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ABSTRACT 
 

Lettuce is one of the most popular and consumed vegetables in the world. It could be contaminated 
with Salmonella spp. which would lead to food poisoning. The objective of this study was to 
quantitatively assess the risk of salmonellosis linked to the consumption of lettuce produced in 
Bouaké (Central-Côte d’Ivoire). A survey of 138 urban lettuce producers and 384 salad lettuce 
consumers was first conducted. Then, microbiological analyzes were carried out on forty-five lettuce 
samples collected in the city of Bouaké. A probabilistic approach was followed to quantitatively 
assess the risks associated with the consumption of lettuce. Finally, the risk of ingestion of the 
infectious dose which is 105 cells of Salmonella spp. was estimated by a Monte Carlo type 
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simulation. Microbiological analyzes showed that Salmonella spp. loads ranged from 0 ± 0 CFU/g to 
7.73.102 ± 2.33.101 CFU/g. Furthermore, the prevalence of Salmonella spp. in lettuce was 77.78%. 
The risk of salmonellosis exists and is 6.36% to 6.56%; i.e. 6,360 to 6,560 cases per 100,000 
inhabitants. This study showed that lettuces were contaminated with Salmonella spp. There is a risk 
of developing typhoid or paratyphoid salmonellosis following their consumption. 
 

 

Keywords: Lactuca sativa; Salmonella spp; risk assessment; Bouaké; Côte d’Ivoire. 
 

1. INTRODUCTION  
 

In Côte d’Ivoire, the urbanization rate was around 
52% in 2017. The trend of urbanization and 
migration towards cities is increasing. In addition, 
urban population growth increases the need for 
food crops and especially market gardening. 
Fruits and vegetables are increasingly consumed 
by populations in developing countries. They are 
renowned for their organoleptic and nutritional 
qualities. In Ivory Coast, market gardening is 
characterized by an abundance of products [1]. 
Market gardening is practiced in lowlands and by 
vulnerable social groups. It is an agricultural 
activity linked to the production of vegetables in 
general, including lettuce [2]. It generates income 
for producers. It is also a source of 
empowerment and improvement in the living 
conditions of market gardeners [3,4]. 
Furthermore, the availability of very limited 
reliable agricultural statistics in Côte d'Ivoire [5] 
constitutes an insufficiency for this sector despite 
its strong contribution to food security. Although 
fruits and vegetables of urban origin are 
renowned for their nutritional qualities, the same 
is not true for their health qualities. In Bouaké, a 
large city in the center of the country, urban 
market gardening faces enormous difficulties. 
This concerns, among other things, the proximity 
of certain production sites to places where pipes 
loaded with domestic and industrial effluents lead 
[6]. We also note the use of wastewater for 
irrigation [7]. This could lead to microbial 
contamination of vegetables by Salmonella spp. 
with a negative impact on the health of the 
consumer. Many studies have mentioned the 
contamination of vegetables and mainly lettuce 
by Salmonella spp [8,9]. Consumption of food 
contaminated with Salmonella spp could lead to 
collective foodborne illness (TIAC). It very often 
causes typhoid fever which can even lead to 
death [10]. Would the consumption of 
vegetables, particularly lettuce, present a risk for 
the consumer? This study was carried out with 
the aim of providing elements of response to this 
concern. Its objective is to quantitatively assess 
the risk of salmonellosis linked to the 
consumption of lettuce produced in Bouaké. 
More specifically, it was a question of 

determining the lettuce consumption pattern and 
characterizing the associated risk. 
 

2. MATERIALS AND METHODS  
 

2.1 Study Areas  
 

The study area is the city of Bouaké located in 
the center of Côte d'Ivoire. the department of 
Bouaké is part of the Gkêkê region. it is limited to 
the North by the department of Katiola, to the 
South by the department of Tiébissou, to the east 
by that of M' Bahiakro and to the west by the 
departments of Béoumi, Sakassou and Botro. 
The department has 5 sub-prefectures (Bouaké, 
Brobo, Mamini, Bounda and Djébonoua) and 3 
communes (Bouaké, Djébonoua, and Brobo) 
[11]. 
 

2.2 Collection of Data Related to the 
Production and Consumption of 
Lettuce  

 

To conduct surveys at producer level, sheets 
including questionnaires were developed. They 
made it possible to collect information on urban 
lettuce production in the city of Bouaké. The 
investigation for the characterization and 
production of lettuce consisted of two essential 
parts. The first part provides information on the 
profile of producers (sex, age, nationality, level of 
education) and the second part concerns the 
characteristics of urban production (source of 
irrigation water, type of fertilizer and the use of 
pesticides). In total, the survey covered one 
hundred and thirty-eight (138) lettuce producers. 
As for the diagnostic investigation, emphasis was 
placed on the quantities and frequency of lettuce 
consumption and the symptoms encountered. A 
total number of three hundred and eighty-four 
(384) salad lettuce consumers were interviewed. 
The people surveyed are of both sexes, of all 
levels of study and from all social strata. 
 

