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Abstract

The present study was conducted at Directorate General of Preventing Medicine
and PHC, Epidemiology Dept, Ports and quarantine health unit, Port Sudan,
endeavors for Microbial evaluation (bacteriological load) of marine fish Najil
(Plectropomus Pessuliferus). And to determine the occurrence of some

contaminated bacteria.

This study was carried out from 23/1/2017 to 2/2/2017. 20 samples of Najil fish (P.
Pessuliferus) were collected from Port Sudan fish market (in sterile plastic bags)
and pre chilled with ice in thermostatic container. All the samples were tested
immediately, and instantly froze for four days. Then the studied samples were

tested microbiologically and results showed:

For fresh fish total bacterial count (TBC) was (5.68x10°) CFU/gm, and for frozen
samples was (4.38x10°) CFU/gm respectively.

The study concluded that,Najil fish (P. Pessuliferus)showed the highest level of
contamination between fresh fish. While in frozen fish freeze seem have the higher
effect (less number). And the results showed highly significant differences between

fresh and frozen fish.

The samples were also tested for contaminant bacteria and the result indicated the
presence of Staphylococcus and Ecoli, while the salmonella and vibrio were absent

at each of it.

Keywords: Microbial evaluation, Frozen fishes, Najil (plectropomus pessuliferus)
fish.
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CHAPTER ONE

INTRODUCTION

Fish accounts for approximately 17% of the global animal protein intake. Globally,

the production of fish compete the growth of world population (FAO, 2014).

Sea foods have traditionally being a popular part of the diet in many parts of the
world and in some countries constituted the main supply of animal protein. Today,
even more people are turning to fish as a healthy alternative to real meat. Seafood
differs from other types of foods in a number of ways, most seafood is still
collected from wild population, and the fishermen are hunters with no influence on
handling of their prey before it is caught .Thus, it is not possible to irritate the
situation for slaughter animals, selecting only the most suitable specimen for
slaughter and to rest and feed them well before killing (Adebayo-Tayo et al.,
2012a). Also fish and Seafood supply a number of essential vitamins and minerals,
including: vitamins A, B3, B6, and B12, and D, and the minerals calcium, iron,

selenium, and zinc.

Seafood consumption is linked with improvements in health conditions including
cardiovascular disease (stroke), arthritis, Cognitive function, Hearing loss,
Depression/mood, Osteoporosis, and cancer. However, consumption of fish and
shell fish may also cause diseases due to infection or intoxication, some of these
diseases have been specifically associated with pathogens which are resistant to
antibiotics (Adebayo-Tayo et al., 2012a).



Some seafood commodities are more risky than others owing to many factors,
including the nature of the environment from which they come, their mode of
feeding, the season during which they are harvested, and how they are prepared
and served. Fish are conditioned by their environment if the growing and
harvesting environment of fish is polluted chemically or microbiologically, the fish
will be also polluted (Begum et al., 2010). When frozen seafood products are
consumed raw, there is the likelihood of endangering the health of the consumer
especially when the micro-organism present includes pathogenic ones (Adebayo-
Tayo et al., 2012a).

Fisheries sector plays an important role in food security, poverty alleviation and
economic development of Sudan. Inland and marine fisheries are the major
fisheries sectors of Sudan. These sectors support not only the domestic needs but

also contribute to world export markets (Begum, 2014).

In Sudan because of lacking facilities, bad handling and processing most of the fish
landing sites where subjected to very poor conditions. Thus the competent
authority that is supposed to intervene to improve this quality unfortunately has
very limited role and effort as a result of lacking in technical and financial

capabilities.

Sea basses (Serranidae) are among the most important families of commercially
harvested tropical marine fishes worldwide (Elamin et al., 2011). Because coral
trouts are favored for consumption and sale in commercial and subsistence
fisheries in Sudanese water, they have been main target species for artisanal

fisheries in Sudanese marine fisheries for the past two decades (Elamin et al.,2014)

One of the species that are most commonly caught in Sudanese water is coral trout

of species plectropomus pessuliferus, the species which caught by handlines, heavy



exploiteted, sold and bring high market prices (Beets, and Hixon,1994; Morris et
al., 2000).

However, as demands for and production of seafood increased, it becomes

Important to be more attention to seafood safety and seafood related diseases.

Aims of the study:

General objectives:

The general objectives of this study are firstly to increase microbiological
information on marine fish species by determine microbial qualities, carry out
trials for microbiological shelf life of freshly and frozen hygienically handled Najil
(p. pessuliferus,in laboratory study) as well as the prevalence of certain human
pathogens. Also to understanding, be aware about fish quality, HACCP system

concerns. And finally to reduce quality loss of fish.
Specific objectives:

The present study was therefore aimed firstly for comparative analysis of
microbiological evaluation (estimate the microbial load) in the available
consumable marine fish fresh and frozen Najil (p. pessuliferus), Secondly to

findout the occurrence of some pathogenic bacteria such as vibrio and salmonella

SPp.

CHAPTER TOW



LITERATURE REVIEW

2.1Nutritional benefits of fish

Fish and fish products are known worldwide as very important dietary components

because of their high nutritive quality and significance in improving human health.

Consumption of fish is increasing globally due to increasing evidence of positive
benefits for medical conditions like constipation, cardiovascular diseases, obesity,
hypertension and certain variety of cancer. World per capita apparent fish
consumption increased from an average of 9.9 kg in the 1960s to 19.2 kg in 2012
(Mohan et al., 2016).

Fish contain high-quality protein and other nutrients our bodies require. It is low in
saturated fat and cholesterol (EFSA, 2014). According to the European Food
Safety Authority, among the essential nutrients contained in seafood in substantial
amounts, docosahexaenoic acid (DHA) and iodine have a well-established role in
the development of the central nervous system (CNS) of the foetus during
pregnancy (EFSA 2014). Fish improve learning ability in children; decrease
triglycerides; lower blood pressure; reduce blood clotting and enhance immune
function (EFSA, 2014). Fish and seafood constitute an important food component
for a large section of world population (Bark, et al., 2011; Sakthivel and Fernando,
2012); Trivedi, et al., 2012; Ozcan, et al., 2013; Varadharajan, et al., 2013).

Seafood products have attracted considerable attention as a source of high amounts
of important nutritional components like high-quality protein, essential vitamins
and minerals and healthful polyunsaturated fatty acids to the human diet (Ackman,
1989;INA- Smith and Simpson, 1996).Along the latest decades, fatty fish has



captivated a big attention from consumer because of the positive role of marine
lipids on human nutrition and health (Zhimin et al., 2014). Great efforts are being
carried out by fish traders and food technologists in being able to store and

commercialize fatty fish products in a safe and high quality state.

Raw fish and seafood is a highly perishable commodity compared to other fresh
meat commodities and have short lifetimes even at refrigeration temperature
(Lauzon et al., 2010; Popovic et al., 2010; Can, 2010). To maximize its value,

freshness quality must be maintained and shorter lifetime is a big hurdle.

Societies with high fish intake have considerably lower rates of acute myocardial
infarctions, other heart diseases and atherosclerosis, arthritis, asthma and other
inflammatory or self- immune illnesses or certain types of cancer (Bang and
Dyerberg, 1980; Shahidi and Botta, 1994).

The above mentioned benefits are thought to be due to rich omega-3 poly
unsaturated fatty acids content (Q2-3 PUFA). Furthermore, dietary intake of Q-3
PUFA was inversely related to the risk of impaired cognitive function. -3 PUFAS
are also critical for normal neural and visual development in the human foetus. The
two important -3 PUFAs, EPA (Eicosapentaenoic acid) and DHA
(Docosahexaenoic acid) are available to consumers mainly through a diet rich in
fish. Studies also indicated that dietary factors such as DHA have neuroprotective
effects which help in preventing Alzheimer’s disease (Clemens and Pressman,
2007).

Fish, which have highly contribution of net protein utilization in Sudanese homes,
Is still below the recommended requirement by the World Health Organization of
40.0g/day. (WHO, 2015).

Najil (Plectropomus pessuliferus):



Sea basses (Serranidae) are among the most important families of commercially
harvested tropical marine fishes worldwide, Coral trout (P. pessuliferus“Najil”isthe
main target species for artisanal fishers in Sudanese marine fisheries (Elamin et al.,
2011). Coral trouts of the genus Plectropomus is members of the serranid
subfamily Epinephelinae, which are commonly known as groupers (Frisch and
Hobbs, 2007).

P. pessuliferuscolours isthat the head, body, and fins brown to orange red, with
numerous small dark-edged blue spots; some spots on head and sides of body of
adults are elongated (those on body usually vertically elongate); spots few or
absent on ventral part of body; edge of orbit often blue (may be broken into
segments).And his habitat and biologyoccurs on or near coral reefs at depths of 25
to 147 m. P. pessuliferus differs from P. maculatus in having the longest gill rakers
shorter than the longest gill filaments, some spots on body vertically elongate, and

pelvic fins with blue spots (FAO species catalogue).
2.2 Microbial flora of fish:

The natural habitat of fish is extremely susceptible to pollution from domestic,
industrial and agricultural discharges. Therefore, fish and other aquatic life forms

are vulnerable to all environmental hazards (Raufu et al., 2014).

Fish is soft and easily to damaged, therefore rough handling and bruising results in
contamination of fish flesh. Within one day of capture fish will become unfit for
human consumption unless it is subjected to some form of processing or
preservation. Fish are much more perishable than any other high protein muscle
foods and this high degree of perishability is primarily due to the large amounts of

non-protein nitrogen NPN) e.g. free amino acids, volatile nitrogen bases i.e.



ammonia, TMA, creatine, taurine, uric acid, carnosine and histamine (Mayer and
Ward, 1991).

Fish are extremely susceptible to microbial contamination, although the flesh itself
is normally sterile, Millions of bacteria many of them potential spoilers, are present
in the surface slime, on the gills and in the intestines of life fish (Abolagba and
Uwagbai, 2011).

