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ABETRACT

The proximste compoositions o7 the esdible portion o7
TreeEn. DrefrozZen ang oOVENn Orieg Miloerian Tresn water 7isn
Mormvrus rume. Clarias lazera and Orecchromis niloticus wers
determined. The fish nave high moisture and protelin COnTeEnto.
Thev are zisp TeaArliy raich in lipad and asn. Mormyrus rume nas
The niohest lipids and oroteins wnile Orepcnromis niipticus
nas the ieast.

‘he sgibie poOrtions were e)Ntracted usino Tour agitfferent
sniveEnRT EVETEMS . o7 the solvent EYStEMms. tne
cnlorotorm/methancl 12:1 /vy misture oave the hionest amount
rf extrart irrespective of fisn specie and opre-extractior
rreatment ano was subEeouentiy used Tor 2il extractions. TLC
of the extracts snowed that all fish extracts containeg same
combonents ©OT  Eay  pifferent neutral fipigs =nd  Eloht
chospholipid Tractione althouon in difrerent proportions. The
seterminaticon o7 the minera: elemental CcomposSitTions o7 the
Tish =support their aop 1ONO0 wEa0E as  an imoortant
nutritional c=spurce. the studies on grvaing, Treezang sno
refrinerstion of the fish samples indicated difrerent on—-set
of autoyadation manifested in fish spoilace. The PH. amount of
peroxides and Trese Tattv acide of the fisn sampies wers
opserven to Ancresse with incressEe in STOrs0e Time (o0ave)
whereas the amount of lipide and oproteins decreased witn

InCresse in SLorsoE time.
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Fresh Clarias izazers

Freshly cauoght Clerias lazera. Trofen at —10<eC Tor
% ogave and then pyven deaed (SO0 for 22-24 hours.
theerny drigen (&0=0Y Tor 22 — 28 hars LClariss lazers

Fresh MormyrLls Cibns

Freshly caught Mormyrns rume, frozen st ~10°C for 9

daye and then oven dried {(&0°C) Tor 24 nowrs

ven crigd (&0=0) for 24 hours Mormyrus rume

Fresh reprhromls paloticne

Froshly oavant Oregotyromis piloticus. frozen at -

Ao for o dave and then oven drieg (6090} for 29
Bours.,
Oven drieg {&3°C} For 24 hours  Qreochiromls

niloricuis,
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CHAPTER ONE

1.0 INTRODUCTION

Most past reporte on Tish in Migeria were concentrated on
the evaluaticn of their phvsical parameters The comoesition
o7 Tfieh fate have been leses studied. However in the develoned
countries. the relation between diet and health has besn in
recent Tocus (byvand Lie et al, 1994). In thie connection fats
from ficeh have received much attention. 0OFf all the fTats
contained xn Tish the rapid emergence of omega - 3 Tatty
acids, a= & possible prevention for cardiovascular (Nelson,
1972) and coronary neslth diceacse (Glomset. 198%5: Chanmugan et
al.. 1984) hac made the study pf fish lipids & relevant
research topic in the guest for the understandino of its
relations to diet and health. Even in more recent times, Omega
-3 fatty acids have been linked to Toetal develcocpment (Qyvind
tie, et al.. 1994), Further studies have also indicated that
they are vital fatty acids Tor the develooment of brain and
neryous eyesteme in infante/children. They are similarly
impiicated in the protection agalnst cohronic antections,
diaketes znd certain types of  cancer (Dyerbery, 19863
Kincsella, 19846: Gyvind Lie st al. 199%),

The past threes decades have eeen a rapid orowth in tne
understanding of the chemical nature of animal lipids and
fatty acide. To a2 laroe extent,. credit for this advance in

tnowledose can e lankeg to the odevelcoment of & variety of
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analyvticral techhnigues,. Some of these  techniouess  dincliube
CHromatonrannio an%iyE;s whaieh has magde the fractionation and
analveis txf animal lipids ard their ttamptnent aciges
comparatively simple. {(Hilditeh & Williams 1964, Flick et al.
17980, kates, 1984).

The initisl protlem in the determinstion of lipid content
pf  arimal htissue ocowr in zelecting the best omethod of
ertiraction. Insufficient sttention too this ocrucaizal asoect of
agnalivtical gperstion may result in & varisty of errors arising
prther Trom incomplete sdtraction of the cellular lipid or
Trom non-physicliopicsl alterations in the lipid structure
poourring during extraction. The imporiance of an eifective
gutravtion method wss highlighted by Entenmann {1961} whc
indicated that i¥ the lipide are intompletely edtracted or
aitered duwring extraction, the resplts will be inaccurate
regartdless of the efforts spent later or the precision oF the
apparatus and technious used in the analysis. Therefore, to
sccurately report lipid composition, it is imperative that the
ligid be sutracted guantitatively without decomposition from
the food products.

The main problems associated with extraction procedures
areg that some of the solvents used for the esxtraction are
Jound to be ainatgeotates in =sodubilising the entire lipid
rortent of the Tish. Alse, coms sclvents arg incapable o7
spipctivie extraciipn of only the lipaid amonget the oiher

compoments zuch s pirpteins and carbohydrates. In an atitenpt
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toe overchne some of these diffirnlties, difierent tyoes of
sgivent SYBiems have Leen suogested (Blanck., 195351, These
incivwde acetome, disthyipther. dgichloeomethanes:  methanol
minture: chlorafoerm: methanol mdtare &ang oetroleum ether, GF
these, the most comonly ueed selvent system is the
chicroform: metharc] (Z2:) v/Sv) svern though this mixsture does
ot completely extreact the avidic phospholipid and free Tatty
acide (Hioggin, 1987},

Im zoditicr fto extraction procegural problems, other

-

[£H3

ctors that af¥fect Taish enalvels are sampling procectare. tine
of analvsis, the efficienty of sguipment angd procedural
#hills. A1) of these contribute to the loss of ousliity or to

the rancidity of the extracted lipids.

1.1 ASSESSMENT DF FISH SFOILAGE

The “on the sopot” routine azsesement of the deoree of
sprilage in fizh b moest inspectors rely largely on sppearance
arnd tdowr ay indicators of Tish spoilage. For o instance., the
ceicttr deteriorstes, the s faes becomes odull, the slime on 1t
becomes Opague. the flech =pftene, the eve puplils become
turtdd arnd a reddish colowration develops slong the backbones.
Brines and Shewal (1%4%) have presented ocrganocleptic scales
oo peupssing the raw odour and pooked flavouwre of white figh.
Chemicelliv, the development of rancidity can be traced to the
oootherense of  suteddation caused by some environmental

wiffeote ~ hgxt, zir, light, transition metals angd Some



bacterial effects (Connell. 1979 and Pesrson. 19817,

L. DRIECTIVE OF THE RESEAREH

Myt h o&n Ancrease ib the dailvy demand ot fish due to ite

L

tritiornal and mediczal importence, the chemical analveis of
fimh ie thersfore important,

Most works reeorted have been done on the tespeErate
marime &Snd fresh water fisgk, Little informstion is avzilable
o the prociimate composition of Migerisn fish, Very few
resgarch information have beesn reported o the highly priced
tropical counterpserts such as Morayride, Clardes and Tilapis
slEClEs. (hEfefore considerable information on many aspecte of
cheminal and matritional velues of fish fourd in Nigerian
water i gesirsnle,

The wbiectives of this rgosarch thereifore include:s

a} The oetermination of orocimste composition of Mormyrus

.

ryner Cler-das lazers, and recehpromis niloticus (Tilzpia

nilotigat,

ifr) The determinatiocn of the physicochemiczl properties and
Tatty acit composition of the fish lipids,

fc) The determinaticon of elemental compositions (micro and
macro-glementz) of the fish and

(g} The efTfects of drving. freering ang refrigerstion on the

pronimate compoositions.,




CHAPTER TWO

2. LITERATURE REVIEW

Arprovimately 192 000 epecies of fish exist but only about
200 speries are commercizally important (Gurr and James, 1975;
Fipar. 1982, The typical consumer is fTamiliar with only a few
of theee varieties., In Migeriz almost half of the fresh water
fish catch is made un of Tilapias. Aletes, Clarids, Mochokids,
Bagride znd Mormyride (Orji and Akobuche, 1989, Oni, 1979).

“ich could well oceccupy a more prominent place in the diet
in view of the fart that nearly three—quarter of the earth’'s
eurtTace 1e covered with water. However., Fish consumption is
closely linked tno traditionzl food and feeding habits. The
well anformed diccraiminating consumer can inftact find & wide
choice of fish and fishery producte to provide pleasure for
the palate as well as ithe necessary proteins. vitamins., and

minerals in desiratble proportion (Piggott, 1276).

-ieh oare somelimes classed oy the basis= of anatomical
differpncee 2= fieh with vertebrae and fine pr as shell fish.
Fin Tieh can be nrouned further into lean (fat content under
¥y, amnd fz+ fieh (fat rceontent S5-20%). Ba=ss, flounder,
nalibut, Ferch and =sole are examples of lean fish. Fatty fish
include albarore. herring, mackerel, salmen (Chinook and red),

shat. Eardaine. =melt and tuna. Fin fish are &lso classed on



the basic of the vind of water in which they spend theair adul=x
livee acs pither fresh or =alt water tvpes (Feterson, 1978).
Shell fiseh have, incstead of a skeleton, a hard shell on
the outeide of the =soft tissues and they are mainlivy
crustaceans (seamented). Examples are crabs, cray-fish,
Icheters, prawns and shrimps. Molluscs constitute the other
group of shell fish (uns=egmented body in & calcified shell)
and these incliude abalone, clams, mussels, oysters and
ccallope, and most of these are Tound in MNigerian waters (Gurr

£ James 1982).

sutritionists agree that fish i1s an excellent source of
protein., Flecsh of fish contains all the ten esscentizl amino

aCcigs. these are lysine. threonane. sethionine. phenylamine,

valine, arginine. histidine. leucine, iepleucine and
tryprophan t(Peterson, 1278.) 1in desirable concentrations Tor
humar beinge. Fish contain mimerals such as  iodine,

pPOL&SSIWL, phosphorue, 1ron, Copper. sodium. and calcaum (Paul
snd Southoate. 1978. Ruiter et. al. 1993; Oyvind et al. 1994).

