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• Exposure routes & effects

• Mycotoxin patterns in food, feed and products
• West and Central Africa
• Eastern Africa
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Climatic conditions, agricultural, handling and storage practices in sub-Saharan Africa favor production

Diverse toxigenic moulds produce mycotoxins simultaneously in a range of staples

Background
Mycotoxins – more than 400 fungal metabolites; < 200 mycotoxins; < 20 regulated mycotoxins
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Impacts of mycotoxins
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Health Impact: exposure routes/effects

 Directly linked to exposures
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Acute
Immune system 

suppression

Chronic effects

Hepatic carcinoma
Stunting and underweight in children

4.5 billion people are chronically exposed 
(WHO, 2004)
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Kenya case study:
1981, 2001, 2004, 2005, 2006, 2014

41.5% case fatality
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Variety of effects of exposure

Estrogenic effects in 
swine and other 

mammals caused by 
deoxynivalenol or 

zearalenone

Neural tube defects leading 
to fetal loss, stillbirth or 

neonatal death caused by 
fumonisins

Kwashiorkor 
/malnutrition symptoms 

due to aflatoxin 
exposure

Synergistic interactions may lead to unknown but more severe effects
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Evidence on Association of Aflatoxin Exposure 
and Child Growth

Geography Findings (correlation) Reference
Ghana &
The Gambia

Exposure during pregnancy and smaller 
babies during the first weeks of life

Barett (2005), Review

Ghana Exposure and anemia in pregnancy Shuaib et al. (2010a)
Ghana Exposure and low-weight, still birth and pre-

term babies
Shuaib et al. (2010b)

Tanzania Exposure and reduced weight and height 
among breast fed infants under 6 months

Magoha et al. (2014)

Benin, Togo Between higher levels of aflatoxins and lower 
growth rates

Gong et al. (2002)

Togo, Iran, 
Kenya, UAE

Exposure and stunting in children Barett (2005), Review

There is possible association between aflatoxin exposure and
micronutrient deficiencies (e.g. selenium, folate, zinc) and
vitamin A and C (Turner et al. 2003; Obuseh et al. 2011; Liao et al.
2014).

Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016

Understanding the pattern of mycotoxins and fungal metabolites
in food and feed chain can:

 give a clue to the array of microbial contaminants involved in a
food/feed system

 help to map and evaluate the incidence of multi-mycotoxins in
crops and suggest high risk areas/regions

 provide baseline data for evaluating mycotoxin exposures and
assessing risks

 help identify susceptible crops to mycotoxins as well as
alternative crops for human consumption

 aid in the selection of potential mycotoxin management
options in crops

 identify single or compound combinations for future
toxicological testing.

Mycotoxin Contamination Patterns
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Findings

63 microbial metabolites

 56 are of fungal origin

 7 are from bacteria

 19 are novel in their occurrence

62% samples > 20µg/kg TAf limit

10.3% samples > 1mg/kg DON
limit
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Contamination Patterns: West Africa (NG)

1000µg/kg

Some known facts about ARF

 Feed Egg yolk transfer.

 Impairs egg quality (induces
colour change from golden
orange to dark brown (Kotyk et
al. 1995).

 Affects chicken meat quality
by reducing amino acid and fat
contents significantly (Dvorska
2000).

 Increases the susceptibility of
the egg yolk to lipid
peroxidation at >30µg/kg
(Dvorska et al. 2001).

Concentration levels in poultry feed
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Levels of metabolites in peanut cake
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Occurrence and concentrations of fungal metabolites in edible mushrooms

 24 fungal metabolites;
none has been previously
reported in mushrooms.

No regulated toxin.

Emerging Fusarium toxins
were present at very low
levels.
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Occurrence of fungal metabolites in snacks

32 fungal metabolites.

Aflatoxin levels reached 1,041µg/kg
and 30% of the snacks had >20µg/kg.

 Fumonisins levels were between
4.8 and 339µg/kg in maize- and
maize-peanut-based snacks.

 >15 metabolite combinations were
found in samples.
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 62 fungal and 4 bacterial
metabolites; 54 first reports in
Nigerian maize.

 The incidence and levels of
fumonisins were higher than
those of aflatoxins.
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Percentage of stored maize above set limits

Co-occurrence of mycotoxins in Nigerian maize
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Mapping aflatoxin levels in maize across Nigeria

Mapping fumonisin levels in maize across Nigeria
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Occurrence and concentration levels of selected mycotoxins in fonio and sesame in Nigeria

52 microbial metabolites in fonio while 30 in sesame.

