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Abstract  

Amongst fisheries products, oysters have an important role in the provision of need protein for populace. In Benin, there is 

beginning to be awareness in oyster as a protein resource. The present study aims to investigate the efficacy of the 

traditional purge method of oysters (Crassostrea gasar) used in lakeside villages of southern Benin. Thus, four lakeside 

villages characterized by high activity of collection and parking of oysters were chosen. There are Azizakouè, Djondji, 

Dègouè and Meko. In each lakeside village, a semi-structured survey was conducted and five parking stations were selected 

for the study. This survey was also coupled with the sampling of oysters before their parking. After three months of parking, 

sampling was again conducted to assess the efficacy of the parking on the quality of oysters. Results indicated that, before 

parking, microbial load of coliforms in oyster samples was high (24.10
6
 - 3.10

9
 ufc/g) with the presence of E. coli and 

Salmonella spp. However Vibrio spp was not detected in the analysed samples. Chemical pollution characterised by heavy 

metals such as copper and lead were also detected. After 3 months of parking, the results of microbiological analyzes 

indicated that the treatment was more effective in Azizakouè where the average microbial load has significantly decreased 

(p<5%) and at Djondji where the value rose from 10
7
 cfu/g to 10

6
 cfu/g. However, the results obtained on stations of Meko 

and Dégouè indicated that the treatment was ineffective. Results of chemical analyses after the parking of oysters, indicated 

that, this technique had reduced the lead content (15.96% in samples of Azizakouè, 60.30% in samples of Dégouè, 36.88% in 

samples of  Djondji and 61.65% in samples of Meko), but was ineffective on copper content of oysters. 

 

Keywords: Oysters, parking method, microbiological quality, heavy metal. 
 

Introduction 

In recent years, rapid population growth was recorded in most 
countries of the world, especially in African countries, including 
Benin. This growth was accompanied by a strong urbanization, 
intensification of industrial activities and the operation of new 
farmland. All these changes have led to a huge increase in both 
quantity and variety of both chemical and organic pollutant 
emissions that reach streams and have adverse effects on aquatic 
resources and on their consumers. Fishing has an economic and 
social development place in many African countries. However, 
several investigations on Benin’s rivers indicate that large 
quantities of pollutants have been transported to lake due to the 
traffic of petroleum product from Nigeria. Sources of metal 
contamination include industrial and medical waste1, pesticides, 
petroleum products2, household products, as well as urban and 
pharmaceutical waste3. Domestic and household sources of 
metal contamination generally occur as a result of corrosion of 
metal plumbing fittings, galvanised roofs and wire fences [zinc 
(Zn), cadmium (Cd)], and healthcare products, such as selenium 
(Se) containing shampoos or Zinc (Zn) containing baby 
creams4. Silver paint containing aluminium (Al), saucepans and 
utensils5, are also possible sources of contamination. According 

to World Health Organisation 6, metals occur in less than 1% of 
the earth’s crust, with trace amounts generally found in the 
environment and when these concentrations exceed a stipulated 
limit, they may become toxic to the surrounding environment. 
The contamination of fresh waters has become a matter of 
concern over the last few decades7,8; and heavy metal 
contamination may have devastating effects on the ecological 
balance of the recipient environment and a diversity of aquatic 
organisms9, such as oysters (Crassostrea gasar). 
 
The genus Crassostrea comprises several species that can be 
found growing on different regions of the coastal areas. The 
mangrove oyster, Crassostrea gasar, constitutes an important 
source of income in many communities along the Beninan coast. 
This species is geographically also distributed along the coast of 
Central West Africa10, and South America, from French Guiana 
to Southern Brazil11. As seafoods, they are excellent sources of 
protein but are highly perishable. Their short shelf life poses 
serious practical problems of their storage and distribution12. 
The raw consummation of Oysters (ingested whole) observed in 
some parts of the world leading to the transmission of 
pathogenic organisms13. Thus various bacteria that are 
aetiologic agents of shellfish-related food infection such as 
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salmonellosis, shigellosis, Vibrio and Hepatitis A virus had been 
isolated from oysters13. Additionally, septicaemia had been 
reported among consumers of raw oysters from the Gulf of 
Mexico14. In fact, these bivalves in searching of their food, filter 
a large amount of water they absorb and retain in their organism 
a considerable amount of waste of any kind in the water 
(protozoa, bacteria, plankton, or other debris organic suspended 
in water). To overcome this problem, lake populations who 
engage in the marketing of oysters, resort to traditional 
treatment techniques by parking oysters collected for some time 
before they are marketed. Then the present study aims to 
investigate the effectiveness of this traditional method in the 
purification of oysters. 
 
