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Abstract 

Background: Rapid urbanisation in Sub-Saharan African cities such as Dakar, Senegal, leads to proliferation of infor-
mal braised meat restaurants known as “dibiteries”. Dibiteries do not often comply with minimal hygiene and food 
safety standards. The primary objective of this study was to assess the effectiveness and cost of a good hygiene prac-
tice intervention, identify factors that incentivize hygiene improvement and how that impacts on dibiteries’ income.

Methods: A randomized controlled trial was carried out in Dakar dibiteries. The 120 random samples of braised 
meat were collected in three phases: (i) one-month pre-intervention, (ii) 2 months post-intervention, (iii) 10 months 
post-intervention. The trial comprised four groups of 10 dibiteries each: (a) (control) received no intervention, (b) a 
standardized training module, (c) a hygiene kit, (d) a training module and hygiene kit. Laboratory analysis of samples 
determined the total aerobic mesophilic flora (TAMF), thermotolerant coliforms (TC) and Staphylococcus aureus (SA). A 
questionnaire-based survey and focus group discussion were used to identify pre-intervention hygiene practices, and 
socioeconomic determinants of hygiene management in dibiteries post-intervention, respectively.

Results: Samples were found to be contaminated with TAMF, TC and SA. In phase 1, 27 and 13% of the samples 
contained TC and SA, respectively. In phase 2, no significant improvement of contamination rates was seen. In phase 
3, microbiological quality of samples was significantly improved, with only 11.5% showing contamination with any 
of the bacterial species analysed (p < 0.1). Compared to the control group, only samples from dibiteries in group (b) 
had significantly reduced bacterial load in phase 3. The cost of intervention and hygiene improvement was estimated 
at 67 FCFA ($ 0.12) and 41 FCFA ($ 0.07) / day respectively and did not significantly impact on dibiterie profitabil-
ity. Incentives to sustainably implement good hygiene practices were mainly linked to access to secure long-term 
workspaces.

Conclusion: This intervention may have worked, but globally the results are mixed and not quite significant. How-
ever, continuous training in good hygiene practice and access to secure and sustainable infrastructure for dibiterie 
restaurants are the incentives necessary to achieve sustainable investments and behavioural change. We recommend 
further intervention refinement and testing other factors for promoting the adoption of good hygiene practices in the 
dibiteries in relation to consumers health risk.
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Background
Food safety is an essential component of public health 
due to the considerable burden of foodborne diseases, 
especially in Africa. According to Word Health Organisa-
tion (WHO) estimations, more than 91 million people fell 
ill due to consuming unsafe foods in the African region in 
2015. This resulted in 137,000 deaths, representing one-
third of the global mortality from foodborne diseases [1].

In sub-Saharan Africa, this major public health prob-
lem can be related to the sale of a wide variety of animal 
source products in the informal food market system. 
More than 80% of food is sold in informal markets and 
about 80% of the population of towns, including school-
boys, students, employees, unemployed, street children 
and traders, eat in the informal food market system eas-
ily outside the home and at low cost [2–4]. Food safety 
is compromised on many levels of the informal market 
including wet markets, transport and storage, and pro-
duction and sale (ready-to-eat food restaurants).

At the wet market level, a large portion of the animal 
source products such as meat, milk, eggs and fish are sold 
in traditional local markets lacking modern infrastruc-
ture including access to clean running water and elec-
tricity, and escape any food safety regulations and food 
control. In addition, individuals trading in these infor-
mal markets often have no training in good hygiene and 
manufacturing practices when handling food [4]. At the 
transport and storage level, the unavailability of appro-
priate transport means, and storage and refrigeration 
facilities lead to high losses or to practices that threaten 
food safety and the health of consumers [4]. Indeed, the 
products intended for the market are often transported 
in unsuitable means of transport, causing a break in the 
cold chain and consequently environmental cross con-
tamination, and the multiplication of pathogenic micro-
organisms. Problems at the level of production and sale 
mainly concern ready-to-eat food restaurants preparing 
and selling foods containing animal products in precari-
ous settings and using unhygienic practices. Most of the 
time, these foods originate from restaurants operating in 
the informal sector, where traditional preparation meth-
ods of agri-food products are predominant. These tradi-
tional methods are characterised by manual processing of 
foods and, in some cases, laborious and unhygienic oper-
ating procedures [2].

Undoubtedly, pathogens such as toxin-producing 
Escherichia coli (E. coli) and Salmonella spp., which can 
induce foodborne diseases in consumers, are found in 
informal markets. Several studies have measured the 
prevalence of foodborne pathogens in informal markets. 
According to the study by Adesokan et al. [5], 75.5, 65.2, 
61.6, and 46.9% of meat samples collected from infor-
mal market in Nigeria were positive for Staphylococcus 

aureus, Listeria monocytogenes, Salmonella spp, and E. 
coli, respectively. In addition, these authors obtained sig-
nificant higher prevalence from the informal markets for 
Staphylococcus aureus (OR = 9.43; 95%CI: 0.05–0.24), 
Listeria monocytogenes (OR = 9.35; 95%CI: 0.06–0.21), 
Salmonella spp (OR = 10.00; 95%CI: 0.05–0.19) and E. 
coli (OR = 12.99; 95%CI: 0.04–0.15) than the formal mar-
kets [5]. Thus, the control or improvement of the hygiene 
deficits observed in informal food markets, through cost-
effective interventions, would generate considerable eco-
nomic gain in term of income for informal processors of 
animal derived foods, in addition to health and economic 
benefits for consumers [4, 6].

In Senegal, rapid urbanisation of cities such as Dakar 
leads to the proliferation of informal ready-to-eat food 
restaurants, so-called ‘dibiteries’, preparing and sell-
ing braised sheep, goat, poultry meat. However, in these 
ready-to-eat restaurants, there are observed risky behav-
iours and practices that have the potential to contaminate 
food with pathogens. These include the use of iced-water 
(which often come from non-potable water) for the con-
servation of the meat during power outages, hanging of 
the meat in the open air, money handling practices of 
sellers, and use of recycled cement bags for meat packag-
ing. Indeed, a qualitative risk assessment of food safety in 
the small ruminant value chain showed that around 50% 
of dibiterie restaurants sold braised meat contaminated 
with faecal coliforms. E. coli and total aerobic mesophilic 
flora (TAMF) contributed 45% each to the observed con-
taminations [7]. In addition, these risky behaviours cou-
pled with the lack of knowledge of good hygiene practices 
by dibiterie staff, were associated with a 51% probability 
of having a quite high to very high microbial contamina-
tion in the dibiterie’s meat [7]. This means that dibiterie 
meat samples have a one out of two chance of having 
quite high or very high contamination. These hazards 
observed have not yet been studied on how it translates 
into health risk for consumers. However, the dibiterie 
business is very profitable and generates net profits of 
around USD 525.5 per month per tenant [8]. Therefore, 
dibiteries seem to operate under the principle of profit 
maximization to the detriment of quality and safety.

Unfortunately, so far, no hygiene interventions have 
been implemented in the dibiteries. In light of this, 
our study sought to evaluate whether intervention for 
improving the quality of food preparation practices in 
the dibiteries affects their profitability. Specifically, this 
involved (i) assessing the attitudes and practices of the 
dibiterie tenants toward hygiene prior to intervention; 
(ii) evaluating the effectiveness of intervention on the 
microbiological quality of dibiterie meat; (iii) estimat-
ing the cost of the hygiene improvement and interven-
tion package, and its impact on the economic outcomes 
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of dibiteries; and finally (iv) identifying the factors that 
incentivize the enhancement of the hygiene practices and 
meat quality in dibiteries in Dakar.

