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Abstract: African traditional beverages are widely consumed food-grade liquids processed from single or mixed grains
(mostly cereals) by simple food processing techniques, of which fermentation tops the list. These beverages are very
diverse in composition and nutritional value and are specific to different cultures and countries. The grains from which
home-processed traditional beverages are made across Africa are often heavily contaminated with multiple mycotoxins
due to poor agricultural, handling, and storage practices that characterize the region. In the literature, there are many
reports on the spectrum and quantities of mycotoxins in crops utilized in traditional beverage processing, however, few
studies have analyzed mycotoxins in the beverages themselves. The available reports on mycotoxins in African traditional
beverages are mainly centered on the finished products with little information on the process chain (raw material to final
product), fate of the different mycotoxins during processing, and exposure estimates for consumers. Regulations targeting
these local beverages are not in place despite the heavy occurrence of mycotoxins in their raw materials and the high
consumption levels of the products in many homes. This paper therefore comprehensively discusses for the 1st time the
available data on the wide variety of African traditional beverages, the mycotoxins that contaminate the beverages and
their raw materials, exposure estimates, and possible consequent effects. Mycotoxin control options and future directions
for mycotoxin research in beverage production are also highlighted.
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Introduction
Beverages are food-grade liquids mainly processed from animal

or plant sources. They may be in the form of stimulants such as
tea and coffee, as refreshers like soft drinks, juices, and water, or
as nutritional drinks such as milk. Beverage processing could be
by simple nonmicrobial processes (such as application of physical
techniques) or may involve microbial fermentation and/or enzyme
clarification (Tamang and Kailasapathy 2010; Kubo and others
2014; Tafere 2015). Depending on the processing steps involved
which may include the application of a single fermentation step
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or extended fermentation steps with an advanced physical process
(such as distillation), beverages are classified as alcoholic or nonal-
coholic. Furthermore, based on whether the processes are techno-
logically scaled-up or not, to meet wider consumer demands, they
could be regarded as either industrially or traditionally processed.
In Africa, diverse traditionally processed beverages exist; their pro-
cessing methods as well as constituents and consumption patterns
differ across ethnicities in countries and regions (Nikander and
others 1991; Gaffa and others 2002; Nzigamasabo and Nimpagar-
itse 2009; Gadaga and others 2013; Aka and others 2014; Kubo and
others 2014; Tafere 2015). Every country has its own recipe for the
local production of beverages and fermentation is the basic process
utilized in more than 90% of these traditionally processed foods
(Gaffa and others 2002; Nzigamasabo and Nimpagaritse 2009;
Amadou and others 2011; Aka and others 2014; Kubo and others
2014; Tafere 2015). African traditionally processed beverages can
be made from single or mixed cereals/legumes, animal milk, and
various plant parts (such as flowers, sap, and fruits). Cereal-based
beverages are common and are constituted from grains such as
maize (Zea mays L.), pearl millet (Pennisetum glaucum L.), finger
millet (Eleusine coracana), and sorghum (Sorghum bicolour L. Moench;
Gaffa and others 2002; Sekwati-Monang 2011; Aka and others
2014). In terms of consumption, traditionally processed beverages
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are popular because of the social, religious, nutritional, and thera-
peutic values that are associated with them, and they are cherished
by both rural and urban populations (Aka and others 2008). In
general, nonalcoholic beverages are widely consumed, especially
by children, pregnant women, the sick, and the elderly. They are
also used during the weaning of infants, whereas the alcoholic
beverages are mostly preferred by men. One of the major threats
to consumers of traditionally processed beverages in Africa is my-
cotoxins, mainly due to their frequent occurrences in the cereals
used for making these drinks.

Mycotoxins are toxic secondary metabolites produced by
filamentous fungi in a wide range of agricultural commodities
worldwide, including cereals, nuts, legumes, spices, fruits, and
their products (Bhat and Vashanti 2003). The spectrum of toxins
produced in a commodity largely depends on one or more
fungal species/strains contaminating the commodity, type and
composition of commodity, environmental conditions, climatic
factors, and also handling practices such as preharvest agricultural
practices, harvesting, drying, storage, and processing. In Africa,
climate and poor agricultural and storage practices are the major
contributors to the mycotoxin menace. Similar to other regions
of the world, aflatoxins (AFs), fumonisins (FUM), ochratoxin
A (OTA), trichothecenes (mainly deoxynivalenol [DON]), and
zearalenone (ZEN) have been reported to coexist in crops grown
in Africa, although AFs and FUM are more prevalent (Ezekiel
and others 2012; Warth and others 2012; Abia and others 2013,
Shephard and others 2013; Adetunji and others 2014; Chala and
others 2014; Ediage and others 2014; Matumba and others 2015a;
Okeke and others 2015; Chilaka and others 2016; Hove and oth-
ers 2016; Ogara and others 2017). In maize and other cereals, AFs
and Fusarium toxins dominate, whilst AFs are more prevalent in
tree nuts and peanuts (groundnuts). In low-income rural settings,
where there is a reliance on home-grown crops, local grain is
used for beverage production. These raw materials can be highly
contaminated, either from poor pre- or postharvest practices or
because better-quality grain has been sold for family income
(Matumba and others 2014b, 2017; Ezekiel and others 2015;
Ayalew and others 2016; Misihairabgwi and others 2017; Ogara
and others 2017).

African populations, especially the rural dwellers who subsist on
home-grown mycotoxin-prone crops (such as maize and ground-
nuts), have for many years suffered the adverse health effects of
mycotoxin exposure. The effects could be acute or chronic, and
in many cases, acute mycotoxicoses keep recurring across Africa
with several deaths recorded (Lewis and others 2005; Probst and
others 2007; Yard and others 2013; IARC 2015; All Africa 2016;
Outbreak News Today 2017). The prevalent chronic health effects
from mycotoxin exposure which have been reported across the
continent include, but are not limited to liver, cancer, esophageal
carcinoma, suppression of the immune system, malnutrition from
poor micronutrient absorption, birth defects, growth faltering and
stunting in children, neural tube defects, organ toxicities, gyneco-
mastia with testicular atrophy, and increased severity of diseases
such as malaria and HIV/AIDS (Rheeder and others 1992; Gong
and others 2002, 2004, 2012; Turner and others 2003, 2007;
Marasas and others 2004; Shephard and others 2008; Khlangwiset
and others 2011; IARC 2012, 2015). These numerous health con-
ditions, which several thousands of Africans are at risk of, make
routine exposure determinations and estimations necessary in or-
der to predict and forestall outbreaks which are usually not easy to
cope with (Lewis and others 2005; Probst and others 2007; Yard
and others 2013; IARC 2015).

Despite the wide-spread production and consumption of tradi-
tionally processed beverages across Africa and the high prevalence
of mycotoxins in the grains used as raw materials, mycotoxin data
in African traditional beverages are sparse owing to the challenges
of monitoring household or traditionally processed foods circu-
lated in the informal/local setting, lack of technical expertise and
infrastructure, or less focus on locally produced food. Currently,
there is no legislation for mycotoxins in locally processed bever-
ages in African countries, even though monitoring of mycotoxins
in foods processed at household level remains essential consider-
ing the connection between food safety and health. This review,
therefore, presents for the 1st time comprehensive data on the
diversity of locally processed beverages across Africa, mycotoxin
occurrence in these beverages and their raw materials, fate of these
mycotoxins during beverage production, where data are available,
and attempts to assess exposure to mycotoxins through beverage
consumption. Possible mycotoxin exposure control options in the
beverage process chain and future perspectives in the area of my-
cotoxin research in beverage production are also highlighted.

Diversity of Traditionally Processed Beverages
in Africa

African traditional beverage production dates back to the pre-
historic era and has consistently been a home-made art involving
an array of raw materials including cereal grains, legumes, flow-
ers and juices from plants, fruits, and milk (Amadou and others
2011). The beverages produced across Africa vary according to
raw materials, origin, and processing techniques employed, and
are usually unique to particular ethnic or cultural groups where
they are relished (Obahiagbon 2009; Kubo and others 2014; Tafere
2015). Beverages also define, to some extent, the socioeconomic
class and tribe of the consumers. For example, areki, a distilled
product from maize, millet, and sorghum in rural and semi-urban
areas of Ethiopia (East Africa) is widely consumed by farmers
and the low-income class who either have become addicted to
alcohol or cannot afford the finer industrial alcoholic products
(Tafere 2015), whereas borde (nonalcoholic), keribo (nonalcoholic),
and tella (alcoholic) are popular traditional beverages that are con-
sumed during traditional weddings, and naming and rain-making
ceremonies (Tafere 2015). In Nigeria (West Africa), burukutu (al-
coholic), kunu (nonalcoholic), and pito (alcoholic), which can be
made from single or mixed grains, are peculiar to the northern
areas where they are commonly served at festivals and social events
and are presently being commercialized on a small scale within vil-
lages (Gaffa and others 2002; Ezekiel and others 2015). Similarly,
palm wine (nonalcoholic; from the sap of the Rafia tree) is popu-
lar in the eastern parts of Cameroon (Central Africa) and Nigeria
and is the acceptable wine at festivals and culturally-related cere-
monies like weddings and social events (Obahiagbon 2009; Kubo
and others 2014). In Namibia (Southern Africa), oshikundu (a non-
alcoholic beverage from millet and sorghum) is served to visitors
as a token of welcome and hospitality, and it is produced as part
of the traditional initiation of young girls into womanhood (Mu
Ashekele and others 2012). In general, African traditional bever-
ages are produced by women and children as a home art, and when
commercialized at the local setting, they become a means of eco-
nomic empowerment to the women (Abawari 2013). Production
of some traditional beverages, although not adequately accounted
for across Africa, run into million liters per annum, and generally
per capita consumption data are lacking (Gensi and others 2000;
Kanyana and others 2013).
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Beyond the cultural and socioeconomic usage and benefits of
African traditional beverages are the nutritional and therapeutic
values they offer, especially for the nonalcoholic grades (Aka and
others 2014; Onuoha and others 2014). These beverages are rich in
vitamins, minerals, and are easily utilizable carbohydrates (sugars)
due to the mixtures of grains used and the fermentation process
involved (Blandino and others 2003; Amadou and others 2011;
Aka and others 2014). Supplementation of some of the beverages
(such as kunu gyada, a variety of kunu from Nigeria) with nuts,
tubers, and spices has further boosted their protein and amino acid
contents as well as the antioxidant properties of the drinks (Gaffa
and others 2002; Blandino and others 2003). Regional variations
to the preparation of fermented beverages exist in different coun-
tries in Africa. A range of techniques (such as malting, boiling,
pasteurization, fermentation, and distillation) are often utilized for
the processing of these beverages (Amusa and Odunbaku 2009;
Idonije and others 2012; Fadahunsi and others 2013; Egwaikhide
and others 2014; Kubo and others 2014; Onuoha and others 2014).
These techniques play important roles in flavor addition, complex
compound digestion, anti-nutrient degradation, toxin biotransfor-
mation or elimination, and overall product quality improvement
of the various alcoholic and nonalcoholic beverages.

