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Abstract

Many local products made through traditional fermentation play an important role in the dietary and cultural habits of the Chadian
people. Produced through spontaneous fermentation, these products are generally rich in carbohydrates, proteins, and minerals,
and some may have beneficial probiotic properties. However, spontaneous fermentation processes are often carried out under
inadequate hygienic conditions, which promote the growth of certain undesirable microorganisms and pose health risks to
consumers. This study aimed to evaluate the production and fermentation technologies of eight fermented foods produced and
marketed in Chad. The study used a cross-sectional survey with a structured questionnaire, and diagrams were analyzed against
recommendations. The study was conducted in four locations in Chad (Abeche, Mongo, N’Djamena, and Moundou) between
May and August 2026, involving a total of eighty (80) producers selected using a random sampling method that took into account
geographical distribution and the types of processed products. The evaluation of production processes showed that, overall, the
essential steps in food production were followed. However, the evaluation of all production technologies revealed a strong
predominance of manual operations with very few adequate hygiene measures. With regard to production equipment, the utensils
used are, for the most part, also used for activities other than production, particularly in the preparation of family meals.
Consequently, producers have very little equipment dedicated specifically to production. Furthermore, much of the equipment is
unsuitable for certain operations, making it difficult to control certain production parameters. These findings underscore the need
for improvements to protect consumers by optimizing hygiene practices during preparation.
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1. Introduction

Traditional or spontaneous fermentation is one of the oldest
methods of food preservation and has been widely used for
decades [1, 2]. Fermentation is a biotransformation process
that improves the organoleptic characteristics and nutritional
properties of foods, as well as the digestibility of the final
product [3]. During fermentation, bacteria, yeasts, and molds
transform food into derivative products, helping to extend
their shelf life [4].

In most African countries, locally fermented products play
an important role in people’s food systems. Their production
has significant socioeconomic implications, as some of these

products constitute a major source of income for producers [5].

In more developed countries, fermentation technologies are
often integrated as marketing strategies to improve the eco-
nomic profitability of certain products by highlighting the spe-
cific organoleptic characteristics attributed to certain ferments
[6].

In Chad, fermented products come in various forms and
vary depending on the locality, the raw materials used, the mi-
croorganisms naturally present in the raw materials, and the
techniques adopted by producers. For example, Kindjine,
Alme-hamoud, Amtabadj, Kisar, Djir, Damourgue, Rouwaba,
and Kawal, produced through spontaneous fermentation, are
rich in carbohydrates, proteins, and minerals, and some may
have probiotic properties that are beneficial to consumer
health [7]. The types of produce most commonly used in fer-
mentation processes in Chad include fruits, vegetables, leg-
umes, grains, leaves, roots, dairy products, and their deriva-
tives [8]. In particular, sorghum, peanut and sesame meal,
Senna obtusifolia leaves, and fresh milk are widely used [9].
In Chad, fermented foods are ubiquitous in the general popu-
lation’s dietary habits due to their ease of preparation and their
organoleptic characteristics, which are highly appreciated by
the population. However, traditional fermentation processes
most often rely on spontaneous fermentation carried out with-
out real control over production parameters and under poor
hygienic conditions, which sometimes promotes the growth of
undesirable microorganisms and increases health risks for
consumers [10, 11]. Improving fermentation processes offers
a solution for enhancing product quality and protecting con-
sumers. Traditional technologies require effective promotion
to preserve local knowledge while improving the quality and
food safety of fermented products.

In the existing literature, numerous authors have addressed
the fermentation of traditional African products [8, 10-12].
However, very little data exist regarding the evaluation of fer-
mentation processes for traditional fermented products in
Chad. The objective of this study was therefore to evaluate the
production and fermentation technologies of eight fermented
foods produced and marketed in Chad. This study provides a
better understanding of the traditional fermentation process
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for these local products, assesses the knowledge of local pop-
ulations, and identifies associated health risks.

2. Materials and Methods

2.1. Study Site and Period

The study was conducted in the city of Abeche in the North,
Mongo and N’Djamena in the Center, and the city of Moun-
dou in the South of Chad from May through August 2026. The
technological parameters were analyzed at the Food Science
and Nutrition Research Laboratory. This involved an evalua-
tion of the production process, critical control points, fermen-
tation methodology, and the hygiene measures applied.

2.2. Selection Criteria and Sampling of
Producers

Producers were selected using a random selection method,
taking into account geographic distribution and the types of
processed products. A total of eighty (80) producers, ten (10)
per product studied, were enrolled during the survey.

