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ABSTRACT

Mycotoxins are toxic fungal metabolites naturally found in food and feed as
contaminants. Animal feed and human food samples (n=1818) from three major
Kenyan laboratories were categorized as compliant and non-compliant according to
Kenya, America (USA) and Europe (EU) mycotoxin regulatory limits. Quantitative risk
assessment of dietary aflatoxin intake in maize, wheat, peanut and dairy products in
relation to human hepatocellular carcinoma was carried out employing deterministic
approach. Non-compliant samples’ proportions were calculated, and logistic regression
and chi-square test used to compare different commodities. Animal feed were least
compliant, with 64% and 39% having total aflatoxin (AFT) levels above Kenya and
USA standards, respectively. Peanuts were the most non-compliant food, with 61% and
47% samples failing Kenya and USA AFT standards respectively, while wheat was
least compliant (84%) according to EU threshold for AFT. Half of baby food sampled
had AFT level above Kenya and EU standards. High non-compliance rate with Kenya,
USA and EU regulatory thresholds with respect to seven different mycotoxins
(summarized as “mycotoxins”), and also AFT and aflatoxin M1 alone in edible
materials is reported. Significant non-compliance is reported for compound animal
feed, peanuts, wheat, baby food, feed ingredients, herbal healthy drink, maize and
fodder feed in that order. High levels of aflatoxin residues in animal feed and human
food was also observed. Lifetime human consumption of wheat and maize leads to high
additional risk for primary liver cancer, human hepatocellular carcinoma (HCC)
associated with dietary aflatoxin, wheat and its products causing the highest disease
burden. Subsequent implications and limitations of current food safety standards are
discussed. Humans and animals in Kenya appear to be chronically exposed to
mycotoxin hazards: this calls for surveillance and risk management. There is urgent
need for enhanced and consistent surveillance of the dietary mycotoxin hazards
observed in this study employing representative sampling plans. Regulation and future
research need to focus on reliable analysis techniques, collection of data on
toxicological effects of mycotoxins and food consumption pattern, and regulatory
limits accordingly set and compliance enforced to protect vulnerable groups such as
paediatric, geriatric and sick members of the society to reduce cancer burden in Kenya.

Key words: Mycotoxins, food, feed, risk analysis, human hepatocellular carcinoma,
Kenya
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INTRODUCTION

Mycotoxins are toxic secondary metabolites produced by fungi that infest food and
feed. Commonly encountered mycotoxins are aflatoxins, ochratoxins, zearalenone,
fumonisins, trichothecenes and patulin, which are produced by the fungal genera
Aspergillus, Penicillium and Fusarium [1]. Humans in Africa are often exposed to
mycotoxins in food. Chronic exposure is associated with aggravation of disease
pathogenesis in experimental animals and humans [2,3], reduced animal productivity
and impaired animal nutrition [4]. Mycotoxins can be teratogenic, carcinogenic,
mutagenic, estrogenic, nephrotoxic, hepatotoxic and immunosuppressive [2]. Aflatoxin
is an important contributor to primary hepatocellular carcinoma, childhood stunting and
immunosuppression [5]. Aflatoxigenic fungi are widely distributed in Kenya, and acute
aflatoxicosis in human and animals resulting in deaths has been reported [6]. Besides
threatening human and animal health, mycotoxins also affect international trading and
contribute to food insecurity [1]. Most mycotoxins are stable to normal cooking and
processing. After consumption, some mycotoxin metabolites can be carried over in
utero [7], breast milk [8] and animal products: all these contribute to mycotoxin
exposure in humans.

To protect humans from exposure, many countries have regulatory limits for some
mycotoxins. However, standards are rarely enforced in the developing world [9]. In
Kenya, there are commercial and government laboratories that offer laboratory testing
for food material destined for export and local consumption. The purpose of this study
was to review available mycotoxin contamination data from testing laboratories in
order to identify potential mycotoxin hazard-prone edible materials in Kenya for better
understanding of the associated health risks.

