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 Fish has high consumer preference due to its inherent nutritive value, taste and easy 

digestibility. It is one of the most important sources of animal protein available and has 

widely been accepted as a good source of animal protein and other elements for 

maintenance of healthy body. The present study was planned to estimate the quality and 

heavy metal residues of the imported frozen fish fillet for that aim, a total of 50 imported 

frozen fish fillet samples from market retail from different origins in Kafr El-Sheikh 

Governorate. Bacteriological and Chemical analysis was done for imported frozen fish 

fillet. The results revealed that total bacterial count, coliform count and total 

psychtrophic count were 32.04x107 ± 5.75x107, 14.35x103±5.26x103 and 
8.08x108±13.46x108 respectively. The Staphylococcus aureus were isolated from 23 

samples (46%) detection of Staph. aureus enterotoxin by using multiplex PCR indicates 

that only 9 (39.1%)  strains from the 23 isolates were positive for enterotoxin production, 

6 (26%) isolates produce Sea; 2(8.7%)  isolates produce Seb; one (4.3%)  isolate Sec; 

and one (4.3%)  isolate produce Sed enterotoxin. On the other hand, E.coli was detected 

in 5 samples (10%) of the examined sample, and the serological identification of the 

obtained isolates revealed the presence of the following serotypes 1(0.2%) for EPEC 

(O153:H2), 2(0.4%) for ETEC (O126:H21) and 1(0.2%) for EHEC (O55:H7), 1(0.2%) 

for EHEC (O121:H7). While in heavy metal residues were found that mean values of 

Mercury, Lead and Cadmium were 0.5992±0.102, 0.1596±0.037 and 0.059±0.019 mg/kg 

respectively. The obtained results indicate that consumption of imported frozen fish fillet 

may cause a public health hazard to the consumer. Measures to control the quality of 

imported frozen fish fillet during handling and processing should be taken. 
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1. INTRODUCTİON 

Fishery products are important not only 

from a nutritional point of view, but also as an item 
of international trade and foreign exchange earner 
for a number of countries in the world (Abisoye, et 
al., 2011).  

Safety of the fish products and their quality 
assurance is one of the main problems of food 
industry today. The presence or absence of food 

borne pathogens in a fish product is a function of 
harvest environment, sanitary conditions, and 
practice associated with equipment and persons in 
the process environment (FAD, 2001 and Huss, 
2003). 

Consuming fish provides an important 
source of protein, polyunsaturated fatty acids 

(PUFA), liposoluble vitamins and essential 
minerals, which are associated with health benefits 

and normal growth (Davigluset al., 2002; Verbekeet 
al., 2007). According to FAO statistics, fish 
accounted for about 16% of the global population’s 
intake of animal protein and 6% of all protein 
consumed (FAO, 2010). 

Some of microbiological methods used to 
assess fish freshness are total plate count, total 
coliform and fecal coliform. Total plate count is 

good indicator of the sensory quality or expected 
shelf life of the product (Olafsdottiret al., 2006; 
Koutsoumanis and Nychas, 2000). 

Eklundet al., (2004) recorded that 
contamination of fish by pathogens particularly 
staphyloccousaureus and Escherichia coli 
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O157:H7may occur prior to harvest, during capture, 
processing, distribution and/or storage.  

Many chemical elements that are present in 
seafood are essential for human life at low 

concentrations, but can be toxic at high 
concentrations. Other elements such as mercury 
(Hg), cadmium (Cd) and lead (Pb) have no known 
essential function in life and are toxic even at low 
concentrations when ingested over a long period. 
Therefore many consumers regard any presence of 
these elements in fish as a hazard to health 
(Oehlenschlger, 2005).  

Trace metals are generally released in 
aquatic environments in different ways and 
accumulation of these metals is dependent on the 
concentration of the metal and the exposure period. 
Levels of heavy metals in fish have been widely 
reported (Romeo et al., 1999, Edwards et al., 2001, 
Gaspicet al., 2002, Sataruget al., 2003, 

Küçüksezginet al., 2006). Cadmium has not been 
found to occur naturally in its pure state and its 
concentration seems to be directly proportional to 
zinc (Zn) and lead (Pb) concentrations. Therefore, 
the aim of this study was to evaluate the quality of 
frozen fish fillet in kaferElsheikh markets through 
bacteriological testes and to determine the levels of 

heavy metals like mercury (Hg), cadmium (Cd) and 
lead (Pb)   in the muscles of frozen fish fillet. 

