume feed to primarily meet
their energy requirement. This is also consistent
with Plavnik et al., (1997) and Nahashon et al.,
(2006) who suggested that as dietary energy
increases; birds satisfy their energy needs by
decreasing feed intake. Decrease of feed intake
with high energy in diets was supported by
Veldkamp et al. (2005) who showed that feed
intake decreases linearly as dietary energy
increases. However, BSC diets were acceptable
to the broiler chicks even at the highest

inclusion level (18% BSC). This may be
attributed to the good aroma of this cake. The
baobab seed cake has a good aroma that
improves feed intake (Booth and Wickens,
1988).

The highest feed intake obtained in treatment
fed on control diet could have been due to the
diet’s palatability and nutrient composition
(Acamovic, 2001). The low feed intake of the
diets in early growth stages (week 1 to 3) could
be attributed to the underdeveloped gastro-
intestinal tract and adaptation of chicks to the
feed. Research has shown that digestibility of
feeds in poultry increases with age (Corless and
Sell, 1999). Both protein and energy
requirements for growth and development
increase with age (Pal and Singh, 1997), thus
broiler chicks increase their feed intake to meet
this requirement. Feed intake is a major factor
that influences both the body weight gain and
feed conversion rate in meat-type poultry
(Nahashon et al., 2006; Nkafamiya et al., 2007).
The Body weight gain of broilers was high in
those fed on control diet which significantly
increased from weekl to 4. This may be
attributed to high feed intake value reported for
the control diet.

Contrary to the findings of this research,
Saulawa et al. (2014) reported that even higher
inclusion levels above 10% chicks can still
tolerate the diet due to the good aroma of the
baobab seed meal which improves feed intake
(Mwale et al., 2008; Belawu and Ibikunle, 2009;
Chimvuramahwe et al., 2011; Madzimure et al.,,
2011; Saulawa et al., 2014). The other
contributing factor to having an inclusion level
of 5-10% is due to the fat content of the baobab
seed oilcake. Increased inclusion levels result in
lowered feed intake since birds are known to
consume feed principally to meet their energy
requirements. High energy diets in birds,
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frequently as a result of the relative fat content,
on average have, reduced feed intakes owing to
the decreased ease of passage rate of digesta
though the gut (Nahashon et al., 2006).
Therefore, there is an inverse relationship
between the energy content of the diet and bird
feed intake. Nahashon et al. (2006) and
Nkafamiya et al. (2007) noted that feed intake
in meat-type birds is an important factor that
has influence on both body weight gains and
feed conversion rates.

Conclusion

It can be concluded that the inclusion of
decorticated Baobab seed Meal Diets at 9% and
18% in broiler Starter diets as a protein source
is detrimental to the growth performance and
nutrient digestibility of the birds. Better
processing methods should be employed to
reduce the anti-nutritional factors present in
the seed meal.
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ABSTRACT

Phytobiotics are plant derived products added to feed to improve the performance of farmed animals.
They exhibit variety of properties, including antioxidant, growth promoting, appetite enhancing
properties and stimulation of enzyme activities. This study investigated the potentials of carica papaya
seed powder (PSP) to improve feed efficiency, growth performance and serum biochemical activities of
broiler chickens. Sixty day old chickens were randomly distributed into three treatments and fed diets
(commercial starter feed) mixed with 0, 0.5 and 1% PSP for the six weeks starter period. Feed and Water
were offered to the birds in all the different treatments ad-libitum. Feed consumption, growth
performance and water intake were monitored weekly when cages were also cleaned. Lipid
peroxidation was also assayed in the serum of the chicks from all treatments. At the end of the
experiment, results showed that feed efficiency and growth performance of broilers were not
significantly (p>0.05) influenced by dietary treatments. There were also no significant (p>0.05) influence
of PSP on serum biochemical parameters such as SGPT, SGOT, ALP, bilirubin, albumin, creatinine,
proteins, potassium, chloride, sodium and urea. Furthermore, lipid peroxidation decreased significantly
(p<0.05) in treatments with PSP when compared to the control. From the results of this
experimentation, feeding broiler chickens with diets mixed with PSP significantly and positively reduced
serum lipid peroxidation profile without negatively affecting feed efficiency, growth performance and
serum biochemical parameters. It may be concluded that supplementation of PSP has potentials as
antioxidant when supplemented in the diets of broiler chickens.

Keywords: Phytobiotic, Pawpaw seed powder, broiler, antioxidant.

INTRODUCTION

Poultry farming refers to the process of rearing
domestic birds such as chickens, ducks turkeys,
geese, etc for the purpose of farming meat or
eggs for food (Beutler, 2007). Over 50 billion
chickens are raised globally per annum as
source of food for both meat and eggs (Atteh,
2004). Poultry raised for meat are often called
broilers while those raised for eggs are usually
called layers. In Africa, agriculture and agro-

industries account for over 30% of national
incomes on average, as well as for the bulk of
export revenues (Heise et al, 2015). Nearly
three-quarters of the African population
depend on agriculture to secure their
livelihoods (Connolly, 2014; Oram, 2012).

As a result of high population growth in Africa
and the growing income, the demand for eggs

Muazu U. & Aliyu-Paiko M. (2019). Evaluating the Potentials of Carica papaya seed as Phytobiotic to Improve Feed Efficiency,
Growth Performance and Serum Biochemical Prameters in Broiler Chickens. 1% Faculty of Natural Sciences Annual Conference. IBB

University Lapai held between 6" to 9™ May 2019. Pp 126-136

126 | FONSAC 2019


mailto:umarmuazu1321@gmail.com

and poultry meat has significantly increased in
recent years across large parts of the African
continent (WHO, 2010). Based on estimates by
the United States Agency for International
Development, this trend is likely to continue
over the next few years (Heise et al, 2015).
Therefore, the consumption of poultry and eggs
is projected to increase by about 200% between
2010 and 2020 in some countries in sub-
Saharan Africa, including Nigeria (USDA 2013;
Obi, 2003).

To increase production, use of feed additives in
animal feeding began in the 1940s, to improve
the organoleptic characteristics of raw
materials, fodders, and/or animal products, and
to prevent diseases (US Food Administration
2009; Sapkota et al, 2007). Additives are also
used to improve production efficiency by
decreasing the mortality rate and stimulating
weight gain (Upadhayay and Vishwa, 2014;
Castanon, 2007; Dibner and Richards, 2005).
Additives used in animal feeds are diverse and
heterogeneous. Different categories are
common depending on their properties and
functions (Marroquin-Cardona et al, 2010). The
European Union (EU) classified food additives as
antibiotics;  antioxidants; aromatics and
flavorings; coccidiostats and other medicinal
substances; emulsifiers, stabilizers, thickeners
and gelling agents; colorants including
pigments; preservatives; vitamins, provitamins,
and other chemically well-defined substances
with similar effects; trace elements (oligo
elements); binders, anti-caking agents, and
coagulants; acidity regulators; enzymes;
microorganisms; radionuclide binders (Barton,
2000).

