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DEDICATION

This book is dedicated to the Alexander von Humboldt Foundation, Germany
for its special support for outstanding African Scholars.

The book also is dedicated to the poor and hungry people in the African
Continent who have woken up today to uncertainty, insecurity and poverty.






Foreword

Research on food, health and environmental issues is of major importance for
developing countries. This peer-reviewed publication provides an overview of current
Nigerian research projects on these tfopics. The book, containing peer-reviewed
articles, is based on a conference, which took place at Obafemi Awolowo University in
Ile-Ife, Nigeria, in August 2008 and which was mainly sponsored by the Alexander von
Humboldt Foundation.

The Humboldt Foundation is a German non-profit organisation promoting academic
cooperation between excellent scientists and scholars from Germany and abroad. Every
year, the foundation sponsors approximately 1,800 research fellowships and awards.

The greatest asset of the Humboldt Foundation is its international alumni network. It
embraces approximately 23,000 scientists and scholars from all disciplines in more than
130 countries who are closely associated with Germany. Nigeria has one of the
strongest Humboldt networks on the African continent. It comprises about 180
scientists and scholars from all major Nigerian universities.

To support its international network, the Humboldt Foundation provides financial
support to organise regional and specialist conferences (so-called "Humboldt Kollegs").
The Humboldt Kollegs have rapidly become one of the most popular instruments for
strengthening regional and specialist networks. The majority of participants in these
conferences are Humboldtians from a specific region or a major specialist field.

The Humboldt Kolleg at Obafemi Awolowo University has been part of the "Africa
Initiative 2008-2009" that the Humboldt Foundation has launched with special support
of the German Foreign Office to strengthen the local and regional networks in Africa.
The Humboldt Foundation is grateful to the organisers and co-sponsors of the
conference for their commitment.

The Humboldt Foundation is confident that the proceedings of this conference will
contribute to the development of Nigerian education and research.

Dr. Felix Streiter
Alexander von Humboldt Foundation
Head of Division Middle East, Africa, Latin America



FROM THE EDITORS

It is our joy to publish the full texts of the peer-reviewed articles presented at
the Humboldt Conference of August 3-7, 2008. We thank the Alexander von
Humboldt Foundation, Bonn, Germany for providing the funds for the Conference
and for the publication of this book. The Editors also appreciate the painstaking
efforts of the reviewers who responded promptly to peer-review requests.
Reviewers' comments went a long way to improve the academic qualities of all the

articles contained in this book.

We are certain that the articles contained in this book will be of immense values
to undergraduate, postgraduate, postdoctoral and full-time researchers on topics

that are related to food, health and environmental issues in developing countries.

Editor-In-Chief:
Odunayo C. Adebooye PhD, MCRA, Humboldtian

Co-Editors:
Kehinde A. Taiwo PhD, Humboldtian
Andrew A. Fatufe PhD
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Comparative Analysis of Livestock Resources and Productivity In Nigeria With Some Selected Countries
of The World

J. Oluwasola Agbede', Adegbenro Muyiwa', Amos T. Taiwo and Aletor, v. Ayobore'
'Department of Animal Production and Health, > Department of Agric. Econs. & Ext.,
Federal University of Technology, P.M.B 704, Akure, Nigeria

E-mail: joagbede@yahoo.com

Abstract

The critical role of livestock industry in the economy of any nation, including Nigeria cannot be underscored.
This sector represents the main animal protein resources for the population. The livestock production potentials
of Nigeria was examined and compared with those of African countries and some selected developed countries
of the world. Nigeria holds a total of 212.8 million livestock with cattle, sheep and goats contributing 7.1%,
10.8% and 13.2% of the total population respectively. Pigs and poultry represent 3.1% and 65.8%, respectively.
Nigeria holds about 12% of African continents of goats, 9% of sheep, 31% of pigs and 10% of poultry. The
livestock population in Nigeria is about 58%, 56% and 14% higher than found in countries like Italy, Spain and
Germany respectively but the level of productivity (meat, milk and egg) is comparably lower. The major reasons
for this short fall are diseases, poor management techniques, poor genetic composition of the local breeds and
unsustainable government policy measures, to mention but a few. It was suggested that government at different
levels, in concert with the private sector, should come up with sustainable policy measures that will enhance
animal agriculture in the country. This will lead to improve animal protein production and consumption, and
consequently, abate the associated health implications often occasioned from poor consumption of animal

protein among the protein vulnerable groups.

Keywords: Livestock resources, Productivity, Nigeria, Selected Countries

Introduction

Livestock industry plays a major role in the economy of any nation especially in a developing nation like
Nigeria (Alokan, 2008). In Nigeria for example, the contribution of agricultural sector to the Gross Domestic
Product (GDP) was immense dated back 1970 before the discovery of crude oil. Consequently, livestock plays
significant role in the supply of animal protein to the Nigerian populace. Protein derived from animal is known
to be superior in terms of amino acid component and biological value to that of plant protein.

The component of animal protein in human diet varies from country to country and it is a function of the
available numbers of animals (cattle, sheep, goat, pigs and poultry) and products (beef, mutton, goat, pig and
chicken and eggs) derived from the animals. Compared with other parts of the world, the livestock resources in
Nigeria are higher than found in most developed countries but the products derived from these animals are
ridiculously lower than obtained in these advanced countries (FAO, 2003). The implication of this is that the
consumption of animal protein in Nigeria and Africa is inadequate. The poor performance could be due to many
factors, which include disease (ILRAD, 1990) and the poor genetic make up of these animals in Nigeria and
Africa at large. Therefore, this paper attempts to review the livestock policies in Nigeria and also examines the

livestock resources in Nigeria vis-a-vis animal products and compares same with those of some selected
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countries of Africa and the world at large. Also, some factors that are militating against good performance of
these livestock and their products will be highlighted with a view to proffer some solutions. This is envisaged

will help to improve animal production with attendant increase in animal protein consumption in Nigeria.

Review of Policy on Livestock Production in Nigeria

A review of government objectives and policies for the Livestock Sector in Nigeria can be conveniently divided
into 5 periods: the colonial period preceding independence in 1960, the immediate post-independence period up
to the end of the Sahelian drought in 1974, the oil-boom period from 1975-1985, the period from 1986-1999
marking the commencement of the Structural Adjustment Programme (SAP) and the period from 1999 during

democratic dispensation culminating in the National Economic Empowerment Development Strategy (NEEDS).

The colonial era: Initial colonial objectives with respect to the livestock sector (LSS) were not explicitly
stated, but the commitment to expand exports of livestock products had emerged prior to World War II. The
colonial government objectives were primarily implemented through a policy of investment in both physical
infrastructure and basic research. However, most of the schemes embarked upon during this period were
oriented toward ranching and thus had little impact on smallholder or pastoral systems. Furthermore, attention

appears to have been focused mainly on cattle, particularly dairy production, to the exclusion of other species.

Independence to 1974: The onset of independence saw both a continuation and a shift in livestock
development policy in Nigeria. On the one hand, some of the programmes initiated during the colonial period
such as the tsetse eradication and livestock breeding programmes were continued. On the other hand, driven by
a desire to improve the rate of growth of the economy and to achieve a more equitable distribution of income,
the new regional governments initiated a number of programmes in an attempt to improve smallholder and
pastoral systems. By 1965, grazing reserves were introduced to secure a year-round source of fodder for
ruminants and to encourage the settlement of pastoral nomads. Trade and production investment policies were

also emphasized during this period. Trade policy towards the sector initially took the form of import duties.

1975-1985: Policies instituted in the immediate post-independence period were largely continued in the 1975-
85 period. The basic economic objective remained income growth with some new concern for increased animal
protein intake. The rise in government revenue as a result of the oil boom initially led to a relaxation of livestock
trade policy. Between 1974 and 1977, quantitative import restrictions were removed and tariff rates were
reduced such that, once again, customs duties on most livestock products fell in the range of 10-30%.
Institutional policies involving land and credit were introduced during this period. The 1978 Land Tenure
Decree vested all rural land not under active exploitation in state governors. Although an official title to land
(i.e. certificate of occupancy) can be obtained through this decree, the process is both time consuming and
expensive and, thus, out of the reach of most pastoralists. Further, it has been argued that the decree with its
recommended high levels for land compensation has militated against land acquisition for the establishment of
new grazing reserves (Waters-Bayer and Taylor-Powell, 1986). The Agricultural Credit Guarantee Scheme
(ACGS) was also introduced in 1978. The scheme was established to guarantee loans granted by commercial

and merchant banks for agricultural purposes. Lending to the LSS has featured prominently since the inception
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ot the scheme. The lending, however, has been lopsided firstly in favour of the crop sector and secondly for the
livestock sector, it has tended to favour mostly the modern poultry sector. Loan guarantee statistics showed that
between the inception of the scheme in 1978 and 2002, total guaranteed loans amounted to N4, 354,525.4
million. Out of this total, N457, 952.2 million went to livestock (Amos and Ayanda, 2004) and the scheme also

appeared to have catered mainly for the large commercial producer.

1986 -1999: The Structural Adjustment Programme (SAP) initiated in September 1986 has brought about a
variety of sector reforms in the Nigerian economy. As it affects the livestock sector, it involves a reduction in
the role of the state in production activities with a corresponding emphasis on using the private sector as an
instrument for production and input supply. Since early 1988, a ban on imports of fresh, chilled or frozen meat
has been applied to protect domestic producers. For live animals, except poultry, import duty rose to 20% in
1986 from the 15% duty applied in 1984. However, since most live animals are trekked across the border from
neighbouring countries, the herders avoid official crossing posts and the animals are, therefore, not directly
affected by these tariff rates. Live poultry imports were banned in 1986, except for foundation and grandparent

stock used for research or multiplication purposes.

Since independence, two of the major long-run goals of livestock policy have been to raise the low level of
supply of animal protein, and to improve and stabilize rural income emanating from livestock production and
processing. Concerns about balance of payments problems may have directed increased policy attention towards

the need to attain self-sufficiency in livestock production in Nigeria.

Post 1999 era
The Policy thrusts of the Nigerian government as it relates to animal production are:
4 to provide the right policy environment and target incentives for private investment in the sector
4+ implement a development policy aimed at addressing the constraints in the sector
4+ foster effective linkage with industry to achieve maximum value added and processing for export
4 modernize production and create a sector that is responsive to the demands and realities of the
Nigerian economy in order to create more employment opportunities which will increase the income
of farmers and rural dwellers
4 reverse the trend in the importation of food through a progressive program for expansion
4 invest in improving the quality of the environment in order to increase yields
Government’s aims over the years have been to:
e Achieve minimum annual growth rate of 6 percent in agriculture
e Raise agriculture exports to $3 billion by 2007
e Drastically reduce food imports by 14.5 percent
e Develop and implement a scheme of land reparation services to increase cultivable arable land by 10
percent a year and foster private sector participation through incentive schemes
e Promote the adoption of environmentally friendly practices
e  Protect all prime agricultural lands for continued agricultural production.
These are laudable goals which can be achieved but needs a lot of efforts. Governments at different times have

tried to achieve these laudable goals by establishing the Agricultural Credit Guarantee Scheme Fund (ACGSF),
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instituting tax free quota for some imported livestock drugs/vaccines, establishment of grazing reserves in

different parts of the country and establishment of training schools for different manpower development.

Comparative Analysis of Livestock Population

As found in most countries of the world, the major livestock species found in Nigeria are cattle, sheep, goats,
pigs and poultry. Figure 1 indicates that Nigeria as at 2005 had 15.2 million heads of cattle, 23.0 millions of
sheep, 28.0 millions of goats, 6.6 millions of pigs and 140.0 millions of poultry (FAOSTAT, 2007). The
livestock resources in Nigeria are fairly large compared with the total holding on the African continent but in
some cases lower than those in selected countries in America and Asia (Figures 2 & 3). However, they are in
some cases higher than those found in some countries in Europe (Figure 4). Nigeria holds about 12% of the
continent of African goats, 9% of sheep, 31% of pig and 10% of poultry. These proportions gave Nigeria a pre-
eminent position in livestock industry in Africa (Alokan, 2008).

Larmode (1998) reported that Nigeria was the largest livestock producer in West Africa sub-region and third
largest producer in the sub-Sahara Africa following Ethiopia and Sudan. Compared with countries like Italy,
Spain and Germany, the livestock population of Nigeria is about 58%, 56% and 14% higher suggesting that
Nigeria has more livestock potentials than even some well-known livestock producers of the world. However,
the livestock population is managed by small holders and a considerable proportion is managed on free range
traditional system. According to Rim (1992), 85% of all species found in Nigeria are been traditionally
managed while commercially managed livestock was only significant for poultry (13.8%) and to a lesser extent
for pigs (3.2%),

Cattle (0.5%), goats (0.03%) and sheep (0.2%). This is the trend contrary to what is obtainable in Europe and N

America where over 97% of the livestock are managed intensively.
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Comparative Analysis of Livestock Products

Table 1 shows that the livestock products (meat and milk) in Nigeria is consistently higher in most cases than
those found in most African countries irrespective of the species of livestock concern. However, in comparison
with other countries of the world, the livestock products from America (Mexico, Argentina, Brazil, Canada and
USA), South and eastern Asia (China, Japan and India) and Europe (Italy, Spain, France and Germany) are
much higher than found in Nigeria and Africa in general.

With a population growth of about 3.0% per annum, Nigeria present population of about 140 million will reach
about 200 million by year 2020. This explains why large numbers of live cattle, sheep and goats were imported
as well as various milk products (up to US$275 M) in year 2004 (FAOSTAT, 2006; Alokan, 2008). To be able
to meet the protein needs of the populace, the urgent need to improve animal agriculture is imperative in

Nigeria.

Factors Militating Against Livestock Production in Nigeria

The number of livestock resources in Nigeria out weighs those found in many developed countries of the world
but with a resultant poor productivity. Thus, the inability of the Nigerian livestock industry to meet the protein
needs of her populace compared with those of developed nations like France, Italy, Germany, Canada and USA,
could be as a result of some factors affecting the industry. These factors include livestock and human (farmers)
diseases, poor management techniques, cultural belief, poor nutrition and high cost of finished feeds, poor
genetic make of the indigenous breeds, vagaries of weather, reduction in the available grazing land due to
urbanization and industrialization, poor research output from our research stations including universities and,

inconsistent and unsustainable government policy on agriculture.
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The combined effects of these factors are poor productivity, low income for the livestock farmers, increased
animal protein importation to ameliorate the deficit, high mortality and morbidity and of course, gross reduction
in animal protein intake in Nigeria. Consequently, resource-poor families cannot afford sufficient animal protein
such as egg, meat and milk in their diets. The consequence of this is increase incidence of kwashiorkor, retarded
growth, poor mental alertness, marasmus, mortality and morbidity among the protein vulnerable groups such as

pre-school children, infants, nursing mothers and aged people.

Conclusion

The livestock potential of Nigeria was compared with those of some selected countries. Livestock populations in
Nigeria compared and in some cases are more than found in many countries of the world including the
developed countries. However, the level of products production is comparably lower than found in the
developed nations. This has an adverse effect on the gross domestic product and the resource-poor populace that
constitute over 85% of the population. The reasons for the poor productivity are highlighted. From the
foregoing, government at all levels should work in concert with private sector to sustain animal agriculture
policy in the country. This is envisaged will increase animal protein consumption and abate the adverse effects

of the associated health implications among the protein deficiency vulnerable groups.

Table 1: Livestock products (x1000MT) of Nigeria and of some selected countries of the world

COUNTRIES BEEF MUTTON GOAT PIG POULTRY
Africa

Nigeria 280F 99F 142F 200F 1042F
Ghana 24F 11F 11F 10F 172F
Mali 113F 36F 46F 2F 259F
Cameroon 95F 16F 15F 16F 218F
S/Africa 590F 104F 36F 113F 1686F
Zimbabwe 102F 1F 13F 27F 206F
Egypt 250F 75F 33F 3F 1445F
Malawi 16F - 6F 21F 59F
America

Mexico 1496 40 42 1043 4908
Costa Rica 74 7 - 36 182
Argentina 2800%* 52F 10F 216F 4163
Brazil 7526 68F 40F 3059 18684
Colombia 680F 7F 7F 110F 1442F
Canada 1171 - - 1952 4248
US.A 11906 90 - 9064 38748
Asia

China 6218* 1991* 1603* 46048* 71041
Japan 505%* - - 1259 2991
Rep. Korea 185% - 3F 1153* 1771
India 1490F 234F 473F 630F 6038F
Pakistan 445% 174%* 373%* - 1892
Europe

Greece 62F 82F 44F 140F 484F
Italy 1125 58* 4* 1587* 4224
Spain 700 237 14 3322 5442
France 1650F 135F 7F 2340F 6516
Germany 1220 44 - 4238 6597

F = FAO Estimate, * = Unofficial figure
Source: FAO (2003)
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Abstract

Over 90% of foreign exchange earnings in Nigeria comes from crude oil (petroleum) export while more than
60% of the population lives in the rural areas and practice subsistence agriculture. Small-scale farmers
cultivating tiny plots of land produce about 90 per cent of the country’s food. Over 70% of the labour force is
employed by agriculture, yet Nigeria is gross food importer. Average life expectancy is 47.4 years, with 46
years for male and 48 years for female. Generally, population is growing at 2.5% per year while food
production keeps on falling on yearly basis. If this growth rate is maintained, it is possible that Nigeria
population will double in about 40 years (around 2048). Recent statistics (World Bank) have shown that over
70% of Nigerians live below poverty line, on less than one dollar ($1) per day. Poverty is especially severe in
rural areas, where social services and infrastructure are limited or non-existent. Information on global food
production shows that Africa (Nigeria included) at the current level of consumption will have to increase food
production by 300% to provide “minimally” adequate diets for over 2 billion people projected in 2050. As the
population grows (based on projection), people will try to obtain higher output (food, water) from heavily used
natural resources which eventually will lead to land degradation, poor soil, fresh water scarcity, increased
pollution and general breakdown of social and environmental balance. The net effect will be a total decline in
Nigeria’s capacity to expand food production and subsequently inability to sustain the well being of the
citizenry. This paper examines the Nigeria’s journey since independence in her effort to produce food to feed
the citizens, what went wrong along the line and the present situation.

Keywords: Agriculture, Food, policy issues, programmes.

Introduction

Food production capacities are deteriorating in many low-income food-deficit countries. Since 1961
food production has kept pace with population growth in all developing regions except sub-Saharan Africa.
(Mellor and Paulino, 1989; Ho, 1990) The Food and Agricultural Organization of the United Nations (UNFAO)
projects that more than half of developing countries (62 of 115 studied) may not be able to feed their projected
populations from their own land by the year 2050 using current low levels of farming technology. Most of these
62 countries (Nigeria inclusive) may be able to feed less than half of their projected population from their own
land (UNFAO, 1996) Though, Nigeria is among the few countries that can afford to import food, this is said to
be more expensive than local production and more so food importation uses foreign exchange that could be used
for other development purposes such as importing capital equipment for manufacturing.(Population Reports,
1996).

In Nigeria agriculture contributes 40% to the GDP, employs about two-thirds of the total labour force
of the nation, provides a livelihood for the bulk of the rural population (nearly three-quarters of the poor live in
the rural areas) and is dominated (about 90%) by its over 14million smallholder farmers.  Agricultural
production grew from 2.9% in 1999 to 7% in 2006. Nigeria has potential of 68 million ha for agriculture with 33
million ha cultivated. The country also has 3.4m ha of irrigable land with only 220,000 ha under irrigation.

According to Wells (1969), Nigerian agriculture had been a leading sector of export growth and had contributed

sufficient food and raw materials to meet the requirements of a growing population. In the pre-independence
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period, agricultural commodities were almost all the exports Nigeria had. Coastal trades brought in textiles,
spirits, and tobacco in exchange for palm oil kernels and rubber, output which Eicher (1970) called “naturally
occurring products”. The response of indigenous Nigerian agriculture to contact with the other economies in
need of Nigeria’s products was substantial. Between 1900 and 1950 cocoa exported from Nigeria increased
from 202 tons to 99,949 tons; palm kernels exports increased from 85, 624 tons to 415, 906 tons; and groundnut
exports increased from 599 tons to 311, 221 tons. This increase was reported to have resulted from local
entrepreneurs responding to export prices (Olusanya and Pursell, 1981).

A significant shift in agricultural investment policy was introduced in the First National Development
Plan 1962-1968. Government was brought directly into production through investment in public into
production through investment in public farms and plantations. Provision was made for extension workers,
funds were budgeted for research and further improvements in infrastructure was provided. Agriculture
continued to expand, however, as a result of increases in efforts from the private sector. Output from public
sector agricultural projects has not made any significant contribution to total production. (Olusanya and Pursell,

1981).

Past Government efforts at achieving food securiy:
The Federal Government of Nigeria at pre- and post-independence periods established programmes aimed at
achieving food security and these include:

e Cooperatives (1935 to Date)

e  Commodity Boards (1947 to 1986)

e  Agricultural Research Institutes (1964 to Date)

e National Accelerated Food Production Project (1970s)

e Nigerian Agricultural Cooperative Bank (1973 to Date)

e Agricultural Development Projects (1975 to Date)

e Operation Feed the Nation (1976 to 1979)

e River Basin Development Authorities (1977 to Date)

e Directorate of Foods, Roads and Rural Infrastructure (1986 to 1993)

e National Agricultural Land Development Authority (1991 to 1999)

e Presidential Initiatives on Cocoa, Cassava, Rice, Livestock, Fisheries and Vegetables (1999 to

2007)

It is rather unfortunate that these progrmammes with lofty objectives did not perform up to expectation for the
following reasons:

e Policy inconsistencies

e Over emphasis on production without due consideration to other value chain requirements

e  Corruption and misapplication of funds
What can be done?

Achieving food security means addressing several related issues: slowing population growth,
increasing food production, and safeguarding the environment. Since not every country can be self-sufficient in
food production, International trade will become increasingly important in the future to achieve food security

worldwide. To provide food security for all of the 8 billion people, projected by 2025, the world would have to
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double food production over current levels (FAO, 1995; UNFAO, 1965-1980). Recent years have brought some
promising developments. These include a new strain of super rice capable of boosting yields by 25% (Mydans,
1997; Pearce, 1996), improved varieties of corn that could increase yields perhaps by 40% and that could be
grown on marginal land (Grier, 1994), and a new blight-resistant potato (Pearce, 1996).

To achieve food security, the food-deficit countries must reverse the current course of land degradation
and begin to manage soil and water resources on a sustainable basis. There are many ways to protect agricultural
land. In many areas, for example, irrigated land could be managed better by using hand pumps and traditional
water harvesting techniques rather than relying on large-scale automated sprinkler systems. Specific solutions
will vary from one area to another. Virtually everywhere, however, protecting the environment will help
produce more food to feed more people.

Accomplishing a Second Green Revolution: The first Green Revolution in agriculture of the 1960s helped
food production keep pace with population growth. Because population growth continued, the Green Revolution
was only a “Temporary success”, said Norman Borlaug upon receiving the 1970 Nobel Peace Prize as one of its
architects. Today, as population moves toward 8 billion in 2025, a second Green Revolution should focus on the
food crops grown by the 2 billion people who lack food security. It should concentrate not only on improving
the yields of the big three staples-rice, corn, and wheat-but also on such crops as sorghum, millet, and cassava
((FAO, 1995; FAO, 1996).

Rediscovering forgotten foods: another way to help achieve food security is to cultivate traditional food plants
that modern agriculture has neglected. Amaranth and quinoa, two grains grown by the ancient Aztecs of Mexico
and Incas of Peru, are examples. Both grains are versatile and nutritious, containing more high-quality protein
than most other commercial grains, including corn and rice. Moreover, both grow well under difficult
conditions. Amaranth thrives in hot climates, while the quinoa plants are frost-resistant and can be grown at high
elevations (World Bank, 1996).

Increasing yields: Some countries are improving crop yields with new approaches that use low-level inputs.
Examples include fertilizing with animal wastes (organic agriculture) instead of chemicals, recycling nutrients,
conserving water, and selecting a variety of crops better suited to soil conditions and climate (FAO, 1995;
FAO, 1996)

Another techniques is Integrated Pest Management (IPM). IPM uses several related strategies: preserving
natural pest predators, using pest-resistant seed varieties, and drastically cutting amounts of pesticides. This
approach has increased yields while reducing use of pesticides and fertilizers (FAO, 1995). The FAO (1965-
1980) report identified five ‘tasks’ for Nigerian agriculture; (i) to provide and adequate and well balanced food
supply, (2) provide raw materials for domestic use, (3) provide export earnings (4) provide employment for
additional workers, and (5) contribute a major proportion of the capital required for development.

One of the general policy recommendations considered important in expanding agricultural output was
to bring under cultivation relatively unoccupied land, particularly the middle belt. One important study of three
Northern Nigerian villages concluded that labour inputs were the major constraint on output. The FAO report
calls Nigeria fortunate in having potentially good farming land available for exploitation. In particular the report
states that the middle area offers the possibility of becoming an excellent mixed farming area. The main obstacle
to be overcome is the tsetse fly. Until it is eliminated, permanent farming in the area will be difficult and

farming animals are considered necessary for successful farming in this middle region.
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It is very important to consider exactly what is involved in converting "unoccupied land" into occupied,
productive land lest this resource be mistakenly thought of as a free input. The term unoccupied land implies
that with minimal effort land can be brought into production. This is quite misleading. Before it is brought into
production, capital and labour inputs are required to clear the land, perhaps only minimSll1y. But there is tsetse
fly in the middle belt and it must be eliminated. This will require additional capital and labour inputs long before
the area is ready for increased production. If the tsetse programme is successful, then the unoccupied regions
will require additional capital and labour inputs in preparation for production before the first full crops can be
realized. Thus, unoccupied land looks more like marginal land because of' the presence of some factor or factors
which must be overcome before it can be effectively brought into production. The unoccupied land in Nigeria,
given present technical skills, is not very productive, does not appear well integrated into the economy, and
lacks infrastructure. Before production on a large scale can begin, a substantial amount of investment resources
will be required to prepare the land. Noting the problems that Brazil has faced in bringing unoccupied land into
production, Nigeria should undertake feasibility studies before committing scarce resources to a plan designed
to make relatively unoccupied land productive. There is no evidence to contradict the view that agricultural
investment funds placed elsewhere (other than the middle belt) might have a higher rate of return that possible

from the middle belt. (Olusanya and Pursell, 1976).

Nigeria’s Agricultural Policy (2007)
The guiding objectives of federal agricultural policy were:

1. Ensuring food supplies in adequate quantity and quality to keep pace with increased population and
urbanization, having regards to changing tastes and the need for fair and stable prices.

2. Expanding the production of export crops, with a view to increasing and further diversifying the
country's foreign exchange earnings so vital in the development process.

3. Propagating the production of agricultural materials for extensive domestic manufacturing activities,
especially in the field of agro-based industries.

4. Creating rural employment opportunities to absorb more of the increasing labour force in the nation,
and minimizing the tendency for inadequate and inefficient use of human resources in the rural areas
generally.

5. Evolving appropriate institutional and administrative apparatus to facilitate a smooth integrated
development of the agricultural potential of the country as a whole.

A potential deterrent to expand food crop production is the fact that farmers apparently view export
crop expansion a sure thing if price rises. When food prices rise, farmers are skeptical of their ability to sell
additional output at higher prices since the market is too limited. Experiences of having to sell additional food
output at greatly reduced prices have convinced farmers that food crop expansion is risky. Consequently farmers
view food crop expansion as a relatively unattractive means of increasing cash income since extra inputs
frequently result in small incremental cash rewards.

The current federal agricultural policy objectives include:

(1) Attainment of self-sufficiency in basic food commodities with particular reference to those which

consume considerable shares of Nigeria's foreign exchange arid for which the country has

comparative advantage in local production.
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(i1) increase in production of agricultural raw materials to meet the growth of an expanding industrial
sector;

(ii1) increase in production and processing of exportable commodities with a view to increasing their
foreign exchange earning capacity and further diversifying the country's export base and sources of
foreign exchange earnings;

@iv) modernization or agricultural production, processing, storage and distribution through the infusion
of improved technologies and management so that culture can be more responsive to 'the demands
of other sectors of the Nigerian economy;

v) creation of more agricultural and rural employment opportunities to increase the income of farmers
and rural dwellers and' productively absorb an increasing labour force in the nation;

(vi) protection and improvement of agricultural land resources and preservation of the environment for
sustainable agricultural procedure;

(vii) establishment of appropriate institutions and creation of administrative organs to facilitate the
integrated development and realization of the country’s agricultural potentials.

Appraisal of impact of the agricultural policy:

The agricultural policy was designed to stimulate growth and development of agriculture so as to
positively impact on the overall growth of the Nigerian economy. The response of the sector to the various
policy measures have been mixed. Between 1970-1982 agricultural growth rate stagnated at less than 4% with
sharp decline in the production of export crops. Per capita calorific food supply declined from surpluses in the
1960s to a deficit of 38% in 1982, while Nigeria turned a net importer of vegetable oil, meat, dairy products,
fish and grains, notably rice wheat and maize with the food import bills rising astronomically. Some factors at
work included increasing rate of urbanization, high population growth rate, impact of the civil war and
unfavourable external environment.

The performance of the sector was undermined by disincentives created by the macro economic
environment. The Economic Stabilization Act enacted in 1987 affected expenditures on agriculture and
restricted imports of agricultural products and inputs. The trade policies which placed bans on imports of some
foods and the provision of some other incentives induced marginal improvement in the performance of the
sector. The minimum administrative control of economic activities and the wide scope. for free market forces in
the economy attendant on the 1986-88 Structural Adjustment programme (SAP) led to policy shifts relating to
agricultural pricing trade, investment, production extension and technology transfer as well as credit. It was in
this period that the first formal and deliberate agricultural policy was formulated and launched in 1988 with the
strategies for its implementation.

Under SAP, the tariff structure was adjusted to encourage local production and to protect agricultural
and local industries from unfair international competition. The Marketing Boards for scheduled crops, were
abolished. Bans were placed on the importation of a number of food items including most livestock products,
rice, maize, wheat and vegetable oils. Agricultural input subsidies were phased out. A number of new
institutions were created for agricultural and rural development namely; the Directorate of Food, Roads and
Rural Infrastructure (DFRRI) and the National Directorate of Employment (NDE). Some existing institutions
were also reorganized (e.g. the River Basin Development Authorities), while most public-owned agricultural

enterprises were privatised or commercialized. These SAP measures to some extent had positive impact on the
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agricultural sector due mainly to price increase as a result of devaluation of the currency and ban on importation
of wheat, rice and maize.

The ban placed on the importation of some food items increased the output of local production
especially rice. However poultry and fishery production became less profitable because of the resultant
exorbitant costs of imported inputs attendant on SAP. Sharp rises on imported inputs such as fertilizer, agro-
chemicals etc. were also witnessed while the cost of providing large scale irrigation rose because of the high
cost of foreign components. The increase in the cost of the import component of equipment for research and
technology development stultified their further growth.

Although SAP substantially addressed problems of price distortions to farmers, new problems were
created by the effects of the changes in macroeconomic policies. Implementation bottlenecks arising from
scarcity of basic farm inputs and slower rate of adoption of new technology also contributed their impending
achievement of policy objectives. These produced the expected benefits of yield accruable from the adoption
and use of modem farm inputs such as improved variety of seeds. The withdrawal of subsidies which increased
production costs, substantially reduced the profitability of agricultural activities leading to reduction in size of
farm holdings and enterprises. The problem of inefficient marketing persisted as a result of existing,
imperfection in the markets, dwindling marketing infrastructures and limited availability of storage facilities.

Despite the problems enumerated above, the performance of agriculture in the post SAP era 1989-1997
was one of steady positive progress in production, growth rate and contribution to the Gross Domestic (GDP). -
From a food deficit situation of the late 1970s and early 1980s the country recorded significant improvements in
agricultural production through the 19908. The percentage contribution of agriculture to the GDP was 38.00 in
1994, 38.20% in 1995, 39.0% in 1996, 39.20% in 1997,40.40% in 1998 and 41.30% in 1999. The average
growth rate during the period 1990 to 199 was 4.0. Agriculture accounts for 88% of the non-oil foreign
exchange earnings and employs about 70% of the active labour force of the population. The sector is a catalyst
and major source of raw materials for the industrial sector and provides most of the staple food consumed by the
140 million Nigerians.

With the exception of a few commodities, the period 1999-2000 witnessed a rising trend in agricultural

output generally. Table 1 shows the output of some major food commodities.

Table 1: Output of some major agricultural commodities 1998-2000 (1000 tonnes)

Commodity 1998 1999 2000
Maize 1998 5476 4107
Rice 5127 3277 4298
Sorghum 3275 7520 7711
Millet 7516 5960 6105
Cassava 5956 32697 33854
Yam 32695 5873 26201
Cowpea 2055 2148 3150
Groundnut 2534 2894 2941
Palm oil 845 896 899
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Beef 226 228 230
Goat-meat 14 144 147
Mutton 90 92 94

Pork 463 487 511
Poultry meat 250 268 273
Fish 483 477 482

Source: Federal Government of Nigeria records (2007).

Total food output increased from 64.76 million tonnes grain-equivalent in 1998 to 57.11 million tonnes
in 1999 and to 57.70 million tonnes grain equivalent in 2000. The aggregate index of agricultural production
rose by 4% in 1999 and 2.5% in 2000 which is about 3.3% on the average during the two-year period. All the
sub-sectors of agriculture contributed to the increase. Using 100 for 1984 as the base year, the index of crop
production rose from 288 in 1998 to 298.8 in 1999 and 308 in 2000 with percentage increase of 3.7% between
1998 and 1999 and 3.1% between 1999 and 2000, averaging . In the livestock sub-sector the percentage
increases in the index were 1.40% :and 2.5% with an average of 2.4% while increases in fisheries were 2.9%,
and 3.3% with an average of 3.4% (Federal Government of Nigeria, 2007).

The growth rate for the agricultural sector in 2000 was 4.7%, a slight improvement on the 4.50%
recorded in 1999 and 4.25% of 1998. Viewed against the population growth rate of 2.83% the agricultural
growth rate which is higher than. the population growth rate, has continued to guarantee the sector’s ability to
meet the demands on it for food. Food prices have, however, risen in recent months in tandem with the general
price rise in the macro economy and in response to increase in Government spending arising from
increased income from oil exports, high cost of democracy, high level of money supply and declining value of
the Naira. The famine in neighbouring West African countries and the consequential increase in trans-border
out-flow of food have also contributed to the client high food prices in Nigeria. There are indications that
cassava products export to Europe for livestock feeds in the wake of the foot and mouth disease have reduced
domestic supply. The rising food prices and increased demand for agricultural products are expected to
stimulate food production by farmers in this and subsequent years. There is therefore need to ensure sustained
increase by putting in place mechanism to absorb the expected production surpluses to break the cyclical glut
experienced in the past.

The experience gained in the implementation of the agricultural policy over the years and the recent
trends in agricultural development world wide have necessitated the formulation of more focused sub-sectoral
policies. The most current efforts in this direction are the Land Resources Policy which will guide sustainable
use of agricultural lands, National Agricultural Mechanization Policy, National Cooperative Development
Policy, and. the National Seed Policy which assigns primary responsibility for commercial seed supply to the
private sector while Government shall be responsible for foundation and breeder seed development, seed
certification and quality control and certification while providing the enabling environment for the seed industry
development. The National Policy on Integrated Rural Development will integrate the rural economy into the
mainstream of national development process to ensure its effective coordination and management and make the
rural areas more in tune with the urban areas so as to moderate the rural-urban draft, redress the past neglect

through provision of critical rural infrastructure and empowerment of the rural population to create wealth and

26



eradicate rural poverty. These are prelude to the general of the entire body of the national agricultural and rural

development policy, which is now due.

Recommendations:

= Honest implementation of budget on agriculture

=  Strengthening of agricultural research and development capacity for improved crops and seed varieties,
breeding livestock and fingerlings.

=  Provision of seed capital grant towards enhancing extension service delivery.

*=  Development of subsidy framework on harvested commodities

=  Establishment of a comprehensive market information system.

=  Establishment of a guaranteed minimum price on select commodities to protect farmers from product
price fluctuations.

= Institution of buyer-of-last resort framework to encourage farmers’ continuous participation in farming
activities.

=  Special Intervention Fund Programmes (Natural Resources Fund /ADF)

=  Enhancing the national strategic food reserve programme by completing on-going silos, construction of
specialized warehouse and establishment of conditioning and processing centres.

= Promotion of massive market infrastructural development in partnership with State Governments

= Support for agricultural research and training through research system development, strengthening of
research institutes and federal colleges of agriculture and other components of the national agricultural
research system

= Development of an effective and efficient credit system for agribusiness through the development and
use of micro-finance institutions.

* Development of an agricultural land mapping programme that would facilitate certification of
farmlands

= Facilitation of land clearing and development activities for factory driven commercial farming in

selected commodities.
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Abstract

Achieving food security is a major task confronting the Nigerian government and there is a growing concern
that the current method of applying inorganic fertilizers to peri-urban vegetables could pose environmental and
health hazards to many Nigerians. This study evaluates the soil fertility management strategies of vegetable
growers in Southwest Nigeria. Four farm locations were sampled during rainy season (March to June) of 2007.
These farms were under (i) bush fallow for two years and treated with urea + NPK fertilizer, (ii) continuous
NPK fertilizer, (iii) sole poultry manure and (iv) continuous urea fertilizer application. Soil organic matter
content, soil pH, exchangeable cations, particle size distribution, total nitrogen (N) and available phosphorus (P)
were determined. Amaranth plants were partitioned into leaves, stems and roots and the nutrient compositions of
the plant tissues were determined. Results showed that applied urea fertilizer promoted rapid growth of
amaranth vegetable, when compared with NPK or poultry manure. Soil organic matter content was significantly
higher for soil that was previously under bush fallow and received urea + NPK fertilizers. Urea fertilizer treated
soil has significantly high P and sodium (Na). Off concentration of Ca, K and Na in amaranth vegetables from
the four locations only urea treated amaranth maintained high levels of Na concentration in leaf, stem and root.
While urea treated amaranth contained 0.1, 0.14 and 0.5 mg g of Na, farm previously under fallow contained
0.03, 0.03, and 0.06 mg g for leaf, stem and root of amaranth, respectively. This result confirmed the earlier
report that most imported fertilizers into the country contain a significant amount of soluble sodium. The
awareness of presence of Na in food vegetables could compensate for the amount of table salt added to food. In
addition, as problem of drought and increasing salinity from irrigation water would also increase in this era of
climate change therefore applying sodium containing fertilizers could increase the problem of salinity in the
nearest future. There is an urgent need for research enlightening the vegetable growers about improved soil
fertility and water management strategies, using both inorganic and organic fertilizers under peri-urban culture
in Nigeria.

Keywords: Peri-urban, Soil fertility, mineral fertilizer, organic fertilizer and Amaranth quality

Introduction

Deficiency of vitamins and mineral is one of the major health problems facing most women at reproductive
stage and young children in the developing countries, which results into high susceptibility to most diseases
(Nicoli et al., 1999; Quebedeaux and Eisa, 1990). Consumption of adequate amounts of fruits and vegetables
has been reported to enhance their immunity to the diseases (Quebedeaux and Eisa, 1990). Unlike in the rural
areas of Nigeria where most vegetable crops are obtained wild, in urban centres, peri-urban vegetable
production has been accepted as a solution to food shortage and improved human health especially during the
dry season. Amaranth (Amaranthus sp.) is a leading vegetable commercially cultivated in many urban cities of
Nigeria. It is high in protein, calcium, folic acid and Vitamin C It requires adequate supply of nutrient, water and
sun for optimal yields. Problem of amaranth cultivation is more critical during the dry season due to low
availability of soil water and depleted soil fertility.

Nigerian soils are known for their low organic matter and low activity clay, which make their water and nutrient
holding capacities low (John ef al., 1997). In addition, environmental factors such as high temperature and
precipitation oxidize the available organic matter, erode the soil and leach the essential nutrients that could have
otherwise been utilized by crop plants (Idowu, 2006)Attention to urban agriculture is increasing in cities around
the world (Veenhuizen, 2008). Urban farming systems need to be adapted to specific urban conditions such as
confined space, closeness to consumers and health consideration due to closeness of farming sites to people.
Farmers who have recently migrated to cities bring along their rural farming knowledge that may not always
apply in the urban setting in which they find themselves. There is little formal support to upgrading their
knowledge and improving their farming practices. Little researches have been done into the development of
urban farming in Nigeria. Soil fertility and soil water management are the major constraints to urban vegetable
cultivation. The application of mineral fertilizer has been based on farmer’s discretion and in most cases the
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type, quantity and method of fertilizer application to vegetable crops are often not inline with the scientific
standard, and hence under mining the quality of soil and vegetables. Water and air pollution by NO'5, PO, and
NH; and sedimentation of rivers could possibly result from the current soil fertility management strategies of
vegetable growers in urban cities, exacerbating the negative impact of climate change on people.

The aim of the study was to investigate the effects of current soil fertility management strategies on quality of
soil and amaranth vegetables, with the view to establishing the appropriate fertilizer application for improved
soil and vegetables under per-urban.

Materials and Methods

Experimental sites

Four vegetable fields were randomly sampled during rainy season (March to June), 2007. These farms were
under (i) bush fallow for two years and treated with urea + NPK fertilizer, (ii) continuous NPK fertilizer, (iii)
sole poultry manure and (iv) continuous urea fertilizer application in Ile-Ife area of Osun State, Nigeria. Ile-Ife
lies between latitudes 7 “31 and 7 “33 "N and longitudes4 “33 “and 4 “34 " E, in the forest zone of southwestern
Nigeria. The wet and dry seasons extend from April to October and November to March, respectively. The
pattern of rainfall is bimodal, with the average annual rainfall estimated to be about 1400 mm. The average
monthly temperature ranges from 18.9 to 34.6 ~C and the mean monthly relative humidity is 61 % and 83 % for
the early and late planting seasons, respectively. Farms were under different fertility management practices.

