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INTRODLICTION

Let us then approach God's throne of grace with
confidence, so that we may receive mercy and find grace
to help us in our time of need. Hebrews 4:*

r. Vice Chancellor Sir, it is by the grace of God that |
am standing at this “Town and Gown meeting” to
present the 63" Inaugural lecture of this great

University Federal University of Technology, Minna today. This is
the sixteenth from the School of Agriculture and Agricultural
Technology and fourth from the Department of Water Resources,
Aquaculture and Fisheries Technology. My academic progression
has been a long but sure footed one. However, according to the
Psalmists in His song of Ascent “When the Lord restored the
fortunes of Zion we were like those who dreamed. Our mouths were
filled with laughter, our tongues with songs of joy.” Psalms 126:"*
God re-established me and filled my heart with joy today to
present this Inaugural Lecture, exactly the 12" year anniversary
of my PhD defence (29" March, 2006: Eclipse day) and four
months and twenty seven days after being appointed Professor
of Water Resources, Aquaculture and Fisheries Technology: the
shortest period in the history of Inaugural presentation in the
Federal University of Technology. Coincidentally, my 27 years of
stewardship in the University and half my current existence on

earth.

Today's lecture focuses on “henceforward” of dead fish.
According to Lagler et al. (1977) stated what water is to fish. Its
birth place, highway, byway, communication medium, nursery,
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playground, school, room, bed, board, drink, toilet and grave.
However, dead fish can still be beneficial and contribute the
needed fish nutrient in human nutrition, if care is adequately
given to it when out of water. Sadiku (2014), classified fish nutrient
as the first class miracle for all stating that fish has been the richest
source of nutrients especially essential nutrients — amino acids, fatty
acids, vitamin and mineral and arguably unidentified growth factor
(UGF), needed for body metabolism for growth, reproduction, body
repairs, body activity and specific dynamic action (SDA) in all
animal life, including man. Ofall animal protein sources, it is the only
one that can be eaten at all ages of life (infancy to old age), ad-libitum
or to satiation without threat to life. It is widely eaten, except for
obligatory vegetarians, widely used as fishmeal in feeds of poultry,
livestock and aquaculture species, hence fish and fishmeal.

Fishes are diverse cold-blooded animals, typically with
backbones, gills and primarily in water with over 20,500 species
known to exist (Lagler et al, 1977). Freshwater and sea fish
constitute important sources of food for large segments of the
populations of developing countries worldwide. According to
Lamai (2011), fish is perhaps the most valuable item in water as
far as man is concerned. It is generally observed that when there
is a crowd near any water body the element of fish is the main
object. However, fish is one of the most perishable foods.

Fish quality deteriorates rapidly immediately it is out of water.
Just as any other dead tissue and biological materials and the
potential keeping time is shortened, if they are not processed or
preserved or stored properly. Substantial physical, economic and
nutritional post-harvest losses occur at different points of
capture, pre-processing (sorting, grading, de-scaling, gutting,
washing and filleting), processing (open-air drying, oven drying,
solar drying, smoking, salting, canning etc.), packaging, storage
at low temperature (freezing, icing and refrigeration.) for fresh
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fish and ambient temperature for dried fish products,
transportation and marketing. These losses result from intrinsic
and extrinsic factors.

These include the concentration of the substrates and
metabolites in the tissues of live fish, the activity of the
endogenous enzymes, the microbial contamination and the
condition after catch (Sikorski et al, 1990). In addition, the
ambient temperature, handling on the boat, the hygiene of the
processing area, equipment and the personal hygiene of the
workers, the method of waste disposal, methods of packaging
and storage and the mode of transportation, hasten spoilage by
accelerating the activities of bacteria, enzymes and chemical
oxidation of fat in fish flesh (Johnson and Clucas, 1996).
Prevention of these losses will increase availability of fish
protein, enhance the nutritional status of the people, and reduce
fish importation, thereby conserving the Country's foreign
exchange earnings.

2.0 FISHASFOOD

Fish is regarded as an excellent source of dietary protein, fat,
vitamins and minerals that are important to the human diet for
the maintenance of good health. The nutritive value of protein is
expressed in terms of the types of amino acids content present.
Amino acids are regarded as the building blocks of protein and
about 20 types of amino acids have been isolated from protein.
Certain types ofthese amino acids are essential to the human diet
for the maintenance of good health. Ifthe basic materials (carbon
and nitrogen) are provided in the diet, the body can synthesize
some amino acids. These are termed non-essential or
dispensable amino acids. They include alanine, proline, glycine,
serine, tyrosine, asparagines, glutamic acid, aspartic acid,
hydroxyproline and arginine. The remaining amino acids must
be provided in the diet. These are termed essential amino acids.
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They are lysine, methionine, tryptophan, isoleucine, leucine,
threonine, valine, phenylalanine, arginine and histidine. The
increased requirements for growth make one more amino acid,
histidine essential for children (Thekoronye and Ngoddy, 1985).
Fish contains all the amino acids necessary for the development,
health, repairs and the growth of human body that could not be
synthesized by the body (Clucas, 1990). Also fish remains the
cheapest source of good protein in the diet of a greater
population of Nigerians, and its quality, in terms of the
nutritional value is impressive because of its rich display of
aminoacids (protein/body builder). Of even greaterimpact s the
affordability of the protein source, as it is cheaper than beef, pork
and other meat sources. In developing countries including
Nigeria, about 60 per cent of the protein requirement comes from
fish (The Guardian, 2016).

Lipids are important dietary constituents. They contain fat-
soluble vitamins A, D, E and K and essential fatty acids, which are
found with the fat of natural food. The chemical composition of
fish lipids differs from that of other naturally occurring fats and
oils. They contain a greater proportion of highly unsaturated
fatty acids, primarily of the n-3 family with chain length greater
than 18 carbons (Bligh et al. (1988). Fish oils are rich in highly
unsaturated fatty acids (HUFA;) especially eicosanpentaenoic
acid which, has 20 carbon atoms in the chain, 5 double bonds (20;
5) and dodecahexaenoicacid (22; 6). Both acids belong to the n-3
series, meaning that the first unsaturated linkage is at the third
carbon atom along the carbon chain from the methyl group
(Love, 1992). Alais and Linden (1999) stated that the HUFA in
fish oils influence the blood lipids in two ways. They lead to a
lowering of the cholesterol level accompanied by a fall in the
triglycerides level, which contribute to good health. Heartattacks
and strokes are usually caused by hardening of the arteries and a
contributory cause of this is the formation of blood clots, which
eventually clog the coronary artery (Lands, 1986). Once

Inaugural Lecture Series 63 7



obstructed, blood flow through the arteries is slowed with
resultant hardening of the vessels. Cholesterol is considered to be
the principal cause in forming blood clots and fish fats are
beneficial in preventing arterial blockage by reducing blood
cholesterol. Myocardial infarcts (portion of heart tissue dying
because of cut off in blood supply to the heart) patients put on a
diet of fatty fish, appear to have a greatly reduced likelihood of
recurrence and arteriosclerosis (a form or stage of thickening of
the inner coat of arteries) is reduced. Arteriosclerosis facilitates
myocardial infarct and this may lead to cardiac arrest or failure.
The issue of coronary heart disease is one of the global major
concerns in human health today (Love, 1992). Also, when
Eskimos and the Japanese used fish as the main part of their food
intake; they almost never suffered from heartattacks. Many other
diseases such as rheumatoid arthritis (inflammation and
swelling of joints often leading to their complete stiffening and
even cancer (any malignant new growth or tumour or disorderly
growth of epithelial cells which invade an adjacent tissue and
spread by lymphaticand blood vessels to other parts of the body),
appear to be alleviated by incorporating fish oils into the
patient's diets. The possible explanation to this predisposition is
the presence of n-3 acids in seafood, which protect against the
above-mentioned diseases. Fish fats also have a possible role in
the body's immune system, which defends against invading
bacteria (Love, 1992).

Fifteen different vitamins are recognized as being necessary for
man and all of them are found in fish although distributed
differently. For example, in the cod family most vitamins A and D
are found in the liver whereas in herring most are found in body
tissues. This is because vitamins A and D are fat soluble and
therefore concentrated where fat is deposited. Vitamin C is
concentrated in the adrenal gland while fish roe is a good source
of the vitamin B complex. This includes vitamin B1 (thiamine)
and vitamin.B2 (riboflavin). Fish liver is also a rich source of
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vitamin B3 (niacin and folic acid), vitamin B6 (pyridoxine),
vitamin B12 (cobalamine), vitamin E (tocopherols) and vitamin
K (phylloquinone).

When fish bones are eaten they also afford a rich source of
Calcium and Phosphorus, which are needed for healthy teeth and
bones. Finally, iron and copper are required in red blood cell
formation. Sea fish is also a good source of iodine, a deficiency of
which causes the disease goitre.

3.0  STATUS OF FISH PRODUCTION AND FOOD SECURITY
INNIGERIA

Nigeria's coastline runs for 840 kilometers between its
international borders with Benin to the west and Cameroon to
the south. The territorial sea and Exclusive Economic Zone (EEZ)
extend more than 200 nautical miles into the Atlantic Ocean and
cover an area approximately 256,000Km” (Akande and Asuquo-
King, 2000). Also, Nigeria possesses vast inland water resources
ofabout 12.5 million hectares of water bodies which are made up
of natural and man-made lakes, rivers and reservoirs (Ita et al.
1983). Nigeria's main Rivers are Benue and Niger to mention a
few. The Niger, Africa's third-longest river and the main source of
Nigeria's inland water.

The Niger feeds numerous freshwater ecosystems along its
length and fills 13 lakes and reservoirs covering an area of up to
853,600 hectares. With the exception of Lake Chad, all of these
lakes are man-made; these include Lakes Kainji, Shiroro,
Gioronnyo, Rima, Challawa (Shimang, 1990). At the Niger delta
on the Nigerian coast, the freshwater river meets the saline
Atlantic Ocean, creating ideal conditions for mangrove swamps.
The mangrove ecosystem is estimated at between 500,000 and
885,000 hectares. It is also noteworthy that 13 out of the 36
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States in Nigeria are named after Rivers. These are Anambra,
Benue, Cross River, Imo, Kaduna, Kwara, Niger, Ogun, Osun,
Sokoto, Yobe and Zamfara.

The total fish demand for Nigeria based on the 2014 population
estimate of 180 million was 3.32 million metric tons. However,
the domestic fish production from Aquaculture, Artisanal and
Industrial fisheries for 2014 was 1.123 million metric tons
(Figure 1). The implication is that just 30% of this demand is met
domestically, resulting in an annual expenditure of N125 billion
(US$625m) on fishimports (FCWC,2016).