Recent analysis of 35 sesame from another state in Nigeria showed
23 metabolites but no aflatoxins.
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Highlights of data from chili (Unpublished)

 45 metabolites quantified in 70 samples

 Aflatoxins found in 21/70 samples
-- AFB1 (max = 192µg/kg; mean = 18µg/kg; 55% of 21 samples >5µg/kg)
-- AFtot (55% of positive samples >5µg/kg)

 CPA found in 15 samples up to 999µg/kg

 No fumonisins but ZEN, Alternariol, Tenuazoic acid found in
high levels.
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Highlights of data from melon seeds

 34 metabolites in 16 samples

 AFB1 in 81% samples; max = 128µg/kg; mean = 37.5µg/kg

 AFtot max = 142.3µg/kg; mean = 17.6µg/kg

 CPA in only 3 out of 16 samples
Highlights of data from bush mango seeds

All positive 
samples were 
above 10µg/kg

43.4% of positive 
samples were 
>10µg/kg

 59 metabolites in 40 samples

 AFB1 in 58% samples; max = 713µg/kg; mean=68.1µg/kg

 AFtot max = 784.7µg/kg; mean = 35.6µg/kg

OTA in 70% of samples; max = 831µg/kg; mean = 43.4µg/kg
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Risk Assessment/Exposures
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• 8 mycotoxins/mycotoxin metabolites in 51% (61/120) samples
-- exposure to 6 distinct mycotoxins (AFB1, FB1, FB2, DON, OTA and ZEN)
-- 4 exposure biomarkers in addition to bio-measures

• Significantly (p=0.03) higher exposure: Nasarawa (65%) > Kaduna (37%)

• Frequent exposures across age categories
-- Children (47%), Adolescents (55%), Adults (51%)

Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016
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SRM-chromatogram of (a) standard, (b) a
contaminated urine with AFM1 & FB1 from a
breastfeeding mother in Nasarawa, Nigeria

• 25% of the contaminated urine
contained mycotoxin species for
more than one family

-- AFM1/FB1

-- AFM1/OTA
-- AFM1/FB1/FB2

-- AFM1/FB1/OTA
-- AFM1/FB1/FB2/DON;

• Diverse mycotoxin combinations in
consumed food

-- AFM1/FB1/FB2/DON, NIV/ZEN

• Modest but significant correlations
between food intake and

-- AFM1 urinary data (r= 0.31; p=0.02)
-- FB1 urinary data (r= 0.28; p=0.02)
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Processing to Reduce Mycotoxins
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Mycotoxins and metabolites in sorghum
grains and traditional alcoholic drink
(pito)
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Figure 5. Reduction (%) of Mycotoxins in freshly fermented ogi due to fermentation
during steeping of yellow maize grains. Vertical lines on bars indicate the standard
error of mean (α= 0.05). Bars with different alphabets are significantly different by
DMRT at α= 0.05.
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Contamination Patterns: Central Africa (CM)
• Simultaneous occurrence of mycotoxins in diverse staples

AFs–FBs–OTA
AFs–FBs–DON-ZEN
AFs–FBs–OTA–DON

57% co-occurrence in
staples from Cameroon
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• 11 mycotoxins/mycotoxin metabolites in 63% (110/175) samples
-- exposure to 7 distinct mycotoxins (AFB1, FB1, FB2, DON, NIV, OTA and ZEN)

• Similar exposure in HIV infected sub-population (64%; 93/145) than in
certified HIV negative participants (57%; 17/30)

• Typically greater exposure in Yaounde than Bamenda

• Co-exposure of up to five mycotoxins families in 18% (32/175) samples
-- most prevalent patterns AFM1/DON; OTA/DON; FB1/DON; NIV/DON, ZEN/DON
-- urinary patterns matched food occurrence data patterns
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Contamination Patterns: East Africa (TZ)
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Contamination Patterns: Southern Africa (MW)
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Contamination Patterns: Southern Africa (SA)

Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016



24/09/2016

17

Kenya case study:
1981, 2001, 2004, 2005, 2006, 2014

41.5% case fatality

Country Subject Sample Aflatoxin levels:
Incidence (Mean)

Reference

Benin/Togo
Benin

Children (n=480)
Children (n=200)

Blood
Blood

99% (32.8 pg/mg)
98-100% (37.4-86.8)

Gong et al. 2003
Gong et al. 2004

Cameroon Infants (n=220)
Adults (n=175)

Urine n/a (0.33ng/mL)
9.1% (0.05µg/L)

Ediage et al. 2013
Abia et al. 2013

Egypt Lact. mothers (n=46)
Preg. women (n=98)

Blood
Blood
Urine

37% (50ppm)
35% (4.9 pg/mg)
48% (19.7 pg/mg)

