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A3STRACT

Three species of fresh Wter fishes from Zaria dam

(Al estes nurse; Synodontis Schall and Tilapia zillii) were

anal ysed for their water, fat, carbohydrate, total organic
matter, protein, amno acid, ash, and mneral contents and
also for their calorific values, using ten sanples of each.
The results shows that the three speciea contain the sane
per cent age of body water content, but different fat, carbo-
hydrate, organic matter, protein, amno acid, ash, mneral
contents and calorific val ues.

A nurse, S schall and T zillii, are of lowfat content,
(17.40g, 9.55g and 12.33g/100g dry wei ght, respectively).
The three species contain high anounts of protein (69.94g/ 1009
for A nurse, 61.919/100g for S. schall and 54.36g/100g for
I, zillii).

The carbohydrate content of the three species was found

to be very low as shown by the val ues 2.52g/100g for A nurse,

14. 169/ 100g for S. schall and 13.38g/100g for T. zillii.

The calorific values of the three species shows that proteins

contribute a lot to the calorific value than carbohydrate and fat.
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A nurse has the highest nean calorific value of 55B.40Kcal /1009
followed by T. zillii with a value of 500. 6l Kcal /100g and | astly
S. schall with a value of 490Kcal / 100g.

Fromthe amno acid analysis, the follow ng amno acids
were found to be present in equal anmounts in the three species;
(i) lysines (ii) histidine, (iii) arginine, (iv) valine,
(v) alanine (vi) threonine (vii) glutamc acid (viii) Methionine
(ix) tyrosine and (x) phenyl al ani ne.

Vari ations were observed only for (i) aspanftic acid
(ii) glycine (iii) serine (iv) proline, (v) isoleucine and
(vi) leucine val ues.

S. schall was found to be richer in all the mneral elenents
investigated than Anurse and T. zillii.

H gh level s of cal ciumand phosphorus content were recorded
for the three species, while potassiumsodi um and nmagnesi um
are present in appreciable anounts.

However, zinc, iron and copper are present in very snal
anmounts in the three species.

Suggestions have been nade for further investigation
into the mneral and vitamns content, as well as the fatty-
acid conposition of the fat. Marine and bracki sh water fish
sanpl es have been suggested to be investigated along simlar |ines
for a conprehensive chemcal data for fishes obtained in N gerian

wat er s.
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CHAPTER I

INTRODUCTION

1.1 JUSTIFICATION FOR THIS WORK

Fish is a good source of protein for human beings. It is
also one of the major components of poultry rations, in fact, |
the chief source of animal protein in poultry raticns. HouBver,
figh contains 8 lot of other cnmpnnents which are useful parti-
cularly to poultry and livestock. Wwith the recent introduction
of Operation Feed The nNation (OFN) Programme in nNigeria, a lot
of congiderable interest has been shown in poultry and livestock
farminge

poultry especially is rnou becoming one of the major sources
| of proteins in Nigeria. The maintainance of the birds 1s posing
garious problems in terms of provision of feeds.

| poultry feeds are very expensive and this has limited sizes
of poultry farms both for backyard poultry or largs scale poultry
farmings The méin reagon for the high cost in prices of poultry
feeds is that the major components (namely; maize (corn), fish
meal, bloocd meal, bone meal and vitamine) are imported into the

countrye



Corn and flsh maél are ihéﬂmajori(aumetimea only) sourcas
of proteins in poultry feeds. vellow corn supplies proteins,
some fibres and part of the yellow pigment needed for yellow
coluratinn of egg yolk. Fish meal has also been known to be
a good source of other essantial nutrients of poultry feed such
as mineral elements (Ca, Mg, Na etc); vitamins (n, 8, D end E)
and bone meal, to a smell extent compaired to the daily require-
ments for the bhird,

It is already & comman practice emong poultry farmers to
supplement poultry ration with amoked and dpied fish of all sorts.
In all cases, positive results (in terms of improvement in
production of eggs and growth of bird) have been abserved.

- The extent of this depends on quantity and quality of fish ﬁaal.
various sgpecices of fish are obteined in rivers and streams in
Nigeria, Although these are mainly for human consumption, thelir
‘qualityt in terms of protein, minsrals, vitamins and other
useful nutrients has not been well established.

.gn the pther hand, little information is asvailable an the
biochemical composition of Nigerian fishes and their protein
concentrates, Consliderable data need to be published on many
aspacts of the chemical and nutritional values of fish and

fishery products,



1f the data were available, then the industry, medical
sarvicaa: and tha general public would have a good reliaﬁle
source of information on the composition of fish.

For example, food menufacturing Andustries will nged soms
of these data on labels of processed or canned fish or fighery
products, 0On the basis of this information, fish meals can
be selectively recommended by diaticiana.(1)

Thesa various needs have encouraged the researcher of the
work reported in this paper to aim
| (a) at developing @ comprehensive data bank on the
chemicel compesition of fish. o

(b} at pointing cut areas in the chemical composition

of fish neading further investigations.

1.2 TYPES OF FISHES ANALYSED

The work reported in this paper has been cerried out on
three common fresh water species found in zaria pam. They are

{(a) Alestes nurse (b) Synondontis schall and (c) Tilapia zillii

The three spscies were classified on the basis of the clagsification

7
used by Mc Connel (2). .

e ——



plestes nurse (see flgureid)

This is silvery in colour with & prominent black spot at ‘
'fhe base of ths caudal fin, The caudal varies from pink to
bright red in colour. It is usually found in shallow in shore
| regions where it fesds upon a variety of food materials. They
. are usually seen in small groups and ars very common in frash

_ uatera.(z?

E

synodontis schall (see figurel2)

. It has a dorsal surfsce of pectoral spine usually more

. coasreely sorrated thon the vontral surface.

| | The mandibular tooth band is less than half as wide as
maxillery tooth bande The skin is gemerally covered with
villosities (minuts Reir-like projections). The crest of
cephalo~nuchal ghiesld immediately in front of dorsal spin is
obtusely pointedes The diet is extremely varied and includes
orgaenic detritus, insect nymphs, larvae and eggs, molluscs, seeds,
fish scales, zooplanleton end phytoplankton. This species is

found in sbundance in frash matera.(a).

Tilepia z111ii (see Figuretsd)

tThia is a rather small species of Tilapia rarely excseding
anh

3
25cmk0r 300g in weight. 1t is usually greenish yellow in colour

with two dark horizontal bars on esch flank, one running elong

A
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the midline and the other betweern the midline and the dorsal
fin. The posterior part of the dorsal fin, the caudal fin

and the anzl fin are marked with a red-brown network cver a
'yellnm backgrounde The network is less prominment at the edges
of the fins which thersfore appear more yellow. The posterior
margin of the caudal fin is distinctly rounded. The diet of 1.

211143 conslsis of insects and plant material.(z)

1«3 SCOPE OF ANALYSIS

The experiments repocrted here sre on investigations of
somg fishas ohtained in a fresh wster snviromment in nigerie,
to know mainly the proximate composition, the elemental composition
and amino ecld composition. The proximate composition includaes
the molsture or water content, crude protein, ether fat (that
portion of a moisture free fish sample that can be extracted
by ethyl ether uf patroleum ether); ash; carbnhvdrata; organic
mattery and ealorific values of the three species.

The elements investigated in this work include calcium,
cﬁpper, Iron, magnesium, phosphorus, potassium, sodium and
§ zinc. pAmino acid anelysis is necesitasted becsuse the gquallty
of protelns is measured primarily in terms of the typss of
amino acids contained.$”) L .-_ L .

Chemically, protein are high pnlumefs.

as



They arec polyemides and the monomers from which they sre

derived are the r o -amino carboxylic acids. A singls protein

molecule contains hundreds or even thousands of amino acid units.
Generally, there are about twenty six omino scids that

have begen found in proteins. There ars the essential amino

scids, (cannot be synthesized by the animal and therefore

must be fed to the animalg) and the non-essential ones which

can be synthesized by the animal.(h) of these tuenty six

different types of amino acids found 1n proteins, only sixteen

amino aclds are investigated in this work due to the method of

hydrolysis employed (only eightsen are gensrally found in fishes).

The ones investigated include

1« Alanine (non=gssential) Ala | CH3—BHCDB-
| . +NH3
2. Arginine (essential) -~  Arg HZNﬁNHCHchzcﬂchCDD-
- . _ ! s
| L | +hiH, - NHy
3. Asparitic acid - Asp HOOG CH,CH-COB
(non=esgsential) : |
= +NH
4., Glutemic acid - Glu HOOC CH,CH,CHCOO™
(non-essential) T 7 :
S. Glycine (non-essential) Gly cuzcnﬂ'

!
+NH3
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Histidine (esaent;al)
Isulguciné (assgntial)
teuvcine (essential)
Lysing (essentizl)

Methioning (essential)

.

Phenylalanine (esaantiai)

Proline (non-essential
Serine (non-assential)

Threonine (esssntial) _

RN

Tyrosine (non-essentisl)

His

Tlue
{au
Lys

Met

Phe

Pro'

S5er

Tyr

gw—éuzcm:on
: +NH

OHE . PCHCHEDD"

1

3
cH3cHZCH(CH3)FH:na'
+NiHy
(CH3) ZCHCHZE':HCDG-
+NH,
*H3Ncnchzcnzcuzclzmnu"
NH,
BH3SCHZCH2E:.I-CDU-

i
+NH3

@- CHZG!-EUB

fNH;. B

1 'CUU
M"“H

OHCH,CHEOD ™

{
+NH3

cuscnumﬂcuu'
|

' +NH3

I
+NH3
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16, valine (essential) val (cHB)chchnu”
~NHy

The two amino acids left out in this analysis cwing non-
availability of the analysar for such dus to pressure of work
on it, are Cystine, a non-essential amino acid

(fDOE-CHﬂHZS-SCHchEDD") and Tryptophan an essential amino

j |
+NH3 _ +NH;.j
CHL(.THCJU"‘
acid ( O‘J\, i
~

From the above, the dipolsr ion structure of amipc aclids cean
be observed which conforms consistently with the chemical and
physical properties of aminp acids (k).

This can be represented thus +H3N-CHR-CDB-. It 1s this
- structure that is responsible for the chromatographic separation
af emino acids on sulphonated polystyrene beads column when
:, sluted with gulitable elvents.

Tha pulyotercno beads or resins, are highly crosa-linked,
high-molecular welght polymers which car be cation or anion
exchangerse A cation-exchange resin is & high molscular weight
. tress~-linked polymer containing sulphorie, cerboxylic, phenolic,
gtc., group as an integral part of the resin and an equivalent

amaunt of cations. AN anion-exchange resin, on the other hand,
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is a polymer contsining amine or quarternary ammonium groups as
integral parts of the polymer lattice and an equivelent amount
of anions such as chloride, hydroxyl or sulphate ions.

puring acld separation, there is exchange of ions betwesn
some ions of the resin and those of amino acids. The dominating
factor in this separation is the pH valus of the medium of

alutinn(5).

1.4 PREVIOUS WORK

Previous work in the srea of chémical analysis of fish and
feeds in Nigerfﬁ is particularly limited. This 1s genarally so
in pfrica, Hartley (6) published valuea for the composition
of the feeding stuffs in Nothern Nigeria mainly as a guide to
the then Northern Nigeria mixed farmers for feeding thelir cattle,
Somg non comprehensive data reflecting the resultsg of workers
1n the services of the Nigerlan Government have also been published
in the Imperial RAuresu of Animal Nutritinn.(7) Thess date
represent sssentially proximate analysis values and therefore
of limited value in today's context of chemical analysis of
feeds. Such data could only bs used in ration formulation based
cn crude protein content, which in the light of the present

atate of knowledoge in nutrition is gutdated.

Pl
= g
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Dﬁanuéa(5"1n) has made some systematic investigations of
the composition and nutritive value of some Nigerien foods and
feedingstuffs, Howevaer, the speciss of fish analysaed in thesa
investigations are not mentioned as well as their environment.
The work has been mainly nutritional.
o watts, Je Ce De (IIJ, made some investigations about the

chemical composition of a west African fish named ;-Fimbriata

Deelstra; st al (12); andrian (13); Baruh and Gillard, (14)
" ere among other workers who have carried cut some investigations
" into the composition of Tropicel Africen Fishaa..
Recently, Olatunde A. A. (15) reported some work on certain
.aapacts of the biochemical composition of three common achilbaid
species of fish in Kainji Laks. _

Over the years, however, the composition of flshes have
-~ been studied in advanced countries by several investigators
including Atwater (16) and Reay, et al (17).

1t has heem discovered in general that the composition of
~ fish geens to depand on age, sex, season and diet, (18-21).
There has in recent years bsen a naoticeable increase in the
interest shown in both the analysis of trace elemsnts and their
phiosiologleal significance, the latter sspecially in connection

with feed for domestic animals and poultry birds.
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There arc relatively few new data available on the content
of many of the important trace elements to be found in fish
(22, 23).

.ef'“, {QQJ
 WirgineDy—3,, James C. B.- ahs-gesky,-E. (¥ carrisd out

the determaination of the proximate composition of the edible
partion of ithirty two commonly eaten crustaceans and mollusks,
and fishes, which included the moisture, crude protein, sther
fat, ash, crabohydrate, organic matter and calorific values.
Thelr results are in general aggreement with those reported

by most other suthors who have worked in same arca.
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CHAPTER II
EXPERTMENTAL

2,7 SAMPLE COLLECTION

The fish samples used in the work described in this
paper are frash wéter species caught from zaria Dem on the
fourteanth day of August, 1978 at 2.00 p.m. The specles were
caught in the lower part of the Dam.

Three main speclies were caught, namely Alestes nurse;

Synodontis schall; and Tilspie 2411il.

