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Background and objectives: Eggs and poultry sausages are widely consumed 
in Benin due to their affordability and high protein content. Nevertheless, 
inadequate hygiene practices during production, marketing, distribution, and 
consumption may pose significant food safety risks. This study assessed hygiene 
practices across these value chains.

Methods: A cross-sectional survey was conducted and involved 1801 stakeholders 
across five departments in Benin. Data were collected via a digitized, semi-
structured questionnaire administered via Kobocollect. The survey data was 
structured in Excel and then analyzed using R software to calculate frequencies 
and to cluster similar profiles among different stakeholders.

Results: Among the interviewers, egg consumption was 81.5%, compared to 
5.9% for sausages. Three primary consumption methods were observed: boiling 
(87.2%), frying (71.9%), and raw (3.47%) for eggs. Regarding hygiene practices, 
66.5% of handlers wash their hands before handling eggs, and 93.6% of selling 
locations are cleaned daily. However, eggs are transported under conditions 
that do not preserve their integrity, which may affect their quality when they 
reach consumers. Additionally, some eggs production farms engage in 
problematic practices such as antibiotic misuse and selling products without 
prior testing. Beyond eggs, the most common consumption method for 
sausage is frying (17.7%). Sausage production varies in processing diagrams, but 
hygiene and production practices are generally respected. However, significant 
concerns remain, regarding cold chain compliance, as sausages are not stored 
under appropriate temperature conditions. The study highlights the need to 
raise awareness among stakeholders within the poultry industry regarding the 
importance of adhering to good hygiene practices and their impact on public 
health.
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1 Introduction

The consumption of livestock products is increasing globally. Eggs 
and poultry sausages, in particular, are significant dietary components 
for populations worldwide, especially in low and middle-income 
countries (LMICs). Their affordability makes them widely accessible 
to diverse populations in these nations, often serving as staple meat-
based options. Benin’s agricultural and livestock sector boasts strong 
economic potential, with over 356,100 laying hens recorded (Direction 
de la Statistique Agricole (DSA-Benin), 2021). Egg production is a 
valuable asset for poverty reduction and the national economy, 
contributing a significant 5.7% to Gross Domestic Product (GDP) 
(Houedjofonon et al., 2019). However, Benin struggles to meet its 
demand for animal protein. According to the Food and Agriculture 
Organization (FAO), per capita consumption of animal protein sits at 
12 kg/person per year, falling below the recommended minimum of 
20 kg/person per year (FAO, 2015). To address this shortfall, Benin 
imported approximately 37,360 tonnes of edible meat and offal in 
2022, including 2,820 tonnes of sausages (Tridge, 2022; INStaD-Bénin, 
2023). Eggs are favored for their high-quality protein and lipid content 
and their richness in vitamins and minerals (Nau et  al., 2016). 
Sausages, as one of the most prevalent processed meat products 
globally, provide nutrients that cater to the dietary needs of individuals 
across various age groups (Güemes-Vera et al., 2018; Houmy et al., 
2020). World Health Organization statistics suggest that, worldwide, 
over 600 million people fall ill annually from consuming foodborne 
pathogens, particularly those of animal origin (Six et al., 2012; FAO 
and OMS, 2018; Hanafi et al., 2023). Foodborne illnesses remain a 
significant public health concern, with Salmonella being a 
predominant causative agent. Salmonella Enteritidis and Typhimurium 
are the main serovars associated with human salmonellosis, 
particularly from poultry products like eggs (Chousalkar and Willson, 
2022). Raw sausages can also pose a risk for Toxoplasma gondii 
infection, although the probability is low (Abdulmawjood et al., 2014). 
Products rich in essential nutrients, while beneficial for health, can 
also provide a favorable environment for the growth of pathogenic 
microorganisms if storage or processing conditions are not optimal. 
This can lead to a decline in their quality and increase the risk of 
foodborne outbreaks, such as septicaemia, diarrheal diseases, or other 
potentially severe, even life-threatening complications (EFSA, 2025). 
In Benin, the poultry industry is characterized by a predominance of 
small-scale farms with very little access to finance, and low levels of 
biosecurity, and most of these farms operate informally without 
following any procedure or regulations (Pougoue et al., 2019; Awad 
et al., 2023). Chicken sausage production is a booming sector, with the 
emergence in recent years of units processing poultry meat into 
thin-cut sausages and merguez (Kabore et  al., 2022). Given its 
innovative nature some adjustments need to be made in terms of 
hygiene and production technology, as sausages can be contaminated 
by microorganisms from equipment, environment staff and/or spices 
(Güngör and Gököglu, 2010). The growth of the egg and chicken 
sausage production sector in Benin offers major economic 
opportunities. However, the development of this sector is restricted by 
a lack of scientific data on the practices of the value chain stakeholders 
and on consumer expectations in terms of quality and safety. This 
article aims to compile a scientific data package to raise awareness 
among stakeholders involved in the value chains of table eggs and 
sausages. The package will analyze hygiene practices throughout the 

processing steps, distribution, and marketing of these products, while 
highlighting the health risks associated with current consumption 
patterns in Benin.