Chemical analysis of plant tissue

Ten stands of amaranth vegetable samples were randomly selected from each vegetable field. Plant tissue was
ground in a Wiley micro-hammer stainless mill to pass through a Imm sieve (Piper, 1944; Aduayi, 1972).
Before chemical analyses of the individual plant part, a portion of each sample was re-dried at 105°C, placed in
a desiccator and 0.5 g portion of ground plant tissue was ignited in a muffle furnace at 450 °C for two hours
(until ash was whitish / grayish white). The ash was dissolved in 5 ml of 4 N HCI solution as described by Piper
(1944). Concentrations of Ca, K and Na were determined using flame photometer (Jenway PFP7, England).

Soil sampling, preparation and analysis

Soil samples directly under the vegetable were taken at 0 — 15 cm depth. Soil samples were air dried, crushed in
an agate mortar, passed through a 2-mm sieve, and analyzed. Exchangeable K, Ca and Na were extracted with a
neutral (pH 7) solution of 1 N NH4OAc. Potassium, Ca and Na were determined using a flame photometer
(Jenway PFP7, England). Particle size distribution was determined by the modified hydrometer method
(Bouyoucous, 1962) using 0.2 M NaOH solution as the dispersing agent. Soil pH was determined using a glass
electrode pH meter in both distilled water and 0.01 M CacCl, solution, using 1:2 soil: CaCl, solution as described
by Thomas (1996). Soil organic carbon was determined using the chromic acid digestion method of Walkley
and Black (1934) as described by Sparks (1996). The total N concentration was determined using macro-
Kjeldahl method according to Bremner (1996), and the available P was determined using Bray-1 method as
described by Kuo (1996).

Data analysis

All data collected were subjected to analysis of variance (ANOVA) to assess treatment effects and the
significant differences between means were determined using Least Significant Difference (LSD) according to
the methods of the SAS Institute (1990).

Results and Discussion

Women, men and youths engaged in vegetable production. It is a mean of livelihood to many families. Most
farmers use urea fertilizers rather than NPK and organic fertilizers. While women farmers spent a lot of money
paying hired- labour for land preparation men farmers provided labours by themselves. Dry season vegetable
production is more profitable than the rainy season’s.

Soil Properties:

Soil sand, clay and silt contents for the four sites are not significantly (p < 0.05) different. The soil was
classified as Ultisol according to Soil Survey Staff (1975); Okusami and Oyediran (1985) (Table 1). Soil organic
matter content was significantly higher for soil that was previously under bush fallow and received Urea + NPK
fertilizer than the soil of other three sites that were not under fallow. This result confirmed the earlier report by
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Agboola (1974) that fallowing technique as the most successful way to maintain soil organic matter in tropical
environment. Increasing population growth and high demand for land for other uses reduced the land available
for vegetable cultivation in urban cities. Fallowing is important because continuous cultivation of limited
available land in the cities resulted in high deterioration of its soil physical properties and rapid disappearing of
soil organic matter (Aina, 1984). Most vegetable farmers applied mineral fertilizers and poultry manure in order
to meet the nutrient requirements of crops. If poultry manure and domestic organic wastes are properly
managed, they are cheaper sources of nutrients to farmers and could drastically improve the soil organic matter
content and physical properties, resulting in high quality vegetables. Soil total N was very high for the four sites,
ranges from 0.43 to 0.68 % . Critical total N index value above 0.2% was recorded by Adepetu (1986) as high
level for crops in the southwestern Nigeria. The high N content could be because of continuous application of
inorganic nitrogen fertilizers. The critical value of available P (Bray 1) greater than 15 mg/kg was also assumed
as high level for most crops in the southwester Nigeria by the previous workers. For the current study the
available P values for all the sites are high and at this high level no application of fertilizer was expected. But
the farmers argued that the growth and yield of vegetable will be reduced greatly if no fertilizer was applied.
They also observed high disease and pest infestations on vegetables but they could no relate it to the types of
fertilizer use.

Soil exchangeable calcium, potassium and sodium are shown in Figure 1, exchangeable Ca was significantly
highest at site 1 and lowest at site 4. This observation was directly contrary to the distribution of exchangeable
Na where site 4, with continuous application of urea contained the highest value of exchangeable Na. The site
with continuous application of poultry manure contained a significantly (p < 0.05) highest exchangeable K. For
the four sites the exchangeable Ca, K and Na were generally at low levels when compared with the earlier
findings of Enwezor et al. (1990). These results are in-line with the earlier report that soils of tropics are
predominantly kaolinitic clay mineralogy and strongly weathered resulting in low cation reserve. Consequently,
soil organic matter in the surface layer becomes very important as the kaolinitic clay has little contribution to
retain adequate levels of nutrient cation to meet the crop demand.

However, there is limited information on complementary use of organic and mineral fertilizers for peri-urban
vegetable production in Nigeria, thereby justifying the urgent need for research on this subject.

Calcium, potassium and sodium content of amaranth vegetable:

Unlike Na' in the amaranth plant, the average Ca*" of amaranth are 0.12, 0.12, 0.15 and 0.12 mg/g dry matter for
sites 1, 2, 3 and 4, respectively (Figures 2 to 4). The values recorded for Ca*" in the three plant organs (root,
stem and leaf) are not significantly (p < 0.05) different,with exception of leaf- Ca®* that was significantly higher
at the site 3. Site 4, with continuous application of urea fertilizer contained the lowest leaf Ca®" per plant dry
weight (0.12 mg/g).The leaf contained the highest Ca**, which was directly opposite to the distributions of Na"
in the plant, where root contained the highest value of Na'. According to Marschner (1998) the Ca*" content of
plant varies between 1 — 50 mg/g of dry weight depending on the growing conditions, plant species and plant
organs.

The result of this study, confirmed the earlier report by Marschner (1998) that increase in Ca®" content of
external medium, increased Ca”" in the leaf but not necessarily in low transpiring organs. The function of Ca®" in
plant has attracted much interest in plant physiology and molecular biology because of its function as a second
messenger in the signal conduction between environmental factors and plant responses in terms of growth and
development. The function of Ca®", is related to its strict compartmentation at the cellular levels. Exchange
between Ca’" other cations such as Na“ and K" at the biding sites has also been reported. Calcium provides
stable but reversible intermolecular linkages between the cell wall and the plasma membrane (Hanson, 1984).

Potassium contents of amaranth leaves were 0.05, 0.04, 0.03 and 0.03 mg/g dry weight for sites 1, 2, 3
and 4, respective while for the stem at sites 1, 2, 3 and 4 the K values were 0.03, 0.04, 0.06 and 0.05,
respectively. The root content of K™ of amaranth was not significantly different within the four sites and from
the stem and leaf of amaranth (Figures 2 to 4). Potassium is the mineral nutrient required in the largest amount
by plant next to nitrogen. According Marschner (1998), the K™ requirement for plant optimal growth is in the
range of 20 — 50 mg/g dry weight. The K" content of the amaranth vegetable in all the sites from where samples
were taken for this study was very low. When the soil water supply is limited, loss of turgor and wilting are
typical symptom of K" deficiency. The lower sensitivity of K* sufficient plant to drought stress is related to
several factors such as the role of K' in stomata regulation which is the major mechanism controlling the water
regime of higher plants and the importance of K for the osmotic potential in the vacuoles maintaining a high
tissue water content even under drought conditions. High biomass production and yield could also result from
high K" concentration in the stomata, and correspondingly higher rates of photosynthesis. When K" is deficient
growth is retarded and net retranslocation of K is enhanced from mature leaves and stems (Lindhauer, 1985).
Potassium could be a limiting factor to sustainable amaranth production under peri-urban in Nigeria.
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Average Na content of 0.05, 0.04, 0.08 and 0.25 mg/g dry weight were observed for site 1, 2, 3, and 4
respectively (Figures 2 to 4). Na concentration increased consistently from leaf to stem and to root. This result
indicated that amaranth plant has the capacity to control or regulate transportation of Na to the leaf where plant
organs could be damaged. A previous study by classified amaranth tricolor as a plant that responses to Na, and
some of K requirement could be replaced by Na. Amaranth, a C, photosynthetic pathway plant has some
advantages over a C; plant such as tomato, under a low ambient CO,, supply of Na as low as 0.02 % in the shoot
dry weight increased the efficiency of CO, utilization, which was not so in tomato. An enhanced nitrate uptake
by root and nitrate reductanse activity was also observed in Na sufficient plant (Ohta ef al., 1989). Sodium also
improved water balance of plant when the water supply is limited, this obviously occurs via stomata regulation
according to Hampe and Marschner (1982). With a sudden decrease in the availability of water in the substrate
(drought stress) the stomata of plant supplied with Na closed more rapidly than plant supplied with K only and
after stress release, exhibit a substantial delay in opening. A recent study by Idowu and Aduayi (2006) obtained
increased plant water content and reduced floral abortion and increased fruit yield of tomato at the application of
NPK with low concentration of Na, as low as 2 mg/kg. The presence of Na in the soil and / or fertilizer used in
the fields could be the reason for low content of K in the plant. However, Na content of amaranth from site 4
(continuous application of urea fertilizer) was significantly higher (p < 0.05) than for the amaranth from other
sites. The result showed a significant increase in sodium concentration in the soil, roots, stems and leaves of
amaranth plants when compared with the soil and vegetables treated with either poultry manure or NPK 15-15-
15 fertilizer. This observation requires further research.

_Environmental impacts

Possible environmental impacts that could emanate from the current method of fertilizer applications under peri-
urban vegetable production in the farm locations are (i) Water pollution by NO;’, washing of nitrate from farm
land to the drinking water bodies could cause blue baby syndrome when water is consumed by little children,
nitrate would be reduced to nitrite, absorption of nitrite into the bloodstream would oxidize iron (II) Fe*" in the
haemoglobin to iron (IIT) Fe**, (ii) pollution of water by PO,> , concentration of available P in soils was at high
level (iii) Most vegetable farmers use urea fertilizer and urea must be covered when applied to soil, broadcast is
the main method of urea application by farmers in the region which could result into volatilization of NHj into
the atmosphere thereby contributing to the greenhouse gases, (iv) Sedimentation of rivers and streams from
continuous cultivation of soil for vegetable production without an appropriate soil management, and (v) Soil
salinization due to continuous application of sodium containing fertilizers.

Conclusion

Generally, soils collected from amaranth vegetable field based on the current soil fertility management practices
of farmer have adequate pH, while soil organic matter, total N and available P were at high range, soil
exchangeable Ca, K and Na were at low levels. Calcium content of leaves was significantly higher in the
vegetable that received poultry manure than others. Potassium content was high in the stem and leaf of amaranth
from the site 4. Soil and amaranth samples from the site that received urea fertilizer alone contained the highest
concentration of Na, it was highest in the root but lowest in the leaf. Sodium concentration in vegetables could
be posing health risks to individuals suffering from hypertension is not regulated. The awareness of presence of
Na in food vegetables could compensate for the amount of table salt added to food. In addition, as problem of
drought and increasing salinity from irrigation water is increasing it implies that with changing climate,
continuous application of sodium containing fertilizers could increase the problem of salinity in the nearest
future. Farmers considered urea, which containing 45% nitrogen (N) as the best because it promoted rapid
growth of amaranth vegetable and delay fruit formation when compared with NPK or poultry manure. Domestic
organic waste is about 76.9 % of domestic wastes, if sorted from the kitchen it is a high quality fertilizer. Poultry
manure is another organic fertilizer that is under utilized in Nigeria. These materials should be given more
attention in soil quality management for Nigerian agriculture. Overall, the current ways of soil fertility
management for peri-urban vegetable production could be posing a great health risk to many Nigerians.
Therefore, an urgent participatory and interdisciplinary research is required in order to improve the knowledge
of the farmers on this subject.
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TABLE 1: pH, Organic Matter Content, Total Nitrogen and Particle Size Distribution of Soils from the
Four Vegetable Fields

Farm site pHn2o pHcacz Organic matter Total N (%) Sand (%) Clay (%) Silt (%)

(%)
1 6.70c  6.50a 4.60a 0.68a 57.04a 26.15ab 16.81a
2 7.00a 6.50a 3.80b 0.60a 58.84a 26.84ab 15.12a
3 6.85b 6.50a 3.90b 0.65a 58.04a 25.14b 16.82a
4 6.70c  6.50a 3.56b 0.43a 53.04a 28.04a 18.92a
LSD 0.10 0.00 0.37 0.53 5.54 2.75 3.95
(a) (b)
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FIG 1: Farm Sites Showing Soil Exchangeable (a) Ca, (b) K and (c) Na: The bars rep. error bar.
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FIG 2: Root content of (a) Ca, (b) K and (c) Na in the Farm Site. The bars rep. error bar.
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FIG 3: Stem content of (a) Ca, (b) K and (c) Na in the Farm Site. The bars rep. error bar.
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FIG 4: Leaf content of (a) Ca, (b) K and (c) Na in the Farm Site. The bars rep. error bar.
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Abstract

One of the major causes of declining agricultural production in Nigeria is the shortage of primary production
credit. Hence, in order to address the financial services requirements of entrepreneurs in the agribusiness sector,
the Federal Government established the Agricultural Credit Guarantee Scheme [ACGS] through Decree 20 of
1977. Results of previous studies conducted on the operations of the Scheme are inconclusive. The purpose of
this study is to determine whether any relationship exists between operations of ACGS and the level of
production in each of the five categories of farm enterprises. In achieving this objective, secondary data
spanning 1978 — 2005 were collected on value of loans guaranteed and agricultural production. Using Pearson’s
correlation and cointegration analyses, the study found some positive significant relationship between value of
loans guaranteed and agricultural production in the sectors. These results are in contrast to earlier studies that
found no significant relationship between operations of ACGS and agricultural production. It may therefore be
recommended that the operations of ACGS be critically examined in an attempt to further strengthen the
positive relationship in order to enhance agricultural growth.

Key Words: Commercial farms, credit support, agricultural production, cointegration analysis

Introduction

The agricultural sector remains the dominant sector in the Nigerian economy. For instance, it accounted for over
60 per cent of the gross domestic product (GDP), 80 per cent of employment, and about 60% of Nigeria’s export
earnings in the 1960s. However, its contribution to these important areas of the economy has declined to less
than 40%, 60% and less than 5%, respectively (Akinyosoye, 2005). This notwithstanding, it is still a major
source of raw materials to agro-allied industries and also constitutes about 70 per cent of non-oil exports. The
challenges constraining the performance of Nigeria’s agriculture have been well discussed in the literature
(Olayemi, 1988; Olayemi and Akinyosoye, 1989; Njoku, 1998; Onyenweaku, 2000 and Manyong, et. al., 2003).
The major constraints have been classified into four major areas, viz: technical, resource, socio-economic, and

organisational.

Technical problems include the high incidence of pests and diseases, inadequate infrastructural facilities, and
low-level technology, limited use of improved modern inputs. Others include poor extension services, as well as
inefficient inputs supply and distribution system. One notable problem of the resource constraints is the
increasing migration of able-bodied youths from rural to urban areas, thereby leading to seasonal labour
shortages during the peak periods of labour demand. In addition, there is an increasing population pressure on
land, with its attendant declining quality. This is made more pronounced by the general low rate of land
improvement. The socio-economic problems present themselves in form of scarcity and high cost of improved
farm inputs, inefficient marketing arrangements characterised by high marketing margins, lack of grades and
standards, and lack of legally enforceable ownership and control rights over land which discourages investment
in agriculture. Other socio-economic factors include low rate of international demand for primary export
commodities, which results from competition with synthetic products; and low income elasticity of demand.

Organisational constraints arise from the fact that agricultural production is in the hands of a multitude of small
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scale unorganised farmers that are scattered across the country. The dispersed nature of farm lands and lack of

organisation often hinder participation of farmers in agricultural and rural development.

Agricultural development efforts undertaken to address these problems include [i]Farm enhancement
programmes (Farm Settlement Scheme, National Accelerated Food Production Programme, Operation Feed the
Nation, Green Revolution Programme, River Basins Development Authorities, Agricultural Development
Projects, etc); [ii]Rural household empowerment programmes (Better Life Programme, Family Support
Programme, Family Economic Advancement Programme, Poverty Alleviation Programme, etc); [iii] Rural
infrastructural development programmes (Directorate of Food, Roads and Rural Infrastructure, Rural
Electrification Projects, National Food Storage Programme, Agricultural Projects Monitoring and Evaluation
Unit); [iv] Market expansion and improvement programmes (marketing Boards); and [v] Agricultural financing
and credit support programmes (Rural Banking Scheme, Nigerian Agricultural and Cooperative Bank, People’s
Bank, Nigerian Agricultural Cooperative and Rural Development Bank, Agricultural Credit Guarantee
Scheme).

This paper focuses on the operations of the Agricultural Credit Guarantee Scheme Fund (ACGSF), which came
into being, following a study conducted in 1976 by the Central Bank of Nigeria (CBN). Shortage of primary
production credit was identified in that study as one of the major causes for declining agricultural production.
The shortage was attributed to the reluctance of the banking sector to provide credit for real sector activities,
especially agricultural production. In order to remove the bottleneck, the ACGSF was established by the Federal
Government (60 percent) and the CBN (40 percent) through Decree No. 20 of 1977 (and as amended on 13™
June 1988) with an initial Fund of N100 million. The share and called-up capital of the Fund has been increased
to N3.0 billion.

The scheme provides guarantee cover for loans advanced to the agricultural sector by banks. The cover pledges
to pay to the banks, 75% of any outstanding default balance by borrowers, provided that the collateral pledged
has been realized and applied to the account. The agricultural activities the Fund can guarantee include:

e  The establishment or management of the production of rubber, oil palm, cocoa, coffee, tea and similar

crops;

e The cultivation or production of cereal crops, tubers, fruits of all kinds, cotton, beans, groundnuts,

sheanuts, benniseed, vegetables, pineapples, banana and plantains;

e Animal husbandry, that is, poultry, piggery, cattle rearing and the like, fish farming and fish capture;

and

e Processing in general where it is integrated with at least 50 percent of farm-output e.g. cassava to garri,

oil palm to palm oil and kernel, groundnut to groundnut oil etc;

The CBN manages the Fund, and is responsible to a Board. From its inception in 1978 to 2004, it guaranteed a
total of 397,422 loans valued at N7.603 billion (Olaitan, 2006).
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‘The results of the studies conducted on the operations of the Scheme are mixed. While some concluded that the
scheme has impacted positively on the Nigerian economy, others concluded otherwise. For example,
Akinyosoye (2005) observed that AGCS had little or no impact on agricultural production because the eligible
collaterals which banks could accept under the scheme were not within the reach of small-scale farmers, for
whom the scheme was designed, thereby limiting their participation in the scheme. On the other hand, Garba
(2002) and Olaitan (2006) opined that the scheme has contributed to improving the livelihoods of farmers and
other agribusiness entrepreneurs. Because of the inconclusive nature of the results on the performance of the
scheme, a further analysis of the scheme using a set of statistical methods different from those employed by
earlier studies is worthwhile. The purpose of this study therefore, is to determine whether any relationship
exists between operations of ACGS and the level of production in the livestock, crops, fishery and food crops
sub-sectors. The specific objectives of the study are to: (1) determine whether any relationship exists between
operations of ACGS and the level of production in selected farm enterprises. (2) If so, to determine whether it is
attributable to a spurious or coincidental relationship or whether a linear long-term economic relationship
between the variables can in fact be inferred, and (3) If cointegrated, to determine the direction of causality

between agricultural production and value of loans guaranteed under the scheme.

Hypothesis Tested
The following hypotheses were tested in this study:
Hy: There is no long-term economic relationship between level of agricultural production and value of loans

guaranteed under the scheme.

Hy: Value of loans guaranteed does not Granger cause level of agricultural production.

Material and Methods

Secondary data spanning 28 years (1978 — 2005) were used to assess the relationship between value of loans
guaranteed under the Scheme and agricultural production in the period under review. Data on value of loans
granted to crops, fishery, staples and livestock sub-sectors and their respective level of production were obtained
from the Statistical Bulletin of the CBN. Pearson’s correlation and cointegration analyses were employed to
analyze the data collected. The former is used to determine the degree of association between the operations of
the Scheme and agricultural growth, while the latter was used to determine the existence of a linear long-term
economic relationship between the variables. Since cointegration does not necessarily imply causality between
two variables, Granger causality was carried out to establish this, as well as determine the direction of causality.
In other words, whether value of loans causes agricultural production or vice versa or bi-directional causality.
Correlation between two random variables is a measure of the strength of the linear association between them.
Sample correlation must be between -1 and +1, with positive values indicating a direct linear association and
negative values the inverse. A zero correlation coefficient therefore implies the absence of any such linear
association. However, it does not rule out the presence of more complicated non-linear associations between
two variables. It is not enough to show that the variables in the hypothesized (long-run) relationship are highly

correlated. If such variables were non-stationary then even high correlations between them may be entirely
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spurious. We used EView 3.1 to test for the stationarity of each of the variables for cointegration and Granger
causality between agricultural production and the value of loans guaranteed. The estimation of the annual
growth rate (using exponential model) of the variables, and the correlation between the dependent and the

independent variables were done with the aid of version 11.0 of SPSS.

Results and Discussion

Time series analysis:

The estimated annual growth rate of agricultural production as well as value of loans over 1978-2005 are
presented in Table 1 below. As indicated in the table, the rate of growth in loans guaranteed is far higher than
that of agricultural production in each sub-sector.

Table 1: Annual growth rate (1978 — 2005)

Sub- Production (%) | Value of loans (%)
sector

Crops 6.6 23.0

Staples 7.4 22.0

Livestock | 5.8 9.1

Fishery 1.7 14.9

Correlation Analysis:

Pearson’s correlation coefficients between agricultural production and value of loans were 0.588, 0.630, 0.717
and 0.460 for crops, staples, livestock and fishery, respectively. All the coefficients were statistically significant
at the 5% level, thus indicating that there is a positive linear association between the ACGSF and agricultural
growth over the period under review. The implication of this result is that higher agricultural production is

associated with higher value of loans guaranteed since they both exhibited the same trend over sampled period.

Testing For Stationarity of the Series:
The Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests were employed to determine the

order of integration of each of the series considered. Such tests were conducted on the data using the following
data generating process (DGP): yf = & + py,_, +u,. The results of the tests are presented in Table 2. The

unit root test statistics in the table may be compared with the critical value at 5 % level (i.e. -3.7076) for both
tests. A test statistic that is less than the critical value confirms that the first difference is stationary for
agricultural production series, while the second difference is stationary for loans series. As can be observed
from Table 2, all the variables were non-stationary and could be integrated of order one or two. This is
confirmed by their respective correlograms (not reported). It can also be seen from the table that differencing
the production series once is sufficient to achieve stationarity in them. However, the loans series may need to be
differenced twice to achieve stationarity. The fisheries loans can be said to be integrated of order one because

correlogram strongly suggests this.
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Table 2: Results of Unit Root Tests

Variable Augmented Dickey Fuller (ADF) | Phillips-Perron (PP) | Order of Integration
Crops loans 3.2612 17.9871 1(Q2)
Crops Production -0.7489 -0.3505 I(1)
Fishery loans 1.46105 4.9090 I(1)
Fishery Production -1.7072 -1.5233 I(1)
Staples loans 2.5915 12.3694 1(2)
Staples Production -0.5722 -0.1291 I
Livestock loans 1.4181 6.1183 1(2)
Livestock Production | 1.0774 1.7340 I(1)

Testing for Cointegration:

Cointegration test was employed to establish whether the correlation observed between agricultural production
and value of loans is attributable to a spurious or coincidental relationship, or whether a linear long-term
economic relationship between the variables can in fact be inferred. Hence, by establishing that cointegration
exists, we validate the linear regression, thereby confirming the likelihood of a long-term structural relationship

by providing the absence of spurious correlation.

The Johansen cointegration test was performed on each pair of variables in each sub- sector. The likelihood ratio
(LR) test statistics were compared with the cointegration critical values at 5% significance level. This led to the
rejection of the hypothesis of no linear long-term relationship between agricultural production and value of
loans, since the test statistic was found to be greater than the critical value. The LR test indicates two
cointegrating equations at 5 % significance level for fisheries; one for crops and staples, and none for the
livestock sub-sector. In other words, the hypothesis of no long-term relationship between production and loans
granted under the scheme was rejected for fisheries, crops and staples, but could not be rejected for the livestock
sub-sector. This suggests the likelihood of a long-term structural relationship between agricultural production
and loans granted under the scheme in all but livestock sub-sector. To confirm the existence of this relationship,

we then performed Granger causality test on the data series of fisheries, crops and staples sub-sectors.

The Granger causality test rejects the hypothesis that loans granted under the scheme do not Granger cause
agricultural production at 10% significance level for crops sub-sector and at 1% significance level for fisheries.
It however failed to reject it at any conventional level for staples. This statistical evidence strongly indicates
that changes in loans granted under the scheme significantly and positively influenced changes in agricultural
production for fisheries sub-sector only. The reason for the observed situation in other sub-sectors particularly,
the crops sub-sector, might not be unconnected with the low participation in the scheme by small-holder farmers
for whom the scheme was designed. According to Akinyosoye (2005), only about 10% of them were involved in
the scheme and also there was no guarantee that the reported loans were actually applied to agriculture since
credit is fungible. The internal administrative and external factors that hinge on paradigm shifts in the financial

markets might also be responsible for the little impact the scheme had on agricultural production (Garba, 2002).
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Conclusion and Recommendations

This study has provided some statistical evidence supporting the existence of positive and significant
relationship between the operations of ACGSF and agricultural production in Nigeria. The study has also shown
that the scheme still has to improve on its performance. Hence, it is recommended that the operations of ACGSF
be critically examined in an attempt to further strengthen the positive relationship for the purposes of enhancing
agricultural growth in Nigeria. Measures being put in place to restore the confidence of the banks and borrowers
in the scheme and to address the constraints should be sustained. It is also pertinent that the scheme
administration be proactive in identifying possible limiting factors and designing or proffering solutions that

would meet the acceptability of the lenders.
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Abstract

Nigeria is an agrarian nation known for the production of all forms of plant, animal, fish and forest materials in
large quantities. Nigeria also produces fruits such citrus, mango, cashew, pineapple, pawpaw and guava in very
large quantities. The predominant mode of farming in Nigeria is however subsistent, small holding and peasant.
The peasant farmers practice farming as a means of surviving and not as business. Therefore, industrial
development is mostly very low in the rural areas where agricultural production is highest. Coupled with the
non-business-like attitude of the peasant farmers, a lot of farm produce are lost during the post harvest handling
as a result of poor road net work and lack of machines to process the raw agricultural materials. Fruits, which
are essential natural sources of minerals and vitamins, are the most affected in terms of post harvest losses
because of their high moisture contents and susceptibility to micro organism activities. The annual record of
post harvest losses of fruit is up to 50% in Nigeria and more in some other African countries. The paper
advocates that the Nigerian farmers should consider the production and processing of fruits as industry and scale
up the production of fruits. Indigenous machines should be developed and commercialized for the processing of
the fruits into juice, concentrates and other products in order to enhance added value, minimize post harvest
loses and improve the intake of the natural vitamins and minerals provided by the fruits. This shall lead to the
establishment of fruit processing industries, create jobs for the teaming unemployed youths, alleviate poverty,
improve the social life in the rural communities, reduce rural-urban migration and promote the manufacturing of
fruit processing equipment in Nigeria.

Keywords: Fruit, industry, poverty alleviation, rural community, machinery

Introduction
Fruits and vegetables are not only sources of food but ready sources of minerals and vitamins. For

example mango fruit has vitamin A (0.2 mg), vitamin C (300 mg), protein (3.99 - 4.96 g), soluble carbohydrate
(12.56 - 18.31 g), and ash & fiber {3.34 - 3.47 g} per 100g fresh weight (Ibiyemi et al, 1990). Citrus contains 60
mg of vitamin C in 240 ml of juice, which is more than the minimum daily requirement. Citrus fruits are also
good source of folic acid, sugar, pectin, cellulose, vitamin B, thiamine and potassium (Naggy et al, 1993). Sweet
orange has 11.8% solid, 0.38% ash, 0.06% ether extract, 0.65% protein, 0.05% crude fibre, 10.7% carbohydrate
and 41 kilo cal per 100g energy. It has a laxative effect (Ihekoronye and Ngoddy, 1985). Cashew is especially
rich in vitamin C, containing 262 mg/ 100 ml of juice, about five times the vitamin C content of orange
(Egburomu, 1996)

Juice industry originated in the Northern temperate zone, including Europe and North America, where
the industrial revolution was earliest. Thomas Welch and his son, Charles, in New Jersey were the first to
produce juice at commercial level from grape fruit. It was followed by pineapple juice from Hawaii (James,
1998). In modern ages, taste is more diversified and exotic juice becomes a preference. Consequently, more and
more tropical and sub-tropical fruits such as passion fruit, guava, lychea and papaya have joined the list of
popular raw materials for juice production (James, 1998).

In developed countries such as Britain, Germany and the United States of America, various machines
are available for small and medium scale fruit juice production at commercial level. The production level of the

fruit is high in Nigeria and other African countries, and most entrepreneurs involved in fruit processing have
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capacity for small/ medium scale, yet there is a dearth of equipment for small and medium scale production
(Adewumi, 1998a, 2004, 2005, 2006, 2007a & b

Raw fruits generally have low shelf life because of the high moisture level and activities of micro
organisms. Processing of fruit into juice, concentrate and other durable products increases the storability and
profit margin; reduces the transport costs, spoilages, and wastages; adds value; and makes the product available
all year round. Record of post harvest losses of fruits in Nigeria was up to 50% (Adewumi, 1999, 2007c) and up
to 70% in Malawi (Kazembe, 2005). FAO (1995) reported that there is far less attention paid to the technology
of processing juices, in the developing countries. A significant problem in developing mechanized equipment
for fruit juice production is the large number of varieties available and the variations in their sizes and shapes.
The cost of the processed fruits is also too expensive for the general population in developing nations where
these fruits are mostly produced.

Processed fruits and other durable end products from developing countries, have considerable export
potential to developed countries but most developing countries, where fruits are produced in large quantities, do
not have the technology and equipment to process fruits to the high quality required in the developed countries
at relatively low cost. Nanjundaswamy (1986) confirmed that lack of local and simple mechanical means for
fruit processing into juice and other inter-meditate products, results in limitations on fruit utilization and thus
more post harvest losses due to rotting. The non-availability of machines for post harvest handling of fruits
presents limitations to the rural income by small-scale farmers (Adewumi, 2005; Olukunle et al, 2007).

Though fruits are seasonal, there is a general global increase in the demand for the products derived
from them throughout the year. The increasing global population requiring a high demand for minerals and
vitamins calls for the need to process raw fruits into juice and other durable products to make natural minerals
and vitamins available throughout the year. Nigeria is one of the leading nations in the production of fruits in the
tropical region. Locally available fruits that are widely grown in Nigeria include sweet orange, tangerine,
cashew, mango, water melon, guava, pineapple and pawpaw. Except in the recent, majority of fruit exports from
Nigeria were not processed into juice or concentrate because of lack of equipment for processing. The objectives
of the paper are to sensitize Nigerian farmers to accept fruit production as an industry, increase annual fruit
production and be actively involved in fruit processing in order to industrialize the rural communities, add value

and increase profit margin.

Global importance of fruits:

Fruits are known for their medicinal, pharmaceutical, industrial and other economic values. Ripe fruits of mango
are dissolved in sugar water and taken to prevent sunstroke and may just be rubbed on the body (Mircea, 1995).
Grape fruit helps to lower cholesterol and there is evidence that its seeds have high level of antioxidants
(Jarquera, 1998). It protects against cardiovascular diseases and cancer (Heber, 2005). It has low glycemic index
and helps the body to burn fats. Extracts from grape fruit seed is a very strong antimicrobial with proven
activities against bacterial and fungi (Bailey et al, 1998; Edward et al. 1997; Fakuda et al. 1997). Seed fats from
the mango fruit is used for soap making because of its high stearic acid content (Julia, 1987). Mango seed
residue after fat extraction is useable for cattle food and soil enrichment (Julia, 1987). Pickles, chutney, puree,
nectar, juice, squash, jam, jelly, squash, powder, flakes and dehydrated products are also products from different

fruits (Mircea, 1995, Donald and Low, 1990). Ripe mangoes are processed as canned and frozen slices, puree,



Juices, nectar and various dried products such as mango bars and mango slices for home use and by cottage
industry (Mircea, 1995). As well as being eaten fresh, citrus fruits are used to make juice and marmalade, and
oils are extracted from the skin for use in perfumes and confectionery (Donald and Low, 1990).

Donald and Low (1990) identified citrus fruits as one of the major fruits produced world wide with
more than 30 million metric tons produced annually. The citrus family include sweet oranges (Citrus sinenesis),
lemons (Citrus limon), limes (Citrus aurantifolia), grape fruit (Citrus paradise), sour or seville orange (Citrus
aurantium), tangerines (Citrus reticulata), and pummelos (Citrus grandis). The three most important types of
orange are the mandarin, the sweet and the sour or bitter oranges, with. sweet orange as the most used type
globally.

Sweet orange is grown throughout the world and provides greatest fresh fruit production. It is among
the oldest cultivated fruits, grown for more than 4,000 years. Oranges probably originated in the part of Asia
which now includes India, Myanmar and South Western China (World Book Encyclopedia, 2001). Brazil,
Spain, China, Italy and Israel are among the chief producers of the oranges (Rice et al, 1987). Oranges are also
grown in the warmer region of the United States along the gulf coast and California. It constitutes the leading
crop in the United States. The leading production statistics of sweet orange provided by Donald and Low (1990)
include 18,256,500 metric ton (Brazil), 11,729,900 metric ton (India), 3,969,810 metric ton (Mexico), 868, 000
metric ton (Egypt), 697,000 metric ton (Argentina) and 606, 000 metric ton (Morocco). Brazil was the largest
producer of orange juice in the world followed by the USA. (World Book Encyclopedia, 2001).

Grape and pummelo are also fruits of importance in the global market because they are excellent
sources of many nutrients and phytochemicals (Jorquera, 1998). The ten leading nations producing grape and
pummelo, as identified by FAOSTAT (2002) are USA (155, 974 metric ton), China (57,128 metric ton), Mexico
(43,947 metric ton), Israel (42, 632 metric ton), Cuba (38, 540 metric ton), South Africa (36, 212 metric ton),
Argentina (28, 990 metric ton), Turkey (25, 580 metric ton), India (24, 215 metric ton) and Tunisia (12, 278
metric ton).

Eighty five (85) countries are known to be involved in global mango (Magnifera indica L) production
(FAOSTAT, 2002). The global production of mango was estimated at 24, 420, 116 metric ton with the
developing countries accounting for about 98% of the production (FAOSTAT, 2002). The first ten leading
nations in global mango fruit production, as identified in FAOSTAT (2002) are India (11, 400, 000 metric ton),
China (3, 130, 000 metric ton), Thailand (1, 750, 000 metric ton), Mexico (I, 523, 160 metric ton), Pakistan (1,
036, 000 metric ton), Indonesia (891, 566 metric ton), Philippines (880, 000 metric ton), Nigeria (730, 000
metric ton), Brazil (542, 000 metric ton) and Egypt (326, 063 metric ton). Despite the fact that mango mostly
grows in the wild in Nigeria, the nation ranked 8" position in global mango fruit production with an estimate of
730,000 metric tons per annum. This is instructive as it suggests the potential of Nigeria in the production of
tropical fruits. The major mango producing States in the Nigeria include Benue, Jigawa, Plateau, Yobe, Kebbi,
Niger, Kaduna, Kano, Bauchi, Sokoto, Adamawa, Taraba and the Federal Capital Territory (FAOSTAT, 2002).
Kazembe (2005) reported that national production of fruits in Malawi is estimated at over 200,000 metric tones
per annum.

Cashew (Aracardium occidentale) is an important export crop in India, Brazil and parts of Africa
(Egburomi, 1996). It is peculiar to the tropical climate with Nigeria as the major producer in West Africa

(Yayock et al., 1988). Both the fruit and seed of cashew have high commercial value. The fruit is edible and rich

45



in minerals and vitamins. The shell of the seed yields phenol rich oil, called cashew nut shell liquid (CNSL),
which is used as lubricating oil, in the manufacture of insecticides, production of plastic, preserving and water
proofing after distillation, oil proof break lining, links, cement, and when polymerized, is an important
ingredient for painting (Kochhar, 1981). Cashew nut is edible and used in the production of cashew butter
(Egburomu, 1996, Faborode and Favier, 1996). The nut contains 29.2% carbohydrate, 43.4% fat and 17.4%
protein (Egburomu, 1996). All the essential amino acids for human being are present in the nut its protein value
is equal to that of soybean and higher than that of peanut (Mrema and Nulty, 1985) Cashew oil lipid fraction
contains all lipid soluble vitamins (A, D & E) among which vitamin E is 70 mg/ 100 g (Nagaraga, 1987).

The world production of cashew increased from 407, 000 to 471, 300 metric ton between 1971 and
1991 with Asia as the leading continent. Nomisma (1991) observed that cashew production in Africa could have
been accelerated if processing technology and equipment were readily available in Africa. Marino (1994)
however reported slight increase in cashew production in Africa, especially Mozambique and Tanzania. The
Cocoa Research Institute of Nigeria is promoting the increase of cashew in Nigeria by multiplying and

distributing improved seedling among the Nigerian farmers (Adewumi, 2000).

Machinery for fruit and food processing in Afirica:

Majority of commercial fruit and food processing equipment in Africa are imported at very high cost
and maintained by expatriates (Adewumi, 2007b). These machineries are sophisticated and have problem of
climatic adaptations. One of the greatest challenges to food production in Africa is the post harvest
mechanization and handling of agricultural products. Generally, storage practices are poor and there is an
inadequacy in the availability of fruit and food processing machinery in Africa (Adewumi and Oduwole 1995;
Adewumi 1998a; Ogunlowo et al., 2005; Okunola et al., 2007).

Post harvest losses of food, fruit and vegetable products are very high in Africa, sometimes up to 50%
(Adewumi, 1999). There is therefore the need to develop and manufacture indigenous machinery for fruit and
food processing in order to providing livelihood for rural dwellers and enhance industrialization in Africa
through efficient, simple technology, low cost mechanical systems (Adewumi 1998a, 2000, 2004, 2005).
Machines are required for processing agricultural materials into both primary and secondary food products. A
sizable number of machines are already developed within Africa via research efforts. Hrapsky et al. (1985)
ascertained that a promotion of efficient fruit juice processing techniques shall raise the produce market value
with an internal rate of return (IRR) greater than 50%.

The status of fruit juice and cocoa processing industries were assessed in Nigeria (Adewumi 1998b,
Adewumi and Amusa 2004). The study revealed that most of the machines for fruit and food processing in
Nigeria are mostly imported and assembled for marketing. Where, manufacturing of machines are done, it was
noted that efforts are majorly concentrated in the manufacture of small scale post harvest equipment in Nigeria
(Adewumi 2007d). This is generally the same trend for other African countries. While a few of the fruit
industries in Nigeria produce fruit juice from locally available fresh fruits, majority produced it from imported
concentrates. It is interesting to note that concentrates are not produces in Nigeria at commercial level despite
the high level of annual fruits production in the nation (Adewumi and Amusa, 2004). There is therefore the need

to develop equipment for the processing of other forms of finished products from fruits in Nigeria.
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It was also identified that a few and scanty medium and large scale fruit and food processing machines
developed within African countries are for primary food material (Adewumi 1998b, Adewumi and Amusa,
2004). The machines required for the production of secondary/ finished fruit and food products such as boilers,
heat exchangers, extruder, oven and so on are mostly not manufactured within Africa. Primary agricultural and
food products (example, raw fruits, cocoa powder and cocoa butter) are exported in large quantity to the
developed nations at relatively cheaper prices. The materials are thereafter processed in the developed nations to
secondary products such as concentrate and chocolate. Finished food products generally have added value and
higher economic values with reduced transport cost. If the agricultural materials produces within Africa are
processed into finished products before export, the export earning of Africa shall improve exponentially. This
calls for the need to develop and manufacture machines to process produce into finished product at commercial
level within Africa where the raw materials are resident.

Inter and intra linkages and collaboration between research institutions and manufacturers/ end users is
generally low in the African countries (Ageh ef al., 2005). Most African nations do not clearly define yearly
research goals and agenda for scientific development. Information exchange is also low and slow in Africa. All
these have greatly affected the quality of the machines developed within Africa and slowed down
industrialization. Concerted collaborative efforts are required in order to develop functional indigenous fruit and
food processing machineries for mass production and commercialization.

The success story of the technological breakthrough in India should be an example for Africa. The
technological breakthroughs in India could be attributed to the fact that all the key players participated actively
and dynamically in a balanced proportion. Those include the Government of India taking the lead with
appropriate policies and motivations, talented citizens with expertise (not just foreign expatriates), research/
academic institutions (Council for Scientific and Industrial Research, CSIR, being an example), industry and
non governmental funding agencies. There exist a fairly strong interaction and ready exchange of information

between the key players in India, compared to Africa (Adewumi, 20006).

Fruit processing, rural industrialization and rural development:

Africa is an agrarian continent and especially very rich in crop resources. Agriculture is the dominant
economic sector in Africa. For example, Kenya has over 80% of the population dependent on
agriculture for their livelihoods (SHDI, 2006). Majority of the citizens of Nigeria also depend on agriculture
for their livelihood and live in the rural area. The largest percentage of raw agricultural materials is produce on
the farm from the rural communities in Africa, Nigeria inclusive (Adewumi, 2005).

Rural communities in Africa are however characterized by poverty and low income as a result of low
industrial activities. The major preoccupation in such communities is agricultural production, mostly with
traditional implements and tools. The development and use of simple machines for the processing of agricultural
material is therefore essential. This will not only enhance mechanized agriculture in the rural communities but
improve income, and increase the commercial values and quality of the processed materials (Adewumi, 2005).

A nation that is not food sufficient may not sustain itself, particularly developing and under developed
nations (Ademosun et al., 1997). For any nation therefore to attain food sufficiency, the Engineers and allied

professionals who are nationals must participate actively in the development of indigenous technologies,
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machines, equipment and systems that will be durable and adaptable to their environment (NSAE Communiqué,
1995).

