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Abstract 

This study aimed to evaluate the microbiological characteristics of bread dough and the nutritional quality of “Tabnen-
naow,” an ethnic artisan bread consumed mainly in Burkina Faso. Originating in Boussé, this bread is spreading to the 
outskirts of Ouagadougou for several reasons, such as the increase in the price of industrial bread and especially the 
supposed low glycemic index of artisan bread. However, there is insufficient information in the literature about the 
nutritional quality and technology of artisan bread in Burkina Faso. For this purpose, surveys were conducted among 
artisan bakers in five artisan bread production units in Ouagadougou, using survey forms to draw the production 
diagram. The microbiological characteristics of bread dough were evaluated using standard microbiology methods. 
Lastly, the nutritional quality of ethnic artisan bread was determined using standard techniques. All the bakers were 
male, between 22 and 34 years old, with an average age of 27.8 ± 5.1 years. They all used wheat flour, mainly (80%) 
from the Grand Moulin du Faso (GMF). The Baker’s dough fermentation was done at room temperature using dry or 
lyophilized yeast. The interesting microorganisms (yeasts, lactic acid bacteria) were present in all the bread dough 
samples. The yeast (2.5  108 CFU/g) and lactic acid bacteria (2.27  107 CFU/g) were abundant  apart from the one bread 
dough, which had a low lactic acid bacterial load. The ethnic artisan bread contains carbohydrates (88.20–89.05%), 
proteins (9.60–10.60%), and minerals such as iron (11.56 to 89.27 mg/kg), calcium (00.00–290.03 mg/kg), and zinc 
(69.18 ± 36.74 to 389.10 ± 32.89 mg/kg). The nutritional composition revealed that ethnic artisan bread could contrib-
ute significantly to a healthy diet and food security.

Keywords: Bread dough, Microbiological characteristics, Ethnic artisan bread, Tabnen-naow, Nutritional quality, Food 
security

Introduction
For more than 4000  years, man has known the art of 
bread production [1]. According to the union of bakers, 
bread consumption amounts to 600,000 loaves of bread 
per day in Burkina Faso [2], of which the population of 
Ouagadougou absorbs half of this production. Bread 

represents the main calorific intake of the population in 
general and for urban populations in particular in Bur-
kina Faso [3]. The fermentation of wheat flour dough pro-
duces it by microorganisms such as yeasts and lactic acid 
bacteria. Indeed, the fermentation of dough is caused by 
beneficial microorganisms. Yeast is now emerging as a 
microorganism of choice in many applications due to its 
multiple health benefits [4]. Yeasts, particularly Saccha-
romyces cerevisiae, have better qualities in bread-making 
processes [5, 6]. Lactic acid bacteria have an exclusively 
fermentative energy metabolism and flavor production 

*Correspondence:  tapsobaf@gmail.com

1 Laboratoire de Biochimie et Immunologie Appliquées (LaBIA), Université 
Joseph KI-ZERBO, 03 BP 7131 Ouagadougou, Burkina Faso
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42779-022-00161-4&domain=pdf
http://orcid.org/0000-0001-6964-0442


Page 2 of 11Tapsoba et al. Journal of Ethnic Foods            (2022) 9:47 

thanks to biochemical compounds such as amino acids, 
fatty acids, vitamins, and minerals for their growth [7].

In Burkina Faso, the bread sector occupies an impor-
tant place in daily life because bread is a staple food for 
all ages. Bread is available, more consumed by the urban 
population as breakfast, and appreciated at any time. 
Bread plays a vital role in the daily diet as a source of 
energy [1]. Bread is one of the high-consumption prod-
ucts in Burkina Faso. However, Boussé, located about 
fifty kilometers from Ouagadougou and extending over 
an area of 485   km2, did not have modern or industrial 
bakeries at pass time. The local population has much 
more preference for artisan bread produced by the 
indigenous population and called “Tabnen-naow,” from 
“mooré,” meaning “to trample.” Several artisanal bakeries 
in this locality are considered the capital of Mossi ethnic 
artisan bread because this food is unique and finds its 
origin there (Fig. 1). From Boussé, this bread is spreading 
to the outskirts of Ouagadougou for several reasons, such 
as the increase in the price of industrial bread in recent 
times and especially the supposed low glycemic index of 
artisan bread.