Shiell fish 18 & good source o7 selenium. iodine and
flunrine, most of the other mineral elements reocuired in
nutration sre present an appreciable amounts  (Maage &

Julehamn., 19287: and Oyvind =t al. 1929),



2.2.% SROTEIN:

Fimpy 28 an edcellent source oF orotein with oa well-
tkalancerd amino acid rcomppsiticon, The natritive wvalus of
orotedrn an fish flesh iz eousd to or better than milk protein,
cazein {Rianck, 1955, Peterson 1978). Fish muscle i= highly
vigepstible (Thorpe Dictionsey 1999 and Blanck., 17955). It is
high i lysine, therefore, 11t i1 a good supplement to a2 high
cereal diet. The outstanding food value of fish protein has
etimaylated imterset in the preparstion of conned Tish as baby

fouad fThoope, 1949,

2.2.Z LIFID/FAT:

Fismty lipid differs from that of most other naturally
oocurring ciles snd fats inos

fa)  having a grester variety of lipid compounds

(Y poessessing larger gquantity of Fatty agide with chain
lengthe exceeding 18 carbons (Jemes and Surr, 1978).

(Y rembtaining & mich grester proportion of highly
unsEaturated fatty acids (Ackmen, 17567).

{4y  heving polvuneaturate=s, primarily at the omega-3 rather
than omega-d position {(Ackman, 1788, &s.b) Ackmen snd
Eaton, 17988).

The poivunsaturated Tatty acide have important
rnitritionsl role=. Fish lipids contain 2-9% linoieic acids

{Fckman, 1986, Connell, 127%). The linglenic =cids of the

ppeqe-X fatty aride seeies noet only supports growth but aloo



a
Ffunctione in the transport action of liopid materials suoch as
cholesterol {Rodolo Papletti. 192634, Susan £, 19787, Az lipide
sErvE A% & oonvenisnt meane of rapid heat transfer, fTiah
lipige iz now used in compercisl frving operaticon (Blanck,
1955, Peterson, 192783,

Rietary lipids represent the most compact chemical energy
available to man (Thwrpe, 12492, They contain twice the
calorie value of an eguivaelent weight of suger. They areg vitsl
to the structure and biclogical functions of cells. The
tinoleio arids of fish havwe both & structursl and functionsl
rojes in snimal tissue:s antd qre carrierse of the matritionally

BE

il

gntizl Ffatty soluble vitaming {(Sussan E. 1987,

In Ewropr, serine fish oile are used in the manufaoturing
of eilible fats such &8s margarine, though in North America the
pristing largs wegetsble cil resodrees practically preluds
their use for thi=s purpose (Hilditeh Williame., 19643

Kummertey , 1960,

b3
¥

2.3 MINERALS:

In generzl sesx fish have higher iodine and lower iron
contents tharn lesn heef fHilditoh Williams, 1964). Canned figh
whiieh contain the bones usually have cver 0.2X of both calcium
arnd phomohorae .

Fish muscles in addition contains enst of the elements
nrezent in sea waiter which ingoludes  the nutritionzlly

impor-tant ongs like fr, O, and MNi, Fe and Cu are needed for
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the synthesis of baemoglobin. Indine is nutritionallvy
important Tor the maintenance of and funection of the thyroid
glard in the production of thyroxine and in the prevention of
gritre. Lr  Furmctioms in glucose and fat metabolism,
Unfortunately other eslements that are injuriouws to the body
when present in encese, edxamples include Po, Hg, As, S8 and Cd
mayv =®lzo be preeent.

2
<

k]

- 4 VITAMINSG:

Figh. especially theily viscera, are tollectively a source
of moet of the vitamins reguired by man. Fish muscle, l1iver
ang wviscersl organs are the richest naturasl supplier of the
vitamine A and D {(Petersons, 1978, Qyvind, 1994). Comparative
vitamin deta for fish based on both raw and processed samples
of similar ocrigin are wery rarg. {Bhivan A& et al., 1922). The
distributicon of vitamine A and D iz extremely variabkle with
spepcies, =Bgasons, and sexual maturitv. The fillete of soms
fieh such as char, herring, mackerel, plaice, salmon and sprat
rentain high value of vitamin R12 {Gyvind lie &t al., 1994 and

Sochmar, 1991,

2.5 NATURE OF FISH tIFID

The basip lipdd oof fish muscle is cellular in nature. Fat
gernerally garrigs notiral flavour and preserves pthers
genereted during cooking, pickling or other processing. A5 Tew

a= tern o eight fatty acids, fairly accurately, describe the
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compnsition of sost fat or fish oil (Hilditch and Williams,
19448,

Sfter dgeath, the lipidge in fish are subiected to two
majve changes namely - lipolvsie and zutodnidation. The effects
prociuced by these changes sre considered undesirable antd are
citen the majcr cause of spoilape {Pearzon, 1781). OF the two
procesess, autoxidation is the more importeant, particalarly in
the deterioration of Tfrozen fish prodoects resulting in
Tilavour, colowr, antd possible textursl changes (Connell, 19793
Pezyrasorn, 1781:.

e most wnsatourated  tipids din 211 fish are the
phnspholindd which do not oaidise rapidly becavse of their
ohveical disposition which makes it gifficult for them to
participate in the ocoidation ohain resctions.

Lipid hygrolyeis, 8% & COommon post-mortes feature in fish
ard fisk oroducsts, is influenced by increase in temperature of
ther figh. It 1z ziso knowen that lipolytic sctivity of fish
timetips Hay toem ORI ES dependent arnd it leads o
undesirability in the fish pilz (Ackman. 1966). The maior
produrts mare free fatty acids (ffas) and glyveocerol. Thus all
species containing phoepholipit are subject to lipolysis with
thoee in eome elasmpbranch remarbably =table,

The component acids of fatse in wvarious tissues of =
Byritisnh, Indian and Bouth American fresh water fish have been
getermined (HAlditoh and Milliams., 1764), distinctive in fresh

mater fish flesh fats are the sasll proportions (55 compared
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with many maring fish fats) of unsaturated Coo acides. With the
tropies! fresh water fish fate, an increase in propo-tions of
patmitic and stesoic acid and predominace of unsaturated C18
reid {about 0% wpward) are cohserved {(Hilditoch and William=,
19841,

in the Cue angd Cae Qroups, the average unsaturated vary
consitderably . beling gQrestsr in the fat of fresh water fish
fron temperate water thamn from tropical. In some pf the
fatter, wunsatwated Con scids are absent or only present to
the entent of 124 of the totsl acids.

Bimilarly, in these fatzs from warm clisates, Mleic acids
freguently form the greater part of the unsaturated Cie acids
and  the peroportione of poalwitic and stesritc acids  may
concwrrently rise respectively to &2 much as 275 - 28% and 10 -

123%, Marine apimal olils giffer from those of most other known
faty especizllvy in thelir werv unsaturated characiter and
svidity with which they absorb oxvgen from the air and become
partialliy converted inm te; viscoue and gum-like meaterials
I Comnell, 1279).

Une of the most prosinent specific component scide of
marine arimzal ocils,. hevatdecanoic arid Cie Hiss On wmas first
recordes in & fish by BEull (1), Monoetherolt acids
(gedoleic acid, {Cne Hoew Oz} of fish was identified by Bull
and later by Tovama and Tsuidmoto (1927). The components to
which the ready auvtosidation of fish olls iz dus to are mainly

porlvethentdid acide of (Coam Loy Coxl groups and they are by
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far the most abundant. Clupancdinic acid, belonging to this
series was isolated by Tsujimoto (1927) from Japanese sardine
pil! and subsequently a number of cther individual polyethencid
were reported by Japanese workers (Hilditch and Williams,
1964) including stearidonic (Cig Hze 0a) (octadecatetraenoic),
arachidonic: (Caiz Haz 0z) (eicceatetraencic), hiragonic
acid, (Cie Hae Dz) {(hexaderatriencic), nisinic, (Caes Hza O2)
{tetracosaheraencic), shibic, (Cze Haz 0z) (hexaco-hexaenoic)
acids. Therefore the constitution of these polvethenocid acids
have containued to be the subject of much investigation.

It should be noted that the livers of many fish, in
contrast to those of land anaimals,. are often rich in fats and
frequently eerves a= the main depot of the fish (Feterson
1978, Blanck, 1255} . Studies have been carried out on the fats
of fresh water fish which had been kept on low fat diet or on
the latter =supplemented with cotton - seed oil or manheden
nil. Meither the low nor the cotton seesed cil diet had any
eTfect on the natural’ fat of the fish. The authors inferred

that marine ant fresh water fishes can synthesize polvethenoid

acads Trom Known non—-Tatty sources and that differences
tetween marine and fresh water might be from differences in

their dietary fats (Peterson, 1978).

2.4 AUTOX ATION A ATIYV
Niidative detericration of fats results irn the

Aestrurtinn nf essential fatty acids, vitamine (A.C.D and E)
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arg developmert of & pungent and offensive of f-flavour {Aurand
ar Wood, 1973; Peparson., 19831, Fat oolidation of =1l non-—
conjugated oclefinic compounds proceeds through the formation
et hvdroperodides. These are however not the esclusive primary
produacte nf gutnaidation of fats {Swern, 1779 Reinert, Hunter
ant SDabtatino (12830%Y; Hixtt 1982,

There sre ouits a mamber of other factors that affect
atttodidation. Some of these &re: The total number of
urnsaturated linkasges in the fish, the degree of unsaturation
within & given molecdle, irradiation from all forms of lioht,
temperature, molsture and some trace metale zunh &8 Cu, Ph, In
arting os perogsidants to fats. In some cases some unsaturated
arigg highly  reactive  fatty acide ecanm =zach reflects on
utotinaticon rate of the ociher as well ac the dizsposition of
an arit within the glveeride molecules. The understanding of
avrteenidetion in fish iz made mooe complicated by the
ohsmreation that some proteinse especislly haem protein do
ernoourage avtoxidation (Hankz, 1239 Rouchand & Lutete. 1948,
Catalanc et al., 1970, Hammand and Jobneon, 1272, Raghveer and
Hammond . 1967).

There io also evidence to suggest that in some fatty fish
speCcies, ouidstinn in cold storage i=s probable in long ters
ice storage (Shenoy & Pillzi, 1971: Hardy ang Smith, 19763 .
beefe and  MNobkle, 1987, whether  this  is due to the
introgduction of Tree radical generasting such as hydroperodiges

or the development of more reasctive lipids such as free fatty
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acide, or the activation of satslysts through the lveis of
relle o pemoval of i antioxidant is not known. Salt water
weed for fich treatment prior to freezing causes & somewhat
anziogous effects (Banks, 1937, Mair et &l1., 1978).

Spoilage aszesement of fish, thouoh often monitored by
physical and chemical methods, must of necessity therefore
reet Fimnmlily on sEnsOry Bvalustion. In wet fish, =torage
components introguced praimasrily by bacterisal spoilage but sleo
by entvmatic reactinne contribute more to the flavour than

those gerived Trom lipid odidstion.

