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Abstract

Opyster farming in Brazil is limited by a number of problems, such as lack of sanitary control in production areas.
The aim of the present study was to use the multiple correspondence analyses (MCA) to correlate the
microbiological quality of oyster production in the state of Bahia, Brazil, by linking it to environment parameters.
Samples were randomly collected from 15 different oyster farms, from two different cultivation techniques
(lantern and pillow baskets), corresponding dry and rainy periods. Twenty eight samples were collected, stored
at 5 °C and send to the laboratory. The analyzed environmental parameters were pH, temperature, dissolved
oxygen, salinity, and polluting sources like sewage outflow. Coliforms were counted at 35 °C and 45 °C:
Escherichia coli, Salmonella sp., Pseudomonas sp. and Aeromonas sp. Statistical analyzes were performed using
the data sizing reduction procedure (MCA), through the SPPS Program, version 18.0. A positive relationship was
found between the dry period and lantern net farming with poor sanitary conditions. MCA allowed the analyzed
commercial oyster farms to form three distinct groups, helped define the intervention strategies of these
commercial oyster farms and provided the basis for implementing health protection measures.
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1. Introduction

Artisanal oyster farming is a very important way to provide the local community with food and a livelihood
(Soares et al., 2011). It is estimated that thousands of people along the country’s coastline directly or indirectly
depend on this shellfish. However, its production and marketing are handled inappropriately, and often pose
severe health risks for consumers (Evangelista-Barreto, 2006).

Oysters are filter feeders and are capable of accumulating various types of organic and inorganic substances
which may be present in the environment (Silva et al., 2004). There are two major groups of bacteria that can
contaminate seafood products. The first group is formed by the bacteria naturally present in the aquatic
environment, namely: Clostridium botulinum, Listeria monocytogenes, Vibrio spp. and Aeromonas hydrophila as
one group. The second group contains coliforms, whose presence indicates water contamination by human waste
(Evangelista-Barreto, 2006; Christo et al., 2008). Therefore, the sanitary standards of such products depend
directly on water quality (Silva et al., 2004). Similarly in the state of Bahia, different types of culture techniques
are employed in estuarine regions, but are strongly affected by changes in environmental parameters and
different sources of contamination. Statistical tools could provide interesting information to save time and
financial resources.

A multiple correspondence analysis (MCA) is an analytical technique for exploratory data, which was developed
to identify the systematic relations between variables when there are no (a priori) expectations about the nature
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of the relationship among them (Beh, 2004). For example, by means of an MCA analysis, it has been possible to
point out the occurrence of an atypical event responsible for disrupting the seasonal cycle, but is responsible for
the massive mortality of benthos on shellfish farms (Mazouni et al., 1996). This tool was used to identify the
origin of fecal pollution in bathing and shellfish harvesting waters (Gourmelon et al., 2010), and the distribution
patterns of foraminiferal assemblages in relation to trace metals, sediment grain size and calcium carbonate (Li et
al., 2015).

This study aimed to identify and quantify the bacterial density distribution on oyster farms in the state of Bahia
(Brazil) by establishing a relationship between environmental parameters and considering an area affected by
waste pollutants using data from the Brazilian Institute of Geography and Statistics (IBGE, 2013) with native
oyster farming systems (Crassostrea sp.) and cultivation periods by an MCA.

2. Materials and Methods

2.1 Sample Collection

This study was conducted in strict accordance with the recommendations in the Guide for the National Council
for Animal Experiments Control (CONCEA). Oysters were immediately numbed with ice so they suffered no
pain or discomfort during animal procedures (Silva et al., 2004).

The study was conducted on oyster farms in the State of Bahia, a major tourist area in Brazil. Fifteen farms were
evaluated from seven different towns, representing the totality (Table 1).

