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Abstract

Traditionally produced starchy foods and fermented beverages contribute to the diet of people. The
benefits of these fermented traditional foods for health and their nutritional quality are poorly known.

This review gives a synoptic view of some fermented foods consumed in Côte d'Ivoire. Several foods are
fermented traditionally, including cereals (maize, millet and sorghum), tubers (cassava), fruits (cocoa
beans), palm sap (bandji) and fish (Galeoides decadactylus, Oreochromis niloticus).

These fermented foods have varying qualities. Lactic acid bacteria are the main microorganisms of their
fermentations. Beyond their nutritional quality, fermented foods and fermentation actors may have other
"health effects". The survival capacity of lactic acid bacteria at the conditions encountered in the digestive
tract and their effect on the maintenance of the integrity of the digestive tract are particularly interesting.

This review focuses on the benefits of fermented foods including nutritional aspects, health benefits and
lactic microflora that occurs during spontaneous fermentations as well as their probiotic effects will also be
examined.
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Introduction
Fermentation of food, a method long used by many
persons, was originally intended to improve the
conservation of food and its nutritional and health
quality [1,2]. In developing countries, fermentation
is one of the most used technologies for food and
conservation. It allows them to preserve and often
improve the organoleptic and nutritional quality of
food [3]. It is an interesting process in a context of
sustainable development and improvement of food

systems because it produces little effluent and
requires little energy for its implementation [4].

Indeed, fermentation improves the digestibility of
food. It makes the nutrients better assimilable. This
fermentation plays an important role in the diet of
the populations of West Africa. Like other countries
in the sub-region, in Côte d'Ivoire, fermented
products play a major role in the diet and health of
populations. The majority of traditional fermented
products consumed in Côte d'Ivoire are processed
by the natural fermentation of tubers (cassava), fruit
(cocoa beans), cereals (millet, sorghum, maize) and
fish (adjuevan). Some can be used as weaning
foods for infants [5].
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Lactic fermentation is the most common, although
acetic and alcoholic fermentations are encountered
[6]. In this type of fermentation lactic acid bacteria
are the dominant microorganisms. Their main
functions are the production of organic acids and
aromatic compounds as well as other effects such as
yeast stimulation, inhibition of pathogenic micro-
organisms, improvement of nutritional quality and
probiotic activity [7]. Some fermented foods
contain live microorganisms, including probiotics,
which may be beneficial for digestive health [8].
The number of living microorganisms in the
intestine increases by the consumption of fermented
foods. Hence the importance attached to fermented
foods. This study aims to show some health effects
of some fermented foods consumed in Côte
d'Ivoire.

Fermentation
Fermentation is a natural phenomenon, occurring
during the decomposition of organic matter. Indeed,
it is a biochemical reaction that consists of releasing
energy from an organic substrate under the action
of microbial enzymes and rejecting products. The
fermentation microorganisms are divided into three
groups: bacteria, molds and yeasts [9]. Four types
of fermentations are found in the food field. Lactic,
alcoholic, and propionic fermentation use sugars to
form lactic acid, ethanol, and carbon dioxide,
respectively, and propionate. Acetic ferments, on
the other hand, use ethanol to produce acetic acid.

Lactic fermentation

In aerobic living organisms, ATP, which is the
major form of energy directly usable by the cell, is
produced during metabolic reactions including the
oxidation of sugars, especially glucose, during
glycolysis [10]. Under anaerobic conditions, the
proton acceptor molecule of the reduced cofactors
is pyruvic acid, which is reduced to lactic acid [11].
The latter allows glycolysis to persist under
anaerobic conditions, which leads to the production
of 2 molecules of ATP against 36 in the presence of
oxygen.

Alcoholic fermentation

During the alcoholic fermentation, several changes
can appear: a release of carbon dioxide, an increase
in temperature and color, a change of smell and
flavor, a decrease in the density (transformation of
sugar into alcohol) and increased volumes.