Though there was an increase in fish supply over the succeeding
years, the growing population seemed to have paled the effort, as
shown in the Federal Department of Fisheries (FDF), projected
human population, fish demand and supply in 2008 to 2015
(Table 1). There may be slight differences in the overall statistics,
but the fact remains that there is shortfall, and the nation
continues to rely on importation, which has been a source of
drain on the scarce foreign reserve. These shortfall and decline in
the fish supply have been attributed to inefficient fisheries
development and managementand poor post-harvest
technology in terms of handling, preserving, processing, storage
and distribution of harvested fish. However, Nigeria's inland
waters can make Nigeria self-sufficient in fish production hence
fish protein if properly harnessed and managed. This will
advantageously enhance Nigeria fish food security and key into
the conceptof food security which has been defined severally as:

e The ability of food deficit regions or countries, or
households within these countries, to meet target levels
of consumption on ayearly basis.

e Access by all people at all times to enough food for an
active and healthy life.
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¢ The ability of individuals and households (especially the
rural and urban poor) to meet staple food needs all year
round. (Carter, 1989; Adisa, 1992; Eboh, 1995;
Abudullahi, 2002; World Food Summit, 2003; Gurkarm,
2005;ascitedin Emeetal. 2014).

It is obvious that Nigeria has not met any of above concepts of
food security from the fishery sector, though fish contributes 40

201%

2011 2012 20113 2014

METRIC TONNES

YEARS

Figure 1. Fish production in Nigeria (National Bureau of Statistics 2017)

4.0  Statusoffish processing technology in Nigeria

Fish processing is a fairly wide field, covering a large number of
processing techniques, fish species, fish products, fish by-
products and processing technologies. The basic functions of fish
processing include, preservation of the product, converting the
raw fish to a desirable form, maintaining product quality,
assuring consumer's safety and full utilization of the raw
material (Wheaton and Lawson, 1985). The traditional methods
of fish preservation in Nigeria include smoking, sun drying and
salting/sun drying. The use of these methods could be attributed
to their simplicity, practicability and acceptability in remote
villages where the technology for other preservation methods
like freezing and chilling are not feasible.

4.1 Processingmethods
Smoking
As obtained in most developing countries, the main aim of
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smoking in Nigeria is still regarded as a preserving rather than a
processing method of fish catch. This is because about 50% of the
total fish production in Nigeria is from the artisanal sector. This
sector is largely made up of remote coastal and brackish water,
inland rivers and lakes where electricity to power other forms of
preservation methods are lacking. 60-65% of the total fish
landing is from inland waters (Eyo, 1992a). The preservative
effect of the smoking process is primarily due to the drying of the
fish during the smoking, anti-oxidative activity of the phenol
component of the smoke and the bactericidal effect of the
carboxylic and phenol components of the smoke (Miler and
Sikorski, 1990). Smoking in Nigeria is commonly carried out in
kilns, which are either traditional or modern. The traditional
smoking kilns are cheap; however they need close monitoring
during operation. Also, the heat generated within the kiln is
usually neither controlled nor conserved. As such, they are
inefficientin their use of fuel.

Table 1: Projected Human Population, Fish Demand and Supply in
Nigeria (2000-2015)

Year Projected Projected Fish Projected Deficit
Population Demand Domestic Fish (Tonnes)
(Million) (Tonnes) Supply (Tonnes)
2000 114.4 1,430.00 467.098 962.902
2001 117.6 1,470.00 480.163 984.836
2002 121.0 1,412.00 507.928 1,004.572
2003 124.4 1555.00 522.627 1,063.082
2004 128.0 1600.00 536.917 1,063.072
2005 131.5 1643.75 552.433 1,091.317
2006 135.3 1691.25 567.948 1,230.301
2007 | 139.1 1732.75 583.872 1,154.873
2008 143.0 1782.30 600.612 1,186.887
2009 1471 1838.75 617.353 1,221,387
2010 151.2 1810.00 634.500 1,221.397
2011 1555 1943.75 652.606 1,291.143
2012 160.0 2000.00 689.958 1,328.508
2013 164.0 2113.75 709.683 1,365.042
2014 169.1 2175.00 730.248 1,404.067
2015 174.0 2,055.00 671.492 1,444.752

Source: (FDFE, 2008) (Tonnes x 1000) cited in Ozigbo et al, 2014
12 Federal University of Technology, Minna




The fish products from the traditional kiln are usually of poor
quality due to over cooking of flesh inside, burning and charring
ofthe outside. Several modern smoking kilns have been designed
and tested in Nigeria. These include, Altona, modified Altona or
Watanabe, Chorkor and Kainji Gas Kilns. The modern kilns
usually have comparative advantages over the traditional kilns.
These include efficient use of fuel, ease of operation uniformity of
smoked product portability, high carrying capacity and low cost
of construction. Fish are usually not salted and some may be
dressed and gutted before they are smoked. Smoke is usually
supplied by wood or dried grass for the traditional kilns. For the
modern kilns apart from firewood other sources of fuel are used.
These include charcoal and domestic cooking gas.

e  Open-airdrying

Open-air drying is another traditional form of fish preservation
in Nigeria. Fish to be dried are usually spread on the ground or at
beston arack. The dryingis done through removal of moisture by
evaporation from the fish. The dried products are usually
exposed to dirt, contaminants and are susceptible to climatic
conditions and animal attack. Sun or open air-drying is practiced
mainly in the Sahel zone in the Northern part of the Country
where sunlightisinabundance.

e Enclosedsolardrying

This is the using of solar dryers made of plastic or glass to trap
solar energy for a more efficient use which is an effort to improve
onopen-air drying. Temperatures in excess of 45°C are attainable
inside solar dryers; insects and their larvae get killed. At
temperatures over 60°C, the eggs of the insects are killed.
Furthermore, a cleaner product is obtained in a solar dryer (Eyo,
2000). Atpresent, the useofsolardryersin fish drying in Nigeria
isat subsistence and research levels.
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5.0  POST-MORTEM CHANGESIN FISH

Fishis a highly perishable animal with a perilously short shelflife
ifitis not kept properly post-harvest, that is after it is harvested.
Spoilage sets in along the chain of handling, processing,
preserving storing, transporting and marketing. Under
surrounding room temperature, especially in the tropical areas
including Nigeria, fish spoils rapidly within 12 - 20 hours after
catch depending on the species of the fish, method of capture,
surrounding temperature, size and other factors.

Immediately fish dies the quality remains wholesome for only a
short time. At this period, according to Johnson and Clucas
(1996), the gills are dark red in colour, with some thin clear slime
and a marine smell. The eyes are bright metallic with clear
convex pupils. The body appearance has natural colours
iridescent having firm scales with little or no slime. The texture is
firm before or in rigor. The quality at this point in time is excellent
and of first grade. However the period at which the fish stays in
this rigor mortis condition depends largely on the post-harvest
biochemical and microbial changes in the fish tissue. Sikorski et
al. (1990) stated that these changes depend very significantly
upon the factors which affect the concentration of substrates and
metabolites in the tissues of live fish, the activity of the
endogenous enzymes, the microbial contamination and
conditions after catch, (Table 2). At death the normal defense
mechanisms of fish stop working and a series of changes begin
that cause spoilage. Firstly, the controlled biochemical processes
that occur in all living animals to assist the digestion of food
continue after death in an uncontrolled manner. The digestive
enzymes attack the surrounding flesh, which is sterile. Secondly,
soon after death, the microorganisms on the skin, slime and
intestines multiply rapidly and spread into the softened flesh
under the skin and around the belly. The spread into the flesh is
more rapid if the fish has been damaged in any way. Also,
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atmospheric oxygen can attack unsaturated oils in fish causing
rancidity, off-odours and off-flavours. This is especially
importantin fatty fish species (Price, 1998; O'Grady, 2003). Thus,
the general course of events leading to fish spoilage involves
enzymatic actions (rigor mortis, autolysis and lipolysis),
bacterial actions and fat oxidation.

5.1 Rigormortis

Sikorski et al. (1990) described rigor mortis as a phenomenon of
catabolic processes taking place in a dead animal body leading to
stiffening of the muscles. The flesh, which just after death is
pliable, limp and elastic under light stress, turns stiff, hard and
inextensible, causing the body of the fish in rigor often to have a
bent form. The stiffness of a fish in rigor is a sure sign of
freshness. After several hours, the rigid fish gradually softens
and becomes pliable again. Love, (1992) stated that the time a
fish takes to go into and pass through, rigor depends on the
following factors: the species, physical condition, the degree of
exhaustion before death, size, the amount of handling during
rigorand the temperature at which the fish is kept. Also, rigorcan
affect the quality of whole fish in three main ways, by causing
gaping in wet and frozen fish and toughness and excessive drip
loss on thawingin frozen fish (Stroud, 1969).

5.2  Autolysis

Assoonasa fish dies, aseries of changes start to take place, which
is collectively known as spoilage. The degradation of the tissue is
brought about both by indigenous fish enzymes and by
microorganisms, present on the surface of the skin, on the gills
and in the intestines (Clucas, 1990). At death, fish stops to eat and
the energy resources soon become depleted.

Inaugural Lecture Series 63 15



Table 2: Freshness ratings

Part of fish
inspected

Skin

Eye

Gills

Organs

Flesh

Peritoneum

Gills, skin
abdominal
cavity

Bright, iridescent
pigmentation, no
discoloration
Aqueous,
transparent,
mucus

Convex (bulging)
Transparent
cornea

Black, bright pupil

Bright colour
No mucus

Kidneys and
residues of other
organs should be
bright red, as
should the blood
inside the aorta

Firm and elastic
Smooth surface

Sticks completc_lj-(
to flesh

Seaweed

Source: Huss 1995

Criteria

Marks

Appearance

Pigmentation
bright but not
lustrous

Slightly cloudy

mucus

Convex and

slightly sunken

Slightly
opalescent cornea
Black, dull pupil
Less coloured
Slight traces of
clear mucus

Kidneys and
residues of other
organs should be
dull red; blood
becoming
discoloured
Condition

Less elastic

ZSticks

Smell

No smell of
seaweed or any
bad smell

Pigmentation in 1Dull

the process of

pigmentation

becoming Opaque mucus

discoloured

and dull

Milky mucus

Flat Concave in the |

Opalescent centre |

cornea Milky cornea

Opaque pupil Grey pupil

Becoming Yellowish |

discoloured Milky mucus

Opaque mucus |

Kidneys and Kidneys and

residues of other residues of other

organs and organs and

blood should be should be

pale red brownish in
colour

Slightly soft 1Soft (flaccid)

(flaccid), less  Scales easily

elastic
Waxy (velvety)

and dull surface rather wrinkled,

Sticks slightly

Slightly sour

;dctachcd from
skin, surface

inclining to
‘mealy

ilDoes not stick

1Sour

16
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However, the enzymes continue to operate but, the function,
which the enzymes perform post mortem, is to break compounds
into smaller units. This breakdown of tissues affects the flavour,
texture and sometimes the appearance of the fish (Clucas and
Sutcliffe, 1981). The most noticeable autolytic change in the early
stages of spoilage is the bursting of the belly walls of ungutted
fish thathave been feeding heavily; the concentration of digestive
enzymes in the gut is high at this time and they soon begin to
digest the gut walls and the surrounding tissues as a result of
which the belly bursts producing off-odour and off-flavour while
the fish muscle becomes soft and flabby (Love, 1992).
Proteolytic enzymes present in the gut, skin and tissue
contribute significantly to autolytic changes (Table 3). These
enzymes attack the fish post-mortem and produce different
changes. These changes include gradual loss of the fresh
appearance of the catch and development of the signs of
putrefaction. These are due to decomposition of some non-
protein components, which contribute to the undesirable flavour
of fish. These non-protein components include amino acids such
as lysine, histidine and ornithine are broken down to cadaverine
and CO,, histamine and CO, and putrescine and CO, respectively.
These biogenic amines are toxic particularly histamine and are
responsible for a condition known as scombrotoxism associated
with the putrefaction of mackerels and tuna in the Pacific and
South East Asia particularly in Japan (Eyo, 2001).