Methods
Study design and study area
A randomized controlled trial study was carried out in 
dibiteries of the city of Dakar in Senegal between May 
2015 and March 2018 (Fig.  1) by following the relevant 
Consolidated Standards of Reporting Trials (CONSORT) 
statement and guidelines [10]. This study included three 
phases, a questionnaire-based survey and a focus group 
discussion on the management of hygiene practices and 
economic performance of the dibiteries; and laboratory-
based microbiological analyses of braised meat samples 
from these dibiteries.

The city of Dakar is the capital of Senegal in West 
Africa. Dakar is an Atlantic port city located on the Cap-
Vert peninsula. Monthly temperatures range between 
25 °C and 30 °C with an annual rainfall of 469 mm (https:// 
www. en. clima te- data. org). With a population of 1 million 

people, the city is characterised by a high demand for 
meat products in Senegal. The ever-increasing demand 
for meat products associated with a demographic surge 
has thus led to an increased concentration of dibiterie 
establishments in Dakar.

Sampling and intervention scenario
The sample base for the present study consists of 40 ran-
domly selected dibiteries used by a previous study by 
Yougbare [7] on the qualitative assessment of the risks 
of microbial contamination of small ruminant meat 
in slaughterhouses and dibiteries of Dakar. This cross-
sectional study allowed to make an initial assessment of 
the hygiene and microbiological quality of the meat, the 
cleanliness of the premises of the dibiterie.

The eligibility criteria for inclusion in the study were 
that the dibiteries must come from the study by Yougbare 
[7]; give their consent to be included in the intervention 
by sign the informed consent form; and be operational 
during all the duration of the intervention.

Fig. 1 Geographical location of the dibiteries chosen for intervention in Dakar city, Senegal

https://www.en.climate-data.org
https://www.en.climate-data.org
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The intervention scenario included two factors: (i) sen-
sitization and training regarding good hygiene and pro-
duction practices and (ii) distribution of a hygiene kit 
(hygiene materials and consumables). The 40 dibiteries 
in which the first evaluation of the hygiene and micro-
biological quality of the meat was carried out were ran-
domly split, but in a reasoned way, into four groups of 
10. Group (a), the control group, received no interven-
tion; group (b) received training; group (c) received a 
hygiene kit and group (d) received training and a hygiene 
kit. The intervention groups (b, c, and d) included two 
participants per dibiterie, one each from the employer 
/ employee level (owner-manager and simple employee, 
or manager-employee and simple employee). Thus, two 
people per dibiterie participated in the training work-
shop and / or received the hygiene kits. Each dibiterie 
volunteered 2 employees to participate in the interven-
tion by giving prior informed written consent. Concern-
ing the sequence of the intervention, a training workshop 
was given to the groups b and d simultaneously, followed 
by the distribution of the hygiene kits to the groups c et 
d on the same day of the training workshop. However, 
the different groups of the intervention were distributed 
and the order of the intervention methods were designed 
to reduce the likelihood of introducing bias among the 
intervention groups and to better appreciate the effec-
tiveness of the messages promoted. Indeed, the groups of 
the intervention were distributed according to the prov-
enance areas of the participants. The groups have been 
distanced from each other so that they cannot interact 
between them. The training workshop delivered aware-
ness messaging based on good hygiene practices on the 
premises, personal and clothing hygiene, material and 
equipment hygiene, and packaging of the finished prod-
ucts. The key messages were elaborated based on the 
risky practices related to hygiene identified by Yougbare 
[7]. The training workshop was given in face-to-face by 
PowerPoint presentation at the Ecole Inter-Etats des Sci-
ences et Médecine Vétérinaires of Dakar by the supervi-
sors (last co-author). For each mode of intervention, a 
presentation of the promoted messages was given and 
ended with a general discussion managed by the first 
author. The duration of the training was 3 h (09 AM to 
12 PM) while the hygiene kits were distributed in 4 h 
(from 2 PM to 6 PM) within the dibiteries. Hygiene kits 
were delivered to dibiteries by the fist author. Overall dis-
cussions included issues ranging from handwashing and 
disinfection, consequences of hanging meat in the open-
air, treating and protecting skin infections and injuries, to 
the frequency of cleaning and disinfection of equipment, 
etc. Cleaning and disinfection, however, was discussed 
in more detail than the other issues. The messaging pro-
vided on this topic included three main steps such as the 

procedures (i) before cleaning, (ii) during cleaning, and 
(iii) during disinfection. The nature of the key messages 
and the cleaning and disinfection procedures are pre-
sented in detail in Traoré et al. [8]. The hygiene kit dis-
tributed to each dibiterie in group (c) and (d) consisted 
of a scrubbing brush, bucket, mop, trash can, white coat, 
cap, apron, liquid soap (5 L), bleach (5 L), and paper tow-
els, which is equivalent to a total value of 37,900 FCFA 
(USD 68) per dibiterie.

Monitoring of the intervention and data collection 
from the dibiteries
Monitoring of the intervention was performed through 
the collection of information and meat samples from 
the 40 dibiteries in three distinct phases. The informa-
tion was collected through a structured questionnaire. In 
addition to the sociodemographic characteristics of the 
dibiterie tenants, the questionnaire was focused on the 
attitudes and practices toward hygiene and their different 
economic costs and daily production revenues (cost of 
equipment, production materials, quantities and prices 
of sale of products).

At each phase, only one sample of braised meat was 
purchased (1 kg) per dibiterie. The samples consisted 
of braised meat freshly cooked in a traditional oven, 
together with ingredients such as onions, peppers, Kan-
kan (cocktail of condiments and spices consisting of pea-
nut oilcake, chilli powder, pepper, broth, salt and garlic), 
and mustard according to the specific cooking method 
of the dibiteries [8, 9]. The core cooking the oven tem-
perature and the cooking time of the braised meat were 
not measured. In general, the dibiterie tenants estimated 
the proper cooking time and temperature; according 
to them, well cooked meat has no more blood [8]. This 
guideline was used to determine the cooking level and to 
choose the samples of well-cooked braised meat. In total, 
120 samples of the mixture were collected and about 
100 g were sent to the laboratory of Hygiène et Industries 
des Denrées Alimentaire d’Origine Animales (HIDAOA) 
at the Ecole Inter-Etats des Sciences et Médecine Vété-
rinaires (EISMV) of Dakar for microbiological analyses. 
They were immediately treated according to the proto-
col defined by French (AFNOR) and ISO standards for 
the detection and enumeration of three (03) indicators 
of microbiological contamination, in particular Ther-
motolerant Coliforms (TC; ISO 4832), Total Aerobic 
Mesophilic Flora (TAMF; NF EN ISO 4833) and Staph-
ylococcus aureus (SA; NF EN ISO 6888). These indica-
tors were chosen on the basis of the germs identified in 
the study carried out by Yougbare [7] on the qualitative 
assessment of the risks of microbial contamination of 
small ruminant meats in slaughterhouses and dibiteries 
in Dakar.
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Phase 1 was carried out 1 month (May 2015) prior to 
the implementation of the intervention package (train-
ing and hygiene kit distribution in June 2015). For this 
baseline survey samples of approximately 100 g of dibi-
terie meat were taken from each dibiterie and a struc-
tured questionnaire was administered to one of the two 
employees who agreed to take part in the study in each of 
the 40 chosen dibiteries. The questionnaire was adminis-
tered in person in the local Wolof language.