Acetic fermentation

Acetic acid comes from the oxidation of alcohol by
the oxygen of the air. Wine, beer, cider and, in
general, all fermented liquids become tart in contact
with the air.

The simplified acetic fermentation reaction is:

CH3-CH2-OH + O2 → CH3-COOH + H2O +
Energy

The propionic fermentation

Propionic fermentation uses a wide variety of
substrates: sugars, glycerol, lactic acid, malic acid.
Propionic fermentation with lactic acid substrate
plays a major role in cheese making. The bacteria
that produce it are the bacteria of the genus
Propionibacterium. This fermentation leads to the
formation of propionate, acetate and CO2, from
glucose or lactate, and takes place anaerobically.

Some Fermented Foods Eaten in Côte
d'Ivoire

The tubers

Some fermented products in Ivory Coast are
grouped in tubers ('attiéké', 'placali', 'attoupkou').
The cassava root (Manihot esculenta Crantz) is the
fourth crop for its contribution to the world's
population after rice, wheat and maize [12]. Many
studies have shown that lactic acid bacteria are
involved in cassava fermentation (Table 1) [13-15]
and contribute to the elaboration of the organoleptic
characteristics of the finished product. Lactic acid
bacteria are the dominant microorganisms in
cassava pulp for the production of "attiéké" during
fermentation [15]. The identification of the
microorganism species during the production of
attiéké showed the presence of Leuconostoc
mesenteroides subsp. mesenteroides, Lactobacillus
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salivarius and L. delbrueckii subsp. delbrueckii, as
well as L. fermentum and L. confusus [16].

Table 1: Comparative tables of description of fermented product methodologies.

Raw material Description of fermentation methodologies and products. Finished products
and names

Alcoholic drink

Sorghum or
Maize

The traditional processing of ‘tchapalo’ is complex and involves milling of malted
sorghum, mashing, acidification, cooking, cooling and the alcoholic fermentation of the
final wort by dried yeast taken from a previous fermentation.

‘Tchapalo

Sap of palm tree Bandji’ is an alcoholic beverage produced from the sap of palm tree, which is tapped and
allowed to undergo spontaneous fermentation. The process of tapping palm wine involves
first felling or cutting down the tree, leaving the felled tree for a period of about 2 weeks
for the sap to concentrate, followed by tapping for up to 8 weeks. The sap, which is
originally sweet, ferments within 2-3 h and develops a stronger alcoholic taste and smell
with time.

Badji

Fermented products from fruits

Cocoa pod Cocoa fermentation is a key step in the technological transformation of cocoa into
chocolate, because the highly bitter, astringent unfermented cocoa beans lack the full
chocolate flavor. The fermentation of cocoa beans is therefore the first step of the
chocolate-making process, which consists of a natural, microbial fermentation of the
pectinaceous pulp surrounding the seeds of the tree Theobroma cacao.

‘Fermented cocoa
beans’

Foods made from cassava root

Cassava root Attiéké’ is a flavorful starchy ingredient, produced from fermented cassava root. The
fermented and pressed pulp is taken from the bags and squeezed through a sieve to obtain
granules that are sundried and then cleaned to remove fibres and waste. The dried granules
are steamed to produce ‘attiéké’, which is sold in small plastic bags as a ready-to-eat food.

Attiéké

Cassava root To produce ‘attoupkou’ the fermented cassava mash is first squeezed to remove as much
water as possible. Then it is sun-dried into granular flour which is steam-cooked in special
clay cooker for 45 minutes into a large cake.

Attoupkou

Cassava root To produce ‘bêdêcouman’ the fermented cassava mash is cooked, shelled and shaped into
Tomatococcus danielli sheets commonly called ‘attiéké leaves’

‘Bêdêcouman’

Cassava root The fermented and dehydrated mass of cassava is cooked in water until a sugary and
transparent paste is obtained.