All seafood can be susceptible to surface or tissue contamination originating from
the marine environment. Bivalve mollusks feed by filtering large volumes of
seawater. During this process, they can accumulate and concentrate pathogenic
microorganisms that are naturally present in harvest waters, such as vibrios
(Popovic et al., 2010). Human pathogens of exogenous origin in seafood include
Escherichia coli, Salmonella, Shigella, Yersinia enterocolitica, Campylobacter
spp., Staphylococcus aureus and Bacilluscereus introduced through poor personal
hygiene or cross contamination with other contaminated foods (Popovic et al.,
2010).The microfloras of marine fish are predominantly halotolerant able to grow
over a wide range of salt concentrations but display optimal growth at 2-3% salt
concentration. This is enhanced by the common use of ice to chill the fish, thus
exposing the bacterial populations to decreasingly saline conditions during storage.
This seems to favour the survival and growth of halotolerant species e.g. Vibro
spp. (ICMSF, 1998).

2.3 Fish and sea food spoilage



Seafood’s in their natural environments are associated with a variety of
microorganisms. The microbiology of fish skin and gastro intestinal tract has been
subjected to many researches. Fish can spoil from both outer surface and inner
surfaces as fish stomach contain digested and partially digested food which can
pass into the intestine (Emikpe et al., 2011). Although the flesh itself is normally
sterile, Bacterial growth and invasion on the fish are prevented by the body’s
natural defense system during life but after death the defense system breaks down

and the bacteria multiply and invade the flesh (Abolagba and Uwagbai, 2011).

Seafood contamination occurs naturally from the environment where fish are
harvested, during harvesting, processing or during food preparation. Contamination
of fish from enteric bacteria of human and animal origin may also be responsible

for various food spoilages (Emikpe et al., 2011).

Various compounds such as Trimethylamine (TMA), total volatile base nitrogen
(TVB-N), sulphuric compounds, aldehydes, ketones, esters, etc., are being
produced by various microorganisms during the fish spoilage (Gram and Huss,
1996).Apart from spoilage the safety of seafood also has to be controlled in terms
of the presence of possible food—borne pathogens such as the human pathogenic
Vibrio species, C. botulinum, Aeromonas hydrophylla, B.cereus, Salmonella spp.,

Y. enterocolitica, L.monocytogenes (Francoise, 2010).

In the technology of marine animal processing by cooking, the following critical
aspects of marine animals are significant, the duration of cooking, temperature of
steam, water and other media racy of thermometer and other monitoring and timing
devices. For unpreserved fish, spoilage is a result of gram-negative, fermentative
bacteria (such as Vibrionaceae), whereas psychrotolerant gram-negative bacteria

(such as Pseudomonas spp. and Shewanella spp.) tend to spoil chilled fish(Gram



and Huss, 2000). It is therefore important to distinguish non spoilage microflora
from spoilage bacteria as many of the bacteria present do not actually contribute to
spoilage (Huss, 1996).

2.3.1Fish Spoilage

The rate of fish spoilage depends on handling during processing, acidity level,
species of fish, weather, mode of storage and temperature during transportation
(FAO, 2013).

Fish is extremely perishable. It spoils easily. “Spoilage” can be defined as a change
in fish or fish products that renders them less acceptable, unacceptable or unsafe

for human consumption.

Aguatic food products deteriorate rapidly due to post-mortem as a consequence of
biochemical and microbial breakdown mechanisms (FAO, 2014;Botta 1995)
defines fish spoilage as a change in a fish or fish product that makes it unsafe, less

acceptable, or unacceptable to the consumer for its original intended purpose.

In tropical conditions, fish spoils quite rapidly within a few hours of landing if not
properly cooled (Akinneye et al., 2010).Chemical breakdown of protein, fat and
water contents contribute to quick spoilage of fish. Dominique (2014) stated that
storage of fish caught during their heavy feeding and or spawning seasons show
wide variations in spoilage rate. Heavily feeding fish tend to be more susceptible to
autolytic tissue degradation than the little feeders. The type of feed /food on which
fish feed on may similarly have an effect on their spoilage rate during storage. Low
feeding fish have been found to have low levels of bacteria in the intestines as
compared to the heavily feeding fish.



Spawning fish tend to use most of their glycogen and the effect of depletion is
reflected in their susceptibility to rapid deterioration during storage due to faster
onset and resolution of rigor mortis (Huss 1994).The geographical location, and or
the type of waters, has a remarkable influence on the type of micro fauna that will
grow on the fish. Ajiboye (2011) states that microorganisms associated with food

spoilage are found and can thrive under a wide spectrum.

Bacteria associated with fish vary according to their optimal growth requirements,
which among others include; oxygen or redox potential, pH, temperature and water
activity thus, their distribution in the environment is dependent on their
requirements. Dominique (2014) stated that bacteria living on the surface of
marine fish are phenotypically capable of utilizing amino acids, peptides and non-
carbohydrate sources for growth. Their activity on these substrates normally leads
to the production of slightly alkaline conditions in stored fish products. Bacteria
which colonize fish skin surfaces and gills are predominantly aerobes however,

facultative bacteria may occur in high counts on pelagic fish.

Bacteria from skin and gills are predominantly aerobic although facultative
bacteria particularly Vibrio may occur in high numbers on pelagic fish.

Gomez and Balcazar (2008) stated that obligate anaerobic bacteria are not common
on the surfaces of fish but their occurrence is significant in the intestines.

The growth of specific spoilage bacteria and the accumulation of their metabolic
by- products contribute to the major spoilage changes in fish during storage.
Essentially, freshly caught fish are usually characterized sensorally by “fresh fish
flavours” during storage; a period is reached where the odours and flavours are
described as neutral or non-specific, (the first indications of off-odours and
flavours) which progressively become more pronounced and ultimately renders the

fish unacceptable for consumption (Gram and Huss, 1996).
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2.3.2Microbiological spoilage

Fish flesh provides an excellent substrate for the growth of most heterotrophic
bacteria with compositional attributes that affect bacterial growth and the related
biochemical activities.Live fish is normally considered to be sterile, but
microorganisms are found on all the outer surfaces (skin and gills) and in the
alimentary tract of live and newly caught fish in varying numbers.Bacteria are
characterized according to their optimal growth requirements, which include
among others water, oxygen, pH, temperature and redox potential (Eh). Their

distribution in the environment is therefore dependent on their requirements.

Bacteria living on the surface of marine animals are phenotypically capable of
utilizing amino acids, peptides and other non-carbohydrate sources. Utilization of
these substrates normally leads to the production of slightly alkaline conditions

especially in the stored fish products (Liston, 1980).

Spoilage bacteria are characterized by their ability to produce Hydrogen Sulphide
(HS), reduce trimethlyamine oxide (TMAO) to trimethlyamine (TMA) and convert
urea to ammonia. Marine fish is characterized by the presence of an odourless
compound called trimethlyamine oxide (TMAQ). TMA is produced in fish muscle
slowly at first then at greater speed in fish stored at ambient temperature, in ice or
in refrigerated seawater (Aboh, 2015). Trimethlyamine (TMA), ammonia and
hypoxanthine are chemical compounds produced by bacterial action (Carlos, 2008;
FAOQ, 2013),With regard to fish, the inherent characteristic of the presence of non-
protein nitrogen components, such as, trimethylamine-oxide (TMAOQ), creatine,
methionine, free amino acids, cystine, histamine, carnosine, volatile nitrogen bases

such as urea especially in cartilaginous fishes support microbial growth and the

11



production of their related metabolites; responsible for fish spoilage during storage
(Ghaly et al., 2010).

FAO (2015) stated that the source of Trimethyl amine-oxide (TMAOQO) in fish is
known to be from the biosynthesis of certain species of zooplanktons. These
organisms possess an enzyme, monooxygenase, which oxidizes trimethyl amine
(TMA), commonly, found in marine plants as well as many other methylated
amines (mono-methylamine and dimethyl amine) to TMAO. Thus, the plankton-

eating fish obtain their TMAO from these zooplanktons.

2.3.3 Chemical spoilage

Chemical spoilage processes are changes taking place in the lipid fraction of the
fish. Lipids are oxidised to peroxides, aldehydes, ketones and lower aliphatic acids.
The main reactants in these processes involves atmospheric oxygen and fish lipid
but the reactions are initiated and accelerated by heat, light (especially UV-light)
and several organic and inorganic substances like copper and iron ions. The end
products are aldehydes and ketones, which impart the strong rancid flavour

normally, associated with spoilt fatty fish (Huss, 1994).

Abowei (2011) stated that the highly nutritious properties of fish flesh provides an
excellent substrate for the growth of most heterotrophic bacteria and the

composition affects the bacterial growth and related biochemical activities.
2.3.4 Autolytic spoilage

Rigor mortis disappears in a short time even under the most favourable storage
conditions. Immediately thereafter, the decomposition of the highly complex
protein of the fish muscle into simpler protein, polypeptides and amino acids starts

12



to take place. These changes are known as autolysis. While autolysis is proceeding,
bacterial decomposition begins, which is the most complex and important of all the
changing processes (Mohan et al., 2016). According to (Huss. 1994), autolytic
changes are responsible for the early quality loss in fresh fish but contribute very
little to spoilage of chilled fish and fish products. However, under frozen
conditions, autolytic enzymes break down TMAO to dimethylamine (DMA) and
formaldehyde (FA). The more these enzymes get in contact with the Fish’s flesh
the greater the spoilage. Adenosine triphosphate (ATP) is broken down through a
series of products such as adenosine diphosphate (ADP), inosine monophosphate
(IMP), inosine and hypoxanthine (HX).

2.4Factors that influence the rate of fish spoilage

Apart from intrinsic factors such as moisture content, pH, onset and resolution of
rigor mortis, chemical composition, redox potential, and other factors may
influence spoilage in fish, if not eliminated or reduced considerably. These include
effect of time/temperature, post-mortem handling procedures processing facilities,
initial microbial load in association with fishing ground, method of capture, mode
of storage. Literally, every stage of handling from harvest to consumption affects

spoilage in one way or another.

The rate at which spoilage occur varies with species of fish, sanitary conditions,

methods of handling and storage (Flowra et al., 2012).
2.4.1 Effects of time/temperature conditions on microbial growth

Consumers demand for fresh or fresh like fish products without altering its natural

quality attributes will be met by using low temperature preservation particularly

13



chilling. Low temperature preservation is widely practiced in the industry to

overcome the spoilage of fish (Mohan et al., 2016).

