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Background

Mycotoxins -| AFRICA
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Climatic conditi

News T

Mycotoxins kill 7,000 chickens in

Impacts of mycotoxins Russi

ST POULTRY PRODUGTION STATSTICS mex @

One of the largest poultry producers in Russia, "Amur broiler' has reported a
staggering number of chicken deaths.

Local media Amur Info reported that
products from this poultry producers have
disappeared from markets

shelves. Representatives of
Rosselkhoznadzor, which receive monthly
reports from the company, believe that the
chicken deaths were caused by
poor-quality feed

Consumer
Health

"At the end of the year the poultry
received stale feed. Quite simply,

International Industrly/
Trade Loca o e ol
feed. which produces mycatoxins, and

mar ket extremely dangerous for both animals and humans. This is a virulent poison, "
explained Olga Atavina, deputy chief of management of Rosselkhoznadzar for the
Zabaikalye Territory and Amur Oblast. “Perhaps these mycotoxins undermined the
chicken immune system.” she added

According to experts, the feed killed about 7,000 of the company’s poultry. Meat from
the sick animals did not end up on shop-shelves, the oficials added. However, the

H uman A n | m a| owners ofthe stricken poultry farms denied that the chickens died due to mycotosin
visoning. According to them the underlving cause could be the new equipment
health health &

productivity

Food safety
and security
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Health Impact: exposure routes/effects

Kenya case study:
1981, 2001, 2004, 2005, 2006, 2014
41.5% case fatality

Chronic effects
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Symptoms of illness
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Variety of effects of exposure

=
-

Estrogic effectsin
Neural tube defects leading swine and other
to fetal loss, stillbirth or mammals caused by

neonatal death caused by deoxynivalenol or
fumonisins zearalenone

Other effects: immuno.

hepatocarei nogenici

Kwashiorkor
/malnutrition symptoms
due to aflatoxin

exposure

suppression, growth faltering in children
ty, oesophageal cancers, '

renal diseases
(Gong et al, 2002; Turner et al. 2003)

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)

Ghana &
The Gambia

Ghana
Ghana

Tanzania
Benin, Togo

Togo, Iran,
Kenya, UAE

Chibundu Ezekiel

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

Exposure and anemia in pregnancy

Exposure and low-weight, still birth and pre-
term babies

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

Barett (2005), Review

Shuaib et al. (2010a)
Shuaib et al. (2010b)

Magoha et al. (2014)

Between higher levels of aflatoxinsand lower Gong et al. (2002)

growth rates
Exposure and stuntingin 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).
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Mycotoxin Contamination Patterns
Understanding the pattern of mycotoxins and fungal metabolites
in food and feed chain can:

v’ give a clue to the array of microbial contaminantsinvolvedin a
food/feed system

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

v' provide baseline data for evaluating mycotoxin exposures and
assessing risks

v help identify susceptible crops to mycotoxins as well as

alternative crops for human consumption

v  aid in the selection of potential mycotoxin management

v

Chibundu Ezekiel

optionsin crops

identify single or compound combinations for future

toxicological testing.
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Food Additives and Contaminanis
Vol. 29, No. 8, August 2012, 1288-1299

. ntamination Patterns: West Africa (NG)
Findings

Taylor & Francis
Tayior & Francis Group

Fungal and bacterial metabolites in commercial poultry feed from Nigeria
C.N. Ezekiel*®, R. Bandyopadhyay**, M. Sulyok®, B. Warth® and R. Krska®

v'63 microbial metabolites

= 56 are of fungal origin

= 7 are from bacteria

= 19 are novel in their occurrence

v'62% samples > 20pg/kg TAr limit

v'10.3% samples > 1mg/kg DON

limit

Concentration (ug kg ")

Number of contaminated feed types

Chick Broiler  Grower Layer Broiler

Incidence mash finisher mash mash starter

Metabolite® (%) Mean SD Min Max (nh: ) (n=12) (n=14) (n=14) (n=11)
‘AFB 246 6 7 8 12 10 8
AFB2 23 10 7 7 4 3 8
AFG 46 8§ 7 7 8 5 8
ATG2 0 13 4 10 20 3 2 0 0 1
”‘Eﬂ’ ( ;; ) 651 786 80 ?@ 1 5 5 5 5
-G 170 179 22 52 2 6 6 3
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Toxin concentration {ug/kg)
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Concentration levels in poultry feed
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v'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 vyolk to lipid
peroxidation at  >30ug/kg
(Dvorska et al. 2001).
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Food Control 27 (2012) 338—342