% |
il

-0 NUTRITIONAL AND HEALTH IMPORTANCE OF FISH DIt

There has been & special interest in the use of fish and
fimh nd) for health {(Seanlt, 19786: Budowski, 1981). Some of
these efferts concern the use of fish il in the diet 1o
revurs the risk of coronsry hexlith diegases, arthritis,
athercerierpsis, asthma, aulc imsune gdiseases, Capcer ang
miltiple eclerpeis (Kinsella, 1984, Zamula, 1786, beiner et
al., 1984; Foxall et al., 1990,3 Bernsohn and Stephanides,
1267 Allen et al., 3987). It ke aloo been fourngd that there
is® rFeEeguction in cardiovasculsr and coronary sortalities
through lem term o regular fisk (Omega-3 fatty  acids)
copswnption {(Krombout et 1., 1985 Kinsella, 1787 Rosemont,
1989, Hiphk consumpticon of polyvunssturated fatty acide, &
necessary precursor to arachidonic acid have been linked to

reguction in {(a variety of } human diseases, such &s thrombosis
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arntd asthma (Milliams, 1967). fFolivunzaturated fatty acide
result in &rr increassed proguction of hormone~like
arachidonate, which may be responsible for antagori=ing
certain disecase states such &= atherosclerpsis and tropbosis.
The effects of the arathidonate on serum lipids have been
divcussed from the perspective of ischemic heart dizeaze (IHD)
{Xinsella, 1984}).

Fist oil hes been found to incresse ervibrocyte sembrane
fiuidity in dishetic patients (¥amads, 1988, It &lso
contributes to the optimsl development of the brain in new
hearr incfantes  and  decresse bloewd pressuare (Susan, 1992,
Artemis, 1799, o controlled study of polvunsaturated fatty
acid supslements in essential hvpertension tave been found to
lepad to & decrease in blood pressure (Knapp rt &x1., 1989).
Fieh nils, when included in the digt, have been ehown to be
gffective in depressing the concentration of cholestercl in
the blicod {(Peterson, 1978, Hamfman & Faoinpli, 1991).

Unsatwated fatty acide deriven from dietary source are
regquired for eilcosanoid formation and are integral part of
cell wall and mitochondrizl membrane {(Singh, 1988), Fish oil
h&eE been implicated ir the eltering of the brain
polyunsatursted fstty scid composition {Bourre. et 21., 1788).
Stuiies alsc shown that ingestion of Onegs-3 Ffatty acid has
Feneticial effects on coronary  arteries, lowering blood
presuurs, reducing arthritie svymptoms &and Ccancer  risks

{Zaidinz, 1989). a - linolenic scid (Omegs-3) cauvsed a
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reduction of the size and nusber of turmours (Artemis, 1995
angd this iz an ares where & lot of research is needed in order
Tt Amprove  the understanding of  the cellular mechanism
involved.

tmegs~3 (PUFAY are now regarded as so important that
amonyg the food  recommendations, there i & specific
recommendations that peoples zhowld be eating 'at least’ two

poortions of fish daily, and of which oneg should e oily fish.

2.4 EXTRACTIDN OF LIFPID OF $ISH

The scivent sxntraction of lipids frof tizsue depend on
the degrese of ssegciation of the lipid with the tis=us
protein. Successful edtraction reguaires that bonds betweesn
lipide and other compmiinds be twroken =0 that the lipids are
freed and sclunilised. Generally, surh soclubility is attained
wiher polardities of the lipide and the =olvent arse similar.
(Merinetti, 1942). Duwring extraction it iz important to keen
the chemical, physical and enzymstic degradation of the fizh
Tipide to & minimum throwgh the control of temperature,
chemical envivormment antd time of eaposurse oF the material to
gaeh zolvent. Geveral =glvent gsvetems have besn Jvsed but the
npreeence 0T water in the fish ticsue adds & rompliceating
faotors which led to the early workers prefering dehtydrated
materiale for lipid extraction (Fobin st al. 1934&). There is

& growing tendency to use petrolevm ether because it is more

1

zplective towards Yrue lipids. But ite use is affected by the



i7
moieture rontent, as the only part of lipids that can be
entracted i1s Trom the moist materials. The solvent cannot
nenetrate the tiesne as it bhecomes aguickly saturated with
water. To overcome this, diethylether is judged to be & fairly
ketter enlvent for fat extraction a= it will disseclve oxidised
lipide though slsoc with some disadvantages.

A more rapid method for fieh lipid extraction was
proposed originally by Folch (1957) for the isolation and
mirification of total lipid from animal tissues with
chloroform: Methancl (2:1 v/v) mixture to remove most of the
rhosptolipid in the tissue, This mixture i=s a ternary one
which liec close to the "tieline” in & three phase diagram of
CHCYx: CHOH:H20. Thus it is inconvenient to extract very wet
or anuecus =uspension (Ronner, 1910) and this was later
modiTied by Bligh and Dyer (195%9) and then T=en et al. (1962).

Other =olvent systems in use include;
t1) the oificial ACGAC method that involve a 1é6-hour

entraction with acetone in a soxhlet extraction
12) eEdatraction with Bligh - Dyer Method of chloroform -

methanol (1:1 & 2:1 wv/v).,
{Z) esxtraction with chloroform: methanol: bWater (Higgins,
1987. Fates, 1984),
t4) alkaline saponification method and
(%) the mojonnier method ( Hara & Rabin, 1978; Maxwell, 1980;
Rabin. 17813 Chen et al., 1981: Anderson, 1982: Burton et

al.., 198%: ¥insella, 1207, ¥alorovic et al. 1986
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Erickson, 1993.)

2.7 IYPES OF FISH ANALYSED
el Mormyrus rume:

This is Trom the aberrant family of mormvyridae which has
about twentvy-six speriecs belonging to six genera. The species
have the anal fins lese than half of the dorsal. They have a
trunk-like snout and = =small terminal mouth. There are usually
a unitTormity greyish-yellow colour on the back and sides and
light ventrally. The species grows to about a metre in length
and a welght o7 more than six kilogram when Tully matured. It
ie fairly rommon in Zaria water dam. Large species are capable

CT Qivang guite noticeable electraic discharge (William et &1.

1947,
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S.7.Z Clariase  lazers

A

Belongs tor the family of clariidae (teloests), widelvw
distributed throughoitt Rsis minor snd Africa. The normsl
habhitat of £ lazers is tropical swamps and rivers. L. larera
i mapabkle of existing in mad throughout dry sgason and 1t 1n
atvde to survive on dey land for eeveral howurs, thos enabling
it too migrate on orecasions Trom dried-up poolse  to reach frest
water, The head iz long, but the body is 3~3.5 times as leong
a8 the head.

Mary enceed 190 om but an average adult meazsure SO-4£0 om
angd weighe approdimstely 3-6kg. The skin is smooth, tough and
lack soales., It is darkly pigmented on the doregsl and latersl
parts of the body. The speries becomes iighter in colowr, or
morttied in appesrance when g:dposed to bright light due to the
concentration of pigpent cerrving tell tellsd chromstophore.

It ig fairly more atwndant than catohes woild sugoest.

2.7.3 Qrecctromies pniloticus (formerly Tilespis pilpticusy:

kelongs to the family of cichlidee. It is more elongated
ard lezzs compresserd than bihere. The colouration is brown
nolive with faint dark wvertical pars on the flanks., The
eosterioe part of the deorssl fin, the caudal fin and anal fin
pear numerous derk vertical bare on /8 pale back ground, &
characteristic which zerves to distinguish 1t from all octher
speries. Drepobe-owis piloticys i msinly microphagus and are

abwindant i Faris demp & rivers.
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CHAPTER THREE

.0 MATERIALS AND METHODS

A1l chemicals were of analvtical grade unless other wise
stated, Diztilled water wes uzed throughout.

J.1 SAMPLE CEDLLtECTION:

The fish samples used in the work described are fresh
water specirs ceught from River Gelims, Babon Bari — Iariz at
variopus timesz throughout the year. The species were caught in
the ipwer part of the river. The three speclies uvsed sre (i)

Mormeruge rame, (131) Clapriac lgzers and (1ii1) Orepchromis

nijoticiis.

The fish were caught vusing small mesh nets. Thereatfter,
they were quickly transferred to the laboratory alive in sames
guantities of the river weter. They &re killed in the
laboratorvy. The =tandard lengths, total lengths azs well as the
weights af gonh fimh sample were quickly determiped as
dencribed by Dwodehinte as showr i figure {(iv). Thie Tish were
cleaned, the hends, tailes fins, sesles were removed and then
eviererated before being minced and then weigheo,

Seme of the fish were refrigerated at 4°C, some were
frozen at 100, while cthers were oven dried at &60°C. For the
analyees involving fresh Tish, the fish werse immedistely
procezsed and aralyeed. The dried ssnples were grinded with
mortay and stored in &ir tight labelled containerz (Polythenes

bBags) in the desiccators.
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S.s EXTRACTION AMND DETERMINATION OF LIPID CONTENT

The eatracticon of the Tresh and the dried zamples were
carritd out in the followinng sclvent asyvestems using soxhlet
erxtractor.

i. Fetroleumn ether {(30° < H0=()
ii. Petroleum sether (H60° - 80=0)
1ii. Chloreform: Methanol (1:1 wiw)
iii. Chloroform: fMethanol (221 w/v)

Thirty grammes (30g) of each wet =sample and twenty
grammes (2040) of each oven dried sample were weighed into pre-—
wighsd thimbles and sealed with cotton wool to prevent escape
of the =zample Trom the thimblies during the course bof
Extraction. Thees were trarmeferred into sodhlet apparatus and
extracted for about fowr houwrs using 250cw™ of the solvent
gystema. The Golvents were then removed using rotstory
pvapmrator. The rempaining solvents were completely evaporated
o e water bath snd the flasks containing the edxtracts were
then weiohe. The esutrarte were stored in chloroform
fanptionidant armgd ther aguickly trarneferred into freezer -
A0 oo &void satonidation o f the edtracis. Thres
determingtions were made for each solvent svyvetem. The
peEreentage extracte were calcoulated bazed on the followinog

formile.

oextract = wit of lipid extract » 100X
mi. of the sample taken




or
= wt. ogsin_in flask 100%
wt of sample
a2l MOISTURE (WATER) CONTENT DETERMINATION

Twenty grammes (20g) of the prepared samples of each fish

wmas weighed intoc 2 dry and pre-weighed metal dish containing
S5.00 acid -~ washed (acetic acid) sand. The sample mass was

mived with Scm™ ethanc! wveing & glass rod. heated to 70°C,
with occasicnally =stirring and then evaporated to apparent
gryness. The dish with the content was placed in the oven at
INS=C for about *twe hours after which it was cooled in &
desiccator. weighed and then heated and cooled repeated until
& constant weight was obtaaned. The percentage moisture was

calrulated usino the following formuls.