Fermentation by autochthonous microbiota, which mainly per-
forms acid/or acid–alcohol fermentation, is the major processing
technique employed in the preparation of over 90% of the diverse
beverages across Africa (Gaffa and others 2002; Nzigamasabo and
Nimpagaritse 2009; Amadou and others 2011; Aka and others
2014; Kubo and others 2014; Tafere 2015). It is a vital step involved
in alcoholic and nonalcoholic beverage production. Fermentation
occurs naturally and spontaneously in many cases, causing break-
down of sugars to yield acids, and when extended alcohols are
produced. The fermenters and saccharifying enzymes are usually
intrinsic to the grains and other ingredients (Kubo and others
2014; Tafere 2015). In a few cases, backslopping is conducted by
the local producers to enhance fermentation and to produce highly
desirable product quality. The microbiology of traditionally pro-
cessed beverages across Africa has been widely studied and lactic
acid bacteria, together with yeasts, have been suggested to pre-
dominate during these fermentations (Tafere 2015). Usually, the
end products of nonalcoholic fermentation of traditional grains
into African beverages are very tasty, highly nutritious, and exude
pleasant aroma and flavors.

Table 1 presents details of the origin, sources, and main tech-
nique(s) involved in the preparation of selected traditional bever-
ages across Africa. Popular traditional beverages include the cereal-
based nonalcoholic drinks and opaque beers commonly produced
from single or combined grains of maize, millet, and sorghum
in Central, East, West, and Southern Africa (Blandino and others
2003; Shephard and others 2005; Matumba and others 2011, 2014;
Abia and others 2013; Egwim and others 2013; Aka and others
2014; Kubo and others 2014) and the banana- and plantain-based
beverages common in Central Africa (Kubo and others 2014)
and parts of East Africa (Nzingamasabo and Nimpagaritse 2009;
Kanyana and others 2013). Other non-cereal-based beverages are
mostly found in West Africa and include nono (a product of milk
fermentation usually served with fura—a fermented product of
millet or maize; Egwaikhide and others 2014), zobo drink extracted
by boiling dried Roselle (Hibiscus sabdariffa) petals (Onuoha and
others 2014), and products obtained from palm sap. Palm-based
beverages are usually obtained from Elaeis guineensis, Raphia sp., or
Cocus nucifera and when fermented into a non- or low-alcoholic
drink, it is referred to as palm wine (Okagbue 1988) whereas the

high-alcoholic variants (local gin) from distillation are known as
akpeteshi (Ghana), kaikai, or ogogoro (Nigeria; Idonije and others
2012). The popularity and preference of African traditional bever-
ages over imported beverages and wines in many cultural settings
are mainly due to the low cost for producing these beverages and
the basic equipment required for the process. Because most of
Africa’s traditional beverages are cereal-based, there is great pos-
sibility of mycotoxin occurrence in them. Hence, surveillance on
mycotoxins becomes imperative in these traditionally processed
beverages in the respective regions.

Short Overview on the Occurrence of Mycotoxins
in African Crops Used for Beverage-making

The safety of African traditional beverages is influenced by sev-
eral factors, including the quality of the raw materials used to
produce the beverages. Most of the raw materials for making tra-
ditional beverages in Africa are cereals, mainly maize, sorghum,
millet, and barley (Aka and others 2014). Some of these crops
used for making beverages are highly contaminated with my-
cotoxins (Table 2), which might get into the final products
(Table 3), thus making the beverages unsafe for consumption.
Evidence of mycotoxin occurrences in African crops have ex-
cellently been reviewed recently (Darwish and others 2014; Ay-
alew and others 2016; Chilaka and others 2017; Udomkun and
others 2017), but there has been little or no focus on the tradi-
tional beverage value chain which utilizes these crops. Occurrence
of agriculturally important mycotoxins in crops commonly used
for traditional beverage-processing across Africa is summarized in
Table 2.

Mycotoxins in maize
Maize, a staple crop in Africa, is the major cereal used in dif-

ferent countries for the production of many traditional beverages
such as tchapalo in Côte d’Ivoire, gowé in Benin, burukutu, kunu-
zaki, and pito in Nigeria and Ghana, ice-kenkey in Ghana, sha in
Cameroon, busaa in Kenya, kwete in Uganda, kachasu in Zim-
babwe, and mahewu and mqomboti/umqombothi in South Africa.
Dried and stored maize, oftentimes moldy, and highly contami-
nated “low-grade” maize grains sorted out from the lot, is used to
produce these beverages due to the perceived desirable taste they
impart to the beverage (Shephard and others 2005). AFs, FUM,
trichothecenes (DON and nivalenol [NIV]), ZEN and, more re-
cently, citrinin (CIT), are the commonly reported mycotoxins in
maize across Africa (Warth and others 2012; Probst and others
2014; Okeke and others 2015; Chilaka and others 2017; Ogara
and others 2017). Although high levels of AFs are found in maize,
Fusarium mycotoxins predominate in maize.

In West Africa, high levels of several mycotoxins have been
found in maize from household stores and markets, sometimes
with co-occurrences. Stored maize in Benin contained FUM up
to 12000 μg/kg (Fandohan and others 2005). Perrone and oth-
ers (2014) showed that maize at farm-gate in Ghana and Nigeria
were highly contaminated with AFs (mean: 330 μg/kg; max:
1900 μg/kg) compared to those in market stores (mean: 84;
max: 480 μg/kg). Adetunji and others (2014) also reported mean
FB1, ZEN, and DON concentrations in stored maize as 1552,
174, and 60 μg/kg, respectively. High levels of CIT (occurrence:
12%; median: 1784 μg/kg), FB1 (occurrence: 81%; median: 269
μg/kg), and AFB1 (occurrence: 50%; median: 24 μg/kg) were re-
ported in maize from Burkina Faso, whereas DON (median: 31.4
μg/kg) and ZEN (median: 13.4 μg/kg) were documented in not
more than 10% of 26 samples (Warth and others 2012). Fifty-one
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Table 1–Some African traditional processed beverages.

Beverage Beverage type Origin Raw material(s)
Major processing

technique(s) References

Ambga Alcoholic Cameroon Sorghum Germination, milling,
fermentation, boiling

Chevassus-Agnes and others
1976; Aka and others 2014

Areki Alcoholic Ethiopia Millet, sorghum,
maize

Fermentation, distillation Tafere 2015

Banana
juice/beer

Nonalcoholic/
alcoholic

Rwanda Banana Ripening, mashing, juice
extraction, fermentation

Kanyana and others 2013

Bouza Alcoholic Egypt Sorghum Fermentation Blandino and others 2003
Borde Non-alcoholic Ethiopia Barley, maize,

wheat
Malting, roasting,

fermentation, boiling
Aka and others 2014

Burukutu Alcoholic Nigeria Sorghum Germination, milling, boiling
filtration, fermentation

Fadahunsi and others 2013

Busaa Alcoholic Kenya Maize Germination, frying,
fermentation, filtration

Katongole 2008; Aka and others
2014

Bushera Nonalcoholic Uganda Sorghum/millet Germination, malting,
fermentation

Muyanja and others 2003; Aka
and others 2014

Cassava spirit Alcoholic Cameroon Cassava tubers,
maize

Steeping, fermentation,
mashing, drying

Kubo and others 2014

Dolo Alcoholic Benin Sorghum Malting, boiling, fermentation Michojehoun-Mestres and others
2005

Doro Alcoholic Zimbabwe Finger and bulrush
millet/
sorghum

Germination, boiling,
fermentation

Gadaga and others 2013;
Blandino and others 2003;
Misihairabgwi and others 2015

Fura da Nono Nonalcoholic Nigeria Fresh milk Pasteurization, back-sloping,
fermentation

