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Abstract: The purpose of this study was to examine the microbiological quality and consumer safety of frozen black mussels purchased from four different 
markets (A, B, C, D) in the İzmir Province of Turkey. A total of 36 frozen black mussel packages, which contained approximate ly 50 mussels in each, were 
purchased from the markets. They were not only examined for total mesophilic, psychrotrophic, coliform and fecal coliform bacteria count but also 
investigated for pathogenic bacteria such as Escherichia coli, Staphylococcus aureus, Listeria monocytogenes and Vibrio spp. According to the results of 
the mesophilic bacteria counts, frozen black mussels did not exceed the microbiological limits set for safe consumption. The findings showed that frozen 
black mussels purchased from (A, B, C, D) of markets were safe for human consumption because pathogenic bacteria species such as E.coli, Salmonella 
spp., S. aureus, L. monocytogenes and Vibrio spp. were not present in the frozen mussel samples. 
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Öz: Bu çalışmanın amacı Türkiye’ nin İzmir ilinde dört farklı marketten (A, B, C, D) satın alınan dondurulmuş kara midyelerin güvenliğini ve mikrobiyal 
kalitesini belirlemektir. Bu amaçla dört farklı marketten her biri yaklaşık 50 adet dondurulmuş kara midye içeren toplam 36 paket satın alınmıştır. 
Dondurulmuş kara midyeler sadece toplam mezofilik, psikrotrofik, koliform, fekal koliform açısından değil, aynı zamanda Escherichia coli, Staphylococcus 
aureus, Listeria monocytogenes, Vibrio türleri gibi patojenik bakteriler içinde incelenmiştir. Bulgularımız, Türkiye' nin İzmir ilindeki dört farklı marketten (A, B, 
C, D) satın alınarak incelenen dondurulmuş kara midyelerin, E. coli, S. aureus, L. monocytogenes ve Vibrio spp. gibi patojenik bakteri türlerini içermemesi 
nedeniyle, insan tüketimi için güvenli olduğunu göstermiştir. 

Anahtar kelimeler: Dondurulmuş kara midye, mikrobiyolojik kalite, güvenlik, patojen bakteri  

INTRODUCTION

Seafoods are main source of protein, vitamins, minerals 
and essential fatty acids. Many beneficial effects of seafoods 
on human health have been given by many authors (Lund, 
2013; Tahergorabi and Jaczynski, 2016; Spiller et al., 2019). 
Chemical and microbiological contaminants in fisheries 
products could be a risk for human health (Jovic and 
Stankovic, 2014; Robert-Pillot et al., 2014; Nicolas et al., 
2017; Zahelyazkov et al., 2018; Alvarez-Munoz et al., 2018; 
Liu et al., 2018; Farady, 2019; Hallström et al., 2019). 
Although hygienic and heath safety regulations are in place to 
minimize such risks, microbiological contaminants can still 
occur, either through lack of coastal marine environmental 
quality or through the processing and marketing chain (Kılınç 
and Besler, 2014). Mussels are benthic filter feeders that can 
accumulate chemical pollutants, microplastics, 
microorganisms and toxins from phytoplankton blooms etc. 
(Witte et al., 2014). Robert-Pillot et al. (2014) indicated that 
seafood consumption presented a potential risk to human 

health in France and also in their findings the authors 
highlighted the importance of tools for a preventive consumer 
protection policy. The safety of various seafoods varies 
according to the origin of the fishery products, microbiological 
ecology of the product, contamination level, handling, 
processing practices and preparations before consumption 
(Kılınç and Besler, 2014). Many studies have been done 
about the shelf life of mussels stored under refrigerated 
conditions (Manousaridis et al., 2005; Erkan 2005; Caglak et 
al., 2008; Bongiorno et al., 2018; Tosun et al., 2018). In 
addition to this; many studies have been done about the 
microbiological quality of seafood products (Huss, 1997; 
Ripabelli et al., 1999; Papadopoulou et al., 2007; Cruz-
Romero et al., 2008; Lampila and McMillin, 2012; Robert-
Pillot et al., 2014; Okpola, 2014; Turan et al., 2013;Turan and 
Onay, 2015; Kocatepe et al., 2016; Kılınç et al., 2018; 
Kocatepe et al., 2019). However, in the literature there is 
limited study found about examining the microbiological 
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quality and safe for human consumption of frozen mussels 
(Popovic et al., 2010; Georgescu et al., 2015; Angane et al., 
2020). For this reason, the aim of this study was to examine 
the microbiological quality of frozen black mussels purchased 
from four different markets in the İzmir, Turkey.  