The method of obtaining the fish samples was by the
small megh nets. As soon as the fish samples were caught,

they were frozen in the ice in order to prevent their

' ._deteriuration.

The fish gsamples were remeved from the ice-chest in the
*1*lahuratory and the totzl length, standard length 8s well as
the weight of gach fish sample was determined as described by
Dwodehinde(25). (ses fige 2.1)

The various volues of lengths and weights of the three
species are given in Tuble 1, The Fish samples were immediately

transferred into a deep froczors
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ke Total L_c,nﬂﬂi ;

f———eme e Standard La-ngn‘t '_’II

M&thoc'{ Used For- ”CQBU?H’IS Fish.

Fige 2.1
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2.2 PREPARATION OF SAMPLES FOR ANALYSIS

The thirty fish samples (ten of sach apecles) used were
kept in the desp freszer for not more than one week befors
analysls. -

pue to the small size of the fish samples (length 67)
whole fish including heads were used as recommended (26).

fach fish gample was cleaned, scaled and eviscerated before
pagsing through a high speed blender., B8lending was done for a
short period, stopped and repeasted seversl times until satise-
factory results were obtained.

Each well-blendeddfish semple was recovered carefully and
then weighed before drying at GBDC undar raduced pressure for
twenty four hours 8s sugoesited by Psarson(27).

Tha dry material was grounded to powder state with morter

and stored in air tight and 1sbelled containsrs.

2e3 DETERMINATION OF LIATER CONTENT

The watsr contont of a sample la usually ragorded as the loss in
weight of 2 sample as a result of oven~drying of the sample to
a constant weight at one atmospheric pressure and at a temperature

~ Just sbove the boiling point of water. For many binlogical samples

. . " 1ike Fish meals, such drylng results in loss of volatile fattiy

acids, and some sugars that decompose at temperatures above 70°¢,

»
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Such substances will oliviocusly be counted 1nuérrﬁr as part

of water content of ithe sampla, Drying at lnuar.temparaturas
in vacuo is sometimes used(28) to avold such loss in components
other than water.

Measurement of water by loss in weight of sanple on
héating is therefore only an approximation as this loss might
include loss of volatile constituents and any loss by heat
decomposition of organic constituonts.

_ It is customary %o report ths proximate anslysis on a
moisture-free basis in tables of food composition. The problem
of food storage 1s complicated by high moisture content. It has
been reported that foods contalning more than fourtesn per cent

moisture contant cannot be stored in bulk (28).

2e3e1 ?'-Eme

The determination of water content of each sample was
carried out on the wet samples, which had not besn heated at
any stage. |

et samples were weighed and then heatsed in an.uven ai

' 15508 for 48 hours,
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The oven-dried samples vere weighed in order to determine tha
amount of moisture loste The loss in weight due to the escape
of water from fish sample was expressed as percentage water
content of samples

This is given by the expression:

weight of wet sample-weight of dry sample x 100
[eight of wet sample

This determination was carried out in triplicates. The rosults

are contained in table 3,2.

2ot DETERMINATION OF THE ASH CONTENT

Ash is the inorganic residue obtained when a sample is
heated at a high temperature, usually above SDDUE. The nutritional
significance of the ash figure will depend, in part, on the food
under consideration. OCrude ash may enable one to calculate
calcium, phosphorus and other mineral elements in fish and
other animals, with sufficient accuracy for practical use,

since the abundaence of such ash is relatively constant (28).

The ash content was determined by incinerating known
weights of each powdered fish sample in a cold muffle oven at

52500 until ashing was complete. The ash was cooled and weighed.



20

The weight of the ash content for each species was calculated

from

Weight of ash

B81gnt ar unheated somple 100

recorded in Table 343 mepercentage (29)

25 DETERMINATION OF MINERAL ELEMENTS

The analysis of the mineral elements was carried out
using analytical methods based on colorimetry and absocrption
spactrophbotometrye. foth methods are based on Beer—Lamhe:t'a
Loue. L _ _

I

109%2— = where °©
) £ (abg) Iy = n o transmitted light

intensity of incident light

a = molar absarptivity

C concentration

AR b = thickness of medium

W

.'f? The concentration is therafare.prapartiunal to the logarithm of

the transmittance. .

The chief advantoge of colorimstric and spectrophotometric
methods is that they provide a simple means for determining
minute guentities of substances. In enalytical shsorption spoctra-

photometry, a standard solution muast bs prepared for the

determination of each elesment, The method is generally accepted top
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Bo gyitable for the routine determination of a given element

in a given medium but not for routine gualitative analysis(30)

2e5s1 METHOD

A known gquantity of each sample was accurately weighed
and ashed in the furnace at 525°C as before. The ash was
cooled in desiccator and weighed. 2 cm3 concentrated hydro-
chloric acid was addec..to dissolve the ash. A few drops of
concentrated nitric acid (10-15 drops) was added. The resulting
solution was boiled on the water bath and esvaporated almost to
drynesse Distilled water was then added and the solution was
filtered and transferred gquantitively into 1UD|:m3 volumetric
flasks and made up to mark with distilled water. Appropriate
dilutions of this stock solution were made for the determination
of each element (31).

The following elements were determined by atomic absorption
spectrophotometry (Perkin-Elmer Model 306) with digital Weadout;
Calcium, Copper, Iron, magnesium, potassium, and zinc.
Spectronic 20 was used to determine phosphorus; while a flame
photometer was used to determine sodium. The results of the

determinations are contained in table 3.4
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2e5¢71¢1 PREPARATION OF STANDARDS

gtandard solutions were prepared for the callbration curves
.néaded for the final analysis of the elements. In 2ll the | -
determinations distilled watsr was treated in the sams way
as sample to give refersnhce solution which was used in all
CHSBS, o

2.5.1.2 SopILMS$?)

The instrument used for Bﬁdium analysis wes EEL flesme
photometer.
2.5418g of sodium chloride (analytical grade) were made up
into one litre solution with distilled water in a volumetric
flaskes This solution contained the egquivalent of 1.0mg
sodium per cm3. The stock standard solution was diluted to
give solutions containing 1.0, 2.0, 4.0, 6.0, 8,0, 10.0,
12,0 ppm of sodium iong, £ calibration curve for sodium was
plotteds The concentratlon of sodium ions was determined in
the sample solutions ugsing sodium filter.

2.50%3 POTASSILMC"S)

1.9070g of potassium chloride (analytical grade) was
weighed and 1Dcm3 twydrochloric acid was added. These were

made up to one litre with distilled water in a volumetric flask,
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fh;:stnnk solution contained 1000ppm of potassium ions,
.'The solution was diluted to give solutions containing 3.0, 6.0,
9,0, 12.0, and 15,0 ppm of potassium ions.
(Due to the heat of acetylense, ionisation pcours when the
atomic absorpticn spectrophotometer is used thereby resulting
" in lower reading)e o |
In order to prevent ionisation in the flame, Lithium
" chloride (6.10) was added to give 1% Lithium in the final
 golution. ..i o L o
potagsium in eéchudilufa snlutiun.was determined at
7664,5nm and a galibration curve plotted. The concentrations
of potassium ions in the sample solutions were determined from
tha calibration curve. .
2,5.106 zing @ S R
1.0g9 of pure zinc.metal was meigﬁad énd'1ﬂcm3 conc.
hydrochloric scid addeds The mixture was boiled on water bath.
The resulting solution was diluted to one litre in a standard
flask with distilled wateres The solution contained 1000 ppm
of zinc ions._' _
‘From the stack, 1¢0, 2.0, 3.0, 4.0 and 5 ppm dilute sclutions

were made. A calibration curve was prepared using a wavelength
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af 213.9nm. The zinc ion concentration in the sample soclutions

was determined by the old of the calibratien curve,

" 2454145 _popper

1e0g of pure copper metal was dissolved in 5r.:m3 cancentrated
nitric acid and 5cm3 concentrated hydrochloric acid was added,
| The soclution was evsporated almost to dryness and diluted
with distilled water to one litre in a volumetric flask. This
gsolution contained 1000ppm copper cons. From the stock, 5.0,
10,0, 20,0, 40,0 and 80,0 ppm dilute solutions werse prepared.
Copper was determined at a wavelength of 324,7rm. The con-
- centration of copper ions in éach sample solution was determined

from the standard curves

2.5,146 _ masnESSILY 77)

1¢0g of pure megnessium ribbon was weighed and dissolved
in 1Ucm3 concentrated hydrochloric acid. The solution wes
evaporated almost to dryness over water hath, The resulting
concentrated solution was diluted to one litre with distilled
water in volumetric flaske, The solution contained 1000ppm
magnegaium ions. From the stock, 0.5, 1.0, 1.5, 2.0, and

2.5ppm dilute soclutions were prepared for the standard curve.
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Magnessium was determined at 285.2nm, The concentration of
magnessium ions in the sample splutions was determined from
the standard curves To eliminate interferences from aluminium,
. silicon and sulphate ions that might be present 7.Scm3 af
1,500 ppm strontiun chloride solution was édded to the stock

and sample magnessium soluticns before making up to mark.

. The strontium chloride added suppressed any form of interferences

thersby improving accuracye

| 2050147 IRDN(33)

le0g of pure iron wire was uaighaa and diasuluad in
1Gcm3 concentrated hydrochloric acid. The splution was evaporated
almost to dryness over water bath. It was made up to one litre
in a volumetric flask es the stock. This contained 1000 ppm
ions of iron. Dilute solutions of 5.0, 10.0, 20.0, 40.0 end
80,00 ppm were prepared fram the stock. The concentration of
ions of iron was determined at 248.3nm. Using the standard
curve, the concentration of iron in each sample solution was
determined.

2450148 anCIUM(JB)

244973q of calelum carbonate, which had been oven dried

at 105°C overnlght, was welighed after cooling. A few drops
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of distilled water was carefully added followsd by 1Ucm3
concentrated hydrochloric acide The solution was warmed to

ensure complete dissolution of the calcium carbonate: To avoid

. any interference due toc aluminium, silicon end sulphate ions,

- 8 solution containing 1G,000 ppm of strontium chloride was
prepsred by welghing 3D043g of strontium chloride, dissocliving
" and making up to one litre, Out of this, 1,500 ppm dilute
solution was prepareds

7,5cm° of 1,500 ppn strontium chloride (SrCl,) wes addsd
to calcium carbonate solution which was finelly made to one
litre with distilled water to give a stock solution. from
the stock, dilute solution of 3.0, 6.0, 9.0, 12.0 and 15,0 ppm
of calcium ions were preparsd. .
| Calcium was determined at 422.7 nm and @ calibratiunlcurue
was plotted. The concentration of calcium ions in the sample
was determined after treatment of pach sample solution with

gstrontium chloride to eliminate interferences of other ions.

2e50749 PHGSPHURUS(SQ)

0.2196q of potassium dibydrogen phosphate (KHZPDQ) was
weigheds 50g of ammonium molybdate was also wsighed and dissolved

in 7DUcm3 of distilled waters 2,5g of ammonium matavanadata
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was welghed and dissolved in 500cm® hot distilled water (60°C).

.The gntire ammonium molybdate solution was mixed with the

'”_ ammonium meta vanadate solutions The resulting salutlon was

added to the potassium dihydrogen phosphate in a two litre
flaske
7ﬂﬂcm3 per chinric acid was added and the solution was
~ allowed to cool. The solution was made up to two litres with
distilled water, This contained 1000 ppm aof phosphorus ion. )
From the stock solution, 3.0, 6.0, 9.0, 12.0 and 15.0 ppm
'phoshnrus were prepared and used for the standard curve.
rphosphorus was determined at 4umm wusing Spectronic 20.
Phosphorus in the sample golution was determined from

the standard curvee

246 DETERMINATION DF TOTAL ORGRNIC MATTER -

) The total organic matter was gbtalined by substracting the
ash weight from the weight of dry fish sample incinerated.(35)
The values are shown in Table 315

i

2.7 DETERMINATION DF FAT

The fat content of a biolegical material can be estimated
by extracting the material exclusively with a suitable fat

extracting solvents 1In most cascs, the fat
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ghtained by mechanical extraction is almost the same as that
extracted by a solvent like ether.

The ether extract consists of glycerides of fatty aclds,
free fatty acids, and cholesterol. Estimates of ether extract
in fish can be made either (1) by weighing the extracted material
after evaporating the solvent, or (2) by recording the loss in
weioht of the moisture~free sample following its sxtraction by
anhydrous cthore _ B

The second method wmekes it possible to employ 8 multiple-
o éample extraction procedure. The samples are welighed into
Aluﬁgum crucibles, oven dried, rewsighed, placed in groups in
the extrection chamber, extracted and agaimn weighed following
extraction of the sample, This procedure, however, does not
offer accurate volues and hence the method of single samples
by standard soxhlet extracior was employed in this work.

The weight of the fat obtained after evaporating the solvent
| from the extract represents the weight of fat prasent.
2,701 _MeTHID P

5129 of each éish sémple was weighed.intu.a pépéf.extraction
thimble and covered with a light layer of cotton wool, This was
extracted with BDUcm3 of patroleum ether in continuous extractor

{soxhlet extractor) for 16 hours,
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The ether was distilled off until the volume of liquid
in the SODcm3 flask became about chms. The content of the

flask was transferred to a 1UDcm3 bgaker. The fleask was washed

 free of all oil with cther and eveparated aon 8 hot plate.