Shouman et al. 2012
Piekkola et al. 2012
Piekkola et al. 2012

Ghana Adults (n=314) Blood n/a (14.91 pg/mg) Jolly et al. 2013

Kenya Children (n=199) Blood n/a (110.5 pg/mg) Castelino et al. 2015

Nigeria Adults, adolescents & 
children (n=120)

Urine 14.2% (0.3µg/L) Ezekiel et al. 2014

Senegal Adults (n=168) Blood n/a (45.7 pg/mg) Watson et al. 2015

The Gambia Children (n=472)
Preg. women
Preg. women
Children (n=138)

Blood
Blood
Cord blood
Blood

93% (22.3 pg/mg)
100% (40.4 pg/mg)
48.5% (10.1 pg/mg)
11% (8.7 pg/mg)

Turner et al. 2003
Turner et al. 2007
Turner et al. 2007
Turner et al. 2007

Tanzania Children (n=166)
Children (n=166)

Blood
Blood

84% (12.9 pg/mg)
99% (23.5 pg/mg) Shirima et al. 2015

Uganda Adults (n=100)
Children (n=96)

Blood
Blood

100% (11.5 pg/mg)
95.8% (9.7 pg/mg) Asiki et al. 2014

Kenya case study:
1981, 2001, 2004, 2005, 2006, 2014

41.5% case fatality

Country Subject/sample Aflatoxin levels:
Incidence (Range)

Reference

Cameroon Human (n=62) 5% (5–625 ng/L) Tchana et al. 2010

Egypt Human (n=388)
Human (n=443 in summer)
Human (n=443 in winter)
Human (n=150)
Human (n=125)

36% (6–5131 ng/L)
56% (6–497 ng/L)
56% (LOD–108 ng/L)
65% (200–19,000 ng/L)
70% (7–328 ng/L)

Polychronaki et al. 2006
Polychronaki et al. 2007
Polychronaki et al. 2007
Tomerak et al. 2011
El-Tras et al. 2011

Nigeria Human (n=28)
Human (n=120)
Human (n=50)

18% (LOD–4,000 ng/L)
14% (2,000–187,000 ng/L)
82% (4–92 ng/L)

Atanda et al. 2007
Oluwafemi et al. 2012
Adejumo et al. 2013

Sudan Human (n=94) 54 (LOD–2,561 ng/L) Elzupir et al. 2012

Tanzania Human (n=143) 100% (10–550 ng/L) Magoha et al. 2014

Ethiopia Cow milk (n=110) 100% (LOD–4.98 ng/L) Gizachew et al. 2016

Nigeria Cow milk (n=100) 75% (9–456 ng/L) Oluwafemi et al. 2014

Evidence on Aflatoxins in Breast milk & Animal milk
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Mycotoxin exposure is widespread in Africa due 
to underdeveloped food safety system which 

challenges supply of safe food, resulting in 
many unaccounted deaths
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Summary
 Diverse fungal and bacterial metabolites contaminate food

and feed in Africa:

 Regulated toxins
 Fusarium emerging toxins
 Ergot alkaloids
 Alternaria toxins

 Aflatoxins and fumonisins seem to be the most prevalent
mycotoxin in food and feed from West Africa/East Africa and

Southern Africa, respectively.

 Fumonisins also dominate in maize (at harvest and in store).
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 Exposure levels are consequently high in the African
population.

 Processing has great potentials to reduce contamination
levels thus minimize risk of exposure.

Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016



24/09/2016

19

Actors/Partners behind the scene
 Prof. Rudi Krska (BOKU, Austria)
 Dr. Michael Sulyok (BOKU, Austria)
 Dr. Benedikt Warth (BOKU, Austria)
 Dr. Ranajit Bandyopadhyay (IITA, Nigeria)
 Dr. Eduardo I. Beltrán (Univ. Jaume I, Spain)
 Dr. Wilfred A. Abia (Cameroon)
 Dr. Bojan Sarkanj (Croatia)
 Dr. Olusegun O. Atanda (McPherson Univ., Nigeria)
 Dr. Modupe Adetunji (McPherson University, Nigeria)
 Prof. Stephen Fapohunda (Babcock Univ., Nigeria)
 Foluke Olorunfemi (PhD Student, Univ. of Ibadan, Nigeria)
 Isaac M. Ogara (NSUK, Nigeria)
 Bola Akinmusiri (University of Maiduguri, Nigeria)
 Rofiat Abdul-Salaam (FUNAAB, Nigeria)
 All those who worked on the “scary Nigerian samples” @ IFA

IFSERAR
NIHORT

Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016


