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Abstract 

 

 

 

This study has evaluated the microbiological quality of the leaves of Solanum macrocarpum L. cultivated  with chicken’s droppings 

and water of watering. A pilot site at Glo and market-gardening sites of Houeyiho, Fidjrosse and Agongbomey were used as sites of 

study. The salmonellas and fecal coliforms whose Escherichia coli were required in the environment of culture of Solanum 

macrocarpum L. Eight samples resulting respectively from water of watering; ground and leaves were analyzed. No salmonella was 

detected on these samples. Water of watering of the pilot site of Glo is not contaminated by Escherichia coli compared to those of the 

sites of Houeyiho (1.8.104 ± 28.42 UFC/100 ml) ; Fidjrosse (0.95.104 ±70.10 UFC/100 ml) ; Agongbomey (5545 ± 77.53 UFC/100 ml) 

(p<0.05). The leaves of Solanum macrocarpum L. were contaminated by Escherichia coli with different degrees according to the 

site: Glo (35.65.104 ± 457.08 UFC/g); Houeyiho (0,95.103 ± 70.71 UFC/g); Fidjrosse (1.103 ± 0 UFC/g) ; Agongbomey (0.9.103 ± 0 

UFC/g) (p<0.05). In addition, Escherichia coli is strongly developed on the leaves of Solanum macrocarpum L. from the pilot site of 

Glo with a neutral pH (7.305 ± 0.064) compared to the other sites: 6.550 at Houeyiho; 6.480 at Fidjrosse and 6.445 at Agongbomey 

(p<0.05). The study has shown that the leaves of Solanum macrocarpum L. are contaminated by the enterobacteria and their 

consumption may expose the populations to some risks of enteric diseases. 
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Urban agriculture became throughout the whole world 

and specifically in the developing countries, one of the 

activities necessary to ensure the food safety of the 

townsmen and to get financial resources with the 

unemployed persons of the cities. Mougeot (2006) 

reported that between 2015 and 2020, more half of the 

world population will live in urban or perish-urban 

zone. The role of urban agriculture is fully justified 

when taking into consideration this demographic 

explosion on a worldwide scale. Its contribution with 

the food production on a world level which was at 15 % 

in 1993 can have exceeded 33 % as from the year 2005 

(Niang, 1996).  

 

Smit et al. (1996) revealed that this activity is practiced 

in at least 90 towns of 31 countries of the Southeast 

Asia, of the Middle East, of Europa, of Sub-Saharan 

Africa, Antilles and North, Center, South America. In 

addition, 800 million people practice this activity on a 

worldwide scale (Koc et al., 2006). The problems of 

urban agriculture and in West Africa were the subject 

of several publications which show well its importance 

in cities (Akinbamijo et al., 2002). Urban agriculture is 

thus socially very significant. The activities of 

production, transformation and marketing offer 

employment opportunities for a significant mass of the 

urban population in situation of chronic 

unemployment and the rural ones in seasonal 

migration.  

 

Benin, like many African countries, experienced these 

last years a development of urban agriculture. In 

Cotonou, the market-gardening production and more 

precisely that of the vegetable-leaves is a reality 

impossible to circumvent. It contributes to the 

provisioning of the markets of the city in food 

products. The modernization and the intensification of 

the systems of production induce a stronger use of 

manures and comparable. The producers answer this 

request by the recycling of various types of waste 

(Akinbamijo et al., 2002).  

Thus, inside the city, the population developed a local 

strategy of market-gardening production which 

resulted in the use of the chicken’s droppings and 

water of the marshes to amend and sprinkle the 

market-gardening products. These poultry’s droppings, 

as the many waste used in agriculture, contains organic 

matter and biogenic salts which constitute a 

contribution interesting for the grounds of culture 

(Legret et al., 1988).   But the presence of pathogenic 

in the droppings  represents a major constraint with its 

use in agriculture. Indeed, in the event of use of 

animals waste on the market gardenings (whose  leaves 

are consumed), some pathogenic micro-organisms 

could pass in the excreta of the people infected to find 

itself in water of the marshes being used for watering 

of the cultures. The enterobacteria could be contained 

in these droppings and contaminate the plants which 

they are used to amend (Métras, 2003). This situation 

could induce medical problems with the fresh 

vegetable consumers.    

