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Microbiologicalqualityassessment of "degué" produced and sold in N'Djamena
municipality, Chad .

RESUME :

Introduction : Le degué est un aliment lacto-céréalier traditionnel largement consommé en Afrique de
I'Ouest et introduit a N'Djamena (Tchad), ou sa production reste essentiellement artisanale et peu
contrblée. Cette étude descriptive et transversale, menée d'octobre 2022 a mars 2023 dans cing
arrondissements de N'Djamena, avait pour objectif d'évaluer la qualité microbiologique des degués
produits et vendus dans la ville.

Matériel et Méthodes : Une enquéte sociodémographique a été conduite auprés de 247 personnes
(15 producteurs, 13 vendeurs et 219 consommateurs) et 60 échantillons de degué (38 de production
artisanale et 22 de marque DJAMIL) ont été analysés aux laboratoires du Centre de Contrble de
Qualité des Denrées Alimentaires (CECOQDA) et de I'lRED (Institut de Recherche en Elevage pour le
Développement). Les analyses ont porté sur le dénombrement de la flore aérobie mésophile totale,
des coliformes totaux, des entérobactéries, d'Escherichia coli, de Staphylococcus aureus, de Bacillus
cereus, des levures/moisissures, ainsi que sur la recherche de Salmonella spp.

Résultats et discussion : Les résultats de I'enquéte révélent un niveau de connaissance en hygiéne
alimentaire globalement moyen a faible (37,24 % des enquétés jugés « mauvais »). Sur le plan
microbiologique, 72 % des échantillons de dégué artisanal se sont révélés non conformes aux criteres
réglementaires retenus, contre seulement 19 % pour les dégués de marque DJAMIL. La flore aérobie
mésophile totale, les coliformes, les entérobactéries et Bacillus cereus étaient les parametres les plus
fréquemment hors normes dans les produits artisanaux. Aucun échantillon, quel que soit le type de
degué, n'a révélé la présence de Salmonella spp.

Conclusion : Ces résultats traduisent des conditions d'hygiéne insuffisantes dans la filiere artisanale
de production du dégué a N'Djamena et soulignent la nécessité de renforcer la formation des
producteurs, la chaine du froid et le contréle sanitaire régulier de ce produit trés consommé,
notamment par les enfants et les jeunes.

Mots-clés : dégué, qualité microbiologique, hygiéne alimentaire, produits laitiers, N'Djamena, Tchad
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ABSTRACT

Background : Degué is a traditionalfermentedmilk-and-cerealfoodwidelyconsumed in West Africa and
nowfound in N'Djamena (Chad), whereits production remainslargely artisanal and poorlycontrolled.
This descriptive, cross-sectional study, conductedfrom October 2022 to March 2023 in five districts
(arrondissements) of N'Djamena, aimed to assess the microbiologicalquality of degué produced and
sold in the city.

Material and methods : A sociodemographicsurveywascarried out among 247 individuals (15
producers, 13 vendors, and 219 consumers), and 60 degué samples (38 artisanallyproduced and 22
of the DJAMIL brand) wereanalyzed at the laboratories of the Food Quality Control Center
(CECOQDA) and the IRED (LivestockResearch Institute for Development). The analyses
coveredenumeration of total aerobicmesophilic flora, total coliforms, Enterobacteriaceae, Escherichia
coli, Staphylococcus aureus, Bacillus cereus, and yeasts/molds, as well as detection of Salmonella
spp.

Results and discuss: Survey resultsrevealed an  overallmoderate-to-lowlevel  of
foodhygieneknowledge (37.24% of respondentsrated as "poor"). Microbiologically, 72% of artisanal
degué sampleswerefound non-compliant with the regulatorycriteriaapplied, comparedwithonly 19% of
DJAMIL-brand dégué samples. Total aerobicmesophilic flora, coliforms, Enterobacteriaceae, and
Bacillus cereus were the parametersmostfrequently out of standard in artisanal products. No sample,
regardless of degué type, tested positive for Salmonella spp.

Conclusion : Theseresultsreflectinadequatehygiene conditions in the artisanal dégué production
chain in N'Djamena and highlight the need to strengthenproducer training, the cold chain, and
regularhealth inspection of thiswidelyconsumedproduct, particularlyamongchildren and young people.

