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Traditional fermented beverages are culturally and socially accepted products for consumption, drinking, entertainment, cus-
tomary practices, and for religious purposes. Te purpose of this review was to identify some cereal-based fermented beverages
and determine the diferences in their production technologies. Tere are many unique regional variations in the preparation of
each of the identifed fermented beverages. Tey are prepared from raw materials such as maize, millet, rice, and sorghum.
Majority of the fermented alcoholic beverages (binuburan, amba beer, sake, dolo, pito, and tchoukoutou) were produced using
spontaneous fermentation and industrial fermentation (use of starter cultures) techniques. Te various microbial communities
associated with the traditional fermentation processes were dominated by Limosilactobacillus fermentum and Lactiplantibacillus
plantarum for Lactic acid bacterial (LAB) species, Saccharomyces cerevisiae and Candida mycoderma for Saccharomyces and
Candida species (yeasts), respectively; and Aspergillus aceti and Rhizopus stolonifer for Aspergillus and Rhizopus species (molds),
respectively. Acetobacter, Pseudomonas, Klebsiella, Weissella, Achromobacter, Flavobacterium, Micrococcus, and Bacillus dom-
inated other microbial genera.Te involvement of lactic acid bacteria contributed to the safety and extension of the shelf life of the
fnal products. Most of these beverages were found to be very rich in proteins, carbohydrates, calories, and B-group vitamins
including thiamine, folic acid, ribofavin, and nicotinic acid. Tis article reviewed the available information, such as processing
techniques of African traditional beverages, the raw materials used to producing them, and the microorganisms associated with
the production processes.

1. Introduction

Traditional fermented foods and beverages are culturally and
socially accepted products for several reasons including
consumption, entertainment, customary practices, and for
religious purposes [1]. Production and drinking of alcoholic
and nonalcoholic beverages are widespread interest in en-
hancing the nutritional signifcance as well as impacting the
pleasure of drinking [2]. Fermented alcoholic and non-
alcoholic beverages include a wide range of fermented
products including wine and beer [3]. Tese ethnic alcoholic

beverages have a great ceremonial signifcance among Af-
rican ethnic groups [4].

Several traditional fermented beverages, both alcoholic
and nonalcoholic are produced at the household level in the
world. Each fermented beverage has several regional dif-
ferences in its production process. Terefore, there is a need
to identify these beverages with the raw materials used for
their production, various variations that exist among their
production techniques, the diversity of microbial fermenters
that were involved in each of the production techniques of
these beverages, and their health benefts.
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Te majority of these beverages are prepared basically
from cereals such as maize, millet, rice, and sorghum.
Species of lactic acid bacteria [5] and yeasts [6] are the major
microbial fermenters associated with the fermentation of
these beverages. Tey serve to improve the taste, favor,
acidity, digestibility, and texture of both alcoholic and
nonalcoholic beverages. Te majority of these beverages are
high in calories as well as B-group vitamins such as thiamine,
folic acid, ribofavin, and nicotinic acid.

Tis study sought to review the available information such
as the processing techniques involved in the production of
these beverages, species of the various microorganisms in-
volved in the fermentation processes, taxonomic tools used to
identify these microbes, and the nutritional diversity of these
traditional fermented beverages in the African countries.

2. Diversity of Traditional FermentedBeverages

Several types of cereal-based traditional fermented beverages
are produced and consumed worldwide. Mostly, the prep-
aration and fermentation of these beverages are done
spontaneously; hence, they are characterized with diferent
microbial communities. Te involvement of this microfora
determines the qualities of fermented products [7, 8]. Te
common processing stages characterizing them include
cooking raw materials to gelatinize the starch, adding
a source of enzymes to hydrolyze the gelatinized starch into
fermentable sugars, and allowing them to go through fer-
mentation [9]. In addition to microorganisms, the raw
materials used, the production techniques adopted and the
regions or countries where they are produced contribute to
the variations. For example, mahewu (Zimbabwe) is pro-
duced from maize meal and basic ingredient, ogi (Nigeria) is
manufactured from a three-day soaked maize grain [10]; and
Kwete (Uganda) produced from a roasted sourdough for its
unique golden-brown color and a typical Kwetey favor [11].
According to Aka et al. [12] and Kouame et al. [13], tchapalo
is also produced from two processing steps (i.e., a sponta-
neous lactic fermentation or backs-lopping is frstly initiated
to obtain a sweet wort which is nonalcoholic, followed by
alcoholic fermentation). Tese diferences in the production
process, microbial communities, raw materials, and the
regions of production lead to variations in sensory char-
acteristics and nutritional qualities of fnal products.

To iron out these diferences, the use of defned starters
of both lactic acid bacteria and yeasts or their combinations
has been suggested [12, 14, 15]. Tese starters have the
potential to rapidly acidify the fermenting products, elim-
inate or reduce considerable potential spoilage and patho-
genic bacteria, improve organoleptic properties and above
all, control the fermentation processes [12, 16, 17]. Some of
the popular cereal-based traditional fermented beverages
that are produced and consumed across the African con-
tinent are discussed below.

2.1. Oshikundu. Oshikundu is a popular daily traditional
cereal-based fermented and very low alcoholic beverage
made from pearl millet and malted sorghum meal produced

and consumed in Namibia [18]. Te ultimate product of
Oshikundu is produced through the processing of raw
materials, storage, and traditional milling of malted sor-
ghum and Mahangu meal. In the frst step, hot water is
added to the Mahangu meal, which is then allowed to cool to
room temperature while being stirred occasionally. After
that, a malted sorghum meal is added to the mix. Te
mixture is then blended after adding warm water. Both
techniques include the addition of bran, which is optional
depending on availability and preference for bran in
brewing. Te mixture is diluted with water based on the
amount of the starting material used and the desired volume
of the fnal product after previously fermented Oshikundu is
added. After that, the mixture is then left to ferment
spontaneously for one and a half hours [18]. Oshikundu,
however, has a very short shelf life of less than six hours [19].

2.2. Finger Millet Slurries. Finger millet fermented slurries
are mostly prepared and consumed by the people of Hwedza,
Zimbabwe. Te products are prepared from four diferent
varieties of fnger millet; red variety 1 (RV1), red variety 2
(RV2), white variety 1 (WV1), and white variety 2 (WV2). In
short, fermented slurries are made by adding water to an
aliquot of millet four and allowing the entire mixture to
ferment for 24 to 36 hours [20]. Te presence of foam on the
surface of the fermenting slurry indicated a successful fer-
mentation. Te fermenting wort is then cooked to make
porridge (Figure 1).

2.3. Pito. Pito is an indigenous light brown alcoholic slightly
bitter sweet-sour beverage with a fruity favor made from
malted, mashed maize, or sorghum fermentation. Kolawole
et al. [21] indicate that the people of northern Nigeria and
Ghana are themain producers of pito. Pito is made by soaking
cereal millet grains in water for two days. Te soaked grains
are malted in baskets lined with moistened banana leaves for
fve days. Te malted grains are crushed and cooked with
water. After cooling, the mash is fltered through a fne-mesh
basket, and the fltrate is left to ferment until it has a some-
what sour favor. Te mixture is then boiled to a concentrate.
Te cooled concentrate is mixed with a starter from the
previous brew and fermented overnight again. Pito is made
up of lactic acid, carbohydrates, and amino acids, with a 3%
alcohol concentration [21].

2.4. Burukutu. Burukutu is a traditional fermented alcoholic
beverage mainly by people of Northern Guinea Savannah of
Nigeria, but brewed and consumed in other African countries
such as Benin and Ghana. Te beverage is brewed with va-
rieties of sorghum and/or maize malts [22]. It has an acidic
taste due to the action of Lactobacillus species in particular,
and an opaque color due to suspended solids and yeast
components with a thin consistency [23, 24]. Indigenous
burukutu is produced by steeping sorghum grains in water
overnight, washing the soaked grains and draining to remove
excess water.Te grains are then spread on banana leaves and
watered while turning and waiting for germination. Te
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malted grains are then sun dried, grinded, and then mixed
with water and boiled for hours. After that, the mixture is
allowed to ferment for 48 hours. Burukutu is a murky liquid
with a vinegary favor and odor. It has high calories, B vi-
tamins, as well as vital amino acids contents [22].

2.5. Bantu Beer/Kafr Beer. Te Bantu tribe in South Africa
produces and consumes Bantu beer (also known as kafr
beer). It is an alcoholic pinkish-brown efervescent beverage
with a sour favor, thin gruel viscous, and an opaque ap-
pearance [25]. Malted sorghum or maize grains are used for
brewing Bantu beer. To speed up the amylolytic activities, the
malt is pulverized, slurried to a thin gruel, boiled, and chilled,
and a small amount of fresh, uncooked malt is added. Te
mixture is kept overnight, boiled, and allowed for alcoholic
fermentation.More pulverized uncookedmalt is added on the
third and fourth day and then strained on the ffth day to
remove the husks to get the beer ready for consumption [26].

2.6. Amgba. Amgba is a traditional fermented alcoholic
beverage of some ethnic groups of Cameroons [27, 28]. It is
brewed with either sorghum or millet malt. Two sequential
phases of fermentation under ambient conditions are used in
the manufacture of amgba. It has lactic acid fermentation and
alcohol fermentation stages [29]. Typically, alcoholic fermen-
tation begins by pitching wort with previously brewed or dried
yeast obtained from bili bili [30]. Te indigenous brewing
process has been described by Nanadoum [30] in Figure 2.

2.7. Tchoukoutou. Tchoukoutou is a cereal-based opaque
traditional alcoholic beverage produced in Benin and Togo.
Te principal raw materials include sorghum, millet or maize
malts [31].Te process involved in tchoukoutou production has

Cleaning of grains 

Milling of grains 

Addition of water 

Fermented by back-slopping

Finger millet grains

Finger millet four

Spontaneously fermented slurry (SFS)

Spontaneous fermentation 

Back-slopping fermented slurry (BFS)

Figure 1: Schematic fowchart for the preparation of fermented slurry (adapted from [20]).
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Filtration
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Figure 2: Flow sheet of traditional amgba beer preparation [30].
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been described by Kayodé et al. [31].Temalt of any of the raw
materials preferred for the production is milled into a fned
four, mixed with water, and left for a few hours for enzymatic
action.Temixture is gradually heated and fnally boiled. After
cooling, kpètè-kpètè is added for fermentation for about 14h
(Figure 3). It has about 4% (v/v) ethanol content (A. [31], and is
very rich in iron, solid, and crude protein [32].

