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Abstract

Microbial load of fresh Lethrinus nebulosus (locally known as Capitaine) and Siganus sutor
(locally known as Cordonnier) was compared during summer and winter in Mauritius. Fresh
fish samples were collected from different regions of Mauritius during summer and winter.
The bacterial load of the fresh fish was found to be higher (1.2x 10°CFU/g) during the hot
season (p < 0.05). Significant differences in staphylococcal count were also observed among
the different fish species (p < 0.05) though the values abided by the limits. Furthermore, frozen
L. nebulosus showed a significant difference in the total bacterial load by 100 fold and 10 fold
for staphylococcal count compared to the fresh samples of the same fish species. Emphasis was
also placed on the isolation of the probable presence of the main food pathogens encountered
on fish namely Enterococcus and Vibrio species. 16S ribosomal DNA Sequencing revealed the
presence of Vibrio alginolyticus and Enterococcus cloacae. Improper handling practices by the
fish mongers and sellers/vendors and inadequate storage temperature affected the bacterial load
of fresh fish. Both fresh and frozen fish in Mauritius have an acceptable total microbial load and

can be assumed to be safe for consumption.
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Introduction

Mauritius, being an island surrounded by the sea,
has developed the fishery sector into a well-organized
“seafood hub” to better exploit its resources and
lower its economic stress. The Ministry of Fisheries
estimated that the turnover of the Seafood Hub
increased by 2% as compared to 2012 and estimated
to Rs 12 billion in 2013 (Business Mega, 2013).
Furthermore, the average annual fish consumption
per individual in Mauritius was found to be
approximately 20 kg which is higher than that of the
world mean being 16.3 kg (HRDC, 2007; Business
Mega, 2012). Fish consumed in Mauritius can be
categorized as fresh, frozen or canned and the sale
of these products is mostly based on its availability,
quality and price. Costal people tend to buy fresh fish
since it is easily available and is believed to have
higher nutritive value than the frozen and the canned
fish. The microbiological safety of the fish is however
ignored since fresh fish sold in the coastal regions by
local fishermen, or middlemen rarely adopt proper
storage and handling practices. Worldwide, 43%
of food-borne illnesses reported were assumed to
be related to storage of seafood products at room
temperature which is the optimum temperature for
the pathogens (Forsythe, 2010).

Freezing and thawing the fish to be sold as
fresh is a common practice by fish merchants which
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is harmful for the consumer. Since fish is highly
nutritious, it renders the latter highly perishable and
spoilage-prone and in addition varying temperature
could favor the growth of microorganisms affecting
the gastrointestinal tract. Microorganisms such as
Clostridium perfringens, Clostridium botulinum,
Vibrio cholerae, Vibrio parahaemolyticus, Salmonella
species, Escherichia coli, Enterococcus species and
Staphyloccoccus aureus can be most commonly
isolated from fresh seafood (Novotny et al., 2004; Eze
et al., 2010; Adebayo-Tayo et al., 2012). The major
symptoms caused by the pathogens are vomiting,
fever, nausea, headache and diarrhea which can also be
bloody (Forsythe, 2010). In Mauritius, cases of food-
borne illness have been observed to have increased
since 1990 with 445 cases reported in 2011 (Gaungoo
and Jeewon, 2013). Analysis of frozen Mackerel fish
in Nigeria had a microbial load of 1.135x10° CFU/g
which was beyond the acceptable limits (5.0 x10°
CFU/g) (Eze et al., 2011). A comparison between
the microbial load of fresh and frozen fish samples
in Croatia revealed a count greater than 10° for the
fresh samples and a count within the range of 10 to
10? for the frozen fish (Topic et al., 2010). An aerobic
plate count ranging from 10° to 10’CFU/g has been
considered as acceptable in fresh and frozen fish by
the International Commission on Microbiological
Specifications for Foods (ICMSF, 1986). Another
important factor that could play arole in the incidence
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of the microorganisms would be the weather or more
specifically the temperature and humidity. A surge
of 8% in diarrhoeal cases associated with food was
reported during the hot season in Peru (Tirado et al.,
2010).

Therefore, the aim of this study was to investigate
the microbial load and quality of fresh and frozen
Lethrinus nebulosus (common name: Capitaine)
and Siganus sutor (common name: Cordonnier)
which were acquired from different regions during
the summer (November) and winter (August) season
in Mauritius. Moreover the precise identification of
the bacterial contaminants was also carried out using
biochemical and molecular methods.

