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ABSTRACT

This study was aimed at evaluating the microbiological quality of mangrove oysters (Crassostrea rhizophorae),
collected at a natural oyster bed in the estuary of Cocó river (Fortaleza, Ceará, Brazil). MPN values were used
for estimating the total (TC) and fecal (FC) coliforms and Enterococcus spp. TC and FC MPN values in the
whole muscle and intervalve liquid ranged from <1.8 to >1,600/g and from <1.8 to 920/g, respectively. The
MPN estimates for Enterococcus spp. were between <3.0 and >1,100/g. No correlation was found between
the physico-chemical parameters (temperature, salinity and pH) of the surrounding water and the bacteriological
contamination levels found in the tested oysters. The only correlation found was between TC and FC values.
Enterococcus spp. strains were isolated and subjected to biochemical tests for species identification. The
capacity of those strains for production of a bacteriocin-like inhibitory substance was tested using the
Escherichia coli strain ATCC 25922 as a testing organism. Only one, E. faecalis, out of 121 Enterococcus
strains tested, presented the inhibitory activity.
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INTRODUCTION

The ingestion of bivalve mollusks has been frequently
associated with food-related infections diseases (12,19). Due
to health-hazards inherent to its consumption, many countries
developed regulations based on the microbiological analysis
of water and/or the shellfish’s flesh itself. Most of these
regulations use coliforms counts indication of fecal
contamination (23).

Oysters are filter-feeding organisms capable of accumulating
microorganisms in high concentrations. In fact, according to
Nunes and Parsons (24), feeding oysters filter the surrounding
water at a rate of 2 to 5 liter/hour eventually assimilating all the
biotic and abiotic contaminants present in their environment.

Cerutti and Barbosa (10) have shown that bacterial selection
in mollusks is related to factors such as the bacteria’s adaptation

to the marine environment and resistance to enzymatic
degradation as well as the use of the host’s gut content as a
source of nutrients.

Hagler et al. (18), however, proposed the quantification of
Enterococcus spp. instead of coliforms for epidemiological
studies, mainly because they are resistant to a number of adverse
environmental conditions, such as high salinity, dehydration,
pollution with detergents and disinfectants, freezing, low pH
values and moderate thermal treatment. Another important
feature of Enterococcus spp. is the ability to produce bacteriocins,
a group of toxic proteins to other bacteria (1).

This study was designed 1) to estimate the Most Probable
Number (MPN) of total (TC) and fecal (FC) coliforms and
Enterococcus spp. in oysters (Crassostrea rhizophorae)
collected from a natural oyster bed in the estuary of Cocó river
(Fortaleza, Brazil); 2) to evaluate the correlation between the
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estimates of TC and FC, and between the estimates of TC and
Enterococcus spp. isolated from oyster muscle tissue (including
the intervalve liquid); 3) to assess the correlation, if any,
between these bacteria and environmental variables, such as
temperature, salinity and pH; 4) to identify strains of
Enterococcus spp. isolated from the oysters, and to test their
ability to produce a bacteriocin-like inhibitory substance using
a strain of Escherichia coli (ATCC 25922) as a testing organism.

MATERIALS AND METHODS

The oysters were collected from a well known and often
exploited natural oyster bed in the estuary of Cocó river
(Fortaleza, Ceará, Brazil) (Fig. 1), located 200 m from the river’s
mouth between latitudes 03º46’S and 03º47’S.

Test samples consisted of whole oyster muscle, that is, the
internal muscle and the intervalve liquid. Temperature and
salinity of the sampling site were measured in situ with a
thermometer (Incoterm, Brazil) and a refractometer (Atago S/
Mill-E, Japan), respectively. Thirty water samples were collected
and transported to the laboratory in 500 ml amber bottles placed
inside an isothermal box for pH measurement with a pHmeter
(Micronal B-347, Brazil).

Thirty samples of 10 specimens each (total of 300) were
collected between March and October, 2002. All oysters were
collected during low tide and transported in isothermal boxes
to the microbiology laboratory at Instituto de Ciências do Mar,
Universidade Federal do Ceará, for microbiological testing.