2 Materials and methods

2.1 Characteristics of study area

The present study was conducted in five departments within 
Benin’s southwestern region: Atlantique, Littoral, Mono, Couffo, and 
Oueme (Figure  1). These five departments are grouped into two 
Agricultural Development Poles (ADPs). Their selection was based on 
their high poultry product productivity and consumption levels 
(Direction de la Statistique Agricole (DSA-Benin), 2021).

2.2 Data collection and participant 
selection

A descriptive cross-sectional study was undertaken, involving a 
range of stakeholders. These included eggs and sausages producers, 
traders of both products, and consumers of eggs and sausages. To 
facilitate data collection, the digitized Kobocollect tool was used, 
ensuring a structured approach. Due to incomplete producer lists 
available, and the absence of any lists for sausage producers in the 
targeted departments, alternative methods were employed. Egg 
producers facilitated contact with counterparts in neighboring localities, 
using a “snowball sampling” technique (Dassou et al., 2018). Similarly, 
contacts with chicken sausage producers were established through local 
supermarkets. For retailers and consumers, sampling was carried out 
according to the formula described by Rea and Parker (1997), which 
determines sample size based on the target population, employing a 5% 
margin of error and a 95% confidence level. The questionnaire addressed 
various aspects, including hygiene practices during egg production, 
veterinary care for poultry, distribution, storage, and warehousing 
conditions for both products. Consumer habits regarding consumption 
and preservation were also explored. The study also investigated 
environmental hygiene practices throughout the production and sales 
chain, encompassing traders and farm managers. Finally, demographic 
data such as age, gender, and educational level were collected. Following 
a clear explanation of the research objectives, all participants provided 
informed consent to participate in the survey. Prior to deployment in the 
field, investigators underwent training and were equipped with digital 
questionnaires accessible on their smartphones.

2.3 Statistics analysis

Survey data underwent translation into a structured format 
before being uploaded to Microsoft Excel 2016. Subsequently, the 
data was imported into R software version 4.0.5 for statistical 
analysis. The following analyses were employed: Chi-square test: This 
test was employed to evaluate the independence between qualitative 
variables; Multiple Correspondence Analysis (MCA): MCA provided 
a visual representation through a graphical plot, allowing for the 
exploration of relationships between variables. Specifically, it 
examined the relationships between consumers and traders, 
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visualized on planes defined by factorial axes; Hierarchical Ascendant 
Classification (HAC): Building upon the components derived from 
the MCA, HAC was applied to categorize traders and consumers into 
higher-order clusters based on the similarity of their profiles. 
Descriptive statistics: Descriptive statistics were calculated to 
summarize the quantitative variables characterizing the various 
stakeholder groups within the survey. The level of statistical 
significance was set at 5%.

3 Results

3.1 Socio-cultural characteristics of 
participants

The interviews, using various semi-structured questionnaires, 
brought together a total of 1,801 stakeholders spread across the five 
target departments, as shown in Table 1. Analysis of the demographic 
characteristics of the different stakeholders presented in Table  2, 
enabled us to note that at the consumer level (n = 865), 57% were men 
compared to 43% women, with age ranges from 20 years to ≥ 60 years 
and only 11.3% had no formal education. The marketing of both types 
of products turns out to be  a female activity (73%), the majority 
(95.4%) of them are aged between 20 and 60, and 13.4% have no 
education. Moreover, table egg production is a male activity, with 
87.4% of men between the ages of 20 and 60, and only 2.3% not 

attending school. Finally, all the sausage producers were male, aged 
between 20 and 60, and with higher education.

3.2 Consumers’ characteristics, 
consumption patterns, and hygiene

Four (04) groups of stakeholders in terms of consumers and 
traders have been identified. Product consumed, the mode of 
consumption, compliance with hygiene practices, the places of supply 
and the frequency of consumption were used to classify consumers 
into the following groups: Group 1: Consumes only a few eggs and 
sausages; representing 7.4% of consumers; Group 2: Consumes more 
eggs than sausages; representing 74.2% of consumers; Group  3: 
Consumes more sausages than eggs; representing 13.1% of consumers; 
and Group 4: Consumes a same proportion of eggs and sausages; and 
represents 5.9% of consumers (Figures 2, 3). Furthermore, eggs are 
consumed significantly more than sausages, with consumption rates 
of 81.5% for eggs compared to 5.9% for sausages. However, 12.6% of 
respondents eat both products at the same time.

The identified consumption patterns for eggs included ‘boiled’ 
(87.2%), ‘fried’ (71.9%), and ‘raw’ (3.5%). Weekly egg consumption 
was reported at 46.6%. Preservation methods employed by consumers 
consisted of refrigeration (7.9%) and storage at ambient temperature 
(56.0%), which in Benin Republic typically ranges between 28°C and 
33°C. In terms of origin, 53.9% of eggs were sourced from markets. 

FIGURE 1

Spatial distribution of survey area.
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TABLE 1 Types of actors in the five areas during the survey on egg and sausage consumption in Benin.

Types of 
respondents

Study area

Atlantique Littoral Oueme Mono Couffo Total

Egg producers 31 3 16 25 12 87

Sausages producers - 3 - - - 3

Traders 192 71 196 192 195 846

Consumers 196 64 192 228 185 865

Total 419 141 404 445 392 1801

TABLE 2 Demographic characteristics of people surveyed about egg and sausage consumption in Benin.

