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Spontaneously fermented sorghum beers remain by far the most popular traditional

cereal-based alcoholic beverages in Africa. Known under various common names

(traditional beers, sorghum beers, opaque, native or indigenous beers) they are also

recognized under various local names depending on the region or ethnic group. Dolo

and pito are two similar traditional beers popular in West African countries including

Burkina Faso, Mali, Ghana, Benin, Togo, Nigeria and Ivory Coast. These low-alcoholic

beers are nutritious and contribute to the nutritional balance of local populations, as

well as to their socio-cultural and economic well-being. The production of African

traditional beers remains one of the major economic activities, creating employment and

generating substantial income that contributes to livelihoods as well as the countries’

economic systems. Their processing (malting and brewing) is still artisanal, based on

traditional family know-how. The brewing process involves either an acidification and

an alcoholic fermentation phases, or a mixed fermentation combining LAB and yeasts.

Saccharomyces cerevisiae has been identified as the dominant yeast species involved

in the alcoholic fermentation, with a biodiversity at strain level. LAB involved in the

processing belong to the genera of Limosilactobacillus, Lactobacillus, Pediococcus,

Leuconostoc, Lactococcus, Streptococcus, and Enterococcus. Molds (Aspergillus,

Penicillium, Rhizopus, Geotrichum), and acetic bacteria are often associated with

the malting and brewing processes. Challenges for sustainable production of African

sorghum beer include inconsistent supply of raw materials, variability in product quality

and safety, high energy consumption and its impact on the environment, poor packaging

and short shelf-life. For sustainable and environmentally-friendly production of African

sorghum beers, there is the need to assess the processing methods and address

sustainability challenges. Strategies should promote wider distribution and adoption

of improved sorghum varieties among farmers, prevent losses through the adoption

of good storage practices of raw material, promote the adoption of improved cook

stoves by the brewers, develop and adopt starter cultures for controlled fermentation,
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regulate the production through the establishment of quality standards and better

valorize by-products and wastes to increase the competitiveness of the value chain.

Appropriate packaging and stabilization processes should be developed to extend the

shelf-life and diversify the channels for sustainable distribution of African cereal-based

alcoholic beverages.

Keywords: ethnic alcoholic beverages, African traditional sorghum beers, fermentation, sustainable production,

pito, Saccharomyces cerevisiae

INTRODUCTION

Fermentation is one of the oldest methods used by man
to process and preserve agricultural products. In addition
to prolonging shelf-life, fermentation confers many beneficial
effects such as probiotic attributes, enrichment of essential
nutrients, improvement in safety, organoleptic characteristics,
digestibility and edibility, and reduction of volume and cooking
time of fermented products (Taur et al., 1984; Uzogara et al., 1990;
Steinkraus, 1995; Holzapfel, 1997; Simango, 1997; Oluwafemi,
2020). Depending on geographical area, the dietary habits and
cultural practices of the populations, various fermented products
are produced from raw agricultural materials (Campbell-Platt,
1987; Steinkraus, 1996). In Africa, there is a diversity of
traditional fermented beverages produced from starchy or sweet
raw materials including cereals, tubers, fruits, palm sap, cane
sugar, honey etc.). However, traditional beer remain by far the
most commonly produced fermented beverage that stands out
among the cultural food heritage of African societies. Commonly
called sorghum or millet beers, opaque beers, autochthonous or
indigenous beers, these drinks are known under various local
names depending on the region of production or ethnic groups
(Kayodé et al., 2007; Sawadogo-Lingani et al., 2007; Aka et al.,
2008; Osseyi et al., 2011; Lyumugabe et al., 2012; Bayoï and
Djoulde, 2017; Touwang et al., 2018). West African sorghum
beers such as dolo and pito produced in Burkina-Faso and
Ghana respectively are continuously fermenting unfiltered drinks
containing insoluble substances and yeasts, mildly alcoholic and
acidic with a characteristic taste, aroma and flavor appreciated
by the consuming populations (Odunfa, 1985; Sefa-Dedeh and
Asante, 1988; Yao et al., 1995; Sawadogo-Lingani et al., 2007;
Djè et al., 2008; Sawadogo-Lingani, 2010; Kouame et al., 2015).
Consumers also attribute therapeutic properties (laxative, anti-
malarial and anti-hemorrhoidal) to African opaque beer (Enou,
1997; Amané et al., 2005; Aka et al., 2010). Although these
therapeutic properties are mostly not scientifically proven, it has
been extensively reported that sorghum grains and its subsequent
food products including sorghum beers are excellent sources of
nutrients (sugars, proteins, amino acids, vitamins, organic acids,
minerals), contain health promoting constituents (polyphenols,
bioactive lipids, policosanols, phytosterols, dietary fiber) and
contribute to the well-being of local populations (Chevassus-
Agnes et al., 1979; Nout, 1987; Leguizamón et al., 2009;
Maoura and Pourquie, 2009; Abdoul-latif et al., 2012, 2013; Lee
et al., 2014; Pontieri and Del Giudice, 2016; Oluwafemi, 2020).
Additionally, these beverages play important socio-cultural and
economic roles in the African society. The production and sale

of traditional beers remain a significant sources of income-
generating activity in the agricultural value chain, contributing
to the economic systems in Africa (Odunfa, 1985; Sefa-Dedeh
and Asante, 1988; Maoura et al., 2006; Pale et al., 2011; Aka et al.,
2017).

The production of dolo and pito, as well as other traditional
sorghum beers is generally artisanal and a traditional family
skill passed down from one generation to another. In general,
the production of African sorghum beer consists of malting
sorghum grains and brewing of the beer. A spontaneous
uncontrolled lactic fermentation has been reported to occur
during the soaking of sorghum grains in the malting process.
The dominant LAB species involved in the acidification phase
of dolo production have been identified as Limosilactobacillus
fermentum (Basonym: Lactobacillus fermentum), Pediococcus
acidilactici, Weissella confusa, Enteroccocus faecium, Pediococcus
pentosaceus and Lactococcus lactis ssp. lactis (Sawadogo-Lingani
et al., 2010; Zheng et al., 2020). Similarly, the lactic acid
bacteria generally involved in the brewing of traditional African
beers include the genera Limosilactobacillus, Lactobacillus,
Pediococcus, Leuconostoc, Lactococcus, Streptococcus and
Enterococcus (Sawadogo-Lingani et al., 2007; N’Guessan et al.,
2011; Lyumugabe et al., 2012; Adimpong et al., 2013; Greppi
et al., 2013; Coulibaly et al., 2014; Oriola et al., 2017; Zheng et al.,
2020). Molds of the genera Aspergillus, Penicillium, Rhizopus and
Geotrichum as well as acetic acid bacteria are often associated
with malting and brewing of African sorghum beers (Ilori et al.,
1991; Ogundiwin et al., 1991; Lyumugabe et al., 2012; Zaukuu
et al., 2016; Touwang et al., 2018). Alcoholic fermentation
of dolo and pito in Burkina-faso and Ghana respectively are
dominated by the species Saccharomyces cerevisiae (45–99%)
with a biodiversity of strains of other species such as Torulaspora
delbrueckii, Geotrichum candidum, Kloeckera apiculata, Candida
tropicalis, C. krusei, C. albicans, C. glabrata, C. utilis, Pichia
spp., Kluyeromyces spp. (Demuyakor and Ohta, 1991; Sanni
and Lonner, 1993; Konlani et al., 1996; Sefa-Dedeh et al.,
1999; van der Aa Kühle et al., 2001; Jespersen, 2003; Glover
et al., 2005; Kolawole et al., 2007; Kayodé et al., 2011; Dossou
et al., 2014; Zaukuu et al., 2016). Previous attempts have been
made to develop starter cultures to control and optimize the
lactic fermentation of sorghum wort as well as the alcoholic
fermentation of African sorghum beer (Sefa-Dedeh et al., 1999;
Orji et al., 2003; Sawadogo-Lingani et al., 2008a,b; Glover
et al., 2009; Yao et al., 2009; N’Guessan et al., 2010, 2011, 2016;
Adewara and Ogunbanwo, 2013; Coulibaly et al., 2014), but these
have not been successful at an industrial scale and still remain at
the laboratory or pilot production stage.
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Development of the beer manufacturing sector in Africa is
constrained by a number of factors such as the artisanal nature of
the process, low output of production, variability in quality from
one production batch to another and short shelf life. In order to
overcome these constraints, it is necessary to analyze the available
data and knowledge, assess the level of resolution of these
constraints for sustainable production and to make appropriate
recommendations for further developments. It is within this
framework that the present review was undertaken to present an
inventory of the available scientific data and information on the
physico-chemical, nutritional and organoleptic characteristics,
fermentation practices, microbiological characteristics and
valorization of by-products. Furthermore, constraints and
strategies for sustainable production of African traditional
beers have been presented with focus on dolo production in
West Africa.

OVERVIEW OF AFRICAN TRADITIONAL
SORGHUM BEERS

Typology of African Traditional Beers
African traditional sorghum beers vary slightly in manufacturing
processes and product characteristics according to the
geographical location of production. Common sorghum-based
traditional beers produced in different African countries with
variations in alcohol contents are shown in Figure 1. Throughout
Africa, sorghum beers with similar or slight variations in process
and product characteristics may be known by different names
according to the region of production or ethnic origin of the
beer. For example, sorghum beer is known as kefir, bantu
or utshwala in South Africa (Schwartz, 1956; Novellie, 1968;
Novellie and De Schaepdrijver, 1986), pito or burukutu in Ghana,
Togo and Nigeria (Ekundayo, 1969; Demuyakor and Ohta, 1991;
Sanni, 1993; Sefa-Dedeh et al., 1999), dolo, doro or tchapalo in
Burkina Faso, Mali, Senegal and Côte d’Ivoire (Yao et al., 1995;
Konlani et al., 1996; Bougouma, 2002), tchoukoutou or chakpalo
in Benin, Togo, and northern Nigeria (Hounhouigan, 2003),
otika in Nigeria and Ghana (Faparusi et al., 1973; Sefa-Dedeh
and Asante, 1988; Chinyere and Onyekwere, 1996), bili-bili,
ambga, red kapsiki, or dora-bonga in Chad, Cameroon and
Central Africa (Nanadoum, 2001; Nso et al., 2003; Maoura
et al., 2005), omalovu, tombo, or epwaka in Namibia, ikigage or
awarwa in Rwanda (Lyumugabe et al., 2010), merissa in Sudan
(Dirar, 1978), talla in Ethiopia (Steinkraus, 2002; Blandino
et al., 2003), mtama in Tanzania (Tisekwa, 1989), munkoyo in
Congo and Zambia (Herbert, 2003), doro, chibuku, uthwala
or chikokivana in Zimbabwe (Chamunorwa et al., 2002; Togo
et al., 2002), busaa in Kenya (Nout, 1980). In Burkina Faso, dolo
is produced throughout the country with slight differences in
process or product characteristics depending on the producing
ethnic groups. Thus, in Burkina Faso, varieties of dolo such as
dolo mossi, dagara, lobi, samo, bissa, bobo, turqua are produced
by different ethnic groups (Bougouma, 2002; Sawadogo-Lingani,
2010). Similarly, in Ghana, the production of pito which
originates from the northern parts of the country is now widely
produced throughout the country. There are different variants

of pito depending on the method of wort extraction and the
fermentation technique practiced by the different ethnic groups
in northern Ghana, leading to varieties such as Nandom pito,
Kokomba pito and Dagarti pito (Sefa-Dedeh, 1991; Sefa-Dedeh
et al., 1999).

Socio-Cultural and Economic Importance
of Traditional Sorghum Beer
Traditional sorghum beers play important socio-cultural and
economic roles in Africa. Once prepared in family settings and
used in ritual ceremonies in honor of ancestors and spirits to
establish communication between the visible and invisible world,
traditional sorghum beers have now become a common drink
among the general population. Dolo and pito are undoubtedly
the most popular ancestral alcoholic drink in West Africa and
are widely produced and consumed in both rural and urban
communities. In Burkina Faso, about 75% of the sorghum
produced is used for the production of dolo which is consumed
by nearly 60% of the population (Sawadogo-Lingani et al., 2007).
Traditional sorghum beer is almost always used for traditional
ceremonies and socio-cultural events such as weddings, baptisms,
funerals, enthronements, initiations and festivals (Sanni and
Lonner, 1993; Sawadogo-Lingani et al., 2007; Aka et al., 2010;
Oyewole and Isah, 2012; Coulibaly et al., 2014).

The production of dolo in Burkina Faso and similar alcoholic
beverages in other West African countries is a female dominated
activity that generates substantial income and contributes to
the socio-economic development of local populations (Kayode
et al., 2005; Maoura et al., 2006; Sawadogo-Lingani, 2010; Pale
et al., 2011). West African women have a long and well-
documented tradition of entrepreneurial skills (Mandel, 2004),
particularly in the food processing microenterprises. In Burkina
Faso, women who are engaged in the production and sale
of dolo, called dolotières, represent about 15% of the women
population (Herbert, 2003). These women are often organized
into associations or cooperatives and licensed to manufacture
dolo and run a cabaret or dolodrome (sale joint for dolo).
Depending on production capacity, a single sorghum malt
production unit in Ouagadougou, the city of Burkina Faso,
or other lager cities such as Tamale in Ghana employs about
4–6 people, including at least two men for the execution
of specific tasks, with employees receiving monthly salaries
(Sawadogo-Lingani, 2010). In Ouagadougou, it is estimated
that 600 dolotières produce 36 million liters of dolo per year,
which translates to about 9,000 tons of sorghum malt per year.
According to Broutin et al. (2003), the production yield is about
4 liters of dolo per kilogram of sorghum malt in Burkina Faso,
2 liters of tchoukoutou per kilogram of sorghum malt in Benin
and 4 liters of chakpalo per kilogram of maize malt in Benin.
A survey in 2007, showed that the profits from tchoukoutou
production in Benin, range from 2,365 to 17,212 fcfa per month
(1 euro = 656 fcfa) depending on beer yield and quantity of raw
grains transformed. The income generated from the production
and sale of sorghum beers is often used to support household
activities or invested in children’s education (Kayodé et al., 2007).
In Abidjan (Côte d’Ivoire), there are more than a hundred
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tchapalodrômes (places of production and marketing of tchapalo)
(Yao et al., 1995; Enou, 1997; Aka et al., 2008; Fokou et al., 2016).
Thus, a real traditional sorghum beer industry has developed in
West Africa, providing livelihoods for several families (Kayode
et al., 2005; N’Guessan, 2009; Pale et al., 2011). The African
Sorghum beer industry brings together different actors in the
value chain including cereal farmers producing, transporters,
distributors and traders, producers and traders of sorghummalts
and traditional beers, and consumers.

Physico-Chemical, Nutritional, and
Organoleptic Characteristics
Physico-chemical and nutritional characteristics of African
traditional beers are sparsely reported in literature. The
physico-chemical and nutritional parameters usually reported in
literature include pH, alcohol content, dry matter, total sugars,
proteins, phenolic compounds and antioxidants (Table 1).
Generally, pH varies from 3.2 to 3.6 for dolo and 3.2 to 5.0 for
pito. These pH values reported for dolo and pito are similar to the
pH of other African traditional beers such as tchapalo from Ivory
Coast (pH 3.3-3.6), tchoukoutou from Benin (pH 3.0–3.8), bili-
bili fromCameroon andCentral Africa Republic (pH 3.5-4.4), red
kapsiki from Cameroon (pH 2.4–3.3), ikigage from Rwanda (pH
3.9) andmerissa from Sudan (pH 4.0). Alcohol contents also vary
from 1.4 to 3.5% (v/v) for dolo and from 1.94 to 4.0% (v/v) for pito
whereas dry matter contents range from 3.8 to 8.2% for dolo and
from 5 to 7% for pito. It thus appears that African opaque beers
are acidic alcoholic beverages, and this high acidity is important
for the microbiological safety of these drinks. The pH depends

on the method of extraction of sorghum malt wort, particularly,
conditions such as duration, temperature during the acidification
phase, which is carried out by spontaneous uncontrolled lactic
acid fermentation. The dry matter contents of dolo (3.8–8.2%)
and pito (5.0–7.0%) are highly variable and lower than that
of tchapalo (8.4–8.5%), red kapsiki (7.0–7.5%) and tchoukoutou
(15.4–20.2%). Generally, dry matter content of sorghum beers
depends on sorghum grain characteristics, malting efficiency and
decantation/filtration operation conditions. Traditional sorghum
beers contain insoluble substances and yeasts (Rooney and
Serna-Saldivar, 1991; Kouame et al., 2015). These insoluble
substances are mainly starch fragments and dextrins that have
not been degraded during mashing and fermentation (Glennie
and Wight, 1986). Similar to dry matter content, the alcohol
contents of dolo (1.4–3.5%) and pito (2.0–5.0%) are very variable
but remains within the normal range of alcohol contents of
other African traditional sorghum beers which generally vary
from 2.0 to 5.2% (v/v) as shown in Table 1. The alcohol
content of traditional African sorghum beers depends on the
duration of the alcoholic fermentation, the concentration of
fermentable sugars in the wort and thus on the quality of malt
and efficiency of the brewing process. Dolo contains phenolic
compounds at higher levels than western beer and white wine
(Abdoul-latif et al., 2012). In general, traditional sorghum beers
contain starch, sugars, proteins, fats, vitamins and minerals
(Chitsika and Mudimbu, 1992). They are rich in calories, B-
group vitamins (thiamine, folic acid, riboflavin, nicotinic acid)
and essential amino acids such as lysine (Chevassus-Agnes et al.,
1979; Lyumugabe et al., 2012). According to Holzapfel (2002),

FIGURE 1 | Common traditional sorghum beers (% alcohol [v/v]) produced in Africa.
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TABLE 1 | Physico-chemical characteristics and proximate composition of African traditional sorghum beers.

