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ABSTRACT

This study investigated the effects of environntectaditionson the microbiological quality of theuf®pean
Anchovy (Engraulisencrasicolus) and the Round ®a&tti (Sardinellaaurita) caught along the coastAafcra and
Tema, Ghana by artisanal fishermen. A total of agpnately, 500 g each of fresh E. encrasicolusaral8tawith
individual weights between 1.15 to 36.56 g andlteiagths between 4.9 to 16.0 cm were collectech fAecra and
Tema at sea immediately after capture, on landin¢pading beach, and at local retail markets. Thsparate
microbiological analyses were conducted to assheschanges in their microbiological qualities. Saespwere
aseptically macerated and serially diluted, and ffoar plate and spread plate methods were usechtmerate
total heterotrophic bacteria, total coliform bacigr yeast and moulds and Bacillus cereus coloniethé samples.
The results showed an increase in microbial loadsfharvest to market in both fish species colléétem both
Accra and Tema. There were counts of microorganesnadl stages of production, but samples obtaifrech retail
markets recorded colony counts of total heterotioftacteria (> 1.0 x 10 cfu/g) and total coliforms (> 1.0 x 10
cfu/g) higher than both local and international stiards. Counts of yeast and moulds, and Bacillususwere
recorded for samples of E. encrasicolus and S.taudrom both Tema and Accra, but these counts wetten
accepted limits (< 1.0 x f@fu/g) for consumption. It was concluded that, sespf both E. encrasicolus and S.
aurita obtained at the retail markets recorded hégltounts of microorganisms and therefore were ammated.
Fish handling obviously contributed to the incredseicrobiological load after harvesting. Educatiohfishers is
required to improve their hygienic practices anadusld be followed by regular hygiene inspections.

Keywords: Microbiological quality, Small pelagic fishes, Armly, Sardinella, Coliform bacteria.

INTRODUCTION

Ghana has a shoreline of about 550 km at the G@uinea and fishing is the most important activitythe entire
coastal zone in terms of the number of people wealin it both directly and indirectly [1]. The fisng sector has
been an important contributor to economic develagniie Ghana and other West African countries. & baen
estimated to contribute 3% of the Ghana’s Gross &stim Product (GDP) and 5% of its agriculture GRPThe
fishing sector is a primary source of income andleyment to most people living along the coast dfa@a,
providing employment to about 2 million people diish approximately 27% are directly employed [3kHHs the
most important animal protein food available in tfapics representing about 14% of all animal groten a global
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basis [4]. According to Ashitey and Flake [5], figh a cheaper and preferred source of animal proigdiich
contributes about 60% of animal protein intake ina@a. In their report, the annual domestic fishdpotion of
Ghana has been fluctuating but generally on a gelgtline since 2000 from 460,000 tons down to@EBtons in
2008.

Large quantities of European AnchovyEngraulisencrasicolus,Linnaeus) and the Round Sardinella
(Sardinellaauritayalenciennes) are landed in most landing siteshar@, particularly during the season of glut in
October to November each year [6]. These speciéislofre coastal small pelagics which prefer cksdine water
with a minimum temperature below 24°C. They norgnalvim in large schools from depths of 0 to abod® 4n
tolerating salinities of 5 to 41 ppt[7, 8].

The major challenge worldwide including Ghana,his tinhygienic environmental conditions in whicthffinds
itself before and after capture, before it cometlte for consumption [9]. Methods used in hargllim processing
fish are likely to contribute to contaminating tfish with pathogens. Of much concern in public tieas the
contamination of fish by faecal coliforms in contaated waters [10]. In Ghana and other parts ofwoeld,
consumption of fish contaminated by pathogens Hedleto serious health consequences and are rebjmifisi
some of the recorded deaths [11, 12]. Shewan[1l8jodtered that the microbial flora associated witkslily
harvested fish is principally a function of the Bamment in which the fish are caught and not @ fish species,
hence, the indigenous microbial populations of ftsim vary significantly. Other studies on the mixiodogical
quality of fish raised in contaminated water hakieven that, faecal bacteria may penetrate fish flekbn fish is
grown in highly contaminated water [14, 15]. Thecartence of pathogens such &gphylococcus aureus,
Salmonella typhimurium, Bacillus cereus, Vibspp.andClostridium botuliniunm fish has raised major concerns
among researchers since they are the main causesdiborne illnesses [16].

