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Abstract
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Microbiological Evaluation of Some Farmed Fish Species Marketed 
in Sharkia Governorate, Egypt

The present study was conducted to evaluate the microbiological status of some farmed fish species marketed 
in Sharkia Governorate then compared with Egyptian standard of chilled fish. keeping quality parameters 
also examined (pH, TVN, TMA and TBA) and compared with Egyptian standard of chilled fish. A total of 
150 samples of farmed fish of Nile cages, concrete ponds and Earthen ponds 50 of each (25 Tilapia nilotica 
and 25 Mugil cephalus) respectively from the market in Sharkia governorate were examined during autumn 
2021. For keeping quality parameters, all examined samples were within the acceptable limits according to 
ES (3494:2005). The obtained results of microbiological analysis revealed that the percentage of the exceeded 
permissible limits of aerobic plate count (APC) was 12% and 32%,20% and 16% ,12% and 20% for Tilapia 
nilotica and Mugil cephalus in Nile cages, concrete ponds and Earthen ponds respectively. For total coliform 
count, all positive examined samples exceed permissible limits of coliform count (2 log10 CFU/g) according 
to ES (3494:2005). The incidence of Staphylococcus aureus was 0% and 11%, 36%, and 32%, 16% and 12% 
for Tilapia nilotica and Mugil cephalus in Nile cages, concrete ponds and Earthen ponds respectively. Listeria 
species were detected in 20% and 8% ,8% and 16% , 20% and 0%  for Tilapia nilotica and Mugil cephalus 
in Nile cages ,concrete ponds and Earthen ponds, respectively. Escherichia coli was 24% and 20% ,8% and 
16%, 16% and 20% for Tilapia nilotica and Mugil cephalus in Nile cages, concrete ponds and Earthen ponds 
respectively. Salmonella species were 4% and 12% for both from Nile cages and from concrete ponds and 
4% and 12% in earthen pond Tilapia nilotica and Mugil cephalus respectively. Serological identification of 
E. coli, Salmonella and Listeria in these samples was showed in this search. So hygienic and proper practices 
performed during transportation and handling of fish are needed before consumption of this fish.
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INTRODUCTION

Egypt owns the major aquaculture industry in Africa that pro-
vides more than seventy percent of the country’s fish production 
(GAFRD, 2013). There are various methods of farming fish all over 
the world, such as intensive commercial operations and extensive 
small-scale or subsistence systems. Possible food safety hazards 
related to aquaculture differ according to the system used in-
cluding biological contamination, such as foodborne pathogens 
or even chemical contamination. The causes of health hazards 
are varied, starting from unfortunate aquacultural practices, eco-
logical contamination and cultural habits of food preparation 
and consumption (Reilly and Kdferstein, 1997). Semi-intensive 
aquaculture in clay ponds was considered the main fish farm-
ing system in Egypt, meanwhile intensive systems in tanks and 
cages have noticed fast progress during latest years (Kleih et al., 
2012). Fish is a very perishable food that requires cautious stor-
age and handling. Fish quality to be kept, preserve it fresh as 
possible until cooking and consumption. So farm fish is a better 
choice for fresh, non-preserved fish, and higher nutritional con-
tent (Bremner, 2003). Detection of pH of fish muscle can point to 
physical changes happening in fish muscle throughout the stor-
age time (Izumi, 2012). Volatile amines (total volatile nitrogen and 

trimethyl-amine) are molecules that cause fishy aroma and taste 
in fish which last for some days following catching and consid-
ered as measurement for evaluating the quality of fish (Etienne, 
2005). According to data from (CDC) fish cause about twenty 
four percent of food related outbreaks of illness and six percent 
of all food poisoning (CDC, 2013). Food poisoning is caused by 
handling diseased fish or coming into touch with polluted wa-
ter or other aquatic environment components (Gauthier, 2015). 
Also can caused by eating raw or undercooked fish, that could 
be infected with pathogens such as Salmonella spp., E. coli and 
S. aureus from water sources, or during the different processing 
stages (Pal et al., 2014).

Listeria spp. other than L. monocytogenes are widespread in 
hot environments (Fuchs and Reilly, 1992). L. monocytogenes are 
widespread all over the world, The incidence ratio in seafood can 
vary from zero to more than fifty percent (Jinneman et al., 1999). 
According to Food Net US, listeriosis mortality rate reach to 16.9 
% with a percent 30% of foodborne deaths from 1996 to 2005 
(Barton et al., 2011). Salmonella and E. coli in fish or fish products 
are indicators of fecal and environmental pollution of the fish 
environment (Wogu and Maduakol, 2010).

Escherichia coli are facultative anaerobes found in human and 
animal GIT so their presence in foods indicates fecal contamina-
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tion (Fadel et al., 2017). Salmonella was the main cause of bacte-
rial food-borne disease in urban countries.

S. aureus responsible for production of Staphylococcal en-
terotoxins and various disease syndromes. Staphylococcal intoxi-
cation mainly characterized by emesis. Although enterotoxigenic 
strains mainly come from food handlers with hand infections or 
with a cold or a sore throat, Staphylococci could be also isolat-
ed from newly caught fish, especially in warm waters (Gram and 
Huss, 2000).

The aim of the study was to examine the keeping quality pa-
rameters (pH, TVN, TMA and TBA) and assess the bacteriological 
quality of farm fish in Sharkia market. 