The beaker and its content was placed in a vacuum oven at BUDC
and 620mm Hg pressure for one hour and transferred to desiccator
to cool and then welanhed, N |
The extracted fish sampls residug in fﬁe thimble was
transferred to 158cm3 baokere |
EDcm3 of uM hydrochloric scid wes then addede The mixiure
was digested for one hour on @ hat plate, stirring cccasionally
with glass rod end adding distilled water as needed to mentain
volume in the baaker. | | o
| .- A complete removal of ethear ffum the fiah“aampia rasidue
uaé-necsssarv before digestion %o prevent carrying of msal
particles over side of vessel onto hot plate during bolling
of solution in the beaker.
| The digested sumple was then filtered through filter
Path s DLy v
paper and residue was washed until acid free, using methyl red
on portlons of filtrate %o follow the progress of washing.
The filter and the fish sample wers pleced in 15i3r:m3 beaker

and dried for one hour in air oven at BSGC. The filter paper



30

and contents were transferred to thimble and extracted for
16 hours with petroleum ethers The sclvent was removed and
extract weighed as described above.

The sum of weights of extracts gives the sum of total fat.
The percentage fat of the dry weight each fish sample was
calculated from;

total weight of fat extracted

¥nown Welght of by Tish sample before extraction - 100

and recorded in Table 3.6 The fish sample residue in each
dotermination was later used for a second set of nitrogen
determination.

248 DETERMINATION OF CRUDE PRUTEIN(ZB)

Crude protein is obtained by multiplying the nitrogen
content of the feed by the factor 6.25. For some other
materials, crude protein is determined by multiplying the
nitrogen content by some other factor, depending on the per-
centage of nitrogen that is known to be in the protein of
that particular foode.

In the cese of fish, the crude protein value is obtained
by multiplying the nitrogen by the factor of 6.25.

The protein content of any food appear to be the most

important. This is because nowadays, foods are classified on



the hasis of their proteln content.
Protein ssrves both as a source of energy and as
index of the total amino acids of any food.

Howgver, the limitations of the proximate value must be

- notede As @ source of energy, protein is subject to a loss

of about 20 per cent .of the potential energy. Thus protein
is not regarded as a main source of energy. e

As for protein?s being a measure of the total amino-acid

_cémalax, it should be noted that not all proteins contain 16%

nitrogen and that sstimating the protein 28 6.25 times the
nitrogen in the sample leads to inaccuraciss of varying degreaé;
Hence the valuss obtalnedaro regarded as crude. Although
(Nx6425) (N=nitrogen) may be a8 somewhat rough estimate of

totsl protein, and little or no measure of its quality, it

is still regarded as reasonably satisfactory. - -

24841 DETERMINATION DF NITROGEN IN NON-DEFATED SAMPLE METHOD

In estimating nitrogen in food stuffs the Kjeldanle and
the Neasler reaggnt methods are well known. ARlso, the Kjeldahl's
method has been known to be the more sccurate of the two (36).
D.1g of fish powder was welghed into 8 Kjedahl's digestion

flask, 5g of potassium sulphate and @ few crystals of anhydrons



Copper(II) sulphate plus 25.0:m3 of concentrated sulphuric
acid were added into the flask. The mixture was digested for
24 hours at S0°C in a fume cupbpard. A clear colourless solution
was gbtained after complete digestion.
Four replicates including a blank were set up for each
samplce ‘ _
After digestion, the nitrogen in the sample was converted
to ammonium sulphate by added concentrated sulphuric acid.
The ammonium sulphatc formed was then decomposed by sodium
hydroxide, (50% w/w). o

The liberated ammaﬁia was diatillad into 12Elc:rn3

3

of 0.1MHC) -
100cm~ of distilled water was poursd into a volumetric flask
containing antibumping granules. The digastad semple was
added to the water in the volumetric flask.

- 8ix drops of methyl red indicator and 1uﬂcm3 of andium.
hydroxide (50w/w) were added to the mixture. Tha four repli-
cates including a blank, were treated similarly and set up
ready for distililation. SDcmB_Df 0.05M sulphuric acid was
pipetted into a conical flask and two drops of methyl red were
addede The conical flask conteining the 0.05M sulphuric acid
was put in position to collect the distillate from the mixture
in the.ualumatrlc flask and distillation was carried aut for

about 50 minutes after which, about half of the liquid hed
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heen distilled-ever-inio-—the receiving flask.

been distilled over into the receiving flask,.

The distillate collected into the flask already containing
0.05M sulphuric acid was titrated with 0O.1M sodium hydroxide
until the pink colour changed to about light yellow,

The protein content is expressed as g/100g of dry weight

of fish sample(BG).

34
24842 DETERMINATION OF NITROGEN IN A DEFATED SRMPLE( )

In this determination, the method of digestion remains
the samg as in 2.8.1

However, the nitrogen here was determined colorimetrically
on the basis of the development of an emerald-green in the
reaction between ammonia, sodium salicylate, saodium nitroprusside
and sodium hypochlorite in a buffered alkaline medium at a8 pH
of 12,8 - 13.0.

The absorption by ammonia-salicylate complex formed was
read at 660 mnm using a Technicon auto analyser.

The estimation of nitrogen is based on the fact that full
scale deflection on the instrument is equivalent to 200mg of
nitrogen, using a standard containing 200mg of nitrogen.

After running the samples, the percentage nitrogen in each fish

sample was claculated thus:

ZDD@E (full scale deflection) - h 100
100 Bample welght 1
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where h = value of sample height on the chromatogram -

obtained from the Auto Analyser (34).

2+8e2¢1 PREPARATION OF REAGENTS (34)

Stock 20% Sodium Hydroxide Solution

400g of sodium pellets were dissolved in 600cm3 of distilled
water, coocled to room temperature (50% w/w), and diluted to one

litre with distilled water.

Stock 20% Sodium Potassium Tartarate Solution

20g of sodium potassium tartarate (NaKC“HuDG.AHZG) were
dissolved in GUGcm3 of distilled water and diluted to one

litre with distilled waters This was mixed thoroughly.

Btock O45M Buffer Solution

134g of sodium phosphate dibasic crystal (NaZHPG“.7H20)
were dissolved in BUDcm3 distilled water. 4Og of agueous
sodium hydroxide solution, (50% w/w), were added and diluted

to one litre with distilled water with thorough mixing.

marking_auf?ar Sulut;gg

To 250cm3 of stock sodium potassium tartrate sclution

3

(20%) was added 200cm™ of stock buffer solution (0.5M) followed



- were digssolved in 600cm

35

sldwly by addition cf 250cm3 of sodium hydroxide solution (20%)

with stirring, Tha.tatal reagents were diluted to one litre

with distilied water and 1.Dcm3 aof Brij-35, (30%) solution

(20-25 drops) were added with thorough mixing (8rij-35 is a

. detergant)e . . ..

| Sodium Salicylate4§adium Nitroprusside Solution

1509 of sodium salicylate and D,30g of sodium nitroprusside
° of distilled water. This was filtered
through a fast filter paper into one litre volumetric flask
and diluted to volume with distilled water.

1.Elt:m3 of Brij-35 was added and mixed thoroughly and stored

- in brown bottle.

0.315% Sodium Hypochlorite Solution

G.Ucm3 of sodium hypochlorite solution were diluted to
100cm> with distilled water. O.1cm® (two drops) of Brij-35

was added and mixed thoroughly,
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249 DETERMINATION OF CARBOHYDRATE

Carbohydrate values were calculated by the difference

methods The amount of protein plus fat substrascted from the

totsl orgenic matter is assumed to give the value for carbo-

tydrate (11)

2.10 DETERMIMATION OF CALORIFIC VALUES

- - The calorific value of each fish sambie has baén..” :
calculated using conversion factors celled atwater factors.
These are 5,54cal/g for protein, 4.1Kcal/g for carbohydrates

and 9.5Kcal/g for fat (37).
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2.11 PROTEIN AND AMIND ACID ANALYSIS

2.11.1 HYDROLYSIS OF PROTEIN

As tha precision of analytical methods for the determination
of amino acids has increased, the limiting factor in deriving
the amino acid composition of a protein has hecome the extent
to which the composition of the hydrolysate is a true reflection
of the composition of the parent protein. Discrepancies arise
owing to the decomposition of certain labile amino acids during
hydrolysis and as a result of the fact that some amino aclda are
libernted from the peptide linkage with difficulty.

There are different methods of protein hydrolysis,

(a) the acid hydrolysis, which liberates sixteen of the
eighteen common amino acids. Tryptophan and cystine are normally
destroyed by acid hydrolysis (38). The destruction of tryptophan
during acid hydrolysis in recent times is being prevented using
thioglycollic acid}aurtm; hydrochloric acid and p-t@luene
sulphoric acid (39). Both techniques have been found to give
large yields of tryptophan. These methods are interesting but
still too novel to be adequately assessed.

() Alkaline hydrolysis, using sodium or barium hydroxide.

However, only tryptophan is liberated while others are destroyed (39).
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Ec) ;erfﬁfmic acid oxidation, using a mixture of 30%
v/v hydrogen peroxide and 88% v/v of formic acid in ratio one
to nine, This liberates cystine, cysteins and methionine
during the analysis (40). L _ |

Acld hydrolysis was employed 1nlthis study. Acid hydrolvsia
of proteln is normelly cerried out in two ways (i) the ssaled
tube vial system and (ii) the open flask method. The latter
is preferred to the former because it is easier from the uparatianal
point of view énd also the ease with which dissolved oxygen is
removeds It also offers a better degree of repeatablility as |
against the sealed tube (41).

acid hydrolysis of proteins, evsn under controlled condltions,
results in the loss, sometimes complete, of certein amino acids

as reported by Hirs H.i. 28t al (42) and Smith st al (43).

2,11.1 ACID HYDROLYSIS UF THE PROTEIN SﬂHPLEﬁ

400mg of defated fish sample were weighed into a 2503m3
flat bottom flask and 25cm of freshly preparsd 6M HDL was added.
Some glass beads were introduced into the flask. This was done e
in duplicate, The flasks were fixed with reflux spparatus and
golution boiled gently for 24 hours, after which they were removed

from reflux apparatus and evaporated to dryness using water for

~ suction. o | - L



2501113 of distilled water was added and the solution again
gvaporated to dryness. The fgsh sample was transferred |
gquanti tatively with water into 8 1DDcm3 volumetric flask and
solution made to the mark.

- The content of the volumetric flask wes shaksn well and
then.Filtmred. The filtrate contained the hydrolysate which
was later fod into the amino-acid anslyser after the pH was

appropriately adjusted (kb4).

2.1142 SEPARATION OF AMIND AGIDS

(b5)

2.11.2.1 PREPARATION OF REAGENTS AND BUFFERS

3

4,0M Sodium cootate Buffer

3 litres of distilled water were placed iﬁ'a'h-litre beaker
and agitated with a glass stirrer 1312,00g of sodium acetate
were then dissolved slowly in distilled water inside a beaksr
to obtain a homogeneous solution. | |

After cooling, h000m3 of glacial acetic scld was added
slowly and the solution was allowed to cool again. The contents
ef the bL«litre beaker were then transferred into a 4-litre flask.

1.5Gm3

of 0e61% (disodium) EDTA was added to prevent the
formation of divalent ion build-up on the resin bed., It was

then diluted tc mark using distilled water.
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1% NINHYDRIN REAGENT

40.0n of Winhydrin (1,2,3-triketohydrindene hydrate,
1,2,3=-indiantrione monohydrate) were dissolved in 2 litres
of methyl cellopsolve (2-methoxyethanol, GH;UCHZCHZDH) inha
L-litre beaker, _ |
o one litre of the 4.0M sodium Acetate buffer was added
glowly with stirring. The contents of the 4~litre besker
were transferred into a 4-litre volumetric flask and made to .

mask with distilled water.

2M  HYDRAZINE SULPHATE SOLUTIDN

Te049g of hydrazine sulphate were digsolved in 3 litres
of distilled water in a 4-litre wlumetric flask., Four drops
of concentrated sulphuric acid were added to make splution acidic
as judged by & litmus paper. This was folleowed by the addition
of four drops of 30% selution Hrij-35, (a detergent). Distilled

water was added to make volume to ths mark.

50% METHYL CELLDSOLVE (2-Methoxyethanol)

This was prepared by adding 2 litres of distilled water

to 2 litres of methyl cellosive in a L-litre flask..
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2.11.2¢2 PREPARATION DF 'MORKING BUFFERS

Stock Buffer: The stock buffer was prepered by dissolving

420.,0g of citric acid monohydrate in about 1.5 litres of distilled
water with vigorous stirring in a 2-11;re beaker.

165,0g of sodium hydroxide pellets were added in small
portions with stirring. The solution was sllowed to cool end
transferaed to a 2«-litre volumetric flask. It was made to mark
with distilled water. The solution was tranaferred to & storoge

container with a tight stopper and stored in a reftigeratnr.

WORKING BUFFER DILUTIONS

The pHd and ionic strengths of the buffers used in the

76 minute aming acid analysis are as follows:

nat Citrate Methyl Thiodiglycol
puffar Nold DM male 177 Male 1-1 calénsgive % u/u“
1 |3.25 ] 0.206 0.1 6 0.025
2 14425 | 0.206 0.1 - -
3 |5425 { 0.377 0.1 - -

Samplﬂ 2.0 U.ZDE 001 - 1.00




" titroted 0 pH 5.25 using 6M HCl.

Buffer 1: bDDcm3 of stock buffér solution wers poure&lintola
t4-}itre beaker equipped with stirrsr. 3 litres uf_diati;lad
water were added and the mixture stirred. .  . _ | ._

ancm3 of methyl cellosolve and 1.Gcm3 of thiodigiycol Qare
then addedse The pH was adjusted to 3.25 by titrating with &M
hydrochloric acids The zoluticn was transfersd to & G4-litre
volumetric flask, | |

hU.Dcm3 of 30%.8513-35 solution were added and wmade to

mark with distilled water. The pH was rechecked and malntained

at 3,25,

puffer 2: This was preparsd in the same way as Buffer 1
except that, methyl cellusolve was not added and the solutlon

was titrated to pH 4.25 using 6M HCl.