Humans can be exposed to toxic heavy 
metals through various sources. Water pipes, paint 
and gasoline are common sources of Pb exposure. 
At low concentrations Pb can affect learning and 
memory and at higher doses it can cause poisoning . 
Humans are usually exposed to methyl mercury 

(Hg) through consumption of fish such as shark, 
swordfish and tuna. There is also bioaccumulation 
of Hg in fresh water fishes that live in contaminated  
lakes. Consumption of contaminated fish can pass 
the mercury to humans. Mercury at high doses can 
cause cerebral-palsy in children and cadmium can 
affect the male reproductive systems. Dental 

amalgam filling is one of the main routes for 
inorganic mercury contamination. Cadmium (Cd) 
exposure can come from semi-conductor 
manufacture, metal plating, ceramic plating, 
shellfish and contaminated water (NRDC,2005). 

1. MATERİAL AND METHODS 

1.1.Collection of samples: 
Fifty frozen fish fillet samples were 

randomly collected from kafer El-sheikh 
markets.Each sample was weighted 100g packed in 
polyethylene bags and put in an insulated ice-box 
filled with crushed ice, then immediately transferred 

without delay to Food Hygiene Laboratory for 
bacteriological and chemical evaluations. 

1.2.Preparation of the Samples (ISO/IEC, 

1999). 

Each closed (sealed) sample package was 
thawed by holding it in refrigerator overnight at 5°c 
then , Accurately 10g from each sample was 
aseptically cut and transferred into a sterile 
polythene stomacher bag and blended with 90ml 

sterile normal saline (Stomacher 400, Seaward 
medicals, UK.) at 230 rpm for 60 seconds. Then, 
one ml of the homogenate was aseptically 
transferred into 9 ml normal saline in test tube. 
Similarly, further dilutions required for inoculation 
was prepared by this decimal serial dilution process. 
A- Bacteriological tests: 

1-Total bacterial count was enumerated in 

standard plate count agar after incubation at 37 0C 
for 48 h as described by (USDA, 1998). 
2- Total coliform count  were enumerated in  lauryl 
sulphate broth (LST) after incubation at 35 0C for 48 
h to evaluate gas formation then transferred to 
Brilliant Green Lactose Bile broth (BGLB) 
incubated at 35 0C for 48 h according to 

(AOAC,1980). 
2.3. Total Psychtrophic count was enumerated in 
standard plate count agar after incubation at a 7°C 
for 10 days as described by (Swanson et al., 1992). 
2.4. Isolation and identification of Staph. 

aureus:Was carried out using slandered methods of 
(USFDA- BAM,2001) selective medium used for 
Staph. aureus was Baird-parker agar  inoculated 

plates were incubated at 37
0

C for 48 h. 
Characteristic appearance of black shining convex 
colonies of 1:1.5 mm in diameter with narrow white 
margin and surrounded by a clear area extending 
into opaque medium were considered to be 
presumptive Staph. aureus. The obtained colonies 
were picked up and stored in semisolid agar for 
further identification, morphologically, 

microscopically and biochemically according to 
(MacFaddin, 2000). 
Identification of some enterotoxin genes of S. 
aureus by using Multiplex Polymerase Chain 
Reaction (PCR): 
2.4.1. Primer sequences used for PCR 

identification system: 

Application of  PCR for identification of 
enterotoxin genes (A, B, C & D) of S. aureus was 
performed essentially by using Primers (Pharmacia 
Biotech) as shown in the following table 1. 
2. DNA Extraction using QIA amp kit  according 
to (Shah et al., 2009). 
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3. Amplification of enterotoxin genes of S. 

aureusaccording to (Mehrotra et al., 2000). 
5- E. coli: Eosin-methylene blue agar (EMB), were 
used, which was selective and differential for fecal 

Coliforms (Escherichia coli), after incubation at 
370C for 24 hours, the plates were examined for 
typical Escherichia coli colonies, which are 
metallic green sheen. A number (2-3) of isolated 
colonies were picked out and purified on EMB, 
then subcultured to Nutrient agar slants and 
incubated at 350C for 18 -24 hours to be tested 
completely through the complete test cited by 

(APHA,1992). 
Serodiagnosis of E. coli: 

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 Enteropathogenic 
types. 