Egwaikhide and others 2014

Gowé Nonalcoholic Benin Sorghum, millet,
maize

Malting, fermentation Michojehoun-Mestres and others
2005

Ice- kenkey Nonalcoholic Ghana Kenkey-maize Steeping, cooking
fermentation

Atter and others 2015

Kaikai Alcoholic Nigeria Palm wine Fermentation, distillation Idonije and others 2012
Kachasu Alcoholic Zimbabwe Maize Fermentation, distillation Blandino and others 2003
Keribo Nonalcoholic Ethiopia Barley Roasting, boiling,

fermentation
Abawari 2013

Kunu/Kunu-zaki Nonalcoholic Nigeria Sorghum/
millet/maize

Steeping, milling, boiling,
fermentation, filtration

Amusa and Odunbaku 2009

Kwete Alcoholic Uganda Maize Steeping, germination,
roasting, mashing,
fermentation

Namugumya and Muyanja 2009

Mangisi Nonalcoholic Zimbabwe Millet Malting, boiling, filtration,
fermentation

Zvauya and others 1997; Aka and
others 2014

Mahewu Nonalcoholic South Africa Maize Boiling, fermentation Aka and others 2014
Malwa Nonalcoholic Uganda Finger millet Germination, roasting,

boiling, fermentation
Zvauya and others 1997; Aka and

others 2014
Mqomboti/

Umqombothi
Alcoholic South Africa Sorghum/maize Fermentation, boiling Shephard and others 2005

Oshikundu Alcoholic/
Nonalcoholic

Namibia Millet/sorghum Hot water treatment,
back-slopping,
fermentation

Mu Ashekele and others 2012;
Embashu and others 2013

Oti-oka Alcoholic Nigeria Maize/millet/
sorghum

Germination, boiling,
fermentation

Ogunbanwo and Ogunsanya
2012

Palm spirit Alcoholic Cameroon Palm sap Fermentation, distillation Kubo and others 2014.
Palm wine Nonalcoholic Nigeria/

Cameroon
Palm sap Fermentation Obahiagbon 2009

Pito Alcoholic Nigeria/Ghana Maize/millet/
sorghum

Germination, boiling,
filtration, fermentation

Egwim and others 2013

Raffia wine Alcoholic Cameroon Raffia sap Fermentation Kubo and others 2014
Sha Weak alcoholic Cameroon Maize Fermentation, boiling Abia and others 2013
Sorghum beer Alcoholic South Africa Sorghum/maize Fermentation Blandino and others 2003
Sour sop Juice Nonalcoholic Nigeria Sour sop Extraction, fermentation,

boiling
Vwioko and others 2013

Tchapalo Alcoholic Côte d’Ivoire Maize Malting, milling,
fermentation, boiling

Aka and others 2008; Aka and
others 2014

Tella Alcoholic Ethiopia Barley, maize,
millet, sorghum,
teff, wheat

Malting, roasting,
fermentation

Tafere 2015

Urwarwa Weak alcoholic Burundi Banana Extraction/fermentation Nzigamasabo and Nimpagaritse
2009

Zobo Nonalcoholic Nigeria Roselle flowers Boiling, filtration Onuoha and others 2014

maize flour samples from Côte d’Ivoire were found to be laden
with very high AFs (mean: 107.9 μg/kg) whereas FUM (mean:
355.5 μg/kg), OTA (mean: 21.5 μg/kg), and ZEN (mean: 14.0
μg/kg) levels were relatively low (Kouadio and others 2014). In
Cameroon (Central Africa), where maize is commonly used to
produce a local beer known as sha, AFs, FUM, DON, and ZEN
levels in maize have been shown to reach 645, 24,225, 3,842, and

334 μg/kg, respectively (Njobeh and others 2010; Abia and others
2013; Ediage and others 2014).

In East Africa where some countries have reported recurrent
cases of aflatoxicosis, AFs concentration is very high in household
maize samples. For example, the mean levels in maize from some
regions in Kenya, Somalia, and Tanzania can run into hundreds
of μg/kg (Lewis and others 2005; Probst and others 2007, 2014;
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Table 2–Occurrence of agriculturally important mycotoxins and major metabolites in crops commonly used for traditional beverage processing across
Africa.

Raw material
for beverage Mycotoxina Country

Number of samples
analyzed (%

positives)

Mean ± SD
concentration

(Range) in µg/kg
Analytical
techniqueb Source

Maize AFs Burkina Faso 50 (−) 25 (0 to 609) ELISA Probst and others
2014

Maize AFs Cameroon 40 (55) 1.5 (0.1 to 15) HPLC Njobeh and others
2010

Maize AFs DR Congo 12 (−) 63 (0 to 393) ELISA Probst and others
2014

Maize AFs Malawi 90 (100) 8.3 ± 8.2
(0.7 to 140)

LFIA Mwalwayo and Thole
2016

Maize AFs Kenya 985 (49) − (−) ELISA Mutiga and others
2015

Maize AFs Kenya 9 (−) 102 (0 to 525) ELISA Probst and others
2014

Maize AFs Senegal 20 (−) 47 (0.3 to 395) ELISA Probst and others
2014

Maize AFs Somalia 6 (−) 133 (1 to 1407) ELISA Probst and others
2014

Maize AFs Tanzania − (45) − (0.1 to 269) HPLC Kamala and others
2016

Maize AFs Tanzania 120 (18) − (1 to 158) HPLC Kimanya and others
2008

Maize AFs Tanzania 574 (27) 3.12 ± 0.09
(2.1 to 10.1)

ELISA Nyangi 2014

Maize AFs Uganda 17 (−) 95 (0 to 435) ELISA Probst and others
2014

Maize AFs Uganda 5 (100) 9.2 (7 to 12) Fluorimetry Osuret and others
2016

Maize AFs Uganda 150 (73) 22 (0 to 50) TLC Kaaya and
Kyamuhangire 2006

Maize AFs Zambia 28 (−) 7 (0 to 108) ELISA Probst and others
2014

Maize AFs Zimbabwe 19 (−) 9 (0 to 123) ELISA Probst and others
2014

Maize AFB1 Burkina Faso 26 (50) 23.6 (3.4 to 636) LC-MS/MS Warth and others 2012
Maize AFB1 Cameroon 37 (30) 4 (<LOQ to 12) LC-MS/MS Abia and others 2013
Maize AFB1 Congo 13 (31) 0.86 (0.04 to

120.09)
ELISA Manjula and others

2009
Maize AFB1 Côte d’Ivoire 10 (100) − (<1.5 to 20) HPLC Sangare-Tigori and

others 2006a
Maize AFB1 Ghana/Nigeria 56 (30) 74 (0.7 to 440) HPLC Perrone and others

2014
Maize AFB1 Lesotho – − (nd to 0.43) HPLC Mohale and others

2013
Maize AFB1 Mozambique 13 (46) 69.9 (16.3 to 363) LC-MS/MS Warth and others 2012
Maize AFB1 Nigeria 70 (67.1) 394 (0.4 to 6738) LC-MS/MS Adetunji and others

2014
Maize AFB1 Zimbabwe 95 (1) 11 (nd to 11) LC-MS/MS Hove and others 2016
Sorghum AFB1 Ethiopia – − (<LOD to 33.1) ELISA Taye and others 2016
Sorghum AFB1 Ethiopia 70 (12.9) 29.5(max: 62.5) LC-MS/MS Chala and others 2014
Sorghum AFB1 Ethiopia 82 (6.1) 10 (nd to 25.9) HPLC Ayalew and others

2006
Sorghum AFB1 Nigeria 168 (55) 199.51 ± 259.9

(0 to 1164)
TLC Makun and others

2009
Finger millet AFB1 Ethiopia 34 (6) 1.12 (max: 1.43) LC-MS/MS Chala and others 2014
Millet AFB1 Nigeria 87 (7) 159.5 ± 156.3 (8.6

to 384.9)
LC-MS/MS Hertveldt 2016

Barley AFB1 Ethiopia 115 (11.3) 3.8 (max: 11.7) HPLC Ayalew and others
2006

Teff AFB1 Ethiopia 35 (23) 5.1 (max: 15.6) HPLC Ayalew and others
2006

Sugarcane AFB1 Egypt 40 (58) 0.72 (<LOQ to 2.1) LC-MS/MS Abdallah and others
2016

Maize AFB2 Nigeria 70 (54.3) 44 (1 to 644) LC-MS/MS Adetunji and others
2014

Maize AFG1 Nigeria 70 (15.7) 47 (1 to 264) LC-MS/MS Adetunji and others
2014

Maize AFG2 Nigeria 70 (5.7) 16 (0.7 to 52) LC-MS/MS Adetunji and others
2014

Maize AFM1 Nigeria 70 (48.6) 14.5 (1.2 to 120) LC-MS/MS Adetunji and others
2014

Maize FUM Botswana 33 (85) 247 (20 to 1270) HPLC Siame and others 1998
Maize FUM Malawi 8 (88) 55.6 (nd to 135) HPLC Doko and others 1996
Maize FUM Malawi 90 (100) 900 ± 1000 (100 to

7000)
LFIA Mwalwayo and Thole

2016
Maize FUM Mozambique 3(100) 360 (340 to 395) HPLC Doko and others 1996

(Continued)
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Table 2–Continued.