Buffer 3: This buffer was prepared in the geme way as buffer 2,

except that 40,09 of sodium choride were added and solutlon was
i . . K . .,.;z;_ N

| SAMPLE BUFFER . L
3

50.0cm® of stock solution was placed in s €00."cm _
beaker @nd 450.0cm” distilled water was added followsd by stirring.
5.0cm3 of thiodiglycol was added and the stirred mixture titratsd

 with 6M HC1 to pd 2.0,
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211,243 Do2M 50ODIUM HYDROXIDE

32.00 of sudium hydroxide pellets and 4.,0g EDTA (discdium)
were dissoclved in a 4-~litre volumetric flask contalning abuutl3'
3 1itres of distillod water with continucus stirring. The snlutiun.
~ was made to mark with distilled water and stored in pulyethylgne

container.

 2,11.3 LOADING oF ERMPLES INTO CARTRIDGES

'~ The cartridges were washed using 1.Dcm3 of 0.,2M NaDH and
then with 1.0cm® of buffoer pH 2.0. The filler plug wes Pirst
removed from cartridge followed by the addition of the 1.Dcm3
of D.2M NabH using a 1.Dcm3 plastic syringe. aAfter forcing the
liquid through the cartridges, it was emptied by inverting and
shaking toc remove 8ll liquid. ] | | b

This process was repeated using pH 2.0 buffer (0.2M sodium
citrate)s Uhen the cartridge was empty and the resin inside
equilibrated at pH 2.0, the internal standard, amino acid
standard and sample were loaded in the following gquantity and
urder...i. .f”:_ o ) S N - B 2

(a) 10 i%nf inte;nalﬁstandard (norleucine) was pipetied
with automatic pipett (2x504) into the smpty clean cartridge.

(b) 10 Wof amino acid standard containing eighteen

amina acids,



(c) 20 of hydrolysate in buffer pH 2.0. uhile keeping
 _the cartridge vertical, a vacuum was applied to the bottom of

. the cartfidge. fs soon as the sample containing (a), (b) and

" above had bgen drawn intc the top filter, the vacuum

»ff-maa removeds The filler plug was replaced and cartridge plsced

(453)

in the sample tray ready for analysis,

2.11.4  CHANMATDGRAPHIC ANALYSIS

METHOD: The automatlc instrument used for this analysils
is the Technicon Sequential Muliisample Amino acid Analyser(TSM).
(Sse figo.g:g.....) | | | |

- The system can separafé”and anaslyse free, acidic, neutrsl,
and basic amino acids from a protein hydrolysate in 76 minutes.
The equipment wass operated as described in the operation manual
| for TSM (45)e The columns (two in number), one 250,0cm long -
for the neutral and acidic amino acids and the other 7.0cm
long for the basic amlno acids, were pscked with a sulphonated
polysterene resin which is a cationic sxhangsr. Influent buffers
were drawn Dy pumping from reservolr columns. Precise amounts of
ninhydrin and hydrazine sulphate reaqents were combined to form
hydrindantine (3ee fig..fgaz.......) | -

- A segmental reagent stream flew under each analyzer column

to join with eluting buffers. This streem, which carried amino
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acid reagent mixture went through a heating bath where develop-
ment of the coloured reaction product occured. The absorbance
is proportional to the concentration of each amino acid and
was measured by the colorimeter built into the analyser.

A typical recorded chromatogram is shown in fig (,.2 2

.ooooon)
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50% METHYL | HYDRAZINE
CELLOS0LYE NINHYDRIN } SULPHATE
|
{
O — - - e -
3 [NTTROGEN |
) hd
HEATING BATH
. BUFFERS
y X
]
COLORIMETER \ :
l SAMPLE CRARTRIDGE
| Recoroer B
COLUMM

(Fig.;,JZis.)

A schematic diagram of steps involved in the aa analysis,
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" The followipng amino acids wers separated, and ldentified by

| the 8id of ths standards.

. Lysine o - glutamic acid Iso leucine
Histidine '__ _ . proline = Leucine
Arginine : Vf' Glycine - ~ Tyrasine
Aspartic acid - alanine : ' phenylaming
Thraonine o ' valine _ | | '
Serine o "~ Methionine

CoET

2a11.b071 CALCUL&TIUN OF QUANTITY PERCENTAGE OF AMING ACID
IN THE SAMPLE

The ares under 2 peak is known to be proportionel to ths
product of the height of the peak and the width of the peak
N

at half the height (38).

i o B
e F

ﬂglﬂggg— The measurement was carried out in this order.

(a) The net height of the peak was measured using a
metric scale (hn).

(b} The half-height on the chart was then measured by
dividing the net beight by two and measuring that distance
up from the base line (h%).

(c) The width of the peak was measured at the half~height

using a ruled (wp)



(d) The net-height rogults wers multiplied by the width
at half-height. (3ee fio.2,4) |

(e) The norleucine egquivelent (NE) for each amino acid

~ in the stendard mixture was celculated thus:

Nof Area Norleucine pesk
e~¢ = Pres oach amino aclid

(f) The omount of each amino acid present in each figh,
sample was calculated using an accepted formula (45).

_ A |
ampunt of aminoacid in grams = EE% X NEap X Mgp X Mwtc x C

in g£16g§

| mheré fi'sh & = Area of psak of interest

Aun = Area of Norleucine peak from the same chromatogram

Morlevcine equivalent of the corresponding peak
from a gtandard chromatogram

NEsp

Msp = Moles of amino acid in the staendard sample

Mt

Molscular weight of the amino acid -;3 -

C = Dilution factor for sampls x 16
BEmpLE ueigﬁf_é

The concentrations of the various amino acids in each
sample were expressed in grams per 16 grams of nitrogen as

is the pener2l practice (L4B)

Q) X rogenin sample x % volume
leadad
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CHAEPTER III

el REGULTS AND DISCUSSIONS

3»1e1 WEIGHT AND LENGTH MEASUREMENTS

The moasurcmenhts of the total length, standard length and
wet weight for the throe species are roported in Table 3.1,
From the values of ratioc of wet weight to standard length

measurements, Alesies nurse are smaller compared with both

-

gynodontis schall ond Tilapia 2i11ii

S. schall may be said to the biggest of the three speciss,
There is little varistion between the standard length measuremants

for the three species of fish analysed. =

3e1e2 WATER EITINATION

The results of water cstimation for the fish samples are
shown in table 3.2 ond gre cxpressed in grams per 100 grams of
wet welght of sample,. | |

The T-test was poerfaormed on these values, (see Appendix)e.

The mean value of water in Alpstes nurse is 74.03g/100g of wet

welght, while the mean for Synodontis gchall, and Tilapia zillii
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TRALE 3.2

WATER ESTIMATION FOR 3 SPECIES

- OF FISHES g9/100g of wet weight

1 2 3 Mean 1 2 3 Mean 1 2 3 vean
fq | 75401 75011 |26.20 175443 S, qr.uo 76491 | 76,30 |75.73 |71, | 79.21 |79.00 [80.50 |79457
A, 72,00 72,00 | 74,01 | 7Re73 Se 75.21 | 75.42 | 78,10 | 76.23 T 76,60 |74.61 | 76,82 | 76,00
bu 76,41 | 74,71 § 76,50 | 75,87 mu 78,70 | 78,01 | 79,10 | 78.60 4w 76,50 175.30 174,71 74,83
nr 77.01 .qmrmg 78,11 | 7731 mr 81.21 {8c.n00 | 76.91 180,03 qr 72,51 |74.51 | 70,70 72,56
Re 72660 | 741 §72,60 | 73,06 g 79.50 { 76.01 _qm.mm 75463 Te 76.60 74,00 | 76,40 75,67
Rg 70,00 § 70,60 { 72,20 § 70,93 3g 73.00 | 73.60 | 74,10 | 73.56 Te 76.50 76,60 | 7h.L0 | 75,83
Ag 75.20 &u.mo 75.71 § 74483 Sry 76,00 ] 764,00 ] 76,31 | 75.43 T 73.30 {75.21 1 75,40 § 7L,63
Ag 71401 | 76400 | 7160 ] 72,13 g 7551 | 72,10 | 74,80 | 74,13 qm .qmomc 74,70 | 75.80 | 75.77
rm 72,30 | 75,20 } 72,41} 73,30 m@ 760e71 | 75,60 | 74,40 | 75.57 Tg 80,00 [80.81 | 79.50 | 80423
Aqgl 74.50 71480 qmtau“ 72450 | S4g 74,60 | 76,41 ] 74,20 qm.cm Ti0 75.00 §73,52 | 75.70 | 74.73

£ = RLESTES NURGE S = SYNODONTIS SCHALL T = TILAPIA ZILLII
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are 76,00g/100g of wet weight and 75.989/100g of wet weight
respectively. 0On spnlication of T-test to these values, it
is discovered thoat thers is no significant difference in the
moan water volues. |

Thus the {ish somplcos may be said to contain similar amount
of water. This is in 2greement with report by 0latunde n. D.(15)
However, Sidwell ot ol (1) reported & variation in water content
which was gaid to be duz moinly to the natural season variation,
age, size and typc of fish analyseds The variation of body
water content with age is also shown by Penton et al.(h7(

From the mean values, Tish may be said to contain very high

percentage of water which is responsible for its storage problem.

3el1e3 ASH CONTENT

The resulis of osh content in the fish samples analysed
are shown in Toblce 3476

The mean values for A EEEéE’.gf schall, and T. 2il1ii
are 10.359/100g dry weight, 14.709/100g dry weight and 14.43g/
100g dry weight respectively. |

The values for fie Qggﬂg_fish samples vary from 8,959 to
134159/100g dry weipht and seema to have no relationship with

the standard length and wct weights of the samples. This is
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TABLE 3e3

s e e e e

ASH CONTENT ESTIMATICN _FOR 3 SPECIES FOR _FISHES in m\amc dry uweight

3ample
NCe 1 2 Mean 1 2 |Mean 1 2 |Mean
Da 10,50 }10.80 }10,65 ma 15450 |15.60 |15. 55 ﬂa 14,90 |15.00 |14.95
Ay 13.30 |13.00 [13415 5o 15,80 115,40 {1560 |7, [15430 |15,20 [15.25
ru 11.81 |10.50 {1115 mu 13.50 |13.60 |13,55 ﬂu 15.00 {14.70 |14.85
pr 9.50 | 9.30 | 9.40 mr 16.20 |16.00 |16, 10 T, 13.80 [13.50 {13.85
bm B8.91 | 9.00 | 8095 mw 15.60 |15.20 [15. 40 qm 16421 [16.41 [16.31
nm S.60 | 9.0 | 9,60 mm 10,20} 5,80 110,00 qm 14.81 115.01 {14,591
pu 9.60 | 9,91 | 975 wq 17.00 {18.11 {17.55 ﬂq 15.20 §15.00 {15.10
pm 11,00 {10.80 mmwwm mm 13.81 §13.70 [13,75 ﬂm 9.81] 9.81| 9.81
bm 9.81 9.70 | 9475 mm 16.50 |16.41 |16, L5 qm 14481 14,61 14,71
haa 10.20 [10.31 |104,25 on 13.00 |13.10 |13.05 ﬂam 14450 |14.60 [14.55
A = ALESTES NURSE S = SYNODONTIS SCHALL T = TILAPIAR ZILLII




57

because the samples showing the highest and the smallest ash
content values respectively do not show the highest and the
smallest values for their standard lengths and weights.

In the case of S. schall, the values vary from 10.00g to
17.550/100g dry weight. This variation is wide. It is
interesting to note that theye appears to be a simple relation-
ship between the ash content values and the standard lengths
and the wet weights within this species. The values for T. zillii
vary from 94,89 to 16430/100g dry weight. This is another wide
variation but unlike the S. schall, there seems to be no such
gimple relationship between these values and the standard length
and wet welght measuremcents.

Apart from sample T, with & comparatively low value of

8
ash content, the values for the other samples are Fairly_ﬁigég.
T-test comparisen (see appendix) confirms that there is a very
highly significant difference in the ash content values between
A. nurse and 5. schall on one hand, and A. nurse and T. zillii
on the other hand.

However, there is no significant difference in the ash

cantent valucs of Se schall compared with T. zillii.

S. schall samples show the highest ash content value, followed
by T. zillii and lastly A. nurse. This trend follows the difference

in the sizes of the various fish samples. The ash content value



for any particular fish has been reported to be relatively
constant during growth of fish, thus indicating that the
relative proportion of skin, scales, and bones in the fish

should not change appreciably with ags. (47)

3o1el  MINERAL COLTENTS

- The resulis of the eight different mineral elemants

investigated for the fish samples are shown in Table 3.4

Calcium

All the fish samples indicats high levels of calcium ions
followed by phosphoruse Potassium, sodium, and magnessium also
make gignificant contributions to the mineral pool. However,
gther elements like Iron, Zinc and copper in particular,
contribute very little to the minersl content of the fish samples.
This genaral trend of the concentrations of the elements invee-
tlgated agreoe wlth the working of both Qlatunde A. G.(15) and

1l (hBl The mean values for calcium ions in

Furr, A, Ke; ot a
A+ nurss, S. schall and 7. zi1lii are 3764.51mg, 6057.60mg,

and 4587.33mg/100g of dry weight respectively. §. schall contains
more of galcium 1nnsi;;;h cf the other two species. T-test on

these values aof minecrcl contents roveals that there is a very
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significant difference between the values for A, nurse and

Se schall and also between §. schell and 7, zillii. |

The values for phosphorus content in A. nurse vary frum.2125.ﬁ0mg
to 2958.55mg. Those in Se schall vary from 3250.00mgto 4124.91mg
while for T zillii, they vary from 2333.55mg to 3066.45mg.