% Moasture = lces in wt. on drving (g) » 100%
initial Sample wt (g)

R

Dryv matter = Oven dry wt. {0} » 100
initial Sample wt (g}

Three determinations were made for each sample.

%.2.2 DETERMINATION OF CRUDE PROTEIN CONTENT
(GILCHRIST 1967)

Zrude orotein content i=s the figure obtained by
multiplyving the nitrooen content of the food by 6.2% (for
Ticsh). The Tactor 6.25 owee its origin to the assumptions that

211 the feed rmrrotein contain 16% nitrogen and that all the
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nitrooen in 2 feed is present as protein. Other vatues are

LK

milk = .28, o2l seed = S5.4. .7 - 5.2 and 6.6 are used for

cereals and plant leatf protein recpectively.

MATERIALS:

1. Cont. Ha80a (about 98%). sp.or. 1.84

2 HL1, O.0iM standardised.

PBoric zrid selution. Prepared by dissclving 49 of boric

acad an water and diluting to 100cm™

a, Sodium hvdroside solution: Prepared by dissolving 40g in
1 em™ rof distilled water.,

e Mived rcatzalyet - prepared by mixing together 16g of

anhydrous Ka80a. 1.0g 0T CuS0a:TH20 and 0.3g of selenium

powoeEr .
&. Indirator: Screensd methyl red.
7 Antibumping granules.
METHODS
DIGESTION: - (0.25g) of each sample was weighed into a

oraed Faeldahl flask. One gramme of the mixed catalyst. é6cm®
=1 cenc. HeEla and antibumping granules were added to the
Tlack. The mirture was heated until a clear agreenish and later
colourieses enlution was ohtained. The solution was transferred
ouantitatively into a S0cp™ volumetric flask and made up to

the mark with distilled water.
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DISTILtLATION: Terns {10)Ype™ of each of the above solutiopns

was transferred to Kigldahl distillation apparstus. Sodiuvm
fvdroside eglution (10om™) was added and the amnonia liberated
in each wss steam diatiiiéd into %cm®™ boric acid =oluticon

containing 4 drops of the indicxtor,

TITEATION: The ammonia collected in boric acid solution was

titrated with O.03M HCL.

EALECULATION: Total Mitrooer (X)) = 20 ¥ » M 4 9,034 o (00D
W
bEgre W = wt {(0) of sample,.
Mom Wl {em™) nf HCD O repguired tp neutralise the

ammonia liberated bty 10om™ aliquot of the
digest (after correcting for blank)
M= Molarity of HCL.
& 23 = the conversion faotor for fish protein
fFPesrstn’'s 17281 & Gilchrist, 17267).

Thres determinations were made for esch sample analvycsed.

X.2.3 AGH CONTENT DETERMINATION (FEARSON'S 19811} .

g gramme pf Sach sample (fresh, dried ang frozen and
adried} was hested in & preseighed svaporsting dish with 00 3em™
gt 2EY (w/v) magresium acetate solution on & water bath. dWhen
dried., the mass was incirnerated st S50°C for about four hours
fi.e6. wntil & white ash wes obtained), then removed and
copled in & dezicocator. The ash was then weighetd. The X ash

was then determined using the following formula.
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i

Aab ¥ wt., of ach (9] Y 100w

wh., of {oven dried) sample (Q) 1

Three detersminations were made Tor each sample.

3.2.8 SPECIFIEC GRAVITY DETERMINATION (PETERSON,
1378, AROAC, 1270},

The specific gravity bottle of kpnown weight was filled
with the pil sample and the stopper was inserted. The Tilled
kottle was immersed in o water bath kept at roow temperature.
Excees of oil was removed fron the stopper and the bottle was
removed from the bath and cleaned and dried. This wase then
weighed with care. The procedure was repeated using distilled
water. The speEcific gravity wass then determined using the

Fellmaeing Tormular.,

Specific gravity = wt of il (g}
wt of distilled water

Three determinetions were made for esxch sample.

Z.2,5 REFRACTIVE INDEX DETERMINATION (ADAC, 1970}

The refravtive indes [SF-1 determined using fbbe
refractometer and sodium vapour lamp at 21.°0. The instrument
wat chargsd by opening the doubkle prism, and placing few drops
of samples on it, clpsing it firmly and thern allopwing it to
etand for about 10 mins before reading so that the temperature
of the zampls and instrument could be the zame.

Method of measuresent was based upon cbhsgrvation of
positicon of border line of total reflection in relation to

faces of flint glass priem. This border line was brought into
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i field of vigidion of telsscope. The border line was adiusted
urntil it fell on poaint of intersecticn of cross hesire. The
refractive inder wes then resd directly on the zscale of
sentor,.

Trres determinetions were made for esch sample.

T.2.E DETERMINGTION OF gH {A0OKRC. 1980}

The bedyegen don cocentration of each sample was
deterninsd by hompogesnicing g of sasple in 10eo™ distilled
water fure T mintttes. AGRE 2000 pH meter was then used to read
the pH.

-
.

S.2.7 PERDYXIDE YALUE PETERMINATION:

The peroaics walues of the lipids were determined by the
mee oof  bhe micro methad of St. Angels et sl. (1972). This
method iz anr adaptation of the official method of the American
il chemigte’ Soeiety (1950) and Pesrson’s Chemical analyeis
of Tord (1981, bt greatly sraled down Lo pErmit

determination of smaller guantity of pil {(150my of bil).

REAGENTS 5X I, 2:1 glarcisl ecetic a&cid: chloroform

minture O.002M Maelals, deionised water, starch indicator
(1%, w31l sample, mitre stirring bayr and magretic stirver.

Freparaticn of Solutipne:

i. XKD » 8g of KI was weighed irntoc 100cm™ vwolumetric flask

argd then made uwh o the mark with digtilled water.
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1i. 2.002M MaxB8a:0xr D.07%0 MafBzx0x dissolved in 250cs™ of
tictilled water.

Hraroh Indicator (1X): 1g of sclubkle etereh weae dissclved

b
L]

in 100cr™ of boiled distilled water. stirred and then

cooled.

PROCEDURE

arn wil sample {(0.100) was dissclved in 1om™ of =clvent in
a 1Cem™ eprilenmever Tlask., One drop of freshly prepared
saturated agueous Fotassiwe indide was added and the mixture
stirred for ertactly one minuts with a micro stirring bar anag
a magnetic stirrer. The reaction was then guenched with 1en™
of boiled deilonised water. The liberated icdine was titrated
with Q.002M MaxBzlx to & colourless endpoint with starch
indicator.

RBlank titrsticnm was cCcarried out. The results were
caloulated as millieguivalent of perodvide for kg of oil as in
the official method o the fAmerican i) chemists =socciety
{17600,

CALCULATION:

Feronige dalue = (M ~ e T H 1D0umEas kg
wt. of til.

Where Y = Unlune of thiosuliphate used +o titrate with iodine
Vo = Vodume of thioesdlphate gsed for the blank titration.

T = Molarity of MaeSo0x

Yhree determinations were made for each sample.
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g Xt IODINE Yot 4t DETEAMINATION (HAMNUS METHOD:
IveAaC, 1979).

-
D

READBENYS:

i Harnus soiuvtien: This was orepared by 4.3%3 of iocdine
splid {Armalasr) inta o 190 ome volumetric Tlask with &
small amount of glacial acetic aecid. 0.9 owm™ of bromine
added from a measuring eviinger. The flask was then made
we bt the markd with glacial acetic acid and then stored
in an ambsr — coploured bottle (Brown).

ii. 10¥% K =spiution: This wase prepared by dissolving 10 of
¥I oin & 1w velumetric flssk and then made up to the
mark. Alsp stored in ambgr — coloured bottle.

idi. Ui MaeS20s solution: 8.28g of MaxSalx was diszsolved in
dictillerd water &nd made wp it 1I00cm™ in & 100cem™
volumelric flask and then stored.

1w, Z¥ starch indicator solution: starch {(1o) was dissolved

in bt water and sade Uy to the mark i & S0cm™ flashk.,

PROCEDURE =

The lipid =mample (0.30) was welohed into & glass
stoppered flask. 2%em™ of the Hanus the solution was added
from the bhurette, then allowed to stand for abtouwt U4 howrs in
the dark., 1% cs™ of 10% zouecus I and S0om™ of  water were
then atded. The ioding solution was titraied with O.1M MNaxEa0s
tre & pale yellow colour. The bBlank without the olil was done

sipulianscusly. Thie was done in triplicate for each sample.
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CRLOCIH ATION:

iogine Malue = 1.27 »n {z-b)
wmt., oOf SambBle,

Uhere & = NVolume of O.1M Max3z0. used on Dlank
o= dpelume of O.3M Mazfba0x veed on il Sample.
T.2.9 ACID AND FREE FATIY ACID VALUES

DETERMIMAGTION (Fearson ' s 1981).

REABENTS: Riethviether. ethancl. FPotassium hydronide. 12

Fhenclphthalein sto.

PROCEDURE

The lipid sample (0.50) was accuretely weighed into the
mixsd solvent made up of egual volumes of diethylether and
etharnol and thern neutralised with O.3cm™ of phenolphthalein,
and then titrated with O.1M KOH, shaken constantly until a
pink colow which persisted for about 198 sec was obtained.

Triplicate results were obtained for esch sample.

EALCIH . ATIDN:
i) Aoid value = Titre value {cp™) = S.61
wmt. of Sample (g)
(ii} FFA = Titre »x S,.é&1 = X
1000
Thern ¥ ) 100 = FFA %

wt. of 0ild
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Where ¥ = wt., of base that is oresent in the titre

ueed to rneutralise the Tree fTatty acid.

T.Z2.10 SAPONIFICATION VALUE DETERMINATION
(Pearson’'s 1981: IUFAC. 1979,

REABENTS: HC1, KOH, Ethanol, Phenclphthalein.

PREPARATION OF SOLUTION:

D,.8M HE1 Seldution:  4.340cm™ Hel wes dissplved in 100ca™
gistilled water.

1% Phenolphthalein: .19 of phenclphthalein was dissplved in

atzoliute sthanol &and some dropes of distilled water. conmtained

in a Ocm™ wolumetric flask, then made up to the mark.

PROCEDURE :

18g of KOH was dissolved in 10om® of water and was diluted to
& Adm™ mark with ethancl (76X}, The mixture was «llowed to
stand overnight and decanted weEing separating funmel. The
lipid sample (0.80g) was welghed inte condensing bottles
foguickfit Tlasks) and 10ce™ of the ethanolic potassium
brydronide sclution gdded. The refluxing condenser was attached
aort the flask heated to beoiling on water bath for one bowe
with freguent, shakimg. 1% phenolphthalein solution (O.4om™)
waz atded znd thise was titrated hot with O3 M HCY (titre = &

cm®) ., The hlamk was carried out (titre = b co™).