. . . = = CONTROL
Contents lists available at SciVerse ScienceDirect CONTROL

CONTROL
CONTROL

Food Control CONTROL
CONTROL

CONTROL
journal homepage: www.elsevier.com/locate/foodcont CONTROL

Natural occurrence of mycotoxins in peanut cake from Nigeria
C.N. Ezekiel **, M. SulyokP®, B. Warth®, A.C. Odebode, R. Krska®

n=20 26 24 11 19 18 25 24 20 18 18 22 6 26 28 20 23 17 4 4

1.08+08
+
i
., e 3 i Aflatoxin B, concentrations in peanut cake samples from markets within five states|
£ I ¢ ik in Nigeria.
= ol . 1 + i
= 1.0E+02 * + a .
2 [ § : i 3 ; State  N*  Concentrations (pg/kg)
£ T :
8 ¥ i » L v g i & Min  Max Mean ¥ contaminated samples
g 1.0E+01 f f 23—% * P 4 ;
£ T REE FPIREE . - " <10 10-100 101-1000 1000
3 i 1
T i P ¥ i Lagos gwsssm 556 333 11
+ 4 + Ogun 5 2335 14284a 0.0 200 80.0
’ s i Oyo 5 mz 1487 588.4al 00 800 200
1.0E-01 -
5\ 5 85 FE 5 3 T £ 3 o g = 3 5 5| Nger 332 1365 557.3a 333 333 334
glf g g5 EEE2 S E2 D EE| kadma 7 80 403 1510 5.1 429 00
g2 8 £ E 8 ¢ 223473 Total 29 13 2824 -~ 345 414 24.1
5 & 7 5 = g
H

Levels of metabolites in peanut cake

Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016

International Journal of Food Microbiology 162 (2013) 231-236

Contents lists available at SciVerse ScienceDirect

International Journal of Food Microbiology

journal homepage: www.elsevier.com/locate/ijfoodmicro

Fungal and mycotoxin assessment of dried edible mushroom in Nigeria

C.N. Ezekiel **, M. Sulyok ®, J.C. Frisvad €, Y.M. Somorin 9, B. Warth °, J. Houbraken ¢, R.A. Samson €
R. Krska P, A.C. Odebode ©

 Mycology/Mycotoxicology Research Unit, Department of Biosciences and Biotechnology, Babcock University, flishan Remo, Ogun State, Nigeria

® Center for Analytical Chemistry, Department of Agrobiotechnology (IFA-Tulln), University of Natural Resources and Life Sciences Vienna, Konrad Lorenzstr, 20, A-3430 Tulln, Austria
< Center for Microbial Biotechnology, Department of Systems Biology, Building 221, Technical University of Denmark, DK-2800 Kgs, Lyngby, Denmark

9 Department of Microbiology, Federal University of Agricuiture, Abeokuta, Ogun State, Nigeria

© CBS-KNAW Fungal Biodiversity Centre, Uppsalalaan 8, NL-3584 CT Utrecht, The Netherlands

' Mycology Unit, Department of Botany, University of Ibadan, Oyo State, Nigeria

Jprmmm e s g v m w24 fungal  metabolites;
3 . . none has been previously
E s ' reported in mushrooms.
§ Lo, e . " *+ ¥Noregulated toxin.

” + v'Emerging Fusarium toxins

F LS B IFE PSS s ,x $ PSP E P 2 Were present at very low
LS oc‘ L ,‘. @ @‘" & q\~ &“&&(_e{*
o o levels.

« Occurrence and concentrations of fungal metabnlltes in edible mushrooms
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Food Additives & Contaminants: Part B, 2013 e Taylor & Francis
Vol. 6, No. 4, 294-300, http://dx.doi.org/10.1080/19393210.2013.823626 Taylor & Francis Group

Food Additives & Contaminants: Part B: Surveillance

Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/tfab20

Food Additives

Contaminants

Mycotoxins and fungal metabolites in groundnut- and

| maize-based snacks from Nigeria
0.F. Kayode®, M. Sulyok®, 5.0. Fapohunda®, C.N. Ezekiel, R. Krska® & C.R.B. Oguntona®

Groundnut: I: 74 v'32 fungal metabolites.
mzize 21

1 B Reguinted petaboites v'Aflatoxin levels reached 1,041ug/kg
B B Al metabalies and 30% of the snacks had >20ug/kg.

Maize
32

Snack type

| v Fumonisins levels were between
[ 4.8 and 339ug/kg in maize- and
et h” maize-peanut-based snacks.

Nt S iGtabolltes v >15 metabolite combinations were
found in samples.

<

Occurrence of fungal metabolites in snacks

Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016
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ORIGINAL PAPER

Fungal and bacterial metabolites of stored maize (Zea mays, L..)
from five agro-ecological zones of Nigeria
Modupeade Adetunji « Olusegun Atanda - Chibundu N. Ezekiel « Michael Sulyok -

Benedikt Warth - Eduardo Beltrian - Rudolf Krska - Olusegun Obadina -
Adegoke Bakare - Cynthia A. Chilaka

Occurrence and Concentration of Regulated and Non Regulated Mycotoxins in Stored Maize from Five AEZS® of Nigeria

oncentration 1
o i e e wen o ¥ 62 fungal and 4 bacterial
3-nitropropioni i B3 T.5 Ties

s Mmetabolites; 54 first reports in

By 47 67.1 0.4 6738 74

Aflatoxin B, 38 543 1 644 12 44 - - -
1 157 1 264 16 |ger|a.n malze.
4 57 0.7 52 6

Aflatoxin M, .
Alternariclmethylether 20 2886 0.04 21 0.8 3 6

Alternariol 13 18.6 0.8 57 4 10 16

Beauvericin 55 78.6 0.1 120 1 10 23 / . .

