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The objective of this study was to evaluate the microbiological quality of oysters and mussels grown in Cananéia, 
Brazil, by analysing mesophiles, psychrothophic bacteria, moulds and yeasts, Staphylococcus aureus, and Salmonella 
spp., and to compare the effi  ciency of Compact Dry EC method and the conventional method for counting of total 
coliforms and Escherichia coli. The microbial analysis showed that the mean values of mesophilic counts were 
3.14±0.81 log CFU g–1 for oysters and 3.92±0.90 for mussels; the mean values of psychrophilic counts were 
2.78±0.75 log CFU g–1 for oysters and 3.22±0.75 log CFU g–1 for mussels; the mean values of mould and yeast 
counts were 3.70±0.58 log CFU g–1 for oysters and 3.33±0.81 log CFU g–1 for mussels. Salmonella spp. did not 
present positive results, and the maximal count of Staphylococcus aureus was 1.7 log CFU g–1, therefore, within the 
limits established in the legislation. The correlation coeffi  cients between the Compact Dry EC method and 
conventional method were ˃0.87 for total coliform and E. coli counts for both types of shellfi sh. The data in this 
study show that the Compact Dry EC method is an acceptable alternative to conventional methods for enumeration 
of total coliforms and E. coli in shellfi sh.

Keywords: Compact Dry EC, Escherichia coli, total coliforms

In 2016, the world’s aquaculture production increased by 3.4%, with 80 million tons of 
fi nfi sh, crustaceans, molluscs, other aquatic animals, and shellfi sh representing 17.1 million 
tons (FAO, 2018). This increase of seafood production through aquaculture provides a good 
source of high quality protein, as seafood is an important commercial crop in many parts of 
the world (Aආൺඅංൺඇං et al., 2012). Fishery products are of great importance for human 
nutrition and have potential health benefi ts (Yൺඇ et al., 2015). Some micronutrients are 
highlighted as, for example, vitamin D in fi sh oil, or the exceptional concentration of minerals 
as calcium, iodine, magnesium, selenium, and zinc (Rංඍඍൾඇඌർඁඈൻൾඋ et al., 2013). In addition, 
shellfi sh provide a favourable proportion of omega-6 and omega-3 fatty acids (Mൺඁൺൿൿൾඒ et 
al., 2008).

Contamination of shellfi sh grown in coastal marine waters is a concern for global public 
health and food safety, since they refl ect the physical-biological characteristics of the habitat, 
especially water quality (Dඎආൻൺඎඅൽ et al., 2009). This is due to the fact that these animals, 
when fed, can concentrate particles present in seawater in their tissues, acting as an important 
vector for pathogens such as bacteria, parasites, and viruses (Lංආൺ et al., 2013; Cඋඈർං et al., 
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2012). As they are often consumed raw or lightly cooked, shellfi sh have been implicated 
worldwide in numerous outbreaks of food poisoning by pathogenic microorganisms (Wඈඈൽඌ 
et al., 2016).

In Brazil, regulation from Agência Nacional de Vigilância Sanitária (ANVISA), 
regarding microbiological criteria and standards establishes for in natura shellfi sh the 
maximum allowed limits for coagulase positive staphylococci as 103 CFU g–1 and absence of 
Salmonella spp. in 25 g of product. However, there is no limit for total coliforms and E. coli, 
mesophiles, psychotropic bacteria, moulds and yeasts (BRAZIL, 2001). Thus, consumers 
should also be informed about the hygienic and sanity quality and the warning of consuming 
fresh food without purifi cation treatment. Consequently, microbiological analyses are needed 
to identify the eff ects of these microorganisms on consumer health and on the environment.