Name Country pH Titratable

acidity

(%lactic

acid)

Dry matter

(g/100ML or

%)

Alcohol

(% v/v)

Total

sugars

(g/100mL)

Proteins

(g/100mL)

Other References

Dolo Burkina Faso 3.2–3.6 nr nr nr nr nr nr Sawadogo-Lingani

et al., 2007; Glover

et al., 2009

3.40–3.60 nr 3.77–8.16 1.40–3.50 1.1–8.4

mg/100ml

1.1–6.5 mg/100ml Total phenol:

437–578 µg GAE/ml

Proanthocyanidins:

38 and 55 µg

APE/ml

TEAC: 57 and 349

µmol/L

Abdoul-latif et al.,

2012, 2013

Pito Ghana,

Nigeria

3.4 nr nr nr nr nr nr Sawadogo-Lingani

et al., 2007

3.4–3.6 0.72–0.96 2.92–4.68 1.40-3.68 0.86–2.35 0.14–0.39 nr Sefa-Dedeh, 1991

3.5–5 nr nr 2-4 nr nr nr Zaukuu et al., 2016

3.2–3.6 nr 5.0–7.0%

(soluble extract)

1.96–3.93 nr nr nr Ayirezang et al., 2016

Tchapalo Côte d’ivoire 3.33–3.63 0.9–0.99 8.4–8.5 (soluble

solids)

5.08–5.22 8.84 nr nr Aka et al., 2008

Tchoukoutou/

chakpalo

Benin, Togo 3.0–3.8 0.5–0.8 15.4–20.2 4.0 nr 3.7–7.9%dm nr Kayodé et al., 2007,

2011; Osseyi et al.,

2011

Amgba/bili

bili

Cameroon 3.5–4.4 nr nr 2.75–4.0 0.13–0.66

(reducing

sugars)

0.47–0.85 (soluble

proteins) Free amino

nitrogen (FAN):

8.69-52.14 mg/L

484.8–540.9 Touwang et al., 2018

Red kapsiki

beer

Cameroon 2.40–3.26 0.67–0.81 7.0–7.46%

(Soluble matter)

3.85–4.28 41.8–72.9

g/L

nr 843–1150 mg/L

total phenol

750-1,300 mg/L

Flavanols

Bayoï and Djoulde,

2017

Bili-

bili/Dora-

bonga

Central

African

Republic

3.44–3.60 nr nr 3.94–4.66 0 65–

0.67%

2.79–2.90%

3.80–3.82%

nr Lango-Yaya et al., 2020

Ikigage/amarwa Rwanda 3.9 nr nr 2.2 nr 0.92 nr Lyumugabe et al., 2010

Merissa Sudan 4.0 nr nr 5.0 nr nr nr Lyumugabe et al., 2012

Doro or

chibuku

Zimbabwe nr nr nr 4.0 nr nr nr Lyumugabe et al., 2012

African

traditional

sorghum

beer

No specific

country

3.3–4 0.26 5 −13 2–4.5 nr nr nr Lyumugabe et al., 2012

nr, not reported.
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pito contains essential minerals such as zinc (Zn), calcium
(Ca), magnesium (Mg) and iron (Fe), which are important
micronutrients. Due to its nutritional characteristics, FAO
(1995) describes African opaque beer as more of food than a
drink. Consumers attribute some therapeutic virtues (laxative,
analgesic, anti-malarial, anti-hemorrhoidal, energetic, dietary
properties) to their consumption, even though such claims are
not scientifically proven (Enou, 1997; Amané et al., 2005; Kayodé
et al., 2007; Aka et al., 2010). According to Zaukuu et al. (2016),
pito is widely consumed as a ceremonial drink in Ghana for
its refreshing taste and nutritional characteristics as it provides
consumers with a wide range of important polyphenols, micro-
andmacronutrients that play important roles in the prevention of
diseases related to metabolic imbalances such as gastrointestinal
disorders, inflammation, obesity and hypertension. In general,
however, detailed information on the nutritional and health
benefits of West African traditional sorghum beers are scarce
and scanty. For a better valorization of these ethnic drinks,
it is necessary to undertake research works to highlight their
nutritional values and make these data available and accessible in
order to be able to evaluate their real contribution to the nutrient
intake and well-being of consumers.

African opaque beers are characterized by the variation in
their organoleptic characteristics from one production batch to
another (Lyumugabe et al., 2012), due to the artisanal nature of
the manufacturing process. As far as organoleptic characteristics
are concerned, there is no specific description for dolo and pito.
These two drinks, like other African traditional sorghum beers
are generally opaque, cloudy, low in alcohol, unfiltered and
unstable, and contain insoluble substances and yeasts (Rooney
and Serna-Saldivar, 1991; Kouame et al., 2015). African sorghum
beers have an acidic or sour taste, which corroborates with their
low pH values, have a touch of fruitiness and a characteristic color
varying from pale buff to pinkish brown depending on the variety
of raw cereal grains used for their production.

PROCESSING OF AFRICAN TRADITIONAL
SORGHUM BEER

The traditional processing of African sorghum beers
consists of two main phases: malting of sorghum grains
and brewing of traditional beer from sorghum malt. The
main brewing operations comprises the extraction of
wort which includes crushing of sorghum malt, mashing,
acidification/saccharification, cooking and cooling. Wort
extraction is followed by alcoholic fermentation of the wort
using indigenous yeasts. Depending on the ethnic group or
local region of production, the brewing process involves either a
separate acidification step and an alcoholic fermentation step, or
a mixed fermentation combining lactic acid bacteria and yeasts.

Raw Materials
The main raw material for the production of African traditional
beer is sorghum grains. Common species of sorghum such as
Sorghum bicolor, Sorghum vulgare and Sorghum guineese are
generally used alone or in combination with other cereal grains

such as maize or millet. However, in a few instaces, maize or
millet alone is used for the production of African traditional beer
(Table 2).

Sorghum grains intended for the production of dolo and other
similar African beers must have high starch and amylose contents
and a high to medium diastatic power after malting (Dicko et al.,
2006; Tchuenbou, 2006). Pigmented sorghum varieties (red or
brown) are the most commonly used. White varieties of sorghum
are usually not used alone for the production of African beers but
often used in combination with red or brown sorghum varieties
because consumers prefer colored beers which they also perceive
to be healthier (Kayode et al., 2005; Sawadogo-Lingani et al.,
2010). In an attempt to select appropriate sorghum varieties
for the production of dolo and tchoukoutou in Burkina Faso
and Benin, malting properties and brewing characteristics of
nineteen varieties of sorghum was assessed (Tchuenbou, 2006).
The assessment led to the nineteen varieties belonging to one of
three major groups. The first group comprising seven varieties of
sorghum (Sotakaman, Zomoaha 2, Natisoya 1, Kioédré, Mewin,
Chassisoya, Chabicoman PR) had high diastatic power and high
β-amylase activity and were rated excellent for the production
of dolo and tchoukoutou. The second group made up of eleven
varieties (Agbanni, Natisoya 2, Chabicoman PN, Soniya, Fissouka,
Zoueloure, Banninga, Pisnou, Kapelga, Vrac Cotonou, Gnossiconi)
with medium amylase activity may also be suitable for sorghum
beer, while the last group of one variety (Zomoaha 1) had
very low amylase activity and its use as a brewing malt is of
little interest among traditional beer brewers (Tchuenbou, 2006).
The advantage of all these sorghum varieties is their relatively
high availability, presumably due to some favorable agronomic
properties and the ability to germinate even after months of
storage. In a survey to identify the types and characteristics
of sorghum grains preferred for malting and brewing of dolo
in Burkina Faso, it was shown that red sorghum is the most
preferred grain type because of its consistent ability to sprout
well during the malting process (Songre-Ouattara et al., 2016).
It is obvious that perception criteria and preferences of the actors
(malteuses and brewers) are diverse. It will thus be appropriate
to scientifically develop a better systematic and qualitative
approach to characterizing sorghum quality attributes for African
beer production.

Generally, processors use wort properties such as sweetness
as an indicator of the quality of the beer. The sweeter the wort,
the better or stronger the beer will become due to available
fermentable carbohydrates in the wort.

Traditional Malting of Sorghum Grain
Different traditional sorghum malting processes in Africa have
been reported in literature (Table 2). The main operations
that are common to traditional malting of sorghum grains for
beer production include steeping of sorghum grains, sprouting
and sun drying of sprouted grains. The total duration of the
entire traditional malting process varies between 7 and 12 days.
Soaking time vary from 5 to 48 h for sorghum malt for dolo
production, and from 14 to 48 h for malt for pito production.
These steeping times are comparable to those indicated for
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TABLE 2 | Main steps of traditional malting processes of sorghum for the production of African traditional sorghum beers.

Name of final

product

Raw material Steps of the processing Microorganisms involved References

Dolo • Red sorghum

• White sorghum

• Cleaning

• Steeping (14–24 h)

• Draining

• Germination (3–4 days)

• Sun drying (2–3 days)

Limosilactobacillus spp.

(Lactobacillus spp.)

Pediococcus spp. Weissella spp.

Enteroccocus spp.

Lactococcus spp.

Sawadogo-Lingani, 2010

Red sorghum • Cleaning

• Steeping (24–48 h)

• Draining

• Germination (2–4 days)

• Sun drying (2–4 days)

nr Broutin et al., 2003

• Red sorghum

• White

sorghum Millet

• Cleaning

• Steeping (5–25 h)

• Draining

• Germination (57–96 h)

• Short sun drying (30min)

• Maturation in heap (24–96h)

• Sun drying (32–82h)

nr Traoré et al., 2004

• Red sorghum

• White sorghum

• Cleaning

• Steeping (12–48 h)

• Draining

• Germination (2–5 days)

• Sun drying (2–3days)

nr Bougouma et al., 2008

Pito Red sorghum,

white sorghum,

maize

• Cleaning

• Steeping (14–24 h)

• Draining

• Germination (3–4 days)

• Sun drying (2–3 days)

Limosilactobacillus fermentum

Ped. acidilactici Ped.

pentosaceus Weissella confusa

Enteroccocus faecium

Lactococcus lactis ssp. lactis

Sawadogo-Lingani et al.,

2010

• Red and white

sorghum

• Maize

• Cleaning

• Steeping (24–48 h)

• Draining

• Germination (4–5 days)

• Sun drying

nr Lyumugabe et al., 2012

Tchapalo Red sorghum • Cleaning

• Steeping (7–12 h)

• Germination (3 days)

• Sun drying (1–2 days)

nr Yao et al., 1995; Aka et al.,

2008; Coulibaly et al., 2014

Tchoukoutou

chakpalo

• Red sorghum

• Brown sorghum

• Millet

• Maize

• Cleaning

• Steeping (9–12 h; 12–24 h)

• Draining

• Germination (3–4 days)

• Sun drying (1–2 day)

nr Lyumugabe et al., 2012;

Dossou et al., 2014

Bili bili or

Amgba

• Sorghum

• Millet

• Steeping (12–72 h)

• Washing & Draining (12 h)

• Germination (2–4 days)

• Maturation in sacks (24–72 h)

• Sun drying (1–2 day)

nr Chevassus-Agnes et al.,

1979; Lyumugabe et al.,

2012; Touwang et al., 2018

Red kapsiki

beer or Te

Sorghum, Maize • Washing

• Steeping

• Draining

• Germination (2–3 days)

• Sun drying (6–10h)

nr Bayoï and Djoulde, 2017

Bili-Bili Sorghum • Washing

• Steeping (24–72 h)

• Germination in heap (24–36 h)

• Germination in thin layers (4

days)

• Sun drying

nr Lango-Yaya et al., 2020

(Continued)
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TABLE 2 | Continued

Name of final

product

Raw material Steps of the processing Microorganisms involved References

Ikigage or

amarwa

Red sorghum • Washing

• Steeping (24 h)

• Draining

• Germination (24 h)

• Sun drying (2–3 days)

nr Lyumugabe et al., 2012

Doro Red sorghum • Cleaning

• Steeping (24 h)

• Germination (sacks, 2–3 days)

• Sun drying (3 days)

nr Lyumugabe et al., 2012

nr, not reported.

the malting of sorghum for the production of tchoukoutou (9–
24 h), tchapalo (7–12 h), bili-bili (24–72 h), ikigage (24 h) and
doro (24 h) (Table 2). Thus, the shortest steeping times are 5–
7 h and the longest steeping times are 24–72 h. Soaking of grains
during traditional malting process is generally done at room
temperature in cans and jars half buried in the ground for
better thermal insulation. Steeping brings the moisture content
of the grain to levels that are favorable for respiration and
metabolic activities and for the mobilization of primary and
secondary metabolites, making germination possible. Steeping
has an influence on the quality of malt as it contributes to the
elimination of flatulence factors (stachyose, raffinose) and the
reduction of phytate content through leaching. The quality of
sorghum malt (diastatic power, free amino acids and soluble
extract) is also positively correlated with the moisture content of
the grain at the end of steeping (Dewar et al., 1997). According to
the European Brewery Convention (EBC), a well-soaked barley
grain should have a final moisture content of about 43–45 and
33–45% for millet and sorghum grains (Aisien and Ghosh, 1978;
Malleshi and Desikachar, 1986; Agu and Palmer, 1998; Ogbonna
et al., 2004). In addition, water absorption depends on several
factors such as the composition of the steeping water, grain
variety, grain storage conditions, soaking time and temperature.
Soaking conditions for millet and sorghum generally reported in
the literature range from 8 to 51 h at temperatures between 25 and
35◦C, with most being between 16 and 24 h at a temperature of
30◦C. The overall quality of malt increases with the steeping time.
The diastatic power of sorghum malt increases with the steeping
temperature with an optimum at 30◦C while the malt extract
and free amino acids are higher with steeping temperature of
25◦C (Dewar et al., 1997; Tchuenbou, 2006). Prolonged soaking
period can lead to rapid germination, high losses of nutrients
(Pathirana et al., 1983; Bhise et al., 1988), or putrefaction of
the grains rather than germination (Shambe et al., 1989). For
effect of the composition of water, the steeping of the sorghum
grain in alkaline water [0.1% of Ca(OH)2, KOH or NaOH]
has been shown to significantly enhance the diastatic powre of
sorghum malt and β-amylase activity (Okungbowa et al., 2002).
Furthermore, aeration of sorghum grains during steeping has a
positive impact on malt quality as it leads to an increase in the
percentage of sprouted grains, soluble dry matter of the malt,

total nitrogen and free amino acids contents (Dewar et al., 1997).
Beta et al. (1995) found that malts from sorghum grains soaked
in jars with poor aeration had lower diastase, α and β-amylase
activity and protein content compared to malts obtained from
sorghum grains soaked in an aerated container.

The duration of sprouting varies from 2 to 5 days for sorghum
malt used for the production of dolo and from 3 to 5 days for
malt used for pito production (Table 2). These durations are
comparable to the germination times reported for the malting
of sorghum grains for the production of tchapalo (3 days),
tchoukoutou (3–4 days), bili-bili (2–4 days) and red kapsiki (2–
3 days). Germination of grains in traditional malting takes place
at room temperature and away from direct sunlight in cans,
baskets, on cemented floors, on tarpaulins or plastic sheets, with
watering at variable time intervals to maintain humidity (Fliedel
et al., 1996; Bougouma et al., 2008). In air germination, the
thickness of the layer can reach 30–50 cm thick. In Burkina
Faso, this step may be followed by a maturation phase known
as “high germination” where the grains are placed in piles on
the floor or in a basket covered with burlap, mats or plastic
sheets, with temperatures reaching 60◦C at the core of the
grain piles (Bougouma et al., 2008). Temperature, germination
time and relative air humidity are reported to have significant
influence on malt quality. Optimal germination temperatures
for sorghum and millet are reported to be between 25 and
30◦C. Germination of at 20◦C reduces malting losses due to
high root growth whereas germination at 30◦C causes high
losses but increases amylase activity (Agu and Palmer, 1997b).
Sorghum malts germinated at 25◦C give a better wort quality
when compared to sorghummalts germinated at 20◦C. Sorghum
germination at 30◦C for more than 4 days results in a decrease
in peptides in the wort (Agu and Palmer, 1999). The α-amylase
activity is optimal on the third day of germination and is higher
in white sorghum malts than in red sorghum malts, whereas the
β-amylase activity is optimal on the third and fourth days of
germination (at 30◦C) for red and white sorghum respectively
(Uvere et al., 2000). The grains are generally germinated at
humidities between 85 and 100%. Under uncontrolled moisture
conditions such as germination in traditional malting, the grains
are reportedly watered at various time intervals i.e., every 8 h
(Taylor, 1983), every 6 h (Taylor et al., 1994) or 2–3 times a day
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based on visual observation of grain dryness (Pelembe et al.,
2004).

Germination or sprouting enriches cereal malts with
hydrolytic enzymes, sugars, free amino acids, vitamins and
improves technological and nutritional quality (Chavan et al.,
1981; Malleshi et al., 1989; Taylor and Robbins, 1993; Taylor and
Dewar, 1994; Sripriya et al., 1997; Elmaki et al., 1999; Mbofung
and Fombang, 2003; Traoré et al., 2004). According to Wang
and Fields (1978), germination increases the lysine, tryptophan
and methionine contents with an increase in relative nutrient
value from - 55.5 to 66.8% (ungerminated kernels) to 78.3–99.5
(sprouted kernels) for maize and sorghum. Demuyakor and
Ohta (1992) reported that maltose, glucose and dextrins are the
major sugars produced by starch hydrolysis during germination
of sorghum varieties in Ghana, while triose, raffinose and
xylose appear in small amounts. Traoré et al. (2004) also found
significant levels of fructose, glucose and sucrose in sorghum
malt from Burkina Faso. On the other hand, germination
promotes the release of cyanide due to high concentrations in
young shoots and rootlets of germinated sorghum (Panasiuk
and Bills, 1984; Aniche, 1990; Ahmed et al., 1996; Uvere et al.,
2000; Traoré et al., 2004). However, the removal of rootlets and
further processing are reported to reduce the hydrocyanic acid
content of malted grains by over 90% (Dada and Dendy, 1988).
During traditional sorghum malting, partial polishing of the
dried malt by removing part of the roots and stalks is carried
out. Similarly, during the brewing of dolo, roots and stalks are
also partially removed during the mashing process. According to
dolo brewers, this is done to reduce bitterness and astringency
in dolo. In Burkina Faso, Traoré et al. (2004) showed that the
degermination of sorghummalt promotes a reduction in cyanide
content by about 72% and 74% in millet and sorghum malts,
respectively, although the process leads to a decrease in amylase
and protein contents.

Following sprouting, the germinated grains are sun dried
for periods varying from 2 to 4 days for malt intended for
the production of traditional African beers (Table 2). However,
shorter drying times (6–24 h) are reported for malt intended for
the production of tchapalo, bili-bili and red kapsiki. Drying time
in traditional malting processes depends on climatic conditions
and layer thickness. The green malt is generally spread on the
ground, on cemented areas, on mats or plastic sheets, inside
concessions, along tared streets, or on the roofs of houses
(Bougouma et al., 2008; Aka et al., 2017). Drying times are
generally dependent on the intensity of available sunshine and
wind speed. During sun-drying, malt is also exposed to bad
weather and contaminations from humans, pets, wild birds, city
pollution, dust and other impurities carried by the wind.