2.8. Dolo. Dolo is an important and a popular cereal-based
traditional fermented beverage brewed and used in Burkina
Faso. Te traditional process (Figure 4) is similar to that of
ikigage beer. Briefy, sorghum malt four is mixed with water,
decanted, and the precipitate is mixed with water and heated
to gelatinize the starch, but the supernatant is kept unboiled
[33]. After cooling, the previous supernatant is added and
heated at 65−70°C for 12–16 h. Cooked wort is chilled and
fermented overnight. Te cooling wort is injected with
a typical leaven to initiate fermentation, which results in dolo
beer after 12–24 hours [34] fermentation.Dolo beer is opaque,
with a red color, and an alcohol content of 2–4% [33].

2.9. Bushera. Bushera is the most widely consumed tradi-
tional cereal-based fermented alcoholic beverage in Uganda’s
Western highlands. Sorghum or millet four is made by
mixing boiling water with germinated sorghum and millet
grains. Te mixture is then allowed to cool to room tem-
perature. After that, germinated millet or sorghum four is
added, and the mixture is allowed to ferment for 1–6 days at
room temperature and bushera is ready for consumption [35].

2.10. Ogi. Ogi is a sour, white starchy beverage made from
either fermented maize, sorghum, or millet. It is a common
cuisine in the West African countries, and it is also used as
a weaning food for babies.Te traditional method of making
ogi is soaking corn kernels in water for 1 to 3 days, then wet
grinding and fltering to remove the bran, hulls, and germ
[36]. Te pomace is then retained on the flter and discarded
as animal fodder, while the fltrate is then fermented for 48 to
72 hours to produce ogi. Prior to eating, ogi is diluted to an
8–10% solid content and boiled into a pap, or heated and
converted into a stif gel called “agidi” or “eko.” [36].

2.11. Mahewu. Mahewu (amahewu) is a sour beverage
prepared from corn four that is popular in Africa.
According to, mahewu is a fermented millet or sorghum
beverage consumed in Zimbabwe. It is made from maize
porridge that has been mixed with water. Tereafter, the
sorghum, millet malt, or wheat four is added, and the
mixture is allowed to ferment. Te natural fora of the malt
performs the spontaneous fermentation process at room
temperature [37]. Mahewu has a pH of roughly 3.5. It is
a daily adult food that is also often used for weaning and as
a preferred food for the sick due to its liquid condition and
favor. Traditional mahewu is produced in the same way as
industrialized mahewu, with the exception that the latter
uses a starting culture [38]. Mahewu is consumed between
24 and 48 h after preparation.

2.12. Kirario. Kirario is a lactic acid-fermented gruel made
frommaize and millet that is native to Kenya. It is frequently
used by the natives as a low-cost meal. Diferent groups of
people including adults who are recovering from circum-
cision are given as a special beverage. Kirario is traditionally
processed by wet milling green maize, then mixing it with
dried millet four and water and grinding it to fner particles.
At room temperature, the mixture is left to spontaneously
ferment for two days. To produce porridge, the fermented
slurry is cooked [39]. Traditional processed kirario has
a high acidity level of about 3.0 to 3.5. When proper hygiene
protocols are followed, kirario might have a shelf life of
about one week or more [39].

2.13. Kunun-Zaki. Kunu-zaki is a native nonalcoholic fer-
mented drink popular in northern Nigeria [40]. It is a millet-
based beverage which is consumed within few hours of
production [41]. Kunu is consumed in place of soft drinks
[40]. According to Agarry et al. [4]; fermentation by chance

Sorghum grain
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Germination (3-4 days) 

Dry for 7-15 h 

Milling

Addd water

Decantation
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Boil for 2 hours 

Mash at 65-70 °C 

Ferment for 14 hours

Filtrate and boil for 6-9 hours

Allow to cool at 30°C 

Add “kpètè-kpètè”

Ferment for 14 hours

Supernatant

Tchoukoutou

Figure 3: Flow sheet of traditional production processes of
tchoukoutou beer [31].
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inoculation and rudimentary equipment are used in kunu
production process (Figure 5). It has a short shelf life [2],
however, hydrolytic enzymes have been used to increase the
nutritional and sensory quality of the product as well as
extend the shelf life [42]. According to Umoh et al. [43],
Kunun-zaki produced through a traditional fermentation
technique contains signifcant levels of spoilage and harmful
microbes, which may account for its short shelf life. Te
beverage contains high amounts of carbohydrates, protein,
fat, ash, zinc, calcium, iron, and manganese [44].

2.14. Ting. Ting is a traditional South African and Botswana
fermented sorghum beverage. It is known as “letting” in
South Africa. In preparation, sorghum four is mixed with
warm water to produce a slurry, which is then left to
spontaneously ferment in a warm environment for 2-3 days.
Alternatively, it can be inoculated with a previously fer-
mented batch of ting. Depending on the starting material,
the mixture can be fermented for about 6 to 24 h. While the
soured slurry is used to make ting porridges of various
consistencies, the soft porridge (motogo) is used for weaning
or as breakfast for adults [38].

2.15. Aliha. Aliha is a beverage spontaneously fermented
and used by several communities in Ghana. Te name Aliha
was derived from its native origins in the Ewe language of
Ketu in Ghana, Volta region. [45]. It is produced using corn
malt (“hali”) as the rawmaterial.Te setup is then allowed to
ferment which is known as “aha,” hence, the name (aliha).
During the production, maize is soaked overnight, and
allowed to sun dry (malted). Te malts are then ground or
milled, mashed, and allowed to boil until no foam is found
on the surface. Te wort is allowed to ferment for three days
after straining, and caramel or burnt sugar is added to obtain

Dehulled millet grains

Clean 

Steep 

Mill wet grains with spices 

Sieving 

Settling 

Decantation (for slurry)

Add boiled water

Addition of sweetener 

Kunun-Zaki

Figure 5: Flowchart for the traditional process of kunun-zaki [4].
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Figure 4: Flow sheet of traditional production processes of tra-
ditional dolo beer.
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the unique brown color and favor for consumption (Fig-
ure 6) [45]. Aliha has to be packaged and refrigerated im-
mediately after production else fermentation continues to
a level where it becomes too sour for human consumption
[46]. Aliha is regarded as a refreshing drink by the com-
munity members, as well as a source of necessary nutrients
and certain medicinal properties.

3. Classification of Traditional
Fermented Beverages

Indigenous fermented beverages are consumed all over the
world. Teir production processes difer from place to place
based on several factors including the raw materials used in
the production, where the raw materials are cultivated
(regions), the production techniques employed, the mi-
crobial composition whether exist naturally or added as
defned starters and many more. Tis section of the review
would take critical look at the diferent raw materials and
fermentation techniques employed in manufacturing the
traditional beverages across the African countries.

3.1. Classifcation by Raw Materials. Te indigenous fer-
mented beverages are unique to those who produce them in
a particular geographical location using the raw materials
readily available to them. Te traditional recipes developed
for processing fermented food and beverages are handed
down from generation to generation and still considered by
both developing and under-developed countries [47]. Most of
these indigenous recipes were developed around cereals as the
raw materials. However, as modernization and new tech-
nologies of food manufacturing begin to manifest, several
other raw materials (Table 1) are been used to produce the
same beverages probably with better qualities. Cereal utili-
zation started in Neolithic era and still continues to be the
most essential source of food worldwide [70]. Cereal-based
beverages play many important roles in human life and are
considered the major sources of energy for humans [71].Tey
form key components of human diets for several years and
continue to be the main sources of nutrition in both de-
veloped, developing, and underdeveloped countries [72]. Like
other sources of beverage, cereal-based fermented beverages
are used as special vessels for nutrition enhancement [73].
Table 1 presents the common and important cereals that are
regularly used for traditional fermented beverages.

3.2. Classifcation by Fermentation Type

3.2.1. Malted Alcoholic Fermented Beverages. Malting
according to MacLeod and Evans [74] and Taylor and Taylor
[75] is “a limited controlled germination of grains in moist air,
which results in the mobilization of amylases, proteases, and
other enzymes which hydrolyze and modify grain components
and its structure.” Te process has been used during the
production of food and beverages to develop enzymes needed
for fermentation, structural change in the endosperm of the
grains into a form that is more readily utilized or extracted in
the brewing process, and to develop distinctive malt colors,

aromas and favors [75]. Several African cereal-based alcoholic
beverages are produced through malting. During malting
processes, hydrolytic enzyme production or activation is
maximized leading to the degradation of cell wall and protein
solubilization with a minimal starch breakdown [76], an es-
sential component of fermentation.

Maie grains

Soakiing (overnight)

Straining

Germinating (5 –7 days)

Dry malts for about 4-7 days

Mill to coarse four

Mix with cold water

Boil and stir for about 3 – 4 hours

Cooling and straining 

Ferment for about 72 hours

Straining

Add caramel and sugar 

Aliha

Figure 6: Spontaneous production processing fow of aliha [45].

6 Journal of Food Quality



Meanwhile, the processes involved in the production of
malted alcoholic fermented beverages varied from one lo-
cation to another. However, they are basically produced by
subjection of the rawmaterials (cereals) to malting, mashing,
souring, straining, boiling, and fermentation [51]. African
malted alcoholic fermented beverages are manufactured by
spontaneous fermentation. Spontaneous alcoholic fermen-
tation involves species of LAB and yeasts [77]. It consists of
lactic acid fermentation caused by a range of environmental
microbes and alcoholic fermentation caused by dried yeast
or a fraction of earlier brew [78]. As lactic acid fermentation
results in production of nonalcoholic beverages, lactic acid
and alcoholic fermentations are set out for alcoholic bev-
erages [79]. According to N’Guessan et al. [80]; whereas
lactic acid fermentation is caused by a complex population of
environmental microbes as a source of souring taste and
storage longevity, alcoholic fermentation is initiated by
pitching the wort with a portion of previously fermented
brew or dried yeast harvested from the previously fermented
beverage. Men are the primary consumers of alcoholic

beverages [51, 81]. Tey are consumed at several social
gatherings including festivals, weddings, and funerals [77] in
Africa and many developing countries which produce them.