Placali

Foods made from rice, maize or millet

Mil / Rice ‘Baca’ is a popular traditional fermented gruel obtained from millet, maize or rice usually
consumed in Côte d’Ivoire as breakfast by adults and as complementary food by young
children. The millet or maize flour is sieved, mixed with a quantity of water and rolled by
hand to obtain a granulated product. The granulated product could be left to ferment
overnight at ambient temperature. The millet or maize granulated product (fermented or
not) and rice flour are added.

Baca

Maize ‘Doklu’ is produced after spontaneous fermentation of maize dough. During ‘doklu’
processing, after cleaning and washing, whole maize grains are soaked in water for 2 or 3
days, milled, mixed in water and left to undergo spontaneous fermentation for 24 to 72 h.

Doklu
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Maize/rice ‘Wômi is a traditional fried cake made from sorghum, maize or millet flour. To produce
‘wômi’, the cereal flour is added to boiling water and cooked to gelatinization and allowed
to cool before mixing with raw flour. The resulting batter inoculated or not with baker’s
yeast is allowed to ferment overnight.

Womi

Food condiment made from fish

Fish ‘Adjuevan’ is a traditional Ivorian naturally fermented fish prepared from the Atlantic
bumper Chloroscombrus chrysurus or the sea fish Galeoides decadactylus. It is produced
through a spontaneous and uncontrolled fermentation and by using a high amount of salt.
For traditional ‘adjuevan’ production, the fresh fish is scaled, gutted, washed and left
overnight before the seemingly deteriorated fish is treated with salt and allowed to ferment
for 6 hours to 8 days.

Adjuevan

In Côte d'Ivoire, Attiéké, 'placali', gari and
'Attoupkou' are derived from the transformation of
the cassava root. The cassava paste used goes
through a fermentation process. For this to happen
quickly and well, it is mixed with an inoculum or
ferment which is actually a small amount of
previously fermented cassava. After this addition,
the dough is kept for two days. This fermentation is
necessary because it allows to eliminate a large part
of the hydrocyanic acid present naturally in
cassava. "Attiéké", "attoukpou" and "placali" are
potential energy sources in the diet of Ivorians [17].

'Attoupkou' is the third cassava product consumed
in Côte d'Ivoire after 'attiéké' and 'placali' [16].
Attiéké 'is a starch-rich ingredient produced from
fermented cassava root [16].'In Ivory Coast,
“placali” is commonly consumed and is the second
most popular cassava product after “attiéké”
[12].The fermented and dehydrated mass of cassava
is cooked in water until a sweet and transparent
paste is obtained.

The 'Bêdêcouman' is very popular and mainly
produced by the populations of southeastern Côte
d'Ivoire by the Abouré and N'Zima ethnic groups.
To obtain the "bêdêcouman", the mashed manioc is
fermented and cooked. The mineral content of the
three dishes is very low [18,19]. However, major
minerals are present in attiéké ',' placali 'and
attoupkou' like Sodium (Na) Phosphorus (K),
Calcium (Ca), Potassium (P), Magnesium (Mg) and
chlorine (Cl), with a high K [20]. Magnesium (Mg)
is involved in bone development, protein building,
enzymatic actions, muscle contraction, dental
health and the functioning of the immune system.

Copper (Cu) is necessary for the formation of
hemoglobin and collagen (a protein used to
structure and repair tissue) in the body. Several

copper-containing enzymes also contribute to the
body's defense against free radicals. Phosphorus (P)
is the second most abundant mineral in the body
after calcium. It plays a vital role in the formation
and maintenance of healthy bones and teeth. In
addition, it participates among other things in the
growth and regeneration of tissues and helps to
maintain the pH of the blood. Chlorine (Cl), for its
part, allows sodium, the metabolism of water and
consequently the regulation of water retention in
the human body. It also plays an important role for
the digestive system.