MATERIALS AND METHODS

Data collection and management

A list of 23 facilities involved in mycotoxin analysis in Kenya based on a report by
Kang’ethe was developed [6]. A three-step sampling procedure was employed to
collect the data. Briefly, official request for participation were sent to all the 23
facilities, and 7 responded positively. Based on initial review of the size, completeness
of data and records' quality, three major mycotoxin-testing laboratories were further
selected from the sub-sample of seven laboratories. It is because of these reasons and
lack of active involvement in mycotoxin analysis that most of the laboratories
mentioned above declined to participate in this study. The participants were coded
Labl, Lab2 and Lab3 for purpose of confidentiality. All samples analysed in Labl (a
government research facility) were randomly collected by researchers while those
analysed in Lab2 and Lab3 (private facilities) were collected by scientific staff under
instructions of the analyzing laboratory and delivered for analysis by clients. These
samples were therefore presumed to be representative of the targeted consignments. All
the three laboratories employed quantitative monoclonal antibody-based enzyme
immunoassays whose limit of detection (LOD) and upper limit of detection range
(ULDR) for aflatoxin analysis were as follows: Lab 1 (Helica Total Aflatoxin Kit:
LOD= 1.5 ppb;, ULDR= 30 ppb)); Lab 2 (Romer Labs Total Aflatoxin Kit: LOD= 0.05
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ppb; ULDR=100 ppb); Lab 3 (Ridascreen Total Aflatoxin Kit: LOD= 1.75 ppb;
ULDR= 141.75 ppb and Ridascreen Aflatoxin M1 Kit: LOD= 5 ppt; ULDR= 80 ppt.).

The data were broadly grouped into animal feed and human food and then animal feed
categorized into compound feed, feed ingredients, and fodder while human food were
categorized as baby food, herbal health drink, maize, peanuts, dairy products, tea,
wheat, on-the-plate meals comprising of maize slurry, vegetables and omena (silver
fish). The aflatoxin level data from the laboratory records were examined and
appropriately posted. Those entered as <LOD were re-entered as zero while those
indicated as >ULDR were taken as the upper limit value. Details such as sample type
and origin, test conducted, analytical method employed and test results obtained were
recorded. All mycotoxin regulatory limits applied were within the range of analytical
methods employed by the participant laboratories. When the mycotoxin level results
were indicated as <LOD, or more than >L.OD, the binary dependent response values
were respectively compliance (denoted by 0) and non-compliance (denoted by 1) with
regulatory thresholds.

Kenyan standards for animal feed and human food [10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21] were applied to categorize the materials as either above or below maximum
admissible levels. Similarly, this was repeated with United States Food and Drugs
Administration (FDA) and European Union (EU) standards [22,23,24,25,26,27,28].
Tables 1 and 2 show the maximum limits (MLs) of mycotoxin residues as stipulated in
these standards for regulation of contaminants in food. A sample was considered non-
compliant with regulations if its mycotoxin level surpasses the threshold prescribed by
regulatory standard. A sample had analysis result of only one type of mycotoxin.
Ethical approval of this study was given by the National Commission for Science,
Technology & Innovation of the Republic of Kenya (License No:
NACOSTI/P/19/1276).

Risk analysis

Quantitative risk assessment of dietary aflatoxin intake in maize, wheat, peanut and
dairy products was done employing deterministic approach designed by FAO/ WHO
[29] as described by Benkerroum [30]. The risk was calculated as carcinogenic potency
multiplied by dietary exposure to AFB1 using equations 1 and 2 where the former is a
function of seropositive and seronegative individuals for surface antigen of hepatitis B1
virus. The estimated per capita consumption for maize, wheat, milk (and their products)
in the year 2018 was as per KNBS [31]. For peanuts, daily consumption 11.3 g/day, an
estimation generalized for all African countries [29] while average body weight (bw)
for an adult male in Kenya is 60 kg [29,32].

