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ABSTRACT

The proximate, amino acid, nutritional values and minera contents of fourteen fresh
water fish families viz: Cichlidae, Bagridae, Mochokidae Cyprinidae, Clariidae, Characidae,
Mormyridae, Schilbeidag, Citharinidae, Centropomidae, Distichodontidae, Gymnarchidae,
Osteoglossdae and Maapteruridae comprising of fourty species collected from Tiga dam, Zaria
dam, Shiroro dam and Niger-Benue Confluence were determined using standard procedures
of AOAC (1975 and 1980), Winberg (1971), TSM, FA) (1973) Atomic Absorption
spectrophotometer (AAS), Flame photometer and Spectronic 20. The carbohydrate, lipid and
protein were generdly in the ratio of 1:24. The range of the nutrients contained were moisture
70.20-79.60g/100g wet weight, Ash 2.40 - 39.70, Organic matter 60.00 - 98.00, Carbohydrate
4.60 - 28.30, Lipids 15.80 - 56 40, protein 28.10 - 58.30g/100g dry matter while the calory was
235.62 - 728.90 k cal./I00g organic matter. These range of values were found to be within the
range recommended for human of dl ages. Seventeen amino acids were also observed with
significant difference (P<0.05) between the most prominent was glutamic acid and the least
prominent was manly methionine. However, the essential amino acids contained in dl families
had values indicating that fish proteins are of good quality, this was confirmed by the high
values of Essentia to non essentid ratio, Essentia to total nitrogen, Essentia to protein ratio,
Essential amino acid index and protein scores. The results aso indicated that calcium
dominated the minera pool and the least was copper. The fresh water fishes were good sources
of dietary minerals. There was no ggnificant difference (P>0.05) in dl nutrients contained in
fishes collected from the four locations, however some nutrients were significantly higher

(P<0 05) during the wet seasons.
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CIIAPTER ONF,

INTRODUHCTION

Fish contributes about half of the animal protcin intake in Africa, and in-land fisherics
provide about 40% of this (West, 1982).

Since the era of oil boom in Nigeria (early 1970's) there has been a gradual increasc in

private consumption cxpenditure (PCE) resulting in higher demand for animal protein by a
wider spectrum of the Nigerian populace, thus increasing the demand for fish and fisherics

products (Dada and Gnanados, 1983).

The Sahelian drought of the mid-seventics (Sagua, 1979), coupled with the intermittent

out break of rinder pest (Lall, 1977) resulted in escalated cost of beef cut and made fish to
“become the best alternative source of animal protein especially for the less privileged Nigerians,
Studies on domestic fish production in. Nigeria, indicated that as much as seventy
percent of fish catch and supply comes from artisanal fisheries in marine, coastal and inland
fresh waters (West, 1982, and Anon, 1980). However, the estimated yicld of the {reshwater
bodies are less than their potential production capacities, cspecially from capture fisheries
(Bazigos, 1972; Ekwemalor, 1975, West, 1982; Ita, 1982 and Balogun, 1986) and therefore

not meeting the requirements of the teaming Nigerian population.

Aquaculture compared to capture fisherics is relatively a new industry in Africa (West,

1992). Fish culture gradually gained prominence in Nigeria because of the growing deficiency
in capture fisherics (Bayagbona, 1983). 1t is however characterised by small scale subsistence

farming of Tilupia spp, Clarias spp, Carp, Heterotis spp and Chrysicthys spp most recently



(Onyia, 1992). Yet Nigeria has excellent fish cultufe potential because of its abundant water
resources. Intensification of fish culture has been identified by various workers as the only
short-term and of course long-term solution to the inadequate fish supply to the Nation (Sagua,
1976; Ita, 1980 and Eyo,l 1983) following the complete ban on fish importhtion The
anticipated progress in aquaculture has been less remarkable because of lack of suitable feeds
for the different fish families. | |

Artificial diets have been developed based on nutritional requirements of fish and the
availability of nutrients from which feeding ingredients ts obtained (Hardy, 1989 and Well,
1992). Artificial diets based on this approach have been developed for marine fishes such as
Salmon gairdneri, S. solar, § coptholmus moximus, Carassius auratus, and Cyprinus carpio
(Runse},; and.](etola 1975, Arai, 1981, Wilson and Poe, 1985 and deey and Tacon, 1992).
The mineral composition of fish was also known to correlate to the mineral requirements of
Cyprinus carpio and Salmons spp (Steffens, 1989).

The nutritional requirement of a significant part of the world population especially the
developing countries including Nigeria are yet to be satisfied. In most cases the nutritional
insufficiency is attributed to unavailability of protein, amino acids and minerals (Seelstrazl et al,
1974). Anunder untilized resources of excelient animal protein, fish oils, vitamins and minerals
are present in the world’s water bodies, but the main problem is to get these resources to the
consumers (Seelstra et al, 1974). The use of fish oil in the diet is reported to reduce the risk
ﬁf coronary heart diseases, arthrities, atheroscelerosis, asthma, auto-immune diseases, cancer
and multiple scelerosis (Ackman, 1992).‘

It was in recogmtion of the unique roles played by the fisheries resources in the national



ecdnomy and the nutritional well-being of its citizens that the Federal Government of Nigeﬁa

in conjunction with donor agencies such as JICA (Japan International Coopoeration Agency)

F AO/UNDP, DRC, and CIDA presented some well thought out plans to achieve self
sufficiency in fish production and mapped out strategies as follows:-

i) Increased exploration of Nigeria fishing resources to meet the ever increasing
demand for fish and encourage the development of fisheries based industries.

ii) Establishrnent of National Accelerated Fish Production Project (NAFPP).

1) Development of Inshore Fishing Project (IFP). |

iv}  Establishment of Artisanal and Inshore Fisheries Development Project (AIFDi’)

v) Funding of all state fisheries developments and research institutes in the area of
fish seed production through Directorate of Food Roads and Rural
Infrastructure (DFRRI) in 1987 (Anon, 1980). The increased fish seed
production was remarkabled for Tilapia spp and Clarias spp (Eyo, 1990)_

’ Previous studies on the fresh water fish families were mainly on their biology and
ecology in some selected water bodies, such as, in lake Kainji were Holdgieal studies of
Citharinidae (Bakare, 1968), Bagridae (Ajayi, 1972);, Mochckidae (Lewis, 1974), Chichlidae
(Akantunde, 1976), Clupeidae (Otobo, 1977), Schilbeidae (Olatunde, 1978) and Centropomidae
{Balogun, 1988), have been carried out. Similar studies carried out elsewhere were on
Kaingimi dam on all families (Abdullahi, 1987), Bagridae in Tiga dam (Abduliahi, 1988) and
in Zaria dam were Cichlidae (Elakhame, 1983); Cyprinidae (Faruku, 1984); Malapteruridae
(Ogb: , 1985); Characidae (Odigie, 1983) and Characidae (Ogeh, 1983).

Reports on the nutnitional contents and biochemical composition of fresh water fishes



arc scanty. The upgrading and expansion of our present knowledge of chemical composition
and nutritive value of the fresh water tish familics will lead to more judicious use, most
especially in infant diets. Perhaps also the comprchensive knowledge of the fish families
nutrient composition will step up the use of hitherto some neglected familics and specics.

AIMS AND OBJECTIVES

The general aim of this study was to upgrade and expand our present knowledge of
the chemical composition and nutritive value of the fresh water fish familics in Northern
Nigeria. The specific objectives were as follows;

1) To determine the proximate components such as the ash, organic matter,

carbohydrate, lipids, proteins and calory of the specics in cach family.

i) To determing the qualitics and guantities of the amino acids in cach species.

iii) To determine the nutritive values of the respective species using chemical
indices.

iv) To determine the quantitics of some mincral clements in the species.

v) To establish the cffect of the sclected locations and the two seasans on the

nutrient components of the species in cach family.



CHAPTER TWO

2.0 REVIEW OF LITERATURE

2.1 Nutrienl composition of Marine Fish Species

Quite a number of workers have made valuable contributions in the use of statistics to
estimate the nutrtive value of fish species. Huxley (1932) made a pionecring application of a
simple exponential equation Y=a™ to determine the protein, carbohydrate, fats and mineral
elements of fish,

where a = intercept constant

b = slopc constant

|

x = independent variables

y = dependent variables (protein, carbohydrate, lipids and mineral contents).
Another cquation Log Y = Log a + b log x
where a, b, x and y arc of similar functions as Huxley (1932) cquation was employed by Isles
and Wood (1964) to determine the proximate compaosition of Clupea harcugus.  Isles and
Wood (1964) observed that the equation was a more accurate method of evaluation of nutrient
content than a purely chemical method. Later other workers employed the equation to
determine nutrient composition of somc marine specics. Bret et al (1969) as well as Illiot
(1976) aﬂ employed this cquation to determine the nutritive value of Lepomis macrochivus and
Salmo trutta respectively.  These two equations were derived from a simple relationship
exisinting between the values of carbohydrates, proteins, fats and ash (dependent variables) and

those of standard length and {resh body weights (independent variables). The lipid content of



fishes was also estimated from the relationship between the percentage dry mass and the
percentage fats or from the inverse relationship between the percentage water and percentage
fats (Neiland, 1970). Caulton and Bursell {(1977) however employed the relationship existing
between the amount of fats protein and watcr to estimate the fat content of young Tilapia
vendalii. The workers noted that when components are cxpressed as percentage of dry matter
to which all of them contribute in fishes, correlation must be carried out by calculating the
regression equation relating the size to its major nutrient constituents and comparing Othe
measurcd amounts of cach component with the predicted values from the equation. Both
wotkers also found that a lorgarithmic transformation of the data provided the best expression

of the relationship between the body mass and the protein, fats and ash contents.

Seasonal changes in natrient composilion of marine fishes

Studies on the effect of scason on the nuttient compaosition of fish have been conducted
mainly on marinc fishes and in specific components. Quayam (1984) observed that high levels
of frec amino acids in Ophiocephalies prrctatns were influenced by seasonal feeding rhythms
and the break down of protein [or the development of gonads. Oser (1965) also observed that
argining, lysine, aspartic acid and cystcine amino acids in marine fishes generally increase with
the size and flooding season, due to higher consumption of more nutritiona! dicts during these
periods or richer sources of food. Zinc however was lost from the body of fishes in winter and
gained from the environment during spring especially in Safmo gairdneri (Berman and Vitin,
1968). The workers also obscrved increase in the iron content of the body of Sulmo gaidneri
during spring use to higher metabolic activitics.  Similar increases were reported for sodium,

potassium, chlorides, calcium and magncesium during spring in Safmeo gaidneri,



Voltémém (1973) worked on Coregonus nasans and reported a gfadual rise in the
Gpper content of the liver from January to maximum in March and April while_ Magnesium rose
to the peak in May. He suggested that these changes were due to enzym-atic composition of
- the fish during the period.

Shulman (1984) observed large variation in the fats and protein levels during the annual
cycles especially in the tropical oceanic fishes. The levels of carbohydrates were significantly
influenced by the seasonal glycogen level in the blood, liver and muscles which were mansimal

from January to July.

In the analysis of edible portion of commercial fishes caught in Netherlands, seasonal

variation in protein, fat and moisture contents were insignificant in cod fish (Gadus morrhau)
while the protein and fat contents in Pleuronectes })Iaressa and Merlanguis merlangus varied
significantly during spring season (Luter et al, 1984),
(Craig , 1977) reported that both protein and lipids are 'utilized for gonadal development most
especially at the start of the rains in Percia fluviatilis. Damson and Grimm (1980) also noted
some depletion in the protein and lipid reserves of Pleuronectes platessa during egg production
in winter, and that the reproductive activities and season affect the protein and fat content of
this fish. ’

In Malaysia, Abdullahi and Hails (1983} analysed the nutritive value of 7richogaster
pectoralis separately during and after breeding and observed that changes in caronhydrate was
insignificant but fat and protein levels were high in the muscles and intestine during the

breeding activities.

Ts



Effects of location on nutrient composition of marine fishes

—_——e

The eflect of location on the nutrient compaosition is a reflection of its being marine or
fresh water, as well as being temperate or tropical. These two factors significantly affect the
diets of fish (Akulin, 1979). Different locations with no marked differences in the climate and
limnological parameters have little effect on the diet and therefore the nutrient composition of’
the fish (Akulin, 1979). Chebotarova and Krebs (1979) worked on the variation in lipid
content of the liver and muscles of Onchorhychus nerka with respect to habita t, and reported
marked variation in these organs. The fish contained more fatty acids when in fresh water than
in the sea, especially linoleic acid. This they observed might be due to differences in the dietary
items consumed (Chebotarova and Krebs, 1979}, The flounder fish (Pseudo plenronecies
americanus) doubled its fat content when in the Northern latitudes compared to those in the
Southern latitudes (Numes et al, 1992), however the Atlantic herring (Clupea harengus) had

modest changes in the fat content in the same locations.

Nutritional Value of Marine Species

Studies on the nutrional value of fish have been conducted mainly on marine fish species
such as Ictalurus punctatus, Salmo gairdneri, Sardinop melanosticta, Sardinella longiceps
(Mustafa and Miediros, 1985, Erickson, 1992, Caulton and Bursell, 1977, Quaglia and Organ,

:
1990 and Sara ¢t al, 1992).
Mustafa and Miediros (1985) carried out the chemical analysis of letalurus punctatus

which they found to contain 77 8% moisture, 15 4% protein, 4.5% lat and 1.2% ash in the raw

fish while the baked fish was found to contain 71.4% moisture, 20.5% protein, 6.3% fat and



1.4% ash, .Béking was found to conserve thé nutrient content of Ictalurus pﬁnétams.