Thus, in recent times, the majority of the population 
has turned more and more toward the consumption of 
artisan ethnic food, and artisan bakeries have become 
more and more widespread on the outskirts of Ouaga-
dougou (Fig. 1). Ethnic artisan bread, commonly known 
as “Tabnen-naow” in the mooré language, is bread made 
by hand. The production of this type of bread amounts to 
400 to 1000 loaves per unit per day in Ouagadougou, i.e., 
0.13 to 0.17% of total production. This bread comes from 
the artisan processing of flour by artisan bakers. The 
consumers much appreciate it, but access to it remains 
uncertain because the production sites are far away. From 
a health point of view, ethnic artisan bread has an appre-
ciable density with a supposed lower glycemic index and 
poses less risk to consumers. It provides a vital income, 
according to the artisan bakers. Artisan bread is widely 
consumed and highly appreciated by the indigenous and 
urban populations. Its production and sale constitute 
another important source of income for artisan bakers.

Produced in an artisan way, it is difficult to predict its 
microbiological characteristics and nutritional quality. 
However, the production technology of artisan bread and 

Fig. 1 Historical expansion of ethnic artisan bread production units in Ouagadougou/Burkina Faso
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its nutritional quality still need to be discovered in Bur-
kina Faso. For the future implementation of healthy food 
production in areas of high insecurity, this study aimed 
to answer the following research questions: (1) What is 
the production technology of artisan ethnic food in Bur-
kina Faso?; (2) What are the microorganisms in bakery 
dough?; and (3) What is the nutritional quality of artisan 
ethnic food?

Thus, the objective of this study was to evaluate the 
microbiological characteristics of bread dough and the 
nutritional quality of ethnic artisan bread in Burkina 
Faso.

Material and methods
Study period and areas
The present study was carried out at the Laboratory of 
Applied Immunology and Biochemistry (LaBIA) of the 
University Joseph KI-ZERBO and the National Labora-
tory of Public Health (LNSP) (Fig. 1) from May 2020 to 
December 2020.

Ethnic artisan bread production surveys and sampling
Surveys were conducted among artisan bakers in five 
sites located in Ouagadougou’s peripheral area (Fig.  1), 
and survey forms were to be able to note the production 
techniques. One artisan baker was selected in each site, 
with regularity and quantity in production as criteria for 
the selection. The production process was followed case 
by case, from the flour bags to the baguette nets. Sam-
pling was done aseptically and randomly. Approximately 
40 to 50 g of dough were taken and put into Falcon tubes 
at the end of the kneading process (after Step  3). Two 
baguettes were taken and packaged in sterile bags when 
the bread came out of the oven.

Determination of the microbiological characteristics 
of ethnic artisan bread dough
Ten  g of ethnic artisan bread dough was placed into 
vials containing 90 mL of sterile physiological water (9 
‰). Decimal dilutions ranging from  10–1 to  10–7 were 
prepared from the same diluent and used for the yeasts 
and lactic acid bacteria enumeration. Yeast and lac-
tic acid bacteria (LAB) were enumerated using culture 
media and incubation conditions presented in Table 1. 

The enumeration of yeasts associated with ethnic arti-
san bread was carried out according to the NF V08-59 
(2003) standard [8]. Lactic acid bacteria were counted 
in MRS medium according to ISO 15,214 [9].

Determination of the biochemical composition of ethnic 
artisan bread
Moisture content
The water content of the samples was determined 
by weighing them before and after the oven drying at 
105 ± 2  °C for 4  h according to NF EN ISO  712, V03-
707 [10]. 5  g of crushed material (PE) was weighed 
into a sample scoop (PV) previously dried in the oven 
at 105  °C for 30  min and cooled in a desiccator, then 
weighed (PO). The sample carriers were placed in the 
oven at 105 °C. After 4 h, the pods were removed from 
the oven and cooled in the desiccator for 30 min; then 
weighed, the final weight (Pf ) was recorded. The per-
centage of the mass of water was obtained using the fol-
lowing formula:

H = moisture (%); P0 = weight of pods; PE = test plug; 
Pf = final weight (pod + test plug).

Total ash
Total ash was obtained by differential weighing the 
sample before and after firing at 550 °C for 12 h accord-
ing to ISO 2171 [11]. 5 g of grinding material (Pe) was 
weighed into a pre-weighed porcelain crucible (Po). 
The crucible containing the sample was placed in the 
muffle furnace at 550  °C for 12  h. After incineration, 
the crucibles were removed and cooled in the desicca-
tor for 1 h and then weighed again (pf ). The ash content 
was calculated according to the following formula:

% C: ash content; Pe: test sample; Pf: final weight (cru-
cible + calcined sample); PV: empty weight of crucibles; 
and %H: percentage of mass of water.