Characteristics Consumers n = 865 Traders n = 846 Egg producers 
n = 87

Sausages producers 
n = 3

Sex

Men 497 (57.0) 218 (27.0) 71 (81.6) 3 (100)

Women 368 (43.0) 618 (73.0) 16 (18.4) 0 (0.0)

Age (in years)

≤ 20 86 (10.0) 19 (2.2) 0 (0.0) 0 (0.0)

20 and ≤ 60 773 (89.0) 807 (95.4) 76 (87.4) 3 (100)

≥ 60 6 (1.0) 20 (2.4) 11 (12.6) 0 (0.0)

Educational level

None 98 (11.3) 113 (13.4) 2 (2.3) 0 (0.0)

Primary 165 (19.1) 223 (26.4) 7 (8.0) 0 (0.0)

Secondary 349 (40.3) 374 (44.2) 32 (36.8) 0 (0.0)

University 273 (9.2) 136 (6.1) 46 (52.9) 3 (100)

*The total number of consumers and traders listed in the table refers to both products: table eggs and chicken sausages. For each variable, the number of respondents and their percentage (in 
parentheses) are shown.

FIGURE 2

Multiple correspondence analysis (MCA) overlay visualizing the characteristics (red triangles) of surveyed table egg and sausage consumers (blue dots). 
The blue points represent consumers of eggs and poultry sausages, while the small red triangles represent the modalities on which the MCA analysis 
was performed. Modalities that are close to each other are positively correlated, share similar characteristics, and describe respondents from the same 
group.
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Handwashing practices, utilizing clean water or soap, were observed 
among 66.5% of egg consumers.

Analysis of consumption practices revealed that sausage 
preparation methods were distributed as follows: boiling (3.1%), 
frying (17.7%), and raw consumption (2.2%), with a weekly 
consumption frequency of 11.3% within the studied population; 
sausage preservation methods reported by consumers were classified 
as freezing (3.8%), refrigeration (4.4%), smoking (0.8%). Sausages 
origins were identified as 15.7% from establishments specializing in 
seafood, poultry, and offal, commonly known as fishmongers; and the 
practice of hand washing (with clean water or soap) before sausage 
consumption was observed in 13.8% of consumers.

About 9.2% of the consumers knew of the health risks associated 
with eating these two products without cooking (Table  3). They 
mentioned diarrhea, stomach ache, constipation, allergies and 
vomiting among the illnesses observed.

3.3 Table eggs and chicken sausages 
distribution and transport

The multiple correspondence analysis (MCA), illustrated in 
Figure 4, followed by an ascending hierarchical classification (AHC), 
represented in Figure 5, was based on several factors, including the 
type of product, the method of storage, the quality of the products, the 
place of sale, the conditions of sale and the method of transporting 
the products.

Based on these factors, four groups of traders were identified. 
Group  1: Retailers and wholesalers who sell only table eggs, 
representing 33.3% of the respondents; Group 2: Sellers specialized in 
wholesale eggs sales, representing 42.1% of respondents; Group 3: 
Retailers who sell both products (eggs and sausages), representing 
9.8% of respondents; and Group  4: Sellers of sausages only, 
representing 14.7% of respondents.

The commercialization of eggs and sausages is predominantly a 
women’s activity, with 73% of traders being women. Retailers 
constitute the majority of traders (76.7%), among whom 69.5% have 
a shelter, while the others are itinerant retailers without a fixed 
location. However, these shelters do not offer full protection against 
inclement weather (dust, sunlight, rain, etc.). The majority of traders 
(93.6%) report that they regularly clean their shelter (by sweeping). 
Transportation conditions for products are considered 
unsatisfactory by 44.7% of traders who report problems with 
damaged eggs (cracks or breakage) upon receipt. It should be noted 
that these products reach them via unsuitable means such as 
two-wheel motorcycles, tricycles, or taxis that are not exclusively 
used for transporting eggs. The duration of egg transportation varies 
depending on the proximity of the supply source. However, it ranges 
from 1 to 2 hours, or even more, and they are exposed to the sun 
and various weather conditions throughout the journey. As for the 
sausage trade, the cold chain is not respected. Moreover, storage 
conditions are irregular, with temperature checks primarily based 
on the appearance of the products (products are received? as frozen), 
rather than on specific temperature standards. To reduce the costs 
associated with the energy consumed by freezers, they are turned off 
during the day and turned back on in the evening depending on the 
trader and vice versa. Only 20% of traders are well aware of the 
origin of their products and possess traceability documents 
(Table 4).

3.4 Poultry breeding management and 
biosecurity

The study targeted 87 poultry farms specializing in layer hen 
farming. Among these poultry farmers, 62.1% had received 
professional training in poultry farming, either at agricultural high 
schools, state universities, or various specialized centers. The 

FIGURE 3

Consumer segmentation in the Benin table egg and Sausage market. Cluster 1: Consume few eggs and sausages; Cluster 2: Consume more eggs than 
sausages; Cluster 3: Consume more sausages than eggs; Cluster 4: Consume a same proportion of eggs and sausages; Clusters 1 and 2 consist of 
individuals who share similar practices in terms of consumption, hygiene habits, preservation methods, and product purchasing locations. Clusters 3 
and 4 consist of individuals with more varied and heterogeneous practices.
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remaining proportion had on-the-job training (31%) or inherited the 
activity from their parents (6.9%).