Calcium (Ca) is important for blood clotting, the
functioning of the brain and the nervous system, but
also for muscle contraction. This is why it plays a
vital role in muscle growth. Potassium or vitamin K
is essential for the blood system, to allow good
coagulation and good healing in case of injury. In
addition to the main function of assisting blood
clotting, vitamin K, and especially K1, plays an
important role in the process of growth and bone
fortification. Helps to fix calcium in the bones and
fight against osteoporosis, which affects most
women during menopause. The trace elements
found in dishes like Si, Cu, S and Cl, the values of
which do not reach the food toxicity threshold. The
three dishes have organoleptic characteristics that
allow them to be well appreciated by consumers. In
addition, "attiéké", "attoukpou" and "placali" are
foods that are very rich in energy and carbohydrates
[20].

Fermented cereal products

Cereals are often used to produce beverages such as
sweet must and tchapalo [21]. Chapalo is obtained
from the alcoholic fermentation of sweet wort from
sorghum malt. It can also be produced from corn
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malt or millet. This drink is also characterized by a
short shelf life (3 days) and a quality that varies
from one production to another [21]. Chapalo is
highly prized by the Ivorian population [22,23].
This drink has nutritional values that help improve
the diet of consuming populations. In addition,
therapeutic virtues are attributed to it because of its
laxative, antimalarial and anti-haemorrhoidal
properties [24]. The microorganisms found in
fermented cereals for the production of tachapalo
and Doklu are L. plantarum, L. fermentum, L.
cellobiosis, L. brevis, L. coprophilus, Enterococus
sp, Pediococus sp., Leuconostoc sp. Pediococcus
pentosaceus, P. acidilactici, L. fermentum, W.
cibaria, L. fermentum [23-26]. 'Doklu' is produced
after spontaneous fermentation of maize paste and
consumed by the populations of southern and
south-eastern Côte d'Ivoire [25]. After washing,
whole corn kernels are soaked in water for 2 or 3
days, crushed, mixed in water and allowed to
ferment spontaneously for 24 to 72 hours (Table 1).

'Baca' is a traditional fermented food made from
millet, which is consumed in Côte d'Ivoire as
breakfast by adults and as a supplementary food for
young children [26,27]. The millet granule or corn
flour is sieved, mixed with a quantity of water and
rolled by hand to obtain a granulated product that
can be fermented overnight at room temperature.
'Wômi is a traditional fried cake made from
sorghum, corn or millet flour. The cereal flour is
added to boiling water and cooked by gelatinization
and allowed to cool before being mixed with raw
flour. The resulting paste inoculated or not with
baker's yeast is left to ferment overnight. It is
consumed by all age groups and serves as a
breakfast and snack [16]. Grain products undergo
lactic fermentation and are biochemical and
nutritional.

The biochemical composition of millet brings it
closer to sorghum. Starch contents are slightly
lower than those of sorghum, while the protein and
lipid content are higher than that of sorghum and
most other cereals (maize, sorghum, rice, etc.).

Some millet-based foods have been studied for
monitoring the fermentation microflora during the
manufacturing process. Fermentation results in an
increase in microbial biomass that produces a
diversity of primary, secondary, and protein
metabolites in the food matrix. Fermentation of
millet leads to a decrease in oligosaccharides and

indigestible polysaccharides lead to an increase in
lysine content [28]. Likewise, an increase in
methionine and tryptophan content has been
observed during maize fermentation [29]. Some
amino acids can be synthesized and the
bioavailability of increased B vitamins increased
[30]. Fermentation promotes optimal pH for the
enzymatic degradation of phytates that are present
in cereals in forms complexed with proteins and
certain minerals such as iron, zinc and magnesium
[31]. A reduction in phytates can increase the
amount of soluble iron, zinc and calcium. In
addition, lactic fermentation results in a very highly
positive effect on the availability of iron and
phosphorus, with a decrease in phytate content in
these fermented products [32]. Antinutritional
factors such as phytates and tannins are among the
constituents of the grain walls of cereals. Anti-
nutritional factors contribute to malnutrition and
reduced growth rate and are responsible for low
protein digestibility, reduced bioavailability of
mineral elements such as phosphorus, calcium,
magnesium, iron and zinc and the reduction of
certain enzymatic activities such as trypsin, alpha-
amylase and beta-galactosidase [33]. The
composition of the sorghum grain used for the
production of tachapalo depends on the variety and
cultural locations. According to [34], sorghum is
essentially starch, its protein content is almost equal
to and comparable to that of corn and wheat, its fat
content is higher than that of wheat but lower than
that of corn. Sorghum is also characterized by its
high fiber content and poor digestibility of
nutrients. It contains detectable amounts of
vitamins D, E and K. Sorghum also contains
minerals such as phosphorus, iron, zinc, potassium
and copper [35]. Sorghum contains anti-nutritional
factors such as tannins and phytates. To improve its
nutritional quality, methods of germination,
fermentation and cooking are used [36].