Keywords : degué, microbiologicalquality, foodhygiene, dairyproducts, N'Djamena, Chad
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1. Introduction

Degué is a cereal-baseddairyfoodthatiswidelyconsumed in Burkina Faso, Benin, Mali, Cote d'lvoire,
and Senegal. Eaten by all segments of society, itisrecognized for itsprobioticproperties. Althoughitis a
fermentedfood, fermentation in the manufacturing process onlyconcerns the milkadded to the pre-
cooked lumps of millet flour. It is a beverageprepared and soldfresh on a daily basis, alongroadsides,

near areas of activity, in markets, and in shops, by smallprocessingunits (Tankoano et al., 2017).

In developing countries, inadequatefoodhygiene can be the cause of infectiousdiseases (cholera,
typhoid), food-borne toxi-infections and poisoning, or transient disorders in consumers (diarrhea,
gastroenteritis). This isparticularlytrue for rawmilk and itstraditionalderivatives, which are fragile,
perishableproducts, rich in water and nutrients (Marnissi et al., 2013). One of the major constraints to
promoting the dairysectorispreciselythisperishability: about four hoursaftermilking, milkalreadybegins
to deteriorate (Mutweduet al., 2018). Because of its high moisture content, the risks of infection linked
to various handling steps, itsnear-neutral pH, and the diversity of itsnutrients, milkis an excellent

growth medium for manymicroorganisms (Mutweduet al., 2018).

Assessment of the microbiologicalquality of a food relies on testing for germs of hygienicinterest,
indicators of fecal contamination, as well as pathogenic and toxin-producinggerms (Marnissi et al.,
2013). Microbiologicalgquality control of foodremains essential, as itprevents the marketing and
consumption of dangerous or non-compliant products;this control isbased on regulated analyses,
governed by national or international standards thatgenerallyrequire the absence of

anypathogenicgerm or microbialtoxin, as well as a low total microbialload (Guergouri, 2020).

Degué wasintroduced in Chad, more specifically in N'Djamena, whereitisproduced by individuals. It
ispackaged in unlabeled plastic bottles and soldmainly in shops, and isconsumed by a significant
portion of the population of N'Djamena. In Chad, milk production iscarried out by extensive pastoral or
agro-pastoral livestockfarms, whichmainlysellcow'smilk, but alsogoat's and camel'smilk. This
production followsseasonal variations in pastureavailability: the high-production season corresponds to
the rainyseason (July to October), while the periodpreceding the arrival of the rainsis the mostdifficult

(Vias Franck, 2018 ; Pabamé and Frédéric, 2021).

The demographicgrowth of the Chadian population in general, and of the city of N'Djamena in

particular, has favored the development of income-generatingactivitieslinked to dairyproducts,
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including dégués. N'Djamena isindeed the largest center of milk and dairyproductconsumption in the
country (Doutoumet al., 2013). The city'ssupply basin relies on a set of livestockfarmslocatedwithin a
radius of 120 km, mainlysupported by cattle and dromedaryherders (Koussou& Patrice, 2013). Over
the pasttwodecades, the privatization of large dairies and the abandonment of state monopolies have
strengthened the competitiveness of local sectors (Gaba, 2001), favoring the emergence of
smallprivatedairy businesses (milk bars, cheesefactories, and yogurtmakers) whoseshared vision is
the promotion of local milk (Doutoumet al., 2013; Vias Franck, 2018). However, the local
dairyproductsthusmarketed do not alwaysofferconsumers a formalhealthguarantee (Koussou,
Duteurtreet al., 2007).

It is in thiscontextthat the presentstudyissituated, its main objective being to assess the

microbiologicalquality of dégués produced and sold in the municipality of the city of N'Djamena.

2. General background on milk and dairyproducts

2.1. Milk

2.1.1. Definition

Milk is the wholeproduct of the total and uninterruptedmilking of a healthy, well-fed, and non-
overworkeddairyfemale. It must becollectedcleanly and must not contain colostrum (Konte, 1999). It
isalsodefined as the normal mammarysecretion of dairyanimals, obtainedfrom one or more milkings,
withoutany addition or removal, and intended for consumption as liquidmilk or for furtherprocessing

(Koussouet al., 2007 ; FAO/WHO, 1999).