Raw material
for beverage Mycotoxina Country

Number of samples
analyzed (%

positives)

Mean ± SD
concentration

(Range) in µg/kg
Analytical
techniqueb Source

Maize FUM Nigeria 136 (65) 935 (max: 8508) LC-MS/MS Chilaka and others
2016

Maize FUM Nigeria – 228 ± 579 (5 to
2860)

HPLC Vismer and others
2015

Maize FUM Tanzania 120 (52) − (61 to 11048) HPLC Kimanya and others
2008

Maize FUM Tanzania − (85) − (49 to 18273) HPLC Kamala and others
2016

Maize FUM Tunisia 18 (50) 540.4 ± 658 (−) HPLC Ghali and others 2009
Maize FUM Zimbabwe 19 (−) 105000 (36000 to

159000)
ELISA Probst and others

2014
Maize FB1 Botswana 30 (18) 380 (9 to 1146) HPLC Mokgatlhe and others

2011
Maize FB1 Burkina Faso 26 (81) 269 (22.5 to 1343) LC-MS/MS Warth and others 2012
Maize FB1 Burundi 6 (100) − (12200 to

75200)
Fluorodensitometry Munimbazi and

Bullerman 1996
Maize FB1 Cameroon 37 (100) 508 (2 to 2313) LC-MS/MS Abia and others 2013
Maize FB1 Cameroon 40 (65) 3684 (37 to 24225) HPLC Njobeh and others

2010
Maize FB1 Congo 10 (−) − (nd to 9620) ELISA Manjula and others

2009
Maize FB1 Côte d’Ivoire 10 (100) − (0.3 to 1.5) HPLC Sangare-Tigori and

others 2006a
Maize FB1 Lesotho – − (7 to 936) HPLC Mohale and others

2013
Maize FB1 Mozambique 13 (92) 869 (159 to 7615) LC-MS/MS Warth and others 2012
Maize FB1 Nigeria 70 (92.9) 1552 (1.8 to 10447) LC-MS/MS Adetunji and others

2014
Maize FB1 South Africa 142 (87) − (101 to 53863) HPLC Phoku and others 2012
Maize (good) FB1 South Africa 54 (100) 2083 ± 3630 (56 to

14990)
LC-MS/MS Shephard and others

2013
Maize (moldy) FB1 South Africa 38 (100) 27640 ± 38970

(514 to 190100)
LC-MS/MS Shephard and others

2013
Maize FB1 Zimbabwe 95 (95) 242 (nd to 1106) LC-MS/MS Hove and others 2016
Barley (raw/

malted)
FB1 South Africa 24 (29.2) − (12 to 170) HPLC Maenetje and Dutton

2007
Sorghum FUM Botswana 20 (15) 43 (20 to 60) HPLC Siame and others 1998
Sorghum FUM Ethiopia 39 (8) 1713.3 (1370 to

2117)
ELISA Ayalew and others

2006
Sorghum FUM Ethiopia – − (907 to 2041) ELISA Taye and others 2016
Sorghum FUM Nigeria – 131 ± 270 (5 to

1340)
HPLC Vismer and others

2015
Sorghum FUM Nigeria 110 (8) 83 (max: 180) LC-MS/MS Chilaka and others

2016
Sorghum FUM Zimbabwe 18 (61) − (8 to 187) HPLC Mupunga 2013
Sorghum FB1 Botswana 30 (11) 491 (8 to 1409) HPLC Mokgatlhe and others

2011
Finger millet FUM Ethiopia 574 (45) 0.68 ± 0.2 (2.1 to

90)
ELISA Nyangi 2014

Millet FUM Nigeria 87 (14) 2113 (max: 22064) LC-MS/MS Chilaka and others
2016

Pearl millet FUM Nigeria – 18 ± 7 (6 to 29) HPLC Vismer and others
2015

Maize FB2 Nigeria 70 (84.3) 442 (12.8 to 3455) LC-MS/MS Adetunji and others
2014

Maize FB3 Nigeria 70 (84.3) 161 (6.4 to 720) LC-MS/MS Adetunji and others
2014

Maize (good) FB2 South Africa 54 (100) 927 ± 1565 (38 to
6,444)

LC-MS/MS Shephard and others
2013

Maize (moldy) FB2 South Africa 38 (100) 10580 ± 13810
(222 to 64840)

LC-MS/MS Shephard and others
2013

Maize (good) FB3 South Africa 54 (93) 192 ± 268 (0.5 to
1312)

LC-MS/MS Shephard and others
2013

Maize (moldy) FB3 South Africa 38 (100) 2438 ± 2739 (90 to
11280)

LC-MS/MS Shephard and others
2013

Maize Hydrolyzed
FB1

Nigeria 70 (52.9) 11 (0.4 to 135) LC-MS/MS Adetunji and others
2014

Maize DON Burkina Faso 26 (4) 31.4 (−) LC-MS/MS Warth and others 2012
Maize DON Cameroon 37 (100) − (−) LC-MS/MS Abia and others 2013
Maize DON Cameroon 40 (73) 59 (18 to 273) HPLC Njobeh and others

2010
Maize DON Lesotho – − (1.30 to 1469.4) HPLC Mohale and others

2013
Maize DON Mozambique 13 (15) 120 (116 to 124) LC-MS/MS Warth and others 2012

(Continued)
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Table 2–Continued.

Raw material
for beverage Mycotoxina Country

Number of samples
analyzed (%

positives)

Mean ± SD
concentration

(Range) in µg/kg
Analytical
techniqueb Source

Maize DON Nigeria 70 (100) 60 (11 to 479) LC-MS/MS Adetunji and others
2014

Maize DON-
glucoside

Nigeria 70 (10) 11 (0.1 to 76) LC-MS/MS Adetunji and others
2014

Maize DON Nigeria 136 (16) 99 (max: 225) LC-MS/MS Chilaka and others
2016

Maize (good) DON South Africa 54 (100) 4.7 ± 2.1 (2.2 to 14) LC-MS/MS Shephard and others
2013

Maize (moldy) DON South Africa 38 (100) 5.8 ± 26 (1.1 to 12) LC-MS/MS Shephard and others
2013

Maize DON Zimbabwe 95 (24) 217 (nd to 492) LC-MS/MS Hove and others 2016
Maize DON Zimbabwe 19 (-) 1000 (nd to 12000) ELISA Probst and others

2014
Sorghum DON Ethiopia 33 (91) 360 (50 to 2340) HPLC Ayalew and others

2006
Sorghum DON Nigeria 110 (3) 100 (max: 199) LC-MS/MS Chilaka and others

2016
Millet DON Nigeria 87 (13) 151 (max: 543) LC-MS/MS Chilaka and others

2016
Barley DON Ethiopia 20 (33) 70 (40 to 110) HPLC Ayalew and others

2006
Barley (raw/

malted)
DON South Africa 18 (100) − (10 to 3125) GC-MS Maenetje and Dutton,

2007
Maize NIV Nigeria 70 (54.3) 14 (0.7 to 164) LC-MS/MS Adetunji and others

2014
Maize OTA Côte d’Ivoire 41 (100) − (3 to 1738) HPLC Sangare-Tigori and

others 2006b
Maize OTA Nigeria 17 (94.1) 26.96 ± 35.39

(0 to 139.2)
HPLC Makun and others

2013
Maize OTA Nigeria 70 (10) 111 (4 to 580) LC-MS/MS Adetunji and others

2014
Maize Ochratoxin-

alpha
Nigeria 70 (1.4) 11 (11 to 11) LC-MS/MS Adetunji and others

2014
Millet OTA Côte d’Ivoire 33 (100) − (17 to 204) HPLC Sangare-Tigori and

others 2006b
Millet OTA Nigeria 18 (100) 24.74 ± 6.52

(10.2 to 46.57)
HPLC Makun and others

2013
Barley OTA Ethiopia 103 (26.2) 17.2 (max: 164) HPLC Ayalew and others

2006
Sorghum OTA Nigeria 17 (94.1) 8.28 ± 6.23

(0 to 29.5)
HPLC Makun and others

2013
Teff OTA Ethiopia 33 (27.3) 32.7 (max: 80) HPLC Ayalew and others

2006
Maize OTB Nigeria 70 (7.1) 7.5 (2 to 26) LC-MS/MS Adetunji and others

2014
Maize ZEN Botswana 30 (29) 297 (19 to 797) HPLC Mokgatlhe and others

2011
Maize ZEN Burkina Faso 26 (8) 13.4 (11 to 15.8) LC-MS/MS Warth and others 2012
Maize ZEN Cameroon 33 (89) 68 (0.2 to 309) LC-MS/MS Abia and others 2013
Maize ZEN Cameroon 40 (78) 69 (28 to 273) HPLC Njobeh and others

2010
Maize ZEN Côte d’Ivoire 10 (100) − (0.3 to 1.5) HPLC Sangare-Tigori and

others 2006a
Maize ZEN Mozambique 13 (23) 13.8 (10.9 to 18.1) LC-MS/MS Warth and others 2012
Maize ZEN Nigeria 70 (17.1) 174 (0.4 to 2044) LC-MS/MS Adetunji and others

2014
Maize α-ZEN Nigeria 70 (1.4) 17 (17 to 17) LC-MS/MS Adetunji and others

2014
Maize β-ZEN Nigeria 70 (1.4) 13 (13 to 13) LC-MS/MS Adetunji and others

2014
Maize ZEN Nigeria 136 (1) 65 (−) LC-MS/MS Chilaka and others

2016
Maize (good) ZEN South Africa 54 (39) 44 ± 88

(0.6 to 329)
LC-MS/MS Shephard and others

2013
Maize (moldy) ZEN South Africa 38 (74) 184 ± 420

(0.1 to 1648)
LC-MS/MS Shephard and others

2013
Sorghum ZEN Botswana 30 (28) 77 (3 to 248) HPLC Mokgatlhe and others

2011
Sorghum ZEN Ethiopia 70 (32.9) 43.8 (max: 374) LC-MS/MS Chala and others 2014
Sorghum ZEN Ethiopia 29 (7) 25.5 (19 to 32) HPLC Ayalew and others

2006
Sorghum ZEN Nigeria 110 (1) 38 (−) LC-MS/MS Chilaka and others

2016

(Continued)

340 Comprehensive Reviews in Food Science and Food Safety � Vol. 17, 2018 C© 2018 Institute of Food Technologists®



Mycotoxins in local beverages in Africa . . .

