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ABSTRACT
Fizi g good source af prowein, are soseopuible w contamipation because of their soft fssies aid
agtiatie envivcninent They can be contaminated dal ansy point toan fanm b forh sy many
meeans 110y 3 mniur public beatth coneern thaa consumers sssume that 118k catizht fresh Dom
e wild o processed is wotally safe. Tus study tereliore seeks o evabuate the human salen in
Sonwaming treshly caughd ish from dams in BEhie State and processed Osh trom Ekise environs
Zefedsiog dnd comparing e boavterid Joads on bish from boall sesrees aod identilying

massible conthuiing favtors,

Waater samples frome selected dames in the state, frosh Hish and processed tish samples wnt swab
samples from holding and processing cipipment were tabher o detennine bacteriul levebs,
CGeoreferenciny ol sample collection poini was done, Kes Bdormonts seere nterviewed (e find

aul what they know about 1ish hygiene und g, Bacteriobeeicul analsses ad bacleral

cobany counting were carried oot

Dacriplive analvsis was used w0 explain varizd bacterial levels while AreView 3.3 GIN
saftware was wsed g0 shos the loeaiions on a map.

Water samples from Lireje dam vemained higher bactertal loads L3 5 10 ctwey than Japaji
Sami2 0 x 107 efuiy and fall whhin WHO standards for fishing dittis, mahmg them seitabbe
Ik bucteria counts {ound on the Dsh skin were highest both in fresh samplesid i v 10 oy
zrd 41 % 107 cfwdg) and smoked samples (3.2 % 107 and 3.2 ¢ 107 and Bl withim WED
standandts for normal microbial ranges. Fresh tish and stoked Gsh inoan thess study dams are
sade Tor human consumption. Vared lovels of bacleriy counts observed Trom Ssbermen” s
sontainiens and Lish processers” working equipment are indicative of indisidual approaches aond
<o ieded of by piene maintenance. Mhe practives carvicd v by fishermen ard [ish processors

Y




show that they are aware of the public health implications of maimaining fish guality o ensure

delivery of quality 118h w consusmers

Partivular attention shouold be paid by fish processors, fshsellers. tishermen and indiwdials oo
fish safety through proper processing., slorage and handling procedures, The public shontd be
eithighiened vi the spherent danged thal may sccempany hardling and consumprion of e ish

T cniswmplen of mproperty cooked sl
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CHAPTER ONE

INTRODUCTHON
t.1 Background
Fish and seatinnd constitute on mportant foed component for a daroe section ol word
population (W afag e af L 20710 They come afler meat and uxs staple animal protein fovds wliere
fish forms a cheap source of protein (Wutaa ¢f wf, 2001 Sea thods bave tradilionaily dean
opuiar part of the diet in many parts of the world and in seme cownries constiinied e main
supply of animal prutein. boday. even more people ure luening o fish s el aleraiie
real meat [ Adebavo-Tavo e wh. 2071 20 Tlie Tow i content of many sea feods amd the etfect
o cotonary heart discase of the 3 pobunsaturated fary acds svod m fan pulagic Bish
speeies are extremely importn. aspects for beallh consclovs people partacilarly oo atfloent
countries where cardiovascular disease mortaiinn s high tAdebayoe- Viyo e ol 200 00
FAD (1990} as cited by Fmikpe ef of. 2011 asseried thal Nish contribules uhou o0l tic
world suppty of protein and that 60% of the developing workd derives jhore than U™ 0] their
anime] protein o fish, Fish alfows for proetein improved nutrditon fa that 0t fne oo high
bivdogical valuwe I herm o Rigt proten retention inoihe bade, o chalesierni feve! and
presence of cesential amine acrds (Emikpe o ol 200100 Fisk are pererally regarded as sale
autritious and heneficial hut aguacalture products have sunacnmes
e dssociuted with cettain fisoad sufery sues {WHOL 20075 Howeve:s corrarington ol ish
ard sR=1l 1ish oy alse cause disesses due by inleclion or intoxicalion, some of these desenses
have neen spectically ussochded with pathogens which are resistant oo aniBioigs Chlelao-

Tave ool 20H 2u).
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Water bodies are usually polluted with waste, efffuents from communities and udusiries,
agriculture. recreational use, sewape and anthropogenie activities: the resulling contanninunis
seeumulate i the fish and the aguiliv covironment as a whole  Thatcher and Clack, 1973
Clueis and Waord, 9% The microbiobugical Mora o sew toods are believed o be o rellection
of peneral suntamsnation mn e aquatic environment. Wild caught 1ish fram these water hodies
wr st sssumed 1o be sate for homan consumption, The fish provessing and preseivarion
meitels wsed may reduce or invrease the hacterial load of the il consumed Hsbs and mas
subseguently be transferred 1o the bumans tlmikpe etal . 2008 When contamiman: levels me
unsate, regulatory bodies may reconunend tha peuple limit vr avoid cating verlain spevies of
flal canght in vertnin places. (I'DA. 20tk [ish are extremely  suseepiibie o micrbial
contmination hecaise of their sofl Geses aquiatie convironment Contaminsion resi!s
mainly from rupturiog of Bsh intestine dung poer processing o0 unbealths w astnng o
of hucteria. many of them potential spaiters, e present in the surlice slime, o the uilisaml i
the intestines of live {1sh (Abolagha and & waghar, 2H 1 e Micrebial action has been known o
play  large part e abe spuilage o st e, 20000 The tope ot SHCEMIT T asscLilad worh
A particuiar 11sh depends on the water bodses 1 was Jound (hacher and Clark, 1973 Clueas
and Ward, 19963 Fishes which live in the polluted waler Bodies can easily take iy wse
bacteria while feeding along with contaminated aquatic food=. Fish s also contaniouted Juring
post-harvest activities such as poor studards of hyuiene and saritatio, SRR o NN
sty gienic condition of market e1e. Most ol porsens associated stk e culiine, Darsesting,
provessing. preservation and marketing ol fishes may not have proper Kivwledye and aellere o
praper hygicac and sanitation which lead o contamination of lishes b merodws The public

heatth implications of censumimg improporly srovessed or unsade 150 need 1o be crnphussred

[
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Phis sty therefore seaks 10 evaluate rhe hman safety in consunting freshly witd canght tish
fronm dams {rugal and uchang in BRie stane and processed fish from Fkit ensirons by assessing
and comparng the bacterial besds n s om bath soutces and idenidying the possible

contribuating Jicloes

1.2 Justification

Coomamuinunis are niredoced inie water bodies threugh Sitferent einnel- and antirogegenie
aciivities. fhere is potential Tor shese contaminams w be present m he fish consumed b
hurrans

There is paucity of infurmaiion with rewards wo the bactenal lowls contzsed a0 sl trem ther

ceosystem and possibly Trom the proces<ing Gaclihies amd seorking couiprwnt s R s

The public health implications of consuming lish iwhether Ireshhy caighi or processedi wih
itolerable bactenial load levels uve not been adeguately detined due mainis o msde of tood

preparation in e tropies (Sov i en wf . 2008

There 15 nzed e create awareness on e nuportanee of hvgtenic harsihing of ah s ensure the

salety ol humians,

1.1 Objectives
The main objective of this studs 1% Lo ascertain the warers i sorsinene reshiv cateht

wikid fish and processed preserved tish by assesanp the bacterial joads Uy contisn,

The specific ohijgetives inchudle:
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Lo To develop a peo-referanced map showving water bodies in some pants o Lhin Stic
from which wild {ish was vought their sale locations ané [ocations ot processing amd
PreEscivaTion.

II. [0 dssess the pacierien Leae fevels of fisking Jams in FRit State,

L T detenmine the Pacernal vads contained in freshly caughn wild and processed 1ish agd
ehailie plausihie contribuiing Tactor o varving levels obtained.

M, Lo determing pessibia o oad contro’ poings encountered roam [2emm e Tork,
Voo e fing ow hew mach Cehormen. b sellers and fsh Processars know aheit st

Bygiene and safets imcluding crons e mke in assuring dedivers of healths Oshoe

CONSUIMSrS,

1.4 Hypotheses
The hypotheses of this work are as friloas
i All fish are safe for consumption.
2 There i no associution belween cortany mated nar oating SOCCESINY Mgy ds wll

us neshodds ol fish handling and the intredestion of pathogens 1w constimed {1,
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CHAPTLER TWO
LITERATLRE REVIEW

2.1 Fish

Frshes ire memdens of the curer Glass Pisces. The term Fish® encompasses all sea foonds
ne g cmisiearans wikh oo ocminous enusheleton suchoas lobsters. crabs, shpmps sl
TeiER - S A3 Musslos Coukoes, hims and oasterstdebay o- Tay oo or w2020 b=l Lo
agualic Menebrates that are popicsihy cold. Pish, the member of the animuia kinpdom s
classified into phyium choydate acd worierrata ~ubphlent Phere sre more hods of Tisles
ali other kinds of water and tarnd Verebrazes pul topether and these various kiods o Gsh Jifter
s0 greatly 10 shape. colowr and sives v Aachan - Fave er ol 20020100 hus heen wigely aueeepiod
as d good source of protein and wiher clemenis seceszary for the mamtenance of healthy bods
tAdebayo- Tave er el 2012¢) Al cardishes Ras e eitier smooth or armored naked bodjes with
bomy plate. [he Jorsal and pectoral fps aze e adgeid with shuarp spines that are wsed i
defense. Thev can inflict severe wounds wd w2 nolsonous i somy species; This feilure 1
wsually for protection from predasors (Adebave Lavo of @, 200200 Tilapia s ronked as the
second mont widely farmed 1ish in the workd s Adebay o-Tavo of of . 20021, They are farmaed 1n
al least 85 counries, with most prodietiors coming from Asia wed Latin America] hnath e
2407y In 2007, alapla produetion of Ching reached 121U tng, approsimatels up 1o 390,
ol the global vield (i and Cai. 2008: Liw er o, 26105 The majorin PPN IRy B T g
tlapia production i China is sold alive in domestic market and (he remdimng are brozen or

expartation or used 1or turther processing (1 {and Cal, 2608 Fiuer o 20000
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2.2 Benefits of fish consumptivn

The importance of fish 1o man cannot be overcmphasized in the world teday (Udere ef ol
2012a). Fish is vne of the muost impornant sourees of animal protein available in the repive, I
Negeria, fsh constiture defe s e snimal procein intake. Generally, fish are song sourees af
vitamans Biloand HAL oo o sounce oF Nuorine and dodine which o

] | -
P |l.'-\.'-..'..|.1.|_l Luai

duosedoprnest o strong reeth and the drovention of sulier in mai,

Movesers avatlabilingy of these e nuiriznis depends s laree wxtent on the methods ot

slonsge, such ax salting roasting. dening and freevmyg Mishoamd shellfish are hiehls pershable,

wid pronme to vast vurleHons 10 guiests Goe Le Bferenees in pecies. enivirenmentad huab:lais.

feeding habits 4 Yagoub, J009: Adehon - a0 S 2R Ie additin, they can alse
funerion as careiers of several microbin 20 e sealth haeseds, heretore ML terangy of
quality is of s'mest importance in prode. e s ot rade of Habrery prodects Most ol current
guatity comtral techniques are tme comsomnrs amd Lumberseme Vhhough enhv oo dew

nfections agenis in {ish are able w infect bumans, some SNCEPTNS oxisl Ukt may resubl in

Tl

tatalities. However, the preatest sk to humar healtk i+ fue e the CONSmPITen of ras, oy

insulficiently processed fish and fish products (Y

Tu Tzl

=y,

ikt Acdehiano-Tavo or ) 20| 3hi

2.3 Fish hyvgiene and Fish qnality

Apart Irom the microorganisms that fishes have a1 the Sime of SUpEEuTe marg s added vy
unhz memie practices and contaminated equipment such as starzpe iy ool kandling
will result v a taster spoilage rate (Adede]i and Adetunii o af 20 Adedeii er i 2010 die
te the physical damage w the tish. resulting in vasy access tor Clevines wild spoilage hucteria,

Physical mishandiing in the et such a5 very large catches. fishermen stepping on sl o
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throwing boxes, containers and other items on top of the tish, may cause bruises and rupture ol
bluod vessels.