Materials and Methods

Sample collection

A sample of three fresh fish samples with
weight ranging from 400 g to 600 g (both Capitaine
and Cordonnier) were twice collected from the
Northern, Eastern, Southern and Western-Central
regions of Mauritius during the summer and winter
seasons (2014/2015). Five frozen fish samples (only
Capitaine) were taken from the Western-Central
region. The samples were collected and transported
to the laboratory in sterile plastic bags within a
polystyrene box filled with ice packs to keep the
fish at low temperature and minimize the risk of
contamination.

Isolation and enumeration

25 g of each fish was aseptically homogenized
in 225 ml of buffered peptone water (BPW) using
a stomacher for 1 minute and serial dilution was
carried out using 0.1% BPW (1:10 dilution) and
inoculated on duplicate plates of the appropriate agar
for enumeration of Staphylococcus aureus and total
viable count.

Total viable count

The diluted samples were inoculated on Plate
Count agar and incubated at 30°C for 72 + 2 hrs.
The colony forming units per gram for each sample
was then calculated using the following formula
according to ISO 7218 then the data was analyzed
using the Kruskal Wallis test and presented using
Minitab 17:

CFUs/g=c/(d * v[NI1 + (0.1* N2)])
¢ = Sum of colonies of two successive dilutions

(duplicate)
d = 1st dilution factor
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v = Volume of inoculum
N1 and N2 = No. of plates for 1st and 2nd dilution
factors respectively

Isolation of suspected Enterococcus species

1 ml of homogenized sample was streaked on
blood agar plates which were incubated for 24 +
2 hrs at 37°C in anaerobic jars using AnaeroGen
sachets. The suspected colonies were subjected to
biochemical tests such as gram stain, glucose and
lactose fermentation tests.

Isolation of suspected Vibrio species

25 g of sample were homogenized in 225 ml
alkaline peptone water (APW) and were incubated
at 37°C for 8 = 2 hrs followed by inoculation on
thiosulfate citrate bile salt sucrose agar. The plates
were then incubated for 24 hrs at 37°C and suspected
Vibrio colonies were retained for biochemical tests
namely gram stain, oxidase, Methyl red-Vogues
Proskauer, Triple Sugar Iron test and lysine
decarboxylase test and grown on HiCrome™ Vibrio
agar for cultural confirmation.

Isolation of suspected Staphylococcus aureus

The selected dilution factors were inoculated
on Baird Parker agar supplemented with egg
tellurite emulsion and incubated for 24 + 2 hrs at
37°C. Suspected Staphylococcus colonies were
then subjected to gram stain, catalase, mannitol
fermentation and coagulase test.

Identification of bacterial strains using the PCR
technique

DNA extraction was carried out as specified by
Cheng and Jiang (2006). The obtained genomic DNA
was amplified by PCR with specific markers of each
microorganism. The PCR reactions were carried out
using 25ul of PCR mix containing 1X DreamTaq
buffer, 2.5mM dNTPs, 2ul of forward and reverse
primers, 1U Taqg DNA polymerase and 2 pl of template
DNA. The amplification was done using the Applied
Biosystems 2720 thermal cycler with the specific
cycling parameters for each pair of primers (Table 1)
and was loaded together with the O’GeneRulerTM
1kb Plus DNA ladder on a 1.5% agarose gel for 2
hrs. The gel was immersed in ethidium bromide for
5 minutes and then washed for few seconds in water.
Then, the gel was placed on the UV trans-illuminator
following which the resulting data was obtained.
Identity of the suspected and biochemically similar
microorganisms was confirmed by sequencing
the 16S ribosomal DNA whereby the forward and
reverse sequences were used to make a consensus
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Table 1. List of primers and the cycling parameters

Microorganisms Primer Sequence Cycling
INo.of cycles Parameters
Coa-FP 94 *C- 5 mins
S.aureus 5'ATAGAGATGCTGTACAGGY 94 *C-1 min
(30 cycles) 56 °C-30 sec
Coa-RP 72°C-1min
JGCTTCCGATTGTTCGATGCY 72 °C- 4min
16S -F 95 *C- 3 mins
16SIRNA AGTTTGATCATGGCTCAG 95°C- 1 min
(25 cycles) 52°C-20
165 R secs
TTACCGCGGCTGGCA 72°C-1min
72 °C- 5 mins

sequence using BioEdit. The consensus sequences
were subjected to a BLAST search using BLASTN
for a comparative analysis with the National Center
for Biotechnology Information (NCBI) database.