Unfortunately, the risk posed by antibiotic
growth promoters (AGPs) to create cross-
resistance to antibiotics used in human
medicine and their presence in animal products,

has led to their use to drop significantly, this is
as they are banned in some cases in the
formulation of fodders and for use in general
animal husbandry (Gaucher et al, 2015). Some
researchers however, suggested that the ban on
these substances has caused increase in the
incidences of bacterial infections (i.e., diarrhea,
coccidiosis and intestinal necrosis) (Allen et al,
2013; Castanon, 2007). The prohibitions on
AGPs resulted in economic impact on the
livestock industry because it led to increased
production costs. The American livestock
industry demonstrated that the use of AGP in
poultry production was associated with losses
for producers (Dibner and Richards, 2005;
Graham et al, 2007).

The restrictions on AGPs has stimulated interest
in medicinal plants, which was revived in recent
times because of their efficacy in providing cost
effective therapy to several diseases because of
secondary metabolites abundant in plants.
These compounds known as phytochemicals,
have been found to be responsible for the
antioxidant properties of plants (Boots et al,
2008). Of paramount importance among them
are polyphenols which where reported to
exhibit anticancer, antimicrobial, antiplasmodic,
anti-inflammatory, antiulcer, antidiabetic and
antihypertensive properties (Balch and Balchi,
2000; Jisika et al, 1992). Interestingly, Carica
papaya is rich in polyphenols which makes them
versatile tools for the treatment of ailments in
folklore medicine (Wang et al, 2008).

Papaya (Carica papaya) is a common human
fruit; available throughout the year in the
tropics. It is referred to as the "medicine tree"
or "melon of health", and papaya is also rich in
nutrients (Jackwheeler, 2003). It contains
medicinal properties and the major active
ingredients recorded include; carpine,

chymopapain and papain, a bactericidal
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aglycone of glucotropaeolin, benzyl
isothiocyanate, a glycoside sinigrin, the enzyme
myrosin, and carpasemine (Jackwheeler, 2003).
The mature fruits have a round or star-shaped
seed cavity (Nakasone and Paull, 2003) in which
several hundreds to thousands of seeds are
formed (Tsuchihashi, 2003). Papaya seed can be
preserved for long period of time at relative
humidity of 9 to 12% (Ellis et al, 1991), and they
can survive for three years at low temperature

and in a dry place (Malo and Campbell, 1994).

Phytogenic effects have been shown with
papaya extracts in poultry for feed palatability
and quality (sensory aspects), gut function and
nutrient  digestibility (improved growth),
(Rumokoy, 2016), gut parasites and production
parameters (improved weight gain and feed
conversion ratio, reduced mortality), (Nideou,
2017), gut microflora (less diseases of the GIT,
improved growth, reduced mortality) (Ferozal,
2017; Bauri et al, 2015), immune function
(improved health), and carcass meat safety and
quality (reduced microbial load, improved
sensory quality) (Mountzouris et al, 2009; Bolu,
et al, 2009).

This present study was designed to investigate
the effects of dried Carica papaya seed powder
on growth performance, feed efficiency,
antioxidant enzyme activity, and serum
biochemical parameters in broiler chickens.

METHODOLOGY
Location and duration of the study

The feeding trial phase of this research study
was carried out at the aquatic animal research
facility of biochemistry department Ibrahim
Badamasi Babangida University, Lapai, Niger
State. The experiment lasted for a period of 6
weeks of 7 days each.

Husbandry Conditions and feeding trial

Sixty day-old broiler starter birds were
purchased from a commercial supplier in
Minna, Niger state, and transported to the
research facility in ventilated paper cages. Day
old broiler chicks were exposed to cross-
ventilation during the period of the study.
Chicks were reared in cages of dimension 1.5 m
x 1.5 m x 2.0 m; length x breadth x height, that
were previously cleaned and disinfected. Chicks
were acclimated for 5 days. During the
acclimation, the chicks were fed commercial
starter feed (23.62% Crude Protein, 14.7%
Crude fat) and water was supplied ad libitum
under strict biosecurity control according to
previously published protocol (Molla et al,
2012).

Sixty day old chickens were randomly
distributed into three treatments and fed
commercial starter feed (Chikun, Olam poultry
feed mill, Kaduna, Nigeria) mixed with 0, 0.5
and 1% PSP for the six weeks starter period.
Pre-weighed feed were provided to all
treatments  while drinking water were
measured every morning to monitor feed and
water intake. Feed and water were offered to
the birds in all the different treatments ad-
libitum. All  birds were reared without
vaccination. Chicks were reared under
approximately natural photoperiod of 12/12
hours of light/dark cycles for period of six weeks
and cages were cleaned at the end of every
week.

The live weight of individual birds were taken at
the beginning and end of the experiment, but
batch weighed once weekly, for 6 weeks to
monitor growth performance and feed
consumption. The weights were taken using a
top loading weighing balance (Scout-pro,
Spinebrook, USA).
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Proximate composition

experimental feeds and papaya seeds powder

analysis of

Moisture content, crude fat, crude fiber, and
crude protein (Microkjeldahl N x 6.25) were all
determined following standard Methods of the
Association of Analytical Chemists (AOAC,
2002).

Calculations for feed efficiency and growth
performance parameters

Various parameters were calculated by applying
the appropriate formulae where necessary,
using the following:

Chicks survival (%) = (total chicks survival/ total
chicks stock) x 100

Feed intake (Fl) = total feed intake/number of
live chicks

Feed conversion ratio (FCR) = wet weight gain
(g)/feed intake (g)

Weight gain %(WG %) = [(W;- W,)/W;] x 100
Specific growth rate (SGR %) = [(In W - In W;)/T]
x 100

Where Ws refers to the mean final weight, W, is
the mean initial weight and T is the feeding trial
period in days.

Determination of Serum biochemical analysis

Chicks serum biochemical analysis such as SGPT,
SGOT, ALP, bilirubin, albumin, creatinine,
proteins, potassium, chloride, sodium and urea
were determine spectrophotometrically
following the manufacturer’s instructions of
AGAPPE diagnostics, Cham, Switzerland while
Lipid peroxidation was assayed according to the

method described by Health and Parker (1968).
Statistical analysis

Data obtained were subjected to one-way
analysis of variance (ANOVA) and the means
were compared using Turkeys test. Statistical
significance was set at P < 0.05. Statistical
analyses were performed using SPSS software
Version 20.0.