There appears te be no simple relationship between the phosphorus

level in all the fish and their standard lengths and wet weights.

Sodium _ _ |

The mean velues for sodium are ZDG;DD;ﬁgf'nr A. .'E’EE‘?.' 241,00mg
for S. schall and 253.9mg for T. zillii. T-test reveals that
there is no significant difference botween the values in S, schall
and T. 2illii, while therc is a highly significant difference
in the values shown by £, nurse and T, zillii. The sodium ion
content in R. nursc varies from 170.52mg to 247.25mg. The varlation
of sodium ions in both 8. schall and 7. 8illii is not significant,
as shown in table 3.4L. There seems to be no simple relationship
between the sodium ion concentration in A. nurse and their
standard lengths and wet weights. This is also true of S. schall
and T. Zl1td, S _



Potassium

The mean values for potassium ion content are 712.40mg for
A« nurse, 79642m for 5. schall and 665.5mg for T. zillii.
Se schall contain morc of potassium ions than A. nurse and 231141,
The difference &n values of potassium for A. nurse andT.. zillii
are found to be statistically insignificant, while there is a
significant difference between the values of A. nurse and S. schall.
There is aian a very highly significant difference in the values
for S. schall compared with those for T. zillii. Again there
appears to be no simple relationship between the values of
potassium ion content and the standard lengths and wet weights

in the fish samplese

Magnesium

The mean values for magnesium ion content are 138.61mg for
Ae nurse, 154472mg for 5. schall and 126.00mg. for 7. zillii.
There is a significant difference in magnesium content for
Ae nurse comperad to those of Se schall, and A« nurse compared
toy. zillii. The difference in values shown by S. schall and

& zillii are very highly significant.
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EEEE

The level of Iron concentrotion in the fish samples is
genarelly low g shown by the following mean values; 34.23mg
for fR. EEEEE' (the Small est); 137.12mg for S. EEEEli’ (the
highest) and 106,02mg for 7. zillii, T-~test confirme that there

are very highly significant difference in the values found in

the three spocies,

Zinec

~ The mean values of zinc are very low, these are 18.10mg
for A. nurse, 1942mg for S. schall and 17.,00mg for 7. zillii.
Statistically, there is no significent difference betwsen the

values of zinc ifons in the fish samples.

CDEEer

gf the mineral elements studied, copper is present in
the smallest amounts. o -

D.56mg was obtained éa.mean for A. nurse, 0.82mg obtained
for §. schall and 1.73mg for 7. zillii. This is the only
instance where Ta zillii contains more of the ions investigated
than S. schall, which on the whole contains more of the mineral

elements than the two other species.,
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H-ﬁj.mﬁlm u. P

MINERNL ESTIMATION FOR 3 SPECIES OF FISH an\gcam dry weight

muu_wu_.m Na Mean . Mean Cu o e
m (2> (1 (2 (1) (2) (N (2) Mean
ha 247,00 | 247450 | 247425 | 783,30 | 778.00 | 780.65 | 0.21| 0.21 | 0.21 | 33,80 33675 | 33.78
hN 247,25 | 247,00 | 247,13 | 750,00 | 751.50 | 750.75 | 0.21 | 0.22 | 0.22 55480 | 55481 | 55.80
ﬁu 170.04 | 171,00 | 170,52 | 666,00 | 662,50 | 664,25 | 1.25 | 1.30 1.283 135 &% 35.60 | 35.50
br 172,50 | 175410 | 172,80 | 687.50 | 686.50 | 687.00 | 1.04 { 1.05 | 1.05 | 35.01 35,00 | 35.00
hm £ 5,80 | 224480 | 224,50 | 760,41 | 760.40 | 760.40 { 1.04 | 1,04 | 1.04 { 40,00 40410 | 40.05
hm 180,00 | 100620 } 180410 | 739.60 | 739.80 | 739.85 | 1.25 | 1.26 | 1.26 | 30,00 304,00 | 30.00
e 245,80 §246400 { 265,90 § 739,60 | 740.11 | 739.85 { 0.21 { 0.21 { 0.21 | 30,40 30635 | 30,35
lg 207,50 | 207420 | 207,35 | 597.91 | 598.20 { 598.05 | 0.21 | 0.21 | 0.21 25,680 25471 | 25,75
hm 182,50 | 152,60 | 182.65 | 645,81 | 647,21 | 646,51 | 0.21 | 0.21 | 0.21 | 34,20 34420 | 34,20
hAD 186450 | 167421 | 186485 | 766.70 |756.20 | 761.45 | 0.21 | 0.21 | B.21 | 25,80 25,85 |25.80

A = TCILESTES NURSE
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TRELE 3ok

MINERAL ESTIMATION FOR 3

SPECIES OF FISH SMNADDM dry waight

Sample
NDe zn {ean Mg P Mean ca Mean
(1) 2 (M (2) Mean (" (2) (1) (2)

LW 21.80 21481 (21,80 | 162.50 { 163.20 | 162.85 |2958.30 | 2958,80 §{ 2958.55 | 4h33431 | 4434.10 | 44633,70
_rm 25.80 [25.61 [25.70 | 166.70 | 165.80 | 166,25 §28%91.71 {2891.71 | 2890.85 § 583,33 | 4583.11 | 4583,22
4 16.51 [16460 [16455 | 133,30 | 133.31 | 133.30 |2375.00 ]2375.51 | 2375.25 | 3633440 | 3633.31 | 3433,35
Py, 13.30 |13.30 |13,30 { 129,20 | 130.00 | 129,60 |2375,01 | 2375.00 § 2375,00 | 3450,01 | 3451.60 | 36L50,80
T 16.30 | 16431 [16630 § 133,30 | 133.31 | 133,30 12875.01 |2876.20 | 2875,.60 | 3586,31 | 3508.30 | 3508,30
fg 18,60 [ 18,40 18050 | 137,51 | 137.60 | 137.55 | 2625.00 | 2626,11 | 2625455 | 4066471 | £064L.20 | 4D65,45
"fn 19,31 | 19,50 mmﬂrm 129,20 | 129.21 | 129,20 §24591,70 | 2490,20 | 2490,95 | 3333.3 | 3332.51 | 3332,90
8 16450 [ 16,50 |16450 | 116,60 | 114.51 | 114,56 | 2125.01 §2125.00 | 2125.00 § 30C0.00 { 3001.21 | 3000.61
Ajm 19.60 {19460 | 154060 | 140,41 | 140,40 § 160,40 | 2600.01 [2602.10 | 2601.05 § 3734400 § 3733.61 | 3733.50
f10 27.10 mq.um& mwomo 163,81 | 146410 | 143.95 | 2750,00 | 2748,91 | 2769,45 | 4108431 | 4109,.00 | 4108465

A = ALESTES NURSE
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MINERAL ESTIMATION FOR 3 ZPECIES OF FISH am\.._n__umq dry weight

mww_..wwm Na Mean ] Mean Cu rmmu Fe Mean
(V) (2 | ) (2} (Y (@) (1 (2>
5, | 255.01 256,20 § 255,60 | 883.31 | 883.40 |883.35 | 1,06 | 1,06 |1.06 |126.51 | 126460 124,55
5, | 250,01 250,52 | B50431 047.90 | 850,21 |845.05 [0.21 [0.22 10,22 [172.91 [172.80 [172.85
S5 | 265.02 |266450 | 265.76 | 850,01 {849.80 {849.90 {0.21]0.21 [0.21 157,50 |157.50 |157.50
Sy, 223,25 225,01 | 226413 | 708,31 {708.00 {708.15 {2.11 | 2,20 {2.15 135,01 { 135410 {135.05
S5 | 246.81 [247,10 | 246,95 | 812,51 | 813400 {812.75 { 1,06 | 1.05 [1.05 {102,10 [ 102,01 1102,05
S | 223.25 [224.50 223,90 | 822.90 | 823.01 | 822,95 | 0,21 0,21 [0.21 {121.70 [ 121,72 [121.71
S, | 246475 [246.21 246448 | 654.21 | 656,20 | 654,20 | 2,10 2,10 |2.10 [ 152,12 { 152,90 | 152.11
S5y | 265.02 245, 02 245,42 | 787.50 787.20 1 787435 { 1,04 § 1,06 [ 1,04 137,90 | 137,80 | 137,85
Sq 207.50 |208.21] 207.85 | 750,01 | 750,10 | 750,05 | 2.10] 2.11 |2.10 | 135,01 | 135402 | 135,01
Sqp | 250+00 [268.51] 249,25 | 850,00 848.91| 843,45 0.21] 0,21 0.2% [ 136471 136460 { 136,65

5 = SYNODONTIS SCHALL
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TASLE 3ol
MINERAL SSTIVATION FOR 3 ZPZCIZS OF FISH mg/100g dry weight

Sample o
NOe n Mecn Mg Mean P Mean ca Mean
(@) (2) (@) (2) @) (2) (&) (2)

s, © | 21.91 [21.72 | 21,61 | 183.31 [183.30 [183.30 | 3941.71 [ 3962.40 [3942.05 |6708.20 [6710.21 |6708.25
s, |22-32 |22.30 | 22,31 | 166,72 [166.90 | 166.81 | 4000.05 [4002.41 [4001.23 6665470 |6666.70 [6666470
s, |21.30 [21.21 21,25 | 162451 | 162.40 | 162.45 | 3691.21 | 3692.04 |3691.62 |5591.70 |5593.01 | 5592.35
5, |18.81 [18.90] 18,65 | 12,30 [161.72 [ 2,01 | 3525.04 | 3523.44 [3526.24 [6375.02 [6375.22 [€375.12
S, | 20.80 mma.qom.mmw 5 | 16040 [ 15691 | 156.65 | 4000.01 { 400183 |4000.92 1603352 1603330 { 603301
Sg | 15430 {15,671 15,45 | 11,72 | 11,51 { 1,81 | 3250,06 | 3250.01 {3250.03 {4916,71 {4920,12 | 4918.41
5, | 21.00 T 21,10 | 71405 | 164+60 | 160,51 | 162,55 | 412501 | 6126.82 | 4126.91 1755006 17550.22 | 755014
S5 | 17.71 | 17.60] 17,55 | 41,70 [ 161,80 [ 141,75 | 3975.03 | 3972.00 [3973.51 | 5165474 |5166.70 | 516,72
Sy | 1680 | 16.90| 15435 | 147,90 | 147.80 | 147.85 | 3316.71 | 3318.13 |3317.42 | 6183.30 [5185.61 | 618445
5,0 | 21451 {21440 21445 | 15,81 | 146,01 | 145,91 3775.05 | 3778.62 | 3776.83 | 5383430 | 5384.32 | 5383.81

S = SSYNODONTIS SCHALL
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TRALE ek

e ——r e . &

MINERAL ESTIMATION IN 3 SPECIES OF FISHES mg/100

g dry weight

mmmmum Na Mean Mean Cu Mean Fe Me&n
(M (2) (N (2): (M (2 M (2)
Ty |273.30 276,20 273,75 [ 756.20] 754.20 | 756.26] 1.25] 1.25 | 1.25 | 118.70 | 118.71] 116.70
T, |282.50281,75| 281475 | 756.30| 754.80| 755,55 2.10| 2.11 |2.10 | 89.22| 85.80| 8351
Ty | 246.00 | 247,20 | 246,60 |652.10| 652.20 | 652.15 | 1.04 | 1.06 | 1.04 | 116.90 | 176.60] 116.65
T,  |238.31 240400 [ 239,15 | 670.80 | 670,70 | 670.75 | 2.10 | 2.10 |2.10 | 86.41] 86.10| 8625
Ts  |273.30 | 273,00 | 273,15 [7681.30 | 781.30 | 781,30 | 2.50 | 2.41 |2.65 | 112.90 | 112.51] 19290
Tg  |250.00 | 252,00 | 259400 [512.50 | 513.00 | 512,75 | 2.10 | 2.11 | 2.0 | 190,40 | 110,44 | 19040
T,  |246.01 248,01 247,01 [656.20 | 654.62 | 656,51 | 1,06 | 1.06 17.00 139830 118,60 | 118,45
Tg  |239.21|239.80 | 239,50 [695.81 | 695.60 | 695.70 | 1.25 | 1.25 |1.25 |106.30 | 106,40 | 106, 35
Tg  |250.21 | 268,67 | 249,41 [516.70 | 516,80 | 816,75 | 2.10 | 2,10 |2.10 |112.10 | 112.00 | 11205
Tig  |240.00 | 242,20 | 261410 [666.70 | 666412 | 666,44 | 2.11 | 2.10 |2.10 101,30 | 109290 | 10130

T

= TILFPIN ZILLIIX
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TASLE _ 3eb

MINERAL ESTIMATION FOR 3 CSPECIES OF FISH 3@\405@ dry weight

Sample i S ,
NODe zn pean Mg Mean P Mean Ca Mean
(&) (2) m (2) (M (2) &) (2)

T, | 17-81]17.83 7702 | 133,30 [133.00 | 133.15 | 3066.71 | 3066.20 | 3066.45 | 4733430 | 4783.61 | 4763445
T, | 1060 | 18.50 | 18,55 | 143,80 |143.51 | 143.65 | 2925.04 |2925.08 [2925.03 | 525€.31 | 5258.00 | 5268415
T, | 18:61] 18,70 18475 | 131431 [131.51 | 131.41 | 3050.60 |3052.11 |3051.35 | 4783.30 | 4763.00 | 478315
T, |17.10]17.20 97215 | 116471 | 116480 | 116.75 | 2333.30 | 2333.80 | 2333455 | 3603.4% | 3883.82 | 3883463
T, | 17.52 | 17.50 | 17,51 | 143,80 [ 144,20 | 100,00 | 3125.03 | 3124.61 | 312482 | 5275.01 | 5276430 | 5275.65
T, Am.mab.gm.uwmmmmmmm_ 120,80 | 12081 | 120,80 { 275001 | 2752.10 | 2751.05 | 4783.31 | 4784.00 | 478,65
T, ] 15,701 15,60 | 15455 | 114e60 | 115,10 | 116,85 | 2375.02 | 2375,21 | 2375,11 | 3900,02 | 3500123 390062
Ty | 20.51] 20.60 20.55 | 125.01 | 125410 | 125405 | 2750.05 | 2750400 { 2750.02 | 456,62 | 4516.61 | 451€.71
To | 15.30] 15.40 15435 | 120,81 | 121.60 | 120,95 | 2775.01 | 2776480 | 2775.90 | 4791.72 | 791,74 [ 479173
Ty | 17.20[ 1717 [ 1795 | 116061 | 116,62 | 116,71 | 2406.10 | 2400.01 [ 20205 | 3900,03 | 3303.61 [ 3501482

T = TILAPIA ZILLII
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highly significant differcnce in calcium lon values between

Re Nurse and Je schalle, There is no significant difference
between the values shown by A. nurse and T. zillii. while there
is @ very highly significant differencs between the values

shown by S. schall and 7. zillii,

The calcium ion values in A. nurse vary from 3000.67mg to

. 4583.22mg, whilc the variation in 5. schall and T 211111 are

from 5166,72mo to 7550, 14mg and 3883,.63mg to 5275.65mg respectively.
flthough, therc appeers to be no simpla relationship betwsen

the caleium ion level in A. nurse and théir standard lengths and

wet weighta, there seems to be one in both S. schall and 7. 2illii.