H =
PE− (PF− P0)

PE
× 100

%C =
Pf − Pv

Pe
× 100×

100

100−H

Table 1 Culture media and incubation conditions for enumeration

Microorganisms Media T (°C) Duration (hours) Incubation conditions

Yeasts Sabouraud chloramphenicol (Sigma-
Aldrich, USA)

30 °C 24–48 Aerobiosis

LAB MRS (Sigma-Aldrich, USA) 30 °C 48 Anaerobiosis
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Determination of proteins content
Infrared analysis (Infra Neo, Chopin’s technology) was 
used to determine the total protein content of the sam-
ples according to NF EN 15 948 [12].

The bread powder, after dehydration, is introduced 
into a small shuttle of a lower dish. Using a scraper, the 
upper part was leveled by positioning the scraper at 
45° to the lower cup. Then, the upper cup was rotated 
by 90° until it reached the stop. Then, the scoop was 
removed and inserted into the measuring cell. The anal-
ysis was started by switching on the instrument. The 
results of the different parameters were expressed as a 
percentage of the dry matter. These results from sixteen 
replicates form an average. The result was shown on the 
infra Neo screen.

Determination of lipids content
Fat was determined by the Soxhlet extraction method 
according to ISO 659 [13]. Lipid extraction was done at 
warm temperatures (60–70  °C) by soaking and rinsing 
the sample with hexane. The lipid content was deter-
mined by weighing after the evaporation of the hex-
ane. Five g of crushed material (PE) was collected in 
an extraction cartridge. The cartridge was capped with 
cotton and placed in the Soxhlet. Soxhlet was mounted 
between a flask containing 200  mL of pre-weighed 
hexane (PV) and a refrigeration system. The latter was 
connected to a cryostat to condense the solvent vapors 
intended to carry the lipids away. The extraction was 
carried out for 4  h. The solvent was separated from 
the lipids by rota vapor evaporation. The flask contain-
ing the free lipids was then placed in an oven for 1 h at 
40 °C and then in a desiccator for 30 min. After cooling, 
the flask was weighed (pf ), and the percentage of lipids 
were obtained according to the following formula:

pf = final weight (flask + fat); pv = empty weight of 
the flask; pe = test plug; Lipid (%) = fat content; and 
H = moisture.

Determination of carbohydrates content
Total sugars (TS) were determined by differential cal-
culation according to the method of Al-Hooti et al. [14] 
using the following formula:

ST = Total sugars; P = Protein; L = Lipids; and 
Ce = Ash.

Lipid(%) =
pf − pv

pe
× 100×

100

100−H

ST(%) = 100− (P+ L+ Ce)

Determination of the energy value
The energy values of the ethnic artisan bread samples 
were determined using the Atwater coefficients by mul-
tiplying the protein content by 4  kcal/g, the fat con-
tent by 9 kcal/g, and the total carbohydrate content by 
4 kcal/g [15].

VE = Energy Value; P = Protein; L = Fat; ST = Total 
Sugar.

Determination of the minerals
Ca, Fe, and Zn contents were determined according to 
ISO  13 312 [16]. The extraction of minerals was done 
after calcination of the crushed material in the muffle 
furnace at 550  °C for 10 h, followed by the dissolution 
of the ash obtained. 0.20 g of the sample was weighed 
into a glass test tube. 5 mL of concentrated nitric acid 
 (HNO3) was withdrawn and placed in a tube contain-
ing 0.20 g of bread. This test tube was placed in a min-
eralizer for 2.5  h at 150  °C to ensure acid digestion. 
The mineralized contents of the tube were transferred 
to a 25-mL volumetric flask and made up to the mark 
with distilled tube rinse water. This solution was fil-
tered through a 0.45-µm-diameter filter. The calcium, 
iron, and zinc contents were determined using a flame 
atomic absorption spectrometer. For each determina-
tion, three replicates were performed.

CF: Final Concentration; V = Volume; Cins = Instantane-
ous Concentration; PE = Test Point; and FD = Dilution 
Factor.

Data analysis
Excel 2013 was used for data entry. XLSTAT ver-
sion  2016 was used for the analysis of variance 
(ANOVA). The Tukey test was used to compare the 
means of the parameters evaluated (at the probability 
p = 5%).