The agricultural industry / sector have always made a substantial contribution to national development
and enhanced poverty alleviation in the developing nations. It equally has a great potential and prospect for a
rapid transformation of the economy of such nations. Therefore, one of the greatest challenges for the
developing nations is to evolve an agricultural practice so as to reduce the drudgery encountered by peasant
farmer and the small-scale industries. This is a strategy for poverty alleviation (Adewumi, 2000). The use of
mechanical systems and application of scientific knowledge have contributed exponentially to an increased
agricultural production over the years in the developed nations (Adewumi, 2008). Also, low literacy level and
low level of awareness of indigenously developed agricultural equipment are among the key factors affecting
agricultural production and rural development in the under-developed and developing nations (Ogunlowo ef al.,
2005; Adewumi, 2000).

The millennium development goals identified poverty as the bottom line problem to be addressed. Poverty
is mostly pronounced in the rural areas in the developing nations where the largest population is found. The
concept of urban-rural integration and the upgrading of rural socialization are essential to eradicate poverty. The
dichotomy between the rural and urban areas can be removed by mechanized agriculture and technological
transformation of the rural areas (Akinbamowo, 2007)

It is advocated that fruit production and processing should become a business and industry among the
peasant farmers in the rural communities which are agrarian centers in Nigeria. Agro allied industry, like any
other industry, can be classified as small, medium and large scale industry. The classification depends on the
level of technology involvement, sophistication of machinery, production level, capital requirements and
manpower requirements (Aderoba, 1997). Generally, large scale industries utilize a high level of technology,
sophisticated/ automated equipment and are involved in large scale production. They are mostly capital
intensive. Medium scale industries utilize intermediate technology and have reduced level of production
compared with large scale industries but may require high level manpower like the case of large scale industries.
Small scale industries use simple and appropriate equipment and technology, and are involved in low level
production. The three levels of industrial classifications are applicable to fruit and food processing industry.
Also, Adewumi (1998b) classified food processing industry either as primary product food industry or
secondary product food industry, based of the types of end products. He therefore further grouped small,
medium and large scale food industry into either primary or secondary, making a total of six groups. However,
for convenience, the small and medium scale industries can be grouped together.

The farmer association can be formed into cooperative societies in the fruit production rural centers. The
cooperative societies can include for those interested either in fruit production or fruit processing operations.
The following industries can therefore emerge from the rural area:

e  Small & medium scale fruit production industry

e Large scale fruit production industry

e  Small & medium scale primary fruit processing industry

e Large scale primary fruit processing industry

¢ Small & medium scale secondary fruit processing industry

e Large scale secondary fruit processing industry
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The small and medium scale fruit production industry should be preoccupied with producing raw fruits for local
consumption and the small & medium scale primary fruit processing industry. The small & medium scale
primary fruit processing industry should be responsible for producing both graded fruits and unrefined juice for
the small & medium scale secondary fruit processing industry. The large scale fruit production industry can be
preoccupied with producing raw fruits for the large scale primary fruit processing industry which in turn

provides raw materials for the large scale secondary fruit processing industry.

The small & medium scale secondary fruit processing industry and large scale secondary fruit processing
industry should be responsible for the production of refined fruit product such as juice, concentrate, jam and so
on. While the small & medium scale fruit processing industry should be mandated to provide for local market,
the large scale secondary fruit processing industry should be responsible for providing products for export. This
proposal will usher the desired rural industrialization and development which shall lead to the establishment of
fruit processing industries, job creation for the teaming unemployed youths, poverty alleviation, improvement of
social life in the rural communities, reduction of rural-urban migration and promotion of manufacturing of fruit
processing equipment in Nigeria.

Social and technological infrastructures are required to support the proposed rural industrialization.
Good road networks, communication system, adequate supply of portable water are especially essential. The
Government of Nigeria has to provide a good policy framework to support the proposal and the professional and
research institute have to develop new breed of fruits and machinery to support fruit production and processing.

Extension workers are also required to facilitate and promote the proposed rural industrialization.

Conclusion

The roles of fruits in human diet, medicine, pharmacy and industry cannot be over emphasized. The knowledge
base of the uses of fruits is limited among common citizen in Africa and Nigeria. Nigeria has been identified as
a major fruit production nation in the world. Production and processing of fruits in Nigeria can therefore be
upgraded to become a business. This can lead to rural industrialization with a number of specialized industries
emerging namely the small & medium scale fruit production industry; large scale fruit production industry;
small & medium scale primary fruit processing industry; large scale primary fruit processing industry; small &

medium scale secondary fruit processing industry; and large scale secondary fruit processing industry.
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Abstract:

Mycotoxins, toxic secondary metabolites of fungi posses serious food safety and significant economic concern
in several parts of the world particularly in Africa due to the hot and humid tropical climate that provide
conducive environment for the growth of toxigenic fungi. The three most important mycotoxins in foods
produced in sub Saharan Africa are aflatoxins, fumonisins and ochratoxin A, while available data indicate that
trichothecenes and zearalenone contamination might be insignificant contaminants of foods produced in the sub
continent. The health consequences of aflatoxin exposure in populations are quite varied, eliciting lethal
effects, and chronic outcomes, such as liver cancer, growth stunting in children, impaired immunity and
decreased susceptibility to infection. Fumonisins have been implicated as the causative agents in a variety of
animal diseases, such as leukoencephalomalacia of horses, pulmonary oedema in swine and have been
associated to some human diseases.The various control strategies at preharvest (use of host plant resistance,
biological control with atoxigenic isolates, sound field management practises to avoid stress during the
reproductive growth of crops), careful harvestting practises, and post harvest (proper drying, use of improved
storage facilities, and use of pesticides) were discussed. The creation of awareness of mycotoxin problem among
Africans and the use of chemisorptions technology with NovalSil clay to reduce the potency of mycotoxins have
also being reviewed. Traditional food processing techniques such as sorting, dehulling, washings that
reduce/detoxify mycotoxins during food processing were also highlighted, while other potentially efficient
strategies include diversification of diet to reduce consumption of crops such as groundnut and maize that are
highly vulnerable to mycotoxin contamination and vaccination against hepatitis B.

Key words: Mycotoxin, aflatoxins, fumonisins, ochratoxin A, management strategies, Africa

Introduction
Mycotoxins are toxic secondary metabolites secreted by certain filamentous fungi, that constitute a potential risk
to the health of human and animals through contamination of food and feed. Mycotoxin food contamination
resulting in mycotoxicoses have undoubtedly scourged mankind since earliest times causing death,
hallucination, and several other pathological effects. The evaluation of the biblical tenth plaque, the death of the
oldest sons of Egypt implicated macro cyclic trichothecene mycotoxin poisoning from Stachybotrys atra
contaminating stored grains, with the practice that the first son, his family and animals were often the first to
open the grain stores (Marr and Malloy, 1996). The analysis of climatic data, grain production and patterns of
mortality revealed the involvement of Fusarium mycotoxins in diseases from medieval Europe to American
colonial times (Matossian, 1989).

In the 13" century, a 60% depopulation of Western Europe was alluded to the substitution of wheat for
rye, with the former typically susceptible to Fusarium infection, while the latter was resistant (Miller, 1991).
During the early years of the Second World War, the enormous causalities resulting in the elimination of several
villages in the former Soviet Union from alimentary toxic aleukia (heamorrhagic syndrome) was recognized as a
toxic manifestation of mould contamination of over wintered cereals. Later, the toxic metabolite was identified

as T-2 mycotoxin produced by Fusarium tricinctum in over wintered millet in the field, which constituted the
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greater part of the diet of the people in affected region at the time (Beardall ad Miller, 1994). As far back as
1881, a scientist in Japan was able to demonstrate that ethanol extracts of the fungus Penicillium citreonigrum
were lethal to dogs, rabbits and guinea pigs, which led to the ban on the sale of rice contaminated by that fungus
(Pitt, 1991). Scientists in Italy were able to demonstrate even before 1900 that the consumption of mouldy corn
by children led to the development of illness, and went ahead to isolate pure culture and the toxic metabolites,
though the compounds were not actually identified. However, the scientific study of mycotoxins began in 1960s
with the reported death of about 100,000 turkeys in England due to aflatoxin poisoning of peanut meal imported
from Brazil (Blount, 1961).

Literarily, several compounds characterized from fungi have been shown to be toxic in in vitro cell
bioassay (Cole and Cox, 1981), but majority of these compounds have not been directly linked to any human or
animal toxicoses. Based on the detailed analysis of the production of these metabolites by fungi, and their
known and suspected impact on human and animal health, the IARC (1993) listed five mycotoxins: aflatoxins,
fumonisins, ochratoxin A, zearalenone and trichothecenes produced by fungi in the genera Aspergillus,
Penicillium and Fusarium as the most important ones.

Mycotoxin production constitutes one of the most important constraints to crop production in Africa
(Gressel et al., 2004). Kuiper-Goodman (1998), a leading authority in risk assessment ranks mycotoxins as the
most important chronic risk factor in the diet, ahead of other important dietary risk factors such as plant toxins,
food additives and pesticide residues. There are several factors that combine to make mycotoxin issues of
serious concern in Africa. Developed countries have access to sufficient food supply and broad array of foods,
and facilities are in place for inspection and monitoring of contamination levels in food and feeds (Cardwell and
Henry, 2004). Consequently, acute human mycotoxicoses is virtually non existent in developed countries.
However, in the African setting, the limited food supply and the low food basket diversity restrict the life
sustaining staples in many households to highly vulnerable grains such as maize and groundnuts (Egal et al.,
2005; Turner et al., 2005). Agricultural exports constitute the major source of foreign exchange in Africa, and
the highest quality crops are often exported, leaving the poor quality ones for internal consumption. Fungal
growth can only be prevented/minimized by adoption of good agronomic practises and careful management of
environmental conditions within storage that reduce mycotoxin production. While the technologies for the
adoption of these practises exist in developed countries, the crop management practises of small holder farmers
in sub Saharan Africa (SSA) lag behind those of other farmers in the rest of the world. Most of the storage
systems in use such as storing grains on cement flours in the house, on the branches of trees or on bamboo
granary offer little protection to stored grains against insect and mould deterioration (Udoh et al., 2000; Hell et
al., 2000; Bankole et al., 2004; Dejene et al., 2004; Kaaya and Kyamuhangire, 2006). Furthermore, crops often
move from the subsistence farmers’ field that produce the bulk of the food in Africa to stores and to
consumption without any test for mycotoxin or any other contaminants. Thus, while mycotoxin contamination is
exclusively restricted to field crops in developed countries, it occurs at preharvest and largely at postharvest in
SSA.

Though the spores of toxigenic fungi are ubiquitous, however, the high ambient temperatures and
relative humidity in most parts of SSA promote fungal growth, thus making crops to be more prone to
contamination with mycotoxins than in temperate zones. Even in the relatively dry areas in SSA, due to the

absence of irrigation, drought creates stress that predisposes grains to mycotoxin contamination. Insect damage



to grains is aggravated by drought, cracking or breaking of kernels during manual harvesting, and presence of
excessive chaff in the harvested grains (Setamou et al., 1997). The period of harvesting often coincides with
period of heavy rainfall in the coastal parts, and drying which relies on sundrying the grains before loading into
stores is often faced with great difficulty. Harvesting of maize during unseasonable rains in rural areas of Kenya
resulted in the storage of wet maize under damp condition, which resulted to high level of aflatoxin
contamination (Azziz-Baumgartner et al., 2005) The traditional method of field drying of crops after
physiological maturity not only fail to reduce grain moisture to safe levels, but also results in increased mould
incidence, insect damage and mycotoxin levels (Kaaya et al., 2005). The practise of spreading crops on bare
ground to sundry brings them in direct contact with soil fungal inoculum. In the Guinea farming communities,
groundnuts are dried on bare floor in the open, resulting in increased mould growth and aflatoxin production

(Turner et al., 2005).

Short history of health effects due to mycotoxin:

Oral exposure due to consumption of contaminated diet is the main route of entry of mycotoxins, while
speculations exist that other potential routes such as skin contact with mould infested substrates and inhalation
of spores could lead to mycotoxicoses (Bennett and Klich, 2003; Jarvis and Miller, 2005). The toxicological
effect of mycotoxins particularly aflatoxins (the most toxic of the group) could be acute or chronic depending on
intake levels, , duration of exposure, toxin types, the defense mechanisms of exposed individuals and many
poorly understood synergistic interactions (Bennett and Klich, 2003). Acute toxicity arises from ingestion of
high levels of toxins resulting in liver damage, jaundice and hepatitis as was reported in Kenya in 1981, 2001,
2004 and 2005 (Ngindu et al., 1982; Probst et al., 2007). Thel981 episode involved 20 hospitalised cases of
acute aflatoxicosis with 60% mortality, with aflatoxin contamination levels up to 12,000pg/kg in the maize
based food (Ngindu et al., 1982). In 2004, an outbreak of jaundice with a total of 317 recognised cases, and 125
mortality occurred in Makueni and Kitui, Kenya, with maize samples from the affected areas having high levels
of aflatoxins, in some cases up to 8,000 pg/kg (Lewis et al., 2005). The acute toxicity of aflatoxins has led to
speculations about their utilization as chemical warfare agents and evidence of the use of aflatoxins and
trichothecenes as bioweapons in various part of the world was thoroughly discussed by Bennett and Klich
(2003).

Chronic toxicity occurs due to long term exposure to low or moderate levels of aflatoxins and
symptoms reported in Africa include growth faltering in children(Gong et al., 2002), impaired immunity and
decreased resistance to infection (Turner et al., 2003; Jiang et al., 2005), and liver damage including tumors
(Shephard, 2008). Aflatoxins also act synergistically with hepatiis B virus to multiply the relative risk of human
hepatocellular carcinoma (McGynn and London, 2005). It is estimated that 80% of all HCC cases occur in
developing countries (Wild and Hall, 2000). Tuner et al. (2007) recently reported that exposure to aflatoxins in
pregnancy impact negatively on the growth of neonates in the first year of life.

Ochratoxin A (OTA) is a naturally occurring mycotoxin synthesized by several species of Aspergillus
and Penicillium in grains (maize, wheat, barley, cocoa), fruit juices, spices, animal products from pigs and
poultry (Al-Anati and Petzinger, 2006). The major producers of OTA are Aspergillus carbonarius, A. niger and
A. ochraceus in tropical climates, and Penicillium verrucosum and P. nordicum in temperate zones

(Mounjouenpou et al., 2008). OTA has nephrotoxic, teratogenic, immunosuppressive and carcinogenic
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properties in many animal species, and was implicated in the etiology of Balkan endemic nephropathy and
urinary tract tumours in the Balkans (Clark and Snedeker, 2006). Following studies on animals, the IARC
(1993) classed OTA as possible carcinogen to humans (group 2B).

Out of 24 maize based gruels used as weaning food for children in Nigeria, four were positive for OTA
at 0.142 to 6.516ug/kg (Oyelami et al., 1996). Five of the 20 samples of kenkey (fermented maize food) in
Ghana had OTA at levels of 2.4-6.4ug/kg (Kpodo et al., 1996). In Nigeria, A. ochraceus and A. niger had
incidence of over 50% in cocoa beans, with OTA levels of 40-60pg/kg (Aroyeun and Adegoke, 2007).

The important Fusarium spp that have been identified on African maize include Fusarium
verticillioides, F. graminearum, F. subglutinans, F. pallidoroseum, F.oxysporum and F. solani (Bankole et al.,
2003; Bankole and Mabekoje, 2004; Adejumo et al., 2007). However, Leslie (2005) and Leslie and
Bandyopadhyay (2005) reported that the most commonly identified Fusarium spp. from African maize belongs
to the Giberrella fujikoroi species complex that synthesize neither trichothecenes nor zearalenone. The authors
further observed that F. verticillioides which produce extremely high levels of fumonisins constitute up to 95%
of all Fusarium recovered from maize fields in Nigeria, Egypt, Kenya, Ghana, and South Africa, while Schoth et
al. (2008) found that F verticillioides constituted up to 95% of Fusarium spp isolated from Zambian maize.

The major Fusarium mycotoxins are fumonisins produced by F verticillioides and its related F.
proliferatum, trichothecenes and zearalenone produced by Fusarium species. F. verticillioides constitute more
than half of all Fusarium spp recovered from maize in Africa, and the African strains are extremely high
fumonisin producers (Leslie, 2005). Fusarium spp were found to constitute significant component of the fungi
associated with root rot of cassava (Bandyopadhyay et al., 2006). Based on international data, the mean daily
intake of FB1 was estimated to be 2.4ug/kg of body weight per day in SSA compared to 0.2 pg/kg for Europe,
1.0 pg/kg for Latin America and 0.7 pg/kg for Far East (Creppy, 2002). The overall daily intake of 1-10 pg/kg
and 24 body weight per day was estimated for those consuming farm stored maize, and 24 pg/kg in those
consuming market maize in Burkina Faso, while the proposed maximum daily intake of fumonisins
recommended by JECFA was 2 pg/kg(Nikiemma et al., 2004).

Fumonisins have been implicated in a number of toxic effects in animals such as equine
leucoencephalomalacia in horses, porcine pulmonary oedema and hepatic syndrome and immune suppression in
swine, nephrotoxicity and liver cancer in rats (Ross et al., 1992; Concova et al., 2003). The mechanisms of
fumonisins toxicity has been attributed to the inhibitory effect on sphingolipid biosynthesis, thereby interfering
with foliate transport, and this accounts for findings that fumonisin induce developmental abnormalities in
mouse embryo, and as such have been hypothesised to be a risk factor for human neural tube defects (Marasas et
al., 2004). Significant correlations between consumption of fumonisin contaminated maize and oesophageal
cancer was found in some parts of South Africa (Marasas et al., 2004) and China (Sun et al., 2007). The IARC
classified fumonisins in group 2B i.e. that they are possibly carcinogenic to humans (IARC, 2002).

Depending on the substrates and environment, more than one mycotoxin may co-occur in a substrate
(Bankole and Mabekoje, 2004; Adejumo et al., 2007a). Thus, it is likely that exposures of man are to mixtures
of and animals are to mixtures rather than individual mycotoxins. The few studies carried out to date on the
interactive effect of mixtures of mycotoxins shows that the effect may be additive or synergistic. The results
obtained by Creppy et al. (2004) on in vitro testing using different cell lines showed a synergistic effect of
combination of fumonisin Bl and OTA. McKean et al. (2006) found that mixtures of aflatoxin B1 and

fumonisin B1 altered the toxic effect of the individual compound with a strong additive interaction.
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In SSA, the most important mycotoxins are aflatoxins, fumonisins and ochratoxin A in decreasing
order of importance (Bankole and Adebanjo, 2003; Bankole et al., 2006; Kpodo and Bankole, 2008; Siame and
Nawa, 2008), while available data indicate that trichothecenes and zearalenone may not be of much significance
in SSA (reviewed in Bankole et al., 2006). The enormous direct health risks, economic losses and implications
of mycotoxin contamination in SSA have been the subject of several recent excellent reviews (Bankole and
Adebanjo, 2003; Williams et al., 2004; Shephard, 2008; Coulibaly et al., 2008). Consequently, several research
projects have been initiated in various parts of SSA aimed at finding culturally acceptable intervention strategies
against mycotoxin contamination of food. The present paper provides an overview of findings and progress on

possible strategies to mitigate mycotoxin contamination in SSA.

Management strategies against mycotoxin contamination:

Considering the huge economic and health impact of mycotoxins in SSA, it is inevitable that suitable
intervention strategies be sought for their control. Consequently, several strategies are currently being
investigated in different parts of Africa to manage mycotoxin contamination in foods. However, it is very
important that a good testing protocol which is currently lacking in many countries of SSA be put in place
(Bankole, 2007). However, it must be noted that at present, there are neither enough qualified personnel t
conduct tests for mycotoxins nor adequately equipped laboratories in which tests can be carried out (Bankole,
2007). Since mycotoxin production occurs at preharvest, during harvesting and at postharvest and processing,

the methods for the control can conveniently be discussed under such headings

Preharvest strategies for controlling mycotoxins:

Pre-harvest crop management practices stand as one of the best approach of avoiding or at least reducing fungal
infection and subsequent production of mycotoxin. It is also highly recommended to tackle mycotoxins at
preharvest because the extent of contamination f crops by toxigenic fungi in the field determines the rate at
which they will deteriorate and produce mycotoxins in storage, particularly under the prevailing high ambient

temperatures and relative humidities.

(a) Resistant varieties: A number of researchers in Africa are working on Aspergillus and Fusarium resistant
varieties of maize and groundnuts. Ayalew et al. (1995) found considerable varietal differences in among eleven
varieties tested for field resistance to Aspergillus, Fusarium and Penicillium spp. One study under development
is the collaborative breeding project by the USDA Southern Regional Research Centre and the International
Institute of Tropical Agriculture (IITA). The ultimate goal of their work is to breed for maize cultivars that are
resistant to Aspergillus and Fusarium ear rot by combining resistance factors in maize lines from Africa with
those from the US. Eighteen out of 76 inbred lines of maize from West and Central Africa accumulated
aflatoxins at levels as low or lower than the best resistant lines from the U.S (Brown et al., 2001). To increase
the chances of developing inbred lines with desirable agronomic traits and lesser toxins than the currently
available commercial lines, the lines with the lowest toxins from Africa have been crossed with resistant
genotypes from the US (Menkir et al., 2006). The promising lines obtained from such crosses have been
subjected to proteome analysis with a view to identifying resistance-associated proteins and corresponding
genes underlying resistance to aflatoxin production (Menkir et al., 2006). The lines are also are undergoing
resistance reconfirmation trials and are being evaluated for agronomic features, while lines with consistently low

levels of aflatoxins and good agronomic traits will be released to African national programs and as sources of
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resistance to breeding programs(Brown et al., 2006). Afolabi et al. (2007) evaluated 103 maize inbred lines for
Fusarium ear rot caused by Fusarium verticillioides: six lines 02C14585, 02C14593, 02C14603, 02C14606,
02C14624, and 02C14683 had consistently low disease severity across years and locations, while lines,
02C14624 and 02C14585, had fumonisin levels less than 5.0 pg/g. Further screenings showed that four inbred
lines 02C14609, 02C14643, 02C14654, and 02C14678 have high levels of disease resistance to Fusarium stalk
rot (Afolabi et al., 2008). Schjoth et al. (2008) evaluated 20 Zambian maize hybrids, and found two hybrids MM
701-1 and MM 752 to be highly resistant. These lines will be useful for further experiments to develop
fumonisin resistant lines.

(b) Adopting sound crop management field practices: The factors that influence toxigenic fungi infection in
the field include high soil and/or air temperature, drought stress, nitrogen stress, viable spores’ availability,
excessive plant population and conditions that aid the dispersal of conidia during silking (CAST, 2003; Hell et
al., 2003). Insects vector fungi and their feeding activity damage crops that allow the fungi to gain access to
crop tissues thus increasing the chances of aflatoxin contamination (Setamou et al., 1997). Good husk cover is
vital in protecting maize ears from fungi and insects; the use of loose-husked maize hybrids increases the chance
of insect damage and aflatoxin contamination (Caldwell et al., 2000). High incidence of the insect borer
Mussidia nigrivenella significantly increased the levels of aflatoxin contamination of maize in Benin (Setamou
et al., 1998).

Controlling or reducing infection by regulating the factors listed above in the field of maize and
groundnut will go a long way in controlling aflatoxins. Coincidentally, the pre-harvest measures that are
efficient in reducing aflatoxin levels are the same as those that will maximize plan performance and enhance
yields. A. flavus infection and contamination by aflatoxins are reduced under irrigation. In Niger, the effect of
irrigation to avoid drought stress and the selection of planting dates to take advantage of the period of high
rainfalls and also avoiding end of season drought reduced the level of aflatoxin contamination of groundnut
(Waliyar et al., 2003). Weeds compete with the growing crops for nutrients, water and sunlight, thus creating
stress which results in reduction in yield and grain quality just like those from drought stressed fields. The
effect of these practises such as management of insects and diseases in the field, adequate spacing of crops,
weed control, proper crop rotation to avoid build-up of inoculum, proper fertilisation to avoid crop stress and
timely harvesting which have been shown to decease mycotoxin substantially elsewhere (Ewards, 2004) in

farmers field are under investigation in Benin using the farmers’ participatory approach (Hell et al., 2008).

(c) Biological control strategies: The use of atoxigenic isolates of A. flavus to competitively exclude toxigenic
A. flavus isolates in agricultural fields and potentially in storage, a technology that has become an adopted
approach to reduce aflatoxin contamination of maize, peanut and cotton seed in the US (Chang and Hua, 2007,
Dorner, 2008). is now under investigation by the African Agricultural Technology Foundation, in Nairobi,
Kenya and the International Institute of Tropical Agriculture (IITA) in Nigeria. The principles of using
atoxigenic strains of A. flavus to limit aflatoxin production is based on their ability to modulate aflatoxin
production during crop infection and their ability to displace aflatoxin producers in the crop environment,
thereby reducing the rate of crop infection by toxigenic isolates(Dorner, 2004). The atoxigenic strains just like
the toxigenic ones become established with growing crops in the field, and are also carried over with the
harvested grains into stores where they still exert their protective effect. The technologies of using atoxigenic A.
flavus as biological control agents against aflatoxin production are being developed for maize at IITA in
Nigeria. Based on initial trials in which the effective atoxigenic isolates from the US proved to be ineffective at

checking aflatoxin production by the African toxigenic A. flavus, Cardwell and Henry (2004) were of the view
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that it is important that atoxigenic isolates are identified from different agro ecologies where they are to be
applied. Eleven isolates of atoxigenic A. flavus have been obtained from major maize producing regions in
different agr33325450ccologies in Nigeria (Atehnkeng et al., 2008a) and evaluated in grain competition
laboratory experiments and in field studies(Atehnkeng et al., 2008b). The reduction in aflatoxin contamination
ranged from 70.1% to 99.8% in grain experiments, and 93.4% to 99.3% in the field (Atehkeng et al., 2008b).
These atoxigenic isolates of A. flavus have potentials as future candidates for biocontrol of aflatoxin of maize in
West Africa. However, simple, cheap and efficient formulations of these biocontrol agents and their integration

with other management practices still need to be investigated.

(d) Use of synthetic chemicals: Extreme fumonisin contamination was found in maize ears damaged by insects,
thus field control of insects which could be by application of insecticides was recommended for the control
fumonisin contamination (Avantaggio et al., 2002). Fungal infection in the field such as those of Fusarium head
blight and ear rot could also be controlled by application of recommended fungicides. When synthetic chemicals
and fumigants are correctly applied at the right dosage, it could also reduce mycotoxin contamination (Giga and
Biscoe, 1989; Bankole, 1996). Aflatoxin contamination could be reduced by application of fungicides such as
itraconazole and amphotericin B to control toxigenic A. flvus (Ni and Streett, 2005). The control of head blight
of maize caused by Fusarium spp with the fungicides prochloraz, propiconazole, epoxyconazole and

cyproconazole could reduce fumonisins (Haidukowski et al., 2004).

(e) Harvesting Management: Harvesting operations used may inflict mechanical damage on kernels which
may predispose them to infection during storage (Fandohan et al., 2006). Thus, the harvesting procedures should
be such that damage is kept to a minimum. Fumonisin levels positively and significantly correlated with the
extent of damage in maize caused by the use of mechanical sellers (Fandohan et al., 2006). Crops should be
timely harvested as the practise of delayed harvesting promotes fungal infection and mycotoxin contamination
(Kaaya et al., 2005). Lynch et al. (1991) found that termite damage to groundnut pods increased with delayed
harvesting: less than 4% damaged when harvested 70 and 90 d after sowing which increased to 15%after 110
days and 46% 125 days. Delayed harvesting resulted in significantly increased insect damage, mould incidence
and aflatoxin contamination in Mayugbe district of Uganda (Kaaya et al., 2005). However, just like over mature
plants in the field may accumulate high levels of aflatoxins; harvesting crops before they attain full

physiological maturity may also promote fungal infection.

Postharvest and Storage Strategies

In SSA, much of the aflatoxin contamination occurs at this stage, and the strategies for management
are comparatively simple and inexpensive. The major goal at this point is to create conditions that will
discourage the growth of the toxigenic fungi even if they have gained entrance into the agricultural produce. It is
important that the grains are rapidly dried. Since the hot and humid tropical environment has been identified as
the main barrier to curbing mycotoxin contamination, research efforts are needed to identify appropriate
technologies that that can be use to reduce grain moisture to safe levels immediately after harvest and also
maintain the low grain moisture during storage. Drying maize with the husks removed, drying on bare ground,
shelling maize by beating, heaping maize on the floor and the use of basket for storage which are commonly
practiced by African farmers positively impacted on aflatoxin development (Kaaya et al., 2006). The study by
Awuah and Ellis (2002) showed that protectants that efficiently reduced aflatoxin contamination of groundnut

with moisture content of 12% could not sustain their efficacy with high kernel moisture content of 18.5%.
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Amoako-Attah et al. (2007) found that the proportion of damaged/ mouldy groundnut pods that were rejected
was 8.6% in pods dried for four weeks compared to 22.08% in the undried pods. The levels of aflatoxins in the
dried pods ranged from 0-0.7pg/kg compared to 7278ug/kg in the undried pods (Amoako-Attah et al. (2007). It
is important that simple devices are made that will enable the farmers to know the moisture contents of his

produce going into stores, and to also be able to monitor same in stores.

(a) Adequate sanitation is critical: all old grains and residues must be removed, and the sides of storage
facilities cleaned and treated with appropriate insecticides. Hell et al. (2000) observed that cleaning of the stores
before loading the new harvests was correlated to reduce aflatoxin levels. Wild hosts should be removed from
the vicinity of the stores so as not to allow mould infestation. Sorting out physically damaged, infected and
discoloured grains from the apparently healthy ones before loading into stores has been shown to be an
effective method of reducing mycotoxin contamination (Udoh et al., 2000), and this could be achieved manually
or by using an electronic sorter. The widespread use of traditional storage practises by African farmers which
has been found to result in considerable post harvest losses warrants investigation into finding appropriate
storage technologies for different agroecological zones. Turner et al. (2005) investigated the effect of some
postharvest intervention packages: thorough drying of crop by sun drying, spreading of crops on mats rather
than on ground to dry, removal of visibly mouldy kernel before storage, storage in natural fibre sacks rather than
in sacks, storage of sacks on wooden pallets rather than on bare floor, and the use of insecticides. It was found
that while aflatoxin albumin remained rather stable postharvest, even after five months of storage in people in

the intervention villages, it increased postharvest in the control villages.

(b) Use of synthetic chemicals such as insecticides: This can also be applied postharvest to control insect
infestation while appropriate fungicides will help in checking mould growth in storage. Fumigants when applied
at the right dosage, could also reduce mycotoxin contamination (Bankole, 1996). Bicarbonate salts which are
easily available, cheap, and easy to handle present suitable alternatives to chemical fungicides to control

Fusarium and Aspergillus growth in stored corn(Samapundo et al., 2007)

(c) Use of botanicals: Concerns over the environmental impact and potential health risk of synthetic chemicals
have led to the development and commercial utilization of new compounds known as green chemicals (Santino
et al., 2005). The antimycotoxigenic activities of a number of African plants such Morinda lucida, Azadirachta
indica, Ocimum gratissimum, Cymbopogon citratus, and Aframonium danielli have been proven in in vitro
laboratory assays and artificial inoculation (Bankole, 1997; Nguefack et al., 2004; Bankole et al., 2005a; Atanda
et al., 2007). Aroyeun and Adegoke (2007) observed that essential oil and aqueous extract of A. danielli reduced
OTA levels in spiked cocoa powder by 64 to 95%. The aqueous leaf extract of Allium sativum had 73%
inhibitory activity on in vitro growth of A. flavus, and completely inhibited aflatoxin B1 production even at
0.5% concentration (Sandosskumar et al., 2007). It was further shown that the intercropping of A. sativum with
peanut kernel resulted in significant reduction in the population of A. flavus in the soil, kernel infection by A
flavus as well as aflatoxin contamination of kernels. However, there is still the need to investigate the efficacy

of these plants in field tests and under high pathogen conditions.
Other control strategies

(a) Food processing: Food processing includes any physical, chemical or biological treatment that raw grains

undergo in the formation of food products. Maize and groundnut which are the two most susceptible to
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mycotoxin contamination are subjected to different processing protocols that results in many derived fermented
and non fermented food products. Within the last 10 years, several studies have been carried out on the fate of
mycotoxins during food processing of raw materials in SSA. Sorting out of impurities, damaged, mouldy and
shrivelled seeds have been established as an efficient mycotoxin reduction procedure. The removal of screenings
from maize bulk in South Africa reduced fumonisins by 29-69% (Sydenham et al., 1994). By sorting followed
by winnowing of maize, Fandohan et al. (2005) achieved mean reduction of 59% in aflatoxins and 69% in
fumonisins. Maize samples that had been sorted by farmers as either good quality or poor quality were found to

contain fumonisin levels of 1.4 to 110pug/g and 0.2 to 3.7ug/g, respectively (Afolabi et al., 2006).

(b) Dry milling and wet milling: In the dry milling of cereals, the highest amount of mycotoxins are found in
the bran and germ fractions that are less likely to be used as food (Bullerman and Bianchini, 2007), with less in
maize flour and grits which are the products that enter the food chain Wet milling of maize is used in the
production of ‘ogi’ in Nigeria, mawe in Benin. Washings or steeping of grains in water often result in the
leaching of mycotoxins into the steep liquor, and the floatation of less dense grains that often have higher
contamination levels. Fandohan et al. (2005) recorded 37% reduction in aflatoxins and 51% reduction in
fumonisins to loss in steeping water. Soaking of muthokoi (a traditional Kenyan maize based food) in solutions
of sodium hypochlorite or ammonium persulphate reduced aflatoxin content by 28-72 %( Mutungi et al., 2007).
However, it should e noted that high mycotoxin levels were also found in supernatant of ‘ogi’ (a fermented
maize based food) (Fandohan et al., 2005), and this liquid is often used to prepare herbal concoctions.
Mycotoxins are more concentrated in the outer layers of grains and as such, dehulling, which is often practised
in the processing of maize result in significant reduction in mycotoxins. Dehulling maize grains during
traditional processing reduced aflatoxins by as much as 92% in Zimbabwe (Siwela et al., 2005) and by 46.6% in
Kenyan study (Mutungi et al., 2007). Mechanical dehulling methods reduced fumonisin levels in maize by 55-
67%( Fandohan et al., 2006). In Zambia, village processing techniques of dehulling, steeping, washing, drying
and then grinding of maize reduced AFB1 from 900 to 150pg/kg and AFG1 from 929 to 114pg/kg (Njapau et
al., 1998). For other traditional processing techniques such as fermentation, dry roasting, cooking, variable
results have been reported(Kpodo et al.,. 1996; Ogunsanwo et al., 2004; Fandohan et al., 2005; Bullerman and
Bianchini, 2007) and many research groups in various parts of Africa are still investigating these processes with
a view to firmly establish their influence on mycotoxin levels in food. However, a novel study recently reported
that some strains of Saccharomyces cerevisae(viable or non viable) isolated from fermented foods in Ghana
binds considerable amount of aflatoxin BI, and that these properties should be put in consideration in the

selection of starter cultures for indigenous food production (Shetty et al., 2007).

(c) Diversification of diet: Individuals can attempt to change their diets to avoid less risky foods such as maize.
Bandyopadhyay et al. (2007) recommended the replacement of maize with traditional sorghum or pearl millet in
marginal environments of West Africa since the latter have less risk of contamination by aflatoxins. In China,
rice was used to replace corn, the major source of aflatoxin Bl as the primary staple food in high hepatocellular

carcinoma areas with the resultant modest decline in liver cancer incidence (McGlynn and London, 2005).

(d) Chemoprotection/Chemisorptions based technology: Chemoprotection is based on the principle that
some chemicals could either increase animals detoxification processed or prevent the production of the epoxide
that causes chromosomal damage. The inclusion of mycotoxin binding agents such as calcium bentonite,

zeolites, diatomites and vermiculites has been the most commonly used approach to reduce exposure of animals
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to mycotoxins (Binder, 2006). Chemopreventive approach using oltipraz originally developed as
antischistosomiasis drug and chlophyllin, an essential constituent of human diet have been found to
block/suppress/reverse the process of carcinogenesis induced by aflatoxins (Farombi, 2006). These two drugs
have also proved to be safe and effective for use in human unavoidably exposed to aflatoxins (Kensler et al.,
2004). This technique using clay based technology to protect African population from mycotoxin hazards is
being carried out in Ghana by the research group from Texas A&M and Noguchi Memorial Institute for Medical
Research, Accra Based on experimental studies carried out so far, it has been established that that NS clay at the
dose level of 0.25% can be used effectively to reduce bioavailability of aflatoxins in contaminated diets without
interfering with the levels of serum vitamins A and E, and iron and zinc(Phillips et al., 2008). However, long
term trial with the NS clay is still required, while economically feasible and culturally acceptable means to NS

clay are still being sought to sustain the strategy (Wang et al., .2006)

(e) Vaccination against hepatitis B: Considering the socio-economic background of people in Africa, which
might prevent them from easily adopting technologies to reduce aflatoxin contamination in food, hepatitis B
vaccination in areas with high aflatoxin exposure will be a major preventive tactics to reduce hepatocellular
carcinoma in Africa (Wild and Hall, 1999), though persons already chronically infected will not benefit from the
vaccination (McGlynn and London, 2005).. The potency of aflatoxin in HBsAg+ individuals is considerably
higher (about a factor of 30) than in HBsAg- individuals; thus, vaccination against hepatitis B (or protection
against hepatits C), which reduces prevalence of carriers, would reduce the potency of the aflatoxins in
vaccinated populations and reduce liver cancer risk (Wild and Hall, 2000). In Taiwan, the nationwide hepatitis B

vaccination reduced incidence of HCC and mortality in young children by 50% (McGlynn and London, 2005).

(f) Awareness creation: Since the harmful effects of mycotoxins are not known to the African populace and
many consumers in this region are unaware of their exposure to high level of mycotoxins in their staple diet
(Bankole et al., 2005b; Jolly et al., 2005), different awareness programmes are being carried to inform people of
the danger of consuming and commercializing mouldy products. Bankole and Adebanjo (2003) highlighted
various channels that could be used to disseminate mycotoxin information. One of the major goals of the
Nigerian Mycotoxin Awareness and Study Group is to created awareness of the importance of mycotoxins
among the Nigerian populace. The awareness programmes will also help in increasing the rate of adoption of
technologies that have been confirmed to reduce mycotoxin contamination. Coulibaly et al. (2008)
recommended increased public awareness to reduce the costs (in terms of competitiveness and access to
international markets of exports from Africa) and health effects due to mycotoxin contamination, and the
dissemination of information on proven aflatoxin control strategies to improve food quality in SSA. Indeed, the
group of experts at the Mycoglobe Conference in Accra Ghana identified communication with the farmers and
consumers, government and international aid offices of the real or potential dangers of mycotoxins in their food,
and the implications of the chronic long term effects of exposures to low levels of mycotoxins (Badopadhyay et
al., 2008). An information campaign sponsored by Rotary International in Benin, Ghana and Togo significantly
increased public awareness of the populations that were exposed to high levels of aflatoxins and stimulated

more consumers to sort out and discard bad grains (James et al., 2007).
(g) Legislation: Nowadays, there are national and international legislations such as the CODEX that regulates

the contamination levels of mycotoxins allowed in different foods and feeds. Several authors have emphasized

the need for policy makers in Africa to establish and enforce quality standards and mycotoxin regulation (Kaaya
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and Kyamuhangire, 2006, Adejumo et al., 2007). The number of countries in Africa that have existing
mycotoxin regulation in 2003 survey mostly on aflatoxins was 15 covering 59% of the continent, with 10
SSA(FAO, 2004). The SSA countries are Cote d’Ivoire, Tanzania, Mauritius, Mozambique, Nigeria, Zimbabwe,
Senegal, South Africa, Malawi and Kenya. It has to be pointed out that the regulations are only on book and that
enforcement may be very difficult considering the fact that the subsistent African farmers consume a significant
portion of their produce or are sold at the local markets (Shephard, 2008). Some countries that do not have
official mycotoxin regulation figures have measures that could help in reducing mycotoxin contamination or are
conscious of the problem. For instance, in Zambia, it is statutorily required that grains going into stores should
not have more than 13% moisture and maize for human consumption should not have more than 2% visibly
mouldy seeds (FAO/WHO/UNEP, 1987). Many West African countries such as Gambia, Ghana and Benin have
taken steps to address mycotoxin contamination problem by the execution of various research projects on
mycotoxins and by large scale education of the populace on the dangers of mycotoxin contaminated foods. It
should be noted, however, that in countries where food supplies are limited, drastic regulatory measures to lower

mycotoxin standards would lead to food shortages at higher prices.

Conclusion

The review has shown that the insufficiency of food, the warm and humid climate conducive for toxigenic fungi
growth have made foods to be at high risk of mycotoxin contamination in SSA. Food quality control systems in
Africa are weak raw products and street foods barely receiving any regulatory attention. The impact of
mycotoxins on the people of SSA has been the subject of many well attended recent international Conferences
among which are Mycotoxins in Cereals in Africa organised by AATF in June; 2004, Regional Workshop on
Mycotoxins organised by International Atomic Energy Agency and National Agency for Food and Drug
Administration and Control(NAFDAC) in Lagos, Nigeria in February, 2005 and Reducing the Impact of
Mycotoxins in Tropical Agriculture organised by Mycoglobe in Accra, Ghana in September, 2005. Many useful
recommendations aimed at resolving the mycotoxin problems were proposed at these conferences, but it will
require the genuine interest of policy makers in SSA and international aid officers before these could transform
to actions. Thus, any preventive control measures must be pro-poor, well focus and cost efficient. There have
been so many strategies proposed by researchers that have proved effective in mycotoxin control, but it must be
noted that this process must be validated in Africa to ensure their applicability. Consequently, several research
projects in different part of Africa are currently addressing strategies that will prevent/minimize mycotoxins in
foods. It is hoped that the findings these research projects in the sub continent will not only stay on paper but

they will be conscientiously implemented.
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Abstract:

The radiological impact of nuclear radiation in the environment has been a source of concern to many
researchers all over the world. This is because of the deleterious effects of radionuclides present in the various
environmental samples to human health. The overall sociopolitical implications cannot be over emphasized in
view of the fact that a healthy people make a healthy economy of a nation. Until now in Nigeria, little or no
quantitative and qualitative data on radionuclide present in the environment are available for the required
assessment and reassessment that will help in the mitigation of the above mentioned problem. In spite of the
increasing application of radioactive sources in the country, little efforts have been made so far by some
researcher in Nigeria in the monitoring of nuclear radiation. These efforts have been biased toward external
dosimetry with the neglect of internal dosimetry needed for the comprehensive studies of the radiological risk to
the internal organs. In an effort to stimulate increased research in this area, the present work is aimed at the
various foodstuffs in the country which is the major pathway of radionuclide into the internal organs of the
body. The distribution and retention of some radionuclides following ingestion of local food samples using

deterministic models presented by the International Committee on Radiological Protection (ICRP) is discussed.
Keywords: foodstuffs, internal dose, model, radionuclide, health
Introduction

Radiological impacts of nuclear radiation in the environment become a primary source of concern because of
the availability of most parent nuclides of primordial origin. In most environments, the main technologically
enhanced naturally occurring radioactive materials (TENORM) are the uranium and thorium and their
progenies, together with **K. These radionuclides, especially **U and ***Th, may be concentrated in granites
and alkaline igneous rocks (UNSCEAR, 2000). These radionuclies (**U and ***Th) are both radiotoxic and
chemotoxic. The health hazards associated with these radionuclides stem from their ability to accumulate in
human tissues. During their decay processes, there is the emission of highly penetrating gamma rays and ionized
particles, thereby causing intensive damage to the tissues where they are localized.