The farming system on the majority of farms is semi-industrial 
(97.7%), and it is mainly floor farming. The size of the flocks of 
laying hens varies from 50 to 20,000 individuals, and egg 
production ranges from 50 to 18,000  units per day. The main 
source of water used on these sites is borehole water (73.6%), 
followed by well water (18.3%) and tap water (8.0%). Physico-
chemical and bacteriological analysis of water is carried out by 
only 25.3% of farmers, while 74.7% do not consider this 
approach useful.

In terms of health monitoring, 62.1% of farmers rely on an 
independent veterinarian for occasional visits, while 38% carry out 
diagnoses and treatments themselves, most often based on experience 
acquired from their peers, by observing veterinary officers or in training 
centers. The symptoms observed in poultry, such as the characteristics 
of droppings or the behavior of the poultry, guide therapeutic decisions. 
The various veterinary products used by farmers include antibiotics 
from the beta-lactam, tetracycline, sulfonamide, polymyxin, quinolone, 

and fluoroquinolone classes. Among the latter, tetracyclines, and more 
specifically oxytetracycline, are frequently administered. In addition to 
these molecules, antiparasitics, hepatoprotectors, vitamins and minerals, 
anti-stress agents, anticoccidials and antiseptics or detoxifiers are used. 
In 26.4% of cases, farmers reported instances where the antibiotics 
administered did not achieve the expected therapeutic effect against 
certain pathologies. These therapeutic failures prompted some farmers 
to modify antibiotic treatments until satisfactory efficacy was attained.

However, the withdrawal periods after the administration of 
antibiotics before the commercialization of eggs are not always 
respected by farmers, especially during periods of high market 
demand. This, in addition to the issue of antibiotic resistance, can lead 
to the presence of antibiotic residues in the eggs being sold. For facility 
maintenance, 39.1% of farmers change the litter monthly, while others 
adopt varying frequencies.

The disinfectants used, such as bactericides, viricides, and 
fungicides, include products such as bleach, D4+, and TH4+, which 
are specifically formulated as disinfectant agents. These products were 
applied in accordance with the manufacturer’s recommendations.

TABLE 3 Consumption and hygiene practices of people surveyed about table eggs and sausage in Benin.

Variables Eggs’ consumers n = 705 Sausages’ consumers 
n = 51

Consumers of both products 
n = 109

Eggs Sausages

Consumption patterns

Boiled 660 (93.6) 7 (13.7) 94 (86.2) 20 (18.3)

Fried 536 (76.0) 51 (100) 86 (78.9) 102 (93.6)

Raw 27 (3.8) 7 (13.7) 3 (2.8) 12 (11.0)

Consumption frequency

Once per day 172 (24.4) 9 (17.6) 47 (43.1) 19 (17.4)

Once per week 369 (52.3) 35 (68.6) 60 (55.0) 63 (57.8)

Once per month 86 (12.2) 4 (7.8) 12 (23.5) 24 (22.0)

Conservation methods

Boiling in water 54 (7.7) 3 (5.8) 24 (22.0) 27 (24.8)

Frying 148 (20.9) 18 (35.3) 16 (14.7) 43 (39.4)

Cooling 49 (6.9) 9 (17.6) 19 (17.4) 29 (26.6)

Freezing 0 (0.0) 12 (23.5) 0 (0.0) 21 (19.3)

No conservation 181 (25.7) 9 (17.6) 23 (21.1) 20 (18.3)

Smoking 0 (0.0) 4 (7.8) 0 (0.0) 3 (2.8)

Room temperature 397 (56.3) 0 (0.0) 54 (49.5) 0 (0.0)

Acquisition methods

Market 420 (59.6) 9 (17.6) 46 (42.2) 31 (33.8)

Supermarket 26 (3.7) 6 (11.8) 4 (3.7) 17 (15.6)

Fishmongers 102 (14.5) 38 (74.5) 34 (31.2) 82 (75.2)

Itinerant retailers 199 (28.2) 0 (0.0) 39 (35.8) 0 (0.0)

Display 376 (53.3) 0 (0.0) 59 (54.1) 0 (0.0)

Handwashing

Yes 490 (69.5) 38 (74.5) 85 (71.9) 81 (74.3)

Knowledge of health risks

Yes 80 (9.2)

* For each variable, the number of respondents and their percentage (in parentheses) are shown. For the column ‘consumers of both products,’ there are a total of 109 consumers who consume 
both eggs and sausages. The percentage of consumers aware of the health risks associated with consuming raw products is calculated for both products and across all consumers.
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The presence of footbaths was noted in 27.6% of farms, however 
they are not all functional. The different farms have two types of 
personnel, permanent (63.2%) and seasonal (26.4%) or even both 
(8%). The managers of the poultry farms are responsible for 
instructing and training these employees on the hygiene and 
farming practices to be respected. However, their main task is to 
ensure the feeding of the poultry and the collection of eggs. The 
wearing of clothing exclusively for the farming activity was 
identified in 46% of workers only.