RESULTS

No chickens died during the experiment, as 100
% of the chickens from all treatments survived.
Results for proximate composition analysis of
PSP and all dietary treatments are shown in
Table 1. From the Table, it may be observed
that PSP is a very good source of fat, protein
and fibre. However, adding PSP up to 1 % did
not significantly (P > 0.05) modify the nutrient
composition of all dietary treatments.

Table 1: Proximate composition of feeds and Carica papaya seed powder

Treatments MC% CF% ASH% FAT% CP% CHO%
PSP 6.81 30.80 2.09 28.19 26.25 5.86

0% PP 8.44= 4.90= 4.30= 14.70= 23.62= 44.04=
0.5%PP 7.562 5.902 5.952 12.0= 27.128 34.97=
1% PP 7.66% 6.50° 7.102 13.67= 32.37= 39.20=

MC=Moisture content CF= Crude fibre CP=Crude protein CHO= Carbohydrate (Nitrogen free extract)

Control: normal commercial feed (Chukun feed)

Treatment 1: normal commercial feed+ 0.5% carica papaya seed powder

Treatment 2: normal commercial feed + 1% carica papaya seed powder
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Results for feed efficiency and growth
performance of broiler chickens fed graded
level of C. papaya seed powder for 6 weeks
starter period are shown in Table 2. From the
table, it may be observed that weight gain
increased with increasing level of PSP in the diet
from 0.5% to 1.0 %. Generally, better feed
conversion ratio values were obtained in all
treatments, but getting poor with increase of
dietary PSP up to 1 % PP. Chicks fed diet
containing 0.5 % PP had better feed conversion
ratio. Feed intake was significantly (P < 0.05) the
highest in 1% PP.

Results for hepatic/renal function biomarkers of
broiler chickens fed graded level of C. papaya
seed powder for 6 weeks starter period are
shown in Table 3. From the Table, it may be

observed that there was no significant
difference (P > 0.05) across all the treatments,
of the biomarkers monitored.

Results for serum metabolic parameters of
broiler chickens fed graded level of C. papaya
seed powder for 6 weeks starter period are
shown in Table 4. From the Table, it may be
observed that serum metabolic parameters
such as total protein, creatinine, urea,
potassium, chloride and sodium did not
significantly (P > 0.05) differ across all the
treatments. However, lipid peroxidation profile
decreased significantly (P < 0.05) in treatment
with PSP when compared to the control, and
peroxidation decreased with more PSP in the
diet.

Table 2: feed efficiency and growth performance of broiler chickens fed graded level of C. papaya seed

powder for 6 weeks starter period

Treatments 0% PP 0.5% PP 1% PP
Mean Initial weight (g) 69.20° 66.553 68.253
Mean Final weight (g) 2001.708 2079.758 2175.67°
Weight gain (g) 1932.50° 2013.25® 2107.42#
Av. Daily weight gain (g) 46.00° 47.933 49.643
Feed conversion ratio FCR  1.81 1.72 1.96
Specific growth rate SGR(%) 8.00 8.19 7.88
Feed intake FI (g) 3498.753 3462.753 4084.28b

MC=Moisture content CF= Crude fibre CP=Crude protein CHO= Carbohydrate (Nitrogen free extract)

Control: normal commercial feed (Chukun feed)

Treatment 1: normal commercial feed+ 0.5% carica papaya seed powder
Treatment 2: normal commercial feed + 1% carica papaya seed powder

Table 3: Hepatic/Renal function biomarker of broiler chickens fed graded level of C. papaya seed powder

for 6 weeks starter period.

Treatments ~ AST  ALT ALP BIL-TOTAL BIL-DIRECT  ALBUMIN
(1) (1) () (mg/d) (mg/dl) (1)

0% PP 16.80+1.25% 18.90+0.76% 25.97+1.86° 1.93+0.14° 1.43+0.07¢ 1.63+0.07*
0.5% PP 16.20+0.46° 17.93+2.72° 27.23+1.88° 1.87+0.23° 1.67+0.23° 1.43+0.07¢
1% PP 15.17+1.89% 17.97+0.59% 28.87+0.82° 1.47+0.18° 1.43+0.03° 1.63+0.03*

Data are expressed as mean + SEM (n = 3).

Mean + SEM followed by different letter within a column are significantly different (P <0.05).
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Table 4: Serum metabolic parameters of broiler chickens fed graded level of C. papaya seed powder for

6 weeks starter period.

Treatments 0% PP 0.5% PP 1% PP

Total protein (g/dl) 1.70+0.06° 1.67+0.09° 2.00+0.15°
Creatinine (mg/dl) 1.400.11° 1.30:0.06° 1.27+0.03¢
Urea (mg/dl) 46.50+0.26° 46.57+0.26* 47.63+0.43®
PDtassiUhﬁ{m@iﬂ] 3.43+0.22% 3.90+0.21% 3.47+0.13°
Chloride{“mggflj 53.23+£1.57® 61.33+3.56% 95.43+£17.09°
Sodium {mwggfl] 114.17+1.82° 148.57+4.37* 127.07+5.47¢
LPO {anjwqjjmlj 5.98+1.33° 2.86+0.04° 1.77+0.21°

Data are expressed as mean + SEM (n = 3).

Mean + SEM followed by different letter within a column are significantly different (P <0.05). LPO=Lipid

peroxidation assay.

DISCUSSION

The survival of all chickens from all treatment is
an indication that PSP may not contain any toxic
substances. No vaccines or AGPs were used in
the study. The crude protein content for PSP is
high indicating that it is a very good source of
protein. Protein is an essential component of
diet needed for the survival of both animal and
human of which basic function is to supply
adequate amount required (Pugalenthi, 2004).
Protein represent key nutrient for muscle and
bone health, and thereby function in the
prevention of osteoporosis in chickens (Bonjour,
2011). The protein content of PSP noted in the
present study was similar to that reported by
Makanjuola, (2018) and Maisarah, et al. (2014).

PSP is also noticed to be a good source of fiber.
According to Eromosele, (1993), fibre helps in
the maintenance of animal health and has been
known to reduce cholesterol level in the body. A
high fibre food expands the internal wall of the
colon, causing the passage of waste, thus
making it an effective anti-constipation. Fibre
also reduces the risk of various cancers, bowel
diseases and improves general health and well-
being of animals. The crude fibre content of PSP

noted in the present study was close to that
reported by Adebisi, and Olagunju, (2011).

Fat contents of PSP were recorded to be high
indicating that PSP is a good source of oil which
can serve as energy source. According to Wood,
et al, (2003), dietary intake of fat (unsaturated
fatty acids) reduces the risk of cardiovascular
disease and possibly the incidence of some
cancers, asthma and diabetes in chickens. The
fat content of PSP noted in the present study
was similar to that reported by Makanjuola,
(2018).