Vaneties of quality attribules Bave been used to assess fish freshacss in many celd waler 1151
species as sl bream. sen bass, sardine and Fusopean eel tHemander o wf. M oy o oA
20000 Adebizyoe Tave o ol 200 2d Mamy indices hive been used for e assessinent of fish
YU duriing storgee 1 Sadiom o o 200710 Sich indices comprise changes e the microbil
populaion. chemical changes cSullam e ad . 20071 as well as clanges o sensony auribies

LAdebaso-Tave e d, 201 2d)

2.4 Fishk from farm to tork

Consumers want fiod 1hat is sufe and o oome The coneem of s i o nahe sure i
kond we eat is ol the same high standard ©or all s cilizens. whelher the tood s Honmte-prsn or
comes lrom another country, i0side or olaide the country. Waork o inprove lood safery s
zoingen all the lime. bul there has in addition secn o rgod oy erhiul i e last couple of vears.
This was & response 10 headline-hitting fid sy seares o the 1990s about such things s
mad cow’ disease, dionin-contaminned feed and sduitermed alive ol The RIFPGSY s ol
ust w make sure that food safery hnws were as up-lo-date as possible, but alsa that consumers
have ws much intomation as possible abous patential risis and what = being done 1o mnumze
thenz There is no such thing as zevo fish. but ps urmosr, throsigh @ comprehensive Tood suten
stralegy. to keep risks oo minimumn with the help ef medern Tood d fagicne standands
drawe up io reflect the most advaneed seiencilic knowledge. Food satery stars an e farm. e
rules apply trom farm 10 fork, whether food s produced i the countes or 35 marenied Tron:

elsewhere in the world ¢ Buropean Communities, 245,

T




2.5 Fish contamination

Fish ake a large number of buereria nto ther gut Jrom water sediment and Food 1E mibpe of ol
2001y It has been well knowan that both lresh and brackish water lishes can harboer hurian
pathogenic bacieria pacticiiariy the coliform group (Emikpe er ol 20110 Faccal colitorm in
fisbr demunsizates the el of pollution in thesr enviranment becatse cofitorm are not naoed
thora of bacteria i sk oFoukpe o wi o 2000 Fish contamination v wiso be Dnked 1o e
mterizl, personnel. processing wels such as furklifts ihrough leakage, apening i building and
prils, Some pathogens may cvon become established in the processing plams rom oiches
where they can survive for g long peried of tinie CAdehavos Pivn o o 300 1 The tsue of 0
healthy tish i normally considered <werile wniil bacterial isversion e leads 1o <posdape
According to Adams and Moses 120081 the nommial bacterial load of the swrtee slane ol ish
Can range 11orm (07 167 clwrem” and the il smd Nirestnes can range ap 1o M and 0y e
respectively, Hood of af 119830 tound that tecal colitim levels weee abave the reconmendes
holesabe level sugpested by the National Shelitish Sarinnion Program iless than or egual @
23U gy, This was in agreement with eardier 1epart by Aaby ez of 11998 in Kasting in renms
of high viable counts of colilorm density n the water ceosvetem, Shelllish is o food substrule
For sarme zoonotie vibriog of which these microvrganisms, cause lood poisonmyg aind Jiurrhen in
Fanmian Merwad of af 20111 Shetltish muhe un exeellent sebsirte fon the mecroorumistem o
live in the aquatic habitats due w ose testure of their flesh (Merwad or o0 20010 W hen the
uGualic svstem s contaminated with pathogenic Mo, these bavteria become part ol shell1ish
micreflora (Colakoglu e of 20003 Concerning the zoonotic aspect, the farardous uthirgenic

Fibrio vonses Tite threatening food borne infections and poses a conandershly pahdic heulih
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threat as agents of sporadic and epidemic human intections to be represented us an inipurtan

nucrebial group in the feld ol tood safety {Fspiireiva of of . 20010: Merwad er agf, 20015

L6 Fish spotlage and how it vecurs

The wicrobivlegs of Hish skin and gastro intestinal et has been subjected W many reseirchas.
Bish s one o3 tie most highly perishable fowd products (Sablam er wf, 2007 Adebavo- Tave of
ai 223 Pishocan spoil from ot oster surfe and inner surlaces as Vi stomach contan
digested and digested fued which can pass into the intestine (Emikpe or ol 200110 Atter sh s
beime caught and dying the immune sistem collapses und bacteria are allowed o probiers
freely on the skin surfsce and the swnach iFmikpe of of - 200 The walls of intestines de
break down sulficiently for bactenia o e g e tesh darough de musele hee 1 Bas bee
suggested that intestinal microflora o the casaitve auent for lond spailage Thmikpe of
2011y Contaminalion of fish from enterle bacteria of human and animal origin mas alse be
responstbhle for various Food spoiliges, During handling and storage. gualiiv deterioration of
tresh fish rapidly nceurs amd Bmitls the sheid Gz of dic prodiet The guatin of sl g,
due tooa complex process in owhick phvsical, chemtes! angd vierabiological Torms o
fetenoration are implicated. Fish spoilage is a complex process i which phvsacal, chemicat
amd mivrobiclogical mechanisms are implicated ozbor o s 20060 Adebayos Lave e ol
SUIZCY Some reporls on the storage goalite of Tesen chiiled Bapis were sl ao
vomprehensive onl spodlage mechanism and gualiy assessimen N oee o 2 L ef .
201100 Adebavo-Tayo e of. 20120, Speilage bacteria difier somewlal for freshwater and

marine tish and for emperate and tropical water fsh. Storage and processing condimaons also

affect micrubial prowth (Dovle v of L 2007
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spoilage s oihe resubl of a senics of changes brought about in the dead fish muinly due 1o
creyme wnd bacteria] action, 1L starls in the Osh e soon as the Nsh dies when caught. {n arcas
where temperature i hight fish spoil within 13-20 hours depending on the specie and the
method of vaptere vAdeden and Adetungr e af, 20040 Adedeji of wl, 20124 Fish s extreniehy
purisnibie [1peais casily “dpoilige” ean be delmed a5 2 change in lish or Gsh prodacrs s
renders tham ioss aceeptahie. anecceptable or unsafe for haman consumplian. Fsh usdercoing
speifage has one or more of the wlivwing sipns: slime lormation: discoioration: changes
textare; ot-odors: off flavors and cus prodoetion

Fresh fisfi spoitage can be very rapid atter iv s canght. Fhe spoilage process 1Rigor muori< wiil
start within 12 hoof their cateh in the figh ambient temperatures ab the tropics (3erkel of i .
2004). Rigor martiy is the process hrough wineh fish toses its Hexibitioe due 1o stifening o
fish mssels after fow hour of'ins desth dAaebaw de e of, 20081 Most sl species desrade a5 3
result ol digestive eorynies and lipases. microbos” spoiliee from surtace bugteria and osidinmn
PAMEC, 23y During lish spoitage. thoere b breahdown of varions componeris and the
tormation of new compounds, These new compoiusds are responsible for te changes 1 wdour.
Navor and texture of the fish meut. This representy a major concern of the freshness of saleable
products and the breakdown of proteine and Hpids. Higher energy demanding treve-storge
preservation can be alicred by synthetic ur natural preservatives S contrul of lipid eaidanion
and microbldd prowth in (ish during storage (Mahnowd e of . 20067 Combinaion of tese
preservatives and refrigeration diminishes the process of spetlage (Bagumboula o ai 20047
Compositional chasyes during fish spoiluge result in lipid oxidation and protem depradation as
wall as the doss of other valuuble molevules 1o order w develup ORHOIT PTURCTY AL

technigues for these value added products in setive Torms, understanding of the mechanisim
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responsible tor their degradation 15 essential, Lhis review will focus on basic mechanisns of
fish spoilage. preservation ot fish with low remperature storage and comprehensive anabysis of

chemical presernation method:
2.6.1 Factors that lead to fish spoilage and deterioration of fish

Fish spaiiage results ram thres busic mechanisms: Eozymuatic aatolvais esidation. microbial

ariaTh,

2.6.1.1 Microbulugical spoitage

Live fish is normsably considered @ be stenle. bus microsrganisms ure Tound o all the onter
surfaces {skin and 21153 and o the wiimentiry tract of lve and newdhy canglo fish VITV iy
numbers. A noemmal vange of THF-10 ¢f el on the skin and hetween 107 and 1907 iy ain the
eills and intestines Das been ohserved fAdeder and Adelumii e af 2inid: Adede oo 2010
Composition of the microflorn on newh caughiish depends on the microbisl contents of the
water 10 which the Fish Tive. Fish microura invludes bacteriul specics such as #verndomems.
Mealigenes. Fitwio, Sevvariu and Aficrocor s Viram and Huss, 20000 Microbial wronntly
metabolisin s a major cause of fish spoilage which produce amines. hicgcnic amines such as
putrescine, histamine arad cadavesine. cruanic acids. sulphides. alcobols. aidehvdes and hetones
with wnpleasant and uikweeeptable off-favors  Dolgaard ef af | ik Liarshorg veadl, 20435 Crram
and Dalgaard. 20025 Pov unpreserved tish, spotiage is a resuit of Gram-negat e, Sermentt iy ¢
bacteria tsuch as Fitviomaceae), wherens psvehrotolerant Girum-negais s haclorin fsuch s
Pyendomuoncs spp. and Shewanella sppo tend o spoit chilted 1ish (Cian, aod Huss, 2000, 3¢ s,
therefore, important o distinguish non spoilage microftora rrom sput b pacteri sy many of

the bacteria present do not actuatly contribuee wospoilage $Huss, 19951 ] by campasniks forwed
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during sputage through microbial mebalisn are Trimethylamine (TMAY, Hydrogen sulphide
PHES 3 Methvlwerearplan (CHISH Dimetheladphide ((CH328): vpoxanthine 1HNy und
Amulonia (NH3