MATERIAL AND METHODS 

Frozen black mussel material 

A total of 36 frozen mussel packages, including nine 
packages from each market were purchased from four 
different markets (A, B, C and D) in different locations in the 
İzmir Province.  Following their collection from markets, 
samples were immediately brought to the laboratory under 
hygienic conditions in cooler box by using ice in 
approximately 30 minutes. The number of mussels contained 
in each frozen package ranged from 45 to 59 individuals. The 
total mussel weight in each package was 500 g (Table 1). 

Table 1. The number of frozen black mussels in each package 

purchased from four different markets 

Total number of mussels sampled: n=1800. The avarage number of mussels 
in all packages: n=50±3.32. The total weight of mussels in a per package: 
500±0.00 g 

Microbiological analyses 

Each black mussel package was homonized by using 
stomacher (IUL, Barcelona, Spain) for 1 min, before 
microbiological evaluation. Microbiological tests were 
performed by using TS EN ISO 6887-2 method after the 
preparation of samples, initial suspension and decimal 
dilutions (Anonymus, 2001). Mesophilic and psychrotrophic 
aerobic bacteria counts were done according to the method 
described in ISO 4833-1:2013. Total mesophilic aerobic 
bacteria counts were done by using the pour plate method on 
plate count agar (PCA, Liofilchem, Italy). After the inoculation, 
petri dishes were incubated at 30±1°C for 72 h according to 
method of TS ISO 4833-1:2013.  Thereafter all colonies on 
plate count agar were counted and converted into log cfu/g. 
For determining total psychrotrophic aerobic bacteria count, 
plate count agar (PCA, Liofilchem, Italy) was also used. The 
inoculated petri dishes were incubated at 2-8°C for 7 days 
were given as log cfu/g (Anonymous, 2013) Total coliform, 
fecal coliform and E.coli analyses were done according to TS 
ISO 7251:2015 procedure. Lauryl Sulfate Tryptose Broth 

(LSTB), EC Broth, and Tryptone Broth were used to 
determine of coliform, fecal coliform and E.coli, respectively, 
according to the Most Probable Number (MPN) method. 
Coliform bacteria growth and gas production were 
qualitatively determined (positive/negative). The tubes were 
incubated at 37°C±1°C for 24-48 h for coliform bacteria 
analysis. For confirmation, Brilliant Green Bile Broth (BGBB) 
was used as controls. Total coliforms were given as MPN/g.  
One loopful was taken from the positive tubes and inoculated 
into the EC Broth containing tubes. These tubes were 
incubated at 44°C±1°C for 24±2h for determining fecal 
coliform bacteria. After the incubation period, one loopful was 
taken from the positive tubes and inoculated into the Tryptone 
Broth. These tubes were incubated at 44°C±1°C for 48±2h 
for E. coli analysis.  After the indol test, the tubes with positive 
results were given as E. coli MPN/g (Anonymous, 2015). The 
analysis of Salmonella species was investigated by using TS 
EN ISO 6579 method. Pre-enrichment was conducted from 
25 g of samples were diluted in 225 ml of buffered peptone 
water and incubated at 37°C for 24 hours. Secondary 
selective enrichment was performed in Rappaport-Vassiliadis 
Soy Broth at 37°C for 24 h and Muller-Kaufmann tetrathionate 
broth with Novobiocin at 37°C for 24 h, and plating on XLD 
agar and Rambach agar, XLT-4 agar at 37°C for 24 h. 
(Anonymous, 2005). The analysis of Listeria monocytogenes 
was performed according to the method of ISO 11290-1. 
Listeria Enrichment Broth Base Fraser was prepared Fraser 
by adding the respective supplements. Pre-enrichment was 
conducted in Half Fraser Broth for 24 h at 30°C. Then, the 
primary and secondary enrichment tubes were inoculated 
onto Oxford and ALOA agar(Agar Listeria Ottaviani and 
Agosti) and incubated at 37°C for 48 hours (Anonymous, 
1997). Baird parker agar with Rabbit Fibrinogen were used for 
the coagulase positive Staphyloccocci according to method of 
TS 6582-2 EN ISO 6888-2 (Anonymous, 2006). The analysis 
of the samples by Real-Time PCR for Vibrio species were 
done according to the method of Dupont Q7 BAX system 
analysis kit Dupont, BAX Part D12863877 (Anonymous, 
2016). 