In another studies on three sizes of Salmo gaidneri, the proximate components were
found to be 14.2% protein, 3.5% fat and 75.5% moi;'.ture for the 3.62g fish, 18.2% protein,
2.8% fat and 77.2% moisture for the 201 3g fish and 20.2% protein, 2.8% fat and 78.2%
moisture for 1223 0g fish indicating a general increase in the protein and moisture content with
body weight.

Qyvind er a/ (1994) worked on the proximate composition of fillets from bony fishes.
The results indicated that the highest dry matter was contained in eel (541g/kg) and the least
dry matter was contained in Plaice (177g/kg). The highest protein was contained in blue fin
(240g/kg) while the least was recorded in plaice (134g/kg). The fat content was very high in
eel (325g/kg) and least in blue ling (110g/kg). The glycogen level was generally low in all bony
fishes analysed. The eel was found to be a good of source of lipid calory and minerals while
the blue ling was found to be the best source of protein.

In the determination of amino acids, Baboo ef al (1976) obsewed that acid hydrolysis
caused partial destruction of éysteine and tyfbsiné and the complete destruction of tryptophan,
while in the complete liberation of valine and isoleucine and the removal of serine and
threonine, the presence of carbohydate and acid hydrolysate modérate the respgctive amino
acids. ]

In later studies on amin(; acid content of fishes, Bhiyan.er al (1986) indicated that
smoking and sun drying had selective effect on the fish amino acids such as lysine and
tryptophan.

Oyvind ef al (1994) carried c‘)ut amino acid analysis of fillets of bony ﬁshes such as

Tuna, Catfish, Char, Cod, Eel, Halibut, Haddock, Herring, ling and Mackerel. A profile of



seventeen amino acids was obtained, the highest amino acid contained in all the species was
glutamic acid, followed by leucine, lysine and aspartic acid respectively while the least amino

-

acid contained in all species was trypiophan.

Orlova et al (1993) worked on the nutritive value of Flectrona caresbergi fish in
Moscow, found the predominant amino acids to be glutamic acid, methionine threonine,
isoleucine and phenylalanine as the total pool of essential amino acid was 323. 5mg/g protein
- gontent,

Various workers have made frantic efforts at proper evaluation of the protein value of
fish using chemical scores Sinkka ef al (1979) carried out analysis of three fish families,
namely family Arridae, Trichuiridae and the milkfish family. The workers observed that the
three families contained the same profile of amino acids but significantly different quantities
were found. It was also observed that the level of essential amino acids contained in the three
families approahced closely to that in egg protein. Sikka er af (1979) also indicated that the
E:N (ratio of Essential to non-essential amino acid), E-P (ratio of Essential amino acid td '
protein), E:T (ratio of Essential Amino acids to total‘_amino acid) and the EAAI (Essential -
Amino Acid Index) were highest in Arridae family followed by family Trichuiridae and the least
were recorded in the milkfish. The EAAI for Ribbon fish approached closely the EAAI for egg -
protein taken as 10. These chemical indices indicated high nutritive values for the three fish
families.

In an aﬁ;mpt to find suitable source of dietary minerals, some investigations were
carried out on the mineral composition of sea fish species. Falandysz (1985), worked on 35

flat fishes from Southern Baltic and the mean values of the mineral compositions were obtained
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as 0.012mg/kg Cadmium, 0.16mg/kg Lead, 0.15mg/kg Manganese, 0.14mg/kg Copper,
5.0mg/kg Zinc and 2.2mg/kg Iron.

In the analysis of the mineral contents of Godus morrhua, Pleuronectes plasiessa
andMerlanguius merlangus, Luten et al (1984) reported 80mg/100g, 120mg/100g,
326mg/100g and 360mg/100g of Potassium, 23mg/100g, 39mg/100g and 25mg/100g of
Calcium and 24mg/100g, 30mg/100g and 30mg/100g of Magnesium respectively.

Eighty-eight samples of tuna fish from Tenerife Canary Island, Spain were also analysed
for mineral contents, and the mean values obtained were 2 16mg/g of Lead, 0.05mg/g of Zinc,
10.85mg/g of Cadmium, 1 49mg/g of Copper and 4.13mg/g of Iron in the dry samples
(Hardisson et al, 1986)

Fourteen species of mackerel Scomber scombus were analysed for their Iron contents.
They were observed to contain between 0.2mg/100g to 1. 0mg/100g of Iron in the edible
portion The percentages of the Iron content were found to vary with the seasons (Leu ef al,
1981). Terry et al (1984) observed 0.2mg/100g to 0.9mg/100g of Iron in the North East
pacific species of mackerel while Jhaveri ef al (1984) only observed 0.2mg/100g to 0 5mg/100g
of Iron in the same fish species from southern New England

Processing and freezing was reported to reduce the quantity of Iron in the Cod, Gadus
morrhua and Mackerel, Scomber scombus tissues (Gomez and Regenstein, 1993). The
workers also reported that the dietary Iron derived from fish was more easily assimilated than

that from plant materials. e ——
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Nutrient composition of fresh water fish species

Literature on the biochemical composition and nutritional value of fresh water fish
famlies have been limited to a few families like Cichlidae, Claridae and Schilbeidae and in such
cases restricted to some selected nutrients.

Afolabi et al (1984) studied the proximate composition and amino acids of
Oreochromis niloticus, S. galilaeus, Tilapia zilli and Hemichromis fasciatus. The highest
moisture (71.11g/100g) and crude fibre, protein (78 89g/100g and total lipid (19.88g/100g)
was reported in S. galilaeus. Total ash (12 32g/100g) was four times in /. fasciarus than in
the other species. The workers similarly reported seventeen amino acids in the four species.
The highest amino acid in all four species was glutamic acid, followed by lysine and aspartic
acid However, the least amino acid reported in the four species was cystine. In a later study,
Boman (1992) reported the proximate composition of 7. zi/lli  as organic matter (74.05%),
protein (63.29%) crude fibre (0.52%) and carbohydrate (15.17%).

Also, Al-Ogaily ef al (1996) reported the body compsotion of Oreochromis niloticus
as moisture (71.70%), crude protein (14 83%), crude lipid (7.11%) crude ash (4. 77%) and
energy (6.30kj/g). Otitologbon er al (1997), however reported the proximate composition of
(. niloticus as moisture (772.1g kg™), of fresh weight, crude lipid (98.1g kg™'), crude protein
(658 3g kg') and ash (104 4g kg' ) while the mineral contents were Calcium (8.83mgk ),
Phosphorus (5.08 mg g"), Potassium 2 69mg g"'), Magnesium (0.36mg g"'), Sodium (0.72mg
g'), Zinc (0.07mg g'), Iron (0.03mg ¢ ), Copper (0.003mg 8 ) In another development,
Adeyeye er al (1996) further reported the mineral composition of O. niloticus. The quantities

of the minerals contained were Zinc (3.92%), Lead (0 79%), Manganese (2 56%), Jron
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(37.0%), Sodium (630.59mg), Potassium (491.17mg) while Copper and Cobalt were in trace
quantities of the total ash of edible portion.

Sadiku and Oladimeji {(1989) carried out analysis of amino acid compf)sition of S.
galilaeus in Zaria. The prominent amino acid was glutamic acid while the least in
concentration was methionine. Higher concentrations of all amine acids were reported n the
| fish during the dry season.

The only available report on thé biochemical composition of the family Cyprinidae was
carried out in Zaria.

Wuddivira (1992) reported that Labeo coubie contained mean’ dry matter (23.04%),
moisture (76.96%), organic matter 95.55%), crude protein (75.13%), crude hipid (10.61%),
Carbohydrate (11.45%}, crude fibre (1.36%) and ash (1.45%} of the edible portion. 1n the
same report the contents of minerals were Calcium (1.21%), Potassium {1 .23%), Magnesium
(0.10%), Sodium (0.10%), Copper (0.015%), Manganese (0.0015%), Zinc {0.0021%) and Iron
(0.016%) of the flesh. The tissues of L. coubic contain higher quantities of dietary nutnents.

Adeyeye et al (1996) also analysed some minerals in Cyprinus carpio in a polyculture
fresh water pond. They reported Zinc (1.33ppm), Manganese (0.65ppm), Iron (5.42ppm),
Sodium (480ppm) and Potassium (168 .63ppm) in the sex organs, gills liver, intestine eyes,
head, scales combined together. C. carpio was confirmed to be a good source of dietary
minerals.

Olatunde (1980) worked on the biochemical composition of Eutropius niloticus,
Schilbe mystus and Physaila pellucida (family schilbeidae). E. miloticus was reported to

contain the highest moisture (74.0g/100g), while the highest ash (11.7g/100g) and carbohydrate
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(15.3g/100g) were contained in S. mysrus. The highest protein (54.2g/100g) was reported in
E. niloticus, the highest lipid (34.3g/100g) was observed in P. pellucida. The mineral contents
of the family were generally high with 5. mystus containing the higilest Ca]c;ium (3800mg/100g)
and Magnesium (139mg/100g);, while E. miloticus contained the highest Potassium
(607mg/100g) and Sodium (312.5mg/100g). P. pellucida contained the highest Copper
(2.7mg/100g), Iron (6.8mg/100g) and Zinc (16.5mg/100g). He also reported that there was
no significant difference in the calories of the three species. Similarly, Wuddivira (1992)
studied the biochemical composition c.>f S. mystus in Zaria and reported crude protein (57.53%),
crude lipid (31.19%), carbohydrate (4.66%), crude fibre (1.59%) and ash (5.03%).

In the family Characidae, Faturoti and Aransiola (1985) reported thﬁt the moisture, fat
and volatile nitrogen contents of sun dried Alestes macrolepidoius to be higher than contained
in the smoked one. Gwaza (1992) worked on the nutritive value of Alestes nurse of between
lengths 12.14cm and 20.67cm. The nutrients contained were dry matter (23.66%), moisture
(79.9%), fat (31.52%), protein (52.2%), and carbohydrate (3.72%). The mineral pool also
showed the composition as Manganese (0.00068%), Sodium (0.124%), Copper (0.0026%),
Zmc (0.02%), Iron (0.014%), Magnesium (0.124%), Calcium (1.70%) and Potassium (1.70%).

Sadiku and Oladimeji (1989) reported that Syrodontis schall (famiiy mochokidae)
contained seventeen amino acids with glutamic acid as the dominant amino acid and the least
being methionine. Oni (1979) studied the chemical composition of S. scha/! and reported high
carbohydrate content but low protein and calory were contained. In a later study, Boman

(1992) on §. budgetti, observed dry matter (67.52%), crude protein (45.90%), crude fat
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(28.80%), carbohydrate (10.12%), and crude fibre (1.07%). The mineral pool was also
reported as Calcium (1 8%), Potassium (1.9%), Magnesium (0.1%), Sodium (0.12%), Copper
(0.002%), Zinc (0.003%), Iron (0.02%) and Manganese (0 001%).

In the biochemical analysis of oven dried Clarias gariepinus family claridae, Afolabi ef
al (1984) reported the nutrient contents as moisture (72.90%), crude protein (74.45%), total
lipid (21.90%), total ash (3.36%) and crude fibre (0.67%). Seventeen amino acids were also
reported in (. lazera with glutamic acid (16.98g/16gN) as the predominant amino acid,
followed by lysine (13 57g/16gN) and aspartic acid (12.59g/16gN) in that order. The least
amino acid reported in (. /fazera was cysteine (0.29g/16gN).

(. gariepinus was also studied for the proximate composition Gwaza (1992) reported
the nutrients as dry matter (18 6%), moisture (75.4%), fat (12.75%), carbohydrate (10.80%),
protein (63 0%) while the minerals were Potassium (1.02%), Calcium (1.12%), Manganese
(0.0003%), Copper (0.002%), Magnesium (0.14%), Sodium (0,15%), Zinc (0.014%) and Iron
(0.012% of the flesh Otitologbon er al (1997) also reported the proximate and mineral
composition of (. gariepinus as moisture content (744.1g kg™), crude lipid (141 0g kg'),
crude protein (685.7g kg'), and ash (64.6g kg™'), while the mineral contents were Calcium
(8 32g kg"), Phosphorus (5.16g kg ), Potassium (3.71g kg ), Magnesium (0.35g Kg ),
Sodium (0 81g kg'), Zine (0.08g kg™) and Copper (0.0005g kg™).

Deelstra et al (1974) in their study of the nutritive value of fishes of Lake Tanganyika,
reported Lates stappersii family Centropomidae as containing moisture (78 8%), protein
(77.0%), lipid (4.70%) and ash (11.6%). Seventeen amino acids were also reported in L.
stappersii. They were isoleucine (263mg/gN), feucine (535mg?gN), lysine (613mg/gN),

methionine (215mg/gN), cysteine (76mg/gN), phenylalanine (253mg/gN), Tyrosine
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(220mg/gN), Threonine (306mg/gN), Tryptophan (30mg/gN), valine (300mg/gN), Arginine
(377mg/gN), Histidine (370mg/gN), Alanine (443mg/gN), Aspartic acid (654mg/gN), Glutamic
acid (870mg/gN), Glycine (340mg/gN), Proline (28 1mg/gN) and Serine (300mg/gN). Sadiku
and Oladimeji (1989) also reported seventeen amino acids in L. niloticus, however observed
glutamic acid as the predominant amino acid and the least as methionine, but the essential
amino acids were within those recommended for humans. Otitologbon er af (1997) similarly
carried out the proximate and mineral analysis of Mormyrus rume and observed the nutrient
contents as moisture content (752.5¢ kg™), crude lipid (157.7g kg™'), crude protein (722 2g
kg'), and ash (63.5g kg ), the mineral contents were calcium (3 59mgi ), phosphorus
(6.59mgg"), potassium (3 22mgg ), magnesium (0. 18mgg ), sodium (0 34ihgg ), zinc
(0.06mgg™) iron (0.01mgg™) and copper (0.002mgg™").