MATERIALS AND METHODS

Collection and preparation of fish samples

A total of 150 samples of farmed fish of Nile cages, concrete 
ponds, and Earthen ponds 50 of each (25 Tilapia nilotica and 25 
Mugil cephalus) respectively were collected from the market in 
Sharkia governorate during autumn 2021. The samples were kept 
in a separated sterile plastic bag, labeled, and conserved in an ice 
box then transferred to the laboratory. The samples were pre-
pared according to ISO 6887-3:2017. 10 grams of each sample 
taken under aseptic conditions, transferred into a sterile polyeth-
ylene bag to which 90 ml of 0.1% Sterile peptone water (Oxoid 
CM9) was aseptically added to provide a dilution 1/10, the con-
tent was blended for not more than 2.5 minutes using blender at 
high speed not less than (2000 r.p.m). Then the mixture was al-
lowed to stand for15 minutes at room temperature. The contents 
of the jar were mixed by shaking before applying the following 
technique.

One ml from the original suspension (10-1) was transferred 
aseptically with a sterile test tube containing 9 ml of sterile pep-
tone water 0.1 % to obtain a dilution of (10-2) from which further 
10 fold decimal dilution were prepared up to suitable countable 
dilution.

Keeping quality tests

Detection of pH (Pearson, 2006)

     In a blender, approximately 10 g of the sample were blend-
ed in 10ml of neutralized distilled water. The homogenate was 
left at room temperature for 10 minutes with continuous shaking. 
The pH value was determined by using an electrical pH meter 
(Bye model 6020, USA).

Detection of total volatile nitrogen (TVN) 

     The technique applied for determination of total volatile 
nitrogen (TVN) was recommended by Food and Agriculture Or-
ganization (FAO,1980)

Detection of trimethylamine (TMA) 
  
The method adopted by FAO (1980) was applied using Con-

way test.

Detection of thiobarbituric acid (TBA)

     The method adopted for estimation of TBA by Pikul et al. 
(1989) was applied.

Bacteriological evaluation

Aerobic Plate Count was done according to ISO 4833-1:2013. 
Briefly, dilutions were mixed thoroughly, 0.1 ml was pipetted of 
each dilution onto surfaces of solid media of plate count agar 
in pre-labeled petri dishes. Inoculum was spread over the entire 
surface with a bent glass rod that was first sterilized by dipping in 
95% ethanol and quickly flamed to remove the ethanol. After ab-
sorption of the medium by the inoculum, the plates were invert-
ed and incubated for 48 h at 35±2°C. All colonies in plates that 
contained 25-250 colonies were counted, and results were re-
corded per dilution counted. Average the colony counts obtained 
and multiply the average by 10 and then by the appropriate di-
lution factor (101-10-6). Results were reported as APC/g sample.

Total coliform count (ICMSF, 1996)

     The technique recommended by ICMSF (1996) using the 
surface plating method and Violet Red Bile agar medium. 

Staphylococcus aureus (FDA, 2001)

     One ml of the prepared dilution was poured into plates 
contained Baird Parker media with Egg Yolk-Tellurite emulsion in-
cubated at 35ºC and observed after 48 hours. Characteristic black 
colonies surrounded by a narrow white margin with a zone of 
clearance was counted to obtain the total Staphylococcus aureus 
counts per g. Confirmation of Staphylococcus aureus was carried 
out by using the following biochemical tests: Gram staining, cat-
alase test, coagulase test and detection of hemolysis. 

Determination of Listeria species

     Samples were analyzed according to Food and Drug Ad-
ministration, Bacteriological Analytical Manual Standard (FAD- 
BAM) for the detection of Listeria (Hitchins, 2003).

A Sample of 25 g was added to 225 ml of half strength Fraser 
broth which was used as primary enrichment media, to obtain 
a 1:10 sample dilution. All samples were homogenized 30- 60 
seconds and incubated at 30°C for 24 h. From this primary en-
richment, 0.1 ml was then inoculated into 10 mL of Fraser Broth 
which had been used as a secondary enrichment medium and 
incubated for 48 h at 37°C. A loopful of the Fraser Broth enrich-
ment culture was streaked on the surface of OXFORD agar with 
supplement then incubated for up to 48 h at 37°C. Selective agars 
were observed for suspected colonies at 24 to 48 h of incuba-
tion. Suspected colonies were those that appeared greyish colo-
nies surrounded by black halos and sunken centre with possible 
greenish sheen on Oxford agar. 

 Listeria species was identified using Listeria Latex Aggluti-
nation Kit. Done in the Faculty of Vet. Med. Benha univ. The Ox-
oid Listeria Test Kit (Oxoid, Basingstoke, Hampshire, England) is 
a rapid latex agglutination test for the presumptive identification 
of Listeria species in selective and/or enrichment cultures. 

Escherichia coli 

Isolation and identification (Acumedia, 2011)

     After samples were inoculated into buffered peptone wa-
ter, the homogenate was incubated at 37±1°C for 18 h. By using 
sterile loop, the pre-enrichment broth culture was cultivated into 
Eosin methylene blue agar plates. The inoculated plates were in-
cubated at 37°C for 24 h. Convincing evidence for the presence of 
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Escherichia coli was given by the appearance of dark blue–black 
colonies with metallic green sheen on Eosin methylene blue agar 
Serodiagnosis of E. coli (Kok et al., 1996)

The isolates were serologically identified in the Faculty of 
Vet. Med., Benha Univ. The isolates were serologically identified 
according to Kok et al. (1996) by using rapid diagnostic E. coli 
antisera sets (Denka Seiken Co., Japan) for diagnosis of the En-
teropathogenic types.