Temperature is the primary factor controlling spoilage in fish because it has direct
effect on the growth of microorganisms.Wang et al., (2010) stated that temperature
contributes immensely to the perishability of fish as evidenced by the effective
inhibition of bacterial growth on fish harvested from warm waters by refrigeration.
Chilling exerts selective pressure on the bacterial populations on the surface of the
fish resulting into mesophiles failing to grow and psychrotrophs increasing in
abundance.Tawari (2011) attributed the importance of temperature in fish spoilage,
to their wide distribution in the environment, their ability to utilise a wide range of
materials as substrates for growth and the ability to contaminate a product from

Many sources.

The micro floras of marine fish are predominantly halotolerant, able to grow over a
wide range of salt concentrations but display optimal growth at 2-3% salt
concentration. This is enhanced by the common use of ice to chill the fish, thus
exposing the bacterial populations to decreasingly saline conditions during storage.
This seems to favour the survival and growth of halotolerant species e.g. Vibro
spp. (ICMSF, 1998).

2.4.2 Post-mortem handling practices and storage procedures
Different species have different storage life, which varies depend upon the oil
content, catch, fishing area, season and duration of the rigor mortis
(Gopalakrishnan et al., 2016). If the product is refrigerated later on, the dominant
bacteria on the product after a day or two of storage will be Gram negative because
of the inability of Gram positive bacteria to grow competitively under refrigeration
(ICMSF, 1998).
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At the fish processing plant, further handling occurs during wet processing
operations like sorting, filleting and trimming. These operations transfer Gram
positive bacteria usually associated with humans, directly from fish skin and gut to
filleted flesh surfaces. The bacteria may also be transferred from the processing
environment namely, contaminated surfaces, knives and machines. It has been
estimated that fillets and other products from fresh fish processors usually carry
counts of 10%-10%/g or more (Abowei, 2011).

Insufficient cleaning may lead to bacterial build up which in turn will act as a

source of subsequent contamination.

The type of production material and design of the containers may not allow them
to be cleaned and disinfected effectively. The presence of vermin e.g. rodents,
birds, domestic animals and people (handlers and auctioneers) are additional

sources of contamination.

Offloading operations provide opportunities for bacterial contamination via
offloading equipment, pumps, conveyors, baskets and boxes that redistribute

surface contamination (FAO, 2011).

Public auction markets where fish may be displayed on/in wooden, metal or plastic
containers in the open, potential bacteriological dangers abound. For example,
exposure of catch to direct sunrays especially in the tropics where ambient
temperatures are more than 20C° permits multiplication of spoilage bacteria.
Delays in chilling when ambient temperatures are high can significantly shorten

shelf life during subsequent storage(Abowei, 2011).

With regard to fish, the inherent characteristic of the presence of non-protein
nitrogen components, such as, trimethylamine-oxide (TMAOQO), creatine,
methionine, free amino acids, cystine, histamine, carnosine, volatile nitrogen bases
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such as urea especially in cartilaginous fishes support microbial growth and the
production of their related metabolites; responsible for fish spoilage during storage
(Ghaly et al., 2010).The rate of fish spoilage depends on handling during
processing, acidity level, species of fish (Round fish deteriorate faster than flat fish
(Flowra et al.,, 2012), weather, mode of storage and temperature during
transportation (FAO, 2013).

2.4.3 Initial bacterial load

The initial microflora on the surface of the fish is directly related to the water
environment while the flora in the gastro-intestinal tract corresponds to the type of
food and the condition of the fish (Abowei, 2011).

The flesh of the freshly caught fish is regarded as sterile and their surfaces will
carry contaminants, which are easily transferred to the flesh. The fresh and
minimally processed fish products provide a good substrate for microbial growth.
Such substrate may allow proliferation of human pathogenic organisms. Ensuring
the safety of food products depends on minimizing the initial contamination with
pathogenic microorganisms and inhibiting their development during handling and

storage.

The microflora on tropical fish often carries a slightly higher load of Gram-
positives and enteric bacteria but otherwise is similar to the flora on temperate-
water fish. Basically, bacteria populations on temperate fish are predominantly
psychrotrophic reflecting water temperatures of about 10c® while fish from the

tropics have largely mesophilic bacteria.

During storage however, the counts on a given morphological entity, may increase

by a minimum of one logarithm (Alemu, 2013). Regardless of the differences in
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the initial micro flora, the spoilage patterns of fish during ice storage are usually
quite similar and are caused by Pseudomonas sp. and Shewanella putrefaciens
(Lauzon et al., 2010). Nilla et al., (2012) studied that the total bacterial count of
marketed Mola (Amblypharyngodon mola) ranged from 1.8 + 0.25 x10* to 6.5 +
0.75 x 10° cfu/g for fresh sample and 5.5 + 0.55 x 10% to 7.0 + 0.80 x 10° cfu/g for
frozen . The highest total coliform count of mola was 8.0 + 0.55 x 10* and 6.1 +
0.40 x 103 cfu/g for local market and departmental chain shop, respectively.Also
Oramadike et al., (2010) studied microbiological qualities of some frozen fishes
available in some reputable supermarkets in Lagos State and reported that total
bacterial count ranged between 2.0 x10° to 7.4x102 cfu/g, total coliforms per gram
ranged between 0 and 53 MPN/g and did not exceed acceptable total coliforms
limit per gram for frozen fish. The sanitary, storage and hygienic conditions of the

supermarkets were relatively the same.

Noor et al., (2013) studied the prevalence of pathogenic microflora along the two
major sea fish samples, Rupchanda (Pampus chinensis) and Surmai
(Scomberomorus guttatus) and reported that the total bacterial count was

2.5x108cfu. /g in fish blend samples.
2.4.4 Methods of capture

During capture operations, fish come in contact with nets, ropes, deck boards,
human hands and clothing. This contact continues during packing and storing
operations below deck. Excessively handled fish may carry significant numbers of
Gram positive bacteria, some of which may be spoilage bacteria or pathogenic.
Most of these Gram positive bacteria are naturally derived from human and avian

sources (Faisal, 2015).
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Fish caught by hook and line die or are killed relatively rapidly when brought into
the air (ICMSF, 1998) and the method minimizes stressed and its associated
deterioration attribute. Fish caught by a seine net, has a better quality index than
fish caught in a trawl net, which tends to compact the fish and in so doing presses
out guts with their high bacterial contents. The spilled bacteria utilize the available

substrate and their metabolic products constitute deterioration (Chuck, 2012).

Gill netting entails fish struggling, which in turn quickens the onset of rigor and
subsequent deterioration. Bacteria may gain access through puncture wounds and
bruises during the death struggle and may multiply rapidly in these localized areas.
The degree of struggling before death reduces the levels of glycogen in the fish
muscles, which has a negative impact on quality as far as the texture, is concerned.
A method that inflicts stress or struggle hastens the onset of spoilage (Chuck,

2012). A method that inflicts stress or struggle hastens the onset of spoilage.
2.4.5 Rigor mortis

Rigor mortis is the process through which fish loses its flexibility due to stiffening

of fish mussels after few hour of its death (Adebowale et al., 2008).

Temperature and rigor mortis are the main underlying factors in fish spoilage
(Flowra et al., 2012). In live fish, there are different enzymes naturally present in
fish flesh and engaged in normal processes like tissue building and muscular
contraction and relaxation. After fish die, they become involved in predominantly
degradation reactions. One of these reactions is the gradual hydrolysis of glycogen
to lactic acid, resulting in the fall of pH from the normal neutral to acidic i.e. 7 to
5.8-6.8 depending on the species and condition of the fish. The decline in pH and
the imbalance in the biochemical reactions within the fish musculature brought

about by the post mortem continuation of enzymatic activity. Initiates a
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phenomenon referred to as rigor mortis (Makri, 2009). It involves the stiffening of
the fish muscles, which subsequently may pose processing problems. It affects the
quality of the fish, as the texture of the flesh is rendered firmer because of its
tendency to lose moisture. The change in pH affects the enzymatic and other
chemical reactions in fish muscle cell, which may result in flavour and odour

changes.

2.5Quality, Hazard Analysis Critical Control Point (HACCP)

system and principles of fish preservation

2.5.1Quality and HACCP system

Fish quality is a complex concept involving a whole range of factors, which for the
consumer include: safety, nutritional quality, availability, convenience, integrity,
freshness and eating quality (Abbas et al., 2008; Jinadasa, 2014).

Quality can be assessed by the determination of storage life, which is the amount
of time which seafood remains palatable. There are two main methods of assessing
fish quality to determine its freshness and shelf life and these are i. Sensory and
Non-sensory methods. Sensory methods rely mostly on appearance, odour, texture
and taste of the Fish while non-sensory methods use physical, biochemical,
chemical and microbiological means (Huss, 1995). Freshness is one of the most
Important attributes of fish quality and at the same time, it is not a single attribute.
However, it can be measured by different analytical methods. Shelf life of most
marine fishes have been observed to range between 2-24 days in ice, 5 days at 5C°
and 3 days at 10C° (Lauzon et al., 2010).
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Fish of lower quality, which is rejected either from the marked or at the fish
processing plant, accounts for 10 - 25% of the total global wild-captured fisheries
(FAO, 20144, b).

The Food and Drug Administration (FDA) regulations mandated (starting
December 1997) the application of the Hazard Analysis and Critical Control Point
(HACCP) principles to seafood processing. The first line of control of the presence
of bacterial pathogens in seafood is the use of Good Manufacturing Processes
(GMP) (Vasconcellos, 2004a). Secondly most seafood processors have effective
safety and quality assurance systems in place in most cases based on the Hazard
Analysis Critical Control Points (HACCP) principles (Vasconcellos, 2004b),
(Ward, 2002).

The four most prominent driving forces for use of HACCP are: (1) HACCP is
focused on food safety, (2) is science based, (3) relies on preventive controls rather
than retrospective end-product testing, and (4) focuses control on those food safety
hazards that are reasonably likely to occur. Although HACCP holds great promise
for minimizing the risk of foodborne disease, application of HACCP principles to a
few foods and food processes is challenging because no useful strategies are
available to control some identified food safety hazards. Smoked fish and the
process generally used for this product are examples of foods and processes that

pose such challenges (Ward 2001).