Results

Total viable count

Significant variation can be seen between both
seasons (p < 0.05) with the highest mean, 985.46
x10* CFU/g occurring during summer and 279.61
x10* CFU/g during winter. A relatively high mean,
1423.64 x10* CFU/g can be observed for the central
Cordonier sample during summer and a low mean,
138.05 x10* CFU/g was obtained for eastern samples
during same season. Capitaine and Cordonier
species did not bear any difference concerning the
TVC values (p > 0.05) (Figure 1). Furthermore, a low
TVC value of 5.0x 10* was recorded for the frozen
Capitaine species as compared to a value of 6.0x10°
CFU/g in the fresh samples.

Identification of Staphylococcus aureus

Shiny black, round colonies with smooth margin
and surrounded by a clear zone were selected and
subcultured from Baird Parker medium supplemented
with egg tellurite emulsion for both fish species.
Gram stain revealed gram-positive cocci, arranged
in grapelike clusters. The fresh Staphylococcus
cultures were found to be catalase positive, mannitol
fermenters and only the culture for the northern
Cordonnier samples during the winter and eastern
Cordonnier during summer gave positive for the
coagulase test.

Furthermore, a significant difference can be
seen while comparing the seasons (p < 0.05) with
the highest mean being 123.32 x10° CFU/g for
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Figure 1. Boxplot of TVC (x 10, 000 CFU/g) during winter
and summer
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Figure 2. Boxplot of Staphylococcal (x 1,000 CFU/g)
count during winter and summer

Capitaine during summer. Species-wise (p < 0.05),
a higher count can be observed for Capitaine in both
seasons (123.32 x10* CFU/g in summer and 1.77
x10° CFU/g in winter) as compared to Cordonnier
(26.92 x10° CFU/g in summer and 1.14 x10°* CFU/g
in winter). On the contrary, no significant difference
was found for different regions (p > 0.05) (Figure
2). The fresh Capitaine had 10 times more colony
forming units (1.3x10°) as compared to the frozen
Capitaine (1.3x10%). A band of approximately 600
bp was obtained from the PCR amplification of the
coagulase gene of Staphylococcus aureus isolated
from eastern Cordonnier during the hot season
confirming the identity of the strain as reported by
(Iyer and Kumosani, 2010).

Identification of suspected Enterococcus and Vibrio
species using 16S rRNA

The northern, eastern Capitaine samples
collected during winter and northern Capitaine
samples collected during summer suspected to
belong to Enterococcus were sent for sequencing and
the 16S rRNA analysis showed 99% query coverage
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for Enterococcus casseliflavus strain ATCC 25788
(accession no.: KC510229.1) and 97% coverage
with Enterococcus casseliflavus isolate F00440
(accession no.: DQ343839.1) for the winter samples.
The summer sample gave a 99% homology and 93%
query coverage with Enterobacter cloacae strain
SP30 (accession no.: JX317636.1) and Enterobacter
hormaechei strain R11 (accession no.: KF843700.1).

BIASTN results for the eastern Capitaine species
for summer season revealed that the isolate was
related to the family genera Vibrio. The sample from
Capitaine gave a percentage homology of 98% for V.
parahaemolyticus (accession no.: CP007004.1) and
V. alginolyticus (accession no.: CP006718.1).

Discussion

Total microbial count

The total viable or aerobic plate counts were
highest during the hot season. The highest mean
recorded was 1.4 x 107 CFU/g for the northern
Cordonnier and the lowest value recorded was 3.1
x10° CFU/g for the central Capitaine species. The
total viable count for the winter ranged from 10? to
10° CFU/g though the northern Cordonnier samples
gave a high mean of 2.8x10° CFU/g. The Kruskal
Wallis test revealed a p-value of 0.00 for both
staphylococcal and total viable count and being less
than 0.05, it indicates a significant variation between
the staphylococcal count in the fish during summer
and winter. Increase of microbial load during
summer had also been reported by the USDA (2013).
A high heterotrophic count, 6.3x 10° CFU/g was also
obtained from Mackerel fish (Adebayo-tayo et al.,
2012). Study involving microbial analysis of raw
oysters also showed an increase in the total bacterial
count during summer (Prapaiwong et al., 2009).

A significant level of S. aureus was found in
the fresh Capitaine and Cordonnier samples during
summer with the highest staphylococcal mean being
1.2x 10° CFU/g for Capitaine from the northern
region. The other Capitaine and Cordonnier summer
samples showed an incidence level of 10* CFU/g.
All the winter samples had an incidence level of
10° CFU/g henceforth, it can be reported that the
incidence of Staphylococcus in both fish species
increased to a hazardous level during summer. The
staphylococcal count obtained was more or less
within the acceptable range established by ICMSF
and USFDA however, it would be completely
rejected by the Eight Schedule (regulation 62 (2) (b))
of the International Commission on Microbiological
Specifications for Foods (ICMSF, 2011). A clear
difference between the two seasons can be seen as
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in Figure 2.