 

Therefore, the conditions of production of the 

vegetable-leaves on the market-gardening grounds at 

Cotonou do not guarantee their sanitary quality. As 

remarked that more and more market-gardeners 

prefer to use the droppings of chickens and water of 

marsh to amend and sprinkle their cultures, the study 

evaluated that practice’s impact on the microbiological 

quality of Solanum macrocarpum L., a vegetable 

highly appreciated at Cotonou (MVAD, 2003). It is 

then about a contribution in favor of food safety in 

Republic of Benin. 

 

Materials and methods 

Localization of the sites of study 

Our survey took in account a witness site at Glo (6° 56 ' 

Northern latitude and 2°30’ Eastern longitude) and 

market-gardening sites of Houeyiho (6° 21' 20'' 

Northern latitude and 2° 21' 35'' Eastern longitude), of 

Fidjrosse (6° 22' Northern latitude and 2° 24' Eastern 

longitude); of Agongbomey (6° 21' Northern latitude 

and 2° 24' 45'' Eastern longitude) (Fig. 1).  
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Fig. 1. Localization of sites included in the survey. 

 

Sampling 

It has been used among others of the white sachets 

labeled to collect samples, of sterile gloves for 

withdrawals, an icebox for the transportation of 

samples. For exams to the laboratory, we used 

surroundings of culture as Rapid E.coli, some 

serological pipettes, drying ovens, the crushers. 

On each site, we carried out in two different market-

gardeners, some samples of ground; water of watering; 

leaves of Solanum macrocarpum L. 500 grams of fresh 

leaves were collected on the vegetable seedlings then 

introduced into hermetically tied plastic sachets. 500 

grams of ground were taken with a depth ranging 

between 0 and 15 centimeters and put in plastic 

sachets. The samples of the water of watering were 

directly taken in sterile sachets at a rate of 0.5 liter. All 

the samples were transported in a refrigerator towards 

the laboratory in a one hour interval after the taking 

away where they were preserved at once at a 

temperature of 4° C. The microbiological analyses were 

carried out in the 24 hours following the test sample 

selections. The research for pH was made by the two 

weeks.  

 

Methods of analysis 

Microbiological analyses 

The microbiological analyses were carried out in the 

Hygiene Section of Water and Food at the Service of 

the Biomedical Analyses Laboratories (Benin). The 

purpose of the microbiological analyses are to highlight 

the presence or not of fecal coliforms, specifically 

Escherichia coli (E.coli) and salmonellas in the 

samples of water, ground and leaves of Solanum 

macrocarpum L. The fecal coliforms and especially 

Escherichia coli were required because they are pilot 

presence of pathogenic microorganisms.  

 

Research of fecal coliforms and E.coli on the leaves of 

Solanum macrocarpum L.   

After having weighed 25 grams of the samples, we add 

Peptoned Plug Water (EPT) until the limit of 250 

grams. That’s what we call pre-enrichment. Then we 

carry out successive dilutions from 10-2 to 10-4 starting 

from pre-enrichment before sow by incorporation 1 ml 

of the dilutions of 10-3 and 10-4 on the medium Rapid 

E.coli. It has been incubated with 44°C during 24 

hours ± 2 hours. All the colonies of E.coli appeared as 

violet and those of the fecal coliforms were blue.  

 

Research of fecal coliforms and E.coli on the samples 

of water of marsh 

It has been taken 1 ml of the sample and carried out 

successive dilutions with 10-1 and 10-2. Then it has been 

taken 1ml of dilution with 10-2 and sow by 

incorporation on the medium Rapid E.coli. After 

incubating with 44°C during 24 hours ± 2 hours, the 

colonies of E.coli appeared as violets and those of the 

fecal coliforms were blue.  

 

Research of fecal coliforms and E.coli on the samples 

of water of tap 

We had to filter the sample and to deposit the filtrated 

membrane on the medium Rapid E.coli and incubate it 

with 44°C during 24 hours ± 2. The colonies of E.coli 

appeared as violets and those of the fecal coliforms 

were blue.  