Current classical methodologies for the detection of E. coli and coliforms are labour 
intensive, time consuming, and costly with respect to equipment and preparation of the 
culture medium. The Compact Dry E. coli and Coliform Count (CD-EC) plate method is the 
AOAC Offi  cial Method 110402 (Kඈൽൺൺ et al., 2006a). This method for the detection of E. 
coli and coliforms can give result in 20–24 h. It is easy to inoculate the liquid samples at any 
place. Diluted samples are inoculated onto the CD-EC plate and incubated at 35 °C. 
Evaluations of the CD-EC plate were reported in a few kinds of food (Kඈൽൺൺ et al., 2006a, 
b; Mංඓඎඈർඁං et al., 2016). Furthermore, to our knowledge, only one study evaluating the 
eff ectiveness of CD-EC in shellfi sh is available (Hඈඌඈൺඐൺ & Kඈൽൺൺ, 2010).

The objective of this study was to evaluate microbiological quality of oysters and 
mussels grown in the Estuary Lagunar Complex of Cananéia, São Paulo, Brazil, by analysing 
mesophilic and psychrotrophic bacteria, moulds and yeasts, Staphylococcus aureus and 
Salmonella spp., and to compare the effi  ciency of Compact Dry Coliform (CD-EC) method 
and conventional method for counting total coliforms and E. coli.

1. Materials and methods

1.1. Description of the sampling area

This study was carried out on natural banks of the Estuary Lagunar Complex of Cananéia, 
situated between the latitudes 24°40′00′′ and 25°05′00′′S and longitudes 47°25′00′′ and 
48°00′00′′W, on the Southeast Coast of Brazil (Tඋൺආඈඇඍൾ et al., 2016). This region has 
special relevance as an important biological reserve, contains federal and state Environmental 
Protected Areas, and is part of the largest continuous remnant of Atlantic Forest (UNESCO, 
2010). Sample collection at the Cananéia Estuary was conducted at two sites: site one, Retiro 
Itapanhoapina in August 2016; site two, Resex of Mandira in October, in December 2016, 
and February 2017, adding up to four samplings in the experiment.

1.2. Sampling and preparation

Within each sampling, 15 samples of mussels (Mytella falcata) and 15 samples of oysters 
(Crassostrea brasiliana) were taken in the months of August, October, and December 2016 
and February 2017. Each mussel sample was composed of approximately 25 units, and each 
oyster sample contained 10 units, being randomly chosen and then shucked. The stomach and 
digestive diverticula were isolated by dissection and pooled to obtain 25 g of tissue. A total 
of 120 samples, constituted by mussels (n=60) and oysters (n=60), were analysed.
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1.3. Microbiological analyses

Aliquots of 25 g of each sample were aseptically weighed into sterile plastic bags and 
homogenized with 225 ml of 0.1% (w/v) peptone water (Himedia®, Mumbai India). Decimal 
dilutions from dilution 10–1 were prepared in tubes containing 9.0 ml of 0.1% peptone water. 
All samples were homogenized in Colworth Stomacher® Circulator and incubated in chamber 
BOD model 347 CD (Fanem® - São Paulo, Brazil). For the determination of total coliforms 
and Escherichia coli Compact Dry® EC kit (Nissui Pharmaceutical Company LTD - Ibaraki, 
Japan) was used with incubation at 35±2 °C for 24 h. In this medium coliforms form blue 
colonies, while the colonies of E. coli are red. Total coliform count is the sum of both the red 
and blue colonies. For comparison, conventional MPN method (Most Probable Number) was 
used (Sංඅඏൺ et al., 2010). Samples were diluted and cultivated in Sodium Lauryl Sulfate Broth 
 (Himedia®, Mumbai, India). The tubes with oyster and mussel samples were incubated at 35 
ºC for 24 hours. Already those who showed gas production in the pipes of Durham and/or 
acidifi ed the medium (yellowish coloration) were considered positive. For confi rmation of 
coliforms, the cultures with positive results from the previous test were inoculated into 
Brilliant Green Bile Broth (2%) (Himedia®, Mumbai, India), incubated at 35±1 °C for 48 
hours. For E. coli, the samples were transferred to and incubated in EC Broth specifi c for 
Escherichia coli (Himedia®, Mumbai, India), used as an indicator of pathogenic enteric 
bacteria, for an interval of 18 to 24 hours at 44.5±0.2 °C. Spread plate technique was used for 
analysing mesophilic and psychrotrophic bacteria, moulds and yeasts (Sංඅඏൺ et al., 2010). For 
mesophilic bacteria determination the samples were incubated at 35±2 °C for 48 h, for 
psychrotrophic bacteria at 7±2 °C for 10 days, for moulds and yeasts at 25±2 °C for 5 days. 
The determination of Staphylococcus aureus counts was performed by Compact Dry® XSA 
kit (Nissui Pharmaceutical Company LTD - Ibaraki, Japan), and the samples were incubated 
at 35±1 °C for 24 h. For Salmonella spp. detection the BAX® kit (DuPont Qualicon - 
Wilmington, USA) was used and the samples were incubated at 35±2 °C for 24 h.

