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The purpose of the study was to determine the microbiological status of 161 samples cooled
and frozen fish products collected from retail markets in the Republic of Bulgaria. The highest
total viable counts (TVCs) in cooled fish products were established for silver carp (7.30 log
cfu/g), Black sea roach (7.28 log cfu/g) and trout (7.11 log cfu/g), followed by common carp
(6.81 log cfu/g), vacuum packed trout fillets (6.39 log cfu/g) and horse mackerel (5.90 log
cfu/g). The highest Aeromonas spp. load was established in cooled trout (5.89 log cfu/g) and
vacuum packed trout fillets (5.63 log cfu/g), followed by cooled silver carp (4.95 log cfu/g),
common carp (4.09 log cfu/g) and horse mackerel (2.68 log cfu/g). Among frozen fish products,
the highest microbial contamination was detected in frozen sprats (4.43 log cfu/g), followed
by trout (4.27 log cfu/g) and mackerel (4.10 log cfu/g). Aeromonas spp. were not found out
in Black sea roach and frozen fish samples. The relative proportion of Aeromonas spp. out of
total microbial counts was the highest for vacuum-packed trout fillets (88.1%), followed by
trout (82.8%), silver carp (67.8%), common carp (60.1%) and horse mackerel (45.4%). Cooled
silver carp, Black sea roach and trout were highly contaminated with microorganisms. The
significant number of contaminated cooled fish products and the high load of Aeromonas spp.
pose a risk for the health of consumers.
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Introduction
Fish is among the foods with shortest shelf
life. Fish spoilage is caused by microbial enzymes.
Bacteria colonising the skin, gills and intestines are
usually harmless for live fish, and began to replicate
rapidly after its death (Shamsuzzaman et al., 2011).
Microbial load on the skin, gills and intestines of fish
living in clear waters is usually high, and muscles are
assumed to be sterile (Pamuk et al., 2011). The fish
could be contaminated after being caught or during
transportation to retail markets. After contamination
and replication of microorganisms, decay occurs and
the consumption becomes dangerous (Mol and Tosun,
2011; Alparslan et al., 2014). Fish quality is influenced
by many factors as the source, cooling methods,
processing, packaging, storage conditions. The
quality and freshness of fish are rapidly deteriorated
through microbial and biochemical mechanisms (AlJasser and Al-Jasass, 2014). Bacterial activity results
in unpleasant odour due to conversion of amino acids
into biogenic amines, sulfides, organic acids etc.
(Velu et al., 2013).
The International Commission on Microbiological
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Specifications for Foods poses a limit for total aerobic
plate counts in fresh and frozen fish of 107 cfu/g (7
log cfu/g) (ICMSF, 1986). According to Broekaert
et al. (2011) loads of 107-108 cfu/g make spoilage
organoleptically detectable. Fish and fish products are
a source of bacteria, pathogenic for men. Pathogens
could be transmitted to fish in basins or during
processing under bad hygienic conditions (Uddin et
al., 2013). Aeromonas spp. are normal inhabitants of
the aquatic medium. During the last years, the interest
to them extended beyond the boundaries of fish
pathology due to the increased incidence of human
disease caused by Aeromonas after consumption of
contaminated foods. The spoilage of foods and the
pathogenicity of aeromonads is due to their ability
to produce extracellular haemolysin, enterotoxins,
cytotoxins, lipases and proteases (Farag, 2006).
Motile aeromonads are emerging food pathogens as
some isolates could produce virulence factors not
only at optimum temperatures, but also under cold
storage conditions (Neyts et al., 2000).
Cooling and freezing are widely used methods
for preservation of fish. Cooling could not prevent
spoilage but shelf-life could be prolonged through
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decrease of body temperature. During cold or freezer
storage, biochemical changes in lipids and proteins
occur (Latip et al., 2013). The activity of bacterial
enzymes could be minimised by observing hygiene
rules, proper processing, conservation and low
temperatures. Maintenance of adequate hygiene
in fish retail stores is a prerequisite for prevention
of contamination. Fish quality is mainly assessed
through the total aerobic plate counts and counts of
bacteria with public health relevance (Mol and Tosun,
2011; Shamsuzzaman et al., 2011). The purpose of
this survey was to evaluate the microbiological status
of cooled and frozen fish products on Bulgarian retail
markets in order to predict the hazard for consumers’
health from the presence of Aeromonas spp.