5.4. Lipiddeterioration (Rancidity)

Major changes that take place in fish lipids are generally referred
to as rancidity. These changes are deleterious changes resulting
in the production of off-flavours, colour, and defects and
downgrading of the fish product. There are two principal types of
rancidity: hydrolytic (lipolysis) and oxidative.

5.4.1. Lipolysis
Lipolysis or hydrolytic rancidity is defined as the hydrolysis of
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lipid such as triglycerides accomplished enzymatically through
the action of lipases yielding free fatty acids and glycerol (Alais
and Linden, 1999). Phospholipids hydrolysis is the main cause of
rapid accumulation of free fatty acids in frozen flesh of many
species of fish (Olley et al, 1962). The free fatty acid (FFA)
content is the most popular measure of lipolysis in fish and it
correlates closely with time and temperature (Sikorski et al,
1990). In a given species of fish, the rate of lipolysis has been
found to depend on the time of harvest, sex and gonad maturity
and processing techniques (Kolakowska, 1978; Eyo, 2001).

5.4.2. Oxidative Rancidity

Lipid oxidation in fish concerns basically fatty species. The high
degree of unsaturation in form of multiple bonds in the fatty
acids renders fish lipid highly susceptible to the development of
oxidative rancidity. Unsaturated lipids are oxidized and broken
down to aldehydes, ketones, alcohols, short chain fatty acids and
hydrocarbons. These volatile carbonyl compounds are thought
to be responsible for the rancid odour and flavour, mainly cis-4
heptenal in frozen-stored cod and 2,4,7 - decatrienals in oxidized
mackerel oil. The oxidation products are very reactive and
decrease the sensory properties and nutritional value of fish.
They may also be toxic (Arai and Kinumaki, 1980). Symptoms of
rancid fat toxicity observed in experimental animals are poor
growth rate, cardiomyopathy, hepatomegaly steatites,
haemolytic anaemia and secondary deficiencies of Vitamins E
and A. The oxidation products may also be atherogenic and
carcinogenic (Sikorski and Kolakowska, 1990).
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Table 3: Summary of Autolytic Changes in Chilled Fish

[ Enzyme(s) Substrate [ ~ Changes Encountered
production of lactic acid, pH of tissue drops,
glycolytic enzymes |glycogen loss of water-holding capacity in muscle high
temperature rigor may result in gaping
autolytic enzymes, ;ATP fresh fish fl d duct
Sivetved i tliclootids iADP loss of fresh fish flavour, gradual production
hrekidown IAMP of bitternes with Hx (later stages)
IMP
'!cathepsins |proteins, 1st)fteﬂing of tissue making processing difficult
peptides or impossible |
chymotrypsin, trypsin, |proteins, autolysis of visceral cavity in pelagics '
carboxy-peptidases peptides _ |(belly- bursting) -
bt 'myofibrillar  |softening, molt-induced softening in
P B proteins crustaceans
b e connective |gaping” of fillets
| 8 [tissue softening
'TMAO demethylase TMAO fmm;ldehyde induced toughening of frozen
| gadoid fish

5.5. Microbiological changes

When fish dies, bacteria present on the surface and in the guts
multiply rapidly and invade the flesh, which provides an ideal
medium for growth and multiplication. The bacteria can
breakdown the muscle itself and will also feed on the smaller
units produced by the autolytic action (Clucas and Sutcliffe,
1981). The increase in number of bacteria, results to a heavy
slime on the skin and gills and an unpleasant pungent, offensive,
sour, odour which eventually causes the flesh to soften. In
addition, the gut wall may burst (Figure 2). Factors that affect the
rate of growth of micro-organisms on fish include the
temperature at which the fish is kept, water content, pH level and
nutrient composition of the fish (Johnson and Clucas, 1996).
Figure 2 shows phases of major changes due to autolysis and
bacterial activities.

o Phase 1 The fish is very fresh and has a sweet, seaweedy and
delicate taste. The taste can be very slightly metallic. In cod,
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haddock, whiting and flounder, the sweet taste is maximized
2-3 days after catching.
Phase 2 There is a loss of the characteristic odour and taste.
The flesh becomes neutral but has no off-flavours. The
texture 1s still pleasant.

. Phase 3 There 1s sign of spoilage and a range of volatile,

unpleasant-smelling substances is produced depending on
the fish species and type of spoilage (acrobic, anaerobic). One
of the volatile compounds may be trimethylamine (TMA)
derived from the bacterial reduction of trimethyl-amine oxide
(TMAOQO). TMA has a very characteristic "fishy" smell. At the
beginning of the phase the off-flavour may be slightly sour,
fruity and slightly bitter, especially in fatty fish. During the
later stages sickly sweet, cabbage-like, ammoniacal,
sulphurous and rancid smells develop. The texture becomes
either soft and watery or tough and dry.

Phase 4 The fish can be characterized as spoiled and putrid.

Quality score
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Figure 2: Major changes due to autolysis and bacterial activity on iced

Cod at0°C (Huss, 1995)
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Freshly caught fish is composed predominantly of important
gram-negative pathogens of warm water fish, including
members of the genera Aeromonas, Edwardsiella, Pasteurella,
Pseudomonas, Vibrio, Psychrobacter, Acinetobacter, Alteromonas,
Pseudomonas and Flavobacterium in Micrococci, coryneforms
and bacilli forms (Hobbs, 1987; Thune et al, 1993).The end
result of microbial action on fish tissue is the loss of its fresh
flavour, odour and the fish becoming sour and stale (Table 4). The
odour at a later stage of deterioration changes to ammoniacal
(putrid and pungent), faecal and offensive. The texture of the fish
isalso affected.

Table 4: Typical spoilage organisms, substrate and spoilage
compounds of fresh fish stored aerobically or packed inice
oratambienttemperature

?Speciﬁc spoilage organism Substrate Typical spoilage compounds
TMAO TMA,
3o |Cysteine 'HzS,
Shewaeliapuorefasient Methionine CHsSH, (CHs)3S,
| Inosine, IMP Hx
L — .
. L TMAO TMA,
\Photobacteriumphosphoreum linosine, IMP Hx
Begiidoniasa I?Tlgﬁ.';c;:; e ketones, aldehydes, esters, non-
pp- [Eycine, ' H,S sulphides
leucine)
| Vibrionaceae e M
|Cysteine HaS
lanaerobic spoilers e.g. lamino-acids, urea  NH3,
Actinomyces, Bacteroides, carbohydrates and  |acetic, butyric and propionic acid
Clostridium, Fusobacterium, lactate

6. CONCEPT OF FISH POST HARVEST LOSSES

Generally speaking, Fish Post-Harvest Losses (PHFLs) refer to
fish that is either discarded or sold at a relatively low price
because of quality deterioration or owing to market dynamics.
This means that fish operators (fishers, processors, traders, and
other stakeholders involved in ancillary operations) lose
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potential income. It also means that less fish is available to
consumers, or that consumers are supplied with low-quality fish
and fish products PHFL, can be physical or material, market or
economicand quality or nutritional losses.

According to Diei-Ouadi and Mgawe (2011), physical fish loss
refers to fish that, after capture or landing, is not used. It is either
thrown away accidentally, voluntary or as authorized. Physical
loss can be caused by theft, by insects eating the fish, or by bird or
animal predation. Quality loss refers to fish that has undergone
changes owing to spoilage or physical damage and has suffered
quality deterioration. Such fish is sold for a lower price than that
which would have been achieved if the fish were of “best quality”.
Market force loss is a loss caused by unexpected market demand
and supply situations. These cause operators to sell their product
ata price below expectations. The loss is the difference between
the expected price and the actual price.

Several factors which tend to influence the rate of FPHL of fresh
fishinclude:
¢ Time between death and final use or consumption:
Even if fish are chilled using ice, they will gradually spoil
over time; processed fish quality also deteriorates over
time.

e Temperature abuse: High ambient temperatures, such
as 20°C, create favourable conditions for fish spoilage.
Low temperatures, such as 5°C and below, slow the action
of bacteria and the rate of spoilage, helping to reduce
losses.

e Handling practices: Poor handling practices lead to
sustained and increased microbial contamination,
hastening the spoilage rate of fish. Such practices include:
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using dirty canoes, equipment, fish boxes and baskets:
not washing fish; washing fish in dirty water; placing fish
on dirty surfaces; and physically damaging fish by
throwing or standing on them.

¢ Discarding of by catch at sea because fish is too small or
notvaluable enough to land for sale;

¢ Poorprocessing techniques damaging fish;
e Animal predationand insectinfestation;

e Inadequate packaging and storage practices leading to
damage ofthe end product;

e Market dynamics, especially fluctuations in demand and
supply of fish and fish products, affect price and therefore
income.

e These factors/causes along the chain of distribution can
further be summarized in Table Records have shown that
20-50% of fish produced are lost after harvest at various
points from capture to marketing. This colossal waste has
been attributed to poor and under developed post-
harvest processing and preservation practices in the
country (Azeza, 1986; Eyo, 1998 Shimang, 1990 and
Oyero, 2001). As such, the importance and the need for a
developed fish processing and preservation industry in
Nigeria, cannotbe over emphasized.