At the international level there are regulatory aldisory groups such as the World Health OrgaioisgiVHO),
the Food and Agriculture Organisation (FAQO) and liternational Commission on Microbiological Spémtions
for Food (ICMSF) [17, 18, 19]; and control measusash as the Codex Alimentarius, Sanitary and FRaytitary
(SPS) measures, Hazard Analysis of Critical Corfoints (HACCP), to ensure the safety standardésbfand
other related food products consumed by humanser8kedeveloping countries have been banned fronorérg
seafood products because they do not meet thesdastis [20].1t is therefore necessary to find obether what is
produced in Ghana meets those standards for eapdrfor local consumption. This study assumes @fana’s
fish will be wholesome for both local consumptiardaexport given the significant amounts that angoeted. The
Ghana Standards Authority (GSA) has establishe@tywaftandards for fish and its products to enstse i
wholesomeness. Although these safety standards gty little or nothing is done to enforce thatrthe artisanal
fishery level giving room for the production of loguality fish for consumption by local populace aunetimes
for export. The industrial fisheries and fish pFssing companies which dominate the export mata#tever,
experience some level of fish quality inspectiomsrf the standards authority. Thestudy sought tesasthe effects
of sewage pollution in Ghana’s coastal waters;taedeffects of handling and storage of fish atléimeling sites and
at the local retail markets on the microbiologigahlity of the European anchovi.(encrasicolusand the Round
Sardinella §. aurita)caught along the coast of Accra and Tema.

MATERIALS AND METHODS

Study locations
The study was carried out at the Jamestown fistimgnsite and at canoe basin in Accra and Temaeotisely,
both in the Greater Accra Region of Ghana.

Accra,located at 5.55°N 0.2°W is the capital arddat city in Ghana with a population of 3,963,26has a land
area of about 200 Knwith a population density of 9,816/kif21]. Accra also doubles as the capital of the @rea
Accra Region and of the Accra Metropolitan Distritit is the most important city in Ghana becausés ithe
administrative, communications and economic cesit®hana. The Jamestown fish landing site whianis of the
largest and important landing site in Accra whengyé amounts of several species of fish are lartedally is
located close to the KorleGonno Beach Liquid Wa&ssposal Site.

Tema, located at 5.667°N O°E is a city on the Aitacean coast, 25 km east of the capital citAcdra, in the
region of Greater Accra, in Ghana. It has a popadf 209,000 [21]. Originally, it was a smalltisg village, but
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it grew after the construction of a large harbaul®61 and is now the nation's largest sea pog.Home to an oil
refinery and is an important centre of manufactyiiimdustries and has a fishing harbour which igaséd at the
eastern end of the Tema commercial harbour. Thenfisharbour comprises the inner fishing harbole, ¢anoe
basin, the outer fishing harbour, and a commemri@h with marketing and cold storage facilitiese Tanoe basin
where this work was carried out caters for thesartal fishermen.

Measurement of Physico-chemical Parameters of thea

Water quality parameters (Temperature, pH, Disgsb@gygen (DO), Conductivity, Total Suspended So(iiISS),
Total Dissolved Solids(TDS), and Salinity) were s@&d using a multi-parameter probe. These parasnetere
measuredn-situ in the surface water of the sea both in Accra @etha where anchovies and sardines were
sampled. The procedure was done at two randomigcteel locations in the water and a mean of the two
measurements was calculated.

Sampling of Sea Water for Microbiological Quality Analysis ofWater
Samples of water were collected from the sea atlyzed for their microbiological quality. These gaes were
collected at locations where catch was made apthdd 50 cm from surface of water. The samplesevesilected
into sterile bottles (500 ml) fitted with tight sw caps. Care was taken to avoid accidental conttion of the
water during collection and transportation to thieoratory for analysis.