.
(53) |os vstablished that calcium as the

van Dosten,
principal cation of skin and sceles, increases with the size of

the fishe

phogphorus
The mean ualues.nf phosphorus are 2606.31mg for A. nursa,
| 3759.83mg for S. schall and 2755.22mg for f. zillil, Thus S.
schall contain the bighest phosphorus content value followed
by I‘.Elllii! while A nurse contains the least phosphorus content.
T~test shows an insignificant difference batwsen the valugs for
Ae nurse and Te 2i11ii, However, thers is a very highly quuiﬁcb~}
A frecome bebo the Vadoss fo £ Sthell cm:?\ T. el

4

B
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3el1eD TOTAL ORGAMIC MATTER

The results af %he total organic matter in the fish samples
are given in Table 3.5, The caleulated mean values range from
83,280 to B89.,G50/100g dry weight, The meen values are 89,654

for A. nursc, (the highest) 85.28g for 5. schall (the least), ond

. B5,57g for T. zillii, The test of significance of difference

. of means shows that thoc values in A. nurse and 5. schall; and

also those of fe nurse and y» 2i11ii are very highly significant
The values of 3. schall and 7. zillil show no significant
differences 0On the whole, the fish samples show very high

levals of total organic matter.

- 3e1le6 FAT CONTENT

The values for the total fat content in the figh samples
are shown in Table 3,6, The mean values of fat content are 17.40g
for R. purse, (the highecst), 9.55g for §. schall (the amallest), and
12433g for J. zillii, (sec Appendix). The mean water content
velues, 74,039 for A, nurse (the lsast), 76.00g for S. schall,
(the highest) and 75,989 ?Dr.l.illlll arge compared here, Thesa
~data canfirm the known inverse relaticnship of body fat talmater

(49 5%

content already well established in fish by Gerking , Brown

Lagler, Bardach ond Miller(51).
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TABLE 35

N et

TOTAL ORGANIC MATTER ESTIMATION IN 3 FISH SPECIES IN _g/100g of dry woight
gample
Ce 9 2 Mean 1 2 Mean 1 2 Mean
R4 89,50 |89.30 89,40 S, 84.50{84. LO| 8L, 45 T, 85.1 185,00185.05
Ay 86.70 |87.,00 186.85 8y 84.20{8L.60{84.40 T, 84.7 | 84,80} 84,75
As 88,20 |89.50 [08.85 84 86.50 186, 4L0)86.45 T3 85.00, 85,30185.15
Ry, ma.mm_ma.qm 8046 3, |83.80184.00183.90]7T, 186.20|86.10}86.15
Ag 91,10 [31.00 |31.05 5g |6b4.40 8L4.8 184,60 Tg |83.80{83.60}83.70
Ag mo.ra_mm.ra 90440 E 9.8 |90.20(90.00 Te {85.20}85.00485. 10
Ao mo.rmimm.Ac 9e25 Zq 82.00181.90{82.45] T, 184.80{85.00{84.50
Ag 89,01 189,21 meAA Sg 86.20 mm.uu”mm.mm Tg 90.20;90.20{90.20 !}
_ Ag 190,20 150,30 {90425 Sg 83.50183.60(83.55 Tg 85,20185,40185.30
R4 89.80 |89.70 {89475 540 87.00 {86.90}86.75 rmkmm.mo 85.40}85.45

A = PLESTES NURGE S = SYNODONTIS SCHALL T = TILAPIA ZILLIX
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TRBLE 346

FAT CONTENT DETERMINATION IN 3 FISH SPECIRES IN §/100g of dry weight

mmuwwm 1 2 biean wmmﬁ.ﬁm 1 2 _zmmz mmuwmm 1 2 |Mean
Aq | 1.00 [1440 [16420 |5, 5.70 { 7.7 [ 6.72 | 7, | 9.79 | 5.13| 9.u8
Ay |15.30 [16450 16420 |5, 7.81) 7.91| 7.86 | T, |11.84 [12.30[12,07
A3 [1.00 |15,96 huaos [s, | 8.10]8.6n) 625 | 1, |10.84 fro.0ofr0.u2
A, [17.00 [17,20 17490 |5,  113.90 [16.30 14,10 | T, }15.00 pi5.40{15.20
A5 [16.70 [17448 117,09 |5, |10.06 | 9.50] 8,78 | 1, | 9.48 | 8.00] 8.7
n, [16.3 |16412 16426 |5 [13.24 hi2.oo 1307 | v, |16.70 17.50]17. 70
A, 120,15 |20,00 [p0.07 |3, 6.70 | 5.00{ 5.05 | 1, | 9.84]9.50] 9.67
Ag |19.50 119,85 [19.68 {5, .60 8.22] 6,01 | 15 {16.0 {17.86{16.93
Ay 118.00 |19.70 [18.85 |54 1106 f11.10f41.07 | 1y {163 fie.20]4u.25
Aqp |19470 {19452 119,61 |5,, [11.66 10,0 f10.82 | 1,5 | S.40] 9.60] 8.50

P = RLESTES NURZE

9 = 5 YNODONTIS SCHALL

T = TILAPIA ZILLITI




Mowever, these values suggest that the fish samples anelysed

()
are of low fat contents when the results of Lagler et al and

(15

Dlatunde B. Re are compared.

3,947 PROTEIN CONTENT

The values for the protein content of the non-defated fish
:samplaa are given in Tablc 3,7, while those for the defated samplecs
are given alongside with the amincacid valuss in Table 3.10.

The mean valuss for non-defated samples are §9.94g for
Ae nurse, 61,91g for S. schall, andgf;_;ﬁ% for T. zillii,
Those for the defated samples arg 74.98g for A. nurse, 63.41g
for 8. schall and 71.54g9 forT. ziili. Thus higher protein
values were obtained for defated samples, This is to be expected,
The valuss shown in Table 3,7 confirm the fact that all the fish
gamples are rvich in protein.

A nurse having the highsst protein content, followsd by
Se schall and then T. zillii. The values obtained for the non
defated fish samples, stotistically show no significant difference
hebusan ths values fow Ae Duras snd S. echell on ona hend; S.. scholl
and T,zillii. Agoin, there appears to be no s‘mpla relationship
between the protein values of the fish somples and their standard

lengths ond wet weights.
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TABLE _ 3e7?

————————————

RALESTES NURSE

L ESYIMATION FOR 3 SPECIES OF FISHES 9/100g dry weight

SYNODONTIS SCHALL

SP.

TILAPIA

mmﬂﬂwmy 1 2 3 {mean mmnmmm 1 2 3 |Mesn | mmHme 1 2 3 |Meon
A, |73.50[74.40}73.50|73.80 8, 65.60|64.80 |64.81]65. 10 T, |59.50|60,40]60,40{60, 10
A, |68430)69.1069.10]68.80 S, 63.0061.30}61.30}61.90 T, |67.30{60.40]61.30[61.00
A5 |71.80}70.50{70.50}71.20 53  |60.4060.4059.50]60.10 Ty |58460]59450(59.50{59.20
A, |70.80}70.80[71.50]71,03 s, |63.00}62.10}61.30]62.10 T, |57.80]58.60(59.50]58.60
R; |68430]70.00{70.00]69.40 5 |62.10}62.1064.3061.80 Te  |58.60 57.60|57.80( 58,60
Ag |70.90171.0072.60]71.80 S¢ 59.50|61.30]61.31|60.70 Tg |61.30l61.30|62.10[61.60
A, |67.40]69.10]69.10[68.50 s, |63.00]63.00{62.10]62.70 T, 159,50 60.40]60,40] 60,10
Ag |68e30{67.40[69.70 6630, 55 |62-10]e1.30[en.30/61.60] Ty |51.30]61.30{63.00{61.90
Ry |68.30167.4068.30[62.00 S 62.10]63.00]62.1 |62.40 Ty |61.30]60,40(63.00]61.60
Ryg [B5+30 [68.30]69,10]65.60 S, |60.40[60.40[61.3 |60.70 : Tyg | 58.60] 58.60|59.50] 58.50

A = ALESTES NURSE

S = SYNODONTIS SCHALL

T = TILAPIA ZILLII
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3e1e8 CARBOHYDRATE CONTENT

. The values arc shown in table 3.8. The relative amount
of carbohydrates ranged from 1.92g to 4.819/100g with a mean
value of 2.52g for Ae nurse, 7.25g to 19.63g/100g with a mean
value of 14,16g/100g dry weight for S. schall; and 6.72g to
15.68g9/100g dry weight with a mean value of 13.38g/100g dry
weight.

The differcnce botween the values of A. nuree and S. schall
is significant, whilec it is highly significant for those of
Ae nurse comparcd with Te zillii and very highly significant
for the values of Se EEEE££ compared with T. zillii. The
carbohydrates volues are generally low and are in general
aggeement with the values reported by Ulatunde(15) and Sidwell
et a1¢",

3e1e9 CALORIFIC VALLE

The calculatcd calorific values are shown in Table 3.9.
The table shows that proteins contribute a lot to the calorific
value of fishe, Tho contribution from fat is bigger than that
of carbohydratc but less than that from protein. The contribution

made by carbohydyatc is small. The contributiong to totel celorific



75

TABLE 348

CRARBOHYDRATE NDETERMINATION IN 3 FISH SPECIES g/100g dry weight
Sample Sample Sample
NG 1 2 Mean NOw 1 2 Mean NG 1 2 Mean
A 2401 | 1.83 | 1492 S4 13.20 111.86 | 12,53 | T, 15.81 |15.47 | 15.64
Ag 2450 | 1.0 1,95 Sy 13.39 |13.39 [13.39 | T, 11.56 {12.10 | 11.83
As 240 | 2,64 | 2452 54 18,00 17.56 {17.78 | T, 15.56 [15.80 | 15,68
a, 1470 | 2.70 | 2420 S 6.90 | 7.60 | 7.25|T, 13.40 |13.10 | 13.25
Ag Ge10 | 3.52 | LeB1 Sg 11,64 113.20 {1242 | T, 15.72 [16.10 | 15,91
A 2485 | 1440 | 2412 8o 13,30 [13.30 [13.30 |7, 15.46 |15.10 | 15.28
Ag 2,20 | 174 | 1437 Sg 16.30 |16.78 {16.54 | T4 12.90 |11.04 | 11,97
Ag 3690 | 3.20 | 3.55 Sg 13.60 [12.38 |12.99 {Tg S.60 {10.80 | 10,20
Asg 1480 | 1.88 | 1,84 54 |14.96 [16.50 [15.73 |T,q 17.50 |17.20 [17.35

R = RLESTES NURSE

5 = SYNODONTIS SCHALL

T = TILAPIA ZILLII




76

value of fish by each of protein, fat and carbohydrate obviously
depends on tho guantity of each of these nutrients present in
fish. Considering the total calorific value of each specles,

fe nNurse has the highest meon calorific value, of 558.40Kcal/
100g followed by o, 2illii with a values of 500,615cal/100g and
lastly S. schall with a value of 490.71Kcal/100g.

J The mean values of S. schall and 7, zillii are not
different statistically, while there ara very highly significant
differences in the volues given by A. nurss compared to those
of S. schall; ond A, nurse to T. zillii.