B- Determination of heavy metals: 

1. Washing procedure (Järup, 2003): 
 The test tubes, polyethylene tubes and 
glassware were soaked in water and soap for 2 
hours then rinsed several times with tap water. 

Moreover, the glassware was rinsed once with 
distilled water, once with cleaning mixture (520 ml 
deionized water, 200 ml concentrated HCl and 80 
ml H2O2) and once with washing acid (10% HNO3). 

Finally, they were washed with deionized water and 
then air-dried in incubator away from 
contamination or dust. 
2. Digestion procedure according to (Staniskieneet 
al., 2006). 
3. Preparation of blank and standard solution 

according to (Andrejiet al., 2005). 
4. Determination: 

 Instrumental procedures for various 
analyses of heavy metals were based on those 
suggested in the operator manual of the flame 
Atomic Absorption Spectrophotometer 
(UNICAM969AA Spectronic, USA). Accurately, 
the apparatus was adjusted at wave lengths of 253.7 
for mercury, 217.0 nm for lead and 228.8 nm for 

cadmium. Absorbance and concentration of each 
metal were recorded on the digital scale of the 
apparatus. The obtained results of mercury, lead 
and cadmium levels in the examined samples were 

calculated as mg/kg on wet weight. 

 
Table 1. Primer sequences used in this study 

Target gene  
Oligonucleotide sequence (5′ → 3′) 

Product size 
(bp) 

 
References 

sea (F) 5′ TTGGAAACGGTTAAAACGAA′3  

120 

 

 

 

Rallet al., (2008) 

sea (R) 5′ GAACCTTCCCATCAAAAACA ′3 

seb (F) 5′ TCGCATCAAACTGACAAACG ′3  

478 seb (R) 5′ GCGGTACTCTATAAGTGCC ′3 

sec (F) 5′ GACATAAAAGCTAGGAATTT ′3  

257 sec (R) 5′ AAATCGGATTAACATTATCC ′3 

sed (F) 5′ CTAGTTTGGTAATATCTCCT ′3  

317 sed (R) 5′ TAATGCTATATCTTATAGGG ′3 

 

2. RESULTS AND DISCUSSİON  

Table (2):Bacterial count of fish fillet samples (n=50) (CFU/ g fish): 

 

No. of examined 

samples 

No. of positive 

samples 
bacterial count (CFU/g) 

No. % Max. Min. Mean +SE. 

Total bacterial 

count 
50 48 96 2x109 1×107 32.04x107±5.75 x107 

Coli form count 50 34 68 1.5x105 1 x103 14.35x103±5.26 x103 

 

Psychtrophic count 
50 46 92 2.7109 1×107 8.08x108±3.46 x108 

Value is presented as maximum, minimum, mean ±standard errors.  
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Photograph (1):Agarose gel electrophoresis of multiplex PCR of sea   (120 bp), seb (478 bp), sec (257 bp), and sed (317 bp) 

enterotoxin genes   for characterization of S. aureus. Lane M: 100 bpladder as molecular size DNA marker.Lane C+: Control positive 
for for sea, seb, sec, sed and see genes. Lane C-: Control negative.Lanes 4 & 10: Positive S. aureus strains for sea gene.Lane 7: 

Positive S. aureus strain for sed gene. Lane 9: Positive S. aureus strain for sea and seb genes. Lane 12: Positive S. aureus strain for sea 

and sed genes.Lanes 1, 2, 3, 5, 6, 8 & 11: Negative S.aureus strains for enterotoxins. 

 

 

Photograph (2): Agarose gel electrophoresis of multiplex PCR of sea. (120 bp), seb (478 bp), sec (257 bp), and sed (317 bp) 

enterotoxin genes for characterization of S. aureus.Lane M: 100 bp ladder as molecular size DNA marker. Lanes 18 & 22: Positive S. 

aureus strains for sea gene. Lane 14: Positive S. aureus strain for seb gene. Lane 20: Positive S. aureus strain for sec gene. Lanes 13, 
15, 16, 17, 19, 21 & 23: Negative S.aureus strains for enterotoxins. 