African fermented malted beverages have prolonged
shelf-lives due to the production of antimicrobial metabo-
lites (e.g., carbon dioxide, ethanol, and hydrogen peroxide)
by LAB; anti-infammatory, antidiarrheal, antibacterial,
antitumor, antispasmodic, laxative, antihemorrhoid, and
antioxidant properties [3, 82, 83]. Table 2 presents the list of
some malted traditional alcoholic beverages, the raw ma-
terials used for their preparations, their alcoholic compo-
sitions and fermentation periods.

3.2.2. Malted Nonalcoholic Fermented Beverages.
Traditional cereal-based nonalcoholic fermented beverages
are also prepared using spontaneous fermentation tech-
niques [77] just like alcoholic fermented beverages. Tey are
prepared from a single or combination of malted barley,
maize, millet, oats, rye, sorghum, and wheat [93, 94] as

Table 1: Type of cereals used for the production of African traditional fermented beverages.

Beverage Raw material Country Reference
Aliha Maize Ghana Madilo et al. [45]
Bushera Sorghum, millet four Uganda Marsh et al. [48]; Aka et al. [49]
Kwete Maize, millet Uganda Enujiugha and Badejo [50]
Malwa Finger millet Uganda Aka et al. [51]
Koko sour water Cereal (pearl millet) Ghana Marsh et al. [48]
Koko Maize Ghana Lei et al. [52]
Pito Maize, sorghum, maize, sorghum Ghana, Nigeria Kolawole et al. [21]; François et al. [53]
Ice-kenkey Maize Ghana Atter et al. [54]
Burukutu Sorghum Ghana Blandino et al. [55]
Mahewu Maize, sorghum/millet Zimbabwe Marsh et al. [48]
Doro Finger and bulrush millet/sorghum Zimbabwe Gadaga et al. [56]; Jane et al. [57]
Mangisi Millet Zimbabwe Aka et al. [49]
Togwa Maize four, fnger millet malt, Tanzania Marsh et al. [48]
Ogi, akamu Maize, sorghum, millet Nigeria Enujiugha and Badejo [58]
Kunun-zaki Millet, sorghum Nigeria Oguntoyinbo et al. [59]; Enujiugha and Badejo [50]
Burukutu Sorghum Nigeria Fadahunsi and Soremekun [60]
Oti-oka Maize, millet, sorghum Nigeria Ogunbanwo and Ogunsanya [61]
Gowe Sorghum Benin Republic Enujiugha and Badejo [58]
Tchoukoutou Sorghum (and millet or maize) Benin, Togo Polycarpe Kayode et al. [62]
Mageu Maize, wheat south South Africa Enujiugha and Badejo [50]
Bantu beer Sorghum, maize malt South Africa Taylor [25]
Umqombothi Sorghum, maize South Africa Shephard et al. [63]
Borde Maize, fnger millet, tef Ethiopia Enujiugha and Badejo [58]; Aka et al. [49]
Areki Millet, sorghum, maize Ethiopia Tafere [64]
Keribo Barley Ethiopia Tafere [64]
Tella Barley, maize, millet, sorghum Ethiopia Tafere [64]
Bogobe Sorghum Botswana Blandino et al. [55]
Dolo Red sorghum Burkina Faso Lyumugabe et al. [22]
Bel-saalga Pearl millet Burkina Faso Tou et al. [65]
Amgba Sorghum (and millet) Cameroon Lyumugabe et al. [22]; Aka et al. [51]
Sha Maize Cameroon Abia et al. [66]
Oshikundu Rice four + ginger Namibia Embashu et al. [18]; Embashu [19]
Oshikundu Millet, sorghum Namibia Mu et al. [67]; Embashu [18]
Bouza Wheat Egypt Blandino et al. [55]
Busa Rice or millet Egypt Blandino et al. [55]
Kishk Wheat Egypt Blandino et al. [55]
Busaa Maize Kenya Katongole [68]; Aka et al. [49]
Tchapalo Maize Cote d’Ivoire Aka et al. [69]; Aka et al. [51]
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essential sources of dietary proteins [95], energy, carbohy-
drates, vitamins, minerals, and fbre (arabinoxylan and
β–glucan) [77]. Tey are however defcient in lysine, an
essential amino acid [96, 97]. Tese beverages are drunk by
individuals of all ages, particularly youngsters, pregnant
women, the sick, and the elderly, and can be used to wean
children [49]. Tey improve lactation in mothers and pre-
vent coronary diseases and cancer.

Regulations and laws covering nonalcoholic beverages
vary from country to country. For instance, EU regulation
no. 1169/2011 states that an alcoholic beverage must have an
alcoholic strength of 1.2% and above; in Great Britain, al-
coholic content of nonalcoholic beverage should not be
more than 0.05%; Germany has a limit of 0.5%; Spain,
France, USA, China and Japan set a maximum of 1%; 1.2%;
0.5%, 0.5% [97], and 1% [98], respectively. Additionally,
boza has an alcohol content of not more than 1% in Turkey,
but up to 7% in Egypt [99]. Te variations in alcoholic
contents of cereal malted fermented beverages could be due
to several factors including microfora compositions [99].
Te combination of cereals with legumes, vegetables, fruits
and spices can also lead to these variations.

Nonalcoholic cereal-based fermented beverages serve as
alternatives to alcoholic beverages and are used to quench
thirst, as nutrition-added value, and have cultural signifcance
[100]. Trough fermentation, nonalcoholic beverages have
enhanced sensory characteristics, chemical properties, and
some bioactive compounds and therapeutic agents signifcant
for human health. Table 3 exhibits a few of these beverages,
their raw materials, duration of fermentation, and functional
compounds. Maize and millet dominated the cereals used as
raw materials used for the production of the selected bev-
erages (Table 3). Additionally, the uniqueness of the non-
alcoholic beverages depends largely on the selection of the
cereals, microbiota involved, fermentation duration and
temperature, and other additional food matrices [109–111].

3.3. Classifcation by Fermentation Techniques.
Fermentation is a biotechnology process which makes use of
metabolic activities of microfora and their enzymes to
breakdown the rawmaterials into a desired end product. It is
a metabolic activity by which energy is given out by partly
oxidizing carbohydrates and related compounds without the
assistance of an external acceptor [112]. It is an ancient
method used to produce fermented foods and beverages
across the globe [113]. As an ancient technique, it was used
for food preservation and still be used for same purpose
since it has the ability to produce organic acids, ethanol and
bacteriocins to either eliminate or reduce the pathogenic
microfora from the fnal fermented products [114], hence,
making them safe for human consumption.

Again, fermentation is a better and most cost-efective
method of producing and storing food for a longer period of
time [115, 116]. It has the ability to convert certain chemicals
in the raw materials into physiologically active metabolites.
For instance, LAB can synthesize phenolic substances such
as favonoids into active metabolites [117] which may en-
hance the nutrients and organoleptic characteristics of the

fnal products [118]. Fermentation has the potential to
eliminate digestive disorders, and reduce phytic stomach
acid, and fermentable carbohydrate concentrations such as
fermentable oligosaccharides, disaccharides, simple sugars,
and polylactic acid, leading to the reduction of gastroin-
testinal illnesses [119].

Fermentation of foods and beverages could be attained
using several techniques. It can be achieved by a spontane-
ous technique which is also referred to as the wild fer-
mentation technique [120] where the microfora are
naturally present in the raw materials, utensils used or the
production environment; back-sloping, or defned starter
cultures to produce several fermented products like sauer-
kraut, kimchi, kefr, kombucha, and natto [121]. Fermenta-
tion can also be achieved using either LAB (lactic acid
fermentation), Acetobacter species (acetic acid fermenta-
tion), yeasts (alcoholic fermentation) or bacillus species
(alkaline fermentation) [122, 123]. Tis section of the review
is set to look at some of these techniques.

3.3.1. Spontaneous Fermentation. Fermentation is a meta-
bolic process in which carbohydrates and other related
chemicals are partially oxidized and energy is released in the
absence of any external electron acceptors-organic sub-
stances created by carbohydrate breakdown [124]. Te
process usually uses living organisms or enzymes such as
bacteria, yeast, or molds to produce a specifc product.
Traditional fermented foods and beverages have been
a staple of the human diet since the dawn of time [125].
Traditional or indigenous fermentation aims at food pres-
ervation; to obtain inhibitory metabolites like organic acid,
ethanol, and bacteriocins for the overall safety of the fnal
products [126]. Traditional fermentation is classifed into
four categories which include alcoholic, lactic acid, acetic
acid, and alkali fermentations. While lactic acid fermenta-
tion is characterized by lactic acid bacteria (e.g., kimchi,
sauerkraut, and gundruk); yeasts are heavily involved in the
alcoholic fermentation leading to alcohol production (e.g.,
wines, beers, vodka, whiskey, brandy, and bread); acetic acid
fermentation engages acetic acid bacteria which converts
alcohol to acetic acid in the presence of oxygen (e.g., vin-
egar); and Bacillus spp. are also majorly used for alkaline
fermentation during the fermentation of soybeans, fsh, and
seeds, mostly called condiments [125].

Generally, fermentation could be achieved through ei-
ther spontaneous, back-sloping, or the use of starter cultures
(industrial process). Te competing actions of various mi-
crobial populations generally result in spontaneous fer-
mentations. Tis type of fermentation depends largely on
chance inoculation which involves mixed cultures. Te
microbiota involved in this method are from the raw ma-
terials, utensils, and the environment in which these bev-
erages are processed, hence, the quality of the fnal products
is difcult to predict or control, resulting in short shelf-life
and quality diversity of the fnal beverage. Sáez et al. [127]
reported that the microbial communities involved in
spontaneous fermentation were LAB, enteric, and sporu-
lated bacteria. Tey added that the dominant microfora
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associated with spontaneous fermentation includes species
of LAB such as Leuconostoc mesenteroides, Brevilactobacillus
brevis, and Lactiplantibacillus plantarum.