Fermented fish 'Adjuevan'

'Adjuevan' is a naturally fermented Ivorian
traditional fish made from Chloroscombrus
chrysurus or Galeoides decadactylus sea fish
[37,38]. It is produced by spontaneous and
uncontrolled fermentation and using a large amount
of salt (Table 1). The final product is highly
concentrated in salt with a strong smell used as a
condiment to season sauces. Several studies have
shown the presence of Leuconostoc lactis,
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Lactobacillus, fermentum, Pediococcus sp.,
Streptococcus sp., Lactococcus garviae, S. difficilis
in Adjuevan [39]. Fermented fish are beneficial to
human health because they contain dipeptides that
lower blood pressure and induce insulin secretion
[40]. Analysis of the free amino acids of fermented
fish has shown the presence of many essential free
amino acids such as arginine, tryptophan, histidine,
isoleucine, lysine, threonine, methionine,
phenylalanine, leucine and valine with significant
amounts. Given the essential amino acid
composition, fermented fish "adjuevan" is a product
of good nutritional quality and can be used as an
alternative source of protein for people in
developing countries. The presence of several
omega-3 and omega-6 fatty acids has been
observed in fermented adjuevan. Studies by [39] on
fermented fish (adjuevan) indicate that the lipids of
adjuevan contain large amounts of monounsaturated
fatty acids and polyunsaturated fatty acids.
Adjuevan is rich in omega-3s such as glutamic acid,
leucine, lysine, isoleucine, valine and omega-3
polyunsaturated fatty acids (PUFAs) such as
eicosapentaenoic acid (EPA) and lactic acid.
docosahexaenoic acid (DHA). For example,
fermented fish sauces are beneficial to human
health because they contain dipeptides that lower
blood pressure and induce insulin secretion [40]. In
addition, lactic fermentation results in a very highly
positive effect on the availability of iron and
phosphorus, with a decrease in the phytate content
in these fermented products [32].

Fermented palm wine

Palm wine is a drink obtained from the
fermentation of palm leaves (Elaeis guineensis) by
indigenous microbes. Palm wine is obtained from
the palm tree (E. guineensis) [41]. It undergoes
spontaneous fermentation, which promotes the
proliferation of microorganisms because of its
nutritional content (Table 1). The presence of
microbial populations in this beverage is of
paramount importance to public health given the
specific role of organisms [42]. The presence of a
large population of lactic acid bacteria could have a
beneficial effect on the health of the consumer and
thus increase the interest of this drink [41]. The sap
of the palm tree is subjected to a spontaneous
fermentation that promotes the proliferation of
yeast species for the transformation of the sweet
substrate into an alcoholic beverage containing

important nutritional components, including amino
acids, proteins, vitamins and sugars [43].
Consuming fermented foods daily may be
equivalent to introducing new, albeit transient,
microorganisms into the native gut microbiota [44].
The action of lactic acid bacteria during
fermentation also has an impact on the nutritional
value of fermented products in Côte d'Ivoire.