HACCP can be applied throughout the food chain from primary production to final
consumption and its implementation should be guided by scientific evidence of
risk to human health. Any HACCP system is capable of accommodating change,
such as advances in equipment design, processing procedures or technological

developments.

20



Several methods to remove, reduce, kill or inhibit the growth of pathogens in
seafood and water are employed. One of the main functions of the HACCP system
Is to ensure the effectiveness and robustness of these methods. Proper sanitation of
the food processing environment using the right sanitizers in correct concentrations
Is paramount to keeping the initial microbial load to the minimum. In addition
upholding the personal hygiene of the personnel and training in sanitation methods,
as well as the use of potable clean water in all cleaning and sanitation procedures
are indispensable in attaining this objective. Once this goal has been achieved other
methods to be used in successive steps will be successful in reducing or
eliminating spoilage organisms and pathogens to acceptable limits hence attaining
the desired shelf life and safety of the final product (Ray and Bhunia, 2008).

2.5.2Fish Preservation

The most important aspect in post harvest technology of fish is to prevent and

retard the deteriorative changes in fish muscle.

The two major problems with respect to marketing and distribution of seafood’s
are their high perishability and poor hygienic quality (Olafsdottir et al., 1997). To
overcome these problems various preservation methods are being practiced. The
principle aim of fish preservation is to delay, reduce or inhibit the enzymatic,
chemical and microbial spoilage. This is achieved by controlling the storage
temperature, maintaining proper water activity, pH or by using chemical
preservatives (Gould, 1989). Therefore, the efficiency of methods depends on its
effect in reducing the spoilage rate and thus increasing the shelf life and improving
final quality.

The selection of a method of preservation is based on the nature and type of fish,

economic viability of the method and technical knowledge.

21



2.5.2.1 Methods of fish preservation

Preservation technique by temperature control is of two ways, either by lowering
or increasing the temperature. Methods involving the lowering of temperature are
chilling and freezing. In chilling, the temperature of the fish is lowered
immediately to reduce the autolytic and bacterial changes. To slow down the
mechanisms involved in quality loss, the fish should be refrigerated immediately

after capture until consumed (Gram and Huss, 1996; Sumner et al., 1984)

Apart from these various other methods such as drying and salting, smoking,
irradiation by gamma radiation, addition of chemical preservative agents, high
pressure processing, sous-vide, pulsed electric field are employed as a means of
preserving fish and fish products and have shown some degrees of effectiveness
(Ahmedet al., 1997; Kumta et al., 1973). Canning is another method, in which the
temperature is increased to more than 1000C to inactivate all the enzymes and
bacterial including spores (Ball and Olson, 1957; Biji et al., 2015).

Each preservation method possesses some significant disadvantages like
deterioration of fish quality and modification of freshness, lack of stability, and
excessive cost (INA- Smith and Simpson, 1996). However global demand for fresh
mildly preserved, convenient with better keeping quality fishery products is

increasing. This can be achieved by frozen storage of fish.
2.5.2.2Freezing of fish

Shelf life extension of fish is of importance to allow the transport of products to
distant markets at lower cost.

At room temperature, the seafood deteriorates in a faster rate, therefore freezing
and frozen storage are important methods for the preservation of fish species, it is a
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common practice in the meat fish because it preserved the quality for an extended
time, minimum deterioration in products color, flavor and texture.

The freezing and frozen storage of fish have been largely used to retain their
sensory and nutritional properties before consumption (Erickson, 1997;
Lakshmishaet al., 2008).

Freezing is a transition phase in which a liquid turns into a solid when its
temperature is lowered below its freezing point, During frozen storage of fish,
deterioration in quality due to microorganisms and some biochemical processes is
decreased because in freezing, the products are cooled below a temperature of -
35C° to arrest the enzymatic and bacterial activities completely to prolong the shelf
life (Clucas and Ward, 1996). Properly frozen and packed good quality lean fish
can normally be stored at -200C° to -300C° for more than 1 year without much loss
In consumer acceptability. But the quality of fish deteriorates during storage as

shown by organoleptic, chemical and physical changes.

Frozen fish stored for extended period can have reduced palatability by loss of
flavour or texture. The denaturation and aggregation of fish muscle proteins
particularly myofibrillar fraction are associated with the texture deterioration of
frozen fish. According to (Huss, 1994) autolytic changes are responsible for the
early quality loss in fresh fish but contribute very little to spoilage of chilled fish
and fish products. However, under frozen conditions, autolytic enzymes break
down TMAO to dimethylamine (DMA) and formaldehyde (FA), Therefore
maintenance of proper storage temperature and freezing properties of different
species must be given for great importance on the quality of fish. These mean that
fish if necessary should be stored, for a short period of time to retain the taste, and
provide both the protein and fat at optimal level (Mazrouh, 2015).
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Many factors influence the deterioration during frozen storage, like rate of
freezing, temperature and time of frozen storage, post harvest history of fish prior

to freezing etc. (Sravani, 2011).
2.5.2.2.1Advantages of freezing

Food can be cooked and baked in bulk or in separate portions. Such portions can
be used as you need them thus saving time and energy. Food or fish can be bought
while in season and at its best and cheapest either raw or cooked. In tropical
regions, particularly in West Africa the practice of cold storage limits the problem
posed by the extreme perishability of fish in developed countries (Janvier et al.,
2014).

2.5.2.2.2Disadvantages of freezing

Disadvantages such as product dehydration, rancidity, drip loss and product
bleaching have an overall effect on the quality of frozen food (Kindossi et al.,
2012).

Knowledge of the nutrient composition of freshwater fishes and the relationship
between their chemical composition, food value and stability while being
processed into acceptable products is of significant practical interest. Freezing is
relatively costly and if poorly done can adversely affect fish quality (Kindossi et
al., 2012).

2.6 Fish contamination

Fish take a large number of bacteria into their gut from water sediment and food
(Emikpe et al., 2011). Fish contamination can also be linked to raw material,
personnel, processing tools such as forklifts through leakage, opening in building
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and pests. Some pathogens may even become established in the processing plants
from niches where they can survive for a long period of time (Adebayo-Tayo et al.,
2012b). The tissue of a healthy fish is normally considered sterile until bacterial

inversion that leads to spoilage.

Adebayo-Tayo et al., (2012) determined microbial quality of frozen fishes from
three different markets using standard methods. The Bacteria isolated from frozen
fish samples were Staphylococcus aureus,Esherichia coli, Vibrio spp., Salmonella

spp., and Pseudomonas spp., Micrococcus spp.

Saima et al., (2012) examined the bacteriological quality of mola fish
(Amblypharyngodon mola) from three local fish markets as fresh and as frozen and
revealed that Salmonella-Shigella was identified in 67% samples (75% of fresh and
58% of frozen samples) varied from 0.9 + 0.00 x10? to 5.3 + 0.30 x 10® CFU/qg.

Joseph et al., (2013) found the presence of Aeromonas spp., which has been
recognized as a potential health risk and surveillance of this pathogen is crucial for

successful disease management and control.

Noor et al., (2013) studied the prevalence of pathogenic microflora along the two
major sea fish samples, Rupchanda (Pampus chinensis) and Surmai
(Scomberomorus guttatus) and reported that the total bacterial count was
2.5x108¢cfu./g in fish blend samples and the samples were highly contaminated

with Shigella spp., Listeria spp., Staphylococcusaureus.

Noorlis et al.,, (2011)explained that the high frequency of Vibrio spp. in the
samples may be due to the use of contaminated ice to cover the fish on the display
bench or from long holding time on the display rack at the retail level without

proper temperature control and mishandling by fish sellers.
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Rahman et al., (2012) assessed the health hazard microbes in raw and finished
product of coral (Lates calcarifer) and reported that total coliform was between 15
MPN/g and 20 MPN/g in the finished product of coral, faecal coliform in raw and
finished product of coral was found <3 MPN/g and Salmonella spp. and Vibrio

cholerae, both were absent.

Vignesh et al. (2012) isolated Vibrio, Staphylococcus, Lactobacillus, Salmonella
and Klebsiella species. Another study done by Adebayo-Tayo et al., (2012) aimed
to microbiological and physicochemical analyses of fresh catfish from different
markets in Uyo, Akwa lbom State, showed the microorganisms isolated from sea
foods were identified as Staphylococcus aureus, Aeromonas hydrophila,
Escherichia coli, Shigella spp, Listeria monocytogenes, Yersinia enterocolitica and
Salmonella spp. It’s also showed that Staphylococcus aureus was the most

predominant organisms isolated from seafood samples.
2.7 Microbial contamination of fishes

The structure of marine bacterial communities is a result of both habitat (spatial)
filtering (Pontarp et al., 2012) and temporal patterns influenced by both biotic and
abiotic factors (Fuhrman et al., 2006).Infection as a result of microbial
contamination does not usually result in a disease but environmental stresses may
upset the balance between the potential pathogens and their hosts (Igbal et al.,
2012).

2.7.1 Contamination of fish with Enterobacteriaceae
2.7.1.1Salmonella

Salmonella are motile rod and gram negative bacteria,occurs commonly in

domestic animals and birds andbelongs to Enterobacteriaceae family. They are
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common waterborne bacterium which may be apparently present in the tissues of
normal fishes (Newaj-Fyzul et al., 2008).

Members of the genus Salmonella are ubiquitous, found in all organisms including
humans (Lotfy et al., 2011). Salmonella survival in water depends on biological
(macro and micro-invertebrate) and physical factors (e.g. temperature). There are
two species, S. bongoriand S.enteric (De Freitas Neto et al., 2010) and around
seven subspecies and various serovars of Salmonella (Porwollik et al., 2004).
According to the Center for Food Safety and Applied Nutrition in Washington
(2001), most fish related food borne illness are traced to Salmonella,
Staphylococcus spp., Escherichia spp., Vibrioparahemolyticus, Clostridium

perfringens,Clostridium botulinum E, and Enteroviruses (Yagoub, 2009).