Statistical analysis 

All statistical analyses were carried out by using the 
SPSS 25.0 (IBM-SPSS, USA) Software Package Program of 
Social Sciences. The homegenicity of the bacterial counts of 
group variances were tested by using the Levene test 
(Gamgam and Altunkaynak, 2017) to distinguish differences 
between markets. The goodness of fit of the dependent 
variable to the normal distribution was controlled by 
Kolmogorov-Smirnov and Shapiro-Wilk methods, described in 
(Gamgam and Altunkaynak, 2017). Kruskal-Wallis test was 
performed from nonparametric tests (Gamgam and 
Altunkaynak, 2017) as the dependent variable for the market 
did not provide the normality assumption. Mann-Whitney test 
was also used for determining the differences of bacteria 
counts between the markets (Gamgam and Altunkaynak, 
2017). The level of significance was represented as p<0.05. 

Frozen Black 

mussel packages 
A B C D 

1 53 52 52 47 

2 47 49 47 51 

3 45 52 47 50 

4 52 48 51 49 

5 53 49 47 49 

6 51 52 47 52 

7 46 49 47 59 

8 59 47 48 49 

9 57 49 49 49 
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RESULTS  

Total mesophilic aerobic bacteria count (TMBC) (log 

cfu/g) of frozen black mussels purchased from four different 

markets are given in Table 2. The average mean values of 

TMBC of all packages (n=36) were found as 2.42 log cfu/g.  

Group variances on the basis of markets for the TMBC as 

the dependent variable were found to be homogeneous 

according to the Levene test. The goodness of fit of the 

dependent variable to the normal distribution was tested by 

using the Kolmogorov-Smirnov and Shapiro-Wilk methods 

(Gamgam and Altunkaynak, 2017). Kruskal – Wallis test was 

also performed from nonparametric tests as the dependent 

variable for the markets did not provide the normality 

assumption and the test result was not statistically significant 

(p>0.05). According to the method of (Gamgam and 

Altunkaynak, 2017). The average value of TMBC did not differ 

significantly (p>0.05) between markets. According to ICMSF 

(1992); the upper acceptable limit for TMBC of mussels is 5.0 

log cfu/g. In our study examined 36 packages from four 

different markets were not exceeded this limit.  

Total psychrotrophic bacteria counts (TPBC) (log cfu/g) of 

the packages are given in Table 2.The average mean values 

of TPBC for all samples were found to be 2.57 log cfu/g. 

Group variances between markets were not homogeneous for 

the psychrotrophic dependent variable (Levene test, 

Kolmogorov-Smirnov and Shapiro-Wilk tests) described in 

(Gamgam and Altunkaynak, 2017). The assumption of 

homogenity was not found. So, Kruskal-Wallis test showed 

statistical significance (p-value=0.001). Thus, the average 

number of TPBC varies significantly between markets. 

According to the Mann-Whitney test, the psychrotrophic 

average value for market A differs significantly (p<0.05) from 

all other market averages (p-values: A and B= 0.031,              

p-values: A and C= 0.000, p-values: A and D= 0.000), the 

difference between other market averages was not significant 

(p>0.05). (p-values: B and C= 0.387, p-values: B and                       

D= 0.094, p-values: C and D= 0.222). In another words, no 

significant differences (p>0.05) were determined in TPBC of 

mussel samples of B, C and D. 

No significant differences (p>0.05) were determined in 

TMBC of frozen black mussels between the four different 

markets (A, B, C, D) as well as no significant differences 

(p>0.05) were determined in TPBC of frozen samples for the 

markets (B, C and D), but this difference was found 

statistically significant (p<0.05) for the market A.  

In our study total coliform bacteria (TCB), fecal coliform 

bacteria (FCB), S. aureus, E.coli, Salmonella spp., Listeria 

monocytogenes and Vibrio spp. were not determined in any of 

frozen mussel samples which were purchased from four 

different markets in İzmir, Turkey (Table 2).  