Determination for Salmonellae 

     Using the selective solid media, Xylose Lysine Deoxycho-
late ager (XLD agar), Salmonella colonies have a black center and 
lightly transparent zone of reddish color.

Serological identification of Salmonellae was carried out 
according to Kauffman-White scheme (Kauffman, 1974) for the 
determination of Somatic (O) and flagellar (H) antigens using 
Salmonella antiserum (DENKA SEIKEN Co., Japan). Done in the 
Faculty of Vet. Med. Benha Univ.  

RESULTS AND DISCUSSION

Chemical indices as pH, TVN, TMA and TBA are the most 
used parameters to evaluate fish quality and freshness.  In this 
research, two types of farmed fish (T. niloticus and M. cephalus) 
were examined to determine their keeping quality and safety for 
human consumption. pH values are suitable index for freshness 
assessment and useful guideline for quality of fish (Ruiz-Capil-
las and Moral, 2001). Egyptian Organization for Standardization 
(ES.3439:2005) had reported the critical limits of pH in chilled fish 

not to be more than 6.5. Accurately 100% of samples were ac-
cepted in T. niloticus and M. cephalus as recorded in Table 1. These 
results were nearly closed to those of (Ibrahim, 2017). TVN levels 
are affected by the method of catch, postmortem treatment, and 
storage temperature. It differs according to fish species (Nazem-
roaya et al., 2011). According to ES 3439:2005 TVN permissible 
limit is 30 mg % so all the examined samples were accepted.

TMA is a good index of quality for many fish species (Baix-
as-Nogueras et al., 2002). TMA changes according to species and 
it is affected by time of storage and catching time. According 
to ES 3439:2005 the permissible limit of TMA is 10mg%. So, the 
examined samples were accepted. TBA factor is responsible for a 
rancid flavor, off odor, colors and texture deterioration.  The per-
missible limit of TBA is 4.5 mg/kg as recorded in ES 3439:2005. All 
the examined samples were within the acceptable limits.

Foodborne microbes such as Salmonella spp., Staphylococcus 
aureus, Escherichia coli and Listeria monocytogenes contaminate 
the food production systems or products from these systems 
(Nurudeen et al., 2014; Ibrahim et al., 2014). 

Aerobic plate count (APC) of fish generally related to food 
safety hazards also can be useful to indicate quality and shelf 
life. Total aerobic plate count shouldn’t exceed 6 (log10 CFU/g) 
according to ES 3439:2005.The data recorded in Table 2 declared 
that the mean values of APC were 5.27±0.15 and 5.98±0.05, 
5.72±0.08 and 5.66±0.09, 5.58±0.07 and 5.71±0.09 for Tilapia 
nilotica and Mugil cephalus in Nile cages ,concrete ponds and 
Earthen ponds respectively and the percentage of the exceed-
ed permissible limits of (APC) was 12% and 32%, 20% and 16%, 
12% and 20% for Tilapia nilotica and Mugil cephalus in Nile cag-
es ,concrete ponds and Earthen ponds respectively. APC in fish 
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Keeping quality indices
Nile cages Concrete ponds Earthen ponds

Tilapia Mugil Tilapia Mugil Tilapia Mugil

pH

Min 5.59 5.49 6.01 5.16 6.01 5.16

Max 6.36 6.23 6.27 6.19 6.27 6.19

Mean ±SE 6.12±0.03 6.05 ±0.03 6.14±0.01 6.01±0.04 6.14±0.01 6.01±0.04

TVN (mg %)

Min 2.09 2.41 2.91 2.81 2.91 2.81

Max 8.18 6.75 8.38 5.65 8.38 5.65

Mean ±SE 5.17±0.3 4.33±0.23 5.51±0.32 4.01±0.18 5.50±0.32 4.02±0.18

TMA (mg %)

Min 0.73 0.72 0.89 0.72 0.89 0.72

Max 3.68 2.96 4 2.81 4 2.81

Mean ±SE 2.13±0.15 1.40±0.10 2.18±0.18 1.52±0.10 2.18±0.18 1.53± 0.10

TBA (mg/K)

Min 0.59 0.4 0.61 0.33 0.61 0.33

Max 2.41 1.83 2.41 1.5 2.41 1.5

Mean ±SE 1.41±0.14 1.06±0.06 1.53±0.10 0.97±0.06 1.54±0.10 0.96±0.07

Table 1. keeping quality parameters of examined farm fish samples.

All examined samples are within the permissible limits according to ES:3494 (2005)

Sample MIN. MAX. Mean ± SE
Samples exceed P.L.

No. %

Nile Cages
Tilapia 3.4 6.4 5.27 ± 0.15 3 12

Mugil 5.56 6.54 5.98 ± 0.05 8 32

Concrete ponds
Tilapia 5 6.36 5.72±0.08 5 20

Mugil 4.7 6.6 5.66±0.09 4 16

Earthen ponds
Tilapia 5.04 6.25 5.58±0.07 3 12

Mugil 4.48 6.4 5.71± 0.09 5 20

Table 2. Total aerobic plate count (log10 CFU/g) in examined farm fish samples (25 for each).

Total aerobic plate count shouldn’t exceed 6 (log10 CFU/g) according to ES:3494:2005
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from farm type (concrete and earthen ponds) had significantly 
higher counts than in natural channels type (Nile cages) fish. This 
may be due to that fish farmers use organic fertilizers to increase 
the fertility of pond and production of natural food for fish and 
use agriculture run off water that both factors can increase the 
bacterial load of fish (Ampofo and Clerk, 2002). Mugil cephalus 
had higher bacterial count. This is due to its omnivorous bottom 
feeder feeding habit where the fish greases the pond bottom 
detritus and organic matter which are usually of high bacterial 
count (Lartseva et al.,1996; Abdelhamid et al., 2007).