A Trimethylamine (1WA Tevel s vsed universully to determine microbial detenioritzen leading
W fish spodlage. Fish use Trimethytamine Oxide (TMAO} as un osmoregulant o ctvoid
delrvdriiion i marine environments wed tssue waterlogeing in fresh water

Bacieria  such ax Shewwunelia purijaciens.  devomomas SPP.. psvchmesafor
Enterobuctericcede. P phospliorcin and Fibrio spp. can ablain enerpy reduciag A0 50

THMA creating the amomaonia-Tikes ot Tus ors 1Cmany snd Dalpasrd, 20070
¢ K

2.6.1.2 Chemicai oxidation spoilage

Chemical spoilage processes are changes ik ing plave Bt the Jipld Traction o the 1s1 1 ipids e
oxidised w peroxides. aldehvdes, ketones ard lower afiphatic acids. The [tvdro-pernsadaes e
tasteless bun can cause brown and vellow discolouration of the fish tsste 1 4dede]t nd
Adetuni er il 20040 Adedei er wf . 221 Lipid oxidation 1s 2 maor cause of deterantan
and sprilage for the pelugic fish species such as macherel and herring with nigh ol fu1 cantent
stored fat in iheir flesh (Traser and Sumar, 1990, Lipid oxidation iovolves s three sidee free
rshical mechanism: initintion. propagation and teeminalion 1bnkel 1985 Klusa and
Suiwatl, 1983, Initation lovelves the formauun of lipid free radicd s tiens s ot s s sach s
heat. metat jons and irradiation. These free radivals which react st oo con 0 loer PEIINL ]
radicals. Diving propagation. the peroxyd adicats reacting with ether by mclecules e form
hydroperoxades and a new free padical (Fraser snd Sumar, 19950 Heion, 50400 Permination
oeeurs when a builaup o these free sudiculs ieract w o nomadical prodnets, ©aduton
typreally imvalves the reaction of vavprent with the double honds of fatly soids
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Therefore, fish lipids which consist of pobvunsaturated fatty acids are highiy swsceptible o
oxidution. Molevudar oxveen necds o be activared i order o adlow osidanon 1 ovens
Transition metals are primany activatons o molecular oxvgen (Hultin, 19941 In tish. Jiptd
cxtdation can vecut enzymativaily or non-enzymaileslly. Fhe enyvmatic hvdrolvsis of fus by
lipases i tenmed palvais flat deterterationy. During this process. lipuses split the piveerides
forming free fatty aoids which are responsible [er common of fflivoue, freguently relered o as
rancidiny and  reducing the o gualie (1lus in't Veld, 1996: FADL 19863 The lipolvic
enyymis eouid @ither be endopencos o the Tood product tsuch as milkd or derived Trom
pavehrotrophic micreorganisms sLldi~ in't Veld 1996) Phe cnevmes invalved are e Gt
present o the skio, hloond and tissue. The main cnzvmes i fsh lpud Budrclyae e sriacsd
lipase. phosphotipase A2 and phospiiolipase B {Audies of ol 1975, Yorhenski ol

Brockerboft. Fvad)

2.6.1.3 Autolytic enzymaltic spoilage

Ax fish dies. s enzvoatic activity dovs not slop immediatels, but continues restiting i
proteadyie changes that are responsible for carts guoalits loss in fresh lish tAdeder: and
Adetuni ef af. 20040 Adeded e of . 200250 The more these enzvmes uel in contact with the
fish's Hesh the yreater the spoitage. Adenosine riphosphate (A TP s Broken down frossh o
series of preducts such as adenesine diphosphate (AP o5 RTINS AP R R R AL
iesine and hyvpoxanthicy (HX5

Shorily alter capture, chemical and biologival chanpes ke place 1 dead 5= due oo €0y Il
Breavdown of major fish molecubes 1EAO, U3 Hansen vrowe 1195900 <t that qutelviie
enzvmmes redtesd wxtaral guality during eards srages of deteriarstion bus Jkt not produce the

vharaaerisle spitlage eff-edors aad oft-sors This dsdicates thar autol e Jearadalion van
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timit shelt-Jite and product guality even with relatively low levels of spoilage organisms. The
autelytic changes that oveur in chilled-drozen fish are Glveopen, ATO. ADP. AMP. [MPE.
Proteins. peptides and  [MAD Sast of the impact is on texturs] qualiy alomg with the

production o kvpoxanthine and formaldehvde,

2.6.2 Factors that affect the shelf life of fish

2.6.2.1 Effects of time/temperature conditions on microbial grow th

The mest erucial tactors determining the yuuling ot f1ahery products are time and empenzure
tveranee. Proliferation of microvrganisms reguires apprepriate high lemperistures. sohile
lower temperatares close w (°CL their setivity is reduced. thereby extending tiw sheit fif of

fish products s Adedeji and Adetuni er ef | 2004: Adodejy eraf 0104

2.6,2.2 LEffects of bandling and hygicne on fish yuality

Agart from the micreorganisms that fishes have at the time ol capture. more s added vig
unhs gienic practives and conteminated equipment such as storage facilities Rough handiing
will result in w Faster spoilage rate 1 Adededi ana? Adetunjs er af L 2004 Adedefi of F 2120
This is due to the physical damage 10 the fish, resulting i easy aoeess lor ez mes und spoilagy
bacieria. Physical mishand)ing in the net. such iy very targe catchos, fsherinen stepphig on lish
ar trosving boxes, containers and other items on 1op of the Fsh, M Caise Praises and ruplure

of blood vessets{ Adedefi and Adetunii er af, 20604 Adedoii eef 2002

2.6.2.3 lnitial bacterial lnads
The mrecrdlors on wapical fish aften carries stightly hisher fosd o) Gram-pusitives and
2ntern Pacteria but atherwise s stmilas 1o the o on tempuerdle-woier =i Basically . hacteria

prpsiatons on temperdle fshoure predomiouetly poychrotrophic refleching water temperdtires
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ol about 1MC while fish from the topivs have largely mesephilic bacteria | Adedeii and

Adetunji ef of . 2004, Adedeji ef o 20120

2.6.2.4 Methads of capture
The fishing gear and method smrioved detenmunes the time tahen botw een cipture and Jdeath

(Adedeii and Adetumn o0 ) ZU0d, Aaadedl oo 20020 Fish caupls in Hnels stripuele nuch

o wsupe. amd i ose duing thes wre prised b the ret which inereases oy mosure ool
erirs and subsequent detenivrauon cAdedefi and Adewnii er o 20040 Mdedeii or o
201 ndish caught by hook and iine mwtheds, on the other band. die relatively okl

therzfore bruises and siresses wre tkels o be minimal rAdedei: and Adetunn v af, i

Adedeit vz af., 2012),

. 2.6.2.5Mode of storage
In butk-stotae. the weigle of the pile may crush the fish at the botom, leading o hes of
welpht rvieldbas well as other phyvaical damagze @ dede)i and Adeten er g 20k Neleategn o
wl. 20 21l has been reported that when haddock is kepl in a shorr deep pile of about T 1L the
bottony fish lose 3% of their weight compared o o normal weight oss ol 3.8%. which
eatirely due to biochemical changes that cinse & loss of water holding careity leading 1o dnn

[Addedent and Adetuni o of 0 2004: Adede)i of of. 20121

- .7Fish preservation
Methads are tsed 1o keeping the sumplus Gsh in cood condition e frer o om0 Wdodes
and Adetunp er of, 20040 Adedele or af L 20025 Againg fTshormen samoiimes s et o
their willages promptly with fresh fish thes have caingh sid G0l b ! e b then oo ke

how o preserve their catch by simple means Preservation of 1ish i Jone 1o Prevent spelape.




Sinece fish 15 very perishable, it is theretore. tectssary (o proserve [sh iU no consemed o
disposed immediately

Fish preservation is the methoed of extending the shelt lite of Tish and other 1shers preclucis b
applyimg the priocipies of chameinn, epgineening and other branches of scienee 1 wrder 1o

imprese e gualing of the mredoo,

2.8 Fish handiing and processing

Woerks done by Adedell and Ao oe of . Jd and Adedesi e of . 20T Jdentified rise
foltons ing steps to ensarz handting o TR apprepriatel,

I Avosd exposing the tish o sunlisng Keep ther ina shaded area,

2. Iee the fish immediately sfter thes are i o lower their [eMperatiee.

A Remove ibe gills and internal vreaes

. Avord soaking thee 513 (o0 Jung ke s ster o ceatk as ihis citsly sponls the Nsh,

3. Use mechanical redvigeraiion i there are aciines . Adeden and Advtungy er i 2
Adedopi erad, 2012

Processing means handling. stonng. prepseine, heading, o tseerating. shocking, Freezing,

chamgiog mio different market fomms, macusing sy presering, packing, labeliong. dinkside

tnioading, or holding fish or Nshery products fRussell 20d0 1 - seerating or leadimg v board

a harvest vessel— not o factory traneter—with the sobe intent w2 bl mo o srovess, the catch
5 exempt froim these regulations. Howeser, evisveration heading carrie s aan agudeulture
facifity before delivery to u processing prant mast comply wits Siese cwulalions 1R ussel

2U041. Methods of fish processing include a. Curing h. leine ¢ Frecvng J Cunmg [ 1Be s

of addiiives or chemieals,
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2.8.I Fish curing

This 15 defined as the method of prescrving < by means of salumg, drying, smoking mud
pickling, Fish 1o be cured are usudily fiea cieaned. scaled. and eviscerated  Medinm i sed
fishes are splin shrough the buckbone and top of the head. with the tvo halves aurlied by the

helly skin butterihy stale i Adedel. =nd Adetunii, 2004, Adederi, 2002

2.8.2 Fish canning

Lt b 2 process invalving ket woummient of fsh in sealed comainers made o [is plies,
alumiriunt vans o ghass. wtil the product has been il sterilized The canned find Bsh i alwo
preventnd fram contamination by pettosenic vraanisms by stortng thent 10 o virlwsilh aictagh
package. [F heat treatment 15 properly carricd ovu canned 1sh BLES LI 10 shormige T soson!

vears withowt relnigeration { Adedeii and Adeumii, 2004: Adededi, 20120

2.9 Fish contamination with different organisms

The presence of highly pathogenic bacteria isolales, ke Baciltu SpoSerferonailio spo Nalselo
sp.bocolt, Peendomoncas sp.and 5 awrces in Fish are organisms al public headith corcern The
presence ol these microbes is an indication ol possible contamination resblting fromn the use of
well water. whicl s muosthy wsed in lucal tood provessirg mdastries e et Gee from microhial

COntAminalion.