2.3 Sampling 
  
Three sites located in the center of the city of 
Bouaké were selected. On each site, three 
different boards constituted a study block. When 
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the crop was ripe, three lettuce plants (a sample) 
weighing 500 g were harvested and then 
packaged in a stomacher bag. These sachets 
have been carefully labeled with an individual 
identification number. They were subsequently 
transported in coolers containing cold 
accumulators to the Agrovalorization laboratory 
for microbiological analyses. In total, 45 lettuce 
samples, 5 samples per study site, were taken.  
 

2.4 Testing for Salmonella spp  
 

The search for Salmonella spp was carried out in 
4 stages according to standard NF / ISO 6579: 
2002 Amd 1: 2007. These are pre-enrichment, 
enrichment, isolation and finally reading and 
identification. 
 

2.5 Assessment of Microbiological Risk 
Linked to the Salmonella Genus  

 

The risk assessment linked to the Salmonella 
genus in lettuce (Lactuca sativa L.) was carried 
out following the method described by the Codex 
Alimentarius Commission [12]. It took place in 4 
stages which are: identification of the danger, 
characterization of the danger, assessment of 
exposure and characterization of the risk. The 
exposure assessment step provides a 
mathematical link (model) between the quantity 
of microorganisms ingested and the fraction of a 
consuming population that would become ill. As 
for that of risk characterization, it establishes the 
risk of the occurrence of the disease for a given 
population [13,14,15]. For this study, the 
infectious dose was 105 cells [16].  
 

2.6 Data analysis  
 

The various data collected are processed using 
SPSS 22 software. For the microbiological risk 
assessment, the data were processed using 
MATLAB R 2016b software. The results of the 

treatments are presented in the form of graphs, 
pie charts and tables. 
 

3 RESULTS 
 

3.1 Profile of Producers, Inputs Used and 
Conditions Linked to the 
Consumption of Lettuce Produced in 
Bouaké 

 
3.1.1 Profile of urban lettuce producers 
 
The profile of urban lettuce producers is 
summarized in Table 1. Lettuce is produced by 
both genera in the town of Bouaké. It is 
dominated by the male gender with a rate of 
53.62% compared to 46.38% for the female 
gender. The age of the producers varies between 
30 and 60 years. Ivorians are more numerous in 
this sector of activity with a rate of 45.65%, 
followed by Burkinabés and Malians with 
respective rates of 36.96% and 17.39%. The 
majority of lettuce producers surveyed in the city 
are illiterate with a rate of 56.52%. However, 
there are also primary and secondary level 
producers at rates of 33.33% and 10.15% 
respectively. 
 

3.1.2 Main inputs used in lettuce production 
 

The main inputs used in lettuce production are 
recorded in Table 2. 37.68% of the producers 
surveyed use water from unprotected wells for 
watering. On the other hand, 62.32% use surface 
water for watering lettuce. Poultry droppings and 
chemical fertilizers are used by respondents in 
73.91% of cases as fertilizer in the city of 
Bouaké. Lettuce producers, 26.09%, use a 
mixture of poultry droppings, cow dung and 
chemical fertilizer to fertilize the beds. 
Furthermore, almost all producers use pesticides 
to combat lettuce pests. 

 

Table 1. Profile of urban lettuce producers in Bouaké 
 

  Frequency Percentage (%) 

Age < 30 years 21 15,21 
30-60 years 109 79 
> 60 years 8 5,79 

Genre Male 74 53,62 
Female 64 46,38 

Nationalité Ivoirian 63 45,65 
Burkinabé 51 36,96 
Malian 24 17,39 

Level of study  illiterate 78 56,52 
Primary 46 33,33 
Secondary 14 10,15 
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Table 2. Main inputs used in urban lettuce production in Bouaké 
 

Inputs Fréquence Pourcentages (%) 

Water from unprotected wells 52 37,68 
Surface water 86 62,32 
Poultry droppings and chemical fertilizers 102 73,91 
Poultry droppings, cow dung and chemicalfertilizers 36 26,09 
Pesticides 138 100 

 
3.1.3 Conditions linked to the consumption of 

lettuce produced in the city of Bouaké 
 
No consumers were sick during the surveys. But 
previous potential symptoms associated with a 
food infection related to lettuce consumption 
were reported by 74.23% of consumers. The 
most commonly mentioned conditions were 
abdominal pain, nausea, vomiting, diarrhea and 
high fevers. Fig. 1 illustrates the conditions 
linked to the consumption of lettuce in Bouaké. 