Natural radionuclides have been found in some foodstuff in Nigeria (Olomo, 1990; Arogunjo,
2003a&b, 2004). Only recently, high concentration of natural radionuclides was reported in foodstuffs from
some parts of the Jos plateau (Jibiri et al., 2007). In view of the serious hazards posed to man, especially
through the ingested pathway, internal contribution to the body burden cannot be neglected in order to properly
access the overall radiation body burden.

In monitoring incorporation pattern of radionuclides, reliable knowledge of the daily intake from

natural radionuclide sources and their metabolic behaviour are necessary. In Nigeria, the ingestion rate of these
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radionuclides has not been studied as obtained in other parts of the globe. This paper is aimed at sensitizing the
need to evaluate the daily intake of U and **Th in foodstuffs and water in Nigeria. In addition, the
distribution and retention of these radionuclides following ingestion of local food samples using deterministic

models presented by the International Committee on Radiological Protection (ICRP, 1995) will be discussed.

Methods

In order to be able to monitor the incorporation pattern of radionuclide, reliable knowledge of the daily intake
from natural radionuclide sources and their metabolic behaviour are necessary. The qualitative and quantitative
determination of radionuclide activity in foodstuffs remains the most viable option available if reliable dose
calculation is to be made. The various analytical methods available for such purposes are gamma spectroscopy,
atomic absorption spectroscopy (AAS), atomic emission spectroscopy (AES), X-ray fluorescence, neutron
activation analysis (NAA), proton activation analysis (PAA), mass spectroscopy (MS), and inductively coupled
plasma mass spectroscopy (ICP-MS). Internal dose calculation following the ingestion of food require bioassay
measurements involving the determination of biological substances like urine and blood as indicator following
radionuclide injected, ingested, or inhaled into the body. Biokinetic models describing the distribution of
radionuclide in the various organs of the body are available for the evaluation of doses delivered to the whole

body.

Biokinetic modeling of radionuclide: In the assessment of the extent of human exposure to radionuclide and
the related risk, data on the daily excretion in urine are required; this excretion is related to the intake, the
metabolic processes governing the absorption into the systemic circulation from the gastrointestinal (GI) tract
and also the distribution and retention in the body organs. Radionuclide transport in the human body can be
investigated using deterministic model. This process involves model simulation of the linear transfer processes
represented by sets of linear differential equations governed by first order kinetics. In order to be able to
compare the measured urinary excretion rates with that predicted by the ICRP biokinetic models for most
radionuclide, expected excretion rates through lifetime could be simulated using the age dependent biokinetic
transfer coefficients for the six age groups given by the ICRP Publication 69 (1995). For the purpose of
simulating the behaviour of the radionuclide between compartments after ingestion, the systemic model must be
coupled to the gastrointestinal (GI) tract model. The ICRP age-dependent transfer rates in the GI tract and the
transfer rate from the small intestine to blood could also be calculated according to ICRP Publication 69 (1995).
In modelling the lifetime excretion rates of a radionuclide like uranium for example, the distribution within the
internal organs of the body can be described by a compartmental model illustrated in Fig. 1. The biokinetic
transfer coefficients governing the retention R of a particular radionuclide in the various compartments of the
systemic and the GI tract models during the integral time course could be performed using age-dependent linear
interpolation. The transfer between the various compartments follows a system of first-order kinetics. Hence, the
retention of the radionuclide in the various compartments is governed by linear transfer processes represented by

sets of linear differential equations.
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Given the compartmental model of the GI section of Fig 1, if q(t) is the radionuclide activity ingested in a

compartment at time t, the model is described by the following eqns:

d .
EqST (t) =—Asrds (t)_ﬂRqST (1)"' I(t)

d

— 9 (Z) = _j’SIqSI (t)_ﬂRQSI (1)"' j’STqST(Z)_/lBQSI (t)
dt

d

EqULI (t) = _ﬂULIqULI (t)_j’RqULI (t)"' ﬁS[qSI (t)

d

EqLLl (t) = _ﬂLLIqLLI (t)_ﬂRCILLI (t)+ /1UL1qULI (Z)

where Ay is the radioactive decay constant of the radionuclide in question
Apqst(t) is the rate of transfer of activity to the body fluid (systemic circulation)
2 is the biological clearance rate from the compartment i to the other
Aqi(t) is the rate of transfer of activity from the compartment i to the other

Arqi(t) is the decay rate of the radionuclide activity in the compartment i

I (l‘ ) is the rate of intake of the activity from outside into the compartment i at time t.

To model these multi-compartmental systems and to solve the sets of linear differential equations, different

software packages are available for solving multi-compartmental systems.

The retentions of uranium in organs and tissues are as follows:

Riidney(t) = qua(t) + qai(t)

Rieteton(t) = qs(t) + qe(t) + qr(t) + qs(t) + qo(t) + qio(t)

Riiver(t) = q3(t) + qa(t)

Rotersoftaissue(t) = qu1(t) + qua(t) + q13(t)

Rylood = qu(t) + qa(t)

Ruvholebody = q1(t) + qa(t) + q3(t) + qa(t) + qs(t) + qs(t) + q7(t) + qs(t) + qo(t) + qio(t) + qui(t) + qua(t) + qus(H) + qua(t)
Eurine(t) = q21(t) X Ki521(t) + qu(t) x Kis,1(t)

Efacces(t) = qa(t) X Kig 24 (1)

where Roan(t) is the activity of uranium in the specified organ at time t; Eyine(t) and Ep.eces(t) are the excretion
rates of uranium in urine and faeces at time t; ki;(t) is the transfer rate from compartment j to compartment i at

time t withi,j=1,2,....... 24; q;(t) is the activity in the compartment, i at time t, shown in Fig 1.
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Daily Intake of Radionuclide: In the determination of radiation dose from radionuclide within the body,
qualitative determination of the amount ingested or inhaled (being the two major pathways into the body) is
required. The retention within the body is a function of the concentration of the amount ingested or inhaled and
also the kinetics of the metabolism processes discussed above. It is therefore very expedient to have adequate
knowledge of the various transfer pathways into the food chain. Fig 2 shows the suggested radionuclide
incorporation pattern into the natural ecosystem. The estimated uranium daily intakes (pg) in some selected
countries as compared to Nigeria are presented in Table 1. Marked variation observed in the daily intakes
presented in this table is attributed to the differences in the composition of diet among the different countries
and the contribution of different food categories. The report presented for Vietnam (Giang et al., 2001),
variability within a particular country can be observed. In Nigeria, no effort has been made to identify various

diet compositions and the contribution of food categories to the daily intakes of radionuclide.

Conclusion

In view of the complex structural flow chat of the potential sources and transfer pathways presented in Fig 2,
quantitative and qualitative determination of radionuclide present in Nigerian foodstuffs require concerted effort
by all stakeholders in the field of radiation and health physics. Little efforts have been made by some authors in
Nigeria in the determination of radionuclide present in foodstuffs. The essential data needed to obtain the
needed daily intake of radionuclide in Nigerian foodstuffs are very sparse and in most cases not available.
Adequate knowledge of the rate of consumption of the various foodstuffs in the country is required in order to
effectively estimate their daily intake. Baseline data of the daily intake of radionuclides in Nigeria will serves as
reference for future assessment strategy in the event of gross contamination in view of the increasing
technological advancement in the various facets of the economy. This will lead to improved quality of life and
life expectancy in Nigeria since the deleterious effects of such ingested radionuclide would have been mitigated
early enough by the appropriate safety regulations that would have been put in place by the regulatory body in
the country.
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Table 1. Uranium daily intake in other part of the world as compared to Nigeria.

Country

Italy

Central Poland
Ukraine
Yokohama Japan
Vietnam

France

Russian Federation
Nigeria

Worldwide

Total intake (pg)

3.9

1.8

0.6

0.1

0.7 (0.09 - 2.33)

1.0

3.5

1.3
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Abstract

To have a clear picture of air pollution from different sources and their respective contributions to the total
environmental pollution load, and consequently understanding the health implications and abatement strategies,
apportionment of the sources impacting the receptor is necessary. The relative contributions of the different
sources to the respirable fraction (PM,s) of the air particulates in Lagos, Nigeria were apportioned using the
chemical mass balance (CMB) model. The inputs to the model were the measured elemental concentrations and
the identified sources of the air particulates impacting the receptor sites. The contributions of the major sources
and associated standard errors are as follows; soil (27.93 + 10.90%), automobile (70.12 + 13.16%), marine (1.13
+ 0.46%), residual oil combustion (0.47 £ 0.04%), and biomass/residential wood combustion (0.34 + 0.06%).
The non availability of representative source profiles resulted in the non- apportionment of about 35% of the
measured concentrations to their respective sources. The need to develop local profiles for better source
apportionment studies is emphasized.

Key Words: Respirable, CMB model, source profile, automobile, residual oil combustion

Introduction

Air pollution is considered a global problem as primary pollutants may not only be capable of causing
problems within the immediate vicinity but also serve as precursors for secondary pollutants, which may have
impacts across the globe. In Nigeria, the capability of national, state and local governments to maintain urban
infrastructure has been very low leading to numerous air pollution and other environmental problems which
include improper urban waste disposal, contamination of water resources, e.g. Lagoon, and others. In order to
control urban air pollution, authorities must design strategies to reduce emission of airborne particulate matter.
Receptor modeling of air pollutants is very important in air quality management. The reason is that once the
sources of harmful/undesirable elements impacting a receptor are identified and quantified, their release into the
atmosphere can be controlled. The traditional dispersion modeling is often inadequate to deal with modern
complex air basins. Dispersion model and a number of Receptor models like Factor Analysis (FA) and Cluster
Analysis (CA) have been successfully applied in helping air pollution authorities to establish the most effective
air pollution control strategy. These models are used in the regulatory framework, where they are increasing the
reliability of aerosols source apportionment.

Receptor modeling identifies and quantifies contributions from various sources by measuring airborne

particulates and their individual components at a receptor (sampling) site. It is based on the principle of

conservation of mass and assumes that the concentration C x(r) of a given element measured at a receptor site

is the sum total of the contributions from all the sources affecting that site (linear addition) (Watson, 1984): For

example consider lead (Pb), then
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C‘Pb (1) = CPb (auto ) + CPb (incinerato r) + CPb (smelter ) t .. 1
The quantity of an element ‘x’ contributed by a given source is a function of the gravimetric (ng/mg)
concentration of ‘x’ in the emissions from that source and the mass concentration of particles from that given

source per unit volume of sampled air (ug/m’).

Thus if x = Pb:

CPb(au[o] = an’ auto fauto 2

where
App quto = fractional concentration of x in automotive particles and
fauto = fraction of the total airborne particle mass loading due to automobile.

Having made this partition for all the sources, the linear additive property of airborne particulates at the receptor

site can be extended to account for all m elements in » samples as contributions from p independent sources

P
X, = ay fi 3
k=1
where:
j=1n
i=1m

X, = the concentration of the i" element in the /” sample

a, = fractional concentration of the i” element in source k

fij = total mass contribution of source k to the receptor

Several approaches to receptor modeling have been successfully applied. The best-known example of
models is the chemical mass balance (CMB). The CMB approach to receptor modeling is well documented by
Friedlander (1973), Cooper and Watson (1980) and Watson ef al. (1997 & 1998). The basic concept of CMB is
that composition patterns of emissions from various sources are different enough for their contributions to be
quantified by measuring concentrations of many species collected at a receptor site. This relative apportionment
of chemical species between potential sources is based on statistical comparison of the chemical profiles of each
source with the chemical profile of ambient particles. For this reason, information on the number of sources
acting on the receptor and their profiles are necessary for the CMB model procedure. It is a pure source and
ambient data reconciliation statistical package (Olise, 2004).

There have been several source apportionment studies involving the use of CMB and other receptor
models. Few of the foreign studies bothered on inhalable and respirable fractions of the particulate matter while
there has been no reported work on such particulate fractions in Nigeria. Harrison et al. (1997) reported receptor
model study of airborne particulates at three sites in Birmingham, UK using principal component factor analysis
coupled with regression analysis of the factor loading with other pollutants and meteorological variables to
establish contributions. Four sources of particles that accounted for 82% of the total measured particle mass

were identified; these were motor vehicle (45.4%), secondary particles (16.6%), road dust (12.7%) and di-icing
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salt (7.5%). Chow et al. (1995) investigated the contribution of sources of airborne particulates in San Jose,
California CMB. The study gave about 45% of the total PM, load to residential wood burning.

In a similar study comprising six sites in Santa Barbara, California, Chow et al. (1996) identified
marine, motor vehicle, geological material, oil combustion and construction activities as the major contributing
sources, with each of the major sources having varying effects at each site. However motor vehicle, marine and
geological sources appear to have the most pronounced effect on all the sites. Similar studies were carried out in
Rhubidoux (Chow ef al., 1992a) and at San Joaquin Valley (Chow et al., 1992b). The few studies carried out on
the contribution of different sources to total urban air quality in Nigeria bothered on the total suspended
particulate (TSP) matter. Ogunsola (1995) apportioned over 85% of Pb, Br and Zn (maker elements for
vehicular emissions) metals in Lagos and Ile-Ife to vehicular emissions. Oluyemi (1997) reported source-
receptor relations for Lagos airborne particulates based on samples collected at about 12m, a height considered
non-sensitive to assessing contributions from line and area sources such as road traffic and residential. The study
identified three major sources at each of the three sites- soil, marine and vehicular traffic with some minor
sources such as incineration, regional sulphate and unidentified industrial sources. The CMB model identified
entrained soil as the major contributor at each of the sites in Lagos, accounting for 39.1-54.2% of the TSP load.
This was followed by marine contribution (25.8-29.4%) and regional sulphate (5-7%) while each of the other
sources contributed less than 4%. Olisemeke, (2002) in the source apportionment study of Niger Delta (Warri
and its environs), Nigeria identified six major sources of TSP and CMB model was used to apportion
contributions to the identified sources as 50 = 6.39% (soil), 27 + 2.43% (transportation), 4 + 0.91%
(biomass/residential wood combustions), 5 £ 0.14% (marine), 13 + 1.93% (residual oil combustion) and 1 £
0.33% (construction & demolition).

Source apportionment studies in Nigeria have been lacking in a very important aspect. This is the non-
availability of representative source profiles for all source categories and even the total absence of profiles for
certain source types. For instance, Oluyemi (1997) was unable to account for 10-20% of the contributing
sources in the CMB calculations. This was due to non-availability of accurate elemental source signatures for
some industrial and other sources such as metal smelting, paint industry and wood combustion which should
have been included in the CMB programme to calculate the relative contributions of such sources. Olisemeke,
(2002) reported a non-apportionment of about 20% of the TSP load for lack of representative source profiles and
a total non-availability of source profile for metal works, which was one of the identified sources. These
shortcomings led to underestimation/overestimation of contributions from different source types in one hand and
total darkness on the contributions from sources for which profiles are not known.

In an earlier work, (Olise, 2004), the elemental concentrations of the particulates were subjected to
statistical analyses (Enrichment Factor, Inter-elemental Correlation, Factor Analysis and Cluster Analysis) to
identify the possible sources of the airborne particulate matter impacting the receptor sites. The study identified
entrained soil, automobile, industry, metal works, biomass and residential fuel combustion as the sources of
particulate in Lagos. In this work, the CMB receptor model is used to apportion contribution of each of the

sources to the respirable (PM, s) fractions of the airborne particulate load, making use of the earlier work results.
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Materials and Methods

The source contribution estimates were performed using the CMB version 8.0 analysis software
modified by Watson et al. (1997). The decision on the choice of sources to include in the CMB calculations
required the consideration of the results of factor, cluster and inter-eclemental correlation analyses (Olise, 2004).
Source compositions (i.e. the fractional amount of the species in the emissions from each source-type) and the
receptor concentrations (characterized elements), with appropriate uncertainty estimates; served as input data to
the CMB model.

The analysis was repeated a number of times to arrive at the combination of source profiles, which
gave the best fits, reflecting reasonable percentage of source apportionment in the CMB calculations. The output
consisted of the amount contributed by each source-type to each chemical species. Marine Source was included
in the calculations because of its possible contribution to one of the receptor sites in the marine area. Metal
works and industry were not included because the source profiles were not available. As such only 65.4% of the
measured elemental concentrations were apportioned.

The major challenges in the CMB modeling still remained the availability of credible and precise
source profiles and the identification of the primary sources to be included in the model calculations. The
Watson ef al. (1998) outlined seven-step protocol for the application and validation of CMB result was,
however, applied. Three different performance measures were used to evaluate the reliability of the source
contribution estimates obtained from the CMB calculations. These were T statistics (TSTAT), which is the ratio
of the source contribution estimate (SCE) to its standard error (STD ERR); R-square (R-SQUARE), which is the
Variance in ambient species concentrations explained by the calculated species concentrations; and the ratio of
the calculated to the measured elemental concentrations (C/M). A high TSTAT suggests a nonzero SCE and a
low R-SQUARE (<0.8) indicates that the selected source profiles have not accounted for the variance in the
selected receptor concentrations.

Results and Discussion

Figure 1 shows the CMB calculated source contribution estimates and standard errors are as follows:
entrained soil (27.98+£10.90%), automobile (70.13+£13.16%), marine (1.1340.46%), residual oil combustion
(0.47+0.04%) and biomass/residential fuel combustion (0.34+0.06%). Despite their typically dominant coarse
grain-size distribution, mineral and marine aerosols were clearly observed in PM, 5 (respirable fraction). Multi-
linear regression analysis (MLRA) was applied to the data, showing that traffic was the main source of the
respirable fractions at all the sites investigated. These source contribution estimates re-affirm the reported larger
contribution of automobiles to the respirable fractions of the particulate matter (Sharma and Patil, 1991; Pope et
al., 1995). The reason for the large contributions from traffic sources might not be unconnected with the high
traffic density, regular traffic jams and poor vehicle and road conditions.

Consequently, despite location and possible metrological variability throughout Lagos, the same main
PM, s emission sources were identified at all the study sites and the differences between the relative
contributions of each of these sources for all the sites were less than 5%. This consistency would make PM, s as
a useful parameter for health studies and environmental policy-making, owing to the fact that it is not as subject
to influence as other parameters such as PM,, (inhalable, but not respirable fraction).

Table 1 shows the CMB elemental source contribution estimates (ug/m’) revealing the difference

between the calculated and the measured concentrations. The CMB calculations underestimated the
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concentrations of K, Ti, Cr and Pb while Ca, Ni and Br were overestimated. However, the concentrations of V,
Mn, Fe, Cu and Zn were computed correctly. The underestimation problem could be traced to the non-inclusion
of a major source of an element in the calculations. The concentrations of such elements in the source profiles
used for the CMB calculations may be different from the concentrations of the elements in the actual sources
impacting the receptor (Watson et. al., 1998). This could also account for the overestimation of some elements.
We noted that only 65.4% of the measured elemental concentrations were apportioned because of the non-
inclusion of metal works and industry source profiles in the CMB calculations. This level of percentage mass
apportioned may also be attributed to low measured masses and missing data points (Watson et al., 1997).

The validation of CMB result is shown in Table 2. The CMB results show that for most elements there was good
agreement between the calculated and measured concentrations (Table 1). It showed that the CMB results were
valid. The optimum ratio of the model-calculated to the measured species concentrations was between 0.8 and
1.2 (Watson et al., 1998). The TSTAT values were all above the critical value (> 2) and the R square value
obtained was 0.80. Where calculated values were outside this range, it would have been due to the non-inclusion
of major source profiles and/or the use of non-representative source profiles.

Conclusion and Recommendation

The relative contributions of the different sources to the respirable fraction of the air particulate load in
Lagos were apportioned using the CMB model. The contributions of the major sources showed that automobile
was the major source of the particulate load. This major source together with others is to be given adequate
attention in the urban air pollution abatement planning programme.

The uncertainties in the results of source apportionment were primarily a function of the data set used
in the calculations. This is because CMB algorithm compares the composition profile of ambient particles with
those of the sources to reach a unique solution to the CMB equations. Another source of uncertainty is the
source profiles used for the CMB modeling. The source profiles were imported from literature (USEPA, 2000).
These imported profiles may not be representative of the actual compositions of sources at the receptor sites.
There was no profile for metal works and industry leading to its non-inclusion in the CMB calculations. As such
about 35% of measured mass of the respirable fraction of the particulate matter was not apportioned to their
respective sources. In view of these, it is important to develop local profiles for better source apportionment
studies. With this a more reliable picture of air pollution from different sources and their respective
contributions to the total pollution levels in our environment as well as its consequent health implications would

be better understood.
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Table 2: Validation of CMB results

Sources T STAT
Critical (=2)

Soil 2.56

Automobile 533

Marine 2.49

Biomass 5.67

Oil combustion 11.15

R Square Critical 0.80

(=0.8)

0.47+0.04 %
1.13+0.46% . l (Residual Oil Comb.)

(Marine) < 0.3410.06%

(Biomass/Residential
fuel Combustion)

27.98+10.90%—>
(Entrained Soil)

70.13£13.16%
(Automobile)

Figure 1: Percentage Contribution of Apportioned Sources
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Abstract

The study was conducted to determine the chemical composition of sun-dried wheat offal blood meal (SDWBM)
and its effect on the performance of broiler chickens (Anak-2000 strain). Fresh blood prevented from
coagulation, mixed with wheat offal, was sun-dried, ground, mixed again with blood and ground into a meal
after drying again. The crude protein, fat, fiber, ash, NDF, ADF and gross energy contents of SDWBM were,
428.0, 12.5, 39.0, 80.0, 325.0, 70.0 g/kg diet and 15.80 kJg™, respectively. It contained adequate amount of all
essential amino acids for growing broiler chickens. In a feeding trial, starter (14-35 d) and finisher phases (35-49
d), eighty 14-day-old commercial broiler chicks were randomly allocated to four dietary treatments in a
completely randomized block design. The dietary treatments (isoproteic and isoenergetic, and fed ad libitum)
consisted of the control diet, which contained fishmeal (starter diet only), groundnut cake and soybean meal as
the main protein sources, and three other diets, which contained varying levels of SDWBM (50, 100 and 150 g
SDWBM/kg diet or 5, 10 and 15%). The starter dietary treatments did not have significant impact (P>0.05) on
feed intake, body weight gain, and feed conversion efficiency but the 0 g SDWBM/kg diet was inferior (P<0.05)
to 50, 100 and 150 g SDWBM/kg diets for feed cost per unit weight gain. Finisher diets had no impact on feed
cost per unit weight gain and feed efficiency. However, birds fed 0 g SDWBM/kg diet consumed more feed
(P<0.05) than those on other diets while birds fed 150 g SDWBM/kg diet had the least body weight gain. Data
for the whole period (14-49 d) indicated that the dietary treatments had no effect (P>0.05) on feed intake, feed
efficiency and body weight gain. However, all the diets were similar in carcass yield but for the 0 g SDWBM/kg
diet, which was inferior (P<0.05). The 100 g SDWBM/kg diet was similar (P>0.05) to the 50 and 150 g
SDWBM/kg diets but superior (P<0.05) to the SDWBM free diet in feed cost per unit weight gain. Mortality was
unaffected by dietary treatments for all periods. The study indicates that dietary SDWBM up to 150 g/kg diet had
a positive effect on broiler performance and can totally replace more expensive fishmeal economically.

Key words: alternative feedstuff, blood meal, wheat offal, fishmeal

Introduction

In Nigeria, post harvest losses in the slaughter of cattle for beef and other animal products occur mainly
as blood and intestinal contents, which are veritable sources of nutrients for animal production. Estimated
quantity of blood meal wasted in Nigeria could be about 3,000 metric tons annually from about 2 million cattle
slaughtered (Makinde, 2006). Adequate technology for properly processing blood into blood meal is unavailable
because of high cost and inappropriateness of the application to the existing abattoir structure in the country,
which exists as small-scattered units (Babatunde, 1988; Makinde, 2006)

Therefore, there is the need for simple, appropriate and adaptable technologies or procedures that will
aid in the conversion of such wastes as blood into useful products. Using crop by-product materials as carriers
for blood in the production of a vegetable-carried blood meal (Sonaiya, 1988) may provide the potential for
increased supply of probably more affordable alternative animal feed ingredients given the current trend of
increasingly high prices for grains. Cuperlovic et al. (1978) had earlier tested an oven-dried mixture of wheat
offal and blood on pigs with encouraging results. However, there is limited research with poultry using the same
material.

Wheat offal is a by-product of milling processes, most preferred and utilized conventionally in livestock
feeds in Nigeria (Babatunde et al., 2002). Wheat offal contains about 15- 17% crude protein and 9-11% crude
fiber (Donkoh, 2003; Makinde, 2006). Blood contains about 80-90% crude protein high in the essential amino
acids, especially lysine (NRC, 1994). Moreover, blood meal does not suffer from the disadvantages of anti-

nutritional factors, such as tannins, glucosinolates, lectins and trypsin inhibiting factors found in plant proteins.
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Therefore, mixing blood with wheat offal in the production of wheat offal blood meal may offer a simple method
for obtaining a high quality alternative feedstuff for livestock. Makinde and Sonaiya (2007) have reported
optimum mixing ratios for wheat offal with blood.

Expected advantages are that the wheat offal will serve as an absorbent for blood providing an increase
in the surface area for quicker drying, and the blood will increase the quality of wheat offal. Nevertheless, blood
is sensitive to heat damage during uncontrolled mechanical drying due to reactions between lysine and reducing
sugars (NRC, 1994), which may reduce the availability of essential amino acids. However, sun drying offers a
cheaper, less logistically problematic and probably less deleterious alternative (Azad, 2008). Therefore, the
objective of this study was to evaluate sun-dried wheat offal blood meal (SDWBM) as an alternative feedstuff

for broiler chickens.

Materials and Methods
Preparation of SDWBM

Wheat offal (Eagle Flour Mills, Ibadan, Nigeria) was mixed with fresh blood (prevented from
coagulating for at least 6 hours by mixing with18 g common salt/liter blood) collected from several slaughtered
cattle at a commercial abattoir according to the method of Makinde and Sonaiya (2007). This mixture was sun-
dried for between 3-4 h, ground, mixed again with blood and ground into a meal after drying again.
Determination of chemical composition

Chemical composition (proximate analyses) of wheat offal and SDWBM were determined using
standard procedures of AOAC (1990). A further partitioning of the crude fiber fraction (Van Soest ef al., 1991)
was accomplished by digestion with neutral detergent (3 % Sodium lauryl sulfate, pH 7) and acid detergent
(49.04g sulphuric acid and 20 g cetyl-trimethylammonium bromide per liter) to obtain neutral detergent fiber
(NDF) and acid detergent fiber (ADF) fractions, respectively. Amino acid composition of SDWBM was
determined following acid hydrolysis using a Technicon® Sequential Multisample Amino Acid Analyzer (TSM-
1, model DNA 0209, Swords Co., Dublin, Ireland; reproducibility, £3%) at the Zoology Department, University
of Jos, Jos. Between 30-50mg of the defatted sample was weighed into glass ampoule. Seven milliliters of 6 N
HCI was added and oxygen was expelled by passing nitrogen into the ampoule (this was to avoid or reduce
possible oxidation of sulphur amino acids during hydrolysis). The glass ampoule was then sealed with bunsen
burner flame and put in an oven preset at 105°C + 5°C for 22 hours. The gross energy content of the vegetable-
carried meals was determined by oxygen bomb calorimeter (Gallenkamp Ballistic Bomb Calorimeter,
Cambridge Instrument Co. Ltd, England).

The concentrations of calcium, iron, zinc magnesium, manganese and copper were determined
according the methods of AOAC (1990). Two grams of sample was ashed in crucible at 600°C in a Gallenkamp
muffle furnace for 3 h, cooled to room temperature in a desiccator, extracted in the crucible with 5ml 6 N
hydrochloric acid (HCI) for 30 min, filtered with ash-free filter paper into a 100ml volumetric flask, and made to
100ml with distilled water. The concentration (in parts per million, ppm) of each element was determined by
atomic absorption spectrophotometer (ALPHA 4 AAS, Chemtech Analytical Ltd., Bedford, England).
Phosphorus was estimated using the stannous-chloride method. Ammonium molybdate and stannous chloride
were added to 5 ml of the filtrate, left for 20 minutes and absorbance read on UV spectrophotometer (Cecil CE

3041, 3000 series, Cecil Instruments, Cambridge, England) at 660 nm.
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Experimental procedure and management of birds

The experiment was divided into two phases, starter and finisher phases. Eighty14-day-old commercial
broiler chicks (Anak-2000 strain) were randomly allocated to four dietary treatments (Table 1) in a completely
randomized block design. Each treatment was replicated four times with five birds per replicate. The dietary
treatments consisted of the control diet, which contained fishmeal (starter diet only), groundnut cake and
soybean meal as the main protein sources, and three other diets, which contained varying levels of SDWBM at
50, 100, and 150 g/kg diet. Two control diets were formulated, one for the starter phase containing no SDWBM
but fishmeal at 30 g/kg diet, and the other for the finisher phase with no fishmeal or SDWBM or any other
animal protein source. The test diets for the starter phase were formulated to be isocaloric and isonitrogenous
containing 12.6 MJ ME/kg and 220 g/kg crude protein (PTF, 1992), and the finisher phase formulated to contain
12.34 MJ ME/kg and 180 g/kg crude protein (PTF, 1992). The starter diet was fed for 3 weeks, and the finisher
diet for 2 weeks. The birds were confined in 20 floor pens (each measuring 1.52 m®) which provided a floor
space of 0.3 m”per bird. The pens were in a poultry house constructed from wood and wire gauze, with asbestos
roof and concrete floor. Pens were covered with wood shavings for bedding. Plastic water drinkers and
suspended metallic conical feeders were used to provide drink and feed, respectively, and were cleaned daily.

Birds were fed ad libitum with free access to water. Newcastle disease vaccine (NDV), infectious bursal
disease vaccine (IBDV), coccidiostat (Embazin-Forte®: Sulfaquinoxaline-Diaveridine-Vitamin K complex),
antibiotic (Keproceryl®: water-soluble mix of the antibiotics - oxytetracycline, erythromycin, and streptomycin
with fat- and water-soluble vitamins), and a B-vitamin complex solution (Biovit®) as antistress were used to
maintain chicks in good health. The coccidiostat, antibiotic, and B-vitamins drug were administered via the
drinking water.

All five chickens in each pen were weighed individually at the beginning of the experiment, then
weekly, and at the end of the experiment. Feed consumption per pen was recorded weekly after the total feed
given per week was corrected for feed left over. Average daily gain (ADG), average daily feed intake (ADFI),
feed conversion ratio (FCR), were calculated from the data obtained. Records of mortality kept and all dead
chickens were sent to the Veterinary Unit of the Teaching and Research Farm for post-mortem examination. At
the end of the experiment, three birds were selected randomly from each pen, starved of feed for 24 hours to
empty their crops, killed by cutting the jugular vein, exsaguinated, defeathered and eviscerated. Carcass yield
calculated as dressed weight per unit live weight excluded all the organs, head, feathers, neck and shanks.
Economics of production were evaluated in terms of feed cost/kg feed, feed cost/kg gain, cost of production/kg
gain, and benefit/kg gain.

Statistical analysis

Data were analyzed as completely randomized block design using the General Linear Models procedure
of SAS® (2000) for analysis of variance (ANOVA). The effects of the four dietary treatments (0, 50, 100, and
150 g SDWBM/kg diet) were tested on broiler performance at both starter and finisher phases, and overall. The
four replicates per treatment were considered as blocks in order to increase the precision of the experiment.
Differences between means were resolved by Duncan’s multiple range test of the SAS®™ statistical package.

Statistical significance was established when probability was less than 5% level of significance.
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Results and Discussion

Table 2 shows the chemical composition of wheat offal, sun-dried wheat offal blood meal, local blood
meal, and vat-dried blood meal. According to Jurgens (1978), in the National Research Council (NRC)
nomenclature, forages and roughages are feeds containing averagely more than 180 g/kg crude fiber (CF) on a
dry matter basis. Protein supplements contain 200 g/kg or more of crude protein (CP) and those with less than
200 g/kg crude protein are energy feeds. On application to the chemical analyses data from this study (Table 2),
SDWBM could not be classified as forages or roughages because the CF content (calculated on dry matter basis)
was 42 g/kg. In contrast, sun-dried wheat offal blood meal could be classified as a protein supplement (465 g/kg
CP on dry matter basis). These results indicate the potentials of SDWBM as a protein supplement in livestock
feeding and that adding blood to wheat offal substantially improved its nutrient status. For example, CP content
of wheat offal improved from about 180 g/kg (Table 3) to 430 g/kg after addition of blood. The observed
tendency for SDWBM was increase in CP and decrease in CF contents.

The crude protein content of SDWBM compared to local blood meal (LBM) and vat-dried blood meal
(VBM) was a little more than half (Table 2). This is obviously due to the dilution effect of wheat offal on the
protein content of blood because products derived from vegetable sources have lower protein content than those
derived from animal sources. However, the crude protein content alone does not determine the quality of a
protein supplement but the content, balance and digestibility of its amino acids (NRC, 1994; Morris, 2004).
Blood meal is recognised for its very high leucine and low isoleucine contents, and this may lead to leucine-
isoleucine antagonisms especially in diets where blood meal is the sole protein source, and used at high levels
(D’Mello and Lewis, 1970; NRC, 1994). Based on the NRC (1994) amino acid requirements for broiler chickens
(0-8 weeks of age) the optimum leucine-isoleucine ratio was calculated as 1.5. Comparison of the leucine-
isoleucine ratios for SDWBM against LBM and VBM indicate a lower tendency for antagonisms. Specifically,
the leucine-isoleucine ratio of SDWBM is 2.8 versus 8.6 for LBM, and 12.0 for VBM. Therefore, though LBM
and VBM contain greater quantities of most of the essential amino acids than the vegetable carried blood meals
(Table 2), the higher leucine-isoleucine ratios may lower their protein quality compared with SDWBM.
However, VBM contained greater quantities of mineral elements than SDWBM, which was a poor source.
Further, SDWBM contained adequate amount of all essential amino acids for growing broiler chickens when
compared with the NRC (1994) total amino acid requirements for broiler chickens (0-8 weeks of age).

The energy content in terms of gross energy (GE) of SDWBM was slightly lower than that from wheat
offal (WO) (Table2). This could be due to lower nitrogen free extract (NFE) and ether extract (EE) values
obtained for SDWBM compared with wheat offal. Ether extract and NFE are lipid and carbohydrate sources in
diets. Morris (2004) reported that dietary energy concentration increases due to an increase in the lipid content
and carbohydrates are chief sources of dietary energy (NRC, 1994). The results from the chemical evaluation of
SDWBM appear to suggest that the processing technique was adequate in providing a potentially high quality
protein source.

The general performance of the broilers fed diets with graded levels of SDWBM at the starter phase
(days 14-35), finisher phase (days 35-49), and overall (days 14-49) is shown in Table 3. Mortalities recorded
were not significantly different between treatments (P>0.05). One mortality case recorded during the starter
phase (for the control diet) was the only one for the overall experimental period (days 14-49). Post-mortem

autopsy indicated no specific cause for death that can be attributable to the diet.
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In general, the incremental levels of SDWBM did not improve (P>0.05) the performance of broiler
chickens in terms of average final body weights (AFBW), average daily body weight gain (ADG) or feed
conversion ratio (FCR). However, only in the finisher phase, birds fed the SDWBM diets consumed significantly
less feed (P<0.05) compared with the control. This could be due to marginal decreases in the fibrousness of the
finisher diet as the level of the SDWBM was increased (Table 1). It has been reported that increasing fiber
content results in nutrient dilution (Onifade and Babatunde, 1998), lower bulk (Sundu et al., 2005) and energy
densities (Donkoh et al., 1991) of the diets and thus, increase in feed consumption for adequate nutrients for
satisfactory growth.

It is noteworthy and economically important that the general trend (starter and finisher phases, and
overall) was that feed cost per kg (FC/kg), feed cost per kg live weight gain (FC/kg gain), and cost of production
per kg live weight gain (CP/kg gain) declined when SDWBM totally replaced fishmeal or as the dietary
concentration increased. In the starter phase the control was inferior (P<0.05) to 50, 100 and 150 g SDWBM/kg
diets for feed cost per unit weight gain as well as the 100 g SDWBM/kg diet overall. The most expensive diets
that contained varying amounts of SDWBM were cheaper than the control (starter - N53. 60 vs. 60.79; finisher -
N53. 68 vs. 54.06; overall — N47.67 vs. 57.43). This is due to the wide disparity in cost between SDWBM and
fishmeal. At the time of this study, the cost of SDWBM fed to broilers was very much lower than the cost of
fishmeal (N34.41 vs. N250/kg, respectively). This is similar to the finding of Donkoh et al., (2003) that a blend
of blood and ground maize-cob diet was more economical than the control diet with fishmeal.

Overall, profit or benefit per bird was highest for birds on the 100 g SDWBM/kg diet, and higher profits
were obtained for all the other SDWBM diets compared to the control. This may be attributed to heavier final
body weights and/or lower FC/kg gain for all SDWBM diets versus control. Moreover, all the SDWBM diets

were superior (P<0.05) in carcass yield compared with the control.

Conclusion

The study shows that sun-dried wheat offal blood meal is a high quality protein source. In addition,
broiler chickens can satisfactorily utilize dietary SDWBM economically in fishmeal free diets. The 100 g
SDWBM/kg diet is the dietary level of SDWBM that will optimize profit.
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Table 1. Gross and nutrient composition of experimental broiler starter and finisher diets

SDWBM! (g/kg diet)

Starter Finisher

Ingredients 0 50 100 150 0 50 100 150
Maize 589.4 603 579.7 568.7 614.2 635.3 653.5 670.5
Soya bean meal 160 110 108.6 101.5 158 98 95 68.3
Groundnut cake 145 202 165 123.5 70 84 43.8 29.5
Fishmeal 30 0 0 0 0 0 0 0
SDWBM 0 50 100 150 0 50 100 150
Wheat offal 40.6 0 0 0 122.8 97.7 72.7 46.7
Palm oil 0 0 11.7 21.3 0 0 0 0
Bone meal 27 27 27 27 27 27 27 27
Premix’ 2.5 2.5 2.5 2.5 25 2.5 2.5 25
Salt 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Lysine 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Methionine 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Calculated composition®

ME in kcal/kg 3000.52 3000.37 3000.19 3000.27 2950.2 2950.07 295098 2950.28
%CP 22.19 22.06 22.05 22.04 18.02 18.05 18.00 18.10
%CF 3.32 3.23 3.29 3.32 3.65 3.46 3.36 3.23
%Ca 1.26 1.08 1.08 1.08 1.07 1.06 1.06 1.06
%P 0.96 0.75 0.76 0.76 0.79 0.74 0.73 0.71
%Lysine 1.15 1.08 1.16 1.22 0.97 0.95 1.01 1.05
%Methionine 0.48 0.45 0.45 0.45 0.42 041 041 041
Cost of diet

(MN/kg) 60.79 53.5 53.53 53.6 54.06 53.08 53.74 53.68

'SDWBM = sun-dried wheat offal blood meal.
2Provides per kg of diet: Vitamin A, 12,500 IU; Vitamin D, 2,500 IU; Vitamin E, 40 mg; Vitamin K, 2

mg; Vitamin B1, 3 mg; Vitamin B2, 5.5 mg; Niacin 55 mg; Calcium pantothenate, 11.5 mg; Vitamin B 6,
Smg; Vitamin B 12, 0.025 mg; Choline chloride, 500 mg; Folic acid, 1 mg; Biotin, 0.08 mg; Manganese,
120 mg; Iron, 100 mg; Zinc, 80 mg; Copper, 8.5 mg; Iodine, 1.5 mg; Cobalt, 0.3 mg; Selenium, 0.12 mg;

Anti-oxidant, 120 mg.

3ME = metabolizable energy; CP = crude protein; CF = crude fiber; Ca = calcium; P = phosphorous

(total).
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Table 2. Chemical composition of wheat offal, sun-dried wheat
offal blood meal, local blood meal, and vat-dried blood meal!