EALCULATION:

SapomiTiceation Value = b — g = 76,05

L

wt. of sample (Q)
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T.2.11 ESTER VALUE DETERMINATION (fearson’'s 1981),

The ester values were talculated from the exopression:

F=ter valug = Daponification value — Aclid VYalue.

J.2.12 UNSAPONIFIABLE vat UE BETERMINATION
{(Pearson’'s 1981}).

REAGENTS
Blooholzic KM, diethylether, Phenplphthalein stc.

PROCEDUREY The lipid extract {(1g) weas weighed into & 230 cm™
Tlask, Alcoholic KOH solution (12.50m™) 26% ethancl) was sdded
and boiled gently under reflux for one hour. The saponiftied
zample soluticon was transferred into s 250 cw™ Separating
funmsl and the flask was rinsed with three (20cm®) of water.
The extracted sclution in the ether laver was washed with
1Com® of apuecus 0.3 KOM sclution and also washed with three
{(10cm™) water  wuntil the wash water was newtral to

prenclphthalein. The ether laver was poured intoc s weighed

flask andd weiah to constant weight.

EALCUL ATION:

L Unsaponifiable Yalue = wt. nain by $lzssk (g) = 1004
wh of il (o)

The determinations were made in triplicate for each sample.
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J.5. CHROMATOGRAFHY
F.0.1 THIN LAYER CHROMATOGRAPHY {TLE)

TLE ds & method of resolving s mixture of components
uing plate cpated with thin layers of certain substancegs
called abhsorbent s.g. silicx gel, zlumina. keiselghor and o
on. In thise anzly=sis Meiselghor (60%) was used impregnated

with 1M silver nitrate solution.

PREPARATION OF PLATES

The glass plates uced weres of silzes 10A20cm®. They were
cieaned with acetone to make them grease free. They were dried

and arranged in place on the =preading hed.

PROCEDURE

Forty grammes of Feiselghor wies weighed into a conical
Flazlk with sorew cap. 80om® pf water atdded with Scw™® of 1M
AONOx =clution and shaken vigorously for about 70 =sconds to
cbtain & smooth slurry. This was poured into a epresding
device (0.20mm thick), which was drawn acrocss the glass
nilates, depnsiting a uniform coating on them. The plates were
&ir dried, then activated in the oven at 11020 for 30 minutes,
sfter which they were kept in s desicoator until reguired for
LIGE .

SPOTTING:

The ohrtmatographic plates were arranged in the TLE

epntting plane {(templates}. From the mark (10cm distance), a
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Time waw orawn through the chromatographic plates that were
made as solvent fronts. From the holes on the template {(plane)
using the micropipstte (avyringe) or caplllary tubes (O.5mm},
the samples were then spoltted.

SOLVENT SYSTEMES USED:

The =plvent systems used are:
i. Benzene: Chloroform (801203 7003503 &0:50)
702

ii. Chlorpform: Methanol: Water (79:30:%8; 70:30310).

s
[N
[ 22
»

Crloroform: Methanol: Atetic Acid: Mater (FOs30:ri:dg:
FOIROIZTY.

iv. Benzene: ethanol (20:20)

Benzerne chioroform (70:30) angd Chloroform: Methanol:
ficetic acidr Meter (70:30:2:3) gave the best resclutions
fozr neutral and phoepholipid components respectively.

DEVELOPMENT OF FLATES AMMD THEIR VISUAL TZATION

The development tanks were left or allowsd to saturate
with sapoh enlivent svetem. The spotied chromatoplates were then
arranged (dipped) intoe the developing tank {(each), then
crveretd and untouched umtil the solvenht system reached the
gezired sulvent frontes (15w gistance) after about 50 minutes
of the developmentes.

The plates were then removed and @#irf dried using &ir
deier. The dried plates were subjested o eve visualization,

UV lamp (light) at 2548 and 320mm and later with the use of
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iodine vapouwr tanks. The coolour produced were noted, the
rumber of component were oheEerved., The R, values of the
components were then caleuwlated using the following formular

which is basic measurement in TLC.

Rf o= Pictarnce Moved by bLipid from prigin
Distance Moved by the Solvent Tront

i . | MACRO-AND MICRO-ELEMENTS DETERMINATION

The ormalvticsl methods for the determination of these
rlements areg hased on Flame photometry, Atomic Absorption
spectrometry and colordimetey . Polassium and sodium  were
determined by flame photometry, calociuwm, magnesiuvm, coppsy,
iron, Tinc, chromiuwm, manganese and nickel were determnined by
ftomic absorption speostrometry while phbosohoruas and Iodine

were by colorimetry {spectronic 20Y.

J.AL2 SAMPLE PREFARATION

The mingral elesents of the fish samples were taken into

sxlutimn by wet digestion described below,

3.4.2.,1 WET DIGESTION OF FISH-SAMPLES FOR MINERAL
ANALYSTIS (Harrice, 19793,

1. Digestion acid (1 Yol. HOLO= {(&3XY: 4Vol. HMOx}.
2 Mitrioc acid coneentrated

B Hydrooern Feroxide and Sulphric acid concentrated.
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abionrt 200 of water ctartaining SomT concentrated
pvdrochlorisc acid. The misture was warsn to drive off
carbondioride. cooled and mede up to 100cw™ with  water. &
working stendard of concentraticns betwesn O to 10 ppm caloium

wErE prepared.

iv., Maoneeiwm Stock Solution (1000 ppm).

Thie was wrepared by digsolving 2.91060 maghnesiwm
chloride in 200 o™ water and diluting the solution to 1000
oL Working standarde corntainpd Ot I ppm magnesium.,
Sufficient =tock of strontiom chloride (3000 pom) were added
to the standard samples and tlank solutions to obtain 400 ppm
iy each. Appropriate guantity of 10% sulpghuric acid were slso
sgodded to the sampide and blani zolutions to obtain an arid

corncentration of 1% {(wrw),

Vo Corper Stock Solution (1000 pom).

0. 395370 copper sulphate was dissclved in water = litre
wolumenterlio Tlash. Morking concentrations were between 9O to 10

pDm.

Wi Lineg Stoery Soluticon (1000 opm) .

1.0 of rinc metzl owse  dissolvedin 30 oe® SM
porochloric acid. The resulting sclution wes diluted to the
mary with wster in & litre wolumetric Flask. Horking

standards ranged betwesn O to 1 ppm.
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EFhoephorues Determination (Allern, 19274).

LR HL R S

1. FPhosphtsrus Standarde:

g 100 pme SDtock =olution was prepared by dissolving
GL.AFFAG dry potassium dibydrogen orthophosphate in water and
in a litre flask. An intermedizte working standard was freshly
prepared when reqtired from the stock soliution.

ii. Manadate - Molybdate Composite reagents:

SO Ammonium molvbdate in SO0 owarm water. In a
separate bheaker, 2.5%0 Ammonium vandadate was dissolved in
SO0 boiling water. On cooling, 3I50cm™ of conec. HENOx was
added with =tirring. Then the molyvbdate solution was added to
the acid -~ vanadate solution with stirring and the resulting
soliution was diluted to 2.5 litre with water,

312 Mitrde seidd celutiore

190cw™ of conc., nitric agid (63X wiw, =p. gr. 1.42) was

giluted with trice its volume of water.

Collinse & Polkinhoore., 1952 photometer was used for the
determination of sodivm and potassiom.
PROCEDURE

Morking standerde containing O -~ O083mg phosphorus were
preparsd in 30cm™ wolumetric flask. Suitable aliguot of the
pamplie =ciution were pipgtted into S0cm™ volumetric flasks.
These flashks were filled to two-thirgd capacity with water, 2

o™ of ammenius molybdate reagent was cdded to gach followed
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tv 2 om™ 1:2 nitric acid solution. The contents of each were
miwed and made up to volume. The absorbance reading were taken
after 20 minutes at 450nm usino Bausch-Lomb. spectronic 20. A
calibration curve was plotted using the standard sclutions.
The amount of phosphorus in the samples were determined from

the graph and the mo/1000 calculated as telow.

Fhosphorus fmg/100g) = € _(cm®) » Sclution volume » 100
Alipuct (cm™) » sample weight(g)

where C (mg) = amount of phosphorus in milligram obtained
from the calibration curve. Factors of dilution

were applied where necessary.

Z.% EFFECTS OF PRESERVATION (STDRAGE) ON FISH

REAGENTS:: fiz stated under the analvysis of protein, lipids,

FFA and pH determinations. See section 3.2.6 on page 28.
PROCEDURE :

211 the c=samples used were decutted. Some were put anto
a labvelled cellophane kag., and then refrigerated =t 4-(,
Others were bagoed in & labtelled cellophane and stored in the
deep Treezer at —10°C while zome portions were oven dried at
s0=C for 24 thours. bagged 1in a cellophane bags, kept in
desiccators and stored in the cupboard at ambient temperature
(27=2CY, £11 the three sptse of the samples were stored for a
reriod of thirty dave. Lipid, protein, % FFA and pH were

determined at intervals of five &and ten days.
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J.5H EFFECTS OFf ATMOSPHERIC AIR ON FISH LIPIDS

REGENTS: Similar to the reagente listed under section 3.2.7

arad 3.2.7 on pages 28 and 31 respectively.

PROCEDURE
T fish sambles were oven griedg at 400 for between 22—
24 houres., The lipids were extracted with chloroform: methanol
231 wAey mpintire and the exbracts were expoesed to the
atmosphere  twenty four hours at ambient temperature {(23%C).
The peroxide and free fatty acid values wers determined at

interyal of one bour and tern hours.



435

CHAPTER FOUR

4.0 RESULTS AND DISCHUSSION

4.1 PHYSICAL CHARACTERISTICS OF THE FISH SAMPLES
The lengths and weighte of the fish anslveed are given in

Tabhle 1.