Eltholth et al. (2018) recorded that the mean APC for more 
than 85% of samples was within the permissible limits as in ES 
(3494:2005). The contamination of tilapia may occur pre and post 
harvesting and during handling the fish (Eltholth et al., 2015). 
Methods of harvesting and handling of tilapia from the farm to 
market could contribute to the bacterial load of tilapia as well 
as the lack of a prober cold chain. Fish could be contaminated 
post-capture from fishing tools or contaminated water and con-
taminated ice beside soiled surfaces and boxes, as well as by 
poor hygienic handling practices (Mhango et al., 2010).

 In Table 3, total coliform count of all positive examined sam-
ples exceeds permissible limits of coliform count (2 log10 CFU/g) 
according to ES (3494:2005) as the mean value of total coliform 
count in positive fish was 3.60±0.09 and 3.73±0.07, 4.09±0.10 
and 3.92±0.07, 3.61±0.06 and 3.80±0.07 of Tilapia nilotica and 

Mugil cephalus in Nile cages, concrete ponds and Earthen ponds 
respectively. Lower results recorded by Budiati et al. (2015) as the 
coliform count ranged from 1.6 to 4.04 log MPN gr-1 for tilapia. 
Fecal coliform bacteria are used as the fecal indicator in guide-
lines for wastewater reuse in irrigation and aquaculture. Falcao 
et al. (2002) explained that this is because of the ice used to re-
frigerating seafood may be contaminated with coliform bacteria 
which cause human infection, as they discovered the presence 
of high numbers of coliforms and pathogenic strains in ice used 
for chilling fish; therefore, some of the contamination detected 
in this study could be due to the ice used for chilling purposes.

Staphylococcus aureus are known as enteriotoxic producing 
microorganism which is poisonous. The incidence of Staphylococ-
cus aureus in Table 4, was 0% and11%, 36% and 32%  , 16% and 
12% for Tilapia nilotica and Mugil cephalus in Nile cages ,con-
crete ponds and Earthen ponds respectively. These results are 
higher than results reported by Hardi et al. (2018) which were 
24.32% and lower than results reported by Maysoon (2014) as 
the percentage was 40%. All positive examined samples exceed 
permissible limits of Staphylococcus aureus count (3 log10 CFU/g) 
according to ES, 3439:2005. This may be due to hand contami-
nation of fish handlers during catching, sorting and selling which 
in turn contaminates fish and the water and ice used for their 
preparation for selling (Saad et al., 2015; Edris et al., 2017). There 
are four common pathogens have recorded as being significant 

Sample
Positive samples

MIN. MAX. Mean ± SE
No. %

Nile Cages
Tilapia 21 84 3 4.48 3.60 ± 0.0.09

Mugil 17 68 3 4.23 3.73 ±0.07

Concrete ponds
Tilapia 21 84 3.3 4.97 4.09±0.10

Mugil 22 88 3.3 4.39 3.92±0.07

Earthen ponds
Tilapia 17 68 3 4.15 3.61±0.06

Mugil 14 56 3 4.2 3.80±0.07

Table 3. Total coliform count (log10 CFU/g) in positive examined farm fish samples (25 for each).

All positive examined samples exceed permissible limits of coliform count (2 log10 CFU/g) according to ES:3494(2005)

Sample
Positive samples

MIN. MAX. Mean ± SE
No. %

Nile Cages
Tilapia 0 0  --- -  -

Mugil 11 44 3.04 3.95 3.53± 0.06

Concrete ponds
Tilapia 9 36 3.04 4.36 3.53±0.13

Mugil 8 32 3.6 3.95 3.78±0.05

Earthen ponds
Tilapia 4 16 3.04 4.3 3.61±0.29

Mugil 3 12 3.04 3.48 3.16± 0.14

Table 4. Staphylococcus aureus count (log10 CFU/g) in positive examined farm fish samples (25 for each).

All positive examined samples exceed permissible limits of Staphylococcus aureus count (3 log10 CFU/g) according to ES:3494(2005)

Bacterial types
Sample types

S. aureus Listeria monocytogenes E. coli Salmonella Serotypes

No. % No. % No. % No. %

Nile cages
Tilapia 0 0 5 20 6 24 1 4

Mugil 11 44 2 8 5 20 1 4

Concrete ponds
Tilapia 9 36 2 8 2 8 3 12

Mugil 8 32 4 16 4 16 3 12

Earthen ponds
Tilapia 4 16 5 20 4 16 1 4

Mugil 3 12 0 0 5 20 3 12
Accepted fish meat should be free from Salmonella spp. and Listeria monocytogenes according to ES:3494(2005)

Table 5. Incidence ratio of food-borne pathogens in the examined farm fish samples (n=25 for each)
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in terms of human health and disease. These include Listeria 
monocytogenes, Vibrio parahaemolyticus, Staphylococcus aureus, 
and Salmonella spp. (Feldhusen, 2000).