Wheat SDWBM? Local Vat dried’
- offal blood blood
Composition (g/kg) meal
Dry Matter 896.3 921.5 882 920
GE, kl/g 16.95 15.80 NA 21.80
Crude protein 176 428.2 756 771
Arginine NA 18.2 335 334
Histidine NA 16 413 50.6
Isoleucine NA 13 10.3 9.1
Leucine NA 36.8 89 109.9
Lysine NA 22.8 57.8 70.4
Methionine NA 6.6 10.5 9.9
Phenylalanine NA 18.2 18.2 53.4
Threonine NA 18.4 354 40.5
Valine NA 13 31 70.5
Alanine NA 12.6 24.6 NA
Aspartic acid NA 35 75.9 NA
Cystine NA 8.4 6.1 NA
Glutamic acid NA 60.8 122.6 NA
Glycine NA 12.9 35.7 459
Proline NA 224 233 NA
Serine NA 16.9 26.5 314
Tyrosine NA 10.7 26.3 20.7
Tryptophan NA NA NA NA
Crude fiber 103.5 38.9 14.9 5.5
NDF* 501 325 NA 136
ADF’ 164 70 NA 18
Hemicellulose 337 255 NA 118
Ether extract 27.8 12.5 42.8 16
NFE 544.7 361.9 23.8 NA
Ash 443 80 44.5 NA
Ca, mg/kg NA 0.16 NA 3700
P, mg/kg NA 6.3 NA 2700
Mg, mg/kg NA 38 NA 1100
Fe, mg/kg NA 25.4 NA 1,922.00
Mn, mg/kg NA 2.26 NA 6.0
Cu, mg/kg NA 2.35 NA 11
Zn, mg/kg NA 0 NA 38

Values are means of duplicate samples; NA = Not analysed.
’SDWBM = sun-dried wheat offal blood meal.
*Values obtained from from NRC (1994) and NRC (1998).

*NDF = neutral detergent fiber.
’ADF = neutral detergent fiber.
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Abstract

The effects of simultaneous infections of Meloidogyne incognita and cowpea mosaic virus on cowpea were
investigated in greenhouse and field studies. Cowpea mosaic virus was introduced into cowpea test plants by
mechanical inoculation of homogenized crude extracts from infected leaves while freshly hatched eggs of M.
incognita in water suspension were introduced around the base of test plants. In greenhouse trials simultaneous
inoculation of test plants with both the nematode and the viruses resulted in more severe symptoms, and
consequently higher soil population density of nematodes and correspondingly lower grain yield when compared
with inoculations with each pathogen alone, with nematodes exerting a more devastating effects than the virus. A
similar trend was observed in yield of cowpea for cultivars of cowpea susceptible to both pathogens or to
nematode alone, under field conditions. There was also a significant interaction (P = 0.05) between inoculation
treatments and cultivars. The results of this study suggest that breeding for combined resistance to both pathogens
in cowpea should be given great attention.

Introduction

Plant—parasitic nematodes are considered as serious pests of many commercially economic crops. Although
nematode problems occur worldwide, the most evident damage occurs in warm areas where higher temperatures
and longer growing seasons induce more nematode generations and consequently increased populations. Based on
extensive survey data (Sasser and Freckman, 1987; Koenning ef al., 1999), it has been estimated that overall yield
loss averages 12.3% annually; this figure approaches 20% for some crops. In monetary terms the world — wide
figure certainly exceeds $US100 billion annually (Siddiqui ez al., 2004).

Impacts of interactions between plant stresses are not uncommon. Nematode interactions with fungi,
bacteria and viruses have been documented to synergistically elicit certain diseases in some species (Sipes et al.,
2002). For example, Meloidogyne and Fusarium together can exacerbrate wilts of cotton and tobacco (Starr et al.,
1989; Lamondia, 1992; Devay et al., 1997), and Criconemella and Pseudomonas syringae pv. syringae cause
short life of peach trees (Nyczpir, 1990) while simultaneous or successive inoculation of soybean mosaic
potyvirus and Meloidogyne incognita was reported to result in severe symptoms as well as reduced yield of
soybean (lheukwumere et al., 1996) Meloidogyne incognita race 2 is the major root — knot nematode in
Southwestern Nigeria (Amosu, 1974). In preliminary survey, mixed infection of root knot and cowpea mosaic
virus were frequently observed in major cowpea growing areas in Southwestern Nigeria (Adekunle unpublished).
This study was therefore designed to investigate the effects of cowpea mosaic virus on root knot infection in four

cultivars of cowpea widely cultivated in Nigeria.
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Materials and Methods
Cultures and inoculum

Cowpea leaves infected with a strain of cowpea mosaic virus (CMV) (SB isolate) which is widely found
in cowpea growing areas of Nigeria were obtained from Virology Unit of International Institute of Tropical
Agriculture (IITA), Ibadan, Nigeria. The most widely occurring race of root — knot nematode (RKN) in Western
Nigeria, Meloidogyne incognita race 2, was obtained from roots of Celosia argentea L., a highly susceptible host
plant. The identity was confirmed using perineal patterns as described by Eisenback et al. (1981). The nematode
culture was multiplied by inoculating roots of 2 — week — old celosia plants cv. TLVS8, from which eggs were

extracted after 9 weeks (Hussey and Barker, 1973).

Greenhouse Study
To study interaction between cowpea mosaic virus and M. incognita race 2, one hundred and twenty

eight 100-mm diameter plastic pots, each containing 2.0 kg steam sterilized topsoil were used. The four cowpea
cultivars used in this study were: Ife Brown (susceptible to RKN and CMV, IFOB/01/94B (susceptible to RKN,
but resistant to CMV), IT81D — 975 (resistant to RKN but susceptible to CMV) and IT86D — 721 (resistant to
RKN but susceptible to CMV). Four seeds of each cultivar were sown in plastic pots containing sterilized soil.
Seedlings were later thinned to one per pot, seven days after emergence. Treatments applied to potted plants
11days after germination were:

(1) mechanical inoculation of primary leaves with crude CMV sap

(i1) inoculation of plant roots with 8,000 eggs of RKN per plant

(ii1) inoculation of plant roots with 12,000 eggs of RKN per plant

@iv) inoculation of plant roots with 16,000 eggs of RKN per plant

) simultaneous inoculation with crude CMV sap and 8,000 eggs of RKN per plant

(vi) simultaneous inoculation with crude CMV sap and 12,000 eggs of RKN per plant.

(vii) simultaneous inoculation with crude CMV sap and 16,000 eggs of RKN per plant

(viii)  uninoculated control plants.

Cowpea leaves infected with (CMV) (SB isolate) were homogenized in 0.01M pH 7.0 phosphate buffer
in the ratio of 1:10 (w/v) and used in mechanically inoculating carborundum (600 mesh) — dusted leaves of 2wk —
old cowpea in the greenhouse (28 + 3°C), using standard procedures (Walkey, 1991). Freshly extracted eggs of
RKN were placed in depressions near roots of cowpea seedlings and covered with soil. The levels of nematode
inoculation are those that would normally initiate root — knot infection in a susceptible plant. The pots were
arranged on greenhouse benches in Randomized Complete Block Design at 28 + 3°C. Plots were spaced 45c¢m x
45cm and were watered every other day. The plants were inspected at intervals of three days for symptom
development. Mature pods were harvested at weekly intervals from six weeks after planting and this continued till
all the pods were harvested. The pods were threshed and the grains were weighed. The experiment was terminated
about 65 days after planting. At termination of experiment, cowpea plants in each pot were carefully uprooted

and the roots were rated for galling using rating scale described by Taylor and Sasser (1978), where 0 = No galls
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or egg masses, 1 = 1 —2 galls or egg masses, 2 =3 — 10 galls or eggs masses, 3 = 11 — 30 galls or egg masses, 4 =
31 — 100 galls or egg masses and 5 = More than 100 galls or egg masses. To estimate nematode population, 200
ml properly mixed soil samples were collected from each pot; nematodes were extracted from soil using the
method of Whitehead and Hemming (1965) and were counted under a stereomicroscope (WILD
HEERBRUGG,United Kingdom) at x250.

Field Study

An experimental site was selected at the Teaching and Research farm of Obafemi Awolowo University,
Ile-Ife in the tropical rainforest zone of Nigeria (7°28'N, 4°33'E at 224 m above sea level). The piece of land was
naturally free of plant parasitic nematodes. In the late raining season the site was ploughed and harrowed and
seeds of four cultivars of cowpea planted at a spacing of 50 cm x 60 cm. The experimental design was a split plot
consisting of four blocks (78m x 3.6m each), each of which was divided into four main plots each assigned to one
of four cultivars of cowpea used in the greenhouse study. Each main plot was further divided into eight subplots
(2m x 3.6m each) in which the following treatments were randomized;

(1) mechanical inoculation of primary leaves with crude CMV sap

(i1) inoculation of plant roots with 8,000 eggs of RKN per plant

(iii) inoculation of plant roots with 12,000 eggs of RKN

(iv) inoculation of plant roots with 16,000 eggs per plant

) simultaneous inoculation with crude CMV sap and 8,000 eggs of RKN per plant.
(vi) simultaneous inoculation with crude CMV sap and 12,000 eggs of RKN per plant
(vii) simultaneous inoculation with crude CMV sap and 16,000 eggs of RKN per plant
(viii)  uninoculated control plants.

All treatments were administered in the field when cowpea plants, were eleven days old. Mechanical
inoculation of cowpea leaves with CMV and inoculation of roots of cowpea with eggs of M. incognita were as
described. There were six rows per plot. The cowpea plants were rain-fed. Insect pests were controlled by
spraying the cowpea plants uniformly with monocrotophos formulated as Nuvacron 40 WSC ( Ceiber Geigy,
United Kingdom) at the rate of 0.2 kg a.i / ha weekly, from three to six weeks after planting. Mature pods were
harvested at weekly intervals from each subplot from six weeks after planting and this continued till and the pods
were harvested sixty five days after planting. For each subplot, pods were harvested from the four middle rows,
while the first and sixth rows were not harvested to eliminate border effects. Pods were threshed and the grains
were weighed.

All data were subjected to analysis of variance test (ANOVA) and treatment means were separated using

The Least Significant Difference (LSD) (Gomez and Gomez, 1984)

Results
Greenhouse Study
Inoculation of cowpea with cowpea mosaic virus and variable M. incognita inoculum levels had significant effects

on soil nematode population at harvest (Table 1). Nematode densities were higher in nematode — susceptible Ife
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Brown and IFOB/01/94B cultivars compared to nematode resistant cultivars IT86D — 721 and IT81D — 975. In Ife
Brown cultivar, a significantly higher number of nematodes were recovered from soil when virus and nematodes
were simultaneously inoculated than when nematodes alone were inoculated; while in IFOB/01/94B a
significantly lower number of nematodes were found in soil when virus and nematodes were inoculated together
than in inoculation of nematodes alone. In the nematode — resistant IT86D—721, significantly higher nematode
number was found in mixed infection than in nematode alone inoculation. The effect of single pathogen and
mixed infection on root gall index of cowpea was not significant for all the four cultivars of cowpea (Table 2).
Simultaneous inoculation of cowpea with virus and nematodes resulted in more severe viral symptoms and fewer
pods and consequently lower grain weight per plant than in inoculation with nematodes alone (Table 3). This was
more pronounced in the nematode — susceptible Ife Brown and [FOB/01/94B cultivars than in nematode resistant
IT86D-721 and IT81D — 975. In all four cultivars of cowpea grain weight per plant was significantly higher in

uninoculated plants than inoculated plants.

Field Study

In Table 4 is presented effects of interaction between M. incognita and cowpea mosaic virus on grain
weight (tons/ha). Simultaneous inoculation of virus with nematode resulted in significantly lower grain weight
than nematode inoculation alone in nematode susceptible Ife Brown and IFOB/01/94B cultivars of cowpea (Table
4). However, there was no significant difference in grain yield in virus + 8,000 eggs and virus + 12,000 eggs of
nematodes for both cowpea cultivars. In nematode resistant IT86D—-721 and IT81D-975 cultivars of cowpea,
there was no significant difference in grain yield among treatments. The grain yield recorded in uninoculated
plants was significantly higher than that recorded in each of the inoculated plants (Table 4). Similarly, more
severe viral symptoms were observed with simultaneous inoculation of nematode and virus in nematode—

susceptible cultivars of cowpea than in nematode — resistant cultivars.

Discussion

Under greenhouse conditions, simultaneous inoculation of cowpea plants with cowpea mosaic virus and
M. incognita inoculum resulted in higher soil population density of juveniles of the nematode cowpea cultivar
susceptible to both virus and nematode while in the cultivar susceptible to nematode but resistant to the virus the
contrary was noted. In the cultivars resistant to nematode but susceptible to the virus, a higher nematode
population density was recorded in mixed inoculation of virus and nematode than nematode alone inoculation.
Also simultaneous inoculation of virus and nematode resulted in lower grain yield of cowpea than inoculation of
single pathogen. Similar trend was observed in yield of cowpea for Ife Brown and IFOB/01/94B cultivars under
field conditions. This indicates that simultaneous inoculation of both the pathogens had a more devastating effect
on cowpea than did single pathogen inoculation. This was especially so for cultivar of cowpea that was
susceptible to both virus and nematode or susceptible to nematode but resistant to the virus. This also suggests
that in the current study the nematode had more negative effect on cowpea than the virus. Our findings agree with
those of Theukwumere et al. (1996) who reported that in all four soybean cultivars they tested, simultaneous or

successive inoculation with both soybean mosaic potyvirus and M. incognita resulted in more severe symptoms
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and, therefore, reduced yield and yield components when compared with inoculations with each pathogen alone.
They further noted that this was more variable under field than greenhouse conditions.

Increased pathogenicity of M. incognita as observed in this study, when in multi — pathogen infection
with tobacco ring spot virus has also been demonstrated for soybean (Rhyder and Crittenden, 1962). This
observation has similarly been reported in maize and tobacco when they were infected by species of Meloidogyne
and a mosaic virus (Bird, 1969; Khurana et al., 1970). Comparative grain yield were recorded in the two
nematode resistant cultivars susceptible to the virus for both single pathogen and multi — pathogen infection. This
implies, that multi — pathogen infection did not have significant effect in cultivars that are non — host of
nematodes in comparison to single pathogen infection. Similar findings were reported by Mclaughlin ef al. (1993)
who evaluated the responses of selected clones of white clover (Trifolium repens) to simultaneous infection by the
southern root — knot nematode (M. incognita) and peanut stunt virus (PSV). They noted that reductions in root
growth of plants infected with both M. incognita and PSV were greater than in plants infected by either pathogen
alone. In related studies Sipes et al. (2002) who investigated interactions between Rotylenchulus reniformis and
Pineapple mealybug wilt associated virus — 1 (PMWaV-1) pineapple reported that under greenhouse conditions,
no effect of PMWaV-1 on pineapple growth or nematode was observed. In the field however, nematodes reduced
the average fruit weight, whereas PMWaV-1 infection did not. Also, they noted that the fewest fruits were
produced in plots with PMWaV-1 infected plants that were nematode infected. Our results showed a greater
effect of M. incognita on cowpea than CMV infection. This confirmed the findings of Theukwumere ef al. (1996)
on soybean infected with soybean mosaic potyvirus and M. incognita. In the current study, there was a significant
interaction between inoculation treatments and cowpea. This suggests that a greater attention should be placed on
breeding for combined resistance to both the pathogens in cowpeas, rather than focusing on breading for
resistance to each of nematode and virus.

Conclusion
Simultaneous infections of Meloidogyne incognita and cowpea mosaic virus on cowpea in greenhouse and field
trials resulted in more severe symptoms and lower grain yield in comparison with infection with each pathogen

alone, with the nematode exerting more devastating effects than the virus.
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Hot water treatment for the control of some post-harvest rot pathogens of sweet potato (Ipomea batatas 1.)
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Abstract

Botryodiplodia theobromae, Fusarium oxysporum, Penicillium sp., Aspergillus oryzae, and Trichoderma viride
associated with post harvest storage rot of red and white types of sweet potatoes (Ilpomea batatas) were isolated
from rot infected tubers. The incidence of three of them namely, Botryodiplodia theobromae, Aspergillus oryzae
and Trichoderma viride together with the effect of heat application as a form of control were investigated in this
study. After ten days of inoculation, Botryodiplodia theobromae was found to be the most aggressive and virulent,
followed by Trichoderma viride while Aspergillus oryzae was found to be moderately pathogenic when
aseptically inoculated into two healthy sweet potato root-tubers studied. The mycelial dry weight of the test
pathogens increased gradually with incubation period in stationary liquid media used (i.e. Starch-Yeast-Extract
and Carboxy-Methyl-Cellulose). The white sweet potato was found to be more resistant to infection than the red
sweet potato. Post-harvest treatment of these tubers at 60°C for 25minutes was the most effective and it
significantly reduced natural fungal population on the root-tuber surfaces, caused no surface injuries to the root-
tubers and did not affect the taste or quality parameters.

Keywords: Heat, Post-harvest, Pathogenic Control, Inoculation, Rot disease.

Introduction

Production of sweet potato is done in all states of the country, particularly in the South Western and Eastern part
of Nigeria (Tewe et al., 2003). Potato is an important crop which ranked fourth in the world’s food production for
human nutrition (Rowe, 1993). In South Africa, potatoes have a higher status, being the third most impotant food
source after maize and wheat (Anonymous, 2002). Potato(Solanum tuberosum L.) tubers contain about 18%
carbohydrates, 2.2% protein, 0.1% of fat, 0.43% potassium, 0.06% phosphorus, 0.04% chlorine, 0.03% sulphur,
0.03% magnesium, 0.02% calcium, 0.005% sodium and 0.001% iron, as well as the vitamins which are ascorbic
acid, niacin, retinol, riboflavin and thiamine (Truter, 2005). Sweet potato (Ipomea batatas) on the other hand
contains Amylose, Amylopectin, vitamin A, C, B; (thiamin), Tannins Phytin, Oxalate, Ash, Ether Extract and
crude fibre (Tewe et al., 2003). Most potatoes are used for human consumption, although approximately 50% of
the European stock is utilised as fodder, with as much as 25% of the ware potatoes being diverted to cattle feed
because of defects (Hooker, 1983; Truter, 2005). However, in some countries especially in Africa, it has a higher

status being the third most important food source after maize and wheat (Anonymous, 2002).

Despite being rich in various nutrients, potatoes are ill-adapted for an exclusive diet owing to the low protein

content and the fact that they contain toxic glycoalkaloids (Van Rensburg, 2003). Studies have shown that extracts
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of healthy potatoes could be teratogenic due to the presence of solanine (Jelinek et al., 1976). The levels of
solanine are usually increased when these tubers are attacked by pathogens especially by non-compatible fungi
pathogens such as Phytophthora infestans (Mont) de Bary (Kadis et al., 1972). Also of significance is the
susceptibility of potato tubers to infection by mycotoxigenic fungi and the fungal organisms such as Fusarium
species which are associated with dry rot disease of potato tubers are capable of producing mycotoxins (Marasas
et al., 1993). Fusarium oxysporum is known to be a major cause of dry and stem-end rot disease of potato tubers
and it has been reported to produce fumonisin (Theron, 1999; Abbas et al., 1995; Seo et al., 1996).

The African farmers are faced with several constraints in the production of food and cash crops. Some of
these constraints are poor soils, poor farm practices, use of local varieties, land tenure and damages by diseases
and pests (FAO, 2000). The potatoes like many other crops are attacked by various pathogens which cause
diseases in them. Such pathogens are fungi, bacteria and viruses. However, non-pathogenic diseases called
disorderliness could result from the effects of physical factors such as deficiencies, excesses and improper balance
of micro and macro elements, drought, extreme weather conditions ( excessive moisture and temperature),
improper light condition etc (Manners, 1993). The greatest of these constraints is that of post-harvest spoilage of
farm produce. Out of the several tons harvested, just a fraction is utilized while most of the amount is lost to post
harvest diseases especially rot diseases (Salami and Popoola, 2007). These pathogens cause great losses and
reduction in the value of these crops but with a good system of control, this can be eradicated. The fungi
associated with post —harvest sweet potato rot are Caratocystis fimbriata (black rot), Monilochaetes infuscan
(Scurf), Botryodiplodia theobromae (Java black rot), Macrophomina phaseoli (charcoal rot), Fusarium oxysporum
(surface rot), Fusarium Solani (Root rot), Diaporthe batatstis (Dry rot), Rhizopus stolonifer and Rhizopus oryzae (
Rhizopus soft rot) (Rowe, 1993; Theron, 1999; Cilliers, 2003). These organisms have been found to have great
effect on the storage and management of potatoes. Published information shows that many of the developing
world’s poorest producers and undernourished households are highly dependent on root-tubers. These form major,
if not the principal, source of their food, nutrition and cash income (Alexandratos, 1995; Anonymous, 2004).
Hence, this study sets out to investigate the control effect of heat application on the incidence of some post-

harvest rot pathogens of sweet potato tubers.

Materials and Methods

Survey and Collection of Sample

Both healthy and diseased samples were collected from local markets in Ibadan, Southwestern part of Nigeria.
All infected tubers were inspected for rotted areas and were stored in clean polyethylene bags. All samples were
brought to the Laboratory for further analysis. Diseased samples were surface sterilized with 1% sodium
hypochlorite solution for 1 minute, rinsed in five successive changes of sterile distilled water and then blotted dry.
These tubers were cut aseptically from healthy region to necrotic region. Discs of about 4mm diameter were made
from the advancing edge of the rot as well as from the middle of lesions and plated on potato PDA and MEA.
These were incubated at room temperature i.e. 28+2°C for the growth of organisms. The organisms were to grow
for 96 hours after which they were sub-cultured in order to obtain pure colonies of their cultures. The pure fungi

cultures were placed on slants in MacCartney bottles and stored in a refrigerator for further use. Fungi species
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were identified with the aid of a compound microscope, by reference to compendium of soil fungi (Domsch et al.,
1980; Barnett and Hunter, 1972), in comparison with identified species of the same genera in the microbial
collection of the Department of Botany and Microbiology, University of Ibadan. All fungi isolates were tested for
their ability to induce rot in healthy tubers so as to establish the Koch’s postulate. The healthy tuber surfaces were
swabbed with cotton wool, soaked in 1% sodium hypochlorite and washed thrice with sterilized tap water. Holes
were dug using sterilized Smm cork borer and the plug was pulled out, 3mm mycelial discs of the test pathogen
were placed at the bottom of each hole. Portions of the plugs were cut off to compensate for mycelial disc
thickness before replacing them into the holes and the wound sealed with vaseline to prevent extraneous infection.
The controls consisted of sterile PDA discs of 3mm wells made on healthy tubers. The tubers were incubated in
desiccators for 2,4,6,8 and 10 days respectively at 28°C +2°C. All treated tubers were replicated. After a period of
10 days, the tubers were cut across by means of sterilized scalpel along the plane of inoculation and the

percentage rot was assessed using this formula:

Rotted surface Areax 100
Total surface Area

Culture Filtrate (In-Vitro)
Five-day-old cultures of the fungal isolates of Botryodiplodia theobromael,, Aspergillus oryzae and
Trichoderma viride grown on PDA were used as inoculum for the study on enzyme synthesis. The starch —
yeast — extract (SYE) medium of Barnett and Fergus (1971), was used for enzyme synthesis. It contained:
Soluble starch (BDH), 5g; Yeast extract (Difco), 2g; K,HPO,, 1g; MgS0,4.7H,0, 0.5g; distilled water, 1 litre
(pH 6.8) for amylase synthesis and Carboxymethyl cellulose (CMC), 10g; K,HPO,, 1g; MgSO,..7H,0, 0.5g;
distilled water, 1 litre (pH 6.8) for cellulase synthesis. The medium was dispensed into 150ml conical flasks
in 30ml amounts per flasks and autoclaved for 15 mins at 121 °C (to sterilize). After cooling, each flask was
subsequently inoculated with one disc (Smm diameter) of agar and mycelium of test organism obtained by
using a sterilized cork borer. Non — inoculated flasks of the SYE and CMC basal media served as the control.
Incubation was done at 30 °C for 2.4,6,8 and 10 days intervals. Mycelia mats observed at each interval were
filtered by section through filtered papers previously dried to constant weight and filtrates were collected for
enzyme assay. Both the filter paper and mycelia were dried at 80°C and the weight of the mycelia was
determined. Each harvest is replicated thrice and the average weight of mycelia for each was calculated. All
the experiments were factorial and statistically analysed.

Determination of the thermal level

Hot Water Treatment:

The root tubers were dipped in 25 litre containers containing 20 litres of water at 28 °C, 60 °C and 100 °C

respectively for 25 minutes. The water was changed several times to prevent inoculum build up. These root-tubers

were subsequently and randomly divided into two sets, one set was air dried and stored in well aerated storage

sheds with temperature ranging between 12°C to 18°C for 14 days, while the second set were dehydrated, boxed

and sun dried for 14 days. These treatments were replicated thrice.
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Results

Five fungal isolates were cultured from the rotted white and red sweet potatoes (Table 1). These are
Botryodiplodia theobromae, Fusarium oxysporum, Trichodema viride, Aspergillus oryzae, and Penicillium specie
(Tablel). All fungi isolated from rotted sweet potatoes were found pathogenic at varying degrees to healthy sweet
potatoes when re- inoculated into them, although Botryodiplodia theobromae was absent from the white sweet
potato specie collected from the local market while Penicillium sp; Trichodema viride and Aspergillus oryzae
were absent from the red sweet potato variety collected from the local market. Botryodiplodia theobromae was the
most aggressive and virulent followed by Trichodema viride, Fusarium oxysporum. Penicillium sp, and
Aspergillus oryzae (Fig.1) were moderately pathogenic. The white sweet potato was found to be more resistant to

infection than the red sweet potato (Fig.1& Plates 1-6).

Table 1: Incidence of Pathogenic Infection on Sweet Potatoes.

Fungi White Red

Sweet potato  Sweet potato

Fusarium oxysporum + +
Boftryodiplodia theobromae - +
Penicillium spp + -
Trichoderma viride + -
Aspergillus oryzae + -
Key + = Present

- = Absent
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Degree of infection (%)

Levels of response of the healthy red and white sweet potatoes used were found different to test pathogens
isolated from rotted potato tubers when inoculated. The white sweet potato was found to be more resistant
to infection than the red sweet potato (Fig.1).

100

90{ =
70 4 'EZ
60 1 EPsp |
Ao
50 A OTv
X dFo
40 4 ::: EBst |
30 - IEZ
20 EZ
10
o ]
White sweet Red sweet
Fig.1: Level of Susceptibility of Sweet potatoes to Different Test Pathogens
Note:
Fo = Fusarium oxysporum,, Bstl = Botryodiplodia theobromae str.I,
PspI=Penicillium sp I,, Tv= Trichodema viride,, Ao = Aspergillus oryzae.

Myecelial Dry Weight of the Test Pathogens in culture filtrate (In-vitro).

The mycelial dry weight of the test pathogens increased gradually with incubation period. Botryodiplodia
theobromae had the highest mycelial dry weights followed by Aspergillus oryzae,and Trichoderma viride
in Starct-Yeast-Extract basal medium (Fig.2) while in Carboxymethyl Cellulose medium, mycelia dry
weight of Trichoderma viride was the highest followed by that of Botryodiplodia theobromae, Aspergillus
oryzae (Fig.3).
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Fig.2: Mycelial Dry Weight of the Test Pathogens in soluble starch culture filtrate (In-vitro).
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Fig.3: Mycelial Dry Weight of the Test Pathogens in Carboxymethyl Cellulose culture filtrate (In-
vitro).
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Effects of Hot water treatment on root-tubers

At 28 °C, results showed that 16%, 44%, 84% and 100% of sweet potato rotted in 8, 10, 12, and 14 days,
respectively (Fig. 4), while at 60 °C, less than 1% of sweet potato tubers were found rotted within the same
period (fig. 3). At 100 °C, all the sweet potato root-tubers rotted before the first week (Fig. 4). However, the
second set of the root-tubers treated with hot water and sun dried, (Fig. 4) were found 4%, 16% and 36%

rotted in 10, 12, and 14 days respectively (Fig.4).

120 -
S
Py 100 A
o) \
8 \
2 80 | \
8 \ —e—28 deg
3 60 - \ — = 60deg
g 40 - \\ — —a—— 100 deg
o Y ---x--- 100 deg + sun dry
0]
Re! 4 \
E 20 \
2 \
0 D3 i‘—‘ & —
2 4
Period of storage (weeks)
Fig.4: Thermal treatment effect on root tubers of two varieties of sweet potatoes.

Discussion

The need to prolong the shelf-life after harvest in order to forestall losses of crop due to rot incidence
resulted in an increased use of agrochemicals (Salami and Popoola, 2007). Nevertheless, consumers’
concerns with regards to pesticide residues and the fact that these widely-applied chemicals after harvest
have shown some lack of control effectiveness encouraged the search for alternative methods to minimize
postharvest decay (Tewe et al., 2003). Heat treatments to control postharvest pathogens have been tested in
many crop species. The effects of the heat treatments were determined by visual analysis of the number of
decayed tubers and number of lesions on each individual tuber (Salami and Popoola, 2007). Considering
the number and virulence of the organisms isolated from the root tubers of the two varieties of sweet
potatoes studied, the importance of plant and pathogen interaction in food production and in post harvest

management cannot be over emphasized. This was found established in this study as shown by plates 1 and
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2 where the tissues of the potato tubers were degraded by the fungi pathogens at different levels of
degradation (Fig.1). Of all the organisms isolated from sweet potato root tubers in this study, five have been
reported in the spoilage of root tubers during storage (Table 1). The ability of these pathogens to colonise a
wide range of plant materials and parts, shows their ubiquity and non- host specific nature. In this study,
Fusarium oxysporum had the highest frequency and it occurred on all potato types. This can be attributed to
its non- host specific nature. This is in line with the findings of Tella (1991); Adewolu (1999); Therberge
(1989) and Salami and Popoola (2007). Others like Penicillium sp; Aspergillus oryzae;and Trichoderma
viride; were also found in this study to occur on the varieties of sweet potatoes while strains of
Botryodiplodia theobromae occurred only on the red sweet potato (Table 1). These occurrences do not
necessarily reflect their association with the root-tubers but rather the prevalent conditions under which
they were stored. The pathogenicity test conducted showed that all the different varieties of sweet potatoes
were susceptible to the fungal test pathogens used for this study with Botryodiplodia theobromae proving
most virulent (Table 1 and Figs.1-3). The highly virulent nature of the strains of Botryodiplodia
theobromae, was in line with studies by Onyeka (2002) and Ajiboye (2004).

Rots are typical of parenchymatous and collenchyma in nature particularly of storage tissues such as
observed in sweet potatoes used in this study in which they take the form of rapidly spreading lesions. This
was also observed by Onyeka (2002) and Ajiboye (2004). The rot symptoms produced by the test
pathogens vary in their degree of manifestation. Infection by Botryodiplodia theobromae produced rot,
which started initially with discolouration of the inoculated area, followed by gradual softening and
subsequent degeneration of the tubers (Truter, 2005). Fusarium oxysporum; Trichoderma viride; and
Aspergillus oryzae infection caused infected potato tubers to turn dry and grainy with cavities developing
inside them. The affected areas appear slightly sunken and the skin wrinkles later (Plates 1-2). This is
known as the dry rot. Microbial invasion of sweet potato tuber cells and tissues produced colour changes,
which signifies the commencement of spoilage in this study. This is often the case when the root-tuber
turns from yellow to yellowish brown or from normal pink to dark brown, at this junction, the root- tuber

rapidly loses nutrients as the fungal pathogens proliferate (Rowe, 1993; Crous ef al., 2000; Cilliers, 2003).

Subsequent to host’s invasion, the non- lignified parenchymatous tissues were found in this study to be
macerated due to dissolution of their cell wall and death of the cells (Cooper, 1984; Manners, 1993). This
was particularly observed in this work in the infection of Botryodiplaodia theobromae. The growth of test
pathogens on basal media, (especially with the one containing starch, yeast and Carboxymethylcellulose
solutions), showed appreciable growth and enzyme synthesis. This revealed that enzyme synthesis can be
induced extra-cellularly on basal media, as earlier confirmed by Lealam and Gashe (1994); Okolo et al.,
(1995); and Jordaan, (2003). Mycelium dry weight of the test pathogens in the two culture filtrates (SYE
and CMC) indicates production of enzymes (especially amylase and cellulase) used by these organisms for

the maceration of their host’s tissues and it is largely dependent on the amount of substrate which was also
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discovered by Abu et al. (2005). These liquid cultures were observed to enhance higher enzyme production

by these organisms in the flask culture (Tipton, 2002; Popoola, 2006).

The choice of control method employed in this work gave ample consideration to the socio-economic
factors affecting the farmers (Anonymous, 2002). Results from the use of the much acclaimed bio-control,
have not been that successful on the field (Agrios, 1998). Thermal treatment using hot water at 60°C into
which root-tubers were blanched for 25 minutes was found to be most effective in this study. The root-
tubers treated thermally this way in this work had prolonged shelf life of about 13 days without rottening.
This is in line with the findings of Ranganna, et al. (1998); Tewe, et al. (2003); and Truter (2005).
Physiological disorders such as sprouting and weight loss were negligible. Treatment using water at 28°C
was not as successful, with records of 28% and 60% losses of potato root-tuber rot within 4 and 6 days
respectively. This was accompanied by significant weight loss. Results obtained from treatment at 100°C
showed complete spoilage in less than a week (i.e. 2 days). This may be due to the destruction of root-tuber
tissues by extreme heat (Popoola, 2006). However, sun drying of the root-tubers for 4 days extended their
shelf life to 9 days but with gradual changes in colour. This was in line with the works by Chu and Li
(1994) and Van Vuuren and Le Roux (2004), though theirs was not up to 4 days. Thus, thermal control of
stored food crops with hot water treatment done by blanching of the root-tubers in hot water at 60°C for
25minutes was found successful with the tubers still being healthy for consumption; and it reduced the
percentage of sweet potato tubers showing typical symptoms of white, dry or soft rot disease as well as

reduced the number of lesions on each tuber.

Conclusion and Recommendations

Loss of food in the post harvest system is not new; it has always been a problem for mankind. Yet while so
much resources have been invested to help developing countries produce more food, this has not been
matched by investment in or even by awareness of the magnitude and importance of the post harvest loss
problem in either developed or developing countries.. Several methods have been used and are being used
to control post harvest root-tuber rot. Most are however tedious, costly and of practically little benefit to the
farmers and the consumers. The control of sweet potato post harvest storage rot by thermal treatment have
proven to be very effective in checking post harvest storage rot thus, prolonging their shelf life. This
control method is culturally, economically and socially suitable for the farmers. However, physical damage
to the root-tubers should be avoided at all cost since they serve as major entry points for pathogens. Contact
between the harvested root-tubers and the soil should also be avoided, in order to prevent re-infection, since
the soil is the natural reservoir for pathogen inoculums. When in storage, root-tubers should either be well
spread out on wood or on clean concrete floor. The use of heated soil which is free of pathogens could be

considered as an alternative to water where the latter is scarce.
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Studies on Fufu Production from Cassava Chips

O. A. Irinkoyenikan; K.A. Taiwo and S. O. Gbadamosi
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Ile Ife, Osun State
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Abstract

This study investigated the utilization potential of dried cassava chips into fufu one of the forms in which
cassava is consumed. Dried cassava chips were prepared by drying in the sun (32+2°C) for 4days and in the
oven at 50°C. Dried cassava chips were converted into _fufi by soaking (in water and 4day old liquor) for 1-
4days at RT (27+2°C), 35°C and 45°C. Samples were taken at 24hr intervals and examined for yield and
other physicochemical properties. Sensory tests were conducted using commercially prepared fufi and
reconstituted samples. There was no yield from chips steeped in fresh water; irrespective of the soaking
temperature and also soaking fresh or dried cassava at 45°C produced no yield. The total amount of water
absorbed ranged between 106.5 —139.6 % for the dried chips when steeped for 6hrs. Oven dried chips
absorbed higher amount of water than sun dried chips while soaking at 35°C gave higher values than for
samples soaked at room temperature. A maximum of 56% yield was obtained from sun dried chips soaked
in old liquor irrespective of the soaking temperature while oven dried chips gave about 84% yield soaked at
35°C after 72hrs. Fufu from oven dried chips had acceptable sensory attributes similar to those of fresh
root.

Keywords: Fufu, drying, chipping, quality

Introduction

Cassava is highly perishable and cannot be stored for more than a few days after harvesting. This
limits its utilization in the fresh unprocessed form (Ihekoronye and Nggody, 1985). It may be processed
into chips to avoid losses. Dehydrated chips are unfermented dried products of cassava. Drying of cassava
tuber is widely practiced to eliminate cyanide (Gomez and Valdivieso, 1983; Gomez et al., 1983) and
improve the shelf life of the tuber by reducing the moisture content to a low level. Cassava can be dried
naturally in the sun or artificially in the oven. As a means of eliminating cyanide, sun drying has been
proven to be more efficient than oven drying at 60°C (Gomez and Valdivieso, 1984). Chips are commonly
used in animal feed production; however chips are used for human consumption in certain parts of Africa
(Gomez and Valdivieso, 1984; Thekoronye and Nggody, 1985). Chips can be converted into gari by seeding
it with fresh root (Oluwole et al., 2004). Cassava starch and flour (/afun) can also be produced from chips
(Famokunwa, 1994).

Cassava is consumed in a meal form as gari, lafun and fufu. Fufu is a fermented white paste made
from cassava; it is ranked next to gari as an indigenous food in Southern Nigerian. It has attributes similar
to pounded yam (a local delicacy) but its consumption is limited by the offensive odour developed during
fermentation. Fufu is produced traditionally by soaking peeled cassava root in water and allowed to soften.
It is mashed manually in water and sieved. The meal is allowed to settle, packed in cheese cloth bag and

squeezed to dewater. There is a dearth of information on fufi production from chips. This study was
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undertaken to investigate the potential use of dried cassava chips in fufu production. Different processing
conditions for fufu production were studied. Physicochemical and sensory attributes of fufu produced from

chips were also examined.

Materials and Methods

Bitter variety (Manihot esculenta Crantz-TMS 30572 ) of freshly harvested cassava roots (10-12 months
old) obtained from the Teaching and Research farm on Obafemi Awolowo University campus, Ile Ife were
used. The tubers had an average length of 10 + 2cm, diameter 6.5 + 2cm and moisture content of 67 + 6%.
Manually peeled, washed, tubers were cut into cylindrical chips of 1.5 + 2mm thickness with a dicing
machine (RG-2-8700, Hallde Sweden). Diced chips were spread thinly on hessian sack and dried in the sun
(32 £ 2°C, relative humidity 55%) for 4 days while some were dried in the oven (DP/DK-500/600, MRC
LTD, Israel) at 50°C (to a moisture content of about 7.8 = 1%) for 15hrs. The dried cassava chips were
allowed to cool, packaged in polythene bags, sealed and stored in a cupboard and used within 7 days

(Oluwole et al 2004).

Water absorption capacity of the chips was determined by placing 2g of chips in 20ml water in a glass
beaker at room temperature. The samples were taken out of the water at 15min interval, drained for 1min,
weighed and returned to the water for the first one hour and thereafter at an hourly interval for another Shrs
(Taiwo et al.,1994). Fresh cassava roots and dried chips were steeped in water in a 2litre, transparent,
covered plastic container at room temperature (RT, 27 + 2°C), 35°C and 45°C in a water bath according to
the method of Oyewole and Odunfa (1992). Another set of chips were steeped in 4-day old liquor (from
previous fermentation). Old liquor was used to initiate the fermentation process. At each interval of 24hrs,
the fermented samples were mashed manually in fresh water and sieved to remove the fibre and unretted
tuber after which the slurry was allowed to sediment. The slurry was dewatered to obtain fufu cake by
packing the sediment into a cloth bag, squeezed slightly to obtain fufu cake (Ihekoronye and Ngoddy,
1985). The percentage yield of fufu obtained was determined based on the weight of dewatered fufus using
the expression below according to Oluwole ef al. (2004). The fufir cake (dewatered fufu) was thinly spread
on an aluminum tray and dried in the oven (DP/DK-500/600, MRC LTD, Israel) at 50°C to a moisture
content of about 11+ 1.5% (George et al., 1995).
Percentage fufu yield = Weight of fufu x 100

Weight of chips or Fresh peeled roots
Chemical Analysis
The pH of fermenting chips was determined using the method of Pearson (1976). pH of fermenting medium
was determined after the fermented sample was removed from the medium. The total titratable acidity
(TTA) in each sample was determined as a product of the titre value and 0.09, which is the lactic acid factor

as described by Oluwole et al (2004). The starch content of fufir produced was determined using the
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procedure of Mcready (1970). Cyanide level was determined in dried cassava chips and fufis produced from

it using the method described by AOAC (1999).

Sensory Analysis

Fufu obtained from fermented dried cassava chips was reconstituted, heated in a pot with constant stirring
until cooked to form smooth elastic dough. The resulting dough was subjected to organoleptic evaluation
using a 12-man panel based on 5 point hedonic scale. Dried fufu flour was also reconstituted, cooked and
subjected to sensory test. The cooked fufu was served with soup on a white plate. The panelists assessed the
cooked samples for texture, colour, odour, and taste. Panelists rinsed their mouth with water after tasting a
sample. A score of five represents excellent acceptability for the attribute under consideration and number
one least acceptability. Selected samples were also compared with commercially prepared sample from
fresh cassava root and dried fufu sample. All tests were carried out in triplicates and results presented as
average readings. t-test was used for comparison and ANOV A where necessary using SPSS package (SPSS
13.0 for windows, 2004).

Result and Discussion

Water Absorption of Chips

Water absorption increased rapidly with time within the first one hour after which the increase was gradual.
Water absorption value was higher in oven dried chips than sun dried chips (Fig. 1). Soaking at 35°C
resulted in higher water absorption in dried chips. This implies that mode of drying and temperatures of
soaking are important processing factors in the rehydration of dried chips. Percentage water absorption was

more than 100% of the initial weight in the chips at the end of six hours of soaking.

Yield of Fufu Produced from Dehydrated Cassava Chips
Steeping cassava chips in tap water produced no yield at any of the temperatures studied (RT and at 35°
and 45°C, Table 1). There was no disintegration throughout the soaking period even when steeped longer
than 96hrs. It is probable that dried chips did not posses the enzymes pectin methylesterase and pectate,
which are reported to be responsible for breaking down the cell walls (Brauma ef al., 1996). Yield was poor
when fresh roots were soaked in 4day old liquor (4DOL) reaching a maximum of 26% after 96hrs. The
impact of size reduction was not significant (P>0.05) on yield (Fig. 2a). However, fresh roots soaked in
water at RT produced lower yield of fufu compared to samples soaked at 35°C. Increasing the temperature
to 45°C produced no softening in the tubers. This result suggests that for optimal softening of fresh roots,
steeping should be in fresh water at 35°C.