Material and Methods 

Site description: The coastal lagoon has about 60 km of length 
and is situate between Togbin and Grand-Popo. From Grand-

Popo to Djondji, this lagoon is called Lagoon of Grand Popo, 
and from Djondji to Togbin, it is called Lagoon of Ouidah. The 
hydrology of the lagoon is characterized by both flows of salt 
water from the sea between the periods of December to June 
and freshwater from Mono river, between July and November. 
Then it is alternately sweet and salty. Indeed, during the rainy 
season, fresh water from the Mono river invaded the lagoon and 
the salinity is low for a few weeks depending on the extent of 

flooding. The climate is equatorial with a succession of four 
seasons: two rainy seasons and two dry seasons. The rainfall is 
about 1200 mm/year; average temperatures are around 27°C; 
insulation approaching 1700 hours /year, while the relative 
humidity varies from a minimum of 78% to a maximum of   
95%15. For the present study, four lakeside villages 
characterized by high activity of collection and parking of 
oysters were chosen. There are Azizakouè, Djondji, Dègouè and 
Meko (figure 1). 
 
Survey and sampling: In each lakeside village, a semi-
structured survey was conducted. The collected information is 
relative to the collection and parking sites and the parking time. 
The questionnaire was administered to a group of 6 collectors of 
oysters in each lakeside village. Then, five parking point were 
selected for the study. At each study site, oysters collected are 
sampled before parking. After three months of parking, 
sampling was again conducted to assess the efficacy of the 
parking on the quality of oysters. Each sample consists of ten 
units of oysters collected aseptically. The sampling was 
performed under aseptic conditions: sterile latex gloves were 
used to protect hands during the sampling; oyster’s samples was 
collected and packaged in sterile bags in a portable cooler. The 
entire sampling equipment is sterilized beforehand with alcohol 
at 90°. 

 

 
Figure-1 

Map of the coastal lagoon of Ouidah and villages of oyster sampling  
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Microbiological analysis: For the microbiological analyzes, the 
five oysters collected in each parking point are mixed, and 
content (flesh and intervalvar water) carefully milled. To 25 g of 
each milled sample, 225 ml of peptone water was added and 
homogenized. From the initial concentration, appropriate 
decimal dilutions were prepared and aliquots were plated in 
duplicates on various media. Plate count agar was used for the 
total bacterial count. Plates were incubated  at 30°C for 72 h. 
Desoxycholate was used for the total coliforms count and plates 
were incubated at 30°C for 24 h. Desoxycholate was also used 
for the faecal coliforms count. In this case, plates were 
incubated at 44°C and the identification was made using Eosine 
Methylene Blue (EMB) medium. The method used for detection 
of Salmonella spp. is that specified by the standard NF V 08-
052. The isolation of fungi from samples was performed using 
dilution plating method. 10 g of each smoked fish sample were 
added separately to 90 ml of sterile water containing, 0.1% 
peptone water. This was thoroughly mixed to obtain the 10−1 
dilution. Further, 10-fold serial dilutions up to 10−4 were made. 
1 ml volume of each dilution were separately placed in Petri 
dishes, over which, 10 to 15 ml of potato dextrose agar amended 
with 60 µg/ml chloramphenicol (PDAC) was poured. The plates 
were incubated at 28 ± 2°C for 7 days. Fungal isolates from 
PDAC were sub-cultured on malt extract agar (MEA), and 
identification was carried out by using a taxonomic schemes 
primarily based on morphological characters, using the methods 
described by Singh et al.16. The detection of Vibrio spp. was 
performed according to the recommendations of the 8th Edition 
of the Handbook of Analytical Bacteriology FDA (Food and 
Drug Administration)17. Enrichment is made with alkaline 
peptone water (3% NaCl, pH 8.6) for 24 hours at 37°C. 
Positivity enrichment results in a bacterial veil in interface air / 
medium and instant reaction of Indole from Kovacs reagent. 
Isolation on TCBS (Thiosulfate Citrate Bile salts Sucrose) of an 
aliquot taken from below the surface of the enrichment broth 
followed by incubation for 36 hours at 37°C is then performed. 
The presence of yellow colonies, flat, circular, with raised edge 
and center, surrounded by a yellow halo (fermentation of 
sucrose) indicates the presence of Vibrio spp. The number of 
colonies was tracked, using a colony counter. The number of 
microbial expressed as Colony Forming Units per gram (CFU/g) 
was then determined by calculation, bearing in mind the factors 
of dilution. All media used for microbiological analysis were 
prepared as indicated by the manufacturer. 
 