Table 5 shows incidence ratio of some food-borne pathogens 
in the examined farm fish as following: Listeria monocytogenes 
were detected in 20% and 8%, 8% and 16%, 20% and 0% for Tila-
pia nilotica and Mugil cephalus in Nile cages, concrete ponds, and 
Earthen ponds respectively. Lower findings were 7.5% of Listeria 
spp. and 1.9% L. monocytogenes from fresh fish samples by Ebra-
him et al. (2012). But higher results were reported by Soultos et 
al. (2007) who could isolate 44.5% L. monocytogenes from fresh 
samples. Edris et al. (2017) couldn’t detect L. monocytogenes in 
their study while L. monocytogenes contamination rate in fresh 
fish was 4.1% by Wang et al. (2011). According to ES,3494 :2005 
fish meat should free from L. monocytogenes.

L. monocytogenes has been isolated from fish and seafood 
products all over the world. Contamination with L. monocyto-

genes depends on factors as cleaning and processing procedures, 
working habits, and the existence of surface persistent L. monocy-
togenes types in processing facilities. Also, raw materials contam-
inated with Listeria may be a reason for the contamination of the 
final product (Miettinen and Wirtanen, 2005). L. monocytogenesis 
most associated with disease in both animals and humans. Preg-
nant women, neonates, elderly, or immune-compromised people 
are the most susceptible to Listeria manifestations as abortion, 
stillbirth, septicemia, meningitis, and meningoencephalitis (WHO, 
2004). Serological identification of Listeria spp. isolated from ex-
amined farm fish samples present in Table 6. L. innocua, L. grayi, L. 
welshimeri, L. seeligeriand L. ivanovii also present in the examined 
samples.

Escherichia coli was 24% and 20%, 8% and 16%, 16% and 20% 
for Tilapia nilotica and Mugil cephalus in Nile cages, concrete 
ponds and Earthen ponds respectively, as in Table 5. Razavilar et 
al. (2013) and Mamdouh et al. (2022) recorded the incidence of 

Listeria serotypes
Nile Cages (n=8) Concrete ponds (n=5) Earthen ponds (n=2)

Latex Agglutinating Kit
No. % No. % No. %

L. monocytogenes 2 8 1 4 - - +ve agglutination clumps

L. innocua 2 8 2 8 3 12 +ve agglutination clumps

L. grayi - - - - 1 4 +ve agglutination clumps

L. welshimeri 2 8 2 8 - - +ve agglutination clumps

L. seeligeri - - - - - - +ve agglutination clumps

L. ivanovii - - 1 4 1 4 +ve agglutination clumps

Total 6 24 6 24 5 20

Table 6. Serological identification of Listeria spp. isolated from examined farm fish samples.

E. coli strains
Nile cages (n=11) Concrete ponds (n=6) Earthen ponds (n=9) Strain 

CharacteristicsNo. % No. % No. %

O127:H6 4 16 - - - - ETEC

O91:H21 1 4 1 4 2 8 EHEC

O26: H11 1 4 1 4 2 8 EHEC

O15 2 8 1 4 - - EPEC

O163:H2 1 4 - - 1 4 EPEC

O44:H18 2 8 - - 1 4 EPEC

O103:H2 - - 2 8 2 8 EHEC

O124 - - 1 4 - - EIEC

O153:H2 - - - - 1 4 EPEC

Total 11 44 6 24 9 36

Table 7. Serological identification of E. coli isolated from examined farm fish samples.

Salmonella 
serotypes

Nile cages (n=2) Concrete ponds (n=6) Earthen ponds (n=4)
Group

Antigenic Structure

No. % No. % No. % O H

S. Typhimurium 1 4 3 12 - - B 1,4,5,12 i: 1,2

S. Enteritidis - - 2 8 1 4 D 1,9,12 g, m: -

S. Tsevie 1 4 - - - - B 1,4,5,12 i: 1,2

S. Heidelberg - - - - 1 4 B 4,5,12 r: 1,2

S. Infantis - - - - 1 4

S. Takorodi -- - - - 1 4

S. Inganda - 1 4 - -

Total 2 8 6 24 4 16

Table 8. Serological identification of Salmonellae isolated from farm fish samples.
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E. coli was 36.6% and 26.6% in Tilapia and Mugil. Lower results 
obtained by Egbere et al. (2010).

E. coli isolates from the examined fish samples in Table 7 
were16% O127, 4% for O91, O26 and O163 and 8% O44 and 
O15 in Nile cages reared fish. E. coli isolates from concrete pond 
reared fish were one isolate for O91, O26, O15 and O124 and 
two isolates for O103. While in earthen pond reared fish the iso-
lates were 8% for O91, O26 and O103 and 4% for O136, O44 and 
O153, nearly similar serotypes O121:H7, O44:H18 and O158:H2 
obtained from fish by Barbosa et al. (2014).

Koo et al. (2012) reported having isolated ETEC strain from 
farm fish sold in South Korea. Escherichia coli has been involved 
for several gastroenteric diseases such as diarrhea (traveler’s dis-
ease), vomiting, dysentery, fever, colitis, hemolytic uremic syn-
drome with renal failure (Egbere et al., 2010).

Salmonella species were 4% and 12% for both from Nile cag-
es and from concrete ponds and 4% and 12% in earthen pond 
Tilapia nilotica and Mugil cephalus respectively as in Table 5. Sal-
monella spp. was detected in 10% of seafood samples collected 
from markets in Alexandria by Bakr et al. (2011), While Hassan 
et al. (2021) recorded 33.3% in T. niloticus and 16.6% in Mugil 
cephalus. The presence of Salmonella spp. indicates fecal con-
tamination of water from which the fishes were harvested. Salmo-
nella spp. were reported in raw retail frozen imported fresh-wa-
ter tilapia to eastern province of Saudi Arabia 64% (16/25) from 
Thailand, and 28% (14/50) from India (Ribeiro et al., 2016). Similar 
results to this study were revealed with fresh tilapia fish in Soko-
to, Nigeria. The detected rate of Salmonella in fish meal was 8%. 
Salmonella in naturally contaminated feeds ranged from 3 to 21 
Salmonella/100 g by Starkey (2013).