Faturoti and Aransiola (1985) studied the nutrient content of three dried samples of
Heterotts niloticus family osteoglossidae. The three samples were found to contain 16 6%,
22.6% and 76.2% moisture and 2.28%, 2.28% and 0.82% fat respectively. The workers
concluded that methods of processing affects the nutrient concentration of fish samples. Ina
later study, Knauer ¢f af (1995) reported the amino acid and mineral content of /1. midae in
South Africa. The amino acids were reported as percentages of the protein. Seventeen amino
acids were reported as Alanine (1.33%), Arginine (1.81%), Aspartic acid (2.41%), Cysteine
(0.56%), Glutamic acid (3.38%), Glycine (1.91%), Histidine (0.42%), Isoleucine (0.93%),
Leucine (1.59%), Lysine (1.42%), Methionine (0.48%, phenylalanine (0.89%), proline
(1.20%), serine (1.17%), Threonine (1.15%), Tryptophan (0.19%) and valine (1.06%). The

mineral contents were reported as calcium (243,300mgg™"), cadmium (0.7 mgg™), cobalt (8.0
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mg/g ), Copper (16.6mgh ), Iron (182.8mgg ), Potassium (100.5ngg ) Magnesium
(953.3mgg™") Manganese (2.7mgg™), Nickel (12.6mgg"), and Zinc (37.5mgg™).

Furthermore, Eyo (1992) carried out assessment of nutritional value of two species of
the family Clupeidae Pellonula afzeliusi and reported that they contain dry matter (90.22%),
crude protein (71.33%), fat (7.97%), crude fibre (1.08%) and total ash (20.22%) while
Serrathrissa Jeonensis contained dry matter (80.23%), crude protein (68.47), fat (8.02%),
crude fibre (0.39%), total ash (17.81)%. The worker concluded that P. afzeliusi ws a better
source of dietary protein and minerals than §. leonensis.

Mineral content of the two species indicated that P. afzeliusi contained Sodium
(0.83%), Calcium (3.56%), Potassium (0.90%), Phosphorus (2.24%), Magnesium (0.10%),
Iron (1.60%), and Manganese (0.40ppm) while S. leonensis contained Sodium (0.66%),
Calcium (2.27%), Potassium (0.76%), Phosphorus (1.62%), Magnesium (0.03%, Iron
(1.40ppm) and Manganese (0.20ppm). Seventeen amino acids were also reported in the t\-vo

species each containing high quantities of essential amino acids.

Human Nutritional Requirements

Research into the nutritional requirements of man have been conducted mainly in the
advanced societies by a few workers, the Food and Agricultural Organisation and the World
Health Organusations.

In a twenty-year survey, it had been reported that males in particular and indeed patients
frequently eating fish had reduced cardiovascular mortalities and also the introduction of fatty

fish in the diets of cardiac patients, improved their survival after 100 days and also reduced the
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risk of stroke (Keli et al, 1994). Kﬁem and Joe (1993) also reported that consumption of fishes
reduce the risk of coronary diseases in human. '

Tontisirin ¢t al (1993) worked on amino acid requirements of human of all ages. They
reported a minimum tryptophan requirement of 2mg/kg body weight for the aged, 3mg/kg body
weight for adult and 4mg/kg body weight for children. However the threonine daily
requirements were 7.6mg/kg for the aged and 6. 8mg/kg/day for adults. Kennedy et al (1989)
however, recommended a daily minimum of all amino acids (essential amino acids) of 2mg/kg
body weight. The authors also reported that deficiency of methionine, phenylalanine and
tryptophan reduced growth while that of arginine and histidine retarded spermatogenesis. Low
level of threonine was reported to resulting in liver fat accumulation while deficiency of valine
led to negative nitrogen balance. Low isoleucing led to low haemoglobin level while that of
lysine led to nausea, anaemia and dizziness.

The Food and Agricultural Organisation (FAO)YWorld Health Organisation (WHO)
(1973) recommended 3.5-3.7g/16gN for infants and 1.8g/16gN isoleucine for adults, leucine
5.6-8.0g/16gN and 2.5g/16gN, lysine 5.2-7.5g/16gN and 2.2g/16gN, methionine 2.9—3f4g!gN
and 2.4g/16gN, phenylalanine 3.4-6.4g/gN and 2.5g/16gN, Threonine 4.4-4.5g/16gN and
1.3g/16gN, raline 4.1-4.7g/16gN and 1.8g/16gN and Histidine 1.4g/16gN respectively for
infants and adults. The Food and Nutrition Board, National Academy of Sciences, National
Research Council, USA also specified minimum daily requirements of tryptophan,
phenylalanine, lysine, threonine, methionine, leucine and isoleucine as 2.5-3.6g/16gN.

Maren and Marlene (1994) jointly in their findings gave US/RDA (Recommended

Dietary Allowance) of tron (5g), Magnesium (2g), Potassium (219g), Copper (0.2mg), and all
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amino acids combined 8g in the daily diet as the most convenient healthy level and best body
defence system. However, Kruppet et al (1970) reported the specific values required in the
human blood as amino acids (3-5.5mg/100ml, Calcium 5-11mg/100ml, Copper 100ppm -
200ppm/100ml, glucose 80-120mg/100ml, Iron 50-175mg/100ml, Magnesium 1-3mg/100ml

and Potassium 14-20mg/100ml.
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 COLLECTION SITES

Fish samples were collected from four locations in the savannah region of Northern
Nigeria (fig 3 1), The sites were Benue-Niger confluence at Lokoja, Kogi State, Shiroro dam
in Niger State, Zaria dam in Kaduna State and Tiga dam in Kano State. The locations lie

between latitude 6° 30'N and 8° 45' and between longitude 8 50" and 12° 30"

3.2 SAMPLE COLLECTION

At the collection sites fish samples were identified using keys by Holden and Reed
(1978) and Le wis (1974). Specimens were obtained either directly from the fishermen or the
fish retailers twice each month, between January 1990 and September 1993 The samples were
each time transported in ice-chest to the laboratory where they were kept in the freezer until

required for analysis.

3.3 METHODS OF ANALYSIS

3.3.1 FRESH WEIGHTS

Each fish sample was weighed to the nearest 0. 1g, using an clectronic mettler balance,
while for weights above 1k, salter scale balance was used. The mean weights were then
obtained from the duplicates.

The fresh weights were obtained after the fishes were gutted. Scaled fishes were also

descaled before weights were obtained.
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34 PROXIMATE ANALYSIS

The chemical composition of the fish samples were determined using methods of the
Association of Official Analytical Chemicals AGAC (1975, 1980), in the research laboratory
of National Animal Production Research Institute, Shika, Zaria. The analysed chemical
componentsbwere the moisture content, ash, lipids, crude protein, crude fibre, as well as

specific minerals. These were determined in duplicates,

3.4.1 DETERMINATION OF MOISTURE CONTENT AND DRY MATTER

The weighed samples were labelled and place(.i in pre-weighed crucibles. The sampies
in the crucibles were then dried in Gallenkamp hot box humidity - oven model OV-620 at
105°C for forty-eight hours. The weights were taken at intervals of six hours after the first
twenty-four hours. The samples were dried and cooled in an air-tight desiccator and later
weighed directly on electric mettler balance. The ;samples were dried until constant weights
were obtained. The moisture contents were thus obtained from the weight loss of the fresh
sample:

® Weight of crucible with fresh sample weight of crucible with dry sample.

= moisture content. |
(i)  Dry matter weight = constant weight after drying.
(i) % Dry matter = Dried sample wt x 100

Fresh sample wt.

(iv) % moisture content = w1 of water in sample x 100
: Fresh sample wt
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3.4.2 ASH DETERMINATION

Each dried fish sample was ground into a homogenous po@der with the laboratory
electric grinder and transfered into labelled sample bottles for further chemical analysis. Two
grames was removed from each of the homogenous sample powder, labelled and placed in a
pre-weighed procelain crucible. The crucibles and their contents were ignitted in an ashing
muftle furnance maintained at 600°C for twenty-four hours. The white ash obtained was then
cooled in the oven to 100°C and later transfered to a desiccator and cooled further for another
twelve hours. The crucibles and their contents were then weighed. The heatiﬁg, coofing and
weilghing were repeated at four hours intervals until no further change in colour and weight
occured. The percentage ash content was estimated as: |

% ash=___ weight of ash x 100
weight of sample powder

343 TOTAL ORGANIC MATTER

The total organic matter (T.0.M) component of the fish samples were determined by
the procedures of Linghstein and Oginsky (1965). The total organic matter comprises the
crude protein, lipid and carbohydrate was obtained as shown below:

Total organic matter = Dry matter - Ash

% T.O.M. = wt of dry matter - Ash x 100
wt of dry matter3 4.4
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DETERMINATION OF LIPID CONTENT

Soxhlet Continuous Extraction Method.

The lipid content was determined using the soxhlet continuous extraction method (AOAC,
1975) in NAPRI rescarch laboratory.

From each dry sample, Sgm weight was put into a presweighed extraction thimble. The
thimble was plugged with fat free cotton wool and the contents were placed in the central
syphon portion or extractor of the soxhlet apparatus. A 250em’ ground - glass - joint flask was
weighed and 40cm’ of analytical grade diethyl-ether plus 40em' analytical grade (60 - 80'C)
petroleum ether were poured into the flask.

The flask was then connected to the soxhlet syphon and condenser with the flask sitting
in the heating mantle. The mantle was then connected to the electric supply and heating was
slowly increased until the solvent boiled. The vapour of the boiling solvent which condensed
in the soxhlet syphon where the sample was placed and the lipid was dissolved

Al a certain level, the solvent with the dissolved lipid ran back into the 250cm’ ground-
glass-joint flask. The heating and hence the extraction was continued for 8 hours. At the end
of eight hours, the thimble was removed and placed in an oven at 105°C for three hours. The
glass flask was cooled in the desiccator and weighed. The flask and content were placed in the
oven for another 30 minutes and reweighed. This was repeated until a constant weight was
obtatned. The increase in weight of the flask was taken as the weight of lipid or crude fat
extracted.

% lipid or crude fat = weight loss of sample x 100
weight of sample



The defatted material was then preserved for protein analysis.

DETERMINATION OF CRUDE FIBRE

The crude fibre content of fish samples were detémined according to AOAC (1980),
at the research laboratory, National Animal Production Research Institute (NAPRI), Shika,

Two grames of sample powder were transferred to a soxhlet apparatus and extracted
with petroleum ether and diethy] ether as in soxhlet continuous extraction procedure. The
extracted sample was dried and transferred into dn'éd 100cm? conical flask. 200cm’ boiled
0.255N sulphuric acid was added. The content of the flask was boiied gently for exactly half
an hour with the flask rotated to mix the contents and remove particies from the sides.

A Buchner funnel fitted with a perforated plate covered with filter paper was prepared.
Boiling water was poured into the funnel and allowed to remain until the funne! was hot. The
water was then drain.ed by suction. At the end of the half an hour boiling period, the acid
mixture was allowed to stand for I minute and then poured immediately into a shallow layer
of hot water under gentle suction in the prepared funnel. Suction was adjusted so that the bulk
of the 200cm’ 0.255N sulphuric acid was completed within 10 minutes.

The insoluble matter was washed with boiling water until the washings were free from
acid, then the insoluble matter was washed back into the original flask by means of a wash
bottle. containing 200cm® 0.313N sodium hydroxide solution measured at ordinary temperature
and brought to boiling point. The boiling was continued for half an hour after which the
mixture was allowed to stand for one minute and then filtered immediately through a Whatman

No.1 filter paper. All the insoluble materials were transferred to the filter paper and washed
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first with boiling water then with 19 hydrochloric acid and tinally with boiling water until frec
from the acid. The washing was continued twice with alcohol and three times with cther. The
insoluble matter was then transferred to a dry, weighed ashless filter paper and dried at 100°C
to a constant weight. The paper and the contents were incincrated to ash at a dull red heat,

The weight of the ash was subtracted from the increase of weight of the paper duc to
the insoluble matter. The ciffercnce was repoited as the fibre content,

% crude fibre = Y - X x 10

Z

f

where X = weight of the ashless filter paper.
Y = weight of the ash afler incinerating,

7. = weight of the powdered sample.

34.6 DETERMINATION OF CRUDE PROTEIN

The kjeldahl method used in this analysis involved heating the sample with concentraied
sulphuric acid. This converts the protein nitrogen into ammonium sulphate (digestion}. The
second stage was the estimation of the ammonia produced by neutralising the digest then
distillation and finally titration with an acid (Microkjeldahl method, ACAC, 1980).

Digestion:

2.0g Each sample powder measuring 2.0g was accurately weighed on a filter paper.
The filter paper and samples were transferred into small kjeldahl flasks containing 0.8g of

catalyst mixture and anti-bumping granules. (Ig CuSO,, 8g K, 8G,, [g Solenium dioxide
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mixture). To another flask 0.165g of glycine was added as standard. 20cm’ of concentrated
sulphuric acid was added to each of the flasks. The flasks were warmed gently at first to
minimise frothing then the heat was increased until the solution was cleared. Digestion was
carried out for six hours. Boiling was continued for a further 30 minutes, after which the
solutions were allowed to cool (Colour changed from apple-green to colourless sofution)
The content of the flask were transferred into 100ml volumetric flasks and the volume

made up to 100ml mark with distilled water.