D i ol 0. 100.0. A1 479 49 60 59

Deorynivalenol ___——I0—00—u—aza 4 ¢ v/ The incidence and levels of
Fumonisin B, 65 92.9 1.8 10447

fumonisins were higher than

Fumonisin B, 59 84.3 12.8 3455 274
nisin B; 59 843 6.4 720 H
\:;mw 29 04 those of aflatoxins.

Fusaproliferin 3 4.3 57.4 263 2435 188 114

Moniliformin 54 7T 08 899 11 130 221

Nivalenol 38 54.3 0.7 164 6 14 28

Ochratoxin A 7 10.0 4 580 28 111 208

Ochratoxin-alpha 1 1.4 11 11 11 11 -

Ochratoxin B 5 71 2 26 2 7.5 11

Sterigmatocystin 26 371 0.4 17 0.9 3 5

Zearalenone 12 17.1 0.4 2044 4 174 589

Alpha-zearalenal 1 1.4 17 17 17 17 -

Beta-zearalenol 1 1.4 13 13 13 13
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Mapping aflatoxin levels in maize across Nigeria

Percentage of stored maize above set limits

120 3
BPercentage of posiivemaize  @Percentage of stored maize above limits v*» atsinx ket
100 . Zamfara iy Yobe Bomo o
;% 80 kebbi
3 Bauchi
g 2 2
S % % o Gombe o
3 % % ] e
Z 40 / /
H 7 /
E
c % % Taraba [
% o\
2 7] Total Aflatoxin (ug/kg)
% 7]
0 4 - Lake [ 265-19%63
w*mmm Katsina: I 19638-60.93 |
L Wl 60093-770.36 |°©
s o8l Jigawa Imo Qross B 77036 - 1548.96
xz (10g/kg) Zamfara Yobe Bomo j,;i Doz Rief Unsampled State
- Akwa' 100 100 Kilometers
‘ £ lo \ toom
Sauchi ?f s v p »
S 8
o Gombe I
‘Adamawa 5
Plateau
@ 6
o
e Taraba —é 4
Kogi 5
Benue I )
Enugu
Lagos B (- ambra [EbODSH Total Fumonisin (ug/kg)
o o [ 6.91- 256.19 = o
ross
el 1mg/Abia C1oSS [ 256.19- 157217
=547(2”11§‘1‘g<7317.1 2/4,5 6|7 8|9 1011 12 13 14 15 1617
100 0 100 Kilo Rivers -
Bayelsal Akwatbom
= -‘3407 7- 692305 Nurmber of co-occuring mycotoxins

Mapping fumonisin levels in maize across NigeriaCo-occurrence of mycotoxins in Nigerian maize
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Eur Food Res Technol (2012) 235:285-293
DOI 10.1007/s00217-012-1755-2

ORIGINAL PAPER

Multi-microbial metabolites in fonio millet (acha) and sesame
seeds in Plateau State, Nigeria

C. N. Ezekiel - M. Sulyok - B. Warth -
R. Krska

Occurrence and concentration levels of selected mycotoxins in fonio and sesame in Nigeria

Metabolite®  Fonio millet (1 = 16) Sesame (n” = 17)
N Concentration (pg/kg) N Concentration (ng/kg)

Min  Max Median ~ Mean  SD Min Max Median  Mean sD
AFB1 <13 oo 14 0.2 04> os
AFB2 Z 00 T T 0.08 0.02
AFGI 4 o2 2 0.4 0.6 06
DON 14 3 14 10 9 3
FBI 500 43 9 19 21 0 <OD <LOD  <LOD <Lop  <LOD
FB2 2 2 7 4 4 3 0  <LOD  <LOD  <LOD <LOD  <LOD
ZEN 15 2 987 12 8s 251 15 07 38 3 7 12
TEN-AC 16 14 1.049 123 235 274 16 2 40 11 16 13

v'52 microbial metabolites in fonio while 30 in sesame.

v'Recent analysis of 35 sesame from another state in Nigeria showed

23 metabolites but no aflatoxins.
Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016
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Food Additives & Contaminants: Part A

Publication details, including instructions for authors and subscription information:

Food Additives http://www.tandfonline.com/loi/tfac20

Contaminants

Fungal and bacterial metabolites associated with
natural contamination of locally processed rice (Oryza
sativa L.) in Nigeria

Abdus-Salaam Rofiat®, Francesca Fanelh'b, Olusegun Atanda®, Michael Sulyokd, Giuseppe

Cozzib, Simona Bavaro“, Rudolf Krskad, Antonio F. Logriecob & Chibundu N. Ezekiel®

* Department of Food Science and Technology, Federal University of Agriculture, Abeokuta,
Ogun State, Nigeria

lable 2. The moidence and concentration levels of metabolites m Ngenan rice.