Salmonella is a second leading cause of foodborne illness worldwide (Wong and
Chen, 2013). The majority of 1.3billion annual cases of Salmonella cause human
gastroenteritis, through the ingestion of undercooked eggs, shell fish and fish
(Awuor et al.,, 2011).The major reservoirs of the Salmonella spp. are aquatic
environment; however, fish and fishery products have been renowned as a carrier
of food-borne pathogens (Upadhyay et al., 2010).

Fishes serve as a host to a variety of parasites including Salmonella. Salmonella,
usually, is not a fish pathogen, rather the consumption of Salmonella contaminated
feed and water causes this infection. Deep-sea fish are generally salmonella spp.
free but susceptible to contamination post-catch. Water temperature has been
proposed as playing an important role in the long-term survival of salmonella in
the environment (FAO, 2010).

Salmonella enteric can cause asymptomatic carrier state, gastroenteritis,
bacteremia and enteric fever (Ryan and Ray, 2010; AbMutalib et al., 2014). It is

more common in children under the age of 5, and patients of 70 or above.
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Gastroenteritis is commonly identified by unexpected nausea, abdominal cramps,
diarrhea, continuous pain in head, cold and fever up to 39°C (Newton and
Surawicz, 2011). The symptoms of salmonellosis can be insignificant to severe and
may last between 5 to 7 days (Ryan and Ray, 2010). Enteric fever or typhoid fever
Is caused by serotypes of Salmonella, which includes Typhi and Paratyphi (Lotfy
etal., 2011).

Contamination of seafood with Salmonella is a major public health concern. In
Croatia, Salmonella spp. was recorded as the primary microbial pathogens
responsible for the majority of food-borne illnesses (Wafaa et al., 2011). Also
according to (FAO, 2010), aquaculture products can becomes contaminated with
salmonella through the use of unsanitary ice, water, containers, and poor hygienic
handling practices(FAQ, 2010).

Adebayo-Tayo et al., (2012) isolated Salmonella spp., from frozen fish samples in
study of determined microbial quality of frozen fishes from three different markets

using standard methods.

Ahmadoon (2013)carried study about marine fishes, Plectropomus areolatus
(Najel, Sulimani) first class fishes, and the study revealed that before and after
chilling of ice all samples are free from salmonella spp. Also Rahman et al., (2012)
assessed the health hazard microbes in raw and finished product of coral (Lates

calcarifer) and reported that Salmonella spp. was absent.
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2.7.1.2Escherichia coli

Coliforms are gram negative bacteria which ferment lactose and produce gas and
acid. Faecal coliforms are generally found in gastrointestinal tract of human and
animals. So, if faecal coliforms are found in fish or fish products, then it can be
said that these are contaminated by man or animal excreta. There are three genera

of faecal coliforms, e.g. Escherichia, Klebsiella and Enterobacter.

Escherichia coli cause dysentery. Normal fish and human skin is a complex organ

and the bacterial populations associated with it are complex in kind and number.

Saima et al., (2012) examined the bacteriological quality of mola fish
(Amblypharyngodon mola) from three local fish markets as fresh and as frozen and
revealed that all fresh and frozen samples were observed having high quantity of E.
coli above 10? cfu/g. Also Adebayo-Tayo et al., (2012) isolated Esherichia coli,
from frozen fish samples in study of determined microbial quality of frozen fishes

from three different markets using standard methods.

Ahmadoon (2013)carried study about marine fishes, Plectropomus areolatus
(Najel, Sulimani) first class fishes, and revealed that before and after chilling of ice

Ecoli has been isolated.

Nilla et al., (2012) found that all fresh and frozen samples were observed having
high quantity of E. coli. Also study done by Sujatha et al., (2011) concluded that
different species of bacteria were isolated and identified and among them, the

human pathogens that were found in the culture include E. coli.

2.7.2 Contamination of fish with Staphylococcus aureus
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Study done by Adebayo-Tayo et al., (2012) showed the microorganisms isolated
from sea foods were identified as Staphylococcus aureus, It’s also showed that
Staphylococcus aureus was the most predominant organisms isolated from seafood
samples. In another study by Adebayo-Tayo et al., (2012) to determined microbial
quality of frozen fishes from three different markets using standard methods and
one of bacteria isolated from frozen fish samples was Staphylococcus aureus. Also
Saima et al., (2012) examined the bacteriological quality of mola fish
(Amblypharyngodon mola) from three local fish markets as fresh and as frozen and
revealed that Staphylococcus spp. was confirmed in 79% samples with 83% of

fresh and 58% of frozen samples (63% of total samples) beyond 102 cfu/g.

Noor et al., (2013) studied the prevalence of pathogenic microflora along the two
major sea fish samples, Rupchanda (Pampus chinensis) and Surmai
(Scomberomorus guttatus) and reported that Staphylococcusaureus.has been
isolated. While, = Ahmadoon (2013) carried study about marine fishes,
Plectropomus areolatus (Najel, Sulimani) first class fishes, and revealed that

before and after chilling of ice all samples are free from staphylococcus spp.

2.7.3 Contamination of fish with Pathogenic Vibrio Spp.

Pathogenic Vibrios have been a public health concern for seafood consumers and
have been cause of import bans, detentions and rejections in international fish trade
(Wafaa et al., 2011).

Species such as V. cholerae, V. parahaemolyticus, V. vulnificus, V. alginolyticus,
V. mimicus, V. fluvialis, V. furnissii, V. metschnikovii, V. hollisae and V. damsel are

human pathogens, Theyaccount for a significant proportion of humaninfections
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such as gastroenteritis, usually associatedwith consumption of raw or undercooked

seafood,wound infections, septicemia and ear infections(Adeleye et al., 2010).

Vibrio frequently occurs in polluted water. After transmission these organisms

multiply rapidly in the intestines of the victims.

Vibrio cholerae is gram negative, comma shaped bacteria, and itis the most
commonly occurring pathogenic Vibrio species, followed by V. parahaemolyticus.
Cholera is characterised by profuse watery diarrhoea with flakes and mucus,
dehydration and sometimes death when adequate medical intervention is not
instituted (Jay et al., 2005; Kaperet al., 1995; Talkington et al., 2011).

Huq etal. (1990) have suggested that V. cholerae is wide spread in estuarine and
marine waters around the world, although the numbers may be low in sea water
throughout the year. They are found in areas where salinity is between 4 to 17%
and their presence does not correlate with either E. coli or Salmonella. They
establish symbioses with planktons as a means of overcoming low temperatures
that prevail during winter in temperate regions (Huq et al., 1990; Montanari et al.,
1999). V.cholerae is sensitive to temperatures, higher than 45°C, and to many
disinfectants used in the food industry.

Vibrio parahaemolyticus and Vibrio vulnificus are part of the natural flora of
estuarine and coastalmarine environments worldwide and have beenisolated from
sea and brackish water of both tropicaland temperate regions, sediments, and a
variety ofseafood especially shellfish and bivalve mollusks(Kirs et al., 2011;Wafaa
etal., 2011).

V. parahaemolyticus is rarely isolated in water where temperatures are below 15°C
(Matches et al., 1971). The bacteria are moderately sensitive to freezing and can

persist in frozen food for long periods (Vasudevan et al., 2002).
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V.parahaemolyticus is very sensitive to heat (killed at 47 to 60C°) to ionizing
radiation, and to halogens (Adams and Moss 2008). Food poisoning associated
with this organism arises from gross mishandling during preparation and from
temperature abuse (Nickelson and Finne, 1992).

Adebayo-Tayo, et al., (2012) determined microbial quality of frozen fishes from
three different markets using standard methods, The Bacteria isolated from frozen

fish samples was Vibrio spp.

In study done by Saima et al., (2012) to examine the bacteriological quality of
mola fish (Amblypharyngodon mola) from three local fish markets as fresh and as
frozen. The study revealed that Vibrio spp. was confirmed in 79% samples (83% of
fresh and 75% of frozen samples) of which 90% samples exceeded 10?> CFU/qg.
Also study done by Sujatha et al., (2011) concluded that different species of
bacteria were isolated and identified and among them, the human pathogens that

were found in the culture include Vibrio cholerae.
Nilla et al., (2012) found that Vibrio spp. was confirmed in 79% samples.

Noorlis et al., (2011)explained that the high frequency of Vibrio spp. in the
samples may be due to the use of contaminated ice to cover the fish on the display
bench or from long holding time on the display rack at the retail level without

proper temperature control and mishandling by fish sellers.

Rahman et al., (2012) assessed the health hazard microbes in raw and finished
product of coral (Lates calcarifer) and reported that Vibrio cholerae, was absent.
Also Ahmadoon (2013)carried study about marine fishes, Plectropomus areolatus
(Najel, Sulimani) first class fishes, and concluded that before and after chilling of

ice all samples are free from vibriospp.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Laboratory of investigation:

This study was carried out at Directorate general of preventing Medicine and PHC,
Epidemiology Dept, Ports and quarantine health unit, Port Sudan Laboratory, is an
accredited laboratory which was accredited by SSMO. The laboratory follows 1SO
17025 standards.

3.2 collections of samples:

A total of 20 samples of Najil (Plectropomuspesulliferus) fish were collected

randomly from different sellers at Port Sudan fish market.

The fish samples were identified, measured and processed following the methods
used by the association (personal communication).Then transported to the
laboratory by collecting in sterilized plastic bag put into ice box (thermostatic
containers) and directly analyzed as fresh, froze (put into freezer for 4days) and

then analyzed.

Fig (1) Najil (Plectropomuspessulliferus)
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3.3 Equipments and materials:

The following items were used for bacteriological count and these include: fish
sample, plastic container, freezer to froze fish sample, sensitive balance, sterile
bottles, flasks, beakers ,measuring cylinders, flame for sterilizing, sterile tubes (10
ml),sterile pipettes, normal saline, Petri dishes, glass (20x100 mm), Test-tube racks
to hold tubes in incubator and during storage, Wire loops for inoculating media,
Container for used pipettes, plate count agar, stomacher ,autoclave, water bath,
plate count agar, nutrient agar, incubator 37¢%+1c®. All the used glass wares such
as conical flasks, beakers, measuring cylinders, test tubes were washed, dried and
sterilized in autoclave at a temp of 121c for 15 min at 15 Ib/inch pressure (Ahmed
et al 2014).