Laboratory Analysis for Microbiological Quality ofW ater

E. coli count of the water was used for detecting of mimiolgical quality of the sampled water using the
membrane filtration technique [22].Total coliforraunts (TCC) and total faecal coliform counts (TR@re also
enumerated using the membrane filtration technitjuthis technique, a 100 ml water sample wasrétiethrough a
membrane filter. The membrane was cultured on agaal sterile selective medium (HiCrome Coliform akp
[22].After 16-24 hours of incubation at 37 B coli appeared as blue colonies, while total coliformgeared blue
and pink colonies. The standard plate count (SP€thad was used to enumerate total heterotrophiatsoof
bacteria (THC) using the Standard Plate Count é€@@A) [23]. All counts of bacteria were detected auantified
with the use of a digital colony counter (Stuartooy counter-SC6+). These counts were expressecblasy
forming units per 100 milliliter (cfu/100mL) of theater sample.

Collection and Laboratory Analysis of E. encrasicolusand S. aurita Samples

A total of approximately, 5009 of each fr&hencrasicoluand S. auritawith individual weights between 1.15 to
36.56 g and total lengths between 4.9 to 16.0 cmewellected from Accra and Temafor their microbgital
quality analysis at each of the following stagedisii production: at sea immediately after capturelandingat
landing beach; andat local retail markets duringketing.Sampling was conducted once in each moitheostudy
period (March- May, 2012).All collected samples s@taced in well labeled sterile plastic bags (gglbags) and
immediately delivered to the laboratory on ice imiee chest under hygienic conditions for analyErse pour plate
method was used to enumerate total heterotrophuteiia, total coliform bacteria and yeast and msuwdlonies,
while the spread plate method was used to enumBeailus cereusolonies in the fish samples collected [23].

Preparation and Sterilization of Media

All media were prepared and sterilized accordinghnemufacturer’s instructions. The media used far study were
obtained from the Oxoid Limited, England. Steriliépntrol plates of each media and diluents were emayl
incubating them overnight at 37 °C.

Serial Dilution and PlatingofE. encrasicolusand S. aurita samples

Twenty-five grams (25g)each of whole encrasicoluand S. auritaat each production stage (i.e. at harvest, on
landing and at the retail market) were asepticalighed on an electronic balance and macerated sterile
laboratory mortar and pestle. Each macerated fizh tlven kept in a 250ml conical flask containingraRsterile
0.1% peptone water. The content was vortexed foseégdnds to homogenize the mixture to obtain a (100)
dilution. Aseptically, 1ml of the 1:10 dilution saihe was transferred into a 25ml universal bottletaming 9ml of
sterile 0.1% peptone water with a sterile micretitip to make a 1:100 or Fodilution. This procedure was
continued until 18 dilution was obtained.

One milliliter (Iml) of each dilution was aseptigatiispensed into sterile labeled petri dishes uplitates and
mixed thoroughly with molten agar, previously hiida water bath at 8C.The Standard Plate Count Agar (PCA)
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was used for total heterotrophic counts (THC), Mackey agar (MAC) for total counts of coliform badteand
Oxtetracycline Glucose Yeast Extract agar (OGYE3 wsed for counts of yeast and moulds.

0.1ml of the inoculum of each dilution was alsocgld on the surface of well dri&hcillus cereusSelective Agar
(BCSA) in duplicates. The inoculums were then spregpidly and evenly over the entire agar surfagiagia thin
sterile bent glass rod (spreader). A separatelestgpreader was used for each series of the plapFssenting a
single sample, starting from the highest dilutidt0Y) to the lowest dilution (I). These procedures were
performed for all the samples collected at eactheffish production stages considered for thisystiéddl glassware
and plates were labeled to correspond with fiskeisgecollected.

Incubation and counting of bacterial colonies on gtes

Plates of PCA, MAC and BCSA were aerobically indelain inverted positions at 37. Likewise, OGYE plates
were also aerobically incubated in inverted posgibut at 28C. Counting of microbial colonies were done aftér 2
hours and repeated after 48 hours using the catonpter. Colonies on fresh OGYE were counted agtiar 72
hours. Counting of microbial colonies on plates wasnducted using a digital colony counter (Stuatoboy
counter-SC6+).All colonies were counted as colamyning units per gram of fish sample (cfu/g) acaogdo the
Microbiology of food and animal feeding stuffs [22]

Statistical Analysis

Data collected from this study were analysed usivg XLSTAT 2012 computer software. First, the desere

subjected to a descriptive statistical analysisretitwas summarized numerically for easy undeditanof the

result. In doing this, descriptive statistics sashmeans, standard deviations and standard eresescomputed. A
one-way analysis of variance (ANOVA) was used &t the significance difference in levels of retadvbacteria
from fish species at harvest, at landing and atpihiet of sale in local retail markets. The Tukep®st-hoc test
(HSD) was used if the means of two different groupder comparison were significantly different lire normally
distributed population from which the samples wenawvn.p< 0.05 was regarded as statistically significant.