However, inclusion of PSP up to 1 % did not
significantly alter nutrient composition of all
dietary treatments. This result obtained from
this study is likely due to the quantity added.
According to Windisch et al. (2009)
supplementation levels of products to poultry
diets vary between 0.1 and 40 g/kg for dried
products and plant extracts. In addition,
phytobiotics (PSP) are substance added to feed
to improve the safety, flavor, taste, and other
qualities of the feed (FDA, 2018; Erich, 2002)
and do not add significantly to the main
nutrients of the feed.

Weight gain increased with increasing level of
PSP in the diet from 0.5% to 1.0 % (Table 2).
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This increased weight gain by broiler chicks fed
PSP containing diet could be attributed to the
fact that herbal plants provide compounds that
enhanced digestion and absorption of nutrients
in diets leading to improved growth of chicks
(Safa, 2014). The result of this study is in
accordance with the findings of Mohamed et
al., (2012), and Arshadet al. (2012) who
reported significant (p<0.05) increase in live
body weight of broiler chicks fed ginger-
supplemented diet.

Generally, better feed conversion ratio values
were obtained in all treatments, but getting
poor with increase of dietary PSP up to 1 % PP.
Chicks fed diet containing 0.5 % PP had better
feed conversion ratio. Better feed conversion
ratio of the broiler chicks fed diet containing
PSP additive could be attributed to the
antibacterial properties of these additive, which
resulted in better absorption of the nutrients
present in the gut and finely leading to
improvement in feed conversion ratio of the
treatments group (Khatun et al., 2013).

The broiler chicks fed PSP diets showed better
feed intake and utilization compared to the
control (Table 2). Feed intake was significantly
(P < 0.05) the highest in 1% PP. better feed
intake and utilization of broiler chicks fed PSP
diets could be attributed to enhanced secretion
of digestive enzymes resulting in an improved
gut functioning (Windisch et al., 2009). Arshad,
(2012) and Herawati, (2011) reported similar
results in feed intake when broiler chicks were
fed diet containing ginger powder as
phytobiotics additives.

Hepatic/renal function biomarkers of broiler
chickens fed graded level of C. papaya seed
powder for 6 weeks starter period showed AST,
ALT and ALP values not significantly varied (P >
0.05) across all the treatments. Notably, the

value of AST, ALT and ALP obtained in broiler
chicks fed PSP containing diet were within the
normal range and likely influenced the ability of
birds to withstand the effect of anti-nutritional
factors (if any) which could cause liver damage
(Harper et al., 1979). This was in line with the
findings of Ekpenyong and Biobaku, (1986) who
stated that the values of AST and ALT are
normally low in blood but becomes high when
there is occurrence of liver damage by toxic
substances. Similar values of AST and ALT that
was not significantly varied (p>0.05) in this
study for the control (0% PP) relative to
treatments are indicative of normal liver and
kidney functions (Bolu et al., 2006; Reitman and
Frankel, 1957) that was not made worse by
addition of PSP.

The result of the serum metabolic parameters;
serum albumin, creatinine, urea and total
protein of treatments (0.5% PP and 1% PP)
(table 3) were similar with that for the control
(0% PP). High urea and creatinine values are a
measure of amino acid degradation (Shukla and
Parahaurii, 1995) and early pointer to
depressed liver and kidney functions (Wards et
al., 1985).

Elevated creatinine value in chickens suggests
depletion of tissue creatinine phosphate and
this may adversely affect the muscle mass
(Eggum et al., 1982; Alleyne et al., 1970). This
implies that there was slightly better protein
metabolism and utilization in the treatment
group than the control. Therefore, PSP can be
used with confidence in broiler diet to provide
adequate nutrition.

The oxidative-antioxidative system imbalance
leads to the pathology called oxidative stress.
Oxidative stress occurs when there is an
excessive free radical production and/or low
antioxidant defense and this results in chemical
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alterations of biomolecules, which cause
structural and functional modifications like lipid
peroxidation, damage to proteins and DNA
(Ramanathan, et al., 1999). The levels of
reactive oxygen species is controlled by
enzymes like Superoxide Dismutase, Catalase,
Glutathione Peroxidase (GPx) and nonenzymatic
scavengers like Vitamin C and Vitamin E
(Kinalski, et al., 2000).

In the present study, lipid peroxidation profile
decreased significantly (p<0.05) in treatments
with PSP when compared to the control (Table
4). Lipid peroxidation is the oxidative
degradation of lipids. It is the process in which
free radicals steals electrons from the lipid in
cell membranes, resulting in cell damage
(Ostrea, 1985). In this study, lipid perodixidation
values tended to decrease as the level of
additive has increased from 0.5% PP to 1% PP.
This may be attributed to the antioxidant
effects of PSP (Kinalski, et al., 2000).

Antioxidant functions by suppressing the
formation of reactive oxygen species (ROS) and
reactive nitrogen species (RNS), affecting
enzyme activities (Maisarah 2014). The
decreases value of lipid perodixidation recorded
for broiler chicks fed PSP diet could be
explained by the effect of water-soluble
antioxidant (result not shown) present in PSP
which is capable of neutralizing ROP before lipid
peroxidation is initiated.

From the results of this experimentation,
feeding broiler chickens with diets mixed with
PSP significantly and positively reduced serum
lipid peroxidation profile without negatively
affecting feed efficiency, growth performance
and serum biochemical parameters. It may be
concluded that supplementation of PSP has
potentials as antioxidant when supplemented in
the diets of broiler chickens.
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ABSTRACT

Phytobiotics are plant derived products added to feeds inorder to improve performance of agricultural
livestock. Dietary inclusion of phytobiotics increases general performance offarm animals. This study
evaluated the effects of including cashew nut meal (CNM)in feedon growth performanceand other
parameters inbroiler chickensduring feeding trial. Sixty birds were grouped into three treatments,where
T,(control) was fed commercial diet only. T, and T; were experimental groupsmaintained on diets
containing 2% and 4% CNM, respectively.Feed and water were supplied ad-libitum during the
experimental period of six weeks. Growth performance, feed consumption and water intake were
monitored weekly, when also cages were cleaned.Results revealedthat T,differed significantly (P< 0.05)
in growth compared toT;and Ts;. However, no significant (p>0.05) difference was noted in
theconcentrations of other monitored blood biochemical parameters. Similarly, the values for
hematological parameters such ashaematocrit (PCV), Hb, RBC, WBC, mean corpuscular haemoglobin
concentration (MCHC), mean corpuscular haemoglobin (MCH), and mean cell volume (MCV)were also
not significantly affected (P>0.05) by the dietary treatments. Based on results in this study,it may be
concluded that CNM supplementation in dietscould improve immune parameters of broiler chickens
without adverse effect on growth performance and feed efficiency.

Keywords: Phystobiotics, Cashew nut meal, antioxidant enzymes, haematological parameters.