Drying lowers the water activity of malt thereby favoring
the blocking of enzymatic activity, stabilizing and enhacing
preservation of the malt (Galzy and Moulin, 1991). The cyanide
content of germinated grains decreases during drying (Aniche,
1990; Traoré et al., 2004). The temperature and drying time as
well as the relative humidity of the air have an influence on the
quality of the malt. Drying temperatures for sorghum and millet
malts range from 30 to 65◦C with different scales (Aisien, 1982;
Lasekan, 1991; Demuyakor and Ohta, 1992). The scale generally

chosen is drying at 50◦C for 24 h (Beta et al., 1995; Subramanian
et al., 1995; Igyor et al., 2001). Amylase activity decreases as
the drying temperature increases. Thus, for example, drying
sorghum malt at 35, 40, and 45◦C reduces its diastatic activity
by 7.7, 8.7, and 12.4% respectively (Agu and Palmer, 1996).
According to Traoré et al. (2004), sun drying during traditional
malting reduces α-amylase activity in millet and sorghum by
16%. Owuama and Ashemo (1994) found low protein and sugar
content and thus enzyme inactivation in sorghum malts dried
at 65◦C compared to those dried at 55◦C or at 55◦C for 6 h
and then 65◦C. According to Uvere et al. (2000), drying at
50◦C decreases amylase activity and alcohol yield in burukutu.
For some authors, the best drying conditions are a temperature
of 50 to 55◦C, a drying time of 24 h and protection against
contamination (Morrall et al., 1986; Owuama and Ashemo, 1994;
Uriyo and Eigel, 1999; Uvere et al., 2000; Okungbowa et al.,
2002). The evaluation of three stabilization modes (freezing at
−18◦C, freeze-drying, drying at 45◦C) on the amylase activity
of sorghum malts showed that all these modes lead to a loss of
amylase activity, and drying has a greater negative effect than the
other two (Tchuenbou, 2006).

Several studies have shown that optimum malting conditions
are different for different millet and sorghum varieties, as
varieties react differently to extrinsic factors as temperature and
aeration that can influence malting andmalt quality (Demuyakor
and Ohta, 1992; Subramanian et al., 1995). The rate of water
absorption and the saturation water content during steeping
depend on the varieties. According to Agu and Palmer (1997a),
colored sorghum varieties have a higher α and β- amylase
activity than white varieties but gives more losses during malting.
Similarly, Eneje et al. (2004) concluded that yellow maize has
higher enzyme activity and extract yield than white maize. On
the other hand, some studies have reached opposite results,
which would reflect the impossibility of absolute grading of
kernels with respect to their germination ability according to
their color. In addition, high-protein grains yield high-protein
malts and extracts (Odibo et al., 2002). Under the same malting
conditions, some varieties have their β and α-amylasic activity
optimal after 3 and 4 days of germination, while for others these
activities continue to increase with germination time (Agu and
Palmer, 1997b). There are varieties that produce more α-amylase
and/or β-amylases (Dufour et al., 1992; Subramanian et al.,
1995) or varieties that are more sensitive to anoxic conditions
than others (Beta et al., 1995). Malt quality is defined by its
intended use. Thus, for brewing malts, quality is determined
by the diastatic power (activity of hydrolysis of starch into
fermentable sugars through the activity of α and β-amylase, α-
glucosidase and limit dextrinase) and the water-soluble extract.
The production of hydrolytic enzymes in malted grains is a
complex phenomenon, influenced by extrinsic (environmental
and agro-climatic conditions) and intrinsic factors (genetics,
grain composition, albumen structure and texture, etc) and
malting conditions. The water-soluble malt extract (soluble dry
matter) is decisive for having a wort containing fermentable
sugars (maltose, glucose) and amino acids needed as a source of
carbon and nitrogen for beer yeasts. The conditions of sorghum
malting and the factors that can influence the quality of the
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malt are generally related to an optimum diastatic power, the
achievement of a high content of malt extract and free amino
acids, and a minimum loss of material during malting. The
optimal conditions for the traditional malting of sorghum to
obtain a quality malt are soaking to a maximum hydration of
33–36%, germination at 25–30◦C for 3–5 days and a drying
temperature of the green malt below 65◦C (Demuyakor and
Ohta, 1992; Agu and Palmer, 1998).

The enzymes generated during malting are essential for
brewing operations to obtain a wort rich in soluble matter
including fermentable sugars, amino acids and peptides that
are also essential for the growth and development of lactic
acid bacteria and yeasts. The development of toxinogenic molds
and undesirable bacteria in grains during germination can have
harmful effects on the quality of malt and finished products, and
present health risks for the consumer (Flannigan et al., 1982;
Galzy and Moulin, 1991). Malting has a major impact on the
composition of sorghum grain, reducing the concentration of
anti-nutrients in sprouted grain and improving the bioavailability
of certain minerals and overall nutritional quality (Svanberg and
Sandberg, 1989; Morero et al., 1991; Mbofung and Fombang,
2003). A reduction in phytates and tannins is generally observed
during the malting of sorghum grains and the rate of reduction is
a function of soaking and germination times and temperatures
(Svanberg and Sandberg, 1989; Mahgoub and Elhag, 1998;
Mbofung and Fombang, 2003; Traoré et al., 2004).

Brewing of African Traditional Sorghum
Beer
The process of brewing traditional African sorghum beer is
artisanal in nature and the equipment used are mainly composed
of basic materials such as gourds, jars and canaries made of
baked clay, cast iron pots, aluminum, iron or plastic recovery
barrels, and woven straw baskets. The main source of energy
for the brewing of sorghum beer in Africa is firewood with
the use of traditional tripod-stone fireplaces, improved fireplaces
built in banco and equipped with chimneys (Pale et al., 2010;
Sawadogo-Lingani, 2010).

Brewing is the step that produces the fermentable wort
for alcoholic fermentation to yield the traditional beer. It is
the stage in which starch and proteins are hydrolyzed into
fermentable sugars and nitrogen compounds by the enzymes
synthesized during malting. Few studies have been carried
out on the technological and biochemical aspects related to
the traditional brewing of dolo and pito as well as other
similar traditional beers. Majority of existing works on African
sorghum beers are limited to a description of the traditional
processes from various traditional production units as well as
the identification of the microorganisms involved in the process
(Table 3). Traditional brewing of dolo or pito is a long and
complex process lasting for about 48 h (Sawadogo-Lingani et al.,
2007; Sawadogo-Lingani, 2010). Figure 2 shows the general flow
diagram for the brewing of dolo in Burkina Faso and Dagarti
pito in Tamale (Northern Ghana). Red sorghum malt is used
exclusively for the brewing of dolo in Burkina Faso by of the
Mossi women and other ethnic groups where sorghum malt is

generally purchased from malt manufacturing hubs (Malteuses).
In South-Western Burkina Faso (Gaoua) and North Ghana
(Tamale), dolo or dagarti pito is produced by women of the
Dagara and Dagarti ethnic groups from a mixture (50:50) of
red and white sorghum malt or with white sorghum malt
alone, where the beer brewers produce the sorghum malt by
themselves (Sawadogo-Lingani, 2010). The brewing operations
for dolo and pito are also similar and generally comprise
milling of sorghum malt, mashing, acidification/saccharification,
cooking and concentration, cooling, decanting and alcoholic
fermentation of the wort by indigenous yeasts (Table 3). Mashing
as a sub-operation include diluting the malt flour in water,
settling and collecting the supernatant, boiling the pellet, mixing
the cooked pellet and the supernatant. The duration of the
operations and sub-operations vary among different traditional
production units. In the traditional brewing of dolo and pito,
the settling time of the aqueous malt flour suspension, which
is highly variable (20min to 12 h), is comparable to the settling
times in the brewing processes of Benin’s tchoukoutou (1 to 2 h),
Côte d’Ivoire’s tchapalo (20 to 30min), Cameroon’s bili-bili and
red kapsiki (1 to 2 h) and Rwanda’s ikigage (3 h) (Table 3).

During the mashing, technological adjuvants are widely
used. These adjuvants are extracts of local mucilaginous
plants used as flocculating agents to promote settling and
clarification of the wort. The plants generally used are
yolga (Grewia bicolor Juss), okra [Abelmochus esculentus (L)
Moench], baobab leaves (Adansonia digitata), kapok (Bombax
costatum), taasalogo (Bridelia micrantha), boundou (Ceratotheca
cesamoides) or boulvanka (Chirococus esculentus) (Sefa-Dedeh,
1991; Nanadoum, 2001; Bougouma, 2002; Bougouma et al., 2008;
Pale et al., 2010). The aqueous extract of these plants (leaves, bark
or fruits) has a sticky appearance and is rich in mucilaginous
substances. After settling, the supernatant is decanted into a jar
and then the remaining pellet (sediment) is heated to boiling
point to gelatinize the residual starch and then mixed with the
supernatant. For dolo and pito, the residual starch is heated
to a temperature of about 59–68◦C. Similar temperatures (65–
70◦C) have been reported for tchoukoutou, ambga and bili-bili
(Lyumugabe et al., 2012; Lango-Yaya et al., 2020). Sorghum
starch gelatinization temperatures range between 67 and 81◦C
(Akingbala et al., 1982). The hydrolytic enzymes in the sorghum
malt extract (supernatant) hydrolyze the gelatinized starch and
the concentration of fermentable sugars in the must increases.
Analogous with modern beer brewing, the principle of mashing
is based on infusion and/or decoction to extract fermentable
wort by the solubilization of soluble substances in water and the
enzymatic hydrolysis of starch and other macromolecules. While
barley wort is reported to contain more maltose than glucose
(Dufour et al., 1992) sorghum malt worts is reported to contain
similar levels of glucose and maltose (Taylor, 1992; Byrne et al.,
1993), and the difference has been attributed to the low levels of
β-amylase in sorghum malt (Palmer, 1989).

During African sorghum beer brewing, another important
process following starch gelatinization and hydrolysis is
acidification/saccharification. The mixture of the gelatinized
residual startch and the malt wort supernatant is acidified by
spontaneous lactic fermentation at ambiet temperature for
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TABLE 3 | Mains steps of brewing processes of African traditional beers and microorganisms involved.

Name of

product

Country Raw material Steps of the processing Microorganisms involved References

Dolo and

Dagarti pito

Burkina Faso,

Ghana

Malted

sorghum,

malted millet

or maize

• Grinding

• Mixing malted flour with water

(1vol flour for 5–10 vol water)

• Decantation (20 min−12 h)

• Heating the sediment until

boiling (97–98◦C)

• Mixing with the supernatant

(59–68◦C)

• Acidification (12–16 h)

• Boiling (3–5 h)

• Cooling and decantation

(4–5 h)

• Alcoholic fermentation (9–14 h)

with traditional starter yeast

• Limosilactobacillus

fermentum (lactobacillus

fermentum)

• Lactobacillus delbrueckii

subsp jakobsenii

(Lactobacillus delbrueckii

subsp delbrueckii)

• Lactobacillus delbrueckii

subsp. bulgaricus

• Pediococcus acidilactici

• Lactobacillus lactis

• Lactococcus lactis

• Saccharomyces

cerevisiae (dominant

at 45–90%)

Konlani et al., 1996;

van der Aa Kühle

et al., 2001; Broutin

et al., 2003;

Sawadogo-Lingani

et al., 2007; Glover

et al., 2009;

Lyumugabe et al.,

2012

Pito Ghana, Nigeria Malted

sorghum,

millet or maize

• Grinding

• Mixing with water

• Boiling (3–4 h)

• Acidification (12 h)

• Dilution

• Cooking (3 h)

• Cooling

• Alcoholic fermentation

(12–24 h) with local

starter yeast

• Limosilactobacillus

fermentum (lactobacillus

fermentum)

• Lactobacillus delbrueckii,

• Lactobacillus spp.

• Leuconostoc spp.

• Saccharomyces

cerevisiae dominant at

45%

• Candida tropicalis

• Kloeckera apiculata

• Hansenula anomala

• Torulaspora delbrueckii

• Schizosaccharomyces

pombe

• Kluyveromyces africanus

• Saccharomyces

cerevisiae,

Debaryomyces hansenii

• Pichia anomala

• Aspergillus clavatus,

• Mucor hiemalis,

Cladosporium

sphaerospemum,

Cladosporium herbarum

• Bacillus subtillis,

• Candida spp.,

• Geotrichum candidum

Sefa-Dedeh et al.,

1999; van der Aa

Kühle et al., 2001;

Kolawole et al.,

2007; Lyumugabe

et al., 2012; Zaukuu

et al., 2016

Tchoukoutou/chakpalo Benin Malted

sorghum,

millet or maize

• Grinding (fine flour)

• Mixing with water

• Decantation (1–2 h)

• Boiling of the sediment (2h)

• Mixing with the supernatant

(65–70◦C)

• Acidification (13–14 h)

• Filtration

• Boiling (6–9 h)

• Cooling

• Alcoholic fermentation

(13-14 h) with traditional leaven

• Limosilactobacillus

fermentum (lactobacillus

fermentum)

• Lactobacillus divergens

• Lactobacillus fructivorans

• Lactobacillus sp.

• Saccharomyces.

cerevisiae (dominant

68%)

• Candida albicans (11%)

• Torulaspora delbrueckii

Saccharomyces

pastorianus

• Candida kunwiensis

• Dekkera anomala

• Candida etchellsii

• Clavispora lusitaniae

• Candida krusei

Kayode et al., 2005;

Kayodé et al., 2007,

2011; Lyumugabe

et al., 2012; Greppi

et al., 2013; Dossou

et al., 2014

(Continued)
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TABLE 3 | Continued

Name of

product

Country Raw material Steps of the processing Microorganisms involved References

• Hanseniaspora

guillermondii

Debaryomyces

nepalensis

• Candida glabrata

• Kluyveromyces marxianus

Hanseniaspora uvaru

Tchapalo Côte d’ivoire Malted

sorghum,

millet or maize

• Grinding

• Mixing with water

• Decantation (20–30min)

• Boiling of the sediment

(100◦C, 2–2 h 30)

• Mixing with the supernatant

• Acidification (9–12 h)

• Filtration

• Cooking (100◦C, 4–5 h)

• Cooling (5–6 h)

• Alcoholic fermentation with

traditional levean (9–12 h)

• Limosilactobacillus

fermentum (lactobacillus

fermentum)

• Lactobacillus cellobiosus

Lactobacillus brevis

• Lactobacillus coprophilus

Lactobacillus plantarum

Lactobacillus hilgardii

• Enterococcus sp.,

• Pediococcus sp.

• Leuconostoc sp.

• Saccharomyces

cerevisiae

• Candida tropicalis

• Pichia kudriavzevii

• Pichia kluyveri

• Kodamaea ohmeri

• Meyerozyma caribbica

Aka et al., 2008,

2017; Djè et al.,

2009; N’Guessan

et al., 2011;

Coulibaly et al., 2014

Burkutu/Burukutu Nigeria Malted

sorghum,

millet or maize

nr • Lactobacillus plantarum

Lactobacillus brevis

• Limosilactobacillus

fermentum (lactobacillus

fermentum)

• Lactobacillus pentosus

• Lactococcus lactis

• Leuconostoc

mesenteroides

Pediococccus damnosus

Pediococcus

pentosaceus

Streptococcus

thermophilus

• Saccharomyces

cerevisiae

Saccharomyces chavelieri

• Saccharomyces sp.

• Candida acetobacter

• Candida utilis

• Candida spherica

• Candida pelliculosa

• Rhodotorula glutinis

• Rhodotorula mucilaginosa

Cryptococcus albidu

van der Aa Kühle

et al., 2001;

Blandino et al.,

2003; Jimoh et al.,

2012; Lyumugabe

et al., 2012;

Adewara and

Ogunbanwo, 2013)

Otika alcoholic Nigeria Malted

sorghum

nr • Lactobacillus brevis,

• Limosilactobacillus

fermentum (lactobacillus

fermentum)

• Lactobacillus plantarum,

Leuconostoc

mesenteroides,

Enterobacter clocae,

• Saccharomyces

cerevisiae

• Candida krusei,

Oriola et al., 2017;

Oluwafemi, 2020

(Continued)
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TABLE 3 | Continued

Name of

product

Country Raw material Steps of the processing Microorganisms involved References

• Candida tropicalis

• Bacillus cereus

• Bacillus subtilis

Doro or

Chibuku

Zimbabwe Malted red

sorghum

• Milling

• Mixing with water (7 kg/24 l)

• Boiling (3–5 h)

• Cooling

• Lactic fermentation (48 h)

• Alcoholic

fermentation (5–7days)

• Lactobacillus plantarum

• Lactobacillus delbrueckii

• Lactobacillus sp

• Lactococcus lactis

• Lactococcus raffinolactis

• Lactococcus lactic

subsp. lactis

• Leuconostoc

mesenteroides subsp.

mesenteroides

• Streptococcus sp.

• Enterococcus sp

• Saccharomyces cerevisiae

Chamunorwa et al.,

2002; Togo et al.,

2002; Jespersen,

2003; Lyumugabe

et al., 2012

Bili bili or

Amgba

Bili bili (Tchad)

Cameroon

Tchad

Malted

sorghum or

millet

• Grinding (fine flour)

• Mixing with water

• Decantation (1–3h)

• Cooking of the sediment

• Mixing with the supernatant

(65–70◦C)

• Acidification (9–18h)

• Cooking (100◦C)

• Cooling (30◦C)

• Alcoholic fermentation

(12–24 h) with

traditional leaven

• Lactic acid bacteria

• Saccharomyces

cerevisiae

• Kluyveromyces marxianus

• Cryptococcus albidius

• Debaryomyces hansenii

• Candida melibiosica

• Dekkera bruxellensis

• Rhodotorula mucilaginosa

• Torulaspora delbrueckii

Maoura et al., 2005;

Lyumugabe et al.,

2012; Touwang

et al., 2018

Red kapsiki

beer or Te

Cameroon Malted

Sorghum or

maize

• Grinding

• Mixing with water (1:9, w/v)

• Decantation (1–3 h)

• Cooking of the sediment

(3–5h)

• Cooling

• Mixing with the supernatant

• Decantation & Acidification

(overnight)

• Cooking of the sour wort

(5–10 h)

• Cooling

• Alcoholic fermentation (12 h at

least) with artisanal starter

• Spore forming bacteria

• Coliforms

• Streptococcus

• Salmonella

• Shigella

• Sulfite-reducing clostridia

Bayoï and Djoulde,

2017

Bili-bili Central African

Republic

Malted

sorghum

• Grinding (crude)

• Mixing with water

• Decantation (1–2 h)

• Heating the sediment until

boiling

• Mixing with the supernatant

(65–70◦C)

• Cooking

• Decantation & cooling

• Alcoholic fermentation (10 h)

with traditional leaven

• Lactobacillus

• Lactic acid bacteria

• Enterococci

• Streptococci

• Coliforms

• Yeasts

Lango-Yaya et al.,

2020

Ikigage or

amarwa

Rwanda Malted red

sorghum

• Grinding

• Mixing with water (infusion,

63–71◦C)

• Cooling

• Decantation (3 h)

• Fermentation with addition of

leaven (30◦C, 12–24 h)

• Limosilactobacillus

fermentum (lactobacillus

fermentum)

• Lactobacillus buchneri

• Lactobacillus sp

• Saccharomyces

cerevisiae

• Candida inconspicua

Lyumugabe et al.,

2010, 2012

(Continued)
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TABLE 3 | Continued

Name of

product

Country Raw material Steps of the processing Microorganisms involved References

• Issatchenkia orientalis

• Candida magnolia

• Candida humilis

Merissa Sudan Malted red

sorghum or

millet,

Sorghum

grains

• Grinding

• Mixing with water

• Lactic fermentation (36 h)

• Alcoholic fermentation (8–10 h)

• Lactic acid bacteria

• Acetic acid bacteria

• Saccharomyces spp.