RESULTS

Physico-chemical Parameters of seawater in Tema arktcra
Table 1 shows the results of monthly mean valugshgkico-chemical characteristics of the seawatérama and
Accra recorded during study period.

From Table 1, temperature range from 28.5 + 0.2 + 0.3°C were recorded in Tema while those namb in

Accra ranged from 29.1+0.2 to 29.940.1°C within gtedy period. pHvalues recorded in Tema rangewh ffo4 +

0.5t0 8.4 £0.3 and from 7.1 £ 0.3 to 7.5 £ 0.3Akcra. Dissolved oxygen (DO) values recorded fema& varied
from 4.9 £ 0.3 to 5.5 £ 0.2 mg/L while those in Agzwaried from 5.4 £ 0.1 to 5.8 £ 0.2 mg/L. Conad\ity values

ranged from 53.8 + 0.2 to 54.9 + 0.4 p/cm and 54M2 to 54.7 £ 0.2 p/cm were recorded in Tema Aadra

respectively. Total suspended solids recorded dfigen 9.0 + 1.5 to 16.3 + 2.4 mg/L in Tema and 9.1.8 to

14.3 + 1.2 mg/L in Accra, while total dissolvedidsiranged from 0.03 = 0.34 to 0.03 £ 0.01 ppme&m& and 0.03
+ 0.03 to 0.03 = 0.03 ppm in Accra. Finally, salnof seawater recorded in Tema and Accra duriregdtudy

period varied from 35.4 + 0.2 to 35.6 + 0.4 ppTema and 35.6 £ 0.2 to 35.8 + 0.3 ppt in Accra.

Table 1 Mean monthly values of physico-chemical pameters (+ standard error) of seawater in Tema andccra

o DO TSS TDS .
SITE/ MONTH  Temp (°C) pH (mglL) Cond (p/cm) (mg/L) (opm) Salinity (ppt)
TEMA
March 28.5+0.2 8.4+0.3 5.240.1 53.8+0.2 16.3+2.4 0380.01 35.6+0.4
April 30.7¢0.0  7.5%#0.« 5.5+0.2 54.940. 14.3+1.f 0.03%0.0: 35.440.:
May 30.440.1 7.4+05 4.9+0.3 54.010.1 9.0+1.5 0M34 35.540.1
Meanzse 29.9+0.7 7.840.3 5.240.2 54.3+0.3 13.2+2.2 0.0880. 35.5+0.1
ACCRA
March 29.9+0.1 7.1+0.3 5.440.1 54.6+0.1 9.7+1.8 38MO01 35.8+0.3
April 29.1+0.1 74402 5.840.2 54.0+0.2 10.7+1.9 0%x0.03 35.6+0.2
May 29.1+0.. 7.54#0.Z 5.440.] 54.740.: 14.3+1.; 0.03%0.0: 35.840.:
Meantse 29.4+0.3 7.3+0.1 5.5+0.1 54.4+0.2 11.6+1.8.03+0.00 35.7+0.1

Temp: Temperature;DO: Dissolved Oxygen; Cond:dimtivity; TSS: Total Suspended Solids; TDS$alldissolved Solids
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Microbiological Quality of water obtained from Tema and Accra

Table 2 shows the results of colony counts of sacte water samples obtained from the sea at TaamdaAccra for
the three month sampling period.From the resulesnd recorded an THC ranging from 9.4 X216 3.1 X
10%cfu/100 ml, while in Accra it ranged from 1.1 X°10 3.9 X 1Gcfu/100 ml. In Tema TCC ranged between 7.4 X
10°and7.9 X 16¢fu/100 ml while in Accra it ranged between 3.4 ®and2.5 X 16cfu/100 ml. FCC recorded in
Tema was between 2.4 X “18nd 2.4 X 1€fu/100 ml while in Accra it was between 5.8 X'¥nhd 6.5 X
10Pcfu/100 ml. The ECC in Tema ranged from 3.4 X t001.2 X 16 cfu/100 ml while it ranged from 1.4 X i@

2.4 X 1@cfu/100 ml in Accra. Both Tema and Accra recordewdr counts for all bacterial counts in March and
higher counts in May.