However, the length of spontaneous fermentation can be
shortened by inoculation through back-slopping and
starters. Te use of small quantities of previously fermented
raw materials in the new product or raw materials to be
fermented is what is referred to as back-sloping [128]. It is
a modifed form of spontaneous fermentation [129]. It has
been used to produce several food products including
sauerkraut, sourdough, koumiss, and beverages. In contrast,
the microbial qualities of these products have not been
properly understood [124]. According to Holzapfel [130];
back-slopping fermentation technology has been widely
utilized for generations due to its ease of application and
high yields, despite the fact that its microbial ecology is
unpredictable. Kim and Jazwinski [131] conducted a study in
which they evaluated the microbiological, nutritional,
physiochemical, and sensory qualities of innovative back-
slopped fermented kefr to those of traditional fermented
kefr. Kefr yields increased by 50%, and the microbiological,
nutritional, and physicochemical features were not sub-
stantially diferent from those of spontaneously fermented
kefr except for the amount of Lactobacillus kefri and yeast,
percentage carbohydrate, and pH.

3.3.2. Industrial Fermentation. Fermented foods and bev-
erages have been one of the popular consumed foods in
recent times [132]. Te fermentation methods used have
improved over the years to produce food products that are
safer, free from synthetic chemicals, and have higher nu-
tritional contents in order to meet the high demands of the
consumers [133]. Specifc microorganisms with special
functional properties are been used to achieve these ob-
jectives.Temost dominant bacterial general used heavily in
industrial fermentation is Limosilactobacillus which has the
ability to produce lactic acid from carbohydrates. Other
bacteria include the acetic acid-producing Acetobacter for
fruit and vegetable fermentation, and Bacillus species which
are used for legume fermentation [132]. Foodmanufacturing
industries also use benefcial yeasts such as Saccharomyces
cerevisiae as they produce several enzymes to biochemically
impact favor and aroma in wine beer and ethanol, and
leavening of bread [134].

Again, the efective application of various novel in-
novations such as co-culture, thermophilic fermentation,
molecular tools, genetic engineering, mutant selection, and
recombinant DNA technologies has enabled the design and
construction of tailor-made defned microbes that out-
perform those found naturally [132]. Moreover, commercial
or industrial processes of fermentation have employed
several species of microorganisms to improve the qualities of
fermented food and beverages. Te most common products
produced through the industrial processes includes but are
not limited to wine (Saccharomyces cerevisiae; [135]; beer
(Saccharomyces cerevisiae, Saccharomyces pastorianus; [136];
yogurt (Streptococcus thermophilus, Lactobacillus del-
brueckii; [137]; cheese (Lactococcus, Limosilactobacillus,

Streptococcus sp., Penicillium roqueforti; [135]; Acidophilus
milk (Lactobacillus acidophilus; [138]; sauerkraut (Leuco-
nostoc sp., Brevilactobacillus brevis, Lactiplantibacillus
plantarum; [139]; fsh sauce (Lactic acid bacteria (halo-
philic), Halobacterium salinarum, Halobacterium cutiru-
brum, Bacillus sp.; [140] and fermented meat
(Limosilactobacillus sp.,. Micrococcus sp., Staphylococcus sp.
[141].

As a result of industrial fermentation, the production of
seasonal beverages, particularly wine and beers, with varying
essential tastes and alcohol levels, such as strong beer brewed
from caramelized malt in the winter and lighter beers with
citrus favor in the summer [142] are possible. Again, some
yeast species are genetically modifed to reduce fermentation
time, produce desirable organoleptic properties in food and
beverages. Saccharomyces cerevisiaeML01, in particular, was
genetically modifed to reduce the generation of biogenic
amines, which are harmful compounds produced during
wine fermentation [143]. A diferent recombinant
S. cerevisiae strain was employed to minimize the devel-
opment of ethyl carbamate, a carcinogen formed during
wine fermentation [144]. Biomolecular approaches are
currently being utilized to investigate the fate of bacteria in
alcoholic beverages.

3.3.3. Fermentation by Starter Cultures. Starter cultures are
active and desirable microfora isolated from previously
fermented products (food and beverages) and is in-
tentionally added to the new raw materials at a high number
to improve upon the qualities desired by the consumers in
the fermented products [145]. Tey are purely used in
manufacturing fermented food and beverages [146]. Tey
could be single or combined pure cultures (defned as mi-
croorganisms) that are added to a raw or pasteurized
product to start and accelerate its fermentation process
[147]. Tey initiate and carry out the desired fermentation
essentials in manufacturing food and beverages [148]. Teir
metabolic activities have desired efects on the fnal fer-
mented products [149].

Lactic acid bacterial starters produce lactic acids which
lead to a rapid decrease in the pH of the raw materials
leading to assuring the safety of the fnal product. Moreover,
the bacteriocins they produce also cause stability of the
microbial content of the fnal products [150]. Te starter
cultures are normally seeded into the products to be fer-
mented and are allowed to multiply under controlled
conditions, which thereafter, impart the characteristic fea-
tures such as acidity (pH), aroma, consistency, and favor of
the resultant products. During the process of inoculation,
bacteria break down lactic acid in the substrates, resulting in
increased acidity which imparts preservative efects, im-
proving the nutritive and digestive qualities of the fnal
products. Some of the well-known defned starter cultures
that are used commercially for the production of fermented
food and beverages includes the strains of Limosilactoba-
cillus spp., Bifdobacterium spp., and Propionibacterium spp.
Lactobacillus acidophilus, Lacticaseibacillus casei, Limosi-
lactobacillus reuteri, Lacticaseibacillus rhamnosus and
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Lactiplantibacillus plantarum [151–153]. According to
Holzapfel [154], several researchers have reported that
Brevilactobacillus brevis, Limosilactobacillus fermentum
Lactiplantibacillus plantarum, Limosilactobacillus reuteri,
Pediococcus pentosaceus and P. acidilactici used as pure
starter cultures either singly or in combinations show im-
proved performance in lactic acid-fermented cereal and
vegetable products in African countries [155–159]. However,
Oyewole [160], Jespersen [161], Obilie et al. [162], and
Dzogbefa et al. [163] also reported Candida krusei, Candida
tropicalis, Pichia saitoi, Pichia anomala, Saccharomyces
cerevisiae, Zygosaccharomyces forentinus and Zygosacchar-
omyces spp. as mold and yeast cultures used in fermentation
of cassava tissues. Holzapfel [154] also revealed that yeast
species such as Saccharomyces, Candida, Torula, and Han-
senula, considered as starters improved the performance of
food products produced by plant-based materials containing
fermentable sugars. Te lactic acid fungi produce alcohol to
prevent bacterial and mold infection and improve storage
qualities.

Furthermore, the starter cultures’ primary and most
important function is to hydrolyze carbohydrates and
produce lactic acid in the fnal products. Coagulation,
moisture ejection, texture formation, and favor develop-
ment are all secondary impacts of acid production.Te lactic
acid produced increases the coagulation of milk, strengthens
the curd, and protects the fnished product from infection.
Te enzymes of lactic acid bacteria starters also help the
favor development of cheeses during the ripening process
by the activities of glycolysis, proteolysis, and lipolysis [164].
Again, the starters aid in pleasant taste, ofer protection
against potential pathogens and spoilage-causing microbes
thereby extending the product’s shelf life. Fermentative
activities of LAB and yeasts during fermentation are thought
to increase the quality, favor, hygiene, and safety of fer-
mented foods and beverages. Holzapfel [130] indicated that
West Africa’s cereal-based fermented foods and beverages
are produced by spontaneous fermentation and on small
industrial scales, hence, have varying quality and microbial
stability. Terefore, the use of a preparation containing
a large amount of known variable microfora is recom-
mended to promote rapid acidifcation of the raw materials
leading to fnal products with consistent quality and also
preventing the growth and proliferation of spoilage and
pathogenic bacteria, thereby prolonging the shelf life of the
fnal products [58, 165].

Again, M’hir et al. [145] have it that though some En-
terococcus species and strains are considered as pathogens,
most of them contribute signifcantly to the improvement of
the organoleptic properties of food and beverages. Tey
play important roles in the ripening of dairy products,
mostly through proteolytic and lipolytic activities, exo-
polysaccharide production, and citrate breakdown, hence,
giving a unique taste and favor to the fnal products
[166, 167].Te pH, color, titratable acidity, alcohol content,
and some organoleptic characteristics of “Pito” produced
by the use of starter preparations can be compared fa-
vorably to that produced using spontaneous fermentation
techniques [168].

Additionally, LAB strains selected as starter cultures are
able to proliferate during sourdough fermentation, acidify
the dough and inhibit microbial pathogens [169]. According
to Gallagher et al. [170], LAB starters such as E. faecium
strains in particular, exhibited a functional role in the fer-
mentation of Hussuwa through bacteriocin and other an-
timicrobial compounds production against Listeria innocua,
L. monocytogenes, and Staphylococcus aureus. Moreover,
they are also able to ferment indigestible oligosaccharides,
leading to an improved nutritional quality of sorghum fnal
products [169]. E. faecalis combined with Leuconostoc
mesenteroides as starters are able to produce sufcient lactic
acid, leaven the batter, and form a unique favor in idli [32].
It was also reported that the bacteriocin and other anti-
microbial compounds produced by LAB starter strains such
as faecium ST62BZ and faecium BFE 900 isolated from boza
were active against a number of food-borne pathogens in-
cluding Pseudomonas spp., Escherichia coli, and Klebsiella
pneumoniae [171]. Te enterocins produced by Enterococci
starter cultures promote inhibitory activity towards spoilage
or food-borne pathogens such as Listeria spp. and Clos-
tridium spp. [172, 173]. Teir activities towards pathogens
such as Escherichia coli and Vibrio cholerae have also been
brought to light by Javed et al. [173], Khan et al. [174], and
Vijayendra et al. [175]. Moreover, some of the defned
starters used successfully in producing specifc food prod-
ucts are summarized in Table 4. From the table, Limosi-
lactobacillus fermentum and Lactiplantibacillus plantarum
dominated the lactic acid bacterial starters, while Saccha-
romyces cerevisiae dominated the yeast starters considered
for the fermentation of the selected beverages.

4. Microbiology of Cereal-Based Traditional
Fermented Beverages

Te fermentation of the majority of cereal-based traditional
fermented foods and beverages is spontaneous, hence, in-
volves diferent species of microfora [189]. Te association
of diferent communities of microorganisms makes the
production process difcult to control, standardize, safe and
resulting in variable-end products. Te qualities of the fnal
fermented food and beverages are largely determined by the
microbial properties involved in the fermentation process.
Diferent production techniques, the raw materials
employed, and hygiene and sanitation practices employed
during production also contribute signifcantly to the mi-
crofora communities of the traditional fermented bever-
ages. However, the acidity of the fermenting products
increases when LAB dominates the initial stage through to
the fnal stage of the fermentation, thereby eliminating the
food spoilage and pathogenic microbiota and leading to the
safety of the products [190].