 

Table (3): Incidence of Staph. aureus in examined fish fillet samples: 

No. Of 

samples 
+Ve samples % _Ve samples % 

50 23 46 27 54 

 
Table (4): Incidence of E.coli in examined fish fillet samples: 

No. Of 

samples 
+Ve samples % _Ve samples % 

50 5 10 45 90 

 

Table (5): Serological identification of E. coli: 

Strain 

characterization 
Serodiagnosis 

No. of strain % 

EPEC O153 : H2 1 20 

ETEC O126 : H21 2 40 

EHEC O55 : H7 1 20 

EHEC O121 : H7 1 20 
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Table (6):Determination of Heavy metals (mg/Kg) "ppm" in fish fillet sample. 

Heavy metal 

examined 
No. Max. Min. Mean± SE 

Permissible  

Limit 

(mg/Kg) 

Max.daily 

intake(µg/kg 

b.w/day) 

Mercury 50 2.58 0 0.5992±0.102 
 

0.50  
0.09 

Lead 50 0.9 0 0.1596±0.037 
 

0.10  
0.40 

Cadmium 50 0.65 0 0.059± 0.019 
 

0.10  
0.24 

Values were presented as maximum, minimum, mean ±standard errors. 

Permissible limit according to EOS (2005). 

 

The microbiological quality of frozen fish 
fillet depended upon various factors such as the 
nature of the raw material, its pre and post-harvest 
treatments and the sanitary  condition of the 
processing factories, the rate and nature of freezing, 
the temperature and length of storage, the original 
numbers, growth during storage, thawing process 

and physical protection offered by the food. 
            As been shown in Table (2), the mean values 
for total bacterial count were 32.04x107±5.75 x107 
CFU/gm fish meat. Our result agreed with Yeasmin 
et al. (2010) who reported an increase of bacterial 
load from 7.5×10 3  to 6.2×10 9  CFU/g and   higher 
than (Gnanambal and Patterson,2005) ,(Mohamed et 
al.,2009) and (Sanjee and Karim,2016) that reported  

total bacterial count of frozen fish fillet from 103 to 

l06 cfu/g , 9.7×1052.05×106cfu/g and 2.8×105 to 
4.9×105cfu/g  respectively. Total bacterial count 
could reflect the quality of food sanitation during 
manufacturing, shipping and storage, and also 

provides an index of food freshness (Jyh-Wei and 
Yin-Hung,2000) and the bacterial load in frozen 
products is an indication of the initial bacterial load 
in the product before freezing, hygiene of 
processing plant, effectiveness of freezing, post 
process handling and time temperature abuse during 

storage and transportation.  

       Total Coliform count in our study was 
14.35x103±5.26x103 ,nearly similar result was 

obtained by (Mohamed et al.,2009) that reported  
total Coliform count of frozen fish fillet were 

2.2×1023.9×102cfu/g, lower result was obtained by 
(Jay et al., 2005) 2.20-2.32 log MPN/g. The 
presence of total Coliform count is indicator of 

sewage contamination which may also occur during 
different processing steps such as transport and 
handling .Moreover, the contamination may also be 
caused by the water used for washing or icing (Boyd 
,1990). The high incidence of total coliforms at the 
end of storage day corroborates the findings of 
(Arannilewa et al. 2005) which observed an 

increasing of total coliforms count with a prolonged 

storage of fish fillet. The increased total coliforms 
may be attributed to fillet quality, temperature 
fluctuations, time taken during the processing and 

time taken to transport fish (Mhangoet al., 2010).  

 
          Total Psychrotrophic count in our study were 
8.08x108±3.46 x108 CFU/gm fish, these results were 
nearly similar to (Gram et al., 1989) who mentioned 
that Total Psychrotrophic count were (109)  

cfu/gram fish meat and higher than ( Nancy et 
al.,2013) who found that Total Psychrotrophic count 

were2.4 x 10⁵±6 x 10⁴ CFU/gm fish fillet. The 
importance for recording the psychrotrophic count is 
due to that, they may be related to level of bacterial 
contamination of fish which depended on the 
environment source which include mesophiles that 
can tolerate and grow in low temperatures, and 
bacterial quality of water where fish was caught 
(Bojanicet al., 2009). And according to (Gramet al., 

1989), the count of Psychrotrophic bacteria 
increased after prolonged storage time of the fish on 

ice, so can uses as a good indicator for storage time.  