The selection criteria were therefore the location of the pro-
duction facility and the type of products offered to consumers.
Producers of the targeted fermented foods were first counted
and then randomly selected using the ENA model [13]. Thus,
only producers of the targeted foods located within the study
area were included in this study.

2.3. Data Collection and Fermented Food
Production Diagrams Conception

The various stages of fermented food production were iden-
tified through a cross-sectional survey and then documented
using a structured questionnaire focused on technological pa-
rameters. The data collected during the survey included raw
material pretreatment operations, processing operations, fer-
mentation through to the production of the finished fermented
product, the production environment, and the hygiene of per-
sonnel and equipment used. Data were collected from eighty
(80) regular and occasional producers in the four cities cov-
ered by the study.

2.4. Data Processing

The data were entered, sorted, and analyzed using SPSS
version 25.0 to extract qualitative descriptive results using a
thematic approach. The charts were generated using Microsoft
Excel 2016. The results were compared with data from the rel-
evant literature as well as normative data to assess the exist-
ence of hygiene risks.
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3. Results Next, it is hulled and winnowed to remove the flakes and bran.

After hulling, the sorghum or millet is lightly sun-dried for 8

. hours before being washed with clean water to remove any

3.1. Production Technology of the remaining impurities. After washing, it is sun-dried a second

Alme-hamoud time for 8 hours before being ground. The cracked millet is

then moistened with boiling water until it reaches the desired

consistency (0.9 L/kg of flour), and curdled milk is added (100

mL/L). After filtering the resulting mixture, the liquid under-

goes spontaneous anaerobic fermentation in a sealed container
for 24 to 72 hours to produce the Alme-hamoud (Figure 1).

The Alme-hamoud is a sour fermented beverage made from
sorghum or millet that is regularly consumed in rural areas of
Chad. Its production process begins with the pretreatment of
the sorghum or millet. The sorghum or millet is first sorted
and cleaned to remove rotten grains, stones, and impurities.

Millet/ Sorghum

Sorting Flushing

| Hulling Bran, flakes
Clean water
| Washing

‘ First solar drying (Sh) |

Clean water

‘ Washing _:J " Wastewater lkf.

‘ Second solar drying (3h) |

|

Boiling water,
curdled milk
{(100mlT)

‘ Humidification ($0%) |

|

| Fermentation (24-721) ‘

7 ﬁ)ﬂ“ Era in,

‘ Filtration b\ solid residnes ‘.'
Water, sugar I e

| Sugaring ‘

Almé-hamoud

Figure 1. Diagram of the production process of the Alme-hamoud.

from hulled or unhulled millet, sprouted millet, sesame, and

3.2. Production Process for the Amtabadj ginger. The artisanal process for making the Amtabadj con-
sists mainly of four steps: pretreatment of the raw materials,

The Amtabadj is a traditional fermented beverage made  germination, grinding, and spontaneous fermentation. Each
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raw material is processed separately before being mixed to
produce the Amtabadj. Pretreatment involves sorting, cleaning,
and washing with clean water to remove impurities.

First, the millet is sorted by hand, followed by cleaning and
washing with potable water to remove impurities. The grains
are then dried for 12 hours and ground into powder.

At the same time, a portion of the millet is placed in a bag
or jar for about 24 hours to promote germination. The sprouted
grains are then sun-dried for 24 hours and ground into powder.

The ginger is also cleaned, washed, and ground until a
smooth paste is obtained.

Next, a handful of ungerminated millet flour is mixed with

about one liter of clean boiling water to form a premix. Then,
the mixture of germinated and ungerminated millet flour is
gradually incorporated into the premix and kneaded until a ho-
mogeneous dough is obtained. After cooling, the dough is
transferred to a container and combined with about 4 liters of
water per kilogram of raw materials. The mixture is then left
to ferment spontaneously for about 8 to 12 hours. At the end
of this fermentation, ginger paste and sugar are added, and the
mixture is thoroughly stirred before being filtered through a
fine cloth to separate the solid particles from the liquid. The
resulting filtrate is the traditional beverage known as Amta-
badj (Figure 2).

S ortingWashing

(o

Humidification

P

Germination (24h)

S orting Washing

-

Drying (24h) ‘

Drying (121)

-

5}

|

‘ Grinding

Mixtore

Boiling water
(Slkg)

Humidification

|

| Fermeniation (8-12h) |
Sugar/Ginger

Filtration

+7 Spent grain,
solid residues

Figure 2. The Amtabadj Production Diagram.