and Tosun (2011). The Aeromonas spp. counts were
determined according to Evangelista-Barreto et al.
(2006) after inoculation of 0.1 ml of each dilution on
two GSP agar plates (Merck, Germany). Plates were
incubated at 280С over 24 h. The colony counts were
evaluated on a counter (Colony Counter 570, Suntex,
Taiwan). All dilutions and inoculations were done in
a microbiology box (Nuve MN 090, Turkey). The
results are presented as log cfu/g.

Material and methods

Total viable counts (TVCs) and Aeromonas spp.
in cooled and frozen fish products are presented
in Tables 1 and 2. The highest microbial loads in
cooled fish products were established in silver carp
(7.30 log cfu/g), Black sea roach (7.28 log cfu/g)
and trout (7.11 log cfu/g), followed by common carp
(6.81 log cfu/g), vacuum-packed trout fillets (6.39
log cfu/g) and horse mackerel (5.90 log cfu/g). Most
contaminated with Aeromonas spp. were cooled
trouts (5.89 log cfu/g) and vacuum-packed trout
fillets (5.63 log cfu/g), followed by cooled silver carp
(4.95 log cfu/g), common carp (4.09 log cfu/g) and
horse mackerel (2.68 log cfu/g). Frozen fish samples
exhibited lower TVCs compared to cooled fish
samples. Highest microbial counts were observed in
frozen sprats (4.43 log cfu/g), followed by trout (4.27
log cfu/g) and mackerel (4.10 log cfu/g). Aeromonas
spp. were not established in frozen fish samples.
Table 3 presents the positive for Aeromonas
spp. cooled fish samples. All samples from cooled
rainbow trout and vacuum-packed trout fillets were
contaminated with Aeromonas spp. Less positive
samples were established in silver carp (85%), horse
mackerel (65%) and common carp (60%). Cooled
Black sea roach samples were not polluted with
Aeromonas spp.

Sample collection
The study was conducted with 161 samples
cooled and frozen fish products. Cooled fish products
consisted of horse mackerel (20 samples), rainbow
trout (11 samples), Black sea roach (12 samples),
common carp (20 samples), silver carp (20 samples)
vacuum-packed rainbow trout fillets (20 samples).
Frozen fish products included rainbow trouts (19
samples), mackerel (19 samples) and sprats (20
samples). Samples were collected from special retail
stores for fish and fish products, then transported to
the lab in a cooler bag for analysis.
Sample analysis
Ten grammes muscle tissue with the skin were
collected aseptically and weighed in a Stomacher® 400
Circulator (Seward, England) bag. Ninety ml sample
diluent (MRD, Merck) were added, and samples were
homogenised at 256 rpm for 1 min. Tenfold dilutions
were performed in tubes with 9 ml sample diluent
(MRD, Merck). For determination of total aerobic
plate counts, 0.1 ml of each dilution were inoculated
on two plates with Plate count agar (Merck, Germany).
Plates were incubated at 350С for 24 hours as per Mol

Statistical analysis
The results were statistically processed with
GraphPad InStat® 3 software.
Results

Table 1. Total viable counts and Aeromonas spp. in cooled fish products (x±Sx)
Sample type		
Number of samples
							
Horse mackerel			
20		
Trout				
11		
Black sea roach			
12		
Common carp			
20		
Silver carp			
20		
Vaccum packed			
20		
rainbow trout fillets

Total viable counts
(log cfu/g)
5.90 ± 1.07		
7.11 ± 1.22		
7.28 ± 0.33		
6.81 ± 1.17		
7.30 ± 0.38		
6.39 ± 0.55		