 

Research of salmonellas on the samples of leaves, 

grounds and water 

Either it is a sample of ground, water or leaf, the 

procedure is the same one. Indeed, it is necessary to 

weigh 25 grams of the sample, to supplement to 250 

grams with Peptoned Plug Water (EPT), to incubate 

with 37°C during 18 hours,  to sow 0,1 ml of this pre-
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enrichment in 10 ml of medium Rappaport Vasiliadis 

and 2 ml of the same pre-enrichment in 20 ml of 

medium Kaufman, to incubate with 37°C during 24 

hours ± 4, to insulate the colonies resulting from this 

enrichment on mediums Xylose Lysine Decarboxylase 

(XLD) and Hektoen, to incubate with 37°C during 24 

hours ± 4, to select the characteristic colonies of 

salmonellas, to carry out the test of discrimination by 

sowing the urea medium and waiting for two hours. 

The salmonellas don’t have urease.  

 

Physicochemical analyses  

The physicochemical analyses were carried out in the 

Analysis laboratory of the Ground of the Agronomic 

Faculty of Science, in Republic of the Benin. It was 

about the determination of the pH. The measurement 

of the pH of the ground and the droppings informs 

about their degree of acidity or of alkalinity. With this 

intention, and in accordance with the standard of 

reference NF ISO 10390: 1994, the samples were 

filtered with a sieve of mesh 0,2 mm. Twenty grams of 

each sample were weighed in bechers and we add it 50 

ml of distilled water which and agitated during 15 

minutes using an agitator. The solution obtained was 

left at rest during thirty minutes. The reading of the pH 

was made using a pH-meter of straw mattress CG 825.  

For the water samples, the determination was done 

directly using the pH-meter of straw mattress CG 825 

of manner in conformity with the standard of reference 

NF T 90-008: 2001.  

 

Statistical analyses 

It was calculated the averages and the standard 

deviations. Multiple comparisons consisting in 

comparing the averages using the test of Student p 

(T>t) = 0.05 were made. The softwares used are 

Microsoft Excel 2010 and XL Stat 2011.  

 

 

Results 

Presence of fecal coliforms in the culture’s 

environment of Solanum macrocarpum L.  

 

Water of watering 

Water of watering of the witness site of Glo is not 

contaminated by fecal coliforms (0 UFC/100ml) 

whereas those of Houeyiho, Fidjrosse and 

Agongbomey are it respectively with 14.5.104 ± 70.06 

UFC/100 ml; 8.5.104± 106.01 UFC/100 ml and 

1.05.105± 70.06 UFC/100 ml. Escherichia coli misses 

on the witness site of Glo contrary with Houeyiho 

(1.8.104 ± 28.42 UFC/100 ml), with Fidjrosse (0.95.104 

± 70.10 UFC/100 ml) and with Agongbomey (5545 ± 

77.53 UFC/100 ml) (Fig. 2). These differences prove to 

be significant since it is about total absence on the site 

of Glo and presence of coliforms on the other sites (p< 

0.05).  

 

Fig. 2. Presence of fecal coliforms in water of 

watering. 

 

Fig.3. Variation of the grounds pH according to site. 

 

 

 

Vegetable leaves 

The leaves of Solanum macrocarpum L. of the witness 

site of Glo are contaminated by fecal coliforms 
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(6.05.105 ± 219.10 UFC/g) whereas those of Houeyiho, 

Fidjrosse and Agongbomey are it respectively at a rate 

of 0.95.103 ± 70.71 UFC/g; 3.5.103 ± 21.32 UFC/g and 

182.103 ± 25.01 UFC/g (Table 1).  

 

Table 1. Presence of fecal coliforms in the leaves of 

Solanum macrocarpum L. according to sites. 

Sites G H F A 
Samples of 

S.macrocarpum 
leaves 

4.5.105 
 

1.103 
 

5.103 
 

4.103 
 

7.6.105 0.9.103 2.103 3.6.105 

Average 6.05.105 0.95.103 3,5.103 182.103 

±Standard 
deviation 

219.10a 70.71a 21.32a 25.01a 

G, H, F and A are respectively the initials of Glo, Houeyiho, 

Fidjrosse and Agongbomey. The averages carrying the same 

letters are not significantly different with the threshold from 

significance α = 0.05. 