M., rume and € lazera are of similar lemgths 13.37cm andg

15.20ocm respectively. ¥ rume howmever has the laragest total

weight (125.%3g). . niloticus is the shortezt (10.46 cm) but
hase & larger totzl weight than €. lazers (139.99). From the
resuites . lazersy snd M orome have similar %2 total weioght as
egible part 7&.82 and F4.7FE respectivelyv. The valuss show
that the cpecies analvesed are not fully matured compared

with the stanterd (averoge! size of the spevies given in

literature: M. rume =5 one metre and & kg C. lazera, S0-40cm

artd 3-4 kg lengths and welghte respectively.
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TARLE 1: PHYSICAL CHARACTERISTICS OF THE FISH SAMPLES

ANALYSED
SANPLE TOTAL LENGTH STANDARD LENGTH TOTAL WEIGHT EDIBLE PART RS
iza) AS 1 TOTAL LENGTH fa} I TOTAL WEIGHT
lazera 13.30 1 0.66 T6.74 £ 0. 47 117.98 2 .09 76.62 2 3.17
rusE 13372097 81,20 3 0.44 193.95 ¢ 1.28 T4.77 2 10,45
niloticus 10,456 1 .21 70.17 1 0.06 135.95 ¢ 12.17 9.9 2.8

Mine Samoles determinations were made for each fish.
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4.2, PROXIMATE COMPOSITION OF THE FISY SAMPLES

4.2.14 MOTSTURE CONTENT

The moizture ciontent for the fTish samples are glven in
Table 2. The fish samples containsd  hipgh amount of water,
over 7K. The wvaluss &re higher than those of beef (64X),
Tamb: (33%) and pork (24%). (Briam and Alan, 1977) but are
comparabie with those of other fish iboth) in the marine and
Tresh water species. For enample, haddock, aleste, synodontia,
Tilapia 1133 have 82%, 74.862%, 77.056% 72.36 -~ 80,.28%
respectively (Oni 192792, Brian & Allan 1977). the spring water
species 0f fish also have about 79.70% (Bhuivan et x1. 19856).

The appearantce, keeping guality andg dry matier content of
forde aire closely related to their molicsture content (Whyte and
Selvery, 126%). with the amount of dry matier naving a&n
inverze relationship with moisture content; thereby preventing
the growth of spoilage micro--orgapisme and also reducing the
chemical and bdochemictal reatctions te the minimum during
storage. The modehure tontent of  food can be used a= an index
of statility and susceptibility to fungsl infections (Ishola,
1288, Thus this high modistwre content in fish is responsible
for i1ts detericrstion snd storaose probleme (Elanck, 1998,

Sidwmell 1962,
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TARLE 2: PHYSICRL CHARACTERIGTICS DOF THE FISH 8SAMPLES

AMALYSEED
SANPLE HOISTURE CONMTENT £RURE LIPED £X) CRUDE PROTEIN ASH CEHTENT A5
31 {% X 6,250) {1}
1. FH 4.8 2093 370 2 044 ig.88 2 0,14 1.28 1 2,42
L. F - 13,50 4 .00 53.89 ¢ 032 baHT 2 9.08
L. - 13.0¢ 3 Q.18 §3.57 1 Q.15 b.45 1 1,43
™, f4 PRI A5 .16 1 2.0 7.2 00 f.17 1 0.4
* 0 - 14,54 2 114 63.70 1 0.17 8,40 2 9,08
b - 1.0+ .07 72,21 1 0.27 £.30 % 4,02
1. FH F7.21 3 1,55 2.6 ¢ 1.3 15,15 2 0,10 1% 2 08
8, f0 - 3.1 1 0.2 4191 1 0.4 7.89 * 0.08
9. FB - 7.81 1 9.32 45,87 1 4,24 14,54 1 .41

Three tetermipations were made for esch sample.

¥ Petermingd on wet hasils. Othere were determined on dry
basis of the samples.
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4.2.2 CRUDE LIPID CONTENT
The percent crude lipid contentes are as shown in Table 2.
In gach of the samples the lipid is semni solid at room
teEmperature, M. rune contains the highest amownt of Yipdd
both on wet and dry weights basis and Q. piloticus the least.,

The resulte also show that Q. piloticus with & lipid content

il

of 2.54% on wet weight basics and © lsrers with J,70% belong to
the Iow-fat clase {2-34%XY, while M rune belongs to mediuvm clases
ef fat. The fish analveed kave lower lipid values than beef
(17%y, tMuttom (30¥), Pork (30X), herripg (18%) and eardine
(14%Y but are comparable to those ohtainegd by Ondi (19792) for
zimilar fTresh water fish (aleste, 17,907 svnodontis, 9.3%3%,
and tilapiz, 12.33%) as determined on dry weight basis. The
resiilt also falls within the ranope (0.3 ~ 15%) lipid content
given by Fearson, 1781 for fresh water fish.

The lipid contente of the pre—~frozen samples were hovever
lower than the lipid content of the dried csamplets for each
fish. This might be oue to some bacterial or enzymatic artions
gurinog storage.

Compsring the reizsture contents and crude lipid contents,
the data confirmed the known inverse relationship of the body

fatse to water content already establicshed in fish by Gerking

Y

(IFT8Y, Broen (1997) and Lagler, 17&82).
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4.2.3 ERUDE PROTEIN CONTENT:

The orotein contents of the non—defatted Tiash csamples are
givern in Tahle 2. These walues shiow that &ll the samples are
rich in protein (2&60% on dry weight basis). The values are
comparable with beef (18%), tamb (18X), Fork (16%), and some
maring fish {(Haddork, 17%, Sargine, 20X, Mackerel 17-23% and
Oveter, 11%)., 211 determined on wet basizs (Brain and Allan,
1977y FPearcson, 1783, Blanck, 19585)., The M, rume contains the
righest percent crude protein both on wet and dry bases while
8. nitoticiis has the least values. The crude protein contents
i the zamples analysed are about the same &3 in lean meat.
Fieh protein however differs from that of meat in having less
connective tissue and no elastin,. The absence of tough elastin
and comeersion of collaoen into oelstin whith ocours during
copking, make the protein of cooked fish essily digestible

(FAOAHHD, 1973, Prain & Allan, 1977).

both on drey and wiet bases, while Mormyripe rume has the lowest
values,., {(Table 2ZY The resulis obtained are in agreement with
thone ohtzined by O i {1979}, for Aleste (.00 -
10.80%Yy Svnodontis (10.00 - 17.55%) and Tilapia Zilii (9.81 -
16.31%) metermined on dry weight basis, Also the result
compere wiell with those cbtsined for =spring water and fxil

water fiehes 1,74 and 1.56% respectively, determined on wetl
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weight hegis, The ash content for any particular fish fias been
reported to be relatively constant during the growth of the
fiseh, thus indicating that the relative proportion of shkin,

s andg bhones in the fish does not change appreciably with

[H]
s

=

[

aQe (hRenton et. al., 1978},

4.3 THE pH YHLUES OF THE FISH SAMPLES

he oH valuee are gQiven in Table X, The pH of each
cvamplye iz least for the fresh samples and highest for the pre-
Frozen samples. The ingrease in pH is due to thanges that
poouyr during storage o drying, amounting to degradation of
the fish components {2.0. protedin which produce amoonia and
make the fich more alkaline in solution).
The values are comparable with the value reported by Orii

{1797 for Tilapda epecie sz &.82),
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TERLE T: THE PH YALUES OF CLARIAS. MORMYRUS & OREOCHROMIS

SAMPLE opH AT 2i=C

C.FH .87  ©.,02
C.FD 6.91 = 0,02
€.FD 7.0 % 0,02
M.FH &.78 = 0,01
M.FD 7.0 2 0.04
M.FO 7.10 * 0,04
0.FH 5.54 = 0.01
0.FD 5.96 = 0.04
O.FD 7.04 x 0,02

Three determinations were made for each fish sample

analvsed.
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4.4 COMPARISON OF DIFFERENT SOLYVENY SYSTEMS FOR
IPID EXTRACTION

Thie rriteria for the suitability of method for liopid
extraction are the guality and guantity of lipid extracted,

During extraction, it is important that all linkaoes of
lipids with other components be hroken or disrupted while at
the same time ensuring that solvent used oo ot cause
degrafgatiocn of the exitracted lipid. The results for four
giftferent solvent systemns used for the extraction are shown in
Tabtle 4. Frem the resulte, 1t i Bevident that petroleum sther
(H0-80C) extracted the least guantities compared with others
splvent svetems. The chloraform: methancl (2:1 «w/v) splvent
svetems edtracted the largest guantities of lipids from the
fieh zamples.

Both Petroleum ethers 40-460°C and 60-B0C have low
extracts especially for fresh somnples due to the possibility
opf lose of some Vvodatile components duaring extraction. The
inability of the solvent to penetrate the ticsues as well zs
it bepeoping satwrated with water. Thus ooth petroleuvm ether
are rendered inefficient Tor lipid extraction from wet
materigls. The Righ wvalues ohtained for the chlorpform;
methanol (231 w/v) alec i= in agreesmeEnt with the report of
Chern (1981, It was reporied that chloroform is sffective and
s be used interchangeasbly with dichloromethame i the

putraction ot lipide from food produacts (Higgins, 1987).
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For this study, chloroform: methanol (231 w/v) was uced

tor exntract the lipide of fish snalysed.

4.% PFHYSIEANAL FPFROPERTIEDS OF FISH LIPIDS

4,0.1 SPECIFIC GHRAYVITY

The snwcific gravities of the fish lipides are given in
Tehle &, H. rume has the highest wvealues angd is therefore
gpected to contain components with the higheszt molecular
wizighte. Thiz Tollowed by Q. piloticus with . lazera baving
the lmsst. The wvaluees obtzined are in agreement with the
range of velues given Jor fish pile generally as Q.92020 -
0.2 {Fesreon, 1978, Thorpe, 1749), cod liver il {(Q.922 -
DL.F2FY. herring (0.F17 - 9.9730), sardine (0,932 -~ O.935),
whale (0,021 - 04,9204 menhaten {(Q.729 « Q.F31) (Brain & Bllan,
12773, The velues are alst tomparable to those for some
vegetable cils like maize oll {(O.917 - G 225), Groundrnuwt oil
(0.2 4 ~ 0,717, Tottonseetd oil (0.918 — 0.92&6) and soyabean
il {0,217 - 0,220 {Thoorpe 1747 ang Blapchk 125956, The values
gre however & little higher than the recommended vaiuves for
Tard {(0.8%5-0.704Y and rendered pork fat (0.899 - 0,.994)

{Thorpe, 1949 and FPearson, 1781).