INTRODUCTION

Global chicken production makes a substantial broiler birds in Nigeria.
contribution to food security (WHO, 2014).

The challenges of food security and
Supply of chicken through poultry production

sustainability in developing countries of Africa

remains the most important source of animal like Nigeria pose a serious threat to the region.

protein in the developed and developing Furthermore, sufficient supply of animal protein

countries like Nigeria. Poultry production is is very critical and has resulted in the growing

. I 0
estimated to contributing about 25% of the demand in the production of foods of animal

agricultural domestic products of Nigeria’s origin especially from poultry (FAO 2010).

economy. This massive production has rated . o .

Population growth, urbanization, and income
Nigeria as the fourth in Africa for broiler
production (USDA, 2013). This report indicated

the need for improvement on the production of

improvements are the main drivers of increased
demand for foods of animal origin in Nigeria

Yusuf H.U. & Aliyu-Paiko M. (2019). Inclusion of Cashew Nut Meal as Phytobiotics in Feeds to Improve Feed Efficiency,
GrowthPerformance and Blood Metabolic Profile of Broiler Chickens. 1% Faculty of Natural Sciences Annual Conference. IBB

University Lapai held between 6" to 9™ May 2019. Pp 137-144
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(Abdullah et al., 2011).

As a result of high population growth in Africa
and the growing income, the demand for eggs
and poultry meat has significantly increased in
recent years across large parts of the African
continent (WHO, 2010). Based on estimates by
the United States Agency for International
Development, this trend is likely to continue
over the next few years (Heise et al, 2015).
Therefore, the consumption of poultry and eggs
is projected to increase by about 200% between
2010 and 2020 in some countries in sub-
Saharan Africa, including Nigeria (USDA 2013;
Obi, 2003).

Unfortunately,commercial farming systems for
broiler chickens to meet increasing population
and the demand for cheap protein/meat suffer
from numerous problems. These problems
include low capital base, inefficient
management, technical and economic
inefficiencies, infectiousdiseases, high costs of
feeds, poor quality of day-old chicks, and
inadequate extension and training facilities
(Heiseet al., 2015; Alabi and Isah 2002).
However, the most prominent among these
challenges include outbreak of diseases, high
cost of quality feeds and poor quality seeds

(Heiseet al., 2015).

Overcoming these prominent challenges and
attaining higher body weight with better feed
conversion ratio in a short period of time is the
main objective of efficient broiler production
2011).Sub-therapeutic
antibioticshave been widely used as growth

(Toghyaniet al.,

promoters (AGPs) inlivestock to maintain health
productivity(WHO,
2014).However, heavy reliance on the use of

and enhance

antibiotics to promote growth and animal
performance, and combat bird diseases has
adversely resulted to induction of resistant

strains of pathogenic microorganisms, inhibition
or killing of beneficial microbiota in the
gastrointestinal (GI) ecosystem and the bio-
accumulation of antibiotic residues in poultry
products that are harmful for human
consumption (Salehaet al., 2009). Due to the
ban on wusage of antibiotics as growth
promoters in the EuropeanUnion (EU) and other
countries since 2006, intensive research has
focused on the development of efficient
alternatives to AGP (Huyghebaertet al., 2011;
Brown et al., 2017).

Natural growth promoters (NGPs), such as
probiotics, prebiotics, and phytobiotics, have
been exploited, as alternatives to antibiotics in
livestock production.As alternative to
antibiotics, phytobiotics are plant derived
productsadded to feed in order to improve
performance of agricultural livestock (Windisch
and Kroismayr, 2006). Phytobiotics are
relatively new feed additives, Knowledge about
their modes of action andapplication rates are

still rather limited (Windisch et al., 2009).

Several studies reported presence of essential
secondary  metabolites with  phytogenic
properties in cashew kernel. Despite these
documented medicinal benefits, no substantive
studies have been conducted about the use of
cashew kernel as phytobiotic additive in feed
for poultry production. However, these vital
bioactive compounds could elicit many health
benefits in poultry.

METHODOLOGY
Experimental Location

The research work was conducted at the Poultry
Unit of the Department of Biochemistry,
Ibrahim BadamasiBabangida University Lapai,
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Niger State Nigeria from April 2018 to June
2018.

Experimental Feeds

ChikunOlam commercial starter feed (broilers
chick feed) was purchased from Minna central
market and transported to Animal house of IBB
University, Lapai, Niger state.

Cashew nut meal

Fresh cashew nuts were purchased from Lapai
central market. The collected seeds were
cleaned and dried for two weeks. The kernels
were obtained by cracking the shell and
subsequently milled. The kernel meal was then
stored at ambient temperature until used.

Experimental animal

A total of sixty-five (65) day-old mixed sex
broiler chicks were purchased from a
commercial hatchery in Minna, Niger State
Nigeria and transported to the Animal house of
IBB University, Lapai, Nigeria. The chicks were
acclimated to the experimental facility
conditions and fed with control feed for three
days.

Experimental design

Sixty (60) birds (mean initial weight 75.5g) were
randomly distributedinto three treatments.
Each treatment has two replicates with ten (10)
chicks per replicate. Treatment A was fed with
the control diet (commercial feed with 0%
cashew nut meal). Treatment B and C were
administered with experimental diets
containing 2 % and 4 % cashew nut meal
respectively as additives to the commercial
feed. Birds were fed the assigned experimental
diets ad-libitum with constant access to water

for 6 weeks.

Birds were weighed individually at the
beginning and once weekly, to monitor growth
performance and feed consumption. At the end
of the six week experiment, surviving chicken
were randomly pooled per treatment and used
to determine feed efficiency, growth
performance, haematological parameters, and
liver biomarkers

Proximate Analysis

Proximate composition of the cashew nut meal
and commercial feed were analyzed using
standard method of AOAC (2010).

Feed Efficiency and Growth Parameters
Adopted and Calculations

Various parameters were calculated by applying
the appropriate formulae where necessary,
using the following calculations:

Feed Efficiency Parameters

. totalfeedintake
Feed intake (FI) =————
( ) numberofbird

Protein intake (PI) =

feedintake(g) X percentproteinindiet

. . _wetweightgain (g)
Feed conversion ratio (FCR) = Feedintake (g)

Protein efficiency ratio (PER) _wetweightgain (9)

totalproteinintake

Growth Performance Parameters

_finalnumberofsurvivingbird

Bird survival (%) = x 100

initialnumberofbird

Weight gain (WG) = WF-Wi
We_w.
Weight gain (WG %) =[(£V—Wl)] x 100
. InWe_1nw,
Specific growth rate (SGR %) :[T‘] x 100

WhereW; refers to the mean final weight,W; is
the mean initial weight andT is the feeding trial
period in days.
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Determination of Hematological Parameters

The haematological components including
haemoglobin (Hb), packed cell volume (PCV),
red blood cells (RBC), mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin concentration
(MCHC), and white blood cells (WBC).were

Assay of Liver Enzymes activitiess

Alanine transminase (ALT), Aspartate
transaminase (AST), Alkaline phosphatase (ALP)
were spectrophotometrically assayed according
to the methods of Reitman and Frankel (1957),
Thefeld, et al., (1974) and Wright et al., (1972)

respectively.

determined using the automated haematologic
analyzer SYSMEX KX21, a product of SYSMEX
Corporation, Japan employing the methods
described by Dacie and Lewis, (1991).