Distillation:

The contents of the flasks were transferred into tﬁe distillation apparatus. ‘. The
apparatus was steamed for 10 minutes before use into the digest, 10ml of 40% sodium
hydroxide were added to make the digest alkaline. The ammonia librated was condensedin the
condensed of the apparatus and collected in a receiving flask was set up containing
approximately 25c¢m’ of boric acid and 4 drops of screened methyl red. The tip of the
condenser was set to deep into the beaker containing the boric acid to avoid escape of
ammonia. Distillation was done to the 25ml mark. Care was taken to ensure that ammonia did
not escape into the atmosphere. The ammonia was boiled over into the receiving flask.

- Titration: The ammonia mixture was titrated with 0.02m Hcl to end point, and the titra
values for blank and sample obtained.

The percentage crude protein was calculated as percentage nitrogen (%N) x 6 25. The

(%N) was calculated as follows:
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NH, x H,S04 - NH,SO,

(1mole) (Imole) (1 mole)

Imi of 0.02m H,SO4 = Iml 0.02m Nitrogen (N)
= 0.0002gN.

% crude protein =M x0014x D x T x6.25x 100
Wx L

where:
M = molarity of acid
0.014 = Nitrogen content per 100cm’
D = Dilution factor
6.25 = Protein conversion factor
W = weight of sample powder

L = volume of Liquor distillate

DETERMINATION OF CARBOHYDRATE

The method of AOAC (1975) was adopted and calculated by difference.
% carbohydrate of the dry matter = 100 - (% crude protein + % crude fibre + % lipid

t+ % Bsh).

348 CALORIC VALUE

The caloric values of the lipid, crude protein and carbohydrate were calculated using

standard conversion factors (Winberg, 1971) as follows:



() Lipid caloric valuc = amount of lipid g/100g x 9.5kcal/g.
(i) Protein caloric value = amount of protein g/100g x 5.5kcal/g.
(i)  Carbohydrate caloric value = carbohydrate values x 4.1 keal/g

(iv)  Total calory = Lipid x protein x carbohydrate valucs (kcal/g)

349 DETERMINATION OF AMINO ACIDS

The determinations were carried out at the post graduate research laboratory of the
University of Jos.
The samples were first weighed, defatted, hydrolysed and then evaporated in a rotary

evaporator before being loaded into the amino acid analyser (TSM).

) DETERMINATION OF DRY WEIGII'T
Three filter papers (No 1-type) were accuratcly weighed on a chemical balance. 1.5g
of sample was added to the weighed filter paper. The sample was dried in the rotary
evaporator. The weight of the dried sample and the filter paper were noted. The
difference between the weight of the filter paper with sample and that of the filter paper

only gave the weight of the dry sample which was used for the analysis,

(ii) DEFFATING OF THE SAMPLES

The weighed tnplicate samples were carelully transferred into different lipid extraction
thimbles. Each thimble was plugged with cotton wool (to prevent particles of the

samples from floating) and placed in 100cm’ soxhlet extractor. Both were connected
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(iii)

(iv)

to a round bottom flask which was 3/4 filled with petroleum spirit (60 - 80°C). The
assembly was connccted to Davids double surface condener and heated with an
electrothermal heater at 70°C. Extraction was allowed to continue for a minimum
period of 6 hours after which the defatted sample materials were evaoporated to
dryness at 50°C under oxygen-free nitrogen. The samples were divided into two parts,

onc for the determination of crude protein (as carlier) and the other for hydrolysis.

IHYDROLYSIS OF SAMPLES

The deflatted samples were accurately weighed and 0.5g of cach samplc was
transferred into an ampaule 7em’® of 6NHcl was added to the ampoule and nitrogen gas
(oxygen free) was passed through the solution to expel the air for 20 minutes. (This
prevented the possible oxidation of some amino acids during hydrolysis). The ampoule
was sealed and incubated at 100 - 110°C for 22 hours. At the end of the incubation,
the ampouic was broken at the neck and the content was filterred using a whatman filter

paper No.1.

EVALOPRATION OF THE SAMPLE FILTRATES

The filtrate was transferred into a 250em’® round bottomed flask of the rotary
evaporator where it was evaporated to dryness at 40°C under suction. The residuc was
subsequently washed twice with 10em’ of de-ionized water and ¢vaporated to dryness
each time. The residue was picked up in 3cm? of 0.01N Acl and preserved in a

refrigerator at -6 + 4°C for loading into an amino acid analyser when required.
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(v)

(vi)

LOADING OF SAMPLE INTO TECHNICON-SEQUENTIAL

MULTISAMPLE AMINO ACID ANALYSER (TSM)

1em'® of the hydrolysed samples and standard mixture were loaded with equal volume

of internal standard solution (Norleucine) using a micropipetie. The cartridges were
then placed on a sample tray of the TSM sampler. Two chromatographic columns were
packed with 75% resin slurry and mounted directly below TSM sampler The front
column was used for separation of the basic amino acids and the rear column for the
separation of the acidic and neutral amino acids Buffer solutions were connected to the

systems via a peristatic valve

PREPARATION OF BUFFERS

a) Buffer No. 1 (PH3.25, 0.25N Na'/0 Im citrate/6% methyl cellosolve). 400cm’* of
stock solution was measured and poured into a 4 litre beaker equipped with stirrer.
About 3 litres of distilled water was added and agitated. 240cm’ methyl cellosolve and
1.0ecm’ thiodiglycol were added afier which 6N hydrochloric acid was used to titrate
the solution to pH.3.25 It was then transferred to a volumetric flask and made up to
a total volume of 4 litres.

b) Buffer No.3 (pH.5.25. 0.37N Na'/0.1m citrate). This buffer was also prepared in
the same way as the second buffer except that 40 Og Sodium Chloride was added.
When the analyser was started, the buffers were delivered to the columns through the
sampler from two high pressure pﬁmps and selected by the buffer - changing valve (the

valve sequences, the buffers required in the stepwise elution of the amino acids and
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(vii)

sequences, the flow of the effluent from either column into analytical system or to the
waste). The buffers washed the column, removing some of the amino acids bound to
the resin by electrostatic forces. As the amino acids were eluted from the column, they
were collected individually partitioned by the bubble system into the analytical system.
Here they were mixed with hydrin solution supplied through the pll'oportioning pump.
The reaction mixture now formed, passed through a capillary tube immersed in a 100°C
water bath where amino acids reacted with ninhydrin to produce a coloured préduct,

The developed effluent (reaction steam) was led through the colorimeter where
the absorbance was monitored continuously as it passed over a sensitive photo-electric
unit. The signals from the colorimeter were finally fed into an automatic pen-recorder
which then plotted the intensity on a moving linear chart paper, the speed of which was
carefully preset. The type of amino acid was established on the basis of its position on
the chromatogram and it was quantitatively estimaled on the basis of the area under

each curve.

METHOD OF CALCULATING AMINO ACID VALUE FROM THE

CHROMATOGRAM PEAKS

The net height of individual peaks were readily measured. The half-height of the peak
on the chart was located and width of the peak at the half-height was accurately
measured and recorded. The approximation of the area of each peak was obtained by

multiplying the net height with the width at half-height.
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The norleucine equivalent (NE) for each amino acid in the standard mixture was

calculated using the formula:

Area of norieucinepeak

NI, =

Area of cach amino actd

From the norleucine equivalent above, a constant S was calculated for each amino acid
in the standard mixture

S standard - NE standard x mol weight x Nnn AA standard.

(viii) CHEMICAL SCORE (C.S) OR PROTEIN SCORE (P.S)

The chemical score was calculated according to Block and Mitchell (1946) as follows
The content of each essential amino acid of protein was expressed as percentage
of a standard, the lowest percentage being taken as the chemical score

The standard or reference protein was as recommended by (WHO/FAQ, 1973).

8 - 1000 X (g) essential amino acid of test protein x100

() total amino acid of whole hen's egg

(ix)  ESSENTIAL AMINO ACID INDEX (EAAD

The essential amino acid index was calculated as the geometric means the ratios
of the essential amino acids in a protein to those of standard or reference (usually egg

protein) Oser, 1951).
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The geometric mean of the ratios as calculated below was taken as the EAAL

FAAL - 1000 X ratio of (g) essential amino acid

essenticlaming acid in whole hen egg.

(x) ESSENTIAL TO NON-ESSENTIAL AMINO ACID (E:N)

The essential to non-essential amino acid was the grammes of essential amino acid per
grammes of non-essential amino acid in the food protein in terms of nitrogen. The

calculation was done according to (Oser, 1951).

1000 X ratio of essential amino acid (g)

EN =
ratio of non essenttal amimo acid (g)

(xi)  ESSENTIAL AMINO ACID PER (g) TOTAL NITROGEN (E:T)

The essential amino acid per gm protein was calculated according to FAO/WHO (1968)

expert group on protein requirement as follows:

LT essential amino acid (g) x 100

Total nitrogen

(xii)  ESSENTIAL AMINO ACID TO PROTEIN RATIO

1000=Ratio of essential amino acid(g)=100

E.P-
100g protein



3.4.10 DETERMINATION OF MINERAL FLEMENTS

The minerals were analysed using the atomic absorption spectro-photometer (AAS),
Perkin-Elmer model 2903, the {lame photometer comjng-egl model and spectronic 20 (AOQAC,
1980). Both the colorimetry and absorption spectrophotometry were based on Beer - Lamberts
law,

Loglo = abce
It

where 1t = Intensity of transmitted light
- lo = Intensity of incident light
a = molar absorptivity
b = concentration
¢ = thickness of medium.
The AAS was used for the determination of Calcium, Copper, Iron, Magnesium and
Zinc. The flame photometer was used for sodium and potassium while spectromic 20 was used

for Phosphorus.

) Determination of Calcium, Iron, Magnesium, Copper and Zinc
250mg of each sample powder was weighed into a porcelain dish. The sample was
heated carefully over a bunsen burner with the crucible covered until the smoke had
ceased. Then the cover was then removed and the content roasted in a muffle furnance
for 8 hours at 500°C. After ashing, the crucible was allowed to cool in a desiccator.
The ash was extracted with 20% analytical grade hydrochloric acid. The solution was

made up to 50cm’ with more 20% hydrochloric acid.




(ii) Dilution of stock solution

The standard solutions of Sodium, Potassium, Calcium, Magnesium, h'on, Copper and
Zinc were used for the analysis. The standard solutions were products of Tokyo photo
electric Ltd, Japan.

Each standard solution contained 1000ppm of e;lch element. The stock solutions were
diluted to give 2,4,6,8 and 10 ppm of each element except Magnesium. For
Magnesium the solutions were further diluted to give 0.2, 0.4, 0.6, 0.8 and 1.0 ppm due

to the sensitivity of the magnesium lamp.

Procedure

0.2em’ of each stock solution was taken in a graduated pipette and made up to
100cm” with distilled water in a volumetric flask. This dilutions gave 2ppm. Other
dilutions were made as follows:
o.4cm’ made up to 100cm’ gave 4ppm
0.6cm’ made up to 100cm’ gave 6ppm
o.8cm’ made up to 100cm’ gave 8ppm

1.0cm’ made up to 100cm’® gave 10ppm

Magnesium

A further dilution was made as follows: 5.00cm’ of solution containing 2ppm was made

up to 50cm’ with distilled water to obtain 0.2ppm.

5.00cm’ of solution containing 4ppm was made up to 50cm’ with distilled water to
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obtain 0.4ppm.
5.00cm’ of 6ppm made up to 50cm’ gave 0.6ppm.
5.00cm* of 8ppm made up to 50c¢m’ gave 0.8ppm.

5.00cm® of 10ppm ade up to 50cm’* gave 1.0ppm.

Phosphorus

1 em’® stock phosphorus solution contained 0.05mg phosphorus 1,2,3.4 and 5 cnt’ of
the stock phosphorus solutions were pipetted into six 50cm’ volumetric flasks. The flasks were
made up to mark with distilled water. The solutions contained 0.5, 100, 150, 200 and 250mg

phosphorus respectively.

Phosphorus Stock Solution

0.219g potassium dihydrogen phosphate (KH,P04) was weighed and dissolved in
700cm’® distilled water. 25g of ammonium -meta venadate was weighed and dissolved in
500cm® hot distilled water (60°C). The entire ammonium molybdate solution was mixed with
the ammonium -meta venadate solution, and the resulting solution was added to the potassium
dihydrogen phosphate in a two litre volumectric flask,

700cm® perchloric acid was added to the two litre volumetric flask content. The
solution was allowed to cool down. The complex mixture was made up to two litre with

distilled water. This stock solution contained 1000ppm phosphorus ions.
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Instrumentation
| Thé atomic absorption spectrophotometer was put on for 30 minutes before the
Acetylene gas knob was opened. The gas was ignitted and the standard solutions were
introduced at the aspirator. The optical density was read at the wave length of each element.
If linear equipment was confirmed to be working properly, the sample was introduced and the
concentration was read at the galvanometer against the distilled water. This was used mainly
for the determination of Calcium, Copper, Zinc, lron and Magnesium.
Spectronic 20 was put on for 30 minutes Baton solution was added to the diluted
Phosphorus solution. The mixture was left for about 15 minutes for colour development. The

colour was then read at 385nm wavelength. The Phosphorus content was calculated as:

mg P ( from graph) x dilution factor x 100
1000,000 x weight of sample

mg/100g phosphorus =

Sodium and Potassium

Flame photorﬁeter was used. The stock solutions were used to set up the sensitivity
control of the flame photometer to obtain a scale reading of under 100 divisions. The distilled
water was used to obtain zero readings. A calibration curve of concentration against scale
reading was prepared. Readings using the sample solutions wére taken and concentrations were

read off from the calibration curves.