Some of the benefits of a developed processing and preservation
industry include availability of vital protein food supplies and
employment generation for a large labour force (Akande and
Asuquo-King,2000).
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Table 5: Causes of post-harvest fish losses

Stage Causes Loss type
During fishing Use of destructive/harmful methods of fishing, such as dynamite, Physical, quality
poison, resulting in harvesting fish that is already damaged or of
inferior quality
Falling from the net or discarded as by catch Physical

Holding fish on
board

During unloading

Fresh fish
marketing

During processing
and packaging

During storage

During
distribution

During marketing

Setting fishing gear for long periods, causing fish to spoil before
the gear is hauled

Delay returning to landing after fishing, and exposure of fish

to high ambient temperatures at sea

Failure to gut (when practically feasible), wash and chill the
fish on board

Stepping on fish, causing physical damage

Poor hygienic practices causing contamination

Fish falling from the pan/crate/basket on to the shore

Very long bargaining time at first point -of-sale, while fish is kept
on the ground exposed to the sun at high ambient temperatures
Theft at the landing site during offloading of fish

Inadequate application of ice, and no insulated container used
Limited preservation capacity during bumper catches, e.g. ice,
processing equipment

No access to or lack of marketing information, with oversupply
of market

Deliberate delay in purchasing the fish by traders

Processing of already spoiled/poor-quality fish

Processing fish under unhygienic conditions, allowing blowfly
infestation

Inadequate control of heat intensity during smoking leads to
over smoking of fish and possible burning

Drying fish unsupervised, on ground, rocks or herbs

Breakage or damage owing to inadequate packaging method
and materials

Oxidation of fatty fish leading to rancidity

Growth of mould causes spoilage and makes the fish damp
Insects consume fish during storage

Discoloration owing to chemical changes

Inadequate storage facilities

Delays owing to breakdown of transport vehicles and
inaccessibility of production areas

Damage to fish during transportation

Delays in selling

Inadequate cold-storage facilities and warehouses and lack of ice
Supplying the market at the “wrong time”

Poor purchasing power of buyers/consumers

Physical, quality
Quality, physical
Quality

Quality
Quality
Physical
Quality

Physical
Quality, physical
Physical, quality

Market, quality,
physical

Quality

Quality, physical
Physical, quality

Quality, physical

Physical, quality
Quality, physical

Quality

Quality
Physical, quality
Quality

Quality, physical
Quality, physical

Physical

Quality

Quality, physical
Market

Market

Source: Diei-Ouadi and Mgawe (2011)
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O.niloticus

1
I i ] 1

25% BRINED 50% BRINED 75% BRINED 100% DRY
C niloticus Q.niloficus O miloticus O hitaticus

f
UNSALTED
Q niloficiis
|

Figure 3: Salting of O. niloticus at different levels

SUN-DRYING
i
| i
GPEN-AIR ENCLOSED SOLAR
DRYING - DRYING
i
i i i
MNATURAL FORCED
DE‘:QSF'\’ AlR-FLOW AIR-FLOW
CABINET DRYER CABINET DRYER

Figure 4: Experimental set-up of open-air and enclosed drying operations

In light of the various demerits associated with sun drying as a
method of fish preservation, researches were carried out to
improve the nutritive and keeping qualities of open-air drying
through salting at different levels and improved drying with the
use ofenclosed solar dryers.

Plate 1: Open air drying of differently salted O. niloticus .
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7.1.1 OPEN AIR DRYING
Findings and Conclusions

Sensory evaluation of the final dried products indicated
that the 25% brined products had the highest
acceptability while the unsalted had the lowest
acceptability (Table 6).

All the dried products showed appreciable low moisture
contents that were low enough to retard the growth of
spoilage organisms. The 75% brined showed the lowest
moisture content of 9.44% while the unsalted showed the
highest of 10.45 %( Fig 5).The various levels of moisture
content in the dried products were all below 10.50%
signifying limitation to bacteria spoilage and mould
growth.

The water content of fresh fish is about 80% and when

- reduced below 25% and 15% bacteria spoilage stops and

moulds growth ceasesrespectively

Reduction in the moisture content of fresh fish during
drying to around 25%, bacteria cannot survive and
autolytic activity greatly reduced, but to prevent mould
growth, the moisture content mustbe reduced to 15%.
The presence of salt retards bacterial action and, in
addition, it aids the removal of water by osmosis.

The crude protein and lipids levels of all the dried
products showed an appreciable high content. However,
the 25% brined had the highestlevel of 64.37% (Fig. 6).
There were high levels of free fatty acid contents and
iodine value. This signified an appreciable level of lipid
degradation as fish oil is more liable to spoilage than
other oils due to the greater number of unsaturated fatty
acid as shown by high iodine number (Table 7).
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Table 6: Sensory evaluation of differently salted open-air dried 0.

niloticus
SALT LEVELS UN- 25% 50% 75% DRY TOTAL
SALTED BRINED BRINED BRINED  SALTED SEM
SENSORY
PROPERTIES
ACCEPTABILITY 1932 3.33¢ 2.33b 2.33b 2.53¢ 251
+0.07 +0.07 +0.07 +0.00 +0.07 +0.12
APPEARANCE 1.602 2.734 2.80d 2.53¢ 1.93b 232
+0.00 +0.07 +0.00 +0.07 +0.07 +0.13
COLOUR 2.602 273 3.53¢ 3.60¢ 2.93b 3.08
+0.00 +0.07 +0.07 +0.00 +0.07 +0.11
ODOUR 1.872 3.73¢ 3.60¢« 353 2.73b 3.09
+0.07 +0.07 +0.00 +0.07 +0.07 +0.19
TASTE 1.672 333 2.07b 1.873b 1.93b 2.17
+0.07 +0.07 +0.07 +0.07 +0.07 +0.16
TEXTURE 2.732 3.530¢ 3.13b 3.33h¢ 3130 3.17
+0.07 +0.07 +0.07 +0.07 +0.07 +0.08

Data on the same row having the same superscript were not
significantly different from each other (P>0.05)
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Figure 5: Weekly Evaluation of the moisture content of differently
salted open-air dried Oreochromis niloticus
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Figure 6: Percentage protein content change of differently salted open-

airdried Oreochromis niloticus

e The degree of unsaturation is known to be highly
correlated to the level of rancidity and most oils rancidity
is noticeable when the free fatty acid is in the region of

0.5% - 1.5% (Eyo, 2001).

e All the dried salted products showed dark colouration

indicating signs of rancidity.

e The essential amino acids (Figure 7) - arginine, lysine,
valine, methionine, iso-leucine, leucine, threonine,
tyrosine, tryptophan and phenylalanine showed

comparable high levels to the findings of Eyo (2001).

Table 7: Free fatty acid, iodine value and total viable count - of
differently salted open-air dried O. niloticus

SALT LEVELS UNSALTED 25% 50% 75% DRY TOTAL %
BRINED BRINED BRINED SALTED SEM
STORAGE
PARAMETERS
FREE FATTY ACID 39.614 22,526 27.62¢ 16.293 22.24> 25.66
% +0.31 +0.05 +0.28 +0.20 +0.14 +2.10
IODINE VALUE 22.78d 12.83b 14.63¢ 12.242 34.41¢ 19.38
+0.12 +0.05 +0.17 +0.15 +0.27 +2.25
TOTAL VIABLE 8.03¢ 3.353 40.704 3.15s 6.60° 12.36
COUNT x 10°% +0.07 +0.03 +0.15 +0.17 +0.01 +3.82

Data on the same row having the same superscript were not significantly

different from each other (P>0.05)
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Figure 7: Amino acid composition of differently salted open-air dried 0.
niloticus

Plate 2: Solar tent dryer used in Plate 3: Natural airflow cabinet

drying differently salted o. dryer used in drying
differently salted 0.

niloticus = niloticus Designed by Z. D.

Plate 4: Forced airflow cabinet
dryer used in drying
differently salted O.
niloticus. Designed by Z.
D.Osunde, (2002)
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There was a direct relationship between the various
parameters of appearance, colour, odour, taste and
texture and acceptability of the dried O. niloticus products
from the three drying methods of drying using tent,
natural airflow cabinet and forced airflow cabinet dryers
salted at different levels. None of the dried products in
these two enclosed drying systems had a value less than
2.5 on the hedonic scale of measurement. This indicated
that all the dried products from the two systems were
widely accepted (Figure 8).

All the enclosures had moisture content values below
10% (Figure 9). This low moisture content indicated that
the dried fish products have the tendency to be very
stable. Brined and dry salted products can have a shelflife

up to 100 days (Trim and Curran 1983).
There was a strong inverse relationship between the

moisture and protein contents. The three unsalted dried
products had the highest moisture contents. This same
trend was seen for all other products (Figure 10).

After four weeks of storage all the dried products showed
protein contents well above 50% with the highest being
65.99%.

All the dried products salted at 25% brine showed highest
protein contentin each of the drying methods.

It could be concluded that to get the highest protein
content using the three drying methods of STD, NACD and
FACD in conjunction with salting it best to salt at 25%
brine as this showed a level of consistency in the drying
methods.

All the dried products had a high level of free fatty acid
indicating that all the products were becoming rancid.
Eyo (2001) stated that rancidity has occurred in a fish
with over 1.5% free fatty acid. Oxidation of essential fatty
acids lowers their nutritional value (Figure 11).
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e The amino acid profile of the dried products from the
three enclosed drying systems showed that the available
amino acid after drying were high when compared to the
findings of Sadiku and Oladimeji (1989) on the amino acid
profile of Sarotherodon galilaeus (Table 9).
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TABLE 8: The amino acid content of O. niloticus dried using
enclosed solardrying systems

AMINO ACIDS G/100g protein

ENCLOSED Lys Histi Argi Aspartic Threo Serine Glutamic Pro Gly Ala Cys Valine Methi Iso e  Tyro Pheny

DRYING ine dine nine acd  nine acid  line cine nine tine nine leucine cine  sine alanine
SYSTEMS

Solar 693" 334" 9.02" 984 402" 489" 1414° 494" 491" 583" 096” 483° 245° 571° s581* 311" 467
Tent $0.07 £0.02 #0.01 2000 2002 :0.00 $0.01 000 $0.01 +0.01 +0.00 001 $0.01 $0.01 $0.01 *0.00 $0.01
Dryer

Natural  7.26" 364" 9.20° 984" 407" 469" 13.62* 516" 504° 626" 118" 452" 235* 5.78* 573" 321" 468°
Airflow  $001 $0.01 $:0.00 $001 001 $001 #0.01 #001 +0.01 $0.00 :0.01 $000 000 £001 $000 +0.01 £0.01
Cabinet

Dryer

Artificial  7.27° 359" 919" 979 4.12° 470" 1385" 532' 5.01° 630" 097" 450" 2.41° 585" 573 3.03* 477°
Alfiow  $0.00 £0.03 $0.01 $000 3001 001 $0.01 $0.01 £0.01 2001 2001 001 $0.01 $0.01 #0.03 £0.01 0.00
Cabinet

Dryer
£SEM 716 352 9.13 983 407 476 1386 514 499 613 104 104 24 578 576 315 4N
$0.06 $0.05 $0.03 £001 002 £0.03 2007 +0.06 $0.02 +0.08 +0.04 +004 +0.14 $002 2001 2003 1017

Data on the same row having the same superscript were not
significantly from each other (P>0.05)

7.2.  NUTRITIVE EVALUATION OF SMOKED FISH (Gana et
al., 2012; Ndakatu et al., 2011a; Ndakatu et al., 2011b
Oyero, 1996; Oyero, 1998; Oyeroetal.,2012)

In line with the efforts to improve on the existing smoking kilns,
three kilns namely, traditional smoking kiln (TS), firewood
fuelled improved traditional smoking kiln (FFS) and charcoal
fuelled improved traditional smoking kiln (CFS) were tested to
ascertain theirimpact on the nutritive qualities of O.niloticus.

SMOKING

TRADITIONAL SMOKING SMOKING (IT5)

FIREWOOD FUELLED (FFS)

CHARCOAL FUELLED (CFS)

Figure 12: Set-up of the traditional and improved traditional
smoking operations
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Plate 6: Firewood fuelled lmproved tradltlonal smoking kiln (FFS)

Findings and Conclusions
e  Despite all demerits associated with traditional form of
smoking, with the application of salt at the 25% brine
concentration. Moisture contents of the smoked products
in all the kilns had low moisture ranging from 5.22 % for
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CFS unsalted to 11.35 TS 50% brined. These levels of
moisture signified that the products were well dried and
indeed were stable in storage (Figure 14).