Table 2Monthly microbial counts of water obtained fom Tema and Accra expressed in cfu/100ml

SITE/ MONTH  Total Heterotrophic Count (THC)  Total C oliform Count (TCC) Fecal Coliform Count (FCC) E. coli Count (ECC)

TEMA
March 9.4X16 7.4X 16 2.4 X106 3.4 X106
April 1.5 X 10 7.9X16 1.3x16 5.9 X106
May 3.1X168 7.4X 16 2.4 X 16 1.2 X 16
Mean 1.8 X 16" 8.9 X 1G* 9.1 X 16° 7.1X16°
ACCRA
March 1.1X16 3.4X16G 5.8 X 10 1.4 X160
April 28X 10 8.4 X 16 46X 16 1.4 X16
May 3.9X168 25X 14 6.5 X 16 24X 16
Mean 2.6 X 16" 1.2 X1G* 42X 16° 1.3X16G°

WHO Guidelines: Fecal Coliform cougt1000 cfu/100 ml. Values in a column bearing theeauperscript are not significant at 5% (Tukey's
post-hoc test, p < 0.05).

Microbiological quality of E. encrasicolus and S. aurita sampled from Tema and Accra

Tables 3, 4, 5 and 6 are the monthly mean countmiofoorganisms (Total Heterotrophic Counts (THTtal
Coliform Counts (TCC), Yeast and Moulds Counts (Y)MHRd Bacillus cereusCounts (BCC) expressed in cfu/g
fromfreshE. encrasicolug&ndsS. auritaobtained at various stages of fish production, flarvest to market inTema
and Accra.

From Table 3, fresk. encrasicolubtained at harvest from Tema recorded the loweshts for all categories of
microorganisms cultured in each month, while thob&ined from market recorded the highest countsTtaC,
TCC and YMC for all three months. All samples retd no counts for BCC in all the three months.

Table3 Monthly mean microbial counts inE. encrasicolus obtained from Tema expressed in cfu/g

Total Heterotrophic Total Coliform Yeast and Moulds Bacillus cereus
SAMPLING SITE MONTH Count Count Count Count
March 1.2X18 6.5 X 16 3.0 X 16 0
HARVEST (FRESH April 21X10 2.7 X 16 7.0 X 16 0
SAMPLES) May 1.2X16 23X 16 8.0 X 16 0
Mean 1.5X 182 3.8 X 1G°? 2.7 X1G° 0?
Marck 35X1C 1.0 X 16 4.0X1C¢ 0
LANDING (FRESH April 3.0X10 3.6 X 10 1.8 X 16 0
SAMPLES) May 43Xx10 1.4 X 16 4.8 X 16 0
Mean 1.2 X162 2.0 X 1¢? 7.7 X 1C° 02
March 1.8X16 1.3x1d 5.5 X 10 0
'\S"ﬁsgfgs()FRESH April 52X 10 5.7 X 1d 29X16 0
May 4.7X16 46X1d 35X 16 0
Mean 3.3X 16" 3.9 X10° 2.2 X16° 0?

Ghana Standard Authority//ICMSF standards: (Totalto 1 x 10 cfu/g; Total coliform count: 1 x f@fu/g; Bacillus cereus count: 1 x “dfu/g;
Yeast and moulds count: 1 X*&fu/g). Values in a column bearing the same supipisare not significant at 5% (Tukey’s post-hostte <
0.05).