Statistical Analysis

At the end of the experiment all data were subjected to two-way analysis of variance
(ANOVA) and the F-value ratio was determmed for each sample. The 2-tail test used was
given by Pearson Product moment correlation coeflicient (r). The maximum error acceptable

was at 5 percent (P<0.05).



CHAPTER FOUR

4.0  RESULTS

4.1 Samples Collected

The number and relative percentages of fishes collected from all locations are shown
in Table 4 1a The family Bagridae has the highest number of different species collected
followed by the family Mochokidae, then Characidae and Cichlidae while the families,
Centropomidae, Gymnarchidae, Osteoglossidae and Malapteniridae had one species each in the
collectrons The number of different species collected in each family and their relative
percentages are also shown in Table 4. 1b The number of specimens collected was largest for
the family Cichlidae (1208) or 20% followed by the family Bagridae (1180) or 19.52% while

the least number of specimen collected was (18 or 0.30%) for the family Malapterunidae



Table 4.1a

TOTAL FISH FAMILIES COLLECTED FROM THE FOUR LOCATIONS

FAMILY

SPECIES No,

NUMBER COLLECTED

% OF TOTAL
COLLECTED

Cichlidae 4 1208 20,00
Bapridae 8 1180 14,52
Maochokidae 6 745 11.36
Cyprinidac 3 559 e
Characidae o 478 7.92
Maormyridac ) 441 7.32
Clandae 2 415 6.87
Schilbeidae 2 289 4,78
Citharinidae 2 221 3.66
Centropamidae ! 14 1.30
Distichodontidac 2 173 2.86
Ciymnarchidae 1 54 0.849
Osteoglosidac 1 28 46
Malapteruridae 1 18 (.30
Total Specimens 40 6038 HOO.00

collected
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Tabie 4.1

TOTAL FISH SPECIES COLLECTED FROM THE FOUR LOCATIONS

FAMILY SPECIES NUMBER Z OF TOTAL

COLLECTED COLLECTED

Cichidae Oreochvomis niloticus 310 5.13
Filapia zilli 351 581
Sarotherodon galilacus 382 633
Hemchronus fascratis 165 2.73
Bagnidae Auchenoglanis occidentalis 166 2.75
Chrvsichthys migrodigitatus 216 3.58
Chevsichthys furcatus 157 2.60
Chrvsichthvs aurains 110 1.82
Bagrus bavad 119 1.97
Bagrus docmac 183 303
Bagrus filameniosus 177 293
Clarotes laticeps 52 084
Mochokidac Svnodontis schall 218 30610
S elarias 160 2.65
N budge 164 272
Somembranacens 59 0.97
S melanapteries 85 1.41
S filamentosus 39 0.97
Cyprimdac Labeo coubie 306 507
L. sencgalensis 172 285
Barbus occidentalis 11 1.84
Characidac Alestes nurse 167 2.77
Hydrocynus brevis 93 1.54
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FAMILY SPECIES NUMBER
COLLECTED
Alestes macrolepidotus 120
Hepsews odoe 98
Mormyridac Mogmyrus rume 229
Mormyrops deliciosis 120
Hvperopisus bebe 92
Clanidac Clarias gariepinis 224
. anguillaris 191
Schilbewdae Futropius nifoticus 153
Schilbe mystus 136
Citharmidac Citharinns cithaeris 109
Citharmus fats 112
Centropomidac Liates miloticus 199
I hstichodontidac List@hodus rostrais 93
Distechodus engyveephatus 80
Gymnarchidae Crymnarehus niloticus 54
Osteoplossidac Heterots niloticus 28
Maclapteruridac Malapterurns electricus I8
Total 14 families 40 species 6038

% OF TOTAL
COLLECTED

1.99

162

379

1.99

1.54

301

ilo

2.53

2.25

1.81

1.85

3.30

[.54

1.32

(189

D.AG

(+.30

100




4.2 (a) Proximate component of the family Cichlidae (g/100g)dry matter.

The mean values and standard deviations for the proximate components and caloric
values of Orecxchromis niloticus, Tilapia zilli, Sarotherodon galilaeus and Hemichromnis
Jfasciatus are shown in Table 4.2.

The highest proximate component in all four species was protein (32.0 + 1 41 to

34.9 +0 34g/100g) followed by carbohydrate (23.7+ 1.11 t0 7.7 + 1. 00g/100g) and the least
was lipid (20.3 = 1 67t024.1 + 0.33g/100g) The carbohydrate, lipid and protein were in the
ratio of 1:1:1 5 There was no significant difference (P>0.05) in the contents of carhohydrate,
lipid and protein of the four species

The ash content was significantly different (P<0 05) in the four species The highest
ash (24.0 + 0 7g/100g) was recorded in H. fasciatus, followed by 7. zilli (17.4 + 1 1g/100g)
then §. galilaeus and the least was contained in (). piloticus (14 5 + 1 3g/100g)

Organic matter content was not significantly different (P>0.05) in the four species,
however, the highest was recorded in (). miloticus (856 £ 1.22g/100g) followed by S
galilaeus, then T. zilli and the least was in H. fasciatus (76 0 + 2 78g/100g) The carbohydrate
was not significantly different (P>0 05) in the species

The highest carbohydrate was recorded in 7. zilli (27 7 + 1 0g/100g) followed by ().
niloticus and the least was in H. fasciamus (237 £ 133g/100g) Lipid was significantly
different (P<0 05) in the four species The highest lipid (24 1 + 0.33)g/100g) was recorded in
(). niloticus, then M. fasciatus, S. galilaens and the least lipid (20 3 + 1 67g/100g) was in 7.
zilli. The protein conteni was not significantly different (P>0 05) (). wiloticus, T. zilli and S.
galilaeus contained similar quantities (34.3 to 349 + 034g/100g) and the least (320 +

1.41¢/100g) was recorded in H. fasciatus. The calory level were similar in all four species, but



highest (523.26 kcal/100g) in (2. niloticus, followed by S. galilueus and the least (478.67
kcal/100g) was recorded in 7. zilli. |

(b) Amino acid composition of the family Cichlidae (2/100g) protein,

The amino acid composition of (). niloticus, T. zilli, . galilaeus and H. fasciatus in
the family Cichlidae are shown in Table 4.3. The profile of the amino acid are the same but
there was significant difference (P<0.05) in the quantities contained. The highest amino acid
contained in al! four sp-»ecies was glutamic acid (15.30 - 15.96g/100g), followed by lysine (9.60 |
- 10.95g/100g), then aspartic acid, leucine, arginine, serine in that order while the least amino
acid contained was methionmine (2.12 - 2.95g/100g).

(). niloticus contained the highest lysine, histidine, arginine, glutamic acid, proline,
cysteine, leucine and phenylalanine (10.95, 3.18, 6.00, 15.96, 3.80, 3.34, 6.88 and 3 15¢/100g)
respectively, while 7. zilli contained the highest aspartic acid, alanine, valine, methionine,
1soleucine and tyrosine (10.39, 4.65, 4.91, 2.95, 3.02 and 3.90g/100g) respectively. S.
galilaeus only contained the highest threonine and glycine (4.00 and 4 86g/100g) respectively.
H. fasciatus contained the highest glutamic acid (16.3g/100g).

(¢) Chemical indices of family Cichlidae

The essential to non-essential amino acid (E:N), the essential to total nitrog;an (E:T) and
essential amino acid to protein (E:P) ratios, the essential amino acid index (EAA1) and the
chemical/protein score (C.S/P.S) values for the four species of the family cichlidae are
presented in Table 4.4, The highest E:N was recorded in S. galilaeus (0.90), followed by 7.
zifli, O. niloticus and the least E:N was recorded in H. fasciatus (0.87). The highest E:T
(49.23) was recorded in 7. zilli, then S. galilaeus and the least was recorded in both O.

niloticus and H. fasciatus (46.96 and 46.79) respectively. The EAAI was highest in T zifli
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(140.27), foliowed by 8. galilaens and the least was recorded in H. fasciatus (118.76). The
C.S/P.S was highest in T. zilli (64.57) followed by §. gafilaeus (62.91) and the least was
recorded in H. fasciatus (54.67). The highest E:P was recorded in /. fasciatus (1.1 8) followed
by 7. zilli (0.85) and the least was recorded in S. galilaeus (0 79). There was no significant

difference (P>0.05) in the E:N, E. T, C.S/P.S values of the four species.

(d) Mineral contents of the family Cichlidae (mg/100g) ash

- The mean values and standard deviations of the mineral contents of . mifoticus, T. zifl,
s galilaeus and H. fasciatus of the family Cichlidae are presented in Table 4.5. The highest
mineral contained in all four species was Calcium (3862.5 - 4525.0 + 189.3mg/100g) followed
by Potassium, then Sodium, Magnesium and the least content was Copper (29+0.2-3.6=
0.2mg/100g). Potassium and Sodium were in the ratio of 2:1 while Calcium and Potassium
were in the ratio of 6:1 in all four species.
H. fasciatus contained the highest Calcium content (4525.0 + 189.3mg/100g), followed
by O. niloticus (4289.2 £ 110.9mg/100g), then §. galilacus and the least was contained in 7.
zilli (3862.5 + 204.7mg/100g). The highest Potassium content (706.2 £ 102, 3myg/100g) was
contained in 7. zilli, followed by O. niloticus (638.4 + 28.1mg/100g) then S. galilaeus and the
least was contained in 8. galilaeus (608.6 £ 57 4mg/100g).
The highest Iron (18 7 = Z.4mg. 100g) was recorded in &. gafilaeus, then O. niloticus
and H. fasciatus and the least was contained in 7. zilli (9.0 + 1.8mg/100g). Magnesium was
higheﬁ (37.5 £ 5.6mg/100g in S. gah‘!aer‘rs, then O. miloticus and H. fasciatus while the least

magnesium was contained in 7. zifli (31.0 = 2.3mg/100g). Three species contained equivalent
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quantities of Sodium, these are . wiloticus, T. zilli and H. fasciatus (3002 - 300.7
10.3mg/100g) and the least Sodium was recorded in S. galilaeus (296.7 + 11.5mg/100g).
Copper was generally low in all four species, however, /. fasciatus contained the highest (3.6
+ 0.2mg/100g) then O. niloticus and 7. zilli while the least was contained in S. galiaeus (2.9
+0.2mg/100g).

The highest Phosphorus was also recorded in /. fasciatus (18 2 + 2 3mg/100g then 7.
zilli, O. niloticus and the least Phosphorus was contained in S. galt/aeus (15.0 + 1.8mg/100g).
Zinc was also highest in H. fasciatus (20 2 £ 2 Tmg/100g), then S. galilaeus, O. niloticus and
the least Zinc was contained in 7% zilli (14.3 4+ 1.1mg/100g) There was significant difference

(P<0 05) in the contents of Calcium, Potassium and Iron in the four species.
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Tahle 4,4

The I:N 1T E:1* EAALAND C5/P5 OF FOUR SPECIES OF THE, FAMILY CICHLIDAE

Fish Species N B LEAAIC Csms! 1514
Oreoctirenies nileticiy .88 46.06 13392 0L.56 0.81
Tilapin zilli (184 40.23 140.27 04.57 (L85
Saratherodon galilaeus 0.0 47.53 136.07 62.91 Q.79
Hemichromis fusciatus 0.87 46,79 118,76 54.67 1.18

4 - Lssential to non-cssentill anuno acid rio

b - lissenlial amino acid (o total nitrogen ratio

¢ - lisscotial amine acid index

d - Chemical or protein score

Le]
]

lissential aming acid 0 protein ratio
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4.3 (a) Proximailc components of the family Bagridae (¢/100g)/drymatter

The mean values and standard deviations for the proximate components and calories of
Auchenoglanis occidentalis, chrysichthys nigrodigitatus, C. furcatus, C. auratus, Bagrus bayad
and Clarotes laticeps are shown in Table 4.6. The highest proximate component in the eight
specics was protein for A, occidentalis, C. nigrodigitatus, C. aquratus and C. furcatus (42.6 =
2.73,41.3+£2.03,42.1 £0.63 and 40.0 + 0.04g/100g) respectively. Protein was lowest in 5,
buyad, B. docmac, B. filamentosus and clarotes laticeps (27.1 2 0.01,27.7+£3.14, 283 £2.17
and 28.0 & 0.11g/100g) respectively. The next higher proximate component was lipid (29.1 &
1.06 - 31.6 % 2.11g/100g} while the least was carbohydrate (8.7 £ 1.12 - 13.2 & 0,40g/100g}.

B. bayad contained the highest ash (254 + 3 7g/100g) followed by (. laticeps, B.
Jillamentosus, A. occidentalis, C. furcatus, C. nigrodigitatus in that order and the cast was
contained in C. awratus (14.3 £ 2. 1g/100g). However,, the organic matter (92.0 &+ 1.2g/100p)
was highest in A. occidenialis, follwed by C. sigrodigitatns, C. furcatus, (. auratus, B. docmac
respectively and the least was contained in C. faticeps (64.7 £ 2.60g/100g).

Carbohydrate was highest in three specics, 5. fayad, B. docmac and B. filumentosus (13.2
+ 0.40g/100g), tollowed by A. occidentalis, C. auratus, C. furcatus and C. filamentosus
respectively while the least was contained in (7 fariceps (8.7 £ 1.12g/100g). The lipid contents
were generally in similar quantitics but the highest was obtained in (. nigrodigitetus, C. furcatus
and C. quratus (31.3 £ 1.08,31.6 £ 2.11 and 31.4 £+ 2.12g/100g) respectively. These were
closcly followed by A. occidentalis, B. fitamentosus and C. laticeps while the least lipid was
obtained in B. docmac (29.1 = 1,068/100g).