4.58.2 REFRACTIVE INDEX:

The valups obtsined foor the refractive indices for the
fish lipids amalveed are given in Tabkle S, The refrachive

inges can e used &8 a test of the purity of the oil samples.
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THRALE T SPECIFIC GRAMITY & REFRACTIVE INMDEX OF FITH LIFPIDS AT

2ier

REMPLE SPECIFIC GRAVITY REFRACTIVE INDEX
. FH DL 0, 0007 1.4%6 % 0,003
©,ED 0.9142 = 0.0001 1.460 + Q002
C.FD D.BLAL T 0.0002 1.459 % 0,002
MR 0.717F % 02,0007 1.456 % 0,002
M, D 0.918& 3 0.0002 1,467 £ D002
. FO D.7197 % 0.L0004 1.887 % 0,002
0.FH 0.7144 1 0.0002 1,450 % 0,002
0.FD D.7154 20,0002 1.466 1 0,002
0.Fe 0.FL75 2 0,000 1.3686 3 0.002
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the valuges range between 1,450 and 1,467 and can be compared
wmith vegetable ocils lItke groundnut (1,440 ~ 1.445), sovabean.
{(1.465 ~ 1.44%), cotton seed, (1.4598 - 1,455} and maize,
{1.465 ~ 1.4468) at 40=C (Pearzon, 1781). The values are alsn
related to those of lard (1.448 - 1.460) &t 40°C and pork

t1.448 - 1.461) at 40°C (Pearson, 1981),

4.4 THIN LAYER CHROMATOGRAPHY OF THE FISH L IPIDS

T e f1T values Clrt s s =l the thin laver
chromatographilic separation mf.extracted lipid=s are given in
Table &H.

Renrene: chioroform {70:30) and chioroform: methanol: Acetic
iy water (7O:30rN.2) were used for the separation of the
reutral lipids and the phospholipid respectively. The neutral
lipidse are separated into =ix {4H)Y components, while +the
phospholipid sre eight (8) components. The identification is
made difficult dus to lark of standard lipids for comparison.
The suspecied nevtral lipids are the glyceride {(mono—,.di-and
tri-y, oholesterol, cholesterviester, free fatty acids and
sterml. The phospholipid are likely to be
phoephatidylobodins, phosphatidviethanolamine,

phosphatidy linositol . phosphatidyleerine, sphingomychin,
gptinclipicde and phosphoglyveoerides as a1l the above are
commonly found  in fish  lipids  and ®most of  the above

rhosphnl ipid components bave beén reportedly fourd in machkerel

- LR . - J—

i
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TARLE A3 RF OF THE MEUTEAL AND PHOSEROLIPID USING TLC.

=Y METRAL LIPID FHOSPHDL IFPID
I CaMHe : CHC a3 70 SO YOHE L 5 3 CHxOH: CHCHaCOOH t HaD 3 YO s 302 2: )

Component 1 0. 0N 0.058
Component 2 o, Ol 0,142
Coonporernt 3 0. 250 .28
Component 4 Oy . B[22 ., B33
GComporent G DL 5ER . 400
Component & 0.980 0 533
Comnonent 7 D.F2E
Component 2 2,985

¥¥¥ Three resding:s were obtsined {deoetermined) and all the
samples contsined the same components but o with different
relative intensities.
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4.7 CHEMICA AR RISTIC E P
Dzta on oal compositions tend to be variable and they are
affected by such factors &a=. mode of breeding, the fish
samples and the part analysed, method of storage, body
compoeitionse and species of the fiseh analysed. The fish lipid
iz yellowish in colour and they are semi solids at room

temperature (21<C).

S P | o X1 Va

The peroilde values are as shown in Table 7. These values
are least in the fresh fish lipides (2.21, 2.5 and 2.89
meEq/kg) for M. rume, C. lazera and Q. niloticus respectively)
and highest in the pre-froren fish lipids (M. rumes 5.02; C.
lazera T.10: and 0. niloticus, .31 mEg/kg). These values are
belopw the 190 mEgqrhkg given by Pearson (1981) as maximum value
for ronsumatle fate and pile in fish, Rancidity can only be
noticed when the peroside value is between 20-40 mEq/ka for
food generally, though this range depend on the type of oil
or lipid. The recsultse also indicate that there was little
effect of autonidation and lipolysis on the samples analysed,
even atter frozen for five days.

FPeronide ie formed when a food material is exposed to
DAY QEN, pErDaide ant Tree ratdicals are produced. The formation
nf theer free radicale is responsible for the spoilage of food

fGwrr and Jomes 1971,
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TopE 7 CHEMICAL CHARACTERISTICS OF FISH LIFIDS

SANME  PEARYIDE YALUE PODINE YALHE ACID YAMUE SAPBUIFICATION  ESTER YMLUE UNSAPONIFIARLE
iapXDHip)  VALUE)(ag¥Dlifg}  (sg¥DN/g) NATTER {1}
{eEglkg)
L.FH4 25010, 0% 112604005 18.5120.12  203.8310.44 185, 2200.5 L300
L.70 il 197.6020.0] 9083008 198.6710.25 179.3920.5 1.4120,02
£.Fb 1.8146,03 I 000,17  19.40730,15  205.4340,12 186,382, 5 1.3820.94
X5 .1410.0 12, M0, 7] 1A 1930,18 197083015 189.8716,12 1.040.22
M.FG S.030,03 T12.5341.14  13,11%0,07  {95.1030.18 177,870,909 1.3730.02
LFD 2.5820,00 138,8210.00  15.8130.11  201.9539.43 185.1010,42 1.72330,03
8.FH 2.8940.03 $15,4810,00  2EL1090,17 20 6430.09 185.7440.20 1.0526.05
4.f0 PR kg T5,9520,13 PRZZIO0T 204,330,014 79,1149, 46 1.0249,02

8.Fp Lina.m 98.3420.04  JT.07MLL0 MRLB0H0.13 184, 8330. 13 1.98%0.02



7.2 IODINE VALUE

fodine valuess measure the deoree of unsaturation and
therefore the reactivity of the cil. The icdine values of the
Tish lipids analysed range Trom 95.86 - 126.20. It is lowest
in the lipid of pre—-Trozen Orepchromis niloticuws and highest
in the lipid of the fresh Mormyrus rume (Table 7). The iodine
values pf the fish lipids anzlveed combpare with those of
nerring (105 - 125) and whale (108 - 130). Sardine (173 -
1920), merhaden (1580 - 180) and cod liver (155 - 173) are of
hagher iodine values than the analysed fich samples while lard
{(45-70) and pork (45-70) are of lower iocdine values (Thorpe,
1978: Pearcson, 1981).

The lipids of the samples analyeed are of low icdine
/alue hence low degree of unsaturation. Thus it can be classed
as seml drying oDils The drying oils have iocdine values
petween 120 -~ 200 and non drying oils have iocdine values of
telow 10¢C. (Pomeranz and Meloan, 1978). In general. the
greater the degree of unsaturation. the greater the i1odine
alues and the greater the tendency of the lipid to oxidative
rancadity. This implies that among the samples analyvsed the M
rume {fresh, 126.20) is most prone te oxidative rancidity and
contains the highest amount of poly unsaturated fatty acids

Latd 1
Wiia =

m
P

npiloticus i= lesset prone.
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indicstes & greater proportion of fatty gcids of low molecular
welght (Thorpe et al., 1970).

The reswnlts given in Takle 7 show high saponification
calues for all the saamples and it is highest in the lipid of
dried 2. ndlioticus (2028.80 mgkCH.g). Though the resulte show
ttle variation from fresh to oven dried samples of each of
the fTi=h analyeed, the M. rume has the least saponification
valu=s in each of the category of the fish analysed. This is
conizistent with the result cbtained from the specific gravity
study (Section 4.5.1) in which the M. rume lipid is said to
bave the most components of high molecular weight.

The saponification values of fish analysed are comparable
with the valuess for =some animal and other fish lipids. For
enample, lard, rendered pork fat, cod liver, herring, sardine,
whale, menbaden, butter fat., beef tallow have 192 - 203, 192~
2Q3¢ 180 90, 189 - 194, 188 - 192; 193 - 197; 188 - 194,
210 ST0, 196 - 200 mg KOH/g Maize (187 - 1935 mg KOH/gQ,
cotton seed (1895 19% mo KOH/g) have also some comparable
values with 1the fTieh lipides znalysed {(Pearson, 1981), while
coeonut (262 258 mg FOHSg), palm kernel (244-249 mg KOH/gQ)
have somewhst higher wvalues (Brian and Allen, 1977 Ishola,

1788, Thorgpe, 1949}).

The results obtained Tor ester values are given in Table

7. and 1t iz the difference between the saponification value
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snd aoid velus., The recsult shows that &1l the samples contain
thigh ester values. This implies that more glyceride are still
retgined in the cample=s even after frozen for five days, thus
the oils are of good quality. The results shows that the oven
dried camples contained the highest amount of glvceride

ol lowed by fresh samples and then prefrozen samples, the

e resulte of unsaponifizble matter are as shown in
Table 7. The resulte ranged from 0.96 (dried 0. niloticus) to
C. lzzera). The values obtained are within
1 2%) reported for fish oil by Willaiams,
(12864 and Peterson, (19278). The values cbtained in this study
can be compared with cod liver (upto 1.5%), herring (1-2.5%)
sardine (0.5 - 0.2%), whale (1.5%), menhaden (0.5 - 1.35%)
(Drian and Allan, 1977, Thorpe, 1949). They are however lower
than the values fTor come vegetable cils like groundnut oid
(10%), cotton seed oil (18%), Maize (28%) (Fearson, 1981,
Blanck, 1255 and Thorpe, 17949).

hese un=saponifiable matters may include squalene, some

wadles . phospholipid, sterol, higher alcohel . vitamins and some

hdrocarbons bt conmsist principally of steroids and
terpenes (Chrastie, 1973},
4.3 RO - A M1 -

0N I0ONS

e re=ults of tuelve dififerent elements investigated for
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the fhrese Ticsh samples are shown in Table 8. From the results
these elements can be classified into two main groups.
The mecro elements which include Ca, P,K, Na and Mg. and
these decrease in that order in the sample analysed.
i} Migcro elements which include In, Fe.l.Mi,Mn,Cr, and Cu

ahich &lso decrease in that order.

The M. rume specips contained the smallest amounts of
gezch slement analyeed sxcept in phosphorus.
4.8.1 CALCTIUM AND PHOSPHORUS:

N1 the fish =samplec indicate high level of calcaium
followed by phosphorus except in M. rume where this is

reversed Q. piloticue contained the haghest amount of Ca (3875
g/ 100g) followed by L. lazera (3200 mg/100g) while M. rume
fas the smallecst zmount (1450 mgrl0o0g). C. lazera has the
lpwest amount of phosphorus (2018 mg/100g) while M. rume has

the highest value (2652.70 mg/100g). The calcium values were

much higher than valuss obtained for most fruitse and some
leaty vegetzables such a= spinach (400mg/100g), bacbab leaves
(962 mg/100g ), cocoyam (402.10mg/100g), soyabean (220mg/7100g)
and loceust btean ssed (310 mg/i00g) (Ishpla, 1988). Cereals
reported Lo be the major source of phosphorus in African diet
contain 14070 mg/100g phosphorus (Ishola, 1988).