Aeromonas spp.
(log cfu/g)
2.68 ± 2.12
5.89 ± 1.96
0
4.09 ± 3.44
4.95 ± 2.16
5.63 ± 0.85
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Table 2. Total viable counts in frozen fish products (x±Sx).
Sample type
Number of samples
Total viable
					 counts
					(log cfu/g)
Trout			
19		
4.27 ± 0.89
Mackerel		
19		
4.10 ± 0.57
Sprat			
20		
4.43 ± 0.51
Table 3. Samples of cooled fish products, positive for
Aeromonas spp.
Figure 1. Relative proportion of Aeromonas spp. from total
viable counts in cooled fish products

Figure 1 presents the relative share of Aeromonas
spp. from the total bacterial load of cooled fish
samples. Aeromonads relative proportion was the
highest in vacuum-packed trout fillets (88.1%),
followed by trout (82.8%), silver carp (67.8%),
common carp (60.1%) and horse mackerel (45.4%).
Discussion
The complex concept of fish quality consists
of safety, nutritional value, availability, integrity,
freshness, eating quality, product size and type
(Abbas et al., 2008). The most serious problem
related to fish product safety is the contamination
with microbial pathogens. Furthermore, fish products
are highly sensitive to spoilage because of their
high water content, neutral pH, high amount of
amino acids and naturally present autolytic enzymes
(Jeyasekaran et al., 2006). Cooling and freezing are
the usual methods for conservation of fish; anyway,
the quality of stored fish inevitably deteriorates with
shelf-life expiration (Jeon et al., 2002).
Mol and Tosun (2011) investigated the quality of
fish purchased from retail markets in Istanbul. Studied
horse mackerel samples exhibited high total viable
microbial counts, up to 7.04 log cfu/g. We have found
out in our study that horse mackerel samples were the
least contaminated with bacteria compared to other
cooled fish samples (5.90 log cfu/g). Duyar et al.
(2013) outlined that studied horse mackerel samples
from three different markets were of good quality,
with average total mesophilic bacterial counts of
3.91, 4.22 and 4.26 log cfu/g.
In their experiments Diler et al. (2000)
demonstrated that mesophilic bacterial counts on
trout skin varied between 2 and 7 log cfu/g. Our
studies showed higher average total viable microbial
counts in cooled trout (7.11 log cfu/g). In contrast,
Gonzales et al. (1999) established TVCs of 2.90 log
cfu/g in rainbow trout. The TVCs in rainbow trout
was reported to increase from a baseline of 4.0 log

Sample type
Number of samples
				
					
Horse mackerel		
20		
Trout			
11		
Black sea roach		
12		
Common carp		
20		
Silver carp		
20		
Vaccum-packed		
0		
trout fillets