Table 1. Coordinates of the oyster farms studied on the Bahia-Brazil coast for sample collection

Acronym Farm Latidude Longitude
A Taperoa 13°32'13" 0,39°5"29"
B Graciosa 13°28'44" 39°5'33"

C Iguape 12°39'11" 38°51'54"
D Dendé 12°3927" 38°51'17"
E Baiact 12°3927" 38°51'17"
F Maratandiba 13°0'9" 0,38°45'59"
G Ponta Grossa 13°024" 0,38°43'32"
H Tanque 13°0'9" 38°45'59"
I Porto do Campo 13°57'48" 39°2'55"

J Batateira 13°57'49" 39°2'55"

L Pedrinhas 13°3225" 38°59'36"
M Canavieirinhas 13°33'40" 38°59'18"
N Tapuias 13°34'7" 38°59'34"
(¢} Turinhas 13°34'7" 38°59'34"
P Jaguaripe 13°3420" 39°0'40"

Oysters were collected between May 2013 and November 2014. The following parameters for sanitary
classification were considered for the MCA according to the Brazilian Institute of Environment and Water
Resources, INEMA: two periods, one was P1, a dry season (January, March, May, June, July, October and
December) and the other was P2, a rainy season (February, April, August, September and November). Two
different culture techniques were employed: lantern nets and pillow baskets (Table 2). The pollution factors at
the aquaculture sites (organic matter, agricultural waste outflows, sewage and industrial waste) and their effects
on the bacterial contamination samples were considered. In order to consider an area affected by waste pollutants,
data from the Brazilian Institute of Geography and Statistics (IBGE, 2013) were employed. Test samples
consisted in whole oyster muscle. Samples were obtained from the aquatic environment randomly by covering
five collection points in the same aquaculture area (Silva et al., 2004). Twenty-eight collections, divided between
periods P1 and P2, were obtained, and were placed in refrigerated thermoplasts (5 °C), and taken alive to the
laboratory (State Agency of Animal Health and public health/ADAB, Salvador/Brazil). For each collection,
abiotic parameters (temperature, salinity, pH and dissolved oxygen-OD) were measured with a Lutron® probe
(Indiana, USA).
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2.2 Microbiological Analyses

The methodology followed the parameters of the “Compendium of Methods for the Microbiological
Examination of foods” of the American Public Health Association (Apha, 2001). The oysters were washed with
tap water and opened aseptically. Samples were weighed and homogenized in a blender with 450 mL of
sterilized saline solution (0.85%), corresponding to a 10" dilution (Silva et al., 2004). The most probable number
(MPN) of coliforms at 45-35 °C was estimated by the 5-tube method according to Bergey’s Manual of
Systematic Bacteriology (Brenner, 1984). The following microorganisms were evaluated: Salmonella spp.,
positive coagulase Staphylococcus, Escherichia coli, Pseudomonas sp., Aeromonas spp. (Silva et al., 2004).

2.3 Statistical Analysis

A multivariate analysis process, used to reduce data set dimensions, an MCA, and an ascending hierarchical
classification (AHC) were run to classify the variables. By subjecting the oyster farms to an AHC, it was
possible to form a typology of the first two dimensions of the MCA performed with the original variables.
Mathematical definitions for both methods and the iterative model for the MCA are found in detail in Lebart et al.
(1995). Statistical analyses were carried out by data dimensionality reduction procedures (MCA) with SPSS®,
version 18.0. For these analyses, 44 variables were used and the levels of each description are listed in Table 2.

Table 2. List of selected variables for the sanitary classification of the oyster farms submitted to an MCA and
their occurrence levels

Variables Levels description
Period P1 = dry season: January, March, May, June, July, October and December
P2 = rainy season: February, April, August, September and November
‘Culture technique Lantern nets = Suspended culture
Pillow baskets = Beach culture
Sanitary clasification’ yes = Fit for consumption, present or higher than the limit'
No = Not good for consumption, absent or lower than the limit'
“Outflow of agricultural waste Yes = Presence
No = Absence
‘Outflow of industrial residues” Yes=Presence
No = Absence
‘Residues sources and organic matter” Yes = Presence
No = Absence
Outflow of sewage> Yes =Presence
No = Absence

A binomial logit GLM was used to test the effect of the cultivation technique on oyster suitability for human
consumption.