The oysters were washed with tap water and opened
aseptically. Samples weighing 50 g were homogenized in a
blender with 450 ml of sterilized saline solution (0.85%) each,
corresponding to a 10-1 dilution. The same solution was used
for making the other tested dilutions (10-2 to 10-6).

The most probable number (MPN) of TC was estimated by
the 5-tube method using Lauryl Tryptose broth (Difco, USA)
incubated at 35 ± 0.5ºC and confirmed in brilliant Green Lactose
bile broth (Difco, USA) also at 35 ± 0.5ºC. The FC (or
thermotolerant coliforms) counts were estimated after incubation
at 44.5 ± 0.2ºC in EC medium (Difco, USA) (15). Estimates of TC
and FC were based on the MPN table, as described by Garthright
(17).

The estimate for the MPN of Enterococcus was determined
with the 3-tube MPN technique described in Bergey’s manual
(8), using azide dextrose broth (Difco, USA) and m-Enterococcus
agar (Difco, USA). Typical Enterococcus colonies isolated from
m-Enterococcus agar were submitted to confirmation tests
through culture in Brain Heart Infusion broth (Difco, USA)
incubated at 35ºC for 18-24 hours (14,30).

The bacteriocin-like inhibitory substance production
capacity of the Enterococcus strains isolated from the oyster
samples was verified using Gratia’s technique, as described by
Kekessy and Piguet (20), using Escherichia coli ATCC 25922
as indicator microorganism.

Strains of Enterococcus cultured in BHI broth (Difco, USA)
were spotted onto Trypticase Soy agar (Difco, USA) and
incubated at 35ºC for 24h. Two microliters of these broths were
spotted onto Trypticase Soy agar (Difco, USA) and after
incubation at 35ºC for 24h, surface growth was killed by exposure
to chloroform vapors (5 ml added to inverted lid). After 10 min an
overlay of BHI soft agar (1%) seeded with indicator microorganism
(about 106 CFU/mL) was added and incubated at 35ºC for 24h.
A discernible inhibition halo around the growth of Enterococcus
spp. indicated the presence of an inhibitory product.

All findings for MPN of FC and Enterococcus spp. were
converted to a log scale (Log 10) for the purpose of statistical
analysis.

In order to check possible correlations between the estimates
of FC, TC and Enterococcus, and between them and the
physico-chemical parameters (temperature, salinity and pH), the
Pearson’s coefficient was used with a 5% statistical significance
assessed by ANOVA.

RESULTS AND DISCUSSION

The estimated MPN values for TC and FC ranged from <1.8/
g to >1,600/g and from <1.8/g to 920/g, respectively (Table 1). The
FC values (7.0/g to 3.0 x 105/g) found by Sanchez et al. (29) in
oysters from São Paulo State (Brazil) were higher than the ones
observed in the present study. MPN values for Enterococcus
spp. in the oyster’s muscle and intervalve liquid ranged from <3
to >1,100/g, whose log-transformed values are shown in Table 1.
Though the regulations for those microorganisms as to bathing
suitability are set up only for marine environments in Brazil (3),
the present results provide an indication of the level of
contamination at the sampling location.

Figure 1. Map of the study area, indicating the oyster
(Crassostrea rhizophorae) sampling site at Cocó river’s estuary,
Ceará State, Brazil.
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High indices of fecal contamination were detected in Cocó
river’s waters by Vieira and Façanha (31), a result which confirms
the present findings.

The standards of Resolution 12/2001, issued by the Brazilian
National Sanitary Surveillance Agency (ANVISA) (2), regulates
in natura bivalves not meant for raw table consumption, but no
mention to fecal coliforms limits is made. Even though current
Brazilian legislation does not regulate raw bivalves, it is possible
to make comparisons with other countries’ legislation. For
example, the European Union Shellfish Quality Assurance

Programme (EU SQAP) determines that shellfish from
a category A area can go for direct human consumption
if they contain less than 300 FC/100 per gram of meat.
Shellfish from category B areas must not exceed, in
90% of samples, the limit of 6,000 FC/100 per gram of
meat. Such shellfish can only be placed on the market
after depuration, relaying or heat treatment by an
approved process, in order to meet the category A
standards (28). If European standards were used in
our study, 7 (23.3%) oyster samples would be
classified in category A and 11 (36.7%) in category B.
Category B oysters would have to go through a
depuration process, an unheard-of practice among
dealers and restaurants in Ceará.