2.9.1 Enterobacteriaceae
Enterobacteriveeae are s lurge, diverse heteropeneous proup of rod shaped eram nerdiive
dactlti that survive under aerabic conditions wid rormally infabn he imestine of man and

annnals sonke are motile while some others are nol (OIS UM e, 20T dese ot af




cause diseases especially when given the opportunity. They are non-spore forming juwd soow
have capswles while others do nor 1Clayemi er wd, 2007, Uderze e uf . 200201 In o siads I
Yagoub (200, Enrerobacieriacens were isolated [rom gills, skut museles and the intestine of
randamiy coliecied fishes, Thamparan er wf (2003 reported that the weerobial gualic: of the
tlapia indicated thal 20 Bsste sempios 2o mascle sissues were contaminased with Teeal
culitonn where Fscliercadn oodt was the most common contaminant and s offen cncowstered

i hizh numbers.

2.9.0.1 Salmanefla

Contamimation of scalood with Saimoneiic s major pubiic health concars The resene
wbsalmonelia in seafood has Been ropored i Victnam, India. Sri Lanks, Lhailaod, 1 sivan anil
Japan tPonce or wf 2008 Waltha o w2601 During a Y-vear study 11990 [9us ) g oo
and Drug Adianisiaton noted an overad | incidence of Safmonedia in 720 0 1031
from imported and 1.3% ol 768 samples from Jomestic VS seafood (Wating o af, 208 10 I
Uroatiz, Safmonetla spp. was recorded as 1he primary microbial pathogens responsible tor ihe

mdjorty of food-bore ilInesses cWatas e of 200 Ly

2.9, 1.2 Escherichin coli

Esvherichiv ol cause dysentery . Normad fsh and buman skin is @ ocemnles BT lan aid the
bactenial pepulations associuted with it are complex in kind and nusber e kin PPt 1
growth of both uerobic and anacrobic bacteria (AdChavo-Tavo or o 2006, Toiad

2.9.2 Staphyiococcus specivs

Stapiviococens aureis. a mesophile have been imiplicated tn Fead poiseming sutbreak of some
foed inaterial, Odunda (1988 cited by Adehave-Tava cral . 2006 2009, repermed that S curens
fevels of IR ml are considered potentiul burardoas w vonsumers. The presence of Yogwrene s
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an indication of contamination by food handlers and B0% of them are beng harbored Iy man as
normal micro flora, § warcuy kovan for production of bear stable enterotoxin and potentals tor
multiple antibintic resistances when thes pet inte the living tssue makes the srodeer of
immense epidemioiopicnd danier cAdehau- Luve e wf, 2004,

2.9.3 Pseudomonas species

Prvsidontons species 1s prevalent among patiants with wounds, burns, cystic fibrosis are Tikel
W hane intreduced oo the envirenment B saommers and idfected indiy iduals witg dse Hiese
wirlers were the tilapta samples were shraned for recreational purposes L Adchuve Eive or o
20061 The contamination may be s & resull of oman aclivities such as deposition of [aeca]
Dlatters, wishing, bathing, discharce o ¢ enis o the mivers were these Dsh are e ested

Fronns.

D ABacius species

Baciiny sprecren causes g oxoemedicaied crease rather than infection such as Jiarrhen and
emetic iness characterized by nanses and worsticg o Mdebwvo- Lave o af. 2006, 20007 The
veeartenees of Bocilley spoin fish con be ssad & e as 3 vesuln ol precadence uf thely spores in
the environment {Adebayo-Lavo er of 200 Booditg species are spore formiers whise spores
could survive high temperatures of processizg ] e organians aee present in most rvy materials
used 10 lvod mannfacturing st concenteasion o 193 ¢ or fesss [he infectbous dose bus been

estimated 10 be 105 Adebavo-Tava vr o, 2o

2.9.5 Erpsipelothrix rhusiopathilae

Infection with £rsipefothrix rhucioporhoe serssipeloddibs also known as fsb Dandbers Jisease,
fsh bandler, blubber finger, ete. it humans. <nce b s most commonh characterized By
swollen fingers (Hastein e af, 20081 The hacterfum s reported to occur on Gk and 2l

1




inleetivm 18 most often introduced o bomans through skin wounds, Phus, the Jiscase mins me
vemnsidered s vocepational i humans, due to bandling fish and tish products contomiziited
with £, rhusiopaafiae. The discase i3 usually Benign. but may he Fatal in some cases. Futl

eodocardits s been deservibed follovwing the gotting of eels (1 astein o o, 200000

2060 Kiehsiella specivs

Bacteria trom the penus Alehsivlin caoses numerous infections i buman, which are ofien
reated with Flactam antibiotics (Amin e qf, 20090 A variety of nosocomial and communit
aoguired (toed bore) infections are caused by K prewmowsice. one of the mest deadly
pathogens of Enivrobuctericeue amn o al 2008, Udere e ol 200205 These mathosens
passess B-lacimase, theretore they medisie high levels of resistancy 1o fluctam anlibivtics and
have become o global threat (Amin o i 20089 Tidese o af L 201200 K purenmiringe 1= 0n
enteric Crramnegatve bacillus caosing hostoal-acquired intections and infections i Jdebilinmed
of immune-compromised paticnts accodnizie Sroap o (0% of sl posecamial baoter:al
tctiens, hMostly these mbecnons are treated with B-lactam antbictcs, which are suails
hydralvzed by B-lacimases produced byosuch microerganisms resulting o fuilure o theraps
Because of resistance of many Afedyviolia sposirgins W Belaclwngses: aliernative antibiong
therapy can make use of aminoglveesides ans sumilone Gy er ol 20090 Udere of i,
201 2by Tideze e all (20123 carried ot o stady 1w find out i Kivkyiclla pacumonio baciena
sulate can survive in the fish rimpianis o s and ebservation of e puhlic healtl Bazard
that haclera Le. fest organism and raivral Hor exposes the people This stwhy By Euleee o ot
(2012 ) showed that Klehsiellu pacignoasior mas CAGSS an imlcetion i caniizh sl voanact o 2

veelor of human pathogen.
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2.9, Listeria species

Lisreria mromocvfogenes has heen isolated on a regular basis from o wide varicty of sealomd
products including fresh. frozen, fermented, cold simoked and saBted sk derived Grom
aquacaliore as wall as capitve fisheries. s o problemy oflen associated wath Dshowed 1340
prochucts from femperate climates (Hasiein e o0, 20061 The organism s chivuitons in netu
o reparded 2s @ 2ounotic agent, causing meringitis dod abortioms in sheep and sepiiveentiis o
lembs, as weil a5 food-borne tiness 1 humans (Hastein e wf, 200610 Lisreria meno proite e
fos alse cccasionally been found in smoked salmon and i is thooght that the pacieniunm s
ntroduced through water dwing the production process {ifastein er el 2006 Cobd smoking
does pod eluninate Lo mennevogeses tHastein ef wf 20061 and. although baciariad connmis are
rediced by hot smoking, the bacieriom is ot completels ehimiraied From sowhed produsts
{Hasteip ef ¢ . 20060 The isobudon of different stains of L morocisorenes o s [1sh and
final preducts indecates that contamination nun lake place at several stages m the production

chaol between harvesting and production fur corscmption (Hastean e uf. 20000,

1.9.8 Pathogenic Vibrio species

Puthogenic Fibrios have been a public heahth concern for seafoodd consumers and have Deen
cause of ouporl bans, detentions and rejections nr inernational sh trade «Wathaa or i, 200 [y
e By Vibnonaceas is autochihonois 1w aquatic enstronments ingteding estudrme, coastal
waiers and sedimens worldwide, and some species are wellknewr: pattwens af marine
vrgansms including tish und shelllish (Merwad er el 200 Ly The imporanee of { ibedee aop 6
contanunitant of raw or under vooked seafood has been well establishod 18 uean e o 00Y
Species swch as Foochoderae, Foparchaersaliiicns. Vovwfnificies, U alvoiob tiviws U sumican

Fofluvighs Vo flrnissii b mersotnibovi, UV holliae and 7 dannsed are biman paibogens
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LAdeteve er el 20000 They account tor a signiiican propartion of human inlectiens such as
gastroentenits, wsially associated wath consumption of raw or undercooked seatoomd ) woui
mfections, seplicemia and car intections  Adeleve e wf. 20000 Most of these vibrics secrdis
enterotoxing i feods, waler of in the gastraintestinal tract (Nishibuehi ez af . 2004,

The presence o other spevkes af 1 lRrie [ e purihoemolvticns, ibew i and
[edereomonions s mas heen repeatedly reported on shetlllshes i1 previntes studies by Colahoaen o
o6 AN (2010 and Adehavo-Tave e of (2001labr Reston er wf (2007} sosated
Aerimonas spp. Plesiomonas shigeiloides, UVibrie cholerae U1 Vibro parahaemetsiice aid
it vaebilficus fromy dilferent organs of fishes. [1owas faund thal the by eionic gualise sl
freshness of fish and shellfish decreased in summer, especially Tor clam wisd mussel «Yigonk,
2009, Pitwio poraheemolvicns and Fibrio velnificis are pirl of the natumal Dori of e e
and coastal maring envirenments worldwide and have been isolated 1Tom sea - wed b kish
water o both tropical and temperate sepions, sediments. and o vartety of seatoad eepecalls

shedlfish and besalve mollusks (Kirs erad 20011 Walaa or o, 20010,

2.9.9 Aspergillus species

Axpergiiia spp. have also been buplicaled 0 causing mvestonia in human  Adebave- Tava e
who 2009 A flavas is involved inoallergic fasperpillosis (pulmenars aspergnlio-.s: and als
produces aflatoxin that ix highly carcinegenic | Adebayo- Pavo v a2 The pioseioe !
spevies of Aspergillus could be attributed 1o the prevalenve of tiesr spares o 1he anovsphere
{Adebayw-Tayo er of. 2009, [his organism was easilv lrapped Jureg the poat harvess
processing and handling of tilepia Nshes, Since most futea! spores e toamd n the air the

spores must have contammated the tlapia fishes during storage. transportaion wnd Heplaying




Ting fehes al the market, The lberated spore can easily settie on food and ceriimg- o1 moone

=ne then germuinate {Adebiayo- v er o, 2000

2.9.10 (ither bacteria

Asromennd bacteria are ubiguitous o the cnvironmend and several Feromibos el b
neen Teparied o cause diseusye i [ishe as well as beng potental lond-bonw pathocon- i may
cular diremse mnohumans (Huastem of wio 200600 Food-hotne mathogenic bacteric sachoas
ampv.obacter, Shizella and Yersinia are seldom ussociated with hish,