Use of 4DOL as a steeping medium resulted in slow softening of sun dried chips producing a
maximum yield of 56% at 96hrs. Softening set in by 24hrs of steeping in 4DOL in oven dried chips with
73.2% and 60.2% yield at 35°C and RT respectively and increased with steeping time (Fig. 2b). Yield of

fufu obtained from oven dried chips are comparable to the quantity obtained from fresh samples implying
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suitability of oven dried chips for fufu production. At the end of steeping, oven dried chips had higher yield
(80-88%) of fufu than sun dried (50-56%). It is probable that the different drying regimes may be
responsible for these differences since continuous drying was undertaken in oven drying while intermittent
drying with rest periods at night was performed for sun dried chips.

Production of high yield of fufis when 4DOL was used might be due to microorganisms present in
the old liquor but not in tap water, which initiated fermentation in the chips. In his work on optimization of
cassava fermentation for fufu production, Oyewole (1990) explained that Lactobacillus bacteria are
involved in fufu production and that B. Subtilis showed the highest softening capability. The presence of
these microorganisms in the old liquor may have facilitated softening of the chips. Other microorganisms
that are also of importance in fermentation of fufu are Saccharomyces cerevisiae, Lactobacillus plantarum,

Lactobacillus brevis and Streptococcus faecalis. (Moorthy and George, 1998).

Chemical properties of Fermenting Medium and Cassava

Drying fresh cassava roots into chips reduced the pH from 6.27 to 5.57. Oluwole et al. (2004)
suggested that drying increased the concentration of acids in cassava roots. The pH change during
fermentation of dehydrated chips in different media (tap water and 4DOL) at RT and 35°C are shown in
Fig. 3a. The pH of the soak water reduced within 72hrs from 6.56 to 4.92 at 35°C and to 5.13 at RT
implying an increase in acidic level of the product. The use of 4DOL for steeping dehydrated cassava chips
(Fig. 3a) did not result in a significant (P>0.05) change in the pH of the medium. The pH values fluctuated
between 4.07 and 4.64 at 35°C and 4.07 to 4.5 for samples soaked at RT. The decrease in pH is desirable as
some microorganisms responsible for initial starch hydrolysis cannot survive in low pH medium thus the
decrease in pH helps these microbes to perform their functions (Okafor ez al., 1984). In addition, a low pH
may not allow the growth of undesirable microorganisms which may contribute to the development of the
unpleasant odour (Blanshard et al, 1994; Dougan et al, 1993). There was no significant difference
(P>0.05) in pH values of the 4DOL used to soak samples at RT and 35°C meaning that temperature did not
significantly affect the pH of the samples. pH of fermented cassava chips at 35°C ranged between 5.57 and
4.92 when steeped in tap water. At RT it varied between 5.57 and 4.64 within 96hr (Fig. 3a). pH of the
chips were higher than those of the steeping media suggesting greater acidic production in the media than
in the chips (Fig. 3b). pH of cassava roots (both whole or sliced) decreased with steeping time (Fig. 3c)
implying increased acidity. Variation in size and steeping temperature had no significant impact on the pH
of the fresh roots. The pH of the water in which fresh roots were steeped had a sharp decline within 24hrs
after which it exhibited a slow and minimal decrease in value (Fig. 3d). The final pH values of the steep
water were lower than for the roots. When fresh roots were steeped in 4DOL, the pH of the medium was
influenced by temperature (Fig. 3e) where samples steeped at RT had higher pH values than those steeped
at 35°C. Size reduction and steeping time had no significant impact on the pH of the medium.

Change in TTA values of the fermenting chips when 4DOL and tap water were used as steeping

media for dehydrated chips at different temperatures are presented in Fig 4a. TTA values of the fermented
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chips ranged between 0.04 and 0.05 throughout the period of fermentation in tap water (at RT and 35°C)
implying that organic acid was not produced when tap water was used as steeping medium since TTA
measures the amount of lactic acid produced (Oluwole et al, 2004). There was no retting in the chips
throughout the period of fermentation. This might be due to the absence of lactic acid bacteria in the
fermenting root as high acidity in fermentation encourages the predominance of lactic acid bacteria and
yeasts (Oyewole, 1990). These results agree with those of small pH changes (Fig. 3a-e). TTA values of
chips soaked in 4DOL increased with steeping time reaching a maximum of 0.14% at both temperatures
which shows that there was acid production in the chips soaked in the 4DOL as compared to that of chips
soaked in tap water. These TTA values are similar to those reported for gari produced from chips (Oluwole
et al., 2004).

TTA values for the fermenting medium in 4DOL in which chips were steeped decreased up to
48hrs of steeping, after which it began to increase (Fig. 4b). The initial high acidity recorded in 4DOL may
be as a result of the acid already produced in the previous fermentation process before it was used to soak
the chips. It is probable that some by-products (e.g. ethanol) are produced during fermentation leading to a
reduction in TTA. In addition the chips could serve as a new substrate resulting in reduced TTA. TTA
values of the tap water used for soaking chips increased gradually with soaking time but these values were
significantly less than those soaked in 4DOL (Fig. 4b). This may explain why there was no retting of chips
soaked in tap water. Monitoring the TTA of 4DOL (Fig. 4c) in which fresh roots were steeped showed a
trend similar to those of chips soaked in 4DOL (Fig. 4b). Root size and soaking temperature were not
significant (Fig.4c). However, the TTA of the tap water in which fresh roots were steeped increased with
time (Fig. 4d). TTA values were higher for medium soaking sliced roots than in whole roots. Temperature
of the medium did not appear to have a significant impact on the TTA of the medium.

The starch content of the raw cassava was about 70% and this value reduced slightly with steeping
time but not significantly (Table 2). Starch content of fufu produced from chips (66.6 and 69.5%) was
comparable to that of fufu from fresh root (60.7-70.7%). Processing factors such as steeping temperature,
drying technique (fresh or dried cassava) did not significantly (P>0.05) affect the starch content. High
starch content observed indicated fufu paste with good elasticity. Starch is responsible for the doughy, firm,
elastic and cohesive nature of fufu (Moorthy, 1988).

During production of chips, drying reduced the cyanide level to about 45% of the initial value in
raw cassava (67+0.4). Cyanide content of fufu produced reduced with steeping time and there was no
significant difference in cyanide content of fufu produced from chips either oven or sun dried (Table 3).
Final cyanide values in fifu obtained from chips are between 0.8 and 0.5mg HCN/100g and 1.9mg
HCN/100g for fresh roots which is within the acceptable range for cassava products (SON, 1983). SON
recommends 20mg HCN/kg for gari and cassava starch (IITA, 1989; SON, 1983; 2004; FIIRO, 2002).
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Sensory Evaluation

The colour of dewatered fufu samples obtained from dehydrated chips were white before cooking but
turned creamy white after cooking but was acceptable to the panelists. The mean score for colour ranged
between 2.7 and 3.2 which was close to the mean score of fufu from fresh root (3.0-4.0) implying that fufu
from chips had acceptable colour as that of fresh root. Fufu odour increased in intensity with steeping time
but the odor of samples obtained from 96hrs of steeping at RT was not acceptable. This bad odour may be
as a result of proliferation of microbes in the fermenting medium at RT which may not be so at 35°C. It is
probable that sustained steeping at 35°C may not be conducive for the continued growth of the odour
producing organisms. Texture of the fufu samples was coarse (did not form a smooth paste) and the
coarseness increased with steeping time.

Samples having acceptable attributes tested against a commercial sample and the result are shown
in Table 4. The samples were not significantly (P>0.05) different in color, taste and overall acceptability
from one another. The odour of the commercial sample was significantly (P<0.05) different from the
experimental samples as laboratory samples had higher values implying reduced odour. This may be
attributed to lack of standardization in the traditional production of fufu. Some processors add hot water to
the soaking medium during steeping; some pound the unsoftened roots to ensure adequate extraction of the
meal while others soak beyond four days to increase the yield. These practices vary with the locality and
result in different quality attributes. The odour of fufu samples from chips were not significantly different
from that of samples from fresh roots prepared in the laboratory. The texture of fufis from dehydrated chips
was significantly different (P<0.05) from other samples (had lower values compared to the commercial
samples, Table 4). All fufu samples compared well with the commercial samples and had overall
acceptability values between 3.25 and 4.07 on a scale of five being the most acceptable. Fufu obtained

within 48-72hrs at RT and 35°C had acceptable sensory attributes.

Conclusion

Fufu of acceptable quality and yield can be produced from dried chips soaked by steeping in 4 day old
liquor. Yield was higher in oven dried chips than sun dried. There was greater acid production in the
fermenting medium than in the roots and size or temperature had no influence on acid production. Cyanide
level reduced significantly during processing to acceptable limits and starch content of the extracted fufu

was not influenced by processing variables studied.
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Table 4 - Mean Scores for Sensory Properties of Selected Cooked Fufu Samples Produced from

Various Processing Conditions

Sample Colour Odour Texture Taste Overall
Acceptability

967 3.83a 3.75ab 3.25ab 3.58a 3.7a

978 3.75a 3.17ab 3.00b 3.5a 3.33a

994 4.16a 4.0a 4.17a 3.92a 4.05a

999 3.17a 2.75b 3.42ab 3.33a 3.25a

Means followed by the same letter in the same column are not significantly difference.

967 Sample obtained when raw cassava soaked for 72hrs at 35°C
978  Sample obtained from oven dried cassava chips
999 — Commercial sample

994----Sample obtained by drying fufu slurry (wet extract) obtained at room temperature
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Fig. 1 - Water absorption capacity of cassava chips at
different hydrating temperatures
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Fig. 2b - Influence of temperature and on the
yield of chips steeped in old liquor
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Fig. 3a - pH of steeping medium for oven dried Fig. 3b - pH of cassava chips steeped at different
chips at different temperatures temperatures
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Fig. 4a - TTA values of cassava chips steeped in different
media
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Fig. 4c - TTA values of 4DOL in which fresh roots were
steeped at different temperatures
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Fig. 4b - TTA values of steeping medium for cassava
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Comparative utilisation of organic acids and probiotics in starting chicks
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Abstract
Three weeks old cockerels with initial weight of 127.9 + 6 g (Mean + SD) were grown in floor pens for 42 days in

groups of twelve. Two hundred and sixteen birds were randomly assigned to five treatments. Birds on the control diet were 72
birds while other treatments had 36 birds. A basal diet based on maize, soybean meal, groundnut cake and wheat offal was
formulated to meet the nutrient requirement of starting chicks. Probiotics replaced the wheat offal in the basal diet in
proportion of 0, 0.05 and 0.1% in Diets I, II and III respectively on weight basis. Probiotics preparation contained
Lactobacillus acidophilus (0.45 x 10'"), Saccharomyces cerevisae sc-47 (1.25 x 10" and Saccharomyces boulardii (0.3 x
10'") c.fu. per kg. Organic acids similarly replaced the wheat offal in Diets I, IV and V in proportion of 0, 0.2 and 0.4 %
respectively. Organic acids contained a blend of formic and propionic acid. Feed and water was also supplied unrestrictedly.
Starting chicken responded non-significantly (p > 0.05) to increasing feed additive concentration in final body weight,
body weight gain, protein efficiency ratio and feed/gain ratio irrespective of the feed additive. Probiotics or organic acids at
lower or upper levels of inclusion exert no influence on all performance criteria. Final body weight (g) was highest on Diet V
(674) and lowest on Diet I (661), while feed/gain ratio was highest on Diet II (4.052) and lowest on Diet III (3.783). Average
weekly feed intake (g) was highest on Diet V (357) and least on Diet II (334). For all response criteria a non-significant
interaction occurred between feed additive and their dietary concentration. The slope of regression of body weight changes
depending on weeks (g) was highest on Diet V and lowest on Diet II (84.2 vs. 75.0). Slopes (p = 0.4797) and y intercepts (p =
0.1248) were not significantly different from each other. The pooled slopes and intercepts (g) were therefore 77.4 and 6.37

respectively.

Keywords: Probiotics, organic acids, gut flora modulators, growth rate

Introduction

The use of gut flora modulators such as organic acids, probiotics, probiotics and essential oil from plant extracts in
farm animal feeding which modulate the microflora via growth inhibition of pathogenic organism (e.g. E coli, Samonella sp.,
Clostridium perfringes) at the expense of beneficial organisms (e.g. Lactobacillus sp, Bifidobacterium sp) are on the increase
due to the restriction on the use of prophylactic doses of antibiotics as growth promoter and intestinal health enhancer in the
European union and the tendency of the rest of the world to follow suit due to health awareness (microbial resistance to
antibiotics in human) and tendency of consumers for animal products produced through ‘natural’ methods with less use of
chemical agents. While both organic acids and probiotics are aimed at achieving a similar end point of improvement in
intestinal health, which is expected to translate to better productivity in animals, the mechanisms of action are thought to be
different.

Certain direct acting modulators such as short to medium length chain organic acids such as propionic, butyric, acetic,
formic, lactic, malic, tartaric and citric acids when fed as individual acid or in combination are believed to be bacteriostatic at

low concentrations and bactericidal at high concentrations and efficacy varies depending on organic acids in question (Dibner
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and Buttin, 2002; Leary, 2007). Antibiotic growth promoters has been used for over 50 years in the pig and poultry industry
with its attendant benefits such as improved growth rate, reduced mortality and morbidity and reduced feed conversion ratio
(Rosen, 1995). Organics acids have a long history of safe use in animal nutrition as feed preservatives, mould and microbial
inhibitors, while probiotical strains have been used for ages in diary products and have safe history of consumption in humans.
Simon (2005) defined probiotics as ‘as viable micro-organisms, which after sufficient oral intake, lead to beneficial effects for
the host by modifying the intestinal microbiota’. The microorganisms used in animal feed are mainly bacterial strains of Gram-
positive bacteria belonging to the genera of Lactobacillus, Enterococcus, Streptococcus, Bifidobacterium, Pediococcus
Bacillus and microscopic fungi such as strains of yeasts belonging to the Saccharomyces cerevisiae species (Stavric and
Kornegay, 1995). The use of probiotics in broiler and pigs has been reported to show some promise in terms of improvement in
body weight gain and feed efficiency (Stavric and Kornegay, 1995; Jargensen, 2004; Simon, 2005). Similarly organic acids
have been reported to be beneficial in broilers and piglets (Skinner et al., 1991; Liickstddt et al., 2004; Liickstddt and Steiner,
2006).

Cockerels are slow growing (male layer) birds usually raised for their meat and low carcass fatness, which female
lines have been selected over many generations for high egg production while the males have been less selected. They respond
well to dietary nutrient supply if fed diets needed for their optimal protein deposition rates. It is however not known if slow
growing animals such as cockerels could benefit from the growth promoting influence of probiotics and organic acids. It is the
objective of the study to evaluate the performance of starting chicken fed either probiotics or organic acids using cockerels as a

model animal for slow growing birds.

Materials and methods

Two hundred and sixteeen 3 weeks old black (Bovan Nera) cockerels with initial weight of 127.9 £ 6.5 g (Mean +
SD) were randomly assigned to five dietary treatments. Birds on the control diet had 72 birds while other treatments had 36
birds. Birds were weighed and uniformly distributed to their respective pen on weight basis. Each diet was offered to 3 pens of
12 cockerels each except for the control diet that was offered 6 pens of 12 birds each. Individual pen has a dimension of 1.5 x
1.3 m. Feed and water were also supplied unrestrictedly. Birds were individually weighed on weekly basis until the end of the
experiment. Daily voluntary feed intakes were monitored.

A basal diet was formulated. The basal diet was formulated to meet the nutrient requirement of starting chicks using
the NRC (1994) as a guide. The basal diet was based on maize, soybean meal, groundnut cake and wheat offal. The basal diet
was fortified with synthetic amino acids to optimize amino acid balance. Amino acid and other nutrients composition of diets
was calculated based on published values from NRC (1994) and NRC (1999). Table 1 shows the ingredient composition of the
experimental diets. Probiotics replaced the wheat offal on weight basis in Diets I, II and III in proportion of 0, 0.05 and 0.1%.
Probiotics preparation was declared to contain Lactobacillus acidophilus (0.45 x 10'"), Saccharomyces cerevisae sc-47 (1.25 x
10" and Saccharomyces boulardii (0.3 x 10'") c.fu. per kg by the manufacturer (Biovet-YC, Wockhardt, India). Acidifier
also replaced the wheat offal in Diets I, IV and V in proportion of 0, 0.2 and 0.4 %. Acidifier contained a blend of formic and
propionic acid (Biotronic SE, Biomin, Germany). Replacement was carried out on weight for weight basis. Calculated values
for proximate and amino acids on as fed basis are also presented in Table 1. All ingredients with the exception of the variable
ones (wheat offal and feed additives) were mixed as a single lot and later divided into seven equal parts. Wheat offal and the
various feed additives were added separately in their respective proportions. Each diet was then mixed again and bagged.

Dry matter, crude protein, crude fibre and crude ash of the basal diet were performed according to the AOAC (1990)
procedure. Data were subjected to routine ANOVA from General Linear Model procedures using the software package SPSS
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13.0 for windows. The efficiency with which the ingested feed was used for protein deposition was described using a linear
regression. A linear regression on growth of chicken [y, kg/bird] depending on weeks [x, growth over time] was calculated.

y=bx+a

where a =constant and b=slope of the regression line.

The slope quantifies the steepness of the line. It equals the change in Y for each unit change in X. The slope is the rate at which
feed consumed is efficiency utilised for growth or protein accretion. Treatment averages was considered as one data point in
the regression analysis. Parameters of goodness of fit were r> and Sy.x. The Sy.x values are the standard deviations of the
residuals, which are the distances between the individual points from the calculated line. Linear regression was calculated
using GraphPad Prism 4.02 (GraphPad Software Inc., San Diego, California). This experiment was conducted at the Poultry

Unit of the Teaching and Research Farm, Obafemi Awolowo University, Ile-Ife.

Results

The performance characteristics of chicken fed varying levels probiotics and organic acids are shown in Table 2.
Starting chicken responded non-significantly (p > 0.05) to increasing feed additive concentration in final body weight, body
weight gain, protein efficiency ratio and feed/gain ratio irrespective of the feed additive. Probiotics or organic acids at lower or
upper levels of inclusion exert no influence on all performance criteria. Final body weight (g) was highest on Diet V (674) and
lowest on Diet I (661), while feed/gain ratio was highest on Diet II (4.052) and lowest on Diet III (3.783). Average weekly
feed intake (g) was highest on Diet V (357) and least on Diet II (334). Protein intakes followed the same pattern as observed
for feed intakes. For all response criteria, a non-significant interaction occurred between feed additive and their dietary
concentrations (Table 2). The parameter estimates of the linear regression of body weight changes depending on weeks are
shown in Table 3. The slope of regression of body weight changes depending on weeks (g) was highest on Diet V and lowest
on Diet II (84.2 vs. 75.0). Slopes (p = 0.4797) and y intercepts (p = 0.1248) were not significantly different from each other.
The pooled slopes and intercepts (g) were therefore 80.7 and 6.75 respectively. The 95% confidence interval of the slope of
body weight changes overlap widely across all treatments and slopes differ significantly from zero (p < 0.001). Slopes and y
intercept were compared using F-test. Slopes were not significantly different from each other (p = 0.8976). The y intercepts
were likewise not significantly different (p = 0.8540). The pooled slopes and intercepts were therefore 0.08216 and 0.00143

respectively.

Discussion

The concentrations of probiotics used in the present study are within the range of that recommended by its
manufacturer and also within the range that has been reported to elicit response in poultry (Starvic and Konegay, 1995).
Probiotics supplementation in this study has no effect on final body weight gain, feed conversion ratio, feed intake and protein
efficiency ratio. This is in agreement with reports on probiotics in poultry and pigs (Stavric and Kornegay, 1995; Arslan, 2004;
Simon, 2005). Arslan (2004) fed Lactobacillus bulgaricus to two groups of rock partridges (a control and a treatment group
containing 0.15% probiotics) for 12 weeks and observed no difference in live weight, feed intake and feed conversion between
the two groups. Similarly, Midilli ez al. (2008) fed 0.05% probiotics preparation containing Bacillus licheniformis and Bacillus
subtilis to broiler chicken for 42 days and observed no significant improvement in final body weight, body weight gain, feed

intake, feed conversion ratio, carcass weight and carcass yield. Reports on the use probiotics and its attendant benefits in
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poultry have been generally inconclusive. In review of published results on the use of probiotics in poultry diet or water,
Stavric and Kornegay (1995) concluded that results were generally inconsistent, while a few result indicated a beneficial effect
in terms of weight gain, egg production and feed efficiency in broiler, layers and turkey, most of the results generally had no
effect. They adduced the observed response to differences in concentration of probiotics added to feed (reported range in
literature was 0.002 to 0.2 %), duration of treatment, diet type, age of birds and other experimental protocols. L. acidophilus
was the strain of probiotics used in most of these experiments. A similar observation has also been made in piglets (Simon,
2005). In the review of 22 publications on the intake of probiotics by piglets, only in 3 of the studies was significant
improvement in daily gain observed and improvement in feed conversion was only observed in a study. Probiotics generally
reduced the incidence of diarrhoea in young piglets and this observation was consistent irrespective of the strain of microbe
used (Simon, 2005).

Organic acids similarly had no growth promoting effect as in case of probiotics. The final body weight, feed intake,
feed conversion ratio and protein efficiency ratio of birds fed organic acids were similar to non- treated groups. The
concentrations of acidifier used in this study are within the range of those previously reported to be effective in promoting
growth in young pigs and poultry (Liickstddt et al. 2004; Mroz 2005; Liickstiadt and Steiner, 2006). Significant increase in
body weight gain and less often in feed conversion has been reported from some studies with organic acids in broiler chicken
fed with a blend of propionic and formic acid (Liickstddt et al., 2004) and fumaric acid (Patten and Waldroup, 1988; Skinner et
al., 1991). Liickstédt et al. (2004) fed a blend of propionic and formic acids (3g/kg diet) to broiler chicken in a 35 days feeding
trial. Weight gain of test group was significantly higher than the control group with no organic acid supplementation, but feed
intake and feed conversion was unaffected. In some other studies however, no significant improvement in body weight gain or
feed conversion was reported with fumaric acid (Runho ef al., 1997) or propionic acid (Izat et al., 1990). Organic acids are
believed to exert their influence by suppressing the proliferation of acid (pH) intolerant pathogenic microbes such as E. coli,
Samonella sp. and C. perfinges in poultry (Gauthier, 2005). Improvement in growth performance usually results from
enhanced intestinal health and not usually from acidification of the digestive tract. According to Dibner and Buttin (2002),
some factors responsible for this variability may include, the buffering capacity of feed ingredients, presence of other
antimicrobial compounds, cleanliness of the production environment and heterogeneity of gut microbiota.

The data on growth rate and feed intakes observed in this study are within the range previously reported in cockerels
of similar growth phase, age and body weight (Sanwo et al., 2006). It was concluded that, neither probiotics nor organic acids
have any growth promoting effect in cockerels based on the slope of linear regression of body weight changes depending on

weeks.
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Table 1: Gross and chemical compositions of the experimental diets (%)

Ingredients Diet I' Diet 11 Diet 111 Diet IV Diet V
Maize 50 50 50 50 50
Groundnut meal 14.9 14.9 14.9 14.9 14.9
Soybean meal 12 12 12 12 12
Wheat bran 10 9.95 9.9 9.8 9.6
Palm kernel meal 5.8 5.8 5.8 5.8 5.8
Fish meal 3.0 3.0 3.0 3.0 3.0
Oyster shell 1.5 1.5 1.5 1.5 1.5
Bone meal 2.0 2.0 2.0 2.0 2.0
Salt 2.5 2.5 2.5 2.5 2.5
DL-Methionine 1.5 1.5 1.5 1.5 1.5
L-Lysine.Hcl 1.5 1.5 1.5 1.5 1.5
Premix” 2.5 2.5 2.5 2.5 2.5
Probiotics 0 0.05 0.01 0 0
Acidifers 0 0 0 0.2 0.4

Calculated analyses (%)

ME kcal/kg 2831.5 2830.9 2830.2 2828.9 2826.3
Crude protein 21.28 21.27 21.26 21.24 21.21
Crude fibre 4.550 4.545 4.541 4532 4515
Ether extract 3.256 3.254 3.252 3.248 3.240
Lysine 1.024 1.024 1.024 1.023 1.022
Threonine 0.702 0.701 0.701 0.701 0.699
Methionine 0.477 0.477 0.477 0.477 0.476
Tryptophan 0.210 0.210 0.210 0.210 0.209
Isoleucine 0.811 0.811 0.811 0.810 0.809
Valine 0.974 0.973 0.973 0.972 0.971
Leucine 1.638 1.638 1.637 1.637 1.635
Phenylalanine 0.968 0.968 0.968 0.967 0.966
Histidine 0.525 0.524 0.524 0.524 0.523
Arginine 1.686 1.685 1.685 1.684 1.682

' Analysed proximate values for the basal diet (%) were: dry matter 90.92, crude protein 21.98, crude ash 6.18, ether extract 4.4
and crude fibre 3.82.

2Supplied per kg diet: Vit. A, 10,000 i.u; Vit. D3, 2,000 i.u; Vit. E, 2.5 i.u; Vit. K, 2.0 mg; Riboflavin, 4.2 mg; Pantothenic
acid, 5.0 mg; nicotinic acid, 20.0 mg; choline chloride, 300.0 mg; folic acid, 0.5 mg; Mn, 56.0 mg; 1, 1.0 mg; Fe, 20.0 mg; Cu,
10.0 mg; Zn, 50.0 mg; Co, 1.25 mg
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Table 2: Effect of feed additive (Add) and concentration (Conc) on growth performance of cockerel
chickens during 3 to 9 weeks of age (n = 6 pens of 12 birds of Diet I or n = 3 pens of 12 birds in other

treatments)
Pooled P (ANOVA)

Parameters Diet] Dietll Dietlll DietlV DietV SEM Add Conc Add x Conc
Final body weight, g/bird 661 627 662 675 674 6.70 0.6071 0.6756 0.1379
Initial body weight, g/bird 129 131 122 128 120 1.30 0.0870 0.056 0.5768
Body weight gain, g/bird 532 496 539 547 555 6.60 0.4326 0.4421 0.1786
Body weight gain, g/bird/wk 89 83 90 91 92 1.10 0.4326 0.4421 0.1786
Feed conversion ratio g/g 3.996 4.052 3.783  3.803 3.867 0.05 0.9323 0.2465 0.1052
Feed intake, g/bird 2122 2002 2037 2078 2143 28.8 0.1535 0.2401 0.4492
Feed intake, g/bird/wk 354 334 339 346 357 4.80 0.1535 0.2401 0.4492
Protein intake, g/bird/wk 75 71 72 74 76 1.00 0.1694 0.2289 0.4745
Protein efficiency ratio, g/g 1.178 1.164 1.244 1.239 1.233 0.01 0.9057 0.1612 0.1268

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

Table 3: Estimated parameters for body weight changes of chicken depending on week during 3

to 9 weeks of age [n = 6 pens of 12 (Diet I) or 3 pens of 12 birds per other treatments]

Diet I Diet 11 Diet III Diet IV Diet V
Best fit values
a 0.0097 £0.0229 0.0184 +£0.0251 0.0024 +0.0283 0.0034 + 0.0307 -0.0034 + 0.0250
b 0.0801 £ 0.0048 0.0750 £0.0056 0.0808 +0.0063 0.0804 +0.0069 0.0842 + 0.0056
95% Confidence
Intervals (range)
a -0.0344 - 0.0547 -0.0341 -0.0709 -0.0568 - 0.0615 -0.0609 - 0.0677 -0.0557 - 0.0488
b 0.0701 - 0.0900 0.0632-0.0867 0.0676 - 0.0940 0.0660 - 0.0947 0.0724 - 0.0958
Goodness of fit
2 0.9372 0.9037 0.8958 0.8781 0.9228
Sy.x 0.0436 0.0515 0.0579 0.0630 0.0512
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Abstract

Nine African yam bean accessions were evaluated for seed yield and other reproductive characters Significant
differences were observed for seed yield, 100 seed weight and number of days to 50% flowering. Seed yield
among the accessions ranged from 24.79 to 118.33 g per plant. Average number of seeds per pod was from 13.33
to 19.33, 100 seed weight varied between 19.69 to 28.22 g, while pod length also differed from 19.57 to 28.00
cm. The protein content of the African yam bean accessions were comparable to that of cowpea, but the
concentrations of the anti-nutritional factors were significantly higher in the African yam bean accessions.
Although the African yam bean accessions with low anti-nutritional factors were low yielding, they can be

recombined with the high yielding accessions in developing improved varieties.

Keywords: African yam bean, evaluation, seed yield, nutrients, anti-nutrients, variation.
Introduction

African yam bean (Sphenostylis stenocarpa (Hochst. Ex A. Rich) Harms) is native to West and Central
Africa and it is one of the underutilized grain legumes still been cultivated by some traditional farmers in certain
localities mainly in the southern part of Nigeria and Benue State (middle belt). It is cultivated mainly for
consumption as only about 30% of the dry grain produced is sold and also planted for soil restoration (Saka, et
al. 2004). African yam bean is a good source of protein, fibre and carbohydrate. It is rich in minerals such as
phosphorus, iron and potassium. It also contains some anti-nutrients such as trypsin inhibitor, phytate and other
alkaloids (Nwokolo, 1987; Ajibade, ef al., 2005; Fasoyiro, et al., 2006).

Although African yam bean (AYB) can be used to replace cowpea in most food preparations, its utility
is highly limited when compared with prominent grain legumes such as cowpea, groundnut and soybean. For
instance, in Nigeria, soybean and groundnut are usually processed into oil and defatted meals used as animal
feeds. Soybean is also used in fortification of foods as in baby product formulation. Cowpea is widely utilized in
the form of bean cake, pudding and in food fortification. African yam bean, is mainly cooked and eaten alone or
with yams, maize, rice or in soup. This crop (AYB) has however found better utility in Ghana where it is usually
processed into flour and used for pudding or fortified with cassava. The water drained after boiling the beans are
also drunk by lactating mothers to increase milk production (Klu et a/ 2001).

However, AYB seeds take a long time to cook and contain higher levels of anti-nutritional factors
(ANFs) than cowpea and soybean (Fasoyiro et al. 2006) which could be toxic or reduce the nutrient utilization,
limiting its use in animal and human nutrition. There is also lack of awareness about the nutritional quality of
AYB particularly among the urban dwellers. Another limiting factor is the low seed yield of the crop recorded by
farmers despite the reported low level of pest and diseases attack (Saka et al. 2004).

Therefore in this study nine AYB accessions were evaluated to identify promising genotypes in terms

of high seed yield, nutrients and anti-nutritional factors.
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Materials and methods

Nine African yam bean accessions from the germplasm of the Institute of Agricultural Research and
Training (IAR&T), Ibadan were evaluated for seed yield and other reproductive characters. The nine African
yam bean accessions evaluated are SSWN32, SSWN44, SSWN48, SSWN33, SSWN50, SSWN3, SSWN35,
SSWNI15 and SSWN29. The seeds of each accession were planted out at the Research Farm of the Institute in
Ibadan, Nigeria in June 2006. The planting was done in single row plot of 10 metres long at a spacing of Im x
Im. There were three replicates. Two seeds were planted per stand and later thinned to one, two weeks after
sowing. Manual weeding was done as at when due and no fertilizer was applied. Sherper Plus (Cypermetrin +
dimethoate) brand of insecticide was applied at the rate of 50g a.i. ha™ at anthesis and subsequently at two weeks
interval for a total of 3 applications to control insect attack. At maturity, data were collected from five plants
from each plot. The data collected were: number of days to 50% flowering, pod length, number of seeds per pod,
100 seed weight and seed yield per plant.
Proximate analysis: Dry seeds of each of the nine AYB accessions and a local cowpea cultivar were sorted,
milled and stored in polythene bags at 4°C. Samples were analyzed for nitrogen content by the microkjedahl
method and the crude protein was calculated by multiplying the Kjeldahl N by 6.25. The contents of crude fats,
crude fibre and ash were determined by AOAC (1990) method.
Anti-nutritional factors analyses: Tannin content was determined using the method of Price ef al., (1978), trypsin
inhibitor (Kakade ef al. 1969) and phytate content (Davies and Reid 1979). All the analyses were carried out in
triplicate.
Data collected from the field and laboratory were separately analyzed using analysis of variance and Duncan

multiple range test.

Results and Discussion

Significant differences were observed for seed yield per plant, 100 seed weight and number of days to
50% flowering (Table 1). Average number of days to 50% flowering ranged from 104 in NSWS50 to 118 days
in NSWS15. Pod length varied between 19.57 to 28 cm with accessions NSWS6 and 15 having the longest pods.
Number of seeds per pod ranged from 12 in NSWS29 to 19.33 in NSWS44. The accession NSWS50 had the
biggest seeds with an average 100 seed weight of 28.22g while NSWS48 had the least. The highest variability
was observed in seed yield per plant which ranged between 24.79 in NSWS35 and 118.3g in NSWS48. Similar
results were reported by Togun and Egunjobi,(1997) for African yam bean

Proximate compositions of African yam bean accessions are shown in Table 2. Two accessions
NSWS50 and 15 had the highest protein content of 24.07 and 24.13% respectively with NSWS32 and 35 having
the lowest content of 21.79 and 21.73% respectively. Fat content also ranged from 3.93% in NSWS35 to 5.20%
in NSWS50. The fibre content was from 5.20 to 8.02% while ash content also ranged between 3.71 to 7.05%.
The accession NSWS33 had the highest carbohydrate content of 51.70% with NSWS44 having the lowest
content of 46.83%. The results compared well with those of Edem ez a/ (1990); Adeparusi, 2001 and Ajibade et
al (2005). The protein content of the cowpea variety evaluated was 23.87% which was not significantly different
from those of three of the African yam bean accessions evaluated. The cowpea variety also contained
significantly lower concentrations of fat, fibre and ash, but its carbohydrate content was significantly higher than

those of the African yam bean accessions.
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The anti-nutritional contents of the nine accessions and cowpea are shown in Table 3. The highest
concentrations of trypsin inhibitor were observed in three accessions NSWS32, 44 and 35 with the values of
32.90, 31.58 and 31.58 Tiu/mg respectively, while NSWS33 had least concentration of 19.74 Tiu/mg. Phytate
content varied from 3.44 to 4.20 g/100g with NSWS32 having the highest value. Tannin content ranged between
3.95 in NSWS33 and 7.83 in NSWS3. Similar range of values for the anti-nutrients was also reported by Ajibade
et al 2005. When compared with cowpea, the African yam bean accessions had significantly (P>05) higher
concentrations of the three anti-nutritional factors evaluated than cowpea. Significantly (P>05) higher
concentrations of the anti nutrients were also observed in African yam bean than cowpea, soybean and groundnut
(Fasoyiro et al 2006). The two accessions with relatively lower concentrations of the three anti-nutritional
factors are NSWS33 and 29. These two accessions are however, low yielding with average yield per plant of
31.83g and 48.23g respectively (Table 1). Availability of high yielding and nutritionally superior African yam
bean accessions would enhance its acceptability and improve the protein intake and widen the food base of the
populace. Improved utilization of this neglected crop will also ensure the conservation of its rich genetic

resources.

Conclusion

In the present study, high yielding accessions such as NSWS48 and NSWS50 and the two accessions
with relatively low concentrations of anti-nutrients (NSWS33 and NSWS29) have been identified.
Rrecombination of these accessions through hybridization and selection may result in improved and nutritionally
acceptable African yam bean varieties. However, screening of larger germplasm has to be carried for the

identification of more desirable genotypes.
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Table 1. Seed yield and other reproductive characters of nine African yam bean

accessions.
Accessions Days to Pod length Seeds/pod 100 seed Seed yield/
flowering (cm) weight (g) plant (g)

SSSWN32 114b 28.00 17.33 25.30abc 69.69b
SSSWN44 107c 23.33 19.33 21.59cd 58.62bc
SSSWN48 106¢ 21.00 14.33 19.69d 118.33a
SSSWN33 107¢ 22.33 10.67 25.19abc 31.83cd
SSSWNS50 104d 20.67 18.00 28.22a 105.14a
SSSWN3 113b 19.57 13.33 25.91ab 2791d
SSSWN35 107c 26.83 15.33 27.07ab 24.79d
SSSWN15 118a 28.00 16.07 25.96ab 39.85cd
SSSWN29 115b 23.67 12.00 23.73bc 48.23bcd
Mean 110.07 23.71 15.22 24.74 58.26

Means in the same column followed by different letters are significantly different at 0.05 probability level.

Table 2. Nutrient contents of nine African yam bean accessions and cowpea

(% DM).

Accessions Protein Fat Fibre Ash Carbohydrate
SSSWN32 21.79f 4.02f 6.29¢ 7.05a 48.76de
SSSWN44 22.30e 4.82b 7.59b 6.85b 46.83h
SSSWN48 22.97¢c 4.40d 6.40d 5.78d 49.56¢
SSSWN33 22.75d 4.02f 5.02g 421g 51.70b
SSSWNS50 24.07a 5.20a 6.04f 6.30c 47.791g
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SSSWN3

SSSWN35
SSSWN15
SSSWN29
COWPEA

Mean

22.38e
21.73f
24.13a
23.84b
23.87b
22.98

4.72c
3.93g
4.15¢
3.7%h
1.50i
4.06

8.02a
7.58b
6.10f
6.51c
3.93h
6.35

4.60f
7.02a
5.27e
3.71h
3.80h
5.46

48.27¢f
47.55¢g

49.58¢cd
49.18c
55.93a
49.52

Means in the same column followed by different letters are significantly different at 0.05 probability level.

Table 3. Anti-nutritional factors in nine African yam bean accessions and cowpea.

Accessions Trypsin Inhibitor Phytate Tannin
(Tiu/mg) (g/100g) (g/100g)
SSSWN32 32.90a 4.20a 7.67a
SSSWN44 31.58b 3.86¢ 7.45ab
SSSWN48 26.32e 3.98bc 6.90bc
SSSWN33 19.74h 3.54d 3.95d
SSSWNS50 28.29d 391c 6.79c¢
SSSWN3 28.95¢ 4.08b 7.83a
SSSWN35 31.58b 3.99bc 7.78a
SSSWN15 25.66f 4.04b 6.25¢
SSSWN29 21.05g 3.44d 4.15d
COWPEA 12.051 1.65¢ 2.85e
Mean 25.81 3.67 6.16

Means in the same column followed by different letters are significantly different at 0.05 probability level.
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Abstract
In an 84 days feeding trial, twenty-four growing crossbred rabbits of New Zealand White, California and

Chinchilla breeds of both sexes with average initial weight of 663.4 + 18.86 g (Mean + SEM) were randomly
assigned to six dietary treatments in 2 x 3 factorial design. Dietary treatments were 2 protein sources with 3
levels of dietary supplementations each. A basal diet was based on maize, palm kernel meal, groundnut cake
meal (GNC) and fishmeal diet was formulated. Flamboyant seed meal (FSM) replaced the groundnut cake meal
in the basal diet on weight for weight basis in Diets I, IT and III in proportion of 0, 50 and 100 g/kg. The first
three diets were fortified with lysine and methionine at the rate of 1.5 g/kg for each amino acid, which are the
supplemental levels needed to meet rabbit nutrient requirement for these amino acids in Diet I. Diet IV was
analogous to Diet I, V to II and VI to III except in synthetic amino acid supplementation. A complete
replacement of GNC by FSM was achieved. Growing rabbits responded non-significantly (p > 0.05) to
incremental FSM intake in feed intake, weight gain, feed conversion and protein efficiency ratio and this
response was independent of amino acid supplementation. A non-significant interaction occurred between
protein source and amino acid supplementation for all response criteria. The amino acid supplemented diets had
a comparatively better feed conversion (p = 0.0344) than the non-supplemented diets. Data on weekly body
weight changes were pooled across each supplementation level and described using the linear regression method.
The slope of regression of body weight changes (y) (g/rabbit) depending on weeks (g/week) was highest on
50g/kg FSM (Diet II and V) and lowest on 100g/kg FSM (Diet III and VI) (70.49g vs. 65.22) respectively.

Introduction
The rearing of rabbits in developing countries is a measure for producing high quality meat at a reasonable price

to reduce protein deficiency and other ailments associated with insufficient protein intakes in humans. The
feeding and nutrition of rabbits or any other monogastric animals requires that feed ingredients, which are
potential nutrient carriers need to be supplied in adequate amount and in a definite proportion to ensure the
supply of balance of nutrients. Common legumes such as soybean meal, groundnut cake and cottonseed meal are
in short supply in the tropics and often not available for sustainable animal production, hence, there is an
attendant high cost of these ingredients. Legumes are excellent sources of nutrients to man and animal species.
Delonix regia L., commonly called Flamboyant is a widely grown ornamental leguminous plant, which produces
25-40 cm long pods containing large number of seeds of moderately high crude protein content (Grant et al.,
1991). Analysis of seed samples of flamboyant in our laboratory revealed that the raw seed contained on %
basis: 90.2 dry matter, 36.92 crude protein, 11.39 crude fibre and 4.17 ether extract. Flamboyant seed meal
compare favourably with mechanically extracted groundnut cake meal in terms of crude protein content (NRC,
1994). The crude protein content of mechanically extracted groundnut cake meal is approximately 40% (NRC,
1994). Grant et al. (1991) studied the haemagglutination activity of D. regia seed extract in rabbit, cattle, rat and

human bloods and reported that the seed extract exhibited low haemagglutinin activity and contained non-toxic
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lectins. D. regia in spite of its potential to serve as a livestock feed and its relative abundance has remained
largely unexploited and underutilized for animal nutrition. The objective of this study therefore is to assess the
effect of raw flamboyant seed meal (FSM) on the growth performance in growing rabbit with or without

synthetic amino acid supplementation.