Results and discussion
This study was carried out through contact with pro-
ducers during a survey period. Boussé is the city of 
“Tabnen-naow” because there were no modern or 
industrial bakeries in the past, and several artisanal 
bakeries were developed there. The artisan bread is 
baked in a traditional artisan oven built from local 
earthen material (Fig.  3c). The baking conditions were 
assessed thanks to the experience of the artisan bakers.

VE = (4P+ 9L+ 4ST)

CF =
Cins× V

PE
× FD
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For several reasons, this ethnic artisan bread dough 
is spreading to the outskirts of Ouagadougou and espe-
cially the supposed low glycemic index of artisan bread. 
Some consumers were considering “Tabnen-naow” as 
an alternative to industrial bread prices increasing in 
Burkina Faso.

The technology for ethnic artisan bread production is 
presented in Fig. 2. The production technology of eth-
nic artisan bread was carried out by kneading. This step 
was followed by a pre-fermentation (punching) which 
lasted forty to sixty minutes. The manual shaping of the 
dough pieces was carried out using a table. The artisan 
dough pieces obtained were packed in nets. They were 
then placed on a raised support in a relatively venti-
lated room at room temperature (priming) for 1 to 2 h. 
Scarification and baking of the ethnic artisan bread 
were carried out successively in a short time.

For this purpose, a questionnaire was drawn to collect 
information on ethnic artisan bread dough composi-
tion. Table 2 presents the survey results among five eth-
nic artisan bread producers. The bakers were all males 
between 22 and 34 years old, averaging 27.8 ± 5.1 years. 
They all used wheat flour, mainly (80%) from the Grand 
Moulin du Faso (GMF). For the fermentation of the 
Baker’s dough carried out at room temperature, they 
use Baker’s dry or lyophilized yeasts. No chemical addi-
tives were used during the process.

The bread-making quality of the dough was determined 
by evaluating the characteristics of the bread dough and 
ethnic artisan bread presented in Table 2.

Production of ethnic artisan bread
The formulation consisted of adjusting the composition 
of the flour and the ingredients necessary to meet not 
only the technology of the bread but also the nutritional 
and organoleptic needs of the consumer. The dough was 
obtained by kneading a mixture of flour, water, and salt 
and subjected to fermentation by yeast Saccharomyces 
cerevisiae. It was kneaded well to homogenize and soften 
the gluten. The dough was incubated for a minimum of 
45 min before shaping and then 1 to 2 h for the second 
fermentation. The fermented dough was baked in an arti-
san oven. The evolution of the fermenting dough during 
the production of ethnic artisan bread is shown in Fig. 2.

Figure  3 presents the evolution of the dough during 
ethnic artisan bread production.

Microbiological characteristics of ethnic artisan bread 
dough
Table 3 shows the enumeration of the interesting micro-
biota (yeasts, lactic acid bacteria) of the five ethnic arti-
san bread production units.

In general, all microbial microbiota were present in 
all samples. The average yeast population was 2.50.108. 
CFU/g for ethnic artisan bread dough from Ouagadougou 

Fig. 2 Diagram of ethnic artisan bread production
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and Saaba (Table 3). These yeast contents are similar to 
those of the crushed wheat sourdough (1.5.108  CFU/g) 
reported by Taupier-Létage et  al. [17]. The yeast strains 
of artisan dough were higher than those of commercial 
liquid sourdough (1.37.107  CFU/g) and industrial sour-
dough (3.6.107 CFU/g), reported by Taupier-Létage et al. 
[17]. The lactic acid bacteria, through their carbohydrate 
metabolism, cause the acidification of the dough, which 
thus becomes favorable to the growth of yeast. This sym-
biosis during dough fermentation has also been reported 
by Bokossa et  al. [18] on ablo, a fermented dough from 
Benin. Saccharomyces cerevisiae is responsible for the 
production of alcohol (fermentation) [19]. According to 
Taupier-Létage et  al. [17], this average yeast value (2.50 
 108 CFU/g) explains a better application of ethnic artisan 
bread production processes.

