Academia Journal of Biotechnology 9(5): 073-083, November 2021
DOI: 10.15413/ajb.2021.0012
ISSN: 2315-7747
©2021 Academia Publishing

Research Paper
Physicochemical and microbial study of Dêguê, a dessert (From millet semolina
and curd milk) sold on public markets in Daloa, Côte d'Ivoire
Accepted 23rd November, 2021
ABSTRACT

Assohoun-Djeni Nanouman Marina Christelle1,2*,
Kouassi Kra Athanase1, Djeni N’dédé Théodore2,
Kouassi Kouassi Clément1
1Université

Jean Lorougnon Guédé, Unité de
Formation et de Recherche en Agroforesterie,
Laboratoire de microbiologie, Bio-industrie et
Biotechnologie, BP150 Daloa, Côte d’Ivoire
2Université Nangui Abrogoua, Unité de Formation
et de Recherche en Sciences et Technologies des
Aliments, Laboratoire de Biotechnologie et
microbiologie des aliments, 02 BP 801 Abidjan 02
Côte d’Ivoire
*Corresponding author. E-mail:
ass_marina@yahoo.fr

The Dêguê, a dessert made from millet semolina and curd milk is produced and
consumed in Côte d'Ivoire. However, its consumption has been associated with
pathologies questioning its sanitary quality. The main objective of our work was to
study the physicochemical characteristics of Dêguê and evaluate its sanitary
quality in Daloa city. The survey carried out to locate the knowledge, the mode and
Dêguê frequency consumption, made it possible to show that it is a food known
and consumed by many Ivorians and some nationals of neighboring countries of
all ages and of any social level. A total of 45 samples were subjected to
physicochemical and microbiological analysis. These samples were taken from 5
public markets in Daloa city (Abattoir 1, Grand Marché, Lobia, Orly and Tazibouo)
at the rate of 9 samples per market. Physicochemical analyzes revealed low pH
ranging from 3.44 ± 0.21 to 4.15 ± 0.35 negatively correlated with titratable
acidity levels which varied from 1.37 ± 0.45 to 0.79 ± 0 , 17. Microbiological
analyzes of Dêguê samples taken from this various public markets showed high
loads of fermentating germs (lactic acid bacteria, yeasts and molds) and of
contaminating germs (Aerobic Mesophilic Count, total and thermotolerant
coliforms). Salmonella were not detected in Dêguê samples taken at the Big Market
and Abattoir 1. On the other hand, they were present in 50% of Dêguê samples
taken at Lobia, Orly and Tazibouo markets. Salmonella presence in Dêguê samples
demonstrates that this food is not of good microbiological quality. Its consumption
can automatically lead to food poisoning.
Key words: Millet, Dêguê; fermentation; lactic acid bacteria; microbial
contamination

INTRODUCTION
Millet (Pennisetum glaucum) is a staple food for people in
sub-Saharan Africa (Slama et al., 2005; FAO, 2007). It has
the ability to grow and show high yields even under
difficult conditions compared to many other crops. Millet
occupies the 7th place among the most important cereals in
the world (Moumouni, 2014). It is cultivated in arid and
semi-arid Africa regions. Thus, millet is subject to multiple
uses. These uses range from the millet grains processing as
a food or medicinal resource to the valorization of straw
(thatch) as art works, fodder, biofuel or as firewood and
construction material (Hamadou et al., 2017). It constitutes