Phase 2 and 3 were carried out 2 months (August 2015) 
and 10 months (April 2016) after the distribution of the 
intervention package respectively. During each of these 
phases, samples of about 100 g of dibiterie meat were also 
collected from the 40 dibiteries.

A feedback workshop of the study was organized two-
years post-intervention with dibiterie tenants, hygiene 
service officers, and livestock directorate officers to estab-
lish a dialog and co-design an incentivised and cost-effec-
tive intervention. During this workshop, a focus group 
discussion (FGD) was carried out using an interview 
guide with 10 dibiterie tenants at the Ecole Inter-Etats 
des Sciences et Médecine Vétérinaires (EISMV) of Dakar. 
The FGD was done in French and translate in Wolof, a 
local language. The 10 dibiterie tenants were randomly 
selected from the 4 intervention groups; two people each 
were chosen from groups (b) and (c) and three people 

each from groups (a) and (d). This distribution was made 
in order to better perceive the impact of the interven-
tion on the group that received the entire hygiene pack-
age compared to the control group. The interview guide 
allowed collecting information on hygiene management 
and its implication on product quality as well as socio-
economic determinants that could impact the good 
hygiene practices in dibiteries. The FDG was about 
50 min long. Figure 2 shows the flow chart of the inter-
vention scenario.

Estimation of the costs of hygiene improvement 
and the intervention package
The costs of hygiene improvement and the hygiene kit 
were estimated by evaluating the costs of materials and 
consumables and the depreciation of the equipment used 
with the usual hygiene practices in all the dibiteries. They 
were estimated respectively based on the Eqs. (1) and (2) 
of Bonfoh et al. [11].

(1)











CHI = CHf − CHi

Knowing that :
CHi = CEi + CCi

CHf = CEf + CCf

Fig. 2 Diagram of the intervention scenario
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With: CHI = Cost of Hygiene Improvement; CH = Cost 
of Hygiene Practices; CE = Cost of Equipment; CC = Cost 
of Consumables; i = without intervention; f = with 
intervention

With: CHK = daily cost of hygiene kit (FCFA / day); 
IE = Investment in the equipment and materials (FCFA, 
USD); RF = Revolving funds (FCFA); Dx = the life period 
or use of the equipment invested (day); OC = Own capi-
tal (FCFA); Lo = Loans (FCFA); FA = Fixed assets (FCFA); 
i = before intervention; f = after intervention.

The cost of training per dibiterie was estimated by list-
ing all expenses incurred during the workshop, including 
travel expenses, room rental, catering and trainer fees.

Finally, the cost of the intervention package is the sum 
of the daily costs of the hygiene kit and the training.

Data statistical analysis
The data collected at the end of the various investiga-
tions were recorded in Excel and were subsequently 
transferred into the R commander software (version 
3.5.1) for statistical analyses. The results of the micro-
biological quality of the dibiterie meat were classified 
into ‘satisfactory’, ‘acceptable’ and ‘not satisfactory’ 
according to the criteria of the laboratory of HIDAOA 
at EISMV. These criteria allow determining the qual-
ity of foodstuffs according to standards DGAL/SDHA/
N2001–8090 for TAMF and SA and CE 1441/2007 for 
CT. The interpretation of the results was derived from a 
3-class plan and was carried out as follows: (i) satisfac-
tory = below the standard or up to 3 times the standard; 

(2)
{

CHK =
[

(IE + RF)f − (IE + RF)i
]

∗
1

Dx

RF = OC − (Lo+ FA)

(ii) acceptable = between 3 to 10 times the standard; 
(iii) not satisfactory = greater than the standard or 
greater than 10 times the standard [12]. Thus, to con-
sider the degree of contamination of a sample ‘satisfac-
tory’ regarding the three bacterial counts, all the results 
had to be satisfactory. Samples were classified as ‘not 
satisfactory’ if at least one of the results of the sample 
was not satisfactory. To be classified ‘acceptable’ at least 
one result had to be acceptable and the sum of the oth-
ers satisfactory.

Furthermore, given the non-Gaussian distribution of 
the data on the bacterial species (TAMF, TC, SA, Total 
Load), the results were presented in  log10 CFU / g of 
braised meats, tested to have a normal distribution. 
Generalised Linear Model (GLM) allowed assessing the 
effectiveness of the intervention groups (b, c and d) on 
total bacterial load and by species (TAMF, TC, SA) of the 
braised meat samples at phases 2 and 3, compared to the 
control group (a). The response variables were the bacte-
rial species and total bacterial load of the samples. The 
explanatory variables were the three intervention groups. 
An intervention (group) was judged effective when there 
was a significant difference between the control group 
and an intervention group with regards to bacterial loads 
(p ≤ 0.05). The t-test was used at the significance level of 
5% to compare the average gross margins generated by 
the dibiterie with and without the hygiene kit.

The discussion during the FGD were recorded using 
a digital voice recorder, and transcribed in French in 
Microsoft Word. Transcripts were analysed without soft-
ware. Thematic content analysis was used for the inter-
pretation of the data. The data was classified into themes 

Table 1 Descriptive statistics of dibiterie tenants (n = 40)

Characteristics of the study population Modalities Frequency (%) Control (%) Training (%) Hygiene kit (%) Training, 
Hygiene Kits 
(%)

p-value

Age 15–29 6 (15) 1 (17) 2 (33) 1 (17) 2 (33) 0.369

30–49 25 (63) 6 (24) 8 (32) 7 (28) 4 (16)

≥ 50 9 (22) 3 (33.3) 0 (0) 2 (22.2) 4 (44.4)

Level of formal education None 26 (65) 7 (27) 7 (27) 7 (27) 5 (19) 0.942

Primary 10 (25) 2 (20) 2 (20) 3 (30) 4 (30)

Secondary 3 (8) 1 (33.3) 1 (33.3) 0 (0) 1 (33.3)

University 1 (2) 0 (0) 0 (0) 0 (0) 1 (100)

Ownership status of the dibiterie premise Not owner 40 (100) 10 (25) 10 (25) 10 (25) 10 (25) N/A

Owner 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Authorisation for installation Yes 4 (10) 0 (0) 1 (25) 3 (75) 0 (0) 0.167

No 36 (90) 10 (28) 9 (25) 7 (19) 10 (28)

Previous hygiene training for staff Yes 13 (32) 3 (23) 2 (15) 4 (31) 4 (31) 0.879

No 27 (68) 7 (26) 8 (30) 6 (22) 6 (22)
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and sub-themes and presented as narratives supported 
by verbatim quotations from the FDG.

Moreover, all methods were performed in accordance 
with the relevant guidelines and regulations.

Results
In total, all of the 40 dibiteries selected agreed to partici-
pate in the study and no drop-outs were observed during 
the implementation.

Sociodemographic characteristics of dibiterie tenants 
receiving the intervention
The majority of the dibiteries involved in the intervention 
(68%) had no previous hygiene training for their staff, nor 
did they have a business licence (90%). Most of the dibit-
erie tenants were between 30 and 49 years old (63%) and 
65% had no formal education. None of the dibiterie ten-
ants owned the premises where they operated. There was 
no significant difference between the different interven-
tion groups according to the descriptive characteristics of 
the dibiterie tenants (Table 1).

Attitudes and practices of dibiterie tenants toward hygiene 
prior to the intervention
The attitudes and practices of dibiterie tenants toward 
hygiene prior to the intervention are presented in Table 2. 
The majority of dibiterie tenants (70%) did not have a 
medical certificate and did not stop work when they fell 
ill. Medical care was sought at a rate of twice per year for 
20% of dibiterie tenants and three times a year for 10% of 
tenants.