3. Results
3.1 Sample Results

The estimated most probable number (MPN) value ranges of coliforms and bacterial analyses (UFC/g) are
shown in Table 3. Aeromonas sp. or Pseudomonas sp. was not found in the samples, and Salmonella sp. was
detected only at site J (see Tables 1 and 3).
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Table 3. Microbiological results determined in oyster muscle (Crassostrea sp.) for oyster farms in Bahia, Brazil

Farms' Coliformes at 35°  Coliformes at 45°  Staphylococcus  E. coli Salmonella  Aeromonas  Pseudomonas
MPN MPN UFC/g MPN UFC/g UFC/g UFC/g
A 2.4 % 10? 2.9% 10 <1x10 <1x10 - - B
3 2.8% 10 <1x10 <1x10 - - _
B 29x10 2.9 %10 1x10 <1x10 - - -
1.1 x 10 9 - <1x10 - ) .
>2.4 % 10° <3 10° <1x10 - _ .
C 1.4 x 10 <3 5% 107 <1x10 - - -
43 %10 <3 <1x10 <1x10 - - -
D 3.6 <3 <1x10 <1x10 - - _
E 2.3x10 9 <1x10 <1x10 - - B
4 4 - <1x10 - - -
F 14.3 x 10 9 <1x10 <1x10 - - -
4 <3 - <1x10 - - _
G 4 <3 <1x10 <1x10 - - -
H 43 %10 9 1 x10 <Ix10 - - -
43 %10 9 43 %10 <1x10 - - -
| 23 4 <1x10 - - } .
23x10 4 <1x10 , - - _
J 43x10 23x10 <1x10 - - - B
>24x10 9/25 <1x10 - + - .
L 1.5 x 107 <3.0 5% 10° - - - -
>2.4x10° 6.4 10 >1x10 - - - -
M 1.1x10° 9.3 x 10 1x10 - - - -
1.1 x 10° 75x% 10 <1x10 - - - _
N 2.4 %10 4 <1x10 - . - B
2.3 %10 4 <1x10 - - - -
) >2.4x10° 4.6 x 10 <1x10 - - - -
4.6 x 10* 4 <1x10 . n } .
P 4 <3 - - - - -

Note. 'Oyster farms sampled in the Bahia state/Brazil. Results represented as (-) means microorganism not found
and (+) microorganism found.

The counts of coagulase positive Staphylococci in the oyster samples ranged from 0 to 5 x 10° CFU/g. The limit
established by ANVISA (2001) was 10° CFU/g. E. coli strains were isolated from eight of the 15 study sites
(53%). The coliform counts (at 45 °C) in the surveyed oysters ranged from < 3/g to 7.5 x 10/g. Of the 28
analyzed samples, 7% presented counts above the standards set by legislation (ANVISA, 2001). Coliforms (at
35 °C) ranged from 2.3 to > 2.4 x 10°/g.

3.2 MCA

Groups with the same characteristics were formed from the data collected on the farms that participated. The
variables linked to the study sites, with their contributions and correlations, are illustrated in Figure 1.
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Figure 1. MCA ordination diagram of the environmental variables at the oyster production sites, represented with
two dimensions and their contributions to the MCA analysis, with: period; culture technique; sanitary
classification, sewage outflow, industrial residue outflow; agricultural waste outflow and residue sources, plus
organic matter

The variables that contributed most as explained variance (inertia) were those with the highest inertia values for
each dimension. Values + or - attributed to every variable in each dimension, and indicated the importance of
each one in the discriminating farm oyster groups as regards the studied characteristics. Variables sewage
outflow, industrial residue outflow, culture technique and sanitary classification contributed the most to the
formation of the first dimension, which contributed to 31% of the inertia according to the MCA analysis.
Dimension 2 associated agricultural waste outflow, presence of residue sources and organic matter and period.
This dimension was responsible for 24% of the inertia. The nonparametric correlations between variables are
shown in Table 4.