Pcancer= (PHBsAg+ x FHBsAg+) + (PHBsAg- x FHBsAg-) Equation 1
Where,
Pcancer= Hepatitis B virus-adjusted carcinogenic potency= 0.083 cancers/

100,000 people/ amount of aflatoxin (ng) / bw (kg)/ day=0.083 for aflatoxin
B1 [30] and 10-fold lower for aflatoxin M1 [32]

LMEJ: https://doi.org/10.18697/ajfand.106.20995 19309



https://doi.org/10.18697/ajfand.106.20995

reskiosr AEpIc AN ISSN 1684 5374
SCHOLARLY
AFRICAN JOURNAL OF FOOD, .-"\I'._'1'|'-'III'.:L_JLTl_;l—i:I-'..VOiume 22 No. 1 SCIENCE
NUTRITION AND DEVELOPMENT February 2022 TRU ST

SCHOLARLY, Peen REVIEWED

HBsAg+, and HBsAg- = Seropositivity and seronegativity respectively for
hepatitis B virus surface antigen

PHBsAg+ and PHBsAg- = Carcinogenic potency of aflatoxin B1 in HBsAg+
and HBsAg- individuals=0.3 and 0.01 cancers/year/100,000 individuals per ng
aflatoxin B1 per kg bw per day respectively

FHBsAg+ and FHBsAg- = Population fractions of HBsAg+ (25%) and
HBsAg- (75%) respectively

R= Pcancer X EDI= 0.083 x EDI Equation 2

Where,

R= Probability (risk) of primary liver cancer for lifetime exposure or annual
incidence expressed as number of cancers per year per 100,000 individuals
EDI= Estimated daily intake expressed as ng aflatoxin B1 per 60 kg bw per
day and calculated by multiplication of contamination level (ng/g) by the
consumption rate (g/day) of contaminated food per kg bw.

Data analysis

Proportions of samples not compliant with mycotoxin regulatory thresholds were
computed and expressed as a percentage of the total number of samples. Association
between matrices (animal feed and human food) as predictors, and the binary response,
that is non-compliance or compliance with regulatory limits for AFT content, was
further determined employing Pearson chi square-test of independence. Logistic
regression analysis was carried out to obtain odds ratios for the dependent response;
above (non-compliance with standard=1) or below (compliance with standard=0) legal
limits as stipulated in aflatoxin regulatory standards. The explanatory variables were 12
different feed/ food commodities while the dependent variable was the dichotomous
outcome: failed (non-compliant) or met (compliant) the regulatory standards. The data
had a binomial distribution, B(n, p), where n = number of feed or food samples and p=
probability of non-compliance with food safety standards. The following binary logistic
regression model was fitted to the data on statistical computer program (IBM SPSS
Statistics 20):

log{p/(1—p} = B0 + BlFood /Feed matrix + =i Equation 3

Where,

Bo= Intercept,

Bifood/feed matrix= regression coefficient for food/feed matrices
¢ - random error

Using this model, effect of feed/ food matrix on the dependent binary outcome variable
response was determined.
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RESULTS AND DISCUSSION

Laboratories and samples

Three laboratories (Lab1, Lab2, and Lab3) participated in this study. Results for 1818
samples (323 and 1495 samples of animal feed and human food respectively) analysed
for mycotoxin residues in Kenya between 2010 and 2015 were received. Since, this
study was not designed to assess laboratories’ proficiency, no attempt was made to
compare their competence. Further, the purposes for analysis were varied ranging from
research, routine monitoring to outbreak of gastrointestinal conditions. It was noted that
maize was the most frequently tested food material. Sample sizes were in some cases
inadequate and some important food items were left out. Nevertheless, this report
provides the first, credible and comprehensive compilation of large-scale laboratory
data on mycotoxins in Kenya.

Comparison of rates of non-compliance with regulatory mycotoxin content
thresholds in animal feed and human food

The USA and EU standards were used because of their credibility, stringency, global
importance and relevance to Kenyan exports and imports. Results on failure to comply
with standards for total aflatoxins (AFT) in animal feed and human food are shown in
Table 3. By Kenyan standards, animal feed had significantly (p <0.01) higher AFT
content non-compliance (32%) than human food (25%). By USA standard, no
significant association was observed. Highest non-compliance rates were observed in
compound feed, feed ingredients, peanuts and wheat in that order. This agrees with
other authors’ observations that animals are fed products considered unfit for human
consumption [33,34]. All feed materials: compound feed, feed ingredients and fodder
feed in that order had significant rates of non-compliance to AFT regulatory thresholds.
Presence of aflatoxin hazards in animal feed and human food is of concern since
chronic dietary mycotoxicosis is associated with adverse health effects [4] and reduced
productivity [33] resulting in economic loss [1].