Materials and methods

In 2 x 3 factorial design, twenty-four growing crossbred rabbits of New Zealand White, California and
Chinchilla breeds of both sexes with average initial weight of 663.4 + 18.86 g (Mean + SEM) were randomly
assigned to six dietary treatments. Rabbits were weighed and uniformly distributed to their respective hutches
(treatments) on weight basis. Rabbits were individually housed in hutches with a dimension of 76cm x 62cm x
42cm (L x B x H) on wire screen floors. Each diet was offered to 4 hutches of individually pen rabbits at
approximately 4% body weight as dry matter intake assuming 88% dry matter for the individual feed. Water was
also provided unrestrictedly. Feed intake was usually adjusted upwards on weekly basis based on the weekly
body weight changes. Feed intake and consequently feed conversion was calculated as hutch averages. Rabbits
were individually weighed on weekly basis until the end of the experiment. Daily voluntary feed intakes were
monitored.

Ripe flamboyant pods were harvested and pods were split to remove seeds. The seeds were ground in a hammer
mill into a meal form through a 3 mm die. The basal diet was formulated to meet the nutrient requirement of
growing rabbit (NRC, 1977). The basal diet was based on maize, palm kernel meal, groundnut cake meal (GNC)
and fishmeal. Amino acid and other nutrients composition of diets were calculated based on published values
from Degussa (2005) and NRC (1998). Table 1 showed the ingredient composition of the experimental diets.
Flamboyant seed meal (FSM) replaced the groundnut cake meal on weight for weight basis in Diets I, IT and III
in proportion of 0, 50 and 100 g/kg in the basal diet. A complete replacement of GNC by FSM was achieved.
The first three diets were fortified with lysine and methionine at the rate of 1.5 g/kg for each amino acid, which
are the supplemental levels of these amino acids required to meet rabbit nutrient requirements guide of NRC
(1977). Synthetic amino acids were supplemented into the diets as a replacement for corn bran. Diets IV to VI
were the same as Diets I to III except in the supplementation of synthetic amino acids (Table 1). All ingredients
with the exception of the variable ones (GNC, corn bran, FSM, lysine and methionine) was mixed as a single lot
and divided into two equal parts. One part was mixed with corn bran, lysine and methionine in respective
proportion. This part was further divided into three parts GNC and FSM were added accordingly. The second
part also divided into three portions and corn bran, GNC and FSM were added in a manner similar to the first
part. Each diet was then mixed again and bagged. The experiment lasted for 12 weeks.

Dry matter, crude protein, crude fibre, ether extract and crude ash of FSM were performed according to the
AOAC (1990) procedure. Data were subjected to routine ANOVA from General Linear Model procedures using
the software package SPSS 13.0 for windows. A linear regression on growth of rabbits [y, g/rabbit] depending
on weeks [x, growth over time] was calculated.

y=a+bx

where a =constant and b=slope of the regression line.
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Treatment averages was considered as one data point in the regression analysis. Parameter of goodness of fit
were 1> and Sy.x. The sy.x values are the standard deviations of the residuals, which are the distances between
the individual points from the calculated line. Linear regression was calculated using GraphPad Prism 4.02
(GraphPad Software Inc., San Diego, California). This experiment was conducted at the Rabbit Unit of the

Teaching and Research Farm, Obafemi Awolowo University, Ile-Ife.

Results and Discussions
Growing rabbits responded non-significantly (p > 0.05) to incremental FSM in feed intake, body weight gain and

protein efficiency ratio in the 84 days of experiment and this response was independent of amino acid
supplementation. Table 2 showed the growth performance characteristics of rabbits fed graded level of FSM as a
replacement for GNC. Amongst the performance characteristic, only feed conversion ratio was significantly
affected by dietary amino acid supplementation. The amino acid supplemented diets had a comparatively better
feed conversion (p = 0.0344) than the non-supplemented diets and this observation was independent of the
dietary protein source. The average weekly feed intake (g/rabbit) over the period was therefore 360.19 + 9.37
(mean + SEM). Average weekly weight gain (g/rabbit) ranged from 82.40 in Diets I to 72.14 in Diet VI. A non-

significant interaction occurred between protein source and amino acid supplementation for all response criteria.

Since amino acid supplementation did not result in improved performance in most observed response criteria,
data on weekly body weight changes were pooled within each graded levels and used for further calculation
(Figure 1). The linear regression model explained 79 to 82% of the variation observed in weekly body weight
changes. The linear model provided a good fit for the data as reflected in the parameter for goodness of fit (Table
3). The slope of regression for weekly body changes was highest for rabbits fed 50g/kg FSM (70.49g) as a
partial replacement for GNC and lowest on rabbits fed 100g/kg FSM as a complete replacement for GNC
(65.22g). The 95% confidence interval of the slope of body weight changes overlap widely across all treatments
and slopes differ significantly from zero (p < 0.001). Slopes were not significantly different from each other (p =
0.5453). The y intercepts were likewise not significantly different (p = 0.5818). The pooled slopes and intercepts
were therefore 68.54g and 569.54g respectively. The slope quantifies the steepness of the line. It equals the
change in Y for each unit change in X. The slope of regression is the rate of gain and the efficiency with which
the ingested feed is converted to lean gain. Table 3 showed the estimated parameter for body weight changes
depending on weeks. The feed intakes, body weight gains and feed conversion in the present study are in good
agreement with those previously reported in literature for rabbits of similar weight range (Akinfala et. al., 2003;
Odeyinka et. al., 2007).

The findings of the present study are also consistent with that of Biobaku (1993). Biobaku (1993) fed raw or
cooked FSM as a replacement for maize in growing rabbit diet over a period of 8 weeks and observed a non-
significant difference in the growth rate irrespective of the processing method. The observation of non-toxicity
of FSM in the current study even in raw form for rabbits is also consistent with the findings of Biobaku (1993),
as no mortality was recorded in feeding this unconventional feedstuff over a period of 84 days. It was concluded
that flamboyant seed meal could completely replace groundnut cake meal as a protein source for rabbits without
compromising growth performance based on the slope of regression of body weight changes depending on

weeks.
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Body weight changes (g/rabbit)

1600 A .
1 B Control Diets (1 and IV)
] A 50% FSM Diets (II+ V)
1200 o ¥ 100% FSM Diets (ITI+VI)
800 1 v (control) = 564.6 (£ 27.07) + 69.51 (£ 3.678)x
Vs (50% FSM) =564.6 (+ 25.39) + 70.49 (+ 3.450)x
400 V3 (100% FSM) = 580.9 (+ 24.71)+ 65.22 (+ 3.358) x

Weeks

FIGURE 1: Body weight changes depending on weeks of growing rabbits fed graded levels of flamboyant seed
meal (n =4 hutches of 4 rabbits per treatment)
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Table 1. Gross and chemical compositions of the experimental diets (g/kg)

Diet I Diet II Diet III Diet IV Diet V Diet VI

Maize 130 130 130 130 130 130
Palm kernel meal 523 523 523 523 523 523
Rice bran 70.5 70.5 70.5 70.5 70.5 70.5
Cornbran 106 106 106 109 109 109
Groundnut meal 100 50 0 100 50 0
FSM 0 50 100 0 50 100
Fish meal 28 28 28 28 28 28
Biogro 12 12 12 12 12 12
Bone mael 20 20 20 20 20 20
Salt 5 5 5 5 5 5
Vitamin-premix 2.5 2.5 2.5 2.5 2.5 2.5
L-Lysine 1.5 1.5 1.5 - - -
DL-Methionine 1.5 1.5 1.5 - - -
1000 1000 1000 1000 1000 1000
Calculated analysis (%)
Crude protein 18.4 17.9 17.4 18.4 17.9 17.4
Metabolisable energy
(kcal/kg)® 2546 2541 2535 2553 2548 2543
Crude fibre 13.7 13.9 14.2 13.7 14.0 14.2
Ether extract 6.4 6.6 6.8 6.4 6.6 6.8
Crude ash 3.9 3.9 3.9 39 3.9 3.9
Calcium 0.7248 0.7248 0.7248 0.7249 0.7249 0.7249
Phosphorus 0.3795 0.3795 0.3795 0.3808 0.3808 0.3808

* Amino acids values of the basal diet of Diet I %: lysine 0.7114; threonine 0.5655; methionine 0.4607; cysteine
0.2540; tryptophan 0.1417; isoleucine 0.6143; valine 0.8280; leucine 1.1677; phenylaalnine 0.7694; histidine
0.3863 and arginine 1.5541. Non-inclusion of lysine and methionine in basal Diet IV reduced the calculated
value of lysine and methionine to 0.59557 and 0.31126, while other amino acid contents were relatively
unaffected.

® Metabolisable energy of Delonix regia was calculated using the prediction equation of Janssen (1989): y (ME)
=29.68 x DM + 60.95 x EE — 60.87 x EE
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Table 3. Estimated parameter of body weight changes depending on weeks of growing rabbits fed graded levels
of flamboyant seed meal in 84 days (n = 8 of 8 rabbits per treatment)

Parameter GNC Diets (I+1V) 50%FSM Diets (II+ V) 100% FSM Diets (III+VI)
564.6 +£27.07 564.6 +£25.39 580.9 £24.71
69.51 £ 3.678 70.49 £+ 3.450 65.22 +£3.358

95% Confidence intervals
510.7 to 618.4 514.1 to 615.1 531.7 to 630.2

Goodness of Fit
I-2

Sy.x

62.19 to 76.82

0.7916
124.4

63.63 to 77.35

0.8162
116.7

58.53 to 71.91

0.8214
106.2
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Abstract

The tropical African yambean (AYB), Sphenostylis stenocarpa, is a hardy protein rich underutilized legume of
Africa. Oligosaccharides, antinutrients, and the extensive and energy consuming cooking time (4 — 6 h), among
other factors, limit the food use of African yambean as an important source of protein and energy. Flatulence
and diarrhoea are common after the consumption AYB, but more severe symptoms have been reported. The
objective of this thesis work was to improve the nutritional value of African yambean and to promote the use by
subjecting the seeds of three varieties of African yambean to non-traditional methods of processing. These
methods are expected to reduce antinutrients to a low level, and processes should be less energy and time
consuming than the traditional cooking procedure. Black (AYB-black), marble (AYB-marble) and white (AYB-
white) African yambean varieties were examined. The proximate analyses revealed a protein content of 22 — 25
g 100 g dry matter. This implies that if AYB was the only source of protein, an adult man need between 208 to
236 g AYB to meet the WHO daily protein requirement. Fermentation with the Lactic acid bacteria
Lactobacillus plantarum resulted in an improvement in nutritional quality of AYB: Protein and starch contents
increased by 6 — 20 and 0 — 6 %, respectively. The flatulence causing o-galactosides, and the potentially very
toxic cyanogenic glycosides, were reduced by about 85 %. Fermentation was also carried out with the tempeh-
fungus Rhizopus oligosporus. If the procedure for soybean was used, the promary nutrients remained high. The
antinutrients were significantly reduced. The flatulence causing ca-Galactosides were nearly completely (93 — 99
%) removed. tempeh production processes were clearly more effective than traditional cooking in improving
nutritional quality. Fermentation processes thus not only can substantially improve the nutritional quality of
African yambean but can also provide important economical and environmental benefits. Both processes are

proposed for both household and industrial uses.

Key Words: Yambeans, Rhizopus oligosporus, tempeh, antinutrients, lactobacillus.

Background Information:

The term has been used in a broad sense to describe the whole range of methods, both ancient and modern, used
to manipulate organic materials to reach the demands of food production. So the term could be defined as, "The
application of indigenous and/or scientific knowledge to the management of (parts of) microorganisms, or of
cells and tissues of higher organisms, so that these supply goods and services of use to the food industry and its
consumers (Bunders et al.,, 1996). The earliest applications of biotechnology were in the food processing and
agricultural industry. The first use of biotechnology to convert a food source into another form was fermentation.
It was used in this time period to produce leavened bread; although the process of fermentation was not fully

understood until Louis Pasteur’s work in 1857. In many parts of the world, biotechnology is still being employed
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in food processing either on household or industrial scale. A prominent example is legume processing in many
Asian countries. This has resulted in products such as tofu, tempeh, and others from soybean seeds and many
other legumes. The same applies to many African countries were different species of legumes are processed by
fermentation (Steinkraus, 2002). Recently, there have been suggestions to the effect that under-utilized, hard-to-
cook legumes could be processed by some of these methods in other to enhance their use domestically and
industrially. The problem of protein malnutrition persists in Africa partly because animal protein is unaffordable
to the majority of the population. Interest is rising in developing countries in low-cost, protein rich plant foods as

replacements for, or supplements to, the expensive and frequently scarce animal foods.

The African yambeans:

Legumes have a high potential in this respect because they are rich in protein. Many legumes are, however,
underutilized. In this respect, the African yambean (Sphenostylis stenocarpa) deserves considerable attention.
The African yambean is among the less known legumes of the humid tropics. It is cultivated in West Africa for
its seeds and in East and Central Africa mainly for its tubers. In southern Nigeria, African yambean seeds were
preferred to other legumes in the past because they are filling, and for unclear cultural reasons. Cowpea is now
the preferred legume (Azeke et al., 2005). The brown and black seeds are preferred in the lowlands, the light

coloured seeds in mountainous Nigeria.

Nutrient Composition of African Yambean:

The chemical composition of African yambean (AYB) has been addressed by several workers (Edem et al.,
1990; Apata and Ologhobo, 1990; Adeyeye, 1997). A protein content of between 20 and 29% has been reported.
This is lower than that of soybean (38%), but the lysine proportion in the protein is reported to be equal or higher
than in soybean (Evans and Boutler, 1974; Edem et al., 1990; Ene-Obong and Carnovale, 1992; Agunbiade and
Longe, 1999).

Limitations to the use of African yambean:
There are, however, at least two major constraints hindering a more extensive use of African yambean in the
nutrition plan of Nigeria, (1) the presence of antinutrients and (2) the extremely long cooking time (6 — 8 h)

required to render the beans palatable.

Long cooking time and environmental degradation:

African yambean seed coats are very hard resulting in long cooking time and high energy requirement. To obtain
the desired texture, Ogbonna et al. (2001) had to cook the African yambean seeds for as long as 8 — 10 h. Asuzu
and Undie (1986) even suggested 12 — 14 h boiling in order to obtain an agreeable texture. The long cooking
time implies a high requirement of cooking fuel or fire wood which in turn has a negative effect on the

environment and is costly.

Health problems associated with African Yambean consumption:
The problems associated with African yambean consumption can be divided in two groups, namely acute and
chronic effects. Efforts were made to find out from consumers of African yambean in Edo State (Southern

Nigeria) about possible health problems associated with African yambeans. Administration of questionnaires
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was not possible due to low literacy level. Questioning was therefore done orally and in groups (Azeke et al.,
2005). At least seven groups with at least fifteen people per group were questioned in different clans. The most
common method of processing was boiling in water for 6 — 8 h and adding local seasoning shortly before eating.
The problems often observed by these consumers are, in order, of frequency: flatulence, stomach cramp,
diarrhoea, and dizziness. Although each problem has been observed by all the groups questioned, the frequency
varied. Flatulence seems to be a common symptom when the black and the brown varieties are consumed and
sometimes with the white variety. Stomach cramp was also often observed with all varieties, but frequency was

lower.

Biotechnological attempts to promote the utilization of African yambean:

Before now much emphasis has been given to proximate composition, protein availability and functional
properties of African yambean and the effect of traditional processing (soaking, dehulling and heat treatment)
(Apata and Ologhobo, 1990; Oshodi et al., 1995; Apata and Ologhobo, 1997; Oshodi et al., 1997; Nwinuka et
al., 1997; Adeyeye et al., 1998; Agunbiade and Longe, 1999; Akintayo et al., 1999). The serious problem of
long cooking time was not addressed in these reports. There are very few reports on alternative biotechnological
processing methods. Njoku ef al. (1989) investigated the effect of various pre-cooking treatments on the cooking
time of African yambean. These are: soaking for 12 h in water, addition of 1% potash (potassium carbonate,
K,COs3) or 4% NaCl. They reported the possibility of 50% reduction in cooking time in all conditions. The
effects of such treatments on nutritional quality were, however, not considered. It is probable that soaking in 1%
potash, an alkaline solution, allows Maillard reaction to occur during cooking rendering some essential amino
acids unavailable. In other works, a vegetable milk product was prepared from a blend of spontaneously
fermented African yambean and maize seeds (Nnam, 1997). Proximate and antinutrient compositions as well as
sensory evaluation were reported. Antinutrients were low, protein content was about 2 % and acceptance among
test panelist was modest. An alkaline fermented product was made from African yambean seeds by Ogbonna et
al. (2001). Protein content was about 30 % with high content of calcium, phosphorus, iron, zinc and potassium.
It is a major shortcoming of this process that the seeds still had to be cooked for 8 - 10 h before fermentation.
This means that there was no time and energy saving. The effects of such fermentation on nutritional value were
not reported. Njoku et al. (1991) first produced a tempeh-like product using Rhizopus oligosporus from African
yambean. A surrogate meat pie made from this product received high acceptance among test panellist. Emphasis
was on making meat pie formulations, sensory evaluation and acceptance. It is important to note that neither
nutritional, quality changes accompanying fermentation nor the nutritional value of African yambean tempeh

was addressed in any detail.

In the light of the existing shortcomings in the processing and food quality of African yambeans, seeds were
subjected to unconventional processing methods in order to effectively reduce antinutrient contents. Another
main objective was to reduce energy requirement for processing. Moreover, the application of the processes

should be feasible in households and small scale industries (Azeke, 2003).

Recent Developments
Three varieties of African yambean, namely black (AYB-black), marble (AYB-marble) and white (AYB-white)

yambeans, cultivated in Edo State in the Midwestern part of Nigeria, were used in this project.
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Lactic acid fermentation using Lactobacillus plantarum

The fermentation procedure was essentially as described by Azeke et al. (2005). The seeds were washed in
deionised water and soaked also in deionised water for 24 h at a bean-to-water ratio of 1 to 3. The seeds were
then drained, washed several times and ground into slurry using a Warring blender. The deionised water was not
boiled. Portions of 1 kg were inoculated with 10 mL suspension of Lactobacillus plantarum mixed-culture,
mixed thoroughly and incubated at 30°C in large containers for 48 h with occasional stirring. Another batch was
run simultaneously without inoculation spontaneous fermentation). Samples were taken at 0, 6, 12, 22, 28, 34

and 48 h.

“Tempeh” production using Rhizopus oligosporus

Preparation of Spore suspension: Rhizopus oligosporus was grown on 12 mL potato dextrose agar in petri
dishes at 30°C for 7 days. Spores were harvested by adding 10 mL sterile water and scraping with a spatula. The
suspension was centrifuged at 3000 rpm for 1 min and the sediment containing the spores was resuspended in 5
mL sterile water, to give suspensions containing about 10° spores/mL. The suspension was stored frozen at -

20°C until required (usually within three days).

Traditional “tempeh” procedure: Tempeh was produced by the traditional procedure used for soybean.
Dehulled bean samples were soaked overnight in deionised water, the soak water was drained off and the seeds
were cooked for 30 min in boiling deionised water. The seeds were drained and allowed to cool down to room
temperature. Portions of 200 g were inoculated with 5 mL spore suspension, mixed and then packed tightly in
polythene bags which were previously manually perforated using a pin. The pores on the polythene bags were

about 1 cm apart. The samples were kept in an incubator at 30°C and 75 % humidity for 48 h.

AZEKE’S METHOD FOR “tempeh” PRODUCTION.

In the modified procedure (Azeke ef al., 2007a), acidified water was used for soaking and cooking. The pH of
the sample at inoculation either delays or enhances the proliferation of accompanying microflora (Nout and
Rombouts, 1990; De Reu et al., 1995). In order to reduce the pH at inoculation, the marble variety (AYB-
marble) was subjected to two pre-fermentation treatments. The treatments are (1) soaking in 1% citric acid or
citrate buffer, (pH 4.0, 4.5 and 5.0) for 24 h, draining of soak solutions, washing several times with tap water
followed by cooking in deionised water 30 min and (2) soaking in 1% citric acid or citrate buffer, (pH 4.0, 4.5
and 5.0) 24 h, draining of soak solutions, washing several times with tap water followed by cooking in fresh soak

solutions (20 min in buffer and 15 min in 1% citric acid).
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Table 1: Change in pH after soaking and cooking in different media

Treatments
Solutions Soaking and cooking' Soaking and cooking®
pH
1% Citrate (pH 2.31) 533 3.85
pH 4.0 5.74 4.74
pH 4.5 5.94 5.12
pH 5.0 6.19 5.81
Deionised water 6.82 6.81

1. Sample pH after soaking for 24 h, soak media drained and sample cooked in fresh water for 30 min
2. Sample pH after soaking for 24 h, soak media drained and sample cooked in fresh solutions

Microbiological and chemical assay of fermented products:

The products of lactic acid and tempeh-type fermentation of African yambean seeds were subjected to standard
assay procedures to determine microbial load, nutrient and anti-nutrient contents of products. Parameters
determined included lactic and acetic acid production (specifically for lactic acid fermented seeds), lactic acid
bacteria and other microbial growth, total protein, total lipids, ash, starch and dietary fibre (for the primary
nutrients). Anti-nutrients determined included amylase and trypsin inhibitor activities, tannin, phytate,

cyanogenic glycosides and the flatulence causing oligosaccharides.

EFFECT OF FERMENTATION WITH Lactobacillus plantarum ON MICROBIAL, AND ACID
CONTENTS OF AYB SEEDS

In this experiment, lactic acid fermentation, with or without Lactobacillus plantarum was carried out. In the first
few hours of fermentation, an increase in volume of the samples was observed probably due to gas formation. As
fermentation progressed, consistency changed towards “fluid”. No major colour change was observed.
Generally, the lactic acid production and content (D-, L- and total) of the inoculated samples were significantly
higher than the uninoculated. Significantly less (P<0.05) acetic acid was produced with inoculation than without
inoculation. While the acetic acid concentration levelled off after 12 h fermentation of the inoculated samples,
acetic acid continued to increase in the non-inoculated samples. The higher acetic acid levels of the beans slurry
fermented without Lactobacillus plantarum suggest that the indigenous lactic acid bacteria of AYB are
heterofermentative and that inoculation with L. plantarum (a homofermentative bacterium) had an inhibitory
effect on them (Laniewska and Warminska, 1999). The pH during lactic acid fermentation dropped rapidly
during the first 10 — 20 h in all varieties. This drop followed the same pattern for the inoculated and

spontaneously samples (figure 1).
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Figure 1: pH change during lactic acid fermentation of slurries of seeds three African yambean
varieties.

The time course of lactobacteria growth during lactic acid fermentation was also determined. There was an
increase in lactic acid bacteria counts in both the inoculated samples and non-inoculated samples up to 28 h of
fermentation after which the lactic acid bacteria seemed to stop growing. Total bacteria count of the fermented
beans is similar to the lactic acid bacteria count. This suggests that total bacteria count during fermentation is
accounted for by lactic acid bacteria. The enterobacteria count as determined on Mckonkey agar was below
detection limit throughout the fermentation period. Fungal and yeast count was also below detection limit after
12 h fermentation for all fermented samples. The samples were soaked for 24 h in water before processing, this
time was long enough to initiate lactic acid fermentation which can suppress the growth of other microorganisms
such as enterobacteria (Muliyowidarso et al., 1991). Inoculation with L. plantarum did not make any difference

on the effect of fermentation on yeast, fungal or enterobacterial growth.
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EFFECT OF FERMENTATION WITH Lactobacillus plantarum ON NUTRIENTS AND
ANTINUTRIENTS CONTENTS OF AYB SEEDS

There was a 6 — 25 % increase in protein content as a result of lactic acid fermentation and 10 — 15 % increase
due to cooking for 4 h. This increase may be accounted for by a decrease in solid matter. There was a marginal
increase (P>0.05) in total lipid during lactic acid fermentation. Total starch and ash were also only marginally
changed (0 — 6 %) by lactic acid fermentation, which, however, resulted in a significant reduction in dietary
fibre. The reduction in dietary fibre was higher in samples fermented without Lactobacillus plantarum.

Contents of some antinutrients in samples subjected to lactic acid fermentation were determined. With exception
of phytic acid, lactic acid fermentation was remarkably effective in reducing antinutrients. A mere 20 % of the
original trypsin inhibitor activity remained after fermentation of the black and white African yambean seeds
inoculated with L. plantarum or not. With the marble AYB variety, trypsin inhibitor activity was negligible after
fermentation. The same pattern was observed with alpha-amylase inhibitor activity, although with a lower
inactivation (50 — 60 %). No tannin was at all detected in fermented AYB-white seeds. In the other AYB
varieties 50 and 60% tannin removal was achieved by lactic acid fermentation. As for phytic acid, there was a
significant reduction (P<0.05) in the phytic acid of AYB-black. Phytic acid content either increased, as in AYB-
marble or remained relatively constant as in AYB-white. Lactic acid fermentation resulted in near complete
reduction of the cyanogenic glycoside content of AYB seeds. The flatulence causing «o-galactoside
(oligosaccharide) was nearly completely removed by lactic acid fermentation with or without L. plantarum.
Generally, lactic acid fermentation was found to be more effective than traditional cooking in reducing most of
the anti-nutrients including total o-galactoside.

Tempeh from African yambean seeds

The tempeh production processes provide a good alternative to the traditional cooking procedure for the African
yambean. The most important step is the sample inoculation with spores of Rhizopus oligosporus and the
subsequent incubation (fermentation). Unlike in lactic acid fermentation, tempeh fermentation is usually

preceded by some treatments such as dehulling, soaking and cooking.

Figure 2: Tempeh produced from AYB seeds
These treatments are necessary to make the bean seeds a favourable substrate for fungal growth and

fermentation. A tempeh-like product was obtained by fermentation of AYB. Visible fungal growth was observed

at about 24 h incubation period and by 36 h the beans, except AYB-white, were bound together as cake with a
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fungal odour. Fungal growth was evidently inhibited in AYB-white. No sporulation was observed at the end of

48 h fermentation of all varieties.

Microbial quality of tempeh

Bacterial growth was inhibited in the sample treated with 1% citric acid both in the inoculated and non-
inoculated samples. Similar finding was reported by Ruiz-Teran and Owen (1996) who used 0.11M lactic acid. It
appears that higher pH favoured the growth of bacteria. The results presented in this work show that there is
therefore no major hygienic risk from tempeh produced from the acidified seeds. A recent report by Yee-Lean
(2002) showed the antibacterial activities of sodium citrate and potassium acetate. Using appropriate media,
tempeh samples were tested for the parameters shown in the table 2.

Table 2: Partial characterization of microflora of tempeh made from AYB

1% citric acid pH 4.0 pH 4.5 pH 5.0 Normal (water)

Spore forming - + + T "
Enterococcus - - - - -
L-lactic acid forming - - - - -
D-lactic acid forming - + + + +
Catalase activity - + + + +
Clostridium i i ) ) )

B. cereus ) . N N N
Enterobacteriaceae - - - - -

Worth noting is the presence of Bacillus cereus which could pose health problems when tempeh is not properly
prepared. Catalase activity and spore formation are also pointers to Bacillus cereus. Samson et al. (1987)
reported the presence of B. cereus in 84 of 110 commercial tempeh obtained in the Netherlands. Tempeh is not
consumed in its raw form but usually in the form of slices which are deep fried in oil or cut into pieces and
cooked in soups and many other dishes. Generally pathogens in tempeh are killed during the preparation of foods
before consumption. However, the risk of undercooking and cross-contamination still exist in the home (Samson
et al., 1987). The pre-treatment of seeds with 1 % citric acid results in bacteria-free tempeh ensuring safety, but

the absence of bacteria also means the absence of vitamin B12 formation.

The modified tempeh procedure

The bacterial load of AYB-tempeh, produced by the traditional process was high (10° Most Probable Number g
!, MPN g) while tempeh made by the modified process was bacteria free and of lighter colour than the other
tempeh. As mentioned earlier, fungal growth on the AYB-white was inhibited in the traditional procedure.
However, in the modified procedure fungal growth improved as the seeds were bound together into a cake by

fungal mycelium after 48 h.
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The effects of tempeh production on primary nutrient composition
Raw, dehulled, dehulled-soaked-cooked seeds and finally tempeh made from the seeds of AYB were analysed.

There were no varietal differences in the response of seeds to treatments; therefore, the results shown in Table 3
are means of seeds of the three varieties. The protein contents of the three AYB varieties were not significantly
affected by dehulling (P>0.05), while soaking and cooking of dehulled seeds led to an increase in protein
concentration (P<0.05). Fermentation with Rhizopus resulted in slight reduction (4 - 6 %) in protein
concentration. Cooking for 4 h resulted in about 10 - 14 % increase in protein concentration. The starch
concentration of AYB increased slightly as result of dehulling followed by a 5 - 10 % increase after soaking and
cooking. The increase in starch concentration after tempeh fermentation was probably due to a decrease in dry
matter content. For the total dietary fibre, dehulling resulted in a 50 % increase, which may explain the slight
increases in protein and starch. Subsequent cooking and fermentation of the dehulled seeds resulted in a gradual
increase in dietary fibre content. This increase may be accounted for by the decrease in total dry matter content.
The net reduction in total crude lipids during tempeh production was accounted for mainly by dehulling. The
slight decrease in lipids during fermentation indicates that it was probably being used as carbon source by
Rhizopus. For the ash content, dehulling, soaking and cooking resulted in a 16 - 30 % reduction, probably due to
leaching. This was followed by a 4 - 10 % increase after fermentation. It has been reported that Rhizopus spp
produces a variety of enzymes such as carbohydrases, lipases, proteases and other enzymes (Nout and
Rombouts, 1991) the activities of which affect the contents of their substrate during fermentation. The presence

of protease and lipase activities was only recently confirmed (Ruiz-Téran and Owen, 1996).
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The effects of tempeh production on antinutrients composition

The effects of pre-fermentation treatments and fermentation on the content of some antinutritional factors
in AYB seeds were determined. There was on the average about 50 % reduction in trypsin inhibitor activity
as a result of dehulling. Trypsin inhibitors are proteins located in the endosperm. Their reduction resulting
from dehulling could be due to the fact that part of the endosperm is removed during mechanical dehulling.
Seed trypsin inhibitors are generally heat sensitive. After soaking and cooking, only about 2 - 17 % of the
original inhibitor activity was retained. Subsequent fermentation led to a complete loss of activity. Similar
result was obtained for the a-amylase inhibitor. The results for tannin have shown that tannin reductions
(75 - 100 %) during AYB tempeh production were accounted for mainly by dehulling. This suggests that
tannin is located in the seed coat. Dehulling is therefore recommended if low tannin is considered

important. After fermentation, only 0 - 18 % of the original tannin was retained in AYB seeds.

Considering phytic acid, dehulling resulted in a small but significant increase (P<0.05) in the phytic acid
concentration of seeds. The exception was AYB-black variety. Soaking and cooking for 30 min of the
dehulled seeds of the three varieties resulted in phytic acid reductions of between 30 and 47 % for AYB seeds
(P<0.05). However, most of the phytic acid was removed by fermentation of with Rhizopus oligosporus.
About 60 % of phytic acid in the dehulled AYB-white was retained after fermentation. This may be due to the
inhibited growth of the fungus in AYB-White. Only the processed AYB-white seeds were assayed for
cyanogenic glycoside because glycosides content of the other samples was considered nutritionally negligible.
Although there was a significant reduction (P<0.05) in the very high cyanogenic glycoside content of AYB-
white as a result of dehulling, soaking and cooking, the glycosde content remained high (98 mg HCN equ. kg
") after these treatments. This may have contributed to the inhibition of fungal growth. There was no
significant reduction in the glycoside due to fermentation with Rhizopus (P>0.05). The tempeh production

process resulted in almost 100 % loss of the flatulence causing a-galactoside (table 4).

Table 4: Changes in o.-galactoside content of AYB seeds* during tempeh production

AYB Raffinose Stachyose Verbascose Total RFO % RFO
reduction**
Raw 0.57 £0.27° 2.15+0.33° 0.14 +0.02° 2.85+0.57° 0.0
Dehulled 0.48 +0.22% 2.30 + 0.40° 0.16 + 0.02° 2.94 +0.59° +5.0
Soaked (24 h) 0.35+0.17" 1.88 +£0.21% 0.15+0.01° 238 +0.37° 55
Cooked (30 min) 0.26 +0.10™ 1.38 +0.08" 0.14 £ 0.04° 1.77 +£0.17° 332
Tempeh 0.02 +0.02° 0.06 + 0.06° 0.02+0.01° 0.10 +£0.08° 98.3

* Results are means for three varieties = Standard Deviation.

** 04 Reduction relative to the raw seeds

The values in rows with different letters are significantly different from each other (P<0.05).

(Source: Azeke et al., 2007b)
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Energy requirements

Kerosene is the most important cooking fuel in Nigeria, followed by firewood. Assuming that 1 1 of
kerosene gives a cooking time of 1.25 h and that the fermented samples still require some form of heat
treatment (30 min each) to become palatable, conservative estimates shows that kerosene requirements for
lactic acid fermentation and tempeh production are only about one quarter of that required for traditional
cooking. Lactic acid fermentation and tempeh production processes are therefore energy saving,

economical and environmentally friendly.

Conclusion

Lactic acid fermentation with Lactobacillus plantarum and tempeh production using Rhizopus oligosporus
were both found to be effective means of improving the nutritional quality of African yambean, outscoring
the traditional long-time cooking. The high protein content of lactic acid fermented AYB and AYB-
tempeh implies that 194 - 219 g AYB products would be enough to meet the WHO/FAO recommended
daily protein intake for a 70 kg adult male. With a starch content of over 40 g 100 g”', these AYB products
could be useful in the prevention of protein-energy malnutrition (PEM), which affects more than 40 % of
the sub-Saharan African population. Because of the dietary fibre contents of both lactic acid fermented
AYB and AYB-tempeh (13 — 15 g 100 g™), products would help to overcome problems associated with
western diets such as obesity and some kinds of cancer. As a matter of fact, the fear of excessive fat intake
is ruled out because the lipid content of both products was found to be negligible (0.5 — 1.6 g 100 g™).
These processes are less energy intensive than traditional cooking and, if accepted, could provide the fast
growing population of sub-Saharan Africa with an effective means of utilizing not only the African
yambean, but also other protein-rich under- utilized legumes which abound in the African continent. These
fermentation processes could be applied on legumes found in Europe in order to provide healthy nutrition

and promote responsible use of resources such as land and water.
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Abstract

The fact that agricultural production activities are at their lowest ebb during the dry season, due to lack of
irrigation facilities and minimal suitable area for fadama farming, justify the consideration of Rainwater
Harvesting Technology (RWH) for agricultural production. This study was conducted with the aim of
providing financial viability of RHT for agricultural production in the study area. The study was conducted
in two ecological zones: (i) derived savannah belt in Iwo zone and (ii) rainforest belt in Ife-Ijesa zone.
These covered the villages of Obamoro and Mafikuyomi in Iwo zone, and Erin-Oke and Erin-Ijesa in Ife-
Ijesa zone. The primary data used were obtained with the aid of a structured questionnaire supplemented
with focus group discussion. Budgetary and investment analyses were used to assess the financial potential
of RHT system. Budgetary analysis indicates that adoption of RHT will increase farmers’ income. For
instance, a farmer cultivating okra will earn additional 854, 120/ha, while the corresponding value for rice
farmers is N69, 166/ha. Investment analysis also shows that the Net Present Values (NPV) for both crops
is positive and with an Internal Rate of Return (IRR) of 37% and 49% for okra and paddy rice respectively.
Benefit-cost ratios are all greater than one. These results indicate that the adoption of RHT for crop
production in the study area can be profitable, since farmers will be able to pay for investments and
operational costs, and yet make profits. It is therefore suggested that various tiers of government
(especially in southern part of the country where irrigation system of farming is rare) should initiate and
support individuals and groups willing to adopt RHT system, in order to enhance agricultural production in
Nigeria. The study also suggests that the application of output price support programmes would be an
effective policy option in achieving this purpose.

Keywords: Rainwater Harvesting, Technology, Agricultural Production, Financial Potential.

Introduction
Agriculture remains one of the most important sectors of the Nigerian economy. This sector is particularly
important in terms of its employment generation and its contribution to Gross Domestic Product (GDP),
provision of raw materials to the industrial sector, as well as its contribution to export earnings. Despite
Nigeria’s rich agricultural resource endowment, the agricultural sector has been growing at a very low rate.
Less than 50 per cent of the country’s cultivable land is under cultivation. Smallholder farmers who use
rudimentary production techniques, with resultant low yields, cultivate most of this land. The smallholder
farmers are constrained by many problems, including that of over-dependence on rainfall for production.
Like in other countries in Sub-Sahara Africa (SSA), rainfall could generally be said to be sufficient but is
often erratic.

Erratic rainfall distribution leads to yield fluctuation, thereby putting food security into jeopardy.
Solar radiation is also intense and the rate of evaporation is among the highest in the world (Falkenmark

and Rockstronm, 2006; Barrow, 1987 cited in SIWI, 2001). These extreme scenarios implies that a large
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fraction of the water escapes unless technical and other management measures are introduced and properly
used to harvest and store more of the rainfall (Mugerwa, 2007). Since a large proportion of farmers practice
rain-fed agriculture under adverse climatic conditions, it is essential to employ water-conserving
technologies systematically and make rainwater management an integral part of land use and crop
management (UNDP, 2006; Falkenmark and Rockstronm, 2006; SIWI, 2004; Rosegrant and Cline, 2003;
FAO, 2002).

Rainwater harvesting technology (RHT) is feasible for both large and small-scale farmers and has
the potential to double or triple production and productivity (Botha et al., 2005; SIWI, 2004; FAO, 2002).
Furthermore, it would not directly compete with other sectors for scarce blue water resources. In addition,
RHTs do not require huge financial investments. Generally, the technologies are small-scale and simply
require labour to dig well, canals, plant hedgerows or construct stone barriers and terraces. Some of these
activities can actually be carried out during idle or less intensive agricultural seasons (Lecomte and
Krishna, 1997). With these characteristics, therefore, RHTs are considered well suited for small and poor
peasant households (Mugerwa, 2007). Given the fact that the construction of a moderate RHT structure (to
store 20,000cm’ of water for one hectare) had been estimated to cost 3120, 000 in addition to N5,000 for
its maintenance every two years in the area of study, it is imperative that economic and financial evaluation
of the adoption of RHT be carried out.

Several studies have been carried out with a view to determining the potential of rainwater
harvesting to improve land productivity and returns to RHTs. For example, Fox and Rockstronm (2000)
examined the effect of rainwater-harvesting for supplementary irrigation of cereal crops to overcome intra-
seasonal dry-spells in the Sahel. Results of the study showed that supplemental irrigation during dry-spells
increased sorghum harvests by 41%. Schweigman (2003) also demonstrated that application of water and
soil conservation in the Central Plateau of Burkina Faso has rehabilitated degraded land and increased
cereal production.

Apart from improving agricultural productivity, RHTs have also been associated with other
environmental and social benefits. For instance, Ngigi (2003) reported that construction of communal water
pans to store water helped to reduce conflict over water resources among different clans in northeastern
Kenya. In addition, investment in construction of water storage facilities has greatly improved crop and
livestock production, thereby leading to better standard of living in the area. Sekondo er al. (2004)
employed gross margin and investment analyses to assess the profitability of RHTs in selected semi-arid
areas of Tanzania. The results of the study showed the tremendous benefit of RHT through the
improvement in gross margin, as well as returns to labour. In specific terms, it was found that maize
production with RHT had positive Net Present Value (NPV), Benefit to Cost ratio (B: C) of greater than
one, and an Internal Rate of Return (IRR) of 57%. Similarly, paddy production with RHT had a positive
NPV, B:C ratio greater than one, and an IRR of 31%. Hatibu et al. (2000) calculated returns to RHT on
maize and onion in Hedaru and Mgwasi villages in Western Pare Lowlands of Tanzania. The results

showed that annual return to water for maize production was lower than that of onion. Due to existing
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potential and profitability of RHTs, most of the studies reviewed were of the opinion that rainwater
harvesting should be encouraged. Hence, the objective of this study is to determine the viability of RHT in
Osunt State, Nigeria.

Materials and Methods
Area of Study
The study was carried out in Osun State, Nigeria. The State has 30 Local Government Areas (LGAs) with a
population of 2,203,016 and an estimated land area of 8,882.55sq.km. A wide range of crops is grown in
the State, based on vegetation, soil and other agro-climatic factors. Two important vegetation regions in
the State are the rain forest and the derived savannah. The rainforest is found mostly in Ife/Ijesa zone while
the derived savannah (forest savannah mosaic) features partly in Iwo and Osogbo zones. In the forest
region with a much higher rainfall and relative humidity, tree and arable crops are grown. On the other
hand, the derived savannah region has mainly arable crops with patches of tree crops.

The mean annual rainfall is about 1000mm in the northern part (Iwo site) and 2000mm in the
South (Oriade site). The rainfall distribution is bimodal with peaks in June and September. The area has
two distinct seasons, the dry and rainy seasons. The dry season extends from November to March. In the
rainy season, the rainfall is high and relatively adequate for the production of some crops grown in the area.
However, towards the end of the rainy season, the rainfall becomes erratic and reduces to about 500mm.
The dry season is from mid November to mid March. In this season, there is very little rainfall (less than
100mm). The potential evapo-transportation of the study area is very high. It ranges from 7.2mm/day in
January to 6.4mm/day in June or October. Thus the soil experiences severe moisture deficit even during

the rainy season. The study area therefore has potential for Rainwater Harvesting.

Data and Method of Collection

The primary data required for this study were obtained using farm business survey method supplemented
with focus group discussion. The basic tools for data collection were structured questionnaires. Generally,
the questionnaires were designed to capture data on input costs and revenues. The questionnaires were pre-
tested to ascertain the validity of questions before final administration was made. Necessary adjustments
were made accordingly to improve the questionnaires after the pre-testing exercise. A total of hundred
farmers was selected, fifty each for okra and rice. Experience in relevant enterprises was a significant
determinant of participation in the focus group discussion. Twenty farmers participated in the discussion in

each zone.

Analytical Techniques
The appraisal of the economic performance of RHTs varies between simple yield comparison and more
sophisticated risk analysis methods such as stochastic dominance analysis (Kunze, 2000). Measures of

project worth computed and used in this study are budgetary analysis, payback period (PBP), net present
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value (NPV), benefit-cost ratio (BCR), and internal rate of return (IRR). For the NPV and BCR the
discounting rates used in this evaluation are 10% and 20%, while 10 years was employed for the time
horizon.