Concentration (ug/kg)

CGiroup Metabolite LOD* Recovery + SD %" Mean Median Maximum

Major mycotoxins and Aflatoxin By Q15 4.8 =41 5.1 3.7 20.2
derivatives Aflatoxin Bs 02 Q1. 4+41 1.62 a7 611
Aflatoxin Gy 0.2 Y. TE38 306 300 JZL

Orchratoxin A 0.5 101,314 1.01 097 1.47

Fumonisin B,y 3.0 100 1852 T2l 60,72

Fumonisin Ba 15 100 875 548 24,39

Fumonisin Bs 2.0 100 5.54 6,97 879

DON 0.5 99.4+74 4.08 4.08 5.76

Nivalenol 0.5 85,5+ 12 by 10.86 42,18

Zearalenon 0.3 106.4 493 55,13 21 927 84

Alpha-zearalenol 0.5 111 78 2.54 208 7.53

' 0.5 108.5+3.7 39 284 14.2

ZON-4-sulphate 0.03 103.8 97 7.64 015 79.28

Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016

Table 3
Varianion in owan concenrasons of 14 mycooxins in sraded catezorsss of melon and
bush manso seeds sold in Lagos. INizeria.

MOyoooordins Mlelon {n" = 1 &) Baosh maneos {a™ = 407
Micam = SE
CconcenTanons (uEks) Mi=am + SE concentrations ek
Miachmme-
Hamd-pealed pealad Descoloared Mon-discoloared
A flacoin B, S0.<fa + IOUS 1580 + 2.7 Cida =428 5.8+ 09
A flanosin B, Gfa=1E%E 1. =1 12 1a = 140 1.50 + 02X
& flanomin O, Eda=213 11 & = 0= S Bas+ 0.6 200 =04
& flanoesin G, 1T =09
Toeal G52 9a + 1740 25 8 + 5.6 111 9a + 551 440 =09
aflasoocins"
Cy iamomac 69 + I35 1 24 1a = 31 .6 24 9b 4+ 5.8
acid
HT-2 toxsn. 24 5" 468 3+ 211
Do il sfoarmein 155.0a 3 13345 1020 3+ 32
Mixrcophenolsc 55.8a = 30.0 BT+ 25
i
Tdivalenal 3 Ba 4+ OO 3Ea =+ O
Ochratosam A 0.6 2. 1a = 58.8 182.7b + 11.3
Ochratossn B 47.1a =414 500 23
T-2 toain D 1= 2.0 Ar.la 124
Teapaasronsc 24 Ta = 5.1 1€ 1la+=55
i

Micamn wvabses with differeny superscrpt alphabers in a row are sipnifcanrly different
o < 0.0O5)

* Mumber of analyvzed saammles.

® Toml aflasecin is ¥ AFH, AFHR._ AFG, amnd AF G,

= Cmly one sayeple tested positive.
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Risk Assessment/Exposures

Eur Food Res Technol (2014) 239:287-296
DOI 10.1007/s00217-014-2221-0

ORIGINAL PAPER

Distribution of mycotoxins and risk assessment of maize
consumers in five agro-ecological zones of Nigeria

M. C. Adetuniji - O. O. Atanda - C. N. Ezekiel -
A. O. Dipeolu + S. V. A. Uzochukwu - J. Oyedepo

Table 2 Risk assessment of aflatoxin exposure in Nigerian maize grains

“Estimated liver dCancer incidence DALY
cancer risk (cases/100, attributable to dietary
000 population/year)  aflatoxin (%)

AEZ *Dietary AFB, exposure  PAnnual HCC cases
(ng/kg body weight/day)

HBsAg-negative HBsAg-positive

88 0.91-465.32 0.0091-4.65 0.27-139.60 0.27-139.60 4.21-2.147.63 3.52-1.821.78
NGS 0.38-654.22 0.0038-6.54 0.11-196.26 0.11-196.26 1.75-3.019.46 1.44-2,561.19
SGS 2.43-1,869.35 0.024-18.69 0.73-560.80 0.73-560.80 11.22-8,627.78 9.53-7,318.44
DS 0.64-6.401.1 0.0064-64.01 0.20-1.92033  0.02-1,920.33 2.93-29,543.54 2.61-25.,060.31
HF 22.63-4,90.57 0.226-4.91 6.79-1.47.17 6.79-147.17 104.44-2,264.17 88.61-1,920.57
NATIONAL 26.99-9,880.56 0.2693-98.80 1.62-592.83 8.10-2.964.16 124.55-45,602.58 126.85-38,682.29

S5 Sudan Savanna, NGS Northern Guinea Savanna, SGS Southern Guinea Savanna. DS derived Savanna, HF humid forest

* The value was calculated as reported by Liu and Wu [4]—the average maize consumed (57 g/person/day) in Nigeria as adapted from the WHO

global environment monitoring system (GEMS)/food consumption cluster diets database [19] x concentration of aflatoxins in the stored grains

in the various AEZs

® The value was calculated as reported by Abt Associates Incorporated [36]—dietary exposure x the HCC potency (0.01) for HBsAg-negative

and (0.3) for HBsAg-positive

¢ Estimated liver cancer risk = HBsAg-positive

4 The value was calculated as reported by Liu and Wu [4]—estimated liver cancer risk per 100,000 populationfincidence rate of liver cancer in

Nigeria (6.5 per 100,000) estimated for Nigeria by Global Burden of Disecase Project [19] x 100 %