RESULTS

This section describes the results obtained for each of the analysis carried out after the 6 weeks of feeding
trial.

Table 1: Proximate composition of feeds and cashew nut meal

Treatments Moisture crude fibre Ash Fat protein Carbohydrate
CFD 8.44+0.34° 4.90+0.45° 4.30+0.35° 14.70+0.99® 23.62+0.87® 44.04x1.57°
CNM 4.05+0.48% 2.91+0.49*® 3.10+0.07®® 38.90+0.98° 28.00+0.05® 23.05+0.45°%

2% CNM  8.34+0.37° 7.50+0.34° 7.20+0.56° 14.20+0.68® 27.12+0.34° 35.64+0.43°

4% CNM  8.12+0.03° 10.60+0.19° 2.09+0.34® 14.20+0.43® 29.75:0.95°  35.24+0.57°

Values are expressed as Mean *SEM. Each mean is an average of three replicate (n=3).Values with different
superscript are significantly different (p<0.05).

e  CFD: commercial starter feed (Chikun feed)

*  CNM: cashew nut meal

* 2% CNM: commercial starter feed + 2% cashew nut meal

* 4% CNM: commercial starter feed + 4% cashew nut meal

Table 2: Feed efficiency of broiler chickens fed experimental diets for 6 weeks starter period

Treatments Control 2% CNM 4% CNM

Feed intake (g) 3614.12+25.67°  3805.81+21.56°" 3707.29+28.65%*

Feed conversion ratio 1.86+0.05° 1.85+0.03° 1.97+0.45°

Protein efficiency ratio 82.38+9.43° 75.80+4.56° 63.14+43.45°

Values are expressed as Mean +SEM. Each mean is an average of three replicate (n=3).Values with different
superscript are significantly different (p<0.05).
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Table 3: Growth performance of broiler chickens fed experimental diets for 6 weeks starter period

4% CNM
73.51+5.43°
1944.52+18.45¢
1878.40+11.84°2
2550.44+22.34°¢
l7.80+0.50°

Treatments Control 2%CNM

Initial weight (g/bird) 77.54+4.563 75.53+4.56°
Final weight (g/bird) 2023.52+21.56° 2126.53+19.44°
Weight gain (g/bird) 1945.85+12.34" 2055.93+11.56°
Weight gain (%) 2510.77+27.66° 2721.28+24.66°
Specific growth rate (%) 7.77+0.95° 7.95+0.55°

Values are expressed as Mean #SEM. Each mean is an average of three replicate (n=3).Values with different
superscript are significantly different (p<0.05)..

Table 4: Haematological parameters of broiler chickens fed experimental diets for 6 weeks starter period

Treatments Control 2% CNM 4% CNM
WBC (x 10°mm3) 86.66+0.96° 84.66+0.33° 84.33+1.76°
PCV (%) 27.00£0.455 24.94+0.26°2 27.01+0.79b
RBC (x 10°mm3) 2.1340.02° 2.0440.293 2.2240.65°2
Hb 14.0640.18° 13.6340.08° 14.3340.38°
MCV 126.3342.333 122.00+1.52° 121.67+1.20°
MCH 65.76+0.14° 66.96+0.572 45.50+19.51°2
MCHC 52.06+0.93 2 54.73+0.62 3 53.10+0.20°

Values are expressed as Mean + SEM. Each mean is an average of three replicate (n=3).Values with different
superscript are significantly different (p<0.05).CNM= Cashew nut meal

Table 5: Liver Biomarker Enzymes of broiler chickens fed experimental diets for 6 weeks starter period

Treatments Control 2% CNM 4% CNM

ALT 17.530.14# 15.00+0.40% 26.70+1.60°%
AST 19.13+0.98% 14.83+0.32°% 27.83+2.01¢8
OALF’ 16.6010.79° 15.43x1.61° 29.36+0.33°

Values are expressed as Mean = SEM. Each mean is an average of three replicate (n=3).Values with different
superscript are significantly different (p<0.05)

DISCUSSION

Animal health and wellness depends on the
quality of the feed given to them. In the present
study the proximate composition of commercial
feeds and cashew nut meal are shown in Table
1. The determined nutrient content of the
cashew nut meal obtained in this trial was
slightly at variance with the findings of Fetuga

et al. (1975). Various factors ranging from the
processing method, length of storage and
storage facility, the type of soil on which the
crop was grown and specie differences could be
responsible for such variations. The percentage
composition of the experimental diets is shown
in Table 1, the crude protein and Metabolizable
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energy of the experimental diets are adequate
for broiler production in the tropics (Aduku,
2004).

The numerically higher mean weight gain
observed for birds fed 2% CNM in Table 3 could
be due to adequate proportion of cashewnut
meal in the diet. This could have provided a
positive balance of amino acid for the birds
(Odunsi, 2002; Faniyi, 2002). The significantly
(p<0.05) higher feed intake (Table 2) and weight
gain (Table 3) obtained in broilers fed the diet
supplemented with 2.0% CNM compared to
those broilers fed 4.0 % CNM and the control
diet could be due to improved palatability while
the 4.0 % CNM could have slightly depressed
appetite on the broilers. Since according to Hill
and Dansky (1950) and Mark and March (1985),
energy rather than protein concentration seems
to be the major determinant of feed intake. The
values obtained for growth parameters and
nutrient utilization in broilers fed 2% CNM is
evidence that inclusion of cashewnut meal as
phytobiotic seems profitable for productive
performance.

Blood represents a means of assessing clinical
and nutritional health status of animals in
feeding trial and the haematological parameters
most commonly used in nutritional studies
include PCV, RBC, HBC, MCHC, MCV and clotting
time (Aletor and Egberongbe, 1992; Olorede
and Longe, 2000; Adeyemi et al., 2000). Table 4
shows the results of haematological
parameters. The results showed the packed cell
volume (24.94+0.26 - 27.01+0.79) are
statistically similar, this indicate the better
utilization of all the energy sources, the values
reported in this study are in agreement with
(22.23-26.83%) reported by Afolayan et al.
(2014), it is however fall below the normal
range of (31-33.5%) reported by Mitruka and
Rowley (1977).