Nevertheless, the 1sh pathogenic bucternin P rneders Bas been reported e oecer o0 oo
¢ Hastein er af ., X006Y. fdwaradviefia farda, which causes ered Jdiscase in eoks as well s orreritis
in penguins, is also sporadically reported as gonsing gastroententis and seplicaem i 2 s

i Hastems ef af . 20065,

210 Sources and Routes of fish contamination §fiom farm 10 ferk

2.10.1 Water

The microbial composeaion of fish depends upon the microbial counts o waler in owheaeh thes
live, Howewver. fresh and internal organs of 1reshly cauche healthy fish em o imeeiond amd
emperature water are normally sterile becanse the scale and shnie covering the Ssdi sones as
hivlogical barriers to the entry of microorganisms (FLHD. 2005 e ponds ad rners il
narbour the fish may be the souree of conterminaies due to indesersminaie dupositon o kunan,
animal exereta wed other environmental wustes nto naturad watet, lad geg Jaee the rains
season especiably, as the fazcal marter front various sodrees are washed o contarimated Land
ity dilferent water bodies (Emikpe ef o, 20000 Free roaming aisicnls and pels especialh
dugs also contribate 1o taccal contsmination ol surfuce water. Rien-off frem rimds, parking lots
and nards can curry animal wasles ioto malaral water comrse and ponds 1 Emikpe eroad, 21T

23




Birds can also be a significant source of bacteria, Swans: Geese and other water fowl can ull
clevate bacterta counts in water bodics and ponds (Dovie and Frieson. 20061, Contumindion of

lakes, reservears, rivers, and ovean waters can ati=ct {1sh and shelltish,

Seatond  product: Rurvested frem centumimied  waters or which have heen improperhs
proseryed afier Bamesting are Andun woplay an important rele ininfections by i
cepovialy vrostuceans oMWafas o ol 2L e potential of saner no harbor  micrnebial
pathogens and causing subsequent ilness s well documented for both Jdeveloped and
develuping countries (CGkonko e ol 2068, 2009 ), Water-related diseases contime e be one of
the major health problems globally i konke of af.. 2008, 2009) reparied 1hat both bavteri und
Lungi are commen oty of fish refaicd products during packaging. 1 is estinated the 807, ot
Al ilinesses are linked o use of water of poar microhtological quatity (Okonko o of., 2008,

2008,

2. 1.2 Hymiene

Although interventions for improving sunitstion ke laoged behind those for water, proising
advinces have been reported. especialty in the development of ecotugic sanilation Avslens.
Accordig 10 Olinvafem and Simisave (2005 ched by Okonke o af, 2008, 20003 most of e
suusage being sold as ready-to-tood pose Trealih rish o consumers, making 0 unperalive (o
stitiste not only santiary measares during its production and sales hil o retaiiees il ra
of pre-precessed fouds 1o have asteady souree of power supply, The prosence of indes ! water
quality and indicators of faccal comtamimation such ay £ coli Nirepnoosns feeoadis
Futzeehacter geroggenes and Safmonella Spoare as g resull or pessible contanzmate Juring
~zxon unbtgrenic handbing of seatoud right fron the processing plants aod this iEht hise
2ot 2oy aTiot en the heonlih of the consumers 1Okanko e wf,. 20018)
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According 10 Okonko e af. (2008), the prosence of Siaphviococcus wuerys, o patiogenic
wrgantsm of public health concern and significance in frozen seafood products contaminaid
the processed seafood products trom souree as d result of handling by processors. Jmproper
bandding and improper hvwiene migh lead o the contamination of reads -lo-eat fiod and ilis

might eventeally attects the health of the consuniers.

2.80.3 Food Precessors! Handlers

Food processors? handlers s the sources of nierohial chanee inocutation, mcrmbinl Leod
peison, food intoxication and foed spoifage henee, foed  processorsundlers may b
coublerproductive by being respomiiblz for public bealth hazard and toss of revenne, Bankole of
al (2005) repurled in a studs eavied on fond handbers that all the palms of Toed handlers
harbored Stapindococens e and the paims af horel operawrs among the fimod vondoes

sampled were s¢povied to have barhored the least tepes of microorgamesms.

2.11 public health relationships between human health and fish health

the of the major risks mvobies the comamption of Faw or undercooked seatond that nun be
naturally conavinated by foodbome pathogens present in the manne covironaent, Suck resk s
further increased i the food is mishandled during processimg where pathosens eould multipl
exponentially under tavourable conditions (FELY, 20037 Consumption of as or undercoaked
seatoud is Tecognized as oa healtl risk 1o consumers. Seu fods arg prse he hogcterial
contamination, especially filier feeders such as mussels, and ovsters wineh convenirate Lese
pavteria in their filtration systems and, therefore. we ideally suited 16 trup all Secieria and

wimdses, pathugenic or otherwise. that live in the water {Popovic or f 2000 Wolua of o

ko
o




scatood may be a vehicle tor most of known bacterial pathogens, s Saimimellu and 1ibrio
S0,

Seatood is a nutritivus food that constitutes one of the desirable compunents o healths dict
Nevertheless, there s health nahs associated with the consumption of seatowd. bish Jisewse
caitse euiome losses not oy from monaline but also lreatment eapenses. postpenemes ur
luss ot the opponurity o sell the tish and contraction of zeonotic diseases b e falivn amd
final consumer of the affected sk Contaminunon of hands and surfaces during clesning s
eliseeration of fish is & conimaon route ot pathopen infection throush conlamination of i
tood  Fish and Shellfish not only transmil disease o man hut are themselves subjedt 1o L
diseases and capable of transmitting rans of the established fond Bome microbial mleci s

and intoxications {Emikpe ef ol 2017

2.12 Hazard Anpalysis Critical Control Points iHACCP)

HACCE b5 a svstem whick wdentities hazards and implements measures Bor thesr conteal B was
st devetoped in 1960 o ensure food satése For the manned space program. Fhe mam
vhjectives of NASA were o prevent food safeny problems and comtrol food horme discases.
HACCP has been widely used by tied incdustes sinee the Tate 1970 amd now 11 i mterlonaily

recognized as the best sysiem for ensuripg food satity (Russell er af.. 2004y,

The HACCTP system of assuring food safery und qualin bas oow axired worldwide LSNRRIHTE
as the maost cost-etfective and reliable svstem available, b is based o5 1he dernifioston o risks,
THnLzing those risks through the design and laveut of the phusicul e irormient i alh
high standards of bvgicoe can be assured. sets measurable standards wnd exstabl shes ey

svstems. HACCP also establishes procedures for verifying that the svaiem i working
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effectively {Russell ef of.. 20081 HACCT is o sufftetently flexibie system o be suceesstulls
applied at all critical stages -- {rom harvesting of Nsh w reaching the consumer. Forosuels a
systent toowork syccesstully. all stakehelders must co-operate which ontails incrcasiog the
mationa) capacily for intreducing and maeintamng HACCE measares Che svslem’s congrol
authority needs o Jdesign amd impiement the ss-lem, chzuring that menitoring sod corrective

MEasues are pul in place,

HACCT i3 erdorsed by the:

«  PFoodand Agricolture Orguntzation - A

Codex Alimentanius Comimission ca commission of the United Nations

Lindted Statey Food and Druwe Admsisration (FDA

=  Furapean Linien (R4

Workd Health Chrgani sation 1 WEH

Phere are seven hasic prineiples:

o Principle |0 Condoet & hazand analy sis,

o Principle 20 After assessing all the processing steps. the Crnineal comme poant 100 s
contiailed, COP are points which determine and contral sigritivant basards inoa fued
manufacturing process,

v Principle 30 Set op eritical limas in order to ensure that the hazand weaiiliod s being
controlled eftectsely.

»  Irnpciple & Establish o sysiem so as to meaitor the CCP.
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«  Principle 5 Establish corrective wctions where the critical linil has nol besst miet,
Appropriate actions need 10 be taken which can be on a short or lomg-lerm Busis. All
records must be sustamed seourane!y.

«  Principle 6: Establish authentication procedures so as to condims it the prinviples
mposed by HACCP Jocunients are belng respevted effectively and all secords sre beng

lathn

Prirciple 7 Analvze i the FIACUT plan sve wirking ettectivels ¢ Russell ¢r of. 2004,

2.12.1 implementativn of HACCP

l'o achieve the eltective imptementaiior of HACLY i the Sweal 1ish provessing establishormnts
suecesstully. virtous proprammes and activities need W he done by Southeast Asiar Fisherios

Development Center (SEAFDEC JU00-2003y:

.

Lo provide bener understanding on the impotance of HACCT svstent e sl figh

processing establishments in order 1 produee better qualits wd sute producs

¢ To assist the processing estahlishowent in enfancing the <afery wind gualing ol ilwir
prococt by providing sechoical taining on HACUE. Clod Manulaciuring Praclives
aMPT and Good Hygivne Practices (OMHP), bvgiene and <anitation and oher relased
SUBICCTS 0 various personne,

¢ Tu assist the processing industry in the applicution of HACCT o deir predieton
GpeTalian,

e 1o have repulur inspections carricd oul a1 the processing esthlhihimenis inooerder fe

ensure complianes with the HACCP regurerents.

To develop rudes and regulations lor qualiny MZNANSINCRE POErane.
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¢« To provide g standardized nspection Laboratory with sufficient taalites aod
equipinent wocaery o laberators analy=is for the need of industries.

v o rain guabified [2horaters anabs <

[useeh regionad coliaperation and ne participaie in all the conference, waining, mwetiiy
sl e guaniy sssurance refated mae s

FACUR Prograes are designed o prevent unsaty foods fron reacking the consumer. Prifucoers
o aquaie prodoets are exempt from HACCPrelated regulations. the provessors of ail
ayiaciiture products flave o Bisl recesving or pre-haevest as a CCR e aheir HACCT plans
tRussellee afl, 20047 Therelvre. it ix 1he responsibiliny of the producer 10 provide sl [T nor
with information concerning chomical contaminants und aquaculiure drups <o il (e
processor can comply with bis plan. Agoaceliure preducers whe engape moam tonm of
processing, such as eviseerating or heading, are vonsidered provessors and mus: Foilow the

procedures to determime what, iFany, HACUP plans they inight need

213 World Health OQrganization (WHO) tolerable standirds of hacterial Joads in fish
The World Health Organization recommended value oz repared by Achewnu or of 120081,

sdicates ihat fishing dam should have the il bacteria coums menges Srony - E 33y
ciuml. Previous studies condueted T Caiilh 410000 and sbchedi o odl 206050 contorn with
W HO standurds. Adedeji er of (201 1y repored thal the pords dam< and rivers tha Tarhor tish
mar be contanminated due o indiscniminate depesTiion of bwman and apimal cacreta el olher

eovironmental wastes indo Datdral water. especiaiv during the ruiny sewsinr, as Hies atre washedd

oo comaminated land into diflerent wuler bBodies,

Baclenzi growth is the main cause ab Msh spoilage: theretore i s logical w use hacteria number
as an index ot fish gualisy, The WHO standards For normal mierobial ranges o shin vilis and

g




lungs of freshly caught fish are [ 23 10 2.9 v 30" et 30 % 107 8.1 x10% g and 11 x36F

- 18w 10% 10y respectively .