¢ DALY s—annual HCC cases (HBsAg-positive) per 100,000 population x sex-specific HCC DALY estimate (13.05) for both male and female

population using the WHO's AFRD region data [36]
Chibundu Ezekiel
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Environment International 66 (2014) 138-145

Contents lists available at ScienceDirect

Environment International

journal homepage: www.elsevier.com/locate/envint

Mycotoxin exposure in rural residents in northern Nigeria: A pilot study
using multi-urinary biomarkers

Chibundu N. Ezekiel ***, Benedikt Warth ¢, Isaac M. Ogara ¢, Wilfred A. Abia ®, Victoria C. Ezekiel ,
Joseph Atehnkeng °, Michael Sulyok ¢, Paul C. Turner ", Grace 0. Tayo !, Rudolf Krska ¢, Ranajit Bandyopadhyay °

* 8 mycotoxins/mycotoxin metabolites in 51% (61/120) samples
-- exposure to 6 distinct mycotoxins (AFB,, FB;, FB,, 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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e 25% of the contaminated urine

a
10000
| contained mycotoxin species for
8000 2 A
_ more than one family
g aooo -- AFM,/FB,
f 4000 Aflatoxin M, o AF,\/ll/OTA
® o 0.05pglL
K -- AFM,/FB,/FB,
k A -- AFM,/FB,/0OTA
11.6 12.0 12.4 12.8 13.2
" Time, min - AFMl/FBl/FBZ/DON;
s . NN
« Diverse mycotoxin combinations in
7 consumed food
£ wom| L -- AFM,/FB,/FB,/DON, NIV/ZEN
B
|  Modest but significant correlations
) Y, between food intake and

11.6 12.0 12.4 12.8 13.2
Time, min

SRM-chromatogram of (a) standard, (b) a
contaminated urine with AFM; & FB, from a
breastfeeding mother in Nasarawa, Nigeria

-- AFM, urinary data (r= 0.31; p=0.02)
-- FB, urinary data (r= 0.28; p=0.02)
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Processing to Reduce Mycotoxins

LWT - Food Scence and Technology 60 (2015) 137141

Contents lists available at ScienceDirect

LWT - Food Science and Technology

journal homepage: www.elsevier.com/locate/lwt

. W Sorghum grains @ Malted sorghum grains OPito

e)l

Fate of mycotoxins in two popug 3
- . 3
(kunu-zaki and pito) from rural % .s

~

Chibundu N. Ezekiel >, Wilfred A. Abi
Benedikt Warth !, Rudolf Krska '

[
n

LOg 44 [1 + concentrat
-

o
n
N

=]

Mycotoxins and metabolites in sorghum

. . . . v,o-&ﬁ\v'p-\bovov.\t‘\ -
grains and traditional alcoholic drink S ESEFETTE S E TG
( itO) Vs\b Q,a‘b‘;‘ S & S\“ “’fo“ ‘k-"‘b,béa & \}0" 6;5' ,\91‘“3,\7’ &
P S T TS
Fungal metabolites
Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016

24/09/2016

11



120 - m 48 hours m 72 hours 96 hours

100 4

ab
b
I bi
a b p a
80 b a I
c a
a 1 al a g
6I ‘
¢ a
40 4 I
2 4

Aflatoxin B1  Aflatoxin B2 Citrinin  Cyclopiazonic Fumonisin B1 Fumonisin B2 Fumonisin B3
(513 pg/kg)  (75.1 pg/kg) (16,773 acid (247 (1,586 pg/kg) (456 pg/kg) (252 pg/kg)
Hg/kg) Hg/kg)
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 (a= 0.05). Bars with different alphabets are significantly different by
DMRT at a= 0.05.
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Contamination Patterns: Central Africa (CM)

» Simultaneous occurrence of mycotoxins in diverse staples

Food Control 31 (2013) 438453

4 " N 2 - CONTROL
Contents lists available at SciVerse ScienceDirect CONTROL

CONTROL

CONTROL

Food Control CONTROL

CONTROL

. ” CONTROL
journal homepage: www.elsevier.com/locate/foodcont CONTROL

Determination of multi-mycotoxin occurrence in cereals, nuts and their products
in Cameroon by liquid chromatography tandem mass spectrometry (LC-MS/MS)

Wilfred A. Abia®P, Benedikt Warth®, Michael Sulyok®, Rudolf KrskaP®, Angele N. Tchana?,
Patrick B. Njobeh ¢, Mike F. Dutton ¢, Paul F. Moundipa **

? Laboratory of Pharmacology and Toxicology, Department of Biochemistry, Faculty of Science, University of Yaounde I, PO. Box §12. Yaounde, Cameroon

Y Center for Analytical Chemistry, Department for Agrobiotechnology (IFA-Tulln), University of Natural Resources and Life Sciences, Vienma, Konrad-Lorenz-Str. 20,
A-3430 Tulln, Austria

© Food, Environment and Health Research Group (FEHRG), Faculty of Health Sciences, University of, FO. Box 17011, De

Campus, 2028, Gauteng, South Africa

57% co-occurrence in AFs—FBs-OTA
staples from Cameroon AFs—FBs-DON-ZEN
AFs—FBs—OTA-DON

Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016
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Table 4. Mycotoxin Pattern in Cameroon from Three Agro-ecological Regions through Maize, Peanut, and Cassava Products

mean concentration (CI, 95%) range (ug/kg) of mycotoxing detected in the different staples®
sampling period 1: 2009

sampling period 2: 20102011
sample matrix/
mymtnm" HEM HFB WH mean HFM HFB WH mean
maize
DON 207 (27-2141) 60 (212-918) 275(27-2741) 181 612(27-2411) 161(27-1084) 452 (218-3842) 408
FB, 1418 (75-3716) 468 (20-1418) 2102 (112-5412) 1329 2601 (20-4030) 665 (314-2841) 2949 (20-3212) w072
FB, 1157 (112-2268) 370 (50-843) 965 (75-2882) 831 2555 (10-2890) 663 (50-915) 1742 (112-1846) 1653
FB, 398 (50-1442) 156 (75-482) 357 (65-412) 303 993 (112-2180) 604 (132-864) 376 (50-698) 657
AFB, 22 (6—184) 59 (6-345) 26 (6-195) £ 100 {6-645) 96 (6-216) 47 (6=210) 81
AFB, 7 (2-108) 8 (2-215) 6 (2-85) 7 23 (2-25) 14 (2—-120) 20 (2-7%) 22
ZEA 61 (75-279) 58 (27-228) 65 (85-262) 6l 113 (35-334) 111 (27-242) 86 (55—286) 103
Y AacDON 44 (65-231) 36 (30-187) 47 (54-170) 4 71 (30-115) 62 (30-176) 46 (30-186) &0
ROQC 20 (1-94) 15 (1-137) 25 (1-145) 0 48 (1-84) 44 (1-118) 55 (1-181) 49
BEA 39 (15-412) 33 (15-384) 35 (15-264) 35 & (15-312) 66 (15-234) 51 (15-385) 2
peanut
OTA ns ns ns ns 5 (0.3-12) 3 (03-10) 4(0.3-4) 4
AFB, ns ns ns ns 2 (6-125) 22 (6-77) 2 (6-110) 23
cassava
AFB, 12 (6—194) 2 (6-95) 5 (6-193) 6 10 (6-125) 1 (6-32) 10 (6—141) 7
PA 7 (25—-184) 3 (25-96) 3 (25-72) 4 4 (25-76) 2 (25—46) 4(25-44)

“Samples < LOD were given the LOD/2 value. Cl, confidence interval; HEM, humid forest region with monomodal rainfall; HFB, humid forest
region with bimodal rainfall; WH, western highland; ns, no samples. E‘DUN, deoxynivalenol; PA, penidllic acid; 3-AcDON, 3-acetyldeoxynivalencl;
15-AcDON, 15-acetyldeoxynivalenol; AFB,, aflatoxin B,; AFB, aflatoxin B,; FB;, fumonisin B,.

Chibundu Ezekiel

TrainMiC meets CroMycoScreen 20.09.2016

Food and Chemical Toxicalogy 62 (2013) 927-934

Contents lists available at ScienceDirect

= £ood and
Chi al

Food and Chemical Toxicology

journal homepage: www.elsevier.com/locate/foodchemtox

Bio-monitoring of mycotoxin exposure in Cameroon using a urinary @Cmm
multi-biomarker approach

R g

» 11 mycotoxins/mycotoxin metabolites in 63% (110/175) samples
-- exposure to 7 distinct mycotoxins (AFB,, FB;, FB,, 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 AFM,;/DON; OTA/DON; FB,/DON; NIV/DON, ZEN/DON
-- urinary patterns matched food occurrence data patterns

24/09/2016
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Contamination Patterns: East Africa (TZ2)

Contents lists available at ScienceDirect i CONTROL
Food Control

journal hemepage: www.elsevier.com/locate/foodcant

CONTROL

*Tanzania Food and Drugs Authority, Dar e Salaam, Tanzania
[Table 1

Contamination levels and occurrences of mycotoxins in maize based flour.

Mycotaxin Level {pzlke) Occurrence (%) at different
ranges (pglkg)
Median Range =LoD =ML
Aflataxin B1 127 0.53-364 29 3
Total aflatoxins 09 0.11-386 2 5
Deoxynivalenol 14 57-825 44 2
Fumanising B1 329 571672 80 5
Total fumonisins 367 B-21284 83 12

LoD, Limit of detection, 0.53 for AFB1, 0.15 for AFB2, 0.24 for AFG1, 0.01 for AFGZ,
52 pefkg for DON. 53 pglke for FB1 and 47 pglkg for FE2: Total aflatoxins,
AFB1 = AFB2 + AFGI + AFG2; Total fumonising, FB1 + FB2; ML, Maximum limit,
afla toxins (5 pglkg for AFB1, 10 pgfkg for total aflatoxins) or fumonisins (1000 pg'ke )
for DOM (750 pgfke) in maize.