Egg collection is carried out manually and daily, followed by 
sorting for 58.6% of farmers. This sorting process, which is done 

manually, is based on egg size (small, medium, large) or weight 
(55–60 g, 65–75 g, 80–85 g). The eggs are neither washed nor 
disinfected, and they are not marked in any way. They are stored in 
various locations: at ambient temperature (between 28°C and 33°C) 
in a store (71.3%), in a corner of the chicken coop (6.9%), or in the 
farmers’ dwellings (21.8%), for a maximum duration of 7 to 15 days, 
depending on market demand. Storage warehouses, for those who 
have them, are also used to store farming equipment (cages, 
buckets, medicines, feed, etc.) or to house the workforce present on 
the site. The eggs are stored and sold in cardboard or plastic 
egg trays.

FIGURE 4

Multiple correspondence analysis (MCA) overlay depicting characteristics (red triangles) of surveyed table egg and sausage retailers (blue dots). The 
blue points represent eggs and poultry sausage sellers, while the small red triangles represent the modalities on which the MCA analysis was 
performed. Modalities that are close to each other are positively correlated, share similar characteristics, and describe respondents from the same 
group.

FIGURE 5

Characterisation of stakeholders in the Benin table egg and sausage marketing chain. Cluster 1: Retailers and wholesalers who sell only table eggs; 
Cluster 2: Sellers specialized in wholesale eggs sales; Cluster 3: Retailers who sell both products (eggs and sausages); and Cluster 4: Sellers of sausages 
only. Clusters 1 and 2 consist of individuals who share the same modalities based on the products sold. Clusters 3 and 4 are more heterogeneous and 
do not have common modalities as they do not sell the same categories of products.
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Only 9.2% of farmers perform laboratory analyses on egg samples 
to evaluate microbiological quality before marketing, whereas the 
remaining 90.8% do not adopt this practice, largely due to financial 
limitations or a lack of interest. Moreover, authorized control agents 
tasked with sampling and analysis do not consistently visit all farms, 
prompting some farmers to take on the responsibility of collecting 
samples themselves. Even when these agents conduct analyses, the 
results are often not relayed back to the farmers.

The methods of delivering eggs to buyers vary, including the use 
of four- or three-wheel vehicles as well as motorcycles. Damaged eggs 
are also marketed, particularly to pastry shops, street food vendors 
and local populations, due to their reduced selling price. This practice 
is adopted by 33.3% of farmers (Table 5).

3.5 Sausage production and biosecurity 
practices

Three chicken sausage producers were identified in the Littoral 
department, highlighting the emergence of a new and promising 
activity in Benin. These producers manufacture an average of 20 to 

60 kg of sausages per day, using poultry meat, mainly chicken from 
local farmers. Sausage production involves the use of synthetic 
(prefabricated edible collagen or cellulose casings) and natural casings 
(from sheep or pork). Various ingredients, such as spices and 

TABLE 4 Trade and hygiene practices of people surveyed for eggs and 
sausages trading.

Variables Eggs’ 
traders 
n = 639

Sausages’ 
traders 
n = 124

Both 
products 
traders’ 
n = 83

Traders types

Retailers 515 (80.6) 99 (79.8) 60 (72.3)

Wholesale-

retailers

76 (11.9) 18 (14.5) 20 (24.0)

Semi-wholesaler 12 (1.9) 4 (3.2) 2 (2.4)

Wholesaler 48 (7.5) 7 (5.6) 0 (0.0)

Labor

Yes 123 (19.2) 59 (47.6) 41 (49.4)

Handwashing

Yes 272 (42.6) 50 (40.3) 41 (49.4)

Transport efficiency

Yes 319 (49.9) 86 (69.4) 63 (75.9)

Traceability

Yes 150 (23.8) 9 (7.3) 10 (12.0)

Point of sales

Yes 393 (61.5) 120 (96.8) 75 (94.0)

Store upkeep

/day 590 (92.3) 120 (96.8) 82 (98.8)

/week 0 (0.0) 0 (0.0) 1 (1.2)

Retail storage method

Freezer 0 (0.0) 114 (91.9) 78 (93.9)

Cold room 0 (0.0) 10 (8.0) 5 (6.0)

Room 

temperature

639 (100) 0 (0.0) 82 (98.8)*

*For each variable, we have the number of consumers responding to each variable and the 
percentage in parentheses. For the column ‘Both products traders,’ there are a total of 83 
traders who sell both eggs and sausages. The retail storage method room temperature for 
both products traders’ percentage is only for the eggs traders.

TABLE 5 Table egg production and biosecurity practices in Benin 
(N = 87).