Table 4. Correlation analysis between the variables transformed into MCA

p! CT? sc? s r A®
p! 1
CT? -0.022 1
sc? 0.331 0.31 1
st 0.227 0.126 0.181 1
r 0.067 -0.009 0.372 1
A° -0.228 0.266 -0.097 0.113 -0.037 1
RSOM’ -0.101 0.173 0.013 0.312 -0.101
Dimension 1 2 3 4 5 6
Value 1.862 1.434 0.994 0.891 0.577 0.241

Note. ' Period; * Culture technique; ° Sanitary classification; * Outflow of sewage; > Outflow of industrial
residues; ® Outflow of agricultural waste; ’ Residues sources and organic matter.

The multivariate correlation indicated that residue sources and organic matter correlated highly with agricultural
waste outflow (0.826). This analysis also showed the high correlation of the culture technique associated with
presence of industries (0.503). However, the other characteristics were poorly correlated.

The associations between categories of variables and formation of clusters were evaluated by analyzing the
proximity between the points in Figure 2A.
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Figure 2A. Cluster typology analysis: relationship of cultivation type (pillow baskets or lantern net) and oyster
production period (rainy or dry) with environmental parameters (agricultural waste outflow, organic matter,
industrial residue and local industries). The analysis also compared if the oysters produced under these different
conditions were suitable for human consumption according to microbial analyses. Positive or negative signals
inside a quadrant meant a close or distant relationship between cultivation sites

These variables were organized into three oyster farm groups (G1-G3) according to the MCA analysis and are
represented by different colors (Figure 2B).
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Figure 2B. MCA: grouping the oyster production sites according to common characteristics. The same color
means they had the same characteristics (cultivation type, oyster production period and environmental
parameters). A symbol associated with more than one name means that it was the same cultivation area

The farm culture techniques type “pillow basket” is characterized by being located in an industrial region. The
oysters produced during period P1 (January, March, May, June, July, October and December) were classified as
unfit for human consumption. However, we observed that the oysters produced at the same site, but during
period P2 (February, April, August, September and November), were fit for human consumption. G1 consisted
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in 67.86% of the analyzed properties, and 13 of the 19 farms in this group used lantern nets for oyster production
purposes. According to the MCA analysis, the strong presence of coliforms at 45 °C, Salmonella sp. and E. coli
were associated with this group characteristic. The mean temperature measured at the sites in this group was
29.13 °C, mean dissolved oxygen was 3.29, pH was 7.38 and salinity was 18.26 ppm. The period was mixed
with P1 slightly predominating (52.63%). In this group, 63.16% of the oyster farms produced oysters that were
classified as unfit for human consumption.

G2 is characterized primarily by using “lantern nets” for oyster production, and by having an agricultural waste
outflow (100%) and a sewage outflow (66%). The MCA grouped the oysters from this group in P2. The water
parameters in this group were temperature (26.42+1 °C), dissolved oxygen (5.15 mg/L), pH (5.5) and salinity
(16.07 ppm). Of this cluster, 84% was characterized as being fit for human consumption.

The properties of G3 are characterized by having pillow-type cultures (100%) and being classified as being fit
for human consumption (100%). However, the value obtained for industrial residue outflows was 100%. The
average salinity of the properties of this group was 19.85 ppm, while pH was 7.28, temperature was 24.3+1 °C
and dissolved oxygen was 4.84 mg/L.

After characterizing group, the MCA analysis indicated no correlations between the abiotic parameters (pH,
temperature, DO and salinity) and any of the seven listed variables (P > 0.001). A relation was found between
high bacterial populations with the “months” period of oyster cultivation. However, the lantern nets technique
for oyster production had an effect (P < 0.001), which was expressed in the oyster classification as being unfit
for human consumption according to the binomial logit GLM analysis.