Meat was transported from slaughterhouses to dibi-
teries without cold chain (90% by taxi and cars; 10% by 
motorcycles). In addition, only 26% of dibiteries did not 
hang their meat in the open air, 60% did not carry out any 
pest control, and 75% of those using a refrigerator keep 
other foods (cooked rice, fruit, drinks) with the meat in 
the same refrigerator.

Regarding the hygiene of the materials and equipment, 
the meat cutting support was made of wood (95%) with 
a deposit of fat, dust on the cutting board and the work 
surface in 83 and 70% of cases respectively. No hot water 
was used in the dibiteries where 93% had a washbasin 

Table 2 Attitudes and practices toward hygiene in dibiteries before the intervention (n = 40)

Category Item Yes (%) No (%)

State of the staff health Medical examination / Medical certificate 12 (30) 28 (70)

Hygiene around the raw meat Meat transport mode: Non-refrigerated vehicles (taxi, car) 36 (90) 4 (10)

Meat transport mode: Motorcycle 4 (10) 36 (90)

Exposure of the meat in a covered environment 9 (22) 31 (78)

Presence of other foods in the refrigerator 10 (25) 30 (75)

Pest control measures 16 (40) 24 (60)

Material and equipment hygiene Presence of hot water posts 0 (0) 40 (100)

Cutting board: Wood 38 (95) 2 (5)

Cutting board: Cardboard 2 (5) 38 (95)

Presence of dirt on the cutting board 33 (83) 7 (17)

Presence of dirt on the worktop 28 (70) 12 (30)

Presence of toilet 8 (20) 32 (80)

Presence of washbasin / hand washing device 37 (93) 3 (7)

Cleanliness of non-disposable towels / handkerchiefs 11 (27) 29 (73)

Presence of disposable hand towel 0 (0) 40 (100)

Hand and clothing hygiene Butcher/cook also acts as the cashier 39 (98) 1 (2)

Injury contraction during meat handling 21 (53) 19 (47)

Hand washing after each interruption 6 (15) 34 (85)

Wearing watches / jewellery 34 (85) 6 (15)

Wearing regulation work clothes 1 (2) 39 (98)

Cleanliness of work clothes (regulation or not) 34 (85) 6 (15)

Braised meat packaging material Recycled cement bag paper 17 (42) 23 (58)

Recycled milk bag paper 9 (22) 31 (78)

Recycled cement bag paper and milk bag paper 5 (22) 35 (88)

Recycled cement bag paper and aluminium paper 4 (10) 36 (90)

Recycled milk bag paper and aluminium paper 4 (10) 36 (90)

Butcher’s paper and aluminium paper 1 (2) 39 (98)



Page 8 of 17Orou Seko et al. BMC Public Health          (2022) 22:484 

or a hand washing device and 80% did not have a toilet. 
Among the dibiteries which had toilets (20%), 5/8 toi-
lets were still functional. Non-disposable handkerchiefs 
/ towels were not clean (73%). These different materials 
were rarely cleaned and disinfected (1–2 times a week). 
In 98% of dibiteries, the salesperson acts as the cashier 
at the same time and 85% did not wash their hands after 
each interruption when handling of cash. Additionally, 
53% of salespersons reported having frequent injuries to 
their hands while handling the meat and 85% wore jewel-
lery / watches when handling meat. Work clothes (reg-
ulation or not) were mostly clean (85%) with only 3% of 
dibiteries having regulation work clothes (white coat, cap, 
apron). The packaging material for the dibiteries’ meat 
was mostly recycled cement bags (43%) and milk packag-
ing paper (23%). Only 3% used butcher’s paper combined 
with aluminium foil for packaging braised meat.

Microbiological quality of dibiterie meat and effectiveness 
of intervention
Microbiological quality of the dibiterie meat prior 
to and after the intervention
At phase 1, microbiological analysis of the samples 
showed that the dibiterie meat was contaminated with 
TAMF, TC, and SA. The total bacterial load averaged 
4.9  log10 CFU / g with 30% of samples of non-satisfac-
tory microbiological quality. However, the number of 
TAMF was 4.7  log10 CFU / g and the load of TC and SA 
were of 2.2  log10 CFU / g and 2.3  log10 CFU / g respec-
tively. At this phase, 27 and 13% of the samples were of 
non-satisfactory quality for TC and SA.

Furthermore, at phase 2, the quality of the dibiterie 
meat samples had undergone a non-significant decrease 
in proportions of sample of non-satisfactory quality for 
each microbiological indicator (Table 3). On the other 

Table 3 Microbiological quality of dibiterie meat samples in Dakar (n = 30)

*significant at p < 0.1; NC not calculated, OR odd ratio

Bacterial species Before intervention After intervention

Phase 1 (1 month before, 
n = 30)

Phase 2 (2 months after, n = 30) Phase 3 (10 months after, n = 30)

Average
(log10 CFU/g)

Non-
satisfactory 
(%)

Average
(log10 CFU/g)

Non-
satisfactory 
(%)

OR p Average
(log10 CFU/g)

Non-
satisfactory 
(%)

OR p

Mesophilic flora (TAMF) 4.7 ± 0.9 0 4.9 ± 0.8 0 NC – 4.6 ± 1.4 3.8 NC –

Thermotolerant coliforms (TC) 2.2 ± 1.7 26.7 1.5 ± 1.4 20 1.5 0.52 1.4 ± 1.2 7.7 4.4 0.06*

Staphylococcus aureus (SA) 2.3 ± 0.8 13.3 2.3 ± 0.7 10 1.4 0.69 2.1 ± 0.5 3.8 3.8 0.21

Samples (all bacterial species) 4.8 ± 0.9 30 4.9 ± 0.8 20 1.7 0,37 4.6 ± 1.3 11.5 3.3 0.09*

Table 4 Effectiveness of intervention groups on the total bacterial load and the loads by bacterial species of dibiterie meat in Dakar

** significant at p < 0.05; CI confidence interval

Groups Bacterial species Phase 2 Phase 3

Coefficient mean estimate 95%CI p-value Coefficient mean estimate 95%CI p-value

Group (b) TAMF −1.34 0.26 [−3.05; 0.35] 0.130 −3.44 0.03 [−6.36; −0.54] 0.027**

TC −1.82 0.16 [−5.07; 1.41] 0.276 −3.31 0.04 [−6.34; − 0.29] 0.039**

SA −2.00 0.13 [−3.73; − 0.28] 0.029** 0.60e-17 1.00 [−0.96; 0.96] 1.000

Samples (all bacterial 
species)

−1.36 2.55 [−3.06; 0.32] 0.122 −3.44 0.03 [−6.33; −0.57] 0.025**

Group (c) TAMF 1.06 2.89 [−0.64; 2.76] 0.230 −0.37 0.69 [−3.28; 2.54] 0.803

TC −0.03 0.97 [−3.27; 3.21] 0.986 −0.69 0.50 [−3.72; 2.34] 0.658

SA −0.33 0.71 [−2.07; 1.39] 0.704 0.67 1.97 [−0.28; 1.63] 0.174

Samples (all bacterial 
species)

1.03 2.80 [−0.66; 2.72] 0.240 −0.37 0.68 [−3.26; 2.49] 0.798

Group (d) TAMF −0.56 0.57 [−2.27; 1.13] 0.517 −1.70 0.18 [−4.69; 1.29] 0.275

TC −0.06 0.93 [−3.31; 3.17] 0.968 −3.09 0.05 [−6.22; 0.03] 0.061

SA −1.64 0.19 [−3.37; 0.08] 0.071 0.26e-17 1.00 [−0.99; 0.99] 1.000

Samples (all bacterial 
species)

−0.58 0.56 [−2.28; 1.10] 0.501 −1.73 0.18 [−4.70; 1.23] 0.259
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hand, at phase 3, a significant reduction of the propor-
tion of samples of non-satisfactory quality was noted 
for the TC and for the total bacterial load (p < 0.1). 
Between phase 1 and 3, the microbiological quality of 
the samples improved significantly by 18.5 percentage 
points for the whole bacterial species (OR = 3.3; p < 0.1) 
and by 19 points of percentage for TC (OR = 4.4; 
p < 0.1).