Variables N (%) CI

Storage location

Housing 19 (21.8) 14.5–31.6

Warehouse 62 (71.3) 61–79.7

Poultry house 6 (6.9) 3.2–14.2

Feed water

Well water 16 (18.4) 11.6–27.8

Borehole water 64 (73.6) 63.4–81.7

Tap water 7 (8.0) 4–15.7

Egg sorting

Yes 51 (58.6) 48.1–68.4

Cracked eggs sale

Yes 29 (33.3) 24.3–43.8

Eggs analysis

Yes 8 (9.2) 4.7–17.1

Working clothes

Yes 40 (46.0) 35.9–56.4

Staff type

Both 7 (8.0) 4–15.7

Permanent 55 (63.2) 52.7–72.6

Seasonal 23 (26.4) 18.3–36.6

Feeding equipment

/day 79 (90.8) 82.9–95.3

/week 8 (9.2) 4.7–17.1

Poultry house cleaning

/day 20 (23.0) 15.4–32.9

/week 15 (17.2) 10.7–26.5

/month 34 (39.1) 29.5–49.6

/others 18 (20.7) 13.5–30.4

Feed water analysis

Yes 22 (25.3) 17.3–35.3

Treatment failed

Yes 23 (26.4) 18.3–36.6

Veterinarian follow-up

Yes 54 (62.1) 51.6–71.5

Access to breeding

Professional 54 (62.1) 51.6–71.5

On-the-job 27 (31.0) 22.3–41.4

Legacy 6 (6.9) 3.2–14.2

Footbath presence

Yes 24 (27.6) 19.3–37.8

*n, number of respondents on each variable; CI, confidence interval.
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additives, are added to enhance the taste and texture of the sausages, 
which are popular with consumers. None of the producers use 
preservatives for their products. The main heat treatments applied to 
the products to prevent contamination are cooking. Those cooking 
parameters vary from one producer to another (50°C/30 min, 
65°C/15 min, and 60°C/30 min), with all producers applying heat 
treatment at 100°C for 5 to 10 min.

The different steps of sausage processing are shown in Figure 6. 
According to the producers, the equipment and production area 
undergo cleaning and disinfection before and after every 
production cycle. They also highlighted that the infrastructure is 
specifically designed to support these operations, featuring tiled 
floors and surface coverings for easy maintenance. Regarding waste 
management, producers have established contracts with specialized 
services for the regular collection of waste, separated into organic 
and non-organic categories, thus ensuring efficient management in 
compliance with environmental standards. Finally, the sausages are 
either frozen to ensure their preservation before being marketed 
or, in the case of one producer, delivered directly to restaurants, 
their main customers.

4 Discussion

4.1 Table eggs and sausage consumption

This investigation focused on four key stakeholders within the Benin 
food system: consumers, egg and sausage producers and retailers. Data 
revealed a marked preference for eggs over sausages, aligning with the 
observations of Réhault-Godbert et  al. (2017). Consumer responses 
highlighted concerns regarding the origin and quality of meat used in 
sausage production, with a significant portion being imported. 
Additionally, anxieties were expressed surrounding the duration and 
storage conditions of sausages, along with the inclusion of numerous 
food additives. Conversely, eggs were perceived as advantageous due to 
their local production, fresh appearance, and purportedly higher 
nutrient content.

The study identified two predominant egg consumption patterns in 
Benin: “boiled” and “fried.” These methods are corroborated by previous 
research conducted by Batonon-Alavo et al. (2015), Nau et al. (2016), 
Hounkpe et  al. (2023), and Ossamulu et  al. (2023). Notably, these 
consumption practices are recognized to enhance food safety stability 
and extend the shelf-life of eggs (Prache et al., 2023). Unlike in other 
regions where the consumption of raw eggs is gaining popularity due to 
perceived benefits, such as nutrient preservation and the alleviation of 
certain health issues like anemia (Ossamulu et  al., 2023), raw egg 
consumption remain uncommon in Benin and is generally associated 
with specific cultural health beliefs.

In terms of sourcing, consumer preference leaned toward traditional 
markets over supermarkets. This selection was attributed to factors such 
as proximity and perceived cost-effectiveness. However, supermarkets 
were acknowledged to offer benefits in terms of product storage and 
preservation conditions, facilitated by specific packaging and 
environmental controls like air-conditioning. Conversely, markets 
potentially expose eggs to various environmental factors, including wind, 
dust, and sunlight, which could compromise their quality. Previous 
studies reported, the detrimental effects of inadequate storage conditions 
on eggs, including albumen liquefaction and physicochemical alterations 
(Karib et al., 2021). Furthermore, (Hassan et al., 2023) emphasized the 
importance of maintaining specific storage temperatures around 7°C, 
particularly in regions with ambient temperatures (37–40°C).

Interestingly, our data showed that handwashing was more frequent 
after handling eggs than after handling sausages. This difference may 
be  explained by the fact that sausages were pre-cooked, making 
handwashing seem less necessary after handling them. This behavior was 
attributed to heightened concerns about potential contamination, despite 
the prevalence of universal food hygiene standards. However, it is well-
established that handwashing before food preparation remains a critical 
preventative measure for reducing the transmission of infectious and 
contagious diseases such as diarrhea, dysentery, and typhoid fever (Qazi 
and Anwar, 2021; Gizaw et al., 2023). It is noteworthy that the observed 
lack of widespread awareness regarding health risks associated with raw 
egg consumption may be partially explained by the dominant practice of 
cooking eggs (boiling or frying) in Benin.