The highest protein (42.6 + 2.73g/100g) was contained in A. occidenitalis, followed by C.
Jurcatns then C. nigroditis. Lower protein contents were obtained in B. bavad, B. docmac, B.

Jitameniosus andC. laticeps (27.7 £ 0.01, 27.7 + 3.14, 28.3 £ 2.17 and 28.0 + 0.1 1g/100g)
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respectively. The calories in all eight species was generally high with the highest obtained in (.
Surcatus (571.11k/cal./100g), followed by . migrodigitatus, then A. occidentalis while lower
calories were recorded in B. bavad, B. docmac, B. filamentosus and O laticeps (475 62 -
497.62kcal/100g). The values of the proximate components were significantly different (P<0.05)

in all eight species.

(b) Amino acid composition of the famil

The amino acid composition of A. accidentalis, Congrodigriatus, C. furcatus, O anratus,
B. bavad, B. docmac, B. filamentosus and Clarotes laticeps of the family Bagridae are shown in
Table 4.7

The profile of amino acids were the same for all cight species, however there was
significant difference (P<0.05) in the quantitics. The highest amino acid observed in the eight
species was glutamic acid (16.02 - 18.58¢/100g), followed by lysine (998 - 10.94g/100g) and
aspartic acid (8 80 - 12 30g/100g) then leucing. Methionine, isoleucine and phenylalanine were
found 1n lowest quantities for all eight specices.

A. occidentalis contained low quantities of each amino acid compared to other species in
the family. However, C. migroditatus contained the highest glutamic acid (18 58g/100g, cysteine
(3.20g/100g) and valine (4. 90g/100g). . furcatus contained the highest lysine (10 94g/100g),
threonine (3.60g/gN), proline (3.44g/100g), tyrosine (3.89g/100g) and phenylalanine
(3.40¢/100g). . auratus contained lysine (10.88g/100g), aspartic acid (9.94g/100g), glutamic
acid (17.86g/100g) and leucine (6.09¢/100g). B. bayad contained the highest aspartic acid
(12.30g/100g), glycine (4.633/10651) and leucine (6.68¢/100g). B. docmac also contained the
highest serine (4.04g/100g) and methionine (3 20g/100g). B. filamentosus contained the highest

histidine (4.312/100g), glycine (4.64g/100g) and leucine (6.48g/100g). . laticeps generally
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contained the lower quantities of all amino acids among the species in the family Bagridae

(c) Chemical indices

The essential to non-essential amino acid (E:N), the essential to total nitrogen (E:T) and
essential amino acid to protein (E:P) ratios, the essential amino acid index (EAAI) and the
chemical/protein scores (C.S/P.S) values for the eight species of the family Bagridae are presented
in Table 4.8. The E:N ratio was highest in . auratus (1.01), followed by C. furcatus (0.97), then
C. migrodigitatus (0.92). Other species had values ranging from 0 .81 to 0.88. The highest E'T
value was recorded in (. auratus (50.25), followed by C. migrodigitatus (49.65), C. furcatus
(49.46). The least E.T value was recorded in B. bayvad (45.04).

The highest value of EAAI was recorded in (. furcatus (142.99) followed by (.
nigrodigitarus (141.02) and the least was recorded in A. occidentalis (124.49). The highest value
of C.S/P_S was recorded in (. auratus (65.83), followed by B. bayad (64.44) and (. furcatus
(64.92). The least C.S/P.S value was recorded in A. occidentalis (57.31). The E:P values were
generally above 1.00 in all species except A. occidentalis 0.95). The highest value was however

recorded in B. havad (1.51) and B. docmac (1.51) followed by B. filamentosus (1.49).

(d) Mineral content of the family Bagridae (mg/100g) ash

The mean values for the mineral contents of A. occidentalis, C. migrodigitatus, (.
Surcatus, C. auratus, B. bayad, B. docmac, B. filamentosus and C. laticeps are presented in Table
4.9 In all the species the highest mineral contents was Calcium, followed by Potassium, Sodium,
Magnesium, Iron, Phosphorus, Zinc and the least mineral observed was Copper. B. filamentosus
contained the highest Calcium (3010.0 + 278 7mg/100g) followed by C. auratus (3004.0 +

186 1mg/100g) then (. nigrodigitatus (2942.0 + 107 3mg/100g) in that order. The least Calcium
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was observed in (. laticeps (2572.3 + 326.4mg/100g). The highest content of Potassium was
observed in C. furcatus (858.4 + 114 8mg/100g) followed by B. filamentosus (732.0 +
11.3mg/100g), C. auratus (729.3 = 89.5mg/100g), B. docmac (703.1 + 55.6mg/100g) and (.
nigrodigitatus (703.1 + 106.1mg/100g) in that order. The least Potassium was observed in B.
bayad (500 0 = 63 Img/100g). The highest iron content was observed in 8. filamentosus (423
+ 5 8mg/100g) followed by (. furcatus (38 0 = 6.3mg/100g), B. docmac (36.1 + 8 3mg/100g)
and A. occidentalis (35.8 + 6. 3mg/100g). The least Iron content was observed in C. auratus
(28.1 £ 12.0mg/100g). There was no significant difference (P>0.05) in the Magnesium content
of all eight species, however the highest content was observed in B. filamentosus (240 6 +
28 7mg/100) followed by B. docmac (238.2 + 23 3mg/100g) and the least value was recorded
in A. occidentalis (2004 + 32 7Tmg/100g). The highest Sodium was observed in C. furcatus
(384.0 £ 41 Omg/100g) followed by C. auratus (358.3 + 40 4mg/100g, . migrodigitatus (318 2
+ 23 3mg/100g) and A. occidenialis (308.6 + 22 7Tmg/100g) in that order. The least Sodium
value was recorded in C. laticeps (210.3 + 19.7mg/100g). Copper was quite low in all species
and not significantly different (P>0.05), however, the highest Copper value was recorded in .
SJurcatus (50 + 1.1mg/100g) then C. nigrodigitarus (4.3 + 13mg/100g), followed by A.
occidentalis (4.1 + 1.1mg/100g) and B. docmac (4.0 + 1.0mg/100g) respectively. The least
Copper value was recorded in . auratus (3.0 + 0.5mg/100g).
The highest Phosphorus value was observed in C. laticeps (28.7 + 6. 3mg/100g) followed
by A. occdemalis (253 2.6mg/100g), C. nigrodigitarus (25.0 + 3 Omg/100g) and B.
Jilamentosus (25,1 + 3.4mg/100g) in that order. The least Phosphorus value was observed in (.
auratus (22.7 = 4 3mg/100g).
There was no significant difference (P>0.05) in the Zinc content of all eight species

However, the highest Zinc value was observed in C. furcarus (21.0 + 1.2mg/100g), followed by
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B. filamentosus (19.0 £ 8 4mg/100g), then B. docmac (18.7 = 2 1mg/100g) and (. nigrodigitatus
(18.2 + 1.0mg/100g) in that order. The least zince value was recorded in (", Jaticeps (16.3 +

I.1mg/100g).
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4 7 (a) Proximate Components of the Family Mochokidae {g/100g} dry matter.

The mean values and standard deviaions for the proximate components and calory
of Synodontis schall, 5. clarias, S. budgetii, S. membranaceus S. melanopterns and S.
Silanientosus are shown in Table 4.10. The highest proximate component in the six specics
was protein (45.7 + 0.81 g/100g),followed by lipid (29.6 £ 1.70 - 33.4 + 0.31 ¢/100g) and
the least observed was carbohydrate (9.3 £ 1.12 - 9.6 + 0.80 g/100g). The carbohydrate,
lipid and protcin were in the ratio of 1:3:4.

The ash content was significantly different (P<0.05) in the six spccies, however the
highest value was recorded in S.membranacens (22.1 £ 11 g/100g), followed by S.
melanopterus (197 £ 0.3 ¢/100g), then S, bwdgetri (15,9 £ 1.5 gf/100g) in that order. The
least ash content was recorded in S. filamentosus (9.5 = 1.7 g/100g). The organic matier
was also significantly diffcrent P<0.05) among the specics. The highest content was
recorded in S, filameniosuy (86.0 £ 1.20¢/100g), followed by S, schaf! (84.7 -1 1.0g/100)
then S. clarias (82.3 £ 1.33 g/100g) and S. budgetti (87.0 & 1.87 g/100g) in that order. The
lcast organic matter was recorded in S melanopierns (70,1 £ 1.30g/100y).

There was no significant difference (P>O;05) in the contents of carbohydratce in all
six specics. The highest carbohydrate value was observed in 8. filamentosus (104 &
0.80g/100g), followed by'S. schall (9.5 + 1.2/100g) and the lcast was observed in .
melanopterns (9.3 £ 1.12g/100g).

The lipid content was also not significantly different (P>0.05) in all six species. The
highest lipid value was however recorded in 8. schall (33.3 £ 0.6g/100g) and S. budgeiti
(33.4 £ 0.31p/100g) while the least was observed in S, filamenitosus (29.6 + 1.70g/100g).
Protein content was highest in S, filameniosus (45.7 + 0.8g/100g), followed by 8. clarias

(43.7 £ 1.88g/100g) and S. schall (43.3 + 1.04g/100g) while the least protein content was

61



recorded in S. melanopterus (36.1 + 3.21g/100g).

The caloric value was relatively high in all six species and there was no significant
difference (P>0.05) in the calories value. The highest calory was recorded in S. schall
(593 .45kcal/100g), followed by S. budgerti (580 79%cal/100g), then S. clarias
(577 06kcal/100g) in that order and the least caloric value was observed in S. melanopterus

(522.63kcal/100g).

(b) Amino acid composition of the family Mochokidae (g/100g) protein

The amino acid composition of S. schall, S. clarias, S. budgertu, S. membranaceus,
S melanopterus and S. filamentosus are shown in Table 4 11. The profiles of the amino
acids were the same in all six species, however, there was significant difference (P<0.05)
in the quantities of the various amino acid contents. The highest amino acid observed in
all the species was glutamic acid (15.12 - 16.04g/100g), followed by lysine (9 80 -
10.20g/100g), aspartic acid (8.40 - 10.40g/100g), leucine (5.02 - 6.02g/100g) and the least
was methionine (1.65 - 2.10g/100g). S. schall contained low values of most amino acids
except isoleucine (4.46g/100g). S. clarias contained- the highest aspartic acid
(10 40g/100g) and tyrosine (3.82g/100g) while S. budgerti recorded the highest lysine
(10.20g/16gN), histidine (3.40g/100g), threonine (3 80g/100g), serine (3 00g/100g), proline
(3.80g/100g), wvaline (4.24g/100g), methionine (2.10g/100g) and phenylalanine
(3.40g/16gN). 5. membranaceus recorded the hghest glutamic acid (16.04g/100g) and
alanine (4.96g/100g). S. melanopterus recorded the highest arginine (4.15g/100g) and
serine (2.40g/100g) while S. filamentosus recorded the highest glycine (4.80g/100g),

methionine (2.04g/100g) and leucine (6.02g/100g)
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(c) Chemical indices

The essential to non-essential amino acid (E:N), the essential to total nitrogen (E:T)
and essential amino acid to protein (E:P) ratios, the essential amino acid index (EAAi) and
the chemical/protein scores (C.S/P.S) values for the six species of the family Mochokidae

are presented in Table 4.12. The E:N ratio was hughest in S. clarias (1.04), closely
followed by §. Schail (1.00) and the least E:N ratio was recorded in §. filamentosus (0.85).
The highest E: T ratio was also recorded in 5. clarias (51.18) while the least E: T value was
recorded in 8. filamentosus. The EAAI values were generally high in all six species,
however, the highest was recorded in S. budgetsi (129.44) followed by 8. clarias (125.24)
and the least values were recorded in S. melanopterus (116.28) and S. filamentosus
(116.38). The C.5/P.S in the six species were low but the highest value was recorded in
8. budgeni (59.85) followed by S. clarias (57.65) and S. schall (56.43) in that order while
the least value of C.S/P.S was recdrded in 5. melanopterus (53.53). The E:P was above
1.00 in two species, S. schall (1.29) and S. filamentosus (1.02). The least E:P value was

recorded in S. membranaceus (0.85).

(d) Mineral content of the family Mochokidae (mg/180g) ash

The mean values and standard deviations of the mineral contents of S. schall, S.

clarias, 8. budgetti, S. membranaceus, S. melanopterus and 8. filamentosus are presented
in Table 4.13. In the six species, the highest mineral obseﬁred was Calcium (3898.0 + 244.6
-4822.1 + 188.3mg/100g) followed by Potassium (740.0 + 88.7 - 880.3 + 53.4mg/100g)
then Sodium (372.0+ 32.7 - 457.5 + 21.1mg/100g), Magnesium (1423 + 28 4 - 153 .8 +
13.6mg/100g) in that order while the least mineral observed was Copper (1.8 + 08 -3.6 +

1.0mg/100g).
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S. clarias comained the highest Calcium (4.822.1 + 188.3mg/100g) followed by S.
budgetti (4560.6 £+ 168.7mg/100g) then S. membranaceus (4022.0 + 164.0mg/100g) and
the least Calcium (3898.0 + 244 6mg/100g) was recorded in S. melanopterus. The highest
content of Potassium (883.0 + 32 4mg/100g) was recorded in S. filamentosus followed by
S. melanopterus (880.3 +29 9mg/100g) and the least Potassium (740.0 + 88.7mg/100g)
was contained in 8. clarias. The highest Iron content (51.3 + 1.8mg/100g) was observed
in 8. filamentosus, followed by S. membranaceus (40 4 + 3 6mg/100g) and S. melanopterus
(40 2 =+ 2 5mg/100g) while the least Iron content was observed in S. schall (33.8 +
32mg/100g). The highest Magnesium (153 8 + 13.6mg/100g) was observed in §.
Silamentosus, followed by S. membranacens (151.0 £ 18.9mg/100g) then S. melanoprerus
(150.6 + 19.3mg/100g), S. budgerti (150.1 + 20 3mg/100g) in that order while the least
Magnesium content was observed in 5. schall (142.3 + 28 4mg/100g).