Species-wise comparison showed higher values
of Staphylococcus obtained for Capitaine in both
seasons; 1.2 x10° CFU/g in summer and 1.77 x10°
CFU/g in winter whereas Cordonnier gave highest
values 2.7 x10* CFU/g in summer and 1.14 x10°
CFU/g in winter. The statistical analysis revealed
that there was a significant difference between the
incidence level of Staphylococcus in both species
(p-value < 0.05). The variation could be due to the
physico-chemical properties of the fish. Fish have a
high water activity of 1.00 to 0.95 and a pH range
of 6.6 to 6.8 however variation in the fish chemical
composition could easily affect those factors. S. aureus
requires a substratum with a pH range of 4 to 10 and
water activity of 0.830 to grow (Argudin et al., 2010;
Forsythe, 2010; FAO, 2014). It can be assumed that
the two fish species have varying physico-chemical
properties that may play a role in the incidence of
S. aureus. On the other hand, the total viable count
bear no differences between the fish species (p-value
> (.05). Despite that approximately 100% of the
selling points were displaying and assorting the fish
by species, there could have been a possibility that no
significant difference was obtained because the fish
were transported in a single container.

There was no noticeable difference that was
obtained when the staphylococcal count was
analyzed region-wise (p-value > 0.05) unlike for
the TVC which had a p-value less than 0.05. For
example, there was a count of 1.4 x10” CFU/g
in the summer Cordonnier sample and 1.4 x10°
CFU/g in the summer southern Cordonnier sample.
According to the checklist results, 20 to 40% of the
selling points allowed their customers to handle to
fish by themselves thus increasing the chances of
contamination. One important factor that could easily
favor the growth of pathogens would be storage
conditions of the fresh fish. It could be possible
that ice used to keep the fish chilled or the surfaces
where the fish are kept or the weighing balance were
contaminated and improper cleaning could lead to
high bacterial counts. Observational study at the
selling points allowed conclusively that there was no
proper cold temperature condition for the storage of
fish in 60% of the selling points during both seasons.
In addition to this, 60% and 40% of the selling points
were handled by a single person thus; the individual
had to handle the cash and fish products at the same
time. This may have played a major part in the
high bacterial incidence and variation between the
different regions. An important aspect contributing
to the variation could be cleanliness of the fishing
vessels, storage facilities within the fishing vessels,
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loading and unloading of the fish at the selling points
and storage temperature during land transportation
(Chen and Chang, 2004).

Comparison between the fresh and frozen
Capitaine indicated a higher staphylococcal count
and TVC value in the fresh fish being 1.3x105 CFU/g
and 6.0x10° CFU/g respectively. The counts for
frozen fish were 1.3x10* CFU/g for Staphylococcus
and 5.0x10* CFU/g for TVC. The incidence level
of frozen sample fell within the acceptable limits
specified by ICMSF and USFDA. Chang et al.
(2008) studied the frozen swordfish fillets and stated
an aerobic plate count of 105 to 10° CFU/g in all
the samples. Another work on frozen Mackerel fish
gave a bacterial load of 1.135x10° CFU/g which was
considered as unacceptable by Nigerian National
Agency for Drug Administration and Control (Eze
et al., 2011). The low level of bacterial count found
in the frozen fish in this study is mainly due to the
storage temperature which tends to inactivate the
enzymes of the bacteria. Therefore, they are unable
to maintain a proper cell activity and division.

Identification of Staphylococcus aureus

Most of the fresh Capitaine and Cordonnier
samples from the North, East, Center and South and
frozen Capitaine tested positively for Staphylococcus
species during the summer and winter season. All
shiny black colonies with a clear zone in Baird Parker
medium were assumed to Staphylococcus aureus.
The clear zone occurs when the lecithin in the egg
yolk emulsion is digested by the enzyme lecithinase
and the black coloration is due to reduction of tellurite
(Bennett and Lancette, 2001; Corry et al., 2003;
Tavakoli et al., 2008; Ezzeldeen et al.,2011; Vazquez-
Sanchez et al., 2012). All isolates were identified
as Staphylococcus species as per the biochemical
characteristics giving gram-positive cocci clustered
in grapelike structures, being able to ferment
mannitol and being catalase-positive (Tavakoli et al.,
2008; Ezzeldeen et al., 2011; Rohinishree and Negi,
2011). Around 100% and 97.30% of the isolates
from Baird Parker medium were catalase-positive
and mannitol fermenter however, only 65.5% was
coagulase-positive thus was confirmed to be S. aureus
(Ezzeldeen et al., 2011). Another study showed that
only 17.17% out of 728 isolates from Baird Parker
were confirmed to be S. aureus (Vazquez-Sanchez et
al., 2012). In this work, only 4.17% of the isolates
were confirmed to be S. aureus through biochemical
properties. Confirmation of the strain was carried
out using PCR amplification. An amplicon of size
500-600 bp was obtained for the eastern Cordonnier
sample during summer and as mentioned by Iyer
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and Kumosani, (2010), the primers coa-FP and coa-
RP targeting the coagulase gene in Staphylococcus
aureus would give an amplicon of size 500 - 600 base
pairs, implying that the isolate was S. aureus.