3.4 processing of fish samples:

Aseptic measures and conditions were undertaken during the sampling procedure
to prevent contamination of the samples; 25g of each sample was weighted and
homogenized by a stomacher blender for 2min at 160 revolution/min with 225ml.

of peptone water (ph 7.0).

Each of three tubes was filled with nine milliliters of buffer saline solution (BS) of
first tube to prepare 10 dilutions. The 1ml was taken from the first tube and mixed
to the second test tube to prepare 1072 dilutions. The 107 dilution was prepared by
these subsequent dilution techniques. Then sealed in polyethylene bags to store in
frozen condition at -200c for further analysis, After 4 days fish samples were taken
out of the refrigerator and thawed at room temperature. Then 20 g of each sample
was blended with 180 ml of sterile bacteriological peptone water in a stomacher
blender. Then 1 ml of this 10 dilution was transferred to a screw cap vial

containing 10 ml of sterile dilute of bacteriological peptone to make a dilution of
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102, Then the vial was shaken gently. This process was repeated progressively to

prepare of 1073,
3.5 Bacteriological examination:

3.5.1 Culture media used for bacteriological evaluation

BPW (Bacteriological peptone water): Used for serial dilution of fish samples.
PCA (Plate Count Agar): Used for total bacterial count.

APW (Alkaline Peptone Water): Used for 1% enrichment of Vibrio spp.

TCBS (Thiosulphate Citrate Bile Salt Sucrose agar): Used for 2" enrichment of
Vibrio spp.

VRB (Violet Red Bile agar): Used for enrichment of E.coli.

LB (Lactose Broth): Used as pre-enrichment broth during testing of Salmonella

spp.
BPW (Buffer Peptone Water): Used for 1%t enrichment of Salmonella spp.

SCB (Selenite Systine Broth): Used for enrich the cultivation of while inhibiting

other organisms.

XLDA (Xylose Lysine Deoxycholate): Used for 3™ enrichment of Salmonella spp.
3.5.20ccurrence of total bacterial count

25grams of fish muscle was blended with 0.1% of 225ml peptone water in a sterile
blender jar for 5 minutes. To make decimal dilution, 1ml mixture was transferred
with the help of sterilized pipette to a test tube containing 9 ml of sterilized

peptone water. In this way decimal dilutions of 101, 102, 103, 104, and 10~ were
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prepared. One ml of sample from 1073, 10* and 10° dilution were pipetted into
previously prepared agar plates. After mixing and solidification the media, the
Petri-dishes were incubated at inverted position for 72 hours at 30°C. After 72 hour
of incubation, forming colonies were counted which had a range between 30 and
300. As there is sufficient evidence that 10 and 102 dilution contain more than

300 colonies, these two dilutions were ignored for determining total bacterial load.
3.5.2.1 Plate count agar media preparation:

For isolation of TBC (Total Bacterial Count), Bacteriological peptone plate count
agar (BPCA) media was used. To dilute the fish sample Bacteriological peptone
water was prepared by mixing 1g of media with 1000 ml distilled water (according
to the manufacturer’s instructions). Then PCA was prepared by mixing 11.75 g of
medium with 500 ml of distilled water and heated properly (according to the
manufacturer’s instructions). Both of the media were, then autoclaved at 121C° for

15 minutes.
3.5.2.2Test Procedures

(i) Each of 1 ml of solution from 10-3, 10-* and 10-° dilutions was plated by pipette

into sterile plates.
(if) About 15 ml of sterile PCA was poured into the plates.

(ili) After solidification of the media, the plates were inverted and incubated in
incubator at 30°C for 72 hours.

(iv) Bacterial colonies were counted by using digital colony counter; andthe total
number of bacteria per gram of sample was obtained by multiplying the average

number of colonies on Petri dishes by the respective dilution factor.
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3.5.3 Occurrence of Vibrio spp.

To know the presence or absence of Vibrio spp. in the sample, 25 grams of fish
sample was homogenized with 225 ml. of Alkaline Peptone Water (APW) and kept
for enrichment over night in an incubator at 370C = 10C. Later a loop full of
enriched sample was streaked on to the Thiosulphate Citrate Bile Salt Sucrose agar
(TCBS) plates and incubated at 370C = 10C for 24 hrs for the appearance of

positive colonies.
3.5.3.1Media preparation

For vibrio spp. isolation, Alkaline Peptone Water (ABW) was prepared by mixing
20mg of media with 1000ml of distilled water. Then 225ml of the first enrichment

was transferred to culture bottles and sterilized at 121c° for 15minutes.
3.5.3.2Test Procedures

(i) For preparation of first enrichment, 25g of sample was taken and diluted with
225ml of sterile APW(Alkaline Peptone Water ).This suspension was incubated at

37c%for 6hours.

(ii) For selective enrichment, TCBS (Thiosulphate Citrate Bile Salt Sucrose) agar
was prepared and sterilized. Then the culture of the second enrichment was

streaked by means of a loop on the surface of TCBS agar plates.

(iii) After streaking, the plates were inverted and incubated in an incubator at 37¢°

for 24hours.

(iv) After incubation, the presence of typical colonies of vibrio spp. were examined
and marked on the bottom of the dish (typical colonies of vibrio cholera growth on

TCBS agar are smooth, yellow and 2mm to 3mm in diameter.
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3.5.4 Occurrence of E.coli.

3.5.4.1Media preparation

For E.coli spp. isolation, VRB (Violet Red Bile) agar was prepared by mixing
41,53gms of media with 1000ml of DW (Distilled Water), and then 225ml of the
first enrichment was transferred to culture bottle and sterilized at 121c° for

15minutes.
3.5.4.2Test procedures

(i) For preparation of initial suspensions, 25g of sample was taken and diluted with

225ml of sterile peptone water. Then it was incubated at 37¢° for 24hours.

(i1) 1ml of each three suspensions (containing sample) was transferred to duplicate
Petri dishes, VRB broth was added to this Petri dishes.

(iii) Then it was incubated at 35c° for 24hours.

(iv) After incubation E. coli colonies was grown under the media and can easily be

isolated.
3.5.5 Occurrence of staphylococcus spp.
3.5.5.1Media preparation

For staphylococcus spp. isolation, BBAB (Baired Barker Agar Base) was prepared
by mixing 36gms of media with 950mlI DW (Distilled Water).heat to boiling,
sterilized in autoclave at 1511bs,pressure (121c°) for 15minutes,cool to 55¢° then

supplement called egg tellurite emulsion yolk (50ml) was added.
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3.5.5.2Test procedures

(i) For preparation of initial suspensions, 25g of sample was taken and diluted with
225ml of sterile peptone water (first dilution),10ml of first dilution was transferred
to bottle containing 90ml peptone water (second dilution), finally 2ml of second

dilution was transferred to bottle containing 18ml peptone water (third dilution).

(i1) 0.1ml of this three diluents was transferred to ready duplicate dishes contain

Baired parker agar media and incubated at 35¢° for 24hours.

(iif) After incubation, staphylococcus spp. (staphylococcus aureus) colonies were

growth and can easily be isolated.
3.5.6 Occurrence of salmonella spp.

To know the presence or absence of Salmonella in the sample, primary enrichment
was done in lactose broth (LB). Secondary enrichment was done using Fluid
selenite cysteine broth (SCB). Later a loop full of enriched sample was streaked on
Brilliant Green Agar (BGA) plates and incubated at 370C + 10C for 24 hrs for the

appearance of positive colonies.
3.5.6.1Media preparation

For salmonella spp. isolation, pre-enrichment media BPW (Buffered Peptone
Water) was prepared by mixing 20g of media with 1000ml of DW (Distilled
Water). Then 225ml of the pre-enrichment broth was transferred to culture bottle

and sterilized at 121c° for 15minutes.

For LB (Lactose Broth) preparation, 13gm of media mixed with 1000ml DW
(Distilled Water), heat, sterilized by autoclave at 121c° for 15 minutes.
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3.5.6.2Test procedures

(i) For preparation of initial suspension, 25g of sample was taken and diluted with
225ml of sterile LB (Lactose Broth) and incubated at 37¢° for 24hours.

(if) 1ml this suspension (containing sample) was transferred to tube contain 90ml

of SCB (Selenite Cystine Broth) and also incubated for another 24hours.

(ii1) By loop, sample from this tube was taken and cultured in betri dish with XLD

(Xylose Lysine Deoxycholate), then incubated for 24hours at 37c°.

(iv) For identification of salmonella spp. solid media (XLD) was prepared, and
then the culture obtained after incubation of SCB was streaked by means of a loop,

on the surface of XLD plate.
(ivi) After streaking, the plates were inverted and incubated at 37¢° for 24hours.

(ivii) After incubation, the presence of typical colonies of salmonella spp. was
examined on the bottom of the dish (typical colonies of salmonella spp. growth on
XLD agar plate have a black centre and a lightly transparent zone of reddish

colour.
3.6 Bacterial identification
3.6.1 Culture method:

3.6.2 First isolation:

Fish was isolated in nutrient agar. Supplemented plates were incubated at 37¢° for
24 hours depending on the appearance of bacterial growth on the surface of the

media.
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3.6.2.1Preparation of nutrient agar:

329 of nutrient agar dissolved in 400ml distill water then, it was sterilized by

autoclaving at 15 pound per square inch pressure (121c°) for 15 minutes.

3.6.3 Biochemical test:

3.6.3.1 Catalase test:

The test described by the (Barrowand Felltham, 1993). Drop of hydrogen peroxide
was placed on microscopic slide. Using sterile glass. Rod small part of isolates
colony was taken and emulsified in the hydrogen peroxide drop. The production

gas bubbles were considered appositive reaction.

3.6.3.2 Indol test:

The test was performed according to the method described by (Barrowand
Felltham, 1993) using sterile tube isolate and incubated at 37¢® and examined to

addition covacs solution was occur red ring in the surface of tube.
3.7 Statistical analysis:

The Obtained results were analyzed statistically using IBM6 SPSS statistic

version (23).
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CHAPTER FOUR

RESULTS

The result obtained that the bacterial count for fresh Najil fish (P.Pessuliferus) was
5.68+1.57x10°, and for frozen Najil fish (P. Pessuliferus) was 4.38+1.96x10°cfu/g

respectively.