a major source of carbohydrates, proteins, vitamins and
minerals for populations (Serna-Saldivar and Rooney,
1995). Numerous studies relate the great diversity of foods
made from millet depends on the socio-cultural context.
Techniques have developed and have given rise to very
different foods depending on the zone considered. In West
Africa, millet is often consumed in the form of cooked paste
such as Tôh in Côte d’Ivoire, porridge such as Ben-kida,
Bensalga in Burkina Faso, Kirario in Kenya (Konkobo et al.,
2002, Songré-Ouattara et al., 2009), couscous or pancakes
such as Massa in Burkina Faso (Compaore and Sereme,
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2016). It is also used in the manufacture of alcoholic
beverages such as millet beer or Dolo (Sawadogo et al.,
2008) and non-alcoholic beverages such as Zoom-koom in
Burkina Faso (Soma, 2014), sour water from Koko in Ghana,
and Kunun-zaki in Nigeria (Achi, 1990; Blandino et al.,
2003; Agarry et al., 2010). It is still used in the production
of lumps and milk foods such as Tchobal and Gappal in
Burkina Faso, and Dêguê in Côte d'Ivoire (Tchekessi et al.,
2014a, Tankoano et al., 2016b). It should be noted that
millet grains remain excellent sources of dietary protein
thanks to the significant fiber content. Therefore, adding
milk to millet significantly increases the nutritional quality
of foods. The step of adding milk to millet to enhance the
nutritional and sensory quality of foods varies depending
on the product and the locality (FAO, 1998).
Indeed, Dêguê is an integral part of the foods category
made from millet semolina with the addition of curdled
milk before consumption. It is widely produced and
consumed in Burkina Faso, Benin and also in Côte d'Ivoire

(Hama et al., 2009; Tchekessi et al., 2014). This millet
semolina is obtained from millet grains, after washing,
milling, the grain shaping followed by steam cooking. The
curd milk is then added to the millet semolina (Figure 1). In
Côte d'Ivoire, curd milk commonly called “yoghurt” is
produced in households from powdered milk reconstituted
in hot water (between 40-50°C) to which is added a
ferment (yoghurt. commercial) consisting essentially of two
bacterial species which are Lactobacillus delbrueckii ssp.
bulgaricus and Streptococcus salivarius ssp. Thermophilus
(Lamontagne, 2002). The fermentation lasts between 6 and
8 h. Finally, the product is flavored and sweetened at will.
However, the Deguê is produced in an artisanal way. So,
washing millet grains with water that is not always clean as
well as drying in the open air could promote Dêguê
contamination. Also faulty handling and non-compliance
with hygiene rules by Dêguê producers during production
and sale could lead to high contamination of this food. The
consumption of milk and dairy products has been
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associated with ailments characterized most often by
diarrhea and vomiting in Daloa (Assohoun-Djeni et al,
2020). The evaluation of the microbiological quality of
Dêguê produced in Daloa is therefore necessary in order to
improve the sanitary quality of this food in order to
guarantee quality products to consumers. The general
objective of this work was to study the physicochemical and
microbiological characteristics of Dêguê sold in various
public markets in Daloa city.

MATERIALS AND METHODS
Survey of the consumption of artisanal milk
A preliminary survey allowed to identify publics markets in
Daloa city and to design a questionnaire of inquiryconsumption dedicated to curd milk consumers. The
surveyed population consists of passers-by met on the main
streets and side streets of five districts of Daloa town and
volunteering to answer the questionnaire. In total, two
hundred people were interviewed, with an average of about
40 people per ward. The survey consisted of a direct
interview with the volunteers. This interview focused on
the socio-demographic profile (age, study level...) of the
consumer, his knowledge of milk, his mode and frequency
of milk consumption and the appearance of possible
symptoms of food poisoning (vomiting, diarrhea ...) related
to the consumption of this food.

Sampling
The samples analyzed during this study consisted of Dêguê,
a dessert made from millet semolina and curd milk
collected at five different publics markets in Daloa city.
Indeed, three different samples were taken from three
different vendors in the same market. A total, 45 samples
were taken and analyzed during the present study at a rate
of 9 samples per market. Each sample consisted of
approximately 200 ml of curd milk. The samples were
taken under the Dêguê sale conditions in the markets.
These samples taken were transported immediately in one
icebox directly to the laboratory for analyses.