Chemical analyses: Aliquots were put in Petri dishes to dry at 
120°C until reaching a constant weight. The separated organs 
were placed into digestion flasks and ultrapure concentrated 
nitric acid and hydrogen peroxide (1:1 v/v) was added. The 
digestion flasks were then heated to 130°C until all the materials 
were dissolved. Digest was diluted with double distilled water 
appropriately. The elements Cu and Pb were assayed using 
Atomic Absorption Spectrophotometer (Shimadzu AA 6200).  
 
Statistical Analysis: The analyses were performed as described 
by Ritterhoff and Zauke (1997). The results presented are the 

averages of five repeats for each particular sampling point at the 
different sampling sites, and data analyzed are mean ± SE 
subjected to one-way anova. Means are separated by the 
Tukey’s multiple range tests when anova was significant (P < 
0.05) (SPSS 10.0; Chicago, IL, USA). 
 
Results and Discussion  

Survey: The results of semi-structured surveys realized in the 
investigated lakeside villages, indicated that the harvesting of 
oysters is generally makes four times a week. In each village, 
more than twenty fishers are engaged in the collecting of 
oysters. This activity is more profitable during the dry season 
than during the rainy season due to periods of flooding of the 
lagoon. The average time of the parking varied and is between 
three months and 36 months. The sale of the oyster is a family 
activity for most fisher and is either fresh or in processed form. 
The trade of oyster is considered as a secondary activity. 
Markets flows are local or sub-regional (Togo, Nigeria). Despite 
the economical importance of this activity, fishers have received 
no training related to basic concepts in health, nor modern 
techniques of oyster treatment. This duration of purge technique 
can be from two to three months, sometimes years. These 
mollusks are then returned from time to time to prevent them 
from eating mud. Results collected from the survey indicated 
that, the fundamental objective of the parking of oysters is to 
removal of contaminants by the upturn of filtration and also the 
multiplication of oysters.  
 
Effect of parking on the microbiological quality of oysters: 
Tables 1 and 2 showed the results of microbiological analyses 
performed on oyster’s samples before parking and after parking. 
The analysis of the results showed that, before parking, 
microbial load of coliforms in oysters sample is very high 
(24.106 - 3.109 ufc/g). After 3 months of parking, the results of 
microbiological analyzes indicated that the treatment was more 
effective in Azizakouè where the average microbial load has 
decreased from 30.108 cfu /g to 15.108 ufc/g and Djondji where 
the value rose from 107 cfu/g to 106 cfu/g. However, the results 
obtained on sites of Meko indicated that treatment was 
ineffective with a residual flora of 5108 cfu/g for coliforms. The 
results obtained in samples collected from the parking sites of 
Dégouè showed that the microbial load significantly increased 
(24.108 cfu /g to 3.109 cfu/ g). Also the evolution of the 
microbial flora of other germs, including fecal coliforms and E. 

coli, indicated that, in some village the parking technology of 
oysters was effective in reducing the microbial flora, unlike 
other village. For the potential pathogens germs, including 
Salmonella spp. and Vibrio spp., results indicated that only 
samples collected at the parking sites of Azizakouè village were 
contaminated with Salmonella spp. before it parking. 
Unfortunately, the parking technique of oysters has no effect on 
this pathogenic flora, and they are still in the samples after their 
parking. For Vibrio spp., it was not detected in any of the oyster 
samples analyzed. 
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Table-1 

Microflora of oysters before parking 

Village 
Parkage 

sites 
Total flora 

(UFC/g) 

Total 

coliforms 
(UFC/g) 

Fecal 

coliforms 
(UFC/g) 

Escherichia  

coli 

(UFC/g) 

Vibrio  spp. 

(UFC/g) 
Salmonella spp. 