The protein in the proximate analysis CFS 25% brined had
the highest protein value of 68.49. This value might be due
to the fact that there was no direct impact of the heat on
the fish as the smoking chamber was separated from the
fuel chamber and right combination of salt level (Figure
15).

Smoked fish processors and marketers around Shiroro
Lake should be educated about personal hygiene involved
in handling of smoked fish.

Adequate handling pre-processes of proper washing
around Shiroro Lake are necessary.

Adequate packaging is necessary for powdered fish to
provide the needed nutritional quality and shelflife under
ambienttemperature.

SMOKING METHODS

Traditional Smoking
(TS)

B Firewood fuctied
modern smoking (FFS)
- Charcoal fuelled
modermn smoking (CFS)
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Smoking methods and salt levels

Figure 13: The mean acceptability of O. niloticus differently salted and

smoked using smoking kilns
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Figure 14: The mean moisture content of 0. niloticus differently salted
and smoked using smokingkilns

70
ot 1 SMOKING METHODS
=
o 1 - :
“ 60 7 Ddelltona] Smoking
/= (TS)
-5
B Firevood fuelled
modern smoking (ffs)
Il Charcoal fuelled
modemn smoking (CFS)
50 . =1
% %0 T Ty e ST ST O, Gl Gy G G
4'%‘0\,- Yo %, %‘p ) %, % \,J_r“’b 5 %
', £ " 5
ke ", %, BN R
o e pta o 6‘0’

Smoking methods and salt levels

Figure 15: The mean protein content of O. niloticus differently salted
and smoked using various smoking kilns.
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73 MITIGATION MEASURES FOR FIREWOOD
UTILIZATION (A. Ibrahim et al, 2015; Ndakatu et al, 2012;
Umar and Oyero, 2018)

7.3.1 Sawdustand wood shavings

A study was conducted to determine and compare the suitability
and efficiency of wood wastes (sawdust and wood shavings) as
alternative energy sources to fuel wood in fish smoking with a
view to enhancing optimal utilization of the wood resource.

e Sawdust and wood shavings are suitable alternatives in
fish smoking because it optimizes the use of wood
resource, reduces energy cost and as well promotes
environmental friendly practice in waste management
and comparable nutritive quality (Tables 9 and 10).

Table 9: Mean percentage organoleptic analysis of 0. niloticus
smoked with wood fuel, sawdust and wood shavings

Parameters (%) T1 T T3
Ap:pearance 365023 359+023 3291031
Flavour 412+0.66 3.53+0.24 3.41+0.23
Taste 3652024 359023 3.71+£0.25
Texture 3.76 £0.25 3.76+0.16 3.65+0.24

Overall acceptability 3.76 £0.20 3.71+0.24 3.88+0.28

Table 10: Mean percentage proximate composition of 0. niloticus
smoked with wood fuel, sawdust and wood shavings

~_Parameters (%) (¢ T | - ¥
Moisture 7.60 +0.20 6.15 + 0.07 7271029
Protein 7446 + 3.11 721218 74.33 £ 2.84
Lipid 11.08 £ 2.10 10.68 £3.74 7.33+0.67

Ash o 7.28 +1.27 7.09.x10.22 5.77 £ 0.99

7.3.2 Melonshell briquettes
A study was conducted to determine and compare the suitability
and efficiency of melon shell briquettes as an alternative energy
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sources to fuel wood in fish smoking with a view to mitigate the
measures in firewood utilization. Briquettes were made using a
hydraulic press machine. Fish samples were smoked with fuel
wood and melon shell briquettes using modified drum smoking

kiln.
[ ]

Sensory (organoleptic) parameters of the samples were
except their color, were not significantly different in the
(taste, odor and texture) sensory attributes (Table 11).
Proximate composition; samples were not significantly
different in their crude protein, fat, moisture, ash and
crude fiber contents (Table 12).

The burning rate (BR) recorded was 0.023 and
0.022kg/min, for firewood and melon shell briquettes
respectively (Table 13).

Solid fuel from the mixing of melon shell and waste paper
at 3:1 ratios was developed the densification
characteristics of briquettes was 0.12,0.09 and 0.20
length, bright and mass respectively and 1.94 and 0.52
relaxation and density ratio respectively (Table 14).

The utilization of melon shell in the production of

~ briquettes can greatly provide alternative energy sources

as bio-fuel for fish smoking, domestic cooking and also
serve asamitigation measure of deforestation.

All the briquettes produced from these residues did not
crumble during transportation and storage because of
theirlow relaxation ratios.

Table 11: Sensory attributes of smoked C. gariepinus using

firewood and melon shell briquettes

Parameters . Taste Odor Texture Color

Firewood smoked fish 1.7740.104 1.80x0.130 1.67+0.246 1.40£0.103
Melon shell, smoked fish 1.83+£0.118 1.83£0.118 1.43+0.114 1.8020.147
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Table 12: Proximate composition of smoked Clariasgariepinus
using firewood and melon shell briquettes

Parameters Moisture Fat Crude Ash C.F NFE TVB-
(%) (%) Protein (%) (%) (%) N(mg)
(%)
Firewood 14.97 14.76 45.76 3.15 1.16 2028 3022
smoked fish +0.55 +0.13 +0.41 +0.05 +0.04 0.21 +1.81
Melon shell, 15.84 13.78 43.51 3.19 1.14 2254 2882
smoked fish +0.61 +0.18 +0.84  +0.05 +0.04 +0.53 +0.80

Table 13: Summary of cost, smoking duration, and specific fuel
consumption of firewood and melon shell briquettes used

insmoking C. gariepinus

Parameters Unit Fire wood Briquettes
Weight of fresh fish smoked Kg 4.45 4.40
Weight of smoked fish kg 2,15 2.55
percentage weight lost % 51.69 42.05
Weight of fuel material used Kg 18.2 16.8
Cost of fuel material used 4 185.71 127.83
Weight of fuel /kg of fresh fish Kg 4.10 3.82
Cost of fuel /kg of fresh fish ] 41.73 29.10
Smoking duration Minute 780 780
Smoking temperature Oc 48-79 40-56
Specific fuel consumption Kg 8.47 6.59
Burning rate Kg/min 0.023 0.022

Kg (kilogram), & (Nigerian currency naira), 0, (degree Celsius)

Table 14: Densification characteristics of melon shell briquettes

produced

Parameters " Unit Values
Physical

Length B M 0.12
Breadth M 0.09
Thickness ) i M 0.063
Mass . o . Kg 0.2
Number produced Pieces 127
Combustion
Residue moisture % 10.9
Briquettes moisture %
Maximum density Kg/m?3 0.064
Relaxed density Kg/m?3 0.033
Compaction ratio - 0.002
Relaxation ratio - 1.94
Density ratio - 0.52
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7.4

Assessment of Fish Post-Harvest Losses (Oyero, J. 0. et
al,2013; Oyero and Oladele, 2016)

Assessment of Fish Post Harvest Losses (FPHL) in Tagwai Lake,
Minnaalongthe chain of handling, marketing and processing was
carried out.

Findings and Conclusions

The FPH losses along the chain of the landing, processing
and marketing point at different locations around Tagwai
Lake were very significant. The percentages of fish post-
harvest processing losses in number and weight after
processing were significantly higher than before
processing cumulatively on the average along the chain

. FPHwas 53.34% in weight. (Figure 16).

Fish taken out from fishing gears were badly handled and
most of the times left in the open at the canoe bottoms
under ambient high temperatures. Quick spoilage
especially through bacterial decomposition under the
warm conditions sets in.

Also, some of the fish having spent many hours in the net
before hauling were dead in the water and have begun to
spoil.

This suggests improper preprocessing handling of
washing in clean water, provision of shade for the
processed fish and ignorance by the processors believing
that smoking would mask the spoilage. However, smoking
does not improve the quality of spoilt fish such smoked
products have off odour and break easily.

Fish displayed market sites were not gutted. Sporadically
water was showered over the fresh fish to keep away flies
and to make the fish moist. They were sold amidst swarms
of fliesand unhygienic environment.

This leads to both quality and economic losses to the fish
mongers as the market value of the fish is reduced.

40

Federal University of Technology, Minna



e The presence of coliform bacteria such as Bacilius subtili:
Echerichia coli, Staphylococcus aureus and Klebsieli
pneumonia as revealed in the samples were pathogen
associated with food poison. Also, these are majorl
responsible for fish spoilage.

e The presence of Klebisella spp in the fresh fish samples i
the fresh fish samples is an indication that the dam is feca
contaminated.

e In conclusion, the presence of these bacterial isolates i
indicative of public health risk.

e Lack of proper handling and distribution facilities afte
harvest and unsanitary conditions during processin;
were the major sources of contamination identified in thi:

study.
Handling points
| Landing
2500 Betore Processing

After processing
Mark eting

20.001

15.00]

10.00

Mean % Loss in weight

0.00~

Tunga Goro Kadna Gidan Tungn Boka Tunga VWaya kRasabo
Mangoro

Station

Error Bars: +/- 1 SE

Figure 16: Mean percentage loss at various handling points arounc
Tagwai Lake
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7.5 Identification of potential hazards associated with fish
in Tagwai Lake, Minna and Shiroro Lake

7.5.1. Tagwai(Oyeroetal,2012)
A study based on the principle of HACCP was carried out to

identify potential and actual hazards associated with the harvest,
distribution and utilization of fresh Tilapia species in and around
Minna metropolis in order to ascertain its suitability for human
consumption. '

_Findings and Conclusions

TagwaiLake

Oreochromis niloticus samples purchased from different
sources identified associated potential physical hazards
as presence of wood, cut/abrasion and dirt on the body of
the samples (Table 15).

The presence of these hazards was beyond acceptable
limits and was considered a high risk and may be an

. access for pathogenic microorganisms.

The Chemical hazards identified include the presence of
Cu”Pb* Fe * and Mn*" were beyond the tolerable limits
may constitute a high risk.

Lead (Pb™) and copper poisoning may results. This is in
agreement with FAO (2004b) which stated that without
proper control, it is likely to assume that unsafe levels of
chemicals could be present in the fish, thus representing a
significanthazard.

~ The microorganisms found among the hazards identified

in the fish samples were bacteria such as Staphylococcus
aureus, Shigella sonnei, Streptococcus faecalis,
Pseudomonas aeruginosa, Bacillus subtilis, Shigella
dysenteriae, Micrococcus luteus, Salmonella typhi,

‘Escherichia coli, Bacillus luteus, Proteus vulgaris with high

microbialload.
These bacteria are in excess of acceptable limits, and this
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therefore constitute a significant hazard if consumed
withoutproper and adequate processing.

Some of the microorganisms isolated from the fish
samplesare of public health risk.

For example Staphylococcus spp, Baccillusspp, Salmonella
spp, Shigellaspp and Escherichia spp are significance in
food borne diseases and they cause some of the known
bacterial food borneillnesses.

Therefore, personal sanitation by food vendors and
processors and temperature at which the product is to be
keptare considered critical.

Shiroro Lake (Ganaetal, 2014)

Shiroro Lake was found to devoid of the presence of heavy
metals Zn, Cu and Pb) capable of causing pollution which
could result in environmental hazard making both the
fish and water unfit for human consumption.