The values of haemoglobin (Hb) obtained were
within the normal range for chickens (7-14g/1)
as stated by Mmereole (1996). Haemoglobin
values of 6.3-7.8g/| (Mmereole, 1996) and 8.7-
9.3g/l (Ikhimioyaet al., 2000) had been reported
in indigenous chickens and 8.6-10.7g/l
(Madubuike, and Ekenyen, 2006) and 11.26-
13.1 g/l (Afolabi et al., 2010) in broilers. The
significant value of MCH obtained was within
the normal range since the Hb and RBC
obtained were within normal range for chicken.
This result indicated that the nutrients were
adequately utilized by the broilers and posed no
problem to the birds. It explains why the birds
were healthy, not anaemic and were capable of
withstanding stress.

The values of PCV, RBC, MCV and MCHC
obtained in this study which were not
significantly different across the treatments and
within the normal range for chickens supported
the findings of (Ikhimioya and Arijeniwa, 2000).
This showed that the bone marrows of the birds
were functioning normally. It revealed the
absence of macrocytic and
hypochronicanaemia. The normal values of PCV
obtained in the study showed that the CNM
increased the availability of protein, energy and
the degradation of anti-nutritional factors. This
according to (Cary et al., 2002) improves broiler
performance. This confirmed that
haematological traits, especially PCV and Hb
were correlated with the nutritional status of
the animal (Cary et al., 2002) and agreed with
(Oyawoye and M. Ogunkunle, 1998) who stated
that PCV is an index of toxicity in the blood and
high levels usually suggest the presence of toxic
factors which has adverse effect on blood
formation. The values of MCV, MCH and MCHC
are not statistically different among the
treatment groups indicating the quality of CNM
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in maintaining the integrity of blood indices in
broiler birds (Afolabi et al., 2010).

Alanineaminotransferase (ALT) and
Aspartateaminotransferase(AST) are biomarkers
of hepatic integrity and to a certain level can be
used to assess the extent of hepatocellular
damage  (Shittuet al., 2016). Alkaline
phosphatases (ALP) are often used to assess the
integrity of plasma membrane and endoplasmic
reticulum (Ekanem and Yusuf, 2008). The serum
AST, ALT and ALP activities reported in Table 5
are within the range reported by other previews
works (Adamu et al., 2015; Ogueji and Auta,
2007; Gabriel et al, 2010). Therefore, the
activity reported in this study followed the
reported pattern signifying that the broilers are
not responding to any environmental
challenges. This was in line with the finding of
(Ekpenyong, andBiobaku, 1986) who stated that
the values of AST, ALP and ALT are normally low
in blood but becomes high when there is
occurrence of liver damage by toxic substances.

Based on results in this study, it may be
concluded that CNM supplementation in diets
could improve immune parameters of broiler
chickens without adverse effect on growth
performance and feed efficiency.
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ABSTRACT

Peanut cake (Kulikuli) is a snack delicacy indigenous to the West African coast. Kulikuli is usually
produced from groundnut during groundnut oil extraction and then fried to obtain the final product.
This study “Comparative Hazard Analysis and Critical Control Point (HACCP) Concept in Peanut cake
(Kulikuli) Production” investigates bacterial and fungal contaminations (hazards) at 4 (four) different
points during ‘kulikuli’ production in Kaduna, Nigeria. Eight (8) Samples were collected from Badarawa
and Rigasa during the 4 (four) points of production. Paste after oil extraction and molded paste were the
critical control points (CCPs), while the remaining stages were the control points (CPs). The laboratory
kulukuli was produced using standard procedures with regards to hazard analysis and critical control
points. Proximate composition on both the laboratory produced kulikuli adhering to HACCP and the
locally produced kulikuli were carried out using standard techniques. Microbiological evaluation of the
kulukuli samples were investigated through isolation, enumeration and identification using pour plate
techniques , morphological, biochemical tests and mycological evaluation using lactophenol cotton blue
under 40X magnification and atlas for identification. The bacteria and fungi isolates were tested against
selected antibiotics and antifungal agents. All the proximate composition parameters were closely
related but sample one showed a notable difference in crude fat content. Bacteria associated with the
kulikuli samples from Badarawa and Rigasa were in varying numbers in CFU/g and were identified as
Escherichia coli, Proteus sp., Klebsiella sp., Salmonella sp. while fungi species include Aspergillus sp,
Penicillium sp and a Mucor sp. But no bacteria and fungi species were detected in the laboratory
produced kulikuli samples. Bacterial isolates showed sensitivity to all the antibiotics used except E.coli
while the fungi isolates were also sensitive to all the antifugal agents employed. Salmonella was
resistant to all antibiotics used in this study but E coli, Klebsiella and Proteus were sensitive to
antibiotics employed at different concentrations. The antibiogram of selected antifungal against the
fungal isolates showed that Fesovin had a sensitive concentration of 217 and resistance of <13;
Itraconazole is had concentration of >16 and resistance of <9; Fluconazole had concentration of 219 and
resistance of <14; Griseofulvin had concentration of >19 and resistance of <14; Ennotab had
concentration of >16 and resistance of <9. Therefore, the point of oil extraction is very critical and can
render the overall product unsafe for consumption as it the highest of microbial contamination. Hazard
analysis and critical control point approach in quality management can be used in the preparation of
local snacks. This will increase consumer confidence and in turn more patronage of the product (s).y.

Keywords: HACCP, bacteria, kulikuli, proximate, antibiotics.
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INTRODUCTION

All food business operators are responsible for
making sure that the food produced by their
business is safe to eat (Regulation (EC) No
178/2002 Article 14.2 of the European
Parliament). This means that it is neither
injurious to health nor unfit for human
consumption. To do this, Regulation (EC)
852/2004 Article 5 of the European Parliament
requires the operator to put in place,
implement and maintain permanent procedures
based on HACCP principles. The Hazard analysis
and Critical Control Point (HACCP) concept is a
systematic approach based on hazard
identification, assessment and control but
places premium on both process and raw
material control than the testing of final
products (Savage 2009). To produce safe food
for consumers, all the important safety hazards
that are associated with the production of food
need to be prevented, eliminated or reduced to
an acceptable level. These food safety hazards
may be biological, physical or chemical. The
seven hazard analysis and critical control point
(HACCP) principles provide a systematic way of
identifying food safety hazards, making sure
that they are being managed responsibly and
showing that this is being done continuously
(Nahemiah et al 2014). The HACCP is based on
seven key principle : the potential hazards in
foods are identified and the risks assessed;
Critical Control Points (CCP), the point in the
process where control could be exercised to
minimize or eliminates the potential hazards,
are to be identified; specifications are
established for each CCP; corrective actions to
be taken when deviation occurs at the CCP
identified; a record is kept of the process flow
chart; and verification procedures are put in
place to ensure that the HACCP identifies
hazards and preventive measures for their