Globally, the intervention results were not quite signifi-
cant regarding the improvement of the microbial quality 
of the dibiterie meat on the whole phases of the trial.

Effectiveness of intervention groups on reducing microbial 
contamination of dibiterie meat
The results of the logistic regression (Table 4) show the 
level of effectiveness of the different intervention groups 
on reducing the total bacterial load and by bacterial spe-
cies found in the dibiterie meat. Group b (training) was 
found to significantly reduce (p < 0.05) the load of SA at 
phase 2, as well as the total bacterial load, and the load 
of TAMF and TC (p < 0.05) at phase 3. Regarding group 
c (hygiene kit), there is a non-significant reduction of the 
dibiterie meat contamination by TC and SA in phase 2, 
as well as by TAMF, TC and the whole range of bacte-
rial species in phase 3. Group d (training + hygiene kit) 
was significantly effective on reducing the contamination 
of dibiterie meat by SA at phase 2 and by TC at phase 3 
(p < 0.1).

Overall, the effectiveness of the intervention had 
“unclear” or “equivocal”, the results of the intervention 
groups were not quite significant to reduce the bacterial 
loads of the dibiterie meat compare to the control group.

Costs of hygiene improvement and intervention package, 
and its impact on the economic outcomes of dibiteries
The cost of hygiene improvement and the daily cost of 
the hygiene kit were low and estimated to average around 
41 FCFA (USD 0.07) and 6 FCFA (USD 0.01) per day 
respectively (Table  5). The cost of the one-day training 
workshop was estimated at 440,000 FCFA (USD 789). 
Considering the 20 dibiteries that followed the train-
ing workshop and the fact that this intervention must be 
carried out once a year, the average cost of the training 
would amount to 22,000 FCFA (USD 39) per year per 
dibiterie, making 61 FCFA (USD 0.11) per day. Conse-
quently, the cost of the intervention package (training + 
hygiene kit) was estimated at 67 FCFA (USD 0.12) per 
day per dibiterie.

The financial appraisal shows that dibiteries generate 
a daily gross margin of 14,090 FCFA (USD 25) without 
intervention and 12,994 FCFA (USD 23) with interven-
tion; but no significant difference was noted between 
these two values. Thus, 1096 FCFA (USD 1.99) were lost 
per day with the intervention and the overall losses due 
to the introduction of the intervention are estimated to 
1163 FCFA (USD 2.11) per day, representing 8.25% of the 
gross margin.

Table 5 Estimation of the cost of hygiene and interventions package, and economic outcomes of dibiteries in Dakar

a  values followed by the same letter on the same row are not significantly different (t-test, p > 0.05);  Dx: the life period or use of the equipment invested (day)

Rubric Without intervention (i) With intervention (f)
Amount (FCFA) Amount (FCFA)

    1. Cost of equipment 13,219 13,358

    2. Cost of consumables 3373 4470

    3. Total cost of equipment and consumables (1 + 2) 16,592 17,827

Cost of hygiene (FCFA/month) 1236 (~  41 FCFA/jour)

    4. Own capital 111,731 112;832

    5. Loans 0 0

    6. Fixed assets 2612 2616

    7. Revolving funds [4 – (5 + 6)] 109,119 110,216

    8. Investment on equipment and material 469,515 474,515

    9. Total of revolving funds and investment (7 + 8) 578,634 584,730

    10.  Dx (day) 990

    11. Cost of hygiene kit (FCFA/day) 6

    12. Cost of the training (FCFA/day) 0 61

Cost of intervention package (training + hygiene kit) (FCFA/day) 67

Revenue figure (FCFA/day) 122,505 122,505

Total variable charges (FCFA/day) 108,415 109,511

Gross margin (FCFA/day) 14,090a 12,994a
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Incentive factors to sustainably enhance good hygiene 
practices
Dibiterie tenants’ attitudes regarding the regulations 
surrounding hygiene and production of foodstuffs
Prior to undertaking the activity of processing and sell-
ing braised meat, the dibiterie tenant must be in pos-
session of a medical certificate proving a clean bill of 
health, immunization against target communicable dis-
eases which requires regular examination at a frequency 
determined by a sworn health service. Overall, dibiterie 
tenants are aware of the obligation to know their health 
status in order to exercise or carry out food production 
activities. A participant during the focus group discus-
sion (FGD) states:

“Yes, having a medical certificate is an obligation. 
We go to the hygiene service to make a medical 
examination and be able to take the medical cer-
tificate. This visit is done every 3 months. Without 
this paper, the hygiene and veterinary service officers 
will not allow you to sell dibiterie meat” (FGD with 
a dibiterie tenant, Dakar, March 2018).

However, it also emerged that, in the opinion of some 
dibiterie tenants interviewed, that this regulation is not 
followed everywhere:

“… this issue of medical examination, it is not all 
the people who respect it. There are some who do it 
and others not, because they operate clandestinely…” 
(FGD with a dibiterie tenant, Dakar, March 2018).

Moreover, the dibiterie tenants are aware of the need to 
stop work when certain symptoms of diseases appear 
during handling of the meat, but rather than taking sick 
days, they seek treatment instead prior to continuing 
work. This is illustrated by the following statements:

“… there is cough or tuberculosis, malaria, diar-
rhoea, stomach ache, vomiting, cold or fever. If I am 
working and these symptoms appear, the first thing 
to do is to get treatment before I come to continue 
working. I have to think about myself first, because 
I am sick” (FGD with a dibiterie tenant, Dakar, 
March 2018).

“… you have to stop and take the medicine. If you are 
two the second takes your place and you cure your-
self. This is why the hygiene service officers ask for a 
pharmacy box” (FGD with a dibiterie tenant, Dakar, 
March 2018).

Constraints related to the premise’s ownership
The lack of ownership and access to long-term rented 
premises represents an obstacle for sustainable 

investment in good hygiene practices in the dibiteries. 
According to dibiterie tenants, certain investments in 
infrastructure and hygiene equipment are only feasible 
when they own the workspace or the building or have 
a long-term user right. A participant during the focus 
group discussion stated:

“On leasing, if it’s not your building, there are cer-
tain facilities and expenses that you can’t do, since 
the premises is not yours. If you do it, and the owner 
sees, he increases the rent” (FGD with a dibiterie 
tenant, Dakar, March 2018).