Identification of Enterococcus species

The isolate from the northern Capitaine during
summer was the only one that gave gram-positive
bacilli upon observation under the microscope. The
microorganism was observed to be gram-positive
coccus-shaped bacteria. Further biochemical tests
revealed that the isolate was a lactose and glucose
fermenter and gave white colonies with gamma-
hemolysis on sheep blood agar. Sequencing data of
the isolated gave a 99% and 93% query coverage
similarity with Enterobacter cloacae strain SP30
(accession no.: JX317636.1) and Enterobacter
hormaechei strain R11 (accession no.: KF843700.1).
The microorganisms are part of the enteric bacteria
and considered as important nosocomial pathogens.
The microorganism is most likely to be E. cloacae
since the latter has been most frequently isolated
from fish product. For example, it was identified from
Oreo chromisniloticus, Mugilcapito, Dicentrachus
labrax and Stingray fish fillets (Hassan et al., 2012;
Ghanem et al., 2014).

The northern, eastern Capitaine samples during
winter were also sent for sequencing and the results
revealed a 99% query coverage for Enterococcus
casseliflavus strain ATCC 25788 (accession no.:
KC510229.1) and 97% coverage with Enterococcus
casseliflavus  isolate F00440 (accession no.:
DQ343839.1). Both isolates gave the same results
implying that they are the same microorganism. The
data obtained corresponded to the gram stain that
revealed facultative anaerobic, gram-positive cocco-
bacilli/cocci (Corry et al., 2003). The isolate was most
likely to be E. casseliflavus strain ATCC 25788 with
a 99% of query coverage. However, the bacterium
is rarely isolated from fish and since it is known to
be an enteric bacterium responsible for urinary tract
infection or abdominal infection, there was a high
probability that those samples were contaminated
by improper handling of the fish by either the sellers
or the customers (Moore et al., 2006; Trivedi et al.,
2011; Fraser et al., 2012).

Identification of suspected Vibrio species

Yellow round colonies on TCBS agar were
suspected to be V. cholerae. However, other
Vibrio species such as V. alginolyticus, V. furnissi,
V.metschnikovii among others also give yellow
colonies on TCBS agar being sucrose fermenter.
The greenish colonies can be represented by V.
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parahaemolyticus that is frequently isolated from
marine samples (Corry et al., 2003; Thompson et
al., 2005; Forsythe, 2010; Hassan et al., 2012). All
the Vibrio species are oxidase positive except for V.
metschnikovii and this helps to differentiate them
from Enterobacteriaceac (Nicholas and Alireza,
2000; Corry et al., 2003; Jayasinghe et al., 2008;
CDC, 2012). The yellow and green colonies were
present in most of the samples except for the sourthern
Capitaine and Cordonnier samples during summer,
central Siganus sutor samples during winter and the
frozen Capitaine and all the selected yellow isolates
were oxidase positive thus giving the first evidence
of being Vibrio species. Vibrio species are known to
enter the viable but not culturable state when exposed
to cold, salinity and nutrient deprivation therefore
making it difficult to culture them on agar medium
(Wong and Wang, 2004; Oliver, 2005) which can
explain the absence in the frozen samples.