Table 15: List of hazards identified from the analysis of the fish

samples
Location Type of Hazard Identified Hazard
Chanchaga - Physical - Pieces of wood, cut/abrasion.
market - Chemical - Heavy metals Cu2*Pb?* Fe 3* and Mn2+,
- Staphylococcus, aureus,
- Microbiological - Staphylococcus pyogenes
= - Pseudomonas aeruginosa
. - Bacillus subtilis
Mobil market - Physical - Pieces of wood.
- Chemical - Heavy metals Cu?*Pb2* Fe 3* and Mn?*.
- Staphylococcus aureus, Bacillus
- Microbiological subtilis, Pseudomonas aeruginosa,
Bacillus subtilis
Tagwai dam - Physical - Pieces of wood, cut/abrasion
landing site - Chemical - Heavy metals Cu?*Pb2* Fe 3*and Mn?*,
- Staphylococcus aureus, Staphylococcus
- Microbiological . pyogenes, Pseudomonas aeruginosa,
Bacillus subtilis
Shiroro dam - Physical - Pieces of wood, cut/abrasion.
landing site - Chemical - Heavy metals Cu?*Pb2* Fe 3* and Mn?*
- Shigelladysenteriae, Staphylococcus
- Microbiological aureus, Pseudomonas aeruginosa
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Table 16: Comparative mean values of in Oreochromis niloticus

-, from Shiroro Lake
Heavy Metals (mg/5g) Maximum ORGANIZATION
fish sample Permissible limit
WHO /FAO standard
Zn 0.4879 19mg/day FAO (1984)
Cu 1.0727 2000ppm WHO (1992)
Pb 0.0577 200ppm WHO (1992)

8.0 CONCLUSION

For any meaningful fishery development programme in Nigeria
adequate consideration should be given to an improved and
efficient ‘post-harvest technology. Fish post-harvest losses
exacerbate the food and nutrition insecurity and also the reliance
on imports, as well as wastage of scarce resources. A reliable
post-harvest intervention will contribute significantly to
reducing food losses, hence alleviate food insecurity in Nigeria.

9.0 RECOMMENDATIONS

The main issue about caring for fish out of water is to reduce
post-harvest fish losses in order to improve food security, secure
greater post-harvest benefits and ensure sustainable livelihood
for fisher folks. In achieving these, the following are

recommended:
1. Government at National, State and Local levels in

conjunction with Non-Governmental Organizations
should invest in mass production of Enclosed Drying
Systems and Charcoal fuelled improved traditional
smoking kilns for the use of small scale fish processors.

2. Extension arms of various Agricultural Departments at
National, State and Local levels should encourage fish
processors to make use of solar dryers especially in areas
of Nigeria where there is abundant solar radiation
throughoutthe year.

3. Extension arms of various Agricultural Departments at
National, State and Local levels should educate fish
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processors on the advantages of drying or smoke-drying
fish in conjunction with saltat 25% brine concentration.

4. Provision of support facilities: The problem of spoilage
has to be tackled right from landing site until when the
fish gets to the end users. To achieve this, it is necessary to
provide facilities such as processing sheds at the landing
sites and markets by stake holders at all levels of
governance.

5. Education of fishermen and all the stake holders involved
in processing and preservation of the need for proper fish
handling practices. Enlightenment programmes could be
arranged through cooperative societies and field
extension workers of the ADPs and Federal/State
Ministries of Agriculture in conjunction with the
Universitiesand Research Institutes.

6. Product development: Apart from serving as food, fish is
an important raw material for various industrial usages.
Virtually every part of the fish is useful for the production
of valuable industrial products. Development of these fish
products and by products can greatly help in reducing
post-harvest losses as well as increasing utilization of
fisheries resources of Nigeria.

7. Advances in research: Efforts should be made to upscale
researches in the post-harvest technology in Nigeria in
terms of Hi-Tech, standardization. For example, an
unbroken cold chain of refrigerated production, storage
and distribution activities along with associated
equipmentand logistics.

8. Assessment of water bodies: There is the need to do a
national assessment of losses along the post-harvest
chain. This will enable Fish Post-Harvest Losses (FPHL)
researchers to quantify the efforts put in curtailing FPHL
have helped in reducing pressure over the dwindling
fishery resources.
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ACKNOWLEDGEMENTS

r. Vice Chancellor Sir, this aspect of the lecture is as
[ir;portant as the rest of the sections and with all
thankfulness; I wish to acknowledge God and all He

has used to make this day a reality. Three quotes readily come to
mind in doing this.

“Eni ti a se loore ti ko dupe bi Olosa koni leru loni” Yoruba proverb.
Meaning “An ingrate is like a thief who has robbed one of his or
her possessions”.

“By perseverance the snail reached the ark”. by Charles Spurgeon.

“Success is no accident. It is hard work, perseverance, learning,
Studying, sacrifice and most of all, love of what you are doing or
learning todo.” -by Pele

Being here today is indeed by God's grace, sheer perseverance,
supports, encouragements and prayers. The least I can do is to
return thanks.

THE ALMIGHTY GOD

Praise the Lord, my soul; all my inmost being, praise his holy
name. Praise the Lord, my soul, and forget not all his benefits. All
praise and thanks to God Almighty, I am that I am, Alpha and
Omega, The beginning and the end, The One who has restored to
me the joy of His salvation and granted me a willing spirit, to
sustain me, | say thank you. For giving me wisdom, knowledge,
perseverance and life to get to the pinnacle of my profession
despite all the obstacles and delays along the way.
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Praise, my soul, the King of Heaven;
To His feet thy tribute bring.
Ransomed, healed, restored, forgiven,
Evermore His praises sing:
Praise Him, praise Him, alleluia!
Praise the everlasting King.

- Henry F. Lyte, 1834

MY TEACHERS

Primary and Secondary

My teachers from nursery, through primary to secondary are too
numerous to remember as individuals. However, I will use some
of them still imprinted in my memory as points of contact to
acknowledge and thank them in roles they played to give me total
education. My earliest memory could only get back to Mr.
Ogundipe and Mr. Ogunwumi. In Ibadan Grammar School (1GS), I
had wonderful, disciplined and highly professional teachers.
They include Chief Ayo Labiyi the Principal who admitted me and
recently turned 90, Late Messrs. Adeniyi (Pa Geo), Mr. Adewami
(Pa Pri), Adeyemo, Mr. Atanda and Mr. Opong. Thank you and God
Bless.

MY FAMILY

My parents

To my parents Elder Gabriel Isola Oyero and Deaconess Winifred
Olatunde, I thank God for using you as the vessels that brought
me to life and your passionate encouragement when were my
academic progression was difficult. You did not stop to
encourage me to be patient that the future is bright.  am bold to
say that you never spared anything within your resources for me
to have best of education, indeed total education. Thanks for your
love, care and constant prayers. Even at this your old age you shall
continue to age gracefully and the Lord shall not depart from you.
And He will continue to show His tenderness to you as stated in
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Isaiah 46:" to Israel “Even to your old age | am he, and to gray hairs
I'will carry you. I have made, and I will bear; I will carry and will
save.” Thank you Baba and Mama 'Segun who God has elevated to
Baba and Mama Professor.

My Siblings

[ wish to appreciate my siblings Toyin, Bukky and Bayo and their
spouses for their love, support, encouragement and respect all
these years as their eldest. I wish to also acknowledge the two of
them that have left us. Posthumously I say thank you to Mrs. Tope
Gbajumo and Mr. Rotimi Oyero. God bless you all and all yours

My in-Laws

[ acknowledge my in- laws ably led by my mother in-law Mama
Remi Aderibigbe mother in Israel. To my adorable Mrs Lara
Oladapo whatelse can I say? But to say thank you. I met my wife in
your house and ever since you have been supportive. I thank you
for your wise counselling and prayers. To my colleague and in-
law Engr. (Dr). Bose Orhevha thanks so much for your affection
and for always celebrating me. Little in-law Esther Babalola you
area gem to the family. God bless you and your families.

My “House 12” Children

[ wish to acknowledge my wards from over years also known as
‘The House 12 Children'. Their presence in my life has brought its
share of happiness and fulfillment and has also helped to take my
impact on the lives of students in the academic environment
beyond the classroom to the home front. Jossy, Biola, Deola, Deji,
Yetusoko, Damilola, Seun, Nifemi, Cincinsoko, Esther, Grace,
Blessing, Bernard, Dapo and a host of others; God bless you.

GOWN RELATIONSHIPS
My University Lecturers

With gratitude I appreciate all my University Lecturers both at
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undergraduate postgraduate who did not only impart on me
knowledge but served as counsellors and guides through
academic pursuits. Thank you for sharing and imparting your
God given knowledge.

My Supervisors

The erudite status of all my academic supervisors is
unquestionable. I thank you Professor (Daddy) A. E. Falaye for
rooting me in academics. Your belief in Omniscience of God in
academics is unshakable. My Masters supervisor, Professor
(Daddy) A. M. Balogun former Vice Chancellor of Federal
University of Technology, Akure you are indeed a father. Our
relationship transcends that of teacher and student. You were my
father and friend in academics, your love for me to excel is
unquantifiable. To my ultimate academic (PhD) supervisor,
Professor S. O. E. Sadiku what else can I say? Than to thank God
for using you to complete the degree despite all odds. Thank you
for your simplicity, firm leading, understanding, patience and
wise counselling. Also, my gratitude goes to my co-supervisors
Professor A. E. Ajisegiri, Dr. G. R. Akande and Dr. A. A. Eyo for their
immeasurable contributions to my academic progression at
Postgraduate levels.

Vice Chancellorsand Principal Officers of the University

The initial prompting of delivering this inaugural lecture was by
the immediate past Vice Chancellor Professor M. A. Akanji.
Thank you so much Sir for the encouragement and for making me
“Akanji” Professor. I got my “stool” as an Associate Professor
under you and finally got my Professorial Chair while you were
still in the office. For Professor M. S. Audu the fifth substantive
Vice Chancellor you are simply a gentleman and a Vice
Chancellor. It still amazes me how you were able to combine
intelligence with simplicity in your administration. You were
simple and down to earth in all achievements which speak for
you in this University. I am ceaselessly grateful to Professor
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Adeyemi the second substantive Vice Chancellor for believing in
my ability and employed me without interview by relying on
recommendations from Professor F. D. Sikoki who I never knew
was interviewing me indirectly when we met at a conference in
Ibadan. I wish to also thank Professor M. A. Daniya for his ever
listening ear while still a young academic. I further wish to
appreciate Professor H. T. Tukur for impacting on me the
philosophy of when there is a will there is a way. Though I never
worked under the Pioneer Vice Chancellor His Excellency
Professor (Emeritus) J. O. Ndagi, however, the solid academic
foundation he laid and legacy left behind rubbed on many of us to
work hard. For my current Vice Chancellor Professor Bala
Abdullahi, it is not name dropping to say you are my friend. Your
friendship has been an inspiration and encouragement to me in
terms of focus, drive, integrity and maturity. Thanks for the push
for this lecture at least I am off your persistent question about
this lecture which was “How far”? I am deeply grateful the past
and present other Principals Officers for their professionalism
which has provided platform for conducive academic
progression. Notably amongst are Late Alhaji A. Sadiq, Mallam M.
D. Usman Mrs. V. N. Kolo (Sweet Grandma and encourager),
Professor T. Z. Adama, Professor M. A. T. Suleiman, Professor O. A.
Osunde, Professor S. O. E. Sadiku, Professor 0. 0. Morenikeji,
ProfessorY.lyaka, Mr, M. A. Bello, Mrs. Hajara K. Abdullahiand Dr.
Jubril Attahiru Alhassan.