control. Its effect is to focus control at the CCPs
and to provide a bases on which the
performance of food production system and the
expected safety of food processed by it can be
assessed immediately by the processes
(Nahemiah et al 2014). The HACCP is a proactive
approach to building food safety into one’s food
production or preparation process that depends
on the common sense application of both
scientific and technical methods in the plant
(FAO 2008 &Nathai-Balkissoon &
Arumugadasan 2014). An efficient and accurate
record keeping within HACCP is essential. This
provides the manufacturer with confidence that
their product is safe and allows auditors to do
their job. Documentation includes details of the
component raw materials, the processing and
the requirements of final products. Additionally,
details of the HACCP plan, staff training, audit
and  verification  details are needed.
Nevertheless, people’s resistance to change is
obstacle to the HACCP
implementation.  Other  barriers  include

the main

inadequate support and facilities such as, the
layout, space limitations, and poor design
facility (Pun & Bhairo-Beekhoo 2008). The
HACCP concept is a systematic approach based
on hazard identification, assessment and
control but places premium on both process
and raw material control than the testing of
final products. But it is often necessary to carry
out individual analysis of the critical control
point (CCP) required for a given production
process rather than applying generalized
procedure for all types of foods. Kulikuli is a
northern snack that is made from dry roasted
peanut/groundnut, ground into a semi-paste,
mixed with selected spice and deep fried until it
hardens. Kulikuli is one crunchy snack that
brings back lovely childhood memories. The
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essential ingredient for the sustenance of life is
food with either plant and animal origin and
therefore, its demand is necessary, people
depend mostly on indigenous technology for
food preparation in Nigeria, more especially
food of plant origin (Adjou 2012). Peanut cake
(Kulikuli) is a snack delicacy indigenous to the
West African coast. Kulikuli is usually produced
from groundnut during groundnut oil extraction
and then fried to obtain the final product (Adjou
et al 2012). Apart from being a part of the diet
of most age ranges, peanut cake is most
commonly consumed by the middle aged and
younger persons, particularly students. Peanuts
and its derivatives are often classified as street
food which satisfies essential need of the urban
population by being affordable and available
(Boli et al 2014). Kulikuli is rich in protein and
crude fat similar to its parent material,
groundnut (Aletor & Ojelabi 2007 & Kolapo et a/
2012 & Ejoh & Ketiku 2013). Moreover,
groundnut is often referred to as a poor man’s
protein due to its availability and affordable
prices. Due to its high nutritive content, peanut
cake in Nigeria is prone to contamination by a
wide variety of microorganisms including many
bacterial species ranging from the simple
commensals to the pathogenic types and fungal
organisms (Ezekiel et al 2014).Contamination by
these microorganisms occurs during handling,
storage and transportation as a result of
improper processing during production and
storage conditions, thereby exposing groundnut
and its products to the risk of contamination
with aflatoxin (Polixeni & Panagiota 2008 &
Mutegi et al 2012). Mycotoxins are secondary
metabolites of fungal origin which produce toxic
responses when ingested by animals or
humans. Mycotoxicosis is a term used to denote
the diseases that result from the ingestion of
mycotoxin by animals and humans (Frisvard et
al 2017). Plant products such as spices (ginger

and chilli) have been used not only to provide
flavor and aroma in foods but also for their
antimicrobial  properties in many food
production including kulikuli.  Groundnut
(Aranchis hypogea) and its popular derivative
snack product, kulikuli are particularly prone to
contamination during the production process
because it's mostly a locally produced and
attention is not paid to HACCP principles to
ascertain where contamination is likely to occur
during the production, making it unsafe for
consumption. The study was aimed at the
comparative hazard analysis and critical control
point concept in kulikuli production.

METHODOLOGY
Collection of Samples

Samples of kulikuli for analysis were collected
from Badarawa (Coordinates:10.4707°N and
7.4435%) and Rigasa ( Coordinates: 10.5286°N
and 7.3866°E) in Kaduna. The method adopted
involved monitoring of the Kulikuli preparation,
identification of possible sources or routes of
contamination. Samples were collected during
production and tested for microbiological
hazards, categorizing risks and documenting a
flow chart, indicating relevant critical control
points. That was used to evaluate the quality of
Kulikuli prepared in the laboratory.

Hazard and Critical Control Points (HACCP)

The hazard analysis and critical control point in
Kulikuli production were carried . The methods
used were identification of the control points
(CPs) and critical control points (CCPs) using the
method described by Nahemiah et al (2014).

Laboratory Preparation of Kulikuli Stock

A measured quantity of shelled peanut was
sorted, roasted and milled. Oil was extracted
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from the ground peanut seeds in a previously
heat sterilized mortar and pestle by adding hot
sterile distilled water. After the oil removal
process was repeated severally, the final paste
was then used in preparing the snacks.

Groundnut is shelled

/

Sorting*

‘

Roasting

/

Grinding*

/

Pressing to remove oil*

/

Shaping*

Frying in Oil

/

Peanut cake (kulikuli)/storage*

Fig.1: Flow chart of kulikuli production
indicating CCPs (Akano & Atanda, 2009).

Proximate Analysis of Kulikuli

The proximate analysis of the kuli kuli samples
were carried out to determine the percentage
(%) mosture content, ash, protein, fat, fibre and
carbohydrate using standard procedure
described by Association of Official Analytical
Chemists (AOAC) (2009).

Media Preparation

Potato dextrose agar, Mueller-hinton agar, Mac
Conkey agar and plate count agar were
manufacturer’s

prepared  according to

instruction. All media were sterilized in an
autoclave at 121°C for 15 minutes.

Proximate Analysis

Proximate composition of the cashew nut meal
and commercial feed were analyzed using
standard method of AOAC (2010).

Isolation Bacteria from Samples of Kulikuli

Enumeration of aerobic mesophilic bacteria:
plate count agar (PCA) was used for bacterial
counts. Approximately 10 = 1.0 g samples was
mixed with sterile peptone water (1:10) to
prepare the initial homogenate. This was
homogenized for about 3 minutes using hand
agitator followed by making serial dilutions with
1ml of the initial homogenate being added to
9ml of sterile peptone water (Oxoid). Twenty
(20) ul of the initial dilution (10™") and through
each of the dilutions up to 10° was added,
respectively, to PCA using the drop plate
technique. The PCA agar plates were incubated
at 35°C for 24 hours after which plates were
read. All colonies that grew on PCA were
expressed in CFU/g and propagules/g,
respectively (Oyeleke & Manga 2008). The total
viable bacterial count (TVBC) was carried out
according to the standard methods described
by Oyeleke & Manga (2008).

Isolation of Fungi from Kulukuli Samples

Serial dilution was done for each of the kulikuli
samples using a 5-fold dilution (10, 10?, 107,
10" and 10”) with each test tube containing
9ml each of sterile distilled water.