From Table 4,S. auritaobtained from market in Temarecorded higher cofmtsTHC and TCC. All samples
recorded no growth for BCC in April and May. Thevere counts of yeast and moulds recorded in alectad
samples but levels were within'tfu/g and 18cfu/g.
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Table 4Monthly mean microbial counts ofS. auritaobtainedfrom Tema expressed in cfu/g

Total Heterotrophic Total Coliform Yeast and Moulds Bacillus cereus
SAMPLING SITE MONTH Count Count Count Count
Marct 36X1C 53X 1C 3.0X 10 5.CX 10
HARVEST (FRESH April 1.9X1¢ 8.5 X 16 75X 16 0
SAMPLES) May 8.8 X 16 2.6 X 16 5.4 X 16 0
Mean 2.1 X 16?2 55X 1G° 53X 16° 1.7 X 16°?
March 52X18 8.2 X160 5.5 X 10 5.0 X 16
LANDING (FRESH April 57X10 5.8 X 16 1.7 X 16 0
SAMPLES) May 49X10 49X 16 8.0 X 16 0
Mean 2.0X1¢° 6.3 X1C° 3.4 X 1(3° 1.7 X 1¢3°
March 9.0X 18 2.7 X 1d 14X 16 1.8 X 16
'\S"/fﬁgfgs()': RESH April 87X 1¢° 8.7X 10* 22X 10 0
May 7.9X16 9.8 X 1d 3.3 X 16 0
Mean 5.8 X 16" 7.1X10¢° 2.3X16° 6.0 X 1G°

Ghana Standard Authority/ICMSF standards: (Totalmo 1 x 10 cfu/g; Total coliform count: 1 x 2@fu/g; Bacillus cereus count: 1 x “dfu/g;
Yeast and moulds count: 1 X*t@u/g). Values in a column bearing the same supigtsare not significant at 5% (Tukey'’s post-hostte <
0.05).

From Table 5, fresk. encrasicolu®btained at harvest from Accra recorded the loweshts of THC and TCC in
each month, while those obtained from market remwithe highest counts for THC and TCC for all thmanths.
Fresh samples dE. encrasicolugecorded no growths for BCC in the three monthsepk for those obtained at
market.

Table5 Monthly mean microbial counts ofE. encrasicolusobtained from Accra expressed in cfu/g

Total Heterotrophic Total Coliform Yeast and Moulds Bacillus cereus
SAMPLING SITE MONTH Count Count Count Count
March 7.0X16 2.7 X106 0 0
HARVEST (FRESH April 1.9 X 10° 9.6 X 16 2.5X10 0
SAMPLES) May 2.9X18 3.8X 16 35X 16 0
Mean 3.9x18° 1.3X1G° 2.0X16° 0°
Marck 25X 10° 4.2Xx10° 0 0
LANDING (FRESH April 24X10 1.1X 16 3.0 X 10 0
SAMPLES) May 3.4X16 23X 16 4.7 X106 0
Mean 2.8 X 16°? 1.5 X 1¢** 2.6 X 1(? 0°
March 8.5X16 8.8 X 1d 4.4 X106 0
MARKET (FRESH April 8.2 X 10 1.5x1d 22X 16 45X 106
SAMPLES) May 52X 16 5.1 x1d 3.4 X 16 6.5 X 1G
Mean 7.3 X 16" 5.1 X 10° 33X 1G° 1.7 X1G°

Ghana Standard Authority/ICMSF standards: (Totalto 1 x 10 cfu/g; Total coliform count: 1 x f@fu/g; Bacillus cereus count: 1 x “dfu/g;
Yeast and moulds count: 1 X*&fu/g). Values in a column bearing the same supipisare not significant at 5% (Tukey’s post-hostte <
0.05).

Table6 Monthly mean microbial counts ofS. auritaobtainedfrom Accra expressed in cfu/g

MONT Total Heterotrophic Total Coliform Yeast and Moulds Bacillus cereus
SAMPLING SITE H Count Count Count Count
March 3.7X16 1.5X16 2.4X10 0
HARVEST (FRESH April 8.5X 10 1.7 X 16 6.5 X 10 0
SAMPLES) May 6.4 X 18 34X 16 2.7X16 0
Mean 3.7 X18° 6.7 X 16° 3.9X16° 0?
March 45X 16 49 X106 3.7X16 0
LANDING (FRESH April 1.1X1¢ 23X 16 2.3X16 0
SAMPLES) May 4.1X10° 1.6X10° 3.2X1¢? 0
Mean 29X 10 2.2 X1G6° 1.4 X 1G6° 02
March 6.4X16 6.8 X 1d 5.0 X 10 6.5 X 16
MARKET (FRESH April 51X 1¢ 6.4 X 16 45X 16 0
SAMPLES) May 8.2X 16 59 X 16 55X 16 0
Mean 4.6 X 16° 4.6 X10° 2.0 X16° 2.2 X16°