(UFC/g) 

 
Djondji 

1 >3.1011 7.107 46. 105 <106 

 
Absence 

 

 
Absence 

 

2 >3.1011 67.106 5. 106 <106 

3 >3.1011 7.107 5. 106 <106 

4 >3.1011 71.106 5. 106 <106 

5 >3.1011 72.106 54. 105 <106 

Average  >3.1011 7.107 5. 106 <106 Absence Absence 

 
Azizakouè 

1 >3.1011 >3.109 57. 106 12.106 

 
Absence 

 

 
Presence 

 

2 >3.1011 >3.109 59. 106 19.107 

3 >3.1011 >3.109 61. 106 17.106 

4 >3.1011 >3.109 63. 106 18.106 

5 >3.1011 >3.109 65.106 19. 106 

Average  >3.1011 >3.109 61. 106 17.106 Absence Presence 

 
Meko 

1 >3.1011 >3.108 33.107 68. 104 

 
Absence 

 

 
Absence 

 

2 >3.1011 >3.108 45.107 7. 105 

3 >3.1011 >3.108 4.108 71.104 

4 >3.1011 >3.108 42.107 73.104 

5 >3.1011 >3.108 4.108 73.104 

Average  >3.1011 >3.108 4.108 71.104 
Absence 

 
Absence 

 
Dègouè 

1 >3.1011 22. 106 22. 105 <106 

Absence Absence 

2 >3.1011 25.106 22. 105 <106 

3 >3.1011 24.106 3.106 <106 

4 >3.1011 28.106 37. 105 <106 

5 >3.1011 21.106 39. 105 <106 

Average  >3.1011 24.106 3. 106 <106 Absence Absence 
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Table-2 

Microflora of oysters after parking 

Village 

Parkage 

sites 

Total flora 

(UFC/g) 

Total 

coliforms 
(UFC/g) 

Fecal 

coliforms 
(UFC/g) 

Escherichia  

coli 

(UFC/g) 

Vibrio  spp. 

(UFC/g) 

Salmonella 

spp. 

(UFC/g) 

 

Djondji 
 
 

1 >3. 109 8. 107 <106 <106 

Absence Absence 

2 >3. 109 9. 107 <106 <106 

3 >3. 109 106 <106 <106 

4 >3. 109 14. 107 <106 <106 

5 >3. 109 9. 107 <106 <106 

Average 
 

>3. 109 8.107 <106 <106 Absence Absence 

 

Azizakouè 
 

1 >3.1011 13. 109 46.107 <106 

Absence Presence 

2 >3.1011 15. 109 5.106 <106 

3 >3.1011 15. 109 5.106 <106 

4 >3.1011 14.109 5.106 <106 

5 >3.1011 18.109 54.107 <106 

Average 
 

>3.1011 15.109 5.106 <106 Absence Presence 

Meko 

1 >3.1011 27. 109 48.108 <104 

Absent 

 
Absence 2 >3.1011 24. 109 43.108 <104 

3 >3.1011 25.109 45.108 <104 

4 >3.1011 25. 109 5.107 <104 

5 >3.1011 24. 109 39.108 <104 

Average 
 

>3.1011 25.109 45.108 <104 Absent Absence 

 
 

Dègouè 

1 >3.1011 >3.109 1. 107 <106 

Absent 

 
Absence 2 >3.1011 >3.109 12. 108 <106 

3 >3.1011 >3.109 14.108 <106 

4 >3.1011 >3.109 15.108 <106 

5 >3.1011 >3.109 19.108 <106 

Average 
 

>3.1011 >3.109 14.108 <106 Absent Absence 
 

Effect of parking on the content of heavy metals: Figures 2 
and 3 showed the results of evolution levels of heavy metals, 
particularly copper and lead, in oysters before parking and after 
parking. The analysis showed that the content of heavy metals 
in oyster before parking varied from one village to another. This 
content is between 8.01 mg / kg to 17.39 mg / kg for copper and 
between 0.78 mg / kg and 2.07 mg / kg for lead. These results 
indicated the high level of heavy metals in the lagoon water and 
also the bioaccumulation potential of heavy metals in oyster’s 
organs. Results obtained after the parking of oysters, indicated 
that, this technique has a very significant role in the reduction of 
lead content in oyster. Indeed, the rate of lead content down to 
15.96% in sample of Azizakouè,  60.30% in sample of Dégouè, 
36.88% in sample of  Djondji and 61.65% in sample of Meko 
(figure 1). However, results obtained during the evaluation of 
the parking effect on copper content indicated that the parking 
technology is effective in only Mèko and Djondji (figure 2). 
 