4.1. Microbiota Associated with Cereal-Based Traditional
Fermented Beverages. Te fermentation processes of tradi-
tionally fermented food and beverages involve the hydrolysis
of organic compounds into acids or alcohol through en-
zymatic actions of various microorganisms such as bacteria,
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yeasts, and molds [191]. Te quality of the fermented
products depends largely on the community of microbiota
involved in the fermentation processes [7].Which means the
diferences in the fnal-fermented products are as a result of
the variations in the microbial community associated with
the fermentation process. Tables 5 and 6 present the mi-
crobial communities associated with traditional fermented
alcoholic and nonalcoholic beverages.

Furthermore, Tables 5 and 6 reveal that bacteria, yeasts,
and molds were the major microbial compositions of the
selected traditional beverages. Te lactic acid bacteria were
dominated Lactobacilli (Lactiplantibacillus fermentum,
Brevilactobacillus brevis, Lactiplantibacillus plantarum, and
delbrueckii), followed by Lactococci, Leuconostoc, and Ped-
iococci with the least being Streptococci (Streptococcus bovis).
Lactobacillus and other LAB species are known and are very
important in food technology. Zalán et al. [213] reported
that LAB in cheese, yoghurt/fresh dairy products industries,
and production of probiotics represent a market of 55 billion
Euros, 25 billion Euros, and 20 billion Euros, respectively.
Again, while Saccharomyces cerevisiae and Candida myco-
derma dominated Saccharomyces and Candida species
(yeasts) respectively;Aspergillus aceti and Rhizopus stolonifer
dominated Aspergillus and Rhizopus species (molds) re-
spectively. Other microbial dominants found to be associ-
ated with the selected local fermented beverages include
Acetobacter, Pseudomonas, Klebsiella, Weissella, Achromo-
bacter, Flavobacterium, Micrococcus, and Bacillus.

4.1.1. Lactic Acid Bacteria (LAB). Lactic acid bacteria are
classifed according to their morphology, glucose fermen-
tation potentials, temperature tolerance, lactic acid syn-
thesis, ability to thrive at high salt concentrations, and acid
or alkaline tolerance [214, 215]. Aerococcaceae, Carno-
bacteriaceae, Enterococcaceae, Leuconostocaceae, Lactoba-
cillacea, and Streptococcaceae are the six families defned by
Parte [216]. Out of the six families, Enterococcaceae, Leu-
conostocaceae, Lactobacillacea, and Streptococcaceae account
for the majority of the genera and species involved in fer-
mentation. Te LAB genera in the other two families are
more closely linked to food deterioration. Among the four
families, seven genera such as Enterococcus, Oenococcus, and
Leuconostoc, Lactobacillus, Pediococcus, Lactococcus, and
Streptococcus from each of the four families, respectively,
were associated with food and beverage fermentation [216].
Studies have established that the appearance of microor-
ganisms, particularly LAB in fermented food and beverages
depend largely on their geographical locations [217]. Fuji-
moto et al. [218] isolated Lactobacillus species such as brevis,
alimentarius, pentosus, vaccinostercus, sanfranciscensis, and
sakei from fermented wheat and corn sourdough; Fujimoto
et al. [218] and Liu et al. [219] reported species of Lacto-
bacillus, Pediococcus, and Leuconostoc in wheat sourdough.
While Liu et al. [219] and Zhao et al. [220] identifed 217
strains of Lactiplantibacillus plantarum, Lacticaseibacillus.
pantheris, L. rafnolactis, Leu. mesenteroides, Leuconostoc
citreum, Leu. pseudomesenteroides,Weissella viridescens, and
Lactococcus lactis from wheat sourdough from Ya’an city of

China, Zhang et al. [221] and Yan et al. [222] reported
Lactobacillus spp., L. brevis, Latilactobacillus curvatus,
L. lactis ssp. lactis, Lactococcus lactis ssp. lactis,
E. casselifavus, E. durans, E. faecium, S. constellatus, and
S. equinus as the predominant LAB species in corn and rye
sourdoughs.

Te LABs are safe microbes playing very important roles
in food fermentation and preservation through natural
fermentation or added as defned starters [223]. Te pre-
servative ability of LAB is actually as a result of antimicrobial
compounds production which include hydrogen peroxide,
ethanol, diacetyl, c-aminobutyric acid, propionic acid,
benzoic acid, fatty acids, bacteriocins, and bacteriocin-like
inhibitory substances [224]. Again, these compounds are
produced to prevent the development of undesirable mi-
crobes thereby improving the shelf life and the overall safety
of the fnal beverage [225]. Te organic compounds pro-
duced could also improve food and beverage functionalities
[226, 227].

4.1.2. Fungi. Fungi are a broad group of microorganisms
that live in a variety of environments, including soil, plant
parts, water, food, and beverage sources [228–230]. Tem-
perature, pH, moisture, degree of aeration, and the amount
and kind of nutrients are all elements that infuence their
growth and distribution [231]. Fungi are a family of yeast
and molds naturally found in fermented food and beverages
or added as defned starter cultures.

(1) Yeasts. Yeasts are considered to be the primary spoilage
microbes. Te various spoilage-causing yeast genera that are
found in low-alcoholic and nonalcoholic beverages include
Zygosaccharomyces bailii, Saccharomyces, Brettanomyces,
Hanseniaspora, Hansenula, and Pichia. Several researchers
have also identifed Schizosaccharomyces pombe,
S. japonicus, Candida castellii, C. fructus, C. intermedia,
C. krusei, C. tropicalis, Geotrichum candidum, Hansenula
anomala, Kloeckera apiculata [122], Pichia membranifaciens,
P. ohmeri, Saccharomyces chevalieri, S. uvarum, Kluyver-
omyces africanus, Torulaspora delbrueckii and Rhodutorula
graminis as the predominant species associated with most of
the African fermented beverages [114, 232, 233].

Like bacteria, yeasts have advantageous and disadvan-
tageous efects in food fermentations. Tey can be applied in
the production of ethanol, single-cell protein (SCP), feeds,
industrial enzymes, and metabolites [114]. During the fer-
mentation of traditional food and beverages, they ferment
carbohydrates leading to the formation of alcohols and other
aroma compounds [114]. Yeasts like Pichia are seen as food
spoilage organisms while Candida spp. is utilized for single-
cell protein production [234]. Te most benefcial yeast in
terms of desirable food fermentations are from the family of
Saccharomyces, especially S. cerevisiae which is widely as-
sociated with bread making and alcohol in wine fermen-
tations. Saccharomyces cerevisiae var. ellipsoideus is
employed extensively in beverage (wine) production [235].
For beverages produced with maize and millets, Schizo-
saccharomyces pombe and S. boulderi have been identifed as
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the most dominant yeasts in the fermentation of the sub-
strates [236]. While Saccharomyces cerevisiae var. carlber-
genisis is associated with beer production,
Schizosaccharomyces pombe has been found to degrademalic
acid into ethanol and carbon dioxide and has been used
successfully to lower the acidity in the grape and plummusts
[237].

(2) Molds. Molds are white, delicate, fufy, cottony masses
suspended in alcoholic and nonalcoholic beverages. Teir
spores cannot grow in carbonated beverages but can survive.
Te most beverage contaminating molds found to be as-
sociated with alcoholic and nonalcoholic beverages are
Aspergillus ochraceus, A. tamarii, A. favus, Byssochlamys
nivea, B. fulva, Paecilomyces variotii, Neosartorya fscheri,
Eupenicillium brefeldianum, Phialophora mustea, Talar-
omyces favus, T. trachyspermus, and T. aurantiacum.Others
include Penicillium notatum, P. roqueforti, Rhizopus,
Fusarium, and Cladosporium spp. [232, 233].

Molds are equally essential microorganisms in food
processing, preservation, and spoilage. Te majority of the
species have the ability to produce enzymes of commercial
importance such as pectinase by Aspergillus niger [238].
Aspergillus species have been linked to the generation of
citric acid from waste materials such as apple pomace
[238, 239]. Tese species are frequently responsible for
undesired changes in foods that lead to spoiling, whereas
Penicillum species are involved in cheese ripening and favor
development. While Ceratocystis species are important in
fruit favor synthesis, Penicillium is the causal agent for toxin
formation such as patulin [240].

4.1.3. Pathogenic and Spoilage Microorganisms. Beverages
have high water activity and are often rich in nutrients
including vitamins and minerals so they are highly sus-
ceptible to microbial contamination and spoilage. Potential
microbes that can contaminate foods and beverages could
include species of bacteria and fungi. Bacterial species could
be E. coli, Salmonella, Shigella, and Staphylococcus [241],
while fungal contaminants could be several species of As-
pergillus and Saccharomyces [242]. Tese spoilage microbes
are well reported to be identifed with fermented food and
beverages [243, 244]. Microbial analysis of “Ikigage,” a tra-
ditional fermented beverage of Rwanda revealed several
species of spoilage microbes including lactic acid bacteria,
E. coli, fecal streptococci, Staphylococcus aureus, yeast, and
molds [92]. In “pito,” Minamo et al. [245] reported
Staphylococcus aureus, E. coli, B. subtilis, Streptococcus
species, Proteus species, Rhizopus stolonifer, Aspergillus
favus, Aspergillus niger, Saccharomyces cerevisiae, and
Mucor species as the predominant spoilage microorganisms
contaminated the beverage. Teir presence in the beverage
was as a result of improper handling during the production
[245]. Even in the acid environment, yeasts could con-
taminate foods and beverages leading to spoilage by pro-
ducing flm, causing color changes and of-favor [88].
Candida krusei, Candida pelliculosa, and Candida lipolytica
were the main causes of shalgam beverage spoilage [88].

E. coli [246] and Salmonella typhi [247] were also recorded as
the major spoilage bacteria in shalgam.

Pathogens are disease-causing organisms found in food.
Tey may include bacteria, viruses, and parasites and have
the potential to cause illnesses and even death [248]. E. coli
0157:H7, Salmonella enterica, Listeria monocytogenes, Yer-
sinia enterocolitica, and Staphylococcus aureus were found to
be the most predominant food pathogens contaminating
several beverages [249–253]. Te traditional techniques of
production and marketing by the local producers or traders
expose the beverage to pathogenic and spoilage microbes.
Specifcally, species of pathogenic microbes such as E. coli,
S. typhimurium, S. aureus, L. monocytogenes C. albicans, and
other Enterobacteriaceae were found to be associated with
several fermented beverages [254, 255].