Gram-negative  cocco-bacilli and comma-
shaped rods were observed under the microscope.
The cocco-bacillary shape can be explained by the
VBNC state whereby the microorganisms tend to
undergo morphological changes (dwarfing) due to
stress for survival purposes which may be either due
to cold due transportation or nutrient depletion in
plates (Oliver, 2005;2009). The isolates from eastern
Capitaine species during summer and the southern
Siganus sutor during winter were considered to be
V. cholerae, V. parahaemolyticus or V. alginolyticus
based on the biochemical results obtained. Both
species were isolated from freshwater prawn
(Macrobrachium rosenbergii) hatcheries (Hoa et
al., 2000). The two samples suspected to be V.
cholerae, V. parahaemolyticus or V. alginolyticus
after the biochemical tests were sent for sequencing
and accordingly the isolate from eastern summer
Capitaine species was found to bear a 98%
homology with V. parahaemolyticus (accession no.:
CP007004.1) and V. alginolyticus (accession no.:
CP006718.1). However, considering the biochemical
properties of the isolate, the microorganism was most
likely to be V. alginolyticus being VP-positive as V.
cholerae. This can be further supported by the fact
that V. alginolyticus strains were found to possess
homologues of the virulence genes for V. cholerae
and V. parahaemolyticus (Xie et al., 2005).

Conclusion

In this work, the targeted microorganisms were
identified using the conventional cultural methods
and molecular techniques such as the PCR and DNA
sequencing. It was observed that only one of the
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isolate for S. aureus gave positive results using the
molecular methods. The PCR identified V. cholerae
isolate was found to be V. alginolyticus upon receiving
the sequencing data. It can henceforth be concluded
that the biochemical tests used in this study were not
sensitive enough to give a confirmation of the targeted
microorganisms and that the molecular methods are
more accurate at giving the identity of a specimen.
Molecular data showed that there was a 98% homology
with V. alginolyticus (accession no.: CP006718.1)
for the Vibrio isolate and 99% Enterobacter cloacae
strain SP30 (accession no.: JX317636.1). Even
though no V. cholerae or C. perfringens was isolated,
the presence of V. alginolyticus having the virulence
genes of V. parahaemolyticus and V. cholerae could
still be hazardous to human health. E. cloacae also
being an important nosocomial pathogen could be the
cause of illness in human. Regarding the microbial
load, variations among the season, fish species,
storage and regions were observed and being of high
incidence, 1.2x 10° CFU/g in fresh fish, S. aureus
surely might cause illnesses in the consumers if not
properly handled. It would therefore be recommended
that the local fish seller/vendors are familiarized with
the GHP and HACCP for better services. For further
work, it would be interesting to analyze different
fresh and frozen fish species during summer whereby
a high microbial load was obtained. Samples to be
analyzed can be collected from different critical
control points to have a better grasp of where the
contamination occurred and also implement proper
hygienic practices to minimize the bacterial load.

References

Adebayo-Tayo, B.C., Odu, N.N., Anyamele, L.M.,
Igwiloh, N.J.P.N. and Okonko, I1.O. 2012. Microbial
Quality Of Frozen Fish Sold In Uyo Metropolis.
Nature and Science 10(3): 71-77.

Argudin, M.A., Mendoza, M.C. and Rodicio, M.R.
2010. Food Poisoning and Staphylococcus aureus
enterotoxins. Toxins 2(7): 1751-1773.

Bennett, R.W. and Lancette, G.A. 2001. Bacteriological
Analytical Manual Chapter 12: Staphylococcus
aureus. U.S. Food and Drug Administration. Retrieved
on February 2, 2014 from website: Attp://www.fda.
gov/food/foodscienceresearch/laboratorymethods/
ucm071429.htm

Business Mega. 2012. Fishing Industry: When Self-
Sufficiency in Fish? Mauritius/Agro and Food.
Retrieved on March 13, 2014 from website: http://
business.mega.mu/2012/08/02/fishing-industry-when-
self-sufficiency-fish/.

Business Mega. 2013. Aquaculture to Boost Growth.
Mauritius/Agro and Food. Retrieved on January
2, 2014 from website: http://business.mega.



Pohoroo, A. and Ranghoo-Sanmukhiya, V.M./IFRJ 24(5): 2193-2200

mu/2013/06/04/aquaculture-boost-growth.

Business Mega. 2013. Seafood Hub: Rs 12 Billion
in Revenue this Year. Mauritius/Agro and Food.
Retrieved on January 10, 2014 from website: http://
business.mega.mu/2013/07/03/seafood-hub-rs-12-
billion-revenue-year/.

CDC. 2012. Laboratory Methods for the Diagnosis of
Vibrio cholerae. Centers for Disease Control and
Prevention. Retrieved on March 3, 2014 from website:
http://www.cdc.gov/cholera/pdf/laboratory-methods-
for-the-diagnosis-of-vibrio-cholerae-chapter-6.pdf.

Chang, S.C., Fung, H.F., Chen, H.C., Lin, C.S. and Tsai,
Y.H. 2008. Determination of histamine and bacterial
isolation in sword fish fillets (Xiphias gladius)
implicated in a food borne poisoning. Food Control
19: 16-21.