2.1.2. Production

In Chad, milk production iscarried out by extensive pastoral or agro-pastoral livestockfarms,
whichmainlysellcow'smilk, but alsogoat's and camel'smilk, withseasonal variations linked to
pastureavailability (Vias Franck, 2018). Estimates put national production at 20 millionlitersin 2001.In
2002, itreached 223,475 tonnes of milk, broken down as follows: 159,300 t/year for cows, 33,000
t/lyear for goats, 21,800 t/year for camels, and 9,375 t/lyear for sheep. The system of milk and
dairyproduct production and marketing remains, in Africa in general and in Chad in particular, of a

traditional type (Doutoumet al., 2013).
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2.1.3. Chemical composition

The chemical composition of milk varies mainlyaccording to factorslinked to the animal (genetics,
physiological stage, healthstatus) or to the environment (season, feeding, milking) (FAO, 1995,

Béninga, M.B., 2011). Table | presents the chemical composition of milkfromdifferent ruminants.

Table I: Chemical composition of milkfromdifferent ruminants (in g/l)

2.2. Dairy products

2.2.1. Definition

A dairyproductis a productobtainedthroughsometreatment of milk, whichmaycontainfood additives and
otheringredientsfunctionallynecessary  for  itsprocessing (FAO/WHO, 1999). These are
productsderivedexclusivelyfrommilk, itbeingunderstoodthat substances necessary for their
manufacture maybeadded, providedthey do not replace, in whole or in part, any of the constituents of
milk (Rcn, 2009). However, the Ilocal dairyproductsmarketed do not alwaysoffer a

formalhealthguarantee (Duteurtreet al., 2007).

2.2.2. Classification

Dairy products are classifiedintoseveralcategories:curdledmilk, cheeses, yogurts, and fermentedmilks
(Breiz, 2020). Skimmedcurdledmilk (rouaba) resultsfrom the total or partial churning of wholemilkafter
fermentation, or fromskimmingwhenitis not churned;itisclearlydistinguishedfromfermentedwholemilk
(rayib, or "local yogurt" as a loose term) (Duteurtre&Atteyeh, 2000). Fermentedmilkisobtainedthrough
the action of suitable, viable, active, and abundantmicroorganisms, resulting in a reduction of pH with
or without coagulation (Codex Alimentarius, 2011);yogurtis a specificform of it, fermentedexclusively by
Lactobacillus bulgaricus and Streptococcus thermophilus, but not all fermentedmilks are yogurts

(Breiz, 2020).

2.3. Microorganisms in milk and dairyproducts

Owing to its composition, milkis a very favorable substrate for the development of microorganisms
(Amira, 2022). Whenthesemultiply in it, they cause alterationsharmful to productquality (degradation of

constituents, release of undesirable compounds, defects in taste, odor, or texture) and can impair the
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growth of the lacticacidbacteria essential for fermentation. Strict adherence to good manufacturing and
hygiene practices istherefore essential to guarantee good-qualityfood (Carlos, 2020). Indicators of
fecal contamination, such as coliforms and Escherichia coli, are bioindicatorsclassicallyused to
revealunclean handling practices (Delcenserieet al., 2002; Tourette, 2002). Contamination can
bebiological, chemical, or physical in nature;from a microbiologicalstandpoint, the
consequencesvarygreatlydepending on whether the germsinvolved are spoilageorganisms (yeasts,

molds) or pathogens, the latter representing a greater public healthconcern (Delcenserieet al., 2002).

2.4. Value of testing for microorganisms in dairyproducts

Testing for germs of hygienicinterestmakesit possible to assess the level of contamination of foodstuffs
and the nature of theirmicroflora, as part of both official controls and the self-checks carried out by
producers (Marnissi et al., 2013; Carlos, 2020). On the pathogenicside, Listeria monocytogenes and
Salmonellaspp. areamong the germssystematicallytested for in rawmilk, heat-treatedmilk, and
dairyproducts (Delcenserieet al., 2002). Nutritionally, contamination by proteolytic or lipolyticgerms
leads to the denaturation of proteins and vitamins, hence the value of

rigorousmicrobiologicalassessment in preserving the nutritionalqualities of the product (Carlos, 2020).

2.5. Dégué

2.5.1. Definition and origin

In the Bambara language, "dégué" refers to small granules (2 to 3 mm) made fromcerealflour
(sorghum, millet, fonio) pre-cooked by steaming, as well as to the culinarypreparation made of these
granules mixed intosweetenedyogurt or curdledmilk (Cruz et al.,, 2020). It isalsodefined as a
traditionaldishbased on millet and fermentedmilk (Ny, Baba-Moussa et al., 2009). Originating in West
Africa, degué is a Bambara dish (a people of Mali) widelyeatenacross a regionencompassing Senegal,
Guinea, Céte d'lvoire, and the rest of West Africa;itisgenerallyconsumed as a shack ratherthan at the

end of a meal.