Again, several factors could make food and beverages
liable to microbial contamination and spoilage. Food and
beverages are easily contaminated by spoilage microor-
ganisms during the production process, by the production
environment, raw materials for production, water and other
additives, processing equipment, poor hygienic handling,
packaging materials, and storage conditions [256–258]. It is
however required that food handlers must observe strict
hygiene protocols in the food value chain, particularly,
during food preparations.

5. Quality Issues of Cereal-Based Traditional
Fermented Beverages

Traditional cereal-based fermented foods and beverages
have been produced and consumed since the inception of
civilization [259]. Traditional foods and beverages produced
through fermentation serve several purposes. However, it
was majorly and currently used for preservation and safety
through the production of inhibitory metabolites by mi-
crobial communities associated with the fermentation
process [260]. When LAB and yeasts are added as starters or
dominate the spontaneous fermentation process, bacterio-
cins, and other organic acids are produced to eliminate the
pathogenic and spoilage organisms to ensure the safety of
the fnal products [125]. Tere have been several concerns
about food safety due tomicrobial contaminations leading to
outbreaks of food-borne illnesses. LABs are capable of
acidifying fermented products and are also able to produce
acetic aroma compounds, bacteriocins, enzymes, and exo-
polysaccharides when considered for controlled fermenta-
tion as one of the natural surest ways of addressing all safety
issues regarding fermented products [125, 261]. Terefore,
this section is to review all the safety issues concerning the
fermented beverages.

5.1. Microbiological Safety Issues. Factors not limited to the
use of diferent raw materials, production techniques, mi-
crobial community, and fermentation conditions have
greatly infuenced the fnal traditional fermented beverages.
However, consumers are currently aware of maintaining
strong immune systems to avoid diseases and are seriously
searching for food products which could assist them
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maintain their health status and preventing health-related
problems [100]. Tere are diferent types of traditional
fermented beverages produced and used worldwide, par-
ticularly in Africa. Te fermentation of these beverages is
spontaneously done which involves diverse microbial
communities (bacteria, yeasts, and molds) thereby de-
termining the qualities of the fnal beverages [7]. Te di-
versity of microbial communities in cereal-based fermented
alcoholic and nonalcoholic beverages in Africa are sum-
marized in Tables 5 and 6, respectively. For this reason, the
safety of traditional fermented beverages raises so much
concerns.

However, the initial development of the acidifying
bacteria plays a key role of regulating the microbial com-
munities in the beverage. Te involvement of species of LAB
either by natural process or added as starters prevents the
growth and existence of microbial pathogens in the fnal
beverage [262, 263].Te food pathogens that are aerobes and
facultative anaerobes and ferment simple sugars can grow at
pH between 4.3 and 9, but combining growth factors such as
pH and water activity can prevent the growth of food-borne
pathogens [190] to ensure the safety of the products.
Moreover, themajor problems observed with the production
of traditional fermented beverages include unhygienic
processing environments coupled with highly variable
production techniques. Since the soaking and the malting
parameters vary within and between processors [45], the
grains can easily be infected by fungi with afatoxin con-
tamination potentials (afatoxins) [264].

Nonetheless, to ensure that traditional fermented bev-
erages are safe by all standards, several studies have been
conducted to keenly select microorganisms with probiotic
potential as starter cultures for control fermentation
[259, 265]. Examination of enterocin-producing Entero-
coccus faecium YT52 pose low or no risk to the health of the
consumers; hence, it could be used as starters to inhibit the
growth of food pathogens, thereby making the spontaneous
fermented products safe for consumption [100]. To buttress
this point, Arslan-Tontul and Erbas [266] used Enterococcus
faecium YT52 to completely prevent the growth of Listeria
monocytogenes and Bacillus cereus. Te LAB strains such as
Lactiplantibacillus plantarum IL4l1, L. plantarum A1MM10,
Lactococcus lactis IL5l1, Leuconostoc lactis A1MS3, Lc.
pseudomesenteroides IL5l2 and Pediococcus pentosaceus
S0l10 were also used to inhibit the growth of several species
of Enterobacteriaceae in Atole agrio, a traditional Mexican
fermented beverage [267]. Studies have published the ef-
fectiveness of low pH caused by LAB against food pathogens
[262, 267]. Lactococcus lactis A1MS3 and P. pentosaceus
S0l10 were used to ferment Atole agrio and a plant-based
fermented food, respectively, due to their strong antimi-
crobial properties against Enterobacteriaceae [267, 268].

Furthermore, due to proven probiotic efects and disease
prevention abilities of the traditional fermented beverages,
they are receiving much attentions by both researchers and
consumers [269]. Tese health benefts are strongly linked to
high probiotic microbial contents in the fermented bever-
ages. As a result of the presence of probiotic LAB, the
traditional fermented beverages have the potentials to

improve gastrointestinal health status of the consumers [48].
Consumption of these beverages improves liver function,
levels of Lactobacilli and bifdobacteria in the intestinal
microbiota, a balanced gut microbiota, and the avoidance of
bacterial translocation, which leads to a reduction in nos-
ocomial infections [269]. Tey also have the potentials to
remove antinutrient compounds, mycotoxins, endogenous
toxins and cyanogenic compounds and enhance bio-
availability making these beverages safe for consumption
[270]. Moreover, due to the presence of the varieties of lactic
acid bacteria metabolites, the consumption of these bever-
ages confers bactericidal, bacteriolytic, and bacteriostatic
properties, resulting in therapeutic efects at a digestive level.
Tese antimicrobial compounds found in the fermented
beverages exhibited activities against several species of
bacteria including pathogenic yeasts and molds [269, 271].

5.2. Nutritional Issues. Te nutritional properties of cereal-
based traditional fermented beverages depend largely on the
raw materials and other ingredients used in the production
[272]. Tey then reported carbohydrates, protein, potas-
sium, magnesium, and phosphorus as the key nutritional
contents of amahewu. Similar studies by Fadahunsi and
Soremekun [60], Olusanya et al. [273], and Qaku et al. [274]
identifed improved proximate and mineral compositions in
maize and sorghum-fortifed amahewu. Varying the pro-
duction processes such as the periods of soaking, fermen-
tation times, and terminating fermentation at diferent
pH values revealed diferent nutritional compositions of
amahewu [274]. According to Fernandes et al. [275],
Mckevith [276] and Brennan and Cleary [277] cereals are the
major sources of macronutrients and minerals, phyto-
chemicals, and antioxidants in cereal-based fermented
beverages. Tese beverages are able to exert probiotic efects
due to the water-soluble fbre in the raw materials [277].
Tey are excellent media for the transportation of nutrients
and bioactive compounds into the human body (the con-
sumer) [278]. Vitamins B & E and many minerals (Ca, Mg,
Mg, Fe, and Zn) are required for proper functioning of the
body and are found in cereals [279].

Additionally, apart from improved digestibility, func-
tional and sensory properties, fermentation is largely used
for nutritional enhancement, particularly in cereal-based
fermented products [269, 280–282]. Most African-
fermented beverages are basically fermented and pro-
duced from cereals [109]. Traditional fermented beverages
are important to the human body because they play key roles
in human health and for their nutritional, nutraceutical, and
pharmaceutical properties [125, 263, 283, 284]. Consump-
tion of cereal-based fermented beverages improves the
bioavailability of both macro andmicronutrients [109].Tey
are rich sources of vitamins of all kinds, fbre, favonoids,
phenolic compounds, antioxidants, omega-3 fatty acids,
amino acids, and biopeptides [285].

Again, the proximate composition of borde includes high
amounts of ash, fat, protein, and carbohydrate [286]; tej and
grawa contain equally high amounts of protein, carbohy-
drate, fat, and few minerals [287]. Mabisi and Munkoyo
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(Zambia) have high values of vitamins B1, B2, B3, calcium,
protein, and zinc [288].

Furthermore, cereal grains are essential in transporting
organs for nutrients and bioactive compounds into the
bodies of consumers and also facilitate the availability of
these compounds. Tese bioactive compounds are phyto-
chemicals (phytoestrogens, phenolic compounds, favo-
noids, and carotenoids), dietary fbre, vitamins, fatty acids,
probiotics, and minerals which are readily available in
cereal-based fermented beverages and essential compounds
for disease control [100].

Furthermore, LAB in fermented cereal-based meals and
beverages release various B vitamins, including niacin (B3),
pantothenic acid (B5), folic acid (B9), as well as vitamins B1,
B2, B6, and B12 [3]. Folates, for example, prevent neural tube
abnormalities in infants and protect against cardiovascular
disease and various malignancies by acting as co-factors in
metabolic events [3]. Hence, the consumption of fermented
beverages is of great important to human.

5.3. Sensory Issues. Te purpose of fermentation is not only
to preserve, and improve the nutritional values of the
products, and make the products safe for consumption but
rather also to enhance the organoleptic qualities of the fnal
products desired by the consumers. Te sensory charac-
teristics of fermented beverages are equally important as the
nutritional values are essential from the consumers’ point of
view since they determine whether or not the consumers will
patronize a particular food product despite their nutritional
values [272].

For instance, consumers reject amahewu enriched with
Aloe vera leaf powder due to its bitterness [271]. Despite the
nutritional compositions of amahewu fortifed withMoringa
oleifera leaf powder, it was poorly rated by the sensory
panelists as compared to the conventional amahewu [273].
Again, Awobusuyi and Siwela [289] and Awobusuyi et al.
[290] discovered that adding processed bambara groundnut
four to amahewu manufactured from provitamin A bio-
fortifed maize and white maize samples enhanced sensory
characteristics when compared to amahewu made without
bambara groundnut four. Oyeyinka and Oyeyinka [291]
added that in the move to improve the nutritional properties
of fermented food and beverages, the organoleptic charac-
teristics must be highly upheld. Te characteristics of tra-
ditional fermented food and beverages including
organoleptic properties are impacted by a number of factors
not limited to production technologies and metabolic re-
actions of microbiota associated with the products [292].