Dirar, 1994

Kaffir

beer/bantu

beer/utshwala

South Africa Sorghum nr • Limosilactobacillus

fermentum (lactobacillus

fermentum)

• Lactobacillus plantarum

• Lactobacillus brevis

• Lactococcus dextranicum

• Saccharomyces

cerevisiae

• Candida krusei

• Kloeckera apiculata

van der Walt, 1956;

Lyumugabe et al.,

2012

nr, not reported.

between 12 and 16 h (Sawadogo-Lingani et al., 2007). This
duration is similar to those of the acidification of tchoukoutou
wort (13–14 h), tchapalo (9–12 h) and bili-bili (9-18 h), but
shorter than the acidification times of chibuku (48 h) andmerissa
(36 h). This acidification/saccharification is a spontaneous
lactic fermentation characterized by a drop in pH and growth
of lactic acid bacterial counts reaching 8.8–9.9 log cfu/ml at
the end of acidification (Sawadogo-Lingani et al., 2007). The
predominance of lactic acid bacteria as the original flora in
raw sorghum grains and their proliferation during steeping
perhaps give LAB a competitive advantage in the brewing of
dolo or pito, leading to their dominance in acidification of
sorghum wort (Sawadogo-Lingani et al., 2007, 2010; Sawadogo-
Lingani, 2010). The common LAB species involved in the
acidification of dolo wort include Limosilactobacillus fermentum
(Basonym: Lactobacillus fermentum), Lactobacillus delbrueckii
subsp. jakobsenii (Basonym: Lactobacillus delbrueckii subsp.
delbrueckii), Pediococcus acidilactici, Lactobacillus lactis and
Leuconostoc spp., with a predominance of Limosilactobacillus
fermentum (Sawadogo-Lingani et al., 2007; Adimpong et al.,
2013; Zheng et al., 2020). Various other species of Lactobacillus,
Pediococcus, Lactococcus, Leuconostoc, Enterococcus and
Streptococcus genera have also reportedly been associated to
the spontaneous fermentation of dolo and pito wort and others
similar traditional beers such asTchoukoutou,Tchapalo, Burkutu,
Bili-bili, Chibuku, Otika, Red kapsiki, and Ikigage (Table 3). The
spontaneous and uncontrolled lactic acid fermentation found
during the steeping of sorghum grains for malting has also
been dominated by lactic acid bacteria with Limosilactobacillus
fermentum as the dominant species (Sawadogo-Lingani et al.,
2010), perhaps giving a competitive advantage to this species
during acidification of dolo and pito wort in the brewing phase.
Following acidification, the sour supernatant/wort is collected
and undergoes boiled for long hours during which water is
lost through evaporation and concentrates the wort. In the

production of dolo and pito, this boiling can take between 3 and
5 h. This duration of wort boiling is similar to those reported for
other African traditional sorghum beers such as tchapalo wort
(4–5 h) and chibuku wort (3–5 h), but shorter than the boiling
times of the tchoukoutou (6–9 h) and red kapsiki (5–10 h). The
boiled concentrated wort is then cooled to room temperature
and undergoes alcoholic fermentation.

Alcoholic fermentation of sorghum wort for the production
of African traditional beers is generally achieved by the back-
slopping technique where part of a previous fermented beer
(usually collected from the bottom sediments of previous
production) or indigenous dried yeast leaven obtained from
previous production is used to inoculate the new batch. The yeast
biomass from the previous production is collected, sun-dried and
then stored to be used as a local starter culture for subsequent
productions. In certain localities, the fresh yeasts are fixed on
wooden or fiber supports, or woven belt and these supports are
introduced into the canaries containing the wort for fermentation
(Sefa-Dedeh, 1991). In most case of African traditional sorghum
beers, sorghum wort is inoculated with traditional yeasts and
fermentation duration varies between 8 and 24 h at ambient
temperature. The duration of fermentation varies from 9 to 14 h
for dolo and pito, similar to that of tchapalo (9–12 h) andmerissa
(8–10 h), but shorter than the fermentation times for tchoukoutou
(12–24 h) and bili-bili (12–24 h) while chibuku has the longest
fermentation time of about 5–7 days. In Western breweries, the
fermentation is ensured by selected yeast strains (S. cerevisae or
S. carlsbergensis) and the fermentation time ranges between 8 and
15 days at 10–16◦C (Waites et al., 2001). Fermentation is the
important step by which yeast converts the sugars of the wort into
ethyl alcohol. Interest in the characterization and identification of
the yeasts responsible for the alcoholic fermentation of African
traditional beers including dolo and pito has been demonstrated
in several studies (Table 3). It is found that Saccharomyces
cerevisiae is the dominant species responsible for the alcoholic
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FIGURE 2 | General flow diagram of traditional brewing of mossi dolo and dagarti pito in production sites at Ouagadougou in Burkina Faso and Tamale in North Ghana

(adapted from Sawadogo-Lingani et al., 2007; Sawadogo-Lingani, 2010). *the aqueous extract of yolga (Grewia bicolor, Juss) bark is used to favor the decanting.
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fermentation of dolo and pito as well as other African traditional
beers. Other yeast species identified during the fermentation
of African sorghum beers include S. pastorianu, S. chavelier,
Candida spp., Kloeckera spp., Hansenula spp., Torulaspora spp.,
Schizosaccharomyces spp., Kluyveromyces spp., Debaryomyces
spp., Pichia spp., Dekkera spp., Clavispora spp., Hanseniaspora
spp., Rhodotorula spp., Cryptococcus spp. (Table 3). However,
most of these yeasts are considered contaminants not taken part
in the fermentation; some may even be pathogenic and affect the
safety of the traditional sorghum beer.

Packaging, Storage, and Shelf Life
At the end of alcoholic fermentation, dolo or pito is well
frothy and sparkling, and ready for consumption. Traditional
sorghum beers such as dolo and pito do not undergo filtration or
stabilization and are consumed in the active fermentation state.
The dolo or pito is packaged in canaries, jars, plastic buckets or
barrels of 20 or 5 L cans for sale to consumers in cabarets or
to dolo retailers. At the cabarets, dolo is served and drunk in
gourds. African traditional sorghum beers have a poor keeping
quality with a shelf-life of about 24–72 h at ambient temperature
(Novellie and De Schaepdrijver, 1986; Tisekwa, 1989; Broutin
et al., 2003; Maoura and Pourquie, 2009; Lyumugabe et al.,
2010; Aka et al., 2017). A few investigations (Osseyi et al., 2011;
Dahouenon-Ahoussi et al., 2012; Ayirezang et al., 2016) have
been conducted in an attempt to improve the shelf-life of dolo
and pito or similar beers. Recent investigations show that the
shelf-life of pito can be extended through pasteurization and/or
the addition of Moringa oleifera leaf extract for up to 28 days.
However, pito samples that contained the moringa extract were
less favored by consumers (Ayirezang et al., 2016). According
to Dahouenon-Ahoussi et al. (2012), the use of essential oil
of Citronella (Cymbopogon citratus) at 1 ml/L was effective in
stabilizing African sorghum beer against the spoilage effects
of continued fermentation. Rodrigue Christian et al. (2014)
also evaluated the influence of Hemizygia bracteosa (Benth)
leaf powder on the quality of chakpalo produced in Benin and
reported that the use of the powdered leaves during mashing had
an effect on the physico-chemical parameters, providing a slightly
sweet drink, less acidic, with low alcohol content.

SAFETY OF AFRICAN SORGHUM BEERS

The microbiological and sanitary quality of sorghum malt,
as well as the resulting risks, are highly dependent on the
malting conditions. The conditions necessary for soaking
and germination (temperature of 30◦C, humidity above
85%) are also ideal for the proliferation of the inherent
microflora of the raw cereal grains, generally consisting of
yeasts, molds, enterobacteria, lactic acid bacteria and spore-
forming aerobic bacteria. Although lactic acid bacteria have
dominated in the spontaneous fermentation during sorghum
grain steeping for malt production, the frequent association
of other undesirable microorganisms compromises the quality
and safety of sorghum malts. In general, bacterial species of
safety concern such as Escherichia coli, Enterobacter cloacae,
Enterobacter aerogenes, Pseudomonas aeruginosa, Bacillus cereus,

Stapylococcus aureus, Klesiella aerogenes, Sarcina spp., and
molds such as Botryodiplodia theobromae, Aspergillus flavus,
Aspergillus niger, Rhizopus stolonifer, Penicillium spp., Fusarium
spp., have been identified in sorghum grains and malts (Ilori
et al., 1991; Ogundiwin et al., 1991). However, like many other
traditional African fermented foods and beverages, sorghum
beers are generally considered to be microbiologically safe
due to the antimicrobial effects exerted during lactic acid
fermentation, the alcohol content as well as the long cooking
hours of sorghum malt wort prior to acoholic fermentation
which potetially eliminates pathogenic microorganisms. This
notwithstanding, the spontaneous nature of the fermentation
processes (without properly defined starter cultures), poor
control measures (including time-temperature) during
fermentation and poor post-processing handling including
packaging predisposes these products to contamination by
pathogenic microorganisms.

Another safety concern for African sorghum beers is related
to handling and storage conditions of the raw materials (cereal
grains) which predispose them to mycotoxin contamination due
to growth of toxigenic molds. Mycotoxins isolated from sorghum
and millet grains include patulin, trichothecene, zearalenone
and aflatoxins (McFarlane et al., 1995). In addition, Dufour
et al. (1992) in a survey showed that about 80% of sorghum
varieties from Taiwan and Africa (South Africa, Cameroon,
Burundi, Ghana, Kenya, Nigeria, Rwanda, and Sudan) were
contaminated with aflatoxins; 19% of which were contaminated
before malting, and 52% after malting. Moreover, Matumba
et al. (2011) indicated the presence of aflatoxins at levels of
6.6 to 54.6 µg/kg in a sorghum malt from Malawi. However,
red varieties of sorghum which are commonly used to produce
African sorghum beer are less susceptible to the development of
aflatoxins than white varieties (Ratnavathi and Sashidhar, 2000),
because of their richness in tannins that provide a protective
role against grain mold. Additionally, the production process of
African sorghum beer has been shown to decrease mycotoxin
levels although the process does not completely eliminate these
toxins (Trinder, 1988; Dufour et al., 1992). There is therefore the
need to incorporate safety standards throughout the production
process of African sorghum beers, beginning with supply of
quality raw materials through fermentation to post-processing
handling, packaging and distribution.

USE AND VALORIZATION OF
BY-PRODUCTS FROM DOLO

PRODUCTION

The valorization of by-products contributes to improving the
competitiveness and sustainability of the African sorghum beer
sector. Currently, valorization undertaken by actors are related
to yeast biomass and dolo dreche. In dolo production units, the
yeast biomass settling at the bottom of packaging containers
such as canaries, jars, buckets, barrels, cans and gourds is
collected, washed with water and then sun dried. The dried
yeast called rabilé (Burkina Faso) or dambeli (Northern Ghana)
is packaged in plastic bags and marketed as food yeast. In
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addition to its use as a local fermenter or starter for the alcoholic
fermentation of sorghum malt wort, dried yeast is used as
a food condiment in the preparation of sauces, dishes and
grilled chickens by local population and in some restaurants. An
important source of protein, amino acids and B-group vitamins,
dry yeast gives flavor to dishes and improves their nutritional
value, contributing to the improvement of the diet of consuming
populations. Yeast biomass is well-known for its richness in
proteins, essential amino acids, fatty acids and B-group vitamins.
A good valorization strategy could allow to better valorize this
by-product of traditional breweries for its use as a food additive
in human and animal food, as unicellular proteins and a source
of vitamins.

Dolo dreche or spent grain, the solid residue obtained after
rinsing and filtering the mash after acidification by spontaneous
lactic fermentation, is recovered for animal feed. It is marketed
to pig farmers. Indeed, in Burkina Faso, pig production, mainly
managed by women who own 60% of the country’s farms,
is one of the fastest growing livestock sectors. It is gaining
importance in societies where there is a shift from ruminant to
monogastric livestock production, with higher rates of return
and advantageous feed efficiency. The majority of farmers use
locally abundant raw materials such as artisanal sorghum (dolo)
brewers’ spent grains. For the supply of dolo dreche, breeders
establish a tacit contract of supply with the dolotières for an
exclusivity on all its production or then for a given quantity
of baskets of dolo dreche which are sold between 200 and
500 FCFA per basket of ∼10 liters (FAO, 2012). This residue,
used as animal feed, still contains nutrients in quantity and
quality such as sugars, dietary fiber, proteins, fats, minerals,
vitamins etc. Even though research and innovation are still
missing in an African context, it is obvious that it can be better
valorized and used in human food and thus contribute to the
achievement of food and nutritional security of local populations.
Collected under appropriate conditions followed by adequate
pre-treatment (drying, grinding, sieving, etc.), it can be used in
human food. The residues from sieving could still be used as
animal feed.

As traditional breweries in Africa are heavy consumers of
firewood, and they generate large quantities of incandescent
embers, some of which are often extinguished to provide
charcoal. This charcoal is sold to households and contributes
to increasing the income of traditional brewers. Similarly,
large quantities of wood ash are also generated, which are
sold to traditional potash manufacturer. The potash is sold
and used as ingredient for local soap preparation, as food
ingredient to neutralize acidity, make alkaline or softener in
the preparation of dishes, and in the processing of fermented
seeds (maari, mandchoua, bikalga, etc) used as food condiments
(Thorsen et al., 2015; Kere-Kando et al., 2020).

CONSTRAINTS AND STRATEGIES FOR
SUSTAINABLE PRODUCTION OF
SORGHUM BEER

The African traditional sorghum beer is an ethnic beverage
that is facing constraints for its development and expansion

outside the production regions. Some of these constraints,
their implications and prospects for sustainable production
are summarized in Table 4. Various research works have been
undertaken to bring innovations and value-addition to African
traditional beer processes. Initial approaches for sustainable
production of African sorghum beers were aimed at optimizing
and controlling fermentation processes through the development
of starter cultures (Sefa-Dedeh et al., 1999; Orji et al., 2003;
Glover et al., 2005, 2009; Maoura et al., 2005; Sawadogo-
Lingani et al., 2008a,b; Yao et al., 2009; N’Guessan et al.,
2010, 2011, 2016; Adewara and Ogunbanwo, 2013; Lyumugabe
et al., 2014). Table 5 summarizes the results of works geared
toward developing starter cultures for controlled fermentation
of African sorghum beers. These studies have shown, for the
most part, that the selected starters lead to a reduction in
fermentation time and an improvement in the beer production
process. Moreover, these selected starters lead to sorghum beers
with physico-chemical and sensory characteristics (pH, color,
titratable acidity, alcohol content, specific gravity, taste, flavor)
comparable to traditionally produced beers (Sefa-Dedeh et al.,
1999; Orji et al., 2003; Glover et al., 2005, 2009; Sawadogo-
Lingani et al., 2008b). However, these experiments were carried
out on laboratory and pilot scales, and the processes have
not been scaled-up or replicated in dolo and pito production
units. The production of yeasts starter cultures with optimal
technological properties in dried form can be promoted for
that purpose. Collaborative projects such as the GreenGrowth
project (DFC No 13-04KU) has established culture collections
(Biobank) of microorganisms involved in the processes of
West African fermented products including traditional sorghum
beers, with the aim of promoting sustainable use of beneficial
indigenous microorganisms.

Other innovative work aimed at improving the process of
African traditional sorghum beer has been carried out. For
example, a fractional factorial plan has been developed and
applied to optimize the artisanal process of tchapalo (Amané
et al., 2012), a traditional beer similar to dolo and pito.
The authors, through the screening of factors, highlighted
the importance of some of the processing operations (drying,
soaking, germination, type of ferment, fermentation, decanting,
cooking, pre-cooking) and critical points for improvements.
The establishment and resolution of a mathematical model
enabled the proposal of optimum conditions for the production
of tchapalo. The proposed optimized processing conditions
including 15 h of soaking, 72 h of germination, 10 h of drying,
30min of decantation, 1 h of pre-cooking and 2 h of cooking
resulted in a time saving of over 3 days and enabled the
production of tchapalo with consistent quality. These results
constitute the basis for the industrialization of tchapalo and
may be applicable to other African traditional sorghum beers
such as dolo and pito. In an attempt to improve the sensory
characteristics of sorghum beers, local bitter plants such as
Vernonia amygdalina and Nauclea diderrichii were used in the
brewing of sorghum beer under laboratory-controlled conditions
(Desobgo Zangué et al., 2013). The two bitter plants, commonly
used for their medicinal properties, could adequately bitterize
sorghum beers and therefore, should be explored to enhance
the sensory qualities of African sorghum beers as occurs
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TABLE 4 | Challenges and perspectives for sustainable production of African traditional sorghum beers.

Challenge/constraints Implications Perspectives for sustainability

Decrease in productivity and availability of

quality raw material (sorghum) due to

climate variability and change

Inconsistent supply of no quality and no

standardized cereal (sorghum) leads to

high cost of production variable product

characteristics including physico-chemical,

nutritional and organoleptic properties

from one production batch to another

Ensuring a supply of adapted and quality

raw materials through the dissemination

and extension of improved varieties of

cereal (sorghum) suitable for traditional

sorghum beer production

Artisanal nature of the processing Time consuming and labour-intensive

process.

Long cooking/concentration time of the

wort with a high consumption of firewood

used as the main source of energy.

Complex and non-standardized process

leads to inconsistent quality and variability

in products

Optimize and standardize the process

Introduce technological innovations in the

process

Modernize the production process

High consumption of firewood used as the

main source of energy

Strong contribution to deforestation with a

negative impact on the environment

Develop and implement strategies for the

dissemination and adoption of improved

stoves

Spontaneous fermentations or the used of

no properly defined starter cultures

These practices coupled with poor

time/temperature controls expose

fermented products to undesirable and

pathogenic microorganisms,

compromising the sanitary quality of

sorghum beer and thus the safety of the

consumers.

Promote the implementation of good

hygiene and manufacturing practices in

production units to improve the quality of

traditional sorghum beer while maintaining

the biodiversity of microorganisms with

technological potential.