Ghana Standard Authority/ICMSF standards: (Totalmo 1 x 10 cfu/g; Total coliform count: 1 x f@fu/g; Bacillus cereus count: 1 x “du/g;
Yeast and moulds count: 1 X*tu/g). Values in a column bearing the same supigtsare not significant at 5% (Tukey’s post-hostte <
0.05).
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From Table 6, frests. auritaobtained at harvest from Accra recorded the loweesints for THC while those
obtained from the retail market recorded the highesnts for THC. Samples & auritarecorded no growths for
BCC in all three months except for those obtainedharket where growth was recorded in March. Theeee
counts of yeast and moulds in all collected samiplesounts were within £Gnd 18cfu/g.

In general, there was an increase in trend of rhiotogical quality changes from harvest to marketthe samples.
However, only samples collected at the market @mdTHC and TCC values above the GSA/ICMSF starsdard
(1.0 x 16 and 1.0 x 1fcfu/g respectively). This was observed in both EEefrom both study sites.

DISCUSSION

Environmental conditions do not only influence thality of fish, but also influence fish distribaitis, communities
and seasonal movements. To minimize energy expeiadesdirvival, organisms typically favor areas tbatimize

their physiological processes [24]. Water qualiyherefore, an important factor that determinesetivironmental
conditions of fish. It is an indicator of excellesntd poor living conditions of any fish. Good aratimum water
conditions promote growth and reproduction of f&sid reduce their susceptibility to diseases owsstie general
[25].

The mean temperatures of 29.9 £ 0.7 °C and 29.47+°Q for Tema and Accra respectively were withe t
optimumtemperatues for both encrasicoluand S. auritabecause both species prefer a minimum temperafure
24 °C which conformed to that reported by[7]. Thepecies prefer a pH of almost neutral which wasdhse in
both Tema and Accra.The mean dissolved oxygen ctratmns of seawater in Tema and Accra were at
considerably good levels since they were relativigher than the lethal level of less than 1 mgalinity in both
areas was also within optimum range (5 to 41 pptpbth fish species as reported by[7].

Faecal coliform counts of the seawater were beloavwWHO guideline ok 1000 cfu/100 ml of water [26]This
suggested that, the idea that the assimilationaifgpar carrying capacity of the ocean is high egtoto naturally
deal with pollutants is a fact.Continuous dumpifig@wvage at the KorleGonno Beach Disposal Sitendidaffect
the microbiological quality of the water considerithe closeness of the study sites to the dumpiagApart from
the volume of the water, this could have also bedated to the salt composition of the sea watecesimost
pathogens do not thrive well in saline environment.

Fresh fish samples obtained at sea immediately hétevest were of good quality because all miclobaony
counts were below the Ghana Standard Authority (G&#d the International Commission on Microbiolagic
Specifications for Foods (ICMSF) standards (1.0%f0g for THC; and 1.0 x1®8fu/g for TCC, YMC, and BCC).
This further confirmed the fact that, the seawates not polluted and that the water did not hawe adverse
effects on the quality of fish.

Again, microbial counts in fresh fish samples attbbel on landing in both Tema and Accra were belosall and
international standards. This may be due to the tfzat the fishers stored and transported harvefidbdto the
shores under good and hygienic conditions, or ithe spent to get to the shores was too short te lsdlewed
spoilage of the fresh fish to begin. The differebetween microbial counts in samples obtained atelsa and on
landing were not significanp(< 0.05) in both Tema and Accra.