4.2 Table eggs and sausage distribution

Direct sales to consumers through retail channels constitute the 
predominant mode of table egg and sausage distribution in Benin, 

FIGURE 6

Broiler chicken meat processing into sausage.
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surpassing wholesale transactions. This observation is consistent with 
the earlier work of Mopate and Bebanto (2009), who reported that 
retail outlets accounted for 78.7% of egg vendors, compared to 7.9% 
operating at the wholesale level. Inefficiencies within the 
transportation infrastructure lead to a significant challenge to the 
integrity of the supply chain. Deteriorated road conditions leading to 
poultry farms, coupled with inappropriate packaging and 
rudimentary means of transport, contribute to substantial losses 
upon delivery of eggs. Disruption of the cold chain presents the 
primary concern for sausages. Retailers, lacking access to refrigerated 
transportation options such as trucks or tricycles, frequently resort 
to utilizing unprotected modes of transport, exemplified by 
motorcycle taxis. Furthermore, the multi-purpose nature of these 
transportation methods, often employed for various goods without 
proper disinfection protocols, creates additional public health risks 
(Karib et al., 2021).

Retailers selling sausages often struggles to monitor and maintain 
the proper storage temperatures, both for the products and the 
freezers they use. This lack of awareness, compounded by the desire 
to minimize energy expenditure, can lead to the practice of switching 
off freezers during the day. Such practices significantly elevate the risk 
of product contamination and subsequent deterioration in 
organoleptic quality.

4.3 Table eggs production and biosecurity

This investigation identified significant shortcomings in the 
implementation of biosecurity protocols within poultry farms across 
Benin. Deficiencies in biosecurity practices heighten the risk of pathogen 
transmission from poultry to humans, posing a potential public health 
concern. Our on-farm observations revealed a concerning lack of 
functional footbaths in 72.4% of farms surveyed. The absence of this 
biosecurity measure hinders efforts to control the introduction and 
spread of microbial contaminants within poultry production units. This 
figure surpasses the non-compliance rate reported by Panda et al. (2023), 
where 68.3% of farmers acknowledged the value of footbaths for 
infection control at farm entrances.

Despite a flourishing egg production industry in both urban and 
rural areas, poultry farmers grapple with numerous challenges. These 
challenges encompass a dearth of qualified personnel and limited 
financial resources (Pougoue et al., 2019) suggested that the limited 
number of qualified individuals within the poultry sector often 
pursue independent ventures or seek employment within the public 
sector. Notably, egg production in Benin emerges as a predominantly 
male-driven activity, diverging from observations in other African 
nations such as Algeria, Morocco, Mauritania, and Egypt, where 
Fagrach et  al. (2023) documented a more significant role played 
by women.

The majority of farms rely on borehole water, with very few 
conducting bacteriological analyses to verify its cleanliness. This 
observation aligns with the findings of Aungon and Falculan (2023) and 
Suleiman and Sani (2023). The absence of routine water disinfection 
poses a significant public health risk. Poultry manure within farms can 
contribute to nutrient leaching and harbor pathogens such as Salmonella 
spp. and Escherichia coli, potentially contaminating water reserves and 
exposing both humans and animals to various diseases (Akporube 
et al., 2023).

The systematic allocation of work clothes among farm 
personnel was not observed. This contrasts with the findings of 
Ayim-Akonor et al. (2020) in Ghana, where a significant portion 
of surveyed farmers utilized work attire and practiced 
handwashing after farm activities. Consistent work clothes and 
hand hygiene practices are crucial for preventing the emergence 
of zoonotic diseases. Livestock monitoring practices also exhibited 
several irregularities. Notably, some farmers administer antibiotics 
without consulting veterinarians. While over half receive 
veterinary oversight, they often seek assistance only for issues 
beyond their expertise. Reliance on personal experience, peer 
advice, or recommendations from veterinary pharmacy assistants 
is not uncommon, leading to the improper use of antibiotics and 
potentially contributing to the development of antibiotic 
resistance. This finding is consistent with the observations of 
Ahmad et al. (2023), Sawadogo et al. (2023), and Siddiqui et al. 
(2023), who all documented the misuse of antibiotics by farmers 
and their lack of awareness regarding the associated health risks.

The practice of collecting eggs two to three times daily to prevent 
contamination and deterioration by poultry was deemed satisfactory by 
most farmers. However, additional measures are necessary to ensure 
safe egg storage. These measures include maintaining appropriate 
storage conditions and ensuring adequate ventilation within storage 
areas. Unfortunately, our observations revealed a lack of dedicated 
storage facilities, with eggs being stored in various unsuitable locations 
such as warehouses, corners of poultry houses, or even multi-purpose 
spaces within residences (used for storing cleaning products and/or as 
a resting place for personnel). Furthermore, the majority of storage 
spaces, including those in warehouses and residences, lack proper 
ventilation, potentially leading to the development of hot spots and 
subsequent egg deterioration.

Concerning gaps were identified in the management of 
damaged eggs. A significant proportion (33.3%) of producers were 
observed selling cracked eggs, which pose a potential 
contamination risk. These eggs are unsafe for human consumption 
and represent a potential source of exposure to various potentially 
pathogenic bacteria such as Escherichia coli, Salmonella spp., and 
Staphylococcus aureus (Karib et al., 2021). The sale of damaged 
eggs highlights a lack of awareness among farmers and traders 
about the potential health risks to consumers. This practice, 
coupled with the fact that most farmers (89.7%) do not conduct 
pre-market microbiological testing due to financial constraints 
and limited access to quality control centers in some regions, 
raises concerns about food safety.