 

Table 2. Presence of Escherichia coli in the leaves of 

Solanum macrocarpum L. according to sites. 

 Escherichia coli (UFC/100 ml) 

Sites G  H F A 

Samples of 
leaves 

3.3.104 
 

  1.103 
 

1.103 
 

0.9.103 
 

6.8.105  0.9.103   1.103     0.9.103 

Average 35.65.104a 0.95.103a 1.103b   
0.9.103b 

± Standard 
deviation 

457,08 70,71    0       0 

G, H, F and A are respectively the initials of Glo, Houeyiho, 

Fidjrosse and Agongbomey. The averages carrying the same 

letters are not significantly different with the threshold from 

significance α = 0.05. 

 

The contamination of the leaves of Solanum 

macrocarpum L. by Escherichia coli is of 35.65.104 ± 

457.08 UFC/g on the witness site of Glo whereas it is 

respectively of 0.95.103 ± 70.71 UFC/g; 1.103 ± 0 

UFC/g and 0.9.103± 0 UFC/g on the sites of Houeyiho, 

Fidjrosse and Agongbomey. The statistical analyses 

revealed that the difference between the averages of 

Glo and Houeyiho is not significant with the threshold 

of significance α = 0.05. On the other hand, it is it with 

the same threshold between the averages of Glo and 

Fidjrosse then Glo and Agongbomey (Table 2). 

 

Contamination by the salmonellas of the environment 

of culture of Solanum macrocarpum L. 

The salmonellas were not detected in the environment 

of culture of Solanum macrocarpum L. Indeed, it was 

observed 0 UFC/100 ml in all the samples of grounds, 

of water of watering and the leaves of Solanum 

macrocarpum L. resulting from the sites of study.  

 

Variation of the grounds pH 

With regard to the pH, the averages obtained are as 

follows: Glo (7.305 ± 0.064); Houeyiho (6.550 ± 

0.014); Agongbomey (6.445± 0.120) (p< 0.05); 

Fidjrosse (6.480 ± 0.311) (Fig. 3).  

 

Discussion 

Presence of fecal coliforms in the environment of 

culture of Solanum macrocarpum L.  

It was required the fecal coliforms whose Escherichia 

coli in water of watering and the leaves of Solanum 

macrocarpum L. because these bacteria are produced 

in the intestine of the animals. The ground also 

constitutes according to Pilet (1981) their natural 

habitat. But their presence in vegetables is abnormal 

and accounts for the sanitary quality of this food. The 

presence of fecal coliforms brought by our results can 

be an indication of the presence of micro-organisms 

like one notified Zmirou et al. (1987). Moreover, the 

presence of Escherichia coli confirms the effective 

presence of the fecal coliforms. Also, Habtesealami et 

al. (2010) stress that Escherichia coli develops close to 

the roots of the plants and can contaminate the culture 

of the young growths. It can live during weeks around 

the roots of the plants and be transferred towards the 

edible parts.  

 

Generally, the water of watering used on the market-

gardening sites is contaminated by the fecal coliforms 

except for the witness site of Glo. This difference could 

be explained by the system of watering used. Indeed, 

on the site of Glo, the market-gardeners use the tap of 

the National Company of Water of Benin whereas on 

the other sites, the ground systems of marsh dug 
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(Houeyiho and Agongbomey) and of drilling 

(Fidjrosse) are adopted. Water of watering of Houeyiho 

is polluted in fecal coliforms than those of 

Agongbomey and Fidjrosse. The results of this study 

are in agreement with those of Akodogbo (2005) which 

stress that the water of drilling is polluted than that of 

the wells (grounds dug of marsh). This author 

remarked in addition that the majority of the well 

rivers and drilling of Cotonou are invaded by the 

coliforms.  

 

It is the same for Escherichia coli absent on the site of 

Glo but present on the other market-gardening sites. 

That confirms well this water of watering knew a 

recent fecal contamination. This is possible insofar as 

the majority of the aforesaid sites have a considerable 

insalubrity (human excrements and other waste). The 

depth of the wells is also a factor very significant 

because more water infiltrates, more it gets rid of its 

impurities; however the majority of the sources of 

watering of the market-gardening sites are located in 

hollows and are not deep. None water of watering, put 

besides those of the site of Glo meets the standards 

varying between 100 and 200 UFC/100 ml for the 

coliforms and Escherichia coli, proposed by Santé 

Canada (1991).  