Poor hygiene of the production and sales

environment

Contamination from the environment with

negative impact on the quality and safety

of the final products, and on the safety of

the consumers

Regulate the production and selling

environment

Promote the application of good hygiene

practice guides to improve the hygiene of

the production and sales environment

Unpackaged, poor packaging or

inappropriate packaging material used,

unstabilized drinks store at ambient

conditions for selling

Contamination of the product by the

environment in addition to the continuation

of fermentation which induces a short

shelf-life (1–3 days)

Search for an appropriate stabilization and

packaging process that preserves the

original quality of sorghum beer in order to

extend its shelf life for wide distribution

and consumption.

Lack of control of technological and

sanitary parameters sanitary quality of the

products (raw materials, intermediates

products, finished products) during the

processing

Variability of the physico-chemical,

nutritional and organoleptic characteristics

of the products from one production to

another;

Promote the regulation of the products of

the traditional sorghum beer value chain

Develop, disseminate and promote the

adoption of technical specifications and

products quality standards

Weak technological and scientific

knowledge of the processing and on the

nutritional and therapeutic properties of

the finished products.

Process always artisanal and

non-standardized

Low value added of traditional sorghum

beer

Distribution market always internal

and local

Conduct research to provide in-depth and

detailed scientific results on sorghum beer

technology and its nutritional and

therapeutic characteristics.

in the use of Humulus lupulus in Western beer production
These plants also proved to be excellent sources of free
amino acids, thus improving the characteristics of the must
before fermentation.

The production of beers from raw agricultural materials in
many regions of Sub-Saharan Africa consumes a significant
proportion of total wood-fuel. Thus, the cooking/concentration
of sorghum beer wort is a high fuel-intensive operation
using firewood as the main source of fuel. Being a high
energy consuming process with firewood as the main source
of fuel in production, the direct environmental impacts are

deforestation and greenhouse gas emissions, with potential
negative consequences for the climate. Yaméogo et al. (2013)
reported that the people of Vipalogo (a village in Burkina
Faso) use 1,422 m3 of wood per year for dolo production
and their needs per year for timber to build huts, attics and
sheds were estimated at 25 m3. Today, around 2.7 billion
people in developing countries rely on the traditional use
of biomass, mostly firewood or charcoal, for cooking. This
contributes to deforestation and severe health problems as
the related smoke emissions cause respiratory diseases (World
Health Organization, 2009).
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TABLE 5 | Development of starter cultures for controlled fermentation of different African traditional beers.

Traditional

beer

Types of fermentation Selected strains &

characteristic

Results References

Dolo Lactic fermentation and

acoholic fermentation Mixed

or co-fermentation (lactic

+ alcoholic)

• Lactobacillus fermentum

• Saccharomyces cerevisiae

• Lactobacillus fermentum +

Saccharomyces cerevisiae

• Used as fresh

cells suspension

Four strains of Lb. fermentum and one

strain of S. cerevisiae were tested in a

series of three trials productions: (i) a

production of dolo by double lactic

fermentation with Lb fermentum, and

alcoholic fermentation with S. cerevisiae;

(ii) a production of dolo by lactic and

alcoholic mixed or co-fermentation (Lb.

fermentum + S. cerevisiae); (iii) a

production of dolo in a real environment by

a double lactic and then alcoholic

fermentation with the same strains.

The results showed that the starter

cultures reduced the duration of lactic

fermentation (9 h instead of 12-16 h) and

of lactic + alcoholic fermentation (12 h

instead of 21-48 h) in the case of

co-fermentation. Furthermore, sensory

analysis revealed that the dolos produced

with the selected starters had organoleptic

and physico-chemical characteristics

comparable to those of the traditional dolo

and were considered acceptable by

the tasters.

Sawadogo-Lingani

et al., 2008b; Glover

et al., 2009

Tchapalo Alcoholic fermentation • Saccharomyces cerevisiae

• Candida tropicalis

• Saccharomyces cerevisiae

+ Candida tropicalis

• Formulation of freeze-dried

cells for

alcoholic fermentation

Strains Saccharomyces cerevisiae F12–7

and Candida tropicalis C0–7 isolated from

sorghum beer were used in a mixed

culture at a ratio of 2:1 (C. tropicalis/S.

cerevisiae).and freeze-dried using as

protective agents (sucrose, glucose,

glycerol) and support materials (millet,

maize, sorghum and cassava flours) at 1:1

ratio (v/v). The freeze-dried yeasts

viabilities were between 4.0% and 10. 6%.

sucrose was found to be the best

protectant giving cell viabilities of

8.4–10.6%. Millet flour was the best

support material after drying. When the

freeze-dried yeast powders were stored at

4◦C and room temperature (25–28◦C) for

up to 3 months, the survival rates were the

highest with cassava flour as the support

material.

N’Guessan et al.,

2010, 2011, 2016

Tchapalo • Lactic fermentation

• Alcoholic fermentation by

commercial yeast

• Lactobacillus fermentum,

Pediococcus acidilactici,

Pediococcus pentosaceus,

Lactobacillus plantarum

• Used to evaluate as single

starter cultures for

controlled lactic

fermentations of the wort

• Commercial

Saccharomyces cerevisiae

(used at 1%) for controlled

alcoholic fermentation

during 12 h

LAB strains used as single starter cultures

in the sorghum wort for lactic

fermentation, grew increasing organic

acids and titratable acid and dropping pH.

But L. fermentum (strains S6, S42, S45),

P. acidilactici (strains S7, S52), and P.

pentosaceus (strain S5) acidified quickly

the sorghum wort. The tchapalo from that

worts were similar to those of obtained by

spontaneous fermentation. These starter

cultures will be used for sweet wort and

tchapalo commercial production and

thereby to improve their safety and

consumer acceptability of these products

Aka et al., 2020

Pito Alcoholic fermentation Saccharomyces cerevisiae Reduction of fermentation time

Better control of the production process

Acceptable organoleptic characteristics.

Sefa-Dedeh et al.,

1999; Glover et al.,

2005

(Continued)
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TABLE 5 | Continued

Traditional

beer

Types of fermentation Selected strains &

characteristic

Results References

Pito • Lactic acid fermentation

and alcoholic fermentation

• Mixed or co-fermentation

(lactic+ alcoholic)

• Lactobacillus plantarum

• Saccharomyces cerevisiae

• Lactobacillus plantarum

+Saccharomyces

cerevisiae

• Pediococcus halophilus +

Candida tropicalis

• Used as fresh

cells suspension

Reduction of fermentation time

Better control of the production process

Acceptable organoleptic characteristics.

Orji et al., 2003; Yao

et al., 2009

Burukutu • Lactic acid fermentation

• Alcoholic fermentation

• Mixed or co-

fermentation (lactic+alcoholic)

• Lactobacillus fermentum

• Saccharomyces cerevisiae

• Lactobacillus fermentum +

Saccharomyces cerevisiae

Reduction of fermentation time

Better control of the production process

Acceptable organoleptic characteristics.

Adewara and

Ogunbanwo, 2013

Burukutu Alcoholic fermentation Saccharomyces cerevisiae Reduction of fermentation time

Better control of the production process

Acceptable organoleptic characteristics

Maoura et al., 2005

Bili bili Alcoholic fermentation Saccharomyces cerevisiae Reduction of fermentation time

Better control of the production process

Acceptable organoleptic characteristics,

Maoura et al., 2005

In order to reduce wood consumption and preserve the
environment, improved wood or gas fireplaces have been
designed and promoted among a few women dolo producers in
Ouagadougou, Burkina Faso. Improved cook-stoves potentially
help to alleviate the negative implications of wood-fuel usage
since they increase the efficiency of the cooking process thereby
reducing the wood-fuel consumption. The saving rate of the
improved cook-stoves is about 25% as compared to a traditional
tripod stone stove. This is remarkable, but still below the potential
energy savings of about 40% achieved in controlled cooking tests,
showing the need to test the effectiveness of new technologies
under real world conditions and based on a sufficiently large and
representative usage. A program like FAFASO (Foyer Amélioré
au Burkina Faso) has been implemented with the objective to
evaluate the productive use and to promote the improved cook-
stoves for local beer breweries in Burkina Faso. The improved
cook-stoves made for breweries (Roumdé stoves) are much larger
than the household cook-stoves and are made of clay and bricks
rather than metal and saves at least 60 to 70% of the firewood
needed with a traditional stove for brewing process (Grimm and
Jörg, 2013). However, it seems that the saving rate goes rapidly
down if the improved stove is badly maintained. In one field
test conducted by Sanogo et al. (2011), a damaged improved
cook-stove even needed more firewood per liter of dolo than
a traditional stove, confirming that a rigorous assessment of
the effectiveness of such stoves requires a test under real world
conditions which includes the status of the stove and how these
stoves are maintained. In 2012, about 50% of all breweries in
Ouagadougou and Bobo-Dioulasso city adopted another new
technology aimed at reducing firewood consumption during
brewing of dolo. However, since then, the trend of adoption
has declined. The exact reasons for this decline are not known
and therefore need to be investigated. The improved fireplace
designed for dolo, seem to be a fixed fireplace, made of refractory

bricks with an opening for the fuel inlet and one or two chimneys
for the smoke outlet. It is a multi-purpose firebox that can be built
for 2, 3, or 4 pots made of aluminum or fired clay. The selected
fireplaces consume 60 and 90% less wood than traditional dolo
fireplaces. In addition to significantly reducing greenhouse gas
(GHG) emissions, the improved fireplaces offer benefits to its
users in the form of money savings, reduced carbon monoxide
and fine particle emissions that are harmful to health, protection
against heat emanating from the fireplace, faster cooking (thus
saving time), better cleanliness and convenience (Grimm and
Jörg, 2013). In any case, reflection and research should continue
to find other sources of energy as a substitute for firewood in a
perspective of climate sustainability.

Regarding availability of the raw material, sorghum is one
of the main cereals grown in Burkina Faso, as well as in other
West African countries. A varietal diversity of this cereal is
managed by farmers and national agricultural research centers
for various production objectives. Despite various efforts, yields
have remained low and the increase in production is mainly
due to the expansion of cultivated areas. This situation is
aggravated by climate variability and change. Research programs
have therefore focused on maintaining sorghum biodiversity and
increasing productivity through the participatory development
of improved variety lines adapted to local climatic conditions
and farmers’ needs and preferences (vom Brocke et al., 2014).
The same is true for other cereals such as millet, maize and
rice. Thus, in the Regional Catalog of Plant Species and Varieties
(ECOWAS-UEMOA-CILSS, 2016) there are 1,496 varieties of 11
priority crops including 413 rice varieties, 279 maize varieties,
96 millet varieties and 171 sorghum varieties, all of which are
released at the national level. These cereals used as raw materials
in the processing of traditional beers are nowadays experiencing
significant drop in productivity due to climate variability and
change. Breeders in agricultural research centers have developed
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better adapted hybrid varieties. In Burkina Faso for example,
improved basic and certified seeds are produced by agricultural
research centers. basic seeds are also made available to seeds
producers for the production of certified improved seed. Certified
seeds are subsidized by the State for farmers’ organizations at
affordable prices. To ensure sustainable production of traditional
sorghum beer, strategies should be developed to promote the
adoption of these varieties among famers for a sustainable supply
of raw materials.

In terms of innovation in the processing of sorghum beers,
private businesses have set up mini breweries that produce
small quantities of stabilized dolo and pito, packaged in bottles
and appropriately labeled. Thus, a mini brewery with modern
stainless-steel equipment has been designed since 2003 in
Ghana in Kwabenya (northern suburb of Accra). This company
produces sorghum beer with a capacity of 200 liters of beer
per day, three times a week. The local beer industry provides
a living for nearly 6,000 people in the northern parts of Ghana
where the sorghum is produced farmers as a major crop (Gamba,
2019). In Benin, a small enterprise has been set up to produce
traditional tchapalo (corn or sorghum beer) packaged in properly
labeled brewery bottles in a factory and are sold at competitive
price while maintaining its special traditional taste (CTA, 2002).
Between the years 2003 and 2004, Zambian Breweries (ZB)
launched a clear beer made from locally grown sorghum and
has since then been producing African sorghum beer. The “new
Eagle” beer which uses locally produced sorghum as its raw
materials has opened opens up new market channel for many
smallholder farmers who, for the first time, have a sustainable
commercial outlet for their sorghum production (CTA, 2006). In
Burkina Faso, Unité de Malterie de Ouidtinga (UMAO) has been
producing malt from local cereals under controlled conditions
for both modern and traditional beers since 1999, and from
2003 has been producing traditional beer (dolo or ram) and
sweet wort (ran noodo) packaged in bottles in modern plants
with optimized malting and brewing processes. UMAO also
offers dolo packaged under pressure for festive ceremonies on
order. A manual of Good Hygiene Practices for sorghummalting
and dolo brewing has been developed (Bougouma et al., 2008)
for the benefit of women producing sorghum malt and dolo
brewers in Ouagadougou. The implementation of this manual
would improve the quality of dolo through the improvement of
some technological practices and hygienic environments during
malting, brewing and sale of the dolo.

Today, new types of consumers, especially young people
and urban dwellers, are entering the traditional beverage value
chain. These young people, faced with unemployment, idleness
and altered lifestyles, indulge in the consumption of alcoholic
beverages, prompting dolo producers to adopt various bad
practices in order to increase the alcoholic strength of dolo
by adding adulterated hard liquor to satisfy this category of
consumers. For a sustainable production of the natural sorghum
beer, it is important to properly characterize and conserve the
microflora of technological interest to develop them into starter

cultures for controlled fermentation, to regulate the production
through the establishment of quality standards in order to
preserve their natural and original characteristics and to better
valorize by-products and waste to increase the competitiveness
of the value chain. The standardization of the process and
regulation could lead to a new trend in the production of a
range of fermented beverages with different degrees of alcohol
content in order to satisfy different categories of consumers
without compromising the originality of the beverage. However,
the emphasis should be on low-alcohol beer, because there is
currently a strong trend for this type of beer in other parts of the
world including Europe. Appropriate packaging and stabilization
process should be developed to extend the shelf life and diversify
the channels of distribution.

CONCLUSIONS

This review presents currently available information on
African traditional sorghum beers. It emerges that despite its
popularity and its socio-cultural and economic importance, the
manufacturing process of this ancestral drink is still artisanal
although some innovations have been introduced in recent years.
The traditional sorghum beer sector is a promising sector that
brings together a diversity of actors. Yet, African sorghum beer
production faces sustainabilty challenges, particularly related
to the development of efficient and environmentally friendly
processing technologies, raw material supply, variability in
product quality and safety, high energy consumption and its
associated impact on the environment, poor packaging, and short
shelf-life. The development and emergence of this sector will
require the development and implementation of strong strategies
and actions at all levels of the value chain by the different actors.
Thus, for sustainable production African traditional sorghum
beers, strategies must be geared toward addressing sustainability
challenges by improving quality and availability of raw material
supply, processing technology (starter culture adoption), safety,
packaging, recycling and waste treatment, as well as methods
of improving energy consumption. Actions must be pursued to
better valorize traditional sorghum beer and its by-products,
assure a sustainable supply of adapted and quality raw materials,
optimize and standardize processing technologies for malting,
brewing and packaging of sorghum beer. There is also the need to
control fermentation systems while preserving the biodiversity
of the fermenting microorganisms associated with African
sorghum beers.

AUTHOR CONTRIBUTIONS

HS-L designed the manuscript. All authors contributed to
writing the manuscript. JO-K, HS-L, and LJ critically revised the
manuscript. HS-L, JO-K, RG, BD, MJ, and LJ read and corrected
the manuscript. HS-L, JO-K, LJ, and MJ validated the submitted
version of the manuscript.

Frontiers in Sustainable Food Systems | www.frontiersin.org 21 May 2021 | Volume 5 | Article 672410

https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Sawadogo-Lingani et al. Sustainable Production of African Sorghum Beers

REFERENCES

Abdoul-latif, F. M., Bassolé I. H. N., and Dicko, M. H. (2013). Proximate

composition of traditional local sorghum beer dolo manufactured in

Ouagadougou. Afr. J. Biotechnol. 12, 1517–1522. doi: 10.5897/AJB

Abdoul-latif, F. M., Bayili, G. R., Obame, L.-C., Bassolé H. N. I., and Dicko, H.

M. (2012). Comparison of phenolic compounds and antioxidant capacities of

traditional sorghum beers with other alcoholic beverages. Afr. J. Biotechnol. 11,

14671–14678. doi: 10.5897/AJB12.2153

Adewara, A. O., and Ogunbanwo, S. T. (2013). Effects of processing variables

on the production of “Burukutu”, a Nigerian fermented beverage. Nat. Sci.

11, 16–28.

Adimpong, B. D., Nielsen, D. S., Sorensen, K. I., Vogensen, F. K., Sawadogo-

Lingani, H., Derkx, P. M. F., et al. (2013). Lactobacillus delbrueckii subsp.

jakobsenii subsp. nov isolated from dolo wort, an alcoholic fermented

beverage in Burkina Faso. Int. J. Syst. Evolut. Microbiol. 63, 3720–3726.

doi: 10.1099/ijs.0.048769-0

Agu, R. C., and Palmer, G. H. (1996). Enzymic breakdown of endosperm proteins

of sorghum at different malting temperatures. J. Inst. Brew. 102, 415–418.

doi: 10.1002/j.2050-0416.1996.tb00924.x

Agu, R. C., and Palmer, G. H. (1997a). Effect of mashing procedures

on some sorghum varieties germinated at different temperatures.

Process Biochem. 32, 147–158. doi: 10.1016/S0032-9592(96)

00074-X

Agu, R. C., and Palmer, G. H. (1997b). The effect of temperature

on the modification of sorghum and barley during malting.

Process Biochem. 32, 501–507. doi: 10.1016/S0032-9592(97)0

0002-2

Agu, R. C., and Palmer, G. H. (1998). A reassessment of sorghum for lager-beer

brewing. Bioresour. Technol. 66, 253–261. doi: 10.1016/S0960-8524(98)00047-9

Agu, R. C., and Palmer, G. H. (1999). Comparative development of soluble

nitrogen in the malts of barley and sorghum. Process Biochem. 35, 497–502.

doi: 10.1016/S0032-9592(99)00092-8

Ahmed, S. B., Mahgoub, S. A., and Babiker, B. E. (1996). Changes in tannin and

cyanides contents and diastasic activity during germination and the effect of

traditional processing on cyanide content of sorghum cultivars. Food Chem. 56,

159–162. doi: 10.1016/0308-8146(95)00157-3

Aisien, A. O. (1982). Enzymatic modification of sorghum endosperm

during seedling growth and malting. J. Sci. Food Agric. 33, 754–759.

doi: 10.1002/jsfa.2740330811

Aisien, A. O., and Ghosh, B. P. (1978). Preliminary studies of the germination

behaviour of guinea corn (Sorghum vullgare). J. Sci. Food Agric. 20, 850–852.

doi: 10.1002/jsfa.2740291005

Aka, S., Camara, F., Nanga, Y. Z., Loukou, Y. G., and Dje, K. M. (2008). Evaluation

of organic acids and sugars contents during the production of “tchapalo,” a

traditional sorghum beer in Côte d’Ivoire. J. Food Technol. 6, 189–195.