2.5.2. Sales channels and prices in Chad

In N'Djamena, dégués are sold at the homes of the womenwho process them, in shops in the various
districts, at kiosks, alongstreets, and throughstreetvendingfromsmallcoolers. Their shelf life ranges

fromtwo to threedayswhenrefrigerated (17-18°C); in the absence of electricity, the rise in
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temperatureacceleratesspoilage, which can occur as early as twodays for "light" degués and
threedays for more "substantial" ones. The product is soldindividually, at a price of 250 FCFA for a 33

cl bottle and 500 FCFA for a 75 cl bottle.

2.5.3. Ingredients and preparation

The ingredientsused in making dégué includepowderedmilk, curdledmilk or yogurt (plain or vanilla),
millet semolina, powderedsugar, vanillasugar, water, butter, and casta (astarch-basedthickener).
Preparationinvolvestwo main steps: fermentation of the milk (a mixture of powderedmilk, lukewarm
water, and yogurt, withcastaadded, thenincubated for a maximum of 8 hours in a warm, dry place,
otherwise the mixture reverts to a liquid state), and steaming of the millet semolina (25 minutes),
whichisthencooled and mixed with the butter and the sweetened, vanilla-flavoredmilkpreparation,

beforebeingrefrigerated and servedvery cold, sometimeswith raisins added (Koussou& Patrice, 2013).
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3. Material and methods

3.1. Study site

This descriptive, cross-sectional studywith an analyticalaimwasconductedfrom October 2022 to March
2023 in five districts of N'Djamena, the capital of Chad, the mostpopulous city. It mainlyfocused on the
microbiologicalanalysis of dégués, carried out at the foodmicrobiologylaboratory of the Food Quality
Control Center (CECOQDA). Chad is a country with an agro-pastoral vocation where a third of the
rural population livesexclusivelyfromlivestockfarming and agriculture (Pabamé& Frédéric, 2021). The
country has a large ruminant herd, with national milk production estimated at 220,000 tonnes per year

(Koussou& Patrice, 2013).

Figure 1: Map of study area

3.2. Biologicalmaterial

The biologicalmaterialused in the studyconsisted of degués produced and marketedlocally, in

twoforms:artisanallyproduced degués (unlabeled) and degués of the DJAMIL commercial brand.

3.3. Survey

A cross-sectional surveywasconducted in five districts of N'Djamena among degué producers, sellers,
and consumers, in order to gathersociodemographic information as well as data on
manufacturingprocesses, organolepticparameters, and the storage and sale conditions of the product.

In total, 247 peopleweresurveyed, comprising 15 producers, 13 sellers, and 219 consumers.

3.4. Sampling

Random, systematic sampling covered 60 dégué samples (artisanal and DJAMIL brand) collectedfrom
shops in three districts of N'Djamena (5th, 6th, and 7th). The geographic distribution isshown on the
map in Figure 1. Sample size wasdeterminedusing the followingstatisticalmethod: p = 1 - (N-n)/N =

n/N; n=P x N.

e n:sample size

e N:estimated population size

e P:probability of the samplebeingselected
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With N = 600, P = 10%; n = 600 x 10% = 60.

Strict asepticruleswereobservedduring collection to avoidany contamination and to limitanyincrease in

the initial microbialload. The sampleswerethentransported to the laboratory in a cooler for analysis.
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3.5. Microbiological analyses

Microbiological analyses covered the enumeration of total mesophilicaerobic flora (ISO 4833, 2003) on
PCA medium (Oxoid CM 0463), yeasts and molds(NF ISO 21527-2, 2008) on Sabouraud Dextrose
Agar (Oxoid CM 0041) supplementedwithchloramphenicol (0.05 g/l), total and
thermotolerantcoliforms(NF 1SO 4832, V 08-015, 2006 and V08-060, 2009)on VRBG and TBX media
(Oxoid CM 0107), Bacillus cereus on MYP medium, Staphylococcus aureus(NF EN ISO 6888-1/A1,
2004)on Baird-Parker agar (Oxoid CM 0275) supplementedwitheggyolk and potassium tellurite, and
Salmonellaspp. on XLD and Hektoen agars, in accordance with standard NF ISO 6579 (2021).