Lactic acid bacteria were present in all samples, except 
a small amount in the Saaba ethnic artisan bread dough. 
The average lactic acid bacteria population was 5.70 
 107 CFU/g. This microbiota of artisan dough was higher 
than that of white maize flour (1.2 ×  107 CFU/g) found by 
Coulibaly et al. [20]. These values were lower than those 
of liquid sourdough and crushed sourdough (1.6 ×  109 
and 1.7 ×  109, respectively) reported by Taupier-Létage 
et  al. [17]. From the same perspective, Ennadir et  al. 
[21] showed that the enumeration of lactic acid bacteria 
from Moroccan wheat flour showed low values in most 
samples.

On the other hand, the absence of lactic acid bacte-
ria can be considered fungal contamination. However, 
the ethnic artisan bread dough showed a lower bacte-
rial microbiota than the yeast. This shows the dose of 

Saccharomyces cerevisiae yeast during this production 
period. These lactic acid bacteria were responsible for 
producing a specific aroma, while Saccharomyces cerevi-
siae was responsible for producing alcohol (fermentation) 
[19]. Artisan bread may have a low glycemic index, and 
its consumption would not increase blood sugar. Indeed, 
bacterial fermentation products also appear to contrib-
ute directly to lowering the glycemic index of sourdough 
bread [22].

Fungi were observed or isolated in some samples; for 
example, the Saaba production unit had a low lactic acid 
bacterial load, and all samples were abundant in yeast 
(2.5  108 CFU/g) and lactic acid bacteria (5.7  107 CFU/g). 
Indeed, the production process of this ethnic artisan 
bread requires sufficient time (at least 3 h).

Proximal composition and energy value of ethnic artisan 
bread
The ash, moisture, protein, fat, carbohydrate, and energy 
content of the five samples from each production unit are 
presented in Table 4.

The moisture of Ouagadougou artisan bread (PTO) was 
determined during this work. These bread had moisture 
ranging from 29.84% to 36.08% (Table  4). The moisture 
of the ethnic artisan bread was similar to those of the 
Benin ablo (32.77–39.90%) reported by Bokossa et  al. 
[18]. They were close to those of ablo with fermented 
dough (39.73%) reported by Dossou et  al. [30] and ablo 
in Togo (39.47%) reported by Bokossa et al. [18]. The dry 
matter content (DMC) of ethnic artisan bread was higher 
than that of fermented dough bread (24.55%) and Alge-
rian semolina (20.68%) reported by Guendouze-Bouchefa 

Table 2 Characteristics of bread dough and ethnic artisan bread

UPY: Yagma Production Unit; UPB: Bissigui Production Unit; UPS: Saaba Production Unit; UPW: Wamtenga Production Unit; UPZ: Zongo Production Unit; 1 = Poor; 
4 = Passable; 7 = Good; and 10 = Very Good

Characteristics UPY UPB UPS UPW UPZ

Dough weight (g) 102.0 ± 3.0 98.0 ± 1.2 101.0 ± 1.3 105.0 ± 1.5 108.0 ± 1.3

Dough temperature (°C) 35.7 ± 0.2 36.3 ± 0.1 35.8 ± 0.2 35.9 ± 0.1 36.5 ± 0.3

Pre-fermentation (min) 45.0 ± 2.0 50.0 ± 1.0 70.0 ± 3.0 55.0 ± 2.0 47.0 ± 4.0

Fermentation (min) 30.0 ± 0.0 45.0 ± 2.0 32.0 ± 3.0 34.0 ± 2.0 38.0 ± 2.0

Flour daily used (kg) 50.0 ± 0.0 45.0 ± 0.0 50.0 ± 0.0 50.0 ± 0.0 30.0 ± 5.0

Smoothing (1 to  10*) 4.0 ± 0.0 7.0 ± 0.0 4.0 ± 0.0 7.0 ± 0.0 7.0 ± 1.0

Consistency (1 to  10*) 7.0 ± 0.0 7.0 ± 0.0 7.0 ± 0.0 7.0 ± 0.0 4.0 ± 0.0

Tights (1 to  10*) 10.0 ± 0.0 7.0 ± 2.0 10.0 ± 0.0 7.0 ± 1.0 10.0 ± 0.0

Extensibility (1 to  10*) 7.0 ± 0.0 7.0 ± 2.0 7.0 ± 0.0 7.0 ± 1.0 7.0 ± 2.0

Elasticity (1 to  10*) 10.0 ± 0.0 10.0 ± 0.0 10.0 ± 0 10.0 ± 0.0 10.0 ± 0.0

Loaf of bread weight (g) 80.2 ± 0.7 82.1 ± 1.2 80.1 ± 1.0 77.5 ± 1.5 76.1 ± 0.7

Bread quantity (loaves) 203.0 ± 8.0 220.0 ± 10.0 205.0 ± 3.0 196.0 ± 5.0 208.0 ± 3.0