Aka, S., Dje, K. M., Fokou, G., Doumbia, M., and Ahoussi, J. M. S. B. (2017).

Production et consommation du tchapalo à abidjan: typologie des brasseuses

et des consommateurs. Eur. Sci. J. 13, 148–163. doi: 10.19044/esj.2017.v13

n1p148

Aka, S., N’Guessan, K. F., Nanga, Y. Z., Loukou, Y. G., Mazabraud, A. I., and Djè,

K.M. (2010). Characterization of Lactobacillus species isolated frommash, sour

wort and tchapalo produced in Côte d’Ivoire. Food 4, 49–54.

Aka, S., Tano, B.M., Kouakou-Kouamé, A. C., and Koussemon-Camara,M. (2020).

Evaluation of potential lactic acid bacteria single starter cultures for production

of traditional Ivoirian cereal beverages. GSC Biol. Pharm. Sci. 11, 182–195

doi: 10.30574/gscbps.2020.11.2.0129

Akingbala, J. O., Rooney, L. W., Palacios, L. G., and Sweat, V. E. (1982). “Thermal

properties of sorghum starches,” in International Symposium on Sorghum Grain

Quality, ed J. V. Martin (Patancheru: ICRISAT), 251–261.

Amané, D. N., Kouamé K. B., Kouamé C., and Assidjo, E. N. (2012). Optimisation

du procédé de fabrication du tchapalo, bière traditionnelle ivoirienne par le plan

factoriel fractionné.Afr. Sci. 8, 69–81. Available online at: https://www.ajol.info/

index.php/afsci/article/view/112250

Amané, N. D., Assidjo, N. E., Gbongue, M. A., Bohoussou, K., and Cardot,

P. (2005). Caractérisation physico-chimique d’une bière traditionnelle ouest

Africaine: le tchapalo. Agron. Afr. 17, 143–152. doi: 10.4314/aga.v17i

2.1665

Aniche, G. N. (1990). Studies on the effect of germination and drying conditions

on the cyanide content of sorghum sprouts. J. Food Technol. 27, 202–204.

Ayirezang, F. A., Saba, C. K. S., Amaglo, F. K., and Gonu, H. (2016).

Shelf-life improvement of sorghum beer (pito) through the addition of

Moringa oleifera and pasteurization. Afr. J. Biotechnol. 15, 2627–2636.

doi: 10.5897/AJB2016.15581

Bayoï, J. R., and Djoulde, D. R. (2017). “Traditional processing and quality control

of the “red kapsiki”: a local sorghum beer from Northern Cameroon,” in

Brewing Technology (London: IntechOpen), 159–175.

Beta, T., Rooney, L. W., and Waniska, R. D., (1995). Malting characteristics of

sorghum cultivars. Cereal Chem. 72, 533–538.

Bhise, V. J., Chavan, J. K., and Kadam, S. S. (1988). Effects of malting on proximate

composition and in vitro protein and starch digestibilities of grain sorghum. J.

Food Sci. Technol. 25, 327–329.

Blandino, A., Al-Aseeri, M. E., Pandiella, S. S., Cantero, D., and Webb, C. (2003).

Cereal-based fermented foods and beverages. Food Res. Int. 36, 527–543.

doi: 10.1016/S0963-9969(03)00009-7

Bougouma, B. (2002). Etude de l’empattage au Cours du Brassage du Dolo. Burkina

Faso: Mémoire de DEA, Université de Ouagadougou. 67p.

Bougouma, B., Sawadogo-Lingani, H., Ganou, L., Triandé E., and Diawara, B.

(2008). Guide de Bonnes Pratiques: Maltage du Sorgho-Brassage du Dolo-

Hygiène. CNRST/IRSAT/DTA-Agropolis Internationnal-DURAS. p. 100p

Broutin, C., Totté, A., Tine, E., François, M., and Carlier R et Badini, Z. (2003).

Transformer les Céréales Pour les Nouveaux Marchés Urbains: Opportunités

Pour des Petites Entreprises en Afrique. Paris: GRET. p. 296.

Byrne, H., Donnelly, M. F., and Carrol, M. B. (1993). “A comparison of some

properties of barley, weat, triticale and sorghum malts,” in Proceedings of the

Fourth Scientific and Technical Convention of the Institute of Brewing (Central

and Sourthern African Section, Somerset West), p. 13.

Campbell-Platt, G. (1987). Fermented Foods of the World: A Dictionary and Guide.

London: Butterworth. p. 291.

Chamunorwa, A. T., Feresu, S. B., and Mutukumira, A. N. (2002). Identification of

lactic acid bacteria isolated from opaque beer (Chibuku) for potential use as a

starter culture. J. Food Technol. Afr. 7, 93–97. doi: 10.4314/jfta.v7i3.19239

Chavan, J. K., Kadam, S. S., and Salunkhe, D. K. (1981). Changes in tannin,

free amino acids, reducing sugars, and starch during seed germination

of low and high tannin cultivars of sorghum. J. Food Sci. 46, 638–639.

doi: 10.1111/j.1365-2621.1981.tb04930.x

Chevassus-Agnes, S., Favier, J. C., and Joseph, A. (1979). Traditional technology

and nutritive value of Cameroon sorghum beers. Cah. Onarest 2, 83–112.

Chinyere, I. I., and Onyekwere, S. E. (1996). Nigerian indigenous fermented foods:

their traditional process operation, inherent problems, improvements and

current status. Food Res. Int. 29, 527–540. doi: 10.1016/0963-9969(95)00045-3

Chitsika, J. M., and Mudimbu, M. W. (1992). “Quality criteria for opaque beer in

Zimbabwe,” in Utilization of Sorghum and Millets, eds M. L. R. Gomez, L. M.

House, L. M. Rooney, and D. A. V. Dendy (Patancheru: International Crops

Research Institute for Semi-Aride Tropics), 151.

Coulibaly,W. H., N’Guessan, K. F., Coulibaly, I., Djè K.M., and Thonart, P. (2014).

Les levures et les bactéries lactiques impliquées dans les bières traditionnelles à

base de sorgho produites en Afrique subsaharienne (synthèse bibliographique).

Biotechnol. Agron. Soc. Environ. 18, 209–219. Available online at: https://

popups.uliege.be/1780-4507/index.php/base/issue/index.php?id=11063

CTA (2002). La Bière de Maïs Traditionnelle Produite à la Chaîne. Une Affaire

Potentiellement Rentable Pour un Entrepreneur Béninois. Wageningen: CTA.

Available online at: https://hdl.handle.net/10568/59755 (accessed December 16,

2020).

CTA (2006). Une bière blonde au sorgho. Spore, Spore 122. Wageningen: CTA.

Available online at: https://hdl.handle.net/10568/62927 (accessed December 16,

2020).

Dada, I. O., and Dendy, D. A. V. (1988). “Cyanide content of germinated cereals

and influence of processing techniques,” in Improving Young Child Feeding in

Eastern and Southern Africa, eds D. Alnwick, S. Moses, and O. G. Schmidt

(Nairobi, Kenya: Centre de Recherche pour le Développement International),

p. 359–365.

Dahouenon-Ahoussi, E., Degnon, G. R., Adjou, S. E., and Sohounhloue, C. K. D.

(2012). Stabilisation de la bière produite à partir de matières amylacées locales

(Sorghum bicolor et Musa acuminata) par adjonction de l’huile essentielle de

Cymbopogon citratus /Stabilization of beer produced with amylaceous local

Frontiers in Sustainable Food Systems | www.frontiersin.org 22 May 2021 | Volume 5 | Article 672410

https://doi.org/10.5897/AJB
https://doi.org/10.5897/AJB12.2153
https://doi.org/10.1099/ijs.0.048769-0
https://doi.org/10.1002/j.2050-0416.1996.tb00924.x
https://doi.org/10.1016/S0032-9592(96)00074-X
https://doi.org/10.1016/S0032-9592(97)00002-2
https://doi.org/10.1016/S0960-8524(98)00047-9
https://doi.org/10.1016/S0032-9592(99)00092-8
https://doi.org/10.1016/0308-8146(95)00157-3
https://doi.org/10.1002/jsfa.2740330811
https://doi.org/10.1002/jsfa.2740291005
https://doi.org/10.19044/esj.2017.v13n1p148
https://doi.org/10.30574/gscbps.2020.11.2.0129
https://www.ajol.info/index.php/afsci/article/view/112250
https://www.ajol.info/index.php/afsci/article/view/112250
https://doi.org/10.4314/aga.v17i2.1665
https://doi.org/10.5897/AJB2016.15581
https://doi.org/10.1016/S0963-9969(03)00009-7
https://doi.org/10.4314/jfta.v7i3.19239
https://doi.org/10.1111/j.1365-2621.1981.tb04930.x
https://doi.org/10.1016/0963-9969(95)00045-3
https://popups.uliege.be/1780-4507/index.php/base/issue/index.php?id=11063
https://popups.uliege.be/1780-4507/index.php/base/issue/index.php?id=11063
https://hdl.handle.net/10568/59755
https://hdl.handle.net/10568/62927
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Sawadogo-Lingani et al. Sustainable Production of African Sorghum Beers

raw materials (Sorghum bicolor and Musa acuminate) by using essential oil

from Cymbopogon citratus. J. Appl. Biosci. 51, 3596–3607.

Demuyakor, B., andOhta, Y. (1991). Characteristics of pito yeast fromGhana. Food

Microbiol. 8, 183–193. doi: 10.1016/0740-0020(91)90049-8

Demuyakor, B., and Ohta, Y. (1992). Malt characteristics of Sorghum

vulgare varieties from Ghana. J. Sci. Food Agric. 59, 457–462.

doi: 10.1002/jsfa.2740590405

Desobgo Zangué, S. C., Naponni, F. Y., and Nso, E. J. (2013). Caractérisation des

moûts et bières du sorgho Safrari houblonnés avec Vernonia amygdalina et

Nauclea diderrichii/Characteization of Safrari sorghum worts and beers hopped

with Vernonia amygdalina and Nauclea diderrichii. Int. J. Innov. Appl. Stud.

2, 83–91.

Dewar, J., Taylor, J. R. N., and Berjak, P. (1997). Determination of improved

steeping conditions for sorghum malting. J. Cereal Sci. 26, 129–136.

doi: 10.1006/jcrs.1996.0101

Dicko, M. H., Gruppen, H., Traoré A. S., Voragen, A. G. J., and van Berkel, W. J. H.

(2006). Sorghum grain as human food in Africa: relevance of content of starch

and amylase activities.Afr. J. Biotechnol. 5, 384–395. Available online at: https://

www.ajol.info/index.php/ajb/article/view/137858

Dirar, H. A. (1978). A microbiological study of Sudanese merissa brewing. J. Food

Sci. 43, 163–168. doi: 10.1111/j.1365-2621.1978.tb07388.x

Dirar, H. A. (1994).The fermented foods of the Sudan. Ecol. Food Nutr. 32,

207–218. doi: 10.1080/03670244.1994.9991401

Djè,M. K., Aka, S., Nanga, Y. Z., Yao, K. C., and Loukou, Y. G. (2009). Predominant

lactic acid bacteria involved in the spontaneous fermentation step of tchapalo

process, a traditional sorghum beer of Côte d’Ivoire. Res. J. Biol. Sci. 4, 789–795.

Djè, M. K., N’Guessan, K. F., Djeni, T. N., and Dadié, T. A. (2008). Biochemical

changes during alcoholic fermentation in the production of tchapalo, a

traditional sorghum beer. Int. J. Food Eng. 4:2. doi: 10.2202/1556-3758.1408

Dossou, J., Ballogou, Y. V., Daïnou, O., Akissoé N., and Souza, C. (2014).

Amélioration du procédé traditionnel de maltage du sorgho (Sorghum bicolor)

pour la production du chakpalo au Bénin. Bull. Rech. Agron. Bénin 76, 30–40.

Available online at: http://www.slire.net/document/2263

Dufour, J. P., Melotte, L., and Srebrnik, S. (1992). Sorghum malts for

the production of a lager beer. J. Am. Soc. Brew. Chem. 50, 110–119.

doi: 10.1094/A.S.B.C.J.-50-0110

ECOWAS-UEMOA-CILSS (2016). Catalogue Regional des Espèces et Variétés

Végétales. CEDEAO-UEMOA-CILSS. p. 118.

Ekundayo, J. A. (1969).The production of pito, a Nigerian fermented beverage. J.

Food Technol. 4, 217–225. doi: 10.1111/j.1365-2621.1969.tb01517.x

Elmaki, H. B., Babiker, E. E., and El Tinay, A. H. (1999). Changes in

chemical composition, grain malting, starch and tannin contents and protein

digestibility during germination of sorghum cultivars. Food Chem. 64, 331–336.

doi: 10.1016/S0308-8146(98)00118-6

Eneje, L. O., Ogu, E. O., Aloh, C. U., Odibo, F. J. C., Agu, R. C., and Palmer, G.

H. (2004). Effect of steeping and germination time on malting performance

of Nigerian white and yellow maize varieties. Process Biochem. 39, 1013–1016.

doi: 10.1016/S0032-9592(03)00202-4

Enou, A. A. W. (1997). La Bière de Sorgho ou Tchapalo: Analyses, Fabrication et

Consommation, Approche Analytique. Abidjan: Thèse de pharmacie de la faculté

de pharmacie, Université de Cocody. p. 110.

FAO (1995). Le Sorgho et les Mils Dans la Nutrition Humaine. FAO:

Rome. Available online at: http://www.fao.org/docrep/T0818F/T0818F00.htm

(accessed December 26, 2020).

FAO (2012). Secteur Porcin Burkina Faso- Revues Nationales de la Production et de

la Santé Animale de la FAO. N◦1. FAO: Rome. p. 93.

Faparusi, S. I., Olofinboba, M. O., and Ekundayo, J. A. (1973). The

microbiology of burukutu beer. Z. Allegemeine Mikrobio. 13, 563–568.

doi: 10.1002/jobm.19730130705

Flannigan, B., Okagbue, R. N., Khalid, R., and Teoh, C. K. (1982). Mould flora of

malt and storage. Brew. Distill. Int. 12, 31–33.

Fokou, G., Doumbia, M., Aka, S., Ahoussi, J. M. S., Yapo, A. E., Dje, M. K.,

et al. (2016). Identification and characterization of tchapalo production areas

in Abidjan. Int. J. Innov. Appl. Stud. 18, 1167–1176.

Galzy, P., and Moulin, G. (1991). “Les transformations microbiologiques des

produits céréaliers,” in Biotransformation des Produits Céréaliers, ed B. Godon

(Paris: Technique and Documentation), 162–187.

Gamba, D. (2019). De Heineken à la Bière de Sorgho, le Parcours d’un Brasseur

Ghanéen qui Promeut le Local. Available online at: https://www.rtbf.be/info/

monde/afrique/ (accessed December 16, 2020).

Glennie, C. W., and Wight, A. W. (1986). Dextrins in sorghum beer. J. Inst. Brew.

92, 384–386. doi: 10.1002/j.2050-0416.1986.tb04428.x

Glover, R. L. K., Abaidoo, R. C., Jakobsen, M., and Jespersen, L. (2005).

Biodiversity of Saccharomyces cerevisae isolated from a survey of pito

production sites in various parts of Ghana. Syst. Appl. Microbiol. 28, 755–761.

doi: 10.1016/j.syapm.2005.05.003

Glover, R. L. K., Sawadogo-Lingani, H., Diawara, B., Jespersen, L., and Jakobsen,

M. (2009). Utilzation of Lactobacillus fermentum and Saccharomyces cerevisiae

as starter cultures in the production of “dolo.” J. Appl. Biosci. 22, 1312–1319.

Greppi, A., Rantsiou, K., Padonou, W., Hounhouigan, J., Jespersen, L., Jakobsen,

M., et al. (2013). Determination of yeast diversity in ogi, mawè, gowé and

choukoutou by using culture-dependent and independent methods. Int. J. Food

Microbiol. 165, 84–88 doi: 10.1016/j.ijfoodmicro.2013.05.005

Grimm, M., and Jörg, P. (2013). Impact Evaluation of Improved Stove Use Among

dolo-Beer Breweries in Burkina Faso: FAFASO, RWI Projektberichte, Rheinisch-

Westfälisches Institut für Wirtschaftsforschung (RWI), Essen. Available online

at: http://hdl.handle.net/10419/111431 (accessed December 17, 2020).

Herbert, J. P. (2003). La Bière et le Dolo en Pays Dogon: Origine, Savoir-Faire et

Phénomène Social. Available online at: http://www.museum.agropolis.fr/pages/

savoirs/bières/hvoyages2 (accessed December 17, 2020).

Holzapfel, W. (2002). Appropriate starter culture technologies for small-scale

fermentation on developing countries. Int. J. Food Microbiol. 75, 192–212.

doi: 10.1016/S0168-1605(01)00707-3

Holzapfel, W. H. (1997). Use of starter cultures in fermentation on a household

scale. Food Control 8, 241–258. doi: 10.1016/S0956-7135(97)00017-0

Hounhouigan, J. D. (2003). “La valorisation des céréales locales pour les marches

urbains en Afrique de l’ouest: atouts, contraintes et perspectives,” in Proceeding

2nd International Workshop: Food-Based Approaches for a Healthy Nutrition

(Ouagadougou, Burkina Faso), 359–368.

Igyor, M. A., Ogbonna, A. C., and Palmer, G. H. (2001). Effect of malting

temperature and mashing methods on sorghum wort composition and beer

flavour. Process Biochem. 36, 1039–1044. doi: 10.1016/S0032-9592(00)00267-3

Ilori, M. O., Fessehatzion, B., Olajuyigbe, A. O., Babalola, G. O., and Ogundiwin,

J. O. (1991). Effect of Malting and Brewing Processes on the Microorganisms

Associated With Sorghum Grains and Malt. Master Brewers Association of the

Americas (MBAA) Technical Quarterly. p. 45–49.

Jespersen, L., (2003). Occurrence and taxonomic characteristics of strains

of Saccharomyces cerevisiae predominant in African indigenous

fermented foods and beverages. FEMS Yeast Res. 3, 191–200.

doi: 10.1016/S1567-1356(02)00185-X

Jimoh, S. O., Ado, S. A., Ameh, J. B., and Whong, C. M. Z. (2012). Characteristics

and diversity of Yeast in locally fermented beverages sold in Nigeria. World J.

Engin. Pure Appl. Sci. 2, 40–44.

Kayode, A. P. P., Adegbidi, A., Linnemann, A. R., Nout, M. J. R., and

Hounhouigan, D. J. (2005). Quality of farmers varieties of sorghum and derived

foods as perceived by consumers in Benin. Ecol. Food Nutr. 44, 271–294.

doi: 10.1080/03670240500187302

Kayodé, A. P. P., Hounhouigan, D. J., Nout, J. R., and Niehof, A. (2007).