Non-compliance rates and effect of feed/ food matrices

Non-compliance rates for three feed (n=323) and nine food materials (n=1495) tested
for aflatoxins and non-aflatoxin mycotoxins are shown in Tables 3 and 4, respectively.
Of these, there were results for 1607 feed and food products samples tested for AFT
and 192 dairy products samples tested for AFM1 (Table 3), and only 19 samples tested
for non-aflatoxin mycotoxins (Table 4). Compound animal feed was the most non-
compliant feed type with proportions of 64 % and 39 % having AFT levels above
regulatory limit by Kenyan and USA standards respectively of the 92 samples tested
(Table 3). Peanuts were the most non-compliant human food with proportions of 62 %
and 47 % of 180 tested samples having levels surpassing legal limit by Kenya and USA
standards respectively for AFT. By EU standards for AFT, wheat had the highest non-
compliance rate with 84 % of 105 samples tested having levels surpassing regulatory
limit. Half (50%) of the baby food failed Kenyan and EU standards for AFT. This
corroborates previous studies. Baby food samples from Turkey [35] and Pakinstan [36]
had 87% and 40% aflatoxin contamination rates respectively. Effects of infantile
aflatoxin exposure is evident in Kenya [37]. By Kenyan, USA and EU standards,
respectively, maize (a common staple food in Kenya) had AFT failure rates of 20, 14
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and 25 %. Again, maize was the most frequently tested food. Dairy products, largely
comprising of raw milk, had high non-compliance rate of 59.9 % according to EU
standards (Table 3).

Table 5 shows logistic regression results of the explanatory variable giving odds ratios
(OR) of dietary AFT hazard occurrence as a function of EU, USA and Kenya standards
for regulation of food contaminants. Hosner & Lemeshow test (p>0.01) indicates good
model fit. Compared to reference food matrix (on-the-plate food with AFT mean level
below the three regulatory thresholds and large sample size was considered a good
background reference material), high frequency of AFT hazard were observed in
several food/ feed materials relative to threshold limits set by Kenya, USA and EU
standards. By EU standards, odds of surpassing AFT limits were higher in wheat
(OR=17.0), peanuts (OR=7.1) and herbal healthy drink (OR=2.8). Considering the
USA standards, the odds of surpassing AFT regulatory limit were higher in compound
feed (OR=14.2), and fodder feed (OR=3.9). In human food, odds of surpassing AFT
threshold were higher in peanuts (OR=19.7), wheat (OR=18.6), maize (OR=3.5) and
baby food (OR=11.0) compared to reference. By Kenya standards, odds of surpassing
AFT regulatory limits were higher in feed ingredients (OR=3.7), in compound feed
(OR=17.6), peanuts (OR=15.9), wheat (OR=11.7), baby food (OR=9.9) and maize
(OR=2.4), herbal health drink (OR =3.1) and fodder feed (OR=1.8).

Earlier surveys conducted between 1960 and 2018 show non-compliance with Kenyan
standards for aflatoxins of 15-83% in maize, 37-43% in peanuts, 11% in sorghum, 10-
63% in milk products, 95% in animal feed, and nil in medicinal herbs [38]. Peanuts and
wheat were identified as food with the highest rate of non-compliance with AFT
thresholds stipulated in food safety standards. Large proportions of non-compliance
with Kenyan AFT standards of 62% in peanuts, 54% in wheat, 50% in baby food, 24%
in herbal health drinks, 20% in maize, and non-compliance with EU aflatoxin M1
standard of 59.9 % in dairy products was observed. Of these, peanuts, wheat, baby
food, herbal healthy drink, and maize, in that order had significant rates of non-
compliance to AFT thresholds. These are readily available food items commonly
consumed by children and adults. In Kenya, food such as cereals and dairy products are
consumed by infants and young children. Aflatoxin is anti-nutritional, and is associated
with child growth faltering and oncogenesis [7,39,40]. Few and scanty records for five
non-aflatoxin mycotoxins, indicate that surveillance is limited to only one group of
toxins, albeit a group of high importance to public health. This corroborates previous
studies where over emphasis on aflatoxins at expense of other mycotoxins in
developing countries was observed [5].