Baguette price (FCFA) 50.0 ± 0.0 50.0 ± 0.0 50.0 ± 0.0 50.0 ± 00 50.0 ± 0.0

Production costs (FCFA) 10,150.0 ± 200.0 11,000.0 ± 1000.0 10 ,250.0 ± 150.0 9800.0 ± 250 10,400 ± 150.0
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et  al. [23]. It was also higher than that of lafu cassava 
bread (10.10) reported by Bessou et  al. [24]. The vari-
ance analysis showed a significant difference between the 
moisture content of the ethnic artisan bread harvested. 
However, there was no significant difference between the 
moisture content of PTY, PTB, and PTW. In general, dry 

matter content, pH, and ash content decreased after fer-
mentation and increased after baking [25].

The ash content of the ethnic artisan bread was deter-
mined during the analyses (Table 4). The bread showed 
ash contents ranging from 0.36 to 0.52%. These con-
tents were lower than the FAO [1] and AOAC [26] 

Fig. 3 Evolution of the dough during the ethnic artisan bread production. A Dough in first fermentation; B dough in second fermentation; C 
fermented dough in baking; and D ethnic artisan bread

Table 3 Microbiological characteristics of ethnic artisan bread dough

UPY: Yagma production unit; UPB: Bissigui production unit; UPS: Saaba production unit; UPW: Wamtenga production unit; UPZ: Zongo production unit; and LAB: Lactic 
acid bacteria

Microorganisms UPY UPB UPS UPW UPZ Assessment criteria

Yeasts (UFC/g) 2.28.108 2.65.108 2.53.108 2.54.108 2.50.108 103;NF V08-59 [7]

LAB (UFC/g) 7.27.107 5.36.107 1.00.103 5.27.107 4.91.107 103; NF ISO 15,214 [8]
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foodstuff contents, as well as those of the Benin ablo 
(2.09–2.15%) reported by Bokossa et  al. [18]. In con-
trast, 40% of the samples (PTY, PTB) were similar to 
standard bread and artisan French bread (0.5–0.6%) 
reported by Choudar et  al. [27]. They were also simi-
lar to organic bread (0.58%) reported by Taupier-Létage 
et  al. [17]. The ash contents of ethnic artisan bread 
from Yagma and Bissigui were close to that of fer-
mented bread (0.69%) but lower than that of the dough-
nut (0.96%) reported by Soro et  al. [25]. The variance 
analysis showed a significant difference between the 
ash content of different loaves of bread. According to 
Koffi et al. [28], the ash content of ethnic artisan bread 
decreases after fermentation and increases after baking. 
Ethnic artisan bread could be used in the dietary pro-
gram to meet the body’s micronutrient requirements, 
especially in children and pregnant women [29].

The protein content of ethnic artisan bread ranged 
from 9.8% to 10.6% (Table  4). It was lower than that of 
wheat bread (12.6%) reported by Petrova and Petrov 
[30] and similar to that of ablo fermented bread (10.24) 
reported by Dossou et  al. [31]. The protein contents of 
ethnic artisan bread were also higher than those of ablo 
bread (7%) and lafu bread (5.4) reported by Dossou et al. 
[31] and Bokossa et  al. [18], respectively. These con-
tents were lower than that of wheat flour type 55 (13.3%) 
reported by Mofakkir [32]. However, they were similar 
to unfermented bread (9.2%) reported by Guendouze-
Bouchefa et al. [23]. The protein and sugar composition 
of the flour was an important effect on bread production 
(Table  2). Proteins have crucial biological roles because 
they influence the activity of dough microbiota and, 
therefore, the quality of bread. Therefore, ethnic artisan 
bread can be offered to vulnerable people. Regarding the 
protein content of all cereal products, it is beneficial to 
the population to consume ethnic artisan bread with pro-
tein-rich foods to avoid protein deficiency diseases such 
as marasmus and kwashiorkor.