Table 2. Microbiological quality of frozen black mussels purchased    
 from four different markets 

 

 

 

 

Frozen 

Samples 

TMBC 

 (log 

cfu/g) 

TPBC 

 (log cfu/g) 

TCB  

(MPN/g) 

FCB  

(MPN/g) 
A         

1 2.34 2.65 <3.0 <3.0 

2 2.38 2.66 <3.0 <3.0 

3 2.36 2.62 <3.0 <3.0 

4 2.34 2.63 <3.0 <3.0 

5 2.46 2.67 <3.0 <3.0 

6 2.47 2.64 <3.0 <3.0 

7 2.34 2.66 <3.0 <3.0 

8 2.38 2.63 <3.0 <3.0 

9 2.46 2.64 <3.0 <3.0 

B         

1 2.44 2.55 <3.0 <3.0 

2 2.46 2.56 <3.0 <3.0 

3 2.43 2.61 <3.0 <3.0 

4 2.34 2.66 <3.0 <3.0 

5 2.44 2.68 <3.0 <3.0 

6 2.46 2.59 <3.0 <3.0 

7 2.36 2.55 <3.0 <3.0 

8 2.43 2.56 <3.0 <3.0 

9 2.46 2.59 <3.0 <3.0 

C         

1 2.38 2.55 <3.0 <3.0 

2 2.44 2.55 <3.0 <3.0 

3 2.43 2.59 <3.0 <3.0 

4 2.46 2.61 <3.0 <3.0 

5 2.38 2.56 <3.0 <3.0 

6 2.44 2.62 <3.0 <3.0 

7 2.41 2.50 <3.0 <3.0 

8 2.46 2.53 <3.0 <3.0 

9 2.49 2.63 <3.0 <3.0 

D         

1 2.41 2.61 <3.0 <3.0 

2 2.46 2.62 <3.0 <3.0 

3 2.49 2.34 <3.0 <3.0 

4 2.39 2.20 <3.0 <3.0 

5 2.46 2.56 <3.0 <3.0 

6 2.50 2.54 <3.0 <3.0 

7 2.56 2.37 <3.0 <3.0 

8 2.46 2.59 <3.0 <3.0 

9 2.36 2.43 <3.0 <3.0 

n=36; the mean value ± standard deviation of TMBC and TPBC of frozen 
samples: 2.42±0.05 and 2.57±0.09. S. aureus, E.coli, Vibrio spp., L. 
monocytogenes, Salmonella spp. were not present   

DISCUSSION 

Lampila and McMillin (2012) reported in their study that 
seafood had very highly perishable product. Another author 
also reported that they can be contaminated with pathogens 
such as Staphylococcus aureus, Listeria monocytogenes, 
Salmonella and Vibrio species etc. (Huss, 1997). For this 
reason, the importance of detection, identification and 
monitoring of these pathogenic bacteria in seafood was 
highlighted by the authors that was critical in achieving the 
seafood safety goals (Ripabelli et al., 1999; Cruz- Romero et 
al., 2008; Arvanitoyannis and Stratakos, 2010; Okpala, 2014; 
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Bavisett et al., 2018). According to The Turkish Food Codex 
Regulation on Microbiological Criteria No. 28157 dated 
December 29, 2011, V. cholerae and V. parahaemolyticus 
should not be present in fishery products that are 
grown/caught from salt water. Microbiological criteria for 
mussel samples in the notification criteria in Turkey also 
indicated that Salmonella spp. and L. monocytogenes should 
not be present in 25 grams of the sample according to 
(Communiqué on microbiological criteria in Turkey, 2011). In 
lights of above literatures, frozen black mussels purchased 
from the markets A, B, C, D in the İzmir Province of Turkey 
were safe for human consumption because pathogenic 
bacteria species such as E. coli, Salmonella spp., S. aureus, 
L. monocytogenes and Vibrio spp. were not present in the 
frozen samples. 

Shelf-life studies were done about mussels which were 
packaged in different packages and stored at different 
temperatures. In one report the authors reported that under 
the current commercial practice, live mussels only had 10 
days' shelf life (Odeyemi et al., 2018). Erkan (2005) indicated 
that the shelf-life of mussels at 4°C was limited to 4 days.  