3.3. The Kawal Production Technology

The Kawal is a traditional food condiment obtained by fer-
menting the leaves of Senna obtusifolia. The production pro-
cess begins with the harvest of fresh Senna obtusifolia leaves.
These are then sorted to remove impurities and damaged
leaves, and washed with clean water. After washing, the
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leaves are partially pounded in a mortar until a soft, homoge-
neous paste is obtained. This paste is placed in a jar, sealed
tightly, and left to undergo spontaneous anaerobic fermenta-
tion for 14 days by burying the jar underground to create an-
aerobic conditions. At the end of fermentation, the paste is re-
moved, kneaded by hand, and then shaped into small balls or
patties. The product is finally sun-dried for 72 hours to pro-
duce dry Kawal, ready for consumption or storage (Figure 3).


http://www.sciencepg.com/journal/ijfsb

International Journal of Food Science and Biotechnology

http://www.sciencepg.com/journal/ijfsb

Senna obtusifolia
leaves

‘ S orting Flushing Washing

Anaerobic farmentation (14 days)

1
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| Solar drying (72) |

Figure 3. Diagram of the Manufacturing Process for the Kawal.

3.4. Production Process for the Damourgue

The Damourgue is a fermented food made from millet or
sorghum that is widely enjoyed and consumed in Chad. The
production process is relatively simple. It begins with the pre-
treatment of the millet, which includes sorting, hulling, win-
nowing, and washing to remove impurities, husks, and bran
from the millet. The hulled and washed millet is then left to
undergo spontaneous fermentation for 48 to 72 hours. After
fermentation, the product is rinsed with clean water, spread
out, and sun-dried for 12 to 24 hours. The dried product ob-
tained in this way is the Damourgue (Figure 4).

| Fermentation (48-72E) |

‘ Solar drying (12-24h) ‘

Figure 4. Diagram of the Traditional Manufacturing Process for the
Damourgue.

3.5. Production Process for the Kissar

The Kissar is a fermented and baked flatbread made from
millet and rice flour that is widely consumed by the Chadian
population. The artisanal production process consists of three
main stages: pre-processing of the raw materials, fermentation,
and cooking on a hot griddle. The process begins with the pre-
processing of the millet and rice grains, which includes sorting,
hulling, winnowing, and washing. The processed grains are
then separately ground into fine powder. The two powders are
first sifted and mixed in equal parts to obtain a homogeneous
mixture. This mixture is moistened with boiling water (1 liter
of water per liter of mixture), and then 10 mL of curdled milk
is added per kilogram of mixture to form a homogeneous
dough. Then, sugar is added to the prepared dough, and the
mixture is stirred to ensure thorough homogenization. The re-
sulting mixture is left to ferment spontaneously for 6 hours.
At the end of this fermentation, the mixture is stirred again
until a homogeneous dough is obtained. After fermentation,
small portions of the fermented dough are cut and then cooked
in a thin layer on a preheated griddle that has been brushed
with fat to produce the Kissar (Figure 5). During cooking, the
product is flipped to ensure even cooking on both sides.

‘ Sorting Flushing Washing ‘ | Sorting Flushing Washing

,_"‘ Impun‘riﬁ.‘ ‘;d

h' " Impurities ™,
i

Humidification (11 waterd)

Fermentation (6h)

Figure 5. Production Diagram of the Kissar.

3.6. Production Technology of the Kindjine

The Kindjine is a fermented food product made from ses-
ame and peanut meal. The production process is relatively
simple and involves mixing the sesame and peanut meal and


http://www.sciencepg.com/journal/ijfsb

International Journal of Food Science and Biotechnology

http://www.sciencepg.com/journal/ijfsb

then allowing the mixture to ferment after adding a starter cul-
ture prepared in advance from sprouted millet.

The meal is first mixed, and then a few drops of water are
added. After this initial mixing, the starter culture and ash
from millet or sesame stalks are incorporated. The mixture is
stirred and undergoes an initial fermentation for 10 days. Dur-
ing this period, the mixture is stirred daily to promote uniform
primary fermentation. After the ten days of fermentation, the
resulting dough is sealed airtight in a container to create an-
aerobic conditions and left to undergo a second fermentation
for 7 days to produce the Kindjine (Figure 6). For optimal
preservation, the Kindjine is spread in a thin layer to dry in the

sun for 48 to 72 hours.
Ferment
+ cendre

Mixfure

I

First Fermentation + mixing (10
days)

|

2nd Fermentation (7 days)

Figure 6. Production Diagram for Kindjine.