Chibundu Ezekiel

Co-exposures of aflatoxins with deoxynivalenol and fumonisins from
maize based complementary foods in Rombo, Northern Tanzania

Martin E. Kimanya**, Candida P. Shirima", Happy Magoha®, Danstan H. Shewiyo",
Bruno De Meulenaer %, Patrick Kolsteren®, Yun Yun Gong®

* Schoal of Life Seiences, Nelson Mandeln African Insitution of Science and Technology, PO. Bax 447, Arusha, Tanzenia

TrainMiC meets CroMycoScreen

Table 3
Co-occurrence and levels of afl i deoxynival | and in the co-
contaminated flour.
Mycoloxins Co-occurrence Range (pg/ks)
)
e Total Total Deaxynivalenol

aflatoxins  fumonisins

Afaltoxins with both 10 0.12-0.63 94-702 57459
deoxynivalenol

and fumonising

Aflatoxins with 29 0.12-0.63 B5-1672
fumonising
Fumonisins with 41 94-2284 57-825

deoxynivalenol

Aflatoxins, Total aflatoxins (AFB]1 + AFB2 = AFG1 = AFG2): and Fumonisins, Total
fumonisins (FB1 + FB2).

20.09.2016
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29 JULY 2016

Tanzania: Food Poisoning Linked to 14 Deaths in Two
Regions

THE CIT

Tagged: Food and Agriculture = East Africa + Health + Tanzania

e
RELATED TOPICS

By Syriacus Buguzi

Dar es Salaam —
Results of laboratory ~ Focd and Agriculture »

[E Africa: New Public Website
tests conducted on Offers Detailed View of
blood and urine Industrial Fishing
samples of people
who died or fell ill
after eating food B
believed to have

m

Botswana: Fishermen, Law
Enforcers Stand-Off At
Lake Mgami

Somalia: Somalia an
Emerging Agricuttural

Photo: Daily News i X =
been contaminated in Ll
Aflatoxins are toxic, carcinegenic by-preducts of fungi that D E Tanzania: Investors Eye
odoma and
colonise maize and groundnuts, ameng other crops (file N Medern Meat Factery in
photo}. Manyara regions Mara - RC
have revealed East Africa»

shocking levels of aflatoxins, The Citizen can report. [ East Africa: East African

Countries Create Fund o
The US-based Centre for Disease Control (CDC), which carried out ::"““” D iewos Yo
the tests on 19 urine and blood samples, has alsc isolated the most
poisonous and cancer-causing substance known as Aflatoxin B1.

IMedical sources say this type of aflatoxin damages the liver.

E Kenya: ‘Govt Failed to
Cooperate With Hague
Court'

Contamination Patterns: Southern Africa (MW)

Publlshers

World Mycotoxin Journal, 2014 onfine ARTICLE IN PRESS

Agro-ecological zone
O Highlands

O Mid elevation

E Lake Shore, middle
=

Aflatoxins (B,+8,+6,+6,) | M

and upper Shire
Lower Shire valley

Fumonising (B, +8,+B_) -|

T T T T T
0510 20 A0 80 16.0 320 w40

Estimated mycotoxin exposur for B0 kg adult
(ug'kg body weight/day)

Figure 5. Box and whi: plot showi ycotoxi timates for a 60 kg adult (ug'kg body weight (bw)/day) assuming
an ingestion of 382 g of maize flour made from the analysed samples. A vertical line within the box represents the median. The
front and back ends of the box represent first and third quartiles, respectively. The front and back whiskers extend from the
box to the smallest or largest non-outliers in the data set (relevant quartile * 1.5=(interquartile range, IQR}). Clrcks deplct mild
outliers (1.5%IQR) and asterisks depict extreme outliers (3xIQR). Vertical dotted lines indicate JECFA’s pi

tolerable daily intake for zearalenone (0.5 pa/kg bw/day), deoxynivalenol (1.0 pa'kg bw/day) and FB tsurn of fumonisin B, and

24/09/2016

15



Contamination Patterns: Southern Africa (SA)

J] O URMNAL o©

AGRICULTURAL AND —
FOOD CHEMISTRY pubs.acs.org/IAFC

Table 2. Contamination Levels of Agriculturally Important Mycotoxins in Good (n = 54) and Moldy (n = 38) Maize from
Centane Region, Former Transkei

good maize moldy maize

recovery LOD* % mean” + sd* median” range” % mean” + sd° median” range”

toxin (%) (ug/kg)  positive (ug/kg) (ugfkg) (pug/kg)  positive (ug/kg) (pg/kg) (pg/kg)
TAC Cleanup Method
FB,; 93 39 100 2083 =+ 3630 848 56—14990 100 27640 £ 38970 14940 514~
190100
FB, 95 37 100 927 + 1565 299 38-6444 100 10580 + 13810 5792 22264840
DON 71 3.6 6 12+2 12 10-14 11 14 +8 11 7.5-25
ZEN 60 15 32 108 + 185 29 42—-675 61 111 £ 167 23 L6—614
OTA 79 3.6 0 (]
AFB; 72 1 0 ]
Dilute-and-Shoot Method
FB, 55/ 3 93 2764 + 3584 1405 11-17120 100 35980 + 41790 18330 97—
178800
FB, 58 15 93 1080 + 1472 429 7.9-7680 100 14140 + 17030 6810 314-74680
FB, 66 1 93 192 + 268 75 05-1312 100 2438 + 2739 1355 9011280
DON 125 038 100 47 +21 4.3 22-14 100 58 +26 52 L1-12
ZEN 95 03 39 44 + 88 4.1 0.6-329 74 184 + 420 11 0.1-1648
OTA 92 04 0 0
AFB, a3 03 0 0
“Limit of detection. bMe:m/medjan/rangE of positive samples. “Standard deviation.
Chibundu Ezekiel TrainMiC meets CroMycoScreen 20.09.2016
Contents lists available at ScienceDirect % o
Trmeaingy