Table 2–Continued.

Raw material
for beverage Mycotoxina Country

Number of samples
analyzed (%

positives)

Mean ± SD
concentration

(Range) in µg/kg
Analytical
techniqueb Source

Sorghum ZEN Nigeria 168 (37) 184.76 ± 328.31
(0 to 1454)

TLC Makun and others
2009

Millet ZEN Nigeria 87 (14) 419 (max: 1399) LC-MS/MS Chilaka and others
2016

Finger millet ZEN Ethiopia 34 (51.5) 76.5 (max: 459) LC-MS/MS Chala and others 2014

–, Data not available.
aAFs, total aflatoxin; AFB1, Aflatoxin B1; DON, deoxynivalenol; FUM, Fumonisin; FB, fumonisin B1; OTA, ochratoxin A; ZEN, Zearalenone.
bELISA, enzyme-linked immunosorbent assay; HPLC, high performance liquid chromatography; LC-MS/MS, liquid chromatography tandem mass spectrometry; LFIA, lateral flow immunochromatographic assay;
TLC, thin-layer chromatography.

Kamala and others 2016), whereas the contamination rates for
many other regions and countries are relatively low (Kaaya and
Kyamuhangire 2006; Probst and others 2014; Osuret and others
2016). The report from Probst and others (2014) also suggests that
FUM and DON contamination rates and levels in maize grown
in the East African region may be relatively low except for some
regions in Tanzania where as much as 2284 and 825 μg/kg of FUM
and DON, respectively, have been reported in maize flour used as
complementary food for infants (Kimanya and others 2014) and
levels up to >18000 μg/kg have been reported in more than one
half of sampled maize (Kamala and others 2016). Similarly, FUM
was found in 87% of maize samples from western Kenya and half
of them were over 1000 μg/kg (Mutiga and others 2015).

In the southern African region, AF contaminations are less pro-
nounced compared to FUM occurrence in maize. The coun-
tries which have reported AFs in maize include Malawi, Zambia,
and Zimbabwe. Maize samples from Botswana had no detectable
AFs (Siame and others 1998), whereas contamination in Zambian
maize was relatively high with an average of 16 μg/kg (Kacha-
pulula and others 2017). About 29% of 90 maize samples from
Malawi contained more than 10 μg/kg of AFs (Matumba and oth-
ers 2015a). Doko and others (1996) reported low levels of FUM in
maize from Malawi. More recently, Mwalwayo and Thole (2016)
reported co-occurrence of AFs and FUM in maize samples from
Malawi. In their study, they showed that FUM contamination was
also generally low (with 84% samples having <1000 μg/kg), how-
ever, higher occurrence and levels of FUM, as well as AFs, were
recorded in maize from southern Malawi (Mwalwayo and Thole
2016). FUM as high as 105000 μg/kg were reported in maize
from Zimbabwe (Probst and others 2014) whereas rural home-
grown maize from South Africa contained extremely high levels
of FUM up to 53863 μg/kg (Phoku and others 2012). Rheeder
and others (2016) in a more recent study, however, reported low
levels of FUM (mean: 575 μg/kg) from maize in South Africa. In
other parts of Southern Africa, the main cereals used to produce
traditional beverages varied in their levels of contamination with
mycotoxins.

Mycotoxins in sorghum
Sorghum is widely grown in Africa, but is less consumed com-

pared to maize. Sorghum has been previously suggested to be less
prone to AF contamination than maize; thus proposing its use as
replacement cereal for maize (Bandyopadhyay and others 2007).
However, recent reports suggest that AFs, as well as FUM levels,
could be high in sorghum grains as a consequence of poor han-
dling, poor storage, and climate. In Nigeria, Makun and others
(2009) reported that AFB1 contamination was higher in stored
sorghum (mean: 262.8 μg/kg) than sorghum at farm-gate (mean:
9.88 μg/kg). Similar trends were recorded for OTA and ZEN
in their study (Makun and others 2009). Odoemelam and Osu

(2009), however, reported lower AFB1 (mean: 30.53 μg/kg) in
sorghum (described as “guinea corn” in their study) collected
from southern Nigeria compared to northern Nigeria. Recently,
Apeh and others (2016) showed that 54% of sorghum grains from
northern Nigeria were contaminated with AFs at a mean level
of 5.31 μg/kg (range: 0.96 to 21.74 μg/kg) and with more than
one half of the positive samples being above the maximum limit
for AFB1 for foods meant for human consumption in the EU
(2 μg/kg; FAO 2004). Low incidences of AFs and FUM (<15%
of 70 samples) but high AFB1 levels (mean: 29.5 μg/kg) and
low FB1 (mean: 14.7 μg/kg) was reported for sorghum collected
from farmers’ stores in Ethiopia (Chala and others 2014), whereas
in Malawi the AF contamination rates in 13 sorghum samples
were very low (occurrence: 15%; mean: 2.35 μg/kg; range: 1.7
to 3 μg/kg; Matumba and others 2011). Other mycotoxins, in-
cluding DON, NIV, OTA, and ZEN, were also reported at low
levels in Ethiopian sorghum (Chala and others 2014). Lower levels
of FUM were recorded in sorghum from Nigeria compared to
maize (Vismer and others 2015; Chilaka and others 2016). Fur-
thermore, no OTA, FUM, or DON was detected in sorghum
grains from Cameroon (Djoulde 2013). In Botswana, aflatoxin
levels in stored sorghum ranged from 0.1 to 25 μg/kg (Mpuchane
and others 1997; Siame and others 1998). Mokgatlhe and others
(2011) showed that 31% of 45 sorghum samples were contami-
nated with 8 to 1409 μg/kg of FB1 whereas ZEN (range: 3 to 980
μg/kg) was reported in 95% of same samples, thus suggesting that
FUM and ZEN contamination may be a challenge to sorghum in
Botswana. Furthermore, Mupunga (2013) found FUM at concen-
trations ranging from 8 to 187 μg/kg in sorghum from Bulawayo
(Zimbabwe).

Mycotoxins in millet, barley, and teff
Millet, a major cereal for pito and burukutu production in Nige-

ria, has been shown to be contaminated with AFB1 at slightly
higher incidence but lower levels (�10 μg/kg) than sorghum
(Apeh and others 2016). Conversely, Hertveldt (2016) showed
that millet sampled mainly from northern Nigeria had low inci-
dence (7%) of AFB1 but very high levels (mean: 159.5 μg/kg).
A 2010 study on different crops in Nigeria reported all 18 millet
samples from Niger state to contain OTA (mean: 24.74 μg/kg;
range: 10.2 to 46.57 μg/kg) above the EU stipulated 5 μg/kg
limit for this toxin in foods (Makun and others 2013). Accord-
ing to Chilaka and others (2016), maize, and millet had higher
FUM, DON, and ZEN contaminations than sorghum in Nige-
ria, most of which exceeded the maximum regulatory limit of
1000 μg/kg set for the sum of FB1 and FB2 by the EU (FAO
2004). Interestingly, pearl millet and finger millet, which are also
used in preparing traditional beverages, especially in West and East
Africa, were less susceptible to mycotoxin contamination as they
had very low levels of AFB1 (Chala and others 2014) and FUM
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(Nyangi 2014; Vismer and others 2015). It is thought that ZEN is
the most common mycotoxin in both sorghum and finger millet
(Chala and others 2014). Because of the restricted application of
barley and teff in local beverage production in mostly Ethiopia, the
documented report on both crops originates from that country,
as well as from South Africa (for barley), even though the bar-
ley is not reported for local beverage production. Barley and teff
from Ethiopia had a low incidence (<10%) of AFs but with con-
centrations reaching 15.6 μg/kg, whereas no Fusarium mycotoxin
(FUM, NIV, DON, and ZEN) was detected in teff and no FUM,
NIV, and ZEN in barley (Ayalew and others 2006). However, in
the same study, OTA was reported in barley and teff in quantities
above the EU limit for OTA in foods. Raw and malted barley from
South Africa also contained varying levels of AFB1, DON, FB1,
and OTA (Maenetje and Dutton 2007). At present, there is no
information on mycotoxin contamination in other grains such as
sorghum and finger millet and banana used in making traditional
beverages in Eastern Africa. Although there are limited data on
cereals other than maize, such foods seem to be less susceptible to
AFs and FUM contamination (Bandyopadhyay and others 2007;
Vismer and others 2015).

Mycotoxins in banana and other fruits
Banana fruit is used to make banana juice and beer in East

Africa. Although there is little information on the occurrence of
mycotoxins in banana, Li and others (2013) showed that Fusarium
oxysporum f. ssp. cubense can infect several parts of banana leading
to the natural contamination of banana fruits with beauvericin and
fusaric acid. Similarly, dried petals of the Roselle flower are used in
zobo production; however, there has been no report on mycotoxin
contamination of neither the plant part nor the boiled beverage.