Household production of sorghum beer in Benin: technological

and socio-economic aspect. Int. J. Consum. Stud. 31, 258–264.

doi: 10.1111/j.1470-6431.2006.00546.x

Kayodé, A. P. P., Vieira-Dalodé, G., Linnemann, A. R., Kotchoni, S. O.,

Hounhouigan, A. J. D., van Boekel, M. A. J. S., et al. (2011). Diversity of

yeasts involved in the fermentation of tchoukoutou, an opaque sorghum

beer from Benin. Afr. J. Microbiol. Res. 5, 2737–2742. doi: 10.5897/AJMR

11.546

Kere-Kando, C., Greve-Johansen, P., Compaoré, C. S., Sawadogo-Lingani, H.,

Ouédraogo, G. A., Diawara, B., et al. (2020). Predominance of Bacillus spp.

during the production of mantchoua, a traditional kapok seed fermented

condiment from Burkina Faso. J. Microbiol. Biotechnol. Food Sci. 9, 1009–1015.

doi: 10.15414/jmbfs.2020.9.5.1009-1015

Kolawole, O. M., Kayode, R. M. O., and Akindayo, B. (2007). Proximate and

microbial analyses of burukutu and pito produced in Ilorin, Nigeria. Afr. J.

Biotechnol. 6, 587–590.

Frontiers in Sustainable Food Systems | www.frontiersin.org 23 May 2021 | Volume 5 | Article 672410

https://doi.org/10.1016/0740-0020(91)90049-8
https://doi.org/10.1002/jsfa.2740590405
https://doi.org/10.1006/jcrs.1996.0101
https://www.ajol.info/index.php/ajb/article/view/137858
https://www.ajol.info/index.php/ajb/article/view/137858
https://doi.org/10.1111/j.1365-2621.1978.tb07388.x
https://doi.org/10.1080/03670244.1994.9991401
https://doi.org/10.2202/1556-3758.1408
http://www.slire.net/document/2263
https://doi.org/10.1094/A.S.B.C.J.-50-0110
https://doi.org/10.1111/j.1365-2621.1969.tb01517.x
https://doi.org/10.1016/S0308-8146(98)00118-6
https://doi.org/10.1016/S0032-9592(03)00202-4
http://www.fao.org/docrep/T0818F/T0818F00.htm
https://doi.org/10.1002/jobm.19730130705
https://www.rtbf.be/info/monde/afrique/
https://www.rtbf.be/info/monde/afrique/
https://doi.org/10.1002/j.2050-0416.1986.tb04428.x
https://doi.org/10.1016/j.syapm.2005.05.003
https://doi.org/10.1016/j.ijfoodmicro.2013.05.005
http://hdl.handle.net/10419/111431
http://www.museum.agropolis.fr/pages/savoirs/bi�res/hvoyages2
http://www.museum.agropolis.fr/pages/savoirs/bi�res/hvoyages2
https://doi.org/10.1016/S0168-1605(01)00707-3
https://doi.org/10.1016/S0956-7135(97)00017-0
https://doi.org/10.1016/S0032-9592(00)00267-3
https://doi.org/10.1016/S1567-1356(02)00185-X
https://doi.org/10.1080/03670240500187302
https://doi.org/10.1111/j.1470-6431.2006.00546.x
https://doi.org/10.5897/AJMR11.546
https://doi.org/10.15414/jmbfs.2020.9.5.1009-1015
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Sawadogo-Lingani et al. Sustainable Production of African Sorghum Beers

Konlani, S., Delgenes, J. P., Moletta, R., Traoré, A., and Doh, A. (1996).

Isolation and physiological characterization of yeasts involved in sorghum beer

production. Food Biotechnol. 10, 29–40. doi: 10.1080/08905439609549899

Kouame, K. B., Koko, A. C., Masse, D., and Assidjo, N. E. (2015). Batch

fermentation process of sorghum wort modeling by artificial neural network.

Eur. Sci. J. 11, 75–93.

Lango-Yaya, E., Bondom, R., Le, B., Agboko, F. M., Worowounga, X., Yangakola,

M., et al. (2020). Contribution à l’étude des caractéristiques physico-chimiques

et microbiologiques des boissons traditionnelles faites à base de sorgho: cas de

Bili-Bili et de son dérivé le Dora-Bonga. Afr. Sci. 17, 35–46.

Lasekan, O. O. (1991). A preliminary study of the comparative mating qualities

of Sorghum bicolor and Sorghum guineensis. Food Chem. 39, 241–247.

doi: 10.1016/0308-8146(91)90142-B

Lee, B. H., Carr, T. P., Weller, C. L., Cuppett, S., Dweikat, I. M., and Schlegel, V.

(2014). Grain sorghum whole kernel oil lowers plasma and liver cholesterol

in male hamsters with minimal wax involvement. J. Funct. Foods 7, 709–718.

doi: 10.1016/j.jff.2013.12.014

Leguizamón, C., Weller, C. L., Schlegel, V. L., and Carr, T. P. (2009).

Plant sterol and policosanol characterization of hexane extracts from grain

sorghum, corn and their DDGS. J. Amer. Oil Chem. Soc. 86, 707–716.

doi: 10.1007/s11746-009-1398-z

Lyumugabe, F., Gros, J., Nzungize, J., Bajyana, E., and Thonart, P. (2012).

Characteristics of African traditional beers brewed with sorghum malt: A

review. Biotechnol. Agron. Soc. Environ. 4, 509-530.

Lyumugabe, F., Uyisenga, J. P., Songa, E. B., and Thonart, P. (2014). Production of

traditional sorghum beer ‘Ikigage’ using Saccharomyces cerevisae, Lactobacillus

fermentum and Issatckenkia orientalis as starter cultures. Food Nutr. Sci. 5,

507–515. doi: 10.4236/fns.2014.56060

Lyumugabe, L., Kamaliza, G., Bajyana, E., and Thonart, P. H. (2010).

Microbiological and physico-chemical characteristics of Rwandese traditional

beer “Ikigage.”Afr. J. Biotechnol. 9, 4241–4246. Available online at: https://www.

ajol.info/index.php/ajb/article/view/82637

Mahgoub, S. E. O., and Elhag, S. A. (1998). Effect of milling, soaking, malting,

heat treatment and fermentation on phytate level of flour Sudanese sorghum

cultivars. Food Chem. 61, 77–80. doi: 10.1016/S0308-8146(97)00109-X

Malleshi, N. G., Daodu, M. A., and Chandrasekhar, A. (1989). Development

of weaning food formulation based on malting and roller drying

of sorghum and cowpea. Int. J. Food Sci. Technol. 24, 511–519.

doi: 10.1111/j.1365-2621.1989.tb00674.x

Malleshi, N. G., and Desikachar, H. S. R. (1986). Studies on comparative malting

characteristics of some tropical cereals and millets. J. Inst. Brew. 92, 174–176.

doi: 10.1002/j.2050-0416.1986.tb04393.x

Mandel, J. L. (2004). Mobility matters: women’s livelihood

strategies in Porto-Novo, Benin. Gender Place Cult. 11, 257–287.

doi: 10.1080/0966369042000218482

Maoura, N., Mbaiguinam, M., Gaillardin, C., and Pourquie, J. (2006). Suivi

technique, analytique et microbiologique de la bili bili, bière traditionnelle

tchadienne. Afr. Sci. 20, 69–82. Available online at: https://www.ajol.info/index.

php/afsci/article/view/61135

Maoura, N., Mbaiguinam, M., Nguyen, H. N., Gaillardin, C., and Pourquie,

J. (2005). Identification and typing of the yeast strains isolated from bili-

bili, a traditional sorghum beer of Chad. Afr. J. Biotechnol. 4, 646–656.

doi: 10.5897/AJB2005.000-3117

Maoura, N., and Pourquie, J. (2009). “Sorghum beer: production, nutritional

value and impact upon human health,” in Beer in Health Disease Prevention,

ed V. R. Preedy (Burlington, MA: Elsevier Academic Press), 53–60.

doi: 10.1016/B978-0-12-373891-2.00005-5

Matumba, L., Monjerezi, M., Khonga, E. B., and Lakudzala, D. D. (2011).

Aflatoxins in sorghum, sorghum malt and traditional opaque beer in southern

Malawi. Food Control 22, 266–268. doi: 10.1016/j.foodcont.2010.07.008

Mbofung, C. M., and Fombang, E. N. (2003). “Improving the digestibility

and availability of nutrients from sorghum flour through improved

malting techniques,” in 2nd Food-based Approaches for a Healthy Nutrition

(Ouagadougou: Presses Universitaires de Ouagadougou), 489–502.

McFarlane, J. A., John, A. E., and Marder, R. C. (1995). “Storage of sorghum

and millets: including drying for storage, with particular reference to tropical

areas and the mycotoxin problem,” in Sorghum and Millets: Chemistry and

Technology, ed Dendy (Saint Paul, MN: American Association of Cereal

Chemists), 169–183.

Morero, L. M., payumo, E. M., Aguinalpo, A. R., Matsumoto I, and Homma, S.

(1991). Anti-nutritional factor in weaning foods prepared from germinated

cereals and legumes. Food Sci. Technol. Leb. 24, 177–181.

Morrall, B., Boyd, H. K., and Taylor, J. R. N. (1986). Effect of germination time,

temperature and moisture on malting of sorghum. J. Inst. Brew. 92, 439–445.

doi: 10.1002/j.2050-0416.1986.tb04437.x

Nanadoum, M. (2001). La “bili bili,” bière traditionnelle tchadienne: etudes

technologiques et microbiologiques (Thèse de 3ème cycle). Paris: INA PG. p. 171.

N’Guessan, F. K., Brou, K., Jacques, N., Casaregola, S., and Djè, M. K. (2011).

Identification of yeasts during alcoholic fermentation of tchapalo, a traditional

sorghum beer from Côte d’Ivoire. Antonie Van Leeuwenhoek 99, 855–864.

doi: 10.1007/s10482-011-9560-7

N’Guessan, F. K., Coulibaly, H. W., Alloue-Boraud, M. W. A., Cot, M.,

and Djè, K. M. (2016). Production of freeze-dried yeast culture for the

brewing of traditional sorghum beer, tchapalo. Food Sci. Nutr. 4, 34–41.

doi: 10.1002/fsn3.256

N’Guessan, F. K., N’dri, D. Y., Camara, F., and Djè, M. K., (2010).

Saccharomyces cerevisiae and Candida tropicalis as starter cultures for

the alcoholic fermentation of tchapalo, a traditional sorghum beer.

World J. Microbiol. Biotechnol. 26, 693–699. doi: 10.1007/s11274-009-

0224-y

N’Guessan, K. F. (2009). Analyse de quelques paramètres de la fermentation

alcoolique conduisant au tchapalo (bière traditionnelle à base de sorgho) et des

potentialités à la formulation d’une culture starter à partir des levures isolées

(Thèse de Doctorat). Abidjan: Université d’Abobo-Adjamé.

Nout, M. J. R. (1980). Microbiological aspects of the traditional manufacture

of Busaa, a Kenyan opaque maize beer. Chem. Mikrobiol. Technol. Lebensm.

6, 137–142.

Nout, M. J. R. (1987). Composition of foods: African traditional beers. Food Lab.

Newsl. 8, 18–20.

Novellie, L. (1968). Bantu beer; food or beverage? Food Ind. South Afr. 16:28.

Novellie, L., and De Schaepdrijver, P. (1986). Modern developments in traditional

African beers. Prog. Modern Indus. Microbiol. 23, 73–157.

Nso, E. J., Ajebesome, P. E., Mbofung, C. M., and Palmer, G. H. (2003).

Properties of three Sorghum cultivars used for the production of

bili-bili beverage in Northern Cameroon. J. Inst. Brew. 109, 245–250.

doi: 10.1002/j.2050-0416.2003.tb00165.x

Odibo, F. J. C., Nwankwo, L. N., and Agu, R. C. (2002). Production of malt extract

and beer from Nigerian sorghum varieties. Process Biochem. 37, 851–855.

doi: 10.1016/S0032-9592(01)00286-2

Odunfa, S. A. (1985). “African fermented food,” in Microbiology of Fermented

Foods, Vol. 2, ed B. J. B. Wood (London: Applied Science Publishers, London

Elsevier), 155–191.

Ogbonna, A. C., Obi, S. K. C., and Okolo, B. N. (2004). Optimization of

proteolytic activities in malting sorghum. Process Biochem. 39, 711–716.

doi: 10.1016/S0032-9592(03)00181-X

Ogundiwin, J. O., Ilori, M. O., Fessehatzion, B., Babalola, G. O., and Olajuyigbe,

A. O. (1991). Effect of chemical treatments on the micro-organisms associated

with malting of sorghum grains and sorghum malt. J. Appl. Bacteriol. 71,

139–143. doi: 10.1111/j.1365-2672.1991.tb02969.x

Okungbowa, J., Obeta, J. A. N., and Ezeogu, L. I. (2002). Sorghum beta -

amylase production: relationship with grain cultivar, steep regime, steep

liquor composition and kilning temperature. J. Inst. Brew. 108, 362–370.

doi: 10.1002/j.2050-0416.2002.tb00562.x

Oluwafemi, A. A. (2020). African sorghum-based fermented foods: past, current

and future prospects. Rev. Nutr. 12:1111. doi: 10.3390/nu12041111

Oriola, O. B., Boboye, B. E., and Adetuyi, F. C. (2017). Bacterial and fungal

communities associated with the production of a Nigerian fermented beverage,

“otika.” Jordan J. Biolog. Sci. 10, 127–133.

Orji, M. U., Mbata, T. I., Aniche, G. N., and Ahonkhai, I. (2003). The

used of starter cultures to produce ‘Pito’, a Nigerian fermented alcoholic

beverage.World J. Microbiol. Biotechnol. 19, 733–736. doi: 10.1023/A:10251725

06965

Osseyi, E. G., Tagba, P., Karou, S. D., Ketevi, A. P., and Lamboni, C. R.

(2011). Stabilization of traditional sorghum beer, “tchoukoutou” using rustic

Frontiers in Sustainable Food Systems | www.frontiersin.org 24 May 2021 | Volume 5 | Article 672410

https://doi.org/10.1080/08905439609549899
https://doi.org/10.1016/0308-8146(91)90142-B
https://doi.org/10.1016/j.jff.2013.12.014
https://doi.org/10.1007/s11746-009-1398-z
https://doi.org/10.4236/fns.2014.56060
https://www.ajol.info/index.php/ajb/article/view/82637
https://www.ajol.info/index.php/ajb/article/view/82637
https://doi.org/10.1016/S0308-8146(97)00109-X
https://doi.org/10.1111/j.1365-2621.1989.tb00674.x
https://doi.org/10.1002/j.2050-0416.1986.tb04393.x
https://doi.org/10.1080/0966369042000218482
https://www.ajol.info/index.php/afsci/article/view/61135
https://www.ajol.info/index.php/afsci/article/view/61135
https://doi.org/10.5897/AJB2005.000-3117
https://doi.org/10.1016/B978-0-12-373891-2.00005-5
https://doi.org/10.1016/j.foodcont.2010.07.008
https://doi.org/10.1002/j.2050-0416.1986.tb04437.x
https://doi.org/10.1007/s10482-011-9560-7
https://doi.org/10.1002/fsn3.256
https://doi.org/10.1007/s11274-009-0224-y
https://doi.org/10.1002/j.2050-0416.2003.tb00165.x
https://doi.org/10.1016/S0032-9592(01)00286-2
https://doi.org/10.1016/S0032-9592(03)00181-X
https://doi.org/10.1111/j.1365-2672.1991.tb02969.x
https://doi.org/10.1002/j.2050-0416.2002.tb00562.x
https://doi.org/10.3390/nu12041111
https://doi.org/10.1023/A:1025172506965
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Sawadogo-Lingani et al. Sustainable Production of African Sorghum Beers

wine-making method. Adv. J. Food Sci. Technol. 3, 254–258. Available

online at: https://www.airitilibrary.com/Publication/alDetailedMesh?docid=

20424876-201108-201601260022-201601260022-254-258

Owuama, C. I., and Ashemo, I. (1994). Studies on malting conditions

for sorghum. Food Chem. 49, 257–260. doi: 10.1016/0308-8146(94)

90169-4

Oyewole, O. A., and Isah, P. (2012). Locally fermented foods in Nigeria and their

significance to national economy: a review. J. Recent Adv. Agric. 1, 92–102.

Pale, S., Kabore, D. P., Taonda, S. J. B., Bougouma, B., and Mason, S. C. (2011).

Economic assessment of malt and traditional beer (dolo) production in Burkina

Faso. J. Dev. Agric. Econ. 3, 689–694. doi: 10.5897/JDAE11.101

Pale, S., Sibiri, J.-B. T., Bougouma, B., and Maso, S. C. (2010). Sorghum malt and

traditional beer (dolo) quality assessment in Burkina Faso. Ecol. Food Nutr. 49,

129–141. doi: 10.1080/03670241003697573

Palmer, G. H. (1989). “Cereals in malting and brewing,” in Cereal Science and

Technology, G. H. Palmer (Aberdeen: Aberdeen University Press), 61–242.

Panasiuk, O., and Bills, D. D. (1984). Cyanide content of sorghum

sprouts. J. Food Sci. 49, 791–793. doi: 10.1111/j.1365-2621.1984.tb

13212.x

Pathirana, R. A., Sivayogasundaram, K., and Jayatissa, P. M. (1983). Optimisation

of conditions for malting of sorghum. J. Food Sci. Technol. 20, 108–111.

Pelembe, L. A. M., Dewar, J., and Taylor, J. R. N. (2004). Effect of germination

moisture and time on pearl millet malt quality - with respect to its

opaque and lager beer brewing potential. J. Inst Brew. 110, 320–325.

doi: 10.1002/j.2050-0416.2004.tb00627.x

Pontieri, P., and Del Giudice, L. (2016). Sorghum: a novel and healthy food. Encycl.

Food Health 5, 33–42. doi: 10.1016/B978-0-12-384947-2.00637-1

Ratnavathi, C. V., and Sashidhar, R. B. (2000). Changes in enzyme

activities and aflatoxin elaboration in sorghum genotypes following

Aspergillus parasiticus infestation. J. Sci. Food Agric. 80, 1713–1721.

doi: 10.1002/1097-0010(20000915)80:12<1713::AID-JSFA698>3.0.CO;2-T

Rodrigue Christian, K. T., Chabi, N., Agbadjizo, J., Ahoussi-Dahouenon, E.,

Mohamed, S., and Sohounhloue, D. K. C. (2014). Influence of Hemizygia

bracteosa (Benth) leaf on the quality of sorghum beer “tchakpalo” produced

in Benin. Int. J. Innov. Appl. Stud. 7, 453–463.