These values orc slightly lower than those reported for
some fresh watcr fisies of different species by Dlatunda(15),
but bigher then those reported for someg marine fishes by Sidwell
et a1¢¥

No simple relationship is observed betwsen the calofic
values of the fish somples and their standard lengths and wet

weights,

31010 AMING ACID CONTENT

The amino atid values for the fish samples are shown in

Table 3.10. These figures, even though different from those

Q1)

=4
- pbtained by Ovyenuga and Swusu-Domfeh st al(ds) ara very similar
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TRBLE 3¢9 _(a)

CALDRIFIC VALUES OF HZ FISH SAMPLES kcal/100g
mmwmwm AT Mean {Carbohydrates Mean Protein Mean Total
(N (2) (1) (2) (1 (2)
A 133,00 [136,80 ]134.50 | 8.20 | 7.38 | 7.75 | 404.25 |60 =1 | 486.73 { 569,42
Ay 151,05 156475 [153.90 |10.25 | 5.76 | 7.99 | 375.65 [380.05 | 377.85 | 539,74
A3 133.00 [151.62 }142.31 | 9.84 | 10.82 | 10.33 {394,590 |385.95 | 392,43 | 545,07
Ay 161.50 {163.,L0 }162.45 | 6.97 | 11.07 | 9.02 |389.40 }389.40 | 389,40 | 560,87
| hg 158,65 |166.06 }162.36 {25.01 | 14.43 ] 19,72 {375.65 }§385.00 | 380.30 | 562,28
fg 154.85 {15314 1153.99 | 9.02 | 10,17 | 39.60 {3289.95 {294.90 | 391.98 | 555,57
. Ar 191,43 |190.,00 (190,72 §11.69 | 5.74 { 8.72 {370.70 {380.05 { 375.40 | 574,84
fg 165.30 |18847C 187,00 | 9.02 | 7.13 | 8.08 [375.€5 [370.70 | 373.20 | 560.26
g 171.00 [157.,20 1179410 [15.90 | 13.12 | 14.51 {375.65 }370.70 | 373.20 | 566.81
Rqg | 187.20 [185,40 186,30 | 7.38 | 7.71 | 7.55 |375.65 ]375.65 | 375.65 | 565,50

. 8 '« NLESTES NURSE

h_".,.
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TABLE 39 (b)

CALORIFIC VALUES DF THE FISH SAMPLES kcal/100g
mmﬂwwm Fat 1ean protein Mean | Carbohydrates|Mean Total
* Q) (2) (&) (2) (1 (2)
m; 54420 73.50 63,55 360.80 | 356.40 |358.6 54,12 | LB.B 51,46 | 473,91
mN 74420 75.15 74681 348,50 | 337.20 |342.85 | 54.90 | 54.90 54,90 | L72.43
mu 76495 80,20 7058 332,20 | 332.20 |332.20} 73.80 | 72.0 72.50 | L83.68
mr 132,10 | 135.90 | 13460 348,50 | 341.60 |345.10 | 28,30 | 31.2 29,75 | 508.85
S, | 95.60 | 90.30 | 92.95| 341.60 | 337.20 | 339,40 | 47.70 | 54.10 [50.90 | 483.25
! mm 125,80 { 122,60 |124e2 327,30 | 337.20 {332.25 ¢ 62.60 }98.,40 80,50 | 536,95
mﬂ 63,70 47450 5546 348,50 | 348,50 {348,501 54,50 | 54,50 54,50 | 458,60
mm 7410 78410 76e1 341,60 | 337,20 |339,40 | 66.80 | 68.8 mQumD 483,30
mm 104,90 } 105,50 | 10542 341,60 | 348,50 |345,10 | 55.80 | 50,80 {53,.30 | 503,60
maD 110,60 95.00 | 102.8 332,20 | 337.2 334,70 | 61.30 } 67.90 |64,.60 (| 502,10

S = SYNODDNTIS

SCHALL
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TABLE 369 (C)

————— ——

CALORIFIC VALUES OF THE FISH SAMPLES kcal/100g

mmmwwm Fat Mean Protein Mean Carbohydrates|Mean |[Total
(&) (2) M (2) (N (2)
Ta 93,00 | 86.74 | 89,87 | 327.25| 332.2 | 329.73 | 64,82 |63.L3 |6L,13 |LB3.73

To 116,85 | 114.67 | 337,20 | 337,80 | 332.2 | 334,70 | 47.40 |49.61 |4B.51 |497.88

102,98 | 95.0 96,99 | 322.30 | 327.30 | 324,80 | 63.80 {6L.78 |6L.29 |LBB.08

Ty 142,50 | 14630 | 16beL0 | 317.90 | 322430 | 320,10 | 54494 |53.71 |54.33 |518.83

Ts 90,06 | 76.00 | 863,03 | 332,30 | 317.90 | 320,10 | 64,45 {66.01 |65.23 |468.36
Tg 158665 | 166,25 .MWm-rm 337.201 337.20 | 337.2 | 29.52 {25.42 }27.47 |527.12

w Ty 93,48 | 90,25 | 5187 { 327,30 332.20 | 329.75 | 63,39 |61.91 |62.65 |uBL.27
-

152,00 | 159.67 | 155,86 | 337,20 337.20 § 337.20 | 52.89 | 45,26 149,08 | 5L42.12

Tg 135,85 | 134.90 | 135438 | 337.20{ 332.20 | 324,80 | 39.36 {44.28 |41.82 |502.00

89,30 | 91.20 | 90,25 ] 332,30 332.30 | 332.30 | 7 .9 _qaumm 71. 14 | 493,69

T = TILAPIA ZILLII
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to those reported by Fetuga et al(ﬁﬁ). The variations noticed
in the figures reported in this work and those reported elsewhere
are not, however, poculiar for reviews of several reports an
amino acid composition of & given feeding stuff have shown

the same variations (5“). The similarity with the report

of Fetuga =t al (46) does not imply very identical figures in

8ll the amino acics,

variations in reported figures may be due to a genuine
differenca in the lovel of aming acid in different lots of the
samg sample or to methods and conditions of protein hydrolysis
oy both of these possibilities. It should be noted that tha
variation in velues reporied by different workers indicates
that problems moy be encountered in the use of literature values
for amino acld composition in rationing.

From test of significance of difference of means, it has
been noted that the following amino acids are the same in terms of
composlition in the fish samples. Thase include (1) tysine
(11) Histidine (iii) Arplinine (iv) Thraonine (v) Glutamic acid
(vi) alanine (vii) valine (viii) Methionine (ix) Tyrosine and
(X) Phenylalaninge (See appendix).

. In the case of Aspartic acid, the values reported for
‘5Q.532§g, 8. gchall and T, z111ii show a lot of significent

differonces.



TABLE. 3.10 (@)

AMING ACEDS _ AMIND ACID ANALYSIS
o OF: ALESTES NURSE
d CONCETTRATIONS ARE EXPREGSED IN o7 16Q NZ;
L8 | SAMPLE 1 t A
no. |oescripTrof'iys | His hemfars |nsp |vee fser fowu lero leiy [aua fovsfua et Jreuliew 1Tve

1 i 8402] 3.70 | |5.8110.06{3.74 [4.69 }11.81[4.8[6. w2 |6.62 | x [4.30 |3.66[4.25[7.80[2.77[3.66 p1.66| 72.88 |

2 B476], 3.7 X [613 | 9470]6.39}5.43 [12.50|5.14]6.62]6.05| x |4.35 |3.u8]3.92|7.0t]2.56}3.46 1.601 72.50

3 | Mean 8038| 3.70 | |6400| 9.884.074.91]12.15]4.99]6.526.33| x [u.32 [3.57|4.09|7.42[1.66]3.57 h1.63) 72.69

(A . ]

5 i 984 | 3404 | % |6460 |10487|4.03 [6.26 [14.21]5.21]6.986.79| x |t.63 |4.04[4.00]7.99|2.87]3.40 h11.75] 3.4t

6. 9.68|. 3,08 | % |5.26 [10.02{4.07 |4.38 [13.26]5.39]6.01]6. 62| X' Ju.00|3.39]u.56 [8.02|2.57| 6.0 ._,_.ul 20,69

7 | mean 9476] 3.36 | [|549% [10.45]6.05|u.32 |13.7u]5.28]6.50]6.60] x [4.32]3.72|4.28 |6.01]2.77] 3.70 11,531 72.06

- .

9 A3 1 9.87]° ° |X [645[10.40{4.83|5.51|16.87|6.248.32]7.59] X |5.96 |3.98|3.85(6.06] 3.13] 3.89 111,671 72.94
10 } 94241 2.86 {X 16493 110435{4.81]5.62{13.6816.10}7.39{7.23| x [4.83 Ju.12]6.49]6.83| 2.67!3.57 [11.42] 71.38
11 | mean 9.55{ 3.15 | % {669 {10.38]4.82{5.46 {14.27{6.17]7.86{7.39] x [5.40 {t.65]4.17]8.45!3.0 |3.73 [11.54] 72.13
12 "6 | 8417] 3.76 | X [538 | 9.83|4.33]4.72 [12.77|5.07|6.24[6.95| X |4.41 |3.92|3.55|6436] 2.74] 3.54 2. 12| 75.75
13 8493 2.73 [x [6403 | 9.76]4.23|u.64 |11.45]5.62|6.79]6.96 | x [4.34 [3.26]4.02]7.67]2.68] 3.8 |[12.26] 76.50
14 fmean 8455| 2494 | X [5471 | 9.80|4.28 |4.68 [12.11|5.44]6.52|6.95| x [4.37 [3.36]3.79{7.012.71] 3.36 |12. 18] 76.23
45 ,
i6 A7 108} 3.12 | x [6485] 9294 4.51|4.61]16.27]6.96]7.80}7.45] x [5.15|3.47]3.63|6.87] 3.52] 3.95 [12.471 77.5%
17 1143] 3,42 | % |62 ] 9024|4494, 18 |16, 12)4.29]7.43]7.37] x [4.03]3.24)0.08|7.20[2.87] 3.62 |12.20] 78.25
%8 |Mean 1125],3.27 | X |6e48 | 9459 450 |4.30 |14.20|4.62|7.62]|7.61] x [4.79]3.35|3.85]7.04] 3.20] 3.78 [12.330 77.06
79 Aa 10,78| 2.9% | x |5.76 |10.38]3.84|3.98 |13.264.75]7.36]7.08] x [4.75]3.69)4.26]6.98| 2,90 3. 32 [12.91] e0.69
20 10,361 ,2-29 | x_|5.82 |10.86|3.62]3.69 |13.88]3.77]7.06]6.37| x [4.74|3.50]4.00]7.33] 2.51] 3.98 |12.63} 8.9
21 | mean 0.5 | 2.61 | x |5479 |10.62]3.73]3.83 [13.56|4.83|7.20[6.73] x |4.75]3.60]4.13]7. 6] 2.70] 3.65 }12.77] _79.80



N
@

TABLE 3.10 (b)
AMINO ACIDS ANALYSIS

OF: SYNOPONTIS SCHALL
°g piles O -
LAB. | SAMPLE Lﬂl r \__ r._m ﬁu
NO. DESCRIPTION|LYS IS ARG |asP ITHR Iser JeLu |PRo |GLY fata |cvs L |mer fieulien e N2 fprotein

1 = 9492 [3.51| X 7419 | 9419|4452 JbaB5]13.62| 449 | 9.06 |7.25 | x J.36]3.71 k.85[7.08 b.78 .36 ho.19 [63.69
2 9455 [3.50 | X 7099 | 8251|5409 |6470[14.33] 4,97 | 9:19[7.56 | X [5o36]3.57 }.57[6.97 B.3t k.07 ho.33 [64.56
3 | Mean 9473 [3.50 | X |7459 | 8485|4480 |4.77{13.98] 4.73 | 9.13[7.40 | x |.85]3.65 k.68|7.07 |3.06 B.71 h0.26 |64.13
4

5 93 8485 |3.60 | X |6035 |10.01]6,02 [5.34{13.49]6.72 | 9.27|7.70 | x .42{6.00 k.61]7.41 Ro75 k.03 | 9.96 [62.25
6 Bo48 |3.04 | X |5080 | Bo94]5467 [5.09]11.97|6.29 | 8.28{7.17 | x .16]3.46 b.11]7.16 B30 ko241 | 9.64 |60.25
7 | Mean Bo66 |3.32 | X |6008| 9548|5485 |5.22]12.23] 6,50 | 8,78 |7.64 | x [4.79]3.73 k.36]7.28 [5.07 }.12 | 9.80 61,25
8 54 8039 [2.53| X |5470| 9023]3,72 |t.39]12.57| 6.21 | 9.20(6.62 | x [3.97|2.99 k.07]6.93 .25 .99 ho.50[65.63
9 Be21[2.30 | X |5439| 8478|3455 |6, 18[12.26] 5.94 | 8.686.38 | x [3.81]3.40 k.11]6.92 fp.50 B.13 ho.72]67.00
10 8430 [2.41)] x [5.35] 9.00|3.63 J4.29]|12.41| 6.07 | 8.94 |6.50 | x [3.89]3.20 k.09]6.92 .37 B.06 h0.61 66231
11 |

12 g 9470 |3.26 | X |5490| 9452|4.07 |4.19]12.99| 5.70 | 9.50[6.60 | x [u.32]3.74 Ju.65]7.66 [3.14 B.59 f1.09]69.30
13 9,7113.03| X |6.76] 9.33|4.68]u.39]12.89 6.07 | 9.98)6.47 | x |u.38]3.74 [4.81] 7,07 [2.69 k.25 h1.25)70.31
14 | mean 9,70 |3.15| x |6433] 94u3}4.38]u.29] 12.79 5.85 | 9.75}6.54 | x [v.35]3.74 Ju.73]7.37]2.92 .94 }11.17]65.84
15 % 9,42 2,59 ] x {6494 | Bo31{e324.27] 13.33 6.18 | 9.87{8.46 | x |4.53]3.43u.28)6.68]2.71 B.62 | 9.43! 5854
16 9496 12,91 X |7418] 8443] 4487 {4.71] 16,37 6.83 }10.31]8.11 | x |5.30]3.83|4.92] 7.39]3.03 B.65] 9.68] 60450
17 | meen 9469 §2.75] X |7.06] 8.37| 4.60]u.49} 13.89 6.50 ho.09{8.28 | x Ju.91]3.63]u.60{7.042.87 B.6u| 9.55] 59,69
18 ]