School of Agriculture and Agriculture Technology (SAAT)

My gratitude goes to entire members SAAT for unalloyed support
for academic excellence one which we are witnessing today. I
wish to acknowledge all colleague Professors 22 in number and
SAAT is still counting. I will like to acknowledge the contributions
of the past and present Dean of the school in persons of
Professors A. E. Salako, O. O. A. Fasanya, J. A. Oladiran, S. L. Lamai,
K. M. Baba, M. G. M. Kolo and Current Dean Professor R. ]. Kolo.
May | seize this opportunity to acknowledge the following
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posthumously Dr. (Baba) E. L. Shiawoya, Dr. (Baba) F. S. Gana and
Dr.]. 0. Otitolaiye.

Department of Water Resources, Aquaculture and Fisheries
Technology (WAFT)

I' wish to acknowledge all the members of my Department WAFT
currently under the leadership of Professor S. M. Tsadu. You
immensely contributed to the success story of this day and [ have
every reason to thank you for your support and encouragement
atevery stage of my academic progression. You all gave necessary
and desired support during my tenure as Head of Department
(2012-2015) In particular I wish to specially acknowledge the
Grandfather of the Department Professor S. L. Lamai for his ever
wise counselling from his vast knowledge, wisdom, experience,
institutional memory and spiritual uprightness. He truly lives to
his name Solomon the wise one. Next to him is another wise one
Suleiman: Professor S. O. E. Sadiku a true academic to the core
who can sacrifice anything for academic excellence with humility
and firmness. To my unassuming ever composed and focused
friend and office mate for many years Professor R. J. Kolo, I say
thank you for your friendship and your heart of service. Other
members that I cannot but mention are this set of Associate
Professors (Professors in waiting) R. 0. Ojutiku (Immediate Past
Head of Department), G. G. Bake, A. M. Orire and A. T. Yisa. Others
are Dr. (Mrs) S. U. Ibrahim, Dr (Rev. Cannon) S. 0. A. Olayimika,
and Dr. U. P. Yakubu, Mrs. M. F. Falusi and Mr. A. Ibrahim. For our
non-academic members namely, Mr. M. B. Musa, I. Wali, A.
Kpotun, M. Ndama, T. Adenu, Y. Majiko I say thank you all. I use
this opportunity too to appreciate Mrs. Emily Olaleye and Helen
Jankaro for their support while they were with the Department.

PROFESSOR AKIM OSARHIEMEN OSUNDE
Mr. Vice Chancellor Sir, next to God in my academic carrier

pursuits and progression is Brother Akim. As | always say
anywhere [ have opportunity to state that in my autobiography
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he would surely have at least a chapter. Let me give you the
glimpse of the prologue of his chapter. Here is a brother, friend,
confidantand benefactor. Who spares nothing to mentor and pull
his mentee up the academic ladder. He is an administrator and
teacher par excellence. Meticulous in doing things and whose
penchant for honesty, integrity, excellence dressing good and
trustin God has no bounds. In relevance to this day in particular
amongst his other benevolence to me, I want to put it on record
that when Postgraduate School could not find the approval of the
sponsorship of my PhD studentship by the University and was

spread over my salaries for ten months. | wonder ifthe defence of
the PhD would not have dragged more than necessary if I did not
hearken to his advice. This chapter will actually be incomplete
without acknowledging my sweet aunty Engr. (Professor) Z. D.
Osunde, grandma that God Has endowed with beauty and brains
whose academic forthrightness is challenging. Thank you aunty
foralways opening your home to me as a family member.

My Students

To my student at undergraduate and postgraduate level, |
appreciate you all for your inputs indeed without your
contributions there will be little to present. Thank you so much
for yourlistening ear, unalloyed dedication, initiatives, resources
put into works that were presented today. I wish to use this
opportunity to remember in particular Late Mallam Ndakatu
Mohammed who was not only my mentee but research partner.
May you continue torestin peace.

My Academic Mentors

Common thing about my academic elders/mentors within FUT
Minna and other Universities is that they are academic par
excellence and are ready to assist in pulling their mentees up the
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ladder. These wonderful set of academic pride and reference,
who keep on coming up in my life like a recurring decimal.

Within FUT

Professors A. 0. Osunde, S. L. Lamai, S. 0. E Sadiku, G. D. Momoh,
A.].Oladiranand Mr. G. 0. Adesina.

Outside FUT

Professors A. M. Balogun,, F. D. Sikoki, E. 0. Faturoti, A. E. Falaye,
A. O. Fagbenro, J. K. Ipinjolu. S. ]. Oniye, A. M. Kundiri and Prof.
(Mrs.) Stella Williams.

SomeElders of FUT

My gratitude goes to the following elders who have one way of
the other encouraged me in my academic progression either by
their enquiries or had words of encouragement for me. These
elders are Professors 0. 0. A. Fasanya, A.J.Odofin, A. A. Oladimejj,
T. A.Gbodi, G. D. Momoh, B. E. N. Dauda, B. Ayanwale, E. E. Udensi,
B. 0. Oyeleke, Akanya (Mrs), Z. D. Osunde, K. R. Adeboye,
Aberuagba. K. M. Baba, G.N. Nsofor, M. G. M. Kolo, Dr. G. F. Ibikunle.
Chief (Dr.) L. C. Ogbonnaya and others that do not come to mind
now. God knows you. Thank you so much.

My Distinct Gown Friends

My special appreciation goes to the following friends who I have
had and still having relationships that gingered my academic
progression. These wonderful colleagues include: Professor Bala
Abdullahi, Professor 0. O. Morenikeji, Professor Y. lyaka, Mrs. V. N.
Kolo, Professor Y. M. Aiyesimi, Professor A. T. ljaiya, Professor
Uno Uno, M. K. Adeboye, Professor R. S. Olaleye, Professor A. B.
Ayanwale Dr. R. 0. Ojutiku, Dr. O. ] Ajayi, Dr. Faruk and Dr. G. F.
Ibikunle, Mrs. Lydia Legbo, Professor (Mrs.) E. 0. Adeparusi and
Prof. A. A. Dada both of Federal University of Technology, Akure.
From Federal University, Wukari - Professor Okusami, Professor
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Peter Oni, Dr. J. B. Ogunremi, Dr. Adeyeye , Dr. Ayo, Dr. Oneh, Dr.
Ajakaiye, Mr. Isaac and Professor 0. 0. Omitoyin of University of
Ibadan.

My Contemporary Academic Colleagues

These are those that we started together in the early 90's here in
FUT, Minna and other Universities. The relationship that has
been established then had been that of encouragement, progress
and common goal of academic excellence. They are Professor
Bala Abdullahi my current Vice Chancellor and Boss and
Professor 0. 0. Morenikeji, Professors Y. M. Aiyesimi, R. ]. Kolo, H.
Makun (Pally2), A. A. Jigam, Chukwu Ogbonnaya, Peter Idah, Dr.
Martins Okon (Pally 1), Dr. Mac Barango and Late Arc. Tony
Anunobi. Thankyou for your friendship and camaraderie.

My Distinct Academic Friends

Special acknowledgement goes to these two friends of mine Prof.
Abdulmojeed T. ljaiyaand Dr. R. O. Gutiku who over the years have
been so close to me like brothers. Thanks for your support and
encouragement.

SearchFM92.3 Crew

I would also love to appreciate the board members of Campus
Radio of this great Institution, Search FM 92.3, for the
cooperation I enjoyed during my stint as the immediate past
Chairman of the Campus Radio Board The Staff and volunteers of
Search FM worked hand-in-glove with me to ensure that the
image of the University was projected in positive light, within
Niger State and among other Institutions in Nigeria as well as
abroad. Professionals in the 4" Estate of the realm, were quick to
acknowledge the giant strides achieved by our Campus Radio.
Such - acknowledgements and recognition go a long way in
making FUT Minna a reference point among Institutions when it
comes to service deliver per excellence and for that I am very
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proud. Kudos to you guys - Kingsley, Kayode, Uzy, Odafe, Dayo,
Wilson, Halima, Sharon, Lara, Sylvia, Aliyu John and other crew
members.

The 2016 FUT Professors

I want to acknowledge and challenge my other colleagues that
were announced as Professors on November 2nd 2017 to keep
the flag flying and continue to contribute qualitatively to the
academic system. We were fifteen but God in His infinite wisdom
took Professor Duro Damisa away. May his soul continue to rest
in perfect peace.

Seminar and Colloquium Committee (SCC)

Iwish to thankmembers of SCC under the leadership of Professor
Bisi Ayanwale for the efforts putin making arrangements for this
presentation.

University Sports Committee

[ wish to thank all my members in the Sports Committee for their
support and encouragement during my tenure as the Chairman.
Among the members are Coaches Musa Saidu, Idris Mohammed,
Lawrence Umogbai, Sanni Kuta and James (Taekwando). Others
are Labake Ajisomo, Bamidele Ayodeji and Makun Eucharia.

Young are Growing Friends

I wish to appreciate my young are growing visionary friends
whose passion for hard work and potential resources for
development of academia in their own capacities have no
bounds. Among these are in Federal University of Technology,
Minna are Dr. Oluwarotimi Kemiki, Dr. Dipo Ajayi, Biodun Fawole,
Gbolahan Bolarin, Kingsley Ogwuche, Abu Ogaji, Adenike Banjo,
Aliyu Murphy, Stanley “Flow” Stephen “Apopo 1” Toke Azeez,
Sanya Alagbe, Ralph Ayoola, Isaac Omojola Odepidan, Grace
Obute, Kauna Rose Victor, Dr. Ibrahim Haruna and Late Mayokun
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Okelola. In Federal University, Dutse are Adeniyi Adeleye,
Gbolabo, Emeka Okoli, Ben Aviele, Patience Ngule and Kehinde
Omifolajin. In Federal University, Wukari are Akise, Michael,
Hauwa, Hetty, Bur, Princewill, Umar, Annabel and Maryanne

My Former Student Friends

I wish to thank these young friends who were students when I
started my career and used to call me “Bros”: Bode Oladipupo,
Bisi Arebambo, Tade Aimola, Taofeeq Balogun, Bukki Famosinpe,
Abdul Erubu, Kashif, Simeon Imama and host of others.

TOWN RELATIONSHIP

Niger State People
For the past twenty seven years, Niger State and her people have
been good to me. I say thank you.