The rezult=s imply that fish can adequately supply the
calociwn and phosphorus required by the body. The average

1

amount of calcium and phosphorus required by man are 1000 -~

RN : - o LT e

mg  and & - ?00my respectively. It has been
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TRRLE 2 MACRD —~ AND MICRD -~ ELEMENTSE FROM DRIFD FISH
SAMPFLES {(mgsi00g).

TaNpLE Ca 1 ¥ N2 1 In Fe [ Xi M &r Ly

=
4

fazers  T2500%0 0B 1400000 0700 DT80 NLTS OLRIS Gk 1M 4003 L5RT L.0B@

N, rote 135000 25190 1300 138,00 TRLH 2L7E 600 0.4% 2,00 (.85 0,188 0.083

=a

. piiptirusd875h.00  2E2B.17 0 1180.80  Ji6.00 IST.W 3L2E L) Q.66 B.20 645 0188 0,138
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getimeated that pregrant and lactating women usually recuired
larpge amounte of caleium snog this ranoes from 8O0OmO — ZOO0O0mG
faily {(FAOSRHG, 19262, It would therefore mean that fish can
contributey a sigrificant apount of calcium and phoEphorus o
the dieth,

Calociuvm is needed iy the Dloocd for clotting and for
sporeszful fTurnctioning of nerves and mascles. Phozphorus is
mlesy required for complen formation (process) whereby energy
i ohtainesd frioum oridation ik 4 nutrient fadencsine
triphosphete). Phosphorus is essentizl to the structure of
every tell inm the boedy and al=o for body fluid. BHoth are
regquiresd for caleificetion of bomes in the body (Brian and

Fllan 19773 Newhaus, 1270).

4.3.2 POTASSIUM, SOBIUM AND MAGNESIUM:

The values &f the three minerals are given in Table 8. C.
iazers has the hiohest amount of potassiuvm (14%0mg/100g) ang
ecgdivwn (317.00mgsi00g)r while . npileticus contained the most
magnesium (157,50 mg/lo0g). M. rume contained the least of the
three minerals (K. 1299.00y Ma, 138.00) Mg, 72.50mg/1000). The
averae ambunts reguired by man (adult) of these minerals per
day arse potassium (12T0m0), sadium (BOmg) and magresium (Z209mag) .
Thue figh can provide thes=e minerale. Potaseivum e wsed in
epftening tissues, the potssseium ions help to control the pH

f dntracellular fluide angd smaintain osmotic pressure within

the cell. Scdivm is responsible for fluid outside the cells.
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While magnesium is used to form the bone structure of the body

with calcium and phosphorus.

4.0.3 ZIN IRON NE :

The levels of these mineral elements are relatively low,
though the btody regquires them in minute quantities. An
average amcunt reguired by an adult are Zinc (10 - 20 mg/days
Ircn (4mg/day): and icdine (0.06 - 0.15mg/day) (Brian and
Allan, 1977, Fritz et al. 197%, Blanck, 1955). Thus the fish
analyerd can comtribute significantly to these values.

Zinc is required by the body for enzyme formation, e.Q.
carbonic anhydrase found in the red blood cells where it
assicsts in guick liberation of carbondioxide from the lungs.
Ircn i reguired in the haemoglobin of the red blood cells
which transport oxygen from the lungs to the tissues and also
needed in the formation of new red corpuscles. The cell enzyme
cytochrome contain iron. The iron obtained 1 the fish
analyveed is higher than the vzlues reported for sardine (2.9
mo/100n), =pinach (3.2 mg/100g), beef (1.9 mg/100g) and egg
(2.7 mo/1o0nY (Brian & Allan, 1977). lodine 1= essential to
the body for hormone fTormation (thyroid gland). 1t combines
wmith thyrosine and the compound formed converte into hormon:s

thyrovine and thus prevents goitre (Blanck. 1955).
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Mormyrus rume

Clanas lazera Oreochromis niloticus .

X—X Dried X-X Dried X-X Dried
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FIG-1. EFFECTS OF

DRYING, FREEZING AND REFRIGERATION ON pH OF THE FISH SAMPLY




Mormyrus _rume Llarigs lazerqg Oreochromis niloticus

X-X Dried X—X Dried X-X Dried
0-0 Frozen 0-0 Frozen o0 Frozen
- 9-0 Refrigerated i 0-B  Refrigerakd o 0-0 Refrigerated
8 8 1 8
6 - 64 G-
<
41 4 - &
21 2 1 2
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STORAGE TIME (DAYS) SORAGE TIME (DAYS) STORAGE TIME (DAYS)

FIG2: EFFECTS QF DRYING, FREEZING AND REFRIGERATION ON fFA OF THE FISH SAMPLES
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S T EFFECTE ON _FREE FATTY ACID:

A storaoe time incressed, there was also an increasse An
the percent free fatty acids of all tne fish samples analvsed
{fig. 2). The resitlt shows that the refrigerated samples hsad
more free fatiy acid towards the end of the storage time,
Earlier wrkers (Mielde and WUWdehl. 17274, 0Orii, 1782} made
gimilar oObservations. The frozen fTish samples had higher

values (€. lazers. 7.6l M. rume, 7.23 and Q. piloticus, 2.3%5)

than the oven drigd camples (C. larers. 4.98, M. rumeg, 8.03

g D, piloricus, Fo02Y at the end of the storage time.

Thie incregse i the tissue frese fatty acide can be
atiributer to the hvdrolveis of the phtwphelipid by lipase and
phosphalipese into free fatty acids guring storasge (0lley et
gl., 1942). Blcott (1943) reported an increase in freg fatty

scigd antd s decrease in lipid content of Salmon agajirgneii

guring storane. Aloso Mielde and Urdehl {(1974), Orji (1989
attributed an increasse in free fatty acid in stored fish to

gatracellular Lacterizl liopase.

A4.9.5 EFFEFCTS ON PERCENT CRUHDE PROTEIN:

A general reounticon i the percent orude protein of the
FTich wae oheerved (Fig., 32Y . The lorgest amount of protein was
lost by the refrigerated samples at the end of the thirty days

sfmrane SEOUESS.
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4.20 EXPOSURE OF THE FISH LIFPID TO AIR

4.10.1 EFFECT OM TYTHE PEROXIDE Yai UE s

The pevorite value of the fish sampRles ahslveed incressed
with time (Fig. 5), dith increasinog time the components of the
fistr lipicde &Fe broblelr down by the prorcess of oxidation
produning more hydrooen perpride. Thus the rate of rancidity
o deterigration of the fish lipide increased angd this
derreases the gquality and accentability of the fish.

Sfter twelve hourz. the level of rancidity (odour and off
flawvonir} heromes noticeable because the values have excepded

the aveptable range of O--10 mEofkg given by Pearzson (1981).

Apotuslilv, it took 0. olleoticus. M. rume =i €. lazers 5.3

s, @.2% houwrs and 7025 howurs respectively to encesd the

acoeEptable rangQe.

i3 & K EFFECY ON FERECENY FREE FATTY ACID:

The free fatty agic ise directly related to the perovide
valugs., This oheervation i as a regsult of the brear down of
Rioher lipid components to free fatty acids. This incresss in
fatty sride enhances the rate oFf rancididty of the samples. The
trend oF the effecte on the Tish lipide analveed are similar
tee eatth other. The values shiw that the acid valus free fatty
grigde ocour =lomly szt the initisl staoe in all the camples
tait as mtorape prooressed, the rate of formation increased

rapicly (Figp.oéd,
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COMCLUSION AND RECOMMENDBATINING

aiitdy Fish fast becoming & mainstream of the woorld and
Migerians dgiet and with the great potential for fish oil &= a
fealth food and therapeutic subetance, the need for analysing
Fieh and pEpecially fish il guality is becoming incressingly
important. Chlioroform: methanol {221 w9 gave the ezt resualt
of =zl the solvent svetems used for extractiorn. hbwever,
Bipther methods of entragtions (espeeisily for wet samples)
wowtid b uveeful. Catrini et ®1. (19932) heve recently feaund
that minoe fish tissge comporents oy ot e recoverss as
effectively o majer components even when widely sccepted
znlvent svsteme are enphloved.

The results show that fish samples anelvsed will e good
Tish mesl Tor mirpose of tawean and poultry consumptions as &1l
of them contain similar components., The results alsc show that

Moarerits rume has the highest merit or nutritional walues. It

has the highest amount of protedin. lipid. phosphorus, &nd
irdine values., It has lesct values of peroside and asid values
artd hence 1e least atfected by autoolidation and this means ite

rate of rancidity s detericoration is the lesst. Cleriss lalers

remrbainesd the highest asourt of  potassdum,  drvon, nickeld,
chrognantl and copper and Therefore can provide more mineral

eupperte Yo the bodw. While Qrepchrodic niloticus has the

highest amount of total mineral contente (e.g e and Mg, O,

o
L.J

riloticee bas the pighset ssoonification sand seter values and

thus mav be more usetul for sosp production than others. It
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rontained more of moisture contente, peroxide and acid values.
and this made 1t to be more liable to a&sutoxidation and
rancidity than any other ones.

From the resulte, it i=s evident that oven drying at &0=C.
e the btest way of increasaing the shelf-life of fish than
freerinn or refrigeratino. However, oreservation of flesh of
the fich by any of the three processes investigated =still led
to detericration in guality. Consumption of fresh fish would
therefore be more appropriate for obtaining the mest nutrient.

I+ i= sugoested for further work, that the aming acid
composition of +the fish proteins, which could not be
investipated inn thie study due to the unavailability of
sovapment, be investigated. The vitamine and the fatty acids
cshould alen he further investigated to determine their
combonents.

Hith the high cost of some certsan fish notably sardine
and Macverel and the fact that orices have not been determined
Py mutrient value. 1t has= become necessary to establish
rnutrient compositions of &1l the opther fish consumed in
Nigeria to enable consumers make their choice on the basis of
nutrient value=s. And considering the nutritional and health
importance of fish., an all-out determination and effort to
improve production must be mountsd through efficient pond
management hased on hiclepgical information and knowledge. Thus
this should engage the uroent attention of fishery and infact

food scientists an general. This also would mean that efforts
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to develor "improved technoloogres” for fish including storaacs

facilities have to be stepped up. The technologies have to be

accentable to fieh farmers and should include the develooment

and breedino of species of fish that are:

{al
(E)
{c)

{d)

high vielding and of high nutritional guality
recponsive to cultural improvement

resistance to diseases

cultivatable in mixture with other aouatic animals.

The fish analvsed have been ehown to be hiagh 1n gquality .,

it i=s therefore suggested that they be included in efforts at

developing improved scecies (varietie=s).
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