Aeromonas spp.
positive samples
(%)
65
100
0
60
85
100

cfu/g up to 7.04 log cfu/g during storage (Rezaei and
Hosseini, 2008). According to Ozogul et al. (2013)
a TVC load of 3.59 log cfu/g is a parameter for high
quality of trouts. Gonzаlez-Rodriguez et al. (2001)
established total aerobic plate counts of 5.27 log
cfu/g at 300С and 4.87 log cfu/g at 250С in packed
trout fillets. However, Angis and Oguzhan (2013)
outlined TVCs of 3.03 log cfu/g in rainbow trout
fillets. The average value in the present study for
vacuum-packed trout fillets was 6.39 log cfu/g.
According to Wenjiao et al. (2013), the silver
carp is one of the economically important frshwater
fish species for eastern countries due to its extensive
growth, easy culturing, good feed conversion and high
nutritional value. Anyway, the silver carp is an easily
spoiled food due to high water activity, autolytic
enzymes content and relatively high amounts of
volatile basic nitrogen and free amino acids. The
total microbial counts in silver carp muscle was 3.0
log cfu/g, indicating a good quality. In our study, the
average value was 7.30 log cfu/g, i.e. exceeding the
ICMSF limits (ICMSF, 1986).
Hasani and Hasani (2014) demonstrated that
the total viable counts in carp fillets increased
significantly during storage to 6 log cfu/g by the 6th
day. Pamuk et al. (2011) established TVCs between
4 and 9 log cfu/g in studied common carp samples.
Can (2011) established initial contamination of carp
fillets with 3.88 log cfu/g and increase in microbial
counts during storage. In our study, the contamination
level of 6.81 log cfu/g in cooled common carp was
evaluated as acceptable.
The contamination level of frozen fish was lower
compared to cooled fish. The spoilage of mackerel
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begins within 12 h after it is caught if not stored at
suitable temperature, as the chemical composition of
fish meat is an excellent medium for microbial growth
(Jay et al., 2005). Our study of frozen mackerel
showed TVCs of 4.10 log cfu/g. Adebayo-Tayo et al.
(2012) demonstrated higher levels in frozen mackerel
varying between 3х105 and 6.3х105. Popovic et al.
(2010) have studied 30 frozen fish samples from
sea bass (Dicentrarchus labrax), sea bream (Sparus
aurata), sprat (Sprattus sprattus), pilchard (Sardina
pilchardus), red scorpionfish (Scorpaena scrofa),
bluefin tuna (Thunnus thynnus), hake (Merluccius
merluccius), striped red mullet (Mullus surmuletus).
They reported that 20 samples had TVCs between 3
and 5 log cfu/g. Our results were comparable (4.43
log cfu/g in frozen sprats).
Available research showed that fish is most
commonly and most extensively contaminated with
bacteria from the genus Aeromonas. Aeromonas
spp. positive fish samples varied from 37.3%
(Thayumanavan et al., 2003) to 93% (Hanninen et al.,
1997). Our study showed that 100% of cooled trout
and vacuum-packed trout samples were contaminated
with Aeromonas spp. Lower number of positive
samples was observed in cooled silver carp (85%),
horse mackerel (65%) and carp (60%). Of all cooled
fish products, only Black sea roach samples were
negative for Aeromonas spp. All frozen fish samples
did not contain Aeromonas spp. Some researchers
have isolated aeromonads from frozen fish, but after
enrichment (Castro-Escarpulli et al., 2003). On the
other hand, the share of Aeromonas spp. among other
microorganisms was considerable. It was the highest
in vacuum-packed trout fillets (88.1%), followed by
trout (82.8%), silver carp (67.8%), common carp
(60.1%) and horse mackerel (45.4%). According to
Palumbo (1996) Aeromonas spp. counts in foods
depended on the initial contamination level, the type
of processing, packaging and conservation methods.
The amount of motile mesophilic Aeromonas
spp. varies from < 102 cfu/g to 105 cfu/g (Neyts et
al., 2000). Herrera et al. (2006) reported Aeromonas
spp. counts between 2.29 and 7.20 log cfu/g in sea
fish fillet, and Salah El-Dien et al. (2009) - 4.91 log
cfu/g in fresh mullet. Gonzаlez-Rodriguez et al.
(2002) established Aeromonas spp. loads between <
1 and 3.37 log cfu/g in vacuum-packed cold-smoked
trout fillets. In our survey, the highest Aeromonas
spp. counts were established in cooled trout (5.89 log
cfu/g) and vacuum-packed trout fillet samples (5.63
log cfu/g), followed by silver carp (4.95 log cfu/g),
common carp (4.09 log cfu/g) and horse mackerel
(2.68 log cfu/g).
Microbial contamination depends on the water,