The fruits

Cocoa beans are usually fermented in Côte d'Ivoire
in heaps on small farms or in wooden crates on
large, non-turning farms [45]. The predominant
fermentation process practiced in Ivory Coast
generally lasts between 4 and 5 days. L. fermentum,
Leu. pseudomesenteroides are found in fermented
cocoa beans [46,47]. are involved in the
fermentation process of cocoa beans. Yeasts and
molds, acetic and lactic acid bacteria, Bacillus are
involved in the fermentation process of cocoa beans
[48]. The lactic bacteria found are L. fermentum and
Leu. Pseudomesenteroides [46,47]. Cocoa beans are
rich in nutrients (Phosphorus, Magnesium, Iron,
Zinc, Manganese, Copper, Theobromine,
Phenylethylamine, Flavonoids, Polyphenols,
Catechins, Tannins), anti-oxidants. They act on the
health notably on the cardiovascular, the regulation
of the blood pressure and cholesterol, improvement
of the cognitive capacities, reduction of the stress,
reinforcement of the immune system. The cocoa
beans after fermentation for several days preserve
their taste and nutritional qualities. The components
of the cocoa bean are rich in minerals (magnesium,
iron, zinc, potassium, copper and selenium),
vitamins (A, B, C, D, E).

Probiotic Properties of Lactic Acid
Bacteria in Fermented Foods
According to the Food and Agricultural
Organization (FAO) and the World Health
Organization (WHO), probiotics are living
microorganisms that, when consumed in sufficient
quantities in the diet, have a beneficial effect on the
health of the host [48,49]. The ability to be active in
the targeted action site and to provide a real benefit
to the consumer therefore determines the true
effectiveness of a probiotic. Strains of probiotic
lactic acid bacteria are derived from fermented
foods and belong mainly to the genera
Lactobacillus and Bifidobacterium.
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Indeed, these probiotic microorganisms have
beneficial effects on the health of the consumer,
including the improvement of lactose digestion, the
equilibration of intestinal microflora. In addition,
these strains decrease the risk of food allergy,
stimulation and modulation of the immune system;
as well as improving inflammatory bowel disease
and preventing cancer.

Microorganisms ingested alive from fermented
foods will play on the health of humans. In human
nutrition, many studies focus either on the effect of
fermentation and fermentation microorganisms on
the nutritional quality of the [50], or on the effect of
food, on health [51], or the role of gut microbiota in
human health [52]. Bacteria, whether they come
from the food or reside in our digestive system, are
therefore actively involved in our nutritional status
and state of health.

Safety of Fermented Foods
During fermentation lactic acid bacteria produce
many natural antimicrobial compounds, such as
lactic acid, acetic acid, formic acid, and caproic
acid, carbon dioxide, hydrogen peroxide, diacetyl,
ethanol and bacteriocins. Indeed, the production of
organic acids and antimicrobial compounds during
fermentation leads to a decrease in pH that makes
the presence of pathogenic bacteria.

The action of lactic acid bacteria during
fermentation would allow the elimination of toxic
compounds in the fermented food. In addition,
studies have shown that adjuevan has a low
biogenic amine content well below international
standards, which proves the lack of toxicity of
adjuean at the end of production. Therefore,
adjuevan can be eaten, especially for its good
nutritional quality just after fermentation [38].
Fermentation, when controlled, using starter
cultures and in clean manufacturing environments,
fermentation allows the production of foods of
sanitary quality, nutritional and organoleptic
regular.

Conclusion
The fermentation of starchy products and beverages
leads to an increase in the protein content, in free
amino acids, in vitamins. It facilitates digestion and
increases the fiber content, and contributes to a
higher bioavailability of mineral elements. The

presence of lactic acid bacteria and yeasts with high
probiotic potential which produce acidic and
bactericidal compounds improves the sanitary
quality of the products and guarantees the health of
the consumer. During fermentation, the action of
lactic acid bacteria and yeasts increases the
digestibility of starch and proteins [52].

The study of these foods has provided insight into
the beneficial microbial interactions and health
effects of fermented foods. Fermented foods can be
a source of beneficial probiotic microorganisms
when the product is consumed without a cooking
step after fermentation, thus keeping
microorganisms alive and able to exert their
probiotic effect. However, very few studies have
focused on the health effect of fermented foods in
Côte d'Ivoire. Given the burden of malnutrition, the
valorization of traditional fermented foods is
necessary.
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