Physico-chemical analysis
pH determination
The pH of Dêguê was determined using a pH meter
(Microprocessor pH meter, pH 211, HANNA Instruments)
according to the AOAC method (AFNOR, 2009). The
instrument was calibrated using two buffer solutions at pH
7.0 and 4.0 and this was systematically done before pH
measuring. The measurement was made by immersing the

electrode in 20 ml of Dêguê and the reading is repeated
three times.
Total titratable acidity (TA) determination
Total titratable acidity (TA) was measured by titrating 10
mL of Dêguê against 0,1N sodium hydroxide (NaOH)
solution using phenolphthalein as indicator (Kimaryo et al.,
2000) and the reading is repeated three times. The lactic
acid level (corresponding to the level of titratable acidity)
was determined by the following expression:
Vol (NaOH) × N (NaOH) × 0.09
Acid level (%) =

× 100
Quantity taken for test

Vol (NaOH) = NaOH volume (in ml) used for the
determination
N (NaOH) = Normality of NaOH solution
Quantity taken for test = 10 mL
0.09 = Factor (in mill equivalent) for lactic acid
Enumeration of microorganisms
Preparation of stock solutions, inoculation of agar plates,
and cultivation and quantiﬁcation of microorganisms were
carried out according to Coulin method (Coulin, 2006). For
all determinations, 10 ml of the sample were homogenized
in a stomacher with 90 ml of sterile diluent containing
0.85% NaCl and 0.1% peptone (Difco, Becton Dickinson,
Sparks, MD, USA). So each time, one ml of the previous
dilution will be diluted in 9 ml of buffered peptone water.
Dilutions of 10-2 to 10-8 were thus carried out. This
dilutions prepared were placed in the Petri dishes for the
determination of microbial counts. So, Plate Count Agar
(PCA) was used to count Aerobic Mesophilic Countat 30°C
for 72 h as recommended in NF/ ISO 4833: 2003. Violet
Neutral Bile Lactose (VRBL) agar was used for fecal
coliforms count at 44°C for 24 h and the total coliforms
count at 37°C for 24 h as described in ISO 4832: 2006.
Typical fecal and total coliforms colonies were confirmed
by oxidase test. Yeasts and molds were counted with
Sabouraud agar containing chloramphenicol 25°C for 5
days according to the NF/ISO 16212: 2011 standard.
Enumeration of LAB was carried out using Man, Rogosa and
Sharpe (MRS) agar (Merck, Darmstadt, Germany), which
were incubated under anaerobic conditions (Anaerocult A,
Merck) at 37°C for 72 h. Highlighting Salmonella sp is done
in three stages (Pre-enrichment, enrichment and isolation)
according to the reference standard NF/ISO 6579:2002
Amd 1: 2007. Pre-enrichment is performed in media
Buffered Peptone Water (BPW) by incubating the stock
solution at 37°C for 24 h. The enrichment consisted of
taking 0.1 mL of the stock solution (pre-enriched) and
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transferred to a tube containing 10 mL of Vassiliadis
Rappaport broth previously prepared and sterilized. After
homogenization, the tube is incubated at 42°C for 24 h.
Finally the isolation was carried out from the enrichment
medium incubated on a solid selective medium: Hecktoen
agar. A drop is taken using a Pasteur pipette and then
seeded by streaks on the surface of the Hecktoen agar. The
dish is incubated at 37°C for 24 h, and sometimes even for
48 h, in the absence of characteristic colonies after the first
incubation. On Hecktoen agar, the typical Salmonella
colonies observed are green or blue with a black center.
Colony enumeration
Colony Forming Units per milliliter of sample (CFU/ g)
were calculated according to standard NF/ISO 7218: 2007
using the following formula:

𝑁=

∑𝑐
𝑑 𝑛1 + 0,1𝑛2 𝑣

ΣC: Sum of characteristic colonies counted on all retained
Petri dishes;
n1: Number of Petri dishes retained at the first dilution;
n2: Number of Petri dishes retained at the second dilution;
d: Dilution rate corresponding to the first dilution;
V: Inoculated volume (mL);
N: Number of microorganisms (CFU/g).
Statistical analysis
All trials were repeated three times. The different sample
treatments were compared by performing one-way analysis
of variance on the replicates at a 95% level of signiﬁcance
using the Statistica (99th Ed, Alabama, USA) statistical
program. Unless otherwise stated, signiﬁcant results refer
to P < 0.05. This software was also used to calculate mean
values and standard deviations of the trials.