1.4. Statistical analyses

Quantitative microbiological results were reported as log CFU per gram. Means and standard 
deviations were calculated and subjected to analysis of variance (ANOVA) and the Tukey’s 
test, in order to compare the variation among sampling months. P values ≤0.0001 were 
considered to be signifi cant.

2. Results and discussion

Table 1 shows that mesophilic bacterial count ranged from 1.97±0.32 to 4.21±0.26 
log CFU g–1 (oysters) and 2.72±0.57 to 5.22±0.54 log CFU g–1 (mussels); with average values 
of 3.14±0.94 for oysters and 3.92±1.04 log CFU g–1 for mussels. Lංඇඁൺආ and co-workers 
(2016) investigated the microbiological quality of oysters (Crassostrea virginica) and 
obtained values of 4.2 log CFU g–1, while Sൺඅඅൾඌ and co-workers (2017) obtained a density 
close to 5 log CFU g–1 in Sarnambi (Phacoides pectinitus) species. Although there are no 
maximum limits for counts of deteriorating microorganisms in shellfi sh determined in 
legislation, ICMSF (1998) establishes a maximum count of 6 log CFU g–1 of mesophiles in 
raw, chilled, or frozen fi sh. Therefore, the study presented results lower than the Ministry of 
Health’s recommendation for this class of foods.
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The psychrotrophic bacteria count of oyster samples varied between 1.80±0.39 and 
3.79±0.35 log CFU g–1, with an average value of 2.78±0.87 log CFU g–1 (Table 1), the mussel 
samples ranged from 2.31±0.90 to 4.36±0.65 log CFU g–1, with an average value of 3.22±0.87 
log CFU g–1. The current results were similar to those reported in the literature ( Cඈඋൽൾංඋඈ et 
al., 2007; Sංඅඏൺ Nൾඍൺ et al., 2015).

The data presented in Table 1 show that the mould and yeast counts of oyster samples 
ranged from 2.79±0.25 to 4.37±0.27 log CFU g–1, with a mean value of 3.71±0.67 log 
CFU g–1, and in mussel samples ranged from 2.33±0.03 to 4.27±0.15 log CFU g–1, with a 
mean value of 3.32±0.895 log CFU g–1. The present results are not similar to that recorded by 
Mඈඁൺආආൾൽ and co-workers (2017), who investigated the microbiological quality of 100 
samples of retailed marine fi sh and shellfi sh (sardine, mullet, crab, shrimp) collected from 
diff erent fi sh markets at Alexandria province, with mean values of 6.8 log CFU g–1 for mould 
and yeast counts.