Sodium was highest in S. filamentosus (461.1 + 16 9mg/100g) followed closely by
S. budgetti (457.5 + 21.1mg/100g), then S. schall (4089 + 20.6mg/100g), and S.
melanopterus (408.7 + 19.9mg/100g) in that order and the least Sodium was observed in
S. membranaceus (372.0 = 32 7mg/100g). The highest Copper content (3.6 + 1.0mg/100g)
was recorded in S. schall, followed by S. melanopterus (3.4 + 0.6mg/100g) then §.
membranaceus (3.0 + 0. 7mg/100g) and the least Copper content was recorded in S. clarias
(1.8 + 0.8mg/100g).

Phosphorus content (23.6 + 4 2mg/100g) was highest in S. schall, followed by §.
clarias (22.2 + 5. 1mg/100g), S. melanopterus (22.1 + 4 8mg/100g) in that order and the
least Phosphorus content (20.0 + 6.2mg/100g) was recorded in S. budgetti. The highest
content of Zinc (22.2 + 1.3mg/100g) was recorded in S. clarias, followed by .

membranaceus (22.0 = 0.9mg/100g), S. melanopterus (21.3 + 10mg/100g), S.
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Silamentosus (21.4 £ 1 2mg/100g) in that order and the least zinc was recorded in S.

budgetti (20.6 + 0. 7mg/1 [{Og).
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4.8 (a) Proximate components of the family Cyprinidae (g/100g) dry matter

The mean values and standard deviations for the proximate components and calory
ol Labeo coubie, Labeo senegalensis and  Barbus occidentalis are shown in Table 4 14
The highest proximate component was protein (347 + 1. 88 - 403 £ 1 66g/100g) n all
three species, followed by lipid (23.7 + 1.30 - 27 2 + 1.80g/100g) and the least contained
was carbohydrate (12.6 i' 2.60 - 13.6 £ 3.60g/100g). The carbohydrate lipid and protein
were in the ratio of 1:2:3. The ash content was significantly different (P<0.05) in the three
species. The highest ash (301 + 4 3p/100g) was contained i 1. senegalensis, tollowed by
L. coubie (32.4 + 3.5¢/100g) and the least was observed in B. occidentalis (16.4 &
4.2¢/100g). The organic matter was also significantly different (P<0.05) in all three species.
The highest organic matter (83 7 + 4. 60g/100g) was observed in B. occidentalis, followed
by L. senegalensis (73.2 + 1.82g/100g) and the least was recorded in L. coubie (71.6 +
1.61g/100g). Carbohydrate was not significantly different (P>0.05) in the species, however
the highest carbohydrate (13.6 + 3.60g/100g) was recorded in B. occidentalis, followed by
L. senegalensis (12.8 + 2.45p/100g) and the least was observed in L. coubie (12.6 +
2.60g/100g). The highest lipid was also recorded in B. occidentalis (292 + 1.8g/100g)
followed by L. coubie (263 £ 1.87g/100g) and the least was observed in L. senegalensis
(23.7 + 1.30g/100g). Protein content was significantly different (P<0.05) in the three
species, however, the highest protein content was observed in B. occidentalis (403 +
1.60g/100g) followed by L. conbie (36.1 £ 3. 16g/100g) and the least was recorded in /..
senegalensis (34.7 + 1.89g/100g). The calories were generally high in all three species.
The highest calory was recorded in B. occidemtalis (535 81keal/100g), followed by /.

coubie (500.00kcal/100g) and the least was recorded in L. senegalensis (468 48kcal/100g).
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(b)  Amino acid composition of the family cyprinidae {g/100g) protein

The amino acid composition of 1. coubie, L. sencgalensis and 3. occidentalis are
shown in Table 4.15. The profiles of the amino acids were the same in all three species but
theere were significant differences (P<0.05) in the quantities of the various amino acids
contained. The highest amino acid contained in the three species was glutamic acid (15.85 -
18.02¢/100g), followed by lysine (9.68 - 11,0g/100e) and the least recorded was
methionine (1.64 - 2.45g/100g). L. coubie contained the highest lysine (11.0g/100g),
arginine (6.38g/100g), proline (3.09g/100g), valinc (4.89g/100g), methionine (2.45/100g),
isoleucine (2.98g/100g) and lcucine (5.99g/100g). . senegalensis contained the highest
histidine (3.18¢/100g), aspartic acid (11.382/100g), threonine (4.06g/100g), glycine
(5.60g/100g) and cysteine (3.68g/100g), while B. wccidentalis contained the highest
histidine (3.18g/100g), serine (4.66g/100g), glutamic acid (18.02g/100g), alamine

(7.06g/100g), cystcine (3.08g/100g) and phenylalanine (3.58g/100g).

{c} Chemical indices

The essential to non-cssential amino acid (E:N), the essential 1o total nitrogen (E:T)
and cssential amino acid to prdtcin (E:P) ratios, the esscntial amino acid index (EAAL) and
the chemical/protein scores (C.S/P.S) values for the three specices of the family cyprinidac
arc presented in Table 4.16. The E:N ratio was highcst in L. senegalensis (0.80), followed
by L. canbie {0.74) and the least was recorded in B. occidentadis (0.73). The highest E:T
ratio was also recorded 8 L. senegalensis (44.49) followed by 1. conbie (42.72) and the
least value was recorded in B. occidemalis (42.35). The EAAL values were generally high
in the three specics, however, the highest value was recorded in 1. conbie (136.07)

followed by B. occidentalis (124.99) and the least was recorded in 1. senegalensis
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(130.94). The highest C.S/P.S was recorded in L. coubie (62.64) followed by 1.
senegalensis (59.80) and the least was recorded in B. occidentalis (57.81).
The E:P values were above 1.0 in [.. coubie (1.20) and L. senegalensis (1.20) while

the least was recorded in B. occidemalis (0.99),

(d)  Mineral content of the family cyprinidae (mg/100g) ash

The mean values and standard deviations of the mineral contents of L. coubie, L.
senegalensis and B. occidentalis are presented in Table 4.17. The highest mineral
contained in the three species was Calcium (29083 + 148.8 - 3424.0 + 84 1mg/100g),
followed by Potassium (808.2 + 103.5 - 1044.2 + 202.6mg/100g), then Sodium (270.3 +
50.2 - 324.4 + 54 7Tmg/100g), Magnesium (246 4 + 23.6 - 312.2 + 63 .2mg/100g) in that
order while the least mineral recorded was Copper (3.3 £ 1.2 - 6.4 + 1.83mg/100g).

L. coubie contained the highest Calcium content (3424.0 + 84.1mg/100g), followed
by I.. senegalensis (3202 2 + 96.7mg/100g) and the least was recorded in B. occidentalis
(2508.3 = 148.8mg/100g. The highest Potassium content (i044.2 + 202.6mg/100g) was
recorded in L. coubie, followed by L. senegalensis (824.0 = 87 1mg/100g) and the least
was recorded in B. occidentalis (808.2 = 103 5mg/100g). The highest iron content (22.0
+ 17.4mg/ IIOOg) was recorded in L. coubie, followed by L. senegalensis (20.3 %
13.3mg/100g) and the least was recorded in B. occidentalis (17.0 + 11.0mg/100g).
Magnesium content was also highest in L. coubie (312.2 £ 17.4mg/100g) followed by L.
senegalensis (246.4 + 23 6mg/100g) and the least was recorded in B. occidemalis (259.2
* 43.7mg/100g). Sodium was highest in L. coubie (324.4 £ 54, 7mg/100g) and the least
was recorded in B. occidentalis (270.3 £ 50 2mg/100g). The Copper content was also

highest in L. coubie (6.4 + 1.8mg/100g)} and least in L. senegalensis (3.3 £ 1.2mg/100g).

72



Phosphorus (29.3 + 3 4mg/100g) was highest in B. occidentalis and the least was recorded
in L. coubre (27.2 + 4. 1mg/100g) while zinc was higher in /.. coubie (18.6 + 0.8mg/100g)

and £.. senegalensis (18.6 £ 0.7mg/100g) and least in 5. occrdenialis (17.0 4+ 0.5mg/100g).
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4.9 (a) Proximate tissue composition of the family Characidae (g/100g) dry matter

The mean values and standard deviations for the proximate components and calory of
Alestes murse, Hydrocynus brevis, Alestes macrolepidotus and Hepsetus bdae are shown in Table
4,18, The highest proximate component in the four species was lipid (40.0 + 0.34 - 40.8 &
0.80g/100g), followed by protein (30.3 £ 0.47 - 32.4 + 1.15g/100g) and the least recorded was
carbohydrate (9.1 + 0.33 - 10.8 + 1.12g/100g). .

The carbohydrate, lipid and protein ratio was 1:4:3. The highest ash content (17.8
+1.99/100g) was recorded in H. odoe, followed by H. brevis (16.0 £ 1.3g/100g) then A.
macrolepidotus (16.0 £ 0.8g/100g) in that order while thc. least ash content was recorded in H.
brevis (14.4 £ 0.7g/100g). The organic matter was highesl in A. nurse (84.0 £ 1.92g/100g),
followed by A. macrolepidotus (82.9 + 1.72g/100g) then H. brevis (82.3 £ 2.10g/100g) and the
least organic matter was recorded in f. odoe (2.2 + 1.80g/100g).

Carbohydrate was generally low in all four species, however, the highest was observed in
H. odpe (10.8 % 1.12¢/100g) followed by H. brevis (9.8 £ 0.833;_‘ 100g) and the least was observed
in A. nurse (9.1 = 0.33g/100g).

The highest lipid value (40.8 + 0.80g/100g) was observed in A. macrolepidotus, followed
by A. nurse (40.7 £ 2.60g/100g and the least was observed in H. odoe (40.0 £ 0.34g/100g). The
protein content was highest in A. rurse (35.4 + 1.15g/100g) then closely followed by 4.
macrolepidotus (32.1 £ 1.91g/100g) and the least protein was observed in H. odoe (30.3 £
0.47g/100g). The caloric value was highest in 4. macrolepidotus (605.1 4kcal./ 100g) followed
by A. nurse (603.38kcal /100g) and the least was observed in H. odoe (590.93kcal./100g). The

.organic matter, carbohydrate, lipid, protein and caloric values were not significantly different

(P>0.05) in all four species.‘
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(b) Amino acid composition of the family characidae (g/100g) protein

The amino acid composition of A. nurse, H. brevis, A. macrolepitdotus and H. odoe are
shown in Table 4. 19. The profiles of the amino acids were the same in all the four species but
there was significant difference (P<0.05) in the quantities of the respective aimino acid content.
The highest amino acid content in all four species was glutamic acid (12.30 - 16.26g/100g),
followed by lysine (8.70 - 12.54¢/100g) and aspartic acid (8.0 - 12.40g/100g) then leucine (5.20 -
8.32¢/100g) and the least amino acid values recorded were methionine (2.54 - 3 332/100g) and
isoleucine (2.0 - 3. 0g/100g).

A. nurse recorded the highest values of glutamic acid (16 26g/100g), arginine
(6.15¢/100g), proline (3.66/100g) and leucine (8.32g/100g), while /1. brevis recorded the
highest value of serine (6.44g/100g), glycine (7.99g/100g), alanine (8.0g/100g), isoleucine
(3.0g/100g) and tyrosine (3.90g/100g).

H. odoe recorded the highest value of histidine (4.64g/100g), aspartic acid (12 40g/100g),
threonine (4.83g/100g), alanine (8.0g/100g) and valine (5.36g/100g).  A. macrolepidotis
recorded the highest value ol lysine (12.54g/100g), proline (4. 02¢/100g), valine (5 08g/100g),

methionine (2 62g/100g) and phenylalanine (4. 05g/100g)

(c) Chemical indices

The essential to non-essential amino acid (E:N), the essential to total nitrogen (E:T) and
the essential amino acid to protein (E:P) ratios, the essential amino acid index (EAAI) and the
chemical/protein scores (C.S/P.S) values for A. nurse, H. brevis, A, macrolepidotus and 1. odoe
are presented in Table 4.20.

The E:N ratio was highest in A. macrolepidotus, (0.95), followed by H. brevis (0.89) and

the least was recorded in /. odoe (0.85). The E-T ratio was also highest in A. macrolepidotus
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(48.33), f;}llowed by H. brevis (47 24) and the least was recorded in H. adoe (46.16). The EAAI
values were generally high in all four species, the highest value was recorded in A. macrolepidotus
(149.54), followed by A. nurse (143.27) and the least was recorded in /. Moe (137.23).

The C.5/P.S values were not signiﬁcaﬁtly different (P>0.05) in all four species, however,
the highest value was recorded in A. macrolepidotus (68 84), followed by A. nurse (65.96) and
the least was recorded in /. odoe (63.17). The E:P values were generally above 1.00 in all four
species. The highest value was recordéd in A. mdcm!epidoms (1.47), then H. odoe (1 44) and

the least value was recorded in 4. nurse (1.42) and H. brevf's (1.42).

(d) The mineral contents of the family characidae (mg/100g) ash.