3.2 Risk of Salmonellosis Linked to the 
Consumption of Lettuce Produced in 
the City of Bouaké 

 
3.2.1 Daily quantities of lettuce consumed 

per person and per meal 
 

The distribution of quantities of lettuce consumed 
obtained from the consumer survey is presented 
in Fig. 2. The daily quantities of lettuce vary from 
91.28 ± 32.42 g to 155.38 ± 29.69 g. 

 

 
 

Fig. 1. Conditions linked to lettuce consumption in Bouaké 
 

 
 

Fig. 2. Daily quantities of lettuce consumed per person in Bouaké 
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3.2.2 Distribution of the Salmonella spp 
pathogen in lettuce 

 
The distribution of the pathogenic germ             
studied in lettuce is shown in Fig. 3. The 
analyzes show that the pathogenic germ               

sought was found in 35 lettuce samples                  
from the city of Bouaké. However,                    
microbial loads range from 0 ± 0 CFU/g to 
7.73.102 ± 2.33.101 CFU/g. Furthermore, the 
prevalence of Salmonella spp in lettuce was 
77.78%. 

 

 
 

 
Fig. 3. Distribution of Salmonella spp in lettuce from Bouaké 

 

 
 

Fig. 4. Risk of salmonellosis linked to the consumption of lettuce produced in Bouaké 
according to Monte Carlo type simulation 
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3.2.3 Risk of Salmonella spp in lettuce and 
exposure assessment 

 
Fig. 4 is the result of the simulation using the 
Monte Carlo method of the distribution of the 
microbial load (Salmonella spp) and that of the 
daily consumption of lettuce. It represents the 
distribution of ingestion of the contaminant 
(Salmonella spp) by consumers. It also provides 
information on the risk of contracting typhoid or 
paratyphoid fever and non-typhoid salmonellosis 
linked to the consumption of lettuce. As a result, 
the risk of salmonellosis linked to the 
consumption of lettuce in the city of Bouaké is of 
the order of 6.36% to 6.56%; i.e. 6,360 to 6,560 
cases per 100,000 inhabitants. 
 

4. DISCUSSION 
 
Urban agriculture, and particularly lettuce 
production, is experiencing significant 
development in the city of Bouaké. It is an 
activity practiced by both genders. It is 
dominated by the male gender with a rate of 
53.62% compared to 46.38% for the female 
gender. These data differ from those reported by 
Kouassi et al. [17]. Indeed, in a similar study in 
Daloa (Côte d’Ivoire), the authors showed that 
urban lettuce production is dominated by women 
in 58.1% of cases compared to 41.9% for men. 
The results obtained in this study are similar to 
those of Bâ et al. [18], who showed in a recent 
study in Dakar, Senegal that market gardening 
activity was dominated by men in 95% of cases. 
Furthermore, according to Alio et al. [9], urban 
lettuce production is exclusively reserved for 
men in the majority of cases (100%). The strong 
involvement of men in this activity could be 
explained by the unavailability of land. The 
below-average rate of women could be linked to 
the arduousness of the work. Added to this is the 
fact that women are generally specialized in the 
marketing of agricultural crops [19]. But also by 
the lack of financing for market gardening 
activities. The omnipresence of seniors, even 
retirees, seeking additional income [18] and 
certainly the arduousness of the work 
(transplanting and irrigation) mean that the age 
of the producers surveyed is between 30 and 60 
years old. This result is inconsistent with those of 
N’diaye et al. [19]. Indeed, according to a study 
carried out in Casamance in Senegal, the age of 
urban producers is between 20 and 80 years old. 
Similarly, the age of producers in a study carried 
out on the Kollo site (Niamey) ranges from 17 to 
70 years [20]. Market gardening in Bouaké is 
mainly practiced by Ivorians in 45.65% of cases 

on the sites investigated. Unlike the studies 
carried out by Ganacadja et al. [21], the activity 
is mainly carried out by non-nationals with a rate 
of 87.87%. This result comes from a study 
carried out on the analysis of some 
characteristics of the market gardening sector in 
three provinces of Gabon. The strong 
involvement of Ivorians in market gardening in 
Bouaké could be due to the fact that they are 
engaging more and more in this activity. The 
percentage of illiterates (56.52%) obtained from 
this study is higher than the 34% of illiterates 
reported by Sandrine et al. [22]. This illiteracy 
rate could be explained by the fact that market 
gardening does not necessarily require a fairly 
high level of education. However, the level of 
education impacts the mastery of Good 
Agricultural Practices (GAP). 
 