Aflatoxin levels and hepatocellular carcinoma (HCC) risk analysis of selected
human food

Table 6 shows levels of dietary aflatoxins in animal feed and human food from Kenya,
and risk for HCC as a function of dietary exposure to aflatoxin in maize, wheat,
peanuts, milk. Compound feed had the highest levels of AFT. For human food, high
levels of AFT were observed in peanuts, maize, baby food and wheat while high levels
of AFM1 were observed in dairy products. Of the four items analysed, highest
additional risk for HCC was associated with dietary aflatoxin in wheat and maize.
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However it should be noted that the peanut consumption data used here were based on
estimation of 1998 [29] and prevailing risk for this food item is likely to be higher.
Negligible risk was observed for lifetime exposure to AFM1 in milk, corroborating
Sirma et al. [32] who observed minimal risk of HCC from AFM1 in milk from Kenya.

The role of aflatoxins is well-documented in development of hepatocellular carcinoma
through synergy with hepatitis B virus [5,30], and interaction with human
papillomavirus in induction of oesophageal malignancy [34,39]. High frequency of
dietary aflatoxin in food destined for consumption by paediatric and pregnant
individuals was observed suggesting exposure to these carcinogens commences early in
life. In fact, in utero and paediatric mycotoxin exposure is common in Africa [7,8].
Since malignancy depends on exposure in terms of dose and time [41], the young being
more susceptible to carcinogens especially mycotoxins [40], this study confirms
aflatoxin as a risk factor contributing to occurrence of cancer in relatively young
individuals in Kenya. Indeed, there was increased burden of HCC associated with
dietary aflatoxin in wheat and maize. Oncogenesis can be induced via reduced
immuno-competence or potentiation of carcinogenic infections. Aflatoxicosis could be
a risk factor in development of many infection-associated malignancies through either
synergy, exacerbation of carcinogenic infections or immunosuppression. Aflatoxicosis
was recently associated with risk of oncogenic human papilloma virus infection
detection in cervical samples of Kenyan women [39]. Further studies are required to
elucidate possible potentiation of carcinogenic biological agents by chronic
aflatoxicosis and incidence of various cancers.

Revision in some areas of the national mycotoxin regulation standards is suggested.
The EU standard is strict with very low thresholds. For example, the maximum limit
for AFM1 in processed dairy products by Kenya [19], USA [22] and FAO/ WHO’s
Codex Alimentarius [19] is 10-fold higher (500 ppt) than EU's 50 ppt [23]. Further, EU
set the limit to 25 ppt in infant formulae and milk to protect infants and young children.
Many items consumed locally are not covered by the safety standards. It seems
international standards are adopted in their original version without tailoring them for
local scenario. Further, although there is likelihood of other mycotoxins such as
ochratoxins, zearalenone and T-2 toxin, they are not mentioned in the national
standards. These agree with Trench et al. [5] that although various mycotoxins occur in
developing countries, more emphasis is put on aflatoxins. Further, although some
national standards address food safety of infants and children [14,16], their regulatory
statements are vague, with no threshold and difficult to interpret. Another issue is that
enforcement of regulatory standards is difficult in developing countries including
Kenya [9]. In this case, there is a trade-off between very high standards that are
difficult to meet and enforce but which provide high protection, and standards that are
easier to meet and enforce but entail more risk to human health. Protection of people
from dietary contaminants, is a function of both establishment of sound regulatory
limits and their effective enforcement, and very strict standards might have the
paradoxical effect of increasing exposure to mycotoxins. In sub-Saharan Africa, where
food security is inadequate, need to feed increasing populations should be considered
alongside health benefits of mycotoxin regulation. These have been echoed by other
authors [42]. Lastly, consumption data of local food items including baby food need to
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be collected. Recent proposal to revise Kenya's food safety standards at the East
African Community platform is a welcome move.