3.7. Production Technology of the Rouwaba

The Rouwaba is a curdled milk product obtained through
the spontaneous fermentation of whole milk. The production
process is traditional and consists of two main stages: fermen-
tation and churning. Fresh milk is first collected in a clean
container and then left to rest for 12 to 24 hours. During this
phase, the milk undergoes spontaneous lactic fermentation,
causing the milk proteins to coagulate. After this phase, the
contents of the container are shaken vigorously for 2 to 3 hours
to facilitate the separation of the fat-rich cream from the cur-
dled milk at the bottom of the container. After the cream is
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skimmed off, the remaining curdled milk constitutes the
Rouwaba (Figure 7).

Whole milk
Fermentation (12-24 h)

|

Churning (2-3h)

Figure 7. Diagram of Production for the Rouwaba.

3.8. Production Technology of the Djir

The Djir is a highly prized millet-based flour used to pre-
pare porridge. The traditional Djir production process in-
volves the steps of pretreatment, soaking, fermentation, grind-
ing, and drying. The millet is first sorted, cleaned, and then
washed with clean water to remove all impurities. The pre-
treated millet is then partially hulled and soaked in a jar con-
taining a large amount of water for 48 to 72 hours. After soak-
ing, the grains are thoroughly washed and then partially dried.
Next, the partially dried grains are ground into powder. The
resulting powder is lightly moistened and undergoes an initial
spontaneous fermentation for 72 hours. After this initial fer-
mentation, the mixture is coarsely sieved through muslin to
obtain a homogeneous suspension, which is then subjected to
a second spontaneous fermentation for 14 days. At the end of
this stage, the mixture is left to settle to allow the solid parti-
cles to settle naturally. This settling process separates the mix-
ture into two fractions: a liquid supernatant and a solid sedi-
ment. The sediment is collected and spread in a thin layer on
a clean surface, then dried in the sun for 48 to 72 hours. Once
dried, the fermented flour is known as Djir (Figure 8).
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Figure 8. Production Diagram of the Djir.

3.9. Analysis of Production Technologies

The production technologies for all eight products studied
involve both pretreatment and processing operations. Pre-pro-
cessing operations focus on sorting, cleaning, shelling, and
washing. As for processing operations, the most common are
grinding, moistening, fermentation, filtration, and drying, but
there is very little cooking or packaging. The final product is
consumed directly at the production site or at retail locations
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near the production sites. An assessment of all production
technologies reveals a strong predominance of manual opera-
tions with very few adequate hygiene measures. With regard
to production equipment, the utensils used are, for the most
part, also used for activities other than production, particularly
in the preparation of family meals. Consequently, producers
have very little equipment specifically designed for produc-
tion. Furthermore, much of the equipment is also unsuitable
for certain operations, which makes it difficult to control cer-
tain production parameters.


http://www.sciencepg.com/journal/ijfsb

International Journal of Food Science and Biotechnology

http://www.sciencepg.com/journal/ijfsb

4. Discussion

The diet of the entire Chadian population is largely domi-
nated by cereals, legumes, oilseeds, dairy products, tubers,
and leafy vegetables [14-16]. These foods provide the primary
sources of energy for the population. This is due to their wide
availability locally, their nutritional richness, and their suita-
bility for processing, particularly as substrates for fermenta-
tion [14, 17]. These foods improve the nutritional quality of
diets because of their biochemical composition and functional
properties [18]. They are thus processed into numerous prod-
ucts, including fermented beverages, flatbreads, pastas, and
porridges [9]. At the same time, raw cow’s or goat’s milk is
widely used in dairy processing to produce various fermented
dairy products. These are valued for their high content of pro-
tein, fiber, carbohydrates, and micronutrients [19].

An assessment of the production processes for the tradi-
tional foods evaluated shows that, overall, the essential steps
in agri-food production are followed. Raw materials first un-
dergo pretreatment before being incorporated into the pro-
cessing chain. These procedures should therefore result in
high-quality, compliant products. Furthermore, certain prod-
ucts, such as Kissar, are cooked at the end of the production
process at high temperatures for several minutes, thereby en-
suring the microbiological safety of the products. Indeed, most
microorganisms are sensitive to temperatures above 100 <C for
a few seconds, with the exception of resistant spores [20, 21].
The problem therefore lies in controlling fermentation, which
remains largely spontaneous, and in the lack of hygiene con-
trol during the production process. Indeed, the production pro-
cess is still dominated by numerous operations that are per-
formed exclusively by hand. This could facilitate microbio-
logical contamination, particularly by fecal bacteria [22, 23].
Furthermore, in the fermentation of traditional local foods,
many processors use spontaneous fermentation or the “fer-
mentation starter” technique, which involves adding a starter
culture derived from the product already processed the previ-
ous day [24].