Ethnic artisan bread could be consumed with lipid-
rich foods (grubs, locusts, butter, skewers, etc.) to 
enhance its energy value. The lipid content of ethnic 
artisan bread was between 0.28 and 0.67% (Table  4). 
This lipid content was lower than that of flour (2.1%) 
reported by Mofakkir [32], that of rice ablo (1.5%) in 
Benin reported by Bokossa et al. [18], and that of wheat 
bread (1.5%) reported by Petrova and Petrov [30]. It 
was similar to that of maize ablo (0.79%) in Benin, 
reported by Bokossa et  al. [18], and that of iron-forti-
fied bread (0.35%) from Algeria, reported by Guen-
douze-Bouchefa et  al. [23]. According to the analysis 
of variance, there was no significant difference between 
the lipid levels of ethnic artisan bread. On the other 
hand, there was no significant difference between the 
lipid content of PTY and PTZ.

The carbohydrate content of the ethnic artisan bread 
varied between 88.20 and 89.05% (Table 4). This content 
was higher than that of wheat bread (71.20%) reported 
by Petrova and Petrov [30], that of the 15% composite 
bread (79.34%), and the 20% composite bread (74.14%) 
reported by Meite et  al. [34]. On the other hand, this 
content was similar to that of regular bread (86.66%) 
and 5% composite bread (84.91%) measured by Adrian 
[35]. The analysis of variance showed that there was no 
significant difference between the carbohydrate content 
of the samples.

Artisan bread has a high carbohydrate content, a low 
protein content, and a very low lipids content. Our 
results were similar to those reported for regular bread 
by Meite et  al. [34]. The high carbohydrate content of 
artisan bread confirms the priority energy function of 
bread [35].

The energy value of the ethnic artisan bread varied 
from 399.36 to 401.43 kcal/100 g dry matter (Table 4). 
This value was lower than the value of the ordinary 
bread and the composite bread of Abidjan, whose 
energy values were, respectively, 405.92  kcal/100  g 
and 404.17 kcal/100 g reported by Meite et al. [34] but 

Table 4 Proximal composition and energy value of ethnic artisan bread

Columns with the same letter mean that there is no significant difference according to the Fisher test at the 5% threshold

UPY: Yagma production unit; UPB: Bissigui production unit; UPS: Saaba production unit; UPW: Wamtenga production unit; UPZ: Zongo production unit; P: probability 
threshold

Samples Ash (%) Moisture (%) Protein (%) Lipid (%) Sugars (%) Energy value

UPY 0.55 ± 0.04b 29.84 ± 2.38a 10.60 ± 0.10c 0.64 ± 0.04c 88.20 ± 0.02a 401.04 ± 0.04c

UPW 0.45 ± 0.02ab 32.94 ± 0.05ab 10.36 ± 0.05 bc 0.54 ± 0.01b 88.59 ± 0.07b 400.87 ± 0.15c

UPZ 0.48 ± 0.04ab 35.53 ± 1.03b 9.80 ± 0.30a 0.66 ± 0.01c 89.05 ± 0.32c 401.43 ± 0.23d

UPS 0.36 ± 0.00a 33.33 ± 3.00ab 10.20 ± 0.10b 0.38 ± 0.01a 88.98 ± 0.08bc 400.35 ± 0.06b

UPB 0.44 ± 0.00a 33.17 ± 0.83ab 10.32 ± 0.00b 0.31 ± 0.01a 88.90 ± 0.00c 399.36 ± 0.07a

P-value 0.112 0.280 0.001 0.000 0.000 0.000
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higher than those of wheat bread with dairy products 
[36]. The variance analysis showed no significant dif-
ference between the energy values of the ethnic arti-
san bread samples. Because of their high energy value, 
the ethnic artisan bread of Ouagadougou and Saaba is 
desired for the Diet of pregnant women and children.

Mineral composition of ethnic artisan bread
The mineral composition of ethnic artisan bread from the 
five production units is presented in Table 5.

The calcium content of ethnic artisan bread was 
between 89.90 and 292.61  mg/kg, with an average of 
172.74  mg/kg (Table  5). The calcium content of eth-
nic artisan bread was lower than those of organic bread 
(254.4 mg/kg) found by Taupier-Létage et al. [17]. How-
ever, this content was superior to bread from organic 
flour T55 (150 mg/kg) and lower than those of T80 cylin-
der bread. However, only the calcium content of the sam-
ple of artisan Yagma bread (PTY) was similar to that of 
millstone flour (288.7) and artisan pre-fermented wheat 
bread (289.8). The analysis of variance showed that there 
was a significant difference between the levels of calcium. 
Calcium is an essential element in the multiplication and 
growth of yeasts. The deficiency in mineral salts (cal-
cium, potassium, sodium) or trace elements (zinc, iron) 
reduces the fermentation power. Mineral salts stimulate 
yeast growth and are essential constituents of enzyme 
systems [4]. Ethnic artisan bread could be recommended 
and served to vulnerable people. The consumption of 
foods rich in minerals, such as magnesium and zinc with 
vitamins C, D, and E, can contribute to a better lifestyle, 
boost immunity, and help fight infection [33].