In a study involving oysters (Crassostrea
virginica) from an estuary on the coast of the Mexican
Gulf, Burkhardt III and Calci (9) found the
concentration of fecal coliforms inside the mollusks
to be 4.4 times that of the surrounding water.
Pommepuy et al. (27) explain this fact by suggesting
that the cultivability of E. coli and other enterobacteria
is better preserved when the microorganisms are
ingested by mollusks than when they are exposed to
sunlight in a marine environment, a fact which may
account for the great differences observed in bacterial
counts.

Furthermore, Machado et al. (23) suggest that the
concentration of fecal coliforms in the soft tissues
and intervalve liquid of oysters grown for commercial
purposes is a more appropriate quality criterion than
FC counts of the surrounding water.

The species Enterococcus faecalis was observed
much more frequently (68.12%) than any other
Enterococcus species, including E. durans (3.12%),
E. sulfureus (3.12%), E. hirae (1.25%) and other
unspecified types (24.38%). Only one strain (E.
faecalis) out of 121 Enterococcus strains tested for a
bacteriocin-like inhibitory substance production
capacity yielded a positive result, inhibiting the
growth of the testing organism (Escherichia coli
ATCC 25922).

Lauková et al. (21) provided experimental confirmation of
growth inhibition of Gram (+) bacteria by bacteriocins produced
by Enterococcus faecium.

In an analysis of 92 Enterococcus strains isolated from
piglings’ feces, DuToit et al. (13) observed only four E. faecalis
strains with an inhibitory activity against other Enterococcus
spp. All test bacteria used in the present study belonged to the
Enterococcus genus.

During the study period the water temperature in the estuary
of Cocó river was within the range expected for a tropical
environment, varying between 27ºC and 32ºC. Pinheiro-

Table 1. Most Probable Number (MPN) of Enterococcus spp. and fecal
and total coliforms  determined in the muscle (including the intervalve
liquid) of oysters (Crassostrea rhizophorae) collected from Cocó river’s
estuary, Ceará State, Brazil.

MPN / g

Samplings Total Coliforms Fecal Coliforms Enterococcus  spp.

Absolute Log Absolute Log Absolute Log

1 350 2.54 <1.8 0.26 36 1.56
2 430 2.63 32 1.51 43 1.63
3 540 2.73 220 2.34 210 2.32
4 1,600 3.20 220 2.34 >1,100 3.04
5 120 2.08 120 2.08 3 0.48
6 32 1.51 <1.8 0.26 43 1.63
7 94 1.97 94 1.97 23 1.36
8 1,600 3.20 20 1.30 7.4 0.87
9 79 1.90 49 1.69 23 1.36
10 47 1.67 47 1.67 460 2.66
11 110 2.04 110 2.04 43 1.63
12 >1,600 3.20 540 2.73 23 1.36
13 240 2.38 79 1.90 <3 0.48
14 79 1.90 23 1.36 93 1.97
15 49 1.69 17 1.23 43 1.63
16 130 2.11 33 1.52 43 1.63
17 350 2.54 9.2 0.96 3.6 0.56
18 240 2.38 <1.8 0.26 210 2.32
19 540 2.73 350 2.54 >1,100 3.04
20 17 1.23 <1.8 0.26 9.2 0.96
21 220 2.34 220 2.34 >1,100 3.04
22 1,600 3.20 <1.8 0.26 93 1.97
23 920 2.96 110 2.04 93 1.97
24 23 1.36 23 1.36 9.2 0.96
25 49 1.69 3.7 0.57 14 1.15
26 94 1.97 94 1.97 75 1.88
27 920 2.96 920 2.96 460 2.66
28 <1,8 0.26 <1.8 0.26 >1,100 3.04
29 >1,600 3.20 1.8 0.26 23 1.36
30 79 1.90 4 0.60 43 1.63
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Joventino and Lima-Verde (26) reported temperatures in the
range 28ºC - 32ºC for the same area, with the highest values
occurring in the last months of the year.