4. Discussion

Our results agree with those reported by Edwards et al. (1999) as the proportion of bacterial populations was
higher during the dry season; e.g. January. Unlike our results, Pujalte et al. (1999) found a larger bacterial
population associated with Mediterranean oysters (O. edulis) in warmer months. These results may be due to the
effect of temperature, rainfall or dry period, and to a change in the water parameters. However, we found no
correlation for pH, temperature and salinity with bacterial populations. Bacterial and archaeal populations
correlated with conductivity and rainfall (Edwards et al., 1999). In a study that assessed the seasonal distribution
of Vibrio parahaemolyticus in oysters in SW India, Deepanjali el al. (2005) found that temperature was the most
relevant factor for the seasonal and geographical distribution of this pathogen, which did not vary very much in
tropical regions during the year. So other parameters, such as salinity, must be taken into account.

The positive relationship between the lantern nets technique and microbiological findings may be related to the
constant flooding that occurs in this cultivation type (Evans & Langdon, 2006), which facilitates filtration and
subsequent exchanges between oysters and its environment. Lantern nets should be used in deep water locations
where strong currents are rare (Yang et al., 2006) and water renewal in these places is poor, especially in relation
with contamination sources that may interfere with the sanitary quality of these animals. So legislation should
also take into account several parameters like biological, chemical and physical parameters (Gourmelon et al.,
2010; Santos et al., 2011; Silva et al., 2004).

Presence of E. coli and coliforms at G1 highlighted the poor water quality of the bivalve products in this region.
Heavy tourism development, associated with the sites in this region, indicates the need to use a treatment system
with the oysters produced there. Hence the presence of this microorganism in 53% of the studied samples
indicated the health risk associated with not only eating oysters, but also with eating other marine products from
a contaminated area. Even though E. coli has been isolated from eight sites, its presence at levels <230 MPN per
100 grams of edible portion was considered fit for human consumption according to the MPA (2012). Presence
of coliforms at 45 °C in the G1 oysters suggested a high water pollution level caused by sewage waste (Barros et
al., 2005). When researching the incidence of fecal indicator bacteria that grew in oysters in saline waters from
sea farms in Baia Sul on the Santa Catarina’s Island, Brazil, Ramos et al. (2010) found coliforms with a 35 °C
variation of < 1.8 to > 1.6 x 10° MPN/100 ml. However, the present study assessed bacteriological quality
directly in oyster samples. Assessing shellfish quality is more important than water analyses (Oliveira et al.,
2014). Current Brazilian law only requires the evaluation of coliforms at 45 °C in cooked and processed
mollusks. It is worth emphasizing that most of these mollusks are consumed raw and do not undergo any
treatment. This indicates the deficiency of current law, which is lacking in the health education area, particularly
when it comes to warning potential consumers and making them aware of the danger or risk inherent to eating
raw oysters. In a survey about pollution done on the River Cachoeira in the state of Bahia, Sande et al., (2010)
isolated 10 species of microorganisms from mangrove oysters, including Salmonella sp., E. coli and Shigella sp.
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The authors warned about the risk of consuming these mollusks in natura, even though they fell within the legal
limits since many of the pathogens they found were dispensed.

5. Conclusion

The MCA can be used to determine the weight of the environmental variables, and can be applied to assess the
suitability of oyster production sites. Our findings agree with (Gourmelon et al., 2010; Liang et al., 2015; Li et
al., 2015) as this tool can accurately simulate the distribution of site-related environmental parameters. Based on
the weight of the variables, the study clearly revealed that production period and oyster culture technique type
were significantly associated with microbiological quality. This approach will enable state officials to defend
sanitary or public health in order to determine the importance of the variables and the distribution of suitable
habitats. It will also help them to adopt various strategies for future action and to control seafood traceability.
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