Photo 1,2 shown that multiplex PCR was 
done to detect Staphylococcus aureus enterotoxins 
of isolated strains and there were nine strains have 
the ability to produce enterotoxins (39.1%) and 
found that the sea gene was amplified in 6 (26%) S. 
aureus strains giving product of (120 bp) and 

encoded enterotoxin A, seb gene was amplified in 2 
(8.7%) S. aureus strains giving product of (478 bp) 
and encoded enterotoxin B, sec gene was amplified 
in 1 (4.3%) S.aureus strains giving product of (257 
bp) and encoded enterotoxin C and sed gene was 
amplified in 1 (4.3%) S.aureus strains giving 
product of (317bp) and encoded enterotoxin D. 

        Our results were nearly similar to (Alibayov et 
al.,2014) who found 39.8% of strains demonstrated  
se genes , higher results were reported  by (Aydin et 
al.,2011)who found  that sea and seb genes were  
53.9% and 53.9% respectively and (Jorgensen et 
al.,2005) who found  that sec gene was 37.2%, 
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lower result was reported  by (Zhang  et al.,1998 
)who found  that sed gene was 2.2%. 

 
In table (3) the results showed that the 

Staph.aureus could be isolated from 23 (46%) from 
the examined samples. Our results are were lower 
than (Nancy et al.,2013) who mentioned that 
Staph.aureus was 90% in fish fillet samples and 
higher than (Mohamed et al.,2009) who reported 
that Staph.aureus was 3% in frozen fish fillet 
samples. Coagulase positive Staphylococcus is 
considered as an indicator of poor hygiene/handling 

procedures, S. aureus enterotoxins are considered 
one of the common causes of food poisoning 
worldwide, with outbreaks caused by mishandling 
of foods after heat treatment, Soriano et al. (2002) 
and Kadariya, (2014). Although, cooking destroys 
the bacteria, the toxin produced by S. aureus is heat 
stable and may not be destroyed even by heating, 

Ghosh, (2004). Staphylococcus aureus enterotoxins 
are the predominant cause of gastrointestinal 
symptoms observed during intoxications. 
Staphylococcus aureus is considered the third most 
important cause of disease in the world amongst the 
reported food-borne illnesses (Tamarapuet al., 
2001).S. aureus entered into the foods during 

handling, processing or vending. It also due to the 
fact that it forms the normal microflora present on 
the skin and in the nose and throat of most healthy 
people. So contamination of foods with coagulase-
positive staphylococci is largely as a result of 
human contact (Nester et. al., 2001). 
 
         In table (4) the results showed that the E.coli 

could be isolated from 5(10%) from the examined 
samples. our results agreed with (Gjerde,1976) 
found that incidence of E.coli 10% of the analyzed 
samples and lower than (Nancy et al.,2013) who 
mentioned that E.coli was 100% in fish fillet 
samples and higher than (Mohamed et al.,2009) who 
reported that E.coli was 5% in frozen fish fillet 

samples and E.coli would be easily atteunable by 

good manufacturing practices in case of fish fillet.  

        Table (5) show serotypes of  E. coli out of the 5 
strain  isolated from frozen fish fillet and the 
serovars were :1(20%) isolated serovarO153 : H2 
belonged to (EPEC); 2(40%) serovars O126 : H21 
belonged to (ETEC) ; 1(20%) isolated serovarO55 : 
H7 and 1(20%) isolated serovarO121 : H7 belonged 

to ( EHEC).   

          Such as EPEC, ETEC and EHEC is indicator 
of contamination and sewage pollution. Detection of 

ETEC in fish samples constitutes the main causes of 

food poisoning and hemorrhagic enteritis in man 
due to eating the improperly processed fish meals 
(Galal, 2013). EPEC induced watery diarrhea, 
vomiting and fever in infant and young children 

(Donenberg and Kaper, 1992). EHEC are very 
toxogenic that posses additional virulence factors, 
giving them ability to cause hemorrhagic colitis and 
hemolytic syndrome (Kobori et al.,2004).So, 
general sanitary measures were considered to be 
necessary as avoid contamination with exotic food 
born pathogens (only potable water should be used 
during the processing of fish fillet),ensuring the 

inactivation of pathogenic organisms by freezing 

process, at -18C or lower and application of 
HACCP system in fish processing. 