CONCLUSION

Large proportions of feed and food samples surpassed aflatoxin regulatory thresholds,
significant rates of non-compliant being observed in compound feed, peanuts, wheat,
baby food, feed ingredients, herbal healthy drink, maize and fodder feed in that order.
Animals and humans, including infants, children and expectant mothers, in Kenya
appear to be exposed to dietary aflatoxin hazards which could lead to serious economic
and health implications. Kenyan food safety regulatory system does not cover many
food and feed items consumed locally, is largely silent on non-aflatoxin mycotoxins,
and at times gives vague regulatory statements. Lifetime human consumption of wheat
and maize leads to high additional risk for primary liver cancer (HCC) associated with
dietary aflatoxin; wheat causing the highest disease burden. Surveillance of the
mycotoxin hazards observed in this study should be enhanced, safety regulatory
standards revised to include all mycotoxins observed in this study and compliance
enforced to protect vulnerable groups such as paediatric, geriatric and the sick.
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Table 1: Feed safety regulatory standards used in the study

Feed safety regulatory standard
KEBS standard US-FDA standard EU standard
Toxin | RL (ppb) | Reference RL Reference RL (ppb) | Reference
Feed matrix (ppb)
Wheat Bran (Feed AFT 20 [11] 20
ingredient)
Omena (Feed AFT | 20 [12] 20
ingredient)
Cotton Seed/ cake AFT 10 [10] 20
(Feed ingredient)
Sunflower Cake AFT 10 [10] 20 -
(Feed ingredient)
Maize products AFT 10 [21] 20
(Feed ingredient) [24,25,26] INSAFT
Wheat Bran (Feed FUM | 2000 [19] NS
ingredient)
Compound feed AFT 10 [19] 20
Fodder feed AFT | 20 [20] 20
Wheat Bran (Feed | DON | 1000 [19] 5000 8000 | [27]
ingredient)
Wheat Bran (Feed OTA 5 [19] NS 250 | [27]
ingredient)
Feed ingredient ZEA NS NS 2000 | [27]

RL-Regulatory limit; US-FDA- Food and Drug Administration of the United States of America;
KEBS-Kenya Bureau of Standards; ppb-parts per billion; AFT-Total aflatoxins; DON-
Deoxynivalenol; FUM-Total fumonisins; OTA-Ochratoxin A; ZEA-Zearalenone; NSAFT —EU
standard for animal feed has limit for AFB:1 but none for AFT

QB0
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Table 2: Food safety regulatory standards used in the study

Food matrix Toxin KEBS standard US-FDA standard EU standard
RL (ppb) Reference RL (ppb) | Reference | RL (ppb) Reference

Baby food AFT 0 [14,16] NS
Herbal health drink [19] [23]
Maize [13]
Peanuts [15,19] 20 4
Sorghum [17]
Tea AFT 10 [19] [24]
Wheat [13]
Wheat DON 1000 [19]

1000 [26] 750 [28]
Wheat T-2 toxin NS - NS - 100
On-the-plate food [12,13] 4
Barley (other food) [13]
Beans (other food) [18]
Chilli (other food) [19] 10
Macadamia (other food) AFT 10 [19] 20 [24] [23]
Omena fish (other food) [12] NS
Dairy products AFM1 0.5 [19] 0.5 [22] 0.05 [23]
Baby food ZEA MF [16] NS - 20
Baby food DON MF [16] 1000 [26] 200 [28]

RL-Regulatory limit; NS-Regulatory limit not set, MF-Mycotoxin free; US-FDA- Food and Drug
Administration of the United States of America; KEBS-Kenya Bureau of Standards; ppm-parts per million;
ppb-parts per billion; ppt-parts per trillion; AFT-Total aflatoxins; AFMIl-aflatoxin M1; DON-
Deoxynivalenol; ZEA-Zearalenone

QB0
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Table 3: Non-compliance rates with aflatoxin content standards in animal feed
and human food

Proportion (%) of non-compliant samples
Food/ feed matrix Aflatoxin
KEBS standard | FDA standard | EU standard

Animal feed (n=310) 32%* 20 NS
Human food (n=1297) 25%* 18 36
Feed ingredients (n=64) 27 7 NS
Compound feed (n=92) 64 39 NS
Fodder feed (n=154) 16 15 NS
Baby food (n=6) 50 33 NS
Herbal health drink (n=21) AFT 24 10 48
Maize (n=561) 20 13 25
Peanuts (n=180) 62 47 70
Tea (n=37) 0 0 0
Wheat (n=105) 54 46 85
On-the- plate food (n=369) 9 4 25
Other food (n=18) 17 0 25
Dairy products (n=192) AFM1 0.52 0.52 59.9