Eachsamplewasanalyzed in triplicate.

3.6. Data analyses

Data from the fieldsurvey and the microbiological analyses wereentered and organizedinto tables and

graphs using Microsoft Word and Excel 2019.

4. Results

4.1. Sociodemographiccharacteristics of respondents

The surveycovered a total of 247 people, including 149 men and 98 women, giving a sex ratio of 0.65.
The 3-19 age group was the mostrepresented (58.3%), followed by the 20-30 age group (29.2%). In
terms of educationlevel, nearlyhalf of respondents (49.4%) had a primary-schoollevel, and the majority
(51.0%) werepupils/schoolchildren, reflecting the significantweight of youngconsumers in the sample
(Tables Il and 111).

Table II: Distribution of respondents by sex and age group

Table lll: Distribution of respondents by educationlevel and profession

Table IV: Distribution of respondents by district(arrondissement)

Table IV shows that the variouscategoriessurveyed are more stronglyrepresented in the 7th district

(38.05 %).

Table V: Distribution of respondents by level of foodhygieneknowledge.

The results in Table V show thatnearly a third of respondents (37.24%) have a level of
knowledgedeemedpoorregardingfoodhygiene, whichconstitutes a potentialrisk factor for contamination

throughout the dégué production, distribution, and consumptionchain.

10
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4.2. Distribution of samplesanalyzed

A total of 60 degué sampleswereanalyzed, split intotwocategories: 38 artisanallyproduced (unlabeled)
samples and 22 DJAMIL brand samples, collectedfrom four sampling areas spread acrossthree

districts.

Table VI: Number of samples per sampling site

4.3. Microbiologicalquality of artisanallyproduced dégués

Table VII presents the results of the microbiological analyses carried out on a representativesubset of
16 artisanal degué samples, expressed in CFU/g and compared to the microbiologicalcriteriaadopted
for eachgermtested. A significant proportion of samplesexceeded the thresholds set for total
mesophilicaerobic flora (TMAF), total coliforms, Enterobacteriaceae, Escherichia coli, and Bacillus
cereus, withseveral values far exceeding the upperlimit of quantification (> 1.5 x 10° to > 3 x 108

CFU/g).

Table VII: Results of microbiological analyses of artisanal dégués (CFU/Q)

Figure 2: Concentration of germs in artisanal degués sold in shops

US: unsatisfactory and S: satisfactory

Analysis of the figure 2 shows that artisanal dégués have a higher-than-normal microbialload.

Figure 3: Overall contamination results for artisanal production degués
US: unsatisfactory, S: satisfactory

The overallassessment of the microbiologicalquality of artisanal degués (Figure 3) shows 72%
unsatisfactorysamples (non-compliant with at least one microbiologicalcriterion) versus 28%

satisfactorysamples, reflecting a worryinglevel of contamination in this production sector.

4.4. Microbiologicalquality of DJAMIL brand dégués

Table VIII presents the resultsobtained for the DJAMIL brand degué samples. Unlike the artisanal
products, most of the parameterstestedwerebelow the microbiologicalcriteriaadopted, with the
occasional exception of TMAF (samples Ar5A_E1, Ar6D_E1, and Ar6M_E1) and yeasts/molds

(samples Ar6M_E1 and Ar7C_E4).

Table VIII:Results of microbiological analyses of DJAMIL degués (CFU/g)

Figure 4 : Germs concentration in DJAMIL deguésproduced and sold in shops

11



267 US: Unsatisfactory and S: Satisfactory

268  Analysis of figure 4 shows that DJAMIL products have a satisfactorymicrobialload, except for FAMT

269  and moulds/yeasts.

270 Figure 5: Overall contamination results for DJAMIL dégués

271 US: unsatisfactory, S: satisfactory

272 The overallassessment of DJAMIL brand dégués (Figure 5) shows 19% unsatisfactorysamples versus

273  81% of samples compliant with the microbiologicalcriteria.

274 Regardless of the type of dégué analyzed (artisanal or DJAMIL), no sampleshowed the presence of

275  Salmonellaspp. in 25 g of sample.

276
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5. Discussion

The results of the microbiological analyses of artisanal and DJAMIL degués show that the germstested
for (TMAF, E. coli, Staphylococcus aureus, coliforms, Bacillus cereus, yeasts/molds, Enterobacteria)
largelyexceeded the acceptable standard for eachgerm in dégués from artisanal production,
whereasresultswere more variable for the DJAMIL brand. Our resultsexceed the acceptable
microbiologicalcriteria for foodstuffs set for each of the above-mentionedgerms (Division de la sécurité
alimentaire ([DSA], 2018) ;Salmonellastrains, on the other hand, were not found in either type of

degué.