Humans are usually exposed to methyl 
mercury (Hg) through consumption of fish such as 
shark, swordfish and tuna. There is also 

bioaccumulation of Hg in fresh water fishes that live 
in contaminated lakes. Consumption of 
contaminated fish can pass the mercury to humans. 
Mercury at high doses can cause cerebral-palsy in 
children. 
 

The mean value ± Stander error of mercury 
was 0.5992± 0.102 mg/kg as shown in table (6). 

These levels were nearly similar to the limit values 
for fish proposed by EOS (2005) was 0.50 mg/kg 
but lower than WHO (1990) indicated that Hg 
permissible limit is 2.0 ppm in sea foods. 

 

Lead could contaminate water from 
industrial and agricultural discharges, high ways or 
motor traffic and from mine (Sorensen,1991). Lead 
residues could result in haematological, 

gastrointestinal and neurological dysfunction. Sever 
or prolonged exposure to pb may also cause chronic 
nephropathy, hypertension and reproductive 
impairment. pb inhibits enzymes, alter cellular 
calcium metabolism and slow nerve conduction 
(Friberg et al.,1985). 

The mean value ± Stander error of lead was 

0.1596± 0.037 mg/kg as shown in table (6).This 
result lower to those reported by Salah (2004) and 
Ahmed and Hussien (2004) who found mean level 
of pb 1.74 mg/kg in Tilapia nilotica. Our result 
nearly similar to labib et al.,(2008) who found that 
pb  concentration  ranged from 0.12 to 0.53 ppm in 
tilapia nilotica and Abou-Arab et al., (1996) 

indicated that the FAO limit (1983) is 2.0 ppm and 
WHO (1990) indicated that pb permissible limit is 
2.0 ppm in sea foods . Our result nearly similar to 
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the limit values for fish proposed by EOS (2005) 
was 0.10 mg/kg. 

Cadmium can be found in all foodstuffs and 
particularly high amounts occur in organs of cattle, 

seafood and some mushroom species. Although the 
absorption of cadmium is low in GIT, it also has 
along biological half-life because it accumulates in 
the body. ATSDR, (1999) indicates that Cd may 
bioaccumulation in all levels of aquatic and 
terrestrial food chains. It accumulates largely in the 
liver and kidneys of vertebrates and not in muscle 
tissue (Sileo andBeyer 1985; Harrison Klaverkamp 

1990 &Voset al., 1990).  
The mean value ± Stander error of cadmium 

was 0.059± 0.019 mg/kg as shown in table (6).Our 
result were lower than (El-Aziz and zaky,2010) who 
found level of cadmium in fish fillet 2.44±1.52 and 
agreed with Oehlenschlarger (1990) and Zaukeet al., 
(1999) who found cadmium concentration below 0.1 

mg/kg. Our result was lower than the limit values 
for fish proposed by EOS (2005) was 0.10 mg/kg.  

The heavy metal concentrations in most fish 
fillet samples were well below the limits proposed 
for fish by various international standards and 
guidelines such as EU (2001), FAO/WHO (1989), 
MAFF (2000) and EOS (2005), and not dangerous 

to human health in that they are within the standards 
given by these regulations. 

3. CONCLUSİON 

Taking into consideration the obtained 
results it could be concluded that the total microbial 
load of frozen fish fillet was inacceptable and the 
high number of contaminated frozen fish fillet 
counts could pose a risk for human health after 

consumption of undercooked fish fillet. On the other 
hand The heavy metal concentrations in frozen fish 
fillet samples were well below the limits proposed 
for fish by various international standards and 
guidelines Regarding the daily intake and safety 
aspects, the examined fish fillet were safe for human 
consumption at least with regard to residual levels 
of lead (pb) cadmium (cd), and mercury (Hg) but a 

continuous monitoring of heavy metals in frozen 
fish fillet in markets is necessary to insure the 
prescribed worldwide limit. 
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