214 Foonutic infections from fish
AOONGTLE trl20h0ms Jiagases &m0 1080 e theme 07 diselise s 1705 ek Frerm anannsls teomc

Tuads amad troem shoas gl

OF vICe VErE3 SO AcCnonis O

lgmzn nfeetions and  avoxicstions with o ocweng haciena have heen recorded:
VeI TR KDDL St ar e i Fharih e reso s s v e [oArees wifvfimd o I
e B AT +] Eh M e R L ML T TR O L e ST SN SRR AP

i

vilminciy VD purakeemeivtions, D choera A

arrny eivaognarhioe. Fscheralig coli,
Avromonas spp. Scdmorello sppo Naipdi Lo anrene Livteria WV e ey fosiridinm
aotniinam, Cperfringeny. Cuspniobo e ooenn ENdia acidovorany, Fuwarddvefha rordo

Legionellu prewmophila. and Plesiomioons oo g




CHAPTER THREE

MATERIALS AND METHODS

YitThe study area

The sty was camied cur fn VRit State Western, Nigerta, LRitt state is g tropical state. located
hetwee (a0 oI Bastoab the Greenwich meridian and latitudes FOF15]
and ¥ FD N emEarine Faaner e nn o land e doneriae an arca of S8E7.R00km I addition.
© Ay oan upland rone ssine dbove the sea leveis Tt les onan eres underlam by
metzmerpii rocks The state oo repivad climates within twe distinet seasons - 1he g
seasen LAPRl-October) and the s scon s November-Marchy, Temperature tanges between 21

and 28°C with high humidite Fapeosis 23 The south westerly wind and the acrhess

trade winds blow in the rainy and dr flanmattan seasons fespectis oby

Tropical forest exists in the south while savannah oeeupies the norbern peripherios. 13y the
A6 Nigeria Census BRirl state paptiaton was 24 million (Darsmuola er of . 200735 1he state 15
atse endowed with waler resources, some of whish are Fro, Ureje, Ugbe and leapapi dan: whivh
SCTVE as Mor sources of capture Nsheries (Duramaola et af . 20071 FRON is an aprrarran siite

with people solely depending on agricuiiune w servive.
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Figure 3.1 Map of Nigeria
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1.2 Dams sampled

I'he Ureje dam was conswueled tor the purpose o meeting the domestic necds of Ado B and
its environs. and o treatment plant wias patin phice so that the water can be purfied hedore s
distributed o the public Yhe waser from the dam is o feed the 930 m' day capaciin warler
tredtment plam built bessde ine dam Fishing actbviies by revistered focal Bshenmen are
proesently tahine piave swrthen the dant Thes pos aocertain amount of monesy ewery enth veur
Lo Lo Soapetaiion which imotam crants themn operational beences 1o use the dam e nsbes
arow natwrally and are not fod Byoanvone. The moest common Osiws Toand or il dens are
Tilapia. Tiger Bsh and Catnsh (Orvochiromic aidotices, Clavios gorivpin snd foodeoon

I,

The ltapaii dam is locased in [hole LA o the state with its source fron: Fle River It provides
at Jeast twao mallion, Gve hundreed Sitres (230000008 of water 10 the sleepy and asciont s of
ltapaii Ekiti and environs. The water fron the dam is w0 teed the 3.175m Yoy vapacitn soter
treatrment plant hatle bestde the dam. Tishing activitios vy repistered locul lshenmen whe plice
within the dam and fishermen’s canoes are anchored at the hamk of the river. | he mast comma
lishes found in the Jam are Diapia, Tiger fish and Cadish (f reoctromis nifogias ¢ lavias

wedrfeaienes aned Fhodvieomus vittatuy).

Table 3.2: The Dams wsed

Name of Dum Local Government Latitede lLangitude
Area (L{rA)
Loz ' Ado Bk C T pToRNSRATN T T ienlin i

ilapayi [hovie -k LBFURGR5 37N RTERYATAY I R B




3.3 Materials
Ihe {ollowire materials were psed in the studs

. Dehvdrated powder

L]

Serile condal ask

Fostenle phivsivlegival safing (0.4

4. Testwabes, test tube rack and pipetie

5. Steriie glass bottle

6. Steritized peiri dish? plate comnt

7. MNutrient apar

8. Steriie swab sticks

9. Fich (tresh Chvochronis nifotcis clartas garepmns and Fhdrooymis virnates tishy
arsd processed famoked dcafirard ndoricles ofaefos aeepimis and T v
Vs 11l

) Edssactinge i

T Pulsethene bags

12, Ineubator

15 Bactenia colony maehing

14, Geopraphy Positioning Syvsmem (el device

4
LN

. Digital Camera
1, CrbS mottware ArcView 33 sofdware

17, Btalimeries
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34 Methods
141 Collection of samples

All samples were coliveted between Julv and Auwgust, 2006 during the rainy season.

3.4.1.1 Water samples

In each locanon, betors the coliection of water samples, the phy sweochemical properties ot the
water budies were measured and recorded appropriately. Water parameters laken include
Temperature 1), Bissolved Ovvger concentrasion (DO). Toal Dissolved Solids 1 T0%) snd
pH.

The water samples were callected from the pre-detenmined siwes be. ftum four poins of the
v study areas in sterile 250-ml glass bonde fhted with a elass stopper. previously steritized m
an oven alidlt C for 3 hoors gs descri®ed B Chouhkan (2005 At cach site of the lwe dams
{Urepe and Itapaji}. the bottles were opened sspetically. then held at their huses and submerasd
tr @ depth of aboul 20em with the mouth facing upwards. Samples were taken by tilling the
bottles 1o the brim {o exclude air. Bottles were removed from the water und the stoppers were
pluced properly (Chouhan, 2015),

3.4.1.2 Fish samples

Fish samples of tilapia. catfish and tiger Gsh tOrvochromis mioticus, Clariay parieping and
Hydrocynus vittaius) (betng the most comumon species found in these waters) were randomly
selected from the calch of the tishermen in buth areas. Also in euch lovahon, sh processsors
that purchased wild caught fish from the fishermes were traced and sumples o privessed

(smoked? fish were collected from them.

i6




Plate 3.1: Fresh and Smoked (lariay pariepinas
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Plate 3.2: Fresh and Smoked Hydrocymus vittatis

i




Plate 3.5: Fresh and Smoked Creochramis nitoticns

34



1.4.1.3 Swab samples
With the cmnsen: of the fishermon swab samples were tahen from thwic hodding aud
(FAnsSpoTting vontainers asing mostened swrile cotton swiths coder gseptivs condizions diso

the smoking meshes of the (sl processors were swahbed with theie consent

3.4.2  CGeoreferencing of sampie collection points
Commnienzl foveion and peouraphic conrdinates ol the dams wsed and the Jish processar peints
were captured using handheld Geographic Positioning System (GBS (Eranmin e Tres s revever

The coordinales were recorded approprialely. Surroundings were critically vhserved visuali:

343 Transportation of the ssmples
Al samples coltected were transpurted i transporl medin ne the micrebiologs reevinch

laboratory of the Federal Medical Centre. [do. FKiti State without any delay .

Y44 Sterilization of materials

Phe materials tsterile conical Mask, test tube, pipette and sterile glass buttler used were
sterilized by eppropriate methods in arder o eliminate afl furms of Hite on it The giass wares
were thatouchly washed in detergents solwions and rinsed i clean running waier, drained und
air deied by spreading them on laboraors bench. loncuiating loops defore and aler use were
heated till red hot in a bursen burner Bame and allowed covling while forceps were dipped inw
abenlute aleolal and flamed and allowed w0 cool in g sterile ercromment A she procodures
were carried out under aseplic condition.

145 Preparation and sterilization of media

Al the meda used were prepared according o the manufactures’s mstructhon and stenfiocd
thoroughiv used af an asteclave ar 12170 for 13 minutes.

1y




34501 Nutrient sgar

Twenty - Fight vrams of the debvdrated apar were wetghed and dissalved in Dikiml o stenly
distitled water uccording o the manutaciures’ s mstruction. The weighed powder was pored
inte ok clean conicad Nash containing measured distilied wier. The misioce inside the cosical
flask was thoroughls shzhen to ensure even Jdssodotiom of the mixture. The msare wis
subjected o sserilizaion by autocins e ot 1217 lor 15 minotes, After tus bad been Qo
conical fiask was brought ot fvem the autoclave and allowed w cool below 4370 hetore

TIUTIA,
1 ©

14.0  Serial dilution

Samphe preparation was made using the method deseribed by Okl and Krakoswabon o D) Pan
of the fresh Dish body wax seraped and wwid stick was used 1o swab the Osh bods sod mserned
inbe @ [irst 1est tube containing % ml of sterile phivsiological saline 10.9% s as o steck. Five ather
st whws abso containing 9 ml of seride phvsiodogical saline (0% wias arcanged sermily om
the wesl tube rack. 1 mi. of the stock was collected usine a pipete w the s st wube and Trons

"

the 1irst lest whe 1o the second test wbe up o the fitth wst whe tespectively feo L Lo 107,

s

107 apd 107 respectivels 107 was wsed as the dituion Tactorand 1 omb was aken from 60

Factur inta g sterilized pern dishoin doplicate, Al plates were incubated ol a coanperature ol

70 for 24 hours, befars colony collitiag.

3147  Bacteria colony count

Bavteria coloniss was counted using colony machine. Cabeulaton ob vodons counts wigs
eapressed as the number of vodonies on the plate imultipiicd by the reciprecal o ihe dilution
tactar divided by the volume of sample tzken, Lhe platng was done i dupheme tor 107
dilution. An average count was Laken o obtain the i count.
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348 Bacteriological analyses of samples

J.4.8.1 Delermination of total bacterta count of the water samples

The wial plaie count was carried vi ustng the meshod deseribed by Chessbaurgh, £ 2008 and
Chouban (2613 senab dilations of the samples were prepancd up to [0 e P ddinge Tond sater
sample o Yl of sterile physiclogical saline 124%0 An ameonnt consisting ot Tl fom 107
dilition was prepared asepucaily onte sterite petri-dishes and approximatels 20ng of melwen
rutrient ager 43 O aas added  The samples and agar were mised thoroughts by rewaning tie

piates serveral tmes. The plases were allowed to set and ioverted, then incubared o 1eniperadary

4 -
L)

C tor 24 hours, Bacteria colonies were counted wsing cofony machine. Uhe cojone vownts
were made from plate and results ewprossed ay uctual colony counts muliipiicd b diluors
factor. Colony counts were expressed ax colony forming anits per mildiliter 1olu s of e

samiple,

Neoobehivml = _No. ot colonics coanted X Dilition facior

Voalume of sumple taken
Where ¢fu = Unlony torming units
12F = Dilution factor used {107

3.4.8.2 Determination of total bacteria count of fresh fish organs and processed fish

The total plate count was carried ool ssing the method deseribed b Cdeocde e s ik | e

swzh stick was placed inside 9mi of distilled water and serial dilitior o the ssnphes wero

srTErTd lif® By adding Tml of the horoogenized swab so Uinl < absisegical saline
A ot consisting of Iml from 107 ditation wuas prepared ascpiioeiy o serily

oesemes nd apprevimately 2Uml of owlien nutrtent agar 1437 O was added. The samples

az




and agar were mixed thoroughly by rotating the plates several tmes. The plates were allowed
o set and inverted. then incubated ol wmperature 377 C for 24 hours. Bacterin colonies were
counted using colony machine, The colom counts were made trom plate and resodis exprossed
s aclual colony counts mulipiad B Jdilution facter, Colony counts were exprossed as cful
of the sampia
ot eluml T No ot colomes conmed X Dilation factor

Solume of swnple taken

Whare ofiz = Colomy forming unis
DIF = Dibution factor used (107

3483 Determination of total bacterial counts of fishermien containers amd fish
processors’ materials

I'he total plate vount was carried out using the method deseetbed by OFovede ef of (20 1Ry The
swah stick was placed inside 9ml of Jimglied water and sertad dilatiens of the samoles s
prepared up 1 107 by adding Ll of the homogenized swab to Ymil sserile phasiological suline
1.9% ) An amount conststing of Iml from 07 difution was prepared asepticalls anw sterile
petri-dishes and approximatels 2l of muolten nuttent aear (4537 O was added. The Hii!‘n.;':'l'c.*c
and agar were mined thoroughly by rotatng the plates several thimes. Fhe plates swere allowad
e et oand inverled, then incubated at tempersiure 377 C for 23 hours, Bacteria colonies wers
gounisod usme celony machine. The colony counts were made from plate aad results expressed
Ak sctwd conoy counts multiplied by dilution tactor. Colony counts were expressed as ot mtd
of The sumple.