Net return, which is the difference between gross value of output and the total cost used in the
production process, can assist in improving the overall management of the farms and it generally addressed
resource productivity in a given period of time. Pay back period is simply the time taken for expected
profits to fully recover the initial outlay or investment; that is, the time taken for cumulative net cash flow
to become zero. Pay back has its advantages as an investment criterion. It is a simple cash flow easily
understood by farmers. If a business is short of cash, it is essential that investment is changed into cash as
soon as possible and this method acknowledges the value of early returns and keeping liquidity. By
selecting investment projects with the quickest paybacks, the time value of money is allowed to some
extent. Because the method considers only the years in which cost is recovered, estimates are not based
over long time periods and so tend to be more accurate than other methods in which the whole life of the
asset is considered. Unfortunately, the PBP criterion has several disadvantages that limit its use for
appraising long-term investments. The investment analysis (NPV), which allows costs and benefits to
spread across the lifetime of the project, is a useful tool to analyze investment in RHT structures that can
produce benefit for up to 10 years or more. This evaluation concentrated on two major crops that are sole

cropped: (i) okra, the major crop in Iwo zone and (ii) paddy rice, the major crop in Ife-Ijesa zone

The following assumptions were made for the computation of net revenues:
)] with supplementary water from RHT, there could be at least 30% increase in yield of
okra for both seasons while rice could at least increase yield of existing cropping season

by 30% and allows an additional season for upland rice;

(i1) costs and returns are the same for both early and late seasons for okra;

(iii) farmers will repay both principal and interest in 12 months;

@iv) price per unit is constant in a production year for both enterprises;

V) operating capital is borrowed from cooperative society at the rate of 12% per annum;
(vi) the money to be invested in RHT reservoir will be obtained from cooperative societies at

the rate of 12% per annum, Thus, initial investment (N134, 400) is made up of principal

(N120, 000) and interest (N 14, 400)
In this evaluation, with and without project situations analysis was calculated for okra as well as paddy rice

production with the assumption that the without RHT cropping situation will yield existing net farm

income.
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Results and Discussion
Budgetary Analysis:
Table 1 shows results of budgetary analysis for the two crops; paddy rice and okra. The result shows that
with RHT farmers will earn more income from the production of both crops. That is, a farmer cultivating
okra will earn N54, 120 per hectare as additional income in addition to the existing farm income annually.
Similarly, he will earn 869, 166 per hectare as extra from paddy rice production if he adopts RHT.
Investment analysis:
The results of investment analysis performed for rice and okra production are presented in Table 2. The
payback periods show that farmers who adopt RHT technology will fully recover the initial outlay in 2
years and 2 years 7 months when rice and okra are cultivated respectively. The net present values (NPV)
for both crops are positive. This indicates that the present value of benefits will exceed the discounted
present values of costs. Benefit-cost ratios are all greater than one. These results imply that the adoption of
RHT for crop production will be profitable in the long run as farmers will be able to pay for investment and
operational costs and yet attain profit.
Sensitivity Analysis:

To test whether the above results will be stable or not (as a result of changes in market prices of
inputs and outputs), sensitivity analysis was undertaken. The results of this are presented in Tables 3 and 4.
For okra production, an increase in production costs by 20% will affect the viability of all the measures of
project worth (Table 3). Contrariwise, a 20% decrease in product prices does not alter the viability of the
measures of the project worth. The results also suggest that okra production is more sensitive to changes in
input than product prices.

For paddy rice production, an increase in production costs by 20% affects the viability of the
project at 20% discount rate although it does not alter viability of other measures. Similarly, a 20%
decrease in product price does affect the viability of the project at 20% discount rate but does not alter
viability of other measures of project worth. These results further suggest that paddy rice production is

sensitive to changes in both product and input prices.

Conclusion and Recommendations

The results have demonstrated that net returns for the selected crops (okra and paddy rice) are
positive. That is, farmers will be able to cover their costs and remain in a positive balance. These show that
RHT is viable and has the potential to enhance farm income from okra and paddy rice production in the
project sites.

With respect to investment analysis, the two crops have favourable measures of project worth (i.e.
PBP is less than 3 years, NPV are positive and BCR are greater than one). Sensitivity analysis shows that
when prices of inputs used in okra production are changed by 20%, the viability of the project is negatively

affected, whereas 20% decrease in product price does not affect the viability of the project. However, 20%
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change in input and output prices alter the viability of the project in paddy rice production at 20% discount
rate. It is also demonstrated that the project is more sensitive to changes in input prices than product prices.
Based on the results of this study, it can be concluded that the recommendation of RHT for
adoption by farmers should be predicated on affordable input and product prices. It can therefore be
recommended that various tiers of government should initiate and support individuals and groups willing to
adopt RHT system, especially in southern part of the country where irrigation system of farming is rare, in
order to enhance agricultural production. In doing this, the policy makers should adopt output price support
programmes, because of the problems associated with input subsidies to stimulate farm production in
Nigeria. The beauty of this policy option is that both farmers and consumers gain with no net transfer to the

middlemen.

Table 1: Budgetary Analysis Results

Enterprises With RHT ( & per ha) Without RHT ( X per ha)
Okra 219, 746.00 165, 626.00
Paddy 97, 802.00 28, 636.00
Table 2: Results of Investment Analysis
Enterprises NPV (10%) NPV (20%) B:C ratio PBP IRR (%)
( N per ha) (N per ha) (10%)
Okra 185, 460 82,970 2.38 2 Years, 7 37
months
Paddy 275,961 146, 857 3.05 2 Years 49

Table 3: Results of Sensitivity Analysis for Okra

Scenario Performance Indicators
NPV (10%) NPV (20%) BC ratio PBP IRR (%)
Basic 185,460.00 82,970 2.38 2 Years 7 37
scenario months
20% increase (437.84) (43,049.38) 0.996 61/4 years 17
in costs
20% 85, 897.44 15,858.61 1.64 33/4 years 23
decrease in
product
price
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Table 4: Results of Sensitivity Analysis for Paddy Rice

Scenario Performance Indicators
NPV (10%) NPV (20%) BC ratio PBP IRR (%)
Basic 275,961.00 146, 857.95 3.05 2 Years 49
scenario
20% increase 44,157.65 (19, 626.13) 1.32 7 Years 1 16
. months
in costs
20% 56, 244.08 (4374.40) 1.42 4 Years 4 19
. months
decrease in
product
price
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Abstract

The toxicity effects of cut back bitumen (MCO) on African catfish (Clarias-gariepinus) were evaluated. A
96h static bioassay was conducted to determine the LCsy of the bitumen to African catfish juveniles.
Concentrations of the bitumen used were 0, 21, 22, 23, 24 and 25ml L™ for treatments 1-6 respectively. On
introduction into the experimental tanks, the bitumen spread evenly on the water surface and significantly
depleted the available dissolved oxygen over time. The fish exhibited hyperexetability, cutting of their
barbells and attempted to jump out of the test media and eventually mortality resulted. The percentage
mortality was converted to probit response while the concentrations were converted to Log;, and the values
were used to plot a graph from which the 96h LCs, value of 21.3 ml L' was red. The histological
examination of gills, kidney and spleen showed pathological damages which worsened with increasing
concentrations of the toxicant. The gills showed filament breakage, epithelial hyperplasia and separation of
epithelial layer from the supportive tissues. Kidney indicated loss of cellular outline congested with blood
clots and vacuolation resulting in rupturing of the kidney. The spleen revealed presence of vacuolation,
epithelial separation and rupturing of the cells. The degree of damages done to this hardy fish by the little
volume of bitumen is a pointer to what becomes of the aquatic organisms when they come in contact with
large quantities of bitumen. Therefore, as Nigeria prepares for industrial and commercial production of
bitumen, extreme care must be taken to prevent incidence of bitumen pollution and degradation of the
water environment and mortality of aquatic organisms. Besides eating aquatic animals contaminated with
bitumen have serious health implications in humans including carcinogenicity, reproductive and

developmental toxicity, neurotoxicity, and acute toxicity.

Key words: Toxicity; cut back bitumen (MCO), African catfish

Introduction

Bitumen is a non-crystalline viscous material, black or dark brown, which is substantially soluble
in carbon disulphide (CS,) possessing adhesive and water-proofing qualities. It consists essentially of
hydrocarbon and would typically comprise at least 80% carbon and 15% hydrogen (Petersen, 2000), the
remainder being oxygen, sulphur, nitrogen and traces of various metals especially vanadium, nickel and
iron (Herrington et al. 2006). Bitumen is a tar-like substances and it is one of the by-products of crude oil
refinery, Herrington ef al. (1994). It is a thermoplastic material; softens and becomes liquid with the
application of heat and it hardens as it cools. It resists actions by most acids, alkali and salts (asphalt

bitumen) (WHO, 2004).
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Bitumen does occur naturally and the deposits have physical properties that are similar to that of
the petroleum-derived bitumen, although the composition is different (CONCAWE, 1992) but for all
intents and purposes it is petroleum on which the world relies for its supplies of bitumen today (Herrington
et al. 1993). In some areas notable for their petroleum resources for example in the middle east and Nigeria
semi-fluid bitumen can be found oozing out of fissures near hot springs or seeping out of the ground. The
bitumen content of crude can vary between 15% and 80%, but the more normal range as a thick, sticky
form of crude oil, so heavy and viscous that it will not flow unless heated or diluted with lighter
hydrocarbons (CONCAWE 1992).

Cutback bitumen consists basically of bitumen that has been diluted with kerosene (Herrington et
al. 2006) in order to make it into fluid for application, mainly in road making, paint industries and roof
sealant (Speight, 1997). Cutback bitumen is also called liquid Asphalts (WHO 2004) because they are
liquid at ambient temperatures. They are classified according to the time it takes them to become solid, and
further according to the solvents used to liquefy them as rapid curing (RC) medium curing (MC) or slow
curing (SC) cut backs. The cut back varies according to the flux or diluents; while spirit, gasoline or
naphtha is commonly used for RC grade kerosene is used for MC and diesel for SC (Speight, 1997).

Environmental changes caused by the exploration of crude oil, presence of hydrocarbon and its by-
products such as bitumen is detrimental to aquatic life in varying degrees (Roberts ef al. 2001). Berka et al.
(2001) reported that contamination of aquatic environments with liquid hydrocarbons has caused chronic
water pollution with tar-like deposits. This is most damaging to surface-living aquatic animals, coastal fish
farms including Salmon cages, Oyster-racks, corals, salt marshes and mangroves. It has also endangered
wildlife and fisheries by damaging their livers, kidneys, hearts, gills and other vital organs as they ingest it
(Martins, 1976, Svecevicius et al., 2003).

Nigeria is a world major producer of crude oil and petroleum products and by-products including
bitumen. Recently, large quantities of bitumen were discovered in coastal swampy areas of Agbabu Ode-
irele Ondo State Nigeria. The bitumen has covered some parts of the nearby river Oluwa. With time, the
bitumen is expected to degrade and then form part of the food chain which would eventually be ingested by
fish and other aquatic organisms and microbes. Most of them would adsorb to aquatic vegetations which
form part of the food of the aquatic animals. So as Nigeria prepares for industrial and commercial
production of bitumen, it is necessary to conduct some investigations on the toxicological effects of the
bitumen on some major commercial fish species around the bitumen environment. This has a strong
justification because pollution of waters by bitumen and its by-products is imminent. More so that
published information on bitumen toxicity to aquatic organisms in Nigeria is scarce. Therefore, the present
study focused on the toxicity of medium curing (MCO) cutback bitumen to African catfish (Clarias

gariepinus) juveniles. Cutback bitumen (MCO) is bitumen diluted with kerosene, a lighter hydrocarbon.
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Materials and methods

Collection and conditioning of test fish

Healthy Clarias gariepinus juveniles were collected life from Ondo State Agricultural Development
Programme (ADP), Akure; Ondo State, Nigeria. They were acclimatized without food for 48h in glass
tanks measuring 75cm x 40cm x 40cm at the Fisheries and Wildlife Laboratory of the Federal University of
Technology, Akure, Ondo State. Acclimatization was conducted using tap water. Thereafter, the fish were
weighed with a digital sensitive scale and the total length was measured with graduated ruler. This was
followed by the stocking of ten fish of similar sizes into individual glass tanks. The average standard length
per fish was 8.50cm while the average weight was 9.50g. Eighteen (18) glass tanks were used in all with a

total of 180 juveniles of Clarias gariepinus. This means three replicates per treatment.

Toxicity test

Range finding test was carried out, and from the results obtained, different concentrations of the cutback
bitumen were applied for definitive test. The bitumen was obtained from Bill Construction Company
Okitipupa Site. Six treatments (T1-T6) were prepared with varying concentrations of bitumen as Oml L™,
21ml L, 22ml L™, 23ml L', 24ml L and 25ml L. Each treatment was replicated thrice. Static bioassay
was conducted, and observations on the behaviour of the fish to the toxicant were recorded at 30 minutes
interval while mortality was observed every 24h. All the dead fish from each treatment of different
concentrations were kept at -20°C for histological examinations. The mortality (%) values were converted
to probit response, while the concentrations were converted to logarithm (Hewlett and Plackett, 1979). The
converted values were used to plot a graph of probit reponse against log-dose, and the LCs, of the toxicant

to the fish was red from the graph.

Water quality monitoring

The dissolved oxygen (DO0,), temperature and pH were determined and their readings were recorded every
24h of the 96h duration of the experiment. Dissolved oxygen and temperature were measured by a
combined digital oxygen-temperature meter while pH was measured by a pH meter, Mettler Toledo 320.

The mean values of the parameters were tabulated.

Observations

General observations made included erratic swimming which started just few seconds after introduction of
the toxicant; staining of the vomerine teeth as a result of their effort to gulp air, standing uprightly for a
very long time, discolouration of their dorsal fin, staining and cutting of their barbells and severe

aggressiveness which led to injuries and eventually to mortality in most cases.
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Histological examination of the fish Gills, Kidney and Spleen

Histology of the vital organs of the fish like gills, kidney and spleen were examined to determine the effects
of bitumen on such organs. The gills, kidney and spleen of the dead fish from each treatment concentrations
were removed by dissecting the fish. The organs were then placed in 10% formalin for three (3) days after
which they were cut into smaller sizes to enhance thorough dehydration. Then histological examinations
involving dehydration of the organs in graded alcohol, cleaning in xylene, embedding, staining and
observation under light microscope were carried out according to methods of Sheehan (1980) and Lee

(1992).

Results

Mortality (%) of African catfish juveniles exposed to different concentrations of cutback bitumen
showed that the fish was sensitive to concentrations from 21- 25ml L™ (Table 1). The table indicated that
within 96h, about 40% of the fish died in concentration of 21ml L™, while 70% died in concentration of
22ml L™, suggesting that the 96h LCs, of the bitumen might lie between 21 and 22ml L. At concentrations
of 23, 24 and 25ml L'l, 80%, 90% and 100% of the fish died. The fact that some fish survived in
concentrations of 21-24ml L' showed that though the fish were of the same genetic make up and sizes,
they had different resistance to the same concentration of the toxicant. Figure 1 actually confirmed the 96h
LCs to be 21.3ml L™, as the mortality table indicated. The LCs,can also be calculated from the regression
equation Y =29.6x -34.312 given by the graph of response probit against the log-dose concentration.
Where Y is the response probit (% mortality), and x is the concentration.

Changes in temperature, pH and dissolved oxygen concentration of the test media following the
introduction of the toxicant is presented in table 2. Average temperature ranged between 23.2 and 24.2 °C,
and remained constant throughout the bioassay period (96h). Mean pH concentration at the beginning of
the assay was 7.4 and dropped to about 6.8 during the toxicity test, a tendency towards acidity. While the
mean initial dissolved oxygen concentration was 6.80 mg L-1 and dropped to 4.8 in 24h; 4.3 in 48h; 4.00 in
72h and 3.40 in 96h. This critical level of oxygen would have caused mortality due to asphyxiation. The
least oxygen level at 96h also corresponded to the highest concentration of the toxicant, suggesting inverse
relationship between oxygen concentration and increase in concentration of the toxicant and time of
exposure.

On introduction of the toxicant to the test media, the fish showed different behavioural changes
which are expressed in table 3. Immediately the fish came in contact with the bitumen, they swam
erratically in different directions gaping for air from the beginning of the assay till the end. There was
discoloration of the vomerine teeth which started after 24h of introduction of the toxicant till the end.
Discoloration of the dorsal fin followed after 72h till the end. The fish were also found standing up-right
from 48h till the end. Cutting of fish barbells was also noticed from 72h till the end of the assay. Generally,
there was loss of reflex and increased aggressiveness among the fish after introduction of the toxicant till

the end of the assay. These stressors eventually resulted in mortality of the fish.
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Histological examinations

Gill

Examinations of the gills of untreated fish (control, 0 ml L bitumen) revealed a normal gill filament
consisting of primary lamellae with its arrays of delicate secondary lamellae; primary epithelium and
secondary epithelium covering the primary and secondary lamellac respectively and there was no
vacuolation. Gills of Clarias ganepinus juveniles exposed to cutback bitumen MCO exhibited varying
degrees of epithelial hyperplasia among the gill filaments in varying treatments of different bitumen
concentrations. There were significant changes with increased concentration of the toxicant. Gill filaments
exposed to 21ml L™, showed little alteration of the filament with delicate primary lamellae dropping off. As
the concentration of the bitumen increased from 23 to 25ml L™, there was extensive epithelial separation,

rupture and fracture of the gill. Some of these changes are shown in Plates 1-4.

Kidney

Kidney of Clarias ganepinus juveniles exposed to cutback bitumen MCO also exhibited varying degrees of
histological changes. Several arteries and veins exhibited coagulation and staining of blood, Slight to
extensive loss of cellular outline was also noticed at various concentrations while the kidneys of the
untreated (control) experimental fish remained normal. At concentration of 21ml L™, there was slight loss
of cellular outline with thick blood clot. As the concentration of the bitumen increased, there was big size

of blood clot with big size vacuolation (figures not shown).

Spleen

There were different degrees of histological changes in the spleen depending on the concentrations of the
toxicant. Spleen of the fish exposed to 21 ml L of MCO showed no visible changes. However, with
increase in concentration of the bitumen to 23ml L', vacuolation occurred in the spleen. With further
increase of MCO to 25 ml L, there was vacuolation and rupturing of the cells with blood clot (not shown

in the figures).

Discussion

Changes in behavioural pattern observed during the experiment showed a sensitive indicator of
physiological stress in fish subjected to varying concentrations of the toxicant. These were characterized by
high rate of swerving movements and general state of restlessness. Davis (1973) reported that organisms
exposed to chemicals usually exhibit increased rate of opercular movements. Drummond et al. (1973)
reported that Brook trout Salvelinus fontinalis increased their activities up to 4-6 times that of the control
during the first 8-hours of the exposure to copper solutions. Stress and hyperactivities were observed in
African catfish and Heterobranchus bidorsalis fingerlings exposed to different concentrations of potassium
permanganate (Salami and Nwanna, 1995). Similar changes in behavioural patterns had been reported by

White (1980), Ajao (1985) and Nwanna et al. (2004).
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In agreement with observations that organisms of the same size and age can show differences in tolerance
to the same concentrations of certain toxicants (Salami and Nwanna,1995), results from the present study
showed that African catfish juveniles showed differences in tolerance to the same concentrations of
bitumen. Chen and Lei (1990) also observed that juveniles and adolescent of Penaeus monodon showed
differences in their tolerance to ammonia and nitrate solutions. Heit and Fingermann (1977) observed that
females of the cray fishes, Procambarus clarki and Faxonella clypeata were much more tolerant of
mercury than the males. Thus, it is possible that the difference in tolerance of the test fish is as a result of
the differences in the male: female composition.

Fish mortality recorded in the present study might have resulted from the alteration in the physico-chemical
parameters of the test media especially the dissolved oxygen which dropped significantly with increasing
bitumen concentration and exposure time; beyond the critical level for the survival and well-being of most
fresh water fishes (Boyd, 1981, 1990). CITGO (1999) reported that in stagnant and slow-flowing
waterways, the hydrocarbon layer can cover a significant surface area and can limit oxygen transfer
resulting in anaerobic environment and consequently mortality. A number of toxicants become more toxic
at low oxygen concentration because of an increase in respiratory rate caused by increase in concentration
of the toxicant and exposure time. Thomas and Rice (1975) suggested that increased opercular movement
of pink salmon fry exposed to fraction of crude oil may be caused by decreased efficiency in oxygen uptake
or transport. These observations are in agreement with the report of Eileen et al. (1991) that fish mortality
were affected by temperature, dissolved oxygen concentration, pH and exposure time as well. Lioyd (1961)
reported an inverse relationship between increased mortality in rainbow trout and reduction in dissolved
oxygen concentration due to exposure to toxicants. This is in line with the results of the present study.
Nwanna et al. (2008) also attributed mortality in Nile tilapia fingerlings exposed to palm oil mill effluent to
oxygen sag with concentration and the time of exposure. White (1980) similarly observed gasping for air
and breathing difficulties in Atlantic herring Clupea herengus intoxicated with dinoflagellate toxins as a
result of oxygen tension. In Mitchell (1984) the swimming performance of striped bass was reduced by the
reduction in oxygen uptake. The pH of the test media showed a decreasing trend towards acidity. This is an
indication that much more concentrations of the bitumen could turn the water into acidic media which
would lead to quicker and massive killing of aquatic organisms. Boyd (1981) described pH of 4 as the acid
death point for most of the fresh water fish species.

The histological degenerative changes observed in the gills, kidney and spleen of the fish exposed
to cutback bitumen is in consonance with the reports of other authors. Nwanna et al. (2003) reported such
changes in African catfish and Nile tilapia fingerlings exposed to ichthyotoxic plant, Parkia
clappertoniana. In Jegede et al. (2007) toxic concentration of common salt (NaCl) led to similar changes in
the gills and kidney of African catfish fingerlings. Linden (1978), Kuhnhold (1972), Mironov (1967) and
Wilson (1976) had observed deformity and various abnormalities in fish larvae exposed to crude oil and oil
products. Similarly, Onuoha and Nwadukwe (1990) described spinal flesures of larvae as the effect of

liquid petroleum refinery effluent on the hatchability of African catfish eggs.
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Conclusion

The study has provided a base-line data on the toxicity of cutback bitumen (MCO) to African catfish
juveniles. Bitumen spill can result in serious economic loses on the aquatic organisms and the communities
who depend on the resources for their livelihood. Also affected are the aesthetic value and tourism
potentials of the polluted environment. Consumption of organisms contaminated with bitumen also has
critical health implications in humans including carcinogenicity, reproductive and developmental toxicity,
neurotoxicity, and acute toxicity. Therefore, as Nigeria prepares for industrial and commercial production
of bitumen, efforts must be made to avoid the incidence of environmental bitumen pollution. We also
recommend environmental impact assessment of bitumen on the aquatic biodiversity. This will help in

planning for the safe tolerable and allowable limit of bitumen in Nigerian aquatic environment.
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Table 1: Mortality of African catfish juveniles exposed to different concentrations of
cutback bitumen

TIME
24h 48 h 72h 96 h

Concentration ml L M' s’ M S M S M S
Oml L™ - 10 - 10 - 10 - 10
2Iml L - 10 1 9 2 7 1 6
22ml L 2 8 3 5 1 4 1 3
23ml L 2 8 4 4 2 2 - 2
24ml L 3 7 5 2 - 2 1 1
25ml L 3 7 5 2 1 1 1 0

1- B
is mortality
% is survival
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7 y = 29.6x - 34.312.*

*

Response probit
N

0 T T T T T 1
1.3 1.32 1.34 1.36 1.38 1.4 1.42

Log-dose concentration (ml L)

Fig. 1. LCs of cutback (MCO) bitumen to African catfish
juveniles

PLATE 1 PLATE 2
Control Experiment (0.00ml L") of Gill filament of Clarias gariepinus
untreated gill of Clarias gariepinus exposed to 21ml L of MCO

bitumen showing little alteration
of the gill filament with delicate
primary lamellae dropping of
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PLATE 3

Gill filament of Clarias gariepinus
exposed to 23ml L™ of MCO bitumen
bitumen showing extensive epithelial
and fracture of the gill
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PLATE 4

Gill filament of Clarias gariepinus
exposed to 25ml L' of MCO
showing the ruptured gill separation
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Water hyacinth (Eichhornia crassipes (Mart.) Solms : A sustainable protein source for fish feed in Nigeria.

Nwanna, L. C',A. E. Falaye2 and A.O. Sotolu®
'Dept. of Fisheries & Wildlife, Federal University of Technology, Akure-Nigeria
*Dept. of Wildlife & Fisheries Management, University of Ibadan, Ibadan-Nigeria

Abstract

Chemical control of water hyacinth leads to deterioration in water quality; and may eliminate both targeted and non-
targeted species; while mechanical control is labour and capital intensive. Harnessing of the weed into fish feeds will
complement and reduce the capital involvement in mechanical control through profits that will accrue from the
multiplier effect of using the weed in low -cost fish feed. Therefore the effect of replacing soybean meal with water
hyacinth (Eichhornia crassipes) meal on the growth and nutrient utilization of Nile tilapia ((Oroechromis niloticus)
fingerlings was evaluated. Four isoproteic diets were prepared to contain graded levels of water hyacinth meal (WHM)
in replacement for 0, 25, 50 and 75% of soybean meal (SM). The diets were fed triplicate groups of Nile tilapia in in-
indoor glass tanks for 70 days. Results showed that final mean weight, percentage weight gain, specific growth rate
(SGR), feed conversion ratio (FCR), protein efficiency ratio (PER) and productive protein value (PPV) of fish fed diet
with either (100% SM + 0% WHM) or (25% WHM + 75% SM) were statistically the same but better than in fish fed
diets with more than 25% WHM. There was a consistent decrease in final mean weight (15.8-12.3g), percentage
weight gain (63.7-34.4), SGR, PER (2.29-1.43) and PPV (0.34-0.14) of the fish with increase in WHM. The study
suggests that WHM can replace up to 25% soybean meal in the diets of Nile tilapia. Currently, 1 ton of SM costs 100
thousands Naira; so the financial implication is that 4000 Naira per ton of SM will be saved by replacing 25% of SM
with WHM. Further researches are on-going to determine the most effective processing method that will drastically
reduce the fibre content of WHM, so as to make it more digestible by fishes. This will increase the level of its

incorporation into diets and further reduce the unit cost of feed and fish production.

Key words: Alternative feed ingredient, water hyacinth meal, Nile tilapia

Introduction

Water hyacinth (Eichhornia crassipies) invaded the coastal waters of Nigeria in 1984 and rapidly spread inland to
major rivers and streams (Akinyemiju, 1987), because the plant can thrive well in low water quality environment such
as pH 4.4-9.9; phosphate 0.46-6.4 mg L™'; nitrate 0.03-1.6 mg L™ and ammonia level of 0.21-7.98 mg L™ (Balasooriya
et al., 1984). Akinyemiju et al. (1992) reported its invasion in some parts of Lagos Lagoon, Badagry Creek, Ere, and
Yelwa in Ogun State, Delta State and the Niger River; while Daddy (2000) reported the appearance of the weed in
Kainji Lake and River Dole Kaina in Kebbi State. Thyagarajan (1984) reported that water hyacinth has phenomenal
growth rate of about 15% biomass production per day. The weed has negative socio-economic effects on fisheries
activity, inland water ways transportation, water supplies, irrigation agriculture, hydro-power productions,
environment and health of the people of the surrounding community (Thompson 1991, Obot ef al., 1995; Ayeni et al.,

2002). In an attempt to control the weed in Nigeria, mechanical weed control was applied because it has the least
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adverse effect on the environment, although it is also tedious and capital intensive. Ofoezie and Akinyemiju (2002)
also evaluated the use of herbicides to control the weed and reported that chemical control of the weed had negative
significant effect on some major water quality variables such as transparency, dissolved oxygen concentration,
conductivity, Na", K, Mg"™" Ca™, CI"' and SO,”. To date control of the weed is still a big problem and the Federal
Government of Nigeria is spending a lot of money towards this dimension. For instance, in 1988, the Government
awarded a contract in the tune of 60 million Naira for mechanical control, fabrication and installation of water
hyacinth barrier along the coastal waters (Nigerian Guardian Newspaper 2001, Sotolu Per. com). Also in 2001, the
Government disbursed 18 million Naira to Epe local government in Lagos for the control of the weed (Nigerian
Guardian Newspaper 2001, Sotolu Per. com). Many more contracts in millions of Naira are still being awarded to
control the weed.

There is also a realization that the weed is nutritious and could be harnesses into animal and fish feeds.
Edewor (1988) observed that water hyacinth has a high photosynthetic fixation efficiency of 1.52%; while NAS (1976)
reported that water hyacinth removed 80% of nitrogenous compounds and 40% of phosphorus compounds within two
days. These are indications of high nutrient load in water hyacinth. WHO (1973) and FAO (1971) described water
hyacinth as a good source of high quality protein and other nutrients such as vitamins. As the search for the most cost-
effective and environmentally friendly methods of controlling the weed continues, we are of the opinion that
mechanical control is still the best option. More so that some costs can be recovered when mechanically-removed
plants are harnessed into the production of low-cost fish feeds. Our preliminary investigation showed that water
hyacinth in Nigerian waters contains about 24% crude protein which qualifies it as a potential protein feed in animal
diets (NRC 1993).

Soybean meal is a conventional plant protein used in fish feed. But the price is on the increase because it is
imported, not readily available and it is also used in human and live-stock feeds. Therefore the need for other readily
available and less expensive alternative plant protein feed ingredients to reduce the unit cost of fish production, since
fish feed alone constitutes over 60% of the operating cost of fish culture (Nwanna 2002). This will promote mass
production of fish that will be affordable to more people. Therefore the present study focused on how to reduce the
unit cost of producing Nile tilapia (Oreochromis niloticus) a major aquaculture species in Nigeria, by reducing feed
production cost, by reducing the quantity of soybean meal while increasing the quantity of water hyacinth meal in the
diets. The results revealed the best combination ratios of soybean meal and water hyacinth meal that gave maximum

production and profit.

Materials and Methods

Fresh samples of water hyacinth (Eichhornia crassipes) were collected from Awba Dam located in the
University of Ibadan, Ibadan, Nigeria. The aquatic weed was transferred to the Laboratory for immediate processing to
dry meal to ensure optimum proximate composition values. The weed was dried in an electric oven at 60°C for 48h
and then milled into a rough powder by the Thomas Wiley miller and subsequently stored in air-tight closed glass
bottles for use in dietary preparation. The experimental diets (Table 1) consisted of isoproteic (35% CP) rations with a

progressive inclusion of water hyacinth at 0, 25, 50 and 75%. Fish meal and soybean were the main dietary protein
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sources while mineral/vitamin premix was added as quoted by suppliers (Roche Nigeria Ltd.). The diets were prepared
into pellet forms as previously described (Falaye and Jauncey, 1999), oven dried at 70°C in a Gallenkamp oven for
18h. The dried feeds were subsequently stored in air-tight polyethylene bags and kept in a deep freezer at a
temperature at 8°C until used. The experimental fish Nile tilapia (Oreochromis niloticus) were procured from a
commercial fish farm (Tropical Aquaculture Products Ltd), Moniya Ibadan Nigeria and placed in an acclimation tank
in the Department of Wildlife and Fisheries Management Laboratory, University of Ibadan. From this tank, 15
fingerlings of 5.50 £0.2g were allotted to 20-litre circular glass tanks for each of the four dietary treatments in three
replicates. The fish were acclimatized for 48h prior to the commencement of the feeding trials.

Each of the experimental diets was assigned to a fish tank with the replicates and fed 5% of fish biomass per
day, supplied in two equal rations daily. Diets were adjusted bi-weekly on the basis of fish weight changes during the
10-week feeding trial. Fish tank water was replenished daily from a fresh water reservoir after siphoning the waste
materials, while the tanks were completely washed every three weeks to prevent accumulation of scum and
degradation of water quality. Water quality monitored remained stable throughout the experimental period with
average readings of temperature, dissolved oxygen and pH as 25°C, 8mg I"' and 6.8 respectively. Samples of the
feedstuffs, experimental diets and fish carcass (initial and final) were analyzed for chemical composition according to
AOAC (1990). Water quality parameters were analyzed according to APHA (1975). Moisture was estimated by oven-
drying at 105 °C for 24 h. Crude protein was determined by micro-kjeldahl (N X 6.25). Crude lipid was analyzed by
Soxhlet extraction with petroleum ether and residue samples were charred at 550°C in a muffle furnace for 12h to
estimate ash content.

Fish growth and nutrient utilization parameters assessed were specific growth rate (SGR), food conversion
ratio (FCR), protein efficiency ratio (PER), productive protein value (PPV). Gross energy was calculated according to
Jobling (1983) with multiplier factors of carbohydrate, 4.1 kcal g, protein, 5.4 kcal g and lipid, 9.5 kcal g'. SGR =
100 x (log. final weight-Log, initial weight/culture period (days); FCR= total feed fed/total wet weight gain; Protein
efficiency ratio = wet weight gain/Amount of protein fed; Productive protein value (PPV) = Protein gain in
fish/Protein in feed. Fish growth and nutrient utilization data were subjected to one way analysis of variance

(ANOVA). Mean differences were separated using Duncan’s multiple range test (Duncan, 1955).

Results

Proximate composition of WHM (Table 1) showed that the meal has 23.5% protein, high fibre and ash and low fat
contents. The protein level is high enough for the meal to be used as dietary plant protein source in animal feeds. Table
2 presents the gross and proximate composition of the experimental diets. In the diets, WHM replaced 0, 25, 50 and
75% soybean meal. This replacement resulted in changes in some chemical composition of the diets. The protein
contents of the diets were almost the same confirming consistency in diets formulations. However, the fat, ash and
crude fibre contents of the diets increased with increasing replacement levels of WHM, while the carbohydrate and
gross energy contents of the diets decreased with increasing supplemental levels of WHM in the diets. This may be
due to the fact that soybean meal has more carbohydrate than WHM and or high levels of ash and fibre in the diets,

since both variables are not included in the calculation of gross energy.
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All diets were accepted and actively ingested by the fish throughout the feeding trial. No pathological
symptoms resulting from nutritional deficiency was observed among the experimental fish during the period. Water
quality in the experimental tanks remained stable throughout the experimental period. The growth and nutrient
utilization performance is presented in table 3. The table shows that the final weight gain, percentage weight gain,
SGR, FCR, PER and PPV values were statistically the same in fish fed either 0% or 25% of WHM, indicating that
WHM can replace up to 25% of soybean meal in the diets without compromising physiological functions. Also the
indices were significantly better in fish fed diets with either 0% or 25% WHM than fish fed other diets, revealing 25%
WHM as the optimum that can be included in the diets of Nile tilapia. The growth of the fish and protein retention
decreased consistently with progressive increase in dietary WHM. Survival rate of the fish in all treatments was almost
100%, as the death of a fish in treatment 2 could not be attributed to dietary inadequacies.

Carcass chemical composition (Table 4) showed an increase in the protein contents of the fish compared with
the initial value before feeding trial. Protein retention was statistically the same in fish fed diets containing 0%, 25% or
50% WHM in replacement for soybean meal, but higher (P<0.05) than in fish fed 75%WHM. Crude fibre contents of
the fish were higher (P<0.05) than the initial value; and increased progressively in the fish as a result of dietary WHM
inclusion. However, contrary to expectation, fish fed 50% WHM contained higher (P<0.05) fibre than the fish fed 75%
WHM. Fat contents of the fish showed a decreasing trend from the initial value before the feeding trial. Also the ash
contents of the fish fed the experimental diets decreased drastically in comparison with the initial value. And
interestingly, ash content of the fish fed 0, 25, 50 or 75% WHM was statistically the same. Similarly, moisture

contents of the fish before and after the feeding trial were statistically the same.

Discussion

The chemical analysis of the water hyacinth meal (WHM) used showed that it has crude protein of 23.5%
which qualified the use as a dietary protein source (NRC 1993). The meal also had high level of fibre which might
have adversely affected digestibility by Nile tilapia (Oreochromis niloticus). To improve the digestibility, we
recommend further processing or treatment of the meal to bring the fibre content to the lowest possible level and
consequently improve the digestibility. The proximate composition of the diets revealed increased levels of fat, ash
and crude fibre resulting from increasing levels of WHM meal in the diets. This consequently led to reduction in
carbohydrate and gross energy (calculated, Jobling 1983) content of the diets. These reductions could have affected the
growth performance of the fish as inverse relationship was observed between the growth and increasing supplemental
levels of WHM.

Over 95% survival of the test fish was recorded during the feeding trial. This implied that the diets were well
accepted and without physiological disorders. Growth and nutrient utilization of the fish were optimum at replacement
level of 25% of WHM for soybean meal and consistently declined with further increase in supplemental levels of
WHM. This is evidence that that 25% of soybean meal can be saved while formulating diets for Nile tilapia. Presently,
1 ton of soybean meal costs 100 thousands Naira therefore 4000 Naira per ton of soybean meal will be saved by
supplementing the diet of Nile tilapia with 25% WHM. More of this cost will be saved by further processing of the
WHM to reduce the fibre content, improve digestibility and by incorporating more of the meal into the diet. As fish
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feed alone constitute over 60% of the operating cost of aquaculture (Nwanna 2002), this will be a big relief to many
fish farmers. Nwanna and Ajani (2005) reported 15% WHM as the optimum for inclusion in the diets of African
catfish, Clarias gariepinus. The 25% WHM reported for Nile tilapia in the present study is reasonable because Nile
tilapia feed more on plants that the African catfish. Nwanna and Ajani (2005) also reported a decreasing trend in
specific growth rate and food conversion ratio of African catfish fed diets with increasing levels of WHM.

The increase in the carcass protein is expected as evidence that the fish retained some quantity of protein fed.
However, inclusion of 75% WHM into the diet affected protein retention negatively and should therefore be avoided.
It is expected that carcass fibre would increase with increase in the WHM supplementation, so more fibre that is
contained in fish fed 50% WHM than in fish fed 75% WHM could not be immediately explained, and therefore further
investigation is necessary. The declining trend observed in carcass fat is also difficult to explain because after the
feeding trial, the fat content of the fish was expected to appreciate more than the initial fat content value of the fish
before the feeding trial. Interestingly, better than expected, the ash contents of the fish fed the different diets were

statistically similar, indicating that inclusion levels of WHM did not affect the ash contents of the fish.

Conclusion
The study revealed that water hyacinth meal could replace up to 25% of soybean meal in the diets of Nile tilapia. This

translates to more profit margins through the use of water hyacinth meal than the use of soybean meal. We recommend
that Nile tilapia can be cultivated in some ponds/rivers to feed directly on water hyacinth as a means of controlling the
weed. Farmers can also harvest the weed, sun dry and incorporate them into their farm made fish diets. Mechanical
control of water hyacinth is tedious and expensive, but if the harvested plant are harnessed into animal feed, that would
assist in low-cost feed production, which would lead to production of more animal protein and recovery of some costs
in form of profits accruable from the multiplier effect. Finally, we also recommend that the Federal Government of
Nigeria can turn the menace of this noxious weed into economic advantage by establishing industries that will process
water hyacinth into meals for animal feeds. Even if the meal is sold to fish farmers at cost less than that of soybean
meal that will still help in alleviating the problems of fish farmers, as insufficiency of fish feed remains a hindrance to

the development of aquaculture in Nigeria.
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Table 1. Proximate composition of water hyacinth (%)

Composition %

Moisture 39.0
Protein 23.5
Crude fibre 26.2
Fat 0.50
Ash 10.8

Table 2. Gross and proximate composition of experimental diets (g 1009'1
DM)

Diets Numbers

Ingredients 1 2 3 4
Fish meal 26.33 26.33 26.33 26.33
Soybean meal 26.33 19.75 13.16 6.58
Water hyacinth 0.00 6.58 13.76 19.75
Wheat offal 22.66 22.66 22.66 22.66
Maize 22.66 22.66 22.66 22.66
Bone meal 1.00 1.00 1.00 1.00
Vitamin premix 1.00 1.00 1.00 1.00
Proximate composition

Moisture 6.30 6.60 5.70 8.10
Crude protein 34.97 34.86 34.76 34.81
Fat 3.88 5.02 4.96 5.06
Ash 10.16 11.26 12.04 14.07
Crude fibre 5.54 9.34 15.62 18.14
NFE' 39.15 32.92 26.92 19.82
GE (kcal gy’ 386.2 371.0 3452 317.3

1. Nitrogen free extract
2. Gross energy
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Table 3: Growth performance and nutrient utilization of O. niloticus fed WHM based diets

Diets
Parameters 1 2 3 4
Ini. mean wt. (g) 5.40+0.12° 5.40+£0.12° 5.40+0.12° 5.40+0.12°
Final mean wt. (g) 14.2+0.08° 14.1£0.07° 12.8+1.01° 12.5+0.08°
Mean wt. gain % 163.0£2.27° 161.1£2.14° 137.0+£2.11° 134.542.18°¢
S.G.R (g day™) 1.38+0.01° 1.37+0.03°° 1.23+0.03° 1.20+0.02°
FCR 1.25+0.01° 1.36+0.01°° 1.52+0.01° 2.09+0.01°¢
PER 2.29+0.22° 2.11+0.18° 1.89+0.19° 1.43+0.20°
PPV 0.34 +0.00° 0.42£0.01° 0.29 +0.00° 0.14 +0.01°
Survival rate (%) 100 95.56 100 100

*Values not analyzed statistically.
Means along the same row with similar superscripts are not different (P>0.05)

Table 4: Initial and final carcass composition of O. niloticus fed with WHM based diets (% dry weight)

Component Initial Final composition S.EM
composition Diet 1 Diet 2 Diet 3 Diet 4

Crude protein 49.40° 61.48°  63.92° 59.47% 54.04° 3.61

Crude fibre 0.69¢ 0.87° 1.03° 1.47° 0.99° 0.13

Fat 5.00° 432° 5.16° 4.92° 4.85° 0.15

Ash 10.87° 3.16° 3.09° 2.70° 2.12° 0.28

Moisture 39.04% 34.04°  30.17° 26.80° 31.44° 3.40

Means along the same row with similar superscripts are not different (P>0.05).
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