Total mesophilicaerobic flora (TMAF) exceeded a concentration of 5x10* CFU/g in 87.50% of
artisanallyproduced dégué samples, versus 75% for DJAMIL dégués. Theseresultscorroboratethose of
a studyconducted in Chad on the physicochemical and hygienicquality of bush milk and local
dairyproductssold in N'Djamena’smilk bars, whichlikewiseclassified the samples as unsatisfactory for
TMAF (Grimaud et al., 2007;Koussou& Patrice, 2013). The same observations have been reported in
Algeria (Hamirouneet al., 2016) and in Benin (Carlos, 2020). The presence of TMAF in degué reflects
the overallhygienicquality of the production chain; the poorhygiene conditions observed in the handling

of bottles, processing, and equipment use wereevidently not sufficientlycontrolled.

Coliforms, absent from DJAMIL dégué, reflect the application of certain hygienerules by thisproducer.
Althoughsomehygiene conditions have been improved, othersremainuncontrolled, as shown by
artisanal degué, in whichcoliformsweredetected at a frequency of 93.75% above 102 CFU/g. The
presence of coliforms in the samplesindicates a source of environmentalcontamination ; the presence
of dogs and other carnivores in the environmentaroundcows can, in particular, constitute a source of
contamination of utensils. Similar observations have been reported by studiesconducted in Algeria and

Cameroon (Maiworéet al., 2018).

Staphylococcus aureusis a bacteriumcommonlyfound in humans and animals. Staphylococci are heat-
resistant and are not destroyed by cooking;theirpresence in foodrepresents a risk to humanhealth, as
certain strains of S. aureusproduceenterotoxinswhose ingestion causes food-borne toxi-infection
(Brisaboiset al., 1997). This bacteriumwasidentified at a concentration above 102 CFU/g in 81.25% of
samples, contamination generallyresultingfromfood handling by carriers of the bacterium, or

fromalready-contaminatedmilk. This resultis consistent with a study on the prevalence of

13
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enterotoxigenicStaphylococcus aureus in dégué sold in threemunicipalities of Abidjan, Céte d'lvoire
(Ny, Yao et al., 2009). It isnonethelesshigherthan the 70% reported by Maiworé et al. (2015), but
remainslowerthan the 90% abnormalpresencenoted in a studyconducted in Burkina Faso in 2018

(Millogo et al., 2018).

Escherichia coliis a normal commensal of the human and animal gut, accounting for about 80% of the
aerobic intestinal florasitisfound in very large numbers in feces, fromwhereit spreads into the
environment (soil, water). Itspresence in foodalwaysindicatesfecal contamination, whether direct
contamination or, for heat-treatedproducts, post-treatment contamination linked to
processingequipment or personnel. E. coliwasdetected in artisanal dégué in 87.50% of cases, at
values above the 10 CFU/g limitrecommended by the foodsafety division (DSA, 2018), whichis

consistent with the findings of a studyconducted in Burkina Faso (Millogo et al., 2018).

Bacillus cereusisnaturallyfound in soil;itspresence in processedfoodsresultsfrom contamination of
rawmaterials(for example the cerealsused to make dégué) as well as from the resistance of its spores
to heattreatments and manufacturingprocesses. During cooling, these spores can germinate,
allowingBacillus cereus to multiply in the food and producetoxinsthere (Anses, 2021). Our
studyrevealed the presence of Bacillus cereusin 81.25% of artisanallyproduced degués, exceeding the
standard limit of 102 CFU/g, whereas no Bacillus cereuswasdetected in DJAMIL dégué, reflecting a

betterchoice of rawmaterials in itsprocessing.

Yeasts and moldswerefound, respectively, in 68.75% of non-compliant samples for artisanal
production (versus 31.25% compliant) and in 50% of non-compliant samples for DJAMIL dégué
(versus 50% compliant). Theseresultsmayreflect non-compliance
withhygieneruleswithinprocessinghouseholds, notablypoorhygiene of the utensilsusedduringmilking

and a poorlycontrolled production environment. Our resultscorroboratethose of Maiworéet al. (2018).