Moreover, during cereal fermentation, diferent micro-
bial metabolites such as lactic, acetic, oleic, and linoleic acids,
esters, higher alcohols and aldehydes, ethyl acetate, and
diacetyl are synthesized which were identifed to have had
a signifcant infuence on the shelf-life and the sensorial
properties of fermented products [293]. Te color, favor,
aroma, appearance, taste, and texture difer from beverage to
beverage depending on the raw materials or qualities of the
raw materials involved and are essential for their accept-
ability [294]. For instance, the sensory properties such as

taste, aroma and color of gowe (a sorghum-based beverage)
fermented with only Limosilactobacillus fermentum and in
combination with Kluyveromyces marxianus rated far higher
than the spontaneous fermented gowe [295]. Te aroma and
taste of Brevilactobacillus brevis and Saccharomyces cer-
evisiae fermented obushera were more acceptable than the
naturally fermented obushera [296]. However, there was no
signifcant diference in the aroma, texture, color and ap-
pearance of ogi fermented with Lactiplantibacillus planta-
rum, Kluyveromyces marxianus singly and spontaneously
fermented ogi [297]. Similarly, the sensory panelists also
rated the taste and favor of spontaneously fermented akamu
and L. plantarum fermented akamu above akamu fermented
with both Lactiplantibacillus plantarum and Kluyveromyces
marxianus [297]. Tese incidences might be as a result of
over fermentation leading to over acidifcation.

Salmeron [93] indicated that volatile compounds pro-
duced by microbial communities involved in fermentation
have considerable impacts on the sensory properties of food
products. He therefore concluded in his report that the
starter organism used during the fermentation afected the
aroma profle of the grains signifcantly, but each grain
substrate has a unique aroma profle. Again, the organic
compounds such as aroma and favor synthesized after
barley and malt substrates which were fermented by single
starters of L. acidophilus, Limosilactobacillus reuteri, and
Lactiplantibacillus plantarum were uniquely enhanced for
each of them as compared to the spontaneously fermented
substrates [93]. Hence, the amount and the types of organic
compounds produced by the microbial communities in-
volved in the fermentation together with the types of raw
materials used and the duration of fermentation determine
the organoleptic qualities of the fnal traditional fermented
beverages.

6. Conclusion

Despite the fact that the same raw materials are used during
the production of traditional fermented beverages, the
preparation varies signifcantly from ethnic group to ethnic
group. Te review of these beverages revealed maize, millet,
and rice were the major cereals used as the raw materials for
the production of these traditional beverages. Binuburan,
amgba beer, tchoukoutou, sake, dolo, and pito were identifed
as the major alcoholic traditional fermented beverage; while
aliha, mahewu, kunun-zaki, ting, borde, and bushera were
traditional fermented nonalcoholic beverage. Te fermen-
tation of these beverages was achieved through spontaneous
fermentation (burukutu, mahewu, sake, kirario, mawe,
ikegage, and ikivunde), back-slopping (amba beer, tchou-
koutou, and dolo), and the use of industrial techniques
(pito, Bantu beer, and Bhaati Jaanr). Moreover, the domi-
nant microbial species typical of the traditional
fermented beverages identifed in this review so far were
Limosilactobacillus fermentum, Brevilactobacillus brevis,
Lactiplantibacillus plantarum, L. delbrueckii; Lactococcus
(Lact. lactis, Lact. curvatus, and Lact. pantheris), Leuconostoc
(Leuc. mesenteroides and Leuc. paracasei); and Pediococcus
(P. pentosaceus, P. acidilactici); fungi (Saccharomyces,

Journal of Food Quality 21



Candida, Aspergillus, and Rhizopus spp.); and other bacterial
species (Acetobacter, Pseudomonas, Klebsiella, Weissella,
Achromobacter, Flavobacterium, Micrococcus, and Bacillus
spp.).

However, the nutritional composition of these beverages
cannot be overemphasized.Tey were found to have sensory
properties such as good taste, favor, acidity, digestibility,
and texture in both alcoholic and nonalcoholic beverages.
Most of these beverages were found to be rich in calories,
and B-group vitamins including thiamine, folic acid, ribo-
favin, and nicotinic acid. However, due to microbial quality
issues associated with spontaneously fermented beverages,
defned starter cultures or industrial processing techniques
are recommended for the production of these beverages,
since they improve the microbial, sensory, and nutritional
qualities of the fnal products [298, 299].

Data Availability
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Additional Points

Highlights. (1) Te major production technique used was
spontaneous fermentation. (2) Te dominant raw materials
identifed for the production were maize and millet. (3) LAB
and fungi were the major microbiota involved in the fer-
mentation. (4) Tese beverages are rich in proteins, car-
bohydrates, calories, and B-group vitamins.
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“Sorghum grain as human food in Africa: relevance of
content of starch and amylase activities,” African Journal of
Biotechnology, vol. 5, no. 5, pp. 384–395, 2006.

[34] M. Nanadoum, M. H. V. N. Mbailao, G. Claude, P. Jacques,
and J. Pourquie, “Identifcation and typing of the yeast
strains isolated from bili bili, a traditional sorghum beer of
Chad,” African Journal of Biotechnology, vol. 4, no. 7,
pp. 646–656, 2005.

[35] C. M. B. K. Muyanja, J. A. Narvhus, J. Treimo, and
T. Langsrud, “Isolation, characterisation and identifcation
of lactic acid bacteria from bushera: a Ugandan traditional
fermented beverage,” International Journal of Food Micro-
biology, vol. 80, no. 3, pp. 201–210, 2003.

[36] F. Ampe, N. B Omar, J. P. Guyot, F. Olatunji, J. Dina, and
O. Koleoso, “Culture-independent quantifcation of
physiologically-active microbial groups in fermented foods
using rRNA-targeted oligonucleotide probes: application to
pozol, a Mexican lactic acid fermented maize dough,”
Journal of Applied Microbiology, vol. 87, no. 1, pp. 131–140,
1999.

[37] S. Vasudha and H. Mishra, “Nondairy probiotic beverages,”
International Food Research Journal, vol. 20, no. 1, 2013.

[38] B. Sekwati-Monang, Microbiological and Chemical Charac-
terisation of Ting, a Sorghum-Based Gluten-free Fermented
Cereal Product from Botswana, University of Alberta,
Alberta, Canada, 2011.

[39] C. N. Kunyanga, S. K. Mbugua, E. K. Kangethe, and
J. K. Imungi, “Microbiological and Acidity changes during
the traditional production of kirario: an indigenous Kenyan
fermented porridge produced from green maize and millet,”
African Journal of Food, Agriculture, Nutrition and Devel-
opment, vol. 9, no. 6, pp. 1419–1435, 2009.

[40] A. Obadina, O. Oyewole, and T. Awojobi, “Efect of steeping
time of milled grains on the quality of Kunnu-Zaki (A
Nigerian beverage),” African Journal of Food Science, vol. 2,
no. 2, pp. 33–36, 2008.

[41] R. Adeleke and O. Abiodun, “Physico-chemical properties of
commercial local beverages in Osun state, Nigeria,” Pakistan
Journal of Nutrition, vol. 9, no. 9, pp. 853–855, 2010.

[42] G. T. Gafa Terna, “Innovations in the traditional kunun zaki
production process,” Pakistan Journal of Nutrition, vol. 1,
no. 5, pp. 202–205, 2002.

[43] V. Umoh, O. S, and J. Kwaga, “Te public health signifcance
of pathogens isolated from.. Kunun-zaki.., sold in retail
outlets in zaria, Nigeria,” Nigerian Food Journal, vol. 22,
pp. 10–17, 2004.

[44] J. Ayo, O. Onuoha, D. Ikuomola, Y. Esan, V. Ayo, and
I. Oigiangbe, “Nutritional evaluation of millet-beniseed
composite based kunun-zaki,” Pakistan Journal of Nutri-
tion, vol. 9, no. 10, pp. 1034–1038, 2010.

[45] F. K. Madilo, A. P. H. Kunadu, K. Tano-Debrah,
G. I. Mensah, K. F. Saalia, and U. Kolanisi, “Process and
product characterization of aliha, a maize-based Ghanaian
indigenous fermented beverage,” Journal of Food Quality,
vol. 2022, Article ID 5604342, 16 pages, 2022.

[46] M. Kwashie Felix, E. Letsyo, and ComfortMawuse Klutse, “A
cross-sectional study on food safety knowledge and practices
among food handlers in tertiary and second circle in-
stitutions in Ho municipality, Ghana,” Food Sciences and
Nutrition, vol. 23, pp. 1–16, 2022.

Journal of Food Quality 23

http://www.efsa.europa.eu/en/supporting/pub/109e.htm
http://www.efsa.europa.eu/en/supporting/pub/109e.htm
http://www.efsa.europa.eu/en/supporting/pub/109e.htm
http://www.efsa.europa.eu/en/supporting/pub/109e.htm
http://www.fda.gov/Food/FoodIngredientsPackaging/ucm078956
http://www.fda.gov/Food/FoodIngredientsPackaging/ucm078956


[47] K. Abegaz, F. Beyene, T. Langsrud, and J. A. Narvhus,
“Indigenous processing methods and rawmaterials of borde,
an Ethiopian traditional fermented beverage,” Journal of
Food Technology in Africa, vol. 7, no. 2, pp. 59–64, 2002.

[48] A. J. Marsh, C. Hill, R. P. Ross, and P. D. Cotter, “Fermented
beverages with health-promoting potential: past and future
perspectives,” Trends in Food Science & Technology, vol. 38,
no. 2, pp. 113–124, 2014.

[49] S. Aka, G. Konan, G. Fokou, K. M. Dje, and B. Bonfoh,
“Review on African traditional cereal beverages,” Am J Res
Commun, vol. 2, pp. 103–153, 2014a.

[50] V. N. Enujiugha and A. A. Badejo, “Probiotic potentials of
cereal-based beverages,” Critical Reviews in Food Science and
Nutrition, vol. 57, no. 4, pp. 790–804, 2017.

[51] S. Aka, G. Konan, G. Fokou, K. M. Dje, and B. Bonfoh,
“Review on African traditional cereal beverages,” Am. J. Res.
Commun, vol. 2, no. 5, pp. 103–153, 2014b.

[52] V. Lei, H. Friis, and K. F. Michaelsen, “Spontaneously fer-
mented millet product as a natural probiotic treatment for
diarrhoea in young children: an intervention study in
Northern Ghana,” International Journal of Food Microbi-
ology, vol. 110, no. 3, pp. 246–253, 2006.