Mycotoxin Occurrence in Beverages and Their Fate
During Traditional Processing Across Africa

A range of analytical techniques including the immunoassay
(ELISA), fluorimetric test strips/kits, and chromatographic assays
(TLC, HPLC, and LC-MS/MS) have enabled the determination
of diverse mycotoxins in African traditional beverages. The occur-
rence data on mycotoxins and their major metabolites reported in
18 papers for locally produced and consumed beverages in African
countries is presented in Table 3. A total of 6 papers reporting on
5 beverages (burukutu, dolo, ice-kenkey, kunu-zaki, and pito) were
identified from West Africa (Burkina Faso, Ghana, and Nigeria)
whereas 2 reports from Cameroon (Central Africa) provided data
on 3 beverages (bil-bil, kpata, sha). In East Africa (Rwanda, Kenya,
and Tanzania), 3 reports provided data on 8 beverages (banana
beer, busaa, dengelua, kangara, kibukuMtwara, kindi, komoni, and
mbege) whereas 7 papers reporting on 8 beverages (imfulamfula,
isiqatha, mqomboti/umqombothi, opaque maize beer, sorghum beer,
thobwa, traditional maize opaque beer, and traditional sorghum
opaque beer) were retrieved across the southern African region
(Botswana, Malawi, South Africa, and Zambia). With the excep-
tion of Lovelace and Nyathi (1977), Matumba and others (2011),
Bationo and others (2015), and Ezekiel and others (2015) who an-
alyzed raw materials together with processing by-products and/or
finished product (beverage), all other studies discussed here fo-
cused on mycotoxin occurrences in beverages sold in various local
markets in the studied communities. The highest mycotoxin lev-
els reported in traditionally processed beverages across Africa have
been in traditional maize opaque beer from Malawi (mean AFs:
90 μg/kg; mean FUM: 1898 μg/kg; Matumba and others
2014a), maize/finger millet-based busaa from Kenya (mean DON:

259 μg/kg; Kirui and others 2014), and maize-based isiqatha from
South Africa (mean OTA: 2534.5 μg/L; Odhav and Naicker
2002).

The major raw materials used in the preparation of traditional
beverages in Africa are the meals and malts of the mycotoxin-
susceptible cereals such as maize, millet, and sorghum. Processing
steps such as sorting, washing, steeping, dehulling, milling, boil-
ing, roasting, and fermentation have been reported to reduce the
level of mycotoxins in contaminated raw materials (Ezekiel and
others 2015; Matumba and others 2015b; Okeke and others 2015;
Karlovsky and others 2016). This was the case with a fermenta-
tion process during kunu-zaki and pito productions from sorghum
and maize, respectively, leaving the final product with mycotoxin
levels reduced by at least 76% in the case of kunu-zaki and 59% in
the case of pito (Ezekiel and others 2015). In addition, sorghum
malt obtained during the production of dolo (beer) in Burkina
Faso had AFB1 (mean: 97.6 μg/kg) but no detectable level was
found in beer (Bationo and others 2015). Similarly, milling and
fermentation during thobwa processing from sorghum malt caused
drastic reduction in aflatoxin levels (Matumba and others 2011).
Malting, however, is a step which has shown potential to elevate
mycotoxin contents up to 3-fold during processing (Matumba and
others 2011; Ezekiel and others 2015); this is most likely due to the
increased moisture content which favors biosynthesis of many my-
cotoxins under the poor conditions of storage of malting grains in
sub-Saharan Africa. With respect to mycotoxin degradation prod-
ucts or metabolites during beverage processing in Africa, the only
available report is by Ezekiel and others (2015) who found up to
3-fold higher quantities of hydrolyzed FB1 in malted maize grains
for kunu-zaki production than the levels in raw grains, but this
metabolite was not detected in the finished beverage. In the same
study, ZEN and α-zearalenol were reported in malted sorghum
grains, whereas only β-zearelenol was detected in the fermented
beverage (pito), most likely due to the conversion of ZEN by the
fermentation microbiota to its less estrogenic form (Mizutani and
others 2011).

An interesting aspect of mycotoxins in beverages worldwide
is the issue of masked mycotoxins, which have been widely re-
ported in commercial beverages across Europe and North America
(Kostelanska and others 2009; Bertuzzi and others 2011; Varga and
others 2013). However in Africa, only the masked form of DON
(DON-3-glucoside) has been reported in local beverages and it
was found in 85.7% of 14 locally brewed maize beers (sha) in
Cameroon at concentrations of 0.3 to 27 μg/kg (mean: 8 μg/kg;
Abia and others 2013). Although that study did not consider the
beer/beverage process chain, which may have provided further
information on possible transfer of this masked mycotoxin from
grain to beer, transfer of DON-3-glucoside was reported to be
about 21% to 210% of the original quantities in malted barley
to beer (Kostelanska and others 2009). This is supported by the
report from Varga and others (2013) who found more DON-3-
glucoside (93%) than parent compound DON (77%) in 374 beers
from Europe. Lancova and others (2008) had previously shown
that DON-3-glucoside levels are higher during malting than in
the raw grains and final beer. There is therefore need to conduct
wider surveys of locally processed beverages across Africa similar
to the extensive surveys conducted in Europe and North America
in order to determine the presence and concentrations of masked
mycotoxins in the beverages. Unraveling the prevalence of masked
mycotoxins (such as DON-3-glucoside) in beverages is imperative
to understand and tackle DON exposure in this population be-
cause this metabolite is often cleaved in the gastrointestinal tract
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to release free/parent DON, thus increasing DON amounts on
exposure (Nagl and others 2012, 2014).

Exposure Estimations from Mycotoxin Levels in
Beverages and Control Options

The available data on mycotoxin contamination of African bev-
erages indicates that exposures and co-exposures, especially from
AFs and FUM, are high. However, currently it is difficult to es-
timate mycotoxin exposure via consumption of traditionally pro-
cessed beverages in many African countries due to lack of critical
and country-specific data required for exposure estimations, in-
cluding consumption frequency, consumption quantity, and actual
body weight and age of consumers. Nonetheless, there are broader
data on alcohol/beer consumption volume in some countries in
Africa, although these data are limited as regards traditional bever-
ages including nonalcoholic types (Global Data 2016). It is there-
fore imperative that future studies on beverages in Africa take into
consideration exposure estimates.

Attempts to estimate exposures to mycotoxins in the African
population have focused mainly on crops/grains and their meal
portions, but with only 3 attempts for beverages in 2 countries
(Malawi and South Africa), all within the southern African region
(Shephard and others 2005; Burger and others 2010; Matumba and
others 2014a). The earliest exposure estimation attempt focused
on FUM in mqomboti/umqombothi beer and based calculations on
consumption data for commercial beer in South Africa due to lack
of consumption data for home-brewed beer. In that report, mean
total FUM in the beer was 369 μg/kg, which translated to 12 to
59 μg/person/d intakes and 0.2 to 1.0 μg/kg bw/d; ranges based
on different beer consumption estimates. In the study conducted
by Burger and others (2010), the authors attempted to charac-
terize FUM exposure by categories of mqomboti/umqombothi beer
drinkers based on actual frequencies of consumption and also us-
ing total FUM content of the local beer reported by Shephard
and others (2005). Unlike the earlier study where FUM expo-
sure from beverage consumption did not exceed the provisional
maximum tolerable daily intake of 2 μg/kg bw/d set by the Joint
FAO/WHO Expert Committee on Food Additives, exposure es-
timates per drinking event for mqomboti/umqombothi beer drinkers
who consumed the beer 2 to 7 d a wk was 6 times (12.0 μg/kg bw)
higher than the limit. The most recent study on this subject, con-
sidered traditional maize-based opaque beers in Malawi (Matumba
and others 2014a) and based the beer consumption estimates of 1
to 6 L on the reports of Nikander and others (1991) for similar
beer consumption level of 5 to 6 L in Tanzania. In the study, mean
total AFs and total FUM contents of the opaque beer were 90 and
1898 μg/kg, respectively, and these concentration levels translated
to daily exposure levels that were several tens of folds higher than
the recommended exposure levels for both toxins, with increas-
ing exposures as beer consumption level increased. Taking a cue
from further data presented by Burger and others (2010), which
showed that the regular local beer drinkers had been drinking for
an average of 16 y, a scenario common among beverage (both
alcoholic and nonalcoholic) drinkers across Africa, exposure to
mycotoxins via contaminated beverage consumption could lead
to serious chronic health challenges if efforts to minimize toxin
contamination of raw materials used for beverage processing are
downplayed. The exposure from beverages adds to that from the
diet of contaminated cereals and is often overlooked in exposure
estimates. Co-exposure from multiple mycotoxins in the drinks
may worsen the case.

Considering the foregoing, it is imperative to employ strategies
for mycotoxin reduction in the traditional beverage processing
chain. The local practice of utilizing moldy grains, as well as heav-
ily contaminated grains sorted out from the harvested lot for local
beverage processing, is a norm which needs to be systematically
erased from the local people through awareness and educational
interventions. It should also be noted that the extent of mycotoxin
degradation during beverage production depends on the quanti-
ties of mycotoxins in the starting material, whereas the fate of
carried-over mycotoxins is hinged on the efficiency of the pro-
cessing methods to modify or degrade the toxins. Therefore, an
integrated approach should be taken to mitigate mycotoxins in the
crops in order to have raw materials with low toxin levels, which
beverage processing can conveniently handle without any carry-
overs into the final product. Some listed options include timely
planting of high-quality seeds, application of available biological
control technologies especially for AFs reduction in maize, timely
harvesting of crops, proper drying of crops, proper transportation
of crops (farm to household store, farm to market), storage of grains
under aerated and dry conditions free from insect infestation, and
careful sorting of grains (Bandyopadhyay and others 2016; Chi-
laka and others 2017; Misihairabgwi and others 2017). Based on
the study of Bandyopadhyay and others (2007) who reported that
maize was significantly more colonized by aflatoxin-producing
Aspergillus spp. than either sorghum or millet and had higher afla-
toxin levels, it is advised that maize be substituted with sorghum
or millet in the processing of beverages that could be made from
mixed grains or novel beverages using less mycotoxin-susceptible
crops be developed. This will support diet diversification and may
reduce mycotoxin (especially aflatoxin)-related risks greatly.