Sooatefuml o Ne. of colonies gounted X Dilurion factor
YVolurme of sample taken
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Where ¢iu = Coleny forming units
DF = Dilution fhotor used (107

3.4.9  Kev informants Interviews (K11
Rey [nfonmants - fishernien, fish selbers andd 1ish processors — were muees iewed Lo Hnd ool s hat
ey noow 2Doul maintaining 1sh quality. fish hvgiene and safely precantions. presersation umd

w2re androutes of fish contamination. Al efforts were made o find out amy suzpestions thes

Cornnd mave on ensuring that high euadisy tish cet o consumers.

L4149 Data analyses

141001 Statistical analysis

Ihe results of the colony counts were subjeeted 1o deseriptive analvals,

3.4.10.2 Spatizl anabysis

Are View (S wsed Lo plot out the geographic coordinates t produce the naps
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CHAPTER FOUR
RESILTS

4.1 Study Area aed Dams used
Mhe study ares. dams used and fish processing points are shonwen i Gpare 4.1, 11 is ohecrved that

Lrgje dam amd the fish processing poims are in close proximiny while there is some distance

petween the Napail dam and the fish processinge points.

.
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4.1 Physicochemicul Properties of Water

[he physicochemical paraneters of water from Urepe dam and [tapaji dam in Bl Ste are

shown in takle 4.1,

Tuble 4.1: Physicechemical Parameters of W ater from Selecred Dams in Fhkini Saie

Do scovhermicul paramelers Lverje dam Ttapas dam
fdssolved oavgen (mafl) Th o
LI ] S
Total disselved solid {myg/l.) ; I
- .

Temperature (U 2

4.3Tetal Bacteria Counts of Water Samples from Ureje Dain and

Spaty

ltapaji Dam in

Elkiti

i+ ~hows that the Elreje Dam had the higher bacteria coums of 2.5« 10 o8 a3l thae frapaii dam

which had bacterta counts of 2.3 x 10 cfudml are shown in figure 4.2,
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4.4Total bacteria Counts of Organs of Orcochromis mitoticus and Hydrocynus vitrauis from
Ureje Dam

ft shows that the Fresh iungs. shin and ¢ill of tdreociromis sifoncny from Urcpe Damn lad the
total bacteriz counts of 2.8 x 10 gfep. 46 v 10 ciude and 4.0 x 107 chdy respectivels while the
processed lungs, skin and @ill of reochromiv nifoticas from the dam had the romd Racteria
coting ot U T, F 2 % To erwre and 25 % [0 etg respectiveln. [ showe e e D
shinard ailis of Oreachromiy wilotcu ehtained from Ureje dam had the highest qonz: pociern:
sounis of 46 % 10 efufy and 4.1 x 197 clwe than the tresh lungs which had total Bacteri v
of 2% 8 1civeg while the pracessed skins lad the highest total bacteria couni ol 5.2+
1 elwg than the processed gills and lungs which bad total bucteria connts 0t 75 4 5 o g

and 1.9 x 10 1w are shown in lgare 4.3,

H also showed thai fresh Jones, skin e wills o Hvdrocraus vivtarstram 8 reje Dam el 100
kel hacteria vounts of 18 5 1% e, 3000 10 efarp and 2.5 x 107 0Tie respectivels while
processed Junes, skin and 2ills of Fledroermn vitfatus from Ureje [him bad ol Ssieterin
counis ol oY s W0 chg, 400 8 [y clufoand 1.1 x ]{J'Tci'u.-'g respreciive ]y [0 showes 1 sl Tresh
shin aml wills of Hydrocinas vittefusobinned Irom Virepe danmy had the hivhest tolal bacteria
coInts of 30 % L7 i and 2.8 x 107efidy than the fresh Tungs which nad ot Pavicria Couns
oT D F o Wity while the processed skins had e highest tolad mactern coame of 4 8 il
o gthan the provessed pifls and longs which had otal bacleria conivas a0 00w T oty pand 10,8

s 10 ora e are shownn Dyore 44,

18
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1.5 Total Bacteria Counts of organs of Qreochromis niteticus and Clarias gariepirnits Trom
liapaji Dam

I shows thal the Tresh lunws, skin and gills of Creochromis nitoticis from ltapaji dam hal 1otal
bacteria counts ol 22 L i g 21N SV gm0y 107 cfure while processed lungs,
skifn and wills ofthreocieemis srdotieas from Janai Dam bud the wotal Bactera couns ol 2.3 %
i erii g, .2 % v wricgand Y8 ;[}nu:'u'g respeenvely. 1t shows that the fresh skin and wills
b Clegocirmiy fiiaticas obiaine tfrom Napapt dar had the highest teal bacterid counts ol 4.1
w10 ol gend 4o x 10 oty than the fesh fungs which had ial hacters counts al 3.2
cfigwhile the processed skins Lind the highest tol bacteria counts ol 6.2 % 10 Clu g s she

= ] = ' ! LT E Ls . 1
giils and lungs which had total bacteria counts of 3.8 x 10 cheg and 23 % 107U g are shown

in fgure 4.5,

[t also shows that fresh lungs. skin and gills of Cluarius guriepinus Trom Trasad Jum haid the
bacteria comnts of 19§ 107 efwg, 2.4 x 10 ofivgand 1.9« 1 et respectively while the wial
hacterin counts of processed lungs, skin and wills ofClarias gariepins front ftapan Dam were
[0 s 107 efwie, 3.3 X 10 clwsp and 1.0 10 cfuy respectively are shuwn, 1L shows thnt the
fresh skin and gills of Cluriay garfepin viained from ltapes dam had 1he nivhest tok
hacteria counts of 2.4 x 167 clwgand 1.9 % 107 ctivuthan the tresluings wlach b il pactema
counts of 1.9% 107 clwe while the processed »kins had the highest iotal bacieria vounis TE BT

10 wfusg than the gills and lungs which had total bacteria counts of 10 s T cra e it TN

1" ct/e are shown in figure 4.6
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£.6 TotalBacteria Counts of Fisher-Men's Container and Proeessors Materials from Ureje
and Htapaji Dam

Fisher men's comtainers [Tom both Ado and fapaii dams had the total bacieriu counts o 6 1y
107 cfuemland 4.8 © 10 ¢ mi respeetiveby whiie the Processors materiaby [ad the wital hacten:
counts of 20 % 107 eraomiand 24 w100 cluml respectively. It shows that the Nshennen
conminers chiained mom Urete Jam had the hipher bactenia counts 9 5.1 x 161 eiu rizl than he
{ish provessors materiais which had bacteria counts of 4.8 x 1 cfurml in Lapaji dum while the
fish processors materials obrzines from lwpaji dam had the fugher pacteris vounis of 24 X

liPetrm] than the fshernen’s contaners which had bacteria counts of 2.0 % LO" e fusmbin Lirgje

dam are shown o fgure 7.
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4.7 Key Informants Interviews

1.7.1 Fishermen:

i takes the fishermnen about Bao 12 howts W 0:h and between 30 mmutes o fve 03] fours o
gell thelr cawch They fish swice Jatly and S-h provessors and sellers come rany within their

vicinies W patrenize them Juie bags nets and bowls are used to hold Hsh.
Seme Sxlwenten wash e crnees dalv wlile some wash weekh

Tor pnsgre 2oad gualies of flsk dervered w o customers, fshermen wash amd serap the Hish ol
remove viscera. They add salt o prosong sty 1 not beine sold immediatels and sometimes,

sundry tor customers that would oot conseme ar sell the tishes immediateiy,

In their gale. their cateh are sometines priced o low and shey bave conflicrs with thair

CUSHONICKS.
1.7.2 Fish Sellers apd Processors:

[hey buy tish in bow!| measurements amd process every dayv They emdesvor o process 1ish
within an hour atter purchase. Smoking and suh dnviog are presenving/precessing methods
employad. Nal iy added 1w prolong shelr Tide. Processed fish we sobd bepween o dun t 6 davs
depending on patronage by customers, Working equipment have been used oo couple ol
vears, Processing house and matenials are cleaned daily. Processed Hsh e pat om bowls and
vovered or an refngerators and simoked apain 1o the morming belore sules. Practices which
include washing the fish and removing viscera are employed w o ensare coad gualits oy $ish
dolivered W comsumers. They are chullenged with pain and heat invedved inoshe smoking

RIS
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CHAPTER FIVE

5.0 DISCUSSION
Fish is & major svarce o prowin and s havsesting. handhing. processing and distritnition

n

provide lvelihond for malh

» ol meoria s the maost nupertant animal pretein ood ay s lubic
in the tropies, and i represents aosul 45 07 3 anvmal provem o s opdobatl bosis e Rolagha and
Molia, 2uuse §ash s gaten fresh, preserved o processed (sioohedd s Do wsdtoamd casils
damaged: therefore rough handiing 2d bruiing result in contamination ol tesk Mesh Fial well
heviame antit Ior human consumption withie sbout cne dav of capture, unless it s aiebjected o
some form of processing or presorsatizn bBuven after the fish has been provessed. panticulasly i
radiional methods have been used, the 155 15 o821 subject to many torms of spuilagze (Shoewan.
2000%, Adedeii er @l (20117 reported than the ponds. daes awd rivers that Barbor 17<h mas be
contaminated due o indiscriminare depesitiem of human and: animal excreta and other
cuvinmumental sastes oo vataral water. expecially durimg the runy season. as they are washad
tnt conlaminated land inte different water bodies. Free roiming animals and poets capeciali
dops also contribute to faceal contamination of surface water. Run-otis from roads. parking lols
and yards can carry anomal wastes nto notural waler course and ponds. Birds can also be a
significamt sowres of bacteria, Swans: Geese and other water mwls can all ele :uu. hacleria
counts in water bodies and ponds. The bactenia count of water from the Lreae dant i3 3 ¢ 107
chiml) is higher than that of Ttapaji dam (2.3 x 1007 chwml), Phisis in wreement with previotks
studies conducted by Cahill (19903 and ((Mugbogi o ad, 2005 Phese high valies conid be s a
rezult of the atforementioned lactors und more resulting to the microbivlogicsd gqualiin ol the
Jams being serions coneerns and oo owas o tunction of water pollutior: they were expused 1o,