Finally, in light of ourresults, no presence of Salmonellaspp. wasnoted in the samplesanalyzed,
regardless of the type of degué. This resultis consistent withthatobtained by Carlos (2020) in Benin, as
well as withthat of a studyconducted in Algeria on the bacteriologicalquality of rawcow'smilk, which

reports the same conclusions (Sara & Lakhdar, 2021).

Taken together, theseresultsconfirm a clearcontrastbetween the artisanal sector, marked by

widespreadmicrobial contamination and high non-compliance rates (72%), and the DJAMIL sector,

14
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whose more controlledmanufacturing practices (choice of rawmaterials, equipmenthygiene,
packaging) translate into a markedlylower non-compliance rate (19%). This finding is consistent
withthe survey'ssociodemographic data, whichreveal a mixed level of foodhygieneknowledgeamong a
significant proportion of producers, sellers, and consumers (37.24% rated as havingpoorknowledge),
as well as the profile of degué consumers, who are mostlychildren and young people in school (58.3%
aged 3-19; 51.0% pupils/schoolchildren) — a population particularlyvulnerable to food-borne toxi-
infections. Theseelements, combinedwith the precariousstorage conditions mentionedabove (frequent
breaks in the cold chain, short shelf lives), point to a set of riskfactorsthatshouldbeaddressed as a

priority in the artisanal sector.

6. Conclusion

This studyaimed to assess the microbiologicalquality of déegués produced and sold in the municipality
of N'Djamena. It revealedsignificantmicrobial contamination of artisanallyproduced dégués, with 72%
of samples non-compliant with the microbiologicalcriteriaadopted, comparedwithonly 19% for DJAMIL
brand dégués, whose more standardizedmanufacturing process appears to better control
contamination risks. Total mesophilicaerobic flora, coliforms, Enterobacteriaceae, Escherichia coli, and
Bacillus cereus are the parametersmostfrequently out of standard in the artisanal sector,
reflectingshortcomings in good hygiene practices duringmilk collection, processing, packaging, and

storage of the product. The absence of Salmonellaspp. in all samplesis, however, a reassuringfinding.

In light of thesefindings, itappearsnecessary to strengthen the awareness and training of degué
producers and sellers in good foodhygiene practices, to improve the cold chainthroughout the
distribution circuit, to encourage the labeling and traceability of artisanal products, and to
establishregularhealth monitoring of thissector, given the importance of itsconsumption by children and
young people in N'Djamena. Furtherstudies, covering a largernumber of samples and includingtesting
for otherpathogens (notablyListeria monocytogenes), would help to bettercharacterize the

healthrisksassociatedwith the consumption of degué in Chad.
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Table I: Chemical composition of milkfromdifferent ruminants (in g/l)

Species Water Dry matter Total protein Casein Lipids Lactose Total minerals Calcium Phosphorus
Cow 900 130 30-35 27-30 35-40 45-50 8-10 1.25 0.95
Goat 900 140 35-40 30-35 40-45 40-45 8-10 1.35 1
Sheep 860 190 55-60 45-50 70-75 45-50 10-12 1.9 15
Table II: Distribution of respondents by sex and age group

Sociodemographic

variables Producers Sellers Consumers Total Percentage (%)

Sex
Male 05 11 133 149 60,32
Female 10 02 86 98 39,67
Total 15 13 219 247
Age [years]
[3-19] 01 03 140 144 58,29
[20 - 30] 09 06 57 72 29,15
[31 - 45] 05 04 22 31 12,55
Total 15 13 219 247

Table Ill: Distribution of respondents by educationlevel and profession

Sociodemographic

variables Producers Sellers Consumers Total Percentage (%)
Education level
Higher 01 02 24 27 10,93
Secondary 06 04 69 79 31,98
Primary 03 00 119 122 49,39
No schooling 05 07 07 19 07,69
Total 15 13 219 247
Profession
Civil servants 01 00 14 15 06,07
Students 02 03 49 54 21,86
Schoolchildren 00 00 126 126 51,01
Unemployed 05 06 17 28 11,33
Housewives 07 04 13 24 09,71
Total 15 13 219 247
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Table IV: Distribution of respondents by district(arrondissement)

Category of

respondents Producers Sellers Consumers Total Percentage (%)

Districts

Irt 02 01 25 28 11,33

5th 01 01 22 24 09,71

6th 05 07 43 54 21,86

7th 07 03 84 94 38,05

9th 00 01 45 47 19,03
Total 15 13 219 247

Table V: Distribution of respondents by level of foodhygieneknowledge.