Discussion: Amongst fisheries products, oysters play an 
important role in the provision of need protein for the populace. 

They are cultivated in large numbers in countries. In Benin, 
there is beginning to be awareness in oyster as a protein 
resource and employment for artisanal fishermen. The high 
level of microbial contamination of oyster indicated however a 
potential health risks for the consumer. These results could be 
attributed to the frequent contamination of water with sewage in 
addition to the endogenous microflora of the oysters. 
Crassostrea gasar is a filter feeder and selects out 
microorganisms from the surrounding water, concentrating such 
within its body. It uses the same principles to cleanse itself of 
such organisms when placed in clean or purified water18. The 
level of bacteria load of the surrounding water therefore, to a 
large extent determines that of oysters. Ukwade19, in a 
microbiological studies of oyster from water source of Lagos 
lagoon, reported that oysters were discovered to be 
contaminated with coliform and E.coli, and the analysis of water 
revealed a positive correlation in microbial counts of oysters 
and the surrounding water. 
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Figure-2 

Lead (Pb) content of oyster samples 

 

 
Figure-3 

Copper (Cu) content in oyster samples 
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The presence of Salmonella spp in the oyster revealed the 
possible presence of other pathogens as indicative of the high 
faecal counts. This is also reported by Ukwade19. However, the 
significant public health problems associated with shellfish arise 
from their ability to concentrate viruses and bacteria from the 
surrounding waters20. In this study, all oyster samples analysed 
were not contaminated with Vibrio spp and were satisfactory in 
relation to the requirement of the standard. The results of the 
evaluation of the microbial flora of oysters after parking showed 
that this method effectively reduces the microbial 
contamination. However, the reduction rates are significant in 
the lakeside villages of Azizakoue and Djondji, then indicates 
an efficiency of 50%. The non-effectiveness of this method of 
parking observed in the villages of Meko and Dégoué could be 
related to the fact that in these areas, the circulatory flow of 
water in the lagoon is low due to the relief, which does not 
allow the relatively rapid turnover of the water in which bathes 
the oysters. According to Dore and Lees21, if the treatment is 
done properly, bacteria are generally reduced to undetectable 
levels, while viruses are reduced to a much lower rate because 
they are stronger and more persistent than bacteria.  
 
There has been a general global increase in industrial activity 
over the past few decades, resulting in a significant application 
of metals in the various processes; in turn causing a great 
escalation of metals in the environment. Although, some metals 
are essential to human health and may be found naturally at low 
concentrations in the body, these may act as toxicants when 
humans or animals are exposed to high concentrations; which 
cause wide-ranging toxicological effects in these organisms as 
the metals tend to accumulate in several tissues. Heavy metals 
were defined as those with a higher density than 5 g/ml 22. 
Results of copper content of oysters ranged from 4.56 mg/kg to 
19.90 mg/kg and not exceeding the rate of 30 mg/kg for 
products consumption. Results obtain after parking of oysters 
showed the ineffectiveness of treatment on 50% of villages 
(Azizakouè and Dégouè). These observations coincide with 
those of Mallet et al.23 who also noted that the copper content 
increased after the parking of oysters. They concluded that this 
contamination come from sediments. The evaluation of the 
heavy metal content after penning indicated a significant 
reduction in the lead content of samples at all parking stations. 
These results confirm the effectiveness of this method in 
reducing chemical pollutants including heavy metals. However, 
the results of the levels of copper in oyster samples after their 
parking indicates a decrease in content only on the parking 
stations of Meko and Djondji. These results show that the 
parking oysters in view of the reduction of pollutants depends 
also on the type of pollutant involved in chemical pollution. 
 
Conclusion 

Oysters are an important source of animal protein for use as a 
dietary supplement in diets mainly dominated by vegetable 
protein or even deficient protein diets. However, results from 
this study indicated that oysters may be contaminated with 

pathogenic microorganisms and chemical contaminants, 
including lead and copper. Purge methods commonly used in 
lakeside villages could significantly reduce this pollution, but do 
not fully ensure the safety of oysters. So attention must be paid 
to this growing sector in Benin to ensure the health of 
consumers. 
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