The use of wastewater for fish culture or the practice of fer-
tilizing ponds with animal manure may result in products that 
harbor pathogenic bacteria. Aquatic birds are known to harbour 
pathogenic strains of V. cholera and Salmonella and are a possi-
ble source of these organisms in fish farms, that are very difficult 
to control (Ogg et al., 1989 and Fenlon, 1983).

The results of the microbiological evaluation in this study 
were better than that from previous studies by Emire and Gebre-
mariam (2010) and Hamed et al. (2013).

Table 8 showed the serotyping of Salmonella which showed S. 
Typhimurium group B in 4%, 12% and zero in Nile cages, concrete 
ponds, and earthen pond reared fish respectively. S. Enteritidis 
group D present in 0 %, 8% and 4% in Nile cages, concrete ponds 
and earthen pond reared fish respectively.

CONCLUSION

Hygienic and proper practices should be performed during 
transportation and handling of fish. Adequate cleaning and sani-
tization of utensils, effective training for workers on hygiene and 
safety, application of hygienic measures during handling of fish 
are required to control the growth of microorganisms.

CONFLICT OF INTEREST

The authors have no conflict of interest to declare.

REFERENCES

Abdelhamid, A.M, Gawish, M.M., Soryal, KA., 2007. Comparative study 
between desert cultivated and natural fisheries of mullet fish in 
Egypt, II-microbiological concern. J Agric Sci. 31, 5681-5687.

Acumedia, 2011. MacConkey Agar, PI7102, Rev 5. Lansing: Neogen.
Ampofo, J.A., Clerk, G.C., 2002. Infestation of fish culturing communities 

with fish born bacteria. J. Environ. Health Res. 12, 377-382.
Baixas-Nogueras S., Bover-Cid, S., Veciana –Nogue, T., Vidal-Carou, M.C., 

2002. Chemical and sensory changes in Mediterranean hake 
(Merluccius merluccius) under refrigeration (6-80 C) and stored 
in ice. Journal of Agriculture and Food Chemistry 50, 6504-6510.

Bakr, W.M., Hazzah, W.A., Abaza, A.F., 2011. Detection of Salmonella and 
Vibrio species in some seafood in Alexandria. Journal of American 
Science 7, 663-668.

Barbosa, M.M.C., Pinto, F.D.R., Ribeiro, L.F., Guriz, C.S.L., Ferraudo, A.S., 
Maluta, R.P., Amaral, L.A., 2014. Serology and patterns of antimi-
crobial susceptibility in Escherichia coli isolates from pay-to-fish 
ponds. Arq. Inst. Biol. São Paulo 81, 43-48.

Barton Behravesh, C., Jones, T.F., Vugia, D.J., Long, C., Marcus, R., Smith, 
K., Thomas, S., Zansky, S., Fullerton, K.E., Henao, O.L., Scallan, E., 
2011. Deaths Associated With Bacterial Pathogens Transmitted 
Commonly Through Food: Foodborne Diseases Active Surveil-
lance Network (FoodNet), 1996–2005. J. Infect. Dis. 204,  263–267.

Bremner, H.A., 2003. Safety and quality issues in fish processing.Wood 
head Publishing Limited, ISBN 978-1-85573-678-8.

Budiati, T., Rusul, G., Wan, N., Wan, A., Ahmad, R., Yahya, M.A., 2015. Mi-
crobiological quality of catfish (Clarias gariepinus) and Tilapia 
(Tilapia mossambica) obtained from wet markets and ponds in 
Malaysia. Journal of Aquaculture Research and Development 6, 
291-295.

CDC (Centers for Disease Control and Prevention), 2013. Surveillance for 
Foodborne Disease Outbreaks United States Annual Report. GA, 
USA. 

Mamdouh, D.,   Hassan, M.A., , Fawzy, E.E., 2022.  Bacterial evaluation of 
the quality of farmed fish in Kafr El- Sheikh city in Egypt. BVMJ 
41, 16-21

Ebrahim, R., Amin, S., Mehdi, R., 2012. Prevalence of Listeria spp.in fresh 
and frozen fish and shrimp in Iran. Annals Microbiol. 62, 37-40.

Edris, M.A., Hassanien, F.S.,  Shaltout, F.A., EL baba, A.H., Adel, N.M., 2017.  
Microbiological evaluation of some frozen and salted fish prod-
ucts in Egyptian markets. BVMJ 33, 317-328.

Egbere, O. J., Kadir, A., Oyero, T., Steve, K., Odewumi, O., Zakari, H., 2010. 
Bacteriological Quality of Catfish in Jos Metropolis, Nigeria. Inter-
national Journal of Bioscience 5, 95-103.

 Eltholth, M., Fornace, K., Grace, D., Rushton, J., Häsler B., 2018. Assess-
ing the chemical and microbiological quality of farmed tilapia in 
Egyptian fresh fish markets, Global Food Security 17, 14-20. 

Eltholth, M., Foranace, K., Grace, D., Rushton, J., Häsler, B., 2015. Charac-
terisation of production, marketing and consumption patterns of 
farmed tilapia in the Nile Delta of Egypt. Food Policy 51, 131-143.