The result revealed that there was highly significant difference in total bacterial
count (p<0.05) between fresh and frozen Najil (P. Pessuliferus) fish, and indicates
that Staphylococcus aureus and E.coli were isolated as contaminant bacteria; while
salmonella, and vibriowere not isolated from both fresh and frozen Najil (P.
Pessuliferus) fish. As the result shown in table (1) and (2)

Table (1): Microbial load for fresh and frozen Najil(P. Pessuliferus)
fish:

ltems Microbial load for | Microbial load for frozen
fresh Meanz+ Std. Deviation

MeanzStd. Deviation

N=20 5.68+1.57 cfulg 4.38+1.69 cfu/g

Significant highly significant kel

**= highly Significant at (P<0.05).
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Table (2) pathogens that have been isolated from Najil fish (P.

Pessuliferus) samples:

QOrganism staphylococcus salmonella | E.coli vibrio
Treatment

Fresh fish +ve - ve +ve - ve
Frozen fish |+ ve - ve +ve - ve

Fig (2)Staphcolonies at Baird Parker (BP) agar plates for fresh Najil (P.

Pessuliferus) fish.

Fig (3)E.coli colony at Violet Red Bile (VRB) agar plates for fresh Najil (P.
Pessuliferus)fish.
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Fig (4)Colonies of V. SPP. on Thiosulphate Citrate Bile Salt Sucrose (TCBS)
after Incubation for fresh Najil (P. Pessuliferus)fish.

Fig (5) Salmonella colonies at Xylose Lysine Deoxycholate (XLD) agar plates
for fresh Najil (P. Pessuliferus)fish.
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Fig (6) E.coli colonies at Violet Red Bile (VRB) agar plates for frozen Najil (P.

Pessuliferus)fish.

Fig (7)Staph colonies at Baird Parker (BP) agar plates for frozen Najil (P.
Pessuliferus)fish.
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Fig (8) Salmonellacolonies at Xylose Lysine Deoxycholate (XLD) agar plates

for frozen Najil (P. Pessuliferus)fish.

Biochemical tests:

Table (3) revealed a biochemical test of the Eshcerichia coli and Staphylococcus

aureus respectively.
Table (3): Biochemical test for fresh and frozen Najil (p.pessuliferus) fish:

Type of bacteria Shape Indole | Catalase
test

Staphylococcus Sphere | -ve +ve

aureus

E.coli Rod +ve - ve
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CHAPTER FIVE

DISCUSSION

Registered bacterial species in fresh and processed fish samples, warn high risk
situation for human health due to ingest of fish, especially when it is consumed raw
or with short baking time, and also because the presence of enterobacteria was

predominant (Jorge, et al., 2016).

A t-test comparing the fresh and frozen conditions of Najil (P. pessuliferus)showed
that there was a highly significant different. On the other hand, the total bacterial
count of Najil (P. pessuliferus) fish stored under frozen condition for four days
showed a significant decrease through the time of preservation. The bacterial load
showed decreases from5.68x10° to 4.38x10° cfu/g. This numbers was in the
acceptable limit mentioned by SSMO (Sudanese Standards Metrology
Organization, SDS357) which was 5x10°-10° for fish products.

The International Commission on Microbiological Specifications for Food
(ICMSF) recommends that during fish storage at lower temperature, the total plate
count should never exceed log mean 7 log CFU/g of wet weight (ICMSF, 1978).
According to the result, Najil fish did not loss its microbiological quality
acceptance level (microbiological basedshelf-life). The initial load (5.86x10° cfu/g)
may have contributed to the accepted number(acceptable level of ICMSF) of total

bacterial count in short storage time.

This result is coincide with finding of Adebayo-Tayoet al., (2012) who studied the
microbial quality of frozen fishes: Shinna (Auxis thazard), Bonga (Ethmalosa
fimbriata) and Mackerel (Scomber scombrus) obtained from three different

markets were carried out using standard methods revealed that, The total
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heterotrophic bacterial count ranged from 3.0 x10° to 5.0 x 10° cfu/g, 3.0x 10° to
4.8 x10° cfu/g and 3.0 x10° to 6.3 x10° cfu/g for Shinna, Bonga and Mackerel

respectively.

This in differ from the finding of Noor et al., (2013) who studied the prevalence of
pathogenic microflora along the two major sea fish samples, Rupchanda (Pampus
chinensis) and Surmai (Scomberomorus guttatus) and reported that the total
bacterial count was 2.5x10° cfu./g in fish blend samples. Also it is in partial
agreement with result obtained by Nilla et al., (2012) who studied that the total
bacterial count of marketed Mola (Amblypharyngodon mola) ranged from 1.8 +
0.25 x10* to 6.5 + 0.75 x 10° cfu/g for fresh sample and 5.5 + 0.55 x 10%to 7.0 +
0.80 x 10° cfu/g for frozen . Also it is differed from the result of Oramadike et al.,
(2010) who studied microbiological qualities of some frozen fishes available in
some reputable supermarkets in Lagos State and reported that total bacterial count
ranged between 2.0 x10° to 7.4x102 cfu/g.

According to FAO (1979) good quality fish should have count of total bacteria less
than 10° per gram. This study within the acceptable limit recommended by food
and agricultural organization.However, in this study the fish samples of Najil (P.
pessuliferus) were contaminated with bacteria load, this might be due to the
contamination of water that fish found or might be due the contamination during
the time of handling as well as transporting of fishes in boats, preservation boxes

materials or contaminated ice.

Study done by Okoroet al., (2010) aimed to quality assessment of a typical
Nigerian marine fish species, Liza falcipinnis (Mullet) was carried out at various
storage temperatures such as ambient (28C°), Refrigeration (4 C°) and Frozen state

(-5 C°) using sensory, microbiological and biochemical method of evaluation. At

48



ambient temperature, the bacterial load of the tissue was 6.2 x10* cfu/g, at
refrigeration 2.4 x10* and at freezing point 3.2 x 10*.This in partial agreement with

results of this study.

Also study done by Ahmedet al., (2014) tend to determine the microbial load on
fresh and chilled fish and to identify some contaminant bacteria on Oreochromis
niloticus and lates niloticus at Elmourda fish market, revealed that the bacterial
count in fresh fish in Oreochromis niloticus and lates niloticus is
4.69x10°+1.35x10° and3.69x10° +0.89x10° and in chilled fish of Oreochromis
niloticus and lates niloticus is 5.65x10° +1.88x10%nd3.81x10° +1.22x10°cfu/g
respectively. In addition, the result indicates that Staphylococcus and E.coli were
isolated as contaminant bacteria, while Salmonella was not isolated from both

fresh and chilled Oreochromis niloticus and lates niloticus.

Shamsuzzaman et al., (2011) concluded that in study to determine microbial
quality of hilsa shad (Tenualosa ilisha) at different stages of processing,
Escherichia coli, fecal coliform, Vibrio cholerae, Salmonella and total load of
bacteria were identified from 5 stages of processing and they observed that 80.69
% of total bacterial load, 77.29% of total coliform and 58.33 % of fecal coliform
were destroyed during different processing stages. Also there was no evidence of

presence of Salmonella and Vibrio cholera at any stages of processing.

Jianadasaet al., (2014) examined the chemical, microbiological quality and safety
of fresh fish obtained from the retail and supermarkets of Sri Lanka. Fresh fish
samples of yellow fin tuna (Thunnus albacares), sailfish (Istiophorus platypterus),
salaya/ sardine (Sardinella gibbosa), shrimp (Fenneropenaeus indicus) and squid
ssp. (Loligo duvaucelii),furthermore, the presence of selected pathogens such as

Escherichia coli and Salmonella spp. were detected. In microbiological analysis of
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samples total plate counts were obtained in the range of 7 x 10%-1.2 x 108 cfu/g and
28% of the samples had < 5 x 10° cfu/g. Eight percent of the samples contained >
10 MPN/g of E. coli and 1 sample contained 500 MPN/g and rest of the samples
had < 200 MPN/g with 33% of the samples without E. coli.

Following human pathogenic bacteria were isolated (Salmonella typhi,
Pseudomonas aeruginosa, Escherichiacoli, Staphylococcus aureus and
Enterococcus faecalis). Austin and Austin (1999), have demonstrated the presence
of pathogenic enterobacteria in fish that lives in contaminated marine water by
domestic wastewater, such as: Escherichia coli, Enterobacter cloacae, Citrobacter
sp., S paratyphi A and B, S. enteritidis, S. amsterdam,S. give, P. vulgaris, P.
rettgeri, Proteus mirabilis,Proteus morganii, Clostridium botulinum, C group
Enterobacter, Streptococcus faecalis and Strptococcus faecium. In study done by
Jorge et al.,(2016) aimed to determine the presence of human pathogenic bacteria
in fish muscle, recollected at moment of their capture and during their process for
sale in marketing sites, species of different bacterial families were identified, such
as: Enterobacteriaceae; Salmonella hirschfeldii, Salmonella schottmulleri,
Salmonella parathipi, Salmonella typhi, Salmonella enteritidis, Proteus miriabilis,
Proteus rettgeri, Proteus vulgaris, Citrobacter freundii, Citrobacter amanolaticus
and three varieties of Escherichia Coli; Pseudomonadaceae: Pseudomonas
fluorescens; Aeromonadaceae: Aeromonas hydrophila and Vibrionaceae: Vibrio
fluviales, V. cholerae El Tor and V. parahaemolyticus. The 70.6% of the samples
presented a bacterial growth; 46% in recently captured fish, and 54% in market
fish.

Table (2) and Figure (2,3,4,5,6, 7 and 8) shows the occurrence of isolated

pathogenic bacteria in Najil fish from Port Sudan fish market. And the result also
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showed that the isolated contaminant bacteria includeStaphylococcus and Ecoli,

while the salmonella and vibrio were not isolated (absent).