The pH values observed in the estuary of Cocó river ranged
between 6.4 and 8.0. In a study of the nearby estuary of Pacoti
river, Oliveira (25) found pH values in the range 7.3 - 9.3, with
the highest values observed in the dry season and around the
onset of the rainy season.

The salinity in the estuary of Cocó river varied between 0‰
and 36‰, the lowest reading occurring on a rainy day. The
natural oyster bed from which our samples were collected is
heavily influenced by the tides. In fact, Ferguson et al. (16)
found that in estuaries around Sydney (Australia) reduced
rainfalls and stronger tides cause the salinity to increase.

In many countries, the extraction, harvest and culture of
bivalves are controlled by water quality analysis. However,
the level of coliforms may be affected by factors such as
currents, winds and rain occurring in the vicinity of the estuary
(22). Thus, though it may be useful as an additional information,
the bacteriological quality of the water should not be employed
as the main parameter in the regulation of activities in mollusk
culture, but nevertheless it ought to be used as complementary
data.

In 1991, the European Union’s Council unified regulations
regarding the production and marketing of bivalve mollusks in
order to provide consumers in all member countries with the
same level of food safety and to ensure the free circulation
within EU of such products. To this effect, EU established a
category system for shellfih production areas based on product
analysis, whereas in the United States, Chile and Brazil, food
safety regulations are based on standards provided by water
analysis (4,5,6,11).

The MPN values for FC and Enterococcus were not
statistically correlated (p<0.05). A direct correlation between
FC and TC indices was found, a result which might be expected
since the former is a subgroup of the latter.

No statistically-significant correlation was found between
the concentrations of TC, FC and Enterococcus in the oyster
samples and the physico-chemical parameters (temperature,
salinity and pH) observed in the environment. This may be due
to their low level of variability.

Considering the importance of oysters as a mangrove fishery
resource in Brazil and following the EU example, the authors
recommend the adoption of the quantification of fecal bacteria
present in the muscle and intervalve liquid of oysters as a
standard parameter in the quality assessment of commercially-
cultivated oysters.

Since oysters are preferably consumed raw and are highly
valued on the Brazilian market, a clear and specific paragraph
should be added to Brazilian food safety regulations to impose
limits to the concentration of fecal coliforms on their muscle
and intervalve liquid.

RESUMO

Bactérias de origem fecal contaminantes de ostra
Crassostrea rhizophorae, oriundas do estuário do Rio

Cocó, Estado do Ceará, Brasil

O objetivo deste trabalho foi avaliar a qualidade microbiológica
da ostra de mangue (Crassostrea rhizophorae) originária de um
criadouro natural no estuário do Rio Cocó, Fortaleza, Ceará, Brasil.
Para isso, foram realizadas as estimativas do Número Mais
Provável (NMP) de Coliformes Totais (CT) e de Fecais (CF) e de
Enterococcus spp. Os valores encontrados para CT e CF no
músculo (com líquido intervalvar) variaram de <1,8 a >1.600 e
<1,8 a 920 por grama, respectivamente. O valor do NMP de
Enterococcus spp. variou de <3,0 a >1.100/g. Não houve
correlação entre os parâmetros físico-químicos (temperatura,
salinidade e pH) da água na área do criadouro e os níveis de
contaminação encontrados nas ostras. Somente houve correlação
entre os valores de CT e CF. Cepas de Enterococcus spp. foram
isoladas e submetidas a testes bioquímicos para identificação
das espécies e, posteriormente, foram testadas para verificar a
produção de substância inibitória semelhante à bacteriocina
utilizando a cepa-teste Escherichia coli ATCC 25922. De um total
de 121 cepas de Enterococcus spp. testadas apenas uma, E.
faecalis, apresentou atividade inibitória.

Palavras-chave: ostras, coliformes fecais, enterococos,
bacteriocinas
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