The authors reported in the below studies that the 
processing and packaging technologies applied on mussels 
could be extend the shelf-life of this product. In one study, the 
initial microbial load of the mussel samples reduced after the 
pasteurization process. The authors also observed that this 
reduction was determined not only in the total mesophilic and 
psychrophilic bacterial count, but also in the the yeast mold 
counts after pasteurization being 2.44, 2.07 and 2.37 log 
cfu/g, respectively (Tosun et al., 2018). (Cherifi and Sadok, 
2016) reported that total mesophilic bacteria flora for 
marinated mussels (3.21 log CFU/g) had significantly lower 
level, when compared to the control sample (4.14 log CFU/g). 
In the study indicated by (Arcales and Nacional, 2018) that 
pretreatment using lactic acid could be used to improve the 
shelf-life of green mussels for 15 days, when compared with 6 
days of uncontrolled samples (Arcales and Nacional, 2018). 
Turan et al. (2008) reported that the shelf-life of mussels 
smoked by hot smoking and stored at 4±1°C at refrigerator 
temperature determined as 12 days.  The authors reported in 
another study that the sous-vide cook and chill method at 
85°C for 10 minutes with or without salt brine resulted in 
being able to preserve the quality of mussels and extend their 
shelf-life to 21 storage days (Bongiorno et al., 2018). Turan et 
al. (2013) stated in their study that mussels in polystyrene 
plates wrapped with stretch film could be consumed until end 
of the 2nd day, whereas mussels placed in water in glass jar 
could be consumed until the end of the 3rd day. In another 
report; all black mussels retained desirable sensory 
characteristics during the first 8 days of storage, whereas the 
modified atmosphere packaged and vacuum packaged 
mussels exceeded the limit of consumption after 12 days of 
storage at 2°C (Caglak et al., 2008). The consumable period 
of mussel was found as 12 day and 18 day for MAP and 
vacuum group, respectively reported by (Turan and Onay, 
2015). The effect of modified atmosphere packaging (MAP) 
on the keeping quality of green mussel stored at 4°C was 
investigated by (Masniyom et al., 2011). In this study the 

authors reported that MAP with 80% CO2, 10% O2 and 10% 
N2 was determined as the best condition for extending the 
shelf-life of green mussel (Masniyom et al., 2011). In another 
report, 80%/20% CO2/N2 gas mixture was the most effective 
for black mussel preservation achieving a shelf‐life of 14–15 
days reported by (Goulas et al., 2005). Many studies have 
been done about the shelf-life of un processed and processed 
mussels stored under refrigerated conditions, which were 
decribed in the above studies, However very limited study 
have been found about examining the microbiological quality 
and safety of frozen mussels (Popovic et al., 2010; 
Georgescu et al., 2015; Angane et al., 2020). Popovic et al., 
(2010) reported in their study that the psychrophilic bacteria 
level of frozen 28 shellfish were determined between the 2-3 
log cfu/g and only 2 samples were determined at above 3 log 
cfu/g. In our study the avarage value of TPBC of examined 36 
frozen black mussel packages was found to be 2.57±0.09 log 
cfu/g. Our result was determined well correlated with the 
above study, which was determined the TPBC of frozen 
shellfish between the 2-3 log cfu/g.  

In our study the avarage value of TMBC of examined 36 
frozen black mussel packages was determined to be 
2.42±0.05 log cfu/g. In one study; Georgescu et al. (2015) 
reported that the TMBC were higher for the mussels of locally 
harvested samples than frozen mussels. Popovic et al. (2010) 
also reported that total aerobic mesophilic bacteria level of 26 
samples were determined as 5 log cfu/g, only 4 samples were 
indicated that below the level of 3 log cfu/g. In contrast to this 
study (Popovic et al., 2010), in our study TMBC of frozen 
black mussels were determined lower than total 
psychrotrophic bacteria counts. However, this study was very 
similar to our findings about not including pathogenic bacteria 
of frozen samples. In contrast to the frozen mussel samples, 
Papadopoulou et al. (2007) reported in their study that 
pathogenic microorganisms such as E. coli and Listeria spp. 
could be found at the ratio of  83.3 % (25/30) and 3.3 % (1/30) 
in examined raw mussels, respectively.  

As a result, frozen black mussels taken from four different 
markets in İzmir Province of Turkey were determined as 
acceptable. The TMBC of all frozen black mussels were 
determined below the upper acceptable microbiological limit 
indicated as 5.0 log cfu/g according to ICMSF (1992).  

The findings also showed that frozen black mussels 

bought from different markets in the İzmir Province of Turkey 

were determined as safe for consumption according to the 

Turkish Food Codex Regulation because pathogenic bacteria 

such as E. coli, Staphylococcus aureus, Salmonella spp. 

Listeria monocytogenes, Vibrio spp. were not present in any 

of the frozen mussel samples.  
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