fishing, processing, transportation and storage
conditions. The cross contamination between raw and
cooked fishes, undercooked and raw fish consumption
results in food intoxications due to hydrobiont
consumption (Fletcher et al., 1998). The efficient
bacteriological control of hygiene is important
to ensure acceptable levels of contamination and
prevention of food intoxications (Moyo and Baudi,
2004; Ajao and Atere, 2009). Intoxications due to fish
products could be prevented by providing suitable
conditions during all stages of fish processing
and controlled storage temperature (Craven et al.,
2001). Fish product safety is influenced by many
factors as origin of the fish, product characteristics,
processing mode and cooking. The risk incurred by
fresh fish consumption is small after proper cooking,
but increased if fish is consumed raw, inadequately
cooked or slightly cooked. Contaminated fish could
be dangerous, especiallay for sensitive populations
as children, elderly and immunocompromised people
(Herrera et al., 2006).
Conclusion
Taking into consideration the obtained results
and the recommendations of the International
Commission on Microbiological Specifications for
Foods, it could be concluded that microbiological
load of cooled silver carp, Black sea roach and
trout was inacceptable. On the other hand, the level
of contamination was within the allowed range for
cooled common carp, vacuum-packed trout fillets,
horse mackerel and frozen fish products. The highest
contamination level with Aeromonas spp. was
observed in cooled trout and vacuum-packed trout
fillets, followed by silver carp, common carp and
horse mackerel. The share of Aeromonas spp. from
the total microbial load was considerable. The high
number of contaminated cooled fish products and
the high Aeromonas spp. counts could pose a risk for
human health after consumption of undercooked fish.
References
Abbas, K. A., Mohamed, A., Jamilah, B. and Ebrahimian,
M. 2008. A review on correlations between fish
freshness and pH during cold storage. American
Journal of Biochemistry and Biotechnology 4 (4):
416-421.
Adebayo-Tayo, B. C., Odu, N. N., Anyamele, L. M.,
Igwiloh, N. J. P. N. and Okonko, I. O. 2012. Microbial
Quality Of Frozen Fish Sold In Uyo Metropolis.
Nature and Science 10 (3): 71-77.
Ajao, A. T. and Atere, T. G. 2009. Bacteriological
Assessment and Hygienic Standard of Food Canteens
In Kwara State Polytechnic, Ilorin, Nigeria. African

Stratev et al./IFRJ 22(1): 64-69

Scientist 10 (3): 173-180.
Al-Jasser, M. S. and Al-Jasass, F. M. 2014. Study the
Chemical, Physical Changes and Microbial Growth as
Quality Measurement of Fish. Annual Research and
Review in Biology 4 (9): 1406-1420.
Alparslan, Y., Hasanhocaoglu, H., Metin, C. and Baygar,
T. 2014. Determination of meat quality of sea bass
(Dicentrarchus labrax) sold at different selling areas.
Emirates Journal of Food and Agriculture 26 (3): 293301.
Angis, S. and Oguzhan, P. 2013. Effect of thyme
essential oil and packaging treatments on chemical
and microbiological properties of fresh rainbow
trout (Oncorhynchus mykiss) fillets during storage
at refrigerator temperatures. African Journal of
Microbiology Research 7 (13): 1136-1143.
Broekaert, K., Heyndrickx, M., Herman, L., Devlieghere,
F. and Vlaemynck, G. 2011. Seafood quality analysis:
Molecular identification of dominant microbiota after
ice storage on several general growth media. Food
Microbiology 28 (6): 1162-1169.
Can, О. P. 2011. Evaluation of the Microbiological,
Chemical and Sensory Quality of Carp Processed by
the Sous Vide Method. World Academy of Science,
Engineering and Technology 5: 1060-1065.
Castro-Escarpulli, G., Figueras, M. J., Aguilera-Arreola,
G., Soler, L., Fernandez-Rendon, E., Aparicio, G. O.,
Guarro, J. and Chacon, M. R. 2003. Characterisation
of Aeromonas spp. isolated from frozen fish intended
for human consumption in Mexico. International
Journal of Food Microbiology 84 (1): 41-49.
Craven, C., Hilderbrand, K., Kolbe, E., Sylvia, G., Daeschel,
M., Gloria, B. and An, H. 2001. Understanding and
Controlling Histamine Formation in Troll-Caught
Albacore Tuna: A review and Update of Preliminary
Findings from the 1994 Season. Oregon Sea Grant,
Oregon State University, Corvallis.
Diler, O., Altun, S., Calikusu, F. and Diler, A. 2000. A
study on qualitative and quantitative bacterial flora
of the rainbow trout (Oncorhynchus mykiss) living in
different fish farms. Turkish Journal of Veterinary and
Animal Sciences 24: 251-259.
Duyar, H. A., Ozdemir, S., Gargaci, A. and Kalayci,
Z. H. 2013. The Determination of the Proximate
Composition and Sensory, Chemical, Microbiological
Quality of the Fish which are Sold by Retail in
Sinop, Turkey. International Journal of Chemical,
Environmental and Biological Sciences 1 (2): 402404.
Evangelista-Barreto, N., Vieira, R., Carvalho, F., Torres,
R., Santanna, E., Rodrigues, D. and Reis, C. 2006.
Aeromonas spp. isolated from oysters (Crassostrea
rhizophorea) from a natural oyster bed, Ceara, Brazil.
Revista do Instituto de Medicina Tropical de Sao
Paulo 48 (3): 129-133.
Farag, H. EL-S. M. 2006. Incidence of Hemolysin
Producing Motile Aeromonas in Some Shellfish and
Their Public Health Significance in Port-Said City.
Journal of Applied Sciences Research 2: 972-979.
Fletcher, G. C., Summers, G. and van Veghel, P. W. 1998.