Future Perspectives
To further research efforts in this area in Africa, future research

on locally processed beverages in Africa is required and efforts
should adopt the value chain approach towards elucidating the
impact of traditional processing on mycotoxins during beverage
production, defining consumption patterns across age groups, gen-
der, and socio-economic classes, estimating mycotoxin intakes and
exposures among different groups of local beverage consumers
through biomonitoring studies, and optimizing processes to bet-
ter reduce mycotoxin levels and exposure from consumption of
these beverages. Fate of mycotoxins, including the masked forms
during the processing, is also very essential to provide insights
into possible degradation or transformation products formed and
their biological activities. The application of high-end analytical
technologies, such as liquid chromatography coupled to high-
resolution mass spectrometry (LC-HRMS), may be relevant in
determining toxin products in collaboration with European lab-
oratories where the technology and expertise are adequate and
available. Furthermore, there is the need to explore technological
options for mycotoxin monitoring in these traditionally processed
drinks. Rapid and sensitive low-cost techniques such as the im-
munoassays (such as ELISA) and fluorimetric test strips need to be
developed specifically for screening of products at the local setting
while building human and infrastructural capacity for mycotoxin
testing on the continent.

Conclusion
This review paper has presented, for the 1st time, compre-

hensive up-to-date data on the beverages of traditional ori-
gin across Africa and the spectrum of mycotoxins that con-
taminate the beverages as well as their raw materials. Several
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regulated mycotoxins have been found in locally processed bev-
erages and their raw grains across Africa, although AFs and FUM
are more prevalent, thereby presenting the most risks to con-
sumers. It has been shown that traditionally processed beverage
consumption contributes to mycotoxin exposure across Africa;
specifically, AF and FUM exposure levels for local beer drinkers
exceeded the recommended values by at least 6-fold. Practical
solutions to reduce mycotoxins in the beverage value chain in-
clude: educational interventions to promote the utilization of
high-quality grains for processing, application of traditional (vi-
sual) or improved (optical) sorting techniques and grain-cleaning
methods prior to fermentation/brewing, and optimizing process-
ing conditions/steps. At present, several continental and interna-
tional collaborative efforts that contribute to mitigation of my-
cotoxin exposure on the African continent are ongoing and they
include: the “aflasafe” project led by IITA (www.aflasafe.com),
which utilizes a novel biological control technique for aflatoxin
mitigation in crops such as maize and peanut; African Union
Commission-led Partnership for Aflatoxin Control in Africa pro-
gram (www.aflatoxinpartnership.org), which drives and supports
policy changes at country levels to promote aflatoxin-free foods
on the continent; and AflaNet (www.mri.bund.de), MycoKey
(www.mycokey.eu), MyToolBox (www.mytoolbox.eu), and My-
toxSouth (www.mytoxsouth.org) projects—EU programs geared
towards promoting safer foods through mycotoxin control in crops.

Authors’ Contributions
Conception of study: CNE; Planning: CNE, KIA, OAO, and

IC-O; Drafting and review of study outline: CNE, KIA, OAO,
IC-O, JMM, and WAA; Sourcing for papers: CNE, KIA, IC-
O, OAO, YMS, JMM, WAA, and RK; Data compilation and
preparation of tables: CNE, KIA, YMS, IC-O, JMM, and WAA;
Interpretation of data, writing, critical review, and fine-tuning of
draft: CNE, KIA, JMM, YMS, IC-O, OAO, WAA, MS, GSS, and
RK.

Conflicts of Interest
Authors have no conflicts of interest to declare regarding this

manuscript.

References

Abawari RA. 2013. Indigenous processing methods and raw material of
keribo: an Ethiopian traditional fermented beverage. J Food Resour Sci
1:13–20.

Abdallah MF, Krska R, Sulyok M. 2016. Mycotoxin contamination in
sugarcane grass and juice: first report on detection of multiple mycotoxins
and exposure assessment for aflatoxins B1 and G1 in humans. Toxins 8:343.

Abia WA, Warth B, Sulyok M, Krska R, Tchana AN, Njobeh PB, Dutton
MF, Moundipa PF. 2013. Determination of multi-mycotoxin occurrence in
cereals, nuts, and their products in Cameroon by liquid chromatography
tandem mass spectrometry (LC-MS/MS). Food Contr 31:438–53.

Adetunji MC, Atanda OO, Ezekiel CN, Sulyok M, Warth B, Beltrán E,
Krska R, Obadina O, Bakare A, Chilaka CA. 2014. Fungal and bacterial
metabolites of stored maize (Zea mays L.) from five agro-ecological zones of
Nigeria. Mycotoxin Res 30:89–102.

Aka S, Camara F, Nanga YZ, Loukou YG, Dje KN. 2008. Evaluation of
organic acids and sugars contents during the production of tchapalo a
traditional sorghum beer in Cote d’Ivorie. J Food Technol 6:189–95.

Aka S, Konan G, Fokou G, Dje KM, Bonfoh B. 2014. Review on African
traditional cereal beverages. Am J Res Comm 2:103–53.

All Africa. 2016. Tanzania: Food poisoning linked to 14 deaths in 2 regions.
Available from: http://allafrica.com/stories/201607290685.html. Accessed
2017 August 21.

Amadou I, Gbadamosi OS, Le GW. 2011. Millet- based traditional processed
foods and beverages—a review. Cer Foods World AACC Int 56:115–21.

Amusa NA, Odunbaku OA. 2009. Microbiological and nutritional quality of
hawked kunu-zaki (a sorghum-based non-alcoholic beverage) widely
consumed in Nigeria. Pak J Nutr 8:20–5.

Apeh DO, Ochai DO, Adejumo A, Muhammad HL, Saidu AN, Atehnkeng
J, Adeyemi RH, Mailafiya SC, Makun HA. 2016. Mycotoxicological
concerns with sorghum, millet and sesame in Northern Nigeria. J Anal
Bioanal Techniq 7:336.

Atter A, Ofori H, Anyebuno GA, Amoo-Gyasi M, Amo-Awua WK. 2015.
Safety of a street-vended traditional maize beverage, ice-kenkey, in Ghana.
Food Contr 55:200–5.

Ayalew A, Fehrmann H, Lepschy J, Beck R, Abate D. 2006. Natural
occurrence of mycotoxins in staple cereals from Ethiopia. Mycopathol
162:57–63.

Ayalew A, Hoffmann V, Lindahl J, Ezekiel CN. 2016. The role of mycotoxin
contamination in nutrition: The aflatoxin story. In: Covic N, Hendriks SL,
editors. Achieving a nutrition revolution for Africa: the road to healthier
diets and optimal nutrition, ReSAKSS Annual Trends and Outlook Report
2015. Washington, DC: Int Food Policy Res Inst. p 98–114.

Bandyopadhyay R, Kumar M, Leslie JF. 2007. Relative severity of aflatoxin
contamination of cereal crops in West Africa. Food Addit Contam
24:1109–14.

Bandyopadhyay R, Ortega-Beltran A, Akande A, Mutegi C, Atehnkeng J,
Kaptoge L, Senghor AL, Adhikari BN, Cotty PJ. 2016. Biological control
of aflatoxins in Africa: current status and potential challenges in the face of
climate change. World Mycotoxin J 9:771–89.

Bationo JF, Nikiema PA, Koudougou K, Ouedraogo M, Bazie SR, Sanou E,
Barro N. 2015. Assessment of aflatoxin B1 and ochratoxin A levels in
sorghum malts and beer in Ouagadougou. Afr J Food Sci 9:417–20.

Bertuzzi T, Rastelli S, Mulazzi A, Donadini G, Pietri A. 2011. Mycotoxin
occurrence in beer produced in several European countries. Food Contr
22:2059–64.

Bhat RV, Vasanthi S. 2003. Mycotoxin food safety risk in developing
countries. In: Unnevehr LJ, editor. 2020 Focus 10: food safety in food
security and food trade. Washington, DC: Int Food Policy Res Inst.

Blandino A, Al-Aseeri MC, Pandiella S, Cantero D, Webb C. 2003.
Cereal-based fermented foods and beverages. Food Res Int 36:527–43.

Burger H-M, Lombard MJ, Shephard GS, Rheeder JR, van der Westhuizen
L, Gelderblom WCA. 2010. Dietary fumonisin exposure in a rural
population of South Africa. Food Chem Toxicol 48:2103–8.

Chala A, Taye W, Ayalew A, Krska R, Sulyok M, Logrieco A. 2014.
Multimycotoxin analysis of sorghum (Sorghum bicolor L. Moench) and finger
millet (Eleusine coracana L. Garten) from Ethiopia. Food Contr 45:29–35.

Chevassus-Agnes S, Favier JC, Orstom AJ. 1976. Technologie traditionnelle
et valeur nutritive des bieres de sorgho du Cameroun. Cah Nutri Dietll
2:89–104.

Chilaka CA, De Boevre M, Atanda OO, De Saeger S. 2016. Occurrence of
Fusarium mycotoxins in cereal crops and processed products (ogi) from
Nigeria. Toxins 8:342.