Lengequently, this poses o major threat te she Hsh and the human populdes thal consmne thw




2 Linght which is close o optimum For mary mesophilic bacteria. Bacterial load in fish

N

-.ort ncrease with the increased water Lemperature and it is in agreement with Fernandes ef ol
T and Fhossain o cf 11999

According o Intemational Commission on Microhialogical  Specitication for Foud (HOMSE
CG%5 . ard Aigkem e @l 19821 which noted that any fish that has more ian 1507 hagiena
Loore ooy gram s onet suitable for huinan cunsimpiton, bat since gut and gitls are Wy
o remevad and discarded. there s Lhe lendenyy For safety, The fishermen pers ivwed
Seziin wask surap the tish and remove the viseera of their catch it they are mi heing sold
—rmedsately. This is done to prevent delerioration of the fish flesh and prolong <helt Jie
ooy ertheiess. it 18 advisable that wood and eitective processimg treatment be emplovad aich s
washing, serapping of scales, removal of guts and il junder ivgrenie conditions e amd prepas
cooking, This will help to reduce the micrabial load an the Mesh amd musele, thereby keepiog
the tish safe for human consumption.

Foud and Agricultural Organisation reporied Uak Hish of cood qualite steald have baciersal
count less than 107t per pram, Therefore, the resulis obtained trnn Bsh samphes exaeninesd o
shis study 165107 ofivy exceed the acceptable limit recommended by Food and Agneuliural
Dyrganization. This could indicate human heabth pisks resulting from censergtion of tish
coltected from this location.

“ . yatal bacteria count obtained from the skin ol fresh lorioy garaman witd 2.4 TS

~.grer than the value (1.7~ 107 efuiyg) obtained ina study condugted by dbrabnm o il (20T Ly for

cm eamid soevies and organ. Also the result s moagreement with Abnaed 1200771 whu reported

,
|
,
‘i

c - vz vepal viahle count of havteria of fresh callish was 3.7 - 5070wty The resalt of the skin of

o ay gartepinus o his study exceed Lhe aecepted  number o bacreria compared o




that mentiomed by Anon (1991 who said that the acceprabitiey limit is 10 ey for mesophibic
gerabic bacteria

The results of the species  of  tish  (Creochromisnilotions,  Cloriasparicoimne and
Huoddroeyare vptains) that were anals sed in this study were similar te each other in relation 1o
the total bacteria count among the crgans and they were within the normal recommended rnge.
Lris is o1 apreement with the study condocied by Shewan (1977 whoe reported that the hacteria
ilore o treshiy caaght fish depends on environment rather than fish species. Fligh hacieria
Do em axin of freshly catght lish may be attrsbuted 1o the envirmment the fish is found in
rather than the fish species, contamination by genuinely agquatic species us well as those thar
contarioate fish during bandling and procesaing (Shewan 1977, Thrahim of ai, 20000 s
tungs had the '»west bacierial population cumpared o the gitls and skin while the gills lud the
lower bacterta population compared o othe skin. The microbiology o tish shin und ARRITA
intestinal tract has been subjecled 0 many researches. Fish can spoil from bl cuger sursaey
and inner surfuce us Hsh stomach containg digested and partialty digested tiod which can pass
inde the testine. Afler fish has  been caught and dying, the immtne svitem collapses and
hucteria are allowed to probiferate freely on the shin sorface and 1be stomach, The walls ol
istestines do break down seMiciently tor bacteny to move i the fesh throngl the amusele
fiere dt has been suggested that intestinal miereflora is the causauve agent Tor food spailase
Wledetiocr w2011 This B because the numbers of bacterin awsocizied with the eills are
-teenomabtamed ot low level, thereby implying thas {ish probabiy s meclanisim which
-7=m e e keep the bacteria number low, und therefore atiord il some degree ol prosection
—=T 0 Termema oawvasion by the gl microtlors (Fxeri er af. 2000 Shinksti e i 20154

c e sgies i 2007 reperted that bacterin can enter the fish hesily throush the gills o




sheroer it oean sty oo the surfuce of the bady, The practice of evisceration carried out by the
Cakgrnsn iy notgworhy beoiise 1 helps o presenve the guality ot the tish that should get o
TORSUITGLTS,
The Bacioriz 22 cevcis ooniaings i provessed (amokads Nish which were higher thun the leyveds
mofmvsl Daroosm e sunhuted eocontamination by microorganmiams o the surmounding
CoounmeTt twiteres Jduming and after the smoking process. the inetficiency of Hw smiehking
DT mE on@mununen of processing materials such as smoking meshes and holdine bosws
R ik crovessor Although smokiog helps inombibitng the aorvities of oucroosoanisis.,
Roweser, when aot properly carmied out, micrebial growah and activities s41] continue. lewding
e ibe detertoration of the Bsh, This is in apreement with the study comdueisd by Ao liuba
af 2010 who repormed  a hiph occurrence of mucroorganisms in ulready-smoked b o e
markels sampled were 430 < 10 ety /g was recorded for smoked fish compared tiv the 1Tesh 11sh
with 1.35x 465 cfiurg. Another study by Adelapa e of (2013 reported higher bactera count in

smcked {ish tan fresh fishin Ouun State.

Seme fishermen clean teir canoes datls while ~ome, weekly and are patrosized witen by tish
sellers and processors from within their vicinities. Fhesy aiso eviscermie cateh not heing sold
immediately. These practices abmoss ensure lithe oF no introdiction of more miceeoruani s
and slow down detenoration provess i thelr cateh, thereby ensiring woed qualies 11sh 10 1he
sellers and huuman health after consemption.

Also. sclentists have shown that the contamination of tish origin probably vecur during
hadling ol Bsh and during he production process thmob er wf. 20000 and thar the
microcTganisms associaed with smoked [1sh pose o preat threar 1o the poptliee as the teansfir

o0 the amicroorganisms altack the immine system of the consumer. usually man. sherehy | giving




romn for the nvasion of discase. Migher levels of bacierial leads in smsked izl s alse

ndicative of processors” mdividusl methods of handling and preservation.

The public hzalth cercern ef sinvhed {1sh i therelvre the poor handbing and processing cither
Py e processors, markelers or me consumers, Pus has owrestly conlributed 1w the

eonramiatien of wese products by various patboeenic mivr creamsms which mahe their

Fisher men’s contamers in bath Preje dam and tapaji dam had total bacternsl counts of 600 s
T oand 288 107 ciw'ml] respecinvels while the processers” materials Tad the tolal bacerial
conmts of 20w 10T and 2.8 ¢ 107 chend respectively. However, this studs showed D Hhe sl
Bacteria counts obtained from the tish processors” matedals from Wapaji dum were Bsivher than
that of Urgje dam while the total bacteriul counts ohtained froo the fisher-men s conbiners
from Urée dan wwere higher thao tha of lapaji dam, According o Okenkees of (200875 the
presence of Stapfvfococons aueras, @ pathoeenic organism of public beallh coneern andd
zignificance in seafood product may be conaminated through the processed seatuod prosducts
frtn souree as o result of handling by fish processors Fish are extremely susceptibie to
micrahial contamination because of therr soft tissues and squanic environment. Cnntainination
results muinby trom ruptering of fish iotestine during pooar processing or cnhealthy wishing
stmikpe e el 2001 This might be due wthe fach of adeguute sunitary mewsures it fis dam.
crie s alse moagreement with the study condueted by Adedeii vf of L 2010wl recommended
et mnerabiad load of ish can alse be improved through regular distntection o8 catehing gears
T oeomnimg eauipnent. and bricl immersion of caught fishes o disintectioe sLaden such as

oozt e redece the novreohial Joud on the Bsh betore sturing ar vold empersture or sehl




the public. The practices by tishermen and tish processors are pointers that they are aware of

the implications of fish spoilawe and guality ol ish delivered to the consumers.

5.2 CIONCLUSEON

Ulis study shiosws that fresiis caught DR rom these stodh dames are sadiv e haotom
COMEUNP e,

Bish iy lood izt reguires proger and Bvgsene banvesting, handling. procgasing and sterage on
GrdeT W Eeserve Dulrielnts 2 s Janotiondi components that promoete good heulib

Hepwar phyaico-chenical and bacterciogicsd analvses of warer from dams and oihier searees
must be carried ot o examine ™e oot eness ol treatment process ascertuimn the waler
saitable for yae.

However, considering the public iwesh impleaiions of the poor baceriologieal sl
mictebological stae of the smcked sk panicitar wiention should be paid by lish processerns,
sellers and fishermen to tbeir safeis dhrough proper processing, sterage and  handimg
Procedures.
Aoy mdividual handling {ish should be educated on the mainesance of goad by gienic prietices

and shoold be provided with necessary warking and satety equipment

5.3 RECOMMENDATION
+  Lffective hvgiene controt theouph bacteniologival 1esting = wnal s ensure gecepiuble
Fevels of comanination and avold adverse homan fealtl conseguenves of Teed oy

Hlinesscs,

Hi3




= Erovironmental sanitation educabion and  onentation should be organized By the
regulutory agency Lo 0B processors: tos witl enable them o reduee 1the unatiracin e
ervircmment that makes their operations smellv and repulsive,

+ Phe selevant nutionzl and muonwigal enborites mest eosure mproved gualite of
stncked f2R W sateouars publie health and enbaney food satets i the counrrs.

» The pocte shewdd be enfighizned on the srherent danger tha may seeompany bandlonw
znad vensdmphen of fresh fish or consunmption o improperly conked Rsh.

»Cansunets should not assume that fish capght fresh from water bodies or processed tish

4rc Loldils sale Tor human consuniption,

S4CONTRIBUTION TO KNOWELFEDCGE

The results of this study hinve heen abbe s

establish that sl caught fresh from the wild ean he wermed "safe” ws lone as 1w Gehinge dams
have bactenal load levels within the WEHO standards and other comiribsting tactors 1o
contsounation are minimal,

They show that the fishermien and fish processor dre aware of the public health impications of
consuming unsafe fish, hence thetr ditferent approaches wogualive assurance and Iy gicoc.
Furthermere. the handling and processing o lsh cowdd be a criticad coniral podrt frem Tam o

fork.
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