68

Levels of histamine and histamine-producing bacteria
in smoked fish from New Zealand markets. Journal of
Food Protection 61 (8): 1064-1070.
Gonzalez, C. J., Lopez-Diaz, T. M., Garciia-Lopez,
M. L., Prieto, M. and Otero, A. 1999. Bacterial
microflora of wild brown trout (Salmo trutta), wild
pike (Esox lucius), and aquacultured rainbow trout
(Oncorhynchus mykiss). Journal of Food Protection
62 (11): 1270-1277.
Gonzalez-Rodrıguez, M. N., Santos, J. A., Otero, A.
and Garcia-Lopez, M. L. 2002. PCR detection
of potentially pathogenic aeromonads in raw and
cold-smoked freshwater fish. Journal of Applied
Microbiology 93 (4): 675-680.
Gonzalez-Rodríguez, M. N., Sanz, J. J., Santos, J. A., Otero,
A. and Garcia-Lopez, M. L. 2001. Bacteriological
quality of aquacultured freshwater fish portions in
prepackaged trays stored at 3 degrees C. Journal of
Food Protection 64 (9): 1399-1404.
Hanninen, M-L., Oivanen, P. and Hirvela-Koski, V.
1997. Aeromonas species in fish, fish-eggs, shrimp
and freshwater. International Journal of Food
Microbiology 34 (1): 17-26.
Hasani, S. and Hasani, M. 2014. Antimicrobial properties
of grape extract on Common carp (Cyprinus carpio)
fillet during storage in 4°C. International Journal of
Fisheries and Aquatic Studies 1 (3): 130-136.
Herrera, F. C., Santos, J. A., Otero, A. and Garcia-Lopez,
M-L. 2006. Occurrence of foodborne pathogenic
bacteria in retail prepackaged portions of marine fish
in Spain. Journal of Applied Microbiology 100 (3):
527-536.
ICMSF (International commission on microbiological
specifications for foods) 1986. Sampling plans for
fish and shellfish. In ICMSF (Eds.). Microorganisms
in Foods 2. Sampling for Microbiological Analysis:
Principles and Scientific Applications. 2nd edition, p.
181-196. Toronto: University of Toronto Press.
Jay, J. M., Loessner, M. J. and Golden, D. A. 2005. Modern
Food Microbiology. 7th edition. New York: Springer
Science and Business Media Inc.
Jeon, Y. J., Kamil, J. Y. and Shahidi, F. 2002. Chitosan
as an edible invisible film for quality preservation of
herring and Atlantic cod. Journal of Agricultural and
Food Chemistry 50 (18): 5167-5178.
Jeyasekaran, G., Ganesan, P., Anandaraj, R. J. and
Sukumar, D. 2006. Quantitative and qualitative
studies on the bacteriological quality of Indian white
shrimp (Penaeus indicus) stored in dry ice. Food
Microbiology 23 (6): 526-533.
Latip, L. D., Zaman, W. and Yang, T. A. 2013. Effect of
Chilled-frozen Storage on the Physico-chemical,
Microbial and Sensory Quality of Farmed Bighead
Carp (Hypophthalmichthys nobilis). Journal of
Fisheries and Aquatic Sciences. doi: 10.3923/
jfas.2013.
Mol, S. and Tosun, S. Y. 2011. The quality of fish from
retail markets in Istanbul, Turkey. Journal of Fisheries
Sciences.com 5 (1): 16-25.
Moyo, D. Z. and Baudi, I. A. 2004. Bacteriological