According to Commission Regulation (EC) No 589/2008 of 23 
June 2008 on marketing standards for eggs, aspects such as regular 
health checks on farms, laboratory analysis, classification, 
labelling, packaging, and record-keeping to facilitate traceability 
in the event of health problems are necessary for the marketing of 
eggs in the European Union. However, in Africa, and more 
specifically in Benin, the poor organization of the poultry farming 
system, characterized by the non-exhaustive inventory of poultry 
farms, the lack of rigorous monitoring of farms by qualified 
agents, poor access to finance and unfair competition due to the 
informal import of table eggs, are some of the many factors that 
prevent the effective implementation of monitoring systems, 
control of egg health quality, and product recalls in the event 
of irregularities.
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4.4 Sausage production and biosecurity

Imported products currently dominate sausage consumption in 
Benin; nevertheless, a promising new sector is emerging with the 
establishment of three local poultry sausage producers.

This phenomenon mirrors a similar dynamic observed in 
other sub-Saharan African countries, as evidenced by Kabore et al. 
(2022) in Burkina Faso. Notably, all three surveyed local producers 
have received training in charcuterie, which suggests that they 
possess the necessary skills to comply with hygiene and quality 
standards in production. Despite the training received, these 
businesses are still new, and the managers do not always master 
all the critical aspects of food processing, particularly the 
management of critical control points needed to prevent bacterial 
contamination. Furthermore, only one of the businesses adheres 
to the principle of “forward progression,” while in the other 
businesses, this essential principle is not properly implemented, 
which could increase the risk of contamination through 
equipment, surfaces, or employees. Local businesses are not 
subject to regular health inspections, which may allow 
contaminated products to slip through. Only one producer 
conducts a routine microbiological analysis of their sausages. The 
remaining producers deem these analyses non-essential due to 
cost considerations and the relatively small-scale production 
volumes. Additionally, the lack of regular sanitary inspections by 
public health authorities raises concerns. These sausages are 
primarily produced using broiler chicken meat, sourced from 
local poultry farms in Benin. However, sausage production units 
often lack detailed information about the farming conditions, 
such as the use of antibiotics, feed quality, or potential 
contamination risks associated with these chickens. This gap in 
traceability and oversight underscores the need for stricter 
regulations and improved transparency in the supply chain.

As highlighted by Gbaguidi et al. (2020), the composition of 
sausages can promote the proliferation of pathogenic bacteria. In 
this study, locally produced chicken sausages exhibited a pH range 
of 5.9 to 6.3, with the reduction in pH attributed to the addition 
of salt and ascorbic acid, which enhance acidity and inhibit the 
growth of spoilage microorganisms, particularly neutrophilic 
bacteria that thrive optimally at a near-neutral pH. However, 
cooking temperatures in this context ranged from 50 to 65°C, 
failing to achieve the recommended internal temperature of 72°C 
for optimal safety and shelf life (Bueno et al., 2025). Additionally, 
two producers used natural casings, raising concerns about 
inadequate cleaning and sterilization processes. According to 
EFSA reports, while the risk of BSE from bovine casings is 
considered very low, it is not negligible, necessitating strict safety 
measures (EFSA, 2009). Collectively, these factors indicate that 
local sausage producers do not yet fully master the manufacturing 
processes, highlighting the need for improved technical 
knowledge, stricter regulations, and enhanced quality control to 
ensure product safety and consumer confidence.

Studies, such as the one conducted by Hachemi et al. (2023), 
report 22.3% case of foodborne illness due to sausage consumption 
with 8.1% of sick consumers hospitalized in Algeria. Additionally, 
an investigation into a methemoglobinemia outbreak in Thailand 
linked to sausage consumption reported eight hospitalized cases 
with no fatalities, where affected individuals exhibited acute 

central cyanosis and hypoxemia (Sangsawang et  al., 2022). 
Therefore, despite the potential of the local Beninese sausage 
production sector, it is imperative to implement stricter controls 
and regulations. These measures are necessary to safeguard 
consumer health and ensure the long-term reputation of this 
emerging industry.

5 Conclusion

Animal products, particularly eggs and sausages, are 
important protein sources derived from meat, offering high 
nutritional value and widespread availability. This study 
investigates hygiene practices within specific segments of Benin’s 
poultry industry, encompassing production, distribution, and 
consumption. Eggs are the most prevalent product within this 
category. However, significant deficiencies in distribution and 
production practices highlight a knowledge gap regarding hygiene 
and production regulations among stakeholders. Given the 
sector’s economic significance, collaborative efforts are necessary 
to revitalize activities and address the various constraints faced by 
egg producers. These constraints primarily relate to technical 
expertise, effective monitoring systems, and access to subsidies. 
Furthermore, promoting local sausage production offers an 
opportunity to reduce reliance on imported sausages. To 
comprehensively assess the sanitary quality of these products and 
evaluate the impact of environmental factors on their 
characteristics, laboratory analyses are essential.
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