[53] F. François, C. Lombard, J.-M. Guigner et al., “Isolation and
characterization of environmental bacteria capable of ex-
tracellular biosorption of mercury,” Applied and Environ-
mental Microbiology, vol. 78, no. 4, pp. 1097–1106, 2012.

[54] A. Atter, H. Ofori, G. A. Anyebuno, M. Amoo-Gyasi, and
W. K. Amoa-Awua, “Safety of a street vended traditional
maize beverage, ice-kenkey, in Ghana,” Food Control, vol. 55,
pp. 200–205, 2015.

[55] A. Blandino, M. Al-Aseeri, S. Pandiella, D. Cantero, and
C. Webb, “Cereal-based fermented foods and beverages,”
Food Research International, vol. 36, no. 6, pp. 527–543,
2003.

[56] T. H. Gadaga, M. Lehola, and V. Ntuli, “Traditional fer-
mented foods of Lesotho,” Journal of Microbiology, Bio-
technology and Food Sciences, vol. 2, pp. 2387–2391, 2013.

[57] M.M. Jane, K. Lodewyk, P. Elma, P. Carlien, and Z. Remigio,
“Characterisation of yeasts isolated from traditional opaque
beer beverages brewed in Zimbabwean households,” African
Journal of Microbiology Research, vol. 9, no. 8, pp. 549–556,
2015.

[58] V.. N. Enujiugha and A. A. Badejo, “Probiotic potentials of
cereal-based beverages,” Critical Reviews in Food Science and
Nutrition, vol. 57, no. 4, pp. 790–804, 2017.

[59] F. A. Oguntoyinbo, P. Tourlomousis, M. Gasson, and
A. Narbad, “Analysis of bacterial communities of traditional
fermented West African cereal foods using culture in-
dependent methods,” International Journal of Food Micro-
biology, vol. 145, no. 1, pp. 205–210, 2011.

[60] I. Fadahunsi and O. Soremekun, “Production, nutritional
and microbiological evaluation of mahewu a South African
traditional fermented porridge,” Journal of Advances in
Biology & Biotechnology, vol. 14, no. 4, pp. 1–10, 2017.

[61] S. T. Ogunbanwo and B. T. Ogunsanya, “Quality assessment
of oti-oka beverage produced from pearl millet,” J Appl
Biosci, vol. 51, pp. 3608–3617, 2012.

[62] A. Polycarpe Kayode, A. Adegbidi, J. D. Hounhouigan,
A. R. Linnemann, and M. Robert Nout, “Quality of farmer’s
varieties of sorghum and derived foods as perceived by
consumers in Benin,” Ecology of Food and Nutrition, vol. 44,
no. 4, pp. 271–294, 2005.

[63] G. S. Shephard, L. van der Westhuizen, P. M. Gatyeni,
N. I. M. Somdyala, H. Burger, and W. F. O. Marasas,

“Fumonisin mycotoxins in traditional Xhosa maize beer in
South Africa,” Journal of Agricultural and Food Chemistry,
vol. 53, no. 24, pp. 9634–9637, 2005.

[64] G. Tafere, “A review on traditional fermented beverages of
Ethiopia,” Journal of Natural Sciences Research, vol. 5,
pp. 94–102, 2015.

[65] E. H. Tou, C. Mouquet-Rivier, C. Picq, A. S. Traore,
S. Treche, and J. P. Guyot, “Improving the nutritional quality
of ben-saalga, a traditional fermented millet based gruel, by
co-fermenting millet with groundnut and modifying the
processing method,” LWT Food Science and Technology,
vol. 40, no. 9, pp. 1561–1569, 2007.

[66] W. A. Abia, B. Warth, M. Sulyok et al., “Determination of
multi-mycotoxin occurrence in cereals, nuts and their
products in Cameroon by liquid chromatography tandem
mass spectrometry (LC-MS/MS),” Food Control, vol. 31,
no. 2, pp. 438–453, 2013.

[67] A. H. Mu, W. Embashu, and A. Cheikhyoussef, “Indigenous
knowledge system best practice from Namibia: the case of
Oshikundu processing methods,” Trends in Applied Sciences
Research, vol. 7, pp. 913–921, 2012.

[68] J. N. Katongole, Te Microbial Succession in Indigenous
Fermented maize Products, Magister Scientiae Agriculrae.
University of Free State, Bloemfontein, South Africa, 2008.

[69] S. Aka, F. Camara, Y. Z. Nanga, Y. G. Loukou, and K. M. Dje,
“Evaluation of organic acids and sugars contents during the
production of ‘Tchapalo’, a traditional sorghum beer in Côte
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M. Mastrangelo, and G. Suzzi, “A taxonomic survey of lactic
acid bacteria isolated from wheat (Triticum durum) kernels
and non-conventional fours,” Systematic & Applied Mi-
crobiology, vol. 30, no. 7, pp. 561–571, 2007a.

[170] E. Gallagher, T. R. GormLey, and E. K. Arendt, “Recent
advances in the formulation of gluten-free cereal-based
products,” Trends in Food Science & Technology, vol. 15,
no. 3-4, pp. 143–152, 2004.

[171] S. D. Todorov, “Diversity of bacteriocinogenic lactic acid
bacteria isolated from boza, a cereal-based fermented bev-
erage from Bulgaria,” Food Control, vol. 21, no. 7,
pp. 1011–1021, 2010.

Journal of Food Quality 27



[172] K. Bayoub, I. Mardad, E. Ammar, A. Serrano, and A. Soukri,
“Isolation and purifcation of two bacteriocins 3D produced
by Enterococcus faecium with inhibitory activity against
Listeria monocytogenes,” Current Microbiology, vol. 62,
no. 2, pp. 479–485, 2011.

[173] A. Javed, T. Masud, Q. Ul Ain, M. Imran, and S. Maqsood,
“Enterocins of Enterococcus faecium, emerging natural food
preservatives,” Annals of Microbiology, vol. 61, no. 4,
pp. 699–708, 2011.

[174] H. Khan, S. Flint, and P. L. Yu, “Enterocins in food pres-
ervation,” International Journal of Food Microbiology,
vol. 141, no. 1-2, pp. 1–10, 2010.

[175] S. V. N. Vijayendra, K. Rajashree, and P. M. Halami,
“Characterization of a heat stable anti-listerial bacteriocin
produced by vancomycin sensitive Enterococcus faecium
isolated from idli batter,” Indian Journal of Microbiology,
vol. 50, no. 2, pp. 243–246, 2010.

[176] M. Palla, C. Cristani, M. Giovannetti, and M. Agnolucci,
“Identifcation and characterization of lactic acid bacteria
and yeasts of PDO Tuscan bread sourdough by culture
dependent and independent methods,” International Journal
of Food Microbiology, vol. 250, pp. 19–26, 2017.

[177] H. J. Choi, C. I. Cheigh, S. B. Kim et al., “Weissella kimchii
sp. nov., a novel lactic acid bacterium from kimchi,” In-
ternational Journal of Systematic and Evolutionary Micro-
biology, vol. 52, no. 2, pp. 507–511, 2002.

[178] K. B. Lee, H. J. Kim, and E. J. Lee, “Mixed cultures of Kimchi
lactic acid bacteria show increased cell density and lactate
productivity,” African Journal of Biotechnology, vol. 12,
no. 25, pp. 4000–4005, 2013.

[179] L. Nuraida, M. C. Wacher, and J. D. Owens, “Microbiology
of pozol, a Mexican fermented maize dough,”World Journal
of Microbiology & Biotechnology, vol. 11, no. 5, pp. 567–571,
1995.

[180] P. Florou-Paneri, E. Christaki, and E. Bonos, “Lactic acid
bacteria as source of functional ingredients,” in Lactic Acid
Bacteria - R&D for Food, Health and Livestock Purposes,
M. Kongo, Ed., pp. 589–614, Intechopen, Rijeka, Croatia,
2013.

[181] A. Alfonzo, V. Urso, O. Corona et al., “Development of
a method for the direct fermentation of semolina by selected
sourdough lactic acid bacteria,” International Journal of Food
Microbiology, vol. 239, pp. 65–78, 2016.

[182] I. M. Mukisa, D. Ntaate, and S. Byakika, “Application of
starter cultures in the production of Enturire – a traditional
sorghum-based alcoholic beverage,” Food Science and Nu-
trition, vol. 5, no. 3, pp. 609–616, 2016.

[183] C. M. B. K. Muyanja, T. Langsrud, and J. A. Narvhus, “Te
use of starter cultures in fermentation of bushera: a Ugandan
traditional fermented sorghum beverage,” Ugandan Journal
of Agricultural Sciences, vol. 9, pp. 606–616, 2004.

[184] J. K. Mugula, S. Nnko, J. A. Narvhus, and T. Sorhaug,
“Microbiological and fermentation characteristics of togwa,
a Tanzanian fermented food,” International Journal of Food
Microbiology, vol. 80, no. 3, pp. 187–199, 2003b.

[185] G. Vieira-Dalode, L. Jespersen, J. Hounhouigan, P. Moller,
C. Nago, and M. Jakobsen, “Lactic acid bacteria and yeasts
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the production of gowé, a sour beverage from Benin,” Af-
rican Journal of Microbiology Research, vol. 2, pp. 179–186,
2008.

[296] I. M. Mukisa, Sensory Characteristics Microbial Diversity and
Starter Culture Development for Obushera, a Traditional
Cereal Fermented Beverage from Uganda, Elsevier Inc,
Amsterdam, Netherlands, 2012.

[297] P. C Obinna-Echem, “Efect of processing method on
pasting, morphological and sensory properties of akamu-
a Nigerian fermented maize product,” Advance Journal of
Food Science and Technology, vol. 5, no. 3, pp. 101–108, 2017.

[298] L. DeVuyst and F. Leroy, “Functional role of yeasts, lactic
acid bacteria and acetic acid bacteria in cocoa fermentation
processes,” FEMS Microbiology Reviews, vol. 44, no. 4,
pp. 432–453, 2020.

[299] S. A. Oyeyinka, O. A. Akintayo, O. A. Adebo, E. Kayitesi, and
P. B. Njobeh, “A review on the physicochemical properties of
starches modifed by microwave alone and in combination
with other methods,” International Journal of Biological
Macromolecules, vol. 176, pp. 87–95, 2021.

32 Journal of Food Quality