Barrister (Dr.) Abraham Ndana Yisa, M. 0. N., Galadima
AlkaliNupe Kingdom

Daddy Yisais my adopted father in Minna. My biological father on
a visitation literally handed me over to him and ever since he has
been playing a fatherly role in my life and family. He is a man filled
with wisdom and kindness. My confidant and benefactor. He
made me alandlord. This might sound a private affair but it is one
of the gifts that confirmed Minna as my promised land for this
propelled me to concentrate and be established. Today is a
testimony of my establishment. Thank you daddy for
accommodating me into your family. I also wish to specially thank
Mummy (Evangelist) Dorcas Yisa, my brothers and sister -
Joshua, Jacob, Michael Danjuma and Asabe for accepting me as
partofthe family.

Pa Adam Osunde Family
I wish to appreciate Pa Osunde's family here and in diaspora. The

matriarch of the family Alhaja Agba has been a source of spiritual
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upliftment. She prays tirelessly and I testify to be one of her
answered prayers. Alhaja Kekere thanks for taking me as your
younger brother and for your prayers and encouragement to
witness this day. The rest of the Osunde family 1 which to
acknowledge are Kunle, Edowaiye, Nash, Gani, Benny, Nosa,
Mulikat, Dotun, Ameze, Stephen, Cynthia, Wusi, Mercy and Aliya
(A" representingall the grand children.

Ibadan Grammar School Friends
[ wish to acknowledge some of my friends way back in secondary

school who along my carrier progression we have been in touch
and have always encouraged me though some we will be just
meeting at our 40" year reunion after leaving school. Among
these are all my 73 /78 Class mates ably led by Bar. Femi Collins.
Others are my Head boy Wale Labiyi, My Egbon in the class Dimeji
Mako, Mark lke Nwanchikwu (The first Professor of our set),
Kunle Salami, Sanya Aribatise, Taiwo Ayoola,, Taiowo Adewami,
Mukaila Adeyemo, Akinola Dada, Ebong Ukor, Yemi Oluleye
Frank Abhowo Lasun Bamigbose nee Agoro, Funsho Idowu nee
Sodipe Jumoke nee Ajala, Leye Fadebiyi nee Adeniyi, Edet Bassey,
Lanre Osinaike, Dupe Kolawole, Remi Quadri Dipo Sanusi and
hostofothers.

Dr. Tunde Akinremi (Wing Commander rtd)
My president thank you for being the very first person that

settled me down in Minna. Not only that you made the first set of
furniture for me, you also, gave me the first opportunity to touch
and operate computer in 1991. The word processing package
then was WordStar. The skill acquired then has been very useful
till date. I handled the word processing of my PhD thesis myself
and the typing of this lecture. Thank God for knowing a God
fearing gospel living person like you. You made Christianity
attractive through your humility, simplicity, generosity and
zealousness for the work of God. You are a testimony of God's
faithfulness.
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My long standing Friends
BiolaJaiyeoba, Debo Awonaike, Femi Babalola, Demola Ojo, Remi

Raji ,Tokunbo Agunloye, Yemi Cash Onavele and Kunle Alege. I
acknowledge these friends of mine who were not my secondary
school mates but met along my education pursuits and carrier
within a period that has spanned over four decades. Together we
dreamt of a bright future, success and relevance in the society.
Today is a collective reality of our dreams. Thank you for ever
being there for me, in terms of support, encouragement, true
friendship and love.

My Home Boys

Special appreciation to my childhood friends: Pastor Debo
Awonaike, Femi and Biodun Akinbohun, Biodun and Kunle
George, Jideand Tope Adesinaand Segun Alake.

Special Friends metin Minna
These are reliable friends, brothers with heart of service. They fit

into thatadage that “friends in need are friends indeed” Gbenga
Osikomaiya, Emmanuel Obaitan, and Kola Akinwande, Abraham
Orhevba, Biodun Sunday, Williams Eboesomi, Ibrahim Fadipe,
Tayo Odukoya, Cordelia Okwuchi, Vera Ndanusa, Dupe Oke, Rita
Osakwe, The Eucharias, Nasiru (Serkin Kifi) and W. I. E
Onwuakpa. Thank you for your unconditional friendship and
encouragementtowards this day.

Spiritual Leaders
What could I have achieved without the support of God's people:

my spiritual fathers prayer partners? Indeed all glory is returned
to God for your prayer support.

My Spiritual Fathers

They include: Most Reverend E. S. Egbunu, Archbishop of Lokoja
Anglican Ecclesiastes Province, Rt. Rev. D. A. Yisa Bishop,
Anglican Diocese Minna, Rt. Rev. Edmund Akanya, Archbishop of
Kaduna Anglican Ecclesiastes Province, Rt. Rev. Joe Musa, Bishop,
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Anglican Diocese Idah Dr. Michael Onimole, Former Chaplain
Chapel of Grace, FUT Minna, Uncle Yashim and Aunty Regina
Musa of Navigators. Rt. Rev. Dabinta of Anglican Diocese of Dutse
and the late Mr.and Mrs. Garba Ishiaku. Thank you for your ever
present prophetic cover and encouragement to be of service in
His vineyard even along my academic progression.

Prayer Partners

Cathedral Church of St. Peter, (Anglican Communion)

My Vicar | remember vividly that you prayed over my papers
before being sent out hence today is a testimony of an answered
prayer. Thanks for you visit to me with your wife Mummy Gladys
while on sabbatical in Federal University, Wukari, it was
heartening and encouraging. To other Clergy in the Cathedral:
Rev. Cannon Dr. Solomon Olayimika, Rev. Cannon D. A. Yisa, their
wives and all members of the Cathedral, I say thank you for your
prayers and God bless.

The Sowers Society
My society in church under the Presidential leadership of Engr.

Gbenga Osikomaiya, my indefatigable, resourceful brother. I
appreciate the love and camaraderie that exist in the group which
all of you have shown towards me since | became a member; your
concern and fervent prayers at all times are also acknowledged.
God bless you.

The Navigators
| hereby specially acknowledge The Navigators International

especially Minna and Insider groups, thank you for your prayers
and showing that gospel can be lived out in one's carrier. Thank
you Head Coach Uncle Yashim and aunty Regina Musa, Sebastine
and Tola, Dan and Comfort, Okike and Irene, Jesse and Jennifer
and late Ishiakus. Thank you for all you have imparted on me
spiritually.

Minna 2:7 Series and Insiders Group
Today is an evident of our prayers and study of the word of God
together Thank God for using our families together for answered
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prayers. All honour and glory are returned to God through the
following families: The Egbunus, Abraham Yisas, Otitojus,
Orhevbas, Solo Sules, Agbejules, Adesinas, Danias, B. M. T. Jiyas,
Bajimis, Morenikejis, Sanyas and Markos. Also, in this group are
Mrs. K. K. Yisas and Mrs. Z. D. Osunde.

Other Prayer Partners
Pastor Dipo Ajayi, Mrs. Dr. R. W. Saba and Mama G. S. Ajayi thank

you for your fervent prayers and God bless.

Senior Citizen Associates

In the course of my academic pursuits and progression I had the
privilege of associating with some senior citizens whose words of
wisdom encouraged me in my attitude to work and life. These
distinguished personalities include: Prof. ]. 0. NdagiL Late Mr. G.
G. Kolo and Mrs. L. N. Kolo, Chiefand Mrs. M. O. Otitoju, Mrs. M. F.
Tswanya, Chiefand Mrs. T. 0. Agbejule, Mr. and Mrs. Willy Usigbe,
Mr. James Ebutse, Bar and Mrs. A. N. Yisa, Dr. Jonathan Jiya, Mr.
Jacob Yisa, Dr. P. S. Nmadu, Mr. Kola Martins, Wing Commander
(Rtd) Sam Ndakotsu Mr. and Mrs. Dehide Idowu, Mr. Ayodele
Adigun, Mr. G. 0. Adesina, Mr. Solomon Sule.

My wife

Inlove I hereby express my thanks to my Princess, precious than
ruby, the real African queen, ebony black, dream but divine made
real wife for your prayers, love, understanding, perseverance and
push. Pardon me for times [ was to be with you but with the books
or behind computers and littering your home with books. Thanks
for always making sure that my study is arranged every weekend.
Today is for us and your question “When are you going to be a
Professor?” was answered on November 2™ 2017. Thank you so
much, [love you more. Countless kisses for you.

My Vice Chancellor Sir, distinguished ladies and gentlemen of the
Town and Gown I sincerely thank you for attending and patiently
listening. TO GOD BE ALL GLORY AND HONOUR AMEN.
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PROFILE OF PROFESSOR OYERO,
JOHNSON OLUSEGUN

rofessor Oyero, Johnson Olusegun can aptly be
described as a thoroughbred academic who has
contributed immensely to'the growth of his

profession based on the plethora of researches he has conducted
and for nurturing students through the rudiments of Water
Resources, Aquaculture and Fisheries at differentlevels.

Prof. Oyero was born on September 26th, 1963 to Elder Gabriel
Isola and Deaconess Winifred Olatunde in the ancient city of
Ibadan but hails from Abeokuta, Ogun State.

He had his primary education at the Ebenezer African Church
Primary School, Oke Ado, Ibadan from 1969-1973. He rounded
off his secondary education at the famous Ibadan Grammar
School, Ibadan, in 1978. He was also at the School of Basic Studies
Polytechnic, Ibadan for his GCE/A-Level before proceeding to the
premier University of Ibadan where he earned his first degree
and Masters Degree in Fisheries Management in 1986 and 1988
respectively. His passion for further studies took him to the
Federal University of Technology, Minna where he bagged his
Ph.D degree (Fish Post- Harvest Technology) in 2006.

Having distinguished himself in his educational pursuit, Prof.
Oyero started his academic carrier in the Federal University of
Technology, Minna in 1991 as an Assistant Lecturer in the
Department of Water Resources, Aquaculture and Fisheries
Technology, School of Agriculture and Agricultural Technology
(SAAT). Through sheer scholarship and dint of hard work, he
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rose through the ranks to become a professor of Fisheries and
Aquaculturein 2016.

His dedication to duty and painstaking research over the past 27
years has culminated in his significant contributions in the areas
of fisheries management, fish post-harvest loss technology and
fish utilization cum marketing. Prof. Oyero's well-documented
contributions in these areas of research are outstanding and
have immensely helped in simplifying the understanding of some
rather complex phenomena and courses in his field of studies.

He has held several positions of responsibilities in the University
such as; members, University Governing Council 2009 -2013,
Ceremonies Committee, FUT, Minna Sports Committee and later
Chairman between 2007-2012. He is the immediate past
Chairman, Campus Radio Management Board. In the area of
community services, the academic czar has deployed his
expertise in advancing the fortunes of the University host
communities, his home town and the country atlarge.

Heis one ofthe mostsought after scholarsin his field based on his
antecedents as a consummate researcher of repute. He is a
visiting lecturer to the Federal University, Wukari, Taraba State.
He is an external examiner to several Universities in Nigeria, also,
a consultant to many international organisations and State
governments in Nigeria. He has supervised several students at
bothundergraduate and postgraduate levels.

The erudite scholar has attended several conferences, seminars,
workshops and other educational gathering of intellectuals
within and outside the country. He is well published and cited in
reputable high impact journals. The don is a member, Fisheries
Society of Nigeria, World Aquaculture Society, Association of
Nigerian Fisheries Scientist. Above all, Prof. Oyero is happily
married to Stella Adebimpe Adesola Oyero.
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