worked in other professions. But 13% of them do not
exercise or more professional activity. These individuals
were mostly single (57.33%) and most of them were
Ivorian (84.67%) (Table 1). The Dêguê consumption survey
has shown that Dêguê is very well known but little
consumed. Indeed, 100% of the individuals questioned
were familiar with this food, but only 40% ate it regularly
and generally at breakfast time (45% of the individuals).
The majority (46.25%) consumed it at least once a day, but
some did it twice (28.75%) and others thrice (12.5%) or
even more (12.5%) a day. The budget for Dêguê
consumption could amount in some cases to more than 500
FCFA (31.25% of individuals) a day, but the majority (40%)
spent between 200 and 500 FCFA a day to consume Dêguê
(Table 2). According to the survey results, Dêguê
consumption was associated with ailments. Indeed, 76.25%
of those questioned affirmed to have ailments after
consuming compared with 23.75% who answered the
opposite. The symptoms associated with these ailments
were mainly diarrhea (57.37%) and gastroenteritis
(27.87%). Thus, most of the ailments lasted on average 2
day (59.01%). However some lasted 1 day (32.79%) and
others lasted 3 days (8.20%). Moreover, none of these
ailments mentioned required hospitalization (Table 3).
Change in pH and total titratable
The results of the physicochemical analyzes of the various
Dêguê samples taken from the various public markets in
Daloa city did not show significant differences at the 5%
level (P> 0.05). However, these results showed relatively
low pHs. Thus, the lowest pH is that of Dêguê taken from
the Lobia market (3.44 ± 0.02), while the pH of Dêguê taken
from the Grand Marché is the highest with a value equal to
4.15 ± 0, 67. These pH values are negatively correlated with
the titratable acidity rate which varies from 1.37 ± 0.79 to
0.79 ± 0.13 (Table 4).
Enumeration of microbial flora of Dêguê sold in the
various markets of Daloa city
Fermenting microorganisms

RESULTS
Milk consumption
Of all the individuals interviewed during Dêguê
consumption survey in Daloa City, 53% were female and
47% were male. These individuals age ranged between 15
and 50 years or more with individuals majority (45.5%) in
between the 15-24 age group. Among these individuals,
14.5% were illiterate, 12.5% had the primary level, the
majority (37%) secondary level and the rest (36%) had
higher level. Most of them are pupils (23.5%), students
(22%), civil servants (18%), craftsmen (11.5) and 12%

Enumeration of microorganisms in this study showed that
LAB and yeasts and molds (fermenting germs) had similar
growth in Dêguê samples taken from public markets. So,
their charges in this Dêguê were not signiﬁcantly different
(P < 0.05) (Figure 2). Indeed, the lactic acid bacteria load
(5.31 ± 0.35 log CFU / ml) is higher in Dêguê taken at
Tazibouo market while that of yeasts and molds (4.72 ±
0.22 log CFU / ml) is higher in the Dêguê of the Lobia
market. The lowest loads which are 4.71 ± 0.15 log CFU /
ml for lactic acid bacteria and 3.85 ± 0.27 log CFU / ml for
yeasts and molds were observed respectively in the Dêguê
of the Big Market and that of the Abattoir 1 market
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Table 1: Sociodemographic profile of individuals interviewed during the Dêguê
consumption survey in Daloa city

Socio-demographic profile
individuals interviewed
Sex (n=200)
M
F
Year old (n=200)
≤ 14
15-24
25-50
> 50
Study level (n=200)
None
Primary
Secondary
Superior
Profession (n=200)
Pupil
Student
Civil servant
Craftsmen
Unemployed
Other
Marital status (n=200)
Married
Single
Nationality (n=200)
Ivorian
Malian
Burkinabe
Guinean

of

Individuals Number

Percentage (%)

94
106

47
53

26
91
50
33

13
45.5
25
16.5

29
25
74
72

14.5
12.5
37
36

47
44
36
23
26
24

23.5
22
18
11.5
13
12

62
138

31
69

177
10
10
03

88.5
5
5
1.5

(Figure2).

market.