The producers surveyed (37.68%) use water 
from unprotected wells and surface water 
(62.32% of producers) for watering lettuce. 
These risky practices were reported by Kouadio 
et al. [23] who showed in a study that urban 
producers use well water for irrigation. Likewise, 
Kouassi et al. [17] showed that lettuce growers 
use surface water for watering. Poultry droppings 
and chemical fertilizers are used by respondents 
(73.91%) as fertilizer in the city of Bouaké. This 
result corroborates with those found by Kouadio 
et al. [23], De Bon et al. [24] and Yeo et al. [25] 
in their various works. Nearly 26.09% of urban 
lettuce producers use a mixture of poultry 
droppings, cow dung and chemical fertilizer for 
fertilizing the beds. This goes hand in hand with 
the results of Boukary et al. [20] stating that 
urban producers use organic manure combined 
with two types of chemical fertilizer (NPK and 
Urea). The use of these fertilizers proves that 
cultivable soils are increasingly poor in nutrients. 
All producers (100%) use pesticides. This result 
is contrary to that of Boukary et al. [20] which 
showed that 74% of producers use chemicals. 
The use of pesticides could be explained by the 
high presence of diseases and crop pests. 
 
Furthermore, the results showed that 74.23% of 
consumers developed illnesses following the 
consumption of lettuce. The symptoms detected 
are markers of typhoid or paratyphoid fever and 
non-typhoid salmonellosis. This could be 
explained by the non-rational use of poultry 
droppings and cow dung as fertilizer. Some 
producers seem to have less control over 
fertilizer application doses [26]. Added to this is 
the irrigation of the plants with well water in 
watering cans. In fact, these methods lead to 
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microbial contamination of the products. 
Therefore, a complex epidemiology of 
Salmonella spp. [9]. The results also reveal that 
the daily quantities of lettuce consumed by the 
people surveyed vary from 91.28 ± 32.42 g and 
155.38 ± 29.69 g. In contrast, Yao et al. [27] 
showed in a study that the total quantity of 
lettuce consumed in one day by all households 
surveyed in Port-Bouët is 4,180 g. This high 
consumption of lettuce by populations could be 
explained by the fact that this vegetable is very 
popular. Furthermore, lettuce is an important 
nutritional source. 

 
The results obtained showed that Salmonella 
spp. was found in 35 lettuce samples analyzed. 
Therefore, the prevalence of Salmonella spp in 
lettuce is 77.78%. Microbial loads range from 0 ± 
0 CFU/g to 7.73.102 ± 2.33.101 CFU/g. This 
prevalence is opposed to that of Kouassi et al. 
[17] found in their study on lettuce. Conversely, 
Traoré et al. [28] found a prevalence of 50% in a 
study carried out in Burkina Faso. This very high 
prevalence rate is explained by the illiterate rate 
(56.52%) present on the study sites. This high 
presence of Salmonella spp. in lettuce would 
increase the risk of salmonellosis [29,30]. It 
would therefore be important to characterize this 
risk. 

 
The study carried out highlighted the risk of 
salmonellosis linked to the consumption of 
lettuce produced in Bouaké. This risk is of the 
order of 6.36% to 6.56%; i.e. 6,360 to 6,560 
cases of salmonellosis per 100,000 inhabitants. 
The high risk of salmonellosis is surely due to 
the high presence of Salmonella spp. in lettuce. 
It could worsen with the presence of other 
germs. It is important for consumers to wash 
lettuce well and disinfect it with sodium 
hypochlorite, respecting the recommended 
doses. 

 
5. CONCLUSION 
 
This study focused on the assessment of the 
risks of salmonellosis linked to the consumption 
of lettuce produced in the town of Bouaké 
(Central Côte d’Ivoire). It revealed that lettuce is 
produced by illiterate people at a rate of 56.52% 
in difficult conditions. Lettuce is very popular 
among the population of this city with a daily 
consumption of 91.28 ± 32.42 g to 155.38 ± 
29.69 g per capita. The microbiological analyzes 
carried out gave a prevalence of 77.78% of 
Salmonella spp. in the lettuce samples. Which 

means that these samples are not suitable for 
consumption. The conditions recorded during 
this study are characteristic of Salmonella. 
Furthermore, the risk assessment showed that 
the risk associated with the presence of 
Salmonella spp. for the lettuce consumer in 
Bouaké exists. Taking into account the infectious 
dose of 105 cells, the probability of developing 
salmonellosis when consuming lettuce is 6.36% 
to 6.56%; i.e. 6,360 to 6,560 cases per 100,000 
inhabitants. This reveals a real public health 
problem. Given the high consumption of lettuce 
by populations, these results should attract the 
attention of the competent authorities who could 
organize awareness campaigns on BPA and 
microbiological risks of food origin. 
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