Emire, S.A., Gebremariam, M.M., 2010. Influance of frozen period on the 
proximate composition and microbiological quality of Nile tilapia 
fish. Journal of Food Processing and Preservation 34, 743-757.

ES (Egyptian Organization for Standardization and Quality), 2005. Chilled 
fish. ES No. 3494.

Etienne, M., 2005. Volatile amines as criteria for chemical quality assess-
ment sea food Plus Traceability Valid. pp. 16-22. https://archimer.
ifremer.fr/doc/00000/6486/

Fadel, H.M., Afifi, R., Al-Qabili, D.M., 2017. Characterization and zoonotic 
impact of Shiga toxin producing Escherichia coli in some wild bird 
species. Veterinary World 10, 1118.

Falcao, J.P., Dias, A.M.G., Correa, E.F., Falcao, D.P., 2002. Microbiological 
quality of ice used to refrigerate foods. Food Microbiol. 19, 269-
276.

Feldhusen, F., 2000. The role of seafood in bacterial food-borne diseases. 
Microbes Infect. 2, 1651–1660

Fenlon D.R., 1983. A comparison of Salmonella serotypes found in the 
faeces of gulls feeding at sewage works with serotypes in sewage. 
Journal of Hygiene 9, 47-52.

FAO (Food and Agriculture Organization),1980. Manual of Food Quality 
Control.FAO, United Nation, Rome, Italy.

FDA (Food and Drug Administration), 2001. Staphylococcus aureus. Bac-
teriological analytical manual .8th Ed. Chapter 12. Gaithersburg, 
p. 562.

Fuchs R.S., Reilly P.J.A., 1992.The incidence and significance of Listeria 
monocytogenes in seafoods. In: Quality Assurance in the Fish In-
dustry (ed. by H.H. Huss. M. Jakobsen and J. Liston). Amsterdam: 
Elsevier Science Publications. pp. 217-229.

GAFRD, 2013.The general authority for fishery resources development: 
fisheries statistics yearbook 2012. Cairo, Egypt. 2013.

Gauthier, D.T., 2015. Bacterial zoonoses of fishes, a review and appraisal 
of evidence for linkages between fish and human infections. The 
Veterinary Journal 203, 27-35

Gram, L., Huss, H.H., 2000. Fresh and processed fish and shellfish. In B.M. 
Lund., T.C. Baird-Parker, G.W. Gould, eds. The microbiological 
safety and quality of food, Gaithersburg, USA, Aspen Publishers, 
Inc. pp. 472–506.

Hamed, Y., Abdelmoneim, T., Elkikii, M., Hassan, M., Berndtsson, R., 2013. 

Hania E. Abd El Maksod et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 6, 1117-1123

1122



Assessment of Heavy Metals Pollution and Microbial Contami-
nation in Water, Sediments and Fish of Lake Manzala, Egypt.Life 
Science Journal, 10.

Hardi, H. E., Rudy, A. N., Gina, S., RIA, S., Maulina, A., Mira, M., 2018. Iden-
tification of potentially pathogenic bacteria from tilapia (Oreo-
chromis niloticus) and channel catfish (Clarias batrachus) culture 
in Samarinda, East Kalimantan, Indonesia. Biodiversitas 19, 480-
488.

Hassan, M.A., Elbahy, E.M., Anter, D.M., 2021. Bacterial evaluation of the 
quality of farmed fish of Kafr El- Sheikh city in EGYPT. Benha Vet-
erinary Medical Journal 41, 16-21. 

Hitchins, A.D., 2003. FAD-BAM online: Detection of Listeria monocyto-
genes in food: http://www.cfan.fda.gov/webam/bam-10html

Ibrahim, B.U., Baba, J., Sheshi, M.S., 2014. Isolation and identification of 
bacteria associated with fresh and smoked fish (Clarias gariepi-
nus) in Minna Metropolis, Niger State, Nigeria. J. Appl. Environ. 
Microbiol. 2, 81–85.

Ibrahim, M.S.A., 2017. Chemical indices for different types of fish and shell 
fish spoilage.Thesis, Master of Veterinary Medicine, University of 
Benha, Egypt.

ICMSF (International Commission of Microbiological Specification for 
Foods), 1996. Microorganisms in Food.I-Their Significance and 
methods of enumeration. 3rd Ed. Univ. of Toronto, Canada.

ISO (International Standards Organization), 2013. ISO 4833-1:2013 Micro-
biology of food chain- Horizontal method for the enumeration of 
microorganisms. Part I; Colony count at 30°C. by the pour plate 
technique. International Standards Organization, Geneva, Swit-
zerland.

ISO (International Standards Organization), 2017. ISO-6887-3:2017, Mi-
crobiology of the food chain — Preparation of test samples, ini-
tial suspension and decimal dilutions for microbiological exam-
ination-Part 3: Specific rules for the preparation of fish and fishery 
products

ISO (International Standards Organization) 6579-1:2017/Amd 1:2020 
,2020. Microbiology of the food chain — Horizontal method for 
the detection, enumeration and serotyping of Salmonella — Part 
1: Detection of Salmonella spp.

Izumi S., 2012. Spectral changes in fillet of Atlantic salmon as affect by 
freshness loss and spoilage during cold storage. A dissertation 
for degree of philosophy Doctor, Faculty of Bioscience, Fisher-
ies and economics, Department of Norwegian College of Fishery 
Science.

Jinneman, K.C., Wekell, M.M., and Eklund, M.W., 1999. Incidence and be-
havior of Listeria monocytogenes in fish and seafood products. In: 
Listeria, Listeriosis, and Food Safety. Ryser ET and Marth EH (eds.). 
New York: Marcel Dekker. pp. 601–630.