Rooney, L. W., and Serna-Saldivar, S. O. (1991). “Sorghum,” inHandbook of Cereal

Science and Technology, eds K. L. Lorenz, and K. Kulps (New York, NY: Marcel

Dekker Inc.), 233–270.

Sanni, A. I. (1993). The need for process optimization of African

fermented foods and beverages. Int. J. Food Microbiol. 18, 85–95.

doi: 10.1016/0168-1605(93)90213-Z

Sanni, A. I., and Lonner, C. (1993). Identification of yeasts isolated from

Nigerian traditional alcoholic beverages. Food Microbiol. 10, 517–523.

doi: 10.1006/fmic.1993.1057

Sanogo, O., Traoré-Zizien, T., Roamba, C., and Zerbo, D. (2011). Etude de la

Production de dolo Dans la Région Centre et Dans la zone de Bobo-Dioulasso.

Ouagadougou: IRSAT.

Sawadogo-Lingani, H. (2010). La fermentation lactique dans le procédé traditionnel

de fabrication de la bière de sorgho (dolo, pito): caractérisation des

bactéries lactiques pour la sélection de cultures starter (Thèse de Doctorat

d’Etat). Ouagadougou: Sciences Biologiques Appliquées. Option Biochimie-

Microbiologie (Microbiologie et Technologie alimentaire), Université de

Ouagadougou, UFR-SVT. 167p.

Sawadogo-Lingani, H., Diawara, B., Traoré A. S., and and Jakobsen, M.

(2008a). Technological properties of Lactobacillus fermentum involved

in the processing of dolo and pito, West African sorghum beers,

for the selection of starter cultures. J. Appl. Microbiol. 104, 873–882.

doi: 10.1111/j.1365-2672.2007.03638.x

Sawadogo-Lingani, H., Diawara, B., Traoré, A. S., and and Jakobsen, M. (2010).

Predominant lactic acid bacteria associated with the traditional malting of

sorghum grains. Afr. J. Microbiol. Res. 4, 169–179. doi: 10.5897/AJMR.90

00561

Sawadogo-Lingani, H., Diawara, B., Traoré, S. A., and Jakobsen, M. (2008b).

Utilisation de souches sélectionnées de Lactobacillus fermentum et un isolat

de levure comme cultures starter dans la production du dolo, une boisson

fermentée à base de sorgho. Sci. Tech. Sci. Appl. Technol. 2, 61–84.

Sawadogo-Lingani, H., Lei, V., Diawara, B., Nielsen, D. S., Møller, P. L., Traoré,

A. S., et al. (2007). The biodiversity of predominant lactic acid bacteria in dolo

and pito wort, for production of sorghum beer. J. Appl. Microbiol. 103, 765–777.

doi: 10.1111/j.1365-2672.2007.03306.x

Schwartz, H. M. (1956). Kaffircorn malting and brewing studies. I-The Kaffir

beer brewing industry in South Africa. J. Sci. Food Agric. 7, 101–105.

doi: 10.1002/jsfa.2740070202

Sefa-Dedeh (1991). “Cereal-based traditional beverages from Ghana: process and

product characteristics of pito,” in Proceedings of IFS Regional Workshop on

African Traditional Foods: Quality and Nutrition, eds A. Westby, and P. J. A.

Reilly (Dar Es Salaam, Tanzania), 1–7.

Sefa-Dedeh, S., and Asante, S. (1988).Traditional alcoholic beverages from cereals in

Ghana: processing of pito and brukutu in the greater Accra Region, Ghana (KIFP

Food System Research Report, N◦1). Accra: The University of Ghana Press, 39.

Sefa-Dedeh, S., Sanni, A. I., Tetteh, G., and Sakyi-Dawson, E. (1999). Yeast in

the traditional brewing of pito in Ghana. World J. Microbiol. Biotechnol. 15,

593–597. doi: 10.1023/A:1008955300156

Shambe, T., Voncir, N., and Gambo, E. (1989). Enzyme and acid hydrolysis

of malted millet (Pennisetum typhoides) and sorghum (Sorghum

bicolor). J. Inst Brew. 95, 13–16. doi: 10.1002/j.2050-0416.1989.tb

04603.x

Simango, C. (1997). Potentiel use of traditional fermented foods

for weaning in Zambabwe. J. Soc. Sci. Med. 44, 1065–1068.

doi: 10.1016/S0277-9536(96)00261-4

Songre-Ouattara, T. L., Kabore, R., K. A. M. M. J., Konkobo– Yameogo

C, Ouedraogo, J., and et Gilles Trouche, G. (2016). Quelles variétés

de sorgho pour satisfaire les exigences des productrices de malt et de

dolo au Burkina Faso. J. Appl. Biosci. 106, 10286–10299. doi: 10.4314/jab.

v106i1.9

Sripriya, G., Antony, U., and Chandra, T. S. (1997). Changes in carbohydrate, free

amino acids, organic acids, phytate and HCl extractability of minerals during

germination and fermentation of finger millet (Eleusine coracana). Food Chem.

58, 345–350. doi: 10.1016/S0308-8146(96)00206-3

Steinkraus, K. H. (1995). “Classification of household fermentation techniques,”

in Background paper of WHO/FAO Workshop on Assessment of Fermentation

as Household Technology for Improving Food Safety (Pretoria: Department

of Health).

Steinkraus, K. H. (1996). Handbook of Indigenous Fermented Foods. 2nd edition

revised and enlarged. New York, NY: Marcel Dekker. 776p.

Steinkraus, K. H. (2002). Fermentation in world food processing. Compr.

Rev. Food Sci. Food Saf. 1, 23–32. doi: 10.1111/j.1541-4337.2002.tb0

0004.x

Subramanian, V., Sambasiva Rao, N., Jambunathan, R., Murty, D. S., and Reddy,

B. V. S. (1995). The Effect of malting on the extractability of proteins and

its relationship to diastatic activity in sorghum. J. Cereal Sci. 21, 283–289.

doi: 10.1006/jcrs.1995.0031

Svanberg, U., and Sandberg, A. S. (1989). “Improved iron availability in weaning

foods using germination and fermentation,” in Nutrient Availability: Chemical

and Biological Aspects, eds D. T. A Southgate, I. T. Johnson, and G. R. Fenwick

(Cambridge: UK Cambridge University Press), 72, 179–181.

Taur, A. T., Pawar, V. D., and Ingle, U. M. (1984). Effect of fermentation on

nutritional improvement of grain sorghum (Sorghum bicolor (L.) Moench).

Indian J. Nutr. Diet. 21, 129–136.

Taylor, J. R. N. (1983). Effect of malting on the protein and free amino

nitrogen composition of sorghum. J. Sci. Food Agric. 34, 885–892.

doi: 10.1002/jsfa.2740340817

Taylor, J. R. N. (1992). Mashing with malted grain sorghum. J. Amer. Soc. Brew.

Chem. 50, 13–18. doi: 10.1094/ASBCJ-50-0013

Taylor, J. R. N., and Dewar, J. (1994). Role of α-glucosidase in the fermentable

sugar composition of sorghum malt mashes. J. Inst. Brew. 100, 417–419.

doi: 10.1002/j.2050-0416.1994.tb00840.x

Taylor, J. R. N., Orovan, E., and Dewar, J. (1994). Changes in beta-glucan during

sorghum malting and sorghum beer brewing. South Afr. J. Food Sci. Nutr.

6, 99–102.

Taylor, J. R. N., and Robbins, D. J. (1993). Factors influencing beta-

amylase activity in sorghum malt. J. Inst. Brew. 99, 413–416.

doi: 10.1002/j.2050-0416.1993.tb01181.x

Tchuenbou, F. L. (2006). Maltage du mil et du sorgho: Mise au point d’outils

et méthodes et aptitude au maltage de quelques variétés du Burkina Faso et

du Bénin (Malting of millet and sorghum grains: development of tools and

Frontiers in Sustainable Food Systems | www.frontiersin.org 25 May 2021 | Volume 5 | Article 672410

https://www.airitilibrary.com/Publication/alDetailedMesh?docid=20424876-201108-201601260022-201601260022-254-258
https://www.airitilibrary.com/Publication/alDetailedMesh?docid=20424876-201108-201601260022-201601260022-254-258
https://doi.org/10.1016/0308-8146(94)90169-4
https://doi.org/10.5897/JDAE11.101
https://doi.org/10.1080/03670241003697573
https://doi.org/10.1111/j.1365-2621.1984.tb13212.x
https://doi.org/10.1002/j.2050-0416.2004.tb00627.x
https://doi.org/10.1016/B978-0-12-384947-2.00637-1
https://doi.org/10.1002/1097-0010(20000915)80:12<1713::AID-JSFA698>3.0.CO;2-T
https://doi.org/10.1016/0168-1605(93)90213-Z
https://doi.org/10.1006/fmic.1993.1057
https://doi.org/10.1111/j.1365-2672.2007.03638.x
https://doi.org/10.5897/AJMR.9000561
https://doi.org/10.1111/j.1365-2672.2007.03306.x
https://doi.org/10.1002/jsfa.2740070202
https://doi.org/10.1023/A:1008955300156
https://doi.org/10.1002/j.2050-0416.1989.tb04603.x
https://doi.org/10.1016/S0277-9536(96)00261-4
https://doi.org/10.4314/jab.v106i1.9
https://doi.org/10.1016/S0308-8146(96)00206-3
https://doi.org/10.1111/j.1541-4337.2002.tb00004.x
https://doi.org/10.1006/jcrs.1995.0031
https://doi.org/10.1002/jsfa.2740340817
https://doi.org/10.1094/ASBCJ-50-0013
https://doi.org/10.1002/j.2050-0416.1994.tb00840.x
https://doi.org/10.1002/j.2050-0416.1993.tb01181.x
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles


Sawadogo-Lingani et al. Sustainable Production of African Sorghum Beers

methods and study of malting properties of some varieties from Burkina Faso and

Benin) (These de Master of Science en Génie agroalimentaire méditerranéen et

tropical). Montpellier: CIRAD-CA. 118p

Thorsen, L., Kere-Kando, C., Sawadogo, H., Larsen, N., Diawara, B., Ouédraogo, G.

A., et al. (2015). Characteristics and phylogeny of Bacillus cereus strains isolated

from Maari, a traditional West African food condiment. Int. J. Food Microbiol.

196, 70–78. doi: 10.1016/j.ijfoodmicro.2014.11.026

Tisekwa, B. (1989). Improvement of traditional manufacturing of sorghum beer

(mtama) in Tanzania (PhD thesis). Vally: Ghent University (Belgium).

Togo, C. A., Feresu, S. B., and Mutukumira, A. N. (2002). Identification of lactic

acid bacteria isolated from opaque beer (chibuku) for potential use as a starter

culture. J. Food Technol. Africa 7, 93–97. Available online at: https://www.

semanticscholar.org/paper/Identification-of-Lactic-Acid-Bacteria-isolated-

for-Togo-Feresu/2c4962691a5280c602d8737038f55fa82d15aad1?p2df

Touwang, C., Nso, E. J., and Ndjouenkeu, R. (2018). Production Du Bili-

Bili, biere traditionnelle de sorgho du nord cameroun: diversité des

procédés de production et qualité des produits. Eur. Sci. J. 14, 207–224.

doi: 10.19044/esj.2018.v14n36p207

Traoré, T., Mouquet, C., Icard-Vernière, C., Traoré, A. S., and Trèche, S.

(2004). Changes in nutrient composition, phytate and cyanide contents

and alpha-amylase activity during cereal malting in small production

units in Ouagadougou (Burkina Faso). Food Chem. 88, 105–114.

doi: 10.1016/j.foodchem.2004.01.032

Trinder, D. W. (1988). A survey of aflatoxins in industrially brewed South

African sorghum beer and beer trainings. J. Inst. Brew. 95, 307–309.

doi: 10.1002/j.2050-0416.1988.tb04587.x

Uriyo, M., and Eigel, W. E. (1999). Duration of kilning treatment on

alpha-amylase, beta-amylase and endo-(1,3) (1,4)-beta-D-glucanase activity

of malted sorghum (Sorghum bicolor). Process Biochem. 35, 433–436.

doi: 10.1016/S0032-9592(99)00071-0

Uvere, P. O., Adenuga, O. D., and Mordi, C. (2000). The effect of

germination and kilning on the cyanogenic potential, amylase and alcohol

levels of sorghum malts used for burukutu production. J. Sci. Food

Agric. 80, 352–358. doi: 10.1002/1097-0010(200002)80:3<352::AID-JSFA434>3.

0.CO;2-I

Uzogara, S. G., Agu, L. N., and Uzogara, E. O. (1990). A review of

traditional fermented foods, condiments and beverages in Nigeria:

their benefits and possible problems. Ecol. Food Nutr. 24, 267–288.

doi: 10.1080/03670244.1990.9991145

van der Aa Kühle, A., Jespersen, L., Glover, R. L. K., Diawara, B., and Jakobsen,

M. (2001). Identification and characterization of Saccharomyces cerevisiae

strains isolated from West African sorghum beer. Yeasts 18, 1069–1079.

doi: 10.1002/yea.756

van der Walt, J. P. (1956). Kaffircorn malting and brewing studies. II-

Studies on the microbiology of Kaffir beer. J. Sci. Food Agric. 7, 105–113.

doi: 10.1002/jsfa.2740070203

vom Brocke, K., Vaksmann, M., Trouche, G., and Bazile, D. (2014). Préservation

de l’agrobiodiversité du Sorgho in situ au Mali et au Burkina Faso

par l’amélioration Participative des Cultivars Locaux/Safeguarding Sorghum

Agrobiodiversity in Mali and Burkina Faso and Landraces Participative Plant

Breeding IN ≪ Ressources génétiques des mils en Afrique de l’Ouest ≫ Gilles

Bezançon and Jean-Louis Pham. Marseille: Open Edition Book. p. 97–110.

doi: 10.4000/books.irdeditions.556

Waites, M. J., Morgan, N. L., Rockey, J. S., and Higton, G. (2001). Industrial

Microbiology: an Introduction. London: Blackwell Science.

Wang, Y. Y. D., and Fields, M. L. (1978). Enrichment of home-prepared

tortillas made from germinated corn. J. Food Sci. 43, 1630–1631.

doi: 10.1111/j.1365-2621.1978.tb02562.x

World Health Organization, W. H. O. (2009), Global Health Risks – Mortality and

Burden of Disease Attributable to Selected Major Risks. Geneva: Switzerland.

Yaméogo, G., Yélémou, B., Kaboré, O., and et Traoré, D. (2013). Bois d’énergie du

‘dolo’ et bois de service: deux modes de consommation de bois à Vipalogo au

Burkina Faso (Fuel wood for “dolo” preparation and timber: two types of wood

consumption in Vipalogo in Burkina Faso). Bull. Rech. Agron. Bénin 73, 1–13.

Yao, A. A., Egounlety, M., Kouame, L. P., and et Thonart, P. (2009). Les bactéries

lactiques dans les aliments ou boissons amylacés et fermentés de l’Afrique de

l’Ouest: leur utilisation actuelle. Ann. Méd. Vét. 153, 54–65.

Yao, A. K., Kadio, N., Coulibaly, A., and Agbo, G. N. (1995). “Production du

tchapalo à partir du sorgho en Côte d’Ivoire,” in Processing and Industrial

Utilization of Sorghum and Related Cereal in Africa. Proceeding of the

OUA/STRC-SAFGRAD Regional Symposium, eds J. M. Menyonga, T. Bezuneh,

C. C. Nwasike, P. M. Sedogo, and A. Tenkouano (Ouagadougou), 55–60.

Zaukuu, Z. J.-L., Oduro, I., and Ellis, W. O. (2016). Processing methods

and microbial assessment of pito (an African indigenous beer), at selected

production sites in Ghana. J. Inst. Brew. 122, 736–744. doi: 10.1002/jib.373

Zheng, J., Wittouck, S., Salvetti, E., Franz, C. M. A. P., Harris, H. M. B., Mattarelli,

P., et al. (2020). A taxonomic note on the genus Lactobacillus: Description of 23

novel genera, emended description of the genus Lactobacillus Beijerinck 1901,

and union of Lactobacillaceae and Leuconostocaceae. Int. J. Syst. Evol. Microbiol.

70, 2782–2858. doi: 10.1099/ijsem.0.004107

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2021 Sawadogo-Lingani, Owusu-Kwarteng, Glover, Diawara, Jakobsen

and Jespersen. This is an open-access article distributed under the terms of

the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Sustainable Food Systems | www.frontiersin.org 26 May 2021 | Volume 5 | Article 672410

https://doi.org/10.1016/j.ijfoodmicro.2014.11.026
https://www.semanticscholar.org/paper/Identification-of-Lactic-Acid-Bacteria-isolated-for-Togo-Feresu/2c4962691a5280c602d8737038f55fa82d15aad1?p2df
https://www.semanticscholar.org/paper/Identification-of-Lactic-Acid-Bacteria-isolated-for-Togo-Feresu/2c4962691a5280c602d8737038f55fa82d15aad1?p2df
https://www.semanticscholar.org/paper/Identification-of-Lactic-Acid-Bacteria-isolated-for-Togo-Feresu/2c4962691a5280c602d8737038f55fa82d15aad1?p2df
https://doi.org/10.19044/esj.2018.v14n36p207
https://doi.org/10.1016/j.foodchem.2004.01.032
https://doi.org/10.1002/j.2050-0416.1988.tb04587.x
https://doi.org/10.1016/S0032-9592(99)00071-0
https://doi.org/10.1002/1097-0010(200002)80:3<352::AID-JSFA434>3.0.CO;2-I
https://doi.org/10.1080/03670244.1990.9991145
https://doi.org/10.1002/yea.756
https://doi.org/10.1002/jsfa.2740070203
https://doi.org/10.4000/books.irdeditions.556
https://doi.org/10.1111/j.1365-2621.1978.tb02562.x
https://doi.org/10.1002/jib.373
https://doi.org/10.1099/ijsem.0.004107
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://www.frontiersin.org/journals/sustainable-food-systems#articles

	Sustainable Production of African Traditional Beers With Focus on Dolo, a West African Sorghum-Based Alcoholic Beverage
	Introduction
	Overview of African Traditional Sorghum Beers
	Typology of African Traditional Beers
	Socio-Cultural and Economic Importance of Traditional Sorghum Beer
	Physico-Chemical, Nutritional, and Organoleptic Characteristics

	Processing of African Traditional Sorghum Beer
	Raw Materials
	Traditional Malting of Sorghum Grain
	Brewing of African Traditional Sorghum Beer
	Packaging, Storage, and Shelf Life

	Safety of African Sorghum Beers
	Use and Valorization of By-Products From DOLO Production
	Constraints and Strategies for Sustainable Production of Sorghum Beer
	Conclusions
	Author Contributions
	References