Contaminating germs

Presence of Salmonella presumptive strains

Aerobic Mesophilic Count, total and fecal coliforms in Dêguê
samples taken from the various public markets of Daloa city
are presented in Figure 3. These results showed that the
loads of total and fecal coliforms and Aerobic Mesophilic
Count (contaminating germs) in the Dêguê were
signiﬁcantly different (P < 0.05). The Dêguê taken from Orly
market presents the highest charges in GAM (6.78 ± 0.13
log CFU / ml) while that of the Abattoir 1 market has the
lowest loads (4.55 ± 0.28 log CFU / ml). In addition, the
Dêguê collected at the Big Market contains the greatest
number of total coliforms (3.80 ± 0.24 log CFU / ml) and
fecal coliforms (3.90 ± 0.07 log CFU / ml). The lowest loads
in total coliforms (2.38 ± 0.35 log CFU / ml) and fecal
coliforms (2.43 ± 0.35 log CFU / ml) were observed in the
Dêguê taken respectively at the Tazibouo market and Orly

The presumptive identification of salmonella in Dêguê
samples is presented in Table 5. Thus, this table shows the
presence of salmonella in 50% of the Dêguê samples taken
at Lobia, Orly and Tazibouo markets. On the other hand,
salmonella was not detected in the Dêguê samples taken at
the Abattoir market and the Big Market.
DISCUSSION
Dêguê is a dessert made from millet semolina and curd
milk. This food is produced and consumed in Côte d'Ivoire.
So, during the survey carried out on Dêguê consumption in
Daloa City, 100% of the people questioned (200) affirmed
to know this food and 40% of these people consume it
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Table 2: Aspects of artisanal curd milk consumption by the individuals interviewed during the
consumption survey in Daloa city

Artisanal curd milk consumption aspects
Artisanal curd milk knowledge
(n=200)
Yes
No
Milk consumption(n=200)
Yes
No
Meal hour(n=80)
Breakfast
Lunch
Dinner
Other
Times number a day (n=80)
Once
Twice
Thrice
Other
Amount spent on buying artisanal curd milk
by day (n=80)
100-200 F
200-500 F
500 F+

Individuals Number

Percentage (%)

200
0

100
0

80
120

40
60

36
12
15
17

45
15
18.75
21.25

37
23
10
10

46.25
28.75
12.5
12.5

23
32
25

28.75
40
31.25

Table 3: Consequences possibly linked to Dêguê consumption by the individuals interviewed
in Daloa city

Consequences linked to curd milk
consumption
Ailments after milk consumption (n=80)
Yes
No
Symptoms of Ailments (n=61)
Fever
Vomiting
Diarrhea
Boating
Gastroenteritis
Duration of ailments (n=61)
1 day
2 days
3 days
Need for hospitalization (n=61)
Yes
No

regularly. They consume it at least once a day, preferably at
breakfast time (45% of the individuals) and pay between
200 and 500 FCFA a day for Dêguê purchase (Table 2). In
addition, some people surveyed (76.25%) claimed to have

Individuals Number

Percentage (%)

61
19

76.25
23.75

04
00
35
05
17

6.56
00
57.37
08.20
27.87

20
36
05

32.79
59.01
08.20

00
61

00
100

had ailments following the Dêguê consumption (Table 3).
These ailments characterized most often by diarrhea
(57.37%) and gastroenteritis (27.87%) in our study, are
generally attributed to the ingestion of a food of poor
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Table 4: pH and titratable acidity of Dêguê samples

Parameters
Samples
Abattoir 1
Grand Marché
Lobia
Orly
Tazibouo

pH
3,53 ± 0,02 a
4,15 ± 0,67 a
3,44 ± 0,02 a
3,72 ± 0,06 a
3,82 ± 0,02 a

Titratableacidity Titrable
1,29 ± 0,35 a
0,79 ± 0,13 a
1,37 ± 0,79 a
1,27 ± 0,31 a
1,16 ± 0,01 a

6

Microbial load Log (CFU/ml)

a

a

5
4

a

a
a

a

a

a

a

a

3
LAB
2

Y&M

1
0
Abattoir 1

Big Market

Lobia

Orly

Tazibouo

Markets
Figure 2: Lactic acid bacteria and yeasts and molds (fermenting germs) populations in Dêguê samples
taken from public markets. LAB: Lactic acid bacteria, Y&M: Yeast and molds. Average values of 3
repetitions; For the same type of germ, histograms bearing the same alphabetical letter are not
statistically different (P> 0.05) (Tukey, HSD).