NS=Regulatory limit not set. ** The two values differ significantly (»<0.01)
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Table 4: Non-compliance rates for non-aflatoxin mycotoxins and their levels in animal feed and human food in Kenya
(2010-2015)

Proportion (%) of non-compliant samples

Matrix Specific Mycotoxin content
feed/ food Type of mycotoxin expressed as KEBS
matrix arithmetic range (ppb) | standard FDA standard | EU standard
Zearalenone (n=3) 0-2 - - 0
Ochratoxin A (n=1) 5 100 - -
Fumonisins (n=5) 0-222 0 - -
Animal Feed ) Deoxynivalenol (n=3) 30-200 0 - -
Feed ingredient
Compound | Fumonisins (n=1) 1370 0 0 -
feed
Zearalenone (n=1) 28 100 - 100
Deoxynivalenol (n=1) 0 0 0 0
Human | Baby food
Food Deoxynivalenol (n=2) 7-144.2 0 0 0
Wheat T-2 Toxin (n=2) 26 - - 0

ppb=parts per billion
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Table S: Association between non-compliance with regulatory thresholds of total aflatoxin contents as stipulated in EU, FDA and
KEBS standards for regulation of contaminants in food

Food safety standards
Food & Drug Kenya Bureau of

Predictors (Food European Union administration (FDA) Standards (KEBS)
commodities) Regression | Odds | Regression Odds Regression Odds

coefficient Ratio coefficient Ratio coefficient Ratio
Feed ingredients (n=62) - 0.19 n=58) 1.2 1.31%%* 3.7
Compound feed (n=92) - - 2.65%** 14.2 2.87%** 17.6
Fodder feed (n=154) - - 1.35%** 3.9 0.60%* 1.8
Baby food (n=6) 1.12 3.1 2.40%* 11.0 2.209%%* 9.9
Herbal healthy drink (n=21) 1.02* 2.8 0.84 2.3 1.12%* 3.1
Maize (n=561) 0.04 1.1 1.24%%** 3.5 0.88*** 2.4
Other food (n=18) 0.02 (n=12) 1.0 -18.11 1.4x10% 0.21 1.2
Peanuts (n=180) 1.96%** 7.1 2.98%** 19.7 2.76%** 15.9
Tea (n=37) -20.09 0.0 -18.11 1.4x10% -18.92 6.1 x10°
Wheat (n=105) 2.83%** 17.0 2.92%** 18.6 2.46%** 11.7
Model intercept -1 2% - -3.09%** - -2.29%** -
Reference: On-the-plate food (n=369)

*p<0.05; ** p<0.01; *** p<0.001
OO
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Table 6: Aflatoxin levels in animal and human food in Kenya (2010-2015) and associated estimated burden of hepatocellular

carcinoma
Food consumption rate
Per capita Daily
Type of | Aflatoxin consumption (kg/ consumption

Matrix Specific food/ feed matrix aflatoxin | level (ng/g) | year) (g/day) EDI | Peancer | R

Feed ingredient-Maize Germ (n=1) 25

Feed ingredient-Corn Meal (n=1) 0

Feed ingredient-Cotton Seed (n=6) 23.38
Animal | Feed ingredient-Omena* (n=28) 6.91
feed Feed ingredient-Sunflower (n=2) 6.50 - - - - -

Feed ingredient-Wheat Bran (n=24) 1.10

Compound feed (n=92) 22.45

Fodder feed (n=154) 13.44

Baby food (n=5) Aflatoxin [Hg'g

Herbal health drink (n=21) total 591

Maize (n=561) 9.57 69.5 190.4 30.4 | 0.083 2.5

Wheat (n=105) 17.01 413 113.5 32.2 | 0.083 2.7
Human | peanuts (n=178) 50.51 - 11.3 9.51 | 0.083 0.8
Sood Tea (n=37) -

On-the-Plate (n=369) 3.93 - - - - -

Other food (n=18) 2.76

Dairy products (n=192) Aflatoxin | 0.062 93.3 255.6 0.3 ]0.0083 | 0.02

M1

*=Rastrineobola argentea (Silver fish/ "mukene"); EDI=Estimated daily intake; Pencer=carcinogenic potency; R=Risk of hepatocellular
carcinoma
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