With respect to both local and international staddasamples obtained from retail markets from bigimna and
Accra were of poor quality and hence were unwhatesdor consumption (thus,consuming without adequate
hygienic processing such as properly cooking thdin)s was because the density of total heterotmphcteria and
coliform bacteria counted in fresh samples obtaiinech the market were all above the GSA and ICM&hdards
(see Tables 3, 4, 5 and 6.). The THC and TCC recbifdr fresh samples from the markets however, were
significantly different from those recorded at festvand on landingp(< 0.05). This result may have been due to
the poor handling methods used by fishers. Exansplegping fish out of the boats with all sorts ofi@iners, such

as buckets and pans which bruise the surface dighenaking it more susceptible to bacterial &ttakhis result
conforms to results reported by ledral. [27], who recorded low amounts of microbial loaccommon carp, silver
carp and Nile tilapia at harvest from both wastew#td ponds and non-wastewater-fed ponds in Hafietham,

but recorded high amounts of microbial loads irh fampled at the point of sale in retail marketaret al.
[27]attributed their result to poor handling praes used by the local fishmongers in processing @olakoglet
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al.[28] also recorded a similar result where seafdiodigh and shellfish) sampled from retail markegsorded high
bacteria counts than those sampled at wholesal&etsain the Dardanelles, Turkey. Abou-Elela andagg9];
Topic et al. [30]; and Abolagba and Igbinevbo[4] all reportddhitar results where fresh fish samples at retail
markets recorded higher levels of bacterial lohds did not meet international standards.Debeél)[9] observed
higher counts above the GSA standard of coliformsE coliloads in fresh Yellow Fin Tundarfiunnusalbacares)
landed and marketed at the Dixcove Beach in Gh@h& was a clear indication that fishmonger edacais
required on good handling and processing methodspoove their hygienic practices at landing siéesl markets

in Ghana.

Coliform bacteria are indicator organisms whoses@nee in food in large quantity indicates the philig of
presence of pathogenic bacteria.Coliforms are amirid the feces of warm-blooded animals, but ¢so lae found

in the aquatic environment, in soil and on vegeta{i22]. Their presence in the fresh fish sampletaioed at
harvest was an indication that they were presethenfish’s environment and that there is a prdiigkihat there
may be pathogenic bacteria in the fish or its emiment or both. There were counts of yeast and adsawcorded
for all collected samples @&. encrasicolusandS. auritafrom both Tema and Accra, but these counts wete no
significantly different p < 0.05) from each other. The values recorded wetkimD and 1.5 x 10cfu/g with the
highest counts found in samples from the retailkeiarThis is also an indication that the samplethémarket were
more contaminated than those at harvest and onnign@hough these microbes were present, theirldewere
significantly below p< 0.05) the GSA and the ICMSF standards (1.0%cfi0g).

The recording of higher counts of total heterotiogbacteria and coliform bacteria in bd# encrasicoluand S.
aurita samples from the retail markets in both Tema andr@ suggests that there are potential human parisog
present in fish sold in local retail markets in GaaThis implies that fish and fish products fromege markets
could pose serious health threats to humans whenate consumed without adequate hygienic proggssioh as
properly cooking them, as consumption of poterttimnan pathogens in large quantities could causeusefood-
borne illnesses or poisoning [31].Inglisal.[32] reported that the consumption of fish contaateal with pathogens
which are stored at temperatures conducive foreiattmultiplication may result in gastroenteritigphoid fever,
diarrhoea and emesis. These infections may onlyra€dish is consumed without any further treatmeherefore
proper treatment of fish before consumption is figacommended.

CONCLUSION

The study revealed that, fresh samples sold dbtted retail markets had the highest loads of ni@bcounts up to
levels above local and the International standaads, therefore were unwholesome for immediate copson
without adequate hygienic processing. Microbialdkan samples obtained from the local retail markeere
significantly higher than those obtained at haraest on landing. This was attributed to poor hangdind storage
methods used by fishers and fish mongers at thirigrbeaches or the retail markets.The resultcatdd that, the
poor insanitary conditions of landing beaches ghel dealt with through continuous sensitizatiotheffisher folk
in the artisanal fishery on the need to keep thelitey sites or beaches clean and on the need fut gersonal
hygiene. The safety standards established by tlem&Btandards Authority (GSA) for ensuring the whomeness
of fish and its products should be enforced.
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