Chen, H.C. and Chang, P.C.M. 2004. Frozen Seafood
Safety and HACCP. In Hui, Y. H. and Yiu H (Eds).
Handbook of Frozen Food. p.339-365. New York.
Marcel Dekker.

Cheng, H.R and Jiang, N. 2006. Extremely Rapid
Extraction of DNA from Bacteria and Yeasts.
Biotechnology Letter 28: 55-59.

Corry, J.E.L., Curtis, G.D.W. and Baird, R.M. 2003.
Handbook of Culture Media for Food Microbiology.
2nd ed. Amsterdam, Netherlands: Elsevier Science
Amsterdam.

Eze, E.I., Echezona, B.C. and Uzodinma, E.C. 2011.
Isolation and identification of pathogenic bacteria
associated with frozen mackerel fish (Scombers
combrus) in a humid tropical environment. African
Journal of Agricultural Research 6(7): 1918-1922.

Ezzeldeen, N.A., Mansour, H.A., and Ahmed, A.A.
2011. Phenotypic and Molecular Identification of
Staphylococcus aures Isolated from Some Egyptian
Salted Fish. World Applied Sciences Journal 15(12)
170: 3-1712.

FAO. 2014. Fisheries and Aquaculture, Nutritional
elements of fish.Topics Facts Sheets. Fisheries and
Aquaculture Department. Retrieved on January
28, 2014 from website: http.//www.fao.org/fishery/
topic/12319/en.

Forsythe, S.J. 2010. The Microbiology of Safe Food. 2™
ed. United Kingdom: Wiley-Blackwell.

Fraser, S.L., Lim, J., Donskey C.J. and Salata, R.A.
2012. Enterococcal Infections. Medscape. Retrieved
on March 28, 2014 from website: http.//emedicine.
medscape.com/article/216993-overview#a0101.

Gaungoo, Y. and Jeewon, R. 2013. Effectiveness of
Training among Food Handlers: A Review on the
Mauritian Framework. Current Research in Nutrition
and Food Science 1: 01-09.

Ghanem N.A., Elshabasy, N.A., Ibrahim, H.A. and
Samaha, I.A. 2014. Enterobacteriaceae in Some
Marine Fish Fillet. Alexandria Journal of Veterinary
Sciences 40: 124-131.

Hassan, Z.H., Zwatkrius-Nahius, J.T.M. and de Boer,
E. 2012. Occurrence of Vibrio parahaemolyticus in
retailed seafood in The Netherlands. International
Food Research Journal 19(1): 39-43.

2199

Hassan, A.HM., Noor El Deen, A.E., Galal, HM.,
Sohad, Dorgham, M., Bakry M.A. and Hakim, A.S.
2012. Further Characterization of Enterobacteriaceae
Isolated from Cultured Freshwater Fish in Kafr
El Shiek Governorate: Clinical, Biochemical and
Histopathological Study with Emphasis on Treatment
Trials. Global Veterinaria 9(5): 617-629.

Hoa, T.T.T., Oanh, D.T.H. and Phuong, N.T. 2000.
Characterization and Pathogenicity of Vibrio Bacteria
Isolated from Freshwater Prawn (Macrobrachium
rosenbergii) Hatcheries: Part 1: Isolation and
Identification of Vibrio spp from Larval Stages: 1-8.
Proceedings of the 2000 annual workshop of JIRCAS
Mekong delta Project. Retrieved on February 12,
2014 from website: https://www.researchgate.net/
publication/237552687.

Human Resource Development Council. 2007. Seafood
Hub, Seaweed Industry and Land-based Oceanic
Industry. Special Sectorial Committee: 5-27.

Iyer, A.P. and Kumosani, T.A. 2010. PCR based Detection
of Foodborne Pathogens. World Academy of Science,
Engineering and Technology 44: 699-701.

International Commission on Microbiological
Specifications for Foods, 1986. Microorganisms in
Foods 2: Sampling for microbiological analysis:
Principles and specific applications. ISBN,
0802056938. Retrieved on February 12, 2014 from

website: http://www.icmsf.org/publications/books.
html.
International Commission on Microbiological

Specifications for Foods. 2011. Microorganisms in
Foods 8. Use of Data for Assessing Process Control
and Product Acceptance. ISBN. 978-1-4419-9373.
Retrieved on February 12, 2014 from website: http://
www.icmsf.org/publications/books.html.

Jayasinghe, C.V.L., Ahmed, S.B.N. and Kariyawasam,
M.G.I.U. 2008. The Isolation and Identification of
Vibrio Species in Marine Shrimps of Sri Lanka.
Journal of Food and Agriculture 1: 36-44.