The separation of clean and soiled sections of the prem-
ises is sometimes not carried out in some dibiteries and 
this fact, sometimes leads to inconvenience, frustration, 
discontent with customers. According to one of the par-
ticipants, the need to achieve this separation is linked 
to the necessity to maintain customer privacy, and to 
maintain a secret proprietary recipe for braised meat 
produced in the dibiterie, as evidenced by the following 
statement:

“Where I work, there is only one production room 
and I cannot put up partitions, because I am rent-
ing. But we need to keep the meat production process 
secret; and sometimes the smoke bothers custom-
ers, so you have to separate the eating room from 
the kitchen with a curtain... Also, for the privacy of 
customers, because there are some who come to eat 
discreetly, because it is sometime badly perceived by 
society. Other people also come to spend time with 
friends. But when you rent the premises for example, 
you can’t concretely do separation, and the smoke 
makes customers’ clothes smell and they complain” 
(FGD with a dibiterie tenant, Dakar, March 2018).

Dibiterie tenants’ perceptions toward personal hygiene
The dibiterie tenants have a poor perception level regard-
ing the use of regulation clothing. According to them, 
wearing regulation clothing, such as white coat, cap, 
apron is not synonymous with producing good quality 
meat. It’s just a marketing strategy among customers. 
This is illustrated by the following statement:

“Wearing the white coat, cap and apron only attracts 
customers because the white colour represents clean-
liness and they therefore find you more hygienic. 
When you go to a dibiterie where people are in white 
it attracts customers, but in fast food restaurants, for 
example, people wear Lacoste’s which are not neces-
sarily white. What’s important here is to wear some-
thing clean” (FGD with a dibiterie tenant, Dakar, 
March 2018).
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In the dibiterie, the use of metallic cut resistant/chain-
mail or disposable gloves, as well as the systematic wash-
ing of hands after each interruption, such as processing a 
sale or handling cash when handling meat are not carried 
out, due to financial and time constraints. This is illus-
trated by the statements of a dibiterie tenant during the 
focus group discussion:

“Metal gloves are too expensive (~ 125 euros per 
pair), this is why I don’t use them. Regarding the 
disposable gloves, I don’t use them also, because it’s 
veterinary officers who need them at the slaughter-
house. Washing hands is very important because 
of hygiene. But we can’t always wash our hands at 
every interruption when customers are waiting. It’s a 
matter of time” (FGD with a dibiterie tenant, Dakar, 
March 2018).

Attitudes of customers during purchasing of dibiterie braised 
meat
The attitudes of customers purchasing braised meat seem 
to guide the implementation of good hygiene and pro-
duction practices in the dibiteries. The recycled cement 
bag paper used for wrapping braised meat is the one pre-
ferred by customers due to the improved organoleptic 
quality of the braised meat. Participants during the focus 
group discussion declared:

“There are customers who come to pay to take away 
and if you don’t have any recycled cement bag paper 
it’s useless, it’s the job that requires it. Sometimes 
cement bag paper is missing, so we are obliged to get 
recycled milk bag papers” (FGD with a dibiterie ten-
ant, Dakar, March 2018)

“I use the recycled cement bag papers because that’s 
what customers ask for. Some people ask that the 
meat be braised in the cement bag paper, so that it 
is more succulent, more tender and has more taste; 
in addition, the meat does not adhere to this paper” 
(GD with a dibiterie tenant, Dakar, March 2018).

The level of meat cooking is also chosen by the customer. 
However, according to dibiterie tenants, experience is the 
first quality criterion in the practice of the business of 
dibiterie braised meat processing and selling. It is instinct 
and experience that allows one to know if the meat is 
properly cooked according to the customer’s desire as 
evidenced by these statements:

“... It depends on the customer. Sometimes there 
are people who like bloody meat, others don’t. This 
is based on how we cook the meat. There are three 
ways to grill: bloody, cooked ‘a point’, and well 

cooked. It depends on the customer’s request” (FGD 
with a dibiterie tenant, Dakar, March 2018).

“We know there is a thermometer that can tell if 
the meat is well cooked or not. But we don’t use it 
because it’s the experience that counts here. We 
know very well, just by looking at whether the meat 
is well cooked. If you know your job, you know 
whether the meat is good or not, just with from feel-
ing or by a simple observation” (FGD with a dibit-
erie tenant, Dakar, March 2018).

Dibiterie tenants’ perceptions toward the risks of foodborne 
diseases
Dibiterie tenants are aware that poorly stored and under-
cooked meat could contain bacteria that can spoil the 
food and cause illness among consumers, as evidenced by 
this statement from one of the participants:

“... yes of course, often this is a meat conservation 
issue. I myself have been a victim. I once ate a Sha-
warma at a fast-food restaurant, I almost died that 
night. At 3 a.m. I was taken to the hospital, because 
the conservation was not good” (FGD with a dibit-
erie tenant, Dakar, March 2018).

In addition, dibiterie tenants perceive that the risk 
of infection from their products is low. According to 
them, while this phenomenon may be recurrent in fast 
food restaurants, it is on the other hand rare in dibiter-
ies because the meat is well cooked prior to consump-
tion. However, the occurrence of foodborne diseases 
is sometimes linked to poor eating habits of consum-
ers who mix foods up after consuming dibiterie braised 
meat. This is illustrated in the following statements:

“... it’s not the same thing in fast food restaurants 
and dibiteries. In the dibiteries, the meat is well 
prepared and cooked, so it is difficult for you to get 
a food poisoning. Even if there are unsold ones, the 
next day when you eat it can’t give you stomach 
aches” (FGD with a dibiterie tenant, Dakar, March 
2018).

“... often there are customers who mix things up. 
When they finish eating, they take sour milk and it 
gives them a food infection and then they think it is 
the dibiterie meat that is the cause. The ideal thing 
is to drink something hot, such as ‘Kinkeliba’, coffee, 
or hot water plus lemon” (FGD with a dibiterie ten-
ant, Dakar, March 2018).

From the opinions of the participants, it emerged that 
belief in God is important in providing quality meat free 
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from any microbial contamination. However, they are 
aware that to avoid foodborne diseases for consumers, 
it is necessary to ensure proper storage and cooking of 
products, as evidenced by the following statement:

“When you believe in God and sell braised meat, 
there will be no more bacteria in dibiterie braised 
meat. Because everything that is put on fire is safe 
and you can consume it without worry. But care 
must be taken to ensure that the meat is safely stored 
and well-cooked beforehand” (FGD with a dibiterie 
tenant, Dakar, March 2018).

Discussion
The present randomized controlled trial study aimed 
at designing an incentive-based health intervention to 
improve the hygiene and safety of dibiterie meat, and the 
health of consumers in Dakar. The study format was cho-
sen because intervention studies without control group 
can suggest that the positive changes may be linked to 
other factors [13]. In addition, we have taken care to ran-
domly distribute the different intervention groups so that 
they cannot interact with each other, and to be able to 
better appreciate the effectiveness of the innovations and 
messages promoted as part of the intervention.

Hygiene behaviour in the dibiterie
In Senegal, practicing any collective commercial catering 
activity requires the presentation of a certificate of good 
health, in accordance with the hygiene code (Law No 
83.71 of July 5, 1983) [14]. Most of the dibiterie tenants 
(70%) did not respect this principle prior to commencing 
trading, which indicates poor attitudes and hygiene prac-
tices in line with their position as an informal business. 
This behaviour is linked to their strategy of minimizing 
costs which would also lead them to avoid any census or 
registration in order to avoid paying taxes like any legally 
registered business must. The same observations were 
made by Gitahi [15] in East Africa, where 76% of Ken-
yan informal vendors did not have a medical certificate 
to practice. In contrast, Annan-Prah et al. [16] and Ackah 
et al. [17] in West Africa found that 55–60% of food ven-
dors in the informal sector in Ghana had a medical cer-
tificate to handle food. These studies seem to reveal that 
in Africa and particularly in the informal sector, many 
traders operate without respecting the principle of good 
health. This situation is linked to the lack of strict con-
trol and monitoring of good hygiene practice rules in the 
informal sector. In catering, the possession of a medical 
certificate is of utmost importance to ensure that peo-
ple who handle food are immunized or treated against 

typhoid and other foodborne diseases to avoid cross-con-
tamination [18].