The maximum count of S. aureus was 1.7 log CFU g–1, and 77.5% of the samples 
presented a negative result for this microorganism. The overall mean count found for this 
analysis was the lowest among microorganisms evaluated in this study for all collection 
points throughout the study period, meeting the requirements for S. aureus in legislation of 
2.7 log CFU g–1 (BRAZIL, 2001). Similar results were reported in the State of São Paulo 
(Gൺඅඏඞඈ et al., 2006), Santa Catarina (Lංආൺ et al., 2013), and Pará (Sൺඅඅൾඌ et al., 2017), with 
all evaluated shellfi sh samples within the limits of Brazilian legislation.

No samples showed contamination by Salmonella spp. The same results were reported 
by Pൾඋൾංඋൺ and co-workers (2006) and Mඈඇඍൺඇඁංඇං and Mඈඇඍൺඇඁංඇං Nൾඍඈ (2015), who 
evaluated oysters of the State of Santa Catarina and Paraná, respectively.

The Compact Dry® (CD-EC) method was compared with conventional method (CM) 
using 120 samples of shellfi sh in order to evaluate the performance of the Compact Dry® 
method. Regression analyses of 60 oyster samples and 60 mussel samples on CD-EC versus 
CM for total coliforms are shown in Figure 1. The scatter plot and regression analysis shows 
a positive correlation between the CD-EC method and CM for total coliforms in mussel 
samples (Fig. 1A).
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Fig. 1. Dispersion of total coliforms data in samples, obtained by conventional method (CM) (x) and with 
Compact Dry® method (CD-EC) (y). A: mussels; B: oysters
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Fig. 1 continued

Figure 1B shows the dispersion of total coliforms for oyster samples with a correlation 
coeffi  cient of 0.91, a slope of 1.13, and an intercept of 0.29, indicating a linear relationship 
between the two methods. Hඈඌඈൺඐൺ and Kඈൽൺൺ (2010) evaluated CD-EC method as an 
alternative to CM for total coliforms count in shellfi sh, obtaining a correlation of 0.88.

According to Table 2, the correlation parameters between the CD-EC method and 
conventional method for the total coliform data of the oysters and mussels showed correlation 
greater than 0.90.

Table 2. Correlation parameters for total coliform and E. coli counts from oysters and mussels obtained by CM 
(log10 MPN/g) and by CD-EC methods (log10 CFU g–1)

Samples Group n R2 Equation a b

Oysters (Crassostrea 
brasiliana)

Total coliforms 60 0.91 y=1.10X–0.29 1.10 0.29

Escherichia coli 60 0.87 y=1.03X+0.01 1.03 0.01

Mussels (Mytella 
falcata)

Total coliforms 60 0.93 y=1.03X–0.04 1.03 0.04

Escherichia coli 60 0.93 y=0.88X+0.37 0.88 0.37

The CD-EC has been used as an alternative method for the enumeration of these 
microorganisms, reaching international acceptance due to its viability in the execution and 
the reduction of the time in obtaining results. Mංඓඎඈർඁං and co-workers (2016) obtained a 
correlation index ˃0.92 and concluded that CD-EC method is a valid alternative to the 
enumeration of E. coli and total coliforms in cooked chicken, prewashed bagged shredded 
iceberg lettuce, frozen cod fi lets, instant nonfat dry milk powder, and pasteurized milk 
compared to ISO 4832:2006.
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3. Conclusions

The mesophilic and psychrotrophic baterium counts presented lower results than those 
obtained by Cඈඋൽൾංඋඈ and co-workers, 2007 and Sංඅඏൺ and co-workers, 2015, fulfi lling the 
recommendation of the Ministry of Health for this class of foods. The mould and yeast counts 
were not similar to those recorded by Mඈඁൺආආൾൽ and co-workers, 2017). Oysters and 
mussels from the Cananéia region of the coast of São Paulo did not present Salmonella spp. 
nor signifi cant amounts of Staphylococcus aureus, thus remaining within the limits provided 
in the legislation. A good correlation for analyses of total coliforms and Escherichia coli in 
shellfi sh was proved for the conventional and Compact Dry EC methods.

*
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