The zinc content of ethnic artisan bread varied from 
11.56 to 89.27  mg/kg, with an average of 61.81  mg/kg 
(Table  5). This content was similar to that reported by 
Taupier-Létage et al. (2007) [17]. The zinc content of eth-
nic artisan bread was also similar to that of sourdough 
bread (64 mg/kg) found by Taupier-Létage et al. [17]. The 

analysis of variance showed that there was a significant 
difference between the zinc contents. Fertilization, pro-
duction system, and method of milling of wheat could 
be responsible for the variation in the mineral content of 
the flour used in bread making [37], and therefore that of 
bread.

Ethnic artisan bread could be used as a food ration to 
meet the body’s demand for mineral salts. At the end 
of the analysis, the iron content of ethnic artisan bread 
ranged from 69.18 ± 36.74 to 389.10 ± 32.89 mg/kg with 
an average of 145.71  mg/kg. These contents were lower 
than the contents of Ablo (320.5) and fermented dough 
bread (290.3) reported by Bokossa et  al. [18] (Table  5). 
These values were lower than that found by Bokossa 
et  al. [18]. However, the iron contents of ethnic artisan 
bread were higher than those of type  55 flour (12  mg/
kg) reported by Taupier-Létage et  al. [17]. The analysis 
of variance showed that there was a significant differ-
ence between the iron contents. Iron is the essential con-
stituent of hemoglobin in red blood cells, myoglobin in 
muscles, and certain enzymes such as cytochromes [35, 
37]. Consumption of ethnic artisan bread constitutes a 
significant gain for pregnant women and infants. A study 
reported that minerals such as Fe, Cu, and Zn are essen-
tial in the health of pregnant women and the develop-
ment of the fetus, in the health of the newborn, and the 
consumption of Tabnen-naow can provide a proper con-
centration of these elements in the body of women dur-
ing pregnancy reducing the risk of complications [38].

Ethnic artisan bread can be considered a functional 
food because it is generated according to traditional 
manufacturing [39].

Conclusion
The results of this work showed a nutritional contribu-
tion to ethnic artisan bread. Indeed, ethnic artisan bread 
contains carbohydrates, proteins, and minerals such as 
iron, calcium, and zinc that could significantly contribute 
to food security in developing countries.

As originality, the ethnic artisan bread is baked in a tra-
ditional artisan oven built from local earth. The baking 
conditions are assessed thanks to the experience of the 
artisan baker.

In addition, this fermented food is highly appreciated 
for its flavor and consistency by the population from 
other cities due to its nutritional quality reported in this 
study.

Ethnic artisan bread is a very simple food because of its 
process and classical production technique.

The ethnic artisan bread production diagram devel-
oped with the help of artisan bakers could be used for 
bread production in areas of high food insecurity. For 

Table 5 Mineral composition of ethnic artisan bread

Columns with the same letter mean that there is no significant difference 
according to the Fisher test at the 5% threshold

UPY: Yagma Production Unit; UPB: Bissigui Production Unit; UPS: Saaba 
Production Unit; UPW: Wamtenga Production Unit; UPZ: Zongo Production Unit; 
P: probability threshold

Samples Calcium (mg/kg) Zinc (mg/kg) Iron (mg/kg)

UPY 290.03 ± 2.58 c 89.27 ± 0.38c 76.06 ± 26.06a

UPW 178.98 ± 0.52b 58.26 ± 1.97b 389.10 ± 32.89b

UPZ 90.96 ± 1.06ab 54.60 ± 0.76b 117.92 ± 3.25a

UPS 0.00 ± 0.00 a 15.36 ± 0.41a 76.32 ± 16.04a

UPB 100.84 ± 2.06 ab 11.56 ± 5.54a 69.18 ± 36,74a

P 0.004 0.000 0.000
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further work, it would be essential to evaluate the effect 
of ethnic artisan bread consumption on the glycemic 
index and develop local flour bread. It is also necessary 
to analyze industrial bread to compare it to artisan bread.
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