Category of
respondents Producers Sellers Consumers Total Percentage (%)

Hygieneknowledge

Bad 06 07 79 92 37,24
Average 04 02 89 95 38,46
Good 05 04 51 60 24,29
Total 15 13 219 247

Table VI: Number of samples per sampling site

DISct (AN /- ) (Am-riguébé) 6th (Dembé) 6th (Moursal) 7th (Chagoua) Total

Samples

Artisanal dégués 10 07 15 06 38
Djamil degués 05 04 08 05 22
Total 15 11 23 11 60
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Table VII: Results of microbiological analyses of artisanal degués (CFU/qg)

Germ TMAF Total coliforms Enterobacteria E.coli S.aureus B.cereus Yeasts/molds Salmonella spp.
;Ir;e,::;:: <5.10° <107 <102 <10 =100 <10 <10° Absent /25g
Ar5A_E1 =49.104 <10 <10 <10 =4,6.103 <102 =4,9.104 Absent
Ar5A_E2 7,8.10° 2,5.10* 5,4.10* >1,5.10* 4,6.103 >1,5.10° 4.102 Absent
Ar5A_E3 2,5.10° 2,8.10* 4,3.10* >1,5.10* 4,6.103 >1,5.10° 5.10? Absent
Ar5A_E4 3,5.10% 2,8.102 2,2.102 <10 4,6.10% <102 1,2.10% Absent
Ar6D_E1 9,7.10° 9,56.10* 1,2.10° >1,5.10* 4,6.103 >1,5.10° 6.10? Absent
Ar6D_E2 > 3.10° 1,7.104 2,1.104 >1,5.10¢ 1,4.10®% >1,5.10° <40 Absent
Ar6D_E3 2,5.10° >1,5.10° >1,5.10° <40 1,4.103 <40 3,2.108 Absent
Ar6D_E4 6,4.10° 8,3.10* 8,3.10* >1,5.10* 1,4.10% >1,5.10° 4.102 Absent
Aré6M_E1 > 3.10° 1,2.102 >1,5.10° >1,5.10* 1,4.1038 >1,5.10° >1,5.10° Absent
AréM_E2 > 3.10° 3,8.10% >1,5.10° 4.10t <102 >1,5.10° >1,5.10° Absent
Ar6M_E3 >3.10°® 1,3.10° >1,5.10° >1,5.10° 4,6.103 >1,5.10° >1,56.10° Absent
Aré6M_E4 > 3.10° 7.10t >1,5.10° 102 <102 >1,5.10° >1,56.10° Absent
Ar7C_E1 >3.10° <10 >1,5.10° 3,2.108 <102 >1,5.10° >1,5.10° Absent
Ar7C_E2 >3.10° >1,5.10° >1,5.10° >1,5.10* 1,2.108 >1,5.10° 2.103 Absent
Ar7C_E3 >3.10° >1,5.10° >1,5.10° >1,5.10* 1,4.10% >1,5.10° 3.103 Absent
Ar7C_E4 >3.10° 5,1.10* >1,5.10° >1,5.10¢ <102 >1,5.10° >1,5.10° Absent

Table VIII: Results of microbiological analyses of DJAMIL degués (CFU/g)

Germ TMAF Total Enterobacteria E. coli S. aureus B. cereus Yeasts/molds Salmonella
coliforms spp.
Criteria>Samples  <5.10* <102 <102 <10 <10? <10? <10° Absent /25g
Ar5A_E1 >3.10° <10 <10 <10 <102 1,8.108 < 102 Absent
Ar6D_E1 7,6.10° <10 <10 <10 <102 <102 <102 Absent
Ar6M_E1 > 3.10° <10 <10 <10 <102 <10 1,5.10° Absent
Ar7C_E1 1,4.10% <10 <10 <10 <102 <10 7,5.108 Absent
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Figure 2: Concentration of germs in artisanal dégués sold in shops
US: unsatisfactory and S: satisfactory
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Figure 3: Overall contamination results for artisanal production degués
US: unsatisfactory, S: satisfactory
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Figure 4 : Germs concentration in DJAMIL déguésproduced and sold in shops
US: Unsatisfactory and S: Satisfactory

24



529
530
531
532
533

534

535
536

Global result in DJAMIL dégués

ENS ®mS

Figure 5: Overall contamination results for DJAMIL degués
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