Figure 3: Aerobic Mesophilic Count, total and fecal coliforms populations (contaminating germs) in Dêguê
samples taken from public markets; MAF: Aerobic Mesophilic Count, T. Col. Total coliforms, F. Col.: Fecal
coliforms. Average values of 3 repetitions; For the same type of germ, histograms bearing the same
alphabetical letter are not statistically different (P> 0.05) (Tukey, HSD).
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Table 5: Presumptive identification
Salmonella in Dêguê samples

Markets
Lobia
Orly
Abattoir.1
BigMarket
Tazibouo

of

Presence of Salmonella (%)
50
50
0
0
50

cooking and/or having been the subject of handling
defective as pointed out by Olshansky et al. (1997) and
Farthing, (2000). The ailments marked by a high rate of
diarrhea and gastroenteritis, are characteristic of toxiinfections caused particularly by sulfite-reducing
Clostridium (Cassin et al., 1998). Also, Dêguê is made in an
artisanal way by persons with very little knowledge of
hygiene; which would encourage excessive contamination
of this food. Furthermore,Dêguê is an integral part of the
foods category made from millet semolina with the addition
of curdled milk before consumption. It is widely produced
and consumed in Burkina Faso, Benin and also in Côte
d'Ivoire (Hama et al., 2009; Tchekessi et al., 2014). This
millet semolina is obtained from millet grains, after
washing, milling, the grain shaping followed by steam
cooking. The curd milk is then added to the millet semolina
(Figure 1). Finally, the product is flavored and sweetened at
will.
During this study, physicochemical parameters (pH and
titratable acidity level) of Dêguê samples taken from 5
public markets were measured. These public markets were
Abattoir 1, Big Market, Lobia, Orly and Tazibouo in Daloa
city. The Dêguê samples had a low pH of between 3.53 ±
0.02 and 4.16 ± 0.57 associated with a titratable acidity rate
ranging from 0.79 ± 0.13 to 1.37 ± 0.79 (Table 4). The
different pH values obtained during this study are slightly
more acidic compared to those of Hama et al. (2009)
obtained on dèguè from Burkina Faso with less acidic
contents equal to 4.49. Tankoano et al. (2016) showed a
drop in pH (4.31) during production of Gappal, a food made
from millet and milk in Burkina Faso. The millet
fermentation begins with the hydrolysis of starch by the
action of amylolitic enzymes (α-amylase, βamylase)
providing oligosides and other carbohydrates. The product
of glucose catabolism during fermentation is mainly lactic
acid in homofermentative bacteria, lactic acid, CO2 and
ethanol or acetic acid or both in the case of
heterofermentative bacteria (Nout, 1991). This acid
produced is therefore responsible for the low pH observed
in the Dêguê. Our results are in agreement with those of
Zhihai et al. (2020) who showed a drop in pH correlated
with an increase in the titratable acidity level during the
fermentation of goat milk in China. These authors have
shown that this phenomenon was due in particular to an
accumulation of lactic acids linked to the metabolism of