Moreover, the transport of meat by non-refrigerated 
means, and the exposed meat to open air are unhygienic 
practices which expose the meat to microbial contamina-
tion of exogenous or environmental origin. Indeed, these 
practices lead to a break in the cold chain conducive to 
the multiplication of pathogenic bacteria following con-
tact of the meat with insects, ambient air, and aerosols 
produced by mobile devices [19]. According to AFSSA 
[20], refrigeration limits the activity or growth of bacteria 
likely to contaminate food and any hazard is avoided by 
keeping the meat at a temperature below or equal to 5 °C.

Regarding personal and clothing hygiene, the major-
ity of dibiteries sampled as part of the intervention did 
not comply with basic good hygiene practice measures. 
Handling money, wearing jewellery by the seller or the 
butcher, and not washing hands after each interruption 
during the production process are unhygienic behav-
iours that would promote bacterial contamination of the 
meat. This lack of knowledge regarding the basic rules of 
good hygiene practices could be linked to the low level of 
formal training of the dibiterie tenants. The same obser-
vations were made by Baba-Moussa et  al. [19] in Benin 
where the majority of street food vendors with low lev-
els of education handle food by hand. According to the 
authors, the lack of education results in ignorance of 
the basic rules of hygiene and safety. Indeed, hands and 
money both coins and notes often serve as vectors of 
microbial contamination of foodstuffs and may be the 
cause of foodborne diseases (diarrhoea, gastroenteritis) 
among consumers [19, 21, 22]. The hands play an impor-
tant role in the contamination and spread of foodborne 
bacteria, and the risk increases when sellers use their 
bare hands during handling and sale [21].

Sources of microbial contamination of dibiterie meat
The results of this study showed that in phase 1 (one-
month pre-intervention), the dibiterie meat was contami-
nated with bacteria such as TAMF, TC and SA. In fact, 
27 and 13% of the samples respectively contained TC and 
SA exceeding international standards. On the other side, 
no sample contained TAMF exceeding microbiological 
quality standards in phase 1. The presence of these bac-
teria suggests poor hygiene and production practices of 
dibiterie tenants. This deficit, according to Barro et  al. 
[21], Mensah et al. [23] and Bryan et al. [24], are possible 
means of transmission of pathogens in food. In addition, 
Pesewu et al. [25] and Amponsah-Doku et  al. [26] indi-
cated that the persistence and substantial proliferation of 
bacteria from food production / processing to consump-
tion reflects poor sanitary and food handling practices, as 
well as conditions at various stages of the storage chain. 
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TAMF consists of poor hygiene indicative bacteria attest-
ing to a failure at the level of overall hygiene. Since the 
load of TAMF in the dibiterie meat samples does not 
exceed the quality standards one-month pre-interven-
tion, this means that the overall hygiene of the dibiterie, 
that is to say the cleaning and disinfection procedures 
carried out therein, are therefore acceptable. However, 
the presence of TAMF bacteria in dibiterie meat sam-
ples despite cleaning and disinfection operations could 
be related to the lack of separation of cleaning and dis-
infection procedures leading to ineffective disinfection. 
Indeed, during the cleaning and disinfection of small 
kitchen utensils (knives, machete, containers), the water 
used is often not renewed or changed for all the small 
utensils, which are subsequently exposed to the open 
air without any coverage. Regarding TC and SA, their 
presence testifies the contamination of dibiterie meat 
after cooking. The relatively high percentage of non-
satisfactory samples could be mainly explained by (i) the 
defective personal and clothing hygiene of the staff who, 
moreover, are considered to be the main source of con-
tamination, (ii) the lack of or poor use of sanitary facili-
ties (defective maintenance, inadequate fittings, lack of 
soap and toilet paper), and (iii) incorrect and irregular 
hand washing. The study also showed that 85% of dibi-
terie tenants did not wash their hands after each inter-
ruption during the production process. Post-cooking 
contamination could also come from raw ingredients or 
spices added to meat after cooking, thus leading to cross-
contamination [27, 28].

Effectiveness and cost of the intervention
The present study has shown that the microbiological 
quality of dibiterie meat can be improved through simple, 
practical interventions based on participant incentiviza-
tion. Indeed, even if the differences were not statistically 
significant, the various interventions implemented still 
showed decreases in the sample proportions of non-
satisfactory quality for each of the microbiological indi-
cators tested in phase 2. On the other hand, in phase 3, 
the microbiological quality of the samples was improved 
significantly by 18.5% (p < 0.1) for the whole bacteria spe-
cies analysed (TAMF, TC and SA) and by 19% for the TC 
(p < 0.1). The intervention, therefore, lead to a significant 
improvement in the general hygiene of the dibiteries, the 
personal hygiene of the staff, and reduced post-cooking 
contamination of the meat. Thus, in phase 3, the dibit-
erie meat samples are 4.4 and 3.3 times less likely to be 
of non-satisfactory quality for TC, and for the whole 
bacterial species range analysed (TAMF, TC and SA) 
respectively.

The study also showed that training is the most effec-
tive intervention to reduce the bacterial load in dibiterie 

meat. The effectiveness of the hygiene kit, and the train-
ing + hygiene kit was not statistically significant. The 
fact that the training has been effective alone but not 
when combined with the hygiene kit could suggest that 
incentives to apply the good hygiene practices may have 
decreased with the depletion of the hygiene kit received 
by the dibiterie tenants during the intervention, who may 
have failed to replace these products. This means that 
the improvement of hygiene practices in the dibiterie is 
not affected by the variable factors of production, such 
as materials and consumables for hygiene. Moreover, 
the training has significantly reduced the total bacterial 
load in phase 3 but not in phase 2. Therefore, the train-
ing did not significantly improve the overall hygiene and 
especially the personal hygiene at the phase 2 because it 
is very difficult to suddenly change traditional behaviours 
which are often very rooted in habits [8, 29, 30]. Indeed, 
phase 2 allowed the dibiteries to gain experience imple-
menting the messages of the training intervention. This 
time was therefore not sufficient for the effective adop-
tion of the messages and innovations promoted. In con-
trast, the messages and innovations promoted during 
the training were found to have been adopted 10 months 
later post-intervention. This indicates that this is the time 
it took for dibiterie tenants to fully implement the mes-
sages and innovations in their establishments. Therefore, 
refreshment courses are needed at least once a year for 
sustainable behaviour changes.

Improvements in hygiene and food safety in the infor-
mal system are therefore possible even when actors 
lack formal education and adequate production infra-
structure. Several studies have shown the effectiveness 
of hygiene education interventions for food process-
ing actors operating in different food sectors [11, 13, 
31–34].

The daily cost of the intervention package is low, and 
estimated on average at USD 0.12 per day, i.e., USD 
0.1 per day for training, and USD 0.01 per day for the 
hygiene kit. In addition, USD 1.99 were lost per day 
with the intervention implementation and the overall 
losses represents 8.25% of the gross margin due to the 
introduction of the hygiene intervention. However, the 
assessment of the intervention costs has not account 
for possible health benefits of consumers not becom-
ing ill, and of possibly preventing some foodborne ill-
ness. Moreover, these costs could be well supported in 
the production cost of the dibiteries given the strong 
economic viability and profitability of these establish-
ments. This quality production could therefore allow an 
increase in the selling price of braised meat. Indeed, a 
recent study had shown that 84% of dibiterie meat con-
sumers are ready to pay up to USD 0.84 more on the 
purchase prices to improve the defects of the dibiterie 
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meat quality [35]. In addition, this price increase asso-
ciated with the scale economy strategy (increasing 
returns to scale) could help to absorb these losses [36].