Many pathogens isolated in this study not necessarily come straight away from the
aquatic environment for the fishes tested. Fishes may be spoiled after the entry in
to the market area were spoilage causing organism, become permanent inhabitant,
because of the poor environmental hygiene and human fecal pollution.
Contaminants and other spoilage-causing agent would have entered from the fishes

transported earlier or in the past to the marketed area.

At freezing temperature (-7C°), the storage life of the fish sample was predicted to
be 1week and this was based mainly on the microbiological evaluation which were
within the recommended maximum limits of acceptability. This shows that the
frozen condition has successfully kept the total bacterial count under the
recommended level throughout the storage days. It confirms the inhibitory effect of
frozen condition on the growth of microorganisms on fish, but it does not eliminate

the microbial population during 4days of storage.

Ahmadoon (2013) carried study about marine fishes, Plectropomus areolatus
(Najel, Sulimani) first class fishes, and they revealed that before and after chilling
of ice all samples are free from salmonella spp. and this result in agreement with
findings of this result. Also Rahman et al., (2012) assessed the health hazard
microbes in raw and finished product of coral (Lates calcarifer) and reported that

Salmonella spp. was absent.

This result is differ from the finding of Adebayo-Tayo et al., (2012) who isolated
Salmonella spp., from frozen fish samples in study of determined microbial quality

of frozen fishes from three different markets using standard methods.
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Also E.scherichia coli have been isolated from this study, and this in agreement
with findings of Ahmadoon (2013) who carried study about marine fishes,
Plectropomus areolatus (Najel, Sulimani) first class fishes, and they revealed that
before and after chilling of iceEcoli has been isolated and with Saima et al., (2012)
who examined the bacteriological quality of mola fish (Amblypharyngodon mola)
from three local fish markets as fresh and as frozen and revealed that all fresh and
frozen samples were observed having high quantity of E. coli above 10> CFU/qg.
and with Nilla et al., (2012) who found that all fresh and frozen samples were
observed having high quantity of E. coli. instudy of marketed Mola
(Amblypharyngodon mola).

Adebayo-Tayo et al.,, (2012) also isolated Esherichia coli, from frozen fish
samples in study of determined microbial quality of frozen fishes from three
different markets using standard methods. Another study done by Sujatha et al.,
(2011) concluded that different species of bacteria were isolated and identified and

among them, the human pathogens that were found in the culture include E. coli.

Staphylococcus aureus have been isolated from both fish fresh and frozen. This
result with agreement with the findings done by (Ahmadoon 2013). Also study
done by Adebayo-Tayo et al., (2012) showed that the microorganisms isolated
from sea foods were identified as Staphylococcus aureus, It’s also showed that
Staphylococcus aureus was the most predominant organisms isolated from seafood

samples.

Saima et al., (2012) examained the bacteriological quality of mola fish
(Amblypharyngodon mola) from three local fish markets as fresh and as frozen and
revealed that Staphylococcus spp. was confirmed in 79% samples with 83% of

fresh and 58% of frozen samples (63% of total samples) beyond 10® cfu/g. and
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Noor et al., (2013) determined microbial quality of frozen fishes using standard

methods.

The obtained result was in agreement with Ahmadoon (2013) who carried study
about marine fishes, Plectropomus areolatus (Najel, Sulimani) first class fishes,
and they revealed that before and after chilling of ice all samples are free from
vibriospp., and with Rahmanet al., (2012) who assessed the health hazard microbes
in raw and finished product of coral (Lates calcarifer) and reported that Vibrio
cholerawas absent. while it was disagreeing with results that reported by Adebayo-
Tayo et al., (2011) who reported Vibrio spp. were identified from (52.6%) of
freshly harvested seafood. Also it disagree with Noorlis et al., (2011) whom
explained that the high frequency of Vibrio spp. in the samples may be due to the
use of contaminated ice to cover the fish on the display bench or from long holding
time on the display rack at the retail level without proper temperature control and

mishandling by fish sellers.

Saima et al., (2012) examained the bacteriological quality of mola fish
(Amblypharyngodon mola) from three local fish markets as fresh and as frozen and
revealed that Vibrio spp. was confirmed in 79% samples (83% of fresh and 75% of
frozen samples) of which 90% samples exceeded 102 cfu/g. Also Nilla et al.,
(2012) found that Vibrio spp. was confirmed in 79% samples.Adebayo-Tayo et al.,
(2012)determined microbial quality of frozen fishes from three different markets

using standard methods, The Bacteria isolated from frozen fish samples was Vibrio

SPp.

Also study done by Sujatha et al., (2011) concluded that different species of
bacteria were isolated and identified and among them, the human pathogens that

were found in the culture include Vibrio cholerae.
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Noorlis et al., (2011) explained that the high frequency of Vibrio spp. in the
samples may be due to the use of contaminated ice to cover the fish on the display
bench or from long holding time on the display rack at the retail level without

proper temperature control and mishandling by fish sellers.

Noorlis et al., (2011) and Adebayo-Tayo et al., (2011) reported much higher
results (98.7%, 90.0%) respectively of Vibrio spp. isolated from fish commonly
sold in markets. However, Noorlis et al., (2011) used high precision methods
(Most Probable Number-PCR) for detection.

Although cultural methods have long been used in detecting human pathogens
including Vibrio species in fish, these methods are time consuming and sometimes
inaccurate. Also some pathogens have the propensity to change into the Viable but

non culturable (VBNC) state in unfavorable environments.
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CONCLUSION

Food borne pathogens are a growing concern for human illness and death (Losito
etal., 2012).

The total viable counts for fresh samples of Najil (p. pessuliferus)(5.68x10°)
CFU/gm, and for frozen samples was (4.38x10°) CFU/gm is strongly suggest the
urgent need to improve the quality control and assurance systems.lIt has also shown
that samples of fresh fish and frozen fishes used in this study were grossly
contaminated by pathogenic organisms such as Staphylococcus aureus,
Escherichia coli, which indicated post-harvest contamination probably due to
mishandling, improper storage and using of contaminated containers during
transportation, and thus, constitute potential public health hazard due to the
unhygienic nature of fish handlers which predisposes frozen fishes to
contamination by pathogenic microorganisms. This call for public health concerns
and improvements in handling and processing are needed to minimize the
prevalence of the pathogens.

Higher rate of Staphylococcus aureus and Escherichia coli was isolated from the
fresh and frozen fish, which pose high risk of food borne illness, as this fish
commonly eaten by high numbers of consumers as first class fish.

Also it was concluded from this study that fish markets harbored bacteria of
zoonotic importance that may constitute potential hazards to fish handlers.

The results of this study also constitute an indicator of bacteriological
contamination of one of important marine fishes. However, fishes should be
properly cooked before consumption and good quality control measures should be

adopted in culturing, processing, harvesting and consumption of sea foods.
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Frozen conditionstorage could maintain the fish fillet qualities for longer time. In
general, the results obtainedshowed that storing at frozen condition can
significantly improve the shelf life of fish qualitycompared to fresh storage.
Besides this, fish catching, handling andprocessing need to be evaluated and
improved to assure quality and safety, and to minimize loss.

To limit the microbial loads of frozen fish and fish product, | suggest the provision
of the adequate storage facilities i.e. refrigerator by retailer so as to avoid the
multiplication of microbes under atmospheric temperature in the market.

Finally, messages warning consumers of the potential risks of infection associated
with consumption of good and hygienic fish and sea food products should be
considered as educational strategies. Also fish handler’s education of the
importance of personal hygiene should be implemented as control measures to
prevent contamination during postharvest handling, processing and distribution of
fish.

This finding may be considered as additional knowledge to enhance proper
controlling of the storage life of fish, and fish products quality in Constantine.
Safety of this kind of seafood can be guaranteed mainly by preventive measures
and application of appropriates procedures of hygiene, because the surveillance of
potential contaminant bacteria in harvested seafood is crucial for sustenance of
public health.
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RECOMMENDATIONS

¢It’s better to preserve fish in ice during handling and short storage period and to
maximize freshness quality, fish should be held at the temperature of melting ice
i.e. 0°C.

+Frozen condition storage could maintain the fish fillet qualities for longer time
(frozen condition can significantly improve the shelf life of fish quality compared

to refrigeration temperature storage).

¢ldentification of bacterial type should be made in order to make well fish

preservation standards.

+In addition, raw material quality, cooling methods, processing, packaging,
transporting and storage conditions should maintain freshness and shelf life

extension.

¢Also the private water sources used for ice production should be based on the
microbiological standards for potable water should be fit to be directly used in food
items intended for human consumption and the ice should be cleaned and changed

daily to achieve good safety and avoid contamination of fish.

+Marine fishshould be subjected to better preservation method due to its fast
deterioration rate.

¢ Appling of HASSP system and other programs and practices (GMPs, GHPs,
GAPs,SSOPs).

¢ Inspection must be done regularly and safe the record keeping and all the
equipments, machine and utensils should be calibrated regularly.
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¢Extension, awareness of all the stakeholders must be done to become very

hygiene and careful during all the stages of fish processing.

+Further study is required to address important questions surrounding fish and fish
products of marine environment. The studies need to include; identification and
characterization of specific spoilage organisms, potential pathogenic
microorganisms and parasites, and further studies to establish fish quality

acceptance levels, detailed quality analysis and addressing the other species.

¢ Further study also required to use more sophisticated genetic engineering
(transgenic) tools (recombinant DNA, DNA cloning, BCR, Sequencing technique)

to trace, enhance fish growth and identify the pathogenic bacteria.
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Appendix
SAMPLE PREPERATIONS
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Fish samples containing peptone water after homogenized in
stomacher
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Fish samples containing Lactose Broth (LB) after homogenized in
stomacher for salmonella initial suspension and three petri dishes
containing Baird Parker agar for staph.

Selenite cysteine broth SCB (use prior streaking of sample culture
on XLD) without sample.
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Sample preparations and nine tubes (three diluents)
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Digital colony counter



Bad Hygienic Practices

Display of fish at the market
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Preservation of Najil species at iced water prior the display to
consumers



Fish preservation and one of the fish buyers



UN hygienic Shrimp preparation prior to distribution to the
restaurants and consumers

UN hygiene fish cleaning practices