Spontaneously fermented foods involve a wide variety of
microorganisms, some of which may possess probiotic prop-
erties beneficial to consumer health, the most abundant being
lactic acid bacteria, but they also include potentially patho-
genic strains [25, 26]. In general, fermentation produces or-
ganic acids and/or alcohol, and this acidification of the envi-
ronment helps neutralize the vegetative forms of pathogenic
microorganisms present and limit food spoilage [27, 28].
However, spores can persist in the absence of specific heat
treatments. Despite these numerous advantages, because the
processes studied involve very little final cooking, contamina-
tion can occur at various stages of the preparation chain, par-
ticularly due to the use of poor-quality water, improperly
washed or rinsed containers, poor hand hygiene, or a failure

to control key parameters (time, temperature, and pH) [29, 30].

In addition, contamination can frequently occur after fermen-
tation, during the drying, packaging, transportation, and sale
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phases. Several studies conducted in Chad on the fermentation
of milk, Djir, and Kawal have identified shortcomings in pro-
cess control and compliance with hygiene regulations [8, 16,
31]. Furthermore, the grains used as substrates can also be-
come contaminated with mycotoxin-producing molds when
drying and storage conditions are unfavorable. High humidity
promotes the synthesis of mycotoxins, particularly aflatoxins,
which can cause hepatotoxic and carcinogenic effects in hu-
mans [32].

Due to the artisanal nature of production processes and the
spontaneous nature of fermentation, the quality of traditional
fermented foods in Chad remains quite varied, and these foods
are not highly standardized. The development of simple, ac-
cessible, and improved methodologies will help to better
standardize the final products. For example, this could be
achieved by clearly defining the expected moisture content af-
ter drying, the particle size of the powder after grinding, the
exact amount of water for hydration or moistening, the cook-
ing time for certain products where necessary, or the condi-
tions for germination. Furthermore, process improvement re-
lies on the mastery and strict application of good hygiene prac-
tices throughout the fermentation chain.

To achieve consistent and better-controlled fermentations,
careful selection of microorganisms suited to local products
and improved control over the various technological steps are
essential. Research could therefore be leveraged to develop
starter cultures tailored to each product by identifying the rel-
evant microorganisms for each type of substrate. This ap-
proach will enable the selection of strains with the best tech-
nological and probiotic properties to better control process
quality and improve product reproducibility.

5. Conclusion

Traditional production processes, and more specifically,
spontaneous fermentation, play an important role in the daily
lives of the Chadian people. By relying on local raw materials,
these various processing methods yield products that are
highly valued by the population. However, the risks associated
with a lack of control over technological parameters and in-
sufficient adherence to good hygiene practices pose signifi-
cant health hazards and require improvements. To produce hy-
gienic products with good organoleptic qualities, efforts to im-
prove local technologies through research could provide
short- and medium-term solutions.
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Appendix: Schematic Diagrams for
Fermented Foods

Appendix I: The Alme-hamoud

Figure A1. Diagram of the production process of the Alme-hamoud.

1. A: Millet grain; B: Hulling; C: first drying; D: washing; E: crush-
ing; F: second drying; G: mixing;
H: filtration; I: fermentation; J: Alme-hamoud.
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Appendix II: The Amtabadj

A: washing/drying; B: germination; C: grinding; D: dough; E: fer-
mentation; F: sugar; G: filtration; H: Amtabadj.

Figure A2. The Amtabadj Production Diagram.

Appendix II1: The Kawal

Figure A3. Diagram of the Manufacturing Process for the Kawal.

A: Senna obtusifolia leaves; B: fermentation; C: Solar drying; D: Ka-
wal.

Appendix IV: The Damourgue

Figure A4. Production Process for the Damourgue.

A: Sorting; B: Washing; C: fermentation; D: Solar drying; C:
Damourgue.

Appendix V: The Kissar

A B c D

A: millet; B: millet flour; C: mixing; D: curdled milk; E: Kissar:

FCR

Figure A5. Production Process for the Kissar.


http://www.sciencepg.com/journal/ijfsb

International Journal of Food Science and Biotechnology

http://www.sciencepg.com/journal/ijfsb

Appendix VI: The Kindjine

A: cookies; B: first fermentation; C: second fermentation; D: wet

Figure A6. Production Technology of the Kindjine.

Kindjine; E: dried Kindjine.

Appendix VII: The Rouwaba

S

A: Whole milk; B: fermentation; C: curdled milk; D: Cream.

Figure A7. Production Technology of the Rouwaba.

Appendix VIII: The Djir

A: Sorting; B: Washing; C: Hulling; D: fermentation.
Figure A8. Production Technology of the Djir.
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