Moreover, no significant difference was observed 
between the gross margin of the dibiterie with and with-
out the intervention. The cost of hygiene estimated at 
USD 0.07 per day, therefore, does not influence the eco-
nomic gain of the dibiteries.

The cost of the intervention hygiene kit obtained in the 
present study is lower than that obtained by Bonfoh et al. 
[11] in the dairy value chain in Mali estimated on aver-
age at USD 0.13 per day. This difference in costs observed 
could be linked to the fact that improving hygiene in 
dairies in Mali requires more investment than that of dib-
iteries in Senegal. Moreover, the cost of training butchers 
at the slaughterhouse was estimated on average at USD 9 
per butcher in Nigeria, and generated savings estimated 
at USD 780 [13].

Finally, the intervention may have worked but the 
results are mixed and not quite significant. Indeed, there 
are some borderline significant reductions in bacterial 
contamination at phase 3 for the 2nd intervention arm 
(group b); but overall, there are (i) no effectiveness at 
phase 2, whereas normally intervention effect must be 
highest early on, (ii) no benefit with the 4th intervention 
arm (group d), which is the association of the 2nd and 
3rd intervention arms. Consequently, we recommend 
further intervention refinement and testing.

Incentive and motivation factors for sustainable hygiene 
practices in dibiteries
Hygiene and quality management in dibiterie restaurants 
are affected by the behaviour and perception of dibit-
erie tenants, the purchasing practices of customers, and 
mainly economic and institutional factors.

In terms of behaviour and perceptions, the dibiterie 
tenants are aware of the hazards and risks associated 
with poor hygiene practices on food safety and the health 
of consumers. However, their behaviours are sometimes 
culturally rooted and income, convenience depend-
ant. Indeed, the dibiteries have a good knowledge of the 
techniques and production processes for preparation of 
braised meat, the quality, and the associated risks, but 
their attitudes differ greatly from their actual hygiene 
practices. Evidence on the risks and the result of focus 
group discussion showed that the theoretical statements 
of the dibiterie tenants are not always realised in practice. 
This is due to the fact that the practice and the business 
of producing and selling braised meat in dibiteries is done 
from an early age for some and it continues from genera-
tion to generation [36]. Thus, the training acquired from 
parents, friends, or other members of the family remains 
culturally rooted in habits and becomes very difficult to 

change. The same remarks were made by Mahamat [37] 
in the dairy sector in Niger where personal and clothing 
hygiene were difficult to improve due to the traditional 
habits of the staff. Furthermore, the non-demanding 
from clients does not tend to enforce application of 
hygiene and the production of good quality meat. Indeed, 
consumer purchasing decisions are not always guided 
by meat safety factors. The perception of quality among 
dibiterie meat consumers is oriented towards organo-
leptic or sensory quality (taste, flavour, tenderness, etc.). 
Orou Seko et al. [35] found that 61% of consumers were 
less concerned about health factors when buying braised 
meat in dibiteries.

Economic and institutional factors also affect the 
management of hygiene and food safety in the dibiter-
ies. Indeed, certain economic factors such as human 
resources, the ownership risk linked to the lack of owner 
status of the premises, financial, and time constraints 
limit the application of the conventional good hygiene 
practice rules promoted herein in the dibiteries. Basic 
good hygiene practices such as handwashing and wear-
ing gloves are not always carried out by the dibiterie 
tenants due to the lack of human resources, time, and 
financial means. These constraints lead to difficulties 
in organisation, distribution of tasks, and investment 
in sustainable infrastructures for quality production 
within the dibiteries. Therefore, the meat is exposed to 
possible cross-contamination which may arise from the 
staff and the environment within the dibiterie premises. 
Although the current dibiterie business model is highly 
profitable, it makes hygiene and public health interven-
tions difficult to implement, because of their precarious 
work setting, which limits sustainable investments in the 
infrastructures by the dibiterie owners. Thus, the main 
incentive for the sustainable adoption of good hygiene 
practices by dibiteries was access to sustainable and 
secure infrastructure.

Participatory design of adapted quality standards and 
organisation of the dibiteries through a system to access a 
secure tenure spaces in urban setting by the public insti-
tutions (municipalities, prefectures, etc.) could boost 
investments, promote access to credits as well as train-
ings on good hygiene practices for dibiteries. Improving 
hygiene management and meat quality in the dibiteries 
must therefore take into account food hygiene behaviour 
of the dibiterie tenants, consumers’ purchasing practices. 
Finally, the incentivization of the dibiterie tenants relat-
ing to institutional and financial arrangements is neces-
sary to enhance the sustainability of hygiene management 
practices in the dibiteries. Figure  3 shows the dibiterie 
hygiene and meat quality management framework and 
public health implications considering the socio-eco-
nomic and environmental determinants of hygiene.
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Limitations of the study
Firstly, the intervention strategies were based on the sam-
ple of 40 dibiteries previously evaluated by Yougbare [7]. 
The small sample size per group, could be linked to the 
relatively low statistical power. Secondly, although the 
tenants in the four intervention groups had very similar 
descriptive characteristics, the intervention strategies 
did not take into account the technological specifications 
of braised meat production according the type of dibit-
erie. The microbiological analyses were conducted on the 
combined braised meat and ingredients to better evalu-
ate the overall importance of the intervention strategy. 
Future research should be conducted with a larger num-
ber of dibiteries and separate analyses of braised meat 
and ingredients. Thirdly, the meat contamination bac-
terial indicators reflect only a point in time estimate of 
hygiene, and they may not reflect the overall food safety 
improvements of the facility. Additionally, if the food 
handlers were aware they were preparing the specific 
meat samples for testing, they may have altered their nor-
mal practices for this purpose, which could have affected 
the results. These considerations raise hypothesis which 
could be tested in the future research, especially (i) look-
ing at changes in food safety behaviors pre- and post 
intervention across the groups in addition to the bacterial 
indicators; (ii) identifying the intervention improvements 

when evaluating food handler behaviors versus meat 
contamination.

Conclusion
The microbiological quality of dibiterie meat can be 
improved through well co-designed and adapted inter-
ventions to the informal sector which very often escapes 
safety control. Although the cost of the intervention 
package is low, in overall the results of the intervention 
were insufficient, which suggesting the need for more 
aggressive / expansive intervention. However, the hygiene 
training was more effective in reducing the microbial 
load and generates quality and long-term financial ben-
efits. In addition, the implementation of the intervention 
does not significantly impact the production revenue of 
the dibiteries, and therefore is not the limiting factor in 
adopting innovations. Access to sustainable and secured 
infrastructure space was the main incentive for the sus-
tainable adoption of good hygiene practices by dibiterie 
tenants. For a sustainable change in the hygiene behav-
iour of the dibiterie, hygiene education interventions 
should be combined with the promotion of access to 
secure workspaces for dibiterie owners. Finally, institu-
tional arrangements such as participatory health regula-
tion and sanitary control as well as promoting investment 
in infrastructures will enhance the health of consumers.

Fig. 3 Dibiteries hygiene and meat quality management framework and public health implications
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