Moore,D.F.,Zhowandai,M.H., Ferguson,D.M.,McGee,C.,
Mott, J.B. and Stewart, J.C. 2006. Comparison of 16S
rRNA sequencing with conventional andcommercial
phenotypic techniques for identification of enterococci
from the marine environment. Journal of Applied
Microbiology 100: 1272-1281.

Nicholas, A.D. and Alireza, S. 2000. A Review of
Pathogenic Vibrio Infections for Clinicians. Infections
in Medecine 17(10): 665-685.

Novotny, L., Dvorska, L., Lorencova, A., Beran, A. and
Pavlik, 1. 2004. Fish: a potential source of bacterial
pathogens for human beings. Veterinary Medecine 49:
343-358.

Oliver James, D. 2005. The Viable but Nonculturable State
in Bacteria. The Journal of Microbiology 43: 93-100.

Oliver James, D. 2009. Recent Findings on the viable but
nonculturable state in pathogenicbacteria. Federation
of European Microbiological Societies 34: 415-425.

Prapaiwong, N., Wallace, R.K. and Arias, C.R. 2009.
Bacterial loads and microbial composition in high
pressure treated oystersduring storage. International



2200 Pohoroo, A and Ranghoo-Sanmukhiya, V.M./IFRJ 24(5): 2193-2200

Journal of Food Microbiology 131: 145-150.

Rohinishree ,Y.S. and Negi, P.S. 2011. Detection,
Identification and Characterization of Staphylococci
in Street Vend Foods. Food and Nutrition Sciences 2:
304-313.

Tavakoli, H.R., Soltani, M. and Bahonar, A. 2012.
Isolation of some human pathogens from fresh
and smoked shad (Alosakessleri) and silver carp
(Hypophthalmichthysmolitrix). Iranian Journal of
Fisheries Sciences 11(2): 424-429.

Thompsom, F.L., Gevers, D., Thompson, C.C., Dawyndt,
P., Naser, S., Hoste, B., Munn, C.B. and Swings J.
2005. Phylogeny and Molecular Identification of
Vibrios on the Basis of Multilocus Sequence Analysis.
Applied and Environmental Microbiology 71: 5107-
5115.

Tirado, M.C., Clarke, R., Jaykus, L.A., McQuatters-
Gollop, A. and Frank, J.M. 2010. Climate change and
food safety: A review. Food Research International 43:
1745-1765.

Topic, P.N., Benussi, S.A., Dzidara, P., Coz-Rakovac, R.,
Strunjak-Perovic, 1., Kozacinski, L., Jadan, M., Brlek-
Gorskl, D. 2010. Microbiological quality of marketed
fresh and frozen seafood caught off the Adriatic coast
of Croatia. Veternarni Medicina 55(5): 233-241.

Trivedi, K., Cupakova, S. and Karpiskova, R. 2011.
Virulence factors and antibiotic resistance in
enterococci isolated from food-stuffs. Veterinarni
Medicina 56(7): 352-357.

United States Department of Agriculture. 2013. Foodborne
Illness Peaks in Summer-Why? Food Safety and
Inspection Service. Retrieved on March 3, 2014
from website: http:/www.fsis.usda.gov/wps/portal/
fsis/topics/food-safety-education/get-answers/food-
safety-fact-sheets/foodborne-illness-and-disease/
foodborne-illness-peaks-in-summer/ct_index.

U.S. Food and Drug Administration (USFDA), 2001.
The “ Bad Bug Book”: Foodborne Pathogenic
Microorganisms and Natural Toxins Handbook.
Center for Food Safety and Applied Nutrition: 2211.

Vazquez-Sanchez, D., Lopez-Cabo, M., Saa-Ibusquiza,
P. and Rodriguez-Herrera, J.J. 2012. Incidence and
characterization of Staphylococcus aureus in fishery
products marketed in Galicia (Northwest Spain).
International Journal of Food Microbiology 157: 286-
296.

Wong, H.C. and Wang, P. 2004. .Induction of viable but
nonculturable state in Vibrio parahaemolyticus and
its susceptibility to environmental stresses. Journal of
Applied Microbiology 96: 359-366.

Xie, Z.Y., Hu C.Q., Chen, C., Zhang, L.P. and Ren,
C.H. 2005. Investigation of seven Vibrio virulence
genes among Vibrio alginolyticus and Vibrio
parahaemolyticus strains from the coastal marine
culture systems in Guangdong, China. Letters in
Applied Microbiology 41: 202-220.