Food and Chemical Toxicology

journal homepage: www.alsevier.comylocaten‘omdchemtmx

Multiple mycotoxin exposure determined by urinary biomarkers in rural @Omm
subsistence farmers in the former Transkei, South Africa

Gordon S. Shephard >, Hester-Mari Burger?, Lucia Gambacorta®, Yun Yun Gong“’, Rudolf Krska®,
John P. Rheeder?, Michele Solfrizzo®, Chou Srey ', Michael Sulyok®, Angelo Visconti®, Benedikt Warth®,
Table 1

Urinary biomarkers determined by LC-MS/MS, normalised with urinary creatinine, conducted by University of Leeds and ISPA. Samples with no biomarker detected were
assigned a level of the corresponding LOD. Values in parentheses are ng/mL

University of Leeds ISPA
FB; DON FB, DON o-ZOL B-ZOL ZEA OTA AFM;
Recovery (%) na’ na. 61 77 72 83 98 61 95
% Positive 87 100 96 87 92 75 100 98 0
Mean £ SD" 0342 + 0.466 204494 1.52+2.17 113271 0.614+191 0.702 £2.95 0.529+1.60 0.041 + 0.086 -
(ng/mg (0.185+0.236)° (99:15.1) (0.841+1.06) (494:7.60) (0247+0590) (0.244+0820) (0204 £0.456) (0.024 + 0.058)
creat)
Median (ng/ 0.176 (0.103)° 895 (4.97) 0.689 (0398) 5.97(3.07) 0.063 (0.030) 0.161 (0.085) 0.118 (0.076) 0.024 (0.013) -
mg creat)
Maximum 227 (130) 353(99.2)  9.99 (4.94) 190 (53.4) 132 (3.72) 21.1(5.94) 112 (3.15) 0.629 (0.432) =
(ng/mg
creat)
Minimum (ng/ 0.007 (0.01)° 0.445(03) 0.026 (0.04) 0312 (045)  0.006 (0.009) 0.010 (0.016) 0.012 (0.012) 0.001 (0.002) -
mg creat '
LOD (ng/mL} 0.01 025 0.04 045 0.009 0.016 0.002 0.002 0.01
LOQ (ng/mL)  0.02 050 012 151 0.029 0.054 0.007 0.007 0.02

* Not applicable - results are corrected by use of labelled internal standard.
b Not detected samples (minima) were assigned a value of LOD for calculation.
< ng/mL.
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Benin/Togo  Children (n=480) Blood 99% (32.8 pg/mg) Gong et al. 2003
Benin Children (n=200) Blood 98-100% (37.4-86.8) Gong et al. 2004
Cameroon Infants (n=220) Urine n/a (0.33ng/mL) Ediage et al. 2013
Adults (n=175) 9.1% (0.05ug/L) Abia et al. 2013
Egypt Lact. mothers (n=46) Blood 37% (50ppm) Shouman et al. 2012
Preg. women (n=98) Blood 35% (4.9 pg/mg) Piekkola et al. 2012
Urine 48% (19.7 pg/mg) Piekkola et al. 2012
Ghana Adults (n=314) Blood n/a(14.91 pg/mg) Jollyetal. 2013
Kenya Children (n=199) Blood n/a(110.5 pg/mg) Castelino et al. 2015
Nigeria Adults, adolescents &  Urine 14.2% (0.3ug/L) Ezekiel et al. 2014
children (n=120)
Senegal Adults (n=168) Blood n/a (45.7 pg/mg) Watsonet al. 2015
The Gambia Children (n=472) Blood 93% (22.3 pg/mg) Turner et al. 2003
Preg. women Blood 100% (40.4 pg/mg) Turner et al. 2007
Preg. women Cord blood  48.5% (10.1 pg/mg) Turner et al. 2007
Children (n=138) Blood 11% (8.7 pg/mg) Turner et al. 2007
Tanzania Children (n=166) Blood 84% (12.9 pg/mg) L
Children (n=166) Blood 99% (23.5 pg/mg) AR el AT
Uganda Adults (n=100) Blood 100% (11.5 pg/mg) L
Children (n=96) Blood 95.8% (9.7 pa/ma) LR
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Summary

v" Diverse fungal and bacterial metabolites contaminate food
and feed in Africa:

= Regulated toxins

= Fusarium emerging toxins
= Ergotalkaloids

= Alternaria toxins

v’ Aflatoxins and fumonisins seem to be the most prevalent
mycotoxin in food and feed from West Africa/East Africa and
Southern Africa, respectively.

v Fumonisins also dominate in maize (at harvest and in store).

v Exposure levels are consequently high in the African
population.

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