Kauffman, G. ,1974 .Kauffmann white scheme. J. Acta. Path. Microbiol. Sci., 
61, 385.

Kleih U, Linton J, Marr A, Mactaggart M, Naziri D and Orchard JE ,2012. 
Financial services for small and medium-scale aquaculture and 
fisheries producers. Marine Policy.  37, 106–114. 

Kok, T., Worswich, D., Gowans, E., 1996. Some serological techniques for 
microbial and viral infections. In: Practical Medical Microbiology 
(Collee, J., Fraser, A., Marmion, B., Simmons, A., eds.), 14th ed., Ed-
inburgh, Churchill Livingstone, UK.

Koo, H.J., Kwak, H.S., Yoon, S.H., Woo, G.J., 2012. Phylogenetic group dis-
tribution and prevalence of virulence genes in Escherichia coli 
isolates from food samples in South Korea. World Journal of Mi-
crobiology and Biotechnology 28, 1813-1816. 

Lartseva, L.V., Rogatiking, I.I.U., Bornotova, S.V., 1996. Enterobacteria iso-
lated from commercial fishes from the Volga CappianBarin. Gig 

Sanit. 2, 22-23.
Maysoon, S.A., 2014. Isolation of bacteria from fish. International Journal 

of Advanced Research 2, 274-279. 
Mhango, M., Mpuchane, S., Mpuchane, B., 2010. Incidence of indicator 

organisms, opportunistic and pathogenic bacteria in fish. Afri-
can Journal of Food, Agriculture, Nutrition and Development 10, 
4202-4218.

Miettinen, H., Wirtanen, G., 2005. Prevalence and location of Listeria 
monocytogenes in farmed rainbow trout. Int. J. Food Microbiol. 
104,135–143.

Nazemroaya, S., Sahari, M.A., Rezaei, M., 2011. Identification of fatty acid 
in Mackerel and shark fillets and their change during six months 
of frozen storage. Agriculture Science Technology Journal 13, 
553-566.

Nurudeen, A.A., Lawal, A.O., Ajayi, S.A., 2014. A survey of hygiene and 
sanitary practices of street food vendors in the Central State of 
North-western Nigeria. J. Public Health Epidemiol. 6, 174–181.

 Ogg, J.E., Ryder, R. A., Smith, H.L., 1989. Isolation of Vibrio choleraefrom 
aquatic birds in Colorado and Utah. Applied Environmental Mi-
crobiology 55, 95-99

Pal, J., Raj, R., Kumar, J., Singh, H.R.R., Tripat, H.H., 2014. Food borne ill-
ness outbreaks associated with consumption of seafood. Life Sci 
Leaflets 14, 4–9. 

Pearson, D., 2006. Chemical Analysis of Foods.11th Ed, Publishing Co.
Pikul, J., Leszezynski, D.E., Kummerow, F., 1989. Evaluation of three modi-

fied TBA methods for measuring lipid oxidation in chicken meat. 
J. Agri. Food Chem. 37, 1309.

Razavilar, V., Khani, M.R., Motallebi, A.A., 2013. Bacteriological study of 
cultured silver carp. Iranian Journal of Fisheries Sciences 12, 689-
701. 

Reilly, A., Kdferstein, F., 1997. Food safety hazards and the application 
of the principles of the hazard analysis and critical control point 
(HACCP) system for their control in aquaculture production, Con-
trol of food safety hazards in aquaculture Aquaculture Research 
28, 735-752.

Ribeiro, L.F., Barbosa, M.M., de Rezende Pinto, F., 2016. Shiga toxigenic 
and enteropathogenic Escherichia coli in water and fish from pay-
to-fish ponds. Letter of Applied Microbiology 62, 216-220.

Ruiz-Capillas, C., Moral, A., 2001. Correlation between biochemical and 
sensory quality indices in hake stored in ice. Food research inter-
national, 34, 441-447.

Saad, S.M., Edris, A.M., Salem, M.A., Hassan, A.E., Mostafa, M.E., 2015. In-
cidence of Some Food Poisoning Microorganisms in Salted fish. 
Benha Vetrenary Medical J. 29, 225-229.

Soultos, N., Abrahim, A., Papageorgiou, K., Steris V., 2007. Incidence of 
Listeria spp. in fish and environment of fish markets in Northern 
Greece. Food Control 18, 554-557

Starkey, C.W. ,2013. Controlling Salmonella in feed. International Render-
ing Symposium 2013 Atlanta, GA American Proteins Food Safety 
Assurance Programs.

Wang, F., Jiang, L., Yang, Q.R., Han, F.F., Chen, S.Y., Pu, S.H., Vance, A., 
Ge, B.L., 2011.Prevalence and antimicrobial susceptibility of major 
foodborne pathogens in imported seafood. J Food Prot. 74,1451–
1461

WHO, 2004. Report of Joint WHO/FAO Workshop on Food-borne trema-
tode infections in Asia, Ha Noi, Vietnam, 26–28 November,2002. 
World Health Organization, WPRO, pp. 1–58.

Wogu, M.D., Maduakol, C.C., 2010. Evaluation of microbial spoilage of 
some aquacultured fresh fish in Benin city Nigeria. Ethiopian 
Journal of environmental studies and Management 3, 18-22.

Hania E. Abd El Maksod et al. /Journal of Advanced Veterinary Research (2023) Volume 13, Issue 6, 1117-1123

1123