lactic acid bacteria. Also, the curd milk used in the Dêguê
production is made from the milk, which has a pH close to
neutral. During fermentation the milk becomes acidic and
the pH decreases. As LAB counts increased, more acid is
produced as shown by increasing titratable acidity (TA) and
the decline in pH (Hama et al., 2009). So, the curd milk
contributes to the increase of the acidity of Dêguê. It should
also be noted that acidity is an important indicator of the
quality of fermented milks (Li et al., 2017).
Appropriate acidity gives the product a unique flavor and
inhibits the growth of spoilage and/or pathogenic germs
(Mufandaedza et al., 2006). These lactic acid bacteria
produce several aromatic compounds, enzymes and other
compounds that have a profound effect on the texture and
taste of dairy products (Ngassam, 2007; Carminati et al.,
2010). The difference between Dêguê samples pH taken
from the vendors in the different markets could be
explained by the artisanal production of Dêguê which takes
place in an empirical and uncontrolled way. This
phenomenon causes a permanent variation of certain
physical parameters such as the fermentation time and
temperature which inevitably influences the quality of the
final product. These results are in agreement with those
obtained by Ngassam, (2007) and Dieng, (2001) who
confirmed this assertion during a study carried out on
artisanal fermented milks marketed in Senegal. During this
study, the microbiological parameters of Dêguê collected
from the various public markets in Daloa were also
analyzed. Indeed, the results showed the presence of lactic
acid bacteria and yeasts and molds in these samples taken.
Contaminating germs were also found in the samples
analyzed during this work. Thus, significant loads of
Aerobic Mesophilic Count and coliforms were detected in
the different samples analyzed and these loads varied from
one market to another (Figure 3). These mainly
contaminating microorganisms must certainly have
contaminated the Dêguê during manufacturing under
generally unsanitary environmental conditions. Indeed, the
surrounding air, utensils used for Dêguê production and
water could constitute the main sources of milk
contamination. Chye and his Collaborators in 2004
indicated that such elements (water, utensils, etc.) are
major sources of food products contamination. Millogo et al.
(2018) showed that the containers used during the
manufacture of fermented milk and dairy products can be
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the source of contamination of the milk as well as of the
final product. Also, non-compliance with hygiene rules by
producers and Dêguê sale conditions, particularly the lack
of sufficient refrigeration or sale at room temperature could
also be contamination sources. Dairy products must be well
preserved throughout the cold chain, whether at the
producer, distributor or consumer to avoid possible
contamination (Broutin et al., 2005).
The results of microbiological analyzes obtained during
this study also showed high coliform loads (Figure 3).
These results are consistent with those obtained by Beukes
et al. (2001) who showed the presence of high coliform
loads in traditionally fermented dairy products (“Lben” and
“Jben”) in Morocco. Ngabet Njassap (2001) in his study
found that 57% of artisanal curd milk in Cameroon was
contaminated with coliforms. Also, the results obtained by
Hama et al. (2009) during their work on Gappal in Burkina
Faso showed high loads of coliforms. High loads of
coliforms in food reflect unsatisfactory hygienic practices
and the presence of Escherichia coli implies that other
enteric pathogens may be present (Adesiyun et al., 1995;
Smoot and Pierson, 1997). Their numbers should therefore
be within the maximum recommended levels. The presence
of fecal coliforms could reflect inefficient pasteurization of
contaminated
ingredients
or
contamination
by
environment after pasteurization as showed by Niculescu
et al. (2005) in their work. It should also be noted that the
presence of coliforms in food most often indicates
exogenous contamination of fecal origin. Indeed, most of
the Dêguê producers do not have a running water supply
installation. The cleaning of the utensils is therefore done
with water which is not always clean. According to Gran et
al. (2002), most of the plastic containers used in the dairies
were scratched, which could hinder satisfactory cleaning.
Indeed, most Dêguê producers use polyethylene plastic
buckets as fermentation vessels. The homogenization of the
ingredients during the manufacturing process of Dêguê is
being done energetically using a metal spatula. So, the
internal walls of the containers could be lined with tiny and
large cracks which could harbor many germs if these
containers are poorly washed or rinsed with non-potable
water. This may explain why the numbers of coliforms were
high in Dêguê collected in publics markets of Daloa city. In
addition, Salmonella presumptive strains have been found
in 50% of Dêguê samples taken from Lobia, Tazibouo and
Orly markets (Table 5). However, they were absent in
samples from Big Market and Abattoir market. These
results are in agreement with those of Elham et al. (2011).
Indeed in their works, none of fermented products
samples in Lebanon was contaminated by Salmonella. It
should be noted that during millet fermentation, LAB
produce antimicrobial compounds. Also, during the
production of curd milk used for Dêguê manufacturing,
lactic acid bacteria responsible for milk fermentation
produce metabolites such as lactic acids, hydrogen
peroxide, bacteriocin, etc. (Assohoun et al., 2020). These