Chilaka CA, De Boevre M, Atanda OO, De Saeger S. 2017. The status of
Fusarium mycotoxins in sub-Saharan Africa: a review of emerging trends
and post-harvest mitigation strategies towards food control. Toxins 9:19.

Darwish WS, Ikenaka Y, Nakayama SM, Ishizuka M. 2014. An overview on
mycotoxin contamination of foods in Africa. J Vet Med Sci 76:789–97.

Djoulde DR. 2013. Sustainability and effectiveness of artisanal approach to
control mycotoxins associated with sorghum grains and sorghum-based food
in Sahelian zone of Cameroon. In: Makun HA, editor. Mycotoxins and
food safety in developing countries. Croatia: INTECH. p 137–51.

Doko MB, Canet C, Brown N, Sydenham EW, Mpuchane S, Siame BA.
1996. Natural co-occurrence of fumonisins and zearalenone in cereals and
cereal-based foods from eastern and southern Africa. J Agric Food Chem
44:3240–3.

Ediage EN, Hell K, De Saeger S. 2014. A comprehensive study to explore
differences in mycotoxin patterns from agro-ecological regions through
maize, peanut, and cassava products: a case study, Cameroon J Agric Food
Chem 62:4789–97.

Egwaikhide IA, Malu PS, Lawal U, Adelagun RO, Andrew C. 2014.
Physico-chemical and microbiological analysis of fermented cow milk (nono)
consumed within Kaduna Town, north-western Nigeria. Food Sci Qual
Man 29:44–8.

Egwim E, Amanabo M, Yahaya A, Bello M. 2013. Nigerian indigenous
fermented foods: processes and prospects. In: Makun HA, editor.

348 Comprehensive Reviews in Food Science and Food Safety � Vol. 17, 2018 C© 2018 Institute of Food Technologists®

http://www.aflasafe.com
http://www.aflatoxinpartnership.org
http://www.mri.bund.de
http://www.mycokey.eu
http://www.mytoolbox.eu
http://www.mytoxsouth.org
http://allafrica.com/stories/201607290685.html


Mycotoxins in local beverages in Africa . . .

Mycotoxins and food safety in developing countries. Croatia: INTECH. p
153–80.

Embashu W, Cheikhyoussef A, Kahaka GK, Lendelvo S. 2013. Processing
methods of oshikundu, a traditional beverage from sub-tribes within
Aawambo culture in northern Namibia. J Stud Human Soc Sci 2:117–27.

Ezekiel CN, Abia WA, Ogara IM, Sulyok M, Warth B, Krska R. 2015. Fate
of mycotoxins in 2 popular traditional cereal-based beverages (kunu-zaki and
pito) from rural Nigeria. LWT Food Sci Technol 60:137–41.

Ezekiel CN, Sulyok M, Warth B, Odebode AC, Krska R. 2012. Natural
occurrence of mycotoxins in peanut cake from Nigeria. Food Contr
27:338–42.

Fadahunsi IF, Ogunbanwo ST, Fawole AO. 2013. Microbiological and
nutritional assessment of burukutu and pito (indigenously fermented alcoholic
beverages in West Africa) during storage. Nat Sci 11:98–103.

Fandohan P, Gnonlonfin B, Hell K, Marasa WFO, Wingfield MJ. 2005.
Natural occurrence of Fusarium and subsequent fumonisin contamination in
preharvest and stored maize in Benin. West Africa. Int J Food Microbiol
99:173–83.

FAO (Food and Agriculture Organization). 2004. Worldwide regulations for
mycotoxins in food and feed in 2003. Food and Nutrition Papers No. 81,
Rome: FAO.

Gadaga TH, Lehola M, Ntuli V. 2013. Traditional fermented foods of
Lesotho. J Microbiol Biotech Food Sci 2:2387–91.

Gaffa T, Jideani IA, Nkama I. 2002. Traditional production, consumption
and storage of kunu – a non-alcoholic cereal beverage. Plant Food Hum
Nutr 57:73–81.

Gensi RM, Kyamuhangire W, Carasco JF. 2000. Traditional production
method and storage characteristics for banana beer (tonto) in Uganda. Acta
Hort 540: 569–74.

Ghali R, Ghorbel H, Hedilli A. 2009. Fumonisin determination in Tunisian
foods and feeds. ELISA and HPLC methods comparison. J Agric Food
Chem 57:3955–60.

Global Data. 2016. Beer consumption (volume and growth) forecast to 2021
– Africa, Available from: https://www.globaldata.com/store/report/
bv0755mg-beer-consumption-volume-and-growth-forecast-to-2021-africa/.
Accessed 2017 July 24.

Gong YY, Cardwell K, Hounsa A, Egal S, Turner PC, Hall AJ, Wild CP.
2002. Dietary aflatoxin exposure and impaired growth in young children
from Benin and Togo, West Africa: cross sectional study. Br Med J 325:20–1.

Gong YY, Hounsa A, Egal S, Turner PC, Sutcliffe AE, Hall AJ, Cardwell K,
Wild CP. 2004. Post-weaning exposure to aflatoxin results in impaired child
growth: a longitudinal study in Benin, West Africa. Environ Health Perspect
112:1334–8.

Gong YY, Wilson S, Mwatha JK, Routledge MN, Castelino JM, Zhao B,
Kimani G, Kariuki HC, Vennervald BJ, Dunne DW, Wild CP. 2012.
Aflatoxin exposure may contribute to chronic hepatomegaly in Kenyan
school children. Environ Health Perspect 120:893–6.

Hertveldt K. 2016. Mycotoxins occurrence in Nigerian cereal crops (sorghum
and millet). Masters Dissertation. Ghent University, Ghent, Belgium.

Hove M, De Boevre M, Lachat C, Jacxsens L, Nyanga LK, De Saeger S.
2016. Occurrence and risk assessment of mycotoxins in subsistence farmed
maize from Zimbabwe. Food Contr 69:36–44.

Idonije OB, Festus OO, Asika ECA, Ilegusi MI, Okhiai O. 2012. A
comparative biochemical analysis of local gin (ogogoro) from different parts of
Nigeria and imported gin (dry gin)—toxicogenic, carcinogenic, and
sociopolitical implications. Sci J Med Clin Trials. 2012:4.

IARC (International Agency for Research on Cancer). 2012. IARC
Scientific Publication No. 158. In: Pitt JI, Wild CP, Baan RA, Gelderblom
WCA, Miller JD, Riley RT, Wu F, editors. Improving public health
through mycotoxin control. ISBN-13:978-92-832-2158-6.

IARC (International Agency for Research on Cancer). 2015. Mycotoxin
control in low- and middle-income countries. In: Wild CP, Miller JD,
Groopman JD, editors. IARC Working Group Report No. 9, Lyon.

Kaaya AN, Kyamuhangire W. 2006. The effect of storage time and
agroecological zone on mold incidence and aflatoxin contamination of
maize from traders in Uganda. Int J Food Microbiol 110:217–23.

Kachapulula PW, Akello J, Bandyopadhyay R, Cotty PJ. 2017. Aflatoxin
contamination of groundnut and maize in Zambia: observed and potential
concentrations. J Appl Microbiol 122:1471–82.

Kamala A, Kimanya M., Haesaert G, Tiisekwa B, Madege R, Degraeve S,
Cyprian C, De Meulenaer B. 2016. Local post-harvest practices associated
with aflatoxin and fumonisin contamination of maize in 3 agro ecological
zones of Tanzania. Food Addit Contam 33:551–9.

Kanyana I, Ouma E, Van Asten P. 2013. Quality assessment of banana juice
and beer in Rwanda. J Food Technol 11:38–43.

Karlovsky P, Suman M, Berthiller F, De Meester J, Eisenbrand G, Perrin I,
Oswald IP, Speijers G, Chiodini A, Recker T, Dussort P. 2016. Impact of
food processing and detoxification treatments on mycotoxin contamination.
Mycotoxin Res 32:179–205.

Katongole JN. 2008. The microbial succession in indigenous fermented
maize products. Magister Scientiae Agriculrae. University of Free State,
Bloemfontein, South Africa.

Khlangwiset P, Shephard GS, Wu F. 2011. Aflatoxins and growth
impairment: a review. Crit Rev Toxicol 41:740–55.

Kimanya ME, De Meulenaer B, Tiisekwa B, Ndomondo-Sigonda M,
Devlieghere F, Van Camp J, Kolsteren P. 2008. Co-occurrence of
fumonisins with aflatoxins in home stored maize for human consumption in
rural villages of Tanzania. Food Addit Contam 25:1353–64.

Kimanya ME, Shirima CP, Magoha H, Shewiyo HD, De Meulenaer B,
Kolsteren P, Gong YY. 2014. Co-exposures of aflatoxins with
deoxynivalenol and fumonisins from maize based complementary foods in
Rombo, northern Tanzania. Food Control 41:76–81.

Kirui MC, Alakonya AE, Talam KK, Tohru G, Bii CC. 2014. Total aflatoxin,
fumonisin, and deoxynivalenol contamination of busaa in Bomet county,
Kenya. Afr J Biotech 13:2675–8.

Kostelanska M, Hajslova J, Zachariasova M, Malachova A, Kalachova K,
Poustka J, Fiala J, Scott PM, Berthiller F, Krska R. 2009. Occurrence of
deoxynivalenol and its major conjugate, deoxynivalenol-3-glucoside, in beer
and some brewing intermediates. J Agric Food Chem 57:3187–94.

Kouadio JH, Lattanzio VM, Ouattara D, Kouakou B, Visconti A. 2014.
Assessment of mycotoxin exposure in Côte d’ivoire (Ivory Coast) through
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