The mean values and standard deviations of the mineral contents of 4. rurse, H. brevis,
A. macrolepidotus and H. odoe are presented in Table 4.21. The highest mineral content
recorded in all four species was Calcium (20.80.6 + 189.3 - 2410.3 + 689.3mg/100g), followed
by Potassium (455.1 + 28.7) - 582.0 + 55.7mg/100g), then Sodium (278.6 + 19.8mg/100g) and
the least observed was Copper (1.0 + 0.2 - 1.8 + 0.3mg/100g) in that order.

A. nurse recorded the highest Potassium (582.0 = 55.7mg/100g), lron (43.0 %
3.6mg/100g), Sodium (314.6 + 16.5mg/100g), Copper (1.8 £ 0.3mg/100g), Phosphorus (15.0 +
4.2mg/100g) and Zinc (18.7 + 2.4mg/100g) contents while H. odoe recorded the highest values
of Calcium (2410.3 + 689.3mg/100g) and Magnesium (162.0 + 23.1mg/100g). H. brevis and A.
macrolepidotus recorded the lowest values of the minerals. The contents of Calcium, Potassium,

Iron, Magnesium and Sodium were signifantly different (P<0.05) in all four species.
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4.10 (a) Proximate Components of the family mormyridae (g/100g) dry matter

The mean values and standard deviations for the proximate components and caloric
values of Mormyrus rume, Mormyrops deliciosus and Hyperopisus bebe are presented in
Table 4.22. The highest constituent observed in all three species was protein (50.6 £ 0.73 -
51.3 £ 2.04p/100g), followed by lipid (36.0 £ 0.81 - 40.1 £ 0.34g/100g) and the lcast
recorded was carbohydrate (8.4 £ 1.86 - 9.2 £ 0.64p/100g). The carbohydrate, lipid and
protein were in the ratio of 1:4:5.

The highest ash was obscrved in /1. bebe (15.2 £ 0.5g/100g), (ollowed by AL, rune
(14.6 £ 0.46/100g) and the least was recorded in M. deficiousus (13.6 + 1.7g/100g).

The organic mather values were: M. deliciosus (86.4 + 2.30g/100g) c.g M. rume
(85.4 £ 1.338/100g) H. bebe (84.2 £ 1.00g/100u). The carbohydrate was not significantly
different (P>0.05), however, the highest was recorded in M. deliciosus (9.0 £ 0.64g/100g)
followed by M. rume (9.0 £ 1.202/100g) and the cast was recorded i /L bebe (8.4 £
1.86g/100g). The lipid content of the three specics were significantly different (P<0.05).
The highest was observed in M. rame (401 £ 0.34¢/100g), followed by M. deliciosus (38.7
+ 2.53p.100p) and the lcast was recorded in /. bcﬁe (36.0 £ 0.81g/100g). Protcin was not
significantly differcnt (P>0.05) in the three spectes, but the highest was observed in M.
deliciosus (57.3 £ 2.04g.i100g), then A. behe (51,1 4 1,08g/100g) and the lcast was
recorded in M. rume (50.6 £ 0.73g/100g). The calorc values were not significantly
different (P>0.05) in the three specics. The highest value however was recorded in A
rume (696.15keal /100g) followed by M. deliciosns (687 52keal /100g) and the lcast was

rccorded in H. hebe (657 49kcal./100g).
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(h) Amino acid composition of the family mormyridae (g/100g) protein

The amino acid composition of M. rume, M. deliciosus and . bebe are presented
in Table 4 23. The amino acid profiles were the same for the three species, however, the
quantities were significantly different (P<0.05)

The highest amino acid observed was glutamic acid (14 97 - 15.04g/100g), followed
by lysine (9.18 - ‘).?bg!l?()g), aspartic acid (880 - 8.89g/100g) and arginine (4 10 -
4.95g/100g) while the least observed was methionine (1.56 - 1.60g/100g).

M. rume recorded the highest value of lysine (9.76g/100g), threonine (2.40g/100g),
cysteine (3.20g/100g), valine (3.20g/100g), isoleucine (2.60g/16gN), leucine (4 68g/16gN)
and phenylalanine (3.01g/100g). M. deliciosus recorded the highest values of histidine
(2.95¢/100g), aspartic acid (8 .89g/100g), proline (2.40g/100g), glycine (2.85g/100g) and
tyrosine (3.00g/100g). H. bebe recorded the highest value of arginine (4.95g/100g), serine
(2.24g/100g), glutamic acid (15.04g/100g) alanine (5.55g/100g) and methionine

(1.60g/100g).

(¢) Chemical indices

The essential to non-essential amino acid (E:N), the essential to total nitrogen (E:T)
and the essential amino acid to protein (L2 P) ratios, the essential amino acid index (EAAL)
and the chemical/protein scores (C.S/P.S) values for M. rume, M. deliciosus and 11. bebe
are presented in Table 4.24.

The (E:N) ratio was highest in M. deliciosus (0.90) followed by M. rume (0.89) and
the least was observed in /. bhebe (0.84). The E:T value was highest in M. deliciosus
(47.50) then M. rume (47.35) and the least was recorded in /. bebe (45.66). The EAAI
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was generally above 100.00 in all three species. The highest value was recorded in M. rume
(112.56) followed by M. deliciosus (109.62) and H. bebe (109.30). The highest C.S/P.S
was also recorded in M. rume (51.81) followed by M. deliciosus (50.55) and H. bebe
(50.36). The E:P value was highest in M. rume (0.71) then H. bebe (0.68) and M.
deliciosus (0.63) in that order. There was generally no significant difference (P>0.05) in

the E'N, E'T, EAAL C.S/P S and the E:P values of the three species

(d) Mineral content of the family mormyridae (mg/1 ash

The mean values and standard deviations of the mineral contents of M. rume, M.
deliciosus and H. bebe are presented in Table 4 25 The highest mineral observed in the
three species was Calcium (2018.0 = 99 8mg/100g - 2698.7 + 108 3mg/100g) followed by
Potassium (728 2 = 27.9 - 7703 = 34 1mg/100g), then Sodium (278.6 + 187 -318.0 +
80.1mg/100g), Magnesium (209.0 + 16.7 - 248.4 + 32.8mg/100g) in that order and the
least mineral observed was Copper (7.8 +0.9-94 + 1 2mg/100g).

M. rume only contained the highest Phosphorus (40.2 + 3.7mg/100g), while M.
deliciosus ‘ recorded the highest Potassium (7703 = 34 1mg/100g), lron (324 =
3.6mg/100g) and Zinc (22.4 + 1.6mg/100g. H. bebe recorded the highest Calcium (2698 7
+ 108.3mg/100g), Magnesium (248 4 + 32 8mg/100g) and Sodium (318.0 + 80 1mg/100g).
There was significant different (P<0.05) in the contents of Calcium, Potassium, Iron,

Magnesium and Phosphorus of the three species.
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4.11 (a) Proximate components of the family Clariidae (g/100g) dry matter

The mean values and standard deviations for the proximate components and calory
of Clarias gariepinus and Clarias anguillaris are shown in Table 4.26. The highest
proximate component observed in the two species was protein (524 + 049 - 557 +
0.83g/100g), followed by lipid (26.3 + 1.45 - 27.6 + 1 .30g/100g) and the least observed
was carbohydrate (10.1 + 0.80 - 10.2 + 1.00g/100g). The carbohydrate, lipid and protein
were in the ratios of 1:2:5.

The ash content was not significantly different (P>0.05) in the two species,
however, the higher content was observed in (. gariepinus (10.5 + 0.2g/100g) and the
lower content in (. anguillaris (9.3 + 0.7g/100g). The organic matter was not significantly
different (P>0 05) in the two species, but the higher content was observed in (. angwillaris
(91.1 + 1.32g/100g and lower content in . gariepinus (89.0 + 140g/100g). The
carbohydrate contents were also not significantly different (P>0.05) in the two species. The
higher value was observed in (. gariepinus (10.2 + 1.00g/100g) and the lower value in .
anguillaris (10.1 = 0.80g/100g). The lipid content was not significantly different (P>0.05)
in the two species. However, . gariepinus (27.6 + 1.30g/100g) recorded higher content
than C. anguillaris (26.3 + 1.45g/100g). The protein content was significantly different
(P<0.05) in the two species. Higher value was recorded in C. angullaris (547 +
0 83g/100g) and the lower value in C. gariepinus (52.4 + 0 49g/100g). The caloric value
was observed not significantly different (P>0.05) in the two species, however, higher value
was recored in . anguallaris (597.61kcal./100g) and lower value in C. gariepinus

(592.22kcal /100g.
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(b) Amino aci mposition of the family Clariidae rotein

The amino acid composition of C. gariepinus and C. anguillaris are shown in Table
427 The profiles of the amino acids in the two species were observed to be the same but
the quantities of the respective amino acids varied significantly (<0.05). The highest amino
acid observed in the two species were observed to be the same but the quantities of the
respective amino acids varied significantly (P<0.05) The highest amino acid observed in
the two species was glutamic acid (1520 - 14 85g/100g), followed by lysine (10.13 -
10.15g/100g), then aspartic acid (8 30 - 8. 46g/100g), leucine (5.64 - 6. 88g/100g), alanine
(3 95 - 4.90g/100g) and arginine (3 95 - 4.40g/100g) and the least observed was methionine
(197 - 2.05g/100g)

(. gariepinus recorded higher (histidine (2 84g/100g), arginine (4.40g/100g), serine
(2.07g/100g), proline (2.54g/100g), glycine (8 86g/100g), alanine (4.90g/100g), valine
(3 02g/100g) and tyrosine (2 96g/100g) while (. anguillaris recorded higher lysine
(10.15g/100g), aspartic acid (8.46g/100g), threonine (3.98g/16gN), glutamic acid
(15.20g/100g), cysteine (2 76g/100g), methionine (2. 05g/100g), isoleucine (3.00g/100g),

leucine (6. 88g/16gN) and phenylalanine (3.00g/100g)

(c) Chemical indices

The essential to non-essential amino acid (E:N), the essential to total nitrogen (E-T)
and the essential amino acid to protein (E'P) ratios, the essential amino acid index (EAAI)
and the chemical/protein scores (C.S/P.S) values for (. gariepinus and C. anguillaris are
shown in Table 4 28

The E:N ratio was higher in . anguillaris (0.99) and lower in C. gariepinus (0.85). The
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E T ratio was higher also in C. anguiflaris (49.83) and lower in (. gariepinus (46.07). The
EAAI were above 100.00 in both species, the higher value was recorded in C. anguillaris
(124 71) and lower in C. gariepinus (122.83). The C.S/P S in both species were below
100.00, but the higher value was recorded in C. angwillaris (57.41) and lower in (.
gariepinus (56.54). The E:P was higher in (. gariepinus (0.84) and lower in C. anguillaris

(0.71)

(d) Mineral content of the family Clariidae (mg/100g) ash

The mean values and standard deviations of the mineral content of (. gariepinus
and C. anguillaris are shown in Table 4 29 The highest mineral content observed in the
two speci-es was Calcium (39102 + 1029 - 4000 6 + 100.4mg/100g), followed by
Potassium (638 .7 + 22.6 - 648 4 + 20 Bmg/100g), then Sodium (260.6 + 16.7-317.0 =
20.3mg/100g), Iron (52.7 + 5.6 - 57.6 = 9.3mg/100g), Magnesium (31.2+56-313 =
6.4mg/100g) and Zinc (18.7 + 1.8 - 18.9 + 1.6mg/100g) in that order while the least mineral
observed was Copper (20+ 0.3 - 2.4 + 0.4mg/100g). C. gariepinus recorded higher values
of Magnesium (31.3 + 6.4mg/100g), Copper (2.4 + 0.4mg/100g, Phosphorus (162 4
1.7mg/100g) and Zinc (18.9 = 1.6mg/100g), while (". anguillaris recorded higher content
of Calcium (4000.6 + 100.4mg/100g), Potassium (648 4 + 20 8mg/100g), Iron (57 6 =
9 3mg/100g) and Sodium (317.0 + 20.3mg/100g). There was significant difference

(P<0.05) in the contents of Calcium, Potassium, Iron and Sodium of the two species
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4.12 (a) Proximate components of the family Schilbeidae {g/100g) dry matter

The mean values and standard deviations for the pmxir{)ate components and calory
of Eutropius niloticus and Schilbe mystus are presented in Table 4:3_0. The highe§t
proximate component observed in the two species was lipid (36.5 £ 2.1 - 403
2.31g/100g), followed by protein (32.1 £ 3.11 - 38.9 + 0.08g/100g) and the least observed
was carbohydrate (11 4+ 1.30 - 12.8 = 1.40g/100g). The carbohydrate lipid and protein
were In the ratio of 1:4:3.

The ash content was significantly different (P<0.05} in the two species. The higher
value was in £. niloticus (13.4 = 0.9g/100g) and the lower value was observed in S. mystus
(10.7 £ 1.3g/100g). The organic matter was hot significantly different (P>0.05) in the two
species, however, the higher value was observed in S. mystus (89.3 £ 1.30g/100g) and
lower value in F. niloticus (86.6 £ 1,60g/100g). The carbohydrate contents were also not
significantly different (P>0.05) but higher value was recorded in E. niloticus (12.8
+1.40g/100g) and lower value in S. mysfus (11.4 + 1.30g/100g). The lipid content was
significantly different (P<0.05) in the two species. The higher value was observed in E.
niloticis (33.3 £ 2.31g/100g) and lower value in 8. mystus (30.5 = 2.1g/100g). The protein
content was alfso significantiy different (P<0.05) in the two species. The higher protein
content was observed in S. mystus (491 £ 0.08g/100g) and lower value in g.niloticus (39.5
+ 3.11g/100g).

The caloric value was also significantly different (P<0.05) in the two species, with
the higher value recorded in E. miloticus (649.28kcal 100g) and lower calory in S. mystus

(270.04kcal /100g).