metabolites inhibit the growth of spoilage and/or
pathogenic germs (Mufandaedza et al., 2006). The absence
of Salmonella in Dêguê samples taken from certain markets
would certainly be due to the bactericidal effect of these
metabolites (Maïwore et al., 2018). On the other hand, the
presence of these enterobacteriaceae in some Dêguê
samples collected could be due to the faulty handling of this
curd milk by the women during the sale. Indeed, Dêguê is
often sold on the edges of the streets or inside the market
on tables in open containers. Flies and surrounding dust
land on utensils used for milk sale (Assohoun et al., 2020).
Also, the rinsing water for these sales utensils (funnels,
ladles, etc.) is hardly renewed by the women who sell
Dêguê. The many rings on the fingers of these women as
well as the bracelets on the wrists can be excellent niches
for the multiplication of microorganisms. In addition, some
of these women who sell curd milk have young children and
do not take adequate sanitary precautions after their
children's toilet. All these badly clean gestures could be
leading the excessive contamination of Dêguê. In this study,
high loads of fermentating germs (lactic acid bacteria and
yeasts and molds) were observed in Dêguê samples taken
from the various markets in Daloa city (Figure 2). Similar
high loads of this fermenting germ were observed by Hama
et al. (2009) during their work on dèguè in Burkina Faso.
Vieira-Dalode et al. (2007) also indicated lactic acid
bacteria as well as yeasts and molds presence in their
works and their importance in fermented products. Indeed,
high counts of lactic acid bacteria and yeasts in the Dêguê
were probably due to the commercial mill used, acting as
inoculants during wet milling as have signified by Wacher
et al. (1993).
Lactic acid bacteria (LAB), yeast and moulds grew
together in the dèguè, contributing to the characteristics of
the final product by the production of organic acids, alcohol
(ethanol), CO2 and other volatile flavour compounds (Hama
et al., 2009). In general, lactic acid bacteria are essential in
fermentations for the production of metabolites, the
inhibition of toxigenic molds, the degradation of
mycotoxins, the degradation of cyanogenic glucosides, the
production of enzymes, the probiotic properties and the
production of numerous other molecules (Kohajdova and
Karovicova, 2007). Also, the LAB development is also
stimulated by the presence of yeasts which provide soluble
nitrogen compounds and factors e.g. B-vitamin (Nout,
1991). These germs live in symbiosis. Zhang et al. (2017)
also have shown that there is a cometabolism between
these two microorganisms’ types (LAB and yeasts and
molds). During this cometabolism, the LAB provides an
acidic environment that selects yeasts growth while the
yeasts provide vitamins and other growth factors for lactic
acid bacteria. Unlike contaminating germs, the abundance
and maintenance of yeasts, molds and lactic acid bacteria in
artisanal sour milk would surely be linked firstly to their
capacity to tolerate high organic acids concentrations of
ability to use the substrates present in the fermentative
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medium for their development.
CONCLUSION
This study objective was to study the physicochemical
characteristics of Dêguê and evaluate its sanitary quality in
Daloa city. Thus the results obtained during this study show
a food with pH ranging from 3.44 ± 0.21 to 4.15 ± 0.35
negatively correlated with titratable acidity levels ranging
from 1.37 ± 0.45 to 0.79 ± 0, 17. High fermentative germs
loads were observed in all the samples analyzed. As for the
contaminating germs, they were also present and abundant
in the Dêguê collected on the various markets. Salmonella
were present in samples collected in Lobia, Orly and
Tazibouo markets. The presence of this germ indicate that
the Dêguê collected is of poor quality, therefore, the
consumption of this food could constitute a significant
health risk for the consumer.
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