19 59 9404 I3.50 | X }7416 | 9492}4.36 |5.47]12.77] 7.09 | 9.46[7.97 | x |v.38]4.33 Ju.85]7.83 |2.77 B.oA} 5.12}57.00

20 9,32 .18 | x 7479 |10.99}4.19 |5.90]13.64] 7.3 ho.37}7.30 | x Ju.96]u.61 k.37]7.31]3.32 B.96 | 9.86 |6 w63
21 [ mean 9,18 3,36 | x |7448 |10445]4.27 [5.68]13.20] 7.21 | 9.91]7.66 | x lu.66]4.47 J6.61[F.57 |3605 Butss | 9.4959431
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TASLE 3.10 (c)
AMIND RCIDS ANALYSIS
OF: TILAPIA ZILLII
SONGENTRATIONG ARE EXPREGGED 1N ) Ve
LAB.| SAMPLE = | _ B r- Hmﬁ = %
no. |oescriptiondivs JHis pwmlare Jase  friR BER Ly lpro  feLy s fovs AL MeT fmeufieu frvR pHe [% N2 protein
1 1 6eli6 [2.39 [ X [6et3 ] 8486 [3e47 .56 [11.49]5.18 [8.69 .99 | x [3.94 .82 |3.59 |6.33.R.43 p.78 |11.33 | 70.84
2 6075 |1.63 | X ]4e55] 8477 3015 .21 11.15 |4.67 [7.79 .40 | x DB.u6 p.39|3.59 |6.15 [o35 b.o0 J11.42 | 71,38
3 |mean 660 [2.01 | X 649 | 8481 [3.31 p.39 |11.32 Ju.92 |8.24 .69 | x [3.70 b.61[3.59 |6.24 [2.35 .84 [11.37 | 71.06
L
5 g 8,40 [1.87 | x |547 | 8495 [3.62 3.77 |[11.33|5.75 |8.32 .57 | x [3.57 B.31|4.02 [6475 [2.18 B.81[11.78 | 73.63
6 9.292.59 | x [6.05[10.23 [3.62 |3.78 |13.05|5.23 [9.40 j.74 | x |4.67 B.06[3.99 7.0 |2.67 B.59]12.10 | 75.63
7 |mean 8485 [2.23 | x |5.90| 9.61[3.62 [3.77 |12.19|5.49 [8.86 .06 | x |4.12 319 |4.00 |6490 [2.42 B.20]11.94 | 74.63
8 RE 8425[1.37 | x [6460] 877 |4.88 |4.03 |15.47|5.52 [9.60 }7.33 | x |5.63 b.20{u.52|7.61]3.41 B.32]11.13 | 63.56
9 8427 [1.95 | x [6453] 9.02 [5.23 [6.79 [14.60[4.92 §0.07 [7.02 | x |5.39 p3.42 [3.96 6404 [2.60 B.u2]11.15 | 69.63
10 |Mean 8426 ]1.66 | x |6456| 8490 [5.05 Ju.41]15.03]5.22 [9.86 7,18 | x [5.51 [3.81]u.24{6.77]5. 10 B.37]11.14 | 69.63
11
12 T 84293.13 | x [5.68] 8473 [uet0 [4.21]12.30]5.43 [8.06f6.71] x [3.91[3.77|6.38]7.36]2.77 B.57}11.16 | 69.63
13 9.06[3.96 | x |6483] 2480 |4e77 [4.50[13.72{5.97 |8.96[7.57 | x [5.13[3.39[3.77]7.01]3. 1 Js.75]11.24 | 70425
14 |mean 8467330 | x [6.25] 084774458 |u.36|13.01|5.70 |8.70}7.14 | x [4.52 |3.58]6.08]7.18] 2496 Ju.15] 11.19] 65.94
15 i 8059]3.90 | x [5.85{8.89 |uet9|4.05]12.07|5.08 |8.83]6.60 | x {4.05|u.61]6.69]6.80}2.55 |3.37) 10.33] 6u.56
16 8.26|3.70 | x |5.83]9.79 |u.85]u.40]12.66{5.48 }9.63]7.10] x l4.60]s.11]4.00{6.87]3.79 b.66}10.40] 65.00
17 |Mean B8042]3.30 | X |5484]9437 |6467{4.22]12.36{5.28 |9.2316.85] x [4.34]u.36{4.35]6.83] 2484 {602} 10.36] 64475
18
19 Ts 802712.95 | x |5.70|7.53 |3.74]3.94[10.67]|u.86 |8.62]6.13] x |u.60]2.41] 4.06]7.04]2.96 |u.08] 12.56] 78.38
20 M0.20]3.55 | x |6.48]68.56 |3.56[3.79]11.91|5.23 [8.70]6.19]| x |&.2u]2.63] 3.84] 6491 2.92 |3.98] 12.82| 80413
21 |mean 9¢23]3.25 | x [6.09]8.24 [3.65]3.87]|11.29]5.03 |e.66l6.16| x |u.s2|2.52] 3.95] 6498] 2.69|4.03] 12.68] 79.25
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in young sockeye (Oncorhyngclus nerka) in fresh wate'.
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There is & significant difference in the values reported
for serine only when S. schall and 7. zillii are compared, other-
wise there is no significant difference when A nurse is compared
with §. schall and fe. nurse with T, zillij.

Thers is a significant difference in the valuss reported
for proline in all the three fish samples, except those of
Ae nurse compared to those of zi1lii, where there is no significant
difference,

Blycine values of the three species show different extenta
of differences when compareds Isoleucine values show some highly
significant difforences except the velues of S. schall when compared
with ¥. zi11ii Leucine values, however, are the same statistically
except the values of A. nurss when compared with those of of T,
zillii, From Fotuga et al(rs), it is possible to deduce the
level of Tryptophen and Cystine not determined in this waork.
This may vary from 1.01 to 1.24 for cystine and 0.89 to 1,02

for tryptophane

Sete11 CONCLUSION

The resulig of this work show that the fish samples’
analysed are rich in fat, protein and essential mineral elements,

and are of high calorific value.
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A. nurse contains more protein than the others, while

Se schall is richer in all the mineral elements investigated
than the ptherse

These results show that the fish gsamples investlgated will
be good fish meals for purposes of human cunéumptian and for
paultry feeds as these will supply the protein requirement as
well as part of the mineral regquirementse.

The vitamins requirement will alsc be supplied. This area
needs tc be investigatedes More work should ba done in the area
cf mineral element composition, and the state in which thay
gxist, The fat composition should be investigated more to
determineg the fatty acid composition.

These sungested areas of investigation will give 2 compre-

hensive chemical data for the fish samplss analysed,.

Marine as well as brackish water fishes need to be investigatsd,

This will provide a basis of comparison with the fresh water fishes

already investigatecd and will point out whether marine or brackigh

water fishes will be proferrsd to fresh water fishes to mest the
protein, mingral, vitamin and calorific nesds for human and

poultry.
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APPENDIX

TESTINGG DIFFERENDE OF  MEANS
FOR A WK-LEVEL FACIOR

1« First perform an analysis of variance tusing F-test

according to the following formulag:

1)

(11)

(11i)

(iv)

(V)

13

<<L;5_ n, )2
Total S5 = % % 2 i=1 KE'::_X.U
. - ™

1=1

Betueen=groups S5 (sometimes called "treatment 85")

n 2 K n 2
% (=t x13 (‘Z. F xy3)
= o =1 = \ J=1 I=1 J/
i=1 n —_R_ -
Ny

pall

1=

wlthin-groups 55 (scmetimes called "error SS%)
= Total 58 - treatment 54

df1 = treatment df = K=

“
df‘z = B8rror df-‘ ﬂg n, - HK
=



(vi)

(vid)

(viii)

(1x)

(x)

treatnent MS

92

treatment S5

Teatmen
gerror MS = g%;%;—%%
treatment MS
Fcalc = STFoF MG with df1, de degrees
for fresdom
Turn to F-table and read
(@) Fg,ps (874 dFp)
(b) FD.D1 (df1,.dfz)
(8) Fg,npg (9F4s @7
(a) IT Foalc is less than FD.OS
then we say that the test 1s NOT SIGNIFICANT,
this implies that the means can be regarded
as being egual «
(c) 1If Fealc is egusl to FB.U1 or if it is
greater than FD.G1 but leas than FG.UG1
then we say that the test is HIGHLY SIGNIFICANT;
this slsg implies that we should not regard all
the moans as being egual «
(d) 1If Fcaln is equal to or greater that FD.UD1

then we say that the test is VERY HIGHLY
SIGNIFICANT, this also implies that we should
not regard all the means &8s being equal.
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Z2e (a) If the test in lbaboue results in YNOT SIGNIFICANTY
then we conclude that the means can be regarded as

being equal,
(b) 1If the test results in SIGNIFICANT or HIGHLY

SIGNIFICANT Or VERY HIGHLY SIGNIFICANT then we
perform the LSD test according to the following

formulae,
L.SD means least significant difference

(1) Turn to the t-table and read
¥, 05(d4F2)
tg,01€df2)

ta,0018F2)

(1) Qote that the LSD test here applies anly if
the values of ny (i.e. the number of cbessrvations
in each level) are equal. Supposs n1 = M meaning
that there are m observations in each leval.
Then LS0 is calculated by the following formula:-

S
N 2 X error M§
LSD = tg xj =
o _ 2 x error M5
1.2 L30q,05 = g.05 x\/ 0

r _ 2 X error MS
L30g,04 = %g.04 x[ o

2 X error MS
LS80y ont = Yg.001 X =

where % is the value obtasined from the t-table

snd error MS is the value obtained in 1(vii) above -
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(1ii) Suppose we are dealing with three mesans
X % T
Ry "B, X
calculate the differences hetwsen the means
neglecting the sign

dRB =-2i -J:B (neglect the sign if negative)
dﬂc gjcn -JCE (reglect the sign if nagative)
duc =xE -xc (naglect the sign 1f negstive)

(iv) Just as we have it in 1¢x) if any particular d is
less than LSDG.’Q5 we say that that particular
difference is "not significant* and the two means
which give this differance can be regarded as
being ecqual.
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FROM TEST OF SIGNIFICANCE OF DIFFERENCE OF MEANS

SUMARY  OF _ RESULTS

SUBSTANCE % Ra X F dig o v A
water 74.03 | 76.00 | 75.98 | 2.97 & I .
orotein (non-defated) | 69.94 61491 | S48 5.01# 8.03 15,58+ 7455
— TL] o I
protein (defated) 76,98 | 63442 | 71456 | 12432 11.56 3,44 8,12
sx 11 -
Fat 17.40 | 9e55 | 12433 [21.42 7.85 5.07 2,78
—aew %8s
prganic matter 59.65 | ©5.28 | 85.57 | 19.70° 1 w3 4,08 0429
" 5%
ash 10.35 | 16470 | 16443 | 19,44 *1 4.35 4,08 0.27
“FRE — r 3 2 T
carbohydrate 2.52 | 14e16 | 13.38 | 5426 2.55 3,46 60
CALORIFIC VALUES
Fat 165.30 | 90,79 |116.68 21.91 " | 69.51 w8.62 | 25.89
Carbohydrate 10.33 | 88,06 | 54.86 54.29°** | 47.73*"" 4653 " | 3.20
—— il pa | A
protein 383.61 | 361431 |330.30 [104.0 w8 | 53.30° 11.50
Il ——Ee LI
TOTAL 558. 40 | 490,71 |500.61 | 35.33 67.7 57.8 9.90

75.3
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SUBSTANCE Xq Re Xy 3 LI o day
MINERALS
Sadium 206.0 | 26740 | 253.9 | 11.64 35.00° | 47,700 ] 12.70
Potassium 712,6 | 796.3 | 665.5 | 7.6°°° | 83.9° | 66.9 130,80 |
copper 0.56 0.821  1.73] 10.15 7] 0.25 W ] e |
Iron 36,23 | 137.12] 106.62|140.65" °| 102.9 72.60° °| 30.30° "
zinc 18,10 19.21] 17.00] 1.1 - - -
Magnesium 138.61 | 156472} 126,00] 11.05 °1 6.4 12.60° 28.70" "
Phosphorus 2606.31 | 3759403 |2755.22] 46,410 §1183.50°  1148.90  11006.60 " |
galcium 3760.51 | 605760 |6587.33] 33.74°  |2293.10° " |822.80 | 1470.3 "

« = GQignificant

¥

*h%

Highly significant

very bighly significant
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sugsTance | X, | X5 | X o T d s dor A
Lysine D¢68 | 9421 | B34 3.37 - - -
Histidine 3.26 | 3,08 | 2463 2,01 - - -
arginine 6.10 | G.68 | 54,86 2441 - - -
RSpArtic Acid 110,12 | 9426 | 8495 | 7.26°° | 0.86° | 1.17° " |0.31
Threonine ba2l | 4e59 | be15 | 0.82 7 - - -
Serine Lo58 | 4479 | 4600 3.?&‘ D.21 0.58 0.?9:
Glutamic acid [13.34 |13416 [12,53 | 0.98 - - -
Proline 5.13 | 6415 | 5427 | &e52° | 1.02° | 0.15 | 0.88°

. Glyeine 7.0 | 9463 | 6492 | 29.23 | 2,60 " | 189 " | 0.51
Alanine 6,90 | 7430 | 605 | 1.38 - > =
valine 4e66 | 4458 | Lolis | 0,33 - - -
Mathionine 3,711 3,74 | 3635 0.93 - - -
Isoleucine 4a05 | 4e571 | beOb | 7.96'° | G.46 " |0.02 | G.se |
Laucine 7451 | 7420 | 6a02 | 4a33° | 0.31 | 0.69° | 0.38
Tyrosine 2,84 | 2,89 | 2,73 | 0.58 = - =
Phenylalanine | 3,63 | 3,66 | 3460 0.027 - - -
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