69

Stratev et al./IFRJ 22(1): 64-69

Assessment of the cleaning and Disinfection efficacy
at the Midland State University Canteen, Zimbabwe.
Pakistan Journal of Biological Sciences 7 (11): 19962001.
Neyts, K., Huys, G., Uyttendaele, M., Swingsm J. and
Debevere, J. 2000. Incidence and identification of
mesophilic Aeromonas spp. from retail foods. Letters
in Applied Microbiology 31 (5): 359-363.
Ozogul, F., Yavuzer, E., Ozogul, Y. and Kuley, E. 2013.
Comparative quality loss in wild and cultured rainbow
trout (Oncorhynchus mykiss) during chilling storage.
Food Sciences and Technology Research 19 (3): 45454.
Palumbo, S. A. 1996. The Aeromonas hydrophila group
in food. In Austin, B., Altwegg, M., Gosling, P. J. and
Joseph, S. (Eds.). The Genus Aeromonas, p. 287-310.
Chichester, UK: Wiley and Sons.
Pamuk, S., Gurler, Z., Yildirim, Y. and Siriken, B. 2011.
Detection of Microbiological Quality of Common
Carp (Cyprinus carpio) Sold in Public Bazaar in
Afyonkarahisar. Journal of Animal and Veterinary
Advances 10 (8): 1012-1018.
Popovic, N. T., Skukan, A. B., Dzidara, P., Coz-Rakovac,
R., Strunjak-Perovic, I., Kozacinski, L., Jadan, M.
and Brlek-Gorski, D. 2010. Microbiological quality
of marketed fresh and frozen seafood caught off the
Adriatic coast of Croatia. Veterinarni Medicina 55 (5):
233-241.
Rezaei, M. and Hosseini, S. F. 2008. Quality assessment of
farmed rainbow trout (Oncorhynchus mykiss) during
chilled storage. Journal of Food Sciences 73 (6): 9396.
Salah El-Dien, W. M. and Sami, E. M. 2009. Prevalence of
Aeromonas hydrophila and Yersinia enterocolitica in
some seafood’s sold in Sharkia governorate markets
and the effects of heat treatments on their viabilities.
Journal of Veterinary Medicine 11: 121-130.
Shamsuzzaman, M. M., Mazumder, S. K., Siddique, M.
A. and Miah, M. N. U. 2011. Microbial quality of
hilsa shad (Tenualosa ilisha) at different stages of
Processing. Journal of the Bangladesh Agricultural
University 9 (2): 339-344.
Thayumanavan, T., Vivekanandhan, G., Savithamani,
K., Subashkumar, R. and Lakshmanaperumalsamy,
P. 2003. Incidence of haemolysin-positive and drugresistant Aeromonas hydrophila in freshly caught
finfish and prawn collected from major commercial
fishes of coastal South India. FEMS Immunology and
Medical Microbiology 36 (1-2): 41-45.
Uddin, G. M., Larsen, M. H., Guardabassi, L. and
Dalsgaard, A. 2013. Bacterial flora and antimicrobial
resistance in raw frozen cultured seafood imported to
Denmark. Journal of Food Protection 76 (3): 490-499.
Velu, S., Bakar, A. F., Mahyudin, N. A., Saari, N. and
Zaman, M. Z. 2013. Effect of modified atmosphere
packaging on microbial flora changes in fishery
products. International Food Research Journal 20 (1):
17-26.
Wenjiao, F., Yongkui, Z., Pan, D. and Yuwen, Y. 2013.
Effects of Chitosan Coating Containing Antioxidant

of Bamboo Leaves on Qualitative Properties and Shelf
Life of Silver Carp during Chilled Storage. Czech
Journal of Food Sciences 31 (5): 451-456.