 

The leaves of Solanum macrocarpum L., indeed, are 

contaminated by the fecal coliforms on all the sites of 

study. This contamination would be certainly due 

either to the microbiological quality of the water of 

watering used on these sites, or with the chicken 

dropping being used for the amendment. The presence 

of coliforms on the witness site of Glo, amended by the 

chicken dropping and where water of watering is those 

of tap could accuse the droppings of chickens like 

principal source of contamination. Indeed, the 

vegetable leaves  resulting from the pilot site showed a 

strong rate of contamination by the fecal coliforms 

because the droppings used did not know any 

composting before the amendment of the seedlings. It 

confirms the results of Florin et al. (2009) which 

affirmed that the fecal rate of coliforms in vegetables 

decreases considerably if the composting of the 

droppings used to amend them is adequate. In 

addition, the leaves coming from all the sites present 

values higher than those imposed by the provincial 

Committee of Canada on the standardization and the 

interpretation of the microbiological criteria in the 

food which is of 1,0.102 UFC/g (Santé Canada, 1991).    

 

Presence of the salmonellas in the culture’s 

environment of Solanum macrocarpum L.  

Generally, no salmonella was found in the 

environment of culture of Solanum macrocarpum. The 

absence of these germs in the water of watering, the 

ground and the leaves of Solanum macrocarpum L. 

could mean there’s no contamination of the droppings 

used for the amendment of this culture. Similar results 

were reported by Araba et al. (2000) which sought the 

salmonellas in nine samples of chicken droppings. 

Indeed, the enterobacteria are naturally present in the 

small intestine of the animals; their presence in a 

medium always has a fecal origin (Pilet, 1981).  

  

However, Rose et al. (1999) identified factors of risk 

relating to the contamination at 70% by Salmonella in 

the chicken droppings. This difference could be related 

to the taking away of droppings coldly collected by 

these authors on the level of the hen houses contrary to 

the method of collection adopted during the present 

study. Indeed, the chicken droppings were obtained 

after transport and storage during several weeks before 

their use. Storage aims in particular to cleanse the 

manure, by the heating which produced there. Kwak et 

al. (2005) have for this purpose, evaluated the effects 

of an in core treatment deep of the chicken litter. They 

thus suggested that the correctly piled up poultry litter, 

with or without ventilation, ensures the elimination of 

the pathogenic enterobacteria in 8 days. Moreover, 

Araba et al. (2000) bound the absence of salmonellas 

in their study with storage carried out at the level of 

the farms preceding the microbiological examinations.   
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However, it could be that the droppings used for the 

present study results from farms which were free of 

salmonella’s contamination.   

 

The pH and Escherichia coli  

Within the framework of this study, the ground of the 

witness site of Glo has a pH of 7,305, very near to 

neutrality. It is noticed that Escherichia coli strongly 

developed on the leaves resulting from this site 

contrary to the other sites whose pH is basic. 

Enterobacteria such that Escherichia coli develop with 

an optimum pH near to the neutrality which varies 

between 7, 2 and 7, 4 like remarked by Delahaye 

(2009). In addition, the alkalinity of the grounds of 

Houeyiho and Agongbomey compared to that of the 

other sites could be explained by the seniority of the 

site; exploitation of the sites of Glo and Fidjrosse being 

more recent.    

 

Conclusion 

The results of this study indicate that no risk of 

contamination of the leaves of Solanum macrocarpum 

L. by the salmonellas was detected on the sites of 

production. On the other hand, some risks of 

contamination of water of watering by the fecal 

coliforms whose Escherichia coli were identified on the 

market-gardening sites except that of Glo on the one 

hand and some risks of contamination of the leaves of 

Solanum macrocarpum L. by the fecal coliforms and 

Escherichia coli were detected on all the studied sites 

on the other hand. The presence of pathogenic micro-

organisms on vegetables of the various sites can be at 

the origin of food poisonings; this forecasts new 

prospects for research in order to cleanse vegetables 

consumed by the populations of Cotonou.  
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